COMBINATION VACCINE COMPRISING AN ATTENUATED BOVINE
VIRAL DIHARRHEA VIRUS BACKGROUND OF THE INVENTION 5
Wé@gﬁﬂﬁlﬁﬁL FIEITD The presen.t inve.:ntio_n re]ates to .the fielgﬁ%g&im@hm%g
ealth’and in particular to combinantion vaccines which comprise an
attenuated bovine viral diarrhea virus (BVDV) and at least one further
immunological active component for treating or preventing diseases or
disorders in cattle caused by infectious agents. 10 BACKGROUND
INFORMATION Bovine viral diarrhea virus (BVDV) type | (BVDV-1) and
type 2 (BVDV-2) cause bovine viral diarrhea (BVD) and mucosal disease
(MD) in cattle (Baker, 1987; Moennig and Plagemann, 1992; Thiel et al.,
1996). The division of BVDV into 2 species is based on significant
differences at the 15 level of genomic sequences (summarized in Heinz et
al., 2000) whisk Aleals0. iPus A limiiedGrass heuializiag antibody
reactions (Ridpath et al. 1994). Jhe:ylkal prqieins of BVDV, and any other
virus of the pestivirus family, are arranged in the poly protein in the order
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(Linde_nba%@ﬂqnd §_ice, 2001). Protein C core- or capsidprotein) and the
g'yCOpmﬁ%Eé”%s r?avm%‘”%tggo "RPIESENL Structyral,com w‘glﬁ%!,‘tc%fn?&}nﬂ% 20
BVDV. E anfE2 were fol g Redadeta ol alibary eiaiation

X V. ws whnch commptice an ;
(Donis et al,, 1988 Paion. ot al f992, van.Rin.at 2L 1993 Wellang et al.

defive compongit 107 irgafing oF prev!

1990,1992) En’ lacks a typical membrane anchor and is secreted in
. m S ageilis. . . .
consigerable amounts from the infected cells; this protein has been

reported fo.exhibit.RNase activity (Hoist et al., 1994; Schneider et al.,
1993; Wingis GGk 189 BN pihg-lunstian ofihis epeymatic.agivityjor the
viral life qugle isvByeaenilunknaw)- The eheysalic.Ln actvil.Adepands on
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Witggli at al., 2003). Mayer and coworkers presented indications for an
attenuation of CSEV in consequence of a deletion of the NP gene (Mayer
et al., 2004). 10 Present BVDV vaccines for the prevention and treatment
of BVDV infections still have drawbacks (Oirschot at al. 1999). Vaccines
against the classical BVDV-I provide only partial protection from BVDV-2
infection, and vaccinated dams may produce calves that are persistently
infected with virulent BVDV-2 (Bolin et al., 1991. Ridpath et al., 1994).
This problem is probably due to the is great antigenic diversity between
type 1 and type 2 strains which is most pronounced in the glycoprotein E2,
the major antigen for virus neutralization (Tijssen et al., 1996). Most
monoclonal antibodies against type 1 strains fail to bind to type 2 viruses
(Ridpath et al., 1994). Currently, licensed BVDV MLV vaccines are
produced using attenuated viruses obtained via 20 repeated passage in

bovine or porcine cells (Coggins et al.,Comell Vet. 51: 539-, 1961; Philips
atal Ant 1 Vet Reac 2G: 126- 107R) ar iceinAa chemiecallvi modified




have been demonstrated in the feces of calves with diarrhea and can
produce diarrhea in calves experimentally. However, these agents can
vasada pgmonstrated in the feces of healthy calves. The imB%[atﬂ%%SnQ);) 0918
these agents in the syndrome of neonatal diarrhea has yet to
determined. Mankehnia haentolytica (formerly Pasteurella haemolytica)
biotype A, serotype Is the bacterium 5 most frequently isolated from the
lungs of cattle with BRD. Although less frequently cultured than M
haemolytic, Pasteurella multocida is also an important cause of bacterial
pneumonia. When pulmonary abscessation occurs, generally in
association with chronic pneumonia, Actinonwees pyogenes is frequently
isolated. Under normal conditions, M. haemolytic remains confined to the
upper respiratory tract, in particular the tonsillar crypts, and is difficult to
culture from healthy to cattle. After stress or viral infection, the replication
rate of Mrxhagmalyiic: e LURRaKLI esRiEAoN.Ha6lDCEases LaRidik. as
does the dikelihaodat.auityring fhebaciarum: be increased hacieral
growth rais.ana ectonizasionelihe Lngsmaxhe.duete.suRRiessien of
the host's: defensemrechanism./clated:io enviranmental slessls.QL: viral
infectionst, lives duringithisiog phase-efgrawththatvituenes faciaisare
elaborates: by-M: haemelynsay-suchasamexatexinibal hashgen 15
referred tocasieu katoxinslhe-intenastie nheivasn theswirdleRee-factors of
the bactedeai@nthd3tdefenses. mesults in tissue damage and development
of pneumonia. Clinical signs of bacterial pneumonia are often preceded by
signs of VirghiBifettiorrofdtite respirate ry-tract Aithrthere nsetoibacterial
pneumorifescthiet SevBlitgfcctmicabsigns: Ritreasegandane characterized
by depreBsidt afitiotoxd mterdid dres vl vdupyrbxi & 40 4@ s arious toh
mucopurtifésit FRE EHgch drd @ rRigigh ecudlid20iamdier regithis hallow
respiratofratims ettt At ortie e ar S vermr akity Agrfie fbrevebis e
increase & BRSHETalsBEmag e Rickres artnfiter e SeVerecalses,
pleurisy MRS ESEREOTFe WHtEHISCHARLEtSrized Bgpshrdtfttar breathing
pattern and grunting on expiration, The animal will become unthrifty in
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pleuritis. mgr re ea§etn§g§|vet ; ombo oses ?’omagg un%m SCIosIs, and

imited eyigence gLbioE Jwa dSpnchl ;?m.mc o £ TS a3Etiated
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contrast fg,M.hagm QQQLQWE’“@ 30pliosdR, %&S&%&@%@M&Q&eﬂ \sal
amoqptspgg‘e&ll%ggsggg@gggnvmmg@boses limited lung necrosis, and
suppurative bronchitis and bronchiolitis, floemophitus tetanus is being
increasinglyfesagnize tas:an SuPatanipatheosn.in RRIQ.Mhese acieria
are normakinhabitants-afihenasanrbaninx of satle. b, SemNKS infaction of

the lungs:Gadasulisia pushenthianchapraumeniathatmayhe.follgwed
by septicemia and infection of multiplezorgans_ Occasionally. H somnus is

associated with extensive pleuritis. H. somnus can cause an acute,
usually fatal, septicemic disease that can involve the nervous,
musculoskeletal, circulatory, and respiratory systems, either singly or
together. The reproductive system is often affected but 5 usually without
the other systems being clinically involved. The disease may be
characterized by fever, severe depression, ataxia, weakness, blindness,
coma, and death within several hours to several days_ It occurs
sporadically in individual beef and dairy cattle and is found nearly
worldwide. H somnus is a gram-negative, nonmoiile, nonsporefonning,
pleomorphic coccobacillus that requires an enriched medium and a
microaerophilic atmosphere for culture. It appears to be 10 identical to
Histopkilux ovis and Haemophilus agni, etiologic agents of ovine

septicemia, mastitis, and epididymitis; however, transmission of H somnus
heatween chean and cattle hae not heen demononetrated Pathnneniec and



5brown color. The fetus is usually autolyzed, with fibrinous pericarditis,
pleuritis, or peritonitis possible. Clostridia are relatively large, anaerobic,
waPAErfaLNing, rod-shaped organisms. The spores are oval, lﬁé]ﬂl?stﬁ%%sms
spherical, and are central, subterminal, or terminal in position
vegetative forms of to clostridia in tissue fluids of infected animals occur
singly, in pairs, or rarely in chains. Differentiation of the various
pathogenic and related species is based on cultural characteristics, spore
shape and position, biochemical reactions, and the antigenic specificity of
toxins or surface antigens. The natural habitats of the organisms are the
soil and intestinal tract of animals, including man. Pathogenic strains may
be acquired by susceptible animals either by wound contamination or 15
by ingestion. Diseases thus produced are a constant threat to successful
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germinatmmistmesi-ofiencauseskby flukevinfactionsmsichdessaften by
high nitrateeententof theddiet aetidentahdives puneturaelivey bigpsy, or
any othereaissenst | DtalizedsnesrOsiss Mencengilienrsforanaaieiosis
are favoraistes the spsresigenminate, D5sanariieresulting vegetatises cells
multiply #@vwdhproeucerBetoxitytphoBBNORRaSedE)urpich eaUBEese virus is
intravascdgrtremblysis endtits §8Uekaerirsludingthemebyticsanemia and
hemoglobifraigeiCatttemal teifounte desithnitiiol rprem oriterysigns.
Usually, tiereisa i diithden ohsdrpfsevereldepressibrpfever tabdominal
pain, dyspéss difserergrany femoytsbivurizsanentarantd jashdice are
present ifFFEriiY Rt dse CHwi Bf e Briskernrayisaceomeldgerand
ABC levéls afeMiital IS0 ~30 THEdeAidh bichmErsgnsaresifrom -12
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bladder contains purplish red urine. After 5 death, rigor moms sets in more
rapidly thamnusmab-Slestigiun.chagvqeleeeuss haiwrally.inthe.inigstinal
tract of aimalsidtarabally cansemain.viablgindhe seiformany.years,
althoughciiidass:nat-activelgroMihaie.Genaminaled-Rastre:Annears to
be a source of organisms. Outbreaks of blackleg have occurred in cattle
on farms in la which recent excavations have occurred which suggests
that disturbance of soil may activate latent spores. The organisms
probably are ingested, pass through the wall of the Gl tract, and after
gaining access to the bloodstream, are deposited in muscle and other
tissues. In cattle, blackleg infection is endogenous, in contrast to
malignant edema. Lesions develop without any history of wounds,
although bruising or excessive exercise may precipitate some cases.
Commonly, the animals that 15 contract blackleg are of the beef breeds,
in excellent health, gaining weight, and usually the best animals of their
group. Outbreaks occur in which a few new cases are found each day for
several days. Most cases occur in cattle from 6 months to 2 years old, but
thrifty calves as young as 6 weeks and cattle as old as 10-12 years may

be affected. The disease usually occurs in summer and fall and is
rnmineommon diririna the wintar |ln cheean the dicaace ic not ractricted to the



rise in ineffective serum antibody. However, fecal shedding begins before
clinical signs are apparent. Mycobacterium avium paratuberculosis can be
80I(%te91{7r3%m feces, mesenteric and ileocecal lymph nodes, th'CkeSQ%% 0918
|ntest|na Walls and less frequently the udder and the reproducflve G

of both sexes. 5 thyptosporidiosis is an enterocothis of cosmopolitan
distribution caused by the coccidian parasite Cryptosporldium pongees. It
is not host-specific and is common in young ruminants, particularly calves;
it is also found in man and pigs and is rare in dogs, cats, and horses.
Other cryptosporidia cause disease in reptiles and birds. The disease in
calves, characterized by weight loss and watery 10 diarrhea, is clinically
indistinguishable from many other causes of calf dianhea.
Cryptosporidium parvum is a minute protozoan that is transmitted by the
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characterized by localized infection of the skim Dermatomycoses in
animals carry a substantial socioeconomic impact. Diseased animals
required prolonged treatment and can spread infection to both animals
and humans. Dermatophytosis are caused by mycosis 5 infections of
Trichophytote app. or Ancrosporetni app. Most relevant causes for cattle
are llichophyson verrucenan,Tliehophylon onentagrophyles or
Trichophytop sarkisova An infection of the lower respiratory tract, usually
resulting in bronchitis or pneumonia, can be caused by any of several
parasitic nematodes, including Diayocaphis viviparms in cattle. This to
lungworm belongs to the superfamily Trichostrongyloidea and has direct
life cycles. The cattle lungworm is common in northwest Europe and is the
cause of severe outbreaks of "husk" or "noose" in young grazing cattle.
Because 11 viviparus infection in cattle is the most economically

important, it has been most investigated and many of the observations
from it are annlicable to the nthear eneaciee Clinical diceace 1icr11allvy



21 antigen of one or more pathogens selected from the group consisting
of: Parainfluenza-3 Virus (P1-3), Infectious Bovine Rhinotracheitis virus
PR Bovine Respiratory Syncytial Virus (BRSV), Bovine H
(BEIV), Bovine Rotavirus (BRV), Bovine Enterovirus (BEV), %&g%g’im%{)(ﬂgm
Coronovirus (BCV), Bovine Rabies (BR), Bovie Parvovirus (PPV),
Adenovirus, Astrovirus, Mannheimia haemolytica (formerly Pasteurella
haemolytica), Pasteurella multocida, Haemophilus somnus (Histophilus
ovis and Haemophilus agni), Actinomyces such as Corynebacterium,
Actinomyces pyogenes, Chlamydia psittaci, Campylobacter fetus
venerealis and Campylobacter fetus fetus (formerly C fetus intestinalis),
Leptospira interrogans, Leptospira hardjo, Leptospira pomona, Leptospira
grippotyphosa, Leptospira canicola, Leptospira grippotyphosa, Leptospira
hardjo sugh.asid-eRIpSPiAAAMMIARAINa Rt LeRqsRita.hardioshayis.
Brucella gbestus, Bicelasuigand:Brucalla malitensis.d-Stera s
rnonocytegaressGhlamyslia peitiach Cleskidivm.cbauvRglGloaFidium
septicumy:Glastriek v armelyiioun bmlas MR b. GIRStHIT.4
sordellii, Glostdium peskinge BsmClasiidivmm tetani Meraxellaibavis,
Klebsiellassppry prefgeablykielsiela:pnenonias «Salmonsliay aera
typhimurisfmieS almonelicn ew pest;:Mypcob atiabiaaa¥i ki icers overlaid with
paratubetet osis; &y psPeE e arfoeGay P SPOEHHR BRI MG
Staphyloodeéus boreus:n 3t eptososcus dysgalegtiac S itep acnoaiis:
uberug, Mytoptasmaidppsrpréfeiably dlyeoplasma dispar, Mycoplasma
bovis, and Ureaplasma spp., Tritrichomonas foetus, Trichophyton
verrucostm™ it nbpRytork emertayropivteseTitotioph anisarki s,
Neospor& e firmmi o ey P il asmistigorndivBa s vbigemina and
Babesia Botrs, “arfi Hretyotd s vivigareras th tmgvedreridiseasekzand
wheréin §58F BYDVRGHifsAefit BRBafefordse i pragramtreoiws. vl a
AccordinG 184 it SR reer B Bt URETE, "t Risertdiselosuréereteted to a
combinatiSTVAREI 1T HHE L tRERtX Terrar Brofiy v of esttiimirgainst
infectiond Bf & PESHIFAISH “Siitrt Bt dGetire sy tertritreaties wherein the
combinafioh VaACER e”é’d’?ﬁ‘if)’i"l’g‘ég‘"aiﬁ LTSS BT Ak i tierein
and at le5St one“f'ﬂrt’?‘?s 7 i er‘?'\meﬁ‘ffﬁdi’é%éﬁ%t% et siFeetve for the
treatmeqf‘rgqnm:nmé /d) ﬁﬁcg/aé?f% ‘orifife Eff’éaﬁg’scbé‘tifgé B ‘@6@%@‘#@?@‘& virus
(BHA), %ovm Regbir or?'@yncyhaf Vﬁeﬁsafﬁ'ﬁérv)‘“ pARAIh R ATuS

ese viral re pxrat

(01-3), Campylo actersfetus Leplospira canicola, Leprospira

gnppgty@gﬂggﬂmm q}spﬂ L ho ng tersep&lhkeeltos |ra raJmtno Le tosplra
nterrogaRS AN e SR GO0 ..,amAggn% i & oS pretEfied
ermbodaei i, soubIFalan Vash e T AL el mmc}?e?V as
descrlbegm%@%%%q t@tn%}a%%eﬂ%&ggsqges 10 mfe the :mzf: ure geﬁ of the
Campylohaciahiatis «heNOSRIR GARICRLRLERIQS0I &, O E%W&)éﬁhm
Leptospiig,baranelatsemitd eRIOsRIA REAUHQ - RIS DAIY hresina
(Leptospisahardieprajitng.angd.eptaspirahardjo-bovis), Leptospira
icterohaeriumorrhagiae, Leptospira bovis, Leptospira interrogans and/or
Leptospimepanamadecading:to aimeserrafened emhediment.the
present disclosure relates so a combination vaccine for the treatment and
/or prophylaxis of cattle against viral infections of the respiratory and
reproductive system in cattle caused by BVDV, P1-3, BRSV, IBR and/or
RI-TV, wherein said vaccine comprises at least an attenuated BVDV as
deathbed herein and at least one further 21b immunological active
component effective for the treatment and/or prophylaxis of infections
caused by PI-3. BRSV 113R, and 111-1V. According to a further more
preferred embodiment, the present disclosure relates to a combination
vaccine for the treatment and /or prophylaxis of cattle against viral
infections of the respiratory and reproductive system in cattle caused by
BVDV, P1-3. IBR, BRSV and/or BIN, wherein said vaccine comprises at
least an attenuated BVDV as described herein and at least one antigen of
P1-3, IBR, BRSV and/or BEEP DETAILED DESCRIPTION OF THE
INVENTION DEFINITIONS OF TERMS USED IN THE DESCRIPTION:

Rafare the embodimente nof the nrecent invvention it miiet be nnted that ac



5 A functional variant" of the nucleotide molecule as used herein is a
nucleotide molecule which possesses a biological activity (either
wanghionakey stru.ctural) thqt is su.bstantlally smlllar to the nuﬂsg}!’%% N6/060918
molecule according to the invention. The term "functional variant 1868
includes "a fragment", "a functional variant”, "a variant based on the
degenerative nucleic acid code" or "a chemical derivative". Such "a
functional variant" e.g. may cany one or several nucleotide to exchanges,
deletions or insertions. Said functional variant at least partially retains its
biological activity, e.g. functions as an infectious clone or a vaccine strain,
or even exhibits improved biological activity. "Possess a biological activity
that is substantially similar" means with respect to the pestiviruses Is
provided herewith, for example, that said pestivirus is attenuated in a
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resulting dsemsthe; faci-20that A.gertain Amine asid-make.ancaded.py
several different:aleleatide.diplets «Said-yatanhatieastpakialy wiains its
biologicahaetivitysesevenex bikis impraved hiolagicahastiMty.-A.malecule
iS "substantaly: simniarsda-anedhemmalecuesif hothmolasuleshave.:
substantiedly :simitar nuclestide seguences:0mbiolagieal achivity, Thius,
provided-thatiwermol eculesipossessianl similanaetivityie theyeah@ory
considered warigntsids dhat ter theisovise dihetcia if-diesnueleatideseguence
iS not iderttitiarkteaant] Wvoevolectd egeyvikche heve amsimilapmucieotigense
sequencicgpgse drsitie redvariaintssas thattefmiss. isedrhenginewend their
biologicai ettty itserdtdeierrbirg intltatignitas«sed hersinxelsies to
modificatfié ihzthetriersiche Al bltcules eireoding tie3eprotding /
amino adffEacEdTdint e Hress v itimS alrmntetichigrefatedabu are
not limiteBP e S AP SHHRTGIIE (repratematiofdhe eraavesralin the onset of
nucleotid&&THZEB R ES st s etHtrardtorRe tirgiydr dforession and
nucleotidB&/Bal8 palfs) Bt oY insEron S catiton s fismeordt el
nucleotideL/BASE DA &P R et Hrihe irtaien gy fétares sremle
mutation Of Severat MtitstidHs M iEteford o st MRrtemy HOtRmssy” is
used and FETAEES 16 BOH 2 STRGTE T tBBR %o Syeral AititaSHE Said 26
mutatonf G B A(E 481 A 15 e Ml AIER e i dfotide
mutaons] O R GET MLIADRS WiCTein S paTE dHth e M hilclei
acid molggyles are deleted, SR AR ABANiBNa) Cotd Hutleic

. " ! d (&) T} Ot elalnoys
acids arg, nseried. sald mulaons Malfesiitin a Moditiey Sprassed
polypeplide s i, (b, shande.in, % codng Sequence SUeh modffed
polypeptiflesaadiesiredsas,ase! Rilin.g.disglostre ofthe inventon as
set out helow. ADIIENALCAMRPRRNI JaENRANGe e immune response
are constityents cammonhareismadig:as "adjuvants”, like e.g.
aluminiumhydroxide, mineral or other oils or ancillary molecules added to
the vaccine.pkgensiatedby.thahgdyafier the tespective.dndustion by
such adeitianal comPARARLS. e LORMELN AL FRSTICISH IO HLBH RN
interleukins or growth factors. A "phargnaceutical composition” essentially
consists of one or more ingredients capable of modifying physiological
e.g. immunological functions of the organism it is administered to, or of
organisms living in or on the organism. The term includes, but is not
restricted to, antibiotics or Is antiparasitics, as well as other constituents
commonly used to achieve certain other objectives like, but not limited to,
processing traits, sterility, stability, feasibility to administer the composition
via enteral or paxenteral routes such as oral, intranasal, intravenous,
intramuscular, subcutaneous, intradermal or other suitable route,
tolerance after administration, and controlled release properties. One
non-limiting example of such a pharmaceutical composition, solely given
for demonstration 20 purposes, could be prepared as follows: Cell culture
supernatant of an infected cell culture is mixed with a stabilizer (e.g.

spermidine and/or BSA (bovine serum albumin)) and the mixture is
cribeeaadiienthy hionhilized or dehvdrated by othar methode Prior to



found in BVDV, BDV and pestiviruses in general since they are highly
conserved. For pestiviruses other than the CSFV Al fonanbingen strain

ng of the positions of the preferred amino acids can
dB f?é%ﬁ}%%{% an expert in the field of the molecular biology of | gé??/zﬂ(éﬁé%mmg
will easily iden* these preferred amino acids by the high degree of
conservation of this amino acid sequence 5and the position of these
motifs in the sequence context. In one panicular non-limiting example, the
position of CSEV Alton/Tubingen 346 is identical to position 349 of BVDV
strain cp7. As a consequence, the present invention preferably relates to a
BVDV according to the invention, wherein said mutation(s) in the coding
sequence for glycoprotein Ems are located in the encoding to nucleotide
sequence corresponding to amino acids at position 298 to 310 and/or

position 341.t0,360, Rr&ferably. 846 & Mulation.is (amino acids are given
in the ongrgg;t@&éxmpq&smmg aming.acid Relere e posifion numb ér
indicatesthe aming.acidiohe.suRstitied. t{;g%e%mwf%saﬁggeﬁa& mm%n
position numbgk.the.shbshtvting aming. agid.(delindicates delstion), for
exam Q le ﬂmovglieum mﬂr @%@ @Jﬁ@ @Inﬁl!%rt im@d aﬁlpgégé%%ggtayy@eﬁzed by
substitutestbydeoningil 2Suitaklemadificaion.of she ghicanigtgin Er are
for exampleathe: single.sybatiiutiansideletions: 82980:-14300K.H3Q0L,
H300R, ha@Qslel, Wa036:R30466 k30 5ApG3080, R340 34681,
W3466, 13484 xHBERKndth 34k 1 1k 346 13490 HAAIB Mol utadion
143495 ade NG eEtioRnIe kR4S MRS kiR o dAB5L 6, VWA Sy 351K,
W35IH; the goubie.Substiutionsicgeiot 0nsis 20kt3 0l FBAAL hos not been
K348del/&t348ee tadedid 49debB 350 0einE3456e | da4Qded inracistemal
W3030/E865ik: M 30RKA+34D b3 0013 48t-anadae: tipleaaletions:
L299del/H860deE8@tdet:4343de il 4348 dele3bOdal oiiumber ag IS
according to tverpeblishietd amife asidseguéncete Wiy ePy-de6mall the
mutants #stéaisove sAHatnty dbovetistédime aits were atdgasttested as
BVDV mbitarfesskiteiofitnilmibrsoith esNPrregion rEuitabloundtants of
the pestiVitst stieti BYEY 25 ¢yt oprdieiirEn" are providemdizfor iesdinple,
by WO OUPBHBORETHHER TS ifEorpatate s breiratits Wiote Atshoutd be
noted® h&WETRF: M A cortitiyg m demirtherprcienedcrmbsdimeit of the
present O e b Ta ARt EHE SCTtBHET ATALGHY it 2in resgiton, as
disclosed "t HFASH HBair Barsils et BEBPESetitsSON Rrsirarttarrly
found that FETEHER B it STV P ERE SIS Fhsren Pt BrERicT 349
(BVDY) [BA0 0 ereetivE THALTRbIE BFEM & St herats & e auLts’
partlcularll}/ ané;sﬁdlng\'?bVﬁ|§/"§a§”/é’{:&‘fﬁe§”bl&fﬁ[5 BTSN i#AS It GHotetivm =
demonstrgtes mat Ese 1Szygre whgiﬁ:%’ﬁg;&ﬂéd%“ fﬁvﬁrc’ér‘fﬂhﬁr "?%t@’mpﬁ?/‘ffffout
RNase asgstée\atyhyvh] ihe h |§t| mde resﬂgﬂe 9 0SItGH &t oSt o 34Y

(numberjng.accardin tot e publl SegUence o CB7' (Meyers
(e Dol e i E‘En,?,i@v;f‘ff}g"‘ﬁ
Combma]! gge}(azca%@% eo%[t%e%amééggl 15 Gnr]y fene% t,gas h&ﬁuetig%ts gen the
glycoproRif r igeR.d Jépals%&%ﬁﬂf&m&c%n pdine residuie at
position §Aa@terﬁy§@ymgeﬁg%m@@mf&D&Q&AE@&L&%@%@@@% ol the BNase

is represgnipaby-ihagrnserved £ seaHensesoL HGIWPEKIG IS%@SEQ
ID NO 13) and/or LQRHEWNKFIGWGNWFHIEPW (SEQ ID NO 14)

(sequence of the 5 BVDV-2 New York'93 protein is given here in an
exemplary manner; minor changes can possibly be found in other BVDV
sequences but the identity of the motif will always be obvious for an expert
in the field). As an example, the corresponding amino acid sequences of
BVDV-1 CP7 would be SLHG1IWPEKICTG (SEQ ID NO 13) and/or
LOQRHEWNKHOWCNWYNIEPW (SEQ ID NO 15). Thus, preferably, the
BVDV of the combination vaccine bears mutation(s) in the coding to
sequence for glycoprotein E" are located in the nucleotide sequence
coding for the conserved E" sequence SLFIGIWPEKICTO (SEQ ID NO
13) and/or LQRHEWNKHGWCNWFFBEPW (SEQ ID NO 14). These
sequences are representing the putative active site of the RNase. The
sequences SLHG1WPEKIC (SEQ ID NO 16) and RHEWNICHGWCNW

(SEQ ID NO 17) of the putative E" active site are even more conserved
acrrnce nactivirticee Thiie nreferahlhvy the B\/D\/ 1iced faor the 1



[ Nr]4-IPS10-[C-termi and wherein the definitions are as defined above. A
further specific example of BVDV is disclosed below, wherein the

W8N %({yethlonme is 25 followed by the NF sequence ELI% /S[% ID
NO 18) ‘and the C-protein and any other protein present in the poiy TOETR 18
including the carboxyterminal NS5B. Hence, most preferably, the
invention refers to a BVDV, wherein said mutation(s) in the coding
sequence for T' leads to an encoded polyprotein as characterized by the
following formula: MELF4C-term]. 30and wherein the definitions are as
defined above. 34 Also more preferably, the invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections, wherein said vaccine comprises an attenuated
BVDV that is modified in the coding regions of the Ems as described

above angiar in e, NPk agkeln s mulalioniaLin e cadind.
sequence.for No.leadsdo.an eaceded.polyprotein.a m Qe ggzeof by
the fOIIOV%lethr gﬂw@{mg oceur inconsistently and may Lemeﬂéd({’)l'l;{ EL% gtﬁg 5@;@3@&
wherein thedgfiniionsaig.aa.detingd.abays.Afurthersracific example of
an attenuated BVDMasidesEHPed berwiniseive n.hsl . Wherein (e 10
N-terminalmgthioninedsfollowed bytha.N' seakenes. RhroNSER: 1D
NO 19) and-the-L-proteinand any.etherreteinRiesentin thepelyrrotein
including ghengachaxydtepmminalid SeRaHe aeMashpieierablu ihe csr,
inventionsrelatesyionaLambinationMaceiie for ithe: e almeni.andifar
prophylaxismebcaitl@ragainshicsohiplogicakhinigClionsawWwhereisaid:
vaccine cemrise seanmaitienuatetBMDM thatdsmaodifiec inithe.qoding
regions okdhie n'eas deseribety abewe, andien v theddiRm, wheniasaid
15 mutationifg)snithie:sdding sequesiece4on hivFleads tanan encoded:
polyproteircasretiaraciarizbdnb yrilveuto Havwing fo s aidMEkShtbederm).
and wherefrithededimtidngcarfrastdefiredrabove, 20 A further specific
example of an attenuated BVDV as described herein is given below,
wherein ffiesRetelrrimetbreethiohireidrfol 6iedhiy the NPYcoquenee
ELFSNESSECIENOr 20 EFRINEL(SEOMPDNE R FRSNENiGSEQ
ID NO 223??WF3’P@EWEY°‘€S’E@"FBW'ZSFE@F‘9N PRRYKSEQHD KO 24);
or ELESNIEE I PRTTSEY (Y 1{eFoBran it Ciroriniatt mother
protein pFOSERTHYHE Sﬁﬂfﬁf@iﬁ’ PRt E RGP ecefirenkte il $5B.
Hence, m%§ie ’Wéfé?%f < IR s TGEHHD FHeRite &' to wresm bratio A baccine
for the tr&5tH ‘ﬁdd’féf’df)r%ib"ﬁi’/?é&@‘bf’e&ﬂfffé Uy ATt ST et Syt
infections” wrFlerte“ﬁ GV SEER S EOpHSEC ISR 8A a8k BYDVthSt is
modlfzed%n the ¢ co&lng reglons of the E" as described above and/or in the
NPrn, W%{elqlae%!d mutat QQ s)Jm the coding sequence for NF' leads to an

ve been i

encoded pol yﬂwoteln as c ar ?an?us g:yh Yo folioMiRg formt gy monia n
30MELFSNLCterm). ‘t& 'é"Fm °|§ﬁ§ﬁ’ifﬁ§’i{|§_ “‘F °a"’

MEL E S%ﬁkﬁ%l[‘lg tgf cr;[x]flé JE L‘FS{NEL Slle-lar -tesl:rrarﬁ verj;Eom pneu hons
IC-TERM,MEL ESNELLYK TG ERML Sand wherein &él‘ ogn;};é@ are
as defineg.ahava-Also Lxmeapgg&r@pelym s yenyan relates g,
combination.yaseineardhe iiealmentaRdeL P hYaxs.ohsatle against

microbiolagigal infectinns.Mersin,spid: VQ%‘&&&Q&Q%@%%&@‘E%@Q ated
BVDV that is modified in the coding regions of the En" as described above

and/or in the to HP', wherein said mutation(s) in the coding sequence for
NP's leads to an encoded polyprotein as characterized by the following
formula: [ Nna-IPS1s-[C-lerrn*] and wherein the definitions are as defined
above except for the fact that the aminotenninal part of the C-protein is
changed, also as described above. 15 A further specific example of BVDV
is disclosed below, wherein the N-terminal methionine is followed by the
Nix sequence ELF and in the C-prorein sequence, the amino acid at
position 2 is changed from D to N. Therefore, the aminoterrninal C-protein
sequence is SNEGSK (SEQ ID NO 26), instead of SDEGSK (SEQ ID NO
27). Hence, most preferably, the invention relates to a 20 combination
vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections, wherein said vaccine comprises an attenuated

BVDV that is modified in the coding regions of the Ems as described
abhove and/or in the NI" wharain eaid miimtationf(<) in the codina caniience



[NE174E81,4E-term] and preferably MELFSNE-EPS3).-[C-termj;
to[1'1P1s4PS],-(C-term] and preferably MELFSNEL4PS]r[C-termt,
whEkLR:Bs),.-[C-terrnj and preferably MELFSNELL4PSHCTt§rHtrRJSz 06060918
[NE1,04PS1,-[C'1lerm] and preferably MELFSNELLY1PS1 ?
1:NE111-[PS1,-[C-ternil and preferably MELFSNELLYK4PSHC-term]; and
12-[PS)5-[C-term] and preferably MELFSNELLYKT4PS]r1C -terra] 15and
wherein the definitions are as defined as above. The preferably disclosed
embodiments refer to BVDV. Most preferably, y is 0 (no PS present).
Suitable ERNs NE double mutants of BVDV include those listed in the
table below: 20 Table: BVDV ERn NPR" double mutants: 38
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKnDEGSK- el ME-, MEL-, MELF-, MELFSN-, MELFSNEL-,

MELFSNE biranlyi o stz Lo MM Lo 45 MELESNE bl K T-,
M ESDEQ%UI“]M M@mgﬁ§% hMEé—:E@N% l% age are affected most
MELFSNELSREGHK sl RSNE L&S%@@J&M\Aﬁgﬁﬁu Fhk YRS SK-,
MELFSNELLXKSDERG K a MELESNER KIS DEG S K WR036G ME:
MEL-, sMEzlowes. MEE&F%MHAM&L&E@N EJ&hmiMﬁJerEsgNELaLgas M ELEH@NEMEY'
MELFS Nl K sy @EnM ks B 2N beboekieric ME SREGR K peMELESoREG SK-
,MELFSNESBEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNistite YT SREBSkiesk 304alelMEzse M kb, ok ke MRS My
M E L RS Nebry oriv| i, SreMEz e G e dies bl SN E bokilY, Moo®ih. Distribution is
MELFSNibbfY Kofldwild BS DEGSK-mo Bl SHDE GSKer spiral, polar flagellated
MELFSNESDE@Si BB Sl S DG SHrer M S NELLSBE G 6K -,
MELFSNERsht g D BB S oS 8N Bkt IS B E@SIKan intesting organisi, only
MELFSNEEYK TSPEGRK: FBEOSA N MiEie-of MEELF - HiviEs RSN been
ME LS Nipe iy £ PRSI also kY Eif S Ebube L B SN s omally
MELFS NP R fempipie STy Ba K et RSSIDE@S R < setus fous, and the only
,MELESNE SBETSK “MEL SN B SHEG Shest o R SNEL I SDEGSKA
MELFSNEHYSHERGSKYY M EIRET ¥ RSHEE S, drving, and exposure 1o
MELFSNELIYRTS B SReEmesy s SNees, SRIEIFring B g, umder
MELPSNETRIEE SRIEH] Rt ROy VIR Ers [ lbpper i is
MELFSNETPYRK P Rbe e b Spemmp e bodiger o adifical inseminstion

ME LFS NESBETER “"K’)Té‘t I“—“%N PSR S K MR S Rt SHEGTK-,

MELFS EE.W tﬁlv}? Bﬁmﬁﬂ Bulls can also transmit

MELESNEITYRTS i’ : = é&:ji%“ i ﬁ”é““pﬁﬁﬁgw"iﬁt‘ﬁfﬁ““ V=S
MEL FS { anLé»T)die e s Elgnﬁ IG:kL% '& ﬁg; [a;ﬁgmﬁu%%g;%ﬁ
MELFS mon s a er m c,man are usefyl NoS th ! 0

M E LFS%;E l%r Eé;é (&g 1rifeMon w!tzzms al\clcgv éven ] ﬁ "\ﬁwév Amz ﬁaiftzgmtmn eromc§k K
M ELFSN“EQL’LH §Pﬂ§§g§p‘»§ BMS’EéOEVSSﬂIJ\IE SEYS ca}ﬁ uj%nei'e isa vamabie §e ee of
MELESNELLIKTSDEGOK: 53450 M MEfe, MELE, MELESRE
MELSNEL M L S ML SN M S i e
MELFSNE bl Tr ME SDEGSK M %&5&5@% 5t oty hen orepasaey
MELFSNESREGS 0 MELESNEL SDEG 3K MELERNELLSPEGSK-,
MELFSNELdaXow [Hzha S¥eialyl Flef BNEdede YK R G Kiitroduced to the herd. 1n
MELFSNELLYKTSDEGSK- W3460 ¢MEL-, MELF-. MELFSN-, ME F

NEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-. MELFSNELSDEGSK-, MELFSNELLSDEGSKA
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
ELFSNELLYKTSDEGSK- 14348A ME-. MEL-, MELF-, MELFSN-,
MELFSNEL-, NIELL-, MELFSNELLY-, MELFSNELLYKAor
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-, 39
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- K.348R ME-, MEL-, MELF-, MELFSN-,
MELFSI9EL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYK-,or
MELFSNELLYKT-, MESDEGSK- . MELFSSDEGSK-

,MELFSNESDEGSK-, MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MEI ECNEI T YVSDECSK- MEI ECNFEIlI YKSDECCSK.



MELFSNELLYSDEGSKA MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- 11300K1H349K ME., MEL-, MELF-,
WM%&W%NELFSNELA MELFSNELL-, MELFSNELLY-, PCT/US2006/060918
MELFSNELLYK-mr MELFSNELLYKT-, MESDEGSK- . MELFSSDEGSK-
NIELFSNESDEGSK-. MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK- H300K/H349L ME-, NIEL-, MELF-, MELFSN-,
MELFSNEL-, MELFSNELL-, MELFSNELLY-, MELFSNELLYKAor
MELFSNELLYKT-, MESDEGSK- , MELFSSDEGSK-
,MELFSNESDEGSK-, MELFSNELSDEGSKA MELFSNELLSDEGSK-,
MELFSNELLYSDEGSKA MELFSNELLYKSDEGSKA
MELFSNELLYKTSDEGSK- W3030/E305A ME-, MEL-, MELF-, MELFSN-,
MELFSNELegndWFeded bl s e Eeibedimen Yk DB dhstehin1 Ol ws.
MELFSNEk LYK finMESD LS ma MELFSSDEGSK-
,MELFSNESDEGSKA MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFS NEJEQLP}{OSQE@%TE W §M!—BLBMM&?NMQHS immunologically
MELFSN&silabs ¥bodr2DEaS Kms i3 digsl @l 1:3:2406 @l oME v Mizkyto: Mibkokans.
MELFS aneMlEle}SJNaEyl‘npr’E LF-SN Ehde slMEJ:cE&QJ Eilzrl_ah{aus, hemoglobinuria,
MELF SNz ki A Bbobn & N bedary KikAeebd Infodidr (erboifives dVizbily &G SK-
,MELFSMESRE @ SHceduiE b= N kS 4T 6 HKugn obdneNE LS SKA
MELF SNzl ¥ SEHeDi A MinlslSMNEd ib WS X386 Kiepded periods, the disesse
ME LS NEkita YRS EGBHSAEB 4bde i/ MB48 dedlo 18 48cke W30 delivI E-,
MEL-, MEskibspird\idmbade S\-criefrt FBMEHoss. NAtekds Sidbrirk canlhle nf Sdbeire Y A
ME L FSN#tfiodiéiiardErRSMElzl KT AIME SDE @6 Kove RE 288G SK-
,MELFSNESP BEG 8 KAMELFSMNEISDE GSiK- MylELSH Eld SHEGSK -,
MELF S NEperaps - ¢3S kddenly| & P SNIE RIS TyE @eyasts longer than 48-72 hrs.
MELFSNERE YRTSHEGSIRIVEY HreE TRREE FreERESNAMELF SNEL-,
MELFSNEE FASHE © FSRIE L] 5 RAET RSN EPPRR A6 MEL SRR {OYK TA
ME SDE GSKEmNE PSS miSidisenmeE MESNES MRS R morality are higher
MELFSNEESHEESSRE 1 SR e’ SR SRA MEFESN E My $HRGSK-,
MELFSNEPTYRSHE YR RIEL FENEL TRTSHIETSRE: 2o more obvicus in
L2998e1{1% 3BASHESEL TR1 KIEY, T M lrr-MEL SR EfESNEL-,
MELFSNE ffE fPEShErt e “Mr? WS r&ﬁé’iiﬂ“k% PRAEY PERIETLPKT-,
|\/|ESDE(?§‘§“Rg e PSS EEE SRR |‘:“"L"|“-’§1\f‘E§' E §T€Ne‘“"’5 o normal in

MELFSN]' t&‘éeéﬁi ‘*‘T\/?E"l’i‘iféfﬁ TR ‘Wlfﬁi

MELESNELT ;;‘ = NEEW“ g’ﬁfgé e
ds | /He§ (s) (i)etl . 6ct10 o e abomems are more COMMO! LF mmmer An abortion L-

L299de ten e f i’s caubn eptosgblrosxs exssts ¢ iid 1n1tiaF !

MELFSN ELL ME {)IICE ml Y lnﬁactu %Bl"(!g aﬁ)ﬂloﬁg OCCEI'LFQSNIHESL_OLYK B

MESDEGRIC: o MELE %%%Qﬁ&ﬁ - MELESNESREG KA caes rered 1
MELFSNELSREGSKS MELESNELLSDEGSK:, MELESNELLY SDESSK-,
MELESNEL LY KSRFGSK:MELE SNEL LYK TS REGS KT DS 45M,,
-mutationg,argdefinedhy.eir IS MAN IR ANINO RIMINA! sedlsncas. For
example; MELFMuaRLMeARS thalthe.edingregiom el Nmisicompletely
deleted exsept.ef the.aminpdarminal amie AGHSME LE 4l Acsriding to
one embadiment0fiihe presentinueniian.he anenmediBMVR Yiefihe
combination vaccine as provided herein is a BVDV type |. Preferably, the
attenuated DVDV is based on one of the following BVDV type | strains:
NADL, Osloss, SD-I, CP7 or KE9, wherein each of the strains 5
comprises at least one of the ERNs and/or NPTh mutations as described
above, and preferably at least one of the double-muta.nts within the ERNS
and N" region as listed in the table above. According to a further
embodiment, said attenuated BVDV of the combination vaccine as
provided herein is a BVDV type 2. Preferably, the attenuated BVDV is
based on one of the following BVDV type 2 strains: 890, C4I3, or New-
York'93C, wherein each of the strains comprises at least one or the Ern's
toend/or Nr* mutations as described above, and preferably at Least one of
the double-mutants within the ERNS and Ms region as listed in the table
above. BVDV-l and BVDV-2 are differentiated according to features of

their genomic sequences (Heinz et al., 2000 and references therein).
R\/D\/-1 ac dicrlancad harain mav he i1iced in the maniifactiire nf a le



Strain OslossNCBI GenBank Accession No. 1IM966871 Strain SD-INCB1
GenBank Accession No. IM96751/ Strain CrNCB! GenBank Accession
91 Strain KE9(SEQ ID NO:]) Bovine viral diarrhea virus
%ﬁgﬁl@gggcw GenBank Accession No. | U180591. Strain 8%5@%%1%0%3
GenBank Accession No. 1AF0022271 Strain NewYork'931CNCB]
GenBank Accession No. 1AF5023991 The mutations/modifications
relating to the coding sequences of Nfr and En's are described above ri
more in detail. Having this information, a person skilled in the an is able to
realize the manufacture of any polynucleotide/polynucleic acid coding for
an attenuated BVDV as provided herewith. Molecular methods for
introducing a mutation into a polynueleotide sequence, as well as the
cloning and amplification of said mutated polynucleotide are for example
provided by Samhrook et al. 1989 or Ausubel at al. 1994. 15 Most
preferably, the wild type BVDV which is to be mutated as disclosed herein
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functiongl:yarant is.a%Gast s 38 aI3%, 94%, 9 9586, 6%%?@ or
98% homologous to the amino acid sequence disclosed herein. Most

preferably, such functional variant is at least 99% or 99.9% homologous to
the amino acid sequence disclosed herein. 20 Most preferably also, the
BVDV according to the invention has an En' mutation according to the
invention which has a substitution of the codon coding for histidine 300 by
the codon coding for leonine (termed XIICE-C), or is a functional variant
thereof Most preferably also, the BVDV according to the invention has
both a Enw mutation and a NPR' mutation according to the invention, 25
wherein the codon coding for histidine 300 is substituted by the codon
coding for leucine and also the complete NI)" coding region is deleted,
except for sedans Ito 4, thus amino acids MELF of h10" remain. Said
mutant corresponds to amino acid sequence SEQ ID No, 10 (termed
XTKE-C NdN) or is a functional variant thereof Preferably, such a
functional variant is at least 65% homologous to the amino acid sequence

disclosed herein. More preferably, such a functional variant is at least 30
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According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
s of the respiratory and reproductive systems in cattle,
ehr(llegl)cﬁiel ?ﬁggz;omblnatlon vaccine comprises attenuated BVDVW%%OPW‘O%S
and/or 2) 20 as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by BHV [combo 009]. According to a preferred
embodiment, the combination vaccine comprises attenuated Byrn/ (types |
and/or 2) as described herein and at least one antigen of BHV [combo
0101. 25 According to a further embodiment, the present invention relates
to a combination vaccine for the treatment and/or prophylaxis of cattle
against viral infections of the respiratory and reproductive systems in
cattle, wheggin ihe combination vaccine comlprLses attenuated BVDV

(vpes | agelac2) 9% S ed Rorer and A i iker
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a 30 prefgered.embpdiment. Joe.combinaAkon yaceine cqmprises .
attenuated:@VDV (types 1 and/or 2) as described herein and at least one

antigen of [BR and PI-3 [combo 0121. According to a further embodiment,
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1 infestine

vaccine comprises attenuated BVDV (types 1 andlor 2) as described
herein and at least one antigen of P1-3 and BRSV [combo 01111.
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
viral infections of the respiratory and reproductive 25 systems in cattle,
wherein the combination vaccine comprises attenuated BVDV (types 1
and/or 2) as described herein and at least one further immunological
active component effective for the treatment and/or prophylaxis of
infections caused by P1-3 and IIHV [combo 010]. According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
1 and/or 2) as described herein and at least one antigen of PI-3 and BHV
[combo 020]. 30 According to a further embodiment, the present invention
relates to a combination vaccine for the treatment and/or prophylaxis of

cattle against viral infections of the respiratory and reproductive systems
iNn ~cattle wherain the comhination vvaccine comnricac atteniiated R\/ND\/



30 Leptospira praanno, Leptospim icterohaemmorrhagiae, Leptospira
bovis, Leptospira interrogans and Leptospira pomona [combo 0461.
vﬁgg&{mqg}@ a more preferred embodiment, the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described FharErgeoss
antigen of at least one or more pathogenic specie(s) of Leptospira,
preferably selected from Leptospira canicola, Leptospira grippotyphosa,
Leptospira borgpetersenii, Leptospira hardjo (Leptospira hardjoprajitno 54
and Leptospira hardjo-bovis), Leptospira prajitno, Leptospira
icterohaemmorrhagiae, Leptospira bovis, Leptospirn interrogans and
Leptospira pomona [combo 0471. According to a further embodiment, the
present invention relates to a combination vaccine for the 5 treatment
and/or prophylaxis of cattle against infections of the respiratory and

reproductiye SYsiems in,e3 L%e‘é‘!l‘here'“ ihe,gompinall 'O%QE%Q% dotted
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for the treatment and/or prophylaxis of3|nfect|ons caused by MR, P1-3,
and one or more pathogenic specie(s) of Leptospira, preferably selected
from Leptospira canicola, Leptospira grippotyphosa, Leptospira
borgpetersenii, Leptospira hardjo (Leptospira hardjoprajitno and
Leptospira hardjo- 55 bovis), Leptospira prajimo, Leptospira
icterolmenrunorrhagiae, Leptospira bovis, Leptospira interrogans and
Leptospira pomona [combo 0521. According to a more preferred
embodiment, the combination vaccine comprises attenuated EVDV (types
| and/or 2) as described herein and at least one antigen of 1139, PI-3 and
one or more pathogenic specie(s) of Leptospira, preferably selected 5
from Leptospira canicola, Leptospira grippotyphosa, Leptospira
borgpetersenii, Leptospira hardjo (Leptospira hardjoprajitno and
Leptospira hardjo-bovis), Leptospira prajitno, Leptospira
icterohaenernorrhagine, Leptospira bovis, Leptospira interrogans and

I entaocenira nomona leombn DB21 to Acenrdina to a fiirther embodiment



According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
f%pttplq of the respiratory and reproductive systems in catg §/§z sm}ms
t e comblnatlon vaccine comprises attenuated BVDV (types
described herein and at least one further immunological active component
effective for the 30 treatment and/or prophylaxis of infections caused by
IBR, P1-3, BRSV, Leptospira canicola, Leptospira grippotyphosa,
Leptospira hardjo (Leptospirahardjo prajimo and/or Leptospira
hardjo-bovis), Leptospira icterohaemorrhagiae, Leptospint pomoua and R.
somnus [combo 076]. According to a more preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and at least one antigen of 1BR, PI-3, BRSV, 59
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in cattle, wherein e conl tﬁéﬁﬁﬁﬁ%gﬁ,‘ﬁeﬁé‘?ﬂﬁﬁ%@atetﬂugta )
(type§0| a\ﬂ@!? g&er%?oﬁ 1t§ g‘glmrgnltrem an tleast one urt er
immunological active component effective for the treatment and/or
prophylaxis.of iMeclions.saised, BY.hePios I SARIROIA LG PIRSRIrR
grlppotymttosamlnaptgﬁpltatza;rgtpa(teetnﬁ@ttap@mmt@@t&gg%ctdégt

Leptosp'[ﬁlhﬂtﬁdi%QQME@)EJ—@J)J«Q§DH@JQQL%Q@WWb@géﬁ%vel-tgH’L@§Q\'ga 30
pomona and Campylobacter fetus [comabo 1182]. According to a preferred

embodiment, the combination vaccine comprises attenuated BVDV (types
| and/or 2) as described herein and at least antigen of Leptospira canicola,
Leptospira grippotyphosa, Leptospira hardjo (Leptospira hardjoprapino
and Leptospira hardjo-bovis), Leptospira Icterohaemorrhagiae, Leptospira
pomona and Campylobacter fetus [combo 083]. According to a more
preferred embodiment, the bacterial 60 antigens are chemically
inactivated, aluminum hydroxide adsorbed, whole cultures of said bacteria
[combo 084L According to a further preferred embodiment, said
combination vaccine comprises gentamicin and Amphotericin B as
preservatives (combo 085j. According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein

the combination vaccine comprises attenuated BVDV (types | and/or 2) as
Aeceribed herein and at leact nne fiirther immiinoloaical activive comnnnant



64 by Pasteurefla haemolylica and Pasteurella multocida (combo 1091.
According to a preferred embodiment, the combination vaccine comprises

v@(‘)t%]}"} tef 3§VDV (types 1 and/or 2) as described herein and at least one
antigen of Pasteurella haemolytica bacterin and Pasteurella Thditoayy/veoos
bacteria. [combo 1101 According to a further preferred embodiment, said
combination vaccine 5comprises neomycin and thimerosal as
preservatives [combo 1111. According to a further embodiment, the
present invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against infections in cattle, wherein the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least one further 10 immunological active component
effective for the treatment and/or prophylaxis of infections caused by IBR,
Pasteurella haerg%lgyétlca and Pas;gengl()ella ’[aultg)c:ldaﬂL combo 1
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According to a further embodiment, the present invention relates t to a
combination vaccine for the treatment and/or prophylaxis of cattle against
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types | and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused to by IBR, P1-3, BRSV, BEM, Pasteurelbt
Imemobtlica and Pasteureila multocida [combo 121]. According to a
preferred embodiment, the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one antigen of
IBR, BRSV, BHV, preferably as live modified viruses, and Pasteurella
haemolytica bacterin and Pasteurella multocida bacterin [combo 1221.
According to a further preferred embodiment, said combination vaccine
comprises 15 neomycin and thimerosal as preservatives [combo 1231.

According to a further embodiment, the present invention relates to a
combinatinn vvaccine for the treatment and/or nronhvilavie nf cattle anainet



69 comprises attenuated BVDV (types | and/or 2) as described herein
and at least one further immunological active component effective for the
&@%ﬁgﬁ@@gd/or prophylaxis of infections minced by IBR, 1
Pasteurella harmotylica, Pasteurella multocida and H. somnus
148I. According to a preferred embodiment, the combination vaccine
comprises attenuated BVDV 5 (types | and/or 2) as described herein and
at least one antigen of IBR, PI-3, BRSV, preferably as live modified
viruses, and Pasteurella haemolytica, Pasteurella multocida and H.
somnus [combo 1491. According to a further embodiment, the present
invention relates to a combination vaccine for the to treatment and/or
prophylaxis of cattle against infections in cattle, wherein the combination
vaccine comprises attenuated BVDV (types t and/or 2) as described

herein angd aleastapefyiherdmmunelgical active component effective
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immunological active component effective for the treatment and/or
prophylaxis of infections caused by Campylobacter fetus (combo 1541.
According to a further embodiment, the present invention relates to a
combination vaccine according to any one of [combo 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, t0139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150 and 1511, that further
comprises antigen of Campylobacter fetus [combo 1551. According to a
further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, 120, 121, 122, 15 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
144, 145, 146, 147, 148, 149, 150 and 151], that further comprises an

immiinoloaical acrtivve comnnnent effeactivie for the treatment and/or
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119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132,
133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 14;5,
9, 150, 151, 152, 153, 154, 155, 156 and 157], that further
‘%ér%%%@évs%a%ntigen of Clostridium perfringens Types, B, C, 5 5%3’/‘6?2536"’6”913
[combo 162]. According to a further embodimentpresent invention relates
to a combination vaccine for the treatment and/or prophylaxis of cattle
against microbiological infections in cattle, wherein the combinat@on
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and at least 10 one further immunological active component
effective for the treatment and/or prophylaxis of infections caused b_y
Clostridium perfringens Types A, C and/or D, and Clostridium tetani
[combo 1631 According to a preferred embodiment, the comblnqtlon
vaccine cr?gnigr;ilsi%,%ttenuated BVDV (types 1 _and/(i)r 2) as Qesc_rlt:ed
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[combo 188} ACEskdirtetoeiirtheremibbotinent,the presentinvention
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parvu 18 a minute protozoan that is iransmitted by the fecai-oral rowte. Oocysts are sporufated
{four sporozoites) when shed in the feces ard, therefore, are immediately infective. The mean
incubation period is ~4 days. Calves 1-3 weeks ofd seem 1o be most susceptible. Signs such as
anorexia, weight loss, diahes, and tenesmus, resemble those caused by seversl other intestina

t5  pathogens; however, infections without signs do oceur. Uncomplicated cryprosporidiosis is seldom
faral. Disease can be severe in immunocompromised individuals, I severe disease in calves is seen,
other disease agents or concurrent infections should be ruled out. Although C. parvum can infect
virtually the enfire intestinal tract, the distal small intestine usually is affecied most severely.
Infection in horses is limited to the small intestine. Gross lesions may consist of hyperemic

26 mtestinal mucosa and yellowish intestina! contents. Microscopically, mild to severe villous atrophy
with spherical organisms in the brush border is evident. Unlike Eimeria and Isospora spp , which
are intracellular parasites, C. parvis is intramembranons and resides within the brush border of the
indestinal epithelial cells,

25 Chlamydin psiftaci causes sporadic abortion after the foyrth month of gestation bul vsuaily in the
last wimester. The chlamydia canse placentitis, fotal pneumonis, and hepatitis. Stained smears of
cotyledons may reveal the organisms; if not, tissuss may be cultured in embryonating chicken eggs.
Abortion is usually sporadic in cows, but an ovine chlamydial vaccine has been used in catile.

30 Inflammation of the mammary gland (mastitis) is almost always due 1o the effacts of infection by
bactertal or mycotic pathogens. Mastitis may be associated with infection by many other organisms,
including S¥reprecoccus mberls, Streploceccus dysgatactiae, Klebsiclla spp. Psendomones
aerupinosy, Actinomyces pyogenes, Mycoplasma spp, Nocardia asieroides, Serrofia,
Myeobacterinm spp, Clostridinm perfringens, Pastenreli spp, yeasts, and Prototheca spp.

35
Dermatomycoses (Dermatophytosis) in animals are anthropozoonotic diseases of the skin and
related tissue. Clinical symptoms are characterized by loss of hair in the affected area, hyperetnia,
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030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043,
044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057,
9,060, 061, 062, 063, 064, 065, 066, 069, 068, 069, 070, 071

‘%@%‘,"%2‘?,73%374, 075, 076, 077, 078, 079, 080, 081, 082, 083 FEFA B/ 060518

086, 087, WS, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099,

scaling and asbestos-like scabs. Inflammation is  often accompanied by suppwation.
Dermatomycoses are often also chasacterized by localized infection of the skin. Dermatomycoses in
animals carry a substantial socioeconomic impact. Diseased animals required prolonged treatment
and can spread infection to both amimals and humans. Dermatophytosis are caused by mycosis
5 infections of Frichophyion spp. or Micrespovem spp. Most relevant causes for catfe are
Trickopliyton verrucosumt, Trickoplyion imemiagrophytes or Trichophyton sarkisovii,

An infection of the lower respiratory tract, uswally resulting in bronchitis or pnenmonia, can be
caused by any of several parasitic nematodes, including Dicspecauins viviparas in cattle. This
10 lungworm belongs io the superfamily Trichostrongploidea and has direct life cycles. The cattle
lungworm is common in northwest Europe and is the cause of severe owtbreaks of “husk™ or
“hoose” in young grazing catite. Because I viviparus infeckion in cattle is the mast economically
important, it has been most investigated and many of the observations from it are applicable to the
other species. Clinical disease usually develops on first exposure to sufficient infective laivee. In
15 cattle, this usually occurs during their first season at pasture; however, an increase in the number of
older catile affected has been reporied. Signs of imgwonm infection range from moderate coughing
with slightly increased respiratory rates to severe persistent coughing and respiratory distress and
even faiture. Reduced weight-gaing, reduced milk yields, and weight loss accompany many
infections in cattle. Patent subclinical infections can occur in all species. The most consistent stgms

2 in cattte are tachypnea and coughing,

Trichomoniasis is a venereal protozoal disease of cattie characterized primarily by eavly fetal death
and indertility, resulting in extended calving intervals. Distribution is probably worldwide, The
causative protozcan, Frichomonas (Tritrichomonas) foetus, is pyriform and orchinarity 16-15 = 5-
25 10 pm, but there is considerable pleomorphism. It may become spherical when cultused in anificial
media. At its anterior end, there are three flagelia about the same length as the body of the parasite.
An undulating membrane extends the length of the body and is bordered by a marging! filament thai
continues beyond the membrane as a posterior flagellum. Although T foetus can survive the process
used for freezing semen, it is killed by drying or high temperatures. Trichomonas foetus is found in
30 the genital itacts of cattle. When cows are bred naturally by an infected bulf, 36-90% become
infected, sugpesting that strain differences exist. Variation in breed susceptibility to wrichomoniasis
may also exist Bulls of all ages can remzin infected indefinitely but this is less Hkely in younger
maies. By conirast, most cows are free of infection within 3 months after breeding. However,
immunity is not long lasting and reinfection does occur. Transmission can also cocur when the
13



100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 25
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
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156 and 157], that further comprises an immunological active component

effective for the treatment and/or prophylaxis of infections caused by

infections caused by Clostridium perftingens Types A, C and/or 0, and

Clostridium tetani [combo 1661. According to a further 30 embodiment,

the present invention relates to a combination vaccine according to any

one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009,

semen from infected bulls is used for anificial insemination. The most common sign is infertitity
eaised by embryonie death. This results in repeat breeding and a prolonged calving season. Fetal
death and abortions can also occur but are no! as common as losses eatlier in gestation,
Trichomonas foetus has been found in vaginal cultures raken as late as 8 months of gestation and,

5 apparently, live calves can be bom {0 infected dams. Pyometra occasionally develops afler
breeding.

Neospora caninem is an obligate intracellular profozoan parasite that has been confused previously
with Toxeplasma gordil . Only asexual stages are known, and they resemble T gomdii, The
W complete hife cycle of & canfiun is unknown, but it can be transmitted iransplacentally in dogs,
catile, goats, sheep, and cats, and subsequent offspring may be affected. Tachyzoites are 5-7 x 1-5
pm, depending on the stage of division. They divide by endodyopeny. Tachyzoites are found in
myaocytes, neural cefls, dermal celis, macrophages, and other celis. Tissue cysts up 1o 100 pm in
diameter are found in neural cells; the cyst wall is amorphous and up to 4 prm thick, Cysts have no
15 sepia and enclose slender 7 % 1.5 pm bradyzoites. In dairy catite, N caninunt is 2 major cause of
aborion in many countries, particulatly in the USA. Calves may be aborted, stillbom, bom
underweight, weak, or paralyzed, or they may become paralyzed within 4 weeks of birth, Nos-
suppurative encephalitis is the main lesion in aborted fetal tissues. Abortion can occur throughout
gestation, and some cows may abort again; dams of these calves are clinically normal.
0
Babesiosis is caused by intraerythrocytic profozoan parasites of the genus Bebesia . A wide range of
domestic and wild animals and occasionally man is affected by the disease, which is iransmitied by
ticks and has 2 worldwide distribution. Two important species in caitle— Babesia bigeming md
Babesio bovis — are widespread in tropical and subiropical aress and are the focus of this
25 discussion, In endemic areas, two featurss are imporiant in determining the risk of clinical disease:
1} calves have a degres of immunity (related both to colostral-derived antibodies and 1o age) that
persists for ~6 months, and 2) animals that recover frorn Bohesia infections are immume for life.
Thus, at high levels of tick transmission, all newbom cafves will become infocted with Babesia by é
mos. of age, show few if any clinical signs, and subsequently be immune. This situation of endemic
30 swbility can be upset by either a natwal (eg, climatic) or artificial (ep, acaricide {reatment)
reduction in tick numbers to levels where tick transmission of Babesia 1o calves is insufficient 1o
ensure all are infected during this critical early period. Other circumstances that can lead to clinical
outbreaks include the introduction of susceptible cattle o endemic areas and the incursion of
Babesia -infected ticks into previeusly fick-free areas. Strain variation in immunity has been
19



010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023,
024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037,

9, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051,
V%§§M%§§7%§4 055. 056. 057. 058. 059, 060, 061, 062, 063, TEAUBHEs6918
066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077,

demonstrated but is probably not of significance in the field. The acute disease generally rmns a
course of ~1 week. The first sign is fever (frequently 41°C or higher), which persists throughout,
and is accompanied later by inappetence, increased respiratory rate, muscle tremors, anesda
jaondice, and loss of weight with hemoglobinemia and hemoglobinuria in the final stages. CNS

5 involvement dus o shudging of parasifized eryihrocytes in brain capillaries ocours frequently with
B. bovis infection. Either constipation or diarrhes may be present. Pregnant cows often abort. With
viralent sirains of B. bovis, a hypotensive shock syndrore, combined with generalized nonspecific
inflammation, coagulation disturbances, and erythrocytic siasis in capillaries, contribune to the
pathogenesis. With most siraing of B bigemina, the pathopenic effects relate more directiy to

10 erythrocyte destruction. Animais that recover from the acute disease remain infected for a number
of years with B bovis and for a few months in the case of B. bigemina . No signs are apparent
diring this carrier state. Lesions include m enlarged and friable spleen; a swollen liver with an
enlarged pallbiadder containing thick granular bile; congested, dark-colored kidneys; and
generalized anemia and jaundice. The wrine is often, but not invariably, red. Other organs, incipding

i3 the brain end hearl, may show congestion or petechial hemorrhages. The suscepitbility of cattie
breeds to Babesia infections varies; for example, Brahman cattle are more resistant to B bowis
infection than are British breeds.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 Serum neutralisation against NY93/C (BYDV 1ype IT}
Fig. Z Serum neutralisation assay against KE9 (BVDV type [}
Fig. 3 Serum neutralisation assay against NYOYC (BVIV typs 11

All subsequent sequences show the deleted repions indicated with dashes (-), which are aisc
25 numbered, whereas the sequences in the sequence listing attached hereto are continuously
nymbered without the deleted regions or amino acid codons.

SEQID NG-1 HIKE-A-cDNA sequence
SEQTD NO2 KIKE-A-NdN-cDINA sequence

30 SEQIDNG:3 XIKE-B-cDNA sequence
SEQIDNOA4 XIKE-B-NdN-cDNA
SEQ ID NG5 KIKE-A amino acid sequence
SEGID NG KIKE-A-NdN amino acid sequence
SEG ID NG:7 XIKE-B amino acid sequence
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078, 079, 080, 73 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091,
092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118; 119,
120, 121, 122, 123, 124,125: 126, 127, 128, 129, 130, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
149, 150, 151, 152, 153, 154, 155, 156 and 157], that 5 further comprises
antigen of Clostridium perfringens Types A, C, and/or D, and Clostridium
tetani [combo 1671. According to a further embodiment, the present
invention relates to a combination vaccine according to any one of [combo
001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014,
015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028,
029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042,
043, 044, 6430 046, 04T BMNO48; G601861, 052, 053, 054, 055, 056,
057, 058, @890 860, 06IKEANO6B, G64:865, 066,067, 068, 069, 070, 071,
072, 073, &40 BT 8B, 078 077NO7BA 879080, 081, 082, 083, 084, 085,
086, 087, 880 880, 09THOPNEF=B93, 094, 095, 096, 097, 098, 099,
100, 101, 922493, 10451052 66 <p8F: 108, 109, 110, IlI, 112, 113, 114,
115, 116, 117, 118, 19,120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, %@ﬁ‘f%s, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
144, 145, TA8>TH7TAS 1A “ABG 151152, 1§ 183 84T 155158 ifd
157], that fﬁﬁ‘tﬁé}“:t’ﬁ?‘r‘ifjﬁ]s@%“%?ﬁ"ﬂd‘éﬁ“‘bf’@lﬁs‘ﬁﬁd‘?ﬁ?‘ﬁ’%ésrﬁﬁﬁ E?’is’”\‘?/‘]be@"A B,
C, and/or B SRECI5SERITEAtE AT [EBMBE a1 ALRSHAING to Bt tRer
embodimeft tiL? ?@é@ﬁ'fsf‘ﬁ?}éef‘ﬁl?i‘ﬁ“f‘é‘léi’fé‘é&taomé"@éeﬁﬁlﬁﬁé‘ﬂ%m%&é&%e%r

h b Il hined
the treatmenef‘an0 o] mm"““’“h BRI c%ﬁﬂ“é 5’ alns “’m‘a f:"‘reé fological™™
o the mactwauon of the

infections 1R Catle" WASTSH fﬁe’&ﬁ‘b“t ﬁi’f) atlt |on VACEIREdEm
mmuno ulax ¢ regid vention also rel tes ta methads

attenuatedhgﬁ?ﬁ types BET S Cibed hereis and at 1855t one

mbmatlon VaCCIntes

further imMUROIOGICal active component effective for the treatment and/or

prophylaxis, of infeciions CaUSEshhY. G OSIHAIM CRRHVQRHCIQSLHHILAR agains
septicum, GlostridiumnavyinClostridivmsordalliinand Clostridium

pertringens Types A, C and/or ]ﬁg& mbo 169]. According to a Preferre i
embodifvert, e oHHBHALSh YA e 1ARSridbd Ao A BBV By piss coding
2? 1 ag@i{@ér%r)]:aﬁaﬂ@%@@@té}ﬂf@ﬁsmwﬂ@eﬂi&%@?&mﬁ|yﬁi@%m|$m Qfxdthe coding
Clostridium chauvoei, Clostridium_septicum, Clostridjum ncnyi, Clostridium
sordelfFHSAE 10Skidi Agpe?%i‘ﬁé‘@ﬂsﬂ e BIATAEOR i 88 [g Hbe Pgyence for
AccordingderafustEr embodinent:ithe qr eﬁ"emmmmmwk@t@@li@ an E™ and/or
comblnatlon vaccine 3 acco ding to any 0{1 ?ﬁ% 0 001, 002{0031? 4 N
004, 0884 GBEAH67, BABS SH8EIT BT 01 %13 Br8apTtppyof said N
018" 03483 020, 021, 022 023, 024, 025, 026, 027, 028, 029, 030, 031,

032 033, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48P4gns6T BICE2 53 ‘54, 55,
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56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 74 094, 095,096, 097, 098, 099, 100, 101, 102, 103,
104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119ad@&nl@lonk2#; more pathogens selected from the group consisting of:

Parainfluenza-3 Virus (PI-3), Infectious Bovine Rhinotracheitis virus (IBR),

Bovine Respiratory Syneytial Virus (BRSV), Bovine Herpesvirus (BHV),

Bovine Rotavirus (BRV), Bovine Enterovirus (BEV), Bovine Coronovirus

(BCV), Bovine Rabies (BR), Bovie Parvovirus (PPV), Adenovirus, Astrovirus,

Mannhetmia haemolytica (formerly Pasteurella haemolytica), Pasteurella

multocida, Haemophilus somnus (Histophilus ovis and Haemophilus agni),

Actinomyces such as Corynebacterium, Actinomyces pyogenes, Chlamydia

psittaci, Campylobacter fetus venerealis and Campyvlobacter fetus fetus

(formerly C fetus intestinalis), Leptospira interrogans, Leptospira hardjo,

Leptospira pomona, Leptospira grippotyphosa, Leptospira canicola, Leptospira

grippotyphosa, Leptospira hardio such as Leptospira hardjoprajitne and

Leptospira hardjo-bovis, Brucella abortus, Brucella suis and Brucella melitensis,

Listeria monocytogenes, Chlamydia psittaci, Clostridium chauvoei, Clostridium

septicum, Clostridium haemolyticum, Clostridium novyi, Clostridium sordellii,

Clostridium perfringens, Clostridium tetani, Moraxella bovis, Klebsiella spp.,

preferably Klebsiella pneumoniae, Salmonella typhimurium; Salmonella

newport, Mycobacterium avium paratuberculosis, Cryptsporidium parvum,

Cryptsporidium hominis, Staphylococcus aureus, Streptococcus dysgalactiae,

Streptococcus  uberus, Mycoplasma spp., preferably Mycoplasma dispar,

Mpycoplasma bovis, and Ureaplasma spp., Tritrichomonas foetus, Trichophyton

verrucosum, Trichophyton mentagrophytes, Trichophyton sarkisovii, Neospora

caninum (formerly Toxoplasma gondii), Babesia bigemina and Babesia bovis,

and Dictyocaulus viviparous (Lungworm disease);

and wherein such BVDV component is safe for use in pregnant cows.
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123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152, 153, 154, 155, 156 and 1571, that further comprises active
component effective for an immunological Clostridium chauvoei,
Clostridium septicum, Clostridium nosyi, Closuidium sordellii, and
Clostridium perfringens Types A, C and/or D [combo 1721. According to a
further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 001, 002, 003, 004, 005, 006,
007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020,
021, 022, 023, 024, 025, 026, 027, 028, 029,

According to a preferred embodiment, the present disclosure relates to a combination vaccine for the

treatment and/or prophytaxis of carile againgt mfections of the respiratory and reproductive system
in cattle, wherein the combination vaccine comprises an attenuated BVDV as described herein and
at least one further immunological active component effective for the teatment and/or prophylaxis
of infections cavsed by Bovine Herpes virus (BHV). Bovine Respirafory Svnoytial Virus (BREV),
Parainfiuenza Virue (PE-3), Carnpylobacter fetus, Leplospita camicols, Leptospira grippotyphosa,
Leptospira  borgpeiersenii, Leptospira prajitno, Lepiospirs icierohaemmorrhagiae, Leptospira
hasdio, Leptospira bovis, Leptospira interrogans and/or Leptospira ponoma. According 1o 2 more
preferret embodiment, the combination: vaccine comprises an afteruaied BYDV as deseribed herein
and at least one antigen of BHY, BRSV, P1-3, Campylobacter fetus, Leptospira canicola, Leptospira
grippotyphose, Leptospira borgpetersenii Leptospive prajime, Leptospira hardjo (Leptospiva hardjo
praiine and Leptospirz  hardjo-bovis), Leptospira icterohesmmorrhagias, Leplospira bovis,

Leptospiva interrogans and/or Leptospira ponoma.

According to & more preferred embodiment, the present disclosure relates to a combination vaceing

for the treatment and for prephviaxis of cattle against viral infections of the respiratory and
reproductive svstem in catiie caused by BVDV, PI-3, BRSV. IBR and/or BHY, wheremn said

vecting comprises at least an atiennated BVDV as described herein and at least one further
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030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043,
044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057,
058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071
072,073,074, 075,076, 077, 078, 079, 080, 081, 082, 083, 084, 085,
086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099,
100, 101, 102, 103, 104, 105,

imsnunological active component effective for the treatment andior prophviaxis of infections caused
by PL3, BRSV [BR, and BHV. According 10 a further more preferred embodimert, the present
disclosure relates te a combination vaceine for the treatment and Jor prophylaxis of cattle agamst
viral infections of the respiratory and reproductive system in catile cansed by BVDV, Fi-3, IBR,
BRSV and/or BHY, wherein said vaccine comprises at least an attenuated BYIDV as described
hesein and at least one antigen of P1-3, IBR, BRSY snd/or BHV.

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS OF TERMS USED IN THE DESCRIPTION:

Before the embodiments of the present invention it must be noted that as used herein and in the
appended claims, the singular forms "a", "an”, and “the” include plural reference unkess the context
clearly dictates othesrwise. Thus, for exampie, reference o "a BVDV" includes a pluralsty of such
BVDV, reference to the “cell” is 2 reference to one or more cells and equivalents thereof knows to
those skilled in the art, and so forth. Uniess defined otherwise, all technical and scientific terms
used hereint have the same meanings as commenly understood by one of ordinary skill in the art to
which this invention belongs. Although any metheds and materials similar of equivalent to those
deseribed herein can be used in the pracice or testing of the present invention, the preferred
methods, devices, and materials are now described. Al publications mentioned herein are
incorporated herein by reference in their entireties including for the purpose of describing and
disclosing the cell lines, vectors, and methodologies as reported in the publications, which might be
used in conneciion with the invention. Nothing hersin is o be construed as an admission that the

invention is not entitled to antedate such disclorure hy virtue of prior invention.

The term “BVDV" as used herein refers to alt viruses belonging to species bovine viral digriiea
virus (BVDV) type 1 (BVDV-1) and BVDYV type 2 (BVDV-2), including any sub-species such as
ia, 1b, 2a, 2,b, and the like in the genus Pestivirus within the family Flaviviridae (Heinz et al,
2000). The more classical BYDV fype 1 strains and the more recently recognized BVDV type 2

strains display some limited but distinctive differences in nucleotide and amino acid SEeXuences.

“Protein C” or “C protein” or “C-profein” as used herein relates o 2 structural component of the
pestivirus virion (Thiel et al., 1991). “Protein C7 is the capsid or core protein of pestiviruses. Said
term, depending on the context, may also relate 1o the “Protein C* with one or several amino acids

exchanges resulting from mutation of the encoding nucleotide sequence.
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106, 107, 108, 109, 110, Ill, 112, 113, 114, 1 .15, 116, 117, 118, 119, 120,
121, 122,123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134,
“;égm%égn% 7,138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
1,152, 153, 154, 155, 156 and 157], that furtheF GOfipEest1s
antigen of Clostridium perfringens Types, A, B, C, and/or D, Clostridium
chauvoei, Clostridium septicum, Clostridium novyi, Clostridium sordeilii
and Clostridium tetani [combo 173]. According to more preferred
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against microbiological
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of 75 infections caused by Clostridium chauvoei, Clostridium
septicummgma%dngwflmg!%cgg0tmfswgg,l,!lgmclemd' i petlingems
Types A, {.angler.Lans Myeoplannng. bavis,leanabe 1 741 Accordiha to
a preferregambogiment, &QP&&%?AEB@HQP(M%%”% OmPrizes,a Etc%nyﬁte
BVDV;(typesid andior2).asdeserinad herein. and anpigens, preferaly
toxins, of.ClastHdiumaaauae kdlestidim.SeRICYR..C 1830 dIum povyi,
Clostridium-sesdellik and.dastridium-pedrinagens Types A, C and/or D and
Mycoplasma bovis [combo 175]. According to more preferred
embodimeatthe-Mresan: RMeREANHSIALRS0 RamRiRatitn.VasHnafor
the treatment-andios prapbyteds-abcatile AgalnstRHERRIIAGISR leven:
infectionsrianeatile, wulae ieindhento.comhNatioR MAGGING-COMRESES, te
attenuated-BYVBVa{typos hangier2)-a8)descrbetl hesaitr.and-at beast one
further immenolegicadagive-companent effective for the treatment and/or
prophylaxis of infections caused by Clostridium channel, Clostridium
septiennTrSlostritiein: ord iy Clestriditums endellis: Glestrdim pesfiingens
Types A NSaind oD pardothe soMimis:{eaniRY I/ 6 la o ontkage t9:8ed
preferredresmiyotirentbihiencBfhivdtio NvECcineTeomprises attenuated
BVDV 13- (psesitahtiiohdyas déseribedsheréin aridiantigensispreferably
toxins, of Ciekeiditit Chrenvestelodlo Stricitnysiseptic uem Olostridianmnovyi,
Clostidilri-gontetti-ande Eigdirdurmipariin ge e Topds @camiNdand H.
somnus. {E8MBEF L7 EACHriNY B B fecprafeteed embodiment, the
present invention relates to a combination vaccine for 20 the treatment
and/or proph§IEXI&°BF Ehhe SyamEtICrobib e infeetoreRreatie,
wherein g’ %r’ﬁ‘”ﬁ?fh%%ﬁt\?’adfﬁHe%dﬁ‘fbﬁé’@?f“dff@ﬂﬁéﬁéﬂ“BWfWé’s 1
and/of 2 &% °"““%*’£§8%"&‘8 8 T Aidast Bl imePThiLnbiogice
active comnp ONSAL St E{é%gﬁ\/séhrfeéc}e‘tﬁg t?@%t‘?‘r‘i’gfff‘ﬁﬁdf?? wp‘fﬂ‘b‘l‘i&ﬂ%i’)?@%ﬁ“he
infection cﬁﬁicso%cfik) i(’ﬁ stri | “%'H 58 Fiyff’f’“"é:t:” Un Sapens i
Clostrldlum ng}mém fos E’Lce Om)séeéer:f it (jtggi‘?l eﬂac—:r‘“s:f’fﬁ??’ BHETVpEs A, C
and/qy Ohcl,ylx{ Q:Iasmpm ovis q‘ gg ?}Zﬁ SOMALS Tco B"ff“?éf ac?)"‘rdlng

to a preferr 0 |mperﬁm,t tOR VAGE mmy 06?3# sém"ﬁ'enuated
p % a%xgtv omha ooﬁmtem E™ to hv ro] e L%& e term " actwa.n%n of CHV)
BVDV tYQ 81% [nm yeops: mQ‘Sre ers e m 1ty g ree(ilurge?n qntlgae nasf £ cee E(;atem

toxins, ofGlqstyidiun.cDauyeel, &astirim, sepficun, ClostBium Hovyi,

Clostridium sordellii, and Clostridium perfrlngens Types A, C and/or D,
Mycoplasma bovis, and ilsonenus [combo 179]. 30 According to a further
embodiment, the present invention relates to a combination vaccine for
the treatment and/or prophylaxis of cattle against microbiological
infections in cattle, wherein the combination vaccine comprises attenuated
BVDV (types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or
prophylaxis of infections caused by Salmonella, preferably Salmonella
dublin, Salmonella newport and 76 Salmonella typhlmurium /combo
1801. According to a preferred embodiment, the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and
toxins of Salmonella, preferably Salmonella dublin, Salmonella newport,
and Salmonella lyphimurium [combo 181]. According to a further
embodiment, the present invention relates to a combination vaccine

according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008,
NNO N10 N11 012 D12 014 N1E O1&8 N17 012 N10 020 021 002



005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016,

019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,
33,034,035, 036, 037, 038, 039, 040, 041, 042, 043, 044,

017, 018,
031, 032,
045, 046

047, 048 049, 050, 051, 052, 053, 054, 055, 056, 057, 0587 HEE L6918

061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072,

073, 074,

075, 076, 077, 078, 079, 080,

26
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30

Inzctivation of E™ a5 used herzin means RNase activity not significantly above the level measured
for noninfected control cefls in an RNase assay s deseribed in Meyers et al, 1999, “Not
significantly above the ievel measured for noninfected conirol cells in an RMase assay as described
in Meyers et al., 19997, means for example, that the RNase activity is less than 150% compared to
the noninfecied control cells.

Attenuation: “An atfenvated pestivirus or BVIDV particie” as used herein means that there is 2
statistically significant difference between the virulence of attenuated pestivirus or BVDV particles
of the present invention, wherein said attenvated viral paricles being attenvated by a method
described herein, and wild-type pestiviras or BVDYV isolates from which said attenuated pestivirug
or BVDV partictes have been derived, for the predominant chinical parameters, in case of BVDV
for diarthea, pyrexia and lethality in animals infected with the same dose, preferably 6x10°T D,
Thus, said attenuated BVDY particles do not canse diarthes, pyrexia and lethality and thus may be

used in a vaccine.

“Bovine pathogen™ as used herein means a microorganism that has an impact on the healthiness of
cattle.

“Immmclogical active component” or “immunclogicatly active component” as vsed herein means a
component that induces or siimulates the imrmme response in an animal 1o which said component is
administered, According to & preferred embodiment, said immune response is directed to said
compangnt or 1o an microorganism comprising said companent. According to 3 further preferred
embodiment, the immusological active compenent is an attemuated microorganism, including
modified live virus (MLV), 2 kifled-microorganism or at least an immunclogical active part of a

MICEoOrganisim.

“Immunological active part of a microorganism™ as used herein means a protein-, sugar-, and or
glycoprotein containing fraction of a microorganism that comprises at feast one antigen that induces
or stimufaies the imwoune response in an apimal to which said component is administered.
According to a preferred embodiment, said immune response is directed to said mmunological

aciive part of a microorganism or 10 a micreorganism comprising said immunological active part.

The term “vaccine” as used herein refers to a pharmaceutical composition comprising af least one
immunologicelly active component that induces an imvmunological response in an animal and
24



081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092, 25 093, 094,

095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108,
1,112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,

V%g%‘%%i“%%5 126, 127, 128, 129, 130, 131, 132, 133, 1347¢38/s74g/060918

117, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,

151, 152, 153,

possibly but not necessarily one or more additional components that ephance the immunoclogicat
activity of said active componert. A vaccine may additionally comprise further components typical

to pharmaceutical compostions. The immunologically active component of & vaceine may comiprise
complete virus particles in either their original form or as attenuated particles m a so-called

5 modified live vaccine (MIL.V} or particles imactivated by appropriate methods in a so-called killed
vacoine (V). In another form, the immunologically active component of a vaccine may comprise
appropriate elements of said organisms (subunit vaccines) whereby these elements are penerated
sither by desicoying the whole panicle or the growth cultures containing such particles and
optionally, subsequent purification steps vielding the desired structure(s), or by syntheiic processes

10 including an appropriate manipulation by use of a suitable system based on, for example, bacteria,
insects, wammalian or other species, plus optionally subsequent isolation and purification
procedures, or by induetion of said synthetic processes in the animal needing a vaccine by direct
mcorporation of genetic material using suitzble pharmaceutical compositions (polynucleotide
vaccination). A vaccine may comprise one or simultaneously more than ome of the elements

15 described above The term “vaccine” as understood herein is a vaccine for veterieary use
comprising antigenic substances and is administered for the purpose of inducing a specific and
active immunity against a disease provoked by & microbiological infection, preferably by a BVDV
infection. The BVDV as deseribed herein, confer active immunity that may be transferred passively

via maternal anfibodies against the immunogens it contains and somefimes aiso agains{

2 antigenically relafed organisms. A vaccine of the invention refers to a vaccine as defined above,
wherein one imsunologically active component is a BVDY or derived from a nucleotide sequence

that is more firan 70% homolfogous 1o any known BYIV sequence (sense or anfisense,

The term “live vaceine™ refers fo a vaccine comprising a replication competent, in particular, a
25 replication compentent viral active component.

"Combination vaccine” as used herein means a vaccine that comprises attenuated BVDV ag
desribed herein together with a monovalent, bivalent or multivalent combination of mmunological
active componeni(s).

30
“Microbiological infection”™ as used herein means an infection as caused by a micreorganism that is
pathogenic for cattle. Such microorganists inculde but are not limited fo bacteria, viruses, yeasts or
fungi, mycopiasms, and parasites.
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154, 155, 156, 157, 158, 254, 159, 160, 161, 162, 163, 164, 165, 166,
167 168, 169, 170, 171, 172,173,174, 175, 176, 177, 178 and 179], that
?ﬂﬁ% e erses antigen, preferably a toxin, of 30 Salmonella, p referablx
almonella dublln salmonella newport and Salmonella typh Eﬁﬁﬁ%m( 918
[combo 183]. According to a preferred embodiment, the present invention
relates to a combination vaccine for the treatment and/or prophylaxis of
cattle against microbiological infections in cattle, wherein the 77
combination vaccine comprises attenuated BVDV (types | and/or 2) as
described herein and at least one further immunological active component
effective for the treatment and/or prophylaxis of infections caused by
Pasteur&la haernolytica, Posteurella multocida, Salmonella, preferably
Salmonella du blin, Salmonella newport and Salmonella typhimurium
[combo 1841 ccorg gn;')emven%ﬂreferggng&m odlm nt, the combination

raginent™ atsor g any 54 a oyﬁuc

]ecue or ing to
vaccine csemws%}a&ewgm DV, (bypes, &, andior §l Gecithe
herein angd Ranamalla:nae Qngtlca *Pasteurefla multoci Tmonella,

preferably Salmonella dublin, Salmonella nmoport, and Salmonella

typhimentium,dactein-Toxsic.IeemAe.l 5L Acrding Sp.mare,pre %fred
embodimgatssaig.cmainationyacsing conpuses Multplssolalgs of
Pasteurellahaemalytica. by, Resdiang.an.asseciated taxaid.fractian, gnd
single isokades-OftRMUIOLRIC Fuis: dMBIIR «RR0.S: P RiRULLM JsQmbo
1861. Aceerdingiaafusthes embagimeant heprasegligvention.salates to
a combinatianyasatRe-fokthe tieatment aRiar RiophyiaXs.ofGaltle .
against misrebiglogical wfactionsdadcattle wberein the.combinatian.d
vaccine cemprisessattenuated BVDV (types 1 and/or 2) as described
herein and at least 15 one further immunological active component
effective forthe teatmentiamdiongioplyaxs einiaciprscausadnay
Moraxellarbgw s-antl/orddiebsieliaiappivys pratecably: Kisbsietta-predmonia?
[combo 187 iAwcerdifrgeto duspreherke d-entBadimeniythscombmation
vaccine coiseteaternieted Bty pesst @adiemias described
herein and toxins of Moraxella bovis and/or Klebsiella app. preferably
Klebsiella: pivesirshiats feoniit £86 i \ReRecokdingdanasfufith fym the fac
embotimémt e presehrmbenton retatesiba colmbinsitionSedceme
accordinFtrEtly SHeE HPREHBE 00% “GORG03reeLtings: 06, tor, 008,
009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022,
023, 02420757026 H27 028629, 530, "0st' F32" gdgi-pte UBS5gs6,
037, 038”’6’?@“ 6?‘16'3 E??I‘I““‘Bﬂ?”‘)@’ﬂ?' B4 s POAST O rogigeuies possess a

simitar ax:uwty zﬁe} are consldered varianis as that term is used herem if the nucleotide sequence is

not identical, and two molecules which have a similar nuclectide sequence are considered varianis

as that term is used herein even i their biological activity is not identieal,

A “mutafion” as used herein relates o modifications in the nucieic acid molecules encoding the
30 profeins / amino acids according to the inventiont. Said muiations relate to, but are not Hmited to,
substitutions (replacement of one or several nucleotides/base pairs), deletions (removal of cne or
several nucleotides/base pairs), and/or insertions {addition of one or severs! nucleotides/base pairs).
As used herein, mutation may refer to z single mutation or several mutations, therefore, often the
term “muiation(s)” is used and refates to both a single mutation and several muiations. Said

26



049, 050, 051, 052, 053, 25 054, 055, 056, 057, 058, 059, 060, 061, 062

063, 064, 065, 066, 067, 068, 069, 070,071, 072, 073, 074,
wo7 %0 978,:079, 080, 081, 082, 083, 084, 085, 086, 087, 088,
091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102

075, 076,

{’%8{?%{ Qi?é? :’0609] 8

105, 106, 107, 108, 109, 110, Ill, 112, 113, 114, 115, 116, 117, 118, 119,

120,

25

30

mutations inctude, but are not limited to point mutations {single nucleotide mutations) or larger
mutations whetein e.g. parts of the encoding nucleic acid moleculas are deleted, substituted and/or
addifional coding nucleic asids are inserted. Said mutations may result in a modified expressed
polypeptide due to the change in the coding sequence. Such modified polypeptides are desired, as
set out in the disclosure of the invention as sef oug below.

Additional components to enfrance the immumne response are constituents commonly referred o as
“adjuvants”, like e.g. aluminiumhydroxide, mineral or other oils or ancillary molecules added to the
vaceing or generated by the body after the respective induction by such additional components, like
bui not restricted o interferons, interleuking or growth factors.

A “pharmaceutical composition” sssentially consists of one of more ingredients capable of
modifying physiological e.g. immunological functions of the organisn: it is adminisiered to, or of
organisms living in or or the organism. The term includes, but is not resiricted to, antibictics or
andiparasitics, as well as other constituents commonly used to achieve certain other objectives like,
but niot limited to, processing traits, sterility, stability, feasibility to administer the composition via
enteral or parenteral routes such as oral, intranasal, infravenous, intramuscular, subcutareous,
intradermal or other suitable route, wlerance after administration, and controiled refease properties,
One non-limiting example of such a pharmaceutical compesition, solely given for demonstration
purposes, could be prepared as follows: Cell culture supematant of an infected cell culture is mixed
with a stabifizer (eg. spermidine and/or BSA (bovine serum albumin)) and the mixture is
subsequently Tyophilized or dehydrated by ather methods. Prior to vaccination, said mixture is then
rehydrated in aqueous (s.g. saline, PBE {phosphate buffered saline)) or non-aqueous solutions (e.g.
oil emulsion, aluminum-based adjuvant),

DISCLOSURE OF THE INVENTION

The solution to the above technical problem is zchieved by the description and the embodiments

characterized in the claims.

The present invention relates to a combinantion vaccine for the treatment and/or prophylaxis of
microbiological infection in cattle, that comprises a live attenuated BVDYV as described hergin and
at least onte further immmological active component for treating or preventing diseases or disorders
in cattle caused by an infectious agenis other than BVDV.
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121, 122,123, 124, 125, 126, 127, 128, 129,130, 131, 132, 133, 134,
135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,

4 1., 152, 153, 30 154, 155, 156, 157 ,158, 254, 160, 161

“’%6%?%2&3‘1’24, 165, 166, 167, 168, 169, 170, 171, 172, 17:%%% ,i‘%},"ﬁ"m

176,177,178, 179, 180, 181, 182, 183, 184, 185, and 1861, that further
comprises an immunological active component effective for the treatment
and/or prophylaxis of infections caused by infections caused by Moraxella
bovis and/or Klebsiella app., preferably Klebsiella pneumonia [combo

189]. According to a further embodiment, the present invention relates to a
78 combination vaccine according to any one of [combo 001, 002,

Aterted BUDE
It was decribed in WO 99/64604 that BYDYV can be attenuated by introducing at least one mutation
in the coding sequance of glycoporitelon E™, wherein said mutation(s) result in an incatvation of
5 the RMAse activily residing in the E™ gene region. Moreover, it has also surprisingly been found
that BVIDV ¢an be more effectively attenuated by introducing ar least one muiation in the coding
sequence for glycoprotein E™ and at least another mutation in the coding sequence for NP™ which
praferably leads to the combined inactivation of the RiNase activity residing in glycoprotsin E™ in
addition 1o the inactivation of the immunomodulating activity residing in N° (W(2005/111201).
10 Animmunomoedulating effect in one aspect is indicated but not limited to the indicated function for
one pestivirus in an exemplary manner by Riggli et al. (2003).Thus according to one aspect, the
present invenfion provides a combination vaccine that comprises af jeasi an attenuated BVDV
having at leasl one muiation in the coding sequence for glycoprotein E™ and/or at least another
mutation in the coding sequence for NP, Preferably, in such attenuated BVDV, said mutation in the
15 coding sequence for giycoprotein E™ leads to inactivation of the RNase activity residing m E™

and/or said nmration in the coding sequence for NP leads 1o inactivation of said N®™.

The attenuated BYIDYV as described herein can be advantageously used in combination vaccines for
the treatment and/or prophyiexs of microbiological infections in cattle. Swurprisingly, the BVDV as
20 described herein, comprising any of the modifications in the WP and E™ gene region are safe for
use in pregnant animals as they do not cross the placenta, This is exemplified in 2 non-limiting
manner for BVDY in example 3, Furthermore, the BVDV with defined mutations within the NP™
and E™ as a basis for anenuation will aliow to avoid the nisk of reversion to a more pathogenic
strain. A further advantage of said attenuating mutations lies in their molecular uniqueness, which
25 allows to use them as distinciive labels for an attenuaied BVDV and fo distinguish them from
BYDV from the field. Therefore, in a further aspect the present invention provides a combination
vaccine that comprises at least an attenuated BVDYV having at least one mutation in the coding
sequence for glyceprotein E™ and at least another mutation in the coding sequence for NF™.
Preferably, in such atienuated BYDV, said mutation in the coding sequence for glycoprotein E™
306 leads to inactivation of the RiMase activity residing in E™ and/or smid mutation in the coding
sequence for NP leads to inactivation of said N™°. Said inactivation may take place by any
mutation known to the person skilled in the art of the E™- and the N™-coding sequence, wherein

the mutations are any mutation as defined in the “definitions”™ section, such as deletions, insertion
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003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016,
017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030,

3,034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044,
v%%%?‘gﬁgq,’;%§7,o48,o4g,050,051,052,053,054,055,056,%%‘“/?%@;6’"‘“”lg
059, 060, 061, 062, 063, 064, 065, 066. 067, 068, 069, 5070, 071, 072,
073, 074,

mutations and/or substitution muwtations. Most preferably, the mutation(s) are delsiions, as the

Hikelikood for reversion to the wild type is the lowest for deletions.

Aliogether, the term attenuaied BVD'Y or attenuated pestivirus in general as used herein, means but
5 is not limited 1o any attenvated BVIFV or pestivirus, having af feast one modification in the coding
sequence for glycoprotein E™ and/or at feast one modification in the coding seguence for W In
the following, specific embodiments of sny of such modification in fhe E™ and/or NP are
deseribed mere in deiaif. According to a preferred aspect, the term atienuated BVDV or attenuated
pestivirus in general as used herein, means, but is not limited 1o, any attenuated BVDV or
16 pestivirus, having st least one modification in the coding sequence for giveoprotein E™ snd af jeast
one imodification in the coding sequence for N Howeves, it is hereby understood that the present
mvention shall not be limited to the specific modification described herein, A person skilied in ¢he
art with the knowledge of the teaching provided herewith, is able to generate and introduce further
modifications within the glycoprotein E™ and/or N*™ having the effect of attenuation as described

15 herein.

Muodifications of the ™ of RVDY

It has been shown that the glycoprotein E™ forms 2 disulfide-bonded howmodimer of about 97 kE,
wherein each monomer consists of 227 amino acids corresponding 1o the amino acids 268 fo 494 of
20 the CSFV polyprotein as described by Riimenapf et al. (1993). The genome sequence of the
Alfort/Tiibingen strain of CSFV is avaitable in the GenBanl/EMBL data library under accession
number J04358, ghtematively, the aming acid sequence for the BYDYV stain CPT can be accessed in
the GenBank/EMBL datz library (accession number U63479); in the BVDV CBY7 polyprotein, the
E™ protein corresponds to residues 271 to 497. Two regions of amino acids are highly conserved in
25 glycoprotein E™ as well as in some plant and fungal RNase-active proteins (Schneider ef al,, 1993).
These two regions are of particular importance to the RNase enzyratic activity. The first region
consists of the region at the amino acids at position 295 1o 307 (298 to 310 for BVDY swrain cpT)
and the second region consists of the amine acids at position 338 to 357 (341 o0 360 for BVDV
strain cp7} of said viral polyprotem as exemplified for the Alfort strain of CSFV in Meyers et al.,
30 1999 {numbering according to the published deduced amino acid sequence of CSFV strain
AlforvTibingen (Meyers et al, 1989). The amino acids of particedar importance o the RiNase
activity as mentioned above are by no means limited to the exact position as defined for the
Alfort/Tiibingen strain of CSFV but are simply used in an exemplary manner to point out the
preferred ammino acids being at that position or comresponding to that position in other strains such as
29



075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088,
089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102,

| m%ggv 5,106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, oo
i%?,l* 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, HoGLaH6/06091
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144,

145,

found in BVIYV, BDV and pestiviruses in general since they are highly conserved. For pestiviruses
other than the CSFV Alfort/Tibingen strain the numbering of the positions of the preferred amino
acids can be different but an expert in the field of the molecular biology of pestiviruses will easthy
identify these preferred antno acids by the high degree of conservation of this amino acid sequence

5 andthe position of these motifs in the sequence context. In one pasticular non-limiting exarple, the
pusition of C8FV Alfor/Tibingen 346 is identical to position 349 of BVDV strain cp7.

As a consequence, the present invention preferably relates to o BYDV according to the invention,
wherein said muiation(s) in the coding sequence for plycoprotein E™ are located in the encoding

10 nucleotide sequence corresponding to amine acids at position 298 w© 310 and/or position 341 to 360,
Preferably, such a mutation is (amino acids are given in the one letier symbols; the amino acid
before the pasition number indicates the amino acid to be substitited, the amino acid after the
position member the substituting emino acid (del indicates deletion) for example, H300L, which
imeans that histidine at position 300 was substituted by leucine:

Suitable modification of the glycoprotein E™ are for example, the single substitutons/deletions:
S298G, H300K, H300L, H300R, H300del, W303G, B30adel, E305A, C308G, R343G, E345de!,
W346G, K348A, H349K, H340L, H345del, H349Q, H3498V (mutation H3498 and insertion of V),
K348R, W351P, W35IG, W3SIL, W351K, W351H; the double substitutions/deletions:
20 H300L/H3491L, K3484el/H340del, H3493elG350del, E345del/H349del, W303G/E305A,
H300K/H349K, H300K/H349L and the iriple deletions: L29%deiH1300del/(G301del,
K348del/H349¢el/G350del. Nombering is according to the published aming acid sequence of
BVDV CP7 for all the mutants listed above, All the above-listed mmtanis were at least tested as
BVDYV mutanis without mutations in the N**region. Suitabie mutants of the pestiviral such BVDV
25 glycoprotein E™ are provided, for example, by WO 99/64604, which is incorporated herein at its
whole, It should be noted, however, that according to a Furtier preferred embodiment of the present
invention, at least one additional mutation in the NP™ region, as disclosed in further detail below,

must be present.

30 It was particularty found that deletion or substitution of the histidine residue at position 349
(BVDV) leads tw effective inactivetion of ™ and therefore leads to particularly usefuf BVDV live
vaccines. The present invention demonstrates that BVDV are viable and code for an E™ protein
without RNase activity when the histidine residue at position at position: 349 (mumbering according
to the published sequence of BVDV CP7 (Meyers et al., 1996b)) is deleted. Thus, preferably, the
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146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 254,
159, 163, 164, 165, 169, 170, 174, 175, 176, 177, 178, 179, 180, 181,
“;@é}““]’ﬁﬁﬁ}d 186], that further comprises antigen, preferablﬁ aTt/%z{)b(/efmgm
Moraxella bovis and/or Klebsiella app., preferably, 1G ebsie
pneumoniae [combo 190]. According to a further embodiment, the present
invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the 15 combination vaccine comprises attenuated BVDV (types 1 and/or
2) as described herein and at least one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by Essberishia soli [combo 191j. According to a preferred
embodiment, die combination vaccine comprises attenuated BVDV (types
1 and/or ) as.deseribedharein.and.ioxins.of Fscherichia coli %%9@&.9
192]. 20 pegqreling o Adurines. emhadiment, e present invenfich &?'ates
to a combipationyaseiRg ASALEINg.Ie, A0%one. ok lcomba, 04,002, 003,
004, 00506 Q9 (» AR, QAR tw il 3, élk% b8 QL 7,
018, 019200, r@%&0@29%;0@3%,3%%&2Q,e%ﬁan%ﬁe%ﬁm%%%MQQ%SQD%FL’
032, 033 be %yim{éﬁ %615&&1@;%&8%9@%@0)6‘@3 Qcﬂia-wigglaaypééebb@(ﬂﬁﬁﬂoaﬂ' 5’
046, 047;3)@4[8:; Qéh%mQﬁQm examiple, the coresponding amine acid sequences of BVDV.] (P7
would be SLHGIWPEKICTG (SEQ ID NO 13) and/or LQRHEWNEHGWCNWYNIEPW (BEQ
ID NG 15). Thus, preferably, the BVDV of the combination vaccine bears mutation(s) in the coding
16 sequence for glycoprotein E™ are located in the nucleotide sequence coding for the conserved E™
sequence SLHGIWPEKICTG (SEQ 1D NO 13) andfor LQRHEWNKHGWCNWFHIEPW (SEQ 1D
NG 14). These sequences are representing the putative active site of the RiNase. The sequences
SLHGIWPEKIC (SEQ ID NO 16) and RHEWNKHGWCINW (SEQ ID NO 17) of the pusative E™
active site are even more conserved across pestiviruses. Thus, preferably, the BVDV used for the
13 preparation of a combination vaccing as described herein has at least one mustation in the coding
sequence of the NP protein and/or the giycoprotein E™, wherein said mutation{s) in the coding
sequence for glycopratein E™ are located in the nuclzotide sequence coding for the conserved E™
sequence SLHGIWPEKIC (SEQ ID NO 16) and/or RHEWNKHGWCNW (SEQ ID NO 15
Preferably, the muistion is located in only one of said sequences. Thus the BVDV of the
20 combination vaccine described herein having at Jeast one mutation in fhe coding sequence of the
NP protein andfer the glveoprotein E™, wherein said mutation{s) in the coding sequence for
glycoprotein E™ are localed in the nucleotide sequence coding for the conserved E™ sequence
SLHGIWPEKIC (SEQ ID NO 16) or RHEWNKHGWCNW (SEQ ID NO 17). Preferably, such
mutations concem two different amino acids, 1.e. are double mutations. Thus, said mutations may
25 be 1 w0 3 nucleotide mutations m two different triplets ercoding two amino acids. Thus, the
invention also relates to a combination vaccine comprising a live atienuated BVDV having at least
one muigtion in the coding sequence of the N protein and/or the glycoprotein E™, wherein said
mutation(s) in the coding sequence for glycoprotein E™ are two mutations located in the nucleotide
sequence coding for the conserved E™ sequence SLHGIWPEKIC (SEQ 1B NO 16) andlor
3¢ RHEWNEKHGWCNW (SEQ ID NG 17). Preferably, such mutations concens & single amino acid.
Thus, said mutafion may be 1 to 3 nucleotide rmaations in one triplett encoding one amino acid.
Thus, the invention also refates to combination vaccine for the treatinent and/or prophylaxis of
catfle against microbiological infections comprising a live attenuated BVIWV having at least one
mutation in the coding sequence of the N™° protein and/or the glycoprotein E™, wherein a single
31



051, 052, 053, 25 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064,
065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078

1, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091. 0
V&%Zﬁﬂg&q 595, 096, 097, 098, 099, 100, 101, 102, 103, 104! E@étsfi‘ié"‘“’m

109, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,118,

munziion is located in the conserved E™ sequence SLHGIWPEKIC (SEQ ID NO 16) andior
RHEWNEKHGWCNW (SEQ 1D NO 17).

Modificotion gf the N°° pene of BVDEF
5 As mentioned above, the attenuated BVDV provided herein, having at least one mutation in the

coding sequence of the glycoprotein E™ and/or in the coding sequence of the the N™ protein,
wherein said mutation prefersbly results in inachivation of the RNase activity residing i the
glycoprotein E™S andior of the immunomoduiating activity residing in NP, Inactivation of N iz
achieved in BYDV of the specified formula described more in detail below, wherein betwesn 0 and

16 all amino acids of N™ are present; ubiquitin or LC3 or another sequence serves as processing signal
{e.g. SUMO-1, NEDDS, GATE-16,GABA(AJRAP, or proteases like e.g. Intein, picornavirus 3C,
cardovirus 2A, or pl5 of rabbit hemorrhagic disease virus) are present or absent In case a
processing signal is present, the coding sequence of the processing signal is inserted af or ¢lose to
the C-terminal end of the (remaining part of the) NF'-protein. Only in the case that a processing

15 signal is present, any number of amine acids coding for NP {=N amino acids) may be present. In
case no processing signal sequence is inserted, a maximum of 12 amino acids, preferably
aminotermingl amino acidg, of NP may be present, the remaining aming acids have to be deleted,
Furthermore, other than the E™ mutations as disciosed above (at least one of which has to be
present in the atlenuated BVDV a5 described herein), the remaining sequences of the attenusted

20 BVDY may remain unchanged, i.e. are not mutated, or may also have muiations close to the N-
terminal end of the C-protein. A number of more specific embodiments as disclosed below
exemphfy this,

Thus, the attenuated BVDV of the combination vaceine is modified in the coding regions of the E™
25 25 described above and/or in the N, wherein said mmstation(s} in the coding sequence for N™ leads
0 an encoded polyprotein as charactetized by the following formula;
(NPT P8Y,-FC-term]

and wherein:

EN™] relates to the N™ portion of said pelyprotein, wherein “x” represenis the number of

30 amino acids of the N present in the polyprotain;

{5} relates 10 a processing signal selected from: ubiquitin, LE3, SUMO-1, NEDDS, GATE-
16 or GABA(AJRAP or proteases like e.g. Intein, picomavirus 3C, cardovirus 24, or pi3 of
tabbit hemorthagic disease virus, or any processing sipnal known to the skilled person that
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110, 120, 121, 122, 123, 124, 125126, 127, 128, 129, 130, 131, 132,
133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,

'149. 150, 151, 152, 153, 30 154, 155, 156, 157,158, 254. 159
“ﬁ%",ﬁé?%z, 163, 164, 165, 166, 167, 168, 169, 170, 171/U4%4s/eots
173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185,

ensures the generation of & fimctional N-terminal of the C-protein. “Y™ muay be = 0, which
means that no processing signal is present { = PS is absent), or “V™ may be = I, which means
that a processing signal is present (= PS present).

{C-term] relates 1o the complete pestivirns, in parficular the complete BVDY polyprotein
5 excepl for N¥° but including the capsid (C)-protein and any other protein present in #he
pestivirus polyprotein, in particular in the BVDV polyprotein including the carboxyterminal
MNE5B. Preferabiy, the giycoprotein E™ in said {C-ferm] i5 mutated, in such that the RNase
activity regiding in the glycoprotein E™ is inactivated. The term “any other protein present in
the pesiivirus polyprotsin BVDYV polyprowein® refates 1o ™, EI, E2, p7, N§2, NS3, N544,
10 NS48 and NSS5A, wherein glycoprotein E™ is mutated, preferably as disclosed herein {see
above), in such that the RNase activity residing in ¢the plvcoprotein E™ is inactivated.
Preferably, the pestivirus, in particular the BVDV according to the invention has a C-protein
which is not muiated except for the amine acid at position 2 which is changed from D to N.
Therefore, [C-term*} is the same as [C-term] bwt with a mutation at position 2 of the C-
15 protein (N instead of I3);

iy is = 0 (means no [PS] present) then™s” is 0 te 12, (means no N"° specific amino acid or
I to 12 amine acids of NP, preferably of the N-terminus of N™™, are present);
i "y is = 1 {means [P8] is present) then “x” is 010 168; (means no N™ specific amine acid
or 1 o ali 168 amino acids of N7°, preferably of the N-terminus of NP, are present).
20
Also more preferably, the mutation(s) in the coding sequence for N™ lead to an encoded
polyprotein as characterized by the following formuta:

[ NPP]y[PS]p-[Cuterm]

and wherein the definitions are as delined above.

A specific example thereof is disclosed below, wherein the N-terminal methionine is foliowed by
the C-protein and any other protein preseat in the polyprotein including the carboxyterminal NS58
Hence, most preferably, the atienunated BVDV as deseribed herein is encoded by & polyprotein as
characlenized by the following formuis:

3¢ MIC-term].

and wherein the definifions are z¢ defined above,

23



186, 187, 188, 189 and 1901, that further comprises an immunological
active component effective for the treatment and/or prophylaxis of
Efﬁ}(&t}g@ @used by infections caused by Eschericia coli [c @R%gz?ﬁlm (0918
ccording to a further embodiment, the present invention re ates

combination vaccine according to any one 79 of [combo 001, 002, 003,
004, 005, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017,
018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031,
032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045,
046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059,
060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073,
074, 075, 076, 077, 078, 5 079, 080, 081, 082, 083, 084, 085, 086, 087,
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101,

102, 103,104,105, 106,107,408,.109 410, 412, 113, 15,15,1@;19 116,
117, 118,119,120, 12 Lh@ 2 haas b dbaD: 128 hed vah2Bcd ggesla%o
131, 132,133, 13y 30 mhid o3BG ud 0, M de A 420 bhde 10

145, 1463246348 13RendPD 1d Rdng Lot B3 19 %as1OR erkodfls sz'%ZneJr@@
254, 159160461 1162463.464, 165, 166, 167, 168, 169, 170, 171,
172, 1783, 174, 175, 176, 177, 10178, 179, 180, 181, 182, 183, 184, 185,

186, 187, 188,189 and 190], that fUFther combrlses antigen, preferably a
toxin, of Eschétitiii toirfesmizo-rguid aeeording to a preferred
embodiment, the present invention relates to a combination vaccine for
the treatrh &t At HrEERY RIS BRCAHY A Faipiat Wieratsien it dminl
infecti6n§‘?ﬂi°eaiffé°“e\‘7ﬁ‘bﬁ¥éi'ﬁ“?ﬁ S SBira O TRt e Fe BOPr S it
attenuatdl BYD /586"t Aprarerey MTubserBed Herknfariora A& one
further infHitABTOGTEA BRINE RBHTBEREPEHERE o fiedattnent and/or
prophylaxis of infections caused byPd&tesirella haemolylicit, Pasteurella
multocida, Salngaela.dishlin: Salmengla.typhimurium and Eschericha
colt [egombo 1951. According to a preferred embodiment, the combination
vaccine casprses-aitenyatedBMRV:{ lypeshandiar:2)-as dasaribad 20
herein andsRasteurellahaemelyticas.Pasiewrelha-multocida, Sakmonella
dublio, Salmeretia typhimutiunm endilzseherioh gt k-Bactesia Jexo i
[combo 166 miecendingdtnare.piefertedembedinant;eald.eambination
vaccime comprists inuitiple iselates of Pasteurella haemolytica Type Al
and an associated imoid fractionyapesingls.jsolates of P multocida, S
dublin, and Sﬂﬂgehlmurlum combo 197]. 25 According to a further

. t
embodiment, The Brageit imventon relAtes to a combination vaccine for

the treatrp?glg and 8, . rophyé%é oj cattJ%egaal St mlcroblologlcal
|nfect49n§ 10, cdq)tﬁr mé‘?éel?l G {g} |Qg an v /- eremne céﬁmﬁrls S aﬁenuated
eseri

uence e -protesn an

BVDV (t)é[% % in % _poppro% nan%ludmg go verelg Q& %t e,atgo:ly X ?r I'!Z egr
Immuno'%@%?r] gQ{QEIV% m%ew% L? Q?E \(?u(%\re g;s]ue ing I;gqg’g:m?or F\l‘a
prophylayis.of A0 nieEtinns.Causas % AoNing, Rotavinis [combo 1981

According to a preferred embodiment, the combination vaccine comprises
attenuated BVDV (types 1 and/or’% Séc W&4cribed herein and antigen of
bovine Rotavirdrsicormigne e :860nctording to a further embodiment,
the present invention relates to a combination vaccine according to any
one of [combo 001, 002, 003, 004, 00%, 006, 007, 008, 009, 010, 00, 012,
013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026,
027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040,
041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051, 052, 083, 5 054,
055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068,
069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082,
083, 084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096,
097, 098" 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111,112,113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152,
153,10 154, 155, 156, 157 ,158, 254, 159, 160, 161, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172,173, 174, 175, 176, 179, 178, 199,
180, 181, 182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192, 195, 196,

and 1071 that fiirthar comnricee an immiinoloaical actinie comnoneant



054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065,
068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079
4, 085, 086, 087, 088, 089, 090, 091, 092, 093,
Vgeg%?(gfgt:;?%}g& 099, 100, 101, 102, 103, 104, 105, 106, 107,
110, M1, 112,113, 114, 115, 116, 117, 118, 119,

066, 067,

, 080, 081,

20 094, 095,
HoHUTHg/ 060918

Also more preferably, the invention relates to a combination vaccine for the treatment and/or

prophyiaxis of catfle against microbiological infections, wherein said vaccine

comprises an

aftenuated BVDV that is modified in the coding ragions of the F™ a5 described above and/or in the

NP, wherein said mutationés} in the coding sequence For NP leads to mn sncoded polyprotein as

5 characierized by the folfowing formula;
[ MNP Y PSTp=-{C-term]

ard wherein the definitions are as defined above.

A further specific exarmple of an zitenuated BVDV as described hersin is given below, wherein the
10 N-terminal methionine is followed by the NF™ sequence ELFSN (SEQ 1D NO 19) and the Cprotein
iand any other protein present in the polyprotein including the carboxyterminal NS5B. Hence, most

preferably, the invention relates to a combination vaccine for the treatment and/or

prophylaxis of

cattle against microbiological infections, wherein said vaccine comprises an aitenuated BVDV that

is modified in the coding regions of the E™ as deseribed above and/or in the N™, wherein said

15 mutation(s) in the coding sequence for N leads 1o an encoded polyprotein as characterized by the

following formula:
MELFSN-[C-term].

and wherein the definitions are as defined above,

20 A further specific example of an attenuated BVDWV as described herein is given below, wherein the
N-terminal methionine is followed by the N*° sequence RLFSMNE (SEQ 1P NO 20y, ELFSNEL
(SEQ ID NO 21); ELFSNELL (SEQ ID NO 22); ELFSNELLY (SEQ ID NO 23); ELFSNELLYK
(SEQ 1D NO 24); or ELFSNELLYKT (SEQ 1D NO 25) and the C-protein and any other protein
present in the polyproiein including the carboxylerminal NSSB. Hence, most preferably, the

25 imvention relales to a combination vaccine for the treatment and/or prophylaxis of cattie against

microbiological infections, wherein said vaccine comprises an attenuated BVDY that is modified in

the coding regions of the E™ as described above and/or in the NP, wherein said mutationfs) in the

coding sequence for N" leads to en encoded polyprotein as characterized by

formuta:

30 MELFSN-[C-term],
MELFSNE-[C-term};

MELFSNEL~[C-term];
35
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120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
Rotdsdp0, 151, 152, 153, 154, 155, 156, 157, 158, 254, 159, 1

60
161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173 174 6091

175, 176, 177,178, 179, 180, 181, 182, 183,

25

30

MELFSNELL-[C~tarm];
MELFSNELLY-[C-term];
MELFSNELLYK- [C-TERM]
MELFSNELLYKT- {C-TERM)]

and wherein the definitions are as defined above.

Also more preferably, the invention refates to & combimation vaccine for the treatment and/or
prophviais of cattle against microbiological infections, wherein said vaceine comprises an
attenuated BYIYV that is modified in the coding regions of the E™ as deseribed above and/or in the
NF®, wherein said mutation(s) in the coding sequence for NF™ leads to an encoded polyprotein as
characierized by the following formula;

[ N} [P8]o-IC-term*]

and wherein the definitions are as defined above except for the fact that the aminoterninal
part of the C-protein is changed, also as described above.

A further specific example of BVDYV is disclosed below, wherein the N-termingl methionine is
followed by the N*™ sequence ELF and in the C-protein sequence, the aminc acid at position 2 is
changed from D to N. Therefore, the aminolerminal C-protein sequence is SNEGSK (SEG ID NO
26), instead of SDEGSK (SEQ ID NO 27). Hence, most preferably, the invention relates to 2
combination vaccine for the treatment and/or prophylaxis of catile against microbiologicat
infections, wherein said vaccine comprises an attenuated BVDV that is modified in the coding
regions of the E™ as described above and/or in the NF°, wherein said mutation(s) in the coding
sequence for N™* leads to an encoded polyprotein as characterized by the following formuia:

MELF-[C-term™],

wherein int the C-protein the amino acid el position 2 is changed from I to N, and

wherein the definitions are as defined sbove.

Also more preferably, the invention relates to a combination vaccine for the treatment zndlor
prophylaxis of cafile against microbiological infections, wherein said vaccine comprises an
attenuated BYDYV that is modified in the ¢oding regions of the E™ as described above and/or in the
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184, 185, 186, 187, 188, 189, 190, 191, 192, 25 193, 194, 195, 196 and
1971, that further comprises amalgam of bovine Rotavirus [combo 201].
Wé&g%rgjg%‘gg a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of EStE“3§4#et?18
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least 30 one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by bovine Coronavirus
/combo 202], According to a preferred embodiment, the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and antigen of bovine Coronavirus [combo 203]. 81 According to a
further embodiment, the present invention relates to a combination
vaccine qgcog‘din fo any one of Lgombo Oqol,NQ,Q%, 003, 004, 005, 006,

. WheretrSatd ml in the cbding seguence for 1o an encod  profein as .
007, 008,009,010, 011 012, 013, Coronavirus [combo 5051 "Redording
to a further embodiment, the present invention relates to a combination
vaccine for the treatment and/or pfBph{iifstoricattle against
microbiologicaldafesctiensi.cattie.nhgrain the 30 combination vaccine
comprises attgggggﬁp@é/[)})/@&yggs |, and/or 2) as desfcriki)_ed[ hgreinmand at
least one further mm&pﬁqﬁ 5caT active ComBCHeRT SRy S 18F dre te
treatment and/of prophylaxis of infections caused by bovine Coronavirus
and bovine Rotavirus [combo 2061 According to a preferred embodiment,
the combin&liBPYAGam@' ey Rtse ddtteritateth By Bty pes e 6r 2)
as descriBEd*h&r&h A StGER° SF BoWHE" ClokOh i fs< ameroBomn e
Rotavirud TEOMDE 2671 B2 RECOPAME 8 fiFtheranss suitrrmty e
present iﬁvéﬁﬁsh“?%rfgﬁé’ To S EBMBITAIEh VAR St Bdr et £ BhiFone of
[combo GO% 082" ‘B%“é,“tﬁdﬁ',“‘ﬁ@%{’?pé* 07008 Y DION01 194013,
014, 015, P18 11 7 B BT 620, 621 D25, 06790558 225028 ey,
028, 029, 030. 031, 032, 033, 5 034, 035, 036, 039, 038, 039, 040, 041,
042, K43, 044N04ST V4608 To48=B4Y; B3OI0Y1052CD83, 054, 055, 056,
057, 058, 059,300,:061.062,063.064. £62., 068,007,068, 069, 070,
071, 072,073, 074, 075, 076, 097, 075, 079, 080, 081, 082, 083, 084,
085, 086U08_7, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098,
099, 100, 1817 1024 504" 158" F06 7108 /1Y 110, TP Be2,
113, 114;“?‘.’["65,}?2%’?“ B L V70 2 g - A W 2 s A0
127, 128,10, 136141 "1 30743570 14, TAB=36" $3% 138+ p3g™1 40,
141, 142 388 TAT HILPTRG 1A 7 A8 haT spR eIk b,
155, 156die%v§7e dljﬂ15e§|bi&%5ﬂ}im:rlf ?\g’itsltﬁé I;Iégsl \iihé‘ngexév }egéuélgl'?igﬂ’l?%eg’eigg’ 3%7’
168, 169, 17%), 171, 172, 173, 174,175, 176, 1‘7"7““1% 179, 180, 181,
182’ 25831164%%!1111%58 mér&lﬁxgé a:'ls's§§ale;_' ?rc?téins grgﬂeslex?tsld cga?tga_i p]f(ge\l?l)l’ o;%é hn:JIJ'i?cS’ 196
and 197):{hal fHtheL COMRises AR MMHUNQlogical active component
effective fogthedreatmenl.ARd/oLPigRhyaxls of; :é‘o%ggs,'%% gaalgg,ggfg
infections.caHs e ROV RS, GAUIHAVIIS. 20 d.RAYING, RRlAVIFgs[combo
208]. Accerding da.furthes smbediment. be.RiessnkNYeRionlglates to a
combinalian-MaGEIRG AGCRIHINGL0.a0%:0n-Qf[£am AR 00T, 992,003, 004,
005, 006;100+n R08~Q09% 0100 1B 12 s013,Qd4, 015, 016, 017, 018,
019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031., 032,
033, 034,




035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048,
049, 050, 051. 052. 053, 054. 055, 056, 057, 058, 059, 060, 061, 062,

| 4, 065, 20 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076
“ggéwgggég 9. 080, 081, 082, 083, 084, 085, 086, 087, 088" DE& “GYE6to18
091, 092, 093, 094. 095 096 097, 098, 099, 100, 101, 102, 103,

Also more preferably the invention relates 10 a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections, wherein said vaccine comprises an
atienuated BVDV that is modified in the coding repions of the E™ as deseribed above and/or in the
5 NP, wherein said mutaton{s) in the coding sequence for N fead to an encoded polyprofeis as

characterized by the following formula selected from the group of :

NP1 [PS]-{C-term] and preferably ME-[PS]-[C-term];
[NP"15-IPS]-[C-term] and preferably MELFS-[PS]-[C-term];
[N#)y-[PSL-{C-term] and preferably MELFSNE4{PS]-[C-term];
10 [N")g-[PS],-{C-term] and preferably MELFSNEL-[PS],-{C-term];
IN"*]5.[PS},{C-term] and preferably MELFSNELL-[PS],-[C-term];
[NF*®]1o-[PS},-{C-terrn] and preferably MELFSNELLY-[PS],-fC-term};
] -[PST,-[C-term) and preferably MELFSNELLYK-[PS8},-[C-term}; and
INFhia-[PE},-[C-term] and preferably MELFSNELLYKT-[PS],-[C-tetm]
15 and wherein the definitions are as defined as above. The prefersbly disclosed embodiments
refer 1o BVDV.

Most preferably, y is 0 {no PS present).

Suitable E¥ NP™ double mutants of BVDV include those listed in the table below:
20

Table: BVDV E™ NP® double mutants:

ME-, MEL-, MELF-, MELFSN-,

MELFSNELLY-, MELFSNELLYK- or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK.-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYRKTSDEGSK-

ME-, MEL~, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY -, MELFSNELLYK-or MELFSNELLYKT-,
MESDEGSK-, MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK., MELFSNELLYKSDEGSK -,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK - MELFSNESDEGSK-,
MELFSNELSDEGSK., MELFSNELLSDEGSK.-,
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104, 105, 106, 107, 108 109, 110, 111, 112, 113, 114, 115, 116, 117
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,

4,135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145
“%iéu%?gt% 8 149 150 151 152, 153, 154, 155. 156, 157 HEEUsMR6060918
159, 160, 161, 162, 163, 164, 25 165, 166, 167, 168, 169,

MELFSNELLYSDEGSK., MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN., MELFSNEL-, MELFSNELL-_
MELFSNELLY ., MELFSNELLYK-0or MELFSNELLYKT-,
MESDEGSK- , MELFESDEGSK. MELFSNESDEGSK-,
MELFSNELSDEGSK.-, MELFSNELLSDEGSK-,
MELFSMELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELI.-,
MELFSMELLY -, MELFSNELLYK-or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK -, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYXSDEGSK .-,
MELFSMNELLYKTSDEGSK-

ME~, MEL~, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY -, MELFSNELLYK-.or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK.,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-.or MELFSNELLYXT-,
MESDEGSK- , MELFSSDEGSK - MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK.-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELL YK TSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-0r MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSMELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN«, MELFSNEL-, MELFSNELL.,
MELFSNELLY -, MELFSNELLYK-0r MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK -, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-~, MELF-, MELFSN-, MELFSNEL~, MELFSNELL-,
MELFSNELLY -, MELFSNELLYK-0or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSMELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK.-, MELFSNELLYKSDEGSK-,
MELFSNELLYK TSDEGSK-

ME-, MEL-, MELF~ MELFSN~, MELFSNEL~, MELFSNELL-,
MELFSMNELLY- MELFSNELLYK- cr MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK.,
MELEFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSPEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK-~or MELFSNELLYKT-,
MESDEGSK-, MELFSSDEGSK.- MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,

H300del

W303G

PR04del

E305A

(308G

R343G

E345de]

Wi4eG

E348A
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170, 171,172,173, 174, 175, 176, 177,178, 179, 180, 181, 182, 183,
184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, and 197
t rther comprises antigen of bovine Coronavirus and bovine
d@o@%ﬂé}%}?ombo 209]. According to a further embodiment, Fggﬁ@g@ﬂ{mms
invention relates to a combination vaccine for the 30 treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and at least one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by Cryptosporidium parvom [combo 210], According to a preferred
83 embodiment the combination vaccine comprises attenuated BVDV
(types | and/or 2) as described herein and antigen of Cryprosporidium

, N [eomBo-21d)—F A wmxmm&aa%;mmwmgbm o
invention relates to a. comisipationvyepense 5 accor Ing to any on of

[combo 001, 002, 003, 004E0EL HF6; HRTTORE TS, GAGIOH, 012, 013,
tO 15 furthek comprises a) oﬁaﬂ%mmr@m@aent effective for

the treatment and/or prop cionssearsagby infections caused
by Crypt ietitt ' na-ta he

embodiment, the present iMFEREON -1 BRISSIIY B BFISIBANENR vaccine

ok
accordindfttcany one of [¢ ORIBOR I 5sa O B tsds 0B 006, 007, 008,
009, 010, 011, 012, 013, AL HiscHLa=oPF-678°56%9, 020, 021, 022,

023, 024, 025, 026, 027, %&gﬂm@g&gﬁ¥?mmﬁ§%ﬁwm r035, 036,
037, 038,039, 040, 041, Odedpkddi3, MELFSSDEGSK- MELRSNESDEGSK-,
MELFSNELSDEGSK -, MELESNELLSDEGSK -,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSMELLYKTSDEGSK-
M-, MEL-, MELE-, MELESN-, MELFSNET -, MELESNELL-
MELFSNELLY -, MELFSNELLYE-or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK., MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-
ME-, MELr-, MELF-, MELFSN-, MELFSNEL, MELFANELL-,
MELFSMELLY-, MELFSNELLYK-or MELFSNELLYKT-,
MESDEGSK-~ , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-
ME-. MEL-. MELF~, MELFSN-, MELFSNEL -, MELFSNELL~,
MELFSNELLY-, MELFSNELLYK-or MELFSNELEYKT-,
H349SV (mutation H3498 | MESDEGSK- , MELFSSDEGSK-  MELFSNESDEGSK-,
and insertion of V) MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNEL LYK SDEGSK-,
MELFSNELLYKTSDEGSK-
ME-, MEL-, MELF-, MELFSN-, MELFSNEL -, MELFSNELL-,
MELFSNELLY-, MELFENELLYK-or MELFSNELLYKT-
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-.
MELFSNELSDEGSE-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYESDEGSK-.
MELFSNELLYK TSDEGSK-
ME-, MEL~. MELF-, MELFSN-, MELFSNEL- MELFSNELL-,
MELFSMELLY-, MELFSNELLYK- or MELFSNELLYKT-.
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-.
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELESNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-
ME-, MEL-, MELE-, MELFSN-, MELFSNEL-, MELFENELIA,
MELFSNELLY-, MELFSNELLYK-,0r MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,

G

H3490

H349del

W3sip

WISIK

H306L/A1349L
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044, 045, 046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057,
058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071,
vif 2043738474, 075, 076, 077, 078, 079, 080, 081, 082, 083nglé,sgg€gmm%8
086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, , ,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,

MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF., MELFSN-, MELNGNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK.-.or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSE- MELFSNESDEGSE-.
MELFSNELSDEGSK -, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSE., MELFSNELLYKSDEGSK.,
MELFSNELLYKTSDEGSK-

ME-~, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELL YK~ or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- , MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYK~or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK-,
MELFSNELSDEGSK -, MELFSNELLSDEGSEK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSE-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-,
MELFSNELLY-, MELFSNELLYX- or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK -,
MELFSNELSDEGSK.-, MELFSNELLSDEGSK-,
MELFSNELLY SDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK.-

ME- "MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL-.
MELFSNELLY-, MELFSNELLYK- or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- MELFSNESDEGSK.-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL~, MELF., MEELFSN-, MELFSNEL-. MELFSNELL~,
MELFSNELLY -, MELFSNELLYK-.0r MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK- , MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFSNELL.
MELFSNELLY-, MELFSNELLYK- or MELFSNELLYKT-,
MESDEGSK- , MELFSSDEGSK~ MELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK.,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

ME-, MEL-, MELF-, MELFSN-, MELFSNEL-, MELFANELL-,
MELFSNELLY~ MELFSNELLYK-or MELFSNELLYKT-,
MESDEGSK- . MELFSSDEGSK- MFELFSNESDEGSK-,
MELFSNELSDEGSK-, MELFSNELLSDEGSK-,
MELFSNELLYSDEGSK-, MELFSNELLYKSDEGSK-,
MELFSNELLYKTSDEGSK-

H3GOE/H349K

H300R/H349L

W303G/ER05A

K348del/H349de]

E345del/H34%del

H349del/G350det

L29%del/H300del/G30 el

1.299del/H300del/(3361 del

The N*° —mutations are defined by their remaining amine terminal sequences. For example; MELF-
mutant means that the coding segion of NV is completely deleted except of the amino terminzl amino
acids MELF.
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112, 113, 25 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139,

wid QolbAlesh42, 143, 144, 145, 146, 147, 148, 149. 150, 151,
154, 155, 156, 157 )58, 254, 159, 160, 161, 162, 163, 164, 1

ey s

168, 169, 170,171, 172, 173, 174, 175, 176, 177, 178,

24

25

36

According to one embodiment of the present invention, the aticnuated BVDVY of the combination
vaccine as provided herein is a BVDV type 1. Preferably, the attenuated BVDV is based on one of
the following BVDV type 1 steains: NADL, Osloss, $D-1, CP7 or KE9, wherein each of the strains
somprises at least one of the B andlor NP mutations as described above, and prefersbly at least
one of the double-mutans within the BV and NP region a5 listed in the table above. According 1o
a further embodinent, said attenuated BVDV of the combination vaceine as provided herein is a
BVDV wype 2. Preferably, the attenvated BVDV is based on one of the following BVDV type 2
straing: 890, C413, or New York’93C, wherein each of the strains comprises at least one of the BV
and/or N'™ mutations as described above, and preferably at least one of the double-mutants within
the B 4nd NP region as listed in the table above.

BVDY-1 and BYDV-2 are differentiated according to features of their genomic sequences (Heinz e
ak., 2000 and references therein). BVDV-1 as disclosed herein may be used in the manufacture of &
composition for use in the preveniion and/or treatment of BVDYV type 1 infections in breeding
stocks of cattle, In pregnant cows and in the induction of fetal protection apamst BVDV type 1
infection is pregnant cows. Swprisingly, a BVDV-2 as disclosed herein may be used in the
manufacture of 2 combination vaceine for use in the prevention and/or treatment of BVDV type |
infections in breeding stocks of cattle. In parlicular, the invention relates to the use of 2 BVDV type
2 as described herein in the manufacture of a combination vaccine for use in the prevention andior
tieatment of BYDV type 1 infections in pregnans cows. Preferably, the BVDV type 2 as provided
herein may be used in the manufacturs of & combinalion vaccine for yse in the induction of fatal
protection against BVDV 1ype 1 infections in pregnant cows. Surprisingly also, 2 BVDV-1 a5
disclosed herein may be used in the manufacture of 2 combination vaccine for use in the prevention
and/or weatment of BVD'V type 2 infections in breeding stocks of caile. In particular, the invention
refates to the use of a BVEW type 1 as described herein in the manufacture of & combination
vaceine for use in the prevention and/or treatment of BVDV type 2 infections in pregnant cows.
Preferably, the BVDV type | according to the invention may be used in the manufacture of a
combination vaccine for use in the induction of fetal protection against BVDV type 2 infections in

PreEgnat cows.

Most preferred is the use of BVDV type 1 and type 2 in combination for the manufacture of the
combination vaccines described herein for use in the prevention and/or treatment of RVDY type 1

and or type 2 infections in breeding stocks of catile, in pregnant cows and in fhe induction of fetal
42



179, 180, 181, 182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192,
193, 194, 195, 196, 197 198, 199, 200, 201, 202, 203, 204 205, 206, 207,
1, that further 30 comprises antigen of Cryptosporidium
‘%grg\?gjrﬂngl[c%%r%bo 213). According to a further embodiment, thg(b%g’@ﬂ 6/660918
invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and at least 84 one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by Crypeosporidium bominis [combo 214[ According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types
| and/or 2) as described herein and antigen of Ciyptosporidium homi.nis
(combo %ém@v&tgp@%Q%fp9{?&%9&9?.?5}@%%&&%3&?Eé[g‘ryb%‘glio”
relates 10:GAMAINAMARVEERINEASSAION 10,0V, SRRSO 29 Do
002, 003 004005066, 004008 999.:910..041, 012, 013014 B15,
016, 0170360300205 P21 w22 023028 02500200 Y. Qolhy 20
030,031, 132,633 934, €32:0)36:1237. Q%ﬁiegggkgéol%ﬂvoo%wgﬁ;; 044,
045, 046 K@A%w%&ﬁ/@%a%gzh%%t %%’C%Méaspélﬁef the BM andfor WP

miiations as described above, and more preferably af least one of the double-mutants within the
E® and N region as listed in the table above. More preferably, any of the combination vaccines
provided herewith may include one of more sub-types of attenuated BYDV type i and one or more
10 sub-iypes of attenuated BVIV.2, ez one or more attenvated BVDV of sub-types 1, 1b, i¢, 14, le,
1, ig, th, and the like and one or more attenusted BVDV of sub-types 2a, Zb and the fike. Most
preferred is a combination vaceine comprising attenuated BVIDV of sub-types 1a, 1b, and 25 Thus,
aceording 10 a preferred embodiment of the present invention, the phrase “attenuated BYDV (types
1 andfor 2¥" includes but is not limited to combinations of BVD viruses compriging one or more
15 attenualed BVDV of type 1, preferably of sub-type 1k and one or more attenuated BVDV of fype 2,
preferably of subiype 2a. According to further embodiment of the present invention the phease
“stienuated BVDYV (types 1 and/or 2)” includes but is nof limited to combinations of BVD viruses
comprising one or more “attenuated BVDV of sub-type 1a, one or more attenuated BVDY of sub-
type b, and one or more atfenuated BVDV of type 2, preferably of seb-iype 2a.
20
If more than one attenuated BVIDV is used in the combination vaceines as described herein, each of
ihe aftenvated BVDVY should mutated in same genomic sife of the EY andfor the NP® such that the
nene of the attenuated BYDV can recombine with any of the others to eliminate the mutations
which are essential artd responsible for the attenvation of the viruses. For example if BVDV type 1a
25 with one of the following E™ mution is used: H349K, H349L, H349del, H349Q, H3495V
{mutation H3498 and insertion of V), a BVDY sype 1b and/or type 2 should be used, which arefis
mutated in the same site of the EX, ie at position 349 or @t amino acid position which
corresponds to position 349 of BVDWV type 1 in order to avoid revertaiion of attenuated BYDV type
| or type 2. This principle also applies to any mutation within the N*™ region. Thus, according fo a
30 prefered embodiment of the present invention, the phrase “attenuated BVDV {types 1 andfor 2)”
includes but is not limited to combinations of BVD viruses COMPrising one or more aitenuated
BVDV of type ! and one or more attenuated BVDV of type 2, whersin each of the attenuated
BVDV is mulated in same genomic site of the B andior the N™ such that none of the attenuated
BVYDYV can recombine with any of the others to oliminate the mutations withiz: the EN™ and NP
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056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067
070, 071, 072, 073, 074, 075, 076, 079, 078, 079, 080, 081
W84,085,286, 087, 088, 089, 090, 091, 092, 093, 094, 095
098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109
112, 113, 114, 115, 116, 117,118, 119, 120, 121, 122, 123,

, 068, 069,
, 082, 083,

s

124, 125, 126,

127,

which are essential and responsible for the atienuation of the viruses. According to apother
embodiment of the present invention, the phrass “attennated BVIV @ypes 1 andior 2)” includes,
but is not Limited to, a combination of BV viruses comprising one or more “attenuated BYDV of

sub-type 1a, one oF more atienuated BVDV of sub-type 1b, and one or more attenuated BVDV of

5 type 2, preferably of sub-type 2a, wherein each of the atienuated BYVDY is rmsiated in same
genomic site of the B and/or the NP such that none of attenusted BYDY can recombine with
any of the others to sliminate the mutations within the E¥® and/or NP which are essential and
responsible for the attenuation of the viruses.

W0 Prepargtion of the atenugied BVDY
Another important aspect of the invention is a method for attenuating a pestivirus, characterized in
that at least one mutation in the coding sequence for giycoprotein E™ and/or at least another
mutation in the coding sequence for NP is generated in the BVIYV genome.
13 According to a more preferred embodirment, said method comprises the steps:
a} reverse transcription of 2 wild-type pestivirus nucleotide sequence into a cDNA;
b) cloning said cDNA;
¢} introducing muiations selected from the group of deletions, insertion mutations and/or
substitution mutations into said ¢DNA, wherein said mutations are located in the coding
20 sequence encoding glycoprotein E™ and/or the protease NP™,
dy incorporating the cDNA into a plasmid or imto a DNA vires capable of directing the
transcription of BVDV cDNA into RNA in vitro or upon infection of suitable cefls,
Regarding the method for attenuating 8 BYDV according to the invention, said preferred method
25 comprises the steps:
a) Teverse transcription of a wild-type BVDV nuclectide sequence into a cDNA;
b} cloning said cDNA;
¢) introducing mutations selecied from the group of deletions, inserion mutations and/or
substitution mutations into said ¢DNA, wherein said mulations are located in the coding
30 sequence encoding glycoprotein E™ and/or the protease N,

d} incorporating the cDNA into a plasmid or into a DNA virus capable of directing the
transcription of BVDYV ¢DNA inito RNA i vitro or upon infecion of suitable cells.



128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 143, 144, 145 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,
7,5158, 254, 159, 160, 161, 162, 163, 164, 165, 166, %37%686 ‘
“’1‘%%{“%’?0'{3%331, 172, 173, 174, 175, 176. 177. 178, 179, 180 ‘1810 Ta50/060018
183, 184 184, 185, 186, 187, 188, 189, 190, 191 192, 193. 194, 195 196,
197,

There are several nucleotide sequences known in the art, which sepresents the basis for the
production of a polynucleotide molecule coding for a BVDY attenuated as decribed herain, having
at leasi one mutation in the coding sequence of NP and/or at least one in the coding sequence of
glyceprotein E™, wherein said mutations result in z combined inactivation of the RNase activity

5 residing in glycoprotein E™ and in the inactivatdon of the immonomodulating activity residing in
W Bxamples of nuclecic acid sequences of wild-type sequences of several BVDVstrains are listed
below:

Bovine vival digrrhea virys |

Strain NADL NCBI GenBank Accession No, [M31182]
Strain Osloss MCBI GenBank Accession No. [MSS6RT]
Strain SD-F NCBI GenBank Accession No. [M96751]
Strain CP7 NCBI GenBank Accession No. [L63479]
Strain KE9 {SEQIDNO:D)
Bovine viral diarrhe vivug 2
Strain 8590 WCBI GenBank Accession No. {1718059]
Strain C413 NCBI GenBank Accession No, {AF002227]
Strain NewYork™93/C NCBI GenBank Accession No. [AF5023991

The muations/modifications relating o the coding sequences of NP and E™ are described zbove

16 maorg in detail. Having this information, a person skilled in the art is able to realive the manufacture
of any polynucieotide/polynucieic acid coding for an attenuated BVDV as provided herewith.
Molecular methods for introducing a mutation into & polynuciectide sequence, as well as the
cloning and amplification of said mutated polynucieotide are for example provided by Sambrook et
ak. 1989 or Ausube! et al. 1994,

Most preferably, the wild type BVDV which is to be mutated as dischosed herein comesponds to
amine acid sequence SEQ 1D No. 5 (fermed XIKE A) or is a functional variant thereof Mosi
preferably also, the BVDV has a N¥° mutation as described herein corresponding to amino acid
sequence SEQ ID No. 6 (termed XIKE-A-NdN) or is 2 functional variant thereof. Prefersbly, such a
20 Hmetional variant is at least 65% homolegous to the amino acid sequence disclosed herein. On the
amino acid level, homologies are very roughly: BVDV-1LBVDV-1: 93%; BVDV-IABVDV-2:
84%; BVDV.2/-BVDV-2: 98%. Therefore, more preferably, such a functional variant is af least
45



198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208 and 209], that
furthercomprises an immunologicalactive component effective for the )
nt and/or prophylaxis of infections caused by infections rhmsed /

&éﬁ%@%#gﬁ%ium hominis [combo 216]. According to a furthef¢T/U52006/060918
embodiment, the present invention relates to a combination vaccine
according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008,
009, 010, 011, 012, 013, 014, 015, 016, 017, 0113 019, 020, 021, 022,
023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036,
037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050,
051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064,
065, 066, 067, 068, 069, 070,

0%, 71%, T2%, T3%, 4%, 5%, T6%, TT%, T8%., 19%, $0%, 81%, 82%, 83%, 84%, 85%, 86%,

87%, 88%, §9% or 90% howmologous to the amino acid seguence disclosed herein. More preferably

also, such functional variant is ai least 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98% homologous

to e amino acid sequence disclosed herein. Most preferably, such furtetional variant is at least
5 99% or 99.9% hemologous fo the amino acid sequence disclosed herein

Most prefevably also, the atienusied BVDY as described herein has 2 E™ mutation which has a
deletion of the codon coding for histidine 349 (termed XIKE-B}, or is a functional variant thereof,
Most preferably also, the attenuated BVDV has both & E™ mutation and/or 3 N'™ mutation as
10 described herein, wherein the codon coding for histidine 349 of E™ is deleted and also the compiete
WP coding region is deleted, except for codons 1 to 4, thus aritio acids MELF of NP™ remain, Said
double mutant corresponds fo amino acid sequence SEQ ID No. 8 {iermed XIKE-B-NdN) or is a
functionat variant thereof. Preferably. such a functional vatiant is at least 65% homologous to the
amino acid sequence disclosed herein. More preferably, such & functional variant is at least T0%,
15 7%, 72%, 73%, 74%, 15%, T6%, T7%, T8%, 79%, 80%, 81%, §2%, 83%, 84%, 85%, 86%, 87%,
§8%, 89% or 90% homologous to the amino acid sequence disclosed herein. More preferably also,
such functional variant is at least 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98% homologous fo the
amino acid sequence disclosed hersin. Most prefernbly, such functional variant is at least 99% or

99.9% homologous 1o the amino acid sequence disclosed herein.

Maost preferably also, the BVDV according to the invention has an E™ mutation according to the
invention which has 2 substitution of the codon coding for histiding 300 by the codon coding for
leucine (termed XIKE-C), or is & functional variant thereof. Most preferably also, the BVDV
according 0 the invention has both a E™ mutarion and a N* mutation according to the invention,
25 wherein the codon coding for histidine 300 is substituted by the codon coding for leucine and also
the cotaplete N°™ coding region is deieted, except for codons 1 to 4, thus aming acids MELF of NY™
remain, Said mutant corresponds to amino acid sequence SEQ D No. 10 (termed XTKE-C NdN) or
is a fimetional variant thereof Preferably, such a functional variant is at least 65% homofogous 1o
the amino acid sequence disclosed herein, More preferably, such a functional variant is at feast
30 70%, T1%, 72%, 73%, 74%, T5%, T6%, 77%, 78%, 79%, 8%, B1%, 82%, 83%, B4%, 85%, 86%,
87%, 88%, 89% or 90% homologous to tha amino acid sequence disclosed herein. More preferably
also, such functional variant is at least 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98% homologous
to the amino acid sequence disclosed herein. Most preferably, such funciional variant is at laast
95% or 99.9% homologous to the smino acid sequence disclosed herein,
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071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084,

085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098,
wishedQ9;401, 102, 103, 104, 105, 106, 107, 108, 109, 110’!’@%@&%@6/960918

113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 120,

127,128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,

141, 142,

Combination pariners:
As described 2bove, the present invention relates to a combination vaccine for the treatment and/or
prophylaxis of caitle against microbiological infections, wherein said combination vaccine
5 compnses attenuated BYDV {(wpes 1 and/or 2) 85 decribed above, and 2t least one Further
immunological active component effective for the ireatment and/or prophyiaxis of infections caused
by a bavine pathogen other than BVDV. As mentioned above, the combination vaceine prafershly
comprises attenusted BYDV type 1 and BVDV type 2, both having at least one mutation in the
coding sequence for glycoprotein E™ and/or af Jeast another muration in the coding sequence for
10 N7, wherein said mueation in the coding sequence for glycoprotein E™ feads to inactivation of
Riase activity residing in E™ andfor said mutation in the coding sequence for NP leads 1o
inactivation of said WF. Even more preferably, each of the attenuated BV is mutated in same
genomic site of the EX and/or the NF™ such that none of the attenuated BVDV can recombine with
any of the others fo eliminate the mutations within the EF™ and/ar WP™, which are essential and
15 responsible for the attenuntion of the vivuses. Even more preferably, the combination vaccine
comprises attenuated BYDV type I and BVDV type 2, both having al feast one mmtation in the
coding sequence for glycoprotein E™ and at least another mutation in the coding sequence for NP,
wherein satd mutation in the coding sequence for glycoprotein E™ leads to inactivation of RNase
activity residing in E™ and/or said mutation in the coding sequence for N™ leads to inactivation of
20 said NP™. Most preferably, each of the attenuated BVDV is mutated in same genotic site of the
E™™ and the NF™ such that none of the attenuated BVDV can recombine with any of the athers to

ERNS

efiminate the mulations within the and/or N, which are essential and responsible for the

attenuation of the viruses.

25 Relevant bovine pathogens other than BVDV include but are not limited to: i) pathogens of viral
origin such as Parainfluenza-3 Virus (PI-3), Infectious Bovine Rhinoiracheitis virus (IBR), Bovine
Respiratory Syncytial Virus (BREV), Bovine Herpesvirus (BHY), Bovine Rotavirus {BRV), Boving
Enterovirus (BEV), Bovine Coronovirus {BCV), Bovine Rabies (BR), Bovine Parvovirus (PPV),
and Adenovirus and Astrovirus, i) pathegens of bacterial omigin, such as Mannheimia

30 haemolytica (formerly Pastewrella haemolytica), Pasteurella multocida, Haemophilus somnus
(Histophilus ovis and Haemophilus agni), Actinomyces {Corynebacierium), Actinomyces pyogenes,
Chlamydia psittaci, Campylobacter fetus venerealis and Campylobacter fetus fetus (formerly €
fetus intestinalis ), Leptospira interrogans, Leptospira pomona, and Leptospira grippotyphosa,
Lepfospira canicoln, Leptospira grippotyphosa, Leptospira hardjo (Lepiospira hardjoprajiino and
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143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157
,158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169,
&5%}%@ 711% , 173, 174,175,176, 177, 178, 179, 180, 181, 182, 183, 184,
185,1 , 188, 189, 190, 191, 192, 193, 194, 195, 196, F&7/ 158/ o(4Y)18
200, 201, 202, 203, 204 205, 206, 207, 208 and 209], that further
comprises antigen of Cryptosporidimn horninis (combo 217), 85
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least one further immunological active component effective for the
treatment and/or prophylaxis of 5 infections caused by Cryptosporidium
parvenu %Q:Q,s l,gyptgsp‘_) or dg,gucelmb(%&amllg cqimbo 2181. Accordln to a

3 S\H8 Bricefla meli Listeria

preferred, embodimen, Jhe combinalion Vaccitie co IErscs atgnUaled
BVDV (tyﬂg%lyt@[}g/&&\%)xﬁs g‘gsgogi%g:m ? 9 Wa losm%lgmq;e E!mgen Clost
ClyptospailiUDLAaRYU 0y BiPSPRI U S, [ETho 2101, 10
According.ia.a:further emhadiment epresentjavention relat mp OJO a
combinatiopAECRR.ARL0ILINg. oA QRe,Qhleomb0,00%, 002 003, 004,
005, 0060907208+ 009: 0104 1012030 140 12 B Ohl e Qpl;lh
019, 020;r0Rebs;R2 e 924 D210 28 AR 1028 020 830,031,232,
033, 034:0385,036:kiA o038, O3, ihdis, A4 ASuR44. 042, 046,
047, 048 040yQ50; 08ln0b2.NR3:054, 055, 056, 057, 058, 059, 060,
061, 062, 063, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 15 074,
075, 076,707 Ty £%8, i0#8:080; H827082, 883, 034 D85 H86: 871088,
089, 090 ::09%:iB925 OG5 AHecBOT:, HDBHAOT:2i0 080 ADprild Rerk Bl £ 1O,
103, 1045163 =406 10%HbOBerdi08q drler bbpcbdid) didsobddentldBid 16,
117, 191844 8@maPOIE DbyhiRR oliRBichPdysdkiBE pbdByel 27 y 2 8.3 28130,
131, 1328438 Rii8acie8E hEBTERB MBodBBREBHn] 40pid IyndABREA3pddd,
145, 146H4wing 4BTVL. A9yt 306 KBRS Bodh I kB6), Ione kodnd 68, 254,
159, 160BEB1 P16P RGS (ARB4B16BakE6; PEY), 2686 Nsbvit, Mhdndw2, 20
173, 174%9pi5tict 7@y 7P=3ep@la]ipenoly 80, He@duel:30u 88, H:grbrkiBd s:b85, 186,
187, 188 BE 9 M Gerpds 208 AGuy $IG GBS NDT ALGBYRON:284 1,
201, 202uRiianyieh GrtGegr wosiam 209t ttHat dur e rfeormiptises
an |mmuﬁ816‘§jﬁf‘é‘l"éétf<7§°t?6?ﬂﬁfﬁ‘%ﬁ{ TEPETTRSTEN thé trestim errramior
prophylax?%“’fi’fr?rffg&"fi’oh"@“ﬁ‘éi"ﬁ§i¥’ﬁ°ﬁ§7°ﬁ“rfé"@ﬁi?f%hﬁélﬁ§éﬂ°w Erpwisperidium
parvum affd” @?yﬁ%%f)é‘ﬁdﬁf?ﬁlﬁdfﬁﬁﬁs%ﬁqbﬁ“zwlﬁ’ﬁfééoﬁﬂiﬁ@‘%o%%rther
embodlmenOfyﬁ%eé'ebr(ééag’ﬁclﬂalﬁf}‘é‘ﬂtﬁ?f%‘%ﬁ%fﬁtﬁfﬁdﬁ%ff%&ﬁm%cune
accordlng ok mg/m C°*"“6‘ffT&&?ﬁbocﬁﬁ’f‘“@dﬁd%b§“’6*@9‘mo°i@“ﬁff1‘3‘61‘2%13
014, 015;§16 > 017 018; 5T5”ﬁ28po?imﬂQZEﬁ?%abéﬁmﬁgb‘6@%“6@2
033, 034,035 h£h§?ﬂ§7 B9, B4Y, BAEGAS 048R B0

052, Q53,1 '8’54 35s @ fi@ydiﬁ%@;ﬁ ﬁ“‘"@%ﬁ‘”@f@iﬁgw tié“é“;‘tﬁ%b“ B0,
071, 07 Qu 31‘1’9:1 fy ton vbrIQ.tZQSG 1 ?&h o W&% mn‘ﬁ@@’:ﬂ?{é‘g
090, OglNaQs tga' Qf%gm omier o’xo asm?a 801’“2{1“ qg?&kia? aﬁc

109, 11q3&;gm&;;w;$§ 14, 116, 117, 11§“Ti§‘f3b“ﬁ%”sf§b
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 ,158, 254, 159,
160, 161, 167, 168, 169, 170,171, 172, 173, 174, 175, 176, 177, 178, 179,
180, 181, 003, 023, 043, 063, 083, 103, 123, 143, 162, 182, 004, 024,
044, 064, 084, 104, 124, 144, 163, 183,



005, 025, 045, 065, 085, 105, 125, 145, 164, 184, 006, 007, 026, 027,
046, 047, 066, 067, 086, 037, 106, 107, 126, 127, 146, 147, 165, 166,
187, 188, 189, 190, 19/, 192, 193, 194, 195, 196, 197 198,
‘%‘gg"%z%%%@m 202, 203, 204 205, 206, 209, 208 and 2001, thaL ik Ie0918
comprises antigen of Cryptosporidi um parvurn and Cryptosporidium
hominis [combo 2211. 5 According to a further embodiment, the present
invention relates to a combination vaccine for the treatment and/or
prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated 13VDV (types 1 and/or 2)
as described herein and at least one further immunological active
component effective for the treatment ancUor prophylaxis of infections
caused by Mycobacterium avium paratuberculosis [combo 2221
According f. &, 10.preferred. embodiment, the omblna ion vaccine

& pr%ent mvénuon ?axe atmn vaceine for the

comprises.aHan4ALeq, ﬁmyofmegm@pm&m 83 e,gfgﬁ ife}'gn and
antigen of MyCORACIGHHM AN, PRI %VCHM%% cambg, 7231 Aceording
to a furthersgmbedimant ¢he RreseRiavENHonJe! v%?ﬁé@ ﬂe&%”;?ﬁ mg‘gon
vaccmg %%[Q%%%k@ﬂ@ﬂ%&%%ﬁﬁn%&m Q%ﬁrus evlne nélx’owm;
007 008{%98@&96%&(&%@%&m@%&&%§) Qolx@e EQI:L vl %}gvp; eﬂovmts !
021, 022 0230 Rehddm, 10y 102 lornfld 8 022:.030:., 031, 0321330034,
035, 036 103703830 hhs OklerMh2nc083 20495040, UL 048,
049, 050 AQfdiy 8520403 cABAiORRD BN L:088, QR0 08202,
063, 064 fe@ﬁ@pﬂﬁﬁ}e@ﬁ? fegﬁ&es%g ,),QZ@JSFQZ 11tetQZa2‘a, Leptospira hardjo, Leptospira
pomona, and Lepiospira grippotyphosa, Leplospira canicola, Leptospira grippotyphasa, Leptospira
hardjo (Leptospira hardjoprajitno and Leptospira hardjo-bovis), Brucella abortus, Brucella suis and
Brucetta melitensis, Listeriz monocytogenes, Chlamydia psittaci, Closiridium  chauveei,
Clogitidiumn  septicum, Clostridinm  haemolyticum, Clostridium novyi, Closiridiom sordelti,

13 Clostridium  perfringens, Clostridium feteni, Moraxellz bovis, Klebsiella spp, Klebsiella
pneumioniae, Sabmonella  typhimumium;  Salmonelia newport, Mycobactenium  avium
paratuberculosis, Cryptsporidium parvum, Crypisporidium hominis, Staphylococcus aureus,
Streptococcus  dysgalactias, Streptococeus  uberus, Mycoplasma spp, Mycoplasima  dispar,
Mycoplasma bovis, and Ureaplasma spp., Tritrichomonas foetus, Trchophyion wverrucosum,

0 Trichophyton mentagrophytes, Trichophyton sarkisovii, Neospora caninurm {formerly Toxoplasma
gondii}, Babesia bigemina and Babesia bovis, and Dictyocaulus viviparous (Lungworm disease)

According 1o a further embodiment, the present invention relates to a combination vaccine for the
treaiment and/or praphylasis of catfle against viral infections of the respirafory and reproductive

25 systems in cattie, wherein the combination vaceine comprises aftenuated BVDV {types 1 and/or 2}
as described herein and at least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by TBR jeemabu 891], According to a preferrad
embodiment, the combination vaccine comprises attenuated BVDV {types I andfor 2) as deseribed
herein and at leasi one antigen of TBR [eembe 002]. According fo a preferred embodiment, the IBR

30 ankigen is & lve modified virus [combeo 803]. According to a further embodiment, the combination
vaccine of attenuated BVDV and TBR contains an antibiotic, &2 neamycin, for preservation
[conelro 084).

49



073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 084
088, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099
whP2,0403,;104, 105, 106, 107, 108, 109, 110, 111, 112, 113
116, 117,118, 119, 120, 121, 122, 123, 124, 125, 126, 127,

, 085, 086,087
, 100, 101,

’.lfgﬁ:ﬂfi]b?ﬁ;fg{& i8

131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142,

20

25

30

According 10 a further embodiment, the present invention relates to a combination vaccine for the
treatment and/or prophylaxis of caitle against viral infections of the respiraiory and reproductive
systems in caftle, wherein the combination vaccine comprises attenuated BVDY {types 1 and/or 2)
as described herein and =t Isast one further immunological active component sffective for the
treatment and/or prophylads of infections caused by PL-3 jeembeo 808}, According to & preferred
embodiment, the combination vaccine comprises attenuated BVDV (types 1 andior 2) as described
herein and af least one antigen of PI-3 [combe 806]

According to a further embodiment, the present invention relates to a combination vaceine for the
ireatment and/or prophylaxis of cattle against viral infections of the respiratory and reproductive
svstems in cattle, whersin the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
ag described herein and at least one further immunological active eomponent effective for the
treatment and/or prophylaxis of infections caused by BRSV [combe 007]. According to a more
preferred embodiment, the combination vaccine comprises attenuated BVDV {types 1 and/or 2) as
described herein 2nd at least one antigen of BRSV [combo (08).

According 10 3 further embodiment, the present invention relates to 2 combination vaccine for the
treatment and/or prophylaxis of cattle against viral infections of the respiratory and reproductive
systems in catile, wherein the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and af least one further immumological active component effective for the
treatment and/or prophylaxis of infections caused by BHY [combe §09). According to a preferred
embodiment, the combination vaccine comprises attenuated BVDV (types 1 andfor 2) as described
herein and at least one antigen of BHVY [eomba Gi6],

According to a further embodiment, the present invention relates o a combination vaccine for the
treatment and/or prophylaxis of cattte against viral infections of the respiratory and reproductive
systems in catile, wherein the combination vaccine comprises attenuated BVDV (types | andfor 2)
as desceibed herein and at least one further impmmological aclive component effective for the
treatment and/or prophylaxis of infections caused by FBR and FI-3 [combeo 011], According to 2
preferred embodiment, the combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and at least one antigen of IBR and PI-3 [eombo 012].

According 1o a further embodiment, the present invention relates to a combination vaccine for the
treatment and/or prophylaxis of cattle against viral infections of the respiratory and reproductive
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143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155,156, 157,
158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,
3,174, 175, 176, 177, 178, 179, 180, 181, 182, 123, 184 184,
"%‘gé{’%ﬁ";{’é? 188, 189,190, 191, 192, 193, 194, 195, 196, 168 W gaIo{tse°18
200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,

systems inr caltle, wherein the combination vaccine comprises attenuated BVDV (tvpes | and/or )

#5 described herein and at least one further immunclogieal active component effective for the

treatment and/or prophylaxis of infections caused by IBR and BRSVY [combe 013 According to a

preferred embodiment, the combination vaccing comprises attenuated BVDV {types | andfor 2) a5
5 descrived herein and af lenst one antigen of TBR and BRSV [combo 814].

According to a further embodiment, the present invention relates o a combination vaccine for the
treatment and/or prophylaxis of caitle against viral infections of the respiratory and reproductive
sysiems in cattle, wherein the combination vaccine comprises attenuated BYDV {iypes 1 and/or 2)
10 as described herein and at least one further immumological active compenent effective for the
treatment and/or prophylaxis of infections caused by IBR and BHV [combo 015]. According 10 &
preferred embodiment, the combination vaceine comprises attenuated BYDY {iypes 1 and/or 2} as

described herein and at least one atigen of IBR and BHV [combo 816},

15 According to a further embodiment, the present invention relates to a combination vaceine for the
treatment and/or prophylaxis of cattie against viral infections of the respiratory and reproductive
systems in catte, wherein the combination vaccine comprises attenuated BVDV (iypes 1 and/or 2
as described herein and at least one further immunological active component effective for the
treatment andfor prophylasis of infections caused by Fi-3 and BRSV [combo 017]. According fo a

20 preferred embodiment, the combination vaccine comprises attenvated BVDV (types 1 andfor 2) as
described herein and at least one antigen of PI-3 and BRSV jeombo 018).

According 1o & further embodiment, the present invention relates to a combination vaceine for the
ireatment and/or prophylaxis of cattle against viral infections of the respiratosy and reproductive

25 systems in cattle, wherein the combination vaccine comprises attenuated BVDV {types 1 and/or 2)
as described herein and at least one further immunological active component effective for the
reatment and/or prophylaxis of infections caused by P13 and BHY [combo #39]. Aceording 10 a
preferred embodiment, the combination vaccine comprises attenuaied BVDV (types 1 andfor 2) as
described herein and at least one antigen of PI-3 and BHV [combe 020].

According 10 a further embodiment, the present invention refates to a combination vaccine for the

ireatment and/or prophyiaxis of catile against viral infections of the respiratosy and reproductive

systems in caitle, wherein the combination vaccine comprises attenuated BVDY (types | and/or 2)

as described herein and at least one further imimunological active component effective for the
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212, 213, 214, 215, 216, 217, 218, 219, 220 and 2211, that further
comprises an immunological active component effective for the treatment
/ hylaxis of infections caused by infections caused b

W%@éggfeﬁnuym aviumn paratuberculosis [combo 224]. Acco?&%ﬁjﬁﬁ"ﬁ”ﬂmgm
further embodiment, the present invention relates to a combination
vaccine according to any one of [combo 30 001, 021, 041, 061, 081, 101,
002, 022, 042, 062, 082, 102, 003, 023, 043, 063, 083, 103, 004, 024,
044, 064, 084, 104, 005, 025, 045, 065, 085, 105, 006, 026, 046, 066,
086, 106, 007, 027, 047, 067, 087, 107, 008, 028, 048, 068, 088, 108,
009, 029, 049, 069, 089, 109, 010, 011, 012, 030, 031, 032, 050, 051,
052, 070, 071, 072, 090, 091, 092, 110, Ill, 112, 013, 033, 053, 073, 093,
113, 014, 034, 054, 074 094, 114, 015, 035, 055, 075, 095, 115, 016,
036, 056, 076, 09 6,017,037, 057 077,097, 117, 018 038, 058,
078, 098 ‘f{ KL °f “a"’ $. 87977068 =1 Fo ol -bat, TeD, 88ty T,

' Accord) rre em n :riqem e co mancm ¥ cc v
120, 87 J%Jmi 2’d&sm§aﬁ 111‘erem andza !eastﬁ;né antl :IF @1 fg? 5"}@7 133,

1.3 apd
134, 135,436, 137,155, L3010, 121 195 "0 Thad A, B, iy,
148, 149,150,151, 450,153 154,195, %éi 50158, 250,50, 760,
161 162@&%‘&'@%@1@5& IJ!@@WNS [eombo 024]. According o a further embodimeni of said

cosmbination vaccine, the IBR, PI-3 and BRSY antipens ave killed vireses feombe 8#25]

According 10 a further embodiment, the present invention relates 1o a combination vaccine for the
10 treaiment and/or prophylaxis of cattle against viral infections of the respiratory and reproductive

systems in cattle, wherein the combination vaccine comprises atienuated BVDV (iypes 1 andior 2)

as deseribed herein and at ieast one further immunolegical active component effective for the

treatment and/or prophylaxis of infections caused by IBR, BRESY and BEV tombe 026].

According to a preferred embodiment, the combination vaccine comprises attenuatad BVDV (iypes
15 I andior 2) as described herein and at least one antigen of EBR, BRSV and BHV [comba G27].

According 10 a further embodiment, the present invention relates to a combination vaccine for the
treatment and/or prophylaxis of caitle against viral infections of the respiratory and reproduciive
systems in caitle, wherein the combination vaccine comprises attenuated BVDV {iypes } and/or 2)

26 a5 descrived herein and at least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by PI-3, BRSY and BHV |combo 028]
According to a preferred embodiment, the combination vaceing comprises atienuated BVDYV {types
1 and/or 2) as described herein and at least one antigen of P1-3, BRSV and BHV {eombao §29].

25 According to a further embodiment, the present invention relates to a combination vaccine for the
treatment and/or prophylaxis of cattle against viral infections of the respiratory and reproductive
systems in cattle, wherein the combination vaccine comprises attenated BVDV (iypes 1 and/or 2)
as described herein and at least one further imumunological active component effective for the
treatment and/or prophylaxis of infections caused by 18R, FI-3 and BHV [combo 0381, According

30 to a prefemed embodiment, the combination vaccine comprises attenuated BVDY (types 1 and/or 2)
as described herein and at least one antigen of IBR, P1-3 and BHV [combo 031].

According 10 a further embodiment, the present invention relates to a combination vaccine Tor the

treatment and/or prophylaxis of cattle against viral infections of the respiratory and reproductive
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167, 168, 169, 170,171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184, 185,186, 187, 188, 189. 190, 191, 192, 193, 194, 195, 196,
wadhoka8y:499, 200, 201, 202, 203, 204 205, 206, 207, 208, 209,2b0Zkders

212, 213, 214, 215, 216, 217, 218, 219, 220 and 2211, that further
comprises antigen of Mycobacterium avium paratuberculosis [combo
2251. According to a further embodiment, the present invention relates to
a combination vaccine for the 10 treatment and/or prophylaxis of cattle
against microbiological infections in cattle, wherein the combination
vaccine comprises attenuated 13VDV (types 1 ancl/or 2) as described
herein and at least one further immunological active component effective
for the treatment and/or prophylaxis of infections caused by Adenevirias
[combo 2261. According to a preferred embodiment, the combination
vaccine GRIAPHSAS, AHRAURLSELRMPY.(YRES:t aRMRL Rndsde serikes
herein and:d5@ntigen-efLAGLBRVIFES {6AMBGR 24k Aseording: o fdrther
embodimei.therpiessatinyenkien LalatesHe A.CoRRInANARN YaRCING.
accordingdasagy ore affebait]nd0iel03y.004::00%: exd8¥p008,
009, 01004 1 2427 Ol BserBek 4o:@1dpg 016y O %kl 8 1B 91-0 285024 22,
023, [com¥e 033].

According to a further embodiment, the present invention refates to a combination vaccine for the
treatment and/or prophylaxis of catile against viral infections of the respiratory and reproductive

10 sysiems in catile, wherein the combination vaccine comprises atienuated BVDY (types 1 andfor 2)
as described herein and at least one further immunological active component effective for the
freatment and/or prophylaxis of infections cansed by . sewsnuc |combe 834]. According to a more
preferred embodiment, the combination vaccine comprises attenuated BVDYV (types 1 andfor 2) as
described herein and at least one antigen of H. sommnus jcombe 835}

According 1o & further embodiment, the present invention relates to a combination vaccine for the
treatrment and/or prophylaxis of catile against virg! infections of the respiratory and reproductive
systems in cattle, wherein the combination vaccine compriges attenuated BVDY {types 1 and/or 2)
as described herein and at least one further immunological active component effeclive {or the

26 teatment and/or prophylaxis of infections caused by EBE and H. semmus jcombe 836]. According
to a more preferred embodiment, the combination vaccine comprises attenuated BVDV (types |
and/or 2} as described herain and af least one antigen of H. somnus [comibza 6371,

According 1o a further embodiment, the present invention relates to a combination vaccine for the

25 treatment and/or prophylaxis of cattle against viral infections of the respiratory and reproductive
systems in catile. wherein the combination vaceine comprises attenuated BVDY (iypes 1 and/or 2)
ag described herein and at least one further immunological active companent effective for the
treatment and/or prophylaxis of infections caused by IBR, PE-3, and H. somnus [combo 038].
According to a more preferred embodiment, the combination vaccine comprises atienuated BVDYV

30 (types 1 end/or 2) as described herein and at least one antigen of IBR, PI-3, and H. somnus {cembs
639,

According fo a further embodiment, the present invention relates to a combination vaccine for the
{reafment and/or prophylaxis of catfle aganst viral infections of the respiratory and reproductive
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024, 025, 026, 029, 028, 029, 030, 031, 032, 033, 20 034, 035, 036, 037,

038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, 050, 051,

| 54, 055, 056, 057, 058, 059, 060, 061, 062, 06}(81% %%n
“g%%'??{g%?%%s, 069, 070, 071, 072, 073. 074 075, 076, 099 078 0yg 60918

080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090,091, 092, 093,

systems in cattle, wherein the combination vacecine comprises attenuated BVDV {sypes 1 andier 2)
as described herein and at least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by IBR, PL-3, BRSV and H. somnus [combe
48], According to a more preferred embodiment, the combination vaccine comprises atfenuated
5 BYDV {types 1 sndfos 2} a5 described herein and ai least one mtigen of IBR, PI-3, BRSV and §
somnus [eombo 648]. Preferably, all viral antigens are modified live viruses. According o a further
embodiment of said combination vaccine, the IBR and PI-3 antigens are modified live viruses,
whereas the BRSV antigen is 2 killed vinus [combo 038]. According to a further embodiment of
said combination vaccine, the IBR, Pi-3 and BRSV antigens are killed viruses [combo 042].
10 According to a further embodiment, any of said combination vaccines, preferably the combinaiion
vaccine that comprises killed IBR, kifled PI-3 and lalled BRSV as antigens, contains neomycin and

thimerosal as preservatives jeomsle 043].

According to a further embodiment, the present invention relates to a combination vaccine for the

15 treatment and/or prophylaxis of catile against viral infections of the respiratory and reproductive
systems in cattie, wherein the combingtion vaccine comprises attenvated BVDV (types 1 and/or 2)
a5 described herein and at least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by IBR, PI-3, BRSY, BHV and H. somnus
[ecanbe 944]. According to a more prefemed embodiment, the combination vaccine comprises

20 aitennated BYDV (types 1 and/or 2) as described herein and at least one antigen of IBR, Pi-3, BHV
and H. somnus [eombo 048],

According to a further embodiment, the present invention relates to a combination vaccine for the
treatment and/or prophylaxis of cattle against infections of the respiratory and reproductive systems
25 in caftle, wherein the combination vaccine comprises attenuated BVDV (iypes 1 and/or 2) as
described herein and at fesst ome further immunological active component effective for the
weatment and/or prophylaxis of infections cawsed by one or more pathogenic specie(s) of
Leptospira, preferably selected from Leptospira canicola, Leptospira grippotyphosa, Leptospira
borgpeiersenti, Leptospira hardjo (Leptospira hardioprajitne and Leptospira hardjo-bovis),
36 Leptospire prajitng, Leptospira icterchaemmorchagiae, Leptospire bovis, Leptospira interrogans and
Leptospira pomona. feombo 046]. According to a more preferred embodiment, the combination
vaccine compaises attenuated BVDYV (types 1 andfor 2) as described herein and antigen of at least
one or more pathogenic specie(s) of Leplospira, preferably selected from Leptospira canicola,
Leptospira grippotvphosa, Lepiospira borgpetersenii, Leptospira hardjo (Leptospira hardjoprajitne
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094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121,

4,125 126, 127, 128, 129, 130, 131, D 32, 13
‘%‘%é’%?%s 130 140, 141, 142, 143, 144, 145, 146, 147 1487348

150, 151, 152, 153, 154, 155, 156, 157,158, 254, 159, 160, 161,

0

25

and Leptospira hardjo-bevis), Leptospira prajimo, Leptospira icterohaemmorthagias, Lepiospira

bovis, Leptospira interrogans and Leptospira pomena jcomba 647]

According to g further embodiment, the present invention relates fo a combination vaccine for the
treatment andfor prophylexis of cattle against infections of the respiratory and reproductive SYSIBmS
in catile, wherein the combination vaccine comprises attenuated BYDV (iypes 1 andfor 2) as
described herein and at least one further imnmnclogical active component effective for the
eatiment and/or prophylaxis of infections caused by MR, and one or more pathogenic specie(s) of
Leptespira, preferably sefected from Leptospira canicola, Leptospira grippotyphosa, Leplospira
borgpetersenil, Leptospirs hardje (Leptospira hardjoprajimo and Leptospira hardjo-bovis),
Leptospira prajitno, Leptospira icterohaemmorrhagiae, Leptospira bovis, Leplospira inerrogans and
Leptospira pomona. [eamba 048] According to 2 more preferved embodiment, the combination
vaccinie comprises sttenuated BVDV {types | and/or 2) as described herein and at least one amtigen
of 1BR and ome or mote putiogenic specie(s) of Leptospira, preferably selected from Leptospira
canicola, Leptospira grippotyphosa, Lepiospira borgpetersenii, Leptospira hardjo {Leptospira
hardjoprajitne and Leptospira hardjo-bovis), Leptospira prajimo, Leptospira icterohaemmorrhagias,
Leptospira bovis, Leptospira interrogans and Leptospira pornona [combo 049],

According to a further embodiment, the present invention relates to 2 combination vaccine for the
treatment and/or prophylaxis of caitle against infections of the respiratory and reproductive systems
in cattle, wherein the combination vaccine comprises attenuated BVDV (iypes 1 and/or 2) as
described herein and af least one further immunological active comporent effective for the
ireatment and/or prophylaxis of infections caused by IBR and FLeptospira pemena [combe 850],
According to a more preferred embodiment, the combination vaccine comprises attenuated BVDV
(types | and/or 2} as described herein and at least one antigen of IBR, preferably 2 live modified
virus, and Leptospira pomona bacterin [combe 51).

According 1o a further embodiment, the present invention relates to a combination vaccine for the
treatment and/or prophyiaxis of cattie against infections of {he respiratory and reproductive systems
in cattle, wherein the combination vaccine comprisss afienuated BVDV {iypes 1 andior 2) as
described herein and at least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by EBR, PI-3, and one or more pathogenic
specie(s) of Leptospira. preferably selected from Lepiospira canicola, Leptospira grippotyphose,
Leptospira borgpetersenii, Leptospira hardjo {(Leptospira hardjoprajitne and Leptospira hardjo-
55
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162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175,
176,177,178, 119,180, 181, 182, 183, 184 184, 185, 186, 187, 188, 189,
92, 193, 194, 195, 196, 197, 198, 199,200, 201,
“%?)?1‘36%%73‘2%6, 207, 208, 209, 210, 211, 212, 213, 214, 215%{%9&%’,"“9‘8
218, 219, 220, 221, 222, 223, 224 and 2251, that further comprises an 30
immunological active component effective for the treatment and/or
prophylaxis of infections caused by infections caused by Adenovints
[combo 228]. According to a further embodiment, the present invention
relates to a combination vaccine according to any one of [combo 001,
002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012,

bovis), Leptospira prajimo, Leptospira icterohaemmorrhagise, Leptospira bovis, Laptospira
nterrogans and Lepiospira pomona feembso 052]. According to a more preferred embodiment, the
combination vaccing comprises altenuated BVD'V (fypes 1 andfor 2) as described herein and at least
one antigen of IBR, PI-3 and one or more pathogenic specie(s) of Leptospira, preferably selected

5 from Leptospira canicols, Leptospira prippotyphosa, Leptospira borgpetersenii, Leptospira hardjo
{Leptospira  hardjoprajime  and Leptospira  hardjo-bovis), Leptospira prajitno, Lepfospira
icterchaemmonthagiae, Leptospira hovis, Leptospira interrogans and Leptospira pomonz jeombe
853].

W According to a further embodiment, the present inveniion relates 1o 2 combination vaceine for the
treatment and/or prophylaxis of cattle against infections of the respiratory and reproductive systems
in cattle, wherein the combination vaccine comprises attenuated BVDV (ypes | and/or 2} as
described herein and at least ene further imnunological active component effective for the
ireatment and/or prophylaxis of infections caused by ¥BR, P1-3, Leptospira eanicola, Leptozpira

15 grippotyphosa, Leptespirz hardjo (Leptospira bardjoprajitno and/er Leptespirs hardjo-
bovis), Leptespira icterebaemorrhagize, and Lepiospira pomeona [combe €54], According 1o a
more preferred embodiment, the combination vaceine comprises attenuated BVDV (types 1 and/or
2} as described herein and at least one antigen of IBR, P13, Leptospira canicolz, Leptospira
grippolyphoss, Leptospira hardjo, Leptospira icterohaemorthagias, and Leptospira pomona [combo

0 @55].

Agcording 1o a further embodiment, the present invention relates fo 2 combination vaccine for the
treatment and/or prophylaxis of catile against infections of the respiratory and reproductive systems
in caitle, wherein the combination vaccine comprises attenuated BVDV (iypes | andior 2) as
25 described herein and at least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by EBR, PE-3, BRSV and ene or mere pathogenic
specie(s) of Leptospiva, preferably selected from Leplospirz canicola, Leptospira grippotyphosa,
Leplospira borgpetersenii, Leptospira hardjo (Leplospira bardjoprajitno and Leptospira hardjo-
bovis), Lepiospira prajitne, Leptospita icierchaemmorrthagise, Lepiospira bovis, Leptospira
36 interrogans and Leptospira pomona [eembe 856]. According to 2 more preferred embodiment, the
combination vaccine comprises attenuated BYDV (types | and/or 2) as described herein and at least
one antigen of IBR, PI-3, BRSV and one or more pathogenic species of Leptospira, preferably
selected from Lepiospira canicola, Leptospira grippotyphosa, Leptospira borgpetersenii, Leptospira
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013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026,
027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040,

41, 042, 043, 044, 045, 88 According to a further embodiment, the

‘%?e%sﬂgog %F\%/Oéntion relates to a combination vaccine for the trddthent afrts

prophylaxis of cattle against microbiological infections in cattle, wherein
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and at least i 5 one further immunological active
component effective for the treatment and/or prophylaxis of infections
caused by Astrovirus [combo 2301 According to a preferred embodiment,
the combination vaccine comprises attenuated BVDV (types 1 and/or 2)
as described herein and antigen of Astrovirus (combo 231). 20 According
to a further embodiment, the present invention relates to a combination
vaccine according to.any one of (combo 001, 002, 003, 004, 005, 006,
007, 008 ;@%’gfg‘fqpf L“’ir?y?)ﬂi}%‘,’”?i?ﬁé’f’ Gl %i‘és,’ OB 617 618 018850,

021, 022,023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034,
035,

According 1o a further embodiment, the present invention relates fo a combination vaceine for the
3 weatment and/or prophylaxis of cattle against infections of the respiratory and reproductive sysiems
in catile, wherein the combination vaccine comprises attenuated BYDV (ypes b and/or 2) as
described heremn end at least one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by IBR, PI-3, BRSV, Lepiespirs canicola,
Leptespira grippetyphssa, Leptospira hardje (Leptospira hagrdjoprajitne and/er Leptospira
16 hardje-bevis), Leptospira icterchaemorrhingise, snd Lepiospira pomona jeombe 058],
According 10 2 more preferred embodiment, the combination vaccine comprises attenuated BVDV
(types 1 andfor 2) as described herein and at least one antigen of TBR, PI-3, BRSV, Leptospira
canicola, Leptospira grippotyphosa, Leptospira hardjo (Leptospira hardjoprajitno and/or Leptospira
hardjo-bovis), Leptospira icterohaemorthagiae, and Leptospira pomonz [combeo 059]. According to
15 a preferred embodiment, the viral sntigens ave killed viruses and the bacterial antigens are
bacterins jrontko 860]. Preferably, said combination vaccines as described in this paragraph further

contain nepmycin gnd thimerosal as preservatives [combo 0611,

According to a further embodiment, the combination vaccine comprises attenuated BVDV {types 1
20 andior 2) as described herein, Yve modified viruses of IBR, PI-3, BRSY, and bacterin of
Leptospira canicols, Lepiospira grippotyphosa, Leptospira hardjo (Leptospira hardjoprajimo and/or
Leptospira hardjc-bovis), Leptospima icterohaerorrhagine and Lepiospita pomong {eombe §62].
According to a funher preferred embodiment, the combination vaccine described in this paragraph
comprises neomycin as a preservative feombe 063).
35
According to a further embodiment, the present imvention retates 1o a combination vaccine for the
treatment and/or prophylaxis of catile against infections of the respiratary and reproductive sysiems
in cattle, wherein the combiration vaccine comprises attenuated BVDV (tvpes | and/or 2) as
described herein and at least one further immunological active component effective for the
3¢ treatment andfor prophylaxis of infections caused by IBR, PI-3, BRSV, BHY and one of more
pathogenic specia(s) of Eeplospira, preferably selected from Leptospira canicols, Leptospira
grippotyphosa, Leptospira borgpetersenil, Leptospira hardjo (Leptospira hardjoprajime  and
Leptospira hardjo-bovis), Leptospira prajitno, Leptospira icterchaemnmorthagiae, Leptospira bovis,
Leptospira interrogans and Leptospira pomona. [eembe 054]. According to a more preferred
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036, 037, 038, 039, 040, 041, 042, 043, 044. 045, 046,047 048, 049, 050,
051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064
7. 068, 069, 070, 071, 072, 073, 25 074, 075, O(%Ef ‘
“8%‘303@8?3321, 082, 083, 084, 085, 086, 087, 088, 089, 090 %ﬁﬁ(" e
093, 094, 095. 096, 097, 098, 099, 100, 101, 102, 103, 104,

embodiment, the combination vaccine comprises attenuated BVDV (iypes | andfor 2) as described
herein and zt least one antigen of TBR, P1-3, BREV, BHV and one or more pathogenic specie(s) of
Leptospira, preferably selected from Leptospira canicola, Lepiospira grippotyphosa, Leptespira
borgpetersenti, Leptospira hardjo {(Leptospira hardjoprajimo and Leptospira hardjo-bovis),

5 Leplospira prajimo, Leptospira icterchaemmorthagiae, Lepiospira bovis, Leptospira interrogans and
Leptospirs pomona [eousbe 065).

According to & further embodiment, the present invention relates to a combination vaccine for she

treatment and/or prophylaxis of cattle against microbiclogical infections in catile, wherein the
10 combination vaccine comprises attenuated BVIV (types 1 and/or 2) as described herein and at Isast

one {urther immunological active component effective for the reatment and/or prophvlaxis of

infections caused by one or move pathogenic speeie(s) of Lepiespira as mentioned above, and H.

somnus jeombeo 066]. According fo a more preferred embodiment, the combination vaccine

comprises attenuated BYDV (types 1 and/or 2) as described herein: and at least antigen of one or
15 more pathogenic species of Leptospira, as mentioned above, and H. somnus [combo 667].

According 10 8 further embodiment, the present invention relates t0 & combination vaccing for the
treatment and/or prophylaxis of cattle against microbiclogical infections in catile, wherein the
combination vaccine comprises attenuated BVDV (tvpes 1 and/or 2) as described herein and af least
20 one further immunological active component effective for the treatment andfor prophyiaxis of
infections caused by IBR and one or more pathogenic specia(s) of Leptospira, as mentioned above,
and R, semnuy [combe G68]. According 10 a more preferred embodiment, the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at least one antigen of IBR
and one of more pathogenic species of Leptospira, as mentioned sbove, and H. sommus [combe
25 @69

According 10 a further embodiment, the present invention relates to a combination vaccine for the
reatment and/or prophylaxis of caitle against microbiological infections in catile, wherein the
combination vaccine comprises atternated BVDV (tvpes | and/or 2) as described herein and at least
30 one further imrunological active component effective for the treatment andfor prophylmds of
infecirons caused by IBR, PE-3 and one or more pathogenic specie(s) of Leptospira, as mentioned
above, and K. semnus {combe 078). According to a more preferred embodirsent, the combination
vaccine comprises attenuated BYDV {types 1 and/or 2} as described herein and at least one antigen
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105, 106, 107, 108, 109, 110, Ill, 112, 113, 114, 115, 116, 117, 118, 119,

120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
wibh 3436, 137, 138, 139, 140, 141, 142, 143, 144, 145,3,%%5’%36/%0918

148, 149, 150, 151, 152, 153, 154, 155, 156, 157,158, 254, , 160,

161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 30 173,

of IBR, PI-3, and one or more pathogenic species of Leptospira, as mentioned above, and H.

sormmns [eambe 8711

According 1o & fusther embodiment, the present imvention relaies to a combination vaccine for the

5 treatment and/or prophyiaxis of cattle against infections of the respiratory and reproductive systems
in cattie, wherein the combination vaccine comprises attenuated BVOV (types 1 and/or 2) as
described herein and at least one further immumological active component effecive for the
treatment and/or propitviaxis of infections caused by IER, PI-3, Leptespira canicoln, Leptospira
grippatyphosa, Lepiespiva hardie (Leptospira bardjoprajitne andfor Leptespira bardje-

10 bovis), Leptospira ictereheemorrhagise, Leptospien pomona and M, sommus [combo 072§
According 1o a more preferred embodiment, the combination vaccine comprises attenuated BVIY
(types | andfor 2) as described herein and at least one antigen of IBR, PI-3, Lepiospira canicola,
Leptospira grippotyphosa, Leptospira hardjo (Leptospira hardjoprajitne and/or Leptospira hardjo-
bovis}, Leptospira icterohaemorrhagise, Lepiospira pomona, and H. somnus [combo 073].

According to a further embodimeni, the present invention relates {0 a combination vaccine for the
freatment andfor prophylaxis of catile against microbioclogical infections in cattle, wherein the
combination vaccine comprises attenuated BVDV (ypes 1 and/or 2) as described herein and at least
ene further immunological active component effective for the Teament and/or prophylaxis of

% infections caused by IBR, PI-3, BREV, and one or more pathopenic specie(s) of Leptospira, 25
mentioned above, and M. sompus {combo 074]. According to a preferred embodiment, the
combination vaccing comprises aitenuated BYDYV (iypes 1 and/or 2) as described herein and at least
one antigen of IBR, PI-3, BRSV, and one or more pathogenic species of Leptospira, as mentioned
above, and H. somnus [combeo $75),

25
According to a further embodiment, the present invention relates 10 a combination vaccine for the
trearment and/or prophylaxis of cattle against infections of the respiratory and reproductive systems
in cattle, wherein the combination vaccine comprises attenuated BVDYV (types | andfor 2) as
described herein and at least one furiher mmmunofogical active component effective for the

30 treatment and/or prophylaxis of imfections cansed by IBR, PE-3, BRSV, Leptospira canicela,
Leptospirs grippotyphosa, Leptospira hardjo (Leptespivahardjo prajitne and/or Leptospira
hardje-bovis), Leptospira icterchaemorrhagize, Leptospira pomona and H. somnus [cembo
@76]. According to a more prefesred embodiment, the combination vaccine comprises attennated
BYBV (iypes 1 and/or 2) as described herein and at least one antigen of IBR, PI-3, BRSV,
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174,175, 176, 177, 178, 179, 180, 181, 182, 183, 184 184, 185, 186, 187,
188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201,
W%’“ﬁ?’% 4, 205, 206, 207, 208, 209, 210, 211, 212, 2131321%, 215,
216, 217,218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 528 IAYLYI®

that further comprises an immunological active component effective for
the treatment and/or prophylaxis of infections caused by infections caused
by Astrovirus (combo 232]. According to a 89 further embodiment, the
present invention relates to a combination vaccine according to any one of
(combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 010, 011, 012, 013,
014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027,
028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041,
042, 043, 044, 045, 046, 047, 048, 049, 050, 051, 052. 053, 054, 055,
056, 057£§§s§%5m96§g 060,061, 062, &g{% 064,065, 066, 067, 068, 069,

, 081, 082, 083,
084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 094, 095, 096, 097,

098 ) 099 AJcQQngjrpalfm%Q %nlerl?Entthe%regeQ%eLQDQ re:]lags? i }ggbirgm@og ’va%c:!'ng f011ﬂ11'el !
112,113 T dthend LoarorLohny sl of Lok adihS ko Bordeso inkirtons i ol acherehome. 126,
127, 128 ¢ d8Rsich3hink Shnprsed Sunerkmted nh3et oy b3 D sy O el ibderivhiiareink D ot bt
141, 1425l 43nel 4k ipuail 46 1hfondf Bt FodiROredmtle AR prbpBsdait 2
155, 1565:1%&211&3@ I:IQBEZ,% é{@g; @@Qndja@]er A{@%&ﬂ(@ém ;ﬁé&(s;ﬁgapigﬁa, 1671
168, 1693sTnéfolel dnovk /s Hl fodned Tethnih 631 AL Gaick fofe mibik rerdbDorb@fherk &, 182,
183, 184¢ok8bibB0:cd 8 dmphiB8hB iR, ], old22) 1930l Q4erad Q50,126 , 197
198, 199¢r2 Qg2 0A1pROR3, 208;, 284 20Dy 2060r2fikee 28530 Y LedBhpidlal, 212,
213, 214p@iddped2ibtr, Y saddSjadd@9220, 221, 222, 223, 224, 225, 226,
227, 228 and 2291, that further comprises antigen of Astrovirus (combo
2331. IS #ecoudingtranfuither embedineni -4he presentdnveriion selates
to a combimadiondzacetinefor the-treatmentiewgioniprop hytaxds.afcatte
against reicroliio legreatinfectionsd Avoatties Wdnsin: theieo mbinatioast
vaccine coniprisosatiend ated BYPw (rpesd anchor? pasr deserited
herein arffdtrfeastionefartverifteninelogicd Lextive. comportntreffactive
for the tré&tateeeritirormro Py frsdgnet20nredtivhadase ddrybioiine
ParveVird§euipee23a 1 aEeBrding tedophefcrratreiviya sieritrtie of
combinaffr VEECHEPEBNRITRE a8 'attetit dicu B rh vorty pe Straphdier oy as
describe§T&t&H and antigen or bovine Parvovirus /combo 2351. 014,
015, 016, 017, 018, 019,

According to a further embodiment, the present invention relates to a combination vaccine for the

070, 071, 0201 ullfh 000 BL6s §7 7, 078, 010, G0, 081, 082, 0

25 treattnent and/or prophylaxis of catile against infections in cattle, whersin the combination vaccine
comprises aitenuated BYDV (iypes ! andior 2) as described herein and at least one further
immunological active component effective for the treatment and/or prophyiaxis of infections cansed
by Leptespira camicols, Leptespira geippofyphosa, Leptospira bardjo (Leplespira
barvdjoprajitro and/or Leptospira hardjo-bovis), Leptospiva leterohaemorrhagiae, Leptospira

30 pomena and Campylobacter fefus [eembe 082], According to a preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as described herein and at [east
antigen of Leptospira canicola, Lepiospira grippotyphosa, Leptospira hardjo (Leptospira
hardjopeajimo and Leptospira hardjo-bovis), Leptospira kcterohasmorrhagiae, Leptospira pomona
and Campylobacter fetus jeombo 683]. According 10 a more preferred embodiment, the bacteriel
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020, 021, 022, 023, 024, 025, 026, 027, 028. 029, 030, 031,032, 033, 034,
035, 036, 037, OM, 039, 040, 041, 042, 043, 044, 045, 046,047, 048, 049
2. 053. 054, 055. 056, 057, 058, 059, 060, 061, 062, 063
“%%%ngé?g 6 067 068 069 070, 071, 072. 073, 074. 075 G7E /060918
078, 079, 080, 081, 082, 083, 084.085. 086, 087, 088, 089, 090, 091,092
093, 094, 095, 096,

antigens are chemically inactivated, aluminurs hydroxide adsorbed, whole cultures of said bacteria
frombe 884]. According to a further preferved embodiment, said combination vaccine comprises

gentanticin and Amphotericin B as preservatives {combeo 8857,

3 According 10 & further embodimend, the present invention relates {0 a combination vaccing for the
weatroent and/or prophylaxis of catfle against microbiclogical infections i catile, wherein the
combination vaccine comprises aitenuated BVDY (types 1 and/or 2) as described herein and af least
one further immunological active component effective for the treatment and/or prophylaxis of
infections caused by FBR and one or more pathogenic speciefs) of Leptospira, 25 mentioned above,

10  and Campylobacter fetus [combe G86]. According to a more preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as described herein and at least
one antigen of IBR and one or more pathogenic species of Lepiospira, as mentioned above, and

Campyiobacter fetusicombe 087].

15 Aecording to a further embodiment, the present invention relaies to & combination vaccine for the
weatment and/or prophylaxis ef cattle against microbiclogical infections in caile, wherein the
combingtion vaccine comprises attenuated BYDV (types 1 and/or 2) as described herein and at least
ene further immunclogical active component effective for the treatment and/or prophylaxis of
infections caused by §BR, PI-3 and one or more pathogenic specie(s) of Leptospira, as mentioned

20 #bove, and Campylebacier fetns {combs 088]. According to a more preferred embodiment, the
combination vaccine comprises atienuated BYDV {types 1 and/or 2) as described herein and at least
one aniigen of IBR, PL.3, and one or more pathogenic species of Leptospira, as mentioned above,
and Campylobacter fetus [eombe 089).

25 According {o a further embodiment, the present invenfion relaies to a combination vaccine for the
treattnent and/er prophylaxis of cattle against microbiological infections in catile, wherein the
combinaiion vaccine comprises aitenuated BVDV (types 1 and/or 2} as described herein and at lzast
one further immunological active component effective for the treatment and/or prophylaxis of
infections caused by FER, Pi-3, BRSV, and one or more pathogenic specie(s) of Lepiospiza, as

30 meotioned sbove, and Campylobreter fetns jcombe $90]. According to a more preferred
embodiment, the combination vaccine comprises attenuated BVDV (iypes 1 and/or 2) as described
herein and af least one antigen of IBR, PI-3, BRSV, and one or more pathogenic species of
Leptospira, as mentioned above, and Campyiobacter fetus {eembe 891].
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097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123. 124,

| 7,128,129,130,131,132,133,134,135,136,%%7 138
V%ggr%égTﬁél,l42,l43,144,145,146,147,148,149,150}) {U4%86/060918
153, 154, 155, 156, 157 ,158, 254, 159, 160.16!. 162, 163, 164, 165, 166,
167,

According fo a further embodiment, the present invention relates to 2 combination vaccine for the
wearment and/or prophylaxis of eattle against microbiological infections in castle, wherein the
combination vaccine comprises attenuated BYDV (types 1 andior 2) as described herein and at least
one further immurological active component effective for the treatment andfor prophyiaxis of

5 infeciions caused by IBR, PI-3, BRSY, BEEV, one o more pathogenic specie(s) of Leptespira, as
mentioned above, and Campylobacter fetus jeomba 0%2]. According o a more preferred
embodiment, the combination vaccine comyrises attermated BVDYV (types | and/or 2) as described
herein and at feast one antigen of IBR, PI-3, BRSV, BHV and one or more pathogenic species of
Leptospira, as mentioned above, and Campylobacter fetus [eombo 593].

According to a furlher embodiment, the present mvention relaies to a combination vaccine for the
treatment and/or prophylaxis of catfle against microbiological infections in catile, wherein the
combination vaccine comprises attenuated BVDV (tvpes 1 and/or 2) as described herein and af least
one further immunological active component effective for the treatment and/or prophyiaxis of

15 infections caused by one or more pathogenic specie(s) of Leptospira, as mentioned above, H.
somzus and Campylobacter fetus feombe 094], According o a more preferred embodiment, the
comibination vaccine comprises attenuated BVDYV (types 1 and/or 2) as described herein and at least
antigen of one or more pathogenic species of Leptospira, as mentioned above, H. somnus and
Campylobacter fetus feombo 095},

20
According 10 a further embodiment, the present invention relates to a combination vaccine for the
wreatment and/or prophylaxis of caitle against microbiological infections in cattle, wherein the
combination vaccine comprises attenuated BVIDV (types 1 and/or 2) as described herein and at lease
one further immunofogical active component effective for the reatment and/or prophylaxis of

25 infections caused by EBR, one or more pathogenic specie(s) of Leptospira, as mentioned above, H.
somnus and Campyichacter fetus [combe 096]. According to a more preferred embodiment, the
combnunanion vaccing comprises attenuated BVDYV (types 1 and/or 2) as described herein and at least
one antigen of 1BR, one or more pathogenic species of Leptospira, as mentioned above, H. somnus

and Campylobacier fatus jeombe 897].

According 1o 2 further embodiment, the present invention relates to a combination vaccine for the

treatment and/or prophylaxis of cattle against microbiological infections im cafile, wherein the

cambination vaccine comprises attenuated BVDBY (types 1 and/or 2) as described herein and at least

one further immunological active componeni effective for the treatment and/or prophylaxis of
62



168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179,

180, 181, 182, 1&3, 184 184, 185, 186, 187, 188, 189, 190, 191, 90 192,
5,196, 197, 198, 199, 200, 201, 202, 203, 204. 205, 206,

‘%@?T@g@?@ 9, 210, 211, 212, 213, 214, 215, PCT/US2006/060918

infections caused by IBR, FI-3, and one or more pathogenic specie(s) of Leptespira, as mentioned

zbave, H. somaus and Campylebacter fetus jeambao 098], According t0 a preferred embodiment,

the combination vaccine comptises attenuated BVDV (iypes 1 andfor 2) as described herein and at

least one antigen of IBR, Pi-3, and one or more pathogenic species of Leptospira, as mentioned
5 above, H. somnus and Carmnpylobacter ferus [combe 059],

According 1o a further embodirnent, the present invention relates to 3 combination vaccine for the
treatment and/or prophylaxis of cattle sgainst microbiological infections in cattle, wherein the
combination vaccine comprises aftenuated BVDV (ivpes | and/or 2) as described herein and at leass

10 one further immunological active component effective for the treatment and/or prophylaxis of
infections caused by IBR, PI-3, Leptospira canicola, Leptospira grippotyphosa, Leptospira hardjo,
Leptospira icterchaemorrhagiae, Leptospirs pomona, H. somnus and Campylobacter fetus feambeo
108]. According to a further embodiment, the combination vaccine comprises attenuated BVDY
(types 1 and/or 2) as described herein and at least one antigen of IBR, PI-3, Leptospira canicola,

£5  Leptospira grippotyphosa, Leptospira hardjo {Leptospira hardjeprajitmo and/or Leptospira hardjo-
bovis), Leptospira icterchaermorrhagiae, Leptospira pomona, H. somnus and Campyiobacter fetus
[comibe 10E],

According to a further embodiment, the present invention retates 1o a combination vaccine for the

2 treatment and/or propbyliaxis of catile against mucrebiological infections in cattie, wherein the
combination vaccine comprises attenusted BVDV (types 1 andfor 2) as described herein and at least
one further immunological active component effective for the weafment andfor prophylaxis of
infections caused by IBR, PE-3, BRSV, and one or more pathogenic specie(s) of Legiospira, as
mentioned above, H. somnus and Camapyiobacter fetus [combe 1G2], According to a more

25 preferred embodiment, the combination vaceine comprises attenuated BVDV (tvypes 1 andfor 2) as
described herein and at least one antigen of IBR, Pi-3, BRSV, and one or more pathogenic species
of Leptospira, as mentionad above, H. somnus and Campylobacter fetus jeombe 100},

According 1o a further embodiment, the present invention reiates to a combination vaccine for the
30 weatment and/or prophylaxis of cattle against microbiological infections in cattle, wherein the
combination vaceine comprises aftenuated BVDV (types | and/or 2) as described herein and af least
one further immunclogical active component effective for the treatment andfor prophylaxis of
infections caused by IBR, PI-3, BRSV, Leptospira canicota, Leptospira grippotyphosa, Leptospira
hardio {Leptospira hardjoprajitno and/or Leptospira hardjo-bovis), Leplospira icierohaemorthagiae,
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216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229,
230, 231, 232 and 233], that further comprises an immunological active

gffective for the treatment and/or prophylaxis of infections

‘iguq}éﬂé%qﬁ)}ﬁ’r%ections caused by bovine Parvovirus 5[combo 38&152006/660918

According to a further embodiment, the present invention relates to a
combination vaccine according to any one of [combo 001, 002, 003, 004,
005, 006, 007, 008, 009, 010, 011, 012, to 15 232, and 233], that further
comprises antigen of bovine Parvovirus [combo 2371. 20 According to a
further embodiment, the present invention relates to a combination
vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated nvnv (types 1 and/or 2) as described herein and at
least one furihierimmunalogical active component effective for the

treatment,and/or RreRRylaXIS. QL infecions Calsed by CrBIsEgarti
parvum, Adenoviis. ASaviFis. hawne Farvovirus 8% and Mycdbacterim
avium pargiuhereuRSisJcomba.eail-AceAINg 10 2 pretered’ -
embodimeniutie.GAm BIAALIRRYACHNE.GOMRY e@%@éﬁ@&é%&%@ BYDV types
1 and/or 2) as described herein and antigen of Ptyptosporidium parvum,
Adenovirus,AstruiFlS RMRE. Rarkay s antMYGRAGIEH M.aYINM.
paratubeteiHasis 6023930 A5 NG 1.2 further, embadiment, the
present invdation£akatasie: acembinatigRMacaing.fastha fteatment.and/or
prophylaxis afeatteragainstimickphialogical dnfections i psattierwherein
the combinatisrvacsine eonepsisematicniaiond BMRY dyPResdlaagiqr 2)

as describe@heminandsaiieast ORgfitherinBauRalegicakAGYE mor
componenfefieciivefonthentreatment angier propayhaxis,ef infactions
caused bipsEse hetichia eselinSaimonalarspprspraderably: Salmonahaic
(Lublin, SfeSaltrosritas typimuoiem ands salmonela:newpas; Bgvine
Rotavirus and bovine Coronavirus, Cryptasporidium parvum, Adenovirus,
Astrovinrtisdvire: Peiwigviritseand ddyrobacte riieavilmspairatedoer eulesis
[combo ZATErAdeurelirigtolafr eferreticembiddirmenty thiospombination
vaccine CoftifsridEs aftetinizten Bl frypestrantior? ) as dessribod
hereiff arftaiititest oF5 ESEaritria toliRatmetelamspp:, dreferably
SalmonelfaHUBH T SHrTETRE RECtsIsHTe PR ifg Safieih bitasrie wpoi,
bovine rofAVIHISTARY BetiHE St oMae ' ryprosporfdirripariumino
Adenoviiﬁg?lk?f?‘&?ﬁﬁﬁ@'?ﬁ”d\?rr’r&‘?’ﬁﬁ)ﬁ?}ﬁﬁéeﬁi’fﬁi‘w{?&ﬁ&&féﬁ'ﬁ*ﬁ»é?ﬂwa
paraty beﬁﬂlﬁo%l‘?iiﬁ?r?ﬁ: ﬁ@%ff’?’?’é“ﬁf&?&%ﬁ‘i@“ﬂd%fﬁfﬁfﬁé# efflssanrEht, the
present inVention rgiffa?ﬂg&??”é?oﬁﬁ?ﬁ%ﬂ‘ﬁﬁ?@%@é?ﬁéﬁ fo et fEFfetand/or
prophyiaf S BFEAE At i ST e Rl e
the combIGHON veCtE CHMIpES AT BYDVIRpec atihr 2)
as descriBed Tl AATET ot ORE Wiy PRTIBTEGEreemoe
comppnent effective for the treatment ana/or prophylaxis of infections

caused hy Sireptocaccus spp. preferably. Streptoccoccus uberus and /or

present inve 5011 r%\ {0 & combinaiion vaccin? for the

s Streptogagrus.dysgalactias, Somb. 2421 Accafding to e preterie
embociragit e, otk &%@V@g&%ﬁ%ﬁgmﬁﬁiﬂg T ypes
1 and/or;g)a%AeSGHDEA RENS0.AN. ANNGED, Qb SUERIGCOFCHS SPD..

preferably Streptoccoccus uberus angjor Streptococcus dysgalattiae,
[combo 2431. According to a more preferred embodiment, the
combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and antigen of Streptococcus spp., preferably 20
Streptoccoccus uberus and/or Streptococcus rlysgalactiae [combo 244].
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least 25 one further immunological active component effective for the
treatment and/or prophylaxis of infections caused by Streptococcus app.,
preferably Streptoccoccus inheres and /or Streptococcus allysgalactisie
and/or Staphylococcus aureus [combo 2451. According to a more

preferred embodiment, the combination vaccine comprises attenuated
R\/D\/ (twvnec | and/nr 2) ac dacerribed herain and antinen nf [|treantacocelic



036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049,
050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, 063,064,

7, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 93
“%Q%F§QST§81,082,083,084,085,086,087,088,0SQ,OQOFng?égﬁ?mémns
093, 094, 095, 096, 097, 098, 099, 100, 101, 102,

by Pasteurells haemolytica and Pastenrelia multecida [combo 189). According to a preferred

embadiment, the combination vaccine comprises attenuated BYDV {types 1 and/or 2) as described

herein and at least one antigen of Pastewrella haemolytica bacterin and Pasteurslla multocida

bactenin. feombo 130] According to a further preferred embodiment, said combination vaccine
5 comprises neommycin and thimerosal as preservatives {combe 111].

According to a further embodiment, the present invention relates to a combination vaccine for the
treaiment andfor prophylaxis of catile against infections in catils, wherein the combination vaccine
comprises attenuated BVDV (types 1 andfor 2) as described herein and at least one further
16 immunological active component effective for the treatment and/or prophytaxis of infections caused
by IBR, Pastenrelin haemelytica and Pastewrella multocida [combo £12). According t0 a
preferred embodiment, the combination vaecine comprises attenuated BVDV (iypes 1 and/or 2) as
described herein and at Jeast one anfigen of IBR, preferably as live modified viruses, and
Pasteurelia haemolytica bacierin and Pastenrella multocida bacterin [combo 113, According to a
5 further preferred embodiment, said combination vaccine comprises neomyein snd thimerosal as

preservalives [eombo 114).

According 10 2 further embodiment, the present invention relates (o a combination vaccine for the
treatment and/or prophylaxis of cattle against infections in catfe, wherein the combination vaceine
20 comprises attermated BVDV (types 1 and/or 2) as described herein and at least one further
immunological active component effective for the treatment and/or prophylaxis of infections caused
by TBR, PI-3, Pastewrells haemelytica and Pasteprelia multocida [combo 115]. According 10 2
preferred embodiment, the combination vaccine comprises attenuated BVDV {types 1 and/or 2) as
described herein and at least one antigen of IBR, P13, preferably as live modified viruses, and
25  Pasieurella haemolytica bacterin and Pasteurella multocida bacterin {eombe 116]. According to a
turther preferred embodiment, said combination vaccine comprises neomycir: and thimerosal as

preservatives [combe 117),

According to a further embodiment, the present invention reiates ic a combination vaccine for the
30 treatment and/or prophylaxis of cetile apainst infections in catile, wherein the combination vaccine
comprises attenuated BVDV (types I and/or 2) a5 described herein and at lesst one further
immunological active component effective for the treatment md/or prophylaxis of infections caused
by IBR, ¥1.3, BRSY, Pasicurelia heemolyticn and Pastearclln multecida feombe 118].
According to a preferred embodiment, the combination vaccine comprises attenuated BVDY {iypes
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103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117, 118, 119, 120, 121, 122, 123, 124, 125. 126, 127, 128. 129, 130,

3,134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144
“%géf%igT%§7,148,149,150,151,152,153,154,155,156}?%9?5%%5“””’”
254,159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,171, 172,
173,

1 and/or 2} as described herein and 2t least one mntigen of IBR, PI-3, BRSV, preferably as live
modified viruses, and Pasieuwella haemolytica bacterin and Pastevrelia multocida bacterin feomba
118]. According fo a further preferred embodiment, said combination vaccine comprises neomycin
and thimerosal as preservatives {combe 120].

According 1o a further embodiment, {he present invention relates to a combination vaccine for the
treatment and/or prophylaxis of catile against infeciions in catfle, wherein the combination vaceine
comprises attenuated BVDV (lypes | andlor 2} a5 described herein and at least one Farther
immunclogical active component effective for the treatment and/or prophylaxis of infections caused
W by IBR, PI-3, BRSV, BHY, Pasteurella haemolytica and Pasteursila mublocida fcombe 121].
According to a preferred embodiment, the combination vaccine comprises attenuated BVDYV (types
1 and/or 2) as described herein and at least one antigen of IBR, Pi-3, BRSV, BHV, preferably as
live modified viruses, and Pasteurella hasmolvtica bacterin and Pasteurslia multocide bacterin
[comba 122]. According to a further preferred embodiment, said combination vaccine comprises

15 neomycin and thimerosal as preservatives [cembe 123].

According 1o a further embodiment, the present invention relates to & combination vaccine for the
freatment and/or prophylaxis of catile against infections in catile, wherein the combination vaccine
comprises atienuated BVDV (types | andior 2} as described herein and at least ome further

20 imunological active component effective for the treaiment and/or prophylaxis of infections caused
by Myreplasma bovis [combe 124]). According to & preferred embodiment, the combination
vageine compnses aiteruated BVDV (types | andior 2) as described herein and at least antigen of
Mycoplasma bovis fcombe 125]

25 According to a further embodiment, the present invention relaies to a combination vaccine for the
treatment and/or prophylaxis of cattle against infections in catile, wherein the combination vaceine
comprises attenuated BVDV (wpes | and/or 2) as described herein gnd at least one further
tmmunological active component effective for the treatment and/or prophylaxis of infections cansed
by IBR, and Mycoplasma bevis jrombe 126} According to 2 preferred  embodiment, éhe

30 combination vaccing comprises attenuated BVDV (types 1 and/or 2) as described herein and at Jeast
antigen of IBR, preferably as live modified viruses, and Mycoplasma bovis [eombe 127,

According to a further embodiment, the present inveniion relaies to 2 combination vaccine for the
treatment and/er prophylaxis of catile against infections in cattle, wherein the combination vaccine
66



174,175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185,186, 187, 188,
189, 190, 191, 192, 193, 194, 195, 196, 197 198, 199, 200, 201, 202, 203,
w2 %69p406, 207, 208, 209, 210, 211, 212, 213, 214, 215, 1§16 217, 218,
318350951, 222, 223, 224, 225, 226, 227, 228, 229, 230, 53{VS34/060918
233, 234, 235, 236, 237, 238, 239, 240 and 241], that further comprises
antigen of Streptococcus app,, preferably to Streptoccoccus uberus and/or
Streptococcus dysgalactiae, and/or Staphylococcus aureus [combo 249].
According to a further embodiment, the present invention relates to a
combination vaccine for the treatment and/or prophylaxis of cattle against
microbiological infections in cattle, wherein the 15 combination vaccine
comprises attenuated BVDV (types 1 and/or 2) as described herein and at
least one further immunological active component effective for the
treatment gad/or. pronhulais of infegtions caused by Streptococaus app.,
preferably, Sirepiaceocsis,uberys,andlor Streptococelis dysgalactime,
Staphyloc,osﬁyﬁ.aumééﬁﬂsm@'@amnmﬁagmﬁékxgge'g&gf?&%? [SORIDO
2501. Acgpiging ie.aprslerrad. cabasiment. ihe sembipation yaccine
comprises aliehbaiedia0BMRY: (vpes:Landior ). asdeseribsd.begein and
antigen of Streptococcus app., preferably Strepteccoccus uberus,
Streptocogceis dysgalactiag-ane/ gLSlepiacseUs Aaks. Klehsiella app.
and Myceplasnaa AR eaae:2atl: ASLding iR M A SRIEIBE x.
embodimentithaxsembingdianyaceine sonapssesaiienuated BY RY.[types
1 andior Zrasgesatibectheramnanet-antigan: ol Steplacoseus: @PRued
preferably Biepiorcocsusamain andiasliapiecacclisLa-dysgalastiae,
Staphyloceceuis:atrews, Hiekslia.epprMyeoplasmasapppranskepaatoxin
[combo 252 & Aesardirrg o, afirther-embodinent yithe, prasentinvention
relates tdremeommbination vaccine for the treatment and/or prophylaxis of
cattleragainst microbiological infections in cattle, wherein the

According 1o a further embodiment, the present invention relates to a combination vaccine for the
treatment andfor prophylaxig of cattle against infections in cattle, wherein the combination vaceine
comprises attenuated BVDV (types i and/or 2) as described herein and af least one further
immunological acive component effective for the treatment and/or prophylais of infections cansed

2 by EBR, PI-3, BRSV, BHYV, and Myceplasma bovis [combo 132]. According 1o 2 preferred
embodiment, the combination vaccine comprises attenuated BVDV (types t and/or 2) as deseribed
herein and at least one antigen of 1BR, F1-3, BRSY, BHY, preferably as Hve modified viruses, and
Mycoplasma bovis [combe 133].

25 According to a further embodiment, the present inventfion relates 10 a combination vaccine for the
treatment and/or prophvlaxis of cartle against infections in castle, whersin the combination vaccine
comprises aftenuated BVDV (iypes 1 and/or 2) as described hersin and ar least one fusther
immunelogical active component effective for the treatment and/or prophytaxis of infections caused
by Pastewvells haemelyiica, Pasteurelia muitecida and Mycoplasma bovis leombe 134]

36 According to p preferred embodiment, the combination vaccine comprises attenuated BVDV {types
1 and/or 2} as described herein and at least one antigen of Pasteurslla haemolytica, Pasteurelia
multocida and Mycoplasma bovis feambo 135],
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30 combination vaccine comprises attenuated BVDV (types 1 and/or 2) as
described herein and at least one further immunological active component
fecti the treatment and/or prophylaxis of infections caused b
‘%lgﬁ%éii%n and Microsporus, preferably selected from Trié%%ﬁ%g%m“gw
verrucosum, Trichophyton mentagrophytes, Tffichophylon equinum,
Trichophyton sarldsovii, Micresporum sands, Microsporum cants var.
&mum, Microsporum cards var. distortum, and 94 Microsporunt gypseum
(combo 253). According to a preferred embodiment, the combination
vaccine comprises attenuated BVDV (types 1 and/or 2) as described
herein and antigen of Trichophyten, and Microsporus, preferably selected
from iffichophyton verrucosum, Trichophyton mentagrophytes,
Trichophyton equinurn, Triehophyton sarkisovii, Microsponim cants, 5
Microspofum,eanis.ar. aResu. Misrosperurn earns var, distortum, and
M iCrospom&mspmy[&gmp&e%gs:ﬁ.f in e%t%gsrg IQ}Q{:} %hgran!i'l tgﬁgngblengyoggagc!ment’
the presenf,inveplioRrglakes 10 @ combination.vAgeing 10,4220, thgl further
compriseg.aR.iRERAClgical active-cRmRRReRt Hesive Iprihe eaiment
and/or; propfiyiaxis.ah IGHENs caMse AR e ONS.CALSRH BYb, 136,
Trichophytensand Micraspoius. Rieisrably selected:from. Tichaphyian
VErrucosu lyol fj el iaphuiQr mantagrophyisss B JHehephyiomequRum,
Trichophyiea-sanrkisoui, MictosSROMIN-CaNSL.MISIASRAUA-canis var.
obesum, Microsporum canis var, distortum, and Microsporum gypseum
[combeo 2&bkirAcecardingdasafurthei.e mbadiment, (Re.preseptiRyeriion
relates torareormbinatBMMaCeine.3t: Ba1b: 2524: thatfudher.comprises
antigen obdriehepide Rvanduicresporus, prabterably seleated iathne
Trichophytendsgtriucesunndl ighop by ie naneniagr apiryies: ket aphybon
equinum HTEsIFoP Ryterisankiebi, MicreBpoOr: 6OTNG rMISIOBRORERRCANIS
var. obesdhidditnosporiar eendswarh: distorienmede angid iorsporum
gypseumifeo v 2B Bldsidied hdimgrtoafisrther ermbodifant, thiergouree of the
combinatiefffatemessuAldirerdfticAtafiflie rifo8ihd Al oGV jeombo
BAR-VAGH) 7, BAR-VAC(r) 7/SOMNUS, BAR-VAC(r) 8, BAR-VAC(r) CD,
BAR-VAC(r) C/DT, BREED-BACK"- FP 10, BREED..BACKTM FP 10 HS,
BREED-BAERe P U BRE R &6 BREEDBACKIEQ",
CALIBE RS AP E R Y 7o BPPIE 7S Mt Ehgein (5] PPEDGoMSTiRg,
EXPRESS™Y® ERBHESS {OH S "EXPRESSH S EXPRESSH) 371,
EXPRESEH ) EERPRESSIT] 5 X PRESS AL PSP PR PRESSH) 54PHM,
EXPRESSI EXPRESSTHemerte fetrim e Dy oARD"
MpB, PUETIO E GERE A BRI SRR P e festeyifes anenuaied
PULMO-GUARBm BHR-T TP GARE VRIS HER 18- 90 B (al
of Boehrﬁ@e‘g?{}iﬁsgwejﬁelrﬁ,‘é’fsff’ogmeeﬁr 0 ) 07l Al BT A I S o B
Master Guard’f'rls I5re'g 5, Master Guard(r) 10, Master Guard(r) 10+ Vibrio,

Master Guard (01p..0-H M. Bag(n) 1, Prevent 6°, Respromune(r) 4,

Respromyne(f) 4.+, SOnnUmUng I SET BRSpiominelIs ™ -
I-BP+BRSY, RESRIGMMIR(), 2+ L2 Respromyne(n.o+le Somus, -
Respromyneh:tRamutmiN B EIRRTUNG LRV h-RESRIeMUNE(n 8,
Respromy ag(io:9 sRASBAIPHIGEL hn WGt famSQHLAR Y Hm.:

Scour VaCTM E coli + C, Sornmunungr), Titanium" 3, Titanium™ 4,
Titanium" 4 L5, Titanium", 5, Titanium" 5 L5, Titanium(r) 5+P.H.M. Bac -1,
Titanium" BRSV 3, Titanium™ IFIR, Titanium" IBR-LP (all of Agri
Laboratories Inc., St Joseph, MO); Herd-Vac(r) 3, Herd-Vac(r) 3 8,
Herd-Vac(r) 8, Herd-Vac(r) 9, Surround”, 4, Surround™ 4+HS, Surround”
8, Surround" 9, Surround™ 9-HS, Surround" HS, Surround" L5, Surround”
V-L5 (all of 30 BioCor, Omaha, NE (Pfizer)); Mycomunet (Biomune Co.,
Lenexa, KS); Bluetongue vaccine, Bovine Virus Diarrhea Vaccine,
Campylobacter fetus bacterin-bovine, Essential 1, Essential 2, Essential
2+P, Essential 3, Essential 3+T, Essential 4, Lepto-5, Mannheimia
haemolyticaPasteurella multocida bacteria, Pre-breed 6, Pre-breed 8,
Respira-1, Respira-3,Wart Vaccine (all of Colorado Serum Company,
Denver, CO); Pyramid(r) 3, Pyramid(r) 4, Pyramid(r) 4 + Presponse(r) 96
SQ, Pyramid(r) 5, Pyramid(r) 8, Pyramid(r) 9, Pyramid(r) IBR, Pyramid(r)
112RR+1 antn Trianadlalfrl | + Tvne IE R\/D Triannla(r\ R + \/I B Trianala(r)



Dose and administration: According to the present invention, an effective
amount of a combination vaccine administered to 30 cattle, including

ws and calves nursing pregnant cows, provides effective

“&?ngm% against microbiological infections caused by BVDV ARy ¥Pe4e s

one further pathogen as listed above. Prefered combinations of antigens
for the treatment and prophylaxis of microbiological diseases in cattle are
listed above. 99 Acording to one embodiment, the combination vaccine is
administered to calves in two doses at an interval of about 3 to 4 weeks
For example, the first administration is performed when the animal is
about 1 to about 3 months of age. The second administration is performed
about Ito about 4 weeks after the first administration of the combination
vaccine. According to a further embodiment, 5 revaccination is performed

in an inter/v%l Qe}tngntﬁﬂﬂ'%crcro]rgpgtg g‘fptr%{:na gp;{.)mi%tel;%t OBQD% Extlbtign Svec%ioencgmdr(l)s&?se' Ina
I S A i Sk i R
prior to apimabhiecding £h8 serend.adminisiation s periormed about 2
weeks prigiianimalbieading Administration of subsequent vaccine
doses.is preferably done on a 6 month to an annual basis. In another
preferred.embpdimant .animalssaccinaigd-hefors 108.298.0LaRM0
months shauld he-lRkemaceinated.afies:fmonths.of At Administiation
of subsequgntvacciseeses:is Prefarably.dona an.anapnualiasis, The
amount okeambinalieRvacsinedhatis.efiactive depands P88 cusad
ingredieniseafthe: vacaine, anduibe ssbadue niadmisisy abioRdampically,
when an jiraet vatachwuirus.abiamostiie ch iy vitkis.d Bvpraparatian: is 4sed

in the combination waeomepamamourtofithevacs ne-contaimbig.about
102 to abouts198sd @1 1350 per dose, preferably about 103 to about 108
TCID50 per dose, more preferably, about 104 to about 108 TCIDso per
dose.Forexampkeirtibetlbd @b, t: abountds FEIDsO:-pehdase s for te
attenuatetB¥BY o typesxs afveiRir-cffettive wircrratministersd wwiee to
the animairgurinteape ot ¢FRbberkodsnveeits! hrgentrakinactivated
antigen igmeetrztycirs egamet kfkrere fnte tratsthsi Beey 26 shigdiviedurituses.
TypicallySwWHBnTrtrerlti ataeitifie rfigeerstedrivicttie cohibirmationivatcing, the
vacciffe ¢6TitdinG @i gurtrstialsoentTon: teru erpiis ctsori RSPy units
(CPU) pertf§sa Hprerbrdnny abs i 1oetisatdtit rosfcr iy puiitose, more
preferabf“AF5HH 0SB gHot 1D sTCRUIY Pertisdein e event, the
combination vaccine comprises live modified 113R, the amount of IBR
antigen 8 “Z5'BYFABAPI A FaETsY HISUEN 105 0 TOP8TCPHdHer

dose fin tHEEVEAY THE CS SISO VASERE E8mpBHER SRR HisaERr P13,
the amoﬁﬁ"fpgsfﬁcf?’?ﬁ%iB\é%viéwf)ffe‘fea?;g?ﬁlff i EFARGE8F ABSUF o780
7C1D50 BEHTER T T SN OB O] G e eiceive
mOdIerdﬁFBr nvf Eheﬁg}ggnl‘iln 1Oe:}t the mbi%glfj ecgmlzscc rg';ﬁ?-raagur‘ieé@ 6})‘5an se of
about 1043 f 10068 TC LS per dase. I Hic evaiit (e Sombinction
vaccine complises KB MK, the amount f 16k anfach IS prsSiably in a
range of 30 about 1099 to 10" TC111350 per dose. In the event, the
combinafioRyacARG.SAmRRSESkled Rldshe.amauntefbl3.antgen is
preferably.if.a {ABgRRLADO Wil 0t JOR%: T GHRSRRE QS .LIR, (ig.gvent,

the combination vaccine comprises kijgd BRSV, the amount of BRSV
antigen is preferably in a range of about 105'5 to 107-5 TCIDso per dose.
In the event, the combination vaccine comprises killed Leptospira spp. the
amount of each Leptospira spp. antigen is preferably in a range of about
1079 to 100 1010 (CFU) per dose. In the event, the combination vaccine
comprises killed H. somnus the amount of H. sommnus antigen is
preferably in a range of about 106-9 to 109 (CFU) per dose_ The
composition according to the invention may be applied intradermally,
intratracheally, 5 intravaginally, intramuscularly or intranasally, and
preferably intramuscularly or intranasally. In an animal body, it can prove
advantageous to apply the pharmaceutical compositions as described
above via an intravenous or by direct injection into target tissues. For
systemic application, the intravenous, intravascular, intramuscular,

intranasal, intmarterial, intraperitoneal, oral, or intrathecal routes are
nrafarred A more local annlication can he effected ciriberitaneaniichvy




Description: XIKE A, live virus BVDV strain Composition: Experimental
material comprising of cell cultum supernatant of low passaged XIKE-A
V. ents: BVDV type If strain: XII<E-A Supplied by: Dr.
“%e@g?sq Iir}gﬁt)]{rrldesforschungsanstalt fur Viruslaankheiten der }i);?épllg 52996/050913
(BFAV), PaulEhrlich-Streik 28, 72076 Tubingen, Germany Applied BVD
virus dose: Type | strain:105 TCID50/6m1 (TCID = Tissue Culture
Infective Dose) Applied vaccine volume: 3 ml per nostril Application route:
Intranasal Preparation of dosage form: The inoculum was sent in a
pre-diluted frozen form in a 50 ml vial on dry ice and was stored at -70C
before inoculation. Immediately before inoculation of Group | heifers, the
material was thawed avoiding local temperatures above 37 C. After no ice
was visible in the fluid, material was gently stirred and immediately used

for inoculgfign.of the.ammalg,,Ynused ingculum. The ¥ﬂ9lurpe of tp er
unused maleralwas.neasH e 103 204.50/1L0 ﬂopﬁxgolg,g'%% PSR
immediatg, fieezingsn, deeRUAENIRMEN ARd-SQred, for re-fitration
purposes;ainis.and ¢ARtATIRRIGHLPIRSHE.ALJIASKVAIGWSEe. NG 4Hhated
with an appropriaie,wolume.akan.8 a L0 % fornaldahydessalution for.at

least 24 haursiak e demperalwsdeipmdiscarsling in. orderiodpastivate
viruses. f@st Strain B Description: XIKE B live Villa BVDV strain

Composition: Experimental material comprising of cell culture supernatant
of low passaged. Xtk BB camppananiss: RMLY 1ypetistiain. 5 KE-B
Supplied by Endor egonhieyas pRmidaestorsehungaanstallifaks vaccine
Viruskrankheite maerd iers’” (B&AyPaulEbeich-StaBe 2 8.7 20 Abher
Tubingen-@eranyApphed By winus: dosei Ly Perdysiral i kdbns caused
TCID50/6rrR( PG| BesvTissuR-Guttd te-hfect veDoso)Applied voceine
volume: Bamitep&y nostik Applicationdouietd niranasakRrapaiationndisd
dosage f&H#Y. (vTheadocuiticwdSesentdn espre-dibstedHrozesiorm:m a 50
ml vial orrtifgpice Andwis Storeeral=Fed: beforacinbeutetiontcmrmediately
before in&setEtMe AT Group 2 heifers, the material was thawed avoiding
local temperatures above 37C, After no ice was visible in the fluid,
material WAL Geiith Sty et infimetiselrimadfodnoentation etithe
animals. TS VAETThE ThEN Bluie! Bf e indsdd: MaféitPyidsiz
measurelfatfé %f)ﬂfﬁoﬁ?t\% Aidiiot¥ bifbFe iniiediate: tréaFdpitteirice or
liquid nitrageft: énd“?té"f éf”t"oi“’rés‘m?&fﬁihg PRGSEE At Y o etittinated
plastic o YEEEWAFE Wa BRSSP AITY b‘ff?ﬁ’ﬁﬁt@“?f(’)lﬂrﬁé e 8-
10% forrﬁ cfe"h 6"e S0 u{‘%‘r‘fs?g? L S2‘21:‘??0 FS ‘AP IS tspkattife
beforé dl%(%hli@hg in or&éer ‘i°(5g'i‘ﬁa5?’vaLte§“iW\’ﬁ§’@?° S BYRENEHES EBRHB!
Pregnan%é was "%qo af %(T Sﬁf b:;qté‘fpe‘f Sefore a:ﬁﬁ@“étlé t;f’:&;ﬁnﬁ?&‘gdvfg@n of

Heifers IcTIIqéa ate of i ?C% 19N s, VO o e & experiment. i each

10 any 3,114, 115, 316 117 120, 121122

nostril, t r m|n|sL r ahasa nnge
o eI £ %?é%img%? P@Y\éﬁéflﬁ. g
Administialign WAsRGIToN0RY g, e, aepl 2l Bisse 'Qn9p2§e£o§£
minimize, |ss,0%4] éﬁmm exRialionotmateral, Ep%%o noculation, -
Observaligns 2.LQlieclion and.gxeminstian. o g'Q 00d.S3m FAL%SS 'ﬁegosd yvas
coIIectedntggg,wlgggggggg,gmgﬁgm(gsgrocedures (disinfecting the bleedlng
site). A new sterile syringe and needlggwas used for each animal Blood

collection to prepare serum 10 At least 10 ml blood was collected from the
heifers immediately before inoculation, then weekly after infection and at
the termination of the study. Serum was stored at -20 C until required.
Blood collection for leukocyte counts and buffi, coat preparations For
leukocyte counting, 3 ml blood was transferred immediately after
collection to suitable sterile 15vessels (Venoject, Terumo Europe N.V.,
Leuven, Belgium), pre-filled with 0.06 ml EDTA (0.235 MOUL). For buffy,
coat preparations, at least 15 ml blood was transferred immediately after
collection to suitable sterile vessels, pre-filled with 0.1 ml Heparin solution
(Na-heparin for inj., 5 000 IUdni lot. 20 A7B163A exp. date 11/2000:
Gedeon Richter RT, Budapest, Hungary) yielding at least 20 IV Heparin
per ml blood in the blood sample. The content was carefully mixed

thereafter. For preparation of buffy coats and leukocyte coming, blood was
collected from the heaifare



5on every day, between Day 0 and Day 14 after infection; 25 aon every
second day, between Day IS and Day 40, or until all animals were
‘g‘g%&w}e ,ffgorgvirus isolation for three consecutive sampling time points.
reparation of serum Blood was allowed to clot at room temBERH8eRAH918
separated by centrifugation. Each serum sample 30 was divided into two
aliquots of at least 2 ml each. One set of aliquots was assayed for BVDV
specific antibodies by ELISA The rest of the sera was frozen and stored at
-20C until required. 105 Leakoeyte counts Leukocyte counts were
determined with a coulter-counter semi-automated electronic device
(Diatron Minicell-16, Messtechnik GmbH, Wien, Austria) with a claimed
accuracy- of 0.1 x 109/ 1, 100 / pi. The instrument was used (calibration
and leukocyte-counts) according to the 5 manufacturer's
recommendations. Preparation of MIL, coats Heparin blood samples
were rangpoited.to e laboratony, as soon, as possible, Buffy coat
preparation,gogedure, Tellanifo.a el EbAEton rCen e s
performegiindatasepiic, soniiians (stefe gingdes, hafidltg, eléan
bench e1G.), LeORIRRed U GORISYare, 6 SUSPEde i A'sialf*
volume (2,mbaf REM:1640.a00 Jigzenat., 10, =0 AICLS OTDCS ml
The residual Lalhully coaks, weremmediately used for deterinafion of
blood cellassaciaier BYRY by, co:cHllivation in ?m?ﬁﬁf‘i‘f?:%&%%%i' ,CHiure.
15 BVD seyum antihody EL1SA:test kach $EHHN3340 E’J? 1‘9@1%6??33‘?? for
the presenge:iaB VR \sanlihedies #sing 4 Seilablg and.yalidaied ELISA
test (Svanawipn-BMRY @atibegy test Catti 10-2200-10). Each test was
validated and performed according to the manufacturer's
recommeneations: Rasitivs.sampleswaradillied.2086Caring.fq,the log2
scale to determniney BV \Veantipody, ticis, Hki)ianiigen assay(s) 1 5ach
huffy coat:sampie wasass ayeddfa.the prasenen B :BMRN:0Y40, 141, 142,
co-cultivatiorefthedrashiy, prepasediblifyrepatsmith.susceptiblecells or
a cell-linesidoefre@zingonzs-atiow ed b efore-co.2baultivatiany Rlasma.was
collectedréngprevidecte-Man«Cenetdomeeachmsample . Gl Cadbospira
observatimss30-0 hservationrefeifergsnimals wererexaminad-claiy from
Day 0°- 42rptstlivbrcatétioniforteprésenceioftinicalsympiemssby a
sufficienti§Ptraireeseteritarion re6- AdCalimcaeigns wero e eoxded and
described by et elet oS stenicetie o, setieiity i dentedium or
severe) [BEHHBA S Of Hhd ardh 3THEEE ) Brids tHey i Ere Scufaek, 126,
according td%&dre &t Bhd stdh fdriibfinticis s pedial aehtoniwas.paid
to reSpiratofPsIGnE et Aottt e misa Pt iahedise marres or
conjunctiVifis P&tk 2IntfPEBliy HE Sty ar d dtariea s RiselalLepospire
temperaﬁjﬁbmgp’%%c@“fgfﬁ&?ﬁﬁﬁﬁé’é WBFE th 34U EH gy i et Hedfer, at
the sam %eﬁ:o: ::r: gﬁﬁeméfij;{@?péfé’@ﬁi‘y%‘%@‘ FEATHER it SP e o to
the inocufatidn UNtiF 21" days PEstfettisi b Baily measurement of rectal
temperaatégoemi\ﬁvqos%%gtin%gdgmun'%leeagnl‘gmqigniﬁrglarl Qag rectgal temperatures
below Orn%%}é%% (o) pr:gjf'or a ca%a;s‘f;ﬁmgromrgggguigy ayS tEEetis ot
interrupted,pregssaacy Pregnanciiel Confimdrt ay Sasbietsrtd
abortion,gr iserRlan,ofie fetus was dhtablishad By1e fEgtar = ==
examination. A trained veterinarian examined all animars AETRE&iation, 1,
and 2 months post-inoculation. The examination was canned out
according to the generally accepted veterinary practice. Heifers were
examined daily for any sign of abortion until termination of e study (8 - 12
weeks 20post-challenge). Termination of the Study The study was
terminated by slaughtering the heifers and extracting the fetuses. Fetuses
and fetal material were transferred into closed transport containers
marked with the number of the cow and 25 the date/time. Containers were
transported to a selected necropsy room. Necropsy of the heifers was not
required. Necropsy was performed on fetuses, findings recorded and a
panel of samples collected as described below. 30 Post-Mortara
Examination A detailed necropsy of the experimental animals was done in
each case of death. Post-mortem examinations were carried out by an

experienced veterinary surgeon and the data were recorded on
annronriate AdAata cheote Ernirther lIahoratory tecte were nerformed




Peyer's patches, mesenteric lymph nodes, spleen, kidney, uterus,
including a sample from the placenta, if available. Storage and Transport
“% %qﬁ Sam.les: Stor te: Se -20 C Bucoat -70 C Virus -70C Tis
from |ssue from fetuses -70C Samples were sent for ISE/[@%‘
analysis as required by the sponsor. The choice of samples and the 30
timing of transport were agreed with the study monitor or the project
manager. As a matter of 108 general principle, samples coming from
aborted material or from new-born calves were inv gated as soon as
possible. RESULTS 5 Summary of BVD related clinical and laboratory
data Group | NT: not tested Group 2 Animal ConclusionBVD No 469 565
588 6(18 1619 Clinical BVD abortion Expected BVD abortion; non-viable
foetus Normal Normal BVD abortion (foetus post-modem) - (foetus)* +

(foetus) -, ius) + (foet mm(fo fus) tuses. were autoj sed at
the tme &l aat é]l’fqgéﬁ s ,,flgkui(ﬁf%mgé faet e safety
of XIKE-A Ang,X1IE+ I Areonant Umale henpreanant her %f%egiefe
selected fiama BVRY,AEARUNEEId.d 0, JloURs ofo helfers were .
included indhg.iriak.ene wasdnesulated with-XIKE-Athe other W'th XIKE-B
virus strain. Heifers were between 15 days 60 and 90 of gestation on the
day of inaculation..Haifetsseis mopitated fonthenresence.af.clinical
signs of BckiM: infechion inaluci @aRe e ns, A ing danlsetvabienperiod.
Blood saspiessnane, aellecterdinm, thosalimals, i1 6 69)08Ye:a6508)
detectionarnekwizijie: ek callsnyRiecuiackd he, QXPe e Wass:s,
terminateskSsweeks: aftossinfeotiorNonabaried eows ware, slanghtered,
the uterusexamined and<olicsioc:, Eetal, organ, samples wese, 6allegted
during rowtine.necropsy en b 0examined a8 Vb infection: 10%:The
XIICE-B vitussprevec te e lessi pathogenicsthanX i snove itheless
BVD relatddsbestisnm sndeinfe etiomofihe. festus wassobsened inthe
XIKE-B gféuf; t&ond Hsrforéuitec eonrbes eonoluded:trat-thepinactiaton of
the E" RNasetes o rprerentfefalimfcctiony SieddANPYE By Xiosuidium
RDVXIKEeARM fodtopalivgbfierfyrdsseys st rtindpeegistint mimterecThe
NI" geneKasHeet it it tor retngiTe ystm tichfoe groveth OF@BPY. i2tissue
cultur® (Pratsthih Gt 167Ar ¥98) PEVEPthHugH &!p Aob P ol BYDN!. 022,
attenuatitfr tH-CohEedticit Eor N “ddlaiEm s SHIPTnRSHTY 74 itedPthis
protein il th& meratio i Beth et Vitirs "8t Ho 5t $eehigd ' th BePosiible
and was (’S%ﬂfi”éﬂy iMfEIAEY By FedenteXpefitiBhte iy &S Y Gukydiet al.,
2004; RuP%fgf’géP §t;’8§dﬁ3?gg\ﬂ? TS NAHER T RERGRE Whather the
deletion of the lr(r’wsa%rmﬁ P N éb‘z’dlr‘f 1% qaéﬁc‘éqé]édégt& 2! ¥iris that
no Iongeuh ei:is t e e fﬁgﬁ%?ﬁiﬁ heitet THe N }'3&é??ei4%3(‘ﬂelé’f 15 for
the 5' termlna )

(Wﬂ( (918

['4 ¢ fc%S\]/ft/ s dle E‘te *from’ the‘jfuﬁsleng ?N‘)—a\‘
pICANE4OA acco‘?’ “"g" ]ffarcfmr&re Sgures” &‘I'I%”e resu'itln’“'""r’nu aﬁt full

e Tesent 1nv. tm . 4 com
length, clone qu us or Jn VO ranecriBian an
0 any One o com

resuling RN e iposiGele zmg %'E?z?té Lt QM r et
al., 2002),,T ob@ogsggvsg%qgwmmma%% &ﬁﬁ%%%ﬁ%ﬁ an }3 en
used in the animalexpermentdescibed 951939/3 BYRYXIKEB,5erved as

a controlygj Q?@O%Wﬁ%ﬁhﬁé"ﬂﬂetb@m? OIJ]@L '&BS(:@sb!:% @@@9%‘3%@ t&? tBl.zacenta
(EXAMPLE 1). 25 OBJECTIVE(S)/PURPOSE OF TUE STUDY The study

aims to assess the safety of a live attenuated BVDV the N" coding region
in pregnant animals. Material and Methods applied are described in
Example a genomic deletion of most of STUDY DESIGN  Eight
pregnant heifers were assigned at random to two groups. They were
treated and observed 30according to the following schedule:



Groupl Group 2 N5 Treatments X1KE-A-NdN XIKE-B / control Route
Intramuscular 110 Vaccination time between days 60 and 90 of

day 0O of the study) Observations Post-vaccination (in Life

“%%%%Qgpggﬂr%s Serum at days 0, 14, 28, 42 and at termination” @%\1’%3?/]8

0 and then daily for 14 days Buffy coat at day O and then daily for 14 days
Post-monem (day 60) Gross-pathology Organ panel for virus isolation
Type of study: open controlled clinical study Experimental unit: Individual
animal Method of blinding: Partial blinding. No detailed procedures for
Winding and access to treatment schedule were applied. The observing
veterinarian at the study location and the pathologist were not be aware of
the treatment; they only received a protocol extract relevant to their tasks.
Vaccination was performed by the investigator or his assignee. Samples

for virus igglation. werg.ceded Ry the invgstigator until all results are;
available,, RESULTS, s Allhejiers,were healihy and breqnant al,siydy

start All apimals;provad 1o be (186,01 BYPY.and ARYDY,anfinodies before

the initiation of the.atudy wk FeRRTatRN.and.CPRIRLf the.Yius usgd.for the
Infection Samnles.yese collected throughout the dilution steps and

assayed on the day of preparation, i.e. towithout freezing by co-cultivation
on suitable.ligsue, GuliEen.dhe: reswits Al Mtk it ation.aeshewpdnthe
following dakhle. Sampleyhs \irs.sirainRilutiond descrntionl oam, tire/m
VTla XIKEnhdNaN£S) odigiddlnd G S Ml oD 2lde2d HR:GaNkELRENING
4.0 Vil ConR@kbss NBifside-? 8 Todponbl Kefeeri® 12 2. (REufkdC hadoSpiphddds 43a on
ice without-apering &.8uikde, Rebuas af 3k Nagativema Closidium tetani

frombo 163} According to a preferred embodiment, the combination vaccine comprises attenuated

BVDV (iypes 1 and/or 2) as deseribed herein and toxins of Closiridium perfringens Types A, C
and/or D, and Clostridium tetani jcombo 364]. According to & more prefersed embodiment, said

15 vaccine comprises antigens, preferably toxins, of Clostridium perfringens Types &, B, C, snd/or D,
and Clostridium tetani [combe 165].

According t¢ a further embodiment, the present invention relates ¢ a combination vaccine
according ic any one of [combo 001, 002, 003, 004, 005, 606, 007, 0GR, 009, 010, 011, 612, 813,
6 014, 015, 016, 017, 018, 089, 020, 621, 921, 623, 024, 025, 026, 027, 028, 629, 030, 051, 032, 633,
034, 035, 036, 037, 038, 039, 040, 343, 042, 043, 044, 045, 046, 047, 848, 049, 050, 651, 052, 053,
054, DSS, 056, D7, 858, 059, 960, 861, 862, 663, 064, 065, 064, 0&7, 058, 069, A7C, 4771, §72, 473,
074, 078, 076, 077, 978, 079, 030, 681, 082, 033, 084, 085, 086, 087, 088, 089, 650, 091, 092, 693,
494, D95, 094, 097, 498, 099, 100, 151, 101, 163, 104, 105, 106, 107, 108, 109, 110, 121, 1§2, 113,
25 114, 115, 116, 117, 118, 139, 126, 121, 122, 123, 124, 135, k26, 127, 128, £29, 130, 131, 132, 133,
134, 138, 136, 137, 138, 139, 140, 141, 147, 143, 144, 145, 146, 147, 148, 149, 159, 151, 152, 153,
154, 155, 156 and 157], that further comprises an immunclogical active component affective for
the weatment and/or prophylaxis of infections cawsed by infections caused by Clestridiem
perfringens Types A, C andior I}, and Closividivim tetant jcombe 1661 According to a further
30 embodimnent, the present invention relates to 2 combination vaccine according to anv one of [combe
601, 402, 003, 004, 005, 006, 607, 008, 009, 010, 011, 012, 013, 014, 315, 016, 017, 018, (19, 020,
021, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, (37, 038, 039, 040,
G41, 042, 043, 044, 0435, 046, 047, 048, 049, 050, 051, 052, 053, 054, 035, 056, 057, 058, 059, 060,
061, 062, (63, 064, 065, 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 679, 080,
73



Clinical Symptoms of BVDV Infection 15 The table below gives a
summary about the period. Ms that had clinical signs during the

b jon Clinical Sirms and the days post inoculation (DP(L)%When the
W\?’\}é%@g(\/;ﬁgg%ed Group | (XIKE-A NdN)Group 2 (XIKE-B) 111 .S%?:%ﬁ"’s%?%g
Animal ID 1583 Loss of appetite 8 Lachrvmation Conjunctivitis - Nasal
discharge - Oral erosion Oral haemorrhage Diarrhoea Coughing
Abnormal breathing Elevated respiratory Hoof erosion  Only mild and
transient clinical gns were observed in some of the animals in each group.
In Group 1, one out of the 5 heifers had loss of appetite on day 8 PI. In
Group 2, two out of the 3 animals had clinical signs. Both heifers
experienced coughing around day 21 PI that was 5 accompanied with loss

of appetite in one of the animals. Rectal Temperatures No abnormal

temperatyyre, changes,waie deigciedheiors.the inpgyiation ofhe apimals.
The few cases of glevated lemperatyres, measured after ihe jnogljation
are summarised.in,thetable below, 10, Groyn,Animal ID Temperature
(C) Pl day, 2,1583,1671 1438, 1282:3%8 390,3%:0,40,8 8% £: 9500
animal in.gach.greuR.bad: slighitly, elevated fempetatvre,.2nd also.Qne
animal ingacharauphad fever. Eeverwas.dstectad.on.0ay .8.053Bl-
Temperafutge Yaluesaways (et e dsanormnat valuesandadelioning
day. 15 Leykesyde:E;aunts o1v, oze, 21, 022, 023, 024, 025, 026, 027, 028, 029, 030, 031, 032,
033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, (46, 047, 048, 049, 050, 051, (32,
10 053,054, 053, 656, 057, 058, 059, 060, 061, 062, 063, 064, 065, 068, 067, 068, 069, 070, 071, 072,
073, 474, 075, 676, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092,
003, 0%4, 095, 096, 097, 058, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113,114, 115, 116, 117, 118, 119, 320, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132,
133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152,
13 153,154, 155, 156 and 157], that further comprises antigen of Clostridium perfsingens Types A, B,
C, and/or B, and Clestridium tetani feombo 168).

Aceording to a funther embodiment, the present invention relates to a combination vaccine for the
weatment and/or prophylaxis of catile against microbiological infections in catile, wherem the

20 combination vaccine conmprises atenuated BYVDV (types | and/or 2) as described herein and at least
ene further immunological active component effective for the treatment and/or prophylaxis of
infections caused by Closividizm chauveei, Clostridium septicnm, Clostridiem neovyi,
Clostridinm sordellii, and Clostridivm perivingens Types 4, C andior D [eombe 169}
According to a preferred embodiment, the combination vaccine comprises attenuated BVDV (ypes

25 | andfor Z) as described herein and antigens, preferably toxins, of Clostridium chavvosi,
Closiridium septicum, Clostridium novyi, Clostridivm sordehlii, and Clostridium perfiingens Types
A, C and/or I} [combe 170).

According to a further embodimeni, the present invention relafes i0 a combination vaccine
30 according to sy one of {combe 001, 662, 483, 004, BG5S, 066, 007, 008, 009, 016, 011, 012, 13,
014, 018, 0%¢, 017, 018, 019, 620, 021, 022, 023, 024, 025, 026, 927, 028, 029, 630, 031, 632, 033,
0434, 033, 036, 037, 038, 039, 040, 041, 042, 043, 044, 048, 046, 047, 048, 049, 050, 051, 052, 053,
054, 085, §56, 857, 058, (59, 060, 061, 062, (63, 064, (64, 066, 067, 068, 069, 070, §71, 072,873,
074, 078, 078, ©77, 978, 079, 080, 081, 082, (83, D54, 085, 086, 087, 088, (8Y, 090, 091, 092, (53,
74



Some leukopenia was observed in all groups between Pl days 3 -8. The
number of animals with at least 40 % reduction in white blood cell count is
“yé gag/?;% 112 GroupNumber of animals having Ieukopegta / total
? 0) 21/3 (33%) Serology (BVDV antibodies) In compl%ﬂgg\m%%mm

the study protocol, all heifers were free of BVDV antibodies before
vaccination. In Group I (inoculated with XIKE-A NdN) and Group 2
(inoculated with X1KE-B), complete 5seroconversion was detected only at
study termination (2 months after inoculation). BVD vines isolation from
buff' coats No viremia was detected to BVD virus isolation from fetal tissue
samples Group | Group 2 N 5 3 Treatments XIKE-A-NdN XIKE-B / control

Route Intramuscular Intramuscular Number of fetuses in which fetal
transmission was detected: 4 out of 5 foetuses infected 2 out of 3 foetuses

infected GANGIUSIAN, QLIS YIRS UL hIGRLIGARERE Nasihs,Roretial to be
transmitted owen e placeia: B3l TAnsmISsIonkElal Lansmision for
XIKE-A-NgINior, XECE,-13 absarvedebsgrved, Gonglusion, ThE NRL
deletion ragylied . 2sAnsideraRIS allenyalion ol g BVDY. Incomparison
to the pargnial L3 viss AIKEAhatwas.shewn.to.be highly.pathogenic
(Meyer etialw2 QQdldPWRVET, dhe-Mis dRlIeUan.alaNS I8 al.PESYSRENg
transmission.ehaxN 33-0ased Vs racembinant ou.the.foatlsAltel.,
inoculatiofffpragnantamws, EXA MBLE S OB YRM e matiegeniglty
assessmenloin pEagNanbheifers: o e akledaiesbihe potental of &s,
combinatienuef RNasadnackyation.ans BiRs deletionovithdaegarsdds to
BVDV attenuatieniandofeiabiransmissions diffetant BY RVea mutantswith
deletionsowithindhed\Fe voodingsregion swwere, established, basedwendthe
infectioussDN A cienepiCANESOR:, thad Mase, negadive, mutsnioafios,
PKANE40A withva deletion of, coden 1840 The irecovered. virusesavere
analyrzediithrregardito presenve afithesdesined mutations;.the absence of
second sité Hiutétiondsinithaseegioris Biflankingithedintmodusess eignges
and their{povith charactisssties mrtissucogiftorery 1 Kés-Bu di{v pi8gC),
a variant ¢ontainingreed Eletidl ofthieloom Rbtedfin cotiig cregiomadcept
for codors=tita e eidittorrryHie RNaseditisctivatirg dekbith Bicédon
349 was BhE¥elifor aff Afimarexpe AmERrEitedi conibiieathe2desired
mutation§*With SerBptabe* growihEnEr bt e T Hé GinePth&stdtly was
to asses$ th¥’sifdty 6F-d Ve ditefiadtd & BYDV 18814tk i firet§h &t
animals. 16" EVE& BVDVAABHALIVE; Breghht Hicherd WarE S B ctiatted s
intranasalfy With aff mffe & &85 0 108" T B st iiEr Xk ELBINERN.
ClinicAl datd weTe'falBrdéd dally: Bidod sathplfes Wete Edifettetfidrwhite
blood ceI!Zé(iﬁsshﬁiiéiﬁgiﬂ}?cgg’t%régpgd%t%ni,ﬁaﬁﬁ’ ?é’rgfoeﬁi.lﬁffé’r t&nilination
of the StUé{% ege 1itiSSfueSi\7\?’e]r§§’ collécted for Virds feolatdn: YEMATERIAL
J1]

57
AND MET "AS ddraiied or examplé 1T RESUL TS R Lttt Bata
sepicum, 3&1 tum novyi, Clostridi ordeiﬁx and Clostndium tefant gomﬁ;u 1’73{:.1 .
were gbserved (data not'shown). Leukocyte counts remained virtually

unchanged 20except for a significant decrease & %&ppcc,% imately, 40%
below the haseling.walue (day0) in heifer ngs 1015 .on 2 single da (day 6
p.i.) (data,aLanown) . ALADANSS: RLAHINL.COR SPATAHIONS: ot tem
ApprOXl m@t%elgﬁﬁub%m§ c‘é‘ﬁ%ﬁ%n? %%@%1] %Q%&QE@&W&%@MMS of

MDBK-cells in 24-well tissue 25 culturg plates for 5 days. Samples were
freeze-thawed twice. One hundred microliter aliquots of thawed samples
were inoculated onto freshly seeded 24-well tissue culture plates and
tested for virus by indirect immuno-fluorescence staining (mAb Code 4,
directed against a conserved epitope in nonstructural protein 1453). No
BVDV could be isolated from the huffy coat preparations of animals 4 921,
1013, 1015, 1055 and 1075, whereas positive controls clearly showed the
correct 30conduction of the test. |.) Post-mortem examination of fetal
tissues After termination of the study the following fetal tissues were
collected for virus isolation: spleen, kidney, thymus, sternum, cerebellum,
placenta, intestine and abdominal fluid. Briefly, tissue 114 suspensions
were made in a mortar using sterile sea sand and ice-cold PBS without
Ca2' and Mg2+. Mortars were rinsed with I ml ice-cold PBS without Caz

and Mg2' and suspensions were centrifuged for 10 minutes at 2000 x g
(ACY The ciinarnatant wace firet nacead throiticoh a dienncecahle O AR nm filter



Two possible problems have to be faced with regard to vaccination with
attenuated virus mutants BVDV XIKE-B or BVDV XIKE-B-NdN. First, there
W(Wg?%l problem concerning cross protection between BV(I%)V-l and
BVDV-2. ieast vaccination with inactivated BVDV-1 vaccines gl not et 18
prevent the transmission of BVDV-2 to the foetus in pregnant animals.
Since protection 115 against fetal infection represents the major aim of
anti BVDV vaccination, such vaccines cannot be regarded to induce a
protective immunity on a broad range_ The question therefore was,
whether vaccination with live attenuated BVDV-2 can prevent virus
transmission to the foetus. Second, the reduced growth rates of BVDV
XIKE-B-NdN might result in only a low level of protection not able 5 to
prevent transplacental infection of the foetus in pregnant heifers. To
address these problems An.animal.siudywas, started, The apimals (2
groups of i), animals.easiwersvasenajed eiher with BYDY RIRETS or
X1KE-B-Ngll, (nfender, dosaass nd. of superhatant with 105 TCIDE0 of
virus). Nafgof,iie;animalsshowsdsignificaniclinical signs algrle
vaccination,exceplfaL-onsaninalalihenervacsinatedqonirolgraup with
mild coughingJorAne 6aY.Best amneiatue.yakes were 10 below 39C
except for one animal of the nonvaccinated control group that was 39.1C
for one daw-thyincoatsamplesaeparedalien vaccnationere.analysed
for the presenseGixirusas:dasaibeshahoviithaeRer ments.shewed
that only &afthe 20-animals.contaned Wi s idhe.lead fokd of 2days at
4 to 8 days pest infectien Lbdfeufweeksafteraacsination: iRsemination
of the anintalssvas-catried-aut-Chalengminiesticgswweradpastarmead, 60 to
90 days |akerieisingwithesseiddy PMhsteainf BMDM K E-S¢ heteinlogans
challenge/érimeis vaceinateduita ot B}ior vaheterplegous:8 wvV-2
strain (B VDY kit 3, hémote goirswehalien gei-ainimals & apvaitatothwith
X1KE-B-Neirgifmtenceti-dosagey 105 RS- DE&0L mOnadikidknmemneachrgroup
of vaccin&retPanithalss [pregidint heifers were randomly selected for the
20 challenge infection. Animals vaccinated with BVDV X1KE-B were
challeng @ iith'tHerBYEr srbetrsih $OESD, nhorahiss e ifersigoeirated with
BVD VX T4 B aChperty e fial efle eeing iy BREvi- e e St vaedition, 2
nonvacci PR ESHErS PRt et Hferte thwi ederist v edallenge
viruses. THe VACEREESE Arifiaie anrhoteol Viremimaor inedr'sfrriptoms
upon chall&Aye ffEtfor  THE BhEmERg cWELISH cleututy I Grevigpm novi
non-vacciiated CSHa1S wateray BREpoStR & Oy I Himrsiytsor
diseafe WETE BLLEIVED TR OIS BrBter e HHE BISGE EatEsunts
were nes STl (1BTsH Y SeACT At ket
determing; strBldéfBre inocylation, 1 Month iosﬁ‘f’nﬁ“hzg%{(’ﬁ*ﬁ‘,’ efére eniflenge,
1 month after challenge and atalfe?hinéiﬁgaﬁméf’ The Sty S 1o all
animgls were tested 30 in rigxlti,qt%tes for neutr%ﬁzin antibodies a%ainst

ICE9 and MY 436 (1456NAseL. and e SRdpoint Ao s sread by
indirect inymuRONHOIESEENSS SRS REsUIE Were Expressed A5 e
endpoint dilyign.whichneutializes.anpoximalely 100 JCID50 and.
calculateghbythe.methegd .ol asrher, Alame Afihefigher anibody titres,
the used endpoint dilution was not high enough. Against KE9, only

animals vaccinated with XIKE-B developed low antibody titres starting
about week 4. At 116 challenge, all animals had antibody titres, which
increased considerably starting around week 4 post challenge. XIKE-B
vaccinated animals had higher antibody titres then those vaccinated with
XIKEB-NdN vaccinated. All animals developed about the same
neutralization titre against NY93/C four weeks post vaccination, with
marginally lower titres in XIICE-B-NdN vaccinated animals. Afier
5challenge, all animals had high antibody titres. Fig. 2 shows the serum
neutralization assay against KEY (BVDV-1) and Fig. 3 shows the serum
neutralization assay against NY93/C (BVDV-2). Analysis of tissue
samples obtained after termination of the study from the foetuses revealed
that the material obtained from the vaccinated animals gave negative

results whereas transmission had tooccurred in all 4 control animals.
Thiie it ic claar that the actahliched R\/D\/-2 miitante area well crnted ac



It may also be possible to use variants of this sequence with one or
several mutations.. Especially the naturally occurring variations as found in
Wohzse;{'; f)estlwruses can be expected to be functional _ Therefore, the
complete st of the tested or proposed variants with the dlffeﬁgﬁ{‘ﬁ&?{@ﬁ?ﬂgw
the aminoterminal end of br can be enlarged by equivalent sets with

amino acid exchanges. Below, to typical examples of the respective
sequences are given for several pestiviruses but the possible variations

are not limited to these examples. BVDV NewYork93/C: BVDV CPI3:

BVDV SDI: 15 CSFV Brescia: BDV X818: MELFSNELLYKT MELISNFI |
YKT MELITNFI | 19CT MELNHFELLYKT MELNKFELLYKT (SEQ ID NO
36) (SEQ ID NO 37) (SEQ ID NO 38) (SEQ ID NO 39) Thus, these

variants for example may include: MELb[PS]O[C-ten-n];

AIrfELE-IPS]e mII 20 AfEL/SVl/clPSIjC- e mﬂ]emb

MEL/SNMES] E‘g\fgﬂﬁ ?5%?)4?5 RSN WA

s ajt én escrﬂ:ed herein and toxing of

-(PS)04C; %gml Emé,ﬁ'}!aEMY = Fc-term 2
MELISNEL| YKAPSTTC-term; MELISNELEYRY P &frearms

MF_ LfTIPSIAC terrn] MEL/TN-CPS]sr[C-temi]; MELfTNE-[PS]r(C-term);

30 MELWAIJ:EdJm P§;'Qx;]ﬁg? L%EEE&@M&HJ&@EHJ&SQ@? iot earmzllhmancm VACCIE
MELITNELLY RS Ol Grtarm o MELITNG b, d SIAS M Lot b0
MELITNELL YK RSdRdG sannldBse I snuas maYalse. have.Bs ie.
PS may alse:00:009, 0khe BSasdascrRed Rerein o SeaUsnsesHslanging
to the:NRisp6e{QHa, seuds) diaiiSest) BRiN10: I6IAR 6 RN GRS/ B g RHdhie the
sequencebB WAV NBNOH3 Garlies] Bebaklesd, &34 6 Q5 QXAMDIBS 62N be
found e.gebhys)singrthe, GeABanRk@ACcRESHIARNKMASHEAR NBecherel al.,
2003, Virology, 84117961840 phystandaresequenss Aaiasearehss. A
further possibilitys cenist, be, iheiuse:0f:a 10058 ng, Sgnal (R 8), nsered
between thaggesidemalisted . seque nmeaanck the ammnatenminmesiaf the
capsid protein. ThaR Flgadsdoqn eidavagethat-genasaies siftwaiianal
capsid proteirn. [Fhe configurationofsuch semst uets coue-be asstolBows:
[NP1122:R 8t erimdil SRSHR rotasSinggigrab-Can Bitlherdaadanget for
a proteasese. ¢z biguiting LCB-agdéfinedrereimena proteasenonan
unstaile peptidedogdingtoiirocessiig @ 1S.owmcarboxyteminuglike e.g.
intein (CREMY*eXafi19981aAd: Peféte e tidreini o3 @oizpisomavituses,
2A of cartiioViriEe¥ P apftatittisks (1B dfrabibitcHenieragic distase
virus or thé E6r1Espoidifi Hfdi@dsk 6F e CRlIVIFTSESOPIBIET P33,
and refer@ntés thetel; Thete rEoet af* 2380t aiitl e it SHe 8. tRetBin? When
20 usthg @’PY; 21 & & i Beidf BifférEhtValiars Ard hd¥sitid siHee the
PS ensulds tfd ééﬁe’fé’tib% bf e Torrettt- athiltd riintis' 8f '#id Ldpsid
protein c”rh‘“ S whel udh §° a B ebtreffuld: Hii Kintfs BF d&iéttolis Bt
mutatlons of fh sl\ffi '157 1(:51? BhAE Al 'Sk pB A o Fodisit $h talsle Thifants as
long as thg {ancf n”ﬁ’rg?ggigﬁﬁ‘fj éﬁ?ﬁ%ﬁ%‘??ﬁﬁ@lﬁiﬁﬁ?ﬂﬁ?@ﬁ B &t
frame st mﬂeﬁ:@ﬁm XV T R - RS o T R RO ava N
deletion mutant accordlng to the formula 25 (N1"129-PS[C-term)

Espe0|alLy niere %“Q&Cd%mlgmggg Epm%]"ljg%pn% Q’L?tglé!w tf;ﬂe proteo!ytlc

activity of Egn%np gin, Ime cro lC&Pi\I{?C ons 1 S

01' prep ams 0 Qg

|dent|f|cat|on of the active site re5|due§, of the protease Ati?ort
Tiibingen. The respective amino acids (glutamic acid at posmon 22,
histidine at 30 position 49 and cysteine at postion 69) are conserved for
other pestiviruses. Thus, exchanges of any amino acid expect for serine
or threonine for the cysteine at position 69 will result in destruction of the
protease activity. Similarly, changing the glutamic acid at position 22 will
most likely result in inactivation of the protease unless the new amino acid
is aspartic acid. Similarly, most if not all exchanges at position 49 will lead
to an inactive protease. 120 EXAMPLES Preparation of combination
vaccines according to the invention 5Vacchie A 11114 BVDV types | and
2, BRSV Attenuated BVDV type 1 and 2 strains, having at least one
mutation in the coding sequence for glycoprotein St™ and/or at least
another mutation in the coding sequence for N", wherein said 10mutation

in the coding sequence for glycoprotein Ems leads to inactivation of
RI\/aca acrtivzityvy recidinn in Er' and/ar eaid miitation in the codinAa cenriance



25 lyophilised or freeze dried bacteria cells are reconstituted with the
lyophilized modified BVDV types | and 2 (each in an amount of 10" to 10"

3gglodlfled live P13 (10" to 1083 TON), modified live %%%%/z ((0(/:3( 18
“of "TC1ID50) and modified live 113R (10" to 10" TC1650). T i
reconstituted suspension (2 ml per dose) contains traces of neomycin as
preservative_ Final antigen amounts per dose are BVDV-1 (1050 to 10"
TC1D50), BVDV-2 (10" to 10" TC1B50), P13 (1033 to 30 10" TC11350)
BRSV (10" to 10" TC1D50), P13 (10" to 1083 TC1Ds0), and Leptospira
canicola, Leptospira gringo, Leptospira hardjo, Leptospira ponoma, and
Leptospora borgpetersenii hardjobovis (each 10" to 10" cells). 122
Vaccine E BMW iypes | and 2, MR, ERM; P13, and H.SOMMUS Modified
live viruses of BVDV 1 and 2, BRSV, IBR, and P13 are grown as

described [gr YACRINES.R-4 AfE:LIeL G Suliure fluids are hatvested,
the viruses alrg.XQRRiliged 4. g&;m&a&&&&&'%&@&&w i OD'%},{. xgn 131 to
1092 cells:pen, eI, Hie RastRiaauiig IS Inactiaisd Anddhe,
culture flyighisyanhilized.of IeszaAnad.. 0031062l thaloxphlized or
freeze;drieg.hacietaas. ieconsintedwiththe Jophilized modified BVDV
types 1 ane2i{ash inaRamaunhefde 12104050000 madified. liye P13
(10" t0 1Q83srkfiz AR ksaaRalifiedh iy e BRSVALOpiiauti: shGtRB) @Rs:I0
modified fiste ALBiRa{ LOB3et@edla TR )ud bauwecanstituted sLspansaion (2
ml per desescontains aces0f ReomycinaspresenaiiveEinatantigen
amounts pendeseddne BMLWirb«(d0bti te10" TC1D50), BVDV-2 (105. to
107.6 TC1D50), P13 (107.3 to 108-3 TaD50) BRSV (I0' to 1036 TC1D50),
P13 (10" 4@-1088 ikl 8bQ)yeantt Ftsomnus (1031 {oleheells)cdSor the
Referencesréiyedte aohings @ ndcante nisofiaitdeiernoe s(artishes he
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65:4508-4ad it 20irC-AMVER; £ GRRRINATN ¥AGAINE, 1AE thedreaimgnt
and/or praphylaxis,obcatiie, AN miGKRioledical infections, wherein
said compinatien VACRING:CAMIISES 3. e oL Mele.atienaied, B YRV,
having atdeastenemuiationsesihescadingeaestisncR. ol gucepraieln Ems
and/ok atieast anetes MyiaLien, n:the Gading.seauancs, iR herein
said mutation inihe cadinguseakeacssfar oy GepIatein FIns IRAds, 16,
inactivation of RNase:aciiyity, iesigingindai 1angionsaid mutatianin the
coding sequence. far APR) teads te, inactiMation, ok SaidMVim; andsbuene or
more antigen, okose18f mAte pathogens selgeieeftomihe:grous, 177,
consistingsofzsPavainfluenza -84\ : {3}, afectiasBeMIng: 4 wxn, of
Rhinotrasheits miks{iBRyEBovineRespi ain.pynacydial Mt 8(BRSV),
Bovine Herpesvirus (BHV), Bovine Rotavirus (BRV), Bovine Enterovirus
(BEV), Bévirdez:Golonhevirus«B0V pBovinaRabies {BR)Bovied arvovirus
( PPV), Ademovitersrofstowvii odl- Mannieihviachaemokyticaffonpaer bye
Pastetretisthdierrofytca)isP astesteNamutto eide 2 Haerisphitusigsoranus
(Histophiftssvarrismesmeb! e prop PifaaigityivA 6tite rgtoes stehrasylads of
Corynebagterumiedutidrrigiesigyoge fis ACiamnyydizipsittaidiment, the
Canapyléiyéeter fsttisvarisraaliscaRPE ermpyidbeie tefefatath fetus! igns
(formerly'Ef8tel itéstibedf8), Leptospira intenhgans, Leptospira hardio,
LeptdSpira pomona Leptospira grippotyphosa, Leptospira canicola,
Leptospif& Yt by BTt 85t i P ra iy Sutha s 1Peptieiparacne
hardjopréfiti 854 ‘?}’E‘? f6§ P800 BYu MBI M B RS B ickfta suis
and Bruce‘ﬁ"1l5 I 1% °Li§%ef’”é RSN SEREL R SAT:
Clostriditn e?‘la gcﬂs ST Y S EhiEuHT CioShiddi i 8‘%%’?}7tlcum

C|OStI’IdIUI’ﬁGI§15(3V%i 5é’lg’g"trldlum sbr&eﬁli (Ot Hgtim @eﬁ?ﬁﬁﬁgﬁsﬁn’
6 087

Clostrldu{m] Bgetg)g w&"&% %gﬂé’ Qmilllosz’ me?%"éle as s?e{%bjfy fgi;egé‘lella
peumonjic, Selnugl MRNTUILE: 2 m%,m N PO
Mycobaqasﬂmm%pmtw?sr% O8iSuGRRISRaNIU Pt
CryptspQUE T OIS, SAPhY S 5L S awgy%sﬁy;egé 505550 172
dysgalagtiag, g’;geﬂ?&qu?ﬁ,l{%%g? E%'xszs[z\,/lﬁég(?@ %&”195 %Q)plsspfs% IS Tythat
MyCOp'%ﬁ?@ M MYIQI’QIQ ﬁsém %V@nm léH tlv q}ea trseg%geﬂt and/or
TntnchomgggeL@mnsmemmmg,@cmw%emm Lgnenkyteamg o

mentagropiyesodHshanen.satkiseyih NepsROraSANIMR, (ormerly
Toxoplasma gondii), Babesia bigemina and Babesia bovis, and

Dictyocaulus viviparous (Lungworm disease); 25and wherein such BVDV
component is safe for use in pregnant cows. The combination vaccine
according to claim 1, wherein said mutation(s) in the coding sequence for
glycoprotein Ems are located in the encoding nucleotide sequence
corresponding to amino acids at positions 298 to 310 and/or positions 341
to 360. 5 3. The combination vaccine according to claim 1, wherein said
mutation(s) in the coding sequence for glycoprotein Eins are located in the
nucleotide sequence coding for the conserved Effis sequence
SLHGIWPEK1C (SEQ ID NO 16) and/or RHEWNKFIGWCNW (SEQ ID
NO 15), 10 4. The combination vaccine according to any one of claims 1
to 3, wherein said mutation(s) in the coding sequence for NPR) leads to
an encoded polyprotein as characterized by the following formula:
[NIM-[C-termil, 15wherein INI111 relates to the NII" portion of said

nolvinentide wherain "v" renracente the niimber of amino acide nf the Nr"



240 tggacgaggg catgoccacg gcacatatta acccatgaNg gggttgcatg
ggtqaaagag 308 ctattcgtgg cgttatggac acagcctgat agggtgtage agagacctgc

VJ@%@%&GO gtaaaaactc tgatgtacat ggcacatgga gttgttttca g%g;\&%% /060918

tatacaaaac 420 atataaacaa. aaacgagcag gagtcgtgga acctg

gacgtgaacq ggcgacc act. 488 gtttggagag agcagtgact tgcaccegca
gtcaacacta aaactaccac atcaacgagg 540 cagcgcaaac atBctgacaa
atgctaggta cctaccgcgg aaaggtgact gtcggagagg BOO aatgtgtat

gaaccgNtga gt4gcatcta tatcaaacca ggaccgatct actaccagNa

560 ttatgtgggc

catatctatc atagagcaac actggaacta tgtagggagg caagtatgtg 720 caaaacaact

aNg8gagttg gcagagtgac cggtagtqat gggaaattat at.cat.at.cta

780 catctgcata

gatgggtgta tcctcatgaa gagggogact

20
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of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, 610, 011, 012, 013, 014, 015, 016, C17, 018,
019, 620, 021, (22, 023, 024, 025, 026, 027, D8, 029, (30, (31, 032, 033, 034, (35, 036, 637, 038,
039, 040, 041, 042, 043, 044, 045, 046, 047, (48, 049, 050, 031, 052, 053, 054, 655, 056, 057, 058,
059, 060, 061, 062, 063, 964, 063, 066, 067, 068, 069, 070, (71, 072, 073, 074, 075, 076, 077, 078,
079, G080, 081, 082, 083, 084, 085, 086, 087, D88, 0BY, 090, 091, 092, (93, 094, 095, 096, 037, 198,
099, 160, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119,120, 121, 122, 123, 124, ¥25, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 138,
254,155, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177,
178, 179, 180, 181, 1837, 183, 184, 185, 186, 187, 188, 189 and 190}, that further comprises antigen,
preferably a toxin, of Escherichia coli [combe 194],

According to a preferred embodiment, the present inveniton relates to a combination vaccine for the
treatment and/or prophylaxis of cattie against microbiological infections in cattle, whersin the
combination vaccine comprises attenuated BVIV (types 1 and/or 2) as described herein and at least
one further immunological active componeni effective for the teamment and/or prophylaxis of
mfections caused by Pasteurella haemolytics, Pasteurells multecida, Szimonells dublin
Salmonella typhimurium and Escheriche cofi [combe 195] According 1o a preferred
embodiment, the combinsation vaccine comprises aftenuated BVDV (iypes | and/or 2) as described
herein and Pastenreila haemslyfica, Pastevrellzs multocida, Salmenclla dublin Salmonelia
typhismarivm and Escherichin coli Bacterin-Toxoid [combe 196]. According to more preferred
embodiment, said combination vaccine comprises multiple isclates of Pastewelia haemolytics Type
Al mnd en associated toxoid fraction, and single isolates of P multocida $ dublin, and 5
typhimuriom [eonilo 197].

According 1o a further embodiment, the present invention relafes to a combination vaccine for the
treatment and/or prophylaxis of catile against microbiclogical infections in camle, wherein the
combination vaccine comprises attenuated BVIWV (types | and/or 2) as described herein and at least
one further immunological active component effective for the treatment and/or prophylaxis of
infections caused by bovime Rotavirus [combe 198]. According to & preferred embodiment, the
combination vaccine comprises attenuaied BVDYV (types t andlor 2) as described herein and
antigen of bovine Rotavirus fcombe 199].
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aggaaccaac aagaagtcct 840 gaaatgggta tacaacagat taaattgtca tttatgggtc

accagctgct ccga tgaagg 900 gaccaagggt gctacaagta agaag
ggatagaaa aaggtaagat 960 gaaaatagcc ccaaa
\%:%aaﬂggﬁagﬁéf ttgaaaaacc agacccaccg acgcgactat 1020 agta
ggggttaagt accaggtgaa gaaaaaagga aaggtaaggg gaaaaaat
taa8gatggg ttatateaca 8caagaataa gccgactgaa tcsagaaaaa

cagac

agaga
gitggagggzoﬂﬁmmws
ac 1088

aattgga8aa

224 ggcactg5tg gcttgggeca tattagBagc ggtcctgctt cagetggtaa caggagagaa

1200 tatcacccag tggaacttga tggacaacgg caccgaggga ataca

gcaag

cgatgetact. 126B aagaggggtg aacaggagto tacatggaat ttggccagag

aaaatttgca gcqgagtacc .1.320 aactcactta gcaacagact atgag

Cttaa

agagatagtg gggatgatgg acgcgagtga 1880 gaagaccaaR taancitgtt

According to a further embodiment, the present invention relaies fo a combination vaccine

zccording o any one of [cambe 001, 001, 003, 004, $65, 006, 807, 608, 669, 016, @11, 032, 013,

434, D15, 016, 017, 018, 019, D20, 021, 022, 023, 024, 025, 024, 027, D28, 029, 030, 31, 632, 433,

834, 035, 038, 037, 038, 839, 040, 041, 042, 043, 044, 045, 046, 047, 048, 049, BS0, 051, 052, 053,

5 054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 0SS, 065, BT, €71, 072, 073,
@74, 075, 076, 877, 078, U753, 080, 081, 082, 083, 084, GBS, 084, D87, 08E, 089, 090, 491, 692, €93,

034, 095, 096, 897, 098, 099, 100, 1DE, 102, 103, MM, 185, 106, 107, 108, 169, 170, 111, 113, 113,

114, ¥15, 136, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, £29, 130, 131, 132, 133,

134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 148, 147, 148, 149, 156, 151, 152, i53,

W0 154, 135, 156, 157 158, 284, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,

173, 174, 175, 176, ¥77, §78, 179, 180, 181, 182, 183, 184, 185,186, 187, 188, 189

, 190, 191, 192,

195, 196, and 197], that further comprises #n immunclogical active componeni effective for the

treatment and/or prophylasis of infections cansed by infections caused by bovine Rotavirus [206],

According to a further embodiment, the present imvention refates to a comb

inaiion vaccine

15 according to any one of [combo 001, 002, 003, 004, 005, 006, 007, 008, 009, (10, 011, 012, 013,
014, 015, 016, 017, 018, 019, 020, 021, 622, 023, 624, (25, (26, 027, 028, 029, 030, 031, 032, 033,
034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, D47, (48, 049, DSC, 051, 052, 053,

054, 055, 056, 057, 058, 039, G6C, 061, 062, (63, 064, 065, 066, 067, 068, 169, 070
074, 075, 076, 077, 078, (79, 080, (1, 082, 083, 084, 085, 086, (87, 08%, 089, 090
0 094,095,096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110
114, 115, 116, 117, 118, 119, §20, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130
134, 135,136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 128 149, 150
154, 155, 156, 157, 158, 254, 159, 160, 161, 162, 163, 164, 163, 166, 167, 168, 169
173,174, 175,176, 177, 178, 179, 186, 181, 182, 183, 184, 185, 186, 187, 188, 189

, 071, 072, 073,
, 091, 092, 093,
L 111,112, 113,
L 131, 132, 133,
, 151, 152, 153,
L 170, 171, 172,
, 190, 161, 192,

25 193,194, 195, 196 and [97], that further comptises antigen of bevine Rotavirus [combo 201],

According 1o a further embodiment, the present invention relates to & combination

vaccing for the

wreatment andfor prophylaxis of cattle against microbiological infections in cattie, wherein the

combination vaccine comprises attenuated BVDV (types | and/or 2) as described herein and at feast

30 one further immunological active component effective for the weatmen: and/or

prophylaxis of

infections caused by bovine Coronavirus jeombo 202]. According 1o a preferred embodiment, the

combination vaccine comprises attenuated BVDV (types 1 and/or 2) as described heren and

antigen of bovine Coronavirus feombe 243].
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gaaggttgca aaNacatgag tggaataaag atggttgatg 1448 taactggttt catatagaas
cgtggatatg gttgatgaac aaaaccc8aa acaacctgac 1500 agaagggcaa

vRS96iiagag.agtgtgotgt gactagtagg tatgaBaaqg aaacagagtt
gaacatcgtg acacaggcta gggacagacc tacaactctg acaggttgca a

1620 gaatttatEt ttoggaggtg ttatactgga tgggccctgt aactttaaag t

1560
P

SAaggos

atoggEtga

1680 agatgtgctg tttaaggagc acgattgcgg caaaatgctg caagagaccg
Bgatacagct 1740 actcgatggg gaaaccaaca caattgaggg agcaagggta
gggacggcca agttgacaac 1860 ctggttaggg aagcaattag ggatcattqg
taagaagttg gagaacaaaa gcaaagcatg 1960 gtttggtgca catgcagcaa
gtccatactg cggagtggag aggaagatcg gttacgtatg 1920 gtatacaa88
aactgcactc cagattgoat tccaagaaac actagaataa taggcccagg 1980

25

30

According to & further embodiment, the present invention relaies to a combination vaccine
according to any one of [eambo 061, 602, 603, 004, 895, 006, 607, 008, 009, 018, B13, 012, 013,
414, 015, 616, 017, 018, 019, 626, 621, 622, 623, 024, 025, 826, 027, 628, 629, 030, 031, 032, €33,
834, 035, 036, 037, 038, 939, 040, 041, 042, 043, 044, 045, 046, 847, 043, 047, 050, 051, 052, 053,
§54, 058, 056, D57, 088, 039, 060, 051, 062, 063, 064, 065, 066, 067, 068, 069, 070, O71, ¥72, G735,
074, 073, 079, ¥77, 078, 679, 080, GB1, 083, 083, 084, 085, 086, 687, 438, 089, §50, $91, 092, 093,
94, 095, 096, 097, 098, 029, 16¢, 103, 102, 103, 104, 165, 106, 107, 108, 109, 119, 111, 182, 113,
114, 118, 116, 117, 118, 189, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 138, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 158, 151, 152, 153,
154, 185, 156, 157 158, 234, 159, 168, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,
173, 174, 178, 176, 177, 178, 179, 186, 181, 182, 183, 184, 185, 186, 127, 188, 180, 100, 194, 192,
193, 194, 195, 196 and 197], tha funther comprises an immunclogical active component effective
for the tremiment and/or prophylaxis of infections caused by infections caused by bovine
Coronavirus jcombo 2041 According to a further embodimert, the present invention relates to a
combinafion vaccine according to any one of fcomba (01, 002, 003, 004, 005, 006, 007, 008, 009,
010, 011, 012, 013, 014, 015, 016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 029,
030, 031, 032, (33, 034, 435, 036, 037, 038, 039, 040, 041, 042, 043, 044, (45, 046, (47, 048, 049,
030, (51, 052, 053, 034, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 063, 065, 067, 06, 062,
070, 071, 072, 073, 074, 075, 676, 077, 078, 079, 080, 01, 082, 083, 084, 085, 086, 087, 088, 089,
090, 091, 052, 093, 054, 095, 096, 097, 098, 089, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110,111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 130, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149,
150, 151, 152, 153, 154, 155, 156, 157, 158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187,
188,189, 190, 191, 192, 193, 194, 195, 196, and 197], that Farther comprises antigen of bovine
Coronavirus [combe 285].

According to a further embodiment, the present invention relates to 2 combination vaccine for the
treatment and/or prophyiaxis of cattie against microbiological infections in catile, wherein the
combination vaccine comprises attenuated BVIV (types | and/or 2) as described herein and at laast
one further immunological active camponent effective for the treatment and/or prophylaxis of
infections caused by bovime Coronavirus and bovine Rotavirus [combo 206). According o a
preferred embodiment, the combination vaccine comprises attenuated BVDV (iypes 1 andfor 2) as
described herein and antigen of bovine Coronavirus and bovine Rotavirus [combe 207],
22



gaaatttgat accaacgccg aagatggaaa aatactccat gagatggggg ggcacct etc
2048 agaatttgtc ctattgtcat tggtggttct gtctgacttt gecagggaaa ccgcgagceqt
“@%79ﬁ%%0ttg attctacatt ttgaNatcco gcaaagccac gttgatgta gc%csaz'g%gl%gﬂgm

caagaaccag ctgaatttaa cggtagcaac cacagtaBca gagg Catac '
cagggacagt 2220 gtggaacata gggaagtatg tctgcatgag accagagtgg
tggccatatg agacgacgac 2280 agEcttagtc atagaggaag cagggaaagt
aatcaaattg atgctaaggg ccatcagaga 2340 cttaactagg atatggaatg ctgccactac
cacagctttc ttaatctttt tagtaaaagc 24580 actgagggga caactaatcc aagggctatt
gtggctgatg ctaataaca gagcacaggg 2466 gttccctgaa tgcaaagagg gcttccuata
tgcgatatct aaagacagga aaatggggtt. 2520 attggggcca gagagcttaa
ctacaacatg gcacctcccc

According to a further embodiment, the present invention refates 1o a combination vaccine

according to any one of [combe 081, 002, 803, 094, 005, (06, 007, 608, DO, 010, 011, 012, 613,

014, 015, 016, D17, 018, 019, G20, 021, 022, 023, 024, 828, (26, 627, 028, 029, 30, 931, 632, 033,

5 034, 038, 036, 037, 038, 439, 040, $41, 047, 043, 044, 045, 046, 047, 048, 049, 050, 051, 082, 053,

854, 055, 056, 057, 058, 059, 060, 061, 662, 063, 064, 665, 066, 067, 068, 069, D70, 671, 872, G73,

074, 075, 076, £77, 073, €79, 08¢, 081, 082, 083, 084, 385, DG, 087, 088, 089, 090, 491, 092, €93,

054, 095, 094, 097, D98, 099, 100, 191, 162, 163, 104, 105, 106, 107, 108, 109, 114, 113, 112, 113,

114, 115, 116, 117, 218, 119, 120, 121, 222, 123, 124, 125, 126, 127, £28, 129, 130, 131, 132, 133,

10 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 144, 147, 148, 145, 180, 151, 152, 153,

154, 185, 156, 187 158, 284, 159, 160, 161, 162, 163, 164, 165, 166, 67, 168, 169, 178, 174, 172,

173,374, 175, 176, 177, 178, 179, 189, 181, 182, 183, 184, 1BS, 186, 187, 188, 189, 198, 194, 192,

193, 194, 195, 196 and 197), that further comprises an immunological active component effective

for the treatment and/or prophyiaxis of infections caused by infecitons caussd by bovize

15 Corenavirus and bovine Rofaviras [combe 208]. According fo a further embodiment, the present

invention refates to a combination vaceine according to any ane of [comba 001, 602, 003, 004, 0035,

0046, 607, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 018, 619, 020, 021, 022, 023, 024, 025,

026, 627, 028, 029, 030, 031, 032, 033, 034, D35, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045,

046, 047, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062, D63, 064, (65,

0 066, 067, 068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, D81, 082, D83, 084, 085,

086, 687, 088, 08%, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 163, 104, 105,

106, 107, 108, 109, 170, 111, 112, 113, 114, 115, 186, 117, 118, 119, 120, 121, 122, 123, 124, 125,

126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,

146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 158, 254, 159, 169, 161, 162, 163, 164,

25 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 175, 180, 181, 182, 183, 184,

185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, and 197 ], that further comprises
antigen of bovine Coronavirus and bovine Rotavirys [cembe 209),

According to a further embodiment, the preseni invention relates 1o a combination vaccine for ihe
30 treatment end/or prophyiaxis of cattle against microbiological infections in caftie, wherein the
combination vaccine comprises attenuated BVDV {types ! and/or 2) as described hersin and a least
one further immunological active component effective for the treatment and/or prophylaxis of
infections caused by Cryptesperidium parvem [combo 210] According to a preferred
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accaaaaaaa tagtggattc 2566 catggtgcat. gtatggtgtg aaggaaaaga
cttgaaaata ttaaaaatgt ggagaaaqga 2646 agagaggtat ctagtggctg
agccttatca actagtgccg agtttatgca 2700 gatcagtgat
Wél\%gé%aﬁfgﬁ%ggcccagacgt gatagatatg cctgatgact ttgagtttgg 22686 HEERsEGPs
tgtgactcaa aaccagtgat aaagggcaaa tttaatgcca gcttactgaa 2820 tggaccagct
ttccagatgg tatgcccaca ggggtggact ggtagaatag aatgcacuct. 2880
agcguaccaa gacaccttgg acacaactgt cattaggaca tatagaagua ctaccccatt
2940 tcagcggaga adc tggtgta gctatgaaaa aataataggg gaagatatct atgaatt
ntl 3000 tctaggtgga. aactggacat gcataaccgg tgaggatagc aggttgaaag
acggacctat 3060 caagaagtgt aagtggtgtg gccatgactt cgtcaactca gaggggctac
cacactaccc 3120 aataggcaag tgcatuctca

embodiment, the combinatien vaccine comprises attenuated BYDV (vpes 1 and/or 2) as described

herein and antigen of Cryptosporidium parvum fecmbe 212

According 1o 2 further embodiment, the present invention relates to a combination vaccine
5 according to eny one of [cembo 001, 002, 043, 004, 005, 606, 007, 003, 669, 616, 011, 012, 013,
014, 0I5, 016, D17, §18, 019, 020, B21, 622, 023, 024, 025, 026, 827, 018, 629, 6§36, 031, 032, 033,
034, 035, 636, 037, 338, 033, 040, 041, 042, 043, D44, 045, 046, 047, 048, 049, 050, 851, 052, 053,
654, 035, 056, 057, 0S8, 659, 060, 061, 062, 063, 064, 065, 066, D67, 068, 069, 070, 671, 072,473,
874, 075, 076, 077, 878, 079, 080, 851, 082, 083, £34, 085, 086, 087, D88, 089, %G, 091, 09Z, 093,
10 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
134, 115, 116, 117, 118, 119, 124, 121, 122, 123, 124, 125, 126, 127, §28, 129, 136, 131, 1332, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
154, 185, i56, E57 (158, 254, 159, 160, i61, 162, 163, 164, 165, 166, 167, 168, 169, 178, 171, 172,
173, 174, 175, 17, 177, 178, 179, 180, 181, 182, 183, 184 184, 185, 186, 187, 188, 189, 190, 191,
15 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 20¢, 287, 208 and 209, that
further comprises an immunological active component effective for the treatment andlor
prophylaxis of infections caused by infections caused by Cryptosparidium parvam [eombo 212],
According to 2 further embodiment, the present invention relates to a combination vaccine
according to any one of [combo 001, 002, 003, 004, D05, O06, 007, 008, 009, 010, 611, 012, 013,
¢ 014,015,016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, 028, 929, 030, 831, 032, 033,
034, 635, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045, 046, 047, D48, 049, 050, 051, G52, 053,
034, 055, 056, 457, 0S8, 059, 060, 061, 062, (63, 064, OGS, 066, 05T, O6%, 069, 070, 071, 072, OT3,
074, 075, 476, 077, 078, 079, 08C, 081, 082, 083, 084, U5, 086, 087, 088, 089, 090, 091, 092, 093,
094, 093, 096, 097, 098, 099, 100, 1G1, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
25 114,115 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 14%. 150, 151, 152, 153,
154, 155, 156, 157 138, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,171, 172,
173, 174, 175, 176, 177, 178, 179, 180, 18], 182, 183, 184, 185,186, 187, 188, 189, 190, 151, i92,
193, 194, 195, 196, 197 198, 199, 200, 201, 202, 203, 204 205, 206, 207, 208 and 209, that further

30 comprises antigen of Cryptospondium parvum {combe 213},

According to a further embodiment, the present invention refates to 2 combination vaccine for the

treatment and/or prophylaxis of cattle against microbiological infections in catile, wherein the

combination vaceine comprises attenuated BVDV (types | andfor 2) as described herein and af least
34



tcaacgagag tgggtacagg tatgtagatg acacctcttg 2180 cgataggggt ggtgtagcca
tagmtccutg tggcaccgta aagtglLagua taggtaacgt 2246 cacggtgcaa

t aacaatga tctggauccc atgccttgca gcccagctga 3.300 agtgata
“%%ggg}&% cagtggaaaa gactgcatgc acattcaact attcaaggac fﬁdaﬁ%

aagtattatg agccaaggga ccggtacttc caacaataca tgttaaaagg 0420
ggagtggcaa. tattggttcg agctggattc tgtagaccac cacaaagact acttctcaga 3400
gttcataatc ataggagtgg tcgcctam.gtt gggtggtaag tacgtactgt ggctcttgat 2540
aacatacaca atactgtctg aggagatggc tatgggtgct ggagtgaata ctgaagagat 3600
agtcatgata ggcaatttgc tgscagacag tgatattgag gttqtggttt atmtcmattet 3060

taatgtactta atagttaaag aggaactggg gaggaaatgg attatactgg Mataccacat

$720

H

20

25

one further imwnunclogical active component effective for the treatment and/or prophylaxis of
infections caused by Crypresperidium hemdnls {cemsbe 214 According to a preferred
embodiment, the combination vaccine comprises attenuated BYDV {(types 1 and/or 2) as described
hesetn and antigen of Cryptosperidium hornis {combe 215].

According to a further embodiment, the present invention refaies 10 a combinmion vaccine
acearding to any one of [combo D01, 002, 803, 084, 095, 006, BO7, GOS8, 009, 010, 01 1, 01Z, 013,
814, 0183, 816, 817, 018, 015, 020, 621, 022, 023, 024, 625, 026, 027, 028, 029, 030, 031, 632, 633,
034, 035, 636, 037, 038, 039, 040, 041, 042, 043, 044, 645, D46, §47, 048, 049, 650, 081, 052, 053,
054, D55, 036, 057, 058, 699, 060, 961, 062, 063, 964, 065, 056, 667, 463, 069, 070, 071, 072,873,
074, 075, 076, ©77, (78, 072, 030, 081, 082, (83, 094, 085, 08¢, 087, 088, 089, 090, 691, G932, 093,
094, 895, 096, 097, 698, 699, 100, 101, 102, 103, 104, 195, 166, 107, 108, 109, 116, 151, 112, 543,
114, 115, 116, 117, 118, 119, 120, 125, 122, 423, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 138, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
134, 155, £56, 157 ,158, 154, 159, 166, 161, 162, 163, 164, 155, 166, 167, 168, 169, 176, 171, 172,
173, 174, 178, 176, 177, 178, 179, 180, 181, 182, 183, 184 184, 185, 186, 187, 184, 189, 190, 191,
192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 262, 203, 204, 205, 20£, 207, 208 and 209], that
further comprises an imsnunclogical active component effective for the treatment andior
prophylaxis of infections caused by infections caused by Crypiosperidium hominis jeambeo 216
According to & further embodiment, the present invention relates to 2 combination vaccine
according to any one of Jcombo 001, 002, 003, 004, 005, OC6, 007, (08, 009, 010, 011, 012, 013,
014, 615, 016, 017, D18, 019, 020, 021, 622, (23, 024, (25, 026, (27, (28, (29, 030, 031, (132, 033,
034, 035, 036, 037, 038, 039, 040, 041, 042, (143, 044, 045, D46, 047, 048, 049, 050, D51, 052, 053,
054, 055, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 066, 067, 068, 069, 70, 071, 072, 073,
074, 675, 076, 077, 078, 079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 00C, 091, 092, 093,
054, 095, 096, 097, (98, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 11, 112, 113,
114,115,116, 117, 118, 119, 120, 121, 122,123, 124, 125, 124, 127, 128, 129, 139, 131, 132, 133,
134,135,136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, [51, 152, 153,
154, 155, 156, 157 ,158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,171, 172,
173,174, ¥75, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192,
193,194, 195, 196, 197 198, 199, 200, 201, 202, 203, 204 205, 206, 207, 208 and 209], that further
comprises antigen of Cryptosporidium hominis [combe 217).
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catttgla aaccctatga. aaacaattgg ggtcgtaataa ctaatgctag ggggagtggt 320
gaaggccagc agaatcaatg ctgatgacca aagtyctatg gacccatgct. ttcttctcgt 3810
wIPHAYISYLR gtggctgttt tgatgaMcgc tagaagagaa getgctucat. taecacigat. o o1

2900 tgtagcattg ctagcautaa gaacatcagg attcctactg cccgctagca ttgatgtaac

2966 tgtaggagta gtattaattg tagttttgtt ggctagctac ataacagact actttagata
4629 taaaaagtgg cttcaactct tatttagtc.t gataggtggt atactttatta taaggagctt
4080 aaaacatatc aaccagatgg aggtaccaga aatatctatg ccaugttgga
gacctetagc 4140 tctggtcutt ttctatataa catctacagc aataaccact aattgggaca
ttgacttagc 4200 aggcttcgtg gegtuatgga cgcoaccagt gatcatgatg gctaccatgt
gggcagactt. 4266 tttgactctg atcatagtcc tgcccagtta cgagttatct aagetttact

According fo a further embodiment, the present invention relates to a combination vaccine for the
treatment and/or prophviaxis of cattle against microbiological infections in cattle, wherein the
combinaticn vaccine comprises attenuated BVESV (types 1 and/or 2) as described herein and at least
one further imnmnological active component effective for the treatment and/or prophylaxis of
5 infections caused by Crypiosporidivm parvim ast Cryplosporidiem heminds [combo 218L
According 1o 8 preferred embodiment, the combination vaccine comprises attenuated BYDV {types
I andfor 2} as deseribed herein and antigen of Cryptosporidium parvien ad Cryptosporidinm

hominis jcembe 219}

i0 Aceording to a further embedimeni, the preseni invention relates 0 a combination vaccine
according to any one of [combo 061, 8062, 003, 604, 065, 005, 007, 008, 869, 010, 611, 012, 013,
814, 015, 016, 817, 18, 619, 820, 821, 822, 023, 024, 425, (%6, 027, 028, 029, 034, 631, 832, 433,
434, B35, 036, 037, 038, 039, 040, 041, 642, 043, 644, 043, 046, 947, 048, 049, 630, 051, 052, 053,
854, D55, 056, DST, 058, 059, 068, 661, 662, 063, 464, 065, 066, 067, D68, 069, 075, 071, 072,073,
15 74,075, 076, 877, 078, 079, 088, 681, 882, 083, 084, 085, 086, 087, 088, 089, 030, 091, 692, 093,
894, 095, 09¢, 997, 098, 099, 1068, 161, 102, 163, 104, 105, 106, 107, 108, 109, 130, F13, 112, 113,
114, 185, 136, 117, 118, 109, 120, 121, 122, 123, 124, 125, 126, 127, 128, §29, 130, 131, 132, 133,
134, 138, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, £49, 156, 151, 152, 183,
154, 185, E56, 157 1588, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, £68, 169, 170, 171, 172,
2 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184 184, 185, 186, 187, 188, 189, 190, 191,
192, 193, 194, 195, 196, 197, 198, 192, 200, 201, 262, 203, 204, 205, 206, 267, 208 and 209}, that
further comprises an immunclogical active component effective for the treatment and/or
prophylaxis of infections caused by mfeciions caused by Cryptosporidivm parvem and
Cryptosporidium heminis Jeombe 220]. According t¢ a further smbodiment, the present invention
25 relates to a combination vaccine according o any one of [combe 001, 602, 603, 004, 005, 006, 007,
{08, 009, 010, 011, 012, 013, G14, Gi5, 0F6, 017, 018, 019, 020, 021, 022, 023, (24, 025, 026, 027,
028,029, 030, 031, 032, 033, 034, 035, (36, 037, 038, 639, 040, 041, 042, 043, (44, D45, 046, 047,
048, 049, 050, 031, 032, 033, 054, 035, 036, 057, 038, 059, 060, 061, 062, 063, 064, 055, 066, 067,
068, 069, 070, 071, 072, 073, 074, 075, 076, 077, 078, 079, 080, 081, 082, 083, 0R4, 085, 085, 087,
30 0BE, 089, 090, 091, 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 105, 107,
108,109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 115, 120, 121, 122, 123, 124, 125, 126, 127,
128 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 135, 140, 14}, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 153, 154, 155, 156, 157 138, 254, 159, 160, 16!}, 162, 163, 164, 165, 166,
167, 168, 169, 170,171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, i34, 185,186,
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tcctaaagaa 4.320 cgtcaggaca gacgtggaaa agaactggct cggcaaagtg
aaatacagac agatcagttc 4-3a0 agtttatgac atctgtgaca gtgaggaagc agtgtaccta

whcgalrga,ggcataagag 4440 tgyaagcagg ccagatitca tattacgtit gt qaag‘g‘% 0918

gtgttaatga gctgcatcag 1500 cagccaatgg cuagtggttt acattMatt2 getaat
gaaattacat. actatatgca 4560 caggaaaatc atagatgagg tgtcaggagg
agcaaatttt. ctatgaagac tcatagcagc 4620 catcatagaa ttaaattggg ccatagatga
tgaggaatgt aaaggactga agaaactgta 4680 tctcttgtca gggagagcga aguatttgat
agttaaacet aaggtaagaa atgaagccgt 4749 ccacagatgg tttggtgagg
aggaaatata cggggcaccc aaggtgatca ctatcatgaa 4800 agctagtacc
ctaagtaaaa acaggcactg cataatcMgc acgatctgtg aagggaaaga 4260
atggaatgga accaactgcc caaagtgtgg

187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197 198, 199, 200, 201, 202, 203, 204 205, 206,
207, 208 and 209], that further comprises antigen of Cryptosporidinm parvim and Cryplosposidium
hominis jcombe 221L

5 According to a further embodiment, the present invention relafes to a combination vaceine for the
treatment andior prophylaxis of cartle against microbiological infections in camtle, wherein the
combination vaccine comprises sttenuated BYDY (types § and/or 2) as described herein and af least
one further immunological active component effective for the treatment and/or prophylaxis of
infections caused by Mycobacterium avium paratuberenlosis  feombe 222]. According o a

10 preferred embodiment, the combination vaccing comprises attenuated BVEV {types 1 and/or 2) as
described herein and antigen of My cobacterium avium paratuberculosis [combe 223},

According to a further embodiment, the present mvention refates to a combination vaccine
according 1o any one of [cembe 001, 002, 603, 004, 005, 006, 007, 008, BOY, 010, 011, 612, 813,
15 014,015, 016, 017, 018, §19, 920, 021, 022, 623, 624, 025, 026, 027, 028, 029, §36, 031, 032, 433,
€34, 035, 036, 837, 038, 039, 040, 041, 642, 043, 044, 045, 046, 047, 048, 649, 056, 651, 042, 053,
054, BS5, 056, G657, 058, 459, 060, 051, 062, 063, 064, 065, 066, 057, B8, 069, 070, 471, 672, 073,
474, 073, 076, 077, 078, 079, 086, 081, 082, 083, 084, 085, 086, 087, 083, 089, 090, 991, 092, 693,
094, 095, 096, 057, 998, 099, 100, 101, 102, 163, 184, 19S5, 106, 107, 108, 169, 110, 111, 113, 513,
20 114, 115, 816, 117, 118, 119, 138, 121, 122, 123, 124, 125, 126, 127, 128, 129, 138, 131, 132, 133,
134, 135, £36, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
184, 155, £56, 187, 158, 264, 159, 160, 161, 162, 163, 164, 165, 166, 367, 168, 169, 190, 174, 172,
173, 174, 1VE, 176, 177, 178, 179, 120, 181, 182, 183, 184 184, 185, 186, 187, 188, 189, 190, 191,
192, 193, 194, 195, 196, 197, 198, 199, 260, 261, 202, 203, 204, 208, 206, 207, 208, 209, 210, 211,
25 212, 213, 214, 215, 216, 217, 218, 219, 220 and 221], that further comprises an immunological
active component effective for the treatment andfor prophylaxis of infections caused by infections
caused by Mycobactevism avism pavatubercolosis [combo 224]. Accordi ng to & further
embodiment, the present invention relates to a combination vaccine according 10 any one of fcombo
001, 002, 003, 004, 005, 006, 007, 008, 009, 010, OFL, 012, 013, GI4, 015, 016, 017, 018, 019, G20,
30 021,022,023, 624, 025, 026, (27, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040,
041, 042, 043, 044, 045, 046, 447, 048, 049, 050, 051, 052, 053, 054, 055, (56, 057, 058, 059, 060,
061, 062, 063, 064, 065, 066, 667, 068, 069, 070, 071, 072, 073, (74, 075, 076, 077, D78, 079, 080,
OBE, 082, 083, 084, D85, 086, 087, 088, 089, 090, 091, 092, 093, (94, 095, 096, 097, 098, 099, 100,
105, 102, 103, 104, 105, 106, 107, J08, 109, 110, 143, 112, F13, 114, 115, 116, 117, 118, 119, 120,
&7



aagacaagga aagcccataa catgtggazt. 4920 gacactcgca gaciattgagg
agaaacatta caaaaacata tttataagag aagaatottac 4960 ttgtcctgtg ggiatttgatc

“H.g&.}mgﬁgttat tttcgccattg atgggemttt 5046 caggaaagag tat}qg%g%go%mﬁmm
acgtccaata cacagggaga ggacaactct ttctgaggaa 5100 cctaccaat
ctagcgacga agatgaagct attaatggtg ggaaacctcg gcgcagaaat 5160
tggcgacctg gaacatctag gatgggtact gagagggcca gccgtgtgeg aaaaaattgc
5220 caaccatgag aagtgccacg taacatcat ggataagcta actgcatttt. ttqqaatcat.
5266 gcctagaggc acgaccucta gggcacctgt gaggttoccc agagcacta
taaaagtgag 5346 aagggggcta gagaggggat gggcttacac gcaccaagga
gggatcagct cggtagacca 0400 tgtcacagcc ggaaaggatt tactagtgtg tgacagtatg
ggeuggacca gggttgtctg 5460 tcatagtaac

121,122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157 158, 254, 159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 176,171, 172, 173, 174, 175, 176, 177, 178, 179,
180, 181, 382, 183, 184, 185,186, 187, E88, 189, 190G, 151, 192, 193, 194 195, 196, 197 198, 199,

5 200, 201, 202, 203, 204 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219,
220 and 221}, that further comprises antigen of Mycobacierium avium parztuberculosis Jeombe
328}

According 1o a further embodiment, the present invention relames 1o 2 combination vaccine for the
10 wearment and/or prophylaxis of cattle against microbiological infections in catle, wherein the
combination vactine comprises attenuated BYDYV (types 1 and/or 2) as described herein and at least
one further immmological active component effective for ihe treatment and/or prophylaxis of
infections caused by Ademovirus [combo 226]. According to a preferred embodirent, the
combinaiion vaccine comprises atienuated BVDV (tvpes 1 andfor 2) as described herein and

15 antiger of Adenovirus jeombe 227].

According to a further embodiment, the present invention relates to a combination vaccine
according 10 any one of [combe 001, 802, 003, 084, 005, 006, 007, 008, 109, 018, 011, 012, 013,
014, 015, 016, 017, 918, 819, 020, 021, G622, 023, 024, 025, 616, 017, 028, 029, 036, 831, 032, 633,
20 034, 035, 036, 837, 038, 039, 040, 041, 842, 843, 044, 045, 046, 047, 048, 049, DEQ, 051, 652, 653,
054, 935, 056, 857, 058, 059, 860, 061, 862, 663, 064, 065, 066, 667, 068, 469, 170, 071, O7Z, 673,
&74, 075, 076, 077, H78, 179, 080, 851, 081, 433, 084, B85, 086, 087, 088, 089, D80, 091, 652, 093,
@94, 095, 836, 697, 098, 099, 100, 101, F02, 163, 104, 105, 106, 107, §08, 109, 110, 181, 142, 123,
114, 138, 116, 117, 118, 119, 120, 121, 123, 123, 124, 128, 126, 127, 128, 129, 130, 131, 132, 133,
25 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
154, 185, 156, 157 ,158, 254, 189, 160, 161, 162, 163, 164, 165, 166, 167, 168, 165, 178, 17E, 172,
173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184 184, 185, 185, 137, 188, 189, 196, 191,
192, 193, 134, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 218, 211,
212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224 and 225}, that further comprises an
30 immunological active component effective for the treatment and/or prophylexis of infections caused
by infections caused by Adenovirus [combe 228]. According io a further embodiment, the present
invention relates to a combination vaccine according to any one of [combo 001, 002, 003, 004, 005,
006, 007, 008, 00%, 010, 011, 012, 013, 014, 015, 016, 017, 018, 019, (20, 021, 022, 023, 024, 025,
026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042, 043, 044, 045,
88



aataagatga. ctgatgagac tgagtatggc atcuagaccg actougggtg 5520
tcccgaaggt gcgaggtgtt aggtgctaaa cccagaagct gttaacattt ctggcacaaa 5580
wAg9Re AR gMacacctcc agaaaaatagg gggggagtic acatgtutca,clggemeand,
5646 gaccmcggct ttcttcgatc tgaaaaatct aaaaggctgg tccgggttac caatttttga
6700 agcatccagt ggcagggtgg ttggtagggt gaaagtcggg aagaatgagg
attccaagcc 0760 caccaaacta. atgagcggaa tccagacagt gtctaagaac
cagacagacc tagcggacat 5820 cgtaaaaaaa ttgactagta tgaacagagg
agagttcaaa cagataacat tagccactgg 5860 gycagaaaa actagggaag
tgccaaggtc cgtaatagag gagataggga ggcacaaaag 5940 ggtgttagtc
ctgataccat tgagagcagc agcagagtca gtgtatgagt atatgagagt 5500
gaagtaccca aguatatct.t tcaatttgag aataggagat atgaaggaag gtgaczeggc
6060 cactggtatg acctacgtat gatatgggta gttttgtcag gttcctcagc ccaaactgag
612G ageigesais: aiagrgiaci.oialalal Alagalgas [ReGRCHg.Sagasccoa
4188 gcaailagcrs, alaatiggas agaiaoncad, 611099a:aaicHaga0.lggiagtaat
4240 gagRrgeaancGoadei0eaaLIsierdRas 0ad8diva%ARRIRAARYHR;,
tagaggagids43b Q< atageeaca:.gagglgatgasaqg atgaaga, tetaggiagtzg, 1o,
gaatactiggsataligcagd:6360-gligangaia ecgacigaag:agalgasagJu, 14s,
caacatgete gigtiegegcscaagtagsgaad? sCatggeasiasg aaacaggias:, 164,
agaaattgaa. gggtaagoga tacaacioty, gatastata 64830 2agi0gggaass, 154,
aatgcagaga acttgagogt gytaacgigy. ceatetcegtatgigagtagiin240z03, 204
agggaggaatwaatagagt sagyigtyac akatgagasitagatagagatigiagagac
6650 tggastaddy fgtgagaagaggoiyaggattigiieaana atgcccttca ttgtaacagg
6660 acttaagaga atggcagtca caat.cggaga ggaaggccag cggaggggta
gagtaggaeg 825 agtespigtgergitaggtact-ataggagtgeregaaacagetor he
tcagggtcésraagataceeheb Rty avgtar®rycasggueryag gtecgg en te
aatagaagariygannate it Ay PR3 tcbytig Ags degiaidtapaEtidgsgect
ttacgshgaty Heeatrriraatayare Y05 g dadytettaaria cortcettstate
agaagacfetitGettigug et alaat 6*060 tatagtcagearchartaet be
cagaacgCHtatARCYE cetata ket BHGaswact a0 20radtceaggn o
ctgttcccaB Gy St HAARA G Hggtg agagagagtt. atgagaatta 7505 cacatatgtc
aatgcaagaa aattag aggtgccg ggatatgtgt acgccacaga 7140
ggatgaggaﬁ” g iég 3@ ‘Efifﬁ? g %i‘ft %{i’fd&é BHECHEAES 7200
ggtggtagaq acgacg:‘“ Ete °fqmm§ft2{’éagcg a £f’fcﬁ’§£§8§g%f&§& g9

7260 cetg ca3§a 3gacé atcd ﬁ;&’m ”%2 qq té'gg%gaca Oéztf; 995%1 z:! §§CG§ atagg

7320 Catgs%tg é 9%&%}9@@ Caogiﬂ& a Cﬁ,%;?a go'm m% 2,073,

cocacetggg wf&%co%%%g%a 9 &%@99& 9%8?989 0
gagtigaagy paliadsialy 449, dagagaastidaica %f%tpiag%%cgg%ﬁt gdiagactag

tccaaacagg GUAIOARH (34, GAARRATY FARGCIIARR, RUGIR0RTA,
glottagiol.aGuaAggAds gelieaiaaas, (A6Q.GaliAAgeAd,SIuAM, agiiataga
atcaataacq ga9aNa360.8902 Shalgat./ Q?Q&Q&%%t%g%gﬁ%gg@%q?z
ttgacagggs, actelagaas, AACHI4eas CIRIRAII9Y 409N I6AHARACE, 10r
qgttttgcapLIkaABIos:, 2AaM GG ORI GE0,A0FRAMRCRONY 440, 49403441
C: atcazgenag 1a0ea0iga, ingiaalaaliataiia.lasanaance gPRAtitcct
ggagatacag-agastsoaca-Agagen Jagy SAeitiotaa.clagiciitt £30.0 fatatctgca
ctagtaagpbatacataiaannacegoanlidagataia Ne 9Ciaan 399 iOe © .
tgtcgaacct gacttaggtt acct 0141 tgctacaagt gccttgaagt tgttcacagc 7980
gagatagatta gagagtgtgg tcatactcag ttctacaatt tacaagagat acctctctat 8040
aaggaagqgt aagagtgacg gottgttagg tagaggcata agtgcagcca tgcagatctt
8105 aaaccaaaag ccaatctcag taggtatatc tgtgatgctg ggggtaggtg ccatcgccge
8163 gcataatgca atagacatcta gtgaacagaa aagaattttg ctgatgaagg totttgtaaa
9220 aaacttetta. gaccaaggag caatagatga gttagtgaaa gagaaccgtg
aaaaaataat 8280 catggcteta tttgaaggag tccagageat aggaaagtacc
ctaagactga tctaccatgt 8340 gtacggggtg tactataagg ggtgggaaga
aaaagaactc gcagagaaaa ctgctggccg 8400 gaacttattg agattgatga tgtttgaggg
ctttgagutt ttaggtatgg actgagaagg e460 aaagataaga aacttgtcag gcaactacat
actggactta atcttca.act tgcataataa 8523 attaaacaag gggctcaaaa aagtagtcct
tgggtgggct gctggacctt tgagctgtga 8560 tt ggacacca. agtgatgaga gaatt
acctcataag aactacttaa gggtagaaac 8640 caggtgtcgt tgtggetatg agatgaaggc
aataaaaaat gttgctggta aattgaaaaa 8700 agttgaagaa aaggggtcgt tcctstgcag

naatanatta Aanclanacaar cteecaaactt Q7RA0 caaRAataara aanttetata atAaataactt



cggtaagaaa ggttctaccg ggaacagagc 9540 aagaaggggc aagaatatag
ggctgtagaa aggsaagaag ccaagagaga tgagggatct 9609 gatgagcgaa
wiPaR9aataltoagggttqc tetaaaagag ttggacccgg aatgaaaaga %%6&

S2006/060918
attagtagat tagaagggga. cgttgotcaa tagggaagct ttagaagocc taaggitjtagg ¢y

0 taagccaatc aagaggaaaa ggagaacagg aatgatgagg aggttaatag
agccagaggt 9780 tgaggaggaa ctaggagatt ggttcgaagc ggaagaaccc
ctatttttgg aag.4,aaaal. 9940 acagaatgag ttataccacc gaattggcag
tgtagatagt ataaaaagca aagcaaagga 9900 attagggggc acagataaca
oaaagagagt gaaggaagtt ggggctagga ggtatacgat 9960 gaaattgagc
aggtggagca cacaagttac aaaaaaagag atgagtgtag eggctgtctt 109243
tqaagagotg ttagtaaagt ggggtggatg tagtaaaatt toaaagggac atatggtgtc
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further embodiment, the present invention relates to a combination vaccine according o any one of
feombo 001, 602, 003, 004, 005, 006, 007, 608, 009, G10, D11, 012, 013, 014, 015, 016, 017, 0IR,
019, 620, 021, 022, 623, 024, 025, 026, 027, 028,029, 030, 031, 632, 033, 034, 035, 036, 037, (38,
039, 040, 041, 042, 043, 044, 043, 046, 047, 048, 049, 050, O51, 052, 053, 054, 055, 056, 057, (58,
059, 660, 061, 062, 063, 064, 065, 066, 067, 068, 069, 070, OT1, G772, 073, 074, 075, 076, 077, 078,
079, 080, 081, (82, 083, 084, 085, 086, 087, 088, ORY, 090, 09, 092, 093, 094, 095, 096, (397, 098,
099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119,120, 321, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139,140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 153, 156, 157,158,
254,159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 179,171, 172, 173, 174, 175, 176, 177,
178, 179, 180, 181, 182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197
198, 199, 200, 201, 202, 203, 204 205, 206, 207, 208, 709, 210, 20, 212, 213, 214, 215, 216, 217,
218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228 and 229}, that further comprises antigen of
Astrovirus jcombe 233].

According to a further embodiment, the present invention relates to a combination vaccine for the
wreatment and/or prophylaxis of cattle against microbiological infections in catile, wherein the
combination vaccine comprises attenuated BVDYV (types 1 and/or 2) as described herein and at least
one further immunological aclive component effective for the treatment and/or prophylaxis of
infections caused by bavine Parvevirns jeembe 2341, According to 2 preferred embodiment, the
combination vaccine comprises attepuated BVDV (types 1 and/or 2) as deseribed herein and
antigen of bovine Parvovivus jeonshe 235].

According to a further embodiment, the present invemiion relates to a combination vaccine
according to any one of fcembe 001, 002, G603, 004, 005, 006, 007, 608, 009, 616, 011, D12, 013,
014, 615, 016, 017, €18, 619, 020, 621, 622, 023, 024, 025, 026, 027, 028, 029, 030, §31, 032, 433,
034, 035, 035, 837, 038, 039, 046, 641, 642, 043, 044, 045, 046, 047, 045, 049, 030, 851, 052, 053,
054, 058, 056, 057, 058, 058, 060, 061, 062, 063, 064, 065, 056, 067, 068, 069, 070, 071, 072,073,
874, 075, 076, 077, 678, 079, 080, 881, 082, 083, 084, 085, 086, 087, O5K, 83, 690, 091, 092, 93,
634, 895, 896, 097, 098, 699, 180, 101, 10Z, 103, 184, 165, 106, 147, §08, 105, 110, 151, EE2, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 126, 129, 139, 131, 133, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
154, 155, 156, 157 K58, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 178, 172,
173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184 184, 135, 186, 187, 188, 189, 190, 191,
90



agcataccaa gtggctcaag gaaacgggga accogggggg tgtgggglact atatgggaac
10440 ganaccagct agggqtctga agatccaggg ttatgaggct tacottaaag

&%@gm&lozoo ggtggaagtt gaatottgga gggocacggg aaaaq)aat% 5006/060918

atcataagag aacataacac 10260 ctggatgctg cggaaggtga gagatg y
gaacctaaga accaaatcaa tgatgaaccc 10320 tgggaaaata. tgagatgagc
tatggagaga tggagacaaa agaaacatat ataataagat 10399 gataggctca.
agaagggcct ctggtggtat tagggtggag aaactgccag tagtgggagg 1044.0
ccaaactgac agaagcagtt tccaccaagc cataagagaa aaaattgats aaacagaaaa
10500 caaggagagg ggtgaattgc atgaagaagt aatgaaggtg ttcgactgot
taaagatccc 40960 agagctgaag gastcgtatg atgaagtttg atgggaacaa
gtagaagogg ggataaaccg 40629 taagggtgga gcaggctato tagagaggaa
gaacataggg gaagtcctag

192, 193, 194, 193, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
212,213, 214, 218, 216, 217, 218, 219, 220, 223, 222, 223, 224, 228, 226, 227, 228, 239, 230, 231,
232 and 233}, that further comprises an immunological active component effective for the
treatment and/or prophylaxis of infections cavsed by infactions caused by bovine Parvovirus
5 [combeo 236]. According to a further embodiment, the present invention relates 10 a combination
vaceine according to any one of {combo 001, 002, 103, 004, 005, 006, 007, G08, 0609, 010, 011, 012,
013, (14, 015, 016, 017, 018, 619, 020, 021, 022, 023, 024, 025, 026, 027, 028, 025, 030, 031, 032,
033, 034, 035, 036, 037, 038, 039, 040, 041, 042, (43, 044, 045, D46, 047, 048, 049, (50, 051, 052,
053, 054, 035, 056, 057, 058, 059, 060, 061, 062, 063, 064, 065, 666, 067, 068, 069, 070, 071, 072,
10 073,074,075, 076, 077, 078, 079, 080, 081, 082, 083, 084, 083, 0B, OR7, 088, 089, 090, 091, (92,
093, 094, 095, 096, 097, 098, 099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 108, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 126, 121, 122, 123, 124, 125, 126,127, 128, 129, 130, 131, 132,
133,134, 135, 136, 137, 138, I35, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152,
153, 154, 155, 156, 157,158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 176,171,
15 172,173,174, 175, 176, 177, 178, 179, 180, 181, 182, i83, 184, 185,186, 187, 188, 189, 190, 191,
192, 193, 194, 195, 196, 197 198, 199, 200, 201, 202, 203, 204 205, 206, 207, 208, 209, 210, 211,
212,213,214, 215, 216, 217, 218, 219, 220, 221, 222, 323, 224, 225, 226, 227, 238, 229, 230, 731,

232, and 233], that further comprises antigen of bovine Parvovirus {eombe 237].

20 According to 2 furiher embodiment, the present inventsion relates to a combination vaecine for the
weatment end/or prophylaxis of cattle agamst microbiological infections in cattle, wherein the
combination vaceine comprises sttenuated BVDV (lypes 1 and/or 2) as described herein and at least
one further immunofogical active component effective for the treatment andior prophylaxs of
infections caused by Cryptesporidium parvean, Adenovirus, Astrovirus, bovine Parvevirus

25 and Mycobaeterim avism paratubercuiosis [combe 238[. According fo a preferred embodiment,
the combination vaccine comprises attenuated BVDY (types 1 and/or 2) as described herein and
antigen of Crypiosporidium parvum, Adenovirus, Astrovirus, bovine Parvovirug and Mycobacterim
avium paratuberculosis [combe 239).

30 According to a further embodiment, the present invention reiates to a combination vaccine for the
weaiment md/or prophylaxis of cattie against microbiological infections in caule, wherein the
combination vaccine comprises attenvaied BVDV {iypes 1 and/or 2) as described herein and at Feast
one further immunological active component effective for the treatment and/or prophylaxis of
infechons caused by Escherichia coli, Salmonella spp., preferably Salmonela dubtin,

i



agagagagaa 19660 agagatagta gaggaggtga tgaaggatct gaggaagggg
aagaagatta ggtagtatga 1674.0 aacagccatc ccgaagaatg agaagagaga

gactgggaag ccggagagtt 10E00 cgtggatgaa aagaaaccaa

%%gﬁf&@g gtagggggac gggaagggga gactggccat 10960 tacfé&%ﬁ? 006/660978

atgtacaaat gggtaaagca aaaaccagtg gtgatacccg ggtatgaagg 10929
taaaacacct ctatttgaga tattcaacaa agtgaagaag gaatgggatt gattccagga
10990 cgcggtagga gtgaggtttg agaggaaagc gtgggataga caagtcacga
gtagagacgt 1104.0 aatgttgata aaggatatcc agaaatatta tttgaagaga
agtatagaca aattttgaga 11100 tagaataaca gaacagatgg tggaggtacc
tgtgattaca ggagagggtg aagtttacat 11160 aaggaatggt gagaggggta
gtggogaang ggagacaagt gctggtaata 1tatgt9gaa 11220 tgtoctaagg
atgatatatg ctttctgtaa

Salmenels ryphimesiwmn and Salmonella newport, bovine Rotavirus and hovine Corenavirus,
Cryptosperidivm parvum, Adenovirus, Astravirus, bevine Parvovirms and Myecobarterimn
avium paratubercuiosis jcombo 240], According to 2 preferred embodiment, the combination
vaccine comprises attenusted BVDV (ypes 1 andfor 2) as deseribed herein and anfigen of

5 Escherichia coli, Salmonelly spp., preferably Salmonella dublin, Saimonella typhimurium and
Salmonells newpor, bovine rotavirus and bovine Coronavirus, Cryptosporidium parvem,
Adenovirus, Astrovirus, bovine Parvovirus and Myeobacterim aviam parainherculosic {cambeo
241},

16 According to a farther embodiment, the present invention relates 1o a combination vaccine for the
treatment and/or prophylaxis of cattle against microbiological infections in catle, wherein the
eombination vaccine comprises attenuated BVIDV (types 1 and/or 2) as dascribed herein and at least
one further immunological active component effective for the treatment andier prophylaxis of
infections caused by Stroptecoccus spp., preferably Strepteccoccus uberus smd for

15 Sirepiocsccus dysgalactiae feomba 242]. According to a preferred embodiment, the combination
vaceine comprises afteruated BVDV {types 1 andfor 2) as described herein and antigen of
Streptococeus spp., preferably Streptoccoceus uberns and/or Streptococeus dysgalactiae, [eombe
243|. According to a more preferred embodiment, the combination vaecine comprises attenuated
BVDV (iypes 1 and/or 2) as described herein and antigen of Streplococcus spp., preferably

26 Strepioccoccus uberus and/or Streplococcus dysgalactiae [combe 244].

According fo a further embodiment, the present invention relates 1o 2 combination vaccine for the
wreatment sndfor prophylaxis of cattle against microbiclogical infections in cattle, wherein the
combinaticn vaccine comprises attenuated BVDYV (iypes 1 and/or 2) as described herein and at least
25 one further rmmunological active component effective for the treatment andfor prophylaxis of
infections caused by Swteptococems spp., proferably Streptecesccus vherms and Jor
Streptoceccns dysgalactine and/or Staphyloceccus anreus jeombo 245], According to a more
preferred embodiment, the combination vaccine comprises attenuated BVDYV (types | andfor 2) as
described herein and antigen of Strepfococcus spp., preferably Streptoccoccus uberus andior
30 Streptococcus dysgalactine, end/or Staphylecocrus aurens [combo 246].

According 10 a further embodiment, the present invention relates to a combination vaccine

according to any one of [combe 801, 082, 003, 004, 005, 006, 007, 008, 069, 010, 011, 812, 613,

@14, 015, 014, 017, 018, 089, 020, 621, 822, 023, 024, €25, 026, 627, 628, 029, B30, 031, 632, 633,
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aagtacagga ataccttaca ggggattcag 112,30 cagagtggca agaatcgatg
tgtgtggtga tgatggcttt ttgataacag agagaggact 11340 gggactgaaa ttgtttgaga

Vﬁgg&mgg%gatattacat gaggccggga agooggagaa 11490 aagaact

ggggacaaaa tgaaagtggc atagagattc gaggagatag agttttyttc 1

aa
52006/060918

gcacactccc gtgccagtca gatgggcaga taagaccagt agttagaggg cagggaggag

11520 cacaggcact atactagnta agatggcaag gaggcgggat tccagoggag
agaggggtag 449490 cacagcttat ca- gtagcctgag gttccttttg atgtactcat

ggaatcccgt 11649 agttagaagg atotgcttag tggtgttgtc acagtttcca gaaatatcgg

catocaaaaa 11700 gagaatatac tagtaccaag gggatcgcat aggtgcgtac
agagaagtga tagggaaaca 11769 ggtgtgtgaa gtgaaaagaa gaggatttga
gaaggtggct ggtgtgaatt tgagtatgac 11E20 gactctaggc atgtggacaa

14

20

35

30

834, 635, 036, 037, 038, 039, 048, 041, 642, 043, 044, 045, 046, 047, 048, 642, 050, D51, €82, 653,
G54, 055, 056, 057, 058, 059, 068, 6§61, 062, 063, 064, 065, 666, 867, 068, 068, 070, 071, €72, 473,
974, 073, 076, 877, 078, 079, 080, 02K, 082, BF3, §84, 685, 086, 087, 088, 089, 094, 091, 092, 693,
894, 995, 096, 097, 098, 099, 100, 181, 102, 163, 164, 105, 106, 107, 108, 109, 110, £11, 112, 113,
114, 335, 136, 117, 118, 189, 120, 121, 122, 133, 124, 128, 126, 127, 128, 139, 130, 133, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 1582, 143,
154, 155, 156, 157 ,158, 254, 159, 169, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,
173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184 184, 185, 186, 187, 188, 189, 190, 24,
192, 193, 894, 195, 196, 197, 198, 199, 208, 201, 202, 203, 204, 208, 206, 207, 208, 209, 218, 211,
212, 213, 214, 235, 216, 217, 218, 219, 220, 221, 223, 223, 224, 228,226, 227, 228, 229, 236, 231,
232, 233, 234, 235, 136, 237, 238, 239, 140, and 241], that further comprises an immunological
active component effective for the freatment and/or prophylaxis of mfections caused by infections
caused by Streplococcus spp.. preferably Strepfoccoccus uberns andfor Streptecoccus
dysgaiactize, and/or Staphylococeus surens fesmbo 347). Aeccording to a furihier embodiment,
the present invention relates fo a combination vaccine according to any cne of feombo 001, 002,
003, 004, D035, 006, 067, 008, 009, 010, 611, 012, 013, 014, 015, 016, 017, 018, 019, 026, 021, 022,
023, 024, 025, 026, 027, (078, 029, 030, 031, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041, 042,
043, 044, 045, 046, D47, 048, (49, 030, 051, 052, 053, 054, 055, 056, 057, 058, 059, 060, 061, 062,
063, 064, 063, 066, 067, 068, 069, 076, 871, 072, 073, 074, 075, D76, 077, 078, 079, 080, D81, 082,
083, 084, 085, 086, 087, 088, 089, 090, 03], 092, 093, 094, 095, 096, 097, 098, 099, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, §13, 114, 115, 116, 117, 118, 119,120, 121, 122,
123,124, 125, 126, 127, 128, 120, 130, 131, 132, 133, 134, 135, 736, 137, 138, 139, 140, 141, 142,
143, 144, 145, 146, 147, 148, 149, 130, 151, 152, 153, 154, 133, 156, 157 ,158, 254, 159, 160, 161,
162, 163, 164, 165, 166, 167, 168, 169, 170,171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197 198, 199, 200, 201,
202, 203, 204 208, 206, 207, 208, 209, 219, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221,
222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 133, 234, 235, 236, 237, 238, 239, 240 and
241), that further comprises antigen of Streptococeus spp., preferably Streptoccoccus uberus
andior Sireptococcas dysgalactise, and/or Staphylococcns aureus [combo 248), According to a
further embodiment, the present invention refates 1o a combination vaccine sccordimg o any one of
{eombo 001, 002, 003, 004, 003, 006, 007, 008, 009, 010, 011, 012, 013, 014, 015, 016, 017, 18,
019, 020, 02}, 022, 023, 024, 025, 026, 027, 028, 629, 030, 031, 032, 033, 034, 035, 036, 037, 038,
039, 040, 041, 842, 043, 044, (45, 046, 047, 148, 049, 050, 051, 052, (53, 054, 055, 056, 057, 058,
059, 060, 061, 062, 063, 064, 063, 066, D67, 068, 069, 070, 071, G72, 073, (074, 075, 076, 077, 078,
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aagatactag taaaagacta atcgaagcct gtgtagaaat 11890 aggtaagaga
gaaggtaggt ggttagttaa tgctgacaga ctgattgcag gaaagactgg 11940

wIRagLHpg atcccaagga otqgtgttat: tottattggga aaagactatg agg%%%gt%o 60918
12000 ottaaagcaa aaggcgggac aacogoggat agagggggtt gacagatata
agttgggccc 12060 catagttaat gttatctgga gaaggctgag ggtgatgctg atgagagttg
ccaggsgaag 12120 ctggtgaatc cgtcoggagc gtcytgocct cagtgaaggt ttttaattgt
aaatattgta 12190 aatagacagg taaggtattt attgtagttg gataggaatg gagtgatagt
aaatactacca 12240 atttaagact acctccaatg gactaaggag tttagctgtg
tgaggttaag tcgacgtoca 12399 cggttggact. agggaagagg tctaacagcc cc
12332 210> 2 214> 1130 <212> DNA <213>AKtificial Sequence:
Mtated SVDV: XIXE6 AaNtW -6106>2

079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 052, 093, 054, 095, 096, 097, 008,
099, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
115,120, 121, 122, 123, 124, 125, 126, 127, 128, 129 130, 131, 132, 133, 134, 135, 136, 137, 138,
13%, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157,158,

5 254,159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170,171, 172, 173, 174, 175, 176, 177,
178, 179, 180, 181, 182, 183, 184, 185,186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197
198, 199, 200, 201, 202, 203, 204 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217,
218, 219, 220, 221, 223, 223, 234, 225, 226, 227, 228, 228, 230, 231, 232, 233, 234, 235, 236, 237,
238, 239, 240 and 241], that further comprises anmtigen of Séreptococcus spp., preferably

10 Streptocesccus nberws amnd/or Streptotoccus dysgalactine, and/or Staphylecsccus aureus
[eombo 249).

According to a further embodiment, the present inveniion refales to 2 combination vaceine for the
treatment and/or prophyiaxis of catile apainst microbiclogical infections in cattle, wherein the

15 combination vaccine comprises attenuated BVIDV (lypes 1 and/or 2) as described herein and at least
one further immumological active component effective for the treatment andfor prophylaxis of
infections caused by Streptococces spp., preferaBly Streptoccstems wherus andlor
Streptococcus dysgalactize, Staphylococeus aureus, Kiebsiella spp. and Myesplasma spp.
[eombe 258} According fo a preferred embodiment, the combination vaccine comprises attenuated

20 BVDV (types | andior 2} as described herem and antigen of Streptecoccus spgp., preferably
Streptoceoceus uberus, Strepéececcus dysgalactiae, and/or Streptoroccus aureus, Hiebsiella
spp. and Mycopiasema spp. jrombe 253] According to a more preferred embodiment, the
combination vaccine comprises attenuated BVDV (iypes | and/or 2) as described herein and
antipen of Streprococetss spp., preferably Streptoccoceus wherus and/or Streptococcus

25 dysgalactiae, Staphylococens sureus, Klebsiella spp., Mycoplasma spp. and endotoxin [combo
252}

According to a further embodiment, the present invention relates o a combination vaccine for the
treatment and/or prophylaxis of catile against microbiological infections in catile, wherein the
30 combination vaccine comprises aitenuated BVIDYV (types 1 and/or 2) as described herein and ar least
one further immumological active component effective for the weatment andfor prophylaxis of
infections caused by Trichophyter and Micresporus, preferably selected from Trichophyton
verrucosum, Trichephyton mentagrophytes, Trickephyton equinuem, Trichophyton sarkisovii,
Mieresporum canis, Microsperum canis var, obesum, Microsporum camis var. distortum, and
a4



gtatacgaga ttagctaaag aactcgtata tggattggac gtcaacaaat ttttaattgg 66
caacgtaggg aactttcccc tcagcgaagg ccgaaaagag gctagccatg cccttagtag
wﬂ)%%@ﬁ?f:}gfaaa' agtaggggac C- * agtgagttcg ttggatggcc gaﬁiﬁ?ﬁ@@) (1&%)9 18
gtacagggga gtcgtcaatg gttcgacact ccattagtcg aggagtctcg agatgccatg 2(4
tggacgaggg catgcccacg gcacatctta acccatgcgg gggttgcatg ggtgaaagcg
300 ctattcgtgg cgi.tatggac acagcctgat agggtgtagc agagacctgc tatteggcta
366 qtaaaaactc. tqctgtacat ggcacatgga gttgttttcc gatgaaggga gcaagggtgc
42:0 tacaagtaag aagcagccta agccagatag gatgaaaaa ggtaagatga
aaatagcccc 460 aaaagagaca gaaaaagatt graaaaaccag acc,c,eqac
Tagactatag tagtagaagg 51) ggttaagtac caggtgaaga aaaaaggaaa

ggtaagggga

Flierosporum gypsenm [combe 253]. According io a preferred embodiment, the combination
vaccine comprises attenuated BVDYV (iypes 1 and/or 2 as described herein and antigen of
Trichophyten, and Microsporus, preferably selected from Trichophyton verrucosum, Trichophyton
mentagrophytes, Trichophyton equinuen, Trichophyton sarkisovii, Microsporum  cands,

5 Microsporum cagis var. obesum, Microsporusn canis var, distortum, and Microsporum gypseum
[eombe 254).

According 1o a further embediment, the preseni invention relales to a combination vaccine
according 0 any one of [combe OGL, $02Z, 803, 004, 085, 085, 067, 008, 009, 019, 611, 012, G133,
10 814, 018, 816, 817, 018, 019, 020, @21, 022, 023, 024, §25, 026, 027, 028, 029, 034, 31, 832, ¢33,
034, 035, 036, 637, 038, 039, 040, 41, 842, 843, 044, 045, 046, 047, 048, 049, D50, 651, 053, 053,
054, 085, 056, 857, B58, 859, 060, 861, G662, 063, 06d, 065, 066, 067, 068, 069, 076, 871, 672, €73,
874, 975, 076, 077, 078, 079, 086, 081, §82, 033, 034, 085, 086, 087, 088, 089, 090, 091, 092, (93,
(94, BI5, 094, 097, 098, 099, 104, 101, 102, 103, 104, 108, 104, 107, 108, 109, 116, 197, 112,113,
15 B4, 115,116,117, 108, 123%, 128, 123, 122, 123, 124, 125, 126, 127, 128, 129, 138, 131, 133, 133,
134, 138, 136, 137, 138, 139, 1468, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 181, 152, 153,
154, 155, 156, 157 ,158, 254, 159, 168, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,
173, 174, 175, 176, 877, 178, 179, 188, 181, 182, 183, 184, 185, 185, 187, 188, 180, 199, 198, 192,
193, 194, 195, 196, 197, 198, 159, 200, 201,202, 203, 204, 205, 206, 207, 208, 20%, 230, 218, 212,
26 213, 23X, 218, 236, 217, 218, 219, 220, 221, 222, 223, 224, 228, 226, 227, 228, 129, 230, 231, 232,
133, 234, I35, 236, 237, 238, 239, 240, 241, 242, 243, 244, 248, 246, 247, 248, 249, 250, and 251),
thai further comprises an immunological active component effective for the treatment andior
prophylaxis of infections caused by infections caused by Twrichephyten and Micrssporus,
preferably  selected from Trichophyton wverrucosum, Trichophyton mentagrophiytes,
25 Trichophyion equimim, Trichophyton sarlisovii, Microsporum canis, Microsporum camis
var. obesum, Microsporsm canis vaz, distortom, and Microsporum gypseum [combo 255}
According 10 a further embodiment, the present invention relates o a combination vaccine
according o any one of [combo 001, 002, 003, 004, 905, 006, 007, 008, 009, 010, 011, 012, 013,
Gi4, 015,016, 017, 018, 019, 020, 021, 022, 023, 024, 025, 026, 027, (128, 029, 030, 031, 032, {33,
30 034,035,036, 037, 038, 039, 040, 541, 042, 043, 044, 045, 0406, 047, 048, 049, 050, 051, 052, 053,
054, 033, 056, 037, 058, 039, 060, 061, 052, 063, 064, 03, 066, 067, 068, 069, 070, 071, 072, 873,
074, G735, 076, 077, 078, 079, G80, 081, 082, 083, 084, 085, 0B, 087, 088, 089, 09C, 091, (92, 093,
094, 695, 096, 097, 098, 099, 100, 101, 102, 193, 104, 105, 106, 107, 108, 109, 110, 113, 112, 113,
114, LE3, 116, 117, 118, 119, 120, §21, 122, 123, 124, 125, 126, 127, 128, 129, 130, [31, 132, 133,
95



aaaaatactc aagatgggtt. 600 alLatcacaac aagaataagc cccctgaatc
aagaaaaaaa ttggaaaagg cactgct.ggc 660 ttgggccatc ttagcagcgg tcctgcttca
ctggtaaca ggagagaata tcacccagtg 720 gaatttgatg gacaacggca
“g%é%%é‘d%%’ ac.agcaagcg atgttcctaa gaggggtgaa '780 caggabtcta S2606/660918
catggaattt ggccagagaa aatttgcacc ggagtaccaa ctcacttagc 843. aacagactat
gagcttaaag agatagtggg gatgatggac gcgagtgaga agacgaacta 200
cacgtgttgc aggttgcaaa gacatgagtg gaataaacat ggttggtgt.a actggtttc 960
tatagaacci tggatatggt tgatgaacaa aaccgaaaac aacctgacag aagggcaacc
1220 gcttagggag tgtgctgtga cttgtalgta tgacaaggaa acagaattga acatcgtgac
2066 acaggctagg gacagaccta caactctgac aggttgcaag aaaggcaaga atttctcttt

1140 cgcaggtgtt atactggatg

134,135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
154, 135, 156, 157 |158, 254, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,
173,174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201,202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
3 213,214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 234, 225, 226, 227, 228, 229, 230, 231, 232,
233, 234, 235, 236, 237, 238, 239, 240, 241, 247, 243, 244, 245, 246, 247, 248, 249, 250, 251, and
252}, that further comprises antigen of Trichophyien and Microsporus, preferably selected from
Trichophyton verrucosum, Trichophyton mentagrophytes, Trichophyton equinum, Trichophyton
sarkisovil, Microsporum canis, Microsporam canis var. obesum, Microsporum: canis var. distortum,
0 and Microsporn gypseum [cambe 256].

According to further embodiment, the source of the combination vaccine is, Alpha 7P ALPHA-
TMB™, ALPHA-CD™, BAR-VAC® 7, BAR-VAC® 7/SOMNUS, BAR-VAC® 8, BAR-VAC®
CD, BAR-VACY C/DT, BREED-BACK™ Fp 10, BREED-BACK™ FP 10 HS, BREED-BACK™
15 FP 5, BREED-BACK™ FP 3 HS, BREED-BACK-10" CALIBER® 3, CALIBER® 7, ELITE
47 ELITE 9™, ELITE 9-HS™, EXPRESS®10, EXPRESS®10-HS, EXPRESS® 3, EXPRESS®
3/Lp, EXPRESS 4%, EXPRESS® 5, EXPRESS® 5.48, EXPRESS® 5.PHM, EXPRESS® I,
EXPRESS® ULP, QCU-GUARD® MB, PULMO-GUARD™ MpB, PULMO-GUARD™ PH-M,
PULMO-GUARD™ PH-M/SDT, PULMO-GUARD™ PHM-1, TETGUARD™, VIBRIG-LEPTG-
0/ 5™ (@l of Bechringer Ingefheim, St. Joseph, BICY); Cobalt™ 7, I-8ite™, Lepto 5, Master Guard®
Preg 5, Master Guard® 10, Master Guard® 10 + Vibrio, Masier Guard® J3, P H.M. Bac® 1, Pre-
vent 6™ Resprormume® 4, Respromune® 4 + Somnurmme® (1M, $C), Regprormme® 5 1-B-
P+BRSV, Respromune® 5+L5, Resprommune® S+LS Somnus, Respromune® 5+Somnurnune,
Respromune® 5+VL3, Respromune® 8, Respromune® 9, Respromune® 10, Scour Vac™ 4, Scour
25 Vac™ 9, Scour Vac™ E coli + C. Somnumune®, Titanium™ 2, Titanium™ 4, Titaninm™ 4 LS5,
Titanium™ 5, Titanium™ 5 LS, Titanium® 542 H M. Bac®-1, Titanium™ BRSYV 3, Titaniugm™
T8R, Thanium™ IBR-LP {all of Agri Laborateries Tnc., $t. Joseph, MO); Herd-Vac® 3, Herd-
Vac® 3 5, Herd-Vac® 8 Herd-Vac® 9, Surround™ 4, Suround™ 4+HSE, Surround™ B,
Surround™ 9, Surround™ 9+HS, Surround™ HS, Surround™ LS5, Surround™ V.15 {all of
30 BieCor, Omaha, KE (Pfizer)); Mycomune® (Biomune Co., Lenexs, KS) Bluetongue vaccine,
Bovine Virus Diarrhea Vaccine, Campylobacter fetus bacterin-bovine, Essential 1, Essential 2,
Essential 2+P, Bssential 3, Essentiat 3+T, Essential 4, Lepto-5, Marmheimia haemolytica-
Pasteurellz multocida bacterin, Pre-breed 6, Pre-breed 8, Respira-1, Respira-3, Wart Vaccine {ali of
Colorade Seruwm Company, Denver, CO); Pyramid® 3, Pyramid® 4, Pyramid® 4 + Presponse®
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ggccctgtaa ctttaaagta tcggtigaag atgtgetgtt :233 caaggageac gattgcggea
acatgctgca agagaccgceg atacagctac tcgatmge 1250 gaccaacacc

attga6: ag caagggtagg gacggccaag ttgacaacct. ggttagggaa 1320

Wil "(ﬁ'égdq&j%atecttggta agaagttgga gaacaaaagc aaagcatggt t&fegtJeaees/060918
13S6 tgcagcaagt ccatactgcg gagtggagag gaagatcggt tacgtatggt

atacaaaaaa 1446 ctgcactcca gcttgccttc caagaaacac tagaataata

ggcc.c.cggg aatttgatac 1500 caacgccgaa gatggaaaaa tactccatga
gutggggggg cacctctcag aatttgtcct 1560 attgtcottg gtggttctgt ctp:ctttgc
cccggaaace gegagcgtca tctacttggt 1620 tcta.c:attt gcgatcccge aaagccacgt
tgatgtauc. acatgcgaca agaaccagct. M681) gaatttaacg gtagcaacca

cagtagcaga ggtcatacca gggacagtgt ggaacctagg 3.740

SQ, Pyramid® 5, Pyramid® 8, Pyramid® 9, Pysamid® IBR, Pyramid® IBR+Lepto, Triangle® 1 +
Type It BVD, Triangle® 3 + VLS, Triangle® 4 + HS, Triangle® 4 + PH/HS, Triangle® 4 + PH-K,
Trisngle® 4 + Type If BVD, Triangle® 9 + HS, Triangle® 9 + PH-K, Triangle® + Type 11 BVD,
Trichguord®, Trichguard® + V5L, TrVib 5L® (all of Fort Dodge Animal Health, Overlsnd

5 Park, K5 (Wyethj); J-5 Escherichia coli Bacterin, Serpens Species Bacterin, Staphyiococcus
aureus bacterin-toxoid (all of Hygieia Biclegical Laboratories, Weoolland, CA): Endovac-Bovi®

with Immuneplos® (Immvae, Inc., Columbia, BMO); 20/20 Vision® with Spur®, L5 SO,
Meoguard™, MasterGuard® Preg 5, Once PMM®, Once PMHE 5Q, Vibralone™-L35, Vision® 7
Somnus with Spur®, Vision® 7 with Spur®, Vision® 8 Somnus with Spur®, Vision® 8 with

10 Spur®, Vision® CD-T with Spur®, Vision® CP with Spur®, Vista™ IBR £Q, Vista™ 3 8¢,
Viste™ 5 §0, Vista™ 5 LS 8Q, Vista™ Once 8Q, VLS 8Q, Volar®, {all of Imfervet Ine.,
Rillsharo, DE) Vac®, Reliami® 3, Reliam® 4, Refiant® IBR, Reliant® IBR/BVD, Reliant®
IBR/Lepto, Reliant® Plus BVD-K (Dual IBR™), Reliam® Plus (Dl IBR™), Respishield™ 4,
Respishield™ 4 L5, Respishield™ HM (all of Merial LD, Duluth, GAY Arsenal® 4.1, Arsenal®

15 IBR, Arsenal® IBR BVD, Bovine Pili Shield™, Bovine Pili Shield™+C, Clostri Shield® 7, Clostr
Shield® BCD, Fusogard®, Lepto Shield™ 5, Pinkeye Shield™ XT4, Salmo Shield® T, Salmo
Shigld® TD, Scoor Bos™ 4, Scour Bos™ 9, Sorny Shietd™, Trep Shield™ HW, Vib Shield® L5,

Vib Shield® Plus, Vib Shield® Plus LS, Vira Shisld® 2, Vira Shield® 2+BRSV, Vira Shield® 3,
Vira Shield® 3+VL5, Vira Shield® 4, Virz Shield® 4+L5, Vira Shield® 5, Vira Shield® 5+LS,

26 Vira Shield® 5+L5 Somnus, Vira Shield® 5+Somnus, Vira Shield® 5+VL5, Vira Shield® 5+VLS
Somnus, Vira Shield® 6, Vira Shield® 6+-8omnus, Wart Shield™ (all of Movartis Andmal Hesith,
Basel, Switzerland); Bovi-K®@ 4, Bovi-Shield™ 3, Bovi-Shield™ 4, Bovi-Shieldm™ BREV, Rovi-
Shield® FP™ 4-+L5, Bovi-Shield® GOLD 3, Bovi-Shisld® GOLD 5, Bovi-Shield® GOLD FP™ 5

L5, Bovi-Shield® GOLD FP™ 5 VLS5, Bovi-Shield® Gold IBR-BVD, Bovi-Shield® Gold IBR-

25 BVD-BREV-LP, Bovi-Shield™ IBR, Bovi-Shield™ [BR-BRSV-LP, Bovi-Shickd™ IBR-BVD,
Bovi-Shield™ IBR-BYD-BRSV-LP, Bovi-Shield™ IBR-PI3-BRSV, Calf-Guard®, CattleMasler®

4, CattieMaster® 4+L5, CagtleMaster® 4+VLS, Cattlehiaster® BVD-K, CattleMaster® Gold FP™

5, CattleMaster® Gold FP™ 5 LS5, Defensor® 3, Fortress® 7, Fortress® 8, Foriress® CI,
Leptoferm®-5, One Shoi®, One Shot Uliza™ 7, One Shot Ulia™ 8, PregGuard™ FP 9,

36 PregGuard® Gold FP™ 10, Resvac® BRSV/Somubac®, Resvac® A/Somubac®, ScourGuard 3®
(K}, ScourGuard 3® (X)C, Somubac®, Spirovac®, Spirovac® L35, Spirovac® VLS, StayBred™
VL3, TS8V-2™, Ulrabac® 7, Ulirabac® 7/Somubac®, Ulirabac® 8, Ultrabac® CD, UltraChoice™

7, UliraChoice™ &, UlraChoice™ CD, Upjohn J-5 Baclerin™, Vibrin® (all of Plizer B, New
WYork, NY); Covexin® 8 Vaccine, Flectroid® 7 Vaccine, Electroid® 3, Guardien™, Jencine® 2,
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gaagtatgtc tgcataagac cagactggtg gccatatgag acgacgacag tcttcgtcat 1800
agaggaagca. gggcaagtaa tcaaattgat gctaagggcc atcagagact. taactaggat
1860 atggaatgct gccactacca cagctttctt aatcttt.tta gtaaaagcac tgaggggaca

%gfﬁggﬁgﬁ%caa cagctattgt ggctgatgcet aataacagga gcacagggétiveatgeadsey s
1960 caaagagggc ttgcaatatg ccatatctaa agacaggaaa atggggttat
tggggcgag-a 2040 gagottaact acaacatggc acctccccac caaaaaaata
gtggattcca tggtgcatgt 2166 atggtgtgaa ggaaaagact tgaaaatatt aaaaatgtgc
acazaggaag agaggtatct 2160 agtggctgtg cacgagagag cgttatcaag
cagtgccgag tttatgcaga tcagtgatgg 2220 gacaataggc ccagacgtga
tagatatgcc tgatgcttt gagtttggac tttgcccttg 226 tgactcaaaa ccagtgataa
agggcantt taatgccaga ttactgaatg

Jencine® 3, Jencine® 4, Nasalgen® IP Vaccine, Piliguard® Pinkeye-1 Trivaleni, Piliguard®
Pinkeye + 7, Piliguard® Pinkeye Triview®, Siteguard® G, Siteguard® MLG Vaccine {all of
Schertag-Flough Animal Health Corporation, Kenfiworth, NJ); Myco-Bac™ 8, Poly-Bac B®
3, Poly-Bac B® Somnus, Super Poly-Bac B® Somnus {all of Texas Vet Lab, Inc., San Angelo,

5 TX), Virabos™.3 with Inmunostim®, Virabos™-4 + H. somnus with Immunostim®, Virabos™-4
with imraunostim® (alf of Bieniche Awimal Health, Athens, GA), whersin atenuated BVDV, ag
deseribed herein, is added Alernatively, when BYDV antigen is present in any of those vaccines,
aitenuated BVDYV, as described herein, is added, or BVDV present any of those vaccines is
substituted by attenuated BVIDV, as described herein,

An imporiant apect of the present invention is the preparation of the combination vaccine(s} The
skilled person knows additional components which may be comprised in said composition (see also
Remington's Pharmaceutical Sciences. (1990). 18th ed. Mack Pubi, Eastor). The expert may use

15 known injectable, physiologically acceptable sterile solutions. For preparing a ready-to-use solution
for parenteral injection or infusion, agueous isofonic solutions, such as e.g. salme or comresponding
plasma protein solutions ars readily available. The pharmaceutical compositions may be present as
iyophylisates or drv preparations, which can be reconstituted with a known injectable solution
directly before use under sterile conditions, e.g. as a kit of panis,

20
In addition, the immunogenic and vaccine composiiions of the present invention can include one or
more veterinary-acceplable carriers. As used herein"a veterinary-acceptable carrieringludes aumy
and all solvents, dispersion media, coatings, adjuvants, stabilizing agents, diluents, preservatives,
antibacterial and antifungal agents, isotonic agents, adsorption delaying agents, and the like,

25

Diluents can include water, saline, dextrose, ethancl, glveerol, and the like, Isotonic agents ¢an
include sodium chloride, dextrose, mannisol, sorbitol, and lactose, among others, Stabilizers include
albumin and alkaiisalts of ethylendiamintetracetic acid, among others.

36 Adjuvants include, but are not limited to, the RIBI sdjuvant system {Ribi Inc.), alum, aiuminum
hydroxide gef, Cholesterol, oil-in water emulsions, water-in-o0il emulsions such 25, e &, Freund's
complete and incomplete adjuvants, Block co-polymer {CyiRx, Atlanta GA), SAF-M {Chiron,
Emeryville CA), CARBOPOL®, AMPHIGENG adjuvant, saponin,Quil A, QS-2I {Cambridge
Biotech Inc., Cambridge MA), GPI-0100 {Galenica Pharmaceuticals, Inc, Birmingham, AL) or
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gaccagct.tt 2340 ccagatggta tggccacagg ggtgcactgg tacaatag-iaa
tgcaccctag cgaaccaaga 2466 caccttggac acaactgtca ttatflacata
t aﬂz{;}%aact accccatttc agcggagaaa 2463 atggtgtacc tatgaaaaaa.

KES agdéé%’%ga

accatagcag gttgagagac ggacctatca aguagtitaa 25160 gtggtytggc
catgacttog tcaF:ctc_aga ggggctacca c..ctacccaa taggcaagtg 264.0
catgct.catc aacgagagtg ggtacagita tgtagatgac acctct:tgcg ataggggtgg
26760 tgtagc,...ata gttccatctg gcaccgtaaa gtgtagaata ggtaacgtca

cggtgcaagt 2760 tatcgctact aacaatgatc tgggacccat gccttgcagce ccagctgaag

tgatagcaag 2620 tgaaggacca. gtggaaaaga ctgcatgcac attcaactat
t.caaggactc tacctaataa 2880 gtattatgag ccaagggacc ggtacttcca

20

25

36

other saponin fractions, monophosphoryl lpid A, Avridine lipid-amine adjuvant, heatabile
enterotoxin from E. coli {recombinant or ofherwise), cholera toxin, or muramyi dipeptide, among

marny others.

The immunogenic composilions can further include one or more other imrmmomodulatory agents
such s, e. g.inteslenking, interferons, or other cytokines. The immunogenic compositions can also
include Gestarnicin and Merthiolate. While the amounts and concentrations of adjuvants and
additives useful in the coniext of the present invention can readily be determined by the skilled
artisan, the present invention coniemplates compositions comprising from about 50 ug 1o about
2000 g of adjuvant and preferably about 250 ug/ ml dose of the vaccine compesition, I ancther
preferred embodiment, the present invention contemplates vaccine cowpositions comprising from
ahout lup/ml to about 60 ug/mi of antibictics, and more preferably less than about 30 ug/mi of

antibiotics,

For example, in a corposition according to the invention, 10* to 10° TCIDse of attenutated BYDY
may be solved in 25% (v/v) SGS (Sucrose 75 mg, Gelatine 20 mg, Potassium hydroxide 0.274 g,
L- giutamic acid 0.72 mg, Potassium dihvdrogen phosphate 0.516 myg, Dipotassium phosphate
1.254 mp, and 2 ml with water for injection), and 5 % (v/v) cell cuiture medium, and 1 mi with
water for injection. This is further mixed with af least one further antigen of a bovine pathogen, as
iisted above.

According to a further embodiment the combination vaccine is first dehydrated, T7 fhe composition
is first lyophilized or dehydrated by other methods, then, prior fo vaccination, ssid composition is
rehydrared in agueous (e.g. saline, PBS (phosphate buffered saline)} or non-aquecus solutions {e.g.
oil emulsion (mineral cil, or vegetable/metabolizable oil based/single or double emulsion based),
aluminum-based, carbomer based adjuvant),

Dose and administration:

According to the present invention, an effective amount of a combination vaccine administered to
cattle, including pregnant cows and calves nursing pregnant cows, provides effective immunity
against microbiclogical infections caused by BYDY and at Jeast one further pathogen as Hsied
above. Prefered combinations of antigens for the treateent and prophylaxis of microhiolngical

diseases in cattie are listed above.

9%
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acaatacatg ttaaaagggg agtggcaata 2540 ttggttcgac ctggattctg tagaccacca
caaagactac ttctcagagt tcataatcat 3000 agcagt.ggto gcttgtiagg gtggtaagta
Tsgt ctcttgataa catacacilat C) $53 actgtctgag cagatggcta
Vﬁb%gtgc%%%agtgaatact gaagagatag tcatgatagg 3126 caatttgctif-ACayAtapiey s
atattgaggt tgtggtttat ttccttcttc tgtacttaat 3180 agttaaagag gaactggcga _
ggaaatggat tatactqg.ta taccacatcc ttgtagccan 3243 ccctatgaaa acaattgggi
tcgtcttact aatgctaggg ggagtggtga aggccaggag ‘2600 aatoaatgot
gatgaccaaa gtgctatgga occatgottt gttctcgtga cg' cgtagt 2360 ggotgttttg
atgatcgcta gaagagaacg tgccacatta ccactgattg tagcattgct. 3420
agca.ataaga acatcaggat tcctactgcc cgctagcatt gatgtaactg tagcagtagt 748U

Acording to one embodiment, the combination vaceing is administered 10 caives in two doses at an
intervel of about 3 to 4 weeks. For example, the first administration is parformed when the animal s
about | to about 3 months of age. The second administration is performed about 1 to about 4 wesks
after the first administration of the combination vaccine. According to a further embodiment,

5 revaccination is performed in an interval of 6 to 12 month afier administration of the second dose.
In a preferred embodiment, the first adminisiration is performed about 5 weeks prior fo animal
breeding. The second administration ie performed about 2 weeks prior to animal brezding.
Adminisiration of subsequent vaceine doses is preferably done on a 6 month to an snnual basis. In
another preferred embodiment, animals vaceinated before the age of about 6 months should be

16 revaccinated after 6 months of age. Administration of subsequent vaccine doses is preferably done
on zn annual basts.

The amount of combination vaccine that is effective depends on the ingredients of the vaccine and
the schedule of administration. Typically, when an inactivated virus or a modified live virus
15 preparation is used in the combination vaccine, an amount of the vaccine containing about 107 to
about 10° TCIDs per dose, preferably about 10° to about 10° TCIDs, per dose, more preferably,
about 10° to about 10° TCIDs per dose. For example, about 10° to about 10° TCIMsg per dose of
attenuated BVDV (types 1 and 2) is effective when administered twice t¢ the snimal during a period
of about 3 to 4 weeks. In general, inactiveted anfigen is normally used in higher amounts than live
26 modivied viruses. Typically, when bacterial antigen is used in the combination vaccine, the vaceine
cenizins an amount of about 10° to shout 10° celony forming units (CFU) per dose, preferably,
about 10" to about 10° (CFLT) per dose, more preforably about 10° to about 16° (CFU) per dose.

In the event, the combination vaccine comprises live modified IBR, the amount of IBR antigen is
25 preferably it 2 range of about 10° to 107 TCIDs, per dose. In the event, the combination vaccine
comprises live modified PI3, the amount of PI3 antigen is preferably in a range of about 107 to 10°
TCIDsy per dose. Tn the event, the combination vaceine comprises live modified BRSV, the amount
of BRSV antigen is preferably in a range of about 10** 10 10°° TCIDs, per dose. In the event, the
combination vaccine comprises killed IBR, the amount of 1BR antigen is preferably in 2 range of
30 about 10" to 10 TCID4 per dose. In the event, the combination vaccine comprises killed P13, the
amount of PI3 antigen is preferably in a range of about 107 50 10°* TCIDsp per dose. In the svent,
the combination vaccine comprises killed BRSV, ihe amount of BRSV antigen is preferably in a
range of about 10°" 1o 10™ TCIDy; per dose. In the event, the combination vaccine comprises killed
Leptospira spp. the amount of each Leptospira spp. antigen is preferably in a range of ahout 107 io
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attaattgta cttttgttgg ctagotacat aacagattac tttagatata aaaagtogct 3949
tcaactctta tttagtctga tagctggtat ctttattata aggagcttaa aacatatcaa 3933

weCagalg9ag gtaccagaaa. tatctatgcc aagtiggaga octrotagctc {Qoteaghit veasis
3660 ctatataaga tctacagcaa taacoactaa ttgggaoatt gacttagcag gottcctgct
3720 ggaatagggcg ccagccgtga tcatgatggce tacgatgtgg gcagagtttt
tgactotgat. 3780 catagtcctg ccoagttacg agttatctaa gotttactto otaaagaacg
tcaggacaga 3349 cgtggaaaag aactggctcg gcaaagtgaa atacagacag
atcagttcag tttatgacat 3903 ctgtgacagt gaggnagcag tgtacctatt tocatcaagg
cataagagtg gaagcaggcc $960 agatttcata. ttaccttttt tgaaagccgt gttaataagc
tgcatcagca gccaatggca 4020 agtggtttac atttottacc taatactgga aattacatac
tatatgcaca

10" (CFU) per dose. In the event, the combination vaceine comprises killed H. somnus the amoimt

of H. sommnus antigen is preferably in 2 range of about 10%% 10 16° (CFL) per dose.

The composition according fo the invention mway be applied inwadermally, intrairachesily,
5 intravaginally, mivamusculady or intranasally, and preferably intramuscularly or inmranasally. In an
animal body, it can prove advantageous to apply the pharmaceutical compositions as described
above via an intravenous or by direct snjection into target tissuee For systemic application, the
intravenous, infravascular, intramuscular, infranasal, inivaarterial, intraperitoneal, oral, or infrathecat
routes are preferred. A wwore local application can be effected subcutaneously, intradermally,
10 inwacutanecusty, intracardially, intralobally, intrameduliarly, intsapuimoenarily or divecily in or near
the tissue 10 be tresied (comnective-, bone-, muscle-, nerve-, epithelial tissue). Depending on the
desired duration and effectiveness of the treatment, the compositions according to the invention
may be adminisiered once or several times, as well as intermittently, for instance on o daily basis

for several days, weeks or monihs and in different dosages.

Methods for trectment:
Yet another importani embodiment of the invention is a method for the prophylaxis or treatment of

diseases caused by BVDV, and furiher bovine pathogenic microorganism(s), wherein an attenuated
2 BVDV as described herein and further immunological active components effective for the treatment

andfor prophylaxis of the infection caused by said further bovine pathogenic microorganism is

administered to an antmal in need thereof al a.suitable dose, as known to the skifled person,

25 EXAMPLES
The following examples serve to further illustrate the preseni invention; but the same should not be

construed as limiting the scope of the invention disclosed herein.

3¢ EXAMPLE &

BVDY XIKE-B: foctoparhogeniclly assessment in pregueant heifers
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ggaaaatcat 4080 agatgaggtg tcaggaggag caaattttct atcaagactc
atascagcca tcatagaatt 4140 aaattgggcc atagatgatg aggaatgtaa );c.rl-

vaRaaiagtgdottatgagg 4209 gagagcgaag aatttgatag ttaaacatq,acgg@%%&% 15
gaagccgtcc acagatigtt 4260 tggtgaggag gaaatatacg gggcacccaa
ggtgatcact atcataanag ctagtaccct 432D aagtaaaaac aggcactgca.
taatctgcac gatctgtgaa gggaaagaat ggaatggagc 4390 caactgccca
aagtgtggaa gacaaggaaa gccgataaca tgtsgaatga cactcgoaga 4440
ctttgaggag aaacattaca aa9agatatt tattio gaatottott. gtcctgtgoac 45500
ttttgatcct tottgccatt gtaattattt tcgccacgat gggcctttica ggaaagagta 4.9(.q)
taagggttac gtccaataca eagccagagg attaactottt ctgaggaacc taccaattct 4620
agcgacgaa3. atgaagotat taatggtggg

BVDYV XIKE-B. an RNase negalive mutant of the highly pathogenic BVDV type 2 isolate
New¥ork'93/C was recovered from the infectious ¢DNA cione pKANE40B and showed wild type-
like {wi-like) growth characteristics in tissue culture. in animal experiments, the mutant virus was
found 1o be considerably attenuated so that it represented a promising candidate for developiment of

5 alive attenuated vacoine virus (Meyer et al., 2002). To test whether this atienuated virus is still able
1o cross the placenta and infect the fetus, pregnant heifers were infected with XIKE-B. As a contral,
wild fype BYDV recovered from cDNA clone pLANE4GA was used. The respective virus named
KIKE-A expresses an active E™ RiNase in the infected cell, The study aimed to assess the safety of
XIKE-A and XIKE-B in prepiartt animals,

EXPERIMENTAL DESIGN
Ten pregnant heifers were selected from a BVDV negative herd. The following groups of 5 heifers
were included in the trial:

Mo. Inoculation Vinus
Group 1. 5 One L. n. administration, XIKE-A
3 mi in each nostril

Group 2 5 One i. n. administration, XIKE-B
3 ml in each nostri]

Heifers were moved to the experimental facilifies 8 days before inoculations. Pregnancy status was
confirmed after ranspost into the experimental facility. Heifers were betwesn days 60 and 90 of

gestation on the day of inoculation. Inoculation took place for ail animals at one point of time.

20 Heifers were monitored for the presence of clinical signs of BVDYV infection including abortions
during the observation period. Blood sampies were collected from the animals for serol ogy, antigen
degection and white blood cells were counted. The experiment was tenminated $ weeks after
infection. WNon-aboried cows were slaughtered, the uterus examined and collecied. Fetal organ
samples were collected during routine necropsy and examined for BVDV infection,

25
The preserice of fetal infection was the main evaluation parameter, composed from the number of
BYDV-related cow morlalities, the number of BVDV-related aboriions and the number of BV}

positive feiuses at termination. In addition to the main parameter, clinical signs characteristic for
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aaacctoggc gcagaaattg gcgacctgga 4630 acatctagga tgggtactga
gagggocagc cgtgtgcaaa aaaattaoca accatgagaa 4740 gtgccacgta
taagctaac tgcattttatt ggaatgatgc ctagaggcac 4500

vgtgggﬁz)qtg%%}%cacctgtga ggttcoccac agcactacta aaagtgagaa g"gngdH%%%‘bﬁé{’.ﬁm
4863 gacgggatgg gcttacacgc accaaggagg gatcacctcg gtagaccatg
tcacagccgg 3920 aaaggattta otagtgtgtg acagtatggg caggaccagg gttgtctgtc
atagtaacaa 43910 taagatgact gatgagactg agtatggcat caagaccgac
tgagggtgtc ccgaaggtgo 5040 gaggtgttac gtgctaaacc cagaagctgt taacatttct
ggcacaaaag gaggtatggt 5100 acacctccag aaaacggggg gggagttcac
atgtgtcatt gcctcaggga ccccgclottt. 5160 cttcgatctg aaaaatotaa aaggctggto
ogggctacca atttttgaag catccagtgg 5223 cagggtggtt

BVDV infection, virsemia and white blood cell counts in cows, and rectal temperature after

challenge were evaluated.

Amnimals
5 Heifers were purchased from a farm free of BYDY, Only aninals, which met the following

inchusion criteria, wers used.

Eneclusion criteria
- Free of BYD antibodies; each individual was tesied in the serum antibody test prior to fransport
10 and at the initiation of the siudy (at the animal test facility),
- Free of BYDV; plasma and/or buffy-coal preparation from each individual was tested by a
suitable test.
- Clinically healthy at the initiation of the study judged upon physical examination. The health
examination of the animals was accomplished in accordance with the current, generzlly accepted
13 vaterinary practice.
- Pregnancy confirmed by physical examination before inocidation. Pregnancy was between 60 -
S0 days at the time of inoculation, proven by insemination records.

Test Strain A
it}
Description: XIKE A live virys BY DV stram
Composition: Esxperimental material comprising of celf cutture
supernatant of low passaged XIKE-A,
BVD components: BVDV type I strain; XIKE-A
Supplied by: Dr. Gregor Meyers, “Burndesforschungsanstalt for

Viruskrankheiten der Tiere™ (BFAV), Paul-
Ehrfich-Strafe 28, 72076 Tiibingen, Germany

Applied BVD virus dose: | type 1 strain:105 TCIDso/6mt (TCID = Tissue

Culture Infactive Pose)
Applied vaccine volume: |3 m! per nostyil

Application route: Intranasal
Preparation of dosage The inoculum was gent in a pre-diluted frozen form
form: in a 50 ml vial on dry ice and was stored at 70 °C

before incculation. kmumediately before inoculation
of Group 1 heifers, the material was thawed
avoiding local temperatuses above 37 °C. Afterno
ice was visible in the fluid, material was gently
stirred and immediately used for inoculation of the
antmals.

Unused inoculum: The volume of the unused material was measured
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ggtagggtga aagtcggcaa gaatgaggat tocaagocca ccaaactaat 9280
gagcggaatc cagacagtgt. ataagaacca gacagaccta goggacatcg taaaaaaatt

tatg aacagaggag agttcaaaca gataacatta gtcact _

‘%ggg%%%ﬁg 5400 tacggaactg ccaaggtccg tcatagagga gata§§§§ 2006/060918

cacaaaawg tcttagtcct. 5460 gataccattg agaggaggag gagagtoagt gtatcatAt
atgagagtga agtacccaag 3:9.2q tatatctttc aatttgagaa taggagatat
gaaggaaggt gaca.tggcoa gtggtatcac 9990 ctaggcctoa tatqggtact tttgtcagct
tcctcagcecc aaactgagag ctgccatggt 9640 agagtactoa tatatattct. tagatgagta
ccactgtgct acacccgagc aattagcaat 5700 aattggaaag atacacaggt ttgctgaaaa
tottagagtg gtagcaatga cagcaaccoc 57e0 agotggaacg gtgacaaoga
ctggtcagaa acaccct.ata gaggagttca tagccgcaga

and split on two aliguots before immediate freezing
in dry ice ot Haquid nitrogen and stored for re-
titration purposes. Virus and contaminated plastic
or glassware were incubated with an appropriate
volume of an 8 - 10 % formaidehvde solution for
at least 24 howss at room temperature bafore
discarding in order fo inactivate viruses.

Fest Strain B
Description: XIKE B, live virus BVDV strain
Composition; Experimental material comprising of celi culture
supernatant of low passaged XIKE-B
BVD componenis: BVDYV tvpe I strain: XIKE-B
Suppiied by: Br. Gregor Meyers, “Bundesforschungsanstaht fir

Viruskrankheiten der Tiere” {BFAV), Paul-
Ehriich-Strafle 28, 72076 Tubingen, Gernmany

Applied BVD virus dose: | Type & strain: 105 TCIDsg/6ml (TCID = Tissue

Culture Infective Dose)
Appiied vaccine volume: |3 mi per nostril
Application route: Intranasal
Preparation of dosage The inocolum was sent in a pre-diluted frozen form
form; in 2 50 ml vial on dry ice and was stored at =70 °C

before inoculation. Imimediately before inoculation
of Group 2 heifers, the material was thawed
avoiding local femperatures above 37 °C. After no
ice was visible in the fluid, material was gently
stirred and immediately used for inocubation of the
animals.

tnused vaccine: The volume of the unused material was measured
and split on two aliquots before immediate fraezing
in dry ice ar liquid nitrogen and stored for re-
titration purposes, Virus and contaminated plastic
or glassware was incubaied with an appropriate
volume of an 8 — 10 % formaldehiyde solution for
al feast 24 hours at rcom temperature before
discarding in order 10 inactivate viruses.

Fregnancy Confrol
Pregnancy was conlirmed immediately before incculation.

Inoculation of Heifers

16 The date of inoculation is Day ¢ of the experiment,

In each nostril, 3 ml of the test material was administered intranasally by syringe without needle.
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5520 ggtgatgaaa ggtgaagatc taggtagtga atacttggat attgcagggt tgaagatacc
5880 gactgaagag atgaaaggca acatgctcgt gttcgcgcca actaggaaca

cagtaga 9940 aacagctaag aaattgaagg ctaagggata caactttgga tactattaca

‘%%’gzﬁgg’é‘ag%i‘? 6000 cccagagaac ttgagggtgg taacctcgea atocccftdt US2006/860918

gtggtagtag coaccaatgc 6060 catagagtca ggtgtgacat taccagactt agacacagtt
gtagacactg gactaaagtg €120 tgagaagagg gtgaggattt cttcaaaaat gcccttcatt
gtaacaggac ttaagagaat 6180 ggcagtcaca atoggagagc aagoccagcg
caggggtaga gtaggaagag tcaagecagg 6249 taggtactat aggagtcaag
aaacagcttc agggtcaaaa gattaccatt acgacctact 6330 gcaagcccag
aggtacggaa tagaagatgg aattaatgta acaaagtcat tcagggagat 6360
gaactatgat tggagccttt acgaagagga cagcttgati

Each fime a new sterile syringe was taken. Adminisiration was performed during the aspiration

phase in order to eniimize loss of fluid via expiration of material.

Post-Inoculation Obeervations
5 Collection and examinarion af blowd samples
Blood was collected following standard, aseptic procedures {disinfecting the blesding site). A new

sterife syringe and needle was used for each animal.

Binod collection to prepare serum
W0 At least 10 ml blood was collected from the heifers immediately before inoculation, then weekly
after infection and at the termination of the study. Serum was siored at ~20 °C until required.

Blood collection for lenkocyte counts and bufiy cont prepavations

For leukocyte counting, 3 ml blood was transferred immediziely afler coflection to suitable sterile
15 wvessels (Venoject, Terumo Europe NV, Leuven, Belgium), pre-filled with 0.06 ml EDTA {0.235

MOL/LY.

For buffy coat preparations, al least 15 md blood was transferred immediately after collection 1o
suitable sterile vessels, pre-filled with 0.1 ml Heparin solution {Na-heparin for iny., 5 000 1U/mi lot,

0 ATBIG3A exp. dale: 11/2000; Gedeon Richter RT, Budapest, Hungary) yielding at least 20 U
Hepasin per ml blood it the blood sample. The content was carefully mixed thereafier.

For preparation of buffy coats and leukocyie cownting, blood was collecied fiom the heifers
@ onevery day, between Day 0 and Day 14 after infection;
23 e onevery second day, between Day 15 and Day 40, or until all animals were negative for virus

isolation for three consecutive sampling ime points,

Preporation of serum

Blood was allowed to clot at room temperature, and separated by centrifugation. Each serum sample
30 was divided into two aliquols of at least 2 ml each. One set of aliquots was assaved for BVDV

specific antibodies by ELISA. The rest of the sera was frozen and stored af —20 °C until required.
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ataactcaac togaggtoct 6420 taacaacctc cttatatcag aagacctgcc tgccgcagtq
aagaacatca tggcccggag $3480 cgatcaccca gaacccatac aactggctta
aaaagcaaa ttccagtgct. 6540 gttgccaaag atcaaaaat

W{;&;gzgg%{?éc(% agacagttat gagaattaca catatctgaa 6633 tgtaagag fUSZ606/060918

ttaggagagg acgtgocggc atatgtgtac gccacagagg atgaggatct 69360

agcagtggat cttctgggta tggattggcc ggacccaggc aaccaacagg tggtagagac

6720 agggagggca ttaaaacaag taactggctt atccacagca gaaaacgccc

tgttgatagc 6780 cctattgggg taggtcgggt accagacagt ttgaaaaagg

cacataccca tgattagtga 6840 catctataca cttgaagatc acagggttga agacacaacc

cacctccagt ttgccgcaaa 6900 cgctataagg accgacggca aggactcaga

gttgaaggaa ttagctgtgg gagaccttga 4,980 taaatatgtg

Lenkocyie counts

Leukocyte counts were deiermined with 2 coulter-counter semi-automated electronic device
{Diatron Minicell-16, Messtechnik GmbH, Wien, Austria) with a claimed accuracy of 0.1 x 107/ |3
100/ pl The instrument was used {calibration and levkocyie-counts) according to the

5 manufaciures’s recommendations.

Preparation of buffy couts

Heparin blood samples were transported to the laboratory as soom as possible. Buffy coat

preparation procedure, following a siandard laboratory procedure was performed under aseptic
16 conditions (sterile pipeties, handiing, clean bench eic,).

The obtained bulfy coats were re-suspended in 2 small volume {2 ml} of RPMI 1640 and frozen at —
70 °C in wwo aliguots of 0.5 mi. The residual lml buffy coats were immediately used for
determination of blood cell associated BVIDV by co-cultivation in a permissive cell colture.

BVD serum antibody ELISA-test

Each serum sample was tested for the presence of BVDV-antibodies using a suitable and validated
ELISA test {Svanovir™ BVDY antibody test Cat# 10-2200-10). Each test was validated and
performed according to the manufacturer’s recommendations. Positive samples were diluted

20 acvording 1o the logs scale to deiermine BYDY antibody fiters.

BYD austigen assay(s)
Each buffy coat sample was assayed for the presence of BVDV by co-cultivation of the freshly
prepared buffy-coats with susceptible cells or a cell-fine. No freezing was allowed before co-

25 cultivation.
Plasma was collected and provided to Man-Cene from each sample.
Chimical obiservations

36 Observation of heifers

Animals were examined daily from Day O - 42 post inoculation for the presence of chinical
symptoms by a sufficiently trained veterinarian.
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gacggactgg tagactactg caaagaaggg atyaaattca tcaaagtaca 7020
agctgaaaag gtcagagact cacagtctac gaaggaaggc ttgcaaacca ttaaggagta
wiraihigigsataag tttatacaat cactaacaga gaataaggag gagatcag@rmm%% 18
7140 atggggagtt gacagggcac tctacaaaag cttgggagcg agactggggc
atgaaacagc 7200 ttttgcaact ttagtggtaa aatggttggc ttttgggggc gaaacggtat
gtgctcacat 7260 caagcaagta guagttgatc tagtagtata ttatatcatc aagaaaggat
cttttcctgg 7320 agatacagag accgaacuag aggagaggaa gtttgtggct aglacttttta
tatctgcact 7280 agcaacatac acatataaaa. cctggaatta caacaatctg caacgggttg
tcgaacctgc 7440 cttagettaz ctcaactatg ctacaagtgc cttgaagttg ttuacaccca
caagattaga 9500 gagtgtggtc atactcagtt ctacaattta caagacatac ctctctataa

ggaagggtaa

All clinical signs were recorded and deseribed by their nature, consistence/touch, severity (mild,
madium or severe) lncation, size of the arez affected, and they were scored aceording to agreed and
standard definitions. Special attention was paid to respiratory signs (respiration, its rate; nasal or
ocular discharge; conjunctivitis, sneezing, coughing, etc} and diasthea.

Rectal temperatures
Rectal femperstures were measured daily in each heifer, at the same hour of the day (preferably in

the merning) from 5 days prior to the moculation wntil 2] days post infection,

10 Daily measurement of rectal temperature was continued until each animal had rectal temperatures
betow or equal to 39 °C for at Ieast 3 consecutive days.

Detection of interrupted preprancy

Pregnancy was confirmed and suspicion for abortion or resorption of the fetus was established by
15 recial examingtion. A trained veterinarian examined all animals at inoculation, 1, and 2 months

post-inecufation, The examination was camied out according to the generally accepted veterinary

practice.

Heifers wers examined daily for any sign of abortion until temmination of the study (8 - 12 weeks
20 posi-challenge).

Termination of the Saudy
The study was terminated by slaughtering the heifers and extracting the fetuses. Fetuses and fetal
material were transferred into closed transport containers marked with the number of the cow and

25 the date/time. Containers were fransported to a selected necropsy room.

Necropsy of the heifers was not requived. Necropsy was perfarmed on fetuses, findings recorded
and a panel of samples collected as described below.

30 Post-Biortern Examination
A detailed necropsy of the experimental animals was done in esach case of death. Post-mortern
examinations were carried out by an experienced veterinary surgeon and the dafa were recorded on
appropriate data sheets. Further laboratory tests were perfotimed according o the clinical signs and
lesions observed. If the diagnosis of the necropsy referred to a disease coused by microbial agent
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7560 gagagacggc ttgttaggta cagggataag tggagccatg gagatcttaa
accaaaaccc 7620 aatctcagta ggtatatatg tgatggtggg ggtaggtgac atcgccgcecc
W%@ﬂwt%% 680 agaatctagt gaacagaaaa gaactttgct gatgaa G /%%%%% i
acttcttaga /749 ctaaggagca. acagatgagc tagtcaaaga gaaggctqaa
aaaataatca tggctctutt 7800 tgaaggagtc cagaccatag gaaacgccet aagactcatc
taccatctgt acggggtgta 986.0 ctataagggg tgggaagcaa aagaactcgc
agagaaaact gctggccgca acttattcac 7920 attgatcatg tttgaggcct ttgagott.tt
aggtatggac tcagaaggaa agataagaaa 7980 cttgttaggc aactacatac tqgacttaat
cttcaacttg gataatuaat tuaacaaggg 8848 gcttuaaaaa ctagtgcttg ggtgggctcc
tgcagatttg agctgtgatt ggacaccaag 8180 tgatgagaga ataagggtag
ctaataagaa otacttaagg

the diagnosis was verified by an appropriate test, specific for the agent Each tissue sample was
collecied in at least 2 geparate, labeled containers and snap-frozen in liquid nitrogen. Samples were

stored at ~70 °C until required.

5 Aborted fefuses and study termination
At least the foliowing tissue sampies were collected from the fetuses:

e exudate from the peritoneal cavity or thorax, il present,
e mesenteric ymph nodas,
¢ spleen,

£ e thymus,
& cersbelium,
@  kidney,
% bone marrow from the sternum,

= sample from the placenta, if available.

Dead or sacrificed heifers

At least the following tissue samples were collected:
e blood for buffy coat, if available,
e blood for serum, if available,

0 = Pever’s paiches,

= mesenteric lvmph nodes,
e spleen,
e kidney,

e ulerus, including a sample from the placenia, if available.

Storage and Transport of Sampies

Samples: Storage:
Serum =20 °C
Buffy coat -7 °C
Virus =70°C
Tissue from heifers =70 °C
Tissue from fetuses =70°C

Samples were sent for laboratory analvsis as required by the sponsor, The choice of sampies and the

3¢ tineng of transport were agreed with the study monitor or the project manager. As a matter of
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gtagaaacca ggtgtccttg 8160 tggctatgag atgaaggcaa taaaaaatgt tgctggtaaa
ttgacaaaag ttgaagaaaa 8220 ggggtccttc ctatgcagga atagattagg

t{ ccaaacttca aagtaacaaa 82860 gttctatgat gataacttga
tagaagtggggﬁécgagtagct aggctagaag gccaggtgga 6810 cgtgta’f’t%ré’m's2‘"‘5’960918
aagggagtaa caggtaagtt agactacaac aatgggaaag tactgtta.gc 8480
taccaacaag tgggaggtgg accacgcttt cctgatgaga ctagtaaaga agcacagagg
8460 gataggtttt aaaggtgcat atttgggtga cguaccagac catcaagatc ttgtcgatag
Sg20 agattgtgca actataacga agaactggagt agagttcgta aaaatgaaga
agggttgcgc 88880 ttggagatat gagggtaacaa tgtctaacct tgtcagggtt attgaactag
tccataagaa 8640 taatttacaa gaaagagaga tocctuccgt gacagtauct acttgggttg

catattottt 9790 tgtcuatgaa gacctgggga

general principle, samples coming from aborted material or from new-bom calves were in vesiigated

as soon as possible.

RESULES
5 Bumumary of BVD related clicical 2nd laboratery data

Group 1
Animal  Conclusion BVD J
No. i
526 BVD abortion (uterus with placenta post- NT {no sample found) ‘
moriem) i

598 BV abortion {foetus post-mottem) + (foetus)*

615 Clinical BVD aboition - {foetus)*

618 BV sbortion {foetus post-moriem) - (foetus)*
626 Died due 1o BVD + (foetus) / + (heifer) |
NT: not tested

Group 2

Ammal  Conclusion BVD

No.

469 Clinical BVD aborfion - foetus)™®

365 Expected BYD abortion; non-viable foetus + (foetus)

588 Normal - (foetus)

608 Normal + ffoetus)

619 BVD abortion (foetus post-mortem) = {foetus)y*

* Foetuses were autolysed af the time of sampling

Coneclusion:
The study aimed to assess the safety of XIKE-A and XIKE-B in pregnant animals. Ten pregnant
heifers were selected from 2 BVDV negative herd. Two groups of 5 heifers were included in the
trial: one was inoculatsd with XIKE-A the other with XIKE-B virus strain. Heifers were between
15 days 60 and 90 of gestation on the day of inoculation. Heifers were monitored for the presence of
ciinical signs of BVDV infection including sborifons during the observation peried. Biood samples
were collected from the animals for serology, antipen detection and white blood cells were couited,
The experiment was terminated 9 weeks after infection. Non-aborted cows were slaughtered, the
werus examined and collected. Fetal organ sampies were collected during routing necropsy and
20 examined for BVDYV mfection,
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ctatcaagcc tgtattgggg gagaaagtca toccagaacc 8760 ccccgaggag
ttgagtcgcc aacccaccgt gagactagtc accactgaaa gagcaataac 2820

v&g%ﬂ.%gg%gaggctgaag tgatgaggac agggatgaca atugtggtagpaf(zgt %&%

888:0 agaacctcag ctggaccacc agtcaactac cctaaaggta gggttga

aaggggaata 8940 tcgagggcca ggagttaacc ctaaucattt aggagacmtn
atagatgaga aagatgagag 9008 gccttttgt.c. ctaatcatcg gtaacaaagg ttctagctcg
aacagagcaa gaacggggaa 8068 gaatatacgg ctgtacaaag gaaacaaccc

aagagagatc agggatctga tgagggaagg 8120 g-9< aagaatattg taaaagagtt

a
60918

ggacccggaa ttaaaagaat tagtagatta 9160 caaggggacc tttcaaaata gggaagcttt
agaagcccta agcttaggta agccaatcaa 9240 gaggaaaacc acaacagcaa
tgatcaggag gttaatagag ccagaggttg aggaggaact 9300

20

25

The XIKE-B virus proved to be less pathogenic than XIKE-A nevertheless BVD related abortion
and infection of the foetus was observed in the XIKE-B group, too. Therfore it can be concinded
that the inactivation of the E™ RNase does not prevent fetal infaction.

EXAMPLE 2
BVDV XIKE-A-NdN: foctopathogenicity assessment in proguant hejfers

The N" gene has been shown to be nonessential for growth of CSFYV in tissue culture {Tratechin et
al, 1998). Even though a proof for BVDY attenuation in consequence of NP™ deletion is still
mussing, a role of this protein in the interaction between virus and host seemed to be possible and
was actually indicated by recent experiments for CSFV (Mayer et al., 2004; Riggh et al., 2003).
We therefore wanted to investigate, whether the deletion of the major part of the N™ coding
sequence leads to a virus that no longer infects the Fetus in pregnant heifers. The NP™ gene, except
for the 5” terminal 4 codons, was deleted from the fult length cDNA clone pRANE4CA according 1o
standard procedures. The resvlting mutant full length clone was wsed as template for in vitro
wanscription and the resulting cRNA was transfected into MDBK cells as described (Meyer et al,
2002). The recovered virus was amplified in tissue culture and then used in the animal experiment
described below. BVDV XIKE-B served as a control singe it was shown before that it is able to
cross he placentia (EXAMPLE 1),

ORJECTIVES)PURPOSE OF THE STUDY
The stady aims 1o assess the safety of a live attenuated BVDV with a genomic deletion of most of
the W™ coding region in pregnant animals.

Material and Methods applied are described in Example
STUDY DESIGN

Eight pregnant heifers were assigned at randam fo two groups. They were freated and observed
according to the following schedule:

Group} Group 2
N 3 3
Treatments KXIKE-A-NdN XIKE-B / control
Route Intrarmuscular
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accagattgg ttcgaagcgg aagaacccct atttttggaa gcaaaaatac agaatgactt 9360
ataccaccta attggcagtg tagatagtat aaaaagcaaa gcaagg8at taasiggccac

4 caca aagatagtga aggaagttgg ggctaggacc tatacgatga

“2%%8’%%@%%480 ctggagcaca. caagttacaa. aaaaacagat gugt Rl 006/060918

cctctctttg aagagctgtt 954.0 attaaagtgg cctccatgta gtaaaatttc aaagggacat
atggtgtcag cataccaact $600 alctcaagga .Eiactgggaac cccJ:tgggtg
tgclggt.ctat. atgggaacca taccagctag 9660 gcgtcicaag atccaccctt atgaggctta
cottaaactc ii,aagagttgg tggaagttga 9720 atcttggagg gccactgcaa
aagaatccat cataagagaa cataacacct ggatcctgcg 3780 gaaggtgaga
catgaaggga acctaagaac caaatcaatg atcaatcctg ggaaaatatc 584x)
agatcagcta tgcagagatg gacacaaaag aaacatatat aataagatca

Vaccination titne | between days 60 and 90 of pregnancy (day 0 of the study)

Observations s Clintcal signs

Post-vaccination e Serum at days 0, 14, 28, 42 and at termination

(in Life) e WRBC atday 0 and then daily for 14 days

e Buffy coatl at day C and then daily for 14 days

Post-mortem ¢ Gross-pathology

{day 60} & Organ panel for virus isolation

Type of study: open confrofled dlinical study

Experimental amit: individual animal

Method of biinding: Partial blinding. No detailed procedures for blinding
and access lo tresiment schedule were applied. The
observing veteninarian at the study focation and the
pathologist were not be aware of the weatment; they
only received a protocol extract relevent to their tasks.
Vaccination was performed by the investigator or his
assignee. Sarnples for virus isolation were coded by the
investigator until all results are available.

RESULTS

All heifers were healthy and pregnsnt at stady start, All animals proved 1o be free of BVDV and
s BVDYV antibodies before the initiation of the study.

Preparation and Control of the Viras used for the Infection

Samples wera collected throughout the dilution steps and assayed on the day of preparation, i.e.
10 without freezing by co-cultivaiion on suitable tissue culture. The resulis of virus titration are shown
in the following table.

Semple (D | Virus straip Dilution / description Log,)y titre/iol
. -
VTia N TCE-A/NGN 1:2 (at 4 °C) 4.4
VTib {8) #2a on ice without opening 4.0
VTic Return of #2b 2.8
- [+
VT2a YIKE-B 12.2{at4°0) 2.3
VT2b #3a on ice without opening 2.8
VT2¢ Retum of #3b Negaiive

Climdeal Symptomss of BVDY Infection

15 The table below gives a summary about the animals that had clinical signs during the observation
pesiod.

Clinicel signs and the davs post inoculation (DPI} when thev were obsarved

Group 1 (XIKE-A NdN) Group 2 (XIKE-B)
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taggctgaac 9900 aatggcctct gctggtatta gactggagaa actgccagta gtccgaggcec
aaactgacau 9960 aaccaqtwtc caccaaqcca taagagaaaa aattgataaa

wWiF9gpAaLa aggagaggagy 10020 tgaattgcat gaagaactaa tgapa(fﬁ[l‘%tztaomnmms

cgactgctta aagatcgcag agctgaagga 10080 atcgtatgat gaagtttcat
gggaagaatt agaagccggg ataaaccgta agggtgcagc 1881.0 aggctateta
gagagcaaga acatagggga agtcutagac agagagaaac acatagtaga 10200
gcaggtgatg aaggatctga ggaagaggaa guagattagg tactatgaaa cagccatccc
10260 caagaatgag aagagagaog tcagcgacga ctgggaagcc ggagagtteg
ttgatgaaaa 10320 gaaaccaaga gtaatcagt acccggacgc caaggtgaga
ctggccatga caaaagtgat 10380 gtacaaatgg gtaaagcaaa aaccaggggt
gatacccggc tatgaaggta aaacaccttat 10440 atttgacata ttcaacaaag
tgaagaagga atgggattca ttccaggacc ccgtagcagt

Adimal
ID
1583 1438 | ises

Clinical sign Animal 1D

Loss of appetite
Lachrvmation
Conmunctivitis
Nasal discharge
Oral eroston

Oral haemorrhage
Diarthoea
Coughing
Abnormal breathing
Elgvated respiraiory rate
Hoof erosion
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Oniy mild and transient clinical signs were observed in some of the animals in each group.

In Group 1, one out of the 5 heifers had loss of appetite on day & PL. In Group 2, two out of the 3

animals had clinical signs. Both heifers experienced coughing around day 21 PE that was
5  accompenied with loss of appetite in one of the animals.

Rectal Temperatures

No abnormal remperature changes were detected before the inoculation of the animals. The few
cases of elevated temperatures measured after the inoculation are summarised in the table below.

Group Animal ID Temperature (°C) Pl day
1 1583 399 8
1621 39.0 5
2 1438 39.0 2
1585 408 a

One animat in each group had slightly elevated temperature, and aiso one animal in each group had
fever. Fever was detected on day & or 9 P1. Temperature values always returmed to noamal values on
the following day.

Leukocyte Counts

Some leukopenia was observed in all groups between P days 3 - 8 The number of animals with at
least 40 % reduction in white blood cell count is noted below:
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10809 gagatttgac accaaagcgg gggatacaca agtcaccagt agagacctaa
tgttgataaa 10860 ggagatcaag aaatattatt acacatggtg gaggtacctg
a( tcattacagc at,.a-,, agacggtgaa tttttagata gtttacataa (
‘i%aﬂ’gz’g‘g’ggs ggaatgytca 20620 10680 gaggggtagt ggccaaccdd AEaCAgge s
tggtaatagt atgttgaatg tcctaaccat 10740 gatagatgct ttctgtaaaa gtacaggcat
accttacagg ggattcagca gagtggcaag 10898 aatccatgtg tgtggtgatg atggcttttt
gataacagag agagg-actgg gactgaaatt 10860 ctctgagaag ggtatgcaga.
tattacatga ggccgggaag ccccagaaaa taactgaagg 10920 ggacaaaatg
aaagtggcat acagattcga ggacatagag ttttgttccc atacteccgt 10980 gccagtcaga
tgggcagata acaccagtag ttacatggca gggaggagca cagccacgat 11040
actagctaag atggoaacca ggctggattc cagcggagaq aqggggtagca aagcttatga
11188 gaaggccgta gccttcagct tecttttgat gtactcatgg aatcccgtag ttagaaggat
11-160 ctgctta ,tg_.;ggg"“fﬂﬁf‘
1

T Wumber of animals having levkopenia / iotal
3/5 €60%:)
/3 {33%)

| 2

Serclogy (BVDY antibodies)

In compliarice with the study protocol, all heifers were Tee of BVDYV miibodies before vaccination
In Group 1 {inoculated with XIKE-A NEM) and Group 2 (inocalated with XIKE-B), complete
5 sercconversion was detscted only at study fermination {2 months after inoculation).

BV virus iseiation from buffy comis
Mo viremia was detocted

10 BYD vives isolation from fedal tissue samples

Group 1 Group 2
N 5 3
‘Treatments FKE-A-NdN HIRE-B / control
Route Inframuscuiar Intramusctslar
Nutnber of fetuses {4 out of 5 foetuses |2 out of 3 foetuses
in which fetal infected infected
{TANSISSION was
detected:
Conclusion of the | Fetal trangemission | Fetal transmission
virus used for for XIKE-A-NdN for XIKE-B
treatment hag the | observed observed
poiential to be
transmitted over
the placenia:

Conclugion

The NP deletion resulted in a considerable attenuation of the BVDV in compariscn 1o the parental
15 virus XIKE-A that was shown to be highly pathogenic (Mever et al., 2002). However, the NP
deletion alone is not preventing ransmission of a NY93 based virus recormbinant to the foetus after

inocutation of pregrant cows.

EXAMPLE 3
20 BVDY XIKE-B-NaN: foctopathogenicity assessment in pregnam keifers

To be able to test the potential of 2 combination of RNase inactivation and N* defetion with regard
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agtttccaga aatatcccca gccaaaaaca caatatacta 11220 ctaccaaggg
gatcccatag ctgcgtacag agaagtgata gggaaacagc tgtgtgaact 11280
aacd. ggatttgaga. agctggctgg tatgaatttg agtatgacca ctctaggcat
vﬁ%@gg&{éﬁg{gcggaa gagctagta aaagactaat ccaagcctgt gtaga&’zféré{%gz{mﬁ’ 060918
gtaagagaga 11400 aggtacctgq ttagttaatg ctgacagact gattgcagga
aagactggga agttttacat 11460 cccaagcact ggtgtcactc tgttgggaaa
acactatgag gaaattaact taaaggaaaa 11:128 ggcggcacaa ccgccgatag
agggggttga cagatataag ttgggcccca tagttaatgt 11890 tatcttgaga.
aggctgaggg tgatgotgat gaceagttgcc agcggaagct ggtgaatocg 1164.0
tccggagcgt cgtgcoctoa ctcaaggttt ttaattgtaa atattgtaaa tagacagcta 11400
agagatttat tgtagttgga tagtaaggca gtgatagtaa ataccccaat ttaacacgac 11760
ctccaatgca ctaagcactt tagctgtgtg aggttaactc gacgtccacg gttggaatag 11820

ggaag ac%%\;g'@gt?ég:gn%ggnd fetal transinission, different BVDV-2 mutants with deletions within the

WP eoding region were csmblished based on the infectious cDNA done pKANEA0B, the RNase
negative sutant of pRANEACA with a deletion of codon 349, The recovered viruses were analyzed
with regard 1o presence of the desired mutations, the absence of second site mutations in the regions

5 flanking the introduced changes and theit growth characteristics in tissue culure. XIKE-B-MdN (V-
PES8C), a variant containing a deletion of the complete NP coding region except for codons 1 fo 4
. addition to the RNase inactivating defetion of codon 345 was chosen for an animal experiment
since it combined the desired mutations with zccepiable growth characteristics. The aim of the
study was to assess the safety of a live attenuated BVDV isolate in pregnant animals.

10 Five BVDV-negalive, pregnant heifers wete inoculated intranasally with an infective doss of 10°
TCIDsy/animal XIKE-B-NdN. Clinical data were recorded daily. Blood samples were coliected for
white blocd cell epnnting, buffy-coat preparation, and serology. Afier termination of the study fetal
tissues werz collecied for virus isolation,

13 MATEREAL AND METHODS:
As detatled for exampie 1:

RESULYS

No clinical data were observed (data not shown). Leukocyie counts remained virtually unchanged
2% except for a significant decrease by approximately 40% below the baseline valne (day0} i heifer

no- 1015 on a single day {day & p.i.} (data not shown).

a) Analysis of buffy coat preparations:

Approximately 10° leukocytes were cultured in duplicates with MDBK-cells in 24-well tissne
25 culture plates for 5 davs. Samples were freeze-thawed twice. One hundred microliter aliquots of

thawed samples were inoculated onto freshly seeded 24-well tissue culture plates and tested for

virus by indirect immuno-flucrescence staining (mAb Code 4, directed against a conserved epitope

in nonstrucieral protein NS3). No BVDV could be isolated from the buffy coat preparations of

animals # 921, 1013, (015, 1055 and 1075, wheseas positive controls clearly showed the correct
30 conduction of the test.

b) Post-mortern examination of feial Hssues

Afler termination of the study the following fetal tissues were collected for virus isofation: spleen,

kidney, thymus, sternum, cerebelium, placents, infestine and abdominal flud. Briefly, fissue
il4



11840 <410>3  -42111-.>12229 <112>DNA. <4113>Artificial

Sequence: Mutated BVE91: MIKE--B <408>3 gtagacgaga ttagctaaag
gattggac gtcaacaaat ttttaattgg 80 caacgtaggg aacogtccagc

vfg%gg@;%(égccgaaaagag gctagcgatg 9"24114:9 120 gactagcpécafr S2006/060918

agtaggggac taggaggtagc agtgagttgg ttggatggcc gaacccggga iao

gtacagggga gtcgtcaatg attcgacact ccattagtcg aggagtctcg agatgccatg 240

tqgacgaggg catgoccacg gcacatotta acccatgcgg gggttgcatg ggtgaaagcg

300 ctattcgtgg cgttatggac acagcctgat agggtgtagc agagacctgc tattccgcta

360 gtaaaaactc tactgtacat ggcacatgga gttgttglaca aatgaactgg tatacaaaac

420 atagaHaacaa aaaccagcag

suspensions were made in 2 mortar using sierile sea sand and ice-cold PBS without Ca® and Mg,
Mortars were rinsed with 1 ml ice-cold PBS withowt Ca® and Mg® and suspensions were
cenwifuged for 10 minutes at 2000 x g (4°C). The supernatant was first passed through a disposable
0.45 pm filter holder, followed by a second filter passage (6.2 pm pore size). Virus isclation was
5 carried out in duplicate {400 ¢l fetal tissue suspension or 106 pl few abdominal fluid) on a
monolayer of MDBK-cells in a 24 wells fissue culture plate (37°C, 7% CO2). Tissue samples were
controlled daily for cytopathic effects or bacterial contamination, snd after an incubation time of 5
days, plates were frozen and thawed twice. 100 pl of samples were passaged to freshly seeded
MDBE-cells. Virus was detected by indirect immuno-fiuorescence staining (mAb Code 4). No
10 BVDV could be detected in the tissue samples or fetal abdominal fluid,

¢} Serological Findings
Serum neutraiization fitrss wete determined before inoculation, 1 month post-inoculation and at
termination of the siudy. Sera from all animals were tested in triplicate for neutralizing antibodies
I3 sgainst NY93/C, and the endpoint dilution was read by indirect immunofiuorescence staining,
Results were expressed as the endpoint dilition, which neutralized approximarely 100 TCIDso and
calculated by the method of Kagrber, Mo defirite date could be obiained for day 0, and 1 and 2
weeks post infection as the sera were toxic for MBDK-cells in dilutions up o 1:16 and no
neutralization coudd be detected at higher dilutions. Starting with the third week post vaccination all
0 animals developed neutralizing antibodies against the homologous BVDV-2 virus NY'93/C lasting
it the end of the experiment (Fig. 1).

4) Coneclusions

The data obtained during the smimal study clearly show that BVDYV XIKE-B-NdN represents a
25 highly atenvated virus. In contrast to wiid type virus or the single mutants XIKE-B or XIKE-A-

NdN thai show fetal transmission in pregnant heifers at high rates the double mutant did not cross

the placenta. BVDV XIKE-B-NEN a5 well as similar double mutanis are sxtremely suitable for use

n alive atternuated vaccine.

3¢ Efficacy snd crossprotection study
Two possible problems have to be faced with regard to vaccination with attenuated virus mutants
BVDV XIKE-B or BVDV XIKE-B-NdN. First, there is a general problem concerning cross
protection between BVDV-1 and BYDV-2. At least vaccination with inactivated BVDV-1 vaccines
did not prevent the transmission of BVDV-2 fo the foetus in pregnant snimals. Since protection
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gcgtcgtgga acctgiyetac gacgtcaacg ggcccacact 488 gtttggagag
aggagtgact tgcacccgca gtcaacacta aaactaccac accaacgagg 540
wWRdsaHGaag atcctgacca atgetaggte cctaccgegg aaaggtgact QE,C(E?%%%S{%%
600 taatgtgtat ggaccggtga gtggcatcta tatcaaacca ggaccgatct actaccag
660 ttatglagggc cccgtctatc atagagcceo actggaacta tgtagggagg caagtatgtg
720 cgaaacaact aggcgagttg gcagagtgac cggtagggat gggaaattat. atcatatgta
780 catatgcata gatgggtgta tcctcctgaa gagggcgact aggaaccaac cagaagtcct
840 geaatgggga tacaacagat taaattgtcc tttatgggtc accagctgct ccgatgaagg
900 gagcaagggg gctacaagta. agaagtgagcc taagccagat aggagagaaa
aaggtaagat 960 gaaaatagcc ccaaaagaga. cagaaaaaga ttgcaaaacc
agacccacccg acgcgactat 2020 agtagtagaa agggt.taagt accaggtgaa
gaaaaaagga aaggtaaggg gaaaaaagac 1080 t.caa:atggg ttataticaca

acaag ad %@@1 %;P&f;&tg @ﬁ’esents the major aim of anti BY DV vaccination, such vacoines cannot be

regarded to induce a protective imsmunity on a broad range The question therefore was, whether

61918
da

vaccination with live attenuated BVIV-2 can prevent virus fransmission fo the foetus. Second, the
reduced growth rates of BVDV XIKE-B-NdN might result in ony a low fevel of protection not able

5w prevent wansplacental infection of the foetus in pregnant heifers. To address these problems, an
animal study was started. The animals (2 groups of 10 animals each) were vaccinated either with
BYDV XIKE-B or XIKE-B-NdN (intended dosage: 1m) of supematant with 10° TCIDg of virus).
None of the animals showed significant clinical signs after the vaccination except for one animal of
the nonvaccinated control group with mild coughing for one day. Rectal temperature values were

10 befow 39 °C excepi for one anitmal of the nonvaccinated control group that was 39.1°C for one day.
Bully coat samples prepared after vaccination were analysed for the presence of virus as described
above. The experimants showed that only § of the 20 animals contained virus in the blood for T or 2
days at 4 to 8 days post infection.

15 Four weeks after vaccination, insemination of the animals was carried out. Challenge infections
were performed 60 o 90 days Jater using either a BYDV-1 strain (BVDYV KE-9, heterologous
challenge, enimals vaccinated with XIKE-B) or 2 heterolopous BVDV-2 stesin (RVDV KE-13,
homotogous challenge, animals vaccinated with XIKE-B-NdN) (intended dosage: 10° TCIDSO in
érml). From each group of vaccinated animals 5 pregnant heifers were randomlby selected for the

20 challenge infection. Animals vaccinaied with BVDV XIKE-B were challenged with the BVDV-1
strain KE-9, wheress heifers vaccinated with BVDY XIKE-B/NAN were challenged with BVDV-2
KE-13. Tn addition, 2 nonvaccinated control amimals were infected with each of the challenge
viruses. The vaccinated amimals did pot show viremia or clinieal symptoms upon challenge
infection. The challenge was successful as all non-vaccinated controls were BVDV positive. Only

25 mild signs of disease were observed in the control groups. The white blood cell counts were nearly
ntormal {not shown),

Serum neutralization titers were determined befors inoculation, 1 month post-inoculation, before
challenge, [ month afler chalienge and at termination of the study. Sera from aii animals were tested
30 im iriplicates for neutralizing antibodies against KEY and NY93/C (1456Nase), and the endpoint
dilution was read by indirect immunofluorescence staining. Results were expressed as the endpoint
ditution, which neutralized approximately 100 TCIDsq and caleufated by the method of Kaerber. At

some of the higher antibody titres, the used endpoint dilution was not high enough. Against KE2,

only antmals vaccinated with XIKE-B developed low antibody titres staring sbout week 4. At
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tcaagaaaaa aattggaaaa 1148 ggcactgcgg gcttgggceca tottagcage
ggtcotgctt cagctggtaa caggagagaa 1288 tatcacccag tggaacttga

gacgg. caccgaggga atacagcaag cgatgttcct 1260 aaga
“}égé%ﬂé%gagt%tacatggaat tgggccagag aaaatttgca ccggagtacc

aactcactta gcaagagact atgagcttaa agagatagtg gggatgatgg
1380 gaagaccaaa taggcgtgtt ggaggttgca aagacatgag tgga

t
gﬁ%ﬁSZﬂ%/%ﬂfﬂs

acgclagtga
ataaag

gttggtgtaa 1440 ctggtttcat atagaaccgt ggatatggtt gatgaacaaa acccaaaaca

accatgagaga 1500 aggggaaccg cttagggagt gtgctgtgaa ttgtaggtat
gacaaggaza aagaattgaa 1560 catcgtgaca caiggtaggg agagaggtac

aactctgaca ggttggaaga aaggcaagaa 1620 tttctatttg gcaggtgtta tagtggatgg

ggcatgtaac tttaaagtat cggttgaaga 1623 tgtgcatqttc aaggagcacg
attggggeaa catgctgcaa gagagggcga

p-4

25

30

challenge, all animals had amibody titres, whieh increased considerably siarting around week 4 post
challenge XIKE-B vaccinated animals had higher antibody titres then those vaceinated with XTKE-
B-NdN vaccinated. All animals developed about the same neutralization titre against NY93/C four
weeks post vaccination, with masginally lower tifres in XIKE-B-NdN vaccinated animals, After
chalienge, all animals had high antibody tiires. Fig. 2 shows the sensm neuwralization assay against
K¥ES (BVDV-1) and Fig. 3 shows the serum neutralization assay against NY93/C {(BVDV-2),

Analysis of tissue samples obtained after termination of the study from the foetuses revealed that
the material obtained from the vaccinated animals gave nepative results whereas transmission had
occwred in all 4 conwol animals. Thus, it is clear that the established BVDV-2 mutants are weil
suited as efficient cross protective vaccing virises .

Conclusion

The challenge was successful as all non-vaccinated controls were BYDV viraemic and foemses of
all non-vaccinated controls were BVDV positive. Both isolates pave full protection under the
present test and assay conditions. Isolate XIKE-B, with the single genetic marker was shown o
cross-profect against type T BVDV challenge in terms of BYIY viraemia and fransmission 1o the
foetus after challenge. Isolate XIKE-B-NdN with the double genetic marker was able to fully
protect against a heterologue type 2 BVDV challenge strain in terms of BVD virsemiz and
transtrission 1o the foetus after challenge:

1. Isolate XIKE-B (type 2 isolate) was shown to eross-protect against ¢ype 1 BYDY challenge in
terms of BVD virsemia and transmission to the foetos after chalienge under the present test and
assay conditions {n=4).

2. Isolate XIKE-B-NdN (iype 2 isolate) fully protected against 2 heterologues type 2 BVDV
challenge strain in terms of BVD viraemia and transmission to the foetus after challenge under the
present fest and assay conditions (n=5),

EXAMPLE 4
Establishment of N™° mutznts

This Example further analyzes BVDV-2 mutants with N™ deletions. Different mutants with
deleticns in the N™ ~coding region of the genome were established. Initially, only true deletions or a
deletion accompanied by 2 point mutation were introduced,
Al INTP-ECterm];
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tacaggtact 1140 cgatggggca aggaacacaa ttgagggagc aagggtaggg
acggcgaagt tgacaagctg 1200 gttagggaag caattaggga tccttggtaa
wipapiggag.aacaaaagga aagcatggt.t. 1560 tigtgaacat guagciqg e e a006/060918
catactgggg agtggagagg aagatcggtt acgtatggta 1520 tagaaaaaac
tggagtggag cttganttac aagaaagact agaataatag gccccgggaa 1520
atttgatacc aacgccgaag atggaaaaat actgaatgag atgggggggc agatctaaga
2040 atttgtccta ttgtccttqg tggttctgtg tgactttgcc ccggaaaccg cgagagtcat
2100 ctacttggtt ctacattttg cgatoccgca aagccaagtt gatgtagaga catgcgacaa
2160 gaaccagatg aatttaaagg taggazgag agtaggagag gtcataccag
ggacagtgtg 2220 gaacgtaggg aaqtatgtct geataagagg agactggtgg
ccatatgaga cgacgacagt 2250 cttcgtcata gaggaagcag ggcaagtaat

B [NP)5~fC-term];
C: INFM-FC-term];
D [P -{C-term];
B [N fCeterm*]

5 In the formulas [N}, represents the number of residues of the aminoterminus of N that e loft
in the mutated polyprotein amino acids, {C-term] is the complete polyprotein excapt for N
{starting wilh the C protein and ending with N85B), and [C-ierm*) is the same as [C-ierm] but with
& mutation at position 2 of the C protein (N instead of D). The growth rates of the recovered viruses
were considerably lower than those of wild typs XIKE-A or the RNase negative mutant XIKE-B,

16 There are two possible explanations for this finding: (i) dependent on the virus strain, sequences of
variable length of the NP*-coding region are necessary for efficient translation initiation (Mayers ot
al., 2001, Taute et al,, 1999) md () the fusion of addifional sequences (o the aminoterminus of the
capsid profein interferes with capsid protein function. To obtain better prowing NM° deletion
mutanis, a second set of mutants was generated with either a bovine ubiquitin gene or a fragment of

5 the bovine LC3-coding sequence replacing the major part of the N™ gene. These constructs allow

efficient ranslation and generate & capsid protein with the correct amine terminus.

[ NP¥Le=[PS]- {C-term]
wherein P8 is ubiquitin or LC3, C-term is the complete polyproten except for NP™ (starting with
20 the C protein and ending with NS35RB).

The growth rates of these mutants were more similar fo what was determined for XIKE-A. It even
seemed that the two RNase positive viruses according fo the formula [ NP}p~[PS}- [Ceterm] named
V-pK87F and V-pK87G showed no significani growth retardation at alf, whereas the RNase

25 negative counterpart V-pK88G once again was somewhat hampered in propagation but to a lesser
extent than the formerly described mutants.

Further examples of NF° deletion mutants may be:

MESDEGSK. . (BEG 1D NO 28)
30 MELFS3DEGSK... {SEQ ID NO 25)
MELFSNESDEGSK, (8EQ I NO 30)
MELFSNELSDEGSK. .. (SEQ IDNO 31)
MELFSNELLSDEGSK. (SEQ ID NG 32)
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caaattgatg gtaagggcca tcagagactt 2540 aactaggata tggaatgctg
ccaataccac agatttgtta atglattttag taaaagaact 2400 gaggggacaa.

PR ggtattgtg gctgatgcta ataagaggag cacagggctt 2460 cgatgaatgc
aaaéf;%ﬂg%]%}? tccaatatga catatctaaa gacaggaaaa tggggttatt 2850 sz(%)(/ 061918
ggggccagag agettaagta caacatggga ccticcqgaca aaaaaaatag tgqattaccat
2550 ggtqcatgta tggtgtgaag gaaaagagtt gaaaatatta aaaatagtgea
caaaggaaga 2640 gaggtatgta gtggatgtgc acgagagagg cttataaacc
agtgccgagt ttatgcagat 2700 cagtgatcgg agaataggcc cagacgtgat agatatgcct
gatgactttg agtttggact 2760 ctgccgttgt gactcaaaac cagtgataaa gggcaaattt
aatgccagct tactgaatgg 2220 agcagctttc cagatggtat gccgacaggg gtggactggt
acaatagaat gcaccgtagc 2520 gaaccaagac

MELFSNELLYSDEGSK. .. (BEQ D NG 33)
MELFSNELLYKSDEGSK. {(SEQ ID NG 34)
MELFSNELLYKTSDEGSE. {SEQ ID NO 35)

MELFSNELLYKT represemts the aminoterminal ssquence of NF° of the BVDY isolate
5 MewYork93/C.

It may also be possible 1o use variants of this sequence with one or several mutations. Especially the

naturally occuriing variations as found in other pestiviruses can be expected to be funcrional.

Therefore, the compleie list of the tested or proposed variants with the different parts of the

eminoterminal end of N™* can be enlarged by equivalent sets with amino acid exchanges. Below,
16 typical examples of the respective sequences are given for several pestiviruses but the possible

variations are not limited to these examples.

BVBY NewYorkd3/C: MELFSNELLYKT

BVDY CP13: MELISNELLYKT  (SEQ I NO 36)
BVDY SDi: MELITNELLYXT  (SEQ ID NO 37)
15 CSFY Brescia: MELNHFELLYRT  (SEQ ID NG 38)
BV X818: MELNKFELLYKT (SEQID NG 39)

Thus, these varianis for example may include: MELI-{PS}o-{C-term];
MELIS-{PS]e-[C-ierml;

20 MELISNAPShL-{C-term];
MELISNE{PSo-fC-term};
MELISNELAPS}-IC-term}:
MELISNELL-[PS]p-{C-term];
MELISNELLY-[P8Jo-{C-term];

25 MELISNELLYK-[PS}p-[C-term];
MELISNELLYKT-[PS]p-{C-term};
MELIT-{P8e-fC-term];

MELITN-[PS}o-[C-term];
MELITNE-[PS]-{C-term];

30 MELITNEL-[PS]e-[C-term];
MELITNELL-[PS]-[C-term];
MELITNELLY-[P8)e-fC-term];
MELITNELLYE-[PS)o-FC-term];
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accttggata caactgtcat taggagatat agaagaacta tcagatttga 2940
gaggagaaaa tggtgtacct atgaaaaaat aataggggaa gatatctatg aatgcat';g: 3000
t acatgca taaacggtga ccatagcagg ttgaaagacg gaaagtatcaa

"ggg%%g’zg% tggg tggtgtggcc a%gacttcgt caactcagag gggataccaul/Us2006/066918
actaaccaat 3520 aggcaagtgc atgctgatca acgagagtgg gtacaggtat
gtagatgaca catottycga 31.20 tagggglaggt gtagccatag ttccatatgg caccgt
tqtagaatag gtaacgtcac 3240 ggtqcaagtt atcgctagta acaatgatgt gggagccatg
ccttgcagcc cagctgaagt 3200 gatagcaagt. gaaggaccag tggaaaagac
tgcatgaacg ttgaactatt gaaggactct 3560 atcataataag tattatgagc caagggaccg
gtacttccaa caatacatgt taaaagggga 3420 qtyycaatat tggttcgacc tggattctgt
agagcaccac aaagactact tctcagagtt

MELITNELLYKT-PS)-{C-term];

These formulas may aiso have [PS), i.e. PS may also be one of the P$ as described herain,
Sequences belonging to ths NP protein are in jtalics. Amino acid exchanges with regard to the
sequence of BVDV NewYeork93/C are in bold.

Further examples can be found e.g. by using the GenBank accession numbers given in Becher st al,,
2003, Virology 311, 96-104) or by standard sequence data searches.

A further possibility could be the use of a processing signal (PS) inserted between the {residual)
10 N sequence and the amincterminus of the capsid protein. The P$ leads 1o 2 cleavage that
generates a functional capsid protein. The configuration of such constructs could be as follows:

NP} PS[C-term)

15 PS: Processing signal. Cen either be a target for a protease {e.g. wbiguitin, LC3 as defined herein or
& protease of an unstable peptice leading 1o processing at its own carboxyterminus like e.g. intein
{Chong et al. 1998 and references therein) or 3C of picomaviruses, 2A of cardioviruses or
aphtoviruses, pl5 of rabbit hemarrhagic disease vinss of the corresponding protease of other
caliciviruses (Proter 1993, and references therein; Meyers ef af., 2000 and references therein). When

26 using a P8, a large number of different variants are possible since the PS ensures the generation of
the cofrect amino terminus of the capsid pretein C. Thus, when using a PS construct, all kinds of
deletions or mutations of the N sequence are expected to result in visble mutants as long as the
reading frame is not shifted or translation stopped by an in frame stop codon. As an example we
established a viable CSFV N™ deletion mutant according to fhe formula

25 [NP)e-PS[C-term]

Especially interesting could be NP mutations blocking the proteclytic activity of the protein,
Riimenapf et al. (1998) have published the identification of the active site residues of the protease
for CSFV Alfor: Tibingen. The respective amino acids (ghutamic acid at position 22, histidine at
30 position 49 and cysteine at postion 693 are conserved for other pestiviruses, Thus, exchanges of any
amino acid expect for serine or threonine for the cysteine at position 69 will result in destruction of
the protease activity. Similarly, changing the glutamic acid at position 22 will most likely resul in
inactivation of the protease unless the new amino acid is aspartic acid. Simifarly, most if not all

exchanges at position 49 will lead te an inactive protease.
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3480 cataatcata geagtggtcg ccttgttggg tggtaagtac gtactgtggc tcttgataag
2540 atacacaata ctgtotgagc agatggctat gggtgctgga gtgaatactg aagagSaézégt

taggc aatttgttga cagacagtga tattgaggtt gtggtttatt tocttattct q
gtag)é%tgg{g%gttaaagagg aactggcgag gaaatggatt atagtggtat acdacHHtEEFs918
tgtagccaac cgtatgaaaa caattggggt cgttttacta atgataggqg gagtggtgaa 3780
ggegagcaga atcaatgctg atgaccaaag tgatatggac acatgatttc ttctcgtgac 3240
aggcgtagtg gctgttttga tgatcgctag aagagaacct gccacattac cactgattgt 3900
aggattgcta gcaataagaa catcaggatt cctactggag act aggattg atgtaactgt 5560
agcagtagta ttaattgtac ttttgttggc tagatacata acagactaat ttagatataa 4020
aaagtggcact caactcttat ttagtctgat agctggtatc

EXAMPLE 3

Preparation of combination vaccines according to the invention

5 Vaccine A
IBR, BVDY types I and 2, BRSV

Anenuated BYDVY type 1 and 2 strains, baving at least ons mutation in the coding sequence for
glycoprotein E™ and/or at least another mutation in the coding sequence for N, wherein said
10 mutation in the coding sequence for glycoprotein E™ leads to inactivation of RiNase activigy
residing in E™ and/or said rmuation in the coding sequence for NP leads to inactivation of said
NP, are grown in MDBK-cells insi] & TCIDs of aboat 107 0 107 per mit eell cudture fluid. A live
attenuated strain of IBR is grown in MDBK celts until a TCIDso of about 10°” to 10%¢ per il cell
culture fluid. A live attenusted swain of BRSV is grown in MDBK cells until 2 TCIDsy of about
15 10" 10 10" per mi cell culture fluid. Bach virus containing cultizre fluid is coliscted and
Iyophitized. Equal amounts of the lyphilized antigens are mixed. For reconstitution, an agueous
solution centaining 1 10 3% ; 0.8 ml of Athydrogel is used. Ome dose of the combingntion vaccine
contains 4 ml of the reconstituted amtigens. A finel dose includes TBR {(10™° to 10*¢ TCIDyy),
BVDV-1 (10% 10 16" TCIDse), BVDV-2 (10* fo 10™ TCHDse), and BRSV (10°° to 10%* TCIDso).

Vaccine B
IRR, BV fypex ¥ and 2, P13 BRSV

The preparation of the IBR, BVDV | and 2 and BRSV antigens is performed as described for

25 veccine A. In addition, a live aitenuated swrain of P13 is grown in MDBK cells untit a 'TCIDs, of
about 10°% 10 10*° per ml cell culture fluid. Aferwards, the PI3 containing culture fluid is harvesied
and Iyophilized. An amount of 10%7 to 10%* (TCMsg) of the Iyophlized antigen is mixed with the
lyophilized IBR, BVDV types 1 and 2, and BRSV aniigens. The mixture is then reconstitmied in 4
mi as described for Vaccine A A final dose includes IBR (16°” to 10%° TCIDw), BVDV-1 (10™ 10

30 10% TCIDs), BVDV-2 (10%° 10 10 TCID o), BRSV (10°° 10 1672 TCID4), and PI3 (10%2 10 107
TCIDse).
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tttattataa ggaggttaaa 4060 agatatcaac gagatggagg taccagaaat atgtatgcca
agttggagac ciactagctct 4140 gytccttttc tatataacat etagagcaat aaccactaat
wl990peaLg, acttaygagg 4200 ottcct22ctg caatgggege caggagsg%%;Usmn /060918
catgatggct. accatgt,3gg ,Afmcttb.ti. 4260 gactctgatc: atagtgatgc
ccagttagga gttactaAg ctttacttcc taaagaacgt 4520 gaggacagac gtggaaaaga
actggctcgg caaagtgaaa tagagaaaga tcagttcagt 4320 ttatgacatc tgtgacagtg
aggaaggagt gtacatattt cgatcaaggc ataagagtgg 4440 aagcaggcca gatttcatat
taccat20tActt. guaagccgtg ttaataagct ggatgaggag 4500 cgaatggcaa
gtggtttaca tttatta=t aatactggaa attacatact atatgcacag 4560 gaaaatgata
gatgaggtgt caggaggagc aaattttct.a tcaagactca taggagccat 4620 catagaatta
aattgggcca

Vaccine C
BYDV types I and I, PI3, BRSY, Mannhelmia (Pastenrelia) hacnsolytica

BVYDV 1 and 2, BRSV and PI3 viruses are grown 85 descnibed for vaccines A and B. After the

3 cubtvre fluids are harvesied, the viruses are inactivated and lyophitized. Mannheima (Pasteursiia)
haemalytica is grown until 10% 1o 10" cefls per mb culture, The bacteria are inactivated and the
sulture fluid is byophilized or fresze dried. An amount of 10% to 10" Iyophlized or freeze dried
bacteria cells are rnixed with the Iyophilized BVDYV types 1 and 2 antigen (each in an amount of
16°° to 10%} TCIDs), P13 antigen (10™ to 10%* TCIDy,) and BRSV antigen (10%° 1o 1072 TCID ),

16 The reconsiituted suspension (5 ml per dose) further containg 30 to 50 mg Aluminium hydroxide,
0.4 10 0.8 mg Quil A (Saponin), 0.04 to 0.06 mg sodium Gmerfonate and traces of necmycin. Final
antipen amounts per dose are BVDIV-1 (10°" to 10%" TCIDsg), BVDV-2 (10°% 1o 10%! TCIDyy), P13
{107 10 10% TCIDsg) BRSY (10° 1o 16™ TCIDso) and Marmheima (Pastewrella) haemalytica
(10% 10 10M° celks).

Vaccire 5
BVDV types | and 7, TBR, BRSV, PI3, Lepeospira canicoln, Leptospiva grippo, Leptospire
kardja, Leptospira penoma, Leptospora borgpelersenii kardjo-bovis

20 Modified live virnses of BVDV 1 and 2. BRSY, IBR, and P13 are grown as described for vaccines
A and B. After the culture fluids are harvested, the viruses are Iyophilized. Leptospira canicola,
Leptospira grippo, Lepiospira hardjo, Leptospira ponoma, Leptospora borgpetersenit haedjo-bovis
sre separately culfivated urtil reaching 10 to 10" cedls per ml culture. The bacteria culnmres are
inactivated and the culture fluids are Iyophilized or freeze dried. Each of the 10%° to 10'*" of the

25 lyophilised or {reeze dried bacieria cells are reconstituted with the lyophilized modified BVDV
types 1 and 2 (each in an amount of 10°? to 10™® TCIDso), modified live P13 (107 to 1057 TCID),
modified live BRSV (16°® o 10" TCID} and modified live IBR (10%! 10 1077 TCIDyy). The
reconstituted suspension (2 mi per dose) contains traces of neomycin as preservative. Final antigen
amounts per dose are BVDV-1 (106°° {0 10" TCIDse), BYDV-2 (16™ o 10" TCID ), PI3 (107 10

10 10 TCIDsw) BREV (10° 10 10™ TCIDse), PI3 (10™ o 10°* TCIDsy), and Leptospira canicola,
Leptospira grippo, Leptospira hardjo, Leptospira ponoma, and Leplospora borgpetersenii hardjo-
bovis (each 10*° to 10" cells).
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tagatgatga ggaatgtaaa ggactgaaga aactgtatct 4680 cttgtcaggg
agagcgaaga atttgatagt taaaaataag gtaagaaatg aageggtcca 4710

vgggﬁé%]z_tlts.ﬂggtgaggagg aaatatacgg ggcacccaag gtgatcacta tcataaaagc
4

tagtaccata agtaaaaaca ggcactycat aatctgcacg atctgtgabigf/Us2006/660918
ggaaagaatg 4860 gaatagaggc aactgccgaa agtgtggaag agaaggaaag
cggataacat gtggaatgac 4923 actoggagac tttgaggaga aacattacaa
aaagatattt. at t' aatettattg 4980 tcctgtgcct tttgatect41 cttgacattg
taad44515t444. agccacgatg ggcatt.tcag 5010 gaaagagtat aagggttacg
tccaatacat aaccagagga caactattta tgagiaacct 5155 accaattcta gcgacgaaga
tgaagctatt aatggtggga aacct.cggcg cagaaattgg 5180 cgacctgggg.
catctaggat gggtactgag agggccagcc gtgtgcaaaa aaataccaa 5220
ccatgagaag tgccacgtaa acatcatgga taagctaact gcattttttg gaatcatgcc 5260
tagaggcacg acacctaggg cacctgtgag tgttg.c.ccaca gcactactaa aagtgagaag
5440 ggiggtagag acgg cttacacgca ccaaggagg.g atcagctogg
tagaccatgt 5450 cacag%%%ggg maia“ﬁdgzé{??é%?igg’gﬁg’tg g’iag“(’:”ﬁ'ﬁ’tatgggc
agoaccogagdlalictaiean4Bs lagtaacaahaagalgacty algagacta gtalggaate
asgaceyacheagagilch . adanddiged sagtaltdcd icaased
agaagctafl,agratiicio 95aean3aqy.eo8g,adclatggta caccietaga | -
aaacygyeHe: OpAGEAS 3 IIgIcAGHY £Gteaggdac h640 cecagatiic ticgatctga
aaaalotaaa.aeEelagiag JUoGAcRAR IINGARYE.5 /00 Alccaglgas.adagiogtty
gtaggotyaamgingsaarsaelgateatlgcaagneeas Mo saaastaald) ..y
agaggaaterigaec A gle 3 agaRes0RIANAGHAN CUJACRICHt 2820 i
aaaaaadiig-astagiaiga a6a0a008ea.81c3Aa5a0: digacallag ceaetggaac
5883 agoaanaachasggeaaiycaafeaieeol AagRgERE AlRA0RagaS,
acaaaagggtibBd Oretiagiseigataceatioa gaggaggagc agagtcagtg tatcagtata
tgagagtgaa 6000 gtacccaagt atatctttca atdtgagaat aggaga
tatcaaggaagglgg acatggccag 6060 tggtatcacc taagcctcat7 atgggtactt
ttgtga.gcHeetgagccca aactgagage 6125 tgacatggta gagtactcat atatattctt
agatgagt@ie eevtgtgctacaccalgagea ®ili0 mttascaataioatlggaasg @ te
tacacaggttigeifadeiatgtingagigg-tageaatgat biddtiagoaaccagean
gctggaacgg tcacaacgac tggtcagaaa gaccctatag aggagttcat 6300
agccétadayrgtfiditgadaguoty dagatch aggtag tghe taettygat Stggaggel.
6360 gadgatarcy dtgaseaga fYaadagraa catgetegtg ttcgecgecaa
ctaggaacat-1 84 27 ggeagiagaaacageiasga aatigagangs taagggatac
aactetogalactatianad oAl INogRaAaGACAdA0aact faaqqalggl
aacctagcaa lakecalald. Waleglags §54,0.cagcaatoce atagagicag dfdigacatt
accagaatia,gasacagiigdagacactgg 6600 actaaagtgt gagaagaggg
tgaggattt&ggg%ﬁg}rg gcs:cttcatt% taaca%gact 6660 taa%gcgaatg gcagtcaaaa

teggagagel,ageeablc agadqtadal | 00ading el 720 Eanfpeacyt s
agaigasals, Ggg0icaats aacadalloa Dadt Gatodt atidteatts 70"
cgacgasio.aaneeraga darasggaal aggagatqda altadtitdd JadattCar
664.0 calgggagat aactatgatt. gg_agaatt%a gaagaggac agcttgatga
taactdaact b8 dtgiégdﬁt%'éﬁ“ﬁ&‘@%é‘éf&‘&*%&?&m&‘ syEertyacrertigta
gaagatcat 6960 GJEEEThETT Gitedrrrstd Sl ciease Hetygattat
aacagttatg aaaaccaaat 7020 tccagtgctq ttccoaaaga tcaaaaatgg
tgaggtgaca 7aclg447147a agaattacagc,7050 atgatctcaat gcaagaaaat
taggagagga agtgagggca tatgtgtagg ccacagagga 714 tgaggatcta
gcagtggatc ttctgggtat ggattggccg gacccaggca accaacaggt 7200
ggtagagaca. gggagggcat taaaacaagt aactggatta 4cgacagcag aaaacgc.act
72611 cttgatagcg atattc..ggct acgtcgggta gcagacactt tgaaaaaggc
agatacacat 0020 gattactgac atctatacac ttgaagacca caggcttgag
gacacaaccc acctccagtt. 7380 tgocccaaac gctataagga ccgacggcaa
ggactcagag ttqaaggaat tiagctgtggg 7410 agaccttgat aaatatgtgg acgcactggt
agactactcc aaacaaggga tgaaattcat 7555 caaagtcaaa gctgaaaagg
tcagagactc acagtgtacg aaggaaggct tgcaaaccat 7560 taaggagtat
gtd4gataag4. ttatacaatc actaacagag aataaggagg ggatcatcag 7620
gtatggacta tggggagttg acacggcact gtacaaaagc ttggcagcga gactggggca
76160 tgaaacagct 4t4gcaactt tagtggt.aaa r:ztggftggct tttgggggcg

aaacggtatn 7710 tgatcacatc aagcaagtag cagttgatct agtagtatat tatatcatca
araaaccate 7200 tttteectAda Aaataranada carceanaana ANAOAANAOAAN



gctggtaaat tgacaaaaga: F:700 tgaagaaaag gggtc.ctttac tatgcaggaa
tagattaggg agaggacctc caaacttcaa 8760 agtaacaaag ttctatagatg ataacttgat

aaqgtcaag ccagtagcts ggctagaagg 8920 ccaggtggac etctattaca

@%5%&&5’3@3 agc%aaggtta gactacaaca atgggaaagt 88ao actgttaltfct/t's2006/060918

accaacaagt gggaggtgga ccacgctttc ctgaccagac tagtaaagaa 8940
gcacacaggg ataggtttta. aaggtgcata tttgggtgac cgaccagacc atcaagatct
900g tgtcgataga gattgtgcaa. ctataacgaa gaactcagta cagttcctaa
aaatgaagaa 9.060 ggittgcgct ttcacatatg acctaacaat ctctaacctt gtcaggctaa
ttgaactagt 9120 ccataggaat aattatacgag aaagagggat ccctaccgtg
acagtaacta cttggcttgc 9189 atattatttt gtcaatgaag acctggggac tatcaagcct
gtattggggg agaaagtcat 9240 cccagaacgc cccgaggagt
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tgagtctcca acccaccgtg agactagtca ccactgaaac 9300 agcaataacc

ataacagggg aggctgaagt gatgacgaca gggataacac cagtggtaga 9360
walgaaapag, gaacctcage tggaccacca gtcaactacc ctagaggtag lgtgsaz%g(ggﬁijglg

S420 aggggaatat ccagggccag gagttaaccc taaccattts gcagag 4

tagatgagaa 9480 agatgacagg cettttgtac taatcaacgq taacaaaggt tctacctcga

acagagczag 9540 aacggocaag aatatacggc tgtanaaagg aaacaaccca

agagagatca gggatctgat 9690 gagccaagga aggatattga cggttgctct

aaaagagttg gaccoggaat taaaagaatt 9660 agtagattac aaggggacct

ttatcaatag ggaagcttta ggagacctaa gcttaggtaa 9720 gccaatcaag

aggaaaacca caacagcaat gat.- :ggagg ttaatagagc cagaggttga 9760

ggaggaacta ccagattggt tccaagcagga agaaccecta tttttggaag caaaaataca

9940
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gaatgactta taccacctaa ttggcagtgt agatagtata aaaagcaaag caaaggaatt 9999
aggggccaca gataacacaa agatagtgaa ggaagttggg gctagg?ctct atacgatqaa
cagc tggagcacac aagttacaaa aaaacagatg agtctagccc
ng?g%}t?%grﬁ%’oo%o agagctgtta ttaaagtgcc ctccatgtag taaaatttcaHgGHHeAea18
tggtgtcagc 10063 ataccaactg gctcaaggaa actgggaacc cctcgggtgt
ggggtctata tgggaaccat 1E140 accaggtagg cgactcaaga tecacactta
tgaggcttac cttaaatatca aagagctggt 10200 ggaagttgaa tcttcgaggg
ccactgcaaa agaatccatc ataagagaar ataacacctg 10260 gatcctgcgg
aaggtgagac atgaagggaa cctaagaacc aaatcaatga tcaaccctgg 10320
gaaaatatca gatcagctat gcagagatgg acacaaaaga aacatatata ataagatcat
loseo aggctcaaca atggcctctg ctggtattag gctggagaaa ctggcagtag
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tccgagccca 16440 aactgacaca accagtttcc accaagccat aagagaagaa
attgataaaa cagaaaacaa 10500 gcagacacct gaattgcatg aagaagtaat
gaaggtctt.c gactgcttaa agatcocaga 10560 gctggaggaa tcgtatgatg
tttcatg ggaactaatata gaagegggga taaaccgtaa 19.620 gggtgcagca
tatctag agagcaagaa cataggggaa gtectagaca cagagaaaca 19680
catagtagag cagctgatca. aggatctgag gaaggggaag aggattaggt actatgaaac

0740 agccatccec aagaatgaga agagagacgt cagcgacgac aagggg »
L sl ithont e oo bt A B A Aae a8 carte against
Baggtdeigai-tggckatiacs] 986et-anand igatd tearagiggg taargoagas
accal tg t ataCCC gCt atqaa %@é%GQgg a_.acaCCt ta ttt acatat_!:caacaa%t odine
S hat Tk Cu SRLA LA L GoBa Chtadbanty At aEg on T the coding

gcaaagegt@ience for glveoprotein E™ and/or at least another mutation in the coding

CLAI

sequence for N, wherein said mutation in the coding sequence for
glycoprotein E™ leads to inactivation of RNase activity residing in E™ and/or
said mutation in the coding sequence for NP leads to inactivation of said N™;
and

b. one or more



ggatacacaa gtcaccagta gagacctaat 11010 gttgataaag gatatccaga.
aatattaatt caagagaagt atacacaaat ttttagatac 1110 aataacagaa cacatggtgg
aggtacctgt cattacagca gacggtgaag tttacataag 11160 gaatgatcag

coraabc A ARG Prchae g e Ch Rt B UANbAgBslrerob

agtggcazgraiteatgigt giggigateriigauiftigalaatagagaageactdelis virus (IBR),

L1540 et eggay gl erelasg L0000 i )

gacatagaﬁffvtﬁ@ttR@@@ﬂrZz‘%Q%ﬂaWCB@igﬁCG@i@@g&h@gQCBEMﬁa&a@ﬁﬁg@@ionovims

;iig;git %%%%a%é@%%ggi%ﬁ%%a% 55% g&%%ag&g\gcazggggmms Astrovirus,
Mannheimia haemolvtica (formerly Pasteurella haemolytica), Pasteurclia
multocida, Haemophilus somnus (Histophilus ovis and Haemophilus agni),
Actimomyces such as Corynebactertum, Actinomyces pyogenes, Chlamydia
psittaci, Camnpylobacter fetus venerealis and Campylobacter fetus fetus
(formerly C fetus intestinalis), Leptospira interrogans, Leptospira hardjo,
Leptospira pomona, Leptospira grippotyphosa, Leptospira canicola, Leptospira
grippotyphosa, Leptospira hardjo such as Leptospira hardjoprajitne and
Leptospira hardjo-bovis, Brucella abortus, Brucella suis and Brucella melitensis,
Listeria monocytogenes, Chlamydia psittact, Clostridiam chauvoei, Clostridium
septicum, Clostridium haemolyticum, Clostridium novyl, Clostridium sordellii,
Clostridium perfringens, Clostridium tetani, Moraxella bovis, Klebsiella spp.,
preferably Klebsiella pneumoniae, Salmonella typhimurium; Salmonella
newport, Mycobacterium avium paratuberculosis, Cryptsporidium parvum
Cryptsporidium hominis, Staphylococcus aureus, Streptococcus dysgalactiae,
Streptococcus  uberus, Mycoplasma spp., preferably Mycoplasma dispar,
Mycopiasma bovis, and Ureaplasma spp., Tritrichomonas foetus, Trichophyton
verrucosum, Trichophyton mentagrophytes, Trichophyton sarkisovii, Neospora
caninum (formerly Toxoplasma gondii), Babesia bigemina and Babesia bovis,
and Dictvocauius viviparous (Lungworm disease);

and wherein such BVDV component is safe for use in pregnant cows,
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aaggccgtag ccttcagctt ccUttgatg tactcatgga atcccgtagt 11649 tagaaggatc
tgcttactgg tgttgtcaca gtttccagaa atatccticat ccaaaaacac 11700 aatatactac
taccaagggg ataccatagc tgcgtacaga gaggtgatag ggaggcagct 11760
gtgtgaactg aaaagaacag gatttgagaa gctggcttigt ctgaatttga gtatgaccac
11820 tctaggcatc tggacaaaac atactagtaa aagactaatc caagcctgtg

ztaggg%%};a}%%%%%mw %8%%9%%9%1%%&%9?9&%9@@) in the coding

attgcaggaa agactgggaa 1_1940 gtt tacatc ccaagcactg gtgtcactct
gttgggagaaloagrirgapy sdattbactt2000sdagoadzagoeylsacaseleotide sequence

C%%?%%é:%%iﬁ%@%ﬁ% 9&3&%@%%@%‘%@ 370862 AR 341 10 360.
atcttgagaa gggtgagggt gatgctgatg agagttgcca gcggaagctg 12120

gtgaatocgt ccggagcgto gtggcectcao tcaacgtttt taattgtaaa

3. The combination vaccine according to claim 1, wherein said mutation(s) in the coding
sequence for glycoprotein E™ are located in the nucleotide sequence coding for the
conserved E™  sequence SLHGIWPEKIC (SEQ ID NO 16) andfor
RHEWNKHGWCNW (SEQ ID NO 15).

4. The combinafion vacecine according to any one of claims 1 to 3, wherein said
mutation(s) in the coding sequence for NP leads to an encoded polyprotein as
characterized by the following formula:

[N C-term],
wherein [NP™] relates to the N™ portion of said polypeptide, wherein “x” represents the
number of amino acids of the N™ present in the polyprotein, wherein [C-term] relates to
the complete pestivirus, in particular the complete BVDV polyprotein except for NP, but
including the capsid (C)-protein and any other protein present in the pestivirus

polyprotein, in particular in the BVDV polyprotein including the carboxyterminal NS5B.

5. The combination vaccine according to any one of claims 1 to 4, wherein the one or
more pathogens are selected from the group consisting of: Parainfluenza-3 Virus (P1-3),
Infectious Bovine Rhinotracheitis virus (IBR), Bovine Respiratory Syncytial Virus
(BRSV), Bovine Herpesvirus (BHV), Bovine Rotavirus (BRV), Bovine Enterovirus
(BEV), Bovine Coronovirus (BCV), Bovine Rabies (BR), Bovine Parvovirus (PPV),

and Adenovirus and Astrovirus.
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tattgtaaat -12-H30 agacagctaa gatatttatt gtagttggat agtaatgcag tgatagtaaa
taccccaatt 12240 taacactscc tccaatgcac taaggagttt agctgtgtga ggttaactgag

acgtcactgagg 12300 ttagg-actagg gaagagctct aacagoccc
tagoggtagc agtgagttcg ttggatggcc gaaccootga 160 gtacagggga gtogtgaatg

tggattgac gthaacaaat ttttaattgg 60 caacgtaggg aaggttcccc tcagcgasgg
g

MatatadX2.89g38E-NdN <400>4 gtatacgaga ttaggtaaag aactcgtata
Cogaaasgag.gatagyacatg cothagtag 120 gagtagcaaa agtaogggac

<2.10>4 <211>1183'7 <2123DNA <213>Artaficial Sequence:
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ggcacatgga gttyttttcc gatgaaggga gcaagggtgc 420 tacaagtaag aagcagccta

agccagatag gatagaaaaa ggtaagatga aaatagcsacc 420 aaaagagaca
gaaaaagatt ggaaaaccag accoccogac gcgactatag tagtagaagg 540
ggttaagtac caggtgaaga aaagaggaaa ggtaagggga aaaaatactc aagatgggtt

acagcctgat agggtgtagc agagacctgo tattccgcta 260 gtaaaaactc tgctgtacat
600 atatcagaac aagaataagg cccctgaatc aagaaaaaaa ttggaaaagg
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11837 <210) 5 <211> 3913 <212> PRT <213> Waidtyp SVDY1 gIKE-A
Mat Glu Icc. Phi Set As; Sic Lela Leg Tyr Lys Thr Tyr Lys GIm 5 J. cal Gig
etc ValCly _Atag 30 Sha G.01lnat Lys Lea Pro HIS Gin Arq Sly Her Ala
Ass lle Lou Thn Ass Ala Aug Her Lou Pro 505580 Arg Lys Sly Asp Cys
Arg Arg Gly Ass Val Tyr Sly Pro Val See Sly 68 70 75 30 lie Tyr lle. Lye
Pro Gay Pro lle Tyr Tyr Gin Asp Tyr Val Sly Pro 6595 Val Tyr His Are Ala
Pro Lou Glu Lou (lye Arg Gle Ala Per Met Cys 100105110 Sic The The
Arg Amval Sly Arg al The Sly.Per Asp:SLysLou. 115120125 Tyr His lle
Tyr llee8ys lle Asp Sly Cys llesfeis Lou Lye Arg Ala :3G1a5140 The An:g
Asn; Gin Pro Gind Lou Lys Tnp Val Tyr As Ang OQU Ass 145180155160
Sys Pee Lol Tfp Val The Ses,Gs Séx- Asp Sic Sty Sat Lye Sty Al
165170175 The See Lys Lys Gin Pro Lys Pro Asp Arg lles Sic Lys Sic Lys
Men 180185140 1ys ife Ala Pro Lys'Giv Thr Ghetys*Aep(lye-LysThe Arg
Pro P16 195200208 Asp Ala Thé lie Val. Val Glu Sly*¥7al Lys Tyr Gin Val
Lyedyslye210215220:(Sly:-kyn Yal Ady Sly: Lys. Ass The. Sie.Asp,Gay
Lou Té#His Ass :Lys u-uo2ni301,352.42 Ass Lys PrezPro Giu See Ant Lye
Lys.Lou.Giy Lys Ala. Lou Lo Ala 245250255 Top Ala lle Loy Al pla v
Lein Lol GIS Lou Val The Sly:Gin Ass 260263278 114 TheTrp AsS Lou.
Met Asp Aen Sly The Glu. Sly lle Gin Sin 275280285 Pia Met Pee Lou Arc
SiP VA ANFANA; See LW Tikg: GIy He FfpPro 290295 700 GirF Ly& Hle Cys
The Sly Val Pro The Hes Lot ‘Afa The Asp Tyr Glee 365310315320 Lou
Lys:Gindle Mal Sty Men Met Asp Ala.See GinLiye The Acee Tek: rie
3255262214 Asn Tap Phe His*lie G.Th Pro Tap lle¥&ap Len Net Asn Lys
Thy Gin 355SHO865 Asn Lan.Leo. hr Gin Gip Gin Pro Lay. Arg.Gly Cys
Ala. VialsFhr Cyb 370 375 80:Arg Tyr Asp Lys Gin Thi:Gin LerAah lle, Val
Thr Gin Ala Arg Asp 385290395400 Lag Pro Thr Thr ken Thr Giy Cys Lys
Ly$ Gyt ys st PhéSet Pilé 2541045 AF018" Valje Lo A8pGiP Pro
Cyr Ann She Lys. Val Sea Val Gin 4204.30 Asp Pal Les, Phe Lys Gin His
Asp.Cys: Gly:AsreMet L en G Gin.dhr:435440445 Ala lle.Ginlealeo Asp
Gly Al Thr Ann Thr lie Gin Gi¢Ala Lag 450455480 ¥l Giy Thr Ala Lys
Len.Thr,Thx.T.ap.l.ep.Gly:Lys.Gin Len, Glylle 465470475480.Leo Gip Lys
Lys Len:@in Ann Lys Sea Lys:sAla Tap Phe Gip Ala:His. 495490495 Ala Ala
Her Pro Tyr Os Giy Val Gin Arg Lys lle Gly Tyr val. Tap 500505510 Tyr
ThLyg AshCyo ThrPro Ald Tys Teo Pd Atg ASH Thr ATt lle.® >+
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515520525 lle 01 it Pro Gip Lys Phe Asp, Thr Ash Ala G10 Asp Gip Lys
lle Lon 530586540 His Gin Met Ctity Gl. y His Len Sea Gin Phe Val Lon
Lau Ser Lou Val. 545550555560 Val Leo Sea Asp. Phe Ala Pro. Glu Thr
Ala Ser. Pal lie Tyr Len Val 665670575 Len Kis Phe Ala. lle Pro Gin Sex-
His Pal Asp Pal Asp Thr Cys Asp 580685.590 Lys Ann 01 Len Ass Len
Thr Val Ala Thr 'Mr Val. Ala Glu. Val. lle 595600606; Pm Gly Thr Pal Tap
Ass Lau Gly Lys Syr Val Can Tie AT,-; Pro Asp 610615626 Try Tap Pro
Tyr cdusFhr Thr The Vai. Pheaal TIG Gin Glu. Ala:édn 625630635645
Gin Pal lle Lys Len Net Len Arg Ala lie Lag Asp Len Thr Arc lle
685650655 60665 Tén! Are: By G LN 8 G GinLeb teh' TetiEen
Met. Len lle Thu n75.68068:5 Gln Ala Gin Gin the Pro Gin Sips Lys GLn
Gly the=Gin:Tyr Ada 1le:680694700:Sex-tys-Asp Artalys Met Gly ken Len
Gin Pro‘Gin See Len The Tna 5710715723 Trp lils°tén Pro The Lys Lys
llg.Mat Asp sex Met val His U] 725730795 Trp, Cys GinGay.Lys. Asp
Len. Lys:"le Len Lys Met eyesThe Lys Gin 749 7457%4@ Gin Are Tye Len
Val Ala Val Hie Gin Sra Ala Len See Mr. See Ala 755760 Gin the Met Gin
" SeAsp Gy The'ié B1y Pr@ASﬁ Val ilé Asp 77(}7757‘8@ Niet. B0 Asp
Asp. the Gin the Gly Leal Cys Pro Cyth Asp Sex Lys. Pro 785793795800
telte bye Gly Lys:the:Ass<Ala Sealzesdien:Ass:GiyRroAla the vx
805813815 Gin Men. Val. Cy§¥ro Gin Giy Trp The*Sly Thr lle Gin Cys
The;Len 920,.AAle Asn:Gin:Asp The Len AspThe Thr Valllg Are. The Tyr
Asg Ar&i 635840945 The ThrRro the Gin Ara Ang LyssTnp Cys The Tyr
Gln Lys lle_Lie 950855800 Gay Gin Asp lle Tyr, Gln Cyz lle Len GIy Gly
Ann ﬂrg The Cysle 858708@75;3\86 The'Giy Asp: HLS Son “Arg'CenLys
Asp Giy Pro lle Lye Lys eya. Tyr 5850tr8975 Trp Cys ‘Giy Biz Asp the tel
ASTY Sed G GR-Eem PToHis T yr’PYo%O%S%@ Fie GlirLysveya=Net
Len l1l8°Asa: (flu Sex' Gin Tyf Arin Tyr val Asp 915953825 Asp The Seth
ens:Asp Ars; Sin-Ghy-Val: Alalle tel Prg SeeGay The eSt935.Mallys (As
A.. ..0:8Bin Ass val.. The Val:®@an vai lie Ala The Asf94595t954960 Gan
ggPro Val Gip Lys Thy, Ala Cys Thr Phe, Ash Xr Ser ArgTThr
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Gln Tyr 99510001085 Met Len Lys Gly Gin Trp Gin Tyr Trp Phe Asp Len
ASp S;éﬁva“}*f 01010151028 Asp His Hig Lijs ASp Ty Plie SéeGinPhe lie
lle lle Afd Vel 102510861035 Val Ala Len Len Gin Gif lys Is tel Lea Trp
Len:Lery lle:Tim.304010451 850 Ty TigrTie:l.en SekGinGindvetzAla Met
Gay Ala®Gly Val. Asn 105510601.065 hr Gen Gin TigsVal Met lle Gay Ass
Leh,Len Mr, Asp Per. Asp%107010751088
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Tie Gin Vital. Val Tyr Phe Len Lau Leu Tyr Len lle Val Lys 108510901095
Gin Gin Len Ala. .Arg Lys Ire lle lle Lea Val Tyr. His lle Len.
110011051118 Val Aia Asp Pro Met Lys Thr tie Oily Val Val Len Len Met
Len 111511201125 Gly GinVel Val Lys Ala SaxAre lie AssAsp Asp Gin
Seer 113011851140 Ala Met. Asp Pro Cys Phe Len Len Vel Thr Gly Val
tel Ala Val 1.1451150lqae iiee Len Met lle Ala. Arg Arg Gin Pro Ala Thr
Len Pro Len lle Val 1160:0651170 Ala Len Len Ala Tie Are Tier See Gay
Pie Len Len Pro Ala Sex 117511881185 lle Asp tel The Val Ala Val tel
Les; Hestel ilvenenizen:Ala k19014951 200 SexTyrd ienTierAspTyr Plea
Asp TyrLys Lys Trp Len Ginten 120522101215 L& ?he Ser Len Tie Ala
GlyJlehele e Arg Sex.Len.Lys 1220122512..3Q. His Ue Ash.Gip Met.
Gin Valdge Gin lie Ser Met ProrSet 'Frp 123512401.245 Are Pro Len Ala
Leh Val. Len Plea Tyr lle Tier aee. Tier Ala lie 125012551260 The Tha
ASE TH ASPHIE Asp e A14 By Phie ta Téh Ginifh, 12651275 Afa Pro
Ala Vel lle Met Net Ala The Met Tap Ala Asp iThe Len 1280128512Pg The
Lewlletie Val Len Py Ser TyreGiniben Sed:kysibeniTyrik2051:8001305
Phe L'éf'Lys Ass Val Aag Thé"Asp Val Gip Lye Ass Tip Len, Sly
13101315132.Q Lys.ValLys,Lyr Aig Ginlle.RerseaVal fur Aspile.Cys
Asp 132513301335 Per Gin:Gin Ala Val Tyr tee: She:Rre See Arg His Lys
See Gly 134013451350 Ser, Arg Pro Asp Ohs lie Let Pro Phe Let Lys
Ai&E eff Tie 155513601365 63 Cys fie Persee Gis Tap Gih Vi Val Tyr lle
Sea Tyr Len 137013751380 lle Len Gin lle The Tyr Tyr Met His Arg Lys
llesteiAsp Gin 238518901395 Val-Bee-GljGly tadé:Ass*She'terfsea Are
Len IE°Afa Ala lle 14301405T4MO Lie G18 Len Ass TP Ala. lle Asp Asp
Gin.Gip.Pys.Lys: Py Len. 141514201425-Lys Lys &en "Tyr Len Lee Per
Gly ArkAta Lys Ass Len lle atd43014331.440 Lys ks Lys Val Arq Ass
Gin Ale val His Arg Tap Phe Olly Gin 144514501455 Gin Gin lle Tyr Ply
AIAPrgLys Val Tié Thr- e if8 Lys Al6" 14601485 Sk, The Léh SE8 Lye
Ass Arsi His. Cys lle lle Cys The lle Cys 147514801485 Gin Gly Lys. Gin
Tap Ass GRrAldy ASs Cis:Pia Ly Cy§Sly-Arc 168014981500 Gi¥ Gay
Lys Pté&‘lie The Cys Gly Met*The Lein Ala Asp She'Giri 1505inl01515 Sin
Lye:His:TyeLye:LysHeMiella AspPie.Gls: Sea-Set, . Cys:- 152015251530
Prth MakPro She Asp Pro Se€a€ya His Cys Ass TyETHe Arc His
153515401545, 155018851560 Ala, Arg Sly. Gin,Lea She Lee. Arg Ass
LeN, Prosflu Lea Ala Thr 15655701575 aya Met Lys Liea Len. Met Val Sly
Pem Len Sly Ala Gin Lie Sly 158015851590 Asp Lea Gas HI a Lea Gay.
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159516001605 Lys Lyn lle Thr Asn.Glu Lys Cys Has Val Pen lle Met Asp
16101E151620 Lys Lea The Ala. Phu Phe Sly lle Net Pro Arg Gay. Thr
The PKO 162516201635 Are Ala Pro Val Ar.g The Pro. Ma. Ala Len Lea
Lys Val Arg Arg 164016451650 Gay Lea Gan Thy Gay Tap Ala. Tyr The
Has Gin Gay fly lle See 1651516601665 Oar La! Pep His Val Thr Ala Sly
Lys Asp Lea Lea Val Lys Asp 167016751680 Set Net Gay Arg Thr Arg Val
Val Lye His Set Ass Ass Lys Met 168516901.695 Thr Asp Gan Thr Gau
TyeShelle Lys Bhe Asp Suk Gay Lys:P£0,17001:A051110 Si¢ iy Ala.Arg
Lys Tyra%al Len Ass Pro GikkAda Val Ass lle 171517201725 Ser. Sly Thr
Lys, Sly Ala Met Val His Lea Gin Lyn Tht Gly Sly 1.73817351740 Glu 2he
Thr Lys:val‘Th Ala'Oar Sty Thir, Pro Al e TRE ASH 174517801755 Len
Lys Ann Len Lys Sly Trp Set Gly Lea Pro lle ale Glu Ala 116017651770
SetHerSly Arevalval 8y Arg LAy Vah Sy ky$:Ass 8ic 17781790
Asp dlérLys Pro Thr Lys Len*Nét Set Sly Lie Gan Th8*Val Set
179017951880 LyscAsmSin:ibr Asp Lea his.Asp:lit.Val kys Lys ben Thr
Sur 180819101915 Met:. Jr-8l§:Gan Phe Lys Gin Il&:Fhr Len Ala Thr Sly
Ale 192018751830, Arg,Hiu Lys Arg Val Lau Val lieu.: lig Pro Lv.: Alp Ala
Ala Ade 105018551880 Gio.Bar Val Tyr Gin. Tyr MetAxg Mal Lys: Tyr Pro
Ser lle Per 1E6518701978 She Asn Lou Arg lle Ply Asp Met Lys ale: Gly
ASp I\'fl'fé;fﬁl%ﬁTaF”i%@@)iSBﬁlggg alp e ThéTyrAla Ser TyF Py T She
eye Gan Lea Pro Gin 189519091905 Pro Lys Lou Arg Ala Ala Men Vol
GlosTye: Pen:Tyxdle She10:191019153020: Asp.-Gla.TysRis:Gys. Ala Thr
Pro Gl&“Gin Lea Ala lle lle G1y=192519301935 Lys HesHis Arg She Ala Gill
Aon Leo Alp val.yal Ala Methis 194019451950 ?Ma Thr. Pro.?Lka Ply
The \Lﬁ IEE{h%Th@’ Taél?"c?ir?ﬁ GaifLy]s"Fi IS Pro 19 S'fQG%EL(QSS“IIé”G“IJS"ao
She lle Ala Pro Giu Val Met Lys Ply Glu Asp Leo 19709751950 Gly Sec
GltF T eb"Asp'fle "Afa Bay[L&s e Bi¢ Pro 111r'Gin 178519931995
Glo Mét'Lys Ply Asn Met Leo™Ve:1 She Ala Pro Tin“Asp Ass Met
200026052010:Ala Mal Glia The Ala: Lys Lysd eo-l ysiAlckys:RlyTye
As9. Bar“201520202025 PIyTyr Tyr Tyr See Ply Pk*Asn Pro Ga:5 Ace
Len Arg,Val.Val 703020952040 The, See Gin, See Rrg Ty, Pal.Pal Vol Ale*
The Asn-Ala lle Gly 204520562055 Per Ply Pal The :8a Pro As Lea Asp
The Val Pal Asp The Ply 205020652073 Lou Lys Cys Giu Lys Arg Val Alp
8O Sex. Lys Met? Pror Shié 207520902685 fté3vat The Giy ted tys Arg
Met. Ala Val The lle Ply Giu Gin 209020952100 Ala Gin Ala Arg Glv Arg
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Asp Leo Leo GIn Ala Gin Are Tyr Gin lle Gis Aap Sly lle Aan
2:0521482145 vol Thr Lys Ser. Phe Arg Gin Mat Aso Tyr Asp Trp Sex Les
Tyr Z"'5021852168 Gin Gin Asp Sex: Les Net ila Thr Gin Les Gin Val Len
Asp Asn 216521782..V775 Leo Lou lle Ser Gin Asp Len Pro. Ala Ala Vol
Lyo Pan lle Met 216021852190 Ala Arg Thr Asp His Pro Gin Pro llo Gin
Lou Ala Tyr Ann Oar 219522002205 Tyr Gin Ann Gin lle Pro Val Len ?he
Pro Lys lle Lys Ann Sly 221022152220 Gin Vol Thr Asp Sez Tyr Gin Ann
Tyr TthrzFyr Les Asn Ala Arg: 2225223A22.15 Lys LonSly Gin Asp Vol Pro
Ala Tyr Val Tyr Ala Thr Gin Asp 224022452250 Gil) Asp Las Ala Vol Asp
LENLOTE Gy NetAsp' Trp* PrgAsp Pro'226522602285' Gl AsS'Gifi*Gin Val
Vol Gin Thr Sly Asg Ala Lea'Lys Gin Vol 222022752260 Tb Gin Les Ser.
ThrAla GinAsn.:Aladeniouilie Ala:Low Phe 2285229022958y (kyr Vol
Sly Tyr*&in Ms Len Ser. Lys?Ar§ His lle. Pro Met 236623052310 lle Thr
Asp llg, Tyr;[hr,l,.e,s Gin Asp His Pro.Les can Asp Ithr 23152320232,5 Thr
His LauaGIn Pbe Ale Pro Ass &la lie AKg Thr Asp Gly:kys £33823352340
Asp Sex Gin Leo. Lys Gls Les A'a Val Gly Asp Les Asp Lys Ty;:.
2345335023551 Asp Al LERTYISEX" LYs Gitrfly Net 17 Phie'ito
286823652370 Lys Vol.Gin Ala'Gin Lys Vol Are Asp Ser Gin Ser. Thr Lys
Gl8:237623902885Gly e Gin ithrdledeys:Girrkyrvol Asp liys Rhe lle
Gin Se%:229323952400 Lert Thr Gin Ann Lys Gin TT&: llia lle Arg Tyr Sly
Low. Tep Gly 24102415 242024252430 Gin Mr.Ala,She Ala Sirlen. Val
'Val Lys:Tap Les Ala She. slyu243521402445 Gln Gls:Sir Val Sea Ala His
lle Lys Gln Val Ala Val Asp Len 2450.24552460 Val Val. Tyr Tyr lle: lle
ASELy5Pro’ Sex Pig Pro’ GIy.Asp Thr24e624602408 Gi MFGIS Gin Gie.
Gin Ars Arg Pie Val Ala. Ger Lou At?,R lle 946024852490 Sex- Ala Len
Afal SitSyrSir Tyr Bys Thr 'I:ap AghrTymAm ASO:. 249525002506 450s
Gas ArgVal Val Gin Pro Ala“téo Ala Tyr Lon Pro T¥i°Ale 251025152520
TheSet Ala Loon Lvs.L oy Pie.Sit Pro Sir,Rag Les Gin.SeaVal ; x4
e5e52¢300535 Vol lle Len SeaSea Sir lle, Tyr Lys=8ir=Tyr Leu Se:: lle
Rag 754025452550 :Lys Gly Lys Sex Asp Gay Len Len Sly Sir Gly lle Sea
AlA Al 255505802565 Mot Gih.IE Tes AsE IS $AsSPro e, S&a Val Sly
lle Ser Val Yele2575eves sreo Met Len Gly Val Gin Ala lle Ala. Ala His
ASs Alatlle Bls'3€a2258525902, 5557Sere Gls: GirrLiyeeArosSifileéston
Met Lys Vol She Vol Lyo Ron: 20002615261e Pro & Asp Gin Ala Ala Sir
Asp:Glo, LegVald ys GinAssPro. 261626202625 Gip Lys lle lie Met Ala
Lee Pie"Gin. Ala Vol Gin SirdfeGly 263026252640:4ss Pro Lea Arg Len

lg, Ty£ His Leo Jyr Gly val Tyr Ty; Ly tew vai tys Slu 7
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TEIN 2635 ZEAG
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264526e0235 Gly Trp lily Ala. Lys Gle. 1.es Ala Gin. Lys Sir Ala Sly Arg
Ass. 266026652570 Lan Pre Thr Lon lie Met She' Gin Ala Pie Gls Len Los
Gay Mot 26902565 Asp Sar Gin Gly Lys 11e. Arg Ass Len. Sex Giy Ann
Tyr lle 1Rn. 269026952700 Lys Lou Val Leo Ply Trp Ala. Pro Ala Pro Lou
Per Cys Asp Trp 822027252733 Thr Pro Ser Asp Glu Arg lle Per Leo Pro
His Aso Asa Tyr lieu 213527402745 Arg Vol Clu Thr Arg Cys Pro Cys Ply
Tyr Gin Met Lys Ala lle 275027552760 Lys Asn Vol Ala Gly Lys Lou Thr
Lys Val Gin Glu Lys Ply Per 216527702775 She Lou Cys Arg Asp Arq Lou
RlysAtgPlyFroiProsAsprBhelays 270027852 780 \tok ThrsdsysRhorTyr As
Asp AsriLou lle Giu Vol Lys“Pr6 Vol 279528002805’ App Len Giu lily Gin
vaa. Asp, Lea. Ty Tyr Lys Rly:Val.lhr 281028152820 Ala.Lys Lea.Asp
Tyr AspzAss Ply Lys Val Leu:t-ea Ala Ohs 'Ass 282520302035 Lys Trp Gin
Val Asp His Ala. Pho Lea. Thr Arg Len Val Lys Lys 2840284521110 His
THEGH Jie Py P 138 P Al Tyr ot Iy Asp Arg Pro 285528602865
Asp His Gin Asp Les Val Asp App Asp Cys Ala Thr lie. Thr Lys
281028752990~ Fisr¥PekXal-@in Phe Leo 135 Met Eys LyssPi CysAla
Phe TH&%288528902895 TyrAsp Les Thr |.Le Per Ash® Lea Val. Arg Lea
lle.G1H,.Lem.Val 290029052910 His Lys Ass Ass L:e@ Gin.Giu.Arg,Gim lle
Pro ThrsWol Thr VHI 291528262925 Thr Thr Trp Leo'&la Tyr Per She Val
As3 Glu Asp Leg PIy Th 293029252946 lle Lys Pro Vol Leg Ply Gju Lys
V6116 Bro Giu Pro Pro BTu 284558585955 015 Lol Rer 16 Gin Pro Thr
Val Arg Lou Val Thr Thr Giu Thr 296029652978 Ala. lle Thr lle Thr Ply Giu
ARasGlaVab et FhEThrfly lie: 2973296028857 Per Thr The Feh Lys Val
Gly L&h"tys Giu Sly Sin TyrPro Sly 3005s0l03015F¢6 Gly Val Aso Pro
ThenHie Les Ala.Glo:Veli: lle:Asp:Gil, Lye 302030252030 Asp Asp Are
Pro. Rig:¥al. Len lle lle Sly AséLye Sly Per Thr 30853040,e 3er Poen Arg
Ala Arc TOr AlA. Lys Asa lle Arg Leu Tyr Lye Sly 305030553060 Ace Ace

Pro Ay Gin lie Aye Asp Led Met. Sed Bin Sly Aye.fie.306530703075 Leo
Thr Val Ale Len Lys Gin Len Asp Pro Gin Len Lys Gin Len 308030853090
\iélfﬁiéf@f:[y%-“ﬂyé-TSIWI'hr-T‘-’Pﬁé;;iﬁn Ash&Arc GinARa Een Gity Atas Fo=
0953200n0s Len Per Leo SIy Lys Pro lle Lys Are LYE.“TthA Thr Tie Ala
Met: 3t13A115 HeAlp.Aye Ley: lle GlInBra:GinValwin Gin Gin:Lea Pro
Asp siéA;32303135 ere.) Pré*Pie Gin Ala Glh. Gin Pio°Les Pho Len Gin
Ala Lys lle Gin 314331453150 Aen, Agp Leo Tyt His Len Tie Gly Ser. Val
Aop Setlie Lys Set 3155316Q3265 Lys Ala’'Lys Ginieo Gay Ala Tie Asp
Are Thr Lys lle Val Lys 31103175ile0 Cie Val. Gly Ala Aye Tie Tyr Thr
M. (7% LEB SBIT S Ty $68 31853005105 Thr Gin Vil TRFLYS Lye
Gin Met Sef Len Ala Pro Ler Phe Gin =

Hig Lys  Asn Asn Led Bin e Ayg olu Ile Proe Thr Val Thy Val
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320032053210 Sin Leo Len Leo. Lys Cys Pro Pre Cps Per Lys lle Per Lys
Sly 321532203225 Rio Met Val PnA Ala Tyr Gin tigu Ala Gin Gly Aan Trp
Glo Pro 32303235..5240 Len Sky Cps Sly Val Tyr Met: Gly Tie lle Pro Ale
Arg Are Leh. 324532503255 Lys lie H2 Pro Tyr Gan Ala Tyr Len Lys ten
Lye Gan Lea Yni 32e5e32653270 Gin Val Gan Per Per Arg Ala Thr Ala
Lys. Gin. Per lle lle Aye 82803285 52.9022953300 Len Arg Thr Lys Ses
Met. lle Arm Pro Giy Lys lle See Asp Gin. 330533103335 Len Cys Are
AsR.. Sly,His Lys Arg Arm. Tie.Tyr Arm Lys i le, 1e,332023233330 Gly, SHr
Trio MetoRia Per Ala Gin' IIe Args Len Gin Lys Len Pr0:333533403345 Val
VaI As; Ala Sin Thr Asp The The Per ?be His Gin Ala. fie 335033553360
Arg Glu {ys i Abg Tys the! ' Gin A8a ya G The, Pro O LEal *°
336523103575 Nis Gin Gin Len Met Lys Val ?he Asp Cys Lau Lee lle Art
G¢u32‘5@338533 g [pe- BGin Gar Tyr=Ashy @lu*VaISee$ryﬁlnﬁln Len
Gin Ald'22003455 ly lle Arm*&ty Lys Gly Ala Ala G fe Len Gin Set Lys
Asn;541034133420 Lig Gly Gin Val LenAsp Thr Gin.Lys.Mn ne Val Gin
Gin Lea:s842554303.435 lle twsAsp Len Asp Lys thtye Lys IIe Asp Tyr
Tye GII]?\The 2. 440344534530 Ala lle Pee Lye Asn GIL: Lys Atg Asp Val
See'Asp.ASp TépGin 3455326035185 Rir' Gly Gih e VarAs i tys
Lys Pro Arg Val lle Gin Tyr 2.47034751:Y4)30 Pro Asp Ala Lys 'Sri Reg
LenrAkditle Thr Bys Val Met Tee Lys548534808495-4rep Mol kys Gin Lye
Pro Vai'Val lle Pro Giy Tyr Gifi'Gly Lys 50055053518%Fhe Pro Lea inc Asp
lle RheArmdys Valhys-ys Gin Tep Asp 351535203325 Sex.Rhe;Gin
Asp Pépival Ala. Val See Phiet&sp The Lys Aia 'Sop 3:53035353540 Asp
Tier Gjl‘| Va| Ties Ser Are Asp Len Met Len lle Lys Asp lla 354535503555
Gin Lys Tyr Tye OhHTys Asp 55 16 Hik Tyd HAe: * Lt ASE T e
3.560356505H10 lle Tier Giu His Met Vol Gin Val Pro Val lle. Thr Ala Asp
Gly 357855803)5e5" Girv Valem GiyPro ASp 1):5902895-FhriSetAta Gly
ILem S&r'Met Len Ass Vahr 36053(10 Ala PieSet Atg°3620 Val Ala 3635
Vil:emrkys PQe.SerGindiyeMet ale.dle655.His Gam AL.GlyGin.Lys lle
366536703E75 met Lye val Ala#3680 Thr Pro Vgl 3695 Aia. Giy 3710 Len
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3725 3700 Sly Gin Prg gee@ Val Ala Phe Seg. Phe Len LenPros'
37602745 Pro Gin lle Set 37603765 Pro Serrre TvrGly
Asp Pro lle Ala 37702'1753780 Val lie Clv Lys Gin Lee Thm GlyLen
AlaLee Sea Met Th2 Thr 3800380539,10 Asp Arg Les lle Ala al' 3845 hr
Gly Lys Pie Lie Gin Ale '1"0 Set Lys Gin Lys Ala Ala Gin Sts Pre lle Gin
Ply Val Asp Arg Tyr 2.97538803885 Lys Lou Sly Pre lle Vol Asn Val lle
Lou Ant Arg Lou Atg Vol 389033953400 Met Lou Net Sir \lel Ala Set Ply
Ser Tip89053910 <210> 63¢211> 3749 <212> PRT4213> Mrtificial
Ssquencet Mutated naUV: XIKE-AaNdN 4400> 6 Not Gin Loy Phe Ser.
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ASH Giti SIy'Son Lys Gay Ala Tin Se:: Lys Lys BGsE5 Gin Pro Lys Pro Asp
Ant lie Giu Lys Sly Lys Met Lye lle Ala Pro 202530 Lys Gin Thr Gin Lys
Asp Sys Lys THEAR Pro PrevAsp-AIEThitilg 384045 Voival: GinSly Val.
Lys TyrGin Vol Lys Lys Lys SIy Lys Val Asp 5560 Ply Lys Asm Tit GI>
Asp Rly. Lot Ty His Aszdys:Asndiys Pro 2ro SOQ107580,GinSer Are Lys
Lys Lot Gin Lys Ala Lela Lot&la Trp Ala lle Lou 355095 Ala Ala ml Leg
Lou Gin Lou Val, Thr Ply Gig asn lle Tin Gin. Trp 10010:1L,JQ Asn Lou
Mé&t Asp AshPly Thr Gin Slylle; Gin Gin Ala Met Sheskou 115120129 Arg
Ply Vol Ass. Asp Ser Lou. Nig Ply 11e Trp Pro Sin. Lys. lle Cats
130135140 TFin'Ply Yral Pro i His Tod Rla Sir ASp tyr Gig’Ler'LyS'Gin lle
149150155160 Vol Gly Met Met Asp Ale Ger Gin Lys 4:11r Ann This Tic
Gys Gyr; Asp:INS5331 79k otk GinewgrktisGin Tp Asn Lys:His-PhTrp
Cys Arif'Trp She His 140135490 lie Gin Pro Ttp ils*fp Lou Met Agn Lys
Tthi\nASh nn Len Tin 195200205 Can. Tht Gin4en Apq Ue,Val Thr Gin
Ada. Atg:Asp Rag Pro Thf Thy:225239235240 Lem:Ttw Gly Cyr, Lys Lys
Gly Lys Asn Phe Sea Phe Ala Clay Val lle 245250255 Len Asp Gay Pro
C¥/s' Asit PieLy& Vol Ser vl GinAgp 8l Ten She 267 72E2270 L5 Clu
His ASp°(lye Gly Ann Met Len Gin Giu Thr Ala lle Gin Lem 215220295 Leu
Asp:Giy-Ala: The leesThesHerGin Gay Ala Atg VokGly. Thet Algin Teu
2602:95309 Lys Len Thr TheTHp Let Gly Lye Gin Leni Gly lle Len Sly Lys
Lys,622,702210MIS320.L, 5. Gin 12, Lys.Per Lys.Ala, The) Phe Gl Ala His
Ala.. Ala Sea pro ©T 0 z4as 345G
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32533Q335 Tyr eye Gly Vol Gin Rag Lys lle Gly Tyr Val Tap Tyr The Lya
Man 340345350 Cys Thr Pro Ala Cys Len Pro Rag Man The Ps; lle
;.32.rL,z Gly Prcg 355360 Lys She Asp Thr Ann Ala Gin Asp Gly Lys lle
Len:: Ris Gin Met Gly 370egO380 Gay Pas Len Sex Gin Pie Vol Len Len
Sex Len Vol Val Len See Asp 385390292400 Pie Ala Pro Gin The Ala Per
Vol lle Tyr Len Vol Len His Pie Ala 405410415 lie Pro Gin Sea His Val
Asp Val Asp Thr Cys Asp ITs Ran Gin Leta 426425439 Asti Len Thr Vol
Ala Thr Thr Val Ala Gin Vol lle Pre Gly Thr Val 43344.0445 Tap Ron Len
ChrLysTyr Vol Ovale As; Pio AsprTspdT apyPro Tyt 450455460 €Gat: Thz:
Thr Thr¥ol Pie Val lle Gin GiffAla Gly Gin Vol lle L{§465470415480 Lem
Met-Len Arg Ala lle Rag.Asp.Len Thr Ragdle Tap Ash Ala.Ala,485490495
The THliThr Ala She Len llesRie Len Vol Lys Ala Len:Arg Sly Gin
506505510 Phe Pee Gle Sys Lye Gle Sly Phe Gin Tyr Ala :le See Lys
ASP' Argh, 5305355240 ts Met Gly. U'ée T'8e ray P16 flu’Set'i'ed*Fhs Fhn
The Trp Has Lee 545550558560 Pre. The Lye Lys lie Val Asp See Met Vi
Hisiv_al:i h@.ﬂ'@ﬁ@li&%l%@B@fﬁOﬁ?ﬁ bys Asp Eeh.idiys llestes ys:Met.
Cys Tht'tv Ole Sic Asp Tyr E&E'580585590 Val Ala ¥al His Gle Are Ala
Lee: Ser; Thh Sel Ala Glih.line Net:Gin 895600683 g SerAsp Sy Thr Tie
Sly Pra:#isp Val lie Asp Met ProsAsp Asp 610615623 Rhe. Gle Phe Sly
Lee Cys. Pro Cy5 Asp Set Lys Pro Val lle Lys. Sly 025610635640 Lys he
ASS' Alasset Teé Tee Asp/ (Sl Pro Ale Bhe Gin Met {4l Cys 645650655
Pro Gin Sly Trp Thr Sly Thr lle Sic Cys The Lee Ala Ass Gin Asp

6606636 70’ Thrtehit WsprFhiFheVal He Arg The Tyr AlpvArg<Fhi Fier Pro
Phe 675660665 Gin Arc Are“fys Trp Cys Thr Tyr GitrLys lie lie Sly Girt
Asf: Tie6906052Q0Tyr 3 ln Cys lla L es Gly:Sly:AssLrp &hr Cys dle Thr
Sly Agp:His 705.110729 sec:A¥¢ Las Lye Asp sly Prodlea Lys Lye Sys Lys
Ten Gys Sy His 125936735 Asp Phe Val. Ale Ser. Gill Sly Lev Pro His
i %rsi(gzgle'l?{é*lyﬁﬁi/s?‘/&()'iﬁkzghd\/l%lﬁ L'ée Tie Ace sijf&j.;gc“é“."‘s&“nfr"ﬂre Tyr
Val Asp Asp Ths Ser. Cys 760765 Asp Arc Sly Sly. Val Ala lle Val Pro Set
SK*PYMISEYs Cisid Arg' FTOT75 18D lie Gl Ash VarThrval'Gartval lle
Ala. Mr Ash Ace Asp Leh Sly 785793195800 Pro Met. Pro Sys See Pro
Ala:Gaws Val:le Ala Ser Gis Ay PraVak80581081::Gle kys The Ala Cys
The P€éAsp Tye Her Arg TRéskEee Pro Ace; Lys 820830 8065640845
Gin, 1 Gin Tyr. I1p Bhe Asp.J.en App Set- Yol Asp His His Lys Asp,
650855866 Tyr. Phe Set GinyRhe lle Lle: lle’Ala Vok-Val Ala.Cen Leu. Gly
Gly 869870675880 Lye Tye Veil. Leo Ten Leo Leo lle T.6.46 Tyr The ILe
LE&?E%%%&(%N?CﬁﬁR Thr Ile Tyr  Tyr Tyr Gln Gly Rspﬁ Pro Ile Ala
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925090999. Met Ala Met Gly Ala Gly Vol Ass The Gin Gin lle Vial Net lle
6,60 90090551S Ass | Leo Leo Mt: Asp Cot Asp lle Liu Val Vol. Vol Tyr
Pho Leo Leo 915520925 Len Tyr Leo llo Vol Lys Gin Sic Let. Tao Arg Lys
Trl.4 lle Tie Len 930PCS940 Val Tyr His lle Len Vol Ala. Acre Pro Met
Lys The lle Gly Vol Val. 945950P"SS960 Leo Len Net Leo Sly Sly Vol Vol
Lys Ale See keg lle: Aso Ala As 985670975 Asp Gin Set Ala. Met Asp Pto
Cs Phe Leo Leo Vol Thr Gly Vol Veil 980965690 Ale Vol Leo Met lle Ala
Leg-Atg.Gin.Rra AlasThe.Leq Rro Leo tie 99510Q0-Val Alal go.L eo.Ate lle
Arcs TFhesSer, Sly Phe Leo LeaPro Ala 101010151020: Set Ile As Vol The
Vol Ale val Vol Les lle Vol Len Leg Leo 02.51039;1035 Ale Set’ Tyr lle
The Agh Tyt Phe Arg Tyr Ty Lys Fen'l'éo'Gin’ lff4i;);]f§)451050I Een'Len
She Set Leo lle Ala Gly lle She lle lle Arcs Set Leo 105510601065 Lye
His1le-Ass Gin Met Gih ol Pen GinvLie Sée:Net Pro Ser. 101010751060
Trp ArePto Les Ada Leo Vol LEh Phe Tx :This Seethe Ala 102510904095
lle Thr The .P.44 lisp Asp lle Asp Leo Ala Sly Phe Leo Leo Gin
110811051110 Trp Ala Pro Ala Vol Tie j6ec Met Ala The Met Trp Ala Asp
Pﬁe 111311(/20112 5 Len Thr Leo lle lle Vol Len Pro Sex Tyt: Gin Leo
Set: Lys Leo 113011581140 Tyr.Rhe Lerkys:Ac:Val Arg Thr Asp Val
Glgl Lys Ash Tap Leg 114511501155 Gay Lys Val Lye Tyr Pig Gin lle Per
See'¥al Fyr Asp lle Lye 116011651170 Asp Sea Gin Gin Ala Val Tyr Len
Phe. Pro,Set: Are His, Lg;s Seal, Jf 511801185 Gin Ser. Ar,gsPro Asp she.
Ile Leg Pro Phe Len Lys AIa Val Leg 11&@11951200 lle See cys lle'See
See Gin Ten Gin. Val. Val Tyr lle See Tyr 1.205.12101215 Len lle Leu Gin
IEThE Ty TyE Mef His"Afg Ly's THe Il Asp 12261722217230 Gty Vall Her
Gly Lfly Ale Asp She Leg Ser. Are Leh lle Ala Ala 123512401245 lle lle
GipsLemAsk: Tz AlasTieAspsAsp:Gin:GluCyheL ye-Gly:l 25012651260
Len Lys Lys Len Tyr. Leh Len Hér Gly Arg Ala Lys Pér Len lle
1,26512701215 Vel Lys His.Lys;Val.Are-Asn,Can Ala.Vel ilie Atg Trp.She
Gly 128012651290 Gin Gips&in lle Tyr Gay- Ala. £ro Lys Val. lie. The lle
Lie Lys 129513001875 Ala See Thr Leg Ser. Lys Pen Arg His CYs lle lle
Lye The 11e° 13101 318 1520 Tye ‘Gl *8iy Tys Tih THp A%h Gih A8 ASR Cys
Pro Lys One Gly 13251G301335 Are Gin Cly Lys Pro lle The Lye Gly Met
kaLegAmAswﬁheﬂsﬁ@leu‘he&@w GinGindyeBraTyrlLysikyeike Pee
Ire Arg Gin Gin Sef"See 135513601365°One Pro Val Pro She’A4K+ PCys
His L ye Per Tye.She Arg.1240137 51380, Has Asp.Sly. Pro-She Arg Lys
Gin Tyr Lys Gin:Tyr Val Gin Tyr 1385%3901395 Thr Ala Avg:Gly Gin Lea
She Len Plg“Pen Len Pro lle Len Ala 140014051410
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(9.Ev Asp Len Gin His Len Gin Tip Val Len Asp Giy Pro Ala Val
143014551440 in Lys Lys lle The Asp His GIm Lys Cys His Val Pen lle
Net 144514501455 Asp Lys Len The Ala the the Sly Ile Net Peg Peg Gly
The The 1460144.5 Pro Are Ads Pro Val Ass She Pro The Ala Len Lee
Lys Val Aso 147514901e.45 Arg Giy Lee Gin The Sly TTp Ala Tyr The His
Gin Sly Gly lle 149014951509 See Set Val Asp His Val The Ala Gly Lys
Asp Lee Leo Val Cys 150515101505 Asp See Net Gly Peg The Arg Val
Val Cys His See Asn Asp Lys .1.32015251534 Met The Asp Gin The Gin
Ty ORpliesLys FherAsp See GlySys1335454Q1545 Pro Gin Siy Ala:Asp
Cys’Tyt VUI Len Asp Petj’'Gin Ala Val Aar, 135015551560 lle Set &if The
Lys.Ghy.Ala Met Val s Len. Ginls The Gly 154515701575.Gly Gin LPne
The Cys val The AlaiSet Gly The Pre Aiasshe the 1.580ams1594 Asp Lee
Lys Asp Len Lys Gin Trp Ser. Sly Len Pro lle The Gin 159516001605 Ala.
S"é“é“*S‘e”?@”'“yl‘“Ag@:gvéIy\a/dl‘%iﬁ’ﬁsﬁVaﬁ@s%)?'?éiff:‘j‘/s&,ﬁé% 161016151624
Giu Asp See lefv-r Pro The Lys Ipo Met Set Sly lie Gin The Val
161514304:635 Beevkys:AspsGile ThreAsp L ed AlabAsp HerVialdiys deys
Lem The 164016451650 Sat MEfASP Arg Gly Gin Ph&"Lys Gin lle The
LanAla.The,Gly 165516601665 Ala.Sly Lys The The Gdu.Tenbra Alg
Sex- Vat lle Gin Gin lle 16704:6t51480 Gin Are His:l:ys Arg. Val Lau Val
Lan lle Pro Lay Arg Ala Ala 164516401695 Ala Gin ter Val Tyr Gin Tyr
MAEASD Val'Lys Ty Pre Sat e 170017051710 i25 1658 T¥r 'Sty Tyt She
Cys GIn Lau Pro 17351740 Ala Met Val GInC,lle She 175n o

Cy8 Ata- TheSeosGla:GliesLeseAlaztle"7 61765 Gly:kye:Fy £28 Thr AfeeThr
Pro AlaThe The: GI8 1790 Pro lle Gil.: Gifi Phe Tie Sic Pro GisVal Met
The 1955 Sees8ly Ala Gly Lel, Lys 39 Len Val Phe Ala Rt The Arg Asn
18451 L. Ala Lys 11%60 in Pro Gin Acreg Len Arg. Pro Tyr Val Val Val Al
1895 Gis Set. The [én [6GAf0 Len A¢Asp The 1.995193S Sty 18n Tys Cys
Gin Lye 1920
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Phe lle Val The C'a Val Toe 1935 Gin AlaSly Arc, Vii Lys Pro Gly 1950 Ars
See Gin Gin The Ptla ScHis Gin Are Gin 1975 Las 19851S90 Gin Gin Asp
SeeMet lle The Gin Lea Gin Val Les Asn 20052010 Ace Leh Leo lle Ser.
Gin Asp Len Pro Ala Ale Val Lys Pen lie 201520202925 Met Ala Leg The
Asp His Pro Gin Pee lle Gin Len Ala Toe Ash 206020352040 Lee Tyr Gin
Ace Gin lle Pro Val Lee. Phe Pen Lye Ilh Lys Ace 204520502055 Gly GIm
Val Thr App Ser Tyr Gau Asg Tyr Thr Tye Len Asn Ala 205020652070 Arg
Lys.Len Gl GinAsp.:ma Pro Ala.Tys: Val.Tyr Ale: The,Giu. 207520502085
Asp GidAsp Len Ala Val Aspten Len Gly Met A8B:Trp Pro Asn
209020952:1.00 Pro Gly Ash Gin Gin Vol Vol flu The Gly Arg Ale Lea Lys
Gifi 210521102115 ValThe By Téh Sée Thel Ala GlgAnn"Afa Lde LFén Tle
Ala Len 212021252130 Pbe Gly Tyr Val Gly Tyr Gin The Lee. See Lys Alp
nizky Ik Pre 2 1352140245 et dle Fie Aspile Fy# The Lee Glu ASp His
Are Len Gin Asp 218021552160 The Thé His Len Gin Phe Ala "Pro Ash
Alg e AreThe:Asp:Gly.21052 1402175 Lye Aspsee:Gind.gn-Lye;ale Len
Ala Val Ply Aspiten Asp Lys 25156.621852190 Tyr Vol AspiAla. Lee Val
Asp.Tyg.SerLys. Gin Gly Met Lys Pile 219522002205 lle Lys val Gin Ala
Gin Lys Vakicy Asp See Gin Seg. The Los 22102270 Gin GIy Léh Gifi The
lle Lys all; Tyr Val Asp Lye Phe Tie Gin 222522302235 See Len The Gin
ASp® LS Gity Giti' € 1le Rrgi Ty riGly e YFen 2240228 544 rG RV dl ddis
Thr AlZ"ten Tyr Lys Ser. LegjAla Ala Leg Len Ga§ 225522602265 His Gin
TheAlp.uPite: Ala;The.Lep:MVal Vald ys T ee l enAle-PRe 22102245 :Lou
Vak¥val Tyr Tyr lle lle As&:Lys Pro Set She P#63Sly Asp 231023052310
Thy Gin The Gln Gin Gin Sly Asy.Lag, She Vol Ala Ses Lou She,
231523,02325 Ile Sea Ala Les Ala ThY Tyw-Thr Tyr Lys Thr Trp Ass TyT
Ass 233073352240 Ass Len Gin Lag Val Val Gls Pro Ala Lea Ala Tyr Lea
P Tyr."28452 3502355 Al& The SEEAlaY 1 6&°Ly$t du POe ThIProThr
Arg Len Gin Sét 236023652376 Val Val lle Lea Set Set THy lle Tyr Lys. Mr
TyrLenr-SetHer237523802385 Lag Lys Sly:Lys;Sea: Asp Sty-Les-LowSly
Thr Sly lle“Sea Ala 239023353406 Ala Met Giu lle Lot#Ass Gin Ass Pro lla
Ala HissAss Ala’lle Gin 242Q24130 Sea Sot Gls Ginﬁgys”Arg'Thr Cen Les
Met Lys Vol She Val. Lys 2435244024.4.5
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Ass She Len Asp Gin Ala Ala Ths Asp Giu Lou Val Lys Gin Aso.
245024552460 Pro Gin Lys Lie lle Net Ala Len She Gin Ala. Val.Gin Thy |l
21652470342'lie. Sly Ass Pro Len Asg Len. Tao Tyr His Lou Tyr Sly. Val
Tyr Tyr 246024852490 Lys Gly. Trp Giu Ala Lys. Giu Len Ala Gin Lys Thr
Aia Gly Ar,g 249525002505 Ass Lon She Tian Lou lie Met She Gls. Ala
She Gin Lou Lou Sly 251025152520 Met Asp Sea- Giu Gly lyg nu. Arg
Aph Len Ser. Sly As Tyr lle 25252530C™S leu Asp Les lle Phe Ass Les
Ris Ass Lysdiau ASD Lys Gly leuw:254025452550 Lys:kys Lou Vol Los.
Clly Tap Ala Pro Ala Pro Lou ses Cys Asp 255525607565 Tap Thy Pro
S‘é’["AsprsAfé’ileS"eé*teéﬁrdﬁls”ﬂsm“ﬂss‘gryf%ZS?BZB‘SO bys Aep
25852:0962695 lle Lye Ass Val Ala. (fly Lys Lou The Lyn Val Gls GIn Lys
Sly: 26002605261 -Se.al-Phe:Liow Cps Arp Ass Rie Lieu. Sly Are Riy:Pro
PY6°Ass Phe 261526202625 Lys Vol The Lys Phu Tyr hap Asp As§®tea.
lle,Gls Val,.LysRre 269026352640 Val Ala Arg.Ley. Gin, ally. Gin, il Asp
Len Tyr Tyr Lys Slys¥al 2645e6602655 ¥he Ala Lys Les Asp Eyr:has Pen
Oily Lys VAI Lou Lea. Ala TAr 266026612690 Pen Lys Txp Gin Val Ass
6802685 LS His ThriGly ile"GlyPhe

HiS ‘Al St Lty Meafg L3R 26 75288
Lys Gly Ala Tyr Les Gly Asp Arg 269026952900 Pro Asp His Gin Asp Lea.
VatiAsp-Peg: ASp Cys Ala The Ilel The 270527402715 kystAsn:8erval Gls
Phe Lou L¥/s' Met Lys Lys Sly Cys“Ala She 272027253730 The Tyr Asp
Low.The lag.Set Ass Jeg VaiAcsLea.Jie Glu L.ou-ayatl404.val His.Lys
Ass AssiLeal Gin Giu Arg Gas Ice Pro The as Thw4397552760 Vol The The
9./Itp Lou Ala Tyr See Ple Val. Ass Gin Asp Lou Gly 096329702776 The
1€ Ly Pré Va T TeliSly Gin tys Vallie Fro G Pré Pi6™278027952790
Gin (flu Lou See Len Gin PTO The Vol Arg Lea. Vol The The Giu
2¥3526002605The Alaile The Tie The StyGinsAler Gt ¥/ 6isNetFhé=Tthr
Gly 261029152920 1f& The Prs Val val Gfa"Met Lys Gls. Giu S$6°Gla Len
Asp.Sin1 82520302635 Gan-See-The. The Ley. Lyn Yal Gay keu kys Giu
Gly Gis Tyr 'Pr£i264029452.850 GlysPro Si.y Val :P.5.31$¥0 Asa His
Lea. Al.a flu Val lle Asp Gla 285528602865 Thh Set Asa Arg Ala Arg Tthr
AlaLys Ass flé Arg Len Tyr [ys 289528002995 Cay Ags-Ass Pro Arg Gin
lle Arg Asp Lon Met Set Gin Giv Arg 29002905 lle Leh Tier Vol Ala Len
Lys$‘Git’LoR*Asp*Pro'G 18t €6 Ly S Girt 29 152925 L bt Vot AsprTyrifys Gly
Tier Phe Lou Ass Arg Gin Adaen G18 293029352940 Ala. Lon Sec Leh
ray-Lys Pralle Lkys Ax; Lys Thr.ThraEht Ala.294529502955:MetJle.Arg
Ares Lig8%Tie Gin Pro Gin Val‘Ginh Gin GIn. Len L'Irt’29629692970 Asp Thp
Phe hian ?la, Gin (ay, Pro Les, PLO. Lou Gin Al Lys lle 297529802985
Gin Ash:Asp Len Tyr. Rio Leg jle Ole Set vol ReD haeT ieLyo

Leu Lew  Phe Ssr Len Ile Rla Giy Ile Fhe Ile Iles Arg Ser Leu
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299029953000 Sex Lys Ada Lys Gin Len Gly Air Thr Asp Asn Thr Lys lle
Vol 900530103015 Gin Vol Gly Ala Are; Thr Tyr Tier Met Lys Lou her Sex’
'Pm 30253030 Soh Tier Glp Val Tier Lys Lys Gin Met Ser Lon Ala Pro Lon
Phe 909930403045 G:ju Gin Len Leh, Len Lys eys Fro Phc. C'N'e her Lye
91e. Soh Lys 305030553060 Gly Efts Met Vol Per Ala Tyr Gin Len Ala Gin
Giy Ash: Trp Gin 306980703075 Pro Leh Gly Cys Ply Vol Tyr Met Giv Tier
Tie Pro Ala Arg Arg 3084090953090 Len Lye lle His Pro Tyr Gin Par Tyr
Lon ruys Leh, Lye Giu Toho 909931000105 Vol Gin Vol Gin Sex Set Arg
AR TiEFAl - ys-GirrSec He He91108 BE5912X G Arg-BGin ks Ass Thn Trp
lle Len‘Ant Lys Val Ant His GiwPly 312531903135 Afifi Len Ara Tier Lys
Ser;Metlie-Ass Rro Rly Lys Ue,Sor Asp.314091459250 lle Gly See TAs
Met AIaPSet Ala GIN Tle Arg Leas Gin Lys Len 31703%:7#5SHUO Pro Val
Val Arg Al& Qﬂlnﬂ]’he Asp. The. Thr Sae Phe His Gin Ala 310821903195
lic&"ARg Gin Lye Tle Asp Li75;The Gl ASh LY8 Gir Thy.PFoGAG =
320032053210 Lei: His GIG SIG Lau Met Lys Val Phu Asp One Len Lye
IE:Pré821532203225 GirrLer Lys=G16 S@écTymASgGI@VaI Seestep
Gls Sif'tou Gin 323032351245 Ala Gin lle Asn Avgtys Sly Ala Ala Gly
The:Len Gin,See 1 y5.324532603255 Ass lle:Cly. Gin Val:Len.Asp,The Gin
Lys Higtie Val Gin Gin 326032653270 Len lle Lys Asp‘~Len Leg Lys Gin
Lys Ly§ lie Leg Tyr 'I;vr Sin 3212 MD3285 The Ala lle Pro Lys Assn Gin
LyS A{g-Asp VST ‘See A"sb“Asp ;l'rp 7329035953300 G, AR’ Sty GitiPhe
Val Asp Gin Lys Lys Pro :Arc:: Val lle Gin 310533103215 Tyr Pis Asp rail.
Lyg*vaP‘ArQ‘taqu1a le The'lys Val: rivat Fyr 322088233380:Lys~Frp Val
Lys Gif “Lys Pro Val Val lle Pfo Sly lye Gin Cly 333533403345 Lys The
Pro-Len: She-Asp.TiePheAso, LysValLysys:SI6 Trp135033253360
Asp SeérfPhe Gin Aso Pro VakAta Val Ses Phs AspiTier Lys Ala
&365§37033/ TRAS q'LTh[ Sin_Val Thy S(?x AreY Asp Leh Met Les Tle Lys
ASp 1384 lié GIn'tys Tyr TyrRhe Lys Aré S&8 fie Hig 1 S Lys PieceLéR Asp
339534003405 Thh lle The GIG Pis Net Val Gin Val Pro Val tie Thr Ala
ASp §4¢03h153420‘»@w@f6 *¥al Tyr et ArgAsh SHGin Ake Gip See Gly
Glh Pr6 342514303435 Asp*fﬁe See Ala Gin Ass S&&°Net ten Ass Val
Les:The: Met lle:4440344:63480 act533463466:Arnxval-Ala Arg HoHis
Val eyéGly Asp Asp Gly Phe*Edu lie 34703475348eThr Glu ArgLen (417
Lou Lys e ller Gin Lys Gip. Met Gin 7435349G3493 lle |.ou His Gin Ala
GIy Lys £ro Gin. Lys lle Thr: &in GTy ASp 3600@30533;0 Lys Met Tys Val
Ala Tyr S|re Phe Gin Asp lle Gin Phe Cys Per 351535203525
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Nis Thr Prn val Pro Val Arg Grp Ala Asp Ass Thr Se. r Ser Tye
353035352540 Met Ala Cal. Are See Thr Ala Thr lle Lou Ala Lys Met Ala
Thr 3545'3550 Ax g Lea Asp See See Sly Giu Arg Gly Sex- Thr Ala Tyr
Gin Lys 356035653570 Ala Val Ala Pie Ser Phe Len Len Het Tyr Ser Trp
Ass Pro Val 357535803585 Val Arg Arg lle Cue Lou Lou Val Leu Ser Gin
Phe Pro Gin lle 3590359.53600 Sex Pre Sex Lvs Asn Thr lle: Tyr Tyr Tyr
Gin Gly Asp Pro lie 36053610361.5 Ale Ala Tyr Arg Gin Val lle Sly Lys Gin
Len, Gy GiuLet Lys £62036253630,Ar, The Gly. Pig , Gin.Lys,LowAla Sly
Let Assitou Ser Met 194r 3.68536.403645 Thr Leu:@ay lle Trp Thr Lye
His Thr Ser Lys Are Leu lle Gin 365eU6553660 Ala Cys Val Gin ilia Gly
Lyé“qu‘g"f;;)aﬁ“glyifﬁé“ TIP'Lou Yal Anh 3786536103678 AlAAMPARE Lou lle
Ala Gly Lys Thr Gly Lys Phe Tyr lle Pro 368036953.690 See Thr Gly Val
ThtLénLerGIy LyS HIgTyr-Gin Ghy Ild AZFt. 8:69587003708:LorLys
Gin Ly$"Ala Alt Gin Pro Pro &“Gin Gay Val Asp Aré*3$1e37153720 Tyr.
Lyt-d enGly, Proslle. ¥ol Aan Wal lle ien-Arg.Argd.en-Arg 372537304735 Val
Met Lot Met Thi Val his Sex:@®ly Ser 37403745 21¢:¥ 411> 3912 <212>
C213> Artificial Sequence; Mutated BYDV; XIKE-13 <400> 7 Met. Gin Len
Pi'e’SanMan Gin Len Lee TyrLys ThrTyr tys"GTn'.;lﬁgg 51015 Pco Ala Gly
Ye]. Val 4flA:t Pro Val Tyr Asp. Val Ass Giy Asn Pro Len CO7530 tine Gly
GiR“SEf+ SEFASEINAHiIs Pro’Gin séntThelensystisen Pee 354045 His
Can Arg Giy See Ala. Ass llé s Tic Asmala Arc Se¢tes Pro 505560 Arg
Lys:Gly.Asp-Lys: Pxg- Aeg Gy Asr Mal-TyrGly B sVal Ser Gin, 654580 lle
Tyr lletdis Pro Gly Pro lle Ty#Tyr Gin Asp Tyr Val GipsPro 85S095 Val
Tyr His Arg Ala Pro Len Gin Len. Cy8 Are Gin. Ala, Set Met Cy8 _

Sah L bt

100105120 Gin The Tin Arg Atg VAl Gif Aré Val TR Gl Scar Asp Gly
Lye Len 115120 Tyr His Tie Tyr lle One lle Asp Gin Sys lle Les Len Lys
Aé‘réGAja%GissMoiﬁfﬁx%ﬁg§A§§§ Sit-PFUGTIEVEF L eft- Ly ri-Trp Val Fyr Ass
Atg LAU Ass 145150155 160 Cys Pro Les Trp Val Th& Seer Cys Set Asp
Gin:-Gly:SetlysiGiv Ala:654: 20 Thx Her Lys: Lys @R Prodys.Pre:Asp
Arg 11&°G&in Lys Glen Lys. Mef124185190 Lys lle AldPro Lys Gin Thr Gin

Lys, Asp,Cys Lys,Thr.Arg.Pro,Pro 195200205, Asp Ala Tit lig Val Pal Gin

cay Valdys Tyr Gin Val Lys Lys Lys 210215221 Giy dys Val. Are Gly Lye
Ass Tin Gin Asp Gly Leta Tyr His Ass Lys 225230235240 Ann lye Pre Pro

GTh S8 kG LyELyS Lent Gal  LYS AlET L& Lety A’Iﬁ; 245250255 e The
Gin TrpAce Lou Mei. Ace Ate Gly The Gin Gly llo Gin' Gin. 275880285
Ala: Met Phel ehyArg:Giy: VokAce:ArerSeed ea-HisGly He Tep:Pren
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290285300 Gin. Lys lle Oys The Gly Vol Pro The Hi5 Len Ala The Asp Tyr
Gin 885310315320 Lou Lys Gin lie Vol Ply Met Met. Asp Ala See Glel Lys
The Ace Tyr 325330335 Thr. Cys Cys Arg Len G4h: Arg His Gin Tip Ash
Lys Gay Tee Gys Ace 345350 Try: Phe His lle Gin Pro Tee lle Trp Lou
Met Ace Lys The Gin Ass 35536036.1 Ace Lou The Pin. Giy Gin Pro Lon
Axg Gin C's Ala Vol The Gys Pag 370375".u843 Inc Asp Lys Olin Thr Gin
Lou Ace ills Vol Tier Gin Ala Arp. Asp. Aug 388.390855400 Pro The The
Leo The Gin Cye Lys Lys Ply-Lys Ace Pee See Phe-Ala. 4054.10415 Gin
Val lle Lou Asp Gin Pro Cys Ace She Lys Val See Val Gla Asp 420425430
ValLduphe LyS GidHis Asy Cye Gin Ace Mot EeriGin &in Fhr Ake
435440445 lle Gin Len Lou Asp Gly Ala The Aeon The lle Gin Gly Ala leg
nub450455450:.Gly=ThesAladiye ey The The Tee Len Gl Lys:Gin-Lou
Gin llé 1°ou 44:5470475480 Giyiys Lys Lou Gin Ade'tys See Lys. Ala Trp
lle Gip:dyr Val fep Tyr 500868510 The Lys Ace One;The Pro Ala Cys
Len Pro. Arg Aim The Are lle lle 8485520525 Ply Pro Ply Lye She Asp
The’ A‘ﬁr‘: Ala Ei*ﬁl'ﬁ\sfb”@iﬁ’“ﬁfé;ljig Féh His 58"@5@’554’@!@i‘ﬁ*&ﬂé‘%6|‘§‘r"“€ay
His Lou Sou Gin She Val Len Lem Sou Lou Val Vol 5455805555i8.6 Leu
Ser:Asp:She Ale:Pro:GinFhesAla Seesnvoltle Tyr lkeo Val Len5658570575
His Phe’Ale lle. Pro Gin Ser His*Vol Asp Vol Asp Thf Cys Asp Lys
580585690.Asn:;GIn.Lep-Asp;Log ThrVal. Ala Thr TBr Val Ala Gly Val lie
Prp 585600605 Sly Thr Vol TepAso Leo Sly Lys Tyrzvel Cys lie Arp Pre
Asp Trp fP0615620 Trm Pro Tyr GIL: Thr Thr hr Vol Phe Val lle sau Glu
ATA'SIy, Gin'525830655640 Val lle'Lys” Lef. Métteg Arg Ala™ié Arg Asp
Leo Thr Arg lie Trp 645CSS855 Asm Ada Ala Thr Thr Thr Ala Phe Leo lle
P¥ie: Leo VakLys/Ala1e6-:5606'162567 8 ArgranyGiny centte Giw: Sly-Leh
Leo. Ffp' Met Len lle Thr Skf 685580685 Ala Gin $#} Phe Pro Giu Cys
Lys:Giy.Sly;Phe GinTynAlelle Sec.69069570¢.Lys.Rap.Arg.Lys.Met Sly
Leo Les:Sly Pro Glu Ser Lenhr Thr Thr 7057107:5726 Trp His Leo Pro
Thr Lys Lys lle. Vol Asp Per Net Vol His Vol Top 72573071e Cya Gin Giy
Lys™2ep Lau TysTie TouTys Net Eyp TA* LS Gin' Gith 7467 45850%Asp Tyr
Leo Vol Ala Vol. His Glu Arg Ala Leg Ser Thr Ser Ale Sit 78.5760 PliP Net
Cant IR SefFAsp BlyThrilie ShrProcAppVakierAspivet 220785 The: Pro.
Asp AapPha. Glu Phe Gig L'é(i ‘Tys Prp Cys Asp Seft’ys Pre Val
785790795800 Jie Lys Sly.L ye Phe-Asp AlasgerLehseo. As:aShuRro Ala
Phe Sit805810815 Met Val Cys Pro Gin Gly Trp ThE:&lyO-Mr lle Girl Cyh
Ti:K Leo Ala E2€0325326 Asn Glh Asp Thr Leg Asp TAT Thr Val lle Arc
ThETYE ArcEArt “Thr 335540845 Thr Pro' THe Gitt Are: &g LyS Trp Sys Thr
Tyr. Gip Lys ila lle Sly 80855666

Fhie Tie Val Thr Gly Leu Lys  Arg Met Ale val Thr Ile Gly Glu
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Glo Asp Lie Tyr G150, Cys lle Leo Sly Sly Art Trp Tar Cys lle Tar 8e5
870876880 885990895 Cys Gin His Asp Phe Val Asn Sex Giu Gly Len
Pro His Tyr Pro lle 905910 Gly Lys Cs Met Len lle Ass Gin Sex Gin Tyr
Arg Tyr Val Asp Atap 915120925 Thr Sex Cys Asp Ara Sly Sly Val Ala lle
Val Pro Sex Sly Tha Val 930935 Ins Cys Aro lle Gay Ass Val Thr Val Gls
Val lle Ala Thr Asn Ash 9459509559e0 Asp Lau Gay Pan Met Pro Cys
Gov Pro Ala. Clu Val lie Ala Sex Cie 965970975 Gls, Pro Val GIn Lys Tht
Ala Cys Tht ?he Ash Tyr Sex Arg Thr Len 960985990 Pro Ass Lys Tyr Tyr
ﬁn’fPice PaglASpEATar TyrvPhe“Gm GineTyr-Net-0951:0004605°tefitys Sly
Gin Tap " Girt Tvr Tap ?he AspLlen Asp Sex Val Asp “£61010151020 His
Hisd ys Asp:TyERhesper: GitkPiedlg lle dle Alazval Mal. 102510201035 Ala
Len LenSly Sly Lys Tyr Valdiern Txp Len Len lle TtréFyr 104010451050
Thr lle Len _Sex Gin E;ln Met Ala Met SI AIa Gly VaI Ash Thr,
1054510601065 Gin Gin e VakMet lie"Sly Ass LertLeri Thr Asp Sax Asp
IIe 1070107510h50 Gin VaI VaI VaI Tyr Phe Len Len Leo Tyr Len IIe Val

Len;Net:Len-Sly: Llazﬁhln;k,LZE» Gly Mal Mal Lys Ala Sea Are dlesAss:Ala Asp
Asp Git¥112011251110 MetAsp Pro Cyt Phe Len L& Val Thr Sly Val Val
Ala Val Len 11451.1501,155 Mel ;le Alt Ax g Arg.Gls PhQ Ala Thr Les Pro
Let Tle Vil Ala 11601165117)QcLem fenAltTre Arg Th; SerSly 'Phé'Len
Len Smells Sex lle 117511001185 Asp Val Thr Val Ala Tel Val Len lie.
T‘él‘Léé 1 e§'teo AlaHer 1319“61195&66791’ Jrle““l”ﬁr'*;l\sp Ty P Arg Tyr
Lys Lys. Tap Lea Chns Leo Léa 120512101215 PHe Soo Lem lle Ala Sly
lie-Rietie lle:Arg-Sea:Len: Lys His::22042251235 lle:Ass Gin:iSttGin Tel
Pro Giklie Sea Met Pro SeaiTap Arg 123512401245%Pro Lon Ala Leh Tel
Len.Rie Tyrlle Thr SeaThr Ale lle Ithr 12501255 Thr Ass, Ore Asp lle Asp
Les Aia;@ly Pie Len Lea’ Gln» Tap Ala 126512701275 QPro Ala Val lie Mot
Met Als Thr MeE Trp Ala Asp Pis Lau Thr 125012851295 Tom lle Tie: Tel
186 PrifSeX Tyt eIl Leo'Sed [as Led Ty Pie 129513001305 Leitya
Ass tél Arg Thr Asp V-al Glu. Lye Ass Tap Lea Sly "[ys 131013151320 Val
Lys: Tyr:Arg. GinetieSeassex Whlzkyr Asp:le Cys Asp Sea:-1626%335 Gin
Gin Afa®%al Tyr Leo She Pr&'Sét Arc Ens Lys Ser. 5ly*Sea 13401345135n
Arg.Fre Asp Ethe lle L es Pro Rie Len Lys Ala tel Leo lie Sea, . ...
135513601365 Cys lle Sea SersGin Tap Gin tel fel:]‘w lie Sea Tyr Leo lle
137013751550 Ley Glo lle Ithr Tyr Tyr Met Ste Arg Lys IIe lle Asp Giu tel

1%5139013\E5%a Ly Yal %e\\ Tyvr Ser Lys Gin w:':r ‘, fet Lys Fha
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Star Gay Sly Ala. Ass Pie Len Soo Arg Lea lle Ala Ala lle lle
14001405141S Glu Leo Asth Trls A.- lle Asp Asp SSW Glo Cys Lys Gdy
Lea Lys 141514201425 Lys Lea Tyr Les Les Sea Giy Arg Ala Lys. Ate
Lea lle Val Los 143014351440 His Lys Val Arg Len Gis Ala. Tel His Arg
Tap Pie Sly Gin Gin 144514501455 Ths Lea Ses Lys Ass Asg His Cys lle
lle Cys Ths lle Cys Gin 1475146211485 Gly Lys Gin Trp Asn Hey Ala. Ass
Clys Pro Lys Cys fly Arc GIn. 149014551500 Gly Lys Pro lle Thr Cys Giy
Met.Thr LenAlaAspRie GinGiu 150515164515 L ys.Hi. )Ty LyhiLys lle
Phe lié3Arel Giu Gin Her Herz€¥5s Pro 15261525153GA51 Pro Pie Asp Pro
Per Cys His,Cys Ass, TyL Ehe Arg His Asp 153315401545 Gly Bro, Ehe
Are Lys Glar Tyr Lys Gip Tyr.Val Gin Tyr Ter Ala 155015551550 Arg Gly
Gin Lou Pha Len Arg Ann Lev Pro lle Len Ala Thr Lyn 155515701575 Met
LysLefl efrMetVatfly Ass Ten fRPAIGifrtie Tiy ASE 156515855590 Lou
Gin His Lau Gly Trp Vol Len“Afg Gly Pro Ala Vol Cys Lys
1595160016015t ye llesThrsAss His Gin Liys: Cys His-ValAss lie Met Asp
Lys 16161615.1620 Len ThrZAf& Vev Pee Gly lie Mé#¥Fro Arc; Gly Ter Ter
P10 Arg,1625:16301635 Ala Pro Vol Are Pee Rrg Thr Ala Len.Lem Lys
Vol Arg:&ro: Gly 164015451558:Len Gin Tin Gly TrpsAla Tyr Thr His Gin
Gly Gly llv Per nor 1.65516601665 Vnl Asp His Vol. Mr. Ala Gly Lys Asp
LER'LedVol - SySASHSaE" 17016751650 Med GIy Bro. “Thr *ArgVal Val
Cys His Her Asn Ass sy6, Met TnK 168516901695 Asp Gin Tim Gin Tyr
Guyslisveys:ThriAspsHenGly €ys Pro G 172661705171 0:GlyArg Eyb Tyr
Val Leri&sh Pro Gin Ala Val*Agh lle Her 1715176201725 Gly Thr Lys Gly
Als Mt Voltis Len.GinLys Tim Gay Gly Gin 173047351740, Pie.Tim Cys
Vol Thr:Ala Her fly Thr Pro Ala:Rie Pie Asp Len 171151f12501755
179017651770 Sex Sly Arc; Vol Val nay Art; Val Lys Vol. Gly Lys Ace Giu
ASP L T1517801785 Beé Ty Pro THr tys fea Riét S G IIE'GIf*The Val
See Lys 17901795.1800 ASTI Gin Thr Asp Lau Ala Asp lla Vol Lys Lys
Len-The: SattMet.1.80516107Asn Aag Hip Gin Phe Lys GindieTheeo Ala
Gaw lle, Gly; Ar..0.193010401945 Ws Lys Ap.Val Ley. Mal Leo Tie Rrg Leo
Ax;; AiasAla Ala. Giu 18501655:Sex Val. Tyr Gin TyrMet Arg Val Lys Tyr
Pro Sex ilo Set Pha 196518701875 Ash Leo Arg lie Sly Asp Met. Lys Giu
sty AspiMet Ada the Sip*ToBrL0851096 Ife The TyEAIa Set Tyrifiy Tyr
Phe Cys Gin Lea Pro Gin Poe 139519001905. Lys Lea Arg Ala Ala Met
Val GirTyrSed Tyreilie ROe Len AT 7191019151920 GinTyrHis:€ys Ala
The Prd°8b Gin Leo; Ala lle fié"Gay Lys 192519301935 lie His Arg Phe.
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The Pro Ala Sly Thr Vol The The The Gly Gin. Lys His Pro lle
195519601965 Gin Gla Phe lle Ala Pro Giu Val Met Lys Sly Glu Asp Len
Sly 197019751930 See Gin Tyr Len Asp lle Ala Gip Len Lys. Lie Pro The
Gin Gin 1i93519901.995 Met Lys Gly Asn Met Len Pal Pha Aix; Pro Thr At
Ace Met Ala 200020052010 Val Giu The Ala Lye Lys Len Lys Ala Lys. Gly
Tyr Aon See Sip 204520202025 Tyr Tye Tyr Ger Gly Giu Asn Pro GIn.
Asa Leu Arc pal Pal Thr 203020352045 Sae Gin Sez Pro Tyr Val Val Mal
Ala The:Ace Ala lle Gla See:30@4520502055 Giy Vak¥his Lou Pro Asp
Leis Asp The Val Pal Asp The Gin Len 208020652070 Lys Cys ath Lys
A&gLP’shﬁrgﬁe Ser” éi‘ae"“ﬁi‘?i;‘lﬁg\’/ﬁgt Ptb Phe ﬁé267526802088 THe G Lou
Lys Arg Met Air Val The Lin Gip Gin Gin his 209020952100 Gin Arg Arg
Gly Arg/al-GincArgrval dys Rro GlysAse Tyred yr: 210521102 1145 Arg: Ser.
Gin GIG.“Thr Ada See Gin S&e We Aril-) Tyr His Tyr*Asp 212021252130
21352340714y. YThr Lyn Ser:Phe Arg Gin Met Ann:dys Asp Thp Ser Leu
Tyr Giu 215021.5.52160 Gin Asp See Len Mer Ib Thr Gin Len Gin Val Les
S ASS in(216521762175 TRUliE Beb BILTALH Lot  pep PEF Al Val Lys
Ash lle Met: Ala 218021852190 Arg Thr Asp His Pro Glee Pro: lle Gin
LowAirlTyr:Ash.GeeFyr 24 9522002205:GinAss Gimdle Rro Val Pen she
Pro Ly§ e Lys ;run C'y G10°221022152220 Ths Asp’Set Tys Gin Ash Tyr
The, Tee LUt ASR Ala Arg, Lys.2225223022:35-L.ou Gly Gin Asp Val Pro
Ala Tyrval Tyr Ala The GIG:Asp 224022452250 Aspzten Ala Val Asp
Len Lou .315' Met Asp Trp Pro Asp Pro Glv 225522602765 Ass Gin Gin
P’ Bal Gin' The Gy Afg A1 Lien s Gin VAl THL 22702,752390'Gly Lev
See The Ala Gin Ass Ala Lnic Leh lle Ada Lev ?be Gly 22902205 Tyr Val
CBFTYEGINETY Eeu See Lys Arg Hisdlé-Rrg et 141e:230023052810:Thr
ASp Ife'Tyr The Leg Glu Asp His Arg Len Gin Asp ThrThr 221.523202325
Nis Len GinkBheAlaRraAss Aar leHxg The Asp Gil,Lys Asp: & e
233023352340 Set Gin LenA7ys Gin Len Ala vaa GinzAsp Len Asp Lys
Tyr Val 234523500385 Asp Ala Len Val Asp Tyr Per Lys Gin Gly Met Lys
Pieile Lys 2360253652370 Val Gilt Ala Gin'Tys Val Arg Asp Set Gin Ser
Thr Lys Gin Gin 232599532385 Len Gin The lle Lys Gin Tyr Val Asp Lys.
Pielei&in Bex ken F»QQ@%SQ@A@GWW%%%EL%?QW ‘Gir#e. e Arg
Tyr Gin'Lén 'Grp Gin Val 240524102415 His Thr Ala'Cén Tyr Lys Ser Len
Ala AlgnArg-Len:Giy:kis Gin 242024252430:Ihs Ala;Rie Ala Th: ken Val
Val Lys'Trp Len Ala Pie Gly G1§'243524402445 2775
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Gin Thr Val Ser. Ala His lie Lys Sirs Val Ala Val Asp Len Vai
245024552460 Tyr Tyr lle lip Asia Lys Pro Ser Pre Prs Gly Asp Gthr Gin
246521702175 Thr Gin Gin Gin Gly Arg Mrs She Val Ala Ser Lea Pie lle
Set- 24952485.24.90 Ala Len Ala The Tyr The Tyr Lye Till TIT Ann Tyr
Asn Men Len 249525002505 Gin Arg Val Val Gin Pre Ala Len Ala Tyr Len
Pro Tyr Ala Tin 25102515 Per ?la Len Lyn Len Pre The Ore Tin Arig Len
Gin Per Val Val 2525253025353 lie Len Ser Ser TS?: lle Tyr Lys Thr TyG
Len Sr lle Axig in 254023s15 Gly Lys Ser Asp Gly Len Len Gin mealy Tie
See Ala:AlaMet:2560256%5 Gam HelenVkar: Givr Ann PEO. e Sipn Val
Gin lié%ée Val Met: 257025752580 Les Gliy Val Gl Ala -le Ala. Ala His
Ann Alalle,Gin.Ser See 258525902595 Slu. Gip.Lys Are ThycLen Lei: Met
LyG \al:Pie Val. Lys Ann Pie<260026.052619 Len Asp:Gin Ala Ala The
Asp Gin Len Val Lys Gin Ash Pro Gin 261526202625 263074352440 Pre
LerT L&Y' Len' Tig Tyr Hifs 1h Fe. aly VA TSPy Lys Gay 264526502455
'rep Gin Ala Lys Glu. 'Len Ala Gin Lys The Ala. Gly Aro Ass Len
246024452:67 0 PhesEheilvev:Tie Wel Phe!GinAlka Phe Gan Lou Lén Gay
Mot Asp'a 6802645 See Gin‘&ay Lys lle Are Ass teri Sef Gly Aso. Tyr lle
ten.Asp,74907633vNs Len lie Pita-Ass l.en.His. Ass:l.ys keeAss:kys Gay
Leu Lys:kys Lon Val Lela Gim:Fep Ala Pro Ala. Pro tere See Cyr Asp Tip
The 2724077252730 Pro see Asp Gin Arg lle See Lou Pro His Ass ASS
TV LénTApY 273627402745l Giis Thé Ay Eys Bid Cys Gy Tyr Gin
Met Lye Ale lle Lys 275434252740 Ass Val Ala Gay Lys Len The Lys Val
GireGinsLy$'Gay: SerPHe 276527702778 Een Bys Pkeg Ass Arg Len Gin
Leg GIy'Pro Pro Ass Pita Ly Val 3-3327352790 THeTys ?he Tyr Asp Asp
Len.Len llesGin:Val-dys Ero Val Ala 27952900250%:Leg Len Gin Gly Gin
Val Aspslieg Tyr Tyr Lys Gly=¥at The Ala 251023352920 Lye Len Asp Tyr
Ass Ass Gly Lys Val Len Len Ala The Ass Lys 282524302535, Trp Gin Val
ASp HISAIA PhGT 414 The Arg Len Val Tys TyeHis 2,84094452854 The
Gly lie Gly Pita Lys Gly Ala. Tyr Len Gin Asp Leg Pro Asp 244529602565
Hig:GISAsprLe ValAsprArgrAsp Oy s Rld The Tilé-Th/i 145 Ass T
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287029752894 See Val Gin Ph& I[eal Lye Met Lys LY&'Gly Cys Ala Pie
The Ty:239526902095 Asp:l.en The kae ==-eAse t8n Vol Arcs.Lee: lle
Gas Lanisal His 290029052913 Thr Sep Leo Ala. T+ Ser She. Vol. Asti
Gin Agp Len sly Thr.lie 293229352942 | ye. Pro,Vol Len Ply Gin Lys Vol
Iti“léf lpr%?éi n Pro Pro Gin Gin EQZ:@Z%@B%} 2955'Cou Periken Gin Pro Xfﬁr Vol
Are Lou Vol Thr Tier Gin Thr Ala 296029652973 lle Thr lie Thr Gly GIn Ale
GinVoIMETFhF ThrGly™ie ‘*j"frff251?':32%”02%?85*I Gly hsn Top Glu
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Pro Vol Val Gin Met Lys Gin Glai Pro Gin Lou Asp His Pit: Per
299029353303 Thr The Len Lys Vol Gly Lou Lys Gin Gly Giu Tyr Pro Ply
Pro 300530203215 Gly Vol Aah Pro Ash Has Leo Ala Gin Val lie Asp cal,
Lys Asp 302030253030 Asp Arg Pro Phe Vol Len lle lleLys Gly Per '‘Mr
Per 303530403045 Ace Arg Ala Arg Thr Ala Lys Ran lle Are Lou Tyr. Lye
ole Aan. 305033252060 Asn Pre Are Glo lle Are Asp Leo Met Per Gin Ply
Arg Lie Lou 20653070307U Tier Val Ala leml Lye Giu Lao Asp Pro Gin
Lou.Lys.Gin.Lowu: Y0l 30803023099; L .Jp, Tyx.Lys Sy Ter.She Loy Ash Arg
Gin Alatiou Gin Ala Lou 309531003105 Per Lou Ply:kys. Pro lle Lys Arg
Lys The The Sir Ala. Met Tie 311021153123 Arg Alg Lealle Gin Pro Pin

0lGil Gin Gin 'Led Pro Asp Tirp 317531203135 Ph& Gl A4 Gid Gin Are
Leo She Lea Gin Ala L.,i,ts Tie Gin Ace 311021453150 Asp Len Tyr His
Leelle-Gay* Per-VollAspPerime Lys Per ys 215531603165 Atadiys Gin
Len Pii"Ala Thr Asp Ace ThrTtie lie Vol Lys Gin 317031753120 Vol Ply
AlaArg TheTyrsThr Metdys Lou. Per Rer Trp Ret Thr, 212521002120 Gin
Vol TheLye Lys Gin Met Per:keh Ala Pre Len Phe GinsGin 320022053210
Leo Len Len Lys Cys Pro Pro Cye Per Lys Tie Par Lye Gy His
321532205 S il Met Val “SegAlm. Tyr Gin Lev ﬁa‘gjh Ply Adn ‘Pép GIP
Pro Len. 323032353240 Civ Oye Ply Val Tyr Net Geiv The lle Pro Ala Arp
AipeLEVLY6 324687803255 fierHisPré-FyrPitt . “Fyr' Eéo Bys Lev Lye
Gin Léh'Val Gin 3260326.53270 Val Gin Per Sex Arig Ala The Ala Lye Gls
Serdlielle Arcy; 3275452503285 His Aikithestegiliedien Axg rye;vis PAr:
His GI£¥30 GIP Ace Len 32902295 Arg The Lys Sex’Met 34e ;Son. 2r.c:
Gly Lys lle Per Asp Gin L eo. 330533105315 Cys Arg Asp Ply His Lys Ang
ACE lie Fyr Ade Lye I li bly 332023253336 Per The Net Al Hier Ala Ply
lie Arg Let Glu Lys Len Pro Val 33353240SSAS Val Arg Ala Gin The Asp
Tiér THe Séf PheHIS GifFAIE e Ay 3350345,544360 GharlystléAsp Lys
Tier Gin'Asn 1.&$ Gin Tier Pf6 Gin Len His 336533703315 Cau Gin Len
Met:Lys:ValRhe:Asp:Cyii: Las Lys He Pro:Ginlieus33810444e53390 Lye
Gin Se&'Tyr Asp Gin Vol SafTrp Pin Gin Lev Glri AlaiPly 339534e03405
3410341543420 Ply Giu Val-i:en Asp Tier Gin Lys HisTie Val Giv Glee
Lao Tie 342534303435 Lys Asp Lev Arg Lye Gly Lys Lye lle Arc.] Tyr The
G ThE: A4 344934453450 Tig PI6-Lys AnaPRELYS An/ Ao \raFSex-
Asp Asp Tee Geo Ala 345534603455 lily Gin Pte Val Asp G4v Lys Lye
Pre:Arg-Voltle Gin tye Bro 3470S4553480 - Asp-Alatys Mal Arg kep Ala
lie Thé’Eys Val Met Tyr Lys ¥$¥p348524903495  #3&¢
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3500 Pro Leh She Asp lle Pie. Ass Lyr Val Lys Lys Gin Tip Asp Sea
351535203525 Phu Gin Asp Phu Val his Val Ser Phi Asp laix Lys Ala Tap
Asp. 3530 Thr Gin Val Thr Sex: Arc; Aep Len Met Len Tim Lye hap Tie
Gin. 354535503555 Lys Tyr. Tyr Pie Lys Arg Sea lle His Lys Pie Len Asp
Thr Lie 35603570 3565 Mx Gip Pie Mgt Val Gm:: Val Pro Vex lle hr Ala
Asp 2.7y Gih. 357525803585 Val Tyr. lle Arg Ash Siy Gin hag Giy Sea-
Giy Gin Pro Asp Thr 859035953600 Per Abs Gly Ass Per Met Leo hen 51
Len Thy-Met lle Tyg Ala 2610.8-6053615 Pie Cys Lys:Set Thr Gly lle Pro
Tyr Atg Gly Phe 3e5 hag Vat! 362036253630 Air Arc lle His Val Cys Gly
ASpi A%p Gly*Pie el Tie'T'Ar GlH.368586403'645hag Py Lest &Iy Len
Lys :she Ser Gist Lys Ply Mét'Gin lle Lest 3-85036533668 Pi, Gal.: his Gly
LysPsa:.Gintyslle Thr Gin Gly AspsLysMetl 36653645 36¢0LysVal Ala
Tyr. hag Pie Gin Asp lle GinRie'Cys Sea His rar 3.68086.853.690 Pro Val
P1OVALAIGS TtoyAll Ash Ass Thy,Set SexcTyr Metlis X69 53709 Bl hag
Set ThEAJr Thr lie Len Ale’Lys.Met Ala Ths Arc Lou 87153825 Asp ' Sea
Sea Gly Giu. Arg Giy Set Thr Ala Tyr Gin Lys Ala Val 872537263735 his
Ph& SEX Phe-Lest Leh Met Ty Sef Fap' Aso Prot vl \ral Arg vre e«
874037458750 ag lle Cys Len Leh. Val Len Sea Gin Pie Pro Gin lie Sep
Pr0:37653 7303465 ex{Renrthrikie Tys. Ly’ Ty Gie. Gay Asp Pre Tl.e
Ale Al&877027758765, Gly*She Gin Lys Len Ala Gilttan Ass Let Sea
Gin AlaGys 231538203.325:Vat alu lle Gilt Lys Are;&in Gilt Thr Tap Len
Val Ash Ala Asp 5.33033353843 Aral Leh Tie Ala Gly Lys Thr (fly Lys She
TyTI&Pro ‘B&a Thr 391538502 855 Gy} Val TRELén‘LefGay Lys His
Tyr. adh Gin lie Ate Len Lys 336033653310 Can Lye Ala Ala Gin. Pro Pro
lle:€ar GlysVal#As Ang Tys Liys 30£538803:3354-enRrn Tie aakAso Val.
fie Lef Arg dod Len Arg VaFfét. 369038953300 L&Y Het. Thr Val Ada
Sex: Gay Ser, Tip 39050910 52102.8,5211> 334 £2123 PST <213>
ArtificiakSequence: Mutated-B&W: XIKE-B-NdN <40:0d 8 Met Glh Lea
She Per Asp Gin Glv Sex Lvs Gly Ala. Thr Set Lys Lys 10 Gin Pro Lys Pro
Af(é'“Aféﬂi@ Gin Y5 &1 Cys I\zl;e“t,l_ifé le %tlaF’ro@’z‘SngﬁQ Y8 GHThrGin
Lys Aso Cys Lys Thr keg Pro Pro Asp Ala Thr 3540 Val Val Gin Giy Vela
Lys=TyEGirt Makkysdiysiays Gly Lys Vialkeg-305660 alyliys wkeeiFhr Gin
Asp Gi*f'eu Tyr His Aso Lys %sh Lys Pro Pro 05707580 01Ser Arg Lys
Lys.Leh.Gin:Lye:Ala.leq LayAla Tap Ale lle L ed. 35095, Ala Al VU.
Lou Letrale Lou Val Thr c'y GiasAsn lle Thr Gin Trpd40105110
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Ash Lou Net Asp Asn Gay Tee Gin Gly lle Gin Gin Ala Met She Len
115120 Asg Sly Vol. Ash Arg Sex: Len His Gay lie Tap Pro Gin Lys lle
120135140 The. Gly Val Pro Thr His Leu. Ala Thr Asp Tyr Giu Lea Lys
Gin Lie 145150155150 Val Ply Met Met Asp Ala. Sea Gle Lys Tthr Ass Tyr
'‘Mr lye Gas Arg 1651701e75 Lea Girt Are His Gly Tap Ass Lys Sly Tip
eye: Ass Tap Pie His lle 1993185190 Gle Pre Tap lle Trp Lea Met Ass Lys
Thr Gin Asa Aen Lee. TAr Gb 195200255 Ply elm Pro Lea Ara Gly Cys
Ala Val Thr eys Asi Tyr Asp. Lys Pia 510215 Tsar: Glh Lea Ass lle Vel Thr
Gatz:Ala Ale Asp Ars; Pre Tiir Thr Lee 230235240 Thr Sly lye Lys Lys Sly
LyS Ass Pie-Sea Pie Ale Ply Val lle Lea 245250255 Asp Sly Pro Gas Ass
Pie LS Val Sea val Glp Asp.Val Lea Pie Lys. 260265 Gla Has Asp Cys
Gay Ass Met Lei Slat Gla Thr Ala lle Gin Les Lea 2752942285 As Sly Ala
ThriAss Thr lle, Gin Sly Are Agl Val Sly Mr. Ala Lys 290295395 Lea Thr

Thr Tap Lea Ply Lys Gin Ley. Sly lle Les, Sly Lys |ys L.eis 30531.0315310
Glu As@ Lys “éebr{“ i'.’yé"Alg“‘l'rﬁ’ﬁiex{GTy “Ala. His TA*}I{é I/i‘%/ 4. Sér. Pro Tyr
323390395 lye Sly Val Glu Arc Lys lle Sly Tyr Val Tap Tyr Tbr Lys Ass
C§5°3240345950 ThiPré Al lye 1:éa’ProAsp Ass Thr Agpile IR SlyPro
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Sly Lye 355360365 Pie Asa Thr Len'Pira Gls Asp Sly Lys'ife Lea Has Glu
Met:Gay: Sly..3¢0379360:His Leases:cau:Pie Mal 4:,;ah-Lea Perl.ea.an Val
Lee Sea Asp Pie, 385399395400 Ala Pro Giu Thr AlasPer Val lle Tyr Lett
Val Leth HIS Phe Ala lle 405410415 Pro, Gin Set; His Via Asp Val Asp
Thr eys; Aap Lya'Asp GIA'Lea ASH. 42e4=5430 |.gv Thr Val Ala Thr Thr
Val Ala Gla Val lle Pro Sly Thr 433440445 Ace Lou Sly Lys Tyr Val Cyr,
l&Ant Pro"ASp-Tep Ty Pré Ty riGiu4 50455460 Tite Filie The el Phie Vol
ll€ Gin Gin Ala Sly Gin vol lle Lys Len 455470475480 Met Lou Arc: Ala lle
Arg-Asp:Lenz The Arg HeSep:-Ace Ala-Ata:Thed 3480495 The TheAla
Phe Leo. Tie Phe %0 Val. Lys Ala Len Afe Gly Gin ken 5005055.19 lie
Gin Sly Lou. Leo ‘Pep Leh Met Leo lle The Sly Ala. Cam Qiy, The
615520525 Pre:Gin Cys Lys Sb Sly She Gin Tyr Ala lle PerLys Asp Ant
Lys 58053554e met Sly Les Lou. Sly Pro Gin Per Leo The The The Top
P&ELED Pri 515550855566 The Eyiity&'fle VoA, S Met Mol it
Vol'Tip Cyt Gle Sly Lyt 668'570575 Asp lien Lys Tie 'Lieh Lys Met eye The
Lys:Gin Gdo:=Arg:Tye:Leo:Vol-596566.590 sAila: Viad-Sins: RipsAng: Alaa Leo
See Th€'See Ala Gin Phe Mét Gin 595600606 Set? As-c.: Sly Tnn lle Gay
PeD Asp Vol Tie.Asp-Met.Pro Asp Asp The 390515620 /iy The Sly. Len
Tys Pro Ore Asp Per Lee Fro Vol lle’Lye Slyikivs 625630635E40 nbe
Are: Ala See Len Lou. Ash Sly Pro Ale Phe Gin. Met Vol Cvs pro
646850655°Gin*8ly Top The*Sly Thrifié &if ¢y4. The Lo Alé JieniGin
Asp The 6E0665670 Len As The Thr. Val lle Arg The Tyr Ang Are The
The:Pee Rhye @@ﬁ Gln Pro Lys Peo Azp Ary Lle 8iu Lys 6ly Lya Met
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675660583 Atg Ant Lys. Ten (rye Thr Tye Gin Lys. lle lle Sly Gin Asp lle
Tyr 690695TOO Gin Cys lle Len Sly Sly Ash Sep The Tye lle The Sly Asp
His See 765710715220 Arg Lou Lys Asp Sly Pro lle Lys Lys. Crys Lye
Tep Cys Sly His Asp 92573G735 Lee lle Ass Pie Set Gly Tyr Arc Tyr Vgi
Asp Asp Thr Sen. Cys Asp 755780765 Art Gin P1 yVel Ala lle vaa. pro
See Gly Thr Val Tye One Are lle 370775880 Sly Ass Val Thr Val Gin Val
lle Ala Thr Ass Ass Asp. Lee Sly Pro. 785790795300 Met Pro Cps Ser Pro
Ala Glu Val lle Ala. SerGly Pro Val Giu 80581081.5 Lyn Thr Ala ey8 The
Phe: Ass Tyr: Ser Asp Thr:Lee: PreeAss:Lys: Ty 826eveen:Tyr:Rie Bro Arg
Asp Ara Tyr Phe Gin Gin Tyr MéfEee Lys Ply Pie 83384.0345 Pep Gin
Tyr Trp.Phe Asp Lee. Asp Set ial Asp,His His Lye Asp Tyr, 850888860
Phe SerGls Phe lle lle 16 Aksyea Val Ala Len Lee®ly Gay Lye
333:870875880 Tyr Val Leu. Trp Less Lee lle The Tyr Thx lle Lee Sex.
GI Gi Mét 39589095 Ale Net. Bfy Kia Bly. Vit Ass Fhr & 018 fig: val.
TyrPrertes bencLeel 315920826 Tyt es dlesvaldiysiGls Rie bes. Ala Arc
Lys Trp lle lle Les ¥al 930985940 Tyr His*fle Les Val Ala Aen Pro Met Lye
Ther lle sly.Val Malk l.es:SAT950955960 Tae Net:.Lee Gly Rly. Val Val Lys
Ala Set: Arg lle#Ass Ala Asp Asp 955970975 Gin Ser AIa Met Asp Pro Cys
She Les Lea VaI Thr Gly Val Val Ala 980985990 Cal Les Met lie Ala Asp
AIETGIS Prg AR Thi ted Prd T e Val 96516001005 Al TéeLEv Ala lle
Arg The Ser Ply She Lee Lee Pro ‘Ala See 10101051020 l.LeAsp Val. Thr
VatAlevatVakLuglle Val Lee Les Eeu Ala 102510301080-Ser¥yrdie Tar
Asp Tyrbhe Arg Tyr Lys Lyg Trp Lee Gin Les 104610451050 Lee :The
Seg:Leeg lle.Ala:Rlylle She llelle.Arg;See Lee. Las . 10551,0601065 His lle
Ass:Gin Met Gin Val O 6GIn. lle Set Mst Pra:ker Tip 107007506oioPro
Len Ala Sea Val Len She Tyr I|e Thr Set Thr Ala lle Iossm050|;995 Thr
Thi ASD Trp ASp n@f\sp LénPascly She LENLER SIRTi ™ g i
110011051110 Ala Pro Ala Val lle Net Met Als. Thr Met Tie Ala Asp She
Lenv1REL1120122 FFhridentie [l valtefi: <Pﬁ0”SétﬁT§?rGrn Tenherkys
Ten Tyr 11201351140 She Len Ly§ “Aso Val Arts Thr AspVal Gin Lys
App Trp:Lets Gly: 134531501155 Lys:VahLysJyr:Arg.Gin de, Set.Ser..v81
Tyr Asp Tige€ys Asp 116011651170 :ler Gin Gig Ala ¥81 Tyr Len Phe Pro
ﬁt Arg His Lys Set 117511801195 Per Arg Pro Asp Phe lle TPu Pras
Phie Leis Lys A8 Val* Lert Ilg:11901 1951200 Set Cys lle’ Set Set” Gin Tim
Gin Val Val Tyr lie Ser Tyr Len 11112 120512.15 T|e Leh Gan lle Thr Tyr
TymMe‘t his Afg Lﬁﬁe I"Ié ABp Gin Lev Siy Lys Gin Leuw iy Ile Leu

’l 5 480

GLY Lis Lys Leu Slu Asn Lys Ser Lyy Ala Trp Phe Gy Ala His Als
425 450 485
1 s DORTENE R v BV . P Sl T Pl IRy - o s ™% < Py g a1 T ey oyt
Ala Ber Pro Tyy Jys GLy Val Slu Ang Lys Tle Gly Tyr val Tip Tyr
e

Ny o - T ¥ Sy 3Ty N g "o - -y T oA v e, - Ty iy e, . - A T
Thi Lyfﬁ Asn Cysg Thy Bro Als Q}'& ey PO Ay GOSED Thiy Arg Tie Iie
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ai5 RE0 5%5
fe Ty ™ v % K 2oy Tae T orras T oam 1 S
W Asp Thy Asm Ales 8lu Asp Giy Lyvs Ile Leu His

T e T omen AFm T e
Lyl Sern Len Val Vsl

Len Ser Asp Fhe Als Proe Giu Thr Als E2r Val Iie Tyr Leu Val Leu



122012251230 Val Per Gly Gay Aln Are She Len Set Arg Len lie his Ala
lle 122512401245 lle Gin Len lien Tip Ara lle Asp Asp Gin Gin Cys Lys
Gay Len 1220125a260 Lys Lye Len Tyr Len Len Star Gly Arg A18 Lys
hen Len lle V..F.P 126512701275 Lys His Lys Val Arg Asn Gin Ala Val His
Arg Tip Phe Say Gin 126212951200 Gin Gin Tle Tyr Gly Ala Pro Lys Val
Tie Thr Tie lle Lys Aga 129513001305 Spr The Len Ser Lys Ann Rrg His
Cys lle lie Cys Thr -fie Cys 131213151.320 GIP Gly Lys Gin Trp Ass Gdy
Ala hen.Cys Ore ys Cry Ply.Ares 132513304335 Gin.Gly.Lye.RroLie Thr
Cys Sly Met TheTeo. his Asp She Gin<134212Na aopp1356nG|u Lys His
T¥r Lye Lys lle she lle Arg Gin Gi Sec Ser Cgs 1255}2601365 Pro Vol
Pr6 PRE AR PIo PEICYs Hig ég ASH TV Phe Aty Pie 13701275166
Asp Sly Pro she Arg Lys Glh Tyr Lys Gay Tyr Vol Gin Tyr Mt
126513901865 AlarArgi8ly Gin Lou Phe:dusArg AsailzeusRrodle Log Ala
Thr 14001.4051410 Lye Nettyo Ler). Lou Met VAF&ly Are Lou Clay Ala
(e Hle:Gly-1.41514201425 Asp Lou Gin His Leu. Gly Typ Yol Lou Arg Gly
P#gAla Vol (L's 143014651440 Lye Lye lle 'Ms:Aen Hio Giu tyri Cys:Mb
Vol. Asg Tla Met Atop 144614501455 Lyo Lou Thra Ple Pae Sly "lie Nat
Pro Arg Sy 6.66h leg Pr6 14661455141 Arg RIAPro VarlAlgpfe PD Thr
Ala Lea Leu Lys Val. Arg Arg 1.46314601465 Sly Lou Gin Thr SIy Trp Ala

THFTH-HIS SR Gay tirykie Nor M@G@A%»EG@’B@S@%Voi«AspVGL'Ehr#\Ja
1,Ny Lys Asp L6l Lea Vol eys Asp 50515101515 Ser M&t Sly Arg Thr
ArgVal YeheyaHis:seg Aaly Asn Lys Met 152015251530 TakAsp Glp
Pus Giu Ty¥Sly lle Lys Thr AspSee Ply Cys Pre 15351540 Gin Sly Ala
A14 Gy5 Tyr Yal Len INon Pro GIL: Ala ol Asa llo 155015561550 See
sly Thrc,?48” Iy Ala Met Volkis TouGan 1y S Thisly Sy 15551570°Gin
Pre Thr Cya Vol Thr Ala Ser Sly tar Fro Ala Phe Phe Asp 150015351560
LOYELYEACEILEYE LS Sly Trig Sde Slywkowprbiike‘PFe Gin At Thr Thr
159515001505 Ser Ser Sly Arg Vol Vol Sly Are’Vol Lys Vol Sly Lys Ace
Gitr1510121516:20: | ys-dan. &in FAFAspsken-Ale Asp:tlemal. bys kys Len
The Per 164016451650 Met Asp Ass Giy3Bin Pie Lys Gin Tie The Len Ala

he.Sly Ala 16316601665 Giv Lye The '[he Gin Len P[o AL|g See \[al lle

Gln Gin lle Cl 167616751660 ; Arp HrsiLys Arg Vallen' Vat fen lie Pro Len
leg Pdp Ala Ala 166516901.695 Gin See Val Tyr Gin Tyr Met 'lir; All Lys
TYFPro Pét fle’ Seé APOO F7051 T1P PleAte tenArg e SKFASp MétLys
Gin Giv Asp "Met Ala The 171517261725 Gay lie The “ILyr Ala Ser Tyr Gin
TwaPrewCys Gin tenPro:Gim 1 7801735144.0 PrOaLys kenArg-Alaila Met
All Gin“Tyr :Per Tyr lle Pie [éh

Fro Asp Asp Phe Qlu Phe Gly Lew Oys Fro Cvs Rap Ssr Lys Pro Val
N THG G5 B00
Tie T Gly Lys Phe dsn Ala Sey Leu leo Asn @ly Pro Ala Phe o
803 gLt sLG
Met 1 Dys Poe Gl Iy Ty Thr &1y The Ile Gla Thx % 2]
B2 BI5 LCst
Bsn Gin Rsp Thr Lew Bsp Thy Thy Val Tie Jrny The Tyr Brg Arg Thr
gi5 Sa0 B4
The Fro Phe GIn Brg Arg Lvs Trp Ovs The Tyr &lu Lvs Xle Tis @iy
Gluw Azp Ile Tyr Glu Cys Ils Teu Gy S1y Asn Trp Thr Oye Iie Thr
EES g7 N a8a
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174517501135 Asp Gin Tyr His Cys Ala The Pro Gin Gin Len Ala lle lle
Gly 17651770 Lys lle His Ira Pis Ala Gin Aim Len Arc AllMet The
17751790 Ada The Pro Ala Cay The Val The The Thr Sly CIfl Lys llis Pro
179017951800 Ilm Glu Cdu Phe lle Ala Pro San Val. Met Lys Sly Gls Asp
Len 180519161916 Sly Per Gin Tyx Lou Asp lle Ala Gly Len Lys lle Pro
The Gin 162019251930 Glu Met Lyn Ply Asa Met Len Val Pie Ala Pr.o.
The Ass Ash Met 1EL3518461945 Ala Val Gin The Ala Lys Lys Len Lys
Ala. Lys Gly Tyr Asn:See 18501855186Q:ly Tyr Tyr Tyr See &ip G.In Aso
Pro Gin Ace Len Arg Vai All 166518701976 Theses Gin See Pro Tyr Val
ValValrAla: Tﬁﬁﬁi‘r‘? Ala Thé tGrr‘rl@i:‘;;t 9851896 ek GayvorT Kévlen
Pro Asp tee Asp The: Vat Val. Asp The Gly 169516001905 Lee Lys Cys
GinLyssAss:AllArgdle SeerSeeasbyssMet:RroRPte 491019151PSG sy
19259351935 Ala Gin Avg Arg’&ly Avg Val Giv Avg?¥al. Los Pro Giy Arc
Tyr, 194019151950 Tyr, Ansi Ser,GinGiu, Thy Abs Oar Gly Bar Lys Asp
Tyr lidsTyr 195519601955:Asp Leo Leo Gin Ala Sim Ang Tyr Gly Tie Giu
AS5p Giy lle Asn 197019751980 Val Tit Lys Ser Pie Avg Giu Met lizo Tyr
A’ﬁﬁT‘fﬁﬁ"BEéfrﬁ_é(")&TW579;3§;§901§9‘5 ‘Giu Gl Ep Sét 186 Met IiéThr;?an
Leo Giu Val Leo Ash Ass 200020052010 Leo Leo Tie Sat: Ole Asp Leo
PKO Ala Alay Vel ystAST: Tie Met 261520252025 AlacAre:SirdRe:hp:His
Pro Glu Pro lle GIm%eo Ala Tyr Ass Set*283020352040 Tyr GitrAso Gin
lle:-Rre ValLeoRie;Prodys Il Lys Ass Sly.204520502055 Sit-Val Thn Asp
Ser Tyr Pit Asasdbyr Thy Tyr Lm Asm:29602005.2070 Lys t®0 Sly Giu Asp
Val Pro. Ala T¥( Val Tyr Ala Thr Giu Asp 20752002595 GIL: Asp Lem Ala.

5

Val °A“§‘6‘*‘Lé;é}iL’e‘o“G‘ig*FM‘é‘t“A?ﬁﬁ@‘g@ 16 Asp Bro 208020952100 Siy AsHh
Gin Gin Vol Vol Giu Thr Sly Arg Ala Lau Lys 210521102115 Thr Sly Leo
PerShivAla =GilcAss Abs Led Lieo Tle Ata:L egeShre: 2191) 2:252430:8ly Tyr.
Vol Gy Tyr Gin Tthr Leo Per'tys Arc His He Pro Mét$13521402145 lie
Sir: Asp lie Tyr Bhr Leq Giu Asp His Avg.lea Gt Asp Jhr 21502.1552i50
Thr Hissliam Gin Phe Ala ProwAss Ala Tie Avg Thr Aspiely Lys
216521702175 Asp Men GIH Leo Lys G1H Leo Ala. ValAsp Leu App Lys
Ty 21932, 1852160 VAl Asp Ala liet val Asp Tyt P&I Lys GIH (Sly et Lys
Pis lle 2191929002205 Gay Len Gin Thr lie Lys Gin Tyr Val Asp Lys She
L& Gilt- Ser2295n€i,2285 Lien THe Gt kel Liye Giry Gitrllerte Aeg Tyr
Sly Len Tip Sly 22402.2452250%al His The Ala. Léfyr Lys Her Len Ala
AlaMeg:Len SlyHis225522662265.Gia,The. AlaPhizAlathed.en:Val Val
Lys Taplee, Ala She Sly 173 108G
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22702.2752260 Sly Gin The Val See Ada His lle Lys Gin. Val Ala Val. Asp
Lev. 226522902295 Val Val Tyr Tyr lie lle hen Lys Pro Per She Pro Sly.
Asp The 230023052310 Sin The 01n Gin (au Gly Ang Are Phe Val. Ala
Sea Len She ire 231.52320232:5 sea Ala Len Ala mr. Tyr The Tyr Lys
The: Tap A4m Tyr hen Men 28302335230 Len. Gin Men Vol Val Giu PeD
Ale Len. Ala. Tyr Len Pro Tyr Ala 264523502355 The Sea Ala Len Lys
Len She. Thp. Pro Thr Arg Leu Gin Ser. Val 23602365.2370 Val lle Len
Sea See: The lle Tyr Lye The Tyr Len Gee lle Arg 237523902885 Lys Sly
LysSetAspiSly LemlenSlyThe Sly [léSeeiAla:Ala239031:552400: Met
Gin Tfe T%&n hen Gin ?ken Pre’ife See Val Sly Tee $&Val 240526102415
Met. Len. Sly.Val. Sly:Ala Tie Ala Ala,His hen Ala lle Gin 'Sef 1o, 1o
242024252430 See Glu GiniEye Rrg The Teen Len:Met Lye Val Ph e Val
Lys hen 243524402445 She: Len Asp Gin Ala Ala The Asp Glu Len Val
LY$ Gifi;Ran Sth: 245024552460 Bt Lys i 11°MEE Ala Tén"8hé' Bin Ala
Val Gin The Tie Sly 246594702475 hen Pro Len Rap Len lle Tyr His Len
T ShEValsTyr Ryr Eyn 245024852490 tet-ReéThi:tet $he: Met Phie Gin
Ala Phe*Gin Let Let Gly Net 251025152520 Asp Setf'Gin Gay Lys lie Arg
Ann Len Set Sly.Aug.Tysdie ket 26252580-Asp;Lendle Phe Asq. &gt His
Asn Lyssken Ass its Sly Les Lavs 254075452550 Lys:et V61 Len Siy Trp
Ala, Pro Ala Pro Let Set Tys Asp TsSS, 255525602565 Thr Pro Set Asp
Glli'Asii lie Ear et Pro Fis ASS ASS TV ét957025 752580 Afg Vol sin
Thr Asp Cys Pro Cys Sly Tyr Giu. Net Lys Ala lle 258525902595 its Ass
VAt Sy Eit Eea T Bys Yol Gl Sitdys Sly-Set’280026:0528:10 Phe
Let Cv&"Any Ass Asp Len SIy*Asp Clip Pro Pre. AssPlie Lys 26202625
ValThedys Phe fyr Asp AST-Ass Letdle SinVal.Lys.Prodok .« pua
2630287252640 Ala Asp Let@in Sly GIA Vol. Asp Lert Tyr Tyr it Say Vol
Thr 264526502655 Ala its Les Ass Tyr Ash Ass Sly Lys val. Lev Let Ala
T'hﬁAf 1nt,26602662670 Lys%ﬂo §it‘\‘/6’l&s’b§ H ISA|§P§’IG Tén Thr'ASp Len
Vol Lys Lys 26752680265 His Tilt Gly Ile Gilt Phe Lys Sly Ala Tyr- Lev Gly
Asp ArgPrév269026852700K$p His Gim Asp Betl. Vol. Asp Asp &sp St's
Ala. Thr'lie Thr Lys 270527102715 Ann Per Val Gif Phie Len Lys Met. Lys
Lys:Siy.Sys Ala-Phe-Tex.27 2027252734 Tyt:Asp: Les The-He=St..:Mon ten
Vol. Axgten lle Glu Les Vol.:22725274027.45 llia Lys'Ass Ass Les Gin Gin
Arc Gly, Tie Pro,Tin yol, Tthr, Vol 275U27552760 Thr Tht Trp Lem Ala Tyr

(N P PG H 2582703

Sex Pee ol Ass His Asp LenySly Thr 27652770 Tle Lys Pro Vol Lett Sly
Gin Lys Val lle Pro. Gin Pro Pro Gin 276027852790 272328002605
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Ser 3ly Gly Ala Asn Phe L pen Arg Lew Idle Ala AL e Tis
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Giu Lew  Azn Trp Alas ¥Tig Rsp Asp $lu Gl Cys Lys  Gly Lew Lys
LELR 1458 1425
Lys Leuw  Tyr Lau Leu fSey 21y Arnyg Ala Lys fsn Leuw Ile Val Lya
143 1435 1440
His Lys Val Arg hean $1lu Ala Val His Aryg Tep Phe  Gly 8lu Gluy
1445 54 1455
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Hlu fle  Tyy @iy Ala Pro Lyz vVal Ile Thr Iils Ils Lys Als 3ay
144 1485 LETH



Ala. lle The Lie The Gly Gin Ala Gig. Vol Met The The Gly lle
2810281529211 The Pro Vol Val Sig Met Lye Gin Gig Pro Gin Lem Asp
flee Gin 282528302685 Ser The The Len Lys Val Gly Lem Lys (8.1n Gly
Gig Tyr Pro Gly 284028452950 Pro Gly val. Ash Pr.o Ash His Leh Ala Gig
Val lle Asp Gin Lys 285528602865 Asp As Arg Pro Phe Vol. Len ile lle
GlyAen Lye Giy See The 287028882000 See 11=.Leg Ala Arg Thr Ala
Lys Asn lle Arg Lee Tyr Lys Gly 28852890 Ash Asm Pro Arg Gin lle Arg
Asp Len. Met.See Gan Giy Ahg Tie.29002908294 6-4.enin. Vol Ala:LenGig
Len AspPro Gin Lem Lys Gindieg 291.589282925:v&t Asp Tye. tya Gly
Thr She Leu Ash Agg Glu AIa Leu Glg Ala 283089852940 Le% See Lem
Giy'Ly$Rro o Tye Af..; Tys. The The The Ala Mét 2845295025185 Tie
Arg Arg Len lle Gin Pro Gag VoI Gin GLIi Clio Lem Pro Asp 29602970
TiprShe: GitrAla: Gt Gig:Pré-lie0”"She Lot GirfbAle'lsys e Gan: &+
2882535880298P, Ash Asp LEE Tyr His Len Tie GlylSee Vol Asp See lle
Lys-Se6,29982095.8000 Lye-Ala Lys Gig ken Giy Ala Thr.Asp-AgesThe
Lys llesFel Lye 300530103015:Gin Vol Giy Ala ArgfFlie Tyr The Met Lye.
Leg See Ser Tep See 30258025 Thr: GIn Vol VW Lys Lys Gjp Mgt see
Len A]laqPre Ten She' Glg 30@304030418 Gin LCeg en Lem Lys Cys Pro
Pro (lye See Lys lle Ser. Lys Giy 335380553.050 His Met Val 5er Ala Tyr
Gifb LégﬁAlé*@lﬁf@ny‘v’Asw*rep €, 141 305530703815 L ys Tie His Pré Tyr
Gls Afa~Tyr Leo Lys Leo Ly Gin 3.0953100e105 Gin Val Gin liar Seh Arg
Ala Thi Alaskys:Gincger:le beArgaaloll15:3120 Giu His Ass T Selrp lie
Len Argetys Val Arg His GlpiGly Ass 3.12531303135Een Ang Thr Lys
Sex Met lle Asn Pro Gly Lys lle Per A m 314031453150 Len Cys Ahq
App é’l& H% Lys’ Ar% ﬁssci e iy Ais L%Qs lle’| |1e;§15é13${658ILS ély %ea Thr
Met Ala Per Ala Gay is Arc Len Gan Lys Len Sze 317P3175sleo Val Val
A»«gbAiéGm:rm AARSEThE Fbi Sex 555 3¥5°Gi Afa flé 310531903195 Arg
G-1121 Lys Lie Asp Lyn Thr Gill Asb Lys G1n Thr Pr6 Glut Lao
320032053210:His Gin Gin kea Met Lys:\ial Phe:Asp:Cys:-t et ys:Tie Pro
Gin 328532203225 Leo Lys {41%n Sex Tyr Asp Gari ¥l Per Trip Gan Gin
Len,Gin.Ala $2303235.3240.Gly lle Ass Pig, Lys. Gay. Ala,Ala,Gly, Tyr Leo
Gan R@M.ys Asn. 22503255; He«SIy Gin Val Leu. Asp=Ehr Gin Lys His lle
Val Gin Gin Leo 3260326.53270 Tie Lys Asp Len Arg Lys Gly Lys Lys Pie
Aié Ty Tyr Sad-Thi'$: 378" 74) PAfa & Pro'Los "“A’Lsgs Gin“Eos ArgAsp Val
Set Asp App Trp Giu 3e293$§9‘5$300 Ala Gly Gip ?he Val Asp Gin Lys
LysiPeALg:Val dte Gim: Tyr:33053310331:5 Rro Asp Ala Lys:Vat ArgLteo
Ala llé THe: Lys Val Met Tyr 15/$°332033253330 Trﬁ"‘\?a“l Lys Gin Lys leLh

lle Ph&Ann Lys VaI Lys Lut&@m Trp Asp 3150aaaa@£00
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Met Slvy  Arg Thr Jog Vel VYal COvs His Ser Asn Aso Lys Mst Thr
1e8% LT LE9E
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Gly Hla Arg Uys Tyo Val Lew  hen Pr tia Val  ha @ S
TR 4oy ey
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Giy Thr  Lys 8ly Als Met Vel His Lew Gln Lys Thr Gly sly &lu
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Asp TIC Gin Val Phi Ger Arc Asp Len Met Len lle Lys Asp lii
228339553290 Gin Lys Tyr Tyr Phe Lyn Arg Set lle HIiS Ly.::: Phe Les
Asp Ms 339524003405 Ille Phi Gin His Met Val Gin Val Pro Val Tie. Tin
Ala Asp Sly 241034152420 Gin Val Tyr lle Ars Ann Sly Gin Aeg Gay Ser
sly Gin Pro Asp 242534303.495 The Ses Ala Sly Ass Ger Met Lem Ass.
Val Len Thee Met. lle Tyr 3.4403443450 Ala Pe:e Cys Lye See Pis Gly lle
Pro Tyr Arg Sly Pie See Aeg 345534603465 Val Ala Ars lle. His Val Sys
Sly Asp#Asp Sly Pie Lela lle Tr:2470347534.80 Gin-Arg Sly Len Sly Lea
Lye ?Lie See Gin Lys Sly Met Gin lle 348534903495 Len His Gin Ala Sly
Ly§"ProCSTE Lffs IIE-TifSirfSly Asp Ey$ 350035053513 MetLy$¥al Ala
Tyr Arg She Gin Asp lle Gin Pie Cys Sex His 3515356133525 thr: P:1::c)
Vak:eTLgFO Mal Aixg Tirp fusEsAspAssaiit See Sex Tyr Mel:353035353543
Ala Sl %Ant Her ter Ala Tin lfe't'en Ala Lys Met Ala Ffié Arg

Glee LyA:Ala 3560356Ha57nsYal Ala Pile Sas Phe1:em Len Met Tyr Ses
Tep Ass Pro Val Val 3575258.IMSAS Arg Jug lle Gys Len Len Val Len
Her' G Rié: Pro'Gifiile 'Sit 359035953600 Po™ et Lys RARThé e Tyr
Tyr- Tyr Gin Sly Asp Pro lle Ala 3605SHIY3615 Ala. Tyr An Gin Val lle Sly
Lys:Ghn: Len CyA:GimLenLys:Arg362026258630 Fin Say:Pie. Girdys
Len Ata%Sly Len Asn Leg Spret:. Tin Thr 362534463645 Lem Sly lie Trp
Tin Lys His.Tin.3er Lys Ars Len lle,Gin Ala 365086553660, aele Asp Arg
Len llesAta Gly Lys Thr sly LyssShe Tyr lle Pro Ser.1:3680480e8630 Thr
Gly V8l Ttif 108.01. Lea Cly Lys a.17i; Tyr Gis. Glu lle Asn Leo
269537003705t ys Giu'tys A, Ata Gift Préf Pro°lIESGin‘Gly ¥al A Are
Tyr. 37103715272.0 Lys; Les Sly Pro lle Val Asn Val lle Lee Arg An; Lee
ArgVadb 872537363785 Met.Hzen Met Fhr Val Ala:Serclay: HemTap .y
A474e2345 <210> V <211> Giit €212) PRO CM> Artfficial sequence
‘1138, IWDV:Sequenee, <400>.9, Met Giu, Lee Pne . Ser Asn (316 | ea
Lee Tyxf&t: Thr Tyr Lys Ginidsys: 11015 Pro Ala Ply:¢at Val Gln Pro Val
Tyr Asp Val Asn Gly Arc; Pro Lem 2U, Pbe Sly Gin Sea Sea Asp Lea Has
Pro Gl ;ser T téa Lys 8 Bre 254048 HiS'GIR'Lag Sly seaAla Hsn lie
Leo Thr Atin Ala Arg Sea Leo Pro 505560 Arg Lys Sly Asp Cys Are Arg
Cly‘AlneVal Fyr Sly*ProMal Ber (¢ 857075-He Fyr [ talS PreiGly:Pro lle
Tyr Ot Gin Asp Tyr Val Sly Pro 85e000. Vnl Or His Arg Pis Pro Leg Clu
Lee:Gys Acs aleAla SerNelCys 100195110 Gin Thi ThrArg.Arg:Val Sly
Are Vatsthr Gay Sex Asp Slydsys. Lee 115120125 TyaeHis lle Tyr lie Cys

I(lB%Ih@\s/%l ga}g&ﬁ.ﬁ”;e Lealealys ArgL Ala 13013511491hr£‘£9 ﬁgsgln Pro
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14515015516.0 The See Lys Lys GIn Pro Lys Pee Asp 1-leg lie Giu Lys
Ply Lys Met 180185190 Lys lle Ala Pro Lys Pie The Pie Lys Asp Cya Lye
The Ari Pro Pro 195200205 Asp Ala The tie, Vol Vol Glu Ply Vol Lys Tyr
Gin Vol Lys Lys Lys 21021522e PlyVol ArcLye Ash The Gin Asp Ply Len
Tyr His Ace Lys ", 2,5ggs e s235240 Arm Lys Pro 1-T.ro (flu Sot- Arg Lys
Lys Lou Pie Lye Ala Lou Lou Ala 245250255 Trp Ala lle tousle Ala Val Lou
Lee Gin Lou Vol The Ply PleAse 260er.;7.7b Lie: The Pin Trp Ash Lou Met
Asp As:n Gly The flu Gly llo Gin Gin 275fl0235 Ala Mat Phe Lou Arg Ply
\%t’A‘sﬁ Pegy:SeeLowrLotrPlyle PepPro'29029ESHOBiutys g Cys
The BRf¥ol Pro The Ws Lot Ala The Asp Tyr Pie 305310315320 Lou Lys
Glu llesVolRly Met Met.Asp-Ala Rer Giny lsys Ths Age Tyr32523033.5 The
One Ct's Arg 1'u Pin Arg Petetgélm Pep Ace Lys His*€dy Pep Cys
340345.3.50 Aen 'Pep P Pile HIS lle, Sae Pre Pep 1 JieT Ten Lou..Met Asn Lys
The Glﬂ355360§e5 “Ran Asn Lou Thx Pie’ PIy Gin PresLou’ Arg Giu Cys
Ala. Vol The Sys 370375Th'e Arg Tyt. Asp Lys GIr The Pie Lou As lie Val
ThHe Gan Aﬂﬁ"Aeg*AsﬁSB‘éggsBQS‘ﬁGO“’ Kig PEETHE The Eoli The Ply
Syu Lys Lys Ply Lys Aso. 'Pilé'Ser. She 4.05410415 Ala Sly. Vol. lle Lee
Asp Rly.Pro:Sys: Asm: Phe 4 ys:Vah:SeesMak elm:420425180:-Asp- Vlokl es
?he Lys Pis His Asp Gys Ply Pén Met Leu. Gin eau THe 44.0445 Ala lle
Gin Lee La Asp Ply Ala The Agn The lle Pie Sly Ala Afl 450455 VakPly
The Lys Lee The The Trp k.eu Ply Lys Gin Lau:Rly:lie 46'5470480
4E54. 93495 Ala. Ala Sea Pro Tyr Cys Sly Val. Gla An; Lys lle Gay Tyr Val
T8 560505:510° Ty Thi* Ly&Rsn'cye Thripfo Rla s, LES' Sd6 Arg Ass
Tha Adp lle 5i552a525 lle Gy Pro Gly Lys Phe Asp Tar Asa Ala Glu Asp
Sly\Lysille Lea 55053554Q Ris-gas:Net:Gay GlyxHis1ea’Be,»iuiThe Val
Lee LédSea Lea Val 55 345555 Scp Asp Pile Ala ¥an'Gls Thp Ala. sear
Val lle Tyr Lea Val 363576575 Les:His Phe Ala lle Pro Gin.Sea His; Val
Asp VaIbAsp Tor Cys Asp 389585590 Lys Are Gin iz An Lea. Tea Val.
Ala Tan Thr Val Ala. Gla Val 1-1 395600665 Pro. Sly Thr Val Tap Aam
Le& ST LysTyrval Cy§ile Lﬁg Prd Ap. ‘6‘1‘06”.[5(—1&@ Tép Tap Pro Tyr
Gis Ttha Tan Thr Val Teat Val. Lie Glu Glu Ala Gly 625630632640 Gin Val
he:Lys:keazNetiliearArgwAla Le:ArgAsp-beaTHa “Lagp lie: 645650653 Tap
Lan Ald‘&la Thr Tar Thr Ala PHe Lee lle Phe Lee Vattys Ala Ceie665670
Lea Lag Cly.Gig Lay Jle Gin Gay Lea Lea Tap Lea Met Lay lle. Thr..
575630685 GIy Ala Gin GIy Plc:Pro Gls Cys La's Gis:Gly Phe Gin Tyr Ala
lie 5906S3700 Ser. Lys Asp Lag Lys Net Gly | Lau Lea Gly Prg O|Q Sea
Lea hi‘ Thf’?OS“?‘lOTISJ‘?ZO ’T“hr Tgb HISLe Pro ma>l,ys “Lys'inc Val Asp
Sea Neét Val his Val 725730735 Ttle. Cys Gla (";:ly Lys Asp Let: Lys 31e
Lea:Lys-Met:(SysThr3tiye Gis. 7407457 %%ﬁz’aeﬁﬂ' yPEeaVolAla Tel
His GitArg Ala Lau Sea Thrr$ga Ale
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755760753 Giu Plea met Gin lle Sea Asp Cly Clir lle Cly Pre Asp Val lle
Asp 370783 Vol lle Lys. (Sly Lys she Asn 141a Set Leo. Leo Ass Cly Ore
Ala The 505810915 Gls Met Vol Sys Pro Gls Sly Trp Thr Sly Thr lie Gin
Cy9 Thr hen 82.0929 320 Ala Ass Gin Aso Thr Leo Asp Thr Thr Vol lle
Arg Thr Tyr Arg Asp 835840343 Thr Thr Pro Phe Gin Ars:- Arg Lys Trp
Cys Thr Tyr Giu Lys lle lle 890955960 Gip Gin Asp lie Tyr Giu Cys lle Leu
Gay Gly Aso Trp Thr 0575 110. 815379875880 Thr Gly Asp Nis see Arg
Leo Lys Asp.Sly Pro.The Lys Lys Cys Lys %359399,95 >, Trp Ca. Gly, His Ass
she Vak&ss Ser Gin Cap Lem:fro Has Tyr Pro 99095@5910 lle SIy Lys Cy9
14kt:t. Lea lle Aso Gls S'ur. Gly Tyr Arg Tyr Vol Asp 929925 Asp Thr Sec
CYIY ASE A SIV G Iy Val Ala; e, Vail Pro Per STht 930893940 Vi Lys
Cyn Arg lie 21y Ass 3U1 Thr Vo] Gm Vol The Ala Thr Ass 995920955960
AssiAspileo: SlyRroMee: Pro:CysiSeaxPralAlaGluifol HesAla Gery
965970979 Glo Sly Pro Val Gf§Lys Thr Ala Cys Tht*Phe Ash Tyr See Avg
Thr,909935990 Len;Pro.Ass.Lys Tyr Tyr,Gin Pro Asp Asp.Asp. Tyr She
Gin Gar:<Tyr 99510001000 Met:Len Lye Gay Gin TrpSirs Tyr Pro Phe
Asp Leo Asp Ser Vol |0I010151020 Asp His His Lys Asp Tyr She Set Glu.
she' Ile the TiAYpife Va1“1025°10§019 AVLIFNER R Len'Gly Bly'Fys Tyr
Vol Leo Trp Leo Leo lle Thr 1.04010451230 Tyr Thr ile Len Sea Glo Gin
MetAleMetSly-Ala’Sly Mol Ass 105613601065 Eht-8bSh llex VotiNet lie
Sly 14,99 Leo Leis Thr Asp Béf Asp 107010751030 {i&Giu Vol Vol Vol Tyr
She:Leo Len.Len Tykleglieyol Lys 108510901095, GinGiuLea.Ala Arg
Lys Tep#le lle Lev Val Tyr Hissde Len 11051110 Vot&da lan Pro Met Lys
Thr lle Gly VoI Vol Len Loua Met Leg 1115-ssp1125 Giy Gly Vol VoI Lys
ATa'Sei Avg Tle Adn‘Afa Asp Agp Gint Séf'1T301135T140°AT 1518/8 Asp
Pro Ova Pie Lau Len Vol Thr Giy Vol Vol Ala Val 114511501155 Len Met
l8=Al& A\/g Ara Gin Pro Ala Thr LarPrio i endle’oll:16614 68k170:Ala
Len LeAAla lle Avg Thr Sex?” Gly She Len Len ProAla"Set 117511801185
lle:AspiVol dthr Yol Ala- \iek Vol Lenle-Mel Lea Len Len Ala.115011951203
Sex Tyfdfe Thr Asp Tyr Phe &g Tyr Lys Lys Trp Len3@in Len

§551g__101215 lxan Pie et Len lle Ala Gly IIe Ph IIe lle Are Ser Len Lys

226 éQ Nis lie Tan'Gin’ Me’t’é&ll “Val Pro'Gin'l Ileﬁgi Riet Bf6 Set Trp
123512401245 Avg Pro Les Ala 1,an Vol. T.,eu Who; Tyr lle Thr Ser Thr
Ata'lle 152502851260 Thr Threlan Turg ASp1 102w ien Ala Gip Ple Lau
Len G“n“Trp 126512701275 Ala™Pro Ala Val lle MetMet:. Sllo Thr Met,
Ty AlasAspRie J.e:-126012851200. Pry Leu Glu Sar val val
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Iie Lew Ser Ser Thr Tla Tyo  Lys Thr Tve Leo 3ar  Ile Arg Ly
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Tit Les lle lle Vol Lau Pro Sex. Tyr GIm leu Sear Lys Len Tyr 12951:400
Pie Lau Lys lan Val Ara Thy. Asp Vol Gin Lys Asa Trp Len Gly
121013151320 Lya Val Lyn Tyr Arg GIn lle Set GGr Val. Tyr Asp 11e ups
Asp 132513301335 Ser Gin Glu Ala Vol Tyr Lau Ph:: Pro Ser Arg His Lys
Per Gly 134013451250 Sar Arg Pro Asp Pie lla Gen Pro Pie Len Lys Ala
Val Len lle 1535512661365 Set Cys lle Ser Set Gin Pro Gin Vol Vol Tyr
lle Ser Tyr Len 137013751380 13851390135g5 Val Stir: Sly Sly- Ala Asa
The Lee:Ser Arg Lao lle Ala;Ala lls 140014051410:tie:Glr Leo Asn Trp Ala
Iik,: Asp Asp Glu Sb eys Lys Sly Lau 141514201425 Lys Lys Lea Tyr Leo
Lies g6 %Arc»)@Ala‘*L)}é ‘A813 [;eo =R fr430>14’35144u Lya Hig'Lys Vol
Arg AS3 Glu Ala Val His Arg- Srp She Gly Glo 144514501455 Gio Glo lle
TyrGay Ala: Rrbykysial He.Thrdle HesLys«Alta 146014651470 Sar Fif Leo
Par Liys“A5fl Arg Hi6 Cy'S llédfé Cys Thr lle Cys 1.47514801435 Cie Sly
Lys.Giu. Tip Ass Sy Ala.Asn.Cys Pro Lys ¢gs Sly Arg 140014951500 Gin
Sly Lys- Rro lie Thr Sys Sly MetsThh Leo Ala Asp Phe: 450515101515 Gle
Lys His Tyr Lyalys lle Phe lle Arg Giu Gin Ger Sat Cys 152015251.530
Pro VO :Pré PhevAsp Prof Saifi Cy g His' EVEASE Ty bE Arg' Hig ™

1. 53515401545 Asp sly ..170 She Arg Lys Glo Tyr Lys Gay Tyr Val Gin
TyruThr 455045551560 Ala Ak g Sly Girrtea:She:Latr AfgAsaLedrPro lle
Leo Ala'#5ar 156515701575 LS Met Lys Leo Leo Mét Val Sly Ash Leo
Sly Ala 31y lle Sly 158015351590, Asp: Lea. Glv.His Lao:3ly Fip ValLev
Ara Siy?ro Ala vol Cys 1595169001605 Lys Lys lle:Thr Aan His Glo Lys
CysAsa lie Met. Asp 161016151620 Lys | Leo Thr Ala. Phe She SLy au met
PFSARG Gal Thi Tt Bro*T.6251630 Arg Al&"Pro’Val Ass She: Pro Mt Ala
Leo Leo 1- -y5 Val Ass Arg 16101645.1650 Gly Lau Gla Thr GlyAla Tyr Tbr
Kis Gin ray Gly ke Sers 165516601665 v Set-Métaa teF Sde His SetAss
Ass Lé8Met 16051690Cc,r 6l6°Thr G1ASet Sly Cys 3. 71Q Sly Ala Ass
Cot Tyt Valleo:-M,As'Aletel-A: lle 72ml7d:5 Set GlyAla:Matkys-ar y sly
178017351740 51u sheAlaA174527501155 Ass LefPhe Sic 1770 Set Set
SLy 1775 Leo 1795 Lye Man aLa Thy M@P ngoﬁ}la. 1QO%15}0 .
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g: Arg Vol Lya 051 Gay 1785 Gin Thr vol Sort: Ass Ass Gly Ghu She Lyg
Glh lle TN r eu.Ale 18201825 Thy Giu Leo Pro 1540 Ass Hls 1850 Set Val
Tyr GIn Tyr 1965 Lie Gly u lip Pro Lieu AL-g Ala Ala 1960 Pro 1805 Phe
AssAsp Mat LysMet Ala Thr 1880 SGin Sr1905 Sb Tyrlie Phe Le-

Tys Ala rhr Pro Gin Gin Leo Al 19251930 Lye ila His Arg She Ale &is Ass
Les Asg Vol Vol 194019451950 Ala ThrSly Thr Val 195519601965 lie Gls
0-in She lle Ala Pro. Gin Val Met Lys Gly Gat: Asp Len 1970.19751980
Gey Sec Gls Tyr Len Asp lie Ala Gly Len Lys lle Pro The: Gls.
188519501:995:Gin‘Met dwye :Gly Ass Met lien tel:SheliexPintTiertAig Asn
Met 2060820052010 Al.avetG:irFhrriLysLv-s Lou LyS'Ala Lys Gay. Tyr Asn
Se1.201520202025 Gly Tyr Tyt Tyx, Ser, Gly. Gin Asn Pro.GiuAan Leu Ars
Val Vab202020352040 Thr Ser<Gin Ser Pro Tyr tel Maktel Aaa Thr Asm
Ala 'Lie Giza 204520592055 Sear Gly tel The: Len Pro Asp Len Asp Thr
teltel Agp afir Gly' 20602085, 2076 e Lys Cya Sai Lys‘Are’tel Arg lle
Sec Sex Lys Met Pro She 207520002005 lle tel Thr Gly Les Lys Arg Met
AlatelThellie Gly Gan Gin./-209020952100 AlaxGinsAre:Are Gly Arg tel GI
y Argtél'tys Pro lily Aig Tyr 2105ruze5 ails2115 Tyr°Atg Ser Gin G16 Ti.
rhia, Sec Gay: SerLye: AcDIyr en Tw 212021252135 Asp Len Lem Gin
Ada GireAre Tyr Gly lle Gls Are) Gay. lle Men 21252440 2145 val. Thr Lys
Her she Axg Glee Het Ash. Tyr Asp Try Sex Lee: Tyr 215021552160 Gin
G I%1A§Q§§e“‘ralfe§?"q1'\l ettedThr:kGe niesGin'tel BélASI;I ;eé§? 21652170217%
Les Len lle See Gen Asp Len Pro Ala Ala Val Lys Ann lie Me;:
21802152190 Ala #n;; FFhr Mgr, His Pie Gas Pro HerGirileavAlaTyr Asn
Sec 219522002205 Tyr Glee &ss Gin lle PKO Val E&k? She Pro Lys Tie
Lys.Men lily221:H22152220 Gan "Val The- Asp HetTyr Gin Ass Ty Thr
Tyr LensAss Ala Arg 222522302235 Lys Len Gly Gam Asp tel Pro Aia Tyg.
Val Tyr Ala Thr Gin qup224022152r25wq o
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(A6a Asp Len Ala tel Asp Len Len Gly Met Asp Ire Pro Asp Pro
2255226922e:5 Giy ken Gin Gin Val Val Gin The Gly Arg Ala Len Lys Gin
Val 6.)7s22752280 am,a The Gly. lea See Thr. A1A Gin lasn Ale Len Leu
lle Ala Lem Pha 228522502295 Gay Tyr Val Gip Tyr Gin Thr Len See. lye
keg His lle Pro Met 230023052313 lle The Asp lle. ITK The Lee Gin Asp
His Arg Len Gin Asp The 235232e2325 The- His Len Gin She Ala Pro
Agn Ala lle :Arg The Ann Giy Lys 2330233523610 Aap Ser Gin. Seen Lye
Gin.LaeAla.val. Gin-Asp Lay Asp2345625¢2355. ial. Asp, Mee. | ea.Val
Asp Tye Ser Lys Gin Gly Met:Lys Pile lle 2360236525510 Lye Val Gin Ala
Gin Lys Val Axg Asp See Gin See The Lay§ Gin 237523802395 Gly Lea:
Gin TYi: JeTys'Gia Ty Vi ASPLYSPRE IS EIST “Begrlt 259023852400 Len
The Gin Ass Lye Gin Gin lle lle keg Tyr Gly Len Trp Gin- 2405241224.1
VahHIS The dda'keviTyetysiSee Len ‘AtasAla. sArglien Gire His Lys
242024252430 Gin The Ala 8hé Alp The Len Val V&l 1ys Tep Len Alp
She: Giy:243524402445:Gly Gin The Val See Ala.His.lle Lys Gin Val Alai
Val Aspéen 24502465,2460 MakVval Tyr Tyr lle lle AsssLyeSee She Pro
Sly Asp, The 246524202475, %m The Gin Gin Gin Gly keg. keg She Val Ala
See LenThe lle ?46054%24 ﬂSé*r" Ala Lén AT, '[h(tTyr Thé Tye'Lys
The Tep Ass Tye Ann Ase. 249525002505 Emu Gin Arg Val Val Glu Pro
Ala LegAla Ty Tea ProTyfMa 251225152820 THitrGée Aleterrlys
Len THe The Pre Thr. Arg Lef 952525302535 Lyg“Giy Lys Ser Asp Sly
LessLott:SlysEhe Slyrile Sea Ala Ale-255525602565:Met &id Tig Leg. Ass
Gin Ask’Pro lle Ser Val Sly kéSea Vol 257025752580:Net Leo Sly Vol Sly
Ala lle. éla Ala His Are Ada lle, Gju Sei 25902595 Sea Gau Gan Lys Axg
Thr Lag:kou Mot Lys ol Sheqfvol Eys re 260636&52@1‘0"9Phu1ea Asp
Gin Ala Ala Thr Asp Glg Leo Mal Lys GluAsr< Pre 261.526202625 Gig Lys
llg“He TQlet Afd. Bot Phe Glu Ala VO GIF TheHe ™SI 263026352640Ace
Pro Léa Arg Leg lle Tyr His Leg Tyr Sly Vol Tyr Tor Lys 96502655 Sly Tap
(ruiastys Gig teg Ala.Glg tys MxAla: SlyrArg Are:266526652670,Leo
She THfLet:, lle Net Phe Gid3Af She Giu Leg LegSltMet
2671526602665 Asp ser. Glu.3ly Lys lle Arg Ass. Leo Per Sly Are Tyr lle
Log 269096952100 Asp Lore:He PheLeo His Are Lys-lseo ‘Ass’ Lys Eim
Lg:-g Lys 270527102715 leigs Leo Vol Log Gay Trp Ala Fro Ado Pro Leg
Ser‘Cyg Ast Tas 272027252730 Tin: Pro Set Asp &g AEIESeartou Pro
His Asa Aso Tyr 273527402?45 Asg Val Glu Thr Arg éys Pro Cys Sly Tor
Gigs MetzLys«AIaJle Asp fiu ¥al  Ser frp Glu Gin Le @iy Bl Gly
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275027552760 Lys Asia Vol Ala. Cly Lye Leo Thu Lys Vol. Gig Sig Lys Sly
Sea. 276527702775 She Leg Cys Are Asa Arg Leg Sly brag Gay Pro Pro
Len She INS 270027C52790 Vol Thr Lys She Tyr Asp Asp Ass Leo lle
Giu Val Lys Pro Vol 779528002905 Ale Aro Leo Giu Sly Sin Vol Asp Lea
Tyx Tyr Lye Sly Vol Thr Srfl025152.526 Lys Trp Giu Val Asp His Ala Pee
Leo The Leg Leo Val Lys Lys 254028452850 The Gly lle Giy She Lys Ole
Ala Tyr Leo Giy Acp Arc Pee 295528692365 Asp His Gin Aip Let." Val.
Asp Leg.ASP Cvs Ala The Zeg,The Lvs 23702875288Q Asn See Val Glft
She Lev Lys Met Lys Lys Gly Lys Ala She The 222528902595 Tyr Asp
L&t The: lle"Set’ASP Led?afteg Lau Tie GircLeosVal290029052940 His
Lys LéR‘Cen Leo Gill Giu Le¢ Gig lie Pre The Val Th&*Val 291529202925
The:The: Trp:Leo-Ala:tyrSee She:ValAsh:GinsAspil.ea lay. The, sy
293029352940 lle Lys Pre Valiieo Gly Giu Lys Cal:llePre (Pia Pre Pro
Gjy 2545.2,9502955 Gir) Leq See Leg Gin Pro The Val Leg Leg Val The

& Gin.The 29002.965207Q Ala e The 16 The Gay, Giu Ala Glg Val Met
The The (fly lle 257529902995 Th.r Pro Val Val Gin Met Lys Giu Gip. Pro
Gii*LEg Ash Hi&' Gigy 299029953000 Per Fite e keo Lys Vak Ole Leo
Lye Gin Gly Glo Tyr Pre Gly 300530133015 Pee GIy'Val Ash PoP Ass
hide: Levi AlaGle VakHeAsp.@in kys 302030253030, Aeap.Asp.Leg.Sep
She Vidiitou Tie lle Gly Asndys Gly See The: 303538403045 See :teen
Aso Ala Leg The Ala Lys APB Tie Arg Leg Tye, Lys e3y 805030553060
AIm Asp Pro Arg Glo. llia ArgAsp Léo Mgt See Gin.gly Aep 7~
206.530703075 Lea The Val Ala. Leo Lys Giu Leo Asp Pep Gen Leo Lys
Gif"Létr 368T36853090°Val Asp Fye Lys BNy Thie She LetLien Afe Glu
Ala LéUuKea 3095SI0P3105 L&G Per Leo Gly Lys Pep Tie Lys Leg. Lys The
The:The AlerMet:31:40311531:20 3425313381y305:T¢p She &ip n.Gin
Gin Stafen Pile Lett Gin Ala Eys? lie Gin 314031453160 Ann Asp Len Tyr
His Len Jle Gly 3ter Val Asp See lle Lys 313531638165 Lys Ala Lys LLiu
Lau Gly:Ala Thr Asp Asn Thekys ile VST Lys 31753480 Gin Val Gin Ala
Arg The Tyr The Met Lys Len. Her Set Trp See 312531633195 tilt GIn Val
The' L%:Lys”ﬁlﬁ—l\/l ét?‘%é{’*"ﬁéﬁ;wgp’h%é mrShe 6l rf‘f"‘ N082058218°Gin
Len 1,es Len Lys lye Pro. Pro Cys Ser. Lys lle Her Lys Gly 321532233225
His MetVab Set:AfaiTyt Gin ken AlaGinGay:-Len:Tep:Ginkrays et
32303285324() LetiGly Cyz Bly*val Tyr Met. Gly TH¢lié Prs Ala Arg Arg
Leu. 324533603255.Lys lle His Pro.Tyt GiuAla,Jyrlen Lys Len Lys Gin
Len Val:326032653270 Gin Valz3Thi Per Set Arg Ala=Thr Ala Lvs Gin See
Ilg I(Le A&g 32753130:328-

ke Pro

‘ro Ve o Val Arg Top Ala Rsp Asn Thr Ser Heyx Tyr Mer Ala
AR ENIOY 0L

Gly Arg  Ser Thr Ala Thr Ifle Lo Als Lys Met Alas  Thr Ayg Leu
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Gin His Ass The Trp Tie Len Arg Lys Val Alp His Gin Gin Len
329022353300 Len. Ara The Lye Per met Tie Ace Pro Gly Lys lle Ser.
Asp Gin 3.335331.03315 Len Cys Arg Asp Gly His Lys Leg Len lle Tyr
Len Lys lle lle 332033253330 Gly See The Met Ale Per Ala Gly lle Ara
Len Glu Lys Len Pro 3.33533403345 VSI Val Leg Ale Gin The Asp The
The See She His Gin Ala lle 336383553260 Leg Gin Lys lie Asp Lys The
Gin Asn. Lys Gin Thr Pro Gin Las. 336533708375 His Gin Gin Less Met.
Lys Val Phe Asp Cys Len Lys. lle. Pro Gin 338033353390 Let Lys Gin Get
Tye AspGluMak Her J#p:GinGin kes Gin: Ala:339534003405 +He Gly Gin
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asaceaccag gogtcgtgga agotltttac gacgtoaacg ggcgcooact 480 gttitygagag
agoagtgaot tgcaaccgoa gtseetacta aaastaacac accaacgayy 540
cagcgccaac atcctgacca atgctaggtc cctaccgcgg aaaggtgact gccggagagg
600 taatgtgtat agaccggtga gtggcatcta tatgaaacca ggaccgatct actacmagga
660 ttatgtgggc ccggtctatc atagagcccc actggaagta tqtagggagg caagtaegtg
720 cgaaacaact aggagagttg gcagagtgag gggtagtgat gggaaattat atcatatnta
783 catctgcata gatgggtgta tcctcctgaa gagggcgatt aggaaccaac cagaagtcct
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acgcgagtat 1020 agUi.:.gtagaa ggggttaagt accaggtgaa gaaaaaagga
aaggtaaggg gaaaaaatac ioau tcaagatggg ttatatcaga agaagaataa
ggcccctgaa tcgagaaaaa aattggaaaa 1143 ggcactgctg gcttgggcca.
tcttaggagg ggtcctgctt cagctggtaa caggagagaa 12.00 tatcacccag
tggaacttga. tggacaacgg caccgaggga atagagcaag cgatgttcct 1260
aagaggggtg aacaggagtc tattaggaat ttggccagag aaaatttgga ccggagtacc
1320 aactcactta gcaacagact atgagcAtltaa agagatagtg gqgatgatgg
acgeoagiga. 1330, gaagageaac tacacgrgii,goaggtigga is:. ca.lggaataaag
atggttggtg 1440 taactggttt catatagaac cgtggatatg gttgatgaac aaaacccaaa
acaacctgac 1500 agaaggggaa cggcttaggg agtgtgctgt gactigtagg
tatgacadgg daacagaatt 1560 gaagatcyty acacaggdéta. gogagagate ™~
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Lacaactctg acaggttgga agaaaggcaa 1620 gaattlactct ttcgcaggtg ttatactgga
tgggcgctgt aactttaaag tatcggttga 1680 agatgtgctg ttcaaggagc acgattgcgg
caagatgctg caagagaccg cgatacagct 1740 actcgatggg ggaaccaaga
cgattgaggg agcaagggta gggagggcca agttgacaac 1:303 ctggttaggg
aagcaattag ggatccttgg taagaagttg gagaacaaaa gcaaagcatg 1860
gtttggtgca. gatgcagcan gtgcatactg. cggagtggag aggaagatcg gttacgtatg
1920 gtatacaaaa aactgcactc cagcttgect tccaagaaac actagaataa
taggcecegg 1960 gaaatttgat aggaaggecg aagatggaaa.aatactccat
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ctgaatttga. cggtagcaac cagagtagca gaggtcatac cagggacagt 2220
gtggaaccea gggaagtatg tctgcataag accagacntgg tggcgatatg agacgacgac
2280 aytaattcgtc atagaggaag cagggcaagt aatcaaattg atgctaaggg
ccatcayaga 2340 cttaactagg atatgTgartg ctgcgactac cagaggettc ttaatctttt.
tagtaagagc 2400 actgagggga caactaatgc aagggctatt gtggctgatg
ctgataacag gagcacaggg 2400 cttccctgaa tgcaaagagg gottccaata tgccatatct
aaagacagga aaatggggtt 2520 attggggcca gagaggteaa atacaagatg
gcacctcccc. accaaaaaaa tagtggattc 2590 catggtgcat gtatggtgtg
aaggaaaagg cttgaaaata ttaaaaatgtigcacaaagga 2640.agagaggtateys
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2760 actctgcgct tgtgactcaa aaccagtgat aaagggcaaa tttaatgcca gcttactgaa
2820 tggaccagct ttccagatgg tatggccaca ggggtggact ggtacaatag
aatgccaccct 2360 agcgaaccaa gagaccttgg agacaacegt cattaggaca
tatagaagaa ctaccccatt 2940 tcageggaaa aaatggtgta cctatgaaaa
aataataggg gaagatatct atgaatgcat 3000 tgtaggtgga aagtggacat
gcataaccgg tgacmatagg aggttyaaag acggacctat 3060 caagaagtgt
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acattcaagt attcaaygac 3360 tctaggtaat aacrif_att.aty agccaaggga
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gaacatgagg attgctagtg cccgctagga ttgatgtaac 1,960 tgtaggagta gtattgattg
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tgoccagtta cgagttatct aagctttact tcctaaagaa 4520 cgtcaggaca
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ggacsactct ttatgaggas 3.100 cctscaatt ctagcqacga agatgasgct attaatggt.g
ggaaacctocg gcgcagaast. 5160 tggcgacctg gascatctag gatgggtact
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tgsaaaatct aaaaggctgg tccgggctac castttttga 5700 agcatccagt ggcagggtgg
ttggtagggt gasagtcggc aagaatgagg attccaagcc 3760 caccaaacta
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gacagcaacc ccagctggaa cggtcacaac gactggtcag asacacccts tagaggagtt
6393 cataggcsca gaggtgatga aaggtgaaga tctaggtagt gaatacttgg
atattgcagg 060 gttgaagata ccgactgaag agatgaaagg csacatgctc gtgttcgcgce
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caatccscgt atgtggtagt 6540 agccascaat gccatagagt caggtgtgac attaccacsc
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taacaaagtc 6840 attcagggag atgasstatg attggagcct 1t433| gacagettga
tgataactoa 6900 actcgaggto cttaacaacc tecttatatc agaagacctg cctgccgcag
tgaagaacat 6960 catggcccgg accgatcacs cagaacccat acaactggcc
tataacagtt atgaaaacca 7020 aattccagtg ctgttcccaa stptcaaaaa tggtgaggtg
acagacagtt atgagaatta 7060 cacatatctc aatgcsagaa. aattaggaga
ggacgtgccg gcatatgtgt acgccacaga 714.0 ggatgaggat ctagcsgtgg
atcttctggg tatggattgg ccggacccsg gcaaccsaca 7200 ggtgstagag
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csaggactca gagttgangg aattagctgt 740 gggagacctt gataaatatg tggacgcset
ggtagactac tccasscaag ggatgaaatt 7500 catcaaagtc caagctgaaa
aggtcagaga ctcccagtct acgaaggaag gcttgcaaag 1560 cattaaggag
tatgtggata agtttataca atcactaaca gagaataagg aggagatgat 1620 caggtatgga
ctatggggag ttcacacggc actctagaaa agcttggcag cgagactggg 768e
gcatgaaaca gcttttgcaa ctttagtggt aa8atgg4tg gettttgggg g8gaaacggt 7740
atttgctcao atcaagtaag tagcagttga tatagtagta tattatatca tgaacataaca 7000
atcltttcet ggagatacag: agaceeaasa-agaggggagy: aagittglggsclagiettt1880
tatatctgca ctagéaacat agacatataa aac¢étggaat tacaacaatc tgéaacgggt 7920

tglagagect ggctiagett acgrageata tgclacaagt gectigaagl faficacaca (980
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cacaagatta gagagtgtgg tcatactcag ttctacaatt tacaagagat agclatctat 8040
aaggaagggt aagagtgagg gottgttagg tagaggnata agtgcagcca tggagatctt
S100 aaaccaaaac ccaatctgag taggtatatg tgtgatggtg ggggtaggtg
cca:cgccgce. 8160 ccataatgca. atagaatcta. gtgaacagaa aagaactttg
ctgatcaagg tctttgtaaa 220 aaacttctta gaccaagcag caacagatga gctagtgaaa
gagaaccctg aaaaaataat 8280 catggctcta tttgaagcag tcgagaccat
aggaaacccc ctaagactca tctaccatct 8340 gtacggggtg tactataagg
ggtgggaagc aaaageactc gcagagaaaa ctggtggecg 0400 caacttatte,
acattgatga tgtttgaggc etttgagctt ttaggtatgg actcagaagg 81.60 aaaqataaga.
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tgagctgtga 8580 ttggacacca agtgatgaga gantaagcct acgtcataac aactacttaa
gggtagaaac 86010 caggtgtcct tgtqggtatg agatgaaggc aataaaaaat
gttgctggta aattgacaaa 8700 agttgaagaa 8.8.4333tcga tectatgcag
gaaaagatta gggagaggac ctgcaaactt 67611 caaaltaaca aagttctatg
atgataactt gatagaagtc aagccagtag ctaggctaga 8020 aggccaggtg gacctctatt
acaaggyagt aacagctaag ttagactca acaatgggaa 8890 agtactgtta
gctacgaaca agtgggaggt ggaccacgct ttcctgacca gactagtaaa 2940
gaagcacaca gggataggtt ttnaaggtqc atatttgggt gaccgacgag accatcaaga
0000 tottgtegat-agagattyty caactataac:gaagaasica:gtacagtce tﬂaaaaaigaa
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gatccctacc gtgacagtaa ctacttggct 9100 tgcatattct tttgtcaatg aagacctggg
gactatgaag cctgtattgg gggagaaaat 9240 catcacagaa cgcccagagg
agttgagtct caaacccacc gtgagactag tgaccactga 9.330 aacagcaata
accataacag gggaggotga agtgataaca acagggatca caccagtagt 90860
agagatgaaa gaagaacctc agctggacca ccagtcaact accctaaagg tagggttgaa
9420 ggaaggggaa tatccagggc caggagttaa ccctaaccat ttagcagagg
tgatagatga 9100 gaaagatgac aggccatttg tcctaatcat cggtaacaaa ggttctacct
cgaatagagedo4.0 aagaacggga aagaatatacggeiglacaa aggaaagaac
ccaagagiaya tcagggatct 9600 geatgagccaa ggaagaatatitgacggttge
tclaaaggag, iggaccegq aalaganga, 9600 aflagiagat tacagggala gotitatiaa
tagggazgct ttagaagocc taagctfagg 9720 taagccaatc, ; 5«
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aagaggaaaa ccacaacagc aatgatcagg aggttaatag agcgagaggt 9700
tgaggaggaa ctaccagatt ggttccaagc ggaagaaccc ctatttttgg aagcaaaaat
S0O40 atagaataac ttataccacc taattggcag tgtagatagt ataaaaagca
aagcaaagga 9900 attaggggcc acagataaca caaagatagt gaaggaagtt
ggggctagga cctatacgat 9660 gaaattgagc aactgcagca cacaagttac
aaaaaaacag atgaatctag ccottctctt 10020 tgaagagctg ttattaaagt ggectccatg
tagtaaaatt tcaaagggac atatggtgtc 10080 agcataccaa ctggcttaag
gaaactggga accoctcggg tgtggggict atatgggaac 16146-eataccagca
aggcgtttca agatttaccc ttatgagggt tacattaaac tcaaagagct 10230 ggtggaagtt.
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1110320 tgggaaaata tcagatcagc tatgcagaga tggagatsaaa agasacatat
ataataaaat. 10880 cataggctca acaatggcct ctgctggtat taggctggag
aaactgccag tagtccgagc 10440 ccaaactgag acaaccagt.t tccaccaagc
cataagagaa aaaattgata aaacagaaaa 1050 caaggagagg cctganttgc
atgaagaact aatgaaggtc ttcgactgct taaagatccc 16560 agagctgaag gaattntg
atgaagttta atgggaacaa ttagaagccg ggataaaccg 1020 taagggtgca
gcaggctatc tagagagcaa gaacataggg gaagtactag acacagagaa 10680
acacatagta gaggagctga tcaaggatct gaggaaaggg aagaagatta ggtactatga
1®M®laaggm&tcgc®caagaatgzagaagagfaga:cgt@aag@gac gaect.yggaay
ccagagagtt 108011 cgttgatgaa’aagaaaccaa gagtaattea gtacacggac
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gtgatacccg gctatgaagg 10920 taaaacacct ctatttgaca tattaaacaa
agtgaaga8g gaatgggatt cattccagga 10380 crcegtagca gtgagctttg
araccaaage gtggyataca caagtcacca gtagagacgat 11040 aatgttgata
aaggatatgg agaaatatta tttcaayga agtatacaca aatttttaga 11100 tacaataaca
gaacacatgg tggaggtagc tytcatt:ara gcragacygt.g aagtttacat 11160
aaggaatggt cagagygta gtggccaarc cgagacaagt gctggtaata gtatgttgaa
11220 tyttgataact atgatatatg ctttratgtaa aagtaaagyr ataccttaga ggggattoag
11280-9a0a019g9¢d. agaalcealg, tgigigaiga gatggattt figataacag
agagaggact 11340 gygactgaaa:tictctgaga aggytatgqagatattaca?
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<tU'& yatgggraga taacarcagt agttactatgy agggaggag altgg caragccact
atactagrta agatggcaac caggetggat tccaggggag agaggggtag 11080
caccagcttat gagaaggccg taggattcag cttcgttttg aggtactaat ggaatggagt
11610 agttagaagg atctgattac tggtgttgtc aragtttcca gaaatatgcc catrgaaaaa
11700 cacaat.atar tactaccaag gygatcagat aggtgcgtAc agagaagtga
tagggaaaca 11760 gctgtgtgaa ctgaaaagaa caggatttga gaaggtggagt.
ygtctgaatt. tgagtatgag 11E20 cactctaggc atgtggagaa aacatactag
taaaagagta atccaagcct gtgtagaaat 11880 aggtaagaga:gaaggtaccg
ggttagttaa tgctgagaga ttgaftacag gaaagactgg 11940 gaagtittac
atcdgadyea. Ciggtyicat tdgtigiga ahacdctaty ggadataa’ 2630 Vo
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12060 catagttaat gttatattga gaaggctgag ggtgatgctg atgacagttg
ccagegyaag 12120 gtggtgaatc cgtgcggagc gttagtgtaggt cactcaaggt
ttttaagtgt aaatattgta 12180 aatagacayc taagatattt attgtagttg gatagtaatg
cagtgatagt aaataegata 12240 atttaacatt acgtacaatg cactaaycac tgtagatgty
tgaggttaac tcgacgtcra 12300 ggyttggact agggaagagc tgtaacagcg cc
123.32 <210> 11 <211) 11840 <212> 15.1A <213> Artificial
acquengalXIKE-CaNdN 0115\i-3equyncg <4045call  gtataggaga
ttagctaaag aactcgtata tggattggag gtcaagaaat tttgaattgg M'i caaggtaggg
aagsttggec tgagegaagy cggaaaagag:getageeatg:cecttagtag 120: »ix
gagtagéana agtaggggac taggygtagce agtgagttcg ttggatgigce gaacgcaatga
130 gtacaggdga gtogiaaatg giicgacact crattagied: o1y rie ser var
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aygagtctcg agatgggatg 240 tggacgaggg gatgcccagg gcacagatta
accatatgcgg gggttggatg ggtgaaagcg 100 ctatt.ggtgy cqttatggac acagoctgat
agggtgtagc agagacotgg tattccgcta 360 gtaaaaactt tgctgtacat ggcacatgga
gttgttttcc gatgaaggga gcaagggtgc 420 tagaagtaag aagcagcgta agccagatag
gatagaaaaa grtaagatga aaatagggcc 430 aaaagagaca gaaaaagatt
ggaaaaccag acgccccgac grgagtatag tagtagaagg 340 gyttaagtac
gaggtgaaga aaagaggaaa ggtaagggga aaaaatactc aagatgggtt 600
atgicacaac aagagtanga ececigaate.aagaaaaaad tagaaaagg cactgeigge
660 ttggyccatg ttaggagggy teetgottca gctggtaaca ggagagaata tgacccagtg
720 gaacttgatg gagaacggca gegagggaat acagcaan atyttcctaa gaggggtgaa
780 caggagtda tTaggaat’tt ggac@gagaa datttgcagg ggégtaccaa ctcacttage
510 aagagactat gagcttaaag agatagtggg QC tgatggac grgagtgaga
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900 cacgtgttgc ayytt.gcaaa garatgagtg gaataaacat gyttggtgta artgytttca
9450 tatagaagag tggatatggt tgatgaagaa aaccgaaaag aacctgacag
aagggcaarr 1020 gctLagggag tgtgctgtcla cttgtaggta tgacaaggaa
acagaattga acatcgtgar 1080 acaggctagg gacagacgta gaactotgac'c.s
aaaggcaaga atttctottt 1145 rggaggt4tt. atactggatg gggcgtgtaa ctttaaagta
tcggttgaag atgtggtgtt 1200 gaaggaggag gattgcggga. agatgatgca
agagaccygg agagagctac tcgatgyggc 1260 aaccaacacc attgagggag
caagggiagg gagggcgaag ttgattaacct ggttagggaa 1320;geaattaggg
atcctiggta agaagttgga ft13 aaagcatggt. ttygtgcara 1380 tggagcaagt
ccdtacitty gagtugagati Gaagaicyot faktatgyt atdichaaand 1140 51
ctgccactcga gettgectty caagaaacac tagaataata ggeocéggga aatttgatac
15600 raacgoegaar g,atggaaa*a& -rFiat gatgggoggg cacctetcag. aatitgtact
1560 &ttgteettg gtygtgactgt rtgéctttgc ccrygaaacc yggagggtca tctartt 1620
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tctacatttt ggyattccgt aaagcgacgt tgatgtagac acatgcgaca agaacgagct 1680
gaatttaacg gtagtaacca caataggaga ggtcatacca qggacagtgt q';a cctc4q
1340 gaagtatgtc tgcataagac cagactaggtg gcgatatgag acgacgatag tcttcgttat
lacm agaggaagga gggcaagtaa tcaaattgat ggtaagggcc atcatagact
taactaggat 1360 atggaatggt gotactaccg gagttttctt aatcttttta gtaaaaggat
tgaggggata 1320 actaatcgaa ggggtattgt ggctgatgct aataacagga
gcacagggct tccgtgaatg 1960 caaagagggc ttccaatatg ccatatttaa
agacaggaaa atggggttat tggggcgaga 2040 gagottaact acaagatggc
acctiggtac eaaaaaaatt.gtggattgea tggtgcatgt 2100 atggtotgaa-gaaaaagact
tgaaaatatt aaaaatgtgc acaaaggaag agaggtatct 216G agtggctgtg
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tttatggaga ttagtgatgg 2220 gacaataggc ccagacgtga. tagatatgcg tgatgacttt
gagtttggac totgcccttg 2230 tgactcaaaa. ccagtgataa. aggggaaatt
taatgccage ttactgaata gacgagcttt 234.0 ccagatggta tgoggagagg
ggtggagtgg tagaatagaa tgcaccttag tgaatcaaga 2400 cacgttggag
acaactgtea ttaggacata tagaagaact acgcgatttc agcggagaga 2460
atggtgtacc tatga.356a6a taatagggga :t1. gaatgcattg taggtggaaa 2526
ctggacatgg ataacgggtg accatagcag gttgaaagac ggacctatga agaagtgtaa
2530 giagaigigge catgaclico-tcaactcaga.ggggciacca.cactacctaa nry
taggcaagtg 261.0 catictcatc aaggagagtg ggtacaggtaigtagatgac aggtcttgeg
a1ag909tog. 2700 totagecata gitatatety geactgtaaa glglagaata ggtaacotot
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gtggaaaaga ctgcatgcag attcaactat tcaaggagtc tacataataa 2336 gtattatgag
ccaagggacc ggtacttcca acaatacatg ttgaaagggg agtggcaata 2340 ttggtttgag

ctggattctg tagaccacca caaagactac ttgicagagt tcataatcat 3000 agcagtggtg
gcgttgttgg gtggtaagta cgtactytgg ttcttgataa catagagaat 3060 actgtctgag

tgggaggcat gcottggagg ccagctaagg tqataggaag 2836 tgaaggagca
cagatggcta tgggtgctagg agtgagtact gaagagatgg tcatgatagg 3120
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gaaggaggcg 33EO agatttcata. ttacgtattt tgaaagccgt gttaataagc tgcatgagca
gccaatggca 4020 agtggtttag atttgttacc taatactgga aattacatac tatatgcaca
ggaaaatcat 4080 agatgaggtg tcaggaggag caaatttatct atcaagagtc
ataggagcca tcatagaatt. 4140 aaattggggg atagatgatg aggaatgtaa
aggagtgaag aaagtgtatc ttattgtgagg 4200 gagagggaag aatttgatag
ttaaagataa ggtaagaaat gaagccgtcc agagatggtt 42E0 tggtgaggag
ggaatatagg gggcacccaa ggtgatcact atcataaaag ctagtaccct 432D

o

o
el
-

—
)
Lo .mwt okl 43 ) 40 P 1
o .m [ IR TS s (I SR o L
SRR v Rt LR R SR T R S U
o SR A S VIS b £ 3
[@ %d [ T [ 1 ]
=+ et B B o g 5
> g& worm oAl ax 4l 2 3 [
G- o LAY ; i 7
t SRR RES I A & (R s w
% ha ST S R R T i

gag;

sadgiggaatga;

..A.Ian_.&. Rl 0 i
5 D L2 : i3 o
T 33 il i1 Lk i
(@22 % (S 2 m % % it by
> e A i o [0 L < B W i
§ @ e G £ gl 0o 2
i@ boaR el futi? oLy af wn L o o8t 5
qu.w Ve it 4 I E LR R Do g4 & i3
D8 WO v % R Bog Do In i 2
ggh a‘ .wlm pe2 AR N ] e ++ L oar @ ok U 43
£ @ gy A 13 1y ud L g T Lo
y e LA G o8 oAy 15 # 4
3 & %t T i ooy g oo 03 by
(@1 [ e e @ o3 ] ¢
Bo S o TR @ t 2
O @ @O PV i & 2
oy @ [N =" s T i vl b
j=t A8 s = T A 1 4
> gmm“\, o oy o % I
W S RN 1] {a [y i
= .0
O @ e © ER] FUINF IR A A
s B o o G Uomo Do
5 @y AT © : .. 3 o@D U
4 M > 8 FRRPE s 5 [ Y R ]
0 Lo L 2 Bmm 0o U & o w6
T B L o . mLoas L , % homooar Ay
[&3] @ i L] e ot om U 3 e G
2@ S 3 D G Do W sk & OO R 4 i
5 Oudn 43 3 owom R IR TR 3 ¥ & ow I oar
QUi TR O 5 S e Wops owm o owom o 45 9]
= By © o LIRSS TR o i 3
© % k5 1 o : @ o 2
SR ST D pE g 5 o
I avw\ 4] 3 R g oge W Fi) +
=3 i % i s D Imap 9 o1y FR Ix
Qr B BT Lo o oa 4l 45 33 1 oin # rn
W D) i3 el €0 U om o I
v.m% ﬂv?f@ WO o M o owo 1
g 8o BE AN &
i S oy = oA 1) i a
[5)) m b_lo 53 ES N e ek e
))
[ SR w fiod
na.mn_.hi g
Eay

g8
'\CAM

cd

Tt

gt
CAARY

HOHBGE

dlaaaaag aggea
L)

4380 €8

u
=R

i

aa



4740 gtgctacgta aacattatgg ataéggttac tgcatttattt ggaatcatgc ttagaggcac

agatctagga tgggtautga. gagggcgagg cgtgtgcaaa agaattacca aggatgagaa
4800 gacacctagg ggaggtgtga gattcggflac agcagtacta aaagtgagaa

tcgccaggat gggccttiga ggaaagagta 45E0 taagggttag gtccaataca
cagccagagg agaactottt ctgaggaacc taccaattct 4620 agcgacgaag
atgaagctat taatggtggg aaaccteggc gcagatattg gggacctgga 4690
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agacctccag aaaacggggg gggagttcac atgtggcact gcgtgaggga ccccggcetgt
9160... gttcgatctg aaaaagctaa aaggctggtc cgggctacca atttttgaag
catcgagggg 9220 cgggtggtt ggtagggtga aagtggggaa gaatgaggat
tccaaggcca gcaaactaat 5280 gagc,ggaatc. cagacagtgt ctaagaacca
gacagaceta gcggacatcg taaagaaatt 5310 gactagtatg agcagaggag
agttgaaaca gataacatta gccacotgggg gaggaaaaac 9400 tacggaac4g
ccaaggtecg tcatagagga gatagggagg cagaaaagqg tottagtect 54.60
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aagtaggagat 5700 aattggaaag atacacagg-t ttgctqaaaa tcttagagtg

gtagcaatga cagacaacccc 9960 agctqgaacg ggcagaacga atggtcagaa

acaaguctata gaggagttca tagtgag 5820 ggtgatgaaa ggtgaagatc taggtagtga

atacttggat attgcagggt tgaagatacc 5880 gacggaagag aggaaaggca
acatgctaqt gttcgcgcca actaggazca tggcagtaga. 946 aacagctaag
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aggqgcaaaa gattaccatt aggaggotact. 6306 geaagtoccag a.ggtagggaa
gagaagatgg aattaatgta acaaagtcat tcagggagat 61860 gaactatgat
tggagcgttt acgaagagga caggttgatg ataactcaac tggaggtcct 6.420
taacgacctc Gttatatcag aagacctgcc tggggcagtg aagaagatca tggcggggac
9480 cgatocaccc'a gaacccatac aactggccta taacagtgat gaaaagcaaa
ttgcagtgct 6540 gttcccaaag atcaaaaatg gtgaggtgac agacaggotat

o U oo u
f i oLy e In
M=o a i3 [T B 4
B L RTINS
a G (= Tedow I
e Y = FEE S L v LR
i L [ )
3 0 S T
1. 7 o] W RO
rmf - i W e 8
—

¥ @ on g v al U
= [ e 9] a4
HUS % of i i oL TR i
g e R o # " ow oW oW
w @R 4 - B O 40 I7 42 O
A_mcca“ o “ Ie @ bn B obn
e s ) 7y R ORI A v S
-5 b : =N [ SRS I 0 T
O L o ] i RS o
O o0 e By LIRS S S
; & i o tThm B

690
g

;Ageagtggal.clietgogia tggattggccs s

S LI v R oo o O Ih
£\t A4 FC I TC A 7] &
Pl et (D m» Yo I 1y ;
£ s be1) PR I i I
. " s (SRR ] A
O @ 1F Ty as 4o &5 -
RO A £ oTmoa 4 4 LY
(@4 gm T 7o ot us i &
AQ . mu\_ 44 [ I S 3 s
T ao @ o [S ) i
S 5 U AR =
a.\ 13 ERI ] )
d ] RS ] &)
PO 4 wt B o
P SR I I R I , ™
=~ TR B B B B 4 SO T I3 pid
e D1 O oo L G ¥
ek AR A Y oo e
5 o+4 o ®O®m o Th o pe T
d Fro ¥ o 2wl Tn I fo ) 4
E 3 oq T R T o I 2l ks [

~

oLy U 5w ; i3
i R
Cg 4] BT i ¥

3.0 a L KRS - € I i wt
7 L%v & ; C o % DO on @ 7
i@ G oLy A L 23 n oo on g ok 3! i
LT & ] Lt |9 o EERNY N KRN S S a4 o
LyE g W e i o o 4] LU S TS Ry I moQ
Na.nw, © Do TR Eo4s al O & p3omt T O FR -]
aiegtent 44 IR a2 O o4d o 3 O el g O o o
5] Eh SN R 2 SO SRS IS RTINS o i ot o w6 o Lo R

=
R I a4 L3 U 33 h

2Or e O L U b =

T s @ i i :

o T ad L rE -
HOUGY 4 W IE ‘

(4] 44 Ex

o
{
L aaat

i [y @ % T Y]
2 @ LN In pv [T S ]

ggaccuagge aascaacayg (ggiagagac:o720-aggyagyyea iaadacaag : -

gagaattaca catatgtcag 6600 tgcaagaaaa ttaggagagg acgtgccggc

atatglglae greacagagy atgaggalat-69

aggaga
B



gttggagacc agaggcttga ggagacaacc cacctccagt ttgcgggaaa 6910
egotataagg acogacggga aggaGtcaga gttgaaggaa ttaggtgtgg gagacettga
6960 gaaatatgtg gacgcactgg tagactagtg caaacaaggg atgaaattca
tcaaagtcca 7026 agttgaaaag gtcagagagt cccagtctac gaaggaaggg
ttgcaaacca ttaaggaqta 7090 tgtggataag tttatacaat cactaacaga gaataaggag
gagatcatca ggtatggact 7140 atggggagtt gagacygcac tetacaaaag
cttggcagcg agatgggggc atgaaagacc 7800 tttggcaact ttagtggtaa aatggttggc
ttttgggggc gaaagggtat ctgctcacat 7260 aagcaagta gcagttqatc tagtagtata
tgatateatc agicaaaccat cttttcctgg 7326 agatagagag accgaagaag
aggggaggata gtitgtggeg agtotttita tatctgcact 7380 agcaagatac agatataaaa
cctggaatta caataatety Gaacgggtg ticgaatctge
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7440 cttagettac gtgcgatatg ctacaagtgc cttgaagttg ttcacaccca caagattaga
7500 gagtgtggtra atagtcagtt gtagaattta caagacatac catctgtataa
ggaagggtaa 7960 gagtgactggc ttgttaggta caggcataag tgcaggcagg
gagatottaa accaaaacca 7620 agtotgagta ggtatatctg tgatgctggg gqqtaggtgcc
atcgccgcec6 ataatgcaat 7680 agaatctagt gaacagaaaa gaactttgct
gatgaaggtc tgtgtaaaaa acgtottaga 7740 ccaaggagca acagatgagc
tagtcaaaga gaaccgtgaa agaataatca tggcgctatt 7800 tgaagcagtc
cagacealag; gaaacgecckaagacticaie tacgalctat acggggigta 160 gtataagggg
tgggaagcaa aagaactcgc agagaaaact gctggcggca acttatigac 7920
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cataat.aaat taaacaaggg 8046 gctcaaaaaa ctagtccttg ggtgggctgce tgcacctttg
ageggtgatt ggacaccaag 81.00 tgatgagaga ataagcctac ctcataacaa
ctactgaagg gthgaaacca ggtgtccttg 81.60 tggctatgag atgaaggcaa.
taaaaaatgt tgctggtaaa ttgacaaaag ttgaagaaaa 8280 ggggtccttc ctatgcggga
atagattggg gagaggacct ccaaacgtoca aagtaacaaa 8280 gttc;tatgat
gataacttga tagat.c7aa gccaggoacct. aggctagaag qccaggtgga $346
cctcotattac aagggagtaa cagctaagtt agactacaac aatgggaaag tactgttagc
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gacctaacaa tratctaacct tgtcaggctt attgaact.ag tccataagaa 9610 tsatttacaa
gasagagaga tc.cctacct gacagtaact acttggcttg catattgttt. .1700 tgtcsatgaa
gacctgggga ctatcasgcc tgtattgggg gagaasgtca tcccagaacc 9760
ccccgaggag ttgastctcc aaccesccgt gagastagtc accactgasa cagcaataac
8820 cataacaggg gaggctgaag tgatgacgag agggatcaca ccsgtggtag
agatgaaaga 8H9 agaacctcag c'tggaccacc agtcaactac cctaaaggta
gggttgaagg aaggggaata 891.0 tccagggeca ggagttaacc etaaccattt
agcagaggtg atagatgaga aagatgacag 9000 gc.c.t.tttqtc ctsatcstcg
glascaaagg tictagoicy aacagageaa gaacgyceaa 9060,.gsatatagag .
ctgtacaaag gaaacsacgc aagagagstcsagggstctga tgagccaagg:9120
aagaatattgL gg%glttgctc taaaagagft ggacccggaa ttaasagl{ast tagtagatta

Sey ASRTLIIETGL & Y PhE L
oA 550 %
O E kSR Towpe U Ty an Voemsr NI o= R v N 4 T T oemey
Lew Tyr Lew Dle Val Lys Gilu &lun Leuw RAla Arg Lovs Trp Tle Ile Leu
B30 135 244G

R A Py Y S Y sovrs Y NI R Try " P oyen I TN oa v Y Are d
Yaud Tyrn Hiz Iis Yeu val ARla ABshn Fro datb Ly& Thy Il=s vi? Vali Val
RNEE L55 Sed
- T ooy REmd Toair 57 as e sl Ars Noara w7 oy Qe e T g 51 "
Leu ey Met Leuw Qly Gly Val Val DLys Ala Sar Arg Tile Asn Als Asp

HED RN @75

I - ol T b e By - -~ L - ¥ Tomts 3 kS I My s T ¥ i
#ep Oln Sey Rls Met Asp Pro Cvs Phe Lew Leu Val The Sly Val Val

WA
Ala Val Leu Meb Tle AL vy Arg Glu Pro Ala Th Pro Leuw Ties
ot }.‘\
1400

Vi Z

“A

w

B
£
%

wy Gly Phe Tess

M e ST T Ao ™. el TR YT amey %oy T T omaq Toevs T oeat
Ber Tis Asp Val Tho Vel L Wal Leenn Iis Val  Leu Leu Leu

Ala Ser Tyr Ile Thy As g Tywre Lys o Trp Tew 8in
ERSE L 1050

he Zar Leu Tle Als Gly Lle Phe Ils Ile Arg Ser Leau
Laed Logs

T""b 'giq T :\;-I-; "-1-1.-1 NQ'.-,t T al Paves 2y I‘. & T 'n\w.{v B g i e

MEFE LS LA AR wdn Mel Ly SAaL PET Wiy S EEL Hel= N S |-
LOTG 075 o8¢

Trp Arg Pre Leuw Bla Leu Lsu Fhe Tyy Iis Thr Ser Thr Ala
1oes 1a5n

Iie Thy Thr Agp Trp Aep Yle Asp Lau Al 8ly Phe  Leuw Lau Gin
1100 L343 LiLg

Trp Rla  Fro RBla Val Ile Meb Met Ala Thy Met Prp bBla Asp Fhs
1315 iizg 1125

Leg Thi Leu fle Tle Val Leuw Fro Ssr Ty ¢lun Leu  Ser Lys Leu
1126 1TER L i

Tyr Phe  Lek Lys Bsn Vsl Arg Thr Asp ¥al Gilu Ly
i

gt} r T 17m e e g e e 3 L IRt b o R X ¢
Gy Ly3 Yol LE :iy'i .3{_":{;‘3 el Iim Sor Sy Val Tj-;-"’ -‘9;;-:" Ile C}'L
S - g
Lied 1365 TRV
T T fehl Rl I = i Eaa s Toaeyy  tR I3 % e av - XA @ T ogre 2T
el Ser Glu Slu Als Vel Tvr  Leu Fhe Pro Sey Arg  His Lys sy
1175 Lieg Ligs



9180 caagggago tttctcaata gggaagottt agaaggccta agcttaggta agccsatcaa
92.41.0 gaggaaaacc acaacagcaa. tgatcaggag gttaatagag ocagaggttg
aggaggaact 9300 accagattagg ttcasagcgg aagsacccct atttttggaa
gcaaasstac agaatgsct.t. 9360 atascaccta attggcsgtg tagatagtat
aaasagcsaa gcaaaggast tagggggcac 9420 agataac:taca aagstsgtga
aggaagttgg ggctaggacc tatacgatga aattgagcag 9480 etaggagcsca
caagttacaa aaaaacagat gagtctagcc cctctctttg aagagctgtt 9:140 attaaagtgc
cetccatgts gtanaatite.paagggacat atggigicag-cataceaact L. +00 1w
ggctcsagga. aactgggaso cceatcgggtg tggggtctst atgggaacgs tmgcagctag
9660 gcgtat:csag atessoccit atgsggctta ccttaascic gaagagetgg tggaagttga

fal ey i

9rY20i ate. tq9agg ¢ gecactgcsaaagaatccat catsagagas «

it Tl e T g Y PP g s B P N Mo
Leu Tle Leu Glu Ile Tir Tyr  Tyr Mat Agg
s ey .
L2E0
o F - e Ty Mt om = LI g1 Wamows Thepe s Y.
Giw Val Ser Ly Gly Ala Asn Fhe Leu 5: % RLa
BN T AN
L2335 1241
ITile Ile iy Ley Aan Tep ARla  Ils Asp A Gy
= e
1250 Ehe ey
- o < " z by B o BT - Tm o T N
Lent Lys  Lys Deu Tyr Leu Leun  Bern Gly Arg Ala Lys  Asn Leu flie
LEED 1274 12875
Vsl Hig Loys Val hog Asn GIuw Als Val Hiz Arg Trp Phe Gly
et R
FRSES ed [T
Ein Slu &lu Iles Tyr Gly Ala  Pro Lys Val Ide Thr Il Ile Lvs
12w8 308 1305
Ala fer Thr Leu Ser Lys Ssn Arg His Ovs Ile Ile Oys Thy Ils
1380 1315 L3EG
Cvs Glu Gy Lws Gla Trp Basn Gly &la Asn Uys Poo Lys Oys Gy
L1325 330 1335
Ryyg Gin Gly Lwys Pro Ile ¥ Tys Gly Mebt Thr Len fap Phs
‘E‘_‘}: Y
33
Slu Slu Lys HMig Tyr Lys Lys Ile Phe Ile Arg alu Glu ger Sax
LR R PN
138 EREINY] 136G
Cys Pro Vel Fro Fhe Bsp Fro Sep Oyes His GQys dan Tyr Phe Arg
et s 5
RS 13%5 1381
T s . s T e i Uy gy T gees we o g Y oumer Y ex T . TE PR '
Hiz Asp Gy Pro Phe Arg L Gia Ty Lws Gly Tyr  Val Sis Tyr
L3EE L39%
3 R 3 \ 3 T o ey Toewii T aend T
Thy Ala Rrg Gly Gln Leu Phe Lsy Arg Asn Leu r Ley Ra
1400 14ah

T oy ¥ R o . mA o imY e T
v Lew 5 Ler @ly Bla Glu Lis
AN
L2l
LY e Tioese T ooy T P se T e P TR
Ly LA D LU il RAE i *i"fﬁ A oL E 3

Gy Lws  Lys Ile Thy Asn His o Glu Loy Cyve His Val  Asn Tlie Mat
1455

Asp Lyvs Leu Thr Als Phe Pha Gly Ils Mal Pro Apg 81y Thy Thy
| " .
1480 LAk 1T

Fro Arg Ala Fro Val Rrg Fhe Pro Thr Als Leu Lew  Lys Val hog



cataagacct ggatcgt.gcg 9790 gaaggtgaga catgaaggga acctaagaac
caaatcaatg atcaaccctg ggaaaatatc 9040 agatcaggta tgcsgagatg
gacscaaaag aaacatstat aataagatca taggctcaac 9900 aatggcctct gctggtatta
ggctggagas actgccagta gtocgaggcc aaactgacgc 9"160 aaccagtttc
caccaagcca taagagasaa aattgataaa acagaaaaca agcsgacccc 10020
tgsattgcat gasgaactaa tgaaggtztt cgactgctta aagatcccag agctgaagga
10000 stgtatgat gaagtttcat gggsacaatt agaagccggg ataaaccgta
agggtgeagc 10140 aggctatctssgagagcaaga 9C-N933:3:agtcctagac
acagagaaac acatagtaga 1.0200 gcsgctgatc aaggatctga ggaaggggas
géé@é}’g%ggbfébt‘éiga% cagycatccé- 10260 chagietgad adyagagaug®
tgagcgacya ctgggaagee ggagagtic ttigatgaaaa 10020 gaaaccaaga
gtaatceagt val asy His val Thr Ala Gly Hys Asp fau

1RG5 R 1

4 [ P,
LEy Val Ovs

ayy & ey oy Pl %Y M B e S o o ¥ orer

Bsp Thr Ay Wal Val Owes Hisg Ser  Asn &zn Lvs
325 EREXH

et T ey T Ty Aty ¢ mlw Y la Youra T Fi g g ¥ gy S ey

et Tor SED Ty 31 iy i Ll Lys Thy AR Ser Gly Qys
;o ZoaT
1525 1347

o . tn s cret x e Tvee f13ae BT et e
Fuo G Giy Ala Val Leu fan Pre Gilu Ala Val Asn
LH&G
"t Tl S o W e o aa Y . n Y
Tie Val His Lewn Sln Lys Thr &y
1ETH
R

Ser Ely Thy Fro Ala Fhe Fhe
G

Ao Lew  Lys Rsn Leuw Lys Gly  Trep Ser Gly Leu Pro Ile Phe Gl
LGR5 LEE 160D

Ala Sar Ser Siy Ary Val ¥al Glyv ABrg Val Lyvs Val ©&ily Lvs Asn
181G Leis IR24

Glu hsp  Eer Lys s Gly Ils  Glo Thr Val
E2% 1635
. bl = s “ % s A . T owrer T oaea MY
Fer Lys  Asp oln Thr Asp Lew Ala Asp Ile Val Lys  Lys Ley Thr
1A 1T T AN
164G 184° 1LeEG
— T ey o I T ] Y g . b 3 g
Her Mot  Ray Lye Gln Tle Thr Leu Ala Thr Gy
R -
1635 16EE
Bia Gly Lws Thr Thr Glw L= Pro Arg Ssr Yal Ile Siu Glu Ils
e :
1670 1880
-3 4 T v oy - - =11 74 4 o
Gly Arg His Loys Avg val leu Val Leu Ila Pro Leu Arg Ala Als
168h 1ERD LEnh
DY os Ty K. - ¥ T 2 - -t N ko e = ey %
Ala Glu  fSer Val Tyr Gin Tyr Met Axg Val Lys Tvr Fro Sen Tis
1700 05 1FLG
Amrs Lew Brg Idle Gly  Hsp Men Lys Gla Gly o Mat Ale
A
L

thr Gly Tiae Tha ¥ o Tvr Phe Oys 3in Leuw Poo
173 1F4Q

Gin Dy e Bryg Bla wml Val Slu Tve Ser  Tyo Lle Phe
1758

His Oys Ala Thr Proo 8iy Ghn Len Bls Ils Ils

T . P SAE ey s e
Lew Asp Slu Tyr Hie
e



acccggacgc caaggtgags ctggccatts caaaagtgat 103130 gtacaaatgg
gtsaagcsaa aaccagtggt gatagegggc tatgaaggta aaacact.ct. 10440
atttgacata tt.caaqaaag tgaagaagga atgggattga ttccaggacc ccgtagcagt
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taaagoaaas 1:11120 ggcggcacsa ccgtggatag agggggottgs cagatataag
ttgggcccea tagttaatgt 11580 tatcttgsga. 444;- tgatgctgat gacagttgcc
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agg.ttaactfl gacgtscacg gttggactag 11820 ggaagacctc taacagcccc.
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Pie Asp Leh Asp Per Vol Asp His His Lys Asp 652955360 TyrSer,Gig Hie
lle'lie Lig Ala Val Vaa. ‘Ald“LaliLen GIy Giy 3638733220880 “Mef*Ala Met
Ply Ala sly Val Ass The Gla Gla lle Val Met Ile Ply 900905910 Ass Lea
LESTReASD PérAspile Bil\al Vet \Fak TyriPhe: L Led 915920025
Lea Tyr Leo lle Val Lys Giu Giti1ea Ala Ala Lys Trgiié lle Lea 930935940
Vakd yrdis dle: Len al AlaAsn.Pro.Metdyssthe.llecRly ValVal: 11«
940950955960 Led Lea Metds¢a sly Sly Psi Vol Lys #la Ter Arq lle Ass
Ala Asp 966574975 Asp,Gin Sex Ala Net Asp Pro Sys (he Lea Lea Vol.

The slysvel. Val 96095990 Alas Vol Len Met lie Al Arg Arg Ull Pro Ala
The Leo Pro Lea lle 991510001005 Val Ala Lea Lea Ala lle Arc The See
Gl SHE el e Pré'd’ 101010151CT S"Sekee’Aspiyal Thie Vel Atd. Val
Val Lea 1le Vol Lea Lea Lea 1026160301035 Ala P&f“Tyr lle Thr Asp Tyr
ShesAcguTyrdye Lyn Eopdeo6inil(01045L050-L ea:L ea.Phe Sexl ea
:Ede AREEly lle Phe lie lle Afg-Ser Leo 10551060 LysPis lle Asa Gin Net
Gly Val Pre 04111 lle Per Net Pro Per 107010751080 Top Asp Pro Lea
Ala Lea Mol Lea |the¥‘T*yr tie ThesTer Thr ALF 108611 “gmg‘gs“#e s The
Asn Top Asp lie, Asp Lett .Tua Ply Phe Ley Let Gin 110611051110 Trp
AlaPro AlaVol-fie Mét Mgt Ala THesNetTop AlaTASpShe 1 11511201125
Lea Tho Lea lie. lle Vol Lea Pio 'See Tyr Gla Leh Sea'Lys Lea
1301835144k 7 kyr:Rhesk earkys Ass Val Asp The Asp \al:Glalys:Ash
Top Les#114511501155 Gly*Fy8 Val Lys Tye. Arg Gii®lle Set Ser Val Tyr
Per Arg:His Lys Sex 117511804195 Gay Ser Apg-Ree Asp Phe lle"Len
Aso Phe Len Lys Ala Val Lep 119011951200 lle Set Cy's he Ser Ser Girt
THY G val Val Tyriie A% Tyr 12681301215 56" e Léd Gt flé Thp Tyr
Tyr. Met His As; Lys lle lle Asp 122013351230 Gin'Val Her Gly 'Sly Ala.
Ass:She:LouSer RoglotulleAla Ala ¥23512401245.lie He:Glod ensAss
Tthp Alglie Asp Asp Gin Gaft Cys Lya Gay 1250125381280 Len Lys Lys
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Val Lys His Lys Val Arc Ass Gin Ala Val His Arg Trp She Gay
129012831293 Gin Gin Glo lle Tyr Gay Ala. Poo Lys Val lie. Thr lle lle Lys
12.5.313001305 Ala Ser. Thr Leo Ser Lys Ass Are His Cys lle lle Cys rithr
lle 1S10131:51320 Sys Gin Gly Lys Gin Trp Asn Gay Ala Ass cys Pro Lys
Cys 132313301335 Arg Gin Giy. Lys Oro lle Thr Cyh Gay Met Thr Leh Ale
Asp Ohs 13401345 .1350 Gin Gin Lys His Cr Lys Lys lle She lie Arg Gin
Gin See Set 115513601365 Cys P-os Val. Pro She Asp Pro Set Cy's His
sys; Ass 7yr She Are 137013151380 His Asp Gly Prg.Phe At; Lye Gin Tyr
Lys Gin Tyr Val Glh Tyr 138013991093 Tin Ala Arg Gly Gin Lest She Len
AFg'ASS eR-Priite Te0 Ala 140014034 16°CarEaThet Eye Eeo. Fen Met.
Val Gly Ash Len Gly Ala Glu “Tie' 141514201425 Gay 71p Leo Glu His Len
GinaTrp.Vabkteo:ArcaGay. - Rra:Ala Yal 143044A251.440 Sys:Lys:Lye: lle.
Tlar AfiHas Gist Lye Cys 1#&val Asn lle Meth 1e#534501455 Asp Lys
Len. The Ala.She She Sy lle,Met Rro Arg "Sly Tthr Thr 1460146151470
42514801465 Arg sly Leo Stu Thr GIy Tris Ala* Tyr '[bx His Gin Gly ély lie
149014951509 Sir Per Val A:lgr His Val Thr Ala. Sly Lys Asp Leo Leo Yal
CY&' 150515101515 A8p"Ser: ifet Sty Arg TH:T Axg Yl Var CygHig Her
Ain Asp Lys 152015251539 M&t Thr Asp Giu Thr CII™: Tyr Sly lle Lys 1-b3:
Asp:Per:Cly ys:15251 5401545 Glo: Gly,AlaArg Cys Tyr:Yat kee Asa Pro
Gau Al&'Val Ass 155015551580 lle Her Sly Thr LysPIy Aia Met Val His
Leo Sin Lys Thxn.Ey 156515701575 sly. Gll; She Thr Sys,Val Thr. Ada
Her Say:Thr Pro Ala She She:158::15351.590 Asp Lgo Lys Ass Len Lys
Trp Sir Sly Lea Pro lle She GLo 159516001605 Ala Her Her Sly Arg
v VOEPIy ARt Val £y Vol SHf Lys"Ass' 161016151620, Sic ASH 'SEr Lys
Pro Thr Lys Lea Met Her Ply lie ‘Gan Thr YAi 162516301635 Her Lys Ass
GmMMThr%sraiie&AlasJAprlke Mal LysiLysiLen=Thr464016451650 ker Met
Ass Arg-Gly Sic She Lys Caftié Thr Leo Ala. Thr G&y*1.65516601665 Ala
SlyLys, Thr.Thr.GinJ. ea:Rro-Asp Her Val lle, Sac Gin lle 1670116251600
Sly AspsHis Lye At; Val Leo Val:Les lle Pre Len Aspa%la Ala
1.68516501655 Ala Gin Her Val Tyr Gin Tyr Her Asp Val Lys Tyr Pro Sex
IE171101 7081 0 158r BésLiL et§Arg Tie Sty A¥pMBL. LS Gip iy Asp
Mst Ala 171517201225 Thr GIy 1P Thr Tyr Ala Her Tyr Sly Tyr She Sys
GirrletPro'i 73017351740 Gin Prol yst eaAky Alaxca.MetyVabkGila
Tyr HEr*fy.:- tie She 114517561755 Ply Lys lle His Ay Phe Ala. Glu Ass
Lea-Ateg VolVelAlaMet, 117317801785 The Ala The Prg [du.Sly, The Vol
The THeThe Sly Gin Lys Rio79617953.900 Pro k& Gls Glu The lie Ala
Pro GIu VoI MetLys, Sly PIS  ASP

Fiu Vel Pro Yal Tle Thr &la Aap
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Gly Glu Val Tyr Ils Rrg Asn Gly Sln Arg 4ly Ser Gly 6in Pro
3431 30 345
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1605181()1815 Lee Ply See Pis Tyr Lee Asp lle Ala Ply Lee Lys lle Pro
The 182018251830 Gill Gilt Met. Lys illy Ass Met Leis Vol Phe Ala Pro
The Arg Ass 163518401845 Met Ala Vol Pie The Ala Lys Lys Lee Lys Ala
Lys Gly Tyr Ash 185818551.860 Sex Sly Tyr Tyr Tvr Ser Sly ale Ass Pro
Pau Ass Lee Are Vol 18651e701875 Vol Thr See (Airs Ser Pro Tyr Vol Vol
Vol Ala The Ass Ala Lis 18818851890 Gm See Gay. Val The Les Pro
Asp Lee. Asp The Vol Vol. Asp Thi 189519001965 Ply Lee Lys (lye Pls.
Lys lire Vol An; lle Ser See Lys Met Pee 19101920 Phe lle Vol The Ply
LeesLys:Are.HerzAla:vVolvThe-TieRly Gle.«19251930n01925 Gls-Ale.Gin
Peg AEg Sly Are Vol Ply ArgVét Lys Pte Ply Peg 194019451950 Tyr Tyr
Are See Gls Gls The, AI% Ser. Ply Set Lye Asp Tyr. His. 195519601965 Tyr
Asp Lee:Lea Gls Ala Pin Arg.hje SIy Tle 'Base ASp ply e’ 197019751980
Asp Vol The Lys See Phe Peg Giu Met Ash Tye Asp Trp Bee Lee
1@851f9§01995 Ty G185 Bld ﬁtsp SEE Leé Met II‘e~THé Sirt ‘Eed*&lutol Len
Ass 2000200520)10 Ash LeeLée Tie Bee 'ale Asp 88 People Ala. Vol.
LyesAss:ller201520202025 Met. AlaArg T ke Asp:His Pra-Rie:Pgo:le Pie
Lee Ate“Fyr Ass 2030203520346 Sly Glu Val Thr Aspp8Ber Tyr Gill Asn Tyr
Thr Tyt Loy Asa,Ala, 206029950900 Arg Lys. Lau Sly Giu,Asp. Val Pro Ala
Tyr VahTyr Ala Thr Gls. 2006&&802085 AR‘]’ Giu A;gf;)ﬁl_ou Ala Val ‘Asp
Lou Lou Sly Met Asp Try Pro Asp, 909020953e100 Pro Sly Aan Glh Sip
VH?“\/é[‘%lu”‘Thry“Arg%la toutys Gih 210521621 15V af tfr Sty o6 Sax
Thr Ala. Slu Ass Ala Lou Lou lie' Ala Lea 912021292130 ?be Sly Tyr Val
Shy Tyr:=SinsEhr Lou Ger tiys Arg MrscllexPro2185214.0 Met lle-Thr:Asp lle
Tyr Taftou Gls Asp Hit Arg £8W Giu Asp 21.5021592360 Thr Thr His Lou
Gin Phe Ala Prg AcgAlalie Ass Thr, A;S,p Sly 21652170 Lys Asp Set, Gis
Lou Lys:Gis "Lou Ala Vol Sly Asp Lou Asp Lys 218024852.130 Tyr Vol Asp
Ala Lou. Vol Asp Tyr Ser Lys Gin. Sly Met. Lys Pho 219992002205 lle
L’y’afvaj Gin Al Gintys Val At ASp SEtGE2"SEX Ty LS et T
221022152220 Gin Sly Lou Gin Thr lle Lys mu Tyr Vol Asp Lys Ph:a lle
Gin222522909993 Ser Liau The Gt .Gendys Giu G19. Te He«Arts Tyr
Gly Lém™Trp 22402252250 SKVal Gre Tnr Ala Lou¥3iru: Lye SAr Lou
Ala, Ala.Araliou: 31y, 225522992265 His Glv. Thr.Ala., Phe Ala, Thr,L.eG Val
Val Lys&ap Lieu Aia She 227022752290 GIy Ply Giw’ TEhr Vol Sex Ala His
lleGlr, Val Ala Val Asp. 229522902295 Lou Val Val Tar: Tyr Tie lle Aen
Lys VKQ@SetPhe Bro S|y' ASp; 2900%3052310”rhf Gism”Th“r ‘GIR'GIRClv Gly
Ar:g Arg Phe Vol Ala Sea Lou Phe 231523202325 fle Per AIa Lou Ala Thr
TWLTEjI; T yreEye FhriTey Asp Tyr ASa 2089885284010  Siv tie Asn

Leu Lys  Gin Lys Als Ala Gln Pro Pro Ile Gin Gly  Val Asp Ay
EFL0 371E 5,:v

Tyr Lys Leu 8ly Pro Tle Val Ffen Val Tle Leu Arg  Ayg Leu Arg
vy ry op ey o -~ -
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234523502355 Ala The See Ala Lea Lys Leu. She Thr Pro The Peg Len
Gin Set 236023652370 Val Val lle Lea Sex See The lie Tyr Lys The Tyr
Lee Sex r 237523802385 Arc; Lys Giy Lys See Asp Gly Lea Len Ply Ths
Pip Tlca See Ala 239023952400 Ala Met Gin lle Lee Ash Gin Aso. Pro
11e See val Sly lie See 940524102415 Val Melt Les Sly Val Oly Ala. llo
Ala Ala Rix: Ace Ala lle Gin. 242024252430 See See Glu Gin Lys Arg Tthr
Let; I-,'sx Met. Lyre Val She Pal Lys 24352440 ASS She Les Asp Gin Ala
Ala Thr Asp Pier Len anLys Gin Ace. 24E024552460 Pro Gin layxs lle lle
Net Air Lea She Gin Ala Val Gin The lle 246524702475 Act; Pro Len P.rag
Le&He Tyr His Len Tyr Gly Val. Tyr Tyr 248024852490 Lys Gip Tea Gin
A[a“l_.xs Gm Lea Ala Gin Lys The Air Ply Peg 249525002505 Act; Lea She
Thril:ee HedMet-She Gin.Ala-She:Gin Lea Lea Ply 2E2:02.5152520 Met.
Asp See Gin. Ply Lys lle Arg Pen Lea, See Sly Ace Tyr 252525322535
Let'Asp tea lle She Ash Len His Ace; Lye Lea Ass Lys Gly Lea
254025452550 Lys Lys Lea Mak LeaGly:Tp-Ala. RroAdckRro:Les: Ser.
Pyre Asp 255525602.565 Trp The Pro SerAsp Gin Arq lle See tea Pro
HIS Acre Area Tyr 2571)2590 Lou Arg Val Gin The Arc; Cys Pro 'Sys Gly
Lys Val. Gin Gin Lys Hay 260026052610 Ser Phe Lee Cys Aarg Ann A:::
Lfiex Gip Aro Lila Pro Pro Ti.x:e rate 261526202625 Vel Ala Are Len Gin
Gly Gin \i@l Asp Len Tyr Tyr Lys Siy Val 264526502655. The Ala Lys Len
Asp, Tyr Afn Ann Gly Lys Vel Len Len Ala The 266626652670 Ann Lys
Ten Gin Mal:AspiMasAdaRhe Eev The Asp Len Val Lys 26752G002685
Lys His The Cly lle Sly Phe Lys Gin Ala Tyr Lon Gly Asp keg
2.69026952700 Pro Asp His Gin Ant? Leo val. Asp Are Asp ens Ala The
lle=Tht 27052 7132715 tys Aso Ser.Mal Gin.Fhedienzkye:Metitysdzys Sly
Oys Ala Phe 2.7202725.2220 Thx Tyr Asig’Lou The lle Her AnA<Leo. Val
Arele en lie, AmFTeo 273527402745 Val :His Lys Asn Aso. Leg Cln Gau
Arg Giu le Pr&:l‘hr Val The 27508755.2750 Val ThT Thr Tip Lon Ala Tyr
See Ph:: Val Ann Gin Asp Len Gay 27702775 Thr lle Lys Pep Val Len Giy
Gin,Lys Val lle Pro Gin Pro Pro 278027858790 Gin Gig Len :Ser. Las
GaTl3-ProiThe Val Arg Len Val Thr 2;thr. GIn. 279523002805 The Ala lle
The e THe'Gly Gin Ala Gln Val Met The The Sly 28.1028152820 lle The
Pro VAal. Vai'Ghi Met‘T_ys “Gin. Gin Pro Gin Les Asp His 282528202825 Sin
SeanThe khe Len Lys Val Gay Lem Lys Gin Sly Gin Tyr Pro
224028458850 Sly Pro Sly Val Asa Pro Ann HIS Len. Ala Gin Val lle Asp
Gifi: 288528602865 ° **F Fro G bve fae
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Lys Asp Ann Aeg Pro Phe Val Lon lle lle Sly Ann Lye Sly See
251028752686 The See Asn Arg Ale Asp The Ala. Lys Ann lle Arg Len
Tyr. Lys 288528902295 Sly Ann Aso Pro keg Gin lie Are; Asp Leg Met
See Gin Cly keg 2,9002905 lle Len The Val Ala Len Lys Gin Len Asp Pro
Gin Len Lys Gin 29152920292.5 Lau Val Asp Tye Lys Gly The One Len
Assn Leg Gin Ala Len Gls 292029352940 Ala. Lev See Lau Gly Lys Pro
lie Lys Ars: Lys The The The Ala 994599592955 Net lle Leg Leg Len lle
Gin:Pro.Gin.Val.GIL: Gals Gin Leh Pee 296029652970 Asp Trp Phh Gin
Ida Gls GIL: Pro Len Phe Lhu Gin Aaa Lys lle: isfy29802995 Gin Ash Asp
Len Tyr His Leh lie Gly See Val Asp See lie Lys SSS029953000 See Lys
Alailzys Gin Len Giy Ala The Asp Len The Lys ale Val 300530102J015
Lye-Gin Vhi Gay Ala Leg The Tyr The Met. Lys Les See See 'rep
302U3025303§ See The Gin.Val The Lys Lys Gin Met Sear Lev Ala Pro
Lau Ohs 303510403045 Gls Glu Lev Leh Len Lys Cys Pro Pro Cys See
Lystith Séf Lys 305030553060 Glv His Met_ Phi See Ala Tyr Gin. Len Ala
Gan GAY .Ash_Tip §|n 306530703075 Pro Lea Gly Cys Gay Val Tye Met
Gly The lle Pro Alayarq Ansi 303030853033 Len Lys lle His Pro Tyr Giu
Ala Tyr Les Lys Len Lys Gin Len 303531003105 Val Gin teal Gls_ Car ser
Arg.Ala Thr Ala Lys Cis See lle 118 311031153120 Are Gls als Ash The
Tee Ue Leh Leg Lys Val Leg His Gin Lily 3125G1303135 Ash. Les Ass
The'Lys See Met. lle Ass Pro Gly Lys Tia See Asp 314031453156 Gin
Len Eys Mirs RSP HISTH8 PEG*Ash lie Tye Ass Lys lie 31553160ale:5
Tie Gly Sar The Mat Ala See Ala Sly Tie ..Mrs Les Gin Lys lhs
317037753190 Pro Val Val Are Ala Gin The Asp Phi: The See Ohs H58
Clfi*AfE 218531503755 le ey Gin Lys lle Asp Lys The Gin Len Lys Gin
The Pre Gin 37007A052210 2215322035'35 Gin Lon Lys Glu Ser Tyr Asp
Glp Val Ger Trp Glu Gin Len Gin. :230323532AG Ala Gly lle Asn Arg. Lys
Gly A[a .ﬁ\la Gly Tyr Len G.h:Senivs 321532:e03255 Ass lie Giy Gin Val
Les:Asp Thr Gin Lys RLs lie Val Gin GIr 326032653270 Len lle Lys Asp
Les Asp kyst Sly 1ays tyysifecAspFUr Tyr Gin 32753230 Tbs. Ala lie Pro
Lys Ass Sin Lys Arg Asp Vel Ser. Asp Asp Trp 329022932300 Giu Ala Sly
Gin Phe Val. Asp Gin Lyn;. Lys Pro Asp Val Tie Gin 33053310ggTh Tyr
ProsAsp-Ala: Lys:ViadAsprLeivAlaile Thr Lys Val Met Tyr 3320832133330
Lvr'Trp Val Lys Gin'Lys Pro Pei Veti lle Pro Gly Tyr Gin Gly
333533403345 Lys Thr Pro Len Pie Asp lle Pie Ass Lys Vs.]. Lys Lys Gin
Tr§%5033553365 Asp Per Pie Gin Asp Pro Val Ala Val Ser Pie As, Thr
Ly§=;[e 3@5533703375 Trp Asti Thr Gin Val Thr Per Arg Asp Len Met Les:
liediye Asp:333033553320.kdexfain Lys Tyr Tyr Pie Lys Asp Per lle His Lys
Pits Len Asp 335534003403: Tbr lle Thr SIA His Met Val Gin Val Pro Val
lié “Fhir Ala°Ass 341034153420 Gly Gin Val Tyr lle Asp Ass Gly Gin Asp
G!J‘)#‘CP@E‘GI%GME‘)K@@J Aon 3w Leun Len
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342534305435 Asp Thr Ser Ala Giy Asn Per Met Len Ass Val Len Thr Met
lle 3440:4453.450 Tyr Ala Pie Sys Lys Ser Tbx Gly lle Pro Tyr Arg Sly Pie
See 3.45534603465 Arg Val Alp Arg lie His Val Cys GTy Asp Asp Gil Pie
Len lle 347034753480 Tie Gin Are Gly Lee ray Len Lys Pie Ger siu Lys
Siy Met Gin 348534903 9 5 lle Len His Gin I-Ua Sly Lys Pro Can Lys lle.
Thr Gin Giy Asp 35003510 Lye Met is Vol Ala Tyr Arg She Giu Asp lle
Giu She Cys Sea 251535203525 His Thr Pre Vol Pro Vol Arg Tap Ala Asp
ton Thr Sea Ser Tyr 35303:5353540 M..coo Ala Sly Aag Seas Ttr Ala. Thr
e Lee ARFLys Mettle, The 3. 54535503555 Arc: Lou Asp Ser Sea Sly Giu
Afg Sy SEFTRE NI TYi Pie Lye 356035653570 Ala Vol Ala She Sea Phe
Lee:lee Met Tyr. Sea Trip Asn Pro Vol 357635303585 Vol Arc Arg lle
Cys Lea Lou Vol Lou Ser Gin She Pro Pia lle 359035953600 St.' Pro See
L& Aah The i BETYRETYF Ty Sin'Gly Asp Pro Tie $60536103615 Ala Tyr tag
pau. Vol lle Sly Lye Can Leo Cys Pie Lee Lye 3620162536230 Arg The
|IIy She P|e Lys Lee. Ala Gly Len ten Lou Sex Met Thr 363.536403645 Thr
toasiy Ile TIT The Lye His Thr See Lys Arcs Lev lle Gin 36501655.3660
Ala;Cys Vel Glu lie Ply Lys Arcs Slo Ply Thr Trp Lea Vol Aso
366526 703675-Afa ASpUAt-Eot'Hé tie, Sly Lye ma Ply Lye She Tye lle Pro
36,2Q36853690 Sex Thr Ply Vol Thr Lou Lee Sly Lye His Tyr Gall Sara lle
Aen. 369521003225 Lau Lys Gin Lye Ala Ala Gin Pro Pro lle Pie Sly Vol
Asp tag:2%2:0 BRLS8Y 25 Tyi Ey§TieeSly Pro*ﬂé V&l Aen Vol lle Lee Arg
Arc.; Lee Ar9 372522303735 Vol Met Lee Met Thr Vol Ala Sea Sly Sea
‘HT 27403745 <210> 13 <211> 13 <212> PAT <213> Atrtificial. sequence
s:400> 135Per Lou His. Sly lle Tap She Glo Lye lle Cy8 Thr Ply 15I0
<2;I:Q> 14; 52114 20 0212> PRT <213> Arisitinial sequence 0400N -0400>
14)Leto @Lnﬁﬁgﬂts Gigutrp-Assitys His Gly Trp Cys Ass Trp she His 5i5
lle Glu Soo Tvp 20 4210) 17 <211= 20 <212> PRT <213> Atrtificial
ségtiehce BVSSV 4400= 15 L.eli Gan Arg ewe c1,,1 Trp Prim Lys; HISTrp
Gyr) ‘As> Ttp Tys Ask, 5301S lle. Gin Pro Trp #, V <220> 14 <211> al
<212> PRT <213>"Artificial. sequence <till= 16 Ser Lee His Sly lle Trp Pro
Cin he lle Cvs 1510 ¢.210, 17 <211> 12 <212= SIC cia> Aonifiolal
seguence-SVhV
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<4004 17 Arn His Gla Tip Ass Lys His Gly Trp Cys Ass. Trp 5lo 42104 18
<C414> 4 <21:24 PRT 4213> Pctiofigial sequence B:VDV Met: Gin Len
Pbe ¢c210i 10 <fili 6 <212> PRT <213> Altifitfill sequence ;WM' 400> 19
Met Gin ie Phe SeT Ann 5 ¢c210t 20 <211> 7 <212> PRT <213> Artificial
sequence BVDV 4GO> 20 Met Gin Len Eqm.3 Per Ass. Gin 5 <210> 21
<211> 8 212> PRT <213> Axtificial cequence Fi70V <43iii 21 Met Gin
Len PEe Ser Ann Gin Len 5 <210> 22 <21-i>9 <212> PRT <213> Artificial
sequence 3n1122 400222, Met:Gindken:Phe Set Ann Gin Len. Len 15
<210> 23 <211> 106 <212> OPT <213> Attificial sequence BVCV <430>
23 Met Gin Len Phe Per Ass Gin Len Len 13.fr IL <211> 11 <212> PBT
<2312»bB:guenhe Bylihr <42C> 24 MeL Gah Lee Pbe Sex Ass Giu Lee
ABETyrildye 2.av <210>29 4211> 12 4212> PRT <213> Artificial
squebcé P>BDV <44404 25 Met Gib Lee Phe Set Asa Giu Leh Lea Tyr
LYS Thr 510°22105 24$5555 6'<212) PRT <2134 Artificial sequence
BVDY:<400> 26 &hr.' Ass Gab Sly Set Lys 15 <210>27 CIL> 6 <212>
PRT <213> Briificiaa. hegbenhe BVDV <400> 27 See ASp Gib Gay SBr
LyS 2107, 28°<2115 G D123 PRO 4554 A hificial Sqlighce BVDV <400>
28 Met Cab iz3e.r Asp Gin Gay Set Lys
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42104 29 <211> 11 b2124 PRO :2134 Art-Afield sequence EVDV <4140>
29 Met Gat Lep. Phe Per Per Asp GM Gly Sec Lys 10 4210> 30 <211>
13 <212> PAT 4:21::34 Artdz.fic:Lal sequence <400> 30 Met Gin Len Phe
Ser Asn Gin Per Asp Pia Ply Per Lys 510 <210-4 41 <211> 14 4.212>
PAT <212> Artificial. sequence ;RI=<41110> 31 Met G113 Let Phe Ger
Asn Gin Leu. Per Asp, Gin. Ply :er Lys 151015 42104 32 <211% <212>
ART <213> Atrtificial sequence EADV Met G141 Len Pte. Per .A:4,n. Gan
Len Len Per Asp Tin Gay Per Lys 510 pp 4.210> 33 <211> 16. <212>
PRI' <212> AmM:iciol sequence BVIMT <400> PP Met Ole Lev Phe Per
Ann Gan L|m % Len Tyr Per Asp Gin Gly Per Lir8 1015 4210-4 341 <211>
Etc Ser A’nn Can Leu. Len Tyr Lys Per Asp GIB. Ply 1510 4, Lyz <210>
35%¢21 1314 <2125 PRT221> Aftificial sequence BYTAI <400> Sii Mot
Gluen She Ser Asn Gin Leo Len Tyr Lys Thr Ser Asp Gin (by 5, ft >015
Shr Lys ,220 24 <211> 12 <212> PlaT <LIS> Artificial sequence B717Y
<Y Sh-Mel Sintashrfie Sex-Asp-Gio edled TypbyeFhrilo «240>
37 <211> 12 <2123 PRT <213) Atrtificial * sequence HVDV <4nO> 37 Met
Sipd endie Thr Ann Gin Leo Len Tyr Lys Thr 5 <210> 38 <211> 12 <212>
PRT <217a Artificial sequence BVDV <400> 35 Met Gin Len Ahn His Phe
Gin,l.eo Len Tyr Lys Thr 15 <210> 39 <212% 21C <213> Avrtificial
nequenctaJZOIGv <100> 39 Met. Gin Len Ann Lys Pne :'rlu Leo Len Tyr
LyS<Fhr 157
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< 4Q4» 386

I . T TR AN v . Toama Yo + .
Moy Glu Lemu Tle Say Bzn Glu Loy Ley Per Lws Thy
5 o 1
3 LAF
37
-
PR
Arrificial seguenae BVDY
A0 37
. e - -
Met Glu Leu Iis Thy As i Lew ey Tvy Lys Thy
5 i
3
23
R
PRT
Ty U ) - % N I ma
<Z212%  Artificial seguencs BYDY

<ROO> 38

R T S N - A 3 o £ v o " A, Youa Ei -
Maet Glu Leu Asn His Phe Olu Leu Leuw Tvy Ly Thr
L

L

(%33

28
Artificial ssguencs BVIA
400w 38
Mat Glu Len Asn Lys Phe ®lu Lew Leuw Tyr Lys Thy



