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other serétypes and the other of which contains“from 14 to 20 amino acid residues and includes the amino
55 acid residue sequence in positions 200 to 213 of the O serotype or the equivalent sequence of other
serotypes;
Xis H, H-Cys, or H-Cys-Cys, the sulthydryls of which may be blocked or fres;
Z is OH, Cys-OH, or Pro-Cys-Gly-OH, the sulthydryls of which may be blocked or free; and
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response agai nst FMDV. These pepti des have i nduced unprecedented protection
in cattle with single vaccination and conplete protection after repeat
i mruni zation. Until the present EP% M9ky gyt his latter 45 achievenent has
been proven only with antigens approxinma eI y five times larger in size than
these new y discovered peptides. In accordance with the invention, there is
pf OVT ded  ay ROIEIRAED & fro2iaTblbifing 4o redics, ¥r BpiermdchticAiabcBptibé soht vreand B ar e
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ser ot ypes EhedirqupeA gnthB inclyde apfinocasidseqverdep sonfesrondingto selectayl sgarencss arssemt ndhei dues
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strain 61 (A10,61); serotype A, subtype 12, strain 119 (Al2,119); serotype
A, subtype 24, stnagn Cruzeiro (A24C); sqsptype A, 15 subtypgs@7 (A27);
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i ncl udes aAR#hgt hSeF6hii-nArsAneglyAsptis LenAlsAlaprgVatV 'ﬁlP am no acids
for the seggpncesggars espnf\giurmlysspmtmsaudmuﬂawammaﬂ13 of the O

seU‘%/pe Ag&pect '5 %Yj R?g‘rgﬁypsp?igtély%legﬂelilggfaAbrgVQEXh safn aci d.

C3l = = = ArgArgGlyAspLeuValHisLeuAlaAlaAlaHisAlaArgHis

The following are examples of the sequence 200-213 for O1K and analogous sequences of other viral
45 serotypes and subtypes:

200 213

O;K ArgHisLysGlnLyslleValAlaProValLysGlnThrLeu
O,BFS ArgHisLysGlnLysIleValAlaProValLysGlnThrLeu
A10,61 ArgTyrLysGlnLysIlelleAlaProAlaLysGlnLeuLeu
Al2,119 ArgHisLysGlnLysIlelleAlaProGlyLysGln - Leu

i A24C ArgHisLysGlnLysIlelleAlaProAlaLysGlnLeuLeu
C31 ArgHisLysGlnProLeulleAlaProAlalLysGlnLeuLeu
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For purposes of illustration, the followi ng are provi ded as exanples of the
sequence 141-158 for 0, K 25 and anal ogous sequences of other viral
serotypes and subtypes: 141 - EP 0 2 150

158 [err] . Val Pr oAsnLeuAr gG YASD eﬁ@ %bal LeuAl ad nLysVal Al aArgThr [err]
Val Pr.oAsnLeuAr gd yAspLeud nVal LeuAl ad nLysVal Al aArgThr [err]
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Mal Ar gGiyids phthmédoih&eis lagidptida Bsduériog \Zad-243aMbrg GreterdbR/ Group A is the Edgudhce 200-213
Ar gAr géildydisyp\Btikel softente us-158] Eubn gded prafbrayig, Ghe1grddpé A and B oftha peptides of this
Ar gl aBrention v paplideSmnicpcatldarided fiory Ye Isith e EMR\Gsanotyh®. A79 Serdy -
Ar gAr gd yihs pivtn XGrapRseritsthé\mind tepmiogl/pdriiinf tre GhntideSF this invention. X can represent the
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Sequené‘&l &ue drRoidd) QnJ BRuSchLEonRiniAg PHd-BIE bSIRG] BRIy Bleterdd? Spéliteighdreely, one
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sane FNDVhe termt"phaemactitically rageeptable aeith addition tsaltst’ eecompasses oty erganid anddnargapia  of
t he pefAid edsiion salis Hioluding,, iehexample. those rerarep fremeagids strd asyhadreghloric.diydretieriani no
t er B8 ngrdfurigy sulfoniey frstaris, dymsrieyydrghromic.. dyeslice Fifip) maleie. haspbaiic, supcinic, jagetiggiifc. or
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J]O[?o and tf&é e a oup Z
def FneS hqe amind! J&%L ré?érreh '19 a.BeJ%Eénﬂ&? b,Pihe& pr?o\)eé“éﬁo%énﬂ%reﬁe&é?“s s
a hydr@ggﬁ at,g,ys a cys ei ne-contai ni telne or e
tripepti §ResBubsidgnbtonShr¥ aSdiowdgai n, the cystel ne may be bI ocked or free, and,

I f bl ocked, can be so bl ocked using any of t he sane bl ocki ng groups

preyd ously descri bed. 15 [Fre—grotp—Y—+ks groups A and B and
represents an anmino acid resifgdue or a spdtlglifte havi ng from2 to 6 am no
acid residues. Pref erably, Y | dlagite anmi np ai d|sequence having from2 to 4

am.no acid residues. Arginine Arg
Y ) Asparagine Asn
0 Aspartic Acid Asp
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The sequence can be conprised of any of a wide range of amino acid

resi dues, proline being an amno acid residue of choice, and sequences
containing Pro-Pro being particularly preferred. Specific preferred
sequences may be Pro-Pro-Ser, orEP Li‘/)ﬁﬂ&ﬂﬁﬂo Thr. Included in the conpounds
of fhis invention are their phar maceutically acceptable acid addition salts
andkfhei r pharmaceutically acceptable carboxylic acid salts.
"Pharmaceutically acceptable salts" referfs3faet hose salts useful in the
chenot herapy of a warm bl ooded [Gh5ERE - TTIE &ye! 1]~ Phar maceutical ly

acceptabl e acid addition salts'| gasaerasdesaiyot p organi c and inorganic acid
addityon salts including, for éxashife tHoS@nprEpared from acids such as
hydrochloric, hydrofluoric, 25| ayénburic,| sayfopic, tartaric, fumaric,
hydrobrom c, glycolic, citric, |rasiahe€, pHosgsor]c, succinic, acetic,

nitric, benzoic, ascorbic, p-t¢lisseogsul f dnime, benzene-sul fonic,

napht hal enesul foni ¢, propioni c| Lawmthet he |]i M@eu Pfefer- ably, the acid

addi teon salts are those prepalfddsifer om hydrloehl pric acid, acetic acid, or
succi nic acid. The above salt s|dhenyislepineirlecPiey fonventi onal net hods known
to those skilled in the art. Thédlied m "cgrfXyl|c acid salts" includes, for
exanpl e, anmoni um al kali metal S8#et s sudh $§§ shdi um 30 potassium and
lithium and the |ike. For conydfi®®®e tlhe™ani ho acids referred to are
descr’fbed by their approved sh r#‘f?é?ﬁﬁa"t hrleeP et} er designations. These
designations are as fol |l ows: 3§ Yosn® yr

3-letter Al anine Al a Ar ler?llmr?p Y&':_g_Aspar agi ne Asn 40
Aspartic Acid Asp 45 50 55 4 EP 0 204 480 Bl 3-letter Cysteine
Q/q,ut arfremples qf compogpds obthis invention are: d ut ami ne
d N4 ydPr@k H[(2°°‘21@F¥"’ﬂ§ {1t 99gProCysGIvERpHs | 5ol euci ne lie Leucine
Leu 10 VP1 (O :; :—gyngOD-Z 3)ProProSer(;41(-114518)1]gg)s]:gH GIT 8 ||.' Lys Phenyl al ani ne
1 -LysS or S -
Phe Pr Olvmg K) H[(2¥)0-2y rolf:%%) Iylﬁ:’gws)]m—l SEyec

VP (01 BFS) H[(141-1 58)ProPro(200-21 3)JOH;

VP (A10,61) H[(141-158)LeuProProSer(200-213)]JOH;
VP1(A12.119) H-Cys[(200-213)LeuProProSer(141-158)]OH;
VP1{A24 C) H[(200-213)ValProProThrArg(141-158)JOH;

VP1 (01 C) H-CysCys[(141-158)ProPro(200-213)]Cys-OH;
VP, (C3l) H[(200-213)ProProSer(141-158)]JOH;

VP {01 K) H-Cys-[ArgTyrAsnArgAsnAla(141-158)JLeu
ProProThr{GluAla(200-213)]0H;

and the like.

-The compounds of this invention can be prepared by any of a variety of recognized peptide synthesis
techniques including classical (solution) methods, solid phase methods, and the more recently available
recombinant DNA methods.

One of the principal methods for preparing the compounds of this invention is by the solid phase
technique in which the amino acid sequence is construcied sequentially from an initial, insoluble, resin-
supported C-terminal amino acid. Techniques for the solid phase method are described by J. Stewart et al.,
\/40 Solid Phase Peptide Synthesis, Pierce Chemical Co., Rockford, lllinois, 1984. T

Specific examples in state of the art solid phase peptide synthesis which may be utilized in the
preparation of these FMDV synthetic immunogens are provided in reports by R.D. DiMarchi, J.P. Tam, R.B.
Merrifield, Int. J. Pep Prot Res. 19, 270-279 (1982) R. B Merrifield, L.D. Vizioli, H.G. Boman, Blochem 21

25

30

35

features are the followmg
1. Utilization of copoly(styrene 1% divinylbenzene) resin, 200-400 mesh beads, available from Bio-Rad
laboratories.
2. Functionalization of the resin support to amlnomethyl-resm by the method of Mitchell ot al al., 1978 (see
below).
3. Amidation of the carboxy-terminal amino acid to the aminomethyl-resin as its t-butyloxycarbonyl-
aminoacyl-[4-(oxymethyi)phenyiJacetic acid derivative.
4. Cleavage of the amino-protecting t-butyloxycarbonyt (Boc) group in 50% TFA/CH2Cl; and neutraliza-
tion of the amine in 5% DIEA/CH:Cl>.
5. Double coupling at each residue is utilized. With the exception of Asn, Gin, and Arg the first coupling
is by preformed symmetrical anhydride. The second coupling in ali cases is by preformed HOBt-ester.
The first coupling for the aforementioned exceptions is analogous to the second coupling.
6. The peptide is cleaved from the resin support by exposure to an acid in the presence of a carbonium
jon scavenger.
7. The following side-chain protecting groups preferably are utilized: Arginine (tosyl), Aspartic acid (O-

50
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Thr eoni ne Thr 15 ‘ ' Trypt ophan
Trp Tyrosine Tyr Valine vVal 20 Exanpl es of conpounds of
this invention are: [err] .H (-200-213) ProProSer (141-158)] ProCys@ y-OH, [err]
H- Q/s[ (200-21 3)ProProSer(141- EP9RORAPRBOH; [err]

sCys[(200-213) ProProSer (1 41-158)] - ProQ/sGl y-OH [err]

H[( 0-213) ProProSer (1 41- 158 Jy err . 1,58 roPro 200- 21
OH; oyglopeniyl) steine (4- ) AHi
2 Lysl ( boseDE capagmy &éﬁT’“’ 1%'2 a%m'r%e ,?%a*-%"%aﬁ" ) i

H[ (200- 2 va itiol olve’ ex - uét
* é'o i §r§ :&e?garbéf%érg z% Syr?t@éﬁlwdﬂo HF &t
6b

58) Pr oP pegy
4l- 158)13 o tweég;gr . In their
Pr opr e%‘fiﬁ ding'| trIeEb%s.Jeu Sptidd B Qbiﬁgﬂﬁomuth infethoddv/ent i on

can b 3;%;&9%9 sitY TREY ridthods \Geherdh} ¥nveike oRP&BIOh o I:M@dldoﬁdhs Sapbihd) ®6th Sfor

t echnigghifsts 8f tH&"J&&rs@' BSirigC 84quérize| andi @) theedoplimentarp| seduepben starevet Meds, and
t he,Migonticifofidts| afe Aéadrea b Erivitié Quvbriap 201 tonbiWagmant: led diss. cdding Bfuednbee with itwrc i pal
met hodggrhéhts B 9 @brglendntaey ssauamosl Bt vied vdrdai Fhd oligemitibalides @re Ipgiredhard daitedd phase
t echniyitiatelylprotiicing thé besiraingen@seaasnde.sequence i s constructed sequentially from
an i ni ti we, sequeaed islisertedriate iansioning ypator tabd IeCation rwhich sbrmiterexriessien of thererpign ques

f or t hpeodsalforcwhidhait eodest A euitable cloniegs vactoh centding a) leastt 2 paiion qh@ ggne’s exprspien Phase
Peptsi chent®yspabrmcs.s, Pierce Chemical Co., Rockf ord, Illinois, 1984. 40

Speci f i CA biriaalsieression cantralseausncerqae by descrihed rr'def %\5?‘&5 %’g ﬂ'é% i”B""hhu ch

may bdheytappgaziadhg gene (e i3 'araé?tafsé‘?\b‘ﬁ?‘ @ Ree iay; B ar e
IF:), r ovi d@dhq epﬁot?a@ 2r\ngsaeccB?n ; Wﬂ?ted ?331 ;:?3 h ;:L fion ter*mna oﬁ; e&@
Bg nPr O,a@e io m g?r fg l§n (t}%gcﬁ o'n)e tper ?} éiea )' free G
Bi ochSlemsl; €0 TH og@tﬁv ztro t v 3 thdt,! prgéé t Y-
fol 1o erepresses gen the firol Er?m&dzgio @Ug{anJeQI?aTt lérr iréH 18 id}&® gene
0 n. Th Jgfmt&@t(l'p foP R ny LY 1108 Grom extBritl \comtdl RENZRBAS tdrMed N,
, ava—rlalefromBlo Rad | aboratories. 2.

200- 40K rEsh.

Fungt i Onﬁhﬁ@ﬁﬂ S he&t thd BBmbtEISis. the St&HaEHption! iftiNBA SIBMEL fvjht aff vifidhRNAypdiyeras®t hod
of M ti5dashd inéte @hnscriphh/ét MFNGe Ol Bindcriptdn isihtiglat, mBNAGS produeed: Ahdevugtutsex i nal
ani No HieSLiing mANA iSdeteMaiBd biythe DRS seaudmsed df thetgeludigrents\in)as (dbabpbe.

an noacytne| st \mNA yanigshe sagudrae ehicle isatandiataige iinkapriote. pratiuctCliesayangletallé t he
am no-spGudhecis i iovgteti -dosrsirbapx frora theoi ywhtranBated region @pd LpstreADY/Frare Al %ruln anglatgd

neutor abgiana Trahslasian dsf mediatedoly the bindinds o6 ribPBMeE da # sequance (i the kN3 pranglatad  each
resi duegiorsdenetdd ay el ribagpme, bindieg et @aghisi ini¥atadfat e fransiation SWGN U h%?PP?"P%t

coupl iasghe frstippdanr of fther predycisgpRorEequenes ndy QraFd'é" f°frH'e ag'é'e P al
cases Trans ﬁ?’@?‘%‘?ﬁ%‘d’"?{ﬂ‘m%?f"é?aﬂwq? °'1?sqgg t’a[“ﬂ forl, I% nti gned
except i ofi% heéecgn'avea E%’mf"a"ﬂ"h % ° e gt ‘:é' @L °¢:§s g‘fgaved
frofh tthePPdustiap of 615 '?g" ?%‘3%8 'I{L [5’ Eh Your 1 s'i
car borﬁea ce, i.e., a sequence of hucle ©S con ro|s an gu at S OX QSIOQl 0?%6 8 ne§ with

proglﬂ.I ction of exogenous protein when operatively linked to those genes.

In the context of the foregoing, the term "expression control sequence includes elements (a) (b), (d),
\—/ and (e) above.

40 Recombinant DNA methodology can be employed to express compounds of this invention either as a
portion of a larger "hybrid™ molecule or by direct expression. In the direct expression mode, the cloning
vector is designed such that the expression product is composed entirely of desired product preceded by a
methionine (Met) residue resulting from the presence of the essential start codon. The superfluous Met
residue can be removed by treating the product with cyanogen bromide or with phenyl isothiocyanate

45 followed by a strong anhydrous acid, such as trifluoroacetic acid.

in the hybrid molecule expressiori mode, a DNA sequence coding for the desired product is inserted
into the expression control sequence of a cloning vector at a point such that the product expressed
comprises a hybrid protein. "Hybrid protein” means a recombinant DNA product comprising a foreign
protein, generally all or a portion of the natural (endogenous) protein produced by the expression control

50 sequence (for example, lipoprotein in the lipoprotsin gene), to which is attached the desired protein.

The properly designed hybrid protein produced by recombinant DNA- methodology will contain a
cleavage site at the junction of the endogenous protein portion and the desired product. The cleavage site
permits generation of mature product by chemical or enzymatic treatment of the hybrid protein product.
Highly useful selective cleavage sites comprise a DNA sequence which codes for an amino acid or a .

55 sequence of amino acids which can be cleaved chemically or enzymatically at its C-terminal.

Examples of chemical agents useful for cleaving proteins are cyanogen bromide, BNPS-skatole,
hydroxylamine, and the like. Cyanogen bromide cleaves proteins at the C-terminal of a methionine residue.
Therefore, the selective cleavage site is a methionine residus itself.
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~ion scavenger. 7. The follow ng side-chain protecting groups preferably are
utilized: Arginine (tosyl), Aspartic acid (0- 5 EP 0 204 480 Bl

cycl opentyl), Cysteine (4-nmethoxybenzyl), Gutamc acid (O cycl opentyl),

Hi stidi ne (benzyl oxymet hyl), LysFR& 20848%Bdr o- benzyl oxycarbonyl), Serine
(benzyl), Threonine (benzyl), Tryptophan (fornyl) and Tyrosi ne

2- br onpbenzyl ox car bo Th f d i.dy] -
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and f or clof\@d 6 kiR IRMNody JsinG SFHAGHMA Brotnitie i Btbducd e dddtedmbtg@prbalot | des are
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ol i gonuctighoti epiication dreplizbm).cRlasaidd and phagel DNA| Hyi theirt vetyynapiweochn@inrrgplitdne fabitisinge d
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15 cont Pp|usesiig saiaction pyrRogas; ag of ‘P‘@% §P’B’ﬁ°‘&3b1‘ﬂ°1’ GPP%WEHE‘ E‘hﬁs‘ﬁé’“’&&%ﬂ bed
inter rréet"a ychne fesisianesQc ampicillip Ffsls ear in.the gene,

the ele forpaging g 'F'F‘?Rh’sge % 'Hﬂt svallsp anjz °' ging vectsrs.
U”K-/a”s % § r%@“ IE1 ngt e%i)st jg c%er%(ra ﬁg h§ . '"°'"3Z'§
untransk Pl ol ﬁE s%c ;.r 9 ity

function o third [eggl n;rgggﬁghégaf The
Pronot ek & iftifud raéﬁﬁplb %Jsb ?rBrh % Iﬁgpr&gﬁ 5%9@:5 8 Meng I R pdpRdh

(tr anscrgg,p,t 1h6 Bacta § Jth& PRigR lantbaY, ahEhé k. T ree of ext ernal control

(conski t utih pRMucing2) sulldbidioning Sectd® BY nBdridAfof thelsEIBEESSBIession cEMIREScqIEAEs, Fdute,

when pr aembds aré QHICSH106s G6s16xist Wiltlr ¢léning vottork 3) whidhdats chinBe Madul dsib aQbstrittion

i nducer penddnciéasst secific tdi dlichi Ste. AGUIT riede isitbsi danl e Golg@tEfof ihSertidn0dl .thel &@ression

| i popr otantroi sehydpde. G€ areexainpip, i tha wWpll-ecoghiged ane dodumentadpldsaidzBR322) séveral suttabtb t hus
I S t er megtittiporsities éxist.i ane 'df willéh may be euridyed asins@tionsites: At Pt sfie sniodated within tttiee

" t r arvg c genet forofriatamesiea Dihensites pwside of apy srrecificy todinigi redion i Egafil pnd: PadieThesmeansl t o
initiat ethGTrsa?ﬁs%?WﬂtfPQm"'éﬁdh!ﬂNﬁ?sWﬂ:@ therathscription is initiated, nRNA is
produced. Takgo adveriege gf anpypf these sF@sﬂJM"P'ﬁ '"?ﬂQNA of 3" G’(?E‘%??'?ﬂ ?R?H°'l§9q ‘DNR
sequenc 8§y Rofian Harpaf qan by fepdil a °B7‘p '%F)ém '"Y‘P!W& ca

a seque g\cd‘ Eﬂe et of couesp. 4% 5‘8 IPNA spqusn ' E‘E p"°‘t|‘f% th

sequ wel s EI cﬂb FUSR] P Ingﬂqc?lp{eeg. "slﬂqt © 'ﬁgqgﬁlfeéj P‘?&?‘B‘?‘?‘eéﬁ‘at fpe t ream

fromthe utéﬁge o} v% Sr c§9b58 WE%HX eao’r c?s?mj d#o?E»%ﬁ\ ﬁmf%d?dl ng

ri bogq
thU' bg gﬁu ﬁl% JJ eas |lls Sr e

( AUG)4p 2RRRAdrbriNEeS Sind R ffkb. rmmﬁ.sm @qbﬁiém-ﬂ%ﬁﬁ’ve %ﬁ&m&ﬁ%@n&n cedi ng
as wel | glamnebdiive prokaRftici6rgshisiie] &) icBiNis BspeCibilytpteterrbt AOSxahpI)E. ESIKA NGaMs, sadh One
or noreag RY3WB.NAt i on codons appearing at the end of the translation region.
By the t edmpidging Svellf recogaigstb maastoloff\Ahe iappréigiately aeepamd pashihg bleetois Carg rueqan foe
cl oni ng traretno rseitabis efostl orfanism35aré epiied dtu sich mngaoitms eine EkaEndus rpaiteim product is
( exogenexpsdssqulr @ingi standdyy farmerdation papditiertso Tiwuexagenewst motem arpdact [is selated by cavtiner ol

methods from the resulting fermentation broth.

Thus, in accordance with the invention, there also is provided a process for preparing a synthetic foot
and mouth disease vaccine containing a sequence of Formula (l):

50 X-AY-BZ (),

in which X, A, Y, B and Z are as defined previously, which comprises:
(a) Cleaving a protecting group from a correspondingly protected compound of Formula (1); or
(b) Culturing a microorganism transformed by an expression transfer vector containing a DNA sequence
55 coding for a compound of Formula (l), under conditions suitable for expression of the DNA sequence
coding for the compound of Formula (I), and purifying the Formula (I} compound from the lysate or
culture medium of said microorganism; and
(c) If desired, salifying a free compound to form a corresponding pharmaceutically-acceptable salt.
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sequence, i.e., a sequence of nucleotides that controls and regul ates
expression of structural genes w th production of exogenous protein when
operatively linked to those genes. In the context of the foregoing, the
term "expression control sequeFP®2044808des el enents (a), (b), (d), and (e)
abave. 40 Reconbi nant DNA net hodol ogy can be enpl oyed to express
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cl eamvage are trypsin, papain, pepsin, plasmn, thronbin, enterokinase, and

t[le | | RAMPEEZ h gffects cl eavage at a particular am no acid sequence which

it recogni zes. For exanpl e, the selective cleavage site that

ent er ok ’ﬁ%?é@°’?'§c?¥@‘ﬂ?‘fé:§"°‘éa°‘i'??é am no aC| d sequence 9(Asp) Lys- in which n

IS an I nteger, from gr e
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S Qe Nicide Oftkchiadatl gmaPehiisus Labstatbries rand) Bacherh, was[dssessekli byrTLCr enptal extatipn, afinasmi ds
and phageaniés diy maespectbanglysiaprior ® usent ai n replicons facilitating
replication in a host cell. Secondly, the vector nust have a DNA segnent
whi e A.Rmaperationtad Aminbmethdfesinmabl e host cell a property

The preparation of aminomethyl-resin was as described by A.R. Mitchell, S.B.H. Kent, M. Engelhard,

R.B. Merrifield, J. Org Chom. 43, 2845-2852 (1978), with the exception that the desired funtionalization was

four-times that reported. To i. To 100 gm of thoroughly washed resin in a three-necked round bottom flask was

s0 added 16 gm (81 mmol) of N-(hydroxymethyl)phthalimide and 2 liters of trifluoroacetic acid/methylene

chloride (1:1, v/v). Under rapid overhead stirring, trifluoromethanesulfonic acid (40 mi, 0.44 mol) was slowly

added. After 6 hours of reaction at 22° C, the solution was filtered and washed extensively with 4 L each of

trifluoroacetic acid/methylene chioride (1:1, v/v), methylene chloride, ethanol, and finally methylene chloride.

The resin, once dried under vacuum, was refluxed for 16 hours in 2 liters of ethanol containing 5%

55 hydrazine. The resin was filtered warm and washed with boiling ethanol (4 x 2L), methanol (4 x 2L), and

methylene chioride (4 x 2L). The product was dried under vacuum to yield an amine functionalization of

0.836 mmole/gm by ninhydrin analysis [V. Sarin, S.B.H. Kent, J.P. Tam, R.B. Merrifield, Anal. Biochem. 117,
147-151 (1981)}.



is useful for selection of transfornmed cells from non-transforned cells.
Any of a wi de range of properties can be used for selection purposes. One
of the nobst conmonly used properties is antibiotic resistance, e.g.,
tetracycline resistance or anpi cFPI0i294488B3t ance. The foregoi ng two

el efrent s generally are present in readily available and recogni zed cloning
vectors. f uLt bl e on|n vec,tor_ are bacterial plasmds, such
as pl as I 20 BRI 2 pI\/BQ Col E1, pCRl wi der

host r angeTi'Bl ﬁt%“fs of c-g rge- Rpé*h Dn celt-l)clz\l'ggd was St ng Tta
1 ke. t ég#:neh(?lg’ e ns% #&ﬁgw}ﬁﬁ E%f é%! eagy "Car 1yt he
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O her si tss Qut ssl de, og @ gBemflc coding region are EcoRl and Pvull.
These arfd ecogni zed by those skilled in the art.
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pr okar yot b.5%PEMEHsGIE (2 xAihutesy Baci | | us, Streptonyces, and the like; and
eukaryot i & Gkglaffi shwinuslich as 40 Saccharorryces and the like. Preferably,

t he host 6 mpéawn"gg # ’g‘@&ﬁ\"\ﬂ@@at i ve prokaryotic organism O gramnegative

prokaryot PUeE  coli is especially preferred, for example, E. -
coli K- 12 “2§'aé‘rf‘ @'"Fi%ééz E\’f% edyi ng wel | recognl zed met hodol ogy,
the a pro r'ﬁ'g*jhe i yectors are u gﬁo 0 nsformswtable
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desi r ed F- ogaration of P K, ¥ bauPligsiidd- vl { - ¢ 25 Fegdys fepids!:

phar rfﬁceUtAlp(p:l%LlrlnXteleccegng P ;lxeptigy?resih representing 0.532 gm of protected O1K, VP, [LeuProProSer-

(141-158)]ProCysGly was treated as in Part E to yield the desired peptide in 84% yisld.

G. Preparation of O, K, VP;[(200-213)ProProSer(141-158)] ProCysGly - - [38 Residue Peptide].
55

Approximately 2.4 gm of peptidyl resin representing 1.29 gm of protected 01K, VP; [(200-213)-
ProProSer(141-158)]ProCysGly was treated as in Part E to yield the desired peptide in 97% vyield.



7 EP 0 204 480 Bl The conpounds of this invention, active in treating
foot and nouth di sease, can be used in a variety of pharnaceuti cal
conpositions and formul ati ons and can be adm ni stered by a variety of
conventionat routes, such as i nEPHR04a80 Bint r anuscul ar, intravenous,
subcu¥aneous, and intraperitoneal. In admnistering the conpounds of this
i nventipp.. f OF AT, sul titbl e for i nj ectl on include 5
steril e agte ] L IR8)RpEys piflue

reconst i tAJ';p‘.OQiq,a{ei}t g”)g A 'lreLiS"re re ' t| ons or d| spr sions.
ot g - PreFRSSefta A5 |¥5§ @a '5 e‘f"%m%sg ?egﬁ‘gq'b?V&éﬁ'P'd i qU| d

wat eg, et hanol, polyol or exarrp e g

pol yet hy#remusﬂ ¥eolk, v@mhd D arh TGN

veget alpdsR =—fratte AR At e
of a coating sucn as IeC|th| n, by the mai ntenance of the reqw red particle
Si ze in thaeaas 6 Kf VR BB\ @A%Ab,y,ug 1458 Prevention
of tihe regivtwas treatdd asiircPapiCE g@mc?gdmheqma phﬁdgﬁs uf@da%# &;ﬁ%ﬂ@;?ﬁ??m tﬁeu??"al and
ant i f uibeadmiegyasist apalysisoof thezelivp Ipeptidgds stoemin Tabk @7 obut anol , phenol, mcresol,
sorbic acid, and the like. In many cases, it will be desirable to include
i sotonic agent% for exanple, sugars, sodiumchloride, and the |ike.

Prol onged absofjafji on of the injeetable pharmaceutical form can be brought

abodt by the us@lofeE G dehayD@waeadtion, fgr exanple, al um num
nonost ear at e angl geﬂ:@;m;q ;;hﬁ;eagggnj ect ab sol utgogs can be

pr epared by inc%pm\a{ this igventi omdi the required

anount of the a r&ﬁl&-l&tcﬁosolmenhw ke Vassi ous of = he ot I‘arangredi ents, as

desiged. If @Besklfed, and for nore effective distrigouti on,otfae conmpounds can
be incorporaged into slow rel ease or targeted del LYery s gTB such as
pol ymer mat r-HCGlIS Ilposome and m crospheres. Dowes of t#edsonpounds of
this inventlg RIS I NPRIEINL - pi ent for a pé'r'= &Y duri ng which
20  prophyl®ct cﬁﬂﬁéﬁ,@baﬁﬂﬁﬂ@%ﬁ_jor fodt and fgulgh disease is
deskr ed. Theweiliihtd gt XN D e of m ni st td og w || have
an infl uenc up {RGe o 200 OF ot Mes ose- n-e@essary i ndu & particul ar
response. s f28 ATy sVAREEY SRS formul Be.the B g)oﬁnds of this
i nventi on | rJ,‘_’,u_n dosage formfor ease of ddmini SN zgl on u iformty of
dosage. Unlg' 'g‘psage form' refers to a physicall yrdi creg §1u§ suited to
25 Provide agsi kgl e dose for the subj ect t0 be treat®de it contains
a predet er niRedgiuiRT RNE 1@ & o@ﬁ,‘.&al culat§d & hgd agt he desired
t her apeuti|c 2 pgrgh *eg’ nmm atign Wléh'a pu?hag eutically
accept ab'_"I qgrr' 9 SIS m&mmaﬂosagef masod yuand
di rgect | yajepsndant RO N ~ P g ey eh@r@ct i $t '53 >of. oaml cul ar
conmposi t &n @nd@b) the particul ar effect tho b%a@ Sved |U)WI ng
non-limti n%exarrpl es are provided to further |é| g%agegh t| on.
EXAMPLES | ration of Synthetic FNMD Vacci mes- i des were
syhthesi zed Bhr gh~t hes sse~0k t he~BeecknaRr 9903,5& Eelude
synwhesi zer ,8us gsenﬁﬁmmﬂéeﬂiﬁaoﬂbmﬁlng Thed rﬁt I‘,“' R e~
functional i-Zgti &, &N é aci il Hd@ng n® atl Dteps
subsequent «®o t Aadi 15 G Of ot Fiee Ioast- am-no aoodpq ver e awhipevad granual |y
Al reagent sgunidds< ot Her W ENE NVXE R 1l F el Br He®cPmercially
avai | able. Cfnef™yl formani de (DVMF) was stored @refd % p!gc§ B eves for
oneg®week prisr o @ use. Di chl or omet hane [err] TS IdP gj ﬂilﬁl._s N
o @ g 29 oE E g 3
= = T L L T e T e L T T e 0 ® O M 0
i ™~
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- 1. Chemical Attachment of Peptides to KLH through SPDP.
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40 Diisopropylethylam ne (DI EA) was distilled fromninhydrin prior to use.
Copol y(styrene- 1% di vi nyl benzene) resin, 200-400 nesh beads, was purchased
from Bi o- Rad Laboratories. The quality of protected am no acids, purchased
from Peni nsul a Laboratories and BRoRo480Bd assessed by TLC, opti cal
rotation, amno acid analysis and mass spectral analysis prior to use. 45
A’ Preparation of Am nomethyl-resin The preparati on of am nomnet hyl -resi n
was as desBPi FH%‘G"‘H dﬂs"RbedW%@F ["‘e ?‘aBesH Popiide, studieg ¥ thesape for all
Merrifi é’PQ}'de?l “’h'

m'ca' e 'naéﬂ '8‘@ PI §ﬁ°'f H‘éh t he
horopoR %uffedm' f°aﬁ- %ﬁ"@ TR
R
an{

andtothe
trlfluor d? pD

stirri ”Qwe QaHpe Mﬁr&ﬁﬁ QﬁBeﬁaéEt' dis G-2 9 y,mdded.
After 6 NaHEG, B 722aCd0 &ﬁymatrm{ Rbdidg lobel %cm d $8 déﬁ@u ah ﬁés dAfifled @St d
ext engi \és,ir&.;ﬁutébhm% by 8BcRd&tiod. I i f | UOr oacetic aci d/ net hyl ene chI oride (1:1,
v/ V), et hyd 10 8ngCd i firbonalb ADD{2, x AT mbi dh agdn) RS My byt REHPOJ, PR .7.0T e
resin, Qodd den-ili ¢oeke r(44/@g,LRIKM 0 Rasol) ¢ tel(t41eh 58)BroCYsEIN RUiliced ipsptide Inl 608 1L$ of0f

et hanol oasnTrizi buffergat Phic795 Thdxedetiaz waemonitaed ibg Sibetation of the ligzed @dd wandnoctecheaas hed
wi t h boiqlantigtivetit 80 ginuled ax22? C) Thensatnhlawab déséited dhlgephagrytiS+3en nolidhH«(tIGDarpHde (4
X 2L)15 Ti5e apst yophillizedhcihe dielde dn genpiing then&1ru RS-t endy38arbsidua rpeptideh es based on limited

f unct i omRectenteopiesrertively 8% R¥PbReY @fk- by ni nhydrin analysis [V. Sarin, S.B.H
Kent, J. P Tam R B. Merrifield, Anal. Biochem 117, 147-151 (1981)]. 8

EP 0 204 m&ﬂﬂ_ﬂ_‘ﬁ'ﬂ%&ar ation of Boc d yci ne- [4 (oxymet hyl phenyl )] acetic

acid, The S nt he f Bo l_‘ym ne gox egy tic i d wgs
exact y gnce ¢ l1%wn eu d's C jtéé ﬁjﬁellaﬁ/&r antn‘gﬁl d,
Synt heS|c§"c % 1&‘; ?aé'ige{"?pe RcRNEnt: Of
Derivati ze yC| ne its nome

Boc- A yq g,o,gqaesy,%{ogyl phenyl )] acet i C aC| d (1.4 mol) was dissolved in 20 ni
of DNg/ met hyl ene chloride (1:3, v/v) at [err] in the presence of 1.4 nmol
of 1 hmdegmhﬁmg,ﬁdﬂa,zol e (HOBt). An equivalent anount (1.4 10 mmol) of
di cycl ohexyrcarpodrimde (DCC) was added, and the reaction mxture was
stirred f @unddd Hartiywosad clony eahddm brad teeﬁle\ghmaatbigﬂ. ayigHirNSBBO0LIGretwes Gsed &iTalV ed
by fil t esgerientsirhch Iveccha peemmtationi wasd dédrainittared. afj IrtheD esttitet Odséday by s@sitaneous
sus pendnibciian iR velime bf (st hiltb eanb nesiniberr of degroupifof tive guiner biga. e onlyhexceplien i thea s
filtered,15 vhiokabvolunker dosagei wae 9 OB T dal® wirich whs yeed inytheeantigentdoss fitegtion to deliver en
sus pendé@hqshcqmeenﬁﬁﬂ%fs*a@dlsmea‘em vaceipthyasrArenered frony iy @anierpn alrpin, whitlowesde.
After athe:pagifemarich the,Rybligger seaquqnee dgta was defad. heyaceing WasREpatep with ajusinippe
resi n widreyide gakpnd ﬁP’E%"eFﬂr?Eé"%ftsFP%'D PR d°5‘? Eﬁ‘ié‘t‘?‘n Yee?fé'"?:l’fp”tﬁ’?s(?é"e“ a'r?dm"“'ter

bse§uhY®® "et'h"es
subsefu S o d?{\egjf"reaa’

ng
u £ S8 Dbt st b ,
el 2 e %%E@%f'weﬁ WE:;: o EW%E% e

R, Bk o |§rt o
Gn, gn unﬂa%ud’ﬁs%b%@ msﬁﬁleﬁsl Peiof deéi n’%m? e ‘&5 r?efaﬁzedtl ﬁns on

remai Ni gy o} MY B6tloFRandEérSndulh! THe chiBHHAl P roRstioh Wed the REsBARIONEHY sSLATER) kdiéra
anhydrides and repeated as their prefornmed HOBt-esters. Neu- trallzatlon

depr ot e®t Cati VBR€Inatibd washing were fully automated by the foll ow ng
protocol , at I5 m of solvent/gramof starting resin.

45 Six to eight month old heifers of mixed breeds weighing approximately 150-180 kg which were
susceptible to foot and mouth disease wers used in all experiments. Each vaccine preparation was
administered at the described dosage by subcutaneous injection in a volume of 3 mi to each member of a
group of three cattle. In each test a group of three cattle was non-vaccinated and served as positive
experimental controls. All the animals were challenged by intradermolingual injection of 10* IDso of freshly

so titrated OyBFS 1860 virus in a 0.1 mi dose at ten sites on the tongue. Animails were examined daily post
challenge for evidence of increase in body temperature and lesion development on the tongue and feet.
Animals were deemed to be protected provided that no secondary lesions developed by seven days post-
infection. All animal testing and sera evaluation was conducted at the Animal Viral Research Institute, United
Kingdom.

65
C. Determination of Serum Neutralizing Titers (SNT)

The method employed for quantitation of serum neutralization titers was as described by Golding, S.M.,
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25 1. 5 DIEA/[err] (2 x 2 mnutes) 2. [err] (6 x 1 mnute) 3. First
Coupling (1 x 120 mnutes) 4. [err] (6 x 1 mnute) 5 5%DIEAJerr] (2 x 2
m nut es) 30 6. [err] (6 x 1 mnute) 7. Second Coupling (1 x 120 m ntues)
8. [err] (6 x 1-mnute) 9. 50%EAMNRPLMIOBL1 x 2 minutes; 1 x 20 m nutes)
10.\Lerr] (6 x 1 mnutes) 35 During the course of synt hesrs aliquots of

t he resi . earat on. of _short

Pr epar ?4198' tff’f;i‘i. P el 'ysc': > agg1 na_

oot ot oy N B g o
protec e err . “Pro y arLall vaceingtion p cresol

(9: t B,L, idal H;sg,;& 60 m nutes. Upon conpl etion of cleavage t he resin was
evapor at ed o dryness under vacuum at [err] and subsequently washed with 5
X 50 M ghe FHoltt diitinciighRéthod ToICedikBIbhRY Al REtVBSIIenEIE o\ @ Serfdé S Pdterasl sphthdic
SUCCESHdpldd ReEihdsGs &L ddlorining HelWBiIHum britectiVefoldr Ho¥e. F8bI6TR Jrepréztits 98 Gitrétibn X 30
m ), areulttiobRnbd inlgitckiOIRE Wit foar differiih immuragene cWhiletifie d&S isl ileadaBnglini sebrdl 0 a

yi elél vbSpeots, the YhostEimiponeant agpbdt risa this Gwarked \selsdnastheat i seiununautratigiag titads f(BIYTIrant

cont enproweétion Gebievéd chreugp tthed88- vand 4p-Uresifiuecpbplides Sie phraghesonGo Atat @ the 3 rrenitine i On
chr omapeaptidea Glegrly thesb09sultiCirdicdte thie amipertadi ddirantsgénue iptogértigs[DT e qomgernts ofrthis 0

yi el d iaventigphwijch-rovisigcontireal grotection ean viralfchallenge ofe 38- and $6-¥esidup peptides abnear to al
HPLC. W® GW@!?J'& within Wefme"[ae?fp '[stEﬂmv@WP"B'SEF'(Ylm&W@%)q thpaping teapigal CysCyp 25

Resi'd u@s'ﬂl@ﬁt"l tha [latters Thegg fwo)Re éppean tojc Piogsoprpigetion Pte'g-‘fsrf“#“eﬁﬂ‘P'&'@rfPr ng
0. 532 'P"'egﬁ“b %é?séd’f rzﬂo’]'es E%Eﬂf'P?S‘fsr M?[L‘T‘S EF’P @” RRotpGt eat ed
as :gf ﬁtsfgﬂ@"“] %’H%ﬁ F‘&'PT‘ Bn of
[err] 2 l;;ﬁi r;;r '°° p %ﬁ??;l Be] .
en asses mi al vra § a in aro er p

i g rgn Iik aBnd m éﬁf :Esi ted
[er $ a|a asrn ar Eto
yi el d t'he peptr e |n 97% yi eI d. 9 EP 0 204 480 Bl H Preparation

of [err] [CysCys(200-213)ProProSer (141-1 58)]ProCysd@y - - 140 Residue
Peptide]. Approximately 2.5 gm of peptidyl resin representing 1.39 gm of
protected [err] [ CysCys(200-213)- ProProSer(141-158)]ProCys@y was treated
as in Part Eto yield the desired peptide in 97%yield. 1. Preparation of
[err] H Cys-[ArgTyrAsnArgAsnAl a (141-158)] LeuProProThr{ d uAl a (200-213)] OH
- - [45 Residue Peptide]. Protected [err] H Cys-[ ArgTryAsnAr gAsnAl a
(141-158)] LeuProProThri d uAl a (200-213)]-peptidyl i0 resin was treated as
in Part E to produce the title peptide. The am no acid anal ysis of these
five peptides is shown in Table 1: [err]

50

58
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55 |. Chenmnical

0.1M[err], pH
mat-erigal was re

upt ake ceased,

Attachnment of Peptides to KLH through SPDP. 10 EP 0 204
480 Bl The procedure described below for the small est peptide studied was
essentially the sanme for all peptides which were chem cally bound to KLH.
The maxi num advi'sabl e | oadi ng | eV&R 0 894 480081 [ N-

sucelni m dyl - 3(2-pyridithio)propionate] to KLH was determ ned according to
the extent of precipitation of the conplex which occurred over a 60 m nute
reaction. It was observed thataan25-9 AVlAar ~exsess  of SPDP to 5 KLH was
optinum One-hal f gramof [KLH2 % 2 [ & ¢f Khof) was dissplved in 25 m of

7.2 with
noved by

t he sanpl

o=
gntrlgu th
7.81 ng of SPDP (2.5 X [&

nt| & |~3 oA, ~A~amall quantlty of insol uble

8 the super nat ant- was added
r - Nn'ﬁé I;erﬂ] of DMF. After alkaline
q-vvas"g;e'nt r fuged Wy ™) the supernatant desalted by

G 25 Sephadex chromatogrglhy, $n .2 M[grrd. pH 7.2 at 20 cmhr. The

| oading | evel a
appros mately 4
x [err] nol of
excess (44 ng,
600 [err] of O.
Ilberatlon of t
[err]™® The sanp
and lyophillize
pepti des as bas
J. Fornul ation
weke  gi ssol ved
diluted 1:1 wit
the antigen con
experi nment. )
Hartly cl osed c
wer e agsed in al

chi evedajn
0% by. DOg

3..

nithe @erd vatikaki @ Pas deternmined to be 10
redultin T OBQHng~of the functi onal i zed KLH (2

t he descri bed ﬂoﬁge Eé
to each nmenberfof@&a gréu

0.15 nml total Bolwne désadde was & 8- 45 & @Fos& whi h was

antigen dose t
cont Bl vacci ne
the one from wh

prepared with al @i ni LN

dose. Each of f
subc%aneous in
strain as descri
of vesicular |y
passage | evel .

per aninmal. All
i nocul ati on of

80

ligand)gln 25 m of O0.1M[err], pH 7. 2, was added a ten-fold
2 X [er.ﬂ ol ) R R F14E- SS@Pr OQ/sG y reduced peptide in
1I\I’oTr| sSabufif er wt ;mplh 734.e4 Thie .-r.eactl.sn was nonitored by
h&l i gafig 3ind f"éumd'io"be‘“near quantatative in 60 ninutes at
| eginas dpsdl t eddor® RpiEcByle Se200 A 0.1MB[err], pH 15 7.5,
d.8The £| diids =0 Soupl gt Ke 1-, 2%-, amd 38-residue
eggon I%ﬁ;f ed r-eagf agt «werep respect—#vely“84% 5% and 68%
of Peptvﬂes. 208 2 &l = pgpt | dgs an(;peptlgie KLHe conj ugat es
i =10 Trfi s, PHB L, falt e gesirey con?nt ratpon and then
h gr eu s IConpl et emady urant . <the togfal” votune % well as
cghtrat pr.,adm ni stered to each aninfl is #escri®hed for each
| . Bjol ogt, :% Pr@® ooy 2@ A @iRea Pi§ VacH nati @ Duncan
ol®ny rhdgm brbdsf grafse Huignes pi gsg wei dhi ng 450- 500 gns
| $xpervh@lt s. “Eah ‘Fagige Prepar atgon wag admighi st ered at

gbcuﬁar@'oﬁs S0~idyertion & a V@Il une @f 0.15 ni
dlof oV dbi Redopi@se The enly e&cztl‘&n to the

t he
't r%tlor;t@dellver the hi ghest conceditrat i n;st%ed. The
VaLS pr@épaned = om e—{eﬁrh kauf beumen stea i ch was
i e the:_p%l [ saed'ﬁsggugn ':ﬁ geriv gTheevacci ne was
kB{dr ox;de' g-elvan-d sonvai ne 1.66 uof $aponi n per
[ guigegdipi gs@wWgs gi \(En,ong mllllgtg Sof #&accine by
j &&tiorm %e chal}eagq_\vusu} Bas of ,;,hg_[%r]‘== Kagif beur en
i bd abovel} It yas adapted to gui negd pihs Py-sergal passage
and uSYd fdt chakl @gg RIrgoses ‘Qt o helf i t P gui nea pig
Fofl owi ng tthe Qrrstidraritn>a /29 lwi & \gs made to
gi W&/ a chal | enge dose ofe[err] guinea pig |IDso, i. ey, 8B, oY nfRctive doses
#2st ani §jl s EErE @vEn ThE Ralle ge-an r&s ®y $ntrader nal
tkﬂé left iBInd koos pRdo- e.vobure 0. 0& & Eac® chal | enged
b b L] L
'°u 0 Nu u wu ] [} -] % > g & °
= U & U 8 Q0 U v a o U W
sy TTETEeE B8 8% 3
3 §#8ggfggg fgzid
[~ Q@ O~ 0V N VW N 7] E Qv i 8
£ e n- e o un =] .nm o v
- &N ™ T O~

The necessity of antigen optimization is of utmost importance, because commercialization will quite

likely warrant utilization of an adjuvant of lesser potency than Complete Freunds. Table 3 reveals that at a

65 molar dose comparable to that which provided protection with the 21-residue peptide in Complete Freunds

adjuvant, the 40-residue peptide was completely protective with a commercially acceptable Al(OH)s

adjuvant. The absolute weight of antigen providing full protection of guinea pigs with the latter adjuvant, in a
single vaccination, is less than 1 mg.
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40 gui nea pig was observed for the subsequent 7 days for devel opnent of
secondary or generalized | esions on the other hind foot or hands or nouth.
The criterion of protection was the absence of any secondary | esions. B.
Cattl e Vacci nation 45 Si x tEP @Reh48Bht h ol d heifers of nixed breeds
wei ghi ng approxi mately 150-180 kg which were susceptible to foot and nouth
di sease were used in all experinents. Each vaccine preparation was

adm ni stered at the described dosag?m gubcut aneous injection in a vol une
of 3 mM to each nenber of a qroupg o hree attle. .In each a group of
t hree catt| cAduvant. Eyaduation iny Gu Pige ; et Nt al
contyols. Al the animals we de vadednation r ader nol i ngual injection of
[erri of freshly 50 tltrate%_BFSTWus ina 0.1 nl dose at ten
sites on the tongue. Animals were exam ned daily post challenge for

evi dence of increase in body tenperature and | edNown RPeotected/fes on the
tongue and feppptideT@oncier e _deguijhvantbe prot No ecCChablenged: hat no
secepndary IesTUﬁﬂ'éVﬁT’o?ed by seven days post- infection. Al aninal
testing and sera eval uation was conducted at the Aninal Viral Research
Institute, Uniis0 iimg.dun 5Freurids Qompleten of Ser®PNeutralizing Titers
(SNT) The net hog.l d for quantid¢ ation of serum nppgralization titers
was as descri be b%@gl ing, SSM, 11 EP 0 204 480& Hedger, R S.,

Tal bot, T., Wat sdnnmbleu?esear ch in%eterinary Scienc 0, 142-147 (1976).
Al'l ELI SA anti &é%y are defined as directed agagpst the peptide

140- 160. Extre C ose correl ation of ELISA determ na- tions and serum
neutralization titers has been achieved in all vaccinations utilizing the
degcy i bed pept i | . Biol esults. The nBgs convi nci ng net hod
fo%stabl i shi ngﬁsﬁm%reéldatl ve po?glﬁf:‘mc;*Q a series of ?? ential synthetic
pepti de vacci ne AMQ) &K%t er i ne the| r mni mum protec e nol ar dose. Table
2 represents dosQ rinigldg on results ®btai ned in gui neQ/ﬁi gs with four
differing i munogens. Mhile the datayis illum nating bz gseveral 10
respgects, the 'F'Pﬂ)‘cﬁ§ ant aspect is the marked enhahcenent in serum
neutralizing titers (SNT) and protecti.on achi eved through the 38- and 40-
resi due peé guilds pigh h&e Hasr 16 ®8 atusofdl irdtie! @dr etaiatiod bi FIS valdiRes)Bp Litiiate tdst @ar | y

t hese suesss ingstibadh catlee the Ipeindifabaqiretsaixt taBgdV anirhal.Jteble St pprageets itheodsulié oft datle

C ONP O Wacgnatidn, with thei 40vesitue @aptideviibiibived by the dhenveptivharehalipnige tcouststimgnofudivest viralr al
chakd einfgdion Fithe BBguedmench Gaccipgiedianimahdbe saters neybrpization titersiircresend reridieotreacht hi n
exper i #1esat @pxireg stdley dhvhich eremginiained siioad taeuh thepimetchehaliengd (Dend2)aorsbthe -

t er mi neire @y@@gh'%wqrwhadmgd Ph Day, 82 were rcampletely @S@Wﬁ@%@*ﬁ%ﬂd B FeRroft o
conf er”&%ﬁﬂ? T ?"\?C?"F"éﬁ‘? @P'e?eéété‘etﬁfﬁéﬁxad}?@ ?féﬁ?qqs sgle cpitie yrceinttian t‘cﬁe dose

of thefMA t'°aH?P E(','Hﬂ'g'ﬂ ""55‘? 9.
prof’%c‘?y§ %ﬂdﬁ on n > °° {'%t'gi%ﬁ' H‘° ?' fP'éCf’jE & 'E'E'ant | y
si o eamn gmgen.?!'i‘%@.ﬁé’f q'fasé"§ﬁfm§ o) eia % The
tﬁ‘ ﬂ\ggrhs ﬁcqg@é% a ls QI"e On i's
th SNACalld mmkon%rﬁ. al &E&ﬁéch% n.& &p&fryﬁ. aen mn@ahl ghly

def | wen ﬁ euu:@%msacaaneaﬂer Jﬂ%d&ﬁbnalﬁh'dﬂzﬁgﬁﬁﬂ 8 Bhafilén Mﬁul%y 0% it 1nkdd dnilalsiaST
 whil e @bdsiirbd By ®LiSA! Wile BERIVEE lid MoreBRI dpproRim&tely n uﬁlalat a a4/ GHRCiBlowIRg Haster
synt h&ritni2dae. aThis R0kdidué pEotide sl 1643 . thad Tondfith the size of any other synthetic antigen which
has proven capable of cattle protection. Its synthetic nature will allow evaluation of its inherent activity in
combination with various adjuvants, free of any potential low level bacterial potentiation.
45

50

55

14



35 40 45 50 55 12 EP O 204 480 Bl [err] The necessity of antigen
optim zation is of utnost inportance, because commercializationw || quite
i kely warrent utilization of an adjuvant of |esser potency thanConplete
Freunds. Table 3 reveals that at ®&mokos 48bBr conparable to that which
provi ded protection with the 21-residue pepitide in Conplete Freunds

adj uvant; the 40-resi due pepitide was conpletely protective with a
comercially acceptable [err] adjuvant. The absol ute weight of antigen
providing full protect of guinea pigs with the latter adjuvant, in a

single vaccination,~is ss thag 1 ny. EFZ0 204 480 Bl Table 3 Adj uvant
¢
Eval uagion in Guinea Pigs B th $0-Resi dug5 § s
Pepti de Vacci nation No“ rgt ectgd/- Pept i d§Onc - " ¢ Adj uvant
No. Challenged 10 150 rk Ios = O = s sFecymdo=Conpket e P
5/5 17 nmoles - « .8} ‘& . M o M 5/ % &
2 nnol es ) o w & 4/% 0. 2317l es
0/5 2040 . 138] nnol es8 2 [err] 5. £8¥
5/5 17 nnol es 5 e 1/ 5 % goles
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1. A compound of Formula (l):
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FMD with a synthetic peptide. This attests to the potency of the i mMmunogens
of this invention. Furthernore, 35 by serological determ nation of the
neutralization anti body concentrations inmrediately prior to challenge it is
not possible to predict protectiEM020448dBari son to the known nini num

| eve) s of neutralizing antibody concentrations required by a conventional
FMD vaccine all of these aninals shoul d have been clearly protected.
Consequently, at this time it is not acceptable to establish the efficacy
eof a peptide vacci ne‘°.p the conparative bagis of its SNT value with a
conventi onal vacci ne."gRei mmnigati on of angmals 1, 2, ;and 3 40 led to

conpl ete protection ag e® an diti onalol days prij-. of'-'to chal | enge.

Antltfody titers in the eganl S as meagur d by ELI Sgywere bserved to

i ncrease approxi mat el ? hala't IR ] Fog =ufi®t ® Pl owigg bo

| uni zati on. This 40gfe dueupeptlde 9 | ®ss t han or};-flf;ﬂ],‘t he si ze of

any other synthetic af{i n Wt ch has pmoven capabl e ®f ca protection.
Its synthetic nature 11 all v eval uati on@of its |nharent ut|V|ty|n
conmbi nation wth vari&ys adjuvants, free of any poterﬁ evel
bacterial potentiation 45 60 g% 14 ED 0 204 480 %g errg Cl ai s
EPc 8§04 480 BL | aims 15
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1. A compound of Formula (1):
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10 Zis OH Cys-OH, or Pro-Cys-dy-OH the sulfhydryls of which may
be bl ocked or free; and Y is a sequence of from2 to 6 am no acid residues;
or a pharmaceutical ly-acceptabl e salt thereof. 2. A conmpound as clained in
Caiml in.which Xis H or HEJ9@p4480B1 3. A conpound as claimed in
Caimilor 2inwhich Yis a sequence of from2 to 4 anino acid residues.

4. A conB%uYnd as clal med in daim3 in which Y contains the sequence

- Pro- Pro®™™ rrpound as claimed in Cdaim4 in which Y is -Pro-Pro-Ser-

\(;)\Arﬂ Iéﬁu ZPr Owh_li:zrq;_&-rh E;re nggq u%{c%k rx?gprls Bdueftas opihe%@hﬁ&ngumt o5in

i s contal from 18 to 24 amino_acid residues
[ Cyg-Cys cl )tﬁJD 3 obsifohy 4 Yo 1 lthe O sklotype or the
i 5;% Sf ot otyps)ahd HeOSHeP 6 Whict? Eonthind NRMMRCRUL &ddd Xid

d§d§ ahd BB Qhe an?lﬁo Shid [e&&tfa] sequeige in positions 200 to 213 of the O serotype or

H- Cys- [ Ag bylivaRir¥egqudndy ¥t othdrkdrodypéd) ] - LeuPr oProThr [ G uAl a(200-213)]-COH, or a
phar maceu- ﬂuhﬂ%ﬂﬂs,%ﬁ%%@ﬁlﬁe&ﬁhﬁdrﬂ%ﬁvﬂﬁﬁmaﬁbemocpcdmms for preparing a
conmpound 0fz iFQHNTTYsOH, by Pro-Bys-CigiGHNBe silihyddicofwhith maibablockedgriies@sd 30
(a) cleavi ngs a sejuerice ot frarg2 Brecannol acid Nesitiuesd o aephprTaceuticpllyraqoentabiscalb therefmpound
contai ning the sequence of Fornmula (1); or (b) culturing a m croorganism
t r ansf2or Aeomipppndies dgimedds Slaton1 inwhigk Kds Has BtQyeCysont ai ni ng a DNA sequence
coding for a conmpound of Formula (1), under conditions suitable for
expressi Aompoundhes qifipedie Glaenter "’c'tbm“ﬁgY Férseﬂq?é“d’éf?ﬂbﬁr‘fﬂ" yringeidEEdet ), and
purifying the Formnul a (I%ﬂacorrpound fromthe | ysate or culture

nedi urﬂ-g cgraﬁqanﬁ%ﬁ'%?dg& g3 inpich é{ﬁa"ta"fsfthm*ﬁ"&ed"'° FPtfying a free

corrpoun to for cor on ar ukicall eptable salt. 10. A
nmpotPhd Wm%P%d T‘T'{ %Eg"'g "gﬁgg'ﬁ ﬁgag'ﬁ?/ %ng%¥P%ﬁ|% 1to 8, for use as
Ot a il RS F o £Rdbf 3t PRASysby-GrTPOsd de

forrrul e - ?Icfmpoﬂéé]?%& 2"[*’°(‘F°f°ans 1°aq?1vevﬁﬁg %\ et @{BpreprsGslyeﬁ?ent des

sequengegpdgo i oGy s@oRsiafifs-prs EYNEIE VIS S(OPI9 (KER02€3-PibeRio-S@F Ot ypes

de pr 0t61'2¢-$5 zéenwbeapﬂhhnydeﬁﬂéaly E’oep Sle ke therdo®r € apht euse, dont |'une 50

congsi ent de 4 residus d' acides am n6s et engl obe | a sequence de

resi dug di’aw., WCWI@@&A&W@ABW&H#-0583]-Lbéﬂrolao'llﬂaludla(zmeﬂ@ﬂ-ﬂﬂeor& pvarmageu-

s6quence tiéailaccetabil sait dhomolt r es s6rotypes, et dont |'autre contient de 14 a

20 r6sidus d' acides am nds et engl obe | a sequence de residus d'acides

ani n6s9. adpropessiftripmpering @Gompaagofchormuda (Bitap defingd i Cldim 1cehighcABRISEY Ui val ent s

d' ast res sy deayipgs projeciing groge &em @ cerrespendipgly ergteste coRiginiRg ?‘%?QE?S'H?)OS es
sul f hydr y| o Feawadbitor at r e bl oques ou 55 libres;, Z re resent

ou Pr o- Cystblaeyiuting a JejFrporganisme i 'et' E_b ou
libres; etsequ§n ?°8‘§‘8rfﬂré‘ °8'HB°“§% 'ﬁ" %’fs 5%%0 ;

un de ses segpenc qepule O, rf plf%'"%ﬁ'e orm ( " §

lysate or cﬁﬁgre me |um of al mlcroorgamsm,
(c) and, if desired, salifying a free compound to form a corresponding pharmaceutically-acceptable

salt.

o’/ 10. A compound of Formula {l), as defined in any one of claims 1 to 8, for use as a foot and mouth disease
40 vaccine.

Revendications
1. Composé de formule (i) :
X-A-Y-B-Z (I)

dans laquelle A et B représentent des séquences de résidus d'acides aminés comprenant des
séquences des sérotypes de protéines capsidiques du virus VPy de la fidvre aphteuse, dont I'une
50 contient de 18 & 24 résidus d'acides aminés et englobe la séquence de résidus d'acides aminés aux
positions 141 4 158 du sérotype O ou la séquence équivalente d'autres sérotypes, et dont l'autre
contient de 14 3 20 résidus d'acides aminés et englobe la séquence de résidus d'acides aminés aux
positions 200-2 213 du sérotype O ou la séquence équivalente d'autres sérotypes;
X représente H, H-Cys ou H-Cys-Cys, dont les composés sulfhydryle peuvent étre bloqués ou
55 libres;
Z représente OH, Cys-OH ou Pro-Cys-Gly-OH, dont les composés sulfhydryle peuvent &tre

bloqués ou libres; et
Y représente une séquence de 2 & 6 résidus d'acides aminés; ou un de ses sels pharmaceutique-

18 VY OO
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ment acceptables. 2. Conpose selon |a revendication 1, dans |oquel X
reprdsente H ou H Cys-Cys-. .5 & Conpose selon |a revendication 1 ou 2,
dans | oquel Y represente une sequence de residus de 2 a 4 acides am nes. 4.
Conpose salon |la revendi cati on FP Ya0k480RLel Y contient |a sequence

-Prgs Pro-. 1o 5. Conpos6 solon la revendication 4, dans |equel Y
represente -Pro-Pro-Ser- ou Leu-Pro-Pro-Thr. 6. CorrposG solon |'une

quel conquéeAEReCoRAPRdi cations 1 A 5, dans |oquel Z represente -COH ou

a1 158) - ﬁ»a%woéev%Fawz"dcv%on@?dﬁ%aé%ﬁ%%ﬁgﬁ WEGPEL 158)) Procysay,
B oy s D (e 88 i Righafifh T3 oM P o R AR %AF%%%‘* Rletle
F G

de ses sels p armaceut i quenent acceptables. 20 9. Proced6 pour pr6parer un
CONMPOS e4,dQhipbd¥8bin fardvendicilion®i@and Riglieh v cantibrit 1d ByAEH Patr@N 1, qui consiste
l: (a) cliver un groupe protecteur d un conpose protege de nmaniere

COr I g8 PEN CRMpEsEGRIoh RNéVBhdidalionSt Bahe RGEs! ¥ @ephd36rtaHPed-KrbBsr- ouwLduiPro-BrodThi. ver un

m croorgani sne transfornme par un vecteur de transfert d' expression

cont enaeit Gomposdselon I'une ged@apueuacies thvehBihtonitin 5. dansilbquehZ mordpatecOHeu FRYP-G¥d-0 (1)
dans des d@@y0OHL i ons appropri 6es pour | expressi on de |l a sequence d' ADN
codant pour |e conpose de formule (1) urifier | e conmpose de formule (I)
a pargi7 oM I(MICVG@V%@PO@ﬁrpéQJP"Gﬁef&‘lﬁl"t‘ﬁﬁ) reftys@ly: Vs d?d‘(bf(%rﬁ@ﬁ@"’"( Al : Y
on | e soul&BN-BroCysiv: ey encorp HN €9)3A5 9% PharprRCcRutigUament ASEaRItPIes- un sel

phar rracouthuerrent accept abl e correspondent de forpule (I
tel quo®d-Y¥fr O KaHOystARTX ‘}?E’Mﬁh“é 18@%“*’?’%’9‘%’8&!'@@'”3%&@1%?} d{’;u %er(e >
Ut 1is6 cORmRNAIRSSIIPUamST 7955H804F1 oy e apht euse. Pat ent anspr Uche 35 1.

Verbithdyn ng, dcgr Fo?n[ bardr L cordSob Yfg'm%e e gt Qs 2 1Y RldnBicAion T GuBbonsiste 2
Am nosa resgazéfﬁﬁz% Ifé)gmg o c% Jﬁ%pé )5!% {dg % o tﬁaToargnond%nte contset:ant la

Maul - und- Kl Cap5| prot el ns en von denen ei nes

18 bis 24 A RQmwr ﬁ'rnﬁééo?gaﬁ‘%@ hrL.IsfoHﬁhdpéﬂluﬁ vO¥tiuR Q5 FesRACTEXBraZsion Wonthifaft dneONeN
141 Bis 158 séH%Snc@'dSﬂ)’l@Edéﬁ& Fo8i0lin EMipodtl Yorh@d) (IF BanSRIGS! QbntitionOaopriéde hedry pen
ei nschli el t péprbssdncdeas siguéncd 4'ADN Soddit pAGH 16 BnapdEE decBintuled(l) lehpuritier lscbmploss de
Ami nosaur e- fd@mGe @yizpaite du eat ol domitisu E&OMItbée BudR hicrebegani®n&er ot yps oder ei ner
aqui val ent ec) Seqsieorz leanabbaivy sdliior un cdsamoed Yire rpowi pigtertirl urelselt phadhabputiqe®@pnt oder
H-q/s Cys i stceptalidenrreghoadafti| f hydr yl gr uppen bl ocki ert oder frei sein k6nnen;
Z OHge Cys-OH oder Pro-Cys-dy-OH ist, wobei die Sul fhydrylgruppen bl ockiert
odor fr & Gomppséiderfermule (el aye Qﬁf'wéa@éqmﬁewz'cqmve gBs pvendicalinns hgssaER“é?‘@é{“‘éﬁ‘i i st
50 od@m@laﬁa%héﬁ’i‘f@iétﬁ"@saewm&ﬂnehrrbar es Sal z davon. 2. Verbindung nach
Anspruch 1, worin X H oder H CysCys- ist. 3 Verbindung nach Anspruch 1
odor 2 %G‘i“F'FfW“’QFne Sequenz mt 2 bis 4 Am nosaureresten ist. -

1. Verbindung der Formel! (I):
X-AY-B-Z ()

40 worin A und B Aminosiuresequenzen sind, die Sequenzen von Serotypen des Maul-und-Klauenseuche-
Virus -VP;-Capsidproteins enthalten, von denen eines 18 bis 24 Aminoséurereste enthélt und die
Aminosduresequenz der Positionen 141 bis 158 des O-Serotyps oder der #quivalenten Sequenz
anderer Serotypen einschlieft und die andere 14 bis 20 Aminosiurereste enthilt und die Aminoséure-
sequenz der Positionen. 200 bis 213 des O-Serotyps oder einer dquivalenten Sequenz anderer

45 Serotypen einschlieft;

X H, H-Cys oder H-Cys-Cys ist, wobei die Sulfhydrylgruppen blockiert oder frei sein k6nnen;
Z OH, Cys-OH oder Pro-Cys-Gly-OH ist, wobei die Sulthydrylgruppen blockiert oder frei sein kdnnen;
und )
Y sine Sequenz mit 2 bis 6 Aminosiureresten ist;
80 oder ein pharmazeutisch annehmbares Salz davon.

2. Verbindung nach Anspruch 1, worin X H- oder H-CysCys- ist.

3. Verbindung nach Anspruch 1 oder 2, worin Y eine Sequenz mit 2 bis 4 Aminosdureresten ist.
4. Verbindung nach Anspruch 3, worin X die Sequenz -Pro-Pro-enthiit.

) [
5. Verbindung nach Anspruch 4, worin Y -Pro-Pro-Ser- oder Leu-Pro-Pro-Thr ist.

” R O A T



55 4. Verbi ndung nach Anspruch 3, worin X die Sequenz -Pro-Pro-enthdlt. 5.
Ver bi ndung nach Anspruch 4, worin Y -Pro-Pro-Ser- oder Leu-Pro-Pro-Thr ist.
17 AR EP 0 204 480 Bl 6.

Ver bi ndung. nach- ei nem der AnspFBOR948898d 5 worin Z - OH oder

-Pro Cys-@y-CHist. 7. VP1 (O K

[ ( 20(@%1&%8'&“{2}& ?F%g reggg%?rlggé&%gé)b]%%%%&# é%/?éodhe‘rro' fzh'yp a'rSIjrjw)azeut i scgI (
anne H Cys-[ ArgTyr AsnAr gAsnAl a(1
41-158]] @ ) E’X ff&f 1@@9 (255 }fgi?:ys&’%ﬁ a.nedhanamﬁgan anefitbdréiCShiz
anng hnba erf ahren "zur Herstel

| ung ei ner Ver bi ndung
der For ?I) nach Anspruch 1, unfassend, daB man (a) eine Schutzgruppe
von elgiegp, @i;ﬁ)m-éfst[ﬁmyrmrglﬂkkﬂatﬂmééﬁrl_biumommaeluda(eomme)]-saq.uewm pli&tmaror mel
(1) ent hhéubschammbér&tSaleﬁ% (b) el nen M kroorgani sirus zUchtet, der mt
ei nem Expressions-transfervektor transformert wirde, der eine DNA-Sequenz

ent 3l id , vétahres it ¢loMailing Rulem\pridreiungdar Farinel(() hack Aospaich J.umﬁseendeamagungen, die
15 gleE bigé Schutignpipd aon ding’ dhtspreciesd mascidtrteDarbBeatyog: e, didi Seqeing der

Ver bi ndungFaties! (IFenthiis) absdaltetlederi ert, und di e Ver bi ndung der Fornel (1) aus
dem Lysat {bHenenMikiopnoenistiue ziiehtes, det k¥t inegfFPreptinns-transfervalter. rangiormiegt)w r | s

er wnscht , desjeine Wﬁeﬁe@%ﬁfﬁhﬁﬁd@lh@"ﬁm’@ﬁd‘m Idﬁflfr? %i('h'é’é"eﬁrﬂ" P%‘%
phaﬁmzeuggggglﬁgﬂ?mr fpssing) dféQNﬁ ?ﬁhe‘%g % iy "di%ﬂ'
Ver bi ndung® dung
al' s Vakzi n@® fa'§ e g’%e&go ,rt\’8‘°’ 5@? il bts%%cr%g %%@ e

annehmbaren alzes in

\/ 10. Verbindung der Formel (l) nach einem der Anspriiche 1 bis 8 zur Verwendung als Vakzine flir Maul-
und Klauenseuche.
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