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- .and sequencing of the gene which codes for a new proteinaceous subunit of. .

the pili of Bordetella pertussi POS?ﬁ‘ he invention al so concerns a
reconbi nant plasm d which incl udes 265 e or fragments thereof and a host
m croorgani smtransforned by the reconbi nant plasm d. The present invention
al so r adedédptioh0 | mMunol ogi cal l y-active synthetic peptides which have an

am noaci d sequence identical to that of the proteinaceous subunit.
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Figure 3: homology between STX pilin (top row) and ST2 pilin (bottom row).
Recent progress in the cloning of genes associated with the virulence of B. pertussis indicates that the
most suitable methods for their identification are those which are based, not on the direct expression of the
56 genes in E.coli (Locht et al. (1986) Nucleic Acid Res. 14 : 3251-3261; Nicosia et al (1986) P.N.A.S. USA 83 :
4631-4635), but on the identification, with the use of specific probes, of the cloned DNA fragments which
contain the genes.
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bact efdngs WP@dW'?eéIWhHﬁPYQ"E'F@ vith bpth "i'etpr%é? of 3 Paifbda DNA Si n n‘g
g e e e,
can v f ( Hohn

B. et ng '5'”&??@91 abféalm&g%?ua ﬁa'd € arboér 5 sa SFarh rtAr i co,

t
B. an ﬁéﬁ un'g ‘th. %968J)l'h6\]n mﬁ@aﬁ ellogvI ds p%ﬁIQZSO ?cgrﬂé %&5&‘,9 iféntitkp E:qh The
chr orgy ﬁj« Phort J; %2 @9@&&{ fAfonfin Y In Y§§Quéﬁ I's and
parti Ve, Cifglﬁﬁ rﬁé:‘ Dﬁﬂ%y Bppert |§ A1 RhiIGThyBHdIRE 'wﬁmth ¥pe%fﬂ@§r@6\4 and
Separf@rt Yoxtreetaht frbrh 3! Binia bSWR 260 drESHETIRRgY in bRk bAgeRNt s of  35-45 25 |
kbgses V&:fo?s dufidieP¥bEifle PUtBbsbd Salestodon ikvBiRtioR iayp BE)Seocl Trom [émidé, 9Ases, ad th t he
C 0S M ctedphdded \@rerBIlyQidddH SdcymbIRRANDNA Getmlgess. W t h Bam Hi enzyne. This ligation
m Xt ur emadicdidn@ns plasat HUT12 (27805 ) deschibed Gl iMessigl s etoa 1982 GéMeATE; 249y whict S wer e
sel eGngbsOme ayuisie laft bisy Eidentitiation ¢f Cthenolods wtighi ieaivé liicorpbrated lae exntrapealis CDNA
fragment, was used.
55 In fact the plasmid is a carrier of the genes for g-lactamase and for g-galactoxidase and thus enables
the E.coli strain which hosts it to grow on a medium containing ampicillin. When an exiraneous fragment is
inserted between the restriction sites present in the gene for 8-galactoxidase, which are particularly suitable
for cloning, the gene is interrupted and is no longer able to produce the enzyme.
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"~ The positive colonies were then anal ysed by the hybridi sati on techni que
wi'th the use of two pairs of probes: 1-2 and 3-4, which are conpl enentary
. to different portions of the prgyi term ned region of 30 STX and

- ST2. In particular, the probes,Eﬁ(\/\R% ﬁllg“rg?synt hesi sed by neans of an ,.
automatic system have the follow ng sequences: Probe 1 (STX) CCGCCCA.
T G C C Gt i&tids poshible, WithGheeusd of substincés &imflar (o daladtodd, which dan Protiuch ridietulés WhichS
Pr obe 3 @fsT ehréniobdric\Gleh T iEAIbEseded Proo bistingui§hStha ) reésmbinéat AlohesS(nét Coléared) Trofs host G The
coloni esntavinigathd plasnef. erred to nitrocel lul ose, filters, lysed and then '
hybr i di settcordingtortbd presentintehtionhibe pH 2p(hcqsmxdoﬁasmiget!etwithm Rb reshiglion iedzys@t | on
pr oces gndihe digestion rigturgwas foggred tirhdupliote op &d sgsroefgebr obes at 65 [err] for 6
hours, whifleselegimphotesis.gte RA bangis yetel iansferrad de sityogetidose ffiftess enschyhridisgi fwite thent

t enper &tehpselsad 3y sulighbtmekedt he four probes. Sone positive clones were thus

i dent i fi edevRie-eYbrdisalion gpdment and Hh%d?l"ﬁid'ﬁﬁ'e ’r°6‘5‘é'§ ygre parjed jout P’l“i’ebr" gpnt o

i dent | P rqtie, cqngiipns dor HRelY Rypoe, &arﬂ'tﬂﬁ WP wesheg apRrePriilY §‘EWP§1° P¥Ugrent

i ncl't t e §T§ %?J'gfowérp Eﬁ? T ifive. bV\BJ§1§)$<tlg %gets '%%%2 resposI tive clones
elut

by t he r s"' gni ng:
A Labo;,,g?,%b)gu tbgoalhha 2 %?;}H], an anal yse é‘g&gest lon 45
th ECO ligatibn 48tiort é&scafrfab'e g‘ﬁ&ﬂepﬂﬁtu in Wgepmser{cgq# ﬁibﬁﬁli&% P tRsSudaSM

280,15094“&@&3%@%&%%6 .m@fa&dup@metfﬁgmm pRigabiyorg| y i dentified portion of
the STX Jg0 comisidtion 6k thligalontrElRtidal 86 Middurd WasaRéd @ﬁraﬁd?dﬂmlc&n&ftdﬁE chlicefiCatidence
t he gene trafsidmhais i seitktell biea EiMuRNMERMAL whitt an@icillld. ha Bédnwaddds SAT whi ch

hybr i di sesonm\the poditve cloisaaliuk iobtaipéd) butnef vihich Sdnfainedalss regiliredetanbirfantqimasinlde weesm d
pSM 28@olatadl subcl oned in a vector of E. coli. 50 Vectors suitable for

t he spur pa¥esf tesd, lesignated @M Jeh\vextusashtorisviatehand sedueadoctte 1 2idnehpinwsernatl ONA
viTused®agmentl bact eri ophages generally used in reconbi nant DNA t echni ques.

I n parti che agquencife wps eagiet qutbySeme('9maiodyyith f@e@%PfltMCW'W@Pfﬁ?"@QQVet al .
(1982) (Géﬂeseq@gc'"@% tiogih ve'R_ el | ks op ke denakuied opigpmids %C?'Hemtt? 'rec@&fmein of
the cl 8?@&"%?’8‘1%%‘5 ? W@(gf dr%%ﬂueaﬁn%%tt rﬂ%\@t‘}d@e lBNAf ﬁ

In fc . t‘?*!é“‘g E°H°éa"%{‘ " P%Fb%‘? 't @%QE‘T Fgr"ra ?E t°g E’Fd 8% f or
) L S S 8§ e oo B

grow on ’E? ‘Eugs’?&n dollency il engé(i rf’i“ih%%"‘%eninké}%%@te44 S

' ”Se”S&L ee‘goW‘?&ﬁ daﬁcé %[}' {6 bé%ééso% nsttbdr Moteole?, t he aming

[ er b - g 8 tur & SRl S loscond ! e P g1l o aﬁ. gene
is i nt %ﬁéﬁ@t»ﬁ@l t@’%.ﬂo&rﬂﬂal SRERE oS ST Mpipioduce the enzyne.

124 Bl | tyhisSseblatés, épresbriddcEny WetNitelrhifal UsRodefds mlﬁ-ﬁﬁﬁlelﬁ-ﬁﬂ-lm\)aﬂfe-ﬁwﬂmy is

gal act pResded'By M8 Afela-Pis- ARAUSRPSTIEERNENES idsRicliNo MatpredahtIEMBEMihG N R prbibin

degr aderthe pifnicsubiinit 'BTD lakditst Sa€retion GigRAD (1E8AB seGoRddR Thé BBEpeptitle OMHicRUpréseMinthbhose
contsai spebific clitingpsimsii d. meibeans deade)-peptidhses ispprecded by an eniiroadiy sdduencp 2280
cosni damiasacids ghist embtains talvedtabhytophabiet domeih i(aincacidsyBdo 56), avhich tsivbarakitagistict of on

M xt ur adensequengere ahd ameliplinedmpasition21.0 agarose gel .- After el ectrophoresis,

t he DNA TanAICwdick codoa riesfiker Metdn pesitian t315$ evpily Laraaiily. ftihel translation igeHonyin iféctithe e d

Wi t h t PRIUesEe Bevnstieagnef the coden vmisl e Ak Retie Matyee piptein KGASD. qarlesden Hrrivpeetide nent
afd 4 h@h'ﬂ%ﬁ‘ 1"t?|'§‘§i"|361’1 c'iafaéﬁf'%‘@'p'%ﬁé‘ %Qi‘?'rsle‘@}ﬂ“??df °’l!mﬂ'é?' °Eﬁ' f(198P)ethtMob Bidk at i ve
subj ect ed

condi t e. er re pgro I at eI X and
posi ti J& %’(’f %’f"ai?gg |o ﬂie Sl WE ‘6?9 g &e
91'1;

mlnotermln erma % l{a 1@95’8@ tha eo o %S?

f
plrgggr;e ﬁm 19122) pr evi ous y begn ges gfl LII F%E% I gation

react i on m@&e&ﬂrdsérﬁéjof%uaﬂut{? otathp MhEffer nmu%%tuy b&imatdd B@@e%’ Eﬁﬁg%ﬁoa% leVé dRA
| i gasegh hitnd MiBledlias 1ovsi. - a plasm cf fragnment ratio in the favour of
the fragnRélpresurie8 s@ﬁa’ib&dﬁeri’ee 3 STX has a slightly lower similarity (52%) to that of the subunit ST2
50 than the rest of the protein. Moureover, the hydrophobicity/hydrophilicity model predicted by the sequences
of ST2 and STX is very similar.
in conclusion, the STX gene of B. pertussis codes for a pilin-type mature proteln with a molecular
weight of approximately 20 kd, which could correspond to a serotypically-different pilin 2, 3 or 6 or to a new
pilin.
55 According to the present invention and in order to identify the relationships existing in the chromosomal
DNA of B. pertussis between lhe two genes ST2 and STX, a genome analysis was carried out.,
In particular, the chromosomal DNA of B. pertussis 165 was digested with various restriction enzymes
and the digestion mixtures were hybridised with probes specific for the STX and ST2 genes.
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‘Upon conpletion of the ligation reaction, the mxture was used to transform
conpetent E.coli cells and the transformants were selected on a culture -
mediumto which anmpicillin hagP ﬁgged From the positive clones thus
obt ai ned, sone which containe reqU| red reconbi nant plasm ds were

i sol ated. 20 One of these, designated pSM 281, was used to isolate and

sequencg ot B&e ladk BarideRiBE AREH coliifydriaRE WRHoth pfdiRs.sequenci ng was carri ed out 3

by Sangfiis fickEd MaCndde o béHas Werd raf siluléd MULSRESopérNDITineR T cactsbtharl IBgthat The

s etrll GhYyi L@t BeQRGdiddQin & miatien Gigtérich Bbedaidl kibbasehie denat ured pl asm ds accordi ng
to the Ty sB3brvdtioe lvad agedonirmed b tle absehte ¢flaccosrsid coltaiging' lpxUOhSque fromrip’ ki t
ang Vgehdlibkdneof s perésis’SPR. as the a [err] tracer. 25 means of the
oper at i Asodiag & praseabioxestjon; feptivas withamanindacid seapence. 'd2"tkﬁ f‘? hatphity Ht’“aPUSe
constgrdteit tod whigh the STE -gbreseedese g to immgnolopiealiy-aciive teaigriiheect fe '%l'a t

regi der tof prepaeatigTof agellyler pafityelerd vergineseageingl PouisEs: dhe H'B%X‘Ei‘ Bs'gé’ ?fcq?B“é{? gi ven
i n Fioguria-1987 sy E-qgh 10338 281) £t therAmepigan T\tﬂ’éﬁt"f“fq nence which
extoends THerfeliewing experimenial aramplps ¢ illpsiativg glithe jgvactionag f‘?frllm'tt'ﬁg the stop codon
situated 628 bases downstream Moreover, the nucleotide and the am noacid
30 se@j‘ﬁ'@?f%es of the mature protein for whi ch the STX gene codes were

i dent | { d of ec‘iwo L0as| |§NA)')‘mn;Q oRlsdk kg ity with the am notermnal sequence '
of th%(—ﬁﬁis&b&m—ﬂﬁhks—s—em&%e&—hem sented by the N-term nal am noaci ds
NH"G u- {5 ﬁtldnln?ed\éﬁil haan\ﬁhJ*&ﬁowﬁg)éombéltlm eceded by the Ala-Ala-H s-Ala -
tetrapept| dentical to that present between the mature protein
of the p|||n|c subunlt | | (1 eader sequence). The
tetrapeptide, which repr@gtéﬁi'sgm'f‘ﬁé“@ém':g?)e I1T4IgC cutting site for a nenbrane
| eader - pepti dase, is prge ]g an am noagi 1sgequence of 29 am noaci ds
whi-ch contains a centra dﬂ obi ¢ domai g npacids -6 to -16), which
is characteristic of |lep g%tm ggyences, and agigsyh} oni ne in position -21.
AGth

The ATG whi ch codes for in positio 0319i 5, very probably, the
translation codon. In f rch N€ sequence doynsigpgajn of the codon up to the
stet of the mature profeLe (GAA), codes for 1a po| ypeptide 40 which has the
| ength and characterl st ggetgypl cal of a si gnal sepjuence (Perlman, D. et al.

(1983), J. Bi ol . 1 ,, 39409 —Fhe—ammoactd sequence of the STX gene -
product , deduced fr m nuc eot de S8 b :
i | APy 19 néi e BTN
pr & € H e |s e o ?e% c£b§ ’_&E QJpQrﬂat?r@%dlcp b§ IEﬁ'ntrifugmg (10
car bo&% dB And @Sshed @420 Tkl witht 1 Sdlutidd
p| !I oﬁtm lgge 1Naélrﬁ) e,h ave the h| ghest degree of conservation
Livey &, e SBihis MRS Wa@EenM‘n@EcP@aﬂ'as deskrited)abovd Rnd #e Lplis wbherecovarsd |

deQJ eﬁnd%su%emiédauhlmympéf 4 B@reBdIstioR (100 AN IEDTA,] 50 @Mt NaGt 25be 38crG8Ypin16.9) he

am Nogtaiing @ \ied/imicdh Gy szl fife ABIGMAR TR SUspembibrtl @ad ditatéd anBlHeptoat 83101ied 3G mipntas
Sequedha BDgi(sodiln dodetylasuiphte) Was Yher aded urstor final Icorcynt@lddddf 1%@nd kent at@P* ¢ for
subunigmituled. 50 than the rest of the protein. Mreover, the

hydr ophobi/ol ¢fypidejreisei praviowsiy ipcubaletibdt 3pTEid 3 reidutesin t"F?é‘Cé §€rc@d® MMNaGlr2 - and
STH | t5 nidrsydian pitratelr was| thenegddrsi te e Gpjutiop jaed the sesyyiing dnigyre pas 'ﬁé“r‘%"tﬁé 7L Pofles for
a pi | hoarst Aftse theeddiicn ob Na$lde A fipg! chﬂ‘"ﬁW@éEﬂ"df‘e Wé'i“ “(asckfpt E? E?g??(ﬁ't"é? 20 Kd,
whi ¢ hand danceepigiugasis &!mHN/b 6°’5""§€r"bf ag 'p or to a
new pfod 9\'“3""3!5'20 C), caflactsel o pue ‘fed i ?’ g'o%‘gtas

i dent 'fePS/attaﬁ@'e '3'?‘1’%?5% Fﬁoﬁg @ﬂ'tgtap'ﬁﬁ " TR ?"ﬁé"g i o‘m)gbmei Ttussis

et} HE aoadeite STe, ST ) BEINTE 2UR, LSl G KT A 1
parti Cg“%jf% pr? p%te D3 tqycrmﬁ&{bs&o l?’r%dv&éésté'thﬁ siﬁ%n%ﬁéh a@ uMérﬁ

varloTél &S nes an |gest|on m xt ures vvere ybridised with
pr obe§ gneesn Mo eﬁpse&md T 960@nded in 1 mFIP0BER4 124 BL In no case

wag, a bapdqlaAnbi dhtordsoMdl BRA M dWQbé bshBtoMbitié rdadiiglat DDRbESIth théiis of di cat ed

t hat 5 ﬁ#EWs;ﬂélFbSﬁoth%ie@rrﬁ@tm@lwlayasﬁdng/rﬁl a single operon, or near each
ot her, but that they nust be situated at a m ninmum di stance of several

kllobases
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Thi s observation was al so confirned by the absence of a cosm d containing

both the genes fromthe 5 gene library of B. pertussis SAL. According to

the present invention, peptides it I noaci d sequence identical to

that of the mature protein for ##4?§%§?TX gene codes, or to

I mmunol ogi cal | y-active regions thereof, are particularly useful for the

prepar #dniie #f acel l ul ar pol yval ent vacci nes agai nst pertussis. The plasm d .

pSM 281 was deposited on 7-12-1987 as E.coli JM 103 (pSM 281) at the

ANET | Caddlationiifd Saduéniding o iR §enb whith s ol Bilihit. subuit. The follow ng

experi mental exanples are ifrustrative o € 1nvention and not limting.

Exanmpl &) Brepacitivm ofttheogena fibrérl ef B lperas®is thsard S40BK f r om B. pertussi s 165 15 100 m

of fernentation nedium having the follow ng conposition: Beta casam no

aCI ds ( DIR@®)of chrgmosgmp(@INA obtained as described in Example 1 we(®, dggegeqx@@og LbgHaQgeaction
Rgffagg mM Tris-HCI pH 7.5, 50 mM NaC| 5 mh@M@CIﬁ,v@btwqwm}s Q.&,oﬁSauaA restriction enzyn@ 02 g

g| ut at Kﬁogpf@ger) at 37 C for 1.5 hours.

h
1. DNA thus d|gested was I\/éfgqlqrq F
i nut e "“Ui%l?e‘i’ ?f’u'?y Ei" E%?E’i iﬁ’ "tif"geza"dB) 30 |
and ke 9"6?? 1D of eg‘ ta for 3

nnge

d ﬁt ately Wl

Sﬁys agﬁhz"ﬁ FErag) gﬁ]%(i' %'n? i WM@@ a Sorgo\;gllsl RC5B
d | 0

R g s s s

centri fug«sdu SR HIAS SRBRING R ENBMEMaINA fddRee [1|sRg)VRIEhbEryRI4E Wit 13w and

I esus pendie phaié DA sslbtion {1.28 uGiUih .25 mB& lightibrobutieriEEdnvivisHET AH 7801 MM ANRCio mfd. 5%
SUuCT20S @igCh,H0Gn\d HithiotHndital) initiCprdsentg/ofrl Uf T4 PROIgasEat 181 CAW)8 holilee suspensi on was
agi't at ed 125d! pogjohs efttheigatio@ nfixaure Bére then usedso BamsioBDScdliToU8 etls ditke M. (Wad)phat e)
was t hérpedmieldgin MylacdarGefigtion | Coidipdegitiarizor L-an New Ydrk)Orpagia dorRpesteint iyt tre@nent w@hf or 30
m nut eS80 MMgaCiel (MeyideiiM gnceiiligra@@r0ky. Mot Bipl- 631954). Tha celéstioreel thettra@sfonGarfipwas3ien

M nut egarvied oukiaSits plasigart the qlisian 1\ Kk Cledium plates &8 gf\Faste drivtanec(PFEQL: 6)9/ Bagle t hen
addel vepst ardradd PIEEPId &rid Nagh "Taé%ﬁq'ﬁtci"f?g’yrﬁ"?(?%t@" f20 Hasnlcet @ppigilin03pM]  f or
2 hour £TCAfspreppy} ﬁB‘t'a%!a?‘?Ryrfnﬁﬁ'deN&éP%t’S 3 (F-Premp-4etipredrdolt P-gataciopyranosidedh e

m xt ur é"qﬁ%' % or 12hopra E"B?)th Tt %‘V§W°¥ﬂéﬂa%ht ri fuged. The DNA

cont ai ned % § '8"°s‘haﬁé?sn(?é{l?'3 o N7 's precipitated with 2-3 vol unes of

cold e cted with a glass rod and resuspended in 10 m
80 1% gtlr ononthQSpech Jo as kept at anbient tenperature (20-25 C) wth

agitati orh,i N0 BoHEH o8l 1ar tpﬁart ifaBu deubit & oPfne ﬁB.( ddudsR feb ke /1M) .
at 37 [Rlykad ByHdmak ddbrddieioR Snd HadGheTaloi séqiies:nNt F at i on on was
then brought 'to 1xSSC, extracted w th phenol (1 vol urre) and the DNA

pregipitated by the addition of isopropanol dropw se to the solution which
was kept at anbient zenpgratdre #ithégentle 8gitati ad. TAe MRA was t hen
recovered by.centrif ugi angd.r sperded i ;0 PieSen0 The
quantity of %%f%%%s%%él ewgﬁvgﬁgaﬁ}gz géesgg%t% hfgth%rretrl c reading at
OD260 with the use of a Perkin-Elnmer spectrophotoneter nod. 515, was 0.645
g/ it . 59hg@ nucleqtile Ge@mace] dedu®y o el emipodcisosaguencs vandh@eeﬂserfeu sygthestset he

gene V\HIQEWC'G@GE%‘W vse ag %fﬂbpq, Agceunt hejpghtaken of the relative degeneracy of the genetic code. In
particular, a System 1 Plus DNA synthesiser (Beckman) automatic system was used to synthesise a family

of oligonucleotides with the following sequence:

45
7 8 9 10 11 12
Ile Thr Gly Thr Ile Thr
ATC ACC GGC ACC ATC AC
50 P T T T T
A G G G A
A

66
0.9 g of the oligonucleotides were marked at the 5° OH end with 500 .Ci of 4 (P%2) ATP (3000 Ci‘mmols)
according to the method of Arrand J.E. (Nucleic Acid Hybridisation: A Practical Approach, edited by B.D.
Hames - S. Higging, Press Washington DC 1985, p 34). The calculated specific activity (LS 7500 Beckman
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5 A Preparation of the gene library of B. pertussis 165 in Sau3A. 10
[err] of chronpbsomal DNA obtained as described in Exanple 1 were digested
in 200 [err] of a reaction bufﬁ%ﬁ)‘lg |s HCl pH 7.5, 50 MM NaCl, 5 nM
MyCerr]) with 100 units (U) 3 restriction enzyne (Boehrlnger) ‘at 37
C for 1.5 hours. 10 The DNA thus digested was precipitated by the
addi t iciaih) wabe3douspnatpdiang. and et hanol to the m xture, separated by
centrifuging at 4[err]C for 15 mnutes at 12,000 rpmin an Eppendorf
CeMt r Cf seganingIbly héuas of thesspe@meed i n 100 [err] of TE buffer (10 nM Tris-HC
pH 8.0, T mV EDTA). Sinmul taneously, the phages ML3np8 (5ug) and ML3np9
(S[eerr] Tha\plagues pigibs perd libeyan H18 [wprevitansfer@@ tdniibcoBénse Filter Soladicien§ Schnelbnzy me
i N 500.4%um)] and fther filtars twersrthdm ifybudisod Mdh thivisiacific prab by Memeghod DOP dIWasriCRnelrt ], 50
v Na\@llitama ((NigeicAgich Hytridisatips: M praetical Anpecagh a.g23DINbe wepbYtridisatiop treatinert twae ed from
t he dfaged opaH 38 &!mﬁé‘ourwﬁ'éﬁfﬁlﬁé‘ubf aft?ér‘t'@? P?f%!);ata%?dcrf%ﬁ 'éﬁdiiﬂa"m HeTE
buffeff'teréswegq V@Hedaﬁc?&e witls Ont g’r '“E?f °P??é' Wiph GSPRAIH-MPNaCh Q08 M Beros onal

DNA ¢ 'e“vvéf of the phage DNA .
O e nies i PH‘" oS e et .ﬂyaﬁﬁ%ﬁ? gﬁhee%gwerefw hereciefisog 7 6 1
T o %ﬁ&a_ﬁgﬁ%%%w G Site Sk ortanaffoll ke holingfaobed; ) ' 7 L1 PEEOENS ﬁeofiéaf o

M %E ur e theLifd SRRasUs b W obéit %a%elé‘w% %a:(te%lt{yltﬁ ﬁa@l’m'iq%e (:g’khlaésﬁ{; J, &9 (1972)
Exper BdisSof | ENzy M, §C1d4 2dnd é‘%é ogy ot nade
conpegRids RY. bir 8ah 588N (andkyiidal Eigchgmf’ SuClaga) ( MNstgliondd Gﬂ&\e"ﬂﬁgﬁe @iﬂl@g Qﬁan&s Mol .

Bi ol . contdinedlL® fapion Tdafticaiath @t bafe 812 §diE whilsh s foierBdMtamedVa SirdilyS But Gaf idraht Oout by
t he pdequnEwtidh sdRsté®inb proSncelona diffbreftsdhe) RbrBihdifocermied sgX! Bacto Tri pt one
(DIFCO), 5 g/l Bacto- 26 yeast extract (DIFCO and 5 g/|I NaCl) nade

set eckdampeBy the addition of 50 [err]/m of anpicillin, 0.03 mMIPTG

(i sopropyl -[err]-D-thiogal act opyranosi de), 0.05% X- Gal

( 5- br¥aguending piitear gen@ SR dol vyl - D- gal act opyr anosi de) and i ncubated for 12 hours
at 37 Cin a ther rmstatlcal I y-controll ed chamber. 14,000 positive plaques
(WA t R CORKE f orarieef B. Reugds $4dnst ruct i on of t he specific probe The

N-term naI ortlon of the Iarger r ot el naceous subuni t (Zéoof t he p| Il of
B. pertlﬁ‘s‘%’ﬁj tﬁ@gta\ﬂége ity mfl‘%d E?Tn‘d ‘?L%Qfaqfé'gnafﬂq %1% ayfioherae, Rank o Bowi ng

sequ as con ructed

egggi th cosmldg) 1'
NH-OAS B th tgéogg%gzéﬁ'qiskrélm nzyme-at jblzf fﬁ de%:abed " lE?‘ﬂmpl?‘UCvreéeOt i de

eguoncin

sequ tn aécﬁt%H%P&ﬁqum iohl & a&eh sépmf.cl?\es' se
ol i gopG sﬁ&%ﬁ Ofnl HIE BT CHMEDTAD ern en o erelative
degener gteysoilior M 1GRBE bA & & GibRose BRIk \‘r&HH@%to ao%awdln B5 Wit oPNm

synt h@s, 56 M BRCKARMEDTA BLRAH 75).Syst em was used to synthesise a famly of

- ol ssgonuu:tlee;aédedeﬁaswieh Rerthigyet @l 26000 Heh BEGLOIS M:a Bb2knfan SW 28 Btor. 9 10 _
11 Fracdtiong, b&ch of Thiil, wer&dihén coliblted and the moleculdn iwei§itGf tha@BIA édntained\BGactATC  AC
50 fraction was determined by electrophoresis bn agarose (WManiatis T. & al. "Molechilar Cloning A L&boratonG G

G Mengal. SipidC8p8ing ldaribdr NOT (1888). ol | gonucl eoti des were marked at the 5° OH end
Wi th 50T feeions ednteiningrgNAAEEMEROTPS@H kbrare dfjen alistysrcchind ghet RNA ieciniteteth ith of

Ar toarpthanol ps despibed aowe- Aci d Hybri di sation: A Practical Approach, edited by
B. D. HafesDNA was fhpnysapargled py é@y’fwmﬂﬁ@sme'ﬂed fogi0 my E’ﬁ) 1 mM, EDTA PN at ed
specﬁl’”@’a?é?ﬁ’%%% Sf B b' BENRan 9 EP 0 324 124 Bl scintillator) was

ere
8.3 x [ B e e iodeni g, Ry means of the spegific. probe

45 digestion mixture.
2 ug of chromosomal DNA were then ligated with 0.5 ug of the DNA of the cosmid in 10 ul of ligation
mixture in the presence of 1 U of T4 DNA ligase at 14° C for 18 hours.
At the end of this period, 2.5 w.l of the ligation mixture were used in vitro with a Stratagene Packagene
Kit.

' 50 The recombinant cosmids thus obtained were used to infect the JM109 strain of E.coli and the
transformants were selected on LB medium (Bacto Triptone 10 g, Bacto Y.E. 5 g, NaCl 10 g, H20 1 |, pH
7.5).

Approximately 15,000 positive colonies were produced.
1500 of the colonies were then screened with two pairs of probes having the following sequences:
55 Probe 1 STXY) CCGCCCATGCCGAAGAC
Probe 2(STX) GCCGGTAATGACAATGG
Probs3(ST2)CCTTCAGCTTGATGAT
Probe 4 ST2)GTGATGACGATGGTG
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5 The pl aques of the gene library in M3 were transferred to
nitrocellulose filters (Schleicher & Schnell 0.45 [err]) and the filters
were then hybridised with the e(ﬁ%@ ;%obe by the nethod of P.J. Mason
and J. WIllians (Nucleic Acid ?ﬁ% 4t A practical Approach p. 123).
The prehybridisation treatnent was carried out at 39[err] for 6 hours

whi | st t by SiybHubiebitSadwerd sy WRssised@ by 16 Bedkkihn loni8E SYstoln dh@ mark8d R@nerss oHfehmal | y
the fikihabs uorst S (MBATFES) 184 fokomin@lmielnowd t h 0. 1% sodi um docecyl sul phate (SDS),

6XSSC ( O26d Y dNBfgonucidotids Wbrblauspéhdéd in13aiLBgf ah Bduedusl36iution aordtitptad by 3wl oiiteaet Wit h ' :'_

. Kodak pgtiéa{Béehriviger),2q inDATF I pdlyriatiedtis kindse pd BXxjuiswwhi ch gave the positive
si gral wehemikioteSvas depn bt 37t € tbr 49 wnwied artdhigsanzyner deadtinaed at BaYGiot Bymigwes. D)
Sequenci Mgp markechmotms wgtecthent pugfiedsn e [PeptiadexdG-60 orunirhie phi8 JEtkutfes t pliminatesthe 15
The simgkes which baddwt wbn inbsparaiesl. posi ti ve pl aques were extracted by the :
t echni qu#3 tifctions 9515094l gach veggilectedet hods of Enzy rml V. 101) and sequenced by
means of 2uhef 93%@@@9‘”9@ Fip gf ssinfillating 4 ‘d%@d‘?qaﬂé
(198%) X,Z\'E‘Pa? |eg 5f thBP %‘ﬁ?ﬁ

?rale

Pl s r* elc r
5 gggg-sfer g(\) ? g| e
pNR Eﬁf
3{ LZP ﬁrghggr?% rﬁ?n 1O, t ent w rnecéy oufﬁgdﬁipm 'g%e de Cl'l g& Eﬂtlgﬁj\g&%;ﬂg&i the

presenge eren e, erelnafter ter Sequenci ng
of t,J1e 3g%n p§-53(125 A Constructlon of a genone bank of B. pertussis SAl In
order }0qQ tp Ao 2t he entire coding sequence of the gene designated STX, a
genonesbank ofbe B- pertussis SAL was constructed with the use of the cosmd
pHC79. 4§@Q°,[5Q;b5]4 of the chronpbsormal DNA of B. pertussis SAl extracted as
descrnb.ed;nouysExanple 1 were 30 partially digested with 5 U of Sau 3A
resks i Ct TRAfilRRZYHE thah washedCafidoput Irbcantattit Sadioprephibiiiates las slestitilgpd St @eintv@) of

pr-eci pidampied. by the addition of ethanol to the solution and, after : .
separ at i srlonesaich bpidipeinib dhei four @roBesrerepifolad@ hyitheTmeétkod desqibacRbWR. buf f er . The
sol ut i on Thmepsinida eticted frem the cnnes ware anptysed ‘@)’rﬂ'geé’!O"fV\"tbrﬁF‘iﬁ%’lddt wrsdguas $ab| ved
i n 35 thiee of tham pntaigedisequenrepriigribyt nof idanficat oy ProbaFFY AE H‘:&gn °d 28Pquence The
gr adi efentiophlo theerAviusyiselate &rgign 8f the é%eweragmhﬁdﬁst Ahichyiybridiseq wtfapreeemaﬁ SW 28
rotor. 3F?’a%’t°f’6r1°'§q“°%pad‘f'?'°6fvaﬂ“%d°m qhat gtte B hf gen T%‘g d the nol ecul ar -
wei ght thetﬂ‘é‘elﬁﬂT}ia"B’Eﬂﬂ'%?"ﬁ@lﬁ' it "8 i 8‘7‘9"@8 P ?gotr‘]m ned by

el ectr el al. "Mlecular Coning A

(1982)). The fractions

conti ni rme j_sj% xgzct %y% Qmmggﬁaw o MR s 019 PV

preci pr'n cViH Nﬁﬁg £ Gigdsti GH MRS U bR JbRingb &7 C '

separ a,;,le y cent ri ug| ng and resuspended in a 10 nM Tris, 1 nM EDTA buffer .
(pH 7.5) Tﬁ’J ety MEHRCBEISrA hsD the® stogpoli &4t 165 06 1dPNA. mirlies ﬁhrtmwmeﬁnagnent s -
Wer g5 t kiPdNlel Con Q) 6d. 0.8 agadsh Jged fand, laRer CsIdpHordCat B0 Whltseiorch i@t el baids lof BRA U of
Bam Hi weé EjrisRiméd 103 higscblulos@ filtels (Midso Filtiatiid 05y ste@ra.45 10d) ahB trdh peigidisehwithi e ure. 2~
[err] grébes hiaod® byt techiidhe vescabeti irepvink Cyat ed with 0.5 ug of the DNA of the :
cosm d i mhelfreljybrididatianftrehtingattwae narrddyautin d0 imhoft x8SG (1x83¢h & 150 fMLNaGl, 26 mM NDNA
| i gas ecitgate), 110 [xelenfardTs f1ox Der@arkitsur 9% Hgollt ieP¥h A %dFSA Rentgx frstiono) andS0ugiahaf]  of
tHe+d i dpnstiresh saimontsperen. B C (ps & oyrmfor fiter Rip- iardhat 47 1 foaf fﬂsa'd?é’a ene Kit. 50
The r'ecoits Maridisaionoss gariechu ind§ i okl d%‘l“eedea%’@&’ ?“B Eet a § %t rain
of E. cUP'?e 186 0% pav ﬂ%?bﬁhﬂﬁ'ﬁ’f §°\R/eﬁ“%6%°ﬁ4§(; |21 pt one

L R T ;tzi% .1‘2'95@&? %EP%YE: s
p05| L 8 HN - H'fimg h : ol Ened
(STX) E:cec':éjjsg) @\ dlo o8 Bigivel @i) AH ed’ 81% Sy 3{%@ |

ATGACAATGG

Pr obe @%&j&ang@fﬁeTzIb&e/éc&naam%npescTzG AT Probe 4 (ST2) GTGATGAC

50 1 ug of the vector pUCi2 was digested in 10 wl of digestion mixture with 5U of Eco Rl at 37°C for 1
hour.
The enzymatic reaction was deactivated at 65°C for 10 minutes and the DNA precipitated with ethanol
and separated by centrifuging.
50 ng of the digested plasmid DNA were then ligated with 66 ng of the 1.2 kbase Eco Rl fragment of
55 DNA in 25 ul of ligation mixture in the presence of 1 U of T4 DNA ligase at 12° C for 1 night.
20 ul of the ligation mixture were used to transform 200 wl of competent E.coli JM 103 cells (Maniatis,
1982). The selection of the transformants was then carried out on LB agar medium plates with the addition
of 50 v /mi of ampicillin, 40 v /ml X gel and 125 y/ml of IPTG at 37° C for 18 hours.
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EP 0 324 124 Bl The ollgonucleotldes wer e synthe5|sed by th
automatic systemand marked at the 5° OH end with 105 [err]almﬂ m,MH”",
by the followi ng method. 200 ng of oligonucleotides were suspendedtl
[err] of an aqueous sol uti ogpceBsd 4348£d by 3[err] of Kinase buffer
(Boehringer), 21 [err] ATP, T4 polynucl eotide kinase 10 UX [err]. 5 The
m xture was kept at 37 C for 45 mnutes and the enzyne deactivated at 65

[ er r] 24 gusitidelclonie$ wére sbtaindi ofwiick 8 7 contairied shewequized racombipentipfapreids.i n a Sephadex

‘G- 50 Ond efrtiesé plaphiBs, GEsidnated @B8M 1281, as them axteactpdh oy the jpesitivaiglones tyaapapnsef been

i noapigedradtiedl. 13 fractions of 150 [err] each were collected. 2 [err] of

each fraction were put in 4 m of scintillating liquid and neasured in the
sci GitSefiyenging of pSH 281 The col oni es of the bank in cosmds, were transferred

to n| trorgq:ePI | ul ose f| I t Schl e % c‘poq Séﬁahetdé§ ({gezhé], Aaéwc}“after

mers ate
bﬁ'ﬁgo o the jfg gf.ﬂﬁ atW{bluUEﬁJAtWO pairs
I r E: cr| ove e pre |d| satlion treatnment was

rv fJ,eré %mﬁd h:iw E&omigl ®ttnd hsrnhv BbdnehgeR ipkdidtoer ear I i ed

OUtdeﬁémre JSQBI PR Beduettdibd® kit Jandl @ith PIPSHPBATP Adhd wkcsr] for probe 3
[erfie JpB&rathr &Q@ fo4 thE%l’ectagh&i&!éVSSparaa& was a Matfophdr lsbqubrtcingSy&erh luxs). washed and

IOUt | PheCéntiioacd ks Raghaeli 1HE sehlncednlondita) ds75IBaes bftthalcdsmidyniane af) 843f Exanpl e

7. Hasaslopthe STMRerehFigyen). di sed with the four probes were isolated by the

met hods shews ini idguth 3 ieaeinodtid saxioancd digheSTX¥ gape ewdduct banatcaesiderablesimildy t9 anal ysed

by tok gredicti asthev@TRIigedeco RI and it was found that: three of them contained

sequences simlar but not identical to probes 3 and 4, one contained a
_sedirspmeAddlysisdent i cal to the previously-isolated region of the STX gene and

“the | whhhbd d with_prob whi ch
g, B crEANAGY Ergunts nEJa%w%% g1 8 ezt PRS it RERPRE Cosr o

i t“"t a}?ch 'Ef %@*@"m”‘"bw'ﬁ 3§Ei 5 Wgﬁﬁ eéap&'tpe%m é@ oy QU 1 20ment
ext Y an tal f og 0 n1VITr|s HCl  pH
ga sg e°1 fr ruh'at f&' h S,
tr sg §JferﬂroEgllb%édrﬂﬁer%ﬁdrhyérldiée@gepgﬁfélyR|
(Bovﬁthrtﬂe g{,d g;s ,;ggd Q'Hflez he enzymatic reaction was then stopped at

65[ er fnlno cQJe vJaQ a@lnBlUtbSnil iadntiok WRich w4 abable/\& hythriaisiElg the itwb pibbepar al | el on to two
0. 8% GQInGSResORdt Thodd o gaiids Qe ridk ﬁﬁlhtb@lahﬂé”r@w dperah orfidaneath athdrobut Batitbayr s, t he
hanssst 64 at Nnierh istaheos Eebrabitbases. 2 nitrocel lul ose filters (Mcro Filtration
Sy st emniolskbrvhtidh lig confirthetl be fhelapimEnteal irane the wiebenlitirdme of 8. lodussid obin dosphidowhichhe

t ecdonteiggieotidbe geneled i n point C). The prehybridisation treatment was carried’
out in 10 m of 6xSSC (IxSSC = 150 MM NaCl, 25 MM Na citrate), 10 x
Der@laimgt's (1 x Denhardt's = 1% Ficoll, 1% PVP, 1% BSA Pentax fraction V)

¥nd 50 [err]/m of 40 denatured sal non sper at 53 err for 4 hours for
filteA gene islaige fom theschramopqsnal BNA of p strai 92@5&335&3% ?Irﬁ W¥sat i on
was caiinic ggpugitivhere the gen is Eﬂa'aPﬁfésembe'lﬁr"@d%?egﬁeﬂ‘beé'ﬁe bove wit h the addition
of 600 [err] of probe 1 (6x[err] cpml [err] DNA) for the filter No. 1 and
___600 [err] of probe 2 (8.4x[err] cpm [err] DNA) for filter No. 2. The
'fllters 1 and 2 were then incubated at 53 [err] and 47 C respectively for
one night. Finally the filters were washed four tines for 15 m nutes each
with 100 ml of 6xSSC containing 0.1% of sodi um dodecyl 45 sul phate (SDS)
and placed in contact with Kodak X-Omat AR radi ographic plates at -80
[err]C for 1 night. The results showed a single positive band of 1.2 kbases
wi th both probes. B) Subcloning of the 1.2 kbase Eco Rl fragnent in PUCl2.
50 1 [err] of the vector pUC1l2 was digested in 10 [err] of digestion

m xture with 5U of Eco RI at 37[err] for 1 hour. The enzynmatic reaction was
deactivated at 65 C for 10 m nutes and the DNA precipitated with ethanol

50

55
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and separated by centrifuging. 50 ng of the digested plasm d DNA were then
| i gated with 66 ng of the 1.2 kbase Eco Rl fragnent of 55 DNA in 25 [err]
of ligation mxture in the preﬁﬁ%g@j g} Y of T4 DNA ligase at 12 Cfor 1
night. 20 [err] of the ligation mxture were used to transform 200 [err] of
conpetent E.coli JM 103 cells (Maniatis, 1982). The selection of the

tr ansf os4PRGHV WASS WehSabididb,ldf @ﬁlcrpiﬁcoﬁlﬁnddﬁheﬁ@@fremmﬂ'ﬂam phis@RisW t h t he

addi t i opneQds thebb bigsids, designatdd VD283 ] Wdsitifon eftc@t frbm /thidl poXtivdedionseisy méks pler r] / m
of™’| PHAJ éxdracBah. C for 18 hours. 11 l 11111212111211212112121111111 EP 0 324
124 Bl 24 positive clones were obtained, of which 17 contained the required
r esort)Saquatcinglohp$M @81. One of these plasm ds, designated pSM 281, vvas then
extracted fromthe positive clones by neans of rapl d extractl on
SequencThadecgibinamt piagnid FHa281 é‘@?) aasrensed Dyohe gihed

met hGABR) Py MeprFent they suggessiye asimess srptegy WSE;'W#HY SS%'B 57‘ %%‘;"ﬁ‘eﬁ'ﬂ i:g
succé@é?’v@“‘:p? ?ﬂé’F'§°“§?sr%sP &% pH I’"ieﬁe?i"'ﬂ?f'sg‘? Pélﬁ%"§" ot 4) auioRAty | em 154,
51:5’3 I'l |n eOtI d OI' n B lhe n r 15} I'ils1 eﬁ']tpbo(%c:%lsgrgﬂ#%y means
0 an aued asmld W|th lkst tl? )r e sequenci ng
react? s @be ﬁia &889& sm.o aa

fk@h.0t ocol on

4y
the de gmét ttt E&ﬁe |st &bggg'd%tngb gg%dm aRd\B4ani th a
[e;sr]b]ase g;[sx g( Ju;egcsr The appar at us use for the el ectrophoretl c

separ at Ascdﬂomﬁ F%urM%Cihé) BhRéacRiSEBRGIoNBle SY% b&8Iptodlidthas aldRsiderdbiersinildrity ok base

f r agnRProduétiesing striganeed consi sted of 375 bases of the cosmd pHC79 and 844
15 bases of the STX gene (Figure 1). As shown in Figure 3, the am noacid
sequena@ndhnalyki®e STX gene product has a considerable simlarity to the
product of the ST2 gene. CGenone Analysis The chronosonal DNA of B.

per t ussThe ché@osens! RNA ofd tpertiissis 1@Pewas reikiasted jas dggtined ireBxemalied antdhepportionsons  of

t he Dihe ANA wordidigestiecespparalpla Wi wriqus\inzymesar i ous enzynes. |n practice, 1.5 ug
of chr dnmgeeeienl 1-Drgrofl warpraosomal ANAGverg irqqted BV"'EJ%P obench ofghe folipwing SPIVBVRF S henzy mes
St u ISph 58mal. PvigliPst !, Eqo\fhang Ba"F*éltat $7° Ceer? IRprs iRy "Ba%dﬂPst'a't mighar ] for 3

ot The Z@xttms w thEﬂ d run at %99
gnt (r)s(;)I T@“%ba'g’a r?gﬁﬁ ey tlgﬂn tr;%rr@?g trogellHIOﬁ ors a’%ﬁ"‘}é\gﬂe ! h P | oaded

' ECL?I dl_ﬁ]%%casewasa ih eb ntn g%g‘fc rraggap Sle &F Wgag Fs%b'dﬂlt@é I l ter Eﬁgndl e 2 In
N0, CaS6: nia pga%fsl e S capa ising the

tWo pr %Sobse |§n |E'3 qﬁ/ tﬁ Hserdch SR tﬂe%n&%?ﬁ? ofB. epeﬁ&%us %I‘ 5 H&hﬁﬂwﬂnéﬁ a
Si nglcgm%%mqhﬁenggear each other, but that they 36—Tmwst—be at a m ni rum

di stance of several kbases. This observation is confirned by the absence
fromcidmasgene library of B. pertussis of a cosm d which contains both the
‘geges. Clains 35 1. A gene isolated fromthe chronosomal DNA of a strain of -
Bor dat eh lgenepisitadsirinsthehiiraosona NAf apia straim eflvBqodelsilan partussisowhidht codastfereenewhe gene
i s char gitrdccaubgis,ovhere thehgens ischaatdriskal by dpuredeatidg $eguend® (45 50 55 12

S 40

45

50

55
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EP 0 324 124 Bl 24 positive clones were obtained, of which 7 cont ai ned the-- -
requi red reconbi nant plasm ds. One of these plasmds, deS| mﬂm””ﬂ

was then extracted fromthe pospiiv s by neans of ra
C) Sequencing of pSM 281 The reg%r?bslgﬁgh?ggl asm d pSM281 was sequehce’ti

the nethod of Sanger et al. (1977) (P.N. A S. 74, 5463) by nmeans of the
successive priners strategy descri bed by Strauss et al (Anal. Biochem 154,
' 553 (1986). The oligonucl eotides used as priners were syntkesi sed by neans
of Tan automatic 1 Plus-DNA 10 -S&fAESE L7 "8G STeRTF BEB IBRRSTS *Th& Sequenci ng
reactions were carried out according to the nornal Boehringgr protocol on
t he den Q. &ae i wth a
[err] d%eg‘g Gt%%é%nrcg‘?:g# Eé%hzeﬁ}:%g:te?at‘%g%ﬁ%e fﬁ?q? emq*eF'g%tcr otaﬁto?gt?l C
separation was a Macrophor sgguencing System (LKB). The ensdre 1.2 kbase
fragmentcd bos ceegoenee dec onsest @d wf F87 Schasegrofatt ez Gos wrel cpdiErd and 844
15 bases of the STX gene (Figure’l).. As shawn in Figure 3, the am noacid
sequ@nce of the’ STX ene rodct has a considerable siml #9ty to the
product “TF *tHESTEE § N ASfEF FST §°5 8 ST SFd SOTafc BRNASET TES
pertussis 165 was extract ed described in Exanple 1 and jye portions of
the DNAcNYehfc @hdeod Rak SRPACAUER! e Wikt Ry Ahd QLS OO ZNERSe vhé) vik @kd &, 1.5 ug
of claronosomal DNA were treated with 15 U of each of the follow ng enzynes
Stu I, Sph I, Sma |, Pvu Il,sbst |, Eco Rl and BamH at 3% C for 3 hours
in 20 npes 6< argesr F'b*n'“fﬁ SEELACE RAp AT CTE T BER XOULFES CoeFeT TFRTY BTded ont o
0. 8% agarose gel and run at 100 V for 3-4 hours. The bandg,pf chronosonal
DA ver od e ol AROLEY ERO LT &t geebbiboecd el %Eéaﬁé‘gch)éz’é L6l 56
sepabately wi th the probes an as descri in I n no case
was a single band identifi ed.zu\,hl eh was capabl e of hybr| d| ssang the two
probes. céee: rralp@atesedchat dehase nmcq;efaesecaees ROt ea3 teab@dcadncar Si ngl e
operon or near each other, but that t hey 30 nust be at a mni mum di st ance
of several kbases. This obsef®ation is confirmed t he alB¥nce fromthe
gene?®| | B1%PFP 8T B & fUsEE L8127 *E0EH HFUWRTLR TS 5?%?%6?%“%%" genes.
Cains.35 1. A gene Isolated fromthe chronosomal DNA of g@,strain of

Bor det e}dcacReEddIgst FachbicClie GHERSC hoF eih BRERI kidbss A4DMR éve Meke the gene
is characterised by the nucl eotide sequence (l1): 40 45 50 55 12 30 ATG
- CAA FCC AAA ACE TTC CTC CTE &EC ECE ECS CRC 90 ECCEGCGTCECGCTCECCQCC
CAT "ECOAEA#TeE#S ERCroaQSc /AT 8T Crc 8] ACC EEC ACE ATC 120

150 ACC EAC CAG ACC TEC ACG ATC GAE EAC CCE AGC CCC GET TAC ATC AAB GIC
ETG CAC CTE 10

210 CCg AlHenb Biscolditg 10V SGn WhiBh (8 SiiACBLIMGS %%c%&d%@hﬁrﬁn&i@ﬁ sEq%EncGEC
~ ACT EC T 240

S 4
4%
50

65
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GAT ATC AAG CTS AAB GAC TGC CCG ACC ACC ETC AAC ACT CTC GTAC TTC

GAE CCC 15 300 330 CGEC I”,
390 GAC GG ECA ACE . CTE. CTCRARHAZELS Coc ABT GTE ACC GAA GaL AAEMEE "

GIG CAE ATC 20 CEE CTG ATS AAC CTG AAC GGE AAG CAG ATT CCC ATG EEC EAG ACC
EAG CCC AAC CAB CAT 510 25 ECC GCB ECA TTT TCC EGC ACC ATG CAA GCC GGC
CAG GGA CAS AAA TCG TTC ACC TTG @AC 540 2%

570 TACSCIE COCYEET TRECETE ARl ARCTIGEE AEF EER GAR {1 BAGMEEG ACC ATG
CTG ACC ACC 30 TAC ETG GGC TTT =2¢TCG STC GIC TAC CCC TGA 2. Asgene

aceor At F* LAY 1 e it e At At B P6i T SUBFAr ™ SYEHET &t &'¥'sed by the
am noaci d sequence 35 (rr): 46 45 50 55 13 EP 0 324 124e81

C L aim Prs SIO Fro Gly Tyr lle Lys Val Val His teu Pro Th Ile Sear LZD Sn tQIGLﬁ-_\A' a Lys The
Phe Leu Leu Gly Ala Ala Leu-Ala (Roy Val Ala Leu Ala Ala H s 3460 _

40 Al &vEn Ay S&y Prarpl Ale S Py l"é‘ RIFPERFe TR Wer Tt A3% €€ f"Thr Cys Thr
1€ du 50 60 Aso Pro Se¢ Pro Ay
Tvr | 178" e Va1 Vat Leg Svi ber Pf"o"‘"Frﬁl"I‘]"e 6&5e Pre vy 3Bt Apg JvT &4 TO-

50 Lys Asn Ala Aw Aeo Val Val At dv Arg Thr Arg-Phe Aso |ligoLys Leu Lys -
AsSO q’..gs Prp Le@lys Ala Tur Lus Gln Als Tro Twr Val Aso Rla Ala Thr Leu Lep Lus Ser |

100, Thr Thr Val Asn Thr Leu Lys leu Tyr Phe Gu Pro Gy Pro Thse Thr Aso Tyr
d y TIFre P19 Ser Val The Glu Ala Lys Ely Val Gln Xle Arg Leu Met €87 Ley Bt NGy Lay) Lys Al a

Tyr Lys A n Ala Trp Tw Val Asossdl @ Ala Thr Leu Lou Lws Ser 1420 _
140 FEén Fio FSpied/flly Fiv TE Gluifre dspSlgHys G AQ Aild Pee BpySlwefvdBet Asn Leu Axn
Gly Lys 150 170 160 An llegggo Met Gw .
A u. TiEi" By GRr BlnABky EmLi Ser/APre T~ d-e\Has PlreLEeRLCELY Ty Valketuwslkes Eln Ala A w .
drn Adw dn Lys Ser Phe Thr Leu fps Tyr Leu Ala Aw Tyr Val Lys Lws 180

200 AlRa» Ser ¢l fr(ray Bl ax@ ThAey CRhrmdviate Feuvdihgivi Are For valgbalSiiy- phe Ser Val
Val Tyr Pro End 25 3. A structural gene which codes for the mature pilinic
subuh#te €t ai ned in the gene according to Caim1, characterised by the
nuéd eoti de sequence (111): 30 10 20 30 40

50 60

3. A structural gene which codes for the mature pilinic subunit contained in the gene according to Clalm
1, characterised by the nucleotide sequence (lli):
30

10 20 30 40 €0 60
GaasaCGECA CCATTGTCAT TACCGGCACE GTCACCGGCC AGACCTECAC GATCGAGGAC

70 80 . °0 100 110 120
CCSAGCLCCE GTTACATCAN BBTEGTGCRC CTGCCCACER TUTCCAAGAG CECECTGRAG

35
430 140 1S5¢ leo 170 180

AACECCEELE ACGTGGCGEG GCGCACTCGE TTLGATATCA AGLTGAAGEA CTOCCLCGRCC

190 220 210 220 239 240
ACCBTCAACA CTCTCAAGCT GTACTTCGARG CCCOGECCCCA CCACBGATTA CGBCACCARG

) 250 ze0 270 280 290 300
GATCTGAMGE CCTATARAGCA GGCTTGGTQ_C GTCGACGCCE CRACGTTGET CARATLGECCG

310 320 330 240 IS0 J60
CCCAGTGTEA CCGAAGCCAR GGEEGTGCAG ATCCGGCTEA TEARCLCTGAA CGGLAAGCAG

A70 380 220 AQO 410 420
45 ATTCCCATEE GCGAGRCCGR BCCCRACCAG CATGCCGCGG CATTTICCGE CACCATGCAA

430 440 4%0 480 470 480
GCCGGCCREG GRCAGARATE GTYCACCTTEG CACTACCTGE CCGGCTACGT GAAGAAGGCC

420 €00 510 sz0 g0 ' sao

AGTEGAGAEG TCEATECEAT CATGCTGACC ACCTACGTGE GCTTTICEGY CGTCTACCCC
60

168

55 4. A structural gene according to Claim 3, in which the mature pilinic subunit is characterised by the
aminoacid sequence (IV):
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'GAAGACGGCA CCATTGTCAT TACCGGCACG ATCACCGACC AGACCTGCAC GAT
80 90 100 110 120 CCGAGCOCCCW}IWH’IIUMI’

GGTCGTGCAC CTGCCCACGA TCTCCAA f h':F(i‘Z G 35 130 140c
160 170 180 AA GGBOGGG GOGCACTOGC TTCGATATCA
AGCTSAAGGA CTOCCCGACC 190 200 210 220 230

240 ACCGTCAACA CTCTCAAGCT OTACTTCGAG CCCGGECECCA CCACGGATTA CG CACCAAG 40

230 . . L GATCTSAAAG
cb’rATAA%eA“'G@ErTEBﬁC"G‘r&SAm E& %{: e & ST I Gér& 320

330 Gggr@,_ CORAAGREAR SEETGTGCAG

_ﬁlggmmsjﬁwmmwﬁ“ﬁd PO A 390 1400 :
TEG COGA, SEOcAA CCCGOGG
EQETTT(M’CAM‘G@AA%BG“ Are The gfzfoi;e ‘E“’ ﬁ'? 503% : L 460% ! 470
GCCGGCCAGG GACAEAAAT T ACCTEG (CEECTACGE. GGCC 4'0
500 Trhe Vady fpn, TheLeu Luy O“GI AR g%‘oi S40 AGTCIEAGACIB%ECEACZl

CATECTGACG ACCTACGTCS ..9?HTIPCGGT -.-NQTAQQ@@ 50 ToReE%ad Lo st BIGL Ural gene

accor di n§ Y e mature pilinic subunit is characterised

by the ami noaci d_s 30 N
I1ie VaT""'Xf'l" 'Illh?"% 5 {F}Q !Il‘r"ul f&s%"gg ﬁqfﬁéé 'Q/ng'l"% A%'P(S%Ellil:ég% C?OW T

iloap{g :cs{ir Pr 9-0.%1\‘ aod e GLu Pro o YA laibic3a leBL ARE @ad Qr,_u |-|-Lﬁ ,S@rém Lws Ser

60 Asn nﬁs al gll G\ML Onsk - ARG dED @ ASrQr-Iusz Lus. Lé8 Lus Aso
onws Pr oﬂfhr "'7%‘ OVzi ,&s ah'h . EigumeswLeu Twr lPhe Sl uLProvSI A Pro Thr

The Asq TV\@,_,.‘S&M‘I \Ki-[mrx%ln% nlron-t. Leu T e Tur Usl Gly Phe Ser Ual Val Tur Pro 90

1002‘,0\50 @n Ala Tro Tw Val Aso Ala Ala Thr. Leu Leu
Lws Seg Pro 110 120 Pro Ser Val Thr
GIuAIaTws AwVal @Anlle Pro Leu I\/bt.Asn Leu Avn Aw Lws SIn 130
140 15 lle Pro Mt Aw, Aw Gu Thr Slu Pro Awn A n H's Ala Ala Al a Phe

Ser Au The Met G n 150 Ala Aw dn Sly An Lws Ser Phe Thr Leu His Tw Lou
Al az2d G mhrqyggsomq{,g)NN_iyg_gmem igplate(from a strain of Bordetella pertussis, characterised in that it 180
_?er d w 'coptainsihe geanp gecarding 1hElalpeh: Leu Thr Thr Tw Val @ w Phe Ser Val Val

w Pro 20 End 25 5. A chronbsoma ol ated .fro i n of
Bor det & |Aa°*g§'r°€%r§% PNA fragmant, agogrding é°d°'? étl"l'?fa se&?ﬁ?’g "H°'°°? Y: squl?lnge g‘i%ﬁr di ng
to %I%lal m™F9Ee 1A chronosonal DNA fragnent according to C aim 5,
cha C; el’AI rsegcgmbti) ant Igl@A %cu? Exrlqrﬂ:%eds E}g%g q&rﬁngsg’foé’\ﬂoning vector to the gene according to

Claim 1 and Claim 2.

8. A recombinant DNA molecule produced by the joining of a cloning vector to the structural gene
35 according to Claim 3 and Claim 4.

9. A recombinant DNA molecule produced by the joining of a cloning vector to the chromosomal DNA
fragment according fo Claim 5 and Claim 6.

“~* 4 10. A recombinant DNA molecule according to Claims 7 to 9 in which the vector is a plasmid for
expression in bacteria or yeasts.

11. A recombinant DNA molecule according to Claim 10, in which the plasmid is pUC12.

4 12. A pSM 281 recombinant DNA molecule according to Claim 11, in which the plasmid is bound to the
chromosomal DNA fragment according to Claim 5 and Claim 6.

13. A microorganism transformed by a recombinant DNA molecule according to Claims 7 to 12, where the
microorganism is selected from E.coli, Bacillus and yeasts.

80
14. A microorganism according to Claim 13, Escherichia coli JM 103 (pSM 281) ATCC 67572.

15. Use of immunologically-active synthetic peptides with an amino acid sequence identical to that of the
pilinic subunit of Bordetella pertussis encoded by the gene claimed in Claim 2 for the preparation of an
65 acellular vaccine against infections caused by Bordetella pertussis in humans.

15



~in Figure 1. 30 7. A reconbi nant DNA nol ecul e produced by t
cloning vector to the gene according to Claiml1l and Claim ﬂgmj lm mj"rﬂl
reconbi nant DNA nol ecul e prod %?8)‘34 ge joining of a cloni
structural gene 35 accord ng im3 and Caim4. 9. A recorrbl nant
DNA rml ecuI e produced by the joining of a cloning vector to the chronosomal -
a% cording to daim5 and daim6. 40 10. A reconbi nant DNA
m)lecu e acco ing to Cains 7 to 9 in which the vector is a plasmd for
expr eIS SERRud dbr BREHSAePDNY 8iAss! Stammek. vork Bbra@aliaipiermassié isbisiesnamd diyeine newsc or di ng
to O ai Bji-URkereinReitdddiérBnded) GerPini8étinachsteheptds NikledtBsoqddhz (I pSM 281 r econbi nant
DNA nol ecul e according to Caim1l, in which the plasmd is bound to the
chronosonal DNA fragment according to Caim5 and Claim6Ge 13. A
m croorgani smtransforned by aigeaosdd asnéccDiVe el et exrcaeddneg to Clainms -
7 to 12, where the mcroorganismis selected.fromE coli, Bacillus and
yeasts. 50 14. A m croorgai sm according to dai m 13, Es®erichia coli JM
108 (PN BBIGTCAFCETE BT FCC £4T 6¢% 84HFS FRTLFRA B ¢ oY UEt FFLGyATChet i C
peptides with an am no acid sequence identical to that of,the pilinic
subuni £ of. Rohdekeld apand 855 & BASRRCE e e SRNGCdR kel @i m 2 for
t he prepar atTon of an acelTul'ar vacci ne agai nst infections caused by
Bordetel | a pertussis in huggns. 15 EP 0 324 124 Bl a4
C ™ L cecMee arcSrcRad-anisanspti hes dsc &Ecneasuscdets edor essomonmiterecDNA el nes
Stammes von Bordetella pertussis isoliertes und fU eine neue
Pili-Unterelnheit codierend®s Gen nmit der nachstehenden fkl eoti dsequenz
(1): FOT.PFEBEFEOEAAE SO T "0 “18C°R TTEBF<*

, 90 10 CCC GSC CTC__.- CO CTC OCC C-CC CAT eCC cAAL"' % C- C ACC ATT
Si-€. ARE AEGEGr da? AT Gl ALt aas sat cTe man ecc TaT mac cas ect Tes tac sv¢ | SO pCC
Got CAl SCC CTC PCO ATC CQG C- AC CCO ACC CCC GOT TAC ATC 049 SIC sGI CAC C
T- 15 100 30
Z10 CGes/ATO S8p BFE3e 049 “%PS@ tce CSEPPRTEL05C %CF‘-‘ECFE"G“A FIFAEECC 90 COC oCT
CCe TTC 270 GAT QIC AAG CTS 00 CC TGC CCG 0CC ACC STC PA(,ACT CTC A4 CTQ
T Tl G CCC ACC
*cC @ F(%Qé%"; é% 8 fee &“r“%‘r& ¥R SREE™E A0S cﬁs“&éf‘f“ﬁ?é?&g GTC 360
310 OC QCC C-CA Ad CTC CTC.AA TCO CCO CCC POT CT1 AC Gap CCC PAOr-5 CTe
CA- ATkCcXims4caOrrr 1ec €6C ACC ATG CAA GCC GGC CAG GGA CAS Aaa Tca WHE e EGTs GIQ AT6 AAC
Cl® AAC 0SC A0 COG ATT C A CAG- C SACG CC QAG- CCC CAC COG CAT 'bo
510 GCC GCS CCA TTT ?CC SC@«0OCC ATS CAA CCC GSC CPG C- GAYQ0 0A4 -TCO TTC
PCC T|T@C(§m Gge ng\ODC GTG POG AAG GCC AGT E&5A GAG GTC €AG 6LG ACC ATE c?g-fﬁc Pﬁt CTG GCC
GC TAC 00 PO 0G GCC GT Sf 4A 505 STC GAS SCE ACC ATO CI'T ACC ACC *00

3 TAC GTG GGST TTT TCG ETC GTC mt- tcc IGA,
2. Gen nach Anspruch 1, worin die Pili-Untereinheit durch die nachfolgende Aminosiuresequenz (ll)
o codiert ist:
45

50

55
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'35 TAc -TOECSC T TCG ETV G-IC TA CCC TOO 2. Gen nach Ansi)ruch 1. worin

A R B S i

L' S ! *1Q 20"ttL Gn A& LVs
Thr Phw Lou Lou Sly Al& Ala Leu Ala Ay Val Ala Lou Ala Ala H s 30

40 8 Ala GAlu Ago As |v A VT XfI Val lie Thr Sly The XI* Thr Aso Gn
TN:, Cv* TFh XI* A v so 602d\so Pro ;
 SEA Pr owSyn Fvé Lid ani 1B Ve LVaFIVI—fFls Vvl ePrid» Five Vri @154ev Rl Be#iN a Lou 70
60 Lvy Al Ala Gy Aso V.1 Ala Sly sar* Thi A-9 Pho Aso Tl- LvSede~a Lvt
AsO 5OV. abé 614 B03DBLy ™ Ile Vsl Ile Thr Gly Thr Ile T Aso Gln T Cve| 9" T CFY  Val Ann
Ttv- Lou Ls Lou Tve Ph. GQu Po Sly dgr- The The Aso *wr GSI Tovee 110

120 Lve ads@rd o¥¢ EMEGAl avrTRYe Luasvad yrlAta CBer@Prd Yy Wit SAS ovAFer Al|t¥hL  Lau Lou

W/ Sue 16 130
140 Fev iy essbara ¥l addiesiGhie ﬂuandsVBrGrv Frim PsSiXte EveLitegud are Rs P«'m Lou Awn
Slytvs | SO 100 A n XIl PggeM Qv

A u 11. oGk BiDeinClén tisSLeld -a.rﬁdra Al F-Pliv Bep TSt PrThe Fir\B1vl TE-

| ee 20 Gn Alady Gn dv Gn Ly Sge Pho Tl-_ Lou.H's Tue Legp Ala G v
Twe Val (w esd Ve Alsaaetunftes ﬁnumVa#roGqu VAl @sd s Me MetLEhtedliue Seror Vol Gy
FP . See Val Val Tye Pro End 25 3. ._,§trukturgen das flr die reifg in dem
Gen nachnAﬁ&pEmh.;lne-néh.aMaem iyl Vel b e eirAd ebd ne0diretéy A G1nNEaNSt ehender

Nukl eoti dsequenz (111): 30 10 20 20 40,¢0 to
00 OAsAgfX el QQAFGFTEBCA'E m&&mm s 1GATEOMCGAC 70

80 0o 1 120 CECSAaCCCCG GIr ACATCAA
GO—I—W%GW JMW. 3 ADRr3Deul Bk Glv Twe vid1d4(0us Lys | 5S
160 170 190 AA ACGTGECGEOG  CSCACTCGC TTCLARTATCA

AGCTGAARE0 CE B S d00a1a ™ tue ™ ™ Toe E) Gly Fre $er2ZdD Vsl Ty a3
Z40 ACCOTCAACA CTCTCAAGCT OTACTTCGAG CCCOGCCCCA CCACOGATTA COOCACCOAG 40
ago fro ent 10 270 no 290 200 GATCT4AaG
CCTATAAGCA OSCTTGOTAC QICGACGCC6 CAACGCTUCT CAA TCOCCO 310 220
330 340 2S0 340 CCCAOGITGA CCGAAGCCAA SGGSGTSCAS

0" ¥ B ge T o A6 8 6 e e e e R ot Mocecs

— eotidsequenz (lll):
CAT'Ia"I, =

10 20 J0 40 (1] €0
28a40C63CA CCATTGTCAT TACCGGCACG ATCACCGACC AGACCTECAC GATCGAGGAC
70 8o °0 100 110 120
CCGAGCCLCB GTTACATCAA BETCGTGCAC CTGCCCACEA TCTCCAAGAG CECECTGARG

130 140 iS¢ 1€0 170 102
ABCECCGECE ACGTGGCGEG OCBCACTCGE TTCGATATCA AGCTGAMGGA CTOCCCGACC

35

190 220 210 220 232 240
ACCATCAACA CTCTCAAGET BTACTTICGAG CCCHECCCCA CCACBGATTA COOCACCAAG

T 40 250 2¢0 270 280 290 300
SATCTGAARG CCTATAAGCA GOCTTGOTAC GTCGACGLCS CAACGCTGCT CARATCOCCS

30 J20 330 240 JIT0 60
CCCAGTGTGA CCGAAGCCAA GGGGGTGCAG ATCLCGGLTGA TGAACCTGAR CGGCAAGCAG

370 J60 320 400 4410 420
45 ATTCCCATEG GLGAGACCGA GCCCARCTAG CATGCCGCGG CATTTTICLGE CACCATGCAA

430 449 4%0 450 470 480
GCCOECCAGE GACAGARATC GTTCACCTTG CACTACCTGE CCGGCTACGT GARGAAGGLC

420 €00 $10 sz0 20 s40
AGTEGRGACE TCCAGECERT CATGCTEACC ACCTRLGTES GCTTTICEGT CGTCTACCCC

50
Tea

66 4. Strukturgen nach Anspruch 3, worin die reife Pili-Untereinheit die nachfolgende Aminosduresequenz
(IV) aufweist:
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430 440 SO 460 . 470 4SO
GPCOC- AAaTC GTTCACCTnG CACTACCTGG CCGGCTACGT GAA4GAGCECC 4?0 ’fm@muuyl
510 570 530 $§BAe TCGARC- G TCQ rCG CC- ¢ CA

- ACCTAC6TGC GCilrrr CsGrT COTCTACE%&Q% 00 55 4. Strukturgen nach Anspruch 3,
~worin die reife Pili-Untereinheit die nachfol gende Am nosduresequenz (1V)

auf wei st: 17 '11!12111 1gl Il 1211! 1211211 I1lii EP O 324 124 Bl JO

20 1 6Sl u Aso %Y TN- Xl * . Val &l O Th- GV Thw | e The RAso &.n The Cvs
Th X| eug?sa Gd.g '%\6 e Vsl Ila Th~ Gly ™ Ile The Asg 61N T Cys T Ile Sop pf"b See Pro

61V Twr XIl  Lvs Val Val H Lou Reo The Ile See LVs Szr aAl L&u LvS So

606 aPn VR E AU OVVAL At VY ‘tj"Ati“' LPHP AP AeateSen 84 EmUty. s As  CVS

Pro O T-r Val Aln ebllr-Ltu Lvs
Lou Tv TP S ps 81" Cht Be HTxf"'fﬁ‘w“'N‘é' ‘ry'r Lpg ks We&L-Ys-qEIW
go 0 Avo Lou Lvs A Lw Gn

Ala T NS00k Wt m e 'L‘bJ"tSb“ m/"*'s@é‘ PrepTrI Bty T Ly
128 Prg_See Val Thy: QU A g L #y val Sin Xie Are Lou (oLt Ren L*U Pon

aw LV?/.O L 61 Tro Tu- Val Aso Als Als Th Leu ‘ﬂ_ﬁ'd“'.st.P ” ., ur-

t - Lbt Q(y re Po- Gritis Ala Ala Ala Phe See rlyvizéhr | t-v C
10 11c7§’1 N Rl &l B BRRL B2 ""1 ?'ﬁ‘o“‘éf WPFy W PIBLY Sin | v-

P | T V| LV\N Al . 17G
ICgEO S%r“éb%v\%pﬁl EF Jé{ GIKIOH‘AAm %.t\é\{ s vs"'ﬂ;‘r' V.“Si"'ﬂ}.;Pho See ValL

lal Twha BLY 6kl BEL € LR . r;gfsqmih s,r“_a]ys e| nem St anm von Bawsdetel |l a

pertussis isoliertes, das Gen nach Anspruch I BHtWaItertyasvmi@Ae Fragnent. 6.

Chr omgsoal-8f, PNeGr t h r t _der in Figur lsgezeigten
Nukl eot i dsequenz. 5 ﬁgrﬁ\nﬁggg |T§;§?el'sj |\;§ ot RerT YatYgt Svndse

Kioni an%svekt ors mt dem Gen nach Anspr uch 1 odor 2 produziertes

DNA- Mol ek a Rekonbi nantes, durch Verbi ndung el nes Kl oni erungsvektors
mt dem Strukturgen nach Anspruch 3 odor 4 produzi ertes DNA- Ml ekU . 36 9.
Rekonbi nant es, durch Verhi ndung ei nes Kl oni erungsvektaors mt dem

cHF ofrosBlaTos 2 ML BRrdgiila Rntussiy dRoliertgs. sied F9p inash A%SPRRIMI VDI ek Ul .
10. Rek® f°H%%%m| ekU nach einem der AnsprUche 7-9, worin der

Vekt gr £j d 40 i St
Rekorgrbl néJP? WM PR 5r'ﬂ'£#r f@’a gumgrg?zﬁ'gﬁﬁgqe@?igsﬁ‘ﬂ%?"ﬁle i st.
13 Re%mmes -NAyelRla SR IR 13853, B! asmi d
an das SHUSEHRS © :ﬁ“e S %Dkwgémagne %%%%@A&%@pé%c#%g'“ rdan (gd%[)gnden
ist. 13. Ein durch ein rekombi nantes DNA- Ml ekU nach ei nem der Anspr Uche
7- 128t rRuRShisIHaRTeS I dufth , Verditludg: 6ifds! KlondRinbdvbiisrs Widadie BRukufen e Rdsb®
M kr oorggedy groausierteds ®NAMblekiNl kr oor gani snus Escherichia coli JM 1 3 (pSM 281)
ABELCC 67572 nach Anspruch 13.

9. Rekombinantes, durch Verbindung eines Klonierungsvektors mit dem chromosomalen DNA-Fragment

nach Anspruch 5 oder 6 produziertes DNA-Molek(il.

_ . 10. Rekombinantes DNA-Molekill nach einem der Anspriiche 7-9, worin der Vektor ein Expressionsplasmid
40 flir Bakterien oder Hefe ist.

11. Rekombinantes DNA-Molekil nach Anspruch 10, worin das Plasmid pUC12 ist.

12. Rekombinantes DNA-Molekiil pSM' 281 nach Anspruch 11, worin das Plasmid an das chromosomale
45 DNA-Fragment nach Anspruch 5 oder 6 gebunden ist.

13. Ein durch ein rekombinantes DNA-Molekll nach einem der Anspriiche 7-12 transformierter, aus E.coli,
Bacillus und Hefen ausgewihiter Mikroorganismus.

60 14. Mikroorganismus Escherichia coli JM 103 (pSM 281) ATCC 67572 nach Anspruch 13,
16. Verwendung von immunologisch-aktiven, synthetischen Peptiden mit einer Aminoééuresequenz, die mit
jener der durch das Gen nach Anspruch 2 codierten Pili-Untereinheit von Bordetella pertussis identisch

ist, zur Herstellung einer zellfreien Vakzine gegen durch Bordetslla pertussis beim Menschen verur-
55 sachte Infektionen.
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15. Verwendung von i munol ogi sch-aktiven, synthetischen Pepti iden nit ej

Am nosgur esequenz, die mt jener der durch das Gen nach Ansﬂ“im M“!Lumm“‘
codierten Pili-Untereinheit von l.a pertussis identi

t
Herstel l ung einer zellfrelen Vakzin g'?ée% durch Bordetel l.a ferfussi < bei m
Menschen verur- 55 sachte I nfektionen. 18 EP 0 324 124 BI
I Reldrdidatiddsl 11L Mls1l S Revendi catlons 1. Un gene isolM & partir de
| '~ADN chr onbsom que d'une souche de Bordetella pertussis qui code pour une
nouvel 1% Sogbrelinild & ppiit umrmmecmimob@m@ﬁrtﬂmesbucﬁaﬂaeﬁrtiétélﬁ%e%&s ha cseprRnce
nucl eot i diumpureuyellg souSOnité pilinique ol le géne est caractérise par la séme 0:
~~~~~~~~~~~~~ o CAAG 0OCCAm C ITTS Cr':CY 09 'eCU Scy CT': 10 ocCC
sCC OTC SCO CTC CC G.CC CAT GCC Cin 9.ZC SC-C ACC ATT OTC,OIT ACC ceC ACq

ATC 120* 16 con cec asa ace BROcRGEGEE &8 ecdGrE 16" ACG |
ATC- SA GC-C CCF AGC CCC COT C ATC AnGCC STO CAT CYT t6
@6 * 2J0 ©CC ACO OT''CYMCC AAG 00' C OCG

CTC AQ %A e3¢ i WEXKE BT eccse“ &E. SVEC BF TEQWYUC AN #0¢ 8eC ace atc
270 CAT ATC AAG CWéic PAC QAC | C CCO ACC ACC OTC TAG ACT GIE AAG ':1 TAC

- TTC GAG

330 esc: %@gl\féﬁ RE3 AT fA ‘%"’oﬁ‘f ﬁ‘fc"‘ﬁA&C{EXT"& e m@'%cﬁz“ “PAf"ARG O G
$CT IO T C1C 360 A90 . 2AC SC CA
ACS Ci e it Gecdc TR ﬁ@GsC@E& écEiTnGT@cAﬁe 0o 4caCGE RO dio qechtB i rréve 26 420
*S0O COO CTS ATS°AACCTG pAC S—C A3 C43 APTT CCC PTO WGC CPG 'ACC 54Q CCC AC
CA) CAT Aso S10 30 ?™%eCC GCG C-CP
TTT TCCSRTATEES qw*@eﬂ&'w TEEB A AT r e SFFCACES ¥4 “Eami 340

. 1)2€ CTG OCC CGC | A 606 GA)QPAOGOGCQGT SCA Si G OTC 6{39 OCS ACC ATG
CTG ACC Go¥ecd8ce ace eat Toc e acc s cat cte aaa ecc TR (Hdc bAS cer Gl rhe 8% TT Y
TCG ETC:OIC t CCC TGA 2. Un gene sé€lon lFa‘revendication 1 dans-lequel la
sous-unit6 pilinique est caraot~risde par |a s6équence. 40 39 ,
d aci de§aﬁ1°ﬁls@"(‘l"f‘? ‘-"fﬂES‘rTSef‘“SSG CCopug ‘924“&24‘75“ BCC ACZ GG3 GTG CAG aTC

~~~~~~~~~

20 16t G111 g bt TP SR Yol iRl ACBILE Yol o LU A

a M.$ 3 Aso Qw Ttv
II%VaI 1ZI The GLY w lle,hhe Aso G n The Cvo T Xl % Gae | w SO,
60 Ago [ero cBeackrnaT Gty edy hcoXdme da¥Sechaies \Cas ol icel (Ba Feo Titiecc Xid cdiee Lvs See

Al a Low
840 - 570

TAC CTG ECC GGC TAC GTG MG ARG GLC AGT €74 GAG GTC ERG 616 RCC ATG CTG A&CC arC

600

% vac 676 tec YTT TCG €TC GYC TAC CCC Ica

2. Un géne selon la revendication 1 dans lequel la sous-unlté pilinique est caractérisée par la séquence .
40 d'acidesaminés (ll) :

50

55
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- 70 sO LVs Ain Ala GV Ao Val
P-1 '1- A-q Pho As. Cl1- Lir Lou Lvi Aso Cv- Pro 10 H“lm | “‘“\ “
0O Loo Thr Thr Val An The Lou LE?OL&H1£¥B1Ph* Gou FPO 611 Pre

Tyi- GV Tu 110 120 Lws Aso Leu Lws
Ala ?Yvu LVs Gn Ala Tro Tv V-1 Aao Ala Ala The Lou Lou LYv See Pr130

140 Fee ro ar al he 6w Ae Ls G\/lle VaSin Zie Ar Lou fnt. As,. ng Ann Sly
The GO Mt e T A At Bty Bl GV

L | Pl T 51w T
Val® LYSJxl:vdsN Rep sl q’?l’v%l é‘p’\nfa:’ﬁd’%a h;gpl\/?é? L‘qﬁa‘%' '%‘h:’?'r M°Val 61V
Phe So-g, \%«1 FIy-G!. o @EQ oR ! Qorlﬁ—odﬁ.-s.:txr lﬁc sgoy'cucq% pour la

sous-uni t I Nni ue ITHt ure COﬂt enue ans e gone se on "a revendl cation 1,
G Lt i I R L Ao o

ATC& APACCTE6CAC. 6ATe CAGGAC 100 100

110 R mm&x& ‘Q&S&é‘bﬁﬂt‘t’r&ﬁ&m PerSnens

CFCI CTGAAG 35 130 T 110 LOe

AACCeCEVEE et ti:&’A’cﬂ?Gt“r TCd&TA“]‘b&'i\ét‘rébA&‘A‘t‘rthEBA& 190

200s Rl O 1302 0 ACCOTC ACA CI®TCPAACT

OTACTTC@\G'tCCO&t&SA“Mw Y:bdﬁ?&d% £7° b" e 260

z20 150 "0 300 6ATCTACAP 1&CTATAAGCA

9GCTTO@T’A&*UT&NCG&SG’C'ARC@‘I' TP TASATEHILEY Siphls Pre SeryBly T ter 33

240 360 CCCAOTi3eC7A CCGAAGCCAA 66CCYTWCAG AT€8CGGCTGA

Tmﬂ@iﬁ&lmeww" Sar Phe %d.cu His Tyr L%Oll Glw Twr mOLvs Lvs 410

*20 45 ATTCCCAT66 GB@AGACCGA CCCAACCAG CATCCCGCe#e CAll1 CCGG

CACCATEENE*7 Sty Glu Val Ghyfle T fat Leyy T Twr VgigBly Fha Ser Vad7gpl Tv= 490

eCCGoCCPGG GCAC- AAAATC CT- CACCT1- G CACTACCTGG CCQGCTACsi T GAC- 40G0CC 460

?:Rg 058 o End 620 560 540 ASTGGAGCC TCO- A- C- CAC
YTCTGACC ACCTACGTC-0 GCr ** CGOT CG r CTACCCC 50 T70 56 4. Un gbne de

structure solon | a revendication 3, dans I oquel la sous-unitWpilinique

ggiurlzgdf?j%t iﬁi?ﬁ%ﬂﬁf;iﬁi ci&r polu'a Iass% -un plllmg aecrlwg&:'g c%nrtnenrt}g%i% I(\a/) génezs(s)elon la BP0

7 @ou Aso G Y 'l FRETTRI PR sfaugnes nuggtidique Wy "y Aso 61I The CVs The |-

gldUa,. 30 Pro See

Pro SIV Tvr X Qedetéd/ataNatcatl més%hc?raac&baac‘ﬁlmn&&ecﬁevsaéﬁssgg“l a LoV Ly sO

60
70 g0 20 100 140 120

CCGAGCCCCE GTTACATCAR BGTCGTGCRC CTGCCCACEA TCTCCAAGAG CECECTGARG

130 140 is¢ 160 170 189
AACECCGECE PCGTGGCGGEG GCGCACTEGE TTCGATATCA AGCTGAAGGA CTBCCCGACC

190 290 210 220 | 230 240
ACCATCARCA CTCTCRAAGCT GTACTTICGAG CCTCAGCOCCA CCACAGGATTA CGACACCAAG

40 %50 z60 270 260 290 300
GATCTGAARG CCTATAAGCA BOCTTGOTAC GTCGACGLCG CAACGCTUCT CARATCACTG

35

210 320 330 240 IS0 360
CCCAGTGTGA CCGAAGCC” GGGGGTGCAG ATCCGGCTGA TGRACCTGAR CGGLAAGCAG

- 370 J80 3920 400 410 420
45 ATTCCCATEE GCGRGACCGA GCCCARCTAG CATECCGLEG CATTTTCCGG CACCATGCAA

430 440 450 460 4?0 ago
CCCGELCAGE GRCAGARATC CTTCACCTTG CACTACCTGS CCGGLTACGT GARAGAAGGCT

a2 $00 Si10 seo €29 S40
AGTEGRGAGE TCEAZGCEAT CATBCTGACC ACCTACGTGE GCTTTTLGGT CBTCTACCCE
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56 4. Un géne de structure selon la revendication 3, dans lequel fa sous-unité pilinigue mature est
caractérisée par la séquence d'acides aminés (Iv) :
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T r 25 5. Un fragnment d' ADN chrorgesom que isole d une souche

Bor det el | a fsertafdy £330 Yol dlot Hvics BN fce Pyt Thokny vt Liscrghho el | a
revendication 1. 6. Un fragnment d' ADNsghrornhosoni que selon | a revengication
5, caract ~rms¥*p&r M -stgueries vadhrd v Are Gty PeopPetsBnt fbe Barsivani=igisre | .
30 7% Une nol ecul e d' ADN r econbi nant es@roduite par |'association diggh

vect eur de A2P &AdE® At JeriessBPdde |Toe Moy ¥nd Praafisofial et Lot epdive rgb-cfpi ON 2.
8. Une nol dcul e d' ADN reconbi nanto pnesluite par |'association d' unggect eur
de cl onage 8% SgDIYat dor 8y Als LugGiy Vel Sen Sk OTF Loy Mes\ARendieg Ash RIv3-vetsiha
revegdication 4. 9. Une nol ~cul e d' Albbé reconbi nante produite par ;o

| ' associ at Foh "B® (Mt JBC PP Fdv fro A &ttt flagterftis ™SR Gy Shodekisiae sel on
|l a revendication 5 et |la revendicatiaeso 6. 40 10. Une nol ecul e d' AQkb
reconbi nanf'a® S&Y 8iM FAURE La ST Ehe My bt MonBw oy Ads &dw To- Valet o [Ade vect eur
est un pl aim'[')gf ,ggur expressi on dansitees bacteries ou | evures. 11.;edne

mol Geul e d”XDRMt 8Coith HEf'E TBelth ra™ eTEntrcat i Pro Seuans vrhdwelPre | e
pl'asm de egt pUCL2. 45 12. Une nol ecul e d' ADN reconbi nante pSM 281 sel on
|l a revendi ation 11, dans |l aguelle | e plasm de est 1 au fragnent d' ADN .
chronmosom que selon | a revendication 5 et |a revendication 6. 13. Un

m croor gani sne translornme par une nol ecul e d ADN reconbi nante selon | ' une
des 2 ePendll EagMPRIADN ghroypsomiqye| igolé f'ynp SeHchmdf Baigptelia periupsis, sjracifriphen geraude
E.col i, B8Yen Iggéneselple rvandigaion 1-50 14. Un ni croorgani sme selon | a
revendication 13, Escherichia coli, JM 103 (pSM 2 ATCC, 67572. 15.

Uil i sk ﬁ?fhf'aawgé' Pl iemegariqre Soler /a Lovpnsie BTG < PP Qoo
sequence PRI AR S AERIS" denti que & celle de la sous-unitr pilinique de

Bor det 6 | g ROrd 1S SaBNG O GrRate Arrgdtulgeg%? ésg%?aﬁ&i %@e&&ﬂ%r h@na%? au gane selon

revendi ¢l ) Rllcaion PAY rebendiliiGa ('JI vaccl n acel alre contre ‘aes
i nfections provoquees par éor detella pertussis chez | es humains. 21

8. Une molécule d'ADN recombinante produite par I'association d'un vecteur de clonage au géne de
35 structure selon la revendicalion 3 et la revendication 4.

9. Une molécule d'ADN recombinante produite par I'association d'un vecteur de clonage au fragment
d'ADN chromosomique selon la revendication 5 et la revendication 6.

~ 40 10. Une molécule d'ADN recombinante selon I'une des revendications 7 & 8, dans laquelle le vecteur est
un plasmide pour expression dans les bactéries ou levures.

11. Une molécule d’ADN recombinante selon la revendication 10, dans laquelle le plasmide est pUC12.

45 12. Une molécule d'ADN recombinante pSM 281 selon la revendication 11, dans laquelle le plasmide est
lié au fragment d'ADN chromosomique selon la revendication 5 et la revendication 6.

13. Un microorganisme transformé par une molécule d'ADN recombinante selon I'une des revendications 7
& 12, oll le microorganisme est choisi 3 partir de E.coli, Bacillus et les levures.
50
14. Un microorganisme selon la revendication 13, Escherichia coli JM 103 (pSM 281) ATCC 67572.

15. Utilisation de peptides synthétiques immunologiquement actifs avec une séquence d'acides aminés

identique & celle de la sous-unité pilinique de Bordetella pertussis codé par le géne revendiqué dans la

85 revendication 2, pour la préparation d'un vaccin acellulaire contre les infections provoquées par
Bordetelia pertussis chez les humains.
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