EP @ 232,229 Bl Description The present invention relates to a cloned and
sequenced Eco Rl fragnent of Bordetella pertussis chronosonal DNA :
contai ning the genes which code for the five subunits of the pertussis
toxin, useful for. 5 the pr‘e@ationepfo'zal_aezwentussi s toxin or of one or
nore subunits of the pertUSS|s toxin. The present invention also relates to
a hybrid plasm d containing the cloned and sequenced DNA fragnment or
further fradtasaiRtiopher eof and to a mcro-organi smtransformed by the hybrid
plasm d and ca bIe of expressing the cloned DNA fragnment or further :
fragment s ther “‘s YFPER—S‘ §t°62° PW@“?EP‘%%%%?F%‘"?"OW nJrROPM of Bordgiplia pertussis
subunits of Pf@g te o8 zf";h' ore nr—{ of theﬂ:' J‘;E °8'81'|’5%? fouin, pseful for
met hod f0|§ t Ge t i v(gﬁon Iso Ii te I Qbang SUte)rlfg:m tD%lA
of the perty 3,10 E;,y v? L g? ﬁgdand
transf or med LihdlthB loRRdd :siut f?agﬁ\er%lb'r tua Gralrh ntsttﬁa?eo Fosis/ A portussis
pertussis tqg,g,,{b,gﬁe&n@o,@gubmg@ftﬁygyﬁngstssoxg the pertussis tOXI n %US

obt ai ned S US®ieUhvehtidh alsd)onBérRnathddabr 1 praAfBoN A ThodBiilisslé BYNBSdnb 6r tiérb Subudifs
Pert ussi s i Sof &8 pbrifisQ€ fokifh Which inbIlidds K13 HEOWEHASE @6 Ynidrd-arGanismettafsiiiméy/byBing Bl@kE bibsinid in
pertussi s (B supabletoumss mediomd G am+ negati ve coccobacillus which is
transmtted di Tecpdrtysstshtoxinighoteher @ore sdiounitngf the partussis losih thass oblainediissuseiat for the
peri od frompréperatiomehivaceinas@nchdisanestieits: bl e heal t hy i ndi vi dual . Pertussis may
cause resfsi r at Barpssisderps infsaionch ¥hs; respirajesy tiecreayeedaycBorrletglin panpasis| (Bigertussis), a Gram-
par tj gul ar | y‘GQﬁV%FﬂcFQ!PF@HS Which iyirageseitted direcii dqugh the @il guring fcraiaghah expopytsfye period
babi es wi t hd?f tuipvafidhig)a s”%?ﬁ?‘lb'edlﬁ?“thbg‘g'i‘"g”aéntl badi es. The 20 clinical course
of pertussis |?Rf\“i?@fé§ayf°6‘tﬂe '&’é‘?é‘écq"f?l:z‘iig‘ft"&ﬁe 0P & moalitn park %;Et%é(%@s o

hase. and an (¥ TPEPESERE yilhput
el e rohar F%%mgm%é’ft%gs. iosPIEsS) B4 2

Symptams Ford ﬁgsuse ; pﬂt"o% P Y

i sol ated easi
characteri S%rt?é)é %W(P é%sf;nq iﬁf%%l QmE Ftsns"pﬁ?%b% W%ﬁ?%‘ﬁﬁog afg the B.
i sol ated only b!Rlné Qﬁi@%has@-’éﬂaﬂgteﬁ & b?%va)nﬁﬁaﬁﬁrbtf pBRRSE itkdir, {ne lﬁ&eﬂum is

| onger p0§,5|,§&aeedtoglygn55@, f@adgs. pertussis fromthe nasopharynx al t hough the
patients stil Io&iﬂg@«escsémateeasat SlasdP@ i MSBAgRr pdshibll So BIRAIB. bérEaid RS tHetAkophdighx
mor e Vi ol entasdubtihe pdtiedtsistillhatsl spimptods oftgdduskis.| ness occur after the

di sappear ance wfs deaeirdoanisanat the anvek: fislenntiinodl Sndichtionsyf Hizalinessf oecur eftbr teatisappearance
pertussi s i of thetbacletie ahdfrom wessit may be infehe tha Piussit ismt due fcitvaS6h oftihe épiratory tract
bact eri a foutbyttee kactedx bw i & &ixie. statindused by/the hectdsia butorhich rémeins whéncaiter beindispppear-
even after tahes r di sappear- ance..The change of B. pertussis from phase |
(virulent) to Plebenge piB. (on-@ﬁs'vfrmp'em b (virulonty tobpas Ahinendvirggntids peserapanied v p loes ofy
to synthesi scépaéﬁttf’ﬁ}"}‘l’e?ﬁﬂﬁet"‘a'ﬂé@tag‘i?é ﬁ“°§§s "‘Eerf@“'ﬂ‘?‘é'ﬁ g §7 T3, hPW'Wﬁ'"((W) adeny'cyc'ase

haenplysi n (A "‘“ B‘Icé der m)necrot i.C toxi n

Tests car¥i ed “SZ J IC,,, rZave %

shown that t esulracere dmmu a fr? ti‘lj eét f 8’!’1'@ ca Bfofctmg
det oxi f i ed W % ot o wﬁssg Aw& G é&égg 51t Mo,
dueit9 the 'z%)r@a @E muf‘ $e ﬂ: fuile of B.
studies (#'p%ﬁuss@a&d V\@ s h sucée'lag&g éoﬁ ng thérmtlﬁnts xch ty Sife oallhq
(1984) J. | fotordbthe virdiBnce ¥ Mo iRAMBn S WNYMRspolkBle sfiontdd ranEﬂb@&te(T $)Vﬁto-°thbb§%&ﬁ&&3

contribute . bRl FHrone kdsRCdarrde® olitie au.merdl .enssefomtd Bt o) theD@ithrdS whish AatiCiod{heti S
has succeedeagdpdcity to SEtRSSRIT briveic Rat, aithesamb inb, idsamer Viomicesel ectivel y only one
of the fact or sHate thia pertussisoxdin (FF) s yhetritefor fantBicin the eiuiadte ¢t Bbidetalmpesasik.e el enent ,
a transposon (THdS)ertussist toxit, hee pgleimowits 2 MmoBculgp evelgbitsssi about AOQONOL datiers, is awoduesl mdt
in ani mals, releasegigtoftiw errirh ¢eliigler egyilonproanhby Padetetia perwisischringaliasedst t hei r
capacity to syRt hessansenzipmatisracfidy and dleactivates H®Pgienianddlie GTPwigpontdntiprotein which is
vi rul ence. Hppbked 't‘ﬁ'édﬁ@li“taﬁ@sqf@“t’@@dﬁﬂyg is the na or fact or | n the

virul ence of BB'fedé*teéPF'&S pe el toxin lfb”s" constityfed ?Yetl”

: 0 ic, 1
RERECIE s Ry Ty s ﬁp&i"e‘;ﬁp B

o7 has an” AL neﬁ"f*'%‘t e tésgf o5 g o ;
e Sependengd E:i‘rgob 2é6b &o o S AT pan oy g

adenyl cyclasg.. agoes d b Obhdlser skN€ pertussis toxin i s [So consti tut e
by two differeffed ﬁa’é&@ﬁ@;‘nas to'%né?rﬂpangrecﬁﬂors of euckfyBtictelld @tﬁﬁ@ﬁ& entrfBi $1Ninth FhelcBildl C.

conprises a si A0brBseRiOh YBrRRLE Jaucid id 8468 Uich, aRitdughAiing Perthah@rt RritinitY, HAE GRS rodf
about 28, 00Qiiddahags. Whi ch can bind an ADP-ri bose group'to a GI pr otein

‘involved in the transmi ssi.on qof signals fromthe outside to the inside of
cells. The B fragnent- conprlses five polygeptldes S2, S3, $4 and S5
‘(subunits S2, S3, S4, S5) with mol ecul ar Weights of 23,000, 22,000, 12,000
and 9, 000 daltons respectively, 'disposed as two dinmers 55 S2 + S4 and S3 +
%S4 and a nonomer S5. C o ' .




The B fragnent binds to menbrane receptors of eucaryotic cells facilitating
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SO 7 - Genetic code: by this termis nmeant the relationship existing

bet ween t he nucl eotide sequence in DNA and the amino acid sequence in a
protein. An inportant characteristic of the genetic code is the fact that
the synthesis of each amno acid is gpgdghiesighy a sequence of three

nucl eotides in the DNA, also called a triplet or codon. The genetic code is
universal, that is, a particular triplet codes the sane amno acid in all
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Promega Biotec 2800 S. Fish Hatchery Road, Madison, W 53711 USA) starting
fromthe strain Bordetella pertussis BP356. This strain is a nutant which
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o 232 229 B1 @egeﬁu&peﬁ"em atdbe eloned @NPrapryent it 40809 base wRirsheoatalpechihe gpngriorThe

| n t hPYLssGT 055|blet0|solate an Eco- Rl DNAfra nment with .

abo :1050 *r‘g'“b‘t?ﬂ 'i’ HF% °'t YF@" “Y d'§%'6l’E|BWB%’°d1’e“P’M ng P%! c?é?i‘i’f’"‘rNS
f1 ant dz‘bn g %ﬁ jo Bﬁh % RYUEYS ﬁ% | B'ngi

3500 baseRg%‘a,Ju ﬁsr's Ehisr “BiRia® gpn 3 eI ¥ ° °r

The Eco-| \Me 5‘ ?néﬂ&gr t%ﬁss Iia§se F%o& RFE’ megte&tcﬁl% Y;\éo;ngl Bﬁﬁ was
restricti Oa@oe&zm& @L&s qa 3nak 183 Geadrride
bet ween ;heyb pg,gpgpgg were I sol ate sation wth
a probe f gm VMQ)r ErRARREN FerdHof cibitd $n ihd %ﬁﬁgb fve&si msws am MBMBH i the 00
base pai rsreaémbﬂahq,hagdmAmstdmaﬂqu)ﬂasQa@ﬁndaal rs. The two fragnments, purified
by el ectroel whilgss, of WelsequshBfhaslenabRd viridud 6pen nb@@efraﬁeekwswo%nt&m(ﬁuew 10

Engl and Bi ol absjnphrsen 5Dhr cthieg eopertea dngthe diniotsdmjnabss@uencast of iy sulbLaits of the toxin
restri cte omevespynEhat-Homaif these GHFS imtacticadstfordie Sagiesc 88, S3fant B¢ ot tpeatnsaignaint s
wer e then detMoraovancitie. nleguldri weight. theramitpeacidi qompésition tard te Ginctit goprges wWeheein exact

t echni que ahserdancaith.p (%"@aﬁg’eﬂa (Tablg, 1). APfithcORAYawas alspddedtifiegcilaced hetwapn Aimpse yoigty) |
The f rag mefrdeiprt§¢ and(Es. whistecqsas fos.alpiein with & Bwlgeulal 0@IghiRNd ntamineac cgmpastien

[7]

Hinai L si t@ent'aa'mmseeﬁca@dée Rusit B%i gure 3A from:3030 Lo 3100 bp) which;

transl af®d_j %fet" ’e°&°6 %Fgg?ﬂpﬁ '"a?d{aa@e'é&e*b?%?f’ﬁ FS"TB"T"H&”Q% &P

code, cor rg § ur § b g@ resrlEs if is % & U :ch}l y

for the su "é a § ‘tﬁ' ﬁséogﬂlgo the subumt F%Igﬁ eF §?onm a d&\ :#eﬁo en
rs con e gené

cl oned DNA_ };@e
per tUSsis 1O Mhpord m&m ean &%Qan& ﬁah%aygmgf t@&e%o,tw&u Qq&%r:a on
probe to i @demb el Gifotbrs, Wad ldBntifled dofB e gen Qn@l\éd tdegEent containing the
gene for andidfactivegibn O FRAAAT whibHecoREind 1ha o fhe s bash dalrOBR thd16bnSIAEREBEURRARis
DNA of B. asédidwiSwith BRegidnd- B8 TGUTIGAOC awikdNéntaind ls&r of thed AightcigesC 6NBé lcbreblls as
descri bed sdaosreef®s. B. pertussis BP 356. At the end of the cloning

operati ens, dhel@88nch hstweqncthe twi-oagiohd - J5raag)nENi$ 2106ase paisnpsonal DNA was

i sol at ed whi ‘@htheend fleofithe @ateavhichctodds férdiddherd live bgaeridentifiidah inyentbd sepfeated $elqgence
subuni t S3follqved hne pelird spquaepawhich cidgiresent jadesndinglion Mite: he speci fic probe for
S3. The sai d Sieagereier pempiar bedore ferfetnioengs 12, Bheit @ dfpdpsibeen Wentifindaig dhevRi¥h or
‘M 3np8 andffmwgmah Be gpicedatay gshagies pR LRnitaAN £ 1ingle optren HE‘OF"?/\H%‘SC“bed as a
sequencél. Sngeed §1s§°"§fm‘?% s %nces has enabl ed vari ous -open readi

T fropee dfpatgd nipp, Basp pe'ecﬁ 26 ?“ e
T Y T 'wss:?%?@m b ?Lf s
four of thfa%ﬁ Aﬁ%ﬁﬁgh&l oggh? rgtﬁ’cae l{ﬁ.‘%gessg ti s sut {s res r‘ts:b e taanslatlon ojkﬁe

pertussi

conposi t I on oLJ?Qt #dsQ&In& hifat GIQ%&QG@ Whikis prdé‘eéé‘H st&&ﬁ&&e@@%&‘nu stdf2 1o 1

publ i shed @asdd: fo bPbfor binesAs thi il ofd Rn'teSrecdbisby 4 Sightly dddRida cdh 6o h&ueen
t hose whi cincc:mtewfﬁeﬁ pK b@%re&?as tﬁM}ﬂaﬁdihn&m;énéer a protein with a nolecul ar
wei ght and an am no- acid conposition
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| denitical; to those described for the subunit S5. 35 These five open
reading frames are grouped in a fragnent with 3200 base pairs in the
following order: SI, S2, .84, S5 and S3 and the ORFS readi ng frane which
codes for $S4 is super posed on those piip@B2egsig1for S2 and S3 (Figure 3). On
the basis of these results it is. possible to conclude that the sequences
determ ned contain the genes which code for the subunits of the pertussis
toxin, and hentehaageigioeammentd didhe subyeits aittie] pefiessis daxindel thg amsencah dw. ged® of a
I n accor dancséqW‘{GHmf“ﬁ@atﬂY 8weating; the, Balufegotein.twhich cedes feri oY s fi3)amino agjc pgptide the
simlar to t %a%%éﬂfs'ﬂ‘éch% YRig3td sigpal penigesiinvelind;in e sterptien of thegealeinsdent i f i ed
before the \ gegf H‘E‘Ee f"6'|‘°“S|s“§“|"FF f8c -‘E'V"'aeﬁ‘sé i35 ProProjeins, qragesged angpsegrqted
contains fi %ﬁ:,{?”a ce‘ "ésﬁﬁ?la% FPsqaHRNtY. BReos TR S UWIRTANG teiqased uie Hejexa

with ar egl on lt ha Iso ﬁlﬁ ge%{‘ ea}orr'g'_ %u ectecgl){ ﬁng {49 amintla3 gcsl sﬁgnd h g

consensus s % GRinote a,p vech WO T eg
1g; glrprﬁcuon

and - 10 is B ;Qﬁﬁ\fe@-cha%ed ofen\qn regﬂﬁsﬂ eangrﬁﬁ?)ﬂameqn

T eag
t her e has;beeie sétfiddl drdtéins, RS uhRiR Ethettre’ of B8 3Rl pepB A NS4 0l ugé’\ﬁj ¥d l?anslatlon
poly-T sequanﬁegwalsqh coul d represent a termnation site. Since no other

pronot er bef oriewdshasofnoted tRE MEBe Mdencdf thoduinrl SSas basrs ene mudmnsradd, @@ deustiBie
DNA f r agmentioxintis metyexcrieed il the extlituird) aleditrh.eSas@Rerts, this @rodingia byl or the ToMEHS
operon and assembly aftbepartossid iadn. a so- singl e pol ycistroni c nRNA. - The presence
of a singke Shihacloful Wmms@quwnmﬁefrtgmmtse@mf the shid §egmeats contdinifgct Badtloge GORG
of tlhe geneWJEh cadep dergatye g‘g{ epbuanitt ¢ dhe perjussiy toxin,yaust pesarshin| of Ibpinglinseytediin @n
whi ch enabl S¥Prespien YeFtah@ldéhel iqyflasmisidhus phiginpgimayThecised ta Fanstoem g miczo-gigagism.
consensus se: ueR d@nsforped migro-qrganising, grawa g énggp'etcﬁ"“f"l/\EP"\')‘é" (R lentg  errreqs dhe, PRA
each, ATG niTEYTRN BT INGTeRT BY [fenthess of e R ss'%mj@ef "8 Of MAP St & the peftussis

L (
responsi tﬁ’ qﬂg&lontmh e:/et%?g smy?‘ii;ie forr{he &ur%%ﬁ 55 bgrlstele Tom naturIYbJasmldse {(nown .A"@.e art or
b

f ound t hat

\é QE lueg OICIOfTE quantities of 2
tolwthre i EQ& EMBLS Wi r¥‘43 8 ol
a slightly l’rﬂ?gé ? ﬁéit&%&nﬁéﬁé red 9&% us clo Q-%%hh‘su' A&, '%maﬁ alI
the transhaigh@ih, K¥a,ismaf X4t EBoRI (Dents 10 P A4N Eé?ds/h éﬁﬁ@%ﬁﬁ-%‘ss G198 79 wnd O
al | the subygiriss i, $12CnB BTG H&BSHdONb Doctod PEXED (RInRHAN Gl Thiininl) 89, 3861835 (a5
sequence i mwgich a&\alnthogeasaﬁiemd&m tHBDNA Bolphddseioftthe PRALE fSE PR WRRF tha canfrot-of
42 ami no acig ifeEbie dembleeplcitaraiydikesihiettsd béforvitieahd aff the fenploChb MSR psiygerade in
pepti des i nvodevmskitilniraniee, sb @s focdeiable totﬁreAkreactmoeéime DA frapime irsitiggpe@tiamt btthe MS2
vari ous sebuodineasar e synt hesi sed.as proproteins, processed and secreted s -
i ndi vi dual | y iBramsies gfemiciotornisros. SMC@ tmtlcgﬂameqmntdfﬁsmems@@d&mbsemﬁsad
and r el ease&adcharemychss oeuparyptic eallb| ul ar. space in the formof a single
protein. It hd% ageprgancy wilh the @(eseNt inMention, Kerecargyveag &gt F- - gaki Jih 101Ny England Biolabs
unexpect edl 764? R 31’23&“??{%(9"%@19&@ 98%@’\?18%“ tofi® oo 5 12 "é!rﬁprfﬁ‘isé'?bﬁﬁ’ fy%|Remant E.

posi tive Ehgf r'g’ ro f‘gf*ﬁg@' ehgepr@g{“ y;pi ty lnhibits the

anmi notermn g g’&’ “ “° 93? &‘%‘5 gnqnp, % nged to it and, at
Progu toi

ndl ho&:e %AIImltle?

te tion

O e e
signal pept g use I ncrease rans |on k)
was al so gpoted, anc!a Qnﬂ‘i bw% PSR Montiad, 1 ol Bk fra%‘?heﬁsof %GHJsSmél rbhﬁt\%tamed
mut ant  BP356s qdshfbol AbdvbSis Snsb @l iR teSpiddid RGF Gt ESShi lpBIBL-& Bffor GldbdibN 6 tHE Bl
;ConsequentlwNAbvhﬁﬁ.ewsﬁmhgnziyﬁ,elgemssary for the conplete assenbly of the
pertussi s toxiThe hithid plasmilingtatlenRelgrdaldA JPTHE MR the udetitd Rdklofm SYEBNESoli JM101
t her eof , t heNewelinglardid Biglate) vhade ComMpeadnn by the aisthbe Asstrived By gehae SV hiC{Proc ONBESAdad.rSciat
| east ones sulSusl, 2110119728 pertussi s-toxin, nust be capable of being inserted
in an expr essilbn siacefdy.col (P Ti M@ why daspabitesl indhm AneribarsTyob CalfurpeColindign, loe 6@88 avitk o
't ransf or m atheingmler 7¢@HI23¢ The transfornmed nicro-organi sns, grown in a
sui tabl e cul t Ug edergaichpek therabilityisf Ehertignsiormpdaisropgrganisiiee ?W@gﬁw@ﬁ?’f"@ﬁd ONAp frasterts
t hereof by ¥pFoAbgRE ERTIQR e utveiekip @ syilgRip quityte repdidmor nore subunits of the
pertussi 220 Magspasticuletiy, e a\?é@?&w“s'm%md&mr PIFCON &t p taperaturendiy37pe up to an
selected fr8 Trtfé’tc 75 Eﬁas? ’dthf’ or_syn hetic A{gecto @P ol
obt ai ned by et\ 8 H"Xﬁﬁsegn ! %pm?sfﬁ i Wys def '"?S’I 8y g Gip collular

E@ae 1 mu oen ym&

E. coli pEMB ?8? 'an 63@ ?i% ﬁ&su??bxm%va& §et&§1ﬁ)gd bJ Wa tcft J'%e rl@ QHL{'& Qe
Iy !
ng

for resisgt a%ﬁf fﬂﬁe‘éﬁ gQWn @M Gng' A Yons £b§ ‘%vatf?)?‘a%ﬁ?ﬂr
such as: t& nde Sbrhinati6F
EcoRl (Dente lme @dsud! otdies! c@ﬁfﬁnﬁﬁ‘a’t Y 43@5%%%&' Hgmelﬁé’f%oﬂo@éﬁa k&) dnrorfSsinal

t he DNA contains the genes which code for the five subunits of the pertussis toxin and the said toxin can be
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pl asm ds 31A, 31B and 31C derived frgmthe vector PEX29 (Klinkert M et al.
Inf. I'mm 49, 329-335 (1985)) whi.ch contain the gene which codes for the
DNA pol ynerase of the.phage M2 placed under the control of the inducible
pronoter pL and a pol ylinker inserErd 43220881t he end of the gene of the M2
polymerase in three possible frames, so as to be able to break each

possible DNA fragment in the sane frarre of the M52 30 pol ynerase. Exarrpl es
of mcro- d}et,'j‘{ﬁ‘ﬁeg a“‘lfi‘%%? a&%‘"“ﬁ\ﬁé‘i’""d‘é‘f"ls are strai ns of Escherl Chl a co

Baci | | © prpsel ° goraHhieh é"%f"ESh
e o el Pl ?%%% N sin {5 3 U%i %@q iy%l%mg
Ce coll

Bi ol abs .3 uf '"e a s%seorr i M
H trp (des c;&i s 136 i é n1c 4153 sy ﬁfltlﬁe]ﬁﬁﬁﬁ anWQl'n J&bﬂté)q{jigﬁeda
a%ur d'and testeg theit

heat - sensqslﬂ)égd @Q{ng%@m
transcri P OffiheO s&t?%bﬂﬁ&ﬁsmv thad Qi Wsd%ﬂu&’ We@%ﬁ‘ecﬁ& ame rerbn&Q mhlilﬁ e %%Bd en

of protei rgge(f,ﬂés,aﬂ,oa.gs It and, at- C, is inactivated giving good
product joon . Mbrebvas tHRGLsEESH @&femadndnsqﬁe $ahe cpEyRaR dtvith 4S ]e eitifo PT toxihtRusGhéwinge
of the cl oatmyaxuemmmmogﬁd boff alsb adunBionsl eatyOwithitsahatueal B t r ansf ormed are not
however | i mi idatt BPPibasylpos Sestst cairiag eut by draubatky fused IS wit bonaparisse oxiréting (RGSpin
present i riepeseors oft NAD 4@&6ed wils ?Ppa¢l¢atef thatcthee subunif St hindmnths APRIbER/ bt taithee d
as descr i Beosdatieamsesepldrthe refiea-t ed i n the plasmid vector of E.coli .pEML-8
after disgest Henge &Pt the Pﬁ?“&%*fﬁ%’“ mm 't’fh"'ﬂﬁlﬂ’es"?’%’e‘ epiaipgdoby A d R IRy presppte
hybnid pl d%R7tH" 813y &¢ H%ﬁﬂ' fmd%'? '%‘b°f W!E?Flaga'(?ﬁ§°’f‘ﬁ%ﬁaﬂﬁ'sdéa§“ 'E'ﬁsé‘?@P'B'i"?ﬁ‘"g
gel ~ gf dEp c ant gé sg ueacres g éhe % uatlsm ch% als %\llt he the
escri be
(1972)) ‘ “e“‘fe the S ( ?219@ e’\?\%?? ‘%i‘é!‘s ?‘4 %fcfheu sr%‘b’t"l‘f °’r‘f"8’8’ﬁq
Cul ture anose Na fe > F'%‘i’fgﬁ r CGt I Grsing! d geck
thu c%s bl a & caﬁ%’-cl-l f mg 310% g{d m‘\
the abili tsxn ‘fhﬁ}l: G B chini irasis o

fragment, t;gaﬁ;qllgscol'l st ral n (pPT vvas cul vat ed in a sui gab cuI ture
medi um 50 More particularly, t_he strain was grown. in LB ITEdI um

(DI FCO) zsatprigs hedcApénd Wo®rafingd 7 C Up to an absorbance of 0.75, neasured in
the culture broth at 590 nm The cells.were then subjected to lysis and the
pertussis t 6l WaEletedphdresisn @t toh rpedissiy tbin tphdfied by wiaiky cheab®grBghy on 15%
|m‘runoenzyrrablyacrylm1idac(as$E)Tla®nb1 didenyisaptiatedss) gelt y of t'he pertussis toxin was
det er mi ned by Thiadoxinii énbuhnrfeywasriteated With aHieduciag agel. Heforedieing Bppliad fo tifel®8 3)
(Infects | nuriThe 4Qin in dolu®®-B ®G3ipt reduged. change in form of the CHO cells

i ncubat ed wi t $24yd Séealth%hhawrgé'msema defueedemalgebipravaighh (table) hnpdatfeon iesefure)] bas
resul ts obt Sifered mabii¥esoASPRRAGEhe 4696 base-pair fragment of Bordetella
pertussi s chr o104 rFﬂW“DR&P‘E%’rﬂ“&laﬁg 'Ia}‘l'ég ?@H%’s’“%fﬁ"éhw?! 3“"“? 81"‘ ?W?é‘ (faP'ﬁé data

b f 'P'Hé‘e' i“ﬁ%‘ ‘i'"&e' ’B%F'Hg 23 229
1 nout Pal i g AiH) g%ﬁ s o J‘Ig);! :Qy e*gf poef 7 3 i
erbodi ment S?ql;frha rr:n 8%:‘3'3 ase use%zl e i lV|§ umspu .C? aim

i ndi vi dual ﬁujggpd isdlouci Vig EJ m(aL 4By an

fro Ja

PTE255 1081) X= gg,,g,f.eg abnPRoid ,e;r (Ss) PTE240 (s4 and Pg’aéz%o (85) s were
used to transfar efubmedfivén arsekacuﬁnkacokdanaermm tld) Rucfebiide SseleHSes twith el eriged
were then cukdeptwabade gmtammerammrﬁhwé foutidQo B4linkbomiseEiglre@). subuni t s,

.obt ai ned as Figuis 63A: poadctitia Saquaries @f the (EoaRe freghnenp tuntaningdhafid joas eitich! @de for the
‘det er mi ne tb@"mssii)ioxih.ogi cal activities. The results obtained show that all
five sudsuni t s, Thateewnoi acjdesetiesdes oftthe fivalsbbuniss ofitredpectessishtexit dedaeedi fom té nuqhaotidef | C
anti bodi es. sd@ence is ggorovever, the fused Si protein shows the same enzymatic
activity as thide@ameys befqy the sing acig ﬁﬁ%’e@%\mﬂﬁﬁe Hetstagof e seturnmnanrdis eyidediiedbut
al so a funcby eemparisop @ih #'Pﬁmmmrtah@qwaeearfaﬁ'guw In fact ADP-ribosyl ation
tests carried B ofp of S Hi5APHRdEHSP apecidsiR Rt FRMPSERIMGX retina (ROS

in the Pr esgncaé*f%? NRIAPAYTRACICE G TP e any 'PPd‘i"’&?a*te&”et“ f ‘P%@‘pg‘ﬁ‘tﬂﬂﬁp{‘d@'g 8P iFds
the ADP-rib to the transdu

both the per %‘g’% 2HPos i s R EREL ot OF 0B PRE0L i et g e 2o o

of the pr esen Thb LYREH eQ?cc??f){ GR&r ntlb esPEERAIGL i on of vacci nes
agai NSt gper t Usglyg eHACor HeARNE FhLE cotibd for Q{he bR Bl 18 nscBhdef doGueRtd ihdQsll &5
in clinical |r§m|r€p°etlﬁv§%deﬂéy Mudd;u@bﬁ alpefyacgea@nw zuhaeaﬁé&) Whith Sepresents a possible

transcription termination site.
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Analysi s.of the sequences given in the present invention also shows a
certain simlarity between the am no acid sequence in the subunit Si of the
pertussis toxin and that of the subunit A of the cholera toxin v 20 (J.
Mekal anos et al. Nature 306, 551-55&p d2433e9Hf gure 7). There is thus a
possibility of preparing a vaccine capable of neutralising cholera and
pertussis simultaneously, with the use of the peptide Si nmade by chem cal
synt hesi's or by Feuecraniseading framXORESR) havinptbe san@DisBes th c@ionscof thetdetns obthe pértussis
Drawi ngs Fi gutP@!e'"EFWWcﬂﬁmr"e%ﬁs of the ertu33| s toxin purified by

affinity chroagyedF 2ligrepresegialion ofdae QREFHames inoegepuencesgien iyfigure 3A.
dodecy! sul ph %;Ogrgg S de 2ndF e ThEYR oM foP A PR 20 GRthe PRER FRaging,frantes yith at least
reduci ng “agert

?'Y? apglled to the gel. 30 The toxin in
col um B was n E’%‘% ity 5, although havi ng the same deduced
nmol ecul ar wei r r re mobilities
ol S o e Al 4 d fi@ d ggi’f"‘ ohit éafqlneef)ve il B GGl IR
vei ght than thate Sﬁ Tngﬂsla(tlB@ ﬁralscnptﬂ@%u@aﬁsr @ﬁg IR ﬁlo M’@J étﬂw c%)ions Yhele (rari%@sdé'ﬁl*&g
condi tions mgEa aRPERWS loQid dght han Figure 2: Am not erm nal
sequence if theussbdinbsttse A of S are SfowAlich exﬁé&batp&rm&enaﬁ Shine DB Rhuenced] CI O-
sequencer in thehegaspeciusseqiencd onELdl sdgveiabovefl t he individual subunits
purified as i n Bpsteaneofihe AXGof e athbm@RFS(s giegnthecsenancd ICLAFP@G.t i ¢ acid; E =

gl ut ami c1s aci d; T seqpéree o Inatnitengfied Betore) khg oithee ATE coddns Pteselit inethe ehtire- nucleotide

i sol\euci ne; s€quendeygivenim:Fidure8. | euci ne; M = nmethionine; N asparagine; P =
proline; Q:glﬁiﬂlim:ﬁg’]@h's givRs dhegpirurtuneoof the%?%dltmmaﬂoﬁﬂqq?%m ne; V=vali ne;

Wt rypt ophan; Flgus-§: P'§§hQWé*h°4P9“°sP°"R°"caﬁPQ!E€r'i‘ttF€f araiee 20 Seauencag of S2¢nd\$8. Thaarmowshe
sequences gi \/MF"*@F’?%R%{” ‘i"?lP'EEE‘B'Fﬂ%(ﬁé'é‘a&\ﬁ’t"ﬁ*ﬁé“?ﬂf&?"é’&‘f?%@"‘%e uences

witht he #%i n F"E t:‘? pa%‘g P‘ SH F‘g "g‘da“ﬁé“"
t hr eoni ne (FI thre p 8 %ﬁ g (gg‘anrg ﬁoductlon ftﬁ Iﬂg’ u:f %Q%t
cont ai ni ng t s'b,e h co e b\ TUSSt
amno acid s q"hlg hotlvgﬁ'le c'lo}(ﬁg§ QMQ'fo; %\e&en %ICR %Jeqa'stﬂesﬁvi %lnlﬂts qﬁtﬂé‘ &gssis
fromt hezpuc'mqﬁe asamsngﬂ ) b YaSmi o1 18,
acid sequencq&Eaﬁr’( §3) 8ot (sﬁb ang e su un| ts as 1denti f I e
conpari son W gidirel High aﬂiﬂs“&%ﬁ.{ Eﬁena&ctrﬁﬁﬁ#é%'(iﬁ&hé EbtalFllﬁHtE; €t ne btfhirls 'WehichAsrBaued tl%5
the arrow i n%m‘i@?&&rhezema&ﬁ@du&hlwfaseeinet&te(sm)ure subunit. so

Before the seiguents: ebct@piioss bl fartialy@rifedl RSecfrbidins e311162) 38, 64 akd185) on 15%
expect edapeptacdiemilegelal s i s gi ven. Upstream of the gene which codes for Si
ar e i ndi cat ecFiguteet 08 Xieetrophdresis of Wi perifiee Mese®hrioteipe (| $pA B3 G438 oretitesrylafiie gel.
sequences TCCiguE)1tE@®wer e present. before S2, 83, S4..and Sb. 55 At the
end of. the gefk Weslewibic otibe pertypsisSgxin Ingubgied itk gosb earen mestrtbmw@twmth's serum
sequence i ndi czees with dfyesubeniist epet i tive s uence fol l owed b
sequence underBP W?é'ﬁ %Pfcﬂ’f i @s'ethtaet'-fas §P‘bfe§"'t P’é{hg‘ﬁ F‘Fbﬁf‘{ﬁrf’ef nat i on

site. 8 EP t _ at dé‘ﬁa?tbf 'P ie same
use as the cod Of c dw‘ Ef X %:ef“ﬁki" Fé bi"'?i 8 by
gg;%cle;gle\sl gg tof t:'gec;?] jcijwn -fé %ﬁgﬂagﬁébonly Elu unit Q(PI {th he
o'k Kol St dnd
bottom and o e n.r d I'ng far amal ° eh At 'l east 280 ses pai rns
are given. P ureeiepﬁﬁéi&ﬂddoééaﬂa?k@ bf ﬁn@%ﬁ%@or{r which E3RRRS {gBits lof i1 PAdsAE toxin. The
sequence Fi glbguefce of\Hetent@dGd MatS? BUIQRSIR f3Fudsid Gvhild 460w anB BRIbW ERSecolylahegiven iR
subuni ts of tdiRreps tdufdin ShelsBdueRces SHEE bRRENLBMIZE akdS. phrertdssid. A precedes t he
site at whi ClFighiet 14t Beut@EChidtShowdity that HotdgteNe pdribssisThaynisd ditihgishedbm B parapertussis
transcri pti orangbrgmaisepticalyahé magnitale iobthe BRGR frafmdnhehicdogtritiseiitht theeclona pPTHIOS.
ORFS are al i digys 1antmishapidsetieented theifigd subunits of the paviussis toxine THRESIushiceSk the centre is

shown t he exﬁ@épeaor@teﬂmleksﬂawﬂle%pwn@ehegarrmeewnerncge/sn the differences found in B.
bronchiseptica and B. parapertussis.

50 Figure 16: Enzymatic activity of the subunit S1 produced in E.coli as the fusion protein.
A S1 of B. pertussis :

B MS2 polymerase from the vector pEX31ia
C:  Subunit S3 :
D:  S1 of B. parapertussis
55 E: S1 of B. bronchiseptica .
TABLE 1: Comparison of the ammo acid composition in percentages molecular weights and total charges
of the five subumts of the pertusms toxin. A: experimental data given by Tamura et al. (Biochem. 21, 5516-
5522 (1982)).
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L Bl 8t "ofS PP rhctbRt 8d i Th*ar i O Fs& ‘85 aRt - ser um

) det ected; 40 Fi gure 12: Aut or adi ogr aphy on
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Sl %58 © BN SR ol 8 ~hronghisept Re& TABLENLS
M no @ckd TToRpO'siTt BN A perTent dye, <ot ecuiRali wei ght s
f the five subunits of the pertussis toxin. A
en hyTapuga.et, ay, ~(Bieechem, 21, 5316: 5522.,(1982)).
B- Data'_qlef_uceg, w;o([p the: nucleqti de Seguengea TABLE 1
f?r A ta <( CALA 20'r- n o-

Glu+Gln
pl: charge

Ala
Asp+Asn
Cys
Gly.
lis
Ile
Leu
Lys
Met
Phe
Pro-
Ser
Thr
Trp
Tyr
vVal
MW

[ea}
b
<

a) Molecular weight in kilodaltons
b) In order to compare the entire charge of the subunits, we have given the experimental isoelectric point
at A and the nett charge calculated for each subunit at B.
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ai 50a) bl ecul arn¥@RHG 244 odal tons b) In order to conpar®the entire
char ge of’ t he subugi dsathEok@ve given the experinmental tsoelgecoric point at
A and the nett chaé%gr%gl cul ated for each subunit at B., 10 d?@ 0 232 229
Bl The nett chargei | culated as ((Lys + Arg)-(Gu + Asp)])'. he
experinmental exand which follow are illustrative and non-1ihitreng of the
I nventi ons Exanpl 3) & peterm’ nation of the am noterm nal sequence of the
subunits of the pertussis toxin A strain of B. pertussis BP165 was grown in
a fernmentor (Palias System N.B. App. Fabr. Van door De Bilt), provided with
an agit at or previeusly sirilisaatoRe \C fof 1550nutes, wdertaasatiinng adéngbratfe &fS6.96G/ foc2d Howse

medi um wi t h t b theend of the akith geriod piired, theaells weBa senarated dromrthencultura drothsby qeritugiay

g. 14 B5% and the pertusgi§] 1Ofin was recovered from the supernatant liquor by affinity chromotography on Affi-Gel
0.2 K2P4(Q blue (100-200 mesh) by BioRad and on fetuin-sepharose as described by Sekura R.D. etl. [He NQ@YQ.
6H20 Chem. 258, 23, 14647-14651 (1983)]. 0.1 nicotinic acid

0.02 2 | :]’1? in obtained had a purity of more than 95%. _ _
0.0 U 0 ghutat he g:@gin was then subjected to electrophoresis on a 15% (p/p) polyacrylamide gel conmining sc(:)d1|'um

35 dodecylsulphate (SDS) at 125 volts for § hours and the five subunits were separated, as given in Figure 1.
Each of these bands was cut and subjected to electroelution by the method of Hunkapiller M.W. et al
[Methods in Enzymology 91, 227-236 (1983)].
Thus the five purified subunits were obtained.
Xﬁ&' The aminoterminal sequence of each of the subunits obtained was determined subsequently with the
40 use of a gaseous-phase micro-sequencer model 470A (Applied Biosystems, Foster City, CA-USA} in
accordance with the operating instructions.
Figure 2 shows the aminoterminal sequence of the subunits S1, $2, S3 and S4.

Example 2
4
Cloning of the DNA fragment containing the genes which code for the five subunits of the pertussis toxin

The strain B pertussis BP 356 is a mutant strain containing a transposon (TN5) inserted in the
chromosome.
50 The strain, described by Weiss A.A. et al. in Infect. immun. 42, 33-41 (1983), was produced by Stanley
Falkow, Stanford. University. _
A culture of B pertussis BP 356 in the exponential phase (100 ml of Verwey medium) was centrifuged
and the cells resuspended in 2 ml of 25% sucrose, 50 mM Tris, 1 mM EDTA (pH8).
To the suspension were then. added 501! of lysozyme (40 mg/ml) and, after 5 minutes, 10Ul of
55 proteinase K (20 mg/mi). . :
To the a gigalted suspension were added 0.4 ml of EDTA (0.05 M). .
The cells were subjected to. lysis by the addition of 0.26 mi of Sarkosil (10%) at 0°C to the cell
suspension. S
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oL :2 ™ %%%gau o .fegﬁ*fmﬂé‘é%‘s%?‘%ﬁw%? AT ety
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separation, ofr H&Qﬁﬁ] |DﬂA a9 el with fwo X Por Y rddirtcBon eLzJFM Ifcp-H\mbééﬂlf(ﬁ 50 mM -
10 Mﬁ.sv WRTR NABIS 10 g Noukié (BH ¥ 4f/anb Qoldidkooding RipE B a BinpsatGre @887 - C for

di ssol ved ¢gnBnak. M. of 1 mM NaCl, 10 mM Tris, 1 nM EDTA buffer (pH 7.5). The
gradi ent was Tﬁé‘lﬁg’hsteﬁ Sdldition Gﬁmadaasaﬁen%&éa&nnqam% @gards6 gblahd SubjettedtoBackipasresi/
28 rotor. iftvehoutsat 320 vbitaor dix lodtsi ons were col | ected and the nol ecul ar

wei ght of t h@&heDikymeuts tok recoralfinaptiptiagé IDNG tthus rsepwateddiedre transfered bry to nitrocellulose and

el ect r ophoweddised iwith agediesstve peebe rferpBYSt YA Inyordehitei ideritify. the EeaRI figmentrntaining dive

C oning a @gsroediNGt ory Manual ", - Col d- Spri ng Harbor N.Y. (1982). . The
fractions colfttiFmaa @@S'M@Bh@%ﬁet§f \%Pﬁt“h 0B8R Ovas isplated (Whish Fentpiagdy tae ("B'ﬁ?
were then %?F‘éﬂ" gt TR Jlagkad °DI\9Q ‘é"cPlplaP%‘E aPOPR A oh ofo Phersbyy kaut SE9Le ©

FROE WS e ,xgu T o B 0 BRI o

of 1ia/m C'fo1hour)
: 9 o end of this penod the solution contammg the digested DNA fragments was subjected to

electrophoresas on 1% agarose gel for six hours at 120 volts, transferred onto nitrocellulose and then
hybridised with the radioactive probe.for TNS DNA, in order to identify the fragments containing the junction
55 between the TN5 and the chromosomal DNA.
Thus two fragments were identified, one with about 500 bp and the other with about 1900 bp.
The two fragments were then. purmed by electroelution and cloned in the phage vectors Mi3 mp8 and
MI3 mp9 (New England) the DNA of which had previously been cut with the restricton enzyme Hinc Il.
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fragnents wdB94¥efj ected to el ectrophoresis on 1% agarose gel for six hours

at ]\:;2;2 vol ts Eﬂ;-wsa 'f’%gthetBe SHpayts l’f'efer%?,qé'ﬁddp Fedogngf FveteintyB teres kYo Fisetuertie
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0 232 229 Bl T tiakehadRE usl® SRBNISEMEEhO Ecd Mragmént hitteghye BH suor\&asayhha& contains the
det erm ned gbad foi thg shibuainst laed hbno€ has enabled ud tohdetdnBineige adfinot de@ dequdhdci 6fUiss latter
descri bed byFi@esn®er F.S.. (Proc. Nati. Acad. Sci. 74, 5463 (1977)). At about
400 nucl eot i defrther camelydire ofHhe midleotidet sequdnce lob theaPife fragmemyiselaled @D Oned by, ust Hee
nucl eot i o sepiedriteelogalioneef 3 promdterLin thoInne 44 bprto HEBOR hick h&1O 4 chergcteristics as
identified dhiree ofthaghandefadernineton seauence inytbeszenp 8§08d0 P A® 5 aci ds, gave the
ami no aci d seqllisTeeangbetdhafive gencp gl thrspertyssisiipwn ase prgfised B3 typicalfaectetial progpniand are
‘Exanpl e 1 al@"§iedirt 3oy 2. This result indicates that, in the strain
B. pertus&z 35& the TNS is inserted in the gene which codes for the
subuni t PT and confirns that t he fragrrent of DNA cl oned by us

contains th 2. f Q)
identified r

the PT presentyjgy HAQmG beQ QSPE %TP,JENBM daicnﬁ’bd %Jn!ésis '(1%8:5'?11:@5Ac.ds Res. 11, 16451655
55 containing the gene which gives resistance .to ampicillin were cut with two U of EcoRl enzyme in 20ul of
100 mM NaCl, 50 mM Tris, 10 mM MgSO, buffer (pH 7.4) at 37 ° G for one hour.
At the end of the digestion reaction, 3ug of the EcoRI DNA fragment with 4696 bp, the sequence of
which is given in Figure 3, were added to the solution containing the cut plasmid DNA and reacted in the
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A gene |ikbrary was again construct ed for this strain in the phage vector
EMBL 4, in the sanme manner as described for B. pertussis BP 356. At the end
of the cloning operation, an Eco Rl fragment was isolated with 4696 bp :
whi ch we knew i s cont ai ned at IeastEPtﬂmma@hNhr ch codes for the subunit S3
inthat it hybridised with the.specific probe 83. In order to check whether
this fragnent al so contai ned the enes whi ch code for the ot her PT

b Qr n oé o T4 under th g;tr
e ang go,a o Pl 4 VL 0 ety Sk T e Or'?rem

er m|
was det erni n Eﬁﬁ% lsqleret sz né‘l 8& El? gtatgg fo%%g.ﬂg%&g% o{gﬁprc‘:ﬁ I{IH o?de %llﬁﬂta
given in trh%grcg"s o E, |I'So~cont al'ns
whi ch cod oo grar ,ﬁp. e awnp%;scmhts%ta.ntm e POlRLth %.arafao be
nucl eot i decoaeﬂmeaﬁe.yafd;t Riol el 'BAGAERIRg hél DR Gadridnf HAQRBEYS R PFBY D t8chhidue
sequence CahyeisaibrlwiH DprbdeGorand 2Quanéd & tReaqupRsces det er m ned by us for the
subuni ts S1, ofofaite Rybridplidsngidsw@ia dbsignbted pre10d by (F1ce t he begi nning of the
am no aei d sebERdic/NNach bEsncdnthidingithd pidsnfid Ga8 bdas degdsibed(PyVidnati tive Ringrita® Tépe 1 t
was possi bbuture Coltbetibn ®e 68188 umdet ihe eurslwi ATCGER®. sequence of the said subunits.
25 The anal yses of the chemical. and physical properties of the various
subuni ts deduwpled from the anino aci d sequence, such as the nol ecul ar
wei ght,. anmino acid conposition and electric charge, are in accordance vvlth
the dat'# i Senstpstionof the ﬁPTEﬂfﬁrcoatwmmq_w;a icheadenipicthe subynjt S1.

5516<5522) . It was al so noted, t hat conrmn char act err str C. of aII f| ve

twbrtd as m 8?" T
ﬁ;?ﬂplet FS) ; 049%1 l-Xb Egjﬁ“%gg%‘g) ;vz?o[fh ﬁ %C;E;nt% Orr sf)?t? nA? %g the €
tO

whi 6l/hgd h 60 ool aaﬁgtat on
of the progeF Qéon Lg@gmeg(g,,: B one or rmre rg
the term nal 1Myt SkiPp r? sP JQYseﬁarJ?éﬁdfFoﬁpthf the Qé?ﬁ:e Q:Bhél“afn& |té1)seunJ%b$s
shows t hatgifeh 6 EgURIB inhere WRY 1Bwd? cRAUSRA ihdibate R dolingss erQ& eopmtp%ryn\araadﬁﬂsé bese
wer e subsaﬂa@abdaés@é@esam 8} SdqidhicS Ridhtloliddfor S35 the secretion

Si gnal szl SOTheRBsiiitiAEHroLin\Wbritdinst dl heSsaBLIAR BC Bpatt Fpm (EH)fifst xn.ﬁoadanda is typical of
ot her secretion signals. Anong.the. genes which code for S4 and S3 was al so
i denti fi ed&xamplei8l eoti de sequence, from 2461 to 2862 bp, which codes for a
peptide which has the same properties as the ot her secretr on Si gnal s and

t er m nat esConptuption hghgmgaE%m@PﬁmA cofitaipipgiregenp g theagyiby)

whi ch h#s exactly the sane 40 amino acid corrposrtr on as that iven. in the
literature f s vapcaginyhoyiias indoamplg §|agovewith ¥yjuse efdke rRigeaisl UG digestewithcRagphil ardy
that the Eregtefpity Rhifyprhymerasp forfill pcrghasiye terreiniapd o Sere6-Smal dragrpant fiom, 4438 102064 Al
for the's Qz $§’a ?j“ r?@'ﬁ??@'t‘?@g *‘et’i‘a@P%W’”LFE cpdps deter Wi‘srf?ateﬂé"”am“ﬁd""é{'@ i

0( le
SoanenE o [ p'am'gﬂnt[g. @ sr'a*ad a?'ar B o ko8 e B Eorste
El{s)ed H’o [Eo&%b% tud%rl Fes of %SpoRlReraw&%2 §relI &ge E@é}g

| ocati on ogf'
of fhe Gk B2 dp c§s%q RS @nd Rerle

characterigd s oo
zone~¢3608 tg@p,ggzgam,e,;q%%uggme t th e five genes o t e pertussis toxin

are orgaghised in a typi cal bacterr al operon and are transcribed in a si ngl e
MRNA. so H&xappbe 3 Construction of the hybrid plasmid pPT 101 contai ni ng

t he genes which. code for the. pertussrs toxin 1 ag of plasm d DNA of E.coli
PEMBL- 8 depnstiubtiod ofitye Bbrid pladmid PTO2E)cotthiaihg the'gand shilteedeslidr, thel §8EnitIB55 S5
cont ai ning the gene which gives resistance -to anpicillin were cut with two
.U of Ec®Rl ehhiswas damied oW if Exapole Fivdbovg Gith tre@swmm@midmcmqew Bagrftil end
(pH 7. 4) dreasy with Py polimerase tprfill thercobasive tefreini gnd V0 e R tipgrment teane 801410 393&9 of
the EcoRI tM*’P P&ggﬁ’ Mot W’PFP%@%‘%’L? geﬂheh'gwﬁﬁ?feg%vas\}(%ﬁ‘%w'ﬂ’sm&i W’T‘efaﬁe

i

Fi 3, gt t
cact o e 515 85 E*s%?rﬂ‘e ?f@g 3'&% 'gfnf P LrraRs PRI sgaeae

reacted in Vte'ﬁ
(BRL) uffdet 't.'ren% Lesamended by o Rl aﬁéygowercTh%ﬁe a,atﬁ ot
qﬂf %ior EA grd .asir 3 ura su 55! i}” LSO 5 ncceq e’
A nstor cells

m xt ure §seﬁ
101 (New et ent

sel ected on T'ates contar ning- 8|8,{{pm of arrpr cillinin order to |soI ate
5 thosg cells V\hr ch contain the hybrr d plasm d. Anong the cl ones of
anpicillin-resistant (AnpR) E.coli thus obtained, it was possible to

‘i solate cl ones :

14



cont’ai ning the hybrid plasmid pEMBL 8 contai ni ng the DNA fragment which
codes for PT by the technique of hybridisation with a probe for the
sequence of the PT gene. One of these hybrid plasnm ds was designated pPT
101 by us. to The E.coli 'JM101 ER 02822298t ai ni ng the plasm d has been
deposited by us at the Ameri can Type Culture Collection on 6.8.85 under
-the nunmber ATCC-53212. Exanple 4 15 Construction of the hybrid plasmd PTE
255 cont ai niSEMHE gene whi ch codes for the subunit Si. The constructl on of
the hybrid p asmd
by.li gati ng *REYEIOR Y

; altH 3 CO b
enzymes Bam_" wayébc rned V\é ;[tshm teQaem ay?’gbve .Qe%qg'e ILsmu § with ga land
4696bp  r agrgeala G o Qsi g tteost‘h K] Gagh 7 5 .,:?Bsgf bpf St
| i gase m xt %,ees 40r m cel s of corrpetent
transformed cef e%e&ﬁhd%%f ﬁ:@hﬂﬁ& Eﬁsn%‘#@zd@ él.% s bithifed® gived ™ Bhuré 919
anpi ci I1in. Thenehtydab ipthtdl AR @sultd Ford R oktamhs) thiVBSlyeB on MBE (bikd? ¥hdaN&itef] fubddtto
positive gl aResmiaEcild 6 tRE JePAAL Radeb olihy 8ibuhit SKi(ghdérecalle WREE)E arid WnteORko Galfat -
| etters i ndisominess.he codi ng sequence for the polynerase M52 and the upper
case letters indicate the sequence which codes for Si. 25 - The resulting -
protein contBaemge &l | "t he subunit SI apart fromthe first amno acid Asp.
Exanpl e 5 Construction of the hybrl d pI asm d PTE 211 cont ai n| ng the gene
whi ch cod&s Gepstruetion ofdishyhii gining dhgrgene :
above/vmth the use of the pI asmd 31A di gested W th BanHI and treat ed with
DNA pol yrer aseTisgvasicpried ‘I’t’é%‘ﬁﬁé@ﬂ?é’ ogyenivith theypg of the P3amId §1ASeMA by Pamil apchipeated
from 1433 td" (96' pB'P’mF"ﬁ%@ tﬁé‘@ °F‘Y%1 ) @nd Bﬁ@sﬁd?ﬁtlfrﬁﬂ“‘t"b“‘f"l’t?sﬁé‘?ﬁmﬁﬁf B

codes_f or S t he cohesi ve

o ¥ gwem fill
termini. }he u.ﬁ%ta ed r Eﬁ .9\“ ? ?;’EZ) %EO"W{%& s '&ﬁtﬁg Qsm

posi tive trfa @@rvcse oM of
fused prot elcggeq&gts%@,g sequences he pol'ynerase of ower case

letters to the left) fused to an am no acid of the peptide Ieader of the
subunit 2 E4pRMIecase letters), and hence to the protein S2 (lower case
letters to fhe right). 40 Exanple 6 Construction of the hybrid plasm d PTE
221 cont ai nirrgudtibeofRiessividkia BndCaxpeimehtas ddidiming ubabivity S3 45 Thi s was
carried out as In Exanple 3 above wth the use of the plasmd 31C di gested
with BarmH andTterseait €totivi HODMAT J01) yvae p@we irt @ 10 il flasih eontaining S0\ of &5, naier méichd
t he SpH -sPDeditafionagjragertpefatusers 30 1Q fot 6 I®ER3 of the 4696 bp fragnent,

cor r espondi ng &bmi pichis eviwrewes dien certits inhequlaig310. misef Lﬁﬂwﬁe*da"mgmmlbt\w C up to an
pol ymer ase ©8s0ERati Faroe PAe cohesive ternini. The hybrid plasnmd PTE 221
(S3) isolated t"PGH't“Eﬁﬁmbf'aﬁt ‘H@ fﬁbtgwqd\?é“ tq %tﬁé'teo?et‘ﬁethlt%se YR @@teraARdn 88 mi
gi veasI n Fi §l ‘#'“ Y Trig- ulted f

pol yrer ac? (eI el sém}gfé B fs i it .Se'gf%am‘“ Sl g
of the pept '%b '559 5{ &tt 45 w ttox.nh X m'enee& d. %@Bﬁa‘?
232 229 Bl OfB GRS SLIL u,é'sd t ﬁﬁ@%ﬁ. é‘?,gtaétasﬁ e
the gene 4‘6\h|165000@-ﬂ§3§eu§ Qbre tntstébaféu ' oPthedium the pOSiti¥A Eﬁéhr.g& @Y HomiSH er.? ot

exanpl e 3 alpyees) \hibdl. imhan. usaaoémtot;)enm PrBdnide S11dB) Gilken Vhttabt JBRIEbH M (prTefiiRd
wi th pol ynmesasse euorl sthe1 Btk bnkainbgtLunboaigsteptdsmidr RERMBLIdt00 Gl Gerfibsid o%n 4696
bp fragnent seadareespondi ng to the gene which codes for S4. The sequence of

t he hybrid pl aPartiofl the'cell Bd@ct(hadl pretidusis bednt iadubael with ayi:vaSrdilistion I6f grdinaey §oat dritigerum
fused profeid anhiacdiher @ert witts a fir Bhdilutionce heasame doltcantisshupniskensaltenimmiviBSatin) withethe
case | etter opiptisiodnt o 70 two am no acids of the peptide | eader of the
subunit S4 u ¥ 4&choyes df incyhation)at 3% el the egstlts were tepbinile menapr desgsiber ky Hewlett in the

indicated above.
A value of 4.(+) was aitributed to a maximum form change of the CHO cells, a value of 1 (+) to a
s0 minimum form change and (-) to a lack of form change.
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Exanpl e 8 s5 Construction of t he hybrid plasm d PTE 230 contai ning the gene

whi ch codes for the subunit
with the use of the plasmd
pol ynerase to fi'l
2558 to 3210 of - the..4696 bp
for 85. 20 Th %fenc

| ven in

se
. . Tlr? res G?ts r
in Figure 9. e redy I'ng

the subunit SS (upper jcase

(lower case letters td thg
toxi n and experinment t{o

agitation, at a tenperlatufe
was then used to innodul de
absorbance CDs90 of 0.[75.8T
and the cells thus sef
7.5). 35 The cel
Branson Sonifier-cell |D spu
Conpany). .The presencq arfl -
t hen def®rm ned direct '
t he W&t hod reported by
1198-1203. The CHO cel
of CHO ATCC CCL 61 cel

ly on
L
s *s
| s.3'4

medi wm (4 he conpositign
(Infect. Inmmun. 40, “1198-42
E.coli JM 101 (pPT %91), ul
unnodi fi ed plasnid BEVBL B
Part of the cell extiact Ha
di lutioms of ordinary oat_a

dilution of the sane

pertussis toxin. Afte 485 h

read in the manner degcri‘he
value of 4. (+) was aftridu
value of?1 (+) to a s A n
change. 55 15 EP 0}23342

a) 00 al) Ula ©
+ + 10~ ~ n
u s 2.0 o

J;: -p~—~—- .0 04 O

' o

- )

o -

40 0

>y

4

o

>

oef

a5 I3

<

t he cohesive teE#

oat+ apti sepunkt aken after

S5 This was carried out as in Exanple 3 above,

'31A cut, by BanH and treated with DNA

R %,232:429 Bhe Aat2 - SnaBl fragnent from
fragnment, corresponding to the gene which codes
igzihe hybrid plasm d PTE230 obtained is given

Phided protein contained the pol ynerase of M2
(lower case letters. to the left),

!
t g
(pPT 101) was grown ir a~0(

two ami no acids of the peptide |eader of
ettegs), and hence the natural subunit 85
ight)g 25 Exanple 9 Production of pertussis
rmné&its activity The strain E.coli JM 101
m fd ask containing 10 m of LB, under mld so
of 3% for 16 hours. 0.1 m of this culture
10 mZ & LB medlium and grown at 37 C up to an
B ¥e brotth was then centrifuged at 4 - C
_mergimesuspended in 0.5 mM of 10 M Tris (pH
si on subjected to lysis by ultrasonics in a
tor 200 (Bransonsonic Power Co., a Smthkline
iological. activity of the pertussis toxin were
the cellular |lysate by nmeans of CHO cells, by
tt, E.L. et al. (1983) Infect. Inmun. 40,
d were obtained in our |aboratory by mutation
105000 CHO cells were incubated in 2.5 m of
ni chikis given by Hewett E. L. et al. (1983)
3) i® the presence of 5la of cell extract of
B cOli IM 101 cells cont ai ni ngyt he
nd 0k1:®g of pertussis toxin as a standard. -
pre® o®sly been incubated with a 1:100
it i selumi4d5  (A) and another part with a 1:100
o . . . .
i mmuni sation with the
burs Bf Pncubation at 37- C, the results were
I by Hewl ett in the text indicated above. A
ed to a maxi mum form change of the CHO cells,
mum for m change and (-) to a lack of form
P9 BloThe resul ks are ven in table 2. .1J
S+ 1:: T +
EO +
+ 0) 75

a

A
+

.5
+ 20
+ 70
.4 J

~

coli extract

Sample

containing pPT101
E. coli extract

0.1 ng

Toxin

E‘

ATCC 53212
containing PEMBLS

. "

0.1 ng of the purified pertussis toxin was used as a positive control. The sample was constituted by 5ul

50

of Ecoli lysate containing the

plasmid PT101. The negative control was constituted by the same strain of

E.coli containing the plasmid used as a vector, without the genes for the pertussis toxin (PEMBLS).
It may be seen from table 2 that the exiract of cells of E.coli (pPT101) ATCC 53212 gave a positive

result and the toxin could be

neufralised by anti-pertussis toxin antibodies but not by antibodies from the

same goat before it had been immunised.

55

The strain E.coli JM 101 (pEMBLS) did not have any activity in this test.

We may thus conclude that the fragment of EcoRI chromosomal DNA with 4696 base pairs cloned by
us in the plasmid pEMBLS is able to synthesise a toxin which is functionally identical to the pertussis toxin
produced by B.pertussis BP165 and the pertussis toxin can be neutralised by antibodies for the toxin itself.
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30~ e 40 4-. - 0 -,10
Lo+ + S. 4 E ~~—~ X

U \pxample 14 j, 1 at 45 U 0)

*O E . 0z . . 3 .0 > < XCW 4J
Qe J 1_&9&%% a%% glguérllgcatron of thQ 5 subunits oﬁ%\e pertug‘ms?toxm 43 1 U 4] E

X 5 QTE':?b?Qsion of(ttw 5 s%btfhﬁs g C) to 0~ o
‘u : *~~0 oM 0 E 0

0.1 ng of the Hdr thh@cbuaaﬁat URBsS (S IFTENASSHS PHERS @30 PTEIOV@4L il PRoso (845
sanpl e was GomFidddudsadesdipedh lite éxamgds oOWdre InySdated IBOFENSTbriatig of e PRGNS 6bli
PT101. The mn&gattpre control was constituted by the sanmé strain of E coli
cont ai ni mg t heEgph athe ttanstoeabdagaias wes dtien rgrowniit 10wt of tLBenagiwimeat 30 0C fok br@ night. At the
pertussi s t @rd of tifipBdvBY.8he. 10Inl ohesigh duliure @em afided tn 40 Inil ef fsh BB meditme indwe-Itadiaskef
cel I s of E. col The(flpshy wvere koA TEIEr Bligtien al V@ fontwgdigirs andeat p toppraturernf] 42 Ticfort Ihdioprs.
coul d be neut r HejcsPse fea‘??[‘?‘m r@ﬂlﬂ‘glcg"sts%ﬂaﬁﬁdéﬂ? TeB'éfﬂ?flé‘Qd Blﬁm‘r%?5%9“°fOSG 10ml
anti bodi es fiF®nite!H{eH % Apefore it
strain E. %ol ?Hgf’fl "é ”' Pﬂ‘h f’a r‘f o’é'c‘tfllx’f'is %ﬁ% 1?@
may { hus cor?@hi : e'ﬁlﬁ %‘ ? 'ﬁ?‘g‘?“’ﬁ%"d P R 'Q%e
2] t | ore is a
4 r

pairs cl oned*By™ mssvfgrtf.vsga,&s i e g%l Bioured

which is fu
B. pe( Luss)s J)Qé rbﬁr§r'es°is Lmauq@s&e%ﬁh ewa,rsathlcﬁ SRaR% u%rvofyhgdge%f
%rifedFsEr)b |t st to AN Expr essi on and

23(0<

for the toxivsalhSh
purification of the 5 su units of the pertussis toxm 5 a) Expression of

t he 5 subunibj Burifidd@orof el shupdnas M ds PTE255 (S1), PTE211 (S2), PTE221 (S3),
PTE240 (S4) and PTE230 ($5) constructed as described in the exanples 4 to 8
wer e i nt raaduc ethe lglist of @achfod thewbid oultues welegessépoader i08.2 Im! ©02.5% IsdcRosklisolotiom .0.11r64 of
Each of t he lvusozymsf(¢d mathilsandald.é sl w85 HEDRA grae \arded rand Ghayl wapd inc@®ated dit @M Gator 30
| C for one miges. At the end of this period, the 10 mi of each culture were
added to 400 nit thgrenfiobibls ppiRdnia @aaef the susprpsiphst wese fddeds & & offysis Hufferd 1% Tijes & 100,
kept under &§imMifiopH 800. S5mNCEPTHY. apditiem thay werg hept &t 0 2C fog ﬂf)ét"h'feﬁ 12gd @379 for 3¢

for 2.5 HOuUMWethe cultures were- centrlfuged and the cells segarat ed

resus pended ! rougsegpenyy theselistpes fydigcted 9 saic fisruation aﬁtf""t"ﬁ'ﬂe%atdf OOIGW"E%%NO

is 511 : Eh of Lhe said cultures t had added to i fad ¥SI
ipitate Thus se resu ml [+) r a ke for 3 mut
buf fer ( gl% %E%%m "é%i fﬂf‘ Fdegartel ﬁt":§>sup Zﬁ% it saupégqs hol
and Q/OZ 4% b J: proadagcyw E@m a in pol n
five m nut es & iy rﬁt"Hf R dil@a' |oa3éheonl% QYpI%bJ}é‘twe
vere then sybjf ﬂétaer@hetgal @Jneqtsb smleae@to e% rihdrésisBBE miif@kpd oV @hdiRur s and
the gel col ourgdr adidiralRy; eleQdneebn@MinG BRALSIA Prddin WAL bnd SsdrbdiRted #2060 vdiS @r 35,
197% hours in a dialysis bag.
. 40 The electroeluted protsin was then dialysed against distilled water and precipitated by the addition of 8
volumes of acetone.
The protein was then recovered by centnfugmg and resuspended in 0.1M NaHCOs.
Figure 10C shows the resuits obtamed for the individuat purified proteins.

4 Preparation of sera against the 5 subunits

The purified, fused profeins (S1, S2, S3, S84 and S5) obtained as indicated in Example 10 above were
used to immunise rabbits in accordance with the following scheme:
Day 1: 1 mi of solution containing about 1 mg of the fused protein was mixed with 1 ml of whole Freund
50 adjuvant and injected subcutaneously into a rabbit.
Day 18: The treatment of Day 1 was repeated with the use of mcomplete adjuvant.
Day 27: 1 ml of a solution with a protein content of about 1 mg was injected intravenously.
Day 37: The rabbits were bled and the serum recovered.
The anti-sera to the 5 subunits thus prepared were then tested by the Western Blot technique to check
56 whether they recognised the five natural proteins.
About 100 mg of the purmed pertussis toxin indicated in Example 1 was loaded on to a 15%
polyacrylamide gel and subjected to electrophoresis.
The subunits thus separated were then transferred on to nitrocellulose by eleciro-blotting.
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- 120 ¢ Figure 10A shows the el ectrophoresis of the total |ysate of the
strai ns which produce the polynerase of M52 (A) and the 5 unpurified
subunits (Si - S5). fused to this...b) Purification of the 5 subunits 25

The cells of each of the said cul tER@832®89Bt esuspended in 3.2 nl of 2.5%
sucrose sol utlon 0.1 m of lysozyme (40 ng/m) and 0.8 nl of 0.5M EDTA was
added and t were incubated at 37 C for 30 mnutes. At the end of this
peri od, to he $°ft'}‘f cliyle ecr?E;EIB'H(% m%ﬁ ocuévefxﬂca't‘!f'"t? ?é‘f"gb%d’f F'E'?t'c?' f%’s
Triton X T rc' (N

Cfor 15 'n n,g?e Ao 't' "”'°§°%@me,§, %@e‘;@t’j@g} Bﬁfz ggfj{ %hi fice aﬁd

were supj SB&% wké?x f%P{Wo% %Bdl E.b%sﬁéﬁqw& L4, kdr %%ﬁuté%te
10 m nut eggsed BErwebesg. Pi t at e t us separ at e was resuspended in 5 m

urea, kept aheydvwele stisdbquentl) ifbubbEdeBr orfetiight bif ahehRslt RMPoratdb twith a&ﬁlﬁ@'&ﬁl&nbn{)@f tﬂé

t he supera&tramer.}ﬁ.qpasw.tﬁmsmemskerbswmwﬁaﬁamf /Murea. Thus partial J
purificati orthef wérdiersweahi thiée fie3deras chink®s eadhltigie W ad6lutidn GETO MM TH, gn%aubl
The pand i aldosspliwaeh 2@ (rBS), dlcatiated wite i eonfugstel siamehagiomtaantt-giobulib bl gostiperbiikiase A,

| oaded ongtbwuaarmgeqbdmaﬁ rabbit padxidass Milesidititedyt100 (BMBS andSDally)washred Sctimws o TR]I t O
el ect r oph@ndecspesin diis 801 i (pH 6é)rfﬁrs10ffmmut® Troeacks of tief solutions wepthernaddedythe syistratmiat
cont ai ni nije perexidase; PHm! TisG0BMPH s 5 sl P-3%rcrhlerocichaplied! inmsthang! i ofidkPn for 48
hours in a drafepdipewas Pmywas“'"FHEefgqe@d’t‘F‘ﬁ@?Clﬂa&ﬁ rotein was then di al ysed
agai nst'® d| stTP? resyits \giypr o FéRYEP r%‘&‘l" 3t e digeq)proteigs oblg "Bl’f‘edFe o YR PR gt
acekone. sz riot E‘iensuﬂﬂ‘gsh gd’“‘b' b‘E‘eWP‘I“’Fft W&“‘ﬁ‘n?j sPedpERERY in
0.1 M Nal—ﬁf&b |'38?’1§s'"9(?ﬁ° ”'{“H' F e DAY B 4 ned for t he indi vi dual
purified Egg\igllgs. 45 Preparation of sera against the 5 subunits The
purifi ed, proteins (SI, S2, .S3, S4 and S5) obtained as indicated in
Exanpl e 1Qnaaygig\6ﬁhé/\§{zﬁnd¢§gg,wmﬂhmgd SBeih@lbi ts in accordance with the

fol |l ow ng=scheme: Day 1. I ni of sofatromn containing about 1 ng of the
fused prot eiuiveSuddh Xedeinis Nand 18ty of PV dIRuBERURIth 20 mM ofdiribiadibl @&Néhbient

i njected ®hhbsraitnane a0 fingtes Wbie addetadh sdlutioadhtaking 10M1@f hamgénisembx BfinalAYS)LeopaS

r epeat es wit,b, guner Tis eMapH7.SLCIN| ATP & 0@EMLINA Bt GTFDEYM, AD il ofthymifinecand akiyt iLCIn
wth a pret#montent of about 1 ng was injected intravenously. Day 37:

The rabbi t s Themixtii¢ eds el at aenbiselr empergdwe Vier ¥ minTes canitifugediethe supertah et Hquor
subuni ts gdnerstedh prsithe erdmweteewnthem the SO (vap glisgdived \sodivm dodspyisuiphae lepding fafferg
‘check 56 lpprise hefo WBHenplypesiagidn asbendisiectqdie a peteniipliffelspestob 1 FpsrolisAprdOWB00 ng of
the puffiedt TBGPTQPéﬁT@e"‘t"o Pﬁe'l‘“ﬁ‘ﬂpfdfa&taé‘éjs‘ibﬁ"@(& foradipargol: | paded on to a 15%

epar B8 o U X He L o e UL o SO O 7

Ep” BPo e sheet of nitrocellul-ose containing the subunits
vvas\r/u (% ly into a nunber of identical strips each of which was
subseq%en&&y‘gﬁg ed by the Western bl ot technique. In practice, the

[S)L (r)!s BS aO];CIBﬁlﬁ Q&ﬁédcél LRSR r@@sfcﬁ oistHé Qéj&%of’d@tefa%br@hléegndylawrdet&9 gffMertusss

Fi Ga¥l 70 a%o@gkﬁ@%\’dﬁ@ﬂu%\ﬁﬁo@)ﬁhd BYyperisisdene praauae Bctivdpdiadés Tuee tho o f&dhﬂ taour s
and weue wasbmainttdcotingBénes fob this3 B burkitifg adettibbd MExariids'2, PBW € 9@ thaveridned

0. 05% of dnesequer€dd tilehgsyes\sfr Bbrdotslls Brejodizédtiva (ATCGBISI R and Bordadelle paragptiissat(ATCC
anbi ent t &39plerhich gode fovithdTive subudi®Of He bertussiatoxdd. t he desired serumin PBS with
t he additi oMhefuckoiplRediarcerrbRBed, Tivery invigues t3hshaws\hettieete arhswall differamcesfhgtwedrs

m nutes ethelthres sigins. {ine pf thess dackn the) Reahy siteGet AGAE PR¢ Bencgthe genes o B. brpnchigegticg andy,

Tween 29 g TEPertyspiE, @Epa cRRBingd th EeoRt drap Wity A9 a‘?ﬁ‘rﬁ #ipadhef| 46A6- aliisi d'gqf‘ﬂﬁﬁll"l n
of goat - g F‘aeaoaeeév Ber 'FG*bﬁ F'F’W°§Eﬁt°|"‘ %q B f'Pp ng QthS’r‘Tss'ﬁé’P'Bﬁ gf.érgtg %1; J?a%)
diluted

0.01 M ( ﬁqﬁ’sg; m " t& "5’3 see*‘& V‘H’I"'s? E‘Bl“’d’f‘""&ﬁ% W&%mef‘ Y maB‘EFé'HF t he
substr @ e u ;8 Z(u Q’qusnsl\t/I e d:gm UIshgd t?tlm 89 éty ae'apgrbus { O 1
napht ho g,;ﬁo o,e y Was

the filt er S Flgnre 5 |d sé ences d IV§ El){ﬁﬁ{ts 151 Itgllég %peUes %hOW

that the Ebﬁ&&‘la@f %‘ kﬂ;sse J‘ﬁ'g sWeTahcl'Ia slbﬁgml rﬂeTtg%atSw epmese changes
alter the function and lmmunogemcuy -of the subunits, operatmg as described in Example 4, we have
55 expressed the genes which code for the subunit S1 of B. bronchiseptica and parapertussis. The fused
proteins obtained were immunogenically similar to those of B. pertussis and in fact were recognised in
Wastern blot by antitoxin antibodies of pertussis.
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code for the five subunits of PT, when injected into rabbits, induce the
formati on of specific antibodi es capabl e of recogni sing each of the
subunits of the natural toxin. ExanpleP d232#298Ml ysis of the enzymatic
activity of the fused protein SI 10il of fused protein Sl and 10al of PT
preincubated with 25 nmM of dithiothreitol at anbient tenperature for 30

m nutes were alaeaver.Pya0reHRg ?SO?PSE' Bt i ‘ﬁ?’ﬁ@fe 1é-u"""of"”‘I’i’o?‘i’ﬁt b gropins, had jthesame

(ROS), 80W Zesnzynaﬂtm F%wty gsatpe Bl.fbu o ure ra § ©Xal ple fb‘(_’f’s tthf\Rm_eneﬁwuth
GTP 10 mM 10 P‘? pense gtvﬁ%/W]Fdﬁ“FFe‘ sa?‘. a("1"9 Ef(eja il 7 (b 81 S B eV S\
kept at anbl iserrperature for 30 m nutes, centrifuged, the supernat nt

| i quor separ&t d and the precipitate containing the ROS was dissolved in

sodi um dodecybill GORL follo @anfgegmeé Oxi8g, anoTEanlé% Boly #eS 4 am de gel

and subj ect d to a potential difference of 125 volts 5 hours. 30 At

the end of tf)i anRRERIOFhgMeMEOrISdeiS psHubdcrRdiebs s DAL ﬁ‘d\ 4606 MdbLpaAd | BREIRRY Yo
The resul s ( Figgdk hibR eoddBihb ied subdnitd of & phIREidIGSH Br & QXthéd flafimant ANSRof, where the
ri bosyl es the tunastIdgaénd continsiabieksh Gneajopitich codestidiat Past beSstibuhitoDté PertulsisStokirs

not marked and 3) the fused el ectroeluted S1 has the sane ADP ribosyl ating

activity as PTA B fEgaamoefuftdr Chgmentegeordierta elaice! bavidg trpeesweavenh fidve Yenes
of. Bordetella bronchi septica.and Bordetella parapertussis Al though B.

br onchi sefit i TaAdth Eromeelrar fuberdragnen aqcorging d/idim 4 <Y Pentpiing gansy enceding $ybunjip ST,
have .found t ha§2zﬁ§ %W %f"&lpﬂ"%sﬂ%md&m%"’@% fessof et r3ding framgs GFERvE. ﬁgﬂ"aé’

descrlbed in we have cloned and se ence th
Bordetel I a b oA ’éde r frqg ta}p efiopd in &b
cordeclts il oy o IF i £ ey

nucl eot i d& sequ’énﬁ‘g%'s %efﬂass'set‘dm'ﬁl(’\'}ee%”?"ﬁe g , shovvs that there are

It diff t ’ _
:Irrtae " | 46Sgﬁggﬁﬁgé&t%§w&gﬁm IPJ im%tgvﬁdré"ﬁxe Dgggrggr?n%rg Qgﬁghé @rﬁd‘éﬁen; {Flgregqg) thed

par apertussis are contai ned ragnents with 4935 bp instead of
4696. Thig di.f bpsRNO&MID pﬁm%adrdﬁbs.tonaymbeom 6 whfech ahdlUGDBEaS4-bdir EdoRl Gagnedht is
for distinguishkdé@dh the eEdAlSkictioh 6ikNr PEm@Ar apert ussi s and B.

bronchi septica, in the follow ng manner: Bordetella chronmpsomal DNA was

di gest ed wi th Hewidl plasmicaPTERGR saeseing & clairh #an S frewhiahdthe Bau3s-Xba t fragoeht which Sedesriat
hybri di sed by thaeutiusit Shisqesegedie the BaipdieXbhiosite bitee pésaihd®. PPT 101 and its

f ragnent sseof cl oned DNA. 50 The results of the autoradi ography enabl e
the B. pert UssHsbridplasmicP B0 haaspraet d13imrhor hein Bhich e Sae6tSrebragmgpigvhich codes for
broonchi sept i ca™isHRuAt §5 isrinsgriadn thg BamHhitg idhe pismiktifar  wei ght band (Figure:
14). .Figure 15 ve t he am no aC| d se uences deduced fromft

subundts in $h&Y "ﬂrpéaé Rt522 °55 imwhigh, the jFaHLRREF frﬁgﬁ‘@f’te'ﬁ‘aclh@des for
several cHangefesrougihs '%F@f‘ﬁ’s‘"th? ag '“?('"\Hl’fe'?"ﬁg‘f ese changes alter the

function an ogeni Iy |
et " [ D 0 O e
B. br nchl septica and par apertussis fused proteins obtained were

i mmunogeni,Cadl YiyiiaBidsifid PRE2BH 888rdRf 1ciaif Ar dr BSfiwhicR M fragmbi Hlat2V8ARE! which codes for

recogni sed in Westiein sblsQhseRdt id theisheddnHi arthd @&dﬁ@;\of pertussis. 18 EP O
232 229 Bl Moreover, by operating as described in Exanple 12, we found that

both the pr d&ehmﬂcrh-a@aﬁihﬁtraameﬂm?)aﬁhtﬁrid plaghid us defineaiSn hfryeonsubmhm t&i1.0f B.
pertussis (Figure 16). This exanple.shows that the proteins with the
sequence i Vién ThenmistogpugapisthI-selieti¢hinngh ravefateed miting hbhed elesrhid wenofdingitodigim 7ray ‘be
used as a vaccine against pertussis. Cainms Clainms for the follow ng

Cont r act i ng 14t Abestsensiarmed gyicrogryanispyEscheyighiacpli ATGC 53212 NL, SE 1. An EcoRi
fragment of Bordetel | a tu35| s chrom)sonal DNA with 4696 base pairs

cont ai ni ng thod for %_';g 8USFI ox qe Q go ltnj Igun oftﬂ}? rtussis toxin
pertussis toma °°5"H" \ te‘f ?fagg:ﬁ’épﬁ 0 Pré'l? miciRgEDISRE dpfNeY Y P sRime 12

contains at |eXst "6%3"'5 Codes for at |east one subunit of the

pertussis toxgl ﬂm&od@br%ﬂnfnﬁ W&Euéﬂ% ing &1 'trle/T5RiA f?a&%%?ﬁnﬁ:&%éﬂm 20 &d?Hg.m 1
having the sequegGgdlhy iy Libhing! BUhEE. Soli thrfbdadh f ot & déBrB INA with
fragment gccor di {ighob206b07da3 aau@ obRin6PHY 86 BbdiBorTHE R THSMERMa BN/ sHHsRicloffa sakussis
32, S3, S4 and Sée abs, ahButlf Istrai® Whish 8% inBt @étflcdine Ipedsbis @AM, hictDPRAtinG @AFkh&dson
franmes (ORFs) A, Bhs ikitasweh dBrombsordsl Diykrr i d pl asmi d contai ni ng the DNA fragment
or further fragnment thereof as defined in claim1 or 2
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capabl e of expressing the DNA fragnent or further fragment when carried by
a mcroorganism to 20 synt hesi se pertussis toxin or one or nore
subunits of pertussis.toxin. 5..-A-hybri | asmi d according to claim4,
where the DNA fragment or further fr&§ r?e??g 2#Bleof is placed under the
control of region V\/mch regul ates. expressmn 25 6. Hybrid plasmd pT101

according. . to fhal e.ém | J3 BBy ih mﬁpﬁie9 Qgr&zs* ot 5&3@ Sibing
hser ted i n gmapa ko B 130 bl Hgﬁﬁ%t %% prgﬁﬁ}ﬁ
accor di ng t OhElqdLdRcé glén in Figlre Y8 iafitbudn & SvShPuahat ﬁsag.gfaé b€ B v

the subunit pahuds®. i NSerted in the BanHI Xbal site of the plasmd 31B.
Hybrid pl@asm d PTE211 according to claim4 or 5, in which the Sau96- Smal
fragment whiailmsodes for the subunit S2 is inserted in the BanH site in

t he pl asnmi d Gdifks f6r. thélidiiowthg Goataxitidg BRIS32 ATRE; CHIDE) GRIGB, &), aU/NIgSBr 5, in

whi ch the SpHl-DDE1l fragnent which codes for 3S the subunit S3 is

i nserted in %hén Exef fraginend of Bordptellapestussis ch@hosgmall DNA Mitl 4B Iprise pairscicoptaiiag Ghe
accor di ng’t o cpeflegrwhicyeodg fori the fiye splyunitshet tRsneNpssiBdaxin| or farfurthaeiraomant theneof (wiiers the
for the subuni furtef fpgmenkeqateing &t I9at anp gersaiich cagles fer ¥feagtipas PHPERIEAT the pertyssis igyn.
11. Hybrid plasnmid PTE230 according.to claim4 or 5, in which the fra rrent
Aat 2- SnaBl vihi BiPNAJrRaEent i furhaeirag e Apcording tq aim 4 dainggkp ‘?‘*H“e’f‘ﬁ%g“éei"t“e""% of

t he pl asm d 3’.31A'%NA]T% merrtm' fh ’ngﬁm S% ﬁ?a autbgordz po\{atal?ip rpers Ier(%I mga gurpwgts g7,
Bt Ao

defined i n any F
Eschet’i chi a. COFQ%tﬁrgenas?orrre asm .&%ccc':"g [ n s)ch cn? D.

14. The transf Qikeh fRshiCRRR %@Iﬁﬁ%ﬁ\e& QP ﬁmﬁ‘é?'frﬁbr&-ﬁpﬁieé&%?deﬁ&ﬁ in éml'?ﬁt&?(éd
for the prepar adphi§ o bxphdding® B LIRS Irsgmbdr RurPbr Ri3Met whaR c8miéd b BEniSbEHAIshS 10
of the pest US'S bynthib&igel gart6elis toxin orVbieCoh mGRHMuhitsss pdriassissh:@? of culturing a
transfornmed m croorganismas defined in any one of clainms 12 to 14 in a

sui t abl e culs uaaybreidilasniid dcbordidy WElahOE, Wheo tlidBNA rapfentcor auttlerSiagitien Ghervgf ie fplatdde
DNA fragnment aowerite ogirolef ebian which regulaids expreskiordi Nng: a) i sol ating and
cloning, in an E. coli |anbda phage EMBL4, fragnents of. chronosomal DNA
with 55 25 6. HugidodgmEopTOD apreingdaicleim 4 gbtSaimwhichbipe 14686 Hasgesit Eoaft! degredntis
chronosonmal DNAsesed BahelEqoB| pairigien Jite 8IEMBEP 356, a nutant strain which does

not produce the pertussis toxin, which contains a transposon Tn5 in its own
chr onosomal 7D|\|ﬂyb"ﬂ g)lasmld PTE255 accordmg to claim 4 or & in which the Sau3A-Xba | fragment which codes for

..... Q _FEP 0“‘23’?“2‘2@1 'Bi"SWFebtU%?am"Bfl‘b%ﬁ?r%f"F REsHE 3tfscribed in Exanpl e
12, we foling that. both the %Eo‘?.”s ! émal%"tn'\‘é{ HonCads 16k
subunlt Si of ‘gf@f@'mﬁe lrgtug Eiil‘ﬁ %g F?%,I OWeS { ATt He

a o

proteins wth e sequence gl ven |n gure ugh cont ai ni ng several

vari at ions, ﬂ%@ phSHE AE2R AEREIINE B4 B, inRhich RSk D'éegfrégi_nﬁgﬁt i éEEesff&r '

Uhe Wi I i 10 o itk iAo B e r b Sl
An EcoRl fragment of Bordetella pertussis chrompsomal DNA with 4696 base

pai rs cont ai1) Agoriti pRsd PTE24038ERdIngIH tigil £ GEin fwhith hB Bsiiv WIS Wraghunt FhieH coliddGor
pertussi s toxi the eibuait $4ii irkerted firf thgyBEMH! sitehe he pasminbe.e the further fragnent
contef ns at |east one gene which codes for at |east one subunit of the
pertussi stwt dfi Hybri@ plasmiBNPY ERI0zagneding -forclafmud b rin Whichothe fiegmeoichati$nag! whichclodgsrforl
having t he seqttemewnitPiieinspried i thesie BamHipt thg plagini®8d. f r agment or furt her
fragment according to claim1 or: 2-containing genes encoding subunits Sl,
82, S3, S4 dRdASPrProatRE nesfered Pyan yRid-plasmig ag definedhinanmpene abflaipif 11-eadi ng
franmes (CRFs B,, Cand D_ 4.: A hybrid asma%ycontal ni ng the DNA fragment
or furthef f a@?éﬁff%%@?aaﬁscggma@ﬁ? TR LY Ao e g 7.
expr essing thT%I\AA ormg%%troo%rmsrrlxjgscnencht co?%lte %329@6”1 carried by a

i croor gani sm Rl SIRTE 56 pertussi s toxi'n or one or nmore subunits

of pertussisg Gmc:r?:a t%?rgtli opil.h gﬂungsq & hé-'& S &5 i Doihits YIRS GorhddR (A
9 1 e

fragment gr fuma omip iclbYg&Hisnd. 56efRB G Dy ofd of Rt
whi ch regul at eg 1@%P5 &xSHOEtur ,'-}, @m r| d asm pT 01 according.to claim

4 or 5, in which the 4696 base-pair EcoR f ragnent is inserted in the EcoRl
restriction 18 Aenethbd REWBBRing andSy¥duencihg ot 86 DNAl trighfertecardingb Gaifg1 6r2, Mbiadingt 4

or 5 in which the isbatnglendlaoning,fif agBBdol latibic phage E@BL4L, @gments of chromosomal DNA with

55 15,000-20,000 base pairs, obtained by the digestion of the chromosomal DNA of Bordetella pertussis

BP 356, a mutant strain which does not produce the pertussis toxin, which contains a transposon

TnS in its own chromosomal DNA;.
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the ssubunit Si is inserted in the BanH -Xbal site of the plasmd 31B. 30 8.
Hybrid plasm d PTE211 according to claim4 or 5, in which the Sau96- Snal
fragment which codes for the subunit $2 is inserted in the BanH site in
the plasmid 31A. 9. Hybrid plasn dePTEE2®21229®0rding to claim4 or 5, in

whi ch the SpHl-DDE1 fragnent which codes for 35 the subunit S3 is
inserted in the BafnH site in the plasmd 31 C 10. Hybrid plasm d PTE240
according. to & iplefing adragment Ph’embﬁﬁ"ttﬂ’?égeéé”ﬂmh'ch%Wbﬂﬂ"seF r“’éf@ Fré’Fﬂbe ket fog defe s
for the subuni PN&iomdhe Rosifierecambipant ppa lﬂ 31 B. 40
11, Hybrid pl aghfdin ?nggg“ ey Bh% ﬁmth b f%sf;'f o ST ﬁ'm"f e
Aat 2- SnaBl  whi Fﬁ"i thaproﬁﬁe g:‘ R it er"’f 50 Pfee Re e PRUng of

the plashid 31 Srliny it agaEm& b L s % ﬁ&@y%&ﬂoé%hgﬁﬁﬂuﬁ >
defined in any l Jéo tgneﬁb d.g%%n&e?ﬁﬁ ; f %ﬁ%et?llapemw;ﬂs‘

Escheri chi a. coIB|p1 ransforrre h brid pl asmd accord| ng to claim

14. The transfgy iaaéiangm ‘F‘rﬁd?ﬁbh%'?éc&ﬂbmaﬁﬁ&h&é bIGA WRcEYohidisdd With #gvéderor §35as oezamea
nmet hod f;@r theapﬁoe.parf,aa\ltwbogf,vetr&wmaamp&gd,sssotoaﬁhéu or :one-or nore of the
subuni ts-of the dofiiig #e SdcEmbitant PhaGODNA fraghfbinCRithCiR RGBS etzi@e EEATD aref isolating an
cul turing  a tr &os dragret of BFEOBGEN DAV 4698 base @aitsrbyahypridiation ofith @l @oteEiorl$3 t 0
14 in a suitabP®Acul ture nmedium--16. A nethod for the cloning and
sequenci ng of hinsdDig the fggmentt obdgined e thy mlasmigl vecler EPEMLBIN therkspRidesidptiony jite,
i sol ating and é%mwrﬁ the rjuglectide FRAuUeNse Pf they RNY fragmentnd lemtifving gepesghich cadeder the
chr ormsonal - DNAVa/fubyitssaf the pertussis tin000- 20, 000 base pairs, obt a| ned by the
di gestion 8%1 %hegt%hr%qosgrml IZ3NA of ?B%)Llr?det'glsel%ggé)egstl u35| s BP 3 P%l'l“ﬁ | 15f°rthe
e b & e e e e L i e SR
11111111“’11111‘1?"‘1’111111111 1111  EP 0 232 229 Bl b) isolating a fragnent

of reconbi pant, BAAER WPhE Hﬁ] MItéﬁQouE%dlé%b §proticlidh daifd AREIMBEIERefM poltikais TR

fromthe pOSI\iidrM%olérﬁ&ﬂ gt lead? 3R QRR iR AEHEESH the pbptiakl 51 bistEindd'H5 chdrAiTE/Athe
recombi nant RRFER dNGorniss tritRtoknail with Ghdi@leS BEZ YEgnbiia IINA &anﬂn& RHeqohd) Ghidh
fragments W t hodd3@ shp cont aining a nucl eotide sequence which codes for the
subunit S3 by 5 hybri di sation with a probe for Tn5 DNA, d) isolating

and cl oni ngp.iuse anhéiragmehtiof biasrisend DagacdidBiglo HBROINBIhE prafaraBiT @ ARG KitDMA
w th 15, 000- 265 d@oniteiereofpadusss blettansied by the di gestion of the chronpsomal
ENA of Bordetella pertussis BP1.65; e) isolating a.fragnment of reconbi nant
phage DA #hi Ush ohipé Iragiiesied cliomnbsomal INAozscérding B3:lairs 1 ddy tdistingeighirg(B. pertussis fiom B.
poi nt c) fromalapﬂtumsﬂnﬂbmechls%'mbl nant phages so obtained; f) cutting the
r econbi nant fge DNA fragment with the restriction enzyme EcoRl and

i sol ating: SH" H“eﬁ?'ﬁyf?@@“mct@ﬁrs&%sﬁﬁml DNA wi th 4696 base pairs by
hybr u;usatlon vmtha robefor 3 ' |nsert|n the fragnment obtained
into t h& pi agir;]ﬁng s e ep a an ﬂ ) cr ’ q! ﬂsgq%n ofle gpertussw toxm
det er m ni ng in eet orm mlc%ogﬁ ﬁsgn% is macrﬁor Bnlé%‘t P? athaﬁ&brléj p asma -
gengs whi ch r%ar of Bordetelia lth n |nn
17. iYse of t neg%rcu%mesfo.t bl s%uns'a’@& o pmagé:s & u.nA fi 455 LS Bt o

toxi n obj ai ne&ltna&rabmer@ bk 5BiodsDbnelgBiie \HicRRBEER idr @Yo, ord Busk bn&%&‘ségé &oam
vacci ne wherein the pertussis toxin is free fromother B. pertussis 20

mat eri al . 2,18 GeMWE $or ttheD Propaddtion DE aSHiyBRt blRHAO Womprsing liksaitihd 0k pREAkICHt EQRI
agai nst i nf ediagroens oioBorddastial périxbdisachpsdiob it DSIA At 4596lbakd pair® lcaritairngl the handé WHjcrAt
| east an ef f eodd foethgivasttiuhiis obfhe phrusgietokin oren fGther idgtnant tecbot) wheedrtberfuetbdr fragment
synt hesiks or cbnters atleest oo gpan whichecotiesciorst Brseak subtriit ohtbe pelussissodt r econbi nant
DNA containing-the gene which 25 . codes for SI. 19. Use of the fragment
of chr onps&meft metimdor sheseraratioy of 8 transiermadmigregrganise cpmerisiag fenstormingf a wicreraanian c
kits for the "ﬂf@tae'fyﬁ‘i'%@ﬁ"% a‘"ﬁ‘@rat"l)%cgf“sf’qgﬂ‘?@(ﬁf iBarqstellagygriussiy chromesopal i with
fragment of Jf 60‘??5 ﬂ%chtcedecfpatf\?ﬁw SF‘?S’P“scﬂfg'Ppﬁgﬁ?'%W'ﬁg afurther
pertussifs fr JROEeN ﬁ ‘E uithey 149 P8 SRR {9 pne @9ng; Which ages fqf gt least one
fol | owi ng CorftRugpht szi'fs ES 35 1. A method for the preparation of. the

pertussis I;O)So[ lﬂ,ethd agtg)?dm% ARhS vﬂx reFrnﬁ“e MBgrnAms?n |9Escthench|9 e&h? ussis toxin

55 5. A method according to claim 4 wherein the transformed microorganism is ATCC 53212.

6. A method according to any one of claims 1 to 5 wherein the DNA fragment or further fragment thereof

is placed under the control of region which regulates expression.
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whi ch comprises the step. .of. culturing a transforned microorganismin a
-suitable culture nediumwherein the transfornmed m croorganismis a

m croorgani smtransforned- with a hybrid plasmd contain- ing an EcoRl
fragnent of Bordetella péertussis chrgpo2saaioBNA with 4696 base pairs
contai ning the genes which code for the five subunits of the pertussis
toxin or a further fragnent thereof, where the 40 further fragnment
contai ns at 7l ehgetheheccerding oy efe o cléiens 11ty wharein the BNA Spgmest g5 dusher fament contains
pertussi s t oxigprespencadingsubugis $ 82t ReSpind Pahihe pastusis tadimgngrat [ash Prgstiiopen reading
conprising i nsféﬁ"leFﬁFBqu)rﬂB @@itsnid an EcoRl fragnent of Bordet ella

t th 4696 b t
e T 1 T ) TR 5P Ll O it
f

t her eof , whereats?@ m?"r“s'"rr%'rt'n lg%t?l I} e © st one gene which

codes for al | ik o useRidh o% of B&mP§"d H%«ﬁér&nfm% Qﬂd p°1as i Q%Eﬂéé :L%cﬁ fhs
Preparati on_Of sgiad. KBS Tt it Qa%&ﬂ@g.ﬁmn@@meﬁeﬁﬁt o B Rl Ry the piasrid

m croorgapi smaet h a hy plasmd containing an EcoRl fragnent 0
Bordetell a pertussis chronbsomal DNA with 4696 base pairs containing the
genes whi ch16.08l thefh6d adcBinf itd/ BnySdab Wntibids @fto & MAerfif ke Uy BrdSpldsaid I8 PIE21 dobbirdinga
50 f r agmendlairh iesres) fin witittethe. Sabes-Smar trigatent W@ doBds fOOMb SubLRit 32 it Mastod G e
gene whi ch codenHi site i@the lplzasiti 3oe subunit of the pertussis toxin. 4. A

met hod aocgording to claim3 wherein the microorganismis Escherichia coli.
55 &/ A nethodmethed retordigg ttoany| e 0f daimk & ted wherbie therhaterist piasmictis ATE224Gn ghich then
i s ATCC 53212.Spsl1-DREiriradesiit whichsodss iy “PGU%'&S%hé\smedéﬂ the BemH! sitegin the\pfasinidi3iHC.
the DNA fragnment or further fragnent thereof is [t)hlaced under the control of
r egi ’Qﬂ' Whl cf2 thod é@"@%ﬁr“e%@[u qhp, of ¢jgims 1 to 6 wherein the hybrid plasmid is PTE240 in which-the
L E‘Flgi% "BAY f??@)e'ér'“‘?“ coges, g ‘H%ﬁ‘b%‘c%r’ﬂf‘ﬁ?ﬁe‘% B "ﬁrﬁ‘?"‘&‘)'h%“’&? the plagig 31

to 6 V\/nerel nt or f rthe ont |ns nco
subunits S Qa% ggé“ ﬂgﬁ@ aﬁu;n%%u %g?r k-é%\ E}:;l%p r?’q'EZf n whi chg
open reading f g et o accor I ng

one of Clz@' e Pg-mgtﬂoo(sacw&};&{orén\; BH% ohé’lgﬁxéqitoq:i%gpeq tHeﬁDl@\T%mErﬁ oMJtrfepfré&R%nﬁﬁgﬁte
base- pai r ECORqdch@0diReNtin Higurd iSerted in the EcoRl restriction site of
pEMBL8. 9. A rret hod according to any one of clains 1 to 6 wherein the
hybrid pl asns.da imethbd f2 e didfingVBhd: SeqlidnBinSaredAEcoil aragmdnt 00BR MtelidPbrifsiS BiiSHRosbid
t he subunit SloNAwith96 bad paifs dohriniBg Mllgentl avhicis tdd@ fdd thel e sEbumEIoF the ertussis toxin
31B. 10. A netdnadurtecicagohenigheredf, 3hyte diadurthér fabraentBoniains at Bashes gohe whitiecddydion al
pl asm d i s PTHSbflonacomnitipfitp pedussisdoximintiuding:5, in which the Sau96- Smal
fragment whi ch @biesting@nd chagings inbam. tcolSlambda ghageckNIRld, fragmpeite oBetwddosemal @NArvith
the plasni d 31A15.9%-20000 pasepeitsoebteined by the digestion of thyp chyamosemalPhi efPorpetplp pEriussis
wher'ein t he hybBPPEB nawet ﬁ"é'"l”!‘EZE‘lesl'\qt QWHUe?]ﬂ‘P Wé“‘SEJF—IlQXDDE'Ic*f M@Wﬁﬁtﬁami’%’h
codes forthe sJﬂ%WN‘F%‘fR"‘?’%’“qu@% pla ]T
12. A nethod ac quF‘ at oA 6 °’B‘r'" %D'i" WHC’B“XM@?G@.VWM&% W‘r"d for TS5
plasmd is PTE2 Att fr RAitye ‘"a"tph ?“e sﬁt‘E bl rrent %sg mga
theisabuni t S4 i A1 .H’ a'.'l? ﬁ‘“ ik Soubls ¥ g aﬂ? do

met hod aggordi ng;| rfa Brern pfasm
PTE230 i n whi ch o) figs aegaremﬁm ta’n %Blam%yaeeced&w rne.st.bef St SﬁAlvﬁm
inserted in the 1§bboe20006 blisk pifs dblRedbyPdid b sﬁa%fthgﬁhroﬂa mA BT & @raBefaerisss

to any one of clpphéss 1 to 13 wherein the fragment or further fragnent
has t-he sequence) goitRg aifidgriéng bif récotibindrb phafe DNR twhierthybedises @h & pRbé fog SR Bslobtained
sequenci rg of ant fodo B frohr ihg paitive wéonBiad ebagbd @ opBinbdiSSi s chr onbsonmal DNA

W th 4696 base paduttisg therre@mbinay pbdge Dijid riegmanh ivitththe edigictfoo rendylve HeoRiand isbiating tag
of the pertussi &cofdiagmend of chromgsomal fOiNAL withr4696 bagerpaits byhiewbedisationitir & probee for §3
further fragmen®Mlontains at |east one gene which codes for at |east one
subunit of the Ptieerting e tiggmant phiginaddintadhe plasmidsvacior PREMIBNA te Beafh epstrirtion e,
E. coli IFanbda [SREFENNGVRE Auclepids saRuRRce ohihe ONA Frgreeshand i yipg ganes whiglugpde 9 the o
base pairs, obt §Y"h “’lff?/"fttheepﬁﬁtf‘?f é‘i"f“on of the chronosonal DNA of Bordetella
pertussis B rodyce the pertus

Cowin. - ubi o aﬁ,,é’: mgb i e ik e
b) i sol at, ng aﬁ, At o7 PR onDI nant "Dy & ONAUHE A By e
probe mar ed for n5 DNA fromthe p05|t|ve reconbl nant phages obt ai ned c)

cutting the f.ra@memb +afmdnesQRBInBRME SNEESrNAC Wai iohfﬁe bRpdrtoft bi dMYn&HE MiTFor

Hi ncil and i sahaddidiglingtion of pertussis infections.
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fragment With 1900 bp. containing. a nucleotide sequence which codes for
the subunit S3 by 40 hybridisation with a probe for Tn5 DNA d)
isolating and cloning.in an E. coli |anbda phage EMBL4 fragnents of
chronpsomal DNA with 15, 000- 20, 000EP@s2821220 B3 obt ai ned by the di gestion of
the chronpsonal DNA of Bordetella pertussis BPl 65; e) isolating a fragnent
of reconbi nant phage DNA which hybridises with robe faor S3 as obtained
45 15 o Bt th%?:emeefrﬁf EHEmesBER DN SR BICHEN! o ASEUSHD BB 5,
cutting the Pé’é’&ﬂ%?s Zpd brpehigeet fragment with the restriction enzynme

EcoRl and C fra chronmosomal DNA with 4696 base
pairs b h?% §| sa? HWFt ""acﬂpgggefoér:g& DNA; g) inserting the fragnment

obt ai ned i pt RIPHabHe bt 6 Gb0Ha JREN: nlolh ﬁRFsJ.thmse%t.s & bhiRbortaihifig 130
ot or o ). ot B Sl Bl S D s B e bl %M' %t
genes whi ch ﬁpﬂ@r flagHhont EbAtalnk YiGeaSt-Ab Brle Svnieh c$da§fopansauzsoﬁa &bﬁﬂtxdf fhe péfiss

the pertussis toxin or one or nore subunits of the pertussis tOXIn obtalned

as in cleaim hoNaGraghbHt of lu@aakaainbi Beddfding fo @divh i1-0P & hvihg HeSsedidRddi given IMFRIURISN t he
pertussis toxin is free fromother B. pertussis 55 material. 17. Use of
t he fragnmeht ACINACHagoRN 0 fuether Dhfmentaoordngny dabm dlcantanidy jepes énhaingrsepmitsa® i, 62y of
di agnosti c kisssS4fand S bfehmmsmmaham leaft ope pitapssieadingrffames (ORfis) AR € and D.
1111111 1iB 1111 BII 1111 ..C . S EP 0 232 229 Bl 1& Use of
the fr atfineht Wb%ﬁ'mmmmﬂ)m D&@cf@ﬁ@??fﬁg’f fughes | friagment theigef agidetined i ¢taim ey 28
pert tgsi s fr&pRale op gyPmaseing the INA iagpen s ﬁ%?’s@%ge@aw'@' &Y PP iERPrgaRP i ng
Contracting Striiegse @3{"93‘31°"'"Rﬁ°’lgc°6mf"°fsl‘%\’§'ﬁe‘}‘|?° siggflet el | a pert ussi s
chronoso 4696 ase alrs cont a t he

(he Tong S qu? ey g b W PR A heff B 5

e gontrol o r lon wh: re ula es ex ress
where tfe fur? ragment con arhes eas'f one gene V\:hl ch codes for at

| east one gulyg tpla;tn.dt oP G& iwfg? %E by e d h whicn eI bsBEE BLoRD radnhbint #aer
fragment accgf egg,té)E&, Prol; o L8y the sequence given in Figure 3. 3
A DNA fragnent or further fragnent ‘according to claim1l containing genes
encodi ngs SHbwPbrdSpladinid FI2255%3cordafly 181EIMSP o0 intWARh BRI Sali$aSius | regrient WHidh cadesli@ast
one of open KRatbuAGST k#iFBTed(rAFBImHMRDal Giteddt thePlasrhid 318.. A hybrid pl asm d
containing the DNA fragnent or further fragnent thereof as defined in claim
1 or 2 capablHgbroifplasmjdrRIES1 nagedrdiey RGNt 4 ergininwhiahrthd Sauddigmal fragrgpnewtichdadas for
carried by atheisgbtobsgiaﬁﬂssrtmutfbeagnmlh@shwppsnrblt;i%i S toxin or one or nore
subunit& of pertussis toxin. 5. A hybrid plasm d according to claim 4,
wher e the QDNNY'P'&d&Qﬂ?@HtPTS?mH?WW‘OF’P’&gﬁﬁ"rﬁ iy Whighelbsf SpHy-QPEA dragimeptywhich coggdery
t he control WSP%E‘%'SMP@H'W@@E@"ﬁ'é@'@ﬁ‘ﬁ@@?ﬁﬁéw 6 Hybrid pI asmid pTlOl
according to claim4 e 4696 base
nsened | 1 R PT&%O aceggg ,ﬁ" e epal g Blapl gy Vo ored
PTE255 Hccor dPREPHDSELred e it &g pRmid SlRis A Xba | fragment which
codes for h?‘l ;ﬁ,‘%h éi tto%gln{ QOF Efn E&Hhe Q en AJ!@SIQE \L a3 é%%p d
31 B. & Ft/bqffﬁ“ i g’[ig%%mme o SR b JaglenChdciah ih g
Sau Snal fragrrent whi c codes for the subunit S2 is |nserted I n the BanH
site i ng he PAlRstodankhfranstm3d by biHybel M saidsGembE 2shy BfCdd blinnOotin cl ai m 4
or 5, in which the SpH1l-DDEl fragnent which codes for the subunit S3 is
i nserted i13. trhemiBardanish Eschbdthib e tphdembdlwitild hyblddplashitactdidig 1 srimd7. PTE240
according to claim4 or 5, in which the BstN -BstN fragment which codes
for .35 14t [Tke wanfomet migdoorgenisrm Eechériglbia cali ATRE SBR#IAH site of the plasmd 31
B. 11. #ybrid plasm d PTE230 accordi ng.to claim4 or 5 in which the
fragment Al 2-nsiiheB|for fiei nrepaieting o5 the perussirctodneraip or 8ge PEthg sybunits eidhng !?P”F%?@J%‘E“t e
BanH | of t hé’hﬁ'l‘ epstprieps dhe/stepgd cultyring afrapgieringd GPQ’&WP@?‘W 25 defirerd d R @Y cigfns 12
hybrid pl asni' %82 adebietfur Medy- one of claim4 to 11. 13. The
m cro- orgaﬂi & herrlc ia caoli trans W|thah bri d 1 cordi ng
to clai Fﬁ £ %Q)E:;f)la ngf'r Pf Iﬂ%’@%‘?@ﬁ air)n?t; a p age ragme r‘Eri:\osoma Igi?’m%&'nz
15,000-20,000 base pairs, obtamed by the digestion of the chromosomal DNA of Bordetella pertussis
BP 356, a mutant strain which does not produce the pertussis toxin, which contains a transposon
TnS in its own chromosomal DNA;.
55 b) isolating a fragment of recombinant phage DNA which hybridises with a probe marked for Tn5
DNA from the positive recombinant phages obtained;

c) cutting the fragment .of recombinant phage DNA with the restriction enzyme Hincll and isofating a
fragment with 1900 bp containing a nucléotide sequence which codes for the subunit S3 by
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45 15. A method for the preparation of the pertussis toxin or one or nore
of the subunits of the pertussis toxin which conprises the step of
culturing a transforned m croorgani smas defined in any one of claims 12 to
14 in a suitable culture medium sSo ep®.23d2e¢Bhod for the cloning and
sequenci ng of the DNA fragment according to claim1l or 2, including: a)

i solating and cloning, in an E. coli |anbda phage EMBL4, fragments of

chr onosonal DNAWWFM@WO@W@O@"%%{% pairs, obtained by the digestion of
the chronpsonal DNeRIEE9 @srdreing|in an Ee?°ﬂ'd§‘§¥’ 3 pgoe ENBLA fragments; of chrerpospinal BNA-with
does not produce! ﬁ“ﬁ% Z‘b%otbﬁ%esﬂags phigited by {Ridigastien,efitha ‘i’i‘?"‘&%ﬂ%&'s‘??ﬁe?ﬁ%”qdﬁss's

its own chrom)so a nment,. of re nt
phage DNASwhi ch By Pf’ tzﬁfr: '}?n:m?‘ i1 r%og';bta Pybfﬁ'ges[wﬁ afpf°8ﬂ1 %2 a5 obtained
pOSi ti ye recombi g S‘gt' §rp qéftﬁ)ltng\e r%%c&c and |solati

reconbi nant pha g b t fﬁmg DYLEpalrd BF hibrifh sa

T
fragnment with 1 .bp “cont a| n| ng a nuc eoti de sequence Wwhi or t he

subunit S3 by 2 )anseEE’g the 228mart Dbtaihed R ! ipfasHhil ABctoM grEmEs wmbecémrresmﬁbn%;
d) isolating ancdetdrdifing fhe inlcidbliddseqlddte branssha RigaaeR aﬁl\l&:ﬁfyfnb @61¥8 whith &dde for the
chronpsonal DNA #b kdbudils,cdB0 pdséd@ahase pairs obtai ned by the digestion of
t he chronpsonal DNA of Bordetella pertussis - BP165; s e) isolating
a fragnment oir. tsdtisi peawssis ixiage ofol\oA mate subunits/df dei peassinkaih obtaipedodsdn Elgm 1S3or e
obt ai ned @&t pobmparaipn fof emattigertpssisi vatoine whembrthe pertussiioxig dss freen fran othen B dpertpgsis
cutt Mg the retemtslnant phage DNA fragnent with the restriction.enzyne

EcoRl and isolating an EcoRl fragment of chronpsonmal DNA wth 4696 base

pai rs by hybii girsior dor thy prpasatisy Gb% corpRositicn fpsipe simpitaneous stimdatipn,of fgst
frageent obtailf '°P?1?‘o‘3°(‘f??"?)P PSRN B £ °'g "ﬁ"}q Arqqucing: e, 1r ° l‘fa'
site, det®rni n? L@‘F’@(?fgiaﬂﬂ“sstéa&ffgﬁ‘@‘é MR RIASTOMRT Aa?ﬁ'afa'"'"g e ge"

I denti fyi ng ge ?cﬂ dode for the five subunits of the pertussis toxin.
17. Use of tQe, pe

toxin obt ai nlg d:llfg)e Jf‘h%%r%&uﬁerﬁ Qix Fb E?:%E&Nﬁgcc%iﬁ&t rcw;m?gotg ?ng%teg%njgt%n Bﬁélgdﬁﬁs%l: Rits for
anti-pertyssis vaccine ere| n the pertussis toxin is free fromother B. '
pertussi s , .28, use of the fragibiflok &romokBmal ANABRLQRShg [ ClaibaEioPdigtiAguishing @0 péHussds from B.
corrp05| tion fobarspbeuss.gmﬂﬁra{aﬁw@acastl mul ati on of protection agal nst
infections of Bordetella pertussis and Vibrio col erae conprising producing
the pepti de Fatenlpnsphied cal 20 . synthesis or by mcro-organi sns

t r ansf or ned Ratenkenspligefie®lgehde ¥erbagmstraten : BRABE: OHiDRE, ARG, LhU, d8NSE whi ch
codes for SI. 19. Use of the fragnment of chronobsomal DNA according to claim
1 for the priepBeoiii-Fregment auli elmeraesemaler\RNAs vandiordstedia ae,rtuea'smnﬁé@s?%ﬁasempagem tdg8 glles
i nfections. Gene enthlt, die die flinf Untereinheiten des Porgussigioxingjcadigyen, oper qin weilpEagt Fragment
chr ovesonal  DNEEYEE (VGPQl Favaltere & a&f“ﬁﬁ“l“'ﬂ'%f‘e'ﬁleg‘t@%dﬂ‘?‘@h Patgnipgesigns qingLtagsinhpih dgs
B. par ape®t ussPEUSTROEP 6%a% sept i ca Pat ent ansprLi che 30 Patent ansprl che

f f ol d
ECOR! P agnint DUAERHRS AR SR B ﬁ%ﬂmﬁﬂ syt iy o tzablen st
BaSéﬁ'paar en, dsﬁA-g} mgf\\? Qger igebeleIr im@ﬁt%a&” Iﬁlsgr 1 oldlg\lzeﬁ 'é&ﬁ@ LI&&Q &‘g&e Untereinhei-

Pertussi SIoOX' N &9 2%5”!;4 JAG 85 dbd rm?s'isio%@éod FoRt ARG i fémeé/\@eb%#fendélﬁeseraster
weitere Fragma(ﬁm:gh lesihehs ein Gen enthalt, das m n destens el ne
5

Unt er ei nhei t des Pert ussi st oxi ns COdI ert. 2.. DNA- Fragnent oder

wei t er e* Fr agmadidpasei, ARaMestCias DNAFrdgmd@rodbriial wgtefe BagiRBtdagérogomB3e Gucheinitich.
DNA- Fr agnment  orethsphiadht1eddens?, dasdpsonin-Frgaibnt At pasiaditerd Fagrasnt Bxpridiiacen Ganmewenn es in
enthalt, @i e dbisentUNikeooggamisnais-enthBlion ist,tvehei Shs PéBdssisBSin oB4 elnp ddddneti@es Untereinheiten
Pertu55| st oxi ngesmmusalsennssmdetmemderslerens ei nes der offenen Leseraster (ORF)
A B, Cund D. 4. Hybridplasmd, enthaltend das DNA- Fragrrent oder das

wei t ere FradireHybridelesmid PAESPEISh 4DXobpirpg PRyFrRgMenhadsy das yettere ragment daygr; unies ger
DNA- Fragnent oli@trolgginegpreighas istdaifie RiPreesighPaviesy en kann, wenn es |n 45

ei nem M k?"oorgEnl snus .enthal ten ist, wobei das Pertussi gt oxin od ein

oder mehrer es uURY é’ é nach Anspruch 4 oder 5, in dem das 4696 Basenpaare um assende %coRl—
ragment in die EcoRI-Restriktionssielle von pEMBLS inseriert ist. .

7. Hybridplasmid PTE255 nach Anspruch 4.oder 5, in dem das Sau3A-Xbal-Fragment, das die Unterein-
55 heit S1 codiert, in die BamHI-Xbal-Stelle des Plasmids 318 inseriert ist.

8. Hybridplasmid PTE211 nach Anspruch 4 oder 5, in dem das Sau96-Smal-Fragment, das die Unterein-
heit S2 codiert, in die BamH!-Stelle des Plasmids 31A inseriert ist. i

= O 0 R S
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des ‘Pertussi stoxi ns synthetisiert werden. 5. tlybridplasm d nach Anspruch
4, wobei das DNA- Fragnent oder das weitere Fragnent davon unter der
Kontroll e eines Bereiches ist, der die Expression reguliert. 50 6.

Hybri dpl asmi d pT10t nach Anspruch gp odes22aBin dem das 4696 Basenpaare
unfassende EcoRl - Fragment in die EcoRl -Restriktionsstelle von pEMBL8
inseriert ist. 7. Hybridplasmd PTE255 nach Anspruch 4 oder 5, in dem das
Sau3A- Xbal® FHejdeizsmid BEES2thach Bipgpaweieft pder S5in dem dag SpHISPDES dirioment, dap dieHintsrein-
BarHI - Xbal - Sheif| $3codiers inmfiesBamtiStetipidepPlasids 316 nseqesttist: 8. Hybri dpl asmi d PTE211
nach Anspruch oder 5, in dem das Sau9Wenal - Fragnent, das di e Unterein-
heit S2 cdi HYR"dP‘?%T"’dE’EZ%%A'@P@g} $ogkes, ‘PE%{% N3 B FRgEeptedap djedintere
c L f1gheitS4cede BRNPS HBIEeR PTE221 nach Anspruch 4

o0er, 5 ook A RS SHRl Enﬁg E%mer £5%0 iy MR S0 Bl st G

In die Banm'tg ﬁd' &3 H,_ asm
PTE240 nach inspruc as - Bst N1- Fragnent, das die
Unt er eif3- 15, mikroor la”'rﬁén‘us %r E\Qdﬁn&ﬁ 1i-lyb asq{lcﬁgéﬁ?amdler SiiRitidnGn Rem Bir2agPritRe 4811

i nseriert i Skansf ,f.“e diibr i dpl asm d* P7 nach Anspruch 4 oder 5, in dam das
Aat 2- SnaBl - Fragnent, das die Unter ei nhe| t S5 codicert, in die BanHl -Stelle
des Pl asmi1@s mikiobrganides IE&dhbrichia koli, ae@mutbaem Mybﬂ’dﬂlﬂgaﬁacﬁ m;ucdemmotmm sem
Hybri dpl asni d genaBi der Definition'in einem der Ansprtche 4 bis 11

t r ansf omsritér Transdrmierted Mikkdolganiamuy dnchevivhie cBlsATOS 53818 a coli. der mit ei nem
Hybridpl asmi d nach Anspruch 7 transformert ist. 15 14. Transfornmierter
M kr oor gar¥bs Mertshies chic Hprstallung (des iPepaseietolig2adpr oipgr odesrmelrfres ndey Unterginhelier | deging
des Pert ussi Beryssistrxing gayeseand die Z9efisyng pinRy B3nafermiesien MifrQoraanisipus; aemAs grs Definition
Per t\ussi ?IQ st ox{rreirem Gt Arsrdha 1€IP'§‘t@@ﬁ?@ﬁ?‘%‘?’ﬁ%@'i"?%‘?é@or i er t en

M kr oor arn 1S gem der Def i Ky tnon | der An u 10 erbi t%ssmi‘cp
e nem geol BB BVATE %ﬁ?mﬂ\ “2’6 m - z#gﬁz o
Sequenzi er ung i o PR dau .
ei nem E. coi fmmo @eha sasrsksuie awueatymm oS g
von Fr rrentenm %rocﬁ. B@W&Séﬂﬁﬁ n%ﬁbs 5 deind NR@a@flpaar en,

er hal t on dur chy doRr¥g bHa mwoemm@danam dé@ﬂut%%ﬂ&in@eflhﬂnd%ﬂt 4§si s
BP 356, el nemettneJmmm&PMt ad@aenlaﬂﬁﬁdd&s,bo%ﬁ.mlrékoaanamen Phagefiti Cht produziert,
der ein Transp)$psied Abs Friigridits@h rekbr@iSiaRr ORbgeDSO Mitl dam RddiiRAeRA Mt Hind Jund

t sol i erung di negiednigagnenitragmenis rie g00bBasephaen, lHaa g -NobléotidshaBena ehthiilt, ier die
Sonde hybri di SirgerdinheitiBRcddion, dlieh HipMAisiemndinit biheriSetde frUp5-B8IA; er hal t enen

‘posi tiven rekaodyin eigant ErcolPlambdarPhags) ERIBA4 stettiindbmde Eolaginge midsClenignung ebrofradnmreatat er
Phagen- DNA ni tvod shroResomelpd@iiAp i 1 0001bisii 28 300 Bagerpdarsp) ¢riaitemdureli die Yerfiguprgndant s
nmt 1900 Baserghtesnosamalod RNAxomBordeipld raussigdEdfenz enthait, die die 30

‘Unt écei nhei t S8 RTINS ines FrRasIgntR\ypIF Feisprabinspigh hager-DRiA das mib piprs geryie ?ﬁ'!s'ﬁDNA
d) In e¥nemE. ef%?"ev 30%6%3% @ﬂG'ERrBLd&" beat %"I‘ﬁ"?flféﬁ%?é“’?ﬂsfs'fw m'%

.d )
Chomherand YOl Eé‘%?; mmm%%%% R%ﬁ’%‘ﬁafﬁﬂ\&{"%ﬁ'
ten

Bor detel | a per'f'l,fg'gignﬁgl ht% ”Qagﬁ ektof HEEUTE B & é?;ﬂi— és{l ter
to%

Phagen- NA, m und Ident:ﬁ{i o%P&Eh aa 6 rle"
S3 hybridi si erlg,,te,@,l,hg,t %gs bBREN p03| tven rekonbi nanten Phagen;

Spal ten des rekonbi nant en- Phagen- DNA- Fragnments mit dam Restrl ktlonsenzym
EcoRl und 1l7s OérvéHdliigied iPBrSsisesidhRoder bing BB rhiehdadsr UntbiHiRBIGA A8 Rortusisidxing, brndieh 6
‘Basenpaar en gamigankprihi 18] Sik Berstllung) eifléstan®Périussishopisiios, N d&da%nus;)stommndn on
des er hal t enen shticagmB.Issussis-Mdenal.Pl asmi dvekt or pPEML8 in die

‘ECORI - Restri.ktionsstelle, 40 .. . Bestimmng der Nucl eoti dsequenz des
DNA- Fr agnesat Miitighfor dieigleittizéifigei Stimuliegyngl des SShyizes geljen Inféktioney dirch Pardatelia pdviwsisamnd des
‘Pert ussi st oxVikdo choldiaer enthaltend mindestane igite vifkadms Maage desdieptids)§1nerhaligr durglt ghemi-
oder nehr er epchesfyniiess prisevondfikrepsaanipaen; di git sekpmbipppion ENfMolekHerden@misH 3t h
15, zur®Her stigdpFirodpiede GeReNhaden-t ussi si npfstoffes,.in dem das

“Pertussi StOXI n freI | st_ 45 von anderem B éert ussi s- Materi %

Mttel foi%d %""31 9475 &3 H?HI‘?SQF‘E‘WgD“H‘e%“ é‘ﬁiﬁ’f‘%é Z@’ét?éﬁ‘?“ﬁ"]!?f"g'k PeREs:
‘durch Bor det kfsl BYrerpHg sheinfek

55 20. Verwendung des Fragments von chromosomaler DNA nach Anspruch 1 zur Unterscheidung zwnschen
B. pertussis und B.parapertussis bzw. bronchiseptica.
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Vibrio choblerae, enthaltend mndestens aine wrksane Menge des Peptids S,
erhal ten durch chem - sche Synthese oder von M kroorgani snen, die m+t .
rekonmbi nant en DNA- Mol ekil en transfaorm ert wurden, 50 di e das SlI

codi erende Gen enthalten. 19. Verwengpip@ssigss 81 agnents von chronosonal er
DNA nach Anspruch 1 zur Herstellung von Di agnose- kits zur Bestinmung von
Pert ussi si nfektionen. 55 20. Verwendung des Fragnents von chronosonal er
DNA nach An®ptentahsprlichefin ipigendeniVertchgngfastwES chen B. pertussi s und

B. par apertu33| S bzw. bronchiseptica. 24 * C L M * EP 0 232 229 Bi
Pat ent anspr Uch¥erfeipn 24 Herstgivpg \9'@? tpreﬁ ‘§‘E”$§&t “eES'“&' °"(7é r“feﬁ'f‘?Feé rfiey, ntereinheiten des
Her st el | ung de%enp%sfsf%% “g‘f ﬁ‘lé"e FgaE!?JP“sLJr‘IP‘@?'E OpfieteR
des Pert u$si st 'Sgl;" m'fl'ﬁ aé'is %s e'f‘ WA pder mit sinem

rmie das ent aus romosom or von Bordoetella
M kr oor ganl Sm (s mtt %g;eébaé ﬁ It das K a?(fﬁ %remhetten des

transformerte P el gl 45
ybri dpl asm d 34 ks - o m&a.aheg%@ &F@%&é’;ﬁmm Y SRYT Cor

DNA von Bgrdetell'a pertussis mt Basenpaar en ent hal t das di e Gene
enthal t, di @ Cudafrbiur WoksRiifib 8l hw.agasﬁud%eamsssdds&@mmn@m BERPFragiflils Rk N
wei t eres Fragngidmoseivain DNWQEEBordbafia PaHuEL Mit 4808 ga8BRaartn, A0S Q6 efthillt, TS e finf
enthal t, das numdesisimSdesi Feaudsisfodniscedaiemnt odde sinddewditoss IF@pnerits Bave dn @int Plasidld,
2. Verfahr en zwabeiHdassweiteleuFrggnesnt edndbiidns | aip IGers lentbidlt, desrmirdestand eihiecUrtersishelt | dom
el nes EcORI - Frkagpssistogingeediedhr onosonal er DNA von Bordetella pertussis mt
4696\B/asenpraaren das die CGene‘enthalt, die die fuUnf Untereinheiten des
Per t ussi st 0 n¥eriahser] 2 Herstebe sines ragforisripn Mikjeorgan ivnéasepad di, Tranpforgation eines
Pl asmi d, wobel Miggarogismus mit ‘PI? Hisprideiasnidl cdeg @jgsEqeR @éﬁ"teﬂ'ﬁﬁ’& osqmaler DNA von
ni ndést ens e n%"“!ﬂfﬂ'%P%ﬁ“Pﬁ'%i"tt Basenpaaren W&al‘d@‘éf‘@t%ﬂ? ARihglt, dip gjeflint Untersinheiton
Ver f ahr erf® zur ‘g Eﬁ‘[gwl e °f’?ra?‘f§‘f’?5tte'i7f R)Fﬁ d8 %éﬁ g Fragmentuoindey
die Tr ansforrra?t‘i’"fﬁﬁ'" °A& W(S'B?dﬁ?i?ﬂseWﬁéjnﬁfet" 6(5c '%@fﬁ 'T575eMH d, das ein

EcoRl - Fragng C t sis mt 4696
Basenpaar en en‘{%&ﬁ?maé‘gg&g Wﬁ% en’t%‘gﬁ&} |eE‘§L ﬂlfh%heb%ﬁgnt erei nheiten 20
des Pert ussisStQithiish OFAR En%&m%@eﬂ d&HitansRhib R RS ARRBATCtP8 b istobei  das
wei tere Fragnent m nde- stens ein Gen enthait, das m ndestens eine

Unt er ei nhei b, d@salPs hdeh Sinsh @%i Asspioid £bik 5, Goben\/&"sfmr%meﬁlaﬁbr &8 SWRItei€ Iragent
wobei . der M Kdao6w @RNis Komrols@is Bekithe i€ let dié Bipressidn requiieher f ahr en nach
Anspruch 4, wobei. der transform.erte M kroorgani snus ATCC 53212 ist. 6.
Ver f ahr erso ndc hvesfamennate pindn Sr Aspitichel1 bis $, Bobeitrs EINAdFzagmBI/Aodbrr dig Iveitdre Gckgment
das weitere Fr@apmeanthiitladie miieu Hbterpinibiten €0N82,033 S4alniels Ber Rérussistoxing tecpdieten, wid e
Expressi on r eguoihdesters sirg derpffengs lLésglasen(OREA Be¢ mstR-der Ansprtche 1. bis 6,
wobel | das DNA-Fragnment oder das weitere Fragnent Gene enthallt, die die
Unt ex€i nhei BenVesphrenggach gigem dar fsaricis (1bis 6prgbei des iHukrigRipsmid BTG dst.dm derp das 4696
m ndest erf§ el ndasereare HJ’T‘*F@ﬁ@H EE@‘é:Faég‘f"é fn Tﬁﬂ“ﬁ'ﬁ?m'ﬁms@’e%‘ﬂn PEMBLS iRgstiertiply on

322%2526%"5‘3”%% tc@%%ﬂ azv %@gﬁ oRpo W?@ﬁé@ rBbie n i oo ST

B -
Ecolf\*-f Restri kt asv% 're'lrte"r' tdle erfa rpgﬁm'ﬁ?igh Qfer{'g%

der Anspr} che ' b| s 6 vvobel das Hybr| de asm d -PTE255 ist, in dem das

Sau3A- Xb al 161 AEHIREH nackl@Rerd & AL RhEH BRI obst da AfbhiGidsmid ﬁEQHQSt in dem das Sau96-

BanHI - Xbal - St ebh£FdfonldaS b Oikerdtndd 92126&&H, Alde Bami-séik dbOPiadadd ARNRBRAGN
ei nem der AnsprCche. 1. bis 6, wobel das Hybri dpl asmi d PTE211 ist, in dem

das Sau96- SevertirerOwIRm binentl a& pds;eudbbtl ®IsB, Wdhei das Bbriagishnid PTEZEﬂ:sidlneiem das SpH1-
BanHl - St eb| e OBBE1Riraeiehipdns 3ib Uhterairbieit S®¢ddieit, 3 die RdmHI'gedld Gd3iRamiiasie iaseriemistier
AnsprUche 1 bis 6, wobei das Hybridplasm d PTE221 ist, in demdas SpHL - 45
DDEL1 - Fr agnvit Verfahaen micieeitdm derdinspiiche 1 88 Scuabpicdas Hyhrlmldmi BEAHe it] in Sere [dheBsifdls
Pl asnmi ds 31C i Bsthdirfiregnent, das dielynterajahelt G pasiertrimein Beniidinlieldes Plasmisis Stthiasetiehiss 6,
wobei das Hybri.dplasm d PTE240 ist, in demdas BstN - BstNl-Fr agrrent das

di e Unt er®i ﬂﬁeYﬂ’fa'S?P 75 PiEeTe derj Apserfiche fchia §. waleh fasdiybiddplapid £TE2PQ ish fn dem das Aste-

i nseriert ist.5%B" ’?P@Q“WFW et B eadigddy ﬂ%Pa’ﬂﬂéﬁﬁ"iﬂﬁep 'afmlﬁ‘F é“b‘"sm@

nt erHZPrnhgf"ei‘ Z% R et Snoe oy é”g‘g i B R e cox et rame

i st. yerfa'er'é'n'gh’%c?léze'?tﬁg?ﬁ rspriche.l bis 13, wobel das

DNA- Fr ag e Ny 5 ORGSR Sur EdrleRiinG Jr:wé %GEG%HLerQJgee-deQ EESFi¥agrer 25! dlomostinaie BRaNRh -

Bordetella pertussis mit 4896 Basenpaaren, das die Gene enthilt, die die flinf Untereinheiten des
Pertussistoxins codieren, oder eines weiteren Fragments davon, wobei das weitere Fragment minde-
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55 15. Veffahren zur d onierung und Sequenzi erung ei nes EcoRl - Fragnents aus
chronosonmal er DNA von Bordetella pertussis mt 4696 Basenpaaren, das die
Cene enthalt, die die fUnf Untereinheiten des Pertussistoxins codieren,
oder eines weiteren Fragments ‘davoEP o@e»e29 Bas weitere Fragment mnde- 25
e e EP 0232 229 B1 stens ein CGen enthalt, das m ndestens eine
Unt erei nheit des. Pertussistoxins codiert, umc assend: a) In einemE. coli

| anbda- Phageﬁe"ngf"sef"ﬁf'ﬁ F?Sﬁmq?aeneg'a|”rﬂémh 495 Fortrdne "VHPP‘F—’?QQ nent en

3%5ﬂ g o
der chronoso ?ﬁﬂﬂ;&h g ltg ‘77_3%%

Ver dauung der

i antegt S o e 2L ﬁa e
Tr ansposon Tn% ysg.,eﬁﬁ Ig s ﬁggg,fgn@ 3:|inter Cfo%ié.e?{ &9
ei nes Fr agmntfﬁ'T\‘\@-@N AkERid 304 &‘Jne b.ngn nPh

hybri di siert, dlisgaibh ldes Aagrhdid \}Eﬁ‘rrékbr%lﬁanieﬁ bhag@ruﬁmdﬁnlaewﬁe mnenzyﬁpﬁ.h&ﬂ HhEN
rekonbi nant en 1$ha@RNeinds) Fragawhis fit HED . s PEREH, Bad Qe NRAIBSIALIYAEH: nthilt) a@e Bie DNA
mt dem Rest r iUstererineie 8T sudieht] doMHyttiddiedubinit Sihdt B@nddi freds-bnagnent s mit 1900-
Basenpaar en, . dias edencE. Nk ladbda-Riisgee EMBL4 etastfiddnte Isdlio@ngl i@l Aihierung von Fragmenten
Unt er ei nhei t = $8n cloomasonalerdDAC it Hi§ 1900 tiis 20 HOU Bgsenpdarea.i anealterSdunchedid Verdalndg: daiA;
d) I n ei nem E.chompsdmalenbBia vérRogisteliEdBussis P48 f i ndende 1sol i erung und
Cl oni erung vor®) fokgyenentines Ryasmeeth vomtskeniinapter PhagemPRA, 1das QD eilgr gopdB Soimitt c)
Basenpdfren, éeralianeraionde fls A3 tybadisiesh akgisam ba'eqrha&meb R%WWWGPHW-
Bor det’el | a' per’k §%Pa CBF’I?J‘B““" ptep sRYepearQiiiy reomeais mi Restrikingepneva SRS 1adt er
Phagen- DNA, dé?"?ﬁ"lg eéﬂe 5?° " @H? hrgmoggmaies DNA ”‘“ 9% PRraPReRpR fr b dfyhusister ),
S3 hybri di si e l en Eral B% % rp Lgkoém}icoaPISes{}r nsasgﬁe
]ICQ) SML% en de egére\k:(:) P' ﬁ§ é;?]des A%Ea é&ﬁn f|Z|erun§ c}er Genesdle die flnf
estri Ktionse p@mh d GLldg el co
chronosonal er asenpaaren durch Hybri d| sie- rung mt einer
Sonde f ~T 1&3yedidhau )deé B@rﬁx&&ét&ms BRF oifdrbRb AR ThRRIREHLS dbd'PdiGsistoxins, erhalten
Pl asm dvekt ifer@Pln ch 15 B UG EIhg RS tahti-BoruSRESHRde8 in ddh das PertussB@2 rélBING
der Nugh eot i vdn asteRAZB. pd@sssibMaioda. agnents und ldentifizierung der Gene, die
die fUnf Untereinheiten des Pertussistoxins codieren. 16. Verwendung des
Pert ussi stnxVengenowhgdes Fraghentd@n citehdsemas: DA ette Amb@LH e Burd@sstellung von Diagnose-
Pert ussi st oxiitsisyr Bestinmiung vongReresBsidtaigiprench 15, zur Herstel | ung ei nes
anti-Pertussisinpfstoffes, in demdas Pertussistoxin frei ist 25 von
ander ey B18.pNerwandwig e/ fitagméntd von Liirombsomalenhifh pecH éesiFych g navn tetersehpidung zwischen
chromosomal €& PRRASH st B-awpprusdhbzy. bronchigptier el | ung von Di agnose- kits zur
Besti m*run von Pertussisinfektionen. ao_18: Verwendung des Fragnments von

chr F%P“E}W?P&éﬁ‘ffﬂﬁgmé’ﬁ“T'mattﬁﬁerschel dung zwi schen B. pertu55| s
und par pert | S. bzw ronchl ca. P te tans Och f ol

\B/erérta ||$ ai Hlﬁf dl ef: hé ertu lsg)r ?80 eg |t§ﬁ Frazs :I"Iet
ordete’la eF P20 RS s r"fa ﬁ%e@ne m oif

f Un Untere| ggs er (s SIS OXI ns codi eren,

Fra nt davon, as wei'tere Fragnent m ndestens e| n Gen ent halt das

m ndestgns, %N)@Fr!a&?ﬁéﬁf SdePliGibres %&e&&ma&bﬁ,&wm%erq.oﬁberstgezé&en Shquenz.

DNA- Fragment oder weiteres Fragnment nach Anspruch 1. nmit der in Figur 3
gezei gt ensSamuerragment odoNReifeiea GrlBdnt ASLR TAnypRich @] &S FohA GRS did\die DntdrammsitetCsn, 1,
das Gene entd$e-b3, S4dihesslie Ponissstainsleadidran uilmindagiensSines 8ér difartbn Saseitsr (ORF) A,
Pert ussi st ox8.®und®di eren, und ni ndestens ei nes der offenen Leseraster (ORF)
A, B, @&und D. 45 4.-.Hybri dpl asm .d,. ent hal t end das DNA- Fragnent oder das
weitere Ff ammplad@@ow%t‘g&tﬂﬂaﬂ@w\ Eregrhank pden as weitge Spagoedt davanciemdBder dafinitige s
'DNA- Fr agmentin SeReFUCH 4 9d¢qe; dasdas RINATTRGmAN edgnyias weitareFragrepnhexpiiaipign l2n, e 9S8 m
M kr oor gani s¥A?8 Mikioprapnisatys paffalten s, wpbetdas igtedn edep £, ogsy] Eehrae Hatersingpiten
mehr erg? Unt é?eéfmf@?‘f‘@?f‘s&é’gheflﬁé‘?”t‘tfé@l‘stOX| ns synthetisiert werden. 50 S.
Hybri dgf agm ns das itere
Fragnent ba R’ﬁ’%’f P Mt ¢, M s SR e A o el o1
‘reguliert. 6. eme S p‘ﬂa'f nacﬁ?'of& §pruch 4 oder 5, in demdas 4696

Basenpaar 8. %mgm%epﬁﬁ‘p |Réc'h Anspruch 4 oder 5, in dem das 4696 Basenpaare umfassende EcoRl-
55 Fragment in.die EcoRI-Restriktionsstelie von pEMBLS inseriert ist.

7. Hybridplasmid PTE255 nach Anspruch 4 oder 5, in dem das Sau3A-Xbal-Fragment, das die Unterein-
heit S1 codiert, in die BamHIi-Xbal-Stelle des Plasmids 31B inseriert ist.
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55 Fr aigrrent in.die EcoRl -Restriktionsstelle von pEMBL8 inseriert ist.
7. Hybridplasm d PTE255 nach Anspruph 4 oder 5, in dem das '
Sau3A- Xbal - Fragnent, das die Unterein- heit Si codiert, in die

BanHl - Xbal - Stel I e des Plasnids 31 B ERHAMRELY Biist. 26-

joJrint EP 0 232 229 Bl & Hybrldplasmd

PTE211 nach ld in demd s Sau n% Fra das di
Unt o o e hef T PR ?ffm Fich Ay 3% & 1 G (o8 Soioh A Esbmpnia o Al
i gt ergl nHybrel dp'f%‘?s % :?W'pég@aﬁ'@ﬁ pb'?f@F'er%'St | n dem das °

SpH1- DDE1- Fraopen . _
S el o RSO T W S o M e SO el o

Anspruch 4 odor 5. in dem das BstN -Bst NI -Fragnent, das die Unterein- heit

S4 codiert, fonHpkr@piRad Bies Rdch AnddARh Flodss HSerd ka&étlﬁ‘ﬁ@éﬁﬂﬁ%ﬁgrﬂeﬁt das ki Unlehein-
11 Hybri dpl asm geitfShizddiéh, medid BARH-StE des Piaefias 318 indeRertiet das

Aat 2- SnaBl - Fragnent, das die Untereinheit S5 codiert, in die BanH | -Stel | e
des Pl asmodst13tioridplaseiid RTE230 gdch -AdspruciVvl ded 6,ig)dei mtz-sdam-mymem IdB<d® Untersinheit
Hybridpl asm d gemwrtdememerhhmtelb@as Plasmédsriaingaiert &nspr Uche 4 bis 11
transformert ist. 75 13. "M kroorgani smus Escherichia coli, der mt einem
Hybri dpl asnié- Més@hfgmwppwhmv et iybrisiplasraid perhddtder Definitiofy in mioéro deri ABsiridohe 4 bis 11
M kr oor gani smuSansieeMtibtchi a col i ATOC 53212. 20 15. Verfahren zur

Her st.el.| uffg des Pertussi st oxins oder einer oder mehrerer der _Untereinheiten

os et tussi & BTG ESceifisabb ool RS BFHEEnE PP 2 pfomen .
M k | che 12 bi 14
i nem g 22.”'&5‘? G %@f%&%ﬁéﬁ%‘ﬁ%@ onferung ueng - "

Sequ Jounlg g&ﬁ MUIF Sdegl Qﬁs J’& 5%%%%(2? a&e? etﬂgrel §'ten des
) In einém E pg s'stclxﬂ %% fom;l o LIl Dotiton
Cl oni erung Vvonleiad n@é}u gr129 HQW%%Q eGEhe I S 20
Basenpaaren, erhalten durch die Verdauung der chrom)soma en DNA von

Bor det el | a pers VaHatr® 2uBBioRidang awrsemeMﬁra@tersmwmmdﬁrna&mnws&I1sdderxz Omiabgehd:
produzi erds, der & IneintirAlE TP BRMBdalFiagdnEMER M BR1HinGéng€ RENdrLad HrINTIGREAIRY 86n ERnenten
enthal t; b) | soldeectusrgosensiesDitA agmsi0s bisozo 006 leasdnpaaen] etialtbthagaindidMékdauung der
das. mt ei ner . Schoeosurilen diNg wn{Borddieta BHtussis BP 356 sindim BluBhidaskmennk ider Perfussisfoxin
us den er hal t erisht poduziet, derein BrRnsndsom Znf ie seifeh sigasan chegmoSredlen @NAdEBAIFTr agnent s

von rekonbi nant ! @ Aing\agments Jemekusbinentirt Rhegpo EAyges Fitsinel Sondihybridisiert, die
| sol i eruny ei nesUHinaiNe maddertigtiauy daprhaitymas pasiiunareiqmbionion Ehagen:

Nucl eot i dsequenZ? §H't“ﬁ%1ld?s F’éﬁ"@*"&l ‘é’" Lﬂ‘f’@P‘é?“Fﬂﬁ@ ?99"5@“’& Vi depy Restjigiopgepzym Hincll und
Hybri di si erung

1er npaa' N s &nﬁ #PF'EOW{BGP?"Z enthilt, die die
| anbga- Phagen E r se ﬁ% on Fra
35 o Chog"@ié“e ] g, g & E“* g iyl

durch di €°Ver da a:eﬁ a pertussi s

e) I soli erung e' Qs%h rrigOdia t ﬁ Yr%ﬂts rv% Q &ﬁé?&e?rphfdaﬁlﬁﬁﬂ Vit JA¢ ik %k:ﬁ}ﬂrc)
| 3 Schritt @ha%n@@b&@@ﬁ? Sgﬂmaﬂgl@-raU n [AYHRY brRlitSrieR 'b&stw@“éko%ﬂa
er h enen posi trj \6pikek €469 ThoRBAsIRA PRGEEINA-Frigmanil mmeﬁleﬁesmmmama%m und
Phagen- DNé- Fr agiiérengiéides B60RI-Flaghdnts 40k Rob@tmyién DNAGRIRIso6 Babertidaren durch Hybridisie-
l.sol i erung ei neSrurﬁoﬁiFémeragerﬂmBs-Duas chronmosomal er DNA mit 4696 Basenpaaren
durch Hybri di si ey insertimy des brhalienay Frémudie if dan PB3miDMALer BPEMLA thadid EcRI-Rissiktionsstello,
erhal t enen Fr agrfestimnng e Ryeloplidseqvientydsis t ONA- FidEioL!8 unchidelitiizierung der Gene, die die flinf
EcoRi - Rest ri kt | diftesainbpiten desRestussisteingicadisrenNuc| eot i dsequenz des DNA-Fragments
und | dent®¥fi zi erung der Gene, die die ffinf Untereinheiten des
Per t ussi st oXfn¥e! ?‘\Srdéﬁ Pe’&'ﬁs‘ﬁf’?““s%?'\ﬁé‘ﬁﬁ?ﬁ mefgeter dintereinbeifen denfaqussisipgps. gihaltep
oder mehrerer €28 B 1Py p'%@e'fyé? PINSIET iupTRimPiofes it g dasfeBusaisioyp oSt
15, zur Her st aYTdh reé'] PEMUSRE TV u55| si rrpf stoffes, in dem das

Per]E U?]SI St Oxlbn rtral'i9 f tl-(ers%rl lun em Is fur §estl e%/%\un TUN ges%g es [ en infoktio-
seaeled B PG & gl g &ed%? b
chol erae, unf a§l§§dgc? dug & rcga&g,;dqugn dRfarEept | de 81 kdﬁl? ch Eem sctflti r'é“seret
oder. durch M kroorgani smen, die mt rekonbi nanten DNA- Mol ekOl en

transf or rgserib, Vawéiaihg ddb eragra&wtsﬂon(bﬁ:dmeé’oﬁﬁQEDrGEﬁth Rhdpakh €Bur HoRtelldkG-von Diagnose-
Verwendung deskifszaBEsetivintuny Ooh RLSBRTAer DNA nach Anspruch 1 zur
Herstel l ung von Di aghose- kits zur Bestinmmung von Pertussi sinfektionen.
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27 L _ [ 1'1111111111212111111111 EP 0 232 229 BI 20.
Verwendung des Fragnents von chronpsomal er DNA nach Anspruch 1 zur
Unt er schei dung zwi schen B. pert.ussi.s und B. parapertussis bzw. '

bronchi septi ca. | Revendi cati ons - REPHE2OIBIns pour |es Etats contractants
sul vants: AT, BE CH, DE, FR .GB, Li.,- LU NL, SE 1. Fragrrent EcoRl d' ADN

chr onosomi r det g el tus Rad I es S ont en

es genes %ﬁf"emipu %ﬁt’ e Son S '°mg)s°@g';f°°'! e BRPEF o 15 ORGSR SRR o,
un autre de se ragnre ! rrent contient au noins un gene
qul code pRLNendidattBikNS une sous unlt6 de Ia t oxi ne de 70 pertussis. 2.

Fragment; dréVeharektiond pbbr b5 BAEERhtratdni sdivants® We6E EAI0E0 PR, GEAVRDY, NLAsIB €quence
donnee dans la figure 3. 3. Fragnent d' ADN ou autre fragnent selon |a

revendi cat i.OMFragmeht ELoRIOPABN &Hidmds@RquIeid EBordoRIEERktuRR iked 4596 dlires de basesSoni¢hlnt €S
Si, S2, S3, 3 gthesShui celehtpolrdssicing scle-upiEs tel RIdxhe @b patUSSOONGN difte A€ SosT@GHAE,
ouverts de | edti'ate fa@RbNt cogtier au @oid¢ uDyénd quiltbdespouda: raitsr ind @ousanitsadeda toxthede
fragmente d' ADdtesisautre de ses fragments tel que defini dans |e
revendication 1 ou 2 capable d expriner |e fragnent d' ADN ou autre fragnent
lorsqu' i | 2stFragaepta'ADR cu aytrefiagment sejpnlp spngigafion ﬁéya"b'éﬁ‘?qug’ipﬁtdﬁ’d’ﬁ? daop lajfigure 3.

t oxi ne de. pertu55|s ou une ou plusleurs sogus-unites de toxine de

pertussis. %6.F39 %&:&N F H@g @1 len fayeyeadieation Lot ? septepant dpg genes ) poprges
sdﬂlt

f raggent® d' A s AJref'ge 88 Porppeit 8 NS W AF T BEL R
regi on qui LPon. 25 6. Plasnide hybr i de pT101 selon | a

renge”ﬁ' g‘?‘te!lgrll-’ a‘&m g ;anélaﬁﬁt&a%ﬂfe&a JanfJ éJéCé% 69%%d§fqﬁee§é£1 nfﬁég?
icati nt {
PT_E2 3£l anriéocrr&\‘@ﬂg' fotd éﬁfﬂétéerqgto n&i ortu QUSRI ung Qu blusigve

qui code 3 ortusBOUr | @ sous-unite Ins6r6 dans le site BanHl - Xba du
pl asm de 31 Ig 8. Plasm de hybride PTE211 selon la revendication 4 ou 5, '
dans | eques. |rshidagpmide s&oilQoevantidationUl, dshe dud) GdifragndntSITADN olNautrd dS2estiBiments

i ns6r6 dans lest gicé eouBaanddmnaadesi'Une réglom quriédelo Bdkressin. 9. Pl asni de hybri de
PTE221 e=lon | a revendication 4 ou 5, dans |lequel te fragnent SpH1l-DDEl qui
code pour §-a Pasnide hyhridé pBD1 eglen ip rey@iBation A 108 5] danssieque! IBApgrentiEgeB! 4 4699 baretriled e
31 C. 10. Pl eses @ iMsgisrdaende FPER 4Btiskon GacAl de pPRMRLSdI cat i on 4 ou 5, dans

| equel | e fragnent Bst N -Bst Nl code pour l|la sous-unite est inser6
dans | o oi To PGP MdDPRRP diorgs randiseioh § ou ldReS pas8 1 IAMANL YRS Bt
la reveffi catpP'dfr\ai?“BH"'tS S’Gﬁﬂ?“”?éﬁfﬁé‘l s"F@a?"F"ef@Mtp'aﬂa'F?a 1aBl qui code pour.

Lf‘cfS”irSQ t%ﬁg’%d?itbg%iﬁé Fpand Fi p'gggigma B PR P oo

rla s s-unt es
n%(quel cofglie® BEEYS re en ' ons M cr o- or gani sme
Esch

I8 %Qsl'ndé% b PrEB; Qi6ila W 4%95“&%%!61% m%ﬁ?% hd ON
7 la B & T e e&trrﬁ&%fdﬁ{srés..é%sgﬁmaﬁé\b i ST L PRI
‘Proc6d6 de preparation de |a toxine de pertussis ou d une ou pl u5| eur-s des

'SOUg- Uni t ~f0. Glashde hibriad OTELAC B&dnl 14l BSdnlicalivh 4 6@HRMNShub! IS rARRNCERINTLEEMN1]WI code
cul tTfe d' un pbirtd SuSLGEISH SEEnsEE ARBTIONBBarh B du@paemidésisi dans | ' une

guel congue des revendi.cations 12 a.14 dans un mlieu de culture appropri6.
s5 16. Protb@esuide byyida §FE2S0 selon s eayarmivgtivg et ail, fiana daypei te tHgMBIN Ast2tSoaBl lgai code
revendi cat i omour.lospupunitd S5 gstlinsérd dins legite Gambiglylpiesreide 3tA- c| one, dans un phage

| anbda EMBL4 d'E. coil, des fragnents d' ADN chronosom - quo a 15 000 - 20
000 pai res"déﬂ'%%tgfésn‘s“&bﬁm@epa?f ¢ Blastideo Avbeide [tof Ao défifl slenss Byrieqansicenaue des
‘Bordet e a pé?“?ﬁ%@P‘g‘sBP 356, -une souche nutante qui ne pr odwt pas | a

t oxi ne de u55| 232 229

81 cont| ents Hfies aﬁ'&%%?@ﬁﬂ:ﬂmwﬁg@ﬁ S PERER AP RB R e tgdon

. Le mucro~orgamsme transformé Eschenchua coli ATCGC 53212,

15. Procédé de préparation de la-toxine de pertussis ou d'une ou plusieurs des sous-unités de la toxine de
pertussis qui comprend I'étape de mise en culture d'un micro-organisme transformé tel que défini dans
l'une quelcongque des revendications 12 & 14 dans un milieu de culture approprié.

s5 16. Procédé de clonage et de séquengage du fragment d'ADN selon la revendication 1 ou 2, dans lequel:
a) on isole et on clone, dans un phage lambda EMBL4 d'E. coli, des fragments d'ADN chromosomi-
que 2 15 000 - 20 000 paires de bases, obtenus par dsgestlon de I'ADN chromosomique de
Bordetella pertussis BP 356 une souche mutante qui ne produit pas la toxine de pertussis, qui
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b) én isele un fragnent d' ADN de phage reconbi nant qui s'hybride avec une
sonde marqu6e pour |' ADN de Tn5 provenant des phages reconbinants positifs
obtenus; c) on d6coupe |e fragnment d' ADN de phage reconbi nant avec | Penzyne
de restriction Hincil et on's =~ °  ER@@228BIragnent avec 1900 pb
contenant une s6quence de nucl6ot|de gui code pour | a sous-unite S3 par

hybri dati on avec e sonde %1 ADN de TR@ on |soI e et on cl one dans
un phage l anbda on ISt men n5 re om |n U| S ricie ne, s G%Dma U
000 - 20 000 pai FAB d 5B E‘}% % ﬁéb% Sm ae‘ﬁ ? AR SHG B
de Bordetella P& E)ADN de ggzng §m d Hm:llde? on
phage recpnbi naﬂfoleqw fraﬁm Cfgooaﬁbe&)ntg té‘BQ eﬂg% n u?ccﬂyp ﬁaeéwgurf'iw
point c) a partigsd eg %%JﬁGQ&@bB&m&DW&S‘rﬁsl s ai nsi tenus
decoupe | e fragngik isstdobori@onp iagaunlghegaTihia EvBey €. dofi eébzﬂhamerdﬁd'hmbﬁrbrﬁésbﬁﬂ
EcoRl et on i solqgae Wn1g nauy0took@airds «b Hdsbs 6&6@6%08‘96&!@\ 8o AASNS comhEsOMiqle de
bases par hybri datdeotie mueassis BRE85SSsonde pour |' ADN de S3; 15 g) on
i nsere | eof r agnehon b @n fraghsents d'ABN e phage reqpinbisant dui gligbridé Ribek Bndlsunde pair S8 tetle
de restriction EvioRenue@mpaisiichd partrales phag@germbiantaresitife eingl pijeres:du f r agnent
d' ADN et on i derf  ¢écoupedo ipamert UARN dsophane repesthinahteayecciienzyme g sestrigtiancisoliest b
t oxi ne de per t udiglesun fregmenhEegR! dADNfiromesqmiaue 3x16A% paves febasess edr dyliidation gyee we
pl usi eurgfsous &ﬂwd@g%ggélgyae ?Bm he dgn Ig&%g?s}’zbg?’%gaﬁqp obésgp:se? ;I(t)n&]e gtﬁglhgn
| a revendfcatio

. . euf t n identije les genes qui
equel Ta toxin °§}§ ggu,E oira%'ft‘té 8}§6@ﬁ9¥}1}$§"ﬂu@9‘?‘%‘ 4PN on Honfle Tes genes q

pertussis. *$i nul t anee de | a protectlon

contre |es '19 {%Aa%sd PR ol Qaeh&lul;@s Q@g{g gbsisurs\fgéag {ufhaS Qb G ?&m;é B |pdaRLis
au rm.uns Ane &é Etﬁn ééng‘i’acl%v Hicﬂ@rptlﬁ Lo%%n%&cmsyrﬂ Qﬁﬁ S lequel la
chi m que ou a BadeldelpetRsitibst b o%@dﬂu&@ﬁﬁﬂe@é@e@ petiks avec des nol ecul es

d' ADN r econbi nant contenant Je gene qui code pour S1. 19. Application du
fragment d' ABINConpostBaSEIT L Slinfu@kiel) sitditdns/ B d4 Gridetd donfe led IEEIBRY Pdri Byldetfla
trousses de digginss st CibxOttlerdsandil@itek Mdia tun® Guadiité Bficd dDPFsphdeErdbeaS pa syrdibse
20. Appl izat i omintiquef slagnmett o Ashd-cdunismes oaisthuesssoboded mokeusnd b trécombihant
pour di sti nguesontBnanije géneswi codelgpuBSi.par apert ussi s et bronchi septi ca.

Revendi catl ons pour Pl Etat contractant sulvant: ES 315 1. Procede de

pr epar at i on 18eArptcatianydurfagmient 9@@Nu>§emsswuel sefprelagevepdiagtignglu? & idpgralion ds. YpysseR s
de la toxine d@dg?@msneequs'aeﬁﬁm@mrﬂmfvcﬂeame@e'% se en -culture d' un

m cor - ord&nlsme transforne dans. un-mlieu de culture a

ni cr o- or gan”y p{"ia%ﬂ’?sq“érﬁﬁe"egﬁoﬁ GRATESORNIAY? SRA5 '%WEG"P‘F@HEP n%sf'a%&m de

pl asm de -hybri ment - ECORl d' ADN chr-onpsoni que de

Bordetell a pert LT bases contenant |es gbnes qui
‘codeay PQyl HF‘?S"“%?#\%“?BWS'%@“@% ?‘gvat%gx%e de pertussis ou un autre de
ses f ragnemls Pr&gdé d@H&J tls (ﬁegm'he 8&5&&&%%1;%:16'9& El i E &&s- S gé)g?oxRQHé
au noins une S&H&sﬂ%%ﬁe ft | e@ap& QA& nfide éﬂ%umﬁé EU§§1’ic§r—or nismé Barfsfofmd&ans un mitieu de
preparation d' dufurdagsopnd € o Y hriicktEo Qﬁuﬁﬁne tRAKSHNE Ut L SARrEorGahidime UkinstbeAd NavekE ud N
fraggent 45  piaske Ribride HbMénsl R FrRGHN EdoR1 6lRDIBEHSHIsEHhibde deCHokdefeld SortdssitBI4B6
pai res dews basesmirefiRitasnarbntérant gagRess dqiltodem hedtlesiidsolsamitésida ta 1BxméSde paftiseis odle
| a toxine de perautesgs sesduagruantsaelt laetrafegmest chmtiang e nbbs urdghné qal tbdecpolir Auginstune
contient au noiopsuniifidge trxing de pEiuehs. pour au Nnoi Ns une sous-unit6 de la
toxine de pertussis. 3 Proc6de.de preparation d un m cro-organi snp

t ransf or ne aarﬂoqeéﬁ]d‘epfewﬂw dus Pb?"ﬁée bibridg dang lequs) on insérg dangrinshiasmigle o ff@ﬁr"e"f
pl asni de “fybr i FRRRICARNsamoserpaverde Bersteliapasipgsis 4GPAPIRY MM° panijgs 99"‘33 qui
Bordetel - |a pRfth8Yr dosAingagpsynies %'ad@""&ﬁé’:‘}“‘&é‘ﬁ%ﬁr&ﬁf""l g AQrRents pu Fautre
‘codent pour | SPIPPHGUHH L RATT WoSaR MY SO FRY" K Miks b’éersf"ﬂfs“é‘l dedlt iR SRRgEste

ses fragmen ol BUG5 ragnené‘.crg%nta,',.serpet (Bl U5 BP0 RO 06 RO

ne
au moi ns ynd SEREoLS ies ﬁfﬂ. I R d'Ao még e
revendi ca |on O R gg;,m ne@ E s-umt ‘de la
Procede sol on R G%L unautf’e S Gﬂéﬁf‘s e& o% htsamn TH3R AIF

est ATCC 532120od Sour au moins une sous-unité de la toxine deo pertus is. ' | B 1T
C I S* EP 0 232 229 Bl 6. Procede sel on I une quel conque des

r evendl cabi ansPrdcsds Selod R vevenaicdion 3 s fobad BaHiEro-ArgdiidtheQidt BMeki€hia coli.

5. Procédé selon fa revendication 4 dans lequsl le micro-organisme transformé est ATCC 53212,
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fragnent “est plac6 sous |a commande d' une r~gion qui régule |'expression.
7. Proced6 selon |'une quel conque des revendications 1 a 6 dans | oquel le
fragnent d' ADN ou autre s fragnent contient des genes codant pour |es
sous-unit6s S1, S2, S3, $4 et S5 deER 028222981 de pertussis et au nmoins un
des cadres ouverts de lecture (ORF) A, B, Cet D. 8 Proced6 selon |'une
quel conque des revendications 1 a 6 dans |l equel |e plasm de hybride est

pTt OL dans ® € RIpRERe F%“[?r‘ﬁ Hiéﬂ‘imﬂ?oq% reyendiagions) J § & dappoloqualsladragment idiADNy Qu iR s
le site de re&PPPEest YRfE cgmmangle d'une 5aighuul regYe 'ePIEERe sel on | une

g_l’ll_(élzggng;el geérocégé/ 95%;\%3 a?ﬁg& S 1df:“es :é;gdéb tl Onéqg%fldsénsp le :;Tej:F hé/ dlAngJ é?:hz!ggr d

dans le site t it
guel conque des revendi catlons 1 a- 6 dans I equel Te pl asm de hybr| de est

PTE211 sel @n Adcsbe¥sidiufdifieRBndls Qb5 reven@itatib® & 8 WERNEqusiad! BismiiPlybdd est PFIB1
pour | a sous-dand le§ueSid f@éﬁ\enlt BEGHT § 4640 SairésCdeStabad d3binddls dbAOR Sit€ ddleamEtion €
20 11. RsocMiEmses.on |' une quel conque des r. evendi cations 1 4 6 dans | equel

| e plasnmi de hybride ést PTE221 ou | € fragnment SpHl-DDE1l qui code pour |a
Sous- uni t e sSFrasié sepdofe qalenqledsirevendBatdds 1caidans bquel e plasrdide Bybrida esl PTE255
ProcMi6 sel orpell le iregmeapti SbuSéiia & adexde paw dnshuseritt G wstlingréodads fes site cRpméll-Xihak du
pl asni de hyhrAlagmidediB.pPTE240 25 ob le fragnent Bst N1- Bst N1 qui code pour
| a sous-"Bnit6 S4 est ins6r6 dans |le site BanH | asm de 31 B.
Pr oced6 ser‘%rf"?“" %9 dé'rec‘ib'ﬁ ueigRs '?"é%“r?&?"éét% ‘b‘??gs Eq'&' '8 plgsiide P\@gﬁPe?St FEEZ“
pl asni de hyri g»'O 5r au Pr Remt ai?z?ts?a‘s?f&ﬁdecﬂﬂi" 2 SREupls T2 gt inséré
sous-unite S a%ss'f’S‘fe APPSR BanH du plasnide 30 31A. 14
Pr OC\ed 2§ell'P roécljg' lo "I"Srl (iﬁlel%#\ ge% %v%Xa? géngqtlé) ﬁs l%” ag (-?hy ﬁ& %k 2
fragment” d" A % eas 35
15. Procede E,Jdg ﬂge et eque gege ragment d
chr onosom que ée Bordetel |l a pertu55| s A 4696 paires de bases contenant |es
genes qui  GRURGEIIMh rliSqubioshdus QidTevdhtiidafishs 4@ d dind el pREMIBEHYbHESsE PTEL44IN
autre desses dul@gaeitBstnalBsin1ajul doe houRBNBRLUNEOSH ésEiRtSrOdans | NS BAHIHIGR PRsHiUé
code pour au 3IBi NS une sous-unit doe | a toxine de pertussis, dans |equel:
a) on isole et on clone, dans un phage.|anbda EMBL4 -d' E. col i, des
fragnents . ADIEEhsebnTa@muelcd@ue des reveqdi@tions 15 € 04hs Heqld OPGMirai hydds alePTEESES,
obt enu par diogds fragoentdiatz-SnaBINiuE trde wog darsayerenitd S5 Betriekétéadahsle [site Barehiidy pRFMIZSE,
une soucdhe m#Ante qui -ne produit pas |la toxine de pertussis, qui *
contient un transposon Tn5. dans :son..propre ADN chronpsomi que; b).on isol et
un fr agrrenﬂ“ rovésé eplon Jlyer) auslcanqyr s eendigationss 1 By i3rdaprclequpkle f'@ﬁfé"'@ SABY veauBRide
pou | " ADN dé’aQ'ﬁ?S‘té'aﬁﬁﬂ‘leF?eq?@’?eﬁFf&d%@“fe onbi nants positifs obtenus; 45
deco Ie fra nt ' ADN de e.reco vec |'enz
Festri oot of R G ERS o o buiabs THF el Bl ol Fomesi ié%g;é%
de nucl dotid usssé 6pa|res bases contena ?0 '?q unco ?;l f) a gm sous—uné sde a toxine de
sg" 9 9 uR %Htpe e se%q}é é’\ l' %me y oh 1 ?‘ L| sal\fn %Qﬁ %ﬂﬂ
pour 1 ADN deol i mohh willsobs o Gb @
col \rﬁes f r agmgydnSsdib lehcfe Q%%ﬁ%aga%xﬂ@E 5I.4Q-QQ con EQfQQ:QeMAWcﬂ&nJA&ﬁiES
obt enus par | aq6 gesst boN- de obd Heds Cdar BIIBS QBloAlL BarCligeatdn de ADNBEHrSHRIsGib@> de
pert ussi s BP16BordellaQueriissie| BP 888, {niedgpieriat metanftDhbi Ghe .pRIIGE Pas! 16 GoXiND | de Paktusgis qui
s''hybri de avec cahfiént 8OdhepdsaLTn5Ianst oh bidprg ADNRheIMosBmRAUe;pOI Nt C) a partir des
phages reconbi bpotisoigpasirdgmiest PADNde aHagemosnbirfait qunsidedmeupe dne sbrda greeaée pbuADN
de phage reconbBAbihde Tré\dgerty desmhggek escomabinapistppsitifs ¢btamusEcoRI - et on i sol e un
f ragments EcoRI ckon/iibuph icofrssent dARN de AGO6 regembinast atec iazyens deaestrislidor Hileiiitet o
avec une 55  isole us fsparentd §900|pb ApEnget usese ncp e Pyeibide apiccofie pryniarppusoistid B
dans | e vect euPa’pﬁ‘V‘H@ﬂWﬂlaYﬁEé’“i)Fﬁﬂﬁ_EP“H'aﬁ%" qee |te de rectriction EcoRl, on
détermine |a s8YREfieotARSo8® Hrgj|q REeda (Pora EMBH: I'E calisies fpoments GHARN phyrgrapspraiy

genes qU| codeg't' dggﬁrm?efo 0f paless 20 bATPS BRIeTYR P2 13 diggstipmde PN, ehrpserrigue ?) *

c e) on isdle un ragment Z!%\l ge phage recombmant qui s’hybride avec une sonde pour 83 telle

gu'obtenue au point c) & pamr des phages recombinants positifs ainsi obtenus;

f) on découpe le fragment d'ADN de phage recombinant avec I'enzymle de restriction EcoRl et on

isole un fragment EcoRl d'ADN chromosomique & 4696 paires de bases par hybridation avec une
&5 sonde pour 'ADN de S3; .

g) on insére le fragment obtenu dans le vecteur plasmidique pPEMLS dans le site de rectriction

EcoRl, on détermine la séquence nucléotidique du fragment d'ADN et on identifie les génes qui

codent pour les cing sous-unités de. la toxine de pertussis.
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16.* Application de |l a toxine de pertussis ou d' une ou plusieurs sous-unit6s
de la toxine de portussis obt enue selon la revendication 15 | la
preparation d' un vaccin anti-pertussis dans lequel |a toxine de pertussis
est depourvue de toute autre natibreEPl@28222¢Biussis. 5 17. Application du
fragment d' ADN chronosoni que. selon | a revendication 1 a |a preparation de
trousses de d|a nostlc pour Ia determ nation des infections a pertussis.

18. Appl i cat'fo p('.iﬁ?“? Eﬂe IBP\T‘ S} SYOLRPY RS SPHSTURES lpclA dpding de ppriyssis
pour disti ngueP sﬁﬂsr \/13@ Ig pré %{?"3 e ﬁ%cé’i"sa"%?erb'??’fn‘laﬂ? i8ays! fatoyine g
Revendi cat i onsP lf”"38?1f° '8 AR TPaNEE % 1. Fragnent EcoR d' ADN

chr omosor pi qye, gﬂf"ﬁﬁi El?ﬁ;aaea PRI Y5 oSorfie 309 B%vreﬁécaqgn P3P BepPRbERE Ryl
1a p

ganes CIUI cod & détehfnat s%wcon?a USSI S ou un
autre de ses fragrrents oa . “autre ragmsnt contiont au noins un

gene qul codg, Wéatu&ﬂdmgﬂ@mhﬁ&b‘hdd&h&tﬁ $3Rn lreldnicattn depow.éuhbﬁﬁa 8. pefussis
Fragnment d' ADNu'guéc BUparpetussigétdronehisaptiesl | @ revendi cation 1 ou 2 ayant ta
sequence donn6e dans Ta figure 3. 20 3. Fragnent d' ADN ou autre fragnent
sel on | a reRenchdatiorspolr CEsticongattant edivapen@® codant pour des sous-unites
SI, S2, S3, $S4 et S5 de la toxine de pertussis et au noins un des cadres
ouverts de |tecFragneent BJRR] d'ADN B1ror®semiq® deXrdetplia pYrigssis 41¢698 phires de bases tanteaamt lek e
fragment d' ADNJ%9es euiiredsnifpopgensaing soes-uniiseleditoking deciRerfussis pu ue pdredieses fragmerts, oty
2 capabl €3d’ exbf‘i%‘i‘g"leét ?%’éﬁ@h@hfm‘ﬁf’ g FUizRPHP BOW raH JRAINGLUNP SPUSTYDIE de la daxine de
porte, par un nPEHEsis: organi sme, pour synthti ser . la toxine de pertu55| s ou

| tes de t P h
selon I a ?Z'&Zﬁ*s aripl AL o G piianon B PPRITIR! & AdmDls SnBRE 7 P B

est \Qjace sous '3 commnde d' une region .qui.. regul e [' expression

Pl asmi de A PhoR Ul PNt SPGBt Sl ed Gk
fragment ECO | " &égg 0 add @ %trweﬁskesl§Q§ie'cj% Ftl§ z%gteﬁﬁmguh @adres o:::r:sdcei:
restriction Ec,g&’ure@quﬁ [@eto

Pl asmi de hybride PTE255 sel on |a tevendi cation 4 ou 5 dans | equel Ie
fragment .Sau3Apixdadde hyBiitle coMEHRNIOKHgme dHDNSoUL0kd BagPent@d lqud ASiIArdAnslaRSenkRatdh § €
BanHl - Xbal du @l assapabe BdxpBmerSie fRhMA&TIdA®NNYD bindefrdgib Lidrsqual 6a dofé par un micro-
revendi cati on ekgapismb, paarsgntihégspudd toxiee fde pgrmsis oband Gupwieud iouctiés dd toxine de
pour | a sous- uperttssisS2 est ins6.ro dans le. site BanH dans |le plasm de 31
A. 9. Plasmide hybride PTE 221 selon |a revendication 4 ou 5, dans | oquel

| e fragnenat SSphEsNBRENYbifei selow daeveuslinatiqnat, dane dpauat fet fegment SADN rgirefragmest opiplacs
site BanH dan%?“?@%@é’ﬁ’?&é'“%’fg'@ quisgde'exmpsaioni de hybri de PTE240 sel on Ia
revendi cati on 4 ou ans e ueI Ie fra msnt Bst NI - Bst N1 qui gl our
sous-unite %Esf“"ferfyfé?gi EF ol H’é'aSTe‘BE""ﬂ £§'Fﬁséf%
hybri de PTE230 P3ge Fhin ?aéﬁl?ﬁl’fﬁ a(??“&?ﬂm ogiy dB Marf quuel | e fragment

Aat 2-snaBf quip Hy a'@reﬁé%”séu U b8 ndranst oul 9558 Rafit i Seabient Shi

pl asm de 312 %;l‘%ou‘s’ © -l ida I%T E@'i caaé'ﬁglpkolg? &52?:6 Eg enguﬁagm_%' teI
que d6fini dans une que conque des revendi catl ons All. 1. Le

M CRQ~0r ganigs NBla blidel B2 Qblon la'réVaRdicfidhes ML Garld %qnmes gﬁl.em Ristslcpfar qfbdep

| a revendjcat i gr 14 so 51maéﬂszdsﬁnsaéccra@sueammn@an§re%s Rerea.Escherichia coli
ATCC 53212. 31 1111111 11 11111 11111 111111 * C

L N S "B PladoitiethyB@f FAR22Bdeloh 3 reldndicdiiolts 6les, aarapayuaitié Ragmaat SpH1-DDET quecode
pertussis ou dbwnbsw—mﬁmmnﬁrm&lsemuﬂl deos leciasin@le BOXi Nne de pertussis
conprenant |'etape de mse en culture d un mcro-organisne transfornd tel
que d6fi ks danBadmiderybifediTEAIGelen W aeyendivgton diov &t daon lpqueplefiragmenti Byt 1-BatN1nguf ¢ade
de cul ture appPayplpises-ugitéH °SPF-°<9@61§BS ‘ﬂé“ecqaﬁ‘ﬁh?j{ap'%?ﬂ"déé“%6quencage du fragnent
d' ADN sel on | a revendication. 1 dans lequel: a) on isole et on clone,

dans un phad E:‘a‘gﬁggus {2l e Bi'ar’e"eﬂ‘é‘sa“?"r‘gyf@h’?? IgougliR frRgfPeghARtspAEB! qui code

5 est inséré dans le site BamHlI 31A.
50
12. Micro-organisme transformé par un plasmide hybride tel que défini dans l'une quelconque des
revendications 4 & 11.

13. Le micro-organisme Escherichia coli transformé avec un plasmide hybride selon la revendication 7.
55 ) . :
14. Le micro-organisme {ransformé Escherichia coli ATCC 53212.
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quehA'15lOOO - 20 000 paires. de bases, obtenus par digestion de |'ADN
chronosomni que de Bordetella pertussis BP 356, souche nutante qui ne produit
pas | a toxine de pertussis, qui contient un transposon Tn5 dans son propre
ADN chromosoni que; 10 b) . on .iE®H 232829 BTagnent ..d' ADN de phage
reconbi nant qui s’ hybride avec une sonde mar quee pour | ADN n5 provenant
des phages1g g&tpe t?on tlato Ocpe s %uneou eurQ% sun?fgsn&q
de_phage ;egﬁw Bhme ,9 rhoia 8315 0 %°§c.‘.f.§ i .i.er%” .JE% rme [ 333 jﬂ

. d
sous-unite 83 par ﬁy r| atldh avgc une son pour e Tn5 15
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