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type (A) troMiMgCinedded at 8% Cpfow 3-6 iheuls. The saselingRPlogés ¢aB) thePharveded @nd phjted on BG
PT- 261/ 1296diup) confaiming 30 A/PD@BIi¢iEY acithand 57 LUOKI Rav@nydr) Theyl Veefelkeptﬂ@ fepthe
shows i n tiwposehef shlecting the Istainggesistant to such antibiotigs. F"Pf ?rﬂ%var@ qaghsepyen) @ndyx6 days
ug/ mousé ARPErESISARd §r RAFAPRETESSIS) Nueroussingle WO'MB@%W qbseryady fesistarty to nal and

Fi gure 5: k@pcuhishagnigip n their ﬁmomp e PRIP1ARTHAN q 'am@fe by h m°'<29f>"5t TReom-
PT- 9K/ | 29CPinglien %MB? il %E&g'mftf "9 °a?? s'z - 99%8‘ é°"§ﬂé a"°" of

st abi | i zeoa%cﬂfens:F f | | s‘lf%“r 9%%% E . I'Qes
e ﬁcﬁ S

PBMC utili an SI gni ficant antigen-specifi c

response to 151&@ n n fatsﬁq!m al o ns4.ﬁe w%mm’cﬂ cglﬁMété‘HaQﬂé 044 abgawof
than 15% Flr&ld{ng;n ion QaWSn 18 agd't 1 body titer (ELISA assay) and

neutral iZi NGy hBRAGs rbistdnf 1o daPad ikBHin QRIcR infsagh ddibie wo&mna%g@t@ftﬁ@gubauuman @
subcut aneousthd@hmg.h g}ﬁ,f@fma%@ﬁeﬁgdt&bﬁﬂ&reent doses of PTF-9K/ 129G adsor bed
on [err]. Theorams p ofohfirrhifg sudh CIRbIRdsmal lsebststioh, SHaiRIA &k WaB| A &% TolkamapXx toxum
absor bance1esf A w4 wideAl tox 7865 wehbhallefzed, bperating: adcoraing i kgvri tedhaitses By eads &
expressed as the reciprocal of the highest serumdilution 50 capable of

i nduci ng 100% i nhi bition of the agglutigating effect on CHO cells induced
by 120pg PT assayed in triplicate. Figure 8: el ectrophoresis on SDS

pol yacryl am de gel of PT-9K129G treated with different percent



concentrations of formal dehyde (0.035, 0.042, 0.052, 0.070, 0.105, O.140,
0.210 and 0.420% . The foll ow ng re |IIustrat|ve and not
limtative of the present invent |E§>r¥3§%59%gﬁ EP 0 396 964 Bl Exanple 1
Construction of Bordetella ([err] tox) nmutants free of the pertussis toxin
gene 5  sout3m vikting) ELISAREEY RS toSiciyl dnaBHDScells2 I dractidthd @hrorfiGsomal (DNARMRtad (Rl AVO
SpA), BosdileBérlidislla BRAGDST thel tneth6d 6f Kéthdr, (. STLMAIBiISNAYE17 1301208 6l avias Idigasted with

br onchi s eyithbie eesinblion GhzymBE Lsibiait&s 1) slateophorasis) dranststred ba Mitrotetiulesk magpibeanysc and

(str) anthen byhridikadoempiloying @s grobescthg 4696bp BeoRt fragoent captgining therdeTegene, [and thp BINAL er | a
of each Bégmantreontainieg thé ken@eneondidactivele tabeied geing tieBREIL nickdanansfaiini®O) nedi um

suppl ement glie hbritizatioteaktipn Was perermed opeeating accestliomty theometaad el BeptROO E[ @976) d.nd

str or 280l Piel P8:58#5170 nal and cultivated at [err] for about 100 hours.

The spont arféepsuligsbonad the presange HrihesBardetolia 4 toxstraips ewr@qswa%' QHAah%iDmaggtsn*e
encodi ngwl‘%mﬂ%‘i“lab‘g%qhé'@{"%ﬂ?aﬂ thec?ﬂ?l?fé'i‘enp oene, ; Heypridiag befs substit uted
with t'he kgﬁ% PlRllas p gt  fidlivatgd, eﬁté’g rhder -{?C'Eﬂ“ﬁl Ky §B‘°f" %’ Tetipdhe

repor t ed 9% GFE’“T '" "ﬁf gﬁg( %ﬂn Stidi f‘l gene,
o] 0.0

vol . 50 i in N1 A ;m CI ‘B raéc%rbnc?t[ Obé1
Bor det el | g) i 1 E‘n
pl asm1g p ﬁé rili ed iy e% while nll’snrhgr wele érlflieﬁ y e
EcoRl "ac ware g % ol kQa/ avua&a%ih‘rfmf?ﬁﬂam
plasmd znall o‘ilsa&f denf [:&ﬁart ts erd ésgﬁﬁ@w #thé BLISA &6t dﬁﬁ"to;ibityso
pH 7.6, a;mylc Fn ord styt@ame“g@&.auyl n the presence of 1
uni 674 DNAhb EOSA Bssay? berfofthe: asﬁi@é’cnlfbﬁfby WoBé\ tK.H. Véntl Bkdiory S[kE I GlinMMérobiar I 26,
fragnent 13161520, 1988 0shbwied thdt bt of iRl A @R BRaintOvas BSEOM 0N Profiuding letsdtablecdntbants of
Kaaamyci rt(kan) (Pharmacia, Uppsal a) conprised anong the nucl eoti de
sequences oitteasqda) e superbatantsatijutad /10] -did 20t aodfy 3BXBH0IGHL (Halviett, IE.L. letiak (1983),
1- 420 an thie36 BeauhS2119611230). Alnanskecifin toxistyr was obserred wilizing the irdliltesheupergente.  Sai d
fragment wde wvetify avhethet seigl stizigge sithowgly rfot producint £T nivete BilAcapable0d! IMDIDe FBBertion t h
rest ri2et pganskeyinipnteB. BrertEssss, injrhdershrat challongen tegts ere easiiad; qut pesardisg tie thej tachpiged t i on
421 and 9&pdbed iCQOE QF H%RE&“- SEQUIATION, atancy isstpf petiyepis vaesite il (B B0 Inpracticen d s
by meansthgra toxnW2kpecTahares, ﬁganq:tpq]gﬁn]eymld Hipe skrging prelyigmRloyed frobi RIPRAIEHRD t he
kan gene%ymﬂi‘ t"%‘"ﬂ'"?m“tel’? "L“Fl@tqd i 309, mod 'TH RPGUHREA7 5G ?E’ °P EI?Y in a

r|f te10 %f @ foré oi

Ilga3t A 1r yerq-zpe
calt e % %"*r;hf . ﬁ%@% wf’rT HA w&ﬁ;@

f
50 [err]/j oron

Finally, rom one 0 lreglnlég SPFI ve cI ones pI asm d havi ng the expected
characgferistics was isol at ed and succ-g\:,‘sg,l_:yel y digested 30 with EcoRl
restriction enzyne. The DNA fragment cont ai ni ng t he kanarrym n gene S

i sol at ed on agar oge scr+bed Meratts—et—at—(1983)7 " Met hods in

Enzynol ogy". Said I?G?)‘W"’“H“%Pgr Vvl t"c'ﬂ@ﬁ"’?q’ﬂ&?ﬂﬂ'gw th pRTP1 plasnid
pr.evi ously di gestpd w th EcoRl Téenadlat|haohamaulit how2sgaf i wes Aobx| ure was

enplkowed to transforTyE—CoOM ot STrbeg Dy S Rl et al -
(Bi ot echnol ., vol 1?‘2}3 784 73: k’ ]983)?%1%8 %}wpen 1%}wde;cri bed by

Messing in "Methofs io: 0?95 Enlymg gg 101 78/8| 1 . fThe
transformants werp s _dagaized qQn I2}$6a ar phggd €s Dlﬁﬁo Lalg,,); copntai ni ng 50
[err]/m anpicil | HA—eaRre—S56—ES++Hr—keramretra—at—tert++—Foer+—2% hours. From
one of¥the positive clones, the plasmnd denom nat ed RTPl- err PT- KAN
havi ng the"g 8 Cpn QoseRye, framithy PQ'Plﬂ@%éﬂ {raing. Wpg
SMLO cel PE“E" R0t Hrp‘Wi YS9 'n'Q[ Brefers f‘?‘\?%[t‘&ab%'ii’“'ctﬂ L?S"aab af® at
[err] fof" URABIERIS VAECRS e | Indlgs éﬂl:eo 1'0g8 W‘fﬁ'\s'ﬂ'é Bordetella str or nal
resi staniiExa aé ns previ ous! y cultivated on BG nediumfor 48 hours. The

conj ugatlon was performed on BG nediumwith 10 nM[err] added at[err] for

3-6 hour%ons%h%rf &ﬁgigta%uﬂgn@# ﬂdﬁj@ngc"ﬁf&niswa,@%g@gﬁd and plated on BG
medi u [err]/m kananycin. The

pl at es vver ok B tpurpbse[of Infrddubify miit8d RMALAUR Hahuss kit dehdin ttkbEchfomosdnidSof A tox
r esi stegNistrdifd obtambd adllepdte@tn BEMPISTI] 86 pRTHBNSEMIdRVas MoaiR6d bySiRtIdLdHR) in 8B BamHD
days 45 sidBthe ifehd WhcdtiRg d0R Ctedistanfen torgentaby6ifs i(FharmiaiEEUspsia) Sntl JheC oreCénabdirigi for
col oni es resBtaficeab IetradiCithe (Prafmasih,psdld). Cléhing N eaik Genes I8tPeddimed erhdyingithie Knbvei I
chr onosomaeombivanf BNA JtechdiueiAbécribedl 1yl Maniafié et) ala Thade hgw [veckws, Glgsigratet aaspactively
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bi nation with one of the regions flanking the pertussis toxin gene. In
order to facilitate the reconbi natépaagésﬂép t he second region, and hence
the substitution of the PT chronosomal gene with the one of Kananycin, the
col onies were again plated on BG nmedi um containing 400 [err]/m

st r ept ony GRIPGO RN SRTPTY wafe thedempledd fd intrddleM@ intcSthé BordStelléEshRMBSIMRCthe utdlgd C h
had | ost tshaingdRpétiusgid @amiltiparticiia $aid nes v Ghidinod by Yeldtion aristisSplMDA)LGY she-titdclet | S
dom nant owutdgbesis,hin arDgener@hcotiog thet R tantaineds insthed RAT1O1 ATOC @853 plasinid! vionutiggids
wer e t hus sedueades byl othdry whitheenoeredorrdiffsiestt amirto acids. More mrriidulavis] PTagedessweans canstiueted 0
kan i n whiconaigjeipthetSd npdlestide sdquepcesheamutatiotssreparted ipftherfiest coldmind the dellowings Tablaktle n
pl ace and G55After cloningtthreEqgRifragments epniaining the abaqve repprted mutations dnrthe PBW @hd pFIPGLgh

doubl e r edissBidhanereopMRleved far trgneforring St 5+ eall pelisoand e thpohtained Were or
t he PT gerf@nivaaigd ik the ’&Eﬂ‘l‘?@iﬁFt’afqﬁeT"ﬁlﬁ’Plﬂ'ﬂ%sesh@‘f'"%’ﬂ?lmegrﬁ?q‘i f &ug H' sgnrihels mal
substi t ut |°B‘i‘?"‘°%°f'\°d‘ie é;;’ oq9aining, respeqlivaly. 3 g/m '@H’ 29(9’5!’"\*’14
and [erf’] & VF%% 3 acyg

Aollt l?f)t plasmid
;ﬁgh?logrgﬁ‘%%?‘ G Bt g f’ plat?chh °°3??3 204 g"%&i g 8@'%9;%‘19@@ émé%:}%a §say

sai d Bor de rTlmgo sald medlu we, nsw;ug ousy vae o III’IQI’ pe ('1961)
3. 208-416, e res r|ct|on enzynes, submtted to

el ectr ophor e‘ﬁHe%oloHS@&%rﬂﬁ e wei tﬁHsé Vvﬂaﬁhabér' loStSifs ﬁ@maﬁ\ﬁ @ thdrdforb B8 kame as the
hybri di zecj,,.,ﬁﬁh REP A QoK d3BniesShel MG Ssidtdn ailcit-CORI fragnent containing the PT
gene, and t Neneledioniés grévinaﬁmammqmwemm&am Padiodt tBIEMRtahe b Ratan i th gene of

| ab&ll ed uichgad iBstiidd by itkmdtdterunb.at i on kit. The hybridi zati on reacti on was
perfornmd OpAy &t éxagplé6iCthé cHpadly obthb betonies lobgifledaih bjS0 idd@derand Eecreteld P utadt, thé/b! .
Bi\ak., 98:B. bardussié W2s/Piia20G; and B.braviobiseplich MEB5PTE29a rBasing dio filsboxpakietboreBG alafoer 1 |
t ox strai repd theh ronitivatedniel150N\kodiffed 2SSDiNGdidn, cet) ISR NG foni 72 Hhowrs. e adatal fewr thewTgrhdtant

| ower t harpradhelion eeaiuafed b modidringenith thatHLISA akspinraredepoded miFighwe 2oand spowathat's. 10

The Bor det et | &l thetested Gerdetellacstrains predused: the tAT\autend anchB. I{GEQPP']WSSB rerofigced cudogble | n
SS nodi i ed neRAUCkWIth FRsPashiasther Bardetellast whi ch, in grans/liter was as follows:
Sodi um L- %P 'Paé?ra'! E’°‘1‘Gf'°l‘ of |~ Tg&queb@nezubv w&mn@asrepf@# ovg B; pergyssis W28, and
[err] x [ g5 a ra@r 23'3 stgaips %’"‘aﬂ'"%y‘?t"é'l 9?@9 EP"G’!IS'" ? F‘]‘m%’"f @P?’]ed('ﬂ Ho1
ni agin O. a"d dé’éﬁ aC| ds 10.0;

g »"%Eﬂ"%ﬂ?ﬁg @%ﬁﬁ% s

filtration. (R %dmaidsad DR PPhG %ﬂw ol nusggn”'fuged
t 12000
cel -freerbgzé%"ér&:agg&%ql '&&é’?é‘% °'°H Y stk P00 e oo fsted

celI's, dsn O fifalredufls Yithith YaftB e %&%ﬁﬂﬁﬁc&ﬁenﬁ?fe&&'%ﬁdw’éd tf%bﬂﬂmo?&“ﬂxaﬂ daRi Eé?d@téﬁét y

The EL| SA sBaiffe suBid B thE GbvalSpniéRtdt bitiB& sy celiidh Yaccilidd: . and Skel t on,
Cdin. Mcrobiol., vol. 26, 20 1316- 1 20, 1988, showed that none of the A

tox strains was capabl e of producing detectable amounts of PT. Furthernore,
t he supernatants diluted 1/10, did not nodify the CHO cells (Hew ett, E. L.
ethedl | 491983), Infect. Immun, 40: 1198-1230). A nonspecific toxicity was
observed utilizing the undiluted supernatant. To verify whether said
strains, although not producing PT, were still capable of inparting
protection 25 against virulent B. pertussis, intracerebral challenge tests
were carried out according to the techni que described in CODE OF FEDERAL
REGULATON, potency test of pertussis vaccine, 21/Par7620. In practice, the
[err] tox W28 and Tohanma strains and the same wild type strains, generally
enpl oyed for the preparation of antipertussis vaccine, were cultivated in
300 M nodified SS nmediumat [err] up to an optical density of 0.7 nmeasured
at 590nm The cultures were then centrifuged at 10000 rpm for ten mi nutes
(Beckman J21 30 centrifuge with J10 rotor) and the cells, separated from

t he supernatants, were suspended again in 50 m saline solution and kept
at[err] for 30 m nutes. Successively, the resulting suspensions were
suitable diluted as described in CODE OF FEDERAL REGULATION and utilized as
conventgsonal vaccines enploying different doses. The results are reported
in the followng Table I: 35 TABLE
1 dose m /nouse* survival to intracerebral challenge
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Tohama  Tohama [err] tox w28 W28 At ox 40 0.04

15/ 16 14/ 16 1616 008 13/ 16 11/ 16
16/ 16 13/ 16 0.0016 5/;»0&9%/9%@&] 6/ 16 11/ 16 8/ 16
0. 00032 2/ 16 2/ 16 4] 16 2/ 16 45 As one can

observe fromthe table, although a slight protection decrease for the [err]
tox strains was observed, they st FA9VE Abart very good pr ot ect ection, and,

t her ef ore, D 0 DE partrcul arllm‘rﬂwut abl'e ap antipert CCJ nes.

The * indi(; R I ume of cel II EROD ~¥' ﬁEpSI bmaoﬁﬂcrﬁx;ﬁg!ﬁrgﬁ l

Const rauct i dn0 ‘- L mutan roddc -f-gn-ns—w-t-h'lmmud- oxicity
For the pur'&cigg 1 dUCI ng rrutlat_ed fq,rms @f jthepgrtussiss doxpnp gene in
t he chrono %E&A TAGEdaCTCRE6OS stjrains obtainef as reportged in Exafrpl e 1,

t he pRTP2 Iasmd was nodi fied by lintroducing ib-the BanHi} site thet gene
encodi ng f r@Trs2eE to gent amjci n ( Phar naci &, Ppsal a)l and t he bne
encodi’hg ferlP i %%mgcq'ctrs&‘f&%d ne (tPharati a,FUppsalky. @Ponihg of
sai d genes , IR enploying yt he known recpnbi nant t echni gles
descri bed Qy—tvaﬁi.'mss 8L _al . Thesq new vectors, [destgnat edf respectiyely 10
EP 0 396 9Gasplifzrséxrand [err], ré then embl byedHftdr i nk rodt®i ngl i nt o

t he Bqgdet dl9GCERE HEEChe mut gtaed strains 01 pertussis}toxin. Ih
partlcular- Oy 7 roT by
site-di rect;elq_-mt agenesi s,” in the |geme encodi rgit het# ¥k conf aionaw i nj t he
PT101 ATCC ﬁmzrrptaammr;ca:rc nucl elot i de sequencés by otherk which epcode
for \differd ' sted 5
cont aigi ng 3.1 nucl eoti de sequgnce fhe guyatipps, repprgtedgdn fhe
fi¥xst col unJ ctj,L §T§@¢+mcﬂg Table I'l. After clioning the {err] frapnments

containing fhe above reported nutations in the ultR‘TPGl and bRTPT1 pl dsm ds,
wer e enpl oyed ®r-S0Eansform ng SMID E. coil cellls angd the th ned
45,

transforman% g withl tie [eFr] to) Bofie teIIL The
col oni2es shz) %go%.ﬁ éﬁh{‘)gﬂ&?l on of such plasm ds in their, chrormsore wer e
then sel ect U @E-BoBRROT UM pl ates gont al i ng, rgspecirvel y| 30 Terr}]/m nal

and 20 [err]Asg-1:0- gaot BhgS0+> G4u3D [err]/nl rfall an#/42.5 r] /%
tetracycli né Al'llhlt5I36>tIhas seI ecte col oni es sh_vved the pI asmi 8 i nt

NJ

bgr at ed

nt ai ni ng
400 [err]/mlre cegueunseeaeTcA he col oni es capabl d of grow n§ on sai djnedi um
wer e t hen S]__[]]JJ_L_aﬂ_eQ_lJ§| v cultivated on BG nl:-n‘&d containi 2l B d=Y~Ya V- vel y:
a) nal 30 [df ?H-'"A%ﬂr 400,Lerr]/n and 5Q [er;]l/m JLapa ny':'i 'sj.fqh b) nal
30 [erg]/m, é Ezﬂ Thejcol oni es obt gi ned I n a) ywere thoge which
have Iost tt asm -and are therefore the samg as the original A fox
col oni es beilng Btt-ﬁ'sm stant to kanamycin. Thd cofehtes growndn tedi um
b), on the dampiltRSrr Gind2P0Gint hé¢ resi stance t‘o kananyci , the ge e of
V\hl ch was SEW e mut at-et—phe—26 iz U T

«Cidy of &8d iin b) to produ;ce and secjpete a PT|rrut ant,
the B. pertu55| s W28/ PT- 129 and B bronchi are
first expanded BR-BF IR es and thén tultitvatel § n ¥kt no °e8°°5s‘rred| um
at [err] forlAFIonglys SHH9qaft¥k of the PT mutang producti eval ugt ed by

moni toring ﬁ—kﬁ—;ﬁg—@j{-@%—amwmﬁvwlﬁwreﬁwmdﬂhat: -
all tHé test|@qkeBor.sle1\e é¢rui1R~acDy produced the PT nutant apd BB I

par apert ussi doubl e ?R anpunt wlth rpgnp(‘ﬂ t

Bor det el | as.i DatP§ daL %t LOf IPT" nut ant s, o}ot aittéd by Ic(if% ilng as

reported abo 58? Wi 9\/\%g ’énd BP165 and B. | par apertu sis P14 gtrains

contaiping t fhe=mu [ ONS [ epCH+&e € :nrslt

col umm™ of Tabis.--hl-?sare*mmmn tHe third columh of the sarre tabl e land

indicate that———_all fh%a-r—ns—mer—e—ea-p&b-t—e—e-f—e*é#e&a—ﬁg—&nd

secreting the PT nutants; 30 - sone of said PT nutants were produced in

an armount conparable to the one obtained for the wild type PT (++++) and
§5 :
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- B. parapertussis P14 produced a double amount of PT nutants with respect
to B. pertussis. Sone of said str 'pg é#g&ﬁ?ted with B) secreted only the
ol i goner B of the pertussis toxi na% r? uted by subunits S2, S3, S4 and
S5). 35 The results obtained after the intracerebral chal I enge tests
showed, furthernore, that said Bordetella strains are suitable for the

devel opnent JT aBF+AS/EBIFLS9G El | Ul Br vacCifies. BU 48 50 59 7<060r 1396 964

Bl TABLE || F{’Iamm"ﬁr Tr925‘>1|1°NJ~l~MTATI ON | 1 TAXIAATY Il PT
NAMUTANTI ONI - . 4
NBWE__ , | nyr g‘?gﬂ”’lqg
Il jAu 129 4> d + + + H+++ 5- 10
I GCCAGATACCC(BCTg{G}Shoslp.qu- 129Azh + : +/- ' /<0.0001 |
| 10 1Gu 329P2%” 1m129-561y! F .t * | ++ B N/ORD
I 10 |Trp26->Ile PheS0->Glu | . IAspI I ->I Ser i B |l 4 - +
+ [
{ + PT- 26|| <0.000 |~ -
T TR IS tate. >exh ¥ o+ 4§ 4rer 1P !
| TTGT TT%CAATWGI | + ] I ++¥ 0.1 0.1
| IArgl3->Leu 'rrp|26-¥r|LegK | : 1 | Zq
| Arg9->Lys SL736171296 - T T o6&
| GAGTCATATT ﬂ@%ﬁ AL NI + 1 PT-50E 1P g Xe. :
|+ o+ i 91“129'..%_1E_<_0_J)D_OJI_L_25__JMGA9£LCAQK§[ > [ 1
1 ~ | E Ep B%NLGI | + | I _r/- <0.0002 | |
Jsp-1-5 du IPFELd ey FRes0ee 1 ' b+ B D/l ND |
Thr53->11e PT-13L/50E/129G I B I
I CIIEACIEATCCTWLeu, HhelSP-83u r + PT- 13L i +/- /40. Io”lgIIS ->
Leu | + Glul28->Gly | 4+4+by 130 ND | ITCCGCI‘;GGA@GGGACFI’CA
| = r3hd—A28 'r i
| del ezi one 4 }Jr So0->G1y | + 1 =l | $he5- 10 136-10 W0 |
| TGCCAGATAGCT] BAGACCTRCGCT I | I } (. {
PT- 115/ 129 l setEse wl ﬂD_I_AF.p:.ITse_r__cF_ug.ngzay | |
PT- 261/ 129G 1 P3-130C 3 Perrze-sarft | e+ 17/<6r0001 i w0
[Trp26-#Ale G‘ éﬂeactcccccc-r I |
|~ PT-86E + T+ 10 ™D
| Gly86->Glu I S i
1_TAGATGTATTCGATGAAG . i
[ PT-86E/89S + o ~7<0.0001 |
35 Ile88->Glu Ty289->8er | | | B {
| CGGACTTCCGAT TCGTAGCCGA
PT-B6E/129G + ++ / 1
Gly86->Glu Glul29->Gly | | :
- T PT-88E/89S/129G + ND ND
Ned a0 {Ile88->Glu Tyr89->Ser | ] I
1Glul29->Gly
| PT-8D/9G ¥ ¥ 7<0.0001
| Tyx8->Asp Axrg9->Gly § | B
| GTCATAGCCGTCTACGGT
" PT-8D/9G/129G - + + 7<0.,0001
45 Tyxr8->Asp Arg9->Gly
Glul29-Gly B
PT-445 + +4++4 50
Gly44-=>Glu : . | |
50 | PT-B80/E i ]
| Gly B0 —> Glu |+ | 444 20

55
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PT- 9K/ 129G | + + 41 ++++ | /<0.0001 J IArg9->Lys
|

G ul29->ayl | |
PT- 50E/ 129G |+ 2P 0 395 964 B1 7Thc. 0001 | Phe50 >G u
Qul20->dy | l I B 1 11

| Pixahple/3129G |+ + 1 e+ / <0. 0001 |
IArgI3 >Leu Qul29->Ay | I I | 10
PT-ii S/ 2@ylProduction and purificationlof PT rhitants I + ED 60 s-'->Se: Trp26->11C I
| 1 1 | | 55 12 EP 0 396 964 Bl

DPT- 115S/ 26 Irhd BOfwrapertussis P14|PT-129G, B, pertussis W28 9KH420G, B. pertussis W38 13 0\20G 7and B.

| Aspl | - >Bertusdis YPaB- 26/129G stlains were cultivated in a Ghemap fermetjtaliorp Gessehj of 30 1 capacity |

I containing 20 1 SS modified medium (pHI45 3 ih an air flow of 0.1 vivim. The djssolved oxygen was kept -
< . 00008t129%] varying the [oMﬂ]sme&g@pte a@ Qomigipguyy of 200 to a maximum of 700. The femperature

| was qonqrolleqaqt_q5| Gang) the pHgyas kept within nquirglity values by using g solution centalmng 15N

. <0.0 Iboglptaqmg@ jel 1.5 rochlorlc acid, and 0.15 N prolme After approxlmately¥36-48 hours, that is wlren th

I

| PheS d> ptlc nsi ﬂ-b 590nm of 14-18, the eIIs were removed by
/ <. 0001C):-;?r$§€%£§16 @ ﬁ T‘ E(g? Icentnfuge, 19000 tpm C fo 30 mmutes, with
F e mu profem were purified from t J
ons t roug

B ! DuraporeR cartridge (Mllllpore) 0.22 Q%Euqtgi Jlflltggd ml le

erlle
:DheSO 1>G:u oesswe finity chromatograph Sﬁqhaﬁeéi /eglgl desc ed by S
++++ Ch%n J_L_ %464714ﬁ61 19?3!% >Leu Trp26->!le I

| J T-13kf Béélrfnﬂ-lgt%ﬁof the physlcdchemlcal properties of thd purified PT mutants /| 0001 _
() I [Argl 3->Leu Trp26->l1le

... "2 " The physuc@h&’nlza-pﬁﬁaﬁ(es of some PT mitants purifie® 85 reporte® Ebalia |wenDebtermined by

| S gel electrophoredis on FolyaddfidhhiddOsodiuml dudedyB sutbhets (Bh8)SEbioufeld with Coomassie blue

I operating as deBcribdd by Laesmmili, UK, (1970), Nature, 227, 680-685. |

I The resifE- rbfirted D FigbdPBshowed the absence of contaminant proteing and a pattern identicaf to

| i Ar gl 3teloseiof WHHBOPRA U | + I +1- / <0.0001 1 |

G ul2%s>d yA further contjol, performed to verify whether other contaminantggwere pregent, in particular the

substances utilized|in thpfarmentatipn process for the preparationof the mutants, confirmed; |

Tyrl 30 >G)yhe absence of dimethyl (3,6-Q-)beta-cyclodextirin determined,according to ﬂme:-)mg_ltnpd,\ﬂgscrlbed by

GFGFCCAGAW(&T“ 985) "laborgtory techniques in blochen'rlstry and molecular b|olopy ptfd%&g‘ f'PQG
+ Van Knipp nnbe_pq. PH (Edlt) E|se VoI Q Ne |
f’?’a %sq#nxgghﬁmm. vgméﬁ arthhe p s|bI y

30 2) th a Sense and

I
I
I
I
Il o+ cont ula aggp va:clpes, termmed by srern blot analysis (Towbin, H .T. et
| 1T AGATCgI ﬁ1 ﬁ utillzung antibodies speimc for sald proteins;
'bh ermonecro toxin, determined by the test performed on Jumea pigs as desénbed
by Kume, K.T. er al., (1988), Infoct. Immun., 52: 370-377); and
35 4) the absence of cyclodextrin, which is the major component of the culture medium, determined by thin

layer chromatography. The PT mutants (80% yield) show a purity of 99%.
Example 4

\od 40 In vitro characterization of PT mutants

A) Toxicity on CHO cells

The test was performed utilizing the crude and purified supernatants of cultures of some Bordetella
45 strains containing the mutations reported in the first column of Table i, diluted 1/10 in DMEM medium (Flow
Lab., Mclean, Va).

The results reported in the preceding Table Il showed a reduction in the toxicity of the pertussis toxin
mutants with respect to wild type PT; the best results are obtained for mutants PT-261/129G, PT-9K/129G
and PT-13L/129G, for which absence of toxicity is observed. _

50 Further, the nondetoxified PT-129G mutant shows, with respect to wild type pertussis toxin, a residual
toxicity of 1.5-10%, while the same mutant detoxified with glutaraldehyde as described by Munoz, J.J. et
al. (Infect. Immun. 32: 243-250, 1981) does not show any appreciable toxicity on CHO cells.

B) Determination of the affinity constant by means of an RIA test

55
With this test, the affinity constant of some PT mutants for polyclonal antibodies (anti PT goat gamma-
globulins, SCLAVO SpA) and monoclonal anti-S1 antibodies (1B7, described by H. Sato et al. (1984), Infect.
Immun., 46:422-428) was determined.
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T PT-85/89S |+ _ F + + J/<0.0001 35
I

] 11e88->d u Tyr 89- >Ser I EP 4 B1 B I
| CGGACTTCCGATTCGTAGCCCGA | 0396 96 I |1
PT-863/ 129G |+ [ 17. 1dy86->d u

G ul29->Ad y Inleach well of a 96 well polystyrerie figtlboliéhs MttbplatbBynatech Laboratorles inc., Alexandria, VA) |
| ND 40 200 Iul bigdid- buffbrls mMrB08.2>Gmtaining [10 ug/ml of antibodies werelintroduced. After one Inight at

j G ul 29- >@*¢, the plates were saturdted with 2.56% (weight/voluine) of bovine seruni albumin (BSA) in phogphate
PT- SD/ 9G buffered saline (PBS) pH 80 and washed with 100| il RBS gomi@inifg 0.125 fﬁy‘k G/esp;gg) The %&b}(}

5 were then incubated with 10° cpm (counts per|nalifut®) INAARCIOERICE Aertysss toxin labelled with 1, in
the presence of differgnt conpgniralops) (§-01 DN2H-0.05-0.1-0.25-0.5-1.0 ug/m) of PT and PT mutanis.

I

I

| /<0.000 1Af]er ﬂpree-pwrg_agyggrﬁ tomReG %29-25 C), the plates were extensively washed with PBS and the

| d u129- gl rporated “radioactivity was measured “in a gamma counter (Packard Inst., US@ ach sample was
nalysed twice. The pertussis toxin was labelled with ra |oaft|vepqdn& the standard chioramine T,

T 10 mgthod ( Che d rati rding to the instructions of the supplying firm.
++++
: qt %QI-I ﬂ IﬂmfoIlory\II('l?:;I?PTaI:oIe lil, showed thaf all the PT mutanis, maintained the

results, epo |
I rre%guze eplnﬁ@ _moroclonal 1B7 antib dy and that they are ret;jgmze tﬁ ving hl?h afflrEt&
15513 M o Spmesgiphuing apg ol capatle o neureng 6 PYtoxn, o1 “pr
nutants,5 The a parapertussis Pl4/ {5 ¢4PG a pertussis W28 9K/ 129G a
pertussis W28 131J129G and a pert ussi s W28 261/129G strains were cultivated
in a Chemap f er ment at i prr—vesset 36—+ T L[\-// cort-arm 1T 20 1 SS
nodi fi ed medium (pH 7. ). _with éﬁF'BIITIICPI‘@r N (KMol NI m— Thel di ssol ved
oxygen was kept at 209 \Patrmotan@ t pevAbaB2L | @MBEPPEat ilimandgRbdliioM a m ni num of
200 to & maxi mum of 70p__The teE rar e  was CoIprobded at $5 * C and the
pH.was kept within neuf 'P-1bsI va ,,IISI/ usi ng a p ution coptaining 1.5 N

lo glutamc acid, 1.5 roch %fgi o aC| d, and, §,45 N proline. After
approxi mately 36-48 hour,;.ﬁ_,13 the cul {4y es had regfched an opti cal
density neasured at 593rpm2 l%,sxt1|3e cel |'s vggeipenoved by

centrif#gation of the @Fr.l’gﬁﬂégﬁl D13 31 7Eyd¢ um ( (Beckf@,moizCF 7 ceptrifuge, 19000
tpm 4 - C for 30 m nutess—wrth ftowof—660—t+mnute)—amd t he nutated

proteins were purified fromthe cell-free supernatant, filtered in sterile
con({rpl ons g I] gugh a DuraporeR cartridge (MIlipore) of 0.22 ma) by

abs t| onE" APAPfi - Gel Blue and i5 successive affinity chromatography on
Sepharo eéﬂé @@ %a g% (;B:j:gﬁg ‘gy Sekura R, D., et al. (J. Biol. Chem
258: 14647 rm nation of the physicochem cal properties
of the purifigo;&dicitirépeiiss @Qo e PT msmpsmaﬁe%gmiw &fnle.r BEAR A Sriibotnudils vaQie PT
mut ant s pug;g, {egdd@smgaﬁpgr bove, were determ ned by gel el ectrophoresis
on pol ygcryl am de 'sodi um dodecyl sul phate (SDS) col oured wi th Coomassi e

bl ue operaA)u,{ygce?ébrddg,ﬁwgngé)ed by Laemmii, UK, (1970), Nature, 227, 680-685.
The results, reported 1n Figure 3, showed the absence of contam nant

prot ei ns andTie sttvwae perfortlanitiifimg thd etaidad ceidar @dccinb (cdntiolypad Mé.PTA29G mutanfts, as
further cosuth alddejoatistovtirgidtataidehyds (Pry129dRétyepd PT261829G: T rasulisara Siowair Eable V.
prIas'ent;w in particular the substances utilized in the fernentation process
for the preparation of the mutants, confirmed: 1) the absence of dinethyl
(2,6-0-)beta-cycl odextrin determ ned according to the nethod descri bed by
Beeley, J.G, (1985) "l aboratory techniques in biochemstry and nol ecul ar
bi ol ogy", Burdon, R H and Van Kni ppennberg, P.H (Edit.), Elsevier Vol.
16) ; 30% 2) the absence of fetuin, of 69 KD protein and of filamentous
hemaggl utinin, which are the possible contam nants of acellul ar _
antipertussis vaccines, determ ned by Western blot analysis (Towbin, HT.
et .

50

&6
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al, (1976), PNAS, USA, 73:361-365) utilizing antibodies specific for said
proteins; 3) the absence of thergpggﬁé $4 Byt oxin, determ ned by the test
performed on gui nea pigs as descri y Kune, K T. et al, (1986), Infect.
| mun., 52: 370-377); and 36 4) the absence of cyclodextrin, which is

t he najor conponent of the culture nedium determ ned by thin |ayer
chromat ography. The PT nutants (80% yT&B&E INow a purity of 99% Exanple 4

40 In vrtroa&%etdeueaamee Qfa RE @l A 5 1A Wh\%'tta)‘xt%n CHO cel | s The
test was performed utilizing the crude and purified aé;)ﬁunat ants of

cul tuses of Sr?r? BAHHRAh 45 strai nd%ht ai ni TV tations reported
inthe first_colum of Table Il, diluted 1/10 in DVEM nedi um (Fl ow Lab.
Mcl ean, Va). ults reported int q Table I showed a
reduction inm}?@o{hﬁs}% city of the perturs?@'r S ;!3 Iug%ut ants with respect to
wild type PT—the hest results are obtained. fJ)l’ mutants PT-261/129G,

PT- 9k’129G and PT- 13| J129G for which absenq;q-_qugt;oxr i\ 2logpeleser ved. 50
Further, the _nqndet ed PT-129G nmutant s . respect to wld type
pertussr s tod :2?'1 geygtédual toxicity o %105%1’3?7 vvhr I éz *€ same mut ant
det oxi fi ed wotl00gl utlahld dehyde as descratbed 3ypéMunoz, 13/16 et at. (Infect.
| mun,, 32: 243 1) does not sho weci ablg 4@xicity on CHO
cel | 3’5 B) De?e?é?%ast %'(%E of the affini t\;/isg?ynss?g%t by mg'g SI%Of an RIA test 55
Wth this tef 00032 Q&/f€nity constant dfSso®d LT nut af¥d6 or pol ycl onal
ant i bodi es (antr PT goat gamma- gl obul |3r19,5 3¢uaVO SpAysalsd nonocl onal
anti\>Si antibodies (1 B7, described by gtlgset al gzgg@ I nfect.
| munzo, 46:422-428) was det er mi ned. 14 396 962 In each well of a
98.mel | pol ystyrene flat bottom mcr opIOat9e @pyeat ech Ralddatories |nc.
Al exandria, VA) 200 awl glycine buffer 5 nM pH 9.2 contai ning 10 jrg/m of
anti bodi es were rTrroguced. After one mgnt _at 2 -CTie prates were
saturated with 2.5% (weight/vol ume) of bovi R& -28L4%286humin (BSA) in
phospffat e buffered saline (PBS) pH 8. 03angowashedeynsh 100 al PBS
containing 0.125 m /1 Tween-20. The pl gtze% o° weig &gen i ncubated with 105
cpm (counts per mnute) in each well pertussi s {oxr n |labelled with 1251,
n the presence of different concentrati-88s 16/16
(o 1. 0.025-0. 05-0. 1-0. 25-0.5-1. 0 _ugl mp.eb PT andspTenutants. After three
hour s*at roomtenperature (20-25 Q), t e, | at es. \Fﬁ g ext ensi vel y washed
with PBS and the incorporated radi oacti Vi’ y was bdfred in a ganma count er
(Packard Inst., USA). Each sanple was anal ysed tw ce. The pertussis toxin
was | abel | ogb wt Qivivad P BstbihedCutin sy P16 1sh8ueSto iR ahiflant Nésiiia NoXidty Twhidh is

et hogs (Bplokimiei 2%kt the 3Rslds PFRGInAL | Ng according to the instructions of the
supplying firm The results, reported in the followng Table Il1l, showed

t hat al |pytLbgodylosigut ant s mai nt ai ned the recogni zed epitope of the monoc! onal
1 B7 antibody and that they are recogni zed as having high affinity from
pertussi s Grupst ofx4 engdaBalgemiwe- ofl DB weeks saga.ebighing rapproxineatelyn [20d> ere dfeated by

nawt r eol | intramepoushipiedddn atiry B, with 8.2 mi physiological (saline) sterile apyrogenic solution as such (control)

TABLE | |9ricontgiringN| TY CONSTANT ( KaéUm)I PT
Mitants - (Offh-Q03370.04 - §{(-j0.5pnd &Sl"PVﬁ?fﬁfé’@t obul i ns 20
PT - 0.1 - 05 -2.5, upimpuse) of PT- 5.0 x 1010 _PT- 129G

1.7 x " PT- % % 9%; ‘E:t gL;1§§G§ -Xz;o and 500 u.g/mouse)lof d‘-‘T)ng Pﬁ-zsfs f]'»l%%detoxmfd 3P'l;2 "
1.3 x* PT- 3,3 .x 108
S e MR e e o D g R A e

iS counted individu aly in tu solttion ic acrd A portion of
peripheral blood for each mouse, previously treated with red corpusclelysing solution, is then employed in a
FACS (Fluorescence Activated Cell Sorter) to measure the percentage increase of lymphocytes and of
50 polymorphonucleated cells in the mice treated with the different toxins, with respect to the controls.
The results reported in Figure 4, showed, in general, a reduction of the PT mutant toxicity with respect
to PT, which reached values lower than 0.01% for mutants PT-261/129G, PT-9K/129G and PT-13L/129G.
The same test was performed on groups of Balb/C mice by intraperitoneal injection on day 0 of 0.5ml
physiological sterile solution as such, or containing PT or the PT-9K/129G mutant in the same concentra-
s5 tions reported above.
Three days after the administration, blood samples were taken from the orbital plexus of the animals
and tested as reported above. The results, expressed as an average +/-the standard deviation of
leucocytes counts from 5 animals individually tested, are reported in Figure 4 and in Table V relative to PT
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The bibl ogi cal properties of sone PT nutants and the possibility of their
use in an antipertussis vaccine Wwegg gt y neans of: 35 A

I ntracerebral challenge The test vvasopsgﬁPg‘?ﬁEd utilizing the standard
cellular vaccine (control) and the PT-129G nutants, as such and detoxified
wi th gl ut adndlPii@kyebs. ( PT- 129G Det) and PT-261/ 129G The results are shown in
Table I'V. 45 50 55 EP 0 396 964 Bl TABLE IV Standard cel lul ar vaccine

Purified PT mutants 5 Dose  suiTABLEM dose
survival m/nouse m cr og/ nouse PT-129G
PT-129GBet. 0.04 - . - J

12/16 0.008 11/16 Jpé{.&;ﬁ Dose microgmause | Loghooposis{FabiGmio™S 13/ 16 15
0.00168/ 16 Saline - 15]0 5/ %83 +/-051 12/ 16 0.00032
0/ 16 PT 7.5 0009/ 16 594 +2/04¢ 3.75 [3/16

7/16 1.8 1/16 13/ 16 20200.9 1/16 1033 +-082 11/1p PT-261/129G
25 10 0.040 1480+ 0083 16/ 16 12.00
16/ 16 4.80 16/ 16 30 0.100 17.73 +/-1.12

1 .92 15/ 16]0. 77 050016 The | ow 4&Tv+A~3&F6 O) obf ai ned

utilizing PT-1293 i§ due to tthe mmt@dt residual 918 t46§2 whi ch|lis 35
approxi pately 1-2% pfprigkAogng of RBlgghoxi n. |B) LeWgoHeyhas! S G olps of 4
femal e Bal b/ C mice pf 7-8 wegks agesey\ei ghiing appseil-gabel y 20y were
treated by 40 intrayenous injlecti ggosg day|O0, w hg Q,.3441 phys|ol ogi cal
(saline) sterile apyrogenic dqol utigomo®s su¢h (comyf @l-pa3gr containing: -
(0.004 - 0.02 - 0.04&——O0T— O 5 amt o Wmouseyof—PT—¢t0.1 - 0.5 -
2.5 - uegl nouse) of PT-13L; - (0.1 - 0.5 - 2.5 - 12.5 - 25.0 and 50.0
at\gl-nouse) )qji !PT- %l .tP.!-129Q PT- 129G det oxi fied, PT- 45 261/ 129G,
PT- 13U129C§ = G After three days, the mce are bled and the
nunber of 't OgRlpd WBIGHEL BAE it 18 webiB MY, Weightd AdBRSitely 2b 3GWrd ifraB MRS

i ndi Vi dual ihééulht_@d loH Tday TOWH 0.8 nnlé%&ygjt%kﬂle ihe?Serid Qiﬁégefﬁ@ olaitich a6 &hdnC ca‘ﬁﬂoéir A
porti on?sofcomﬁmh@&ﬁéraft d64s0 8Ch1!, 6f PIERHE a5BIR Or ddixA¥d MSJIutardideRiAle QBT \M208 Db ot
cor puscl el ysgngha ot 9206, Sivt ayb Bftsd tRNGAMMIERElioh, thedmicd\wove (iftfabéionsaNE okulatod with

Acti vat ed diehl physiblogica) stbile BRARENE sditlitn Bxta®g 4ag@Pmbuls hRBmMe @fhydrydRIRRRCBlgME
and of 60 ChemlcyroampéigstcloaiatMa). cells in the mce treated with the different

t oxi ",3avvithDémp&mtregiﬂerédmmMGrﬂllﬂistéﬁim dimistritien.r eported in Figure 4,
showed, ™I n gEecesults ararapertbd Ot thefollongtThidestT amdNlant toxicity with respect to
PT, which reached values |lower than 0.01%for nmutants PT-261/ 129G
PT-9K1129G and PT-130129G The sane test was performed on groups of Balb/C
m ce by intraperitoneal injection on day 0 of 0.5m physiological sterile
sol utiogy as such, or containing PT or the PT-9K1129G nutant in the sane
concentra- s5 tions reported above.
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Three days after the adm nistrati on,
pl exus of the animals an
expressed as an average + |-the

orbi t al

report

i ati on of

ed above.
| eucoc

bl ood sanples were taken fromthe

;ﬁﬁa‘?} %éaefé(P@v

The results,
ytes counts

fromb5 animals individually tested, are reported in Figure 4 and in Table V
EP 0 396 964 Bi 1Ak WiT- 9K/ 129G TABLE V 5

relative to PT 18

Anti gen Dose m crog/ nouse Leukocytosis (PBMCO/ m xI 0”) Saline

- 3 +1-0. 5L P1 f

5.94 +/- 0.41 0. 20 DAY 1 AY 4§ g oo DEADITOTAL

0.040 s dbse/Bause-0.5101/.83 |0.ddgd@nouse 0.5mlA.p. 17. 73 +/- 1.12 0.500
45.73 +/- 3.76 1.000 55. istamiie- (4 0B 2 |15 '
PT-9K/ | 29G =IO 4.4 + /- (.41 4. 500

4.39 + /- 0.32 25. 0G4 0.050 x10~2 ug 4. 79 +/ = 0.44 50. 00§)5 4.71
+1- 0.35 20 C) Hi s{avione0aersaigi vitly Goups of 5 flemal gsBal bf C mice of 7-8
weeks "4go, wei ghi n§ rampooxioraige!l y 20 g were intrageritggeal lly 2 inocul ated
on day O with 0.5 pisoptosaosluggi cal [saline sterile [apyrogenic| solution as

such (control), or

PT 1omo00x10T? ng di

ff erent "doses df PTosof H

T- 129G as such

or detoxified wth|d@Tsoasaixtbshygle (|PT_129G'Det.), Jof PW9K and PT-9K1129G
Si x dagys after the| #3000t Pog, |t he nmiceé were intraweritgFeally
inoculated with 0.% ,ﬁtimggwgdog gl cail sterike apyrdgeniggsol uti on containing
4 ng/ nouse hi st am perdbsyelegspLori de (S gma Chem dal Cggpanyl, St. Louis,
MO . 30 Deat hs| wari@ad @adod g €d [24 hour-after tlhe hpgtam pe
admgF stration. so| pr-12d9desooesgl ts fare reperted irl thegol | opi ng Tabl es Vi
and Vizh 35\ 40 4PT9edS00bdng EH O 396 964 Bl TABLEgH! DAY O
DAY./+6 DEAD/PT329 5020000 1.g " dogqe/ nosise O0.pmi i A p.
dose/ nouse 0. 5nTi A or T |ng) saf Lne :
0/5 PT 0.050 x10-3 @1%&%135&“(9 . of® PT |p. 500 x10-3 LLg
0/5 10 PT-1200 Dot 300800 10~ 3 ULO. ,
0/5 535000 xi O0-3 YGT-129G Det 0.5000 E 02, PT [100. 000 xi 0-3
ug PT-129G Det 5.0000%/g® " o5
_ PT-129G Det 50.0000 g " 0/5
30
35
L\g 40
45

50

55
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PT 500. 000 x1 0-3 ug
1. 000. 000 xi0-3 Utg

0/

5 15

PT

EP0396964B1 S/ ° PT-1 29G 0.0005 jig

0/5 PT-1 29G 0. 0050 ug
0/5 PT-129G 0. 5000 ug

PT-1 29G 5. 0000 ug

TABLE VII

0/5 PT-1 29G 0. 0500 ug

0/5 20

0/5 PT-1 29G 50. 0000 ug

5/5 PT-1 29G Det 0.0005 ug 0/5 PT-1 29G Det
. U7 5 Pli 9G DOFT Lhm_t L
05 55 DAYQ: 129G peu| 0 5oBAY $6g | DEADTOTAL K
0/5 PT- 829G Det 5. 00(0Pqesgmouse 0.5miip. | Jose/mouse 0.5 ml i.p. 0/5 PT-129G Det
50. 0000 Ug 0/histagined4me0| 45 50 55 18 EP O 396
964 Bl TABLE VI DAY\ Qaline » DAY +6 05 DEAD/ TO_T AL 6
Dose/ nouse 0.5 nl i.p.prodasggmouse 0. 5 m i«p. his{am ng (4 ng) saline
0/5 PT 0.010 ag PT 0.050 ug " 0/5 g&T 0.Q50 agL
0/5 10" PT 0H00 g 100 ag " 0/5 0/5
PT 0.500 agL PT 0.500 1g " 1/ 5| PT 1400 4gL
4/5 PT 5.000 ag PT 1.000 u.g " 5/ 5 45
PT-9K 0. 100 agn PT 5.000 ug " 0/% PT-88K 0. 300 ug
0/'5 PT-RK 1. 000 agn | pr-9k0.100 ug - O7'S g5 U0 fag
0/5 PT-9K 50.000 ag | pT-9K 0.500 g n 5/5 hexy
PT-90K1 29G 0. 100 ug| PT-9K 1.000 g " 0/5 PT-aKl 129G 0. 500 agn
0/5 PT-9KI 129G 1. 000 | a@bo ug " 0/ 5 ¢gl- 9K1129G 2.500 ¢
"0/ 5. PT- K/ 1290G 5. 000 PaepK 50.000 g " 0/ %25 9 12. 500
PT- 9K/ i 429G 7. 500 LgL - v/) = 3 . ag"
0/%6/PT- 9K/ 1 29G 25. OPG Ak o0q 01004 . 0/ 5 BT- 9K[129G 50. 000 ag
) - .500 ng /5
0/5 30 D) Anaphyl axi $ PT-0K/129G 1.000 ug " 0’5
PT-9K/129G 2.500 u.g " 0/5
25 PT-9K/129G 5.000 g " 0/5
PT-9K/129G 7.500 ug " 0/5
PT-9K/129G 12.500 u.g " 0/5
PT-9K/129G 25.000 n.g " 0/5
O PT-9K/129G 50.000 ug " 0/5
30
D) Anaphylaxis
Potentiation of anaphylactic sensitivity was determined according to the method described by Steinman
35 L.etal, (1985), PNAS USA, 82: 8733-8736.

Groups of five female Balb/C mice of 7-8 weeks ago (H-29) weighing approximately 20 g, were
intraperitoneally inoculated on days -1, +1 and +6 with 0.2 ml physiological saline sterile apyrogenic
solution as such (control), or containing bovine serum albumin (BSA) (Sigma Chemical Company, St. Louis,

) MO). The same groups of mice were then intravenously inoculated on days 0 and +2 with 0.4 ml

N 40 apyrogenic sterile saline solution as such, or containing 40, 100 and 500 ng/mouse of PT, 100, 500 and
2500 ng/mouse PT-129G as such or detoxified with glutaraldehyde (PT-128G Det.) or 500, 2500 and 7500
ng/mouse of PT-9K/129G. Deaths were registered two hours after the last BSA administration.

The results are reported in Table VIII.
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Potenti ati on of anaphylactic sensitivity was determ ned according to the

nmet hod descri bed by Stei nman 35
G oups of five female Balb/C mc
approximately 20 g,
6 wwth 0.2 m physi ol ogi cal

E) o8 g

g4 B11985), PNAS USA, 82: 8733-8736.
weeks ago (H 2d) wei ghing
were intraperitoneally inocul ated on days -1,

sal i ne strasugwva apyr ogeni ¢ sol ution as such
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45 E) IAP Islet Activating Protein

Kresftenberg, J.G. et al. (1984), J. Biol. Stand., 12:151-157.

50

The activation of pancreatic islets by PT or by PT-9K/129G was determined as described by

Groups of 5 female Balb/C mice of 5-7 week age, weighing apbroximately 20g were intraperitoneally

inoculated with 0.2 ml apyrogenic sterile saline solution (control), or containing 25 ug/ml PTO9KM129G or 1

rg/ml PT. After 4 days the insulin levels in the mice serum expressed as mU/1 were determined.

The results showed, as expected, a significant increase of insulin secretion (12.6 mUA) induced by PT,
while the values of the secretion induced by the PT9K/129G mutants (5 mU/1) wers comparable to the ones
obtained with the control (8 mUA).
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(Figure 6). ,J,sgndgroaggﬁggﬁ,er ;,;ae PBI\/C cells were p at ed inVells o at

bot t om wel |2) ‘eI zé RfmdideRylb @bncert@ttRS tolitBa, t\¥NapHaraicss B FRBeRE bitly. Of

1051 wels i N Te RerdggifinafiigMctivith 40 miitahrare-okA kY RisOdeifined sy SdsGbbd Byl [Batb ¥rRit €d
wi th 2 nmMibs3yinece i, 41:516+300) uBIRRE BS fa@bt 03NS dARkeAGédISlood 1ONSs Kixdd witvlglutaraidehyde.

2- mer capt et desune kepaid id 3bid) DX TRdica®ethat Mo theatr@hiowithii iftrdadingifoeinaldaydl Tibee? IsfodRe-G
and PT- OKéieROreiluced the hesnagglatipating ectiviychd el mutanieach wel | at a concentra- tion of
0.1, 0.3, 1.Toe sifinity SorBtasireis Bet@mingd ad desofibéddin th Grenating<Exarfiple 4 Thd@sulte areadpoded C,

i 0 eaehind@ble D4 nicroC 3H thymidine (sp. act. 185 GBg/ mvl e; Anersham

I nternational, Amersham UK) was added. After 16 hours at room tenperature,
the cells were collected on glass wool filters with a cell collector
(Skatron, Lier, Norway) 'S9 and the incorporated radi oactivity

det erm ned by I iquid scintillation. The results reported in Figure 6 (PT,

30 PT*K1i29G) and Table I X (PT-9K1129G and PTF- 9W 129G showed that: 1)

t he PT-9KWL29G nut ant nai ntai ned mtogenic activity against human
T-1ynmphocytes conparable to that of PT protein. This is in accordance with
the observation that said mtogenic activity is due to the presence of B
oligongg, and 2) that increasing fornmal dehyde concentrations reduced, to

di sappearance, the mtogenic activity. 35 The hemaggl utinating activity
of nmutant PTF-9K1129G was determ ned as described by Sato et al, (1983)

I nfect. Inmmun., 41:313-320, utilizing as target cells chicken red bl ood
cells fixed with glutaral dehyde. The results reported in Table | X indicate
that tle treatnment with increasing fornmal dehyde doses progres- sively
reduced the hemagglutinating activity of the nutant. The affinity constant
was determ ned as described in the preceding Exanple 4. The results are
reported
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Fi gur e 5)_"a"ringicatas be mHiantiarmaldafiyrleastia|(weighiegight) inthersampland 20 C for a period of
120 d&ys did not undergo any variation of their electrophoretic pattern or
their affinity constant. The sane nol ecul es, kept at 37- C for thirty days,
showed i B)Sheipdf the PiticRAIS irvAméh® 61 1R6.8P-9KYi20GReabilit ensity of the band
coryesponding to the SI subunit for PT and the PT-9WK129G nutant (Figure 5,
| anes’ 4 an@éT.3ye molantciT-920G @¢ suchsand \tielsamermitine tréaTda-vai/ 0032 @VIvL toameidelifde g ur e
5, | ane @YF-9K/tR9Q) widte EPt 3°220° and HFPCO 396 964 Bl TABLE X

Then, the proteins were tested after 120 days (4°C and 20°C) and 30 days (37 °C) to determine the
electrophoretic profile and the affinity constant against polyclonal (anti-PT gamma globulins) (A) antibodies
and monoclonal (1B7) (B) antibodies.

The results (Table X and Figure 5) indicate that the molecules kept at 4°C and 20°C for a period of
120 days did not undergo any variation of their elecirophoretic pattern or their affinity constant.

The same molecules, kept at 37°C for thirty days, showed instead a progressive decrease of the
intensity of the band corresponding to the S1 subunit for PT and the PT-9K/129G mutant (Figure 5, lanes 4
and 5), which was not observed for the PTF-9K129G mutant (Figure 5, lane 6).
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40 respectively into aspartic acid and glutamic acid. In Table Xl the values corresponding to the sum of
asparagine + aspartic acid (Asx) and glutamine + glutamic acid (Glx) are reporied.
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Example 8

In vivo characterization of the biological properties of the

PTF-9K/129G mutant

A) Anaphylaxis potentiation

The induction of anaphylactic sensitivity was determined according to the method described by

Steinman, L. et al. (1985) PNAS USA, 82: 8733-8736.

Groups of 5 female Balb/C mice of 5-7 weeks, weighing approximately 20 g, were intraperitoneally
inoculated, on days -1, +1 and +6, with 0.2 ml physiological sterile apyrogenic saline solution as such, or
containing 1 mg/mouse BSA (Sigma Chemical Company, St. Louis, MO). The same groups of mice were
then treated intravenously on days 0 and +2 with 0.2 ml apyrogenic sterile saline as such, or containing
0.04, 0.1 and 0.5 ug/mouse of PT or 2.5 and 7.5 Lg/mouse PTF-9K/129G. Deaths were registered 2 hours

s5 after the last BSA administration. The results are reported in Table XIi.
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mMut/ant 44 mMuAegemibei seyn frgm b $ablef 1@ igeEperitenely Geocalbted! mice develop a dose-dependent
leukocytosis after three days. The increase of the peripheral blood mononucleated cells (BPMC) was

statistically significant with 0.020 ug pwrified PT toxin, while the PTF-89K/129G was completely incapable of

promoting leukocytosis at a dose of 50 wg/mouse.

Said mutant, intraperitoneally inoculated at the same doses as above, did not induce lethal sffects in the

caused 100% lethality.

The capacity of the periussis toxin to potentiate the BSA anaphylaxis, a phenomenon which was
associated with the encephalopathies cause by the cellular antipertussis vaccine, was absent for the PTF-
9K/129G mutant.

50

cbserved in mice treated with 7.5 ng PTF-0K/120G.

D} Acute Toxicity

55

(WHO Tech. Rep. Ser. (1979), 638: 60-80).
Groups of 5 mice and 5 rats were intraperitoneally and subcutansously inoculated with the PT-9K/129G
and PTF-9K/129G mutants (1500 u.g/kg of body weight). The animals were then kept under control for 14

25

mouse following the histamine adminisiration. PT, on the other hand, inoculated at a dose of 0.5 Lug/mouse

Anaphylaxis potentiation, which caused death in 80% of the mice inoculated with 0.040 1ug PT, was not

The intraperitoneal or subcutaneous study of toxicity is performed according to the directions of OMS
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the PTF- Ot "‘&'g‘efeh'i&{ chalfenges Bhe A {11! tgfmopse) gid pof. hywaver,chaggriin a sighificantya% 15 ug
PTF- 9K1 2%[‘“5‘{"@90@' ve conponent) 0.001 ng sodi um ethyl-nercury 50
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consi sti ngy ) 'Jsf erenti ated aspect
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each pati entTh\é\’%ﬁrp&df& Bls &L%ds t% e@ﬂ&?esth@maﬁé‘er énusﬂ%l uﬁnm\ér?o%%&? (C3bacily SiGRfedng
pl acebo, bﬁHcﬁu@H&lﬁﬁlHﬂng'éﬁtiﬁo ) bilfe cBMMl abberkuli®s VaBdide cORbibRY PTROK29G Bs hmadiwefal
of 6 weekgomhaHe M ollflee? pSiafisn. The patients were kept under observation
for 3 nont hsropiseurpbsts 26 ddult,thesithy InBRidGIEISE bothBéXbs wéts Bolétteld, Withanti-BT antibedyditery
system?® siwdethed 26 ELISANBIE (BOINE.0The T@ierds Wordi subdivided CidcodiingMbOhelr phanmesis @ad/ or
human ganmksowghegatilei it periass, positivel elillss| pbsiting fodvastindtitiy. prior to the start of
t he exper i neAftbr ramidmfselection sithindach groughtha patients ar@ Successively treated with:
1) antipertussis acellular vaccine containing the PTF-9K/129G mutant (18 volunteers).
Each 0.5 ml dose contained 15 ng PTF-8K/129G (active component) 0.001 mg sodium-ethyl-mercury
thiosalicylate and 0.5 mg aluminum hydroxide (excipient) or
2) placebo consisting of an aluminium hydroxide suspension of undifferentiated aspect vis a vis the
vaccine (11 volunteers). On the basis of a random selection each patient was administered 2 doses
antipertussis vaccine or 2 doses placebo, intramuscularly at the level of the left deltoid with an interval of
6 weoks between the 2 doses.
The patients were kept under observation for 3 months after the start of the experiment, and all the
local and/or systemic side effects were noted.
The administration of whole plasma and/or human gamma globulins was avoided starting 3 months prior
to the start of the experiment and for its entire duration.
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56 11. A process for preparing a Bordetella strain according to any one of claims 7 o 10 comprising the

steps:
a) selecting a wild type Bordetella strain resistant to at least one antibiotic;
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s5 11. A process for preparing a Bordetella strain according to any one of claims 7 to 10 comprising the

steps:
a) selecting a wild type Bordetella strain resistant to at least one antibiotic;
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85
17. immunogene Formulierung, geeignet als zeollulfirer anti-Pertussis-impistoff, der im Menschen eine

Schutzimmunitéit gegen Infektionen durch Bordetella pertussis induzieren kann, enthaltend eine immu-
nologisch wirksame Menge eines Bordetella Stamms nach den Ansprlichen 7 bis 10.
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