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I'mmunol ogi cal |y active pol ypeptides with no or reduced toxicity useful for
the production of an antipertussis vapo g@533B1lhe invention also relates
to a nethod for the preparation of said pol ypeptides and to an
antipertussis vaccine conprising a therapeutically effective anount of at

| east one of Desgriptipm| ypeptides. Pertussis is a respiratory system di sease
caused by Bordetella pertussis (B. pertussis), a bacillus, the transm ssion
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hermol ysi n ( Hi s)k iscaewnythety | pestass(s/ehs,) per 20, ke vimieneecandt tha itsdmiicity (Drmiplated with the
filamentary Renéhesisygduting rﬁenvi(txlértaphaamcbf rueht suhstances agi henidein, (Hishcadeapicyelase (Adc),
part®cul aro d whig @Wo@n@nﬁg epgglytininu(Fha) cand f Rectussis toxin dRI.c Theb att®, in
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the vacci e withouetaxiditg YSetb ets/. rdiaerios raported above)s, Berd sofisCifawbadite arising &rorh thedact that
fever, ponphsad proeinisoiobglitairable inl puer mprodusiblaract slabtet tymhi ch have | ed, in recent
years, to drastAccadiigytothedusen invengoro polyraptideniiave new baeh fousd wiiehcpieatiie tnevercome the
out br eaks of peins rartudsawbacks ead are ddRindlle & pire dawni hyrmaane at ansimplebandrasenomically feasible
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present i nveBtdomBin eomgrsig 82,%3, §4 SHalI3HbnAY orh ee@awa.a.usoe' @b+ D2 (S3+54)
pol ypept [ deS|mkémﬁteaafombb,eﬁ,tsscgt,anme present invention is a VaCCI ne :
conprising a t e ARRkMbIh Coptebshtsthd defnmar€allpa8avd tind Boreftte th@@Sdrt of PP, whbredsahdB domain
pol ypept i des binfesukdigtic 6dlljnesaibRndiecdplvfs 4l allows the infrudidficn@Nthevst bublRdidin. appar ent
from a readi ng intogefiingf Eurdpeani pagniddppiitativa IEPEH0 282 220 choatcniip, seGuendily and eRpression of
pr ot ei n conpthegeney whick eoddiférfsaid sutunitsiaverbiebrs destribed traixdlairhddyand fit hadibeah shown thaesaldo
“ADP- r i bosysb aenen arefgrqupasttired sple apaioch bi nd GTP i nvol ved in the transm ssion of
messages t hr oudiyriearrere. e ABP-ghasylation atiivigth efsthe BT sulaib hass been tdsterraieada bin sultivating a
different fumiee-gsmism Yansiormed xith Heahvirid: plagmid STERPS: #nd iShassbrsn ieund Ahati saich eubgnit
domai n conpr PETSFRFESSH enzymatiopetivity, gomparable ko that 0P Tor gani sed in two dimers, D1
(S2 +$4) and D2 (S3 + S4) so linked to each other by an S5 subunit. The A
fdomai n represents the enzymatically active and therefore toxic part of PT,
-whereas the B domai n binds eukaryotic cell nenbrane receptors and all ows
ithe introduction of the S1 subunit therein. In copending European patent
application EP-A-0 232 229 the cloning, sequencing and expression of the
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Furtherrmore, the ADP-ris bosyl atlon activity of the Sl subunit has been

det ermi ned, by cul tivati ng a mcro-organismtransformed with the hybrid

pl asm d PTE225, and it has been fouspd 322883381i d subuni.t possesses an
enzymatic activity conparable to that of PT. 3 EP 0 322 533 B1 According
to the present invention, there is provided a protein.having the
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of direct mb.@gmsaﬁn@ummhﬁmdgm,prdpa-ua;rtmr@f nore positions of the

regi on bet weard patiduRf @epshiides- Ha%é) beei eynBigsifnd cothifing\ittiehSBBGHURIE bf GBI Wy
dest r oyi ngsubstitutiegiuci ng its enzymatic activity without altering the

i mrunol agi cal thertyrpsinetin positioh@andafgininern preition Twithaspartio atiy geglcide mspetivelybeen
synt hesi zed - dhet phemyiataging fnepoSitiors $handi the thfeol® inpdsition 3 wisly glutatictacidand lisgleucire

- the tyrosi neeSiJwﬁ%di)‘ogosg a&gm%gg‘lwm ne in position 9 with aspartic acid
and gl yci ne T dhyghami n ioth agy¢ee% ani ne i n position 50 and the

t hreoni ne i r §wgeineis Position;121with alitamis &idici d and i sol euci ne respectively; -
t he “of utini é'!?l‘!f"'!'?l'" dtjop i1 with pepagiiciafidig| ycine: - the gl ycine in go&tlon

121 with gl ut 3 id Ebp°s‘“°“ 1?%%“%1“3:?"‘ je fnrPasitien H“o‘ﬂ WPinG; ane raelde
acid; - the a |t on 109 and the alanine in position 124
with gl yC| ne cﬁacr"f’f"tp" veI y; - the glycine in position 99
with gly amcﬂ% rlmem' |n position 109 with glycine; 25
- the arglnlnehe o. n WI I amc acid; - the threonine in
posi tion. 159 lﬁon 11t1 'ﬂé Lr{a%sb onotﬂ%ﬁ Jﬂ{? 'aa‘ly]a]-n& ‘%‘&lﬁnogdcﬁg ﬁn%sﬂ?:ﬂd
i nsertion of y am no aci ds 1 n position
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mut agenesi s, a) indaifyHgNS dﬂhhéié'f el Afutafenesis, It gSre Wit LLBdes 1D thelS BulfMit bR peBtudsRX i N
substituti ngoxiri Substiing) lin BIY & Morb BResOdt tiehBNAbletin, e Wass sdglishcd abieh Baigs n@e
whi ch codes graisteaniged @chinb acidivittedlbaae seypenae wiilch/dotlds fax tHeaminomeid olimerestivhi ch codes
for the am rh) comsingting a hybtidplasiid lirking @ clogibg vector with the PNAdiragohent|casainiag the miedifieg a
cloningsvect® with the DNA fragnent containing the nodified 35 . S1; ¢)

t r ansf or m nce) ansiomingd kosiooiergerganismm wilh @ hykaid iplasmitl dbteined aaregorted indned as
reported i n Byultivalngdnd suitabla ¢ulfgre mediymgi the aigpanceefcerbeneniiiagan enhmingral saiis sources,
presence of & Hermed micropggiim: asbthef ner al sal ts sources, a transfornmed :
m crdor gani "°°8‘f?ﬂ"9c He W'VR?V'dPQEW’éN ) merEed | i}'B‘@Bt"’P‘Hé“"c‘B’H‘!‘%F‘]‘?F‘H‘B °f ﬁ%‘“ the

m)dlfled"Sl Jut fromtrﬂ C 'bﬁ‘“dP

%{ or, fromt, he 40

ACCOF dl ng IVI e ene whi ?IP S l0n enz me

correl at ed '%r? §ﬁeql’ ' 3,6; % Mdes
for S1 hasb iaSed {j;g
sites arw' b g @ .J.Q.qp: Qfoml@ "E>’

t erm nal ges ave een C one |n an expression p asm d accord| ng to
general l'y kn%%%m%sobﬂﬂﬁb R6rbéhing tHeQRiistdn J3@ctive fedicin, VS oom BHRALS in
with the dﬁlsﬂiaﬂdc@ﬁﬁuﬁéﬂﬁﬁﬁat%\tﬁ Iy 0L BRh®¥PE thi0a pariad i R 20ERRKEeY b Ghi a

‘coli (E. cmdurs cells. -Positive transformants, obtained by.screening the
cells omoa sakhelehd/ef s gbrivd) thécelie hive aaanoedotrereaatoedhé tulture medium and lysed by means
of lysozyme freatment and sonication. -
The proteins so extracted have been analysed, to determine enzymatic activity.
The ADP-ribosylation activity of said profeins was tested according to the method described by
Manning et &l. (1984) {J. Biol. Chem. 259, 748-756).
65 The results obtained, listed in Table | of Example 2, show that S1 sequences following the amino acid
in position 179, are not necessary for the ADP-ribosylation activity, unlike the first ten amino acids.
The enzymatically active region of the S1 subunit, therefore, is located between the amino acids 1 and
180. In accordance with the present invention, the identification of the active sites present in said region has
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1a stitabl e cul ture medium at terrperatures between 30 * C and 40 * C for a
-perlod of from20 mnutes to 5 hours. 50 At the end of -said period, the
cell s have been recovered fromthe ¢ 9sxs3¥pi um and | ysed by nmeans of

| ysozynme treatnent and sonication. The proteins so extracted have been

anal ysed, to determ ne enzymatic activity. The ADP-ribosylation activity of
sai d pr ot ei reenymgormed trelcht inest omectif saif ites hal beanagmadifie. descr i bed by Manni ng et

al . (1984) (J.npraglice, @hgene @diay for §DhasIBen isgiged from i PTE 259 plasmid heatonstiction of
listed in Taibick iy rappriepia the| Ruropsanspeiont eplination 1ERsA6 284 28% by dreacpindocstiee wilitheo
aci d\in posirestistien ppzymes FeoRhand ﬂ'f\éﬂ'essar f or the ADP- ri bosyl at i on activit
unli ke the fir&©00Q bese fair YA frapment °PH‘8"sé'ﬁ

b hejasstigp mixtyre, by i’é mbﬁfﬁéﬁl
. t t ) i ¢
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sites preserfJ ?,%ﬁ een perforned and at
| east one, of s o of Ih 'g:ag:é‘%{ m pragf Eqﬂg t he gene coding for

S1 has be@n i S the construction of which is

reported in theo i rﬂ@ghmunﬁgqm éﬁﬁ&élsoiﬁ vﬁgof%ll nac%hd%ggath @ﬁm &%'ﬁ?&e
digestion with ﬁyhemaeﬁmc%m& e YR Sgdrts? Rlch 38 dodilnBlsdighite, Which readt %

pair DNA fragmegkes. COMPri sing the gene coding for Sl has been separated
from the gi gesidestdinglitoX i desit iNBRIOS thY gdie! colihg: Rk 159 [HAS besal modiiRd by aking Bynthetic
el ect r 0- el utoligvRuciddfides ie defineCioduentds bybrding Scbrding foatemeioddevdiibed by ol IMLE ¢ &N
vitro nut at i(oms3:etg-4dg(mey).ned sites of the DNA nolecule. This permts the
effect of sai dinipttice msuodoptmmagmui hasrbesn ¢tioned bra Yeator which. all®vsithed isdlalibn ofrsingle-

t he; desi r ed svardled PNMA.achi eved in one of the follow ng ways: 10 - by

i ncorhor awi ng Tealie et slitabje wectormBNUR ssiectedsfrom Blgsciint 5K ($isiegane Sign iead. 681 PEMBL
i ncorrect!y;( amumm«g%mean%m&amsn@ 1 3phagesclfiom and Messing (34982)
ol i gonucl eotqeﬂ%z’._m)h definite sequences; or - usi ng ‘g;lam fic chem cal
nut agenl c agen‘h‘§°’d‘§%t9ﬁh°a‘§°sgﬂidﬂvﬂm‘?'bﬂ‘§m preially a\ﬁ'ﬁ Iyescript Styyackyr wasempioyed.
bases. ?ﬂ/%‘ﬁ!f'?eaﬁ"d t“ﬁ'b'"ﬁ%‘h‘e “Leo‘i?PH DB fraggient
has been ﬁDd‘?? f'\e 4 'ﬁ?ﬁ%g[ : (Z wi.th, defi

sequences oper |u ';’c' gm am:??ﬁ’t’ egefaf) g'eﬁrﬁn%TT"esrw‘i\/? §uccespively
E;Pyﬁ‘eg I“'Zgg o m on@%ﬁ’n %Eggdii amﬁﬂm ra%l:&
*To this e‘,;adfr d' E&M ron#'% uescrl %F

(Stratagene éh%rs epre% mﬂéa sé}l%ée@'ir&n/ﬂfé'sdﬁn qz%a.&m&baﬂok
1645- 1655 (%%aeerm YA m& ot éarvam%far-&ﬁﬁah furbfdd pherfoban

Accor di Ng t Qiakb? arddf dmfoRkum aBatASTh ioRir to PREPIG HENiriediriidedlA.| abl e Bl uescri pt
SK vector was AigtOveshid ORA AreléCshpiiyed @Smbdif¢ Aec 81 \gbrishbyS titebiilitegeh@it Mo s end,
enzynes agd digvaicidotidel @flationt 20 Imaciénlibs ware[Rtthdsized)irmnich o biases which gais dor Wheddriioss

i n the presamie adls prasntlid dédbdhinkd gjas of tenNz180S1 rdgive wate)subitititedavith bthers wiichpdode/fod
t o transf or radifecent aminceddds ingradiculdnepliganeaiesfides wena tspntiveieael which ailieysto\peipgre Yl faliowieg]
~on @ cul t ur enutestsiofitve genslcadingfor Hnpi ci |l in. The positive clones, containi ng
t he’**Hybr i d pl &smi dsTwresing 6 and aegining 9 m5®#ﬁWﬂ1mpmcl§pﬂ"@mc'ﬂ? eogprekvely usieg e
suspended®i n a IlquﬁﬂpmﬁT%Twcpﬁm@ﬂce of phages and maintai ned at a
tenperature 30 of gﬂﬁ‘ﬁwéspﬂﬁeéd‘%f“’ﬂrom 2 to 10.hours. At the

‘end of said period,e@g@ ) 6%"eparat ed fromthe
solution by c .trifg@ ok |
vat er - et hyl effier sa E’f ?"g'e nt?n%er

Ci as

G- 680 | cted
72 v Sled ity g S o b
amoni um acetate in et e —o =rg| e- stranded DNA. AI I quot s
| e engly PO RGO ol G YhAENS! 5. TO
this end, 35 gkigonggl; o lghafhid o8 95&36 Heilcsd hAGHAAI 1
whi ch the bases whi ¢fp & %e,ap{mmae,tﬁighgy) acl ds present T
~determineg sites of wh E&;uamém&beeeecmmrﬁsaﬁhg%al.dwmmmkkeé&daﬁzs whi ch

code for a di hf.er enhspasit NiRidagogd .waé Nsubshtulet CwithlglyciRd | BAG Uik Simiel CTGGRAGGTGTC-
-synt hesi zed whi ch atheeedaecpr epare the foll owing mutants of the gene coding

of said DNA were e

for S1:. 41: Ty r Digd dogesPording géne@ias mbdified inwis @ayubstituted with aspartic
“acid and gl yci ne r ethpeauence P30-GROIGAGACTTA-940 was changed into 930-GTCGGCACTTA-940.
66 ar: Gilycine 121 was substituted with glutamic acid using the primer GCCAGCGCTTCGGCGAGG.

The corresponding gene was modified in this way:
the sequence 956-GCCGGCGCGCT-966 was changed into 956-GCCGAAGCGCT-966.
16: Alanine 124 was substituted with aspartic acid using the primer GCCATAAGTGCCGACG-
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40 ' o the primer GTGATAGCCGTCTACGGT. The correspondi ng gene was
nodi fied in this way: 620- CGCCACCGTATACCGCTATGACTCCCGCCCG 650
620- CGCCACCGTAGACGGCTATGACT CCCCCCs ' Phenyl al ani ne 50 and
t hreoni ne 53 were substituted with g?gf&agrﬁ%cmam d and isol euci ne respec- 45
tively using the primer TGGAGACGICAGCGCTGI. The correspondi ng gene was
nodi fied in this wayc. The sequence 750- AGCGCTTTCGICTCCACCAGC- 770 was
changed into et c. Thdorrespondifg yenb wes M&ifisddn thisiwat i t uted with glutanic acid
usi ng the priner @I€QEERCITBTCELCACITACTERE wasnhagehD@ThTCRROASCTARS8F0di fied in
thi s, way: sd718:  contains the timbined 4@iendci@ n@lorFACGGCGCCGC- 920 was changed into
910- TACEMGCREC- 9 2@lutaniz acid 129 was gebstitiied with alycing osing ke RtimBGEGAGARACCHGH CIEG.ci ne
usi ng the priner TPcamapngigrgene wagedifiadin thig Wy cor r espondi ng_dene was
i ETaa

9 T§3110 !
30, GreAgh T g 55 vs i Wty 9374 1t LT GELGATA CHpRG A
glutam ¢ acid usi °P’F?é i oS \CUEHHEEETS . gene
was nodi®ieg,. in t . ({'%%c gﬁ%ﬁ%%?&a Hégg)ed into

956- GOCGAA Onine 159 was SURSIliog ¥
usi ng the prlrrer e
correspondi ng gen . the sequence

976-T Cga'AC-‘a%; &%ﬁeTGGACACCTAC- 986. 1716: contains

flosiB 31 3G utsd

the conbined 16 a%&%org}gvﬁﬁg 10 Bertidl duplicaidn of a prinkdr ErhghiBnE; the GsBrtid’&t tNERsp Thr
substituted w th gl ¥ed Qf aminb B&ds' decurids in%ﬁuﬂo@@@ﬁﬁummcﬁmcﬁémmmce-
~correspondi ng geneATWRSA.Mhe cdriessbndiny deiib wasihgdified anisegLience 990- AGCGAATATCT- 1
000, was changed i g8 990G TERACACTTAIGEGEACAAT-05000. 29: Ar gi ni ne 135 was
subS t st ed wi t h- SHETEOACACTEGIGEEGACACTRBTRRCANSAAGIBGAATGTCCCGGTGTG.  The
cor r espondi ngpid)efgenusiastidas tavei twen jused: &S rinemsy for TINA polymerase which dransstiiee e cthe
1010- mﬁmmmmmﬂevmmmmm@emmi@wmmmwo 31:
Thr eoni ne 15Thewaiors cantrining dhec®l gone With the desired medifigationraware iseigied by hybridization using
TACTCCGTTW@(B'P@G‘F‘@:P""M@SQForrespondl ng gene was nodified in this way
' 1070- GCRT CACTHESREsh s m@&m@f@@%@%ﬂ%@@@ﬂ%i@%ﬂaﬁm

CGGCGAGACHACTRA RS TACTES 11§50, 15 26 AR 111 was substi
with glyci ne."‘el'—"ﬁi>t 'ﬁé{?g‘ﬂ'@ thequ‘f ogne B'Eir“ﬁ“ ‘1"&'6 ? ongy Er[ﬁ%

fragment , W&! Pdis fp ' Pty CoRaipingr e gqn °3ﬂ?? aci H%'e céoé'urrean
Gat %".Isﬂ j"?%%ﬂ @Mﬁa@s&%ﬁ%@%ﬁw g

“position

gene wa

930- GTCGA R thoplashnic® PESRNB&HkSR W RS uibOHS)

used as Prigfaiberg Fak DL S BRhARERG) aﬁ. Lrbaduaieh 0850 18R-AHTAfp [HMaMOE az
-sequence Qdenb, 8, 8126,11881) Whre @ eatl ng the nutations present in the priner.
The Vectors ediasbtingd micRRrgarisniiondle Wioh Ruliva®d AES liGuRculirs infeiamtin eiaSpre¥Brce of

i sol at ed  hugrbby, AirogbnZad mferaliSalt BeLIrEbS, 4 a[MdniPeRituid Wotvidbh BIC dntl 464 G for 3'period of Fdie
exact nuclzoetinuts tseriuences of the nodified genes were then confirnmed by the
t echni que of ASAng®Irof fhe patiodathe collSNWEEL rédoversd Gaim thbSiltiye mddhen becantifuging amt wereli Ng
t he™rodi f | lygseid gengagenenally knowh éschriqugest ed with the restriction enzynes EcoRl

and Hi nét || Thedcelidias ¥3ptes tordainingnthe potsing aversi thep analgsed de deterndfierthp pnzymatigeaactivity
nodi fi ed Shereed The sdiarepdried inrfhecioliawing FixasppianB.shon Hatacdoed tedustian GH0%Hd e AlFown
in the ar tfibogylation activity,japd W?@PWW%WG@“M systifting #9ing peids ip dher 1 paaveererdt a
host micr d(g?n 19{173 andsien £16) exsitippsppfiher sepasately ordn eqmbjnglion.gng) i jamino a¢id) in 121, gesition

45 A complete loss of the S1 subunit enzymatic activity has been observed by substituting amino acids at
the 8 and 9 (41) , 50 and 53 (22) and 129-(28) positions.

Furthermore, said subunits are able to induce In vivo specnﬁc antibodies and to react (subunit 28) with
anti-PT protective monoclonal antibodies.

Polypeptides containing said modified subunits, therefore, are suitable for the preparation of an

s0 antipertussis vaccine.

Preferrod are polypeptides containing in addition to the modified S1 subunit at least one of the §2, 83,
S$4 and S5 PT subunits.

Particularly, preferred are polypeptides having said $2, 83, S4 and S5 subunits with the same
arrangement and configuration presented by the pertussis toxin.

65 Said preferred polypeptides may be prepared by modifying the gene coding for S1 contained in the PT
operon and constructing plasmids, comprising the whole operon with the modified S1 genes or regions
thereof, which essentially code for a polypeptide containing the modified S1 subunit and one or more of the
S2, 83, S4 and S5 subunits.
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In parti‘cul ar, according to the present invention, the plasn d PEx34
(Center for Ml ecul ar Biology, Heidelberg, Federal Republic of Germany) and
the m croorgani smE. coil Klz'[e”]#b{:{iﬁ%ﬁ?? (Remant, E. et al. Cene, 15,
81-93, 1981) were enployed. 35 anst.ormed m croorgani sns were then
cultivated in a liquid culture-nediumin the presence of carbon, nitrogen
and m neral sakdordfigUs €8 presétt indentich1Ih6 PRIMIALPTECISSLE PTE @65-28 4ndIPTE 2841, Cditaiing
from 20 m nwé genetwhich cbuds fds theAt mdditiedsttiunité 22, R& angiotti respectivdlye weeldegositeiras £. coli -
recover ed f(PTEM26%:22),CE|coli (RYEMSEHR8)rant . cal(PTE RS5et1het the) dmunizae Types@diura Oentgy and
gene@i |y kdesignatddes INTCQ 6632, ATOC 67543 IWOATESIG79Mar | ysates containing the
pr ot €T hs swer e Théolewing aknegwental exatteleeararilingtrativ andenen jimiting of thadaverlipn.y t her eof .
The results, reported in the foll owing Exanple 3, show that a good
reduction (EEEBQ%_ of the ADP- ribosylation activity, .and therefore
toxicity, was obtained by substituting am n%am ds in the S1 sequence at
the 109 (17Xe% the £ pubypit-region correlatad o the ADPAosylaioR 3tV | 1y conbi natlon
and the &hi po aC|d.|n

the 8 and 9= 0 and 53 (22) and 129 (28) p05|t|ons Furtherrmre said

subunits are %? of fle bﬁgﬁf‘s iabfid Weds BusbBieioll Ini 180 A1Yf bt ioRMorPBSmMOrHE-RBE bi 7.4, 10
(subuni t 28)|1MV%§‘ 3’ aftt & M%t 40834 wadursam\pfgfa Fiis9E) ofB@LIY(BﬂlB dsiftfon
containing g éd Siductd/FUB! 14 31 thb RREREPMBureAide Fdbtddatith BUf &?Tond Brathe following
prepar at i ONegfmeINGKE Ball Nnil, BN hldSphist 32CTbrWeo mére Ry, r ed are pol ypepti des
cont ai ni ng i nTRSIEBNA |n%ris(botd@stm3€ﬁnfainﬁﬁ| the 175 bedelLairs (bpY XbakENul, 3vMiEp Xifat-Bde168Dp
S3, . S4 and Ghal-Rrli, 359 vp Xba-SalPalid 503UpaXbalSphp frijrants eebpetiesly) Messpembinatt #itth3 W ofg
sai MZ 253Kleriod palytherae ahd Mt 2 Lubof ai sbilitioh loentaling S0 21M atiegabrot th fallowingodentyngriectities:on
pr esent ed byATPHETTPedCTPsaRi SGTR) X repair Bie moleculGeandd. pr ef erred pol ypepti des may be
prepared by mite fiues werremgiataiaedcad dimbignt fleype@iuirec @0r%(iCh éod 15 minutes ald 20§He Eder aand
const r uct i ngaditibret 3 miigytesgo aysh iasiangs 1o inectiviohe p apenyme: t he nodified Sl
genes or regi dhthe erbefsaid perigh, W@s@em diigtadyto withigage e m%&ﬂm pH 7.6,
cont ai ni &g 1M AJBi 19 e MgCley iy mM Dﬁl'ﬂﬂ"%'ea’éﬁ worp rzaingained gt 1 ne night ip, fhegr
subuni ts. P"°EP°°O°‘3‘2‘2 upi} of g4 'Nf‘cl'ﬂaﬁq “Fb"‘? melequies which dopt |"8nab°’{°n@°"t'°“°d

g odes. f 3(rjpt Es?”r?ﬂlf. R’?F’EETE’M S X gp;ga‘%ﬁlm?%% ‘ﬁ?\&ifg'
eposite a he, shstorman plag cell on 1 IR
A arsis %&%WRE Eoomb@"}) f@é v ﬁaﬁ% n@ w@mﬁ g%fé

illustrativ ,non T'rmting e|nvent|on anple 1 ntlflcatlon of
the S1 subuni g Rtwig ,a{degje,ggeﬁtﬁgd ADP-ri bosyl ation act ivity 10 A
Const r uctel opTONCONR anaé 1ReRe B 2 paR Bbdigbrith daltRxyiBithal &diidhge biahe SPSlbirited
S1 by del et ba\p;.ﬁﬁmmec,&zﬂeﬁdusaal part 10 ug of the PTE 255 plasm d were
suspended i n PAE NRU: wherdmb S€herdGdckd 4 pdit doblify 18IMind EarSoxyKsimingd kbadente ofltfle SDsubirif]
[err], 100 bdwdda&inio atids 0gebassd at 37 C for two hours with 30 units (U) of
_ XbaT*—"( BRL) r e$IEiBAL:iwhereaer§ingenain thckingorpast iwhighucitias forfﬂwél_&rboky-tefmmahsaqubngewuhe@
M Xt ure wer subtnittetweeh avhinackie124and@%5.of t he f ol | owi ng enzynes: Ncol, Ball,
Nrul, Sall an®TESAL: inwhick the]Stfgene is\gskins parhesding for Hiacarbpyx-tormjnel seguencecpt the S1
di gested coftbunitrhierngen preino7aids 41and 29%: s (bp) Xbal - Ncol , 377 bp Xbal -Bal |, 165
‘bp Xbal - Nrul , FIESPHyinyhich the-$1) geag, is lacking p parepding &5 e cerbaprierinal seguopeacf thocity
wer e conbi ne{puR tteh*'es"tm'm% Sk pol yner ase and with 2 ul of a solution
cont ai ni fy 30 of each of th foIIo ng deoxynucl ot j de PITP dLIb.
dCTP and d . 01,1 ion of hybri id pla ing the gb S cog ding for Jmodifiad [ delgtion of the alat
anbi ent tenﬁ%';kature (20 25 O for 15 m nutes and at [err] for an add|t|onal
30 ninutes in of%ﬁrezw {@ﬁ?ﬁ%ﬂ &?byuﬁrfa% ?MW@
of said RerpRd., Msﬁ%nﬁhﬁc: :H 30'¥ b r?] ﬁ
MM Tri s- HCl gnzpb 76 2 1 nM AT [err lothreitol) and
wer e mai nt aw@@a@gﬂd{m;gs dcVetyone ni ght |n the presence of one unit of T4
DNA |i gase s Bhﬂ&noh%ly&%&sﬂﬁﬁﬁb‘ wefe tién sdded RSdaci Belutio® BGEMErBMhI 0Med a solution
fragment s wednRining80ahiv lop e2A @h1the tdiéwingodbotkyRuciedities: | dATR ET TP dOTRI2AE dBFF éndl 485
enpl oyed sb O niinutas af 20+287 ¢Xth8 -endyine was inactivated at 65 * C for 30 minutes.
30 U of Hindlli restriction enzyme were then added to each solution and the resulting mixture were
maintained at 37°C for 3 hours and then loaded on 1.5% agarose gel and subjected to electrophoresis at
70 Volts for 3.5 hours.




!trp‘ E. coil cells prepared by a treatnent with 50 mM[err] (Mandel M and
‘Higa (1970) I. M. Biol. 53, 154). 30 The transformants were selected
by plaguing the cells on LB agar (gp@iohsBagyo Tryptone (DI FCO, 5 g/l
Bacto Yeast .extract (DIFCO 5 g/l NaCl) nedium containing 30 ug/m
anpicillin and incubating the plates at [err]for 18 hours. The reconbi nant
pl asmi ds wer i this aay dealbingds are selarateddoneaeh ixtuteheneereteitingthe Heleion dat of & et the.
The foll omMWWﬂQd‘%%@ﬁpw'd\md@aﬁ@éﬁtlfled 35 PTE NCO in which the S1
gene.d acks a Thmp0 bpsel- H'o?mtbnéaw% d 84 by GatiHindll fagRants were theqslectioeluted
subugit bebhibe Masiatsfaetzng; (Meleculen Cloniag: 2°5? rptory Magoupl. GoifoPrsing Hé’b%ﬂ?@néoq ’éﬂc‘l’!s a
part Codi n?f‘c'l' Bfrsaldﬁ@g'g%ﬂ‘so th?‘?e?'}‘f?q\éﬂ 303‘5 ﬁ '&"ﬁt‘%@ apsaoes,of i Y T4 BMg digage

anmi no aci g4ty de% n oL e;%rsl‘;:# Vﬂg% ‘ﬁ.ﬁdé"‘ B?Y"‘?Kﬂ’ﬂech

des for YRETAFS p g8t i‘r‘lf
codades or
oo 1% oo %1 °’:,imm .ui AL qgs:@h% i

f or the 2o b ng ﬂ?%"%ﬁ%q'? a110
and 255’ P ind f 2blbt Wi k%ﬁt&iﬁ% t|b ' “9
car boxy- t ef Mghig Ia§rﬁgé’%§|§d et SPRAING SPTEUBB/BRL aHal S1E S8/BRD terd D5

45 B. Consumstm@m bneN4Biehch smhﬁﬁ ra:a&sfop riihSeRhhind g&l@ew HRNRibsrR DeiVerd Bb amino

nodi fied Shidey1-6101-909 Al 1933 rbdpRctwely.t €r M nal part 3 probes (10 ug) of the PTE
255 pl aggnid were digested in 100 ul of a buffer solution (50 mM Tris-HCL,

50 pH 7. 4¢. Gdastiiidioh & hybrid plsriid Séniningathe s IchdigDfor Bodifbdrsi, byvdelelion36t 3amf &'
.each of themimsl pasted Ng restriction enzynes: Sphl, Sall and Ball

respectively. 3 U of Klenow polynmerase enzyme were then added to each

sol uti on t ogé@tshreplesit@ g)f the plasmid PTE INGOI abtainedas iliusiraterdjn SectiohAloferedigdsted fin tdde

f ol heini By Weoh RY MCTrietiCl g 3:4, t1HmW MgCETHS mMAIRO! spivliond @hF304hef BsiNt dBRL) ands39 U of

m nut es atB@'GB&BfeBP@‘@heatéhﬁfRQM§ i nacti vated at L&e;r for 30 minutes. 30
U of Hi ndl | | The:digesfion migires worp fken teptad et 20?538 desd Srin Sdi ok iespw aelymersse
resul ting ?ﬁzmqméhwvsenm ﬁt"!ﬂ Pi'éHTﬁ't Tgrﬁ' TPraggl dBTR 19 cprapies, the terminal pB%lEf&'j;:?n

1. 5% agay of agtivationy °%’U?Jf@7t¥f"€cft £0° @ o T @gl@Aa‘[’asﬂa'('/(?f“t withy 3 Uf 5’

hour s. é" @gé% d f or
% o °°§°? ;’g #

m xt gre; 2 ‘;\{ ?LSEIW Wi stﬁ;}%?’a’f? e ngé il
Sall-Hi nd ¢ nl% | vrekd_Bitbdduen gl@é%ﬁ 8 £s‘ﬁuc} PetsL oR é&eﬂdasby
‘the Na”h@‘t ié%orﬁﬂn gu QG '?m r&’ é “p JefbtP? L%f%l\)’m 3f g fsge is! THd

Har bor, R the & coll cofiPénd fh@@%rﬁanié’evfa? e BéHotrhdakeR Rlustrafbd 30

ul of I i gaﬁﬁvemm; PomtS inkiBd B i %a&ﬁ flantd wefte idbifiidd! RARE the VichrhbihdEpRirR M
Pex- 34 pr emlf%m(gheg@s,bm|mh t he Barﬁ—il restriction enzyne, treated with
pol yner ase eB#y prsids] labelsdwith th® BbbPdviafinOPTEB4A | a8 PTE RGOBAD cintui reshegiR@y @@ SAi t h
t he Hi n@d | gens eittiott thd sequdness 2yding. for tReS1 sub@it parhbetesh @Rind\Bdid 1SI2€ a2y 1-258. ¥

-enpl oyed to transformE. coli K12,[err]Hl, [err]trp cells and the

t r ansf or nabiConstmetion oiATECIEAGNG 168-A Blasiyjids medi um cont ai ning Anpicillin as

reported in Section A 10 Among the plasmds extracted fromthe positi ve
cl ohegs, thosd0 egof HefTERESH ptasmit aweeadidigasted e #A0sk!jof 100 mMGTeHCE 5 aivh HaGly 10HmM
wer e i déht Me$Qechufir with 39 o EgpRband thantvi Pﬁ%@i’fis(BﬁHt"P 1Q'6 iG¥Clen 19 ’GU'CN'Q% 02M; d
pl asmi ds, Md‘b‘@l @Qi"% ‘Efﬁ'“Fhe“ ébB?"é\'ﬁPM $ Cixturaafiqupls \yeye WVQ’S%‘P’S‘ ﬂlﬂ' 1|9TE
255/ BAL wefiaut % "lﬁhWE'ﬁ sy gt wjih “hop
parts of t 'iﬁ'ﬁ? %3 B‘g 'g‘??d °’é asggportad ?P@Yf '° were
‘respecti e cee RSOrT, &9 B E%ﬁtsg 3 Teﬂ" e'héhe
coding %én Ql me lsu nth fi me?mtﬁ

((110 u?) dof m;cigg,“d al a“{%ﬁ?s wer e
.digested in

sol uti on, m,g Qenfé%awo.que ,,eén theQ ot gg ¢ BRL?R‘{ etspecttlg;sﬂé

[err] fes 3 RoOpdifutar, the PTE 16~ A plasmid lacked the nucleotides coding for the first 10 amino acids and
therefore coded for a protein containing amino acids 11-235, whereas the PTE 18-A plasmid coded for a
protein containing amino acids 149-235.
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The*di gestion-m xtures were then treated at [err] for 15 minutes with 3 U

‘of kl enow pol ynerase enzyne in the presence of- 2 mM of dATP, dGTP, dCTP an'd'__'-..' -.':-_'

dTTP to conplete the term nal porti abasdqt er inactivation of the
enzynme at [err] - for 30 m nutes, the was again cut with 30 U of HindllI
25 restriction enzyne at [err] for 3 hours. The digestion m xtures were

| oaded on 1Exdplcr ose gel and el uted subjected to el ectrophoresis at 70
Volts for 3.5 hours, W|th the 527 bp BstNl H| ndIII and the 279 bp

Ball: Hi ndl | Exgressic etorroipa ADRibess St :

sai c‘tkt_:r agnents were subsequently i nked to the pl asm d PeX- 34 previ ously
treat®d a% 30 A éﬁt‘-e‘&fplﬁtcge@ﬂq W‘B”WGHW&"V'PQH%GWWGST%WH@ Bpggle hovereof
7 U T4 DNA Ft"tg'atgem @% fapid {8 medinm geder smoothmixing as QG prAge pight- of the E. coi |

cells and the 1§é1"e°6 ifuliye yascemployersie poruaty 400, (alof t*ﬁ@??dfﬂ'@ra%ﬂ'@@“%? 30°C for 2

|Ilustratedh
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NCO' BAL COﬂt & ,/rﬁl?arﬁ%g’bél‘%é Mo %ré%%%%ﬁ%& Bflcn

for the S1 gyl st 4re|3( ESOQ'M Tris-HC
Constructi ogooga g\
were di gegt afld for mg 100 m\/l Tris- HCI 50 m\/l NaCI 10 m\/l 40 err

buffer with 3bl £f nﬁml%bmadﬂda me«mmg&an&.hﬂn@ﬁe Baé&taus(ﬁalu)e.rlcm%m&@wuhed
10 M [err] at 12,000/ pimNRECI0 mBGes) o Tipetatakth worp kiisCarded Al B Précipitatels @dsigpendvli ¥ SIME
al i quot s webetMirbdshdandintaiietl @371 fo3 30 minatasl 10 mi nutes and t he del eti on-
fragments at tihe rhikurbe welenagein wentdfuded cand dhet predigitited-omcillildr contents iwerecricdygred) end

el ettt opheor essaivedinds, miak pesphete bifepad, salinp KRBSHand drotenat 2@C. 34 pl asni d as

reported above. The Ilgase mxture were then enployed to transformthe E
coli cells &nbhalypis &k patngaciiye sel ected as reported in the 45
precedi ng steps The pl asm ds containing the Sl gene fragnents inserted in -

the right read °'1"t°ﬂ%ﬁ9“‘aﬂt§9 EhPﬁP'HEH"%g“tF Werp Pentrueyp‘émdl t@?e"’%‘é‘t!fﬁ‘@?n@é“sa??&?‘ﬂ/@ i1

1% Bt meepﬁéo porer |
o o cf_mt fi oy %ﬁeﬁ?{e a?%’&'“%éﬁﬂ‘éﬁ&‘g'“'ﬂﬁ’t aobSiege B Wegpng B,

amnotermhg m.t h |_asmni
i o tl a[ ;B al ution O 105)9\\\&9 i &ﬁ‘\rgl ol dtlar
,partlcul ar’sbntgwes en d ﬁ?ﬁg‘g; e%&iah?%] f ]! Hgl 7.5),
‘first 10 %u%fa“ mh lu a'ﬂ@n&%aﬁa%n@nemz RAD.
acids 11-23 i rnt.aﬁ{an Horkt OF) 16+ 38/nffufdls And; Rftdr Bbritiribd-
am no_aci ds ydgt ea' ue§ n%mm &3&3 rmreﬁ]anﬂlmbﬁm%oﬁng&aﬁh%d&& Sulpfate
modi fi ed S1 &idheiMeh anciBalied S %r1@s€ta1§d|ya&y| idd 56, AIReIScrbshEsLia b 26 mA Gr l4\tiolir¥, the
thereof 5 gels MereKdctiumidRéd dtAHBmpekatird bitg0PC Brd MEH dube@téd B autbradibgraphy.Me ratokdlive
the pl asrs dbaras MBrsapbralsd ffoRIAE §eb GudpBndsd MEhict dcintildlibretiqlid | (EdoNaNle INEN) ardcolited) f
i quid LB ngcd poma deoet@t snooth mxing at [err]for one night. 10 m of each
cul ture was ernpihizyway, thedDADRUOsWatibreof 4B80nodifiedojrotéiis wee duantitetivelgl deteriviined.at ed at
[err]. for 2 hdmwe sesaltschbtathed e reporfediin the Olidwing Table At t he end of said peri od,
5the\-rfultures were centrifuged at 10,000 r.p.m for 15 mnutes at [err], the
10 supene®ants discarded, the cells recoW&EH and t hen resuspended in 3.2
m of 2.5% sucrose, 10 mM Tris- HO (pH 8.0), 1 nM EDTA solution. 0.1 m of

a | ysozyme sol ution (UQieRistontafing tH nbafidd Sifgefd PabP-Fldlyiatiskacivigded to the
solutions which were fhen incubated at [err] fof 3ffie Modiidesd.%$ Ml of a

| ysis buffer (1% Trit T Ts—HC—pH 6.0, Osmvn:uA) was t hen
added to ®ach sol utioh Whl ch wagrr Eﬁt ained at |err] fog%15 m nyt es and at
15 [err] for 30 mnute Af ter oqg pafll NUt e soni gation e m xtyres
containing the |ysed ceI I s and WESRL contents were centrl fuged at 10, 000
r.p.m for 10 m nutes| the supeppakagfts were di >carded apd t he Areci pi tates
resuspendgd in 5 ml of 1Murea ppdigri ntained aj [err]C for 30 ninutes. The
m xtures were again centrifugedpgpgsphe precipitates or cellular] contents
were recovered and 20} di ssol vedspaminpr of phos Bhate buffered sgli ne (PBS)
~and frozen at [err] .} B. Anal ysiess/gdl. t he ADP-ri bosyl ating activijty The
solutions containing fghe cell ul-@ssgantents werejcentrifuged and |t he

preci pi tases resuspended i n 100 NCO/BAL
18-A , -




!25 “ul of 8 Murea before perform ng the ADP-ri bosyl ation test. “The

‘ADP-ri bosyl ation test was perforned according to the technique described by |

Manning et al. (1984). (J. Biol. Cegpp32%33Bi49-756). 10 ul of each

sol ution was preincubated with a 20 ul solution of 100 mM of .Dithiothreitol
at 20-25 C for 30 mnutes and then added to 10 ul of ox retina honpbgenate
(ROS) , 80 ultts glariycapparent om whatris diseleepd inotable Lthat thesequerigas feypwinghthe My $iiR(1X9P
sol ution, Rosiipn)dre noh nervesEsTPasseppeRed dnthe otemnab?eqvm far tie ARRwibopylation @gtivitygf)
[err]RNAD e StURt ures were then reacted at anbient tenperature ([err])
for*"@% m ngt es gnd after centrifuga- tion, the residues containing the ROS.
were tFecov d dissolved in 30 ul of SOdI um dodecyl sul phate (SDS)

buf fer “and J d5eh 90 nfedd; i B B6L Y AIY. 46 o Bhafhcctrophoresis al

then subject g¢ | Q;fﬁ,utﬁ b sude ea%dwa%ﬁwo%ﬁ%nm@ wrsmwnféaubed
& iﬁiﬁ%&ﬁo o 1008 ol

from the, O m 30U ofdabti bt tle! EROAIGRY hlhawe a8p dups houNEN)

and count ed Iy BighdBdrrmiktard Whthen Ibddled b £3%@Yarosh B8 af Statéd & 9§bh 3 BOBuraf t he

nodi fied pr Otlﬁhﬁf?'v;‘fﬁﬁo Haha8 rbrb @bpareldyond O 8,500 Bpdntaifing the sctvk bk thd btAdr RESboapE
reported i Bordifingfitidl et coduB lid? thd:S140bunit.

TABLE | Pl asrine socctpband wasiferi dlsttroraiotied areith.Silg gicthe frayibientrandd 0.8 \np at ihe Bluesttipt 8Kt y
of the nedisraiegbn&1Sah Hijegd,SCA) plasmid, previously digested with the EcoRl anB HindM(@63triction enzymes
100 PTE NRWere suspended in 20 ul of buffer solution (66 M FSEHMBAH 75 E @AATRTE réiPiVgSR, 10 mM
PTE 16- A PPithiateital) SfHinkdd WDethes ) Be\prostney AU Th BNA ligase at 15°C for 18 hours.

NCO' BAL 18- A The liggseomizip2 8&3thpn employed| gl Retont M otR1 W o0l eplis) jprds thgs e d
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ogh
not “rec@ds Bl BroyhiogpleciopyRssTie )er@zpwefns*% rwcg' e '
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was then | Q etﬂ? %’t % er@sﬂdﬁ %&H&&Ew@r&%ﬁmﬁgﬂ Q7+ égfoh‘g’-ﬁﬁ Surs, | N
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*The 600 shp sk m&aM@spr aeg, PRdgbf- el uted and 0.2 uG of the fragnent and 0.3
ng of the Bl u@scCtsimihutssiat dRbibrbtenipbrR@RNR0-2558)) tHal rRighre wai Jenfiifugednat d2,000 P\, G S|
di gest ed Winirldtes ireanEEppéddo behtrifiga at 20+ Cr 48 el phbde B0 @staversd Sosusbomded s 106 i FE (10N
20 ul of buiM Bis-HOLpH7iSONMUEDTANUTeri s- HCl, pH 7.5, 1 nM ATP, 10 nM MyCi 2, 10
mM Di t hi ot hr dihe sblytiomwas thenrdxteatteti gt witbrone vplttn‘we)f paterssatucted ohenQIUW[cemnl} etmrklﬁther

| i gase at pust firally, dhe siRlehstranded halixeDNA wesspredigitated bie adding to Henacueqys phasel 26@ ! of

t ransf or m etenobandrif uhpf 3] M Emmonipm japetaie The; DA as papareted, frem de frixire byeqnsifugation,

sel ected o mgﬁpmdé% in20 Wl pf Eigyuffer; 30 |lepaioyrd farcite-ditprtad "\Aﬁﬁﬂ"ﬁ'ﬂ QZP'hf et QY B 478-PTG

888Dt hj o aI acto ranosi de) and 20 u

| /
Sb((r)r?gy4 c Hiedhis, _, M‘ﬂfp ‘géyvgg't 1he bpses, gedingJor at 13 3{ g de?ﬁq gmino acids

i ncubatéﬁ a'P 'E‘fdff jag B syf§° vihi Flus DNA
| t
e The s g i a‘iffn?"éﬁéﬁgd e ﬁﬁa' é g% kgl
the cl oned eotl Wrpor u t I'va
m LB |igurd {0 Thia AT, rofid)xkﬁ fisu@en(saﬁ M Piis- 'éo}’mo(:%g&zfﬂé‘ltof%o

nm of aboutnl\polﬁnﬁﬂ\reltol (DTT) and § U of polynucleotide kinase (Boehringer) were added to 3 mM of the synthetic
oligonucleotide and the final volume was brought yp to 20 ul.

The mixiure was incubated at 37 * C for 30 minutes and the enzyme inactivated at 70 * C for 10 minutes.

1 1.g of the single sirand used as a template, 1 1l of 1 mM Tris-HCI, pH 8.0, and 10 mM MgCl in 1

so0 volume of 10 X Kinase buffer were added to 2 ul of the primer.

The mixture was maintained at 80 °C for about 3 minutes and then at ambient temperature for about 1
hour. 10 i of 1 mM Tris-CHI, pH 8.0, 10 mM MgClz buffer, 0.05 mM ATP, 1 mM DTT, 0.5 mM of the four
deoxynucleotides, 1 U of T4 DNA ligase and 25 U of | DNA polymerase (Klenow Fragment) were
subsequently added.

85 The mixture was incubated at 15°C for one night and then used to fransform JM 101 E, coli cells as
illustrated above.

The plasmids containing the mutated S1 gene were then identified by hybridization using as a probe
the primer used for the mutagenesis, labelled with 32P. The nitrocellulose filters containing the transformed
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f10 ul of‘ an F1 phage (Strat agene San Diego, CA) suspension in LB (5 x [err]
‘phages/ m ) was subsequent |y added to the cultures and the resulting
solutions were maintained at [err] fEpof2B533@Irs. At the end of said S
period, the cells were separated fromthe culture nmedium by centrifugation
and the supernatant recovered. 20% pol yet hyl ene choI PEG) and 2.5 nM NaCl
wer e added edturs meregfybridided iREXSSE | HERBAT RIS Myrgd Qﬂﬁﬂrt'tis& igm (ciiate. d@xDephardts

15 mi nut es 4t% Bfit18nFicalletsp Peludnylogrrafi ‘E‘P)rﬂ“ 0.2 pdppyisulhate fti2p3 e‘af%tla

12, 000 r-. p. hpurs gnd Benpashedsior ??%;52;} ?"t‘!%ff'ftgr‘F'f"EPgaé“'%& “BeP) 35 A £omytants

O

QL28e2p gd 055 tﬁ""
EB?—% off re}é%’rﬁé';] s P't?ti'?g &ee't!r '% 8. ek o e f%’f%ua o © l

" o Ecn:ﬁ-rg f§§1 I g ©
ﬁ ngrﬁsep %@; @usrtg

wat er - sat ur Jethgd
Was separ at

the m xt ”1]59 by cent-me AL Ak . @snded |n 20 ul of TE buffer and

enpl oyed for site- dopReceAcEBATACCEETATGACTTCEaCCGd-650l . DNA, 3, 479-
'488,1984). To this &ard;acgt\cmbegmmcmomeobc@bsd he bases coding for at

| east one of bphe despi gheliakiihé ndos3i threonihe woR sabs@d Witk glutamic atid @fid iscleucing fospeo+
anot her am no aci d, tivéigeing the TEGAGAEEICAGCEEERTPrimbr. a 1 Pl us DNA synt hesi zer
Syst em (Becknman) authersartdsponting jenrwasSnodiied fugonul eot i des, conpl enentary to
the sequence presenthei 250-ABCGETT GETCEOCAGOARGI77DIgsquehcs 1vas| changadiato BF#:AGCAGTRACSK
pl asmi d, were used QECTSCATRAQS-778r t he DNA pol ynerase which transcribes the

whol e Bl uescr Pt ntﬂammuesmwhamwm psingikp GIRSCRRCITCTAGAM pdresit. | n
the primer. 45 Thogprresponding gepe aFpmodified thugif 10 X Ki nase buffer 550) mv

stranded helq1 JaS
of ethanol and 10 " Al

Tri &HCl ,2pH 8.0, 1the° GPPRFCEC-020) sequence wes chrnaey! inkg %Pﬂf‘m CEE P 5
U of pol ynucl &6t i de'R 8 &Rt F'I’Rj@t't?d Weth gtveingyudng; the L1, S c
ol i gonucl eoti de an "t'ﬁé f| n voI ume rought up to 20 ul. The mxture

was i ncubated at 37

for 10 mnuteg70 uge

Tri s- HCl
were added to 2 ul

e e tg [err]
gsb t%d %; q |c d A% ﬁt‘m ?Im;! mM
thu

: armd gbiceedagéadedss] for
about 3 minut gg andullieiin ass. etmeww pac.@tm.u thelabGiiaaGiétddacal -
1 MM Tris-CH, pH &mc%gmw%%g,gs@uﬁ @gWnbtP, 1 MV DTT,” 0.5 mv of
‘the four geoxynucl egs bréemsacEALLTICS obwea&atgamto%vémemmmmas
pol yner ase (KhAasow dohaigsms tombidl a6 sndiyarsasis] y added. 55 The m xture
was incubat ed2at [ er2ejgiufamic aeiavas supstitutarwithiglyeine using thel GLCAGATRIOBGOT GGG firinek.
coil cells as ill ustheabespandiny gene Waempdified thusis cont ai ni ng the nutated S1
gene were then i denthée S90AGOGAATATIONTH10007saguUs0ce vias Chragged It 290AGICGCERATQIr 100 used
for the mat ag@hesi s135/apginine wassubftituted with glutamiCiaeid nﬂt!qtb%wmm primer.
cont ai ni ng t he tranBfecprmsdondipg goneMas Modifipd t®g3 B1 cul t ur es Were br| d| zed
in 6 x SSC (1xSSC=0the190QCREATT cqecaﬂmwww G'i'?ﬂ%th'%!(léo'

r@zr dts (198BSA, 1E9:Hpanige was substitsigdi sl P"’“e"
Sod

m dodecy! sul ph'Htaé“' 33 '“&93“2(3’3? °d‘ﬂ°€“1"6r 18 hours
2 hours ifl 6xSsC at! Tqup]”?s%g %H&*%w&&ﬁ"g‘f
(Lerr]) 28, 2z and%. s.mg o and 4% s,rsrtdgﬁ. fon 312
mutations wer & conf ﬁ n¥ OE AEE osgig,pe
CC (ﬁ% GT.

according to the
reported gbove, mere

prepared as foll Omm%ﬁ'cGACAcﬁATdéé@{dlﬁT-@wj 9 argi nr ne vvere subst [ tut ed
‘wWith Aspartic acid gHabTCGKCACIEATEEBEACACTEEYGGEEICART-bsde GT CATAGCCGT CTACGGT
priner. 10 The plasmids [dbRtalRg RS S oo Ferd AYEstdagainWith: the EcoRI and Hindlil restriction
620- CGCCACC(ghArinas ahd thé DNAGraGinéAtCEHAtdmigOthe above mentioned mutations separated from the digestion

- 620- CGCCAGCEhadiré\G(gell AidctibphbasisGiléstaedaDand2cloned in 1hé PE84B bezton it & digaaadnbhide as

t hr eoni ne weeperteddbete. t ut ed wWith glutam c acid and i sol euci ne respec- '
‘tively, using ThHedig@eBABASCTGAGSOBIENsipmM svitable KIS AH1, Atrp E, coli célitand the transformants
cor r espondi rigplatedior LBagar mediim icentpiririg 30 ngmh of AMBRIllin@RICETTCGTCTCCACCAGC- 770

sequence was cH@nepsitive elengs Tomaini@Che Takted pE@ideMAarCherCeuttivgted in LB liquid medium as
55 reported in Example 2 and, after cellular lysis, the ADP-ribosylating -activity of the S1 subunits so obtained

- was determined.
The results are reported in the following Table I:
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g25:‘ D9 .glycine was substituted with glutanc acid using the

" CTGECGECTTCGTAGAAA prinmer. The correspondi ng gene was nodi fied thus: 20 RO
t he 910- TACGGCGCCGC-920 sequence weso@RasgEB1i nt o 910- TACGAAGCCGC- 920. 17: " ..
109 aspartic acid was substituted with glycine using the
CTGGTAGGTGICCAGCGCECC pri ner. The corresBondi ng gene was nodified thus; the
930- GTCGACACTTA- 940 sequence was change@®ht o 930- GTCGGCACTTA- 940. 25

27, 121 glycine was substituted by glutam c acid ing the -
GCCAGCGCTTCGGCGAGG pri ner . | iantsibnhs ) O ROp-fishs@ftingactas onhpdi f i ed thus: the
956:CCCCECCCCCT- 966 sequenpe was changedhd mitRembunI@FANGCCCT- 966. 16:

4

Al anie %in position 124 wa bUJQFﬂ'TU[EO W aspartrc agi d using the
GCCATAAGTGCCGACG  TATTC pr | mer ,,, The cgrrespondifig gene pas nodi fied thus:
30 . the 976- TGGC::ACCi?C— 984 |sequencggyvas changed into

976- TGGACACCTAC- 986. 1716: ceptains |the conbyped 16 apd 17 nutations. 28:
129 gl ut"iT_n‘i c acid was subsjitubped with glycingsgsi ng th¢ GCCAGATACCCGCTCTGG
priner. The corresponding penesmas nodified thys: the 990- AGCGAATATCT- 1000
sequence was changed i nto P90- AECGCGEGTATCT- 100050 35 29: 135 argini ne
was substituted with glutapm c agizd usiilng t he GB$GAATGT GIG priner. The
correspondi ng gene was nod|fiedgthus: |the 10108 GCGCATT - 1020 sequence
was chapged into 1010- GGACATTC@C- 102Q. 31: 82159 t hr ¢oni ne was
substituted with |ysine us{ng Bhe TACICCGTTTTG@®IGGIC prifnmer. The

correspondi ng gene was nodffi e8ppEhus: {40 100
1070- CATCACCGGECGAGACCACGACCACGLAGTA- 1090 was Chapged I nto 107Q- GCATCAC—
COGCGAGACCA 654 ABrids 26ntaining redpbltivbiy HRSGERE of\B.Sperubiid i 141l akd thb

gl yeihe 20 Fupbiar ticof BVirbHEhkaptiea Malvick arsdupl i cation of a priner fragnent,
the inserti Ofm@lesiitd Popbiidd abbVe the Hutaid 88, GA Which fhé) SubSRHEIS of DAY R Erflind &tid deslted in

posi tion Llig cétpididiossith Sl atibdiariginforgtingrer . The correspondi ng

gene was 45 nodi fied thus: 930- GTCGACACTTATGGCGACAAT- 950
930- GTCGACHIaIMSGT GGCGACACTGGTGECGACAAT- 950. The pl asmids contai ning the Sl
gene wefe digested again with the EcoRl and Hindl Il restriction enzymes and

the DNA fr agrenitvmoeingizallyi astiyetdolypeplidey withvemen rgdused towicitys besfut fos dhooprepattiont of am
the di gesti orsnt@riussis xacging whereinye4id pglyneptide sentainsdhesSt subiitiof e pef o meqitig e d
in the PEx- 34B thecwbgiutiomofanjamisa geid with anotherccapabley of destroyieg riesyeing ﬁ"ﬂé’xw%%{%
‘mi Xt ur eg, wer evithab aitering the imqunlegical-amperdiey therpof wherpip @t leqs glutarpie Aoig-(129) i qubslipyjef 5
and the t randftBePASt ¥MiNgidat ed on LB agar medi um containing 30 ug/m of

Ampi cil | t .. Th it | ons t ai.ni th tLdpl; ]
wer e then' Zoih pmebige S oot eine 28iHeRay af et e BB o A
after cell ul &PYETTLEe PPRESRE™ i hosyl ating activity of the Sl subunits so

oDt ai neds vgs A1gh Sl BCsye TP of S8 oSyl WBPSS AL daech 'S Lo wbolhs
. - f ]
!’all:t [ \jl-llt y of Ptggg%%%%%ﬁ%ﬂn& %\Ajﬁﬂlﬂgsis uni-ts ri bgngat i'ng

0 25 ; 4. A method for thégﬂe dration of a polypeptide according 4 aﬂyﬂ one of the preceding claims
26 comprising: 19 57 43 16 :

: “. a) modifying by direct mutagenesis the gene coding for the S1 subunit of the pertussis toxin by
substituting in one or more sites of the DNA molecule the base sequence for an amino acid with a
base sequence which codes for a different amino acid wherein at least the base sequence which
codes for glutamic acid in position 129 is substituted for a base sequence which codes for a
different amino acid;

b) constructing a hybrid plasmid linking a cloning vector with the DNA fragment containing the gene
coding for the modified S$1 subunit;

c) transforming a host microorganism with a hybrid plasmid obtained as in b);

d) cultivating a transformed microorganism in a suitable culture medium in the presence of a carbon,
nitrogen and mineral salts sources and finally,

o) recovering the polypeptide containing the modified subunit from the culture medium or from the
celis.

50

5. A method according to claim 4, whersin in the step a) the gene coding for the S1 subunit is contained
in the pertussis toxin operon.

6. A method according to claim 4, whersin in the step b) the DNA fragment contains additionally at least
one gene coding for the S2, S3, S4 or S5 subunits of the pertussis toxin.
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1617 -« 23 28 - 0 15

29 92 31 , 100 BppB____.
100 BppB and BBp are S1 hybrids b3k4¥0p{ espectively the gene of B.
pertussls up to Sall and the remaﬁlégégi]sectfon of B. br onmﬂﬂﬂlmummlll
vice versa. The results reported above the nutant 28,

substitution of only one amino acid rasaéled in the corrpl éte®l oks bf Y
enzymatic activity, seemparticularly interesting. ainms 25.1. ‘An g

i munol ogi cal Iy active pdlypgRtshélane™ {AbPioSYiathadtiiy & | oxicity, useful for
t He preparati on of an antji pertu55| S /a%imedmn@é@)shl d pol ypeptide
contaitfhs the S1 subunit gf Lm,f per-tupsts—toxt .. modt++efl by the substitution

of an amino acid with andt her*icapabl ¢ of destr yi ng or{reducing the
toxicity of S1 without allteriqig the | munol oqﬁcal propgrties thereof

wherein at | east gl ut am'ﬁ aci@ (129)|is substliuted 30 wi t h anot her
am no 19ci d. 2. A polypeptli de gccordi hg to clggm.1l, conjaining additionally
at least one of the S2, $3, and Sp subunlt of the pertussis toxin. 35

A pol ypeptide according tjo clgim2, pherein t S2, S3] S4 and S5 subunits
have the sane arrangenent] as {ghat present in she naturpl pertussis toxin.
4. A nethod for the prepgratign of ajpol ypeptigle accorg¢ling to any one of

t he prygceding clains congrisigeg: a) podifyi ngedby direcy nutagenesis the
gene coding for the S1 sdbunig of the pertusses toxin by substituting in
one or nore sites of the |DNA BppBecul ¢ t he base sequencg for an am no acid
with a base sequence whi ci COOES To0r a difterent amno acid wherein at

| egst t he e t S
subst iz ;&? g =d %&bgﬁg,*;g%ﬁg%m%%@ P dond'Gn £ defruRfiSie! & Y dPybs
constructi nge r'i*es borte@ hER94TING mutaRt<Sa B vhich ltR SuBERMGCH: Ghily bhe dikd RidMMited in

fragment %Q%ﬁét@l&goftﬂi&n%ﬁﬁc&‘ﬁdﬂy%e Qéhrtid ,{)mwsﬁ nged S1 subunit; c).
transformng a host mcroorganismwth a hybrid plasm d obtai ned as in b);

d) cultlwxmgg a transfornmed microorganismin a-suitable culture nmediumin
t he pr®sence of a ‘carbon, nitrogen and mineral salts sources and finally,
e) recovari mmtniwolgmdayspeth’ plelypeptide awith i na pr trévlgcatotdxidity cubefgltou the t préperationt df @n

cul t ur e nedintivertossisfvacsinet Wereinciaid polypeptide ¢retaing the £ subudit pfghe periuésisi towinimodifiedr ei n
in the stepbyalpe substitefiomof eroaminecpcidoyithtanethes apablp ohdestroving o6 rrducingelile BRiclty of S t he
pertusgi s twkpu atgseg tha immunolagicb praprities dherotivhetpin & leapt-gluiamic acihde® ispubsitutele
step b) theW‘BNAm\‘qfa@W%ﬁ?'d contains additionally at |east one gene coding for
t he S2, 83 S4 or S5 subunits of the rPertusms to P.0.322 §3 B1
Table |12 " A polypeptide according to claim 1 contg ngmddgonalm q\ﬁ?séﬁree fu‘B?l ﬁ?’t %3 S4 and

ADP-r i bosylsé‘P‘f%°féE°t'?°9Fﬁs?W the nutated subunits (% 41

262]2.0 % 8 A polypeptide aocordlng tc2> claim 2, wherein the S2, S3, %P chi%s suEngs él?ve the same
43 16 - arrangement as that presg?)t "}Ltgi r}atural rtussis toxin. 23 28
0 4, A method for the preparation of a polypeptide according to any one of the precedmg claims
comprising:
a) modifying by direct mutagenesis the gene coding for the S1 subunit of the pertussis toxin by
substituting in one or more sites of the DNA molecule the base sequence for an amino acid with a
base sequence which codes for a different amino acid wherein at least the base sequence which
codes for glutamic acid in posmon 129 is substxtuted for a base sequence which codes for a
different amino acid;
b) constructing a hybrid plasmid linking a clonmg vector with the DNA fragment contammg the gene
coding for the modified $1 subunit;
¢) transforming a host microorganism with a hybrid plasmid obtained as in b);
d) cultivating a transformed microorganism in a suitable culture medium in the presence of a carbon,
nitrogen and mineral salts sources and finally,
e) recovermg the polypeptidé containing the modified subunit from the culture medium or from the
cells.

50

5. A method according to claim 4, wherein in the step a) the gene coding for the S1 subunit is contained

55 in the pertussis toxin operon.

6. A method according to claim 4, wherein in the step b) the DNA fragment contains additionally at least
one gene coding for the S2, S3, S$4 or S5 subunits of the pertussis toxin.

12



15 * i 29

100 BppB 100 BppB and BBp are -S1 hybrids mﬁgﬁ ‘!\
respectively the gene of B. pertussigp opg225338tl | and the \‘ ﬂm‘

of B. bronchiseptica and vice versa. The results reporte ove't he - rrut ant
28, in which the substitution of only one anmino acid resulted in the

conpl et e | 03s Mmethpebacserdipanta Fleimafs twhorbip \paid GNSRR9-ArauPRd.In dhq GPeroR WhicR SpdeR dor the
Clains 25 1. Aetyssixiv®dl ogi cal |y active pol ypeptide with no or reduced
toxicity, useful for the, reparatlon of , an antipertussi s vaccine, where

sai §_pol yper ot espote tt?téla 1n G S, IR o, P 9 @Ry
t he subst tutl‘iﬁ'ﬁ‘ o101 e yegﬁ%t her capabl e of destroying or

d h
her cof whefe fafed S m%ﬁ‘&é‘%”%%?&%ﬁ%%ms RSP ahother
am no acid. 3056%"@9'@2%39%3% and Sé}g,g,hg mictddigRishns. cont ai ning additionally

at | east ,pne the S units of the pertussis toxin. 35 A

pol ypept i G 180405 RbéMlsdiOvdebint Bantaining!\ rBiapoulidy SiRctivEHuansy Nl 1635t ¢ndebdptde
have the sane Rsdrdiilie @M dne dbcidihat 1ol@ €sent in the natural pertussis toxin.
4. A nmethod for the preparation of a pol ypeptide according to any one of

t he precedi ng K genb aodinglor an imunoPgitdly adjve )ypsptick ds\detingd In\anyloneat tiainme i ag®NeEsi S
t he gene soding for the S1 subunit of the pertussis toxin by substituting

i n one or nos-eA lybtidplasadid ¢dnainblhe godecaslefined nelalbat?e sequence for an am no
acid with a base sequence which codes for a different am no acid wherein at
| east the ba%ecA mistpgwenism tansioimed witfea hybrid plgdmid esrdetined iniclgin 18- posi tion 129 is
substjtuted for a base sequence which codes for a different am no acid; b)
const uct?p n§atengspialep) asnid 1inking a cloning vector with the DNA

f ragnment conta| nlél‘g t he I%ene codln for the rm |f| subupi t; %

t ransf or mi nd °9f?F'b? 2 P%"H‘i' %%8%? b:(é{’f_ Horgpel
d) cultivati ngin dgm ? d|e bstitu on el t%s Lo nepan die iAo 30
the pr eSgpce Bbe dﬁerz duzieren ﬁolﬁa él

ig ist, die Toxizi
finally, e) re RXe%(ehJ‘& b

irh&dzﬁq’grgunﬁ} riom

the culture rre I 'um or ro.‘r'%ﬁt‘a ce éh ﬁjg%&% met'?to%J accor Ing to claim4,
wherein in phepchhgh %;chtﬁ.spr&%nez&micnqnttamanatrmﬁdeéians%mlaea GntdrSintodhl Rl 85 &4iuky
the pertussi s gk PoRR&sfikins 0- A Method according to claim4, wherein in
“the stepgp) the DNA fragnent cont ains additionally at | east one gene codi ng
for the S2, 3S53olypéptianachoAnSpHiviry, wbePdie URtSreiaRuitér IS 1S3, S4Qid B5 didsbibe Anbridnig Siddie
533 B1 im natlrlicheh Petussis-ToxI voflegefide/haber. et hod according to claim 6,
wherein said genes are grouped in the operon which codes for the pertussis
toxin. A ne#hotriateordi Hestéliong leinesTPdiypepiits recn einem tdee verangeganyenbm cPatentanspriiche,
m cr oor gadi smungasséndsen in the group 5 conprising, Escherichia coli,
baci | | us and yed®tMedifigoruny destiirslis Siclntarelihaly descPentissistTons optiiererden Getecdurch direkte
mcr oor gani sm i Muagenese drelt Gubstisition et Baspy-Sequ@nz filE eing| Amingsye 28 Singrggder mghreren
67543, transf or fialiemees, Bhf-Weleklls ryrch wine 1Basenpequenyt ig, ing arelgfecAningsayre, godiert, wobei
contai ni 39 a thép @Eﬂsl%? sé'i"P%f’P\f’éf tarpinstiyrg in °s%§l?" F?Qd-?f"erbﬁé“”ﬂ)@f'?lﬁéfﬁeﬁe

accordin

to an@ tm ie gn |

i mmunol ogi cal | yW '5’8' idsy ‘f'@pﬁﬁg 9"5'93"8%@ qerp PR

15 13. A hybrid ﬂ%‘% rgk RoRTe a§§ 9,4 o

m cr oor ganl smt r M, ook aﬁl?yms n & k[;]m eﬁiu;flsiéegen-
wart einer Kohlenstoff- Stlckstoff- und Mineralsaiz-Quelle und, schlleBllch

(e) Gewinnung des Polypeptids, enthaltend die modifizierte Untereinheit aus dem Kulturmedium oder
aus den Zellen.

6. Verfahren nach Anspruch 4, wobei in Schiitt (a) das flir die S1-Untereinheit codierende Gen im
50 Pertussis-Toxin-Operon enthalten ist.

6. Verfahren nach Anspruch 4, wobei in Schritt (b) das DNA-Fragment zus#tzlich mindestens ein Gen
enthilt, das flr die Untereinheiten S2, S3, S4 oder S5 des Pertussis-Toxins codiert.

85 7. Verfahren nach Anspruch 6, wobei die Gene in dem Operon angeordnet sind, das flir das Periussis-
Toxin codiert. .
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20 * Pat ent ansprUche 1. Irmunol ogi sch aktives Pol ypeptid m

‘reduzi erter Toxizi tat, verwendbar fUr die Herstellung ei nHm
Ant i pertussi s-| npf st offes wobei dgsof3ebggeptid die Si-Un mm"u""m,”", e
Pertussis-Toxins enth3ilt, nodifiziert durch die Substitutioneitner s

Ami nosdure durch eine andere, die fahig ist, die Toxizitlt von 25 Sl zu
zer st or en ®d¥eriahien naghiAnbrsych 4, wabkirie Sqeritde dey M'WBW"@Q‘P%% derergen Susganahts wirdz
ver ander n, wdigdischetichiaccol. Bpcillugynek Hefen yefek e (129) durch eine andere

Am nosaure substitulert wird. 2. Pol éﬁﬁ?p@' d nach Ans é zusitzlich
ent hal .t end®m Viardpbrop a7ch Assarych §oyobeldpryi [, EsgherichisColi °?|I’1l§t‘ S5 des

LPJﬁ'[ EEZ?hﬁeﬁ)g@f@@ﬁﬁfg%l %@'&F’B%Aﬂiﬁ’é%%ﬁﬂﬁa Wgeijl gl ?m natlrlichen
Eglr ;;Z;It IS d:sl;O)lémP XU%sls-m d?mﬁ%ﬁ %g\egt}]er gﬁ@%&g l?gh"faansnlgg @Ld%ér%%ﬂleg I’&?p%p’ads
unf assepg: |f|2| e ung (?es fOr d| e Sl-Untereinheit des

Pertus 5' S- 'iEO)@eﬁ' Ua€ O InfiROGlReN SRS Pdiybeptia Wb incdidem d¥HARBAERSIbiscH deRiflert codiert.

Substitution der Basen-Sequenz fUr eline Amnosiure an mner oder nehreren
Stell en defa. Phiddasnal dhthateid &8 whihAhspachenzeRftisrd Ben.di € si ne andere
Am nosaure codi ert, wobei m ndestens di e Basensequenz, die f(Ir
d ul am s ata Mikrsorganisis] wensfimidbrienickindmtHybiitiplasrhid eerke AdspadntSalefinidt. guenz
substituiert wird, die far eine andere Am nosiure codiert (b) Konstruktion
si nes HybrReyphdieatioos durch Liglerung eines O onierungsvektors mt dem DNA-
Fr agnent, das das Gen far die nodifizierte Sl-Untereinheit enthalt; (c
nsf or et Grlyeaplidech agtiyé dmmwolegiaugaNans Hipstorighg nellerou widyianpiite pay lagrépareion dan
dpPBsni aaocmoﬁj'ﬂczwvsmag (agvm&ss'f)r 9a78 I@th'ﬁsmpelmpem' ragefieptd ﬁlsg'ﬁw s $1 48 Rem

eel net en K iép, par Ja;substitution anmhﬂer ou
%t i ckstof 1 - ‘%ﬁé’&lsﬂ P o prp AL Aol eg“% it g Leside
Pol ypept i ds, g@ﬁ["f?é{?pé &gt PTG Py iU pte g 'UFIP'E i nheit aus dem Kul t ur medi um
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