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In a sixth aspect of the invention there is provided a polypeptide encoded by the
polynucleotide of the invention.

In a seventh aspect of the invention there is provided a process for making a bacterial toxin

20 comprising the steps of a) growing a culture of the bacterial host cell of the invention and b)
inducing expression of the polypeptide such that a bacterial toxoid is expressed
periplasmically.

In an eighth aspect of the invention there is provided a process for making a conjugate
25  comprising the steps of a) making a bacterial toxin using the process of the invention and b)
conjugating the bacterial toxin of step a) to an antigen.

In a ninth aspect of the invention there is provided a process for manufacturing a vaccine
comprising the steps of a) making a bacterial toxin or conjugate using the process of the

30 invention and b) mixing the bacterial toxin or conjugate thereof with a pharmaceutically
acceptable excipient.
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Description of the figures

Figure 1 — Overview of the cloning process to produce the CRM197-signal sequence
constructs. A section of DNA encoding a signal sequence fused to the N-terminus of CRM197
5 is cut from plasmid A by Ndel and Sacl digestion. The C-terminal sequence of CRM197 SEQ
ID NO:31 is cut from plasmid B by Aatll and Xhol digestion. These two sequences are spliced
into a pET26b vector by digestion of the pET26b vector with Ndel, Sacl, Aatll and Xhol and
ligation using DNA ligase. The resulting vector (pRIT16668) was used to produce the other
signal sequence-CRM197 constructs by digesting plasmids containing the signal sequences
10 and the pRIT16668 vector with Agel and Ndel and splicing these together using DNA ligase.

Figure 2 — Overview of the cloning process to produce constructs containing the CRM197

sequence without an N-terminal signal sequence (pRIT16669). This was carried out by

inserting a PCR fragment encoding CRM197 into pRIT16668 using Ndel and Aatll digestion
15  followed by ligation.

Figure 3 — Overview of the cloning process to produce constructs containing the Flgl signal

sequence. This was carried out by inserting a PCR fragment encoding the CRM197 and the

Figl signal sequence (SEQ ID NO: 23) into pRIT16669 using Ndel and Aatll digestion
20  followed by ligation. This produced the plasmid pRIT16681.

Figure 4 — Gels demonstrating induction of DsbA-CRM197 3 hours after treatment with IPTG
at 30°C in three different strains. Novex TG 10-20% gel was used. Panel A gel is a Western
blot stained using anti-DTPa and anti-mouse NBT-BCIP. Panel B gel is stained using

25 Coomassie blue. Lane 1 contains the molecular weight marker, lane 2 contains a BLR(DE3)
strain which has not been induced, lane 3 contains a BLR(DE3) strain which has been
induced, lane 4 contains a B834 (DE3) strain which has not been induced, lane 5 contains a
B384 (DE3) strain which has been induced and lane 6 contains an HMS174(DE3) strain
which has been induced.
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Figure 5 — Gels demonstrating expression of CRM-197 in the bacterial cell and in the culture
medium. Panel B gel shows a Western blot, stained using anti-DTPa and anti-mouse NBT-
BCIP. Panel A is stained using Coomassie blue. The contents of each lane are described in
the table below:
Lane Signal Culture temperature SEQ ID NO | SEQ ID NO

Number | sequence nucleotide Amino acid

1 DsbA Overnight 23°C 25 26

2 OmpA Overnight 23°C 5 6

3 NspA Overnight 23°C 7 8

4 Flgl Overnight 23°C 23 24

5 TolB Overnight 23°C 19 20

6 SfmC Overnight 23°C 11 12

7 TorT Overnight 23°C 9 10

8 FocC Overnight 23°C 13 14

9 Ccmh Overnight 23°C 15 16

10 Yrail Overnight 23°C 17 18

11 NikA Overnight 23°C 21 22

12 PhtE Overnight 23°C 1 2

13 SipA Overnight 23°C 3 4

14 Marker 250,150,100

75,50,37,25,20

15 DsbA Non induced 25 26

16 DsbA Overnight 30°C 25 26

17 FocC Overnight 30°C 13 14

18 CcmH Overnight 30°C 15 16

35
Table 1



15 DsbA Non induced 25 26 16 DsbA Overnight 30C 25 26 17 FocC Overni ght 30C
13 14 18 CcnH Overnight 30C 15 16 35 Table 1 Figure 6 - Cels
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CRML97 production. Detail ed descrl ption of the i nvent| on Definitions
Thet er ni Pol ynucl eoti de(s) "general | yref erstoanypol yri bonucl eoti deor
pol ydeoxy Detailerliddse optiagheof thdhingéntivay be unnodi fied RNA or DNA or nodified RNA
or DN i ncl udi ng single and doubl e-stranded regi ons/forns.
Definitions
The term  "Polynucleotide(s)" generally refers to any polyribonucleotide or
polydeoxyribonucleotide, which may be unmodified RNA or DNA or modified RNA or DNA
including single and double-stranded regions/forms.
45
The term polypeptide refers to any peptide comprising at least ten amino acids.

The term "polynucleotide encoding a peptide" as used herein encompasses polynucleotides
that include a sequence encoding a peptide or polypeptide of the invention. The term also

50 encompasses polynucleotides that include a single continuous region or discontinuous regions
encoding the peptide or polypeptide (for example, polynucleotides interrupted by integrated
phage, an integrated insertion sequence, an integrated vector sequence, an integrated
transposon sequence, or due to RNA editing or genomic DNA reorganization) together with
additional regions, that also may contain coding and/or non-coding sequences.

55
Polynucleotide “variants of the 5 signal sequence portion" are polynucleotide sequences
encoding signal sequences which contain, 1, 2, 3, 4 or 5 amino acid substitution, amino acid
addition or amino acid deletion mutations compared to the corresponding wild type signal
sequence.

60



The term pol ypeptide refers to any peptide conprising at |east ten am no
acids. The term "pol ynucl eoti de encodi ng a peptide" as used herein
enconpasswee 2poloseiiel eoti des that include a sequence encedirmp@opepui de or
pol ypeptide of the invention. The termalso 50 enconpasses pol ynucl eotides
that i ncl yle, B SLOSLEABANE RUBHS . SALON. QL. HiSFORLIIUONS JLEBLonS cepcod ng
t he peptiér%t I pol'ypep o d@ r(ef or ~exa rl ?ynuc eotides in rupt ed by

i ntegrated phage, an integrated inserti on sequence an integrated vector
sequence, ARFanhif £G4 8dRdnt & IRSRRFON oFERUBNS aci®frof ¥R 4nfndDMy shiubhdathr ar
genom s Dpteireor gani zation) together with additional regions, that al so may
contain codi ng and/ or non-codi ng sequences. 55 Pol ynucl eoti de "variants of
the 5' si gnédmiseeeicpgstipimtis dre'replaeeneot 9frmne lagdtad abid Sidgareihee sm@necoidi ing

si gnal sethaepaescadiagiotegontain, 1, 2, 3, 4 or 5 anino acid substitution,

am no%acr gpladdl tion or@g;nq no gc%g délﬁlgt |ac;g mut at| ons %O@]ng eglcta%p%ﬁr%}%

corre on is the
r enoval of oI 1 t| e }{%@F I Io'lrg% Olts/"r’ngBLZ p'éll?z}c{ %% eﬁl?én 85 fdent tq{brt%taefﬁ

An " ami no”AR R BdartORY I SIS YET PTR% of one amino acid fromthe amino

acid Sequﬁtrb(eﬁerglf véfhaﬁtgré}e BbtdnalfyibolyBEPHBS A vEry FERShd fekthdn@byl BnddRBititeeP! acenment
of ongs anhkiPo a& gub%thm)ngn:me%ﬁl adedidi@ |sa&r|b§trtutéd1b)1%th@?\ﬂlﬂﬂfﬂ@@h&actéﬁlsﬁ&m ein.
10Pol ynucirgmdaigieich y@dstiteing affanidhg AR, VAIOXIUNR 0&;tanfdRg Sar dTal; ymued @et i de
sequencesadic ehidesscagand Gluy papig Aka asemreameandr@vmmsﬂm%du%%s @0% 95% 98%
or 100% i el@ntariatm)matb regsiduex Pime qdeTy/pepti de. A definition for identity is given
below. I'n general "variants" are optionally polypeptides that vary fromthe
referéhts Mgk theat iSiaal BSgANeR PREND 2EEPSHENCET WBIRR enaRAR pEBgs aoré_’sqrdue is
subst it ut %Qiarﬂvoéﬂﬁ?férs'gtﬂf't%ptﬂeke char acteri st| cs. Typr caI I y such

, among t he

substi t ut 'F°£‘ men[s ffhm?’; ortron are seq ncés v(\:/ih n’cooae ac | 2B0s p r |on
aci dic rephe ﬁ ;1 AR ol ?r'a Sohidsie
resi dpes ifandgE Sl a&f{/ltyaﬁ\%'gﬁtd'e%lth Q§1htqu@g% |E:h |s ts of the

5" si gnal jsT8HbRNE Redtédr) RRen RLAeSBIUAREH Df %tn@%n@ﬁrﬁ@rﬂeereﬁdon eﬁ\ﬁrﬁ 10, 15 or
20 am no aebdsed thedespe@natoxpe MrefRed frdghRRRAS thogefpolyhigtiebtiddstntiioh portl on" are
sequencesemdotd€h Bewrlt ordcetl epitipl] apd oetompdaiitl gofynofleditied @agtisibg sald, 15, 20, 30,
40, 50, 1pdyrorle@d fragmerts. &pliatslloffagamentsxor membyrpﬁeqte fra@mentshwiodh aogt | onal | y
25hav%0i nmt'mtlgmicc activity. A peptide with "inmunogenic activity" or vvhi ch
IS |rrrrunogen| c" |s capable (if necessar when coupled to a carrier)

raising a BHseearW? FiRlatishig hpesn VgJeO B‘EHH etsﬁﬂ'r‘er‘?ceT‘P ef er red
fragment s a?roé "E‘tﬁ% $‘8' NALIIoYN Lbec“F?fes‘S ﬁﬁe ERE 0TS B B aP

€nces. |den sequencé e ted SS b een

epi t oge qg%f abq ool HFE k sscagg)ma S R \A#jf Ec‘ﬂt' de

('t agnont sbo 1AL Oldeh R N A L

30i mmunogRBLEn Plidkad, to th’e%e lﬁ@éﬁt\rﬁed h (CBRp@Btional Moldculf Bﬂj‘tdg?n@?,k pa et ween

two or noeg, PG Mpﬁp&rsni)eprsedqwemre& 0988} BYECoRTpUlIYF RfPakicBded eidniePrsiessiences,

as t he CaSmlthimWWbed Asaddeicdressnitalv oyrk ClOap aianpgtet heal\saaqt Sapesce DaiatFae art
"i dend( t y', Gaiffie 0A.NMeang CGrifiie, HiEgrde, lifmae duesackew &reetyeth9¥dsSeqbertcadealysi8Sh

pol ypept i telegarp@iply @ruo/pedterme% ﬁﬁ'@s"fe% 108 apd steanenge bwalyais Risteer ni ned

by the rraﬁt!'l’r"kﬁ‘et'\(hé@ﬁ %V?fﬁms 6?3 e"seW V?flﬂer&mt%f'd (@fe bhe 3€adi |y

cal cul ate 'p'B St@ddett‘?fmtrt‘?o@%“t'a’ §r8r| bed

e %@%roﬁ g@ﬁfw Ao )

Pr ess nd%o@ an\
Smith, D raﬁ’tqn the Br'@g} ’et ré cIe o a(g!haby 135870 of
Sequence gtastrp, 80AdTN nlséH‘ul FBFAetl\Ah, JANRIeET Bibl i2A5: ctds 10 (m ,ankUmaNa

Press, NemAem(%wsorla&ﬂL.pﬁemaajacraatAmaéQISCrs Ush debberid4as (18ise). othe, BLWST Hei ne,
G, Ab@defandy B gegamd BQiblicyradaibeldiemdeCBlaal phkessobrcesitBLASGMansd 0AMtschil, and
Dever eux, SJ ef aledNcB] NMMIHIY HethepdaPMES 2089 NeAitsafon, |5, 19D.1J. Moh BidCa2 1ol 448418 , and
Li pman, D(199@| Ang Well kmgyh Seith Keeteiman ageritpdmay als0gsysed kpddtyapetidendist er mi ne

i denti ty are desi gned to gr ve the Iar gest match between the sequences

t est e @ s fof VH‘ERTQ g '“ ﬁ ‘%'%g”%re codified in

publl y 'T tf@@@%dg N%Sﬁcﬁgi] °' |off ram net hods to deternine
identity E %ﬁ &12 enotlirritedto, t he GAP
progr am i @a pr ogr am package ve eux ., et al., Nucleic Acids
Resear ch &,glggangt ?]aﬁy1,984)) BLASTP BLASTN (Altschul, S.F. et al., J.

Mol ec. Biol. 215: 403-410 (1990), and FASTA( Pearson and Li pman Proc. Natl.
Acad. Sci. USA 85; 2444-2448 (1988). The BLAST 50 famly of progranms is
publicly available from NCB! and ot her sources (BLAST Manual, Altschul, S.,
et al., NCB! NLM NI H Bet hesda, MD 20894; Altschul, S., et al., J. Ml.

Bi ol . 215: 403-410 (1990). The well kKifown Smith Waterman al gorrthm may al so
be used to determine identity. Parameters for polypeptide sequence

corrparr son | ncI ude the follow ng: 55AI gorrthm Needl eman and V\ﬂnsch J Mol

AT AN\ ~ = [ . V. O Y. 1T r r o



10Avai |l abl e as: The "gap" programfrom Genetics Conputer G oup, Mdison W.
These are the default paraneters for nucleic acid conparisons. The term
'signal pEptodels2:16 ' si gnal pol ypeptide' refers to a pepCiroP2eiocivsi s
capabl e of di recti ng an expressed protein to the peri plasm The term

dbaCt erbl al t OXrlc\rﬂ E'JFO essgs atr)aorrtre erts q%(l n IC@/ avatla%(e S %h The t er Fgm rgxo-bd
escri bes gr?gr )@(ﬁht(erh Geih Bl Ll LY eﬂrenﬁocr@@ Bl e A lvaten by,
for exanmphgaf, rs'f& rnegr.ses(geh@rv.t AhhiB S endBLeh | ONS O "I nser ti ons.

The terns "conpri si ng : corrprr ses" “herein |s i nt ended by
t he irwenp%ﬁrerecsfaqao@pmdrwﬂaé J:djnp'éﬂéb'ﬁtmdUde&@f@IoVMnbh the ternms "consisting
of ", " consigsiithiaf Needman 2eDWahsth sJ. bl Biolr 45 p&433v@$7A0) i n every instance.

25The t er Gohpdrepohegruusalpiiest=et 19, meeick=t00 a protein which is not native to
the cell ©gpBenatyVilich it is expressed. Simlarly the term heterol ogous

pol ypﬁr&)tr @ép'-?f@f'\e?%‘a'%% pol ypeptide which is not native to_the cell type
in whith fyalpl Ry _program frOWﬁ?”?t@PﬁOB‘BPtﬁb@WPd\éa%f‘ e8¢ 6m

C. di pht heP?f%“é“pafaé'%é% Bucéecpacﬂwg‘ﬁf‘ﬁ'sﬂgs which is different 30in sequence to
a pol ypep a onhi t.

Pol vl gy s 4Rl g'g;e‘mgr 4G bocp OB obge RN BB or g,
pol ynygl eot i des enco I ng toxr ns whi ch are peripl asm cally expressed. 35 In
gener al t hge eevansl dkinderbpaseSEABRiaEanNotde. protein facilitates the
transport of the protein into the periplasm (prokaryotic hosts) or the
secr et i onTid tetr Etopoidt deiseribee tdkme yahich halrbden)partially prokeleiebt inactiasd by, tidre

si gnal seeg@erpisethelinredtickontdh poinfaidations. gelotias ar lagaries. t he i nner nenbrane into
the p&}i Iasm c Sp agrgfngt hqeo srlﬁqal ;s?(e)@;ence S Bpﬁ?@él eb?\é]edwéﬁr %Itpngl 40
sequence | di 'éeé? g P Rfasm i f,
when it |8thP%§%ﬁ@8t'tTt8b'% eﬂ?egl'm %Eef'ﬁ‘t esctons'ﬂu? r%ﬂ #3¢9'on of the

pol ypept i cfgpt?cn'vear/ g\ evﬁ’ﬁyr'{esga i've bacterl a, nore of said poI ypeptide is found

i n thes perhPleas %Qfold’@o&g ABlRGERLs ¥ 8 pRAGH %ﬁkﬁrst%ﬁﬁbtrb@t&thgcé}lqwﬁ?@rhf&ﬁ the

si gnal Seﬁ%eé'i(%@ssédnSﬁﬂarﬁﬂm@@rrﬂﬁf&er@&gdu@%@l&pe@@de Rlers 1Pa p&lb ichli®0% of

t he pol ypagthbile totheical @£ tvhich itH dxpebgd. t 0 t he peripl asm en expressed in
a gram negative 45bacterium such as E.coli. An assay to test whether a

si gnal sedjuretleue ppigpeplifratsit eerobd tiom exdinhtipripe raferb ssapatypentisie edich Grdiftsaent be

carri &l oinsegusinpgytoragipbpertide fauoad winative (FelreceamanteC.aipéenasl asmi ¢ si gnal

sequence can be spliced upstreamof a gene for a green fluorescent protein,

this protgﬂﬂ—%ﬂﬂéé—@;@ﬁé[g@@%"—’ln a 50host cell of the invention. A

M Cr 0Scopene aspebief the @dehton jrelatgetotpbign @iopdes @htodinglt@srsivwaichfard he green

f | uor escepdripfsoiceliyrexprestede cyt opl asm and the periplasm A protein or

peptige is transported co-translationally if transport occurs before the

synt hesi s|0fengraPihb TrBhdeadr AIEHMNEeddbnded RO INHREP ARSI Ranspbitdof e NO - 2,

4, 10, 12proﬂe‘ﬂn intd Ghe ﬁb&pla&r@(pr&aryo@ﬂhos@)’or t@se%éh@rﬂéf@l‘i@pr&@lﬁt(é Q@ot\MHo@tb are

capabl e ofn giok&gdtic NghsBNthe Xgidrab Seqliepceotivdcts the hdrseerpeprrotprlnasdr@srshuheug’fer

co-transl| akinbraaé ittp ahs periplasmih epaas tSEQghA) NGeencé iartberB cleacddd piepd | des

whi ch4@r esesmprisliecaphbld of decingnampresysd osteil taghe periplasingl, tvhen ibisraitadhad m

t hr ough pipst PAlyPapiiie #f ingredlt dUrRthiEgne 'Pt'on qf theanplyeamiedime atam negpieveibactpipyi ded a

pol ynucl eBPredd Poqo'yéi%i'ﬁ?)l'sefof‘%jr '“e S Brof ¥ 9ramy Q’r‘tl’fe bﬁ“%”%‘ﬁé;ﬂ EBrihal cell)
bs&”%e 5 6‘ 18258 .50,160% Bfein (a

comprisin epti e mteres?fq |rected o the er| as hen x ressed nega (a)

The 54gsi ”E 61 eRcod8 p Net'&o gous 'V) 'Iypeptl de

havi ng- an am no acr sequence capabl e of di recting transport of a

het er ol 0g@H Sisdaly X kdd) wRERErE] SgrhdP sédqu@ncteargtcgﬁdb%l of REEERL F3MIasti efddssbhe 3

t oxi N por tdniR RRROAEEsRhgREIPERbtEIHSE FBRMaRBlebeAPhbific Sighdl seREmRNBA bat | east

575% 80%pli8agpsO&n of3bdéne for@QYredndiatresceal prbtein SEQ ptdikifNEin B2expres§ddagaent s

t her edd (it céll ofdlye ineentiomMogenscapp cambe dbergtogtdge digestonifardtieolriélguibths) am no

aci ds andgreen fiordseers progaiein Biegiytoplagie lahd B iperiiasm. In a further

enbodi nent there is provided a oI nucl eotr de (for expr essr on of

.a
| t i Q&9 9P #ns, ‘P”eé’ éf URBSPart gy 8rt
Dot Do Bt Wﬂ?r ' pﬁr *J % Sheooes
a pol?/%ep

W“rrr rtarr Sl r@ﬁo@aaép o 5 nspor

a het eE a ggfjcﬁregﬂ’r@ L&l err H:e" e‘;r\ IaQﬁ[Hr ?Qg.t@rgpsl ﬁbr@.g
SI gnal sequence portion i S no er| ved from C heri ae;

t oxi n por ”@Eé%g%éh%‘{e tfjé talpa'én%!%?l' foéﬁx eﬁer%rereas" @é%b'”at Ieast
90% i dent?i?%qt MPEP! @narser“rea@%% 0 HALBY" BAEYUI'AY At | east 15
am no aci ds and/or at Ieast one B or T cell epitope. In one enbodi ment the
5' signal sequence is not the tox si gnfa sequence from Corynebacterium

di phtheriae. 20It is within the capabilities of the skilled person to
identify B and T cell epitopes. B cell epitopes may be identified by 2D
struct ure pr edr ctr on, for ~exanpl e usr ng the PSI PRED program (f rom Davr d

- ~ ~ a2 ~ .

______ o



In a further enbodi nent this polynucleotide nmay encode a pol ypepti de having
an am no aci d sequence capable of directing co-translational transport of a
het er ol ogwo=0mwE@eaEsbn to the bacterial periplasm 35 OptipomaiPkgroiobi®43' t oxin
portion encodes SEQ ID NO 32. Optionally the 3' toxin portion encodes DI.

gﬁ;lngralsleéutez 3I'he OXI nI s%otgetnI On %m%@fog%scﬁﬁ 5&@9@ ﬁ%ﬁﬁ oly%ptﬁonr%\lln the o
leg 1?6 1?8 130 g }E ’th teg' or a(I: o:e of SE EI D NO. 2, 4’ 10, 182 1%4
16, 18, 20, 2(? tB‘?éi%'” Qﬂ”'OSEQY’ N?"V@e@t"%ﬁ'haaﬁ 6?\@'”8?0@ “PEYeI‘?I@'ea% 4 or
24, or5 any one ereo % 5% o9 C)e (cj:(ej‘l at gg\g%co ol nSDa 2, 12
% (Z)ff 22r gpya(r)ly %/Er?leato érE% %g;% g Qi 8? g]rg Zf? or§a§tr;%o§§e ?FQSEQ I D NO
4, 16, or 24, or any one 45 of SEQID NO 4, 18 or 24, or any one of SEQ
|D NO 4, In2aQ‘u@{er3|4|bodﬁﬁerﬂ-ﬂﬁérél@ﬁro@iﬁecﬁE&l;InDclE@degor e&grestSn @4, popeiByinone of
SEQ | 1 NOa baddieriallel) (fblfnpaélng @6 s@lﬁM s@djl&n po‘&E@aln aNQOX|ﬂ.Qortldr\4whé}é|n24 or any

one of SEQ I D any 9 aSEh or 24, or
| ti c

any one of % eq it?anco Safo@éfbé) | E% ﬁ%ﬁr&@a I%énal:m or 24,

or any one Of S |I rel equernc@-thdn ﬁn 12, 18, or

24, or any one d, , 4, or any one of SEQ I D NO 12,
22, or_24 NO 14 6 or n one Q I D NO
' ' (b? t pt| havi Mipg aci a
]I\-Ig 1'4’ grz 4 % (5% tlnb;ﬁ5 4ts t%geé?gc:ﬁo%inp glﬁast%g?gk 6tf SEQ I D
|ds Qr{d e Jt‘ ne any one of
SEQ I D NO 1 é or any dne of ID NO 16, 22, or 24, or any one

of SEQ | DIngoe emgodnggnt(tj]e 52&I9n%ﬁeoan§ceoﬁ@tﬁfeteﬁwnabenm@efrorzz or 24. 55 In
a f urt her COMBRAArFREHR diphberige. i gnal sequence portion encodes (variants

cont a2i n@)s withinZheddapabilies Bt thé1dKilRl bessn tolidetiy Bia@d T cell egitopedt Besls, of any one
of SEQ | DepitGpes2nayhe ifigntifisd Hy@P skideturk4redicbon, I8 exadible &ihg tlpsiRRED BBg@M any one
of SEQ | D(fie@ Da¥id Jones] BrundlBioirffdrmati€s, Gro@, D20k, Bipipgicat Scienges ZBuned Unigergityone of
SEQ I D NdJXIZ'dQQIUBfl@PH 1U2< (Rig4). IEE afﬂ'se”'czlodexzszcalftb'Iatezi@n tesr basE@f thpMMathod 24 or  any

one o CI'IBdmoJa'zesona“%WOMC EBP%@? 4pR1 §8])SEQ$ FI%I?*I\K?fSESdeth'Sor 24, or
any o Pfoeeog "Rptioshic § @5 min a'&@%&éﬁénaﬁ SSEPPPIIRAN aff'gefzf o 24
or any on

24, o)r/ an ro R @'g cigﬂé%ﬁf%ﬁ] rﬁg% %f'o rfEIQ@? 'BeRb 4 18
or2,or an one SE IDNO4

20 or 24, or an oneof SE IDNO4
éo 24Fet%rglog Eiﬁ%ﬁeo'?av'fﬂ&eﬁ PDiINREpid f@g}%%?ﬁg?égzgfﬁsr%m%ﬁ %ngrrfoﬁ SEQ | D NO

10 1 I one of
SEQ I D ch'eqfoﬁcefépab %Of?{gi'%”%{‘ﬁwb ?eﬁcgﬁﬁp?ﬁ%@d‘cf steipliogys ‘ﬁagﬁf%or any one
of SEQ | DInNQurttie? embeldiment thgdpolyouclentige maeergbdSEGIYIopide hatiRg ad 8ninoeci@4, or any
one of SE@ququcgapapjpof%ectlagcoztnanslghonaﬁgangn%tqﬁﬁ hgpQlogpys\metein 20 thoo, or 24, or

any ogg oPackiitied RepPIRg®- 12, 22, or 24, or any one of SEQ ID NO 14, 16, or

an oneo 14 o) EQIDNO 14, 20
or 24, ord I@ﬁf'atggnaél o4 %ﬁ@:'oo n 7\%?@ “0% % A i ST S
16, 18, or 2 or yany one po ré%)@ﬂ B or 24, or any one of SEQ ID
NG 16, 23 tldnﬁllyaﬂeSQrgnQQXqLQH@e &Jrho%%%dd@s%on%%f S@@II@NOZﬁ,A, 8'g, afyi20Nne of SEQ
| D NQyd8, Eas B 2@ %2, danorpsf sHahheke &¥zedbEND, 4 he, 2, 18118NR 2 eguange portion
encodes f p@@rBiidheof SEQ 1D BOSE, 4100, 13,24, 20182012, 6r 2426 SHQ IIN@GI4dS a0f any one
of SEQ | DoN@f SEQ 1B NG 2, B or 24) or diy,ond 4f SEH® |D NG, 2,20, 0r 22 ,0r 2dy, onefof BBQAD any one
of SEQ | DNNC2, 12, or24, ct@py driz, of SEQ 1D HIO: 2814, @(R4, ny 2 of HEQIP, NQJr4, #hyr one of
SEQ | D NO24.2r any, Onﬁ@fSﬁQlD h@; 4 18, 0f28 or agy orepf SpR 1D HO: 616395 I@aNO)neM or

any ofe on%QWMOm?zMOfa@VOQ%Of%IQ'Q (9n%0 ‘éff24SE ny ey QIDNY: or 24,

or any on oré’éqr %%fggQ 101 , or 4 Qg Ol\]é,or22'4 14, or
b

24, or an D , :)n of aEIQ?B’NOQ or n oneo ?\IO 4, 12,

or 24, or\any, GB&, 0h o %‘%;f%%@ gnmo BEQG NSER DR N0 4,

18 OI’50'Z4 o4, erbYI BREFEERT SEQI[IDEWU 19N, B 2 1D NO 4,

22, or 24an3ane%ﬂSE@'ﬂ§‘Ngf145 NQany](Qleo EQ(DJSN 414,06 o.am;yoroa?@oﬁ ofSEQ I D NO
10, 14, oBEQ@4D NOr 1412y, 08, dean)SE@df BEQ® N9 16, 16, or @8, ﬁény &He chBEQOD®ICOf SEQ | D
NO. 10, 18, 2010r 244 or any caa yf SHE 00RO SH(P2, BrNOorérQon@BfSEQ DINO 018, 2anyr 4ne of SEQ
| D NO 12¢r @ oneef SEQ IDAYO ady2om@d4of SEQ I D NO 12, 16, or 30 24, or any
one o9 SEQ ID NO 12, 18, or 24, or any one of SEQ ID NO 12, 20, or 24, or
any one of SEQ ID NGO 12, 22, or 24, or any one of SEQ ID NO 14, 16, or
24, or any one of SEQ ID NO 14, 18, or 24, or any one of SEQ ID NO 14, 20
or 24, or any one of SEQID NO 14, 2 or 24, or any one of SEQ ID NO 16,
18, or 24, or any one of SEQ ID NO 16, 20 or 24, or any one of SEQ ID NO
16, 22, or 24, or any one of SEQID NO 18, 20 or 24, or any one of 35SEQ

| D NO 18 22, or 24 whlch are capable of dlrectlng transport of a proteln

b T . Y b1



SEQ ID NO 14, 22, or 24; or SEQID NO 16, 18, or 24; or SEQ ID NO 16, 20
or 24; or SEQID NO 16, 22, or 24; or SEQID NGO 18, 20 or 24; or any one
of SEQ | DVDQoui@42928, or 24 which are capable of directi rgTaEP2ERO5H8Ted
protein to the periplasm 25and the 3" toxin portl on encodes a bacteri al

tO?(I n O[ fr a rTﬁer em%odl\r{”m%ntltﬁeng |gnaE1‘r el e ceTpo?tl;o% elncodes tnaenlis c%nplnlnggglj or
pol ynucl egbde oq £I?emgnsaor%ele%ng?@anfgn%%?gES BN 0%(34”6%‘ gxin

porti on, 18H 324 3F2 orsa'n%ﬁé of RED! HAD: SEHUBNGEE 1£NEORFES) 32 SIAINs, cE’rept' de
havi ng ana@ﬂln@%f@l@d)qb ReAXaNee 191143¢s, t1é1€20C@Z besPeNsE A b ﬁ@q}!ﬁfﬂ%ﬁ;ﬁod@)ﬁfl 2 or
3 poi g nEEQID NOS2, 4261 Mokl Gné HEET IDIN: 2010, 32410 &1 dle BEEM ING; 2,Whi ch are
capabl e ofi2,di 2ze©tanyg>nanfee«mrteneezj 1prcmne|dnahportermesaenu> Nbasg,mo odp4 35( f)

f ragnent sam)/ronatofSEQm NQO4,dR1 a1@4 ax iadsorefof SEQ IID DONG: 1620r 24, orGany 8pe &0, 12, 14,
16, 18, 20EQM2NO24, 18@r 296" i awh ohPEQ daabt &0 of 24 or awvtanagf S BXINE ehsed

pr ot e% nté ‘LOh%4 efr"ly;ﬂ”8§ EQHRINPhE. 82, of |0ha (ﬂ”?Piﬁﬁ%%'& e@ &, l?é%‘l @Fl aI

ue f o R vona
L on e 2?%5 @% Gk or

sequence anyone ?éﬁt?ﬁ; Gt ég:[) ’gg%ﬁfg%}% Ieaﬁta

one of SE
§r2gh(§'an 8% @IB '19@0 F ok e, GOU de Of

further e
the iqyenig No: ﬂn§@@€§4 %Fady%@tﬁ@f@ltﬂﬁo

20, 22, 240 o, &@nybﬁearwcadb@neemortzheorfanyehegdsr@Emewneezopﬁrznldan of the
polynucl eértyd]IEODSEQITEBNDI’MEZH,bm encodes at | east one of SEQID 45 NO 2, 4,
6, 8, 10, 12, 14, 16, 18, 20, 22, 24, or 26; or SEQID NO 2, 4, 10 12, 14,
16, 18, 20,afagher gapbodinent fre SsigrBEQUENCRIDOMNGENCRdesfragments obat lepat 10162, 18, 20,
22, of0 2415, dﬁosﬁtym'DDN@SOMHVQﬂGOSE |'fE)NQ€? 96, 84100"r2 124416618 %E |2L4) NO 2,

10, or 24OIr or gEyyne BNOi 3, 4, 6‘? 1 Ricgr 26, or Q or SEQ
ID NQ 4, Wlp(ﬁz%éof g%% dfs% ?ﬁg or 24;
or SEQ | D i etngo ‘4, 22,
Or 2425 Or s g{é eé?rSE eof Q @NC% or SEQ
4 @rran éne &rS ;or:lagy or@HOf%ﬁQ IDrN MNQyr 10, 22

24; or SEQWIcDeNQE(iH) Nd410, a2, 0244 o@énySE@of EEQ®D NB210, 16, orQJI oZény e oBEQ | D NO
12, 18, O0BEQ@4D NOr 16GER) dr D4 N@anyléhe 2OEQUD NB4 10,6, BEQ dr BryNBle i SEQZANOOTr 24;  Or
SEQ | D NO10, 22 or 246 or @ty ofd of $5Q BEED1 12, NOor 244 or drfy,onepf SEQ INOSEQG,br NO. 14, 20
or 2430 or 25ECRNYDNRICE SE_@,ID NO; 12o118,2424, @rare@delotﬁE\@lD N@; 12180, cpP4.2hanyor SEQ | D
NO 16, 20neg SEQIDHO: ¢p 2I<II§2I“¥IC§’Ir 355°ﬂ960f 8 IDHNO: 34, 16091 24 aPDOTNGf SE@ 20 or

24: or an '393140 88 ef; EP? fS 'D ori Ofoqfl?é W@é@?@% ées encoded
0 of

by SEQ I anyoneofS QI NO: 16 an on é‘%/ y be
dentigal St e w0y Soael % SE D S tﬁh@r@y o
sequence, Wnllagh as a result of the redundancy (degeneracy) of the genetic
code, al sB‘aefHE'E?dég’egcﬂf Ptd’@éhed? ISQ “ﬁg cempgsingy' signal 14 16,
18, 20, 2Z3Y9% “n%&“l"\’)e”?’ %1 * BoT9PR ”E’BPF%”%%PC&WH se a

igna ti ehaV|

por ti gn t At éf SRS N Tl G 1o icT B B0k BR! SRS, A
nvent] on may 40%%%622&2 orés%heizo# eeneezp@hb'ewhs T, s a
variant of SEQ |255d}@1 & SEGIDNO: 84, ot SEQIZNOLS dSECD NG D, 18‘& Or 26
that is capabl e 20for SEQEDINOAY, &, prrzztaiSEdm)mdm@ I1)43ro|r94 as8EQ IPNbes poesent
i nvention al so provisdesDNar 420501 B OrEHQ DeNien ¢ opds;or emmnprit,disrmg a
fragnémt of SEQ2#[DrNEQIRNO4, B) or@4; ot SEQIR NO14, 221 61,2418, SEXDID N2, 10218, or 26.
Fragnment s of thQFZhveﬁQdﬂlN@o%%tﬂé‘f Ocﬁlﬁ@ll N0, frar Réres SEO IANG; east, 10,

or 20 ami no1ﬁc‘58d%f214r Q'@ 02 11} fzf@f%@'D

15, 20,

22 24, or 26. | g Or| s%“é%fo 60, 70,

90, 9, or 100% Bﬁr% to t he
or2

periplasm In 1§ rtZ %”rs 'ator

subst anti aIIy thg z@aj‘,rg‘lrbegll, ré%ﬁ‘sﬁdﬁdﬁ@sﬂéoé op§4oper’ |es as tSEe on e ti de
conprising the cor espo

r
8, 10, 12, 14(b 'afleof ””” 4\:,9%86 %'Dt he
fragngnts are c %E é N N%

polyp tldetot2 r2 %%‘b QH‘BN ”14& acteri al
toxin. In one 'ﬂ%?t24 Eene%e GLAT bAEd BRI 4 %o mh §Ed)<'rb
tetanus, pert US$~lc§ 4018 &Q@%Emﬂbfmd @Xd0'br 2h-Tor 8RE 18 MRRA! FEH 24t &&SER Dt OXi N
portion encodes N®: hacibesrizal ortsExabNd: @0, Bxémal & BN roa1 e, exat ek or CRM
197. Optionally the 3" toxin portion encodes the anino acid sequence
25described in SEQ ID NGO 32. In a further enbodinent the 3' toxin portion
conpri ses the nucl eoti de sequence of %EQ ID NO 31. In an enbodi nent the
pol ypepti de encodes SEQ I D NO : 33-45." Alternatively the 3" portion may
encode any fragnent of at |east 10, 15, 25, 35, 50, 100, 150 30am no aci ds
or variant with 80% 85% 90% 95% 98% or 99% sequence honol ogy of the



Fragnments of these polypeptides are al so enconpassed by the invention. The
fragnments contain segnents fromboth the 5 signal sequence portion and 3
t oxi n porwOani1/4es1a further enbodi nent these fragnments eCEEPRGI0/063047 east
10, 15 or 20 amino acids of a signal peptide. In an errbodi ment t hese

fragnments conpri i ds mSEQID
SNQ 2, 4, 6, 88%%%% fomnao i ot s dhe 5o
In an enbodi menbothege: Eégﬁﬁ@- 52 %eor% 828D %rZ %? 90% or
100% directed t@g: he 1@%'2@ ASEMBND: 9 X0k 380 | SEQQD@Jbam QQ,Qcﬁltthcﬁ bacterium
such as E.coli. SEQTDeNO: nEemt 6r2n; ¢SEQ 1B NP azss 24 i SEQND NORt€iz2asori ncl udi ng
t he pol ypept i de 2erorgahypeat: |1stezofor 24 weatysoneiof SH@ ID RYeBt 220 6r. 24V4rging

pol ypepti des, offroinrtimsvogsponding seageners by 1,@for Bipeint mutetivine aamimeacidoe a part of a
| arger protein #setiorr ammoeacid dsletions whigh fiegiapablpefoiiredting an expressest t en

advant ageous t o Prai iadee ReRPARAiari onal amino 15 acid sequence which
contaigs sequenéagmiti et @hdl 10 BmPidlakibis 6r8EID Ot 4 25 8wl 12, pheshigt i di ne

resi dues, or an2ed 24, enzd; oSSENIENKE: 4, @r 105122041161 48, 2y R Ay, reasoorBETANt
production. Furtih8ON0Oe2, 4ddi 12 th 1618208204 opSEQ PR NOL 2 coBEQIDi d tail or
pol ynucl eot i de $¥ydehoezt; poSE@HTY Bass 10 24 mmeeRde NC: 2pét erdd @l SEST IDX he fi nal
nmol ecul e is al s@‘Q:Bn%I‘r @Fe%“e@f SEﬁD'Pe"(‘,er Oafr?d Wo%EtQ @é\"@s“ Ther ?‘h\?éﬁ'i@dﬁt al so

relat®3 to vect af’r '\6(? 4p% ettdPes of the
i nvention, host 4 rs of the
i nvention and t h |g }’12

S

recombi nant tec 'é@%r bNU ?Ez %Jd? E@ﬂD @Cﬁ%

enpl oygd to pro @4 SieCh} 207 HisenB N@ngmp&l/ﬁ QfE'Q/I d: r1@”@0t 94

constructs of tlea IDwenti a2, orRacargEanamNo:ne] wpenis: slesE@b Ndve sprEsent

i nvention nay be4prreﬁazr|edtcby6 P2odreeg s SEAEDING«neyvan dr a4;tdrasyeonelof BE@ID I n t he
art from geneti &l 18y 22npgRhekicteate hasbleceHirestingoamppesseg petgn @ee on 30
systens. Accordiraddlagm;in a further aspect, the present invention relates to
expressi on sysleenss tdiRipoRBARRAcIEs AbRYMNEGH Sty REntQF vaRhitRsIedreot | des of the
present invention, to host cells which are genetically engineered with such
expression systens, and to the production of pol ypeptides of the invention
by reconbirmaats fireehproddeeisa pdynudedtide tdngrisiag p 8cdignaf setlience parédrt andra ¥ he pr esent
i nvent i ontoxiglpatties wherean tpod'pigodIpedivn skeuedceteheodesiw eighal peptide hindd) dno an

i nduci bl eamBg agid eerveege such t hat when the pronoter is induced a pol ypeptide

encodggl by thg rsebmnm@.@pt,led@ 1081ze>r49r1esrss,@t¢zzﬁz4fw§6her asroect of the
i nvention co |ses s |

0 UC| ITDt er |S aCt| vat ed
by addition o 11 én“t Pt 5 o a@’:trllg roé{‘t a
concentrat i on Eggr,l %frﬁ% do?trrtat Ji %“ss A o2 o
o agt 1 s 6 o i TR ahBr 0 Fgan e%Pf%EQ?@(r)N%@ agﬁttép{oogqu%%l%anm e

| tid f e a Cl | t | dt
P(rjtc)c/)Ppor:';tt gsexprzg %‘hOg%t*a%arsrapaerefttrtgt"tgr?@reéaf SF PR 00 ot i des of
Lhe | nvensigp, R, o T Eigtd 0001 o2 Rl ¥pHel abile e s ghost cel | can be

ef fected cribed’in rrany andar oratory manual s, such

as Daxg s, IneBnealambOMt%é\@TW sedlidiEL BGlHbAR: B ﬁcleétrh%%)th@rm/e[ﬁ%ﬂbr ook,
et al., ModobddARCLSRINSEQAD NOBLRATCRY 0 MaNWAL1s ¥ndo B, 24, Gpbal ISPfukthg Har bor
Labor at or ymb¥dasent tHeod’ dighgirsefgent@pb@isn ofNh pol(rh288ide & Wighin@shfiorC ahcotesmat
phosphat elebstans ESEQ ol NODEAE-10e%a ran 6medli2at 22) 24y aresf maine @mbodimantshest i on,
m cr oi nj eéighab pequeedei rortion of thprdeym;vthoattele tlter avestiecencodes alleast crr@ptfnSEQr 1Bn,

j ubfat i BR; 2540§r%1r1§d1?ct11101ﬁ 1% 2Pafge SE 8PN i & 1|0n1t2r 6t 18R0.and

'ngf:ﬂ“vgnzég Mgty % fore %gf‘é’ 5%5 ot
Actg' fwbac e%a rt%%f ’“?24%@%% b%%hl&ﬁzﬁ g

&

V5 Bf 3 of 5816 RE2 eEeq %o %D&I’m s

Legr onel bosraxedrlseq IHQ!c?St@rizaor olasised) 1IBING 12 PraObEMS or $ISE HSIQBDA %6,

Sal nonel | an24Ser$F_atb IO 5BShs g bk ar sEoepcm)erra 20Vorzat 6 SECEIBNO! &, 23 Ior 84:F ur t her
aspect of ot$=0 iDNent4 06) ot be ohsB I RO 14, 98 A 2ESE SEQI ID INCA 1¢,0ior e€lor SEA gr eat
vari ety ofD KQpt4essiood;sy SEQIEB NOans, e, LA rbriSE PPN, 2(he 2p0onBEEPDINGES  of

t he idventd ci2, of A emSESTIONDMASIt 20t dre2dy @c oy onessofdBEQ Ve NG A& rA2bac R4erThal

pl asni ds. NEaRE¢etaayencan gnoeget NP ID Vect ot 6s8ii H0abd d4t 19, A&id8t &4 74 Prdépagat e
or expr esg‘abB?ﬁ?Uﬁ'ﬂaE@ttP%ﬂ%‘greé‘PﬂTﬁﬁg pP'(X”‘@i?BPQé*s%eq%\e’}S%? Yot {RIBOE 3 Mést may be
used for expression in this regard. The appropri ate DNA sequence may be
inserted into the expression system by any of a variety of well-known and
routi ne techni ques, such as, for exarr% t hose set forth in Sanbrook et
al ., MOLECULAR 5 CLONI NG, A LABORATORY NANUAL (supra). Fernentation 1In a
further ~aspect of t he |nvent| on there |s provr ded a process for maki ng a

T . A~ o o, o o Y .



step iii or step i, stepii and step iii are actioned. In a further
enbodi nent a pol ynucl eotide of the invention is expressed.
Pol ypept iwo 2exipedsi on i s i nduced when an i nduci ng agenPCIEPROIAD6IORTG i S
added to a 30cu|ture of host cells, causing expression of polypeptide at an
i ncreased e n odji 0 sane .as,the pH

1{6’[5 15 1 § 51 3 r@é%{%r |Pm ny,se uQ e, wh| asare It o the P
of step bieﬂuraan % Eg Pl tﬁmﬁﬁg qgﬁgﬁ tides of réanoiﬂaaa fhe pH
of step or2% Iemfem%fcéh |e ) 35
The per soporﬁctﬂth & cdd@sbb@u@Nb 3\3145 recogni se "how to effect a change between
step & and step b). A change in a condition (e.g. pH, tenperature or
subst r at e Theegtlynuaédijieddd thsa eventidnaiayadlsoadthpadeei®’ bigndreequendehertigamaical aver age
condi t i onembodésryvasibE Pl SHQ BYNGt2ep 618 10, $2, 4 16,8pap122R4ands tralyis bpablssbssed f or
i nst ance, directingeepreteihdsthpeerplaso. ot her intervention, just prior (e.g. 5
seconds 4015 seconds 30 seconds, 1 m nute 15 m nut es, 30 m nut es or one
hour) Qo 'PFdQIEtGi”b'HV Soa“)ro \igesiifd” signabse %ﬁo 'd@ga irg9rg
seconds, i?ﬂ%ﬁ?ez 6 1 020 2n?dlt‘5§6 I ’3 §?’f0b|9 Ofletep b)

(o) | (o) 1 )
9

G early t ¥ Yy “°”§26a SEfZ%\sa.mqﬁ tsref“”r'r’t;s é(a%P O 40C

fernent at '168% &QH@ 3’p95‘r§le [TRIAE foiih b§ p¥rt fhle%e la |r9$1 I’t Herd
I nduc{g oneghBodifdH: BEErabmentS TR tHLehi 'o@ bstaBEMY the Hﬁreb@npﬁdﬁr'ﬁbt?&n%na“ 0 again
t he gener glopéiiesé@iica@Bpeftiad cbri@iding td ddgrepaRdiRPariinho Btid Sdq@Pnda )rol dJolp have
changed a® HOSChesedo,heneiin,.18]20, &, fusrthean a embedinitedimehtire fpddnahtssrep a)
ranges fr QEmaBIe(bf-(}Treeﬂng&o@raﬁslzﬂipnﬁIréns'poﬁ)otn’ pdiypeptidé tbthe PerplasBOl N an enbodi ment
the pHin step b) is maintained. In an enbodi nent the pH is maintained at
great €} t Mam3' fdingrogion pnepdesyany bagreqial toginsin oge gmbaliment the epcesied patelisbn 6. 5 and
10. 0, 6. 59%AdF ‘Dp'%he”ﬁ tSta%‘ﬁdp%JtUBS'S@er‘é{Wdysg‘ tBX'”G 5 and 7 5, 6 5 and 7.0, 7.0
and 10.0,, 7.0 an d 0 and 7.5,

|men %X rtlon rra% (0}40) ex m theri
75 and 113558 ﬁ% e 2 %t@ 3333 oBengls” 570 and
10. 0 f?‘ Od&@%e% a urt Z)ml?ddﬂihg: rrs r% and 9.5, 8.0
and 9. OinQin ebhbadifl Iypgpt e@ﬁébdgs 8z 0 and
10. 0 9 ON@n;:MQ 5 or 9 5 and 10 0 In a further enbodi nent the pHis
mai nt ai ned using a buffer fromthe group consisting of phosphate buffer,
Tri s buf f Alteraatidelhihe B3] ehirtive nimyfeherde a@ptragoreal dfyat kehs 1D,UIGF 27, 35,50at00a150
concedl r agihivp agifls orvarZNOBItNG0% B5L0BIPM 95%0 8372 009 sekpeBRMvMOIeg B thes 0V
Opt i onal | §bavpeessiipgddexin @ s phat e buffer at 80-120mM 80- 100mM or 100mM
I n one enbodi nent the pH i n step b) is at |east, exactly or approxi mat el y

2.0, 1.5, her |n step
SRER p ?1 RN e o el
fementor. kg AlyeBH odte fe & dréfu’rtﬂ&rp@?@@ 9&93 3lieds hﬁ)@ 0n step b)
i s higher 54 hap 2oh grw(jaqf,nosgcgg a) tionally this increase in pH

achi eved by addition of base for instance sodi um hydr oxi de 10or arrm)nr a. In
a furt her Incathitich foeBichtdne epdry pdlyraitiedtidé b) the Snvamtion trerenie ghrdvielbdva @olyGuckotied 10. O,
6.5 a#l 9cdmpldnebtagned @. O,It &. Brefomedd 8hd, théseb camplerfanByry Golgnualedtidés gre AUl and

10. 0, 7. Oceumden®en®yy t7 egrhpalgnuglegtide Wit whipftithgy &e cqmgereanédn8. 0, 7.0 and 7.5, 7.5
and 10.0, 7.5 and 9.5, 7.5 and 9.0, 7.5 and 8.5, 7.5 and 158.0, 8.0 and

10.0, 8.0 'antt'e@V t'°r8c‘1§‘t te@ ey, eXBreE?'OA‘r?daryoéthe§°'3"“ 'ﬁ?f'di’t)w'é“” %seSU?H%I 9.5, 8.0
and 94§ udean agtlg_%glrognssua rsogor@ fi n. lgis fte U§19 and 10. 0,

0.0 a0 5 b T L 1T ! ﬁ% ctt%?raam °fn:r?gz.zse‘@“er¢e~°'cpe Sodi um
hydroxr d |t|o sfaBrﬁyﬁGr mbi aht Hh@rﬂ&re @trcptrd?cess of the

inventi One%&%é §<§r§§)e§trdfa'of % t§tbb§&|§r@l:l@otrﬁj@§éhué@b§tolutbre%%@me nogéMt a second
subst r at epdtetial of tk Gndl MolséuRDis Biyo ¥dnsit@ed t he second substrate feed rate is

| owers5@ han the first substrate feed rate.. In a further enmbodi nent the
second sulrstnreatbedimhend therSagignal @qmbmpcaliiqn@:homeMeigndi%cwnmbe@t)@ﬂipﬂt@éfdaand 80% or
20% and 30% of the substrate feed rate maintained during step a).

258ubstra&lmeéihé—wr“—“8-®bstrate provision rate) is the rate of
subst te addr ti r| n the batch and |nd ases n- 10)
o Be TR prak iyaon o ifcs e o8 e PoliRG o offne

ven |on Ina |on ents ndvariangs of thése e S are pr
fermentat "oA. C1'n" AN e ment tAe bact ert a pt8xn| pneunDIysrntoxrn
di pht heri gnd Q%dnfon &cbﬁb&@@p&ﬁébtﬂe@énc@gﬁg thHé@tfdés & ifvdRfior? POI Nt mut at ed
variant thereof. In an enbodinent the toxin is diptheria toxoid. In a

further embodi ment the toxin is CRM 197, optionally this encoded by SEQ I D
NGO 32. In a further enbodi ment the bacterial toxin is a fragnent or point
nmut at ed vari ant of pneunolysin, diphtheria toxin, tetanus toxin or
pertussis toxin. 35The bacterial host bell of this process was defined in
the section on vectors and host cells]Th one enbodi nent the bacterial host
cell is selected fromthe group consisting of E.coli, Acinetobacter,

Act i nobaci | | us, Bordetella Bruce/la Canpylobacter Cyanobacterra

T T p— I T 'Y R L I



A fermentor is any apparatus suitable for the industrial production of
bacterial cultures. However this termdoes not include culture flasks which
are typi cablzgiumsesiéf or growm h of bacteria on a smaller ®caEP201Qob300Nal |y
the fernmentor contains 20-500, 50-500, 100-500, 250- 5500, 400-500, 20-400,

50- 400, 1Q0- 40 0- 400, 20: 250 00- 2 100- 250-.30 0 500
to-2000, it i T o TR i
of cul tur @mbodlm HeQe] en ét'le%sl‘fb ﬁ Oeo{m &Ms dfr 2 s gél In
Agi tat i ongh smcdlich&Md hlese/fr eﬁfs'cf)hbrr@att QstGIU EPJrQO'of‘theQ%l%%&l@?ﬂ&ﬁ%E@%) may be
by anys ot Rer 2,sulé taabb, a2/mRans 18 Ml 26 xargbe obSE@E Nat33us, Vi brom xer 10and/ or
gas bubbling. In an enbodi nent the dissolved oxygen |level (DO in the
f er ment or Inian gradinteat thesd fragmersit ave at last 55% 60R.%0%1 80%, WEHr 10U%dird@8d to19%
20% 21% thg 2egiplasByhepaXpressddy a Famneyaiive bdatgrumeucleamlodi/iment the DO n t he
fer rrent or S 5% 00/ 10% 40% 15% 25% or 17% 22% A 15100% DO i s t he anpunt
of ox %g %o‘g e’f‘}?é‘pﬁﬁﬁf’ J‘r‘ﬁ"i“r Protelis inguting: e opolwpeptifet fr %'Vpiegt'de

S J‘ﬁé’ﬁ’

sat ur at edf PN owi ng bubbl i ng conpressed air through the medium

at 28C angl, DERSINBs U rrggé% Lriic Jib%eﬁrérgﬁﬁé Avdnf r%LFQe ng{rt ?‘%r%f.l G6tkint 0 @
l'arge amoupk, .0 SraibiPg Hr%‘tem i} iObf ﬁrad\f/é?itag s%’Wsl 'éﬁ‘iﬁw%' on an
ant i f pam 3G@BEqukRccORhitPBtdint fQ0&Red Anhaid iRMIBRL&N sUel tk pley higtidfr@am
probe or rRRHANLES acﬂdmrmtyee@ﬁeé for Stabifi Aufiny reb@ntfnernnpﬂaaw.onthmr&]ermye be used
as wel | asddithhe dirkodenaun pagRbtidel ot lplal @iroo golpmiteotidecsdouates so noreasemkieng t he
bact eri al intnoaiogeniapotdntia f the fina) adoleodle & afsbogndideRspept i de from t he bacteri al
toxin within the bacterial host cell to obtain a mature bacterial toxin.
Opt i offal | Mﬁﬁﬁi‘ﬂé!ﬁﬁ&é‘ﬁ_sls carried out by host cell machinery. In an

enbodi rren cI e is perfor col i na epti i onal |
the remoud ﬁe. t'§%g‘té e ¥ ve&bw@?&&wpﬁfr% R 82 o BOTmetrEs oE B ase.
o Ierttjo os are ene engineered , with vettor n on
30In an ¥%pt9re9%? font ﬁ LR (SRR SSeldre qrailrstronstep c)

of haﬁyes ﬁ aﬁ‘s% SASibRd 6 Bubdesfch det'éuﬁ‘s using A@E‘erf%@é)ﬂ h TROBNA
centri fugagdsgurbtgcﬁtnésmnﬁc@, harvest the cel Optionally this takes place at

5, 000- 8, 000g, 5, 500-7,500g, 6, 000-7,000g. QOtl onally this takes pl ace

bet ween 4R‘e&ﬁﬁ5ir13515§blﬁ>@ptid§€:-c8@m|pre§€£+t8®emlidm maf et fierareinbyp grocessks tWekt pr ocess
of the i nyemnhitothososkiled ke art from gheaticaly epgiaderquiuhost agllngpnipieing axressioal  t oxi n,
for eXanpbystens. Acemadingy inpatttear jagect, treipresentinvanticaiejalds ipeppresdignssystem

i nvol ves &el qorrmlgem 'YWﬁ'e%EHGOfB?'YW@POtHG? pifthe BresehinvaITtinR t%PRSbﬁ%ﬂFM’QP phy and

filtrati ot 8TIFHT 9'”ﬁ%fe R e e|n§ g Wi g‘re PtioNE
osmot ?c' 2 %rﬂspgen o D éﬁfﬁ?@@ﬁge cfﬁ;%ed o :Fﬁewﬁ%:(gﬂam cal
met hO oRF Ssuldrp Long& ! dd ode t‘ﬂ on,

Breha
usi ng a F (ﬁ;ﬂﬁr e&rdg%sex‘aresg%%@& mni r'a@Eect Sﬂ%é ﬂ{?éﬁ;rf Fis&NDHRE t'opw é. od
conpri SeSthH%dﬂ&blla){nﬁﬂZoYéms ackiyAT®Y BBR1dHEbN by S afficRhguankty 8ESIrGOOptichally! ths an
enmbodi ments 4thecdnbEdmdrogn Rgpldent € ¢ RRd quaM, 9. 124ddi mhrt/lyo ¢ e rosnagr aphyd gel
filtrati omommj gh apd ess0€ hidgRibidMe hacmet 10aivaphand( HRIMG)1 ard $rom, 28change
chr on#Q ogrGmpWy2.5 @ptandna dng 10m&1. af fi ni ty chromat ography uses an affinity tag
purifi catl on columm, an antibody purification colum, a lectin affinity
col umm, ‘ﬂ 6 aahHPWCfmr fithe BRlYRsRtides 1of) S '@rentépnsh?% ?'Q\Haﬂlbﬁ 9@6?“8?\”1’1

500pt i onaﬁ{l‘ CérFlEP eé‘ﬁeﬁstﬁ’ﬁ ar? '8rl'~°'u reOf °r °t %ol um
or a 25 Ze é F}tf'é an;t}éfa?\%d Ia@?fl ﬁ %l ﬁé:h as |s e?irf‘36 %S%‘ ant on
exchan e et | d nx ention

al so prov R/@Tcﬂi\oﬁlﬁﬁlﬁlAf_oz'ndr@ 'd?)gj é’prﬁ%&'ﬂlak!ﬂﬁ ﬁao?a@d??bre%é rtgnl §;§‘nn§t|-%%r of i)

meki ng a Ract eggoflsutio%s, Nealéfin Bhdshifatd krakbstior? fDEAT M E Mehigid taRdedibn,

conj ugat i fghstésiohasit@hjeaiont @xtioRic Abidsh@tdd FarsRcion, aRbirdeRtion, ldnjadation,

enbodblre ntrartshgctiam tstrigpaloadinga biibetit @trodicticedhhdsdtide. For exanpl e the bacteri al

saccharide is a capsul ar saccharide froma bacterium selected fromthe

group conBegesengtiad exSmples etiapropaiate hbkts incfublel grratsgatNe baetaiialgells glics as gr oup B

St r ept ococdlas of, gE.owp/, AAQUetel{zﬂc@coeﬂcwpa@alIs ndvelefeda, ViBruoelfe, e Cappkiaiactand S.

aur eus. Abyahebaairsid. Ireteedbactey, "Eaioeh drandistellprpflelisebastey,hbemaephilBolKiepsiebez char i de

or a gg é%&’,‘l’f’ﬁ%?r iMpeaxetis dlesaeran Rpsterselio RolRyat Beueraasant Samenete Sefimogeni c
ti

conpo e”éfh TAYe ﬁv)é’ﬁ'i"? IR SHEY R 'PrepEPed ob e ANy oA SHh"Sh 671 IF A

t echni que~>TA¥ @o ﬁ atl on method nay rely on actlvatl on of the sacchari de

with 1-cyano-4-d amno |d|n|umttetr orate to form

10 a cyan tgéeaérﬁ“sd Saer Pyl FSARiE g rﬁf;} e téde& e'lﬁ'P’P ectly
e ve tor |s er|v cte ial m|d

or via a SpdCerM M g & r|e SEoei n.

For exanple, the spacer coul d be cystam ne or cysteam ne to give a

t hi ol ated pol ysaccharide which could coupled to the carrier via a

t hi oet her |inkage obtained after react on with a nal ei mi de-activated
carrier protein (for exanple using GVMBS) or a hal oacetylated carrier
pr ot e| n (for exarrpl e using 15 |odoacet| m de [e g. et hyl |odoacet| m de HCI]

T o ~t 1 AN ~IS A N\ -~ . r o



35 A further nethod involves the coupling of a cyanogen brom de (or CDAP)
activated saccharide derivatised with adipic acid di hydrazide (ADH) to the
prot ei n caornEre4kst6 Car bodi i m de condensation (Chu C. et pall/AP2d10065047

| muni ty, 1983 245 256), for exanple using EDAC. 40 In an errbodi ment, a

hydr oxyl up ef er abl an. activated hydro u Ie a
oo Bl R R el R T R o
sacchari d OexfBtes$ b aldf Uaova(?gty%f o r%vdﬂ $igt her

directly F&futuden(él:rﬁrﬁc%é ySuéﬁ BE Ongbxa%pie' HEBE )set Wlﬁﬁrﬁsém OB all, MAVERRLAR, @
hydr oxsgy| gL@Nm@nLaB@ambammwupa @n@fa)er ably linked to an am no 45 gr oup on
a linker, for exanple by using CDAP conjugation. A further am no group in

t he IinkeF_rEmE_QHpI e ADH) may be conjugated to a carboxylic acid group on
a protein, for exanple by usi ng% carbodiimde chem stry, for exanple by

usi ng EDA@afPW‘%ﬁSF@ﬁ%Hien@ﬁﬂt'ontWée 5@&@9@6@@&@83&@{;5%!“&@ bagledh xinde(s) is
conj ubfat efPTERsising thejsigpr gfa) ﬂfogértg agé‘f“d{F(?%‘E qt?rﬁk'é“ﬁt Ged OEthi;ggA‘P%a”q@ t he
carrier p|“8'f°1éflgr?’(pl';&ﬁ' AR e RPEPSPIERH B PR BTSRRI d to the carrier
50bef ore Be”r?j 385 I'on to the saccharide. In general the follow ng types of
chem cal groups on a protein carrier can be used for coupling /

conj ugat i @ furRAmEEHIRENE ¥t thé anéntub@ﬁE%ﬁQﬁoV&@ ASBsE fof pépladmRr gl utami ¢
acid)1s | ne@aé%s@m.leaammamhpcﬁypgpt@gmyl S nked to am no groups on
saccharides directly o eger wi th carbodiin de

chem=try-e. o, wtn LI M oy e v aasirey T
one enbodi nent this gr bﬁ%pl gn EH Ked % acchari d
directly or to a carbox 1grou on a I i nker vvlth carbodl | m de chem stry
e.g. W t hWERicong o eI eHBe TolpyHeRteRsAY 2atinnes! dyFivagxPIessiPR nked t o hydr oxyl
groupzp acti vat ed Witrke SHPDARDIa) SNBer @i ScsH@stegdy, directly or to such
groups on a |inkel’li.Th@te&&@r@hm’dfdesapiS higherkieangholeaperatreadt sebdglyde group; to
sacchari des or | i nk&hesubsiataigedrasud ctepiapis dighersbarthgsupsipate fe@) raBubiphydr yl

(for instance via cystsédpde). In one enbodinment this group is linked to a

br orm or chloro acetyl ated saccharide or linker with naleimde chem stry.

In on enﬁ‘dﬁ?t"r@ 'E’d"f‘ﬁr?t§t Q f@?se?"a%fﬁ‘{} e@dP AR i & gp\hi’“fq'ﬁt I, siEpdiA H’éenm di ne.
10 D) HyfFRlgre nto foBfF LI PHUEREVT L PO naﬂ%%' nt this
group is actl va e §r¥5%ed with bis di azobenzi di ne. | m dazol y1
group (f opgi,Rtd@NGBre¥dish B indbidediviten an IhBu JerRad a@ﬁﬁ'Gq@d%e(g{o%up i's

15act gyat %Qﬁh&dt&glsv!ahﬁ]rg)é@régbl@ﬁ&%l% H&8 an ifctedst@Rtedyl group (for
i nstance via argini ne) ndol yl1 group (for instance via tryptophan). 20

On a sacchmainkedapodinerg @reeit-bdf steha) kald sawierng tgr U stepay ilbesacset for a

coupl i ng: e@kHdinBDOHeH dNBRp a)ik hekliten e odpsstemb) ibethg el ef sitrel) imhader di f f er ent
t r eat nent Bighaidwen thahofistep air t such as peri odate, acid hydrolysis, hydrogen
per ox$le, _etc. 25Direct coup roaches: Saccharlde C]—I + CNBr or CDAP >

cyanat e e%‘i‘ wefagnmﬁﬁgwgia” il isClg e Véfoeeffs gis eRelsh gLand $§- pr ot
pH, t m I e S
-EI-D/-A\C SChste ASns it a a r_a_éc_: % u gégrtﬁ rs ep V?é) gU;;%)irltied n@l_ﬁ]ﬁ/Pr ot +
T Ee Eés"ég%r% T‘r&?dg (f thg} EJ' nrtl , just g@i‘{f 5'sg congs(.) jugate
| ndi r@@t GEHLHR hJ%gBO/é&o%aFﬁlfnu(e 'IEP ®ne hour) to jn Bﬁ%ﬁép -OH +
CNBr or ChAR:t afterte.§ Y5208 Ris €8t BEorts, I\:ild%eccntzlN"IQnmute -3 n%ﬁﬁé‘shé(ﬁ mf@tes or NH2 + 35
000H- Pr ot ore A dRCtRATEDH! CleHRaRavdntHEs Akd envieNRr thatth<GRBRention 1 Cyanat e
ester + NtRbhtfegaantdiian tahelitions iy dskhirRigtly pefateiov elighyodfier mdumbrhtoalhueoeposed
cystei ne te sebe techiechl eebulebut mode! 2 e@narragein tizmngeanerabereugrsgedontlitien quriog ei n by
SPDP 4or plagalriciepP) Wi beveahpried Ss isppssd h&@'nSaccharl de- O—I + CNBr or CDAP

---> cyanate ester + NH2----SH > saccharide----S mal ei m de- Pro

(nodi fi caglaoer”@I’ CRRYIBETY FS b step 2l rangasiofgat- éoéa‘&élqa@pa@ i 6él\IBr or CDAP

---> cyan Pe ester + NH2SH - > Saccharl de- SH + 45hal oacetyl ated-Prot ---->

Conj ugat €, SRR Ef s S s ik et NS atn Gt
%? gnreaterthfn &@@buﬂ@ 78535%@ mal'@'Sd% tv?'e E%%g 65ael\n 565

sacchari dSnd'Q 0,8 and 3 BI5Qhd 13385 WRd 0.0t @4y Mo P.oaRd @SPP@QEH Gy StEidae or
obt ai ned a8k} 20 a8l f7i.0Cardi708) 7 Bfan@a D 007 HERLDS, 70K andlve, pEehe BB, Dy 2Pl f or

i nstance) 8.08a¢ ¢hare.oedD-58Praot 99a8.0had 8.8 CH0H 040, EDAGH 9NHR0 and B 820
saccha¥ i dend8.5,8H andrmllOe8.friadd9.Privd arsBy. orddi énidd10i Dhand 9.api hdagt psya--- - >
conj ugat efusherehbedinpentdimar is nRMigned usipE a butfegiffom-thegrgirqongiptinget SH +

hal oacet yPRasepigpusier. Tris bulfergys higjdine bufiap Crarplnihe S4fpEHt EP2TFE0 8504 7
Sacchari de- Al dehyde + NH2NH2 ----> saccharide---NH2 + EDAC + OOOH Pr ot

e ——
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conjugate Note: instead of EDAC above, any suitable carbodiimde may be
used. 5In summary, the types of protein carrier chemcal group that may be
gener al | ywoged/dsesi6coupl i ng with a sacchari de are anm noPgTmPRG10(065007

i nstance on |ysine residues), COOH groups (for instance on aspartic and

I f
0,52 ST, SO SR B B T o

The prese nven provides a process for manufacturing a
vacci ne of, dnBRHBOGAEH theGHTR %D b) 9Bt IETRKb Bagph&intkd@PS.0,0f 5, A0, 0BKI Ng a
bact ers al 0Box2 Br 1 pig ORfsUEAbEhasha gHiM@eps)0cess of the invention and; 15B.
m xi ng the bacterial toxin or conjugate thereof with a pharnmaceuti cal |y
accept abl & arempodiment thEgooea dfitmeein@ntieonsroatoggenit © adempdgi hiaon pr oduced by
this pr ocersbochmnt Haoditis oerapdey sedvipatitieepthintsieg dhis hfgh@rthafrum_wépf derct)er i al
speci fs Phticsaly tRiFtne@RPFRIA PHIiTRChigdedchyREdigen of h'Oﬁ@WPéO@Wﬁ'b%quon may
corrpr IRTHYVE sel ected from S. pneunoniae, H influenzae, N

meni ngI ti 91 fUrthI%r(e:r%I)odlment% of sgp b)is r%gﬁt%ﬂudsbet e%I%t‘ienrdH% 0 Qgrtéjégl S

S. epi der aﬁd rﬁ%@ Q&%‘san%r7 6(5 HE% aﬁ'd 3 4rg ity s“r%l%n&

pol ypept i rﬁﬁsé’ 0t g Y EhL OB FEY,PR. 6“7 d‘@'é 5%Hd§ | HY gkt 8.5, arfaho' ce 25

of a saii t glal €0'agh 1v@ 80 4nd olzes Da%@9 0 VY. 4 bhd8s 188y dnal10100K 5 BRd 05, &®AIUgat es made

using t hegprmarsosze5 80 aridh@.0l 8 aRd 9.61'8.5 5nd9.0, loanine.okaowheslger @5 akdie per son

ski | | ed i mo.0 bethamtiditidouif badelfer idsthjnas satdiusn hyaiedxwder anmatiagirmgerpdal t such as

al um ni um hydr oxi de gel or alum num phosphate or alum but may al so be

ot her net hlons ambedinert theasodeppefdheadfivenidncdonprisasadingt suhsirpte feedmate in signc, or may

be an?9 ns#al %‘Slaéeg%‘§ﬁé'?ﬁ§?@ﬁe€t§’ffatﬁdﬂy§t%ﬂ Ravhelingse ?R?O“Q)?Ub& mﬁ@wt%la%me
phazenes.

o ool th@'ﬂé ?%FIIII At UII%IBH%? SR R e azeres,

i nvention ma use etpo prot ect or treat a mammal susceptible to

i nfecis 0nSulI%Yratg?@eIa$atQI(or§ﬁI(§EterIe%Icﬁ/IsIoﬂgaté)aré fhe YAAE 61 UBstibtePaciiSt &G 4N mucosal
route. ThRasaRABhdinGidiat pHABSs Rl NGE URRs hétliRfkib aRy iMitid nbRlRdPaicht ranuscul ar,
i ntraperi piaeptriodionfefragheitBRl or subcut aneous routes; or via nucosal

admnistration to the oral/alinentary, respiratory, genitourinary tracts.

| nt r anasaln aacimbodisientdbe loavtenitl twxdcic pmesndlysin toxme diphteertarterin, adétaquséexmoni a or

ot i ti$0 medpertissis faxisfosp peidt nieiatedh rasiaptibgroof élaﬁn epapodimggidhoioxip isedintiirtiecci can be
nor e effeE?E“P'iIé'l‘ f tlh%f\)eéﬁﬁoéwenttth%@x'ﬁﬂst%rﬁ\ﬁé RBtianAtydeis P'ﬁﬁ?d%ﬁ by REQ By | i est

st age) . gﬁ‘fi' QIE‘ gaRqdimRat (5e bagieria) I‘R?'ér‘?tal W”ﬁﬁ&ﬁrlﬂ%‘”%ﬁ?tﬁ? BPRY as a 40
singl e doBrée“m(? Hrega foxiay 'BBPUSHRYIN 81 REEUSS '8 adni ni st ered toget her at the
sane tinme or at d| fferent times (for instance pneunococcal saccharide

conj udfat e§h%mtedalmesta2dlh®fﬁhlspre¢@dW@éé@tma@ ol the segtiontdnevestars@nd hemb celis.InL - 2 weeks
af ter t heorchihodistentihe Bariasel Rogkcel mpelsaled BP’PéITe Puptcensistieg Ao fént of t he
vacci ne fOfng aFI‘?ﬁ CWB?‘%!II“ﬁaEI‘I"Iﬁ‘F” fB’t’ch ﬁé g‘é’gdﬁﬁ"i/h respect to
each ot hef T ;”%”ﬁ ops C',/If gg g Legioggle. 5 diff er ent

r out e orgaxel IfII i/s%/a aste%rs rot s Pseu mone a errat/a a(I’I des or
saccharl de conej l?gat es m adm n| st ered I M (or I D) and bact erial proteins
may be adm nistered IN or In additi on t he vacci nes of the invention

Ton oo "o ;En EI%@N ggg;(férf%j%ﬁ%i%ﬁ% R B eP e MBS 1004

prefey ny nost t)IapIT%a y in the range 5 - 254. Follow ng an

initia Vﬁn%'e%foa.%nt BHRBELRId R Yteh BF R Rerdis RS teRBYAIA ofRRBIY.GK an

i muni zat brﬁﬂeﬂurﬁéﬁ%%%fmesp‘?&%gﬁof the invéafidn' |§1@arﬁéoedmaét%ttbr9Berbtﬁre%@@ﬁ@’b'

descr i bedoptibnXiatstdps o386 bi@Bess 'off 1A inseihlidAistcariddl ot B eAPeraA 9 HORACIBC ( eds
Powel | M B1-2&CNeapao, 2-4°¢, 11298 )or P-28om Press New Yor k) . 55Encapsu| ation

vvi thi®0|iposomes is described by Fullerton, US Patent 4,235,877. Exanples
Exanpl e 1Incfyitigpn empodirpvt 97presisign &l indiee lerste@ bg bnbe pdditics obPifEigiands cont ai Ni ng

a sequenc@uaéht&t’@HII’ﬁ (Q‘PPVWV(I)EQ* riBipgatqe IJ%?%@‘ 'XJI@@GF 3@ t he %:Igl\/ll

t oxoi d wefP¥CeH ﬂ%’é I 10 I‘Igmgggb hirteen

d'ff(eéﬁ‘f' 'é‘h %@If;’e I\i@dg%gI 127rfd5t <o g 8A'"8d from

t he réldoase Si gnal sequence SEQ I D NO nucl eotide SEQ I D NO Am no

acid O gInrbnEI%IT%o&mgnt%eoéb%EngrIsﬂ§OD6so of the bacteria is between 0-2.5 or between 0.4-

1.5 at induction. The term ‘at induction’ refers to the point in the process at which an inducing
agent such as IPTG is added, this will occur at the very beginning of step b).
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SfmC 11 12 E.coli FocC 13 14 E.coli Ccmh 15 16 E.coli Yral 17 18
TowB 200/@051E. col i Ni kA 21 22 E.coli Fig! 23 24 PCT/EP2010/065047

A fermentor is any apparatus suitable for the industrial production of bacterial cultures.
However this term does not include culture flasks which are typically used for growth of
bacteria on a smaller scale. Optionally the fermentor contains 20-500, 50-500, 100-500, 250-
500, 400-500, 20-400, 50-400, 100-400, 250-400, 20-250, 100-200, 100-250, 250-300, 300-
500, 10-2000, 500-2000, 1000-2000, 1500-2000 or 1000-1500 or around 150 litres of culture.

Optionally the culture in the fermentor is agitated. Agitation is optionally by stirring the culture
in the fermentor but may be by any other suitable means, for example by agitation, vibromixer
and/or gas bubbling.

In an embodiment the dissolved oxygen level (DO) in the fermentor is (maintained) greater
than 5%, 10%, 15%, 16%, 17%, 18%, 19% 20%, 21%, 22%, 23%, 24%, 25%or 30%. In a
further embodiment the DOin the fermentor is 5%-50%, 10%-40%, 15%-25% or 17%-22%. A
100% DO is the amount of oxygen present when the medium (in the absence of a culture) is
saturated with oxygen following bubbling compressed air through the medium at 28°C and
pressure of 0.5bar.

The fermentation step may be subject to a large amount of foam production. In order to
control foam formation an antifoam agent is optionally added to the fermentor. Optionally a
foam probe or mechanical foam breaker is used in the fermentor, this may be used as well as
the antifoam agent.

In an embodiment the process for making the bacterial toxin involves removal of a signal
peptide from the bacterial toxin within the bacterial host cell to obtain a mature bacterial toxin.
Optionally this removal is carried out by host cell machinery. In an embodiment cleavage is
performed by the E.coli signal peptidase. Optionally the removed signal sequence is cleaved
further by signal peptide peptidase.

In an embodiment the process of the invention comprises a further step c¢) of harvesting the
cell paste from the culture.

In an embodiment centrifugation is used to harvest the cells. Optionally this takes place at
5,000-8,000g, 5,500-7,500g, 6,000-7,000g. Optionally this takes place between 4°C-10°C
5°C-9°C, 6°C-8°C or 7°C-8°C.

In a further embodiment the process of the invention comprises a further step of purifying the
bacterial toxin, for example as a mature bacterial toxin. In an embodiment this step involves
cell disruption and further purification using chromatography and filtration techniques.

In an embodiment cells are disrupted using osmotic shock, mechanical or enzymatic
methods. Optionally the mechanical method comprises using a mechanical homogenizer,
vortexing, sonication, using a French press or bead milling. Optionally the enzymatic method
comprises using lysozyme, zymolase or lysostaphin digestion.

In an embodiment the chromatography technique is affinity chromatography, gel filtration,
high pressure liquid chromatography (HPLC) or ion exchange chromatography. Optionally the
affinity chromatography uses an affinity tag purification column, an antibody purification
column, a lectin affinity column, a prostaglandin purification column or a streptavidin column.
Optionally the HPLC uses an ion exchange column, a reverse phase column or a size
exclusion column. Optionally the ion exchange column is an anion exchange column or a
cation exchange column.

Conjugation

The invention also provides a process for making a conjugate comprising the steps of i)
making a bacterial toxin using the process of the invention, and b) conjugating the bacterial
toxin of step ii) to an antigen.
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E.coli DsbA 25 26 E.coli 10Table 2 The first construct was created from

three plasmds (see Figure 1). Plasmd A created by Geneart, contained the
DsbA si gnaib 2884e¥ice (SEQ I D NO 25) 3' to a sequence en®OBERPQOIQ0634T er m nal
fragment of CRML97 (amino acids 1-206 of SEQ ID NO 32). This plasmd was 15

cloned i n O ntelr]n%%@EthQIwbe ar%rctla(nblgg fﬁe” saccha(' %‘O\IL-ag a&tdha%?srlt Is%?chg}cl ebot h

pl asm ds Hsal C g@ ;ﬁ Neakhil & éIQ EEJ i gat1 on.
Plasm d By, luerzHE N, Fnemﬁ @ rG aStEp A%%Bﬂéocafs CRML97
(am no acs@lm@éﬁ@«@%&e%o seF4ddl defindH HerdRS - sacemidenﬁﬁﬂaetehﬁernﬁ
backbomne ugbschRias 5na:;5d|3eacdnbrtda AatII and Xhol restriction enzynes, the
resulting plasmd was naned pRI T16668. This construct contains the signal
20 sequentCie $acomarids bohjugptet prebéne instheinahanegenii cudipngtians bethe fokrtiomedy by t wo

am no aci grepdredhy Bebimovo gablied teelnique THe gerilgatien betheld mgy mreatloa further

tWO am noOde? éﬂcch?r@mwthé qy@?t“l"ij'@ﬂhdlﬁm@ﬁﬂ?@n'w ﬁﬁjraﬂlg)r@qotaée 1tq WHN
i ﬂg ﬁ%er rgeta '\\fﬁﬁe ﬁﬁCﬁEa g(or ¥
construct n 9f8stppt°e@b%'8'“ r%og QF] 7 rﬂ? 8t8 d %{fefm@cwi@e Fbgpﬁ%eﬁt % @resm on

d éﬂ nyn ysteamin iclated "polysacc arlde W g:ﬁ % th
and remov rr| %g%‘ g@@ in Q%B fn&g tersreg ARith & qrrérarnra% a@QSI ng the
first two,@ §Noal h%P& S éHJEarﬁéfF' S1Sefd d}? X Hén A and
the restr |08(t3dc@lr}n|§é et-h 1oddBte |ﬂn@3@ r@ﬁéUCGnlﬁ“ﬁH} BrbiSaddded oradial
restricti enssAH)msfeiaba bB@nbth%sl@S@ﬁtlcﬁtbmdeS@mmem&GW .a&mpréa wttant ai ni ng
the 12 ot hewns ugmaie & SXPH AGE Be Vi -diriedtisedl sdyhalidg es torpgatet as Miedcgpddr T16668
wi t h Ndel prateth vsgelcatbodiimadmieq. ERAC Ds BIPCsehgmitry sieguoarbory! gidyp on thezealein
ol i gonucl esstigrde Sueh coriigriese atsh dedcribdse inoPRér pllbzsw%am“C%lerqd/éﬁc%%ﬂﬁﬂéﬁe one
at a €9 neU”'TOI”Q%Ft RIVigRstUpersity ﬁfé?‘s\élotaﬁ@f‘%‘tst%@ WR8FRW¥esul ting plasmids were

transfor i | ue chem c et en ce Js Nova en cat 70181 3,
used as ?@&q '?ﬂ?goy ”' rﬁu Sﬁcféﬂ 'de nEé Scrdbed m nsert

was COan OIC aCId SUC mﬁ % h [5)3 fyaareode é_t%
r IC
transio ”Tﬁ y‘a@xw t}‘.e ngcﬂar fgﬁgg ﬁfgila@é‘ idf. GHRAPE§RND5.L 8 7'254 (Novage“
cat 69041H3€!‘r’h@3—3|J tdgha@scemtayeso@qmn&r& e Ao‘aorprv.uatatp@tétatolfu X
BLR( DE3) ediedm#té@lidkige: TR @la@ Hvol¢&tedSctioMNoMAg eibniaat teRidds3to 3, prifdbSdros

r ecomrendgdu opticmalipraiettioneeproteétion of e rpesaryadiydrokt gropb'aeattioe si tge pirharg CRMLO7
const r uct hydoaxylc grioop|vats nCRI ®Xx forre s iGh catbamkienigtetrhedigte ang | caspiing the @A
sequeﬁce) carbgnate ilegnedigiewithamaminagrpliaems protsinei | ar to those created in

npl e 1_but Iackr ng t he periplasm c si naI sequence was creat ed. This
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Pre- cul t we=0(13mt3j160f t he B834(DE3), HWb174(DE3) and BLRCDEPRom@6IADI nant
strain were grown in LBT nedi um suppl enent ed vvith 1% gl ucose in the

presence g % kana Cl(ftgr &Sta Vla Slgé/e ni ht a undeE Isa]%ktoa{o Ca[n he next
day sanpl c bl o a¢ wﬁﬁt 4] agme%t%%/rm
of 50 ka |r¢£nott Rde |¥|| oxy EdiHleh G hed 0. 1.
These cel b@AW%F €N ah&bsgfr@c\,ﬂy%]? tod ron%ginf(@ttbgébchérf&e& Bl ipk&ts asm d

CRMLY75 ex ﬁé\ﬂ@sdn(émehﬁjelgmrtotsb&hm& 6ﬂlnka héhﬁg d akcifipReabRF grotihier ef or e
expression of the encoded CRML97 can be induced on addition of

i sopr opyl €p&dlphybryt (for dgehectioppreaned i ae gribedi@ent thi group [sdinigdtto g Atordensi ty
reached Ogcteéorp redefieied rragghetide PTIBKea Wit thalpiifd¢ chdreistey. ils oge inhedimedritient r at i on
of 1 m&@uféﬁ@?‘ivé@d/@l?ﬁ'f'%ﬂﬁdb'% #iazobanaditee was al l owed to grow further, for

3h at '3oc Th 7 at ed th
Cotal bacPhrigrod E% OB (O a§ﬁee %pressé's'g%eﬁ‘a e (e a8 BT e 16- 2009

and st ai ni n'vatedlinﬁ onassi € I"Snt blue. A Western blot was carried out

usi ng NMOUgE |ﬁ\i&5kd;PT r@uﬁ’ck%oyclh&&?&!e %Qt hRRehE) STl dak ”&n%dﬁnﬁhn’t\'ﬁﬁs ERES -
Fi gures 4 dassbd/Resinidd\@thiRibeer@kinkhi s exper| ment. The CoomasSi e gel shows
no difference in expression profile between the |nduced and non-i nduced

cul t ur es. Filb@andgisjraprifobinetnaamnamgibingt es a | ack of CRML97 in both the

i nduced and non-induced cultures. There is no or 5little periplasmc CRML97
expressedGl)Jhld@vl gtdve sfer ipgantetviadnpiopBranpl e 5 optimi sation of pH and

t enpef@t ure conditions and expression analysis of the constructs 10The
steps in aﬁdwgﬁnﬁ g@ﬁ f‘é'élw'”ﬂétl’/%‘ Ef 350 dor @oupling Yy GPOH or

K2HPOA/ KHIPO a;g) i 0Ty AEeT (et BHRIBT FOPARULEIFBUELER ¢ hat
the nedi uff'va Pfé/ ed f fzﬁ’en'sp Oéx r€&si on was i nduced by addition of 1nM
| PTG gid b};gctg&up;,,;éra% Masheal I owed to grow overnight at either 23C or 30C
The | evel of protéin expressed in the supernatant and pell et was eval uated
usi ng CoOBESHARIeTHI+TNEG oRODANESLLEyanik @btel @ NM2LRGOIES--BSofj@Es | bed in
15Exanpl eSdcchitidetaldebgiar+-oNHDBPiohe--paeiff hasan NaaNBBB H---sicgipajatesequences, t he
expr essi ofadcear@gle-GSFOHCRNIHG-Protar=EDAEY y-—>heaplugdter t he OnpA signal sequence,
howeveé? t Reccparsiedi? i SOSIMERIPEUERAC f-oP APugteot ei n of around 27kDa. This
truncated formis cell associated (not found in either the periplasmc

20r el ease"P¥egEEquBINIaTa SPACY HIRKLLUFRPIAE ST di um) . Wth regard to the NspA

si gnal segue C%e Cﬁ—ﬁ? SI 0 Alg__p>05|a%étve but (Aol 0 ieyglsacgg Jpat ye, CRMLI7 i's
obt ai gged h Ir[)teg% _____ Eg ans?afl ona sequences fie expression

| evel ﬁl gh rglg% 5|gnal sequences, however the CRML97

pr OdUCGd B§ccﬂé}tdefoﬂ L )CNB&BME@AID - EXpyAsieicoar WNHD--LRe| 25 shlickfigsl-geral + sequence
| eads t o eM@SFialivk Plotdifivitt 8n RkIsed Bystelditeorgbtadd ApmRaitalion bexmihoi S | ower
t han w t hgleligd of &recbreip By SPORP &dr insqee re-e dadtharige-SiSHPrbt det ect abl e in t he

t ot al 4@&xtract by Coonmmssie staining. Exanple 6 expression analysis of the
CRML97 cybBegsharsiai@ &xghiBe 95 CBAP consvanaie teste8® NDE3--8ld [--s—weaceharifdernsibt med wi t h
t he pl asrﬁ"@ ”b‘i’%@@b@tﬂ’dif'??t'é&afr?ﬁ?'@gﬂou%lﬂ TUFRHIHAD expressi on of CRI\/[L97

cval ugg odSHy dﬁs Ci*ﬁ@?fﬁmﬁ o oGP Bt e ST RETSIGh an SDS- PAGE
u

ha ace aed- ot
gel and usi ng onmassi e alnlng and western bl ot techniques as

descri bedséd%hmfﬁﬁcﬂﬂ 4 £paBa \@LL AL Sextdhatdes - WRHS + R TRy pne shot

t echni c(mﬂgé@@btesysten) in standard PBS buffer. After centrifugation, the
sol ubl e and insol uble fractions obtained were | oaded onto a gel. The

resul 5& oBadcharkieedQuEH i+ DAL +ANH2--pBHES ent-edadcharidegudle 6SH-Phe (@eative Prateimel |

expr essedwitnan legmeed dytedier ¢ abtained\aftet metliigormofsarhisgd grupsabf tharroteh by he
protei n i §PPR&BINglaes) ameh JaeerariessSiSPrplel | et . Furthernore cyt opl asmic
expression | eads to appar ent | ower nolecul ar wej ght pr ot ei ns a@Eearl ng on

th n "&iRa T ThEOIAORTSR FIAleRERstY uct 45
BLeR( ) gﬁﬁ? tiop &f ?'E'R%rlp ?F’éhg?r‘é 3 \(/)VI th the?ﬁconstruct n?r oduced |U(r:1
exanpl e 383&Hértdufcﬁ5bmd56x@f+em0”sh“du%ea@c ?idéi@ﬁcl IhBESketyhtdd¥SioPRLL M Sed

pr ot ocol I'n addition sonme sanple cells were grown wthout the
addi tion of 100nNIK2HPO4/KH2PO4 buffer. Simlarly the | evel of protein
expressed was eval uat ed usi ng Coomassi e staining and Western blot 50
techni ques as described in Exanple 4. At induction tenperature was

mai nt ai ned at either 23C or 30C and sanples were taken at the tine of

i nduction, 2 hours after induction, ?ours after induction and after

overni ght induction. The results of th(3 experinment are shown in Figure 7.
The Western bl ot denonstrates an 55 easily detectable |evel of expression
of CRNHQ? mnth buf f er at 23C The Ievels of proteln expre55|on |n the cells

T r r o o -



10 stopped when the optical density at 650nm (0D650onm reached 2. 50,

(around 6h of incubation). The pre-culture was used to inoculate nmediumin
a fernmentwo 20s/@e18 as the culture was stopped (exanpl eP@Y/EPExanpoe7 9 - 20L
scal e fedbatch fernmentation Method 15A 20 litre fernenter (Bi oI afitte) was

e o osp AN S0 R MRARe 5PY FERL Y colgsteLred Tl

the fernmepre rom Za |sk|ee :87-95
(1987)). |F.’ éElfofEBQC%GUeuéTﬂyV%ﬁabreec%ﬂdoH%ﬁ@'mfa?b@us%dv"' th base add| tion. 3nt
of undiluted |rrad| ated antifoam (SAG was” al so added to the fernenter.
The tefm)ernaﬁdlﬂrﬁar&,ZtBQ)typeQ%ﬁ@rdﬁ‘rﬁ%&rﬂérecr(eﬂudil BRUY thal =3t heOGererlif ubdDfdri t T es
spar ged atduplreywithi adsicenaridenste iamiriol gddupa ¢fott iastarea on ABins pesiitie§)3000HMupser e t hen
set pri or (foroinstameudrabspariic and eglitanie| acoff redidgesplavne BHogwgen (if accesedds (ondi ti ons
was 100% inFhecelragustpineresidves. and aerati on rate were nmai ntai ned at a constant
| evel duri ng. t he fernentation. Inocul atlon was achi eved by the addition of
18 m 1Qf Maceine primmunegenic.compositiong of theiinvention, £y anpi e 8). 25Duri ng batch
phase (0-15h), the terrperature was nai ntai ned at 28C. The | evel of

di ssol Ved ;yrgseerﬂt |%§1tl(§nef{1rtr%trli%9(g%sa %cel-sF fg rﬂ%ﬂc ag{ ﬁr?ggé a%glng ygen (DO) was

regul at ed % d ucose
exhaust i on res Ce%ﬁ{lpggtéoﬁ Clbn({gllrlée@ste I n DO and a concom tant decrease in
stirring. meking 2 badieriaf WXiRehtORUDBIA USIRg B Praspsl of figvertion@nthas added

accortging to B.hwiimj th@vadigiafl teatlorxdajdgté theroPwitfd dhaimdcetitiBiNtaatdpible | me ( h)
Addi ti onal substkagientf eed rate (m/mn) Cunul ative weight fed (g) 0 0.000 O
1 0.000 0 2 0.000 0 3 0.0000 4 0.000050.00008®60.000070.0000 8
0. 000

The vaccine or immunogenic composition produced by this process may additionally

comprise antigens from further bacterial species. In one embodiment the vaccine or

20 immunogenic composition may comprise antigens selected from S. pneumoniae, H.
influenzae, N. meningitidis, E.coli, M.cattarhalis, tetanus, diphtheria, pertussis, S.epidermidis,
enterococci, or S. aureus.

In a further step the polypeptides of the invention may be mixed with an adjuvant. The choice
25  of a suitable adjuvant to be mixed with bacterial toxins or conjugates made using the

processes of the invention is within the knowledge of the person skilled in the art. Suitable

adjuvants include an aluminium salt such as aluminium hydroxide gel or aluminum phosphate

or alum, but may also be other metal salts such as those of calcium, magnesium, iron or zinc,

or may be an insoluble suspension of acylated tyrosine, or acylated sugars, cationically or
30 anionically derivatized saccharides, or polyphosphazenes.

The vaccine preparations containing immunogenic compositions of the present invention may
be used to protect or treat a mammal susceptible to infection, by means of administering said
vaccine via systemic or mucosal route. These administrations may include injection via the

35 intramuscular, intraperitoneal, intradermal or subcutaneous routes; or via mucosal
administration to the oral/alimentary, respiratory, genitourinary tracts. Intranasal
administration of vaccines for the treatment of pneumonia or otitis media is preferred (as
nasopharyngeal carriage of pneumococci can be more effectively prevented, thus attenuating
infection at its earliest stage). Although the vaccine of the invention may be administered as a

40 single dose, components thereof may also be co-administered together at the same time or at
different times (for instance pneumococcal saccharide conjugates could be administered
separately, at the same time or 1-2 weeks after the administration of the any bacterial protein
component of the vaccine for optimal coordination of the immune responses with respect to
each other). In addition to a single route of administration, 2 different routes of administration

45 may be used. For example, saccharides or saccharide conjugates may be administered IM
(or ID) and bacterial proteins may be administered IN (or ID). In addition, the vaccines of the
invention may be administered IM for priming doses and IN for booster doses.

The content of toxins in the vaccine will typically be in the range 1-100ug, preferably 5-50ug,
50 most typically in the range 5 - 25ug. Following an initial vaccination, subjects may receive
one or several booster immunizations adequately spaced.

Vaccine preparation is generally described in Vaccine Design (“The subunit and adjuvant

approach” (eds Powell M.F. & Newman M.J.) (1995) Plenum Press New York).
55 Encapsulation within liposomes is described by Fullerton, US Patent 4,235,877.
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Examples

Example 1 design of CRM197-signhal sequence constructs

5 Plasmids containing a sequence encoding an N-terminal signal sequence fused to the
CRM197 toxoid were created using standard molecular biology techniques. Thirteen different
signal sequences were used (table 2); these were selected from the GenEMBL database.

Signal SEQ IDNO | SEQID NO Origin
sequence nucleotide Amino acid
PhtE 1 2 S.pneumoniae
SipA 3 4 Group B Strep
OmpA 5 6 E.coli
NspA 7 8 N.meningitidis
TorT 9 10 E.coli
SfmC 11 12 E.coli
FocC 13 14 E.coli
Ccmh 15 16 E.coli
Yrai 17 18 E.coli
TolB 19 20 E.coli
NikA 21 22 E.coli
Figl 23 24 E.coli
DsbA 25 26 E.coli
10 Table 2

The first construct was created from three plasmids (see Figure 1). Plasmid A, created by
Geneart, contained the DsbA signal sequence (SEQ ID NO:25) 3’ to a sequence encoding an
N-terminal fragment of CRM197 (amino acids 1-206 of SEQ ID NO 32). This plasmid was
15  cloned into the pET26b backbone plasmid (Novagen) by digestion of both plasmids using
Ndel and Sacl restrictions enzymes followed by ligation. Plasmid B, created by Geneart,
contained a C-terminal fragment of CRM197 (amino acids 206-533 of SEQ ID NO 32). this
was cloned into the pET26b backbone using restriction with Aatll and Xhol restriction
enzymes, the resulting plasmid was named pRIT16668. This construct contains the signal
20 sequence from DsbA up to the signalase binding site, followed by two amino acids from DsbA
found after the signalase binding sequence, a further two amino acids from the restriction
enzyme binding site, and finally CRM197 missing the first two amino acids. This means that
when these constructs are expressed the protein produced after periplasmic expression and
removal of the signal sequence by signalase contains CRM197 missing the first two amino
25  acids but with an extra four amino acids from DsbA and the restriction site.

The pRIT16668 plasmid contains Ndel and Agel restrictions sites flanking the DsbA signal
sequence.

30 Plasmids containing the 12 other signal sequences were created by digesting plasmid
pRIT16668 with Ndel and Agel to remove the DsbA signal sequence. Hybridized
oligonucleotides encoding each of the other 12 signal sequences were, one at a time, ligated
between these two sites.

35  The resulting plasmids were transformed into Novablue chemically competent cells (Novagen
cat 70181-3, used as recommended by manufacturer). The presence of the correct insert was
confirmed for each plasmid by sequencing. The plasmids were then transformed individually
into B834(DE3) chemically competent cells (Novagen cat 69041-3HMS174 (DE3) chemically
competent cells or alternatively BLR(DE3) chemically competent cells (Novagen cat 69053-3,

40 used as recommended by manufacturer), for expression.

Example 2 design of a CRM197 construct for cytoplasmic expression (lacking the
periplasmic signal sequence)
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In this experiment, a plasmid similar to those created in Example 1 but lacking the periplasmic
sighal sequence was created. This design process is summarised in Figure 2. Firstly the
CRM197 sequence (SEQ ID NO:31) was amplified by standard PCR techniques using two
primers which were named MDSCRM1 (SEQ ID NO:27) and MDSCRM2 (SEQ ID NO:28) and

5 pRIT16668 as the template (the temperature cycles used were (94°C 2’- 55°C 2'- 72°C 2'30)
X25-72°C 10 - end 4°C).

This fragment was inserted into plasmid pRIT16668 in place of the CRM197signal sequence
insert. This was achieved using standard molecular biology techniques through digestion of

10 the PCR product and pRIT16668 with the restriction enzymes Ndel and Xhol. The resulting
plasmid contains the mature CRM197 sequence (SEQ ID NO:31) but contains no signal
sequence and was named pRIT16669.

The resulting plasmids were transformed into Novablue chemically competent cells (Novagen

15  cat 70181-3, used as recommended by manufacturer). The presence of the correct insert was
confirmed for each plasmid by sequencing. The plasmids were then transformed into
B834(DE3) chemically competent cells (Novagen cat 69041-3, used as recommended by
manufacturer) for expression.

20 Example 3 design of an optimal signal sequence-CRM197 construct

The signal sequence Flgl was selected for use to create an improved construct. The cloning
process followed is summarized in figure 3.

25 A region of DNA containing the Flgl signal sequence fused to the N-terminal part of the
CRM197 sequence was amplified using standard PCR techniques. Two primers were used,
primers named Flgl c-CRMopt3e (SEQ ID NO:29) and MDSCRM906NC (SEQ ID NO: 30)
primer using pRIT16669 as template with cycling (94°C 2'(94°C 1’- 60°C 1’- 72°C 2'30)X3
(94°C 1’- 58°C 1'- 72°C 2'30)X3 (94°C 1'-56°C 1’- 72°C 2’30)X3(94°C 1'-54°C 1'- 72°C

30  2'30)X20 72°C 10’- end 4°C).

This fragment was inserted into plasmid pRIT16669 using standard molecular biology
techniques through digestion of the PCR product and plasmid pRIT16669 with the restriction
enzymes Ndel and Aatll. The resulting plasmid contains the complete mature N-terminus of

35 CRM197(SEQ ID NO:31) and the Flgl signal sequence terminating at the signalase binding
site (SEQ ID NO:23) and was named pRIT16681.

The resulting plasmids were transformed into Novablue chemically competent cells (Novagen

cat 70181-3, used as recommended by manufacturer). The presence of the correct insert was
40 confirmed for each plasmid by sequencing. The plasmids were then transformed into

B834(DE3) chemically competent cells (Novagen cat 69041-3) cells for expression.

Example 4 expression of DsbA signal sequence-CRM197 construct

45 In this experiment, cells transformed with the DsbA signal sequence constructs created in
Example 1 were cultured and expression induced. Pre-cultures (3ml) of the B834(DE3),
HMS174(DE3) and BLR(DE3) recombinant strain were grown in LBT medium supplemented
with 1% glucose in the presence of kanamycin (50pg/ml) overnight at 37°C under agitation.
The next day samples of this preculture were added to 20ml LBT medium with 50ug/ml of

50 kanamycin after the optical density ODgy of the medium reached 0.1. These cells were
allowed to grow at 30°C under agitation. In this plasmid, CRM197 expression is under the
control of the /ac operator, therefore expression of the encoded CRM197 can be induced on
addition of isopropyl-beta-D thiogalactopyranoside (IPTG). When the optical density reached
0.6 induction with IPTG (added until there is a final concentration of 1mM) was carried out

55 and the culture was allowed to grow further, for 3h at 30°C.

The level of CRM197 expression was evaluated by running the total bacterial cell product on

an SDS-PAGE gel (Novex Tris-glycine 10-20%) and staining with Coomassie brilliant blue. A

Western blot was carried out using mouse anti-DTPa polyclonal antibody staining with NBT-
60 BCIP.
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Figure 4 describes the results of this experiment. The Coomassie gel shows no difference in

expression profile between the induced and non-induced cultures. The Western blot

demonstrates a lack of CRM197 in both the induced and non-induced cultures. There is no or
5 little periplasmic CRM197 expressed under these conditions.

Example 5 optimisation of pH and temperature conditions and expression analysis of
the constructs

10 The steps in example 4 were repeated; however in this case 100mM of K,;HPO4,/KH,PO,
buffer was added to the culture before induction such that the medium was buffered to pH7.5.
Expression was induced by addition of 1mM IPTG and the culture was allowed to grow
overnight at either 23°C or 30°C. The level of protein expressed in the supernatant and pellet
was evaluated using Coomassie staining and Western blot techniques as described in

15  Example 4.

With regard to the post-translationl signal sequences, the expression level of CRM197 was
very high for the OmpA signal sequence, however the protein is cleaved to form a protein of
around 27kDa. This truncated form is cell associated (not found in either the periplasmic

20 release fraction or in the culture medium). With regard to the NspA signal sequence,
expression is positive but a low level of mature CRM197 is obtained.

With regard to the co-translational sequences, the expression level is high with Figl and SipA
sighal sequences, however the CRM197 produced is not fully matured. Expression with the

25 NikA signal sequence leads to expression of mature protein. The global expression level is
lower than with FIgl and SipA signal sequence but is still detectable in the total extract by
Coomassie staining.

Example 6 expression analysis of the CRM197 cytoplasmic expression constructs

30
DE3 cells were transformed with the plasmids produced in example 2, cultured and
expression of CRM197 induced as described in Example 4.. The CRM197 expression level
was evaluated by running the product of the total bacterial cell on an SDS-PAGE gel and
using Coomassie blue staining and western blot techniques as described in Example 4.
35 Bacterial extracts were performed by one shot technic(Constant system) in standard PBS
buffer. After centrifugation, the soluble and insoluble fractions obtained were loaded onto a

gel.

The results of this experiment are presented in Figure 6. The gene is well expressed in these

40 strains nevertheless a substantial part of the protein is insoluble and remains in pellet.
Furthermore cytoplasmic expression leads to apparent lower molecular weight proteins
appearing on the gel.

Example 7 expression analysis of the optimised Flgl construct

45
BLR(DE3) E.coli cells were transformed with the construct produced in example 3, cultured
and expression induced as described in the optimised protocol of example 5. In addition some
sample cells were grown without the addition of 100mM K,HPO,/KH,PO, buffer. Similarly the
level of protein expressed was evaluated using Coomassie staining and Western blot

50 techniques as described in Example 4. At induction temperature was maintained at either
23°C or 30°C and samples were taken at the time of induction, 2 hours after induction, 4
hours after induction and after overnight induction.

The results of this experiment are shown in Figure 7. The Western blot demonstrates an

55 easily detectable level of expression of CRM197 with buffer at 23°C. The levels of protein
expression in the cells which were not buffered during the induction phase were observed to
be lower.

Example 8 — Escherichia coli B2355 Pre-culture
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A pre-culture was prepared using a frozen seed culture of Escherichia coli strain B2355. This

strain is a B834(DE3) strain transformed with a pET26b derivative containing a sequence

coding for a fusion protein between the signal peptide of Flgl from E. coli and the mature part

of CRM197 (this is plasmid pRIT16681 described in figure 3 and example 3). The seed
5  culturability was determined as approximately 1x10"° colony forming units per ml.

The seed culture was thawed to room temperature and 400 yl were used to inoculate a 2 litre
Erlenmeyer flask containing 400 ml of preculture medium (adapted from Zabriskie et al. (J.
Ind. Microbiol. 2:87-95 (1987))).

The inoculated flask was then incubated at 37 °C (£ 1°C) and 200 rpm. The pre-culture was

10 stopped when the optical density at 650nm (ODgsonm) reached 2.50, (around 6h of incubation).
The pre-culture was used to inoculate medium in a fermenter as soon as the culture was
stopped (example 9).

Example 9 — 20L scale fedbatch fermentation

Method

15 A 20 litre fermenter (Biolafitte) was used. Nine litres of batch phase medium were aseptically
transferred into the fermenter (adapted from Zabriskie et al. (J. Ind. Microbiol. 2:87-95
(1987)). The pH of the medium was readjusted to 6.8 with base addition. 3ml of undiluted
irradiated antifoam (SAG 471) was also added to the fermenter. The temperature (28°C),
head pressure (0.5 bar), aeration rate (20 litres sparged air per minute) and initial agitation

20 speed (300 rpm) were then set prior to inoculation. The level of dissolved oxygen in these
conditions was 100%. The head pressure and aeration rate were maintained at a constant
level during the fermentation.

Inoculation was achieved by the addition of 18 ml of pre-culture (prepared as described in
Example 8).

25 During batch phase (0-15h), the temperature was maintained at 28°C. The level of dissolved
oxygen was set at 20%. The level of dissolved oxygen (DO) was regulated by increasing
stirring when the DO fell below 20%. Glucose exhaustion resulted in an increase in DO and a
concomitant decrease in stirring.

After 15h fermentation, additional substrate was added according to the following feed
30  addition profile:

Fermentation Additional Cumulative

. substrate feed rate .
time (h) (ml/min) weight fed (g)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

o
o

OO |IN[([O|O|B[WIN|=

O|O(O(O|O|IO|O|O|C|C

-
o
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60 0.325 2736 61 0.325 2759 62 0.325 2782 63 0.325 2804 64 0.325 2827 65

0. 325 2849 66 0.325 2872 67 0.325 2894 68 0.325 2917 69 0.325 2939 70 0.325
2962 71 OWB2B112834672 0. 325 3007 Table 3  During the PetAiratiohcihase
(15-46h), the pH was maintained at 6.8 by addition of base, the tenperature

was regul ated at 286 —and—theHO %'j%'hi(;ﬁg‘ls re-At-at-ned —at 20% t hr ough
control 5of the s HFFenr;_ngntaMre. substrate feed rate Cumulative
ime (h) (ml/min) weight fed (g)

11 0.000 0

12 0.000 0

13 0.000 0

14 0.000 0

15 0.000 0

16 0.600 21

17 1.150 81

18 1.150 161
19 1.150 241
20 1.150 321
21 1.150 400
22 1.150 480
23 1.150 560
24 1.150 639
25 1.150 719
26 1.150 799
27 1.150 878
28 1.150 958
29 1.150 1038
30 1.150 1117
31 1.150 1197
32 1.150 1277
33 1.150 1357
34 1.150 1436
35 1.150 1516
36 1.150 1596
37 1.150 1675
38 1.150 1755
39 1.150 1835
40 1.150 1914
41 1.150 1994
42 1.150 2074
43 1.150 2153
44 1.150 2233
45 1.150 2313
46 1.150 2393
47 0.325 2444
48 0.325 2466
49 0.325 2489
50 0.325 2511
51 0.325 2534
52 0.325 2556
53 0.325 2579
54 0.325 2601
55 0.325 2624
56 0.325 2646
57 0.325 2669
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5Table 5 Culture No. pH Feed rate during induction (m/mn) OD650nm

before induction during induction at induction end of fernentation CDT337
N- r- co wo20m/@e516- r- 00 r- r- oo r- r- r- 1.10 93. 0 POZ/EP2@GDDERS7
93.0 102.4 CDT341 0.89 94.4 40.0 CDT342 0.48 89.2 98.0

10

15

20

25

30

35

40

Example 10 — determination of the optimum feed rates and temperatures to be used
during the induction phase

In this experiment response-surface methodology (J.ind. Microbiol. Biotechnol. 37:195-204
(2010)) was used to determine optimal values for three parameters, in order to maximize
periplasmic production of a recombinant protein. The three fermentation parameters
investigated were the pH during the growth phase, the pH during induction and the feed rate
during induction. Values for these three parameters were chosen according to a Doehlert
uniform shell design (Doehlert (Applied Statistics 19:231-239 (1970))). Fifteen fermentations
were carried out using the values described in table 5.

The fermentations were carried out using strain B2284, this is a strain of BLR (DE3) cells
transformed with a pET26b derivative containing a sequence coding for a fusion protein
between the signal peptide of Flgl from E. coli and the mature part of CRM197 (this is plasmid
pRIT16681 described in figure 3 and example 3).

For each fermentation, the seed culture was thawed to room temperature and 500 pl was
used to inoculate a 2 litre Eenmeyer flask containing 400 ml of preculture medium (adapted
from Zabriskie et al. (J. Ind. Microbiol. 2:87-95 (1987))).

The inoculated flask was then incubated at 37 °C (£ 1°C) and 200 rpm. The pre-culture was
stopped when the optical density at 650nm (ODgsonm) reached around 2.5, (around 6h of
incubation). The pre-culture was used to inoculate medium in a fermenter as soon as the
culture was stopped (adapted from Zabriskie et al. (J. Ind. Microbiol. 2:87-95 (1987)).

A 20 litre fermenter (Biolafitte) was used. Nine litres of batch phase medium were aseptically
transferred into the fermenter. The pH of the medium was readjusted to the target value
(Table 5) with base addition. 3 ml of undiluted irradiated antifoam (SAG 471) was also added
to the fermenter. The temperature (28°C), head pressure (0.5 bar), aeration rate (20 litres
sparged air per minute) and initial agitation speed (300 rpm) were then set prior to inoculation.
The level of dissolved oxygen (DO) in these conditions was 100%. The head pressure and
aeration rate were maintained at a constant level during the fermentation.

Inoculation was achieved by the addition of 15-20 ml of pre-culture.

During batch phase (0-15h), the temperature was maintained at 28°C. The level of dissolved
oxygen was set at 20% and regulated by increasing stirring when the DO fell below 20%

During the fed-batch phase (15-46h), the pH was maintained according to one of the
conditions described in table 5 by addition of base. The temperature was regulated at 28°C.
The stirring rate was maintained at a constant setpoint (maximum 800 rpm), and the DO level
was maintained at 20% by automatic addition of concentrated feed solution (adapted from
Zabriskie et al. (J. Ind. Microbiol. 2:87-95 (1987)) when the DO increased above 20%.

When the culture reached an ODgsq,y around 90, the pH setpoint was modified according to
one of the conditions described in table 5 by base or acid addition and the temperature was
decreased to 23°C. Once these conditions were achieved IPTG was added to a final
concentration of 1 mM. The pH and temperature were maintained during the whole induction
phase (24h). A constant substrate feed rate was used during the whole induction phase,
according to one of the conditions described in table 5. The DO level was maintained at 20%
by controlling the stirring rate.

At the end of the induction phase, cell paste was collected by centrifugation (typically
6,500xg, 4°C for 1h), and stored at -20°C.
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CDT344 0.89 90.0 89.0 CDT345 0.48 92.8 42. 0 CDT348 0.69 89.2 97.6
CDT349 r- 0.69 96.0 109.0 CDT360 0.89 88.4 98.8 CDT351 0.48 89.2 99.0
CDT354 wWo0&01188200693. 6 CDT355 PCT/EP2010/065047

Periplasmic extraction was performed by osmotic shock using a procedure adapted from
Chen et al. (Biochem. Eng. J. 19:211-215 (2004)). CRM197 content in the periplasmic and
cytoplasmic fractions were assayed by Elisa (table 6).

5 Tableb
pH Feed_ rate OD650nm
during
Culture before during induction end of
No. induction | induction | (ml/min) at induction fermentation
CDT337 7.0 7.8 1.10 93.0 104.0
CDT338 7.0 7.8 0.28 93.0 102.4
CDT341 7.0 8.7 0.89 94.4 40.0
CDT342 7.0 6.9 0.48 89.2 98.0
CDT344 7.0 6.9 0.89 90.0 89.0
CDT345 7.0 8.7 0.48 92.8 42.0
CDT348 7.0 7.8 0.69 89.2 97.6
CDT349 7.0 7.8 0.69 96.0 109.0
CDT360 7.4 8.1 0.89 88.4 98.8
CDT351 6.6 7.5 0.48 89.2 99.0
CDT354 6.6 7.5 0.89 89.0 93.6
CDT355 6.6 8.4 0.69 87.0 40.0
CDT357 7.4 7.1 0.48 84.8 88.8
CDT358 7.4 7.2 0.69 84.0 86.4
CDT358 7.0 7.8 0.69 94.8 108.0
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0.69 87.0 40.0 CDT357 0.48 84.8 88.8 CDT358 0.69 84.0 86.4 CDT358

0.69 94.8 108.0 Table 6 Culture no. pHbefore induction pHduring induction
Feedr at e worzonigp4esrducti on (m/mn) CRML97 (ng/L by Eli s&CT/EP20188630p7 asmi C
Cytoplasmc CDT337 7.0 7.8

Table 6
Culture no. pH before | pH during | Feed rate | CRM197 (mg/L by Elisa)
induction induction during

induction Periplasmic | Cytoplasmic

(ml/min)
CDT337 7.0 7.8 1.10 1500 422
CDT338 7.0 7.8 0.28 921 357
CDT341 7.0 8.7 0.89 13 11
CDT342 7.0 6.9 0.48 1058 341
CDT344 7.0 6.9 0.89 822 275
CDT345 7.0 8.7 0.48 10 20
CDT348 7.0 7.8 0.69 1166 558
CDT349 7.0 7.8 0.69 889 652
CDT360 74 8.1 0.89 77 50
CDT351 6.6 7.5 0.48 1533 427
CDT354 6.6 7.5 0.89 803 595
CDT355 6.6 8.4 0.69 20 32
CDT357 74 7.1 0.48 54 29
CDT358 74 7.2 0.69 681 310
CDT359 7.0 7.8 0.69 1523 685
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1.10 1500 422 CDT338 7.0 7.8 0.28 921 357 CDT341 7.0 8.7 0.89 13 11 CDT342
7.0 6.9 0.48 1058 341 CDT344 7.0 6.9 0.89 822 275 CDT345 7.0 8.7 0.48 10 20
CDT348 7.Wo208/01289 1166 558 CDI349 7.0 7.8 0.69 PCT/EP2010/065047

Based on the results from the 15 fermentations, the NEMROD-W software (LPRAI, Marseille,
France) was used to model the production of CRM197 in the periplasmic and cytoplasmic
5 fractions.

As shown in Fig. 10, the production of periplasmic CRM197 is maximal at low feed rates
during induction (Fig.10a), while the accumulation of CRM197 inside the cell is maximal at
higher feed rates (Fig.10b). The difference in feed rate optima for the production of
periplasmic or cell-associated CRM197 allows for defining conditions that selectively improve

10 the production of periplasmic CRM197. A pH increase at induction is also required for efficient
production of periplasmic CRM197 (Fig.10a).

Table 7 below describes the optimum pH during growth, the optimum pH during induction and
the optimum feed rate, as obtained using the NEMROD-W software.

Table 8

Parameter Value

pH during growth 6.8

pH during induction 7.5

Feed rate during induction 0.330 ml min”’

15

Optimising the pH and feed rate conditions led to optimal secretion of CRM97 into the
periplasm.
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889 652 CDT360 7.4 8.1 0.89 77 50 CDT351 6.6 7.5 0.48 1533 427 CDI354 6.6
7.5 0.89 803 595 CDT355 6.6 8.4 0.69 20 32 CDT357 7.4 7.1 0.48 54 29 CDT358
7.4 7.2 OW62063%2380 CDT359 7.0 7.8 0.69 1523 PCT/EP2010/065047

Claims
1. A polynucleotide comprising a 5' signal sequence portion and a 3' toxin portion wherein

5 (a) the 5" signal sequence portion encodes a heterologous polypeptide having an
amino acid sequence capable of directing transport of a heterologous protein to the
bacterial periplasm; and

(b) the 3’ toxin portion encodes a polypeptide having an amino acid sequence at least
90% identical to SEQ ID NO: 32 or fragments thereof encoding at least 15 amino
10 acids and/or at least one B or T cell epitope.

2. A polynucleotide comprising a 5' signal sequence portion and a 3' toxin portion wherein

(a) the 5" signal sequence portion encodes a polypeptide having an amino acid
sequence capable of directing transport of a heterologous protein to the bacterial
periplasm and wherein the 5’ signal sequence portion is not derived from

15 C.diphtheriae; and

(b) the 3’ toxin portion encodes a polypeptide having an amino acid sequence at least
90% identical to SEQ ID NO: 32 or fragments thereof encoding at least 15 amino
acids and/or at least one B or T cell epitope.

3. The polynucleotide of claim 1 or 2 wherein the 5’ signal sequence portion encodes a
20 polypeptide having an amino acid sequence capable of directing co-translational transport
of a heterologous protein to the bacterial periplasm.

4. The polynucleotide of claims 1-3 wherein the 3’ toxin portion encodes SEQ ID NO: 32.
The polynucleoctide of claims 1-4 wherein the 3’ toxin portion comprises SEQ ID NO: 31.
The polynuclectide of claims 1-5 wherein the 5’ sighal sequence portion encodes
25 a. anyone of SEQID NO: 2, 4,6, 8, 10, 12, 14, 16, 18, 20, 22, 24, or 26;

b. variants of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, or 26 containing
1, 2 or 3 point mutations, insertions or deletions; or

c. fragments of at least 10 amino acids of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18,
20, 22, 24, or 26.

30 7. The polynucleotide of claims 1-5 wherein the 5’ signal sequence portion encodes
a. anyone of SEQID NO: 2, 4, 10, 12, 14, 16, 18, 20, 22, 24, or 26;

b. variants of SEQ ID NO: 2, 4, 10, 12, 14, 16, 18, 20, 22, 24, or 26 containing 1, 2
or 3 point mutations, insertions or deletions; or

c. fragments of at least 10 amino acids of SEQ ID NO: 2, 4, 10, 12, 14, 16, 18, 20,
35 22,24, or 26.

8. The polynucleotide of claims 1-5 wherein the 5’ signal sequence portion encodes
a. anyone of SEQID NO: 2, 4,10, 12, 14, 16, 18, 20, 22, or 24,

b. variants of SEQ ID NO: 2, 4, 10, 12, 14, 16, 18, 20, 22, or 24 containing 1, 2 or 3
point mutations, insertions or deletions; or

40 c. fragments of at least 10 amino acids of SEQ ID NO: 2, 4, 10, 12, 14, 16, 18, 20,
22, 0r 24.

9. The polynucleotide of claims 1-5 wherein the 5’ signal sequence portion encodes
a. SEQ ID NO: 24;
b. variants of SEQ ID NO:24 containing 1, 2 or 3 point mutations, insertions or
45 deletions; or
c. fragments of at least 10 amino acids of SEQ ID NO: 24.
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10, 12, 14, 16, 1é° 20, 22, 24, or 26 cont aining 1, 2 or 3 point nutations,

i nserti ons or deletions; or C. fragrrent s of at least 10 am no
aci ds of SEQnk @olN@cleBtide‘bf clafths 1022, dibreid the 51kgnalibrtioA32qendeddencOdies26.
35 sighal peptide having an amino acid sequence of

(a) SEQ ID NO: 24;

(b) variants of SEQ ID NO: 24, varying from the corresponding sequences by 1, 2 or 3
point mutations, amino acid insertions or amino acid deletions, which are capable of
directing an expressed protein to the periplasm; or

40 (c) fragments of at least 10 amino acids of SEQ ID NO: 24 which are capable of
directing transport of an expressed protein to the periplasm.

14. The polynucleotide of claim 10 wherein the 5’ signal sequence portion encodes at least
one of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, or 26.

15. The polynucleotide of claims 10-11 wherein the 5’ signal sequence portion encodes at
45 least one of SEQ ID NO: 2, 4, 10, 12, 14, 16, 18, 20, 22, 24, or 26.

16. The polynucleotide of claims 10-12 wherein the 5’ signal sequence portion encodes at
least one of SEQ ID NO: 2, 4, 10, 12, 14, 16, 18, 20, 22, or 24.

17. The polynucleotide of claims 10-13 wherein the 5’ signal sequence portion encodes SEQ
ID NO 24.
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8. The polynucleotide of clainms 1-5 wherein the 5 signal sequence portion
encodes a. any one of SEQ ID NO 2, 4, 10, 12, 14, 16, 18, 20, 22, or 24
b. variamnwe 20f1/@8Ep| D NO 2, 4, 10, 12, 14, 16, 18, 20, PEZ/EP0010DE5047
containing 1, 2 or 3 point nutations, inserti ons or deI eti ons or 40c.
fragmants é)f at lr?a otld]fofalal orCI w% re E§DSI al seque o’rton cbm IS g\'t4’ 16,
18, 20, 2 42 PaiegoLcEt yeleeRf o Tsaich % %ifzp RbPeT e

si gnal sequence por I on enco EQ I'D NGO 24;

b. vari ant$ Tde rgrmyclepfidgof 2la'nt§dﬁt0aﬂ51whﬁje'nthezﬁ 69”335?519%?@ pﬁﬁ?@mnam@es

i nsertions ot leagas giSEHE NQ;1, 3,9, 11,13715,17, 19, 2% 23giddnt s of at | east 10

am no &ci ge Tok pSktAcleBtid¥@f cldiths 1210016 Whgpéih yHRUC sigel sdd@ee pphibs tdngprided Si gnal
sequence pordt least caadf SEGBID M@, A, Pon ti3prs, 1whOrzisr 2Bhe 5 signal portion
sequence t (a) SEQ
ID NO 2, 5{10@1 %8 ﬁjc%g%adéclgﬁﬁ 1'3%21';1\?%&9%8%% ggﬂaé eqﬁgﬁcgféﬁlglg?ﬁpgegl ants of
SEQ I D NG, 22, 24, or 26, varying from
t he Cﬁre% r‘i‘ﬁlpﬂ ”LSC@ iﬂ§’ é'é‘";lﬁy"oﬁ Wé‘e'@f“ tée ﬁﬁeﬁ'f"' topi 'étdlpbrt'?g”a ‘96 AP aci d

i nsert1ons ?agg R6VARMI"H& et i ons, which are capable of directing an

expr essed2pride @plgnuctpotidesf plelmsploagmhe@in the bactefrigl)toXim e @ROIOE ood fragmeneast 10
am no aci ds wfarBEQhe¢repfNG 2, 4, 6, 8, 10, 12, 14, 16, 18, 1020, 22, 24, or

26 whi ch af erieapgRlcRoffe ALBRRUODY WHBreHRE @smoqro%ﬁédae& Q pbiRpREY | pl asm

aﬂd the 3’ ttﬁgﬂ-_lﬂ@atpwst%% &mé&e%wsmgﬁ&rw@hty&mm\|mnol;l32agrrent Or vari ant

t here e cl eot i ereln the 5' portion
seQueﬁgE é%aé@%'y%c%% fC' g&ggg’y%ﬁ; %géx g’g fgaaﬂ of 15( a)
SEQ I D NG variants of SEQ
ID NO 2,249 Thﬂpoly'lt@leoll@,of $|6Im8119 25 x(herefthe Q’AOXWU?O“@B comarrsyﬁ ﬁ@QﬂD O t he
correspondi r?d-sequences by 1, 2 or 3 point nutations, amno acid insertions
or am no ariThe @ely@icicoftfe, of WhINBN-T vihichapaddee a@blysHpti@CédnpdsirdISER b essed
prote2h to tNlm3?,3wi plasm or 20(c) fragnments of at |east 10 am no acids of
SEQ ! D. NO 'Phe Ieo ' of gflélms]@ 2117\%Ere%0[ e g&terlgﬂ? rplrs t&%u@%x&%rﬁ%@n&@pabl e of
directi ng TR, gﬁ an expressed protern to he periplasm
polynucleotlde of c alns 10 or 11, wherein the 5 signal portion sequence
encodes aZ3i #ﬁ?P'V’P@gPi et ﬁ'amsﬂéwea%ﬁ 18 SaY9ng! SSavfTEH BYIYYS JCHY S 'SEQ | D NO:
2, 4, 10, 1Me3jpxinggriodg oo 22 or 24; (b) variants of SEQ ID NO 2, 4,
10 125 140. N_\&,ctoﬂ_&)mﬂ‘@mgﬂ@polynuthldaniblylnrsgl 29rlmhedthenmu¢|laspmnﬂieng sequences
by 1, 2 o t cid

del et ons.! S’gﬂhﬁg f,?”[fgfj,’a'?ﬂ A Rro R ROuAR) o P AR BRI 276 the

peri pl asn& ra ments of at least 10 amino acids of SEQ ID NO 2,

4, 10, 12; fAhOSEL??"C r8p”%ggthezez‘preé?'o@l?cﬁiah?fcﬂl?"ﬁ?@?féﬂ&bihé pB'V”Lt‘TleP%C@tqfng
transport of* RN 5PLY protein to the periplasm 13. The

pol yn8@| e83.iTdhe host cell aiclain IDwHLein Wedwosticall & lagyrdn-negatjveatbacpourhi on sequence

encodes  as35)408looPGREILE; N2 Y5 Do 1A NJI-HE LieSEIHENHe Phup(@hsisth@ | D NO
24; (b) varigptesy; g/nég@cl‘epmwgéﬂusv%ryétag M%t&ﬁﬂbéﬁgpgncg' ngﬁé?equences
by 1, 2 or yapbbabiera)iEalcrddBster, BAIINIS FAdcRcdIBSRIiédAES!, BEMBEHIIND KREbisla,

del eti ons, weyohelaridoreapaNetssata, Qasftﬁmélfaﬂgoaas @amoes/&edelmlatmg@//é o the

peri p3&sm Ofrepbdéroy, Vilmagamefessiod. at | east 10 amino acids of SEQ ID NO 24
whi ch ares§arm@%ﬁca ot lahRA DAL ANGER0: o8l NEEXBESARRBHALOL I N Lo the
peri pl asm ynucl eot | aim1 ereint si gnal
sequence 5%%5?%\@6@@6@8@6%‘Iheae't/n%ﬁet'd@fof SE(DSI1§9NO 2, 4, 6 8, 10, 12, 14,
16, 18, 287. Apgroced4for Makida bacterial toxﬁ5om;5ﬁ§ﬁigp@|s}@b§6f@@'idv\d® Hdulteearme 10- 11
wher ei n t he Hactesdl gost kel glai@scR-35@nt bpinduemg eg@sssith oftfhk ealgpepodeesuoh thEQ | D NO.
2, 4,400, 12 battérial iGidiBexpRBseddRripl@sicaly. 26. 16. The poI ynucl eoti de of

cl ai ms 103&-2«&’8&%??&& fzb%sﬁnc &&@E@én o?%%b%%ﬁarﬂ%ﬁlb odes at |east one of
SEQ ID NO 2, 4, 18, 20, 22 o . The pol ynucl eoti de
of clains 10-13 V\/ner GPW@QS‘C“@H H%ﬂ gré'ég'p F%"n%ﬂﬁ’ encodes SEQ | D NO
24. 18. The pol ynucl €ot PE’H?I'”@fquF%ﬁ 98 Py 8'? BRIP PREENSS ORISR sequence
portion conprises at | exSPPEREt SEQ I D NO 1, 3, 5, 7, 9, 11, 13, 15, 17,
19, 245 28herein op&or M@Pe ofﬁhefotb@vmedsemqtld@eddunm @dressidt or 15 wherein the 5'
si gnal sequence poF frpdHH gr%mga ) 295w thah @RSIH @Repe); SEQ ID NG 1, 3, 9, 11,
13, 15, 17, 19, 21 TRSteRberdfre offzgpaﬂbﬂ.gﬁeltmuﬁép RAbbdRrddf sebad;ep 12 or 16
wherein the 5 si gnal seguence portlon conpri ses
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at least one of SEQID NO 1, 3, 9, 11, 13, 15, 17, 19, 21 or 23. 21. The
pol ynucl eotide of clains 13 or 17 wherein the 5 signal sequence portion
conpri seswSEQ InNeO 23. 22. The pol ynucl eoti de etCTaP2010®6@7 21
wherein the bacterial toxin is diphtheria toxin or a 10fragnent or vari ant
o CRVLO7 of & fr ADREICCRE 5P B E KB LB T g d e e Bl YT 6ot e of
clai ms 10-23 wherein the é toxin portion encodes a poI ypeptide having at

| east 90949 ofheatrodegndiiclayn 36 wheyaia nice i istperit $ten/iistePSEM $tep Nefep3and sigp5.  The
pol ynucl eot i'H&eBf 2pq gppil on gemigsigmband sier thare3<tiagki n portion encodes a

pol ypept i a@ Thaproegsstdn Elaidndgsy iekdh Hegugierowfe oBEIMsD-1¥@ expessdd. f r agment

et von AR AEePY N R0 o oS bABA B IS R e 011,

1- 26 which encodes a poly :goftl de conpri 5| ng SEQ I D 20NO 33-45. 28. The

pol ynucl et iTde peseess A riaw IortvhepivingipH of sier pdsiowe than the Rl AT pigp bkt anus t oxin

or fragmend. e predsaitiahRe7@0fvherf in 3B a0é YR vplheskdnile.0afo dtdinis-1- 28
whereilh the ). signal sequence portion is directly 5 of the 3 toxin
portion i | f6 29 |inked
to an i ndézgﬁﬁﬁéﬁscg& tf%'m%%gﬁg @ﬁ%ﬂl\)gegttg%p)%%wﬂnggg#ﬁogr?vxﬁépgji ﬁb{gﬁ)eéﬁndum bl e
pronoter is actlvated by addition of a sufficient quantity of IPTG 32. A
host cel | 42 dPBPISPHT FIRE EYICEdBABIRY Fige PUPe B iIsiPAMABeBO or 31 or the

pol ynucl ead.iTthe pajcetnty claire44adr 46 hakrie® tHe #9is n3ihtained UBRg A®SHer@@lthedfrogd ai m 32
wher eih t he doasgdting ef dhosha bgffecn‘rrisegﬁerimmmomebmmm 34. The host cell of

cl ai ms 324'PrTh§’§ro\é%£s o‘?len’FMﬁ%?e?@S%bi r'issatgg Etﬁa‘ﬁ ﬁ&fol g'_‘oBrﬂMg @up consisting

of E.coli, 28 100266/h uce/
Canpy! obact er Cyanobact eria, Enter obact er, ErW| n| Fr anci scel | a,

Hel i cobacf&rThe pessassial plaens Jgdd udpein the byfters ghasphale bultsr 389 108mMMnei sser i a,
Past eur el k@, ThE’I‘pﬁic@StE‘qf cIS&isrwmtharelnSE!é pratdsa js cahiegeltlima fedddmt@ponena, Vi bri o,

d X
Eochetl ch?%agghﬁ%i;’;e A?aﬂiggofﬁ @Bf na% '@Crbe”%eﬁ‘ HQ4<§¥\’rt§)yggl h'gve b?‘n%?ﬁﬁf'té’ﬁte i del of

cl ai s ocess acteri al tOXIn conprising the
Steps of &) Tpaigchs cALEMECITRWoRTEI Rl RbHE Paiaed ﬁe%’?eft%ﬁm@ﬂgfg& %E 32- 35
and b) i nducthy ‘dk$r By SAIN o RRAYSR MYARRISEICHRMOGRA YHESeRGA bact eri al

t oxoi d i S5EXpeessest dberinpl3ADricompiising aJist sébspate CexsiSate OF stgped) iapd asetoad

expr edsi on clbsratedeahrbieriastep piainy pdpreindiee $pgorkl suBktad fiegd @tecisllovar tbarof a

gr am negat i vee figistubstratelfeedyalg. B. | nduci ng expression of a pol ypeptide such

that a preseta plro%e@b%@ﬁﬁ@d/vrré%m Ak 38dBn 8 Aldsiate ARWRRE RIhiAIfedetBhe Of the
foll ow ng St5%)§ndS&)"/@-QD%@H@QO%BFZUWaW/ﬁafiheima subsia®e f@Jd rgb . step a) is |ower

e P T e SISl B 7.

gher” t han t e su stra%n eed rate of step 39. The process of claim 38
V\/nereln step i, step ii, StEEIII, step i and steg , Step i and step iii,
step ii aPfd T@F@ECP%O“S'P'"E%]U ?re'“é'teéﬁc‘ief'a'éﬂ’ftﬂ‘ ixCBM19%-i are actioned. 540. The
process 356 Cﬂhalpmca&o'ﬂgnwmﬁroe:czlﬁhmlkhE-SBWhW@MQII\}\ﬁQictedQ t@d;]n i€ keBdni® tokinl5 i S .
expresse ocess c 40 wher ei n, t a) and the
pH ofgst B éﬂhqg; BRERE Pl Ty e e et Bl B s (AR e o
of step a) ovver t an he pH of step b) . 43. The process of

cl ai ms 37582 hgireacesspf pay @P@bc'éﬂ)"st3ﬁé7wftet§ﬁ©9@§ fsregftied o@-ara enperaure fh 6. 5-
107.0. 44. B&0%rocess of clains 37-43 wherein in step b) the pH ranges
from 6. 5- 59.70e pracBssf Bny dheDf clAmB 30457 Whbreld.step b4 B.carfibe ofitra08 espeadture bfai m 44
wher ei n dur izagser ep-23)C, R4 10Hbri23-268k. nt ai ned. 46. The process of
cl ai 4 L: f. e group
T5cons) ot i pRRBeR Py 6 cPbins 7o MRIFolSbBR s e ST %7
The process of cI ai m 46 _wherei'n the buffer is at a concentration of
10- 2001V © aﬁgﬁ@lﬁ"f FaIrsEhierebhT Savides fo HHehsnriralies of #eeedtbtess of
clainms 37- 47a in the buffer is phosphate buffer at 80-100mM

62. The process of any of claims 37-61 wherein the host cells have an optical density (ODgsp)

45 between 0-2.5 or between 0.4-1.5 at induction.

63. The process of claims 49-62 wherein the fermentor contains 10-2000 litres of culture.
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49. The process of clainms 37-48 wherein the process is carried out in a
fermentor. 2050. The process of clainms 42-49 wherein an increase in pH at
step b) iwoachierad by addition of base for instance sodCumprRgdesoiste or
amoni a. 51. The pr ocess of clains 41-50wherein the pH is maintained
E;g\;\ﬁi:’]dEBPOr'ljh focess. oQallallmsné)%g wheregt)Qhe {erng;eét?or.ai;%r§a|ns?/tejet(t:VéeSeSnalgéi 2& Loorr aPofu %Odl um
conpri si ng Irst substrate feed rate in step a) and a second 25substrate
f eed rat eb% nTheregsess)of dains\vilfdrt aihareinirissslsecbraioane st is teatef Baastat e is | ower
than the &g, rrshte pﬁiéb&tcﬁalbiﬁt 6&@4&&@%@d.ss”x?wedmﬁgem@a%% @ff% cl aim 52 wherein the

second%sug at e ee r at e | t5d OfV ﬁ)]% and 80% or
20% an 6‘? p{gg Sf‘t th E t |€ F: Ségna peplide’s ?H‘OV O"b Gcess of any
one Of C| al ms n n cferia OS ce

"SKTRvER barcjte”an {%8iia toxin or a
30poi nt  nBd. aTthe@rqszasaoéﬁmy th@f gaims 35457 cqrherlsmgecferﬁer gep @Ioéharvesnngmepeh n the
bacteri al t ¢RptA PH tFAMY?. 56. The process of any one of clains 37-53

wher ei n t be MapidRkdsaf abyoofleldf LiSimk 87 B8 YSmbrdigA.further step of plrifyihf e Pa&eRSS of any
one of0 cl ai nexir3 for Banedsed matulebattenpexamt ure of step a) is higher than 35the

tenper at upg Oéroéetsgl%r pt)akrnfgt:oj:% el% R ﬁé@ Eé a&?al;%éa%l ﬁ%ﬂﬁto% WBifg Wher ein
step a) IS Ggl nj baatrial of any
one of cIal% g ereln step I'S carrle errperature of
20-28C, 21-27C, 21 24C or_22-23C. 4060. The rocess of any one of clains
37-59 whef bi HeBQSPELL P T%vherriibe gntigsn sstae??cgj'a'tﬁ?rcct‘ﬂé’eaddr tion of a

suf f i th enr2.qhamptdctss ab tlaiPGyieiein thh ®ageratesshatifle islaaapauG sadekariele frol BTG | s

added to a fAnp@horgaenbenfueatdeol rodningétismef. Qreisand 10mMM 62. The
process Of7 Wr}(roéefssﬁnlrﬁt'amﬁa&&mg% V\Qélﬁ{e%mpﬁ% th@&Ep&ﬁl I's have an Optl cal
density (0D650) 45bet ween or between O. 5 at induction. 63. The

process of cl aﬁnﬂ“%@gé‘?aﬁ;ﬁ%ﬁ‘axﬁ‘ofﬁ@ﬂfgétehﬁﬁﬂﬁre %?ﬁ%?sa‘?fr‘r?'”lstﬁ727(§’cﬁ5‘dil itres of
culture. 64. Bhemign@hesactefal mklﬁbﬂ&nﬂt@atS&eWWﬂt dptidn@adeaticaBndcoeptadnt ai ns
bet we2Zh 100- 200L escipiamtound 150L of culture. 65. The process of clains 49-64
wherei n di % of claim
65 wher ei Ir71§tsﬁ)1 b\bﬁ)qssol \gllgﬁ] tsﬁﬁr%éeﬁﬁ ﬁggge(ﬁ@r%goigﬂq@;ﬂ @%g&h‘?ﬁm%%giggéof any
one of cIarms 37-66 wherein _a signal Prdels renmoved fromthe bacterial
toxin witht Eb“?r‘?é’cﬁ%?corf ERIM3| 7S dtheEy the {’)%9 BBt HS 2 eE IR 8 B8 81°Pt oxi n.

68. The pro dss of any one of clainms 37-67 conprising a further step c) of
harvesting the cell paste fromthe culture. 69. The process of any
one of clainms 37-68 conprising a further step of purifying the bacteri al

10t oxin, for exanple as a mature bacterial toxin. 70. A process for making
a conjugate conprising the steps of i) making a bacterial toxin using the
process of any one of clainms 37-64 and ii) conjugating the bacterial toxin
of step a) to an antigen. 71. The process of claim 70 wherein the antigen
is a bacterial saccharide. 1572. The process of claim 71 wherein the
bacterial saccharide is a capsular saccharide fromS. pneunoni ae, H

i nfluenzae, N. nmeningitidis or S. aureus. 73. A process for manufacturing a
vacci ne conprising the steps of A. maeking a bacterial toxin
or conjugate using the process of clains 37-72 and; B. m xing
the bacterial toxin or conjugate thereof with a pharnmaceutically acceptable
20excipient. 74. The process of claim 73 wherein the bacterial toxinis

m xed with further antigens in step b). 75. The process of clains 73-74
wherein the bacterial toxinis mxed with an adjuvant in step b). 25
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