27 OCT 2003 1 I nmunogenic detoxified nmutants of chol era-toxin and of EP@CT?%l
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toxin LT, their preparation and their use for the preparation of vac
Field of the Invention The present invention relates to inmunogenic
detoxified proteins of cholera toxins (CT) , or of heat |abile toxins
(LT) produced by the enterotoxigenic strains of Escherichia coli (E.coli)
havi ng substitutions at one or nore of amno acids Val-53, Ser-63, Val-97,
Tyr-104 or Pro-106 and to their use inlvaccines which are useful for the
prevention or treatnent of cholera or enterotoxigenic E Coli infections.
The proteins can be SU|tany produced using recombi nant DNA technlques by
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treatment of cholera or enterotoxigenic E.Coli infections.
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The protelns can be suitably produced using recombinant DNA
techniques by site-directed mutagenesis of DNA encoding the
wild type toxins.

Background to the Invention

Cholera is a contagiocus disease widely distributed in the
world, in particular in the Third World, where, in certain
areas, it is endemic. The serious disorders which develop in
the intestinal system prove fatal in a high percentage of
the recorded cases of the disease.

The etiolegical agent of cheolera is the Gram-negative
microorganism Vibrio cholerae (V.cholerae). This colonises
the intestinal tract of individuals who have come into
contact with it through ingestion of contaminated food or
water, and multiplies to very high concentrations. The
principal symptom is severe diarrhoea as a result of which
' the papignt can lose as much as 10-15 litres of liguids per
day via the faeces. As a result of the severe dehydration
and ross of electrolytes, the patient does not withstand the
infection in 50-60% of cases, and dies. The diarrhoea caused
by V.cholerae is due to the secretion of cholera towxin, CT,
which acts by stimulating the activity of the adenylate

cyclase enzyme so as to induce disturbances at cell level.



2 Al though chol era can be effectively cured by controlled and ingnB&l 2003
rehydration, the distribution of a vaccine is desirable with a viegwto
conplete control and future eradication of the disease. At the present
time, there exists a vaccination against cholera, consisting of parenteral
adm nistration of killed bacteria. Al though some countries insist on
vacci nation against the disease, there are serious doubts as to its real
useful ness, given that the current cellular vaccine protects against the
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In Bangladesh, an experimental trial is in progress (1990-
$2) of an oral vaccine consisting of killed bacteria with
the addition of subunit B of cholera toxin, which is known
to be highly immunogenic. This product succeeds in inducing
lasting protection, without special side effects {Holmgren
J., Clemens J., Sack DA., Sanchez J. and Svennerholm AaAM;
"Oral Immunization against cholera" Curr. Top. Microbiel.
Immunol. (1988), 146, 197-204).

Cholera toxin resembles the heat labile toxins of
enterctoxigenic strains of Escherichia coli in amino acid

sequence, structure and mode of action.

The consequences of infection with an enterotoxigenic strain
of E.coli are similar to, though less seriocus than, those of
cholera, and consist of severe diarrhcoga and intestinal
disordgxs.

The TT" and LT toxins all comprise a-single A subunit (or
protomer A) responsible for the enzymic activity of the
toxin (herein CT-A or LT-A) and five identical B subunits
(or protomer B) which are involved in the bindfdg of the
toxin to the intestinal epithelial cells (herein CT-B or LT-
B).



The A subunit penetrates the cell nmenbrane and causes activation ofT}UET2m3
adenyl ate cycl ase by NAD dependent ADP- ri bosylation of a GIP-binding
protein which controls the activity of the enzyme. The clinical effect of
this is to cause massive fluid loss into the intestine. Considerable
research has been conducted on cholera toxin and the E. coli heat labile
toxi ns. The sequence of CT is known and has been descri bed (Mekal anos J.J.
et al Nature 306, page 551 (1983)). The sequence of LT from enterotoxigenic
strains of E.coli is, as nmentioned, 80% honol ogous to CT and it too is
known and described in the scientific literature. Spicer E K et al

(Biol. Chemn&SA Psubdhbtd dndtlO8€ds A8RCT A 1t hgeABYAAe aghd Sefugnce of
the A sub unit of the heat Tabile toxin from an enterotoxigenic straln of
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being carried out in respect of the gene for the toxin LT, fromE.

The seguence of LT from enterotoxigenic strains of E.coli
is, as mentioned, 80% homologous to CT and it too is known
and described in the scientific literature. Spicér E.K. et
al (Biol. Chem. 257 p. 5716~5721 (1982)) describe the amino
acid sequence of the A sub unit of the heat labile toxin

from an enterotoxigenic strain of E. coli found in pigs.

A bacterial chromosomal form of LT has been identified and
sequenced by Pickett C.L. et al (J. Bacteriol. 169, 5180-
5187, (1987).

The seguence of the A subunit of LT from a strain of E. coli
known to affect humans has also been segquenced (Yamamoto et
al, J. Biol. Chem., 259, 5037-5044, (1984)).

In view of the potential clinical significance of a vaccine
against cholera and enterotoxigenic bacteria there is a
~continuing and great interest in producing a detoxified
toxin " capable of immunising against cholera  and
enterotoxigenic bacteria. The: techniques of genetic
engineering allow specific mutations to be introduced into
the genes encoding the toxins and the production of the
mutated toxins using now conventional technique&! of gene
- expression and protein purification.



coll. Harford, S. et al (Eur. J. Biochem 183, page 311 (1989)) desz.?i[}{qzm
the production of a toxoid by in vitro nutagenesis of the LT-A gene om
E.coli pathogenic for pigs. The resulting successful mutation contained a
Ser-61-Phe substitution and a Gy-79-Lys substitution, the fornmer being
considered the nore inportant. Harford etsd al suggest that, because of the
simlarities between the LT-A genes in E.coii pathogenic to humans and

pi gs and the‘ﬁCT.-Agene, and because the toxins are thought to operate by a
common mechahtshYus t 95 #8Rs bea posat béepted prodidenaichohetathehat @¢0ke by

I nt roduci ng ddreeServihil-Phevatat i [ -A.gene. Tsuji, T. et al (J.
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I nmmunogeni city; of the protein. Gant,
92nd Cener al lﬁé’eti ng of the American Society for M crobiology, 26-30th

May 1992) describe conservative substitutions of histidines 'at 44 and 70
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Aneri can SoeifetynéorTMacrobi ol egy, 2§-c30qt.h 1992) describe frutating
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attenuate acbistiityt M ahling @fyiefo AN NQLAGL ? Lt.es had Iittle effect 210
C T 2003 5 q %’3 i ie%iy. Burnette){mfw NT et u%%t F?m’ft.l"ihd%?‘ﬁntﬁ.m%§(lﬁwg
4266- 4270, ?T ?)e% o $BE; BETSi tBPOpEAnti c War hordest sabf si@gést cchat pduce
an Arg-7-Lyberause od paeadimwlidgtied Rt adWe Lr-a genes in E.coli

pathogenic to humans and pigs and the CT-A gene, and because

the toxins are thought to operate by a common mechanism, it

may be possible to produce a cholera holotoxocid by

introducing the Ser-61-Phe mutation into the CT-2 gene.

A

describe the mutation of the LT-A gene from plasmid EWD299
to produce a single substitution Glu-112~Lys which affects
the toxicity of the mutant LT yet does not change the
immunogenicity of the protein.

Tsuji, T. et al (J. Biol. Chem. 265, p. 22520 (1990))

Grant, C.C.R. et al (Abstract B289 of the 92nd General
Meeting of the American Society for Microbiology, 26-30th
May 1992) describe conservative substitutions of histidines
aF 44 and 70 and tryptophan at 127 in LT-A which result in
significant reductions in enzymic activity.

. Some wprk has been conducted on mutations to CT.

Kaslow.,* H.R. et al (Abstract B291 of the 92nd General
Meeting of the American Society for Microbiology, 26-30th
May 1992) describe mutating Asp~9 and His-44 and truncating
after amino acid 180 in CT-A which all essentially eliminate
activity. Mutating Arg-$ is said to markedly‘ attenuate
activity. Mutating other amino acid sites had little effect



detoxifying nutation in the A subunit of the Bordetella pertussis tokt®CT 2003
The nmutation resulted in the conplete abolition of detectable

ADP-ri bosyl transferase activity. International patent application WO

92/ 19265 (Burnette, Kaslow and Angen Inc.) describes nmutations of CT-A at
Arg- 7, Asp--9, Arg-11, Hi s-44, H s-70 and Qu-112. Mutations at G u-110
(LT and CT) and Arg-146 (LT) have al so Sbeen described in the literature
(Lobet, Inf. Ipmmun., 2870, 1991; Lai, Biochem Biophys. Res. Comm 341
1983; kanoto, J. Bacterlol 2208, 1988). The crystal structure of LT has
been det erf nE@*b§i% xma et al (Nature, 351, 371-377, May 1991) and
confirms the nutatagenesls results described earlier in the literature,
expl ai nin struc%urahlé gnl{#%.nce 8f A u-112 and Ser-_61 |n activity
of the A's % BRF ug ARATMUSer Sl by ¢ 82542 Whi ch are
in the i Mmeu$atp) n@eg@bnﬂehosdteagp@elfncormaﬂhgéﬁésdatabysusTeA to
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protection agai nst chol era or enterotOX|gen|c E. coli, by neans of a

second ge tion_ 27 2003 product consisting of a single antigen, a
t oxoi d de?f@gﬁrn?FbﬁP cﬁa?ﬁ“thﬁgﬁ4H%i§lﬁgbn Qetg%fﬁpéésgea%ﬂ?%%$¥? The
geneti ¢ deXaxléwcanhdonmgénCIner )L desetdibes mM&auﬂanﬂummndmhmr@@exfges of

t he tox0|d7mhhé%t prgybdh?rrs Shgﬂl?lC&gbLé géﬁ{qHﬁfd preferably absent

toxicity Accordi nfy to aspéc there is provided
an i nmunogeni ¢ detoxified protein conprising the

Mutations at Glu-110 (LT and CT) and Arg-146 (LT) have also
been described in the literature (Lobet, Inf. Immun., 2870,

1991; Lai, Biochem. Biophys. Res. Comm. 341 1983; Okamoto J.
Bacteriol. 2208, 1988).

The crystal structure of LT has been determined by Sixma et
al (Nature, 351, 371-377, May 1991) and confirms the
mutatagenesis results described earlier in the literature,
explaining structurally the significance of Glu-112 and Ser-
61 in activity of the A sub unit and suggesting that His-
44, Ser-114 and Arg-54 which are in the immediate

neighbourhood may be important for catalysis or recognition.

Summary of the invention

It has now been discovered by further and more detailed
analysis of the structure of the toxins that certain further
amino acids in the seqguences of CT-A and LT-A are in
positions capable of decreasing the enzymatic activity of
CT =2and LT when mutated suitably - individually ‘or in
conjunction with other mutations.

The object of the present invention is to provide.a vaccine
which gives total protection against  cholera or

enterotoxigenic E. coli, by means of a second generation



am no acid sequence of subunit A of a cholera. toxin (CT-A) or a ﬂﬁé&%%ﬁ@3
t hereof or subunit A of an Escherichia coli heat labile toxin (LT-A) or a
fragnent thereof, wherein one or nore amino acids at, or in positions
corresponding to Val-53, Ser-63, Val-97, Tyr-104 or Pro-106 are repl aced
with another am no acid. The replaced am no acids are at locations in the
sequences of CT-A or an LT-A which arg conserved both in the amno acid
sequence and structurally and are thus common to CT and the various LTs.
The i mmunogenic detoxified protein of the invention adopts substantially

the same sifdipidy a&oﬁ@ﬂ;é@{ﬁ?t benaassifie v hdeib¥pe natidadly @eguvkag
toxins. It_is immunologically active and crosS reacts wth_antibodies to

the wild tS5R0 Go@mET 1 il e di9e e AT F L3 refeeslcdl & and LT

enconpass the various naturally occurring strain variants as well other
variants compassi ng changes. from t he sequenges disclosed, _hereip, which do
not affect quaQ%Wﬂﬁﬁbeﬁéﬁhfﬁgﬁcﬁ?ﬁPHas nbted Thxold. ¥ﬁt?hﬁ§ fné

speci fi catiromynogdreienpespeptansneactde caandi inht vBilstclprsy Idktg 92"
connot e the am.no. aci %Qg% |t ' he n Litphe mature

chol era tgsiﬁiﬂs‘u‘b%%& %F’( - 3%%% t#‘afé%és&v&%%o%?&?ﬁg g:&ésr')laf‘ Jgéquence (see
Figure 1). 27 OCT 2003 7 Were the specification refers to an LT-A the

am no aci &R i ates Leffrd0 L05.COM IESPRREl NInPOSELLAN tHedel- Asas
shown in Figure 1.7 Thus, for exanple, Val-53 in CT corresponds to Val-52 in
the LTl SRERI4e@ndn SEMBEROBANET deitredfdrds RLP TSN 62°TRr 1534NT £HEr e

bei ng a sid®o ddi® S&dsenitd f&f engun it MUNPEr & NghoPerk otaRino (gri-e)89 of
the LTl se uencg. val-g7tbn thg CT s% uenc§‘co resp ndg t9 val-glen t he
LT1 sequer®e HebhagRents tPRECPELPTaFIRITAL & i 30 fite et 1EHEE F8MAt in
the sequemext labile toxin (LT-A) or a fragment thereof, wherein one
or more amino acids at, or in positions corresponding to
val-53, Ser-63, Val-97, Tyr-104 or Pro-106 are replaced with

ancother amino acid.

The replaced amino acids are at locaticns in the sequences
of CT-A or an LT-A which are conserved both in the amino
aclid sequence and structurally and are thus common to CT
and the various LTs. '

The immunogenic detoxified protein of the invention adopts
substantially the same structural conformation as the wild
type naturally occuring toxins. It is immunologically
active and cross reacts with antibodies to the wild type

toxins.

In this specification, references to CT and LT encompass the
various naturally occurring strain variants as well other
variants encompassing changes from the sgquences disclosed

~ herein which do not affect the immunogenicity of the
asgemblea toxoid.

In this specification, references to amino acid coordinates
such as "Val-97" connote the amino acid at that position in
the sequence of the mature cholera toxin subunit A (CT-A),
that is without the signal sequence (see Figurell).



In addition, the imunogenic detoxified protein of the invention n‘?gyucT 2003
i ncl ude ot her nmutations such as, for exanple, substitutions at one or nore
of Arg-7, Asp-9, Arg--11, His- 44, Arg-54, Ser-61, Hi s-70, Hi s-107,

G u-110, Gu-112, Ser- 114, Trp--127, Arg-146 or Arg-192. The ami no acid
substituted for the wild type amno acid may be a naturally occurring
amno acid or may a nodified or synthetic amno acid. The substitution may
i nvol ve deletion of an am no acid altogether provided that the nutant
retains tWhenrcekeaspermiinegénnc rpfepes ti@saandTerhi tbhes aa:imbaacthht ially

ediced gk st ol cuschtl S sl e TRy R .

hydrophilicity whil retaining e sterl

ani no aci FHEYT a¥" B19eE8i bt e are generally preferred. Preferred
substitutions include: Val-53-Asp, Val-53-Gu, Val-53-Tyr, Ser-63-Lys,

Val -97-Lys, Val-97-Tyr, His-107-G_u, ¥r-104 Lys, Tyr-104-As Tyr - 104- Ser
Pr o- 106- Sérusgefop) £Xa@RLE S¥RITPA. LpsC A§0E§éapﬁeeér RO Y%é-%grw the

"det oxi f i @d*1 nesnsn 1haknd heer i gHURRYEND EoePBRYSNEOR £XUDIdS i LT1,
relative tq its naturally occurring toxin 27

SUbStan“g:”%{FnQ% toxrcrti

OCT 2003 §HRMIET AT 12 THEISBLEPARPI AFEY FdwéeTedasiiy TERAT B up
suffici entiy dminbomctilie gu obei Rhio IMEL USegueAcal IVENHEDEDHhC tEIMOUSi tion
in an i I effective ng.as_a_,_ya e with causin

ot 1 g e FeEEMY %50 RT3 TR n” thR e AR RISR HIRRESH ot ei n
shoul d hawf &heoxfain yamﬁnbesas:ntmad:.ﬂf@t%wfe tde mhbtr gdintocdur rimg
toxin coudghidde, The toxicity may be neasured in nouse CHO cells or

preferably by eval uation of the norphol ogical changes induced in Y1 cells.
The term "toxoid" means a genetically detoxified toxin. The i munogenic

protein mah bad@ai€Elodr, LEhsUbiHindydRx@i Get s i Ppebeiall Yoan @ssenbl ed
toxin nol ecul e conpri si gnal
invention may Include other mutations such as, for example,
substitutions at one or more of Arg-7, Asp-9, Arg-11, His-
44, Arg-54, Ser-61, His-70, His-107, Glu-110, Glu-l11i2,. Ser-

114, Trp-127, Arg-146 or Arg-192.

The amino acid substituted for the wild type amino acid may
be a naturally occurring amino acid or may a modified or
synthetic amino acid. The substitution may involve deletion
of an amino acid altogether provided that the mutant retains
the necessary immunogenic properties and exhibits a
substantially reduced toxicity.

Substitutions which alter the amphotericity and
hydrophilicity whilst retaining the steric effect of the

substituting amino acid as far as possible are generally
preferred.

- Preferred substitutions include: val-53-Asp, Val-53-Glu,
VaJ‘.-53-TYr, Ser-63-Lys, Val-97-Lys, Val-97-Tyr, His-107-G1lu,
Tyr-i&#-Lys,Tyr-lO4—Asp,Tyr-lO4-Se:,Pro-106—Ser,Ser-114—
Glu, Ser-114-Lys.

As used herein, the term "detoxified" means fhat the
immunogenic composition exhibits a substantially lower

toxicity relative to its naturally occurring toxin



mut ated CT-A or LT-A subunit and five B subunits of CT or LT. The B 0LT 7003
subunit may be a naturally occurring subunit or nmay itself be nutatéaf ;hg

i mmunogenic protein is preferably a naturally occurring CT-A or an LT-A
suitably nodified as descri bed above. However, conservative am no acid
changes may be made which do not affect the i mmunogenicity or the toxicity
of inmmunogenic protein and preferably d® not affect the ability of the

i mmunogenic protein to formconplete toxin with B subunit protein. Also,

t he i munogeni rotein be _a fragment of CT-A or an LT-A provided that
t he fragrrent%qﬁugjt%l‘%?ﬁﬁdggﬁ%&eaﬁ&f%&ﬁ”&dﬁiléyanho‘t%’ht SPX3caty| sdquisheb®f the
conserved r egifdisieomntlyi nilny oferof thee BHAIdIANS BECcossli Nngsed 0 tHE an

i nvention. A i 1 0 nd.aspect of the inyention, there is .

provi ded anl%@%&%g%%ﬁ%b g%ﬁ%%%??%%ﬂ 8t G é@mﬁn§2883ﬁ81l¥od%$f§?5bv%n

i Munogeni c 28eLd% Rise@d procéine ofi thheafisristy =Aspeitieint heidaventéons and a
phar maceut i I ta ; | . The 1 nmupogeni ¢_conpos; t i e

Bdi 11 onal 1 contar R ohoor LBEELELn C el OO BE R P R B ety o B Ve
accept abl e @i %St R210T112883 thaThd -iddentf ohhal s tpral descacwacthge
COMPOSI L | ON <GRITAI Icbiuift exdMTUNGALNE Sy flel o1 hhGdpRr gleal R AGCording, Lo (he
first aspect of the invention and a pharnateutically acceptabl'e “carrier.
The vacci ne“BOnfF6dilti % RaRILTAPAYr ByomyRilye tion &ff (hhamtmorphelegttaly to a

third aspecthahgeBe inuigd otn Yherlss. prevwiedad &, MetBed;gh vagGidaling a

mammal agai nst _Vi.bri hol erae ar _.an .enterotoxigenic strain of Escherichia
col i conpr??Fﬁg£§8&gﬁiéFgPFﬁglﬁﬁ iCffdPol ogi cal |y effective anount of an

i mmunogeni ¢ detoxified protein according to the first aspect of the

invention. fhe ippY Iy eé xi.fied protei of é e invention nay, be

synt hesi sed chénlcaﬂﬁggﬂg%n * gﬁ%@n??%né? %e@fiﬁ% TP LT A toxgaéi
but is praferably an assembled toxin molecule comprising a
mutated CT-A or LT-A subunit and five B subunits of CT or

LT. The B subunit may be a naturally occurring subunit or
may itself be mutated.

The immunogenic protein is preferably a naturally occurring
CT-A or an LT-A suitably modified as described above.
However, conservative amino acid changes may be made which
do not affect the immunogenicity or the toxicity of
immunogenic protein and preferably do not affect the ability
of the immunogenic protein to form complete toxin with B
subunit protein. Also, the immunogenic protein may be a
fragment of CT-A or an LT-A provided that the fragment is
immunogenic and non toxic and contains at least cne of the

conserved regions containing one of thé mutations according
to the inventien.

According to a second aspect of the inyention, there is
~provided an immunogenic composition for use as a vaccine
comprising an immunogenic detoxified protein of the first

aspect:'vf the inventicn and a pharmaceutically acceptable
carrier.

The immuncgenic composition may additionally cont#in one or
more adjuvants and/or pharmaceutically acceptable diluents.



techni ques, but are preferably produced by reconbi nant DNA neans. 27001 2003
According to a fourth aspect of the invention there is provided a DNA
sequence encodi ng an i mmunogeni ¢ detoxified protein according to the first
aspect of the invention. Preferably the DNA sequence contains a DNA
sequence encoding a conplete CT or LT9conprising DNA encodi ng both the
detoxi fied subunit A and subunit B in a polycistronic unit. Alternatively,
the DNA may encode only the detoxified subunit A According to a fifth
aspect of ThHee inneafstioonaleheprovsdeprovieded re veopes idaany cAGPI 1BNAS
accordi ng ; £Qf 4t | ti zcar di :Sixt h
aspect of airﬁeiﬁ%iﬁ#%ﬁogc _tﬁ%g?g}ifgmp:%ﬁ%%ﬁpaéﬁggf gg’% qﬁqg%ﬁ?rgﬁgfbgr med
with the ARSI EcoREi AGVESTLRE fAING 1R aperraetutheal AVeAEFSRE2PRE host

cel | may heamehostreapabbeigt RoedeeiiRd AT 1y Lfurbudri soRpefigealhy a
bacterium pnost suitably E.coli or 24 OCT 2003 10 V.chol erae suitable .

engineere&qRPﬁﬁQﬁhwe the desired inmunogenic detoxified protein. In a
further enbodi ment of the sixth aspect of the invention, the host cell nmay
V. chal er ae

itself praqvide rotective, .species, for .e |l e_an _E..coli ar

strain mut ctceocf'&trgq agﬁheﬁ‘logyﬂiﬁ | S vmolfdf}igelﬂlfef} l&f"an@’%ﬁ rying and
expr essi ngpmuvidainageritb odetwii $aedi padiwg naofmanye I | agé inasp¥dbrdb the
nvent i on.fy & Jardher ehodiient f e Sl aspegl ol -5 e hnyenti on
the cast ca I's" capabl'e of "expressi’ng a chronosonal - gene according
to the fireampsiwiotg edmine sterdmd on. 1uene Waica bly effiehivasposntof the
Invention, g4 rég'f & rma Oﬁ"ﬁvﬂcd%cét%ﬁrﬂ%ads%rfoocreitrhpaogo&f&igd Yy Qe irst

I mrunogeni c etOX|{ﬁe protein according to the first "aspect of the

i nventi orRIRAPY 12T AP WIARPRECR: host cel | according to the sixth aspect
of the invention.

The immuncgenic detoxified proteins of the invention may be
synthesised chemically using conventional peptide synthesis
technigues, but are preferably produced by recombinant DNA
means.

According to a fourth aspect of the invention there is
provided a DNA sequence encoding an immunogenic detoxified
protein according to the first aspect of the invention.

Preferably the DNA sequence contains a DNA sequence encoding
a complete CT or LT comprising DNA encoding both the
detoxified subunit A and subunit B in a polycistronic unit.

Alternatively, the DNA may encode only the detoxified
subunit A.

According to a fifth aspect of the invention, there is
provided a vector carrying a DNA according tg the fourth
aspect of the invention.

Accordiné -to- a sixth aspect of the inveamtion, there is
provided a host cell 1line transformed with the vector

according to the fifth aspect of the invention.

The host cell may be any host capable of producing CT or LT
but 1is preferably a bacterium, most suitably E.coli or



According to a eighth aspect of the invention there is provided a ﬁqdﬂﬁémﬂl
for the production of DNA according to the fourth aspect of the invention
conprising the steps of subjecting a DNA encoding a CT--A or an LT-A or a
fragnent thereof to site-directed nmutagenesis. According to a ninth aspect
of the invention there is provided a process for the fornulation of a
vacci ne conprising bringing an i munggeni c detoxified protein according
to the first aspect of the invention into association with a ,
pharmaceutically acceptable carrier and optionally with an adjuyvant.

i ndustrial Appdzesbi lsutiycaBike i nengiryeesied detcoX ipHRsRds oftdith GESARE

. . . . . . _
i nvention’ " tonsti t.ut . @cLLve_ c nent of a vaccine conposition
usef ul foizmh’éc%/ceﬁ%s%%ér}faéﬁa&?r éfrgreggg'of cholera T} OC T 2003 11
i nfections or infections by enterotoxigenic strains of E.coli. The

conpositions ar QWDF&AI%‘?&&&;QF dse dup t he yfrhardmnreid | el ithoustry.
Brief OCestRiption oil' the aw _ngs Fi gure 1_'__shows ;ggr am _no acé,,q_vseequences
of the wilgvéypion subbfii RO%T e+ i PR¥hoiteRr h BT AV & MEESSmos et al op
cit), ii) heat_Labide d:eadméromancd st widtaiTefoumtraimamtatierd 1 -

Yamanot o &P=&T op cit) iji).heat lahile_toxin fr ) i f ound
in pigs ﬁbT&-PW%@%%tiﬁ k&Bgcf“’f"g ARG \‘f)& ﬁéajt&n'l %&$€ o) iiﬁ-I radg{nﬁ a

chr OWSOWEL‘F§QH§Qﬁg(hil ibmurflgeeitd @etexibiedi pyotménsie§nabescifdfces are
not shown."Tn Figqurg 1, . gonyentional single letter amno acid code is
used. Thea§?ﬁﬁﬁlggl?ﬂ% a%ﬂ§P€2Q§H absent amino acid and acts as a

t ypogr aphi cal spacer to ensure that the sequences renmain in alignnment for

ease of C%grpg[' edJ %%b%er@%nﬁ -of tnWkGakBSa8Peati 60 Hivé dinvention
sequences an _
a rhe host call is capable of expressing a chromosamal LT-A

gene according to the first aspect of the inventipn.

according to a seventh aspect of the invention, there is
provided a process Iox the producticn of an immunogenic
getcxified protein accerding tc the first aspect of the
jnvention comprising culturing 2 host cell according to the

gixth aspect of the invention.

Aczcerding to a eighth aépect of the invention there is
provided a process for the production of DNA according to
the fourth aspect of the invention comprising the steps of
subpjecting a DNA encoding a CT-A or an LT-A or 2 fragment
thereof to site~directed mutagenesis.

According to a ninth aspect of the invention there is
provided a process Zfor the formulation of a vaccine
comprising bringing an immunogenic detoxified protein
according to the first aspect of the 3Jnvention into
association with a pharmaceutically acceptakle carrier and
optionally with an adjuvant.

dustrial A jcapbility
The immunogenic detoxified protein of <the invention

constitutss the active component of a vaccine composition
useful for the prevention and treatment of cholera



which is identical to the corresponding amno acid in CT. The nurrbé?r:i's[][-:T2003
agai nst each line are the am no acid nunber of the first amno acid on

that line. In Figure 1 the positions of the nutations of the present

i nvention are shown underlined. Figures 2a and 2b are conpari sons of the

am no acid and DNA sequences of the Aigub units of LT1 and CT. Figure 3 is
a restriction map of plasm d EWD299 (Dallas et al), bearing the LT-A gene.
Det ai | ed Description of Enmbodi ments of the Invention 2f OCT 113@3 12 The
practice o&nﬁhetﬁbasenbrinyﬁﬂéébﬁcmtlunenphaﬁrommmmgenmuhsmwhiasindfcated,

convention chnl ues_of nol ecul ar 0 Yy, L€ ant
DNA, and |%m5ﬁgI"09y he RTRRC R B AR T TS tta’éusg%iqqqlocf Ci:ftihefg:’rg:t 15§, ﬁ”@hg
techniqueSpaaemaEQNumqaﬂjﬂhﬂd%ﬁnylthe literature. See e.g., Sanbrook, et
a' MOLECULAR CLONI NG A LABORATORY MANUAL, SECOND EDI TION (1989); DNA
CLONI NG, VOLUMES | AND 11 (D. N G]over ed 1985); OLI GONUCLEOTI DE SYNTHESI S
(MJ. Gait Ba X NBRITIZATI ON (B. D. Hanes & S.J.

Hi ggi ns eds. 1984) TRANSCRIPTICN AND TRANSLATI ON (B.D. Hanes & S. J.

Hi ggi ns eds. 1984); ANIMAL CELL CULTURE (R I. Freshney ‘%iﬁ %ﬂﬁg

| MVOBI LI ZEBiGEEES NP EXEYRES @FRNPrasi! 30@gynces Fertin A PRREPECAL
GUI DE TO MauEGHLEARACIFMMING (1984); the series, METHODS | N ENZYMOLOGY
(Academ ¢ Press, Inc.); GENE TRANSFER VECTORS FOR MAMMALI AN CELLS (J.H.
MIller and MP. Calos eds. 1987, Cold Spring Harbor Laboratory), Methods
in EnzynDhggy Vatho leda ateix Mol (Cc255 mamahadoﬁkessaﬁnppandtwu, eds. ,

tivel, 1987 - IN
Cerh AND NeRou Al roee (RsEnfron, 8R22: ol fony e fethd TGS
PROTEI N PURI FI CATUTON: 1 PRI NEhPhES0 AMD #RACHI L) Second Edi ti on

(Springer- \53%1)39 hebt!- )acbf‘%[ﬂ HHANDBGOK O (EXPERINENEAS 1inMe MHNOL AGE 1 g¥OL UVES

-1V (D.M ackwel | eds 1986).
(LTl— Spicer et al op cit), and

iv) heat labile toxin from a chromosomal source (LT1_1 -
Pickett et al op cit)

The signal seguences are not shown.

In Figure 1, the conventional single letter aminoc acid code
is used. The symbol "." denotes an absent amino acid and
acts as a typographical spacer to ensure that the sequences
remain in alignment for ease of comparison. The symbol "~
» indicates an amino acid in the sequences of LTl and LT2
which is identical to the corresponding amino acid in CT.
The numbers against each line are the aminc acid number of
the first amino acid on that line.

In Figure 1 the positions of the mutations of the present

invention are shown underlined.

Figures 2a and 2b are comparisons of the amino acid and DNA
sequentes of the A sub units of LT1 and CT.

Figure 3 is a restriction map of plasmid EWD299 (Dallas et
al), bearing the LT-A gene.

Detajled Description of Embodiments of the Invgntion



i
St andard abbrevi ati ons for nucl eotides and anmino acids are used in thi

DET 2003

S

specification. Al publications patents, and patent applications cited
herein are incorporated by reference. In particular, the follow ng am no

aci d abbreviations are

Asn Aspartic Acid D Asp 21. OC T 2003;1 3 CysteineCCys QycineGdy
Gutamc AcidEu utamneQd n Hi stidineHH s |Isol eucinellle LeucinelLLeu
Lysi neKLys Met hi oni neMvet Phenyl al ani neFPhe Prol i nePPro Seri neSSer

Thr eoni neTThr Trypt ophanWrp Tyrosi neYTyr ValineVWal

exanpl es
present

fromthe
sites of

0
in

used: Alanine A Ala Arginine R Arg Asparagine N

As nentioned above

f_the i mupogenic detoxified protein that can be used in the

Vet iRFRThtTed8E FBEy pEmSdds WY Hor Waki n§TRLRPY v AN&Sns

rattharad i sam bacd dckdedequene@nafi drive pfodeh Dgeéden it Rl et llafie

tat, i £ical | tioned. .A signjificant_ advant f
R koG- RO 1 | ERCBTLERR oy PR ot P A e8cHni ques

produci ng t

rat her thawhish jasod atitigiramtheuwkifll rf &y ered.n fSuah nechrdlguecurces S

explained fully in the literature. See e.g., Samkrock, et
al., MOLECULAR CLONING; A LABORATORY MANUAL, SECOND EDITION
(1989); DNA CLONING, VOLUMES I AND II (D.N Glover ed.
1985); OLIGONUCLEOTIDE SYNTHESIS (M.J. Gait ed, 1%984);
NUCLEIC ACID HYBRIDIZATION (B.D. Hames & S.J. Higgins eds.
1984); TRANSCRIPTION AND TRANSLATION (B.D. Hames & S.J.
Higgins eds. 1984); ANIMAL CELL CULTURE (R.I. Freshney ed.
1886); IFMOBILIZED CELLS AND ENZYMES (IRL Press, 1986); B.
Perbal, A PRACTICAL GUIDE TC MOLECULAR CLONING (1984); the
series, METHODS IN ENZYMOLOGY (Academic Press, Inc.); GENE
TRANSFER VECTORS FOR MAMMALIAN CELLS (J.H. Miller and M.P.
Calos eds. 1987, Cold Spring Harbor Laboratory), Methods in
Enzymology Vol. 154 and Vol. 155 (Wu and Grossman, and Wu,

eds., respectively), Mayer and Walker, eds. (1987),
IMMUNOCHEMICAIL METHODS IN CELL AND MOLECULAR BICLOGY
(Academic Press, London), Scopes, (1987), PROTEIN

PURIFICATION: PRINCIPLES AND PRACTICE, Second Edition
(Springer-Verlag, N.Y.), and HANDBOOK OF EXPERIMENTAL IM-
MUNOLOGY, VOLUMES I-IV (D.M. Weir and C. C. Blackwell eds
1986) .

Standard abbreviations for nucleotides and amino acids are
used in this specification. All publications ,patents, and
patent applications cited herein are incorporated by
reference,.

In particular, the following amino acid abbreviations are
used: -

Alanine A Ala
Arginine R Arg
_Asparagine N Asn
Aspartic Acid D Asp



t hat equivalent quantities of the protein can be produced by usinngb&@72m3
starting material than would be required for isolating the protein froma
nat ural source. Producing the protein by reconbinant techniques al so
permts the protein to be isolated in the absence of sone nol ecul es
normal ly present in cells. |ndeed, pr95ein conpositions entirely free of
any trace of human protein contamnantS can readily be produced because
the only human protein produced by the reconbinant non-hunman host is the
recombi nant, protgin at isgue. gggential viral agents from natural Sources
and viral gonponents pat hogeni c“to humans are al so avoided. Al so,
genetical | §l@etdgified toxien ar€&lvess likely to revert 2 1 OC T 2003 14 to
a toxic frgmthanc-npreagtragi tiogal,, chemcally detoxified toxins.
Pharmaceuti cal Iy acceptable carriers include any carrier that does not
itsel f i ndGéBt&Re Broducti &n of GaRti bodi es harnful to the individual

recei ving ghetgenpesition. gy Suitakl e carriers are typically large, slowy
nmet abol i ze cronol ecul e sucﬁéas protei ns, polysaccharides, polylactic
aci ds, pol ygPyEB8FtE®aci ds, *pol ymefi c ani no acids, amino acid copol yners,

| i pi d aggr egatése(such as @il diepl ets or |iposones) and inactive virus
particles. ch_carriers a known to those of ordinary skill in the
art. Addi%?gggﬁly, t hese %grrrg'g may function as i mrunostinulating
agents (adMethapsinepreferted aMfiefvants to enhance effectiveness of the

conpo- sitpaaniyAghHfenebUt Fare nefe limted to: alumnumsalts (alum such
as al um ni um hydr oxi de, al um ni um phosphate, alumniumsulfate etc., oi

enul si on f BFR&RALI ons, wit® or B’K% hout other specific inmunostinulating
agents suckeasnenuranyl pepiidegexr bacterial cell wall conponents, such as
for exanplg %1) ME59 (Published | nternational patent application

WO- A- 90/ 14837 8°B3Rt ai ni ng B0 Sqd&Fene, 0.5% Tween(r) 80, 0.5% Span(r) 85
(optional | frgeabvahanng var iWwous Trp

Tyrosine Y YT
Valine v Val

As mentioned above examples of the immunogenic detoxified
protein that c¢an be used in the present invention include
polypeptides with minor amino acid variations from the
natural amino acid sequence of the protein other than at the

sites of mutation specifically mentioned.

A significant advantage of producing the immunogenic
detoxified protein by recombinant DNA technigues rather than
by isolating and purifying a protein from natural sources is
that eguivalent gquantities of the protein can be produced by
using less starting material than would be required for
isolating the protein from a natural source. Producing the
protein by recombinant techniques also permits the protein
to be jgolated in the absence of some molecules normally
prgsen% in cells. Indeed, protein compositions entirely
free"of” any trace of human protein ccntaminants can readily
be produced because the only human protein produced by the
recombinant non-human host is the recombinant protein at
issue. Potential viral agents from natural sourceS and
_viral components pathogenic to humans are also avoided.

Also, genetically detoxified toxin are less likely to revert



anounts of MIP-PE (see bel ow), although not required) fornulated 'nto:}ﬂETZWB
subm cron particles using a mcrofluidizer such as Mdel 110Y

m crofluidizer (Mcrofluidics, Newton, MA 02164), (2) SAF, containing 10%
squal ene, 0.4% Tween 80, 5% pl uronic-blocked pol yner L121, and thr-NMDP

(see below) either mcrofluidized intpsa subm cron enul sion or vortexed

to gene, ate a larger particle size emulsion, and (3) R SIh'' adjuvant
system (RAS) (Ri bi I munochem Hamlton, MI) contal 7iing .2% Squal ene,

0. 2% Tween’y, §0¢and-OPLoR M+ HEK Qnort@(i:tr%rdladl&ﬁl \&&Jdmﬁﬁfﬂpﬂnﬂmxrllfﬂm he
group consisting of nonophosphoryl lipid A (NPL) trehal ose di mycol at p,
(TDV), arfP*ddld- wal | skel eton (CW8) preferably MPL+CW5 4Detox' "), nuranyl
pepti des such as N—acetyl mur anyl - L-t hreonyl - i sogl utam ne (thr-NDP),

APPSR ARG AR SRl S T, 2903, 15 G40 By (AR
|309|UtamﬁhatLdabanmne-ZdébLQ'1ddpahmungﬂpxwﬂ@¢?cenoﬂé antibodies
hydroxyph%&ho{ ioxt)_/g &gé(la E?.VSNEE%PE}eSEEV’mydth%yt% s 1 SilE as

i nt erl euki etC) "macro colony stinmul ating f ctor
(M CSF) Sunnnbl@ecansusrﬁa@mm'txymw%lkﬁclawﬂavtF&ﬁ&ﬂwy,%ﬁﬂﬁﬁ%

adj uvants, J;sTéfecﬁé L@gx as(Gpobeidge ;Eap,sga@a@srla\emﬁmadﬂ)c may be
par t th

used or €S generate erefromsuch as 1S % nosthyl ting
conplexes)ac¥¢ﬁtPﬁﬁlﬁﬁk¥CQ}#ﬁﬂ%ﬁ%954%99%%%9?&5 GW&HP eﬁﬁ 5 a8 T RSOTT et e

Freunds Adigy@{métEA) lipjyd b%g@@gaﬂym(@mﬁwa& apélpréfeptets The
| munogeni ¢ conp03|t|on e anti

ar mac bl e
carrier anﬁlaﬂfﬁW§ﬁi)a?ép&%%$F§vem7fFu§ 5}hggefuen§&£hsucﬁyégfﬁgﬂé$
sallne gl ¥68J ol knovhhagel , thbee Addi t icomdinary awkilhar yimubEhancast- such

mettlngaaitgﬁu%z Lfying gﬁgggs pggpfﬁggglng angatanggﬁctgag thes!|i ke,

nay be pre 7 vehi Typrca the 1 nogeni ¢ conposi tions
are preparemmasostmpeéﬁabhesag@mﬁﬁeﬂ&ﬂ§ﬂ“&?ﬁﬁd .sol utions or suspensions;
solid fornms suitable for solution in, or suspension in,

Preferred adjuvants to enhance effectiveness cf the compo-
sition include, but are not limited to: aluminum salts
(alum) such as aluminium hydroxide, aluminium phosphate,
aluminium sulfate etc., oil emulsion formulations, with or
without other specific immunostimulating agents such as
muramyl peptides or bacterial cell wall components, such as
for example (1} MF59 (Published International patent
application WO-A-90/14837, containing 5% Squalene, 0.5%
Tween® 80, 0.5% Span® 85 (optionally containing various
amounts of MTP-PE (see below), although not required)
formulated into submicron particles using a microfluidizer
such as Model 110Y microfluidizer (Microfluidics, Newton, MA
02164), (2) SAF, containing 10% sqgualene, 0.4% Tween 80, 5%
plurcnic-blocked polymer L121, and thr-MDP (see below)
either microfluidized into a submicron emulsion or vortexed
~ to generate a larger particle size emulsion, and (3) RIBI"
adjuva;t‘ system (RAS) (Ribi Immunochem, Hamilton, MT)
cont&ining 2% Squalene, 0.2% Tweend® 80 and one or more
bacterial cell wall components from the group consisting of
monophosphoryl lipid A (MPL), trehalose dimycolate (TDM),
and cell wall skeleton (CWS) preferably MPL+CWS {oetox™),
. muramyl peptides such as N-acetyl-muramyl-L-threonyl-D-
isoglutamine (thr-MDP), N—acetyl—normuramyl-Lwalanyl—D-iso-



liquid vehicles prior to injection nmay al so be prepared. The preparat?%#Cszz
al so may be enul sified or encapsulated in |iposones for enhanced adjuvant

ef fect as di scussed above under pharmaceutically acceptable carriers.

| mmunogeni ¢ conpositions used as vacci nes conprise an immunologically
effective anount of the antigenic pol¥ypeptides, as well as any other of

t he above-nenti oned conponents, as. needed. By "inmunol ogically effective

anount ", itli% neant that the adm nistration of that anmount to an
i ndi vi dual  ~8FEferS n a SIprélidse or Mz2pary GruBamydrilesd 1agydifiect i ve

for treatnéﬂogbutpméngm%ieﬁnaﬂimé~2anpung'v@i%ggmdgg?udgﬁggmga@ﬁam%_health
and physic Idr8%€§$5éﬁw Pf the i%%iv'dual to be treated, the taxonom c
group of indivi dual Py Y PR S T YL N Sionhd 515 mat €2 Spri mat@d et c. ),
the capaci €yt@®finee, iswtilviadudnterilmukies7 I0ST 2003 21 & teys hamricphsye hesi ze
anti bodi es d . protection ., i.red, the formulation _of the

vacci ne, t%%I?E%ag?%gglgééﬁér%ggéége gggﬁf)df Eqﬁgnﬁédngfogﬁ?ugﬁF5ﬁF and
other rel - {B¥Bht %%t or sAdPd tilonelpact edaphatint hadgnvamttani | Isufcal | aisn  a
relativel ysbifarbiunagidial As e ARl iR SN wl P4l LS. The

i mmunogeni ¢c_conpositions are conventionally admnisteered parénterally,

e.g. by infectiHHFERT sGEEGEAREGus| Fherelmem amsy@R ar BE.  AJSCOMEnal

formul at i oniwsun dsthi s forimf hecompeess pf adnimistréthore | nclowde 1@¢@l and

pul nonary tJ.ons, .s itories and transder nal plications.
Dosage treljaééf‘r’{\e‘{r%g qngf%gg ng Z?Eg?ea’b‘%éé“ % fFeup I%M‘@ntddgé'm
schedul e. ™He Baceied neilie adhiMESE eamsl preferfedc- tion with ot her
i mmunor egul atory agents. The term "reconbi nant pol ynucl eoti de" as used
herein intends a polynucleotide of genom c, cDNA, senisynthetic, or
syntheﬂt;?ﬂ?gin}mﬁ?%ﬁge%ycvirFGEP@ﬁltﬂgnarigHm4gu mabheul agnsdgefl) is
not associgtiathatdit Ald1y kil BarrdeRObKAUGHAVRTR) MLB:eahGY 1t 1
associ ated_in nature
will contain' diluents, such as water, saline, glycerol,
ethanol, etc. Additionally, auxiliary substances, such as
wetting or emulsifying agents, pH buffering substances, and

the like, may be present in such vehicles.

Typically, the immunogenic compositions are prepared as
injectables, either as liguid solutions or suspensions;
solid forms suitable for solution in, or suspension in,
liquid vehicles prior to injection may also be prepared.
The preparation also may be emulsified or encapsulated in
liposomes for enhanced adjuvant effect as discussed above
under pharmaceutically acceptable carriers.

Immunogenic compositions used as vaccines comprise an
immunologically effective amount of the antigenic
polypeptides, as well as any other of the above-mentioned
~ components, as. needed. By "immuncleogically effective
amQunth,'it is meant that the administration of that amount
to an-individual, either in a single.dose or as part of a
series, is effective for treatmentror prevention. This
amount varies depending upon the health and physical
condition of the individual to be treated, the faxonomic
group of individual to be treated (e.g., nonhuman primate,
primate, etc.), the capacity of the individual's immune



Is linked to a polynucl eotide other than that to which it is Iinke&?]qu?ms
nature, or (3) does not occur in nature. The term "pol ynucl eoti de" as used
herein refers to a polyneric formof nucleotides of any length, either

ri bonucl eoti des or deoxyribonucleotides'. This termrefers only to the
primary structure of the nolecule. Thus, this termincludes double- and
single-stranded DNA and RNA. It also includes known types of

nodi fications, for exanple, |abels which are known in the art,

met hyl at i Qi s GRPSs . syRURskibYl 208 i§foddE O KO 8egebhe sN3bidldet on

occurring nucl-eetides wth an anal og, Internug-Iledtide nodifications such
as, for eX#mMi%Ec t hdhe wltthMiddtdrgedofi nkBfesVaecyRe: ety trERddFFonat es,

Phoi phot 2 id(iﬁﬁzszs phnsphoaditlalreshe saabanat €scugtioh, ameld wtHee kanged
| nkaat . e.

., phosphor ot hi oat es, phosphoradi t hi oates, .g&tc.),. .those

cont ai ni nd® drftcTii Bt i ekt Js%cﬁ?‘pfé:,éoq‘dor ‘angPee WOt ﬁ‘éﬁz‘s f)@lé T001 17
(includingafeeletdgvelpuddeasesrahgri hatntehodiesdesegnahed pepirictes,
pon-L-IngJE%iﬁacigia;gose with intercalators (e.g., acridine, psoralen,
etc.), those ctontaintnyg thelators (e.g., netals, radioactive netals,

boron, oxidative netals, etc.), those containing alkylators, those with

modified djdlagehddrc cBhRAd RIBHRI be WALl Le AGAARLy BdnihiAt Rl | as
unnodi fied Torns of the polynucleotide. A "replicon” IS any genetic
elenent,(£§f%n%ﬁ¥ﬁb%hidﬁ-8i(ﬁﬁOhﬁ%Sﬁﬁ}oa\ﬁ%ﬂhﬁraSBB§HFﬂPeEP§?Y;mﬂ
behaves aSjb:?tﬂrax?.lx%@E\lP@ny, U'A'dtdiétfio@xfé'lyﬂBQhﬁthQ%rTseﬁ{%%ﬁable{nfd& td_malzadcel I
i.e., capa of replicatjon under its,own control. s i ncl ude

sel ect abl S ker 8T A LA LTOTF L9  opRFABAS n SFALh ARGt hal thonazy

pol ynucl ecfoxkulsejors; stppbisitbedessaras tpahsiegmalowpplieatdmiscat i on
and/ or eXP 6581 0N 0l o {16 AEAL R0 SEIMERL: 40 CBNELALAITIUENSE i §I% L O
pol ynucl eot 1 de” Sequences Whi are necessary to effec e expression of
codi ng sefirseeschedule. The vaccine may be administered in conjunc-

tion with other immunoregulatory agents.

The term "recombinant polynucleotide” as used herein intends
a polynucleotide of genomic, c¢DNA, semisynthetic, or
synthetic origin which, by virtue of its origin or

" manipulation: (1) is not associated with all or a portion of
a polynucleotide with which it is associated in nature, (2)
is linked to a polynucleotide other than that to which it is
linked in nature, or (3) does not occur in nature.

The term "polynucleotide" as used herein refers to a
polymeric form of nucleotides of any 1length, either
ribonucleotides or deoxyribonucleotides. This term refers
only to the primary structure of the molecule. Thus, this
term includes double~ and single-~stranded DNA and RNA. It
also includes known types of modifications, for example,
labelstyhich are known in the art, methylation, "caps",
supstifufion of one or more of the naturally occurring
nucleetides with an analog, internugleotide modifications
such as, for example, those with uncharged linkages (e.qg.,
methyl phosphonates, phosphotriesters, phosphoamidates,
carbamates, etc.) and with <charged linkaggd (e.g.,
phosphorothioates, phosphorodithicates,  etc.}, those
containing pendant moieties, such as, for example proteins
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to which they are ligated. The nature of such control sequences diffe
dependi ng upon the host organism in prokaryotes, such control sequences
generally include pronoter, ribosomal binding site, and transcription

term nati on sequence; in eukaryotes, generally, such control sequences

i ncl ude pronoters and transcription tgrm nation sequence. The term

"control sequences"” is intended to include, at a mninmnum all conponents
whose presence is necessary for expression, and may al so incl ude

200 811 TR Ao prasan s abitagsanslics i, | oae
. : i £ t
juxtaposiPﬁ@ﬁlﬂﬁéheiHo%ﬁéL'%BﬁbBﬁenﬁgcsé'dé§%$l%eglgre Lﬁta relatioﬁship
permittinge hemteifiuReti pactaleheiatd nt entederaantainAng ebaiabprs
sequence "operably |inked" .to_a. codi ue LS' okigatede hBtsush a way
that expr d€si%on HPtPﬁg'CEGFﬁ§a§§dJ§n§gt?§g’agﬁfgtédounder conditiong
conpat i bl @ta.hh t hRoseNtemitainingCTa2B93218rSequEhRes. WAﬁ"lh' opeHLf&58i ng
frame” (ORR)is a region gh 4, polyoucteqid e semience v oh escedas a

pol ypepti é;%ﬁ%:s re§|dn ngy represent_a portion of a coding sequence or a

total codiaw werpiifceed A el oy TR RMEEMNT LA HF ynucl eot i de sequence
which is translated into a pol ypeptide, usually via nRNA, when pl aced

under the control _of gppropriate regul at ary sequepcgs. They) boupgarizes of

t he codi ng segeBAEECHE! e et ¥ ﬁ&&egﬁca e%t%’beﬁgcl ’atlgbﬁ' &t -agr ?plcodon bt the

5' -terni m@uaé}@bg?ﬁ%an&llja&ims, stopcasmich, aetthe B2k eiﬁi‘nﬁt&@.s AR oding
sequence can include, but s t DN 5 8RC, { @R BN ;
polynyclexﬂ??ﬁ?%%%ﬁ%ﬁgggfQfPEﬁE?b%F%géEigetﬁgpfechn%que of gglyngra%g chai n
reacti on fsedeseaphbllei nfSaigpilicatign underurEs20wn 6370586y dXdS Scharf

if 62'3; ’Zog?rinae{r"cianéi%@sé§§¢%QZ§é1QZ§keegd US. 4 683 195 and U.S.

A "vector" is a replicon in which anocther polynucleotide
segment is attached, so as to bring about the replication

and/or expression of the attached segment.

"Control sequence" refers to polynucleotide seguences which
are necessary to effect the expression of coding sequences
to which they are ligated. The nature of such control
sequences differs depending upon the host organism; in
prokaryotes, such control seguences generally include
promoter, ribosomal binding site, and transcription
termination seguence; in eukaryotes, generally, such control
sequences include promoters and transcription termination
seguence. The term "control segquences" 1s intended <to
include, at a minimum, all components whose presence is
necessary for expression, and may also include additional
components whose presence 1s advantagegus, for example,

~ leader gequences and fusion partner segquences.

"Oéeraﬁly linked" refers to a Jjuxtaposition wherein the
components so described are in a relationship permitting
them to function in their intended manner. A -control
sequence "operably linked” to a coding sequence .i$ ligated
in such a way that expression of the coding seguence 1S
| achieved under conditions compatible with the control



As used herein, x is "heterologous” with respect toy if x is not r}DCszz
natural |y aSSOCIated wthy in the identical manner; i.e., X is not
associated with y in nature or x is not associated with y in the sane
manner as is found in nature. "Honol ogy"” refers to the degree of simlarity
between x and y. The correspondence between the sequence fromone formto
anot her can be determ ned by techniques known in the art. For exanple,
they can be determ ned by a direct coné rison of the.. sequence

i nformati on of the polynucleotide. Alternatively, honol ogy can be

det erm ned Q¥ byhridization of tyre polynucleotides under conditions which
form st abl 8 Hup eXés bet ween honol ogous regions (for exanple, those which
woul d be used prior to S1 digestion), followed by digestion with

single-stra ded'cgﬁﬁ?' fi.giéqfq%ea%%%g% e fPhrr| Oved by, si zggdeher mpat jon of

the digested fragnents 3 19 As used herein, the term
" pol ypept | Belyneféestidea ssaluange ot i ABCAERES 2arkP BoeaPhbie i etBiSto a

speci fic | engt Bnofnayt Neeradiict | at Bust jRePtddes, cekiiggpepiduiate avd a

proteins are” included within the definition of polypeptide. This term
al so does RBEarefBANG §PINEECHde post expression nodifications of the
pol ypepti de, for exanple, glycosylations, acetylations phosphcrylations

and the like, _ Included mnthh the definiti fo

polypeptidg EET& i STFEHHE Sr X hord Bﬁéwgucq %e Sé%PaC|d S?lnclualng
for exanpl @ranﬁﬂatt&ldallnam aquahrmtlede. usumbl}ypel;ﬂ imFa& wiwhignspbacedut ed
| i nkages, g@%lkh@sc8E@§F}yB?S%%???%%@QE k?@&ﬁlb%o&§es§&heng%%h n@ﬁurally

occurri ng an non- nat ur a pep tidé or amno acid
sequence "&eundad ifsonPfa thiesicgddined ﬁaapeP@EacmeSm%@eF& t8 a

pol ypept i deraBavizRd caNs@AHR0-886A SEAUANGP Jtdantiraad drd bhatagklation
pol ypepti de encoded in the sequence, or a portion thereof wherein the
porti on cof&P®t sCBR At qtea‘é{‘eS ¥ 2HRTBIARFds, A coding  sequence can

include, but is not 1limited to, c¢DNA, and recombinant
polynucleotide seguences.

"PCR" refers to the technique of polymerase chain reaction
as described in Saiki, et al., Nature 324:163 (1986); and
Scharf et al., Science (1986) 233:1076-1078; and U.S.
4,683,195; and U.S. 4,683,202.

As used herein, x is "heterologous" with respect to y if x
is not naturally associated with y in the identical manner;
i.e., x is not associated with y in nature or x 1is not
associated with y in the same manner as is found in nature.

"Hémology" refers to the degree of similarity between X and
y. The correspondence between the sequence from cne form to
another can be determined by technigues known in the art.
For example, they can be determined by a direct comparison
- of thq\ sequence information of the polynucleotide.
Alternatively, homology can be determined by hybridization
of the polynucleotides under conditiens which form stable
duplexes between homologous regions (for example, those
which would be used prior to s1 digestion), followed by
digestion with single-stranded specific nucleaseés), fol-
lowed by size determination of the digested fraéﬁents.



and nore preferably at |east 8-10 am no acids, and even nore preferag?y caTtm3
| east 11-15 am no acids, or whichis im rrunol ogically identifiable with a

pol ypepti de encoded in t he sequence. This term nol ogy al so includes a

pol ypeptide expressed froma designated nucleic acid sequence. The protein

may be used for producing antibodies, .either nonoclonal or polyclonal,
specific to the protein. The nethods for producing these antibodies are
known in the art. "Reconbinant host cells", "host cells,” "cells,"” "cel

| " h . fQle ; ,
cultures aﬂgegtg%Eeﬁ%c t%%rgﬁfg?n?%§g3§|$l éfergnggcgﬂggqyﬁgg

i nsect ceﬁF and manmal’i or- have been, “used as
reci pi ent sff eminec amiidmrand/ ctves not oeher tPaﬁsﬁ@eq}PﬁAc IRNGHE 1 ele t he

progeny Oftntehgroaﬁ 'n@tjzué:e pagérlafé}. h%%l%%%pttﬁ@ré%fOéﬁﬁdprétﬁeiﬁswrStOOd

t hat the pro ny o a singf ntal cel’l “may not necessarily be
conpl et el ¥nf éﬁ?ﬁc&lﬁmmﬁ%dﬁ%@ynb?lq”h o§eRBAYESBE 186t al ot ement

as the Or'a%'aal dw§ntno‘due&.'g@eﬁo fat ueal , ea;@:qu@.@nt Postor elghtdes boe
mut at i on. anpl es . for manpalian host cells I ude ghl nese hams)gfa ovary

(CHO) anawﬁ%m%&?t&.oa*ﬁey (Tos) &8l s. E’?H’Tch fy, as®dsed FETRY cel |
line," rekapecsylatipopyl atkaplaticakl q;mﬁ;p%bcbﬁybét:cm iangdbbeok ilpe ol onged

growm h and divissi.on in _vitro. . Ote el .l nes_are cI I I ons
derived f gﬁléldseldnglg Bpéaem?%e ce e1fc riltt]iosn f&?’[ Her ﬁgwn mﬁyéugéart t hat

spont aneomlgrpelprtd@ceedcohaag@sngcanewnumonm dearhogsy o€ dor aRgnetddge or
transfer qfj, 'Fl‘fﬂim? ongl,,-PogylL 19”5 -un }L&g@éﬂ Camdfld Sad¢akyedef&Om the

cell linereferre nmay not prec y tdentical to_the
ancestral Pﬂéé'lne?tdrdec&ul‘fh"ﬂésSuéﬁﬁlﬁﬁéeéelﬂlﬂ}ﬁar‘i@srref%?ré‘&ltlo a5 n@FRges such

variants. pHa i e hm'ok-ﬂi‘xei S QNCIHdARS nakirantigl bzedreehfsand
Preferably, ¢ell Iines include nonhybrld cell lines or hybridomas to only

two cel |l FPPENATAT A KEHIT-"She ter m "mi croor gani snt' i ncl udes

prokaryotic and eukaryotic mcrobial species such as bacteria and fungi,

the Iatteallnc Udln% &easérE”g%lno acid sequence "derived from" a
designated nucleic acid sequence refers to a polypeptide
having an amino acid seguence identical to that of a
polypeptide encoded in the segquence, or a portion thereof
wherein the portion consists of at least 3-5 amino acids,
and more preferably at least 8-10 amino acids, and even more
preferably at least 11-15 amino acids, or which is im-
munologically identifiable with a polypeptide encoded in the
Seguence. This terminology also includes a polypeptide

expressed from a designated nucleic acid seguence.

The protein may be used for producing antibodies, either
monoclonal or polyclonal, specific to the protein. The
methods for producing these antibodies are known in the art.

"Recombinant host cells", "host cells,"” "cells," "cell
_ cultures," and other such terms denote, for example,
mlcroorganlsms, insect cells, and mammalian cells, that can
be, or-have been, used as recipients;ﬁor recombinant vector
or other transfer DNA, and include the progeny of the
original cell which has been transformed. It is understood
that the progeny of a single parental cell may not
~necessarily be completely identical in morphology or in
genomic or total DNA complement as the original parent, due
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filamentous fungi. "Transformation", as used herein, refers to the Z?”“ 2003

I nsertion of an exogenous pol ynucleotide into a host cell, irrespective
of the method used for the insertion, for exanple, direct uptake,
transduction, f-mating or el ectroporation. The exogenous pol ynucl eoti de
may be maintained as a non-integrated vector, for exanple, a plasmd, or
alternatively, may be integrated into tlm host genonme. By "genomc" is
meant a collection or |ibrary of DNA nol ecul es which are derived from
restriction fragnents that have been cloned in vectors. This may include
all or part *CofdtHeadenciGeidentsl al oof dabibeganies Muthit i GDNA"Eksnpeagt a
conpl enment argrChdm8SAYEAC ridizes a conplenmentary strand of
DNA. 2: O CT_2003 gl Bé_--’ﬁi%???%ld’[y gr’#ﬁq“fd;%olcg?gé]&s% ggﬁlégrﬁf‘, °M%E‘ﬁ Fefelring
to a pol ypBPti BEN6FYntierEsYi dECSeqeedds, that the indicated nolecule is
present in the substantial absence of other biological macronol ecul es of
t he sane tygSeCIbg t?&ﬁ] égurified" as used herein preferably nmeans at

| east 75% by* - wei ght; r & Pr EFEFaP§F 2N edSelg504 bpewdi grrfermréo a

Er ef e_ralroll y szg!lalatoheasﬁ %%Jlsylwbiﬂble ?ﬂh@%ﬁtﬂ?{u‘%fu%r agyyeplaglér?gé 98%
y wei ght, C ronmpl ecul es of the same type present U
wat er, buffgrg,tgngd)g%t %}’@ﬁgﬁ%, eL et I Fpecaatescienghg a
nol ecul ar wePBhtabionsedertihad Xa@Mk anithelHresegbhitoRceeine agmqigiate
codi ng sequeREehes kSRt &0 .+4 n expressed in_a variety aof different
expression systems; for '%xgﬁ% 59?h8§§Fu§ gngf?ﬁoﬁﬁnﬁﬁl+%éP%%‘I%Eanges
bacul ovi r used? °HIEFeftNa kagy®ymestduningvisiet age SysteamseyTRIS afuch
expr essi on sYsh&IBpEF el XAO¥As| N Fler @fdre A égﬁg”ﬂl opter .is any DNA
sequence c §p%er%f bi %Cciﬂ n'? manmal | an_ RNA c:po yrrer%xg{e&%% TR TR Rt he
domstreama{) 'S TPFEREES ptPoffadt BOEodEngPEeeLentE (lelaptimtalictor alhegene)
ancestrali cells or cultures, and the cell line referred to
includes such variants. The term "cell lines"™ also includes
immortalized cells. Preferably, «cell 1lines include

nonhybrid cell lines or hybridomas to only two cell types.

As used  Therein, the term '"microorganism® includes
prokaryotic and eukaryotic microbial species such as

bacteria and fungi, the latter including yeast and
filamentous fungi.

n J 3
Transforrmation", as used herein, refers to the insertion of
an exogenous polynucleotide intc a host cell, irrespective

of the method used for the insertion, for example, direct

uptake, transduction, f-mating or electroporation. The
exogenous poclynucleotide may be maintained as a
non-integrated vector, for example, a plasmid, or

alternatively, may be integrated into the host genome.

- By "g?pgmic" is meant a collection or library of DNA
molecules which are derived from restriction fragments that
have~been cloned in vectors. This may include all or part
of the genetic material of an organism.

By "cDNA" is meant a complementary DNA sequffice that
hybridizes to a complementary strand of DNA.



into "NA. A pronoter will have a transcription. initiating region, M@?dﬂTZMS
Is usually placed proximal to the 5 end of the coding sequence, and a

TATA box, usually |located 25-30 base pairs (bp) upstream of the
transbription initiation site. The TATA box is thought to direct RNA
polynmerase Il to begin RNA synthesis at the correct site. A mammali an
promoter will also contain an upstreanfipromoter elenent, wusually, |ocated
within 100 to 200 bp upstream of the TATA box. An upstream pronoter

el enent determnes, the rate at lch,transcription is initiated.and can
act in either Porieht ti%ﬂg[séﬁﬁr%gﬁ - 89VEEEX§F§§ i gbﬁ%tf%ned
Genes in Nwipbepvidel Il " ne IMoltdad aseGhencrg: $hatabret dndidened , 2nd
ed.|. Mammply Y%r%'s gpgznees S € 19f ten, hLghly, g¥PLESSAOL and, h?ife Srer OCT
2003 22 br'oad host range; THer efbr e Sequences ‘encodi ng manmalian viral
genes prowvidel parcitulmrdncuskeiallgs ondt etheeqgmmeedypPeexanpfee iwRfA™ude t he

SV40 earl yuw.pro " u LhUS I t i rus
Yn RELPPL £5 (%8 éﬁfgﬂmg% h?@@rgbl le LR P20t a0RNQW)

maj or | ate pronoter er pes si ex virus pronoter. I'n
addi ti on, Yskuencererer i fragmhortvi RERSenB8® shEh “Rl9Ner mAghfe

net al | ot h%}@é‘ﬁéf‘a@?estﬁiﬁ%@rl%\é&e9'5%355!' wO{ P! eind SRERIEPIRE el2fIESSI ON
may be either constitutive or regul ated (|_ndUC|nEk)FIc;]¥$‘Lfgle$enng ngcﬁc/)r{: t he
promoter c&h HeRST Rt W uc 3 i3 3Fah LSRN Rl | s.
They presesmfe oftyare ephasent e{lmmenivatephansefjerspniandedotiveth snel 1
pronot er el erent escribed ve.. W lJ_ usual.l I n |

Pevel s A Ehranaer:  Satreahi ot oiles Bafunke e PRAFCaETas St U
transcri ptlessuphén 1000-fokd behepmekenked t o honol ogous or heterol ogous
pronoters, with synthesis beginning at the normal RNA start site.

Enhancers ar< also active when they are placed upstream or downstream
fromthe tPRASCERPtPBRTPRTLREE| 6PALNg cSeqyrREe heF herhatedr 1% |15Ppe

orientati OfypPésadbdaifll St RNEE ) IPIE AN O Wspruicd PO | Shpse diom tdre
pronoter [Maniatis et al. g198 ) . :
example those used with mammalian cells, baculoviruses,

bacteria, and yeast.
i. Mammalian Systems

Mammalian expression systems are known in the art. A
mammalian promoter is any DNA sequence capable of binding
mammalian RNA polymerase and initiating the downstream (3')
transcription of a coding segquence {e.g. structural gene}
into mRNA. A promoter will have a transcription initiating
region, which is usually placed proximal to the 5' end of
the coding seguence, and a TATA box, usually located 25-30
base pairs {(bp) upstream of the transcription initiation
site. The TATA box is thought to direct RNA polymerase II
to begin RNA synthesis at the correct site. A mammalian
promoter will also contain an upstream  promoter element,
~usually located within 100 to 200 bp upstream of the TATA
box. An upstream promoter element determines the rate at
which Ytranscription is initiated amd can act in either

orientation [Sambrook et al. (1989) "Expression of Cloned
Genes in Mammalian Cells." In Molecular Cloning: A

Laboratory Manual, 2nd ed.].

Mammalian viral genes are often highly expressed and have a



Sci ence 236:1237; Alberts et al. (1989) Ml ecul ar Biology of the C4Z0CDa83
ed.]. Enhancer elenents derived fromviruses may be particularly useful,
because they usually have a broader host range. Exanples include the SV40
early gene enhancer [Dijkema et al (1985) EMBO J. 4:761) and the
enhancer/pronoters derived fromthe long-termnal repeat (LTR) of the Rous
Sarcoma Virus [Gorman et al. (1982b) Proc. Natl. Acad. Sci. 79:6777) and
from human cytonegal ovirus [Boshart et al. (1985) Cell 41:521].

addi ti onal | progdnticenhancges amereedHeatabl e fbds bgc;,erga[ig,gt | VR0 aAn t he
S

presence of hn , h,as_a hornpne or netal ion sone--Cor'si and
Borel | i (195%)5}a}r g%gg%&%é?}dﬁ;%ig?lcﬁﬁgyigs%@ulamrm@ge@ SqeRRees.

236: 1237] . AXBRR1gS| elnd tudmy the eipreessedlintgraseiddl ar hpuisiel -M@}%an
cells. A pregpbervseg S irectly.linked . with the DNA nol ecul e,
in which case thevf§i rg{eﬂggﬁ no a%(%gqata%feﬁ'g)(’ﬁr?s, E“aéoéTQEBBSP%m‘PE‘Fﬁi A& of
the reconbi H&RY - prist®i hewpes a$ iegleebe varuset fu ombber . whi ¢h isaeneasied by

the ATG staebqgeededs bbridesi Fed _ rrmnus _may be cl eayed from'he
protein by Fiﬁgﬁi&t o i_ngjbat i on \T\n %’Eﬁc?%%géeﬁeﬂﬁgm &SN &Ser iREyne
| a

foreign pro ELRedrs61ipe 1%t edalrom rrivoricid | usesdulhe ramddeedi a

by creatingseguarces.DNA Expless] &% t,ﬁ'@; WO%%%JNSiéH%sq&&i[nvgo ri sed
of a leader,, ,gg%llggge (f.r mal%: t hat $rovi des for secretion o he® f Stei gn
protein in nma Fan cCeTE B ear BEPenekRs ¢ Oar ether EeNstay stans encoded

bet ween thelnduged Vibdhnedncendrtheoifiolni porgene-+haponan vae «haaved
either in vivo or in vitro. The |eader sequence fragnent usually encodes a

signal peptide conprised of hydrophobic am no acids which direct the
secretion ofPRhBTEESNERN 9% oAt RBhantkr HElenedenoyénhsncét) pakdndinader is

ot 61 1 i 1 rerEl Lan et Cenal o { ARk T et A m WAL otk 1Y
polyadenyla}?%ﬁﬁase eéxpression levels. An enhancer is a regulatory DNA
sequence that can stimulate transcription up to 1000-fold
when linked to homologous or heterologous promoters, with
synthesis beginning at the normal RNA start site. Enhancers
are also active when they are placed upstream or downstream
| from the transcription initiation site, in either normal or
flipped orientation, or at a distance of more than 1000
nucleotides from the promoter [Maniatis et al. (1987)
Science 236:1237; Alberts et al. (1989) Molecular Biology of
the Cell, 2nd ed.]. Enhancer elements derived from viruses
may be particularly useful, because they usually have a
broader host range. Examples include the SV40 early gene
enhancer [Dijkema et al (1985) EMBO J. 4:761) and the
enhancer/promoters derived from the long terminal repeat

(LTR) of the Rous Sarcoma Virus [(Gorman et al. (1982b) Proc.

Natl. Acad. Sci. 79:6777) and from human cytomegalovirus
(Boshart et al. (1985) cell 41:521]. 2dditionally, some
enhanq§;§ are regulatable and become active only in the
presence of an inducer, such as a hormone or metal ion
(Sassorle-Corsi and Borelli (1986} Trends Genet. 2:215;
Maniatis et al. (1987) Science 236:1237).

A DNA molecule may be expressed intracellularly iri#nammalian
. cells. A promoter sequence may be directly linked with the
DNA molecule, in which case the first amino acid at the N-



sequences recogni zed by mammualian cells are regulatory regions |ocat e%f}s[]'m 03
to the translation stop codon and thus, together with the pronoter

el enents, flank the coding sequence. The 3" termnus of the mature nRNA is
formed by site-specific post-transcriptional cleavage and pol ya-
denylation [Birnstiel et al. (1985) Cell 41:349; Proudfoot and Witelaw
(1988) "Termi nation and 3' end processihg of eukaryotic RNA. In
Transcription and splicing (ed. B.D. Hames and D.M d over); Proudf oot
(1989) Trends Biochem Sci. 14:105]. These sequences direct th

transcri ptEsALENS aRfnRRNASWT SFCRRFNHRE t rRFR &t Rd Wit EHY3YS yggpt‘?de
encoded hythhe DNA, Exaied essobntbaaschytiws atrer gkaztordgadany.adedyl ation
signals z.ncl.ude those derived from %%/%0 Sanbr ook et al I()lgg%% b

"Expr essi SR53F Croref QBT ™Y H S dtatr FREF aht U1 S PTR KRBT eRYII ar

Cl oni ng: AnlLabarat ane-ddtiadn] .wiSome ganese mayr driei@apr essed nore efficiently
when introns 2f OC T 2003 24 (also called interveni ng sequences) are
present. Several cDNAs, however, have been efficiently expressed from
vectors fAderinadk vl ci forsigmapsotaliss canl @d splheesgonviedndrchccept or

sites) [sge e gy)1 CLRiNG AN PRIPLogk (1981  Dakyre 293 820d:c | BRoONs are
i nt er veni ng -noncodi Ng - sequences within a codi ng sequgnce that”_ contain
spl i ce domedecandsasdaft sncsidees. f THegn o rehm R 32D Fcéssetdrfed

"spli ci nggeqh R Qirhg RRIadaRy! %&ome& $ b€ dUdFE¥ Yon [TRRSES Eptefibavi ns
(1983) Annu.” Rev. Biochem 52:441; G een (1986% Annu].r Rev.hGenet. 20: 671;
Padgett ePr@teiMmogy) ARATM2lRe}. GP4dFem SFTEEYF24d%i netP8h8 MiAfati s
(1988) " Ri&oc¥d iaid\@i'tde eficadsar bptiveanatide Sptadeng farher® BndHahres and
DM dov .. Usual | t he aboye descri bed. conpo L | i Rg.a
pr onot er, E%%%ii‘a%%%ﬂ% ftgr?tsf:ﬁﬁap? %ﬁﬁa}’?gn%% |%’Fiﬁm ST %% Uhgé]uence
are put tayet héeaicrsro eepuessieonfragmentuctsua Ehparengades ntar or$InReh
functional, SPlife d9ROFised of hydrophobic amino acids which direct
the secretion of the protein from the cell. The adenovirus
triparite leader is an example of a leader sequence that
provides for secretion of a foreign protein in mammalian

cells.

Usually, transcription termination and polyadenylation
seguences recognized by mammalian cells are regulatory
regions located 3' to the translation stop codon and thus,
together with the promoter elements, flank the coding
sequence. The 3' terminus of the mature mRNA is formed by
site-specific post-transcriptional cleavage and polya-
denylation [Birnstiel et al. (1985) Cell 41:349; Proudfoot
and Whitelaw (1988) "Termination and 3' end processing of

eukaryotic RNA. In Transcription and splicing (ed. B.D.
Hames and D.M. Glover); Proudfoot (1989) Trends Biochem.

Sci. 14:105). These seguences direct theg transcription of
_ an mRNA which can be translated into the polypeptide encoded
by the DNA. Examples of transcription
termimdter/polyadenylation signals ghclude those derived
from SV40 [Sambrook et al (1989) “"Expression of cloned genes
in cultured mammalian cells." In Molecular Cloning: A

Laboratory Manual].

Some genes may be expressed more efficiently when introns




and acceptor sites, and | eader sequences may also be included in abeCTZW3
expression construct, if desired. Expression constructs are often

mai ntained in a replicon, such as an extrachronosomal elenent (e.g.,

pl asm ds) capabl e of stable naintenance in a host, such as manmalian cells
or bacteria. Manmalian replication sysiens include those derived from

ani mal viruses, which require trans-acting factors to replicate. For
exanpl e, plasm ds containing the replication systens of papovaviruses,
such as Sv4@lE@ tsl:adzired( Ji@&]e)r\:@dilng Exdlidhicay) patey opEsents, reaéireﬁma to
extrenely co pr.esence the a riate vi

antigen. %&%ﬁfloﬁé exa a%Q %gé%uﬁgﬁi%%$qx I é&ﬁfggﬁgfﬁaamtﬁ%% Orﬁ
fron1bovinéhﬂépHthmwplus139dSEg@BéEnﬂiﬂsovmahked Agdiitdeontdrior, 4he
replicon i C n.systens S 0 to
nalntalneg%¥F%?*§§gﬁ%fEsQl ﬁ%éé) '§' Fhi?ﬁ E%&%rgégggﬁgghd(Pgslj
procaryotlE—ﬁ&§@—LéLAHQ%ﬂrm) an@ﬂéﬁﬁnﬁfléaﬁlomnugaﬂﬁﬂxﬁgofﬂgu@ﬁdlng
mammal i an- kaglenicesshuthlia ¥esddl sy s&rqt&é}?cep%%d K%Hft@i@; %Eéli‘l:e éé‘ﬁ@% Mol .
Cell. Biol. % 946 and HEBO Shi m zu

6:1074] . 22D90EF 2§*ﬁﬁ?1raﬁ§?6rﬁﬁﬁl6ﬁmBV8€e&ﬁTé‘d§£F%%$eﬁﬂ§ &don t he
host to béspﬂ&m&h@rﬁ&dfd%ﬂdwnhgfOpolﬁéﬁ@ﬂyEétQBnOfdﬁﬂfﬁﬁéogpﬂﬁmary

polynucleo I|a are kpown in the ar i ncl ude
dext r an- me ?égrq%ghggectlon?lgg %npﬁﬁngﬁﬁat%——%ﬂsgrpé%a?4gn & poFYbr ene
medi at ed tKéﬁ§ﬁécﬁﬂnny_hgzuiﬁﬁﬂﬁm__zgmﬁIﬂm Radgennnparaﬂlom19aﬁ¢a@§u£§t|on
of jLhe  PoRucl goliets) 550 1hiyBASORES; o &P ol Gfln FLELOT N8R Oy t he
DNA i nto nucTel I'i nés”avai | able ‘as hos pre55|on are
known i n t F®ldingnd |@1qu@ wanﬁmxes from

the AnericamgTyRe.Cdhlodes Gal I ection (ATCC), including but not limted to,
Chi nese hanster ovary (CH& cells, HeLa cells, baby hanster kidney (BHK)

cells, nonkey kidney cells (COS), human hepatocellular carcinoma cells
Usually, the above described components, comprising a

promoter, polyadenylation signal, angd transcription
termination segquence are put together into expression

T
eri ved

constructs. Enhancers, introns with functional splice donor
and acceptor sites, and leader seguences may also be
included in an expression construct, if desired. Expression
constructs are often maintained in a replicon, such as an
extrachromosomal element (e.g., plasmids) capable of stable
maintenance in a host, such as mammalian cells or bacteria.
Mammalian replication systems include those derived from
animal viruses, which require trans-acting factors to
replicate. For example, plasmids ccntaining the replication
systems of papovaviruses, such as SV40 {Gluzman (1981) Cell
215175] or polyomavirus, replicate to extremely high copy
number in the presence of the appropriate viral T antigen.
Additional examples of mammalian replicpns include those
, derivegkgrom bovine papillomavirus and Epstein-Barr virus.
Ad@itionélly, the replicon may have two replication systems,
thus-ailowing it to be maintained, forrexample, in mammalian
cells for expression and in a procaryotic host for cloning
and amplification. Examples of such mammalian-bacteria
shuttle vectors include pMT2 [Kaufman et al. (ﬁ?gS) Mol.

- Cell. Biol. 9:946 and pHEBO [Shimizu et al. (1986) Mol.
Cell. Biol. 6:1074].



(e.g., Hep &), and a nunber of other cell lines. ii. Bacul ovirus Syiﬂéﬂg'mm
The pol ynucl eoti de encoding the protein can also be inserted into a

sui tabl e i nsect expression vector, and is operably |linked to the control

el ements within that vector. Vector construction enploys techniques which
are known in the art. Cenerally, the cggponents of the expression system

I nclude a transfer vector, usually a bacterial plasmd, which contains
both a fragnment of the bacul ovirus genone, and a convenient restriction
site for insertion of the heterol ogous gene or genes to be expressed; a

wild type baculovirus wth a sequence homgl Qgous .to th ul.QVvi.r ys-

specific f%%&nﬁﬁﬁnﬁﬁPEWﬁF%?%n%¥%$99%ﬁ?oPSg?hﬁgpﬁPFémébﬁgrQ%%h£%%§n§%bgous

r econbi natdeont v n ¢ herhat er oMegoudsi sgefire imttoduthechaed| dwters lggewse) ; and

appropri ate_Jjnse ost_cell and_qr. h ia. t L.nsecrti t DNA

seqguence é’noclc}'d}uncgf%?‘}}'él 7ot é’f’?ﬁoi Iﬁ]faénm%tlﬁ\é%t r%ﬁgrsgr‘a%c)?%??ﬁt Eé \‘/:g%t oa:}q-'and t he

wi | d type and ahciuieQi€xTr2068e86 agedotrans EeeEansh 2 bEl PRKRS cAPHAtSect

host cel | M@f&iaﬁﬁg&lgeéewﬁbdgs@g@et@«%@ls&ié&m,t erRehiste. The
econbi |

packaged nant” vif expressed and reconbi nant plaques are

i dentifi edEwHhCurifi @YSCHELHITAS Uhd et FOGIPSEIR LI ovitus/ i t cell
expr essi orp Sy et efBedf Ede CONMES Aliglddoren) bakl eirackinidosinfeoction mfer

alia, Invitrogen,,San D ego.CA ("MaxBac" kit). These techniques are
generalIy'?m%WﬁﬁQo‘?E%s%ugg??red inthe art and fully described in Sumers
and Smth, Texas Agricultural Experiment Station Bulletin No. 1555 (1987)

(her el naf el npa PHIIRES1 2193 RILT Dk 1 BEN Q" o0 AR 110 dyis dINy Sealisice
encodi ng the protein 1Thtd € bacul'ovirus genome, the above descri bed
conponent sknognnpni $heg aa thraowbt Brcludedeanyi tngesitrddzed siftny SEftRnce
of interesiy, aigyiLapsSehi Plé Olhnd £ JAAAFY 0D SSOUSHE o Bl &ctiber! | yrassenDl ed
Into an internedl ate transpl acenent .
including but not limited to, Chinese hamster ovary (CHO)
cells, Hela cells, baby hamster kidney (BHK) cells, monkey
kidney cells (COS), human hepatocellular carcinoma cells

(e.g., Hep G2), and a number of other cell iines.
ii. Baculovirus Systems

The polynuclectide encoding the protein can also be inserted
into a suitable insect expression vector, and is operably
linked to the control elements within that vector. Vector

construction employs technigques which are known in the art.

Generally, the componénts of the expression system include
a transfer vector, usually a bacterial plasmid, which
contains both a fragment of the baculovirus genome, and a
convenient restriction site for insertion of the
heterologous gene or genes to be expregsed; a wild type

~baculoviyus with a sequence homologous to the baculovirus-
specific fragment in the transfer vector (this allows for
the homblogous recombination of tle heterologous gene in to
the baculovirus gencme); and appropriate insect host cells
and growth media.

. After inserting the DNA seguence encoding the protein into

the transfer vector, the vector and the wild type viral
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construct (transfer vector). This construct nmay contain a single g?a%e anglﬂ3
operably linked regulatory elenents; nultiple genes, each with its owned
set of operably linked regulatory elenents; or nultiple genes, regulated

by the sanme set of regulatory elenents.. Internediate transplacenent

constructs are often maintained in a replicon, such as an extrachronosonal
element (e.qg., plasmds) capabl e of st&bl e mai ntenance in a host, such as
a bacterium The replicon will have a replication system thus allowing it

to be maintained in a suitable hpst for_ _clonin nd,anpl.ification,

current |y, FERETToSE T IhTH §F Utk Jtl?%?ls?rérlUEEFgr?‘P r rcr"|I')3nj'[1ro %crlengu?%rei gn
genes i nt o vAcheY i sndAv3IFAl Mpryomt here elawe] koownetcembhomse of Thkill in
the art, hay | so, bee | gneq.. ese_i r a 15 V985
(whi ch al ( rekdged p%?%%% ey g/rltr-[lrc;odg% %?c?%de%‘?éc%)oa%T@%‘ﬁ%"%u T

i nt roduces pdaBaidl aclkonidrgtdiftied3andapepaf teddovihasterhad frand NehedT; see
Luckow and ;Jymey s : by 31 ; 1 d y

cont ai ns tﬁ? po|§ﬁ%ﬁ¥%%9%gngé%g§gogC§$Jp0|?g%@%?%g%ﬁg% g?éﬁghg(hf%fgr et

al . (1988) cammerRdellyM evghilable 42n17%}tanfoBmpr 6E@Pyotiter alia,

anmpi ci | I'i nrR8itstaReE s@@nmi%@martdmw@idi- ofidepl ipaddondexnsghest i on
and propagation in E.. coli. Baculovirus transfer vectors usuall £ ntain a
baculoviru§rﬁnﬁﬂﬁﬁ§ﬁ;lﬂ\&ﬁﬁﬂﬂcﬁﬁr?&oiﬁoﬁﬁfgre?slgnﬁ T c%u g&pable
of bindi ng cedeadteavi rirs RSAmpekgneraase amelith it Mabd t i r&2am (5

to 3') transcription o . codi,n ence ( UGt ur L nio
MRNA. A p men é £e 15995091 3¢ 9HENES (£59 iZ({lP%ﬁ)reg{l%ﬁgﬁ%%%&is
.usual | y pl"scwuheprsoandalSmtidii'he 5° end of the coding sequence. This
transcription initiation region usually includes an RNA pol ynerase bi ndi ng
site and a transcription initiation site. A baculovirus transfer vector
may al so hRrdox secohrseonbng thae| BYAafeadrafCeenNGRY Y e ppESERtD

into the baculovirus genome, the above described components,

comprising a promoter, leader (if desired), coding sequence
of interest, and transcription termination sequence, are
usually assembled into an intermediate transplacement
construct (transfer vector). This construct may contain a
single gene and operably 1linked regulatory elements;
multiple genes, each with its owned set of operably linked
regulatory elements; or multiple genes, regulated by the
same set of regulatory elements. Intermediate
transplacement constructs are often maintained in a
replicon, such as an extrachromosomal element (e.g.,

' plasmids) capable of stable maintenance in a host, such as
a bacterium. The replicon will have a replication system,
thus allowing it to be maintained in a suitable host for
cloning and amplification.

Currently, the most commonly used transfer vector for
introdyging foreign genes into AcNPV is pAc373. Many other
vectors, known to those of skill in the art, have also been
designéd. These include, for exampley pvVL985 (which alters
the polyhedrin start codon from ATG to ATT, and which
introduces a BamHI cloning site 32 basepairs downstream from
the ATT; see Luckow and Summers, Virology (1989, *47:31.

The plasmid usually also contains the polyhedrin



is usually distal to the structural gene. Expression may be either T,ZUCT 2003
regul ated or constitutive. Structural genes, abundantly transcribed at |ate
times in a viral infection cycle, provide particularly useful pronoter
sequences. Exanpl es include sequences derived fromthe gene encoding the
viral polyhedron protein, Friesen et al (1986) "The Regul ation of

Bacul ovirus Gene Expression," in: The:%%lecular Bi ol o- gy of Bacul oviruses
(ed. Walter Doerfler); EPO Publ. Nos. 127 839 and 155 476; and t he gene

encodi ng tﬁ@l?ﬁ@eﬂ%@%@&%h VL 2kn g1 {yll 988 ga frEﬁ?B%L 69 £§>. DNA

encodi ng suitabl nal sequences e derive creted
i nsect or %é@ﬁﬁ&k&ius ﬁne_@tlé'?msanéu@rpra@carhetbacaﬂnpwcumélperghedtancgene

(Car bonel | (__g?' gén'leq8§}1d C@Pﬁglgg’ c409) llélattqrorﬁatf&?l %ele%trl e;ht Qﬁd

signals for mammalian cell poSttranslatfonal nodifications (suc
signal pepPTBB28REAPHGED Brot&diytic cl eavage, and phosphorylatlon) appear
to be recogni zed by insect ceIIs and the signals required for secretion

and nucleaé gcunulat on appear to be conserved between the 21.0OC T
2043 28 i nvart BVéFéscéFF§5aﬁd SEB e et 1 %, CPRERER s2 oPaRBHOVE R4S Ct

origin, suphomstéhose derbued bratugengsonpeedi NPs hiHE@N DRal Nneghenea,

Maeda et 85 315: 59 t I t

Lebaca. ver Fehdenoer O3 | Bifeiade) o voise Sl o RFA oPaffRerRakanand 2,

Smith et alnitigtdss) chQ)chNastreAmad(s 'SctoUSBA') 821-84@&;-1;6!101&&1 ld£ 3a

(Myaji ma @édﬂERIA ;gg@g),cgen(ee dp%lfan?ergéyc cﬁsgoebr% dase, Ivartl n
e used 16

et al. 9, can al OVIde SEecCr ét’i on |n
|nsects AP?%EBF%FnHﬁ@lpBPyﬁeﬁtM&@ﬂﬁcqyﬂ%qﬂnnxﬂxﬁh®yl©@ repiessellich

intracel | uiar Iu)smly fplack8 @uuassed wot ddiespr gl okedWaAt Q8 in
sequences, é a0, be s ﬁﬁeted Good. intracel | u] ar, expressi on of nonfused
PRS

foreign pro? 2usual Py Sr STRATRST HREEPBI ogbifst et TR NdeaFryl bdve a

includes an RNA polymerase binding site and a transcription
initiation site. A baculovirus transfer vector may also
have a second domain called an enhancer, which, if present,
is usually distal to the structural gene. Expression may be
either regulated or constitutive.

Structural genes, abundantly transcribed at late times in a
viral infection cycle, provide particularly useful promoter
Sequences. Examples include sequences derived from the gene
encoding the viral polyhedron protein, Friesen et al.,
(1986) "The Regulation of Baculovirus Gene Expression,® in:
The Molecular Biology of Baculoviruses (ed. Walter
Doerfler); EPO Publ. Nos. 127 839 and 155 476; and the gene
enceding the pl0 protein, Vlak et al., (1988), J. Gen.
Virgl. 69:765.

DNA encoding suitable signal sequences can be derived from
genes.ﬁgr secreted insect or baculovirus proteins, such as
the baculovirus polyhedrin gene (Carbonell et al. (1988)
Gene ;" 73:409). Alternatively,” since the signals for
mammalian cell posttranslational modifications {such as
signal peptide cleavage, proteclytic cleavage, and
phosphorylation) appear to be recognized by insééﬁ cells,
and the signals required for secretion and nuclear
accumulation also appear to be conserved between the
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short | eader sequence containing suitable translation initiation si 9.231
precedi ng an ATG start signal. If desired, nethionine at the Ntermnus
may be cleaved from the mature protein by in vitro incubation with
cyanogen brom de. Alternatively, reconbi nant polyproteins or proteins
which are not naturally secreted can b&&ecreted fromthe insect cell by
creating chineric DNA nol ecul es that encode a fusion protein conprised of

a | eader sequence fragnment that provides for secretion of the foreign
protein in iMYESTEPT JRekfer 288 qyeAte rrsgmere L Ls ualllepdercode mosignal

peptide conpriszed afrfyidi OpBedH Caamithe L glor Wb &N ediheenddCencoding
translocatlgzlr,]1 %fn th_ergtrotfel n into the endopl asm c retlcue[um %\?ter
insertion of the BNASEFIGTEE allfieite toe 8éne dAé8§iIng Naarexdissgsan
product predumgor gfs tithien{redisaisinrncemsesé, cebhchovile rine @yt rénss or gred
with the hetgralkogo he,. transfer. vector and the_genom c DNA of
wild type bé%&?g\ﬁ;i,rﬁéél% 14 Figts r%ar‘? 255t | .anTﬁg"ﬁr'o & ghal- .
transcri pti dA°eén mBzatonNabilepcadcof Shi. cOITH,r UE2: 3 OL; usuald yipomprise
a 2-5kb sectimg fimkhe culgvi rus . 40 C_L. 29 t hods for
g e S A o REBATT: el Ceb -2 295 e

i ntroduci ng_heterol ogous DNATirito tF It
virus are kAGWACFRTERECHIEaseselar Bunmet 2 land 19@ia)h Dédnr 23 93y etnailso

(1987); Smi bk ekedl to pMBhigeekbr Belket(1A83) ks and Luckow and
Summers (1989)). For exanple, the insertion can be 1nto a gene such as

t he pol yhedrin gene, by honol ogous doubl e crossover reconbination;

i nsertion canracsobieantt @ yregitided ien p@%%gstéiglemg@giwié,g%é%gdm
I|L0EesSsS . . e

Sequence, whER: “ELaAIRIFRY L % BF LHE. 361 VR SR S | FBecBRRST on

vector, is FPERkagob®t h Seqeantas, by igol yhenr i e peesisdre tesRquencesoddd i s

positioned dawpsteeagnat t@ﬁppgggﬁgqrigf PHAIM&'eq foreign proteins
usually requires heterologous genes that ideally have a
short leader sequence containing suitable translation
initiation signals preceding an ATG start signal. If
desired, methionine at the N-terminus may be cleaved from

the mature protein by in_ vitro incubation with cyanogen
bromide.

Alternatively, recombinant polyproteins or proteins which
are not naturally secreted can be secreted frem the insect
cell by creating chimeric DNA molecules that encode a fusion
protein comprised of a leader sequence fragment that
provides for secretion of the foreign protein in insects.
The leader sequence fragment usually encodes a signal
peptide comprised of hydrophobic amino acids which direct

the translocation of the protein into the endoplasmic
reticulum.

After insertion of the DNA sequence and/or the gene encoding
the &xpPression product precursor of the protein, an insect
cell host is co-transformed with the heterologous DNA of the
transfer vector and the genomic DNA of wild type baculovirus
-- usually by co-transfection. The prometer and
- transcription termination sequence of the construct will
usually comprise a 2-5kb section of the baculovirus genome.



The newly fornmed bacul ovirus expression vector is subsequently packq_g;F@U 2003
into an infectious reconbi nant bacul ovi rus. Honol ogous reconbi nati on

occurs at low frequency (between about 1% and about 5% ; thus, the
majority of the virus produced after cotransfection is still wld-type
virus. Therefore, a nethod is necessary to identify reconbinant viruses.
An advantage of the expression systefPis a visual screen allow ng
reconbi nant viruses to be distinguished. The pol yhedrin protein, which
produced by the native virus, is produced at ver

hi.gh Il.evel i e
nucl ei ofMethedtedorelind TaGUCANE el QFFeTUS vpﬁél l%ﬁ'fjeéct%leon&e%é\{c}(:%%ul at ed

pol yhedrin. proteig,for | 4si opy hpdi g5et habwal 30 cort &int .enbekkied
particIes?lg?hggnggcﬁ£§%ﬁ§%%§$is, up to 15 ”‘&ga?LZeSmﬁEﬁ @éﬁ%y.
refractiIsumgévsn@mduﬁmxtnnigﬁiééhFHye§pﬁébraﬁ ati's readiTy’

vi sual i zer;ndecr%fpe kijght M £s@srope 216 sandnflaction wiend r B¢BAST Hant

vi ruses | ack" ion bodies. To disti “iSQxL$%&¥QEQ§PE YbhisshEnm

wi | d-t ype (#PBES) -t hBOT t£631P £ ¢ i O sUpetnat ant-1's pl agued oAto a nonol ayer
of insectsceihs By tyardutiiiegekrowby o s gkid | é@ubidet heTCaFPYeRanel y,
the plaques are screened under _the |jght LChQSCORef & thetrphresenne

(i ndi cat i ¥&cERBA R e %??%ESIO%rc%%ge%%gb(ﬁﬁﬁigat?ve of . r econbi nant
Virus) of «oeeimesiite bottosee@lr ioht het e e RREELBY bFBgy V6. 2
(Ausubel 27 2003, 30 4 .S dSufe D sk3R@nceSumhens and
Smith, s ,eqw%%l8}'etF%?Qé{lggg%gg%%é%ﬁbinant bacul oyirus ﬁégggﬁﬁion
vectors halerseenindpieteped ftdve i PO EXREBRINNEETEVEL at PP n§EEE “C&IPS. For
exanpl e, recqnhi na | idis8s Havenbeen epopetefionn-specdfial i a:
Aedes aegﬁcﬁc?c?r 'Au?%g?g(é#h&& n oy '

a californica, Bonmbyx _nori S | :
mel anogastsquapTempanda i (RPSEFRNEANACWRSFERER f aBr:h8 ?’%@?‘Jh%u 5 N0, WO
89/046699i§§§&ﬁ99§jl et al., (1985) J. Virol. 56:153; Wight (1986) Nature
321: 718; mth et al., (1983) Mdl. Cell. Biol. 3:2156; and see

i's

The newly formed baculovirus expression vector is
subsequently packaged into an infectious recombinant
baculovirus. Homologous recembination occurs at low
frequency (between about 1% and about 5%); thus, the
majority of the virus produced after cotransfection is still
wild-type virus. Therefore, a method 1s necessary to -
identify recombinant viruses. An advantage of the
expression system is a visual screen allowing recombinant
viruses to be distinguished. The polyhedrin protein, which
is produced by the native virus, is produced at very high
jevels in the nuclei of infected cells at late times after
viral infection. Accumulated polyhedrin protein forms
occlusion bodies that also contain embedded particles.
These occlusion bodies, up to 15 gm in size, are highly
refractile, giving them a bright shiny appearance that is
readily visualized under the light mjcroscope. Cells
infected with recombinant viruses lack occlusion bodies. To
di;tiégﬁish recombinant virus from wild-type virus, the
trafsféction supernatant is plagued onto a monolayer of
insect cells by technigues known to those skilled in the
art. Namely, the plagues are screened under the light
microscope for the presence (indicative of wild-&ype virus)
or absence (indicative of recombinant virus) of occlusion

bodies. "Current Protocols in Microbiology" Vol. 2 (Ausubel



generally, Fraser, et al. (1989) In Vitro Cell. Dev. Biol. 25.225). ??mngm3
and cell culture nedia are commercially available for both direct an '
fusi on expression of heterol ogous polypeptides in a bacul ovirus/expression
system cell culture technology is generally known to those skilled in

the art. See, e. g., Summers and Smth supra. The nodified insect cells may
then be grown in an appropriate nutriegmt nmedium which allows for stable
mai nt enance of the plasm d(s) present in the nodified insect host. \Were

t he expression product gene is under inducible control, the host may be
grown to héghadensias), amdiée&preapipon lojducsso) A Bﬁﬁlﬁai-l_;v@n)ﬂ, MBI,
expressi o co e .,th uct wll be conti nuously expressed
into the R%u ] ﬂgighe nét? n?lﬁég?un1nust be continuously circul ated,

whil e renmoving the product of interest and augnenting depleted nutrients.

The producCkeRBYLPRAUI T & LSuch techni gues a r omat ogr ap g.,
HPLC, affi n‘laty chr omat g&?géﬁgﬁ F‘%n ex resgsg“' crhronﬁ‘fgaf'iphggv& C%een

el ect rophoﬁl%‘é?%enﬁénsﬁqry Yroetehen cdnttei ferpedroh; isslerdntce g r actian, or
the 1ike. &oamPpeopiédbfnihdiee PLOUCL, IBYs DL nd YL WAty R itk 3

or
required, so_as to.renove_ substanti y any insect proteins dre al so

secreted iHit%e el umafdes 28gMDYY omAVLEsidr aptha ieadcif auslilas, m_ﬁo

provi de a mrDAUDE cwbipbER 1S n@la'r%%st%ibs'f%d%éé(rér?%u%&g@?ﬁ% debyy s, 210
C T 2003 Sl:lre I%H‘Qrotel ns, aﬁﬁl ds and pobysacc ar | norder to obta| n

protein e PRt Neel MO Rt QAEREF? onfBREOPRAAS Y nant s
are i ncuba@bd. utiti28 5} cbndi irens seixds -alwﬁ\qwqum)oma(ﬁur@@ 2hecahi nant

protein eguence se candi | vary pendent upon the
host ceII ect ec]:S ig?iowéveglgﬁ adi P &ggsceﬂ‘g &5 e to

t hose of d?%ﬂ%%'l}éklfrasenrthg_aﬂ,_ (based DpoWiwhat Cied Iknoarv.i Bildie art.
iii. Bactejgajo$ystens

Cells and cell culture media are commercially available for
both direct and fusion expression of heterclogous
polypeptides in a baculovirus/expression system; cell
culture technology is generally known to those skilled in
the art. See, e.g,, Summers and Smith supra.

The modified insect cells may then be grown in an
appropriate nutrient medium, which allows for stable
maintenance of the piasmid(s) present in the modified insect
host. Where the expression product gene is under inducible
control, the host may be grown to high density, and
expression induced. Alternatively, where expression is
constitutive, the product will be confinuously expressed
into the medium and the nutrient medium must be continuously
circulated, while removing the product of interest and
augmenting depleted nutrients. The product may be purified
by such.techniques as chromatography, e.g., HPLC, affinity
chromatography, ion exchange chromatography, etc.;
electPcophoresis; density gradient centrifugation; solvent
extraction, or the like. As appropriate, the product may be
further purified, as required, so as to remove substantially
any insect proteins which are also secreted in thg':i."rf;edium or
result from lysis of insect cells, so as to provide a
product which is at least substantially free of host debris,



Bacterial expression techniques are known in the art. A bacterial prodgt@sT 2003
I s any DNA sequence capable of binding bacterial RNA pol ynerase and
initiating the downstream (3") transcription of a coding sequence (e.gqg.
structural gene) into nRNA. A pronoter will have a transcription
initiation region which is usually placed proximal to the 5 end of the
codi ng sequence. This transcription initjation region wusually includes an
RNA pol ynmerase binding site and a transcription initiation site. A
bacterial pronmoter may al so have a second domain called an operator, that
may overl @pgan adjcesents RNA micd sy retdagso by setrdligasifiesat whi ch RNA
synthesis begins. The operator permts negative regulated (inducible)
transcription, as a gene repressor protein nay bind the operator and

t her eby i nflirbi ¢rdeanser i potannofpratedpecekpregenen, Constonluinamt eRpssssi on
may ocour i hie ¢ aPaeose abanagal i Ve, LeehLALALY oAl Sunslich afdkhe
operator. In addition, positive regulation nmay be achieve y a gene
activat or Frodditi Gishadihdghseddencexpmpeehonidt Pres@aenxingtaPretieddxi mal
(5') to the A&l y bi ngi S . f

activator g?oteﬂﬁ&%sggﬁﬁéﬁgaiabghggg g@#ﬁ@ﬁ?&¥ﬁ%r§¥g?ﬁb?Expla? %@Eeﬁglps
initiate tUYRATCHothontorelheskaecsser-on HavEseher FoRAI 8OBBRELPRS 3E6E 1)

[ Rai baud etr&la; i1 W8De AN ha &Y t SBRBLe 48: dF3inariesil 2l eth eqy ass,on may

therefore be either positive or negative, thereby either enhancing or
reduci ng tREFRE/MBRT o2 Rf LGN PYD3LI B2t KR gBERces encodi ng netabolic

pat hway enzynes provide particularly useful pronoter sequences. Exanpl es
i nclude pronoter_sequences_derived from sugar netabolizing enzynes, such
as gal act osE*1 adt¥se"{+2c)SYThaly gt al. (1977) Nature 396:1056], and
mal t ose. Additi'onal exanples include pronoter sequences derived from

bi osynthet g, S0ZYPS 34ER281 oh WAURRNALJS "Rhe [ RABAMC! 1,1 el - 2£1960)5 Nuc.
bacterial promoter is any DNA seguence capable of binding
bacterial RNA polymerase and initiating the downstream (3")
transcription of a coding sequence (e.g. structural gene)
into mRNA. A promoter will have a transcription initiation

regicn which is usually placed proximal to the 5' end of the

coding sequence. This transcription initiation region
usually includes an RNA polymerase binding site and a
transcription initiation site. A bacterial promoter may

also have a second domain called an operatcor, that may
overlap an adjacent RNA polymerase binding site at which RNA
synthesis begins. The operator permits negative regulated
(inducible) transcription, as a gene repressor protein may
bind the operator and thereby inhibit transcription of a
specific gene. Constitutive expression may occur in the
absence of negative regulatory elements, such as the
operator. In addition, positive regulation may be achieved
by a gene activator protein binding seguence, which, if
_ present,, is wusually proximal (5')}) to the RNA polymerase
biqdiné éequence. An example of a gene activator protein is
the ¢atubolite activator protein (TAP); which helps initiate
transcription of the lac operon in Escherichia coli (E.
coli) {Raibaud et al. (198B4) Annu. Rev. Genet. 18:173].
Regulated expression may therefore be either pdiﬁtive Qr

negative, thereby either enhancing or reducing
transcription.




8:4057; Yelverton et al. (1981) Nucl. Acids Res. 9:731;, US. Patent 0CT 2003
4,738,921; EPO Publ. Nos. 036 776 and 121 775]. The 1li--lactanase (bl a)
pronoter system [Wissnmann (1981) "The cloning of interferon and ot her

m stakes." In Interferon 3 (ed. 1. Gesser) ] , bacteriophage | anbda PL

[ Shi mat ake et al. (1981) Nature 292:128] and T5 [U. S. Patent No.

4,689,406] prompter systems al so prov4de useful pronoter sequences. In
addition, synthetic pronoters which do not occur in nature also function

as bacterial pronoters. For exanple, transcription activation sequences of
one bacterial or Dbacteriophage pronoter may be joined with the operon

SequenCGSSquu&ﬂQTeEel’ é@a@cxcﬁrﬂ | RELBBET LI ORRRGE RF ONDL cr
synt hetic h r.id_ prqnoter S. Patent B 4,551, 433] fhlxz%sr é%nge

tac pr orm?@ l§uéah313r|‘ds‘=ﬂ‘ -I%@%?Dt%?q‘é%ﬁﬁﬁﬁseﬁﬁmnﬂ(ﬂsw wc@udsr ormt er

and. |ac p@p&marsgqqe@@e&st hat iveqr QSBhagﬁﬁaPYméBSbbﬁﬁzﬂﬁBr@ﬁigfn s[Ama””
et al. (1983) Cene 5 167; df?Boer et_al Proc 8

80: 21]. Farfhefio?®, a‘étﬁaﬁte %Fos‘ﬁrblﬁ)er[%ﬂg €3 @de haPdral Jig_m:éurrl ng

pr onot er s 108 :n053+6 Jhactaerd almartigia thatAd@V@lém abklity1b8 baﬂémagt eri al
pol yner a geand Initiate.trans tion. A naturally occurin prormter
I

of non- baPE&FCAFTor PEHATESR ARELVE 't IR RE XA L € GRFATIEs &
pol ynerasermtpmdmce(_@m [IG&\éel|d%10feieXE_eSSdP§‘B@f ROBE OONESs | fes.

pr okar yot S B terlop ge, T7 rase/ pronoter s sfemls an
exanpl e 01Pg a codpF 2%5%: St%szf&ﬁﬁé—‘ij@ﬁ% 7 ¥of: Biol.
189: 113; TFallentetNcal 4,(70%6%)2 IPr @PANEYbIL. mmd 0363017766£naoiél 71751

addi tion, @ hgb Hronot be .5 sgd of a bacteriophage

pr onot er an é Légt 4@2?—%%8% era eé‘ggs&?n(r\zgégg&ﬁl jil'ﬁlg 267
851). In Mﬂhﬂ@notfo laitfem‘rf@tnomnlam@ prtblemt ensseﬁmsn(:'e IanIetkircieenh 3

ri bosone Rkigedi i | s t r f or ei genes
n prokaryiares. L Eooeh! 1 PRetEl boptaee T Yslolle ol o 85,
Shi ne- Dal d&ﬁﬁ&)(%u@%eléﬁlh and TS5 [U.S. Patent No. 4,689,406]

promoter systems also provide useful promoter seguences.

In addition, synthetic promoters which do not occur in
nature also function as bacterial promoters. For example,
transcription activation sequences of one bacterial or
bacteriophage promoter may be joined with the operon
sequences of another bacterial or bacteriophage promoter,
creating a synthetic hybrid promoter [U.S. Patent
No. 4,551,433]. For example, the tac promoter is a hybrid
trp-lac promoter comprised of both trp promoter and lac
operon sequences that 1s regulated by the lac repressor
(Amann et al. (1983) Gene 25:167; de Boer et al. (1983)
Proc. Natl. Acad. Sci. 80:217. Furthermore, a bacterial
promoter can include naturally occurring promoters of non-

bacterial origin that have the ability to bind bacterial RNA

pclymerase and initiate transcriptiog. A naturally
. occur:}gg promoter of non-bacterial origin can also be
coupled with a compatible RNA polymerase to produce high
leveYs "of expression of some genes.in prokaryotes. The
Bacteriophage T7 RNA polymerase/promcter system 1is an
example of a coupled promoter system [Studier et al. (1986)
J. Mol. Bjiol. 189:113; Tabor et al. (1985) Proc @?fi. Acad.

Sci. 82:1074). 1In addition, a hybrid promoter can also be
comprised of a bacteriophage promoter and an E. coli



includes an initiation codon (ATG and a sequence 3-9 nucleotides in 740CT 2003
| ength |l ocated 3-11 nucl eotides upstreamof the initiation codon [Shine et
al . (1975) Nature 254:34]. The SD sequence is thought to pronote binding
of NMRNA to the ribosone by the pairing of bases between the SD sequence
and the-. 3' and of E. coli 16S rRNA [Steitz et al. (1979) "GCenetic
signal s and nucl eoti de sequences in negssenger RNA." |In Biological

Regul ati on and Devel opnent: Gene Expression (ed. R F. Goldberger)]. To
express eukaryotic genes and prokaryotic genes with weak ribosone-bi nding
site [ Santrdetet néglédo8RPO" Bupiessbon2eff ebamed genes in Escherichia
coli." In Mol ecular Coning: A Laboratory Manual]. A DNA nol ecul e may be
expressed intracellularly. A pronoter sequence may be directly linked with
t he DNA nolre@addition twhiachunaséohhegf prshotar nme@ceéncat arheffiicdremitnus
wll al whi. ¢ch en e t t cogon.
desired, w@y ?%%ﬁ%e Fégﬁé ﬁﬁ?er%gnﬁggﬁayg%guq ?égvg egﬁ?t%e ppofg?n by
invitro iﬁmxﬁmmnumqameﬁh iryanogenybktesi.de bn Ey ezlb@x thevinidogemen vitro
i ncubati o ' teri hioni t gﬁﬁﬁl 20, Pupl

No. 219 2??%)1‘{}!1;t ?Sc')%@%r%% ecl?én%si%af ovrlpélde%;nr{% [fac[-:lr t|ve to-dir E(X.Ej(:xpresm on.
Usual |y, .nehadesquidhcénditdediieg t hedmnt efAA%al apek t Rorsgstuenge edddgenous

bacteri al M@I@bﬂld@& ohheengtabhgcRr@kehD 11 Hucfiesed ded h@%éea%n%fof
het er ol ogous codi.ng sequences. Upon expression, thIS construct wll

provi de a FRRi ﬂ15 agREN \GSAoH R g @S eddiendd87 SFoNERTRN IS4 11 -

bact er i ophnge mr@:@qexﬁt@éugm@t e braﬁedeablhhgné ot efifi AU ahhea feign
gene and expressed in bacteria e

| f t f bl
T e o PSR Y i e i o haSebabebpeet R &0 Hnlndd S 501V
cl eave t hethact®eri apdager prmt etdliramg heR.f\TD.I‘ ewn:ergzenet( I\anl (@ts 7 ).
1984) Natuyre_ 309:8103. us tei can a uences
[romthe | SEEPEITE BOAPLS TAOGH heie B0 R FGYEroBrpEn B TR e AR (Log7)

J. In Biological Requlation and Development: Gene Expression

{ed. R.F. Goldberger)]. To express eukaryotic genes and
'prokaryotic genes with weak ribosome-binding site [Sambrook
et al. (1989) "Expression of cloned genes in Escherichia
coli." 1In Molecular Cloning: A lLaboratory Manuall.

A DNA molecule may be expressed intracellularly. A promoter
sequence may be directly linked with the DNA molecule, in
which case the first amino acid at the N-terminus will
always be a methionine, which is encoded by the ATG start
codon. If desired, methionine at the N-terminus may be

cleaved from the protein by in vitro incubation with

cyanogen bromide or by either in viveo on in vitrg incubation
with a bacterial methionine N-terminal peptidase (EPO Publ.
No. 219 237).

Fusion proteins provide an alternative to direct expression.
. Usuallyw~ @ DNA sequence encoding the N-terminal portion of
an .endogenocus bacterial protein, or other stable protein, is
fused to the 5' end of heterologous anding sequences. Upon
expression, this construct will provide a fusion of the two
amino acid sequences. For example, the bacteriophage lambda
cell gene can be linked at the 5' terminus of a fq?eign gene
and expressed in bacteria. The resulting fusion protein

preferably retains a site for a processing enzyme (factor



Bi otechnol . 5:93; Mkoff et al. (1989) J. Gen. Mcrobial. 135:11], éﬁﬁ0572m3
Chey [EPO Publ. No. 324 647] genes. The DNA sequence at the junction of

the two ami no acid sequences may or may not encode a cl eavable site.

Anot her exanple is a ubiquitin fusion protein. Such a fusion proteinis

made wth the ubiquitin region that preferably retains a site for a
processi ng enzyne (e.g. ubiquitin specific processing- protease) to cl eave
the ubiquitin fromthe foreign protein. Through this nethod, native

foreign profets carahe isol abedtelMophageetprate (1l 988¢m BT edmalqrgy
2:698]. Alternatively, foreign proteins can also be secreted from the cel
by creati%®fehi 93t S sl 4 Nagaire RQaf B 10T ¢ | bt Pt S5 5 ¥ hpr i sed

?f a_g!Nﬁﬁnp&PEbd%eE%ﬁ@%n@Qﬁﬁji?ﬁ%?ﬁcé§atr@mngdgiéﬁgi[QQHWEECEEFf t he
oreign protein in bacteria [U S._Paten .4, , : i gn

sequence f}%ﬁﬁéntgﬁgﬁal@ﬁ"éﬁaddes-%F%ﬁgné%P%%%ti8% c%ﬁﬁriég%%i}: g

hydr ophobg Coastnfoaci gs sohi olakdififecit thk. secper) od. -ofcarhe Migmplialirom t he

cell. The_protein is.either [ # a ( sitive

bact eri a)+ '%ﬁbo £RE g%@#iﬂ&%%%ﬁ%ﬁgb . 528 gégﬁg%ﬁé 2 AR

ace, | d0cate “ween the Inner and
outer neskgaascefathehedunquramatedats woobapiop aFidPEedernbe§ M2Nere are
pr ocessi ng, skLes, NI &an D eLthgr i Rnodhiee UxdrbM 119 gncoded
bet ween tﬁ%_?%gngfwgéﬁgi e f?é%%%%?ggg%d %he forgfgn gene., encQdi ng
sui t abl e sbiauftdaquiarcen erebeider i VaEY rdnfugefBs PEGCSdrEt eB2B8ct eri al

proteins, ,sHghe 88 §HEE: ¢ ER!Feq DK &I IR HWANS AW 0F @idtagene a( 8ARA) LobhasSUI et

al. (1983), 1n: Experinental ni pul at i on, of CGene ression; Ghrayeb et
al . (1982) MRS SELrg 2837V ™&nd & 1% E‘:‘b&%P?‘téf‘kaﬁgeﬁéE‘%SBﬁa?ggamgi gnal

Sgguence F@B@ébsbﬁk%oeblabve(ta&5mque@tialfrAmadne Soreiff: PRGREiNAS an
aadi t1 ona

exanpl e, the signal equence of the al pha- S rom
vari ous BABFPRGS 2?16C?e§@g '3§a§9g§i Qrgéﬁnbgrﬁgg ntgggg%?e 38§§?g§ologous
proteins fiMamleld esuilal. i@ e B etTedhndNOBR)7 PED8¢E. Natl. Acad. Sci. USA

Alternatively, foreign proteins can also be secreted from
the cell by creating chimeric DNA molecules that encode a
fusion protein comprised of a signal peptide seguence
fragment that provides for secretion of the foreign protein
in bacteria [U.S. Patent No. 4,336,336]. The signal
sequence fragment usually encodes a signal peptide comprised
of hydrophobic amino acids which direct the secretion of the
protein from the cell. The protein is either secreted into
the growth media (gram-positive bacteria) or into the
periplasmic space, located between the inner and outer
membrane of the cell (gram-negative bacteria). Preferably
there are processing sites, which can be cleaved either in
vivo or in vitro encoded between the signal peptide fragment

and the foreign gene.

DNA engading suitable signal sequences can be derived from
genes for secreted bacterial proteins, such as the E. colil
outef membrane protein gene (ompd) (Masui et al. (1983), in:
Experimental Manipulation of Gene Expression; Ghrayeb et al.
(1984) EMBO J. 3:2437) and the E. ¢coli alkaline phqsphatase
signal sequence (phoA) [Oka et al. (1985) Proc. Watl. Acad.
Sci. B82:7212]. As an additional example, the signal

sequence of the alpha-amylase gene from varigus Bacillus



79:5582; EPO Publ. No. 244 042]. Usually, transcription ternination 7°¢0CT 2003
sequences recogni zed by bacteria are regulatory regions located 3' to the
transl ation stop codon, and thus together with the pronoter flank the

codi ng sequence. These sequences direct the transcription of an mRNA which
can be translated into the polypeptidesencoded by the DNA. Transcription
termnation sequences frequently include DNA sequences of about 50

nucl eoti des capable of formng stemloop structures that aid in

term nating t{ANSCLL Rt by EXAMR &% dildidee cdF SISESUPt bOL e bnsi Babmon
sequences derived fromgenes wth strong pronoters, suych .as tche l,ER gene
in E coliBPasuktilis [Raher &i adynt(HEE é’é@é‘}—’q@i}&l—g}ﬁﬂfé—é—bmre*

descri bed £QMpoRENt 5poCHARL I SkAY a4 pEopPLer, signal sequence (if desired),
codi ng sequence of interest, and transcription ternination sequence, are
put together into expression constructs. Expression constructs are often

mai nt ai nedyéfz axyeptieapcrspehonstapninitiachsequescrs Ieglogmamted( &yg.

pl asm ds) capabl e_of stable intenance in_a hest..«uch as bagtering The
replicon WfF*®hafe &%FepliThtid ors%/st]é%?&?ﬁgs gl%fcgvm% it to be maintained
in a procatyahklahosh etbheccdon, expd essinrtayethnr o idH e pFemoter
anplification. In.additi.on,. ar | con el lertes §0r0&+| @M LOPY
nunber pl a§ﬁf“8?< &\Tﬁ gﬁogéfﬁ nsuerégérﬂf) asgwdhgg\nel IS talglrtlaerael |y have a copy
nunber rangiragstramtaboutots aro mRMourh 20D, candbas kRN Lakest A% & Mbout
150. A host, ;containin i8N LCORY NREr  BlrasiEd iWd lorpraharatd yiorcont ai n
at | east aBS&?Pfg%lgﬁa%ﬁ%fgﬁgr5§§?§§|y at | east abgtt~20fﬁla nigs.(Fither
a high or kequespesnufibeauertiyr inmhde BEPectFeEPEnfiing2aBBh the

ef fect of LResveGliole AR pabie 6O £ha Y Gitdin) 100pt Berhesureal thahatidel v,
the expression constructs can be integrated into %(gmbalcetseri wth
an i nt egratimg VetwnaynocT 2odRs38Pht8frati ng r's usually contain

at | east ORgRMUENHE on termination sequences derived from genes with
strong promoters, such as the trp gene in E. coli as well as

other bicsynthetic genes.

Usually, the above described components, comprising a
promoter, signal sequence (if desired), coding sequence of
interest, and transcription termination seguence, are put
together into expression constructs. Expression constructs
are often maintained in a replicon, such as an
extrachromoscmal element (e.g., plasmids) capable of stable
maintenance in a host, such as bacteria. The replicon will
have a replication system, thus allowing it to be maintained
in a procaryotic host either for expression or for cloning
and amplification. In addition, a replicon may be either a
high or low copy number plasmid. A high copy number plasmid
will generally have a copy number ranging from about 5 to
about 200, and usually about 10 to ahout 150. A host
containing a high copy number plasmid will preferably
contaih ét least about 10, and more preferably at least
about 70 plasmids. Either a high orsYow copy number vector
may be selected, depending upon the effect of the vector and

the foreign protein on the host.

Alternatively, the expression constructs can be integrated
into the bacterial genome with an integrating vector.



honol ogous to the bacterial chronosone that allows the vector to 7—? OCT 2003
I ntegrate. Integrations appear to result from reconbinations between

honol ogous DNA in the vector and the bacterial chronosonme. For exanpl e,
integrating vectors constructed with DNA from various Bacillus strains
integrate into the Bacillus chronobsone (EPO Publ. No. 127 328).

Integrating vectors may al so be conpri §6d of bacteriophage or transposon
sequences. Usually, extrachronpsomal and integrating expression constructs
may contain selectable markers to allow for the selection of bacteri al
strains thhRtRATRtbBEN VEFARTFoMTM 1 1St @rtabl catnARAFS ©A® HrequgNassed in

the bact erhghohegbusand rr&)&el nﬁé@@'@rgsme%%rﬁ&éxﬁé\d%ﬁa%ﬂb@srec%ét ant
to drugs such as anpjcilli chl oranpheni col, erythromnmycin, _kananycin

(neonyci n) VeGha*t &Cr a’d’}fﬁ%ﬁte[ DaviL8&egE a%ionE| gyByea MR, TREVIN G ol .
32: 469] . Sséeﬁmabhetﬁrahlsebsu:raynahslao1ba@h§dsNhl psytheevécLHENesSe guUeh as

th t t h d| bi t t hways.
A Cornati vTGUSRoR GRTTORBIVG ok | GAA orfpondhEeoEANCE A Temret her

in transf ocmastnuctzedtwnx‘sh Div;arffonr matriens Bectdlasaserasnal intaprgpré sed of

a sel ect ab L el maj _nt ai 1.0, I CO r el oped
into an !L gratt@?ngts\r/ggé't%ﬁls Chgggs“gfc’loh‘gd L{gggeﬂ@a]p @lm ongagd ;eré’) ’
t ransf or mﬁhﬁﬁgveﬁﬁogsvesﬂipher mawt 12d-s oc ipeonusaml sk pd § dorst eridphage at i ng

vectors, hayetpggg,ogg%egggggnc%r transformation into nmany bacteria. For
exanples expressi on vect have been devel oped for, inter alia, the
follow ng bacteria: Bacillus subtilis [Palva et al. 1982) Proc. Natl.

Acad. Sci. ybul17¢9: 5582 r £HQ FHbL oma NOS .2 436 gﬁ%e%?ﬁt@@% 95@xpf§3§f@@' No.
WO 84/ 04541 Escherichia coli, [Shimatake et al. Nat ure 292: 128;

Anann et aFL“ffggﬁstE‘ﬁé( Eﬁ’nf@:}“ sed@cdrakde d’larke(rlsg%‘? ?]110‘R/af°r Brle .
189:113; EkReE1Bullio:Neg. HA3&eFi6l k36823 aMhtlIavOdden "SHALHE OENEEUS

crenoris [QOW% ta%ﬁe mar'E?gncéglbezéxgkg;legOQ% %Le bacterial host
and may include genes which render bacteria resistant to
drugs such as ampicillin, chloramphenicol, erythromycin,
kanamycin (neomycin), and tetracycline [Davies et al. (1978)
Anpu. Rev.Microbiol. 32:469]. Selectable markers may also
include biosynthetic genes, such as those in the histidine,

tryptophan, and leucine hiosynthetic pathways.

Alternatively, some of the above described components can be
put together in transformation vectors. Transformation
vectors are usually comprised of a selectable market that is
either maintained in a replicon or developed into an

integrating vector, as described above.

Expression and transformation vectors, either extra-
chromosomal replicons or integrating vectors, have been
developed for transformation into many bacteria. For
exampla, expression vectors have been developed for, inter
alia, the following bacteria: Bacillus subtilis [Palva et
al. 71982) Proc. Natl. Acad. Sci. USA 79:5582; EPO Publ.
Nos. 036 259 and 063 953; PCT Publ. No. WO 84/04541],
Escherichia coli (Shimatake et al. (1981) Nature 292:128;
Amann et al. (1985) Gene 40:183; Studier et al. {1986) o
Mel. Biol. 189:113; EPO Publ. Nos. 036 776, 136 829 and 136
907}, Streptococcus cremoris [Powell et al. (1588) Appl.




Environ. Mcrobiol. 54:655]; Streptococcus lividans [Powell et al. 2(’]‘1@)@83&”3
A 1. Environ. Mcrobiol. 54:655], Streptonyces lividans [U. S. Patent No.
4,745, 056] . Met hods of introduci ng exogenous DNA into bacterial hosts are
wel | -known in the art, and usually include either the transformation of
bacteria treated wwth CaC 2 or ot her gents, such as dival ent cations and
DVBSO. DNA can al so be introduced into bacterial cells by el ectroporation.
Transf ormati on procedures usually vary with the bacterial species to be

t ransf or , ssQ ghabhal rpbekty 60: 273;
b va of EairEige Mitpon MBS Q%%E?édsgég?%ﬁgigyg %A1582 EPO Publ. Nos. 036
259 and ms 833; PCTSPEbI . A P d 1M E£ePO8d ral .
(1988) Pr n1l cdca; , S¢lns 8@8@6 g/@é}gtqﬁoAu @199@563] Bacteriol .

172: 949, obact er], (Cohen et al. (1973) Pr oc. Natl. Acad. Sci.

69: 2110; Dower et al. (1988) Nucleic Acids Res. 166:6127; Kushner (1978)
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Bi ochem ﬂﬂﬂrc&a%ucééeudmhmasfpac‘{:@ugmlst i n:eétlsal b)( 1990)‘-‘CF1EIVIB°IT@1'C(%P(§13| ol .
Lett. Bas %?RQ%&§§7%QB%¥du§§ r%@ﬁéyl var 19860 ¢heBaplc@edralal

144: 698 riander ranstormti o t rept ococcus | actis by
el ectropospetbns tonbe Sraprbentedi Garts c% r(e(d’laSﬁOfFeﬁifr@tlt—f (

Curtiss fhd; vReMIbi€h Al 1efdP8%h: |2'?f39C pd TVaINet3% 112951 9Boyeldret. al;
(1988) App nvI T on. crobi ol b4: 655

et a 87T: . 4th
Evr. con MMM SPEZ i E@lor ng‘ co§8&s]!’3?v£%%e%%? %presm on
Yeast exp§e€ssi PaTSYSANS 18 e Wb S®4 kowpswl | oBaoel dfisQr, di[Maly e2~ etOGL .7nnl

(1988) Proc. Natl. Acad. Sci. 85:856; Wang et al. (19%0) J.
Bacteriol. 172:949, Campylobacter}, [Cohen et al. (1973)
Proc. Natl. Acad. Sci. 69:2110; Dower et al. (1988) Nucleic
Acids Res. 16:6127; Kushner (1978) "An improved method for

transformation of Escherichia coli with ColEl-derived

plasmids. In Genetic Engineering: Proceedings of the

Tnternational Symposium on Genetic Engineering (eds. H.W.
Boyer and S. Nicosia); Mandel et al. (1970) J. Mol. Biol.
53:159; Taketo (1988) Biochim. Biophys. Acta 949:318;
Escherichia], [Chassy et al. (1987) FEMS Microbiol. Lett.
44:173 Lactobacillus]; [Fiedler et al. (1988) Anal. Biochem

170:28, Pseudomonas]; {Augustin et al. (1990) EFEMS
Microbicl. Lett. 66:203, Staphylococcus], [Barany et al.
{1980) J. Bacteriol. 144:698;  Harlander (1987)

"Transformation of Streptococcus lactis by electroporation,
in: Streptococcal Genetics (ed. J. Ferresti and R. Curtiss

. III); Perry et al. (1981) Infec. Immun. 32:1295; Powell et
al. (1988) Appl. Environ. Microbiol. 54:655; Somkuti et al.
(198%7"" Proc. 4th Evr. Cong. ®iotechnology 1:412,
Streptococcus].

iv. Yeast Expression

Yeast expression systems are also known to one of ordinary



38 skill in the art. A yeast pronoter is any DNA sequence capable 8? ocT ona
bi ndi ng yeast RNA polynerase and initiating the downstream (3')
transcription of a coding sequence (e.g. structural gene) into nmRNA. A
promoter will have a transcription initiation region which is usually
placed proximal to the 5 end of the cpging sequence. This transcription
initiation region usually includes an RNA pol ynerase binding site (the
"TATA Box") and a transcription initiation site. A yeast pronoter nay al so
have a SEC@IRdlldO:IFHI ghealdred anaupelasean@ashd vat orlss%myermm(lslééhenwgi ch,

I f present, _is usual distal to the structural gene. The, UASpermts

regul at ed CRREEHSDICH W f S g |R%YW%rag§p?E§sﬂﬁﬁt6€E Pg FR®t he
aEsenge of d@wtdé&reﬁﬁgu [ 3t pd traxpeedptdRnTBYE be ejotdherg POSi e Nee o][(enggat i ve,
t her eby r..enhancin UCI n ranscription., Yeast ernenting
or gani sm wi :tﬁ ntugc%‘ eﬁjeeﬁabdln g{q%Way hé’rre?“bcﬁ% Eecﬁfe]hﬁ 2‘ 2&fcofi ng
enzynes i n tiramsarergbioln ¢ ipathweayopr owegliecpamttiici aiky useflily ppdaoeer
sequences. l{@&grmrl cl CO ehy e Pub 284
044), enol g ucoklgnaglg a‘%ucggg G-P thoeq E?ﬁ%ny%%uéﬁgg lrhlgo

gl ycer al deﬁy:@é'lsfsirpimislmfat énl@ehydpﬁgemeor(l GABLWIMPDH):IUHsﬁokama%A
phosphof ru C en @ ru | ( PyK)
(EPO Publ . %ﬁ)&‘&* 329 203) mwg%’aés%ﬁé ﬂ’%ﬁ?‘”" eﬁg‘iorﬁ?/ng*??. 3‘:%1%?%%& ase.
al so provi dés WisdHian pr bhdt er & §§é}§én@§§“{%nm a@k$o aha"6198:§)‘3c|°|“@c

Natl. Acad.dca@in d&SA S dd - ué@t@@@hté@ﬂ1v§M8%h§EQQeHE§”QUﬁE§ Wﬂhﬁ@h dO

not occur II% nature al so function_as eas EI’OI’TD'[ ers. For exarrpl e,

sequences dft SHESEst bF it lyey l%E }oFRebinGi ERTNAE LT RLaREDS pt | &‘?

activation U:aﬁsg.lpyrmft@rmtcﬁﬂrat}egaatmarml%r) expireaid itgth a mtslteittlue;lhaebrl d
pronot er. ybr

es. of such ters include ADH_r e I
sequence | i )%g'];esﬁlo“rf h& “GRP % réﬂs%ﬁept POREREE] v%% bggl on g%ﬂ ent
Nos. 4, 876,b&t ewalichn 8&&y7348e. «ttesr epansplte.sreofohybmgtatlve thereby

either enhancing or reducing transcription.

Yeast is a fermenting organism with an active metabolic
pathway, therefore sequences encoding enzymes 1in the
metabolic pathway provide particularly useful promoter

seqguences. Examples include alcohel dehydrogenase (ADH)
(EPO Publ. No. 284 044), enolase, glucokinase, glucose-6-
phosphate isomerase, glyceraldehyde-3-phosphate-~
dehydrogenase {GAP or GAPDH) , hexokinase,
phosphofructokinase, 3-phosphoglycerate mutase, and pyruvate
kinase (PyK) (EPO Publ. No. 329 203). The yeast PHOS gene,
encoding acid phosphatase, also provides useful promoter
seguences ([Myanochara et al. (1983) Proc. Natl. Acad. Sci.
UsA 80:1].

In addition, synthetic promoters which, do not occur in
. nature also function as yeast promoters. For example, UAS
sequences of one yeast promoter may be Jjoined with the
trang¢ription activation region of ambther yeast promoter,
creating a synthetic hybrid promoter. Examples o©of such
hybrid promoters include the ADH regulatory sequence linked
to the GAP transcription activation region (U.S. E&tent Nos.
4,876,197 and 4,880,734). Other examples of hybrid

promoters include promoters which consist of the regulatory



pronoters include pronoters which consist of the regulatory 27 O C 732008 2003
39 sequences of either the ADH2, GAL4, GAL10, OR PHO5 genes, conbined with
the transcriptional activation region of a glycolytic enzyne gene such as
GAP or PyK (EPO Publ. No. 164 556). Furthernore, a yeast pronoter can

i nclude naturally occurring pronoters;§f non-yeast origin that have the
ability to bind yeast RNA polynerase and initiate transcription. Exanples
of such pronoters include, inter alia, [Cohen et al. (1980) Proc. Natl.

Acadl. SE:i SBeHSé&cUs MBEltﬁﬁAfkﬁﬁE ﬁPHQ' Q;A@BI)GMM 6012813??35?)@49@ enblerg
et a 1981) .Cur | Cronl a | nru Hol |.enber et a
Clo56) \ TROMBIRHL oy DRRo R Ty ST LR bt  PEERUEH AP TR HLeE Ehe

Yeast Sacefarc@icess ecenew Jeam s k:lh abl asni d8 BfK Mexrrcn&#ublEnwOr.omannt al
and Co |aI I rtance (eds. Timm s _and_A. .Puhl er):

s cor i Batal off BTN o085  ¢iast it GRLPeBNtaf sPUILEL) hatpratny o
Genet. 2: @&urriAdNemolesmde wdy benexpressedriginaceidtul ardwe i ihegeast .

A t i | d | i.n whi ch
cabe the: ASSHERC e IRy dindll [fedqy | RS Rl iyhenis toand?) Shtkaced, AN €
will al waﬁab@canmmn honi BEzrphesh ofs sardoderiobytere Nrelgtﬂant ingesn. |f

desi red, npLi onifegnal, the Nbier Thoys) my:be cheaved hegm tdes prokal n by
in vitro |ncubat|on with ¢ ano en brom de Fus rotelns prowae an

al ternati Vel 0t eddenbkpf sg-FoE— s&%?é% —§-§-J£él S 8RR I R IEnRRr I
bacul ovirus; and bamemalculeg(prml@r@. SMSEEBBlOUSUGIIﬁIM;mﬂl DNAsaao,@ence

encodi ng t N-_ termn rtign f an,, nous_yeast otei j0t her

stabl e prd{]‘@r]ﬁa nhpgr ‘?us%'ﬁ @&thél énd ﬁg RS RO ogt{) tB &tegélﬁuences

Upon exprdasitniothts Ressstante W Génepr ovi dehea Mesisin ﬁhddhmnqum no

aci d sequenges, ; FOLe pxafpl ep)Lhe, ueasly of YIRY SUpel ox) e gl pmulase

(SOD) gene, " tan be i nked a

expressed s i an 1oy prpiefiegsat Ry | TapbisofandeA. Puhler);
Mercerau-Puigalon et al. (1980) Gene 11:163; Panthier et al.
{1980) Curr. Genet. 2:109;].

A DNA molecule may be expressed intracellularly in yeast.
A promoter sequence may be directly linked with the DNA
molecule, in which case the first amino acid at the N-
‘terminus of the recombinant protein will always be a
methionine, which is encoded by the ATG start codon. If
desired, methionine at the N-terminus may be cleaved from

the protein by in vitre incubation with cyanogen bromide.

Fusion proteins provide an alternative for yeast expression
systems, as well as in mammalian, baculovirus, and bacterial
expression systems. Usually, a DNA sequence encoding the N-
terminal portion of an endogenous yeast protein, or other
stable protein, is fused to the 5' end of heterologous
codinqmgequences. Upon expression, this construct will
provide a fusion of the two aminoc acid segquences. For
example, the yeast or human superoxide dismutase (SOD) gene,
can be linked at the 5' terminus of a foreign gene and
expressed in yeast. The DNA seguence at the junctign of the
two amino acid sequences may or may not encode élcleavable
site. See e.g., EPO Publ. No. 196 056. Another example is

a ubiquitin fusion protein. Such a fusion protein is made



two am no acid sequences nmay or may not encode a -cleavable site. Sgg:UEszn
e.g., EPO Publ. No. 196 056. Another exanple is a ubiquitin fusion
protein. Such a fusion protein is made 2f OCT 2003 40 with the ubiquitin
region that preferably retains a site for a processing enzyne (e.qg.

ubi quitin-specific processing protease) to cleave the ubiquitin fromthe
foreign protein. Through this nethoda4therefore, native foreign protein
can be isolated (see, e.g., PCT Publ. No. WD 88/024066). Alternatively,
foreign proteins can also be secreted from the cell into the growth nedia
by creat i ¥gtBhFherielONarinotegidred Hatapredfeotwd lay fnediadmsproséta tonpri sed
of a | eader ce~fr at, pr Lan f the
foreign p?ot ellsﬁgé%grlelﬁ%rabl thg?egar e%i%gégﬁﬂ?:ﬁ%&??ﬁ ﬂﬁlpo% éé%e ween

t he IeadePrPFS@ﬁéﬁtthalﬁﬁEefEFél@hl@@hélntﬁé@mcﬁhebéOEPQQVeEreteher in

vivo or lmhi‘bh@ﬂ tmg H@%@l@rﬁ TRHRNGR J F Ao Uﬁé@éi@'ne?feg§§nac§hgnal

pepti de cg npr. i sg drophob| c _am no acids which direct the secretion of
the prot8fnifP ﬁltteﬂe (éélel' epA re FEFd IR lsuitab I s§Hhd ¢ @efliences can be

derived from genes for secreted yeast proteins, such as the yeast

I nvert ase No.. 012 873;. JPO Publ 62, 096, 086) and t he
A-f act or agﬁ %%évelg’é’t'erﬁo 0§91 PERE He7) SR F&Fﬁatq%e?r?f:r?%%‘ae%%o@f

non- yeast toei g:en},l soth aheangroweh f eeddal eadecreaxinl tdiaimed S© DNQVI de

for  secrabialuilyedst LREGHEY %)lfus'\#)on REaf o é?sf%%@ef‘yjsa 3ol

secretion | éaders are those ragimme
al pha- f acE6AvgaseE, fmg@ﬁn@ohbatrmobmm ﬁpr‘ m@rﬂmllmmmef thd a

"pro" regicer yPesin 0f  Rhartag t;naé yed
i ncl ude the efl-t?:?f-l% engt:hn pre-pro écl ph fa*%:}{i or Ieacéie cbout 1@% am lﬁ% acid

resi due a8nNmEAEdPLeTARAt BAcalgrieraditaonatdernd( Gé\?al fgrekpougenrs to

about 50 a&miafo ca@i Ger egkdues) efbhsSr E’at 98toNgs. m4v§‘&§o708§hén@eéd820 008;
EPO Publ . No : 324 _274 Addi ti?nal aders .enpl.o % an al pha-factor
| eader fr&&ﬁEﬁFthgFag ent usually enco es a 51gnal %ep ide comprised

of hydrophobic amino acids which direct the secretion of the
protein from the cell.

DNA encoding suitable signal sequences can be derived from
~genes for secreted yeast proteins, such as the yeast
invertase gene (EPO Publ. No. 012 873; JPO Publ. No.
62,096,086) and the A-factor gene (U.S. Patent No.
4,588 ,684). Alternatively, leaders of non-yeast origin,
such as an interferon leader, exist that alsoc provide for

secretion in yeast (EPO Publ. No. 060 057).

A preferred class of secretion leaders are those that employ
a fragment of the yeast alpha-factor gene, which contains
both a "pre" signal sequence, and a "prb“ region. The types
of alpha-factor fragments that can be employed include the
full-length pre-pro alpha factor leader (about 83 amino acid

- residugey as well as truncated alpha-factor leaders (usually
about 25 to about 50 amino acid re51dues) (U.S. Patent Nos.
4,546,083 and 4,870,008; EPO Publ. No® 324 274). Additional
leaders employing an alpha-factor leader fragment that
provides for secretion include hybrid alpha-factor-leaders
made with a presequence of a first yeast, but a Bro-region
from a second yeast alphafactor. (See e.g., PCT Publ. No.
WO B89/02463.)



provi des for secretion include hybrid al pha-factor-|eaders nade vmtquﬂCTZMH
presequence of a first yeast, but a fro-region froma second yeast

al phafactor. (See e.g., PCT Publ. No. WD 89/02463.) _ ZT 0 C T 2003 41
Usual Iy, transcription term nati on sequences recogni zed by yeast are

regul atory regions located 3' to the tyanslation stop codon, and thus
together with the pronoter flank the coding sequence. These sequences
direct the transcription of an nRNA which can be translated into the

pol ypeptide encoded by the DNA. Exanples of transcription term nator
sequence qp her east -recogni zed term nation sequences, such as those
coding for TR0l yt P ARSI Ost@F N2 | heh abBvBenessr FBeagooaponbyt s,

conpri si ny eestpramot segu l askey fé@}l@llﬁ@' 1861 teQ08h NGoSEHUECREENRA 4 DL RN €ST

and trans [ rm nat uen are put together 1nto expression
const r uct gE%pér)%dsésﬁ?bn%c é?’?ﬁc? 95~ of et ity fBeteR &1aBkI £86n, such

as an ext mwwncel et s esgquexpd:@.@naﬁﬁéceaﬁalgl Qr%s&'ﬁzé’tbk%nh

mai Nt enancg i gna st as act e replicon

two replication syst e%§&fhﬁgﬁa { f é‘nﬁé’ nftl?ﬁ nBSaYPSPtlQQarrpI e,
in yeast f&Cqsgs elélél bhe aRliAin éw"@:lasyoiﬁ cthmsscriptmhonengmador

YEp2s | %iii?ﬁe@m“@ %92%1?‘9?@% SPREHEE B hhbrakcSeiuant % 108a)

n et al
Proc. Nat|SH ?’A L 919 s - m«aqum@ ¥RpyMes Stinchconb et al .
(1982) J. Mol. Bi oI. 158:157]. In addltlon a replicon may be either a
hi gh or | C nunher plasmd.. A hi copy nunber plasmd will generally

have a copy er r ﬁ‘g&’ovfer oReEE3 ‘351 t §CAPSTENEG0, SeBPYSSanby about 10

to about MO‘dlemps]teanmt giif @@sdriiqgh eeRM nduketeRlcasird iWkbkest |
preferably, Eggé abcr;g:t 10, and nore preferably at [east abb6ut 20.

Enter a hig oW €0 ee'rq}é}ﬁtd],oqu?,eq%%ng%P e@E&d, PiepERERRBtpon t he
ef fect of thFFéJ ﬁef@tr(ﬁssam thesttoreisgn Dimted i on ddiestnsits Se@ 8rfen Brake

et al., SW¥ihtained in a replicon, such as an extrachromosomal
element (e.g., plasmids) capable of stable maintenance in a
host, such as yeast or bacteria. The replicon may have two
replication systems, thus allowing it to be maintained, for
example, 1in yeast for expression and in a procaryoctic host
for cloning and amplification. Examples of such yeast-
bacteria shuttle vectors include YEp24 (Botstein et al.
(1979) Gene 8:17-24], pCl/1 (Brake et al. (1984) Proc. Natl.
Acad. Sci USA 81:4642-4646), and YRpl7 [Stinchcomb et al.
(1982) J. Mol. Biol. 158:157]. In addition, a replicon may
be either a high or low copy number plasmid. A high copy

number plasmid will generally have a copy number ranging
from about 5 to about 200, and usually about 10 to about
150. A host containing a high copy number plasmid will
preferably have at least about 10, and more preferably at
least about 20. Enter a high or low copy number vector may
be selacted, depending upon the effect of the vector and the
foreign protein on the host. See e.g9., Brake gt al., supra.
Alternatively, the expression constructs can be integrated
into the yeast genome with an integrating -vector.
Integrating vectors usually contain at least oné‘sequence
homologous to a yeast chromosome that allows the vector to

integrate, and preferably contain two homologous sequences



Al ternatively, the expression constructs can be integrated into t 95552@”3
genone with an integrating vector. Integrating vectors usually contain at
| east orb sequence honol ogous to a yeast chronosone that allows the vector
to integrate, and preferably contain tw honol ogous sequences z .CCT 2(1
42 fl anki ng the expression construct. 4gontegrations appear to result from
reconbi nati ons between honol ogous DNA in the vector and the yeast
chronmosone [Orr-Waver et al. (1983) Methods in Enzynol. 101:228-245]. An
i Nt egrati dgavkdhar they experedigient exbriskraistpeci Integoetisona yppstrbyo
selecting_the. appropriate _honologous.s ence ' Si I not vect or.
See Orr-V‘ES\?éltltetP%?‘g,rSEBPgln@ﬁégBr r?ﬁ%gyee%pr%ég%haglé%nﬁ}uc% mpige

i nt egr at evepassi Wnd affecteagtl| eiebsosbmer dConbiveaneprat edh- piddBéeéd [ R ne

et al. (1 Proc. Ac .SCL . 80;.675Q] . . Lthe: r,@lrg&
sequences%%%%Od = Jéla% Ol'egg%izc‘g%nzg%@mqb&er?tlﬁg-'regafsﬁgﬁng e ggghgnt I n
the vectde dibicttedsubts spethéifnfloghst ilon w¥ashedenspLectyBEt 8Re cr two
segnent s @gﬁglno%&%%é Q A 12CRN §§gqﬁ%§ b0y 1he1chi onose e ARl cibanki ng

t he expres construct m‘tf’#es ctor, which can result 1n the stable

i Nt egr at i eeof OBAFYeavRE eXpr édsi-onSEBRAZt r ucCNeUsthl IBPE &x EFEE’RESHISomal
and i nt egrRid G @4Pr &RSi 0N ntERISdCt $oERY HIGNt Aiff «vfdie( alley gy kesrs to
allow for the selection ofjdﬁeast strains tha nggve )t;%eﬁg transf d.

Sel ect abl & SRR HaPTHE WHETEGGAE RELPE éé “th bngﬂe%‘—g#ﬁéssed in
t he yeast piegi. ssuichuga ABDER7 5B S4, THdEdhr omidRima stk AlBi e sarichctlngle@4 18
resi stance. gene, which confer _resistance in ye I uni.c cin and
(418, resld'gcttr}?%/e}'?‘?t?ﬁ qabi OF6nT §lstg'ietrab ® %e?%é?ggl é@@‘r& té:r qﬁa?ﬂéal SO
provi de yeastton t hwhiiehabréstytso igr obhen iteegrasime ofof thexientadepounds,
such as al.. For_exanpl p P1 -al.l )g%@é; oW in
the pr esgﬁ%:eec%?r’ c%lgp‘é'l?gi %%%‘%Fﬁﬁ?tﬁgﬁgg@"%gg% %Ig/l%grc%\g{ﬁ:ol , eevrf&S%TgM] .

Al t er nat i Vit  cleoprosdme handibblankieng rtitise @ UTRRmiern Cegtpect 1n the

vector, which can result in the stable integration of only

the expression construct.

Usually, extrachromosomal and integrating expression
— constructs may contain selectable markers to allow for the
selection of yeast strains that have been transformed.
Selectable markers may include biosynthetic genes that can
be expressed in the yeast host, such as ADE2, HIS4, LEU2,

TRP1, and ALG7, and the G418 resistance gene, which confer
resistance in yeast «cells to tunicamycin and G418,
respectiﬁely. In addition, a suitable selectable marker may
also provide yeast with the ability to grow in the presence
of toxic compounds, such as metal. For example, the
presence of CUP1 allows yeast to grow in the presence of
copper ions [Butt et al. (1987) Microbiol, Rev. 51:351}.

. Alternatively, some of the above described componeﬁts can be
put together into transformation vectors. Transformation
vectors are usually comprised of a selectable marker that is
either maintained in a replicon or developed into an

integrating vector, as described above.

Expression and transformation vectors, either

extrachromosomal replicons or integrating vectors, have been



put together into transformation vectors. Transformation vectors arlef0CT 2003
usual Iy conprised of a selectable marker that is either maintained in a
replicon or developed into an integrating vector, as described above.
Expression and transformation vectors, either extrachronosomal replicons

or integrating vectors, have been 2 40CT 2003 43 devel oped for
transformation i nto many yeasts. For éxanple, expression vectors have been
devel oped for, inter alia, the follow ng yeasts: Candi da al bi cans [Kurtz,

et al. (1986 Mol Cell. Biqgl. 6:142], Candida maltose [Kunze eh al .
(1985) J. depiadiapad cfPé'bFSFnséﬁrTM]mnl-bﬂE%rf&?%Y%*F%Pb?ph5°f’d"é§§‘8 Sret  al.
(1986) J. e@@ﬂ:es!‘élCdrOb}éHtorB&aW%edROQQQQchBtfo&l, 1nf§]a ¥8a)] ikhl théen.

CGenet. 202; 302 KIu veronyces fragi acteriol.
158: 1165] ,£ 94 s (GRS %éEESW%D@gHFg et—%| %g‘ﬁ?)% ﬁ HOI.
Bact eri ol .celby. 78&70,1 ‘a{ar14dqn Bemglah A1t $4890FuBke) Tgpmml dg.;%& 145],

et oLl ey, onse o) LIS B Mooy 2810,

Nos. 4, 8373148(angécx, QZQ_EESJMMMLO@&%@%@BVR%@@H{(WWEE at-al .
(1978) Pro I Ac Sc A 7951 It & 4983k dgiBacteriol.
153: 163] gﬁu Z)E)SMOL e éeré{s E egf%% and@lNﬁge%?? 'E;ulre

300: 706] BPRs Yagkoad a H?J@)H/t' - éLalllGS(llgﬁéPY&%erYé&%et

10: 380471 Gaktlar ba, L&lv@hcodﬂ@@ alwr(rlss@qn@t @101%'[1@(1573@

I nt roduci ng exqQgenoQus into yeast hosts are wel | -known_in

usual |y i ntdRideed; tBr?érg t¥e 2&r addPSCrat EPBh| Batddr gﬁlthﬁaact
yeast cellguitleaigenditih [adsrald et iaqns. (T9ansf Qr.oaBasicpMicadiyiest .

|1 t t to be t f Kur t t
7 (1586) 2 L el PLcRE PaRRRRIE" e 0 2l T0d2P5T” et e bt ot
25:141; Camdbda] 5:FG7€gsdh. S etPatent19868). A, 833?1.1M crobi i ..928.53¥b9;
Roggenkampsgl AL onf 1986k M0l 1 <620 (F2AREn 2025302 Hanserlal: s, et al .

Acad. Sci. USA 75:1929; Ito et al. (1983) J. Bacteriol.

153:163), Schizosaccharomyces pombe [Beach and Nurse (1981)
Nature 300:706)], and Yarrowia lipeolytica [Davidow, et al.
{(1985) Curr. Genet. 10:380471 Gaillardin, et zl. (1985)
Curr. Genet. 10:489].

Methods of introducing exogenous DNA into yeast hosts are
well-known in the art, and usually include either the
transformation of spheroplasts or of intact yeast cells
treated with alkali cations. Transformation procedures
usually vary with the yeast species to be transformed. See
e.g., (Kurtz et al. (1986) Mol. Cell., Biol. 6:142; Kunze et
al. (1985) J. Basic Microbiol. 25:141; Candida]; [(Gleeson
et al. (1986) J. Gen. Microbiol. 132:3459; Roggenkamp et al.
(1986) Mocl. Gen. Genet. 202:302; Hansenula); (Das et al-
(1984) J. Bacteriol. 158:1165; De Louvenoourt et al. (1983)
J. Bagkeriol. 154:1165; Van den Berg et al. {(1990)
Bio/Technology 8:135; Kluyveromyces]; {Cregg et al. (1985)
Mol.  Tell. Biol. 5:3376; Kunze et al. (1985) J. Basic
Microbiol. 25:141; U.S. Patent Nos. 4,837,148 and 4,929,555
Pichia); [Hinnen et al. (1978) Proc. Natl. AcadidSci. USA
75:1929; TIto et al. (1983) J. Bacteriol® 153:163
Saccharomyces]; [Beach and Nurse (1981) Nature 300:706;

Schizosaccharomyces]; {Davidow et al. (1985) Curr. Genet.




(1984) J. Bacteriol. 158:1165; De Louvencourt et al. (1983) J. Bacterrg;lﬂ.cT s
154:1165; Van den Berg, et al. (1990) Bi o/ Technol ogy 8: 135;

Kl uyveromyces]; [Cregg et al. (1985) M. Cell. Biol. 5:3376; Kunze et,
al. (1985) J. Basic Mcrobial. 25:141; U S. Patent Nos. 4,837,148 and
4,929,555; Pichial; [H nnen et al. (41978) Proc. Natl. Acad. Sci.. USA 75;
1929; Ito et al. (1983) J. Bacteriol; 453: 163 Saccharonyces]; (Beach and
Nurse (1981) Nature 300:706; Schizosaccharonyces]; [Davidow et al. (1985)
Curr. Cenet. 2'f O.C.T. 2003 44 10:39; j rdig-et a 985) oGder;. Cenet .
10: 49; YArrévi a]‘%aééﬁpcfolenl ‘—?Loe%-gsd f@%é%$ Abfﬂ—Fg-grr?Fne—noéTje—t he gene for LT
was extr agtredwfir=om plasmd EW?299 [Dallas WS., GII D.M and Fal kow S.,

1979, J. Bacteriol., 139, 850-858] by digestion with the restriction
enzynmes Smal and EcoRlI, and was recloned in the vector Bluescript KS

sui t abl e Hfemgyeduct npetbnyf sedtkAnds of DNA [ Sanbrook J., Fritsch E. and
Mani atis, T. "Mdl ecular doning", Cold Spring Harbor]. BWB13 cells were
transforned by the clones thus obtained and allo o] W hour s
in a cul tAir érasdenm ednsing i #gne of CEulila Bt ﬁx%\f%ﬁg?ﬁe fgfggﬁ tél(;q?ls’rg)lf% 1 g/
of uridi ngepfyserices 16fs synshet ici 10l i gopuclaet i Bedkpki sted 1A7%able- 1

bel ow), contalining the nutation, or the. desjt i . of : the
natural obRSterhBla:rsdddenca®obodd BAREEICThS ge‘gﬁégﬁtdhé nedoac of i

10 downstream of the
sane nut aghopmekdeditd cabndt EddRI nNatndalwamesechaned rki &heal YeSYPE hesi sed
chem cal | and_then_phosphoryl ated, 1. 5 pnol. t bergas reatedaat  37C
with 5 ung%geﬁfx&?ﬁagg. S,Rf]‘ttélb)iﬁalftci néjjrﬁ%e rea%télﬁ{?%t h a 100, M EDTA
sol uti on, { EhRbrebkgonugl edtiteshweEe aandal ¥aniatife sTngl eMStFand”

containing.the LT g : iig-fp/ry 5 mnutes at 70C and cooling slowy
for about g&ﬁglﬁgur‘ i%'lr‘]i’elldc?ﬁggtﬁ hat . st]age there was added to this cold
solution (25 41) -

BW313 cells were transformed by the clones thus obtained and

allowed to grow for 14 hours in a culture medium consisting

of Luria Broth with the addition of 1 pg/ml of uridine.

A series of synthetic oligonucleotides {listed 1in Table 1
below), containing the mutation, or the desired bases
instead of the natural ones, and a seguence cf 10 bases
upstream and 10 downstream of the same mutatioen, identical
to the natural ones, was first of all synthesised chemically
and then phosphorylated, 1.5 pmol thereof being treated at

17°C with 5 units of kinase.

After halting the reaction with a 100 mM EDTA solution, the
oligonuclecotides were annealed to the single strand
containing the LT gene, by heating for 5 minutes at 70°C and

cooling slowly for about one hour in ice.
At that stage there was added to this cold solution (25 pl)

a solutien of free nucleotides, the enzyme DNA ligase and

the enzyme DNA polymerase, 1n a final volume of 100 pl.

The solution thus obtained was kept for five minutes in ice,

five minutes at ambient temperature and two hour®s at 37°C.

Suitable cells of E. coll were transformed with the reaction




a solution of free nucleotides, the enzyne DNA |igase and the enzynezaH%T2M3
polynerase, in a final volunme of 100 |. The solution thus obtained was kept
for five mnute., inice, five mnutes at anbient tenperature and two

hours at 37C. Suitable cells of E. coli were transformed with the reaction
210CT 2003 45 m xture, in accordance wsth the usual techni ques [ Sanbrook

J., Fritsch E. and Maniatis T. "Ml ecular doning" Cold Spring Harbor],

and the site-directed nmutagenesis was checked by sequenci ng of the cl ones
obtained.mIHEuSEal1Ecaﬁboﬁﬁa@mmnuimmaneﬂqualmta@nmim%8$ut%@mQMQOMas

substitumd far Irg%,‘%}g)r cinal, Sﬁr%n%EEggl o Nsey 1&81159? dloff'ri (?d EMD299. The
i¢h ate

strains e nﬂ} oXin were t gromn m of Luria
Brot h for5p21hgur§aabo3lc Fhe cnmeur%stmeﬁérééﬁﬁ |fmgéﬂgaﬁﬂsﬁﬁe was
precipita ai déﬂ% G W%% resyspensdeds {Re@00 nl of a solution
contalnlntg:g gg%Fb sucr se an mM of Tris buffer at pHS, and the

m xture was treated for one hour at anbi ent tenperature with 1 ng/m of a
sol ution ghePEhYRLERRE. £FBEmPHESEIGER Q%lxﬁcfle\'.ﬁé)w:cﬁ.ddk e apedrang aseatic
supernatant |iquor was verjfied py means of ﬁes %%ﬂ Blotlﬁgd |ts tOXICIty
was evalué@@ﬁqﬁrqqﬁgl FPicehBRt FriFERE: of° ™3 hicficeirentt B¢ §§tcal
changes i p1¥kqGed |Ewsee. Table Y1 cells are adrenal tunour eplthellal cells
whi ch become markedly nore rounded when treated with a sol ution

containing CT or LT [Yasanure Y., Buonassisi V. and Sato G, "donal
anal ysi s afhedisf e ond i @t sch femotd@ntha mmtmaédCEbklncuErarébﬁn Gavedr Res.

1966, 26, SPYQI od el oxi gLV ofor o AT be gontel ated with thi s

norphologlcal ion 1 ashic supernatant is diluted with a
solution of FLO nedium horse serun11 5% gl utam ne and gentanycin to

llesser” ang,d e&féww}teréahe%fagedYén@edﬂé dr@@ﬂ:atf@bbﬂt@ﬁnﬁ@
i ncubated wth the resulting solutidns_for 48 _hour t. 37-C %pder
atnospherétﬁﬂ qals HRsS ﬁ@ﬁﬁﬁﬂeﬁﬁf OP“ 300 ml of a solution con alnlng

25% of sucrose and 50 mM of Tris buffer at pH8, and the
mixture was treated for one hour at ambient temperature with
1 mg/ml of a solution of Polymixin B.

The presence of the toxoid in the periplasmatic supernatant
liquor was verified by means of Western Blot and its
toxicity was evaluated by the inducement or lack of
inducement of morphological changes in Y1l cells (see Table
1).

Y1l cells are adrenal tumour epithelial cells which become
markedly more rounded when treated with a solution
containing CT or LT [Yasamure Y., Buonassisi V. and Sato G.,
"Clonal analysis of differentiated function in animal cell
cultures", Cancer Res., 1966, 26, 529-535). The toxicity of
CT and LT is correlated with this morphological transition.
The periplasmic supernatant is diluted with a solution of
F10 medium, horse serum 1.5%, glutamine and gentamycin to
lessst and lesser concentrations #&nd Y1 cells (250000
cells/ml) are incubated with the resulting solutions for 48
hours at 37-C under an atmosphere of CO,. The mo;ppology of
the cells is evaluated.

In all cases, immunogenicity was shown by correct assembly
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the cells is evaluated. In all. cases, imunogenicity was shown by cg?fect
assenbly 21 OC T no 46 of the conplete toxoid and by cross reaction of the
toxoid wth antibody to the wild type LT. The results are shown in Table |
below. In this Table (and in Table Il below) the toxicity synbols nean as
follows: ++ toxic after dilution 1:20004éwi|ld type toxicity) toxic up to
dilution 1:250 + toxic up to dilution 1:64 not-toxic, even undiluted
Exanpl e Mutati onTABLE | O igonucl eoti de Sequence Toxicity )

. 1LTVal - 5RAsHD 1C Py TRenT AGATAFGAY - 81 9ss reaction of the toxoid

- 2LTVal - 537G H293: ACCEETTI TCROAGATATEATe 312

. 3LTVal - 53- Tyr 291- A TTTACAGATATGAT- 311

.4LTSer - 63- Lys322- GTTTCCACTAAGCTTAGITTG- 342

. 5LTVal - 97ty sh@du AT STATAATASAAT AT Ae 444 bel ow .

.6LTVal - 97- Tyr 424- ATGTTTAATTACAATGATGTA- 444
. 8LTHi s-107- A u454- TACAGCCCTGAGCCATATGAA- 474
.9LTTyr - 1088 Lk 44 5TAFTAGCESHA- AGACEECE- 462below) the toxicity symbols
. 10LTTyr - 104= 45- AGATAGCCCT- 462
11LTTyr - jl’g?ﬁ e%ﬁ?ﬁ@%ﬂemmm 464
. 12LTPr 0- 106- Ser 453- ATACAGCAGCCACCCATA- 470 Two nut ati on of serine
(Ser-114-Q y;477- @CGLE : 494 . : g
Ser-1147Lys?Z??-Ggﬁég§¥§§§GCGT%ﬁgg?f%hé'%Egg A6 2 Shdm TS ¢
substanti al ty red®&d < &8 &t WilesHhedr 4ti2e® Exanpl es ALTLT Wl d Type- ++

RPRRPRRPRRRRRRRR

BLTAr g- 210- Asp769- ATATATCTCAAGCGAATATCAA- 789
CLTLeu- 41- Phe113- APAFFARPTFCTARGATFE O3 ANK S

1.11 LT Tyr—-104-Ser

447 -TAGCGTAAGTAGCCCTCA-464

DLT'-PIls-4ﬂ-Ph6121:GkIIATGAIIII GA- 138
EJ. TAl a- 45- Tyr 125 RFGAREASTATA -%&Rﬁﬁd
TABLE I

Example Mutation Oligonucleotide Seguence Toxicity

1.1 LT Val-53-Asp  291-ACCGGCTTTGATAGATATGAT-311 -

1.2 LT Val-53-Glu  291-ACCGGCTTTGAAAGATATGAT-311 -

1.3 LT Val-53-Tyr  291-ACCGGCTTTTACAGATATGAT-311 -

1.4 LT Ser-63-Lys  322-GTTTCCACTAAGCTTAGTTTG-342 -

. 1.5 LT vVal-97-Lys  424-ATGTTTAATAAGAATGATGTA-444 -

1.6 LT Val-97-Tyr  424-ATGTTTAATTACAATGATGTA-444 -

1.8 LT His-107-Glu 454-TACAGCCCTGAGCCATATGAA-474 +-

1.9 LT Tyr-104-Lys 445-ATTAGCGTAAAGAGCCCT-462 -

1.10 LT Tyr-104-Asp 445-ATTAGCGTAGATAGCCCT~462 -

1.12 LT Pro-106-Ser

453-ATACAGCAGCCACCCATA-470

Two mutaticn of serine (Ser-114-Glu:477-GGAGGTGAAGCGTTAGG-

494 and Ser-114-Lys:477-GGAGGTTAAAGCGTTAGG-494)

shown to exhibit substantially reduced toxicity.

Comparative Examples

T

LT Wild Type

A H+
B LT Arg-210-Asp 769-ATATATCTCAACGAATATCAA-789 +
¢ LT Leu-41-Phe 113-ATATTAATTTCTATGATC-130 N&
D LT -BEis-44-Phe 121 -CTTTATGATTTTGCGAGA-138 NA
E LT Ala-45-Tyr 125-ATGATCACTATAGAGGAA-142 - NA
F LT..Arg-54-Ala 152-GCTTTGTCGCGTATGATG-169 +
G LT Arg-54-Lys 151~GGCTTTGTCAKGTATGATGAT-171 ++
H LT Tyr-59-Met 167-ATGACGGAATGGTTTCCA-184 H+
I LT Val-60-Gly 169-GACGGATATGGATCCACTTCT-189 NA
J LT Ser-~68-Lys 193-AGTTTGAGAAAGGCTCACTTA-21F ++
K LT Ser-68-Pro 193-AGTTTGAGACCAGCTCACTTA-213 NA
L LT His-70-Pro 199-AGAAGTGCTCCTTTAGCAGGA-219 NA
M LT Ala-72-Arg 205-GCTCACTTAAGGGGACAGTCT-225 —
N LT Ala-72-His 205-GCTCACTTACATGGACAGTCT-225 +H
O LT Arg-192-Asn 565-GATTCATCAATTACAATCACA=-585 +

were also
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FLTA. r g- 54- Al a152- GCCTTTGTCGCG/ATGATG- 169
GLTAr g- 54- Lys151- GGCTTTGTCA. . GTATGATGAT- 171
HLTTyr - 59- Met 167- ATGACGGAATGGTTTCCA- 184i ++

| LTVal - 60- A y169- GACGGATATGGATCCACTTCT- 189NA
JLTSer - 68- Lys193- AGTTTGAGAAAGCCTCACTTA- 21
KLTSer - 68- Pr0193- AGTTTGAGAACAGCTCACTTA-613NA
LLTHi s- 70- Pr0199- AGAAGTGCTCCTTTAGCAGGA- 219NA
M.TAl a- 72- Ar g205- GCTCACTTACGGGGACAGTCT- 225
NLTAl a- 72- H s205- GCTCACTTACATGGACAGTCT- 225
OLTAr g- 192- Asn565- GATTCATCAATTACAATCACA- 585 21 QCT_ 2003 .47 (NA neans_ "not
assenbl ed" ,(é?‘. gnetsanne%o\hop%oﬁsr‘?e t?CgA'notl‘ef dngE OFPKY NExRep| &5 2not

Det oxi fi edfc¥m®Heapr ed@dure followed in the case of the gene for the toxin
CT is anal ogous to that described above. A fragnment containing the gene for
a CT was anplified by neans of the polynerase chain reaction (PCR)

t echni que EXamPlgl Asimi @efCRIFIedAC Tl t ernative and equival ent source of the
CT gene is plasmd pJML7 (Pearson et al, PNAS USA, 79, (1982), 2976-2980).
The follow ng two synthetic_prinmers were used: 1)

GGCQGATTCTK CRIees T@ﬁﬁ@#hggeg)ln the case of the gene for the toxin
TGAAGT TTGGCRAASCERET BAATET CeCATAGT AIIGERHILANCEEAT - cont ai ni ng
respectively an Xbal site and an artificial Hndlll site (shown
underlined). The resulting anmplified fragnent, Xbal-H ndlll, which has a

| engt h of 20Z4 agaemtpacerstatoihgi Rhet Rereodons af crhesdswampubr vagt sy A and

B, but not segu e aodi ng the_l.eader ept i f the A sub-unit.

Thi s fragngﬁgﬁﬁaggrgg%oﬁgggpﬁragﬁuggeﬁppfeRgtgggt6g%§ﬁdtﬁ§gnﬁﬂ@§téaopn

accor dance PArsm1idhpCTBR2dc edhm 2 Husana bivde abrol eduirvd Tenssas do off ket the

site- direghed;dnd agengsissmaa 105172005 dson et a1, pNas usa, 79
(1982), 2976-2980).

’

The following two synthetic primers were used:

1) GGCAGATTCTAGACCTCCTGATGAAATAAR
2) TGAAGTTTGGCGAAGCTTCTTAATTTGCCATACTAATTGCGGCAATCGCAT

containing respectively an Xbal site and an artificial
HindIII site (shown underlined).

The resulting amplified fragment, XbaI-HindIII, which has a

length of_1074 base pairs, contains the codons of the two

sub-units, A and B, but not the seguence encoding the leader

peptide of the A sub-unit. This fragment was recloned in

Bluescript KS vector and was treated in accordance with the

procedure described above for LT, so as bo effect the site-
. directad mutagenesis.



TABLE Il Exantle Miutationd igonucl eotide Sequence Toxicity 2.1CT 2; gm
Val - 53- AspACGGGATTTGACAGGCACGAT 2. 2CT Ser - 63- LysGITTCCACCAAGATTAGTTT

Val - 97- LysATGTTTAACAAGAATGATGTA 2. 4CTPr 0- 106- Ser GGCATACAGTAGCCATCCAGA
Conparative Exam |l es ACT Arg-192- AsnGAATGCTCCAAACTCATCGAT +++

BCTAr g- 54- H sGGATTTGITCATCACGATGAT ++ The foll owi ng nmutations al so proved
to abolish toxicity:ib- 107-Asn ( TACAGICCTAACCCAGATGAA), d u-110- Ser

( TCATCCAGATTCGCAAGAAGT), G u-112- Al a ( CAGATGAACAACCTGITTCTG  and
Ser-114-d u ( CAAGAAGTTGAAGCTTTAGGT) . It will be understood that the
invention is described above by way of exanple only and nodifications of
detail nmay be nmade within the scopegg{ég%s i it of the invention. 210 CT CT
2..U03 49 CLAIMS 1 An i mmunogeni ¢ fied prot ein conprising the am no

aci d sequepce_of sybuni t. A of chol era to - a fr her eof
or the amﬁé—%tl& g@éué‘f@@of s (SER SR l"C%h ia c%
l'abil'e toxin, (LL;A), fragrret eamno acid at, or
in the post % E \ﬁa\?l QJIE'aA dic %E%MW £-104 and/or Pro-106 is

repl aced ﬁ}grg./arﬂ aC| ngt oxified_protein
accordi ng 1, sin gg& g p, Val -53-d u,
Val - 53- Tyr | Vak 5? o oL %d %"E@yié-lm [ys. Tyr-104- Asp,
Tyr-104--S%Bmg%Q%&QQéWﬁ&#££ r. 3. An i mmunogeni ¢ detoxified protein
accordi ng aimI or clamZ, wherein additionally one or nore am no
acids at, @r iRTPQeSid-1ens- i I esPONEtAEct AT GATCGARP-9, Arg- 43+ His-44,

Ar g- 54, Selg-61 CcTHSg /44 - - 107, cédpridPrefronddRreher- 114, Trp+127,
Arg-146 or Arg-192 is/are replaced. 15 4_ An i mrunogeni ¢ det oxi fi ed

protein acgQrdi 0 .a recedi n r|S|n | acemen
Ser - 63- Lys%%ﬁ sfnc%d' rtﬁl 'gﬁtrarfﬁf’%eﬂ eif’o 1% Oﬂlgg goxﬁﬁllt%mnogem c
conposi ti on dprFAsse as amxcmectammngmchmmnogencdu-deu@x-t$ee’d

prot ei n_accqr g d s RREARET} NG RL EEEAL N, o) AlaBraDk A RiRiTead) cal |y

accept abl e car rier.
and Ser-114-Glu (CAAGAAGTTGAAGCTTTAGGT) .

It will be understood that the invention is described above
by way of example only and modifications of detail may be

made within the scope and spirit cf the invention.



| act 200
20 6. A vaccine conposition conprising an i mmunogenic detoxified pro%zi n
according to any one of clains | to 4, and a pharmaceutically acceptable
carrier. 7. A vaccine conposition accorging to claim®6, further conprising
an adjuvant. 8. A DNA sequence encodi ng an i nmunogeni ¢ detoxified protein

according to any one of «clainms 1 tey4Adgs9 A vector currying a DNA
sequence according to claim8. 10.‘AéF‘RTST cell transformed with a vector

according to claim9. It. A process for the production of an i munogenic
det oxi f}-ed pAbtEImMunegoe dito:fied paoyinaoenprigig Chahmol actds uech@rH?rsktﬁin'ﬁgA of
culturing a _hogg] cel I ag&ordi ng to claim[0. 12. A process for the

producti on of “¥P'BRACHBAbrabher ¢ Bagmen: shasofommhr aminogcideqadmepof ofibundA of

subj ecting a I 0g. -A or a |LT-A or fragnment thereof to
site-directec ﬁd?i’%@%&?’fc"ﬁﬂa" i) (hi@ ar b?@&&fﬁf thereof huherginnifie amem  of

a vacci ne acgdt di, g ih eh< h&difdbeo i icROi |_nmynogeni

detoxified protein accorgi nlgato rgér% éir'm'zé gbfg cljg?hsveggﬁgrﬂ%t%‘%g%éﬁeﬂg?i’%n

with a phar i&BB6td withagotherasprattid. carrier. 14. A process for the

fornmul ati on of a vaccine according to claim?7, conprising bringing an 5

i munogleni ¢ Aetiexiacednipr dtiekificdomoreti NEcdring™b BN Of &gl t0 4 into

associ ation V\ﬂét h an ag) gggnt. 15. An immunogeni c detoxified protein

accordi ng t JBAGFBHE ofV3PAINE: 1 YH-3-Glw u¥el-836Tar. pNar-Badast i dadl-971Fr, An

I mmynogeni c t gl f ¥ Qi GoL di.ng n of clains 1 to 4 for
'pl_ﬁ- 14! E)'/S@i{;"i@#ﬁéﬂu ecl(ﬁ&%e'? ﬁn%t%l‘%é@élge

use as a 10 vacci ne. of am Trnmuno et oxi fi ed protein
accordigng tosQ i o 4 for the preparation of a nedi cament
for vaccinati n%aﬁg% &Jé%‘e{ﬁ%%{)miﬁ"bﬁ%r‘%%fo %{B’ brr dam envsrensddiyentlly
strai n of Eswiaedrn mhreaamald acids ar, or in positions corresponding To, Arg-7, Asp-9, Arg-11,
His-44, Arg-54, Ser-61, His-70, His-107, Glu-110, Glu-112, Ser-114, Trp-127, Arg-146
or Arg-192 is/are replaced.

15 4. An immunogenic detoxified protein according 1o any preceding claim, comprising
replacement Ser-63-Lys, His-107-Glu, Ser-114-Glu, and/or Ser-114-Lys.

5. An immunogenic composinon for use as a vaccine, compnsing an immunogenic
deroxified protein according (o any one of the preceding claims and a pharmaceutically

acceptable carrier.

20 6. A vaccmne composition comprsing an immunogenic detoxified protein according 1o any

one of clmms 110 4, and a pharmaceutically accepable carrier.
7. A vaccine composition according 1o claim 6, further comprising an adjuvant.

8. A DNA sequence encoding an immunogenic detoxified profein according 1o any one of

claims 110 4
25 9 A vecror carrying a DNA sequence according 1o claim 8.
10. A host cell rransformed with a vector according 1o claim 9.

l1. A process for the production of an immunogenic detoxsified protein according 10 any one

of claims 1 10 4, comprising cultunng a host cell uccording to claim Q.

12. A process for the production of a2 DNA according fo claim 8, compnsing the sieps of
30 subjecting 2 DNA eacoding a CT-A or a LT-A or a fragment thereof 1o site-direcred

mutigenesis.
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14.

15.

16.

17.

7F 0CT 2003

50
A process for the formularion of a vaccine uccording 1o claim 6, comprising bringing un

immunogenic detoxified pratein according to any one of claims 1 to 4 inio association

with 3 pharmaceutically acceprable carrier.

A process for the formulation of a vaccine according to claim 7, comprising bringing an
immunogenic detoxified protein according 10 any one of claims 1 to 4 into assvciaton

with an adjuvant.

An immunogenic detoxified proiein according 10 any one of claims 1 ta 4 for use us a

phurmaceutical.

An immunogenic detoxified protein according {0 any one of claims 1 10 4 for use as a

vaccine.

The use of an immunogenic detoxified protein accoraing to any one of claims | w 4 for
the preparation of a medicament for vaccinaling a mammal against Vibrio cholerae or un

enlerofoxigenic sirain of Escherichia coli.





