> - 9 . . - .;‘
. I mMmunogeni ¢ det oxi fi eadrrut ants of cholera toxi qgg‘n‘éfl"“ttr%) SHERTRG n 5%

their preparation and their wuse for the

et @S T et T

Field of t’he ‘I'nvention ~ The present inven AipEtat eP2gy prgedi-

“det oxi fi ed
(LT) produced

(E. coli) characferlzed JAn that .the an1no cid

' Rl AGEL.......
h- : LSI[

Sai d [
at one or ggu

F Vaccines
pr esent |nvenP$3#§F3%§?é%—T use I n vaCC|nes whi ch are usef ul

proteins of cholera toxins ¥CT)} d?”t‘!f“g{féatpag%i tq pagedis. @
by the enterotoxigenic strains EYsHeeti chipaged ......cod paged ..

o) n L a

= - r -J_Ub n

the prevention og treatment of cholera or ent er ot oxi geni ¢ E. Col i

infections.5T

techni ques by

10

15

20

25

30

35

_ ably produced using r econbi nant
site-directed nutagenesis of DNA encoding the wild

The present invention relates to immunogenic detoxified
proteins of cholera toxins (CT), or of heat labile toxins
(LT) produced by the enterotoxigenic strains of Escherichia
coli (E.coli) having substitutions at one or more of amino
acids Val-53, Ser-63, Val-97, Tyr-104 or Pro-106 and to
their use in vaccines which are useful for the prevention or
treatment of cholera or enterotoxigenic E.Coli infections.
The proteins can be suitably produced using recombinant DNA
techniqueé by site-directed mutagenesis of DNA encoding the
wild type toxins.

Background to the Invention

Cholera is a contagious 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 etiological agent of cholera 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 patient can lose as much as 10-15 litres of liquids per
day via the faeces. As a result of the severe dehydration
and loss 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 toxin, CT,
which acts by stimulating the activity of the adenylate
cyclase enzyme so as to induce disturbances at cell level.
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di sease widely distributed in the world, in particular in the Third
Wrld, where, in certain areas, it is endemc. The serious disorders
whi ch develop in the intestinal system@prove fatal in a high percentage
of t he recorded cases of the disease. The etiol ogi cal agent of
cholera is the G am negative m croorgani sm_Vi bri o _chol erae
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as much as Ji)éﬁhdiéatibnﬁof|th5(ﬂi$§ﬂse. day via the faeces. As a result
of the severe dehydration and |l oss of electrolytes, the patient does
not withstand the i nfection in 50-60% of cases, and dies. The diarrhoea
caused by At chbeemmesentdueine, t Ebegecrexishe o clasicination nag&inst

which acts by sdiesa! | sbhd {16 B | §# tadntdfa PNE@RYAPL€ration of killed
bacteria. Although some countries insist on wvaccination
against the disease, there are serious doubts as to its real
10 usefulness, given that the current cellular vaccine protects
against the consequences of the infection in only 50% of the
cases and that the protection is also extremely limited in
duration, to less than 6 months.

15 In Bangladesh, an experimental trial is in progress (1990-
92) 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

20 J., Clemens J., Sack DA., Sanchez J. and Svennerholm AM;
"Ooral Immunization against cholera" Curr. Top. Microbiol.
Immunol. (1988), 146, 197-204).

Cholera toxin resembles the heat 1labile toxins of
25 enterotoxigenic 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 serious than, those of

30 cholera, and consist of severe diarrhoea and intestinal
disorders.

The CT and LT toxins all comprise a single A subunit (or
protomer A) responsible for the enzymic activity of the

35 toxin (herein CT-A or LT-A) and five identical B subunits
(or protomer B) which are involved in the binding of the
toxin to the intestinal eplthellal cells (herein CT-B or LT-
B) .
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cycl ase enzyne so as to induce disturbances at cell |evel.

2 Al t hough chol era can be effectively cured by controlled and intense
rehydration, the distribution of a vaccine is desirable with a viewto
conplete control and future eradication o¥ the disease. At the present

time, there exists a vaccination against cholera, consisting of parenteral
adm nistration of killed bacteria. Al though sone countries insist on

vacci nation against the disease, there are serious doubts as to its real
useful ness, gThen Ahauliureitcupeaetratklsul BlieVvansihenphbrades angdaidiisdde

consequences QEtHQ%tE%BECBEOnahQn?Té%eSOgggiaége by NAD-dependent ADP-
ribosylation of a GTP-binding protein which controls the
5 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 toxins.

io
The sequence of CT is known and has been described
(Mekalanos J.J. et al Nature 306, page 551 (1983)).

The sequence of LT from enterotoxigenic strains of E.coli
15 is, as mentioned, 80% homologous to CT and it too is known
and described in the scientific literature. Spicer 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.
20
A bacterial chromosomal form of LT has been identified and
sequenced by Pickett C.L. et al (J. Bacteriol. 169, 5180-
5187, (1987).

25 The sequence of the A subunit of LT from a strain of E. coli
known to affect humans has also been sequenced (Yamamoto et
al, J. Biol. Chem., 259, S5037-5044, (1984)).

In view of the potential clinical significance of a vaccine

30 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

35 the genes encoding the toxins and the production of the
nmutated toxins using now conventional techniques of gene
expression and protein purification.
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serious thapn, dJygse of cholera, and consist of severe diarrhoea and
intestinal disorders. I

Harford, S. et al (Eur. J. Biochem. 183, page 311 {1989))
describe the production of a toxoid by in vitro mutagenesis
of the LT-A gene from E.coli pathogenic for pigs. The
10 resulting successful mutation contained a Ser-61-Phe
substitution and a Gly-79-Lys substitution, the former being
considered the more important. Harford et al suggest that,
because cf the similarities between the LT-A genes in E.coli
pathogenic to humans and pigs and the CT-A gene, and because
15 the toxins are thought to operate by a common mechanism, it
may be possible to produce a cholera holotoxoid by
introducing the Ser-61-Phe mutation into the CT-A gene.

Tsuji, T. et al (J. Biol. Chem. 265, p. 22520 (1990))
20 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.

25 ¢Grant, C.C.R. et al (Abstract B289 of the 92nd General
Meeting of the American Society for Microbioclogy, 26-30th
May 1992) describe conservative substitutions of histidines
at 44 and 70 and tryptophan at 127 in LT-A which result in
significant reductions in enzymic activity.

30
Some work 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
35 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-9 is said to markedly attenuate
activity. Mutating other amino acid sites had little effect



This feAs al | conprise a single A subunit (or protoner A)
res he enzymc activity of the toxin (herein CT-A or LT-A
and B subunits (or protonmer B) which are involved in the

blndlng of the tOXIn to the intestinal epithelial cells (herein CT-B or LT-
REPLACEMENT SHEET
3 The A subunit penetrates the cell nenbrane and causes activation of
adenyl ate cycl 88etB¥iRABYdependent ADP- ribosyl ati on of a GTP-bi ndi ng
protein which controls the activity of the enzyme. The clinical effect of

his i ive fluid,| I h | N
this is to CaUBhr ne%%e,ew N. %t’%&? {§%E gnd &S%hn.e 59(11), 4266-4270,

(1991)) describe site~specific mutagenesis of CT-A to
5 produce an Arg-7-Lys mutation paralleling that of a known
detoxifying mutation in the A subunit of the Bordetella
pertussis toxin. The mutation resulted in the complete
abolition of detectable ADP-ribosyltransferase activity.

10 International patent application WO 92719265 (Burnette,
Kaslow and Amgen Inc.) describes mutations of CT-A at Arg-
7, Asp-9, Arg-11, His-44, His-70 and Glu-112.

Mutations at Glu-110 (LT and CT) and Arg-146 (LT) have also

15 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
20 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
25 neighbourhood may be important for catalysis or recognition.

Summary of the invention

It has now been discovered by further and more detailed
30 analysis of the structure of the toxins that certain further
amino acids in the sequences of CT-A and LT-A are in
positions capable of decreasing the enzymatic activity of
CT and LT when mutated suitably, individually or in
conjunction with other mutations.
35
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
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( et al Nature 306, page 551 (1983)). The sequence of LT
fromenterotoxigenic strains of E.coli is,#6as nmentioned, 80% honol ogous to
CT and it too is known and described in the scientific literature. Spicer
E.K et al (Biol. Chem 257 p, 5716-5721 (1982)) describe the amno acid
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strain of E. com feungt inr pigsich Madasdd iddtahioims gelet Ean Bf. LT has
been identified and sequenced by Pickett C. L. et al (J. Bacteriol. 169,
5180- 5187, (1987). The sequence of the A subunit of LT froma strain of

E. coli The genetic detoxification of CT or LT retains the

5 immunogenic properties of the toxoid whilst providing a
significantly reduced and preferably absent toxicity.

According to a first aspect of the invention there is

provided an immunogenic detoxified protein comprising the
10 amino acid sequence of subunit A of a cholera toxin (CT-3)

or a fragment thereof or subunit A of an Escherichia coli

heat 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
15 another amino acid.

The replaced amino acids are at locations in the sequences

of CT-A or an LT-A which are conserved both in the amino

acid sequence and structurally and are thus common to CT
20 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

25 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

30 variants encompassing changes from the sequences disclosed
herein which do not affect the immunogenicity of the
assembled toxoid.

In this specification, references to amino acid coordinates

35 such as "Val-97" connote the amino acid at that position in
the sequence of the mature cholera toxin subunit A (CT-3),
that is without the signal sequence (see Figure 1).
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5 Thus, for example, Val-53 in CT corresponds to Val-52 in the
LT1 subunit and Ser-63 in CT corresponds to Ser-62 in 1T1,
there being a single amino acid difference in numbering up
to amino acid 89 of the LT1 sequence. Val-97 in the CT
sequence -corresponds to Val-93 in the LT1 sequence because

10 of the four amino acid difference at that point in the
sequence.

In addition, the immunogenic detoxified protein of the
invention—may include other mutations such as, for example,

15 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-112, Ser-
114, Trp-127, Arg-146 or Arg-192.

The amino acid substituted for the wild type amino acid may

20 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.

25
Substitutions which alter the amphotericity and
hydrophilicity whilst retaining the steric effect of the
substituting amino acid as far as possible are generally
preferred.

30
Preferred substitutions include: Val-53-Asp, Val-53-Glu,
Val-53-Tyr, Ser-63-Lys, Val-97-Lys, Val-97-Tyr, His-107-G1lu,
Tyr-104-Lys, Tyr-104-Asp, Tyr-104-Ser, Pro-106-Ser, Ser-114~-
Glu, Ser-114-Lys.

35
As used herein, the term "detoxified" means that the
immunogenic composition exhibits a substantially lower
toxicity relative to its naturally occurring toxin
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CHO cells or preferably by evaluation of the morphological
changes induced in Y1 cells. The term "toxoid" means a
10 genetically detoxified toxin.

The immunogenic protein may be a CT or LT subunit A toxoid,
but is preferably an assembled toxin molecule comprising a
mutated CT-A or LT-A subunit and five B subunits of CT or

15 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.

20 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

25 fragment of CT-A or an LT-A provided that the fragment is
immunogenic and non toxic and contains at least one of the
conserved regions containing one of the mutations according
to the invention.

30 According to a second aspect of the invention, there is
provided an immunogenic composition for use as a vaccine
comprising an immunogenic detoxified protein of the first
aspect of the invention and a pharmaceutically acceptable
carrier.

35
The immunogenic composition may additionally contain one or
more adjuvants and/or pharmaceutically acceptable diluents.
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| MThisrShepeHasBGed ceihe protein,. Gant, CCR et al (Abstract B289 of the
92n uing of the Anerican Society for M crobiology, 26-30th My

5 adjuvant.

According to a third aspect of the invention, there is
provided a method of vaccinating a mammal against Vibrio
cholerae or an enterotoxigenic strain of Escherichia coli

10 comprising administering an immunologically effective amount
of an immunogenic detoxified protein according to the first
aspect of the invention.

The immunogenic detoxified proteins of the invention may be

15 synthesised chemically using conventional peptide synthesis
techniques, but are preferably produced by recombinant DNA
means.

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

Preferably the DNA seguence contains a DNA seqguence encoding
a complete CT or LT comprising DNA encoding both the

25 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
30 provided a vector carrying a DNA according to the fourth
aspect of the invention.

According to a sixth aspect of the invention, there is
provided a host cell 1line transformed with the vector
35 according to the fifth aspect of the invention.

The host cell may be any host capable of producing CT or LT
but is preferably a bacterium, most suitably E.coli or
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mn 2 further embodiment of the sixth aspect of the
jpvention, the host cell may itself provide a protective
epecies, Ior example an E.coli or V.chclerae strain mutated
to a phenotype lacking wild type LT or CT and carrying and
expressing an immunogenic detoxified protein of the first
aspect of the inventiorn.

In a further embodiment of the sixth aspect of the invention
the host cell is capable of expressing a chromosomal LT-A
gene according to the first aspect of the inventionm.

According to a seventh aspect of the invention, there is
provided a process for the producticn of an immunogenic
detoxified protein according tc the first aspect of the
jnvention comprising culturing a host cell according to the
sixth aspect of the invention.

According to a eighth aspect 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
subjecting a DNA enceding a CT-A or an LT-A or a fragment
thereot to site-directed mutagenesis.

According tc a ninth aspect of the invention there is
provided a process for the formulation of a vaccine
comprising bringing an immunogenic detoxified protein
according to the first aspect of the invention into
association.with a pharmaceutically acceptable carrier and
aptzonany with an adjuvant. _

-ing W 7‘9—

Z

The immunogenic detoxified protein of the inwshtion
constitutes the active component of a vaccine composition
useful for the prevention and treatment of cholera
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Figure 1 shows the amino acid sequences of the wild type
subunit A from:

10 i) cholera toxin (CT - Mekalanos et al op cit),
ii) heat labile toxin from an E.coli strain found in man
(LT1_1 - Yamamoto et al op cit)
iii) heat labile toxin from an E.coli strain found in pigs
(LT1- Spicer et al op cit), and
15 iv) heat labile toxin from a chromosomal source (LT1_ 1 -
Pickett et al op cit)

The signal sequences are not shown.

20 In Figure 1, the conventional single letter amino 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 LT1 and LT2

25 which is identical to the corresponding amino acid in CT.
The numbers against each line are the amino acid number of
the first amino acid on that line.

In Figure 1 the positions of the mutations of the present
30 invention are shown underlined.

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

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

Detailed Description of Embodiments of the Invention



Therynee HasHeed It@lagpiesent invention is to provide a vaccine which gives

t ot al i agai nst cholera or enterotoxigenic E. coli, by neans
of a ENHH I’Bgﬂ B’} i on 6 pr oduct
consi ngl e antigen, a toxoid @@ ived fromCT or LT, which has
been detoxified genetically. The genetic detoxification of CT or LT
retains the i mmunogenic properties of the toxoid whilst providing a
significantly reduced and preferably absent toxicity. According to a

first aspect ghet paracbied icHh €I SréSent invention will employ, unless
otherwise indicated, conventional techniques of molecular
bioclogy, microbiology, recombinant DNA, and immunology,
5 which are within the skill of the art. Such techniques are
explained fully in the literature. See e.g., Sambrock, et
al., MOLECULAR CLONING; A LABORATORY MANUAL, SECOND EDITION
(1989); DNA CLONING, VOLUMES I AND II (D.N Glover ed.
1985); CLIGONUCLEOTIDE SYNTHESIS (M.J. Gait ed, 1984);
10 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.
1986); IMMOBILIZED CELLS AND ENZYMES (IRL Press, 1986); B.
Perbal, A PRACTICAL GUIDE TO MOLECULAR CLONING (1984); the
15 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),
20 IMMUNOCHEMICAL METHODS 1IN <CELL AND MOLECULAR BIOLOGY
(Acadenic 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

25 1986).

Standard abbreviations for nucleotides and amino acids are

used in this specification. All publications ,patents, and

patent applications cited herein are incorporated by
30 reference.

In particular, the following amino acid abbreviations are
used:

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



prmg]sﬁ&d}{@mm jaegeni c detoxified protein conprising the am no acid

seq t A of a cholera toxin (CI-A) or a fragment thereof or
the qguence of subunit A of Escherichia coil heat l|abile toxin
(LT- nt t hereof, wherein theiarno acid at, or in the position
correspondl ng to Ser-63 is replaced wth another amno acid. Ser-63 is
preferably replaced with |lysine ("Ser-63-Lys"). The replaced am no acid

is at | ocati ofysteine sequence® of @S A or an LT-A which is conserved both
in the am no uence andggstrygfyrally and is thus common to CT and

t he various L%ﬁy@z§$ﬂe | nmunogeni ¢ d%fOXIfled protein of the invention
adopt s subst aftliufianiq dcishne Bt ruckt®al confornation as the wild type

natural |y occyiytamigd NS. ¢ is grgunol ogically active and cross reacts
with anti bod| eslsttoldtlt}lee wld ty}?e tox: ns
Isoleucine I Ile
Leucine L Leu
Lysine K Lys
Methionine M Met
10 Phenylalanine F Phe
Proline P Pro
Serine S Ser
Threonine T Thr
Tryptophan W Trp
15 Tyrosine Y Tyr
Valine v Val

As mentioned above examples of the immunogenic detoxified
protein that can be used in the present invention include

20 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
25 detoxified protein by recombinant DNA techniques rather than
by isolating and purifying a protein from natural sources is
that equivalent quantities 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

30 protein by recombinant techniques also permits the protein
to be isolated in the absence of some molecules normally
present in cells. Indeed, protein compositions entirely
free of any trace of human protein contaminants can readily

be produced because the only human protein produced by the

35 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



In hi ek é%h. jLpn, references to CT and LT enconpass the various

nat'y, g strain variants as wel | asot her variants encomnpassi ng
ehanH ﬂ [ equences di scl osed herein which do not affect the

| _ the assenbled toxoid. 14n this specification, references
to am no acid coordi nates such as "Val -97" connote the amno acid at that
position in the sequence of the mature cholera toxin subunit A (CT-A), that
i s without thé&mshghakisefpmndhaismeorki juaditjonal, chemicahby detpxified
speC|f|cat!ontk35§%§ to an LT-A, the am no acid coordinates refer to the
correspondi ng position in CT-A as shown in Figure 1

Pharmaceutically acceptable carriers include any carrier
5 that does not itself induce the production of antibodies
harmful to the individual receiving the composition.
Suitable carriers are typically large, slowly metabolized
macromolecules such as proteins, polysaccharides, polylactic
acids, polyglycolic acids, polymeric amino acids, amino acid
10 copolymers, lipid aggregates (such as oil droplets or
liposomes) and inactive virus particles. Such carriers are
well Xknown to those of ordinary skill in the art.
Additionally, these carriers may function as
immunostimulating agents (adjuvants).
15
Preferred adjuvants to enhance effectiveness of 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
20 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
25 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% squalene, 0.4% Tween 80, 5%
pluronic-blocked polymer Li21, and thr-MDP (see below)
30 either microfluidized into a submicron emulsion or vortexed
to generate a larger particle size emulsion, and (3) RIBI™
adjuvant system (RAS) (Ribi Immunochemn, Hamilton, MT)
containing 2% Squalene, 0.2% Tween® 80 and one oOr more
bacterial cell wall components from the group consisting of
35 monophosphoryl lipid A (MPL), trehalose dimycolate (TDM),
and cell wall skeleton (CWS) preferably MPL+CWS (Detox™),
muramyl peptides such as N-acetyl-muramyl-L-threonyl-b-
isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-p-iso-



Thus,. ggr X acif@dl -53 in CT corresponds to Val-52 in the LT1 subunit
and rresponds to Ser-62 in LT1, there being a single am no
acid HIEI n i{ffll nunbering up to am no acid 89 of the LTl sequence.

Val - guence corresponds to M& -93 in the LT1 sequence because
of the four amno acid difference at that point in the sequence.

I n
addi tion, the inmunogenic.detoxified protein of thg invent'gn_%g%i 1 yde
other nutatiomslwtemiae, for(nORmMAPB) subsftaRebRSMAE HHe" of &
Tyr- 10, Pro S e T e Tep- 1200 0 146
yr - , Pro- | S- , u- , u- . Ser - _dhp- \r g- r
Ar g- 192. Thé‘ﬁﬁ%@lﬂﬁ?%&‘?’ﬁ}t’é’gIT%]rlaW%e Wi | ﬁ??pgﬁgm' no tzfé i'd ma%ntge a
natural |y occuytidigimds Neuwt dsointey leekinsodili-ad TE-2yataktnacrephage
acid. The substitution may.inyvolv ct.i,0 A FBERO idrbad OpEbSE
provi ded t hat QQﬁPWXn%ﬁ&mQ1ﬁéh ks ?ﬁggégcégggﬁgﬁfqnunogenic groperties and
exhibits a (TNF) etc. Additionally, saponin adjuvants, such as
Stimulon™ (Cambridge Bioscience, Worcester, MA) may be used
or particles generated therefrom such as ISCOMS
(immunostimulating complexes). Furthermore, Complete
10 Freunds Adjuvant (CFA) and Incomplete Freunds Adjuvant (IFA)

may be used. Alum and MF59 are preferred.

The immunogenic compositions (e.g. the antigen,
pharmaceuﬁically acceptable carrier and adjuvant) typically

15 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.

20 Typically, the immunogenic compositions are prepargd as
injectables, either as liquid 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

25 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
30 polypeptides, as well as any other of the above-mentioned
components, as needed. By "immunologically effective
amount®, 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 treatment or prevention. This
35 amount varies depending upon the health and physical
condition of the individual to be treated, the taxonomic
group of individual to be treated (e.9., nonhuman primate,
primate, etc.), the capacity of the individual's immune



subskhigShge ¢ toxicity. Substitutions which alter the
anpho hydrophilicity whilst retaining the steric effect of
the s i ino acid as far as possible are generally preferred.

Preferred substitutions include: Val-53-Aspé Val -53-3 u, Val -53-Tyr,

Val -97-Lys, Val -97-Tyr, Hi s-107-G u, Tyr-104-Lys, Tyr-104-Asp, Tyr-104-Ser
Pro-106-Ser, Ser-114- Gu, Ser-114-lLys.  As used herein, the term
"det oxi fi ed" ne¥sEemt hat syREhesigrogatiiboddespotine slegess i of t profection
substantial |y qé@¥®ed} O4nd t Yorm@1altiivh be thé Sird | Y theCCHkkbhBfiing
toxin doctor's assessment of the medical situdtion, and other rel-

evant factors. It is expected that the amount will fall in

5 a relatively broad range that can be determined through
routine trials.

The immunogenic compositions are conventionally administered

parenterally, e.g. by injection either subcutaneously or
10 intramuscularly. Additional formulations suitable for other

modes of administration include oral and pulmonary

formulations, suppositories and transdermal applications.

Dosage treatment may be a single dose schedule or a multiple

dose schedule. The vaccine may be administered in conjunc-
15 tion with other immunoregulatory agents.

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

20 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.

25 The term "polynucleotide™ as wused herein refers to a
polymeric form of nucleotides of any length, 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

30 also includes known types of modifications, for example,
labels which are known in the art, methylation, "caps",
substitution of one or more of the naturally occurring
nucleotides with an analog, internucleotide modifications
such as, for example, those with uncharged linkages (e.g.,

35 methyl phosphonates, phosphotriesters, phosphoamidates,
carbamates, etc.) and with charged 1linkages (e.q.,
phosphorothioates, phosphorodithioates, etc.), those
containing pendant moieties, such as, for example proteins



@anRe e substantially | ower toxicity should be sufficiently
Iom/ n to be used in an inmnogeni c conposition in an
fective amount as a vaccine with causing significant side
ects For exarrpl e, the immnogenic deto7fied protein should have a
tOXICIty of less than 0.01% of the naturally occurring toxin counterpart.
The toxicity may be neasured in nouse CHO cells or preferably by eval uation
of the norphol éghedrdinanges Prduceburdexsese| toxinsyhantdhediesoisdgnadans

a genetically gdepexhbked gowy-1.-1yshie) ”EHB e”'ﬂhcigé)tﬁiﬂh”ﬁhé&c%lgidirs LT
subunit A tox0|d but is, referabl an as ed toxin nol ecul ec%?gprlm ng

a nutated CT- A(Sr9rT-3C%] t ¥liefy B §‘u unfFRresgentaining ors
subunit may be(a.gat,umathyspc:catud:mtw&)uﬁéﬁam oror S aidating aetils,

The | munogent &R, ?t,e'tr}\cgsse pggggggggxg anﬁ{y%aato:ys,o C%ﬂgs'engwith modified
' linkages {(e.g., alpha anomeric nucleic acids, etc.), as well

as unmodified forms of the polynucleotide.

A "replicon" is any denetic element, e.g., a plasmid, a

10 chromosome, a virus, a cosmid, etc. that behaves as an
autonomous unit of polynucleotide replication within a cell;
i.e., capable of replication under its own control. This
may include selectable markers.

15 A "vector" is a replicon in which another polynucleotide
segment is attached, so as to bring about the replication
and/or expression of the attached segment.

"Control sequence” refers to polynucleotide sequences which

20 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 sequences generally include
promoter, ribosomal binding site, and transcription

25 termination sequence; in eukaryotes, generally, such control
sequences include promoters and transcription termination
sequence. The term "control sequences" is intended to
include, at a minimum, all componehts whose presence is
necessary for expression, and may also include additional

30 components whose presence 1is advantageous, for example,
leader sequences and fusion partner sequences.

"Operably linked" refers to a juxtaposition wherein the
components so described are in a relationship permitting
35 them to function in their intended manner. A control
sequence "operably linked" to a coding sequence is ligated
in such a way that expression of the coding sequence is
achieved under conditions compatible with the control



CT-Thisgheepias eflabl y nodified as descri bed above. However, conservative
am n may be made which do not affect the i mmunogenicity or
t he nogeni c protein and preferably do not affect the

ability of the inmmunogenic protein to formgonplete toxin with B subunit
protein. Also, the immunogenic protein nmay be a fragnent of CT-A or an
LT-A provided that the fragnent is inmmunogeni c and non toxic and contains
at | east one o$equencesserved regi ons containing one of the nutations
according to the invention. According to a second aspect of the

i nvention, there is provided an i munogenic conposition for use as a

vacci ne conpri&Rng”aRenmmifsydiit dExamneYi ed ORFOt ei ¥6 of at h&@eGilon LHech of
the invention gatyrudlastPEEULL§abh¥eaGhERhARIME R £ polyddstiaaynedsni C
conposition_na addltlonall£ contain one or nore adjuvants and/ or

phar maceut i 2al F§942R PRELFEPYESEENt & portion of a ‘coding sequence or a

total coding sequence.

A "coding sequence" is a polynucleotide .sequence which is

translated into a polypeptide, usually via mRNA, when placed
10 under the control of appropriate regulatory sequences. The

boundaries of the coding sequence are determined by a

translation start codon at the 5'-terminus and a translation

stop codon at the 3'-terminus. A coding sequence can

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

"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.
20 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 is not
25 associated with y in the same manner as is found in nature.

"Homology" refers to the degree of similarity between x and
Y. The correspondence between the sequence from one form to
another can be determined by techniques known in the art.
30 For example, they can be determined by a direct comparison
of the sequence information of the polynucleotide.
Alternatively, homology can be determined by hybridization
of the polynucleotides under conditions which form stable
duplexes between homologous regions (for example, those

35 which would be used prior to S, digestion), followed by

1
digestion with single-stranded specific nuclease(s), fol-

lowed by size determination of the digested fragments.



Thxs‘m@tﬂn\BemRﬁ cedl'so provides a vacci ne conposition conprising an

rrrrtml III ﬂm i fied proteln according to the first aspect of the
i nv

armaceutically acceptable carrier. The vaccine

corrp05|t|on may further conprise an adjuvadi . According to a third aspect
of the invention, there is provided a net hod of VaCCI nating a manmal
against Vibriag choI erae or, an enteroto tr of Esc r| Chl CO|I
conpri si ng ad@EnlSes: beFedR i hlgn '@% ‘? é’efrﬁﬁﬁ"lt al

| Munogeni ¢ deifoxinfiirkd anfﬁselamcaca@whngttﬁefae tor at s@qm(fucoflemg;:h of

invention.  [he LITUNAASN . detid i Rk PLIYGRRrYidedlS hRYCHESLE:i HBYaE

included within the definition of polypeptide. This term

5 also does not refer to or exclude post expression

modifications of the polypeptide, for example,

glycosylations, acetylations, phosphorylations and the like.

Included within the definition are, for example,

polypeptides containing one or more analogs of an amino acid

10 (including, for example, unnatural amino acids, etc.),

polypeptides with substituted linkages, as well as other

modifications known in the art, both naturally occurring and
non-naturally occurring.

15 A polypeptide or amino acid sequence "derived from" a
designated nucleic acid sequence refers to a polypeptide
having an amino acid sequence identical to that of a
polypeptide encoded in the sequence, or a portion thereof
wherein the portion consists of at least 3-5 amino acids,

20 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 sequence.

25
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.
30 "Recombinant host cells", "“host cells," "Ycells," "cell

cultures," and other such terms denote, for example,
microorganisms, insect cells, and mammalian cells, that can
be, or have been, used as recipients for recombinant vector
or other transfer DNA, and include the progeny of the
35 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



sy nt éb$§ #m lcyrdusmg conventional peptide synthesis techniques, but
are pr ed by reconbi nant DNA neans. According to a fourth
aspect on there is provided a DNA sequence encodi ng an
|nnunogen| etOX|f|ed protein according t20the first aspect of the _
I nventi on. Preferably the DNA sequence contains a DNA sequence encoding a
conplete CT or, LT conprising DNA encodi ng both the detoxified subunit A and
subunit B in &FPdr3ered}ontccigertaly t eFndelibeyatenatinng. enBamplesy
“the detoxifi edcwimammialAan hégeotding irncrudd foni rmske tlamgicN8vhbye (Ene).
there is provi q‘e&i (c}} (frgrryes(#% according to the fourth aspect of
the i nvention. cor ﬂﬁ‘ h T of the invention, there is
provi ded a host cell line transforned with the vector

5 Specifically, as used herein, "cell line," refers to a

population of cells capable of continuous or prolonged
growth and division in vitro. Often, cell lines are clonal
populations derived from a single progenitor cell. It is
further known in the art that spontaneous or induced changes
10 can occur in karyotype during storage or transfer of such
clonal populations. Therefore, cells derived from the cell
line referred to may not be precisely identical to the
ancestral~cells or cultures, and the cell line referred to
includes such variants. The term "cell lines" also includes
15 immortalized cells. Preferably, cell 1lines include
nonhybrid cell lines or hybridomas to only two cell types.

As used herein, the term ‘microorganism® includes
prokaryotic and eukaryotic microbial species such as

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

"Transformation", as used herein, refers to the insertion of
an exogenous polynucleotide into a host cell, irrespective
25 of the method used for the insertion, for example, direct
uptake, transduction, f-mating or electroporation. The
exogenous  polynucleotide may be maintained as a

non-integrated vector, for example, a plasnid, or
alternatively, may be integrated into the host genome.

30
By "genomic" is meant a collection or 1library 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.

35

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



acco ﬂ eRﬂmkﬁh aspect of the invention. The host cell may be any
host UC|ng CT or LT but is preferably a bacterium npst
SUIta V. chol erae suitable engineered to produce
he deS|red |nnunogen|c det oxi fied proteidi In a further enbodi nent of
the sixth aspect of the invention, the host cell nay itself providg a
rotective speci for. exanple an E. coli or V.cholerae strain nutated to a
Bhenotype |acr§|Yn3'R}ml§%% anfl grlsepahed'c 4 WeRptandhen referring to a

polypeptide or nucleotide sequence, that the indicated

molecule is present in the substantial absence of other
biological macromolecules of the same type. The term

5 "purified" as used herein preferably means at least 75% by
weight, more preferably at least 85% by weight, more
preferably still at least 95% by weight, and most preferably
at least 98% by weight, of biological macromolecules of the
same type present (but water, buffers, and other small

10 molecules, especially molecules having a molecular weight of
less than 1000, can be present).

Once the appropriate coding sequence is isolated, it can be
expressed in a variety of different expression systems; for

15 example those used with mammalian cells, baculoviruses,
bacteria, and yeast.

i. Mammalian Systems

20 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 sequence (e.g. structural gene)
into mRNA. A promoter will have a transcription initiating

25 region, which 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 transcription initiation
site. The TATA box is thought to direct RNA polymerase II
to begin RNA synthesis at the correct site. A mammalian

30 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 transcription is initiated and can act in either
orientation [Sambrook et al. (1989) "Expression of Cloned

35 Genes in Mammalian Cells." In Molecular cCloning: A

Laboratory Manual, 2nd ed.].

Mammalian viral genes are often highly expressed and have a



eipré@' t Hag B €nic detoxified protein of the first aspect of the
I nvent rther enbodi ment of the sixth aspect of the invention
t he ho : abl e of expressing a chronosonmal LT-A gene according to

the first aspect of the invention. Accorai ng to a seventh aspect of the
invention, there is provided a process for the production of an
I mmunogeni ¢ detoxified protein according to the first aspect of the

i nvention conpCiheel t HAPEE a theneland seqwenicey escoddng mammshian of
the inventionviraACgendsNprboidechgbtNcasapty Vlefilf prdtd P ddifdfods,
provi ded a prqﬁﬁgs for the géod%g%loqvof DNA_according to the fourth aspect
of the invent IBRTENRST i SRATERe ToRepV4Y eabi¥cRERPoteRA BRYSE RABREY A
or an LT-A or tamoragient LTRrmaimdte:s) taeteticvezhed najorgtaesi promdesr (idg
toa ninth Aspee) of afhe el | Onb 8L Vil ¥EERSeed. P OER adesddle
formulation o vaccl né
sequences derived from non-viral genes, such as the murine
metallotheionein gene, also provide wuseful promoter
sequences. Expression may be either constitutive or
regulated (inducible), depending on the promoter can be

10 induced with glucocorticoid in hormone-responsive cells.

The presence of an enhancer element {(enhancer), combined
with the promoter elements described above, will usually
increase expression levels. An enhancer is a regulatory DNA
15 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
20 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
25 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
30 [Boshart et al. (1985) Cell 41:521]. Additionally, some
enhancers are regulatable and become active only in the

presence of an inducer, such as a hormone or metal ion
(Sassone-Corsi and Borelli (1986) Trends Genet. 2:215;
Maniatis et al. (1987) Science 236:1237].

35
A DNA molecule may be expressed intracellularly in mammalian
cells. A promoter sequence may be directly linked with the
DNA molecule, in which case the first amino acid at the N-



conﬁ@f “hn | mmunogeni ¢ detoxified protein according to the
flrst ‘ﬁ I nvention into association with a pharmaceutically
acce and optionally with an adjuvant. Industrial _
p|lcabl|lty The i mmuunogeni ¢ detoxifi28d protein of the invention
constitutes the active conponent of a vaccine conposition useful for the
prevention and treat nent of cholera I nfections or infections by
ent er ot oxi genFETBEPRENsOL o the ¢ gqcompinatgnpIiotiedss ¥Widlt hatwapsl ikeblae

for use in thmeghdobmineyt wddlcH NdISéh¥oded by the ATG start codon. If
desired, the N-terminus may be cleaved from the protein by
in vitro incubation with cyanogen bromide.

5
Alternatively, foreign proteins can also be secreted from
the cell into the growth media by creating chimeric DNA
molecules that encode a fusion protein comprised of a leader
sequence -fragment that provides for secretion of the foreign
10 protein in mammalian cells. Preferably, there are

processing sites encoded between the leader fragment and the
foreign gene that can be cleaved either in vivo or in vitro.

The leader sequence fragment usually encodes a signal
peptide cbmprised of hydrophobic amino acids which direct

15 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,.

20 Usually, transcription termination and polyadenylation
sequences 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

25 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.

30 Sci. 14:105). These sequences direct the transcription of
an mRNA which can be translated into the polypeptide encoded
by the DNA. Examples of transcription
terminater/polyadenylation signals include those derived
from SV40 [Sambrook et al (1989) "Expression of cloned genes

35 in cultured mammalian cells." In Molecular Cloning: A

Laboratory Manualj].

Some genes may be expressed more efficiently when introns



ubunit A from 1) cholera toxin (CT - Mekal anos et

Br iTkif SHoetdas B cef the Draw ngs Figure 1 shows the am no acid sequences
of t

mm”m Wﬂlﬁﬁheat labile toxin froman E coli strain found in man
(LT1 amanoto et al i i

op cit) iii) hea4labile toxin froman E. col
strain found in pigs (LT1- Spicer et al op cit), and iv) heat

| abile toxin frgma c somal soyrce (LT1 1 - Pickett et al op cit)
The si gnal sed ﬁ@egagﬁﬁgoépt§ﬁ8ﬁﬁlng FRABEFGLE) 1 arenPTreseidnt i ofavesiadgl e

| etter ami no eDNaAsGobewésetsdathve Bé%rﬁﬁﬂb@blenilydﬁﬁpféﬁséa RS Rle B0
acid and actsepged QRO ANLARL 3PESSTs" QSRR LDF1EEIUENSES ana
acceptor sites) [see e.g., Gothing and Sambrook (1981)

5 Nature 293:620]. Introns are intervening noncoding

sequences within a coding sequence that contain splice donor

and acceptor sites. They are removed by a process called

"splicing," following polyadenylation of the primary

transcript [Nevins (1983) Annu. Rev. Biochem. 52:441; Green

10 (1986) Annu. Rev. Genet. 20:671; Padgett et al. (1986) Annu.

Rev. Biochem. 55:1119; Krainer and Maniatis (1988) "RNA

splicing."™ 1In Transcription and splicing (ed. B.D. Hames

and D.M. Glover)].

15 Usually, the above described components, comprising a
promoter, polyadenylation signal, and transcription
termination sequence are put together into expression
constructs. Enhancers, introns with functional splice donor
and acceptor sites, and leader sequences may also be

20 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

25 animal viruses, which require trans-acting factors to
replicate. For example, plasmids containing the replication
systems of papovaviruses, such as SV40 [Gluzman (1981) Cell
23:175] or polyomavirus, replicate to extremely high copy
number in the presence of the appropriate viral T antigen.

30 Additional examples of mammalian replicons include those
derived from bovine papillomavirus and Epstein-Barr virus.
Additionally, the replicon may have two replication systems,
thus allowing it to be maintained, for example, in mammalian
cells for expression and in a procaryotic host for cloning

35 and amplification. Examples of such mammalian-bacteria
shuttle vectors include pMT2 [Kaufman et al. (1989) Mol.
Cell. Biol. 9:946 and PHEBO [Shimizu et al. (1986) Mol.
Cell. Biol. 6:1074].
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polynucleotides into mammalian cells are known in the art

5 and include dextran-mediated transfection, calcium phosphate
precipitation, polybrene mediated transfection, protoplast
fusion, electroporation, encapsulation of the
polynucleotide(s) in liposomes, and direct microinjection of
the DNA into nuclei.

10
Mammalian cell lines available as hosts for expression are
known in the art and include many immortalized cell lines
available: from the American Type Culture Collection (ATCC),
including but not limited to, Chinese hamster ovary (CHO)

15 cells, HelLa cells, baby hamster kidney (BHK) cells, monkey
kidney cells (CcOS), human hepatocellular carcinoma cells
(e.g., Hep G2), and a number of other cell lines.

il. Baculovirus Systems

20
The polynucleotide 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 techniques which are known in the art.
25

Generally, the components 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
30 heterologous gene or genes to be expressed; a wild type
baculovirus with a sequence homologous to the baculovirus-
specific fragment in the transfer wvector (this allows for
the homologous recombination of the heterologous gene in to
the baculovirus genome); and appropriate insect host cells
35 and growth media.

After inserting the DNA sequence encoding the protein into
the transfer vector, the vector and the wild type viral
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BPALBPSTT s gfpression = systems are
commercially available in kit form from, inter alia,

Invitrogen, San Diego CA ("MaxBac" kit). These techniques
are generally known to those skilled in the art and fully
described in Summers and Smith, Texas Agricultural
Experiment Station Bulletin No. 1555 (1987) (hereinafter
"Summers and Smith").

Prior tnoinserting the DNA sequence encoding the protein
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 linked 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
introducing foreign genes into AcNPV is pAc373. Many other
vectors, known to those of skill in the art, have also been
designed. These include, for example, pVL985 (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) 17:31.

The plasmid wusuvally also contains the polyhedrin
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5
Baculovirus transfer vectors usually contain a baculovirus
promoter. A baculovirus promoter is any DNA sequence
capable of binding a baculovirus RNA polymerase and
initiating the downstream (5' to 3') transcription of a
10 coding sequence (e.g. structural gene) into mRNA. A

promoter will have a transcription initiation region 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

15 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 requlated or constitutive.

20 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:

25 The Molecular Biology of Baculoviruses (ed. Walter
Doerfler); EPO Publ. Nos. 127 839 and 155 476; and the gene
encoding the pl0 protein, Vliak et al., (1988), J. Gen.
Virol. 69:765.

30 DNA encoding suitable signal sequences can be derived from
genes for 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

35 signal peptide cleavage, proteolytic cleavage, and
phosphorylation) appear to be recognized by insect cells,
and the signals required for secretion and nuclear
accunulation also appear to be conserved between the
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invertebrate cells and vertebrate cells, leaders of non-
insect origin, such as those derived from genes encoding
human a-interferon, Maeda et al., (1985), Nature 315:592;
human gastrin-releasing peptide, Lebacg~Verheyden et al.,
(1988), Molec. Cell. Biol. 8:3129; human IL-2, Smith et al.,
(1985) Proc. Nat'l Acad. Sci. USA, 82:8404; mouse IL-3,
(Miyajima et al., {1987) Gene 58:273; and human
glucocerebrosidase, Martin et al. (1988) DNA, 7:99, can also

be used to provide for secretion in insects.

A recombinant polypeptide or polyprotein may be expressed
intracellularly or, if it is expressed with the proper
regulatory sequences, it can be secreted. Good
intracellular expression of nonfused 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 from 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 expression 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 promoter and
transcription termination sequence of the construct will
usually comprise a 2-5kb section of the baculovirus genome.

Il e
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Miller et al., (1989), Biocessays 4:91.The DNA sequence, when
10 cloned in place of the polyhedrin gene in the expression
vector, is flanked both 5' and 3' by polyhedrin-specific
sequences and is positioned downstream of the polyhedrin
promoter.-

15 The newly formed baculovirus expression vector is
subsequently packaged into an infectious recombinant
baculovirus. Homoclogous recombination occurs at low
frequency (between about 1% and about 5%); thus, the
majority of the virus produced after cotransfection is still

20 wild-type virus. Therefore, a method is 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

25 levels 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 um in size, are highly
refractile, giving them a bright shiny appearance that is

30 readily visualized under the 1light microscope. Cells
infected with recombinant viruses lack occlusion bodies. To
distinguish recombinant virus from wild-type wvirus, the
transfection supernatant is plaqued onto a monolayer of
insect cells by techniques known to those skilled in the

35 art. Namely, the plaques are screened under the 1light
microscope for the presence (indicative of wild-type virus)
or absence (indicative of recombinant virus) of occlusion
bodies. "Current Protocols in Microbiology" Vol. 2 (Ausubel
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Recombinant baculovirus expression vectors have been
5 developed for infection into several insect cells. For
example, recombinant baculoviruses have been developed for,
inter alia: Aedes aegypti , Auto rapha californica, Bombyx
mori, Drosophila melanogaster, Spodoptera frugiperds, and
Trichoplusia ni (PCT Pub. No. WO 89/046699; Carbonell et
10 al., (1985) J. Virol. 56:153; Wright (1986) Nature 321:718;
Smith et al., (1983) Mol. Cell. Biol. 3:2156; and see
generally, Fraser, et al. (1989) In Vitro Cell. Dev. Biol.
25:225) .

15 Cells and cell culture media are commercially available for
both direct and fusion expression of heterologous
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.

20
The modified insect cells may then be grown in an
appropriate nutrient medium, which allows for stable
maintenance of the plasmid(s) present in the modified insect
host. Where the expression product gene is under inducible

25 control, the host may be grown to high density, and
expression induced. Alternatively, where expression is
constitutive, the product will be continuously expressed
into the medium and the nutrient medium must be continuously
circulated, while removing the product of interest and

30 augmenting depleted nutrients. The product may be purified
by such techniques as chromatography, e.g., HPLC, affinity
chromatography, ion exchange chromatography, etc.;
electrophoresis; density gradient centrifugation; solvent
extraction, or the like. As appropriate, the product may be

35 further purified, as required, so as to remove substantially
any insect proteins which are also secreted in the medium or
result from lysis of insect cells, so as to provide a
product which is at least substantially free of host debris,
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iii. Bacterial Systems

Bacterial expression techniques are known in the art. A
bacterial promoter is any DNA sequence capable of binding
15 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
region which is usually placed proximal to the 5' end of the
coding sequence. This transcription initiation region
20 usually includes an RNA polymerase binding site and a
transcription initiation site. A bacterial promoter may
also have a second domain called an operator, that may
overlap an adjacent RNA polymerase binding site at which RNA
synthesis begins. The operator permits negative regulated
25 (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
30 by a gene activator protein binding sequence, which, if
present is usually proximal (5!') to the RNA polymerase
binding sequence. An example of a gene activator protein is
the catabolite activator protein (CAP), which helps initiate
transcription of the lac operon in Escherichia coli (E.
35 coli) [Raibaud et al. (1984) Annu. Rev. Genet. 18:173}.
Regulated expression may therefore be either positive or
negative, thereby either enhancing or reducing
transcription.
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198:1056], and maltose. Additional examples include
promoter sequences derived from biosynthetic enzymes such as
tryptophan (trp) [Goeddel et al. (1980) Nuc. Acids Res.
8:4057; Yelverton et al. (1981) Nucl. Acids Res. 9:731; U.S.
10 Patent No. 4,738,921; EPO Publ. Nos. 036 776 and 121 775].
The g-laotamase (bla) promoter system {Weissmann (1981) "The
cloning of interferon and other mistakes." In Interferon 3
(ed. I. Gresser)], bacteriophage lambda PL [Shimatake et al.
(1981) Nature 292:128] and T5 [U.S. Patent No. 4,689,406]
15 promoter systems also provide useful promoter sequences.

In addition, synthetic promoters which do not occur in
nature also function as bacterial promoters. For example,
transcription activation sequences of one bacterial or
20 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
25 operon sequences that is regulated by the lac repressor
[(Amann et al. (1983) Gene 25:167; de Boer et al. (1983)
Proc. Natl. Acad. Sci. 80:21]. Furthermore, a bacterial
promoter can include naturally occurring promoters of non-
bacterial origin that have the ability to bind bacterial RNA
30 polymerase and initiate transcription. A naturally
occurring promoter of non-bacterial origin can also be
coupled with a compatible RNA polymerase to produce high
levels of expression of some genes in prokaryotes. The
bacteriophase T7 RNA polymerase/promoter system is an
35 example of a coupled promoter system [Studier et al. (1986)
J. Mol. Biol. 189:113; Tabor et al. (1985) Proc Natl. Acad.
Sci. 82:1074]. In addition, a hybrid promoter can also be
comprised of a bacteriophage promoter and an E. coli
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includes an initiation codon (ATG) and a sequence 3-9
nucleotides in length located 3-11 nucleotides upstream of
the initiation codon [Shine et al. (1975) Nature 254:34].
10 The SD sequence is thought to promote binding of mRNA to the
ribosome by the pairing of bases between the SD sequence and
the 3' and of E. coli 16S rRNA [Steitz et al. (1979)
"Genetic signals and nucleotide sequences in messenger RNA."
In Biological Requlation and Development: Gene Expression
15 (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 Laboratory Manualj.

20 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

25 cleaved from the protein by in vitro incubation with
cyanogen bromide or by either in vivo on in vitro incubation

with a bacterial methionine N-terminal peptidase (EPO Publ.
No. 219 237).

30 Fusion proteins provide an alternative to direct expression.
Usually, a DNA sequence encoding the N-terminal portion of
an endogenous bacterial protein, or other stable protein, is
fused to the 5' end of heterologous coding sequences. Upon
expression, this construct will provide a fusion of the two

35 amino acid sequences. For example, the bacteriophage lambda
cell gene can be linked at the 5' terminus of a foreign gene
and expressed in bacteria. The resulting fusion protein
preferably retains a site for a processing enzyme (factor
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135:11]}, and Chey [EPO Publ. No. 324 647] genes. The DNA

sequence at the junction of the two amino acid sequences may

or may not encode a cleavable site. Another example is a
ubiquitin fusion protein. Such a fusion protein is made
10 with the ubiquitin region that preferably retains a site for
a processing enzyme (e.g. ubiquitin specific processing-
protease) to cleave the ubiquitin from the foreign protein.
Through this method, native foreign protein can be isolated
[Miller et al. (1989) Bio/Technolody 7:698].
15
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 sequence
fragment that provides for secretion of the foreign protein
20 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
25 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.

30
DNA encoding suitable signal sequences can be derived from
genes for secreted bacterial proteins, such as the E. coli
outer membrane protein gene (ompaA)} [Masui et al. (1983), in:

Experimental Manipulation of Gene Expression; Ghrayeb et al.
35 (1984) EMBO J,. 3:2437] and the E. coli alkaline phosphatase

signal sequence (phod) [Oka et al. (1985) Proc. Natl. Acad.
Sci. 82:7212]. As an additional example, the signal

sequence of the alpha-amylase gene from various Bacillus
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agents. The staedins cshive awsedokgnaervetedbeterologeuse marate inse ntisom

pol ynucl eot i dgs ,0fs,@@Ra7IsC [ PAPVA. e%eHhSY@ibﬁb)CPrBE syptDetALa@! i @D, WisLh,
by virtue of its orlgln or _mani pul'atron: QQQ i'S not assocrated Wih all or

a portion of A258PPRicEESR FPln 149 W%i4éh 942)i-s associated in nature, (2) is

linked to a pol ynucl eotide other than that to which it is I|nked in nature,
or 2) 1055 PRI, B ol ol ) R oAt Ty ©
r|bonucleot|d@ﬁqhenianqﬁIQOnnegebatdex. Tleigd onsr m kedated 3‘ to the
translation stop codon, and thus together with the promoter
flank the coding sequence. These sequences direct the
transcription of an mRNA which can be translated into the
10 polypeptide encoded by the DNA. Transcription termination
sequences frequently include DNA sequences of about 50
nucleotides capable of forming stem loop structures that aid
in terminating transcription. Examples include
transcription termination sequences derived from genes with
15 strong promoters, such as the trp gene in E. coli as well as
other biosynthetic genes.

Usually, the above described components, comprising a
promoter, signal sequence (if desired), coding sequence of
20 interest, and transcription termination sequence, are put
together into expression constructs. 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 bacteria. The replicon will
25 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
30 about 200, and usually about 10 to about 150. A host
containing a high copy number plasmid will preferably
contain at least about 10, and more preferably at least
about 20 plasmids. Either a high or low copy number vector
may be selected, depending upon the effect of the vector and
35 the foreign protein on the host.

Alternatively, the expression constructs can be integrated
into the bacterial genome with an integrating vector.
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constructed with DNA from various Bacillus strains integrate
into the Bacillus chromosome (EPO Publ. No. 127 328).
Integrating vectors may also be comprised of bacteriophage
or transposon sequences.
10
Usually, extrachromosomal and integrating expression
constructs may contain selectable markers to allow for the
selection of bacterial strains that have been transformed.
Selectable markers can be expressed in the bacterial host
15 and may include genes which render bacteria resistant to
drugs such as ampicillin, chloramphenicol, erythromycin,
kanamycin (neomycin), and tetracycline [Davies et al. (1978)
Annu. Rev.Microbiol. 32:469]. Selectable markers may also
include biosynthetic genes, such as those in the histidine,
20 tryptophan, and leucine biosynthetic 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

25 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
30 developed for transformation into many bacteria. For
example, expression vectors have been developed for, inter

alia, the following bacteria: Bacillus subtilis [Palva et
al. (1982) Proc. Natl. Acad. Sci. USA 79:5582; EPO Publ.
Nos. 036 259 and 063 953; PCT Publ. No. WO 84/04541],
35 Escherichia colil [Shimatake et al. (1981) Nature 292:128;
Amann et al. (1985) Gene 40:183; Studier et al. (1986) J.

Mol. Biol, 189:113; EPO Publ. Nos. 036 776, 136 829 and 136
907], Streptococcus cremoris [Powell et al. (1988) Appl.
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bi ndi ng siteareandlli-karsar ijd ithe art, and usually 1nc1ude either the
transformation of bacteria treated with CaCl2 or other
agents, such as divalent cations and DMSO. DNA can also be
introduced into bacterial cells by electroporation.
10 Transformation procedures usually vary with the bacterial

species to be transformed. See e.g., [Masson et al. (1989)
FEMS Microbiol. Iett. 60:273; Palva et al. {1982) Proc.
Natl. Aced. Sci. USA 79:5582; EPO Publ. Nos. 036 259 and 063
953; PCT Publ. No. WO 84/04541, Bacillus], [Miller et al.
15 (1988) Proc. Natl. Acad. Sci. 85:856; Wang et al. (1990) J.
Bacteriol. ;1;:§49, 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

20 plasmids. In Genetic Engineering: Proceedings of the

International 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.
25 44:173 Lactobacillus]; [Fiedler et al. (1988) Anal. Biochem
170:38, Pseudomonas}; [Augustin et al. (19%0) FEMS
Microbiol. Lett. 66:203, Staphylococcus]}, [Barany et al.
(1980) J. Bacteriol. 144:698; Harlander (1987)
"Transformation of Streptococcus lactis by electroporation,

30 in: Streptococcal Genetics (ed. J. Ferretti and R. Curtiss
IIT); Perry et al. (1981) Infec. Immun. 32:1295; Powell et
al. (1988) Appl. Environ. Microbiol. 54:655; Somkuti et al.
(1987) Proc. 4th Evr. Cond. Biotechnology 1:412,
Streptococcus].

35
iv. Yeast Expression

Yeast expression systems are also known to one of ordinary
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5 transcription initiation region which is usually placed
proximal to the 5' end of the coding sequence. This
transcription initiation region usually includes an RNA
polymerase binding site (the "TATA Box") and a transcription
initiation site. A yeast promoter may also have a second

10 domain called an upstream activator sequence (UAS), which,
if present, is usually distal to the structural gene. The
UAS permits regulated (inducible) expression. Constitutive
expressiop occurs in the absence of a UAS. Regulated
expression may be either positive or negative, thereby

15 either enhancing or reducing transcription.

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

20 sequences. Examples include alcohol 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

25 kinase (PyK) (EPO Publ. No. 329 203). The yeast PHO5 gene,
encoding acid phosphatase, also provides useful promoter
sequences [Myanochara et al. (1983) Proc. Natl. Acad. Sci.
USA 80:1].

30 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 joined with the
transcription activation region of another yeast promoter,
creating a synthetic hybrid promoter. Examples of such

35 hybrid promoters include the ADH requlatory sequence linked
to the GAP transcription activation region (U.S. Patent Nos.
4,876,197 and 4,880,734). Other examples of hybrid
promoters include promoters which consist of the regulatory
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0gs: acﬂr%&%g promoters of non-yeast origin that have the

ability to bind yeast RNA polymerase and initiate
transcription. Examples of such promoters include, inter
alia, [Cohen et al. (1980) Proc. Natl. Acad. Sci. USA
77:1078; Henikoff et al. (1981) Nature 283:835; Hollenberg
10 et al. (1981) Curr. Topics Microbiol. Immunol. 96:119;
Hollenberg et al. (1979) "The Expression of Bacterial
Antibiotic Resistance Genes 1 the Yeast Saccharomyces

cerevisiae," in: Plasmids of Medical, Environmental and
Commercial Importance (eds. K>N> Timmis and A. Puhler);

15 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
20 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 vitro incubation with cyanogen bromide.
25
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
30 stable protein, is fused to the 5' end of heterologous
coding sequences. Upon expression, this construct will
provide a fusion of the two amino acid sequences. For
example, the yeast or human superoxide dismutase (SOD) gene,
can be linked at the 5' terminus of a foreign gene and
35 expressed in yeast. The DNA sequence at the junction of the
two amino acid sequences may or may not encode a cleavable
gsite. See e.g., EPO Publ. No. 196 056. Another example is
a ubiquitin fusion protein. Such a fusion protein is made
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Alternatively, foreign proteins can also be secreted from
the cell into the growth media by creating chimeric DNA
molecules that encode a fusion protein comprised of a leader
10 sequence fragment that provide for secretion in yeast of the
foreign protein. Preferably, there are processing sites
encoded between the leader fragment and the foreign gene
that can be cleaved either in vivo or in vitro. The leader

sequence fragment usually encodes a signal peptide comprised
15 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
20 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 also provide for
secretion in yeast (EPO Publ. No. 060 057).
25
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 "pro" region. The types
of alpha-factor fragments that can be employed include the
30 full-length pre-pro alpha factor leader (about 83 amino acid
residues) as well as truncated alpha-factor leaders (usually
about 25 to about 50 amino acid residues) (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
35 provides for secretion include hybrid alpha-factor leaders
made with a presequence of a first yeast, but a pro-region
from a second yeast alphafactor. (See e.g., PCT Publ. No.
WO 89/02463.)
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of an mRNA which can be translated into the polypeptide
encoded by the DNA. Examples of transcription terminator
sequence and other yeast-recognized termination sequences,
such as those coding for glycolytic enzymes.
10
Usually, the above described components, comprising a
promoter, leader (if desired), coding sequence of interest,
and transcription termination sequence, are put together
into expression constructs. Expression constructs are often
15 maintained 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, in yeast for expression and in a procaryotic host
20 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
25 be either a high or low copy number plasmid. A high copy

number plasmid will generally have a copy humber 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
30 least about 20. Enter a high or low copy number vector may
be selected, depending upon the effect of the vector and the
foreign protein on the host. See e.g., Brake et al., supra.

Alternatively, the expression constructs can be integrated
35 into the yeast genome with an integrating vector.
Integrating vectors usually contain at least one sequence
homologous to a yeast chromosome that allows the vector to
integrate, and preferably contain two homologous sequences
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construct may integrate, possibly affecting levels of
recombinant protein produced [Rine et al. (1983) Proc. Natl.
Acad. Sci. USA 80:6750)]. The chromosomal sequences included
in the vector can occur either as a single segment in the
vector, which results in the integration of the entire
vector, or two segments homologous to adjacent segments in
the chromosome and flanking the expression construct in 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,
respectively. 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 CUP1l allows yeast to grow in the presence of

copper ions [Butt et al. (1987) Microbiol, Rev. 51:351].

Alternatively, some of the above described components 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
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cell line reffolkpwing yeasts:Candida albicans [Kurtz, et al. (1986) Mol.
Cell. Biol. 6:142], candida maltose [Kunze, et al. (1985) J.
5 Basic Microbiol. 25:141]. Hansenula polymorpha [Gleeson, et
al. (1986) J. Gen. Microbiol. 132:3459; Roggenkamp et al.
(1986) Mol. Gen. Genet. 202:302)], Kluyveromyces fragilis
[Das, et al. (1984) J. Bacteriol. 158:1165], Kluyveromyces
lactis [De Louvencourt et al. (1983) J. Bacteriol., 154:737;
10 Van den Berg et al. (1990) Bio/Technology 8:135}, Pichia
guillerimondii ([Kunze et al. (1985) J. Basic Microbiol.
25:141], Pichia pastoris [Cregg, et al. (1985) Mol. Cell.
Biol. 5:3376; U.S. Patent Nos. 4,837,148 and 4,929,555},
Saccharomyces cerevisiae [Hinnen et al. (1978) Proc. Natl.
15 Acad. Sci. USA 75:1929; Ito et al. (1983) J. Bacteriol.
153:163], Schizosaccharomyces pombe [Beach and Nurse (1981)
Nature 300:706], and Yarrowia lipolytica [Davidow, et al.
(1985) Curr. Genet. 10:380471 Gaillardin, et al. (1985)
Curr, Genet. 10:49].

20
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
25 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; Candidal; [Gleeson
et al. (1986) J. Gen. Microbiol. 132:3459; Roggenkamp et al.
(1986) Mol. Gen. Genet. 202:302; Hansenula]; [Das et al.
30 (1984) J. Bacteriol. 158:1165; De Louvencourt et al. (1983)
J. Bacteriol. 154:1165; Van den Berg et al. (1990)
Bio/Technology 8:135; Kluyveromyces]; [Cregg et al. (1985)
Mol. Cell. Biol. 5:3376; Kunze et al. (1985) J. Basic
Microbiol. 25:141; U.S. Patent Nos. 4,837,148 and 4,929,555;
35 Pichia]; [Hinnen et al. (1978) Proc. Natl. Acad. Sci. USA
75;1929; Ito et al. (1983) J. Bacteriol. 153:163
Saccharomyces]; [Beach and Nurse (1981) Nature 300:706;

Schizosaccharomyces]; [Davidow et al. (1985) Curr. Genet.
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restrictiondragnents that have been cloned in vectors. This may include
all or part of at Be-geReIH GfTREKRE | §bnlf B AWaUS extracted from plasmid
EWD299 ([Dallas W.S., Gill D.M. and Falkow S., 1979, J.
Bacteriol., 139, 850-858] by digestion with the restriction
enzymes Smal and EcoRI, and was recloned in the vector
10 Bluescript KS suitable for producing single strands of DNA
(Sambrook J., Fritsch E. and Maniatis, T. "Molecular
Cloning", Cold Spring Harbor].
BW313 cells were transformed by the clones thus obtained and
15 allowed to grow for 14 hours in a culture medium consisting
of Luria Broth with the addition of 1 ug/ml of uridine.

A series of synthetic oligonucleotides (listed in Table 1
below), containing the mutation, or the desired bases

20 instead of the natural ones, and a sequence of 10 bases
upstream and 10 downstream of the same mutation, identical
to the natural ones, was first of all synthesised chemically
and then phosphorylated, 1.5 pmol thereof being treated at
37°C with 5 units of kinase.

25
After halting the reaction with a 100 mM EDTA solution, the
oligonucleotides 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.

30

At that stage there was added to this cold solution (25 ul)
a solution of free nucleotides, the enzyme DNA ligase and
the enzyme DNA polymerase, in a final volume of 100 ul.

35 The solution thus obtained was kept for five minutes in ice,
five minutes at ambient temperature and two hours at 37°C.

Suitable cells of E. coli were transformed with the reaction
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i ndi cated nolecule is present in the substagtial absence of other

bi ol ogi cal macronol ecul es of the sanme type. The term "purified" as used
herein preferably neans at | east 75% by weight, nore preferably at |east
85% by wei ght , mimtarpr, efiar abcpraance atithedhe 9SUally teehpliguesnd Samdtrook

preferably at lLeast %ﬁW [ , ' g'cahqﬂ§§ QQBI C L Of |t me

type present (baf g erg,éi'fvauﬁe%g?i al%tcp%‘ﬁieér) g‘r'rall rm% ecu Igs,aigéﬁg iaIQI%;;I'%rﬂ

mol ecul es havi Bgrangol Baubarlvei gnd dfhe site-directed mutagenesis was
checked by sequencing of the clones obtained.

The SmaI-EcoRI fragment containing the various mutations was
substituted for the original SmaI-EcoRI insert in the
plasmid EWD299.

10 The strains which encode the mutated toxin were then grown
in 10 ml of Luria Broth for 12 hours at 37°C.

The cultures were centrifuged and the precipitate containing
the cells was resuspended in 300 ml of a solution containing

15 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

20 1liquor was verified by means of Western Blot and its
toxicity was evaluated by the inducement or 1lack of
inducement of morphological changes in Y1 cells (see Table
1).

25 Y1 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

30 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
‘lesser and lesser concentrations and Y1 cells (250000
cells/ml) are incubated with the resulting solutions for 48

35 hours at 37.C under an atmosphere of CO,. The morphology of
the cells is evaluated.

In all cases, immunogenicity was shown by correct assembly
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the art.

i an

A mameal i an pronoter

n be present).
be expressed in a variety of different expression systens;
e used with mammal i an cells,

Syst ens

Once the appropriate coding sequence is

bacul ovi ruses,

bacteria, and
Mammal i an ezpression systens are known in
I s any DNA sequence capabl e of binding

mammal i an RNA pol ymerase and initiating the downstream (3') transcription
of a coding segfichbe ¢empletertbexaidl agdnky cnegsnrRAcCtAopr efothe kiopoidave

a transcriptiog;iRi §Hh2ih88y" €81 Phe w@xahtygeUEwally pl aced proxi nal
5' end of the codi ng sequence,

pairs (bp) upstreamof the transcription initiation site.

and a TATA

to the

usual ly |l ocated 25-30 base
The TATA box is

t hought to diregé RlupekyseeasRowh tA Papla R\Begpwthesis at the correct

site.

A manmal i an pronoter wil |

usual |y |l ocdted within 100 to 200 bp upstream of the TATA
In this Table (and in Table II below) the toxicity symbols

10

15

20

25

30

35

40

45

50

al so contain an upstream pronoter el enent,

Toxicity

.V_

mean as follows:
+++ toxic after dilution 1:2000 (wild type toxicity)
++ toxic up to dilution 1:250
+ toxic up to dilution 1:64
- not. toxic, even undiluted

TABLE I
Example Mutation Oligonucleotide Sequence
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 Val-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
1.11 LT Tyr-104-Ser 447 -TAGCGTAAGTAGCCCTCA-464
1.12 LT Pro-106-Ser 453-~-ATACAGCAGCCACCCATA-470

Two mutation of serine (Ser-114-Glu:477-GGAGGTGAAGCGTTAGG-
494 and Ser-114-Lys:477-GGAGGTTAAAGCGTTAGG-494) were also
shown to exhibit substantially reduced toxicity.

Comparative Examples

A LT LT Wwild Type
B LT Arg-210-Asp
C LT Leu-41-Phe
D LT His-44-Phe
E LT Ala-45-Tyr
F LT Arg-54-Ala
G LT Arg-54-Lys
H LT Tyr-59-Met
I LT Val-60-Gly
Jd LT Ser-68-Lys
K LT Ser-68-Pro
L LT His-70-Pro
M LT Ala-72-Arg
N LT Ala-72-His
O LT Arg-192-Asn

769-ATATATCTCAACGAATATCAA-789
113-ATATTAATTTCTATGATC-130
121-CTTTATGATTTTGCGAGA-138
125-ATGATCACTATAGAGGAA-142
152~-GCTTTGTCGCGTATGATG-169
151-GGCTTTGTCAAGTATGATGAT-171
167-ATGACGGAATGGTTTCCA-184
169~-GACGGATATGGATCCACTTCT~189
193-AGTTTGAGAAAGGCTCACTTA-213
193-AGTTTGAGACCAGCTCACTTA-213
199-AGAAGTGCTCCTTTAGCAGGA-219
205-GCTCACTTAAGGGGACAGTCT-225
205-GCTCACTTACATGGACAGTCT~225
565-GATTCATCAATTACAATCACA-585

Tf1E818+1 {858 %



boxthis SiketURS BLGRIPLPIOL €r el ement determ nes the rate at which

tra nitiated and can act in either orientation (Sanbrook et
al . ngﬂm ' sion of Coned Genes in Manmalian Cells.” I n Mol ecul ar
c oniMtg: atory Manual, 2nd ed.|. g4-Mammalian viral genes are often
hi ghl y expressed and have a 22 br oad

host range; therefore sequences encodi ng mammal i an viral genes provide
particul arly useful pronoter sequences. Exanples include the SV40 early

pronoter, nous mary. tymor virus  LTR oropot er, adenpvi Lor .Late
pronoter (Ad NLIIf!?I“,a meaarﬁ;s hePB{és aﬁsr%b;?%/i'r u§'f>r3:ﬁr"§t g?‘?fo‘:#’gf%d Bi &ﬁ, not

sequences deri ¥Yegtmedomtnadlyi ral genes, such as the nurine

5 Example 2 - Detoxified CT

The procedure followed in the case of the gene for the toxin
CT is analogous to that described above.

10 A fragment containing the gene for a CT was amplified by
means of the polymerase chain reaction (PCR) technique from
plasmid pCT322. An alternative and equivalent source of the
CT gene 1s plasmid pJM17 (Pearson et al, PNAS USA, 79,
(1982), 2976-2980).

15
The following two synthetic primers were used:

1) GGCAGATTCTAGACCTCCTGATGAAATAAA
20 2) TGAAGTTTGGCGAAGCTTCTTAATTTGCCATACTAATTGCGGCAATCGCAT

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

25 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 sequence encoding the leader
peptide of the A sub-unit. This fragment was recloned in
Bluescript KS vector and was treated in accordance with the

30 procedure described above for LT, so as to effect the site-
directed mutagenesis.



nm,ggllleg,tmgggm%‘nacefgene al so provide wuseful pronoter sequences.

either constitutive or regulated (inducible),
prom)t er can be induced with glucocorticoid in
r e cells. The presence afg an enhancer el enent (enhancer),

conbl ned with the pronoter el ements described above, will usually increase
expression | evels. An enhancer is a regulatory DNA sequence that can
stinmulate transcription up to 1000-fold when |inked to honol ogous or

het er ol ogous pronoters, with synthesis F#RIEII¥ at the normal RNA start
site. Enhancers are also active when they ar e pl aced upstream or downstream
fromthe tran : gothide Sequence f| | ppExicity
orientatior® or at_a djstance of nore than 1000 nucl eotides from t he

pr onot er [I\/am?'art §Te‘faja‘r53'(pi%7) S&%%ﬁ%%?ﬁts et al.~(1989)

Mol ecul ar  Bi ol%o {1e ¥S 2nd %'BW : fits derived from
viruses nay téé ﬁaﬁj eful, 5 CA c%%iY (@ have a broader
host rang efr% c?‘le S\ aclz%lc’ S anter [Dijkema et al

(1985) E d ncer/ pronoters derived fromthe | ong
term nal repe LA e‘Lrg;aSar coma Virus [Gorman et al. (1982b)
Proc. Natl. Acaad- T 1 g Y B AlN ANGAARIBTERIAEYELFEGRE OVi TUS 44y
B CTArg-54-His GGATTTGTTCATCACGATGAT ++
15
The following mutations also proved to abolish toxicity: He
107-Asn (TACAGTCCTAACCCAGATGAA), Glu-110-Ser

(TCATCCAGATTCGCAAGAAGT), Glu~112-Ala (CAGATGAACAAGCTGTTTCTG)
and Ser-114-Glu (CAAGAAGTTGAAGCTTTAGGT) .

20
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 of the invention.



[ Bo 5) Cell 41:521]. Additionally, sorfbis laced
regiﬂmﬁﬂﬂ&mﬂll‘)&ﬂﬁm active only in the presence of ari : as a
hor menecorw $ [ Sasione-Corsi and Borelli (1986) :
2:215; Maniatis et al. (1987) Science 236: 1237] . A DNA nol ecul e may be
expressed intracellularly in mammalian cells. A pronpter sequence may be
directly Iinkeng&ﬁg.the DNA nol ecul e, in which case the first amno acid
at the N R 23 terminus of the reconbinant protein
will always be a methionine, which is encoded by the ATG start codon. If
desired, the '\# erm RHSiﬁ@Yn%e Cal.éa aél\éq:%}g‘irﬁrg& B‘%o%%eéé‘mé’%ié?n&’ Itthreoamino

i ncubation with cyanogen bro

aclid sequence of subunit A of a cholera toxin (CT-A) or a

5 fragment thereof or the amino acid sequence of subunit A of
an Escherichia coli heat labile toxin (LT-A) or a fragment
thereof wherein one or more amino acids at, or in positions
corresponding to val-53, Ser-63, Vval-97, Tyr-104 or Pro-106
are replaced with another amino acid.

10
2. An immunogenic detoxified protein according to claim
1 wherein additionally one or more amino acids at, 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,
15 Trp—-127, Arg-146 or Arg-192 are replaced.

3. An immunogenic detoxified protein according to claim
1 or 2 comprising one or more of the following amino acid
replacementsval-53-Asp,Val-53-G1u,Val-53-Tyr,Ser-GB—Lys,
20 Val-97-Lys, Val-97-Tyr, His-107-Glu, Tyr-104-Lys, Tyr-104-
Asp, Tyr-104-Ser, Pro-106-Ser, Ser-114-Glu, Ser-114-Lys.

4. An immunogenic composition for use a vaccine
comprising an immunogenic detoxified protein according to

25 any one of the preceding claims and a pharmaceutically
acceptable carrier.

5. A vaccine composition comprising an immunogenic
detoxified protein according to any one of claims 1 to 3 and

30 a pharmaceutically acceptable carrier.

6. A vaccine composition according to claim 5 further
comprising an adjuvant.

35 7. A DNA sequence encoding an immunogenic detoxified
protein according to any one of claims 1 to 3.

8. A vector carrying a DNA according to claim 7.



protei h conpri se

Al Lm, ' ign proteins can also be secreted from t hen€sHedt HadlbRn REBaced
gr m . lglmati ng chimeric DNA nol ecul es that encode a Imugmlim:ﬂ

of the foreign
processing sit
that can be cl
fragnent usual
aci ds which di
adenovirus tri
provides for s
transcription
manmmal i an cegl

codon and thus
sequence. The

of a | eader sequence fragnent that provides
protein in manmmalian cell3. Preferably,
es encoded between the | eader fragnent and the foreign gene
eaved either in vivo or in vitro. The | eader sequence
| y encodes a signal peptide conprised of hydrophobic am no
pect thchestret¢lbriofe tiransfotirfied With tie varidor Bdeording
ggréggihegder I's an exanpl e of a | eader sequence that
ecrétron of a foreign protein in manmalian cells. Usual |y
termnation and polyadenyl ati on sequences recogni zed by
are peg r£g.o 0 3 t ran ' ;
it)t ogeth heyk\%&tgﬁgt. hg‘gif)r g%‘o%‘e&%eﬁglrr‘%ﬁésr? fc{ﬁntl?nt h%@%&?’ ge%tl?:D
detp¥ifinds PEPtEAs MRaRTdinaNge sanyr eee B haimmeti Epc 3

post -transcri peompRlisthgavateupiflgPq! ¥8stdeayhakbebrbiBhgneb ehath 3. -
(1985) Cell 41:349; Proudfoot

10

15

20

25

11. A process for the production of a DNA according to
claim 7 comprising the steps of subjecting a DNA encoding
a CT-A or an LT-A or a fragment thereof to site-directed
mutagenesis.

—
v

—

12. A method of vaccinating a mammal against Vibrio
cholerae or an enterotoxigenic strain of Escherichia

coli comprising administering an immunologically effective
amount of an immunogenic detoxified protein according to any
one of claims 1 to 3.

13. A process for the formulation of a vaccine according
to claim 5 comprising bringing an immunogenic detoxified
protein according to any one of claims 1 to 3 into
association with a pharmaceutically acceptable carrier.

14. A process for the formulation of a vaccine according
to claim 6 comprising bringing an immunogenic detoxified
protein according to any one of claims 1 to 3 into
association with an adjuvant.

dl



ana‘h %d " Termi nation and 3' end processing of eukaryotic RNA
nd splicing (ed. B.D. Hanes and D.M dd over); Proudfoot
(19 hem Sci. 14:105]. These sequences direct the

transcription of an MRNA whi ch can be transBated into the polypeptide
encoded by the DNA. Exanpl es of transcription
tern1nater/po|yader | ati on signals include those derived from SV40 .
[Sanbrook et akl¥§ﬂ T"Expression of cloned genes in cultured mammal i an
cells. I n Mol ecul ar C oni ng: A Laboratory Manual ]. Some genes nmay be
EEg[iéEﬁ%Nqnga dﬁ% éHlé’dM%%kf tr Tutants of, cho toxi d of the

i nterveni ng sed

5 reparation of vaccines

An immunogenic detoxified protein comprising the amino acid
sequence of subunit A of cholera toxin (CT-A) or subunit a
of an Escherichia coli heat labile toxin (LT-A) or a

10 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 another amino acid or deleted.
Examples of specific replacements include Val-53-Asp, Val-
53-Glu, Val-53-Tyr, Ser-63-Lys, Val-97-Lys, Val-97-Tyr, Tyr-

15 104-Lys, Tyr-104-Asp, Tyr-104-Ser, Pro-106-Ser. The
immunogenic detoxified protein is useful as vaccine for
Vibrio cholerae or an enterctoxigenic strain of Escherichia
coli and is produced by recombinant DNA means by site-
directed mutagenesis.



cDNﬁ%SSgQw§¥@%ﬂ”Q Y&q been efficiently expressed fromvectors that |ack
Sp|IC I'so called splice donor and acceptor sites) [see e.qg.
Got hi wm%ml’ﬂ k (1981) Nature 293:620]. Introns are interveni ng
nonco wi thin a codi ng sequence that contain splice donor and
acceptor sites. They are renoved by a process called "splicing," follow ng
pol yadenyl ation of the primary transcript [Nevins (1983) Annu. Rev.
Bi ochem 52:441; Green (1986) Annu. Rev. Genet. 20:671; Padgett et al.
(1986) Annu. Rev. Biochem 55:1119; Krainer and Maniatis (1988) "RNA
splicing." In nscription_ Spliging fed. B D._ andnP. M, G gyer)].
Usual |y, the q}ﬁee deégr|wafﬁghauumgﬁﬁu_éfégglen@ n%?%ﬂnigﬁl-_ 3
pol yadenyl ati qfipy 191 gnal ,—g—nol__transcripiion tergination_sequencey gre
put toget her 'dﬁ‘7'exDPESSNﬁERE¥K§%éRF%QEIﬁ@@@@EﬁPﬁGQSEYFBﬁéTQMﬁfoU”Eb'0”a|

splice donor and acceptor sites, and |eader sequences may al so be included
I n an expression construct, if deS|red Expression constructs are often
mai ntained in a replicon, such as an extrachromosomal el ement (e.qg.,
pl asm ds) capabl e of st abteErRB+ALRAINTE-NA-a-hOBVT-SQgeh-as-NarEBH- an7gel | s
or bacteria. Mammali an rep++ea++eﬁ-sys+eﬁﬁ-+ﬁe+ade-%hese-devhved-fronB
-Y L —=A==S—===Y 80
LYDHARGTQTGFVRHDDGYVSTSISLRSAHLVGQTILSGH 80

NE--===V~P~~-L-D--G-=~=R===Y-S-N-FA-~w==- 118
. =LTIY¥I---...——————— IS-—————mm e 116
---------------------- Vem—oeYmemmcmeee—— 120

STYYIYVIATAPNMFNVNDVLGAYSPHPDEQEVSALGGIP 120

L~-=I--——- SF-A-EGGMQ---D--GDLF-G-TV--N-- 158
---------------------------------------- 156
—————————— N---I--R-----E-——---R--N---—-E- 160

YSQIYGWYRVHFGVLDEQLHRNRGYRDRYYSNLDIAPAAD 160

——Q————- SNFP----M--STF--EQ-VPNNKEFK-GV-I 198
---------------------------------------- 196
——R—~==mm DmQ==m—mm—mm e Q---DSS-TITGD--N 200

GYGLAGFPPEHRAWREEPWIHHAPPGCGNAPRSSMSNTCD 200

SA-NV--KYD-MNFKKLL~-RLALTFFM--D-F-GVHGE---- 241
-------------------------- ymmmm—, mm—ee e 236
~E=-N-STIY-R-=m======—===D= .==EV-.IY-—=.R--—- 240

EKTQSLGVKFLDEYQSKVKRQIFSGY.QSDID.THNRI.KDEL 240

Figure 1



an! ARl st iR
exa
-
extr
antigen. Additional exanples of manmalian replicons include those deri
from bovi ne papillomavirus and Epstein-Barr virus. Additionally, the
replicon may have two replication systens, thus allowing it to be

for exanple, in mammualian cells for expression and in a
procaryotic host for cloning and anplification. Exanpl es of such

manmmal i an- bacteria shuttle vectors include pMI2 (Kaufman et al. (1989)
9:946 and pHEBO [ Shim zu et al. (1986) Mol. Cell. Biol.

mai nt ai ned,

Cell. Biol.
6:1074] .

LT

CT

LT

CcT

LT

CT

LT

CcT

LT

CcT

LT

CT

L&h require trans-acting factors to replicate. For
ontaining the replication systens of papovaviruses,
981) Cell 23:175] or polyomavirus, replicate to

nunber in the presence of the appropriate viral T

ARTGGCGACAGATTATACCGTGCTGACTCTAGRCLCCCAGATGAAATAAARCGTTTCCGG
N 6 D RL Y RAD S RUPUPDETII KT RYPEFR R

N b D K L YR AD S URUPUPUDETIUTZ K G QS SSG
ARTGATGATAAGTTATATCGGGCAGATTCTAGACCTCCTCATGARATAAAGCAGTCAGGT

AGTCTITATGCCCAGAGGT. . . AATGAGTACTTCGATAGAGGAACTCAAATGAATATTAAT
S L M P R G Q N E Y FDURUGTOQMNIN

G L M P R G Q S E Y F DR G T Q MNTIN
GGECTTATGCCAAGAGGACAGAGTGAGTACTTTGACCGAGGTACTCARATGAATATCARC

CTTTATGATCACGCGAGAGGAACACAAACCGGCTTTGTCAGATATGATGACGGATATGTT
L YD H A RGT QT G F VR Y DD G Y V

L ¥ D H A RGTOGQOTGV F V R HDUDG Y V
CTTTATGATCATGCAAGAGGAACTCAGACGGGATTTGTTAGGCACGATGATGGATATGTT

TCCACTTCICTTAGITIGAGARCTGCTICACTTAGCAGGACAGTATATATTATCAGGATAT
§ T S L S L R 8 A HL A G Q Y I L S8 G Y
S8 T 8 I S L R 8§ A HL V 6 @ T I L 8 66 H
TCCACCTCAATTAGTITTGAGAAGTGCCCACTTAGTCGGTCAAACTATATTGTCTGGTCAT

TCACTTACTATATATATCGTTATAGCA. . « « + + « + AATATGTTTAATGTTAATGATGTA
$ L T I Y I v I A N M F N vV N D V

such

ved

Mol .
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79
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96

s T ¥ Y 1 Y VvV I A TA PNMUFUNUVYVNDYVY 100

TCTACTTATTATATATATGTTATAGCCACTGCACCCAACATGTTTAACGTTAATGATGTA

ATTAGCGTATACAGCCCTCACCCATATGAACAGGAGGTTITCTGCGTTAGGTGGAATACCA
I 8 v ¥ s P H P Y E Q E VYV § A L 6 6 I P
L 6 A Y S P H P D E Q E V S A L G G I P
TTAGGGGCATACAGTCCICATCCAGATGAARCAAGAAGTTTCTGCTTTAGGTGGGATTCCA

Figure 2a
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The ifia0ss Ormed Réplapsiocedur e used depends upon the host to be transforned.

Met ho tion of heterol ogous pol ynucl eotides into manmal i an
cells ﬂ“ Eﬂ he art and include dextran-nedi ated transfection,

cal ci eci pitation, polybrene nediated transfection,

pr ot opl ast fusi on, el ectroporati on, encapsul ati on of t he

pol ynucl eotide(s) in |liposones, and direct .mcroinjection of the DNA into
nucl ei . Manmal i an cell |ines available as hosts for expression are known
in the art and include many imortalized cell lines available fromthe

American Type Culture Collection (ATCC), including but not limted to,

Chi nese hanster ovary (CHO ceIIs HeLa cells, baby hanster ki dney (BHK)
cells, nonkey k|dnex qﬁ%%%%éa unan hqgﬁtocellular carcinoma cells
(e.g., Hep @), ‘é“F"TtFé‘ ‘ﬁ“ﬁ%”s‘mm’?’?ﬂ BATHAGATASA By st ens

D E R L H 136

¥ 8§ Q I Y 6 W Y R VY H F G V LD E QL E 140
cT TACTCCCARATATATGGATGGTATCGAGTTCATTTIGGCGTGCTTGATGAACARTTACAT

LT CGTAACAGGGAATATAGAGACCGGTATTACAGAAATCTGAATATAGCTCCGGCAGAGGAT
R N'R E Y R DR Y Y RNILNTIOAUPAUETD 156

R N R G Y RDR Y ¥ S NL DI A PDARAD 160
CT CGTAATAGGGGCTACAGAGATAGATATTACAGTAACTTAGATATTGCTCCAGCAGCAGAT

LT GGTIAC%GATTAGCAGGTTTCCCACCGGATCACCAAGCTTGGAGAGAAGAACCCTGGATT
G YR L A G F P P DH QA W®RUEEUPWI1I 176

G Y 6 L A G F P P E HRAWUZREEUP W I 180
cT GGTITATGGATIGGCAGGTTTCCCTCCGGAGCATAGAGCTTGGAGGGARGAGCCGTGGATT

LT CATCATGCACCACAAGGTTGIGGAGATTCATCARAGAACAATCACAGGTGATACTTGTRAT
H H A P 9 G C 6 D S S R TTI T G DT C N 196

H H A P P GG C 6 N A PR S S I 8 N T CD 200
CcT CATCATGCACCGCCGGGTTGTGGGAATGCTCCAAGATCATCGATCAGTARTACTTGCGAT

LT GAGGAGACCCAGAATCTGAGCACAATATATCTCAGGGAATATCAATCAAAAGTTARGAGG
E E T Q¢ N L 8 T I ¥ L R E Y Q@ 8 K VvV K R 216

E KT QQ S L 6 V XK F L D E Y @ S K V K R 220
cT GAAAARACCCAAAGTCTAGGTGTAAAATTCCTTGACGAATACCAATCTARAGTTARARGA

LT CAGATATTITICAGACTATCAGTCAGAGGTTGACATATATAACAGAATTCGGGATGARATTATGA
Q I F 8 D Y Q s E Vv DI ¥ N R I R DEL *
Q I F 8 6 ¥ ¢ S D I DT HNIZRIIKDE L *

cT CAAATATTITTICAGGCTATCAATCTGATATTGATACACATAATAGARTTAAGGATGAATTATGA

Figure 2b



eIe t vector. Vector construction enpl oys techni ques which
are General ly, the conponents of the expression system
|nclude a transfer vector, usually a bacterial plasm d, which contains both
a fragnent 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 with a sequence honol ogous to the bacul ovirus- specific
fragnent in the transfer vector (this allows for the honbl ogous

reconbi nati on of the heterol ogous gene in to the bacul ovirus genone); and
appropriate insect host cells and growth nedi a. After inserting the DNA
sequence encoding the protein‘into the transfer vector, the vector and the
wld type vira

h&ﬁﬂﬁhﬁﬁﬂk fegncoding the protein can also be inserted into a
surt ression vector, and is operably linked to the control

2000
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4e00033-§

. REPL ACHNEBHeeSidsBden Replaced THIS SHEET HAS BREy | genone g rt-ed
into an Blﬂm H!&m E iEII where tihe vegipraand viral geno de‘EEﬂ‘
reconbi n ged r econbi-pRant—iFUs i.sexpressed
pl agues led and purified. Materials and nethods¢
bacul ovirus/insect cell expression 39stens are commejfcial ty ava| I
in kit formfrom inter alia, Invitrogen, San Diego CA (" .

These techni ques are general |¥P known, to those skilled i n -

described i, > RAGNOFTL ult%r AT &5
Bulletin No 4ﬂ:&87det(dsbeiﬁimfp£bt eSHomers and Smit h") Prior to
I nserting t sequence encoding the protein into the bacul ovirus

genonme, the above described conponents, conprising a promoter, |eader (if

desired), cpging shyfhere smbodinent, ofd theansiagh | AFResthi oft | e
Sequence Al Sdiptifdn Y BRECHRERA diD ARy MR G ovid@NEP bR Yive

spec:.es, for example an E.coll or V.chclerae strain mutated
to a phenotype lacking wild type LT or CT and carrying and
expressing an immunogenic detoxified protein of the first
aspect of the invention.
10
In a further embodiment of the sixth aspect of the invention
the host cell is capable of expressing a chromosomal LT~A
gene according to the first aspect of the invention. '

According to & seventh aspect of the invention, there is
provided a process for the producticn of an immunogenic
detoxified protein accerding to the first aspect of the
‘invention comprising culturing a host cell according to the
sixth aspect of the invention.

15

20 . .
According to a eighth aspect 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

subjecting a DNA encoding a CT-A or an LT-A or a fragment
25 thereof to site-directed mutagenesis.

According to a ninth aspect of the invention there is
provided a process for +the formulation of a vaccine
comprising bringing an immunogsnic detoxified protein
30 according to the first aspect of the invention into
association.with a pharmaceutically acceptable carrier and
opt:.ona.lly with an adjuvant.
Vs, W - .‘ﬂ’
dustrial A cabili |
35 &
The immunogenic detoxified protein of }-."_tne ":ixiﬁ#%i&ﬁ
constitutas the active component of a vaccine composition
useful for the prevention and treatwent of cholera
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coli (E.coli) characterized in that the amino acid at pos Ser-63 is replaced. Said

immunogenic detoxified protein can additionally have substitutions at one or more of

amino acids Val-53, Val-97, Tyr-104 or Pro-106. The present invention relates to their
use in vaccines which are useful for the prevention or treatment of cholera or

enterotoxigenic E.Coli infections. The proteins 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 contagious 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 eticlogical agent of cholera 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 concentraticns. The
principal symptom is severe diarrhcea as a result of which
the patient can lose as much as 10-15 litres of liguids per
day via the faeces. As a result of the severe dehydration
and koes 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 toxin, CT,
which acts by stimulating the activity of the .adenylate
cyclase enzyme so as to induce disturbances at cell level.
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27 pol yad nI

At the present time, there exists a vaccination against
cholera, consisting of parenteral administration of killed
bacteria. Although some countries insist on wvaccinatien
against the disease, there are serious doubts as to its real
usefulness, given that the current cellular vaccine protects
against the consequences of the infection in only 50% of the
cases and that the protection is also extremely limited in
duratien, to less than é months.

In Bangladesh, an experimental trial is in progress (1990-
92) 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 i., Sack DA., Sanchez J. and Svennearholm AM;
"Oral Immunization against cholera" Curr. Top. Microbiol.
Immunol. (1988}, 146, 197-204).

Cholera toxin resembles the heat 1labile toxins of
enterotoxigenic 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 serious than, those of
cholera, and consist of severe diarrhaea and intestinal
disordecxs.

The €T and LT toxins all comprise & '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 bindiay of the
toxin to the intestinal epithelial cells (herein CT-B or LT-
B) .
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Considerable research has been conducted on cholera toxin

and the E. coli.heat labile toxins.

The sequence of CT is known and has been described
(Mekalanos J.J. et al Nature 306, page 551 (1383)).

The sequence of LT from enterctoxigenic strains of E.coli
is, as mentioned, 80% homologous to CT and it too is known
and described in the scientific literature. Spicer E.X. 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 sequenced (Yamamoto et
al, J. Bicl. 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: technigques 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 techniques of gene
" expression and protein purification.
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carried out in respect of the gene for the toxin LT, from E.
coli.

Harford, S. et al (Eur. J. Biochem. 183, page 311 (1989))
describe the production of a toxoid by in vitro mutagenesis
of the LT-A gene from E.coli pathogenic for pigs. The
resulting successful mutation contained a Ser-61-Phe
substitution and a Gly-79-Lys substitution, the former being
considered the more important. Harford et al suggest that,
because cf the similarities between the LT-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 holotoxoid by
introducing the Ser-61-Phe mutation into the CT-A gene.

Tsuji, T. et al (J. Biol. Chem. 265, p. 22520 (1990))
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 vet does not change the

immunogenicity of the protein.

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
at 44 and 70 and tryptophan at 127 in LT-2 which result in
significant reductions in enzymic activity.

Some work 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-9 is said to markedly attenuate
.activity. Mutating other amino acid sites had little effect
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gene encodi Ngertussis toxin. The mutation resulted in the complete
abolition of detectable ADP-ribosyltransferase activity.

International patent application WO 92/19265 (Burnette,
Kaslow and Amgen Inc.) describes mutations of CT-A at Arg-
7, Asp-9, Arg-1ll, His~44, His-70 and Glu-112.

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 sequences of CT-A and LT-A are in
positions capable of decreasing the enzymatic activity of
cT and LT when mutated suitably individually or in
conjunction with other mutations.

The object of the present invention is to provida & vaccine
- which gives total protection against <cholera or
enterotoxigenic E. coli, by means of a second generation
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can alsol“%ﬂé“(bé%é€¥gr'&éﬂéﬁlflcatlon of CT or LT retains the
immunogenic properties of the toxoid whilst providing a
significantly reduced and preferably absent toxicity.

According to a first aspect of the invention there is
provided an immunogenic detoxified protein comprising the
amine acid sequence of subunit A of a3 cholera toxin (CT-A)
or a fragment thereof or the amino acid sequence of subunit A of Escherichia coli heat

labile toxin (LT-A) or a fragment thereof, wherein the amino acid at, or in the position

corresponding to Ser-63 is replaced with another amino acid. Ser-63 is preferably

replaced with lysine ("Ser-63-Lys™).

The replaced amino acid is -at location in the segquences

of CT-A or an LT-A which is conserved both in the amino
acid sequence and structurally and is 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 as other
variants encompassing changes from the sgquences disclosed

herein which do not affect the immunogenicity of the
assembled 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 & (CT-3a),
. that is without the signal sequence (see Figure 1).
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sequence corresgonds to Val-93 in the LT1 sequence because

of the four amino acid difference at that point in the

sequence.

In addition, the immunogenic detoxified protein of the
inventioq-may include other mutations such as, for example,
substituvtions at one or more of Arg-7, Asp-9, Arg-11l, His-
44, Val-53, Arg-54, Ser-61, His-70, Val-97, Tyr-104, Pro-106, His-107,
Glu-110, Glu-112, Ser-114, Trp-127, Arg-146 or Arg-192.

The aminc acid substituted for the wild type amino acid may
be a naturally occurring -amino acid or may Bgeamodﬁﬁedor
synthetfc amino acid. The substitution may involve delection

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
hydreophilicity 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,
Va%-53-Tyr, val-97-Lys, Val-97-Tyr, His-107-Glu,
Tyr-384-Lys, Tyr-104-Asp, Tyr-104-Ser Pro-106-Ser, Ser-114-
Glu, Ser-114-Llys.

As used herein, the term "detoxified" means €hat the
immunogenic composition exhibits a substantially lower
toxicity relative to its naturally occurring toxin
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amount as a vaccine with causing significant side effects.
For example, the immunogenic detoxified protein should have
a toxicity of less than 0.01% of the naturally occurring
toxin counterpart. The toxicity may be measured in mouse
CHO cells or preferably by evaluation of the morphological
changes induced .in Y1 cells. The term "toxoid" means a
genetically detoxified toxin.

The immunogenic protein may be a CT or LT subunit A toxoid,
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 immuncgenic 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 one of the
conserved regions containing one of the mutations according
to the invention.

According to a second aspect of the invention, there is

_provided an immunogenic composition for use as a vaccine
comprising an immunogenic detoxified protein of the first
aspect of the invention and a pharmaceutically acceptable
carrier.

The immunogenic composition may additionally contadn one or
- more adjuvants and/or pharmaceutically acceptable diluents.
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P provided a method of vaccinating a mammal against Vibrio

cholerae or an enterotoxigenic strain of Escherichia coli
comprising administering an immunoclogically effective amount
of an immunogenic detoxified protein according to the first
aspect of the invention.

The immuncgenic detoxified proteins of the invention may be
synthesised chemically using conventional peptide synthesis
techniques, 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.

According to a sixth aspect of the inveation, there is
provided a host cell 1line transformed with the wvector
according to the fifth aspect of the invention.

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



constitutive,
‘and the nut i ént
product of inter@ t

ARim9%uS

and aug

it i ng depleted nutrients. The product nay be
‘ chromat ggraphy, e.g., HPLC, affinity
chr omat ogr aphy, exchange chr omat ogr aphy, etc.; electrophoresis;
density gradien gitrifugation; solvent extraction, or the like. As

appropriate, phgepdeduniivaylde dnfifeérdd ifd epratfudequliecddesired t 0

remove sub¥t&niially.a I nsect .proteins which are also secreted in the
medi um or 1333??9??%#n4%§$§§§%e?ngﬁggeéﬁrIs, so as to provide a product

which is at |east substantially free of host debris, 31 e.g.

proteins, |1pids AREMA! Y ARMIAHMIR of the sixth aspect of the
jpvention, the host cell may itself provide a protective
species, for example an E.celi or Y.chclerae strain mutated
«o a phenotype lacking wild type LT or CT and carrying and
expressing an immunogenic detoxified protein of the first
aspect of the inventicrn.

In a further embodinent of the sixth aspect of the invention
the host cell is capable of expressing a chromosomal LT-A
gene according to the first aspect of the invention.

According to a seventh aspect 2f the invention, there is
provided a process £for the producticn of an immunogenic
detexified protein according tc the first aspect of the
‘invention comprising culturing a host cell according to the
sixth aspect of the invention.

According to a eighth aspect 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
subjecting a2 DNA enceding a CT-A or an LT-A or a fragment
thaereof to site-directed mutagenesis.

According to a ninth aspect of the invention there is
provided a process for the formulation of a vaccine
comprising bringing an immunogenic detoxified protein
according to the first aspect of the invention into
associatior with a pharmaceutically acceptablé carrier and
optionally with an adjuvan<.

dustrial Applicabilitv
The immunogenic detoxified protein of the invention

constitutss the active component of a vaccine composition
useful for the prevention and treatment of cholera
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transcripti
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onrnitratron si acterral pronoter may al so have a

second domain called an operator, that may overlap an adj acent RNA

pol ymer ase

Mgt gL Skhewat thBi ghiRdAacid sequences of the wild type
subunit A from:

i) cholera texin (CT - Mekalanos et al op cit),

ii) heat labile toxin from an E.coli strain found in man
(LT1_1 - Yamamoto et al op cit)

iii) Theat labile toxin from an E.ccli strain found in pigs
(LT1- Spicer et al op cit), and

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

The signal sequences are not shown.

In Figure 1, the conventional single letter amino 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 "-
n jndicates an amino acid in the sequences of LT1 and LT2
which is identical to the corresponding amino acid in CT.
The numbers against each line are the amino 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 dene.

Detailed Description of Embodiments of the Invention
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) . Jobid ol e e . . . .
synt hesi s begln§~"The operata? ermts negative regul ated (inducible)
“transcription) as anqeEeyeprpspor protein may bind the operaﬂfﬁlkﬂﬂMENTSHEET
t hereby inhibiit ftranscriptionjof a specific gene. Constitutive expression
may occur in f§hé—absence~of~Tegative rddul atory el enents, such as the
operator. In addition, positiveiregulation nmay be achi eved by a gene
activator prot®™M bl ndi ng seguence, which, if present is usually proxinal
(5') to the RNA polynerase binding sequence. An exanple of a gene
activator phet @racticeNefcambairdemet inaeatiphowdill (E@dloy  Whirdlede! ps
initiate tr -scaL%tiondgf the lac o eronbinlEéchﬁaLchia %%Ii E%g?ﬂg)
ai baud e . - ReV: ) : ) a on may
Rai baud ef BT V(18847 IANRT S ORe O EHET 018! 1 PEFIPREYGFa8d RRSIEES
therefore bdodiglyer mosréobielogy negadomyinant h@Nahy anéi timemunclagyanci ng
or  reduci g tr3psChiPhiANehe skill of the art. Such techniques are
explained fully in the literature. See e.g., Sambrook, et
al., MOLECULAR CLONING; A LABORATORY MANUAL, SECOND EDITION
(1989); DNA CLONING, VOLUMES I AND II (D.N Glover ed.
19835); GLIGONUQLEOTIDE SYNTHESIS (M.J. Gait ed, 1984);
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.
1986); IKMOBILIZED CELLS AND ENZYMES (IRL Press, 1986); B.
Perbal, A PRACTICAL GUIDE TO 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),
IMMUNOCHEMICAL METHODS 1IN CELL AND MOLECULAR BIOLOGY
{Academic Press, Londoﬁ), 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 écid abbreviations are

used?

Alanine -3 Ala
Arginine R Arg
Asparagine N Asn
Aspartic Acid D Asp



Sequences encoding netabolic pathway enzynes provide particularly
-useful pronoter sequences. Exanples include pronnter;sequ3g§ﬁ?@%§ﬁ'%§§ﬁ§?om
sugar netabolizing enzynes, such as gal actose, |actose (| '§ I

(1977) Nature 198:1056], and naltosel3 Additional exanples: include
pronot er sequences derived from biosynthetic enzynes such as tryptophan
(trp) [ CGoeddel et al. (198%% Nuc.. Aci ds Res. 8:4057; Yelverton et :al.
1;

(1981) NucKYsAGil®€ Res GYS. Patent No. —38—994—EPE-Publ . NoS.
036 776 ang1}&iné’5). The @ | aot@rmse (bla) pr :ﬁ" ssmann

(1981) "The clonlng of, interferon and other mgthkes.” In Tntgrfleron 3 (ed.
| . G esser PRUEBRLCeAFIFhagd | anffd® PL ( Shi mat akel g@M\R(Wl) Nat ur e

292: 128] almd.u"fﬁm[lues Pat et Noclth 689, 406] prpnpt er  systens gl 4o provi de
usef ul pro%?%%r uences. ddi tion, synthet whi ch do not
occur in naturé also functlon a acterial pr ters. For exanplie,
transcri pt iIsolgecingt i on sdguendd® of one bactéeria acteri ophage

pronot er MgeuR8 njeOi Ned with t he jperon sequences of another bacterial or
bact eri ophage ,pronoter,
ﬁ%sxne

Lys
Methionine M Met
Phenylalanine F Phe
Proline P Pro
Serine s Ser
Threonine T Thr
Tryptophan W Trp
Tyrosine Y Tyr
Valine v val

As mentioned above examples of the immunogenic detoxified
protein that can 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 techniques rather than
by isolating and purifying a protein from natural sources is
that equivalent guantities of the protein can be produced by
using less starting material than would be required for
isclating the protein from a natural source. Producing the
protein by recombinant techniques also permits the protein

. to be isolated in the absence of some molecules normally
present in cells. Indeed, protein compositions entirely
free of any trace of human protein coataminants 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 saces and
viral components pathogenic to humans are also avoided.
Also, genetically detoxified toxin are less likely to revert



. im‘s.m.,cwm“-i el
creating aj siynthetic q¥bﬁid promoter [U. S. Patent NREPAACEMEMBSHEETOr
‘exanpl e, thel tlac3g WABLRY i% hybrid trp-lac pronoter conprised of both
trD pronoter|{ and | ac operon jséquences that is regulated by the | ac
repressor [ ni et al. (1983)} Gene 251367; de Boer et al. (1983) Proc.
Natl. Acad. Pci. 80:21] Fuet hernore, a bacterial pronoter can include
natural ly occurring pronoters of non- bacterial origin that have the
ability totEi AdtPatE &G0 thRRR Bergneradttional - ighanigal 1 Agrexdifiedon.
A natural kpxa@eurri ng pronoter of non-bacterial origin can al so be coupl ed
with a conpatible RNA pol ynerase to produce high | evels of expression of
sone genes in prokaryotes. The bacteri ophase T7 RNA pol yner ase/ pronot er
systemis ®hagmagphéichlidycaugdegtgblonotarrigssencuds eanet cakriet986) J.
Mol . Biol. ; < Lahor . o ) JRro d, -Sgi  1Q74]. In
addi tion, 5%%§bﬁ%%ﬁwfﬁgté§£%g% 3 égé e%%ﬁé%€§§éF%§g§ Bgc%éFﬁgﬁégﬁg
pronot er aBR@r®fuf. &gl i the individual receiving the composition.

Suitable carriers are typically large, slowly metabolized

macromolecules such as proteins, polysaccharides, polylactic
acids, polyglycolic acids, polymeric amino acids, amino acid
copolymers, 1lipid aggregates (such as o0il droplets or
liposomes) and inactive virus particles. Such carriers are
well known to those of ordinary skill in the art.
Additionally, these carriers may function as
immunostimulating agents (adjuvants).

Preferred adjuvants to enhance effectiveness of the compo-
sition include, but are not limited to: aluminum salts
(alum) such as aluminium hydroxide, aluminium phosphate,
aluminium sulfate etc., o0il 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 1International 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% squalene, 0.4% Tween 80, 5%
pluronic-blocked polymer L1121, and thr-MDP (see below)
either microfluidized into a submicron emulsion or vortexed
. to generate a larger particle size emulsion, and (3) RIBI™®
adjuvant system (RAS) (Ribi Immunochem, Hamilton, MT)
containing 2% Squalene, 0.2% Tween® 80 and one oOr 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 (Detox™),
muramyl peptides such as N-acetyl-muramyl-L~threonyl-D-
isoglutamine (thr-MDP}), N-acetyl-normuramyl-rL-alanyl-p-iso-
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33 oper at or |[r ggi ublf. |[No. 267 851). In additi t
“functioning prfo tg:béggﬁ@ce n efficient ribosone bi nﬁﬂ:’d‘@f&m@ﬁﬂ&?o
useful for th i ofei gn genes in prokaryotes. In E. coli
the ribosone Binding site is call ed tha&5Shi ne-Dal garno (SD) sequence and
I ncludes an inrtratromcodon—ATG and a sequence 3-9 nucl eotides in length
| ocat ed 3-1&én;§£eotides upstream of the initiation codon [Shine et al.
(1975) Nat & 139] . ThBOSDMRRjuence NzackduphRuramylotiotal 8hKdrag of
MRNA t o t héd soiglatamd iy -Lha 1pai hierg -qh tbased ipaliwaenyilrenS1yearenge and
the 3' andhgﬁrgx %REE égs éRNA _%g eltz.et al. gég? "Gegetic si gnal s and
nucl eot i de 2egIEnEeS PRORELSENYE aming, g Mgt ReBbfati on28fd
Devel opnencytckiaeExpseshi a9 {retkr RUkiGo| (ilergerdl]-2 etw)expresphagkar yotic
genes and Y Qi Wi Ky wf L 0 Ladin LLe:LS k et
o 1059) Sy e O R rerh S DHeSFbEA s RIRERE ]
C oni na: A(E¥BoraBfy Marfiditionally, saponin adjuvants, such as

Stimulon™ (Cambridge Bioscience, Worcester, MA} may be used
or particles generated therefrom such as ISCoMS

(immunostimulating complexes). Furthermore, Complete
Freunds Adjuvant (CFA) and Incomplete Freunds Adjuvant (IFA)
may be used. Alum and MF59 are preferred.

The immunogenic compositions (e.qg. the antigen,
pharmaceutically acceptable carrier and adjuvant) typically
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 1liquid 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 "immunologically effective
amount", it is meant that the administration of that amount
to an -individual, either in a singleg ‘dose or as part of a
series, 1is effective for treatment or 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
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The immunogenic compositions are conventionally administered
parenterally, e.g. by injection either subcutaneously or
intramuscularlyu- Additicnal formulations suitable for other
modes of administration include oral and pulmonary
formulations, suppositories and transdermal applications.
Dosage trezatment may be a single dose schedule or a multiple
dose schedule. The vaccine may be administered in conjunc-
tion with other immunoregulatory agents.

The term "recombinant polynucleotide™ as used herein intends
a polynucleotide of genomic, <cDNA, 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 length, either
ribonuclectides or deoxyribonuclecotides. 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,
labels which are known in the art, methylation, “caps",
substitution of one or more of the naturally occurring
nucleotides with an analog, internugleotide modifications
such as, for example, those with uncharged linkages (e.g.,
methyl phosphonates, phosphotriesters, phosphoaridates,
carbamates, etc.} and with charged linkages (e.qg.,
phosphorothiocates, phosphorodithioates, etc.), those
containing pendant moieties, such as, for example proteins
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linkages (e.g., alpha anomeric nucleic acids, etc.), as well
as unmodified forms of the polynucleotide.

A "replicon" is any genetic element, e.g., a plasmid, a
chromosome, a virus, a cosmid, etc. that behaves as an
autonomous unit of polynucleotide replication within a cell;
i.e., capable of replication under its own control. This
may include selectable markers.

A "vector" is a replicon in which another polynucleotide
segment is attached, so as to bring about the replication
and/or expression of the attached segment.

"Control sequence" refers to polynuclectide sequences 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 sequences generally include
promoter, ribosomal binding site, and transcription
termination sequence; in eukaryotes, generally, such control
sequences include promoters and transcription termination
sequence. The term "control sequences" is intended to
include, at a minimum, all components whose presence is
necessary for expression, and may also include additional
components whose presence is .advantagegus, for example,
. leader sequences and fusion partner sequences.

"Operably linked" refers to a Juxtaposition 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 sequence is
achieved under conditions compatible with the control
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conprised of a signal peptide sequence fragnent KEcSHEETon
of the foreign proteinin bacteria [U S. Patéantf No. 4, 336, 336}. The

si gnal sequence fragnment usually encodess a sigral} p&tHAR T¥hpii ded of

hydr ophobi ¢ am no aci ds which direct the secretiidn of the proté@im fromthe

cell. The protein is either secreted into the dgrowh nmedia (gramjpositive
bacteria) dc¥edURFE/he peri pl asm ¢ space, |ocatdd..hetween the.innér and
outer nmenbrane of the cell (gramnegative bacteria). Preferably there are
processing siteg, which can be cleaved either in vivo or in vitro encoded
bet ween t héti gn@PePepfradiffagfEidmaind (PRF} or é8gn YenEeIiemNASEncdi ng
suitabl e sigiamsREEicRs Safudicdenhyed bhesugenas gullypepdidtend daicd eri al
proteins, such. as the E. colil outer ngybrane protei.n _gene onEA) Masui et
al . (1983) FTHOTEIRY | HERt ST MNP pEPETOR AF @nEOEXPF e SERBARTCN PRy éb et
al . (1984) ENBQ kodxry Z8qummte.he E. coli al kali ne phosphat ase si gnal
sequence (phoA) [Cka et al. (1985) Proc. Natl. Acad. Sci. 82:7212]. As

an additional exanple, the signal sequence of the al pha-anyl ase gene from
vari ous Bacdt|TeRding sequence® 1is a polynucleotide sequence which is

translated into a polypeptide, usually via mRNA, when placed

under the control of appropriate regulatory sequences. The
boundaries of the coding sequence are determined by a
translation start codon at the 5'-terminus and a translation
stop codon at the 3'-terminus. A coding segquence can
include, - but is not 1limited to, cDNA, and recombinant
polynucleotide sequences.

"PCR" refers to the technique of polymerase chain reaction
as described in sSaiki, 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 is not
associated with y in the same manner as is found in nature.

"Homology" refers to the degree of similarity between x and
Y. The correspondence between the sequence from one form to
another can be determined by technigues known in the art.
For example, they can be determined by a direct comparison
. of the sequence information of the polynucleotide.
Alternatively, homology can be determined by hybridization
of tfre polynucleotides under conditiens which form stable
duplexes between homologous regions {(for example, those
1 digestion), followed by
digestion with single-stranded specific nucleasefs), fol-
lowed by size determination of the digested fragments.

which would be used prior to S
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Exanpl es i_ncl’'ude transcript erm nat i sequencés. .fromgenes
wth included within the definition of polypeptide. This term

also does not refer to or exclude post expression

35 strains| c
[ Pal va et al.
042] . Usual

modifications of the polypeptide, for example,
glycosylations, acetylations, phosphorylations and the like.
Included within <the definition are, for example,
polypeptides containing one or more analogs of an amino acid
(including, for example, unnatural amino acids, etc.),
polypeptides with substituted linkages, as well as other
modifications known in the art, both naturally occurring and
non-naturally occurring.

A polypeptide or amino acid sequence "derived from" a
designated nucleic acid sequence refers to a polypeptide
having an amino acid sequence identical to that of a
polypeptide encoded in the sequence, 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-
munclogically identifiable with a polypeptide encoded in the
sequence. This terminclogy also includes a polypeptide
expressed from a designated nucleic acid sequence.

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," Ycells," "cell
_ cultures," and other such terms denote, £for example,
microorganisms, insect cells, and mammalian cells, that can
be, or have been, used as recipients for 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



tro gene in E. coli as well as other
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transcrlptlon tern1nat|on sequence, areput together into expression
constructs. -etr-TUTIStructs are often nmaintained in a replicon
such as an extrachronosonmal elenent (e.g., plasm ds) capable of stable
mai nt enance to Batwsil, sachidentml}! eor adelhberapki sotatibh. ha\Bacaanples
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ei ther for expression or on|n I cation I on,
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nunber plasmd will generally have a copy nunber ranglng fromabout 5 to
about 200, and usyal Iy about 10 to about 150Q. gontaj ni ng_a high
copy number®H %/N'I a5, MSELHR§TE LRt ai Tekt | gég?' b(ft?tatJef(‘f 5Rd dor e
preferably a@o;inemttlmboulf XeYlsisoagablebi dhecontinglousr bowpraonystber
vect or may ndln n th ffect t Ve d t.he
foreign prot |§§%§?§ &jq#%ﬂgion vPeRo! en, céil f& es éf% Athat
populations derived from a 51ngle progenitor cell. It is

further known in the art that spontaneous or induced changes
can occur in karyotype during storage or transfer of such

clonal populations. Therefore, cells derived from the cell
line referred to may not be precisely identical to the
ancestral cells or cultures, and the cell line referred to
includes-such variants. The term "cell lines" also includes
immortalized cells. Preferably, cell lines include
nonhybrid cell lines or hybridomas to only two cell types.

As used herein, the term T™microorganism"™ includes
prokaryotic and eukaryotic microbial species such as
bacteria and fungi, the latter including yeast and
filamentous fungi.

"Transformation”, as used herein, refers to the insertion of
an exogenous polynucleotide into a host cell, irrespective
of the method used for the insertion, for example, direct
uptake, transduction, f-mating or electroporation. The
exogenous polynucleotide may be maintained as a
non-integrated vector, for example, a plasmidq, or
alternatively, may be integrated into the host genome.

~ By "genomic" 1is 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 segquence that
hybridizes to a complementary strand of DNA.
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"purified" as used herein preferably means at least 75% by
weight, more preferably at least 85% by weight, more
preferably still at least 95% by weight, and most preferably
at least 98% by weight, of biological macromolecules of the
same type present (but water, buffers, and other small
molecules, especially molecules having a molecular weight of
less than 1000, can be present).

Once the appropriate coding sequence is isoclated, it can be
expressed in a variety of different expression systems; for
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 sequence (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 sequence, and a TATA box, usually located 25-30
base pairs (bp) upstream of the transcription initiation
site. The TATA box is thougﬁt 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
whickt cranscription is initiated amd can act in either
orientation ({Sambrook et al. (1989) "Expression of Cloned
Genes in Mammalian Cells." In Meclecular cClonjing: A
Laboratory Manual, 2nd ed.].

Mammalian viral genes are often highly expressed and have a
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induced with glucocorticoid in hormone-responsive cells.

The presence of an enhancer element (enhancer), combined
with the promoter elements described above, will usually
increase expression levels. An enhancer is a regulatory DNA
sequence that can stimulate transcription ﬁp to 1000-f0ld
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 downstrean
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. 78:6777] and from human cytomegalovirus
(Boshart et al. (1985) Cell 41:521}. Additionally, some
. enhancers are regulatable and become active only in the

presence of an inducer, such as a hormone or metal ion
[Sassone~Corsi and Borelli (1986) frends Genet. 2:215;
Maniatis et al. (1987) Science 236:1237].

A DNA molecule may be expressed intracellularly im mammalian
cells. A promoter sequence may be directly linked with the
DNA molecule, in which case the first amino acid at the N-
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in vitro incubation with cyanogen bromide.

Alternatively, foreign proteins can also be secreted from
the cell into the growth media 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 mammalian cells. Preferably, there are
processing sites encoded between the leader fragment and the
foreign gene that can be cleaved either in vivo or in vitreo.

The 1leacdar sequence fragment usually encocdes a signal
peptide comprised of hydrophobic amino acids which direct
the secretion of the protein from the cell. The adenovirus
triparite leader is an example of a leader seguence that
provides for secretion of a foreign protein in mammalian
cells.

Usually, traﬁscription termination and polyadenylation
sequences recognized b& mammalian cells are regulatory
regions located 3' to the translation stop codon and thus,
together with the promoter elements, <£lank 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 sequences direct the transcription of

~ an mRNA which can be translated into the polypeptide encoded
by the DNA. Examples of transcription
termindter/polyadenylation signals #&nclude 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
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Usually, the above described components, comprising a
promoter, polyadenylation signal, and transcriptien
termination sequence are put together into expression
constructs. Enhancers, introns with functional splice donor
and acceptor sites, and leader seguences may alsc 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 containing the replication
systems of papovaviruses, such as SV40 {Gluzman (1981) Cell

23:175] or polyomavirus, replicate to:extremely high copy
number in the presence of the appropriate viral T antigen.
Additional examples of mammalian replicons include those

_derived from bovine papillomavirus and Epstein-Barr virus.
Additionally, the replicon may have two replication systens,
thus ailowing it to be maintained, for example, 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. (2989) Mol.
Cell. Biol. 9:946 and pHEBO [Shimizu et al. (1986) Mol.
Cell. Biol. 6:1074].
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pronoter wil [l have=—e iption initiation region which is usually
pl aced proximal to the 5 end of the coding sequence. Thi s

The transformation procedure used depends upon the host to

ng seq

be transformed. Methods for introduction of heteroclogous
poelynucleotides into mammalian cells are known in the art
and include dextran-mediated transfection, calcium phosphate
precipitation, polybrene mediated transfection, protoplast
fusion, electroporation, encapsulation of the
polynucleotide(s) in liposomes, and direct microinjection of
the DNA into nuclei.

Mammalian cell lines available as hosts for expression are
known in the art and include many immortalized cell lines
available from the American Type Culture Collection (ATCC),
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 lines.

ii. Baculovirus Systems

The polynucleotide 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 techniques which are known in the art.

Generally, the components 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 expressed; a wild type
_ baculovirus with a seguence homologous to the baculovirus-
specific fragment in the transfer vector (this allows for
the NMomblogous recombination of the heterologous gene in to
the baculovirus genome); and appropriate insect host cells
and growth media.

After inserting the DNA sequence encoding the protein into
the transfer vector, the vector and the wild type viral
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described in Summers and Snith, Texas Agricultural
Experiment Station Bulletin No. 1555 (1987) {(hereinafter
*Summers and Smith").

Prior to.inserting the DNA sequence encoding the protein
into the baculovirus genome, the above described components,
comprising a promoter, leader (if desired), coding segquence
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 linked 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 trgnsfer vector for
introducing foreign genes into ACNPV is pAc373. Many other
vectors, known to those of skill in the art, have also been
designéd. These include, for exampler pVL985 (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) 17:31.

The plasmid usually also contains the _ polyhedrin

and
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Baculovirus transfer vectors usually contain a baculovirus
promoter. A baculovirus promoter is any DNA sequence
capable of binding a baculovirus RNA polymerase and
initiating the downstream (5' to 3') transcription of a
coding sequence (e.g. structural géne) into mRNA. A
promoter will have a transcription initiation region 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 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
enceding 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
encoding the pl0 protein, Vlak et al., (1988), J. Gen.
Virol. 69:765.

DNA encoding suitable signal sequences can be derived from
genes for 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 insect cells,
and the signals required for secretion and nuclear
accumulation also appear to be conserved between the
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glucocerebrosidase, Martin et al. (1988) DNA, 7:99, can also

be used to provide for secretion in insects.

A recombinant polypeptide or polyprotein may be expressed
intracellularly or, if it is expressed with the proper
regulatory sequences, it can be secreted. Good
intracellular expression of nonfused 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 from 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 &xpression product precursor of .phe 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 proseter and
transcription termination sequence of the construct will
usually comprise a 2-5kb section of the baculovirus genome.



A Rbti Ml SV AL A4 VL WA ERRETS L

b BRIE R

systens, as well

bacul ovi rus, and bacterlalfﬁﬁ e55|o

"systens. Usual ly ncoding the N- term nal

endogenous yeast]p I WY er stable protein, is fused to the 5
of het erol ogous foding sequences. Upon2expr essi on, this construct wl
provi de a fusion 1 aci d sequences. For exanple, the y

n

en@EEr
I
east

or human superoxi de disnutase (SOD) gene, can be |inked at the 5 termnus

of a forei JheERIdSs aher ekprEededing peisrolrgouBNANedintwethe daeiredc

of the two m@olﬁcmesssesmse§ra§yv%ugassfeopmew% g eqabl e pre-

e.g., EPO Publ. No . Anot her exa ubi n fusio o]

Such a fus|§NPTﬁEﬁe?ﬁd|§mhﬁﬁesuglar Ju et al. (1987), Smith et al.,
REPLACEMENTM&HEETell. Biol. (1983) 3:2156; and0 Ludkéd G UbLsMeEsN

Lg?::]aint ;[ E?tsbfeécéleé )Ie)‘gaglr Oé{agt%cgl g e? éhe :mser@:.gr R o] e”%n%%“é”&e&g' gizch
as the polyhedrin gene, by homologous double crossover
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enzyme site engineered into the desired baculovirus gene.
Miller et al., (1989), Bicessays 4:91.The DNA sequence, when
cloned in place of the polyhedrin gene in the expression
vector, is flanked both 5' and 3' by polyhedrin-specific
sequences and is positioned downstream of the polyhedrin

promoter.

The newly formed baculovirus expression vector |is
subsequently packaged into an infectious recombinant
baculovirus. Homologous recombination 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 is 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
levels 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 um -in size, are highly
refractile, giving them a bright shiny appearance that is
readily visualized under the 1light mjcroscope. Cells
infected with recombinant viruses lack occlusion bodies. To
distinguish recombinant virus from wild-type virus, the
transfection supernatant is plaqued onto a monolayer of
insect cells by technigues known to those skilled in the
art. Namely, the plagues are screened under the 1light
microscope for the presence (indicative of wild-#ype virus)
or absence (indicative of recombinant virus) of occlusion
bodies. "Current Protocels in Microbiology" Vol. 2 (Ausubel

tion
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mori, Drosophila melanogaster, Spodoptera fr erda, and
Trichoplusia ni (PCT Pub. No. WO 89/046699; Carbonell et
al., (1985) J. Virol. 56:153; Wright (13986) Nature 321:718;
Smith et al., (1983) Mol. Cell. Biol. 3:2156; and see

generally, Fraser, et al. (1989) In Vitro Cell. Dev. Biol.
25:225).

Cells and cell culture media are commercially available for
both direct and fusion expression of heterologous
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 plasmid(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 continuously 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.,;
electrophoresis; 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 the medium or
result from 1lysis of insect cells, so as to provide a
product which is at least substantially free of host debris,
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89/ 02463.) cells ddgived from the transformants are incubated under
conditions which allow expression of the recombinant protein

encoding sequence. These conditions will vary, dependent
upon the host cell selected. However, the conditions are
readily ascertainable to those of ordinary skill in the art,
based upon what is known in the art.

iii. Bacterial Systems

Bacterial expression techniques are known in the art. A
bacterial promoter is any DNA segquence 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
region which is usually placéd 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 operator, 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 1is usually proximal (5') to the RNA polymerase
binding sequence. An example of a gene activator protein is
the ¢atabolite activator protein (TAP), which helps initiate
transcription of the lac operon in Escherichia coli (E.
coli) [Raibaud et al. (1984) Annu. Rev. Genet. 18:173].
Regulated expression may therefore be either pegitive or

negative, thereby either enhancing or reducing
transcription.
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YEp24 [BotsLel De6Ln2)- (trp) (Goeddel et al. (1980) Nuc. Acids Res.
8:4057; Yelverton et al. (1981) Nucl. Acids Res. 9:731; U.S.
Patent No. 4,738,921; EPO Publ. Nos. 036 776 and 121 775].
The g-laotamase (bla) promoter system {Weissmann (1981) "The

cloning of interferon and other mistakes.™ 1In Interferon 3
(ed. I. Gresser)], bacteriophage lambda PL [Shimatake et al.
(1981) ﬁature 292:128] and TS5 [U.S. Patent No. 4,689,406]
promoter systems also provide useful promoter sequences.

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 Jjoined 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 is regulated by the lac repressor
{Amann et al. (1983} Gene 25:167; de Boer et al. (1983)
Proc. Natl. Acad. Sci. 80:21]. Furthermore, a bacterial

promoter can include naturally occurring promoters of non-
bacterial origin that have the ability to bind bacterial RNA
polymerase and initiate transcriptiog. A naturally
_ occurring promoter of non-bacterial corigin can also be
coupled with a compatible RNA polymerase to produce high
levels of expression of some genes. in prokaryotes. The
bacteriophase T7 RNA polymerase/promoter system is an
example of a coupled promoter system [Studier et al: (1986)
J. Mol. Biol. 189:113; Tabor et al. (1985) Proc Npf]l. Acad.
Sci. 82:1074]. 1In addition, a hybrid promoter can also be
comprised of a bacteriophage promoter and an E. coli
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binding site is called the Shine-Dalgarno (SD) sequence and

includes an initiation codon (ATG) and a seguence 3-9
nucleotides in length located 3-11 nucleotides upstream of
the initiation .codon {Shine et al. (1975) Nature 254:34].
The SD sequence is thought to promote binding of mRNA to the
ribosome by the pairing of bases between the SD sequence and
the 3' and of E. coli '16S rRNA ([Steitz et al. (1979}
"Genetic signals and nucleotide sequences in messenger RNA."
In Biological Regqulation 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 Laboratory Manual].

A DNA molecule may be expressed intracellularly. A promoter
seguence 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 vivo on in wvitro incubation
with a bacterial methionine N-terminal peptidase (EPO Publ.
No. 219 237). )

Fusion proteins provide an alternative to direct expression.
. Usually a DNA sequence encoding the N-terminal portion of
an .endogenocus bacterial protein, or other stable protein, is
fused to the 5' end of heterologous epding 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 foxreign gene
and expressed in bacteria. The resulting fusion protein
preferably retains a site for a processing enzyme (factor
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and integr res contain Qelectable markers to
all ow for trﬁpquence at the junction of the two amino acid sequences may

or may not encode a cleavable site. Another example is a
ubiquitin fusion protein. Such a fusion protein is made
with the ubiquiéin region that preferably retains a site for
a processing enzyme {e.g. ubiquitin specific processing-
protease) to cleave the ubiquitin from the foreign protein.
Through this method, native foreign protein can be isoclated

[Miller et al. (1989) Bio/Technology 7:698].

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 sequence
fragment that provides for secretion of the foreign protein
' in bacteria fU.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 engeding suitable signal sequences can be derived from
genes for secreted bacterial proteins, such as the E. coli
outer membrane protein gene (ompA) [M&sui et al. (1983), in:
Experimental Manipulation of Gene Expression; Ghrayeb et al.
(1984) EMBO J. 3:2437] and the E. coli alkaline phasphatase
signal sequence (phoA) [Oka et al. (1985) Proc. Matl. Acad.
Sci. 82:7212]. As an additional example, the signal
sequence of the alpha-amylase gene from various Bacillus
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I ntegrating vectors, . have been .
translation stop codon, and thus together with the promoter

flank the coding sequence. These sequences direct the
transcription of an mRNA which can be translated into the
polypeptide encbded by the DNA. Transcription termination
sequences frequently include DNA sequences of about 50
nucleotides capable of forming stem loop structures that aid
in terminating transcription. Examples include
transcription termination sequences derived from genes with
strong pfomoters, such as the trp gene in E. coli as well as

other biosynthetic genes.

Usually, the above described components, comprising a
promoter, signal sequence (if desired), coding sequence of
interest, and transcription termination sequence, are put
together into expression constructs. 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 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

. containdng a high copy number plasmid will preferably
contain at least about 10, and more preferably at least
about 20 plasmids. Either a high or %Zow 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.
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into the Bacillus chromosome (EPCO Publ. No. 127 328},

Integrating vectors may also be comprised of bacteriophage

or transposon sequences.

Usually, extrachromosomal and integrating expression
constructs may contain selectable markers to allow for the
selection of bacterial strains that have been transformed.
Selectable markers can be expressed in the 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)
Annu. Rev.Microbiol. 32:469]. Selectable markers may alsoc
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

examplae, expression vectors have been developed for, inter
alia, the following bacteria: Bacillus subtilis (Palva et
al. (1982) Proc. Natl. Acad. Sci. WEA 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} J.
- Mol. Biol. 189:113; EPC Publ. Nos. 036 776, 136 829 and 136
907}, Streptococcus cremoris [Powell et al. (1988) Appl.
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202: 302; Fﬁﬂﬁ?@ptaﬁyceétﬁﬁvfaaﬁé [ﬁ1§84§aéen53ﬁberh0b4515§63165 De
Louvenoourt et al. (1983) J. Bacteriol. 154:1165; Van den Berg et

al . (1990) Blo/TechnoIogy 8:135; Kluyveronyces]; [Cregg et al. (1985) Mol.
Cel | . Biol.MetB3dS§; ckuineretualing( fthjenbusBaNAE Mtoobacker28l1labdstld S
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Schi zosacchggaR¥sestuch DRY 1 S0¥h Binl cat 1989)arkd'MsdENYNA can also be
introduced into ©bacterial «cells by electroporation.
Transformation érocedures usually vary with the bacterial
species to be transformed. See e.g., (Masson et al. (1989)
FEMS Microbiol. Lett. 60:273; Palva et al. (1982) Proc.
Natl. Acad. Sci. USA 79:5582; EPO Publ. Nos. 036 259 and 063
953; PCT Publ. No. WO 84704541, Bacillus], [Miller et al.
(1988) Proc. Natl. Acad. Sci. 85:856; Wang et al. (1990) 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
transformaticn of Escherichia coli with ColEl-derived
plasmids. In Genetic Engineering: Proceedings- of the
International Svmposium on Genetic Engineering (eds. H.W.
Boyer and S. Nicosia); Mandel et al. (1%70) 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
170:38, Pseudomonasi}; (Augustin et al. {1990} EEMS
Microbiol. Lett. 66:203, Staphylococcus], [Barany et al.
{1980) J. acteriol. 144:698; = Harlander (1987)
"Transformation of Streptococcus lactis by electroporation,
in: Streptococcal Genetics (ed. J. Ferreiti and R. Curtiss
. IIT); Perry et al. (1981) Infec. Immun. 32:1295; Powell et
al. (1988) Appl. Environ. Microbiocl. 54:655; Somkuti et al.

(1987) Proc. 4th Evr. Cong. #iotechnology 1:412,
Streptococcus].

(1985) Curr net SQAMARSHEFL [GJi |l ardin, et al. (1985) Curr REPeAGEMENT SHEET
10: 49] . of introduciing exogenous DNA into yeast hosts are
well-knomm |n the art,

iv. Yeast Expression

Yeast expression systems are also known to one of ordinary
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capable of binding yeast 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 region which is usually placed
proximal to the 5' end of the coding sequence. This
transcription initiation region usually includes an RNA
polymerase binding site (the "“TATA Box") and a transcription
initiation site. A yeast promoter may alsc have a second
domain called an upstream activator sequence (UAS}, which,
if present, is usually distal to the structural gene. The
UAS permits regulated (inducible) expression. Constitutive
expression occurs in the absence of a UAS. Regulated
expression may be either positive or negative, thereby
either enhancing or reducing transcription.

Yeast is a fermenting organism with an active metabolic
pathway, therefore sequences encoding enzymes in the
metabeclic pathway provide particularly useful promoter
sequences. Examples include alcchol 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 PHOS5 gene,
encoding acid phosphatase, also provides useful promoter
sequences [Myanohara 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. Fof example, UAS
sequences of one yeast promoter may be joined with the
transéription activation region of aftother yeast promoter,
creating a synthetic hybrid promoter. Examples of such
hybrid promoters include the ADH regulatory segquence linked
to the GAP transcription activation region (U.S. Petent Nos.
4,876,197 and 4,880,734). Other exanmples of hybrid
promoters include promoters which consist of the regulatory
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alia, ([Cohen et al. (1980} Proc. Natl. Acad. Sci. UsA
77:1078; Henikoff et al. (1981) Nature 283:835; Hollenberg
et al. (1981) ‘Curr. Topics WMicrobiol. Immunol. 96:119;
Hollenberg et al. (1979) "The Expression of Bacterial
Antibiotic Resistance Genes 1 the Yeast Saccharomyces
cerevisiue," in: Plasmids of Medical, Environmental and
Commercial Importance (eds. K>N> Timmis and A. 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 coden. If
desired, methionine at the N-terminus may be cleaved from
the protein by in vitro 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 seguence encoding the N-
terminal portion of an endogenous yeast protein, or other
stable protein, is fused to the 5' end of heterologous
coding sequences. Upon expression, this construct will
provide a fusion of the two aminc acid sequences. 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 sequence at the junctign of the
two amino acid sequences may or may not encode & cleavable
site. See e.g., EPO Publ. No. 196 056. Another example is
a ubiquitin fusion protein. Such a fusion protein is made
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protease) to cleave the ubiquitin from the foreign protein.
Through this method, therefore, native foreign protein can
be isolated (see, e.g., PCT Publ. No. WO 88/024066).

Alternatively, foreign proteins can alsoc be secreted from
the cell into the growth media by creating chimeric DNA
molecules that encode a fusion protein comprised of a leader
sequence fraqmént that provide for secretion in yeast of the
foreign protein. Preferably, there are processing sites
encoded between the leader fragment and the foreign gene
that can be cleaved either jin vivo or in vitro. The leader

sequence fragment usually encodes a signal peptide 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 also 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

- residuee) as well as truncated alpha-factor leaders (usually

about 25 to about 50 amino acid residues) (U.S. Patent Nos.
4,546,083 and 4,870,008; EPO Publ. No: 324 274). Addifional
leaders employing an alpha-factor leade: fragment that
provides for secretion include hybrid alpha-factor leaders
made with a presequence of a first yeast, but a Pro-region

from a second yeast alphafactor. (See e.g., PCT Publ. No.
WO 89/02463.)

ure and two hoyirs at 37[err]C. Sui t abl RERSACEMENT SHEET
wer e transforned with the refction m Xture, in accordance

and the site- dlrected mut agenesi s
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pl asm d EWD299. ch encode the nutated toxin were then
grown in 10 mMl o uria Broth fo 12 hours at 37[err]C The cultures were
centrifuged and f{hé 3 OMAR #¥0e topt ai niggg the cells was resuspended in 300
m of a solutionjcéntaining 25% pfi sucrose and 50 nmM of Tris buffer at pHS,
and the m xture s treated for ong hour at anbient tenperature with 1
nmg/ M of a soluti -~ The presence of the toxoid in the

peri pl asmat i s ern ant | i or gs_verified by neans of %% and
its toxicit al fn’to%r TR ST i T c‘% %tdsoq%}
nmor phol ogi cayeamarmss xrerg\M:Iatma:fy s:e(gmms‘l’al:d@tﬂed 3' Yo cetie stmmslaame:ml
tumour epit S Cl:l"h C pked ¥ nMme f&lgm X aafed
with a solutlcé o a#hlﬁga 8 ggsfggsgnu% hY BUonassi si V and Sat o
G, coding sequence. These sequences direct the transcription
of an mRNA which can be translated into the polypeptide
encoded by the DNA. Examples of transcription terminator
sequence and other yeast-recognized termination sequences,

such as those coding for glycolytic enzymes.

Usually, the above described components, comprising a
promoter, leader (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 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, in yeast for expression and in a procaryctic 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. Bjol. 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 selected, depending upon the effect of the vector and the,.
foreign protein on the host. See e.g., Brake et al., supra.

Alternatively, the expression constructs can be integrated
into the yeast genome with an integrating vector.
Integrating vectors usually contain at least ome sequence
homologous to a yeast chromosome that allows the vector to
integrate, and preferably contain two homologous sequences
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"Clonal ana|ysis of differentjated function in animal cell GEPHAREMENT SHEET
Cancer Res.| h9@&)m&®'9999'5 5] . The toxicity of CT and LT is correl ated
with this nDrbhoIoglcaI trgnsition. Thegperiplasm c supernatant is diluted
with a solution of FLO Wedi‘u horse serum 1.5% gl utam ne and gentanycin
to | esser anhd_lesser_concentriations and Y1 cells (250000 cells/m) are

i ncubat ed wfl&nkh@grfnylékﬁgesgiuhiﬁaﬁsﬁﬁuc€8 thtega&tS&harabﬁéandEo an

at nosphere of err The I I ed aI
chsesr | IMAGTRRT cFE TR EcaRAT Ay s eet#eal chpy189BLe! tlCin chE
of the corrpVed:’eoroamddthadybyzs&r mqmﬂmeormxfr'tm\t@(cﬁﬁ al. (1983}

Methods in Enzymol. 101:228~245]. An integrating vector may
be directed to a specific locus in yeast by selecting the

appropriate homologous sequence for inclusion in the vector.
See Orr-Weaver et al., supra. OCne or more expression
construct may integrate, possibly affecting levels of
recombinant protein produced [{Rine et al. (1983) Proc., Natl.
Acad. Sci. USAH§9:6750]. The chromosomal sequences included
in the vector can occur either as a single segment in the
vector, which results in the integration of the entire
vector, cr two segments homologous to adjacent segments in
the chromosome and flanking the expression construct in the
vector, which can result in the stable integration of only
the expression construct.

Usually, extrachromosomal and 1integrating 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,
TRP1l, and ALG7, and the G418 resistance gene, which confer
resistance in yeast «cells to tunicamycin and G418,

respectively. In addition, a suitable selectable marker may
also provide yeast with the ability to grow in the presence
of toxic compounds, such as mnetal. 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 components can be’
put together into transformation vectors. Transformation
vectors are usually comprised of a sefectable marker that is
either maintained in a replicon or developed inte an
integrating vector, as described above.

Expression and transformation vectors, either
extrachromosomal replicons or integrating vectors, have been
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w th antibody fo tgg\mild typef LfT. The results are shown | MENT SHEET
bel ow. I'n thifs{TabPd i n| TRble I'l below) the toxicity synbo S nean as
foll ows: +++ oxi.c.after djlption 1: 2000 (wld type toxicity) ++

toxic up to difution 1:250 + toxic up to dilution 1:64 - not
toxi c, even undituted TABLE | Exanple Miutation
A i gonucl eotgedm Ree transtPﬁiéEiéM 1r44:c9- rahy Wa&% ASPor example,

291- ACCGCCTTTGATAGATATCGAT- 311 LT, Vval -

291- ACCGGCT PHBARRSATPAT¥RPLEeTe have bee!ﬂ @eﬁlwaﬁ germ—nﬁ alia, the
291- ACCGCCT EblAGMIABATGAStd1tandida albicans [Kurtz, et al. (1986) Mol.

Cell. Biol. 6:142], Candida maltose [Kunze, et al. (1985) J.
Basic Microbiol, 25:141]. Hansenula polymorpha [Gleeson, et
al. (1986) J. Gen., Microbiocl. 132:3459; Roggenkamp et al.

(1986) Mol. Gen. Genet. 202:302], Kluyveromyces fragilis
(Das, et al. (1984) J. Bacteriol. 158:1165], Kluyveromyces

lactis [De Louvencourt et al. (1983) J. Bacteriol. 154:737;
Van den Berg gﬁ al. (1990) Bio/Technology 8:135], Pichia
guillerimondii [Kunze et al. (1985) J. Basic Microbiol.
25:141], Pichia pastoris [Cregg, et al. (1985) Mol. Cell.
Biol. 5:3376; U.S. Patent Nos. 4,837,148 and 4,929,555],
Saccharomyces cerevisiae [Hinnen et al. (1978} Proc. Natl.
Acad. Sci. USA 75:1929; Ito et al. (1983) J. Bacteriol.
153:163], Schizosaccharomyces pombe [Beach and Nurse (1981)
Nature 300:706}, and Yarrowia lipolytica [Davidow, et al.
(1985) Curr. Genet. 10:380471 Gaillardin, et al. (1985)
Curr. Genet. 10:49].

Methods of introducing exocgenous 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) Mpl. 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) Mol. Gen. Genet. 202:302; Hansenula]; [Das et al.
{1984) J. Bactericl. 158:1165; De Louvenoourt et al. (1983)
. J._ Bagkeriol. 154:1165; Van den Berg et al. (1990)
Bigo/Technology 8:135; Kluyveromyces]; [Cregg et al. (1985)
Mol. Cell. 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. Acad.
15:1929; Ito et al. (1983) I Bacteriol 153:163
Saccharomyces]; [Beach and Nurse (1981) Nature 300:706;
Schizosaccharomyces]; [Davidow et al. (1985) Curr. Genet.
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TAAGCTTAGTTTG 342 - 1.5 LT
TGTA- 444 - 1.6 LT Val-97-Tyr
424- ATGTTTAATT - 1.84LT Hs-107-GQu

454- TACAGCCCT A g - 1.9 LT Tyr-104-Lys

445- ATTAGCGTAAAGAGCCCT- 462 - 1 10 LT Tyr-104- Asp

445- ATTACCGT: PGCEL T ﬂﬁ@rdln et %1§§5Tyrgﬂaﬂ%§e_bil1§£_ 10:49;

447- TAGOGTAAGTAGCCCTCA- 464 1. 12 TF~Pro: 1o Ser  453- ATACAGCAGCCACCCATA- 470
Two mut ati on*®F*S¥+2 he (Ser-114- G u: 477- GGAGGTGAAGCGTTAGG: 494 and
Ser-114-Lys: 477- GEAGEWTAAAGCGWTAGG—494) were al so shown to exhibit

1.4 LT Ser-63-
Val - 97- Lys 4

substantlaII¥ geg to Jgparative Exanples A LT LT WIld Type
++ B LT Ar CAACGAATATCAA- 789 + CLT
Leu- 41- Phe 113 ATATTAATTTCTATGATC—lBO NA D LT Ris-44-Phe

121- CTTTATGAA’T};%@Q@@ 15%8 th Erkl wafd aeﬁ@rgé"éed from plasmid
125- ATGATCACTATA ¢ gene %@r L& ¥ plasmi

Ar
152- GCTTTGTCERAAT A PR L m w.s., GJ—M cPLNr Aﬂés&%&%" S., 1979, J.
151- mTTGTE&é@AT@f\T%”eSO 858*}" H# l3i geBH iPWRih the restriction
167- ATGACGGAATCGTITT JI
enzymes 5Smal and EcoRI, and was recloned in the vector
Bluescript KS suitable for producing single strands of DNA
[Sambrook J., Fritsch E. and Maniatis, T. "Molecular
Cloning", Cold Spring Harbor].
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 ug/ml of uridine.

A series of synthetic oligonucleotides (listed in Table 1
below), containing the mutation, or the desired bases
instead of the natural ones, and a sequence of 10 bases
upstream and 10 downstream of the same mutation, identical
to the natural ones, was first of all synthesised chemically
and then phosphorylated, 1.5 pmol thereof being treated at
37°C with 5 units of kinase.

After halting the reaction with a 100 mM EDTA solution, the
oligonucleotides 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 ul)
a solution of free nucleotides, the enzyme DNA ligase and

the enzyme DNA polymerase, in a final volume of 100 gl.

The solution thus obtained was kept for five minutes in ice,
five minutes at ambient temperature and two hours at 37°C.

Suitable cells of E. coli were transformed with the reaction
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| LT Val-60-Ay ATIGGATCCACTTCT- 189 NALLL LT, |
Ser - 68- Lys *19 &cﬁm CACTTA- 213 v+ K LTREREACEMENT, SHEET

193- AGT TTGAGACCABCLCACHA~213 NA LgsT His-70-Pro
199-AGAAGTGCTCCT!TAGCAGGA 219 NA MLT A a-72-Arg
205- GCTCACTTAA GTCT-225 ++ N LT Ala-72-H s
205- GCTCACTTﬁERfGEACAGﬁGie&BEdance with+tﬁeLﬁsuﬂlgtééﬁaﬂques { sambroock

565- GATTCATC@ATT@Q% ( " Bgt
assenbl ed", e thelﬁ OXIn A errtﬁ%;%bt gﬁﬁg 1ar %% d

Sprlng Harbor], and the site-directed mutagenesis was

checked by sequencing of the clones obtained.

The SmaI-EcoRI fragment containing the various mutations was
substituted for the original SmaI-EcoRI insert in the
plasmid EWD299.

The strains which encode the mutated toxin were then grown
in 10 ml of Luria Broth for 12 hours at 37°C.

The cultures were centrifuged and the precipitate containing
the cells was resuspended in 300 ml of a solution containing
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
ligquor was verified by means of Western Blot and its
toxicity was evaluated by the inducement or 1lack of
inducement of morphological changes in Y1 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 pexiplasmic supernatant is diluted with a solution of
F10 medium, horse serum 1.5%, glutamine and gentamycin to
lesser and lesser concentrations and Y1 cells k250000
cells/ml) are incubated with the resulting solutions for 48
hours at 37.C under an atmosphere of CO,. The morphology of
the cells is evaluated.

In all cases, immunogenicity was shown by correct assembly
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| F-red~CT——Th& |prlocedure fol l oned in the caég T
dhat d bed above. l,-é(}ﬁ\’igmg%

containing the gen %gfkgqgﬁg%as at described above 9

reaction (PCR) tgchni

nplified by nmeans of the pol ynmerase chain
iagm d pCdg22. An alternative and equival ent

source of the CTjgene is plasmd gJML7 (Pearson et al, PNAS USA, 79,

(1982), 2976-2986)~ g two synthetic prinmers were used: 1)

GGCAGATTCTAGA GoREEA AR xoid) and by cross reaction of the toxeid

TGAAGT TTGCCCAMNEH TATTARIM GLARRCIAARTEREECAATCCCAT  cont ai ni ng
respectively an Xbal site and an artificl al

Exanple 2 - Det
for the toxin

Q)

The results are shown in Table I below.

In this Table (and in Table II below) the toxicity symbols
mean as follows:

4t toxic after dilution 1:2000 (wild type toxicity)
+ toxic up to dilution 1:250

+ toxic up to dilution 1:64

- not. toxic, even undiluted

TABLE I
Example Mutation Cligonucleotide Sequence Toxicity
1.1 LT Val-53-Asp 291-ACCGGCTTTGATAGATATGAT-311 -
1.2 LT Val-S3-Glu 291-ACCGGCTTTGAAAGATATGAT-311 -
1.3 LT Val-53-Tyr 291-ACCGGCTTTTACAGATATGAT-311 -
1.4 LT Ser-63-Lys 322-GTTTCCACTAAGCTTAGTTITG-342 -
1.5 LT Val-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 -
1.11 LT Tyr-104-Ser 447-TAGCGTAAGTAGCCCTCA-464 -
1.12 LT Pro-106-Ser 453-ATACAGCAGCCACCCATA-470 -

Two mutation of serine (Ser-114-Glu:477-GGAGGTGAAGCGTTAGG-
494 and Ser-114-Lys:477-GGAGGTTAAAGCGTTAGG-494) were also
shown to exhibit substantially reduced toxicity.

Comparative Examples

A LT LT Wild Type H
B LT Arg—-210-Asp 769~-ATATATCTCAACGAATATCAA-789 +
C LT Leu-41-Phe 113-ATATTAATTTCTATGATC-130 Na
D LT His-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-GGCTTTGTCAAGTATGATGAT-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-21%} ++
K LT Ser-68-Pro 193-AGTTTGAGACCAGCTCACTTA~&X] 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 +H



Hndlll site (sh - .
Xbal -Hindl 11, which has a | ength
the two sub-units, | ASOMAR t ho
pepti de of the Alsyb-unit.  This.Ir.

The resulting anplified REROWERL
1074 base pairs, contains the §§(ﬁ¥§§&

t he sequence encodi ng the | eader
gnentgswas recl oned in Bluescript KS
vector and was trneated in accordange with the procedure descri bed above for
LT, so as to effd ' ' ted nut agenesi s. -

TABLE Il Exanple Miutation A i gonucl eoti de Seauence Toxicity

{NA means "not assembled", i.e the holotoxin AB; is not
formed at all)

Example 2 - Detoxified CT

The procedure followed in the case of the gene for the toxin
CT is analogous to that described above.

A fragment containing the gene for a CT was amplified by
means of the polymerase chain reaction (PCR)} technique from
plasmid pCT322. An alternative and equivalent source of the
CT gene is plasmid pJM17 (Pearson et al, PNAS USa, 78,
(1982), 2976-2980).

The following two synthetic primers were used:

1) GGCAGATTCTAGACCTCCTGATGAAATAAA
2) TGAAGTTTGGCGAAGCTTCTTAATTTGCCATACTAATTGCGGCAATCGCAT

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

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

length of 1074 base pairs, contains the codons of the two

sub-units, A and B, but not the sequence 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.
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2.1 CTVal -83 . 4M§3g§fﬂTCACAGECACGAT - 2.2 7 B3
GTTTCCA PEACEMENT STE - 2.3 CTVal -97-Lys “REPLACEMENT sHeET
ATGITTAA PATGATGTA - 2.4 CTSer-106-Pro
GGCATACAGTAGCCATEBARAIIS? - Conpasgative Exanples A CT Arg-192-Asn
GAATCCT CTCATCGAT +++ B CTArg-54-His

GGATTTGI TCATCACGATGAT ++ The followi ng nmutations al so proved to
abolish tokicity: 107-Asn.. .1 (TACAGICCTAACCCAGATGAA), d u-110- Ser
( TCATCCAGATTCGCAAGAAGT), d u-112- Al a BBRGATEGEACAACCTGITTCTG and

Ser-114-d u _( CAAGAAGTTGAAGCTTTAGGT) . It mnll be understood that the

i nventi on i £xampdei Muakhone by &b pdi fi CBRESKHY of

detail may be nade within the scope and s |r|t of the i nvent i on.

2.1 CTVal-53-Asp ACGGGATTTGACAGGCACGAT -
2.2 CTSer~63-Lys GTTTCCACCAAGATTAGTTTG -
2.3 CTVal-97~Lys ATGTTTAACAAGAATGATGTA -

2.4 CTSer-106-Pro GGCATACAGTAGCCATCCAGA

Comparative Examples

A CT Arg-192-Asn GAATGCTCCAAACTCATCGAT +++
B CTArg-54-His GGATTTGTTCATCACGATGAT +

The following mutations also proved to abolish toxicity:ie
107-Asn (TACAGTCCTAACCCAGATGAA), Glu-110-Ser
(TCATCCAGATTCGCAAGAAGT), Glu-1l1i2-Ala (CAGATGAACAAGCTGTTTCTG)
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 of the invention.




gmmmmu ulu:lmlll GRE BN SHEET boxi £ i ed protein conprising the am no
supupi t Aof a chd gra toxin (CT-A) or a frag r eof

or the lam®*nosackd sp yburiitf A of an Escherichia colli %@TME@BSHEET

toxin (LT-A) or a frrrent t her eof erein one or nore amno acids at, or

I n positions correspono 83 {i%’ repl aced with another amno acid.
2. An | GhMMEnic det OXIfI ed prot in according to claim1l conprising
repl acenent Ser-63-Lys. 3. AN TTmunogeni ¢ detoxified protein according

toclaiml or claim?2 wherein additionally one or nore am no acids at, or
in positiods cor rAlieREnegendcrdgtoxifipdpropein comgrdsing vae -a8inoyr g- 54,
Ser-61, H aci@ s&judce ToF -d@%uni¥ 04188, aHchoh@ba toxin (CT-A) or a
fragment thereof or the aminc acid sequence of subunit A of
an Escherichia coli heat labile toxin (LT-A) or a fragment
thereof wherein one or more aminoc acids at, or in positions
corresponding to Ser-63 jg replaced with another aminc acid.

2. An immunogenic detoxified protein according to claim 1 comprising

replacement Ser-63-Lys.

3. An immunogenic detoxified protein according to claim 1 or claim 2 wherein

additionally one or more amino acids at, or in positions corresponding to Arg-7, Asp-9,
Arg-11, His-44, Val-53, Arg-54, Ser-61, His-70, Val-97, Tyr-104, Pro-106, His-107,
Glu-110, Glu-112, Ser-114, Trp-127, Arg-146 or Arg-192 are replaced.

4. An immunogenic detoxified protein according to claim 3 comprising one or

more of the following amino acid replacements: Val-53-Asp, Val-53-Glu, Val-53-Tyr,
Val-97-Lys, Val-97-Tyr, His-107-Glu, Tyr-104-~Lys, Tyr-104-Asp, Tyr-104-Ser, Pro-
106-Ser, Ser-114-Glu, Ser-114-Lys.

5, An immunogenic composition for use a vaccine
comprising an immunogenic detoxified protein according to
any one of the preceding claims and a pharmaceutically

acceptable carrier.

6. A vaccine composition comprising an immunogenic

detoxified protein according to any one of claims 1 to 2 and
a pharmaceutically acceptable carrier.

. A vaccine composition accordlnq to cla1m6 further
comp‘rrélng an adjuvant. '

A A DNA sequence encoding an immunogenic detoxified
protein according to any one of claims 1 to 4.
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An i mu protein according to claim3 conprising one or
nmore of the ¥ol4 o®i n§ atri no acid replacenents: Val -53-Asp, Val-53-d u,

Val - 53-Tyr, Val -97-Lys, Val-97-Tyr, H s-107-d u, Tyr-104-Lys, Tyr-104-Asp,
Tyr-104-Ser, Pro- 106-Ser, Ser-114- Gg4 Ser-114-Lys. 5. An i mmunogeni c
conposition for use a vaccine conprising an inmunogenic detoxif.ied

protein ackordi nfy Yertany aateryding e oize eribicig itlgites crad.oa 8phar maceut i cal |y
accept abl e carrier. 6. A vaccine conposition conprisi ng an
i munogeni c_detoxified protein according to an¥l one of clains to 4 and a

phar naceut i&al | yA fes&peablel kng rﬁreansformed Wik vﬁﬁﬁl‘ﬁ’ec%%ﬁ(%ﬂf
according ¢® &laixn § further conprising an adjuvant.

11. A process for the production of an immunoqenic_
detoxified protein according to any one of claims 1 told
comprising culturing a host cell according to claim 10,

12. A process for the production of a DNA according to
claim 8 éomprising the steps of subjecting a DNA enceoding
a CT-iﬂbr an LT-A or a fragment therecf to site-directed
mutagenesis.

13. A process for the formulation of a vaccine according
to claim 6 tomprising bringing an immunogenic detoxified
protein according to any one of claims 1 to 4 into
assocliation with a pharmaceutically acceptable carrier.

14, A process for the formulation of a vaccine according
to claim 7_ comprising bringing an immunogenic detoxified
protein according to any one of claims 1 to 4 into
association with an adjuvant.

15. An immunogenic detoxified protein according to any one of claims 1 to 4

for use as a pharmaceutical.

16. An immunogenic detoxified protein according to any one of claims 1 to 4

for use as a vaccine.

17. The use of an immunogenic detoxified protein according to any one of

claims 1 to 4 for the preparation of a medicament for vaccinating a mammal against

Vibrio cholerae or an enterotoxigenic strain of Escherichia coli.

REPLACEMENT §
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odi ng an i mmunogeni ¢ detoxified pro accordin
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A vector *cafryk ngt accor di ng to claim 8. 10. A host cell line

transfornmed with the vector according to claim?9. 11. A process for
the production of an imunogeni gjdetoxified protein according to any
one of clains 1 to 4 conprising culturing a host cell according to-claim

10. . . . . . .
18. A composition according to claim 5 or claim 6, in a form suitable for
transdermal administration,

18. An immunogenic detoxified protein according to claim 15 or claim 16,
wherein said use is for transdermal administration.
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A2. A process for the production of a DNA according to claim8 conprising
the steps of subjecting a DNA encoding a CT-A or an LT-A OrREPﬂ$§§M§WFSHEET
thereof to site-directed nutagenesis. 13. A process for the fornulation
of a vaccine according to claim®6 conprising bringing an inmunogenic
detoxified protein according to ay one of claine 1to 4 into
association with a pharnmaceutically acceptable carrier. 14. A process

for the forgg%&é%gg of a vaccine according to claim7 conprising bringing
an i nmunoge xified protein according to any one of clainms 1

to 4 into association with an adjuvant. 15. An i mrunogeni c det oxi fi ed
protein accopgBdabhi8 qe0Rg: 016! ALi8Ls! 8r2oh8h H3C (8519 ROAM FRCRYL! cal -
t0-4 for usBexin ' eir reparation and _thei use fo the

eparation of wvaccines

An immunogenic detoxified protein comprising the amino acid
sequence of subunit A of cholera toxin (CT-A) or subunit A
of an Escherichia coli heat 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-57, Tyr-104
or Pro-106 are replaced with another amino acid or deleted.
Examples of specific replacements include Val-53-aAsp, Val-
53-Glu, Val-53-Tyr, Ser-63-Lys, Val-97-Lys, Val-97-Tyr, Tyr-
104-Lys, Tyr-104-Asp, Tyr-104-Ser, Pro-l06-Ser. The
immunogenic detoxified protein is useful as vaccine for
Vibrio cholerae or an enterotoxigenic strain of Escherichia
coli and is produced by recombinant DNA means by site-
directed mutagenesis. B




&

17. The use of an i mmunogenic detoxified protein accorREMACEMENTEHERE of
clains 1 to 4 for the preparation of a nedicanent for vaccinating a manmal
agai nst Vibrio cholerae or an enterotoxigenic strain of Escherichia coli.
51 18. A conposition according to claim5 or claim6, in a form
suitable for transdermal adm nistration. 19. An i nmmunogeni c

detoxified protein according to clai n 15 or claim 16, wherein said'use is
for transdermal adm nistration.
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AATGGCGACAGATTATACCGTGCIGACTCTAGACCCCCAGATGARATAARACGTITTICCGG
N 6 D R L YRAUDSURUPUPUDETII KT RFR R

N DD K L YR ADSURUPUPDIETIZ KU GQSG
AATGATGATAARGTTATATCGGGCAGATICTAGACCTCCTGATGAAATAARGCAGTCAGAET

AGTCTTATGCCCAGAGGT. . - AATGAGTACTTCGATAGAGGAACTCAAATGAATATTAAT
S$ L M P.R G Q N E Y #F DR G T Q M NI N

G L M P R & g 8S E Y F DR G T Q MDNTIN
GGTCITATGCCAAGAGGACAGAGTGAGTACTTITGACCGAGGTACTCAAATGCAATATCAAC

CMAI_(?AQCACGCGAGAGGAACACAAACCGGC‘I’I‘TGTCAGAIBIGATGACGGMATGTT
L Y D H ARG T Q T 6 F ¥V R Y D DG ¥ V

L ¥Y-D BER A R G T @ T 6 F ¥V R H D D G Y V¥
CITTATGATCATGCAAGACGAACTCAGACGGGATTIGTTAGGCACGATGATGGATATGTT

TCCACTTCTICITAGTITGAGAAGTGCTCACTTAGCAGGACAGTATATATTATCAGGATAT
§ T S L 8 L R S A.HL A G O Y I L S G ¥

S T 5 I s LR S A H L ¥ 6 @ T I L S G E
TCCACCTICAATTAGCITIGAGARGTGCCCACTTAGTGGGTCAAACTATATIGTCIGGTCAT

ICACTTACTATATATATCOTTATAGCA . ¢ + » o « + » « ARTRATGTTTAATGTITAATGATGTA
S L I ¥ I Vv I A N M F N V N D V

$§ T ¥ ¥ I ¥ V¥V I A T A P N M F N V N D V
TCTACTTATTATATATATGTTATAGCCACTCCACCCAACATGTITARCGTTAATGATGTA

ATTAGCGTATACAGCCCTCACCCATATGAACAGGAGGTTTCTGCGTTAGGTGGAATACCA
I s v ¥ s P H P Y E Q E VvV 8 A L G G I P

L 6 A Y s P H P D E Q E V S A L G G I P
TIAGGGGCATACAGTCCTICATCCAGATGAACAAGAAGTTICTGCTITAGGTGGGATTCCA

Figure 2a
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TATTCICAGATATATGGATGGTATCGTGTTAATTTIGGTGTGATTGATGAACGATTACAT
¥ s ¢ I ¥ 6 4 ¥ R VYV N F 6 VvV I D ETZRILEK

¥ $ Q I ¥ 6w ¥ R Y 8 F 66 VvV L D E @ L =E
TACTCCCAARTATATGGATGG TATCOAGT TCATTTTGGCGTGCTTGATGAACAATTACAT

CGTAACAGGGAATATAGAGACCGGTATTACAGARATCTGAATATAGCTCCGGCAGAGGAT
R N'R BEY R D R Y YRNTLNTIUBMAZTPATESTD

R N R 6 ¥ R D R Y Y S NL D I A P AAD
CGTAATAGGGGCTACAGAGATAGATATTACAGTARCTTAGATATTGCTCCAGCAGCAGAT

GG‘Z’!BC.AGA‘ITAGCAGGMCCCACCGGATCACCMGC&TGGAGAGMGMCCCTGGX‘."I
G YR L A ¢ F P P D HQ A WD REE P W I

G ¥Y¥.6 L A G F P P E HRAUWM®RTETE P W I
GGTTATGGATICGCAGGTTTCCCTCCGGAGCATAGAGCTTGGAGGGAAGAGCCGTGGATT

CA‘.!CBIGCACCi&CMGGTTG‘L‘GGAGAITCBTCMGMCAATCACAGGTGATACITGTAAI
HH A P Q 6 C G DS 8 R TTI TG D TOCN

H BE A P P @ C G N A PR S S I 8 N T C D
C-ATCRIGQACCGCCGGGTIGTGGGAAZ'GCTCCA.AGBTCAICGBICAG!‘AATACMGCGA’!

GAGGRGACCCAGAATCTGAGCACARTATATCTCAGGGAATATCAATCARARGTTAAGAGG
E ET ¢ N 1L, s T I ¥ L R E ¥ § S K V K R

E X T @ S L 6 vV X F L b E ¥ @ S8 K VvV K R
GAAAAAACCCAAAGTCTAGGTGTAARATT CCTTGACGARTACCAATCTARAGTTAARAGA
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CAGATATTTICAGACTATCAGTCAGAGGTTGACATATATAACAGAATTCGGGATGAATTATGA

Q 1 F S D Y ¢ S E VY D I ¥ N R I R DE L

*
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CAAATATTTTCAGGCTATCAATCTIGATATTGATACACATAATAGAATTAAGGATGAATTATGA

Figure 2b
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