- 1_‘ 3 i
br esent

H\M@lfROTEI N BETWEEN CS
i nvention relates to a navel

0w

MODI LEICAKIE_HB[ er. r] A& 'il'r?é

partlcul arIy in the preventlon of¢ malaria i

cont ai nf ]ﬁ’l

)

10

15

20

25

30

35

t Has Been Replaced

hybrld rotein, its use in nedicine,
r“’p@bt i ons W
1S T HAS BEEN
-1- : REPLACEY

Vaccines

The present invention relates to a novel hybrid protein, its use in
medicine, particularly in the prevention of malaria infections and vaccines
containing it.

. Malaria, is one of the world's major health problems with 2 to 4 million

people dying from the disease each year. One of the most acute forms of

the disease is caused by the protozoan parasite, Plasmodium falciparum
which is responsible for most of the mortality attributable to Malaria.

The life cycle of P, falciparum is complex, requiring two hosts, man and
mosquito for completion. The infection of man is initiated by the
inoculation of sporozoites in the saliva of an infected mosquito. The

‘sporozoites migrate to the liver and there infect hepatocytes where they

differentiate, via the exoerythrocytic intracellular stage, into the
merozoite stage which infects red blood cells (RBC) to initiate cyclical
replication in the asexual blood stage. The cycle is completed by the
differentiation of a number of merozoites in the RBC into sexual stage
gametocytes which are ingested by the mosquito, where they develop
through a series of stages in the midgut to produce sporozoites which
migrate to the salivary gland.

The sporozoite stage of P, falciparum has been identified as a potential
target of a malaria vaccine. The major surface protein of the sporozoite is
known as circumsporozoite protein (CS Protein). This protein from strain
7G8 has been cloned, expressed and sequenced (Dame et al Science 225
(1984) p593). The protein from strain 7G8 is characterised by having a
central immunodominant repeat region comprising a tetrapeptide
Asn-Ala-Asn-Pro repeated 37 times but interspersed with four minor
repeats Asn-Val-Asp-Pro. In other strains the number of major and minor
repeats vary as well as their relative position. This central portion is
flanked by an N and C terminal portion composed of non-repetitive amino
acid sequences designated as the repeatless portion of the CS protein.

It has been shown that irradiated sporozoites can provide significant
protection against experimental human malaria (Am. J. Trop. Med. Hyg.
24: 297-402, 1975). However, production difficulties makes the use of



Malaria, is oneypdoide worts et Been 3t problens with 2 to 4 ni
peopl e dying fromthe di se One of the nog e

di sease is caused by the p Pl asnodi u
responsi bl e for nost of the m)rtallty attr| utable to

cycle of P. fal_ci s conpl ex, requirlmgtwo host man .and uito
for conpletion: W@ag":& gRqrogeite fmpractical; f:’iP %heeaow @WW&S&FPQ&‘FB&
sporozoites in ¢deeimal i va of an infected nosquito. The sporozoites m grate
to the liver and there infect hepatocytes where they differentiate, via the

exoerythrocytic intracellular stage, into the nerozeite stage which infects
red bl ood cel | SS¢weia) graupsrhavespropoged isublunit vaccines based on the

5 circumsporozoite protein. Two of these vaccines have undergone clinical
testing; one is a synthetic peptide, the other is a recombinant protein
(Ballou et al Lancet: i 1277 (1987) and Herrington et al Nature 328:257
(1987).

10 These vaccines were successful in stimulating an anti-sporozoite response.
~ Nonetheless, the magnitude of the response was disappointing, with some
vaccinees not making a response at all. Furthermore, the absence of
"boosting” of antibody levels on subsequent injections and results of in
~ vitro lymphocyte proliferation assays suggested that T-cells of most of
15 these volunteers did not recognise the immuno-dominant repeat.
Nonetheless, one vaccinee in each study did not develop parasitemia.

The present invention provides a new, improved antigen for use in
malaria vaccines which not only produces a humoral response, but also a
20 cellular immune response. Preferably the antigen induces the production
of neutralising antibodies against the immunodominant repeat. Most
preferably, the antigen should also elicit effector T cell mediated immune
responses of the CD4+ and CD8+ cytotoxic T lymphocyte (CTL) type and of-
the delayed type hypersensitivity type and also, preferably be able to
25 induce T helper (TH) memory cells.

Accordingly, the present invention provides a hybrid protein comprising
substantially all the C-terminal portion of the CS protein, four or more
tandom repeats of the immunodominant region, and the Surface antigen -

30 from Hepatitis B virus (HBsAg). Preferably the hybrid protein comprises
a sequence which contains at least 160 amino acids which is substantially
homologous to the C-terminal portion of the CS protein. The CS protein
may be devoid of the last 12 amino-acids from the C terminal.

35 In particular there is provided a protein which comprises a portion of the
CS protein of P. falciparum substantially as corresponding to amino acids
210-398 of P. falciparum 7G8 fused in frame via a linear linker to the
N-terminal of HBsAg. The linker may comprise a portion of preS2 from
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A particularly preferred em_bodiment is the hybrid protein designated
RTS. The amino acid sequence of RTS is shown in figure 5. This hybrid
consists of:

10 ° A methionine-residue, encoded by nucleotides 1059 to 1061, derived

from the Sacchromyes cerevisiae TDHS3 gene sequence. (Musti A. M et al
Gene 1983 25 133-143.

° Three amino acids, Met Ala Pro, derived from a nucleotide sequence
15 (1062 to 1070) created by the cloning procedure used to construct the
hybrid gene.

° A stretch of 189 amino acids, encoded by nucleotides 1071 .to 1637
representing amino acids 210 to 398 of the circumsporozoite protein (CSP)
20 of Plasmodium falciparum strain 7G8 (Dame et al supra).

° An amino acid (Arg) encoded by nucleotides 1638 to 1640, created
by the cloning procedure used to construct the hybrid gene.

25 ° Four amino acids, Pro Val Thr Asn, encoded by nucleotides 1641 to
1652, and representing the four carboxy terminal residues of the hepatltls
B virus (adw serotype) preS2 protein (9)

° A stretch of 226 amino acids, encoded by nucleotides 1653 to 2330,
30 and specifying the S protein of hepatitis B virus (adw serotype).

In an alternative embodiment there is provided a hybrid protein
designated RTS* which was generated using the CSP gene sequence from
P. falciparum NF54 (Mol. Biochem Parisitol. 35 : 185-190, 1989) and

35  comprises substantially all of the region 207 to 395 of the CS protein from
P falciparum NF54.

In particular RT'S* comprises:
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5 e Three amino acids, Met Ala Pro, derived from a nucleotide sequence
(1062 to 1070) created by the cloning procedure used to construct
the hybrid gene.

. A stretch of 189 amino acids, encoded by nucleotides 1071 to 1637
10 representing amino acids 207 to 395 of the circumsporozoite protein
(CSP) of Plasmodium falciparum strain NF54
(Mol.Biochem.Parasitol, 35:185-190, 1989).

. An amino acid (Gly) encoded by nucleotides 1638 to 1640, created
15 by the cloning procedure used to construct the hybrid gene.

o Four amino acids, Pro Val Thr Asn, encoded by nucleotides 1641 to
1652, and representing the four carboxy terminal residues of the
hepatitis B virus (adw serotype) preS2 protein (Nature 280:815-819,
20 1979).

J A stretch of 226 amino acids, encoded by nucleotides 1653 to 2330,
~ and specifying the S protein of hepatitis B virus (adw serotype)
(Nature 280:815-819, 1979).

25 _
The amino acid sequence of RTS* is depicted in figure 9.
An expression cassette containing RTS* was constructed and comprises
the following features:

30

. A promoter sequence, extending from nucleotide 1 through 1058,
derived from the S.cerevisiae TDH3 gene.

. An open reading frame starting at nucleotide 1059 and extending to
35 nucleotide 2330. This open reading frame is immediately followed
by a translational stop codon, TAA (nucleotides 2331 to 2333). The

open reading frame encodes the amino acids specifying the hybrid
" RTS* protein.
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o A transcription termination sequence contained within the
sequence extending from base pair 2334 to 3504, derived from the

S. cerevisiae ARG3 gene.
The nucleotide sequence is depicted in figure 10.

The DNA sequences encoding the proteins of the present invention are, in
a preferred embodiment flanked by transcriptional control elements,

10 preferably derived from yeast genes and incorporated into an expression
vector.

Such vectors are a further aspect of the invention. A preferred promoter is

the promoter.from the S. cerevisige TDH3 gene Musti et al supra).

15 '
The invention also relates to a host cell transformed with a vector
according to the invention. Host cells can be prokaryotic or eukaryotic but
preferably, are yeast, such as S. cerevisiae. In such a host, the hybrid
protein, for example RTS will be expressed as lipoprotein particle. The

20 chosen recipient yeast strain preferably already carries in its genome

- several integrated copies of an hepatitis B S expression cassette. The
resulting strain syntheses two polypeptides, S and RTS (or other hybrid
protein of the invention), that spontaneously co-assemble into mixed (for
example RTS, S or RTS*, S) lipoprotein particles. These particles,

25 advantageously present the CSP sequences of the hybrid at their surface.
These mixed particles also form part of the present invention.
Advantageously the ratio or RTS: S or RTS* : S in these mixed particles is
14.

30 The present invention also relates to vaccines comprising an
immunoprotective amount of a protein or particle according to the
invention in admixture with a suitable diluent or carrier.”

In the vaccine of the invention, an aqueous solution of the hybrid may be
35 used directly. Alternatively, the protein with or without prior
lyophilisation can be mixed or absorbed with any of the known adjuvants

which include but are not limited to alum, muramyl dipeptide, saponins
such as Quil A, '
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monophosphoryl lipid A (3D-MPL).

3 Deacylated monophosphoryl lipid A 1s known from US patent No.
4,912,094 and UK patent application No. 2,220,211 (Ribi) and is available
from Ribi Immunochem, Montana, USA.

The protein of the present invention may also be encapsulated into
microparticles such as liposomes.

Vaccine preparation is generally described in New Trends and
Developments in Vaccines, edited by Voller et al., University Park Press,
Baltimore, Maryland, U.S.A., 1978. Encapsulation within liposomes is
described, for example, by Fullerton, U.S. Patent 4,235,877.

Conventional adjuvants may be used, but a preferred immunostimulant is
3-deacylated monophosphoryl lipid A (3D-MPL).

Typically when 3D-MPL is used the antigen and 3D-MPL are delivered
with alum or presented in an oil in water emulsion or multiple oil in water
emulsions. The incorporation of 3D-MPL is advantageous since it is a
stimulator of effector T-cells responses. |

Accordingly a preferred embodiment of the present invention provides a
vaccine comprising a hybrid protein as herein described, preferably RTS,
or RTS* in combination with 3D-MPL and a carrier. Typically the carrier
will be an oil in water emulsion or alum.

In a most preferred embodiment the hybrid protein is presented as a
particle or mixed particle as herein described.

The amount of the protein of the present invention present in each vaccine
dose is selected as an amount which induces an immunoprotective

amount will vary depending upon which specific immunogen is employed

‘and whether or not the vaccine is adjuvanted. Generally, it is expected

‘response without significant, adverse side effects in typical vaccines. Such '
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10 The proteins of the present invention are preferably expressed in yeast,
and especially those belonging to the genus Saccharomvces.

A further aspect of the present invention is to provide a process for the
preparation of hybrid protein of the invention, which process comprises

15 expressing DNA sequence encoding the protein, in a suitable host,
preferably a yeast, and recovering the product.

It is particularly preferred to express the protein of the invention in a
Sacchromyces strain. When RTS, for example is expressed in such strains
20 it spontaneously assembles into multimeric lipoprotein particles.

These particles are highly immunogenic and induce a strong humoral
response, as well as immunological memory and also are capable of
inducing effector T cells of the CTL and DTH types.

25 '
A further aspect of the invention lies in a method of treating a patient
susceptible to plasmodium infections by administering an effective
amount of a vaccine as hereinbefore described.
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1. F TS,S strain RIT4

The S, cerevisiae strain, RIT4383 used for production of particles
containing both the S and RTS polypeptides, carries separate expression
cassettes for each protein. The S gene expression cassette has been
integrated in 5 to 6 copies at least two sites in genome using a linear
integration vector with homology to resident Ty retrotransponsons. The
RTS gene expression cassette has been integrated in 2 to 3 copies at one or
2 sites in the genome, using a linear integration vector similar to the one
employed for the integration of the S gene cassette. Expression from both
types of cassette is driven by a promoter derived from the yeast TDH3
gene.

1.1 CONSTRUCTION OF THE S EXPRESSION CASSETTE AND
INTEGRATIVE VECTOR (pRIT13034)

The S gene expression cassette (Figure 1A) identical to that found in
strain RIT4376 (1) and consists of a 1058 bp TDHS3 promoter fragment,
681 bp of S gene sequence, a 6 bp spacer containing an EcoR1 linker and a
1165 bp fragment carrying the Arg3 transcription terminator. The

S coding sequence was derived by subcloning from a complete genomic
clone (pRIT10616) of a virus of (adw serotype).

The structure of the Ty vector, pRIT13034, used for 1ntegrat10n of the S
expression cassette into the yeast genome, is shown in Figure 2. The
construction and use of this type of vector for integration of expression
cassettes in the yeast genome is described in Jacobs et al. (2). pRIT13034
contains the S gene cassette, the URA3 gene and the CUP1 gene inserted
within a copy of a Ty element cloned on pUC9. The JURAS gene and the
CUP1 gene both provide selectable markers that allow to distinguish
transformed yeast colonies from untransformed colonies. pUC9 is
described by Vieira & Messing (3), the URA3 fragment is from pF144 (F.
Lacroute, CNRS, Strasbourg), the CUP1 fragment is from pCUP5 (T. Butt,
SKF Labs, Philadelphia), the Ty element is from Juniaux et al. (4¢) and the
S gene cassette from pRIT12353. Digestion of pRIT13034 with Xhol
endonuclease liberates the 8500bp linear fragment shown in Figure 3
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Example 2
2. TION OF I 2

The recipient strain, EJ cup1D-3d (trpl, leu2, ura3, cupl , gallD, MATo)
was used for initial introduction by transformation of the linear vector

10 fragment from pRIT13034. This strain contains a single disrupted cup1
locus, cupl .

After transformation with the linear Xhol fragment, Ura+ colonies were
isolated and screened for copper resistance. The more resistant

15 transformants had integrated two to five copies of the vector as
determined by Southern blotting analysis. Two transformant colonies
copies were retained, MS9 with an estimated 3 to 4 copies and MS23 with
4 to 5 copies of the integrated linear vector. Strain MS23 was then
crossed with strain EJ cup1D-7b (trpl, ura3, cupl , gal1D, MATa) and a

20  haploid ascospore recovered to give strain MS23-2a.

This strain was then backcrossed to MS9 and a Leu-, Trp- haploid
segregant obtained (MS54-2c) containing 5 to 6 copies of the integrated
expression cassette. Southern blotting showed that MS54-2C contained 4

25 to 5 tandem copies of the integration vector at one locus and a further
single copy integrated at a different locus. All 5 to 6 copies of the
expression cassette were intact as digestion of total yeast cell DNA with
HindIII endonuclease to liberate the cassette fragment and Southern
blotting with an S gene specific probe gave a single 3 kb band as expected.

30 A spontaneous Trp* revertant of this strain was obtained, MS54-2¢-T, and
given the laboratory accesssion number Y1295.

Example 3 TION TS-E ION CASSE

35 The expression cassette for the RTS hybrid protein was constructed by a
multistep cloning procedure and was cloned in the E.coli yieast shuttle
vector Yep13(6) yielding a plasmid Yep13RTS (Fig.4). The structure of
the cassette is shown in figure 1B. Its entire nucleotide sequence was
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literature (as for parts of the promotor and terminator sequences). The
DNA sequence is illustrated in ﬁgure 5. It contains the followmg
5 elements:

A promotor sequence, extending from nucleotide 1 through 1058,
derived from the S. cerevisiae TDHS3 gene.

10 An open reading frame starting at nucleotide 1059 and extending to
nucleotide 2330. This open reading frame is immediately followed
by a translational stop codon, TAA (nucleotides 2331 to 2333). The
open reading frame encodes the amino acids specifying the hydrid
RTS protein.

15
A transcription termination sequence contained within the
sequence extending from base pair 2334 to 3504, derived from the
S. cerevisiae ARG3 gene (Crabeel et al EMBO J. 1983 2: 205-212).

20 The amino acid sequence of the hydrid RTS protein, encoded by
nucleotides 1059 to 2330 is indicated in figure 5 and contains the
following elements:

A methionine-residue, encoded by nucleotides 1059 to 1061, derived
25 from the TDH3 gene sequence.

Three amino acids, Met Ala Pro, derived from a nucleotide sequence
(1062 to 1070) created by the cloning procedure used to construct
- the hybrid gene.
30 _
A stretch of 189 amino acids, encoded by nucleotides 1071 to 1637
representing amino acids 210 to 398 of the circumsporozoit_e protein

(CSP) of Plasmodium falciparum strain 7G8 (8).

35 An amino acid (Arg) encoded by nucleotides 1638 to 1640, created
by the cloning procedure used to construct the hybrid gene.

Four amino acids, Pro Val Thr Asn, encoded by nucleotides 1641 to
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A stretch of 226 amino acids, encoded by nucleotides 1653 to 2330,

5 and specifying the S protein of hepatitis B virus (adw serotype).
Example 4 TI F THE RTS CASSETTE INTEGRAT
TOR pRIT1 '

10 The Construction of the RTS Cassette integrative vector pRIT13539 is
shown on figure 6. '

The RTS expression cassette was inserted on the Ty based integrative
vector pRIT13144. This vector is a derivative of pRIT12927 (2) in which

15 the LEU?2 gene was inserted in the Sall site of the Ty element as a Sall-
Xhol fragment isolated from the vector pCV9 (7). Thus, after insertion of
the RTS expression cassette into pRIT13144, the resulting plasmid,
pRIT13539, contains, in addition to the expression cassette, the yeast
LEU2 gene as selective marker (figure 5). Digestion of pRIT13539 with

20 Bglll endonuclease liberates a 6.800 bp linear fragment shown in figure 7
which can integrate into the genome by homologous recombination of the
free ends with resident Ty elements.

. Example 5 TRANSFORMATION OF STRAIN Y1295 AND
25 GENERATION OF STRAIN RIT4383 (Y1530)

To obtain a strain expressing both S and RTS proteins, Y1295 was
transformed with the 6800 bp linear Bg1II fragment (figure 7) with
selection for Leut colonies. Several integrants containing sets of both

30 expression cassettes present in the genome at various ratio were obtained.
One selected transformant, expressing the RTS and S protein in a ratio of
approximately 1:4 was given the official designiation RIT4383 (the
laboratory accession number is Y1530).

35 Example 5b Transf ion of in Y1295 and Generation of Strain
Y1631, '

A similar (to RTS) construct was generated using the CSP gene sequence
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derived from P.falciparum strain NF54 (\/Iol Biochem.Parasitol.35:185-
190, 1989). The fusion protein obtained will be designated RTS* to
distinguish it from the construct obtained with_the CSP derived from

P.falciparum strain 7G8.

The sequence of the expression cassette is shown in figure 9. It contains
the following elements: -

. A promoter sequence, extending from nucleotide 1 through 1058,
derived from the S.cerevisiae TDH3 gene.

o An open reading frame starting at nucleotide 1059 and extending to
nucleotide 2330. This open reading frame is immediately followed
by a translatiional stop codon, TAA (nucleotides 2331 to 2333). The
open reading frame encodes the amino acids specifying the hybrid
RTS* protein.

. A transcription termination sequence contained within the
sequence extending from base pair 2334 to 3504, derived from the
S. cerevisiae ARG3 gene.

This expression cassette encoding this RTS* fusion protein was
transformed and integrated into the genome of yeast strain Y1295, using
the same approach as described previously for the RTS construct.
Transformed clones expressing both the S and RTS* proteins were
obtained. One clone was selected expressing the two proteins in a ratio of
approximately 4S:1RTS*. The clone was given the laboratory accession
number Y1631.

Example 6
PREL TERIZATION OF TH N RIT4
6.1 nalysi i lottin

Cell free extracts prepared from RIT 4383 were analysed by
immunoblot using various antibodies:
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. a monoclonal antlbody d1rected toward the S protem (Mab
HBS1)
. a monoclonal antibody directed toward the repeat part of the
RTS protein (Mab 167) |
5 o a rabbit serum directed toward the repeat-less sequences of

the RTS protein (rabbit serum no. 20).

In yeast strain RIT4383, two expressed products were recognized by
monoclonal antibody HBS1: a 24KD protein corresponding to the S

10 protein and a 46KD RTS hybrid protein. The RTS hybrid protein is also

* detected by antibodies directed toward repeat and non-repeat epitopes of

the CSP. These results indicate clearly that strain RIT4383
simultaneously expresses the two S and RTS antigens at a ratio RTS/S of
approximatively 1:4. :

15
6.2 1 density ient centri 1

The formation of particles in strain RIT4383 was analyzed by CsC1
density gradient centrifugation. Crude extract (+ 15 mg of total
20 protein) was analyzed on a 10 ml 1.5 M CsC1 gradient (68 hours at
40.000 rpm, + 89C in a Beckman 50 Ti rotor). Fractions (0.5ml)
- were collected and analyzed by a radicimmunoassay specific for
HBsAg (AUSRIA), by an RTS specific ELISA and by immunoblot
usihg an anti-HBsAg monoclonal antibody.

25
As shown in Figure 8, ELISA, RIA and Western blot peaks appear .
at the same fraction (no. 13) of the gradient corresponding to a
buoyant density of rho = 1.21 suggesting that mixed particles,
containing both S and RTS monomers, are formed in this strain.
30
xampl
REP TI F THE SEED LOTY
35 tion pr re for master

Strain Y1530 (RIT4383) is first grown for 48 hours at 30°C in Petri
dishes containing 20 ml sterile YNB (Difco) supplemented with
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under aspectic conditions into 2 ml sterile polypropylene stoppered
5 tubes (1 ml per tube) and stored at -70°C.

Production pr ure for working seed 1

One master seed tube is rapidly thawed, and its contents are

10 streaked with a platinum loop on Petri dishes prepared as described
above. After incubation at 30°C for 63 hours, part of the surface
growth is transferred to a 2 L conical flask containing 400 ml of
sterile YNB broth (Difco) supplemented with dextrose (2%). The
culture is incubated at 30°C for 24 hours before being centrifuged

15 (15 min at 6300 x g) under aseptic conditions. The pellet is
resuspended into sterile YNB broth (Difco) supplemented with
dextrose (1%) and glycerol (10%). This is distributed under aspectic
conditions into 2 ml sterile glass stoppered tubes (0.5 ml per tube)

~ and stored at -70°C. |
20 '

Example 8: FERMENTATION

Preparation of the ingcultm

25 (a) Growth on solid medium

One vial of the working seed lot is rapidly thawed and spread onto

Petri dishes containing sterile YNB broth (Difco) supplemented

with dextrose (1%) and 1.8% (w/v) agar (Difco). The Petri dishes
30 are incubated for 48 hours at 300°C.

(b) Growth of inoculum

The surface growth of one Petri dish is suspended in sterile YNB
35 broth (Difco) supplemented with dextrose (2%) and distributed

equally into two conical flasks (2 1,400 ml liquid per flask). The
flasks are incubated fo_r 24 hours at 30°C on a rotary shaker.
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The fermentor vessel (20 L total volume) containing 5 L of
dieionized water supplemented with (NH4)9SO4 (40 g) is sterilized
5 in-situ at 121°C for 30 minutes using clean, pre-filtered steam at 2 |
bar g pressure. After cooling to room temperature, the liquid
volume in the fermentor is adjusted to 4L, and 1 L of
filter-sterilized HB4 solution is added. The fermentation is begun
" by adding the inoculum (800 ml) from the two conical flasks.

10
The fermentation is run using the fed-batch technique whereby the
culture is continuously fed with a solution of the following
composition. :

15 - 5 L. HB4 solution;

- 4 L dextrose 80% (sterilized at 121°C).

The culture density increases by aerobic growth at 30°C and pH 5
(maintained by addition of NH4OH). Dissolved oxygen is

20 maintained about 50% saturation by adjustment of airflow and
agitation speed. The rate of addition of the feed is predetermined to
maximize growth rate and minimize formation of by-product
ethanol.

25 The fermentation is stopped after 40-90 hours. At the end of the
fermentation, the total culture volume is 10-18 L, and the dry cell
weight is between 30 and 100 g/L. The culture is rapidly cooled
down to 15-25°C, and the yeast cells are recovered from the broth
by centrifugation. The concentrated yeast cells are washed once

30 with phosphate buffer (50 mM) before being re-centifuged and
subsequently stored at -70°C in polyethylene bags.
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HB4 Medium Composition
Component Quality
KHoPOy4 41.00g
MgS04.TH90 2350 g
CaCl9.2H90 470¢g
NaC1 030g
FeCl3.6H90O 50.00 mg
H3BOg 28.00 mg
MnSO04.H90 2240 mg
ZnS04.7TH20 22.40 mg
NagMo04.2H20 11.20 mg
K1 ' 5.60 mg
CaCls.6H9O 5.10 mg
CuS04.5H90 2.24 mg
Biotin 2.70 mg
Folic acid 2.70 mg
Inositol 2.70 mg
Ca Pantothenate 0.54 mg
Pyridoxin HC1 0.54 mg
Thiamin . HC1 0.54 mg
Niacin 1.20 mg
P-amino benzoic acid 0.60 mg
Riboflavin 0.60 mg
HC1 (37°C) 5.00 ml
Deionized water (up to) 1.00 litre
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9.1 rati 1 nsi

Frozen concentrated yeast cells (at -70°C) are thawed down to -
300C overnight and subsequently thawed out to 5-15°C by placing

10 the polyethylene bags containing the cells in water ( 10-200C). A

~ yeast cell suspension is made with a phosphate buffer solution (pH

8.0) containing the following ingredients : Ethylenediamine
tetraacetic acid 9EDTA), pMethylsulfonyl Fluoride (PMSF),
isopropanol and tween 20.

15

9.2 11 di tion

Cells are disrupted in a bead mill containing lead-free glass beads
(0.49-0.70 mm diameter). The grinding chamber is cooled by

20 circulation of refrigerating fluid at -20°C, in such a way that the
temperature of the homogenate at the outlet of the grinding
chamber does not exceed 15°C. The liquid flowrate is 6 L/hour and-
the agitation speed is 3000 rpm. This process is performed twice.
The pH of the resulting homogenate is 6.7 to 7.5.

25

9.3 Polyethyleneglycol clarification

Polyethyleneglycol 400 (PEG 400) is added to the disrupted cell
suspension to give a final concentration of 10% (30 minutes below

30 100C, pH 6.1) and a partially-clarified supernatant is recovered by
centrifugation (J21B Beckman centnfuge, JA10 rotor at 17,000 g
for 1 hour).

9.4 Methanol clarification
35 : : .
Methanol is added at pH 7 to the PEG-clarified antigen to give the
proportion of 1 volume of methanol for 5 volumes of PEG-clarified
antigen. The clarified antigen is obtained at 17,000 g for 20
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5 The crude antigen is adsorbed overnight onto 1.5% (w/v) colloidal
- silica (Aerosil 380, Degussa) at 4°C.

After washing (3 times) the pellet by successive centrifugation and
resuspension in NaCl 0.9% (w/v), the antigen is desorbed using a
10 10mM pyrophosphate buffer, pH 9.5, containing 1% TWEEN 20.

The desorbing buffer volume corresponds to 1/8 of the methanol
clarified antigen solution. The desorbed antigen solution is
recovered by ultracentrifugation in a L 8.70 Beckman ultra-

15 centrifuge rotor R19 at 50,000 g for 60 minutes.

9.6 Diafiltration

Before the purification steps, the desorbed antigen is washed by

20 ultrafiltration with 5 volumes of urea 6M, NaCl 500 mM, TRIS-HC1
20 mM at pH 8.5 in order to eliminate much of the protelc and
lipidic contaminants.

Then the buffer is exchanged in the same system (Ultrasette,
25 FILTRON fitted with polysulfone membranes with a 300 kD
nominal cut-off) with 5 volumes of TRIS-HC1 10 mM (ph 8.1).

9.7 han hrrﬁ hy on DEAE- M

30 The clarified solution is applied to an anion-exchange column
(DEAE-TSK 650 (M)) equilibrated in a 10 mM TRIS-buffer, pH 8.1.
After Washing successively with 2 volumes of 10 mM TRIS-HC1
buffer pH 8.1 and 3 volumes of 10 mM TRIS-HC1 buffer pH 8.1
supplemented with 40 mM NaCl, the antigen is desorbed with less

35 than one volume of 10 mM TRIS-HC1 buffer pH 8.1 containing 150
mM NaCl. The antigen-containing fractions are pooled.

9.8 i¢ interaction chr hy on Butvl-TSK
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5 8.1). Most of the antigen passes through while most of the
impurities bind to the gel.

9.9 Concentration by ultrafiltration

10 The HIC pool is concentrated by ultrafiltration in an Ultrasetté
- system (FILTRON) fitted with polysulfone membranes with a 300
kDanominal cut-off.

9.10 Ultracentrifugation in a CsCl gradient
15 '

CsCl is added to the Butyl-T'SK pool to give a final concenration of
1.5 M.

After 65 hours in a 50.2 Ti Beckman rotor at 270,000 g, the antigen-
20 containing fractions are collected.

9.11 Size exclusion chromatography on SEPHACRYL S300 (HR Type)

In order to exchange the buffer and to eliminate low molecular

25 weight contaminants, the antigen solution is applied to a
SEPHACRYL S300 HR column. The elution buffer is 10 mM
phosphate, containing 150 mM NaCl (pH 7.4).

RILE FILT 10N

30
After dilution to between 150 and 400 pg Lowry/ml and pH
adjustment to 6.8, the purified antigen is sterilized by filtration
through a 0.22 um sterile filter. The resulting solution contains
purified RTS/S particles.
35
mple 10:; I ICAL TERIZATION OF RT

10.1 Antigenicity
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In order to test the antigenicity of the RTS/S particles, a number of
ELISA's were performed, combining monoclonal antibodies directed
against the different epitopes.

The monoclonal antibodies (MoAbs) used are :
- MoAb R10: ¢ specific for the repeat sequence (NANP) of th.

region.
e IgMisotype.

- MoAb RL117: e gpecific for the non-repeat sequence of the CS
region. .
- MoAb RF1: ¢ specific for the S sequence of the HBsAg.

e IgGl isotype.

MoAbs R10 and RL117 were prepared in house by fusion of
Sp2/0Ag 14 myeloma cells with splenocytes of Balb/C mice
immunized with partially pure RTS-like particles containing both
repeat and non-repeat regions of the CSP sequence.

Three batches of the candidate RTS/S vaccine were analyzed :
batches Nos. 24M31, 24M32 and 24M34.

action wi lonal anti R1 nti-repea

The anti-repeat MoAb R10 was used in a "sandwich” ELISA.
Samples to be tested were incubated in microtiter plates previously
coated with MoAb R10. The same MoAb coupled to peroxidase was
then added. After one hour incubation at 379C and washing, color
was developed by addition of Orthophenylene-diamine-Hg029.
Absorbance was measured at 490 nm and plotted versus the
antigen concentration.

Results
The three batches : 24M31, 24M32 and 24M34 reacted positively

and consistently with MoAb R10, thus confirming the presence and
accessibility of the repeat epitopes on the RTS/S particles. The
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. amount of antigen necessary to reach 50% of maximum binding was

51.2, 38.2-and 60.6 ng for batches 24M31, 24M31 and 24M34
respectively.

5 10.3 tion with monoclonal antibody RL117 (anti-r ]

The reactivity of MoAb RL117 with RTS,S particles was analyzed in

a "sandwich" ELISA test. MoAb RL.117 was coupled to peroxidase

and used for the detection of the RTS/S particles, while MoAb R10,
10 specific for the repeat region, was used for the capture of particles.

Briefly, samples to be tested were incubated in microtiter plates
previously coated with MoAb R10. RL117 coupled'to peroxidase
was then added, and, after one hour incubation at 37°C and

15 washing, the coloration was developed by addition of
Orthophenylene-diamine-H9O9. Absorbance was measured at 490
nm and plotted versus the antigen concentration.

Results

20
The three batches : 24M31,.24M32 and 24M34 reacted positively
and consistently with MoAbs RL117 and R10, thus confirming the
presence and accessibility of repeat and ono-repeat epitopes on the

_ same RTS/S particles. The amount of antigen necessary to reach

25 50% of maximum binding was 169.2, 117.6 and 181.1 ng for batches

24M31, 24M32 and 24M34 respectively :

10.4 ction wit noclonal antibodv RF1 (anti-

30 The presence of S-epitopes in RTS/S particles was shown by a
"sandwich" ELISA test, using MoAb RF1 coupled to peroxidase for
detection. The R10 MoAb was used directly onto the microtiter
plates in order to capture the RTS,S particles.

35 In summary, samples to be tested were incubated in microtiter
plates previously coated with MoAb R10. MoAb RF'1 coupled to
. peroxidase was then added. After incubation at 370C for 1 hour
and washing, color development was allowed by addition of
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Results

The three batches : 24M31, 24M32 and 24M34 reacted positively
and consistently with MoAbs RF1 and R10, thus confirming the
presence and access1b1hty of the repeat and Sepitopes on the same
- RTS/S particles. The amount of antigen necessary to reach 50% of
10 maximum binding was 52.3, 55.2 and 106.2 ng for batches 24M31,
| 24M32 and 24M34 respectively.

EN F RT TICLES
15 11.1 Immunogenicity studies

Studies on the immunogenicity of (RTS,S) particles were performed
in mice and in Cercopithecus aethiop monkeys.

20 In mice, anti-CSP antibodies were analyzed by ELISA test using
' the R32tet32 antigen for the detection of the anti-repeat antibodies.
R32tet32 consists of 32 copies of the NANP (major) repeat fused to a
32 amino acid portion of the tetracyclin resistance gene of plasmid
pBR322. The recombinant antigen is produced in Escherichia coli.
25 Antibodies (Abs) directed against the non repeated sequence of the
CS protein were measured by ELISA test sing the RLF antigen.
The RLI antigen consists of the complete CS protein flanking
region devoid of repeat fused to the first 81 amino acids of the NS1
protein of influenza virus. The RLF antigen is produced in E. coli.
30 Mice sera were serially diluted, starging at 1:100, and titers are
| expressed as the reciprocal of the dilution corresponding to an
optical density of 1.0 in the ELISA test (1). Measurements of anti-
CSP Abs were performed on individual sera and the geometric
mean titer (GMT) was calculated.
35 ,
In order to analyze the anti-carrier response, anti-HBs antibody
titers were also measured (pooled sera only).
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the subcutaneous (s.c.) routes of immunization were compared and

5 the effect of the immunostimulant 3-deacylated monophosphoryl
lipid A (3D-MPL) on the immune response was also tested.

The immunogeniciﬁy of the (RTS,S) vaccine was also tested in a
similar way in Cercopithecus aethiops monkeys.

10
Selected individual or pooled sera were also tested for their capacity
to inhibit the in vitro invasion of a human hepatoma cell line
(HepG2) by P, falciparum sporozoites (ISI assay (2)).

15 11.2 Immunogenicity in mice

XPER NT1: Immunogenicity of clinical (RTS,S) batches
adsorbed on A1(OH)g

20 Method

Immunization :

| Groups of 10 Balb/C mice were injected twice intraperitoneaily at
25 one month interval with 1 pg of each of three (RTS,S) batches
previously adsorbed on A1(OH)g (batches 24M/31, 24M/32 and
24M/34). Control mice were injected with HBsAg (Engerix-B, batch
ENG611B4). On days 30 and 45, the mice were bled and the
antibody titers were measured on individual sera.
30 '
Serological methods :

The anti-R32tet32 and the anti-RLF titers were measured by
ELISA using respectively R32tet32 and RLF as coating antigens.

35 The microplates were incubated with the serum sample (12 two-fold
serial dilutions starting at 1:100) to be tested. Mouse Abs were
reacted with biotinylated anti-mouse Ig followed by streptavidin :
biotinylated horseradish peroxidase complex and orthophenylene-
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e optical density was measured at 490 nm. The
titers were expressed as the reciprocal of the dilution corresponding
to an optical density of 1.0 (50 % maximal binding). For each group
of mice, the geometric mean titer (GMT) was calculated.

The anti-HBs antibody titer was calculated according to the
Hollinger formula (3) and expressed in mIU/ml.

Results

Anti-CSP response :

Strong anti-R32tet32 and anti-RLF responses were observed for
each (RTS,S) batch tested. No significant difference between the
batches was noted. A remarkable booster effect was observed after

the second dose. Mice immunized with HBsAg ("Engerix-B") were
used as negative control in this experiment.

Anti-HBs response :

The (RTS,S) batches induce antibodies directed against the HBsAg
carrier protein. The assay was performed on pooled sera only.

‘

ERIMENT 2: -~  Effect of the immunostimulant 3D-MPL on
the immunogenicity of (RTS,S) particles in
Balb/C mice.

We analyzed the effect of the 3D-MPL on the immunogenicity of the
(RTS,S) vaccine in mice. Both the intraperitoneal (i.p.) and the
subcutaneous (s.c.) routes of immunization were tested.

Method
Immunization:

Groups of 10 Balb/C mice were injected twice intraperitioneally at
one month interval with 1 pg of (RTS,S) (batch 24M/34) adsorbed on
A1(OH)g alone or on A1(OH)3 + 3D-MPL (50 pg/dose). Control mice
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Serological method:
5
The serological methods were the same as in the first experiment
described above.
Results
10
Anti-CSP response:

The (RTS,S) vaccine batch induces strong anti-R32tet32 and
anti-RLF responses in both formualtions. In all cases, a signiﬁcémt_

15 - booster effect is observed following the second immunization. Titers
obtained with the formulation containing 3D-MPL are in all cases
higher than the aluminium alone formulation, and a statistically
significant increase was observed in the primary anti-R32tet32
response (p = 0.02). A group of mice injected with NaC1 150 mM

20 was used as negative control in this experiment.

Anti-HBs response:

Both formualtions of the (RTS,S) vaccine, injected by the i.p. route,

25 induced a strong anti-HBs response. A significant booster effect
was observed following second immunization with either
formulation.

B. Immunization b rou

30
Method
Immunization:

35 Groups of 10 Balb/C mice were injected twice subcutaneously at

one month interval with 1 pg of (RTS,S), (batch 24M/34) adsorbed
on A1(OH)g alone or on A1(OH)3 + 3D-MPL (50 pg/dose). Control
mice were injected with NaC1 150 mM. One days 30 and 45, the
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The serological methods were the same as in the first experiment

5 - described above.

Results

Anti-CSP response:

10
The (RTS,S) vaccine batch induced positive response against
R32tet32 and RLF in both formulations. In all cases, a significant
booster effect was observed following the second immunization.
Statistically significant higher titers were observed with the

15 3D-MPL formulation on day 45, both for the anti-R32tet32 and
anti-RLF responses (p = 0.18 and p = 2.9 respectively). In general,
however, titers were lower than those obtained with the i.p. route.
A group of mice injected with NaC1 150 mM was used as negative -
control in this experiment.

20
Anti-HBs response: -

Both formulations of the (RTS,S) vaccine, injected by the s.c. route
induced a good anti-HBs response. A significant booster effect was
25 ~ observed following second immunization with either formulation.
As observed for the anti-CSP responses, the anti-HBs response was
lower by this route of immunization as compared to the i.p. route.

11.3 Immunogenicity in copith hi
30
The immunogenicity was evaluated in Cercopithecus aethiops
monkeys with clinical batch 24M/32 adsorbed on A1(OH)g3.
Meth
35
Immunization:

Five monkeys wer injected intramuscularly on days 0, 28 and 84
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Al+++). The animals were bled on days 0, 14, 28, 42, 56, 66 and 98.
Antibodies directed against R32tet32, RLF and HBs antigens were
measured.

Serological methods:
A anti-R32tet32 and the anti-RLF antibody titers were measured by

ELISA using respectively the R32tet32 and the RLF antigens
coated on microplates. The plates were then incubated with the

- serum sample to be tested (12 two-fold serial dilutions starting at

1:10). Monkey antibodies were detected by biotinylated anti-human
Ig followed by streptavidin biotinylated horseradish peroxidase
complex and orthophenylenediamine/H9Og9. The optical density
was measured at 490 nm. The titers wer expressed as the
reciprocal of the dilution corresponding to an optical density of 1.0
(50% maximal binding). For each group, the geometric mean titer
(GMT) was calculated. The anti-HBs 'antibody titers were
calculated according to the Hollinger formula (Hollinger et al.,

1982) and expressed in mIU/ml. '

Results

Anti-CSP response:

The (RTS,S) vaccine induced a positive response against both
R32tet32 and RLF antigens in all 5 monkeys. A significant booster
effect was observed 14 days following second immunization (day
42). A slow decrease of antibody titers was then observed up to the
third immunization. The titers again increase 14 days following the
third immunization (day 98), expect in the case of the anti-RLF
response of monkey Jo.352. |

The anti-R32tet32 titers reached after the third immunization (day

98) are not however higher than those observed after the second
immunization (day 42).

In the case of the anti-RLF response (with the exception of monkey




REPLACEMENT SHEET This . Sheet Has Been Replaced -8- Exanple 1 1.

CONSTRUCTI ON BRSO RT i IRI383 The S. cerevisiae strain, RIT4383
used for production of mm : aining both the FaidsiEEr 1 S BEEN
pol ypepti des, carries ( Ssion cassettes for ea;ﬁﬁkegﬁi n. The S

gene expression cassette has been integrqégg in 5 to 6—eoptes—at—reast—L WO
sites in genone usjpmsy) LAGAErease of titers is observed following the third
immunization (day 98) relative to post second immunization levels
(day 42). '

5 Anti-HBs response:

- All monkeys raised an anti-HBs response with significant booster
effects following second (day 42) as well as third (day 98)

immunization.

10 '
Biological activity of antibodies raised against
the (RTS.S) particle

As a measure of the biological function of the antibodies induced by
15 - the (RTS,S) vaccine, pooled mice and individual monkeys sera were
tested by the Inhibition of Sporozoite Invasion (ISI) assay
(Hollingdale et al., 1984). This assay measured the capacity of the
anti-CSP antibodies to inhibit the in vitro invasion of a human

hepatoma cell line (HepG2) by P, falciparum sporozoites.
20
Results

The results of this experiment are presented in Tables 1 and 2. The
ISI data are expressed as % inhibition relative to the activity of a
25 pre-immune confrol serum taken as 0% inhibition. For reference,
the anti-R32tet32 and RLF antibody titers of the tested sera are
included. Table 1 shows that all mice sera tested have very high
ISI activity. Table 2 shows that all 5 monkeys have also a very ISI
activity on day 98 compared with the corresponding immune serum.

30
Conclusion
The (RTS,S) particles induce_d, both in mice and monkeys, a high
antibody response directed against the repeat and non-repeat

35 epitopes of the CSP and against the S protein of the HBsAg carrier.

The primary antibody response in mice was enhanced by the
presence of 3D-MPL.



I ntegration vector wi th honol ogy to re5| dent Ty retrotransponsons The RTS
ene expreSS| QL% et {This Haest Hye BeeniRep in2to 3 co )
i'Fat SHEET Has meen

g
sites in the genone, usi tegratlon vect or si
errpl oyed for the integr

gene cassette. Expr
types of cassette is driven by a pro

ter gerived fromthe yeast TDH3 ¢

1.1 CONSTRUCTI ON OF THE S EXPRESS|I ON CASSETTE AND | NTEGRATI VE VECTOR
ression cagsette (Figure 1A) identical to that

(pRI T13034) The S
found in strain Rl 1@%%0531%%%0‘&%@@ aftegfintrapesitonealtinjectioromere higher
f r agnment than those obtained after immunization by the subcutaneous route.

5 The antibodies elicited in the two animal species effectively
prevented invasion of cultured human hepatoma cells by

P, falciparum sporozoites.



681 bp of S gene sequence, a 6 bp spacer containing an EcoRl |inker and a
1165 bp frag heehHasRegBRdplaeadscri pti on termi 8 HASGEEEN
sequence vvas%@gd by [ m a conpl ete gencrr[%cﬁiﬂzﬁchp
(pRIT10616) of a virus e). The structur
pRI T13034, used for integration o e S expression cassette into the yeast
genone, is shown in Fi gur e 2 The. constr u@0-on and use of thIS type of
vector for i nilapletl:dSLectivity afssera from Ralbf@ snice ity yizedi with B8RS i s
descri bed in Jacobs et al. (2) pRI T13034 cont ai ns the S gene cassette, the
- URA3 gene an FOPTgeng 1 SA Wt nNn a Go Ty el'emgpt cl oned
on pUC9. The l\gxggg gene and t rée@ﬁﬁf'%% bot h%\ de sel ect agfg mar ker s
er o

that allow tq cetsﬁﬁaml sh Titer

Poolip
A1+3D-MPL 606544 242408 100%
Davy 45

Pool i.p
Alum only 87005 160284 98%
Day 45

Pool i.p
Al+3D-MPL 15333 99002 94%
Day 45

Pool s.c :
Al1+3D-MPL 5102 20453 86%
Day 45

Pool of
Negative 205 205 0%
Controls




CNRS, Strasbourg), the is frompCUP5 (T.! abs

transforrred yeast col gnj 5scgg5 [@éasforrred col oni es "y,
by Viéira & ¥es5018 @jﬁgth | grrent Is from pFLaﬂﬁkﬁt—;H ﬁ ﬁ@gé
Phi | adel phia), the Ty Juni aux et al. (4) and the S gene
cassette from pRI T12353. Di gest I on of pRI T13034 wi th Xhol endonucl ease

| i berates theraSEPé)gp fnear frtag ng stfo n Figure 3

Monkey Serum | A-R32tet32 | A-RLF IS
# titer titer (%)

J0 352 DAY 0 <50 <50 0%
DAY 98 1762 1250 98%

JO 353 DAY 0 <50 <50 0%
DAY 98 | 1574 32218 90%

J0 354 DAY 0 <50 <50 0%
DAY 98 3751 31034 98%

J0 356 DAY 0 50 | <50 0%
DAY98 | 1495 18544 95%

Jo 357 DAY 0 <50 <50 0%
DAY 98 1420 30727 98%
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was used forr#‘gééﬁmi ntroduction by transformation of the |jnear vector |
fragnment fro 34. This sH—ai n contains a single diBHIYEHEET HASIBEEN
| ocus, cupl. After transfor n with the |inear Xhol frangEEELA(lﬂlDa+

col oni es were i sB# ed for copper resistance—Fhe—Rore

resi st ant transfo grat ed tygg-to five copi
det er m ned by Sout anal ysiGlaim® transforr&ﬂl’!ﬂ&""ﬁ!l%iﬂ' HIF
were retained, M9 W|th an estlnated 3 to 4 copies and M2 )
copies of the integrated |inear vector. Strain M523 was then crossed with ~

strain EJ cupkD 7b & hiyprid pregeinceomprisipg sibstantiallyailithe Gateroiidahscospor e
recovered t o gBr¥RnSif thleCYBeGte?R of Plasmodium, four or more tandem repeats of

5 the CS protein immunodominant region, and the surface antigen from
Hepatitis B Virus (HBsAg). '

2. A hybrid protein comprising a sequence of CS protein of
P.falciparum substantially as corresponding to amino acids 210-398 of

10 P.falciparum 7G8 CS protein or 207-395 of P. falciparum NF54 CS protein
fused in frame via a linear linker to the N-terminal of HBsAg.

3. A hybrid protein as claimed in claim 1 or 2 wherein the CS protein
is fused to HBsAg.
15
4. A hybrid protein comprising the following amino acid sequences:
a) an N-terminal methionine residue
b) Met Ala Pro
20 c) a stretch of 189 amino acids corresponding to amino acids
210 to 398 of CS protein P.falciparum 7G8 or 207-395 of CS
protein P. falciparum NF54
d) Arg
e) Pro Val Thr Asn from hepatitis B Pre Sg protein.
25 )] a stretch of 226 amino acids specifying the S protein of
hepatitis B virus

6. The hybrid protein designated RTS.
30 7. The hybrid protein designated RTS*.

8. A DNA sequence encoding a hybrid p-rotein as claimed in claims 1
to 7. '

35 9. A vector containing a DNA sequence as claimed in claim 8 said
sequence being linked to transcriptional control elements.

10. A host transformed W1th a vector of claim 9.



This strain was then backcrossed to MS9 ‘and a Leu-, Trp- haploid segregant
obt ai ned ( VoB45935/@onTias Steat HaBeewRBlacedpi es of the integ Y _
cassette. Southern blott t MS54- 2C cont ai ned THIS YIEET I BREN
copi es of the integrati r e locus and a further siRE-A%Edpy
integrated at a differe ocus. "5 t @46 copies of the expression -~
cassette were intact as digestion of total yeast cell DNA with Hi ndlll
endonucl ease io i hberate the cassetfe fragnment and Southern blotfing with
an S gene spé ificR&Q?&é‘s daned in ghaim 30 prhergin the hesbiscRcterewisiagnt aneous
Trp+ revertant of this strain was obtained, MsS54-2c-T, and given the

| abor at ory agsc Sssh%os@%gb 51111% E19r?'claim 11 additionally transformed with a

5 gene encoding the Hepatitis B surface antigen.

13. A multimeric lipoprotein particle comprising a hybrid protein of
claims 1 to 7. _ '

10 14. A mixed multimeric lipoprotein particle comprising a hybrid
protein of claims 1 to 7 and Hepatitis B surface antigen.

15. A mixed multimeric lipoprotein of claim 14 comprising RTS, or
RTS* and the surface antigen of Hepatitis B virus.

15 :
16. A particle as claimed in claim 14 or 15 wherein the ratio of hybrid
protein to surface antigen is 1:4.

17. A vaccine comprising an immunoprotective amount of a particle or
20 protein accqrding to any of claims 1 to 7 or claims 13 to 16 in admixture
with a suitable diluent or carrier. '

18. A vaccine as claimed in claim 17 additionally comprising 3-
Deacylated monophosphoryl lipid A.
25

19. A vaccine as claimed in claim 18 additionally comprising alum.

20. A vaccine as claimed in claim 18 presented in an oil in water
emulsion. |
30 _
- 21. A method of treating a patient susceptible to plasmodium
infections comprising administering an effective amount of vaccine
according to any of claims 17 to 20.

35 21 A process for the production of a hybrid protein according to any of
claims 1 to 7 which process comprises expressing a DNA sequence

encoding the protein in a suitable host and recovering the product.
_ IR

AR ) o Il



Exanpl e 3 I | OF THE RTS- EXPRESS| ON CASSETTE The expression
or bt

cassette f brid protein was constructed by a nul tﬁ"s‘?é EET GiASrREEN
procedure and was cloned in the E coli yieast shuttle vectol_YeplR¥RACED
yielding a plasm d Yepl3RTS (Fig.4). The structure of the cassette is shown
in figure 1B. Its entire nucleotide sequefdie was .

22. A process for the production of particles as claimed in claims 12 to

15 comprising expressing a DNA sequence encoding a protein of claims 1
to 7 and hepatitis B surface antigen in a Sacchromyces strain.

!\
This Sheet Has Bee

R

_

0 o |




REPLACENMENT %%A determined either by direct sequencing (as for t he
codi ng seque B 8rts of the flanki ng control seque ;,’;y '
consultation of the relevant literature (as for parts of ?ﬁ@ :Eé:lfm ’%B%ﬁw
term nat or sequences). The DNA sequence is illustrated ita—fi-gdE A
contains the follow ng el enents: -A36pf onot or sequence “ext endi ng from
nucl eotide 1 through 1058, deri vAbstra®t t he S. cerevisiae TDH3 gene.

Vaccines .

5 A novel hybrid protein is provided which comprises a portion of the CS
protein of P. falciparum and the surface antigen of Hepatitis B virus.

The use of this protein for vaccination purposes is disclosed.
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An ope
nucl eotide 2330. This open reading franme is I nmedlate _

transl ati onal stop ¢odon, TAA (nucleotides 2331 to 2333) '13'{1§SHEFT N
reading frame encq@ggh&r&s@g@n@ 18ed s specifying the hydl S@%BEEN :
erm nati on sequence contet+hesd FERE fhe
2334 to 3504, derived fromthe

protein.
sequence extendi ng Wm lﬂE{I
cerevi si ae ARG3 gen EMBO J. 1983 2: 205-212). The am no

acid sequence of the hydrid RTS protei n, encoded by

Figure 1: Restriction.endonuclease map of (A) the S expression cassetts and
B8) the RTS expression cassette.
The extent of each coding sequence is indicated by the black bar.

Ecor! Huinalit
Xmnl Xoal xmal Kol
Hinatii | i k Econ
.......... — e i A
1 TDH3pro S ARG3ter 2210
EcoRl Hindtll
Htnatll Xmni Xbat xmnl Kont
l l -cnRV B

y TDH3pro RTS ARGater 3504



‘nucl eotides 1059 to 2330 is indicated in figure 5 and contains the
foll ow ng el enents: A net hi oni ne-resi due, encoded by nucl eoti des
1059 to 1061, deri vemlssheetHas‘Beemm&phwedTDl-B gene sequence. IHIS SHEEF g(;\s%?l}

acids, Met Ala Pro, ucleotlde sequence A ED
creat ed by the clonln d to construct e Hyunlu gefe-
A stretch of 189 amn d by nucl eotides 1071 to 1637

representing am no acids 210 to 398 of the circunmsporozoite protein

LJZ—
~

Figure 2: nstruction of plasmid pRITI -
Digestion with Xhol endonuclease liberates a 8.5 kb linear DNA
fragment carrying the S expression cassette for integration into
the yeast chromosome by homology of the free ends with resident Ty

elements.
W Xeai
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(CSP) of Plasnodium falciparumstrain 7G3 (8).
encoded by nucl eotides 1638 10 1640, created

used to constrmtsﬁe&elam&ﬁkgblggqe. Four
41 to

R[]

by the
am no aci ds,

Figure 3: Restriction map of the 8.5 kb linear Xh " fr :
The linear fragment contains the URA3 and CUPI genes for selection

of transformed yeast cells together with the S expression cassette.

An am no acid (Arg)
Qni ng_procedure
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-11- 1652,
hepatitis B virus! (
am no acids, encode
S protein of hepati ti
THE RTS CASSETTE | NT

Figure

Sma Nae | dgestion

-~

and—+epresenting—the four carboxy term nal residues of the

w_ser t re 2 protein (9). Argisr
h 653 to 2330, and spec Si?%? }PAS@
serotype). Exanple 4 \,u‘\iST \,.. =
pRI T13539

4: Construction of the RTS express:on cassette and its cloning in

plasmid Yepl3d.

Xho Ul
Xho U
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* HgiA 1 éig and purification of the saat trags HgiAt
{eoraning CSP gene)

* Ugaton wah HgA VBamH 1 synthetic clgonuciaotde

* Dgeston wah Xho ll and pundicanion of e tragment
Xha WBamH  (contaenang 19 rapaats and the Ctemniaa |
coding sequenca of the CSP gane)
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The Constructi q?§ﬁ§:gg§sette integrative vector pRLEL3539.1s.sho

on figure 6. it he on cassette was inserted or] Vi€ SHEEBHSUIBEEN

integrative veciﬂ" ﬂ_ This vector is a derivativd_of pREAUAGED7 (2)
i

in which the LE efted in the Salll site of the Ty elenent as
a Sall- Xhol fragnment isolated fromthe vector pCVv9 (7). Thus, after

i nser t i onFiglurd idNulestidx @auesk of the R Saixpepsiontcasspite adBiredictedhe resul ting

pl asni d, pRI Tirabgstiocpnadadt nbthe RTSBsAg lyrbridprotem. expr essi on cassette, the
yeast LEU2 gefbe translatiercerioduct imitikted frofm the TOH) ATGicedootis showsf pRI T13539 wit h
Bgl I I endonuchedewdh¢ PH&rsgaeences 6. 800 bp |inear fragnent shown in figure 7

10 30 50
AAGCTTACCAGTTCTCACACGGAACACCACTAATGGACACAAATTCGARATACTTTGACC
70 90 110
CTATTTICGAGGACCTTGTCACCTTGAGCCCAAGAGAGCCAAGATTTAAATTTTCCTATG
130 150 170
ACTTGATGCAAATTCCCAAAGCTAATAACATGCAAGACACGTACGGTCAAGAAGACATAT
190 210 230 )
TTGACCTCTTAACTGGTTCAGACGCGACTGCCTCATCAGTAAGACCCGTTGAARAGAACT
250 270 290
TACCTGAAAAAAACGAATATATACTAGCGTTGAATGTTAGCGTCAACAACAAGAAGTTTA
310 330 350
ATGACGCGGAGGCCAAGGCAAAAAGATTCCTTGATTACGTAAGGGAGT TAGAATCATTTT
370 390 . 410
GAATAAAAAACACGCTTTTTCAGTTCGAGTTTATCATTATCAATACTGCCATTTCARAGA
430 450 470

ATACGTAAATAATTAATAGTAGTGATTTTCCTAACTTTATTTAGTCAAAAATTAGCCTTT
490 510 530

TAATTCTGCTGTAACCCGTACATGCCCAAAATAGGGGGCGGGTTACACAGAATATATAAC
550 570 $90

ATCGTAGGTGTCTGGGTGAACAGT TTATCCCTGGCATCCACTARATATAATGGAGCTCGE
610 630 650

TTTTAAGCTGGCATCCAGAAAAARAAAGAATCCCAGCACCAAAATATTGTTTTCTTCACE
670 690 - 710

ARCCATCAGTTCATAGGTCCATTCTCTTAGCGCAACTACAGAGAACAGGGGCACAARCAG
730 - 750 770

GCARAARACGGGCACAACCTCAATGGAGTGATGCAACCTGCCTGGAGTAAATGATGACAC
790 810 830

AAGGCAATTGACCCACGCATGTATCTATCTCATTTTCTTACACCTTCTATTACCTTCTGC



whi ch can i ntegr L& LN B&ngggg@ne by honol ogous reconbi nati.an.Qf the free
ends with residel E Exanpl e 5 TRANSFORVATI ON iORHISTHRAEN Rls? By

AND GENERATI ON OF (Y1530) To obtain a strdin_exRBERSSIEDY
both S and RTS pr s transformed with the 6800 bp TInear
Bgl Il fragment (figure 7) with selection for Leu+ col onies. Several

i ntegrants containing sess of both expre8®™ on cassettes p¥¥sent in the

genome at various tio were obtatk . ted tr -
expressing the RTgé &T@W&FWF&%‘P%&&%%?%FSW%@%% E: FTies given
the official designation Rl T4383 (the X

910 930 950

CCTACTTGACTAATAAGTATATAAAGACGGTAGGTATTGATTGTAATTCTGTAARTCTAT
970 ‘ 990 1010

TTCTTAAACTTCTTAAATTCTACTTTTATAGT TAGTCTTTTTTTTAGTTTTAAAACACCA
1030 1050 1070

AGAACTTAGTTTCGAATAAACACACATAAACAAACAAAATGATGGCTCCCGATCCTAATG
MetMetAlaProAsSpProAsnA

1090 1110 - 1130

CAAATCCAAATGCAAACCCAAATGCAAACCCAAACGCAAACCCCAATGCAAATCCTAATG
laAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsna

1150 1170 1190

CAAACCCCAATGCAAATCCTAATGCAAATCCTAATGCCAATCCAAATGCAAATCCAAATG
laAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnA

1210 1230 1250

CAAACCCARACGCAAACCCCAATGCAAATCCTAATGCCAATCCAAATGCAAATCCAARATG
laAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsna

1270 1290 . 1310

CAAACCCAAATGCARACCCAAATGCAAACCCCAATGCAAATCCTAATAAAAACAATCAAG
laAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnLysAsnAsnGlnG

1330 1350 1370

GTAATGGACAAGGTCACAATATGCCAAATGACCCAAACCGAAATGTAGATGARAATGCTA
l1yAsnGlyGinGlyHisAsnMetProAsnAspProAsnArgAsnValAspGluAsnAlaA

1390 1410 1430

ATGCCAACAATGCTGTAAAAAATAATAATAACGAAGAACCAAGTGATAAGCACATAGAAC
snAlaAsnAsnAlavalLysAsnAsnAsnAsnGluGluProSerAsplLysHisIleGluG

1450 1470 - 1490

AATATTTAAAGAARATAARARATTCTATTTCAACTGAATGGTCCCCATGTAGTGTAACTT
inTyrLeulysLlysIleLysAsnSerIleSerThrGluTrpSerProCysSexValThrC

1510 1530 1550

GTGGAAATGGTATTCAAGTTAGAATAAAGCCTGGCTCTGCTAATAAACCTAAAGACGAAT
¥sGlyAsnGlyIleGlnValArgIleLysProGlySerAlaAsnLysProLysAspGlul

1570 1590 1610

TAGATTATGAAAATGATATTGAAAAAAAAATTTGTAAAATGGAAAAGTGCTCGAGTGTGT
eulAspTyrGluAsnAspIleGluLysLysIleCysLysMetGluLysCysSerServValP

1630 - 1650 1670




| aboratory acce55|on nunber is Y1530). Exanpl e 5b Transf

gener ated usi ng t quence _ REPLACED

Y1295 and Gener &b as iW 264631, A simlar (to RTS) OHEY PHERT HAS BEEN

TTAATGTCGTAAATAGTCGACCTGTGACGAACATGGAGAACATCACAICAGGATTCCTAG
heAsnValvValasnSerArgProValThrAsnMetGluAsnIleThrSerGlyPheleuG

1690 1710 1730

GACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGE
lyProLeuleuValleuGlnAlaGlyPhePheLeuLeuThrArgIleLeuThrIleProG

1750 1770 1790

AGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGTGTICTTG
inSerLeuAspSerTrpTrpThrSerLeuAsnPheLeuGlyGlySerProvalCysLeuG

1810 1830 1850

GCCARAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCARTTTGTC
1lyGlnAsnSerGlnSerProThrSerAsnHisSerProThrSerCysProProIlleCysP

1870 - 1890 1910

-

CTGGTTATCGCTGGATGTGTCTGCGGCGT TTTATCATATTCCTCTTCATCCTGCTGCTAT
roGlyTyrArgTrpMetCysLeuArgArgPhellellePheleuPheIlleLeuleuLleuC

1930 1950 1970 -

GCCTCATCTTCTTATTGGTTCTTCTGGATTATCAAGGTATGT TGCCCGTTTGTCCTCTAA
ysLeullePheLeuLeuValLeuLeuAspTyrGlnGlyMetLeuProValCysProLeul

1990 2010 2030

TTCCAGGATCAACAACAACCAATACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAG
1leProGlySerThrThrThrAsnThrGlyProCysLysThrCysThrThrProAlaGlnG

2050 ' 2070 2090

GCAACTCTATGTTTCCCTCATGTTGCTGTACAAAACCTACGGATGGAAATTGCACCTGTA
lyAsnSerMetPheProSerCysCysCysThrLysProThrAspGlyAsnCysThrCysI

2110 2130 2150

TTCCCATCCCATCGTCCTGGGCT T TCGCAAAATACCTATGGGAGTGGGCCTCAGTCCGTT
leProlleProSerSerTrpAlaPheAlalysTyrLeuTrpGluTrpAlaSerValArgP

2170 2190 2210

TCTCTTGGCICAGTTTACTAGTGCCATTIGTICAGTGGTTCGTAGGGCTTTCCCCCACTG
heSerTrpLeuSerLeuleuValProPheValGlnTrpPheValGlyLeuSerProThrV

2230 2250 2270

. TTTGGCTTTCAGCTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATCGTGA
alTrpleuSerAlalleTrpMetMetTrpTyrTrpGlyProSerLeuTyrSerIlevVals

2290 2310 2330

GTCCCTTTATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAACGAATTC
er?roPheIleProLeuLeuProIlePhePheCysLeuTrpValTyrIleEnd

2350 2370 2390

CAAGCTGAAACAATTCARAGGTTTTCAAATCAATCAAGAACTTGTCTCTGTGGCTGATCC



REPLACEMENT SHEﬁg-Sheet(iﬁgkéégﬂ dcam P. fal ci parum strain NF54
(Mol . Bi ochem Par 190 1989). The fusion pr 5§¥§§P bt-ated—w
be desi gnat ed ij" ish it fromthe construct | R4S BEEM,

CSP derived fro

d
strain 7G8. The sequenc ‘ﬁﬁvﬁi%ssio

cassette is shown in flgure 9. It contains the follow ng elenents:
pronoter sequence, extesdi ng from nucl eediode 1 through 1068,

AAACTACAAAT'1"1'ATGCAT’i‘G‘l‘CTGCCAAéACATCAAGA}.\GAAGTTAGTGATGATGTCTT
2470 . 2490 - 2510

TTATGGAGAGCATTCCATAGTCTTTGAAGAAGCAGAAAACAGATTATATGCAGCTATGTC

2530 _ 2550 2570
TGCCATTGATATCTTTGTTAATAATAAAGGTARTTTCAAGGACTTGAAATAATCCTTCTT
2590 2610 ' 2630
TCGTGTTCTTAATAACTAATATATAAATACAGATATAGATGCATGAATAATGATATACAT
2650 2670 2690
TGAT:ATTT&GCAATGTCAATTAAAAAAAAAAAATGTTaéTAAAAcrATéTTACATchA
2710 2730 2750 ’
AGCAAATAAAGCACTTGGTTAAACGARATTAACGTTTTTAAGACAGCCAGACCGCGGTCT
2770 2790 2810
AAAAATTTAAATATACACTGCCAACAAATTCCTTCGAGTTGTCCAATTTCACCACTTTTA
2830 2850 2870
TATTTTCATCARCTTCAGCAGATTCAACCTTCTCACATAGAACATTGGARTARACAGCCT
2890 2910 ) 2930
TARCACCACTTTCAAGTTTGCACAGCGTAATATGAGGAATTTTGTTTTGACARCACAACC
2950 2970 2990
CTTTAATTTTCTCATTGTTTTCATCAATTATGCATCCATCTTTATCTTTAGACAGTTCCA
3010 3030 3050
CTACAATAGCAATAGTTTTTTCATCCCAACATAGTTTTTCGAGCCTARAATTCAGTTTGT
3070 3090 3110
CGGTCGTTTITACCTGCGTATTTTGGTTATTACCAGAGCCTIGTGCATTTTCTATGCGGT
‘3130 3150 3170
TGTTATTGTACTCCGTTAréTGGTCAGTGiATcTGTTACAAEATGATTC&ACAACT;TT&
3190 3210 3230
TGCCTCTTTTTCACGGGACGACATGACATGACCTAATGTTATATGAAGTTCCTTCTGAAC
3250 3270 3290
TTTTCCACTAGCTAGTARATGCTTGAATTTCTCAGTCAGCTCTGCATCGCTAGCAATACA
3310 - 3330 3350

CCTCTTGACCAATTCAATAATTTCATCGTAGTTTTCTATTTAGCTGAGATATATGTAGGT



starting at nuc extending to nucl eotide 2330. This
open reading fra nyoIIovved by a tr
codon, TAA (nucl 2333) .  The open redgdi ng
the am no acids specifying the hybri d RTS* protein.
transcription term nation sequence contained within the sequence

extendi ng from base pa??7°2334 to 3504, d¥¥dved fromthe 3416 S. cerevisiae
ARG3 gene.

derived fromthe_ iﬁ Vi efh@ceEi'D"B gene. [err] An open reading frane

TTAATTAACTTAGCGTTTTTTGTTGATTATTGTTGCCTTTACCAACT ATTTTTCTCACAC-;
3430 3450 ) 3470

TAGGTTTGTAATC TAAGCTCCTTCTGAACGCTGTCTCAATTTCATCATCTTTCGGGATCT
3490

CTGGTACCAAAATTGGATAAGCTT



- e ——————————————— T \\
Thi s expression cassmk&amamsadm lacgd s RTS* fusion protein was transforned
and integrated into t east strain Y1295, using the sane
approach as descri bedﬂm r the RTS construct. Tran
expressing both the S protelns wer e obtained. One
sel ected expressing the two proteins in a ratio of approxi

The cl one was glven the | aboratory acceSS|on nunber Y1631.

PRELI M NARYe CHARASTERL A ain o aamtd pRITHID AT
Digestion-with Bg endonuclease Iig{erates a2 6.8 Kb linear 'DNA

fragment carrying the RTS expression cassette for integration iato
the yeast chromosome by homology of the free ends with resident Ty
elements.

[

Exanple-6

LTR S¥!

Ty

LTR _ -
: Sail

am PO o

HBSAg

Yep13RTS tARG3

Hind Il

Hind il digastion Sal{ digestion




6.1 Analysis by immunoblotti ng- Cell free extracts p‘rk’@@g

RI T 4383 were anal sed b i mmunobl ot usi ng various anti bodi
y Sheet ¥Ias Been Replace 9 R%‘?’L A

Illlll 0w

HAS BEEN
CED

Figure 7: Restriction map of the 6.8 Kb linear BqlII fragment from pRITI
) The linear fragment contains the LEU2 gene for selection of
transformed yeast cells together with the RTS expression cassette.
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-13-' ) a nonocl onal antibody directed toward the S protel n (vep
HBS1) [err] —a monoctonal—ant i body directed toward the repeat part

of the THY $heD'10L £ b, -167) [err] a rabbit . ,serum'“"'Cr“l;j‘;--%hN :

directed toward the b ences of the [RTS prebel
(rabbit serum no.. Z’Eﬂnﬂﬂm m train R T4383, two expresse
wer e recogni zed by body HBS1: a 24KD protein corresponding

to the S protein and a 46KD RTS hybrid protein. The RTS hybrid protein is
al so

l «5‘;-(1?:
Cscl density analysis of a cell-free oxtract orepared from strain
RIT4383
fractions were analyzed by a radioimmunoassay specific for HBsAg
(AUSRIA), and by an RTS -specific ELISA. The top panel shows the
immunoblot analysis of fractions using an anti-S Mab. The buoyant
density (rho) of the peak fraction was calculated from a measure of
its refractive index.
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detected by anti bodies directed toward repeat and non-repeat epitopes of

the CSP. Thesegresults indicate clearly that strain Rl T4383 [Sigdl I ¥eEn
expr essesridigret }ﬁo Mcaack idé satehge RE tlie ATSAtexprédlsSbd afssapyl erd r%y

1:4. 6.2 CsCl derrsnsiptdeaditeduct @it the bybridprotein. The fOTTrEtToOM—6l

particles in strain R T4383 was anal yzed by CsCl . density gradient
centrifugation. Crude exfyr act ( 15 ng of350tal protghn) was anal yzed
onal0m 1.5 MGCsCl gradient (68 hours at 40.000 rpm + 8[err]Cin

a Beckman 50 Ti rgideiracdabasdicabicddRabdoncTaarceatiixfasftdatit R ToGutcanal yzed
by a radi oi mmunoassay specific for . _
70 90 110
CTATTTTCGAGGACCTTGTCACCTTGAGCCCAAGAGAGCCAAGATTTAAATTTTCCTATG
130 150 170
ACTTGATGCAAATTCCCAAAGCTAATAACATGCAAGACACGTACGGTCAAGAAGACATAT
190 210 - 230
TTGACCTCTTAACTGGTTCAGACGCGACTGCCTCATCAGTAAGACCCGTTGAARAGAACT
250 270 290
TACCTGAAAAAAACGAATATATACTAGCGTTGAATGTTAGCGTCAACAACAAGAAGTTTA
310 330 350 |
ATGAcGCGGAGGCCAAGGCAAAAAGATTcéTTGATTACGiAAGGGAGTTAGAATc;TTTi
370 390 410
GAATAAAAAACACGCTTTTTCAGTTCGAGTTTATCATTATCAATACTGCCATTTCARAGA

430 450 470

ATACGTAAA&AATTAATAG&AGTGAL11LéCTAALLLlA&TTAGTCAAAAATTAGCCTTi
490 : 510 530
TAATTCTGC&GTAACCCGTACATGCCCAAAATAGGGGGC&GGTTACACAéAATATATAA&
550 570 - 590
AICGTAGGTéTCTGGGTGAACAGTTTATC&CTGGCATCCACTAAATATAATGGAGCTCG&
610 630 : 650
TTTTAAGCTéGCAICCAGAAAAAAAAAGAATCCCAGCAC&AAAATATTGéTTTCTTCACé
670 690 710
AACCATCAGiTCAIAGGfCéATTC&CTTAéCGCAACTACAGAGAACAGG&GCACAAACA&
730 750 770
GCAAAAAAC&GGCACAACC&CAAIGGAGTéAIGCAACCTéCCTGGAGTAAATGATGACA&
790 810 830
AAGGCAATTéACCCACGCAiGTATCTATC&CATTTTCTTACACCTTCTA&TACCTTCTG&
850 870 890

TCICTCTGATTTGGAARAAGCTGAAAAAAAAGGTTGAAACCAGTTCCCTGAAATTATTCC

This Sheet Has Been Replaced

A




HBsAg (AUSRI A),

by an RTS specific ELI SA and by i munobl ot _
anti - HBsAg nonocl onal anti body. As shown in Figure %anﬁi EF‘RtA and
West ern bl ot peaks appear at the same fraction (no.

gradi ent correspondi ng 41@ a buoyanfzgdensity of rh09501.21 suggesti ng
that m xed particles, . contaj ning both S and RTS nonowers, are forned
in this strain.

2\ ¢ REHLACE

. u5|n

;
|

GOTAGPTGACT AATARE PARA A S OGBS T AGMT AR TE O TCTGTAAATCTAT

970 _ 990 | 1010 '

TTCTTAAACTTCTTAAATTCTACTTTTATAGTTAGTCTTTFTTTTAGT TTTAAAACACCA
1030 1050 1070

AGAACTTAGTTTCGAATAAACACACATAAACAAACAAARATGATGGCTCCCGATCCTAATG
MetMetAlaProAspProAsnl

1090 1110 1130

CAAATCCAAATGCAAACCCAAACGCAAACCCCAATGCAAATCCTAATGCAAACCCCAATG
laAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsna

1150 1170 1190

CAAATCCTAATGCAAATCCTAATGCCAATCCAAATGCAAATCCAAATGCAAACCCAAACG
laAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnA

1210 1230 1250

CAAACCCCAATGCAAATCCTAATGCCAATCCAAATGCAAATCCAAATGCARACCCARATG
laAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnA

1270 1290 1310

CAAACCCAAATGCAAACCCCAATGCAAATCCTAATAAAAACAATCAAGGTAATGGACAAG
laAsnProAsnAlaAsnProAsnAlaAsnProAsnLysAsnAsnGlnGlyAsnGlyGlnG

1330 1350 1370

GTCACAATATGCCAAATGACCCARACCGAAATGTAGATGAAAATGCTAATGCCAACAGTG
lyHisAsnMetProAsnAspProAsnArgAsnValAspGluAsnAlaAsnAlaAsnSerA

1390 1410 1430

CTGTAAAAAATAATAATAACGAAGAACCAAGTGATAAGCACATAAAAGAATATTTAAACA
laValLysAsnAsnAsnAsnGluGluProSerAspLysHisIleLysGluTyrLeuAsnL

1450 1470 o 1490

ARATACAAAATTCTCTTTCAACTGAATGGTCCCCATGTAGTGTAACTTGTGGAAATGGTA
ysIleGlnAsnSerLeuSerThrGluTrpSerProCysSerValThrCysGlyAsnGlyI

1510 1530 1550

TTCAAGTTAGAATAAAGCCTGGCTCTGCTAATAAACCTAAAGACGAATTAGATTATGCAA
leGlnValArgIleLysProGlySerAlaAsnLysProLysAspGluLeuAspTyrAlaA

1570 . 1590 _ 1610

ATGATATIGAAAAAAAAATTTGTAAAATGGAAAAATGTTCCAGTGTGTTTAATGTCGTAA
snAsplleGlulLysLysIleCysLysMetGluLysCysSexrSerValPheAsnValvVala

1630 ' 1650 1670

ATAGTTCAATAGGATTAGGGCCTGTGACGAACATGGAGAACATCACATCAGGATTCCTAG
snSerSerIleGlyLeuGlyProValThrAsnMetGluAsnIleThrSerGlyPheleuG
. eubyrrovalihrAsntlettid

heet Has Been Replaced
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- This Sheet Has Been Re laceg- | ot
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Product.i on procedurej . Strain Y1530 {(R-T4383)—s
first grown for 48 h lmﬂuﬂm Clin Petri di shes ﬁiﬁ‘%ﬁﬁ'ﬁ!ﬁ@ﬁzemw
{1 t h REPLACED

sterile YNB (Difco)
1690 1710 1730

GACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAAICCTCACAATACCGC
lyProLeuLeuValLeuG1nAlaGlyPhePheLeuLeuThrA:gI1eLeuThrIleProG

1750 1770 1790

AGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGTGTCTTG
lnSerLeuAspSerTrpszThrSerLeuAsnPheLeuGlyGlySerProValesLeuG

1810 1830 1850

GCCAAAAITCGCAGTccccAACCTCCAATCACTCACCAACCTCCTGTCCTCCAAITTGTC
lyGlnAsnSerGlnSerProThrSerAanisSer?roThrSeszsProProIleCysP

1870 1890 1910

CTGGTTATCGCTGGATGTGTCTGCGGCGTTTTATCATATTCCTCTTCATCCTGCTGCTAE
roGlyTyrArgTrpMetCysLeuArgArgPheIleIlePheLeuPheIleLeuLeuLeuC

1930 1950 1970

GCCTCATCTTCTTATTGGTTCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCCTCTAA
ysLeuIlePheLeuLeuValLeuLeuAspTyrGlnGlyMetLeuProValesProLeuI

1990 2010 2030

TTCCAGGATCAACAACAACCAATACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAG
1eProGlySerThrThrThrAsnThrGlyProCysLysThrCysThrThrProAlaGlnG

2050 2070 ' _ 2090

GCAACTCTATGTTTCCCTCATGTTGCTGTACAARACCTACGGATGGARATTGCACCTGTA
lyAsnSerMetPheProSerCysCysCysThrLysProThrAspGlyAanysThrCysI

2110 2130 2150

TTCCCATCCCATCGTCCTGGGCTTTCGCAARATACCTATGGGAGTGGGCCTCAGTCCGTT
leProIlleProSerSerTrpAlaPheAlaLysTyrLeuTrpGluTrpAlaSerValargP

2170 2190 2210

TCTCTTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTG
heSerTrplLeuSerLeuLeuValProPheValGlnTrpPheValGlyLeuSerPxoThrV

2230 - 2250 2270

TTTGGCTTTCAGCTATATGGAEGATGTGGTATTGGGGGCCAAGTCTGTACAGCAiCGTGA
alTrpleuSerAlaIleTrpMetMetTrpTyrTrpGlyProSerLeuTyrSerIllevals

2290 2310 2330

GTCCCTTTATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAACGAATTC
erProPheIleProleuLeuProllePhePheCysLeuTrpvValTyrIleEnd

2350 2370 2390
CAAGCTGAAACAATTCARAGGTTTTCAAATCAATCAAGAACTTGTCTCTGTGGCTGATCS
2410 2430 ' 2450
AAACTACAAATTTAIGCAIéGTCTGCCAAéACATCAAGAAGAAGTTAGTéATGATGTCTé
2470 2490 : 2510

TTAIGGAGAGCAITCCAIAGTCTTTGAAGAAGCAGAAAACAGATTATAIGCAGCTATGT&



This Sheet Has Been Replaced-

-14- . dextr'ose 8%(w/v) agar (Difco). rface growth
S suspended l HNB broth (D fco) suppl ISeSHBBTtHWS BEEN
dextrose (1% and g Thi s suspension is di gtri buRERLACED

under aspectic conditigggs into 2 m steeshe pol ypropyl engrgt opper ed

tubes (1 m per tube) and stored .at -70[err]C. . Producti on procedure
for working seed ﬂGGcATTGATATCmememmAmb@AiGsmm&wﬁ@mﬂ‘ and its
contents are reaked with a platinumloop on Petrli d| shes prepared
as descri bed ab&?@ After incubat’® 6?1 at 30[err]C £67% 63 hours, part

of the surface pegrerTCTTAATAACTAATATATAAATACAGATATAGATGCATGAATAATGATATACAT

2650 2670 2690
TGATTATTT%GCAATGTCAATTAAAAAAAAAAAATGTTAéTAAAACTAT&TTACAETCCA
2710 2730 2750
AGCAAAIAAAGCACTTGGT&AAACGAAAT&AACGTTTTTAAGACAGCCA&ACCGCGGTC&
2770 2790 2810
AAAAATTTAAAIATACACTéCCAACAAATéCCTTCGAGT&GTCCAATTT&ACCACTTTTA
2830 2850 2870
TATTTTCATéAACTTCAGCAGATTCAACC%TCTCACATA&AACATTGGAATAAACAGCC&
2890 2910 2930
TAACACCAC&TTCAAGTTTéCACAGCGTAATATGAGGAA&TTTGTTTTGACAACACAAC&
2950, 2970 2990
CTTTAATTT&CTCATTGTTéTCATCAATTATGCATCCATéTTTATCTTTAGACAGTTCCA
3010 3030 3050
CTACAATAGéAATAGTTTT&TCATCCCAA&ATAGTTTTTéGAGCCTAAAATTCAGTTTG&
3070 3090 3110
CGGTCGTTT&TACCTGCGTA?TTTGGTTA&TACCAGAGC&TTGTGCATT&TCTAIGCGG&
3130 3150 3170
TGTTATTGTACTCCGTTAI&TGGTCAGTG&AICTGTTACAATAEGATTC&ACAACTTTT&
3190 3210 3230
TGCCTCTTTTTCACGGGACGACATGACATGACCTAATGT TATATGAAGTTCCTTCTGAAC
3250 3270 3290
TTTTCCACTAGCTAGTAAA&GCTTGAAIT&CTCAGTCAG&TCTGCATCGéTAGCAATACA
3310 3330 3350
CCTCTIGACCAATTCAATAATTTCATCGTAGTTTTCTATT TAGCTGAGATATATGTAGGT
3370 3390 3410
TTAATTAAC&TAGCGTTTTiTGTTGATTA&TGTTGCCTT&ACCAACTAT%TTTCTCACAé
3430 ' 3450 3470
TAGGTTIGTAATCTAAGCTCCTTCTGARCGCTGTCTCAATTTCATCATCTTICGGGATCT
3490

CTGGTACCAAAATTGGATAAGCTT



growh s transferred to a 2 L conical flask containing 400
sterile YNB brogjd (D fco) supplenented with dextrose (2% .

cul ture i Figeelfat Reinat ad eeqdedeé ost BE¥shours before being ke BI;EN7
(15 min at 6300 x g) under aseptic conditions. The pellet is - —
resuspended into sterile YNB broth (D fco) supplenented with dextrose

(199 and glycerol (10%. This is distributed under aspectic
conditions into 2 m stefdle glass stoppejged tubes (0.5 niggper tube)

and stored at -70[err]C. ., Exanpl e, 8: FERMENTATI ON |, Pr.eparati on of the
i nocul um MMAPDPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNA
70 90 110

NPNANPNANPNANPNANPNKNNQGNGQGHNMPNDPNRNVDENANANSAVKNNNNEEP SDK
130 150 170

HIKEYLNKIQNSLSTEWSPCSVTCGNGIQVRIKPGSANKPKDELDYANDIEKKICKMEKC
190 210 230

SSVENVVNSSIGLGPVTNMENITSGFLGPLLVLOAGEFLLTRILTIPOSLDSHWTSLNFL
250 270 290

GGSPVCLGQNSQSPTSNHSPTSCPP ICPGYRWMCLRRE I IFLF ILLLCLIFLLVLLDYQG
310 330 350

MLPVCPLIPGSTTTNTGPCKTCTTPAQGNSMFP SCCCTKPTDGNCTCIP IPSSWAFAKYL
370 390 410

WEWASVRF SWLSLLVPFVQWEVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCL

WUYI*
ThlS Sheet Has Been Replaced




(a) Gowh on solid nmedium One vial of the working seed lot is_

rapi dly thawed and spread onto Petri di shes contai H.e i"
broth (Difco) suppl emrent ed with dextrose (1% and|REP CE\Q\EN a§ =
(Difco). The Petri dishes are incubated for 48 hoyr err]C
(b) Gowth of inocul um The surface growth of one {P trq di

suspended in-sterile YNB , broth (D fico) suppl enent ﬁ extrose

(29 and di stributgghery pegTEIN BETWEEN CS FROM PLASMODIUM AND| HESAG

Tymerw

The present invention relates to a novel hybrid protein, its use in
medicine, particularly in the prevention of malaria infections and vaccines
containing it.

Malaria, is one of the world's major health problems with 2 to 4 million
people dying from the disease each year. One of the most acute forms of

the disease is caused by the protozoan parasite, Plasmodium falcipzrum
which is responsible for most of the mortality attributable to Malaria.

The life cycle of P, falciparum is complex, requiring two hosts, man zad
mosquito for completion. The infection of man is initiated by the
inoculation of sporozoites in the saliva of an infected mosquito. The
sporozoites migrate to the liver and there infect hepatocytes where they
differentiate, via the exoerythrocytic intracellular stage, into the
merozoite stage which infects red blood cells (RBC) to initiate cyclical
replication in the asexual blood stage. The cycle is completed by the
differentiation of a number of merozoites in the RBC into sexual stage
gametocytes which are ingested by the mosquito, where they develop
through a series of stages in the midgut to produce sporozoites which
migrate to the salivary gland.

The sporozoite stage of P, falciparum has been identified as a potendal
‘target of a malaria vaccine. The major surface protein of the sporozoite is
known as circumsporozoite protein (CS Protein). This protein from swrain
7G8 has been cloned, expressed and sequenced (Dame et al Science 225
(1984) p593). The protein from strain 7G8 is characterised by having a
central immunodominant repeat region comprising a tetrapeptide
Asn-Ala-Asn-Pro repeated 37 times but interspersed with four minor
repeats Asn-Val-Asp-Pro. In other strains the number of major and minor
repeats vary as well as their relative position. This central portion is
flanked by an N and C terminal portion composed of non-repetitive amino
acid sequences designated as the repeatless portion of the CS protein.

It has been shown that irradiated sporozoites can provigie significant
protection agairst experimental human malaria (Am. J. Trop. Med. Hyg.
24: 297-402, 1975). However, production difficulties makes the use cf




Gles fil kS fRoelr 400 M 1iquid per fI.azk). T.he
T e SHET
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om the point of view of preducing a

equally into two colgll1
flasks are incubate

irradiated sporozoite impractica] £
vaccine.

Several gr oups have proposed subunit vaccines based on the
cxrct.lmsporo:zmte Protein. Two of these vaccines have undergone clinical
testing; one 1S a synthetic peptide, the other is a recombinant protein

(Ballo)u et al Lancet: i 1277 (1887) and Herrington et a3l Nature 328:257
(1987).

These vaccines were succegsfy] in stimulating an anti-sporozoite response.
Nonetheless, the magnitide of the response was disappointing, with some
vaccinees not making a response at all. Furthermore, the absence of
"boosting” of antibody leve|s on subsequent injections and results of in
vitro lymphocyte proliferation assays suggested that T-cells of most of
these volunteers did not recognise the immuno-dominant repeat.
Nonetheless, one vaccinee i each study did not develop parasitemia.

The pr"esent i.nvention Provides a new, improved antigen for use in

malaria vaccines which net, only produces a humoral response, but also a
cellular immune responge, Preferably the antigen induces the production
of negtralising antibodies against the immunodominant repeat. Most
preferably, the antigen shsuld also elicit effector T cell mediated immune
responses of the CD4+ apg CD8+ cytotoxic T lymphocyte (CTL) type and of

the delayed type hypersengitivity type and also, preferably be able to
induce T helper (TH) memory cells.

Accordingly, the present invention provides a hybrid protein comprising
substantially all the C-termina] portion of the CS protein, four or more
tandom repfaa..ts of the immunodominant region, and the Surface antigen
from Hepatms.B virus (HPgAg). Preferably the hybrid protein comprises
a sequence which containg at Jeast 160 amino acids which is substantially
homologous to the C-termin,) portion of the CS protein. The CS protein
may be devoid of the last 19 amino-acids from the C terminal.

In particular there is Provided a protein which comprises a portion of the - - . L
CS protein of P. f?'ICipar‘{m substantially as corresponding to amino acids |
210-398 of P. falciparum 7Gg fysed in frame via a linear linker to the
N-terminal of HBsAg. The dnker may comprise a portion of preS2 from



-15- Fernentation. The fernentor vessel (20 L total volune) containing 5L

of dieionized wat er:This m mm (NH[err])[err]SCIerr] (40 g) i s
sterlllzed|n5|tuat ) —-ered
steamat 2 bar g pres T ol | np A . &ElPlIM.EME |§HEET

volune in the fernentor 1s adjusted to * Esteri1i1zed Hg4
solution is added. The fernentation is Jmagun by adui 'no Li
o| 84 PR W
/

m) fromt@gBEwe. conical flasks. The fernentation is run
fed-batch techni que whereby the :

The present invention also provides DNA sequences encodi TS
of the present invention.

A particularly preferred embodiment is the hybrid protein designated
RTS. The amino acid sequence of RTS is shown in figure 5. This hybrid
consists of:

° A methionine-residue, encoded by nucleotides 1059 to 1061, derived
from the Sacchromuves cerevisiae TDH3 gene sequence. (Must1 AM. gL_gl
Gene 1983 25 133-143.

° Three amino acids, Met Ala Pro, derived from a nucleotide sequence
(1062 to 1070) created by the.cloning procedure used to construct the
hybrid gene.

° A stretch of 189 amino acids, encoded by nucleotides 1071.to 1637
representing amino acids 210 to 398 of the circumsporozoite protein (CSP)

of Plasmodium falciparum strain 7G8 (Dame et al supra).

° An amino acid (Arg) encoded by nucleotides 1638 to 1640, created
by the cloning procedure used to construct the hybrid gene.

° Four amino acids, Pro Val Thr Asn, encoded by nucleotides 1641 to
1652, and representing the four carboxy _terminal residues of the hepatitis
B virus (adw serotype) preS2 protein (9). :

° A stretch of 226 amino acids, encoded by nucleotides 1653 to 2330,
and specifying the S protein of hepatitis B virus (adw serotype).

In an alternative embodiment there is provided a hybrid protein
designated RTS* which was generated using the CSP gene sequence from
P. falciparum NF54 (Mol. Biochem Parisitol. 35 : 185-190, 1989) and
comprises substantially all of the region 207 to 395 of the CS protein from
P falciparum NF54.

In particular RTS* comprises:



culture is continuously fed with a solution of the follow ng conposition.
- 5L HB4 solution; - 4 L dextrose 80% (sterilized at 121[err]l Q) _ The

culture density increases by aerobic growh at 30[err] C and MENT SHEET
(mai ntained by addition of NHerr]OH). Dissolved oxygen is m%qEr!chab%m

50% saturati on by adjustnent of airflow and agitation speed Thﬁ(ﬁr ﬁﬁ% '
addition of the feed is predeterm ned tog.naxi m ze growh rajfe| a il gZe
formation of by-product ethanol.

. A Methionine, encoded by nucleotides 1059 to 1061, detived from

the TDHJ gene sequence.

o Three amino acids, Met Ala Pro, derived from a nucleotide sequence
(1062 to 1070) created by the cloning procedure used to construct
the hybrid gene.

« A stretch of 189 amino acids, encoded by nucleotides 1071 to 1637
representing amino acids 207 to 395 of the circumsporozoite protein
(CSP) of Plasmodium falciparum strain NF54
(Mol.Biochem.Parasitol, 35:185-190, 1989).

. An amino acid (Gly) encoded by nucleotides 1638 to 1640, created
by the cloning procedure used to construct the hybrid gene.

. Four amino acids, Pro Val Thr Asn, encoded by nucleotides 1641 to
1652, and representing the four carboxy terminal residues of the
hepatitis B virus (adw serotype) preS2 protein (Nature 280:815-819,
1979).

. A strei.:ch of 226 amino acids, encoded by nucleotides 1653 t5 2330,
and specifying the S protein of hepatitis B virus (adw serotype)
(Nature 280:815-819, 1979).

The amino acid sequence of RT'S* is depicted in figure 9.

An expression cassette containing RTS* was constructed and comprises
the following features:

. A promoter sequence, extending from nucleotide 1 through 1058,
derived from the S cerevisiae TDH3 gene.

. An open reading frame starting at nucleotide 1059 and extending to
nucleotide 2330. This open reading frame is immediately. fclowed .  _
by a translational stop codon, TAA (nucleotides 2331 to 2333). The
open reading frame encodes the amino acids specxfymg the hybrid
RTS* protein.



The fernmentation is stopped after 40-90 hours. At the end of the
fermentation, the total culture volune is 10-18 L, and th
is between 30 and 100 g/L. The culture is rapidly cool ed d
15- 25_[ferr~] C, and thhe yeast cells are recovered fromthe brjt
centrifugation. The concentrated yeast cells are washed ongce APRO atje
buffer -(50 mMV) before being re-centifuged and subsequently SF\(gar?g at o
-70[err]Cin poI yet hyl ene bags.

. A transcription termination sequence conta.med within.the
sequence extending from base pair 2334 to 3504, derived from the
S, _cerevisiae ARG3 gene.

The nucleotide sequence is depicted in figure 10.

The DNA sequences encoding the proteins of the present invention are, in
a preferred embodiment flanked by transcriptional control elements,
preferably derived from yeast genes and incorporated into an expression
vector.

Such vectors are a further aspect of the invention. A preferred promoter is
the promoter from the S. cerevisiae TDH3 gene Musti et al supra).

The invention also relates to a host cell transformed with a vector
according to the invention. Host cells can be prokaryotic or eukaryotic but
preferably, are yeast, such as S. cerevisige. In such a host, the hybrid
protein, for 'example RTS will be expressed as lipoprotein particle. The
chosen recipient yeast strain preferably already carries in its genome
several integrated copies of an hepatitis B S expression cassette. The
resulting strain syntheses two polypeptides, S and RTS (or other hybrid
protein of the invention), that spontaneously co-assemble into mixed (for
example RTS, S or RTS*, S) lipoprotein particles. These particles,
-advantageously present the CSP sequences of the hybrid at their surface.
These mixed partxcles also form part of the present invention.
Advantageously the ratio or RTS: S or RTS* : S in these mixed particles is
1:4.

The present invention also relates to vaccines comprising an
immunoprotective amount of a protein or particle according to the
invention in admixture with a suitable diluent or carrier.

In the vaccine of the invention, an aqueous solution of the hybrid may be
used directly. Alternatively, the protein with or without prior
lyophilisation can be mixed or absorbed with any of the known adjuvants
which include but are not limited to alum, muramyl dipeptide, saponins
such as Quil A. '
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An immunostimulant may alternatively or in addition be in tluded. In a
preferred embodiment this immunostimulant will be 3 Deacylated
monophosphoryl lipid A (3D-MPL).

3 Deacylated monOphosphoryl lipid A is known from US patent No.
4,912,094 and UK patent application No. 2,220,211 (Ribi) and is available
from Ribi Immunochem, Montana, USA.

The protein of the present invention may also be encapsulated into
microparticles such as liposomes.

Vaccine preparation is generally described in New Trends and
Developments in Vaccines, edited by Voller et al., University Park Press,
Baltimore, Maryland, U.S.A., 1978. Encapsulation within lipesomes is
described, for example, by Fullerton, U.S. Patent 4,235,877.

Conventional adjuvants may be used, but a preferred immunostimulapt is
3-deacylated monophosphoryl lipid A (3D-MPL).

Typically when 3D-MPL is used the antigen and 3D-MPL are delivered
with alum or presented in an oil in water emulsion or multiple oil in water

emulsions. The incorporation of 3D-MPL is advantageous since itisa
stimulator of effector T-cells responses.

Accordingly a preferred embodiment of the present invention provides a
vaccine comprising a hybrid protein as herein described, preferably RTS,

or RTS* in combination with 3D-MPL and a carrier. Typically the carrier
will be an oil in water emulsion or a_lum.

In a most preferred embodiment the hybrid protein is presented as a
particle or mixed particle as herein described.

The amount of the protein of the present invention present in each vaccine
dose is selected as an amount which mduces an immunoprotective N
response without significant, adverse S1de effects in typical vaccines. Such
amount will vary depending upon which specific immunogen is employed

and whether or not the vaccine is adjuvanted. Generally, it is expected
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that each does will comprise 1- IOOOug of protein, preferably I-
preferably 10-100pg. An optimal amount for a particular vaccine can be
ascertained by standard studies involving observation of antibody titres
and other responses in subjects. Following an initial vaccination, subjects
will preferably receive a boost in about 4 weeks, followed by repeated
boosts every six months for as long as a risk of infection exists. The
immune response to the protein of this invention is enhanced by the use of
adjuvant and or an immuno stimulant.

The proteins of the present invention are preferably expressed in yeast,
and especially those belonging to the genus Saccharomuvces.

A further aspect of the present invention is to provide a process for the
preparation of hybrid protein of the invention, which process comprises
expressing DNA sequence encoding the protein, in a suitable host
preferably a yeast, and recovering the product.

It is particularly preferred to express the protein of the invention in a
Sacchromyces strain. When RTS, for example is expressed in such strains
it spontaneously assembles into multimeric lipoprotein particles.

These particles are highly immunogenic and induce a strong humoral
response, as well as immunological memory and also are capable of

~ inducing effector T cells of the CTL and DTH types.

A further aspect of the invention lies in a method of treating a patient
susceptible to plasmodium infections by administering an effective
amount of a vaccine as hereinbefore described.



Biotin 2.70 ng Folic acid

2.70 mg | nositol 2.70 ngy Ca Pant ot HRERLACEMENT SHEET
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1.  CONSTRUCTION OF THE RTS.S strain RIT4383

The S, cerevisige strain, RIT4383 used for production of particles
containing both the S and RTS polypeptides, carries separate expression
cassettes for each protein. The S gene expression cassette has been
integrated in 5 to 6 copies at least two sites in genome using a linear
integration vector with homology to resident Ty retrotransponsons. The
RTS gene expression cassette has been integrated in 2 to 3 copies at one or
2 sites in the genome, using a linear integration vector similar to the gne
employed for the integration of the S gene cassette. Expression from hoth
types of cassette is driven by a promoter derived from the yeast TDH3
gene.

L1 N. ION OF EXPRESSION CASSE
VE R 34)

The S gene expression cassette (Figure 1A) identical to that found in
strain RIT4376 (1) and consists of a 1058 bp TDH3 promoter fragment,
681 bp of S gene sequence, a 6 bp spacer containing an EcoR1 linker and a
1165 bp fragment carrying the Arg3 transcription terminator. The

S coding sequence was derived by subcloning from a complete genomic
clone (pRIT10616) of a virus of (adw serotype).

The structure of the Ty vector, pRIT13034, used for integration of the §
expression cassette into the yeast genome, is shown in Figure 2. The
construction and use of this type of vector for integration of expression
cassettes in the yeast genome is described in Jacobs et al. (2). pRIT13024
contains the S gene cassette, the URA3 gene and the CUP1 gene inserted
within a copy of a Ty element cloned on pUCS. The UURA3 gene and the
CUP1 gene both provide selectable markers that allow to distinguish
transformed yeast colonies from untransformed colonies. pUC9 is
described by Vieira & Messing (3), the URAS3 fragment is from pFL44 (F,
Lacroute, CNRS, Strasbourg), the CU/P1 fragment is from pCUPS5 (T. Butt,
SKF Labs, Philadelphia), the Ty element is from Juniaux et al. (4) and the
S gene cassette from pRIT12353. Digestion of pRIT13034 with Xhel
endonuclease liberates the 8500bp linear fragment.:- shown in Figure 3
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which can integrate into the genome by homologous recombi.nbtion of the

free ends with resident Ty elements.

Example 2

1o

E INY12

The recipient strain, EJ cup1D-3d (&rpl, leu2, ura3, cupl , gallD, MATa)
was used for initial introduction by transformation of the linear vector
fragment from pRIT13034. This strain contains a single disrupted cupl
locus, cupl .

After transformation with the linear Xhol fragment, Ura* colonies were
.isolated and screened for copper resistance. The more resistant
transformants had integrated two to five copies of the vector as
determined by Southern blotting analysis. Two transformant colonies
copies were retained, MS9 with an estimated 3 to 4 copies and MS23 with
4 to 5 copies of the integrated linear vector. Strain MS23 was then
crossed with strain EJ cupl1D-7b (trpl, ura3, cupl , gallD, MATa)and a
haploid ascospore recovered to give strain MS23-2a.

This strain was then backcrossed to MS9 and a Leu", Trp~ haploid
segregant obtained (MS54-2c) containing 5 to 6 copies of the integrated
expression cassette. Southern blotting showed that MS54-2C contained 4
to 5 tandem copies of the integration vector at one locus and a further
single copy integrated at a different locus. All 5 to 6 copies of the '
expression cassette were intact as digestion of total yeast cell DNA with
HindIII endonuclease to liberate the cassette fragment and Southern
blotting with an S gene specific probe gave a single 3 kb band as expected.
A spontaneous Trp* revertant of this strain was obtained, MS54-2¢-T, and
given the laboratory accesssion number ¥1295.

Example 3 CONSTRUCTION OF THE RTS-EXPRESSION CASSETTE

The expression cassette for the RTS hybrid proteih was constructed by a
multistep cloning procedure and was cloned in the E.coli yieast shuttle
vector Yep13(6) yielding a plasmid Yep13RTS (Fig.4). The structure of
the cassette is shown in figure 1B. Its entire nucleotide sequence was




EXTRACTI ON PROCEDURE 9.1 Preparation of cell suspension

Frozen

0L I e

concentrated yeast cells (at -70[err]C) are thawed down to

overni ght and subsequently thawed out to 5-15[err] C by pl aCREPLACEM,Em”@HE\ET
O] A

pol yet hyl ene bags containing the cells in water (10-20[err]
yeast cell suspension is made with a phosphate buffer sol utj
8.0) containing the follow ng ingredi enfga: Ethyl enedi am ne |

tetraaceti gefsrntindd3ither PMaifuct sebhonsihgRasdor tite (4iliBR)seqye

and tween 20.

w2 I |

parts of the flanking control sequences) or by consultation of tLhe-ralasz_.agf

" § BHAPR 1397

literature (as for parts of the promotor and terminator sequences). The
DNA sequence is illustrated in figure 5. It contains the following

elements:

A promotor sequence, extending from nucleotide 1 through 1058,

derived from the S. cerevisiae TDH3 gene.

An open reading frame starting at nucleotide 1059 and extending to
nucleotide 2330. This open reading frame is immediately followed
by a translational stop codon, TAA (nucleotides 2331 to 2333). The
open reading frame encodes the amino acids specifying the hydrid

RTS protein.

A transcription termination sequence contained within the
sequence extending from base pair 2334 to 3504, derived from the
S. cerevisiae ARG3 gene (Crabeel gt gl EMBO J. 1983 2: 205-212).

The amino acid sequence of the hydrid RTS protein, encoded by

nucleotides 1059 to 2330 is indicated in figure 5 and contains the

following elements:

A methionine-residue, encoded by nucleotides 1059 to 1061, derived

from the TDH3 gene sequence.

Three amino acids, Met Ala Pro, derived from a nucleotide sequence
(1062 to 1070) created by the cloning procedure used to construct

the hybrid gene.

A stretch of 189 amino acids, encoded by nucleotides 1071 to 1637
representing amino acids 210 to 398 of the circumsporozoite protein

(CSP) of Plasmodium falciparum strain 7G8 (8).

An amino acid (Arg) encoded by nucleotides 1638 to 1640, created
by the cloning procedure used to construct the hybrid gene.

Four amino acids, Pro Val Thr Asn, encoded by nucleotides 1641 to




9.2 Cell di sruption Cells are disrupted in a bead m |l containing

| ead-free gl ass beads (0.49-0.70 mm di aneter). The gr €

is cool ed by circulation of refrigerating fluid at ZJBErCRQEME SSHEET
a way that the tenperature of the honpbgenate at the ofitfet of the

gri ndi ng chanber does not exceed 15[err] C. The liquid f opr Rt APR 9%

L/ hour and agi tation Spe 3000 rpm This proces$ is perforned
tw ce. Théﬁﬁgr %‘thrﬁerqsé%‘l“tqﬁ'& M@ga ¥ temnihal residngs dFtler3——

Pol yet hyl enegl yhlpatitisi B viais @dw serotype) preS2 protein (9).

A stretch of 226 amino acids, encoded by nucleotides 1653 to 2330,
and specifying the S protein of hepatitis B virus (3w serotype).

Example 4 CONSTRUCTION OF THE RTS CASSETTE INTEGRATIVE
VECTOR pRIT135:

The Construction of the RTS Cassette integrative vector pRIT13539 is
shown on figure 6. '

The RTS expression cassette was inserted on the Ty based integrative
vector pRIT13144. This vector is a derivative of pRIT12927 (2) in which
the LEU2 gene was inserted in the Sall site of the Ty element as a Sall-
Xhol fragment isolated from the vector pCV9 (7). Thus, after insertion of
the RTS expression cassette into pRIT13144, the resulting plasmid,
pRIT13539, contains, in addition to the expression cassette, the yeast
LEU2 gene as selective marker (figure 5). Digestion of pRIT13539 with
BglIl endonuclease liberates a 6.800 bp linear fragment shown in figure 7
which can integrate into the genome by homologous recombination of the
free ends with resident Ty elements.

Example5 TR MATION OF V12
GENERATION OF STRAIN RIT4383 (Y1530)

To obtain a strain expressing both S and RTS proteins, Y1295 was
transformed with the 6800 bp linear Bg1Il fragment (figure 7) with
selection for Leut colonies. Several integrants containing sets of both
expression cassettes present in the genome at various ratio were obtained.
One selected transformant, expressing the RTS and S protein in a ratig of
approximately 1:4 was given the official designation RIT4383 (the
laboratory accession number is Y1530).

Example 5b Transformation of Strain Y129¢
Y1631,

A similar (to RTS) construct was generated using the CSP gene sequence



Pol yet hyl enegl ycol 400 (PEG 400) is added to the disrupted cell

suspension to give a final concentration of 10% (30 m nut gs—below =

10[err]C, pH 6.1) and a partially-clarified supernatant ig HERLAﬁEM{(NTbﬁHEET

centrifugation (J21B Becknman centrifuge, JA1O rotor at 17, ~for
hour). 9.4 Methanol clarification Met hanol is adcecmif pH t e
3 Aﬁéﬁ
t

PEG clarified antigen to give the roporti on of 1 vdlt

I)g'[ a|5n\e/8I g{&% 7MQ§E§T%@&%3'&ED strain ﬁ{ﬂ% Wb, Biseh&nbhidht
191-’ 1988 g fusxon Protein obtained will be designated R—'PS-*—EO
distinguish it from the construct obtained with.the CSP derived from

P.falciparum strain 7G8.

The sequence of the expression cassette is shown in figure 9. It contains
the following elements:

. A promoter sequence extending from nucleotide 1 through 1058,
denved from the S.cerevisiae TDHS gene.

. An open reading frame starting at nucleotide 1059 and extending to
nucleotide 2330. Thig open reading frame is immediately followed
by a translatiional stop codon, TAA (nucleotides 2331 to 2333). The

open reading frame encodes the amino acids specifying the hybrid
RTS* protein.

. A transcription termination sequence contained within the

sequencfa -extending from base pair 2334 to 3504, derived from the
S. cerevisiae ARG3 gene. :

This expression cassette encoding this RTS* fusion protein was
transformed and integrated into the genome of yeast strain Y1295, using
the same approach as described Previously for the RTS construct.
Transformed clones expressing both the S and RTS* proteins were

obtained. One clone was selected expressing the two proteins in a ratio of
apprommately 4S:1RTS*,

number Y1631.

The clone was given the laboratory accession

Example 6

PRELIMINARY ATION OF AIN RIT4

6.1 lysis bv i

- Cell free extracts prepared from RIT 4383 were analysed by
immunoblot using varigug antibodies:
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9.5 Adsor pti on/ Desorption on colloidal silica
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. a monoclonal antibody directed toward the S pr )t ]

HBS1)

) a monoclonal antibody directed toward the repeat part of the -
RTS protein (Mab 167)

e - arabbit serum directed toward the repeat-less sequences of

the RTS protein (rabbit serum no. 20).

In yeast strain RIT4383, two expressed products were recognized by
monoclonal antibody HBS1: a 24KD protein corresponding to the S
protein and a 46KD RTS hybrid protein. The RTS hybrid protein is also
detected by antibodies directed toward repeat and non-repeat epitopes of
the CSP. These results indicate clearly that strain RIT4383
simultaneously expresses the two S and RTS antigens at a ratio RTS/S of
approximatively 1:4.

6.2 ity i i ion

The formation of particles in strain RIT4383 was analyzed by CsC1
density gradient centrifugation. Crude extract (+ 15 mg of total
protein) was analyzed on a 10 ml 1.5 M CsC1 gradient (68 hours at
40.000 rpm, + 8°C in a Beckman 50 Ti rotor). Fractions (0.5ml)
were collected and analyzed by a radicimmunoassay specific for
HBsAg (AUSRIA), by an RTS specific ELISA and by immunoblot
using an anti-HBsAg monoclonal antibody.

As shown in Figure 8, ELISA, RIA and Western blot peaks appear
at the same fraction (no. 13) of the gradient corresponding to a

buoyant density of rho = 1.21 suggesting that mixed particles,
containing both S and RTS monomers, are formed in this strain.

xample 7
PREPARATION OF E SEED 1.OT
for T 1

Strain Y1530 (RIT4383) is first grown for 48 hours at 30°C in Petri
dishes containing 20 ml sterile YNB (Difco)'supplemented with



The crude antigen is adsorbed overni ght onto 1. 5%(w/v) cqlloidal

silica (Aerosil 380, Degussa) at 4[err]C. Af ter WaslﬂEW_ACE ] E‘J
the pellet by successive centrifugation and resusperisi %
(wv), the antigen is desorbed using a“ 10mM pyrophogp ate buffer pH

9.5, containing 1% TWEEN 20. The_desor bi ng buffer ol ur953cgrReEﬂ'6n S

Lot ool b1 et (0.1% aB4E) B G0 meR DR Thurfes

Beckman ul tra-

desor bed

suspendedtintd sgiledf NB brsh4Dif®) 60pp menu@mmx.es.____‘
dextrose (1%) and glycerol (10%). This suspension is distributed

under aspectic conditions into 2 ml sterile polypropylene stoppered

tubes (1 ml per tube) and stored at -70°C.

Production procedure for working seed lot

One master seed tube is rapidly thawed, and its contents are
streaked with a platinum loop on Petri dishes prepared as described
above. After incubation at 30°C for 63 hours, part of the surface
growth is transferred to a 2 L conical flask containing 400 ml of
sterile YNB broth (Difco) supplemented with dextrose (2%). The
culture is incubated at 30°C for 24 hours before being centrifuged
(15 min at 6300 x g) under aseptic conditions. The pellet is
resuspended into sterile YNB broth (Difco) supplemented with
dextrose (1%) and glycerol (10%). This is distributed under aspectic
conditions into 2 ml sterile glass stoppered tubes (0.5 ml per tube)
and stored at -70°C.

Example 8: FERME TION

Preparation of the inoculum
(a) Growth on solid medium

One vial of the working seed lot is rapidly thawed and spread ontg
Petri dishes containing sterile YNB broth (Difco) supplemented
with dextrose (1%) and 1.8% (w/v) agar (Difco). The Petri dishes
are incubated for 48 hours at 300°C.

(b) Growth of inoculum

The surface growth of one Petri dish is suspended in sterile YNB
broth (Difco) supplemented with dextrose (2%) and distributed
equally into two conical flasks (2 L;400 ml liquid per flask). The
flasks are incubated for 24 hours at 30°C on a rotary shaker.



9.6 Diafiltration Before the purification steps, _the desorbed
antigen is washed by ultrafiltration with 5 vol unes R)ifp!_l:p”
500 MM TRI S- HC1 20 MM at pH 8.5 in order to elininptg-m

proteic and

in the sane system (U trasette, FILTRON fitted with
menbranes with a 300 kD nom nal cut-off) with 5 voly
10 MM (ph 8.1).

| i pi di c contam nants. Then the buffer is ex

Su1AR

9.7 1lon exchange chromatography on DEAE} TSK 650 (M
-15-
Fermentation

The fermentor vessel (20 L total volume) containing 5 L of
dieionized water supplemented with (NH4)9SO4 (40 g) is sterilized
in-situ at 121°C for 30 minutes using clean, pre-ﬁltefed steam at 2
bar g pressure. After cooling to room temperature, the liquid
volume in the fermentor is adjusted to 4L, and 1 L of
flter-sterilized HB4 solution is added. The fermentation is begun
by adding the inoculum (800 ml) from the two conical flasks.

The fermentation is run using the fed-batch technique whereby the
culture is continuously fed with a solution of the following
composition.

-5 L HB4 solﬁtion; _
- 4 L, dextrose 80% (sterilized at 121°C).

The culture density increases by aerobic growth at 30°C and pH §
(maintained by addition of NH4OH). Dissolved oxygen is
maintained about 50% saturation by adjustment of airflow and
agitation speed. The rate of addition of the feed is predetermined to
maximize growth rate and minimize formation of by-product
ethanol. '

The fermentation is stopped after 40-80 hours. At the end of the
fermentation, the total culture volume is 10-18 L, and the dry cell
weight is between 30 and 100 g/L.. The culture is rapidly cooled
down to 15-25°C, and the yeast cells are recovered from the broth
by centrifugatibn. The concentrated yeast cells are washed once
with phosphate buffer (50 mM) before being re-centifuged and
subsequently stored at -70°C in polyethylene bags.



The clarified solution is applied to an ani on-exchange col um
-(DEAE-TSK 650 (M) equilibrated in a 10 mM TRI S-buffer, pH 8. 1. Afte

r

washi ng successively with 2 volunmes of 10 mM TRI S- HCL ,B.EHBEEMW SHE'rIA

and 3 volunmes of 10 "M TRI S-HC1 buffer pH 8.1 - suppl
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t han one vollur

NaCl, the antigen is desorbed with | ess
nvi NaCl . The anf
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HB4 Medium Composition

Component Quality.
KH9PO4 41.00 g
MgS04.TH20 2350¢g
CaCl9.2H90 470¢g
NaC1 030¢g
FeClg.6H9oO 50.00 mg-
H3BOg 28.00 mg
MnSO4.HoO 22.40 mg
ZnS04.TH9O 22.40 mg
NagMo04.2H90 11.20 mg
KI 5.60 mg
CaCl9.6H9O 5.10 mg
CuS04.5H20 2.24 mg
Biotin 2.70 mg
Folic acid 2.70 mg
Inositol 2.70 mg
Ca Pantothenate 0.54 mg
Pyridoxin. HC1 0.54 mg
Thiamin HC1 0.54 mg
Niacin 1.20 mg
P-amino benzoic acid 0.60 mg-
Riboflavin 0.60 mg
HC1 (37°C) 5.00 ml
_Deionized water (up to) 4} 1.00 litre
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am - Ex ion ification of RTS/
E P DURE
9.1 i f cell ion

Frozen concentrated yeast cells (at -70°C) are thawed down to -
300C overnight and subsequently thawed out to 5-15°C by placing
the polyethylene bags containing the cells in water (10-200C). A
yeast cell suspension is made with a phosphate buffer solution (pH
8.0) containing the following ingredients : Ethylenediamine
tetraacetic acid 9EDTA), pMethylsulfonyl Fluoride (PMSF),
isopropanol and tween 20.

9.2 Cell disruption

Cells are disrupted in a bead mill containing lead-free glass beads
(0.49-0.70 mm diameter). The grinding chamber is cooled by
circulation of refrigerating fluid at -200C, in such a way that the
temperature of the homogenate at the outlet of the grinding
chamber does not exceed 15°C. The liquid flowrate is 6 L/hour and
the agitation speed is 3000 rpm. This process is performed twice.
The pH of the resulting homogenate is 6.7 to 7.5.

9.3 ] v lari

Polyethyleneglycol 400 (PEG 400) is added to the disrupted cell
suspension to give a final concentration of 10% (30 minutes below
109C, pH 6.1) and a partially-clarified supernatant is recovered by
centrifugation (J21B Beckman centrifuge, JA10 rotor at 17,000 g
for 1 hour).

9.4 Methanol clarification

Methanol is added at pH 7 to the PEG-clarified antigen to give the
proportion of 1 volume of methanol for 5 volumes of PEG-clarified
antigen. The clarified antigen is obtained at 17,000 g for 20



inmpurities bind to the gel. 9.9 Concentration by ultrafiltr

The HI C pool is concentrated by ultrafiltration in an Utrase aﬁEﬁPACEMENT SHEET
system (FILTRON) fitted with polysul fone nenbranes with a 300
kDanom nal cut-off. 9.10 Utracentrifueation in a CsC gradignf 03 APR 1997
CsCl is added to the Butyl-TSK pool to_f;é'_ve a final concenratjoh of '

1.5 M minutes by cenrifugation (J21B Beckman centrifuge, JA1{ rotor).

9.5 i i 1loi

The crude antigen is adsorbed overnight onto 1.5% (w/v) colloidal
silica (Aerosil 380, Degussa) at 4°C.

After washing (3 times) the pellet by successive centrifugation and
resuspension in NaCl 0.9% (w/v), the antigen is desorbed using a
10mM pyrophosphate buffer, pH 9.5, containing 1% TWEEN 20.

The desorbing buffer volume corresponds to 1/8 of the methanol
clarified antigen solution. The desorbed antigen solution is
recovered by ultracentrifugationin a L 8.70 Beckman ultra-
centrifuge rotor R19 at 50,000 g for 60 minutes.

9.6 Diafiltrati

Before the purification steps, the desorbed antigen is washed by
ultrafiltration with 5 volumes of urea 6M, NaCl 500 mM, TRIS-HC1
20 mM at pH 8.5 in order to eliminate much of the proteic and
lipidic contaminants.

Then the buffer is exchanged in the same system (Ultrasette,
FILTRON fitted with polysulfone membranes with a 300 kD
nominal cut-off) with 5 volumes of TRIS-HC1 10 mM (ph 8.1).

9.7 n T -

The clarified solution is applied to an anion-exchange column
(DEAE-TSK 650 (M)) equilibrated in a 10 mM TRIS-buffer, pH 8.1.
After washing successively with 2 volumes of 10 mM TRIS-HC1
buffer pH 8.1 and 3 volumes of 10 mM TRIS-HC1 buffer pH 8.1
supplemented with 40 mM NaCl, the antigen is desorbed with less
than one volume of 10 mM TRIS-HC1 buffer pH 8.1 containing 150
mM NaCl. The antigen-containirig fractions are pooled.

9.8 ic interacti r ph ]

T




After 65 hours in a 50.2 Ti Beckman rotor at 270,000 g, th

containing fractions are collected. 9.11 Size exclusion C”Bmmﬂﬁmﬁys&bﬁ'r

SEPHACRYL S300 (HR Type)
el imnate | ow nol ecul ar wei ght contam nants

SEPHACRYL S300 HR col urm. The el ution bugeg 359&"“1% i

applied to a

In order to exchange the Ter and to
t he an

phosphat e, containing 150 mM Nad (pH-¥94). STERI LE FH=FRAH-ON
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After NaCl addition up to a final concentradon of 65) mM NaCl,
the antigen solution is loaded on a Butyl-TSK 650 M) column
equilibrated with a 20 mM TRIS-HC1 buffer, 600 mM NaCl (pH
8.1). Most of the antigen passes through while mesu of the
impurities bind to the gel.

Concentration by ultrafiltration

The HIC pool is concentrated by ultrafiltration in an Ultrasette
system (FILTRON) fitted with polysulfone membranes with a 300
kDanominal cut-off.

racentri tion in 1 ien

CsCl is added to the Butyl-TSK pool to give a final concenration of
1.5 M. '

After 65 hours in a 50.2 Ti Beckman rotor at 270,000 g, the antigen-
containing fractions are collected.

ize exclusion chrom v on SEPHA (HR Type)

In order to exchange the buffer and to eliminate low molecular
weight contaminants, the antigen solution is applied to a
SEPHACRYL S300 HR column. The elution buffer is 10 mM
phosphate, containing 150 mM NaCl (pH 7.4).

RILE FI T

After dilution to between 150 and 400 pg Lowry/ml and pH

adjustment to 6.8, the purified antigen is sterilized by filtration
through a 0.22 pm sterile filter. The resulting solution contains

" purified RTS/S particles.

xample 10: I HARACTERIZATION OF RTS/

10.1

Antigenicity




After dilution to between 150 and 400 [err]g Lowry/'m and

adjustnent to 6.8, the purified antigen is sterilized by {1 REPLAGEMENT SHEET

purified RTS/S particles. Exanpl e 10: | MMUNOLOG CAL CHARA

RTS/' S

through a 0.22 [err]msterile filter. The resulting sol ut'o{jcontal ns

10.1 Antigenicity

10.2
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In order to test the antigenicity of the RTS/S particles, a number of
ELISA's were performed, combining monoclonal antibodies directed
against the different epitopes.

The monoclonal antibodies (MoAbs) used are :
- MoAb R10: o specific for the repeat sequence (NANP) of the CSP

region.
e IgMisotype.

- MoAb RL117: e  specific for the non-repeat sequence of the CSP
region.
- MoAb RF1: o specific for the S sequence of the HBsAg.

e IgGlisotype.

MoAbs R10 and RL117 were prepared in house by fusion of
Sp2/0Ag 14 myeloma cells with splenocytes of Balb/C mice
immunized with partially pure RTS-like particles containing both
repeat and non-repeat regions of the CSP sequence.

Three batches of the candidate RTS/S vaccine were analyzed :
batches Nos. 24M31, 24M32 and 24M34.

ion wit 1al anti 10 (anti-r

The anti-repeat MoAb R10 was used in a "sandwich" ELISA.
Samples to be tested were incubated in microtiter plates previously
coated with MoAb R10. The same MoAb coupled to peroxidase was
then added. After one hour incubation at 37°C and washing, color

~ was developed by addition of Orthophenjlene—diamine—HzOg.

Absorbance was measured at 490 nm and plotted versus the
antigen concentration.

Resulfs

The three batches : 24M31, 24M32 and 24M34 reacted positively
and consistently with MoAb R10, thus confirming the presence and
accessibility of the repeat epitopes on the RTS/S particles. The
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anti bodi es (MAbs) used are:
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amount of antigen necessary to reach 50% of maximum/binding was
51.2, 38.2 and 60.6 ng for batches 24M31, 24M31 and 2L—M34 :
respectively.
10.3 ion with monoclonal antibody RL117 (anti-r 1

The reactivity of MoAb RL117 with RTS,S particles was analyzed in
a "sandwich" ELISA test. MoAb RL117 was coupled to peroxidase
“and used for the detection of the RTS/S particles, while MoAb R10,
specific for the repeat region, was used for the capture of particles.

Briefly, samples to be tested were incubated in microtiter plates
previously coated with MoAb R10. RL117 coupled t&'peroxidase
was then added, and, after one hour incubation at 379C and
washing, the coloration was developed by addition of
Orthophenylene-diamine-HoO9. Absorbance was measured at 490
nm and plotted versus the antigen concentration.

* Results

The three batches : 24M31, 24M32 and 24M34 reacted positively
and consistently with MoAbs RL117 and R10, thus confirming the
presence and accessibility of repeat and ono-repeat epitopes on the
same RTS/S particles. The amount of antigen necessary to reach
50% of maximum binding was 169.2, 117.6 and 181.1 ng for batches
24M31, 24M32 and 24M34 respectively

10.4 Reaction with monoclonal antibody RF'1 (anti-S)

The presence of S-epitopes in RTS/S particles was shown by a
"sandwich" ELISA test, using MoAb RF1 coupled to peroxidase for
detection. The R10 MoAb was used directly onto the microtiter
plates in order to capture the RTS,S particles.

In summary, samples to be tested were incubated in microtiter
plates previously coated with MoAb R10. MoAb RF1 coupled to
peroxidase was then added. After incubation at 379Cfor 1 hour
and washing, color development was allowed by addition of



- MoAb R10: - [err] specific for the repeat sequence (NANP) of the CSP
regi on. [err] IgMisotype. - M ;

[err] specific for the non-repeat sequence of the CSP -E%EMENT SHEET
region. - MbAb RF1: [err] specific for the S sequence of the
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RL117 were prepared in house by fusionget Sp2/ CAg 14 nygl gma cells
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parti cl

es contajfi dibp%&ed versus the antigen concentration.

Results

The three batches : 24M31, 24M32 and 24M34 reacted positively
and consistently with MoAbs RF'1 and R10, thus confirming the
presence and accessibility of the repeat and Sepitopes on the same
RTS/S particles. The amount of antigen necessary to reach 50% of
maximum binding was 52.3, 55.2 and 106.2 ng for batches 24M31,
24M32 and 24M34 respectively.

1 VIV RTS/S PA

11.1 Immunogenicity studies

Studies on the immunogenicity of (RTS,S) particles were performed
in mice and in Cercopithecus aethiop monkeys.

In mice, anti-CSP antibodies were analyzed by ELISA test using
the R32tet32 antigen for the detection of the anti-repeat antibodies,
R32tet32 consists of 32 copies of the NANP (major) repeat fused tg a
32 amino acid portion of the tetracyclin resistance gene of plasmid
pBR322. The recombinant antigen is produced in Escherichia coli,
Antibodies (Abs) directed against the non repeated sequence of the
CS protein were measured by ELISA test sing the RLF antigen.
The RLF antigen consists of the complete CS protein flanking
region devoid of repeat fused to the first 81 amino acids of the NS1
protein of influenza virus. The RLF antigen is produced in E, ¢},
Mice sera were serially diluted, starging at 1:100, and titers are
expressed as the reciprocal of the dilution corresponding to an
optical density of 1.0 in the ELISA test (1). Measurements of ant;-
CSP Abs were performed on individual sera and the geometric
mean titer (GMT) was calculated.

In order to analyze the anti-carrier response, anti-HBs antibody
titers were also measured (pooled sera only).




repeat and non-repeat regions of the CSP sequence. Three bat ches of

the candi date RTS/ S vacci ne were anal yzed: bat ches Nos.
and 24MB4. 10.2 Reaction with nonoclonal antibody R10 (anti ) M{WSHEET
$anpl es to be

The anti-repeat MoAb R10 was used in a "sandw ch" ELI SA

-tested were incubated in microtiter plates previously cpaged 3i APRMESD
R10. The sanme MAb coupl ed to peroxi d&Se was then added| After one
hour i ncubati oln aticé Bkperin@ntsdBatyfi mice (824 hanlotymg) ugealiy aised 1Y

addi tion of Or{ﬂ?ﬂﬁﬁﬂﬁlcf‘g’%%iﬁhﬁﬁ? BIA & wdrel£56 lused to evaluate t
immunogenicity of RTS,S particles. The.intraperitoneal (i.p.) and
the subcutaneous (s.c.) routes of immunization were compared and .
the effect of the immunostimulant 3-deacylated monophosphoryl
lipid A (3D-MPL) on the immune response was also tested.

The immunogenicity of the (RTS,S) vaccine was also tested in a
similar way in Cercopithecus aethiops monkeys.

Selected individual or pooled sera were also tested for their capacity
to inhibit the in vitro invasion of a human hepatoma cell line
(HepG2) by P. falciparum sporozoites (ISI assay (2)).

11.2 Immunogenicity in mic

EXPERIMENT 1 : Immunogenicity of clinical (RTS,S) batches
adsorbed on A1(OH)3

Method
Immunization :

" Groups of 10 Balb/C mice were injected twice intraperitoneally at
one month interval with 1 pg of each of three (RTS,S) batches
previously adsorbed on A1(OH)3 (batches 24M/31, 24M/32 and .
924M/34). Control mice were injected with HBsAg (Engerix-B, batch
ENG611B4). On days 30 and 45, the mice were bled and the

_antibody titers were measured on individual sera.

Serological methods :

The anti-R32tet32 and the anti-RLF titers were measured by

ELISA using respectively R32tet32 and RLF as coating antigens.

The microplates were incubated with the serum sample (12 two-fold -
serial dilutions starting at 1:100) to be tested. Mouse'Abs were
reacted with biotinylated anti-mouse Ig followed by streptavidin :
biotinylated horseradish peroxidase complex and orthophenylene-
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diamine/H909. The optical density was measured at 490 mitThe

titers were expressed as the reciprocal of the dilution corresponding
to an optical density of 1.0 (50 % maximal binding). For each group
of mice, the geometric mean titer (GMT) was calculated.

The anti-HBs antibody titer was calculated according to the
Hollinger formula (3) and expressed in mI{U/ml.

Results
Anti-CSP response :-

Strong anti-R32tet32 and anti-RLF responses were observed for
each (RTS,S) batch tested. No significant difference between the
batches was noted. A remarkable booster effect was observed after
the second dose. Mice immunized with HBsAg ("Engerix-B") were
used as negative control in this experiment.

Anti-HBs response :

The (RTS,S) batches induce antibodies directed against the HBsAg
carrier protein. The assay was performed on pooled sera only.

EXPE 2: Effect of the immunostimulant 3D-MPL on

the immunogenicity of (RTS,S) particles in
Balb/C mice,

We analyzed the effect of the 3D-MPL on the immunogenicity of the
(RTS,S) vaccine in mice. Both the intraperitoneal (i.p.) and the
subcutaneous (s.c.) routes of immunization were tested.

Im izati heipr
Method
Immunization:

Groups of 10 Balb/C mice were injected twice intraperitioneally at
one month interval with 1 pg of (RTS S) (batch 24M/34) adsorbed on
A1(OH)3 alone or on AL(OH)3 + 3D-MPL (50 pg/dose). Control mice
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were injected with NaC1 150 mM. One days 30 and 45, the mice

" were blend and the antibody titers measured on individGal §era.

Serological method:

The serological methods were the same as in the first experiment
" described above.

Results
Anti-CSP response:

The (RTS,S) vaccine batch induces strong anti-R32tet32 and

anti-RLF responses in both formualtions. In all cases, a significant
booster effect is observed following the second immunization. Titers

obtained with the formulation containing 3D-MPL are in all cases

higher than the aluminium alone formulation, and a statistically
significant increase was observed in the primary anti-R32tet32
response (p = 0.02). A group of mice injected with NaC1 150 mM
was used as negative control in this experiment.

Anti-Hst response:

Both formualtions of the (RTS,S) vaccine, injected by the i.p. route,

induced a strong anti-HBs response. A significant booster effect
was observed following second immunization with either
formulation.

B. Immunization by the s.c. rou

Method

Immunization:

Groups of 10 Ba1lb/C mice were injected twice subcutaneously at -
one month interval with 1 pg of (RTS,S), (batch 24M/34) adsorbed
on A1(OH)g3 alone or on A1(OH)3 + 3D-MPL (50 pg/dose). Control

mice were injected with NaC1l 150 mM. One days 30 and 45, the




a "sandw ch" ELI SA test. MbAb RL117 was coupl ed to peroxi dase and

used for the detection of the RTS/S particles, while MADb O
specific for the repeat region, was used for the capture of MAGEMENT SHEET
Briefly, sanples to be tested were incubated in mcrotiter gl 4 '
previously coated with MbAb R10. RL117 coupled to peroxi dasg : n
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The serological methods were the same as in the first experiment
described above.

Results
Anti-CSP response:

The (RTS,S) vaccine batch induced positive response against
R32tet32 and RLF in both formulations. In all cases, a significani,
booster effect was observed following the second immunization.
Statistically significant higher titers were observed with the
3D-MPL formulation on day 45, both for the anti-R32tet32 and
anti-RLF responses (p = 0.18 and p = 2.9 respectively). In general,
however, titers were lower than those obtained with the i.p. route,
A group of mice injected with NaC1 150 mM was used as negative
control in this experiment. '

Anti-HBs response:

Both formulations of the (RTS,S) vaccine, injected by the s.c. route
induced a good anti-HBs response. A significant booster effect wag
observed following second immunization with either formulation.
As observed for the anti-CSP responses, the anti-HBs response wag
lower by this route of immunization as compared to the 1.p. route.

11.3 Im nicity in Cercopi hi

The immunogenicity was evaluated in Cercopithecus aethiops
monkeys with clinical batch 24M/32 adsorbed on A1(OH)g3.

Methods
Immunization:

Five monkeys wer injected intramuscularly on days 0, 28 and 84
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Antibodies directed against R32tet32, RLF and HBs antigens were

measured.

Serological methods:

A anti-R32tet32 and the anti-RLF antibody titers were measured by
ELISA using respectively the R32tet32 and the RLF antigens
coated on microplates. The plates were then incubated with the
serum sample to be tested (12 two-fold serial dilutions starting at
1:10). Monkey antibodies were detected by biotinylated anti-human
Ig followed by streptavidin biotinylated horseradish peroxidase
complex and orthophenylenediamine/HgOg9. The optical density
was measured at 490 nm. The titers wer expressed as the
reciprocal of the dilution corresponding to an optical density of 1.0
(50% maximal binding). For each group, the geometric mean titer
(GMT) was calculated. The anti-HBs antibody titers were
calculated according to the Hollinger formula (Hollinger et al.,
1982) and expressed in mIU/ml.

Results
Anti-CSP response:

The (RTS,S) vaccine induced a positive response against both
R32tet32 and RLF antigens in all 5 monkeys. A significant booster
effect was observed 14 days following second immunization (day
42). A slow decrease of antibody titers was then observed up to the
third immunization. The titers again increase 14 days following the
third immunization (day 98), expect in the case of the anti-RLF
response of monkey Jo 352.

The anti-R32tet32 titers reached after the third immunization (day
98) are not however higher than those observed after the second

immunization (day 42).

In the case of the anti-RLF response (with the exception of monkey




detection. The R10 MbAb was used directly onto the mcrotter
in order to capture the RTS, S particles. In summary, iy
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JO 353), an increase of titers is observed fol.owing the thir
immunization (day 98) relative to post second immunization levels

(day 42).
Anti-HBs response:

All monkeys raised an anti-HBs response with significant booster
effects following second (day 42) as well as third (day 98)

immunization.
iological ivi f antibodies raised against
he (R icl

As a measure of the biological function of the antibodies induced by
the (RTS,S) vaccine, pooled mice and individual monkeys sera were
tested by the Inhibition of Sporozoite Invasion (ISI) assay
(Hollingdale et al., 1984). This assay measured the capacity of the
anti-CSP antibodies to inhibit the in vitro invasion of a human
hepatoma cell line (HepG2) by P._falciparum sporozoites.

Results

The results of this experiment are presented in Tables 1 and 2. The
ISI data are expressed as % inhibition relative to the activity of a
pre-immune control serum taken as 0% inhibition. For reference,
the anti-R32tet32 and RLF antibody titers of the tested sera are
included. Table 1 shows that all mice sera tested have very high
ISI activity. Table 2 shows that all 5 monkeys have also a very ISI
activity on day 98 compared with the corresponding immune serum.

Conclusion

The (RTS,S) particles induced, both in mice and monkeys, a high
antibody response directed against the repeat and non-repeat
epitopes of the CSP and against the S protein of the HBsAg carrier.

The primary antibody response in mice was enhanced by the
presence of 3D-MPL.



-22- Ot hophenyl ene-di am ne- H202. Absor bance was ne

. PSbH—t—at—48.0 ey
nm and plotted versus the antigen concentration. ReREPLACEMENT SHEET
t hree batches: 24M31, 24MB2 and 24M34 reacted positively - i

allu
consistently with MAbs RF1 and R10, thus confirmng the 03 APR 1897

-29-

Antibody titers obtained after intraperitoneal injection w==e higher
;.han those obtained after immunization by the subcutanesus route. -

The antibodies elicited in the two animal species effective7
prevented invasion of cultured human hepatoma cells by

P falciparum sporozoites.
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Table 1:1 ivi r ; /C mice immunt with

Pool of A-R32tet32 A-RLF ISI
Mice sera Titer Titer (%)

Pool i.p
Al+3D-MPL 606544 242408 100%
Day 45 '

Pool i.p
Alum only 87005 160284 98%
Day 45 ' :

Pool i.p
Al1+3D-MPL 15333 99002 94%
Day 45

Pool s.c _
Al+3D-MPL 5102 20453 86%
Day 45

Pool of
Negative 205 205 0%
Controls




In mce, anti-CSP antibodi es were anal yzed by ELI SA test using t he

R32tet 32 antigen for the detection of the anti-repeat anti bpgg
R32t et 32 consists of 32 copies of the NANP (nmjor) repeat fggagEAQ)EMENT SHEET

32 amino acid portion of the tetracyclin resistance gene of|pjasmd
pBR322. The reconbi nant antigen is produced in Escherichia toji( 3 APR 1997
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the reciprlocal ef theldilution corirespaiidirng tg an titer (%)
J0 352 DAY 0 <50 <50 0%
DAY 98 1762 1250 98%
J0 353 DAY 0 <50 <50 0%
DAY 98 1574 32218 90%
JO 354 DAY 0 <50 <50 0%
DAY 98 3751 31034 98%
J0 356 DAY O <50 <50 0%
DAY 98 1495 18544 95%
J0 357 DAY O <350 <50 0%
DAY 98 1420 30727 98%
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1. A hybrid protein comprising substantially a1l tém‘&tm\

portion of the CS protein of Plasmodium, four or more tandem repeats of
the CS protein immunodominant region, and the surface antigen from
Hepatitis B Virus (HBsAg).

2. A hybrid protein comprising a sequence of CS protein of
P.falciparum substantially as corresponding to amino acids 210-398 of

P.falciparum 7G8 CS protein or 207-395 of P. falciparum NF54 CS protein
fused in frame via a linear linker to the N-terminal of HBsAg.

3. A hybrid protein as claimed in claim 1 or 2 wherein the CS protein
is fused to HBsAg.-
4. A hybrid protein comprising the following amino acid sequences:
a) an N-terminal methionine residue
b) Met Ala Pro
c) a stretch of 189 amino acids corresponding to amino acids

210 to 398 of CS protein P.falciparum 7G8 or 207-395 of CS
protein P. falciparum NF54

d) Arg -
e) Pro Val Thr Asn from hepatitis B Pre Sg protein.

1) a stretch of 226 amino acids specifying the S protein of
hepatitis B virus

6. The hybrid protein designated RTS.

7. The hybrid protein designated RTS*,

8. A DNA sequence encoding a hybrid protein as claimed in claims 1
to 7. '

9. A vector containing a DNA sequence as claimed in claim 8 said

sequence being linked to transcriptional control elements. |
.
10. A host transformed with a vector of claim 9. cet Has Been Replaced |

T MuRAW
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12. A host as claimed in claim 11 additionally transformed with a

gene encoding the Hepatitis B surface antigen.

13. A multimeric hpoprotem particle comprising a hybrid protein of

claims 1 to 7.

14. A mixed multimeric lipoprotein particle comprising a hybrid

protein of claims 1 to 7 and Hepatitis B surface antigen.

15. A mixed multimeric lipoprotein of claim 14 comprising RTS, or

RTS* and the surface antigen of Hepatitis B virus.

16. A particle as claimed in claim 14 or 15 wherein the ratio of hybrid

protein to surface antigen is 1:4.

17. A vaccine comprising an immunoprotective amount of a particle or
protein according to any of claims 1 to 7 or claims 13 to 16 in admixture

with a suitable diluent or carrier.

18. A vaccine as claimed in claim 17 additionally comprising-3-

Deacylated monophosphoryl lipid A

19. A vaccine as claimed in claim 18 additionally comprising alum.

20. A vaccine as claimed in claim 18 presented in an oil in water

emulsion.

21. A method of treating a patient susceptible to plasmodium
infections comprising administering an effective amount of vaccine

according to any of claims 17 to 20.

21. A process for the production of a hybrid protein according to any of
claims 1 to 7 which process comprises expressing a DNA sequence
encoding the protein in a suitable host and recovering the product.

This Sheet Has Been Replaced




| mruni zat i on: G oups of 10 Balb/C mice were |njectedtvv|ce :
three (1S, 5 bat chedllll IIIII?M!NIIII:ELHIL”;SLX?Leé“ on A1( G [ o REPL T
24M 31, 24M 32 and €24 3%) .° Control mice were injectefd mth HBsAg

(Engeri x-B, batch ENG611B4). On days | uﬂ_ﬁ..d 45t he nj.cE D5 ARR 4987

and the antibody titers were measured‘ ?ﬁﬂﬁﬁ?‘ﬂml :
Ser ol ogi cal met hods: 35, —— REPLACED l
22. A process for the production of particles as claimed i i

15 comprising expressing a DNA sequence encoding a protein of claims 1
to 7 and hepatitis B surface antigen in a Sacchromyces strain.

-

/
eet Has Been Replaced

HII\I\\ L.



The anti-R32tet32 and the anti-RLF titers were measur ed by

ELLSA

usi ng respectively R32tet32 and RLF ‘as coating antigens. (ﬁEPUW@HWENT SHEET

m cropl ates were incubated with the serumsanple (12 two-fo
dilutions starting at 1:100) to be tested. Muse Abs were
with biotinylated anti-nmouse Ig followed by streptavidin:
bi oti nyl at ed hor seradi sh peroxi dase co ex and orthophenyl ¢n

ST T Al

0 52APR%e97

HYBRID PROTEIN BETWEEN CS FROM PLSMODIUM AND HB.AG

ABSTRACT

A novel hybrid protein is provided which

comprises a portion of the CS protein of P.falciparum

and the surface antigen of Hepatitis B virus. The use

of this protein for vaccination purposes is disclosed.

FIGURE 7




- 24- diamne/Herr]ferr]. The optical density was nmeasur : 490 _nm

The titers were expressed as the reciprocal of the dil utlcREPLA(“ ME SHEET
correspondi ng to an optical density of 1.0 (50 % maxi nal Jbi - »

each group of mce, the geonetric nean titer (GVIN was cgl qul ba
The anti-HBs antibody titer was cal cul a{ed according to the H8e1397

formula (3) and expressed in mMuUm. Results

Thls Sheet

I

Restriction endonuclease map of (A) the S expressxon cassette and (B) the RTS

expression cassette.
The extend of each coding sequence is indicated by the black bar.
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Anti - CSP r esponse: Strong anti-R32tet32 and anti-RLF r
observed for each (RIS-Sy—bateh—tested. No significant
bet ween t he bat ches was noted. A renarkable booster eff
after the second dose. M ce inmunized W|th HBsAg (" Enge
used as negative contrdl Yn'hi experl‘,?re Ant i - HBs
The (RTS, S) batches induce antibodies d ect ed agai nst the
carrier protein. The assay was perfornmed on pooled sera onl

TH
Construction of plasmid pRIT13034 IS Slg;EpET HAS BEEN
Digestion with Xhol endonuclease liberates a 8.5 Kb linear DN: L

the S expression cassette for integration into the yeast chromosome by homology
of the free ends with resident Ty elements.
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- i i L REP! 4T enreee]
EXPERI MENT 2: Effect of the i mmunostinmulant 3D-MPL on REPLATEMENT SHEET

the i nmunogenicity of (RTS,S) particles in i
Bal b/ C mi ce. W anal yzed the effect of the 3D-MPL on the¢

i mmunogenicity of the (RTSS) vaccine in mice. Both the {n rgp%rAEbrfﬂﬂi
(i.p.) and the subcut aneous (s.c. )3 routes of inmunizatipn e tested.
A | mmuni zation by the in route Met hod

THIS SHEET HAS BEEN
REPLACEp

Restriction map of the 8.5 Kb linear Xhol fragment from pRIT13034
The linear fragment contains the URA3 and CUP1 genes for selection of
transformed yeast cells together with the S expression cassette.

BamH]I HindIII Kpnl
/ /
Xbal Kpnl EcoRI Clal” Xbal EcoR! HindIll BamH!I
Xhol / \/ | | (Sall Xhol
Ty URA3 CUP1 S-cassette Ty
11000bo |

Fig.3
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/C mce were inj ecte

| mruni zat i on:
intraperitioneally at TR SR e h interval with 1 [err] mm SHEET
tmmﬂlm] ll t al one or on AX(

(batch 24M 34) adsorb OH)[err] fTerTi—=
3D-MPL (50 [err]g/dos 03 APR 1987

pULB1221/CSPmod

1

* HgiA | digestion and purification of the small fragment HgiA |
. . {containing CSP genel
Smal/Naeldigestion « Ligation with HgiA [/8amH { synthetic oligonucleotide
» Digestion with Xho Il anad purtfication of the fragment
Xho [l/8amH | (containing 19 repeats and the C-termina |
cading sequence of the CSP gene)
« Kienow treatmens

—r
Sall tARG3
Sal/HgiAldigestion HgiAl/Salldigestion
Sat! \ Satl
l Hind Il HFiAI HgiAl Hindml
pTDH3 CSP CSP tARG3
Hind 11 - Th ligase/
Hind III dlgestlon
Hind [ | , ceP
Hind 1] "'BSAQ
dlgestlon . N .
Yep13RTS tARG3

Hind [l

Fig.4




- 25- were injected wwth NaCl 150 M One days 30 and 45,—the—mi-ce

were bl end and {he antibody—ti-ters measured on i ndivi dual SerdREPLACHWENT'SH ET

Ser ol ogi cal met hotthis speer The serol ogi cal ¥
first experi mant l” ﬁﬂ i‘ﬁfﬂacad)ove kggs BEEN 03 APR 199
7 .

Figure 5: Nucleotide sequence of the RTS expresion cassette and predicted
translation product of the RTS-HBsAg hybrid protein.
The translation product initiated from the TDH3 ATG codon is shown

below the DNA sequence.

10 30 50
AAGCTTACCAGTTCTCACACGGAACACCACTAATGGACACAAATTCGAAATACTTTGACC
70 90 110
CTATTTTCGAGGACCTTGTCACCTTGAGCCCAAGAGAGCCAAGATTTAAATTTTCCTATG
130 150 170
ACTTGATGCAAATTCCCAAAGCTAATAACATGCAAGACACGTACGGTCAAGAAGACATAT
190 210 230
T TGACCTCTTAACTGGTTCAGACGCGACTGCCTCATCAGTAAGACCCGTTGAARAGAACT
250 270 290
£ ACCTGAAAARAACGAATATATACTAGCGTTGAATGTTAGCGTCASCAACAAGAAGTTTA
310 . 330 350
ATGACGCGGAGGCCAAGGCARAAAGATTCCTTGATTACGTAAGGGAGT TAGAATCATTTT
370 390 _ 410
GAATAAAARACACGCTTTTTCAGTTCGAGTTTATCATTATCAATACTGCCATTTCAMAGA
430 . 450 470
ATACGTAAATAATTAATAGTAGTGATTTICCTAACTTTATTTAGTCAAARATTAGCCTTT
490 510 530
T AATTCTGCTGTAACCCGTACATGCCCARAATAGGGGGCGGGTTACACAGAATATATAAC
550 570 590
ATCGTAGGTCTCTGGGTGAACAGT TTATCCCTGGCATCCACTARATATARTGGAGCTCGE
610 630 650
TTTTAAGCTG GCATCCAGAAAAAAAAAGAATCCCAGCACCAAAATRTTGTTTTCTTCACC
670 690 710
AACCATCAGTTCATAGGTCEATTCTCTTAGCGCAACT ACAGAGAACAGGGGCACAAACAG
730 | 750 770
GCAAAAAACGGGCACAACCTCAATGGAGTGATGCAACCTGCCTGGAGTARATGATGACAC
790 810 830

AAGGCAATTGACCCACGCATGTATC’II-.TCTCATT".‘TCTTACACCTTCTATTACCTT GC



Anti - CSP response S) vacci ne batch i nduces sptrang

anti-R32tet 32 and S&ma F responses in both fornualti Pyl
cases, a S|gn|f|ca ¢d ef fect is observed follownng.kﬁyEMEmﬂ;sHEET
I muni zat i on. T|te ed wth thes . nin% 3D VPL
are in all cases n the glun' APR 1997
statistically S|gn|f|cant |ncreas pri_mary
anti - R32t et 32 response (p = 0.02). A group of mice injdqcted with NaC
150 mv was used as negative control in this experinent.
850 870 890

TCTCTCTGATTTGGAAAAAGCTGAAAAAAAAGG T TGAAACCAGT TCCCTGAAATTATTCS

910 230 950
CCTACTTGA&TAATAA TATATAAAGACGGTAGuT :TTGTAATTCTGTAAATCTA%
970 290 1010

TTCTTAAACTTCTTAAATTCTACTTTTATAGT TAGTCTTTTTTTTAGT TTTAAAACACCA
1030 1050 1070

AGAACTTAGTTTCGAATAAACACACATARACALACAAAATGATGGCTCCCGATCCTAATG
MetMeCtALaProAspProdsna

1090 1110 1130

CAAATCCAAATGCAAACCCAAATGCAAACCCASACGCARACCCCAATGCAAATCCTAATG
laAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProdsna

1150 1170 1190

CAAACCCCAATGCAAATCC AATGCAaATC -AATGeCAAchaAaT nAnTCC“‘TG
laAsnProAsnAlaAsn®roAsnadlaAsnProAsnAlaAsnProAsnAlaAsnProaAsna

12190 1230 1250

CAAACCCARACGCAARCCCCAATGCAAATCCTAATGCCAATCCAAATGCAARATCCAAATG
laAsnProAsnAlaAsnProAsnAlaAsnProdAsnAlaAsnProAsnAlaAsnProAsna

1270 1290 ) 1310

CAAACCCAAATGCAAACCCAAATGCAAACCCCAATGCARATCCTAATARAAACARTCAAG
laAsnProAsnAlaAsnProAsndlaAsnProAsnAlaisnProAsnLysAsnAsnGlnG

1330 1350 1370

GTAATGUACAAGGTCACAALﬂTGCunﬁnTGACCn-' ACCGAAAT TAGATGAAAATGCTA
lyAsnGlyGinGlyHisAsnMetProAsnAspP roAsnArgAsnValAspGluAsnAlaa

1390 1410 1430

ATGCCAACAATGCTGTAAAAAATAATAATAACGAAGAACCAAGTGATAAGCACATAGAAC
snAlaAsnAsnAlaValLysAsnAsnAsnAsnGluGluProSerAspLysHisIleGluG

1450 1470 1490

AATATTTAAAGAARATAAAAAATTCTATTTCAACTGAATGGTCCCCATGTAGIGTAACTT
InTyrLeulysLysIleLvsAsnSerIleSerThrGluTrpSerProCysServValThzC

1510 . 1530 1550

GTGGAAATGGTATTCA&GTTAGAATAAAGwCTGGCTCTGbTAATAAACCTAAAGACGAET
vsleAsnGleleGanaln:aIleLvs°roC1vSe*A‘aAsn vsProLysaAspGlul

1570 1590 1610

TAGATTATGAAAATGATATTGAAAAAAAAATTTGTAAAATGGAAAAGTGCTCGAGTGTGT
euAspTyrGluAsnAspllaGluLysLysIleCysLysM2tGluLlysCysSerServal?

1630 1650 1670




Anti - HBS reSpoNse: Thisgp,., B0t h Tormual tions of the (RTS,S) va

i njected by the j. p!WﬁISBeenRephgegduced a strong anti-HBs r IéEAGEMENT SHEE?

significant booster / s observed foll ow ng second ifmmni zati on
with either f . /m/a | muni zation by the s.c. irqutge3 APR 1997
-7 -

Met hod 1 mmuni zat i on:

THIS SHEET HAS BEEN
REPLACED ‘ —

. rvns

TTAATGTCG%AAATAGTCGACCTGTGACGAACAIGGAGAACATCACATCnuun;TCCTAé
heAsnValValAsnSerArgProValThrAsnMetGluAsnlleThrSerGlyPheLeuG

1690 1710 1730

GACCCCTGCTCGTGTTACAGGCGGSGT T TICT TG T TGACAAGAATCCTCACAATACCGE
lyProLeulLeuValLeuGlnAlaGlyPhePheLeuleuThrArglleLeuThrIleProG

1750 1770 1790

AGAGTCTAGACTCGTGGTGGACTTICTCTCAATTITCTAGGGGGATCACCCEGTGTGTICTTG
lnSerLeudAspSerTrpTrpThrSerLeuAsnPheleuGlyGlySesProValCvsLeuG

1810 ) 1830 1850

GCCAAAATTéGCAGTCCCCAACCTCCAAICBCTCACCAACCTCCTGTCCTCCAATTTGTC
lyGlnAsnSerGlnSerProThrSerAsniisSezrProThrSezrCysProProilaCysP

1870 . ™ 1890 1910
CTGGTTATCGCTGGATGTGTCTGCGGCCTTTTATCATATICCTCTTCATCCTGCTGCTAT
roGlyTyvrAzgTrpMetCysLeuArgArgPhellaeilePheleuPheIleleulauleuC

1930 1950 1970

GCCTCATCTTCTTATTGGT TCTTCTGGATTATCAAGSTATGTTGCCCGTITTGTICITICTAA
ysLeullePheleuleuValLeulLeudAspTyrGlnGlyMetLeuProValCys2roLleul

1990 2010 2030

TTCCAGGATCAACAACAACCAATACGGGACCATGCAANACCTGCACGACTCCTGCTCAAG
leProGlySerThrThrThrAsnThrGlyPreCysLysThzCyvsThzThrPzoAlaGlnG

2050 2070 . 2090

GCAACTCTATGTTTCCCTCATGTTGCTGTACARAACCTACGGATGGAARTTGCACITGTA
lyAsnSerMetPheProSerCysCysCysThrlysP-oThrzAspGlyaAsnCysThzCysI

2110 2130 2150

T'rCCCA'rccéA'rCG'rccrcéc;crTTCGCAAA.:«::_:.CCTA:éGéAGTGGGCC":CAG'::CG'ri
leProIleProSerSerTrpAlaPhedlalysTyrleuTzpGluTrpAlaSerValarg?

2170 2190 2210

TCTCTTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGG T TCGTAGGGC TTTCCCCCACTG
heSerTrpLeuSerLeuleuValProPhevValGinTrpPheValGlvLeuSerPzoThrV

2230 2250 2270

TTTGGCTTTCAGCTATATGGATGATGTIGGTATIGEGEGTCCAAGTCTGTACAGCATCGTGA
alTrpleuSeraAlalleTrpMetMetTrpTyrTsoGlyProSexrLleuTyzSezrIlevVals

2290 2310 2330

GICCCTTTATACCGCTG T TACCAATTTICT I TG TCTCTGSGTATACATTTAATGAATIC
erProPhelleProleuleuProllePhefheCvsLlauTrpValTyrileEad

2350 2370 2390

CAAGCTGAAACAATTCAAAGGTTTTCAAATCARTCAAGAACTTGTCTCTGTIGGCTGATCC



G oups of 10 Balb/C mce were injected tw ce subcutaneously &

i
month interval with—tferrheef{RIS, S), (batch 24M 34) adsor BREPLACEMENT, SHEET
AL(OH)[err] al one o, . err] + 3DMPL (50 [err]g/dose)} nt r ol
m ce were injected . One days 30 and 45, the | 03 APR 1997
: W” I, " , . g - | THIS SHEET HAS BEEN
i REPLACED

2410 2430 ' 2450

AAACTACAAATTTATGCATTGTCTGCCAAGACATCAAGAAGAAGTTAGTGATGATGTCTT
2470 ' 2490 2510

T TATGGAGAGCATTCCATAGTCTTTGAAGAAGCAGAAAACAGATTATATGCAGCTATGTC

2530 2550 2570
TGCCATTGATATCTTTGTTAATAATAAAGGTAATTTCAAGGACT TGAAATAATCCTTCTT
2590 2610 2630
TCGTGTTCTTAATAACTAATATATAAATACAGATATAGATGCATGAATAATGATATACAT
2650 2670 2690
TGATTATTTTGCAATGTCAATTARAAALAAAAAATGTTAGTAARACTATGTTACATTCCA
2710 2730 2750
AGCAMATAAAGCACTTGGTTAAACGAAATTAACGTTTTTAAGACAGCCAGACCGCGSTCT
2770 2750 - 2810

AAAAATTTAAATATACACTGCCAACAAATICCTTCGAGTTGTCCAATTTCACCACTTTTA
2830 2850 2870 '
TATTTTCATCAACTTCAGCAGATTCAACCTTCTCACATAGAACATTGGAATAAACAGCCT

2890 2910 ’ 2930

TARCACCACTTTCAAGTTTGCACAGCGTAATATGAGGAAT TTTGTTTTGACARCACARCS
2950 2970 2990

CTTTRATT T ICTCATTGTTTTCATCAATTATGCATCCATCTTTATCTITTAGACAGTTCCA

3010 . 3030 3050
CTACAATAGCAATAGTTTTTTCATCCCAACATAGT T TTTCGAGCCTAAAATTCAGTTTIGT
3070 3090 - 3110

CGGTCGTTTTTACCTGCGTATTTTGGTTAT TACCAGAGCCTTGTGCATTTTCTATGCGGT
3130 3150 3170

2190 3210 3230
TGCCTCTTTTTCACGGGACGACATGACATGACCTAATGTTATATGAAGT TCCTTCTGAAC
3250 3270 ' © 3290
TTTTCCACTAGCTAGTAMTGCT TGAATTTCTCAGTCAGCTCTGCATCGCTAGCAATACA
3310 3330 3350

CCTCTTGACCAATTCAATAATTICATCGTAGTTTTCTATTTAGCTGAGATATATGTAGGT




- 26- m ce were blend and the antibody titers neasured QWY TT
sera. The serol ogi cal nethods were the sane as in the”REREﬁCENﬂMﬁJSHEET

experi ment d emirshéeeHasHIenFeplaced Results Ant i {C$P r esponse:
THIS SHEET HAS BEEN 0 3 APR 1997
REPLACED
3370 3390 3410

TTAATTAACTTAGCGTTTTTTGTTGATTATTGT TGCCTTTACCAACTATTTTTCTCACAG
3430 3450 3470

TAGGTTTGTAATCTAAGCTCCTTCTGAACGCTGTCTCAATTTCATCATCTTTCGGGATCT
3490

CTGGTACCAAAATTGGATAAGCTT



The (RTS,S) vacrti
and RLF in both fef
ef fect was observe
significant hi g_her

on day 45, both foj

0.18 and p

injected with NaCl
exper i mE,,gonstrucnon
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| ower than those obtained with the i.
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Bot h formul ati ons—of—the—(RFS-S)—vacci ne,
I nduced a good antﬁusl—sl

observed foll owing pg
observed for the an
by this route of i ;
| mmunogenicity in Cercop| t hecus aethio
eval uated in Cercopithecus aeth-l-ops
24M 32 adsor bed on Al(O—I)[er—r]

eshonse. A significant booster effect
?ﬂii on with either fornulation.
,es, the anti-HBs response was
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CEBe
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Fi ve nonkeys wer injected REPLACEMENT‘SHEET

Met hod | i zation: _
i nt rgrrascul arly ;'g}?ﬂm s B eg4 |
, , ﬁﬁ , ﬁ "THIS SHEET fias BHEN 03 APR 1997
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Cscl density analysis of 4 cell-free extract prepared from strain

s ph ai
Fractions were analyzed by a radioimmunoassay specific for H T43a3

and by an RTS-specific ELISA. _}_I'r}‘we ttnop paneésho_ws the immm?gagt(:rl;ﬁyﬂsli:;f
fracti i i-S Mab. oyant density (rho) of /
c:ggmzdu?rlg%aanrgggsure gf its rgfr:ct\i’ve index. y ihal of tha pagk fraction was
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-27- with 20 [err]g of (RTS,S) particles adsorbed on AL(OH)[ -rREP ' T
Al+++). The ami e bled on days 0, 14, 28, 42, 56, 66 a UUL(ABEMEMSHEET
Ant i bodi es di reci,}l agai nst 32, RLF and | AtgeRs—weHe
Serol ogi cal net h7 cet aBanRim2a2t et 32 and the fa ﬁ-%%ggdﬁﬁﬁ

i

were measured by ﬂﬂlﬂmm?’ espectlygly t he | AR 1 He

1 3 APR 097
E

ant i gens

Figure 9: Nucleotide Sequence of the RTS* expression cassette and predicted
wanslation product of the hybrid protein.

Met Met Ala Pro Asp Prxo Asn Alaz Asn Pro Asn Ala Asn Pro Asn Ala
1 S 10 13

ASn Pro aAsn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
' 20 25 30

Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
3s 40 45

Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala aAsn Pro Asn Ala
LTy] 35 60

Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn I.yé
€5 70 75 80

Asn Asn Gln Gly Asn Gly Gln Gly His Asn Met Pro Asn Asp Pro Asn
8% 90 95

Arg Asn Val Asp Glu Asn Ala Asn Ala Asn Ser Ala Val Lys Asn Asn
100 105 110

Asn Asn Glu Glu Pro Ser Asp Lys His Ile Lys Glu Tyr Leu Asn lys
115 120 125

Ile Gln Asn Ser Leu Ser Thr Glu Trp Sexr Pzro Cys Ser Val Thr Cys
130 138 140

Gly Asn Gly Ile Gln Val Arg Ile Lys Pro Gly Ser Ala Asn Lys Pro
145 150 155 160

Lys Asp Glu Leu Asp Tyxr Ala Asn Asp Ile Glu Lys Lys Ile Cys Lys
165 170 175

Met Glu Lys Cys Ser Ser Val Phe Asn Val Val Asn Ser Ser Ile Gly
180 188 190

Leu Gly Pro Val Thr Asn Met Glu Asn Ile Thr Ser Glv Phe lLeu Gly



coated on mcroplates. The plates were then incubated with tké}EP{ﬂ ME
PLACEMENT SHEET

sanple to be te tvvofold serial dilutions starting at —_—
Monkey anti bodi es re detecte |ot|nyl ated_apti-human Hg fﬁléo d b
streptavi din bioti @ﬂsh&h%@ﬂ;ﬁd{} sh per oxi dgsEHISSHEETGX Sh PR 19&7
ort hophenyl enedi ami ) opticgl _denREPACRIAS asured at
490 nm The titers M as t'hg4 reci procal of the—dtuti on
correspondi ng to an opti cdl ty of 1.0 (50% maxi mal bi ntrg—kor—ecach

group, the geonetric nean titer (GVIN was cal cul ated. The anti-HBs
antibody titers were calculated according to the Hollinger fornmula

(Hol l'inger et al., Jig§2) and express%loi nmun.

Pro Leu Leu Val Leu Gln Ala Gly Phe Phe Leu
210 215

Thr Ile Pro Gln Ser Leu Asp Ser Tzrp Trp Thr
225 230 235

Gly Gly Ser Pro Val Cys Leu Gly Gln Asn Ser
245 250

Asn His Ser Pro Thr Ser Cys Pro Pro Ile Cys
260 265

Met Cys Leu Arg Arg Phe Ile Ile Phe Leu Phe
275 280

Leu Ile Phe Leu Leu Val Leu Leu Asp Tyr Gln
290 235

Cys Pro Leu Ile Pro Gly Ser Thr Thr Thr Asn
305 310 . ‘315

Thr Cys Thr Thr Pro Ala Gln Gly Asn Ser Met
325 330

Cys Thr Lys Pro Thr Asp Gly Asn Cys Thx Cys
340 345

Ser Trp Ala Phe Ala Lys Tyr Leu Trp Glu Trp
355 360

Ser Trp Leu Ser Leu Leu Val Pro Phe Val Gln
370 375

Ser Pro Thr Val Trp Leu Ser Ala Ile Tzp Met
385 390 395

°ro Ser Leu Tyr Ser Ile Val Ser Pro Phe Ile
405 410

Leu

220

Ser

Gln

300

Phe

Ile

205

Thr

Leu

Ser

Gly

Leu

285

Met

Gly

Pro

Pro

Ser

365

Phe

Leu

Arg

Pro

Tvr

270

Leu

Leu

Ser

Ile

350

val

val

Tyr

Leu

Ila Leu

Phe Lew

24a

Thr Ser
255

Arg Tcp
Leu Cys
Pro val

Cyé L?s
320

Cys Cvs
335

Pro Ser
Afg Phé
Gly Leu
Trp Gly

400

Pro Ile
415
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Phe Phe Cys Leu Trp Val Tyr

AAGCTTACCA
60

CTATTTTCGA
120

ACTTGATGCA
180

TTGACCTICIT
240

TACCTGAAAR
300

ATGACGCGGA
360

GAATAAAAAA
420

ATACGTAAAT
480

TAATTCTGCT
540

ATCGTAGGTG
600

TTTTAAGCTG
660

420

GTTCTCACAC

GGACCTTGTC

AATTCCCAAA

AACTGGTTCA

AARCGAATAT

GGCCAAGGCA.

CACGCTTTTT
AATTAATAG?
GTAACCCGTA
TCTGGGTGAA

GCATCCAGAA

GGAACACCAC

ACCTTGAGCC

GCTAATAACA

GACGCGACTG

ATACTAGCGT

AAARGATTCC

CAGTTCGAGT

AGTGATTTTC

CATGCCCAAA

CAGTTTATCC

AARAAAAGAA

Ile

TAATGGACAC

CAAGAGAGCC

TGCAAGACAC

CCTCATCAGT

TGAATGTTAG

TTGATTACGT

TTATCATTAT

CTAACTTTAT

ATAGGGGGCG

CTGGCATCCA

TCCCAGCACC

AAGATTTAAA

GTACGGTCAA

AAGACCCGTT

CGTCAACAARC

AAGGGAGTTA

CAATACTGCC

TTAGTCAAAR

GGTTACACAG

CTAAATATAA

AAAATATTGT.

TACTTTGACC
TTTTCCT%TG
GAAGACAT%T
GAAAAGAACT
AAGAAGTTTA
GAATCATTTT
ATTTCAAAGA
ATTAG?CTTT
AATATATAAC

TGGAGCTCGC

TTTCTTCACC .
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AACCATCAGT
720

GCAAAAAACG .

780

AAGGCAATIG
840

TCTICICIGAT
300

CCTACTTIGAC
960

TTCTTAAACT
1020
AGAACITAGT
1080

CAAATCCAAA
1140

CAAATCCTAA
1200

CARACCCCAA
1260

CAAACCCARA
1320

GICACAATAT
1380

CTGTAAARAA
1440

TCATAGGTCC

ACCCACGCAT
TTGGAARARG
TAATAAGTAT
TCTTAAATTC
TTCGAATAAD
TGCAAACCCA
Tmmr
TGCAAATCCT
TGCAAACCCC
GCCAAATGAC

TAATAATAAC

ATTCTCTTAG

CARTGGAGTG

GTATCTATICT

CTGAAARADA

ATAAAGACGG

TACTTTIATA

CACACATAAN

AACGCAAACC

AATGCCAATC

AATGCCAATC

AATGCAAATC

CCAAACCGAA

GAAGAACCAA

REPLACED

CGCAACTACA

ATGCAACCTG

CATTITICTIA

AGGTTGAAAC

TAGGTATIGA

GITAGICITT

CAAACAAAAT

CCAATGCAAA

CAAATGCARA

CAAATGCAAA

CTAATAAAAA

ATGTAGATGA

GTGATAAGCA

Gaéucm
CCTGGAGTAA
CACCTTCTAT
CAGTTCCCTG
TTGTAATTCT
TTTTTAGTTT
GATGGCICCC
TCCTAATGCA
TCCAAATGCA
TCCARATGCA
CAATCAAGGT
AAATGCTAAT

CATARAAGAA

GCACAAACAG
ATGA?GACAC
TACCTTICIGC
ARAATTATTCC

GTAAATCTAT

GATCCTAATG

AACCCCAATG

AACCCAAACG

AACCCAAATG

AATGGACAAG

GCCAACAGTG

TATTTAAACK.
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AAATACAARAA
1500

TTCAAGTTAG
1560

ATGATATTGA
1620

ATAGTTCAAT
1680

GACCCCTGCT
1740

AGAGTCTAGA
1800

GCCAAAATTC
1860

CTGGTTATICG
1920

GCCTCATCTT
1980

TTCCAGGATC
2040

GCAACTCTAT
2100

TTCCCATCCC
2160

TCTCTTGGCT
2220
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TTCTCTTTCA

AATAAAGCCT

AAAAAAAATT

AGGATTAGGG

CGTGTTACAG

CTCGTGGTGG

GCAGTCCCCA

CTGGATGIGT

CTTATTGGTT

AACAACAACC

GTTTCCCTCA

ATCGTCCTGG

CAGTTTACTA

ACTGAATGGT

GGCTCTGCTA

TGTAAAATGG

CCTGTGACGA

GCGGGGTTTT

ACTTCTCTCA

ACCTCCAATC

CTGCGGCGTT

CTTCTGGATT

AATACGGGAC

TGTTGCTGTA

GCTTTCGCAA

GTGCCATTTG
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v 42 REBEAGED

third

CCCCATGTAG

ATAAACCTAA

AARAATGTTC

ACATGGAGAA

TCTTGTTIGAC

ATTTTCTAGG

ACTCACCAAC

TTATCATATT

ATCAAGGTAT

CATGCARAAC

CAAAACCTAC

AATACCTATG

TTCAGTGGTT

TGTAACTTGT

AGACGAATTA

CAGTGTGTTT

CATCACATCA

AAGAATCCTC

GGGATCACCC

CTCCTGTCCT

CCTCTTCATC.

GTTGCCCGTT

CTGCACGACT

GGATGGAAAT

GGAGTGGGCC

CGTAGGGCTT

REPLACEAENT JHEET
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GGAAATGGTA
GATTATGCAA
AATGTCGTAA
GGATTCCTAG
ACAATACCGC
GTGTGTCTTG
CCAATTTGTC
CTGCTGCTAT
TGTCCTCTAA
CCTGCTCA&G
TGCACCTGTA
TCAGTCCGTT

TCCCCCACTG
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TITGGCTTITC
2280

GICCCTTTAT
2340

CAAGCTGAAA

2400

AAACTACAAA
2460

TTATGGAGAG
2520

TGCCATTGAT
2580

TCGTGITCIT
2640

TGATTATTIT
2700

AGCAAATAAA
2760

AAAAATTTAA
2820

TATTTTCATC
2880
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2940

CTTTAATTTT
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AGCTATATGG ATGATGTGGT ATTGGGGGCC
ACCGCTGTTA CCAATTTTCT TTTGICTCIG
CAATTCAAAG GTTTTCAAAT CAATCAAGAA
:1rxnxmmr<nxmscc;u;acxnuumma
cxnmcmmm1nnmmmmsnaaupaﬂmc
ATCTTTGTTA ATAATAAAGG TAATTTCAAG
AATAACTAAT ATATAAATAC AGATATAGAT
Gcmuﬁﬂzm.tmmmumanAmu&srnw
GCACTTGGTT AAACGAAATT AACGTTTTITA
ATATACACTG CCAACAAMATT CCITCGAGTT
AACTTCAGCA GATTCAACCT TCTCACATAG
TTCAAGTTTG CACAGCGTAA TATGAGGAAT

CTCATTGTTT TCATCAATTA TGCATCCATC

T

line (Hep&) by

AAGTCTGTAC
GGTATACATT
CTTGTCICTG
GAAGTTAGTG
AGATTATATG
GACTTGARAT
GCATGAATAA
TAAAACTATG
AGACAGCGAG
GTCCAATTTC
AACATTGG2A
TTTGTTTIGA

TTTATCTTTA

B

d by the (RTS, S

1984) .

nm
falci

brt th
parum

AGCATCGTGA
TAACGAATTIC
TGGCTGATCC
ATGATGICIT
CAGCTATGTIC
AASCCIT&IT
TGAEAIA#EI
TTACATTCCA
ACCGCGGTCT
ACCACTTTIIA
TAAACAGCCT

CAACACAACC

SACAGTTCCA
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CTACAATAGC AATAGTTTTT
3060

CGGTCGTTIT TACCIGCGTA
3120

TGTTATTGTA CTCCGITATC
© 3180 .

TGCCTCTTIT TCACGGGACS
3240,

TITTCCACTA GCTAGTAAAT
3300

CCICITGACC AATTCAATAA
3369

TTAATTAACT TAGCGTTTTT
342¢

TAGGTITGTA ATCTAAGCTC
3480

CTGGTACCAA AATTGGATAA
3504
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TCATCCCAAC ATAGITTTTC GAGCCTAAAA TTCAGTTTGT

TTTTGGTTAT TACCAGAGCC TTGTGCATTT TCTATGCGGT
TGGTCAGTGT ATCTGTTACA ATATGATTCC ACAACTTTIT
ACATGACATG ACCTAATGTT ATATGAAGTT CCTTCTGAAC
GCTTGAATTT CTCAGTCAGC TCTGCATCGC TAGCAATACA
TTTCATCGTA GTTTTCTATT TAGCTGAGAT ATATGTAGGT
TGTTGATTAT TGTTGCCTTT

ACCAACTATT TTTCTCACAG

CTTCTGAACG CTGTCTCAAT TTCATCAICT TTCGGGATCT
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om the point of view of pr¢dietmeg—=

irradiated sporozoite impractical fr
vaccine.

Several groupsj have prg posed subunit vaccines based on the
.qrcumsporo.zmte Protein. Two of these vaccines have undergone clinical
testing; one 1s a synthetic peptide, the other is a recombinant protein

1

(Ballou gtal Lancet: i 1277 (1987) and Herrington et al Nature 328:257
(1987).

These vaccines were succeggfy] in stimulating an anti-sporozoite response.
Nonetheless, the magnitude of the response was disappointing, with some
vaccinees not making a regponse at all. Furthermore, the absence of -
"boosting” of antibody leve|g o subsequent injections and results of in

. vitro lymphocyte proliferatign assays suggested that T-cells of most of
these volunteers did not recognise the immuno-dominant repeat.
Nonetheless, one vaccinee in each study did not develop parasitemia.

The present invention providesg a new, improved antigen for use in
malaria vaccines which not, only produces a humoral response, but also a
cellular immune response, Preferably the antigen induces the production
of neutralising antibodies against the jmmunodominant repeat. Most
preferably, the antigen shsuld alsg elicit effector T cell mediated immune

responses of the CD4+ and cpg+ cytotoxic T lymphocyte (CTL) type and of

the delayed type hypersensitivity type and also, preferably be able to
induce T helper (TH) memary cells.

Acco;dingly , the present invention provides a hybrid protein consisting of
substantially all the C-terminay portion of the CS protein, four or more
tandom repeats of the immunodominant region, and the Surface antigen
from Hepatitis B virus (HesAg). Preferably the hybrid protein comprises

a sequence which containg a¢ Jeast 160 amino acids which is substantially

homologous t° the C-terminal portion of the CS protein. The CS protein
may be devoid of the last o amino-acids from the C terminal.

In par tic}:.lar there ‘.5 Provided a protein which comprises a portion of the
CS protein of P. féﬁlpamm substantially as corresponding to amino acids
210-398 of P. falciparum 7Gg fysed in frame via a linear linker to the

N-terminal of HBsAg. The dnker may comprise a portion of preS2 from
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HBsAg.

The present invention also provides DNA sequences encoding
of the present invention.

A particularly preferred embodiment is the hybrid protein designated

RTS. The amino acid sequence of RTS is shown in figure 5. This hybrigd
consists of:

Q

A methionine-residue, encoded by nucleotides 1059 to 1061, derived
from the Sacchromves cerevisiae TDH3 gene sequence. (Musn AM, g&_gl
Gene 1983 25 133-143.

° Three amino acids, Met Ala Pro, derived from a nucleotide sequence

(1062 to 1070) created by the.cloning procedure used to construct the
hybrid gene.

° A stretch of 189 amino acids, encoded by nucleotides 1071.to 1637
representing amino acids 210 to 398 of the circumsporozoite protein (CSP)

of Plasmodium falciparum strain 7G8 (Dame et al supra).”
° An amino acid (Arg) encoded by nucleotides 1638 to 1640, created
by the cloning procedure used to construct the hybrid gene.

° Four amino acids, Pro Val Thr Asn, encoded by nucleotides 1641 to
1652, and representing the four carboxy terminal residues of the hepatitis
B virus (adw serotype) preS2 protein (9).

° A stretch of 226 amino acids, encoded by nucleotides 1653 to 2330,
and specifying the S protein of hepatitis B virus (adw serotype).

In an alternative embodiment there is provided a hybrid protein
designated RTS* which was generated using the CSP gene sequence from
P. falciparum NF54 (Mol. Biochem Parisitol. 35 : 185-190, 1989) and

comprises substantially all of the region 207 to 395 of the CS protein from
P falciparum NF54.

In particular RTS* eonsists  of:
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1. A hybrid protein comprising substantially zil the C-ferminal i

partion of the CS protein of Plasmodium, four or more tandem repeats of
the CS protein immunodominant region, anc the surface antigen from
Hepatitis B Virus (HBsAg). '

2. . A hybrid protein comprising a sequence of CS protein of
P.falciparum substantially as corresponding to amino acids 210-398 of
P.falciparum 7G8 CS protein or 207-395 of P. falciparum NF54 CS protein
fused in frame via a'linear linker to the N-terminal of HBsAg.

3. A hybrid protein as claimed in claim 1 wherein the CS protein
is fused to N~terminal of HBsAg.

4, A hybrid protein comprising the following amino acid sequences:
a)  an N-terminal methionine residue
b) - Met Ala Pro
¢)  a stretch of 189 amino acids corresponding to amino acids

210 to 398 of CS protein P faldparum 7G8

d) Arg . _
e) Pro Val Thr Asn from hepatitis B Pre S9 protej.n.

f)  astretchof 226 amino acids specifying the S protein of
- hepatitis B virus

5. A hybrid protein consisting of the following amino-

acid sequences:

a) an N-terminal methionine
b) Met Ala Pro

c) a stretch of 189 amino acids corresponding to

amino acids 207 to 395 of CS protein P.falciparum
NF54

d) Gly




Pool :of
Titer

242408
160284

A- R32t et 32 A- RLF ISI Mce_se
A Pool 0/? pPg\IOlumi 6ﬁ| §1+3D VP R%P .
N Iﬁﬁl |

- 34 -

e) Pro Vval Thr Asn from hepatitis B P ; protein
£) a stretch of 226 amino acids specifying the S
protein of hepatitis B virus

6. A DNA sequence encoding & hybrid protein as claimed in any one

a———

of claims 1 to S.

7. A vector containing a DNA sequence as claimed in claim 6 _said
sequence being linked to transcriptional control elements.

8. A host transformed wich a vector of claim 1.

9.  Ahost asclaimedin claim g wherein the host is S, cerevisiae.
lo. A host as claimed in claun addxtmnally transformed with a
gene encoding the Hepatitis B surface antigen.

11. A multimeric lipoprotein particle comprising a hybrid protein of

any one of claims 1 to 5.

12. A mixed multimeric lipoprotein particle comprising a hybrid
protein of any one of claims 1 to 5 and Hepatitis B Surface antigen.

13.  Aparticle as claimedinclaim 12 wherein the ratio of hybrid
protein to Surface antigen is approximately 1:4.

14. A vaccine comprising an immunoprotective amount of a particle or

protein according to any of claims 1 to§ or claims 11. to 12. .in admixture
with a suitable dﬂuent or carrier.

15. A vaccine as claimed in claim 14
comprising a saponin adjuvant.

- ‘additionally

A8. A vaccine as claimed in claim 14 additionally comprising 3-
Deacylated monophosphoryl lipid A.
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17. A vaccine as claimed in claim J6 additionally comprising alum.

18: A vaccine as claimed in claim 16 presented in an oil in water

emulsion.

19. A vaccine according to any one of claims 14 to 18, for

use in the treatment of a patient susceptible to plasmodium
infections., '

20. Use of a vaccine according to any one of claims 14 to

18 in the manufacture of a medicament for use in the

treatment of a patient susceptible to plamodium infections.

21. A process for the production of a hybrid protein according to any of

claims 1 to 5 which process comprises expressing a DNA sequence
encoding the protein in a suitable host and recovering the product.

22. A process for the productmn of particles as claimed in any one of

claims 11 to 13 compr:.s:.ng express:.ng a DNA sequence encod:.ng a protein

of cla:.ms 1 4o 4 and hepatitis .B surface ant:.gen ‘in a Sacchromyces
strain. *
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Restriction endonuciease map of {A) the S expression cassetts, and (B) the RTS
exprassion cassette.
The extend of each codung sequence is indicated by ‘the black bar.
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Construction of plasmid pRIT13034

Digestion with Xhol endonuclease liberates a 8.5 Kb linear DNA fragment carrying
the S expression cassette far integration into the yeast chramosome by homolagy

of the free ends with resident Ty elements.
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Restriction map aof the 8.5 Kb linear Xhaol fragment from pRIT13034
The linear fragment contains the URA3 and CUP 1 genes for selection of
trransformed yeast cells together with the S expression cassertte.
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Canstruction af the RTS expression cassette and its clening in plasmid Yep13.
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Char dcterization of a Saccharomnmyces Cerevisiae Strain (Rl T4376), e 1
Expressing Hepatitis B Surface Antigen", Postgrad Med J 63}%&3§MENT SHEEZ:
65-70, 1987. (2) Jacobs E, Rutgers T, Voet P, et al., "Sinmultaneous

Synt hesi s and Assenbly of Various Hepatitis B Surface |

Sacchar onyces cerevisiae", CGene 80: 279-291, 1989. (3?“3§3U35MENF;§HEET
Messing J, "The pUC plasm ds, an ML3np7-Derived Syster flor Insertion

Mut agenesi s and Sequencing with Synshetic Uni versal Pri qer&2, JUL G969
19: 259-268, 1982, . ) .
Figure 5: Nucleotide sequence of the RTS expresion cassette and predicted
translation proeduct of the RTS-HBsAg hybrid protein.

The translation product initiated from the TDH3 ATG codon is shown
below the DNA sequence.

10 30 SQ

AAGCTTACCAGTTCTCACAéCGAACACCACTAATGGACACAAAxLLuAAATAQLsLGACC

70 %0 110

CTATTTTCGAGSACCTTGTE ACCTTGAGCCCAAGAGAGCEARGAT TTARATTTTCCTATG
130 150 170
ACTTGATGCAAATTCOCAAAGS T AATAACATGCAAGACACS T ACGGTCAAGAAGACATAT
190 210 230
TTGACCTCT TAACTEG TTCAGACGIGAC TGE S TCATCAGTANGACCT ST TGAAAAGAACT
25¢ 270 290
TACCTGARAAAAACGAATATATACTAGCGTTGAATG T TAGCSTCAACAACAAGAAGTTTA
310 | 330 350
ATGACGCGGAGGCCAAGGT ARRAAGAT TCCT TGAT TACGTAAGGGAGTTAGAATCATTTS
370 390 _ 110
GAATAAMAAACACGCTTTTTCAGTTCGAGTTTATCATTATCAATACTGCCATT TCAAAGA
430 450 | 470
ATACGTAAATAATTAATASTAGTGAT T TCCTAACT T TAT T TAGTCAMRAATTAGSSTTT

490 $10 s30
TAATTCTSCIGTAACCCSTACATGCICARARTAGGGGOCGGGTTACACAGAATATATASS
550 s70 590

ATCGTAGETGTCTGGGTGAACAGT TTATCCC IGGCATCCACTAAATATAATGGAGCTCGE

610 630 6§50
TTTTAAGCTGICATCOAGAAAAAAAAAGAATCCCAGCACCAARATATTGTTTTCTTCACS
70 690 710

AACCATCAGTTCATAGGICCATTCTCTTAGCSCAACTACAGAGAACAGGSGCACARACAG
730 750 770

GCAAAAAACGIGCACAACCTCAATGGAGTGATGCAACC TGOS TG3AGTAAATGATGACAS
730 810 230

AAGGCAATTGRCCCACGCATGTATCTATCTCATTTTCTTACACCTTCTATTACCTTCTG&




(4) -Juniaux Embo J 1: 1125-1131, 1982. (5) REHLABEMEMT SHEET |

@GR, "Transformation of Yeast", Proc tI Acad Sci USA
1980. (6) Broach JR, Strathern JN, and Hi 32 Jijyatesgor
Devel opment of a Hybrid C oning Vector and Is | a Ion of the
CGene", Gene 8: 121-133, 1979. (7) Zhang H, Dot

Sequenci ng as a Choi ce for DNA_%yquen i ng", Nucleic Aci
16: 1220, 1988. '
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TCTCT TGATTTuGAAAAA"TGAAAAnAAnuu.TGAAA&;A TTCCCTGAMATTATTCS

a1 330 950
CCTACTTGACT AATAAGTATATAAAGACSGTAGGTATTGATTGTAATTCTGTAAATCTAT
' 370

¥+

Q0 1010
TTCTTAAACTTCTTAAATTéTnCTTTTFTAGTT TCTrfTTTTTAGTTT?AAAACACCA
1030 1050 1070

AGAACTTA TTTCGAATAAA” ACAC AA@CAAACAAAATGATGGCTCCCGATCCTAATG
MecMecAlaProAsSpP roAsnAa
. 109¢C ' 1110 ) 1130
CAAR TCCAAA“G;AAACCCRAATGCnAnC”CRA:C CAAACTCCAATGCAAATCCTAATG
lLaAsnProAsndlaAsnPrsAsSnAlaasnProasnAlaAsnProAsnAlaAsnP zoAsnA
1150 1170 1190

:AAACCCCAATGCAAATCCTAATGCAAATCC?AATG:CAATCCAAA’GBAAATC"‘ TG
lLaAsnfroAsnalaAsnPzcasnAlaasn®roasndlaAasnProAsniAlaAsnProAsnA

1210 1230 1250

CAAACCCAAATGCAAACCE AATG‘AAATCC*" CCAATCCAAATGCAAATCCAAATG
laAsnProAsnAlaAsnPzoAsSnAlaAsn®roAsnAlaAsn®roAsnAlaAsnProAsni

1270 " 1290 ) 1310

CAAACCCAAATGCAAACCCAAATGCAAACCCCAATGCAAATCCT AATAAAAACAATCAAG
laAsnProAsnAlaAsn?roAsnAlassnPradsnAladsaProAsnlysAsnAsnGlaG

1310 _ 1350 1370

GTAA'”‘ACAA TCACAAfA C»AAAT’ CCCAAAC”GnAntuTnGA'GnAAATqCTA
LyAsnGlyGlnGlyHisAsnMetrProhsnAspProAsnAsgAsaValAspGluAsnAalaA

1390 1410 15430

ATGCCAACAATGCTGTAAAAAATAATAATAACSAAGAACCAAGTGATAAGCACATAGAAT

snAlaAsnAsnalaValLysAsnAsnasnAsnGluGluPzoSezAsplysHisIleGLuG
1450 1470 1490

AATATTTAAAGAAAATARAAAATTCTAT TTCAACTGAATGSTCCOCATGTAGTGTAACTT

AT L AN L

laTy-LeuLysLysllelLysAsnSerIleSerTh=zGluTzpSezPaoCysServValThz=C
151G 1530 : 1550

GTGQMATUG b ATTCnAuTTF\uF.ATnF.-\GCCTSCC*CTGC.:TAATF'.A.A"CT AAAGACGAAT
ysGlvAsnGlyIleGlaValAcgllelysProGlySarAlaasalys®ProlysasgGlul

1570 1590 Lé1C
TAGATTATGAAAATSATATTGAAAAAAAAATTTS T AAAATGGARAAGTGCTCSAGTSTGT

euAsSpTyrGivAsnAspllaGleiyslysIleCysLysMetGlulysCysSerSarValp

1830 1650 1679



(8) -Dame JB, Wlliam JL. M Cutchan TF, et aREPLAGENﬁlﬂhSHEET t he
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593-599, 1984.
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TTAATGTIGT TAGTCGAC:TGTGACGAACATGGAGAACATCACATCAGGATTCCTAG
heAanalValAsnSe:A:g?:oValTh:AsnMecGluAsnIle?hrSe:GlyPneLeuG
1690 1710 1730

GACCCCTGCTCGTGTTACAGGTGESGTTTTICTTIGTTIG CAAGAATC ACAATACCGC
lyE:oLeuLeuValLeuGlnAlaGlyPhePheLeuLeuThrA:gI'eLeuxh IleProG

1750 1770 17990

AGAGTCTAGACTCGTGGTG CTTCTCTCAATT TCTAG&GGGATCACCCGTGTG*””'

L.

InSerLeuAspSerTrpTroThzSerLleuAsnPheleuGlyGlySerfProValCysLeuG
1810 ) 1830 19350

GCCARRATTCGCAGTCCCEAACCTCCAATCACTCACCARCCTCOTGTCCTCCARTTTGTC
lyGlnAsnSerGlnSerPzaThrSerAsnHisSerProTherSezCysProPrcllaCysP

1370 * 1890 191Q

CTGGTTATCGCTGGATGTCTCTICGGCGTTTTATCATATTCCTCTTCATCCTGCTGSTAT
roGlyTyrArgTrpMecCysLleudrsgArgPhellellePhetlieu®helleleuleuleuC

1930 1959 1979

GCCTCATCTTCTTATIGGTICTTCTGGAT TATCAAGETATG T TGCCCGTTTGTCCTCTAA
ysleullefheLeulauValleuleudAspTyzGlaGlyMecleuProValCysProleul

12890 201C 2030

TTCCAGGATCAACAACAACCAATACGEGACCATGCAAAACCTGCACGACTCCTGCTCARG
lePzoGlySerThrThrThrAsaThrGlyPreCysLysThoCysThzThePT0ALaGlnG

2050 2079 2094Q

GCRACTCTATGTTICICTCATG TTGC TGTACARAACCT ACGGATGGAAATIGCACCTGTA
lyAsnSezMetPheProSezCysCysCysThoLlysPcoThzAspGlyasnCysTheCys:I

2i10 2130 21509

TTCC AIOCCnLLu.uLTbuuLL'LuhCnAnA*A”CTAT GGanGGGCuTCAGTGCGTT
lePcdIle?roSerSexTrpAalafhealalysTyrteuTroGluTrpilaSerValaAzge?

2170 - 2190 2210

TCTCTTGGCTCAGT TTACTAGTGCCATTIGTTCAGIGG TTCSTAGGSCTTTCCCCCACTG
heSerTspLleuSerLleuleuValProPheValGinTopPheValGlyleuSerProTheV

2230 : 2220 2270

TTTGGCTTTCAGCTATATGSATGATGTGGTATTGGGEGCCAAGTCTGTACAGCATCGTGR
alTrplLeuSeralalleTroMetMecTepTysTrpClyPreSerleuTyrSacllavals

2290 2310 233¢

GTCCCTTTATACCGCTGTTACCAATTTTCTTTIGTCICTGGGTATACATTTAACGARTTS
erfro?helleProLeuleufProlilePnelheCysiauTrpvalTyrlleEad

23s5¢C 2376 2390

CAACCTGnAACAé*T”AAAGGTTTT»P TCnATCAAGAACTTGTCTCTGTGGCTGATCC



- 33- Cainms 1.
conprising substantially all the CGterm nal porci
Pl asnodi um four or nore tandemrepeats of the CY
region, and the surface antigen from

-8~ .
2410 2430 2450

AAACTA AAATTTATGCAT%GTCTGCCAAGACATCAAGAAGAAGTTAGTGATGATGTCTT
2470 2490 2510

a3 i

TTATGGAGAGCATTCC:TAéTCTTTGAAGAA CAGAAAACAGATTATATGCAGITATGTC

2530 2550 2570

TGCCATIGATATCTTTGTTAATAATAAAGGT AATTTCAAGGACT TGAAATAATCSTTCTT
2590 2610 2630

TCGTGTTCTTAATAACT AATATATAAATACAGATATAGATGCATGAATAATGATATAC

2650 2670 2690

G AT AT T T TG AR TG TCAA T T AARAALAAAARATS TTAGTAAAACTATGTTACATTSCE
2710 2730 2750
AGCAAATAAAGCACTTGETT AAACGARATTARCS TT TT TAAGACAGCCAGACCGCGGTCT

277¢ 2790 ) 2810

AMAAATTTAAATATACACTGCCAACAAATICCTTCCAGTIGTOCAATTTCACCACTTTTA
2830 2850 2870

TATTTTCATCAACTTCAGCAGATTCAACCé:C?CACAIAGAACATTGGAAIAAAC‘””CT

<SS

2890 2910 ) 2930

:AACACCALLLLLHAQL!L;MACAGC TAATATGAGGAATTTTGTTITGACAACACAACC

2950 2970 ' 2990

CTTTAATTTICTCATTGTTTTCATCAATTATGCATCCATCT TTATCTTTAGACAGTTLCA
3016 ! 3030 3¢50

CTACAATAGEAATAGTTTTITCATCCCAACATAGTTTTICGAGCCTAARMATTCAGTTTST
3070 3090 o

CGGTCOLTTITACCTGCGTATTTIGGTTATTACCAGAGCCTTGTGCATTT TCTATGIGET

3130 3150 3170

TGTTATTGTACTCCSTTATCTGGTCAGTSTATCTGTTACAATATGATTICCACAACTTTIT

cca
319¢ 3210 - 3230

TGCCTCTTTTICACGGGACEACATOACATGACC TAATGTTATATGAAGTTCCTTCTGAAC
250 3270 1290

TTTTCCACT AGCTAGT ARATGCTTGAATTTC TCAGTCACCTC TGCATEGO TAGCAATACA
3310 o 31330 1150

CCTETTOACCAATTC AATARTTTCATCSTAGT TTTCTATTTAGCTGAGAT AT ATGTAGST



Hepatitis B Virus (HBsAg). 2. A hybrid protein conprising a sequence of
CS protein of P,falciparumsubstantially as corresponding to anino acig? ET
210- 398 of P.falcinarum 7G8 CS protein or 207-395 of P. fal ci RiUAKME SHE
protein fused in franme via alinear linker to the N-term nal S-AG 3

A hybrid protein as clained in claim1 wherein the CS protei REPLAOEMENEOSHEET
N-term nal of HBsAg. 4. A hybrid protein conprising the folffowmy—anrno

g : .
aci d sequences . 22 Jul 1999

3370 g 3390 3410

TTAATTAACTTAGCGTTTTTTGTTGATTATTGTTGCCTTTACCAACTATTTTTCTCACAG

3430 : 3450 3470

TAGGTTTGTAATCTAAGCTCCTTCTGAACGCTGTCTCAATTTCATCATCTTTCGGGATCT
34390
CTGGTACCAAAATTGGATAAGCTT



a) an N-term nal nethioni ne residue b) Met Ala Pro c) a

stretch of 189 amino acids corresponding to am no acids : 210 to
398 of CS protein P, falciparum 7G8 d Arg REPLADEMENT SHEE]
Thr Asn from hepatitis B Pre S2 protein. f) a st i ]
am no acids specifying the S protein of - hepatgtm&MmﬁsSHEH
5. A hybrid protein consisting of- tbe-foll om ng am no-
| | 22 JuL 1999 | ;
1

Construction of plasmid pRIT13539 _
Digestion with Bg1ll endonuclease liberates a 6.8 Kb linear DNA fragment carrying
the RTS expression cassette for integration into the yeast ciromasome oy
homology of the free enas with resident Ty elements.
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e) Pro Val Thr Asn from hepatitis B Pres[err] protein f)]c a

stretch of 226 am no acids specifying the S protein o T

hepatitis B virus ﬁ\’:;p\_A(‘,EMENT SHE
REPLACEMENT SHEET

- 12 -
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Cscl density analysis of a cell-free extract prepared from strain RIT438
Fractions werg anaiy_zed by a radicimmunoassay spectfic for HBsAg {AJUSRIA),
and by an RTS-specific ELISA. The top panel shows the immunoblot a alysis of

fractions using an anti-S Mab. The buoyant density (rho) of the peak fraction was
calculated from a measure of its refractuve index.
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6. " A DNA sequence encoding a hybrid protein as clained in any one of
clains 1 to 5. 7. A vector containing a DNA sequence g
claim6 said sequence being linked to transcriptional cont]
8. A host transformed with a vector of claim 7. 9.
clainmed in claim 8 wherein the host is S, cerevisiae.

s | 22 JuL 1999

Figure 9: Nucleotide Sequence of the RTS* expression cassette pnd predicted
manslation product of the hybrid protein. '

Met Met Ala Pro Asp Pro Asn Ala Asn Pzo Asn Ala Asn Pro Asn Ala
L S 10 15

Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
20 25 30

Asn Pro Asn Ala Asn Pro Asn Ala Asn Pzo Asn Ala Asn Pro Asn Ala

Asn Pro Asn Ala Asn Pzo Asn Ala Asn 2o Asn Ala Asn Pro Asn Ala
50 60

wn
w

Asn Pro Asn Ala Asn Pro Asn Ala Asn Pr0 Asn Ala Asn Pro Asn Lys

65 70 7 80

Asn Asn Gln Gly Asa Gly Gln Gly His Asn Met Przo Asn Asp Pro Asn
85 _ 90 _ 95

Arg Asn Val Asp Glu Asn Ala Asn Ala Asn Ser Ala Val Lys Asn Asn
100 105 110

Asn Asn Glu Glu Pro Ser Asp

r
<
[

His Ile Lys Glu Tyr Leu Asn Lys
125
/

[
(8]
o

Ile Gln Asn Ser Leu Ser Thr Glu Trp Ser Pro Cys Ser Val Thr Cys
130 135 140

Gly Asn Gly ILle Gln Val Arg Ile Lys Pro Gly Ser Ala Asn Lys Pro

143 150 155 160

Lys Asp Glu Leu Asp Tvr Ala Asn AsSp Ile Glu Lys Lys Ile Cys Lys
165 _ 170

175

Met Glu Lys Cys Ser Sar Val Phe Asn Val Val Asn Ser

Ser Ile Gly
180 . ' 185

Leu Gly Pro Val Thr Asn Mez Glu Asn Ile Thr Ser Gly ?he Leu Gly



10, A host as clained in claim 9 additionally transformed with a gene
encodi ng the Hepatitis B surface antigen.

particle conprising a hybrid protein of

A mxed nultinmeric |ipoprotein particle conprising a hybrid

11. Anmultinmeric |i éﬁuéﬁfﬂﬁ}w}
BEEk&, 12,

any one of clains,

one of clains 1 to 5 and Hepatitis B surface antigen.
claimed in claim 12

Asn

Met

Leu

Cys

305

. Zhr

Ser

Ser

Ser
395

0
"
(o]

Leu
210

Gly

Cys

Ile

290

Pro

Trp

Teo

195

Leu

Pro

Ser

Ser

Leu

275

Phe

Leu

Thre

Lys

Ala

355

Leu

T™hr

Leu

wherein the rg4io of hybrid

Val

Gin

Leu

Ile

hr

Pro

340

Phe

Ser

Ty

Leu

Ser

val

245

Thr

Arg

Leu

Pro

Pro

325

Thr

Ala

Leu

Trp

Ser
4105

Gln

Leu
23Q

Cys

Ser.

Phe

val

Gly

310

Ala

Asp

Lys

Leu

Leu
390

Leu
Cys
Ile
Leu
295
Ser

Gln

Gly

Tyr

val

37s

Ser

val

Ser

Pro ©

Ile

280

Leu

Thre

Asn

Leu

©w
"
o

Ala

Phe

Tro

Gln

Asp

Thr

Asn

Cys

345

Trp

Phe

-t
-
o

0
"
Q

Phe

Asn
250

Ile

Leu

Thr

Ser

330

hr

Glu

val

Tr2

Phe
41¢C

Leu

Phe

Gln

Asn
318

MetC.

Cys I

Trp

Gln

Met
39S

)=
(]

Leau
220

Ser:

w0
L]
[b]

Leu

Ser

Gly

Leu

285

Met

Gly

Pro

Pro

Ser

365

Phe

Tep

Leu

13.

ACEMENT2SHEET |
22 JuL 1999

Arg

aAsn

Ty

270

Leu

Leu

0
(1]
(o]

Ser

Ile

350

val

val

Tyr

Ile

Phe

Thr

285

Leu

Prao

Cys

Cys

335

Pra

Arg

Gly

Leu

-

val

Lys

320

Cvs

Ser

Phe



protein to surface antigen is approximately 1: 4. 14. A vacci ne
conprising an i mmunoprotective anount of a particle or protein according to
any of clainms 1 to 5 or clains 11 to-12 in adm xture with a suitable
diluent or carrier. 15. A vaccine as clainmed in claim 14 addpEpQRGEM§NTSHEET
conprising a saponin adjuvant. 16. A vaccine as clained in claim1l14
additional Iy conprising 3- Deacyl at ed nonophosphoryl lipid A

- 15 -
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fhe Phe Cys Leu Trp Val Tyr

AAGCTTACCA
50

CTATTTTCGA
120

ACTTGATGCA
180

TIGACTTCIT
240

TACCTGAAAA
300

ATGACGTGGA
360

GAATAAMAMA
420

ATACGTAAAT
480
TAATTITGCT
540

ATCGTAGGTS

820

TTTTAAGCTG

350

420

GTTCTCACAC
GGACCTTGTC
AATTCCCAAA
AACTGGTTCA
AAACGAATAT
GGCCAAGG;A
CACGCTTTTIT
AATTAATAGT
GTAACCCSTA
TCTGGGTGARA

GCATCCAGAA

GGAACACCAC

ACCTTGAGCC

GCTAATAACA

GACGCGACTG

ATACTAGCGT

AAAAGATTCC

CAGTTCGAGT

AGTGATTTTIC

CATGCCCAAA

CAGTTTATCC

AARAARAGAA

TRATGGACAC
CAAGAGAGCT
TGCAAGACAC
CCTCATCAGT
TGAATGTTAG
TTGATTACGT
TTATCATTAT
CTAACTTTAT
A:Asécsccc
CTSGCATCTA

TCCCAGTACT

AAGATTTAAA
GTACGGTCAA
AAéECCCGTT
CGTCAACAAC
AAGGGAGTTA
CA}TA:TéCC
TTAGTCAAAA
GGTTACACAG

TAAATATAA

ARAAATATTGT

22 JuL 1998 ’

TACTTTGACC

TTTTCCTATG

AAGACATAT

GAAAAGAACT

RAGAAGTTTA

GAATCATTTT

ATTTCAMGA

ATTAGCCTTT

AATATATAAC

TGGAGCTCGC

TTTICTTCACC

b -



AACCATCAGT
720

GCAAAAAACG
780

AAGGC
840

<TG
TCTCTCTGAT
900

CCTACTTGAC
960

TTCTTAAACT
1020

AGAACTTAGT
1080

CAAATCCAAA
1140

CAAATCCITAA
1200

CAAACCCCAA
1260

CAAACCCAAA
1320

GTCACAATAT
1380

CTGTAAAAAA
1440

TCATAGGTCC

GGCACAACCT

ACCCACGCAT

TTGGAAAAAG

TAATAAGTAT

TCTTAAATTC

TTCGAATAAA

TGCAAACCCA

TGCAAATCCT

TGCAAATCCT

TGCAAACCCC

GCTAAATGAC

TAATAATAAC

- 16 -

ATTCTCTTAG

CAATGGAGTG

GTATCTATCT

CTGAARAARA

ATAARGACGG

TACTTTTATA

CACACATAAA

AACGCAAACC

AATGCCAATC

AATGCCAATC

AATGCAAATC

CCAAACIGAA

GAAGAAZCAA

CGCAACTACA

ATGCAACCTG

CATTTICTTA

AGGTTSAAAC

TAGGTATTGA

GAGAACAGGG

CCTGGAGTAA

CaCC

vy
]
)

)
-
:}l

CAGTTCCCIG

TTGTAATTCT

GTTAGTCTIT

CAAACAAAAT

CCAATGCAAA

CAAATGTAAA

CRAATGCAAA

CTAATAAAAA

ATGTAGATGA

TTTITAGTIT
GRTGGCTCCC
?CCTAAIGCA
TCCAAATGCA
chaAAiGCA
CAATCAAGGT
AAATGCTAAT

CATAAAAGAA

AEPLACEMENT SHEET
REPLACEMENT SHEET|
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ACARACAG ]

G

]
b,

ATGATGACAC

TACCTTCTGC

GTAAATCTAT
TAAAACACCA
GATCCTAATG
AACCCCAATG
AACCCAARCG
AACCCAAATG
AATGGACAARG

écAACAcTG

TATTTAAACA



17. ~ A vaccine as clained in claim16 additionally conprisingpgbusfEMENBSHEET
A'vaccine as clained in claim 16 presented in an oil in water enul sion.

19. A vaccine according to any one of clains 14 to 18, for use in.the
treatment of a patient susceptible to plasnodiuminfectior
vacci ne according to any one of clainms 14 to

AAATACAAAA
1590

TTCAAGTTAG
1580

ATGATATTGA
620

ATAGTTCAART
168¢C

GACCCCTGIT
174G

AGAGTCTAGA
1300

GCCAAAATTC
1860

CTGGTTATCG
1920

GCCTCATCTT
1980

ZTCCAGGATC
2040

GCAACTCTAT
2100

TTCCCATCCC
218C

TCTCTIGGTT
222¢

TTCTCTTTCA
AATAAAGCCT
FAADAARMATT
AGGAT?AGGG
CGTGTTACAG
CTCGTGGETGG
GCAGTCCCCA
CTGGATGTGT
CTTATTGGTT
AACAACARACT
GITTCCITCA
ATCGTTCTGS

CAGTTTACTA

- 17 -

GGCTTITGCTA

L
5

Q
i

AAAATGG

CTTGTGACGA

CCCATGTARG

ATAAACCTAA

AAAAATGTTC

ACATGGAGAA

GLUGLGTTTT

TCTTGTTGAC

ACTTCTCTCA

ACCTCCAATC

CIGCGGCGTT

CTTICTGGATT

AATACGGGA!

TGTTGCTGTA

GCTTTCGCAA

ATTTTCTAGG

ACTCACCAAC

TTATCATATT

ATCAAGGTAT

CATGCAAAAC

CAAAACCTAC

AATACCTATG

GTGCCATTTC

TTCAGTGGTT

TGTAACTTGT

AGACGAATTA

CAGTGTGTITT

CATCACATCA

AAGAATCCTC

GGGATCACCC

CTCTTGTCCT

CCTCITCAIC

GTTGCTCGIT

CTGCACGACT

GGATGGAAAT

GGAGTGGSIC

CGTAGGGITT

[REPLACEMENT SHEE
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AAATGGTA

GATTATGCAA
AATGTCGTAA
GGATTCICTAG
ACAATACCGC
GTGTGICTIIG
CCAATTTGTIC
CTGCIGCTAT
TGTCCTTTAA
CCTGCTCAAG
TGCACCTGTA
fCAGTCCGTT

TCCICCACTG

Lo Wiy



18 in“the manufacture of a medicament for use in the treatnent qﬂ;quEMEﬁm@urrv
suscepti bl e to pl anodi um i nfections. 21. A process for the production

of a hybrid protein according to any of clains 1 to 5 whi ch—pracess
conpri ses expressing a DNA sequence.encoding the protein i {REPA i

and recovering the product. 22. A process for the prod ct!ﬂ#“%?MENq @ﬂfET
particles as clainmed in any one of clains 11 to 13 conpri sijn

ressing a
DNA sequence encoding a protein of clais-1 to 4 and hepatiltils sdit
antigen in a Sacchronyces

30C2

TTTGGCTTTC AGCTATATGG ATGATGTGGT ATTGGGGGCC AAGTCTGTAC AGCATCITS
2280 '

GTCCCTTTAT ACCGCTGTTA CCAATTTICT TTTGTCTCTG GGTATACATT TAACGAATTC
2340

‘CAAGCTGAAA CAATTCAAAG GTTTTCAAAT CAATCAAGAA CTTIGTCTCTG TGGTTGATCC
2400

AAACTACZAAA TTTATGCATT GTCTGCCAAG ACATCAAGAA GAAGTTAGT 'ATGATGTCTT
2460

TTATGGAGAG CATTCCATAG TCTTTGAAGA AGCAGAAAARC AGATTATATG CAGCTATGTC
2520

TGCCATTGAT ATCTTTSTTA ATAATAAAGG TAATTTCAAG GACTTGAAAT AATCCTITCTT
258C

TCGIGTTCTT AATAACTAAT ATATAAATAC AGATATAGAT GCTATGAATAA TGATATACAT
2640

TGATTATTTT GTAATGTCAA TTAAAAARAAR RAAATGTTAG TAAAACTATG TTARCATTCCA
2704

AGCAAATAAA GCACTTGGTT AAACGAAATT AACGTTTTTA AGACAGCCAG ACCGCSGICT
2760

ARAAATTTAA ATATACACTG CCAACAAATT CCTTTGAGTT GTCCAATITC ACCACITTTA
2829 -

 TATTTTCATC AACTTCAGCA GATTCAACCT ICTCACATAG AACATTGGAA TAAACAGCCT
2880

TAACACCACT TTCAAGTTTG CACAGCGTAA TATGAGGAAT TTTGTTTTGA CAACACAACC
2940

CTTTAATTTT CTCATTGTTT TCATCAATTA TGCATCCATC TTTATCTTTA GACAGTICCA



straﬁm

CTACAATAGC
3060

CGGTCGTITTIT
3120

TGTTATTGTA
3180

TGCCTCTTT
3240

AATAGTITTITIT

TACCTGCGTA

CTCCGTTATC

TCACGGGACG

LLLL&LACTA
3300

CCTCTTGACC
3360

TTAATTAACT
3420

TAGGTTITGTA
3480
CTGGTACCAA
3504

GCTAGTARAT

AATTCAATAA

TAGCGTITTT

ATCTAAGCTC

AATTGGATAA

- 19 -

TCATCCCAAC
TTTTGGTTAT
TGGTCAGTGT
ACATGACATG
GCTTGAATTT
TTTCATCGTA
TGTTGATTAT
CTTCT?AACG

GCTT

ATAGTTTTITC

TACCAGAGCC

ATCTGTTACA

ACCTAATGTT

CTCAGTCAGC

GTTTTCTATT

" TGTTGCCTTIT

~

CTGTCTCAAT

REPLACEMENT SHEET

REPLACEMENT SHEET
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GAGCCTARAA TTCAGTTTGT
TTGTGCATTT TCTATGCGGT
ATATGATTCC ACAACTTTTT
ATATGAAGTT CCTTCTGAAC
TCTGCATCGC TAGCAATACA
TAGCTGAGAT ATATGTAGGT
ACCAACTATT TTTCTCACAG .

TTCATCATCT TTCGGGATICT

o



