
1 MEROZOITE SURFACE ANTIGEN OF PLASMODIUM FALCIPARUM This invention relates
to the identification of antigens of the asexual blood stages of Plasmodium
falciparum, which are capable of generating antibodies which are able to
inhibit the growth of 5 the parasite, and to the use of these antigens and
antibodies in immunization, diagnostic and treatment methods. Merozoite
surface antigens are of particular interest in the study of malarial
immunology and the 10 mechanism of host protection to parasites due to
their accessibility to host immune mechanisms and because of their likely
involvement in the erythrocytic invasion process.  Immunity against
erythrocytic stages of Plasmodium  infections has been demonstrated by
simian vaccination studies using merozoite preparations of P.knowlesi (1)
and    2 P.falciparum  (2,3).  Antigens identified by [err]-surface
labelling studies (4,5) are likely to reside on  the merozoite surface
membrane whereas the localization of those antigens which are 5
immunoprecipitated with immune serum (6,8) is more tenuous.  One high Mr
antigen of Plasmodium falciparum (9) which is synthesised predominantly in
schizonts and processed to generate proteins of Mr 88, 42 and 19 kDa
(10,11) upon schizont maturation is 10 the precursor to the major merozoite
surface antigen (PMMSA).  This group of antigens provide a degree of
immunity to  malaria in saimiri monkeys (12).  They 



have been described in several Plasmodium falciparum strains, (9, 13-15)
and Plasmodial species (16,17). 15 Several proteins and glycoproteins of Mr
35-45 kDa and 50-60 kDa from Plasmodium falciparum have been detected using
[err]-surface labelling of mature schizont- stage parasites (4,18) however,
a precursor/product relationship with high Mr antigens 20 has not been
ascribed to these. One method for the identification of antigens of the
asexual blood stages of the Plasmodium falciparum parasite which can be
used to generate antibodies able to inhibit the growth of said parasite
comprises: 25 (a)      growing Plasmodiu  falcioarum  isolates in vitro
thereby producing erythrocytes infected with the Plasmodium falciparum
parasite; (b)      purifying these erythrocytes; 30 (c)       immunising
mice with the purified erythrocytes; (d)      fusing spleen cells from the
immunised mice with a mouse myeloma cell line to produce hybridomas; (e)
testing the monoclonal antibodies produced 35    3 by the hybridomas to
identify those hybridoma lines which secrete monoclonal antibodies against
the Plasmodium falciparum parasite; (f)      characterising the monoclonal
antiparasite 5  antibodies; (g)      preparing mouse ascites fluid by
injecting mice intraperitoneally with hybridoma cells secreting 



monoclonal antiparasite antibodies; (h)      extracting and purifying
monoclonal 10  antibodies from these ascites fluids; (i)      adding the
purified antibodies to Plasmodium falciparum cultures in vitro and
subsequently examining the cultures for a decrease in the multiplication
rate of the parasites; 15  (j)      characterising the antigen recognised
by each inhibitory monoclonal antibody; (k..     identifying the cellular
distribution of the antigen and the stage of parasite maturation during
which it is present. 20           According to one aspect of the present.
invention, there is provided a merozoite surface antigen of the asexual
blood stages of Plasmodium falciparum , which is characterised by: (i)
having an apparent molecular weight in the 25           range of
approximately 41 kDa to 53 kDa; (ii)     being a glycoprotein incorporating
myristic acid; (iii)    being substantially identical with an antigen which
is present firstly as a diffuse cytoplasmic 30            localisation and
in mature schizonts being located on the surface membrane of merozoites;
(iv)     being recognised by monoclonal antibodies against    4 the asexual
blood stages of P.falciparum which inhibit parasite growth in vitro; and
(v)      having the amino acid sequence set out in Figure 6; or an
antigenic fragment thereof. 5 Preferably, the antigen is antigen QF122
(also called GYMSSA) described in detail herein, or an antigenic fragment 



thereof. The size of the antigen of the present invention on a series of
polyacrylamide gels has been 10  ascertained using monoclonal antibodies
8G10/48, 9E3/48 and 8F6/49 described herein, as well as with certain
affinity-purified naturally occurring human antibodies. All antibodies give
identical bands on Western blotting, and the principal band recognised 15
migrates as a diffuse band with apparent sizes of 53 kDa, 51 kDa, 44 kDa
and 41 kDa on 7.5%, 10%, 12.5% and 15% acrylamide gels respectively when
compared with the mobility of standard proteins. Following investigation of
the deduced amino 20 acid sequence of the antigen of the present
invention,and the putative epitope thereof, by a scanning technique, it has
been determined that certain sequences of the antigen bind with inhibitory
monoclonal antibodies which recognise the antigen of 25 the invention.
Accordingly, in another aspect the present invention provides an antigenic
fragment of an antigen of Plasmodium falciparum, which is characterised by
inclusion in the amino acid sequence thereof of the sequence
Ser-Thr-Asn-Ser (STNS) 30  or the sequence Ser-Asn-Thr-Asn-Ser-Val (SNTNSV)
or an antigenically active sequence related thereto by amino acid deletion
and/or substitution. The present invention also extends to a hybrid cell
line which produces an antibody which is    5 specific for an antigen of
the present invention, as well as to an antibody produced by such a hybrid
cell line. 



Preferably the antibody is the monoclonal 5   antibody 8G10/48, 9E3/48 or
8F6/49 described in detail herein. Monoclonal antibody 8G10/48 is produced
by the hybrid cell line deposited at the European Collection of Animal Cell
Cultures, Porton Down, Salisbury, England, on July 10, 1987 under No. 10
87071010. In yet another aspect, the present invention also relates to an
antigen of Plasmodium falciparum, which is recognised by the monoclonal
antibody 8G10/48, 9E3/48 or 8F6/49. 15           Monoclonal antibodies of
the present invention are characterised in that they either prevent release
of merozoites into the blood stream of. an infected individual, or prevent
these merozoites from invading the red blood cells of such 20 an
individual. The invention also provides use of an antibody according to the
present invention for the preparation of a vaccine composition for
passively immunising a host against Plasmodium falciparum. 25           The
invention also provides use of an antigen according to the present
invention or an antigenic fragment thereof for the preparation of a vaccine
composition for actively immunising a host against Plasmodium falciparum.
The invention provides a vaccine comprising 30 an antigen of the present
invention, or an antigenic fragment thereof, a pharmaceutically acceptable
carrier or diluent, an optionally an adjuvant. The    6 invention also
provides a passive vaccine comprising an antibody of the present invention,
and a 



pharmaceutically acceptable carrier or diluent. As a result of applying the
general 5  techniques described above, a range of monoclonal antibodies
have been identified as able to inhibit the growth of malaria in vitro, and
these monoclonal antibodies have been investigated in greater detail as
outlined above. 10           Monoclonal antibodies were purified by
affinity   chromatography on   Protein  A Sepharose    (Registered  Trade
Mark Pharmacia) and were tested    for   inhibition    of invasion using a
similar method to that described in 15  Schofield (19).  Briefly, purified
monoclonal antibodies in 1640 medium were added to synchronised parasites
at ring stage and incubation of the parasites continued to allow
reinvasion.[err] Methionine (3-4[err]) or [err]-hypoxanthine 20 (3-4[err])
was added to each well and growth of the parasite allowed to proceed to
trophozoite stage. The samples were harvested, protein precipitated with
ice cold 10% trichloro-acetic acid onto glass fibre filters, the filters
were washed and the 25  radioactivity remaining was measured in a
scintillation counter. The class and subclass was determined by
immunodiffusion in agar using rabbit antisera specific for mouse IgM, IgGl,
IgG2a, IgG2b and Ig3.    7 EXAMPLE 1 Material and Methods Parasites
Parasite line FCQ-27/PNG was grown in 



5  culture by a modification (21) of the method of Trager and Jensen (22).
The parasites were grown in synchronous culture using multiple sorbitol
treatments as described (23). Antidodies 10           Murine hybridomas
were produced by the method of Galfre et.al. (24) as described (25). The
immunisation regime and fusion were performed by immunising a mouse with
[err]  red cells infected with mature schizonts of the PNG isolate 15
FCQ-27/PNG.  These cells were purified from culture by the method of Saul
et.al.(41).  The cells were injected intraperitoneally with 0.1 ml Freund's
complete adjuvant.  The mice were boosted 4 weeks later by an intravenous
injection of 5 x 106 20 schizont infected red cells in saline. A similar
boost was given after a further 2 weeks.   Four days after the last
injection, the spleen cells were harvested and fused. Monoclonal antibodies
8G10/48 and 9E3/48 25 belong to the IgG   subclass as determined by
Ouchterlony immunodiffusion in agarose. Monoclonal antibody 8F6/49 is an
IgG3 antibody. Antibodies were labelled with [err] using the Iodogen
procedure of Fraker and Speck (26). Immunofluorescence assay Thin films of
schizont-stage parasite cultures with a parasitemia > 5% were fixed for 35
8 20min in acetone at [err] and air-dried. Slides were incubated overnight
at [err] with aliquots of hybridoma 



supernatants at high humidity and washed twice for 15min with PBS.  Fifty
microlitres of fluorescein- 5  conjugated, affinity-purified goat
anti-mouse IgG (1 [err], Kirkegaard and Perry Lab.Inc., Maryland, USA) in
PBS containing 5% (w/v) low-fat milk powder were applied as the second
antibody. Following 2h incubation at [err] films again were washed twice in
10 PBS for 15min and blotted dry. Slides were mounted in 90% (v/v) glycerol
containing 0.2M Tris, 50 pg ml 1 N-propyl gallate and examined using an
Olympus BH2 U.V. fluorescence microscope. In an alternative procedure, thin
smears 15 were made from schizont stage parasites isolated by gelatine
sedimentation and the cells fixed in acetone: methanol 9:1 at [err] for
30min. The parasites were reacted with Mab 8F6/49 (supernatants of
hybridoma cultures used undiluted) at [err] for 16h, 20 washed in 0.O1M
phosphate buffered saline, pH 7.2 (PBS), and then treated with fluorescein
conjugated goat antibodies to mouse immunoglobulins for 3h at 37 C. The
washed cells were then viewed under U.V. illumination in an Olympus
(Registered Trade Mark) 25 microscope with appropriate filters.
Immunoelectron microscopy Parasitized erythrocytes were harvested from
s.nchronous cultures in the presence of leupeptin and antipain (10 [err])
to reduce invasion of 30 erythrocytes and promote the accumulation of
meorzoites clustered around haemazoin pigment granules (27).  Parasitised
cells were incubated for 30min at 20C with monoclonal antibody (50 [err]
[err]  ) in 100mM [err] (pH7.4) with 35   



9 intermittent agitation. Antibodies recognising intra-paraSite antigens
were used as controls.  The cells were washed three times in phosphate
buffer and incubated for 30min with goat anti-mouse colloidal 5   gold
(Janssen Life Sciences, 1/20 dilution in 100mM [err]) with constant
agitation. Cells then were rinsed in phosphate buffer prior to fixation for
one hour in 100mM sodium cacodylate/HCl buffer (pH7.4) containing 120mM
sucrose and 3% (v/v) 10 glutaraldehyde. Fixed cells were washed in
phosphate buffer, post fixed in 2% (w/v) osmium tetroxide for lh and 2%
(w/v) uranyl acetate for 30min.  Finally, the fixed cells were dehydrated
in a series of alcohols and embedded in Spurrs resin for 24h at 15  [err].
Ultrathin sections (0.06p) were cut using a diamond knife and mounted on
nickel grids.  Sections were contrasted usinq uranyl acetate and lead
citrate and examined using a Philips (Registered Trade Mark) EM 400
electron microscope. 20 Inhibition of parasite growth in vitro Protein A
affinity-purified antibody was added to highly-synchronised cultures of
FCQ-27/PNG in 96-well plates. The wells contained 45[err] culture medium,
10% (v/v) pooled human plasma 25  (0.01-1.0 mg ml  ) with a 5% haematocrit
and 1-2% schizont parasitemia and 5[err] of test antibody. The culture
medium contained ll.lmM glucose, 40.3mM TES, 27.6mM NaHCO3 and RPMI 1640.
(Gibco Labs, Life Technologies Inc., Grand Island, N.Y., U.S.A.). 30
Control wells were identical in all respects except that they contained
either protein A affinity-purified normal mouse IgG or medium alone.
Experiments were performed in quadruplicate. The 



cultures were incubated overnight at 37C. Following 35    10 merozoite
release and subsequent re-invasion, 100[err] of culture medium were added
supplemented with 30 [err] hypoxanthine (Amersham). The parasites were
allowed to develop for 40h to the 5   mature schizont stage and harvested
by pipetting the well contents onto Whatman (Registered Trade Mark) glass
fibre discs which then were washed in trichloroacetic acid and ethanol. The
dry discs were immersed in 3ml toluene scintillant and counted in a Packard
(Registered Trade 10  Mark) scintillation counter. Western blotting Mature
schizont stages of the FCQ-27/PNG strain were extracted with 1% (v/v)
Triton X-100 (Registered Trade Mark) in 150mM NaCl, 50mM Tris (pH7.4), 5mM
EDTA and the 15  following protease inhibitors:  5-10 [err] chymostatin,
antipain, leupeptin, N-tosyl-L- phenylalanine chloromethyl ketone (TPCK)
and 34 pg ml   phenylmethylsulfonyl fluoride (PMSF). Detergent-soluble
extracts were boiled in Laemmli 20  sample buffer (28) containing 5% (v/v)
[err] - mercaptoethanol and aliquots were separated onto a discontinuous
SDS-slab polyacrylamide gel (3% stacking gel, 7.5% separating gel) with
concentrations ranging from 7.5% to 15% acrylamide in 25 particular
experiments. The gels were Western blotted onto nitrocellulose (29).
Reactive antigens were detected by the binding of murine monoclonal
antibody from hybridoma supernatants (1-10 pg [err]) and [err] goat
anti-mouse antibody (0.25 [err] 



30  [err]  , 1.3 [err] ) followed by autoradiography.    [err]-labelled Mr
standards were from Amersham. Immunoprecipitation. The o. gosaccharide
chains of parasite 35    glycoproteins were labelled with [6,[err]]
glucosamine (Radiochemical Centre, Amersham, UK) utilising the late stages
of the FC27-DlO clone essentially as described (31).  Briefly, 50[err] of
parasitised cells 5   were cultured overnight in lOml medium containing
lmCi [6, [err]] glucosamine.  Radioactive labelling of trophozoites with
[err] myristic acid was peformed according to Haldar, et.al. (31a). The
parasites then were washed and lysed in lml of 10  radioimmunoprecipitation
buffer.  200[err] aliquots of the lysate were reacted with 50[err] of
monoclonal antibody (1 [err]) conjugated to Protein A-Sepharose beads.  The
beads were washed, extracted in Laemmli sample buffer (28) and analysed by
15  SDS-PAGE followed by fluorography. LEGENDS TO FIGURES. Figure 1:
Indirect immunofluorescence staining pattern produced on acetone-fixed
films of 20            Plasmodium falciparum  schizonts with monoclonal
antibody 8G10/48. Surface fluorescence is localised to the merozoite
membrane within the mature schizont. The same fluorescence pattern is
observed using 25            monoclonal antibody 9E3/48. Ficure 2: 



Immunoelectromicrograph of merozoites incubated with monoclonal antibody
8G10/48 and colloidal gold:goat anti-mouse Ig. 30            Aggregates of
gold particles (15nm diameter) are distributed over the entire surface of
the merozoite.  Bar = 0.5[err]. Figure 3a: Western blot of ring (R),
trophozoite (T) 35    and schizont (S) stage parasite proteins probed with
Mab 8F6/49. The migration positions of molecular weight markers are
indicated. Figure 3b: Fluorograph of immune-precipitates of [err]
glucosamine (a,c) and  3 HI myristic acid (b,d) labelled parasite proteins;
a,b-control immune precipitates without 10           Mab;  c,d-immune
precipitates with Mab 8F5/49.  The migration positions of molecular weight
markers are indicated. RESULTS Immunoflourescence and immunoelectron
microscopy 15            Murine monoclonal antibodies wre produced against
the FCQ-27/PNG strain of Plasmodium falciparum usi.ng standard hybridoma
technology. Hybridoma supernatants were characterised for cytological
epitope localisation using an indirect 20  immunofluorescence assay and
immunoelectron microscopy and for functional activity using an in vitro
erythrocyte invasion assay. Determinants present on the merozoite 



surface during schizogony were recognised by 25 monoclonal antibodies
8G10/48, 9E3/48 and 8F6/49. A characteristic multi-spherical fluorescence
pattern was observed using immunofluorescence in cultures collected prior
to rupture of the mature schizont (Fig.l).  Antibody-specific fluorescence
was observed 30 during all erythrocytic parasite stages but becomes
localised to the membrane surrounding merozoites in mature schizonts.
Examination of thin films of several laboratory strains of P.falcioarum
using immunofluorescence and monoclonal antibodies 8G10/48 35    13 and
9E3/48 revealed similar surface fluorescence in all of 4 isolates tested
(Table 1). Indirect immunofluorescence assay results for the binding of
monoclonal antibodies to thin films of different isolates of Plasmodium
falciparum.  Results were scored from "-" to "++++" based upon the number
of parasitised cells observed which displayed the surface fluorescence
depicted in Fig.l. hybridoma Parasite isolate         Origin        8G10/48
9E3/48 FC-1               Papua New Guinea          +  - FCQ-27/-NG
Papua New Guinea        ++++  ++++ FCR-3K-            The Gambia
++     + Kl                 Thailand                +++    +++    14 



Mab 8F6/49 gave a bright fluorescer.ce staining of [err] stage parasites,
producing a grape like pattern characteristic of reaction with antigens
associated with the merozoite surface.  The 5   membranes of newly released
merozoites present in the preparation were also stained.  Similar staining
was observed on the K1 isolate of P.falciparum from Thailand.  In contrast,
no reaction was observed with the FCR (Gambia) strain. 10
Improved resolution of antibody recognition sites on the merozoite surface
was achieved by immmunoelectron microscopy of extracellular merozoites
utilizing colloidal gold. Dense gold labelling was evident on the merozoite
surface membranes, indictive 15  of the relative abundance of this antigen
(Fig.2). In addition, gold labelling was seen on extraneous membrane
fragments which were present in the preparation. This technique
necessitates the careful application of appropriate controls in order to 20
detect the presence of non-specific antibody binding.  An absence of
labelling was observed in parallel experiments using either a primary
monoclonal antibody which recognises an intramerozoite-localised antigen,
and goat anti-mouse 25 colloidal gold. P.falciparum inhibition studies
Monoclonal antibodies 8G10/48 and 9E3/48 inhibit the growth of Plasmodium
falciparum as measured by the uptake of [err] methionine and 30 [err]
hypoxanthine by highly-synchronised cultures of FCQ-27/PNG (Table 2). 35



Inhibition by monoclonal a ntibodies of Plasmodium falciparum  growth.  The
effect of monoclonal antibodies 8G10/48 and 9E3/48 on erythrocyte
re-invasion by mero zoites and parasite replication in vitro was assessed
in highly- synchronised cultures of Plasmodium falciparum over a 30hr
period commencing at the late schizont stage. Radiolabelled precursors were
added at the early ring stage and incorporation was measured at the
subsequent schizont stage. Results (mean = S.E.M.) are shown for six
experiments using (a) [err] methionine or (b) [err] hypoxanthine. cpmx[err]
Ab.        Control   Test Expt.   Ab.       Concn. n  (Ab .         (Ab.
inhibn of mg       absent)   present) Control [err] 1a    8G10/48   0.112
3   108=6           81=5       24 2b    8G10/48   0.112  4   926=18
689=8       26 3b    9E3/48    0.121  4  .244=11          10=1       96 4b
9E3/48    0.121  3   376=9           44=2       88 5b    9E3/48    0.002  4
348=11    249=5           28 6b    9E3/48    0.003  4   599=8         440=8
27 A figure of 20% inhibition of labelled amino acid incorporation in the
assay correlates with a substantial curtailment of parasite development as
evidenced by the reduction in the number ring-infected erythrocytes
determined using light microscopy.  At an antibody concentration of 112
[err] [err]  monoclonal antibody 8G10/48 gave rise to a 25% inhibition of
control rates of amino acid incorporation whilst antibody 9 E3/48 produced
similar inhibition at 2-3 [err].    Inhibition levels as 



high as 96% could be demonstrated in the presence of 121 [err] 9E3/48.
Incorporation of labelled amino acids in these experiments using a number
of    16 alternative monoclonal antibodies parallels that observed for
control cultures with no added antibody. Western blotting and
immunoprecipitation. When Western blots of equivalent numbers of 5
mid-ring stage parasites, trophozoites and schizonts, separated on 11%
gels, were probed with Mab 8F6/49, a band corresponding to a protein of
molecular weight 45,000 Da was detected in the late stage parasites but not
in the rings (Fig.3a).  The size of the 10 antigen on a series of
polyacrylamide gels was ascertained using Mabs 8G10/48, 9E3/48 and 8F6/49
as well as with naturally occurring human antibodies affinity purified as
described in Example 2. All antibodies gave identical bands on Western
blotting, 15 with the principal band recognised migrating as a diffuse band
with apparent sizes of 53 kDa, 51 kDa, 44 kDa and 41 kDa on. 7.5%, 10%,
12.5% and 15% acrylamide gels respectively when compared with the mobility
of standard proteins (myosin - 200 kDa; 20 phosphorylase b - 92.5 kDa;
ovalbumin - 46 kDa; carbonic anhydrase - 30 kDa). The apparent mobility is
dependent on the exact gel conditions. These properties are a
characteristic of glycoproteins. Immunoprecipitation of
[6,[err]]glucosamine 25 and [err] myristic acid labelled parasites revealed
the incorporation of both glucosamine and myristic acid into the antigen
(Fig.3b). EXAMPLE 2 



30          In this example, selective partitioning of integral membrane
proteins into the detergent phase upon temperature-dependent phase
separation of aqueous solutions of the detergent Triton X-114, has been
used to enrich for putative integral membrane 35    proteins of
P.falciparum.  Human antibodies obtained from patients from Papua New
Guinea were then affinity-purified on these antigens after they had been
blotted onto nitrocellulose. The purified human 5   antibodies were used to
identify recombinant clones of Escherichia coli expressing polypeptide
fragments corresponding to these antigens. Materials and Methods Parasites.
10          The origin of P.falciparum isolate FCQ27/PNG (FC27) used in
these studies has been described elsewhere (42). Parasites synchronized by
sorbitol treatment were cultured at 0.25% haematocrit with parasitaemias
ranging from 2-7%.  All samples were washed free of medium by
centrifugation and substitution with human tonicity phosphate buffered
saline (HTPBS).  Cells were then pelleted, and lml pacRed cell aliquots
were snap frozen and stored at [err] until further processing. Triton X-114
solubilization and chase separation. 2 0 Triton X-114 solubilization and
separation of hydrophobic, hydrophilic and insoluble fractions was
performed essentially as described by Bordier (43) with the following
modifications.  Triton X-114 5  (purchased from Flulka Ag., Switzerland)
was 



precondensed in human tonicity phosphate buffered saline (HTPBS).  A lml
aliquot of prepacked parasitized cells was solubilized in 15ml of 0.5%
Triton X-114 for 90min on ice, with mild vortexing at l0min intervals.  A
lml sample of the total material 30 was removed and snap frozen.  The
remaining 15ml were then centrifuged at l0,OOOxg for 15min at [err] to
remove insoluble material.  The supernatent was removed and this step
repeated.  The sedimented 35    material (insoluble pellet) was then washed
a further three times in 0.5% Triton X-114 before being snap frozen in 1ml
of HTPBS. The detergent-soluble material was then carefully layered over a
10ml 5   sucrose cushion of cold 6% sucrose, 0.06% Triton X-114, placed in
a [err] for 5min waterbath and then centrifuged at 500xg for 5min at [err].
After centrifugation the 15ml detergent-depleted upper layer was collected
and chilled on ice.  The 10ml 10  sucrose cushion was discarded and the
detergent- enriched pellet (1-2ml) was resuspended on ice with 10ml of cold
HTPBS.  The resuspended detergent enriched phase was again layered over a
sucrose cushion, brought to [err] for 5min and repelleted by 15
centrifugation. After this second precipitation, the detergent enriched
pellet was resuspended to Sml in HTPBS and snap frozen. The
detergent-depleted upper layer from the sucrose cushion separation was
further depleted of hydrophobic proteins by adding lml of 20 11.4% Triton
X-114 on ice, vortexing into solution, warming to [err] for 5min, then
centrifuging and 



discarding the Triton X-114 pellet. This cycle was repeated three times.
The remaining detergent-depleted aqueous solution (aqueous phase) 25 was
then snap frozen. All samples were stored at [err] until analysis.
Electrophoresis and immunoblotting. Samples for sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE) were 30 processed under
reducing conditions and electrophoresced on 10% slab gels. Gels to be
analysed for protein were stained with Coomassie brilliant blue. Samples to
be analysed by immunoblotting were fractionated on 10% slab gels and 35
19 electrophoretically transferred to nitrocellulose sheets. After transfer
the nitrocellulose was blocked with 5% (W/V) skim milk powder in HTPBS
(Blotto) and probed with sera or affinity purified 5 human antibodies
diluted appropriately in Blotto. Bound antibody was detected by probing
with 125I-protein A followed by autoradiography. Protein A (Pharmacia Fine
Chemicals, Uppsala, Sweden) was iodinated by the chloramine T method to a
-1 10 specific activity of 40[err]. Affinity purification of polyclonal
monospecific human antibodies. Antibodies were affinity purified from human
serum or plasma on Triton X-114 soluble antigens 15 electrophoretically
transferred to nitrocellulose as described previously (44) and modified in
this 



instance as follows. Reduced samples of Triton X-114 extracted membrane
antigens were electrophoretically separated and transferred to
nitrocellulose. 20 Radioactive 14C high molecular weight markers (Amersham)
were used to determine the region of interest. Strips of nitrocellulose
corresponding to regions of interest were incubated for 8hrs at [err] with
sera or plasma from individuals exposed to 25 malaria. Sera was removed and
the strips washed vigorously over 2 hours with 6 changes of Blotto, three
changes of HTPBS, followed by a 15 minute wash in borate buffer (0.1 M
glycine, 0.15 M sodium chloride, pH 2.6) for 10 minutes. Eluted antibodies
30 were immediately neutralized with 2 M Tris-HC1 pH 8.0 and stored at
[err] with 0.05% sodium azide. The affinity-purified antibodies were
diluted 1:2 in Blotto to probe immunoblots and [err]Amp3 cDNA library
filters, or concentrated using a Centricon (Registered Trade Mark) 35    20
microconcentrator (Amicon) for immunofluorescence assays.  Antibodies were
also eluted directly from imunopositive [err]Amp3 clones grown as lawns on
nitrocellulose. Filters with lysed lawns were 5 pre-eluted with borate and
glycine buffers, incubated with serea, and the monospecific antibodies
eluted as above. This second method of affinity purification required the
removal of anti E.coli antibodies which was achieved with sonicates and
lawns of control 10 [err]Amp3 clones. Identification of cDNA clones
expressing relevant polypeptide  antigens. 



Details of the FCQ27/PNG isolate cDNA library, its amplification in
[err]Amp3 and lysogenic 15 expression E-coli have been described (33).
Detection of antigen-expressing clones by in situ colony immunoassay with
human antibodies has also been described (33). Positive clones were grown
and induced in liquid culture and extracted with sample 20 buffer for
electrophoresis as described (45). Samples were electrophoresced on 10%
SDS-PAGE slab gels and either stained for protein or immunoblotted and
analysed with affinity purified antibodies, to detect the presence or
absence of stable fusion 25 polypeptides with [err]-galactosidase. Antibody
depletion. One ml cultures of immunopositive clones were induced, pelleted
by centrifugation, and the liquid medium removed. Pellets were frozen and
30 thawed three times and the lysed cells resuspended in 1ml HTPBS. A
20[err] aliquot of PBG sera was added and incubated with the lysate for
3hrs at [err]. The cellular debris was then spun down at 10,000xg and the
supernatant used to probe Triton X-114 extracted 35    2 1 and
immunoblotted parasite membrane protein antigens in order to determine the
degree of antibody depletion attributable to the induced fusion
polypeptide. 5   Subcloning of immunopositive  [err]Amp3 clones. [err]Amp3
phage were isolated from immunopositive clones and the cDNA insert
extracted by EcoRI digestion as described. The purified insert 



was subcloned into M13 vectors for single stranded 10 sequence determined
by the dideoxy method of Sanger (36,46) and into pBTA224 (a modification of
PUR-290) kindly provided by Gary Coburn (Biotechnology Australia Pty.Ltd.).
The plasmid vector pBTA224 is an expressing vector in E.coli cells, and
clones were 15  rescreened for immunoreactivity by colony immunoassay.
Indirect immunofluorescence. Thin blood films of parasitized erythrocytes
from asynchronous cultures of P.falciparum were air dried and fixed in 100%
acetone at [err] for 20 20 minutes. Slides were incubated with concentrated
affinity-purified monospecific human antibodies, with
fluorescein-conjugated sheep antihuman Ig antiserum as second antibody.
Parasite nuclei were counterstained with ethidium bromide. 25 LEGENDS TO
FIGURES Figure 4: Triton X-114 extracts of P.falciparum infected red blood
cells separated on 10% 30            SDS-PAGE, electrophoretically
transferred to nitrocellulose and probed with either (A) pooled adult PNG
sera, or (B) affinity purified poly clonal human antibodies. Lanes are,
(A), total unfractionated 35    22 material, (B), aqueous phase, (C),
Triton X-114 phase, (D), insoluble material. Figure 5 : Human antibodies.
from PNG adult sera 



affinity purified on lawns of [err]gtll-Amp3 cDNA clones which expressed
immunoreactive polypeptides of native Triton X-114 extractable antigens in
the molecular weight range 30-36 kD. (A) Control strip of Triton 20
X-114 phase antigens probed  with pooled adult PNG sera and iodinated
Protein A. (C) Human antibodies affinity purified on Ag513 probed on a
duplicate filter strip of the control. Fiure 6: Sequence of Ag513 with a
predicted translation of the single long open reading frame. Figure 7: 20
Immunofluorescence location affinity purified human antibodies to Ag513
used in indirect immunofluorescence assays on asynchronous blood films:
schizont (A) and matured merozoite (B). Figure 8: Scan of monoclonal
antibody PG10/48 on the predicted amino acid sequence of the insert of
Ag513. A subset of P.falciparum antigens partiticn into Triton X-114. 30
When sera from individuals repeatedly infected with P.falciparum are used
to probe immunoblots of P.falciparum antigens fractionated by phase
separation in Triton X-114 several putative 35    



integral membrane protein on antigens are identified. The most dominant of
these had relative molecular masses (Mr) of 21,000, 35,000, 42,000, 50,000
and 55,000 as determined SDS-PAGE analysis. 5  When the same antigen
extracts were probed with antisera raised against or affinity purified on a
number of cloned P.falciparum antigens it was shown that the Mr 21,000
Triton X-114 soluble antigen was the circumsporozoite protein related
antigen (CRA). lo This molecule is known to have a 26 amino acid
hydrophobic sequence typical of integral membrane proteins (47), confirming
that the procedures selects for such molecules.  None of the other Triton
X-114 soluble antigens appeared to correspond to any of the 15 many
P.falciparum antigens that have been previously characterised. In order to
obtain purified antibodies specific for the set of proteins of Mr 35-55,000
Triton X-114 extracts of P.falciparum were 20 electrophoretically
fractionated and transferred to nitrocellulose.  The appropriate region of
the nitrocellulose filter was then excised and used as an adsorbent for
affinity purification of the corresponding antibodies from human serum
(Materials 25 and Method). The purified antibodies were tested for
specificity by reacting them with fractionated P.falciparum proteins. It is
clearly evident in Fig.4B that these purified antibodies react almost
exclusively with those Mr 35-55,000 antigens that 30 selectively partition
into the Triton X-114 phase. In order to isolate clones expressing these'
antigens, a library of [err]Amp3 clones expressing P.falciparum cDNA
sequences was screened with the affinity-purified antibodies. Ten positive
lysogenic 35 



24 clones that were detected by this procedure were replated for single
colonies. Selected colonies correspond to Triton X-114 soluble antigens. 5
Antibodies affinity purified on lawns of selected clones were used in
colony immunoassays on the array of ten clones and to probe immunoblots of
parasite antigens.  Three of the clones were found to be siblings encoding
the Mr 45,000 antigen from the 10 Triton X-114 phase.  The most
immunoreactive was chosen as the type clone and designated Ag513. Analysis
of clones by SDS-PAGE followed by protein staining or immunoblotting showed
that Ag513 produced a single polypeptide of Mr 42,000, very 15 close to the
size of the native parasite antigen (Fig.5). Immuno sera were absorbed with
sonicates of the most immmunoreactive cDNA clones of Ag513 and then used to
probe immunoblots of Triton X-114 extracts of P.falciparum. Sonicates of
the cDNA clones totally 20 removed all detectable antibody reactivity to
the corresponding parasite antigens. Thus the cDNA clones apparently encode
the dominant naturally immunogenic epitopes in these antigens. Stage and
strain specificity. 25           Stage-specific parasite preparations were
Triton X-114 extracted, fractionated by SDS-PAGE and immunoblots probed
with PNG sera.  The antigen corresponding to Ag513 was present in all
stages of the parasite life cycle, the abundance of the antigen 30 ranging
from at least abundant in the asexual ring stage to most abundant in late
schizont 



preparations. In all stages it is totally Triton X-114 soluble. Triton
X-114 extracts were prepared from five strains of P.falciparum giving 35
25 asychronously in culture. The antigen was present in all strains and
there were no apparent strain-related differences in the size or
immunoreactivity of the antigen. 5   Nucleotide and amino acid sequence of
Ag513. The nucleotide sequence of Ag513 together with the predicted amino
acid sequence is Fig.6.  It contains only one long open reading frame,
commencing at base 94 and continuing to base 886. The entire 10  fragment
was 1145 bases in length.  The AT content of the 5' sequence preceding base
94 is greater than 92%, whereas the AT content of the predicted coding
region is approximately 65%. Increased AT content in non-coding regions has
been previously documented for 15 several other P.falciparum antigens,
suggesting that the methionine indicated is the actual initiation codon.
The 5' end of the coding sequence contains a stretch of 15 uncharged and
hydrophobic amino acids beginning at residue 6, which is most likely the
core 20  of a signal sequence.   The  sequence encodes two identical copies
of a 32 amino acid unit arranged in tandem, beginning at base 271 and
continuing to base 462. The stop codon at position 886 is preceded by a
stretch of 17 hydrophobic amino acids before the 25 sequence again resumes
at AT content in excess of 80%.  This hydrophobic sequence is presumed to
be an integral membrane protein anchor sequence although 



there is no charge residue at its C-terminal end. The translated protein
would have a total molecular 30 weight of 27,860 daltons. The protein is
rich in the hydroxy amino acids serine and threonine which comprises
approximately 28% of the sequence. Ag513 corresponds to a putative
merozoite surface antigen. 35    Affinity purified human antibodies to
Ag513 were prepared as described, concentrated, and used in indirect
immmunofluorescence assays on asynchronous blood films. The fluorescence
pattern observed was 5 consistent with localisation of the antigen on the
parasite membrane in trophozoites.  In later stages of parasite
development, i.e. the schizont and mature merozoite, the fluorescent
pattern was consistent with localisation of Ag513 to the 10 merozoite
surface (Fig.7). The antigen encoded by Aa513 corresponds to OF122. The
size and physical characteristics of the antigen encoded by Ag513 suggested
that it may correspond to QF122. This was confirmed by colony 15
immunoassays in which monoclonal antibodies to QF122 reacted strongly with
Ag513 but not other P.falciparum antigen-expressing cDNA clones. Further
confirmation of this relationship was obtained by detailed epitope mapping
using the 20 procedure of Geysen et.al. (37). An overlapping set of 8 amino
acid peptides covering the complete coding sequence in the Ag513 cDNA
insert were probed with three monoclonal antibodies to QF122.  Epitopes
were identified in the Ag513 sequence for each of the 



25 monoclonal antibodies.  The scan with Mab 8G10/48 is shown in Fig.8.
The dominant epitope recognised by this monoclonal antibody contains the
sequence STNS and occurs twice as it is within the 32 amino acid repeat
found in Ag513. The monoclonal antibody 30 reacts with a second related
sequence (SNTNSV) on the N-terminal side of the 32 residue repeats.
DISCUSSION This Example shows the temperature dependent 35    27 Triton
X-114 detergent separation of integral membrane protein antigens of
P.falciparum.  One of the antigens that partitioned to the Triton X-114
phase was identified as CRA, a well characterised 5 antigen of known
primary structure which is typical of an integral membrane protein.  The
other dominant antigens that partition into the Triton X-114 clustered into
the Mr 40-55,000 range and apparently did not correspond to antigens that
had been 10 previously cloned. These proteins, after transfer to
nitrocellulose were used to affinity purify polyclonal monospecific human
antibodies which were used to isolate a clone designated Ag513,
corresponding to a membrane protein, from a [err]Amp3 15 cDNA expression
library. Antibodies to Ag513 reacted with a Triton X-114 soluble protein of
Mr 45,000 which was present in all stains of P.falciparum examined and
present in all of the asexual life cycle stages.  Indirect
immunofluorescent microscopy with 20 these antibodies gave strong staining
on mature stages with a grape-like pattern on segmented 



schizonts, a pattern characteristic of antibodies to merozoite surface
antigens.  The primary structure of the Ag513 related antigen has been
deduced from the 25 nucleotide sequence of the full length cDNA sequence.
Consistent with the anticipated structure of an integral membrane protein
the deduced amino acid sequence included, at the N-terminus, a typical
signal sequence with a hydrophobic core of 15 30 residues and, at the
C-terminus a second very hydrophobic sequence, 21 residues in length and
presumed to be a membrane anchor. 35    23 EXAMPLE 3 This Example describes
a further sequence coded for by P.falciparum which is recognised by
monoclonal antibodies 8G10/48 and 9E3/48. 5 Materials and Methods Screening
of  [err]gtll recombinant DNA libraries and nucleic acid sequence
determination A clone was obtained from a cDNA expression 10 library
constructed in [err]gtll Amp3 (32) using the FCQ-27/PNG strain of
Plasmodium falciparum, (33). Monoclonal antibodies selected for screening
the cONA library were those which produced strong signals in an
immunoradiometric assay (30). This selection bias 15 increased the
likelihood of identifying positive recombinants in the colony assay
described below. Recombinant cultures were plated onto 82cm nitrocellulose
filters at a plating density of 3-4 x 103 cells per filter and grown on
Luria-Bertani 



20 agar plates for 8h at [err]. Colonies were replicated and grown for a
further 2h at [err]. The colonies were heat-induced at [err] for 1h and
lysed by placing the filters in 50mM Tris/HCl (pH 7.5) containing 150mM
NaCl, 5mM MgC12, 0.25% (w/v) gelatin, 40 pg 25 [err]  lysozyme and 1  [err]
deoxyribonuclease 1. After 30min the filters were washed for 2h at [err] in
PBS containing 5% (w/v) low fat milk powder and then rinsed with PBS.
Filters were incubated overnight at 40C with 30 lOml of hybridoma
supernatants and washed three times for 10min at [err] with PBS containing
5% (w/v) low-fat milk powder. Following a brief wash with PBS, the filters
were incubated for 2h at [err] in PBS 125 containing [err] goat anti-mouse
Ig  (40 [err] 35  [err], 0.5 [err]) and 1% (w/v) bovine serum    29
albumin.  They were washed three times in PBS containing 5% low-fat milk
powder, dried and autoradiographed for 2 to 3 days. Standard techniques
(34) were used to purify 5   DNA from antibody-positive clones, digest the
nucleic acids with EcoRI restriction endonuclease and recover the cDNA
insert following agarose gel electrophoresis of the digest fragments. EcoRI
fragments were cloned into M13 mp18 and mp19 (35) and the nucleic acid 10
sequence determined by the dideoxy chain-termination procedure (36).
Octapentide synthesis and epitone determination. Scanning for
antibody-reactive peptides was performed as described by Geysen et.al.
(37). 



15  Synthetic peptides were coupled via a peptide-like spacer to
polyethylene rods to which a linear polymer of acrylic acid had been
attached by radiation grafting. Overlapping octapeptides were synthesised
consecutively using solid phase peptide synthesis 20  based upon nucleic
acid sequence data.  Forlowing removal of the t-butyloxycarbonyl group from
the final amino acid, peptides were acylated and de-protected to provide
material of sufficient purity to enable ELISA testing for the specific
binding of 25 monoclonal antibody to each octapeptide (38). A complete
"replacement" set of 120 peptides was made based upon the sequence STNSGI
where each amino acid was substituted in turn by the other naturally
occurring amino acids. 30 LEGENDS TO FIGURES Figure 9: Nucleotide sequence
of the cDNA clone recognised by monoclonal antibodies 8G10/48 and 9E3/48.
The deduced amino acid sequence    30 and putative epitope (underlined) are
shown in addition to potential sites for N-glycosylation, denoted by *.
Figure 10: Rod-coupled octapeptides were reacted with (A) 1/10,000 dil. of
8G10/48 hybridoma supernatant, (B) 1/100 dil. of control monoclonal
antibody supernatant. Bound antibody was detected by ELISA using
horseradish peroxidase-conjugated anti-mouse Ig. X-axis: arbitrary units:
Y-axis: 



figures represent the amino acid position of the primary octapeptide amino
acid based upon the sequence shown in Fig.9. Figure 11: Replacement net
analysis of the sequence STNSGI using 8G10/48 at a 1/1000 dilution..
Results and Discussion Identification and characterisation of clone CL2122
8G10/48 and 9E3/48 were used to screen an expression library constructed in
Xgtll Amp3 to select for recombinants expressing cDNA fragments of
Plasmodium falciparum. One clone (designated CL2122) was recognised by both
antibodies.  The EcoRI restriction fragment is 855 nucleotides in length
followed by a region of poly (A) nucleotides (Fig.9). Nucleotide repeats
which are characteristic of other Plasmodium falciparum genes are absent
from this clone.  The sequence apparently is not expressed as a fusion
polypeptide coupled to the 3-galactosidase gene product (data not shown).
Initiation signals characteristic of internal sites for RNA synthesis (38a)
are present from bases 592 to    31 627 and a plausible polypeptide encoded
by this sequence is presented (Fig.9).  A change in codon usage from that
of typical non-coding DNA sequences to coding sequences characteristic of
translated 5   regions of malarial genes (40) in the vicinity of base 650
supports this interpretation. This sequence is rich in Asn and Lys residues
(45% of total amino acids), contains several potential sites for
N-glycosylation and does not code 



10 for part of QF122. Many Plasmodium falciparum proteins contain
lysine-rich sequences for which the predominant codon usage is AAA.  The
possibility thus arises that the reverse transcriptase used during
construction of the cDNA library may have been primed 15 by oligo d(T) on
an internal lysine-rich sequence commencing at base 856 with the
implication that only the amino terminus of the native protein has been
cloned. Identification of the epitome recognised by 8G10/48 20 and 9E3/48.
Overlapping octapeptides corresponding to the derived amino acid sequence
shown in Fig.9 were synthesised and examined for reactivity with hybridoma
supernatants of monoclonal antibodies 25 8G10/48 and 9E3/48.  Five
octapeptides spanning the sequence Lys Asn Asn Asn Ser Thr Asn Ser Gly Ile
Asn Asn produced strong positive ELISA signals using both antibodies at
supernatant dilutions to 1/10,000 (Fig.10).  Negative results were obtained
using 9 30 other monoclonal antibodies at 1/100 dilution of hybridoma
supernatant (Fig.l0). The epitope recognised by the monoclonal antibodies
is the sequence common to these five octapeptides, namely STNS.    3 2
Replacement net analysis of the epitope. The binding of antibodies 8G10/48
and 9E3/48 to every possible single amino acid substitution of the sequence
STNSG1 is shown in Figure '1 for 8G10/48 5  when assayed at a 1/1000
dilution.  9E3/48 gave similar results. These data confirm the sequence 



STNS as the epitope recognised by these monoclonal antibodies and show that
some related peptides will bind these antibodies, especially peptides
where: 10 1.      The first S is substituted by C, T or V; 2.       T is
substituted by I, S or V; 3.       N is substituted by CD,E,FG,H,L or S; 4.
The second S is substituted by C,D,H or T. DISCUSSION OF EXAMPLES 1 to 3
The antigens described in Examples 1 and 2 above are the same antigen,
having the same Western blotting patterns, immunoprecipitation and
labelling characteristics and identical immunofluorescence 20 patterns.
Furthermore, it has been shown that monoclonal antibodies which define
QF122 described in Example I bind to sequences which are coded for by the
insert in Ag513 described in Example 2. The immunofluorescence patterns are
consistent with a merozoite surface location and the immunoelectron
microscopy has localised an antigen on the surface of merozoites.  While it
is possible that the localisation by electronmicroscopy could be due to the
reaction of the monoclonal antibody with some other cross-reacting antigen,
the consistency of the immunofluorescence patterns obtained with all three
monoclonal antibodies and the human serum suggests that this localisation
is due tobinding to the antigen QF122.    33 The surface location of
antigen QF122 would give a plausible explanation for the inhibition of
parasite growth by monoclonal antibodies 8G10/48 and 9E3/48. However, the
finding that there are other 



5  malarial sequences capable of coding for proteins containing the epitope
recognised by monoclonal antibodies 8G10/48 and 9E3/48 suggests that other
mechanisms of growth inhibition might be important. Furthermore, since the
mice that were used for the 10 production of these monoclonal antibodies
were immunised with whole parasitized red cells, it cannot be determined
whether it was QF122 or some other protein containing the sequence STNS
(for example, the putative sequence coded for by CL2122 in Example 15 3),
or even some related sequence, which elicited this protective response. 20
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5   1.     A merozoite surface antigen of the asexual blood stages of
Plasmodium falciparum, which is characterised by: (i)    having an apparent
molecular weight in the range of approximately 41 kDa to 53 kDa; 10   (ii)
being a glycoprotein incorporating myristic acid; (iii) being substantially
identical with an antigen which is present firstly as a diffuse cytoplasmic
localisation and which is located in mature schizonts on the surface
membrane of merozoites; 15   (iv)   being recognised by monoclonal
antibodies against the asexual blood stages of P.falciparum which inhibit
parasite growth in vitro: and (v)    having the amino acid sequence set out
in Figure 6; 20   or an antigenic fragment thereof. 2.     An antigen
according to claim 1, which is antigen QF122 described herein, or an
antigenic fragment thereof. 25 3.     An antigenic fragment of an antigen
as claimed in claim 1, which is characterised by inclusion in the amino
acid sequence thereof of the sequence Ser-Thr-Asn- Ser (STNS) or the
sequence Ser-Asn-Thr-Asn-Ser-Val 30   (SNTNSV), or an antigenically active
sequence related thereto by amino acid deletion and/or substitution, or an
antigenic fragment thereof. 4.     A hybrid cell line which produces an
antibody 35   which is specific for the antigen according to claim 1 or
claim 3. 5.     A hybrid cell line according to claim 4 which is    the
cell line deposited under No. 87071010. 



6.     An antibody produced by a hybrid cell line according to claim 4. 5
7.     An antibody according to claim 6, which is the monoclonal antibody
8G10/48, 9E3/48 or 8F6/49 described herein. 10  8.      An antigen of
Plasmodium falciparum which is recognised by the monoclonal antibody
8G10/48, 9E3/48 or 8F6/49. 9.     A method of inhibiting the development of
asexual 15   blood stages of Plasmodium falciparum. which method comprises
exposing the blood stages of the parasite to an antibody according to claim
6. 10.    Use of an antibody as claimed in claim 6 for the 20   preparation
of a vaccine composition for passively immunising a host against Plasmodium
falciparum. 11.    A passive vaccine composition comprising an antibody
according to claim 6, and a pharmaceutically 25   acceptable carrier or
diluent. 12.    A composition according to claim 11, wherein the antibody
is monoclonal antibody 8G10/48, 9E3/48 or 8F6/49. 30 13.    Use of an
antigen according to claim 1, claim 3 or claim 8, or an antigenic fragment
thereof, for the preparation of a vaccine composition for actively
immunising a host against Plasmodium falciparum, 35 14.    A vaccine
composition comprising an antigen according to claim 1, claim 3 or claim 8
or an antigenic fragment thereof, and a pharmaceutically acceptable
carrier or diluent. 



15.    A composition according to claim 14, comprising an antigenic
fragment having an amino acid sequence 5   which comprises or includes the
sequence Ser-Thr-Asn-Ser (STNS) or the sequence Ser-Asn-Thr-Asn-Ser-Val
(SNTNSV), or an antigenically active sequence related thereto by amino acid
deletion and/or substitution. 10   16.    A composition according to claim
14, further comprising an adjuvant. 17.    A composition according to claim
14, wherein the antigen is antigen QF122, or an antigenic fragment 15
thereof. 18.    A recombinant DNA molecule comprising all or a portion of a
nucleotide sequence which is capable of being expressed as polypeptide
having the antigenicity 20   of an antigen according to claim 1, claim 3 or
claim 8, or an antigenic fragment thereof, or a recombinant cloning vehicle
or vector or a host cell comprising a said recombinant DNA molecule. 25
19.    A synthetic polypeptide prepared by expression of all or a portion
of a nucleotide sequence according to claim 18. 20.    A vaccine
composition comprising a synthetic 30   polypeptide according to claim 19.
21.    A synthetic peptide comprising an antigenic fragment having an amino
acid sequence which comprises or includes the sequence Ser-Thr-Asn-Ser
(STNS) or the 35   sequence Ser-Asn-Thr-Asn-Ser-Val (SNTNSV), or an
antigenically active sequence related thereto by amino acid deletion and/or
substitution.    


