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WO 02/38173 PCT/GB01/04985

VACCINE BASED ON A CELLULAR PENETRATION FACTOR FROM AN APICOMPLEXAN PARASITE

Field of the Invention

This invention relates to an antigenic component for use in
a vaccine, particularly for diseases such as those caused

by apicomplexan parasites.

Background to the Invention

The apicomplexans comprise a range of parasites including

those of the genera: Eimeria; Isospora; Toxoplasma;
Hammondia; Cystoisospora; Sarcocystis; Besnoitia;
Frenkélia; Cryptosporidia; Plasmodia; Babesia; and
Theileria.

All genera of the apicomplexans have a specialized
organelle called the apical complex (hence their name).
This organelle contains secretory granules/proteins that
are extruded onto the surface of target cells during

invasion. Extrusion of these proteins precedes cell entry

These parésites are associated with disease in a wide
variety of host organisms. Eimeria species, for example,
are known to be pathogenic to ‘at least chickens, turkeys,
geese, ducks, cattle, sheep, pigs, horses, rabbits, rats
and mice. Toxoplasmosis of humans, puppies and lambs is
assoclated with Toxoplasma species, in particular, T.
gondii. Cryptosporidia species infect mammals, birds and
reptiles. C. muris and C. parvum in particular are known
to cause gastrointestinal disease in cattle, sheep and

humans.
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Babesiosis, associated with Babesia species, is an often
fatal disease of domesticated animals, including cattle,
horses, sheep, goats, pigs, cats and dogs. Theileria
species are known to infect cattle, sheep and goats. 7.
parva and T. annulata in particular, are inportant
pathogené in cattle, the former causing African

theileriosis or East Coast Fever.

One of the most intensively studied apicomplexan associated
diseases is malaria. The disease is today one of the most

significant single causes of human morbidity and mortality,

with estimated death rates of up to 3 million and

approximately 500 million infected cases per year (Butler,
D. and J. Maurice, 1997).

Malaria is caused by Plasmodium species which are injected
into the blood of vertebrates by female mosguito vectors.
To date, four Plasmodium species have been associated with
human malaria: P. falciparum; P. vivax; P. ovale; and P.
malariae. Of these, P. rfalciparum is believed to be the
major cause worldwide. Additionally, there are known to be
at least 20 species of Plasmodium in non-human primates,
including: P. cynomolgi; P. knowlesi; P. brasilianum; P.

inui; P. berghei; P. yoelii; P. vinckei; and P. chabaudi.

The lifecycle of Plasmodium spp. is illustrated in Figure
1.

The infective stage, the sporozoites, are injected directly
into the bloodstream from the salivary glands of a
mosguito. These sporozoites then invade liver cells,

within which they replicate in a process referred to as
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extra-erythrocytic schizogony. At this stage, some P.

vivax or P. ovale parasites will develop into hypnozoites,

which remain dormant, but which, upon reactivation, may

cause relapses.

After a (species—dépendent) period of tizﬁe, the parasites,
now called merozoites, reinvade the circulation. The
merozoites invade red blood cells, and undergo a further
phase of replication, referred to as erythrocytic
schizogony. Following rupture of the infected red blood
cells, the released merozoites may in turn invade new red
blood cells. This cycle of infection may be repeated many

times.

The merozoites' are believed to be the primary cause of
malarial pathology. For example, the parasites provoke the
release of cytokines, such as tumour necrosis factor, whose
action is thought to be responsible for many of the signs
and symptoms of malaria. Furthermore, cerebral malaria is
kxnown to result from infected red blood cells adhering to

capillaries in the brain.

Some of the merozoites are capable of developing into the
sexual stages or gametocytes, which are taken up when a
female mosquito Dbites again. After a period of
fertilisation, ookinetes are formed and invade the mosquito
gut, in preparation for development into sporozoites. The
sporozoites in turn penetrate the mosquito salivary glands,

in readiness for the next bite.

Current treatments against diseases associated with

apicomplexan parasites other than malaria have met with

JP 2004-520277 A 2004.7.8
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limited success. There is only one vaccine available for
this group of organisms, a live attenuated vaccine for
Toxoplasmosis that is only licenced for animal use.
Treatment with folate dinhibitors and macrolides is
available for toxoplasmosis, but there is a need to develop
new treatments for wuse during pregnancy as the most
effective treatment, sulphadiazine and pyrimethamine, is
unsafe during pregnancy. Macrolides such as spiramybin,
although safe are less effective and are unable to cross
the blood-brain barrier, and thus is unsuitable for the
treatment of cerebral toxoplasmosis. There is currently no

treatment or vaccine available for cryptosporidiosis.

Anti-disease strategies for malaria broadly include
mosquito bite prevention, anti-parasitic drugs and

prophylactic treatment.

Attempts have been made since the 1980s to use protein
components of P. falciparum to develop vaccines which would
stimulate the production of protective antibodies in a
host. However, none of the vaccines tested have provoked a
strong enough immune response to be effective in the field.
SPf66, a composite vaccine targeting the blood stage,
appeared to provide some protection in field trials, but at
present is not thought to be a suitable candidate for

malarial control.

SPf66 was found to be immunogenic and to provide some level
of protection (30-35%) in South American volunteers, but
was largely unprotective in African children vwho are
exposed to higher levels of infectivity . This means that

the efficacy of this vaccine is not strain-transcending.

JP 2004-520277 A 2004.7.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(41)

WO 02/38173 PCT/GB01/04985

5

For any vaccine/drug to be effective, it must cross
parasite-strain boundaries regardless of the geography of
disease prevalence. X~ray irradiated sporozoites have
been shown to be effective in a challenge study but
impractical for widespread use. A vaccine using the major
sporozoite protein, the circumsporozoite protein , CSP, did
not produce long-lasting immunity as it did not induce T-
cell responses. Ancther wvaccine based on the merozoite
surface protein, MSP-1, failed to confer protection in
monkey trials. The reason why all these vaccines fail is
most probably due to a wrong choice of vaccine candidates
derived directly from wrong premises. Another possible
problem is that these antigens are highly polymorphic from
one geographical region to the other; some are also
redundant, i.e they occur in more than one copy (such as
MSP-1) in the parasite. Crucially, the rationale for <the
choice of vaccine candidates does not take into account the
biochemistry or biology of the cognate molecule and how it
fits dinto the whole schema of parasite infectivity; for
example, the functions of MSP-1 or CSP which have been
widely studied over the last 20yrs, have not been
elucidated; prior knowledge of function of a molecule is an

important prerequisite for its use in vaccine design.

Recently, attempts have been made to develop vaccines which

will elicit a cell-mediated immune response in the host.

One such study has aimed to produce a vaccine that would
stimulate host T-cells to destroy parasite-infected liver
cells. The study has made use of a so-called “prime-boost”
technique, in which the host immune system is primed with

one vaccine and boosted with ancther, to increase the
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levels of cytotoxic T-cells. The two components of the
prime-boost vaccine are: a DNA vaccine based on particular
identified antigens; and a non-replicating vaccinia virus
{MVA)} having the gene for those same antigens inserted in
its DNA. The prime-boost vaccine has been shown to provide
protection against later malarial infection in mice. Human

trials arxe currently underway.

In a further example, RTSS 1is a wviral vaccine based on

sporozoite protein which is currently in field trials.

However, despite this apparent progress there is as yet no
effective anti-malarial vaccine. This being so, there
remains a need for new treatments, both therapeutic and
prophylactic, effective against malaria and other diseases

assoclated with apicomplexan parasites.

Summary of the Invention

Accordingly in a firét aspect the present invention
provides an antigenic component, for use in a vaccine
capable of promoting in a subject production of an antibody
specific to the antigenic component, which antibody is
capable of specifically binding to the Pid protein having

the aminc acid sequence in Seqg ID No 1.

The present inventors have identified the pid (Plasmodium
invasion determinant) locus as an invasiveness-conferring
locus, occurring in bapicomplexan parasites. A parasite-
infected host would be expected to bear the Pid protein and
antibodies to the protein, as a marker of infection. The

Pid protein therefore provides a potential new target for

JP 2004-520277 A 2004.7.8
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treatments against diseases associated with these

parasites, including vaccines and therapeutic agents.

Surprisingly, the newly identified Pid protein has been
found to have an identical amino acid sequence to that of
the Osa (oncogenic suppressive activity) protein, encoded
by the osa gene of the pSa plasmid (Kado,' C.I. and S.M.
Close, 1991; Chen, CY and C.I Kado, 1994). The osa and pid

loci also have identical nucleotide seqguences.

In the field of plant pathology, the pSa plasmid is known
to inhibit completely the ability of Agrobacterium
tumefaciens to incite tumours in . plants. The above
referenced studies reported that the osa locus alone is
sufficient for this inhibition te occur. The oncogenicity
of A. tumefaciens is mediated by the transfer of a specific
sector (T-DNA) of the bacterial Ti plasmid to the plant
cell. The above studies suggested that the Osa protein
might suppress oncegenicity by blocking the transfer of

VirE2 from bacterium to plant.

According to the first aspect of the present inventiocn, the
Pid protein provides a specific target for antibodies

raised in a subject in response to a vaccine.

In general, an antibody binds to a part of a protein known
as an epitope or antigenic determinant. A protein may have
more than one epitope, and different epitopes on one
protein may be recognised by different antibodies.
Similarly, a single antibody may be capable of binding to
more than one epitope; however the affinity of binding, and

so the specificity of the interaction, will vary.

JP 2004-520277 A 2004.7.8
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The binding specificity of the antibodies raised in
response to a vaccine is determined by the antigenic

component of the vaccine. Briefly, on administration of the

-vaccine, the antigenic component is recognised by the host

immune system, which produces antibodies capable of
specifically binding to the component. In this context,
binding between an antigenic component and a specific
cognate antibody is expected to occur with a binding

constant in the range 10°° to 1077 M or even lower.

In the present case, the antibodies raised in response to
the vaccine must also be capable of recognising and binding
to the target Pid protein in the infected host. 1In order
to avoid cross-reactivity with native host antigens, the
antibodies must bind Pid specifically, typically with a
binding constant in the =xzange 1 to 10nM and preferably
below 1nM.

In one embodiment, the antigenic component may comprise the
Pid protein having the‘amino acid sequence in ‘SEQ ID No.1,
or a variant thereof which does not substantially affect
its antigenicity. In this way, antibodies, raised to bind
specifically to an epitope of the Pid protein in the
antigenic component, can bind that same epitope in the

target Pid protein.

The Pid protein with a variant seguence may be a naturally
occurring variant, or may be engineered. The variant
sequence may comprise one or more amine acid additions,
substitutions or deletions compared to the sequence in SEQ

ID No 1. Similarlyvthe variant may comprise one or more

JP 2004-520277 A 2004.7.8
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modified amino acids, provided that the variations in the
amino acid sequence do not substantially affect the
antigenicity of the protein. For example, variation by
conservative substitution is a possibility. Combinations
of conservative substitutions are asparagine and glutamine
(N or Q); wvaline, V, leucine, L, isoleucine, I, and
methionine, M; aspartic acid and glutamic acid (D or E);
lysine, K, arginine, R, and histidine, H); alanine, A, and
glycine, G; serine, S, and threonine, T; phenylalanine, F,

tyrosine, ¥, and tryptophan, W.

Use of a wvariant Pid protein may provide particular
advantages. The variant may, for example, have improved
solubility or stability, or may be more compatible with.
other vaccine components. For example, a fusion tag such
as thioredoxin may be linked to the protein to improve

stability and/or solubility.

As explained above, a protein may comprise more than one
epitope for antibody binding. Any epitope of the Pid
protein may therefore be contained in only a fragment of
the protein. Accordingly, the antigenic component may
comprise a peptide fragment of the Pid protein having the
amino acid sequence in SEQ ID No 1 or a variant bthereof as

previously described.

Use of a peptide fragment rather than the entire protein
provides a smaller antigenic component which may be more
easily administered. Small fragments may also be produced
more cheaply and more easily than the intact protein.
These can be readily synthesized by synthetic cﬁemistry or

by recombinant methods.
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Preferably, the Pid protein or peptide fragment of the Pid
protein in the antigenic component is preparable from an
apicomplexan parasite. The protein may be expressed by, and
isolated from the source parasite. Alternatively, the pid
locus may be isclated from a parasite and expressed using
standard cloning and expression techniques. Suitable
apicomplexan parasites include those selected from the
following genera: Eimeria; Isosiaora; Toxoplasma; Hammondia;
Cystoisospora; Sarcocystis; Besnoditia; Frenkelia;
Cryptosporidium; Babesia; Theileria; and, in particular,

Plasmodium.

A protein purified from the parasite source is near-to-
native (having any reguired post-translational modification
such as myristylation or glycosylation), and therefore
preferred as a source of antigenic component. However,
these proteins are difficult to purify in sufficient
quantities. Bacterial expression is guaranteed to yield
large quantities of recombinant protein, but this may not

be post-translationally modified. However, expression in

yeast (Pichia pastoris, Saccharomyces cerevisiae or
Schizosaccharomyces  pombe) or baculovirus/insect cell
systemn, ensures that the recombinant protein is

appropriately modified.
It is also however envisaged that synthetic mimiecs of the
Pid protein may be constructed which are suitable for use

in the antigenic component.

In a vaccine aimed at eliciting an antibody response,
immunogenicity is mediated by the vaccine Immunogen.

Accordingly, in a second aspect the present invention
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—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(47)

WO 02/38173 PCT/GB01/04985
11

provides an immunogen co}nprising the antigenic component

coupled to an immunogenic component.

The antigenic component may itself be immunogenic so that
the antigenic component itself comprises the immunogenic
component. However, it may be that the antigenic component
is, for example, too small to be immunogenic to the host.
In that case, it may be necessary to couple the antigenic
component "to a sultable carrier. To be effective,
therefore, the isolated antigen preferably stimulates the
host immune system in a manner and.at a level similar to
that elicited during biological infection. To enhance
antigen presentation and immunogenicity, it may be coupled
to haptens such as bovine serum albumin and keyhole limpet
haemocyanin; viral particles or dendrimers. It may also be
possible to engineer attenuated Salmonella strains to carry
vaccines to be delivered orally as live vaccines.
Salmonella 1is appropriate for this purpose because it
induces both high antibody and cell-mediated immune

responses.

In a further aspect, the present invention provides a
vaccine comprising an immunogen and an adjuvant, which
enhances the antibody response. Freund’'s complete adjuvant
and Freund’s incomplete adjuvant, for example, are suitable
for use in non-human vaccines. Aluminium hydroxide and
aluminium phosphate are adjuvants authorised for human use.
Possible further adjuvants include liposomes, BCG,
lipopolysaccharides, muramyl dipeptide derivatives,
squalene, non-ionic hydrophobic block copolymer surfactants

such as polyoxypropylene and polyoxyethylene copolymers,

JP 2004-520277 A 2004.7.8
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pluronic polyols, ethylene-vinyl acetate, cyclodextrins and

polysialic acid.

In a further aspect the present invention provides a
vaccine comprising a polynucleic acid, which encodes the
antigenic component described above. The polynucleic acid
may comprise, for example, DNA, RNA or a synthetic nucleic

acid.

In one embodiment, the polynucleic acid comprises the

sequence in SEQ ID No 2.

Polynucleic acid vaccines are typically aimed at eliciting
a cell-mediated immune response in a subject. A key
feature of this type of vaccine is that the antigenic
component encoded by the polynucleic acid of the vaccine is
expressed in and displayed on the surface of a cell within
the subject. These vaccines may be of particular use
against diseases associated with cell-invasive parasites,
since they mimic the natural situation where the antigen is

intracellular.

The polynucleic acid of the present vaccine may further
comprise sequence for efficient expression of the antigenic
component. For example, such sequence may comprise a

promoter sequence or encode a secretion signal.

Advantageously, the present vaccine also comprises a
delivery means for delivery of the polynucleic acid to a
subject. The vaccine may additionally comprise an adjuvant
for enhancing the cell-mediated immune response in the

subject.
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The present polynucleic acid vaccine preferably takes
either of two main forms: a naked vaccine or a live

vaccine.

In the case of a naked vaccine, the polynucleic acid is
administered to a subject, and by one of a number of
alternative means, is delivered to a target host cell. The
antigenic component encoded by the polynucleic acid is then

expressed by the host cell.

The polynucleic acid of a naked vaccine may, for example,
comprise a plasmid, bearing a eukaryotic promoter to direct
efficient expression of the antigenic component in a target
host cell. The promoter may be conétitutive, for example,
the generic CMV promoter or SV40 promoter. Alternatively,
the promoter may be tissue specific. In one embodiment the
promoter is a muscle specific promoter such as the MyoD,
myosin or myogenin promoters. The .significance of a
muscle-specific promoter is that a polynucleic acid vaccine
delivered by dintramuscular injection can be expressed

directly by muscle cells.

The liver may also be targeted for expression of antigens;
a liver-specific promoter such as the albumin promoter may
be used in combination with a secretory signal tagged onto
the antigen open reading frame for expression and

secretion.

The polynucleic acid may additionally comprise sequence
encoding a secretion signal for the antigenic component, to

ensure that during expression the component is secreted to
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the outer surface of the host cell. For example, the
secretion signal may comprise the malk signai for bacterial
expression; the honeybee melittin signal for baculovirus
expression in insect cells (Sf9; Sf21):; the a-factor for
expression in yeast and the Igk signal for expression  in

mammalian cells.

The polynucleic acid of the naked vaccine may further
comprise immunostimulatory sequences which provide a
suitable adjuvant. For example, unmethylated CpG seguences
may be used for this purpose. CpG immunostimulatory
sequences may also be combined with one or more cther
adjuvants indicated above such as complete or incomplete

Freund’s adjuvant.

For delivery to a subject, the'polynucleic acid of the
naked vaccine may be complexed with for example, liposomal
vesicles or viral particles. In one embodiment, the
vaccine is delivered by injection through the skin or
muscle. In a further embodiment, the vaccine is delivered
by nebulisation. Liposomes and viral particles act as
carriers. No particular cell types are targeted except
when tissue-specific expression is desired wherein the
requisite promoter will be included on the delivered DNA

sequence.

In the case of a live wvaccine, the polynucleic acid is
first transformed into a suitable strain of bacteria, so
that the bacterial cells express the antigenic component on
their cell surface. The expressing bacterial strain is
then administered to the subject, so that the bacteria

provide the required delivery means.
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Bacterial strains suitable for this purpcse include
attenuated aro/ auxotrophic mutants of Salmonella, Listeria
and Corynebacterium pseudotuberculosis. Viral vectors such
as attenuated herpes simplex, BCG and adenoviruses can also

be used.

The polynucleic acid of a live vaccine may comprise an
expression vector, bearing a prokaryotic promoter to direct
efficient expression of the antigenic component in the
bacterium. Suitable promoters for Dbacterial expression'
include the tac, trc, BAD, T7 and Pp/trp promoters. The
polynucleic acid may also encode a secretion signal,
directing secretion of the component from the bacterial
cell, thereby egcposing the component to the host immune
system. Examples of secretion signals include malE, ompT,

pelB and bacteriophage £d gene III protein signal.

In a further embodiment the polynucleic acid encoding the
antigenic compenent may be integrated into the bacterial
chromosome. Integration would be expected to provide
improved stability and increased expression levels.
Expression of the antigen will typically be driven by any
one of the above generic promoters. vAlternatively, it may
be possible to wuse, for example, a Salmonella gene
promoter. The secretion signal will be an integral part of
any targeting recombinant vaccine vector, and therefore

will be stably integrated into the bacterial chromosome.

In the case of the live vaccine, the use of an adjuvant may

be optimal where, for example, Salmonella is used because
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Salmonella is able to induce secretory, humoral and

cellular immunity.

Preferably, the vaccines described above are suitable for
use in a human subject. These vaccines will, for example,
comprise an adjuvant suitable for use in humans, such as
those described above. Typically, these vaccines will be
non~pyrogenic, non-inflammatory and non-necreotizing, as

well as being protective against bioclogical infection.

In one embodiment, the present vaccine is suitable for use
against human malaria caused by P. falciparum, P. ovale, P.

vivax, or P. malariae.

Without wishing to be bound by theory, the present vaccine
may target Pid at one or more of the life-cycle stages of
an apicomplexan parasite. In the case of a Plasmodium
parasite, the vaccine may, for example, target a lifecycle
stage which is invasive to mammalian liver cells or red
blood cells. The target life-cycle stage may  be the
sporozoites which invade the liver; the wmerozoites which

invade red blood cells or the ookinetes, which invade the

" mosquito gut wall during or after a blood meal to complete

development to sporczoites.

In addition to providing a new target for a vaccine, the
Pid protein alsc provides a basis for new therapies against
infectious disease, such as apicomplexan-associated

disease.

Accordingly, in a further aspect the present invention

provides a therapeutic agent comprising a compcpent which
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component is capable of competing with a protein having the
amino acid sequence in Seq ID No.l in a specific binding

assay.

It is envisaged that the Pid protein has a critical role in
cell invasion by, for example, apicomplexan parasites.
Without wishing to be bound by ftheory this is likely to
occur by interaction of Pid with a receptor. A component
which is capable of competing with Pid in an in vitro
specific binding assay is likely to be capable of competing
with Pid in vivo for receptor binding. The component can
therefore be incorporated into a therapeutic agent aimed at

blocking Pid-receptor interaction.

In one embediment, Pid can be used in combinatorial phage
display selection from a pool of random peptides without
prior knowledge of its target receptor(s) or interactors. A&
library of random peptides of up to 15 amino acids may be
constructed and displayed on a phage surface. Recombinant
Pid protein is then immobilized on Petri dishes, blocked
with BSA to occlude non-specific sites. The phage-encoded
peptides are then incubated with Pid. After this step, non-
specifically bound peptides/phage are washed off and
specific phage are eluted, amplified in permissive
bacterial hosts and the whole panning cycle is repeated.
After 4-5 selections, the peptide sequences are determined;
the affinity of binding may then be further optimized by
site-directed mutagenesis. These peptides are  then
synthesized and used in binding assays. High affinity

binding may be defined as those peptides with a

. dissociation constant in the 1-10nM xrange. ICs may be
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determined by competitive ELISA. Typically, a value of

107% to 1077 is deemed competitive binding.

In one embodiment, it is envisaged that a mimic of the Pid
protein may be produced and incorporated into a therapeutic
agent. Alternafively, the receptor for Pid may be
identified and an inhibitor of the Pid-receptor interaction

used as a component of the therapeutic agen‘i:.

Antibodies to a Pid receptor may also be therapeutic since
they may block interaction with Pid, assuming that receptor

antibody epitopes and binding sites for Pid are the same.

In a further aspect the dinvention provides a protein
comprising the amino acid seguence in SEQ ID No 1 or a
fragment thereof for use in medicine. The invention
additionally provides a polynucleic acid encoding the

protein or a fragment of the protein, for use in medicine.

The vaccine and the -therapeutic agent, both according to
the present invention, are suitable for use in methods of
treatment against infectious diseases such as those caused

by apicomplexan parasites.

This aspect of the present invention therefore
advantageously provides the use of the above antigenic
component for the manufacture of a medicament effective
against a disedse caused by an apicomplexan parasite.
According to the above, manufacture of a medicament
effective against such a disease may comprise the use of a
protein comprising the amino acid sequence in SEQ ID No 1

or a peptide fragment thereof, and/or the use of a
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polynucleic acid encoding such a protein or peptide

fragment.

Diseases which may suitably be treated according to the
present invention include those caused by apicomplezan
parasites of the following genera: FEimeria; Isospora;
Toxoplasma; Hammondia; Cystoisospora; Sarcocystis;
Besnoitia; Frenkelia; Cryptosporidium; Plasmodium; Babesia;

and Theileria.

Preferably, the disease is one selected from the following:
malaria; coccidiosis; thedleriosis; cryptosporidiosis;
isosporiasis; blastocystosis; babesiosis; anaplasmosis;

sarcosporidiosis; toxoplasmosls; and sarcosystosis.

In particular, the invention provides a means for
preventing and treating malaria disease, associated with
the Plasmodium parasite. Human malaria, associated with
for example, P. falciparum, FP. vivax, P. ovale and P.

malariae, is a particularly important target.

As noted above, the Pid protein provides a convenient
marker of infection by an organism bearing the pid locus,
such as an apicomplexan parasite. Accordingly, in one
aspéct the present invention provides a diagnostic agent
comprising an antibody, which antibody 1is capable of
specifically binding to the Pid protein having the amino

acid sequence in SEQ ID No 1.

In this context, the antibody is typically capable of
binding to the Pid protein with a binding constant in the

range from 10°° to 1077, The diagnostic agent preferably
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comprises a means for detecting antibody-Pid complexes. The
antibody may, for example, be labelled using standard
techniques with a £luorophore, a radiclabel, a marker
enzyme or a ligand. Suitable fluorophores include
fluorescein, rhodamine, Cy3, TRITC and phycoerythrin.
Suitable marker enzymes include alkaline phosphatase, beta
galactosidase and horse radish peroxidase. Suitable ligands

include biotin and digoxigenin (DIG).

In a further aspect the invention provides the use of the
diagnostic agent in a method of diagnosing disease caused
by an apicomplexan parasite. The diagnostic agent may for
example be used in vitro to detect the presence of the Pid

protein in a sample taken from a subject.

An in vitro diagnostic test of infection based on the
detection of pid antibodies in patient serum/plasma may
involve ELISA or EIA which may be complemented with
immunofluorescence microscopy. Any diagnostic agent
involving pid should include positive controls (purified
pid protein and the cognate reactive antibodies) as well
substrates for the relevant label [eg. p-nitrophenyl
phosphate (NPP) for alkaline phosphate (AP)-labelled

secondary antibodies].

Infection may also be identified by detecting antibodies to
a Pid protein in the serum of a subject. Accordingly in a
further aspect the present invention provides a diagnostic
agent comprising an antigenic component as described above.
The antigenic component will bind to any Pid antibodies
present in the subject sera; binding can be detected by one

of a number of standard labelling technigues.
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The present invention further provides the use of the
diagnostic agent in a method of diagnosing disease caused

by an apicomplexan parasite

In one embodiment, the antigenic component of the

diagnostic agent may be immobilised onto ELISA plates, and

. incubated with subject sera. Antibodies to Pid in the sera

may then be detected by antigen capture, with monoclonal

antibodies to Pid being used as a positive control.

Other labelling and detection methods may include
chromogenic methods- [e.g. AP-NPP or nitrotetrazclium blue
and 5—broﬁo—4—chloro—B—indolyl phosphate (BCIP) ],
fluorogenic {e. g. biotin and fluorescein-labelled
streptavidin) or luminescence ( e.g AP and CDP-Star). While
ELISA or EIA methods may be used, it may alsoc be possible
to perform Western Dblots or fluorescence in situ
hybridization. In some cases, detection may be enhanced by
in situ polymerase chain reaction using fluorogenic

nucleotides.

The immobilised antigenic component may be provided in a
spot test or dip-stick method for field diagnosis. Hapten-
conjugated (FITC, alkaline phosphatase etc) monoclonal
antibodies to Pid will then be incubated with parasites and

visualised directly by fluorescence microscopy.

In accordance with the above, the present invention
provides an antibody, which is capable of specifically
binding to the Pid protein having the amino acid sequence

in SEQ ID No 1 for use in medicine.

JP 2004-520277 A 2004.7.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(58)

WO 02/38173 PCT/GB01/04985

22

The invention also provides the use of such an antibody for
the manufacture of a diagnostic agent for diagnosis of a

disease caused by an apicomplexan parasite.

In a further aspect, the invention provides thée use of an
antigenic component as described above, for the manufacture
of a diagnostic agent for diagnosis of a disease caused by

an apicomplexan parasite.

It will be appreciated that to manufacture the diagnostic
agents described above may comprise the use of a protein
comprising the amino acid sequence in SEQ ID No 1 or a
fragment thereof, or the use of a polynucleic acid encoding

the protein or peptide fragment.

A diagnostic agent may be provided in a kit typicaly
comprising positive controls (purified pid protein and the
‘cognate reactive antibodies) as well substrates for the
relevant label [eg. p-nitrophenyl phosphate (NPP) for
alkaline phosphate (AP)-labelled secondary antibodies]. A
detailed and fully referenced instruction manual and
calibration information would normally be an integral part

of the kit.

In a further aspect there is provided an in wvitro method
for diagnosing apicomplexén infection in a subject, which
comprises:
(i) obtaining from the subject a nucleic acid containing
sample; and
(ii) testing the sample for the presence of nucleic acid

sequence characteristic of Pid. The nucleic acid sequence
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characteristic of Pid may be all or a part of the sequence
encoding the Pid protein or may be nucleic acid sequence
upstream or downstream of the Pid coding sequence.
Conveniently, the nucleic acid containing sample is
subjected to a step of amplification, such as by PCR, which
is preferably specific to the Pid nucleic acid sequence.
This may be achieved using appropriate primers, such as any

of those set out in Figure 5. Other primers unigue to the

target nucleic sequence may also be used.

Infection by any of the apicomplexans described above may
be detected wsing this method. Where the infection is in
humans, detection of plasmodium infection is particularly
important in diagnosing malaria. This may be achieved

using red blood cells as the sample source of nucleic acid.
The apicomplexan associated diseases which may be diagnosed
according te the present invention include those described

above.

Brief Description of the Drawings

The invention will now be described in more detail by way
of example only with reference to the accompanying drawings
in which

Figure 1 illustrates the lifecycle of a FPlasmodium

parasite;
Figures 2a and 2b shows the results of an
immunofluorescence invasion assay on E. coli strains

transformed with cosmid clones of P. yoeli DNA;
Figure 2c shows transmission electron micrographs of COS-7
cells which have been invaded by E. coli strains

transformed with ‘Inv’ cosmid clones of P. yceli DNA;
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Figure 3 provides a bar chart displaying the results of
plate scoring of wild type cosmid clones (InvcosllWT and
Invcosl8WT) and Tnl000yS-inserted clenes (TM1 and TM5),
rescued from CO0S-7 cells following invasion assays;

Figure 4a shows a nucleotide segquence including the PID
nuclectide sequence (SEQ ID:NO.2) and associated amino acid
sequence (SEQ ID:NO.1) according to the invention;

Figure 4b shows a schematic representation of PID and
adjacent sequences; and

Figure 5 shows a part of the Pid nucleotide sequence
identifying primer sites for diagnostic assays:;

Figure 6 shows results of PCR amplification of Pid from
patient samples; and

Figure 7 shows Pid sequences amplified from patients.

Detailed Description of the Invention

Ex. les

Isolation of the pid locus from Plasmodium yoeli.

As described above, the lifecycle of Plasmodium sp.
involves three invasive stages (Figure 1): the ookinete;
the sporozoite and the merozoite. FEach stage has a
different target cell preference. In the host, for
example, sporozoites invade liver cells preferentially,

whereas merczoites invade red blood cells.

In general terms there are three major steps in Plasmodium
invasion: recognition, attachment and entry. The factor or
factors which are involved in the invasive process have not
been conclusively identified. A number of possible

parasite specific ligands have been implicated in cell
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entry, and various cellular structures suggested as
putative receptors. However these studies have focused on
binding to the cell rather than on actual cell entry (Sim,
B.K.L et al, 19%94; Horuk, R et al, 1993; Breton, C. B et
al, 1892; and Hadley, T J et al, 1986).

Using a reconstitution assay (Isberg, R.R. and S. Falkow,
1985), the present inventors have isolated from P. yoeli (a
murine malaria parasite), a locus that surprisingly is both
necessary and sufficient for invasion of epithelial cells
by E. coli K12.

Initially, cosmid clones of segments of the P. yoeli genome
were transduced into E.coli. The clones were screened for
the ability to bind to and invade cultured COS-7 cells. In
the screening process, primary validation of invasion or
internalisation was based on gentamicin-killing; gentamicin
permeates cells very poorly and can therefore be used to

eliminate cell-surface bound bacteria.

On the basis of the screening method, several invasive
clones (‘Inv’) were isolated and found to cross-hybridise.
Restriction mapping of the clones further showed that they

overlapped with each other.

In order to confirm that the identified clones were indeed
invasive, further invasion assays were carried out using
E.coli K12 strains transformed with the cosmid clones.

The assays were carried out as above but the bacteria were
tracked by indirect immunofluorescence using a primary
polyclonal antibody specific to E. coli K12. Punctate

fluorescence of invading bacteria was observed. No
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invasion was observed when the assay was carried out with
control strains: untransformed E.coli or bacteria

transformed with plasmid or cosmid vector.

To establish that the bacterial cells were internalised
rather than extracellular, the invaded cells were counter-
stained with TRITC-labelled phalloidin. Actin
polymerisation could be observed at foci of cell entry and
invading bacteria colocalised with +the nucleation of

polymerised actin filaments.

To provide further proof of cell entry, transmission
electron microscopy was performed on the invaded cultured

cells. Bacteria were found within membrane-bound vacuoles.

In order to investigate further the role of this locus in
cell entry, one invasion-proficient clone, Invcosl8, was
subjected to transposon mutagenesis with 7nlC00yd (Morris,
G.E et al, 1995).

97% of the transposon mutants were severely impaired for
cell invasion, and were unable to complement E. coli in

cell entry.

Sequence analysis of six non-complementing clones (with cfu
<1) showed transposon insertion at the same site in all six
cases, suggesting that the inserted locus was indispensable
for invasion. Figure 4A shows the nucleotide sequence of
the region, with the location of the transposon ends marked

in sequence.
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Transposon insertion sites were located which intercept a
putative open reading £rame of about 567 nucleotides.
The sequence of the pid locus is designated SEQ ID no 2 and

runs from nucleotide 607 in Figure 42 to nucleotide 1172.

The predicted amino acid sequence of the pid translation
product is presented in Figure 4B and is designated SEQ ID
No.l. This is also shown in Figure 4A. The DNA ssequence
upstream of Pid is designated SEQ ID NO:3 and encodes an
amino acid seguence from ORF3, designated SEQ ID No.4. The

sequence downstream of Pid is designated SEQ ID NO:5.

The BLAST programme was used to search the GenBank, EMBIL,
DDBJ and PDB databases for sequences homologous to the pid

or Pid sequences.

The pid locus was found to be a pathogenicity island
characterised by an unusually high GC content (55%)
compared to parasite chromosomal DNA. DNA sequences
contiguous with the invasion locus are more AT rich and
show homoleogy (about 38%) to the transmissible TraC/primase
locus, which is required for conjugal transfer of the broad
host range plasmids, IncN and IncW (Valentine, C.R.I. and
C.I.Kado, 1989). Anatol, A. Belogurov et al,
Antirestriction protein Ard (Type C) encoded by IncW
plasmid pSa has a high similarity to the protein transport
domain of Tracl primase of promiscucus plasmid RP4. Journal

of Molecular Biology, (2000), 296: 969-977.

Without wishing to be bound by theory, this suggests the
presence of integrated cryptic plasmid DNA sequences in the

parasite genome. It is possible that the pid locus has
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been acquired by horizontal transfer of a primordial gene

derived from a pathogenic bacterium or bacteriophage.

In the homology searches, the Pid protein amino acid
sequence was found to be identical to that of the Osa
protein, encoded by the osa gene on the Shigella flexneri
virulence plasmid pSa. ~ The pid and osa nucleotide

sequences are identical.

The Pid protein also shows homology to the product of the
internalin B locus (InlB) in the inlAB operon of Listeria.
monocytogenes;—which has—beenr-shownr-to be-indispensable—for
invasion (Gaillard, J.L. et al, 1991; Earida, S.K. et al,
1998). ’

The inventors have also identified a putative CDC42/Rac-

interactive binding (CRIB) motif:

PVLSRDEASAVMLAEHVGVA
in the Pid protein sequence. This motif is designated SEQ
ID No&5. The motif is associated with small GTPase-

effector proteins such as N-WASP, Ste20 and MSES5. An
alignment of the sequences of Pid and other CRIB proteins
is shown in Figure 4B. The alignment was produced using
the BLAST programme. The putative CRIB domain in pid does
not align with the internalin B seguence. The homology of
the latter and of the Rho GTPase-effector proteins was
identified by a BLASTP search. The Accession numbers for

pid homologues are as follows:

Internalin B. Acc # AF 121032
Cdc42 effector protein (MSESS) Acc # XM _001058.1
STE20 Acc # L04655
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WASP/human Bcc ¥ MM 000377

p65™* -d/rat RAcc #  NM 017198

Apart from internalin, all the rest have CRIB domains.

WASP, Ste20 and MSES5 proteins are known to have an effect
on actin cytoskeletal reorganisation (Burbelo, P.D. et al,
1999; Hall, A et al, 1998; Burbelc, P.D et al, 1998). In
Salmonella typhimurium, for example, an interaction of N-
WASP and SopE with the Rho GTPases CDC42 and Racl, is
required for invasion of non-phagocytic cells (Hardt, W.D
et al, 1998; Chen, L.M. et al 1996; Susuki,T et al, 1998;
Masol, P et al, 1998). Thus, Pid may be a guanine

nucleotide exchange factor or a GTPase-activating protein.

Isolation and expression of Pid.

The pid gene may be isolated from a suitable parasite using
standard cloning technigques, and the sequence information
in SEQ ID Nol and No2. Fragments of the gene may be
obtained using standard methods.

The pid gene or fragments of the gene may be expressed, and
the protein products purified using conventional methods.
For details of the above methods the reader is referred to
Riggs, P., in Ausubel, F.M. et al (eds) Current Protocols
in Molecular Biology John Wiley & Sons, Inc., New York, jois]
16.6.1-16.6.14 (1994)

Vaccine production.

Antibody-mediated vaccine

Once an antigenic component has been obtained, a vaccine

comprising the antigenic component may be produced by
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conventional means. The reader is directed towards the
following references:

Jane L. Holley, Mike Elmore, Margaret Mauchline, Nigel
Minton and Richard W. Titball.Cloning, expression and
evaluation of a recombinant sub-unit vaccine against
Clostridium botulinum type F toxin [Abstract] [Full text]
Vaccine 19 (2~3) 288-297 (2000)

Michael Theisen et al. Identification of a major B-cell
epitope of the Plasmodium falciparum glutamate-rich protein
(GLURP), targeted by human antibodies mediating parasite
killing; Vaccine 19 (2-3) 204-212 (2000)

JH Tian, $ Kumar, DC Kaslow, and LE Miller Comparison of
protection induced by immunization with recombinant
proteins from different regions of merozoite surface
protein 1 of Plasmodium yoelii .Infect. Immun. 1997 65:
3032-3036.

Bittle, J.L., Houghten, R.A., Alexander, H., Shinnickv,
T.M., Sutcliffe, J.G., Lerner, R.A., Rowlands, D.J. and
Brown, F. 1982. Protection against foot-and-mouth disease
by dimmunization with a chemically synthesized peptide
predicted from the wviral nucleotide sequence. Nature
298:30-33.

Harlow, E. & DLane, D. 1988. Antibodies: A laboratory
manual, Cold Spring Harbour Laboratory Press, Cold Spring
Harbour, New York.

Holder, A.A. and Freeman, R.R. 1981. Immunization against
bloodstage-rodent malaria using purified parasite antigens,
Nature, 294:361-364. )

Hollingdale, M.R., Nardin, E.H., Tharavanij, S., Schwartz,
A.L. and Nussenzweig, . R.S. 1984. Inhibition of entry of

sporozoites of Plasmedium falciparum and Plasmodium vivax
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sporozoites into cultured cells; an in vitro assay of
protective antibodies. J. Immunol. 132:309-913.

Kaslow, D.C., Quakyi, I.A., Syin, C., Raum, M.G., Keister,
D.B., Coligan, J.E., McCutchan, T.F. and Miller, L.H.
1988. A vaccine candidate from the sexual stage of human
malaria that contains EGF-like domains. Nature 333:74-76.

The vaccine may be administered to a test subject and the
antibodies raised in response to the vaccine tested for
specific binding to Pid, both using standard methods.
Suitable methods are described for example in the following
references: JH Tian, S Kumar, DC Kaslow, and LH Miller
Comparison of protection induced by dimmunization with
recombinant proteins from different regions of merozoite
surface protein 1 of Plasmodium yoelii .Infect. Immun. 1997
65: 3032-3036.

Harlow, E. & Lane, D. 1988B. BAntibodies: A laboratory
manual, Cold Spring Harbour Laboratory Press, Cold Spring
Harbour, New York.

Holder, A.A. and Freeman, R.R. 1981. Immunization against
bleodstage-rodent malaria using purified parasite antigens,
Nature, 294:361-364.

'Hollingdale, M.R., Nardin, BE.H., Tharavanij, S., Schwartz,
A.L. and Nussenzweig, R.S. 1984. Inhibition of entry of
sporozoites of Plasmodium falciparum and Plasmodium vivax
sporozoites into cultured cells; an in vitro assay of
protective antibodies. J. Immunol. 132:909-913.

Kaslow, D.C., Quakyi, I.A., Syin, C., Raum, M.G., Keister,
D.B., Coligan, J.E., McCutchan, T.F. and Miller, L.H.
1288. A vaccine candidate from the 'sexual stage of human

malaria that contains BGF-like domains. Nature 333:74-76.
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Armando Reyna-Bello, Axel Cloeckaert, Nieves Vizcaiino,
Mary I. Gonzatti, Pedro M. Aso, Géérard Dubray, and Michel
8. Zygmunt Evaluation of an Enzyme-Linked Immunosorbent
Assay Using Recombinant Major Surface Protein 5 for
Serclogical Diagnosis of Bovine Anaplasmosis in Venezuela
Clin. Diagn. Lab. Immunol. 1998 5: 258-262.

M Theisen, J Vuust, A Gottschau, § Jepsen, and B Hogh
Antigenicity and immunogenicity of recombinant glutamate—
rich protein of Plasmodium falciparum expressed in

Escherichia coli Clin. Diagn. Lab. Immunol. 1995 2: 30-34.

Similarly, the vaccine may be tested for effectiveness
against disease such as those caused by apicomplexan
parasites, using standard laboratory protocdls. These may
be found, for example, in the following references: JH
Tian, S Kumar, DC Kaslow, and ILH Miller Comparison of
protection induced by immunization with recombinant
proteins from different regions of mez.:ozoite surface
protein 1 of Plasmodium yoelii .Infect. Immun. 1997 65:
3032-3036.

Harlow, E. & DLane, D. 1988. BAntibodies: A laboratory
manual, Cold Spring Harbour Laboratory Press, Cold Spring
Harbour, New York.

Holder, A.A. and Freeman, R.R. 1981L. Immunization against
bloodstage-rodent malaria using purified parasite antigens,
Nature, 294:361-364.

Hollingdale, M.R., Nardin, E.H., Tharavanij, S., Schwartz,
A.L. and Nussenzweig, R.S. 1884. Inhibition of entry of
sporozoites of Plasmodium falciparum and Plasmodium vivax
sporozoites into cultured cells; an in vitro assay of
protective antibodies. J. Immuncl. 132:909-913.
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Kaslow, D.C., Quakyi, I.A., Syin, C., Raum, M.G., Keister,
D.B., Coligan, J.E., McCutchan, T.F. and Miller, L.H.
1988. A vaccine candidate from the sexual stage of human

malaria that contains EGF-like domains. Nature 333:74-76.

Armando Reyna-Bello, Axel Cloeckaert, Nieves Vizcaiino,
Mary I. Gonzatti, Pedro M. Aso, Géérard Dubray, and Michel
S. Zygmunt Evaluation of an Enzyme-Linked Immunosorbent
Assay Using Recombinant Major Surface Protein 5 for
Serological Diagnosis of Bovine Anaplasmosis in Venezuela

Clin. Diagn. Lab. Immunol. 1998 5: 255%-262.

M Theisen, J Vuust, A Gottschau, § Jepsen, and B Hogh
Antigenicity and immunogenicity of recombinant glutamate-
rich protein of Plasmodium falciparum expressed in

Escherichia coli Clin. Diagn. Lab. Immunol. 1995 2: 30-34.

Pelynucleic acid vaccine

Once a suitable polynucleic acid has been identified, the
polynucleic acid may be incorporated in a vaccine using
conventional methods. In this regard the reader is
directed following documents: (Jones, T.R. et al, 1999;
Chatfield, S.N. et al, 1989;) Ricardo S. Corral and
Patricia B. Petray CpG DNA as a Thl-promoting adjuvant in
immunization against Trypanosoma cruzi Vaccine 19 (2-3)
234-242  (2000)

K.D. Song et. A DNA vaccine encoding a conserved Eimeria
protein induces protective immunity against live Eimeria

acervulina challenge Vaccine 19 (2-3) 243-252 (2000)

Rong Xiang, Holger N. Lode, Ta-Hsiang Chao, J. Michael
Ruehlmann, Carrie S. Dolman, Fernando Rodriguez, J. Lindsay

Whitton, Willem W. Overwijk, Nicholas P. Restifo, and Ralph
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A. Reisfeld An autologous oral DNA vaccine protects against
murine melanoma PNAS 97: 5492-5497

Martha Sedegah, Trevor R. Jones, Manjit Kaur, Richard
Hedstrom, Peter Hobart, John A. Tine, and Stephen L.
Hoffman Boosting with recombinant -vaccinia increases
immunogenicity and protective efficacy of malaria DNA
vaccine PNAS 95: 7648-7653.

Donald L. Lodmell, Nancy B. Ray and Larry C. Ewalt Gene gun
particle-mediated vaccination with plasmid DNA confers
protective immunity against rabies virus infection, Vaccine

16 (2-3) 115-118 (1998

Cynthia L. Brazolot Millan, Risini Weeratna, Arthur M.
Krieg, Claire-Anne Siegrist, and Heather L. Davis CpG DNA
can induce strong Thl humoral and cell-mediated immune
responses against hepatitis B surface antigen in young mice
PNAS 95: 15553-~15558.

Wendy C. Brown, D. Mark Estes, Sue Ellen Chantler, Kimberly
A. Kegerreis, and Carlos E. Suarez DNA and a CpG
Oligonucleotide Derived from Babesia bovis Are Mitogenic
for Bovine B Cells ;nfect. Immun. 1998 66: 5423-5432.

Zina Moldoveanu, Laurié Love-Homan, Wen Qiang Huang and
Arthur M. Krieg. CpG DNA, a novel immune enhancer for
systemic and mucesal immunization with influenza virus
Vaccine, 16(11-12)1216-1224

The polynucleic acid vaccine may be administered to a
subject and tested for therapeutic efficacy using standard

protocols, such as those found in the following references:
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JH Tian, S Kumar, DC Kaslow, and LH Miller Comparison of
protection induced by immunization with recombinant
proteins from different regions of merozoite surface
protein 1 of Plasmodium yoelii .Infect. Immun. 1897 65:
3032-3036.

Bittle, J.L., Houghten, R.A., Alexander, H., Shinnick,
T.M., Sutcliffe, J.G., Lerner, R.A., Rowlands, D.J. and
Brown, F. 1982. Protection against foot-and-mouth disease
by dimmunization with a chemically synthesized peptide
predicted from the viral nucleotide sequence. Nature
298:30-33.

Harlow, E. & Lane, D. 1988. Antibodies: A laboratory
manual, Cold Spring Harbour Laboratory Press, Cold Spring
Harbour, New York.

Holder, A.A. and Freeman, R.R. 1981. Immunization against
bloodstage-rodent malaria using purified parasite antigens,
Nature, 294:361-364.

Hollingdale, M.R., Nardin, E.H., Tharavanij, S., Schwartz,
A.L. and Nussenzweig, R.S. 1984. Inhibition of entry of
sperozoites of Plasmodium falciparum and Plasmodium vivax

sporozoites into cultured cells; an in vitro assay of

protective antibodies. J. Immunol. 132:909-913.

Kaslow, D.C., Quakyi, I.A., Syin, C., Raum, M.G., Keister,
D.B., Coligan, J.E., McCutchan, T.F. and Miller, L.H.
1988. A vaccine candidate from the sexual stage of human

malaria that contains EGF-like domains. Nature 333:74-76.

M Theisen, J Vuust, A Gottschau, S Jepsen, and B Hogh
Antigenicity and immunogenicity of recombinant glutamate-
rich protein of Plasmodium falciparum expressed in

Escherichia coli Clin. Diagn. Lab. Immunol. 1995 2: 30-34.
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Design and production of therapeutic agent

Once a pid gene is isolated, and the Pid protein expressed
and purified, a component for a therapeutic agent may be

obtained by conventional methods.

The Pid protein may, for example, be crystallised and the
3-D structure determined, by methods such as those set out
in Alex M. Aronov, Stephen Suresh, Frederick 8. Buckner,
Wesley C. Van Voorhis, Christophe L. M. J. Verlinde, Fred
R. Opperdoes, Wim G. J. Hel, and Michael H. Gelb Structure-
based design of submicromolar, biologically active
inhibitors of trypanosomatid glyceraldehyde~3-phosphate
dehydrogenase PNAS 96: 4273-4278.

This structure may be used as a template to design Pid
mimics by combinatorial chemistry; the reader is directed
towards the following documents: (Aronov, A.M. et al, 1999;
‘Combinatorial chemistry’ (1996) Methods in Enzymclogy vol
267 ed. John N Abelson; Academic Press Inc. New York;) Kirk
McMillan, Marc Adler, Douglas S. BAuld, John J. Baldwin,
Eric Blasko, Leslie J. Browne, Daniel Qhelsky, David Davey,
Ronalq E. Dolle, Keith A. Fagen, Shawn Exrickson, Richard I.
Feldman, Charles B. Glaser, Cornell Mallari, Michael M.
Morrissey, Michael H. J. Ohlmeyer, Gonghua Pan, John F.
Parkinson, Gary B. Phillips, Mark A. Polokoff, Nolan H.
Sigal, Ronald Vergona, Marc Whitlow, Tish A. Young, and
James J. Devlin Allosteric inhibitors of inducible nitric
oxide synthase dimerization discovered via combinatorial

chemistry PNAS 97: 1506-1511

Dustin J. Maly, Ingrid C. Choong, and Jonathan A. Ellman
Combinatorial target-guided ligand assembly: Identification

of potent subtype-selective c-Src inhibitors PNAS 97: 2419-
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RAP Lutzke, NA Eppens, PA Weber, RA Houghten, and RHA
Plasterk Identification of a Hexapeptide Inhibitor of the
Human Immunodeficiency Virus Integrase Protein by Using a’
Combinatorial Chemical Library PNAS 92: 11456-11460

NF Sepetov, V Krchnak, M Stankova, S Wade, KS Lam, and M
Lebl Library of Libraries: Approach  to Synthetic
Combinatorial Library Design and Screening of

"Pharmacophore™ Motifs PNAS 92: 5426-5430

JJ  Burbaum, MHJ Ohlmeyer, JC Reader, I Henderson, LW
Dillard, G Li, TL Randle, NH Sigal, D Chelsky, and JJ
Baldwin A Paradigm for Drug Discovery Employing Encoded
Combinatorial Libraries PNAS 92: 6027-6031

D.T. O'Hagan et al. Microparticles in MF59, a potent
adjuvant combination for a recombinant protein vaccine
against HIV-1 Vaccine 18(17):1793-1801 (2000}

Jing Huang and Stuart L. Schreiber A yeast genetic system
for selecting small molecule inhibitors of protein-protein

interactions in nanodroplets PNAS 94: 13396-13401.

Jay  Parrish, Helen Metters, ILin Chen, and Ding Xue
Demonstration of the in vivo interaction of key cell death
regulators by structure-based design of second-site

suppressors PNAS 97: 11816-119%21

The mimics may be tested for competitive binding with Pid
in a specific binding assay according to the methods set
out in Harlow, E. & Lane, D. 1988. Antibodies: A laboratory
manual, Cold Spring Harbour Laboratory Press, Cold Spring

Harbour, New York.
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The pharmacophores may be assessed by QSAR (quantitative
structure-acf:ivity relationships); their toxicity may be
tested in wvivo and their efficacy as therapeutic agents
zssessed by the level of protection they confer from
parasite infection. For suitable protocols, the reader is
directed towards: Alex M. Aronov, Stephen Suresh, Frederick
S. Buckner, Wesley C. Van Voorhis, Christophe L. M. J.
Verlinde, Fred R. Opperdoes, Wim G. J. Hol, and Michael H.
Gelb Structure-based design of submicromolar, biologically
active inhibiters of trypanosomatid glyceraldehyde-3-
phosphate dehydrogenase PNAS 96: 4273-4278.

NF Sepetov, V Krchnak, M Stankova, S Wade, KS Lam, and M
Lebl Library of Libraries: Approach to  Synthetic
Combinatorial Library Design and Screening of
"Pharmacophore™ Motifs PNAS 92: 5426-5430

Bittle, J.L., Houghten, R.A., Alexander, H., Shinnick,
T.M., Sutcliffe, J.G., Lerner, R.2., Rowlands, D.J. and
Brown, F. 1982. Protection against foot-and-mouth disease
by immunization with a chemically synthesized peptide
predicted from the viral nucleotide sequence. Nature
298:30-33.

Harlow, E. & ZLane, D. 1988. BAntibodies: A laboratory
manual, Cold Spring Harbour Laboratory Press, Cold Spring
Harbour, New York.

Holder, A.A. and Freeman, R.R. 1981. Immunization against
bloodstage~rodent malaria using purified parasite antigens,
Nature, 294:361-364.

Hollingdale, M.R., Nardin, E.H., Tharavanij, S., Schwartz,
A.L. and Nussenzwelg, R.S. 1984. Inhibition of entry of
sporozoites of Plasmodium falciparum and Plasmodium vivax
sporozoites into cultured -cells; an in vitro assay of

protective antibodies. J. Immunol. 132:909-913.
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Kaslow, D.C., Quakyi, I.A., Syin, C., Raum, M.G., Keister,
D.B., Coligan, UJ.E., McCutchan, T.F. and Miller, L.H.
1988. A vaccine candidate from the sexual stage of human
malaria that contains EGF-like domains. Nature 333:74-76.

The therapeutic agents may be delivered orally, in
liposomes, by direct injection, or by controlled release
from hydrophobic copolymers such as ethylene-vinyl acetate,
cyclodextrins, polysialic acid or surfactant systems.
Suitable means are described in the following: (Ron, E. et
al, 1993;); PNAS 90:4176-4180.

Alternatively, the receptor for Pid may be identified by
protein-protein interaction trap assays, such as the yeast
two-hybrid system, described in: (Chien, C~H. et al,
1991;); PNAS 88;9578-9582

Inhibitors to this interaction may then be identified by
further combinatorial chemistry, and duely optimised for
inhibition by mutagenesis, using conventional methods.
Suitable methods may be found in the following references:
Kirk McMillan, Marc Adler, Douglas §S. Auld, John J.
Baldwin, BEric Blasko, Leslie J. Browne, Daniel Chelsky,
David Davey, Ronald E. Dolle, Keith A. FEagen, Shawn
Erickson, Richard I. Feldman, Charles B. Glaser, Cornell
Mallari, Michael M. Morrissey, Michael H. J. Ohlmeyer,
Gonghua Pan, John F. Parkinson, Gary B. Phillips, Mark A.
Polokoff, Nolan H. Sigal, Ronald Vergona, Marc Whitlow,
Tish A. Young, and James J. Devlin Allosteric inhibitors of
inducible nitric oxide synthase dimerization discovered via

combinatorial chemistry PNAS 97: 1506-1511

Dustin J. Maly, Ingrid C. Choong, and Jonathan A. Ellman
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Combinatorial target-guided ligand assembly: Identification
of potent subtype-selective c-Src inhibitors PNAS 97: 2419~
2424.

RAP Lutzke, NA Eppens, PA Weber, RA Houghten, and RHA
Plasterk Identification of a Hexapeptide Inhibitor of the
Human Immunodeficiency Virus Integrase Protein by Using a
Combinatorial Chemical Library PNAS 92: 11456-11460.

JJ Burbaum, MHJ Ohlmeyer, JC° Reader, I Henderson, LW
Dillard, G Li, TL Randle, NH Sigal, D Chelsky, and JJ
Baldwin A Paradigm for Drug Discovery Employing Encoded
Combinatorial Libraries PNAS 92: 6027-6031

D.T. O'Hagan et al. Microparticles in MF53, a potent
adjuvant combination for a recombinant protein wvaccine

against HIV-1 Vaccine 18(17):1793-1801 (2000)

Jing Huang and Stuart L. Schreiber A yeast genetic system
for selecting small molecule inhibitors of protein-protein

interactions in nancdroplets PNAS 94: 13396-13401.

Jay Parrish, Helen Metters, Lin Chen, and Ding Xue
Demonstration of the in vivo interaction of key cell death
regulators by structure-based design of second-site
suppressors PNAS 97: 11816-11821.

The dinhibitors may then be incorporated into therapeutic
agents for receptor occlusion, and tested for therapeutic
efficacy using standard methods.

Bittle, J.L., Houghten, R.A., Alexander, H., Shinnick,
T.M., Sutcliffe, J.G., Lernerxr, R.A., Rowlands, D.J. and
Brown, F. 1982. Protection against foot-and-mouth disease
by immunization with a chemically synthesizéd peptide
predicted from the wviral nucleotide sequence. Nature

298:30-33.
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Holder, A.A. and Freeman, R.R. 1981l. Immunization against
bloodstage-rodent malaria using purified parasite antigens,
Nature, 294:361-364.

Kaslow, D.C., Quakyi, I.A., Syin, C., Raum, M.G., Keister,
D.B., Coligan, J.E., McCutchan, T.F. and Miller, L.H.
1988. A vaccine candidate from the sexual stage of human

malaria that contains BGF-like domains. Nature 333:74-76.

Diagnostic agent production and method of diagnosis

Diagnostic agent comprising antibody

Following expression of the Pid protein or a fragment
thereof, methods for raising antibodies to the protein are
well known in the art. Suitable methods may be found in the
following references: Bittle, J.L., Houghten, R.A.,
Alexander, H., Shinnick, T.M., Sutcliffe, J.G., Leffner,
R.A., Rowlands, D.J. and Brown, F. 1982. Protection against
foot-and-mouth disease by immunization with a chemically
synthesized peptide predicted from the viral nucleotide
sequence. Nature 298:30-33.

Harlow, 'E. & DLane, D. 1988. Antibodies: A laboratory
manual, Cold Spring Harbour Laboratory Press, Cold Spring

Harbour, New York.

‘Holder, A.A. and Freeman, R.R. 1981. Immunization against

bloodstage-rodent malaris using purified parasite antigens,
Nature, 294:361-364.

Hollingdale, M.R., Nardin, E.H., Tharavanij, S., Schwartz,
A.L. and Nussenzweiq, R.S. 1984. Inhibition of entry of
sporozoites of Plasmodium falciparum and Plasmodium vivax
sporozoites into cultured cells; an in vitro assay of
protective antibodies. J. Immunol. 132:909-913.

Kaslow, D.C., Quakyi, I.A., Syin, C., Raum, M.G., Keister,
D.B., Coligan, J.B., McCutchan, T.F. and Miller, L.H.
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1988. A vaccine candidate from the sexual stage of human

malaria that contains EGF-like domains. Nature 333:74-76.

.These antibodies may be incorporated into a diagnostic
agent and used in diagnosis according to conventional
methods. The reader is directed towards the following
publications: 8huli Li, Gina Galvan, Fausto G. Araujo,
Yasuhiro Suzuki, Jack S. Remington, and Stephen Parmley.
Serodiagnosis of Recently Acquired Toxoplasma gondii
Infection Using an Enzyme-Linked Immunosorbent Assay with a
Combination of Recombinant Antigens Clin. Diagn. Lab.
Immunol. 2000 7: 781~787.

Kerstin Hubert, BAbel Andriantsimahavandy, Alain Michault,
Matthias Frosch, and Fritz A. Mithlschlegel Serological
Diagnosis of Human Cysticercosis by Use of Recombinant
Antigens from Taenia solium Cysticerci Clin. Diagn. Lab.
Immunel. 1999 6: 479-482.

Byoung-Kuk Na and Chul-Yong Song Use of Monoclonal Antibody
in Diagnosis of Candidiasis Caused by Candida albicans:
Detection of Circulating Aspartyl Proteinase Antigen Clin.
Diagn. Lab. Immunol. 1999 6: 924-929.

Felix Grimm, Friedrich E. Maly, Jian Liiti, and Roberto Llano
Bnalysis of Specific Immunoglobulin G Subclass Antibodies
for Serological Diagnosis of Echinococcosis by a Standard
Enzyme-Linked Immunosorbent Assay Clin. Diagn. Lab.
Immunol. 1998 5: 613-616.

Armando Reyna-Bello, Axel Cloeckaert, Nieves Vizcaiino,
Mary I. Gonzatti, Pedro M. Aso, Géérard Dubray, and Michel
S. Zygmunt Evaluation of an BEnzyme-Linked Immunosorbent

Assay Using Recombinant Major Surface Protein 5 for
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Serological Diagnosis of Bovine Anaplasmosis in Venezuela

Clin. Diagn. Lab. Immunol. 1998 5: 259~262.

Franggois Simondon, Isabelle Iteman, Marie Pierre Preziosi,
Abdoulaye Yam, and Nicole Guiso BEvaluation of an
Immunoglobulin G Enzyme-Linked Immuncsorbent Assay for
Pertussis Toxin and Filamentous Heémagglutinin in Diagnosis
of Pertussis in Senegal Clin. Diagn. Lab. Immunol. 1998 5:
130-134.

I Bjerkas, MC Jenkins, and JP Dubey Identification and
characterization of Neospora caninum tachyzoite antigens
useful for diagnosis of neosporosis Clin. Diagn. Lab.
Immunol. 1994 1: 214-221.

M Theisen, J Vuust, A Gottschau, S Jepsen, and B Hogh
Antigenicity and immunogenicity of recombinant glutamate-
rich protein of Plasmodium falciparum expressed in

Escherichia coli Clin. Diagn. Lab. Immunol. 1995 2: 30-34.

Lavrens A. H. van Pinxteren, Pernille Ravn, Else Marie
Agger, John Pollock, and Peter Andersen Diagnosis of
Tuberculosis Based on the Two Specific Antigens ESAT-6 and
CFP10 Clin. Diagn. Lab. Immunol. 2000 7: 155-160.

E. E. Zijlstra, N. S. Daifalla, P. A. Kager, E. A. G.
Khalil, A. M. El-Hassan, S. G. Reed, and H. W. Ghalib rK3%
Enzyme-Linked Immuncsorbent Assay for  Diagnosis of
Leishmania donovani Infection Clin. Diagn. Lab. Immunol.
1998 5: 717-720.

Diagnostic agent comprising antigen

An effective antigenic component may be obtained as

described above. The antigenic component may then be
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incorporated in a diagnostic agent and used in diagnosis

according to standard methods.

Suitable methods are described in the following documents:
(Mills, C. D. et al, 1999;); Bull WHO 77:553-559; PFelix
Grimm, Friedrich E. Maly, Jian Liii, and Roberto Llano
Analysis of Specific Immunoglobulin G Subclass Antibodies
for Serological Diagnosis of Echinococcosis by a Standard
Enzyme-Linked Immunosorbent Assay Clin. Diagn. Lab.
Immunol. 1998 5: 613-616.

Armando Reyna-Belle, Axel Cloeckaert, Nieves Vizcaiino,
‘Mary I. Gonzatti, Pedro M. Asc, Géérard Dubray, and Michel
3. Zygmunt Evaluation of an Enzyme-Linked Immunosorbent
Assay Using Recombinant Major Surface Protein 5 for
Serological Diagnosis of Bovine Anaplasmosis in Venezuela
Clin. Diagn. Lab. Immunol. 1998 5: 253-262.

Franggols Simondon, Isabelle Iteman, Marie Pierre Preziosi,
Abdoulaye Yam, and Nicele G_uiso Evaluation of an
Immunoglobulin G Enzyme-Linked Immunosorbent Assay for
Pertussis Toxin and Filamentous Hemagglutinin in Diagnosis
of Pertussis in Senegal Clin. Diagn. Lab. Immunol. 1998 5:
130-134.
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Materials and Methods

1. Construction of cosmid library of P. yoelii genomic
DNA.

High molecular weight genomic DNA was isolated from an
asynchronous culture of P. yoelii and partially cleaved
with Sau3A to yield fragments of 30-50kb. These were
dephosphorylated with calf intestinal alkal::Lne phosphatase
and ligated into the cosmid vector SuperCosl (Stratagene)
previously digested with BamHl. An aliguot of the ligation
mixture was packaged with Gigapack III XL packaging extract
(Stratagene) and transduced into XL1-Blue MR (Stratagene).
Recombinant cosmids were selected on ampicillin, pooled and

amplified once.

2. Primary screening of cosmid clones for invasion of

cultured COS-7 cells.

For invasion assays, a logarithmic phase culture of E. coli
harbouring the cosmids were seeded onto COS-7 cells at a

multiplicity of infection of 10, and invasion assays
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performed essentially as described. After 5h of incubation
the «cells were washed extensively and fresh medium

containing 250pg/ml gentamicin was added to kill non-

invading bacteria. After an overnight incubation, the

cells were washed 10X with PBS. Invading bacteria were
released by gentle lysis of the C0S-7 cells with PBS/0.05%

saponin, and scored by ampicillin selection on LB plates.

3. Immuncfluorescence and electron microscopy studies.

Invasion assays were performed as above. The cells were
then washed extensively, and fixed with 3.7%
paraformaldehyde. The cells were permeabilised at room

temperature for 30 min with PBS/0.05% saponin, incubated
with 5% mnon-fat dry milk din PBS. After 1h at room
temperature, the cells were washed 3X with PBS and
incubated with a rabbit polyclonal antibody to the E. coli
K-12 strain C600 (Dako Ltd). This antibody cross-reacts
with other K-12 strains. Following incubation for 2h, the
cells were washed with PBS and incubated with rabbit FITC-
labelled IgG (Sigma) for 1h, washed extensively with PBS
and mounted for fluorescence microscopy on a Zeiss
microscope. The results are illustrated in Figure 2A
(negative control) and Fig 2B infections with E.coli

containing invasion cosmid clone.

Cells may also be counter stained with TRITC-phalleoidin to

determine bacteria and actin polymer colocalisation.

In order to obtain electron micrographs of CO0S-7 cells
invaded by transformed E. coli, invasion assays were

carried out as above, and the COS~7 cells then washed

JP 2004-520277 A 2004.7.8
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extensively with PBS before fixing with 4% glutaraldehyde
overnight at 4°C. The fixed cells were sectioned, stained
with osmium tetroxide and viewed with a transmission

electron microsocope. The results are shown in Figure 2C.

4. Transposon mutagenesis of identified invasive clones,

and_seguence analysis.

Transposon mutagenesis was performed using the Tnl000vd,
essentially as described, with minor modifications as

follows.

Two invasive clones Invcosll and Invcosl8 were transformed
into competent MH1638 donor cells. Single colonies were
grown to log phase in LB/100pug per ml ampicillin/50pug per
ml methicillin. Recipient cells, HB10l were grown in LB.
2ml of donor culture were spun and resuspended with 15ml of
LB in Falcon tubes. After centrifuging for 10 min at
4500rpm, the cell pellet was resuspended with 1ml of
recipient HB10l culture. This mating mixture was spread on
LB agar plates (without antibiotics) and incubated for 2h

at 37°C.

The cells were washed with 15ml 1B broth and centrifuged as
above. After a second spin, the pellet was resuspended in
lml LB broth. 100ul of this was plated on LB plates
supplemented with 100pg/ml ampicillin, 50ug/ml methicillin
and 100pg/ml streptomycin. After an overnight incubation
at 37°C, 50 isolated colonies were picked, grown in
LB/ampicillin/methicillin/streptomycin (LB/amp/meth/strep),

and used 1in invasion assays as described above.

JP 2004-520277 A 2004.7.8
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Invading colonies were scored by plating saponin-lysed COS-
7 cells on LB/amp/meth/strep. Figure 3a shows plates
obtained in plate scoring after invasion assays using a

wild type and a 7Tnl000y8-inserted clone.

Figure 3b provides a bar chart displaying the results of
plate scoring following invasion assays using Tnl000y8-
inserted clones TMl and TM5. Wild type Invcosll and
Invcosl8 were used as positive controls for invasion, while
HB10l or XLl Blue transformed with pMAL-p2 (New England
Biolabs) grown on LB agar or LB/amp agar acted as negative

controls.

Non-complementing clones identified from this assay were
purified and sequenced using the following primers:
¥ CCTGAAAAGGGACCTTTGTATACTG {(SEQ ID No 13)

] AGGGGAACTGAGAGCTCTA (SEQ ID No 14)

The sequence of the inserted region, shown in Figure 43,
was obtained by contig assembly of the sequences from the

transposon mutants.

Antigenic responses to Pid

Methods

1. Sub-cloning of pid and expression of Pid-Myc fusion

protein. pid was prepared as a PCR amplimer £rom
invcosl8 with HindIII and Bgl restriction sites at the
5’ and 3’ ends respectively. The amplimer was sub-

cloned intoe the expression vector pROlar 2Al22
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{Clontech) which includes a Myc epitope tag. Colonies
were malntained on LB/kanamycin plates at 37°C. A 50pl
aliquot of an over night bkroth culturé was used to
inoculate a 5ml broth and this was incubated to 0.4 -
0.6 ODgo, at this point the culture was induced with
5ul 100 mM IPTG and 53pul 15% arabinose. The culture was

incubated for 3 hours at 37°C.

2. Pid preparation. Concentration of Pid was enhanced using
c-Myc monoclenal antibody-agarose beads  (Clontech).
Following induction cells were washed in ice-cold PBS,
the pellet was then re-suspended in lysis Dbuffer and
frozen at -70°C. The sample was then thawed on ice and
20ul c~Myc Mab was added, vortexed briefly and mized on
a rotating platform for 40 min at 4°C. The preparation
was then washed 3 times in ice «cold PBS, with

microcentrifugation at 1200g for 1 min.

3. Patient sera. Serum was collected from 8 patients
admitted to the Royal Free Hospital with malaria.
Plasmodium falciparum infection and degree of

parasitaemia confirmed. Country of origin was noted.

4. Western blot analysis. Multiple lanes of Pid preparation

were separated by 12% SDS-PAGE prior to electrophoretic
transfer to Hybond-C (AmershamPharmacia), transfer was
for 2 h at 10V (Novablot, AmershamPharmacia).. The
resultant blots were probed with each patient serum at a
dilution of 1/100 and visualised using the ECL Western

Blotting reagents (AmershamPharmacia).

JP 2004-520277 A 2004.7.8
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Results

Five out of eight patient sera tested recognised a protein
band that co-migrated with the Pid-Myc fusion product.
These sera did not recognise a band of this molecular
weight when cells transformed with pROlar containing an
unrelated non-Plasmodium sequence were tested. The country
of origin of each patient and levels of parasiteamia are

shown in Table 1.

Conclusion

The preparation of E. coli cells with induced expression of
pPid did show the presence of an antigenic moiety of the
predicted molecular weight in 5/8 sera tested. The patients
all had marked parasitaemia and were from sub-saharan
Africa. This data indicates that patients exposed: to
Plasmodium falciparum do raise an immune response to Pid
and therefore this may form the basis of a serolegical

assay for the detection of this infection.

JP 2004-520277 A 2004.7.8
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Table 1.
Patient Parasitaemia Count.:r‘y Positive on
% of origin | Western blot
1 3.8 Ghana +
2 <1.0 Ghana ++
3 <1.0 Ghana -
4 1.2 Ghana -/+
5 4.5 Tanzania ++
[ <1.0 Nigeria -
7 <1.0 Ghana +
8 <1.0 Nigeria ++

PCR amplification of pid from patient sera.

Method

1. PCR _amplification of pid: Using genomic DNA from

Plasmodium falciparum T9-96 a nested PCR protocol was
optimised wusing the following primers; £irst round
primers, pfpidl, 5’ ATG CTG ATG TTG CTA CGG 3', pfpid2,
57 ATIC TTC CTG CAT TGC TCA CGC 3’ and Second round
primers, pfpid3 5’7 CTT GGA ATG AGG TTG TTT G 3’ and
pfpid4 5’ AAT CCT CGA CGC CTA ACG 37 (Figure 1)}. The

optimised reaction mixture for the first round PCR was,
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1x NHeCl; stock buffer(Biolline, UK), 5 mM MgCl,, 1 pM
pfpidl, 1 uM pfpid2, 100 pM dNTP, 2.5 IU Tag polymerase
(Bioline, UK). Cycling conditions were 95 °C for 3 min,
45 cycles of 92 °C 30 sec, 50 °C 30 sec, 72 °C 30 sec
followed by a cycle of 72°C 5 min. For the nested PCR 2
pl of the amplimer preparation from the first round PCR
was added to the reaction mix; 1x NH4Cl; stock buffer
(Bioline, UK), 5 mM MgClp, 1 uM pfpid3, 1 pM pfpidd, 200
pM dNTP, 2.5 IU Tag polymerase (Bioline, UK). Cycling
conditions were 95 °C for 3 min, 45 cycles of 92 °C 30
sec, 55 °C 30 sec, 72 °C 30 sec followed by a cycle of
72°C 5 min.

2. Patient samples. Whole blood was collected from 8
patients admitted to the Royal Free Hospital with
malaria. Fresh whole blood was centrifuged at 3,000 g
for 5 mins. The serum was removed and the red cells
stored at -20 °C. Plasmodium fazlciparum infection and
degree of parasitaemia confirmed. Country of origin was

noted.

3. PCR_amplification of pid from patient samples: DNA was

extracted from the red cell pellet, according to the
manufacturers instructions using the Wizard® Genomic DNA
Purification Kit (Promega, UK).' 5 pl of the resultant
genomic DNA was then amplified according to the
optimised protocol in section 1. PCR amplimers were
visualised on a 2% agarose gel containing ethidium

bromide.
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4. Bequence analysis of PCR amplimers from patient samples:

PCR amplimers of the predicted molecular weight were
purified wusing the Wizard® PCR Purification Kit
{Promega, UK). Bmplimers were then submitted for

sequencing to Cambridge Biosciences (now Cytomyx, UK).
Results

Figure 6 shows the results of PCR amplification of pid from
patient samples; 17/20 samples gave positive results, this
represents positive results from all patients ‘tested, 3
patients had one negative result. Patient details and PCR

results are summarised in Table 2.

Sequencing was performed using amplimers from the PCR
reactions giving the strongest results, samples 4, 5 and
10. Analysis of the similarity of these sequences to pid
was performed using PILEUP (GCG, MRC-HGMP UK), samples 4
and 5 came from the same patient, all 3 samples show a high

degree of similarity to pid (Figure 7).
Conclusion

This data provides evidence that pid can be amplified from
patients with confirmed Plasmodium falciparum infection and
thus may be a suitable target for a diagnostic test. The
PCR amplimers investigated for similarity to pid showed a

high degree of homology, confirming their identity as pid.

JP 2004-520277 A 2004.7.8
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Table 2.
- Sample . . { Parasitaemia .
Patient Number Country of origin % pid PCR
1 3.5
A 2 Ghana 3.8
3 <10 -
4 <L.0
B 5 Ghana o}
14 0 -
<1.0 +
7 <L.0 +
C Ghana
8 0 +
2 0 +
10 1.2 +
11 45 +
D Tanzania
12 <1.0 +
13 0 -
15 . <1.0 +
E Nigeria
16 <1.0 +
17 <1.0 +
F ?
18 <10 +
19 <1.0 +
G ? -
20 1.5 +

JP 2004-520277 A 2004.7.8
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pid mediated invasion of human red blood cells

Methods

i

[

b

Bacterial cell lines: E, coli K12 strain XL1-Blue MR

transformed with either invcosl8, pROLAR-pid or native
pROLAR were used. These constructs are described

above.

Human red blood cells (rbc): 10 ml freshly drawn blood

was transferred to a tube containing lithium heparin.
The blood donor had no history of travel to an area
endemic for malaria in any form and had no known
exposure to malaria. The rbc were separated by
centrifugation at 3,000g for 5 min and washed 3 times
in DMEM/10% foetal bovine serum  (FBS) by

microcentrifugation at 5000g.

Invasion assay: Transformed E. coli were incubated
with red blood cells at a ratio of 10:1 (85 x 10°
bacteria: 8.5 x 10° rbcs) for 3 h at 37°C in 5% CO,.
The cells were then washed 3 times in DMEM/10% FBS by
microcentrifugation at 5000g. The washed cells were
resuspended in DMEM/FBS, 200 ug/ml gentamicin was
added and the preparation was incubated overnight at
37°C in 5% CO,. Following incubation the cells were
washed 3 times in DMEM/10% FBS by microcentrifugation
at 5000g and the rbc were lysed by resuspension in
sterile distilled water. 501 Rl of the lysates was
spread on LB agar plates containing kanamycin, lysates

were plated in duplicate.

JP 2004-520277 A 2004.7.8
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Plates were read after 24 h and the number of colonies
counted by 2 independent observers.

Results

Colony counts are shown in Table 3.

Conclusion

The data presented in Table 3 indicate that invasion of
human red blood cells by E. coli can be mediated by the
presence of ' pid alone, however, invasion is enhanced by the
presence of the complete cosmid, suggesting the presence of

further genes that contribute to the invasive process.

Table 1: pid mediated invasion of fresh human red blood
cells

Duplicate colony counts
Construct
Observer 1 Observer 2
pROLAR 46/48 51/47
pROLAR-pid 88/90 97199
Inveos18 780/881 847/743

INTERACTION BETWEEN PID AND THE RHO GTPASES
cDNAs encoding human Cdc42, Racl and RhoA were amplified by

PCR with the following set of primers:

JP

2004-520277 A 2004.7.8
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Cdec42: sense (cag gaa ttc cag aca att aag tgt gtt g)s
antisense ( cag gtc gac tta gaa tat aca gca ctt cc). Racl:
sense (cag gaa ttc cag gcc atc aag tgt gtg); antisense (cag
gtc gac cta caa cag gca ttt tct ¢). RhoA: sense (cag gaa
tte get gec atc cgg aag aaa ctg); antisense ( cag cgt cga
ctc aca aga caa ggc aac c¢). All three GTPases were digested
with EcoRI and Sall and ligated into the same sites in the
activation domain vector pAD-GAL4 (Stratagene). Pid was
also amplified (sense: cag gga att cat gct gat gtt get ac);
antisense (cag cgt cga cct aga tct tecc tge), digested with
the above enzymes and ligated into the binding-domain
vector pBD-GAL4 (Stratagene}. BAll 4 ligations were used to
transform competent DH5¢ cells and selected on LB
agar/ampicillin plates. Transformants were screened for
inserts, and ' these inserts were restriction-mapped to
determine whether they were in the right orientation with,
respect to the GAL4 fuéion domains. The new plasmids were
designated AD-Cdc42, AD-Racl, AD-RhoA and BD-Pid for the

respective proteins.

. To determine interaction, the AD-GTPase constructs were

each cotransformed with BD-Pid into competent yeast cells
YRG-2 (Stratagene). These were then plated on synthetic
dextrose agar plates (SD/-His-Leu-Trp). This medium lacks
the amino acids leucine, (which selects for activation
domain-GTPase constructs), tryptophan (which selects for
binding domain~Pid) and histidine, which selects for the
HIS reporter geme. After 3-7 days incubation at 30°%,
colonies were isolated and grown in 8D liguid medium for 3
days at 30°C in a shaking incubator.

Observation: Interaction between Pid and the RhoA GTPases

was scored based on both amine acid prototrophy and the

JP 2004-520277 A 2004.7.8
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expression of the HIS reporter gene. However, only Cdc4Z

appeared to be definitely interacting with Pid.

SUBCELLULAR LOCALIZATION OF PID

Using a reporter protein, the green or red fluorescent
protein, it is often possible to track the location of a
protein using cells under culture conditiens. To do this,
Pid was PCR-amplified with the primers: cag gga att cat gct
gat gtt gct ac (sense) and antisense (cat gect cga gat ctt
cct gea ttg cte ac) and digested with EcoRI and Xhol. It
was then ligated into the EcoRI/Sall sites of pDsRed-N1
{Clontech), at the N-terminus and in-frame with the red
fluorescent protein. Transformants were derived from DHSe
cells, which were selected on kanamycin LB agar plates.
Plasmid DNA was purified and the presence and orientation
of Pid insert were determined by restriction mapping. The

plasmid was designated pPid-DsRed.

HeLa cells (~10‘l cells) were seeded on Permanoxz chamber
slides and grown in Dulbeccos Modified Eagles Medium (DMEM)
supplemented with 10% foetal bovine serum, antimycotics and
antibiotics, at 37°C undexr 5% CO;. At about 80% confluence
the cells were rinsed and then incubated with fresh medium
1-Zhr before transfection. pPid-DsRed (5 Hg) was diluted in
OptiMEM medium to a final volume of 100 pl. 10 pl liposomes
(DOSPER, Roche) was alsc diluted to the same volume. Both
plasmid DNA and liposome dilutions were mixed and incubated
at room temperature for 30 min to allow complex formation.
The mixture was then transferred with a pipette onto the
Hela cells and incubation continued for 6-12 ‘hrs. Fresh
DMEM was then added and the cells incubated for another 30
hrs. After this time, the cells were washed 2X with PBS,

JP 2004-520277 A 2004.7.8
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and fixed with 3.7% paraformaldehyde for 30mins at room
temperature. They were then mounted in Vectashield Mounting
Medium with DAPI for nuclear counter-staining (Vector
Laboratories) and viewed under a WNikon Bclipse EB800
fluorescent microscope. Images were acquired from Zmicron
sections with  the Bio-Rad Radiance. 2100 confocal

microscope.

Observation: In Hela cells transfected with pDsRed-N1,
fluorescence was observed throughout the entire cell, both
in the cytosol and nuclear lumen. In contrast, in cells
transfected with pPid-DsRed, fluorescence appeared to be
confined within granules (possibly secretory) or peripheral

vesicles that were in juxtaposition to the plasma membrane.

ACTIN DEPOLYMERIZATION IMPEDES CELL INVASION BY PID-
TRANSFORMED BACTERIA

In earlier experiments it was observed by double staining
with FITC-labelled antibodies and TRITC-phalloidin, that
bacterial cells transformed with the invasion cosmid
induced actin nucleation/pelymerisation at foci of cell
entry. This suggested the recruitment of cytoskeletal
components in the invasion process. Taking this a step
further, it was considered whether actin depolymerisation
had any effect on the invasion process. To address this,
10* HelLa cells were seeded onto Thermanox cover slips and
cultured in DMEM as above. Before invasion assays, the Hela
cells were washed 2X with PBS and }:hen incubated with fresh
medivm lacking antibiotics. For inhibition, cytochalasin B
was added to the cells at a concentration of 0.5-1 pg/ml,
2-5mins before invasion assays were initiated. Bacterial

cells containing pAl5-Pid (Pid subcloned into pROLar.Al2Z},

JP 2004-520277 A 2004.7.8
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PGEX-Pid (Pid subcloned into pGEX-5X1), Incosl8 (wildttype
invasion cosmid), Inl8TMI1 (mutant’cosmid) or untransformed
HB101 were then added to the Hela cell culture at an m.o.i
of 10. To control for invasion efficiency, cytochalasin B
was omitted in parallel assays with the transformed
bacteria. After 3-5 hr, the cells were washed 5X with PBS
and then incubated with DMEM supplemented with 200 pg/ml
gentamicin and left overnight in the incubator. The cells
were then washed with PBS 15%), fixed with 3.7%
paraformaldehyde and permeabilized with PBS/0.05% saponin
for 30min at room temperature. They were incubated for lhr
at room temperature with PBS/5% non-fat dry milk and then
with anti-E. coli antibody diluted in PBS/5% non-fat dry
milk. They were rinsed 2X with PBS and incubated again for
lhr with anti-rabbit IgG-FITC conjugate alone or with
TRITC-phalloidin. The cells were then washed extensively

with PBS, and mounted for fluorescence microscopy.

Observation: HeLa cells treated with cytochalasin B were
refractory to invasion by pAl5-Pid or pGEX-Pid-transformed
bacteria. IncoslB-transformed cells showed a localization
of the bacterial cells at the periphery of the cytochalasin
B-treated Hela cells if they were present. This showed the
uncoupling of bacterial cell attachment to the Hela cells
from the invasion step. Hela cells untreated with
cytochalasin B were efficiently invaded by Incosl8, pGEX-
Pid and pAl5-Pid but not by Inl8TM1 or HB1OL.

Coxresponding Pid Sequence in Cryptosporidium

Cryptosporidium parvum oocysts were obtained from Moredun

Scientific ILtd, Scotland. Approximately 100,000 oocysts

JP 2004-520277 A 2004.7.8
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were centrifuged and respuspended in 200ul of 50mM Tris~HC1l
pH 8.0, G5mM EDTAR, 50mM NaCl, 0.5% Sarkosyl, 100ug/ml
proteinase K. The cells were incubated for 2hrs at 60°C in
a PCR machine. The lysate was then extracted 2X with
phenol-chloroform-isocamyl  alcohol. Genomic DNA was
precipitated with 0.1 volume of 3M sodium acetate pH 5.2
and 2.5 volumes of ice-cold 95% ethanol. After 30mins at -
20°C, the DNA was pelleted by centrifugation at 13,000rpm
for 30mins, washed with 70% ethanol and air-dried. The DNA
pellet was resuspended in 100ul 10mM Tris/lmM EDTA pH 8.0.
For PCR, the following primers were used: sense, CGA GAA
TTC ATG CTA ATG TTG CTA CGG; antisense, CGA AGC TTC TAG ATC
TTC CTG CAT TGC. The cycling parameters were as follows:
Initial denaturation at 94°C for 3mins, then 30 cycles at:
94°C for 30secs, 55°C for 30secs and lmin at 68°C. A final
extension at 68°C was done for, 10mins. The PCR product was
ligated into the T-vector pCR2.1 (Invitrogeh), plasmid DNA

was purified from recombinants and sequenced.

Observation: BSeguencing revealed sequence ID NO:28, which
is virtually identical to the Pid nucleotide seguence from

plasmodium yoeli.

JP 2004-520277 A 2004.7.8
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Legends of Figures
Fig. 4 legends

A. Nucleic acid and translated amino acid sequence of pid
and adjacent sequences. Upstream is ORF3, part of the
osa operon in pSa; downstream of pid is the S5’UTR of
the antirestriction gene ArdC. Transposon insertion
sites are indicated by arrow heads (V). Termination
signals < are indicated with asterisks. Sequences
upstream of transposon insertion sites were obtained
with the y primer while downstream seguences were
obtained with the 8 primer of the TnlQG00 transposon.
Intervening sequences were obtained by primer-walking
across the transposon insertion sites, and verified by
sequencing several other c¢lones including the wild-

type cosmid construct InvcoslB.

B. Schematic representation of pid as well as upstream and
downstream sequences. The direction of transcription is
indicated by an arrow. The putative Cdc42/Rho GTPase-
interacting sequence (the CRIB domain) SEQ ID NO:6 is in
bold print and is compared with that of Ste20/S
cerevisiae (Acé # 10D4655); human WASP {(Acc # NM000377);
Cdcd2 effector protein MSES5 (Acc # XM_001058.1); p65™F-
o/rat (Acc § NM017198); CO9B8.7/C.elegans (BRcc # U29612)
and SHK1/S.pombe (Acc # AL034433).
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Ile Gln Val Ser Lys Leu Arg Glu Gln Cys Arg Lys Ils
180 185

<210> 2
<211> 566
<212> DNA

<213> Plasmodium yosli

<400> 2

atgctgatgt
gagettgege
aatgaggttg
aatgccgeac
ttggegttag
cggaaatate
getgacgtaa
acccgtteaa
gaagcateceg
aagcotgegtg

<210> 3
<211> 606
<212> DNA

tgctacggeg
agtegagegg
tttggegget
agtcegattt
gegtegagga
cgtegagege
goccgaccat
tgtggettitt
cegttatgtt
agcaatgcag

geggtgtege
gttgececte
geeegtgeey
cattgtgtat
ttetcaagee
cgegeatttt
gattctggge
ggccecatgag
ggcagaacac
gaagat

<213> Plasmodium yoeli

<400> 3

atgaccgaca
cgccagaatg
gaaattccga
caagagacce
cggettgage
ggcagggaga
cggggeegty
ggcacgatea
gaccatgegg
gegeaacate
taacga

<210> 4
<211> 200
<212> PRT

<213> Plasmodium yosli

<400> 4

cgegocegega
aagcggaaac
aagaagccaa
gcaaagagct
gcgacgtaga
aagcccgege
tgatcggteg
ttctgoatga
aaakcagtta
aacgacageg

gecaggagaaa
catgegectg
aggcaatgaa
agaaaccacg
aagggcecate
agatgaattt
caccaatage
acgcgecget
tecogeacggt
gcagatggaa

gettggetgy
gaattgecte
aaccatcctg
gtgaatgget
tgcecegttga
gcegtgggea
catttcgegg
gtegeegtgt
gtgggegtag

gacgaacgee
ctggetttaeg
cccttgettg
ccagacgcea
atcgaggege
caccgccacy
tatgtcatte
gtttogggeg
cgecgeaggaa
aaaaccggey

aaatteggeg
aaategtgee
acgcetttat
tggetttcta
agcaggacat
tcgacagecc
tgtgtttcac
tteceggtget
cagegecgat

ggaagctgea
aggeaggcecyg
agaactacaa
ctaagagcac
aacaggtgcy
cagaaccgygg
aggcogacga
cggagaaagt
tcgtecgeaa
caggeegaga
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gettgataaa
gaatgettgyg
gacagcttea
tcgagegtgg
gectaaagac
cgttcegett
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tteceoegtgat
tecaggtitea
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1 5 15

Val Asp
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<213> Home sapiens

<400> 8
Asp Met Ile Ser His Pro Leu Gly Asp Phe Arg His Thr Met His Val
1 5 10 15

Gly Arg Gly

<210> 9

<211> 18

<212> ERT
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<400> 9
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1 5 10 15
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<210> 11

<211> 18

<212> PRT

<213> Rattus rattus

<400> 11
Pro Glu Ile Ser Leu Pro Ser Asp Phe Glu His Thr Ile His Val Gly
1 5 10 15

Phe Asp

<210> 12

<211> 18

<212> PRT

<213> Caencrhabditis elegans

<400> 12
Pro Val Ile Ser Arg Pro Ser Asn Phe Glu His Thr Ile His Val Gly
1 5 10 15

Tyr BAsp

<210> 13

<211> 25

<212> DNA

<213> Transposon Tnl000

<400> 13
cctgaamagg gaccttigta tactg 25

<210> 14

<211i> 19

<212> DNA

<213> Transposon Tnld00

<400> 14
aggggaactg agagcteta 19

<210> 15

<211> 18

<212> DNA

<213> Plasmodium yoeli

<400> 15
atgetgatgt tgctacgg 18
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<210> 16

<211> 21

<212> DNA

<213> Plasmodium yoeld

<400> 16
atcttcctge attgetecacyg ¢ 21

<210> 17

<211> 139

<212> DNA

<213> Plasmodium yoeli

<400> 17
cttggaatga ggttgtttg 18

<210> 18

<211> 18

<212> DNA

<213> Plasmodium yoeli

<400> 18
aatcctegac gectaacg 18

<210> 19

<211> 28

<212> DNA

<213> Homo sapiens

<400> 19
caggaattcc agacaattaa gtgtgtty 28

<210> 20

<211> 29

<212> DNA

<213> Homo sapiens

<400> 20
caggtegact tagaatatac agcacttec 2%

<210> 21

<211> 27

<212> DNA

<213> Homo sapiens

<400> 21
caggaattcc aggcocatcaa gtgtgtg 27

<210> 22
<211> 28
<212> DNA
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<213> Homo sapiens

<400> 22
caggtegace tacaacagge attttcote

<210> 23

<211> 30

<212> DNA

<213> Homo sapiens

<400> 23
caggaattcg ctgccatccy gaagaaactg

<210> 24

<211> 28

<212> DNA

<213> Homo sapiens

<400> 24
cagegtegac tcacaagaca aggcaace

<210> 25

<211> 26

<212> DNA

<213> Plasmodium yoeli

<400> 25
cagggaatic atgctgatgt tgctac

<210> 26

<211> 24

<21Z> DNA

<213> Plasmodium yeoelil

<400> 26
cagcgtcgac ctagatctic ctge

<210> 27

<211> 2%

<212> PNA

<213> Plasmodium yoeli

<400> 27
catgctegag atcttectge attgeteac

<210> 28

<211> 588

<212> DNA

<213> Cryptosporidium parvum

<400> 28

73

(109)

PCT/GB01/04985

28

30

28

26

24

cgagaattca tgctaatgtt getacggegg cggtgtogeg cttggetgga aattcggegy 60
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cttgatasag agcttgegea gtegageggg
aatgecttgga atgaggtigt ttggeggetg
acagctteaa atgecgeaca gtcegattte
cgagegtggt tggegttagy cgtegaggat
cctaaagace ggasatatcc gtogagegee
gttocgetty ctgacgtaay cccgaccatg
gatggecatga ccegttcaat gtggotttig
tcccgtgatg aageatcege cgttatgtig
tcaggtttea aagetgegtg ageaatgcag

<210> 29

<211> 102

<212> DNA

<213> Plasmodium falciparum

<400> 29
gangctttat ttttgettca aatgegenca
ggctttetat cgagegtggt tggegttagg

<210> 30

<211> 98

<212> DNA

<213> Plasmodium faleciparum

<400> 30
gecttatgaca getteaaatyg cgcacagtce
ttctatcgag cgtggttgge gttaggegtc

<210> 31

<211> 150

<Z12> DNB

<213> Flasmodium yoeli

<400> 31

gaaccatoct gacgocttta tgacagettco
tgtgaatgge ttggetttet ategagegty
ctgeecgttg aagcaggaca tgcoctaaaga

<210> 32

<211> 95

<212> DNA

<213> Plasmodium f£alciparum

<400> 32

atgcctttat gactgcttca atgegeocage

ttectatcgag cgtggttgge gttaggegte
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ttgecoctey aattgectea aatcgtgecyg 120
ceegtgecga accatectga cgectttatg 180
attgtgtatg tgaatggett ggetitetat 240
teteaagect geccgttgaa gocaggacatg 300
gcgeatttty cegtgggeat cgacagecee 360
attctgggee atttcgeggt gtgtttcact 420
geccatgagg tcgeegtgtt tocoggtgett 480
gcagaacacg tgggctgtag cagcegeegat 540
gaagatctag aagctteg 588

gtcegattice attgtgtatg tgaatggett 60
cgtcgaggat ta 102

gatttcattyg tgtatgtgaa tggcttgget 60
gaggatta 98

aaatgoocgea cagtcogatt tcattgtgta 60
gttggegtta ggcgtegagg attctcaage 120
150

cgatttcatt gtgtatgtga atggcttgge 60
gagga 95
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Claims

1. An antigenic component, for use in a vaccine capable of
promoting production in a subject of an antibody specific
to the antigenic component, which antibody is capable of
specifically binding to the Pid protein having the amino

acid sequence in Seg ID No.l.

2. An antigenic component according to claim 1 which
comprises the Pid protein having the amino acid sequence in
Seg ID No 1 or a variant thereof which does not

substantially affect its antigenicity.

3. An antigenic component according to claim 1 which
comprises a peptide fragment of the Pid protein having the
amino acid seguence in Seq ID No 1 or a variant thereof

which does not substantially affect its antigenicity.

4. An antigenic component according to claim 2 or claim 3

which is preparable from an apicomplexan parasite.

5. An antigenic component according to claim 4 wherein the
apicomplexan parasite is of a genus selected from the
following :Eimeria; Isospora; Toxoplasma; Hammondia;
Cystoisospora; Sarcocystis; Besnoitiai - Frenkelia;

Cryptosporidium; Plasmodium; Babesia; and Theileria.

6. An antigenic component according to claim 5.wherein the

apicomplexan parasite is of the genus Plasmodium.
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7. An immunogen comprising an antigenic component according
to any of the preceding claims coupled to an immunogenic

component.

8. A vaccine comprising an immunogen according to claim 7

and an adjuvant.

9. A vaccine comprising a polynucleic acid, which encodes
an antigenic component according to any one of claims 1 to
8.

10. A vaccine according to claim 9 wherein the polynucleic
acid further comprises a eukaryotic promoter for
controlling expression of the sequence encoding the

antigenic component.

11. A vaccine according to any one of claims 8 to 10 which

is suitable for use in a human subject.

12. A vaccine aécording to claim 11 which is suitable for
use against human malaria caused by a parasite selected

from: P. falciparum; P. ovale; P. vivax; and P. malariae.

13. A therapeutic agent comprising a component which
component is capable of competing with a protein having the
amino acid sequence in Seqg ID No 1 in a specific binding

assay.

14. A diagnostic égent comprising an antibody, which
antibody is capable of specifically binding to the Pid

protein having the amino acid sequence in Seg ID No 1 .

JP 2004-520277 A 2004.7.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(113)

WO 02/38173 PCT/GB01/04985

77

15. A diagnostic agent comprising an antigenic component

according to any one of claims 1 to 6.

16. A protein comprising the amino acid sequence in SeqlID

No 1, or a peptide fragment thereof for use in medicine.

17. A polynucleic acid encoding a Pid protein having the
amino acid seguence in SegID No 1, or a fragment thereof

for use in medicine.

18. An antibody, which is capable of specifically binding
to the Pid protein having the amino acid sequence in Seqg ID

No 1, for use in medicine.

19. Use of an antigenic component according to any one of
claims 1 to 6, for the manufacture of a medicament
effective against a disease caused by an apicomplexan

parasite.

20. Use of a protein comprising the amino acid sequence in
SeqgID No 1, or a peptide fragment thereof, for the
manufacture of a medicament effective against a disease

caused by an apicomplexan parasite.

21. Use of a polynucleic acid encoding a Pid protein having
the amino acid sequence in Seg ID No 1, or a fragment
thereof, for the manufacture of a medicament effective

against a disease caused by an apicomplexan parasite.

22. Use of an antibody, capable of specifically binding to

the Pid protein having the amino acid seguence in Seg ID No

JP 2004-520277 A 2004.7.8
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1 for the manufacture of a diagnostic agent for diagnosis

of a disease caused by an apicomplexan parasite.

23. Use of an antigenic component according to any one of
claims 1 to 6 for the manufacture of a diagnostic agent for

diagnosis of a disease caused by an apicomplexan parasite.

24. Use of a diagnostic agent according to claim 14 ox 15
in a method of diagnosing a disease caused by an

apicomplexan parasite.

25. Use of a protein comprising the amino acid seguence in
SeqgID No 1, or a peptide fragment thereof, for the
manufacture of a diagnostic agent for diagnosis of a

disease caused by an apicomplezan parasite.

26. Use of a polynucleic acid encoding a Pid protein having
the amino acid sequence in SeqID No 1, or a fragment
thereof, for the manufacture of a diagnostic agent for

diagnosis of a disease caused by an apicomplexan parasite.

27. Use of an inhibitor of Pid protein-Cdc42 interaction
for the manufacture of a medicament effective against a

disease caused by an apicomplexan parasite.

28. Use according to any one of claims 19 to 27 wherein the
apicomplexan pérasite is of a genus selected from the
following :EBimeria; Isospora; Poxoplasma; Hammondia;
Cystoisospora; Sarcocystis; Besnoitia; Frenkelia;

Cryptosporidium; Plasmodium; Babesia; and Theileria.
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29. Use according to any cne of claims 19 to 28 wherein the
disease is selected from: malaria; coccidiosis;
theileriosis; cryptosporidiosis; isosporiasis;
blastocystosis; babesiosis; anaplasmosis; sarcosporidiosis;

toxoplasmosis; and sarcocystosis.

30. Use according to any one of claims 19 to 28 wherein the

apicomplexan parasite is of the genus Plasmodium.

31. Use according to claim 30 wherein the apicomplexan
parasite is one selected from the following: Plasmodium
falciparum; Plasmodium vivax; Plasmodium ovale; and

Plasmodium malariae.

32. Use according to any one of claims 19 to 31 wherein the

disease is malaria.

33. Use according to claim 32 wherein the disease is human

malaria.

34. An in vitroe method for diagnosing apicomplexan
infection in a subject, which comprises:

(1) obtaining from the subject a nucleic écid containing
sample; and

(ii) testing the sample for the presence of nucleic acid

sequence characteristic of Pid.

35. A method according to «c¢laim 34, wherein the

apicomplexan is of the genus Plasmocdium.

36. A method acording to claim 34 or claim 35, wherein

sample comprises red blood cells.
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37. A method according to any one of claims 34 to 36,
wherein the nucleic acid sample is amplified prior to

testing.
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1 atgaccqacacgcgccgcgagcaggagaaagacgaacgccggaagctgcaagagcagtcg
M T D T R RE Q E K R K L Q Q
6l cgccagaatgaagcggaaaccatgcgcctgctqgcttthaggaaggccgccaattggcc
Q N EAETMUBRILULATFE
121 gaaattccgaaagaagccaaaggcaatgaacccttgcttgagaactacaagagcggacta
I P K E A K G N P L L EBENYX S§ 6 L
181 caagagacccgcaaagagctagaaaccacgccagacgccactaagagcaccaacgccaac
©Q ET R KELZETTPDATIKS TN A N
241 cggcttgagcgcgacgtagaaagggccatcatcoaggcgcaacaggtgcgcgaggcagta
L R b V E R A I I E Q
301 ggcagggagaaagcccgcgcagatgaatttcaccgccacgcagaaccgggcgaaacttac
R A D EF HRHAEUZPGET Y
361 cqgggccgtgtgathgtcqcaccaatagctatgtcattcaggccgacgatagecgccca
R 6 R VvV I G R TN S Y VvV I Q ATDTDSRP
421 ggcacgatcattctgcatgaacgcgccgctgtttcgggcgcggagaaagtgaagatgaac
G T I I L HE RAAUV 8 G A K
481 gaccatgcggaaatcagttatccgcacgqthcqccggaatcgtccgcaacccacaggcc
H A E I S Y PHGRAZGTIVRNPOQR-A
541 gegeaacatcaacgacageggeagatggaaaaaaceggegeaggoegagageatgggege
A Q H QR QRQMEIE KTGAGREUHGR
601 taacgaatgctgthgttgctacggcggcggtgtcgcgcttggctggaa “attcggeggett
M L M L L R R RCRAWILETIRRIL
661 gataaagagcttgcgcagtcgagcgggttgcccctcgaattgcctcaaatcgtgccgaat
D K E L AR Qg s 8 L EL P Q I V P
721 gcttggaatgaggttgtttggcggctgcccgtgccgaaccatcctgacgcctttatgaca
v P N H P DAF MT
781 gcttcaaatgccgcacagtccgatttcattgtgtatgtgaatggcttggctttctatcga
A S N A A QS DF I VYV DNGLATFYR
841 gegtggttggegttaggegtegaggattetcaagectgecegttgaageaggacatgeot
A WL AL G V E o3 K @ D
%01 aaagaccggaaatatcegtegagegecgegeattttgeegtgggoategacageeceegtt
K D R K Y P S S8 A A HRF AV G I D
961 cCgcttgctgacgtaagcccgaccatgattctgggccatttcgcggtgtgtttcactgat
P L A DV S8 P TMITUILGRH A vV C F T D
1021 ggcatgacccgttcaatgtggcttttggcccatgaggtcgccgtgtttccggtgctttcc
G M T R § M WL L A K E V AV F P V L 8
1081 cgtgatgaagcatccgccgttatgttggcagaacacgtgggcgtagcagcgccgattcag
R D EASAVMILATEUHYV GV A
1141 gtttcaaagctgcgtgagcaatgcagg aagatctagggcgtgtccctgcgctttgctccg
v 8 K L R E
1201 ggccgtgctctattccgtttgacctggccgccgctgcgctctggctaggtcaaactccac
1261 cgaaccccctteggggtiteggaeccattegggtaacgatcacteacgectecgggeeget
1321 gtagcgteectgegegeooctateggggettgecateecttecgeaceetgecoeggetea
1381 teatcectatteggecgetcacgeccttcaagetgeectacggeteggettgtecgggoa
1441 agggtacgcettcegecgecatecteaceegtieggtgetcgectttggetgegetoegegt
1501 gcggettoeggtggegeoettgceegegecteccctgegggeagategggettacegega
1561 cgaacgacgaatgacgagcagacccegaggeacceggtticatgectcecggggecatgaa
1621 gatgcgecgectateggeggcagatcaaacccatgaagggogetaaagegeactattegt
1681 cggectteggecgecgecegetecctteactoggaaatcaaagoaggeccggaaaa
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3GCGGCGGTGTCGCGCTTGGCTGGARATTCGGCGE

CTTGATARAGAGCTTGCGCAGTCEAGCGEGTTGCCCCTCGRATTGCCTCARR

TCGTGCCGAATG

GCGGCTGCCCGTGCCGARCCAT

CCTGACGCCTTTATGACAGCTTCRAAATGCCGCACAGTCCGATTTCATTGTGTA
TGTGAATGGCTTGGCTTTCTATCGAGCGTGGTTGG
CTCAAGCCTGCCCGTTGAAGCAGGACATGCCTAAAGACCGGARATATCCGTC
GAGCGCCGCGCATTTTGCCGTGGGCATCGACAGCCCCGTTCCGCTTGCTGAT
GTARGCCCGACCATGATTCTGGGCCATTTCGCGGTGTGTTTCACTGATGGCAT
GACCCGTTCRATGTGGCTTTTGGCCCATGAGGTCGCCGTGTTTCCGGTGCTTT
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Figure 7

Pile-up. Internal Nested PCR products. 4 & 5 = same patient, 10 = different
patient, all RFH patients.
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International Application No. PCTAB 01 04985

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Continuation of Bax I.2

Present claims 1-15, 19, 23, 24, 27, 28 and 29 relate to an antigenic
component (or to an immunogen, a vaccine, a therapeutic agent, a
diagnostic agent and uses thereof) for use in a vaccine defined by
reference to a desirable characteristic ar property, namely that "the
said antigenic component

is capable of promoting the preduction in a subject of an antibody
specifically binding to the PID protein having the amino acid sequence in
seq ID:1", see claim 1 of the present application.

The claim covers all products having this characteristic or property,
whereas the application provides support within the meaning of Article 6
PCT and/or disclosure within the meaning of Article 5 PCT for only a very
Timited number of such products. Indeed, the present application
disclases PID proteins and/or the encoding polynucleic acid obtained from
P. yoelii, P. falciparum and from Cryptosperidium exclusively.

It is further noted that the present application does not disclose PID
prateins or polynucieotides isolated from Isospora, Toxoplasma,
Hammondia, Cystoisospora, Sarcocystis, Besnoitia, Frenkeliia, Eimeria,
Theileria and Babesia.

in the present case, the claims so Tack support, and the application so
Tacks disclosure, that a meaningful search over the whole of the claimed
scope is impossible.

Independent of the above reasoning, the claims also lack clarity (Article
6 PCT). An attempt is made to define the product by reference to a resuit
to be achieved. Again, this Tack of clarity in the present case is such
as to render a meaningful search over the whole of the claimed scope
impossible.

Consequently, the search has been carried out for those parts of the said
claims which appear to be clear, supported and disclosed, namely those

- parts relating to the PID proteins and/or nucleotides clearly and
unambiguously disclosed in the present application, i.e. PID proteins
and/or nucieotides from Plasmodium spp. or Cryptosperidium disclosed in
the experimental part of the present application.

It should be noted that the search concerning claims 34-37 of the present
application has also been restricted to the PID nucleotides disclosed in
the present application (i.e. Cryptosporidium and Plasmodium spp.), since
the exact sequence of the PID polynucleotide is the only way of clearly
identifying it in view of the fact that the designation PID is an
internal designation having no well recognized meaning in the field.

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1{e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
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FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended follawing
receipt of the search report or during any Chapter II procedure.
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