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1 Binding domain of Plasmodium Reticulocyte binding proteins. Field of
the invention The present invention provides isolated polynucleotides,
polypeptides, antibodies and/or vaccines for the prevention and/or
treatment of malaria 5 caused by Plasmodium merozoites, in particular
Rlasmedigmasfalcipirum and/or Plasmodium vivax. Backgroupe-pk theo/000312
invention Malaria is caused by parasites of the genus Plasmodium and -
causes an 10 estimated 300-500 million clinical cases and 1-3 million
deaths annually (Snow et al, 2005). i addition to morbidity and mortality
the economic burden due to malaria is immense, with loss of up to 1-2%
of GDP per year estimated for some countries where malaria is endemic.
15An essential step in the I|fe cycle of malarla parasites is the invasion of
Bhytipa denai el LiRsmedise rBFRteRs characterized by
a multltude of specmc but relatlvely poorly understood interactions
Fsdwddheprotemtidiyands expressed by the merozoite and receptors on the
erythrocyte surface (Cowman AF and Crabb BS, 2006). Several

TRleprdesdimplicaiamin thedddavarionrpceshhavrbesssidepdiied ldes,
tPE apical or nelles&p pt{ icronemes, and d nse ranules) of the
a g)r% 'Sﬁe.a ng fa%‘ﬁlégrmgrlg'gﬁcﬁB ﬁ?&mﬁrﬁ’ eifralaria

‘ caomdcbg@@qmpmammaeom;, G quthwtzyté’lamdm@md&v’mph@m@md/or

AHEBLLBAKS hegh shown to mediate specific interactions with host cell
receptors thereby defining host cell specificity and are thought to 25play
an important role in parasite virulence and possibly immune evasion (Gaur

BelcRbra@olyee @hantidf07). WO 2008/033106PCT/SG2007/000312

Malaria is caused by parasites of the genus Plasmodium and causes an
estimated 300-500 million clinical cases and 1-3 million deaths annually (Snow
et al, 2005). In addition to. morbidity and mortality the economic burden due to

malaria is immense, with loss of up to 1-2% of GDP per year estimated for
some countries where malaria is endemic.

An essential step in the life cycle of malaria parasites is the invasion of host
erythrocytes by merozoites. The invasion process is characterized by a
multitude of specific, but relatively poorly understood, interactions between
protein ligands expressed by the merozoite and receptors on the erythrocyte
surface (Cowman AF and Crabb BS, 2008). Several molecules implicated in the
invasion process have been identified in the apical organelles (rhoptry,
micronemes, and dense granules) of the merozoite. At least two gene families
the Reticulocyte Binding Protein homologues (RH) and the family of erythrocyte
binding proteins/ligands (EBL) have been shown to mediate specific interactions
with host cell receptors thereby defining host cell specificity and are thought to
play an important role in parasite virulence and possibly immune evasion (Gaur
et al., 2004; lyer et al., 2007).
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2 In the human parasite Plasmodium falciparum two gene families termed
Erythrocyte Binding Like Proteins (or EBL) and the Reticulocyte Binding
Protein Homologues (RBPH) have been shown to play a crucial role in the
_selection of suitable host cells. Both EBL and RBPH are thought to directly
t with 5 specific receptors on the red blood cell surfa
%%@@ﬁ%’é@egion within the protein that directly mediates b?r?c]lljé?g ?\%ﬁ 12
been identified. This region called Duffy Binding Like Domain (DBL) is
characterized by a number of consg_rved cysteine residues and is
conserved in all members of this gene family. In contrast no binding region
o_f any RBPH member has so far been 10identified. Considering the large
size of these proteins (up to 300kDa) it is crucial to dissect the protein into
In S@H@”ﬁﬁi\mt%@sﬁi@dmﬂi%m&ummmmadm hewe guticatachtiet il
merozoites can inya erythro, throngh ral | on: b
E RO T i e oo T o e ap Sl Preeln
Heexpiessed RERE shede dettrehparnind @R ameiR s efirebepisisciomof
su@%%‘i@?ﬁgg%ec%%g,a%%ﬂ hepyatgusralipmalie tvagitne iy singract with

assified according to the nature of the erythrocyte receptors involved i
SPRREGIRSRISEN i S BEFaTh ) Bt B T Cermidc o "

wifhgaiﬁé?ﬁiéwi@pﬂh@f virsetytesiibiel Hisdind haxlipee®idantifzdurihis region
-175,.0ne of the ERL me NER teri

cofs ek R e A DL ol Oy i ottt T 2 R of
co8ade D tystalBL sasidesseandivwansanedalt ilhraembeshibrin's 4R

2GRS el ag e RyThirierd emep antiggnRePia Rdalsiande SyeRtbeen

~ members PfRH1, PfRH2a & 2b, PfR and PfRH4 haye been identified .

ORGP SFTEIAS B2, RelBam By et R Gras Dy Bt

crisceiplicdisid depe piiertianddrypsiferdsistiongRagmei 3O at al, 2001),
whereas that of PfRH2b is sialic acid independent and trypsin resistant

(Duraisingh et al., 2003), and that of PfRH4 is sialic acid independent
Numerous studies have indicated that malarial merozoites can Invade

erythrocytes through several invasion pathways. This ability is dependent on the
repertoire of parasite ligands expressed at the surface of the parasite and

variations of receptors at the erythrocyte surface. The various alternative

“invasion pathways are classified according to the nature of the erythrocyte

receptors involved in invasion, which in turn are operationally defined by the
enzymatic treatments upon erythrocytes which disrupt binding. P. falciparum
EBA-175, one of the EBL members, is the best characterized receptor and
recognizes sialic acid components on Glycophorin A (Sim BKL et al, 1994).
Other EBLs have been shown to interact with a Glycophorin B and C as well as
the Duffy blood group antigen. '

In P. falciparum five RH members PfRH1, PfRH2a & 2b, PIRH3, and PfRH4
have been identified (Cowman AF and Crabb BS, 2008). Recognition of
erythrocytes by PIRH1 is sialic acid dependent and trypsin resistant (Rayner JC
et al, 2001), whereas that of PfRH2b is sialic acid independent and trypsin
resistant (Duraisingh et al., 2003), and that of PfRH4 is sialic acid independent
and trypsin resistant (Stubbs et al, 2005), While all these studies indicate that
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30and trypsin resistant (Stubbs et al, 2005). While all these studies
indicate that WO 2008/033106PCT/SG2007/000312 3 RH recognizes a
specific receptor on the erythrocyte surface, only in the case of PfRH1 has
direct binding to red blood cells been demonstrated. How binding of EBL

Y Fhir shesific erythrocyte receptors ultimately leads to Smergzoil 71000312
invasion is an important question that requires the parasite ligand to

dissected into functional domains. Summary of the invention The present
invention addresses the problems at\n)pve and provides at least one 10
Plasmodium reticulocyte Binding Protein homologue (RH) fragments that
is involved in the binding to and/or invasion of the erythrocytes by the
parasite. The present invention therefore provides effective preventive

Ran:y@asghmgm&m&w@mﬁa%q&m@ewmwa@@@n|y in the case of

P%TQF-AI‘? ordln g]edp | g?ntaonéﬂrok\)/ldescflt Ieasttone isolated
Fdd the poﬁ§~I Sp

polypepi ereln ypeptideTis' a Brdsniodh ?eteficulocyte
Binding Protein homologue (RH) fragment, comprising or substantially

H@wrmﬁém 8t least R IANINQ B6icLSS gﬂ% MirEER ! '
IDgNO 4, SEQ ID NrgbG and %[?tée'lg%é%a%r%molo uekglr%gs o

"}?6%8 ‘?HBYé’éfoﬂq'i)éﬁuéml%.?'?ﬁaﬁ%'%%éa"zé‘%d 93%’6?@@8&&&%&%‘&3”0‘ to
beedisisentsd ool @it sed dencaireelected from SEQ ID NO: 4, SEQ ID NO:
6 and SEQ ID NO: 8, a homologue and/or a portion thereof. More in
particular the at least one pots/peptide comprises at least the amino acid
il ologue and/or a portion thereof. The isolated
polypeptide sequence may be less than 700 amino acids, in particular less
Tt praseslimveintoaaddrddse ssibia iz pelysamticesagliproddempiieast one

F’?%%%fﬁo?éﬁéﬁg&/tg %ﬁgaﬁp&%iﬁ rPl%Wl%'B%HS tﬂ%-rﬁoifragments that is
involved in the binding to and/or invasion of the erythrocytes by the parasite.
The present invention therefore provides effective preventive and/or therapeutic
measures against Plasmodium invasion.

Accordingly, the present invention provides at least one isolated polypeptide,
wherein the polypeptide is a Plasmodium Reticulocyte Binding Protein
homologue (RH) fragment, comprising or substantially comprising at least one
amino acid sequence selected from SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO:
6 and SEQ ID NO: 8, a homologue or a portion thereof. In particular the isolated
polypeptide comprises at least one amino acid sequence selected from SEQ ID
NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue and/or a portion thereof.
More in particular the at least one polypeptide comprises at least the amino acid
of SEQ ID NO: 8, a homologue and/or a portion thereof. The isolated
polypeptide sequence may be less than 700 amino acids, in particular less than

550 amino acids. The isolated polypeptide sequence may be selected from
PfRH1, PvRBP1 and/or a homologue thereof.

According to another aspect, the invention provides an isolated polypeptide

comprising or substantially comprising at least one amino acid sequence
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4 selected from SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID
NO: 8,. a homologue or a portion thereof, wherein the polypeptide
comprises less than 700. In particular, the polypeptide comprises less
than 550 amino acids. More in particular, the polypeptide according to the

w %&t lggnssts of at least one 5 amino acid sequence sglegied iemoos12
§é ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, a

homologue or a portion thereof. The invention also provides an isolated
ponnupIeotide encoding a polypeptide comprising, substantially
comprising or consisting of, at least one nucleic acid 10 sequence
selected from SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 and SEQ ID
NO: 7, a homologue and/or a portion thereof. In particular, the

NI %ﬁpﬁ%ﬁlﬁxﬁl@mp@m mm@nnatbecmmomsm oraoenSEANEas,

one nucleic acid sequence ted from
a hamploges |y RACHD ﬁBﬁVSFg %%ﬁ?ﬂ?or a Bo eerecoﬁ Igf%réglnlg% than
70®aﬁlpulﬂbﬁm %bmwmwmmﬁmdmm&@nawﬁ@ gEidsIRIS: I

pa%gmgh ”{19'0 g"ﬂ‘e'}q Q& %Qi%nu éﬁﬁtftsf?ﬁé -F\K}%Fﬁnb?na&‘ﬁﬁé@éﬂgﬁ@talé!@ﬁtafne

smg ated polynucleotide. Further, there |s t]
arrmm&m@tse@w@aﬂ@pﬁ@mﬁ%ﬁﬂm S BBt i %;% B¥O:
6 dAYSSHOND NO: 8, a homologue or a portion thereof.

The invention also provides an isolated polynucleotide encoding a polypeptide
comprising, substantially comprising or consisting of, at least one nucleic acid
sequence selected from SEQ ID NO: 1, SEQ D NO: 3, SEQ ID NO: 5 and SEQ
ID NO: 7, a homologue and/or a portion thereof. In particular, the polynucleotide
may comprise, substantially comprise or consist of at least one nucleic acid
sequence selected from SEQ ID NO: 3, SEQ ID 'NO: 5 and SEQ ID NO: 7, a
homologue and/or a pdrtion thereof. More in particular the at least one nucleio
acid sequence may be SEQ ID NO: 7, a homologue and/or a portion thereof.
There is also provided a vector comprising the isolated polynucleotide. Further,
there is provided at least one host cell comprising vector or the polynucleotide
according fo the invention.

According to another -aspect, the invention provides a method of producing the

| pqupeptide according comprising the steps of:

(a) culturing the cell comprising the vector, under conditions suitable
for expression of the polypeptide; and

(b) recovering the polypeptide so expressed.

The recovered polypeptide may comprise at least one of the amino acid
sequence selected from SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ
ID NO: 8, a homologue and/or a portion thereof. In particular, the polypeptide
may comprise at least the amino acid sequence of SEQ ID NO: 8, a homologue
and/or a portion thereof.
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20According to another aspect, the invention provides a method of
producing the polypeptide according comprising the steps of: (a) culturing
the cell comprising the vector, under conditions suitable for expression of
the polypeptide; and (b) recovering the polypeptide so expressed. 25 The

Q@g%@g;%glsmlypeptide may comprise at least one of the ami i
sequence selected from SEQ ID NO: 2, SEQ ID NO: 4, SEQr}I%)%gZ:Og’QH%H

SEQ ID NO: 8, a homologue and/or a portion thereof. In particular, the
polypeptide may comprise at least the amino acid sequence of SEQ ID
NO: 8, a homologue 30and/or a porti& thereof. 6 According to yet
another aspect of the invention, there is provided an isolated antibody,
wherein the antibody specifically binds to .a polypeptide comprising,

. y ot : compr
%@ﬂ@?ﬁ?‘*e@%ﬁ S R e
ooy WhesRioIBuaAiRedy shstiiaindriasts e parrlvRaptide settoising,

suaytapéalficabynpitsig apaynsiptioe rwnagriai@g, snbsoba@ﬁi@"?e%m{%ﬂeace
e e 2a

R S D I TR R lbea Ao 10 No: &
FndiSBRIAA S APEISTaR chipiéele, theresfisdd, siagiewhainthEalmfiaby may
fesiidemgmants WandinyiupRestienniiliRg B aaHhe: ASHBIUNG o
to a further ect, the inyention provides a pharmaceutical composition

FOTGY P R R G B ERE Y S BN BB oP PRI o
ﬁ\m@ggheocaﬂdé;rccgnmsim (a)faedﬁasmeemw ang/ObROMBRAoCIonal,

a I . st gne amino acid se ce

o 2 MR SO AR, Ko s b Eesgpents
gl F{avidirigtedhe whrieamtibrshf : and/or

According to a further aspect, the invention provides a pharmaceutical
composition for reducing and/or inhibiting the binding to and/or invasion of

Plasmodium into erythrocytes, comprising

(a) at least one antibody and/or portion thereof, capable of binding to at
least one amino acid sequence selected from SEQ ID NO: 2, SEQ ID NO:

4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue or a portion thereof :
and/or

(b) at least one polypeptide comprising, substantially comprising or
consisting of at least one amino acid sequence selected from SEQ ID
NO:2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue
and/or a portion thereof; and/or

(c) at least one nucleic acid molecule hybridizing and/or complementary to
any part of the polynucleotide comprising, substantially comprising or
consisting of at least one nucleic acid sequence selected from SEQ |D
NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7, a homologue
and/or a portion thereof,
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(b) at least one polypeptide comprising, substantially comprising or
consisting of at least one amino acid sequence selected from SEQ ID
20NO:2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue
and/or a portion thereof; and/or (c) at least one nucleic acid molecule

VJH/%QJQE‘& and/or complementary to any part of the polynuglepiidgoo7/000312
comprising, substantially comprising or consisting of at least one nucleic

acid sequence selected from SEQ ID 25NO: 1, SEQ ID NO: 3, SEQ ID
NO: 5 and SEQ ID NO: 7, a homologue and/or a portion thereof, 6
optionally in the presence of at least one pharmaceutically acceptable
excipient, diluent, carrier, adjuvant and/or a combination thereof. There is
also provided a method of treating and/or preventing malaria 5comprising
oBRKIStRItAG ik subicst it lvestianegnpeslicsutomipriziogtapt toattient,

one antibody and/or portign thereof..capable of binding to at least one
i SR iy andlerch ?Pé“n%“éﬁ%’?[?‘ﬁ[??g, SEQ ID NO: 4, SEQ

ID NO: 6 and SEQ ID NO: 8 a homo_logue or a portion thereof ; and/or
THAD) & 1673! 9N RELPEPUHRAURPISINGe St LAY C I$ing Ofalaria

consisting of at least one amino acid sequence selected from SEQ ID
CNORESSE DR o 8 ARG § ARTSEEPIEPREIY) EXEHI5IEue

and/ay apesisnoiereaf adylandtrap tetist dhereot|eieratit: mbleiodieg to at
capable,of hybridizing andiornce selected from SEQ ID NO: 2, SEQ ID NO:

4, SEQ ID NO: 8 and SEQ ID NO: 8, a homologue or a portion thereof ;
and/or

(b) at least one polypeptide comprising, substantially comprising or
consisting of at least one amino acid sequence selected from SEQ 1D
NO:2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue
and/or a portion thereof; and/or

(c) at least one nucleic acid molecule capable of hybridizing and/or
complementary to any part of the polynucleotide comprising, substantially
comprising or consisting of at least one hucleic acid sequence selected
from SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 or SEQ ID NO: 7, a
homologue and/or a portion thereof.

The method may comprise reducing and/or inhibiting the binding to and/or
invasion of Plasmodium into erythrocytes, wherein the subject may be a

mammal. In particular the subject may be a human.
According to yet another aspect of the invention there is provided a use of

(a) at least one antibody and/or portion thereof, capable of binding to at
least one amino acid sequence selected from SEQ ID NO: 2, SEQ ID NO:
4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue or a portion thereof ;
and/or '
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15 complementary to any part of the polynucleotide comprising,
substantially comprising or consisting of at least one nucleic acid
sequence selected from SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 or
SEQ ID NO: 7, a homologue and/or a portion thereof. The method may

CPHRIIsk;sgglucing and/or inhibiting the binding to and/or 20@@&%@(}% 00312
Plasmodium into erythrocytes, wherein the subject may be a mammal. i

particular the subject may be a human. According to yet another aspect of
the invention there is provided a use 9f (a) at least one antibody and/or
portion thereof, capable of binding to at least one amino acid sequence
selected from SEQ ID NO: 2, SEQ ID NO: 254, SEQ ID NO: 6 and SEQ
ID NO: 8, a homologue or a portion thereof; and/or 7 (b) at least one

oilypsptide| SR8 PHAEg, SYBSHHAIHRRIRINILILSERSISIDI R A IEAR] or
gne Sr%ino acid sequ nggwégelﬁted from SEQ bﬁle{):%ﬂgEQOID N%Yg: 4@
SEQTBRIIE 45100 1A I 5756 2P A5 ARE EBR. 1D
and/dfG) Sk RdE dfe: nt)cRiQalfidhinlecalechgrTizpandipa homologue
comgﬁm%&{%ﬁqp@gg&?oﬁg%polynucleotide comprising, substantially

comprising or consisting of at least one nucleic acid sequence selected
from IDNO: 1, S ID NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7, a
homﬁ%‘%leegﬁtd?&eanﬁa ISP EgEdn eidzng RBfL nremesmsH#eY to
use iﬁrmeraﬁypfqtbartmmcﬂw_ﬁdedhxamemimgayéwémﬁﬂeayir@ﬁf@ﬂiﬁhg or
revegHagHglaraose: B paricuiae Iemedisamentaigube 8, seq 1o
reducing and/or inhibiting the binding to and/or invasion of Plasmodium

into é\lﬁhgﬁggg_m NO:3, S8EQ ID NO: 5§ and SEQ ID NO: 7, a homologue

and/or a portion thereof,

in preparation of a medicament for use in therapy. lh particular, the medicament
may be for treating and/or preventing malaria. More in particular, the
medicament may be for reducing and/or inhibiting the binding to and/or invasion
of Plasmodium into erythrocytes.

There is also provided at least one polypeptide, at least one polynucleotide
and/or at least one antibody according to the invention for use in therapy. In
particular, the polypeptide, polynucleotide and/or antibody may be for treating
and/or preventing malaria, and more in particular, for reducing and/or inhibiting
the binding to and/or invasion of Plasmodium into erythrocytes.

. According to a further aspect, the invention provides a method of diagnosis

and/or prognosis of malaria in a subject, comprising:
(a) providing at least one sample from a subject;
(b) detecting the presence of at least one polynucleotide comprising,
substantially comprising or consisting of at least one nucleic acid
sequence selected from SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 and
SEQ ID NO: 7, a homologue and/or a portion thereof; and/or

(c) detecting the presence of at least one polypeptide comprising,
substantially comprising or consisting of the amino acid sequence of SEQ
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There is also provided at least one polypeptide, at least one ,
polynucleotide 15 and/or at least one antibody according to the invention
for use in therapy. In particular, the polypeptide, polynucleotide and/or
antibody may be for treating and/or preventing malaria, and more in

wWsstisias fer reducing and/or inhibiting the binding to and/gsdmesian 6fos12
Plaggr#odibm into erythrocytes.  According to a further aspect, the

invention provides a method of diagnosis 20and/or prognosis of malaria in
a subject, comprising: (a) providinggt least one sample from a subject;

(b) detecting the presence of at least one polynucleotide comprising,
substantially comprising or consisting of at least one nucleic acid

sequence selected from SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 and
253D RIOSEQ RohIoh B dId NOp @ tionBEr éDf N o Winologue

20Q6{ER3 EREEESEL@87/000312 8 ID NO: 2, SEQ ID NO: 4, SEQ ID

NO: 6 or SEQ ID NO: 8, a homologue and/or a portion thereof; wherein

leoti t deis ndlcatl of,
e s B e b
of piesance Qf&mmmeraﬁhmewpam siEpidimga ke ledstopesence

of PatyResiide compifinay StRssaMNIady eRRRising %C%%?t%m&!; eptide
aming amaﬁ%%uen%selected from SEQ ID'NO: 2, SEQ ID NO: 4,

COBRAEE: NEMETSMh Mo RSYIRiSERE 6 g‘ﬁoﬁ‘ﬂ?ﬁﬁqrﬁﬁ@oﬁeﬂﬁéfﬁe

selleattdfropdBipRpiiN ey SEQpisNGusEHGALY RONErisR FEQNESISkED(s,
gt cl uen 0, D ho oIo ue nd/o
no%ﬂon eérle(é)% aT e%u Serg{J iéﬁ%goi m.ghmma all?]aégr glap k- yﬁl?r%é Yy may

compnse substantially compnse or consists of the amino acid sequence of

SEQ ID NO: 8, a homoiogue and/or a portion thereof. The subject may be a
mammal, in particular a human.

According to yet another aspect the invention provides a diagnostic and/or
prognostic kit for the diagnosis and/or prognosis of malaria in a subject
comprising
(a) at least one antibody and/or portion thereof, capable of binding to at
least one amino acid sequence selected from SEQ ID NO: 2, SEQ ID NO:
4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue or a portion thereof ;
and/or

(b) at least one nucleic acid molecule capable of hybridizing and/or
complementary to any part of the polynucleotide comprising, substantially
comprising or consisting of at least one of the sequences selected from
SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 or SEQ ID NO: 7, a
homologue and/or a portion thereof,

wherein the subject may be a mammal, in particular the subject may be a
human.

According to another aspect of the present invention there is provided a method

of inducing a protective immune response to Plasmodium merozoites in a
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According to yet another aspect the invention provides a diagnostic and/or
prognostic kit for the diagnosis and/or prognosis of malaria in a subject
comprising 15(a) at least one antibody and/or portion thereof, capable of
binding to at least one amino acid sequence selected from SEQ ID NO: 2,

SES24B 08, SEQ ID NO: 6 and SEQ ID NO: 8, a homologpeaf &07/000312
portion thereof: and/or (b) at least one nucleic acid molecule capable o

hybridizing and/or 20 complementary to any part of the polynucleotide
comprising, substantially comprising gr consisting of at least one of the
sequences selected from SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 or
SEQ ID NO: 7, a homologue and/or a portion thereof,  wherein the
subject may be a mammal, in particular the subject may be a 25 human.

s%@@bxeebﬁmnaﬂgl%mt@ﬁmjm edhe b ch RNHRIBIREMR e rective
effectlve f at Ieas one polypeptide comprising, substantially
<o r B G0 R M TELE o i R0 e BN SEERRRING o

dmmSSEngDaN@aﬂ, StECabiMdGrcl] SEQUEDANGeRaed FQ KERQDSND: 2,
SERRPHES anefen JPRYos ailiees: B%@n@“é ﬁ%&e@ggg%%%%m nyggﬁ.on

in combination with at least one pharmaceutical acceptable excipie

tegrrel, SntioarbatbmralerRida ey iSaltb mmhﬂ@dl@pwahnat&ﬁﬁiaone

maeémmwwmm@@wmtor@myp&ﬂu@wm'%@w@twﬂhr@re
lea ton((ejéahglegwace tlcal table excipient, carrier, dl|l§znt quvant

ndrSr BN rImac? 8 8 po%B%%% ORoseayPebigritys @ ast one
%dmmﬁﬁallymmpmbpnombt of thesamivreagitesequentealfySEC¢Ptable

MEH R 'agmglogH‘@eﬁ?dégfu%?ﬁrg%‘lmeég&%\écwg'thlégs}feér?enBMeptlde

aspect of the invention, there is . provided a recombinant DNA vaccine
'E%ﬁﬂgmas&n WihsealRlly GoRBIRS: BXSRASIRSIPGIE amipeIAtitRteRNCe of

SEQHaWOCiedi te raofoguisimgd /BnbsturtiaRytesiagygrising or consisting of at
least one nucleic acid sequence selected from SEQ ID NO: 1, SEQ ID

NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7, a homologue and/or a portion
Arepsdindptiongdly mneibaireasnrd obhit leasimmaiidarnizereutisallyrovided a

rBEERTRRIS TXRIRIGALFR TR M ARG Hn dilysat aBA/ oL adrifyee e RidRast a
poori]?nucieotide, the polynucleotide comprising, substantially comprising or
consisting of at least one nucleic acid sequence selected from SEQ ID NO: 1,
SEQ ID NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7, a homologue and/or a portion
thereof, optionally in the presence of at least one pharmaceutically acceptable
excipient, carrier, adjuvant, diluent and/or additive. The at least one
polynucleotide may comprise, substantially comprise or consists of the nucleic
acid sequence of SEQ ID NO: 7, a homologue and/or a portion thereof. The
polynucleotide may encode for an immunogenic peptide, comprising,
substantially comprising} or consisting of at least one of the amino acid
sequence selected from SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ
ID NO: 8, a homologue and/or a portion thereof, wherein the at least one amino
acid sequence comprises, substantially comprises or consists of the sequence
of SEQ ID NO: 8, a homologue and/or a portion thereof. The recombinant

vaccine may be for use in a mammal, in particular a human.
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20 polynucleotide may comprise, substantially comprise or consists of the
nucleic acid sequence of SEQ ID NO: 7, a homologue and/or a portion
thereof. The polynucleotide may encode for an immunogenic peptide,
comprising, substantially comprising or consisting of at least one of the
Wﬁg}%éequence selected from SEO ID NO: 2, SEQ IDpNQsd205k312
:6and SEQ 251D NO: 8, a homologue and/or a portion thereof,
wherein the at least one amino acid sequence comprises, substantially
comprises or consists of the sequence of SEQ ID NO: 8, a homologue
and/or a portion thereof. The recomBinant vaccine may be for use in a
mammal, in particular a human. WO 2008/033106PCT/SG2007/000312
10 According to a further aspect the invention provides, a method of
Ac"c%gamgﬂﬁsgaar%r%?%%gge{r{ﬁtarﬂﬂléﬂa&@mwaeg, adminiierng sedhating a
subject’in need an effective amount of a_recombln?ﬂé DNA vggc n

sublgribrRoBINekprEkiity SAMRTIAG0 GERRIRDHRE OnRistHEIR G i Yal

bstantia
RIS SIASLOR CONSiStiBgdphBinG heasNAeratine acipabde ughesmsehsiiadan

from SEQ 1D N(ﬁ: 2, SEQ ID NO; %%@%A@ NOBAHSEL AN S AR at

IMBHRRSGIE RRAISFa SOMIOR tieraor after administration of the vaccine to a
leasbjent. hdatdeidssenecantnesiritbdciuensEmMA) AiptiseEQ (D NO: 4,
SELPRANIEIY Cometiss iy 4R0sis! oo sRpienaRcb SE RIRON Gudieat after
omologue and/or a portion thereof. TF.e suhject ngf@;yl besta %QQ%%’{H%L iy
againisiaieh gl BRSPS dRpRors DR fidFe s ridtte' 1 YepréSents
sEhiipsss eanstuiisite, thersrmdatjonoiptierentoeiishobtieasence of
nce fram PIRHL with. i Ij [ A 1% a
SRR Fb i o e g B Qo e Sy
mAaR583Y 00pasEylardintilides signal sequence (SS, black) and Exon2
(grey) encoding a large extracellular domain. Figure represents the
extracellular domain divided into eight regions (From Ito VIII). Each region
Bgh SRseilinh BRI ES proximately 2Kb with 1Kb overlap between 2
regions except VIII, 20which is 1.3Kb. Figure 2 represents the )
Fegythrbapiesintinghivsis sectistc i AsRiErRsPnah Aiprepicegions of

g%%%ﬁegéqﬁﬁﬁ%ef@?@f@afiﬁ}rﬁtﬁﬁﬁﬁ%%i?lﬁef@@'@ﬂ&?fW?HBbE@reeﬁ:TfiP.
arer enzymatiC treatment, ICal grytnrocyte | e .
faigiaadihg M difly RegidHtr Cgiyf%n- ifg?rg Al E#ﬁ%?ggr%% %9(?8%;0)9(\ ne:

g regio cation

AV 3D Brighilielstofinpicadieigrandequarspo (B PO andsSwenddarey)
fluorescence as GEP (ar : er lhul

ATIREyE Bt v e AR A e S oo
dranatectivdestiotereghtopaienfdreen biPKfbrags (rgion (dlack line wit

SRy tEaRiRdiRG R iRPlith 1Kb overlap between 2 regions except Vill,
which is 1.3Kb.

Figure 2 represents the erythrocyte-binding assay on COS7 celis transfected
with chimeric constructs, each expressing one of the eight regions of PfRH1
before and after enzymatic treatment. (A) Typical erythrocyte binding to COS
cell expressing binding region or (B) non-binding region (magnification of X
200). (i) Bright field of typical field and corresponding (ii) Cell-associated
fluorescence as GFP (green) Bar, 50um. (C) Percentage (%) of erythrocyte
binding activity of the various PfRH1 regions after normalizing tfransfection
efficiency. (D) Comparison of Percentage (%) erythrocyte-binding activity of
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WO 2008/033106PCTSG2007/000312 11 different regions of PIRH1 after
enzymatic treatment. Data represent percentage of binding activity (%)
after normalizing transfection efficiency to 5% in three independent
experiments, and the error bar denotes the SE. 5F:gure 3 represents

th -hinding assay on COSY7 cells transfected with construct
g(%rzégsg%gl%"-length region Il or deletion constructs of PIRHT baf6ra 4hd 2
after enzymatic treatment. (A) Overall architecture of Region Il deletion
constructs of PfRH1. RI/-l was delete%SOObps at 3' end of region Il, RI/-2

was deleted 500bps at 5' end of region 11 and R11-3 was deleted 500bps

at both ends 10 of region Il (light gray). (B), Comparison of
erythrocyte-binding activity with full-length RIl or deletion constructs

bietoemanc gises engy niaRtrealfieente Rals SeRresRAkLReFEe NS _OFeﬁresent

inding activity. (%) after.normalizing transfection efficiency to 5% in three
e N U SRR A e i e eB g e 6%
teprescnteesiteot wepbintirnfsyithd doe mborami mdeteitesRke 3Ber rtRVIIIL

Protein bound to erythrocytes was detected by Western blotting with
nti-His mouse antibody. Erythrocyte-binding assay with purified rRII-3(A)

o HI\AIFTRYESPoYSie B QEYRD FiRg ot RN 0vin I8 Sih teeltddansfected with
myﬁhmywsl @Eéﬁ@@@)r!&@gfﬁwf a%tr@)ar@s#o@aé@qth t%@wws Npefore
I In trea ane er ro es. Flgure .

B B R ARBTal e, inerien 1 sgietor
Pt ycinpiftRterthridvrs daltted SP0bpsaipBedintian eignrdtjve/Rs was
essieeieRinding B IgiRa'Rm fami [
PIRHLR)-2 sgﬁ%ﬁﬁicﬂg @gﬂfﬁ ?s%‘gﬁgéﬁg%%ﬁ%%e?éﬁﬁ%t%ms
TR BLBR By &PIRA™ O DRt RERERGHSRS aptiely with full-
lesitiu €l miueleietitacicunitiruodebatath intdicates consenyae Rsigwes@Nhts

li r ith.indicates semi-conserved. residues. Secondar .
e o R R ek i i, heparprion
S eigney ey Shdniessindeprmndast experiments, and the error bar denotes
the SE. |

Figure 4 represents erythrocyte—binding with recombinant protein rRII-3 or
MRVIll. Protein bound to erythrocytes was detected by Western blotting with
anti-His mouse antibody. Erythrocyte-binding assay with purified rRII-3(A) or
rRVIIE (B) Protein only (Lane 1), Protein bound to untreated erythrocytes (lane
2), Neuraminidase treated (lane 3), chymotrypsin treated (lane 4) and trypsin
treated (lane 5) erythrocytes.

Figure 5 represents bioinformatic analysis of the minimal binding region RII-3 of
PIRH1. (A) Alignment and secondary structural prediction of putative
erythrocyte binding region of P. falciparum RHs family members, PfRH1-RII-3
SEQ ID NO:8), PIRH2A (SEQ ID NO:38 ) and PfRH4 (SEQl ID NO:40 ). Red or
dark grey with "*" underneath indicates identical residues, blue or black with ":"
underneath indicates conserved residues and green or light grey with "."
indicates semi-conserved residues. Secondary structure is shown above the

sequence alignment with a-helix in purple or dark grey and B-sheet shown as
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12 arrow in purple or dark grey. Dashed lines indicate regions not
observed in the predicted secondary structure. (B) Approximate locations
of predicated erythrocyte binding regions of different plasmodium species,
P. falciparum - PfRH1-RIE-3; P. yoelii Py235; P. vivax - PvRBP1 and

“P ﬂ% gjl'gpe 5 homologous regions of PIRH1-R11-3 erythgoeyte: Risding 12
region are indicated as light grey boxes. (C) Results of the coiled coils
prediction methods for the RII-3 minimal binding protein. The calculation
was done using three different winggw sizes of 14, 21 and 28 amino-acids
respectively. 10 Figure 6 representstthe predicted binding regions of the
RH orthologues in P. falciparum and P.vivax. Binding regions were
identified using PfRH1-RII-3 (SEQ ID NO: 8) vs predicted binding regions

arrBTAﬂW%r 'E‘Q‘R@@{E"ﬁ%@léé@%@% .inamely tBgithJaletpstseanved in the
omologues PfRH2A (

Q ID NO: 38), PfRH2B 1D NO: 39
PrASEHDRETHOTP RIS IEEQ 1B NP RN AT BRI 13 Praconte
erﬁﬁfﬂ@J@@Ltﬁﬁdl?\\ngBBrdn(sSEi@lﬁbmt 423 sPoRlBP- BYSElC IPN Gy rum ~

est nan f BfR pre t et Th
PfEﬁfﬁt‘ Uperng?gf probé!g%vf){l:t)hBarR!f_{‘;i-@’i&()l(_ane%I aneﬁ?\?ﬁﬂgne °

homeldgnnanegienso{PARE BFahd ABfRRiBEIjdn %ﬁ%%‘?r%ﬁ%ﬂﬁqz‘f"(‘ﬁ%%és

lig ﬁ% Té‘?%f@&t é@@ﬁﬂ‘c@fﬂﬁé@d%ﬂ%@ﬁrﬁ&’idﬁtm) dy fotthe RIl-3
Isera (arrow). Size markers shown in kilodalto

ok g SR e = Rl T e St S EC N

sizeghoantKR\J1l and ZB)amemiathmeM&'h preimmune serum. The

parasites nuclei stained with DAPI (panel 1) are shown in first column; for
the image in the second column, secondary antibody used 2

d.
Figyes A TenT eSnio 1 Riiedisiask hidina tegionmar 35 g%%‘t@%ﬁ” P
RN N8RV ETIAD e BiRe dheditstaneresdendizalursing RiEi!-BIE(SEQ

Qrﬁ%its n\}gfhf\gdsw%%nhl%ﬁg%g ﬁé’s% re1p o%ﬁ'gp Fslq %seﬁw%g E}Qiﬁ%'@ustalw

presence of anti

R tioz ammmemmmmw%dﬁémw@oﬁﬁm?i%@ﬁ%ﬁ@
&%89?3@)9%%2&3(%@!@?%@'@}? PHHE3SRAUENELRO: 41) and the P. vivax

homologues, PVRBP-1 (SEQ ID NO: 42), PvRBP-2 (SEQ ID NO: 43).

Figure 7 (A) Western analysis of PfRH1 expression on the merozoite extracts
supernatant probed with arRIl-3 (Lane 1), antRVIIi (Lane 2), Pre-immune serum
(Lane 3) and normal RBC lysate supernatant?? (Lane 4). The expected protein
of about 240 kDa was detected by both antisera (arrow). Size markers are
shown in kilodaltons. (B) IFA analysis of smear of free merozoites reacted with
arRIl-3, (C) merozoites reacted with artRVIIl and (D) merozoites reacted with
preimmune serum. The parasites nuclei stained with DAP! (panel 1) are shown
in first column; for the image in the second column, secondary antibody used
was red AlexaFlour 594 goat anti-mouse IgG (H+L) (panel 2); the merge column
shows the overlap between the first and second columns (panel 3). (E)
represents invasion inhibition assay represented as percentage (%) inhibition of
the W2mef strain in the presence of antibodies, RII-3 or tRVII, or preimmune
serum at various dilutions.
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SEQ ID NO: 1 refers to the polynucleotide sequence of region Il (RU)
fragment, encoding the binding domain polypeptide, of P. falciparum
PfRH1: 5
P-AACATGTAATAAATAATAAGATAGATATATATAPLAACAP_TAAGTT
ATC TACT CAGARACAAT TATATTATTT

'I%/C(;;A%k(;'lgg'ﬁlérATATATAATGAATAAAAATACAT TAAAC C TAET 2007000312
TCATATAATATACW-A LACAGATATAAAT
TCTAGTAGTAAATACACATATACP . AATCTCATTTTT
TAAAAGATRATCATATATTG T TATC TAAAT AT TATACT GCCAAAT T
TAT TGATAT CC TAAATAAAACATAT TAT TATAAT T TATATAAP-A
ATAAAATTCT T T TAT TCAATAAATATAT TATAAAGCT T

ALTIGHOT RARASAATREE C CAT TTAI \-ATC 10 TATACAAT TT AT
T CALGATPAAAT C AA.WACATAAAG AT GAATTATC

SE@WBGMWA%TMB@@%&I& %L%Eﬁgﬁ AA éRl /&_Ifr%gment

W% m oCmGAT S tG dAAA
eRipek g ain polypeptide, of P. falciparum PfRH1;

ATACTGATTTACP-AATAGTACAACAPLAAACTTTTAGWTCAAACAAAA

2ARAAAATOGATAT LR GAGR: ThC
ARANIATGATATI TR GAGR GAAAGTAGAAC T WA%E%T%

G
R BT TR T G

AGARG AT GOl L P A
T@WMM%MTWMWA@MW&& P

Gi@m T @@AW@TAAAT GAAATATCTAAATATAACAATTTAAT TATTA

ChTathpcRTTC R

Tﬁgggg %ng%WEFATTA

o A CARARAATTTATGATA
A@Aﬁ@mmmmm
C CTACGEAEASE TTACCCTCCTCGATGA

M@A@M@E@A@EA
AR AR TGRG o TR ATT AT

mmmmm%mm e P A

SACRRRCEPAPRTPMCARCRP NAACITACACAIAAT GAACKARACAARATAGATA

CAMAMACATEL ARARTEPARR S MMWAAAMA”W“‘C
ATCAMCACATIGATACAL. T %ﬁ nggﬁgéiiic
AWM@WAW@}&W@AMWM@Aﬁ}ﬁﬂ"fﬁﬂ’AﬁG‘ETAAGGAAAAGGAAAT
AT AT ,. PATE T B A CACH AR RS FARAARTAT TTATARTATAAGGGARAATATA

AR HAARLRRRRTALRIR ) o oo

TW@N@W@@%@AT@EMMA&MM@A%@AHM@@W
A%jé@%”?‘ RO RS GNP CRANRANBGARTEAL GERGARTTCH
TCAAA KWTT&WTATTWT
TAATAAAATATATGAACGAAAGATATCAGP-AT ATGC/AA.CAGGGT
SERTRARN R §Tar AR ARePFAIHA S FART@AATAToN Il (RI1) fragment of P,
FARAARILAGRIAAAT AATAA.T GAAAC AATATAT TACTAC

SATAC AI& CCAAAAAATATAT T AT GATAATATATAT. GCT

%m&@m %WTKSHFLKDNHIL
vmmmmmm&émwwﬁ%%ﬁﬁﬁ%é@éﬁmﬁ
TEAAGALARECAALGAAAATEA

LR

M@QATATTATACCATNAGT TTRIAT I BC NOQQREKT 16 b ylhA

Nﬁé%ﬁ&ﬁ%@mgggﬁsﬂﬁﬁwwMMNEWAMWIWYNTEH
TACAAATAAAATAAATA ANTAAGAAGAACCAAGAAATGATGGA

AGAATTCA. TATATGCATATAAAAGGT TAAAAAT TT
TAAPAATATTAAAT 35SEQ ID NO: 2 refer to the polypeptide sequence
of region Il (RU) fragment of P. falciparum PfRH1. KDVI NN KIDI YKT |
SSFISTQXQLY YFEY | Y | HICKNTLNLL SQKT DINS S SY TKS H
FLKDNHI S KY Y TAKFT DI LNKT YY YNLYKNKI L L FNKY | | KL
RNDLKEYAFFS Q Fl QDKI KIKHKDEL S. I ENI LQE VNN I YI KYDT S

'‘NE 'S KYN NL II NT DL VQQKL L ET KQKKNDI T FIKVQLIE NH | YKN |
1T_1DETINKKNINE AD TEC: INMIKDHKKDIODITL T EIOOI KO VYN I T
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SEQ ID NO: 3 refers to the polynucleotide sequence of a smaller
PfRH1-RIl (RII-1) fragment having deletion at the 3' end. AAAGAT
GTAATAAATAATAAGATAGATATATATAAAACAATAAG TT CTTTTATAT
CTACT CAGAAACAAT TATATTATT TTGAATATATATATATAAT
&%}N}@AATACAT TAAACCTACT T T CATATPATATACAN R 2107/000312
gTAAATTCTAGTAGTAA P_TACACATATACAAAATCTCATTT
TTTAAAAGATAATCATATATTG TTATCTAAATAT TATAC TGCCLAAT
TTATT GATAT CCTAPATAPAACAA 4ATTATTATAATT TAT 'ATAAAA
ATAAAATT CTTT TAT T CAATAAATATATTATAAAGOTT AGAPAC
C-P_TT TAAAAGAATAT GCATTTAAAT C TATACAATTTAT T
CAAGATAAAAT CAAAPAACATAAAGAT GLAT TAT C CAT
APROTATEL AL @Jcleo’ude sequence of a smaller PIRH1-RII

TAATAATP TATATATAAAATATGATAG T TCGATAAAT GAAATAT
(R&ﬂAmﬁﬁ%ﬂéﬁm‘e}e HoR/Bf FRP 1290 ATAC T GA_T T T APLATAG

AR TCACRIRCAANAARGIA TEFATAG AP PICRIATAANA RRAN K RAC TSA &%

DA PEACAAGTACUES TATRECATAATIT WXL A S
ATRAPAPATRATATARANG ATCNTFARAAPABATCETE

ANEPABNTCHET VACT
TPAPNP:{%A’QTA@I‘&N@ATMAATCAAAAAACATAAAGATGAAT TATCCATAGAAARTATATTACAAGRA

TCGATARATGBRAATATCTARRTATAACAATTTAATTATTA
TEARMCAATA EARTATAITAMCAG, AEASAMALACACAR TS TAR

EWK@ITMM@@W%W@WW AL GARATA

A@é"iéii&%@ﬁ%ﬁ?ﬁwMWCAGATCW%ﬁﬁﬁE@mm

TGAAAGAAGATATAAATCATATTCATATATATATACAACCAATTCTAAATAATTTACACACATTA
BB PAGCATAATTAAPAARATC ARATRGRALA

E@MAWW@WWW@@% %@%@%ﬁ%ﬁﬁ?@i@

&kt anTCATATAC
AJ@EEM&RA%@A%A&@ ACARAARAACARA AA
CSEPSATACH, WAW @ﬁc’@ TFAACACAR

| g@%ﬁ%@&éﬁ@@mﬁmﬁéﬁﬁ% TabkRATaannac

EATTTGCTCAAAGAATTTATTCAACATTTAATAARATATATGAACGARRGATATCAGAAT
ANRACESTATATICANCNAARRGATACACAAAATAAAAACATCCAAAATCT
TCTTAAATCCTTGTATAATOG 20 APATAT

TA TTCATAGACAC
Aﬁ)Aﬁ‘$AAfAefiﬁi?Aﬂ%\RéAﬂ,Ri%\%%ﬁ&ﬁ:ﬁ?A&F FRRI ERLRILRD
frRgraiGAGBAC SatinnAALKE BAXTGAT TAT CT T GAAGAAATAAAAAAT
SARMGAIAAG AAAATAGATA 1T Y TMNKNTLNLLS YNIQKTDINSSSKYTY TKS HFLKDNHIL

LAGAGRATOCACGAT ANANAANRTATARG FEARCHST FARIKACHRIA TAL 702
VWWT@#N?WA@NA@NT @%?LEI KOKKNDITHKVQLINHIYKNIHDE ILNKKNNET

Z _ﬁ%%NYYKEI IKMKEDINHIHIYIOPILNNLHTL

&?ﬁéﬁ AT ANGAT ki AATAARATATO
AA@@MEMHMWDTQNKNIQNLLKSLYNGNINT FIDTISKYILKQKDIELTQ

HAT DS AT AT T T2 TROA T TORAEC ARA B X B M RGO H &R RS
bﬁ%%mffétllgfﬁ%ptlde sequence of a smaller PIRH1-RII fragment having deletion
at the 3' end. KDVINNKIDIYKT ISSFIS TQKQLYYFEY | YIMN.

EDTUNLLS ENIRUCT 13 NS SoRfvidi¥ iR TEENENEL loSeKaMATAKFIRDI-RII
LNKT YYYNL YKNKI LLENKY IKLRNDLK YAFKS | QFIQDKI

(RIERDEAEBaE R EISEURING PRI PPE: INS ISKYNNLIINT DLQ
1VQEIILE KON THEADLA Y K DA MO E T fTACRaC
e 3

| WM&@K@@%
QK N s Ko Kdklranannren

mbmmwtammkmm@mmm QQONPIETARAACAAGT

GGAA
ST
AATGA
%@ﬁbl{@ﬂT'ﬂrlﬂVd‘@bbh&@&lfdmmﬁ@dmméﬂﬂwesmmcmccTAT
MQQGYNNL TN SEQ ID NO: 5 refers to the polynucleotide sequence of a
smal er PfRE11-R11 (RII-2) fragment having deletion at the 5' end.

TTACAAATAGTACMCAAAPACTTTTAGAAATCARACAPAAAPAAAATG
ATATTACACACPAAGTACPAC
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40 T '2AT
'‘AAATCATATATATAAPALTATACATGATGPAATATTAAACAPAAAPAAT
RATGAPATAACAPAGAT TAT
TATAAATAATATAAPAGATCATAPAAPAGAT T TACAAGAT TCTTAC

BT HIMEAGAACAPATCAAA CAATAT TaT ATAT TAACAG@JT 1SG2007/000312

CATAAAAT

TACACAAEGTAATAATTATTATAAGGAAATCATAAPAATGA.
AACPAGAT ATAAAT CATAT T CA TAT ATAT AT ACAACCAAT T C
TP2ezAT PLAT T TACACACAT TAAAACAAG T ACAAAATAAT APLI-sAT
CA TAT C AAGAG CACAT CAAACAPLATAT TACPAAAAATT TAT
GATAAPAAG GAA 45T CT T TAPAAAPAAT TAT T C T CT TAAAAGAT
GAAS SATAN T PABAL A BTCAR AT MCGATASACTSTAPRAGARRTATTA

?@?&i%ﬁﬁ%ﬁ%@%ﬂﬁ%@% AP ACNCARACATAPICRONPATT:

AAAd 7 AAAA
1@MMGW%WAWAWWAMM@MEKECGAAAGATMCAGAATATGCAACA

T DT By AT G TATGAAARCAATATATT
*ﬁ%&@@%@?ﬁ&%ﬁ CiroyErE SAT

Eﬁ%@%ﬁi&ﬁiﬁ

EW@T@AW@@WM%A&E%T@IMMTMM
R R DOF R R AT IR E R EIRA T LG T T PRy AATCATATATACS
Ziﬁﬁg §i§§GATAAATACAACACAGAACATAATTTTAT
R AT A ANGARATGATGCAAGAATTCATATATGCA
ﬁWMM%M@MarCAAATAGATAAGACCA C
GACCATATAAAAATACAAGAAACAT TArSACAAATAACT CATATT GT
§é@%&@“§%€%@r@?@ﬁé@ﬁé G 3Rl Tdr S SRGRAPEMTRY TRE.2)
TCAACAT T TAATAAAATA
FEREE ARALSE SR BlAS ATREEAACA GG GT TATAATAAT T
BQAyQQM@NﬂHKQWKWm¥FHKﬁQ$E@HxﬂKWIHDEILNKKNNEITKIIINNIKDHKKDLQDLLLFIQQIK

T KIKYEEHIKQILOKIYDKKE

g%@@'&% '&gﬁ% HFAE@Z%@LISG EDKHESNPENHIQTY
Q Q Q

TOAGEATAL AR LA HVYTDEKINDYLEEIKNEQNKIDKTI

@mmmmmmmmm MEGECTEGEES GACAARTAkoYT

AR ATSEIATA YN BBER ASKY VPN TKNEEKKK I ONCVDKYNSIK
ﬁ?ﬁ?ﬁ?ﬁﬁ APIAAT) ﬁ COTARRAR T GTAGATAT N THNKKNOEMHEEF I VA

GATAAAAAATGAAGAAAAGAAGAAAATACAGAATTGTGTAGATPAATA

SNSRI ORI A IA I H R (R

méAmmAmwgyafam@m@mammmACAA AATATCGAT
M&Eﬂ&ﬁ&%@ﬁ%ﬁ%ﬂ%ﬁﬂﬂﬁ%ﬁﬁ%ﬁmmTACACACAAAGTACAAC

TACGARKTPAAIRT AAATT MEACATEAT A GAAG AR AT a&brcaT
%@W > WAW@M¢WWAMWC?:§MATCM

AR SRR @iﬁﬁ?&%ﬁﬁéﬁﬁiﬁéﬁ%qzm‘“ o
seguerve nfza srnalerRiR kbR HiR 2 fragmenichavingde 2K n

TAAAAAAAATTATTCTCTTAAAAGPTGAAGCACAATTAGACATTACCCTCCTCGATGACTTAATAC
AAAAGCAAACAAAAAAACAAACACAAACACAAACACAAACACAAAAACAAACACTAATACAAAATAATGA
GACGATTCAACTTATTTCTGGACAAGAAGATAAACATGAATCCAATCCATTTARTCATATACAAACCTAT
ATTCAACARAAAGATACACARARTAARAACATCCAARATCTTCTTABATCCTTGTATAATGGARATATTA
ACACATTCATAGACACRATTTCTAAATATATATTARAACAAAAAGATATAGAAT TAACACAACACGTTTA
TACAGACGARAAAATTAATGATTATCTTGRAAGARATARARRATGAACARAACAAAATAGATAAGACCATC
GACGATATAARAATACAAGAAACATTARAACARATARCTCATATTGT TAACAATATARARACCATCARAR

AGGATTTGCTCAAAGAATTTATTCAACATTTAATARAAATATATGAACGARRGATATCAGARTATGCARCA
GGGTTATAATAATTTAACAAAT

SEQ ID NO: 8 refer to theﬁ polypeptide sequence of a smaller PIRH1-RII (RII-
fragment having deletion at the 5' and the 3’ end.

3)
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LQIVQQKLLEIKQKNDITHKVQLINEIYKNIHDEILNKGNEITKITTNNIgDHK
DLQDLLLFIQQ I K
QYNILTDHKITQCNNYYKEIEezcEorNHInlylQpILNWLHTLKQVQNNFIKyw
EulKQILQKIVOKFT SLKKI ILLKIDEAOL D | TLLDDL IQKQT

“é;é%ﬁ%% Q TQKQTL IQNNETIQL | SGQEDKHESNP FNiHT %RV d0o312

NI QNLLKSL YN GN I NT FI DT | SKYI LKQKD | ELTQ

HVYT DE KI NDYL EE | KNEQNKI DDIK OETLKOI IVNN | KT:: KXDLLKE
FI Q HL | KYMNERYONMQQGYNNE TNY INQ YEEENNNMKQYI T T
IRNIQK | YYDN YAKEKE | RS GQYYKDFI T SRKNI YN | REN S
KNVDMI KNEEKKKI QNCV DKYNS | K YVKMLKNGDTQDENNN NNN DI
YDKL IVPL DS | KQNI DKYNTEHNFIT FTNKINTENKKNOEMMEEFI YA

QYNIL W‘f@gﬁ@gﬁq NHIHIYIOPILNNLA V %@éﬁwmg KIYDKKE

I%EE é’gg’égi %ﬁé Egﬁzﬁ@%‘ﬁ@%@%@ &ﬁg@o NHIQTY

I@WNW@@AANEA@TW@MM@TELTQHVYTDEKINDYLEEIKNEQNKIDKTI

DEF R ORE AR FEARKE AN AR ARAAT ISR T AN AT ARNATIAAAGTACAAC T
TATAAATCATATATATAAAAATATACAT GAT &AAA TAT

PIALABAMAABSAATAAT GAAATAACAAAGAT 30 TAT
TATAAATAATATAAAAGATCATAPAAAAGAT T TACARGAT CTCT TAO
'PAT T TATACAACAAAT CAAA

SEQA AR APAA TA TAAGTAACREAGEAT ARAGCANCHALATRSAMN BAAT araTo

thEATNGS A Ad A AT GA RREANSARIAAN TRA TAErse  primer

TAT T TCTAAATAAT T
(%@W TTTGTATTAA 3') used to amplify the Region |

(RACARARTATAARRFC APIRFATRIAAGAGCACAT CAAACAAATAT
TACAIMAAAT T TAT GATAAAAAGGAA TC TTT23LAA74. A AAAT TATT

TOT TAAAAGAT GAAGCACP.AT TAGACF_TTACCCTCC T
SEQ AT AL TTARTRAGBAGCTCAAAGATGTAATAAATAATAAG 3)) refers to

thAABAKRFL ARRAP LHEASEG ABARSEC RAACREAAGAL ALV R CAMEA 5

YT ERAERABAACA TR ARG E AN EEA foremplfy the Region I

(RIACT EATATHRCANABETARTR1-RII).
TCAACAAAAAGATACACAAAATAAAAACATCCAP-AATCTICT
TAAATCCT T GTATALTGGAAATAT TA ACACATT CATAGACACAATT

SR EANRTAT 0T A PTASIASRAA RAG ARAMACAM TIRI CRCHNEAE GFiaTs

tol thd AbrvaR GpAASANA BEARD G4 TAT efbrk GAMHaARNMRAAMRT (5

Ag@@ﬁé@@@iﬁﬁﬁ%ﬁ%ﬂéﬁ@%@ﬁﬁ%ﬁﬁ#ﬁ%éaﬁni*pﬁaﬂhe

REACARRAN AVAADIrer CHARMHAGBRA TFRIGCT CAAAGAATTTATT
CAACAT T TAATARAATATATGAACG'AAAGATATCAGAATATGCAACA

SOOT TATAATAATTTAACAAAT WO 2008/033106PCT/SG2007/000312
S ID NO: 15 (8 GACCAGCTGATATCCTTAAAAGCTTGTGAA 3) refers to

the forward primer and SEQ ID NO: 16 refers to the reverse primer (5
AACGGGCCCTTTAGA TTTGTTTACATCTAT 3') used to amplify the Region IV
(RIV) of P. falciparum PIRH1 (PfRH1-RIV).

SEQ ID NO: 17 (6' GACCAGCTGTACCATGCTGATGATACACGT 3) refers to
the forward primer and SEQ ID NO: 18 refers to the reverse primer (5'
AACGGGCCCTATAAA AACATTATATATTTC 3') used to amplify the Region V
(RV) of P. falciparum PfRH1 (PfRH1-RV).
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lIQIVQQKLLEIKQKKNDITHKVQL INIIYKNI EDE ILNKKNNEITKI |
INNIKDHKKDLQDLLLFINIK

QYNILTDEKITOCNNYYKEITECVIKEDINHIHMQPILNNLHITLKQVQNNKIK
YEEHIKQILOKIYDKKE S LKKI I LLKDa'AQL DI T LL DDLI

QURTIKRERTQTQTQKQTLI QNNET | QLI SGQE DKHESNEENH L ifs1
Y. IQQKDTQIIKNIQNLLKSLYNGNINT

FIDTISKYILKQKDIELTQHVYTDEKINDYLEEIKNEQNKIDKTI 5
DDIKIQETLKQITHIVNNIKTIKKDLLKEFIQHLIKYMNERYQNMQQGYNNL
TN Primer sequences: SEQ ID NO: 4 (5
GACCAGCTGGAATTTAGCCATGAACAGGAA 3) refers to 10 the forward
primer and SEQ ID NO: 10 refers to the reverse primer (51,4ACGGGCCC

Sz oSN L A@Télééﬁééﬁé%@m@&m%w FPrefers to
falc arum PfRH1 (PfRH1-RI). SE

1(5 :
FEEPERAA T SERATAAR ARG ARIE™S! )tPefg}% Y8 B ORI O
M@G@@@DSE@WG’WAAW@W@’W%WGH&MW the Region VI

T 1 [l 3) used to amplify the
<§6§on I @%A*f’é' c%a&%% (PfRH1-RIl). SEQ ID NO: 13 (5'
TCTCGTCAGCTGCTAATACAAAATAATGAGACG 3') refers 20 to the
derwarsl Romen gpd SEQIRANTFCENRIRIA AR EYEISE RN (3) refers to

ATG GGCC CTA G AAATG | GT 3' dt li ,
{8 T ST P Bt ADn 2RI CB G SAKeS. R 5
AAREEECTGATSTC G AMAAGCCTUETG AA BErefermntpl i the Regiand/||

i 00 1D NG everse primer (5 AACGGGCCC
(ﬁ%ﬁéﬂﬁﬁ%@%}l ACARI'i](':ﬁT T{:ﬁéﬁ)I Sg h@zro amplify the Region IV (RIV) of

P. falciparum PfRH1 (PIRH1-RIV). SEQ ID NO: 17 (5'
@E@@A@@T@T&CGAE@%@M@MAWWGWM@ feersasdto

rimer and SEQ ID N reverse prim ,
A A BT AR RACATTATT A EoER e T a1 BT
AACEG SR Galsparumnt PIRMTGPTIAATREY) 31 used to amplify the Region
VI (RVII) of P. falciparum PERH1 (PfRH1-RVII).

SEQ ID NO: 25 (8" TCTCGTCAGCTGAAAGATGTAATAAATAATAAG 3') refers
fo -the forward primer and SEQ ID NO: 26 (8 AACGGG
CCCATTTGTTAAATTATTATAACC 3') refers to the reverse primer used to
amplify the smaller fragment of Region 1l (RII-1) of P. falciparum PfRH1 (PfRH1-
RIl-1).

SEQ ID NO: 27 (5' GACCAGCTGTTACAAATAGTACAACAAAAA 3’ refers to
the forward primer and SEQ ID NO: 28 (5'
AACGGGCCCATTTAATATTTTTAAAATTTT 3') refers to the reverse primer
used to amplify the smaller fragment of Region 1l, (R11-2) of P. falciparum PfRH1
(PfRH1-RII-2).

SEQ ID NO: 29 (5 GACCAGCTGTTACAAATAGTACAACAAAAA 3') refers to
the forward primer and SEQ ID NO: 30 (8 AACGGGCCC
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SEQ ID NO: 19 (5' GACCAGCTGAATAATGCTCAACTATA 1111 3)
refers to the forward primer and SEQ ID NO: 20 refers to the reverse
primer (5 AACGGGCCCATTCAT TTGTTCTAA I I 1 OTT 3') used to
amplify the Region VI (RVI) of P. falciparum PfRH 1 (PfRH1-RVI). SEQ ID

I\!)Oz:o c§§3 1QJE({ACCAGCTGCAATCATATAA [ 11 AATACAA 3')§@f1?§§§6’0%0312
V}lorwar primer and SEQ ID NO: 22 refers to the reverse primer (5'

AACGGGCCCGATGTT GGTTATAT TTCTTG 3') used to amplify the
Region VII (RVII) of P. falciparum P{RH1 (PfRH1-RVII). SEQ-ID NO: 23 (5'
GACCAGCTGACAATAATTAATCAAAGTATA 3') refers to the forward
primer and SEQ ID NO; 24 refers to the reverse primer (5 AACGGGCCC
Al'111111 HI IGTTCAATTC 3') used to amplify the Region VIII (RVIII) of

A W-ﬁ%&r@t&@%'%@é@;zﬁrﬁér used to amplify
TCTCGTCAGCTGAAAGATGTAAT, TAATAAG 3' [
bR S SB35 14 Ak Clalgaerm PAT (PARF-Ri19)

CCCATTTGTTAAATTATTATAACC 3) refers to the reverse primer used

SHERP Nb?%sgsak*ﬁﬁr AOMLAOEREHIE LRGSR Tialepanm FiRbEL s
(PfRH1- 20RlI- . '

, %{.NS@EQ ID NO: 27 (5 ,
e cAeraT IENA ARTReST AP A BRARN NP efier(fo CGTATAGGATC
CihaTeaptmac T BN GeP8b tAAGGH Ve S QABVLARTAYIMEr used to

AAAA(IL 3) refers ta.the reverse.priner 25used to lify the.smaller, .
e R R B R R AR RS Poming
offl reEB0lEL CERPTTH SE2He B BN 189IOGTTAAATTATTATAACC

3") refers to the reverse primer used to amplify the smaller fragment of

ion I, (RII-3) of P, falciparum PfRH1 (PIRH1-R11-3).
SRR NPl S AR O R BAR AT R A A nana 3 refers to
forward primer and SEQ ID NO: 34 (8 AACCTCGAGATTTIGT
TAAATTATTATAACC 3') refers to reverse primer used to amplify the smaller

fragment of Region I, (RII-3) for cloning into pET24a+ over expression vector.
SEQ ID NO: 35 (5" GACGAATTCATAAATGAAGAAGCTCTACAA 3 refers to

forward primer and SEQ ID NO: 36 (5 AACCTCGAGATITITITT
TTTGTTCAATTC 3') refers to reverse primer used to amplify the smaller

fragment of Region VI, (fRVIll) for cloning into pET24a+ over expression
vector.

- SEQ ID NO:37: DNA sequence of rtRVIII

ATAAATGAAGARGCTCTACARATTTCACAGGCTCTATGGACACAATCTTATAAGTGAAGATGACARARATA
ATTTGGTACATATTATAAAAGAACAAARGAATATATATACACARAAGGARATAGATATTTCTARAATAAT
TAARCATGTTAAARARGGATTATATTCATTGARTGARCATGATATGAATCATGATACACATATGAARTATA
ATARATGAACATATAAATAATARTATTTTACAACCATACARCACAATTAATARACATGATARARGATATTG
ATAATGTTTTTATAARAATACAAARTAATARATTCGAACARATACARAAATATATAGARATTATTARATC
TTTAGAACAATTARATAARAATATARRCACAGATAATTTARATARATTARAAGATACACARARCARATTA
ATARATATAGARACAGARATGAAACATARACAAARACAATTAATARACAAAATGAATGATATAGAARAGG
ATAATATTACARGATCRAATATATGCATGATGTTCAGCAARATATATTTGAACCTATARCATTARARATGAR
TGAATATAATACATTATTAAATGATAATCATAATAATAATATARATAATGAARCATCAATTTAATCATTTA
AATAGTCTTCATACARAAATATTTAGTCATAATTATAATAARGAACAACAACAAGAATATATARCCAACA
TCATGCAAAGAATTGATGTATTCATAAARTGATTTAGATACTTACCAATATGAATATTATTTTTATGRATG
GAATCAAGAATATAAACAARTAGACAARARATAAAATARATCARCATATAAACAATATTARAAATAATCTA
ATTCATGTTAAGARACAATTTGAACACACCTIAGARAATATARARAATAATGARRATATTTTCGACAACA

TACAATTGAARAARAAAGATATTGACGATATTATTATARACATTAATAATACARAAGAAACATATCTAAR
AGAATTGAACARADAARADARAT
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SEQ ID NO: 31 (5' CGT ATACTCGAGATGGGGGGGACTGCCGCC 3)
refers 5 to the universal forward primer and SEQ ID NO: 32 (5'
CGTATAGGATC CAAGTAAAACAAGGGCTG 3') refers to the universal
reverse primer used to amplify the various regions (RI to RVIII) cloned into
or sub cloning of the respective regions into th
&%ﬁ) ?%E%BSQ ID NO: 33 (5 RN Moo
GACCATATGTTACAAATAGTACAACAAAAA 3)) refers to forward primer
and SEQ ID NO: 34 (5 AACCTCGACi‘a 'l GT TAAATTATTATAACC 3)
refers to reverse primer used to amplity the smaller fragment of Region I,
(R11-3) for cloning into pET24a4- over expression vector. 15 SEQ ID NO:
35 (5' GACGAATTCATAAATGAAGAAGCTCTACAA 3) refers to forward
Hhommeb aoosSEQUERNOFGE SAARHTEYGAGAIIIIT |  IGTTCAATTC 3Y)
refers to reverse primer used to amplify the smaller fragment of Region
VIII, (rtRVIII) for cloning into pET24a+ over expression vector. 20 SEQ ID
9?&93@ NR38dgirAde bR ATRArTGAAGRACIOTE TADARTRH1-RI-3
EAGERTIC TATGGACACFAT CT TATAAGTGAAGAT GACAMAATA

ﬁ%ﬁ@%ﬁ?@@ﬁm@mﬁ AR
Ex TANARR AN F2a TAROSAT T AAALA RS GARLKATAR L AT sk noN KR
GANTGARC AT GATATGANRGAT SN PACACATVATMGAATATAE TKRISNTAR

?$ﬁAﬁ@¥$@#@N§ﬂ$ﬂNNﬂMNAﬁ?@Q$AﬁHH¥KIHNEKIQAEILIIDDAKRKVKEITDNINKAF

MACAREEATACACACAATTAATAAACATGATAAAAGATAT T G P.TAAT

G TTT T TATAAAAATACAAAATAATAAAT T

SHENAT NOA BACAAAAL TRT AFHMGASA DITAT Proainted BRUBAASAST of P.

f],;/é TAABRATATAARCACAGATAATTTAAATAAAT
AGATACACAAAACAAAT TA

ﬁ%{gﬁﬁ"g&gﬂ %W%@’Eﬁﬂ@ﬁﬁ%&éﬁﬂ%ﬂéﬂ%ﬁﬁﬂ%@&

NNLYGDLMSNIQDVYKYEDINNVELKKVKLYT
INKENNSYIIKLKEKANNLKENFSKLL%NIKR

b&%ﬂ»&ﬁﬁ@@ﬁ@ﬁﬂ@%ﬁ ﬁ%?&@ﬂﬁ%iﬁ&@ﬂ@%&ﬁnﬂ%ﬁ
GAACCOP AN RAGATTIAAANA DIGABRH T 1G AERA AN TACARRHTKE I TDNINKAF

NEAAATGAIMATCATAATAATAATATA. AATAAT GAACATCAAT T TAAT
CAT T TA AATAGTC TCATACAAAAATAT T TACT CATAAT

SEQAD THAOAL AARGAABAUACARANTATA TAMHRAREE S FRTPIRH1-RI-3
GahAAGAAT T GAT GTAT T CATAAAT GAT T TAGATAC T

RN HRIIOFIANG AATAT TAT TT TTAT GAAT G GAA T

OEAGNATRRA ARG PTG AT A ATRATAAK DT AONHKNKQETKLN T TT I QELL
@M%%?AWA@KAW?WKWM%W;@W%NP ?QQMP@E QEYIQIYEN

GAML A b erRACAIG
GATAT TAT TATAAACAT TAATAATACAAAAGAAACATATCTAAA

élg_;@ AgTN%Agg: %é%ﬁw@éégtcted sequence of the binding region of P.

falciparum PfRH3.

INEIKSKMDNINEKLKHITDFIDKNVNYIYENHSTODINIMLNNTISEYNKLEFINSDIFDNIS
KKLKKELQDLVTLKESLMKMNHNVLKMDPLKSLNQVLEKYEELKKNINEYSKEENKLYDFKKOM
ESRLNAFITNLNNNDETLVDGKNIYDQFVEYKEQLLIKKRIIINNEIVIINDEVKKIKDELKSY
NILSYKLENDTSHDVVNSVENTPSSDVATAVSNSSSILSTYNSTELNKLRNFFSEKDDELNVES
KVKODENIFIEKNKIFDDIIKDIELYNKKTNAIKNLNNAINGSMNNLSLIDSVMKNKGDI INRL
SQREYLIQTDNFIDIYEKIFLKDNLNKGLEETIENRLSNTYMNELKIEAEKQNEKYKKLKENINT
YDDTFLEKLIGDNYEWEVLKIELNGLNVNYNILOANIDTLIIKPYIDHIDHIISLIESLKHENIE
NKIKKVIPNLERLKDFIQTKFNTNDIKLDHNNLIT
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19 Homologous sequences (Figures 5 and 6): SEQ ID NO: 38 refers to
the PfRH2a sequence homologous to the PfRH1-RII-3 binding domain. 5
LEETQDKLLELYENFKKERNI INNNYKIVHFNKLKE IENSLETYNS IS
TNFENKINETQNT. DIILK NE 'ENN | KTKINDKVKELVHVD S TI1 TLES I1QT
WFé\L NEY$SRLEYISNI QDVYKYEDINNVELKKVKLYI PCT/SG2007/000312
NIT

NLLGRINTFIKELDKYQDENNGIDKYIEINKENNS Yl
KLKEKANNLKENF SKLLQNIKR

NETELYNINNIKDDIMNTGKSVNNIKQKFS
SNLPLIKEKLFQMEEMLLNINNIM I<KRISNTAP. YTNI
TLQDIENNKNKENNNMNIETIDKL I IKIHNEKI QAEILI | DDAKRKVKE |
TDNINIKAF 10 NE ITENYNNENN SEQ ID NO: 39 refers to the sequence

sehthe nesdigiedhinding 1e8ipneefidte dalkdpasndePdR D binding region of P.
LEETODKLLELYENFKKEKNI INNNYKI

VIV AXFRYREREIENSLETYNSISTNFNKINETQNI DILI< 15 NE

THEN D KTIOSHBKAIR ETNGE WEISTR RN SHOFR N RTAE PLVISRI OB Y EIQ
ng’.mnﬂmI}QRWFKFYKE ILDSKEKIYELKIEFEKSVTEINRLODGESARDLHEEQIKE

éﬁ%ﬁ%ﬁi&ﬁﬁ%ﬁ@%@éﬁ%ﬁ%@m@@mmVYR

VHKKMKEFSDAFSTKFEALONSMQQYNQEGD
NETELYNINNIKDDIMNTGKSVNNIKOKESSNLELKEKLFQMEEMLLNINN

ININETKRIS NT YTN NNKNKENNNN
SRR OIS ereT DR RAEGE T el UERA 2 2L P
vi N RER-efer to the PfRE-14 sequence homologous to the PfRH1-RII-3
L Inding-demain ot NEGEMQOME N T kMFENT. SKSKEKMLY STFEKLEGDLLNKIN
HOEMINAY DN DY HKK QI EE RIS ES 1 ONRIN K QET KN TRTIQNILKVRE

Fwwmmmmwmwxmw@wmkmﬁ HPIRRN
S EQEK{IF@T WNE@@TE FEGLNKTVKGYLOEIEDIKVKENEDRSLKNQIEQHLKYTSDNRDNV

K%%%@E@g’%@gﬁé R R A R TR ORISR =

PITQQIQTKEYTTNNIEHIKQILINYI QECKPIQNI 5E1-7 | YTLYQEI KT
NLENIEQKIMNINT NRLKI JKKIFDQINQKYDDLTKNINQMND SEQ
et-sequence of the binding region of P. 30

R R R B L EN e e

donmcmlaEcLeQlstwrME@tqmmfmﬁwmﬁmem\ﬁéEEtkﬁ*EEeLR‘P@xﬁ&‘he
é@gNﬂeY%gngMrﬁéﬁRwAﬁEﬁ'L&MM&E}EH@%EN@Q is herein

FVE KEQLL | KKRI | INNEIVI INDEVKKIKDELKSY NILS

IRFEN TS RHHARIENTPS SDVATAVSNS SS ILSTYNS

TELNKLRNEFSEKDDELNVE S

The bindi'ng of the merozoites to erythrocytes is mediated by specific binding
proteins on the surface of the merozoite and is necessary for the erythrocyte
invasion. At least two gene families the Reticulocyte Binding Protein
homologues (RH) and the family of erythrocyte binding proteins/ligands (EBL)
have been shown to mediate specific interactions with host cell receptors
thereby defining host cell specificity and are thought to play an important role in
parasite virulence and possibly immune evasion. How binding of EBL or RH to
specific erythrocyte receptors ultimately leads to merozoite invasion is an
important question. In particular, invasion of erythrocytes by malaria parasite
Plasmodium falciparum depends on recognition of specific erythrocyte surface

receptors by parasite ligands. The > 300 kDa P. falciparum reticulocyte binding
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35 EVEQDENI FIEKNKI
FDDIIKDIELYNKKTNAIKNIANAINGSMNNLSLIESVIIKNEGDI INRL
SQRS YL QT DNFIDI YEKIFLEDNLNKGLEE IENRLSNTYMNELKI
EAEIWNEKYKKLKEN INT YDDT FLEKLI

GED W LKIELNGLNVNYNILQANI DTL I IKPY1 DHI DI-L,ICIFT%6 007/000312
IESLKHNIE NKIKKVI PINLERLKDFIQTKENTNDIKLDHNNLI 6

20081033106PCT/SG2007/000312 20 SEQ ID NO: 42 refers to the
predicted sequence of the binding re i10n of P. vivax PyRBP-1.
INDLQDLIDQMKEYKDEIVNNSEFISNRYKNIYENLKETYETELNDIGKLEN
DTSKVNEYLMQI
RKINTEKTKIDESLQTVEKFYKEILDSKEKIYELKIEFEKSVTEINRLQDGE

pRRDLHIRQIKFUS® 1 (PRH1) recognizes a so far uncharacterized

LDKMAKKVHYLKE LSLIt<GKSSVYFTEMNELLNTASYDNMEGFSAKKE
LB?\lnBrll RN e, trypsin resistant receptor on the surface of the

EDINAYEENVRKFVT ENRERSTEIL BMbE DEEMES e QBAHEF oM NEYSBRes

@%ﬁm%ﬁ%ﬁ%&?ﬁ KRS BRIA R PRSI S\ kRIS SR dpportant
N BRGEA SFlaeien RRtkVBHIRRcRd sequence of the binding region of
P. 10 vivax PYRBP-2.

V. VELKTLFYVAAKHYADFKESLEHLKMFENIJSKSKEKMLYS
iﬁ%ﬁ_ﬁ%gﬁ_’\ﬁaw #t:mher 1djé|nt‘16f"zed Fﬁe corresponding regions in the
TIEBBEOB TSoPTYM ADSEKRK BRESININSKBES | Otk BSNR MEUSKalso

BNORRNHACVIRE region elicits protective antibodies in_ mi i
FINKSNGLITSVKGTSOLSESDROOIE TKIELIKRKKRDITERSS 2FiRifRN 7
ﬁ?ﬁ){ R %l\llnventors demonsirated that immunization of mice with the

SHENGK ERTRDK bIEING T Eeghos L BIK PIGY lREHE DIOASE NERRS TN ry

TSPNR , :
%%E%%ED@%K%%é%ﬁlﬁBAgsgﬁDﬁf‘Eﬁerﬁiﬁiﬁ%ﬁR\ﬁ%%%RE%“*‘
ebtarkativries.
YEDHQKLYNEASTIEKIKDLHQKTKEEYEKLEEMKFSNFGQILDKLNTEL
@mLKThLquKNlVFErﬁ?TNY,I&l@/)IA%DSLTNLTAEVDN[_RS Detailed '

eS2HPlion o HE MG TGP reRG RIS FeaTeBRRdth tREIONS
gedventispediiestioniare felcpamenieniterliBtediahetfoyota iskahvention
] ft amples.. The whole content of
E@Fmgggghicé re?e?éé@gﬁgh%ﬁegg ﬁ%{%%%%ggsbﬁp&eor%ﬁ&&%%ous
AR IsTives fiorzamys et erytirssyecé v tegatedrojhepecifiddineiagnple,
Presmioaion the slefacpehibeneraralR AN bia B68RARY ¥INerasmodium

%r’ggfr)fe%(l:ytlgllnvas&on. At least two gene families the Reticulocyte Binding

FOER honTIBTBEMR B SRY the TARM Br By reyRIgicuifie lke may be
protenmsitigehty (EBh)dsaneibeentishown to mediate specific interactions
with host cell receptors
The present invention provides isolated polypeptide fragments of Reticulocyte
Binding Protein homologues, PfRH1, involved in the binding and/or invasion of
the erythrocytes by Plasmodium.

Accordingly, there is provided an isolated polypeptide, wherein the polypeptide
is a Plasmodium Reticulocyte Binding Protein homologue fragment, comprising,
substantially comprising or consisting of at least one amino acid sequence
selected from SEQ [D NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8,
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30 thereby defining host cell specificity and are thought to play an
important role in parasite virulence and possibly immune evasion. How
binding of EBL or RH to specific erythrocyte receptors ultimately leads to
merozoite invasion is an important question. In particular, invasion of

v&‘ﬂ%ﬁ%ﬁ% by malaria parasite Plasmodium falciparum depefss8t/000312
recognition of specific erythrocyte surface 35receptors by parasite ligands,
The > 300 kDa P. falciparum reticulocyte binding 21 protein homologue 1
(PfRI-11) recognizes a so far uncha%rgcterlzed neuraminidase sensitive,
trypsin resistant receptor on the surface of the erythrocyte. PfRH1 is a
member of the reticulocyte binding protein homologues (RH) gene family
which is found in all malaria species and plays an important 5role in host

a Gehssliegliorcand pitienceeih.investossinaxe putipidntitied themprise,

o GRESpanaerons e Fesm U Lo, AL R M ciected

ure Ve a0 shown that the region elicit

fr@m@%ﬁx&wﬁbo@@ﬂa iﬁ]déQFﬁg@@??fi@ Beddeiifghy, N@i@@&ﬂ@#ﬁ‘o@@dlor a
paeBnaEalss hatiamuanizagien of %@%%héh%&%e%rcfogé@ﬁ@mn&ay
region of PfRH1 elicits strong invasion inhibjtory antibodies t&%
OB SHENAR SO h GO PRIEh e e AT SHIB AL 8.
hdrhaltigoegimtiveriavesntion thidrbef dEseribethiadhpsheafiiderenende may be
AR S S BSOS R 2RO ORHES in

e Invention Is not Ilmlted to regions from only these two parasites. A

D@ﬂ@ﬂﬁoﬁﬁ@@@ﬁ?@é@%%ﬁ%@%@%@%@spm&@@ﬂR@Eﬁ/\ﬁ‘i‘%ﬁ‘ 350

a8 AHcigs erABRISIaRIaBRbII Y M PiRs BEiea MetriRH1, PVRBP1
ﬁ modlum‘ oelii, Plasmodium 20 knowlesi, Plasmodium relchn0W|
Jlf?ﬁ?ﬁ IHEMGIFUr the like may be encompassed by the present
~invention. The present invention provides isolated polypeptide fragments

'AQI;SFSHH%J'R)CHEO%H@'Qgp%@t%hm“&m??%r&%s@ dﬂvgléfl%ge@ Bypeptide

binding“and/or invasion of 25 the erythrocytes by Plasmodium.
CorBRBRiiyI§ UitRRE Al GomBEARG Tt stk i, eARtrmeyfgmino acid

s@@%@@@t'@@ec‘ced from SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ
ID NO: 8, a homologue or a portion thereof, wherein the polypeptide comprises
less than 700. In particular, the polypeptide comprises less than 550 amino
acids. More in particular, the isolated polypeptide may comprise less than 400
or less than 350 amino acids. More in particular, the polypeptide according to
the invention consists of at least one amino acid sequence selected from SEQ
ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue or a
portion thereof.

The invention also provides an isolated polynucleotide encoding a polypeptide
comprising at least one nucleic acid sequence selected from SEQ ID NO: 1,
SEQ ID NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7, a homologue and/or a portion
thereof. In particular, the polynucleotide may comprise at least one nucleic acid
sequence selected from SEQ ID NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7, a
homologue and/or a portion thereof. More in particular the at least one nucleic
acid sequence may be SEQ ID NO: 7, a homologue and/or a portion thereof.
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is a Plasmodium Reticulocyte Binding Protein homologue fragment .
comprising, substantially comprising or consisting of at least one amino
acid sequence 30 selected from SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID
NO: 6 and SEQ ID NO: 8, 22 a homologue or a portion thereof. The

59366l Rlypeptide may comprise, substantially comprise 01‘(99?&5%5%0%512

least one amino acid sequence selected from SEQ ID NO: 4, SEQ _ID NO:
6 and SEQ ID NO: 8, a homologue and/or a portion.thereof. In pgrtlcular
the at least one amino acid sequencgnay 5 comprise, substantially
comprise or consist of the sequence of SEQ I[_) NO: 8, a homologue
and/or a portion thereof. The isolated polypeptide sequence may be _Iess
than 700 amino acids, in particular less than 550 amino acids. More in

Vi ihticitrer teten isoleredt isiatypeptide Wm@ﬂﬂéi&ﬁa{ﬁ%&?%ﬁﬂ%%ﬁdgg%nd for
' ids. The isola lypeptide ma elected from
e LB R gt arsloated
Sggbjggt?‘?ﬁéfﬁ’fv@ﬁmﬁlﬁr%\%@%if&hﬁ@@lﬁ@@@%&l?h@bﬁdmﬁbmpﬁéﬁgm Number
bstantindio gonspEsNE ML AUISHANh OhakieASLONS AMINO AGiGse S,
\Z;@Ztg%lfr BOQS%% ||§pﬁo; 2 gﬁQi‘gN 2 4, SEgrﬁ) NO: 6 and ‘éE%?ge d
ID NO: 8, %omc?lo&ﬂge@f:gs SrothRPE AN RE it p%%@f)fﬁféc aime
SEaHRIIfSes less than 700. In particular, the polypeptide comprises less

than 550 amino acids. More in particular, the isolated polype_ptide may
mprise less,than 400 or less than 350 amino acids. More in partlcul_ar, .
V?rgé‘p R/E%BHdé BRURIY et sinsiststopdt teatstimealpriaptide
andigseqlenctesttec st frdmdS Qo RS ﬁgtt #gtjg » %é%ginv S'ﬁ% Jﬁ‘e
i »0.an N hampologue or a portion thereof. The
”{;!Igc? f|c€;r%vigo(lae%lsE %r‘%%o%t)e %%ﬁ?%@cle%%&%egﬁcgﬂAﬁ'%ﬁblﬁﬁ@ﬁﬁ&@eg may be
IndniisAsiAl Hisedst omb Budisic atidheoiiencd sdectedifigiy) SEQIPHNSide

“suibstantially comprising” sequence X will be novel in view of a known
polypeptide accidentally comprising the sequence X,

With the term “consisting .of" it is understood that the polypeptide and/or
polynucleotide according to the invention corresponds to at least one of the
indicated sequence (for example a specific sequence indicated with a SEQ ID
Number or an homologous sequence or fragment thereof).

In the present description, the polypeptide, polynuclectide, composition or other
products according to the invention will be generally indicated to “comprise” a
sequence. However, for the purpose of the present application the use of the

term “comprise” will also include the optional limitation “‘substantially comprise”
or “consist of”. |

The term "nucleic acid” is well known in the art and is used to generally refer to
a molecule (one or more strands) of DNA, RNA or a derivative or analog thereof
comprising nucleobases. A nucleobase includes, for example, a purine or
pyrimidine base found in DNA (e.g., an adenine “A”, a guanine ‘G, a thymine
“T" or a cytosine “C") or RNA (e.g., an A, a G, an Uracil “U” or a C). The term
nucleic acid encompasses the terms “oligonucleotide” and “polynucleotide”
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25 SEQ ID NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7, a homologue and/or
a portion thereof. In particular, the polynucleotide may comprise at least
one nucleic acid sequence selected from SEQ ID NO: 3, SEQ ID NO: 5
and SEQ ID NO: 7, a homologue and/or a portion thereof. More in
vp@%%@&t&e at least one nucleic acid sequence may be SEQHadY¥6d7/d00312
homologue and/or a portion thereof, WO
2008/033106ITT/SG2007/000312 23 With the term "comprising” it is
understood that the polypeptide anglor polynucleotide according to the
invention comprises at least one in Qated sequences (for example a
specific sequence indicated with a SEQ ID Number or an homologous
sequence or fragment thereof) plus an additional (fixed, 5 variable or

e@gﬁg%@@%\ﬂ?ﬁ?ﬁ ﬁﬁéh@rﬁ% iﬁ@tic@éti_él{laﬁiat.thﬁéft@ﬂﬂ e&ﬂn@%céaimdry" in the
. h the term 'substantially comprising” jt is u tood that
COPE PoRdRRCa RGN HETacIEofS SRS dhg TF RS ifiihuigl oo aenty

attscthstattialyteonsprsds testdnititicateptenesteitnof deedmiggptrands is
lement. Additi . incl - r
o B B R s e

strgiicheaitvettin iebase kit Pk ptes RefiEiRaNe s A Hs RiFuREand
pﬁ%ﬂuﬁmﬁ?g% 1%3//¥§h(ﬂl7%wrlfﬂé'?d@ﬂféﬁlir)%w-%ii@iﬁw@@(&fﬁ&m@thahd’mg is of
. polypeptide and/or polynucleotide accqrding to the i ' d

%ba’f%a@%& of8"of efﬁ%ﬁg ed & Sﬂen%rée or éiarﬁé?g% égge%éﬁ?érggg%nsg '

cdneitateshtaitty 2 SEQitDrYumbecite ainkoraoibdoaisqnepestisie aganaied

totm%rr%?eorget sequences under conditions in which specific binding is desired.

The term "isolated" as used herein refers to a biological component (such as a
nucleic acid, peptide or protein) that has been substantially separated,
produced apart from, or purified away from other biological components in the
cell of the organism in which the component naturally occurs, ie., other
chromosomal and extrachromosomal DNA and RNA, and proteins. Nucleic
acids, peptides and proteins which have been isolated thus include nucleic
acids and proteins purified by standard purification methods. The term also
embraces nucleic acids, peptides and proteins prepared by recombinant
expression in a host cell as well as chemically synthesized nucleic acids. A
“nucleotide” Includes, but is not limited to, a monomer that includes a base
linked to a sugar, such as a pyrimidine, purine or synthetic analogs thereof, or a
base linked to an amino acid, as in a peptide nucleic acid (PNA).
“Polynucleotide” refers to a nucleic acid sequehce (such as a linear sequence)
of any length. Therefore, a polynucleotide includes oligonucleotides, and also
gene sequences found in chromosomes. Accordingly a nucleotide is one
monomer in a polynuclectide. A nuclectide or nucleic acid sequence refers to

the sequence of bases in a polynucleotide.

A “polypeptide” is a polymer in which the monomers are amino acid residues

which are joined together through amide bonds. When the amino acids are
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In the present description, the polypeptide, polynucleotide, composition or
other 20 products according to the invention will be generally indicated to
"comprise" a sequence. However, for the purpose of the present
application the use of the term ‘comprise” will also include the optional

oitatigessspstantially comprise” or "consist of'. 25The termy, pgleig, 361312

is well known in the art and is used to generally refer to a molecule (one or
more strands) of DNA, RNA or a derivative or analog thereof comprising
nucleobases. A nucleobase includes, for example, a purine or pyrimidine
base found in DNA (e.g., an adenin ‘5A", a guanine "G", a thymine or a
cytosine "C") or RNA (e.g., an A, a G, an Uracil "LI' or a C). The term
30nucleic acid encompasses the terms "oligonucleotide" and

aRAbRHeIeo U] s 24i8RcRS §L’&QEQP%9HQ|P.5$rm§"r5'-g5{&§ciggm@ecar} be

term "complementary” in the context of nucleic acids refers to a strand o

Yisdefoadid SOReCE AR ERIStREd ThariBtAe shalaenfisierens tgotein” as
e pleraientaelintériied wo ahmmd&i&daﬂm@ﬁﬂyd%iﬁ%ﬁﬁwh h@ﬁgmmude
es mple, the base ,A.on one 5 strand pairs with the el .
rﬁ%}%&ﬂ%ﬁ thng %Qfﬁgﬁggnd%%ﬁba%se %%Ogrnoepesfﬂsa‘nd?pﬁeﬁ rsta\?\mp] th%obg%J @%n IS
shecHtprily Anfendenicleemdrs dradialby et seasitiieonplerientribose
WHIEH Blera-deenpbitlisient deaspriamplemenriacty RVl RonssRRehfde
inding, pf t%;ﬁllgoﬁnﬁgél%otlde or analog to non-target sequences under

RSN i BifoRoy ReRtSReUNich PrRkER A IE3slege dseful

esEgdersin teféispe) aidhiel ogigaincarhponeniytentidascapuitieicfasidding an

RERUAERIRISIONhatdan s aubRiial seRR At prgiluced apart

from, or purified away from biological components in‘the cell of the
organism in which the component naturally, occurs, i.e., other

“Homologues” of a nucleotide or amino acid sequence will possess a relatively
high degree of sequence identity or homology when aligned using standard
methods. Methods of alignment of sequences for comparison are well known in
the art. Homologues of a nucleotide or amino acid sequence of the PfRH
binding region, in particular the homologues of SEQ ID NO: 2, SEQ ID NO: 4,
SEQ ID NO: 8, and SEQ ID NO: 8 are typically characterized by possession of
at least 75 %, for example at least 85 %, 90 %, 95 %, 98 %, or 99 %, sequence
identity counted over the full length alignment with the originating NS sequence
using the NCBI Blast 2.0, set to default parameters. Methods for determining
sequence identity over such short windows are available at the NCBI website
on the Internet. One of skill in the art will appreciate that these sequence
identity ranges are provided for guidance only; it is entirely possible that
strongly significant homologues could be obtained that fall outside of the ranges
provided. An RH “fragment” as used herein, is meant to cover any nucleotide 6r
amino acid sequence derived from the RH nucleotide or amino acid sequence
known in the art. The derived RH “fragment” is shorter by at least one
nucleotide or one amino acid compared to the RH sequence known in the art. In
particular the RH protein “fragment’ may be 700 amino acids in length. More in
particular the RH protein “fragment” may be 550 amino acids in length.
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15 chromosomal and extrachromosomal DNA and RNA, and proteins.

Nucleic acids, peptides and proteins which have been isolated thus

include nucleic acids and proteins purified by standard purification

methods. The term also embraces nucleic acids, peptides and proteins
“}2{%9??5% 1k&/ recombinant expression in a host cell as well gg-hemicalys12

synthesized nucleic acids. A 20 'nucleotide" Includes, but is not limited to,

a monomer that includes a base linked to a sugar, such as a pyrimidine,

purine or synthetic analogs thereof,?é a base linked to an amino acid, as

in a peptide nucleic acid (PNA). "Polynucleotider refers to a nucleic acid

sequence (such as a linear sequence) of any length. Therefore, a

polynucleotide includes oligonucleotides, and also 25 gene sequences
Afpurd ihghsenmesPpesniceotdisgheasibelgodisevis ang neneorepied in a

gq{lg/nu)c}lgo\t[ide%. ,rﬁxrggclggticd%worringgl?icaaciqzs %gpcﬁg rlef rﬁsateoitsberov' ed a
v %qﬂ‘ence §Fpasetin 8 po?yn dreotide? 55 alp a—amiﬁc}lacmfs, cither the
methowcel produsing the mlgptiptifisannsrdiag be armednenel ErRiordénepenighe
ifHSREE dnE MRPIARAVRERIFR Qepargiein” as used herein are

intended to encompass any amino acid sequence and include modified
seqBhEHEUEIEHIE GRICRSRENTS Fhd e iRYepbbe iR SeRdiRnsidiRF'
intenclegkiramsien patheaypespiidagaprdteins, as well as those which are
recombinantly or synthetically.produ The term "polypeptide fragment”
refe@?geag%grt‘% S%Te aB g@’%%%‘b%% W%?Igf‘legxﬁl its at least one useful )
TépitopeoyRicd preiypeniderdgidh 6P powpEbtiRasaea6I0bf hindmgian acid
sgawé@mal '}e%gﬁeﬁ{ﬁedqgmrw. .,ss@@%wmt: w,its@a:;”mi@@nemd SEQ
ologues"” of a nucleotide or amino acid sequence \ill possess a :
D el PGB PG BTGB S o Toy Gt A grairo 2cd
sagingnsandgrdoneshse shéd/eshoescef afi§mtein diGeguehoesfogue and/or a

%%aﬂ% are well known in the art. Homologues of a nucleotide or
Pamino ac%%equence of the PfRH 15 binding region, in particular the

NO: 4, SEQ ID NO: 6, and SEQ ID
35??&5897%%50% cel,
texabpleratilezisy 85 $anSh a5 Has 08, AngtatorssginshaEidendgic acid

V, le Toln t.with the qriginati S.sequence:
O B S0 e e R LB AN o °eFfin of
raelieatining 2 siiusaYAigenig iR OSSR sHRtaViRamRS Wie agarspRnd/or
hdbesbic Rlavehisiierer tieibtREIefe IR @ikl theoar wiltappiecRiector

that th identity, ided f id V- it
e s e L s i e = O e
rihaleiall amidsidendfahenetaiyes (provithed pAlyhidtidem wietite aessd Mrreirion)

c‘%ﬁnééﬁﬁ%wt 2 GAULEL AR WWGIROUR OK %%@av%ﬁgﬁ%mﬁmqﬁ%%qw aid

- 1 nucleotide or amino acid sequence Known e art. The derived
iRHChigying rente/sRbriae By akisadeisniniuditohed. ofite ammoiEeidparticle,

IBIBRRIEhtette EAtRRAMEmeEkBown in the art. In particular the RH
protein "fragment” may be 700 amino acids in length. More in particular

the RH protein "fragment” may be 550 amino acids in length. WO
20R8103B206RE EXQGIRE0 7400031226 and scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art. It
is further to be understood that all base pair sizes or amino acid sizes, and all
molecular weight or molecular mass values, given for nucleic acids or
polypeptides are approximate, and are provided for description. Although
methods and materials similar or equivalent to those described herein can be
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Any of the isolated polynucleotide described above may be comprised in a
vector. The vector may be comprised in a cell. Accordingly there is
provided a method of producing the polypeptide according to any one of
embodiment of the invention, the method comprising the steps of: 5(a)
udtustia@ih@cell according to the invention, under conditions, gyitable fR60312
expression of the polypeptide; and (b) recovering the polypeptide so
.expressed. The recovered polypeptide may comprise at least one of the
amino acid sequence selected from %I;Q ID NO: 2, SEQ ID NO: 4, SEQ
ID NO: 6 and SEQ 10 ID NO: 8, a homologue and/or a portion thereof The
at least one amino acid sequence may comprise the sequence of SEQ ID
NO: 8, a homologue and/or a portion thereof. A "vector" refers to a nucleic

weid inalesple awindiodused HitoiR BrsdcallhelifhyRTAdHEIAY and materials
%r%n ég(r}rgilgd h(.'[)%te ell. A vector may include nucleic acid 15 sequences

at permit’it to repﬁggteoﬁ{r{ﬂ%sﬁasm%ﬁﬁuW‘éﬂg%"origin of replication. A
vector may also include one or more therapeutic genes and/or selectable

AFSAEENGe s 2iNsih&sgeRedbeIdmventiornBiry emeartiselatedoradhody,
rincrsteldb RO SCRAIR Bl BRI T RS I CAPIES: one
i, acids and/or proteins (e.g. €, e presen

e Sa AP R 5 S B S8R it o mo
fnentiS-fAdierlale 8 achmaipisdngrelory optiiantiereatithintarticelag|ithe
Sb0AT SpAEH RMTISIR RO SABR JYSNR _SQﬁBHQiR%{HS Qt‘(ﬁﬂy gl(gﬁsse%u%ce
0 Ise explained, all technical and scientific terms used herein hav
?ﬁg\%ﬁj@ NOw RSO Brtibrinsieons are/er srantiandkarppfnghe
antibiody fordyeb eosbmomutdostdpg dhyal elihaskimaiics res-ah RBINAMER chain,
PSS AR LIS HIRRY SRILP S BEHIBR ISR BHER: SNEod

nucleic acids

The term “antibody" is further intended to encompass antibodies, digestion
fragments, specified portions and variants thereof, including antibody mimetics
or comprising portions of antibodies that mimic the structure and/or function of
an antibody or specified fragment or portion thereof, including single chain
antibodiesand fragments thereof. Functional fragments include antigen-binding
fragments that bind to a Plasmodium PfRHI-RI. For example, antibody
fragments capable of binding to PfRHI-RII and/or portions thereof, include, but
not limited to Fab (e. g. , by papain digestion), Fab' (e. g. , by pepsin digestion
and partial reduction) and F (ab') 2 (e. g. , by pepsin digestion), facb (e. g. , by
plasmin digestion), pFc' (e. g. , by pepsin or plasmin digestion), Fd (e. g., by
pepsin digestion, partial reduction and reaggregation), Fv or scFv (e. g., by
molecular biology techniques) fragments, are encompassed by the invention.

Such fragments can be produced by enzymatic cleavage, synthetic or
recombinant techniques, as known in the art and/or as described herein.
Antibodies can also be produced in a variety of truncated forms using antibody
genes in which one or more stop codons have been introduced upstream of the
natural stop site. For example, a combination gene encoding a F (ab") 2 heavy

chain portion can be designed to include DNA sequences encoding the CH1
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polypeptides are approximate, and are provided for description. Although
methods and materials similar or equivalent to those described herein can
be WO 2008/033106PCT/SG2007/000312 27 used in the practice or
testing of this disclosure, suitable methods and materials are described.

wihadsr gomprises” means "includes.” According to anotheriaspgot 10312
invention provides an isolated antibody, wherein the antibody specifically
binds to polypeptide comprising at least one 5 amino acid sequence
selected from SEQ ID NO: 2, SEQ 43 NO: 4, SEQ ID NO: 6 and SEQ ID
NO: 8, a homologue and/or a portion thereof. In particular, the antibody
specifically binds to a polypeptide comprising the amino acid sequence of
SEQ ID NO: 2 and SEQ ID NO: 8 a homologue and/or a portion thereof.

doTtenartitiddy hingeberayimonotidnal,hsslyelaiedjrchifherioahionmrsethns  of

artiREnan. b]quf?'\téd':t%getﬁ@@ngﬁ%ﬁ@%%w%rﬁﬁﬂﬁqmgfe@%r can

whole antibody. The term "antibody" is further intended to encompass

beam%a&?@gaa@eeﬁsa%rﬁé%né@emaa%m&%'aﬁarm.mneﬂaﬁéof
inclu %l}gﬁ; antibody mimetics or comprising portions of antibodies that

“Prine! stibedipe’ Aia/BriRRIRMIBRLAa Sesey dosp ddfiesant RRsedings:

letma @l&mﬁr@@ﬂdﬂﬂmﬁﬂwﬁashmmrihs\@ma@dmr@f@ﬁfragmmt& specific

thereof. Fynctional fragment |ncI nt| en-hindin nts that bi
2'PIZSRORAIPR A %Feé‘xa ann@o&’y f&égﬁ%@nqs ggepsagrls?%r

pcﬁm@mnglt@mmvmrmmtpcmdamwémfamm nstitidtidimaitegtideinps
gdethinQY RaRain Qégeﬁ'i‘%nbrjéégd(ﬁeg rdPYHPEPSY m@@@t'%m&%&@é are

reduction) and F (ab pepsin digestion), facb (e. by
gemsgaﬂvnq;@@%ﬁfoaﬁe %@ngan%wéﬁgﬁ{%ma@ﬂﬁﬁ %ﬁ@égaaﬂse r@&f(@ua’f for
advaapmém@wmh pasiyred effestaibtieaggeegadi om)d-kaomrar Faw(éf any

dli‘e nf%lg smucﬁbrgfo' \%\ﬁt%qﬁ&ngg?\/frggﬂ%eﬁih? Frel §$&P¥éﬁ%ﬂon

inventl ments can enzy maitic cleava
rogjeahatid @rt@@c@fn@ﬂmmsﬁahﬂmu@se%tmnwwr\emée&rts&ﬁoﬁ@da@umber of

sifdeserbed ieseinnstitutional policies generally include allowable volumes of
blood per collection and safety precautions including appropriate restraint and

sedation or anesthesia of animals for injury prevention to animals or personnel.

The primary goal of antibody production in laboratory animals is to obtain high
titer, high affinity antibodies from the serum of animals following immunization
with the antigens. Adjuvants are used to improve or enhance an immune
response to antigens. Most adjuvants provide for an injection site, antigen depot
which allows for a slow release of antigen into draining lymph nodes. Production
of polyclonal antibodies is well known in the art.

By contrast, “monoclonal antibodies” are derived from a single cell line and the

antibodies are produced by the hybridoma technology well known to those
skilled in the art.

According to a further aspect, the invention provides a pharmaceutical
composition for reducing and/or inhibiting the binding to and/or invasion of
Plasmodium into erythrocytes, comprising
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25 Antibodies can also be produced in a variety of truncated forms using
antibody genes in which one or more stop codons have been introduced
upstream of the natural stop site. For example, a combination gene
encoding a F (abs) 2 heavy chain portion can be designed to include DNA

seEYaREBS1eNCoding the CHI 28 domain and/or hinge regionf e heayysi2
chain. The various portions of antibodies can be joined together

chemically by conventional techniques, or can be prepared as a
contiguous protein using genetic engigeering techniques. "Polyclonal
antibodies" are antibodies that are derived from different B-cell lines. 5
They are a mixture of immunoglobulin molecules secreted against a
specific antigen, each recognising a different epitope. Many

metifefalolgiest exist datipodyclmibanitvtcy precsisticaiataboraaming to at

tiepiloiiest exist dot ol ok s
?Q?&%;ﬁégt e R P S A rtachip NO

condldefatdhs MAnSp opfrR DRt bt ddioocieljusaeit gapsties Wikesof ; or

modify the effect of other agents while having few if any direct effects
whe(tbyiseiedst trenseimtidsecdhisrisioly de scadjuvantsriestiand raedasnce
and sifes afainistiation Jpject  Dersitg apdymber of S

per animal. Institutional pon'ceiﬂés'gl%!?}(ei{rg yﬁluﬁe%%ﬁgb&%%@s%%@m

blooll Bef calfnsieeiriandéay previandherpmfivamigeappropriate restraint

and 15sedation or anesthesia of animals for injury prevention to animals
or pémeasrm@nmgp@@w ofcdedibledyyprioiiziotiamiidaboraptsshentary to
animals is 4ot OBfa’t_Hé“'QBiywcigaﬁéff%W&E§W§déis oL tQﬁeS‘?{HE’l‘eg%:f acid
animals following immunization with the antigens. Adjuvants are used to
mprERR-GPER RIS IR R DERih BERUGENE: MoSERIRAIRS 5 and

provieddDandnjechonsittoquignt/ oeagotivrhipBrabpws for a slow
release of antigen into draining lymph nodes. Production of polyclonal

eSS0 o L

WYBRHorRaTSE N SR MRell 2R Bio¥eiskAlePriBiatien thereof. The

pharmaceutical composition is a pharmaceutical composition formulated for
reducing and/or inhibiting the binding to and/or invasion of Plasmodium into
erythrocytes. The pharmaceutical composition may be in the presence of at
least one pharmaceutically acceptable carrier, diluent, excipient additive and/or
adjuvant. Examples of suitable excipients are water, saline, dextrose, glycerol,
ethanol and the like as well as combinations thereof. Such a pharmaceutical
composition may consist of the active ingredient alone, in a form suitable for
administration to a subject, or alternatively the pharmaceutical composition may
comprise the active ingredient and one or more pharmaceutically acceptable
carrier, excipient and/or diluent. Excipients normally employed for such
formulations, includes mannitol, lactose, starch, magnesium stearate, sodium
saccharine, cellulose, magnesium carbonate, and the like. In particular, the
pharmaceutical composition is useful for treating at least one condition selected
from a group comprising of, cancer, infectious diseases, inflammatory diseases
and autoimmune diseases. Accordingly, any pharmaceutical composition

comprising a drug, compound, or substance capable of reducing and/or
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25 According to a further aspect, the invention provides a pharmaceutical
composition for reducing and/or inhibiting the binding to and/or invasion of
Plasmodium into erythrocytes, comprising 29 (a) at least one antibody
and/or portion thereof, capable of binding to at least one amino acid
wEMenss selected from SEQ ID NO: 2, SEQ ID NO: 4, SEQHpJEe¥h0anst 2
SEQ ID NO: 8, a homologue or a portion thereof ; or  (b) at least one
polypeptide comprising at least one amino acid sequence 5selected from
SEQ ID NO:2, SEQ ID NO: 4, SEQ #3 NO: 6 and SEQ ID NO: 8, a
homologue and/or a portion thereof; and/or (c). at least one nucleic acid
molecule hybridizing and/or complementary to any part of the
polynucleotide comprising at least one nucleic acid sequence selected
infriditirSEQe piNDng , SEQ DN DYSs IBEQ1IPNOMD @G LABEQWBMNSS is
W@Hﬂp{ﬂglg&&@ﬂ{g ﬁr@é’éﬂ?%y%ﬁ{%‘?{ optionally in the presence of at least
one pharmaceutically acceptable excipient, diluent, carrier, additive,
T gjy ant and/or a combination thereof. The pharmaceutical composition is

BERHHGPLGRTBERRItrforrRTiRited for hemeiting amirieiAbIbiBrRpaTed
abindifginds Eneidofrindasio et | Zsmadiatmémio B LB(eYes:H M but not
: ical.c itj be,in the presence. gf at least on
e BT O B R P emecig gpaner
0@%@@%@% PrRisIST sorapRyeityiséthe ateavaess agalineddecdiosesight of
tiﬁlmr@it,e&%@rﬁ%ﬂbﬁd&%@%%eﬂé’égeﬁ?%ir@ﬂ@_@? é@%@ﬂfcﬁ&ﬁﬁ&ances,
hgha&maﬁjelﬁlcacl) cprg%gm ma pon5|st of the active in red_len'g alone, In

At dUABiefoP HSF5ERoN3Y %%ﬂ%@ﬁr@tﬁitﬁﬁa%‘émwﬁéaﬂon of
thsreaniiyateasticah deenositio v ub aytbonypsiaglthadchativet ings e dietHaRIARE an
i mageutic b rrier, excipient and/or diluent, .
A R TR SRR L S R L
aqpipiskations ol mdBANes drsamnrt sbanific Satohalind heelhiespaceutical
canageeRiie earbanatadandidierdiesinraricilar. hie 25 phamareuisal i

ompositign is. useful for treating at least one condition selected from a
g%}%ﬁ% coanngrling#ge rglé caﬁ%ﬁ%&%cti’%@m’, inffdfAMYESHAlgease@lly.
pasdtartinmmendniidesise bubevendiaglyl asy ipharssiteiripahegeposition

comprising a drug, compound, or substance capable of reducing and/or

Suitable solid or liquid pharmaceutical preparation forms are, for example,
granules, powders, tablets, coated tablets, (micro) capsules, suppositories,
syrups, emulsions, suspensions, creams, aerosols, drops.or injectable solutions
in ampule form and also preparations with profracted release of active
compounds, in whose preparation excipients and additives and/or auxiliaries
such as disintegrants, binders, coating agents, swelling agents, lubricants,
flavorings, sweeteners or solubilizers are custoharily used as described above.
The pharmaceutical compositions are suitable for use in a variety of drug
delivery systems. In certain embodiments patients with malaria may be treated
with the polypeptides and/or polynucleotides of the invention or other specific
blocking agents (e.g. monoclonal antibodies) thus preventing the binding of the

plasmodium merozoites to the erythrocyte surface and/or their invasion into the
erythrocytes.
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WO 2008/033106PCT/SG2007/000312 30 inhibiting the binding to and/or
invasion of Plasmodium into erythrocytes is within the scope of the
present invention. The "pharmaceutical compositions" referred to herein,
are preferably prepared 5 and administered in dose units. For treatment of

J8URIRkhLsheh as but not limited to a human subject, and d%ﬂ?&ﬁ&om

activity of the compound, manner of administration, nature and severity of
the disorder, age and body weight of the patient, different daily doses are
necessary. Under certain circumstang s, however, higher or lower daily
doses may be appropriate. The administration of 10 the daily dose can be
carried out both by single administration in the form of an individual dose
unit or else several smaller dose units and also by multiple administrations
Bhsubdlividett chides micsiieniic i]ﬁ%eé‘ik&ll&rér mﬁp@m@@mb{_ inhibiting the
itio, : inistered systemically. F&Eﬁ; compositions are in
R T el roselian atgron. tre
TSR reramyses admipratacin evdrensiestingeifs yossibléiviguntipleslls
WItH{aB|engiolSlOrdili G RAHIACEUHEHIREP Y HOR Y MR AT riNL SXBMRIRyor

ranules, powders, tablets, coated tablets, (micro) capsules, .

%b%‘cé'i? ﬁgg, s?f?ﬂ’{%, éﬁ@éi%ﬂ&%ﬁ@’peﬁ?si&’?& dradme’ dbRsBRYaksHetide
ermestadletsisasionse2unlzimpule fsquancealseptenaraHPSEGND NO: 1,
setrsRbiglasse ahagke comrauads [yvhose peRAralion sxapIents o,
and additives and/or auxiliaries such as disintegrants, binders, coati gD

Sé‘?ﬁg swelling agents, lubricants, flavorings, sweeteners or solubilizers
are customarily used as described above. The pharmaceutical

Siti itable f in a variety of drug 25 delivery systems.
T B R T ot e
Wiﬁmeﬁimmep(ﬂydwleoddgér@bﬁ@amenﬂdm c@siﬁﬁﬁr} W&ogy that
RIBFIIBG, 882 LS kR-EreFRONRS ANALAPIRY %S))#hé‘éc?r@"%';”iﬂ,té A3,

lasmadium merozoites to the erythrocyte surface and/or their '
%@jﬁrﬂ%q}?@%@ﬁ@o@t@&: WS Devsatssirosrta s GRoimdbesad. This

approach involves anti-sense nucleic acid molecules and ribozymes to block
expression, either by masking it with an anti-sense nucleic acid or cleaving it
with a ribozyme.

Arnti-sense nucleic acids are DNA or RNA molecules that are complementary to
at least a portion of a specific MRNA molecule. In the cell, they hybridise to that
mRNA, forming an untranslatable double-stranded molecule. Therefore,
antisense nucleic acids interfere with the expression of mRNA into protein. Anti-
sense methods have been used to inhibit the expression of many genes in vitro.
The reduction and/or inhibition of binding to an/or invasion of plasmodium into
erythrocytes can also be carried out by the silencing interference RNA (siRNA)
technology. RNA interference technology is well known and consists of a
process in which a double stranded RNA (dsRNA) induces the
postranscriptional degradation of homologous transcripts. RNAI can be initiated
by exposing cells to dsRNA either via transfection or endogenous expression.,
According to the exemplified embodiment, DNA targeting seqguences, are
selected and prepared according to standard technology, for example, the DNA
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31 The polynucleotides mentioned herein are for reducing and/or inhibiting
the binding to and/or invasion of Plasmodium into erythrocytes.
Accordingly, the method comprises administering to or transfecting in vivo
or in vitro the cells with a nucleic acid construct comprising a nucleic acid
wolesHis@nd/or 5 hybridising to and/or complementary to agy/pazb@fdie:2
polynucleotide comprising at least one nucleic acid sequence selected
from SEQ ID NO: 1, SEQ ID NO:3, SEQ ID NO: 5and SEQ ID NO: 7, a
homologue -and/or a portion thereof32.0 The present invention therefore
extends to the preparation of anti-sense nucleotides, ribozymes and
silencing interference RNA (siRNA) technology that may be used to

interfere with the expression of SEQ ID NO: 1, SEQ ID NO:3, SEQ ID Ng:
g HRISEEANTNG: e hORMSIGIRER aHaiB? a BTN thelRbA Thrteet finder

(happreachdmmbiescantieshnsenisvieRNkIdindelettrid)s anteib@ymettgeting
s ISHERRIPES AL AACH By ARG s Wil 8P AER Sine IUSIe Al ok

leaving | a ribozyme. Anti-sense nucleic acids are
thenclelbutesaplatimes cmytementary vivat 18ast RPSrtivalvnagseciHt hriea!l

tréﬁ&%@ﬁt@@ﬁ@% t&?@ﬁt &gh&@ie&@l @@ﬁfﬁ@@mm{mm llD_No:s,
ntransiataple douple-stranaed molecuie. erejore, antsense nuc
SEQdR iMerR ittt redsiBn A Rfffiﬁfé%%?eﬂ?’i?ﬂi-ﬁ%rﬁgg These
siRi¢thofisrhayvedregieukrdvto mhibie tRAAxjockssdrsidé neinyy gampekinarifidSC
i oy KBEOO he e .
e B e

thesiFaanpeeseRAB RNRNF TR B FeheetcehaBINEY RXvEIEKIIRAtgn of
siRpsisteiafa prrcassistariinh dduipgmndebRNGHISIRNA) ipeesase

trgxlgcripts capable of forming duplexes, or via expression of short hairpin
RNAs. The siRNA expression constructs and/or vectors may be constructed
according to any method known in the art, for example by chemical synthesis, in
vitro transcription, by digestion of long dsRNA by an RNase 1l family enzyme
(e.g. Dicer, RNase llI), by expression in cei!s from an siRNA expression plasmid
or viral vector, and expression in cells from a PCR-derived siRNA expression
cassette. The construct is directly transfected into mammalian cells resulting in
functional expression of siRNAs.

Accordingly, there is provided a method of treating and/or preventing malaria
comprising administering to a subject in need a composition comprising
(2) at least one antibody and/or portion thereof, capable of binding to at
least one amino acid sequence selected from SEQ D NO: 2, SEQ ID NO:
4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue or a portion thereof ;
and/or

(b) at least one polypeptide comprising at least one amino acid sequence
selected from SEQ ID NO:2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID
NO: 8, a homologue and/or a portion thereof; and/or
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postranscriptional degradation of homologous transcripts. RNAi can be
initiated by exposing cells to dsRNA either via transfection or endogenous
expression. According to the exemplified embodiment, DNA targeting
sequences, are 30 selected and prepared according to standard

teeeiagy;for example, the DNA 32 targeting sequence arggeieia@teidos 1z
using Ambion siRNA target finder

(http://www.ambion.com/techlib/misc/siRNA_finder.html). The DNA
targeting sequences may be inserteginto a construct and/or vector and
used to transfect the cell or cell lines in vitro or in vivo. The RNA
polymerase of the cell 5 transcribes the siRNAs complementary to the

SEQ ID NO: 1, SEG ID NO:3, SEQ ID NO: 5 and SEQ ID NO: 7, a
hom&foGlitearidroeperioaeitkreols qle syisiikiving fandica complexé&ntawnto

as thenRNArindcedd skanDeIcetRRleYh FHstgVRICTIACHARS Nicleic acid
homologous tar%Ft F%y% desgg&gin. In mammalian systems, the
SoqUERBEARE SR RGAT BReTtRbUbOU dbganadiby iedns5iRERoN @t 5 or
10 siRBAE N E7ia haensfegtierand mcdogetionstiexeisfssion of 19-23

base transcripts capable of forming duplexes, or via expression of short

“hedrpireRbA AN eI XomRETIgN W%‘ﬁﬁﬂﬁ'ﬁo%@%méiﬁ@fYob%nd/or
.consIruct?(F*glaccor ing to,any method knqwn in the art, for example by

ESIOT P RRESE R I SULe RN, i YRR RS tdRR gy ment
rmaRNese maxmisl eizyadiddse.g. Divean Tase methodxfuehsiordmprises

LQo: i j id.or. vi C. ion.i

Tt i T BERITIRR
TSPUCE, AR IR it SHRFRRHMACLRIRI RS HamAiA RAEERLY expREeivine
RFHRpAmMecaminghymfasitds prayidedremeshasties teatngyartities of

re ' rig, comprising administering to a subject in need a
B e BB B SR Bortorematas tus
rRigyapinef thmdingltegacietint drwlyasntidescidrsdneemesczitéstedrfeam to the

STARH IRV NE) PhSEShHE PN %&E&é%%@éb(? 2BrhpRR YO %sp %agable of

homologue or a portion thereof ; 25and/or (b) at least one polypi) e
RIBHIPGisIAGAE IO2LRSREER T altla JBGIRARIE selsiRen v SEdfmiale: 2he
I8EAED BFOthe, SRS b amtSEQ Y@ 8 sartuiBolgauriadiRyasion.
iP]%FggQirﬁBe{ﬁQf;chgé%ration of the antibody or the polypeptide will act as

antagonists, preventing the binding of the parasite to the erythrocyte.

A nucleic acid molecule is "hybridisable" to another nucleic acid molecule, when
a single-stranded form of the nucleic acid molecule can anneal to the other
nucleic acid molecule under the appropriate conditions of temperature and
solution jonic strength (Sambrook and Russell, 2001). The conditions of
temperature and ionic strength determine the "stringency" of the hybridisation.
Hybridisation requires the two nucleic acids to contain complementary
sequences. Depending on the stringency of the hybridisation, mismatches
between bases are possible. The appropriate stringency for hybridising nucleic
acids depends on the length of the nucleic acids and the degree of
complementation, variables well known in the art. The greater the degree of
similarity or homology between two nucleotide sequences, the greater the value

of Tm for hybrids of nucleic acids having those sequences. The relative stability
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33 (c) at least one nucleic acid molecule hybridizing and/or
complementary to any part of the polynucleotide comprising at least one
nucleic acid sequence selected from SEQ ID NO: 1, SEQ ID NO: 3, SEQ
ID NO: 5 or SEQ ID NO: 7, a homologue and/or a portion thereof. 5 The
wosHog MRy comprise reducing and/or inhibiting the bindingdosemMar0o312
invasion of Plasmodium into erythrocytes. The subject in need of the
treatment may be a mammal, in particular a human. The method further
comprises administering a composgjgon which binds or interacts with the
polynucleotide to reduce and/or inhibit the expression of binding domain
polypeptide, namely the 10 PfRH polypeptide. The composition may
further comprise the polypeptides of the invention capable of binding to
(comeddulodkipgtth@ighghronytefovepede, 8rig prsvisisaiptha prigaigsfihdhe
fol BRAYBERLAES RRANRIDET HARNA AR IO HREENHEN 51IREs Dlgyreater than
composition may alternatively comprise antlbodles%ado ble o blndlr%% to
li b

106hB\SHRASERAIES [ST9H: REHGIORS Jortaal iR Lt DR RS T8 BIRANSS

(s&hihedneRziRies #) the®rythmdyye stidaterbioitkishdrieasioriclncreidsine.
.the concentratjon of the antj i L t and the

O GBI pIGR AT he T ST e ooae e i Rptant, and

lenyticlefdreidigwiecigetide wgiaaniante ttosprstfiehn (RINP R ﬁf@ﬂﬁ@&%?e“,
Wﬂ?” a single-stranded form of the nucleic acid molecule can anneal to
thé other 20 nucleic acid molecule under the appropriate conditions of

At terapemaiareiicbdylutiothéomoattamy hitSarabrissistantR asseifiezb@pjtope

spgaﬁcc?@%iﬁ%% féﬁ@%%é?fgéesaé%m&%[ﬁﬂmﬁ,q%%mgﬂ% th8rtion or any

stringency"” of the hybridisation. Hybridisation requires the two nucleic .
comthinatiorsrraneconirsnbrdRridfud el IBRperitfPERRRE R TYERET®
at fdbe dndediassion bnismatehem 26 dtetoieprdiases letespossilplertibineof the

appropriate stringency for hybridisifgg nucleic acid d the Igpgt
prgtgf e%ﬁb'@ri‘g%%i g r&%%?ﬁpedY ddgree o c%?ﬁdﬁeemé% %%%%%a%ggfeqﬁwg?ﬂ g

SEQIDNID: theSEQ The\@eatendrsf dreblOf SirfldasripedRiRIgy
between two nucleotide sequences, the greater the value of Tm for

Agogiting & ﬁﬂt‘fgi@%@ﬁﬂ’?ﬁ%ﬁﬁﬂﬁéﬁrg\ﬁgaé&‘éﬁg(}?he relative stability 34
(corresponding to higher Tm) of nucleic acid hybridisation decreases in

the(®lletviersdiefe: RilperNANDNRRItN HrerepiNsaraeyirkiadpg to at

grepiesthan 0MhRusiRplidgsdndenalidoraratians f ealeutatmasER BuRO:
been derived (Sambrook and Russell, 2001). For t&?rldlsatlon with

shotePRcIBANGRidS an8. BERGbh IR BB SIIMPISSIAH & RRdiRgrireos

becgmaesy more important, and the length of the oligonucleotide determines
its specificity (Sambrook and Russell, 2001). At least one antibody of the

i”V?[B igp l%%kqso%'%%E}ﬁ%}ﬁi}@@%@ﬁﬁp?@%?mm&t%mgaﬁ@@@quence
eptide sequence, subunit, fragment, portion or an
P pseiecte from SEQ ID NO:Z, SEQ PD NO: 4, Sé/Q ID NO: 6 and SEQ ID

NO: 8, a homologue and/or a portion thereof; and/or

(c) at least one nucleic acid molecule hybridizing and/or complementary to
any part of the polynucleotide comprising at least one nucleic acid
sequence selected from SEQ 1D NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 and
SEQ ID NO: 7, a homologue and/or a portion thereof.

in preparation of a medicament for use in therapy. The polypeptides comprising
the sequence of SEQ ID NO:2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO:
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10 combination thereof as described herein. The at least one epitope can
comprise at least one antibody binding region that comprises at least one
portion of the protein sequences corresponding to the peptide sequences
SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8 as

YRFehfarRdhe ein. According to a further aspect there is provijgedsa145€dahs 12
15(a) at least one antibody and/or portion thereof, capable of binding to at

least one amino acid sequence selected from SEQ ID NO: 2, SEQ ID NO:
4, SEQ ID NO: 6 and SEQ ID NO: 8,5 homologue or a portion thereof ;
and/or (b) at least one polypeptide comprising at least one amino acid
sequence 20selected from SEQ ID NO:2, SEQ ID NO: 4, SEQ ID NO: 6
and SEQ ID NO: 8, a homologue and/or a portion thereof; and/or (c) at
fessthomolnstieicrdier mdecive HibritizinthandéoyraamepteBentanysiasaRy the

tehteePeiyaUTIeotios eEmpliFNgas! cleic ac e
;?e ted from SEQ ID NO: 1. SE@%Q%&O@%&QE?&% EB”%%%@% 7, a
B Ca RIS, RO ERE P e BoTieh therastibugp capable of binding to
PUDS0E4e0 6POMISER O Le0BH236S RANMMRlogusaLd(er RPOItiaRQ 1D

. ti ising th nce of SEQ ID NO'1,
S s P e ek
tBSFﬁBYr thepedieomaiebsrian Sepiinp ab ot mietntng palppieptidesein the use
mammisiﬁgrth%@@&h'@nﬁﬁ%rsﬁf@i@i%oi%eSEQJQd\I% 4 %'I;o(p I vgsl}lo(r)w: of

e ID. NO: %%a(\&%mologue and/or a portion thereof may be used
int e?gp%/%‘llﬂtg SQ@ 558 for treating and/or preventing malaria, wherein

ﬁ:@ use may, be for reducing and/or inhibiting the binding to and/or

SRS PELHTRA AHe EHyifg tthe “indjrig doedneidcingamiaiibrused
DB QORI O S A o c g g 2o
RN BB RO oelinaisy rovmes ahiapvpiendior

i@@mwameop;agrﬁ@mmmwmammmmmmheméy&m%@te.
ot LR
meal I8fc polypeptides of the invention or blocking of the Reticulocyte
Binding Protein homologue (ligand), for example the PfRH1, on the surface of
the merozoite by means of the antibody. The invention further contemplates
reduction and/or inhibition of the expression of the Reticulocyte Binding Protein
homologue on the surface of Plasmodium merozoites by means of nucleic acids
of the invention that are complementary and/or hybridisable to the nucleic acid
and/or transcript sequences that transcribe and/or translate for the expression
of the erythrocyte binding protein of the parasite. It is understood that the
phrase is relative, and does not require absolute suppression. Thus, in certain
aspects, reducing and/or inhibiting expression of the erythrocyte binding protein
of the parasite requires that, following application of the nucleic acid molecules
mentioned in the previous section, Reticulocyte Binding Protein homologue is
expressed at least § % less than prior to application these compounds and/or
molecules, such as at least 10 % less, at least 15 % less, at least 20 % less, at
least 25 % less, or even more reduced. Thus, in some particulér aspects,

application of the nucleic acid molecules inhibits and/or reduces expression of
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15 Binding Protein homologue (ligand), for example the PfRH1, on the
surface of the merozoite by means of the antibody. The invention further
contemplates reduction and/or inhibition of the expression of the
Reticulocyte Binding Protein homologue on the surface of Plasmodium
WeeRERIsR Y means of nucleic acids of the invention that @r/sG2007/000312
complementary and/or hybridisable to the nucleic acid 20 and/or
transcript sequences that transcribe and/or translate for the expression of
the erythrocyte binding protein of thg parasite. It is understood that the
phrase is relative, and does not require absolute suppression. Thus, in
certain aspects, reducing and/or inhibiting expression of the erythrocyte
binding protein of the parasite requires that, following application of the

thagelaisaed slecoembngntivhedabdhe Foekioasaedtid, Retimdoeyte

Binding Protein homologue is expr 5 20 lessdhan prigktay;
sP 56” c%%’r? %%evihoer%epgﬁ% g%%?g/c%r% ?ﬁc?@cﬁé?eﬁsggu%% ?s%?t Ieagglo ‘%g e
expessitricasintivise s doletrst P doBsE) bR R58R [bsSbreveh fhofs
evisiHgsd. Thus_, _in some particular aspects, application of the _nucleic acid

molecules inhibits and/or reduces expression of 36 the protein by about

30 A, about 40 A, about 50 A, about 60 A, or more. In specific examples,
Astbeiaghi etleicoticid rspleciulbs arespéricpiavidefextiveirexpréstronisis

inhibit ngd/or 7, 80 fuiRRand0 A, 95 %, or even more. 5
a”ﬁ&a‘?g.gﬁg?‘l ?g{ys/é)tfgﬁ%%ﬂgf g%apgétéjt%e'invengti%nngrovides a method of

diagnosis and/or prognosis of malasia in a sybject, comprising:  (a)

pro iﬂE&‘FIBQﬁPcfﬁé%aﬁ?pF@?PBT%&%ﬂbﬁe%{,J C(E(b) detecting the

pregenciaicholy rheleptice neampfigholy atideciidmecoomiisivn atideast one

€ 0 JEHRSER BN SEELUPNNG: 3. SESA PN 35 e8d)

SEOg\?IaDgﬁcs)a%@cé r?'éjmmg‘ ue and/or a portion thereof; and/or (c) detecti

the IBH&4hE@B SERDEPRIR: Jor PRENAPHHE AR L RPERYLEITEE D r

ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 8, a homologue

andjor dgtedimy thieee pfesSnebeobin thepppiisien cooiriringoliheu@edtigeacid

andigt ins, poYPERLRy BTk PIPIELACEAITIBINO R SEAD NO:
subje& he step c) may be in the presence of at least one antibody
capBbfelsThRREYG &NE{AeaRBHRIBRISStide comprising the amino acid
sequence selected from SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and

wBESINDNEQrésenhembtbgumndtiectigerdon/ tidreohditrepidst ik indispiéve

oﬁ%%%%ﬂﬂ&'% s%%GRI:iﬁ_‘?rWﬁeaéﬂB)Q&hﬁﬁx%E&%%”&erﬁéySEQiAQHE(B%&&ce

mologue and/or a portion thereof. The subject may be a mammal, in

opatiderithaRmrantiRediv&araR'aI phiRdig Lodighresett gna/dolypertide
cOFRSMOSHard! doiHardiageepisrard/erpieg iests SEMaARNDIRA SEJeIR NO:

4R R PSS D NP PONGIBOE aRdT e Pl tRATNE s e
at least one polypeptide may comprise the amino acid sequence of SEQ ID NO:
8, a homologue and/or a portion thereof. The subject may be a mammal, in
particular human. The invention also provides a diagnostic and/or prognostic kit
for the diagnosis and/or prognosis of malaria in a subject comprising
(a) at least one antibody and/or portion thereof, capable of binding to at
least one amiho acid sequence selected from SEQ ID NO: 2, SEQ ID NO:
4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue or a portion thereof ;
and/or
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25least one amino acid sequence selected from SEQ ID NO: 2, SEQ ID
NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, a homologue or a portion
thereof ; and/or 37 (b) at least one nucleic acid molecule hybridizing
and/or complementary to any part of the polynucleotide comprising at

iwastpnesofthe sequences selected from SEQ ID NO: 1, SEQ-HING7 /o312
SEQ ID NO: 5 or.SEQ ID NO: 7, a homologue and/or a portion thereof; 5

wherein the subject may be a mammal, in particular human. A "subject"
may be a patient suffering from malgyia. A person skilled in the art will
know how to select subjects based on their amenability to a particular
treatment, or their susceptibility to a particular disease. The control for
example, may not be suffering malaria. The control may not have
deté@y |@P@\va§%nm@tpoamétm9|@@w@ Byhditigirysteiicnseolgmentary to

(polamMbﬁﬂ%%&%&éﬁ@@%ﬁ@@@@é@ﬁé@& Rypdeln (H@%Baeeﬁsés

that ndic enc asmodium in the subje
oL T o EE e el i BEmad Hom SoRERdD
poplifatidna Iﬁfr@mg;mehmrwmgmsrsfhmedfherein, refers to determining

the nature or the identity of malaria. A diagnosis may be accompanied by

whelelemminaligecanmisy he sevanbiaf the sisaase nilrragnostic” or
prognosis used herein refers to predicting the outcome or prognosis of a

S8rSHeh Bé'&&é‘{%& dhRanR GQOH%%%'J?%S%Q é} bselymtions and,

resulsof clinical tests. 20 As used herein "presence asmo lum'

WHKROYH Adtels diaiBRé ﬁﬂf%‘?ﬁé"(é?%ﬁf%ﬁeoﬁrégéHcéfbﬁﬂ@@@ét’&]I@cyﬁéﬂcmaf
tranding Ryofied quwmxmlymld@haa@/@ageaw@mWspm%xam ple,

de).

e L R TR e g ot e
R@heth«;@ﬂa|z%mdmanaroteqrmatmwmioemea{nmmaefrlaeqjotypepmmaoﬂde
eﬁasdm@map%aareﬁemetsc g Cem ey elld 6rarAFRd Kinding.

ce of
P@ésaga for example the binding asSay described in the furth

O (e HaiRfed o ROBIERIA AN bBURES ROHE BORLBRIEcEbe I
oltteiiadentioracandedgeg itaterect merozoites in the biological sample

obtained

“‘Diagnose” or “diagnosis” used herein, refers to determining the nature or the
identity of malaria. A diagnosis may be accompanied by a determination as to
the severity of the disease. “Prognostic” or “prognosis” used herein refers to
predicting the outcome or prognosis of a disease, such as to give a chance of
survival based on observations and results of clinical tests.

As used herein “presence of plasmodium” refers to a measurable parameter of
the presence of the Reticulocyte Binding Protein homologue (polypeptide)
and/or the polynucleotide encoding the protein (polypeptide). For example,
presence of nucleic acids may be detected by the use of Southern blots,
northern ‘blots, in situ hybridization and/or quantitative real time PCR. The
polypeptides of the invention can be detected using several wéil recognized
binding assays, for example the COS cell binding assay described in the further
sections. Further, labelled monoclonal antibodies to the polypeptides of the

invention can be used to detect merozoites in the biological sample obtained



10

15

20

25

30

38 from the subject. Alternatively, labelled polypeptides can be used to
detect the presence of antibodies in the biological sample. Cell free
assays can be used to measure the binding of the binding domain
fragment of the current invention. For example, the erythrocyte proteins
WoadaRsagpobilized on a solid support 5 and binding of labeladsG2007/000312
polypeptides may be measured. Various "means”, for example,
fiuorometric, flow cytometric means may be used. The assays and means
mentioned herein are examples, agd by no way limiting. According to yet
another aspect, the present invention provides a method of 10 inducing a
protective immune response to Plasmodium merozoites in a subject
comprising administering to the subject an immunolo%iglally effective
&8sh

froantoarsubiechsteiaeb@izalantipd abpepinessiag defhfbthe
préfEegusEsSRls Haf & oAl BaNBie2CB Rab N8, S@ELdQ to

6 and SEQ ID NO: 8, a homgJogue and/or a portion thereof, in ., . .
oG AP BRI T T e A e
Foaddiivelaptienatytintyeepresteice ofan ljiovenebifredapteast @itk support

ecpotsioe ofz lpoRddie U
b E%Fﬁ%%%ﬁi%ﬁwhdﬁﬁ%%@ﬁ?ﬁ% iy
u

exiiAignd espORSECtd PSS tnBIe3HAES M yPoESR%h 5 RESANE B
mdBAsSHYEGES ReahRem M eXah plepadieUlgr ieiwan iftihbere is further
provided a recombinant DNA vaccine comprising an expression vector for
expression of a polynucleotide, comprising at least one nucleic acid
Acseqtiegce seleapotimnaGECLI ThN @rasSEMYBton Brefe s Neetsoshaf
indtfeRd3 Nidickd AMAIRGUR aRcRL A RIOM SRR ERIIRY i dMRibject

presence of at 25 least one pharmaceutically acceptaple excipient, carriﬁr ;
comiand RATVBISPHEN AMHE FPlREen O BUAR!98|6R RN e R\ RLSHERS
a @H@hﬁ%ml e CEoMBYSHIBAPESE B iy Cleti deait] m?nmmaﬁ@a@me
: olo a,partian of, T leotide i )
S o ey R g e i R
a dnenofdhecaanddoncidEutioanite coteBtemivrisSE Wit Rarmasedieally

addSAnR ERIRIAER: SiaRd SRQIPRGife, 3pGhamolnawe greeinde of an

cgo tion thereof. The at least one amino acid sequence may co %rise the
e

adjBypiind0 R PEEOSIO PSS U MRS BRI ERTNIE RS IMIBR ARG HIYRACe of
sresomiioast vassineisaay badasradpurtistiatiorsist.al sebjeethochet dmdtbing a

o R ey 48 PARAHAL I RS AGENOE Y B8 ject

on'provides a meth vaccinating a patient against
wheakindheosnpjisihgayl berdseaimg ), thiepgaiiaihHedh an effective
amount of a recombinant DNA vaccine capable of expressing an

immunogenic peptide comprising at least one amino acid, sequence .
Theredgefurther provided a recombinant DNA vaccine comprising an expression

vector for expression of a polynucleotide, comprising at least one nucleic acid
sequence selected from SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 and SEQ
ID NO: 7, a homologue and/or a portion thereof, optionally in the presence of at
least one pharmaceutically acceptable excipient, carrier and/or additive,
optionally in the presence of an adjuvant. The at least one nucleic sequence
may comprise the nucleic acid sequence of SEQ ID NO: 7, a homologue and/or
a portion thereof, The polynucleotide in the recombinant may encode for an
immunogenic peptide, comprising at least one of the amino acid sequence
selected from SEQ 1D NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8,
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10 from SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8,
a homologue and/or a portion thereof after administration of the vaccine to
a patient. The at least one amino acid sequence may comprise the
sequence of SEQ ID NO: 8, a homologue and/or a portion thereof, The
subiaekisneed of the vaccine may be a mammal, in particulgrRMER0y R 312
The term "vaccine" is used herein to describe a preparation intended for
active immunological prophylaxis (the protective effect which is preferably
long-term, |. e., at least about 6 months and preferably, at least about one
year or longer). In the present invention, vaccines comprise an expression
vector, which expresses an antigenic protein after administration to a
subject, such as a 20 mammal. Vaccines may also comprise chimeric

a ﬁmﬂ@l@sw andfamansybeic therstide Pt dasteohienarombinaitiosenithrece

e sequenseandt AR AVROT BERIIABRERIYRRCERIAS a portion

optlonal additional antigenic peptides or immunogenic fragments thereof

thegsRt p|£ JaRATRAPR AT CIREa R afise faRSHTHE TRt d iR g RIREt.

wheesignthia'eabian niag pelgpeptidea0riapaddaigunageanic fragment
thereof, is administered to a patient alone, but may be administered in

combination with at least one additional immunogenic malaria peptide in
Asemiirmation itha prepafidbatinsapinrcepmuisiecarmathedcpiivaceinating a
pasishtiveg Fihe meém;é Of ABHBISIL REHAR MAFIN B (ThaCERfNgIP HiRd an

ﬁ esent invention may var nd |nc intravenous, buccalf oral,
Ve AN YA @a‘i OW@U%@@@W@O@S%%@%%B”
!rmhmrsgbumme@mmmm@emmmadxmmstradndnsmphmmwlected

frERMEKLY MEiaed of agerinisfrajion, MeEeds, ojiBdYCingAB EAMBNRESNE 5

response in a patient or vaccmatlng a patient agalnst a malaria infecftion

hamelpgye s RteaEIntheredeaites indarasyatirmisiieemyacane to a
ppadientTRadministasnd mﬂ:ﬁely@@p@@@m&&mweﬁmx% 81 sequence of

cfra m nt, thereof, alone,or ministered, in
S e RO e A R T R e T R e e o the
vaseirahiacbendinmatiomalitin aptiavanoeotarally acceptable carrier,
ex0| ient or additive at least once, or in certain instances, at selected

RIS Y8 3566dIS &SRR AR HRs T AmMRRARAIRoHHeRsAkLiRtARtive
tmmmnmitﬁmltratfpedpemmmatimpfot&ﬁméﬁdqbeﬂhm 0f thrderdidy long-term,

o L B R L Rrel B L oSSR VB o tongen)

protective”, ect the pa Om some of the more severe
ln the present mven’cxon vaccines comprise an expression vector, which

expresses an antigenic protein after administration to a subject, such as a
mammal. Vaccines may also comprise chimeric peptides or an immunogenic
peptide portion thereof in combination with a signal peptide sequence and/or an
anchor pepfide sequence and optionally, additional antigenic peptides or
immunogenic fragments thereof from Plasmodium falciparum. In alternative
embodiments according to the present invention, the polypeptide or an
immunogenic fragment thereof, is administered to a patient alone, but may be
administered in combination with at least one additional immunogenic malaria-
peptide in combination with a pharmaceutically acceptable carrier, excipient or
additive. The method of administering the vaccine (s) according to the present

invention may vary and include intravenous, buccal, oral, transdermal and nasal,
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symptoms and physiological states of the malaria disease, including the
death 15 of the patient from malaria. The immune response may include
the generation of antibodies; activation of cytotoxic T lymphocytes (CTL)
against cells presenting peptides derived from the polypeptide sequences

Vgg%gg}aggﬁ%nt invention, or other mechanisms well known ip¢igsasho7/000312
20Having now generally described the invention, the same will be more
readily understood through reference to the following examples which are

- provided by way of illustration, and gge not intended to be Hmiting of the
present invention. EXAMPLES Standard molecular biology techniques
known in the art and not specifically 25 described were generally followed
as described in Sambrook and Russel, Molecular Cloning: A Laboratory

antzuath€ald I8dringrsrasbolat ab csatorytdie v ¥ oski R Iktidd is the most

Cmgm%gfdc&%mm@ﬁ@(pression of Different Regions of PfRH1 on
-Surface of COS7 Cells The piasmid pRE4 (kindly given by Prof. John

Adni ' N tains.th for HSV gD. All
O B e e Fe o SAeiatino

P#isal rRymiesseardtiigiingiriestigente distraosienmistade bioriagn pfesent
Nk (FRERISeéRlod 984palibet PR EdiMaRisNas digestithbifies of the

rest{.iction enzymes Pvull and Apal to excise the central region of HSV gD.
' %r %red

RS RS R AON TAYHERE W AR BY gBIBIE AFIPRYRSIELRI A
invemtdrivedionegibh emeethesinge@iitel slu GelEatractiumdéd et R (Qiqgen).tRereof
- falcl ] : lgéarﬂ%' ( S as a template for...
" %e%g%%%%@gﬁ? reglpnségjf%%llﬁﬁ % %%%\%I%%’Z%(%%k%ﬁé%p?ﬁg ftive
aflagal SMeSoopiR IS EIMNEANGIReigRlaeig@ iatarnaidimnroridare hooster
tol b genRMimPNAz&ase W astesdiaaiinfegiRthRlond keingdaasy PRt or
)nggrogpien?é;sco? tP'Tr]iéners were designed for generating -2Kb fragments

SWith 5 PRE°6Ve? ap according to 3D7 clone RH1 gDNA sequence with

T ntro.spliced out.éGenbank accession no: AF533700). PCR products
é cobiRY DRSSt rETBRLSS PERPATAIER dRSB&RERPI itV uIParRiRgiaNtially
pantechivéfanie eloned imoieRE Mo pafienthdrtotowingecaistiuctsnd)do severe

sy%wt)ims and physiological states of the malaria disease, including the death
of the patient from malaria. The immune response may include the generation
of antibodies; activation of cytotoxic T lymphocytes (CTL) against celis
presenting peptides derived from the polypeptide sequences of the present
invention, or other mechanisms well known in the art.

Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by

way of illustration, and are not intended to be limiting of the present invention.

EXAMPLES

Standard molecular biology techniques known in the art and not specifically
described were generally followed as described in Sambrook and Russel,

Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New
York (2001).
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(0: SEQ ID NO: 9 and 10 were used to generate the region | of PfRH1
spanning 20 the region from 55 to 2001bp. (10: SEQ ID NO: 11 and 12
were used to generate the region RI! of PfRH1 comprising the sequence
of SEQ ID NO: 1 spanning 1 the region from 1000 to 3000 bp. The SEQ
. prises the polypeptide sequence encoded by IDNO: 1
%}gﬁéé&% NO: 13 and 14 were used to generate the re%’%’%%%?%%"““
PfRH1 spanning the region from 2041 to 4002bp. (1V); SEQ ID NO: 15
and 16 were used to generate the ref ion RIV of PfRH1 spanning the
region from 3001 to 5001bp.  (V): SEQ ID NO: 17 and 18 were used to
generate the region RV of PfRH1 30 spanning the region from 4003 to
5000bp. 42 (VI): SEQ ID NO: 19 and 20 were used to generate the
geginathdvl of BoRsthrRaTsiExbe segin SODIFRNA L REGIHW of( PHRH1 on
%0%17 €3122 were used to generate the region RVIi of PfRH1
spanning the region from 6001 to 8001bp. 5 (VIII): SEQ ID NO: 23 and 24
TWerslasedttcrféferddadhegegomR VAP PIRH Adpasnihyiverségionh ate
DS NG 3dRRInENS B GBrrodueig ongeding, tESr%'QUétQ"‘%Pé‘H@Q%EgOQO

PfRH1 were digested with Pvull and Apal and cloned in frame into p

eXprass sight AFReRDLIEdPnD BRRI hWireet i EeResIRiaNh /P pRGeaUqace
avelctemartiz ftenkireg drigrzah 2 eV (OHitakssteh bregw) dbneapRFanvector

V, t pratein to t rf ransf 57
S8R Rl e AR PR R R gy
regren Jethn AAYmePunilkesitpBislisire Dagieemty wesreligeanacrigeh Xivolgel
A B BS ECEHICHRNRRINAS iR £oMaEe ntodIRR KT teInE&ERBH Kit

(BRI oo A (e RO Er AR ot he

terapbriatiriore hteOFR g afifewects wgrdRe D{pRAfReHXRblp 5RYOT The 2 kb

R R SR R e e (SR e

 3hhewenemin fiAdEe e ERRIsEntEe iefertad RIGRRhURINGl BEag B RINA kit

(Andrssred PERPEATEIsNIeve desigionsieg Byndatirgd Brmntihgastiedanin

1 gg%%;@;g@%;%@%&%% ohs K BNA Saguahcd thnBe 2hliged out
i ;

(Genbank accession no: AF533700). PCR products encoding different regions

of PfRH1 were digested with Pvull and Apal and in frame cloned into pRE4 to

make the following constructs (1) to (Vill):

() SEQ ID NO: 9 and 10 were used to generate the region | of PfRH1 spanning

the region from 55 to 2001bp.

(1): SEQ ID NO: 11 and 12 were used {o generate the region Rl of PfRH1

comprising the sequence of SEQ ID NO: 1 spanning 1 the region from 1000 to

3000 bp. The SEQ ID NO; 2 comprises the polypeptide sequence encoded by

SEQ ID NO: 1.

(lih: SEQ ID NO: 13 and 14 were used to generate the region RIll of PfRH1

spanning the region from 2041 to 4002bp.

(IV): SEQ ID NO: 15 and 16 were used to generate the region RIV of PIRH1

spanning the region from 3001 to 5001bp.

(V): SEQ ID NO: 17 and 18 were used to generate the region RV of PfRH1

spanning the region from 4003 to 5000bp.
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Erythrocyte binding assay and the identification of erythrocyte binding
25region of PfRH1. COS7 cells (American Type Culture Collection) were
cultured and transfected with pEGFP constructs as described previously
(Mayer et al, 2004). 2 kb overlapping fragments of PfRH1 as shown in

¥ (%Jgro% /1 dglgned int_o the ma_mmalian cell expression vector ypEGERNdo0312
genera FF fusion proteins. 30 The transfected cells were used for

erythrocyte-binding assay 40-60 hours post- 43 transfection by scoring
the number of rossetes under an inyerted fluorescent microscope (Nikon)
as described previously (Chitnis et al, 1994). Transfected COS7 cells with
at least half their surface area ,covered by erythrocytes were scored as
positive for binding. The number of rosettes was counted in 30 fields 5 at
\/&O@Emagnﬁmaﬂemuai@aneim/emed floereseent riierosgiome RV exdAfRH 1

erl nt tWO ere transfected for each construct,
SN e BRI o AP

ROWN are fro St 3 separate experiments. The

(Vliﬁhn@%@tlkﬁh NBHREney B3 wasscHRrelie @erelatsl S 1R9iaBrBdLRf EHSY
st &Q@(&&ka%rﬁ%@@ﬁ% erltspphile binding activity (%) was

calculated as total no. 0 fluoresc t 00S7 cells with ros
(bR P OGP Lo WA Bt SR by IS BTl ol AR
sﬂarﬁﬂfﬁgr&mf@glmmefﬁdéﬁewomgon@QA i and 2B-ii shows the binding of

the erythrocytes as viewed under inverted fluorescent microscope. Region

Il (spanning the region from 1000 to 3000bp) of PIRH1 possessed the
ThediR B aenEGtap figbt AEeHIR rggwmﬁﬁ’pf@ﬂ%eﬁmeﬂed
wﬁ'ﬁ'W@llZQ&d%ﬁiﬁaﬁd|bié>‘vﬁ@dl®h\:ﬁ§h@Wﬂd> mmmamlmg;gﬁw&(@smue of

S obse in,region | I dVII ofPf

iitl\’yc? rﬁ} fis 85"%?1%8? tntr tnsf%%(%g% 768 s or 0 Tl%%e Sfghal
seypeessingdhmfsvarakBugi Sirrlnf SrotEy reigien nqmmmtbkmtem
togl{ﬁgf@r@éggs&r &QR&M@@‘%WQBI@ ak. £Q8PpWilRion protein. Plasmid

chymotrypsin-treated erythrocyte mgave 20no rosettes. These

PIRRR ALBT bR EAE 3@&}{%@ Dame,
INpINHNG BRgiordT @itHrkeoexamriBahespestifitignobarytinetie kinding tthe

D??Qlﬁnwlk‘évepfé?ﬁ’-m backbone was purified by gel electrophoresis and
recovered using QlAquick Gel Extraction Kit (Qiagen). Universal primers were
designed for generating eight GFP constructs of PfRH1 (primer [Xhol}, 5" CGT
ATACTCGAGATGGGGGGGACTGCCGCC 3 (SEQ ID NO: 31);, primer
[BamHI], 5 CGTATAGGATC CAAGTAAAACAAGGGCTG 3’ (SEQ ID NO: 32).
The amplified PCR fragments were cleaved with Xhol and BamHl and cloned
into pEGFP-N1 vector digested by Xhol and BamHi restriction enzymes. All the
GFP consfructs were purified using QlAﬁ!fcer plasmid Maxi Kit (Qiagen).

Erythrocyte binding assay and the identification of erythrocyte binding
region of PfRH1.

COS7 cells (American Type Culture Collection) were cultured and transfected
with pEGFP constructs as described previously (Mayer et al, 2004). 2 kb

- overlapping fragments of PRH1 as shown in Figure 1, cloned into the

mammalian cell expression vector, pEGFP-N1, generated GFP fusion proteins.

The transfecied cells were used for erythrocyte-binding assay 40-60 hours post-
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the ability of COS7 cells expressing all PfRH1 constructs to bind 25
neuraminidase-, chymotrypsin- and trypsin-treated erythrocytes
respectively. PfRH1 protein binds to a neuraminidase-sensitive,
chymotrysin and trypsinresistant receptor on the erythrocyte surface

(@,@yﬁ%&g@% 2001). Human erythrocytes were collected in %%){3%5%9%003 1

phosphate dextrose and 'stored at 4C for up to 4 weeks. The

phenotypes of the erythrocytes were 30determined by a standard blood
banking method (Chitnis at al, 1994)..Duffy- 44 positive human
erythrocytes were washed 3 times in RPM1-1640 (Invitrogen) for use in
erythrocyte-binding assay described above. Washed human erythrocytes
were treated with neuraminidase, chymotrypsin and trypsin respectively

tmﬁegﬁoﬂg@? _rst&:xringslye(Flmy?\aerebfahoﬁ@@tb)s Iﬂ;]rm?@r G reniesiod i bindingnt
: ‘ocyt treat
n%FSQéBBe Fh"l?%ga}:éns(?:%%@%vgf ﬁ%\(}l%%%nlgﬁrﬂﬁnﬁg%eaﬁ a{ 890 rg r[%gnt%éj@c&e@

with neuramini in eing reduced approxima

G758l sfthoahipast balbiheingbiassthreayteseerbglor ity cadasmiers

SHIRRNHO RIS RICHIHRIIRAITHIAIN B BOIYNSIR OWERRSIN T 12B) fields
e treatr?entt of erythrocytes had Igtle impact on the minimal binding
LI AR eIt cHor eI PO o BB SRR enlE Soer

edgsdmm‘d mm&m%%m exizywardreatrsfaten foagsrssedsyruct, and
tBeas1aAdMR SliEhomPAOLPLetianlRd SllREYies 1Pz qrhdeton
expressing two known erythrocyte binding domains PvDBP11 or

SHiSIRNCYH ) WasisGicy BtashAR 6388 1o FHOBPRIs KRGS rebe Yeti4atal
ni® r_algummnB i idas@i a@mz@ry@siaiﬁgf@nem kegf)swﬁtiyaégtgat@gf?/mé«pﬁm of
e = IS nguraminigase SiNn sensliii o
L R R e Lo o oM T G e Bae ping
aclbain(¥noves thenRieoh @irid 1ha% therskpeiteceiigimory tBibimdiag-ii and
2BREiGH PIEBRKHY SPmeYAIRAABI S IERRARPIRR ASHRAYARL B

al, 2001). Generation of constrticts for expression of rent regglons 0

MBHEASIONRI1RGY i FH S BRTNS. HEe RIS MERRE L 2308888 sE P TRH 1
pabsssserihelssitoiogexpressitifiesentyeaions airddyRER Wit Ik T &lihding

- -2 11-3 (Fi A) jn PRE4 i i he, .

B A 2 B o A B BRSPS 0 e
n@ebiiitiRg WewhseRed 1inRIsFoard RUVE. Riid -Vidonfal iR rgigTighBNALT ).
NRESHRBCE MISE S IR Rk ABR 1008 £, 249005 @éél‘%én@%i%@l\%l%ipg

-50Qbps at 3' end. RII-2 consists of region || DNA sequence (SEQ ID NO
R 45 Wit THBb RASO BRI ISR, BB Bobiiache e rriessor

Jobntidsms; Michon et al., 2000) with chymotrypsin-treated erythrocytes gave
no rosettes. These data strongly suggested that region 1l of PfRH1 could be the
erythrocyte binding region.

To further examine the specificity of erythrocyte binding to region 1I, we tested
the abilty of COS7 cells expressing all PfRH1 constructs to bind
neuraminidase-, chymotrypsin- and trypsin-treated erythrocytes respectively.
PfRH1 protein binds to a neuraminidase-sensitive, chymotrysin and trypsin-
resistant receptor on the erythrocyte surface (Rayner et al, 2001). .Human
erythrocytes were collected in 10% citrate phosphate dextrose and stored at
4°C for up to 4 weeks. The Duffy phenotypes of the erythrocytes were
determined by a standard blood banking method (Chitnis et al, 1994). Duffy-
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45 region Il DNA sequence (SEQ ID NO: 7) from 1498bp to 2498bp
(1.0Kb), but lacks 500bps at both ends. PCR primers SEQ ID NO: 25 and
26 were used to amplify the RU-1 region comprising the sequence of SEQ
ID NO 3. The SEQ ID NO: 3 encodes the polypeptide comprising SEQ ID
O: 3. PCR primers SEQ 5 ID NO: 27 and 28 were used top@'ﬂ?&%ot%oosu
leﬁ()?/é]alon comprising the sequence of SEQ ID NO: 5. The SEQ ID NO
5 encodes the polypeptide comprising SEQ ID NO: 5. PCR primers SEQ
ID NO: 29 and 30 were used to amplify the RII-3 region comprising the
sequence of SEQ ID NO: 7. The SEQ ID NO: 7 encodes the polypeptide
comprising SEQ ID NO: 7. The same primers 10 were used to generate
deletion constructs of region Il as OFF fusion in pEGFP Vector.

pogﬁ&lmlﬂea%&n&w;mwd@awrﬂwﬁam i ﬁﬁg@\mﬂBﬁEI-dlh\Ttudgﬁh)efor
elineate re 1NAl thre ion construc

USHAY Wﬁy g%ﬁgﬂ ﬁ{ng Rﬁc gct((;;re\k/)vere t\:/gns eétsgg%}]% &%%@{es
wegellsredsidguite sameaappnm sbyrsetYosihedatgbyeonstRrRESYAY as
aeRInng 99@5@1&? Eﬁgyﬂghéha fulidength 1e9 I@@A&@%M@y wadhe deletigon

constructs R -2 an I-3 to erythrocytes
Il tﬂ@h@aaﬁtfﬁa%)s@ﬁfﬁ%ﬁﬁM%?gamréé%ﬂxﬁ%%a@ae&%faﬁfsmwﬂb NRYAR) MIARE®
Ftgeam)emmm@Wrygswocébs/asprbadwaaalmleoefﬁmL(ﬁig @B)oRMyPact
and RU-1 had a sli h reduced ng activity h
o S RS S PR e
pretreatgly suifyeshyinaetR/psi3 @ﬁntmn@meﬂﬁ'ﬁmm&l@m@ﬁ@/%@éf?@f’pﬂﬁi—lﬁ

ergthioEpiEs g Qﬁfglhﬁﬁﬁ%ﬁﬁ\é'hﬁﬁmmﬂ{f sating Bhg BNfe other
Sequence of RII-3 (SEQ ID NO: 7) was amp ffied %)%HF R us rimers

regiees I o 4 adPB L &N@DR?‘R%%’&’&&% eseﬂ"?s)s of
envygmamplifieeeby RGR ms@mumms SEQIDING:tBE aaﬁ%m to geingiage of

profiz a'\}; binant ﬁon UCt 5” BE% (% %JP %5 O tRANEHS digRRiedyte
With 30 ECOR| an and cloned into expression vector
btpgmgﬁ@(mymdaa@@lﬂn or EBA-175RIl. Binding of erythrocytes to PvDBPIl is
known to be resistant to neuraminidase and trypsin treatment but sensitive to
chymotrypsin while EBA-175RIl is neuraminidase and trypsin sensifive but

chymotrypsin resistant (Baum et al, 2003).

Taken together, these data clearly shows that RIl of PfRH1 has the expected
erythrocyte binding specificity previously demonstrated on the full length protein
(Rayner et al, 2001).

Generation of constructs for expression of different regions of PfRH1- Rl
on surface of COS-7 cells.

Similar methods as described above were used to express different regions of
PfRH1-RIl, namely RIl-1, RlI-2 and RII-3 (Figure 3A) in pRE4 vector for
expression on the surface of COS7 cells. Deletion constructs designed for
pRE4 are described below as Rll-1, RIl-2, and RIi-3. Rll-1 contains region li

DNA sequence 1 (SEQ ID NO: 3) from 1000bp to 2499bp (~ 1.5Kb), but lacks

~500bps at 3' end. RII-2 consists of region Il DNA sequence (SEQ ID NO: 5)
from 1498bp to 3000bp (~ 1.5Kb), but lacks ~500bps at 5" end. RIl-3 contains
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46 to generate a C-terminal His tag. E.coli strain, BL21-CodonPlus-RIL
(kindly supplied by Prof. Julien Lescar, Nanyang Technological University,
Singapore), was transformed with pET24a(+) constructs and used for
expression of recombinant rRII-3 and rtRVIII. Luria Bertani (LB) containing

Kgaqgamlﬁéé(lnvmogen) (50ug/m1) and chloramphenicol (I \etlrg Eﬁognz

ug/ml) was inoculated with E. coil BL21-codonPlus-RIL trans orme

pET24a(+) constructs and cultured overnight at 37 C. Fresh LB containing

kanamycin (50ug/m1) and chlorampjaenicol (50 ug/mi) was inoculated

with the overnight culture at a dilution of 1:50 and cultured at 37 C to an

A600 nm of 0.6 -0.8. 10 Expression of rRII-3 and rtRVII proteins was

induced by adding isopropyl-1-thiob-galactopyranoside (IPTG) (USB) to
rebmoultidb At sefinahcoiSERrEidN@f @)2fmkh. THdsopdc@iaBispWEréKb), but

il cel
l g(rg\%(es%le yé)c%r%\é u%lgéglonqg §§%£§é§{e§%1&illle§ lysél); ﬁs%w@égemﬁed to
amdinptrs Bl Zomeiw amTigngshween st SotedaeNDs mhillieoPEQ ID

N@ctst@khcﬁ@érﬁtfﬁ'@gcﬂMlaé\eBH@&émgn@dprtf Rib3zo@aMptiteRISEQ
?EJ 0%(?1 W|th protease inhibi rc ckt I EDTA-free for r1;RVIII)h
Cé/ %rbdo aWSHe HRE LUl ATRIY ! fe?cté%gtﬂpcgﬁmﬂfé%ﬂ% €

seﬁ@smbceﬂﬁ@ @ FR@:OE)b'ﬁwtmeﬂrﬁ)mt&@pﬁnﬁecbdedeﬁmwmypeptnde

csmﬁlmss@@qm}@'@"@m BOftiC, RIS, (DY @Ié\ha%%%cqgeeﬁ to

he manufacturer 20 (Qiagen). The recombinant proteins were furt

aﬁemﬁlééh RIS REHIBErapRyensm §SMBHBNM FIRPSSEQ D
NC.Mm@&!&%@@&y@%@%%@)ﬂ@hﬁﬂé%ﬁ%}@%IlMQﬂ‘@QﬂW@%ﬁ'e primers
umn ciences allo nufactur
S R R O A PR S oD I PEGFP
vas¢@mbinant proteins The recombinant protein named rRII-3 expressed in

a soluble form with the expected molecular weight of approximately 40
kDa g&oteln (Fig. 4A, lane 1) was also tested for its abl to bind

Idspfiticafien A ypiaipal sMthsagteRinding EfftTy sized
Tsofuhteepr@éemeafdeggmw | biraiingd ftB\tHde@aﬁe?&me@argd@@t@waﬂvezn-z

4B lane 1 y RII- 3 directly hound to 47 erythr
ﬁ—% A§’vv ﬁ no blr?a ﬁ%—:ﬂg’]\{ e\{ected %r%? i |?1 gﬁéoﬁﬁye cc%n%?f colls.
UesiedhEiganss. apporeiniy, eesntstryibsinargsd agpsiindtedteny binding was

oBRERIOEYIRE: Iy AL l@h@@PF@WqQSSstWQﬂGQs@Wé'HQQ{W e&%&mg RYi-1,
rRII 3( F|%4A ). These results independently confirm that RII-3 is the

RIkARBEy R shilirheRiss o PR @ANﬁH@mHiw@%qU@ﬁEe%aﬁwg"%ly
ddemrtficatian ofraingvastyitiracyte bﬁﬁimgrdqmwrmm:ﬁmmdlwmtrypsm had

i T L
C@mgar@dur@ m@dmmh Riaswdearaas Gi-Gsihgwedgeaen GeiteShanditabteaat R11.
THERY WA pSeY 3% COIR IR G EN s IREIPRANPEHFIHE region of

regéctlons were carrle ut according to the method of reference Rost et
~2003).

Expression of rRIl-3 and rtRVIll Recombinant Proteins

The DNA sequence of RII-3 (SEQ ID NO: 7) was amplified by PCR using
primers SEQ [D NO: 33 and 34. The DNA sequence of {RVIIl (SEQ ID NO:37)
was amplified by PCR using primers SEQ ID NO: 35 and 36 to generate
recombinant constructs in pET24a(+). The PCR products were digested with

EcoRl and Xhol and cloned into E.coli expression vector pET24a(+) (Novagen)
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Inspection of the sequence of the 334 amino-acid long minimal binding

fragment RII-3 (Figure 5A) reveals a very uneven distribution of residues
with Ala, Gly, Met, Cys, Pro, Tip absent or with respective occurrences <
1% and a large excess of lle (16.2%), Lys (14.7%), Gin (12.3%) and Leu

\g;l(ng(@%;ﬁ%dues The presence of a heptad repeat motif wifix- RS 312
chain at 20 position "a" could be detected between residues 261 to 289.

As a confirmation, the program COILS (Baum J, 2003) was used and
indeed unambiguously detected a ¢giled coil region in the C-terminal
domain of RII-3, centred at residue 275 (Figure 5C). In the absence of a
3D structure, the exact length of this a-helical coiled coll is difficult to
assess but is likely to span between 28 to 25 49 residues which translates
toigereattixzoiGatemytialcoiiyptised BewicetiaAg, tBIZB1AC ad ordik sEdu ity

sdrES giybg/f ,g%oojq_‘é%{é el 305 FULR NYIBGiRS! WQQ%Iﬁf@f'f‘\gapore)

Bat région B’ e paralnfluenza virus_F protein may be

W@%téiﬂéaf%‘t\%e\ﬁ"ﬁ?nMETé?é’raé“?OEQBSﬁWEtéf RN YsdreSingipPifgsion  of
re%@mdmlﬂ%b?mﬂpann'l[lQJr@SEhﬁmB?BBWchﬂalnﬂng kanamycin
arainfluenza F 30protei rtlc |nt ation e Ie
'g\ﬂ{f%q%nhe@%g?ﬂ}:\ﬂ e?g%] 4‘%‘ \r}'ecr%\ll tﬁn% F})rogré@ |§ |c§e{ °
intcblateredeitinéntleeh&lical Wﬂﬁ@@b@siﬂb s@%@ﬁ@ﬂf@ﬁl@d il ré‘@E?f’la(*

c&%ﬁﬁﬁé ahlesiduptravEigyn 59 BQG*WG‘?'?&Q@S_GBWE%&EW%S?%W%

lies a region of apprommatelyg 70 residues spanning amino- 180 t|II

(SEFIICRNE SPeefiRtRRNE RO iERR A/ BB p Bt riRRGHRISE] dYJF t
CLﬂi@IPélf@dalhﬂlltMﬂdlrdﬂ ragmrmr BiRktEdt avesyifpotant tegdete{mﬁrtee -0.8.

hether th feat N
e
bfegimtgwraoqs:ﬁer e ety OBP tealtipabuiviieerd ﬁeﬁbﬂné@ﬁ?@i‘i‘f@a’“o” of

o@h&%ﬁaw&ééeg&e&ﬂﬁ@é@%@t RIRGRE & Ny MWM%‘rﬂ@kQCéik/%ﬂéIa'Wﬁer
(Thompson et al, 1994). PfRH2a/b d PfRH4 mgl;cate both am

Ingigtib drded E?rll?ci’&‘?é BABEHR T 0%552%5?;{@“@ (pgclﬁgged
y&hs) b FeT0(80l nWRH&Jqomstmomm mﬂzle‘@tgln Ddih dmdeim2Oduibdtotease

N T e e

between these 2

BregiRNfs. nﬂmé\le@h,smvmﬁﬁtm@ laleaﬂyﬂe%%@%&%%ﬂr%esf@mﬁv%) and
iy%%‘%'ééﬁ%éh@rp Bhdansinsafhe GersesiessaainncehiiRbbic < lsed

can be found in other members of RH of djfferent Plasmodium s é)fggs using

Cﬁ*ﬁ@lﬂ’e‘%’s%ﬁﬁ%mfiﬂ%@@%’Eu?ﬁﬁzﬁrﬁ;‘f it
riRatinitfiotaldbtcr egidragartose tyNTIAgrepreetictinbto mypiteimeacoieturer

&0” re’g)lonrw the Grigiming! SPJ@%’% CQRRSERMAENARMAEBY ion-exchange
chromatography using a MonoS™ HR 5/5 column (Amersham Biosciences) for
rRII-3 and MonoQ™ 5/50 GL column (Amersham Biosciences) for rtRVIll,
following the manufacturer's protocol.

Erythrocyte-binding Assay Using rRII-3 and rtRVill recombinant proteins

The recombinant protein named rRIl-3 expressed in a soluble form with the
expected molecular weight of approximately 40 kDa protein (Fig. 4A, lane 1)
was also tested for its ebility to bind erythrocytes. At the same time a construct
expressing a similarly sized soluble protein of region VI named riRVIIl was
prepared as negative control (Fig. 4B, lane 1). Only, rRIl-3 directly bound to
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structural conservation of the domain. Predicted binding regions of RH
orthologues in P. falciparum and P. vivax are shown in Figure 6. The
binding regions were identified using the PfRHi-RII-3 vs predicted binding
regions of 25 other RH members (ClustalW). Generation of antibodies

@g@%ﬁ%@gzﬂrg]binant proteins rRII-3 and rtRVIII Purified recom%]%%omooslz
) s .

proteins, rRII-3 and rtRVIIl were used to immunize mice to raise

antisera arRII-3 and artRVIII. In order to determine whether the 30

antisera are able to recognize PIRH protein, we performed Western

blotting of 49 P. falciparum VV2mef merozoite extracts probed with

arRI11-3 and artRVIll respectively. Mouse pre immune serum and normal

RBC lysate were also used to test the antisera specificity. Previous work
etydushden (Figt 48)apiphoxinbabetinddBdbn petteirdsireciyiized byt Hide

ific ' f LB 20 imil ized Orotei
o S R R ) A AT T IR
eninoiah REs R ECRsY Byase reaiamandhseryiasoria hevrthPrEY!-3

(RypatEAYSTIgGeER Hedutts A BAABNIE KN uBAfiHaressener Assate (Eerocyte

bg}g@g{fg&(qg rpg{@,?&?ﬂ both 0'211-3 and rtRVIIIl antisera gave a punctuate

nm schizonts consistent with the expression at the apical end . 10 of
merozoites (Figure 7 B and C). No staining was observed in mouse

APEEISVALRE SBEHIBHEOWRAlyRis THRPS et ahoY BRtiNGlY L ARIREE te

are specific for PfRH1 protein.  Invasion inhibition assay of P.

bigrlind dAmAIB IR AR HRAFLLEBNce of arRII153 and artRVII. We then
Amirestgatedaybeticer tigaiffenentwddiotsrabtheaerasiaipesreyhibiteBLAST
' t effec invasi rasites (Figure 7E). javasion . .
Lo R EDEE PREMER S Tonl TR lstigale
PREIRIRII-3 WAEl arBRVkdantida tESIAGibit MOEmOn. TROHS-imaaikble  at

hEg WAL 67 @ sisnilisant SHRFISB R RASIOR Ha Rikihe RAlasitesiigdns
On the other hand antiserum arR11-3, raised against the minimal binding
WG G R ARG SR TSTREE] FVRRSRTR AR RS PL G ORM at a

1:10 dilution. Furthermore, the arRVIIl showed minimal or no inhibition for
LA R e MRS g A
Tregmamsotd B AnvayrRpls a very uneven distribution of residues with
Ala, Gly, Met, Cys, Pro, Trp absent or with respective occurrences < 1% and a
large excess of lle (16.2%), Lys (14.7%), Gin (12.3%) and Leu (10.2%)
residues. The presence of a heptad repeat motif with an lle side chain at
position “a” could be detected between residues 261 to 289. As a confirmation,
the program COILS (Baum J, 2003) was used and indeed unambiguously
detected a coiled coil region in the C-terminal domain of Rl-3, centred at
residue 275 (Figure 5C). In the absence of a 3D structure, the exact length of
this a-helical coiled colil is difficult to assess but is likely to span between 28 to
49 residues which translates into a helix of a length comprised between 43 to
75 A. A weak sequence identity of 27% for 105 aligned amino-acids with the
second Heptad repeat region B “HRB" of the parainfluenza virus F protein may
be detected between amino-acids 201 to 304 of RII-3. Interestingly the
corresponding HRB region spanning residues 378-478 of the parainfluenza F

protein, participates in the formation of trimeric coiled coil of a-helices (Yin et al,
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inhibitory antibodies then those raised against another region of the
protein. 50 REFERENCES: 1. Altschul SF, Madden TL, Schaffer AA, et
at. Gapped BLAST and PSI-BLAST: a new generation of protein database
search programs. Nucleic Acids Res. 1997:25:33893402. 52. Baum J,

Pingler M, Conway DJ. Erythrocyte invasion phenotypes of Blasmogi
/033 .
‘Y&é.é’%?’ﬁrﬁofn The Gambia. Infect Immun. 2003;71;1856-18?3. 3. Cﬁ%@osu

CE, Miller LH. Identification of the erythrocyte binding domains of
Plasmodium vivax and Plasmodiugknowlesi proteins involved in

erythrocyte invasion. J Exp Med. 1994;180:497-506. 104. Cowman AF,
Crabb BS. Invasion of red blood cells by malaria parasites. Cell. 2006;
124:755-766. 5, Duraisingh, M. T., Triglia, T., Ralph, S. A., Rayner, J. C.,
20@’@(@%@@1 M6 RucFpeiden, iSpte ot C owpeapretiorif2003oyhBhexiotibia
variation of Plasmodjum falciparu rozqite proteins, ditegts or
PO A BT ARIEH RHr Loy . B R0 22 3O 57 8]
Be@aen Diedyer MBICal andmeiindies # regpoupFapBEERET g Hogesidues
spERRRRICLIRTesaLtiqns B ing invasianieherythieeytesdyd lnsmiedinin loop

merozoites. Int J Pares/to! 34:1413-1429.
structures (Figure 5C).

Having identified the binding region for PfRH1 it was important to determine
whether this domain has conserved features seen in other members of the RH.
Alignment and secondary structure prediction of the corresponding regions of
other members of P. falciparum were performed using ClustalWW sequence
alignment program at http://www.ebi.ac.uk/clustalw (Thompson et al, 1994).
PfRH2a/b and PfRH4 indicate both amino acid and secondary structure
conservation with approx. 65% similarity (Figure 5A). As noted, PfRH3 is not
shown in the alignment as it introduced toco many gaps in the resulting
alignment; on the other hand pair-alignment of PfRH1-RIl-3 and PfRH3
indicates 56% similarity between these 2 regions. This conservation while
clearly less pronounced is somewhat analogous to the DBL domains. The
conserved region of PfRH1-Rl-3 also can be found in other members of RH of
different Plasmodium species (Figure 5B) with more than 50% similarity. While
overall sequence identity for all the regions is low they all are predicted to

contain a coiled coil region in the C-terminal domain consistent with an overall

structural  conservation of the domain. Predicted binding regions of RH

orthologues in P. falciparum and P. vivax are shown in Figure 6. The binding

regions were identified using the PfRHI-RII-3 vs predicted binding regions of
other RH members (ClustalW).

Generation of antibodies against recombinant proteins rRil-3 and rtRVIll
Purified recombinant proteins, rRil-3 and rtRVIIl were used to immunize mice to
raise the antisera arRI-3 and artRVIIL In order to determine whether the

antisera are able to recognize PfRH1 protein, we performed Western blotting of
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CS, Galinski MR, Barnwell JW. A Plasmodium falciparum homologue of
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trypsin-resistant erythrocyte invasion pathway. J ed.,2001;
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W:improving the sensitivity of progressive multiple sequence alignment
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pagmasudel serum (Figure 7 D). These results show that the two antisera are
specific for PfRH1 protein. '

Invasion inhibition assay of P. falciparum W2mef in the presence of arRIl-
3 and artRVIlL. '

We then investigated whether the different dilutions of the sera raised exhibited
different effects on invasion of the parasites (Figure 7E). Invasion inhibition
assays performed on synchronized cultures showed the ability of the arRIIi-3

and artRVI antisera to inhibit invasion. The pre-immune serum had no

significant effect on invasion in all the parasites studied. On the other hand
antiserum arRIl-3, raised against the minimal binding region of PfRHf1,
successfully blocked invasion in W2mef up to 70% at a 1:10 dilution.
Furthermore, the arRVIll showed minimal or no inhibition for at all dilutions of
the antibody. The invasion inhibition assay demonstrates that antiserum raised
against the binding domain of PfRH1 (RH-3) contains more efficient invasion

inhibitory antibodies then those raised against another region of the protein.
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MCSLLP Claims 1. An isolated polypeptide, wherein the polypeptide is a
Plasmodium RH fragment, comprising at least one amino acid sequence
selected from 5 SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ

ID NO: 8, or a homologue thereof, wherein the amino acid sequence is

wosstbass1690 amino acids. 2. The isolated polypeptide aceoudsagoto/000312
claim 1, wherein the polypeptide 10comprises at least one amino acid
sequence selected from SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, -
and/or a homologue thereof. 3. B isolated polypeptide according to

any one of the preceding claims, wherein at least one amino acid

sequence comprises SEQ ID NO: 8, 15and/or a homologue thereof. 4.

The isolated polypeptide according to any one of the preceding claims,
R%BF@W@% polypeptide sequence is less than 550 amino acids. 205. The
1. IsglatedspolypepditTlacmading/s, ahylotire pddsetiiigacidinss; BASEIR e
gepoiijzeptitersteiudatabasssRaIRbIPTeoRTag Mdpleicof PHR HRESpURE P$: 338°-
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25 7. The isolated polynucleotide according to claim 6, wherein the

polynucleotide comprises at least one nucleic acid sequence selected MCSLLP
from SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7,

and/or a homologue thereof. MCSUP 52 8. The isolated polynucleotide

according to claim 6 or 7, wherein the polynucleotide comprises at least

one nucleic acid sequence selectedgnom SEQ ID NO: 3, SEQ ID NO: 5

and SEQ ID NO: 7, and/or a homologue thereof. 5 9. The isolated

polynucleotide according to any one of claims 6 to 8, wherein the at least

one nucleic acid sequence is SEQ ID NO: 7, and/or a homologue thereof.

Clal®%0.A vector comprising the polynucleotide according to any one of the

claims 6 to 9. 11.A cell comprising the vector according to claim 10.
1512.A method of producing the polypeptide according to any one of

dairAs lsol&tetherotgblepd dmmphisieinthiees teply mépéideuitmn & enoedium RH
acoprdingioCiaim s nder ponditons syable for expression eLitGed from
polype% |oee; afd bP reco%erlng fhe p&ype%‘tldce SO expre Eh

SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, or a
homologue thereof, wherein the amino acid sequence is less than 700

amino acids.

2. The isolated polypeptide according to claim 1, wherein the polypeptide
comprises at least one amino acid sequence selected from SEQ ID NO:
4, SEQ ID NO: 6 and SEQ ID NO: 8, and/or a homologue thereof.

3. The isolated polypeptide according to any one of the preceding claims,
wherein at least one amino acid sequence comprises SEQ ID NO: 8,

and/or a homologue thereof.

4. The isolated polypeptide according to any one of the preceding claims,

wherein the polypeptide sequence is less than 550 amino acids.

5. The isolated polypeptide according to any of the preceding claims,
wherein the polypeptide sequence is selected from fragments of PfRH1,

PvRBP1 and/or a homologue thereof.
6. An isolated polynucleotide encoding a polypeptide of claim 1 to 5.

7. The isolated polynucleotide according to claim 6, wherein the
polynucleotide comprises at least one nucleic acid sequence selected
from SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7,

and/or a homologue thereof.
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20 13.The method according to claim 12, wherein the recovered
polypeptide comprises at least one of the amino acid sequence selected

from SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, MCSLLP

and/or a homologue thereof. 2514.The method according to claim 12 or
13, wherein at least one amino acid sequence comprises the sequence of
SEQ ID NO: 8, and/or a homologue ghereof. 15.An isolated antibody,
wherein the antibody specifically binds to a polypeptide comprising at
least one amino acid sequence selected from MCSLLP 53 SEQ ID NO: 2,
SEQ ID NO: 4 or, SEQ ID NO: 6 and SEQ ID NO: 8, and/or a homologue

tBerenb isthalde isolptediaotidedyeceritinoito claim 16, whareiwileeein the
antibody specifically binds to a poJypeptide comprising the amino acid

eqBOBEPUER TS Sl BEE IEP RO B R aTr, REMBBEeselected
thero 13H0e Iantiodyzaces dingDtoNGaing 1aner B @hieaherantihotdy a
is a monqclonal, %%I%/(%onal, chimeric, humanised. single chain, Fab, Fab’,

F(ak?)oﬁlg gﬁtg" T F(v) portions of the whole antibody. 18.A
pharmaceutical composition for reducing and/or inhibiting the binding 10to

nd/gr invasion of Plasmodium, into erythrocytes, comprising (a) at least

e TSy 08P BB R CRUBRG B LATdIng 6 AT A Bed o 8
aminh acithseguenza steoteduosit SEQ Hedu@nze S&EQHD NIDNG:SE@nd/or
ID N%; 6 arLd SEQ ID NP: 8, or a homologue thereof ; and/or 15(b) at
least ﬁ)éns q%‘?p i&éecoomprising at least one amino acid sequence
selected from SEQ ID NO:2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID
NEE. 2 homologus eregf igeln 1 AN AYTEFUENSH I 558 of the

claims 6 to 9.
11.A cell comprising the vector according to claim 10.

12.A method of producing the polypeptide according to any one of claims 1
to 5, the method comprising the steps of:
a. culturing the cell according to claim 11, under conditions suitable
for expression of the polypeptide; and

b. recovering the polypeptide so expressed.

13.The method according to claim 12, wherein the recovered polypeptide
comprises at least one of the amino acid sequence selected from SEQ
ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, and/or a

homologue thereof.

14.The method according to claim 12 or 13, wherein at least one amino acid
sequence comprises the sequence of SEQ ID NO: 8, and/or a

homologue thereof.

15.An isolated antibody, wherein the antibody specifically binds to a

polypeptide comprising at least one amino acid sequence selected from
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(c) at least one nucleic acid molecule hybridizing and/or 20complementary
to any part of the polynucleotide according to claim 7; optionally in the
presence of at least one pharmaceutically acceptable excipient, diluent,
carrier and/or a combination thereof. MCSLLP 54 19. Use of (a) at least
one antibody and/or portion thereof, capable of binding to at least one
amino acid sequence selected froms3EQ ID NO: 2, SEQ ID NO: 4, SEQ
ID NO: 6 and SEQ ID NO: 8, or a homologue thereof ; 5and/or (b) at least
one polypeptide comprising at least one amino acid sequence selected
from SEQ ID NO:2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8,
and8E@ honmdlmgle SECedh) Wardinhes&aindakio) séqardcBEQIdEs NO: 8,
than 7900 amino aqids; and/or 1f0(c) at least one nucleic acid molecule

hybﬁal fﬁrgaa'ﬁ%? 8&%%Ig}%%erﬁary to any part of the polynucleotide
according to claim 7; in preparation of a medicament for use in therapy.

2WTHeeuseoiesk daieodlaimceoraingrén theimedicawbatagolweaitpody
15&§';5’é%§ff&r£xﬁmﬁ@sn?8‘lQr'ﬁolypeptide comprising the amino acid sequence

of SEQ ID NO: 2 and SEQ ID NO: 8, and/or a homologue thereof.

MCSLLP

17.The antibody according to claim 15 or 16, wherein the antibody is a
monoclonal, polyclonal, chimeric, humanised, single chain, Fab, Fab’

F(ab) fragments and/or F(v) portions of the whole antibody.

18.A pharmaceutical composition for reducing and/or inhibiting the binding

to and/or invasion of Plasmodium into erythrocytes, comprising

(a) at least one antibody and/or portion thereof, capable of binding
to at least one amino acid sequence selected from SEQ 1D NO: 2,
SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, or a homologue

thereof ; and/or

(b) at least one polypeptide comprising at least one amino acid
sequence selected from SEQ ID NO:2, SEQ ID NO: 4, SEQ ID
NO: 6 and SEQ ID NO: 8, a homologue thereof, wherein the

amino acid sequence is less than 700 amino acids; and/or

(c) at least one nucleic acid molecule hybridizing and/or
complementary to any part of the polynucleotide according to

claim 7;

optionally in the presence of at least one pharmaceutically acceptable

excipient, diluent, carrier and/or a combination thereof.
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21. The use according to claim 19 or 20, wherein the medicament is for

reducing and/or inhibiting the binding to and/or invasion of Plasmodium MCSLLP

into erythrocytes. 22.The polypeptide according to claims 1 to 5, the
polynucleotide 20according to claims 6 to 9 or the antibody according to
claims 15 and 16, for use in therapy. 23. The polypeptide, polynucleotide
and/or antibody according to claim 2, for treating and/or preventing
malaria. MCSLLP 55 24. The polypeptide, polynucleotide and/or
antibody according to claim 22 or 23, for reducing and/or inhibiting the
binding to and/or invasion of Plasmodium into erythrocytes. 25. A
meéthddeobfliagnosis and/or prognosis of malaria in a subject, 5comprising:
(a) providing at least one sample from a subject; (b) detecting the

leofi - .
B sed R e B KR b ing to
NO: 5 adldlSEQIDNDING AtifosenHentsicplieatestdsmarkiféy; ID NO: 2, SEQ

ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, or a homologue thereof ;

and/or

(b) at least one polypeptide comprising at least one amino acid
sequence selected from SEQ ID NO:2, SEQ ID NO: 4, SEQ ID NO: 6
and SEQ ID NO: 8, and/or a homologue thereof, wherein the amino

acid sequence is less than 700 amino acids; and/or

(c) at least one nucleic acid molecule hybridizing and/or
complementary to any part of the polynucleotide according to claim
7

in preparation of a medicament for use in therapy.

20.The use according to claim 19, wherein the medicament is for treating

and/or preventing malaria.

21. The use according to claim 19 or 20, wherein the medicament is for
reducing and/or inhibiting the binding to and/or invasion of

Plasmodium into erythrocytes.

22.The polypeptide according to claims 1 to 5, the polynucleotide
according to claims 6 to 9 or the antibody according to claims 15 and

16, for use in therapy.

23. The polypeptide, polynucleotide and/or antibody according to claim

22, for treating and/or preventing malaria.
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(c) detecting the presence of at least one polypeptide comprising the
amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 or
SEQ ID NO: 8, and/or a homologue thereof; 15wherein, the presence of
the polynucleotide and/or the polypeptide is indicative of presence of
Plasmodium in the subject. 26. The method according to claim 25,
wherein detecting the presence of aikeast one polypeptide comprises the
presence of at least one 20antibody capable of binding to the polypeptide.
27. The method according to claim 25 or 26, wherein the at least one
polypeptide comprises the amino acid sequence of SEQ ID NO: 8, and/or

a hamolvguepbigrraitide, polyBudieetetked aecardibgdy abysramgfto claim
claims 25 to 27, wherein the 25supject is a mammal MOSt. 56 29, The
method 2Bt RGNS GBI BB IR e o it (8 psion
human. d0PlAdtiidditheiniagnogisoaytser prognosis of malaria in a subject
comprising 5(a) at least one antibody and/or portion thereof, capable of

bindipg t on INo acid_seguenc lected from,SEQ.ID NQ:
SEGTD RaM ok IR A B RETETE o RREGT feibiect
or (b) atdesmtrisirrgnucleic acid molecule capable of hybridizing and/or 10
complementary to any part of at least one polynucleotide comprising at

least ong,p mi%@sn@%%@swé%m@f%@a' Rulfdcd. SEQID NO: 3,

SEQ ID NO: 5 or SEQ ID NO: 7, and/or a homologue thereof.

MCSLLP

(b) detecting the presence of at least one polynucleotide comprising
at least one nucleic acid sequence selected from SEQ ID NO: 1,
SEQ ID NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7, and/or a

homologue thereof and/or;

(c) detecting the presence of at least one polypeptide comprising the
amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO:
6 or SEQ ID NO: 8, and/or a homologue thereof;

wherein, the presence of the polynucleotide and/or the polypeptide is

indicative of presence of Plasmodium in the subject.

26. The method according to claim 25, wherein detecting the presence of
at least one polypeptide comprises the presence of at least one

antibody capable of binding to the polypeptide.

27. The method according to claim 25 or 26, wherein the at least one
polypeptide comprises the amino acid sequence of SEQ ID NO: 8,

and/or a homologue thereof.

28. The method according to any one of claims 25 to 27, wherein the

subject is a mammal.
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31. The diagnostic and/or prognostic kit according to claim 30, wherein the
subject is a mammal. 1532. The diagnostic and/or prognostic kit according

to claim 30 or 31, wherein the subject is a human. 33. A recombinant DNA MCSLLP

vaccine comprising an expression vector for expression of a

polynucleotide, the polynucleotide according to claim 7, optionally in the
presence of at least one pharmaceutigally 20acceptable excipient, carrier,
additive, and/or adjuvant. 34. The recombinant DNA vaccine according to
claim 33, wherein the polynucleotide comprises at least the nucleic acid
sequence of SEQ ID NO: 7, and/or a homologue thereof. 25 35. The
rec@abifiaatmeticotk according to claynsris of 8ihimvke2bintchig8, wherein the
polynucleotide encqdes for an immunogenic peptide, comprising at MC
SLLP 5?%%%%?6%@ &%mino acid sequence selected from SEQ ID NO:

2, SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, and/or a homologue
ther80f. A36it Thee rbeomisiaansivacridbondcemantstd dhimasrighareandbiect
peptide i%ﬁ the amino acid sequence of at least SEQ ID NO: 8,
and/or a homologUe thereof. 37. The recombinant vaccine
accordifig)tetdagssrnelantbadtare/or portion thereof, capable of binding to

at least one amino acid sequence selected from SEQ ID NO: 2, SEQ
ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, or a homologue thereof;

or

(b) at least one nucleic acid molecule capable of hybridizing and/or
complementary to any part of at least one polynucleotide comprising
at least one of the sequences selected from SEQ ID NO: 1, SEQ ID
NO: 3, SEQ ID NO: 5 or SEQ ID NO: 7, and/or a homologue thereof.

31. The diagnostic and/or prognostic kit according to claim 30, wherein

the subject is a mammal.

32. The diagnostic and/or prognostic kit according to claim 30 or 31,

wherein the subject is a human.

33. A recombinant DNA vaccine comprising an expression vector for
expression of a polynucleotide, the polynucleotide according to claim
7, optionally in the presence of at least one pharmaceutically

acceptable excipient, carrier, additive, and/or adjuvant.

34. The recombinant DNA vaccine according to claim 33, wherein the
polynucleotide comprises at least the nucleic acid sequence of SEQ

ID NO: 7, and/or a hdmologue thereof.

35. The recombinant vaccine according to claims 33 or 34, wherein the

polynucleotide encodes for an immunogenic peptide, comprising at
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10wherein the subject is a mammal. 38. The vaccine according to any one
of claims 33 to 37, wherein the subject is a human. 15 ‘

36.

37.

38.

MCSLLP

57

least one of the amino acid sequence selected from SEQ ID NO: 2,
SEQ ID NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8, and/or a

homologue thereof.

The recombinant vaccine according to claim 35, wherein the peptide
comprises the amino acid sequence of at least SEQ ID NO: 8, and/or

a homologue thereof.

The recombinant vaccine according to any one claims 33 to 36,

wherein the subject is a mammal.

The vaccine according to any one of claims 33 to 37, wherein the

subject is a human.



