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VO 02/ 074802 PCT/USgééQQBQg drug resistant P. vivax strains (Barat
and Bloland, 1997, Infect. Dis. Clin. North Am. 11,
969-987) has underlined the need for a vaccine.
Progress towards a vaccine to prevent P. vivax

15 infection is severely constrained by the availability
of recombinant P. vivax antigens suitable for efficacy
trials in humans. The choice of an expression system
for the production of any recombinant protein is
critical, particularly if it contains conformational

20 epitopes stabilized by multiple disulphide bonds.
Conventionally, Escherichia coli is considered
unsuitable for the expression of such structured
antigens because of its reducing cytoplasmic
environment (Bessette eg al., 1999, Proc. Natl. Acad.

25 Sci. USA 96, 13703-13708). For that reason many P.
vivax antigens containing complex tertiary domain
structures have been expressed in eukaryotic systems
such as yeast (Burghaus and Holder, 1994, Mol. Biochem
Parasitol. 64, 165-169; Burns et al., 1997, Infect.

30 Immun. 65, 3138-3145; Chitarra et al, 1999, Mol. Cell
3, 457-464) and baculovirus (Collins et al., 1999, Am.
J. Trop. Med. Hyg. 60, 350-356; Cooper, J. A., 1993,
Parasitol. Today 9, 50-54). Efforts have been underway

to develop an E. coli strain with an oxidative



2 internal environnent. One such nodified E. coli strain (Origam-), was
recently reported to allow disulfide bond formation of reconbi nant

protei ns wopeesserl in its cytoplasm (D eckmann- Schuppert PET/tsh2/0830092,

Eur. 5 J. Biochem 205, 815-825). Using this strain of E. coli we report
production of a soluble 42 kDa fragment of the P. vivax merozoite surface
protein-1 (PvMSP-1 p42), a nmalaria vaccine candidate that requires the
formation of multiple disul phide bonds for correct 10 fol ding. Merozoite
surface protein-1 (MSP-1) is found on the surface of nerozoites throughout
the genus Plasmodium In P. falciparumit has been shown that MSP-1 is
synt hesi zed as ani:QEnthaepVEzummt iGnd sypihooessEdelly E15cogyestatain

proteol ytic st ep @nSC r ite i The 195
(Da. protein s DEAdalrYs B3t BhepiEly Eedite R Aty BT ells)
latter is furtb@ndctfeamealm ah nqcmmrentepmoﬁaunepegpreﬁeeé lr33 kDa

(p33) fragnment ﬁﬁ:gvb%‘é@glhngY'biéaklﬁém@JSohu%%enggt Mol . @992‘“%;:
Par asi t ol . 109 179 'g on cont ai ns conserve %stel nes t hat

are cross- 17nkdd ByOoRBER;: pf 85 dl%JcrrI’ e [YstesggsdifofhirAght @6 Zepi der nal

growt h fact or-I ideg 1( E@F):eﬁeﬂ’al ]ﬁﬁocﬂlﬁgﬂll’brﬁtof al s01129¢, 4Iznf<eet frdgmatel . 65,
3024-3031). It h% % .shown in r. ent deI ) 01;: gl\ﬁ?t t he
presence of t he °Ewb™E Iyﬁgaﬁo%]f%zso 8f§ Pé?a Sﬁin (TPIR5chl for the

i nducti on of NMSP42)basedalprotecadaineg mmudﬁt@ElthHanre@Jltee ﬁl%Q Arch.

Bi ochem B'Ophy§3§ﬁ§§§38 Z% &%g%??%%héﬂlphl%%géonﬁgl 8%2

Par asi t ol has een s 1 mTunl zation
with reconlelan[fOﬂDleiJvax MSP-1 p19, nade in bacul ovirus i nf ect ed insect

cells, can promebz@e&egﬁr@g@érpﬁomr@%lt@xs@hql)l@ggeouﬁ@omlﬂgeet al .

%g?g&tén}nﬂunTrOBrface of ger0201teé lﬂyéuéhod% %e Eéﬁﬂgdglgémgﬁ 2000

In P. falciparum it has been shown that MSP-1 is
synthesized as a 195 kDa precursor, it is processed by

15 several proteolytic steps during schizont rupture and
merozolite invasion. The 195 kDa protein is cleaved to
83 kDa (p83) and a 42 kDa fragment (p42); the latter
is further cleaved to an 11 kDa C-terminal (pl9) and a
33 kDa (p33) fragment (reviewed in Dutta, et al.,

20 2000, Mol. Biochem. Parasitol. 109, 179-184). The pl9
region contains conserved cysteines that are cross-
linked by multiple disulphide linkages forming two
epidermal growth factor-like (EGF) domains (Egan et
al., 1997, Infect. Immunol. 65, 3024-3031). It has

25 been shown in rodent models of malaria that the
presence of the two EGF-like domains in the pl9 region
is critical for the induction of MSP-1 based
protective immunity (Ellman, G. L., 1959, Arch.
Biochem. Biophys. 82, 70-77; Gibson et al., 1992, Mol.

30 Biochem. Parasitol. 50, 325-333). In addition, it has
been shown that immunization with recombinant P. vivax
MSP-1 pl9, made in baculovirus infected insect cells,
can protect monkeys against parasite challenge
(Golding et al., 1994, Am. J. Trob. Med. Hyg. 50

35 (Suppl.),33-40; Hisaeda et al., 2000, Infect. Immun.



WO 02/ 074802 PCT/ US02/ 08307 3 68, 6618-6623). Although the p33 region has
not been shown to be critical for protection, several imuno- dom nant B
and T celWwoOepiot4spes have been mapped to it, these epitop@sTarse2/vssghl y

i mmunogeni ¢ during natural 5 malaria infegtion in humans (Kasl ow and Kumar,
1996, Immunol. Lett. 51, 187-189). A bacul ovirus expressed P. cynonol gi
MSP-1 p42 construct protected rhesus nonkeys agai nst honol ogous chal | enge
(Kocken et al., 1999, Infect. Immun. 67, 43-49). G ven the close 10

evol utionary relationship between the two species we have chosen to

express the P. vivax equivalent of this P. cynonolgi p42 construct in E
coli. Initial &BteApl8-6622xprabshalyls Yreot8idnregithehesnuenthbemal E.

coli expression C - r I;?t_g R ge avanLork f_the
product being |ng§ﬁ£b?8 ]Q%gém]é%gél un%echéio a ér‘efdox rmlhﬁ{]ful?ed E. coli

strain (O ganﬁﬂ)nléﬁpteﬁs@@dt”ﬁec%hhﬁemrwrﬁsn havepbeencoapPetety i@ t he
sol ubl e fracth@he!e Qﬁ§€6g@§ desent 3e&mh@§@@@ﬁlgoadtah NSaBiEal

purification method 0 to obpt |nther r oduct hi gh
purity and *ow"@ GBE'BX Rt %%Wt%‘?ltmlafﬁm?d%ﬁ ; 5 Eféa g1 h%g—l’@urmr al and
cel lul ar i nmune Ime@spobseLettm 5k, tD8THI&D) V&Cﬁdaﬂaloaﬁ]ﬂhdaéﬁppéﬁéécﬂn usi ng

h d 5 | SA720. 25
SUMVARY GF THE TPRVERE EREThe it cbdt= | KBSt BPovEaBsl Sarared and

purified P. vivaenkBPslpd2ifisvNBdlqu)s abdldengehddocken g opkr,

expressi on and pubifi ¢aELop Ofpdne. RyMBR3laoR42¢iThe PREDEALQEL the present
invention results in 30 elimnation of contaninating proteins and

conservati oh? ofVPRELAGRRYE FolFHepahe diedweerd&hsr FH@l fge6tet n€e protein.
Therefore, the essenthabey porédhess PvivieP-H, vg%axpéqhevalghttbﬁ present

;g\éenti on retai s Rr ogmolg(l:ogigrggﬁéggugtorlno%t| Collr eac E‘{g&y for vaccine

attempts to express this protein in the conventional
E. coli expression host such as BL-21 resulted in the

15 majority of the product being insoluble, however, we
found that a ‘redox modified’ E. coli strain
(Origami™) expressed the same protein almost
completely in the soluble fraction. We describe here
the e%pression conditions and purification methodology

20 to obtain the PVvMSP-1p42 product of high purity and
low endotoxin content. In addition, we examine the
humoral and cellular immune response of mice to this
vaccine candidate protein using two human-use approved
adjuvants, Montanide ISA51 and Montanide ISAT720.

25 SUMMARY OF THE INVENTION

The present invention provides isolated and
purified P. vivax MSP-1p42 (PvMSP-1 p42) and a method
for proper expression and purification of the PVMSP-1
p42. The method of the present invention results in

30 elimination of contaminating proteins and conservation
of the native folding and disulfide bridging of the
protein. Therefore, the essentially purified pPvMSP-1
p42 protein of the present invention retains proper
conformation for optimal reactivity for vaccine and

35 screening purposes.



35 screeni ng purposes. WO 02/ 074802 PCT/ US02/ 08307 4 Therefore, a nmgjor
aimof the present invention resides in the production of |arge anmounts of
PvVBP-1 wo22iehisch mai ntai n confornmati onal epitopes criti ®@ar/uso2/083pit ope
formation in pure form (>95% pure) for 5 giagnostic, prophylactic and

t herapeutic purposes. This may not seem conplicated but, as with nost
strategies for protein purification, proved to be difficult and

unpredi ctable. E. coli was chosen as a host, even though it had gone out

of favor, for two 10 reasons: (1) E. coli was known to produce high |eve

of reconbi nant proteins and (2) reconbinant proteins produced in E. sol
are not gl ycosyl at edThehetbre s a conirstaemt ofi tthet beesapabihvéenesonf mal ari a

par asites. Sev?é?%dggrg%F%h%3¥%£#KRSD%y§%cgg§ ?%ﬂggﬁéqufhﬁ’ _Q@sired

expression |eve sol , opllasmc form h can be sufficiently
purified from hpée veith prigttains aunfesme tsappill PRihgre? opett¥atidity of the

protein. Problegp;wbl EorkdioXirdgdiree reyhoRba5M pand) Esqfol i endot oxin
| evel s, antibiotic resistance 20 _and .t he presence of, non- PvNMSP-1 p42

cont ani nant © ha8i288oBe1t e SHREW L tife PEFO FBSTPPEREIGPHHF RS of t he

present invention tgohpEoMa@endt reeairycialli cBeMBPohilitp4ds fwithistost n
di agnostic assa¥§6gﬁggfor roductiqn of _a tibgdies. 25 Ié.{§ anot her obj ect
e

l1es or rotein purific 101, rove be 7. ..
of the present on to ﬁ%OV|dE Ebnp05| i‘ons’ conprirsing purified
reconbi nant PviBPflcpiR. and unpnesticardtlieer &hj eof iofas hehpsasers d nventi on

Lo Provide noveloXect oyefORRLIilt iRl LRSRTBLRARE, bivoB0 £XPI&RSI NG

PvMSP-1 p42, as well as host cells transformed wth said vector. It is also
an obj ect Jf0 t heepFesent (1 hvBntfOh &S FreVWRdEcarketned »e9h pkdtRiki ng and

purifying of recombinant proteins and (2) recombinant proteins

produced in E. coli are not glycosylated, which is
consistent with the capabilities of malaria parasites.
Several hurdles had to be overcome to achieve the

15 desired expression level in soluble cytoplasmic form
which can be sufficiently purified from host cell
proteins without sacrificing proper folding of the
protein. Problems with E. coli oxidative cytoplasm
and E. coli endotoxin levels, antibiotic resistance

20 and the presence of non-PvMSP-1 p42 contaminants had
to be resolved.

- Therefore, it is an object of the present
invention to provide a recombinant PvMSP-1 p42 for use
in diagnhostic assays and for production of antibodies.

25 It is another object of the present invention to
provide compositions comprising purified recombinant
PvMSP-1 pd2. ’

It is yet another object of the present invention
to provide novel vector constructs for recombinantly

30 expressing PvMSP-1 p42, as well as host cells
transformed with said vector.

It is also an object of the present invention to
provide a method for producing and purifying

recombinant PvMSP-1 p42 protein comprising:



reconmbi nant PvIVBP-1 p42 protein conprising: WO 02/074802 PCT/ US02/ 08307 5
growi ng a host cell containing a vector expressing PvMSP-1 p42 proteins in
a suitabl wocazlozagoe medi um  causi ng expression of said ve®marusemssence as 5
defined above under suitable conditions f®r production of soluble protein
and, lysing said transforned host cells and recovering said PvMSP-1 p42
protein such that it retains its native folding and is essentially free of
host toxins. 10 It is also an object of the present invention to provide
di agnosti ¢ and i nmunogeni ¢ uses of the reconbinant PvMSP-1 p42 protein of
the present invention, as well as to provide kits for diagnostic use for
exanpl e in mal ari a sgreehnage anostt ardlilr wangeyning anvepbdy tests. It is

al so an obj ect %%%£Q§SP£ES§$ﬁsﬁjmgﬂgd ggokgﬁngrgﬁigesgpeggiéwgﬂlgﬂfe

pol ycl onal anti es, nore particularly human nonocl onal anti bodies or
nmouse rnonocl or®AE@Ri bodi es whi ch are hunani zed, which react 20

specifically with PviBRsingicxspédones ofeidhRer vee@BRr kegdehse papt i des or
conf or mat i onal to es_, conpr | edg n,r ongin n%. rgt ins. é i%_also an
obj ect of te p&%téﬂ% | AVRVT | Ui %o IBngﬁﬁe 88§%|BB% UE%E RBFCAHT LBy MBP- 1
p42 monocl onal o25santbbedbestdéior amal,aria antigen detection or for therapy
o chronie T i Lol shion,idic)ginpiot et alhgelogh s pushant
present inventi®aldi AvaPahoedi mfdtedm wachotBetelktcretamns iifhe response
in an ani mel agglpste Pro1di¥@andnd 2pharAReeyt keakl yrasseptahlsmdli | uent,
carrier, or excipient, 1L L3.8"91 "G5 6F (BL LRSBLES el L IYSItLON to

provide diagnostic and immunogenic uses of the

recombinant PvMSP-1 p42 protein of the present

invention, as well as to provide kits for diagnostic

use for example in malaria screening and confirmatory

15 antibody tests.

It is also an object of the present invention to
provide monoclonal or polyclonal antibodies, more
particularly human monoclonal antibodies or mouse
monoclonal antibodies which are humanized, which react

20 specifically with PvMSP-1 p42 epitopes, either
comprised in peptides or conformational epitopes
comprised in recombinant proteins.

It is also an object of the present invention to
provide possible uses of anti-PvMSP-1 p42 monoclonal

25 antibodies for malaria antigen detection or for
therapy of chronic malaria infection.

It is yet another object of the present invention
to provide a malaria vaccine comprising PvMSP-1 p42
of the present invention, in an amount effective to

30 elicit an immune response in an animal against P.
vivax; and a pharmaceutically acceptable diluent,
carrier, or excipient.

It is another object of the present invention to

provide a malaria DNA vaccine comprising a Plasmodium

35 vivax p42 DNA. It is another object of the present



provide a mal ari a DNA vacci ne conprising a Plasnodium 35 vivax p42 DNA. It
is anot her object of the present WO 02/ 074802 PCT/ US02/ 08307 6 invention
to provi decemesdond for eliciting in a subject an i nmune RCIFERIRSES0AgAl NSt
mal aria, the nethod conprising admnistesing to a subject a DNA fragnent
conprising a P. vivax MSP-1 p42 DNA. 5 It is another object of the present
invention to provide a nethod for eliciting in a subject an i mmune
response against malaria, the method conprising admnistering to a subject
a conposition conprising PvMSP-1 p42 of the present invention. 10 It is
anot her object of the present invention to provide a nethod for preventing
mel ari a infecti omventiam dni medovddiepri Bétigoddidni steritigd dnt ke ani mal the
PVMBP-1 p42 of tgg: ﬂﬁqﬂgl n o the present
invention is ﬁere%ﬂf saf e x%% 8§?§p%§ﬁ%ﬁ$@t n?%.g?%i and should
not result in ad@%‘?@ qui@J@fﬂ‘Jé@t §d{“énilﬁ’éerif%%c‘¥?la% e‘dﬂPJrFtﬁtvlad@éTIA The

present inventi %@z&é}lﬂar@m&%ﬁ@cw@s totaxtherpr gsuctingn of a
r econmbi nant PvMNMSP-

host 20 ¢ co t ing the vectors, a nethod for
orrant a0t it ndubfaiet neorBer Suder Shite Rlersit! SRS et Mg and
purifying the rqg@m&ﬂdéua T ttioel EorAbimc1ping|ﬁ@dalsmhmemﬁtbmdlhmMnbulk
fermentation and Q p s of the
pr esent i nventi on %ﬁgﬁéa é%ég%yggﬁéveéﬁeéﬁékﬁ¥& éé¥h1 %%%dlnents as
set out bel ow. mmmmrwrlmaosuwm&cmwmﬂnoqmommam 1C.
(A) Coomassi e bl ugwiaineshy Uk radlipedsSRES PAGELOfoRYMEP- 1 pd2 partial |y

purified on a 0.5 m_ Ni-NTA agarose, col um under identical conditions
fromthe sotlibl e andIFnéélﬁBPE ?Faﬁ?l%ﬁﬁ;Qﬁ he present invention to

provide a method for preventing malaria infection in
an animal comprising administering to the animal the
PvMSP-1 p42 of the present invention.
The vaccine according to the present invention is
15 inherently safe, is not painful to administer, and
should not result in adverse side effects to the
vaccinated individual.
The present invention also provides vectors for
the production of a recombinant PvMSP-1 p42, host
20 cells containing the vectors, a method for fermenting
and inducing the host cells, and a method for
isolating and purifying the recombinant protein. Also
provided is a method for bulk fermentation and
expression of PVMSP-1 p42.
25 All the objects of the present invention are
considered to have been met by the embodiments
as set out below.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A, 1B, and 1C. (A)Coomassie blue stalned
30 reduced SDS-PAGE of PvMSP-1 p42 partially purified on
a 0.5 ml Ni-NTA agarose column under identical
conditions from the soluble and insoluble fractions of
Origami{(DE3) and BL21 strains (1 gm paste each).
PvMSP-1 p42 was eluted from each of the 4 columns in
35 equal volume (2 ml) and 20 pl of each was loaded in



Origam (DE3) and BL21 strains (1 gm paste each). PvMSP-1 p42 was el uted
fromeach of the 4 columms in 35 equal volunme (2 m) and 20 | of each was

| oaded i rWoM020248074802 PCT/ US02/ 08307 7 the wells. LanesPCI/USSDO8IbT e
Origam (DE3); 2, insoluble Oigam (DE3);73, soluble BL21; 4 insoluble

BL21 ; M nol ecul ar wei ght marker. (B)Coonmassie blue stained reduced

SDS- PAGE (20 g protein per well). 5 Lanes: 1, Ni-NTA elution; 2,

Q sepharose elution. (C) Anti-E coli inmunoblot of the gel shown in
FIG1B. (2 g protein per well). FIG 2A and 2B. (A) Coonmssi e bl ue stained
non-reduced SDS-PACE of purified PvMSP-1 p42 (- 2 gg 10 protein per well).
Lanes: 1, non-redaced]ll®, Bam@$atEdsdiubﬂed@cédamd(DEéHuc%d & al kyl at ed.

(B). Innunoblo& !&i@bf@tbr (§E§yungclgggh @thgggleﬁyT QAbove the

| anes). Lanes: n, non-reduce rotei'n; 'r, uce proteln 15
FIG 3. |1gG subBlass; alit i hobsci d!‘ﬁs?@htnmﬁifl?@r |mﬁﬁhi?2@aaw5%¢1 PBP- 1 p42.

Antibody titersgahenshonequadsa tdes 1 moea i( tzlorm% ﬁd%t‘@ﬁnoﬁseﬁ hee1mgan di | ;BI gInG
e an

pl us standard devi ati on (pboxes and |ine

4A and 4B. () h@%%?es%eh&% ~RRY ?ihﬁﬁ?n %ag@é rﬁﬁ?hﬁirkl??xed%%Q vi vax
Sal | strain panasike (:ﬁﬂﬂ:Mmﬁlﬂiftblilmﬁ)ofontheAgéisHDm{eynb]FIﬂDdlBsrrear,

i nmuno- st ai ned m?th afflnlt éygglflqg anti- PvMBP-1 p42 anti body raised in
rabbit. (B) 25 ud?é%cenc 6%as image of a |ate trophozoite stage of
P. vivax Sal | parasFi€, Ramamsl 2B ndd Wadmagmiot ddlaat FERIVBR- 1 p42 sera

from the Bal bl Cogfceohiceddnglohis IEPALLEDBESCHLETL ud0(L n; the
description that ? a nunb of "terms used_in reconblnant DNA,
paraSItology)anErOteln per well). Lanes 1, non-reduced; 2,

alkylated; 3, reduced; 4, reduced & alkylated. (B).
Immunoblot with anti-PvMSP-1 monoclonal antibodies
(shown above the lanes). Lanes: n, non-reduced
protein; r, reduced & alkylated protein.

15 FIG. 3. IgG subclass antibody response in mice
immunized with PvMSP-1 p42. Antibody titers are shown
as the logarithmic values of the mean dilution plus
standard deviation (boxes and lines) that have an OD
of 0.1.

20 FIG. 4A and 4B. (A) Fluorescence and phase
images of a methanol fixed P. vivax Sal I strain
parasite (early schizont) on a Aotus monkey blood
smear, immuno-stained with affinity purified anti-
PVMSP-1 p42 antibody raised in rabbit. (B)

25 Fluorescence and phase image of a late trophozoite
stage of P. vivax Sal I parasite, immuno-stained with
pooled anti-PvMSP-1 p42 sera from the Balb/C mice in
M51 group.

DETAILED DESCRIPTION

30 In the description that follows, a number of
terms used in recombinant DNA, parasitology and
immunology are extensively utilized. 1In order to
provide a clearer and consistent understanding of the

specification and claims, including the scope to be



i mmunol ogy are extensively utilized. In order to provide a clearer and
consi stent understanding of the specification and clains, including the
scope to We 047 074802 PCT/ US02/ 08307 8 gi ven such ter ®eT/ushzog3ot | owi ng
definitions are provided. In general, ang epitope' is defined as a |linear
array of 3-10 amino acids aligned along the surface of 5 a protein. In a
| i near epitope, the amno acids are joined sequentially and follow the
primary structure of the protein. In a conformational epitope, residues
are not joined sequentially, but lie linearly along the surface due to the
conformation (folding) of the 10 protein. Wth respect to conformational
epi t opes, the bénghhso&htherm@jtb@@-ﬁhﬁﬂqming seduantéonanabe subject to
wi de vari ations qrtions of the primer structure of the antigen

bet ween t he respaues geflnlng the epitope may not be critical to the
structure of 15 the confe@eRBERONaRn epiRidE 'Fois Erdnpled, agebel inaabr

substitution of jthggeckns &1y eahiigh SRANRNGAS oRY BObngatheCkutPgce of
conf or mat i onal epltoge provi ded sequences critical o epitope conformation

are maintai ned RePHOtetYst ef R’ HRRGW PP s GREi 8B1BBnafkGS are
gl ycosyl ati on 290$hé&Sse@¢1§n&1aP\1§€CHﬁdDrﬂmmoﬁln&heEph:E_QEEYWByrﬁd:’S@r@e f or med

by 2 or nore eSS%AEL e |ons o] nSUbur8§§nPflpn ? 2 pg BL %
het er o- ollgoner ﬁs@ﬁ %?%in %pf% &S HORR Sgn ePdet ef lant ' means
an amno acid sequentejoha$d|sequMHbﬂéactkme lAs Ussdahdéyeahon@5 an
t f d I yt '
epi tope of a e%h@”é&?@a@& d&@péé?ﬁmggggﬁgﬁnggbhoRﬁélﬁhﬁg be %@gﬁ am no

acid sequence as the epitope in pol'ypepti
i mmunol ogi c10 eq@F9BEeRt s h e@@sp%ﬁfeﬁ%m@mﬁfﬂéoaﬁéoeph*émﬁ%l e ai n,

subt ype (=genot Yéﬁbthobftyﬁé(%D&@GMIﬁh@ %%q\aahb@nban BeJsulfedthe
currently knomntge%uggcggrggtlgééa| %a%%k- |ngof tﬁgaggggégn1such as Sal
|, Belem
structure of the antigen between the residues defining
the epitope may not be critical to the structure of
15 the conformational epitope. For example, deletion or
substitution of these intervening sequences may not
affect the conformational epitope provided sequences
critical to epitope conformation are maintained (e.gL
cysteines involved in disulfide bonding, glycosylation
20 sites, etc.). A conformational epitope may also be
formed by 2 or more essential regions of subunits of a
homo-oligomer or hetero-oligomer. As used herein,
‘epitope’ or “antigenic determinant’ means an amino
acid sequence that is immunoreactive. As used herein,
25 an epitope of a designated polypeptide denotes
epitopes with the same amino acid sequence as the
epitope in the designated polypeptide, and immunologic
equivalents thereof. Such equivalents also include
strain, subtype (=genotype), or type(group)-specific
30 wvariants, e.g. of the currently known sequences or
‘ strains belonging to Plasmodium such as Sal I, Belem,
Chesson, Vietnam, North Korean, or any other known or
newly defined Plasmodium vivax strains or field

isolates.



Chesson, Vietnam North Korean, or any other known or newy defined

Pl asnodi um vi vax strains or field isolates. WD 02/074802 PCT/ US02/ 08307 9
The ter mweokiogisphase' intends a solid body to which thepPcmdisoz/oksel P.
vivax antigen is bound covalently or by soncoval ent neans such as

hydr ophobi c, ionic, or van der Waals association. 5 The term ' bi ol ogi cal
sanple' intends a fluid or tissue of a mammalian individual (e.g. an

ant hropoid, a human), reptilian, avian, or any other zoo or farm ani mal
that commonly contains anti bodi es produced by the individual, nore
particularly antibodi es against 10 malaria. The fluid or tissue may al so
contain P. vivax anThgeherButsolbhmsred's iatenkdsoansphithkodyttand
include, withoul,}imi{ALI Ofa: Dl @0t P! aSTR, SRCYALL YEI BEungPi nal fluid,

| ynph fluid, secretions o the respiratory, intestinal or genitourinary
tracts, 15 teargovéé?mbby %WI@Y WWHQQ?@%Q@@dm€éPEsSHﬁE fifel omas. Body

conponent s i ncl ydg-BHRbLOH: Caioﬁicgu'cq_svaﬁhaekewaalsba@g@@maioxflI uid refers
to a fluid obtained om an ga ism _Sone kiaql Qgi cal flugguﬁgre used as a

source of other prod @tEer@uc% O}t | fct grsepdsga ctor viil),

serum al bumi n, gﬁgmé daﬂrasmmmmhatxhandmauﬂheet gr nehi amtnodpgidal |y

reactive' neans t gntlﬂﬁgnln %S?tb n, ngc% pggi éﬁﬁjly wth
Lfesé%% t F

anti - MSP- 1 antlgo |es FHa bo y corpone rrom
i nfect ed i ndi vi doaihal Thieat eromhomin wordeipise RN tihrdhes ph@d@@m@mu on

formed when an apti body,Dangs, LAD &@ttl%qagﬁyaant%wg@g ad@enderm

'PyMSP-1 p42' as used herein refers to 30 the polymorphi¢ Cterm nal 42
kDa protei nt4 r aBAbAriar T%%I?%%h@l?ﬁ;?%%ﬁﬂ%iﬁﬁy PFSH]FHBtﬁFBCESSVhﬁﬁ%y
pr ot eases antigen. Such components are known in the art and

include, without limitation, blood, plasma, serum,
urine, spinal fluid, lymph fluid, secretions of the
respiratory, intestinal or genitourinary tracts,

15 tears, saliva, milk, white blood cells and myelomas.
Body components include biological liguids. The term
*biological fluid® refers to a fluid obtained from an
organism. Some biological fluids are used as a source
of other products, such as clotting factors (e.g.'

20 Factor VIII), serum albumin, growth hormone and the
like.

The term “immunologically reactive’ means that
the antigen in guestion will react specifically with
anti-MSP-1 antibodies present in a body component from

25 a malaria infected individual.

The term " immune complex® intends the combination
formed when an antibody binds to an epitope on an
antigen.

The term “PvMSP-1 p42’ as used herein refers to

30 the polymorphic C-~terminal 42 kDa protein fragment or
polypeptide resulting from the processing by proteases
of the 195 kDa membrane-anchored MSP-1 precursor.
During merozoite invasion, the 42 kDa fragment is
subjected to secondary processing producing a 33-kDa

35 fragment (MSP-1 p33) and a 19 kDa C-terminal fragment,



of the 195 kDa nenbrane-anchored MSP-1 precursor. During nero
the 42 kDa fragnment is subjected to secondary processing
produci ngwe 038748 35 fragment (MSP-1 p33) and a 19 kDa Cercarusomed3o7
WD 02/ 074802 PCT/ US02/ 08307 10 g MSP-1 pl19) which remains
via GPlI to the surface of the invading nmerozoite. The MSP-1 p42

i nvasi on,

fragnent,

att ached

protein extends from approximately am no acid (aa)

of the full-length precursor 5 protein (Genbank accession if
The term PvMSP-1 p42' as used herein also includes anal ogs and truncated
forms that are inmmunologically cross-reactive with natural Pv
By ' PvMSP-1 p42'(MEs-iLnpehl ewh RulVBRetia gk sfatewhe0 utihe@Pst tai bise of

Plasm)diumvivaéurg%ﬁ ¥fo£gg ﬁgg@ ng'ﬁ3?3ﬂ01%%d sghﬁegsgr fb b d isolate of

Pl asnodi um vi vax

hono- 0 goner as use ernre

zoite

M75674. 1).

1350 to about as 1729

MSP-1 p42.

ers to a

conpl ex of PvNMSProtpin gﬁﬁ@miwﬁ@olwm@m@ma@@ém@mm%@% p422 hononer ,

e.g. PvNSP-I

hi gher-order_ hono-oligoners of PvNMSP-1 é%p@ honmo-olig
Shafs

within the stopBT8FSthi $CTRPFRFtFOTeSSHRE

'may cont ai

or several different Theneaeins *piM20- PydBP- hepdidetbtaredd bilem
strains of Plasno m viva ncIu i.ng for el em  Chesson,
Nor t h RSrggﬁes A ao?%er ? tbnc §X%gghﬁd |soIaFg

Vi et nam

ralns an es.

p42LByVBR- dnpde 24i MBI S, of_t r’dkf@”f%l@"—lbﬁbtﬁnﬁfécu@éoﬁny

oners'

n one, two,

di fferent

Such m xed

ol i gonmers are stiminunhbqgw@llfgo@msswetantnvehmwopetgraﬂ.hP@MSJﬁvﬂent| on,
may 25 all ow nmopgouni ﬁ?r $§17M§P@9“}_9§25,1é3 1Qpyl-RE $vREe-LT B2k MeALy of

The term ' purified pr ied to proteins herein refers to a

mal ari a.

conp05|t|onlﬁhepéhﬁrtﬁErGégFr%ﬁ

protein

30 conpoeant fiadt bergeonPesi fiay 1B attesbre®1peabal om

vivax.

The term “homo-oligomer® as used herein refers to

a complex of PVvMSP-1 p42 containing more than one
15 PvMSP-1 p42 monomer, e.g. PvMSP-1 pd2/PvMSP-1 p42

dimers, trimers or tetramers, or any higher-order

homo-oligomers of PvMSP-1 p42 are all “homo-oligomers’

within the scope of this definition. The oligomers

may contain one, two, or several different monomers of

20 PvMSP-1 p42 obtained from different strains of

Plasmodium vivax including for example Sal I, Belem,

Chesson, Vietnam, North Korean, and other strains and

field isolates. Such mixed oligomers are still homo-

oligomers within the scope of this invention, and may

25 allow more universal diagnosis, prophylaxis or

treatment of malaria.

The term “purified’ as applied to proteins herein

refers to a composition wherein the desired

protein comprises at least 35% of the total protein

30 component in the composition. The desired protein

preferably comprises at least 40%, more preferably at

least about 50%, more preferably at least about 60%,

still more preferably at least about 70%, even more

preferably at least about 80%, even more preferably at

35 least about 90%, and most preferably at least about

and

TR W HivieSe s O&t 2P¥a8tR85% LY he t ot al



preferably conprises at |east 40% nore preferably at |east about 50%
nore preferably at |east about 60% still nore preferably at |east about
70% evenwoona74gpeef erably at | east about 80% even nore ma@Efesvabsip7at 35

| east about 90% and nost preferably at ligast about WO 02/ 074802

PCT/ US02/ 08307 11 95% of the total protein conponent. The conposition may
contain other conpounds such as carbohydrates, salts, |ipids, solvents,
and the like, without affecting the determ nation of the percentage purity
5 as used herein. An 'isolated" PvMSP-1 p42 protein intends a Plasnodi um
protein conposition that is at |east 35%pure. The term'essentially
purified protei 5% o&fehs teoahrmtatiais gorpbhedtsuhet pampedieiiean be used
for in 10 vitrg di agno é;ﬁc?%ﬁ%ﬁﬂgld@ssacﬁraghafaﬁséwdf@w@,und- These

proteins are substantially free from cellular Erotelns vect or-deri ved
p

proteins or ot h&rltet akHetieim YOHFBHeNt sndTkBeplok8i nélbhOthe present
ggégntion arefpHEE%E@ﬂn%Otﬁéﬂﬂéﬁﬁﬁﬂ%ﬁétﬁﬁh b@aahe8§&&&énﬁ$@@,%§Mf&@rab|y,

9 nmore prefera % _nore  prefera 97% .pore prefera 98% nore
preferably %QQFSeVéﬁgﬁg?Eeﬁqe#ﬁ?aﬁﬁ?’ F%bb%¥%§g?ir%$£rgﬁ%ﬁ%ﬁ%antly
expressed' usedintéhils at htasoofbxt fottie poepenttiomenbabnisedters to the
20 fact that th .ot eLns t he present invention are produced by
r econbi nant exp?%gggoﬁéﬁé?ﬁ%%s be it in prokaryotes, or |ower or higher
eukaryotes as di scuSbedtermdesasentyed o prvd fiefnprrefenseukaf§ote’ refers

to host cells 235 syshefSsYe@stsiddndicianthathenkikeanlouwenseakesyores are
general ly (but not necessarily) unlcelluggg. Pr ef er eg | ower eukaryotes
&€n %g_actlc

are yeast s, Thar FLEGPatt §InPets et & gr BB
Schi zosacchar ongegpountll uvksoaysesseRichire cebgtaRtthlaypasterfsim
Hansenul a

cellular proteins, vector-derived proteins or other
Plasmodium components. The proteins of the present
invention are purified to homogeneity, at least 80%
15 pure, preferably, 90%, more preferably 95%, more
preferably 97%, more preferably 98%, more preferably
99%, even more preferably 99.5%.
The term " recombinantly expressed’ used within
the context of the present invention refers to the
20 fact that the proteins of the present invention are
produced by recombinant expression methods be it in
prokaryotes, or lower or higher eukaryotes as
discussed in detail below.
The term " lower eukaryote® refers to host cells
25 such as veast, fungli and the like. Lower eukaryotes
are generally (but not necessarily) unicellular.
Preferred lower eukaryotes are veasts, particularly
species within Saccharomyces. Schizosaccharomyces,
Kluveromyces, Pichia (e.g. Pichia pastoris), Hansenula
30 (e.g. Hansenula polymorpha, Yarowia, Schwaniomyces,
Schizosaccharomyces, Zygosaccharomyces and the like.
Saccharomyces cerevisiae, S. carlsberoensis and K.
lactis are the most commonly used yeast hosts, and are

convenient fungal hosts.



30 (e.g. Hansenul a pol ynorpha, Yarow a, Schwani onyces,

Schi zosacchar onyces, Zygosaccharomnyces and the |ike. Saccharonyces

cerevi si a0 @/07¢smel sberoensis and K lactis are the nost roavwserbgsoased
yeast hosts, and are convenient fungal hasts. WO 02/ 074802 PCT/ US02/ 08307
12 The term ' prokaryotes' refers to hosts such as E. coli, Lactobacillus,
Lact ococcus, Sal nonella, Streptococcus, Bacillus subtilis or Streptonyces.
Al so these hosts are contenplated within the present 5 invention. The term
" hi gher eukaryote' refers to host cells derived from higher aninals, such
as manmal s, reptiles, insects, and the like. Presently preferred higher
eukaryote host cel | sTheetgeni vedokatyw T nesfery hambrets(sugh er0), nonkey

(e.g. CO5 and Veredqel | 8hetobabys hasstgickd ey Bidlimopieq 1ki dney (PK15),

rabbit kidney 13 cells RK13), the_ human osteosarcoma cell 1line 143 B,
the human cell ﬁtﬁ€p98E8g§Hﬂ'hﬁﬁﬁﬁf%%%aﬁ%ﬁﬁ%%ﬁﬂ PT| & SPFPRECRED S° and
insect cell IineneskShbety. abpocoptensldradimietda) chéhprbeshtcel Is may be

provi ded in §USQ?Q%h%?oﬁr flask cultures, tissue cultures, organ cultures
and the |ikel A't€rna rvely the host cells may al so be transgenic aninals.
The term' pol ypepti d&her sbems hoghepobymryafe 2@ edisingo tachdstandldees not

refer to a specigh§baNgl-onohighde MGG, WS asPRBRINEES, Ol i gopepti des,
and proteins are included mnt%ln the definition of gg;ypeptlde. This term
[

al so does not r&FBLitESor INEREFBdeHostie e s P SRBaiLYi PAEFBRESSf the 25
pol ypepti de, fohigkampkekaglycosybat i@sisls aectphratieansrophoiphesy! ations
ol ypept i det® cBRFE E nd oo SPONorESHHal ojuss 5P aR Gny AL aErbLS)
(i ncluding, for kekanpkestennaidney &Ko acigdd&idpRg (PK15), rabbit
kidney 13 cells (RK13), the human osteosarcoma cell
line 143 B, the human cell line Hela and human
hepatoma cell lines like Hep G2, and insect cell lines
15 {e.g. Spodoptera frugiperda). The host cells may be
prdvided in suspension or flask cultures, tissue
cultures, organ cultures and the like. Alternatively
the host cells may also be transgenic animals.
The term  polypeptide’ refers to a polymer of
20 amino acids and does not refer to a specific length of
the product; thus, peptides, oligopeptides, and
proteins are included within the definition of
polypeptide. This term also does not refer to or
exclude post-expression modifications of the
25 polypeptide, for example, glycosylations,
acetylations, phosphorylations and the like. Included
within the definition are, for example, polypeptides
containing one or more analogues of an amino acid
(including, for example, unnatural amino acids, PNA,
30 etc.), polypeptides with substituted linkages,ﬁas well
as other modifications known in the art, both
naturally occurring and non-naturally occurring.
The term "recombinant polynucleotide or nucleic
acid® intends a polynucleotide or nucleic acid of

35 genomic, cDNA, semisynthetic, or synthetic origin



30 etc.), polypeptides with substituted |inkages, as well as other
nodi fi cations known in the art, both naturally occurring and non-naturally
occurringwoThe748ez m ' r econbi nant pol ynucl eoti de or nucl ei ®@CTASOKAU083DNt ends a
pol ynucl eotide or nucleic acid of 35 gengm c, cDNA, semnisynthetic, or
synthetic origin WO 02/074802 PCT/ US02/ 08307 13 which, by virtue of its
origin or manipulation : (1) is not associated with all or a portion of a
pol ynucl eotide with which it is associated in nature, (2) is linked to a
pol ynucl eoti de other than that to 5 which it is linked in nature, or (3)

does not occur in nature. The term'reconbi nant host cells', "host cells',
‘cells', "cell khAes,,bycelttealdfiress odndoienastiphlat €685 denpti ng

m croorgani sns or_ hi gher eukaryotic .10 .cell lines cultured as unicellular
entities refer t§ “€ I?gsﬂﬁ+%%(§éﬁnﬂé F5vE& BEERCHsBH @s recipients for

a reconbi nant veoflgnuokeothde witdnsflerch pdl yisuekseotidegdand nachuee the
progeny of the (?R' %”finﬁ&é't};éf";&g@] leéiee%'%ifdreaBgfgggt Bflan! tnbS 45

under st ood t hat e progeny o ' par ent al may not necessarily
be conpl etely i #bachcat 1% lhpkgholddlaoire .n ofenddni €o6F ROEaPCENA 1n

conpl enment as the,Qci ginal parent, due to natural, accidental, or

del i berate nutation. 20 The term'replicon' is any genetic elepent, e.qg.,
a plasmd, a chronosgﬁé,tﬁrWirﬁ%?o%P%Rﬁﬁﬁ(§O§ﬁ<§?}%ﬁhat hpghatestas an

aut ononmous unit ~ek1pel ynuetEDt i teed eplicdtll emlvikbsn, aag€l bthér esucigapabl e
of replication_under.its_ own control vector' ig a replicon

.. 25 The term' .
further conpri SEAGSsSGURHERS Tﬁ?ﬁﬁ?ﬁQﬁfﬁﬁﬂﬁiqgagﬁghegnﬁyo?ry%xﬁﬁession of a
desired opel0r eadiliglinaseculhere@ras 'womtgldlulseqeshteicsetefsrtioo

cells which can be or have been, used as recipients
for a recombinant vector or other transfer
polynucleotide, and include the progeny of the
original cell which has been transfected. It is

15 understood that the progeny of a single parental cell
may not necessarily be completely identical in
morphology or in genomic or total DNA complement as
the original parent, due to natural, accidental, or
deliberate mutation.

20 The term “replicon’' is any genetic element, e.g.,
a plasmid, a chromosome, a virus, a cosmid, etc., that
behaves as an autonomous unit of polynucleotide
replication within a cell; i.e., capable of
replication under its own control.

25 The term “vector' is a replicon further
comprising sequences providing replication and/or
expression of a desired open reading frame.

The term " control sequence’ refers to
polynucleotide sequences which are necessary to effect

30 the expression of coding sequences to which they are
ligated. The nature of such control sequences differs
depending upon the host organism; in prokaryotes, such
control sequences generally include promoter,
ribogsomal binding site, and terminators; in

35 eukaryotes, generally, such control sequences include



pol ynucl eoti de sequences which are necessary to effect 30 the expression
of codi ng sequences to which they are ligated. The nature of such control
sequenceswoiokfoes2 dependi ng upon the host organism in pPCRASYD0S387 such
control sequences generally include prompger, ribosonmal binding site, and
termnators; in 35 eukaryotes, generally, such control sequences include WO
02/ 074802 PCT/ US02/ 08307 14 pronoters, termnators and, in sone instances,
enhancers. The term'control sequences' is intended to include, at a

m nimum all conponents whose presence is necessary for expression, and
may al so include 5 additional conmponents whose presence i s advantageous,

for exanple, | eaggfioSeencaminiitolsganar nisesoes i dnstarkdees term ' pronoter'

is a nucl eotide_sequence ich is cq ised_of consensus . whi ch
allow the birmﬁﬁhéhﬁe¥ﬁWA Eigﬁ%FbsggB r?gesfﬂﬁ??%%%lasizﬁﬁﬂgﬁﬂ%g%ﬁhnner
such that nRNA juobudt ot ianintirdimes, agli heompenahts ramses igptasemdeni ti ati on
site for the adjac o NeSBXPLESSLPE, " QRerakd y 11 nked
refers to a ju%?d%%é?%%%%yg%%{g#ﬁggﬁglgghp%nent§§sp described are 15 in a
rel ati onshi p perddlitiorpt omaenischefei RreReNFe| ht FHEGRTRIFRES A

control sequencg,y0pesAbly, 1R sebpefce8divAIcEgUeaEE dscddtgaled i n such
a way that expression of the i s achieved under conditions

. codi ng sequence ;
conpatible with the 'E]aﬁtF%JFmséﬁPé‘fﬂ?g? AnTHUGHERC G AT RY F IR’ (ORF) i s
a region of a yllynutseodmsiel seueneensbnehsenegdescas pdhiygieptlilder and

codi g sequence Bt SLRGLAY Sl UdsaRss tas e SIE AR 0L 7,
pol ynucl eotlidde sagmenceuchvhilt MRy aroduichédni AR6t ARPES aifd/Ere t r ansl at ed
into a p0|ypepﬁggﬁafhEPaﬁ%éyﬁﬁijQﬁp%&i%ﬁﬁtgeﬂtE@keofor the adjacent
structural gene.
The expression ‘operably linked’ refers to a
juxtaposition wherein the components so described are

15 in a relationship permitting them to function in their
intended manner. A control seguence ‘operably linked®
to a coding sequence is ligated in such a way that
expression of the coding sequence is achieved under
conditions compatible with the control sequences.

20 An “open reading frame® (ORF) is a region of a
polynucleotide sequence which encodes a polypeptide
and does not contain stop codons; this region may
represent a portion of a coding sequence or a total
coding sequence.

25 A “coding sequence’ is a polynucleotide sequence
which is transcribed into mRNA and/or translated into
a polypeptide when placed under the control of
appropriate regulatory sedquences. The boundéries of
the coding sequence are determined by a translation

30 start codon at the 5'-terminus and a translation stop
codon at the 3'-terminus. A coding sequence can
include but is not limited to mRNA, DNA (including
cDNZA), and recombinant polynucleotide seqguences.

The term <immunogenic‘ refers to the ability of a

35 substance to cause a humoral and/or cellular response,



appropriate regul atory sequences. The boundaries of the coding sequence
are determned by a translation 30 start codon at the 5 -term nus and a
transl at iwo ipogorzodon at the 3'-term nus. A codi ng sequemca/usanos3dncl ude
but is not limted to nRNA, DNA (including cDNA), and reconbi nant

pol ynucl eoti de sequences. The term'inmmunogenic' refers to the ability of a
35 substance to cause a hunoral and/or cellular response, WO 02/ 074802

PCT/ US02/ 08307 15 whet her al one or when linked to a carrier, in the
presence or absence of an adjuvant. 'Neutralization' refers to an i mune
response that blocks the infectivity, either partially or fully, of an 5

i nf ecti ous agentwhefhéyaaome' o Svlaam iInmkedgéni e canm’ae:si tim)nthe:apabl e of

eliciting prot eﬁtiggngg# Q?Sg@%grg an! %ép%mgartﬁ tPélf%mal hal |

vacci ne may al € use rea an infe |n
whi ch case it igefalseto san hemapeutiaspongey dbatnbloghe teem 't her apeut| c'

refers to a compasilion:ceanablitefpdiiaahiigiommbalia, istegtion. The term
"effective anount’ erapeutl c or . prophylactic treatment refers to

an anount of> epPFéE@tl‘l‘”&S R hg Dol YAsEITcde LSUPRi SFBHECE +Riduce an

i nmunogeni ¢ respe F@Siﬂl@ﬂecé.gﬁﬁjd)l/é dRleltieiinghprbrestiadnhghbier ed, or to
ot herw se detecta i noreact in its inten

N Sy
i munoassay). PP Fg?%bl g e T eg? S%f?’i—"%i&gﬁ% ¥ 20 ef f ect
treatment, as daﬂisnelﬂealbméul Ther eMmrcttrmmUmE ane¢sssatgdwi | | vary

according to thgrl Eg#aﬁg? on, 9 n VALK ng qugbg%aogstg%rglg%%%ﬂe

generati on of onal " anti serunif anti bodi es exanpl e effective
anount may ll%lrdeépénﬁr ng on the species, 25 age, and general condition of

the individual, the r8eVeEihy" ehethScwonsti biceicagat beapeditbe

capable of treating malaria infection.
The term “effective amount® for a therapeutic or
prophylactic treatment refers to an amount of epitope-

15 Dbearing polypeptide sufficient to induce an
immunogenic response in the individual to which it is
administefed, or to otherwise detectably immunoreact
in its intended system (e.g., ilmmunoassay) .
Preferably, the effective amount is sufficient to

20 effect treatment, as defined above. The exact amount
necessary will vary according to the application. For
vaccine applications or for the generation of
polyclonal antiserum/antibodies, for example, the
effective amount may vary depending on the species,

25 age, and general condition of the individual, the
severity of the condition being treated, the
particular polypeptide selected and its mode of
administration, etc. It is also believed that
effective amounts will be found within a relatively

30 large, non-critical range. An appropriate effective
amount can be readily determined using only routine
experimentation. Preferred ranges of PvMSP-1 pd2 for
prophylaxis of malaria disease are about 0.01 to 1000
ug/dose, more preferably about 0.1 to 100 ug/dose,

35 most preferably about 10-50 ug/dose. Several doses may



particul ar pol ypeptide selected and its node of admnistration, etc. It is
al so believed that effective anounts will be found within a relatively 30
| ar ge, nowoaeiot48enl range. An appropriate effective anmoumCTasN2/L30T eadily
determ ned using only routine experinenygtion. Preferred ranges of PvMBP-1
p42 for prophylaxis of malaria disease are about 0.01 to 1000 ug/dose,
nore preferably about 0.1 to 100 ug/dose, 35 nost preferably about 10-50
ug/ dose. Several doses may WD 02/ 074802 PCT/ US02/ 08307 16 be needed per
individual in order to achieve a sufficient imune response and subsequent
protection against nalaria. Mdire particularly, the present invention 5
contenpl at es essentéadidy guy iifhidediBubBPid pddenanto aachiriod for isol ating
or purifying recopbi nant, PvNSP- 1 gééngrotein characterizqg i.n that upon

lysing the transforfedhodt™es s Sof At e  HRES FAT S 1Ry expr essed
protein, the disghinste mwodsianecessary for 10 proper fol ding of the protein

are preserved. The tabm PUMRA M teLeptebone Polupepid do or  an

anal ogue thereof (e.g. mnotopes) c r|S|nE_an am no acld sequence
(and/or ami Bo acpatemaldgre SssaidtiodiligPar iFeadt PHATE By SR POSU 2 epi t ope.

Typically, 15 therseguencesdiaiiinignert Barepitagersasmespand radhe  am no
aci d sequence of PvMSP-1 p42 region of either identically or via

P. .vi vax
substitution of PAnaPBeRY ke teLiree éﬁiﬁﬁaﬁcﬁQP? Hd¥ do not

destroy the epttepejormde HIEWRel1pd2ophiebibhecohe espontdsinamt2d a

nucl eoti de sequence identified in SEQ. .1 .a 1.ho acid
1350 to 1729 of SKRFETS |p50tea€1n|'e|tgle( éé%u?%tﬁa §??d%%%é%%ar LS i n the
parasite systeprépen- fdidiowy |l ¢ protednbakeepedsevethve an  approxi mat e

mol ecul ar wei ght of 4g.kDa-@s ggiarn %@@’ %@f@%ssg§'§w§§iypeptide or
an analogue thereof (e.g. mimotopes) comprising an
amino acid sequence (and/or amino acid analogues)
defining at least one PvMSP-1 p42 epitope. Typically,
15 the sequences defining the epitope correspond to the
amino acid sequence of PVMSP-1 p42 region of P. vivax
(either identically or via substitution of analogues
of the native amino acid residue that do not destroy
the epitope). The PVMSP-1 p42 protein corresponds to
20 a nucleotide sequence identified in SEQ ID NO:1 and
spans from amino acid 1350 to 1729 of MSP-1 Sal I
allele (SEQ ID NO:2). Upon expression in the parasite
system (non-glycosylated), it is believed to have an
approximate molecular weight of 42 kDa as determined
25 by SDS-PAGE. |
The PvMSP-1 p42 antigen used in the present
invention is preferably a full-length protein, or a
substantially full-length version, i.e. containing
functional fragments thereof (e.g. fragments which are
30 not missing sequence essential to the formation or
retention of an epitope). Furthermore, the P. vivax
antigen of the present invention can also include
other sequences that do not block or prevent the
formation of the conformational epitope of interest.

35 The presence or absence of a conformational epitope



The PvMBP-1 p42 antigen used in the present invention is preferably a
full-length protein, or a substantially full-length version, i.e.

cont ai ni o oklomsb: onal fragnents thereof (e.g. fragnments WwairaisozsssoB80 not

m ssi ng sequence essential to the formatihgn or retention of an epitope).
Furthernore, the P. vivax antigen of thé present invention can al so

i ncl ude other sequences that do not block or prevent the formation of the
conformati onal epitope of interest. 35 The presence or absence of a
conformati onal epitope WO 02/ 074802 PCT/ US02/ 08307 17 can be readily
determ ned though screening the antigen of interest with an anti body as

described in thgan BXanptLsi Bel v diahkel onalighessrtehih®nesd aidliden t he
conf or mat i onal eﬁltogg% and ¢ nparlq@ﬁgta reacé|V|t 5.tp that of a

denat ured ver si 8h BREEHRSant g MG OF€t &Fn e%ﬁ?gb?@nﬁ%rt itopes (if
any). The P. viFgxmahés geslof tdhelylesent sepuandi onosadlohel nedetay any
reconbi nant net hod_t hat. provj des. .t he it .1 nt S s npl e,
reconbi nant 10 89%?%%%?%#???#1fp%§ﬁ3e)iggg %5% %%%%g %%%H%%wgduﬁﬁéeide

non- gl ycosyl@at edoabhagent & ndenmitines! vegsfiornafi bhe amhigen swhigdt desirabl e
because natural B, viyax,1an{,9e0s i@k ghycosylated.. Proteins secreted

from mammalian cells may contalin nodifications including 15 gal actose or
sialic aci ds which n&yeb8- uFdEaY rabti@sort £t RFRSERRgHOSEREI T SARtci ne

applications. HoueMge bitafiRyr&t&dibRnRonsthbe andespidyidenttior certain
applications, as it is kpown for $r3}eins xpress, .the antigen in other
oV

L 1o e :
recombi nant hosfE15BRR 35 PBCHETY CFhfxgﬁggﬁea ECGPPHIgRer eukaryotes, as
|l ong as glyrosgkatessios imhEbitetd iEhe prefernsdanebhddngo tmrdaihiedepr esent

| nvention may 98n§gfg{§ésglg§e§%afgse%% Wit R0 60RPALEROHSA Of on L he cel |
Preferably, however; e proteins of the
This is most desirable because natural P. vivax
antigens are not glycosylated. Proteins secreted from
mammalian cells may contain modifications including
15 galactose or sialic acids which may be undesirable for
certain diagnostic or vaccine applications. However,
it may also be possible and sufficient for certain
applications, as it is known for proteins, to express
the antigen in other recombinant hosts such as
20 Dbaculovirus and yeast or higher eukaryotes, as long as
glycosylation is inhibited.

The proteins according to the present invention
may be secreted or expressed within compartments of
the cell. Preferably, however, the proteins of the

25 present invention are expfessed within the cell and
are released upon lysing the cells.

It is also understood that the isolates used in
the examples section of the present invention were not
intended to limit the scope of the invention and that

30 an equivalent sequence from a P. vivax isolate other
than Sal I, i.e. from another strain, e.g. Chesson,
Belem, Vietnam, North Korean, and other strains and
field isolates, can be used to produce a recombinant
PVvMSP-1 p42 protein using the methods described in the

35 present application. Other new strains of Plasmodium



25 present invention are expressed within the cell and are rel eased upon
lysing the cells. It is also understood that the isolates used in the
exanpl es woariopsonf the present invention were not i ntenaed/uso2b83mt the
scope of the invention and that 30 an equigval ent sequence froma P. vivax
isolate other than Sal |, i.e. fromanother strain, e.g. Chesson, Belem
Vi etnam North Korean, and other strains and field isolates, can be used
to produce a reconbinant PvMSP-1 p42 protein using the nmethods descri bed
in the 35 present application. Oher new strains of Plasnodium WD 02/ 074802
PCT/ US02/ 08307 18 may be a suitable source of PvMSP-1 p42 sequence for
the practice of mhpeb@rawﬂtdm@mdMe ‘blife PRPVINBP1 1p 2 2s gudredan ffr t he
present inventi ess S rt of i nant vector. The 5
present inventi gﬁ r%F% %e(gé rmrtgq:g%r |cue§1r%l 1%veﬁ§§£@ PvMSP-1 p42 nucleic
aci d sequence in rec@hbi Fah3P- hlm423|mcarcﬂ1dl pRv MBR1pAesegbnprVeh o he p42

protein sequence g%ﬁ?@g«éé@ d4 Y.AsR sty %\%an%ﬁ fhcddR9 Ofpe the native
PvMSP1 protein ed to 18 vector encod residues (SEQ ID NOS) at the

N-t erm nus. SThePPeRBPL 1111\{%253@93%6% tseéqﬁ@ﬁ@epﬁé‘él%‘ll i Fe otl'&TAT( NK2)
(kindly provi de@vméPEyeﬂamamﬁémab a\eﬁ_d lecReadeAi AYredabihaie of Resear ch
Silver Spring, MD), This I asm r| ses, .in _se uencg a T%ﬁ{ onot er,
optionally a IaEHSEJ@i"%t%?l PrY blcﬁmpﬁdséfl?e S REE (PLR TS si t es to

allow inserti onseﬁuéheeséxtmidums;} fxgﬂme\s@ndtalIBOtmrrSeazat@t FEfuentce.

the Bxpr essi on SSsirae el ion biEbah 1ii8alfe! S8 epterPOOmRUGE (0C! I
f rom NovagelP ( l\/@téssdnes WE‘;QOH%NQ 3)sad t’CIJiJée Novagahneat al rBlg%ePVI"-'if‘ﬂ]%-jpresent
i nvention also ggat §oRLAL €S afdncL ld S dilRsf 9hIBdpiAN 1@k pcombi nant

vector as defined
(kindly provided by Evelina Angov, Walter Reed Army
Institute of Research, Silver Spring, MD). This
plasmid comprises, in sequence, a T7 promoter,

15 optionally a lac operator, a ribosome binding site,
restriction sites to allow insertion of the structural
gene and a T7 terminator sequence. Examples of other
plasmids which contain the T7 inducible promoter
include the expression plasmids pET-17b, pET-1la, pET-

20 24a-d(+), and pEt-9a, all from Novagen (Madison,
Wisconsin); see the Novagen catalogue.

The present invention also contemplates host
cells transformed with a recombinant vector as defined
above. In a preferred embodiment, E. coli strain

25 Origami (DE3) is employed. The above plasmids may be
transformed into this strain or other strains of E:
coli having the following characteristics: a T7 RNA
polymerase rec dgene, Lon, ompT protease mutants or any
other E. coli with a protease deficiency. Preferably,

30 the host includes Origami (DE3) and any of its
predecessors that also have a more oxidative internal
cell environment. Other host cells such as insect
cells can be used taking into account that other cells

may result in lower levels of expression.



above. In a preferred enbodinment, E. coli strain 25 Origam (DE3) is

enpl oyed. The above plasmds may be transfornmed into this strain or other
strai ns oWOm2/074802 | having the follow ng characteristics: PEATURRNZ07

pol ynmerase rec gene, Lon, onpT protease Rytants or any other E coli wth
a protease deficiency. Preferably, 30 the host includes Oigam (DE3) and
any of its predecessors that also have a nore oxidative internal cel
environnment. Ot her host cells such as insect cells can be used taking into
account that other cells may result in |Iower |evels of expression. WO

02/ 074802 PCT/ US02/ 08307 19 Eukaryotic hosts include | ower and higher
eukaryotic hosts as Eesafybeﬂcimbéﬂyauﬁ@ﬂhﬂbtcher aadt hbghetower eukaryotic

hosts i ncl ude yeaﬁéﬁig %&% esckgb% e. ar%ﬂek&gfeﬁlguﬁﬁgyotlc host s

mai nl'y 5 incl udg" &5 1es known ih € ar i'ncl ude many
imortalized cebéctiomes Emw&teﬂnkarwpﬁnp hhetATCOr lude udeagt Hetld cel | s,

Chinese hamst el @y 2iinolT 68l .t B@I‘Ré&@?”&&ﬁér%b@ﬂ@%é%)mﬁ%hf PK15,

RK13 and a nunber I 1 nes expressed i n these
cells will Be gw@b@wam@mw%scehlhél@@m §nﬁ‘d¥7elﬁe€}hea¢1f%raéﬂi such t hat

gl ycosyl ati on Oinciﬁéerﬁ YL i0kEl Bell$ N19heB0SSADI&O1d tidam expect ed
t hat when producj ng_ Pv in a eﬁgryo bc ex Ssion system

2
ext ensi ve |nvesFP6a%T69 15“1 Pt HGdS FEE§$ AN Lof &y,
purifying, and characébl$z|3qbﬁthammu&&ekﬂdmey1dBHK reguls edPRiIsS, eukaryotic

cells post- tranﬁgfa'%ﬂéllynﬂ%5g436éigﬁie %%?hﬂéggg th|%¥¥%g£g) Al ter

protein structuf i fmunogeni ¢i t I’ ng vectors
into cells ldre ekpoessed tmetbﬂse qahé§s@l§éeb@ glycnaviatesd, wHiessth and

Sarbr ook, NbleCEh? cgiQQ'ﬂQveAhﬁﬁpQﬂﬁkﬁﬁﬁ.Qgeﬂakhae18@%%05&15@Y%ﬂjd¥“ ng,
Vol unes | and 11 N. d over
the recombinant protein is not possible. It is

expected that when producing PvMSP-1 p42 in a
eukaryotic expression system, extensive investigation

15 into methods for expressing, isolating, purifying, and
characterizing the protein would be required as
eukaryotic cells post-translationally modify this
protein and this would alter protein structure and
immunogenicity. ,

20 Methods for introducing wvectors into cells are
known in the art. Please see e.g., Maniatis, Fitsch
and Sambrook, Molecular Cloning; A Laboratory Manual
(1982) or DNA Cloning, Volumes I and II (D. N. Glover
ed. 1985) for general cloning methods. Host cells

25 provided by this invention include E. coli containing
pPVMSP1-42.

A preferred method for isolating or purifying
PVvMSP-1 p42 as defined above is further characterized
as comprising at least the following steps:

30 (i) growing a host cell as defined above
transformed with a recombinant vector expressing

PVMSP-1 p42 proteins in a suitable culture medium,



ed. 1985) for general cloning nethods. Host cells 25 provided by this
invention include E. soli containing pPvMSP1-42. A preferred nethod for

i sol ati ngworo2pwspf yi ng PvMSP-1 p42 as defined above is f @cThesn2/08307
characterized as conprising at |east thefollow ng steps: 30 (i) growing a
host cell as defined above transformed wth a reconbi nant vector
expressing PvMSP-1 p42 proteins in a suitable culture medium WD 02/074802
PCT/ US02/ 08307 20 (ii) causing expression of said vector sequence as

defi ned above under suitable conditions, for production of a soluble
protein, (iii) lysing said transformed host cells and 5 recovering said
PvMSP-1 p42 protein steh thating exgtaddicorn toFf RALV€ceobi-oEBBUEABaNd i S

essentially pure. ce the host s bee ransfor.ned with the vector, the
transfornmed cel F§ gggl@?%mgb?%ﬁéﬂ? Ur E41 &%ﬁ Fﬁ@dg?éggﬁc£05f the desired
antibiotic. ForpEDAuregoal ¢bry pelposesrdteins preferable to use
tetracycline or kana C gﬂgﬁz R o] S nsity, in
this case about 4-6, q%?%?e g%FH g%%%té : é@ﬁkgn%OStebgg? sagge i nduced to
produce the 45 ﬁ@@@ﬁﬁrh@gtS@¢@t%V%SP¢%éﬂPh@éw¢@ﬁ§ FH¢E Ebahdibfter trial

and error that fQE.8XBr€ssi 98 Dfe dc SOt 1 RV MBR- 1sPddsehtiv@sy necessary
to cool the culture to a range of about 10C - 20C, nore preferably about

15C - 28C, nosPYPeferably about 24 to 26C prior to 20 induction. The
concentration of indogee, theehotPThas lassed mifdetrmettheintxicial protein

synthesis. It was foun that_a_goncent r at.ion mM_ I PTG was best
however, a ranggegF 0! Ogh? € a%SEO ﬁa& %&5 Su%fPCPéﬁtln Cug%%ﬁ%céSSO 100%
of maxi mal .125 The pekbbsnheerefthlen @Qﬁiﬁﬁﬁ(amtathtyged For FDA

regualtory purposes, it is preferable to use
tetracycline or kanamycin. When cells reach optimal
biomass density, in this case about 4-6, preferably
about 7.0 OD 600, the cells are induced to produce the

15 recombinant protein. The inventors have found after
trial and error that for expression of a soluble
PVMSP-1 p42, it was necessary to cool the culture to a
range of about 10°C - 20°C, more preferably about 15°C
- 28°C, most preferably about 24 to 26°C prior to

20 induction. The concentration of inducer, i.e. IPTG,
added affects the maximal protein synthesis. It was
found that a concentration of 0.1 mM IPTG was best,
however, a range of 0.05 to 0.5 mM would be sufficient
to produce 80-100% of maximal.

25 The cells were then collected and lysed to
release the recombinant protein. Preferably, lysis
should occur at a paste to buffer ratio of 1:8 w/v to
reduce viscosity and volume of sample loaded on Ni-NTA
column. Preferably, lysis is in the presence of

30 imidazole, about 40 mM, which reduces non specific
binding of E. coli protein to Ni resin. Lysis is
preferably at a temperature of about 0°C - 24°C, more
preferably about 20°C in order to retain native
folding of the PvMSP-1 p42 protein and to reduce

35 proteolysis. A high salt concentration of about 0.5-



rel ease the reconbi nant protein. Preferably, lysis should occur at a paste
to buffer ratio of 1:8 wv to reduce viscosity and volune of sanple | oaded
on Ni - NTAvomelowsm Preferably, lysis is in the presence offC3WSomisiazol e,
about 40 mM which reduces non specific shinding of E. coli protein to N
resin. Lysis is preferably at a tenperature of about 0C - 24C, nore
preferably about 20C in order to retain native folding of the PvMSP-1 p42
protein and to reduce 35 proteolysis. A high salt concentration of about
0.5 WD 02/074802 PCT/US02/08307 21 1.0 Mis preferable. Salts used include
NaCl , NaP, or other nonovalent ions in a pH range fromabout 6.7 to- about
8. S” preferabl Yl.beMV\ﬁenpf@MaMél tcl Q}faalﬁ@utlsBdOinEILﬁcﬁ@rMy,, Nd®Ee br ﬁoli
endotoxin is se ated 5 a renoved .fraom t.he _recopbi nant pr j Thi s can
be done sever ag%§5mm&%¥§%%liofspiﬁ GeRdot 8XFi Was ‘—’r‘q%?}%/géd'e’b&oappl yi ng
to a N +2- NTA cebonmh. 8The pesbaaiblwf betdeox ehodepéndeto orboesHi Y. at | ow

pH, about 5.8 to 6. bl bout.pH & GotrioRihi 98 sabirs@bgut 10 0.5
to about 1.0 nM pre gfgéfés%%bu%hﬁoo rﬁ\/l NaCl gt oal f?ow ?ﬂétjéaof about

2.0-3.0 ni/ i n, apfleFemapey Eboutthe eogmbinantTRECEesRn tBhEeIFapdd e ratio

can be about 73BheObelBEEL Xydifs AGE ahRashepstheenteessbhngd protein can
be el uted by addition_of higph]aYl'S EH buffer, of abouyt 7.5 %o about 815,

7
preferably aboufSTBEeE. &Y ¥ 5hé Pty SOt EBout T98- B WAL mor e
pr ef er abl y aboutf2en#adtsrih ufepdratphatre waistfiery, atnlohi gh, i abdazd 6 about

400- 600 mM nore_preferahl t..5 20 Th le. is f r
purified by i onggxéhghgépec%o oaglgoroap , Sr’gf e?glbﬁ$gg %jslgbh%gr%is};: FASTf | ow
col um (AngrGham. Phapnakbpat Bl ot eéh, mRiefexedday abNul. 00 aiM ik &= & of

matrix to about £30550,0c 06 PASHE 2 .MRRe oPhAlaRAD! Yrepbest1$ Mof matrix to

about 40 g of ] . )
2.5 ml/min. The resin to cell paste ratio can be

about 7 ml of matrix to 40 g of paste. The
recombinant protein can be eluted by addition of high

15 pH buffer of about 7.5 to about 8.5, preferably about
pH 8.0, in.a phosphate buffer of about 10-30 mM, more
preferably about 20 mM sodium phosphate’buffer, in
high imidazole, about 400-600 mM, more preferably
about 500 mM.

20 The sample is further purified by ion exchange
chromatography, preferably a Q-Sepharose FASTflow
column (Amersham Pharmacia Biotech, Piscataway, N.J.)
at about 4-6 ml of matrix to about 30-50 g of paste,
more preferably, about 5 ml of matrix to about 40 g of

25 paste. The sample is applied to the column and washed
in a buffer of about pH 8.0 with about 100 mM NaCl in
20 mM NaP buffer. The PVMSP-1 p42 is eluted with
about 200 mM NaCl (about pH 8.0) in 20 mM NaP buffer.

The present invention further relates to a

30 composition comprising PvMSP-1 p42 for use as a
vaccine and for in vitro detection of malaria
antibodies present in a biological sample.

For in vitro diagnosis of malaria antibodies
present in a biological sample, the assay may comprise

35 at least



25 paste. The sanple is applied to the colum and washed in a buffer of
about pH 8.0 with about 100 MM NaCdl in 20 nmM NaP buffer. The PvMSP-1 p42

i s el ut edwwioti748about 200 mM NaCl (about pH 8.0) in 20 nmviPRaRISbubéd3er. The
present invention further relates to a %% conposi tion conprising PvVSP-1
p42 for use as a vaccine and for in vit detection of malaria antibodies
present in a biological sanple. For in vitro diagnosis of nmalaria

anti bodies present in a biological sanple, the assay nay conprise 35 at

| east WO 02/ 074802 PCT/ US02/ 08307 22 (i) contacting said biological sanple
with a conposition conprising any of the PvMSP-1 p42 proteins or peptides

derived fromsaid pr e legi-cal n le with
PvMSP-1 p42, 5 prefe?%glgoﬁﬁégﬂlﬁ%nﬂ%i |z% F%?u%émbgg %%g%r%ate

condi ti ons whi cHOBPPSRELPRR FORRELT I Grya®t #ﬁﬁnBVMﬁBrrﬂallé%z WFRFine sai d

peptide or protginp,eani s adeiai@édt nﬂé&cﬁr{ e ipepkbeeifr wRi 8hehfe Which is
covalently bound to SO|I£ supst by neans of _s re? avidin or 10
avi di n conpl exed™EPPIOFERRLINgH et&ﬁﬁ nENtE P % %'lncubatlng t he

i mmune conplexepréoeradlw ih aﬁmﬂmmﬁﬂxxymeﬁ &ntrinbadies, apbtbpshatte
het er ol ogous antlgogiggshWVI g%ﬂ%HQﬁ}e%o%ﬁa%lgﬁtSEtQRI?mﬁ@&gl 15 under
|v) ec

appropriate cond’tions’ resence of said i nmune
conpl exes V|suabbypbeXnewhenec@J$qaiepqptu@¢ @@aﬁgobélnd@ﬁ§|b©ﬁitry,

fluorinetry, b%&tgﬁﬁfié(%ed-r}?@p@{@é%ﬁ dMRAL %lahsgsr@b%@énépya kit for
20 determ ning t resence of malaria antibodies, in a biologjcal sanple,

conpri sing: at Pé&@ﬂ BRe? pept 1 AeSUrs Wiadteily B6APSsPEi ShTERCAHEF MY above,
possi bl y i njgombisnat hoBomblBxes her

(ii) removing unbound components,

(iii) incubating the immune complexes formed with
heterologous ahtibodies, with said heterologous
antibodies having conjugated to a detectable label

15 under appropriate conditions, and

(iv) detecting the presence of said immune
complexes visually or mechanically (e.g. by means of
densitometry, fluorimetry, colorimetry).

The present invention also relates to a kit for

20 determining the presence of malaria antibodies, in a
biological sample, comprising:

at least one peptide or protein composition as
defined above, possibly in combination with other
polypeptides or peptides from Plasmodium or other

25 types of malaria parasite, with said peptides or
proteins being preferentially immobilized on a solid
support, more preferably on different microwells of
the same ELISA plate, and even more preferentially on
one and the same membrane strip,

30 a buffer or components necessary for producing
the buffer enabling binding reaction between these
polypeptides or peptides and the antibodies against
malaria present in the biological sample,

means for detecting the immune complexes formed

35 in the preceding binding reaction, and



pol ypepti des or peptides from Pl asnodi um or other 25 types of nmalaria
parasite, with said peptides or proteins being preferentially inmmobilized
on a soliwoozoppsort, nore preferably on different m crowelPC3/ush2/083be sane
ELI SA plate, and even nore preferentiallyson one and the sanme nenbrane
strip, 30 a buffer or conponents necessary for producing the buffer
enabl i ng binding reaction between these polypeptides or peptides and the
anti bodi es against malaria present in the biological sanple, nmeans for
detecting the i mmune conplexes forned 35 in the preceding binding
reaction, and WO 02/074802 PCT/ US02/ 08307 23 possibly also including an
aut omat ed scanni ng apdssibler{rss atricdndier e batohatedr sdgniheg redari a

parasite present hn t he sanpl e fLOﬁ]%%F ob%erved indinﬂ? attern. 5 The
i munoassay met hB §r85%5?ﬁgﬁb‘%?Y¥%% FedBif ¥ ehtt I it 1% ze PvMBP-1 p42
domai ns that mapatrashtelpresent iim ¢chse seippeptrdesihancbsertet mat i onal

epi topes (proteinsk:rec lzed by antibodies in the sera fromindividuals
infected with ab%% é%?d&%%Epafasite. PvMSP-1 p42 antigens of the present
i nvention méy be enpFbypetmivneassarangilmis assaydingr hat thaapresgitoys a

known antigen tengdehestn Wi bdisisrA1commoncheahir endf Rhinfid hese

assays is that _the antigen is contacted with_the body conponent 15
suspect ed of coALBPAF n§lhetais LTameRiddicsd GREeFortoHtRt AL t hat pernit
the antigen to bphdobesamyrstwihs)antddaety zpaedenant fbdédte€otpatient . Such

trenght using SR-SXEEes HICRHRISa TRECS60 REbhat /Gh BT The antigen with
t he speci melD i spakeklbaedPWSRIct e emtcensmoietbenptexest conpri sed of
the antigen. invention may be employed in virtually any assay
format that employs a known antigen to detect
antibodies. A common feature of all of these assays is
that the antigen is contacted with the body component
15 suspected of containing malaria antibodies under
conditions that permit the antigen to bind to any such
antibody present in the component. Such conditions
will typically be physiologic temperature, pH and
ionic strenght using an excess of antigen. The
20 incubation of the antigen with the specimen is
followed by detection of immune complexes comprised of
the antigen.
Design of the immunoassays 1s subject to a great
deal of variation, and many formats are known in the
25 art. Protocols may, for example, use solid supports,
or immunoprecipitation. Most assays involve the use
of labeled antibody or polypeptide; the labels may be,
for example, enzymatic, fluorescent, chemiluminescent,
radiocactive, or dye molecules. Assays which amplify
30 the signals from the immune complex are also known;
examples of which are assays which utilize biotin and
avidin or streptavidin, and enzyme-labeled and
mediated immunoassays, such as ELISA assays.
The immunocassay may be, without limitation, in a

35 heterogeneous or in a homogeneous format, and of a



Design of the inmmunoassays is subject to a great deal of variation, and
many formats are known in the 25 art. Protocols may, for exanple, use
sol i d supwor®7480r i nmunopreci pitation. Mdst assays i nvol PeTiUuse2/83@7 of

| abel ed antibody or polypeptide; the |abel,s may be, for exanple,
enzymatic, fluorescent, chem |um nescent, radioactive, or dye nol ecul es.
Assays which anplify 30 the signals fromthe i mune conplex are al so known;
exanpl es of which are assays which utilize biotin and avidin or
streptavidin, and enzyne-| abel ed and nedi ated i mmunoassays, such as ELI SA
assays. The i munoassay may be, without l[imtation, in a 35 heterogeneous
0[ ig adhomgengeflﬁ?é@anaf C@Iﬂﬁe’@itlﬁfét/\@y@%/ OiﬁSQZhFGEH;@Qﬁ%ﬁ@@O?l 24 g
standard or etitjive erogen e ypeptide
S Tyl cal |y boRRUNED: atREI PAVRRETIE 0 SUBGEPD¥oPRER] FPat & SEbr ati on
of the sanple maonnkherpsuypeptlmm:@ﬁnﬂntEMeubapamatlﬁhauﬁIEsa5 of solid
supports that ca u | 0 e
mcrotiter well ?mgﬁf §§9T3£§e3¢5féﬁﬁﬂtﬂa %?te& 1gCUb5E &? crotiter
wel | s), pol@styﬁeﬁélhét ewpperegs  that ty@@dbeom@dcﬁéﬁu nétromhlt@@se

pol yvi nyl i di ne féugr'd§n(%8ﬁM@bﬁ§ KO olierdralern. M), fgkﬁEOtb@f§bﬁﬁﬁﬁr
nyl on nenbranes,_ _acfivated beads, .and Protei,n A beads exa

Dynat ech | munoFBAOTRAE 6% - ¥ nmuth GRS STnildFEPELERT Prates or 0 25 inch
pol ystyrene beagslﬁzEtyﬁe;aeonat&asé |g: Bdlhl beads be msedotihréhe

het er ogeneous foi L olhelsq{(g RRAQLL ;! Oﬂ%%lnlng the antigenic

pol ypepti des i P gg %al? WAS dLé?f sepa atlng It %From the test sanpl e,
and prior tid deﬁmmunohonfTMoUnddl@Knhﬂﬂaﬁ pepeBot hydvandemdrames conpetitive
formats are Knowehp.tbg B adSZOaA&lO;famf&%mggngeaasf or fBk, ekl st sanpl e

is incubated wWith the conbination antigens I n
Dynatech Immunolon.TM.l or Immunlon ™. 2 microtiter

plates or 0.25 inch polystyrene beads (Precision
Plastic Ball) can be used in the heterogeneous format.

15 The solid support containing the antigenic
polypeptides is typically washed after separating it
from the test sample, and prior to detection of bound
antibodies. Both standard and competitive formats are
know in the art.

20 In a homogeneous format, the test sample is
incubated with the combination of antigens in
solution. For example, it may be under conditions that
will precipitate any antigen-antibody complexes which
are formed. Both standard and competitive formats for

25 these assays are known in the art.

In a standard format, the amount of malaria
antibodiesg in the antibody-antigen complexes is
directly monitored. This may be accomplished by
determining whether labeled anti-xenogeneic (e.g.

30 anti-human) antibodies which recognize an epitope on
anti-malaria antibodies will bind due to complex
formation. In a competitive format, the amount of
malaria antibodies in the sample is deduced by

monitoring the competitive effect on the binding of a



solution. For exanple, it may be under conditions that wll precipitate
any antigen-anti body conpl exes which are fornmed. Both standard and
conpetitiweokorasarts for 25 these assays are known in the &Cr/ushnosgost andar d
format, the amount of malaria antibodie % n the anti body-antigen conpl exes
is directly nmonitored. This may be acconplished by determ ning whether

| abel ed anti -xenogeneic (e.g. 30 anti-human) anti bodi es which recogni ze an
epitope on anti-malaria antibodies will bind due to conplex formation. In
a conpetitive format, the anount of malaria antibodies in the sanple is
deduced by nonitoring the conpetitive effect on the binding of a WD

02/ 074802 PCT/ Uﬁ%&;ﬂ%ﬁ&m&%ﬁr[wzwepéwlaﬂtw‘odhfat@ekeatnafi beflyef Diig ot her
conpet i ng Ilgaﬁd a gg Conpl exes formed conprising anti-malaria
anti body (or in'tRe Ea%% MRt ve assays, the anount of 5 conpeting
anti body) are detect edmpyeray ﬁérme@um¢mprxﬁlngkanwd—medhnﬁquestiﬂe@gnding

on the format. Fot ;gxpqpl&,cun)abel st amliad acantLboghesahi.dhe, coml ex

may be detected u5|ng a conjugate ant’| - xenogenel conpl exed with a

| abel (e.g. an eemprbing #RBEPIAY) rewm dahantegr bri phvaefon avrbaggl @fi nati on

assay format theoiRactinn belyeandder i & anankbgens. apdr the antibody
forms a network that _precipitates from, the s Iutlon or suspensjon and

forms a V|S|bleeF§V83615u a??%?ﬁrﬁa%ﬁﬁﬁﬁ[ﬁaﬁ gdipf 48 EREi CHEPLFTa
anti body is pr@&gﬂbelaet@@té@smsﬁm$Q1nﬁﬂUU@atélsfbhﬁtppgéhpgé@éec is

formed. There c rrentl ex hre CIfIC types partlcle
aggl uti nation (g X afﬁese aggzgg‘are égusgay?or the detection of

anti bodies 10 véﬁb@&$ antlgens when coated to a support. One type of this
In an immunoprecipitation or agglutination assay

format the reaction between the malaria antigens and
the antibody forms a network that precipitates from
the solution or suspension and forms a visible layer
15 or film of precipitate. If no anti-malaria antibody is
present in the test specimen, no visible precipitate
is formed.
There currently exist three specific types of
particle agglutination (PA) assays. These assays are
20 used for the detection of antibodies to various
antigens when coated to a support. One type of this
assay 1s the hemagglutination assay using red blood
cells (RBCs) that are sensitized by passively
adsorbing antigen (or antibody) to the RBC. The
25 addition of specific antigen antibodies present in the
body component, if any, causes the RBCs coated with
the purified antigen to agglutinate.
To eliminate potential non-specific reactions in
the hemagglutination assay, two artificial carriers
30 may be used instead of RBC in the PA. The most comﬁon
of these are latex particles. However, gelatin
particles may also be used. The assays utilizing
either of these carriers are based on passive
agglutination of the particles coated with purified

35 antigens.



assay is the hemaggl uti nati on assay using red blood cells (RBCs) that are
sensitized by passively adsorbing antigen (or antibody) to the RBC. The 25
addi ti on wbogpesifi c antigen anti bodies present in the bedy/usompssnent, if
any, causes the RBCs coated with the purjdfied antigen to agglutinate. To
elimnate potential non-specific reactions in the hemaggl utination assay,
two artificial carriers 30 may be used instead of RBC in the -PA The nost
common of these are |atex particles. However, gelatin particles may al so
be used. The assays utilizing either of these carriers are based on
passive agglutination of the particles coated with purified 35 antigens.

WO 02/ 074802 PCT/ US02h8880i{sp26 e ghaveRnk p42ppidee nsr aepidees, or
antigens of the_present invention wll typicall acka in, the form
of wokit for usgt FEenmbet R b AR il Pertalfy e B B A 0 1h
separ at e cont ai hkesfohe &f RyvNEBR: If g 2isentingéheseonmahoastdpddyThe

fornulations (pesi Live agdlerneapiiue) ol abebedcantibodpabienyybe assay

format requires sanme and sig gener at | n%. reagen e.g. enzyne
substrate), 5 f PH¥SPabeP4dorstitsin, gondirare 2atipbghdl farrekationsthe” PYMBP- 1

p42 antigen 10 mBysheiakreadiodounhdioed ,Sakbd1BBt hhKilebdsapadatithe W th
reagents for binding it to the matri g&j? I nstructions %fb% witten, tape,
CD-ROM etc.) fBPFSa&afPiiny TRHLIERS a7 0Su PRy SWeT SIHAYIEE in the

kit. 15 I mmunoaseayenthateusi |drzamchesuPsiEiBce)p4Z ahei hevel adeesisedul in
scrcent 19 b1 00d L;Lbe, BrPALAL 0 ghod, SuiBl vy laam Wi thpol g0 !y
t he bl ood sppl pagohker adesadhdodwid dwi By sstldgsmaR@iReatt $eiop et body
conponent, prefgrapl y-bhoods ofqa hliRAdy it to the matrix.
Instructions (e.g. written, tape, CD-ROM, etc.) for
carrying out the assay usually will be included in the
kit.

15 Immunoassays that utilize the PvMSP-1 p42 antigen
are useful in screening blood for the preparation of a
supply from which potentially infective malaria
parasite is lacking. The method for the preparation of
the blood supply comprises the following steps.

20 Reacting a body component, preferably blood or a blood
component, from the individual donating blood with
PvMSP-1 p42 proteins of the present invention to allow
an immunological reaction between malaria antibodies,
if any, and the PvMSP-1 p42 antigen. Detecting

25 whether anti-malaria antibody--PvMSP-1 p42 antigen
complexes are formed as a result of the reacting.
Blood contributed to the blood supply is from donors
that do not exhibit antibodies to the native MSP-1
antigens.

30 The present invention further contemplates the
use of PVMSP-1 p42 proteins, or parts thereof as
defined above, for in vitro monitoring malaria
infection or prognosing the response to treatment (for
instance with chloroquine, mefloguine, Malarome) of

35 patients suffering from malaria infection comprising:



conmponent, fromthe individual donating blood with PvMSP-1 p42 proteins of
the present invention to allow an immnol ogi cal reaction between nal ari a
ant i bodi ewp 02i0f48eny, and the PvMSP-1 p42 antigen. Detecti mgTASOMbSSher
anti-malaria antibody--PvMSP-1 p42 antiggn conplexes are formed as a
result of the reacting. Blood contributed to the blood supply is from
donors that do not exhibit antibodies to the native MSP-1 antigens. 30
The present invention further contenplates the use of PvMSP-1 p42
proteins, or parts thereof as defined above, for in vitro nonitoring

mal aria infection or prognosing the response to treatnment (for instance
wi th chloroquine, nef{hogyifeg MlAwR)cal 35npati enbs &uybdwrdmg from

mal aria i nfection co i sing:. WD 02/ 074802 PCI/ 08307 7. ncubating a
bi ol ogi cal sanpfEtR B FariERC t R BRI &P V$§?%£t?éﬁ3Rﬁ#ﬁ$%§h°5VNBP-1

p42 protein or aassiitdlebt epgpar tthielrepéofiindaderondndi tno el ladviog ridgeet he
formati on of an_ipmunol oqgi - | nbound conponents,
PO OSLE 2 SOELBo52ch S DB

calculating the a _ present” I n said sanple (for
exanpl e at the st artrefoghed ginbahnd sempRacessr se of therapy), and

noni toring the natural;cQussenPicHlAtia plisionfi eplp0pi t&F s R WEd Ng the
response to treatnment of sai atient on the gasis of the unt
anti-PvMBP-1 pi2 BRierSaRimdl i SFPAPLSnBret8E FhRTStAT (2 ©% r eat nent
and/ or during thercayrsiee ddoireatofenherBayi entadwho show a decrease of 2,
3, 4, 5 7, 15 10, 15,.pr_preferably nore than 20.t] the initia
anti - PvMSP-1 p42 tit@P§l§85$%gﬂzG%&hclﬁﬁ%dcfg%sgegFoﬁg? %g%] sust ai ned
responder s 1o mahfiecaioherapyerddnoiss ngo the MﬁdE©BS©oﬁOp¢%&aEﬂﬁﬂﬂeﬂf
fragments of the. abgve; mentionad pepticdes ahsoafdlhc Wt Nodiber-1

p42 titers found in said sample at the start of
treatment and/or during the course of treatment.
Patients who show a decrease of 2, 3, 4, 5, 7,

15 10, 15, or preferably more than 20 times of the
initial anti-PvMSP-1 p42 titers could be concluded to
be long-term, sustained responders to malaria therapy.

Tt is to be understood that smaller fragments of
the above-mentioned peptides also fall within the

20 scope of the present invention. Said smaller fragments
can be easily prepared by chemical synthesis and can
be tested for their ability to be used in an assay as
detailed above.

The present invention also relates to a kit for

25 monitoring malaria infection or prognosing the
response to treatment (for instance to medication) of
patients suffering from malaria infection
comprising:

at least one PVMSP-1 p42 peptide as defined

30 above, '

a buffer or components necessary for producing
the buffer enabling the binding reaction
between these proteins or peptides and the anti-PvMSP-

1 p42 antibodies present in a biological sample,



20 scope of the present invention. Said smaller fragnents can be easily
prepared by chem cal synthesis and can be tested for their ability to be
used i n awoag®aons detail ed above. The present inventi oRCaltso2o8hates to
a kit for 25 nonitoring malaria infectiojor prognosing the response to
treatnment (for instance to nedication) of patients suffering fromnmalaria
infection conprising: at |east one PvMSP-1 p42 peptide as defined 30
above, a buffer or conponents necessary for producing the buffer enabling
t he bi nding reaction between these proteins or peptides and the anti-PvMSP-
1 p42 anti bodies present in a biological sanple, WO 02/074802

PCT/ US02/ 08307 28 nmanssf ebrdetesttng the inmupe conplexes kerned in the
precedi ng bindin L action, .and gos i bly al s an automated scanni ng and
"nterpretation doviBe PEPCPAFer  PHE PHESPShee of S8 anti - PYNBP. 1 pa2

titers during the progsesbilonadbo &neatimertted beapnésentndnvention al so
relates (0 a  sqroLyplng.assayalol detsolifg,ona 00 HBLE SELOLpOical  types

or alleles of mallaria parasite prese ina gl cal “sanp nor e
particul arl y>f oengét8vtPRgl AR bodees Biripge thef bepeneseypesodr all el es of
mal ari a parasiteschbpphgrdetected conbined in one assay format, conprising
at least the follown steps:ﬁéi) contacting the biolo%ical sanple to be 15
anal yzed for the predBRcBr6FChEl ARVEREHT Bodi%e LI EFe TR nore serol ogi ca
types, with at lseastyphagobstle £&yME-ketidd corposi hbeassasoledised above,
preferentially %n an ignn?igiéedo%ngi%%Qer Iagp&gprgate %onditions whi ch
al | ow the fornat?¥Bi of*af S atarla parasite present i a

10 Dbiological sample, more particularly for detecting

antibodies of the different types or alleles of
malaria parasites to be detected combined in one assay
format, comprising at least the following steps:

(i) contacting the biological sample to be

15 analyzed for the presence of malaria antibodies of one
or more serological types, with at least one of the
PvMSP-1 p42 compositions as defined above,
preferentially in an immobilized form under
appropriate conditions which allow the formation of an

20 immune complex,

(ii) removing unbound components,

(11i1) incubating the immune complexes formed with
heterologous antibodies, with said heterclogous
antibodies being conjugated to a detectable label

25 under appropriate conditions,

(iv) detecting the presence of said immune
complexes visually or mechanically (e.g. by means of
densitometry, fluorimetry, calorimetry) and inferring
the presence of one or more malaria serological types

30 present from the observed binding pattern.

It is to be understood that the compositions of
proteins or peptides used in this method are
recombinantly expressed type-specific or allele-

specific proteins or type-specific peptides.



20 i mune conpl ex, (ii) renoving unbound conponents, (iii) incubating the

i mmune conpl exes formed with heterol ogous anti bodies, with said

het er ol ogw092/024301 bodi es bei ng conjugated to a det ect abl e Pcahmsb2/@Bounder

appropriate conditions, (iv) detecting the presence of said imune
conpl exes visually or mechanically (e.g. by nmeans of densitonetry,
fluorinetry,

this nethod are

serol ogi ca

sanpl e,

serol ogi ca
p42 protein or
conmponent s ﬁbceE@aF?e$%rS?ﬁ

t ypes or

calorinetry) and inferring the presence of one or nore
mal ari a serol ogi cal types 30 present fromthe observed binding pattern.
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ates e use
the buffer enabling the binding reaction between these

proteins or peptides and the anti-MSP-1 antibodies
present in a biological sample,

means for detecting the immune complexes formed
in the preceding binding reaction,

possibly also an automated scanning and
interpretation device for detecting the presence of
one or more serological types present from the
observed binding pattern.

The present invention also relates to the use of
a peptide or protein composition as defined above, for
immobilization on a solid support and incorporation
into a reversed phase hybridization assay, preferably
for immobilization as parallel lines onto a solid
support such as a membrane strip, for determining the
presence or the genotype of malaria parasite according
to a method as defined above. Combination with other
type-specific or allele-specific antigens from other
malaria parasites also lies within the scope of the
present invention.

The present invention also relates to an PvMSP-1
P42 specific antibody raised upon immunizing an animal
with a peptide or protein composition, with said
antibody being specifically reactive with any of the
polypeptides or peptides as defined above, and with

said antibody being preferably a monoclonal antibody.

T e e e et

onat ed



20 a peptide or protein conposition as defined above, for inmobilization
on a solid support and incorporation into a reversed phase hybridi zation
assay, prwbDeeabisy2 for imobilization as parallel |ines omrCo/sozd
support such as a menbrane strip, for detgrmining the 25 presence or the
genotype of malaria parasite according to a nethod as defined above.
Conbi nation with other type-specific or allele-specific antigens from
other malaria parasites also lies within the scope of the present
invention. 30 The present invention also relates to an PyMSP-1 p42
specific antibody raised upon i munizing an aninmal wth a peptide or
protei n conposition, Tet Bregedt anhvdothorbeilng seeacitkscabl ¥nr easctrve W th

any of the pol ptides_.or pept.ides as defined above, and with , 35 said
a7 body bei hg. HEAr SPRETSTE RERGT DRt Ertetody ot G8F DPIBB A hmLn
PCT/ US02/ 08307 13Drdheg pnesktasmidyent indmgalssorr élcatnes popaha bR p42
speci fic antibody. sgr Q?Sglgrégnékéﬁgio Le %g%igs khg%ﬂr¥ni9hgléﬁ¥ﬁ ds or
phages or from a population o uman B-cells gy means of a process known
inthe art, 55 with said antibedy Iringg neessiivee wikichhaakyosf thde
pol ypepti des or pegl%lag%dég_gﬁf aedi @hove, RFdnwlt Brosal dagatyPady being
preferably a nonoc¢lonal ,anti bo ¥. The PvIVBP- 1 Egz specific nocl onal
anti bodi es of tR8IFNGBRLPEHY cARlPe RHIFFeEt b ?OﬁgBP?Hoﬁﬁt+ e 10 to
be fornmed accordi ng traeclpasspeal paktdiaas firomonspilemad aentlipophbesode cells
of an ani mal, ticul ar from.a nmouse or. rat, | iz i t he

p Sp%p88§£Xonp%%?ﬁg%§>od%c%% %a‘?gy?ﬁg%rlggmggfiégfes

X
accor

Pl asnmodi um  pol or rnvention, ~a
defined abov@ omot he Gnembdndccandimf toeldlsssficallfetpetionéirerl | |ine on
the other hand, ;and ta e l§1ﬁ'}!§1§cﬁ&§je Reatihe bl 'gmagﬁt, hga Py DL to
produce the nonoclonal anttbo h

i es recogni zing the po ﬁpe tides i ch has
been initially %68 PoMOURE PHMARMT zaBiiged against the

polypeptides or peptides according to the invention,

Jasmodium

as defined above on the one hand, and of cells of a

15 myeloma cell line on the other hand, and to be
selected by the ability of the hybridoma to produce
the monoclonal antibodies recognizing the polypeptides
which has been initially used for the immunization of
the animals.

20 The antibodies involved in the invention can be
labelled by an appropriate label of the enzymatic,
fluorescent, or radioactive type.

The monoclonal antibodies according to this
preferred embodiment of the invention may be humanized
+ 25 versions of mouse monoclonal antibodies made by means
of recombinant DNA technology, departing from parts of
mouse and/or human genomic DNA sequences coding for H
and L chains from c¢cDNA or genomic clones coding for H
and L chains.

30 Alternatively the monoclonal antibodies according
to this preferred embodiment of the invention may be
human monoclonal antibodies. These antibodies
according to the present embodiment of the invention
can also be derived from human peripheral blood

35 lymphocytes of patients infected with malaria, or



the animals. 20 The anti bodies involved in the invention can be |abelled
by an appropriate | abel of the enzymatic, fluorescent, or radioactive
type. Thewownotisenal anti bodi es according to this preferPet/tsSabaestdinent of
the invention may be humani zed 25 versiaons of nouse nonocl onal anti bodi es
made by nmeans of reconbi nant DNA t echnol , departing fromparts of nouse
and/ or human genom ¢ DNA sequences coding for H and L chains from cDNA or
genom ¢ clones coding for H and L chains. 30 Alternatively the nonocl onal
anti bodi es according to this preferred enbodi nent of the invention may be
human nonocl onal anti bodi es. These anti bodies according to the present
embodi ment of thg LRNEPLA Odlya LML PR d%h'cﬁeﬁufnaﬁr@naﬂaanoﬁ@ilpheral

bl ood 35 | ynphocytes of patients |nfected th malaria, or WD 02/ 074802
PCT/ US02/ 08307 2Btibadéenate’ Rigmaied rreﬁoa”r |l§stsa(°:ﬁ hoYeRed®R oot onal

Fmtl EOdI es aE e Rﬁﬁ@ﬁrﬁgr:rﬁl@érAD&B]?f&E 1yb¢pmgdaésof PBthﬁ@pcg@?l@lbﬂﬁrm ?I ood)
ynmphocytes (PBL opul ati.on sever efLciency (SC D
mce, or 5 by nﬁ%né‘eg?g?r%‘?f%]erh?% e ?P‘e\%ﬁ &ﬁnﬁﬁnéggyﬁﬁnlﬂﬁgﬁ obll i n genes
have been us®d by mephacef ttieangmarsiec geines inThirhvennaon also relates to

the use of the . t [ tign hg, 10 sel ection
of reconbi nant ant |b§%ﬂ§gg£ S%&kggzggéék%%m'pé%Qngngﬁgégﬁlﬁa Ant i bodi es
directed to peptides @¢H%$ngle or specific proteins derived froma certain

strain nmay be used agca;fpdheadBMIsdDFEl A iteukakl wskoprlenéncor poration
into an i nmmunoassay for the detection of Plasnpdium tralﬂs for detectlng

the presence of PTPYRERS 1°p42°RIGeRE e dRVEgEAS conPhi hitRg PvMVBP- 1

10 selection of recombinant antibodies by the process of

repertoire cloning.

Antibodies directed to peptides or single or
specific proteins derived from a certain strain may be
used as a medicament, more particularly for

15 incorporation into an immunoassay for the detection of
Plasmodium strains for detecting the presence of
PvMSP-1 p42 antigens, or antigens containing PvMSP-1
P42 epitopes, for prognosing/monitoring of malaria
disease, or as therapeutic agents.

20 Alternatively, the present invention also relates
to the use of any of the above-specified PvMSP-1 p42
monoclonal antibodies for the preparation of an
immunoassay kit for detecting the presence of PvMSP-1
p42 antigen or antigens containing PvMSP-1 p42

25 epitopes in a biological sample, for the preparation
of a kit for prognosing/monitoring of malaria disease
or for the preparation of a malaria medicament.

The present invention also relates to a method
for in vitro diagnosis or detection of malaria antigen

30 present in a biological sample, comprising at least

(1) contacting said biological sample with any of
the PvMSP-1 p42 specific monoclonal antibodies as
defined above, preferably in an immobilized form under
appropriate conditions which allow the formation of an

35 immune complex,



p42 epitopes, for prognosing/nonitoring of malaria disease, or as

t herapeutic agents. 20 Alternatively, the present invention also relates

to the uswook/oansy2 of t he above-specified PvMSP-1 p42 nonecirarsat/ossnt i bodi es
for the preparation of an i mrunoassay kEE for detecting the presence of
PvMSP-1 p42 antigen or antigens containiiig PvMSP-1 p42 25 epitopes in a

bi ol ogi cal sanple, for the preparation of a kit for prognosing/ nonitoring
of malaria disease or for the preparation of a malaria nedicanent. The
present invention also relates to a nethod for in vitro diagnosis or
detection of malaria antigen 30 present in a biological sanple, conprising

at least (i) contacting)sabdoPig @ieRhasadRbenwhth, any of the PYMSP-1 p42
speci fic nmonocl onal ant| bodi es as, defined above, preferably in an

( €
i mobi | i zed for m undét1: hphrophatatd CORITIERE GRTEASKET obPEIRE fMBrthat i on of
anb 35di nmune m@@éﬁéﬂlgg{&@a&%&ﬁﬂaeecgwiea/ eﬁaeffic?&ui}%iﬂdemi _ngh
unbound conponents, (jii.J).incubating the_inmmune co xes_fornmed wt
het er ol ogous an??%dﬁé%§?3@&ﬁ%ﬂ?§ﬁigggfﬁ@thﬁ ﬁ?ﬂ@i?ggot e %ﬁéﬁ%ﬁ?l’es present
in the sanplse teitle smidyzedsrdlogous saitdbhdiesotogiusaed i tiodi es _
conj ugated 10 330 (6L ELLAD! £ AP diRIRL-ABREIRELALEEONMAL Otihg and (1Y)
detecting the presence of said jnmne gnp exes visually or nechanically
(e.g. by means of déh¥l t 8REeeing |thsr PRSSERCSCBEoFRABL tYJUNA0 The present

invention al so kghat &8t oyasddlf A meln¥int FA10LagR0§1 Shpfmenrmlar i a

antigen present .in a biological sanple, cogprisipg:, at |east one

nmonocl onal ant i B85 BSNGEFY nel- U FIRE Ywi CR ﬁFﬁegﬁY?body bei ng

preferentialdy 15 iohebplézedt oimeergdldrd eduhstredtessatbudfleit afoxconponent s

necessary for pggdggggg diagnosis of a malaria antigen present in a
biological sample, comprising:

at least one monoclonal antibody as defined
above, with said antibody being preferentially

15 immobilized on a solid substrate,

a buffer or components necessary for producing
the buffer enabling binding reaction between these
antibodies and the malaria antigens present in the
bioclogical sample, and

20 a means for detecting the immune complexes formed
in the preceding binding reaction.

The kit can possibly also include an automated
scanning and interpretation device for inferring the
malaria antigens present in the sample from the

25 observed binding pattern.

Monoclonal antibodies according to the present
invention are suitable both as therapeutic and
prophylactic agents for treating or preventing malaria
infection in susceptible malaria-infected subjects.

30 Subjects include rodents such as mice or guinea pigs,
monkeys, and other mammals, including humans.

In general, this will comprise administering a
therapeutically or prophylactically effective amount
of one or more monoclonal antibodies of the present

35 invention to a susceptible subject or one exhibiting



t he buffer enabling binding reaction between these antibodies and the

mal ari a antigens present in the biological sanple, and 20 a neans for

det ect i ngwOle/o74snune conpl exes forned in the precedi ng bipodiusgi/essacti on.
The kit can possibly also include an autgsated scanning and interpretation
device for inferring the numlaria antigens present in the sanple fromthe
25 observed bi ndi ng pattern. Mnocl onal anti bodies according to the present
invention are suitable both as therapeutic and prophylactic agents for
treating or preventing malaria infection in susceptible malaria-infected
subj ects. 30 Subjects include rodents such as mce or guinea pigs,

nonkeys, and ot heflapbanmibhBect et udixgy fudEre. fbamgefiethé, athilsody | |
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i ncl udi ng Fab aﬁg°é?§%§)5£ %&%dﬁ%ﬂ%s. Ahtibo&igs,ofethecpresent i nvention
can be produce®arilaRyray seEM STHEP W s eEPLIEEPRE, 5285 ovi rus

expressi on syst gBBrs¢hi6keNsor eI ES, sugoalss topaws, potatantisamsaich as
tomat o, potato, banana . or str rry. t hods_for, the production of

anti bodies in tﬁgséggﬁg?ﬁﬁﬁyargﬁgﬁﬁﬁ%sf%%h grggﬁd%FEﬁOBoPginary skill in
the art. Preferahkybotihesanti bivdsessyiftamsedrar @nosmpati bl pewsoh whiegh

recipient specl e3asigh, Lopi i he 4 I e30nse oV henbhhscgne dot

result 1n clearance o ! efore parasite ca contro
t he i nducedl® miusedr asponeerzbilbhe wiNdbshea nevdrigpfeeregdes #idthi nduce

"serum si ckness'tpls thet DansSd] BEipoi¥EeNe) alley mabhe gMBhsnadniaister ed

in clearance of the MAbs before parasite can be
controlled, and the induced immune response to the
Mabs in the subject does not induce “serum sickness”

15 in the subject. Preferably, the MAbs administered
exhibit some secondary functions such as binding to Fc
receptors of the subject.

Treatment of individuals having malaria infection

may comprise the administration of a therapeutically

20 effective amount of PvMSP-1 p42 antibodies of the
present invention. The antibodies can be provided in a
kit as described below. The antibodies can be used or
administered as a mixture, for example in egual
amounts, or individually, provided in sequence, or

25 administered all at once. In providing a patient with
antibodies, or fragments thereof, capable of binding
to PVMSP-1 p42, or an antibody capable of protecting
against malaria in a recipient patient, the dosage of
administered agent will vary depending upon such

30 factors as the patient’s age, weight, height, sex,
general medical condition, previous medical history,
etc.

In general, it is desirable to provide the

recipient with a dosage of antibody which is in the

35 range of from about 1 pg/kg-100 pg/kg, 100 pg/kg-500



exhi bit sone secondary functions such as binding to Fc receptors of the
subject. Treatnent of individuals having malaria infection may conprise

t he adm rwetoear4sen of a therapeutically 20 effective anowreT/ush2/83VEP-1 p42
antibodi es of the present invention. Thesgntibodies can be provided in a
kit as described below. The antibodies can be used or admnistered as a

m xture, for exanple in equal anmounts, or individually, provided in
sequence, or 25 adnministered all at once. In providing a patient with

anti bodi es, or fragnents thereof, capable of binding to PvMSP-1 p42, or an
anti body. capable of protecting against malaria in a recipient patient,

the dosage of pgrksj st ash/aget n/idy, varmgdegemdbngguﬂpn such 30 factors

as the patient's h h ht enger al caI dition,
previ ous medi caf® 2€%t%¥@ ﬁbiﬁ%f(§q¢ Egﬁgpél g ?E% d%3|96ﬁﬁ #ﬁ?qprOV|de t he
recipient with agdbgagbo@quWKg45@@yuwﬁkgh 5§O|ngfh@— Bang Arme lof from about

1 pg/ kg- 100 pg/ 08, 5 8 ) 750034 P9/ kg, 500
pg/ kg-1 ng/ kg, k 1 h&y Q% W%%Q%/ggﬁkﬁéé H§E%&Qﬂ§% n /kg 1 ug/kg,

1 ug/ kg- 106 u@gklgg 1@@0 u@/a@%o(g/&@/fké 95 éggkgg g/ kg- 50
nmg/ kg, 50 ng/ kg(%@@y”@é]@nt@r‘&ﬁ@eﬁ@@ 5amﬁhl§ﬁgh5£)01c5ﬂ%ﬂ<gsr1 H/Rger 1

g/ kg-5 g/ kg, 5 g/kg-10 t reci pient), although a | ower
or hi gher dosaé@ %%Y 1 bLEIEUI%Eﬂ a simlar approach, another

prophylactic use of Thhe sbnolrdoredpmzdihodneshef phgppykaemiqhnwention 10
i g ooy BEUBhEhh0 Ll Ralielhids B9 RoA0ElLA oL A Dody

rai sed agai nst one o monocl ona mruni zati on with
an anti- i dilotype Vxheohcimw clgmithng. zettrlget @rfeaopath@n*épqlﬁ’eﬂe}’pm arcagttdiel icit

an active anti-PYNEP1; P42 F BRRNSRised against one of the present

monoclonal antibodies. Immunization with an anti-

-

idiotype which mimics the structure of the epitope
could elicit an active anti-PvMSP-1 p42 response

15 (Linthicum, D.S. and Farid, N.R., Anti-Idiotypes,
Receptors, and Molecular Mimicry (1988), pp 1-5 and
285-300) .

Likewise, active immunization can be induced by

administering one or more antigenic and/or immunogenic

20 epitopes as a component of a subunit vaccine.
Vaccination could be performed orally or parenterally
in amounts sufficient to enable the recipient to
generate protective antibodies against this
biologically functional region, prophylactically or

25  therapeutically. The host can be actively immunized
with the antigenic/immunogenic peptide in pure form, a
fragment of the peptide, or a modified form of the
peptide. One or more amino acids, not corresponding
to the original protein sequence can be added to the

30 amino or carboxyl terminus of the original peptide, or
truncated form of peptide. Such extra amino acids are
useful for coupling the peptide to another peptide, to
a large carrier protein, or to a support. Amino acids
that are useful for these purposes include: tyrosine,

35 lysine, glutamic acid, aspartic acid, cyteine and



15 (Linthicum D.S. and Farid, N.R, Anti-Idiotypes, Receptors, and

Mol ecular Mmcry (1988), pp 1-5 and 285-300). Likew se, active

i mruni zatwore2zoaisobe i nduced by administering one or norePamtusgEes3e’ and/ or

i munogeni ¢ 20 epitopes as a conponent @k a subunit vaccine. Vaccination
could be performed orally or parenterally in anpunts sufficient to enable
the recipient to generate protective antibodies against this biologically
functional region, prophylactically or 25 therapeutically. The host can be
actively imunized wth the antigenic/inmunogenic peptide in pure form a
fragment of the peptide, or a nodified formof the peptide. One or nore
am no acids, nO&eﬁQﬁé’@ﬁ@@;ﬂditHi‘@red@ t hetefrhgthak protein rﬁ@dﬂjﬁml@ﬂ be

added to the 30_a no_or carbgx m nus t he QL g i.nal pe
truncat ed formtb?"%%b?ﬁlﬁ%.m%%ge%ﬁer eaﬁi‘noﬁ%maa%eté’rl@ lL??efO% Bbég coupl i ng
t he peptide to asonheal paptdale]on o tcapravgdecaddieiopabtmeeans dfot 0 a

suppor . At no aclds:nbhal ALeiuselil ok skaess pHEpRseS baaludes, tyrosine,

35 lysine, glutam aspar c ac cyteine an
PCT/ US02/ 08307 peBtiide | valesiske tHerteof. SAPPErhati ve protein nodification

t echni ques may be useﬁeeaﬁtlb&lﬁzé@cg%tpa@é OF ﬁ:o@%lnéeéghﬂ@ét ani dat i on,
to provide additional neans q(;ul%l HSI ng t he ti de to anot her
protein or 5 pelﬁﬂﬁél%?ﬁ%ujr%t%ﬁ g ijl?pBGPf’l FHetanfFH %ps capabl e of
protecting agai sgbjesBlainaamrandurtitentddicieche pbOEfﬁedtta) Teaiiq jent
subjects in an anount sufficient-tq .effect ductjon t laria

i nfection synpt ffﬁsgﬂin airo unt T |sfescgcll(§ml%yfn8 Iélgsuf cTen II;"% PS?esT[‘me%t " the
reduction dfo inbebei snfEynbenpste i affectds&be, reducél@ﬁ ofdm ni strati on,

et Canff o ge agenf rarLe; SHf i mbeths tF dHaf lidenge, seehca sesponse. Responses
Y administration, etc. of the agent are sufficient to

influence such a response. Regponses to antibody
administration can be measured by analysis of

15 subject’s wvital signs.

In another aspect of the invention is provided a

DNA vaccine against malaria comprising a nucleic acid
encoding PvMSP-1 p42. DNA vaccination involves
administering antigen-encoding polynucleotides in vivo

20 to induce the production of a correctly folded
antigen{s) within the target cells. The introduction
of the DNA vaccine will cause to be expressed within
those cells the structural protein determinants
assocliated with the pathogen protein or proteins. The

25 processed structural proteins will be displayed on the
cellular surface of the transfected cells in
conjunction with the Major Histocompatibility Complex
(MHC) antigens of the normal cell. Even when cell-
mediated immunity is not the primary means of

30 preventing infection, it is likely important for
resolving established infections. Furthermore, the
structural proteins released by the expressing
transfected cells can also be picked up by antigen-
presenting cells to trigger systeﬁic humoral antibody

35 responses.



adm ni stration can be neasured by analysis of 15 subject's vital signs. In
anot her aspect of the invention is provided a DNA vaccine against nmalaria
conpri si yoazsouwshei ¢ acid encodi ng PvMSP-1 p42. DNA vaccipeatusonossnvol ves
adm ni stering antigen-encodi ng pol ynucl e%t' des in vivo 20 to induce the
production of a correctly folded antige (és) within the target cells. The
introduction of the DNA vaccine will cause to be expressed wthin those
cells the structural protein determ nants associated with the pathogen
protein or proteins. The 25 processed structural proteins wll be

di spl ayed on the <cellular surface of the transfected cells in conjunction

with the Major H'StO%HEEéEb?é|'EMeCﬁE@&éﬁ% eME) 2Rt Lgenscaf cLhg ﬁﬁ&”ﬁ|
cell. Even when cell- mediated inminity is not the primary nmeans of 30

preventing i nf eti 6RA| Eepment kerich mikacast RHlGemofden| Viigx et s shed
i nfections. Furgbeerpped tBevest reidifalspfieiheicds fi-eheasedebynt he

t f t ed I be pick b at - ti
co 15 to Cri ggef CERSPENPE RLRBPAR.dhe 160y P55 PesHoRbEl Sb@ombrazos
PCT/ US02/ 0837 a6 Bhblétdyeavahbalplesertthenyentiadnsr elfafesvivaz &NA - or
CDNA segment wh &ggéegad@a ELASIRA! WI v VA R42 138 <dg ﬁﬁrkggﬂtﬂ?&i’e Genome

sequences from d erent strarns o asnodi um vi vax have been publi shed
and 5 are publi vhychvailablékeby herodiqaionsigenp. capghkeapé expected to

contain Sequenc@.3;1@&’(:&5@5%31:8@@@tf.i@é‘}ﬂeﬁ?éral‘ﬂﬂ'ﬁl@ whichvbiakeky ps@euice

antigens capable of = eliciti n% rot ective/neutralizing antibodi es. Such
strains incl udeSBEPERT ERELEEH, BAFNARSNGPY h VREEEaR, YOrSRdEGtPRRs. It is
envi si oned 1dat ahbeobydbE- 1 pﬂzlsfémmxmdﬁ thal khei PlMppeviee2 cr oss

protection agalngk 8 Pgﬁanayi a%if%'ﬁ?&%% eu%r%%stggogggpion
against other P. vivax strains due to the high
homology between strains in this region.
DNA or nucleic acid sequences to which the
15 invention also relates include fragments of the p42
genes containing protective epitopes or antigenic
determinants. Such epitopes may be linear or
conformational as shown below in the Examples. The
sequence of nucleic acids encoding antigens may be
20 generated in any manner, including for example,
chemical synthesis or DNA replication or reverse
transcription or transcription, which are based on the
information provided by the sequence bases in the
region(s) from which the polynucleotide is derived.
25 In addition, combinations of regions corresponding to
that of the designated sequence may be modified in
ways known in the art to be congistent with an
intended use. It is understood in the art that
certain advantageous steps can be taken to increase
30 the antigenicity of an encoded protein by modifying
its amino acid composition. Such changes in amino
acid composition can be introduced by modifying the
genetic sequence encoding the protein. It is

contemplated that all such modifications and



honol ogy between strains in this region. DNA or nucleic acid sequences to
which the 15 invention also relates include fragnents of the p42, genes
cont ai ni ryoprOT4801 i ve epitopes or antigenic determ nant sPCBUsSh2/e§30t opes
may be |inear or conformational as sho bel ow i n the Exanpl es. The
sequence of nucleic acids encoding anti gens may be 20 generated in any
manner, including for exanple, chem cal synthesis or DNA replication or
reverse transcription or transcription, which are based on the

i nformation provided by the sequence bases in the region(s) fromwhich the
pol ynucl eotide is derived. 25 In addition, conbinations of regions
correspondi ng tQribRaAbnaf oEhendesiangdesk &aﬂ@nmmal@@ modl fied in ways
known in the art to be con5|sﬁent with an t ended use. i s, under st ood
in the art that9UddPLErhSalivh %395%%ss%ﬂﬁiéﬁgéﬁm%énfﬁfgﬁ PBVFHE?8%Se 30 the
antigenicity of an aheoderd phebdingbyhavded el artigeamazn dei d

conposi tion. Such changes i C e introduced by
nodi fyi ng t he 6%net|cggeéﬁgﬁcghen%%gfﬁglfﬁgp &%%ﬁe %%r?B cont enpl at ed
that all suBh nmmﬂiﬁbaghoﬁ@eaﬁﬁaﬂmE@Ql@RﬂsﬂZEPGﬁﬁ@SGEﬁ@@BGiaS@¥dvaalatlons
of the p42 gen%ar%l%ﬁ &ug@aﬁlar ey 5%.@{?& entsanid ki AhA 136epenof ahhe

present invention DNA encodi hg the desired anti gen can be |gtroduced
into the cell |QP¥§@WESUBNébI@tPorn?Bef?Eﬁbkauf & 9T dGERP Tl BR

linearized pl asm & Aasaiieeul an Bl et deuBa Pl pssrat qaapablegibotinept| cat i on,

an episone, Pref.er abl t he gene i cont d n,a plasmd. In
a partlcularIy1§¥%§QF¥@Hdeﬁﬁo&?néﬁ?res? & pl Hs ™ gﬁ'éfgﬁe53|on vect or .

| ndi vi dual 180 exgressiion vectors capable of exgraﬁﬁﬂn@gtﬁheg@aaeucc

material can b, prodysed 4oto9tAntandl 659 ARRxa LREANER: I case see

techniques. Please see e.g., Maniatis et al., 1985

Molecular Clonindg: A Laborato Manual or DNA Cloninq,

Vol. I and IT (D. N. Glover, ed., 1985) for general
15 cloning methods.

The DNA, alone or in a vector, can be delivered
by injection into the tissue of the recipient, oral or
pulmonary delivery and inoculation by particle
bombardment (i.e., gene gun) after coating a carrier

20 particle with the DNA vaccine. Any of these methods
can be used to deliver DNA as long as the DNA is
expressed and the desired antigen is made in the cell.

Generally, the DNA vaccine administered may be in
an amount of about 1-5 ug of DNA per dose and will

25 depend on the subject to be treated, capacity of the
subject’s immune system to develop the desired immune
response, and the degree of protection desgsired.
Precise amounts of the vaccine to be administered may
depend on the judgement of the practitioner and may be

30 peculiar to each subject and antigen. '

The present invention more particularly relates
to a composition comprising at least one of the above-
specified peptides or a recombinant PvMSP-1 p42
protein composition as defined above, for use as a

35 wvaccine for immunizing a mammal, preferably humans,



Mol ecul ar C oning: A Laboratory Manual or DNA Cloning, Vol. | and Il (D.

N. dover, ed., 1985) for general 15 cloning nethods. The DNA, alone or in
a vect or ,woan/obsoziel i vered by injection into the tissue @®CTiUse2/60861 pi ent
oral or pulnonary delivery and inocul atizgn by particle bonbardnment (i.e.,
gene gun) after coating a carrier 20 particle with the DNA vacci ne. Any of
these nmethods can be used to deliver DNA as long as the DNA is expressed
and the desired antigen is nade in the cell. Generally, the DNA vacci ne
adm ni stered may be in an anmount of about 1-5 ug of DNA per dose and will
25 depend on the subject to be treated, capacity of the subject"s imune
systemto devel epathstdeslaeih, nume isiegpedseniandrihe megmﬁﬁimﬁent

protection desi P S i |stered may
depend on the jéﬁQ%ﬂ%ﬂ%g #ﬁ$h raéﬁnt %Er ang§ QSc%ﬁp%% pec iar to each
subj ect and ant bgenmaTaet prakentadaerdsiilen aﬁﬁwapar(ﬁicut@rwmi@@tm to a

conposi tion Conﬁﬁhﬁhégréép$ﬁé§t MR fadd1ec2bB¥Bos$REGH b REPt i des or a
reconbi nant PvMSP-1 p42., protein conposition as defined above, for use as a

35 vacci ne for PﬁﬁfﬁﬁPElh’@"%‘“W% PRIECIIEP RURERSS THPB27 074802

PCT/ US02/ 08307 p@&t@gaiﬁﬁtaq&nﬁgﬂeinﬂghﬁmaﬁﬂf&gmadﬂhéfsperVﬂgaa suf ficient
anount of the conpositio OSSIb| anled b har ceutl I

accept abl e adjuwgﬁﬁfé? €5 Produt q}nﬁﬂﬁgnpgéﬁﬁﬁs%n %%%HJ%Q% e
conposition of hmghEypcessmmvednhHﬂwaan|str@xpected to provide cross-

protection agai nst Qkﬁﬁﬁhggnéécggéﬁﬁgatf%ngndé%xbeg?kgéggeatrains, si nce

the i mmunogeni c antigen p i conserved b n strains
| mmunogeni cLl&onpesPrErong @@HﬂQkhqﬂ%ﬂhﬂwa 10 &beordtngThe meesrsts known in

the art. The pr%%ﬁﬂbs1EQ&Q@S&&Mﬁﬂ§x§Qﬂpﬁhﬁﬁn%ﬁehﬂHUQ@Q@ﬂtCoﬁWQUHt of a
recombinant PvMSP-1 p42 proteins or peptides as
defined above, usually combined with a pharma-
ceutically acceptable carrier, preferably further

15 comprising an adjuvant.

The proteins of the present invention, preferably
purified PvMSP-1 p42 derived from pPvMSPl-42, are
expected to provide a particularly useful vaccine
antigen, since the antigen is able to induce invasion

20 inhibitory antibodies as well as high titer antibodies
that react with schizont-infected erythrocytes.

Pharmaceutically acceptable carriers include any
carrier that does not itgelf induce the production of
antibodies harmful to the individual receiving the

25 composition. Suitable carriers are typically large,
slowly metabolized macromolecules such as proteins,
polysaccharides, polylactic acids, polyglycolic acids,
polymeric amino acidsg, amino acid copolymers; and
inactive virus particles. Such carriers are well known

30 to those of ordinary skill in the art.

Preferred adjuvants to enhance effectiveness of
the composition include, but are not limited to
montanide, aluminum hydroxide (alum), N-acetyl-
muramyl-L-threonyl-D-isoglutamine (thr-MDP) as found

35 in U.S. Pat. No. No. 4,606,918, N-acetyl-normuramyl-I~



reconbi nant PvIMSP-1 p42 proteins or peptides as defined above, usually
conbined with a pharma- ceutically acceptable carrier, preferably further
15 conpriwong/oasond) uvant. The proteins of the present i nPeEmtiSon98307
preferably purified PvMSP-1 p42 derivedsbrom pPvMSP1-42, are expected to
provide a particularly useful vaccine antigen, since the antigen is able
to induce invasion 20 inhibitory antibodies as well as high titer

anti bodies that react with schizont-infected erythrocytes.
Pharmaceutically acceptable carriers include any carrier that does not
itself induce the production of antibodies harnful to the individual
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to those of ordiparjrski l{hith thsh@liths RPheber keflpadbHvant st ehance
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e, |
mont ani de. &t unf g Fyar Skt de TAIMRICSIROVAL yiP1d A, trehalose
mur anyl - L- t hr eoayhy &bl seg) udadi del ) tarl-1VMeRe1as ohomdrn 8BDi+Cis)S. irPat . No.
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may be used for non-human applications and research
purposes.

15 The immunogenic compositions typically will
contain pharmaceutically acceptable vehicles, such as
water, saline, glycerol, ethanol, etc. Additionally,
auxiliary substances, such as wetting or emulsifying
agents, pH buffering substances, preservatives, and

20 the like, may be included in such vehicles.

Typically, the immunogenic compositions are
prepared as injectables, either as liquid solutions or
suspensions; solid forms suitable for solution in, or
suspension in, liquid vehicles prior to injection may

25 also be prepared. The preparation also may be
emulsified or encapsulated in liposomes for enhanced
adjuvant effect. The PVMSP-1 p42 proteins of the
invention may also be incorporated into Immune
Stimulating Complexes together with saponins, for

30 example QuilA (ISCOMS).

Immunogenic compositions used as vaccines
comprise a “sufficient amount®™ or “an immunologically
effective amount® of the proteing of the present
invention, as well as any other of the above mentioned

35 components, as needed. ~Immunologically effective



(Syntex) may be used. Further, Conplete Freund's Adjuvant (CFA) and

| nconpl ete Freund's Adjuvant (I FA) may be used for non-human applications
and reseawoh2/opspposes. 15 The i mmunogeni ¢ conpositions typirasot/ese | |
contai n pharnmaceutically acceptabl e vehigles, such as water, saline,

gl ycerol, ethanol, etc. Additionally, auxiliary substances, such as
wetting or enulsifying agents, pH buffering substances, preservatives, and
20 the like, may be included in such vehicles. Typically, the inmunogenic
conpositions are prepared as injectables, either as liquid solutions or
suspensions; solid forns suitable for solution in, or suspension in,

i quid vehi cl es apbuat’® tcméa{rj@Cttﬂam Ry amlwlsﬁrbelme@ﬁrt&dat Taeowpitepar at i on
al so may be | sifi eddor psu ed |n i ROS maaoée ne.ec adj uvant
effect. The Pv B- $ pa2 pY ot |ns r?venflgo% nay a? %epl ncor por at ed
into | mmune St Drﬁuaasenges{:orqﬂ @(@&Q@g@t ﬁ@p: Mehtmalpbma}‘s déﬁm@@ exanpl e

Quil A (1 SCOVB) . . puno Pé%ﬁ&l@@%&ﬁ%%éﬁ%ﬂg?ﬁgvéﬁ&”@ﬁe £OP se a

"sufficient amount” or 'an 1 munol ogi cal ective anount’ of the
proteins of & heaﬁfieﬁbmlﬁih\@ﬂdldﬁmfhé)%éﬁ#e a8daniderhefe dPet he above

menti oned 35 cogpeResys. L19S eesdrhic |grpobegisalryaedf ecdinve WO 02/ 074802
PCT/ US02/ 08307 40 a unt t hat t.he adm ni stEatl on of thré% am)unt
& i PSIRG e

to an indivi duaFre&fFeHef W RISPAGF aB X HRRES oF TG Ser
effective for trephovny,ofistigefimeid/icdatdve. ithiseaspstenviasi es depend| ng

upon,the heal th o aRdehykeal, sondl an ofohe Ledhyidhal it be treater
primte, etkq), deheredapialmt@Dmultd@lqmdlfv@jl@a'vaswmun‘éh%y@t@#ﬁlt@
synthesi ze anti Bgdi g5 o tAEJEH L8 r RHY 6eliBA1 situation, the
strain of malaria infection, and other relevant
factors. It is expected that the amount will fall in a
relatively broad range that can be determined through
15 routine trials. Usually, the amount will vary from
0.01 to 1000 ug/dose, more particularly from about 1.0
to 100 ug/dose most preferably from about 10 to 50
ug/dose.
The proteins may also serve as vaccine carriers
20 to present homologous (e.g. other malaria antigens,
such as EBA-175, PvCSP Type 210, PvCSP Type 247,
PVTRAP, PvMSP2, PvMSP4, PvMSP5, PvMSP6, PVMSP7,
PvMSP8, PvMSP9, and PvAMAl.) or heterologous (non-
malaria) antigens in a multivalent vaccine. In this
25 use, the proteins of the invention provide an
immunogenic carrier capable of stimulating an immune
response to other antigens. The antigen may be
conjugated either by conventional chemical methods, or
may be cloned into the gene encoding PvMSP-1 p42 fused
30 to the 5’end or the 3’ end of the PvMSP-1l p4d2 gene.
The vaccine may be administered in conjunction with
other immunoregulatory agents.
The compounds of the present invention can be
formulated according to known methods to prepare

35 pharmaceutically useful compositions, whereby these



10 desired, the formulation of the vaccine, the treating doctor's
assessnent of the medical situation, the strain of malaria infection, and
ot her relwoanb74sbactors. It is expected that the anpunt wPCIT/UfSa/83dn a
relatively broad range that can be deterpghned through 15 routine trials.
Usual ly, the amount will vary from 0.01 to 1000 ug/dose, nore particularly
fromabout 1.0 to 100 ug/dose nost preferably fromabout 10 to 50

ug/ dose. The proteins nmay al so serve as vaccine carriers 20 to present
honol ogous (e.g. other malaria antigens, such as EBA-175, PvCSP Type 210,
PvCSP Type 247, PvTRAP, PvMSP2, PvMSP4, PvMSP5, PvMSP6, PvMSP7, PvMSPS8,
PvMSP9, and PvAMAdelials heberidledgodsnchdnnaimtariwtaves genssin a

] vl ent Vcglinodd LI SeRSse A0 B GLShaSRtsber) nvent on provi de
antigens. The aat¢geralndy ¢&IIM@mp@§GFéé e|SﬁétabyeC%@h%ﬁﬂﬁamﬂﬂd-chenlca

met hods, or WﬂMthrcwﬁﬁalaﬁ&ztu@lcqgggv@nsedbeﬁe?m@ﬁ’aﬂ A Jiused 30 to
the 5 end or the 3' end of the PvMd gene. The_vaccine may be

adni ni st ered® |nec%njU%%T?%Nﬁ%ﬁ%m1a¥99WéP'|ﬁﬁﬁn@?%@ﬁi@?@ryf%ﬁnﬁﬁ%gplﬁhe
conpounds  of th@nDRéz&@ﬂ&tbzﬁW.@r@halﬁhaC:@lﬂztEealf B’bﬁﬂéhaé,ed BEE0 et r;g to known

nmet hods to prep re 35, pha |1y u eful sitions reby t hese

00 031 074805 PeaFChoo badby TFE e Pal B ol LBRET Pt R e e T var ves,

are conbi ned i ﬁoadnaxphmmmédtla:a}ihawaceaptahléycom@@m:adm e carrier

vehi cl e. SU|tab£§l%§QigI§§rqg§k %F I agﬁggggggégg n;ng*gﬁlve of other human
umi

proteins, Gnan Serum a n, are descri or exanple, in
Reni ngt on' §1Pha¢ﬂmpeﬁltt@msS@ikﬁuﬂ&?télﬁtﬁneéffeCtEﬁ$ ampoundy Of Wk East on

Pa. (1980)). Inag5derat8crfigtdn RmpRRmpRCesbkeakblywackept A waeosi tion
amount of carrier vehicle.
Additional pharmaceutical methods may be employed
to control the duration of action. Control release

15 preparations may be achieved through the use of
polymers to complex or absorb the compounds. The
controlled delivery may be exercised by selecting
appropriate macromolecules (for example polyesters,

A polyamino acids, polyvinyl, pyrrolidone,

20 ethylenevinylacetate, methylcellulose,
carboxymethylcellulose, or protamine sulfate) and the
concentration of macromolecules as well as the method
of incorporation in order to control release. Another
possible method to control the duration of action by

25 controlled release preparations is to incorporate the
compounds of the present invention into particles of a
polymeric material such as polyesters, polyamino
acids, hydrogels, poly(lactic acid) or ethylene
vinylacetate copolymers. Alternatively, instead of

30 1incorporating these agents into polymeric particles,
it is possible to entrap these materials in
microcapsules prepared, for example, interfacial
polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsules and poly (methylmethacylate) -

35 microcapsules, respectively, or in colloidal drug



suitable for effective adm nistration, such 10 conpositions will contain an
effective anount of the above-described conpounds together with a suitable
amount ofwoaret748p2 vehi cl e. Addi ti onal pharmaceuti cal net heds/usayodser
enployed to control the duration of actign. Control release 15
preparations may be achi eved through the use of polyners to conplex or
absorb the conpounds. The controlled delivery may be exercised by

sel ecting appropriate nmacronol ecul es (for exanple polyesters, polyan no
acids, polyvinyl, pyrrolidone, 20 ethyl enevinylacetate, nethylcellul ose,

car boxymet hyl cel | ul ose, or protam ne sulfate) and the concentration of

macr onol ecul es aélméfya:syémnmtfmﬂ emnp'lrecoampbabineg ialbudat to control
rel ease. Another . poss contro t he du&a&i on of &ctlon by 25

control l ed rel e$ETEPR %?%?id% CroeW%} EST pOFat Bt hie”conpoinds of the
present inventi oanbneépsphes et ebn glacrogquollyiensc nétehi bechutines

pol yesters, pol ya aQScf&%TQ&,lmﬁéﬁ on golnggﬁ%tfggtﬁsaﬂ)seieﬁwy' ene

vi nyl acet ate copo Mer S ternatively, 1nstea i ncorporating these
agents into ol y#BPPt-particles, it is possible to entrap these materials

in mcrocapsul es prﬁ@ﬁiﬁﬂgtf@h@@fa&w@e Id&@bhaa»sal wheehaéﬂerlzatlon for
exanpl e, hydroxynethyl cell ul ose or eI H é ﬁca sul es
pon(nethyInethé€§FE?@}e%59¥nYﬁ &spectifFiely, "o¥ % col | oi dal

drug WO 02/074863rP£36L5@€/B@3ﬁﬂy sﬁtu&ﬂmyeﬁmnsysﬁanﬁuding exanpl e,
| i posones, albugﬁ@en egéfsf é%ﬁonss%ﬁéﬁ l SE%@% ge%998§é550|es and

nanocapsul es or “I'n WACT 6enlil ST ONS are dirstl osed in
Renington'sl@hasnbceuaheavsSatenc@tramv%Q£EM0Jﬂééﬁtmpsﬁra@poﬂv@f t he

conpounds, whet Bgg o anbi ORI B8, 85, VAGLI LS ordbschopedatier ein may be
application of the antibodies (typically carried in
a pharmaceutical formulation) to an airway surface.
Topical application of the antibodies to an airway
15 surface can be carried out by intranasal
administration (e.g., by use of dropper, swab, or
inhaler which deposits a pharmaceutical formulation
intranasally). Topical application of the
antibodies to an airway surface can also be carried
20 out by inhalation administration, such as by
creating respirable particles of a pharmaceutical
formulation (including both solid particles and
liquid particles) containing the antibodies as an
aerosol suspension, and then causing the subject to
25 inhale the respirable particles. Methods and
apparatus for administering respirable particles of
pharmaceutical formulations are well known, and any
conventional technique can be employed. Oral
administration may be in the form of an ingestable
30 1liquid or solid formulation.

The treatment may be given in a single dose
schedule, or preferably a multiple dose schedule in
which a primary course of treatment may be with 1-
10 separate doses, followed by other doses given at

35 subsequent time intervals required to maintain and



carried out by any suitable neans, including parenteral injection (such as
intraperitoneal, 10 subcutaneous, or intramuscular injection), in ovo

i nj ecti orwofo2ior48ds, orally, or by topical application of PChasanodsbodi es
(typically carried in a pharmaceutical fgrnulation) to an airway surface.
Topi cal application of the antibodies to an airway 15 surface can be
carried out by intranasal admnistration (e.g., by use of dropper, swab,
or inhaler which deposits a pharmaceutical fornulation intranasally).

Topi cal application of the antibodies to an airway surface can al so be
carried 20 out by inhalation adm nistration, such as by creating

respirabl e partbﬁlesinfoac@hﬁménxﬁﬂﬂdnsﬁ floar exbapilen 4t nctadi ng both solid

particles and article talnln the anti odjes as an aerosol
suspensi on, and™ ?ﬁghgcgu5|ng i?né: j eS¢t QE |nﬁaF§ tfie respirable

particl es. Mt hedbsagdentppasatils afﬁjneraﬁm\nargﬂempnghsesp‘ﬁxmbespartl cl es of
phar maceuti cal ggrgykggbggstfgétﬂgﬂe KRR Qegnqngmﬁ?ecopygnélqpal t echni que

can. be enpl oyed adm nistration may be In orm of an I ngestable
30 |iquid or® somPELRoRRYI Gt TOrDSThel it e Bt nenfeiby2Be §iNe¥HtEn a singl e dose

s?hedule or pr@iggabby%ﬁ%nyh&hgﬂﬁ dass ?c@g@ubfmFFthgglﬁb @tﬂggngry course
of treatment may pe_w t - 10 separ.ate_doses ol.| one ot her doses

gi ven at 35 subéﬁgﬁéﬁ@efiﬁ%fg- %ﬁ&%ﬂ%?l%%ﬁﬁlFeahFodﬁﬁFﬁ?ﬁln and WO 02/ 074802
PCT/ US02/ 08307 ré8ponseei akpsced heo rresimors €isbaseesamptens atod-4  nont hs

for a second dos nd_1i u sequent dose(s) after several
Sdu? %a%?gytrea &

nont hs. Exanpl es Sstrta schedules include: (i) 0, 1 5 nonth

and 6 montHg) (ii) OThg nayse@wKﬂnwenﬂﬂdn al(sa iprogidad ElhﬁnWthmlv) 0 and
6 months, or otfeL ygeful for carrying out the present invention.

The present kits comprise a first container means

containing the above-described antibodies. The kit

also comprises other container means containing

15 solutions necessary or convenient for carrying out the
invention. The container means can be made of glass,
plastic or folil and can be a vial, bottle, pouch,
tube, bag, etc. The kit may also contain written
information, such as procedures for carrying out the

20 present invention or analytical information, such as
the amount of reagent contained in the first container
means. The contalner means may be in another
container means, e.g. a box or a bag, along with the
written information.

25 The contents of all cited references (including
literature references, issued patents, published
patent applications, and co-pending patent
applications) cited throughout this application are
hereby expressly incorporated by reference.

30 Other features of the invention will become
apparent in the course of the following descriptions
of exemplary embodiments which are given for
illustration of the invention and are not intended to

be limiting thereof.



schedul es sufficient to elicit the desired responses expected to reduce
di sease synptons, or reduce severity of disease. 10 The present invention
al so prowoag/okisvs whi ch are useful for carrying out thePpTasents3o’
invention. The present kits conprise a fjgst container nmeans containing
t he above-descri bed antibodies. The kit also conprises other container
means contai ning 15 solutions necessary or convenient for carrying out the
i nvention. The contai ner neans can be nade of glass, plastic or foil and
can be a vial, bottle, pouch, tube, bag, etc. The kit may al so contain
witten information, such as procedures for carrying out the 20 present
invention or anal yti gak ifelbowhhty OMATERIALARXND METHODINtveet teagent
contained in the, first contajner ns. The contai ner neans nay be in
anot her cont ai QF %%%ﬁ%?e%.%ba% %%gﬁg? a bag, along with the witten
information. 25 The Cdpndmgs the aPVMEPtadd pd cyeme es Ceiooliudi PR bt erat ure
references, issuyed n ubl J dyves LGat. |, 0ns, = pendi ng
pat ent applica??oﬁggégi%i ?h%%ﬁ% ougcﬁﬁpgngggpﬁgsgi%k g?é ﬁﬁ%%%%@
expressly intor Por GPeHIBY . refeient et i carer CPesrales2biarhe FAlenti on

wi Il becone appakeptepArédeusong sendfoihenS ehbew ratdeseabehi ons of
exenpl ary enbodlngnts_mhlcg are S%yen for illu tratlog oflthe nventi on
and are not int 8AAERED Che- | FRRCTHy PHeMest USGP 65/ 67458681 PES/ 15802/ 08307

44 The fol | owi ngh¥AFRRL AE ScANDVETHARBISMe e pdgedenr uthageaaspt est t hat _
ot o Clontnathe PYAEE, 1 pA2.058e o onilhaniieplccBictain So | st
Atl ant a GA)lWasCpFepaned’ USEQgIP 0 Q RNamyrayesse kbt ACCIaHefAGATTAAA-
CGTCCATGCACAGGA3’ (SEQ ID NO:5)), the PCR product was
cloned into a sequencing plasmid and was sequenced.
This was then used as a template for amplification of
the expression construct using a set of primers
15 (forward: 5'CATGCCATGGCAGACCAAGAACAACGGGA3' (SEQ ID
NO:6), reverse: 5’'AATAGTTTAGCGGCCGCTTAGCTACAGAAAACI!
(SEQ ID NO:7)). PCR product was ligated to the Nco I -
Not I sites of the vector pETAT(NK2) (kindly provided
by Dr. Evelina Angov, WRAIR, Silver Spring MD). The
20 ligation mix was transformed into DH5o cells and
recombinant clones were selected on ampicillin. The
cloned insert was sequenced and transformed into
BL21 (DE3) and Origami™{(DE3) E. coli expression hosts
(Novagen, Madison WI). The tranformants were selected
25 on ampicillin plates and expression was checked in
IPTG induced cultures. Glycerol stocks were made and
stored at -70°C. The deduced amino acid sequence of
the protein obtained from this plasmid is 18 wvector
encoded residues on the N-terminus (MAHHHHHHPGGSGSGTMA
30 (SEQ ID NO:3)) linked to amino acids #1350,  to 1729
of the native PvMSP1l protein.

Asp Ser

Expression of PvMSP-1 p42 protein.
Expression using both the host strains was carried out
in a 10 L bioreactor (New Brunswick Scientific NJ).

35 Terrific Broth containing 100 mg ml™ ampicillin or



Val encia CA). Genomic DNA was used as a tenplate for the anplification of
PvMSP- 1 p42 gene using a set of PCR priners (forward:

5' CGCTGAATWCOATOBRCCAAGTAACAA 10 CGGCGAGAGS' (SEQ I D NO.: 4), PeTArssE083b7
ACGTCTGCAGATTAAA- CGITCCATGCACAGGA3' (SEQgsD NG 5)), the PCR product was
cloned into a sequencing plasm d and was sequenced. This was then used as
a tenplate for anplification of the expression construct using a set of
primers 15 (forward: 5" CATGCCATGGCAGACCAAGAACAACGCGGA3' (SEQ ID NG 6),
reverse: 5 AATAGITTAGCGGCCGCTTAGCTACAGAAAA. C3' (SEQID NO7)). PCR
product was ligated to the Nco |l - Not | sites of the vector pETAT(NK2)
(kindl'y provided2. byudprml Evied ireacyAid o, waEAtLRpcSiLauea‘i Bpeh ngPVD)L. The 20

ligation m x was t1r_,ans t.ﬁ?oqm @e%%%t%% erg@& % Dant cl ones were

LI S¢
sel ected on anpi RAERRE cloned i nsert vva guenced and transforned
into BL21(DE3)mahdtoihgdntkTMEI) oE. 7cal ﬁnéx@geggtmﬂ host&00 (Mwvagen,

Madi son W). Th@ g@iPrml _P)"E(I&) S?'ﬁ&éeﬂogﬁt&%cﬁi%&'ﬂéﬂﬁér@tﬁ%s and

expressi on was c ed in nd‘iﬁce cultures. A ycerol stocks were made
and stored %t W%C‘-’aﬂ’%@ Vet diidghi FERGad $eqdere ofen tPeopPdt dirn

?mamaaHLg%ggsg?@epmér&@ﬁéclﬁSLBNca)VEﬁgn@:l c@ﬁg@degat%m wﬁs%oxl e N-term nus
i i to no _aci #1350 Asp to
1729Ser  of theIﬂgAFEéO’é’v‘N}%f%ﬁeé% 7t I%r?ﬂg eggfo%n]]% 10%12129 prot ei n.
Expr essi on usi ngaboebté&doYIasanmiﬂﬁjgmi\ms Cailii pels’oeltwas; nweidted
bloreactor (New, ;U ) 5 Terrific Broth containing 100
my m - anpicil f"ign g?%ﬁ%ﬁ%@%ﬁ@o@/%so? 45 12.5 g -1
tetracycli id was i noBurdfdg¢akiion 106 RVMIRet npdRt BrewAiveed kil ture;

tenperature wasy,fREpE ah e cﬁirl%cpu&’rﬂﬂc%taeg @gféaéw@t@tm@%}é@m The
cell density (CD600 was npnitored nBerature was ra |d|g/ (<20 m n)

reduced to 25C &pda Eixﬁkﬁ%% q7wh11e th rification was carri
out at room temperature. The E. coli cell paste was

thawed (1:8 w/v) in chilled resuspension buffer (20 mM

15 sodium phosphate (NaP), 500 mM NaCl, pH 7.4). Bacteria
were lysed by microfluidization (Model 1109,
Microfluidic Corp., Newton MA) and the soluble
fraction was obtained after centrifugation at 15,000 X
g for 40 min at 4°C. The supernatant was further

20 cleared by filtration through a 0.45 p filter and
passed over a Ni-NTA Superflow column (Qiagen) (7 ml
matrix per 40 gm paste) on a 600-E liquid
chromatography system (Waters, Milford MA) at a flow
rate of 2.5 ml min™. The column was washed with 40 mM

25 imidazole contained in resuspension buffer until the
OD,,, of the eluate stabilized. The column was
equilibrated with 20 mM NaP buffer (pH 8.0) and PvMSP-
1 p42 was eluted in the same buffer containing 500 mM
imidazole (pH 8.0). Fractions containing the protein

30 peak were pooled and diluted 5 fold in the elution
buffer minus imidazole. This was loaded on a Q-
Sepharose FASTflow column (Amersham Pharmacia,
Piscataway NJ) (4 ml matrix per 40 gm paste) and the
column was washed with 20 mM Na? buffer (pH 8.0),

35 followed by the same containing 100 mM NaCl until the



| PTG was added to a final concentration of 0.1 mM Induction was carried
at 25C for 2 hours and cells harvested by centrifugation. Cell paste was
wei ghed wwod2001802 nely stored at -70C. 10 Purification of PPUTNSR2/I83p7A2,
protein. Al buffers used during purifiggtion were endotoxin free and
kept chilled while the purification was carried out at roomtenperature.
The E. soli cell paste was thawed (1:8 wv) in chilled resuspension buffer
(20" mM 15 sodi um phosphate (NaP), 500 nM NaCl, pH 7.4). Bacteria were

| ysed by m crofluidization (Mdel 1109, Mcrofluidic Corp., Newton MA) and
the soluble fraction was obtained after centrifugation at 15,000 X g for
40 min at 4C. TOB lmmmahamd wWasirku PtsP-20p42 ewa e by dd Ivm:alt 2o t hr ough

a 0.45 filter V, p co ) (7 n
matri x per 40 gﬁquaﬁ egl 8 )OolriEh#O WB ﬁrtﬁkg gé&ﬁ%l System (V\at ers,
Mlford MA) at éla[meedr avemiglzt &gﬁlnﬂml’ﬁs Hte%@l anh westeiashves with 40
m 25 i m dazol eg gemlﬁtgadﬁ) %I@é&%&”%r%e@ﬂf B%aﬁ}nké!a%éﬁ?@ QD280 of the

el uat e st abi Ilze e colum was equilibrated nmv NaP buffer (pH
8.0) and PvNBP- (RipuoewaBodrieed Fin t Reosqis BAPFERTERRIGR Hafy 500 mM

i m dazol e (pH 858)usEeactbonso q@&ﬁrhla&h@ sRerRHOL €l mSBOuP&ﬁlquw& pool ed

and diluted 5 f in the el ut s was | oaded
on a @ Sepharogegﬁﬁlﬁ'ﬁf’?ﬁvYzjo‘ﬁdu> t(A#@rghaﬁ;rl ‘g}?g]cﬁ%zb%%]sc? al&y NJ) (4
M matrix per 48vghupasdeforrbiduenaithuiy dessnashetr v t dn0yaid NaP buf f er
(pH 8.0), 35 foll y bahni-ng:10 u

O 07agh2 per! UEBarEEalysh AR a Al e Ot e rttjéll4]2'4 88t ed
Wi th 200 i NaCR) (pHEB. 89 ta 20 nevpKaPehnf i@ade@ah@leessw]ee vgildl yzed

over ni ght agai nghgPBS, 8hedGrod MR MBI ucCShbaBhEE bY W& oz BCA protein

assay reagent kit
coli specific proteins was further confirmed by

western blotting with anti-E. coli polyclonal
antibodies (Dako Corp. Carpinteria, CA).

15 Lyvophilization and stability. Frozen
aliquots of PvMSP-1 p42 protein were lyophilized for
24 h (Flex-Dry MP, FTS Systems, Stone Ridge NY).
Stability of the lyophilized material was checked by
incubating freeze dried aliquots at -70°C, -30°C, 4°C,

20 25°C and 37°C respectively for up to 4 weeks. Samples
at 24 hr, 48 hr, 72 hr, 1 wk and 4 wk were analyzed on
non-reduced SDS-PAGE stained with Coomassie blue.

N-terminal sequencing, mass Spectroscopy

and disulphide analysis. Purified PvMSP-1 p42

25 protein was resolved on SDS-PAGE, transferred to a
PVDF membrane and sequenced using Edman’s degradation
method. Protein samples were analyzed by Matrix
Assisted Laser Desorption Ionization-Time of flight
mass spectrometer (MALDI-TOF, Voyager Biospectrometery

30 RP system, Applied Biosystems) using Sinapinic acid
matrix. PvMSP-1 p42 protein was reduced in the
presence of 10 mM DTT (BioRad, Richmond CA) and 6 M
Guanidine HC1 (Fisher Scientific, Fairlawn, NJ) at
50°C for 60 min. Alkylation was carried in the

35 presence of 6M CGuanidine HCl and 100 mM iodoacetamide



5 (Pierce, Rockford IL). Protein concentration was adjusted to 350 gg m -"'
and stored in 150 gl aliquots (-50 g per vial) at -70C. Purified PvNMSP-1
p42 was Wwoakoaser for honbgeneity by densitonetric anal y®cg/usn2/o83etuci ng
SDS- PAGE (4-12% NuPAGE; Invitrogen, Carlgbad, 10 CA) with up to 20 g
protein loaded in a single well and stained with Coonassie blue. Absence
of host E. coli specific proteins was further confirned by western
blotting with anti-E. coli polyclonal antibodies (Dako Corp. Carpinteria,
CA). 15 Lyophilization and stability. Frozen aliquots of PvMBP-1 p42
protein were |yophilized for 24 h (Flex-Dry MP, FTS Systens, Stone Ri dge

Mo totud o/ [SUEH J00B 1 e 5, v skt e
reeze dried aliquots, at - - : : respectively for up
to 4 weeks. San%‘ll@%lgjaﬁe ﬁlnr"‘,’as48fe}rﬂoyeg2fﬁf)fn iavﬁfﬁﬁﬁoﬁﬁ %ﬁl‘i‘%@ﬁe anal yzed on
non-reduced SDSSPACH St el widrCanahgsie bhueoomhssianlmble sequenci ng,
mass spectroscopy._..and di sul phj | VSES. rifi - 2 2D
protein was res%?%%%e%nn%§%% %n%ﬁgﬁrggytggﬁas%%ﬁ%}%%é tﬁd
sequenced us ngafEdnem' Srderkelddt ifor meethbdnabr apeilbodariptast it -anal yzed

by Matrix Assigled- 13981 IRSQiddin h98LaabLetndt P, O $di Gltfp-1mass.
spectroneter (MALDI - TOF, Voyager Bi ospectronetery RP system Applied

g , ¢ 30
Bi osyst ems) usiPéR SFRRAFH TG dinfEr PROVRIRBPPY P42 PhtERh was reduced
in the presencgodade Mbditded:BiriRad uRechmands CAyramnee 6. Mrdauani di ne HCL

Fi sher Scientifi FairJawn, NJ) at 50C f 0 m Al kyl at i

f:alr ried i nI t heI %%ff)]?%@@jcegﬁul%ﬁvl)“@ffnie&igﬁ@agé%ghggﬁa#%i%ec?ltgca)eglé:tmgﬁ‘i de WO
02/ 074802 ROT/ USH2% 08307hi eHbi(Si grfa NiSrobenkei®dOhcid) (Ldwrance3®Cxin the
dark. —Guani di ng, HCL, y@s r e%j]%geeffgqm@@gfnh@mpy £LEG00L: nPrRE Rikdt 1 on

bef ore anal ysi s” oh’ Coona'ssi
to plot the standard curve.

Immuéblotting and IFA. Immunoblotting was
carried out using standard protocols and developed
15 with a SuperSignal Chemiluminescent kit (Plerce,
Rockford IL) or BM Blue POD substrate (Roche,
Indianapolis IN). Rabbit anti-PvMSP-1 p42 antibodies
were affinity purified using PvMSP-1 p42 coupled
togsyl-activated magnetic beads (Dynal. Norway). IFA
20 was done by standard protocols on methanol fixed blood
smear of P. vivax Sal I strain infected Aotus monkey
blood using fluorescein conjugated antibodies .
Endotoxin assay. Endotoxin levels were
measured with the Limlus amebocyte lysate kit
25 (Pyrochrome; Cape Cod Inc., Falmouth MA) using the
end-point chromogenic method.
Mice immunization. Balb/c (H-29% and CS57BL/6
(H-2°) female mice, 6-8 wk old, were immunized with
formulations containing PvMSP-1 p42 protein along with
30 either Montanide ISA51 (M51) or Montanide ISA720
(M720) as adjuvant (Seppic Inc. Paris, France). Each
formulation included 25 pg of protein with either 50%
M51 or 70% by volume M720 adjuvant. Mice were
immunized subcutaneously with 100 pl of the

35 formulation, three times, with two-week interval



stai ned non-reduced SDS-PAGE for conparative nobility 5 and on i munobl ot
for nonoclonal antibody reactivity. Monoclonal antibodi es rai sed agai nst
P. vivax WBR2a748p212 and pl9 were kindly provided by Dr. Sircmlusg2/0d30ngacr e
(Pasteur Institute, Paris, France). Freegul fhydryl groups were estimated
by Ell man's reagent 10 (5,5 -Dithio-bis-(-3 N trobenzoic acid) (Law ence
etr al., 2000, Vaccine 18, 1925-1931). L-cysteine was used to plot the
standard curve. I mruoblotting and | FA. | munoblotting was carried out

usi ng standard protocols and devel oped 15 with a SuperSi gnal

Chem | um nescent kit (Pierce, Rockford IL) or BM Bl ue POD substrate (Roche,
| ndi anapol i s | NpetRabhi immuriizddiMold .1 i42 aertebedtkaninedelafdayd ty

purified using P- 4 oupl ed , tqsyl -activated neti¢ beads (Dynal.
Ror vay) - | FA S0 IREE d0HE B ot DHIAHE P e s s in SHBO hanal™™f | Set T bon
snear of P. vivarr8atollstired n Garftectledraopss wapakaymubi ved wstng-he
fluorescein con'ﬁgﬂgp %qo&%ic?iﬁdé&ﬁx tigxicnagsay. Endotoxin levels were

measured with the Limus ane oq:%te ysate kit 25 (Pyrochrome; Cape Cod
Inc., Falnouth MA) uBPA§AthRnte Gdﬁorﬁﬁp@fﬁ?%ﬁo@%%%sﬁe?‘i%@?‘hl%

i mruni zation. Balk-bteifthedd SR GERLAS ahHedBymbemphredi ce, 6-B wk ol d,
were inmunized with fornulations cqntajni n% Pvg?P—l 42 otein along with
30 either MontahMHERPRAEISHNESSHr WHHEAI-dETF-8ATS0 9%)1\517%18:; as adj uvant

(Seppi c I nc. Pamisroptance) (Dikach drammilldtyi vA)i weladeda28d gwoth pr@d ei n

with either 50% or _70%by v adj N i muni zed
subcut aneousl y W?ﬁéio‘ﬁejrfo(%?t%let%oe%%a ?(lo%??%?%%@t?ﬂe@(?ﬁw th two-week
i nterval WO®2/ 0248024 PEMIYISOR/0830md 48 tietomeemioliiuaicz 4T¢ onsheM ce were

euthani zed 14 dgysckaht£sr thenst a8l BB IZRLLSRInges Ut SaRpe&s ANd spl eens

(PBST) and 5% casein (Sigma, St. Louis, MO). Plates
were washed three times and incubated for 2 hr at RT
with individual and pooled mouse serum. Plates were

15 washed again with PBST and 1:4000-diluted secondary
anti-mouse IgG, IgGl, IgGZa, IgG2b or IgG3 horseradish
peroxidase~labeled (HRP) antibodies (Southern
Biotechnologies Associates, Birmingham, AL) were added
for 1 hr. Plates were washed and developed with a

20 2,2'-azino~di (3-ethyl-benzthiazoline-6- sulfonate),
ABTS-peroxidase substrate (Kirkegaard & Perry
Laboratories, Gaithersburg MD) and read at 405 nm. For
determination of each IgG subclass, individual sera
were tested in duplicate using 4-fold serial dilution,

25 starting at 1:100. _

Lymphoproliferative cellular responses.

Spleens from mice were surgically removed from
euthanized animals and a cell suspension was obtained
by organ grinding in HBSS (Invitrogen). Leukocytes

30 (pooled in each group) were resuspended, at 5x10°
cells ml™, in Iscove’s modified Dulbecco’s medium
(BioWhittaker, Walkersville MD) supplemented with
0.5% normal mouse serum, 2 mM L-glutamine, 55 pM 2-
mercaptoethanol, 1 mM sodium pyruvate, 0.1 mM non-

35 egsential amino acids and 100 units ml™ of penicillin-



were collected. Control groups were inmmunized with the sanme anount of
adjuvant in saline. 5 ELI SA. Anti body responses agai nst PvMSP-1 p42

protei n wwoaewsbuat ed by an enzyme-linked i munosorbent Pasamy2/(8801 SA) .
Briefly, 96-well mcroplates (Dynax, Chagtilly VA) were coated w th 100

ng per well of either reduced & al kyl ated or non 10 reduced PvMSP-1 p42 and
kept overnight at 4C, then blocked for 1 hr with PBS containing 0.05%
Tween-20 (PBST) and 5% casein (Sigma, St. Louis, M). Plates were washed
three tines and incubated for 2 hr at RT wi th individual and pool ed nouse
serum Plates were 15 washed again wth PEST and 1:4000-dil uted secondary

?m?lpi moutsebl gG st tcgﬂrl] IE@@Z:Qﬁ@élnbg@néohﬁﬁcﬂ@&ﬂ stu aplexrcmdtdﬁsﬁ-l ZE;al ed
anti bodi es_ (Sout hern chnol ogi ocCi i i ngham

were added forthe h?elbl%e@?%gﬁ@’v\é’?ﬁ@dagaa dé@e‘f’% ?/ft ugbia

2,2' -azino-di (Boethyl 9bemilhivdatlki.necdlssubtengteyn iARTS: pdrserictase
substrate (Kirkegaard & Perr abaqr t oyl i bur read at
405 nm For dePerAfRATISH Bf & 2ano-2 gél 18 gﬂgdé J&a%@q

gach "1'gG su ass, sera were
tested in déplipé?eonsi ngprkifodl drodeial Fdi bgtlllonew@r@feﬁ tfng at 1:100.
Lymphoprol i f er aklye; Gebi! Al ipRRARRAeEn rSPhEEASadkam vl Gioaiie, Sur gi cal ly
renoved from eu ani ma and a cell suspension was obtained by

organ grindi ng {RAEFEES (WW%Crlﬁébtn)ln E’é@k’éé?f:égnéoa? poot €81 n each group)

were r eSUSpendegq)n@én%@ﬁm celdss givel cohﬂrbiCGMEtﬁré@dMéJr@dLr&ﬂlLMO S
medi um ( Bi oWhi ttaker kersville M) su&g ge th 101 5% nor mal
mouse serum 2 W g2gh T hERBESFRA 5 oé anol”ginmvl sodi um

pyruvate, Qo1 ﬂ%ﬁbﬂn&ﬁahﬂs@nt(cajn &Y edtaci 48 hnd CODCwre s 2t £ inap
P (1 a0 086D4A808e PEY YROP83R11, “ResLr gRLAMIELN I 1Ry TRgen) . One
37°C under humidified atmosphere and 5% CO,.
Splenocytes were pulse-labeled during the final 16 hr
with 1 pCi per well of tritiated thymidine (Amersham
15 Pharmacia Biotech, Piscataway NJ) and were harvested
onto glass-fiber filters for ligquid scintillation
counting (cpm). Stimulation indexes were calculated
as: Stimulation index (SI)= cpm test antigen (cpm
control.
20 Cytokine production. Pooled cells were
cultured at 37°C under humidified atmosphere and 5%
CO, in presence of 0.5 pM PVMSP-1 p42 or PLfTRAP
antigen in 24-well plates, at 2.5x10°% cells per well,
and supernatants collected after 48, 72, and 96 hr and
25 screened for presence of IL-2, IL-4, IL-10, and IFN-y
using the respective Quantikine( M sandwich EIA kit
(R&D systems Inc., Minneapolis MN). Control and sample
values were read off the standard curve.
Statistical analysis: Data was processed using
30 Microsoft Excel 2000® software. Linear regression
ahalysis was used to calculate the serum dilution
needed to give an OD equal to the mean plus 3 standard
deviation (SD) of the negative controls. An analysis

of variance test was used to determine the level of



the cell preparation were added to wells of a round- bottom 96-well plate.
Cells were grown in the absence or presence of 0.1, 0.2, 0.5, 1.0 and 2.5
pM PvSP-WO 03/0p#22 or a control protein E. coli reconbi nantCP/UShaISSHpar um
t hronbospondi n rel at ed adhesi ve protein s50Pf TRAP;, manuscript in
preparation) at 0.5 M concentration. Positive control cultures were

included on each plate and were stinmulated with 2 Rg m-"' of 10
concanavalin A (Con A) after 48 hr. Cultures at final volume of 200 | per
well, were grown for 5 days at 37C under hum dified atnosphere and 5% CQO2.

Spl enocytes were pul se-1abeled during the final 16 hrr with 1 gG per well
of tritiated thyigmiheedrrrercshaimelbiPhareancea Speteody Refo@meanway NJ) and
were harvested _onto glass-fiber filters for liquid scintillation counting
(cpm. Stinmul at? on ndexes were calculated as: Stinulation index (SI)= cpm
test antigen (cpm control . 20 Q/tokl n&xamelet ibn. Pool ed cells were

cultured at 37C unde rgqa% eoaNgz 5% I BpRLaseRce of 0.5
pM PvVBP-1 p42 or %2%@ antl gen in th{ plc% e%oggtz ZQEXZEL'%G cgel | s per

wel |, and Superbat m%ﬁﬂi%t@é aﬁqJé%bMB P?’MSPaﬁd Pé2nr BRE 25 screened
chjr frﬁse”feMOfP‘}%‘syz’lh'%ﬁ %(de égﬁgﬁa)mﬁglféb arlnlmla&gldsha# rl@ﬁr@eqmz\ge cont 1ol
anti ki ne sandwi c S nc olis : ntro
and sanpl e val ¥festhie e sdes ﬁeleﬁnEtZ' :(uﬁgfﬂec%?\/%”'sﬁa%a%%stl S anal ysi s:
Dat a was procesgeth UsBitgrecihdil.coosaby- Exo:eWaQO@Dche)dsmftpmm‘ (NKi2near
regression anal Si s used t caIcuI h r n eded to
give an OD equaY ‘f% ]fhe alﬁls % wgs sFa %1 %e@llga |on (I\JabsCE fant%%e negative
controls. AA armbdgsis almﬁnwaaldlaﬂndeftfesenv\as ueee foudktvéran wemplasevel of
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bet ween

BL21(DE3) and Origami™(DE3) were tested for the
production of soluble PvMSP-1 p42 protein. Both host
strains were transformed with the same recombinant

15 plasmid, grown, induced under identical fermentation
conditions and PvMSP-1 p42 protein expressed in the
soluble and insoluble fraction was partially purified
under identical conditions (FIG. 1A). Recombinant

_ PvMSP-1 p42 protein produced in E. coli had an

20 apparent MW of ~50 kDa under reducing conditions.
Densitometric analysis of the ~50 kDa band from both
purifications showed that total PvMSP-1 p42 production
was 15% better in Origami™(DE3) (compare lanes 1&2
with 3&4). In addition, Origami™(DE3) cells

25 contained 60% more protein in the soluble fraction
compared to BL21(DE3) host cells (compare lanes 1 &
3). The soluble to insoluble PvMSP-1 p42 ratio for
Origami™(DE3) was 8:1 whereas it was 0.4:1 for the
BL21(DE3) strain. Therefore, the Origami™(DE3) strain

30 was chosen for process development of PvMSP-1 p42
fermentation and purification.

Example 2
The production and purification protocol is

rapid and scalable. Fermentation conditions



groups. Exanmple 1 Oigam TM (DE3) strain of E. soli enhances 5 the
expression of soluble PvMSP-1 p42. The PvMSP-1 p42 gene encodi ng 380 am no
aci ds # 1M8b60207@02 of the published sequence (Lilie et al PCTASBB983CUrr.
Opin. Biotechnol. 9, 497-67) was cloned ip pETAT(NK2) vector. The insert
was sequenced on both DNA strands 10 and no am no acid differences were
found when conpared to the published sequence. Two E. coli host strains
BL21(DE3) and Origam TM DE3) were tested for the production of sol uble
PvMSP-1 p42 protein. Both host strains were transforned with the sanme
reconbi nant 15 plasm d, grown, induced under identical fernentation

condi tions and &e/é\éﬁpzﬂe@%%xarl@&emr@xwﬁme@b&rmatlh&oxs@dllmmeand i nsol ubl e

fracti on was partlall ZE% fled der identlg% con ns gIG | A) .
Reconbi nant % Opﬁir Wt - p Bdﬁggﬂa‘i’% éﬁf alfe 5’85% ent MW
of -50 kDa underag én:hmxarsg:e@i)rfdlotm aAsL f@am&htmmalcmlamm%/m s of the -50

kDa band from both Mﬁ%@%‘%’f‘%h%@gigﬁ‘% ﬁft%é @/I\@Ei 1 p42 production

was 15% better in Orl gam rrfare anes 3&4) In
addi tion, Obi gasgraMaEDN cd Ithep50dBhia] ﬁne@lcw)arhyé:qﬂtétléiuﬁatﬁonhe sol ubl e

fraction conpapgd 40 Bzl (E3) 1BASkag el bsaég oomad quaagauﬂm&foﬁ) The
sol uble to inso]uple PvI\/ISP- p42 ratio for. Origam TM s 8:1 whereas

it was 0.4:1 forital BLLETP(‘-CB@?)tlgF-r afpe TAEYER oY Yfard 5 TM DE3)
strain 30 was chaseshdryid Qﬁﬁi&rdekéﬁt@pﬂ‘ﬂ?ﬂﬂg of mnﬁﬁdhz@% aher rrent ati on

api 0 and soal 6T FoRHER Lo e S TR onE VO b3 07 A4S0 2 LA PISeS  dsa07 51
descri bed eéfr!| iprreve(®Id ourid dpniemdl . f Brasol o econtaining the
protein were pooled and diluted 5 fold to reduce the
imidazole concentration before loading onto a Q-
Sepharose anion-exchanger. Impurities either flowed
through the Q-Sepharose column or were removed in the
15 100 mM NaCl wash. Purified PvMSP-1 p42 was eluted in
200 mM NaCl (pH 8.0) with final yield of 80-100 mg
PvMSP-1 p42 per 10 L fermentation. Densitometeric
analysis of the final products from independent
purification experiments, showed >99% pure full-length
20 product on reduced Coomassie blue stained SDS-PAGE
(FIG. 1B, lane 2). Host E. coli protein content of
1000 pg ml™ pure PvMSP-1 p42 preparations was
routinely below 1 pg ml™ (minimum detection limit) as
measured by immunoblot (FIG.1lC, lane 2). Purity
25 evaluation by HPLC gel-filtration and reversed-phase
columns detected a single symmetrical peak in the
final PvMSP-1 p42 preparations (data not shown).
Example 3
Purified Recombinant PvMSP-1 p42 has a low
30 endotoxin content. The final product was analyzed
by the LAL assay for the presence of endotoxins. The
final preparation of PvMSP-1 p42 protein contained
between 30-50 EU’s per 50 ug protein (estimated single

human dose).



protein production. On average 150 gm of wet cell mass was harvested from
10 L fernmentation culture. Purification was initiated by lysis and 5

separ at i owowbk/ot4se2 sol ubl e fraction by centrifugation. Theczalsabossofraction
was | oaded on a N2 colum for initial pygpification. The colum was washed
with resuspension buffer containing 40 mM i m dazole and PvMSP-1 p42
protein eluted off the Ni2 colum was >80% 10 pure (FIG 1B, lane 1).
Fractions containing the protein were pooled and diluted 5 fold to reduce
the im dazole concentration before | oading onto a Q Sepharose

ani on-exchanger. Inpurities either flowed through the Q Sepharose col um
or were renoved in the 15 100 mM NaC wash. Purified PvMSP-1 p42 was el uted

in 200 MM NaCl (pH 8.0) with final yield_of 80-100 ng PvMSP-1 p42 per 10
L fermentation. Densitoneteric analé&‘égm&r—e—&-ﬂe final products from

i ndependent  puri fi %f@@;@&peﬁw@ﬂk&naﬂowmgw% ppig fid | skamatd, 20
product on reduced Coonassie bl ue stained S- PAGE _(FIG 1B, l.ane 2). Host

E. coli protei nSedptehiy it POBF ¢ RiE2 1Wﬁﬁr%SWRfBT?ﬁC§L 54 ARG ons was
routinely begl owloghil ded BAud8im d@t g¢EFeReht Ntéjp@satumasur ed by

i mmunobl ot (FIGlC | ane Purity .25 aIu filtration
and rever sed- phadadi by %n% 47 g}ylng e elnq%/ ﬁﬁc%ggk ovetrt he
final PvMSP-1 pd2fpueper ad?emnxi(d’a?M@Pﬁ@t péﬁom<)>teE1xam)lﬂetSB Purified
Reconbi nant Pv P—%hpf%g@sf@m}l QW & %Q)u?l@dgt()o%bnsgggggngt Thed i nal product

was anal yzed b assay for resence of endotoxins. The final
preparation of T@P—4fcp425p?o@%ﬁin37:63nﬁ"7édtﬂ?e61° SéiSRse P 3PS REgWE 98 50 g

protein (eaﬁol e @gh-Sddte n @D RS 8howM. 081 QA8 02n PR 163028307 52
Exanple 4 were observed upon storage in PBS solutions at 4°C for
more than a wk.
Example 5
Recombinant PvMSP-1 p42 has the correct
15 primary and tertiary structure.
N-terminal sequencing of the final product using Edman
degradation revealed the first 23 amino acids to be:
Ala His His His His His His Pro Gly Gly Ser Gly Ser
Gly Thr Met Ala Asp Gln Val Thr Thr Gly (17 amino
20 acids encoded by the vector (SEQ ID N0:8); 6 PvMSP-1
p42 specific residues are shown in bold). MALDI-TOF MS
showed a peak at 45,031 Da. Theoretical MW of the
full length PvMSP-1 p42 is 45,035. Coomassie blue
stained, non-reducing SDS-PAGE of freshly purified
25 PvMSP-1p42, revealed a tight homogenous band (FIG. 2A,
lane 1), indicating it is largely composed of a single
conformer. Due to the presence of an odd number of 11
cysteines in PvMSP-1 p42 it is most likely that at
least one cysteine was not involved in disulphide bond
30 formation. This was further evidenced by a slight
decrease in mobility of alkylated protein (FIG. 2A,
lane 2). Alkylation of the native protein resulted in
a mass increment of 58 amu’s measured by MALDI-TOF MS

which corresponds to the addition of a single alkyl-



Purified Reconbi nant PvMSP-1 p42 is stable. Stability of PvMSP-1 p42 was
estimated by incubating 5 |yophilized protein at different tenperature
condi ti orwOana7anal yzi ng the protein by SDS- PAGE over a Pewrusekogser i od.
PvMSP-1 p42 protein in its |yophilized rmwas found to be stable at
-70C, - 30C, 4C, 25C and 37C with no signs of breakdown or 10 aggregation
(data not shown). Diners and nmultiners were observed upon storage in PBS
solutions at 4C for nore than a wk. Exanple 5 Reconbi nant PvMSP-1 p42 has
the correct 15 primary and tertiary structure. N-term nal sequencing of
the final product using Ednan degradation revealed the first 23 am no

acids to be: Aladd %}ﬂﬂ@ ks tHieS plib8eth s ®EMd Mok SRmg@-y gap Ay Thr
Met Ala Asp @ n Val r Thr Ay (17 ami no 20 acids encaoded by the vector
(SEQ I D NO 8); V- iy \sh. 1(FI&422§pe&PF?c3)re%ﬁl Ut FEEHOWT T n bol d).

MALDI - TOF M5 Hiowadtd gpealetat. 45, 033dndad) Theotel i dadrddieat miohe 1ifwy |

| ength PvNVSP-1 p42 | 35...Coonass| I st ai.ned,, .non- r.educi ng
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band (FIG 8A wdmnechsssifdiecanilyguponilsrézh el ylvorpesddhidea singl e
conformer. Due k%o%(éeﬁh.; NGRED e 18k AR PAE AT riffarh s CY HeRirioselin PYMEP-1

p42 it is nost at at least one cystelne was not involved in
di sul phi de bondn FFeomvdiSFort. PRI evaaledrt het realeenodd tBgea—SHi ght

decrease in nohidd twmoak alekghakedippatein (FIG 2A, lane 2). Al kylation of
the native protein resulted in a mass ipcrenent of, 58 amu's neasured by
MALDI - TOF M5 whi ch 08t rEsmee &5 TRAVSHLPE %ﬁn%ﬁlt“a"%i?%“rﬂeo%ﬁwaﬁ/\o
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PvVEP-1 p42 WIIEOQlo[c):-ELn(aEI %ntzi%odli%gerglsgcﬁldaééfng@wéﬁl—%: p42 and
pl9 expressed by baculovirus. Monoclonals E9.14 and
F10.3 recognize conformational disulphide bond
dependent epitopes in the pl9 region. Monoclonal 5.14

15 also recognizes a putatively conformational epitope on
p42. The E. coli produced soluble PVMSP-1 p42 was
recognized by all three of these monoclonals on non-
reduced western blots (FIG. 2B). The reactivity to
monoclonals 5.14 and E9.14 was reduced after reduction

20 and alkylation (FIG. 2B; compare n and r). Monoclonal
F10.3 showed decreased reactivity with reduced PvMSP-1
p42. A P. falciparum MSP-1 specific monoclonal was ‘
used as a negative control and showed no reactivity to
PvMSP-1 p42 (data not shown). Reactivity was also

25 seen with monoclonals F20.14 and D14, both of which
recognize linear epitopes in the p42 and to a
polyclonal sera from rabbit immunized with pl9 (data
not shown) .

Example 6

30 PVvMSP-1 p42 induces specific antibody
responses in immunized mice. Vaccination with
PvMSP-1 p4d2 elicited a strong antibody and T cell
response and was well tolerated in mice with no
apparent signs of lesion formation. Individual sera

35 from 4 animals in each group were tested for anti-



al kylation (FIG 2A, |ane 4) caused decreased nobility on SDS-PAGE

i ndicating that other alkylation sites 5 were accessi ble only upon breaki ng
t he di sulwbiode74sbonds. El Il man's test for free sul f hydryl sPpenfSor/essadr on
pure PvMSP-1 p42 reveal ed 1.07 noles of fpee -SH per nole of PvMSP-1 p42.
The presence of reduction sensitive epitopes was 10 .confirned by
reactivity to previously characterized nonoclonal antibodies raised

agai nst PvMSP-1 p42 and pl9 expressed by bacul ovirus. Mnoclonals E9. 14
and F10.3 recogni ze conformational disul phide bond dependent epitopes in
t he pl19 region. Mnoclonal 5.14 15 al so recogni zes a putatively
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apparent signs o esion formatron. Indivi sera 35 from4 animals in
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1gG 19GL, |9Q&g; +483201 @A dAGH M ElehSAhighest (above 2x10°),
‘ followed by IgG2b, IgG2a and IgG3 (data not shown) in

that order. For each mouse strain, both adjuvants gave

similar antibody response with some differences in the

15 level of IgGl and IgG2b between the two strains.
‘Regardless of the adjuvant used, Balb/C mice produced
about 3.5 times more IgGl antibodies than the C57BL/6
group. Conversely, C57BL/6 mice produced about 6 times
more IgG2b antibodies. These differences were

20 statistically significant (F > 16.7, p < 0.001). Total
IgG titers were also determined using reduced and
alkylated PvMSP-1 p42 as coating antigen. OD values
were 30-80% lower for all groups against reduced and
alkylated protein. |

25 Example 7

PvMSP-1 p42 induces T cell responses in the

immunized mice. TABLE 1, summarizes the cellular
responses found in PvMSP-1 p42 immunized groups. As
seen with the antibody response, the T cell

30 stimulation indexes were similar in immunized groups
of the same strain regardless the adjuvant used (F <
1.4, p > 0.26). The SI for the Balb/c group were
however, higher than those for the C57BL/6 (F = 94.5,
p<0.0001) regardless the adjuvant used. Cytokine

35 levels were measured in the culture supernatant from



The nean OD value plus 3 SD of the controls (using both strains and al

anti-|1gG subclasses at 1:100 dilution) was 0.080 (nean

0.016).
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Mice Adjuvant Stimulation IL-2 IL-4 IL-10 IFN-y

MHC Index!

(pg/ml-of supernatant)®
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! Data shows the SI (mean value and the standard deviation) of cells stimulated with 0.2, 0.5,
15 1.0 and 2.5 UM PvMSP-1 p42. Background average count for cells stimulated with the control
P. falciparum PfTRAP antigen was 4365 ( 1504 cpm for Balb/c (H-27) and 4903 (1875 for
C57BL/6 (H-2%). Similar scintillation counts were observed in cells from adjuvant control
groups stimulated with PvMSP-1 p42 protein (data not shown). Stimulation with Con A gave

count above 60,000 cpm.

20  ?Peaks of cytokine production detected in cell culture supernatant after 48 and 72 h of in vitro

stimulation with 0.5 pM PvMSP-1 p42,

Example 8
Recombinant PvMSP-1 p42 resembles the

25 mnative parasite protein. Affinity purified rabbit
anti-PvMSP-1 p42 antibodies tested positive by IFA

against blood stages of P. vivax Sal I strain. FIG. 4A

shows an early schizont with bright fluorescence.

Polyclonal antibodies in all PvMSP-1 p42 immunized

30 mice groups also tested positive on IFA. FIG. 4B

shows



stinmul ated spl enocytes after 48 and 72 hr of stimulation with PvVSP-1 p42.
In general, Balb/c showed higher cytokine |evels except for IFNvy

product i owOi/0@BFBL/ 6 m ce. Nanogram levels of IFNy 5 wereTalsszossed i n all
groups with higher levels in the M20 iggunized groups (see TABLE 1).
Cells stinmulated wth the control protein (PfTRAP) showed undetectabl e

| evels of IL-2, IL-4, IFN-7 and 135 (31 pg m -1 of IL- 10. 10 TABLE 1.
Lynphoproliferative and cytokine responses in mce inmmnized with PvMSP-1
p42. Mce Adjuvant Stinulation IL-2 IL-4 IL-10 IFN--y WMHC I ndex' (pg/m of
supernatant)2 H2 Mntanide 5.9 0.6 211 11 59 8 607 51 2826 51 1034

H-2 Mont ani de 6s 21ak Scddphozdd t46 st3g832tadiled89p ddll e 2 xin? ' frihnt ani de
3.3 0.2 37 429 658 10 4 51,5 H tanide 3.8..0.4 43 8
27 a1 aa o oot Mk idry vgep A6E MO AW SRR ddop 2

st andar d devi atwaw) foindeldisigstciomtlrafledewth 0.2, 0.5, 15 1.0 and 2.5 M
PvMSP-1 p42. Background average couiyé@fsedid stimulated with the control
P. falciparuni PfTRAP antigen was 4365 1504 cpmfor Balb/c (H2a) and
4903 (1875 for C57BIewoT¢L e 'Surfgice papteénnli 1§ a®rdrPkdthft 9%t e obser ved

in cells from aghyyamn€oddne 6bOUR8astE MBlahechaMBivddy MiRgk p42 protein
(data not shown). St%%l ation wth Con A gave, count a%oja\ée 6%0 Q. cpm 20 2
Peaks of cyt okifelPpFtttdF G detedPETSI hS cBY FIRRTE e Pttt Vat ter 48

and 72 h of in wboleoof E$PRI atd aodenthafdSs RM &v MBIl p4X nedanrilee 8
Fecort tent PYUER B2 AERRILES e Enynal s PRIASIUR G iy AT ni
agai nst bl d6d shaes oiluntegnsaxegairpssprafass Fleyelgpnesfoierarkhear | y
schizont with bright £]H0rESeRRERaceutical grade recombinant MSP-1.
Here we present a process that can be used for large-
scale production of recombinant P. vivax MSP-1 p42
protein in E. coli. Although vaccination with the pl9
15 region of MSP-1 has been shown to protect animals we
have chosen to express the entire p42 domain, as the
P33 portion contains some important B and T cell
determinants (Kaslow and Kumar, 1996, supra).
Moreover, we believe that the p33 region provides a
20 hydrophilic scaffolding for the correct folding of the
pl9, just as GST fusion pl9 constructs have been
previously shown to fold correctly in E. coli (Ling et
al., 1994, Parasite Immunol. 16, 63-67).
Prokaryotic expression systems like E. coli
25 produce large quantities of protein with a relatively
simple fermentation protocol. This system shares an
important feature with Plasmodium in that it lacks N-
glycosylation (Ling et al., 1995, Parasite Immunol.
17, 425-433). However, one of the major drawbacks of
30 E. coli is the reducing nature of its cytoplasm, which
inhibits the formation of disulfide bridges, and may
result in incorrect folding of complex proteins or
formation of protein aggregates. MSP-1 contains a
cysteine rich (pl9) domain with 5 to 6 disulphide

35 bonds (depending on the species). The presence of



Pol ycl onal antibodies in all PviMSP-1 p42 i nmunized 30 m ce groups al so
tested positive on IFA. FIG 4B shows WO 02/074802 PCT/ US02/ 08307 56 a
| at e tr opWoaRint40st age st ai ned by pool ed serum from Bal bPCriusnues3ard
PvVSP42-1 p42 and Mbl. No recognition s, found using control sera.

DI SCUSSION 5 Merozoite surface protein-Iis one of the nost inportant
vacci ne candi dates fromthe bl ood stage of nmlarial parasite. There.is
evi dence of the protective role of MSP-1 in rodent and sim an nodel s of
mal ari a. Advanced eval uation of such a prom sing antigen in 10 human
vol unteers requires process devel opnent for the production of

phar maceuti cal %@Qectwomﬁ@@tdﬂ\ﬁaphme%b@d\éeuar @E@%l@ BeLess that can
be used for Iarg scale roduction of, r%ﬁﬁgﬁ g£ %lvax MBP- 1 p42
protein in E cBPF. PRPRhERGH v &5 &idrt Ofh&hF18° C?%%ﬁdﬁfof NVBP- 1

has been shown p@opéetecé anhued Scagponzayageliasenthe papagssetie entire p42
domai n, as the I i an n

det er m nant s (K% ow an d%'] Eﬂ% %OH% é;ra%%/b Eugrg e b%&lfl %ve that
the p33 regin pilovi d882a E@ph®H¥d§HﬁKN©hs@§N$6kélﬁé2f@@nth% correct

fol ding of the R%?esbéét1ﬁ5aC§8hJéﬁﬂﬁHﬁdql%7CQ%&EVHSEﬁ Bﬁyflﬁﬁﬁﬁ
previ ously shown fold correctly in E. coli (Ling_et_ al 9914, ParaS|te

| munol . 16, 6318¥ye PPéRé??o?fdjE%ﬁ?%%%%%h“@?sﬂ@ﬁ@lek% EﬁtE§W9t%5 produce
| arge quantltleﬁooﬁmpféﬁél@o!@ﬁi&ﬁbﬁ&hﬁ&bﬁ@hMg seprpkachietoent ati on

protocol. This s§ eg1shares an ort%p ﬁﬁ gﬁe wi.t h Pl asnmodi umin that
it lacks N gly€ ?éF tPBA Wf?%gﬁ%ﬁu esSTiigos WepLPgti fRTHRanat. 17,
425- 433) . Howevexpressing thfsrgqnﬁ:ﬁhawh@cksnoﬁlﬁmea’ botisisutheas educi ng

nature of its cxbgglazﬂ%vgaéﬁncor:%ﬁﬁg%éﬁggyﬁ Eg?ﬁ@&ggﬁe?ErQB§4hﬁﬁéﬁt

bri dges, and ma roterns or
host The protein solubility however, showe no

substantial improvement. Recently an E.coli host
strain, Origami™ : a thioredoxin and glutathione

15 reductase (gor) gene mutant (Dieckmann-Schuppert et
al., 1992, supra), was shown to promote disulphide
bond formation within the cell cytoplasm. Using this
host strain we achieved significant enhancement in the
vield of soluble PvMSP-1 p42. Furthermore, a

20 combination of low IPTG concentration and low
temperature induction was found to favor expression of
soluble PvMSP-1 p42, probably caused by reduction in
the rate of protein synthesis (Besette et al., 1999,
supra). The above strategy might be useful in

25 improving the yield of other vaccine antigens
expressed in E. coli.

The E. coli expression vector pETAT(NK2) used
here is a derivative of vector pET32 and has been
specially engineered for the production of wvaccine

30 candidate antigens in E. coli. The plasmid was
constructed to have a tet’ gene for selection during
fermentation, because ampicillin is not a preferred
antibiotic for use in the manufacture of human use
products. This raised an important issue when a switch

35 to Origami™ cells was made, as this strain is



formati on of protein aggregates. MSP-1 contains a cysteine rich (pl9)
domain with 5 to 6 disul phide 35 bonds (depending on the species). The
presence Wb o327 074802 PCT/ US02/ 08307 57 correctly formed/usozedsphi de
bonds in the pl9 region has been shown be critical for the induction of
protective i mmune response against the parasite in aninmal nodels (ElI man,
G L., 1959, supra; Gbson et 5 al., 1992, supra). Al though PvMSP-1 p42 can
be expressed in a conventional E. coli host BL21(DE3), a |arge portion of
t he product was insoluble. Attenpts to inprove solubility by varying
fermentation conditions were unsuccessful. W then focused on 10 expressing

this gene in " redoxApdifiedeasharSUGHIAS a ARUSY L NV 3e8en ta thiBhor edoxi n
reductase (trxB) mutant host. The protein sol ubi Ié%dg%r showed no

substanti al i nPPERRTEIDEREEChEAOFY EOWRFS Hoston GJEREPM  a
t hi oredoxi n andyvgd lﬁcﬁts}'hlgiﬂﬁfllﬁtrﬂte@(]lafsﬁﬁé (g9 )am@niedilirantin protein

(D eckmann- Schu r t 1992. su ra) S r di sul phi de
bond formati on ﬁ%hcé ﬁ/ver%% qracefy (:)Lf)l a‘g?n él@ d@%qgl %% engtgrggl%n "we

achi eved signifimamﬂm%ahhnueﬁen@mmeihéinyleld of sol ubl e PvMSP-1 p42.
Furthermore, a 20 cophl ngilom tloeiwsl:ﬁzﬁeca@%ﬂméau@&@% QWi g

tenperature inducti on vvas oun favor ression of _soluble PvI\/ISP- 1

p42, probably c%m%efdﬁ%wh%m%@%nfr%ew t el ¥FiHrict Slirteyht Rési s

(Besette et al.ghd9%Shal iicR)ct Ehe BBO&‘Qrﬁié@tﬁglyhm ahio l‘@y@sef ul in _25
i nprovi ng the vyi eld of ot her vagm ne antigens res ed coli. The E.

coli expressio GeEGLH ?Iétl%t Eﬁr vect or
pET32 and has tmﬁm 1$p;mmag‘de;deimg1 pesyedchbe-tihe meachmi—la:\mpof vacci ne 30

o e ot dohp ks S dompk12 ! BR0bA, Y89 PROPLILAL LA QubRKE 2 tet!

gene for select
concentratlons during wash and elution instead of

continuous gradients; this was done to make the
process robust and facilitate reproducibility. The

15 process gives greater than 99% pure PVMSP-1 p42
protein with an endotoxin content within permissible
levels for an injectable pharmaceutical.

We have used multiple techniques to determine the

purity of the product. Reduced SDS-PAGE analysis with

20 overloaded (up to 20 pg per well) protein and immuno-
blotting with an anti-E. coli antibody confirmed high
level of purity of the product. In addition the
protein was also found to be homogenous by HPLC
analysis on reversed-phase and gel filtration columns

25 with no signs of aggregation (data not shown). PvMSP-1
p42 was found to be stable at room temperature in its
lyophilized form. Primary structure was confirmed by
N-terminal sequencing and mass-spectrometer analysis.
The N-terminal methionine could not be identified

30 during seguencing, however the 23 subsequent amino-
acids including six PvMSP-1 specific residues were
confirmed by N-terminal sequencing. The molecular
weight of PvMSP-1 p42 was found to be within 4 amu’s
of the predicted mass. We have confirmed the presence

35 of a predicted free cysteine in the final product. The



fermentation, because anpicillin is not a preferred antibiotic for use in
the manufacture of human use products. This raised an inportant issue when
a switch w8b o742 gami TM cel |l s was made, as this strain i CWDS02083774802
PCT/ US02/ 08307 58 tetracycline resistantsg Using a series of fernmentation
experinments and colony counts we confirnmed that there was no significant
plasm d | oss and decline in protein yield when tetracycline was used
during fernentation, 5 in conparison to anpicillin. The purification schene
described here is rapid and the whole process fromcell lysis to elution
of the final product can be carried within two days. Purification can be
carried out at pooteiwrnpes sdlwe Ad-cynd ziesl desmgnedlénal emsyilsehles up. The

two-step purif] i i . p-W-S€.:] e j ent
concentrations %@%fﬁ%@é@ﬂf%%@a%%aﬁoﬁﬂdng ielg%ogs%%ﬁ%lgnﬁléh%s gradi ent s;
this was done tbamekevikes ¢rrieesed GWMSP-andCohtinstateatepridfi bility.
The 15 process gjl}ggé)greater than 99% pure PvMSP-1 p42 protein with an
endotoxin content- wthin permssible levels for an injectable )

phar maceuti cal . W haVBUReEe et Y (e BESHnqRéS V8SdEREF HPALHhel® purity

of thelF;OdUCt.ﬁ@@@Cﬁﬁiﬁ&£&%ﬂ¥%éﬁﬁﬁﬁlﬁ&bglﬁibml B@s@aeaajfm&ﬁkdyp go 20 g
per we protejn and, otti t n anti-E. coli antibaody
confirnmed high M?%E%ﬁu%%f y“b# #%3\&4& ogﬁ& Ew?nagaﬁY??%% c?Jhtletberpr otein
was al so found {0 tee homfproust byortiRnE wabhl M328 dSormever skethyEase and gel
filtration colu g, t '%ﬂgr f_.aggre i wn) .
PvMSP-1 p42 was %%%%H\% bh%cg&sféa e aglttsr %%%1 g%ﬁ%ﬁ%ﬁ%ﬂ%@%ﬂ?et%wl yophi |l i zed
form Primakd serbetfee hgsaroide ransd hieye ReeeraPRaledeguerrtatgaand

MBSS- Spect r onet 65 -aab V&t Sa1s e dbkes @ Ball ABhBLEN(NEnGOH b Ot be

'dentified 30 dyring seauencing, ROMEVelqt N8otduSEbPedient, am no-
Longacre et al., 1994, Mol. Biochem. Parasitol. 64,
191-205; Patterson et al., 1999, Vaccine 18, 173-180).

15 Vaccination with both adjuvants induced IgGl, IgG2a
and IgG2b antibodies along with the production of
cytokines IL-4, IL-10 and IL-2, IFN-y. Cytokines IL-2
and IFN-y are assoclated with the production of IgG2a
and are indicators of T helper-1 cell (Thl)

20 activation and of predominately cell-mediated
response; in contrast IL-4 and IL-10 cytokines
secreted by T helper-2 cells (Th2) are associated with
the production of IgGl and indicate an antibody
mediated response (Perera et al., 1998, Infect. Immun.

25 66, 1500-1506). Results indicate that both Thl and Th2
subsets of T helper cells are being elicited by PvMSP-
1 vaccination. The activation of both subsets of Th
cells, sometimes with one response dominating the
other, has been shown to correlate with protection

30 against blood stage challenge in murine models
(Perlaza et al., 1998, Infect. Immun. 66, 3423-3428;
Saul et al., 1999, Vaccine 17, 3145-3159). An ideal
blood stage vaccine candidate would be one that can

activate both Thl and Th2 responses (Sjolander et al.,



acids including six PyMSP-1 specific residues were confirnmed by N-term nal
sequenci ng. The nol ecul ar wei ght of PvMSP-1 p42 was found to be within 4
amu' s ofwOhe/opserli ct ed mass. We have confirnmed the presemrce/uds2/ed30n
predicted free cysteine in the final progyct. The WO 02/ 074802

PCT/ US02/ 08307 59 protein was al so recogni zed by nonocl onal anti bodi es
agai nst conformational and |linear epitopes on a bacul ovirus expressed
PvMSP-1 (Collins et al., 1999, supra). 5 Imunogenicity of PvMSP-1 p42 was
carried out in mce using two netabolizable oil based adjuvants:

Mont ani de | SA51 and | SA720. The two adjuvants differ in the surfactant
content with M/299% prmmedlvgnedd, amd-SkénssoBoeh adjavant®dte general ly

considered 10 safe for ﬂHﬂEP een applied to malaria vaccine
trials in nnnke@sgang hunans’ %%gn%QH¥P§¥%4? 1994, Am J. Trop. Med.

Hyg
50( Suppl ), 27-32; Léngacizaetiom|in thgo4trbBhs BEowhem WPaR a8he oo 64,

191- 205; Patteré&?u@én@% shéﬁé&kcaﬁﬂaydwgelg athd 311883 oﬂé%ék#ﬁgﬂﬂat|0n with
bot h adj uvants 1 nduced |gGl, ®&a’_ and IgGQb anti bo g?es al ong% the

production of E?@%k$%%%lmq_hﬂg L PVRIF PE- 2FNMERR2POEt BRFA SI? 2 and

| FN-7 are assocm@&@d wuatgtuarbetcprgzﬂtﬂdﬂm&domtgmazoam @.r:eu’ttlﬂlﬁh! cators of T
hel per-1 cell FV%%ZO activation and of. natek%%cel nedlated

response; in coﬁ tOF LMy 19SPRYSE, 8k Fﬁgguss@%? U by P hel per - 2
cells (Th2) aredasfeceémtedimidtokime pﬁm@unseoandflg@(ﬁr@mmlend|cate an

bod d
1500- 1506) | ReolPr S| o CarE That bork T 4na TR\ eOEesia ol T hol per

cel | s are Bl nggen¢eie ededir Finsm of ﬂﬁ@@pﬁarﬁéﬁonﬁﬁeagé%m%%I?YWﬁRﬁl bot h

subsets of Th gebl S« SOLB!# IS dHL10RRNESS PORSROEOTINNGLE Ngeidie ot her,

has been shown To correlate with pratection i
(Taylor-Robinson eé) 1., 983 Science 260, 1931-

1934). .
Reactivity of sera from all the groups was 30-80%

15 lower with reduced PvMSP-1 p42 compared to the native
protein. A similar observation was made with human
immune sera against P. vivax, where titers were on
average 50% less against reduced pl9 (Yang et al.,
1999, Infect. Immun. 67, 342-349). This indicates a

20 large contribution of conformational epitopes in the
overall antibody response against PvMSPl p42. The
generation of such conformational anti-MSP-1
antibodies is critical to raise a protective response
against the parasite (Ellman, G. L., 1959, supra;

25 Gibson et al., 1992, supra). Rabbit and mouse
antibodies raised against PvMSP-1 p42 protein reacted
with native MSP-1 on the parasite by IFA, further
establishing the near native structure of PvMSP-1 p42.
Recombinant PvMSP-1 p42 protein also reacted

30 positively with sera collected from a P. vivax endemic
area on Western blot and ELISA (data not shown).

The process development efforts described here
are a critical part of the development of a subunit
vaccine and address some of the issues facing protein

35 chemists involved in production of protein based



30 agai nst bl ood stage challenge in nurine nodels (Perlaza et al., 1998,
Infect. Imun. 66, 3423-3428; Saul et al., 1999, Vaccine 17., 3145-3159).
An i deal wbloewodssst age vacci ne candi date woul d be one that Pcarusozessdvat e
both Thl and Th2 responses (Sjol ander et gal., WO 02/074802 PCT/ US02/ 08307
60 1995, I mmunol ogy 84, 360-366; Soares et al., 1997, Infect. |nmun. 65,
1606- 1614). I mruni zation in two strains of mce with the two adjuvants
showed conparable B and T responses with 5 M/20 showi ng hi gher |evel s of

| FN-yin both strains of mce. W plan to go forward with M/20 in a future
study of immune response in rhesus nonkeys. The difference in cytokine
response and | ghqrifddieiaetiser M- bytweehilhey taw slimmigwmsl iqwidsat es sone
10 genetic rest S t 4 s seen for
several other %%gﬁ% u§$%%hlgqﬁglf§% ?%%?Fb @?S%ﬁygggffca&%égg Sci ence
260, 1931- 193419>ror|ree%mq \Anthigenss diker PEMSRIL Rée @ouPars F0-B0% 15

| ower with reduggfhP\MERY P42 camRar addt get-be &@tavzeeagzérgi eidx A similar
observation was, nade w th ne s ainst P. vivax, where titers
were on avéragém@ﬁﬁ84%%¥xggéﬁﬁgﬁhp€ dOBd pi@u%yﬁﬁg et al. 1999, Infect.

| mun. 67, 342-349). This indicates a 20 | arge contribution of
confornational epitopes in the overall antibody response agai nst PvNSP
p42. The generation of such conformational anti-MSP-1 antibodies is
critical to raise a protective response against the parasite (Ellman, G
L., 1959, supra; 25 G bson et al., 1992, supra). Rabbit and nouse

anti bodi es rai sed agai nst PvMSP-1 p42 protein reacted wth native MSP-1 on

the parasitld by | FA further establishing the near native structure of
PvVSP-1 p42. Reconbi nant PvMSP-1 p42 protein also reacted

15

20

25
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30 positively with sera collected froma P. vivax endem c

bl ot and ELI SA

here ar ewe oe/r4sdz al

addr ess sonme of

area on Western

(data not shown). The process devel opnent efforts descri bed

t he issues facing protei gp35 chem sts involved in

production of protein based WO 02/ 074802 PCT/US02/ 08307 61
pharmaceuticals. The availability of clinical grade antigens will help in

establishing the efficacy of
aria vaccine, and serve as a reagent for 5 inmmunol ogi cal
10 15 20 25 30 WD 02/074802 PCT/ US02/ 08307 62

of a human nal

functional studies.

part of the devel opnent of a subunit PCraise2/essoand

prom sing antigens |ike PvMSP-1 p42 as a part

and

What is clainmed is: 1. A reconbinant PvMSP-1 p42 protein which retains its

native fol ding.
PVMBP-1 p42 of

5.2.. A sy t.i.on conprising the reconbi nant P. vivax
Vg]il%ii—“ rﬁﬁ.&%%,&%!r teléc’drrbi nant vector conprising a DNA sequence

10 encodi ng PVMBP-1 p42A zecomimngedt GvMSP-4| Rt Brokeieivhissdi d DNA

sequence is fromPlastodiumivax sgalyihg. 15 5. The vector of claim4
wherein said DNA sequence corresponds to SEQID NO 1. 6. The vector of

claim5 wherPein said vector is pPvMSP1-42. 20 7. A host cell transforned

with the vector

10

15

20

25

30

2. A composition comprising the recombinant P.

vivax PvMSP-1 p42 of claim 1.

3. A recombinant vector comprising a DNA sequence

encoding PvMSP-1 p42.

4. The vector of claim 3 wherein said DNA

sequence 1s from Plasmodium vivax Sal I.

5. The vector of claim 4 wherein said DNA

sequence corresponds to SEQ ID NO:1.

6. The vector of claim 5 wherein said vector is

pPPVMSP1-42,

7. A host cell transformed with the vector

according to claim 6.

8. The host cell of claim 7 wherein said host is

Origami (DE3) .

9. A method for producing and purifying
recombinant P. vivax PvMSP-1 p42 protein comprising:

growing a host cell containing a vector
expressing P. vivax PvMSP-1 p42 protein in a suitable
culture medium,

causing expression of said vector under suitable
conditions for production of soluble PvMSP-1 p42

protein and,



according to claim6. 8. The host cell of claim7 wherein said host is 25
Oigam (DE3). 9. A nethod for producing and purifying reconbinant P. vivax
PVVSP-1 pwo oplootsel n conprising: growing a host cell cont&cariusg/essoect or 30
expressing P. vivax PvMSP-1 p42 protein |g a suitable culture medium
causi ng expression of said vector under SU|tabIe conditions for production
of soluble PvMSP-1 p42 protein and, WO 02/ 074802 PCT/ US02/ 08307 63 |ysing
said host cells and recovering said PvMSP- 1 p42 protein such that it
retains its native folding. 10. The nethod of claim9 wherein said
expression 5 of said vector is by induction with I PTG at a tenperature

range of 24C27C . 1i,qThe g@i@%s@‘ ctélq'snbﬂaa W@@B@é?lﬁ?' ghidaugidon IS at
25C. 10 12. The nethod of "claim9 wh éSIn is.in the

presence of |n1Ha&%@éprQEﬁlﬁTﬁPQan%%ﬁ 6F EPLPITE ¥E$t¢@ﬁlYﬁnﬁﬂ%Q%3$g 15
renoval of E. soli endotoxin. 14. The nethod of claim 13 wherein said

renmoval of endotoxin.is_by appligcatio

ant i body produced agg9nsTh¥HE§$§§gﬁB#ﬁ§ %v%ésrf1B4§at§n%§ﬁﬁ$%ﬁl?ﬂam m 1.

16. The antEbodgfoéatdaﬁamﬂﬁrwhe&aidndabdloanWLbbdyPTG amrocl onal or

pol ycl onal . &;%pé&%Eﬁngrgﬁ |5E\%4daOZQb@gn05|s or detection of malaria
a

antigen present 0 |ca conprising: (i) contacting sai.d
bi ol ogi cal sanple with a

11. The method of claim 10 wherein said induction
is at 25°C.
10
12. The method of claim 9 wherein lysing of cells

is in the presence of imidazole.

13. The method of claim 9 further comprising

15 removal of E. coli endotoxin.

14. The method of claim 13 wherein said removal

of endotoxin is by application to a Ni-NTA column.

20 15. An antibody produced against the recombinant
PvMSP-1 p42 protein of claim 1.

16. The antibody of claim 15 wherein said
antibody is monoclonal or polyclonal.
25
17. A method for in vitro diagnosis or detection
of malaria antigen present in a biological sample,
comprising:
(i) contacting said biological sample with a
30 PvMSP-1 p42 specific antibody, preferably in an
immobilized form under appropriate conditions which
allow the formation of an immune complex,
(ii) removing unbound components,
(1ii) incubating the immune complexes formed with

35 heterologous antibodies which specifically bind to the



30 PvMSP-1 p42 specific antibody, preferably in an imobilized form under
appropriate conditions which allow the formation of an i mrune conpl ex,
(i) renowpDngowmshound conponents, (iii) incubating the i mromRaSovog3hEXES
formed with 35 heterol ogous anti bodi es ghich specifically bind to the WO
02/ 074802 PCT/ US02/ 08307 64 anti bodi es-present in the sanple to be

anal yzed, with said heterol ogous anti bodi es conjugated to a detectable

| abel under appropriate conditions, (iv) detecting the presence of said

i mMmune 5 conpl exes visually or nechanically. 18. A kit for in vitro
detection of a malaria antigen present in a biological sanple, conprising:
at | east one amdntidshdids grasadt iwi the l1fametontd femtarRAyERdl pd2h wit h
sai d anti body bej er jally.q 'I'5§ﬂ i.d substrate, a
buffer, or conﬁ%%ggﬁggﬁg%£§§g$§ F%%l%ro %%i%g t%%ﬁﬁﬁﬁgéfg enabl i ng bi ndi ng
reacti on bet weedteterisblanigisddivaseandepherhvd be | cORMt G f8es present in the

15 bi ol ogi cal sanpl e(;@ndye-dmans o gdebeehi8dothgaldmupaufonpl exes forned
in the precedi ng binding reaction. 19. recopbi nant protein according to

claimil, 20 Wt cYkﬁ%%@ﬁhoFsmﬁFﬁ%%éS? % pure. 20. A reconbi nant
protein according to claim1l, wherein said protein is at |east 96% pure.

25 21. A reconbi nant. proj ej cording.to glaiml wherein sai.d purified
protein is at |east Y 9&%3?@?%%EQFQAV%558W§?ﬁ%ﬁ l%?o?ﬁi?n@ﬁéﬁﬁ%ﬁ ng to claim
1 wherein said guridéredomprsrgi nin 8 dtolegstab8lempie. c@PrZFind:r econbi nant

protein according to claimd wherein sai ghpuri fLedepotgin is at least 99%
pure. 24. An inmunogenic carrier conprising a protejin .
10 recombinant PvMSP-1 p42, with said antibody being

preferentially immobilized on a solid substrate,

a buffer, or components necessary for producing
the buffer, enabling binding reaction between these
antibodies and the malaria antigens present in the

15 Dbioclogical sample, and
a means for detecting the immune complexes formed

in the preceding binding reaction.

19. A recombinant protein according to claim 1,

20 wherein said protein is at least 95% pure.

20. A recombinant protein according to claim 1,

wherein saild protein is at least 96% pure.

25 21. A recombinant protein according to claim 1

wherein said purified protein is at least 97% pure.

22 . A recombinant protein according to claim 1
wherein said purified protein is at least 98% pure.

30
23. A recombinant protein according to claim 1

wherein said purified protein is at least 99% pure.

24 . An immunogenic carrier comprising a protein

35 accordihg to claim 1.



35 according to claim 1. WO 02/ 074802 PCT/ US02/ 08307 65 25. A nethod for
in vitro diagnosis of nalaria antibodies in a biological sanple,

conpri si ryo(ep748ont acti ng sai d biol ogical sanple with a 5PConsozog3dpn
conprising a PvMsP-1 p42 peptide accordigg to claim1 under appropriate
conditions which allow the formation of an i mune conpl ex, wherein said
peptide is |labeled with a detectable |abel, and (ii) detecting the presence
of said imune 10 conpl exes visually or nechanically. 26. A kit for

determ ning the presence of malaria antibodies in a biological sanple,
conprising: at |east one peptide or protein conposition 15 according to
claim1, a buffer or conponents necessary for producing a buffer; neans

for detecting irmung261 Oqgl%§§§‘i;¥brtﬁ8dv?% egl%g?rgfgtég nd antlbodles

present in-the 20 o Troni t rlﬁb mal ari a
i nfection or pwanpmhnduyalma.@eﬁp@ﬁ9g1CQlt$@mplﬁwn0QMPrmmMKBnts suffering

frommalaria infectipon comprdsiing s%?ﬂd' ng%ﬂ;& ag b0l o9 63| sanmple froma

patient wth malaria infection Wt f prot el n accordlng to
claim1l or & sufquss tyam Wé@ﬂnanaerM%%nbuﬁ ?ori%e%ﬂﬁmaﬁ@oméngor mat i on

of an i munol ogi&ailaﬁrpmplxﬁf@eﬁ@pb@apyw@ew&mwl&mem @116@l cul ating
t he antl-PvNBP}éF£§é1tlters present, 1 n sal and nonitoring the
natural course MEHOT el JRTUBE ‘fﬁ%ﬁ%}@l ﬁg“%%%?& Ghse to
treatnment of 3Ieesaidk pat ilefieled thehbasdsteftdibiee drainait, and - PvVSP- 1 WO
02/074802 PCT/USOZ/O%%g7detectlng the presence of said immune

10 complexes visually or mechanically.

26. A kit for determining the presence of malaria
antibodies in a biological sample, comprising:

at least one peptide or protein composition

15 according to claim 1,

a buffer or components necessary for producing a
buffer;

means for detecting immune complexes formed
betweem the peptide and antibodies present in .the

20 sample.

27. A method for in vitro monitoring malaria
infection or prognosing the response to treatment of
patients suffering from malaria infection comprising:

25 incubating a biological sample from a patient
with malaria infection with an PvMSP-1 p42 protein
according to claim 1 or a suitable part thereof under
conditions allowing the formation of an immunological
complex,

30 removing unbound components,

calculating the anti-PvMSP-1 p42 titers present
in said sample

and monitoring the natural course of malaria
infection, or prognosing the response to treatment of

35 said patient on the basis of the amount anti-PvMSP-1



66 p42 titers found in said sanple at the start of treatnment and/or during
the course of treatnent. 28. A kit for nonitoring malaria infection or 5
prognosi ngotode748esponse to treatment of patients sufferi mgTfusomssat ari a
infection conprising: at |east one PvMSBgzl p42 protein according to claim
1, 10 a buffer or buffer conponents neans for detecting the i mune

conpl exes fornmed between the peptide and anti bodies present in the

sanple, and optionally, a nmeans for determ ning the amount of 15 inmune
conplex fornmed. 29. A vaccine against nmalaria conprising P. vivax PvMSP-1
p42. 20 30. The vaccine of claim29 wherein said P. vivax is chosen from

t he group consisid ngitodrSaiduynBelrergaidChespba, aVi ehaantamndMNort h Kor ean.
31. The vaccine_of_.cl aj,m 30 t ._ConpLi Si n ' t. 32-The
vacci ne of cIai%%%ﬁF%&éﬁeﬁ%géég %%%n%Van? g#ggﬁ o%%n ??%%ﬁ%ﬁg'group

consi sting of: nontanide and alum 30 33. The vaccine of claim30 further

conprising another aatigep; setected ilomhe g9ooup PYESE: Typey, 210, PvCSP
Type 247, PvTRAP, PVMSP2, PvMBP4, PvMSP5, ~PvNBP6, PVNBP7,” PvNSP8, PvMSPY,
and PVAMAI . SWO BRP@ress pdTe USRI UEs0 e 67e3ment et et +97ts nducing in a

subj ect an i NMMUgEr £ &LERPNSMGRI 1St amah&etaibnf ection conpri sing
adm nistering to said subject a conposition conprising 5 an.immunol ogically
effective amunt®B* R4 vax PvMsSP-

at least one PvMSP-1 p42 protein according to

claim 1,
10 a buffer or buffer components
means for detecting the immune complexes formed
between the peptide and antibodies present in the
sample, and
optionally, a means for determining the amount of

15 immune complex formed.

29. A vaccine against malaria comprising P. vivax
PYMSP-1 p42.

20 30. The vaccine of claim 29 wherein said P. vivax
is chosen from the group consisting on Sall, Belem,

Chesson, Vietnam, and North Korean.

31. The vaccine of claim 30 further comprising an

25 adjuvant.

32.. The vaccine of claim 31 wherein said adjuvant
is chosen from the group consisting of: montanide and
alum.

30

33. The vaccine of claim 30 further comprising
another antigeﬁ selected from the group PvCSP Type
210, PvCSP Type 247, PvTRAP, PvMSP2, PvMSP4, PVvMSP5,
PVvMSP6, PVMSP7, PvMSP8, PvMSP9, and PvAMAL.



1 p42 in an acceptable diluent. 35. The nethod of claim 34 wherein said
conposition further conprises an adjuvant. 10 36. The nethod of claim 35
wher ei n swod2adisoyant s selected fromthe group consi stiPeg/usb2/e83n ani de
and alum 15 37. A nethod for inducing gyprotective inmune response to
malaria in a manmmal , conprising adm nistering a conposition conprising a
P. vivax PvMSP-1 p42 in an anmobunt effective to induce an inmmune response
in said mammal . 20 38. The net hod according to claim37 wherein the
conposition further conprises an adjuvant selected fromthe group

consi sting of nontanide and alum 39. The net hod according to claim 38
wherein said 25 P. vivax is Sall. 40. A nultivalent vaccine for protection

agai nst infection h th n.Qne traln g
PVMBP- 1 p42, said P 1&‘%&1002 &ct &8 P%ﬁgﬁ) %es%ﬂr) up c%rh&m?@neg of
Sal |, Bel em Vietsmmsearsyaidertt mali@pfean;nﬂ&ctirm ey isient vacci ne of
¢laim 40, furt h&ﬁ:{\ (%ngisd(?n@t]oa%a%@ WBHL 8 el ecdfish 41018 NEr@AUA ng
consi sting of non

an immunologically effective amount of P. vivax PvMSP-

1 p42 in an acceptable diluent.

35. The method of claim 34 wherein saild

composition further comprises an adjuvant.

10
36. The method of claim 35 wherein said adjuvant

ig gelected from the group consisting of montanide and
alum.

15 37. A method for inducing a protective immune
response to malaria in a mammal, comprising

administering a composition comprising a P.

vivax PvMSP-1 p42 in an amount effective to induce an
immune response in said mammal.

20

38. The method according to claim 37 wherein the
composition further comprises an adjuvant selected
from the group consisting of montanide and alum.

39. The method according to claim 38 wherein said

25 P. vivax is Sall.

40. A multivalent vaccine for protection against
infection with more than one strain of P. vivax
comprising PvMSP-1 p42, said P. vivax is selected from

30 the group consisting of SalIl, Belem, Vietnam, and
North Korean.

41. The multivalent vaccine of claim 40, further

comprising an adjuvant selected from the group

consisting of montanide and alum.



