WO 02/ 074802 PCT/ US02/ 08307 1 TITLE OF THE | NVENTI ON Reconbi nant P. vivax
Merozoite Protein-1 p42 Vaccine, This application clainms the benefit for
priority 5 under 35 U S.C. Section 119(e) from Provi sional Application No.
60/ 277,002 filed March 19, 2001. | NTRODUCTI ON Pl asnodi um vivax is one of
the two n@p@tehkdyan nal aria parasites and al one is respongkdlesotor 40-50%
10 of all malaria cases in Latin Anmerica and SE Asia. The energence of
drug resistant P. vivax strains (Barat ~and Bl ol and, 1997, Infect. D s.
Cin. 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 reconbinant P. vivax antigens suitable
for efficacy trials in humans. The choi ce of an expression system for the
production of any reconbinan TIPLBt ©FN TR mmﬂENmabm particularly if it

cont ai ns confornati onal pi t.opes st abi,l db I di,sul phi de
bonds. Convent i ‘OHAIMR2 EE erlgﬁﬁay%ﬁﬂ% %%§¥ﬂgﬁe8££ WSUittSbl e for the
expression of such structured antigens because of its reducing cytoplasmc

envi ronment (Besset %l@gaﬁﬁlmca%gggwﬂl% th@tll)enéq@dfogspé%'rltysp‘ 96,

13703-13708). For_that reason vi vax antigens, caontaining conpl ex
tertiary doﬁalﬁﬂu¥¥%éétﬁr%é3h§9%t%§b&18%6Pe§§§HE“ﬁvéﬁkﬁFvotlc systens such
as yeast (Burghausiasdibilxer 501994, 00801188 achem 1Parasilt.ol . 64, 165-169;
Burns et al., 1997, Infect. 30 | miyn & -3145; Chitarra et al, 1999,
Mol . Cell 3, 457- 464) and bacul o s et al., 1999, Am J. Trop.
Med. Hyg. 60, 350-336asfodper vifaxAlg ob@93f tiRartami tefor Today 9, 50-54).

Hiorts have gg%%gggle%%g%%&g Qﬁafal%eﬁas%e@asiﬁaé o dy \gotao@n oxi dati ve
10  of all malaria cases in Latin America and SE Asia. The

emergence of drug resistant P. vivax straing (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 constralned 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. Watl. 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 Tmmun. 65, 3138-3145; Chitarra et al, 1839, Mol. Celil
3, 457-464) and baculovirus {Colling et al., 1999, 2m.
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 TM, was
recently reported to allow disulfide bond formation of reconbi nant
proteins expressed in its cytoplasm (D eckmann- Schuppert et al., 1992,
Eur. 5 J. Biochem 205, 815-825). Using this strain of E. coli we report
product i owo@bpasgol ubl e 42 kDa fragnment of the P. vivagraenagnite surface
protein-1 (PVMSP-1 p42), a nalaria vacgine 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 Plasnmodium in P. fal.ciparumit has been shown that MSP-1 is
synt hesi zed as a 195 kDa precursor, it is processed by 15 several

proteol ytic steps during schizont rupture and nerozoite invasion. The 195
kDa protein is Dhisawed bnvifﬁhmdaa (@B83)suahdmad 421 ddD&. f radimettrafpd?2); the

l(ggg)erfri’a;n:aﬁ{ty \Ig;qg\%ed |n ttae%h?%p%rtt%gmﬁ_ga%li%%)ls ?glé em33 b

Parasitol . 109,bardfpgmptiqmefhracorkigioas BoAEiNTS eéf@ﬁ@%?@ﬁedncyst ei nes t hat
are cross- |inkegs by raphbill @idksubphidevbbekagas s10r m ogp, t\am epi der nal

J024- 3030) . 31 P L ber Chom St T odeR Aol S XOFeEI 5 4 hat the

presence of thectiwo wEGEebrke rdodatnbon it heSpleDlreeéBohDalibfa@fmetltcal for the

i nduction of MR khased,;proteetiyed mrhly E@He&ﬁﬂi oMep-11959, Arch.
Bi ochem Bi ophys, 82, 70-77, G bson et al 1 0 Bi ochem

Parasitol. 50, %42@ 333l B FAFF iR, cardifase T}éaé:n%%wsc K&€ i muni zati on
wth reconblnarﬁoﬂ%atubma«f ivBR: 1 p 18 sutetieéde rhdratulfoyi catsceichf ect ed i nsect

cells, gﬂprqﬁgﬁﬁﬁgnnkeys agai nst parasite challenge (Golding et al.,
1994, Am Trop Hyg. 50 35 (Suppl.),33-40; H saeda et al., 2000,
| nfect. | nmmun. Merozoite surface protein-l (MSP-1) is found on the

surface of merozoltes throughout the genus Plasmodium,
In P. falciparum it has been shown that MSP-1 is
synthesized as a 195 kDa precurser, it is processed by

15  several proteolytic steps during schigont rupture and
merozoite invasion. The 195 kDa proteln is cleaved to
83 kDa (p83) and a 42 kDa fragment (pd2); 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 pld
region containg conserved cysteines that are cross-
linked by multiple disulphide linkages forming two
epidermal growth factor-like (EGF) domains (Egan et
al., 1997, Infect. Immuncl. 65, 3024-3031%1). It has

25 been shown in rodent models of malaria that the
presence of the two EGF-like domains in the plf% 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. Parasitel. 50, 325-333). In addition, it has
been shown that immunization with recombinant P. vivax
MsP-1 plS, made in baculovirus infected insect cells,
can protect monkeys against parasite challenge
(Golding et al., 1894, aAm. J. Troﬁ. 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 imune- dom nant B
and T cell epitopes have been mapped to it, these epitopes are highly

i mmunogeni ¢ during natural 5 malaria infection in humans (Kasl ow and Kumar,
1996, | rwonebusdzett. 51, 187-189). A bacul ovirus expr egsesizeks7cynonol g
MSP-1 p42 construct protected rhesus ngnkeys 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
coli. Initial attenpts to express this protein in the conventional E.
coli expression host such as BL-21 resulted in the 15 majority of the
product bei ng i&%olashBeschiwevéithough theupds tiwtica hepedoxt fedified' E. coli
strain (O gamioy, eXPreseadte saieRkabeld, aldahstal capietel y in the

soluble fraction. W describe here expression cond |t%§ns and
purification ne@‘l’i'@id’é‘%g? ar?%)rlt Geéﬂ)t%ﬁ’wotpﬁé PRBRCER432BPEH TG 26 hi gh
purity and |O\Atlﬁé’ﬂi0bﬁxtd5p®ml’eblz&nh1glhnf acehuhbgen i oveuexagi med-de  hunoral and
cellular i ne n ot at rotein using
o R P T Rl (d B AR DD R! el Sav20, 25

two human-use a proved j uvan
SUMMARY OF THE 1rm\s@NT| @Pqﬂf}e Sr ed87t 185 vedt Parnnvdvidessprssissded and

purified P. vivax JVeBmdpd2 MulyBPad @ﬂ%)craaa &d@bhed rh&duspr oper
expression andrﬁurlflcatlon o%_ g %ﬁ heknet od of the present
i nvention resul TEeYS 309815 ASEPORIBHS 88‘?&5 et FRGFPY ot eis “ and
conservation of9%%heiInd¢dive otudi n§7 arkd-dPsul 3w bhedglcmy of the protein.
Therefore, jfhe é‘\ﬁﬁ%@&bﬁéﬁy r@i 'tﬁbﬁéhi%"i@ﬁwéen P4 I%Bt ebi- s tae present

i nvention retai ns g conformati on for 0 timal I’eaCtIVIt¥fOI’ vacci ne
and ave ch sen to express the P, vivax eguivalent of

E.

P. cynomolgil p42 construct in E, coli. Initial
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 insocluble, 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 PvMSP-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
adijuvante, Montanide ISA51 and Montanide ISAT720.
25 SUMMARY OF THE INVENTION
The present invention provides isclated and
purified P. vivax MSP-1pd2 (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 essent;ally purified pvMSP-1
p42 proteih 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
PvMSP-1 p42 which maintain conformational epitopes critical to epitope
formation in pure form (>95% pure) for 5 diagnostic, prophylactic and

t her apeutwo opusprses. This may not seem conplicat ed bgtruseowioth nost
strategies for protein purification, prgved 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 |evel
of reconbi nant proteins and (2) reconbinant proteins produced in E. coli
are not glycosylated, which is consistent wwth the capabilities of nmalaria
parasites. Several hurdles had to be overcone to achieve the 15 desired
expression | evel inTherabiwe, cytopiasmio bérbhe whieshntainusatdahfi ciently

purified from %%ild%g' fn ﬂ{eoF%&@cwanh%@t 1885 iahbGhg cmmépi@ ding of the
protein. Problens wt oxi dative, cytoplasm and E. I | endot oxi n

| evel s, antibi &4% Whégbs‘@%%@l?oc%fdﬂ?“ﬁgl%@séﬁéé%?s er:rthPG Ptq p42
cont am nants haainttopebewn@&ebuem ;S[imrébeme >d5%% baran foly ect of the present

i nvention t Prd) §c ée%%n‘ghbzfg%__lg:v %%%Aafbeﬁig&% dn.diagnostic

assays and I on er obj ect of the
present invention t&hiprieas @étc@ﬁ%sﬁlcﬂipé%a’é%ﬁwtm a9 Yy s reconbi nant

PvMSP- 1 p42. |tsdr%t}ééleﬁrwrhgfo@@irﬁ%r@fh&ﬂ?lc@fe§§6\1}ed neemki on  to provide
novel vector co r,uc recwirb tIy €30 Xpressi O%IPvMSP-l p42, as
c

wel | as host c Hsftéflf”rlgiﬁsﬁ H‘Ear ed vECtBHE 18° i € %%0%En® obj ect of
t he present i nvest oavenm thongki te Imdmphadmftmrofp:fe‘dwm rigpratdopuri f yi ng

10 reasong: (1) E. coli was known to produce high level
of recombilnant proteins and {2) recombinant proteins
produced in E. coli arxe not glycosylated, which ig
consistent with the capabilities of malaria paragites.
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, antibioctic resistance

20 and the presence of non-PvMSP-1 pd2 contaminants had
to be resolved.

- Therefore, it ilg an object of the present
invention to provide a recombinant PvyMSP-1 pd2 for usge
in diagnostic assays and for production of antibodies.

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

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

30 expregsing PVMSP-1 pd2, as well as host cells
transformed with said vector.

Tt is also an object of the present invention to
provide a method for producing and purifying
recombinant PvMSP-1 p42 protein comprising:



reconmbi nant PVVBP-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 suitable culture medium causing expression of said vector sequence as 5
defined above under suitable conditions for production of soluble protein
and, |ysing ®argoiransforned host cells and recovering psgushoyibP- 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
exanple in malaria screening and confirmatory 15 antibody tests. It is

al so an object of the present invention to provide nonoclonal or

pol ycl onal anti bodi e¥ovwing ea hwstt cedl apanraindag aovrreio®nal anti bodi es or

nouse nonocl onad,ranki hedb@gspii gh2 afe ek Zegl, suitiaeher 8@Ctu0
specifically with PvMSP-1 p42 epitopes, either conprised in peptides or
conf or mat i onal it¥pes conprised in recombinant proteins. It is also an
obj ect of the presertubhngniorssdonpribwiade pessobls=queaseods anti - PvMSP- 1

pdz onocl 082l 234881 SO0 Gl STRLANIA BRI DR ALCHLOM AL dOr T herapy

of chronic malaria infection. | I's yet another object oOf the present
invention to pfofPdelde miUE'a #8eci ne conprising PYMSP-1 p42 of the
present invention, igsangagountrehtectnae hbet30etld Girld aBcovartiey r esponse

[0 an a0t el agalii, for YA, 300 AT TRgeL Gy pogept bl o fuent

native folding and is essentially free of host toxins.

10 It ig also an object of the present invention to
provide diagnostic and immunogenic uses of the
recombinant PvMSP-1 p42 protein of the present
invention, as well as to provide kitsg for diagnostic
use for example in malaria gcreening and confirmatory

1% antibody tests.

It is also an object of the present invention to
provide monoclonal or polyclonal antibodies, more
particularly human monoclonal antibodies or mouse
moncclonal 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 pd2 monoclonal

25 antibodiles for malaria antigen detection or foxr
therapy of chronic malaria infection.

It is yet another object of the present invention

Lo provide a malaria vaccine conmprising PvMSP-1 pd2
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 pd2 DNA. It ig 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 provide a nethod for eliciting in a subject an inmune response agai nst
mal aria, the nethod conprising admnistering to a subject a DNA fragnent
conpri si ngyozi74syd vax MSP-1 p42 DNA. 5 It is another obpeptsnisihe present
invention to provide a nmethod for elickting in a subject an inmune
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
mal aria infection in an animl conprising admnistering to the animl the
PvMBP-1 p42 of the present invention. The vaccine according to the present
invention is 13nivaheientioy praféde |z meshogaforf licdtanai Hister, and should

not result in a@ﬁ%ﬁé@tS&ﬂ%mﬁ&E§C£és§didéh§gaﬁﬁﬁgm&ab%galngmyldual The
present invention % 4%EFOVI es v tor% for the ﬁduc i o f a
reconbi nant PvMBPE % MEGSH1802 EBﬁWﬁﬁﬁ?ﬁbsP é=Vect ors, a method for

fermenting andfiraduering dre ilsosy &e@lsuvamdmﬂ?memM@dDNBr i solating and

puri 1ying.tlge recombinggt.praiel nuidlece Ravidetble BumRthod Lot bul k

fermentati on and expression e objects of the
present inventi K%} %éﬁ%@@ér@ﬂrﬁﬂiﬁaﬁénﬁe@hfhéwb@?cFﬁﬁléﬁﬁﬁﬂﬁnents as

set out bel ow. B&E&ﬁ&@ﬂﬁﬁk%ﬂ%i&H&Mm Fcbﬁiprié‘anng and 1C.
(A) Coonassi e bl uggstal ned 3(% sucb 1. DS- PéAGE ltlo Em%r SA}L artially
purified on NPA ag%r s/ “Col Gnh”tnder Pden Al ondltlons
fromthe squbI@VMﬁEFlrﬁﬂﬂ @5I§h€rmﬁﬂﬁa§ﬁsl@veﬂt10n

i0 It is another object of the 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 wvaccine accoxrding to the present invention is
15 inherently safe, is not painful to adminlster, and
ghould not result in adverse side effects to the
vaccinated individual.
The present invention also provides vectors for
the production of a recombinant PvMSP-1 pd2, host
20 cells containing the vectors, a method for fermenting
and inducing the host cells, and a method for
igolating and purifyving the recombinant protein. Also
provided ig a method for bulk fermentation and
expression of PuMSP-1 p42.
25 211l 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)Ccoomassie blue stained
30 reduced SDS-PAGE of PvMSP-1 pd2 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).
PYMSP-1l 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 colums in 35 equal volunme (2 m) and 20 gl of each was
| oaded in WO 02/ 074802 PCT/ US02/08307 7 the wells. Lanes: 1, soluble
Oigam (M ; 2, insoluble Origam (DE3); 3, soluble BL21; 4 insoluble
BL21 ; Mwonbeasjzar wei ght marker. (B) Coonmassi e blue staivsedsieduced

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

Q sepharose elution. (C Anti-E coli 1nmunoblot of the gel shown in
FIG1B. (2 gg protein per well). FIG 2A and 2B. (A) Coonmassie bl ue
stained non-reduced SDS-PAGE of purified PyMSP-1 p42 (- 2 g 10 protein
per well) . Lanes: 1, non-reduced; 2, alkylated; 3, reduced; 4, reduced &
al kylated. (B). Immunoblot with anti-PvMSP-1 nonocl onal anti bodies (shown
above the | anesihe wahbs: Imnasondyeshicdde Prigasii(DER);reduced & al kyl at ed

protein. 15 Fl Gn31,195 SHNCIATBENS Body1 iigsP@nse | A MLLyplanuni zed W th
PvMSP- 1 p42. Antnisbogy titers a?e sﬂown asuthe Iogarithn‘i.cugﬁl ues of the

mean dilution pigd isHardtRFdedi Uetdt reekes: an®! FPABRT *h& "have an OD
of 0.1. 20 FI GstébAnaddrdBicddARDE mrescenge mndephaser waldges of a net hanol

fixed P. vivax.Sal | strain...parasite (eagl %P@ n AgQl.us nonkey
bl ood smea\ré, iLﬁﬁ?ﬁﬁo-gtaﬁ}le%gAwe?ﬁg%%’i (r%i’tg %el’l |Oe% %%L]??fbrnggg‘)‘l p42

anti body rai seduitd-Eabprii BymeBlely wér eSeerzad shgvWphize iCa8e of a late
trophozoite st@ggyObrdteid VR¥ wal1)l, parasite, immuno-stained with pooled

DESCR PTTON 30 It RaCacobr FBLI O ¢ 1ok CFOTPSase BIRCNBERAT terms used in
reconbi nant DNA&onparpdsi¢d| iy PARE of purified PvMSP-1 pd42 (~ 2 Hg

10 protein 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; ¥, 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 G.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 Actus monkey blood
smear, ilmmuno-stained with affinity purified anti-
PyMSP-1 p42 antibody raised in rabbit. (B)

25 Fluorescence and phase image of a late trophozolite
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. In 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 be WD 02/ 074802 PCTUS02/ 08307 8 given such terns, the foll ow ng
definitions are provided. In general, an "epitope' is defined as a |linear
array of y3olb®oagino acids aligned along the surface of pchysnzpsntein. In a
| i near epitope, the am no acids are joiged 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
epitopes, the Ilength of the epitope-defining sequence can be subject to
wi de variations. The portions of the primer structure of the antigen
bet ween t he resiiduessdefimgmg, the Bpiltepes ndgfimiftibescardical to the
structure of 1§H&diggpfornatipnal epi tope. For exanple, deletion or
substitution of thése intervening sequences may not affect, the
conformational epitope presFaledaSeqerifc®s’ &Fi49idaed 85epit'sisé* conf or mati on
are nui ntai ned {1@=§. ofCySIE®idAfigol &yl adidfediSwnk dae bond-rg, of
gl ycosylatiqn 20 sites, etc.).  A.confar éio I .t ope 4 | so be forned
by 2 or m)rce}’ es?s&ﬁtoﬁ:gﬁﬁfeglfnqr?s 16?g%lht§?€r%ig? e’m&%ae %ﬁé%-%?%r%gﬁg? or
het er 0- ol i gonerioifnsdusedudrdriaildy ankgicldpe’ thyr Prafmeirgediicdarer ni nant'
means an amno ,aghd seguence thah i rPRERALRACHMeopds Melduberein, 25 an
epi tope of a designated pol peptlde,qgnotes epi tqpes th the sanme am no
aci d sequence &< Hat @ﬁ&% ESHe R HA ¥ i Grated 6B§ﬁ5%%i &%9and
i mmunol ogi ¢ eqthev ahefitse ther eof thSushfeguaviadrenttelalisg) iaicitbde strain,
subtype (=0@notyReLinol H¥RECALEUD) 2PRELILLAN ¥ BPl Sopcs Jend! the
currently Kno sequences or strains belonging to Plasnodi um such as Sal
|, Belem length of the epitope-defining sSequence can be subject
to wide variations. The portions of the primer
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
afifect the conformational epltope provided sequences
critical to epitope conformation are maintained (e.g.
cysteines involved in disulfide bonding, glycosylation
20 sites, etc.). A conformational epitope may also be
formed by 2 or more essential regions of gubunites of a
homo-oligomer or hetero-oligomer. Asg used herein,
‘epitope’ or Tantigenic determinant’ means an amino
acid sequence that ig immuncreactive. Asg 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
egqulvalents thereof. Such equivalents also include
strain, subtype {(=genotype), or type (group)-specific
30 ‘ variants, e.g. of the currently known seguences 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 term'solid phase' intends a solid body to which the individual P.
vivax antigen is bound covalently or by noncoval ent neans such as

hydr ophobwe,02082c, or van der Waal s associ ati on. 5 Thectekeosiiol ogi ca
sanple' intends a fluid or tissue of agmamulian 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 antigen. Such conponents are known in the art and
include, without limtation, blood, plasnma, serum urine, spinal fluid,
| ynph fluid, secretilbgstefmteolidespigat onyendhtaesoilngl boly genitourinary

tracts, 15 tea%ﬁuc%@kh&ain&ﬂdﬂﬁuawhbtngkﬂpgn@fﬁéﬁsléngoﬁﬁfl0”35 Body
conponent s incl ude _bi ol ogi cal ids. The term 'biological fluid refers

to a fluid obtéﬁﬁ@&eﬁFgﬁﬁﬁh ybP@%ﬁﬁ?ﬁﬁen§oW%@Tﬁ(ﬂqi& gal fluids are used as a
source of ot hetydavetubis, iswdh, asr crapt tengvdaalct @JssO(:Eatglonzo Factor VIII),

serum al bum:h, growh _h E&ﬂ?nﬁnﬁﬁggiafL ol ?e 11%%%&% fmagnel.ogi cal Iy

reactive' neans t hat e anti ues eact speC|f|caIIy wth
anti-MSP-1 ant |tﬁ(§(§;ﬂl@soﬁr%§Wa RaB %&}Vl@@%oﬁém PROMMETOROAEL ari a

infected indi VIadw:@LnanTheré;ﬁﬁmlahmmm%nqoelaI@gz dtihe@ngso tckle feembi nati on
formed when an anti % bi nds The term

' PUMBP- 1 p42' &ieddtHaY LR 8ln§oa?§§°°§c]%r‘3§n8¥% @4 or i nal 42
kDa protein frajeeanddyidysal, ymepe|mﬁ;hﬁgg&axlprnﬁﬁbnﬁw$ﬁaqna@@é§5|ng by

proteases 1y malaria. The fluid or tissue may also contain P. vivax
antigen. Such components are known in the art and
include, without limitation, blood, plasma, serum,
urine, spinal fluid, lymph fluid, secretions of the
resplratory, intestiral or genitourinary tracts,

15 tears, saliva, milk, white blood cells and myelomas.
Body components include biological liguids. The term
“biological fluid® refers to a £luid 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 gpecifically 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 epltope 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 nerozoite

i nvasion, the 42 kDa fragnent is subjected to secondary processing

produci ng a 33-kDa 35 fragnment (MSP-1 p33) and a 19 kDa C-term nal
fragment, WO 02/074802 PCT/USQ2/ 08307 10 (MSP-1 pl9) which renains
attached wopa2@bnto the surface of the invading nerozetteseiker VSP-1 p42
protein extends from approximately am ng acid (aa) 1350 to about as 1729
of the full-length precursor 5 protein (Genbank accession # M/5674.1). The
term PvMSP-1 p42' as used herein also includes anal ogs and truncated
forms that are inmmunologically cross-reactive with natural PvMSP-1 p42.
By "PvMSP-1 p42' is intented PvMSP-1 p42 from 10 ot her strains of

Pl asnodi um vi vax, or any other newy identified strain or field isolate of
Pl asnodi um vi vE¥EP-Thelf ervhidhomeneligyamsached WgeGPheteiaefers to a

conpl ex of PvMER:.k a%Zoﬁotm@Il@fvaalH@rneeﬂoeamt@ne% RudBP-gleop42 monomer,
e.g. PvMSP-1 p42/PviNSP-1 p42 dinmers, triners or tetra rs, or any

hi gher-order HIR-<gF Foherds (“'}FOMWOFlBﬁ’Ee]aX SR 2fibtol%6li goner s
wi thin the scopessaf tbhasomﬂefamlwlzanof 'IHB;@ ﬁtlgmmfgsth pRycwontrai N one, two,

or sever al cgpf ];E? %%Ennqgmrﬁ{ gf ;5@.;142 ]]qbt ai ned fromdifferent

strai ns of fumvivax I nc %49 exa e Sal , Bel em Chesson,
Vi et nam North Koredhe éﬁﬁ“o‘tﬂi@ﬁSPS%r Hs a&nﬁsecﬁlf@lr@li’lséifa‘? es. Such m xed

oligoners are siﬂdlhdagn@namdsgaﬁarﬁmmdam@a thenseepe @fethl s invention, and
may 25 allow nopre UEI ver

nosi s, h%}am S o t gent of
mal aria. The tefM ™y ??W%@y §§° pl‘?aé:& ‘gjr &aﬁgrﬁ re| refers to a
conposi ti on whar&i-n Bhe’ H@ﬁfr—édpéﬁ btisi Ancenped sedsat 1| pbstir38% of t he total
protein 3Q comMaRentciRid® € OTRORLI AN viThE, ABShhedo R Qlchiy
identified strain or field isoclate of Plasmodium
vivax.
The term " homo-oligomer® as used herein refers to
a complex of PVMSP-1 pd4Z containing more than one
15 PvMSP-1 p42 monomer, e.g. PVvMSP-1 pdl2/PvMSP-1 pd2
dimers, trimers or tetramers, or any higher-order
homo-oligomers of PvMSP-1 pd42 are all “homo-oligomers’
within the scope of this definition. The oligomers
may contain ome, two, or several different meonomers 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 ox
treatment of malaria.
The term “purified’ asg applied to proteins herein
refers to a composition wherein the desgired
protein compriges 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 praferably at
35 least about 90%, and moest preferably at least about



preferably conprises at |east 40% nore preferably at |east about 50%
nore preferably at |east about 60% still nore preferably at |east about
70% even nore preferably at |east about 80% even nore preferably at 35

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

PCT/ US02/ 9830Q/6748d2L 95% of the total protein conponent. BFhguSRAAR@sition may
contai n other conpounds such as carbohygrates, salts, lipids, 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 proteins' refers to proteins purified such that they can be used
for in 10 vitro diagnostic nethods and as a prophylactic conpound. These
proteins are subst axft Fhel yofale@rbtomm e@witonelE - pFlat €loFPOsSyBEd®r - deri ved

proteins or othgl, LBhasipdiue.cerRebeM S sutheadral@ids@hrée present

invention are purified,tp honogenelty, east. 80%, re, preferably,
90% nore pref eFESy 95840 VﬁPE?er‘Hﬁ }h@?/ék%rw ]tg‘f)@fg‘erably 98% nore
preferably 99%ffeveingotis: pletfeemibhyi @9 . BYEhT hpstwmrhageependinant | y

oxpressed dsed pLLN,L 08, Conl eggofétédﬁ.epeﬁgé.eftpdznya%ew@ refers to the

20 fact that the proteins ! resent inventjon aré produced by
recombi nant expFESSEEna nBidgdlipg@ PEOYHN SPBREP VoA ThGE EBWRY or  hi gher
eukaryotes as isseussedourt detail below The term'lower eukaryote' refers

to host cells 25 such as_yeast, fungi and.the.like, .Lowe ryotes are
general ly (but not é@eggﬁ.ilﬁﬂéqﬁ%%%g¥¥ %5;?lggr%ﬁ€;?%§% I%ﬁggggykaryotes
are yeasts, partd euoaeiys mpddied aichithaSatbfaromydes used for in

Schi zosacchar onyges, aiksvarienyeesod i L1 as( 8- grodiiyahicdipastoris),

Hansenul a .
compound. These proteins are substantially free from
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 eukaryoteg as
discussed in detail below.

The term " lower euXkaryote  refers to host cells

25 such as veast, fungli and the like. Lower eukaryotes
are generally (but not necessarily) unicellular.
Preferred lower eukaryotes are yeasts, particularly
gpecies within Saccharomyces. Schizosaccharomyces,
Kluveromyces, Pichia (e.g. Pichlia pastorig), Hansenula

30 {(e.g. Hansenula polymorpha, Yarowia, Schwaniomyces,
Schizosaccharomyces, Zygosaccharomyces and the like.
Saccharomyces cerevisiae, §. 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
cerevisiae, S. carlsberoensis and K lactis are the nost commonly used
yeast hosts, and are convenient fungal hosts. WO 02/074802 PCT/ US02/ 08307
12 The tewmg2pr@baryotes' refers to hosts such as E. copatudsansobaci | | us,
Lact ococcus, Sal nonella, StreptococcusizBacillus 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 cells are derived from Chinese 10 hanster (e.g. CHO, nonkey
(e.g. COS and Vero cells), baby hanmster kidney (BHK), pig kidney (PK15),
rabbit kidney 13 céftes t@mla)foﬁwoﬁﬁﬁanf%fﬁréo%r]&?ﬁﬁs &Ik 2Fi ne 143 B,

the human cell Elm:.HeLaca@@hdfmm hga@tmc@el |Seizlrmﬁ’feJJJJake Hep &, and
insect cell [i qgé?ﬁ?%?ﬁg Cg?1a§k Cg}era bEi%% pgrdgér éﬁﬂy%%t &f(is may be

provi ded in sus ualtures organ cul tures
and the |ike. ﬁ@ha@&n@@&tel@retdﬂ?tﬁmﬁﬁatﬂﬂlw;thay @h@upﬂﬂ§epﬁansgenlc ani mal s.
The term' pgl ypgptddeonrefers to a polynmer of 20 am no aci ds and does not

refer to a specific Ien th of product; .thu epti.des, oligopeptides,
and proteins are i ncFu 8ﬁmvm§ Iﬁ% Bgﬁﬁ¥?ﬁﬁ tFS%e $ éﬁxﬂ?ﬁ%eﬁ?h%g. This term
al so does not r@ﬁnﬂvedofnom EgHerdenpost s exxprbsss oremmzdisf, i cati ons of the 25
pol ypepti de, Lfesg@g' ®in RGOS UhAt tﬂ@Sllkeacgwééf&ﬂlqpspreeaefeﬁoryl ations

and the Iike in'the déefinition are, exanp
pol ypept i des é%ﬁﬁ@%rnPHﬁaEﬁﬂ¥QJP°ﬁﬁr%e%&ﬁHQiﬁué§rbYe%uf§%ﬁ ﬁglﬁﬁ?%
(i ncl udi ng,10f orhaexarpl ¢e. giNGEHW, ahoAkeNO{cAgl. dSOS PNA Vero cells),
baby hamster kidney (BHK), pig kidney (PK15), rabbit
kidney 13 cells (RX13), 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. Spodcoptera frugiperda). The host cells may be
pro.vided in susgpension or flask cultures, tissue
cultures, organ cultures and the like. Alternatively
the host cells may alsc 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
proteing are included within the definition of
polypeptide. This term alsgo 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, as well
as other modificationg 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, ¢DNA, sgemisynthetic, 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
occurring. The term 'reconbi nant pol ynucl eotide or nucleic acid intends a
pol ynucl eoti de or nucleic acid of 35 genom c, cDNA, sem synthetic, or

synt het i cwork/gias2WO 02/ 074802 PCT/ US02/ 08307 13 whi chpchysoziogsfowe of its
origin or manipulation : (1) 1is 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 lines', 'cell cultures', and other such terns denoting
m croorgani sms or higher eukaryotic 10 cell lines cultured as unicellular

entities refer #igcheeb) svintiveho€ahtberrdirihave reedpnlasihch as (d.éci pients for
a reconbi nant vector of.her -t fer oly l.eptide, and include the
progeny of the 1Sornlagt;;:i %ﬁté O%%I ec‘i\/\i{?g%&ﬁl%s. Dgeéerf%t%%&%gf égt%d. It is 15

under st ood t hatpalvaugtegeidp ofth whig étpas extmiciabPfl IMEIAtHELR  necessarily
be clorrpl etely 'Q?lntibcﬁinkéﬁii t@oap@@iﬁgdwl%twb %ﬂh@lﬁzﬂ @h@:ﬁ_%}sattaltFDNA

conpl ement as the. orjgjnal, parent, due to natur accidental , or

del i berat e rut atH6- l’?olsraé“fggfinfnr%‘ﬁr&nori éﬂa?iiﬁéaelﬁ%tt i B elnt , e. g.,

a plasmd, a chitzammsone, a virus, a cosmd, etc., that behaves as an

aut ononous unit of Hﬂ&Y&&ﬁﬁe%%hgﬁbiﬁﬁh!%%E%%%ﬁ@é*ﬁFmésﬁgkhﬂsh;e-1 capabl e

of replication under itfs _own contraol. term'vector' 1s a replicon
further conpri Si9idSsequdidedipedvi didsdlr epliUEssi on2Ehd?E1er &¥pressi on of a
desired open reagiRgdéfaiiy hherberdanicant solhisteuescearyefiers to
10 c¢ell limes cultured as unicellular entities refer to
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, ox
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® ils 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,
ribosomal 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
sequences differs depending upon the host organism in prokaryotes, such
control sequences generally include pronoter, ribosomal binding site, and
t er m nat owe;02/57M8635 eukaryotes, generally, such control peegueness i ncl ude WO

02/ 074802 PCT/ US02/ 08307 14 pronntersi4terninators 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, |eader sequences which govern secretion. The term'pronoter'
is a nucleotide sequence which is conprised of consensus sequences which
all ow the bi ngirbgooérfNAcpalyaerissento ihedMAihstplatse in a 10 nanner

such that mNARLORUEL O lcnLLLRT 8.8l o1 Nepariial L ansGEbL o i t1 at fon

site for the adjacent "~ ‘'structuaral essi on perably |inked
refers to a ju}wép@%l tdtoR Wheeh taﬂé @@mﬁé\ﬁﬁswwedéﬁf@ﬁ?%‘é@ are 15in a

relationship p%”hé&éé%xtw%\:t @xéx%%tlbﬁn 48 bR élscfltn.eﬂdederranner A
control sequence E to a codin qﬁfé%&-ls | igated in such
a way that “expfFeds 8H%Qﬁﬁlﬂ?°§8dﬁ§ﬁﬁgclsl§ d9GRder conditions
conpatible wt kfotchexampﬂta olleaéepuemcﬁencé@ winichopevereadicgtieane' (ORF) is

a region of a_pol yRycl o] deSeauaNce Wi ch Racadss. anpekypept i de and

does not contain stop |s region may represent.a E ion of a
codi ng sequencémé?hal¥dﬁﬁprlééﬁﬁﬁbQ§éﬁﬁ%ﬁ€eSeﬁgeﬁpe%dﬂPﬁ g & %ﬁ%nce is a

pol ynucl eot i de tseqyenging Wi BRA i lviepase | fredhenDpa nidiNdland/ br & rans| at ed
into a pOEXpeﬁéhggr“Q%ﬁlQh?%%%m&@%%%dﬁ@ﬁ&éﬁ”ﬂh gkaggs at the
normal transcription initiation site for 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 ig achieved under
conditiong compatible with the contreol seguences.

20 An “open reading frame® (ORF) is a region of a
polynucleotide sequence which encodes a polypeptide
and does ncot contain stop codons; this region may
represent a portion of a coding sequence or a total
coding sequence.

25 A ‘coding sequence’ ig a polynucleotide sequence
which ig transcribed into mRNA and/or translated into
a polypeptide when placed under the control of
appropriate regulatory sequences. The boundaries of
the coding sequence are determined by a translation

30 start codon at the 5'-terminus and a translation stop

4 codon at the 3'~terminus. A coding sequence can
incliude hut is not limited to mRNA, DNA (including
cDNA) , and recombinant polynucleotide seguences.

The term <immunogenic‘ refers to the ability of a

35 gubstance 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 ati on stop codon at the 31-term nus. A coding sequence can i nclude
but is not limted to MRNA, DNA (including cDNA), and reconbi nant

pol ynucl egbipglgragi@quences. The term ' i munogeni c' refer gct@sihssoability of a
35 substance to cause a hunoral and/or .gellular 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 nfectious agent. A 'vaccine' is an inmunogenic conposition' capable of
eliciting protection against nmalaria, whether partial or conplete. A
vacci ne may alwetherusbingd ofrowhém edtnedt tofa amrichéectid thadi vi dual , in

whi ch case it ir%e%gh!:gdo@ atb@%qglgge# iatq1 a&?uy%gtqi ARy T RE 450 Rt her apeuti ¢’

refers to a corMposition capa reating nalaria infection. The term
‘ef fective ampuRfersoko £ HEFHBEUFSWBFe HrdpMHcskEi B reat ment refers to

an anount of epidrepeivild, bedanhag polvipepyise [ullli coerdnto induce an

I munogeni c _respanse.in the individual, to which.jt I inistered, or to
ot herw se det ecjf%ﬁfagl??ﬁnﬁﬁ?rngac YIS PS it gﬁdéﬁ&%ns?eenm%&. g.,

i mmunoassay). d®mpbeibbiry caphdlefdpatliivetampumotiestsot faasileAt to 20 ef f ect

treatnment, as defibned apoUSierTRErEXACLANBH Mt J1CRCSSEE MM, Vary
according to the applicatiaon. For vaccine a I,in%ati:ogs or for the _
generation of PEPyLE OrAEHNERE e IRAEREF bBHI®ES 1 6F*8%anpl e, the effective
amount nay var yirdepeading ion whhiehspec és, i25xaded andhgesmpepaklccondi tion of
t he i ndivi (1[6a| ,vatcgﬁne_severi ty of the condition being treated, the
The term “therapeutic’® refers to a composition
capable of treating malaria infection.
The term “effective amount® for a therapeutic ox
prophylactic treatment refers to an amount of epitope-
15 bearing polypeptide sufficient to induce an
immunogenic response in the individual to which it is
administeied, or to otherwise detectably immunoreact
in its intended system (e.g., immunoassay) -
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 pé2 for
prophylaxis of malaria disease are about 0.0l 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
| arge, non-critical range. An appropriate effective anmount can be readily
determ ned using only routine experinentation. Preferred ranges of PvNMSP-1
p42 for wWpARMMkaXi S of mal aria di sease are about 0. 01 ppeyididaese7 ug/ dose,
nore preferably about 0.1 to 100 ug/do;g, 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. Mdre particularly, the present invention 5
contenpl ates essentially purified PyMSP-1 p42 and a nethod for isolating
or purifying reconbinant PvMSP-1 p42 protein, characterized in that upon

| ysing the trapsheesed hastinedlididloihsotdie tohackiooare nantly expressed
protein, the disuylfide baonds necessary f 1 r r foldi f the protein
are preserved. glfé?ﬁ%'¥%%%fhﬁ?%%§wgr%ﬁéf%gﬁgqggﬁbﬁ§%g%%?%390r an

anal ogue t her eafoafesy. nadandieepes) conprising an amino acid sequence

(and/or amino acid gnalkogeskuidel) nithg Bled8Astin0Bec AHVEP-1 p42 epitope.
Typical ly, 15 the sequences defiggﬁg the,gg%%g&e O{re ong to the amno
aci d sequenée GIPRPFRNRE2YESH A ERG D NYoPUE! MS%é tHer #Pdehtical ly or via
substitution ofmeahabiofuiesi scdhtide arabuvefaimnoegondinesi dudsPhat do not

destroy the epito The -1 j r o 20 a
nucl eoti de seq&g%cgg%a%ﬁpifgé%§$ﬁ$§%éﬁtgﬁﬁ%ﬁﬁp§%§ﬁ %%gﬁgpF?%n1anino acid
1350 to 1729 oftueBPiprmd hostarelklse teSEEPlAYaNGhe) et néRptBssion in the

parasite systemaeBedlyepeyhated dishlEsideldnaeetedashayefan approxi mate
mol ecul ar %i g?;;[ro%terd' ofé%%ga%fd%e%@o@%&’n a?rSe %\éega)ls\'fgdofgz'

The term ‘PvMSP~1 p42‘ refers to a polypeptide 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 NGC:1 and
spans from amino acid 1350 to 1729 of MSP-1 Sal I
allele (SEQ ID NO:2). Upon expregsion 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-1l pd42 antigen used in the present
invention ig 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 ox
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.
containing functional fragnents thereof (e.g. fragnments which are 30 not
m ssi ng sequence essential to the formation or retention of an epitope).

Furt her mog@.540g2P. Vvivax antigen of the present invepgtogeednral so
i ncl ude other sequences that do not blqck or prevent the formation of the

conformati onal epitope of interest. 351The presence or absence of a
conformati onal epitope WO 02/ 074802 PCT/ U802/ 08307 17 can be readily
determ ned though screening the antigen of interest with an anti body as
described in the Exanples below (polyclonal serum or nonoclonal to the
conformati onal epitope) and conparing its reactivity 5 to that of a

denat ured versiQn ot Lbgsant kaeBriEh ché i fRe LRk Yy | iReant epid opes (i f
any). The P. vivax antlgen of the r&ré.&)sgnt I n entl.}cj)n can _.be made by any
reconbi nant nmettod “EREES prvida’ PR 2D pESSE PRt er et For exanpl e,

reconbi nant 10 Exeppessiiosldn (Bolgoldnailssaryn efremoede hetaiodot ther ovi de
non-gl ycosyl at e ' [N o0at il e’ .gonf L 00y Jg:1$cpost desirable
because nat ur aI&B%g%ggg&a&ntePég%%&aﬁganot%ﬁcg(s)yISat ed. I%r, ot%rions secreted
from nmamulbi afccéhps @Ry dneiiredgreieatdhorids aArFigFhgPisPgal act ose or
sialic acids whicth iRBYcWB, Undestrahltepker (ifefhai.n di-agnostic or vaccine
applications. However, _it _may also be possihble an fficien or certain
appl i cations, as it%?‘? Eno%v%ofm Jr%etneioﬁs?ﬁ?cpreexsﬁrngs%%? tgogln%?%en in other
reconbi nant hogies mede hbasarR0 riegowibioeintuse et yidast poeviigghéheeukar yot es, as

long as gl ycosy);atansf sidddiehi t eshy Thempl Of eiddenBesaidi ng to the present
invention may be secreted or expressed WI%hI n COfTE rérrents Ofd the cell.
Pref er abl y 20hoV@WPEFS5t MR Bt dt-ePRS? of° frgxeterred method to provide

non-glycosylated antigens in “native’ conformation.
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
applicationg, as it is known for proteins, to express
the antigen in other recombinant hostg such as

20  baculovirus and veast or higher eukarvotes, 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 isolateg 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 isolateg, can be used to produce a recombinant
PVMSP-1 pd2 protein uging 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 section of the present invention were not intended to limt the
scope of the invention and that 30 an equival ent sequence froma P. vivax
i sol ate ayhesorsdpan Sal |, i.e. fromanother strain, epgpuéhaesson, Belem
Vi etnam North Korean, and ot her straia and field isolates, can be used
to produce a reconbinant PvMSP-1 p42 protein using the nmethods described
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 the present invention. The PvMSP-1 p42 protein of the
present invention is expressed as part of a reconbinant vector. The 5
present inventingy bel atestable parddecultartysh-a bhe sRuidRelfipd?2 nucl eic

aci d sequence i _reconbi nan nucl ei c_aci P1-42, conprising the p42
protein sequeﬁ%@ 8%%%%ﬁfha%fF%#Léé§§e§? &%@%ﬁ¥§§8er at 1729 of the native
PvMBP1 protein |ink&det M@ -leptdromnicatedt 1the pspaeRs WSERELPRNO 3) at the

N-term nus. The PubBPadsedP4d PEROTBL -SedHERsWasSvedianed itAeo PETAT(NK2)
(kindly provided by Evelina,Angov, \Walter Ree%,Ar I2§tkgute of Research,
Silver SpriRg, WEFEFRPYeR5LgR nf Y STpRPERS2S r’tcgg%yu]é’n € “8°T7 promoter, 15
optionally a | as/mMspel atawr nualeidosoine sbimeicy isi recomyigstati ction sites to
allow insertio f; _the. sty Qe QT j . gequence.
Exanpl es of otﬁ%&ﬁe%P£¥%Fd§%$%§c '%%nggﬁgpgﬁg@féh%ﬁ%%%?%%gélﬁonnter i ncl ude
the expressi on SFBSRFESHETIINY LT 28Pa2t pERS 50 9a-al( 4Y2°afd pEt-9a, all
from Novagen (Na@di s@dive \BSEODSHIYteiseeithed Novagetecatalenguéed The present

| nvent on ‘also contenpl ates hogh. 5 Cel 3pbraNalaLHRY, Wil 3.ggobi nant

vector as d&finég
P42 genomic sequence was cloned into pETAT({NK2)

(kindly provided by Evelina Angov, Walter Reed Army
Institute of Regearch, Silver Spring, MD). This
plasmid comprises, 1n sequence, a T7 promoter,

1% optionally a lac operator, a ribogome 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 plasmidés pET-17b, pET-ila, pET-

20 24a-d{+), and pEt-%a, all from Novagen (Madison,
Wigconsin); 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 emploved. The above plasmids may be
transformed into this strain or other strains of &:
coli having the following characteristics: a T7 RNA
polymerase rec gene, Lon, ompT protease mutants or any
other E. coll with a protease deficiency. Preferably,

30 the host includes Origami (DE3) and any of its
predecessors that alsgo have a more oxidative intexnal
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
strains of E; coli having the following characteristics: a T7 RNA

pol ymerase rec gene, Lon, onpT protease nutants or any other E. coli wth
a proteasgodeiigihency. Preferably, 30 the host includescfus@aggt DE3) and
any of its predecessors that also have,a nore oxidative internal cel
environnment. O her host cells such as ihsect 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 described in the definitions section. Lower eukaryotic
hosts include yeast cells well known in the art. H gher eukaryotic hosts
mai nl'y 5 include mapuRhi@dticehbstd neslkdewowdr he Atdheand i ncl ude many

immortalized cell |ines available fron he A Enludi HeLa cel | s,
Chi nese hanst er 5¥9§E? tsc%ﬁI%ﬁséﬁgg§éh%%ﬁ%%%ﬁﬁ#%ﬁég}oﬂgHK) cells, PK15,
RK13 and a nunisecteprotierercebkatvatds. hpyBRrlpde M sdxgrésSed in t hese

cells will be glygogybat edh wakess . whenee! dihgveibeanwl keied, such that
gl ycosyl ation of _the reconhi nant prOtEIQgis not EOSSI IS expected

le. It
that when pPodudiCAyoPVRESBIE 18R XS F1NEEKERYIB i1 &%FﬁgéFBﬂ system
ext ensi ve i nvesticgate aferdkb immbotatetzeddsel brlimepr essiiple Sobmting, _
puri fying, and ., charac! ey Lg PLat e MPlldoDEf bodgs  eukaryotic
cells post-trangla i onalTy no ?fy thi’s protein and this _wuld alter

protein struct UCECAngel iqmBabyrmstey. kbanyet (F6ES ¢85 nFFdduci ng vectors
into cells arerxRoMAdi ) thRearét JeheasecFeea.ifeg., Mt s42Fitsch and

varor ook MR et Ee S N Lyape [RYhLY B UIRLos{ 1AM WRILDNA G oning,

the cells have been altered such that glycosylation of
the recombinant protein is not possible. It is
expected that when producing PvMSP-1 p42 in a
evkaryotic 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. ‘

zZ0 Methods for introducing vectors 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
pPPVMSPL-42,

A preferred method for isolating or purifying

PvMSP-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. coli containing pPvMSP1-42. A preferred nethod for
isolating or purifying PvMSP-1 p42 as defined above is further
characterized as conprising at |east the followng steps: 30 (i) growing a

host cel lyy@$gy6lafhkned above transformed with a reconbi papisigher
expr essi ng 5VNBP-1 p42 proteins in a zﬁitable cul ture nmedium WO 02/074802

PCT/ USQ2/ 08307 20 (ii) causing expressi‘on of said vector sequence as

defi ned above under suitable conditions for production of a sol uble
protein, (iii) lysing said transformed host cells and 5 recovering said
PvMSP-1 p42 protein such that it retains its native conformation and is
essentially pure. Once the host has been transformed with the vector, the

transformed cells are;grQwWying eibiedd dnNor 1L ildhecptesenami-tet he desired

antibiotic. For FDA regualtory rposes,.it is preferable to use

tetracycline ora%gﬁgwég$ﬁb%eﬂg#%‘?|?$89i% BPEEP™S b Prrass density, in

this case aboutpdictiprefer abbylulaboutrofen 0D 600, the cells are induced to

produce the 15 reconbi Lot e The i Yschavye foupd after tria
e R i o

and error that for expression o S , 42, 1t was necessary
to cool theSculfapcEst % Saigh §EMSP-amddt P1oein 506 HiR'e Yref erably about

15C - 28C, nostetphgtel@bnsrabeutoRtbi@t2f fid a6 ees@fkialdyction. The
concentration of inducer, i.e. PTG added affects the maximal protein
synthesis. It M@ found that a concentration of 0.1 nM PTG was best,
however, a range of 08¢@5the h@s5 hive viersrnd tisansisfiiedi whth ¥ produce 80- 100%

of maxi mal. 25 he.celhs WehaskheRe£diest &k Fpdwhyseddture in

10 the presence of the desired antibiotic. 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 exrror that for expression of a solubkle
PvMSP-1 p42, it was necessary to cocl 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, 1.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 viscogity 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. & high salt concentration of about ¢.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-NTA colum. Preferably, lysis is in the presence of 30 im dazol e,
about 40 mM which reduces non specific binding of E. coli protein to N

resin. Lysb9basppPreferably at a tenperature of about @&rs@héser nore
preferably about 20C in order to retai glnative folding of the PvVMSP-1 p42

protein and to reduce 35 proteolysis. hi gh 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
8.3, preferably, between about 7.0 to about 8.0. Preferably, the E. coli
endotoxin is separ ated 5 and renoved fromthe reconbi nant protein. This can

be done several ovyss ]Eleéfe%ws’ 1 Sﬂ%s a@@l@tm@mdmw emeyedoby appl yi ng

to a N'2-NTA col.um. noval ot oxi n de e n hing at | ow
brL “about 5.8 R, BoTBrErREatiyE dfbd PRHTRSE SPRRHIGN a7 Cabout 10 0.5
to about 1.0 nmMboquteBed alinefabeoly 50@twivehadioudt 7ad ‘¢¢ Gworat 8- 6f about

2.0-3.0 M/ mn, pref cably @boute 2. SCdy/gh@Ot'I;J_q% Egsiddreql | paste ratio
can be about 7 P? rratgr/kf%b E4310 lpasteCJ The reé]%nbl nant protein can

be el uted by ad?didt FEROBES HitGh i%e ﬁ?%ﬂ‘?ﬁ@?n‘bfpré’ﬁ%? 7. B35 8BRE 8. 5,
preferably abowonepkeBethl waya. phasphake-buider eﬁﬁoaimut wk8-30 mM nore

200- 600 M oS R er By L ARE e B0 et P g Tl e 2P e O
purified by iorpfexadahesin @%@ﬁﬁ@%g—‘ﬂab’ﬁ?hlw éfte gl E}Hfa ay°86phaf ose FASTf| ow
col um (Amer shasy Bhar nﬁﬁérﬁar@b@&reﬁbu@bﬁC@tQV\@h hhgH . da1tat adbout 4-6 nl of

matrix to EOUt %Oto a out 1p%8m§ p£n¥éraB£y a'g% l¥00%89%&€§ g% of matrix to

about 40 g
flow rate of about 2.0-3.0 ml/min, preferably about

2.5 mi/min. The resin to cell paste ratio can be
about 7 ml of matrix to 40 g ©f paste. The
recombinant protein can be eluted by addition of high

15 pH buffer of akbout 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 lon exchange
chromatography, preferably a Q-Sepharose FAST{low
column (Amersham Pharmacia Bilotech, Piscataway, N.J.)
at about 4-6 ml of matyix 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 pd2 for uge 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 agsay 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 mMm NaCd in 20 nmM NaP buffer. The PvMSP-1 p42
is eluted with about 200 mM NaCl (about pH 8.0) in 20 nM NaP buffer. The
present invention further relates to a 30 conposition conprising PvMSP-1
p42 for ugg 3§ vaccine and for in vitro detection obcfRkafkmn; antibodies
present in a biological sanple. For in vitro diagnosis of nmalaria

anti bodies present in a biological sa®gl e, the assay may 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 protein which are inmmunologically identiable with
PvVSP-1 p42, 5 preferably in an inmobilized formunder appropriate

conditions which all far.nat i f. an i .. Wherein said
peptide or protein égﬁ(%@ﬁéﬁéﬂ%? ;F%Q?SF§§O%%%¥Pg%mlgggy% ei'n which is
coval ently bourmgrrsibien|danryibsey e by HeafyVeP -4t p&ptaetdins or 10

avi din conpl exes, P@btia&@@@i@gdumg@iam&t ghi€hidde i ncubating the
i mmune conpl exes orged,mnth heter Iogoughq%hkgpgleg with said

het er ol ogous  alTIUBBUPELHaY HGRoH UGaldd™ t détB&fabl e 1 abel 15 under
appropriateﬁcoqﬁkﬁbmablyamﬂeﬁidmmdeﬂémeﬁngomhenpkﬂsen@exuﬁégaid i mrune
conpl exes Vi su Anm@&oH@) '_?_:'ﬁlg%%héfw(tﬁ’xegfopﬁ{at{w%fogn densict omet ry,

fluorinetry, colorinetry , resent invention also relates to a kit for
20 det er mi ni ng IS LEresEIRRE IS SAAF HILE IRt PHRHVEID 2R PHPol ogi cal sanpl e,
conpri sing: at yieashyd@e=Pepiptdaeosr protein worpolkt tovemtldef i ned above,

possibly in Coqgﬁﬁﬁy:Egnavggfldpgﬂgétrate by means of streptavidin or

10 avidin complexesg,

{ii) removing unbound components,

(i1i) incubating the immune complexes formed with
heterclogous aﬁtibodies, with said heterologous
antibodies having conjugated te a detectable label

18 under appropriate conditiong, and

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

The present invention alse relates to a kit for

20 determining the presence of malaria antibodies, in a
biclogical 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
broteins 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 biclogical 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 solid support, nore preferably on different mcrowells of the sane
ELI SA pl ate, and even nore preferentially on one and the sanme nenbrane
strip, 30wecbwisg@r or conponents necessary for produci pgrakhesiuffer

enabl i ng bindi ng reaction between thes<=2t pol ypepti des or peptides and the
anti bodi es against nmalaria present in“he 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
automated scanning and interpretation device for inferring the malaria
parasite present in the sanple fromthe observed binding pattern. 5 The

i Mmunoassay net hods @@g@b:dj mgsbolﬁ&m;dlmgsaﬁtauﬂmeaai edaning 28a PVVBP- 1 p42
domai ns t hat mau ta| n |nead (f se of eg ept | %gs)ma adrl%onf or mat i onal

epi t opes (prot eT'hs e)rp 863 t'gnl 2 &6 b 85 55 seéra fromindividuals
infected with aomsatﬁapne@nrtamsm@ SampNBPEIlOHpALZEa@MQ}é@ﬁ of the present

invention may he.enph %@@kéx@l Vi rtuaIIy any assay format that enploys a
known anti gen to det ant i bodi es. common feature of all of these

assays is that theT8ft ?‘@anés?}%rﬁ*%@(o@& FFEPLRE bBdY T SHSSABAL 15
suspect ed of caontvanhtag waElldrearamaliogiesdemder thondidinoasnt hat perm t

the antigen to J]k?ﬂr)t%gr g xﬁ%s%gggh@%ggj{dggqymp& esent Lo conponent. Such

condi ti ons ic tenmperature, pH and ionic
strenght usi ng %t@peés@@rteaﬁﬁ g‘%ﬁ?ogﬂﬁée@dolf FEGBRPERE o2 the antigen with
t he speci men i serbokl-enechdiy:dei Betindaceédivigme songtiexes conprised of

the antlge?ﬂ parasite. PVMSP-1 pd2 antigens of the present
invention may be emploved 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  guspected 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 physiclogic 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 is 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 gignals from the immune complex are also known;
examples of which are assays which utilize biotin and
avidin or streptavidin, and enzyme-labeled and
mediated immuncassays, such as ELISA assays.
The immuncassay may be, without limitation, in a

35 hetercgeneous 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
solid supports, or immunoprecipitation. Mdst assays involve the use of

| abel ed anti body or pol ypeptide; the |abels nay be, for exanple,
enzymat i cwofsbRg@scent, chem | um nescent, radi oacti vepcofjs@ygsonol ecul es.
Assays which anplify 30 the signals fr%f1the i mune conpl ex are al so known;
exanpl es of which are assays which util4%e biotin and avidin or
streptavidin, and enzymne-| abel ed and nedi ated i munoassays, such as ELI SA
assays. The i munoassay may be, without l[imtation, in a 35 heterogeneous
or in a honogeneous format, and of a WD 02/ 074802 PCT/ US02/ 08307 24
standard or conpetitive type. In a heterogeneous format, the polypeptide

is typically bounghda@daosoddhbetiBEFd &?@e.syﬁp@rﬂet@oﬁéﬁéédst ate separation
of the sanple fromthe oh¥@%%tld a tgr anﬂfa | on., Exanplis 5 of solid
supports that c ru&Bg B PEITR T GBLe e B9Undi 0 e iBrafe or
mcrotiter wel Imftorim) prpelywimylko thiidricdee (sesmpratinnshedathe or mcrotiter
wel |'s), polyste{rﬁﬂ 1 vmdd) PDea M kLer ,

pol yvi nyl i di ne % uo%[Eg&ﬁﬁﬁ%aggégp%%n$§h%%%?%ﬁg¥%ﬁ§%k%?é;g?#§%§§paper,
nyl on menbr #nesCt sRdiPvENRPTEadR2t H7F PRobEFh K SDEabEocHorleRanpl e,

Dynat ech | nmunole&r;. TMid e&mbraenbsmibot2tat ofall tferm) plmptiesiayl 0. 25 i nch

pol ystyrene bea RPr.ecisi on Pl i.C | ] in the
het er ogeneous f%%ﬁ%%@glégfﬁé SOl i %ﬁb%%r?l%ﬁﬁgégﬁiﬁéf?%% antigenic
pol ypept i des i alysitvaphry laskedead t.ednsbpadatdth@icrotitedim t he test sanpl e,

and prior to deiegld:on,ofPonndq;satihedies. (:Bakds skandard and conpetitive
formats are know in_the art. 20 Ig.a hono eneoH% fongg%i t he test sanple
is incubatidd vﬁqﬂ¥nPﬁ8ncgﬁﬂrn§?F6% FredaRePgend Yy erbranes,

activated beads, and Protein 2 beads. PFor example,
Dynatech Immunolon.TM.1l or Immunlon.TM. 2 microtiter
plates oxr 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
antibodies in the antibody-antigen complexes is
directly monitored. This may be accomplished hy
determining whether labeled anti-xenogeneic {(e.g.

30 anti-human) antibodies which recognize an epitope on
anti-malaria antibodiegs will bind due to conplex
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
conpetitive formats for 25 these assays are known in the art. In a standard
format, the anmount of malaria antibodies in the antibody-antigen conpl exes
is direckbyypagitored. This may be acconplished by degg(sinkine whet her

| abel ed anti -xenogeneic (e.g. 30 anti-Q#ﬁan) ant i bodi es which recogni ze an
epitope on anti-malaria antibodies w I1” 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/ US02/ 08307 25 known anount of |abel ed anti body (or other
conpeting ligand) in the conplex. Conplexes formed conprising anti-malaria

antibody (or iﬁhduhﬁaﬁaﬁﬁt ca‘f cappetd tintepagsayss other asmwgdrial 5 conpeting
anti body) are dﬁt ect y of .a nunber of known techni ques, depending

on the fornmat. xéﬁ‘p“rkée cﬁﬁ‘?%\%}& ed mal aria antibodies in the conpl ex
may be detected usiigraleory fgatredoforantiisirgnayeneiadariy aumpodyed with a
| abel (e.g. an E&ZM%&Q dAaheb)- cbﬁbmt'lwvmﬁc' Eh&a&h&&toﬁfagw utination

assay format t reaction between the nmalaria antigens an ant i body
forms a networ KYWELLPF R PIRCRY &s3¥¢ SIRCSFREY S8 FYoRE of €n§ on and
forns a visi bl edayetediniafue, | depéndimecbpi tiad Eorkbtnarant i - rral aria

antibody 15 PLESShot NS HEALL ARSI AR MLl popragaLtate TS

formed. There curr st Thréee speci ngp par
aggl uti nation (W) baséawtemégénas%mnaa@te G5Ed- JF%TFOQ%@lSet ection of

antibodi es to vayiRHs1anid gaRs WhesbLoaked. tah ansypport. One type of this
' 10 label).

In an immunoprecipitatien or agglutination assay
format the reaction between the malaria antigens and
the antibody formg 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 uged for the detection of antibodies to various
antigens when coated to a support. One type of thisg
assay is the hemagglutination agsay using red blood
cells (RBCs) that are sensitized by passively
adsorbing antigen (or antibedy) to the RBC. The

25 addition of specific antigen antibodies presgent 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 common
of these are latex particles. However, gelatin

d 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
addition of specific antigen antibodies present in the body conponent, if
any, causes the RBCs coated with the purified antigen to agglutinate. To
el i m nat ewpobgnkdzal non-specific reactions in the henpgguthlkati on assay,
two artificial carriers 30 may be used ., nstead of RBC in the PA The nost
common of these are | atex particles. Wwever, 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/ US02/ 08307 26 The PvNMSP-1 p42 proteins, peptides, or
antigens of the present invention will typically be packaged in the form

of a kit for use inrheseuirmIupaassetsinthepekiides, | br noruiakhy contain in
separate contai ners the 5 PvIVBP- 42 anti gen, nty ol i bqd

formul ations ( os%Figﬁe%ﬁH78Pvﬁ% ‘Fi&%?? E§%5F§§y5% ﬁE%%%ggﬁe%nthe assay
format requireshendogmnet endisi femalvsgenar ahesyy immeagesaays-eThe enzyne

substrate). if yihe;abel dpes notncHenenhatepdrcdnahtidaet ke The PVMEP-1
p42 antigen_10 ng¥ be al ready bound to SO H%%{atrlx or_,separate wth
reagents foP bifidShgli P41 FERESHmtTIRErOL| ARETRRYY SRS @G Rritten, tape,

CD-ROM etc.) f@losicateyamnl)oauheddieivadsajabslal laptwbddy bédienntheaded in t he
kit. 15 I nmuno §§@¥s NN t By NBP; t'%ﬁ?} useful in
screeni ng bloo%i o] Ehgﬁ%ﬁg%gpg%%%ﬁﬂ%fsa sﬁ%%ﬁégP?gﬁ% igﬁgggtentially
infective mal ariSRISAEESIS & | SRERRK|SHPStTRES hethdsef 6P helofFePat ati on of

the bl ood supplgereoapei sasignhe dotdamhng shepsas201 Reartantgganbody
Conponent’lBregﬁﬁggkyaPégggrBgugdqaggpsolid matrix or separate
with reagentg for binding 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 pd42 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
PVvMSP-1 pd42 proteing of the present invention to allow
an immunclogical reaction between malaria antibodies,
if any, and the PvMSP-1 p42 antigen. Detecting

25 whether anti-malaria antibody--PvMSP-1 pd2 antigen
complexes are formed as a result of the reacting.
Blood contributed to the blood supply is from donoxrs
that do not exhibit antibodies to the native MSP-1
antigens.

30 The present invention further contemplates the
use of PvMSP-1 p42 proteins, ox parts thereof as
defined above, for in vitro monitoring malaria
infection or prognosing the response to treatment (foxr
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
antibodies, if any, and the PvMSP-1 p42 antigen. Detecting 25 whet her
anti-mal aria anti body--PvMSP-1 p42 antigen conplexes are forned as a
resul t ofwhheesgacting. Blood contributed to the bl oodcpugRloyzohs from
donors that do not exhibit antibodies %o the native MSP-1 antigens. 30
The present invention further contenpla es the wuse of PvMBP-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 chl oroqui ne, nefloquine, Ml arone) of 35 patients suffering from

mal aria i nfection conprising: WO 02/074802 PCT/ US02/ 08307 27 incubating a

bi (2)| ogi cal sanple f&ﬂ%]z?iﬂ%tgi g%iohmgtita?maé%ﬁﬂ:@ if@g@Ca_t ip&mi\éﬂ:h an thI\/SP-l
p42 protein or . a suitable . part thereof under condifjons, allow ng the
formation of aWithnliA ?%ﬁ%&g e@ﬁﬁﬁl&%FhSa?é%@@%ﬁg X 5ﬁﬁae%%ﬁ%%nents,

cal cul ating the antiaPydpRrt Pt endepraselitiony aldicdisanpie (for

exanpl e at theiﬁﬁ?ﬁEiﬁﬁcﬁ?Qﬁoﬁg?gﬁgkggcéqu%&H%§? of therapy), and

nmonitoring the natural course ria 10 rnfection, or prognosing the
response t o5t reat neAEMSYing dPHOWH (SOFPOBR the basis of the anpunt
anti-PvMSP-1 p42 tickessldiawpadihd 5aiid psEAPHE HL thesst arkseht treat ment

and/ or during thhe coyrse of treatnment. Pati.ent ecrease of 2,
3, 4, 5, 7, 1%“15?1§5? ﬂep#é:%fﬁﬁwi1%0?%tﬁ%%%tgggfﬁﬂg%hg?gthe initial
anti - PvMSP- 1 p4Rriibterke coukde bt dowehnded ans! be | ong-term sustai ned

responders to nal arhg,t Heray ché tndtfirk® beuduleyiskeog-ihat smal | er
fragments of the apove-rentloned pertides.also.’abl M hif the
sald patient on the basis of the amount anti-PvMSP-1
pd2 titers found in gaid 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 bhe concluded to
be long-term, sustained responders to malaria therspy.

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 easlily prepared by chemical synthesis and can
be tested for their ability to be used in an assay as
detailled above.

The present invention alsoc 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 fLor 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 in an assay as detail ed above. The present invention also relates to
a kit for 25 nonitoring nalaria infection or prognosing the response to
t r eat mentwhfy@h74k3st ance to nedi cation) of patients supfeikf@sforom nal ari a
infection conprising: at |east one PvNBP-1 p42 peptide as defined 30
above, a buffer or conponents necessarjg or producing the buffer enabling
t he bi nding reaction between these proteins or peptides and the anti-PVVMSP-
1 p42 anti bodies present in a biological sanple, W 02/074802

PCT/ US02/ 08307 28 neans for detecting the imune conplexes forned in the
precedi ng bi nding reaction, and possibly al so an autonated scanni ng and

interpretation devi gRahar sdPfRITdRING HRCAARSE: YompR e | cMEP- 1 p42

titers during the progression %; treatnegt. The present invention al so
relates to a sﬁ?d¥Vb hg-a SRR SEE g orf®r nore serol ogi cal  types
or alleles of mual arip@wspabigidlsgpresentonated 4Qabiigicoghdal sanple, nore

particularly fOL“QQ%E%EQQ%¥ES%%EQ§S%§f%%§@££EhéﬂéfEEEEQ&S&XE@S or alleles of

mal aria parasites t ) In one assay, format, conprising
at |east the f oM OwFHYSErEpE2 (ilfeed BdrPngPe REOBrEEdY Tt &t sample to be 15
anal yzed for the-grasance of malaria antibodies of one or nore serol ogical

(e ut 0 eacine, ol 1S, IOEE 1ogt%.camesit) gus o0 defned sbove.
all ow t he formetéwsirvoinaessay for detecting one or more serological
types or alleles of malaria parasite present in a
10  bioclegical sample, more particularly for detecting
antibodies of the different typesg or alleles of
malaria parasites to be detected combined in one assgay
format, comprising at least the following steps:

(1} contacting the biclogical sample to be

15 analyzed for the presence of malaria antibodies of one
or more serclogical types, with at least one of the
PvMSP-1 pd2 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,

(1i1) incubating the immune complexes formed with
heterologous antibodies, with said heterocliogous
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 meang 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 composgitions 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 ogous anti bodi es being conjugated to a detectable | abel 25 under
appropriate conditions, (iv) detecting the presence of said imune

conpl exeswyipshakdy or nechanlcally (e.g. by neans of depgkiQ8RErY,
fluorinmetry, calorinetry) and |nferr|n% the presence of one or nore

mal ari a serol ogi cal types 30 present Pom t he obser ved bi ndi ng pattern.
It is to be understood that the compositions of proteins or peptides used
in this nmethod are reconbinantly expressed type-specific or allele-
specific proteins or type-specific peptides. WO 02/074802 PCT/ US02/ 08307
29 The present invention further relates to a kit for serotyping one or
nore serol ogi cal types presedle ehesntformahathar panases ecpresent in a

bi ol ogi cal particul ar t ect the antlbodles 5to
t hese serologl5§F‘Fﬁﬁ%éﬂgpgnﬁP%r?%F%ﬁia f%(Xﬁgsgpgﬁ% at | east one
PvMBP-1 p42 pr atlgiedesr oPyBRria p2ragidpt pd@erasldembvedoafbgaé a buffer or

conponent s NeCesspny, f@ém%a%%mﬂ%pfbbed@egcft%gea@laﬂgbgage@ ndi ng
reaction betmee hese fgﬁﬁﬁEIns or peptides and the anti-MSP-1 anti bodi es

present in a bi'® §§rEalS Féca%n£¥¥$sf8ﬁ et Ry 2 He S mmune conpl exes
formed in the qureeedimg bi nding reaction, 15 p055|bly al so an aut omat ed

scanni ng and |ntergEe£ggéeagnge¥&ﬁ§bf ége% 5géx%goﬁ Ieieggg of one or

nore serol ogical types present fromt served ng pattern. The
present invent iRfwtafgo %seldéf-é%e‘i FRIVE€ use of

a buffer or components necessary for producing
10  the buffer enabling the binding reaction between these
proteins or peptides and the anti-MSP-1 antibodies

pregent in a blological sample,
meang for detecting the immune complexes formed
in the preceding binding reaction,

15 posgibly algo an automated scanning and
interpretation device for detecting the presence of
one or more serologlcal types present from the
observed binding pattern.

The present invention also relates to the use of

20 a peptide or protein composition as defined above, for
immobilization on a sclid support and incorporation
into a reversed phase hybridization assay, preferably
for immobilization as parallel lines onteo a solid
gupport such as a membrane strip, for determining the

25 presence or the genotype of malaria parasite accoxrding
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,

30 The present invention also relates teo 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

35  said antibody being preferably a monoclonal antibody.



20 a peptide or protein conposition as defined above, for inmobilization
on a solid support and incorporation into a reversed phase hybridi zation
assay, preferably for immobilization as parallel 'lines onto a solid

support such as a nmenbrane strip, for determ ning the 25 presence or the

genot ype WhH oiisgpl @ parasite according to a nethod aspggismsskepbove.
Conbi nation with other type-specific ﬁ% all el e-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
protein conposition, with said anti body being specifically reactive with
any of the polypeptides or peptides as defined above, and with 35 said

anti body bei ng pref enabbyegednackenan anksbashystA0:0240 H48082-1

PCT/ US02/ 08307 0 The.ﬁr esent,. i gvention @I o relates o) %B PyMSP-1 p42
specific anti bdfy SEFEbMEH FroRPE Vv eEBre Zial & YFFb¥ars SPAMHI asmi ds or
phages or fromldbpepul &t imksoflds hemaiaBes edt sSripp repeisfrianppdcess known

inthe art, 5 WiR,SaLd A ib%@ﬁlfxa@@id}gafﬁ@&ééééekwo&aﬂ anyef at-he _
pol ypepti des or peptides as,_ defined above, and with said_anti body bei ng
preferably & nofddl 8ALF SHINSGHyPe Fite TRRRERIA 42 &B8c i monocl onal

anti bodi es of ¢ddigpepvbitd axr paptbéegprediectihddy aanyehydrd daonm |iable 10 to
be formed accordi.ng : i t fr | .eni s node cells
of an ani mal, ps%rlﬁ %ﬁ?ﬂa]?@;%feg% é@en%ggél%ré)rmgt%%clﬁ%%%%é¥gg% nst the

Pl asnodi um pol ypeptheeBvibiPPeptt derecddésr apirp toaathant FResierodf  as

defined above amet hgveme diardn paGIdueed sy einvahdbr i@l-oMaaEee| |ine on
t he ot her nd, and to be, selected by the ability, of the hybridoma to
produce t @ n&ﬁogﬁoﬁ%m% ﬁcESBﬁ?a%g rtQCS%?ﬁ’SZJiC??gl f“ﬁéh%%? y%@f)nti des which has
been initially spdediforr thephnmodé zatlilencbHfan animal, particularly
from a mouse or rat, immunized against the Plasmodium
polypeptides or peptides according to the invention,
as defined above on the one hand, and of cells of a

15 mveloma cell line on the other hand, and to be
salected 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 radiocactive type.

The monoclonal antibodies according to this
preferred embodiment of the invention may be humanized
+ 25  versions of mouse mcnoclonal antibodies made by means
of recombinant DNA technology, departing from parps of
mouse and/or human genomic DNA sequences coding for H
and T chains from 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 presenit embodiment of the invention
can also he derived from human peripheral bloed

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. The nonocl onal antibodies according to this preferred enbodi nent of
the invention may be humani zed 25 versions of nouse nonocl onal anti bodies
made by n®angoatezr ecombi nant DNA technol ogy, departi ngpétoRopgdhts of nouse
and/ or human genom ¢ DNA seqguences codlng for H and L chains from cDNA or
genom ¢ clones coding for H and L chai’s. 30 Al ternatively 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
enbodi nent of the invention can also be derived from human peri phera

bl ood 35 | ynphocytes of patients infected with malaria, or WO 02/074802

PCT/ US02/ 08307 va?cﬂcﬂ&ae&a %ta%s@%awmﬁaba& %m@ﬂcﬁoma@m)c' onal
anti bodies are przgﬁre ror 1nstance, by, neans of_ human pgrlpheral bl ood

| ynphocyt es ( PBE) BEEPRIIHE @ﬁeP%?e%fe\ﬁ@Felﬁ%t‘r?ﬁ’iCﬁed Y iR @&f i ci ency (SCI D)
mce, or 5 by rears périﬂﬂﬁt&gebl@odnIymphlcyWHSﬂTPBDMBﬂepagumammghobul|n genes

have been used HPS@%BL@QQm&H%ed 38 O$QEECle S%n?gfﬂ}l I t%g relates to

the use of the “‘protéins or pepti e1n Ion or e 10 selection
of reconblnént1ahmﬁﬁéﬁl@%tﬁ?ﬂﬁﬁ@nhﬁd@é@sl@fwm¥%béﬂﬁé¥re cl oni ng. Anti bodi es

directed to peplifesy0sbsiiRgbenes hsResibh Cugotei pepTHEd wad from a certain
strain may be used as a nedicanment, nore particularly for 15 incorporation

into an i munod &5 #57°%he detection of Plasmodium strains for detecting
the presence of PvNEP-iInytZziant afensseloteantd dgéwsueontairieng PvVBP- 1

proteins or peptides of the invention, for the

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 ag a medicament, more particulariy 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 prognoging/monitoring of malaria
disease, or ag therapeutic agents.

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

25 epltopes 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

(i} 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 use of any of the above-specified PvMSP-1 p42 nonocl onal anti bodies
for the preparation of an inmunoassay kit for detecting the presence of
PvMSP-1 wé2d2enkdgen or antigens containing PYMSP-1 p42cibs@pkiopes in a

bi ol ogi cal sanple, for the preparation__of a kit for prognosing/ nonitoring
of malaria disease or for the prepara??on of a mal aria nedi canent. 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 said biological sanple with any of the PvMSP-1 p42
speci fic nmonocl onal anti bodies as defined above, preferably in an

i mobi l'i zed form under) AQRKARKI @lneandblbons,pahi ch allow the formation of
an 35 immune conpl ex,, WO 02/ 074802 PCT/ US02/ 08307 32 ii% r enovi ng

unbound conponent s, £+ )1HNOEEERT St AENTRMARIREGHET SBLHoY with
het er ol ogous ani:itbodi esyuanaine hbspies, f vbadh ysoeciditollyt kendnte bodi es present

in the sanple b zed It R, saj Qﬁ% .0 At bedi es
conjugated to %%edg?gggg%%% Eﬁgﬁhhﬁﬁe?h% pr gfiggggﬁgﬁ%% %%ﬁ%, and (iv)
det ecting the pHéBerdEd dieteaPdoYIHALAELEBPPHIIBESWIEHERT 2R nechanical |y

(e.g. by neans getectensd t1GIRLN Yndd uepLeBEiate eohaitimis,ypndl0 The present
i nvention also rel ates t%19 %Lt ftr insgiééqﬁggg Oﬁﬁ? %f a mal ari a
antigen present in a* biSTogca EEPreSeemri g YAl east one

nmonocl onal ant idgodyesss dafsuadlly aboeehanicdllyailég . antibodgprbedhg

preferential l'y o.19; { @bl | 280000 59! béh Stibsti-gf e, a buffer or conponents

necessary for producjn , , )
y 10 P Thegbresent invention also relates to a kit for

in vitro diagnosis of a malaria antigen present in a
biological sample, comprising:

at least one monoclonal antibody as defined
above, with gaid 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 antlgens present in the
biclogical sample, and

20 a meang 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 obsexrved 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,
monkeyg, and other mammals, including humans.

In generzl, this will comprise administering a
therapeutically or prophylactically effective amount
of one or more menoclonal 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
detecting the i mmune conplexes forned in the preceding binding; reaction.
The kit can possibly also include an automated scanning and interpretation
devi ce foygignhRsnR Ng the nalaria antigens present in pagusSanpde fromthe
25 observed bi ndi ng pattern. Mnocl onal,,anti bodi es 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 other manmal s, including humans. In general, this wll
conprise adm nistering a therapeutically or prophylactically effective
amount  of one wilaroeeimbsaclonnal Aantddidde eforaf ofthehpraseimbdd5 i nvention to

a susceptibl e subl gt . gr, 06 B bl1dNGND N2 074802, PG/ US02/ 08307 33
mal aria infection. "Any active formo e anti body can ‘be adm nistered,
i ncl udi ng Fab afrhomeabs) 2 Arfiikgibat of Ahei Pories aPVEREIYY €8BnPei nventi on

can be produced-da-aayis ket stasl udicngainsesisceel ks11H bacul ovirus
expression Z{SH%%EQ ché&kggs, rabbitsstﬁaoat kﬁ?m%’ ggﬂ%kggts_such as
tomat o, pot at o, QHET U IS EEERbSY 1Y EREE ho or >t he*product i on of

anti bodi es in tdese, systenerapdaknowuchoasa perdon wethto okdbaagy skill in

the art. Preferabl 1t h6Ss 1. Uused e cenpatiple with the
reci pi ent specf%géﬁﬁ%ﬁﬂg?ﬂgt ?%ghiﬁ%une resﬁ%ﬁse to the MAbs does not

result in cl ecAi®edses tHe TEEE BEIGTE PEF SITE EAnPHRSIEONY T bl ed, and
the i nduced i masEnaegpansE tia the aMAbs prafdidlsubieetaddbedhes i nduce

"Serun]SiCNRFSs£se aEQ égﬁ%é%&@lgC&itﬁ”ﬂ%%e£5%§ﬁ@en&hEpg@$5%i?ﬁ@hniStered
that the immune response to the MAbs does not result
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 functlons such as bkinding 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 pd42 antibodies of the
present invention. The antibodies can be provided in a
kit ag described below. The antibodies can be used or
administered as a mixture, for example in equal
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 sge, weight, height, sex,
general medical condition, previous medical history,
etc.

In general, it is degsirable to provide the
recipient with a dosage of antibody which is in the

35 range of from about 1 py/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
the adm nistration of a therapeutically 20 effective amount of PvMSP-1 p42
anti bodi es of the present invention. The anti bodi es can be provided in a
kit as degelhpagibel ow. The anti bodi es can be used or pagigknisiered as a

m xture, for exanple in equal anmounts, ,or individually, provided in
sequence, or 25 administered all at oncé. 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 adm nistered agent will vary dependi ng upon such 30 factors as
the patient's age, weight, height, sex, general nedical condition,

previ ous nedi calg/MigSt 90y, pg/@bcL AdVi@ener ak/kd-tioiosngass r albbe to provide the

recipient with a dos of .ant L bod ichis.in the .35 rapge of from about
1 pgl kg- 100 pg/ ,%88%&”&‘&’56@&\)@/ /0?4%%{2‘%&/%%6% 08387 24 g/ kg, 500
pg/ kg-1 ng/ kg, W/igl k§oa 0w /kgt kel wWOBg, nhP kB0 -n/ihay ko508 ng/ kg- 1 ug/ kg,
T A4 s L1t s I S I A
9/ kg-5 g/ kS? 51?254'/%6: ”goﬁg%kg(bg%ﬂ‘qaeigﬁfk%{gg%%?pigrﬁf)}%‘ggt%{)ﬁu@bh a | ower
or higher dosagedyayecbghiadifi neéstereed.) , | alidghsigh katowpproabhghanot her
prophylactic usg . of ﬁgflgpg?ﬁiﬁgggef%&pibodies of the present invention 10
t

is the active inmmnizatlion of a patient using an anti_idiotypic antibody
rai sed agai nst one &R BhellplasenPPrinsHocPBREICAREPBBglaE1C) #ifini zation with

an anti- idiotyze nhi GbnddIFnes dheimhrust of e1ef pibecepiiepetiepul d elicit
an active ﬁBtiHEy¥Eg_%c£¥¥% E%ﬁ&%ﬁgg%ion of a patient using an anti-
idiotypic antibody raised 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-l pd2 response
15 {Linthicum, D.&. 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
bilologically 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 seguence 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 zati on can be induced by adm nistering one or nore antigenic and/or
i rmunogeni ¢ 20 epitopes as a conponent of a subunit vaccine. Vaccination
coul d be wanhpnped orally or parenterally in anounts sufiit@gnt to enable
the recipient to generate protective %gti bodi es 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, not corresponding to the original protein sequence can be
added to the 30 ami no or carboxyl term nus of the original peptide, or
truncated for mdaafrlpﬁaﬁ,{réi@ th@st@hfEXtNl%e@ﬂiiiﬂDv@Cﬁx@&e;ﬁﬂiQnodii@i:b!flér@r coupling
t he peptide to % ?’ | ar carr fﬁ protecgJ o to a
support. Anino % &%qu‘f’ élya & ﬁ%%qt?l % or“th8sE 05e8” ifcfude: tyrosine,
35 lysine, gl utt@mm@naﬂ;l mlmpant i ancpd;l«d@ya@ilrt@oaﬁh m@n@2ﬁ©ﬁ4802

PCT/ US02/ 08307 CO%EJ.%%I e!f"'tfu\égﬁ ther %%Ll&ét@a nabikMEr RERLeA Pdification
techni ques may be use Iql -acetylation or COOH term nal am dation,
to provide addivepsAge ’ﬁ@a@%llﬁon o @pFIRG°Or fusing the peptide to anot her

protein or 5 pepti dehsphecidcelien &apaanlsupﬁqs:tote'ﬂmngnig?mmtes capabl e of
protecting agai aﬁ%mrraé@ ;@11:%58 q}oe%gfg {”plc%ea gr o%( ﬁﬂe&ﬁa reci pi ent
uctio

subj ects in an anpun SUTFT G ent in the malaria
i nfection synptoiesechn Bnmenenpents sudfiolent fo stfeckiceredieti@ fect” the

reduction of iipfeebi ﬁ@laﬁﬂi@tlﬁﬁ@cﬂfont l@ e, Ahoékﬁ@lrﬁ:f igadaidi stration,
etc. of th agetnt are EPffICI t% Qf ence h a response, Responses
be sufficient e fec re uc lon

to anti bod
infection symptoms if the dosage, route of

administration, etc. of the agent are sufficient to
influence such a response, Responses to antibody
administration can be measured by analysis of

15  subject’s vital 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 expreszed within
those cells the structural protein determinants
asgociated with the pathogen protein or proteing. 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 fox
resolving established infections. Furthermore, the
structural proteins released by the expressing
transfected cells can alsc 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
conprising a nucleic acid encoding PvMSP-1 p42. DNA vaccination invol ves
adm ni stering antigen-encodi ng pol ynucl eotides in vivo 20 to induce the

producti opo@iAasgorrectly folded antigen(s) w thin thectas@esseeel ls. The
introduction of the DNA vaccine will cause to be expressed within those

cells the structural protein detern naffs 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 Histoconpatibility Conplex (MHC) antigens of the nornal
cell. Even when cell- nmediated inmunity is not the primary nmeans of 30

preventing inf ecti omnelbebse! 1! Yy ldmar ua0Lad oty EegOLYING sepkibl i shed

i nfections. Furthernore fural proteins rel eased by t
expressing t r &Hs CONPeBeFEI s W@éﬁhaﬁ@@dﬁé Biaweliyp Byvahitded presenting
cells to triggelesiysbeqi @bdwroraénm iseed¥ncSb ﬂz@&p&ﬂﬁﬂ@nen\ﬁo 02/ 074802

PCT/ US02/ 08307 _,36 .Ther the presen entl Ny, t 0 a DNA or
CONA segrent wiiicH BRcohee TresiBalaTey vakd et e Bal ahove. - conone

sequences f Bomadief febéhtly stveailablef Dltbl@m@tmnﬂ vaxP havieaeatc publ i shed

and 5 are publ Ie@!@éc%al t@biﬁlta%hgé@gne@bnét%é%t Yh¥ axat@catxpected to
cont ai n sequences, at Wéﬁlst 90% i dent i cal el y produce

anti gens capabl®i6R sty Brotest WE}%%‘EE W%hﬁg‘jéntl bodi es. Such
st rai ns i ncl ude:1Belieimg Ghessan i vy edutaml i bbnid lnikdbedihes 10 Sant others. it is

envi si oned thal, L g,k %4?&%1@%%1@;&%%@%3' N lnah, V&%up%g\flegﬁ cross

protecti on agal ns Vi vax strailns
and others It is envisiocned that the PvMSP- l pa?2

from strain Sal I will provide cross protection
against other P. vivax straing due to the high
homology between strains in this region.
DNA or nucleic acid seguences te which the
15 invention also relates include fragments of the p4Z2.
genes containing protective epitopes or antigenic
deterninants. Such epitopes may be linear or
conformational as shown below in the Examples. The
sequence of nucleic aclds encoding antigens may be
20 generated in any manner, including for example,
chemical synthesis or DNA repiication 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, combinationg of regilons corresponding to
that of the designated sequence may be medified in
ways known in the art to be consistent with an
intended uge. It ig understood in the art that
certain advantageous steps can be taken to increase
3¢ the antigenicity of an encoded protein by modifying
its amino acid compositicn. 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
containing protective epitopes or antigenic determ nants. Such epitopes
may be |inear or conformational as shown below in the Exanples. The
sequence WH opwtGsel ¢ aci ds encodi ng antigens may be 20 gepgsahesdsi n any
manner, including for exanple, chem cagl synthesis or DNA replication or
reverse transcription or transcrlptléw, whi ch 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
corresponding to that of the designated sequence may be nodified in ways
known in the art to be consistent with an intended use. It is understood

in the art tha@arﬁg@&bﬁgnoﬁdﬁ@p%@ge@g§%§k@p@ canyde at-aken to increase 30 the
antigenicity of anéﬁ%ﬁoge‘%tﬂ{ ot hg b %Do'gf ﬁ%%g%%stgﬁta%‘p%tmnd

conmposi tion. 5 S d-co C I'ntroduced by
nmodi fyi ng the genethec D¥Rqaemsh.ngntodidwpitrded priotainncahtbé s cont enpl at ed
that all such mdidigah! ons, 3k V0 021,04902, FICH1SA2LR8307 37 var ations

of the p42¢genes of  P. vivax_ are ulvalénts, wthin the scope of the
present i nventisiudinge E#@\Qﬁﬂ@@ﬂPHgP%QHﬁ désierPERer g b8 i ntroduced

into the cell d:ikcﬁ.ﬂ)érspnagbi@ faopmémldletlapdbm@ off hept t agrent, ahone, a
|| neari zed plasnldg% rCLE Brgf$Fé%y¥ Qﬂg'rgﬁ% ¢apa é%fyédrepllcatlon
Se. ne1s

an episone, ef erabl Tont ai né plasmd. In
a partlcuIarIylmﬁﬁﬁéasmddenﬁ@d@n@ﬁrtlcwﬂmylmlEE@ﬁQ?ﬁ@@ aﬁb@¥@%@§3|on vect or.

I ndi vidual 10 gxpresshen 3./@0.5&9 eaFQ@@@g_anev@EtsﬁprqSﬂwgdﬁm genetic
mat erial can be prodyced usin a econbi nant technlq%es Pl ease see

e.g. Vani Ht i se%grg581onlg%@¢o cap expressmng the gene
material can be produced using standard recombinant

techniques. Pleasge see e.g., Maniatis et al., 1885
Molecular Clondng: A Laborato Manual or DNA Cloning,
Vol. I and IT (D. N. Glover, ed., 1985) for general

15 c¢loning 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. 2ny of these methoeds
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 dese 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 desired.
Precise amounts of the vaccine to be administered may
depend on the judgement of the practitioner and may Dbe

30 peculiar to each subject and antigen.

The pregent 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 vaccine 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 vector, can be delivered by injection into the tissue of the recipient,
oral or pulnonary delivery and inocul ation by particle bonbardnent (i.e.,

gene gun)ywagfb@hssoating a carrier 20 particle with thepPMisisagnt ne. Any of
t hese nmethods can be used to deliver Q@A as long as the DNA is expressed
and the desired antigen is nade in theCell. Generally, the DNA vacci ne
adm nistered 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 op the desired i nmune response, and the degree of
protection desired. Precise anmounts of the vaccine to be adm ni stered nmay
depend on the jaggerenhabirithecpigetdingoneniainderiyy be SEfpetaht ar to each
subj ect and antigen. T resent _i.nvention. I y relates to a
conposition coﬁ%&?%ﬁnan?P eas g%ﬁ@‘b b?%%ﬁ% 0358&@%§%#%?§g peptides or a
reconbi nant PvNBRrhapd2tiqsidyebpconngosi efbwaat (def | FrrPr@58ve, 2% or use as a

35 vaccine for jmmini zifgacmanpRl veher ahlbshunBnse £ \WR<02/ 074802
PCT/ US02/ 08307 38 agalnst mal ari a, conpr|5|g%_adgln|ste[ing a sufficient
amount of tRe GURSEEFt HOIFYGSE b VW REEHHIaM & °By9e phatfaceut i cal |y

accept abl e adjqmankﬁsiqntagaﬁnpdutmfgntiohnﬁnmecﬁéspoﬁsemhihg vacci ne
composi ti on of e, 9.PLesants i VSNl I kgnexRechedaho pioylde; 61 0ss-

protection against infection from ot . vi'vax malaria strains, since
t he i munogeni Mgty geengsayersbetfeil yLEdider ved bet ween strai ns.
| mrunogeni ¢ conposi tingRgeddi cheopsepiatiets 10aaeeopdepgréd met hods known in

the art. The presenl: AP RLALIN LGP LL SE AT A THIOGEN G @MOUNt of A
compositions comprise an immunogenic amount of a
recombinant PvMSP-1 p42 proteins or peptides as
defined above, usually combined with a pharma-
ceutically acceptable carrier, prefersbly 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 itself induce the production of
antibodies harmful to the individual receiving the

25 composition. Sultable carriers are typically large,
slowly metabolized macromolecules such as proteins,
polysaccharides, polylactic acids, polyglycolic acids,
polymeric amino acids, 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-iscglutamine (thr-MDP) as found

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



reconbi nant PvIMSP-1 p42 proteins or peptides as defined above, usually

conbined with a pharma- ceutically acceptable carrier,
15 conprising an adjuvant. The proteins of the present

preferably further
i nvention,

preferably purified PvMSP-1 p42 derived from pPvMSPI -42, are expected to
provi de aypastisgul arly useful vaccine antigen, since phpysibgen is able

to induce invasion 20 inhibitory antibqgdi es as well

as hi

gh titer

anti bodies that react with schizont-infected erythrocytes.
Pharmaceutically acceptable carriers include any carrier that does not
to the individua
receiving the 25 conposition. Suitable carriers are typically |arge,

pol ysacchari des,
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_JDM or CW5 may
uvants such as
AF- 1

Adjuvant (CFA) and Incomplete Freund's Adjuvant (IFA)

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,

20 the like, may be included in such vehicles.

and

Typically, the immunogenic compositions are

prepared as injectables, either ag liquid solutions or

suspensions; solid forms suitable for solution in, ox

suspension in, liguid vehicles prior teo injection may

25 also ba 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 Immuine

Stinmulating Complexes together with saponins, for

30 example Quila {ISCOMS).

Immunogenic ccmpositions used as vaccines

comprise a “sufficient amount® or “an lmmunologically

effective amount® of the proteins of the present

invention, ag 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 research purposes. 15 The i mrunogeni ¢ conpositions typically wll
contai n pharnmaceutically acceptabl e vehicles, such as water, saline,

gl ycerol ,wabhaagh, etc. Additionally, auxiliary substapggsogdeh as
wetting or enulsifying agents, pH buffering substances, preservatives, and

20 the like, may be included in such véfli cl es. Typi cal ly, the i munogenic
conpositions are prepared as injectables, either as liquid solutions or
suspensions; solid forns suitable for solution in, or suspension in,
liquid vehicles prior to injection may 25 al so be prepared. The preparation
al so may be enulsified or encapsulated in |iposones for enhanced adjuvant

effect. The PvNRRuhtP42ndiRt €hBs ©fe IR ini Hventbanofeyhaal smoheti ncor por at ed

into | mune Stl mul at | %@n’gl exe t oget her, vmlth sa oonll ns, fag{ 30 exanpl e
Qui | A (1 SCOMB) . ‘:Ir’?f?uﬁ%%gfﬁ Onfﬁ) T4 oRs? E Y 18 WAL IS P2bkpri se a
‘sufficient anount seriésmn isnefifetioigiec dbt yiresfifrenti vas ateddned of the

proteins of the,present;  i-RUEALI Qi ASWBLlaids aBYnotealtthe above
menti oned 35 conponent s:LS as nee d‘??idlfl nfgr%no 1?{%’. cg JtIly effgctl ve WD 02/074802

PCT/ US02/ 08307 S0 PRVGARY CoRSARLeH r?ét t?f*ﬁel%?&mlﬂ}l%%r%fi i%n of that ampunt
to an indivi duadpeagkfihethd nta&oﬁ:brm:gi errdaseoprindsvpanal taf be series, is

effective for treat rrg {)% asng) ”59 r%)lggg -gﬂngtémé% varthgs dependl ng

upon the heal t 5% Si ca condition of The T Rdi vi dual to be treated,
t he taxononm c grewagitf dhdibe dodlvidageés W@axteeaytﬂéer@ thonhuman pri mat e,

primte, etc. ),sy%lﬁﬁesﬁﬁep%&ﬂttﬁéogieé heviengdbyiual’ srbt@adignsystem to
syntheSIZe antléggg éﬂgafggguf tlgh %%O£ﬁ§n45%01ne, the treating

doctor's assessment of the medical situation, the
strain of malaria infection, and other relevant
factors. It ls expected that the amount will fall in a
relatively broad range that can be determined through

15 routine trials. Usually, the amount will wvary 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 alsc serve ag 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, PVvMSP6, PVMSP7,
DyMSP8, PvMSP9, and PvAMAl.) or heterclogous (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 pd2 fused

30 to the 5'end or the 3’ end of the PVMSP-1l p42 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'

assessnent of

S

the nedical situation, the strain of malaria infection,

other relevant factors. It is expected that the amount will fal
relatively broad range that can be determ ned through 15 routine trials.

Usual 1y, WwBe#1RK

| in a

fromabout 1.0 to 100 ug/dose nost prﬁgerably fromabout 10 to 50

ug/ dose. The proteins nay al so serve as vaccine carriers

and

nt will vary from 0.01 to 1000 ug/ dogserus@igseparticul arly

20 to present

honol ogous (e.g. other malaria antigens, such as EBA-175, PvCSP Type 210,
PvCSP Type 247, PvTRAP, PvMSP2, PvMSP4, PvMSP5, PvMBP6, PvMSP7,
PvMSP9, and PvAMALl.) or heterol ogous (non- malaria) antigens in
mul tival ent vaccine. in this 25 use, the proteins of the invention provide

an i nmunogeni GnaGakhibes, C@p&hberaa‘umltﬁ.audmtdqxgvamifmme response to ot her
chem ca

antigens. The antigen.nma u e entiona
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nmet hods, or

PvIVSPS,
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the S end or th@ceptehbbcﬁanﬂherP#WBPlﬁ p4$ﬂ¥ﬁﬁb§e V¢%Eﬂ¢§céﬁ e may be
adm ni stered i nyeon ¥hEkl QEibh! hmcqh@%elmre@guméxprpmagms The

conpounds of the present inventi gan be ed. accor di
net hods to Breﬁaﬁe%@%ﬁ?&é@uﬁ Py ds%f ScE&hﬁ% it9To g l%ﬂ%’r

WD 02/ 074802 PGH HS@!:@B@@’?S Pﬁarnmieezrtiiah.% Sorerceei (1§Unedi onal

to known
eby these

are conbi ned iy ad e @hgglﬁ% geu:Fﬁ@I Y RCCERLable carrier
eir

vehi cl e. Suitabl'é ve |c es an

ormulati on, 1nclusive of

ot her

proteins, 5 e.gorthanphrEECEHE B ACCEP RIS CPFBR LW exanpl e, in

Rem ngton' s PhafyesBué i £d é@%b@ﬂﬁﬁﬁaﬁi@ﬁf@&ﬁhtlonCBﬁﬁch;A ed.

Pa. (1980)),

15

20

25

30

35

derivati ves,

human

Mack Easton

I SEASE e (1M & RNBLMBE U I SRLLY ARSER! 8BI EngOMPOS tion

above-described compounds together with a sultable
amount of carrier vehicle.

Additional pharmaceutical methods may be employed
to control the duration of action. Control release
preparations may be achieved through the use of
polymers to complex or absorb the compounds. The
controlied delivery may be exercised by selecting
appropriate macromolecules {(for example polyesters,
polyamino acids, polyvinyl, pyrrolidone,
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 contrel the duration of action by
controlled release preparations i1g to incorporate the
compounds of the present invention inteo particles of a
polymeric material such as polyesters, polyamino
acids, hydrogels, poly(lactic acid) or ethylene
vinylacetate copolymers. Alternatively, instead of
incorporating these agents into polymeric particles,
it is possible to entrap these materials in
microcapsules prepared, for example, interfacial
polymerization, for example, hydroxymethylceliulose or
gelatin-microcapsules and poly (methylmethacylate) -
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
anount of carrier vehicle. Additional pharmaceutical nethods may be

enpl oyed to control the duration of action, Control release 15

prepar at i @p%2/08¥sz0e achi eved through the use of pol ympesut@asnnpl ex or
absorb the conpounds. The controlled livery may be exercised by

sel ecting appropriate nacronol ecul es or exanpl e pol yesters, polyam 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 as well as the nethod of incorporation in order to control
rel ease. Another possible nmethod to control the duration of action by 25

control | ed rel easevREQPayStdr@)s Fbs &ariole)r Pisdidhekhealivonpounds of the
present invention intg garticles of a %ol%qgrkgtqgagéi%iéﬁuch as

pol yesters, polPHHCRBReETT qd L Ry EFGHEIES  pdTS AT e ati‘d)” or ethyl ene

vi nyl acet at e copologapesleddrerinarbvetepulshstead Soich30e¢tiemgsr at i ng t hese

agents into pol ynerc Pakdd GlieRemihdrdr® sPOESIY &ltQ 8Nt @R Bgse material s
in mcrocapsul es prepared, for exanple, interfacial polynerization, for

exanpl e, hydﬁox&ﬁ%@hylcellulose or gelatin-mcrocapsules and
pol y( met hyl net hacyl aBgein3st sadoacapstiee eompespict whekiieror i n col | oi dal

drug WO 02/ 074802 BCHL B0/ 083011042 ABLhYSLY YAy Rl exanpl e,
| i posorres, al bum ™ nicfospheres, nicroemul sions, nanoparticles, and
nanocapsul es orcduriggcpoery sEnsuiBURl reeRhi diesudare di sclosed in

Reni ngton' s Ph%a(%%ekagaixwaj%@tgeﬁe§su& 6A98MraphdniphesT ati on of the
conpounds, ghethar  aNLLbodies ;or. YARAeS.  Hiedi08sd hgrgin may be
injection of birds, orally, or by topical
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 (inciuding 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 1iquid 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
injection of birds, orally, or by topical application of the antibodies
(typically carried in a pharnmaceutical forrulation) to an airway surface.

Topi cal awglg'%,gﬁg(jzon of the antibodies to an airway 15 gpff;apRsHean be
carried out by Intranasal adm nistrat igi%n (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
respirable particles of a: pharmaceutical fornulation (including both solid
particles and liquid particles) containing the antibodies as an aerosol

suspensi on, and,4 henngaus NGet PEsSIHECEoLOeRBnd1@Nake 1-he respirabl e

particles. Methods. an apparatys_for admniLstering respirable particles of
phar maceut i cal FBIHHT g??o sgegPagv%‘?ﬁe'kﬁ‘B\%ﬁ%afhecfd&ﬁy %conventional technique
can be enpl oyedsulSeaicat ndariesti ad fioar meyebel imprithe . f ofxmogflean i ngest abl e

30 liquid or soljd fiecpyl atian. . Jhe, hfgakaEeN C{r@m be gj wveniin a single dose
schedul e, or prde %Péb%é a rrueltfﬂ%ﬁ-{e_ ,d{)s?e sgﬁed% e ien (%)',hi ch a primary course
of treat menf n@PHE @PENE Mmorthsseplilatle dodds ¥6) I ARY oy ot her doses
given at 35 subggdyent ahd NE roAteS vals neguar&dudnghami s aitheand WO 02/ 074802
PCT/ US02/ 08307 Bédgrntagei ngéorce Lhe response, fépr .exanple, at 1-4 nonths

for a second dose i T éga%%i,: a su Sequent ‘doseé s) after several

mont hs. Exanpl esesrohssai ¢xaiscsed ricatrashiceséheshcesyipednflecr(1) 0, 1 5 nonth

and 6 nmonths, (Idauc@ sévdans apdaidsdmath, (iii) 0 and 1 nonth, (iv) O and

6 nont hs, or other . , , . ,
10 The present invention also provides kits which

are useful for carryving 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 foil 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 container means may be in another
container means, e.g. & 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 therecf.



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 provides kits which are useful for carrying out the present
invention. The present kits conprise a first contai ner nmeans contai ning

the aboveydasgifed antibodies. The kit al so conprisescpibiglsfent ai ner
means contai ning 15 sol utions necessary or convenient for carrying out the

i nvention. The container means can be ride 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

i nvention or analytical information, such as the anount of reagent
contained in the first container .neans. The container means may be in

anot her cont ai ner ﬁ@@n§@1fbﬁhngamh@ERIKLSaAﬂﬁgME?ﬁGE@gw@kérhid@ElnMWitten

i nformation. .25 The con ent iL cited references (including literature
ref er ences, |ssﬂ5335398 iﬁﬁbFP &% patent applications, and co-pending
pat ent appl|catlongﬂo@unedtmbrdngh@ut Phizs geppel. i Caniconcabd2 lvdr eby

expressly incorporated Qé(l rlefs%gfggﬁe(k ?1@11? BP o%%tt Hg,elgr ofyitiRgadhnventi on

wi |l becone aggarent in course O oW n escrlp ions of

exenpl ary ertho néﬁt%lﬂhqéﬁmgﬁésgP@éﬁﬁﬁéﬁe ??W?@%PagF% e invention
and are not intwepdegebaredending th@ggida@goebiooa/\@;m/(@i?a@é}ﬁ PCT/ US02/ 08307

44 The follomn TERMébS %ND mlch&&@ %§r85&§ed |nFe$$f%§g g@les t hat

foll ow. Clonln géne. nom vivax Sal | strain
(ki ndly provi defdielayﬂmDiildeﬂMOain?fSP‘EISPCél pihsgerGeHEERE DfsEli §€ase Control ,

Atlanta GA) waspdi gRaness Usidighatie Qcratmabteaddactalagen.-

10 CQGGAGAG3' (SEQ ID NO.:4), reverse: 5'ACGTCTGCAGATTAAA-
CGTCCATGCACAGGA3’ (SEQ ID NO:5)), the PCR product was
c¢loned 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'CATGCCATCGGCAGACCAAGAACAACGGGAZ' (SEQ ID
NG:6), reverse: 5'AATAGTTTAGCGGCCGCTTAGCTACAGAAAACI'
(SEQ ID NO:7)). PCR product was llgated to the Nco I -
Not T sites of the vector pETAT(NK2} (kindly provided
by Dr. Evelina Angov, WRAIR, Silver Spring MD). The

20 ligation mix was transformed into DH5a 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 thig plasmid is 18 wvector
encoded residues on the N-terminus (MAHHHHEHPGGSGSGTMA

30 (SEQ ID NO:3)) linked to amino acids #1350, to 1729,
of the native PVMSP1l protein.

Expression of PvMSP-~1 p42 protein.
Expression using both the host strains was carried out
in & 10 L biocreactor (New Brunswick Scientific NIJ).

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' CGTGAATTCATGGACCAAGTAACAA 10 CGCGAGAG3' (SEQ ID NO.:4), reverse:

5' ACGTCTGCAGATTAAA- CGICCATGCACAGGA3' (SEQ ID NO 5)), the PCR product was
cl oned i nggyapgaauencing plasmd and was sequenced. Thipywassdhen used as
a tenplate for anplification of the expression construct using a set of
primers 15 (forward: 5" CATGCCATGGCAGA GAACAACGCGA3' (SEQ ID NO 6),
reverse: 5 AATAGITTAGCGGCCGCTTAGCTACAGAAAAC3" (SEQ ID NGO 7)). PCR product
was ligated to the Nco |l - Not |I sites of the vector pETAT(NK2) (kindly
provided by Dr. Evelina Angov, WRAIR, Silver Spring MD). The 20 ligation
m x was transfornmed into DHSa cells and reconbinant clones were sel ected
on anpicillin. {the .glMnedetpserdlmas waequenagdtaddvittansbonired into

BL21(DE3) and Origam I"(DE3) E. coli,.expression (Novagen, Madi son
W). The tranf o%vﬁgﬁfghwgwée?%% ec&l%r(%h %emlle&:FFﬁ?én%ﬁlsat es and expressi on
was checked i n ndiPTelhaduded il ol 8s2 @ §carishtivncks 8REr BPHade and

stored at -70CqpLhecdeduced canide, 8cids SRAHRBEE Und khgpprHt i) obtai ned
fromthis plasmd is 18 vect ncoded resi dﬁ%g on the N-teétrg‘nus

r ,e
( MAHHHHHHPG@SGS@FNRE[BB“@SEQZBH“W H9uCeHk by anf 73 &8 sC%1350Ap to
1729Ser of theotat wee FABPLo pa afisial. cBpeessicdonoff RBLNSRRIL p42 protein.

Expressi on usi%zlla : h ' AR i.A718,10 L

bi oreactor (New rg%ge\% E%SS%%F\?%C? %@%‘)"@stdga%e%&g?fgngr St@h Cont ai ni ng 100
ng m-' anpici IMervesEedby02EOrRBDBaCPRUSER D@3ahe Wi Jeighgdpy -
tetracycline wasd regedaied swbtba 100 moecoverni ght grown seed cul ture;

e e TROALSAOE Py ST i 6 SSELLED #L500 TP The
reduced to 25CHatffens GB8E0dofiny purification were endotoxin free

and kept chilled while the purification was carried
out at room temperature. The E. coli cell paste was
thawed {1:8 w/v) in chillied resuspension buffer (20 mM

15 sodium phosphate {(NaP), 500 mM NaCl, pH 7.4). Bacteria
were lysed by microfluidization (Model 11089,
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-FE 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 mlM
imidazole (pH 8.0). Fractions containing the protein

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

35 followed by the same containing 100 mM NaCi 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 and routinely stored at -70C. 10 Purification of PvMSP-1 p42,
protein. Al buffers used during purification were endotoxin free and

kept chilWgdaakdze the purification was carried out apcfoQikRapPerature.
The E. coli cell paste was thawed (1:% wv) in chilled resuspension buffer
(20 mM 15 sodi um phosphate (NaP), 500 r’r1§/l 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 mn at 4C. The supernatant was further 20 cleared by filtration through
a 0.45 filter and passed over a Ni-NTA Superflow colum (Q agen) (7 m
Mrralt][l xdper)40 am, %ﬁﬁil@@e&.?ﬁ&eEPkrMﬂﬂiﬁ pmhwagaéng:reaiphytlsymﬁmd(vm ﬁr S,
ord MA) at r.at . 2. 19", . he co shed wth 40
mm 25 i m dazol é&c ﬁ@g’i {1%1% 8ﬁr99ré§u220pgn1r¥3|ﬁ1%ﬁ i egr' u%] [ e\t@ﬁge 280 of the
el uate stabilizZd&lyThe cotunhyhiassaiawmi PBBralt efCwitth 2O URNGEE buf fer (pH

8.0) and PvMBP-o L ipd2-4as, 6liut-8dni fri€eSANEs 2l L-85g&0aN%KakNI ng 500 MM
i m dazol e (gH 8.0). Fractiaons contai ni ng, t hecﬁglr o;cel n, 30wpeak wer e pool ed
and diluted>5 fGFETFR/ 1 REECTE O - BAPFEIT MRS AR UEPb"8S This was | oaded

on a @ Sephar esEuEBASTf t®W SCohymid. { Amer sharedPhar ABei 18, alPisciat away NJ) (4
m matrix per 40 : e -Geku shagk gy t NaP buffer
(pH 8.0), 35 fo(?lsg\r;}é%%%fe%vﬁgﬂga%rg c@n%é%fr%gif% mvi I\iﬂgclll Bﬁ%?félﬂvlt he WO

02/ 074802 PCT/ €S82neBed 7o borppateidaby | {47Ed LopgE eI PAMBRYE1H42 was el ut ed

with 200 M NaGQgutpily 8sifh-pian=2 Qs midsNabphed f emviSasgphes caelebadi al yzed
overni ght agai pat BES, A, 4G 39, P0LeLI, "B actth FAGRY Mefo BCA proteln

and stained with Coomassie blue. Absence of host E.
coli specific proteins was further confirmed by
western bletting with anti-F. colirpolyclonal
antibodies (Dako Corp. Carpinteria, CA).

15 Lyophilization and stability. Frozen
alicquots 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 seqguencing, mass épectroscopy

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, Bpplied Biosystems) using Sinapinic acid
matrix. PvMSP-1 pd2 proteln was reduced in the
presence of 10 mM DTT (RBioRad, Richmond CA) and 6 M
Guanidine HCl {Fisher Scientific, Fairlawn, NJ} at
50°C for 60 min. Alkylation was carried in the

35 presence of 6M Guanidine HCl and 100 nM lodoacetamide



5 (Pierce, Rockford IL). Protein concentration was adjusted to 350 gg ni -
and stored in 150 | aliquots (-50 g per vial) at -70C. Purified PvNMSP-1
p42 was eval uated for honpbgeneity by densitonetric analysis on reducing
SDS- PAGE (4-12% NuPAGE; Invitrogen, Carlsbad, 10 CA) with up to 20 g
protein L@g@ggmmﬁ a single well and stained with Coonpspislatie. Absence
of host E. coli specific proteins was gurther confirnmed by western
blotting with anti-E. coli polyclonal nti bodi es (Dako Corp. Carpinteria,
CA). 15 Lyophilization and stability. Frozen aliquots of PvMSP-1 p42
protein were |yophilized for 24 h (Flex-Dry MP, FTS Systens, Stone Ri dge
NY). Stability of the Iyophilized material was checked by incubating
freeze dried aliquots at -70C, -30C, 4C, 20 25C and 37C respectively for up

to 4 weeks. L 882, &bt bk, Méﬁ ﬂ‘Hr, 178 hgy shopkimnched gakkwer e anal yzed on
non-r educed SD P GE. sta%gﬁd with ssie bluye. N-term nal sequencing,
nass spectrosc&ﬁﬁnlghﬁﬁ(ﬁ Wﬁﬁlﬁgmgﬁ n?%?% SaBRLEF | 24 =1 p42 25

protein was resekeedioatiSRSHEAGES arpapsieraredovoaas RVBRugenbr ane and
seauenced usi g, CRY S(15aAdal | 0. o8k hod: Rrohehnsapheswere anal yzed

by Matrix Assis aser sor t1on onlzatlon-Tlne of mass
spect ronmet ef ( KAEDPR TOFUNGH}QE eFOBIGEPELIRDNERELHOR0 Jﬁﬂcﬁ‘é?ﬁ@fm Appl i ed
Bi osystens) usiagoSt s %mﬁlﬁﬁﬁibs'ﬁ&ﬁébd ad%ﬂﬂ@E-P pA2 4¢ e+ was reduced

(R tne o esence ol 10 AMOL {BLAT . RANTMAE oG H M Suan o ne HCl
carried in the1©ﬁgpceseﬁb@t@ﬁrGRmﬂn&ntﬂlﬂéﬂﬂ@l an@mxﬂo #VEP odoacet ami de WO

02/ 074802 PCT/ Qﬁ@%ﬁ gx%apg%&r@esgzmm w@m{ d rergatt 37C in the
dar k. GUanldlne mas rﬁ fronlsaqyles by Ft anol pre C|p|tat|on
&SR T 14

bef ore anaf{si ¢ Oﬁ Nitrobenzoic ac AWTenc
al., 2000, Vaccine 18, 1925-1831). L-cysteine was used

to plot the standard curve.
Immuéblotting and IFA. Imnunoblotting was
carried out using standard protocols and developed
15 with a SuperSignal Chemiluminescent kit (Pierce,
Rockford IL) or BM Blue POD substrabte (Roche,
Indianapolis IN). Rabbit anti-PvMSP-1 p42 antibodies
were affinity purified using PvMSP-1 p42 coupled
tosyl-activated magnetic beads (Dynal. Norway). IFA
20 was done by standard protocols on methanol fixed blood
smeay of P. wvivax 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-2% and C57BL/6
(H-2") female mice, 6-8 wk old, were immunized with
formulationg containing PvMSP-1 pd42 protein along with
30 either Montanide ISAS51 (MS51) or Montanide ISAT20
(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 MSP-1 p42 and pl9 were kindly provided by Dr. Shirley Longacre
(Pasteur Institute, Paris, France) . Free sulfhydryl groups were estinmated
by Ell manyg gssagent 10 (5,5 -Dithio-bis-(-3 N trobenzopgr@si@setLaw ence
etr al., 2000, Vaccine 18, 1925-1931). 8L-cystei ne was used to plot the
standard curve. I mruoblotting and | FA 4]m’runobl otting 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,
I ndi anapolis IN. Rabbit anti-PVMSP-1 p42 antibodies were affinity
purified using PvMSP-1 p42 coupled tosyl-activated magnetic beads (Dynal.

Norway) . |FA 20ham@edonanbii zstapdar dopcotieed! Si-oanikédanpldafsxed bl ood
snmear of P. viv Sal . | J_?f_;}trai.n i nfected Aotus rmnkféS blcposdlusi ng
a AdOT XN

f1uorescein corfUdat &B° arftd o SO Ee* BT ox P R-H S55% PRy

evel s were
measured with twerel ol Uscaeb6onteol ywwatpes kigre2 SminPyE oechvdl; t@ape Cod

Inc., Fal mouth MA). usiio the ;aeRds R0l «ehieaogeni ¢ nethod. Mce
i mruni zati on. Bal b/cL%Iél-%Zd and C57/BL/6 (H2b) female m.ce, 6-.8 wk old,

were i muni Zed with® IBNY CERPIRFFHGIPvREP- V% pEGtei n al ong with
30 either Mont anoteihSkade Valpabed MynbanedeyeSAIARed (M/20) as adj uvant
Wth el ther 5005 MBEo5 Rt o ol B 200 aef it Yii e were L mpuni zed
subcut aneous| y miarerigoes (Ghnple SBUTEARyl Wi sleret firkeed ivilE, LGPt h t wo- week
i nt erval WO 02/&7@%@2‘,\,@@/&8@3&9&0&@@&3b@ta/yg@rlatm Zzadd-ons. M ce were
euthani zed 14 days 3 L &led N8 Hh8SLny Y 28010 1 SELURSaTRLES and spleens
blocked for 1 hr with PBS containing 0.05% Tween-20
(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 1:400C-diluted secondary
anti-mouse Ig@, IgGl, IgG2a, IgG2b or IYG3 horseradish
peroxidagse~labeled (HRP) antibodies (Southern
Biotechnologies Associatesg, 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 dilutionm,
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
(RBioWhittaker, Walkersville MD) supplemented with
0.5% normal mouse serum, 2 mM L-glutamine, 55 uM 2-
mercaptoethanol, 1 mM sodium pyruvate, 0.1 mM non-
35 essential 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
protein were eval uated by an enzyne-linked i mrunosorbent assay (ELISA).
Briefly, 96-well mcroplates (Dynax, Chantilly VA) were coated with 100
ng per wekh 94t her reduced & al kylated or non 10 redggeshRydypP-1 p42 and
kept overnight at 4C, then blocked for_ 1 hr with PBS containing 0.05%
Tween-20 (PBST) and 5% casein (Signa,4%t. 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 PBST and 1:4000-dil uted secondary
anti-nouse 1gG 1gGlL, 1g&Ra, Ig&b or 1g& horseradi sh peroxi dase-| abel ed
(HRP) anti bodi es (Southern Biotechnol ogi es Associ ates, Birm ngham AL)
were added for ;]:epgom}%iq; 8FWeF £,90as hegnhanddevel pped iwubbsao20
2,2' -azi no-di (;%-@e hél -benzt hi azol| ne- 6- s(gl fonagﬁ%, ART%\% r oxi dase
substrate (Kir Kégaspa: @ISERFFLIVPRBEFS: 8BTS, FocHrt idr¥hdr § % and read at
405 nm For dejersinnad-ivanilobleach deqGsswacd ageyni hditlicdahbeseza were
tested in duplicate usin -fold rial-di i.0R, i at 1:100.
Lynphopr ol i f er ati 958%%??%I0§rBiie’sp%'%sieg'S’ Si 'ﬁgﬁg %:r%?nmfn&}?géwe surgically
removed from edRhati zeebrdaphatectaia & ceril SeSpERSIBH Mas obtained by
organ grindi ng 44 KBS |iRvbhbegemainl eukoead @shdi(paaloedinn each group)
wer e resuspended, at _5x106 cells m-"', i ntil sngo%%' § i fied Dul becco's
medi um  ( Bi oWhi EEARBF; WRAUREFLRF 14 PROY 2 50bT e menit & h 0.5% nor nal
nouse serum 2 auidcbngtattiam.nBos 55w 2onheek aptiserpanesize 1nfmidydi um
pyruvate, 0.1 9By &%S%H&'@ér@@t@ﬁu%wﬁ ard 400 wnitsem ' of
penicillin WO 02/074802 PCT/ US02/ 08307 42 Sht re%t onycin (tl Ryl t{ogen). One
hundr ed (1lg|iqﬂ§$§n@yalln A (Con A) after 48 hr. Cu reg a ina ’
volume of 200 pl per well, were grown for 5 days at

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 liquid 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 c¢f 0.5 uM PVMSP-1 p42 or PETRAP
antigen in 24-well plates, at 2.5%10° 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
analysis was used to calculate the serum dilution
needed to give an OD egual 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
M PvVMSP-1 5 p42 or a control protein E. coli reconbinant P. falciparum

t hronbospondi n rel at ed adhesi ve protein (PfTRAP;, manuscript in

preparat iwghdusf@- 5 M concentration. Positive control pephtidhess were

i ncluded on each plate and were stirru% ted wth 2 g m-" of 10
concanavalin A (Con A) after 48 hr. Cultures at final volunme of 200 | per
well, were grown for 5 days at 37C under hum dified atnosphere and 5% CQO2.

Spl enocytes were pul se-labeled during the final 16 hr with 1 G per well

of tritiated thym di ne (Arersham 15 Pharnaci a Bi ot ech, Piscataway NJ) and
were harvested onto glass-fiber filters for liquid scintillation counting
(cpm . Stimul asignifheexes oferle: chlffalatess chser®d midegweem i ndex (SI)= cpm
test antigen (%th gontrol. 20 Cytokine production. Pooled cells were
cultured at 37 nder hum di fied at nosphere and 5% CO2 in presence of 0.5
M PvMSP-1 p42 or PfTRAP antigen in Zgample plates, at 2.5x106 cel l's per

wel I, and super nat 4ot s Gak @ksd Al 4% £2. A4 96edlariiik 25 screened
for presence of IL-2, IL-4, 1L-10, and |IFN ¥ gsi n%lth respective

Quant i ki ne(5 M §kRAV@RrassAom of ($RIMRIR BFESPAL. P4RF nifdhol is MN). Control
and sanpl e vakbugspvensir eade ofifcddiag sl @hdatichocae s #Stagdstiztal anal ysi s:
Dat a was processed, usi . [ t el 2000(r) ft . Linear
regression ana yglﬁes %q%lﬁgg%’\%e?u%%?%u a feieét ﬁg gg'r'u.n%%i%r u(??%lﬁ' needed to

gi ve an OD equfbine Biwteshanl plus 487st Ghdisd claeed o RTEBHEDf t he

negative contrgbstoAn @Rakyses: ok ¥embane® basbovmenasedrdmigdet ernine the
| evel of W 02/ 024802, HGY Ko7/ 88307 n80: I ELEANGRLR! cbfigalid fer ences

to the published sequence. Two E. coli host strains
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
gsoluble and insoluble fraction was partially purified
undey identical conditions (FIG. 13A). Recombinant

- PyMSP-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 pd42 ratio for
Origami™ (DE3) was 8:1 whereas it was 0.4:1 for the
BL21(DRE3) strain. Therefore, the Origami™(DE3} strain

30 was chosen for process development of PvMSP-1 pé2
fermentation and purification.

Example 2
The production and purification protocol is

rapid and scalable. Fermentation conditions



groups. Exanmple 1 Origam TM DE3) strain of E. coli enhances 5 the
expression of soluble PvMSP-1 p42. The PvMSP-1 p42 gene encodi ng 380 am no
acids # 1350-1729 of the published sequence (Lilie et al., 1998, Curr.
Qpin. Biotechnol. 9, 497-67) was cloned in pETAT(NK2) vector. The insert
was sequepeqsgyAmzboth DNA strands 10 and no am no aci dpgitiRhgnees were
found when conpared to the published g quence. Two E. coli host strains
BL21(DE3) and Origam TM DE3) were test for the production of soluble
PvMSP-1 p42 protein. Both host strains were transforned with the sanme
reconbi nant 15 plasm d, grown, induced under identical fernentation
conditions and PvMBP-1 p42 protein expressed in the soluble and insoluble
fraction was partially purified under identical conditions (FIG 1A).

Reconbi nant %N@Eﬂb&fl%a@wéﬁwr@r Qghlﬁ&d:.ﬁtﬁmgl g&llsohadz@n 20 apparent MAV
of -50 kDa under reducing conditions. i_tonetric is of the -50
kDa band from BoPheIHEHIFRET P onS™ ﬁgﬁﬁgﬁ ﬁéto %tﬁ wﬁ@ E’y 42 product i on
was 15% bett er wan Knigastied” (DES)LO( toffpanentdadnes dw&turai.t h 3&4) In

addition, Oigam T"{DE3) rotein |nthe sol ubl e
fraction conpared tﬁo Bl_lf%?%!%%)%ogﬂ%g?w e'3Y0(i/c‘efg't?&r(aeﬁlriglnes 1 3). The

sol ubl e to % ns&FOBTEEMAVEE- Eh%@?ll"%ﬂ-?oflf"\‘ﬁtm@rijd?ﬁnFreéE%?tJv% 8: 1 wher eas
it was 0.4:1 fohet B61udle? EeRES)ors tvbal noambaferzea,” thewtx ifgam T" ( DE3)
strain 30 was c¢hosen, for . RE QCess d nt 42 fermentation
and purificati oht“Ex rPﬁJIré ical'thlon g (?l gﬁmaﬁfé |ca%?%n protocol is
rapi d and scal abkespderieanbaiiam cgnﬁamirméwv\@ﬁommﬁ@@@z #Ti/ US02/ 08307 51

described ear| pgisier §4H0undrOnt idTBked 05r S AUbIE™? colurm was >80%
10 pure (FIG. 1B, lane 1). Fractions containing 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 immuncblot (FIG.1C, lane 2). Purity
25 evaluation by EPLC 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 agsay for the presence of endotoxins. The
final preparation of PvMSP-1l pd2 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
separation of the soluble fraction by centrifugation. The soluble fraction
was | oaded on a Ni 12columm for initial purification. The colum was washed
with reswopeosisen buffer containing 40 nM i m dazol e apgr/uByMsilsl p42
protein eluted off the Ni 12 col um was 380% 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 analysis of the final products from

i ndependent purification experi rren% S, zhogd >99% pure full-length 20
product on reduced Coonassie bl ue S-PAGE (FIG 1B, |l ane 2). Host

E. coli protein conpapifeobd HHdnbidant pwresf’-vi\/BBﬂ @42 pt&paeati ons was

routinely belo tectio t.)..as. asured by
i munobl ot (FI gtﬁéglf%e érg"ﬂgmpcﬁzgaeva%lﬂ ASH 1Y Jl-rflf’{_“é o gfl ltration
and rever sed- pHHQthbMQﬁnﬁO@é@@oitedléfgrm éieg?pﬁﬁ@wﬁecal peak in the

final PvMSP-1 I%%d@&ﬁ&?é aéﬂdoeﬁaiﬁﬂrg G121 . by Exepiner3oferi f i ed
Reconbi nant Pvl\/SP— p42 ha Ren ot oxi n content The final product

was anal yzed By *PHE ‘E]ﬁlpeﬁslé’gy FEfhhePp e@@?@é‘ ofehidot oxi ns. The fi nal
preparation of 1PeMSPL1zedlZpmowes nfamdt &pned stzdtiween 3060 EU s per 50 ¢

protein (esti majed, sjpgl 9s-dWiRN 3905 R VR 02 GTAR02 HRCTILSAR 8307 52
i0

Exanpl e
aggregation (data not shown). Dimers and multimers

were observed upon storage in PBS solutions at 4°C for
more than a wk.
Example 5
Recombinant pvMS8P-1l pi42 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 Hisg His Hig 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 NO:8); 6 PvMsSP-1
pd2 gpecific residues are shown in bold}. MALDI-TOF MS
showed a peak at 45,031 Da. Theoretical MW of the
full length PvMSP-1 pd2 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 pd42 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. 234,
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
conditions and anal yzing the protein by SDS-PACGE over a four wk period.
PvMSP-1 p42 protein in its |lyophilized formwas found to be stable at
-70C, - 3RG.024%80225C and 37C with no signs of breakdowpcpfsib@saggr egati on
(data not shown). Diners and nmultiners__were observed upon storage in PBS
solutions at 4C for nore than a wk. E§%mp| e 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: Ala Hs Hs Hs Hs Hs Hs Pro Ay Ay Ser Ay Ser dy Thr
Met Ala Asp G n Val Thr Thr Gy (17 am no 20 acids encoded by the vector

(SEQ ID NO 8); aﬁh&!gépu% t94€h§ tfeaﬁ residuesnase mhgwen1ipadbol d) .
MALDI - TOF M5 showed a 31 Da. Theoreéll cal MNWof the full

| engt h PvMBP- 1WpE2 P& 4§I§352AC01&?§5§? ft &5 SPErREY S non- r educi ng
SDS- PACGE of f rashjryatmum fired. 2Ba PUNBP- 4p42usedvéadethsed mghilntmnogenous

band G 2 i i f |
and (FI A  opy e§§e prelﬂghséé aﬁhgt d&cﬂe%rgfk%}gﬁmowgeg a single

conf or mer . sence o cystel nes in PvMSP-1
p42 it is n‘ést wRt R edGeagsablat onlw appn obreadydferht M RELSEnvol ved in

di sul phi de bon@c38s f Q1MREhoB. tdd io%ﬁréélréuh@hy@ﬂymnC@érbynﬁ?ec’B| i ght

decrease in nobilit f | at.ed e | ane_2). Al kyl ation of
the native profEi ?\ugee%LY@é Xl iffegfﬁ?% ﬁﬁgic Og %afgru $Hreasured by
MALDI - TOF M5 whiclmader pEsPafies-it o4 he addi t| on of a single alkyl WO

02/074802 PCT/ US02/ 83 esééc@%ﬂere%eﬁpoﬁ %e&lagtﬁ{r@t@gsl&opegdw@él on of

PvIVGBP- 1 p42 with DIT (FIG 2A  |lane 3) f ehuct
confirmed by reactivity to prev1ous YV C aracterlzed

monoclonal antibodies raised against PvMSP-1 p42 and
plY9 expressed by baculovirus. Monoclconals E9.14 and
F10.3 recognize conformational disulphide bond
dependent epitopes in the plY region. Monoclonal 5.314

15 also recognizes a putatively conformational epitope on
p42. The E. coli produced soluble PvMSP-1 pd2 was
recognized by all three of these monoclonals on non-
reduced western blots {(FIG. 2B). The reactivity to
nonoclonals 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 ag a negative control and showed no reactivity to
PvMSP-1 pd42 (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 pl® (data
not shown) .

Example 6

30 PvMSP~1l p42 induces specific antibody
rasponses in immunized mice. Vaccination with
PVMSP-1 p42 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 sul phide bonds. Ellman's test for free sulfhydryls performed on
pure PvMSP-1 p42 revealed 1.07 noles of free -SH per nole of PvMSP-1 p42.
The presewpar@isggfeducti on sensitive epitopes was 10 ceotiuksmeseby
reactivity to previously characterized., nmonocl onal anti bodi es 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 also recognizes a putatively
conformati onal epitope on p42. The E. coli produced soluble PvMSP-1 p42
was recogni zed by all three of these nonoclonals on non- reduced western
blots (FI G 2B)pviMEhelpEadcyi TyGl o Igdnocigitd sn8. 1dcHhrial EQI3H. was reduced

after reduction,20 lat.i = L 1RONPALE- T and <L) Monocl onal
F10. 3 showed dQF%egggg($L§%%?%iéihg;%%bréguced%ngéﬁ-lanpizé AP

Wi
fal ci par um MSPoPthpeeFding ﬁﬁﬁo@i%ﬁﬁﬂﬁmége phedagsen Hegati®de control and

showed no reactdiviikyoit 0 waBVNERsd pdban( dat 20310t sphewn)ols)Reaatdwity was al so
25 seen with nmonoclonal.s F2Q. 14. and D14, bo of i.ch, T ni ze |inear
epitopes in thgugﬂggdﬁﬁifbog 6p%f§%1gﬁ%?c%%igofrgﬁgyggﬁfFgﬁﬁgunized wth
pl9 (data not dehewminatBxanpleeclBtPeEFhat w42 aduEesisfedi Fag ant i body

responses in i EUBZELAThGEngVREGHAL bANAM T3 1 SPYMBERd 42ael i cited a
strong anti body and T cel response and was wel | toleggied.lg mce with no
appar ent si gns POFEFRiUn 6 AREYDECH RAFYI Al s el 885 4T 84 ani mal s in
each group wer eitest esf fearhanthul a2 HOFLS (G2 <PERHIISOR (8B073 . 54 PvIVBP- 1p42

19G 194, 1[39(3%@_1 h%&ﬁﬂdphg%%iggés&*cups showed high IgG

titers with IgGl being the highest (above 2x10°%),
followed by IgG2b, IgG2a and IgG3 (data not shown) in
that order. For each mouse strain, both adjuvants gave
gimilar antibody response with some differences in the

15 level of IgGl and IgG2b between the two strailns.
‘Regardless of the adjuvant used, Balb/C mice produced
about 3.5 times more IgGl antibodies than the C57BL/6
group. Conversely, CS57BL/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

limmunized mice. TABLE 1, summarizeg 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 8I 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 all
anti-|1gG subcl asses at 1:100 dilution) was 0.080 (nean = 0.030, SD =
0.016). An OD 5 cutoff value of 0.1 was selected for antibody titer
determnation. The dilution that gave an OD of 0.1 was determ ned using
regressi ofwopanatye s on the linear portion of the curvepdpisoeassd; serum
Mean end-point titers of each inmmnized group are shown on FIG 3. 10 All
4 PvMBP-1 p42 i mmuni zed groups showed high 1gG titers with 1gGlL being the
hi ghest (above 2x105), followed by Ig&b, 1g&a and 1gG (data not shown)
in that order. For each nouse strain, both adjuvants gave simlar

anti body response with sone differences in the 15 level of 1gGL and | g&b
between the two strains. .Regardless of the adjuvant used, Bal b/C m ce
produced aboust3nslatiafkspierecy Bl aditeirbédliasl (fRahrt e C57BL/ 6  group.

Conversely, %Eﬁkh@‘le{@ﬁl Mﬂuwﬁsmo?;stiﬁ h MRSherAR! €4 062D anti bodi es.
These differences &g statlgtlc y .Si gni c% &F > 16.7, p < 0.001).
Total 1gG tité&PEY %OCHEP ?Fé’d‘e&é;l FCeFRddCEd TaNaY al kyI ated PvMSP-1
p42 as coatingpantiigeron GB Ca7BBS6 miere ROnbEP4n dweeltoof aliN-groups agai nst

reduced ands iyl aystl,Riet ohnay 2%, BT el PSR 1547, Iiduges T cel

responses in t i muni zed i ¢ SUMYari zes the cel
responses found72% PynERzedpapompimificse BA BB UDS. Cﬁ%lss%@iﬂ%aﬁ:ﬁdt he ant i body

response, the {igeldha3Qositi-BUl gididin NndexRsr WeiewstMhastddtapbiauni zed

groups of the 1S8ne n.re t he use (F 1.4, p >
0.26) . The Sl ?8‘? efrgz]h Bf ¢ 98 ‘gumweanﬁ\%g Z?‘IL dl °fhEH t hose for
the C57BL/ 6 (Fl&.94.5, p<0.0001) regardl ess the adj uvant used. Cytokine 35
| evel s wver g Meagyr.ed | b pitholl YE 8- SURRS NRjaa Bl tbk ok Q 9204802

PCT/ US02/ 08307, 55,
in mice immunized with PvMSP~1 p42.

Mice Adjuvant Stimulation ¥[ .2 1L-4 IL-10 IFN-
MHC Index’ v

(pg/mlof supernatant)’
H-2° Montanide 59 0.6 21111 59128 60751 2826

51 +1034

T2 Montanide 6.2 % 0.5 137 & 22 46 T2 832 x 31 3895 1914
720

2" Montanide 3.3 T 0.2 374 20+X0 658 10 1104 * 180
51 R

H-2" Montanide 3.8 * 0.4 43 L8 17L& 761 %44 5135 +
720 1016

! Data shows the SI (mean value and the standard deviation) of cells stimulated with 0.2, 0.5,
15 1.0 and 2.5 pM PvMSP-1 p42, Background average count for cells stimulated with the control
P. falciparum PFTRAP antigen was 4365 ( 1504 cpm for Balb/c (H-2) 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 cprn.
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 native parasite protein. Affinity purified rakbit
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
production in C57BL/6 m ce. Nanogramlevels of IFNNy 5 were observed in all
groups with higher levels in the M/20 imunized groups (see TABLE 1).
Cells stiwalpabragsz Wth the control protein (PfTRAP) sheowedspngatect abl e

|l evels of IL-2, IL-4, IFN-y and 135 (3% pg m -1 of IL- 10. 10 TABLE 1.
Lynphoprol i ferative and cyt oki ne responsSes in mce inmunized with PvMSP-1
p42. Mce Adjuvant Stinmulation IL-2 IL-4 IL-10 IFNNy WMHC Index' (pg/m of
supernatant)' H2 Mntanide 5.9 0.6 211 11 59 8 607 t 51 2826 51 1034
H 2 Mntanide 6.2 0.5 137 22 46 2 832 31 3895 914 720 H2' Montani de
3.3 0.2 37 429 0658 10 1104 180 51 - H 211 Montanide 3.8 0.4 43 8
17 8 761 44 %133te720ogHdk6ite Dadagyes bosbndd &yShobheaseraliuérand t he

standard devi at gp) ol cells stLmlaledt LD D)8y Qubieecllefuand 2.5 R

PvMSP- 1 p42. average count sTstinulate H the control
P. fal ci parum mfawﬁ\macﬁnusg@s weitrd65era1504 cpmfor Balb/c (H2'') and
4903 (1875 for C57BL/6 (H 2h). Siptkéesrgsepmtillation counts were observed

in cells fromadjuvant control roups, stinul.ated w VBP-1 p42 protein
(data not sﬁown) F?ﬁﬁ?%“tqeoﬁuﬁf‘??‘?? EORER YAy &5 88‘an?% %80%5 000 cpm 20 2
Peaks of cyt okiimeoptamgiuctaconndetaectiédten Teinl toel blwel supegenaf ant after 48

and 72 h of in %5%9 ?dr@él ﬁ%l O, Mot bs e@de&%%%&p&%@ec@@pl e 8

Reconbi nant Pv resenbles the 25 native parasife EI‘OIEI n. Affinity
purified rabbi @ol&nef -HRAVEPIR FRFAEENERBOHTESY @%@%st PIsPELdE Dy | FA
agai nst bl ood suegasedfeRBluvtvax c3akuth si raioni sEhG amtAgeshbms an early

schi zont W&Bh %. ntvgidﬁ% %%8 rgéﬁires process development for the
production of pharmaceutical grade recombinant MSP-1.
Here we present a process that can be used for large-
scale production of recombinant P. vivax MSP-1 pd2
protein in E. coli. Although vaccination with the pi®
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 reglon provides a
20 hydrophilic scaffolding for the correct folding of the
pl9, just as GST fusion pl9 constructs have been
previocusly 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 K. coli is the reducing nature of its cyteplasm, which
inhibits the formation of disulfide bridges, and nmay
result in incorrect folding of complex proteing Or
formation of protein aggregates. MSP-1 contains &
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 trophozoite stage stained by pooled serumfrom Bal b/ C inmunized
PvVSP42-1 p42 and Mbl. No recognition was found using control sera.

DI SCUSSI QRlg o30/VBi20z0i te surface protein-1 is one of thect®sssionportant
vacci ne candi dates fromthe bl ood stage _of nmlarial parasite. There is
evi dence of the protective role of M5 71 in rodent and sinian nodels 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 grade reconbi nant MSP-1. Here we present a process that can
be used for |large- scale production of reconbinant P. vivax MSP-1 p42

protein in E c@ldreciyhosaidagshntienovhdd frhenplfidsdgeghon of MSP-1
has been shown to protect anlna#s we, .h%ée chqafn,tg eéﬁres% the entire p42
domai n, as t he M43PS5Gr FROIP dOnPai S iE6hE FAportant B artd Picel |

det erm nants (Kasitewtand Kumee, rd§9fsesapra)st Hver pevesitandnbel i eve t hat

ol ding of Lhe THIg L AaaBe LD L ST Pl S have Boen
previously Shovt 0 1P8kd %6¥F@ct$%¢hQFgE.BE%??‘%IB4HQC%¥ P8l ., 1994, Parasite
| mmunol . 16, 63:fphessBaokary eohteeipredsEoncsystiees Bike(OE3)coki 25 produce

protocal Thi s G7aCe R Ay os Tt | HASOUE Sl ot SR eSle t H P ABadi um i n ¢ hat
it lacks N gl yeosyrgpivensqlubidivy i vary9os, fmeaspr&on munol . 17,
425-433) . Howevel,di@aenofwdhe uiBh&bediranbagkseih 30cised @ is the reducing
nature of its c t%plasnl which inhibits the formation of disulfide
bri dges, and né%q’ﬁﬁ§ﬁF? S HEBT rétt rﬁaPﬁlmﬁé%ﬁEggonB?%ﬁf ﬁFSSe?%s or
ADA94 (Novagen), a thioredoxin reductase (trxB) mutant
host. The protein soliubility however, showed 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 disuliphide
bond formation within the cell cytoplasm. Using this
host strain we achieved significant enhancement in the
vield of soluble PvMSP-1 p4Z. 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., 1939,
supra). The above strategy might be useful in
25 improving the yield of other vaccine antigens
expresged in E. coll.
The E. coli expression vector pETAT(NK2) used
here is a derivative of vector pET32 and has been
specially engineered for the production of vaccine
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 of WD 02/ 074802 PCT/USQ2/ 08307 57 correctly formed disul phide
bonds in the pl9 region has been shown to be critical for the induction of
prot ecti vgolgBB@ r esponse agai nst the parasite in anippgipssgpegshs (El | man,
G L., 1959, supra; Gbson et 5 al., gg supra). Although PvMSP-1 p42 can
be expressed in a conventional E. colFF“host BL21(DE3), a |large 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 "redox nodified hosts such as AD494 (Novagen), a thioredoxin
reductase (trxB) mutant host. The protein solubility however, showed no

substantial i ”Q%Q%g@@ilné?%gﬂéiéhtantjgm‘@'d Je98ks §f riﬁs‘rﬂen@ttﬁﬁm ™: a

t hi oredoxi n and gl utat hi one 15 reduct ase o%é gen %£%®ag

( Di ecknmann- Schﬁﬁ%@F%m%ﬁtSaﬂn CIEEY COUPTR)E 8t SHB GCpF i85t e di sul phi de
bond fornationmmsthorsignlﬂdehhtqﬂmsmﬁéshmsdkandgdehlsuehosprqnexn n we

achi eved si gni Licant, eahancenenl 4 Lhe el oy Solahes BYEP- 1 pa2.

Furt her nor e, inatio concentration and | ow
tenperature5|néﬁc??@@ﬁﬁﬁﬁ?nf69ﬂﬁﬁﬁélﬁéV%r expressi on of soluble PvMSP-1

?42 pr obabl yI causegdnhbypuredueht toh ls@hgﬁl@edés’iixﬁb@fi ped esjsnraym hfes: S
Besette et a aboy strateg e yseful in .25

i mproving the ¢ hglgg%ﬂﬂg{ eprég%g %rogﬁ%ﬁbe%'s exg?éggk ?no . coli. The E.
col i expressiomheeét@ﬁlmETﬂWGNK2¥1bge@aﬁhﬁxb“u§handéﬁl@avﬁve of vector

pET32 and has @%Bfl@mvdnabgﬁ @é‘%a@%@é@cb\fipratt heohr Qaitethon-of vaccine 30
candi date anti Pgs in_ E., coiill, The glsca was constr%cted to have a tetr

gene for sefec l%Lﬁ§§ﬁ§ned for eas e-up. The two-g
purification comprises step-wige increments in eluent

concentrations during wash and elution instead of
continuous gradients; thig was done to make the
process robust and facllitate reproducikility. The

15 process gives greater than 9%% pure PVMSP-1 pd2
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 ug per well) protein and immuno-
blotting with an anti-E. colli 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 massg-spectrometer analysig.
The N-terminal methionine could not be identified

30 during seguencing, however the 23 subseguent amino-
acids including six PvMSP-1 gpecific residues were
confirmed by N-terminal seqguencing. 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
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rrng sequenci ng, sequent am no-
vaccine trials in monkeys and humans (Long et al.

1894, Am. J. Trop. Med. Hyg. 50(Supp1), 27-32;
Longacre et al., 1994, Mol. Biochem. Parasitol. 64,
191-205; Patterson et al., 1999, VvVaccine 18, 173-180).
Vaccination with both adjuvants induced IgGl, IgGaa
and IgG2b antibodies along with the production of
cytokines IL-4, IL-10 and TIL-2, IFN-y. Cytokines IL-2
and IFN-y are associated with the production of IgG2a
and are indicators of T helper-1 cell ({Thl)

~activation and of predominately cell-mediated

response; in contrast IL-£4 and IL-10 cytokines
gecreted by T helper-2 cells (Th2) are associlated with
the production of IgGl and indicate an antibody
mediated respongse (Perera et al., 1998, Infect. Inmun.
66, 1500-1506). Results indicate that both Thi and Tha
gubgets 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 tco correlate with protection
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 he one that can
activate both Thl and Th2 responses (Sjolander et al.,

not

nits
sequenci ng
not be



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
anu's of the predicted mass. W have confirmed the presence 35 of a
predicted free cysteine in the final product. The WD 02/ 074802

PCT/ US02/W83077489 protein was al so recogni zed by nonoetmoslosssti bodi es
agai nst conformational and linear epitgpes on a baculovirus 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 M720 form ng thinner enulsions. Both adjuvants are generally
considered 10 safe for hunman use and have been applied to nalaria vaccine
trials in nonkel95an@mhunvaiosy( Béng ét-38F: , Soarg@gdet Amd - J. 1%%rep. Med. Hyg.

50( Suppl), 27- %%feckonﬂﬁﬁﬁﬁ gt A 606-4994) . Ml . Biochem Parasitol. 64,
191- 205; Patterson et al 1999 VaCC|ne 18, 173-180 cination with

both adj uvants i nducBEUFECIRGER YR FETRYRRIP ﬁFFBo%?g%%%F 8°mﬁth t he
production of =Muokhteshdved, cohpadvhbandB |dnd? T lrEhpgmsé%/mkhnes IL-2 and

| FN-y are a§so%?§beg5%%gg{&ﬂ g£oﬂg&§| ?fo£mkgg§pbogﬁdsgg dsndiecators of T

hel per-1 cell hl™) |on an redom nate I-nedlated
response; in cadceasve |glap éﬁdg®LﬁqmwaéﬁtWﬁﬁhﬁﬂ§205éﬁr%tﬁﬂfuﬁ? T hel per-2

cell E <(:| Th2) gf & 128506+ atr@fhnd tEspdie Qholﬁl’fl}@édsoglo@fc.leﬂ/§(3rrmn? i ndi cgg e6gn
anti bo Yy nedi response erera et a n mun.

1500- 1506) . ﬁﬁg‘ér% Eg’E ]éjtn%&eﬁpﬁiééw% iﬁ‘z‘ Pedigs s of T hel per
cells are bel ngabeleru@cﬁ é@étlwaeﬁ'vw twb vhreimatindacafée wune vati on of both
subsets of o %Uﬁ?&%ﬂ h Q08 'RSRRAsE donat bpgsbhe ot her,

has been shomn to corre ate wth protection
as seen for several other Plasmodium antigens

(Taylor—Roblnson et al., 1993, Science 260, 1931-
1934} .

Reactivity of gsera from all the groups was 30-80%

15 lower with reduced PvMSP-1 pd2 compared to the native
protein., A similar observation was made with human
immune sera against P. vivax, where titers were on
average 50%‘1988 against reduced pi%9 (Yang et al.,
1992, Infect. Immun. 67, 342-349). This indicates a

20 large contribution of conformational epitopes in the
overall antibody response againgt PvMSPLl pd2. 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, furthex
establishing the near native structure of PvMEP-1 »42.
Recombinant PvMSP-1 pd2 protein also reacted

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

The process development efforte 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 ideal blood stage vaccine candi date woul d be one that can activate
both Thl and Th2 responses (Sjolander et al., WO 02/074802 PCT/ US02/ 08307
60 1995, Wwompioakegy 84, 360-366; Snares et al., 1997, pboieiossol nmun. 65,
1606-1614). | munization in two straing;of mce with the two adjuvants
showed conparable B and T responses Wlt% 5 Mr20 showi ng hi gher |evels 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 1gG profile observed between the two strains indicates sone
10 genetic restriction of immune response agai nst PvMSP-1 p42 as seen for
several other Rhasmackumcanti gEns av(eﬂtéybbkit&obfnsbinieialalgrad%% Sci ence
260, 1931- 1934),. égmcwlwlt Meleé ﬁf?@t&b@{@}ﬁ' Hy the OFeuRsWes 30-80% 15

| ower with reduce npar ed the native proteln A simlar
observati on waPrRBHEIR taﬁtﬁﬁﬁ%% 13}1?%71%@9%& Q‘lagaii?lsﬁl‘ Bt PYak, where titers
were on aver agenbf%diess aagacfsie r @ddceéirvpelﬁs( Yargapdntalfor 1999, Infect.

| mun 42-.349 Th| C r contribution of
COﬂfOfﬂBth§a| g%?%oh%%'ln ?ﬁé g%%%?a % F%%éy response agai nst PvNSPl
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 parasite by IFA further establishing the near native structure of
PvMSP- 1 p42, Reconbinant PvMSP-1 p42 protein also reacted
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30 positively with sera collected froma P. vivax endem c

bl ot and ELI SA (data not shown). The process devel opnent efforts
here are a critical part of the devel opnent of a subunit vaccine and
address sone of the issues facing protein 35 chemi sts involved in

product i owoabengRt ei n based WO 02/ 074802 PCT/ US02/ 0830 3cT@ioz/08307
pharmaceuticals. The availability of cldnical grade antigens wi

establishing the efficacy of

of a human nmal aria vaccine, and serve as a reagent for 5 immuno

functional studies.

What is clainmed is: 1. A reconbinant PvMSP-I p42 protein which
native folding. 5 2. A conposition conprising the reconbi nant P
PvVSP-1 p42 of claim1l. 3. A reconbinant vector conprising a DNA sequence
10 encoding PviBBi1.p42. .4 ;The vector of claim3 wherein said DNA
sequence is fromPlasnodiumvivax Sal |. 15 5. The vector of claim4
wherein said DNA séqubiSodsirashditiSPré BHOPERERER |"RiEh The vector of
claim5 wherei resalifls viest aatise PRAAVBRR1-42. 20 7. A host cell tr
with the vegtor

10

15

20

25

30

2. A compogition comprising the recombinant P.

vivax PvMSP-1 pd2 of claim 1.

3. A recombinant vector comprising & DNA sequence
encoding PvMSP~1 p42.

4. The vector of c¢laim 3 wherein said DNA

sequence ig from Plasmodium vivax Sal I.

5. The vector of claim 4 wherein said DNA

sequence corregponds to SEQ ID NO:1L.

6. The vector of claim 5 wherein said vechor is

pPVMSP1-42.

7. A heost cell transformed with the vector

according to claim 6.

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

Origaml {DE3) .

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

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

causging expression of sald vector under suitable
conditions for production of soluble PVMSP-1 p42

protein and,

area on Western

descri bed

Il help in

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

| ogi cal and

10 15 20 25 30 WD 02/074802 PCT/ US02/ 08307 62

retains its
Vi vax

ansf or ned



according to claim6. 8. The host cell of claim7 wherein said host is 25
Origam (DE3). 9. A nethod for producing and purifying reconbinant P. vivax
PvVMSP-1 p42 protein conprising: growing a host cell containing a vector 30
expressing P. vivax PvMSP-1 p42 protein in a suitable culture nmedium
causi ng expression of said vector under suitable conditions for production
of sol ubl e PvivBRzA74p#h2 protein and, WO 02/ 074802 PCTI US02/R8§3R7»0s63 | ySi ng
said host cells and recovering-said PVNBP-&% p42 protein such that it
retains its native folding. 10. The nmethod~of claim9 wherein said
expression of said vector is by induction with I PTG at a tenperature range
of 24C-27C. 11. The nethod of claim 10 wherein said induction is at 25C
12. The method of claim9 wherein lysing of cells is in the presence of

i mdazole. 13. The nethod of claim9 further conprising renoval of E. col
endot oxi n. 14. The met héd=ép9 ctaidnhest whdrlei andarecoempval sapf Pehigdtoxin is

by application to a Naz2NjAceelwmch & Ar 28thhody: r aduced agakpgt the
reconbi nant PvMBP-1 p42 protein of claim1l. 16. The anti body of claim 15
wherein said antibody is nonoclonal or polyclonal. 17. A PvMSP-1. p42
speci fi c antibody for u$8-iFPrarathodief ¢ldilkghoshareior sabd evtirensdtnmal ari a
antigen present inod babllogicalr sanplendueonps iwitg;IplCs)acont acti ng said

bi ol ogi cal sanpl e WiekBebheurEW.SR) 42451k -B0ay, p:rei Gab:1 ])gin

11. The method of claim 10 wherein said induction
is at 285°C.

12. The method of claim 9 wherein lysing of cells
is in the presence of imidazole.

13. The method of claim 9 further comprising
removal of E. colil endotoxin.

14. The method of claim 13 wherein said remowval
of endotoxin is by application teo a Ni-NTA column.

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

16. The antibody of ¢laim 15 wherein =aid
antibody i1& monoclonal or polyclonal.

17. A PVvMSP-1 p42 specific antibody for use in an in
or detection

of malaria antigen present in a biological sample,

vitro diagnosis

comprising:

(i) contacting gaid bioleogical sample with the
PvMSP-1 pd2 specific antibody, preferably in an
immobilized form under appropriate conditions which
allow the formation of an immune complex,

(i) removing unbound compenents,

(1ii) incubating the immune complexes formed with
heterologous antibodies which specifically bind to the



i rmobi i zed form under appropriate conditions which allow the formation of
an i nmune conplex, (J i) r.enov:ing unbound conponents, (iii) incubating

t he i mune conpl exes formed with heterol ogous anti bodi es which
specifically bind to the WD 02/ 074802 PCT/ 0S02/ 08307 64 anti bodi es present
in the sagplyeoisgzbe anal yzed, with said heterol ogous ag{isbeadkss conj ugat ed
to a detectable | abel under approprla%g conditions, (iv) detecting the
presence of said inmmune 5 conplexes visually or nechanlcally 18. A kit
for in vitro detection of a malaria antigen present in a biological

sanple, conprising: at |east one antibody which react with 10 reconbi nant
PvMBP-1 p42, with said antibody being preferentially i mobilized on a
solid substrate, a buffer, or conponents necessary for producing the

buf fer, enabli pgthbodiag preaeht an haeweanp ichesebeambaortdeswartd t he mal ari a

antlgens prese@%ld hé¥5%°?5§095°$9%iﬁahe§q%9ﬁ§@g.n &, neans for detecting

t he i mmune conpl éxes ing reaction. 19. A
r econbi nant pr@@éﬁﬁtéb%ﬁnkﬁbﬁé yesley] &Pﬁ¥99rl%3@ #hRefebin$ai d protein is at

| east 95% pure. (AT a@@é@tma@ttw gﬁceb@n@@w dbhg t@usleai m 1, wherein
said proteip is at Ieast 96W é% [ econbi nant proteln accordi ng

to claim1 “whEPEPHEEST & 5P &YéﬂfﬂFSP%?ﬂj <Yat |east 97% pure. 22. A

reconbi nant protein according to claim1 wherein said purified protein is

at least 98%pure. ;30 ﬁ%u%fbfcml%%td&égﬂo@l a@cgrrﬁamlao claim1
wherein said purified protein 1s at |east 99% pure. .. An_imunogeni c

carrier conpri $PRGIE™ PrictEIh ngiéﬁeéPﬁ%?E} Pa,n?qmpriSlnq

at least one antibody which react with
10 recombinant PvMSP-1 p42, with said antibody being
preferentially immobilized on a solid substrate,

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

15 Dbiological gample, 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 said protein is at least 96% pure.

25 21. A recombinant protein according to c¢laim 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.



WO 02/ 074802 PCT/ US02/ 08307 65 25. A PvMSP-1 p42 peptide according to
claim1 for use in a nethod for in vitro diagnosis of nalaria antibodies
in a biological sanple, conprising (i) contacting said biol ogical sanple
with a conposition conprising the PviVSP-1 p42 peptide under appropriate
conditions which allow the formation of an i mmune conpl ex, wherein said
peptide is | ab@ed748#2 h a detectable |abel, and (ii) det ectpcﬁgjsu,f}@s‘p,r esence
of said imune conplexes visually or mechasrgl cally. 26. A kit for
determning the presence of malaria antibodies in a biological sanple,
conprising: at |east one peptide or protein conposition according to claim
1, a buffer or conponents necessary for producing a buffer; nmeans for
detecting. i mune conpl exes formed betweemthe peptide and anti bodi es
present in.the sanpl e,. 2% p'An‘quVNS 1 p42 protein according to claim1 for
use in a method for in""vitto ﬁD]mpt6rlfie|‘?§1‘??ala8?‘fréﬂli‘%ft§cﬂaéﬁ orfeprsgnsiang
the response to trgarAeitr of vipat idepdressafdcenilngif rommml:as iia knfiectdien:
conpri sing: i ncubstripng, ackpalsegycal sanple froma pati ent with malaria

infection with the Pvl\/BPf otein U|1a art thereof under
b aafeBte E? l%‘r bloi :chal Iag‘pi%rfﬁl@xa | anovi ng

conditions allow ng the %OI’ITB.tIOI’l 0
Ul | Loufd coni DOn(" PT@OS%%OEMICQF‘PW%% taﬁtHVMSLlle\dSP-plapﬁAQ titers present
in said sanple and nop . t guhlﬂErmﬁp.tro@h:lﬁﬁ@c&ﬁz&ﬁ:lﬁﬁs'@urGH k3104 nfection,

or prognosing the EESPAnSaion ts%&%@ % batienlsPnLhe basis of
the amount antI_PVNEgklde ig % 8748 %uﬁ%jé detectagle label,
and
. % (ii) detecting the presence of said immune
o 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
according te claim 1,

a buffer or componentsg necessary for producing a
buffer;

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

27, A PvMSP-1 pd2 protein according to claim 1 for use in a method for in
vitro monitoring malaria infection or prognosing the response to treatment of

patients suffering from malaria infection comprising:

incubating a biological sample from a patient
with malaria infection with the PyMSP-1 p42 protein

or a sultable part therecf under

conditions allowing the formation of an immunological
complex, ‘

removing unbound componcnts,

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

and monitorisg the natural course of malaria
infection, or prognosing the response to treatment of
sald patient on the basis of the amount anti-pPvMSP-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 ng the response to treatnment of patients suffering frommlaria
infection conprising: at |east one PvMSP-1 p42 protein according to claim
1, 10 a bybfyenr4 buffer conponents means for detecti ngcify€orogimine

conpl exes forned between the peptide a d anti bodi es present in the

sanple, and optionally, a nmeans for det’erm ning the amount of 15 i nmune
conplex fornmed. 29. A vaccine against nmalaria conprising P. vivax PVNMSP-1
p42. 20 30. The vaccine of claim29 wherein said P. vivax is chosen from
the group consisting on Sall, Belem Chesson, Vietnam and North Korean.
31. The vaccine of claim30 further conprising an 25 adjuvant. 32.. The
vacci ne of cl aigae3tivkes eicursaid edidivanple it ahesetaft afit he group

consi sting of: nontanide a | um 3 The vacci claim 30 further
conpri si ng anottrﬁgr raﬂgrﬁ?i%ner{%sreﬁlé% Ié%%g‘ﬁeo%ﬂﬁ'usee éj\rfo(&%g%vg%é%'wpe 210, PvCSP
Type 247, PvTRAP, PVMSP2, PvMSP4, PVVSP5, PvMSP6, PvMSP7, PvMSP8, PvMSP9,

and PVAA . VD 02/ 034802 \RGT/RdS0RLOAM EngOa Bk s @rabe 2oiP ol vax PYNGP- 1
p42 in the manufacture of .a nedi can%\%E or, i nduci.n subj ect an i mune

in
response agdi nSt-ORRPEIPA CHEFEEPPLIF F%?Wetrﬁeoﬁeg??a t is fornul ated
for adm ni stratdudifietibng saiah sebpecd iafeattanpositi on conpri sing an

i mrunol ogi cal | yco%gff(;ghi@/:e :

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, & meang for determining the amount of

15  immune complex formed.

29. A vaccine against malaria comprising P. vivax

PVMSP-1 pd2.

20 30. The vaccine of clalm 29 wherein said P. vivax
igs chogen 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 sald adjuvant
is chosgen 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, PBVCSP Type 247, PpPvTRAP, PvMSP2, PvMSP4, DvMSP5,
PVMSP6, PVMSP7, PvMSP8, PvMSPY9, and PvAMAL.



amount of the P.vivax PvMSP-1 p42 in an acceptable diluent. 35. The nethod
of claim-34 wherein said conposition further conprises an adjuvant. 36.
The net hod of claim 35 wherein said adjuvant is selected fromthe group
consi sting of nmontanide and alum 37. Use of a P.vivax PvMSP-1 p42 in the
manuf acture of a nedicanent for inducing a protective i Mmune response to
mal aria in a woawpabe: wherei n the medi canent is fornul at edpbofusezossor

adm nistration to said mammal as a conposgtion conprising a P.vivax
PvMSP-1 p42 in an anount effective to induce an i mune response in said
manmal . 38. The nethod according to claim 37 wherein the conposition
further conprises an adjuvant selected fromthe group consisting of

nont ani de and alum 39. The method according to claim 38 wherein said P.
vivax is Sall. 40. A nultivalent vaccine for protection against infection
‘W th nore than one strain of P. vivax conprising PvMSP-1 p42, said P.
vivax is sel ected fridmUsehef gr Bup v@OLPviMSHl phY iof tiSakajuiagi@reJofem Vi . et
1:1, and Northng_@&a%{at f%?s-in-Elﬂ@iri;BJl.iltlia;/ﬁllﬁjgctvzﬁp@&mﬁ)eofest@)bﬁé%?&nsf:LHisIl!SEi'a
conprising an adj.uvant ecae rom the ro nsi sting .of ni_de
o al o v 03 e ATy BT Do g gt ey, datiBa FR B ok LA 0T
Nucl eoti de Sequ;@ﬁ@es:ubject as a composition comprising an immunologically effective

GACCAAGT AACAACGRGAGAGECAGAARCT GAGGRECATGACAT COT IR0 & diluent.
GCAGGAATCAGCGAT TACGAT GT GGTCTACT TAAAGCCAT TAGCCGGAATGTACA
AAACGATAAAGAAGCAATT TCACGTAAACGCATTTAACACTAACATAA
CGGATATGTTAGACT CTAGACT GRAGARBARARIST AETFE FACAARFET A S 2 1
CTGTGATTTGAACCCAT TAAAGEATT CATOATCESCEGACTAGAT EATIAAGERATC

CATFACAAGCT GCTCGACT TGGAGAAGAAGAAGAAGCT TATAGGCAGCTACAAGT
ACATCGGT GCATCGAT CGACAT GRAT T GEOCAC TGAT GACCTA

o8 or claim wnerein said adjuvant
is selected from the group consisting of montanide and
alum.

37. Use of a P.vivax PvMSP-1 pd42 in the manufacture of a
medicament for inducing a protective immune response to malaria in a
mammal; wherein the medicament is formulated for administration to said
mammal as a composition comprising a P.vivax PvMSP~1 pd42 in an amount

effective to induce an immune response in said mammal .

38. The method according to claim 37 wherein the
composition further comprises an adjuvant selected
from the group congisting of montanide and alum.

39. The method according to claim 38 wherein said
P, vivax is S8all.

40. A multivalent vaccine for protection against
infection with more than one strain of P. vivax
comprising PVMSP~1 pd2, said P. vivax is selected from
the groupr consisting of Sall, Boelem, Vielnam, and
North Korean.

41, The multivalent vaccine of claim 40, further
comprising an adiuveant selected {rom the greup

congisting of montanide and alum.



CTACAACAAGAT GGGGGAGCT CTACAAGACGCACT TGGAT GGAGT GAAAACAGA
GATTAAGAAAGT CGAAGAT GATAT TAAAAAGCAAGAT GAGGAACT TAAAAAGT T

AGGAAAT GTTAACAGT CAAGAT AGT AAAAAGAACGAAT TTATTGOCAAAAAGGC
CGAGCTGGAGAAGTACCTCOOG TCCTGAATAGOCT CCAAAAGGAGTACGAGTCC

CTCGT GAGGAH B3 AHACACCT ACACAGACAACCT AAAAAAAGT CAT CAACAAC pe1/Us02/08367

TGOCAGCT GGAGAAAAAGGAAGCOGAGAT CACT GTAAAGAAATTGCAGGACTAC  AA

CAAGAT GGAT GAGAAGT TGGAGGAGT ACAAAAAAT CGGAGAAAAAAAAT GA

AGTGAAGT CTTCTGGTCTTCTGGAAAAATTGATGAAAT CAAAATTGATTAAAGAA

AACGAGT CCAAGGAAAT ATTAT CCCAGCTGCTAAATGT GCAAACTCAGTTATTAA

CTATGAGCT CCGAGCACACAT GTATAGACACCAAT GT GOCTGATAAT GCAGCCTG

CTATAGST ACTT CGACCGAACTGAAGA AR EAGAT GRRECT TAACCTT TAAGAA
GAAGGCGGCAAGT GTGT GCCAGCATCGAATGT GACT TGTAAGGATAACAATGGT

GGTTGT GCOOCT GAAGCT GAAT GTAAAAT GACGGACAGCAAT AAAATCGTCTGTA
AATGTACTAAAGAAGGT TCTGAGOCACTCTr GAGGGAGTTTTCTGTAGC  SEQ | D NO. 2 Ami no Aci d
Sequence JBQVD NOGEAESEAPEI LVPAGH SDYDV VYLKPLAGWKTI KKQLENHVNAFNTNE TDM

L DSRL KKRNNae Y $RBBReNPFKY SSSGEY! | KDPYKLLDLEKKKKLI GSYKYI GASI D

NMDLATAND \ YKTHL.D on

SKKNEFI A yey ; .ffa,’ma *“")t; W :r;“i%»"; Wﬁnﬂt é"’«'u:m:n
VKKL QDYNK LK EIKSK A
TQL LTWS@@W@T@M@@N@@@K@X@M M&W@MM@@A

NNGGCAPEASCKYATSNK k. WEE@AH@@G@E@GTDCMTTM%H&MHPC{EGSGT MA  SEQ

5' ACGT CH%RG&W@@WWWG@CAC AHMWC@GTGACCTA
CRAEAITEELAABACG P TOAGTGAAAACAGA

SEQ%?ES?W@W AAC %Wﬁ Rl 502/ 08307 2/2

CTGGAGAAGTACCTCCCGTTCCTGAATAGCCTCCAAAAGGAGTACGAGTCC
CTCGTGAGCAAGGTGAACACCTACACAGACAACCTAAAAAAAGTCATCAACAAC
TGCCAGCTGGAGAAAAAGGAAGCCGAGATCACTGTAAAGAAATTGCAGGACTAC
AACAAGATGGATGAGAAGTTGGAGGAGTACAAAAAATCGGAGAAAAAAAATGA
AGTGAAGTCTTCTGGTCTTCTGGAAAAATTGATGAAATCAAAATTGATTAAAGAA
AACGAGTCCAAGGAAATATTATCCCAGCTGCTAAATGTGCAAACTCAGTTATTAA
CTATGAGCTCCGAGCACACATGTATAGACACCAATGTGCCTGATAATGCAGCCTG
CTATAGGTACTTGGACGGAACGGAAGAATGCGAGATGCTTGTTAACCTTTAAAGAA
GAAGGCGGCAAGTGTGTGCCAGCATCGAATGTGACTTGTAAGGATAACAATGGT
GGTTGTGCCCCTGAAGCTGAATGTAAAATCACGGACAGCAATAAAATCGTCTGTA
AATGTACTAAAGAAGGTTCTGAGCCACTCTTTGAGGGAGTTTTCTGTAGC

SEQ ID NO:2

Amino Acid Sequence
DQV'ITGEAESBAPEILVPAGISDYDVVYLKPLAGMYKTIKKQLENHVNAFNTNITDM
LDSRLKERNYFLEVLNSDLNPFKYSSSGEYIUKDPYK LLDLEKKKKLIGSYKYIGASID
MDLATANDGVTYYNKMGELYKTHLDGVKTEIKKVEDDIKKQDEELKK LGN VNSQD
SKENEFIAKKARLEXYLPFLNSLQKEYESLVSKVNTYTDNLKK VINNCQLEKKEAEIT
VKKLQDYNKMDEKLEEYKE SEKKNEVRSSGLLEK LMKSKLIKENESKEILSQLLNVQ
TQLLTMSSEHTCIDTNVPDNAACYRYLDGTEEWRCLLTFKEEGGKCVPASNVTCED
NNGGCAPEAECKMTDSNKIVCKCTKEGSEPLFEGVFCS

SEQ ID NO3
MAHITHHHEHPGGSGSGTMA

SEQ ID NO:4
5’CGTGAATTCATGGACCAAGTAACAACGGGAGAG-Y

SEQID NO:5S
5-ACGTCTGCAGATTAAACGTCCATGCACAGGA-3’

SEQID NO:6
5*-CATGCCATGGCAGACCAAGAACAACGGGA-3

SEQ ID NG:7
5 -AATAGTTTAGCGGCCGCTTAGCTACAGAAAAC-Y’



Ala Hs Hs Hs Hs Hs Hs Pro Ay Gy Ser Ay Ser Ay Thr Met Ala Asp G n
Val Thr Thr Qdy
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SEQ ID NO:B
Ala His His His His His His Pro Gly Gly Ser Gly Ser Gly Thr Met Ala Asp Gin Val Thr Thr
Gly



