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DEL PorTILLO, H. A., GYSIN, J., MATTEI, D. M., KHOURI, E., UDAGAMA, P. V., MEN-
p1s, K. N., AND Davip, P. H. 1988. Plasmodium vivax: Cloning and expression of a major
blood-stage surface antigen. Experimental Parasitology 67, 346-353. Plasmodium vivax is a
highly prevalent malaria pathogen of man; the following report is the first to describe the
cloning and expression of a major asexual erythrocytic stage antigen of this species. The
screening of a genomic DNA expression library with a monoclonal antibody directed against
a 200-kDa surface component (Pv200) of the more mature schizonts of P. vivax led to the
selection of a recombinant bacterial clone which produced a fusion protein. Mouse and
rabbit immune sera raised against the purified fusion protein recognized the 200-kDa para-
site antigen on Western blots and reacted with the surface of segmenters by immunofluo-
rescence. Sequencing of the 1.9-kb P. vivax DNA insert coding for this fusion protein
revealed a 45-47% homology at the nucleotide level with the P. falciparum gene of a parasite
surface antigen, Pf195, which has been shown to be a promising candidate for a malaria
vaccine in primates and in man. © 1988 Academic Press, Inc.
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lobase (kb); Kilo daltons (kDa); Molecular weight range (M,); Base pair (bp).

INTRODUCTION

The strict species specificity of naturally
acquired antimalarial protective immunity
indicates that a vaccine against a given
plasmodial species may not induce protec-
tion against another. However, most efforts
aimed at developing a malaria vaccine have
focused on Plasmodium falciparum; thus,
relatively little is known about antigens of
the other major human malarial parasite, P.
vivax. The circumsporozoite protein is the
only antigen of P. vivax that has been
cloned to date (Arnot et al. 1985; Mc-
Cutchan et al. 1985; de la Cruz et al. 1987)
and characterization of gamete and asexual
erythrocytic stage antigens has been
achieved using monoclonal antibodies (An-

drasiak et al. 1986; Barnwell 1986; Udag-
ama et al. 1987; and Peiris et al. 1988).

A polymorphic 200-kDa component of
the P. vivax schizont surface, defined by
monoclonal antibodies (Udagama et al.
1987), appears to be analogous to a P. fal-
ciparum surface antigen, Pf195. The Pf195
antigen is present on the surface of the
schizont as well as, in a processed form, on
the surface of the merozoite (Holder and
Freeman 1982). Several vaccination trials
with Pf195 have led to a high level of pro-
tection against P. falciparum in nonhuman
primates (Perrin et al. 1984; Hall et al. 1984;
Cheung et al. 1986; Patarroyo et al. 1987,
Siddiqui et al. 1986, 1987). Although Pf195
has been shown to be polymorphic, it con-
tains portions which are conserved be-
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tween strains (McBride er al. 1985; Gentz
et al. 1987; Tanabe et al. 1987) and protec-
tion induced by vaccination is not strain
specific (Hall et al. 1984). Furthermore, the
conserved regions of the amino terminus of
Pf195 contain both B- and T-cell epitopes
(Sinigaglia et al. 1988; Crisanti et al. 1988).
In a recent vaccine trial on human volun-
teers, immunization with six polymerized
peptides two of which were derived from
the conserved amino-terminus regions of
Pf195 conferred a significant level of pro-
tection against a challenge with P. falci-
parum asexual stages (Patarroyo et al.
1988). These results emphasize the poten-
tial role of Pf195 as a vaccine constituent
against P falciparum asexual erythrocytic
stages and it appeared important to further
characterize the analogous antigen in P.
vivax, Pv200. Here we report the cloning
and expression of a large portion of the
gene coding for this antigen.

" MATERIALS AND METHODS

Parasites. The Plasmodium vivax Belem strain,
adapted to the squirrel monkey, was used throughout
this study. Most leukocytes were removed by passing
infected blood through a CF11 cellulose powder col-
umn (Whatman) as described by Homewood and
Neame (1976). Parasites were then concentrated by
centrifugation on a discontinuous 40-60% Percoll
(Pharmacia) gradient as described by Ihalamulla and
Mendis (1987). Such parasite preparations were used
for the production of monoclonal antibodies, Western
blots, and immunofluorescence. For DNA extraction,
remaining leukocytes were removed as follows: the
enriched parasite preparation was incubated for 20 min
at room temperature in a 1/20 dilution of rabbit anti-
human leukocyte antisera (see below); after washing in
RPMI 1640 (Flow Laboratories) the cells were sus-
pended in RPMI 1640 and passed through a 2-ml Seph-
arose 6B-protein A column (Sigma). the flowthrough
parasite preparation was shown to contain less than
one leukocyte per 10,000 parasites, as judged by mi-
croscopic examination of Giemsa-stained thin films.

Production of monoclonal antibody 6H1D11. Mono-
clonal antibody 6H1DI11 was derived from Balb/C
mice immunized with purified asexual erythrocytic
stages essentially as described by Kohler and Milstein
(1975). Briefly, mice were immunized with three doses
of 10® parasites each administered intravenously at 3-
week intervals. Three days after last immunization,

spleen cells were fused by polyethylene-glycol treat-
ment with the P3U1 myeloma cell line (Kearny et al.
1979). Selection of positive hybridomas was per-
formed by indirect inmunofluorescence using P. vivax
parasites.

IFAT and Western blotting. IFAT and Western blot-
ting using P. vivax parasites as antigen were performed
as described in Udagama et al. (1987).

Construction and immunoscreening of a P. vivax
genomic DNA expression library in \gtll. P. vivax
genomic DNA was used to construct an expression
library in Agtll according to the method of Mattei et
al. (1988). Briefly, DNA was partially digested with
DNase I in the presence of Mn?*, as to obtain DNA
fragments of about 2 kb. After repair and addition of
EcoRlI linkers, the DNA was ligated to EcoRI-digested
dephosphorylated Agtll vector (Promega). Immuno-
screening of approximately 10° recombinants was
made with a 1/50 dilution of monoclonal antibody
6H1D11 followed by iodinated protein A (Amersham)
as described by Mattei er al. (1988).

Mouse and rabbit antisera. Mouse (Balb/C) and rab-
bit immune sera directed against the fusion protein
Pv200 were obtained by immunizing animals with re-
combinant products purified by electroelution from
preparative SDS-PAGE of bacterial extracts (Hudson
et al. 1983). Three intradermal injections of 200 ug
each of purified antigen emulsified in Freund’s adju-
vant were administered at 3-week intervals and ani-
mals were bled 5 days after the last injection.

Rabbit anti-human leukocyte immune sera were ob-
tained by immunizing animals with human peripheral
blood lymphocytes purified on Ficoll-Paque (Pharma-
cia) (Fotino et al. 1971). Three injections of 107 cells
were performed at 3-week intervals, the first subcuta-
neously with cells emulsified in Freund’s complete ad-
juvant, the others intravenously with whole cells and
no adjuvant. Animals were bled a week after the last
inoculation. Serum was heat-inactivated at 56 C for 30
min and absorbed six times by incubation with washed
human erythrocytes (v/v) for 30 min at room temper-
ature.

DNA sequencing. The 1.9-kb P. vivax DNA insert
from the positive Agtll clone was subcloned into the
EcoRI/PstI site of Bluescript vector and a series of
overlapping clones were generated by exolll/mung
bean nuclease deletions according to the manufactur-
er’s instructions (Stratagene). The complete nucle-
otide sequence was determined by the Sanger dideoxy
method (Sanger et al. 1977), and a search for homol-
ogies with sequences contained in the Los Alamos da-
tabank was made as described in Lipman and Pearson
(1985).

REsSULTS

Monoclonal antibody 6HID11 was se-
lected as possibly reacting with the equiva-



348

lent in Plasmodium vivax of the P. falci-
parum Pf195 schizont/merozoite antigen
based on the following observations: (i) On
Western blots of P. vivax asexual stages,
6H1DI11 recognized a parasite antigen of
200 kDa, Pv200 (Fig. 1-1). (ii) By IFAT with
asexual erythrocytic stages of P. vivax,
6H1D11 was found to produce a distinct

A BCDEF

FiG. 1. Reactivity of the monoclonal and polyclonal
antibodies against the Plasmodium vivax 200-kDa
schizont/merozoite antigen. Fig. 1-I: Western blots of
SDS-PAGE resolved extracts of asexual stages of P.
vivax. Nitrocellulose strips onto which P. vivax anti-
gen had been electroblotted were reacted with human
hyperimmune serum (A), with monoclonal antibody
6H1D11 used to screen the genomic DNA library (B),
with mouse (C), and rabbit (D), immune sera raised
against purified Pv200 recombinant fusion protein, and
with rabbit (E), and mouse (F), preimmune sera. Pre-
stained molecular weight markers (Bethesda Research
Laboratories): (1) myosim (220,000); (2) phosphory-
lase b (97,400); (3) bovine serum albumin (68,000); (4)
ovalbumin (43,000). Fig. 1-II and III: Indirect immu-
nofluorescence pattern of acetone fixed P. vivax par-
asites (segmenters) reacted with monoclonal antibody
6H1DI11 (Fig. 1-II) or mouse immune serum raised
against Pv200 recombinant fusion protein (Fig. 1-III).
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“‘grape-like’’ pattern of reactivity with the
rim of the more mature stages of the para-
site (segmenters) (Fig. 1-1I). (iii) When dif-
ferent field isolates of P. vivax from Sri
Lanka were examined by Western blots
with 6H1D11, Pv200 was shown to exhibit
size and epitope polymorphism (data not
shown). Accordingly, this monoclonal anti-
body was used to screen a P. vivax genomic
DNA expression library in Agt11. Screening
of 10° recombinants led to the selection of
one positive clone, Pv200, expressing a
large B-galactosidase fusion protein (195
kDa) highly reactive with 6H1DI11.

The recombinant product was purified by
preparative electroelution from SDS-
PAGE and used to immunize rabbits and
mice. Both species produced antisera
which gave an identical ‘‘grape-like’’ pat-
tern of immunofluorescence as did the orig-
inal 6H1D11 with segmenters (Fig. 1-1II).
On Western blots, these sera recognized
the 200-kDa parasite component (Fig. 1-I);
the other lower M, components recognized
could constitute degradation or processing
products of Pv200 such as those described
in the case of Pf195 (Holder and Freeman
1982). Both by immunofluorescence and on
Western blots, anti-Pv200 immune sera did
not cross-react with P. falciparum parasites
(data not shown).

To further confirm that Pv200 shared
analogies with Pf195, the 1.9-kb P. vivax
DNA insert from the original A clone was
sequenced (Fig. 2). The insert presents an
open reading frame coding for 636 amino
acid residues in frame with -galactosidase.
It has a G+ C content of 47%, an estimated
molecular weight of 72,179 Da, three poten-
tial glycosylation sites, and 15 repeated glu-
tamine residues at its carboxy terminus.
This sequence was then searched for ho-
mologies (Lipman and Pearson 1985) with
sequences contained in the Los Alamos da-
tabank. The highest level of DNA homol-
ogy, 45-47% was observed with the Pf195
genes from five different P. falciparum iso-
lates (Holder et al. 1985; Mackay et al.
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L E VDG IDI KU LDTIZET FWNQLMHVYV INT FHYUDILILRANVUHDMMCAUBHBRTIDY
CCCTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCAATCAACTGATGCACGTGATCAACTTCCACTATGATTTGTTGAGGGCGAACGTCCACGACATGTGTGCCCATGATTATT
1 10 20 30 40 50 60 70 80

C K I PEHUL EKTI SDJIEKETLUDMMTLTIEKI KV VI GLWZE KT PLDNTIIZ KT DTDTISGTZE KT LTET
GCAAAATACCGGAGCATCTAAAAATCTCTGACAAAGAGCTGGACATGCTGAAGAAAGT TGTGCTGGGATTATGGAAGCCCTTGGACAACATAAAGGACGATATTGGAAAATTGGAGACCT
100 110 120 130 140 150 160 180 190 200 210

®
F I T K N K ET I S NTINZ KULTISDENNA ATZ KRGS G QSTNTTNGTPGA AU QNNARA
TCATCACTAAAAACAAGGAAACAATAAGCAATATAAACAAGTTAATTAGTGATGAGAATGCTARAAGGGGAGGCCAATCCACCAACACGACTAATGGCCCCGGAGCGCAAAACAATGCTG
220 230 240 250 260 270 280 290 300 310 320 330

A QG STGNTETG GT RSSASSUNTLSGSGDS GTTVVGT S S PAZPAATFP
CTCAAGGTTCAACAGGCAATACTGAAACAGGTACTCGAAGTTCTGCTTCATCTAACACTCTCTCGGGTGGCGATGGTACGACGGTCGTAGGAACATCTTCTCCAGCACCTGCTGCTCCAT
340 350 360 370 380 390 400 410 420 430 440 450

S S T NE-DYDEJZKZ KT KTIYOQAMYNGTITFYTSOQLETEA AR QIZ KTILTIEVTILE KR
CTTCAACARATGAAGACTACGACGAGAAGAAAAAAATCTACCAAGCCATGTACAACGGCATATTTTACACGAGCCAGCTGGAGGAGGCGCAAAAGT TAATCGAAGTCCTGGAGARGCGCG

460 470 480 490 500 510 520 530 540 550 560 570
[
V K V L KEHU KGTII KA ATLTLTEJ QVE'AEIZ KT K KT LUZPIZ KU DNUNTTNR RZEPILTUDE Q Q K
TGAAAGTGCTGAAGGAGCACAAAGGCATCAAGGCGCTACTCGAACAGGTCGAAGCAGAARAGAAAAAGCTTCCARAAGATAATACCACCAATCGACCCCTTACTGATGAACAACAGAAAG
580 590 600 610 620 630 640 650 660 670 680 690

A A Q K XK I ADUILESQIVANAZE KTV VNYFDTILDSGLTFTUDAETETLTEYYTLRE
CAGCCCAAAAGAAAATTGCCGACCTAGAGAGTCAAATCGTAGCCAACGCCARGACGGTGAACTTCGACCTGGACGGTCTGTTTACGGACGCAGAGGAGTTGGAGTACTACTTGAGGGAGA”
700 710 720 730 740 750 760 770 780 790 800 810

K A KMAGTTULTITIUPESTI K SAGT?®PGI XKTV?PTULIE KTETYU®PUHGTISYATLA
AGGCARAGATGGCCGGCACGCTAATCATCCCAGAAAGCACCAARATCAGCAGGCACCCCTGGAAAGACAGTTCCAACCCTGAAAGAGACCTACCCACACGGAATAAGCTACGCTTTAGCAG
820 830 840 850 860 870 880 890 900 910 920 930

(]

E NS I Y ELTIZEZ KTIGSDETTFGTDULUQNZPDUDSGIZ XU QPIZ KI KGTITZLTINET KR
AAAACAGTATTTATGAACTGATAGAAAAAATTGGATCTGATGAAACATTTGGTGATTTGCAARATCCAGATGATGGAAAGCAACCGAAGAAGGGAATCCTCATTAATGAAACARAGAGGA

940 950 960 970 980 900 1000 1010 1020 1030 1040 1050

K E L L E XK I MNZXTIZXKTIZEEVDZEKTLUPNUNILI KIEKETLTETEZ KTYIE KV VY EAIZ KV VNEF K
AAGARATTGCTGGAAAAAATTATGAATARAATTAAGATAGAAGAAGACAAATTGCCCAACCTAARAAAAGAATTGGAGGAAAAATATAAGGTGTACGAGGCAAAGGTTAATGAGTTCAAAC

1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160 1170

P A F NUHF Y EARTLUDNTTULVENZI KT FUDETFZ KT KREA AYMETEIZ KTE KIE KT LESC
CAGCATTTAATCACTTTTATGAGGCAAGACTGGACAACACCCTTGTTGAAAACAAATTTGATGAAT TTARAACCAAAAGGGAGGCATATATGGAGGAGAAGAAAAAACTAGAGAGCTGCT

1180 1190 1200 1210 1220 1230 1240 1250 1260 1270 1280 1290

S YE Q NTDNULTINJ KULIKI KQLTYULEDYVLRIZ KDTIATDUIDETIIZ KHFSTFME

CCTACGAACAGAACACCAATCTGATTAACAAGTTGAAAAAACAACTGACCTACTTGGAGGACTACGTGTTAAGAAAAGACATCGCCGACGATGAAATTAAACACTTCAGTTTCATGGAGT
1300 1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 1410

W K L XK S E I YDUILAGOQETIRIEKINENIEKTLTVENTZE KTFTDTFSGVVESGOQVQKUV
GGAAATTAAAGAGCGAAATTTATGATCTAGCCCAGGAAATCCGAAAAAACGAAAACAAGCTCACCGTTGAAAACARATTCGACTTCTCCGGGGTTGTGGARGGACAAGTACARAAGGTAT
1420 1430 1440 1450 1460 1470 1480 1490 1500 1510 1520 1530
L I I X KI EAL KNV VOQNTZLIULIE KUNA AZ KV YV E KDTZDILYVZ?PIKVYNTSGEZ KT PETPY
TGATAATCAAAAARATTGAGGCTCTAAAGAATGTCCAGAATCTTCTTAAGAATGCCAAGGTGAAGGACGACCTGTACGTTCCARAGGTGTATAATACAGGCGAGARACCTGAGCCCTACT
1540 1550 1560 1570 1580 1590 1600 1610 1620 1630 1640 1650
Y LMVLILXKRETIDI KTULTZEKTDTFTIZPZEKTIES SMTIATEZ KA ATZ KPAASAPVTSGQ
ACTTGATGGTCCTCAAAAGGGAAATTGACAAGTTGAAGGACTTCATCCCCAAAATCGAGAGCATGATCGCCACTGAGAAGGCCAAGCCGGCAGCGTCAGCGCCAGTGACCAGTGGACAAT
1660 1670 1680 1690 1700 1710 1720 1730 1740 1750 1760 1770
L L RGSSEA AARARATEUVTTNA- AVTSEUD I QQQOQQQOQOOQOQQQQ QO 00-0 H QOQH
TGCTTAGAGGATCAAGCGAAGCAGCGACAGAGGTCACAACCAATGCGGTAACATCTGAAGATCAACAACAACAACAACAACAACAACAACAACAACARCAACARCAACATCAACARCATC
1780 1790 1800 1810 1820 1830 1840 1850 1860 1870 1880 1890

Q Q Q Q S Q VD P A

AACAACAACAATCACAAGTAGATCCAGCA
1900 1910 1920

F1G. 2. Nucleotide and deduced amino acid sequences of the Pv200 clone. The arrow marks the limit between
the B-galactosidase and the Plasmodium vivax insert. Potential N-glycosylation sites are denoted by circles.

1985; Weber et al. 1986; Tanabe ef al. 1987; globally; however, molecular studies on
Certa et al. 1987; Weber et al. 1988). In this parasite have only recently been under-
contrast, when these comparisons were taken. (Reviewed in David et al. 1988). P.
made at the amino acid level, only a vivax cannot be maintained in continuous
17% homology was detected among them culture and the necessity to obtain parasite
(Fig. 3). material from patients or infected monkeys
has somewhat hindered research on an anti-
P. vivax vaccine.

Plasmodium vivax is the most widely dis- Results reported on the vaccination of
tributed human malarial pathogen and primates and of human volunteers against
around 20 million cases a year are reported P. falciparum asexual erythrocytic stages

DiscussioN
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50 260 270 280 290 300 2

140 150 160 170 18
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200 210 40
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+ ++ ++ + v
TDPLELEYVLREKNKNIDISAKVETKESTEPNEYPNGVTYPLSYNVINNALNELNSFGDL
370 380 390 400 410 420

260 270 310
FTDAEELEYYLREKAKMAGTLIIPESTKSAGTPGKTVPTLKETYPHGISVALAENSIYEL
+ + + o+ +
INPFSYTKEPSKNIYTONERKKFINEIKEKIKIEKKKIESDKKSYEDRSKSLND--ITKE

320 330 340 350 36 370
IEKIGSDETFGDLQNPDDGKUPKKGIL——INETKRKELLEKIMNKIK[EEDKLPNLKKEL
+ o+ o+ o+
YEKLLNElYDSKFNNNIDLTNFEKMMGKRYSYKVEKLTHHNTFASVENSKHNLEKLTKAL
480 490 500 510 520 530

90 400 420 30
EEKYKV—YEAKVNEFKPAFNHFVEARLDNTLVENKFDEFKTKREAVMEEKKKLESCSYEQ
+ + + + + + + o+
KYMEDYSLRNIVVEKELKYYKNLISKIENE~ IETLVENIKKDEEQLFEKKITKDENKPDE
540 550 560 570 580

0 450 460 470 480 490
NTNLINKLKKQLTYLEDYVLRKDIADDEIKHF SFMEWKLKSEIYDLAQEIRKNENKLTVE

+ + + o+ + o+
KILEVSDIVKVQVQKVLLMNKIDELKKTQLILKNVELKHNIHVPNSVKQENKQEPYVLIV
600

500 510 520 30 50
NKFDFSGVVEGQVQKVLITKKIEALKNVQNLLKNAKVKDDLYVPKVVNTGEKPEPVVLMV

LKKEIDKLKVFMPKVESLINEEKKNIKTEGQSDNSEPSTEGEIT—-GQATTKPGQQAGSA
660 670 680 690 700 710

560 570 5R0 520 500 &1n
LKREIDKLKDFIPKIESMIATEKAKPAASAPVTSGQLLRGSSEAATEVTTNAVTSEDQQQ
+ + + + + +
LEGDSVQAQAQEQKQAQPPVPVPVPEAKAQVPTPPAPVNNKTENVSKLDYLEKLYEFLNT ™
72 73 740 750 60 770

~20 630
QQ0QQQQQQQQEAMQAQAHAAQASQVDPA

+
SYICHKYILVSHSTMNEKILKQYKITKEEESKLSSCOPLDLLFNIQNNIPVNYSMFDSLN
780 790 20 830

F1G6. 3. Amino acid sequence comparison between the Pv200 clone and the Pf195 gene from the K1 strain
(McKay et al. 1985). The comparison was obtained by the program of Lipman and Pearson (1985). Similar
homologies and locations were observed with Pf195 gene sequences from other strains (Holder ez al. 1985;
Weber et al. 1986; Certa et al. 1987; Tanabe e? al. 1987; and Weber ef al. 1988). The boxed portion corresponds
to the conserved region between Plasmodium vivax and P. falciparum.

have confirmed the importance of a para- typical ‘‘grape-like’’ pattern of fluores-

site surface antigen, Pf195, as a vaccine
candidate. The Pf195 antigen presents sev-
eral characteristics. (i) It is present on the
intraerythrocytic schizont; this leads to a

cence with anti Pf195 antibodies. (ii) It is
processed to smaller M, components. (iii) It
exhibits size as well as epitope polymor-
phism in different strains. Our results show
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that Pv200 shares these properties with
Pf195, strongly suggesting that the two an-
tigens are analogous.

The nucleotide sequence of the 1.9-kb P.
vivax DNA insert coding for a predicted
72179 kDa polypeptide of the Pv200 antigen
confirmed this analogy. Comparison be-
tween DNA sequences of the P. vivax clone
and of the gene coding for Pf195 in five dif-
ferent isolates showed a 45-47% homology;
this is high considering that Pf195 is a poly-
morphic antigen and that portions of its se-
quence differ markedly between isolates
(no significant homology was detected be-
tween the Pv200 sequence and any other
sequence of the databank). However, there
are several differences between the Pv200
and the Pf195 sequences and their coding
products. (i) Unlike the published sequence
of Pf195 genes, the sequence of Pv200 con-
tains a 15 X 3-bp repeat coding for 15 glu-
tamine residues in its 3’ end (Fig. 2). (ii) the
Pf195 gene contains an average G+ C con-
tent of 26% in contrast to the coding se-
quences of Pv200 which contain an average
G+ C content of 47%. A similar G+ C con-
tent has been reported for the coding region
of the P. vivax circumsporozoite gene (Ar-
not et al. 1985; McCutchan et al. 1985; de la
Cruz et al. 1987). These values thus reflect
the differences in total genomic DNA com-
position of these two parasite species (Mc-
Cutchan et al. 1984). (iii) There is no cross-
hybridization between P. falciparum DNA
and the Pv200 insert in Southern blots un-
der stringent conditions (data not shown).
This may be explained by the fact that the
homologies between the Pv200 and Pf195
sequences are highly scattered as aligned
by the computer program. (iv) In contrast
with the homology seen at the nucleotide
level, only a 17% homology was observed
when deduced amino acid sequences of
Pv200 and Pf195 were compared (Fig. 3);
neither immunofluorescence nor Western
blotting could detect any cross-reactivity
between the two antigens. Interesting, a
sig-nificant percentage (45%) of this amino
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acid homology resides between residues 1
and 82 of the P. vivax sequence. This de-
limits a zone in the amino-terminus part of
the antigen that has been conserved not
only in the different P. falciparum strains,
but also between P. vivax and Plasmodium
falciparum, two otherwise distantly related
species (McCutchan et al. 1984). Such con-
servation suggests the association of an im-
portant functional role with this portion of
the molecule.
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