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THE Pf332 GENE CODES FOR A MEGADALTON PROTEIN OF PLASMODIUM
FALCIPARUM ASEXUAL BLOOD STAGES
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Unité de Parasitologie Expérimentale, Institut Pasteur 25, Rue du Docteur Roux, 75724 Pans CEDEX 135, France

We characterized the Plasmodium falciparum antigen 332 (Ag332) which is specifically ex-
pressed during the asexual intraerythrocytic cycle of the parasite. The corresponding Pf332 gene
has been located in the subtelomeric region of chromosome 11. Furthermore, it is present in all
sirains so far analyzed and shows marked restriction length fragment polymorphism. Partial
sequence and restriction endonuclease digestion of cloned fragments revealed that the Pf332 gene
is composed of highly degenerated repeats rich in glutamic acid. Mung been nuclease digestion
and Northern blot analysis suggested that the Pf332 gene codes for a protein of about 700 kDa.
These data were further confirmed by Western blot and immunoprecipitation of parasiles extracts
with an antiserum raised against a recombinant clone expressing part of the Ag332. Confocal
immunofluorescence showed that Ag332 is translocated from the parasile to the surface of in-
fected red blood cells within vesicle-like structures. In addition, Ag332 was delected on the
surface of monkey erythrocytes infected with Plasmodium falciparum.
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Plasmodium falciparum antigens exposed on
the surface of parasitized red blood cells repre-
sent important targets of the host’s immune re-
sponse. Some of these molecules have been
implicated 1n the cytoadherence of infected
erythrocytes on the endothelial cells of the
capillaries (reviewed by Berent et al., 1990),
rosetting (Wahlgreen, 1986) and opsonization
(Groux & Gysin, 1990; Groux et al., 1990).

The immunological screening of a P.
falciparum (Palo Alto strain) expression library
allowed us to isolate a clone, here referred to
as G332, which contains an insert of 303 base
pairs, coding for degenerated repeats of 11
amino acids (Mattei et al., 1989). Antibodies
raised against the recombinant polypeptide
cross-reacted with a series of P. falciparum
antigens, such as Pfl1-1 (Koenen et al., 1984,
Scherf et al., 1988) and Pf155/RESA (Coppel
et al., 1984; Perlmann et al., 1984). The com-
mon aspects shared by these antigens 1s the
presence of repeats represented by the consen-
sus-EE-XX-EE-, where X 1s mostly a hydro-
phobic amino acid. The products of the Pfl1-
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1 and Pf155/RESA genes were identified as

respectively, polypeptides of apparent molecu-
lar weight 1megaDa (Petersen, et al., 1990) and
155 kDa (Coppel et al., 1984; Perlman et al.,
1984). The Pf332 gene product was difficult to

identify due to the antibody cross-reactivites,

The cross-reactions were also observed with
the human monoclonal antibody (33G2 (mAb
33G2), which had been selected by its reactiv-
ity with the Pf155/RESA antigen (Udom-
sangpetch et al., 1986). This mAb is able to
inhibit in vitro both the invasion of red blood
cells by merozoites and the cytoadherence of
infected erythrocytes on the melanoma cell line
C32 assays (Udomsangpetch et al., 1986;
Udomsangpetch et al,, 1989a).

The Pf332, Pf11-1 and Pf155/RESA puri-
fied recombinant polypeptides, or synthetic
peptides were analyzed by surface immunotluo-
rescence of infected by red blood cells (IRBC),
for their capacity to inhibit the mAb33G2 reac-
tivity. Their ability to reduce the inhibition of
the merozoite invasion of erythrocytes by
mAb332G2 was also tested (Udomsangpetch
et al., 1989a). The Pf332 recombinant polypep-
tide, or its synthetic peptides were the most
efficient in inhibiting mAb332G2 in both as-
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says. These results suggested that the 332 an-
tigen (Ag332) 1s the main target of the
mAb33G2 and is of potential interest regarding
protective immunity.

Recently, the epitope recognized by the
mAb33G2 was identified as a linear sequence
represented by five amino acids, VTEEL, where
all residues, but the second E, can be substi-
tuted by those with analogous chemical prop-
erties. This sequence, or the allowed substitu-
tions, is frequently found in the Ag332, thus
explaining its strong reactivity with the
mAb33G2 (Ahlborg et al., 1991).

CHARACTERIZATION OF THE Pf332 GENE

In order to identify the Pf332 gene, we
screened genomic and cDNA libraries using the
G332 clone as a probe. Three overlapping
genomic clones, Gl, G9 and G90, of 2.9kb,
4 8kb and |.9kb, respectively, and a ¢cDNA
clone (C1) of 466bp were further characterized
(Fig. 1). Digestion of the inserts of G1, G9 and
(90 with the endonuclease Mboll revealed that
they are composed exclusively of repeats. These
data were confirmed by partial DNA sequence
of the genomic clones and full sequence of the
cDNA CI insert. We have previously isolated
a clone, Pf118, which also represent a frag-
ment of the P332 gene (Kun et al., 1991) and
taken together we have analyzed over 8kb of
Pf332 repeats.

The size of the Pf332 gene was estimated
by Southern blot of P. falciparum DNA di-
gested by mung bean nuclease in the prescnce
of different concentrations of formamide
(McCutchan et al., 1984). The Pf332 G1 probe
hybridized with a unique fragment of about
20kb consistent with the Northern blood analy-
sis which revealed an asexual stage specific
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Fig.1: restnction map of the Pf332 gene (Palo Alio) and
schematic representation of the genomic clones Gl, G9
and G90 and the ¢cDNA clone Cl. The restriction sits
BamHI (B), Clal (C), Dra I (D), EcoRI (E) and HindlIl]
(H) are indicated.
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transcript larger that 10kb. In contrast, the Pfl1-
| gene hybridizes exclusively with mRNA from
gametocytes (Scherf et al., manuscript in prepa-
ration). These data suggest that Pf332 encodes
a protein of about 700 kDa expressed during
the asexual erythrocytic cycle of P. falciparum
(Mattei & Scherf, 1991).

Genomic DNA of six strains from different
geographical regions (Palo Alto, Uganda; T9-
96, Thailand; FCBR, South America; 3D7,
derived from NF54, Netherlands; Banjul,
Gambia and 7G8, Brazil) were digested by Alul,
which cuts frequently within the gene, followed
by Southern blot analysis. The Pf332 gene is
present 1n all strains investigated and shows an
extreme restriction fragment length polymor-
phism (RFLP). The pattern observed with the
Palo Alto strain remained unchanged during
prolonged in vitro culture of the parasites. This
suggests that the RFLP observed was not gen-
erated by random deletions, or by recombina-
tion during the mitotic divisions.

The Pf332 gene has been located in the
sublctomeric region of the chromosome 11 by
two-dimensional pulsc field gel electrophoresis
(Fig. 2, Mattei & Scherf, 1992). The chromo-
somes were separated in the first dimension
and digested by Apal, Bgll, or Smal. After
migration In the second dimension, the restric-
tion fragments were transferred and the same
membrane was successively hybridized with the
P332 G1, the subtelomeric Rep20 (Patara-
potikul & Langsley, 1988) and the telomeric
(Ponzi et al., 1985) spacific probes. The three
probes hybridized with the same fragments of
245 kb and 190 kb generated by Bgll and Smal,
respectively. It has been shown that the
subtelomeric region of P. falciparum chromo-
somes 1S very unstable and it is a target of
genetic recombination (Patarapotikul &
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Fig. 2: partial map of chromosome 11 (3D7 strain). The
positions of the telomeric (®), subtelomeric rep20 (&)
and Pf332 gene (@) are shown. The restriction sites Apl
(A), Bgll (B) and Smal (S) are indicated.
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Fig. 3: DNA and deduced amino acid sequences of EB200.
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PfEB200 clone: DNR and amino acid deduced sequences
1 31/
66A TCC GTA ACT GAR GRA GTT GTR GGR GAR GAR ARR TTA GTT AGT GORA GAA ATR GTA ACG
gly ser val thr glu glu wval val gly glu glu lys leu val ser giu glu ile val the
61/21 91/31
GAR GAA GGR TCT GTT GCT CRA GRA ATR GTR GAA GRA GAT GCA CCR GCT ACTY GAR GAR ATT
glu glu gly 3er val ala gin glu ile val glu glu asp ala pro aia thr glu gltu lle
121 /41 151/51
GAT GAA ATA GAR TCR GTT ACT GAR GAR GTT GTC GAR GAR GRA G6GA CCT GTT GAT GRA GARA
asp glu ile glu ser wval thr glu glu vel val glu glu glu gly pro val asp glu glu
181/61 211/71
RTT GTA CAA GAR GAR GGT RCA GTT ACT GRR GAR ATA RTA CAA GGA GRA TCT AAR GTT GRA
ile val gln glu glu gly the vel thr glu giu ile ile gin gly gltu ser Ilys val glu
241/81 2101/91
6AG GTC GTA GAA GAR CAR GGA TCT GAA AAT GRA GAR ATR TTC GTA GAA GRA GTA TCA GCT
glu val wval glu glu gin gly ser glu een glu glu ile phe wval glu glu val ser ala
301/ 101 3317111
TCT CAA GAA ATA GTA CARA ART GRA TCR GGT ACC GAR GAR ATR TTG GAA AAR OTA TCA GCY
aer gin glu ite vael gin asn glu ser gly ther giu glu ile leu glu lys val sar ala
361/121 391/131
[CT CAAR GAR ATRA GTA CAA ORT GGA TCA GTT RCY GAR CAR ATA ATA GAR TTC
ser gin glu ile val glh asp gly ser val thr gliu gln ile ile glu phe

Langsley, 1988; Corcoran et al., 1988; Pologe
& Ravetch, 1988; Wellems et al., 1987). The
Pf332 gene polymorphism could be due to its
subtelomeric location. This region might repre-
sent a hot spot of recombinational events tak-
ing place at metosis during the parasite devel-

opment in the mosquito host (Vernick et al,
1988).

CHARACTERIZATION OF THE Ag332

In order to 1dentify the Pf332 gene product,
an insert of 411 bp generated by EcoRI-BamHI
digestion of the G1 was cloned in the pGEX
expression vector (Smith & Johnson, 1988).
This recombinant, named EB200, codes for 13
degenerated repeats of 10, or 11 amino acids
(Fig. 3). Anti-EB200 antibodies were raised and
tested by their reactivity on Western blots,
immunoprecipitation of parasite extracts and by
immunofluorescence. On Western blots, the
anti-EB200 serum recognizes a high molecular
weight polypeptide migration in the 4% stack-
ing SDS-polyacrylamide gel. The same result
was obtained by immunoprecipitation of *°S-
methionine metabolically-labelled parasites
(Mattei & Scherf, 1992). The Ag332 mugrates
as a polypeptide of apparent molecular weight
2.5 megadalton as compared with the immuno-
precipitation Pfl11-1 gene product. The discrep-
ancy between the estimated and observed mo-
lecular weight values might be explained by
post-translational modifications of the Ag332,

like glycosylation, and/or anomalous binding
of SDS due to the charged repeats.

The immunofluorescence reaction of air-
dried parasites with the EB200 antiserum shows
a punctuated pattern on tropozoite and
schizonte-infected red blood cells. The loca-
tion of the Ag332 within the IRBC was better
analyzed by immunofluorescence followed by
visualization 1n a confocal microscope. The
Ag332 is transported from the parasite to the
membrane of the erythrocyte within large (about
0.5-1 um) vesicle-like structures. The antigen
assoctation with the membrane of the red blood
cell was further supported by double-labelling
with the anti-EB200 and anti-HRPI antibodies
(Fig. 4). This latter antigen has been demon-
strated to be located in the membrane of the
IRBC under the knobs (Taylor et al., 1987). In
addition, the immunofluorescence of living
parasites shows that some epitopes of the Ag332
are exposed on the surface of monkey infected
erythrocytes.

CONCLUDING REMARKS

We have cloned and characterized part of
P. falciparum gene, named Pf332, expressed
by asexual intra-erythrocytic parasites. The
corresponding antigen i1s a megadalton protein
which appears to be translocated within vesicle-
like structures to the erythrocyte membrane.
Furthermore, Ag332 was detected on the sur-



D. Mattey & A. Scherf

F1g. 4: confocal microscopy showing the indirect immunofluorescence pattern on of a Plasmodium falciparum
infected red blood cell reacted with the (a): anti-EB200 serum and (b): double labelling with ant-EB200 and anti-HRPI
sera. The pmictures represent different plans of the same cell (Ium/plan). The upper right panels correspond to the
supcrposed 1mage of the other three panels.
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face of monkey erythrocytes infected with P.
falciparum. suggesting some epitopes are ex-
posc. Finally, Ag332 strongly reacts with the
human monoclonal antibody 33G2 that inhibits
the cytoadherence of IRBC on melanoma cells
and the invasion of RBC by the merozoites.
These data taken together suggest that the
Ag332 might be an important target of the host’s
protective immune response.
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