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Human Monoclonal Antibodies to Pf 155, a Major 
Antigen of Malaria Parasite Plmmodium falcipavum 

Pf 155, a protein of the human malaria parasite Plmmodium falcipaw,m, is strongly 
immunogenic in humans and is believed to be a prime candidate for the preparation of 
a vaccine. Human monoclonal antibodies to Pf 155 were obtained by cloning B cells 
that had been prepared from an immune donor and transformed with Epstein-Barr 
virus. When examined by indirect immunofluorescence, these antibodies stained the 
surface of infected erythrocytes, free meromites, segmented schizonts, and gameto- 
cytes. They bound to a major polypeptide with a relative molecular weight of 155K 
and to two minor ones (135K and 120K), all having high atiinity for human 
glycophorin. The antibodies strongly inhibited merozoite reinvasion in vitro, suggest- 
ing that they might be appropriate reagents for therapeutic administration in vivo. 

UE TO THE RAPID RESURGENCE 

of malaria in many p a m  of the 
world and its enduring prevalence 

in tropical Africa, major efforts are being 
made to develop vaccines against the dis- 
ease. Since thc asexual erythrocytic stages of 
the parasite are the cause of the morbidity 
and mortality of malaria, interest has been 
focused on the identification and character- 
ization of antigens expected t o  be instru- 
mental in inducing protective immunity 
against these stages. Among the major can- 
didates for a vaccine are antigens present on 
the rnerozoites o r  on  the surface of infected 
erythrocytes. Antibodies to  these antigens 
have been shown t o  mediate (or amplify) 
killing of the parasites, to  block merozoite- 
erythrocyte interactions, o r  to  block or  re- 
verse sequestration of parasitized erythro- 
cytes, thereby preventing the parasites from 
escaping destruction in the spleen (1-4). 

Of the b u r  species of I'lasmodzum that 

cause malaria in humans, I-'.falct$awm is the 
most malignant. Recently, we identified a 1'. 
falc+arum antigen, l'f 155, which is deposit- 
ed in the erythrocyte mcmbrane at inero- 
zoite invasion. Pf 155 is a heat-stable polp- 
peptide (molecular weight, 155K) associat- 
ed with rnerozoites and present in the super- 
natants of P. falciparzth cultures ( 5 ) .  Ry 
means of a modified immunofluorescence 
assav (IFA), Pf 155 is easily detected on 
erythrocytes infectcd with ring-stage para- 
sites (3, 5, 6 ) .  Antibodies to Pf 155 efficient- 
ly inhibit merozoite reinvasion in P. falci- 
parztm cultures in vitro (3, 6 ) .  ~ h e p  are 
present in patients wit11 acute P. falciparum 
infection as well as in clinically inmune  
individuals (3, 5, 6). In residents of a 110- 
loendemic a k a  of ~ k r i c a  (3, a good correla- 
tion was found between serum titers of 
antibodies to  Pf 155 and acquisition of 
clinical P, falciparum immunity ( 6 ) .  Al- 
though the existence of an antigenic varia- 

tion within o r  between P. falcz$a~~m strains 
has not been ruled out, some of  the major 
antigenic structures of  Pf 155 are present in 
all strains and clones investigated thus far (5, 
8). Hence, Pf 155 appears t o  be a suitable 
candidate for a P. falczparum vaccine. 

The use of rodent &onoclonal antibodies 
(MAb's) has contributed t o  much of  the 
progress in the characterization of  P. jitki- 
parum antigens achieved thus far (1) .  How- 
ever, in human disease, MAb's from B cells 
of malaria-immune donors should offer sev- 
eral advantages over mouse MAb's, includ- 
ing the possibility of  assessing the antibody- 
forming potential of patients' B cells and a 
more direct identification of antigenic epi- 
topes relevant for protection. In this rep% 
we describe the production of  human 
MAb's specific for Pf 155. These antibodies, 
which efficientlv inhibited merozoite reinva- 
sion in vitro, were further used t o  establish 
the relation of l'f 155 t o  similar P. falci- 
parum antigens (9-1 I ) . 

Cell cultures producing human monoclo- 
nal antibodies were obtained by repeated 
cloning by limiting dilution early after im- 
mortalization of B lymphoqltes transformed 
with Epstein-Barr virus (12). The B lym- 
phocytes were from a donor hyperimmune 
to P. jalcz;barum, who had a very high serum 
titer of antibodies to  Pf 155 (1:15,000) as 
detected by IFA on glutaraldehyde-fixed 
and air-dried erythrocytes infected with P. 
fakt$arum (3, 5). This IFA procedure was 
also wed  to screen the cultures for produc- 
tion of antibodies to  Pf 155. Twelve immu- 
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noglobulin M (1gM)-and three imrnuno- 
globulin G (I@)-producing cultures were 
positive in IFA and these immunoglobulins 
were shown to be monoclonal by isoelectric 
focusing. Two of the clones, the IgM clone 
G2 and the IgG clone B6, were selected for 
further propagation and characterization. 
The IgM clone showed a high growth rate 
and has now been stable for over 1 year with 
regard to both growth and antibody pro- 
duction (10 to 15 @ml in 72 hours). In 
contrast, the IgG-producing clone grew 
slowly and produced small amounts of IgG 
(0.2 pg/ml in 72 hours). 

Figure l a  shows the typical staining pat- 

Fig. 1. Indirect immunofluorescence of monolay- 
e n  of P. f*amt&nfected erythrocytes, either 
glutaraldehyde-fixed and air-dried (a) or unfixed 
and air-dried (b to e). The infected erythrocytes 
in (a) to (d) were from in vitro cultures of the 
F32 (Tanzania) strain at parasitemias of 4 to 8 
percent. Cultures of the HB3 clone of the Hondu- 
ras IICDC strain (20) were used (e) to obtain 
gametocyte-containing monolayers. Erythrocyte 
suspensions (1 percent) in tris-buffered Hanks 
solution (TH) were applied to eight-well multi- 
test slides treated with bicarbonate buffer (pH 
9.6). Immediately after being washed in TH, the 
monolayers were either fixed briefly in 1 percent 
glutaraldehyde in phosphate-bufered saline (pH 
7.4) and then air-dried extensively under a fan or 
air-dried directly without fixation. The monolay- 
e n  were kept frozen until being used. For immu- 
nofluorescence the dried monolayers were incu- 
bated sequentially for 30 minutes at room tem- 
perature with monoclonal antibody (G2), biotin- 
ylated antihuman Ig, and fluorescein-conjugated 
avidin. In (a) the monolayer was ( qmterstained 
with ethidium bromide to reveal pa iites inside 
the erythrocytes (5). 

tern of the two MAWS in IFA on glutaralde- 
hyde-fixed and air-dried monolayers of P. 
falcipamm-infected erythrocytes. Superna- 
tants from cultures of the G2 clone specifi- 
cally stained the membrane of infected 
erythrocytes at a 1:125 dilution and some- 
times weakly also at 1:625, while the B6 
supernatants gave a weak staining at 15. 

To locate in the parasites the antigenic 
epitopes recognized by MAWS G2 and B6, 
the antibodies were tested by IFA on mono- 
layers of unfixed but air-dried infected 
erythrocytes. The reactivity patterns of the 
two MAb's were identical (Fig. 1). The 
antibodies stained free merowites (Fig. lb)  
and segmented schiwnts (Fig. lc). Both 
antibodies also stained trophowites, giving - - 

a speckled pattern of i&unofluorescence 
over the parasite. High-intensity staining of 
two small ringlike structures was frequently 
seen (Fig. Id). A similar staining pattern has 
been reported by others using antibodies to 
a l20K P. fYcipamm polypeptide (13). The 
antibody also gave strong but diffuse stain- 
ing of gametocytes (Fig. le) . Masuda et d .  
(11) recently found a mouse MAb that 
stained both sexual stages and the surface of 
ring-infected erythrocytes from several P. 
falcipamm isolates. Like Pf 155, this antigen 
was released during schiwgony and had a 
relative molecular weight of 150K. 

The G2 and B6 MAb's were used for 
probing in irnmunoblotting of P. falcipamm 
merowite extracts separated by sodium do- 
decyl sulfate-polyacrylamide gel electropho- 
resis (SDS-PAGE) (5, 14). Figure 2a shows 
the reactivity of the G2 antibodies. The B6 
antibodies gave an identical pattern. Both 
MAWS reacted mainly with a polypeptide of 
155K, corresponding to Pf 155 (arrow), but 
also weakly with two polypeptides of 135K 
and 120K, respectively. The heavy staining 
in the 50K region and below is due to 
contaminating human IgG in the merozoite 
extracts and appears also in conjugate (anti- 
human Ig) controls in which no antibodies 
to P. fdcipamm are added (5). Figure 2a 
also shows that the MAb's recognize an 
antigenic epitope that is present in Pf 155 
from three different P. falcipamm strains: 
the Tanzanian strain F32, the K1 strain 
from Thailand, and the 7G8 clone of the 
Brazilian isolate IMTM22 (15). 

Perkins (10) recently described the high- 
allinity binding of two P. falcpamm mero- 
mite surface proteins (155K and 130K) to 
human erythrocyte glycophorin, and sug- 
gested that these proteins constitute parasite 
recognition molecules in the merowite- 
erythrocyte interaction. We passed superna- 
tants fiom P. f-amm cultures through 
columns charged with glycophorin-poly- 
acrylamide conjugates. Eluates obtained by 
boiling for 5 minutes in 4 percent SDS were 

separated by SDS-PAGE and analyzed by 
imrnunoblottirig with both MAb G2 and 
serum antibodies from the same donor. As 
seen in Fig. 2b, Pf 155 as well as the 135K 
and 120K polypeptides were glycophorin- 
binding, together with an additional poly- 
peptide of 65K. This last component was 
seen only when culture supernatants were 
the antigen source, and it probably repre- 
sents a proteolytic breakdown product de- 
rived from one of the components of higher 
molecular weight. In any event, these results 
suggest that the proteins recognized by 
MAb G2 are either the same as those de- 
scribed by Perkins (10) or are antigenically 
related to them. 

Coppel et d. (9) recently reported a P. 
fdcipahm antigen (RESA) present in 
membrane of ring-infected erythrocytes 
having an apparent molecular weight sin 

the 
and 

nilar 

Fig. 2. Immunoblotting of P. f w a m m  polypep- 
tides. (a) Merozoite extracts fiom in vitro d t u r e s  
of the P. fakpamm strains K1 (Thailand) and 
F32 (Tanzania) or the clone 7G8 (Brazil) were 
prepared (5). The parasite polypeptides were sep- 
arated by SDS-PAGE under reducing conditions 
and electrophoretically transferred to nitrocellu- 
lose (14). The blots were probed with the human 
monoclonal antibody G2 diluted 1:25. (b) Spent 
P. f q a m m  (F32) culture medium was adsorbed 
to human glycophorin-polyacrylamide beads 
(10). The binding material was eluted with 4 
percent SDS and boiling. After SDS-PAGE and 
blotting as above, the blots were probed with a 
human P. falcipamm immune serum diluted 
1:1000 (lane I), human MAb G2 diluted 1:25 
(lane 2), or rabbit antiserum to the octapeptide 
diluted 1:100 (lane 3). The rabbit antiserum was 
prepared by conjugating the octapeptide (16) 
with keyhole limpet hemocyanin (21). 
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to that of I'f 155. From the nucleotide 
sequence of cloned complementary DNA 
coding for a major fragment of RESA, it 
was deduced that the antigen in its carboxyl- 
terminal end had a region of tandcmly re- 
peated sequences, including the octapeptide 
Glu-Glu-Asn-Val-Glu-His-Asp-Ala,
rcpcat-
ed five times (9). This octapcptide appears 
to be conserved in diEerent P. fdciparum 
strains (8, 16). Approximately 20 percent of 
the human antibodies reacting with the sur- 
face of infected erythrocytes in the modified 
IFA bind to affinity columns containing the 
octapeptidc as a ligand (17). However, al- 
though they were derived from a donor 
whose serum antibodies were strongly octa- 
peptide-reactive, the MAWS did not react 
with the synthetic peptide when assayed by 
binding to affinity columns or by dot-
immunoblotting with an octapeptide-bo-
vine serum albumin conjugate used as a 
ligand. In competitive binding experiments, 
antibodies to the carboxyl-terminal amino 
acid repeats of RESA inhibited the immu- 
nofluorescence staining of the surface of 
infected erythrocytes by the human MAb's 
(IS),suggesting that they also recognized an 
epitope in the carboxyl-terminal region. 
When the heat-stable P. falciparum antigens 
were eluted from the glycophorin-polyacryl- 
amide column described above and were 
probed in parallel in irnmunoblotting wit11 
the human MAWS and a rabbit antibody 
specific for the octapeptide ( 1 3 ,  identical 
banding patterns were obtained (Fig. 2b). 
These results suggest that the glycophorin- 
binding molecules recognized by MAb G2 
also contain antigenic structures related to 
some of the repeated amino acid epitopes 
characteristic of U S A .  

Because human polyclonal serum anti-
bodies to Pf 155 are potent inhibitors of 
meromite reinvasion into erythrocytes (3, 
6), it was of interest to establish whether the 
human monoclonal antibodies to this anti- 
gen would also mediate inhibition. Crude 
supernatants from both the IgM- and IgG- 
producing clones efficiently inhibit parasite 
reinvasion in vitro (Fig. 3). Control B-cell 
supernatants containing similar amounts of 
IgM antibodies to human tumor cells (19) 
were inactive. T o  ascertain that inhibition 
was antibody-mediated, the IgM antibody 

lmmunoglobin (~tgglml) 

Fig. 3. Inhibition of P. falcipavum reinvasion in 
vitro by the human monoclonal antibody G2. The 
experiments were performed as described by 
Wihlin e t  al. (3). The parasite cultures were 
diluted with normal 0+erythrocytes to a parasi- 
ternia of 0.5 percent and a hematocrit of 2 
percent. Aliquots of the parasite suspension (100 
pl) were seeded in quadruplicate in 96-well flat- 
bottomed microculture plates. MAb G2 was add- 
ed, either as culture supernatant (0)or after 
purification on concanavalin A-Sepharose of am- 
monium sulfate-precipitated culture supernatants 
(0)(22).Control B-cell supernatants contained 
IgM antibodies to human tumor cells (A) (19). 
After 20 hours of incubation at 37°C in a can- 
dle jar (231, the erythrocytes from each well 
were washed and monolayers were prepared on 
eight-well multitest slides as described in the 
legend to Fig. 1. The parasites were stained 
with acridine orange. The number of parasi-
tized erythrocytes was obtained by counting 4 x 
lo4 erythrocytes per sample. Vertical bars rep- 
resent standard deviations from quadruplicate 
COLlntS. 

was purified on a concanavalin A-Sepharose 
column (22). The 50 percent inhibition titer 
of the purified IgM antibody was 5.5 pglrnl, 
whereas that of the crude supernatant was 
14 pglml. The ratio between these titers 
correlated well with that in the modified 
IFA. where the minimal amount of IgM 

u 

needed for positive erythrocyte surface im- 
munofluorescence was 0.1 pglml for the 
crude supernatant and 0.03 iglml for the 
purified antibodies. The 50 percent inhibi- 
tion titer of the crude IgG MAb was -20-
pglml. 

Polyclonal human serum antibodies spe- 
cific for one or several epitopes in the repeat- 
ed octapeptide region efficiently inhibit mer- 
ou i t e  reinvasion (17). Although the fine ~, u 

specificity of the epitopes recognized by the 
monoclonal human antibodies remains to be 
defined, the finding that these antibodies 

also arc very strongly inhibitory further 
strengthens the supposition that the im- 
mune response to Pf 155 is of protective 
significance. Our results indicate that MAWS 
derived from the natural host of the parasitc 
constitute exquisite tools for the structural 
analysis and delineation of antigenic epi- 
topes relevant h r  the disease. Moreover, 
sclcctcd human MAWS wlth a high capacity 
for inhibiting parasitc rcinvasion might be 
appropriate reagents for therapeutic admin- 
istration. 
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