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The 190-kilodalton glycoprotein (gpl90) of Plasmodium falciparum, the precursor of the major surface
proteins of merozoites, is considered a promising candidate for a blood stage malaria vaccine. DNA sequences
specific for the gpl90 of the two isolates Kl and MAD20 were subcloned and expressed in Escherichia coli. The
panel of fusion proteins obtained represents about 80% of the polymorphic sequences observed so far within
various isolates of P. fakiparum. Sera from individuals living in a malaria-endemic area of West Africa were
tested in immunoblots against the gpl90 fusion proteins, and antibody reactivity was mapped to defined regions
of the gpl90. Depending on the age of the individual and on the presence of parasites in the blood, distinct
regions of gpl90 were differentially recognized by the respective antibodies. Similarly, the analysis of sera from
German patients with acute malaria revealed a distinct pattern. When grouped according to age and to
parasitemia, the reactivity of the sera of people living in malaria-endemic areas may indicate a correlation
between certain gpl90 regions and protective immune response.

The major surface proteins of the merozoites of Plasmo-
dium falciparum are processing products of a 190-kilodalton
(kDa) precursor glycoprotein, gpl90 (8). The function of
these proteins is still unknown, though their localization
within the coat of the merozoite (6) suggests that they may
play a role in the interaction between the parasite and
erythrocytes (14).
The gpl90 protein is highly immunogenic in humans (15),

and when used for the immunization of monkeys it modifies
the course of infection by the parasite (5, 16, 18). Moreover,
homologous proteins in animal models were shown to be
involved in protective immunity (2, 4, 7). These protective
effects make gp190 a candidate for a subunit malaria vaccine,
although the polymorphism of the molecule (13) may raise
questions about the feasibility of gp190-based vaccine devel-
opment. Comparison of the gp190 sequences of different P.
falciparum isolates reveals three degrees of variability:
isolate-specific runs of amino acids, dimorphic parts which
are either MAD20- or Kl-like, and clusters of highly con-
served sequences (11, 17, 19, 21).
The best protection in gpl90-immunized monkeys is

achieved when the parasite used for the challenge carries the
homologous protein (5, 19). This suggests that the polymor-
phic sequences (isolate-specific or dimorphic) are, in this
animal model, the targets of the protective immunity.
For the development of a gpl90-derived vaccine, it is

important to identify the targets of the protective cellular and
humoral response within gpl90. It was therefore of interest
to us to map the humoral reactivity against the invariant and
polymorphic regions of gpl90 in individuals showing dif-
ferent degrees of protection against P. falciparum infections.

Thus, we have subcloned and expressed in Escherichia
coli gp190 sequences of the Kl and the MAD20 types, which
together cover about 80% of all gp190 sequences known so
far. The fusion proteins obtained were used to analyze via
immunoblots sera from individuals living in malaria-endemic
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areas, from P. falciparum-infected German patients, and
from individuals living in a malaria-endemic area under
chemoprophylaxis since birth.

MATERIALS AND METHODS
Cloning and expression of Kl- and MAD20-specffic se-

quences of gpl90 in E. coli. Genomic DNA coding for the
gp190 from the Kl and MAD20 isolates of P. falciparum (11,
19) was cut with appropriate restriction enzymes to generate
a series of sequences coding for 150 to 300 amino acids. The
DNA fragments derived from the Kl isolate were fused to
BamHI and to HindIII linkers at their 5' and 3' ends,
respectively (12), and inserted into the expression vector
pUHE31-1, a derivative of the pDS plasmid family (3). The
expression unit of this vector is under the control of an
inducible promoter and yields fusions between the inserted
sequence and the N terminus of the chloramphenicol acetyl-
transferase (CAT) gene. The DNA fragments derived from
the MAD20 isolate were cloned in the same way in an
expression vector in which the cat gene was replaced by the
coding sequence for dihydrofolate reductase (DHFR) of the
mouse. The gp190 fusion proteins were obtained in E. coli
upon induction with 1 mM IPTG (isopropyl-p-D-thiogalacto-
pyranoside) at an OD6. of 0.6 for 3 h. Restriction enzymes,
linkers, and T4 DNA ligase were purchased from Boehr-
inger, IPTG was from Biomol, and media were from Difco
Laboratories.

Immunoblotting. Total lysates of bacteria expressing the
CAT or the DHFR fusion proteins specific for Kl or MAD20
sequences were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (10) and electroblotted onto
nitrocellulose filters (20). Nonspecific adsorption of antibod-
ies by the nitrocellulose was blocked by saturating the filters
with 1% bovine serum albumin solution overnight. The sera
were diluted 1:100, and antibodies directed against bacterial
proteins were removed by incubation overnight with nitro-
cellulose-bound lysates of E. coli containing CAT or DHFR
fusions. Nitrocellulose filters containing the various fusion
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FIG. 1. Electrophoretic separation of total E. coli lysates con-
taining various Kl- and MAD20-derived fusion proteins. Lanes 3 to
9 contain the Kl-derived CAT fusion proteins F2, F4, F5, F7, F8,
F9, and F10, respectively, and lanes 11 to 18 contain the MAD20-
derived DHFR fusion proteins M2, M3, M4, M6, M7, M8, M9, and
Mll, respectively. The major proteins in lanes 2 and 10 are CAT and
DHFR, respectively; lane 1 shows molecular mass standards (in
kilodaltons) (12.5% acrylamide, Coomassie stained).

proteins were incubated with the preadsorbed sera and kept
overnight at room temperature. Antibodies bound to the
gpl90 fusion proteins were detected by a goat anti-human
immunoglobulin G antibody conjugated to alkaline phos-
phatase (Protoblot system; Promega). Positive reactions on
the immunoblots were evaluated blindly and independently
by three members of the laboratory.

Sera. Samples of sera from 112 inhabitants (63 adults [18 to
67 years], 35 children [1 to 5 years], and 14 infants [3 to 6
months]) of the village of Kuiti in Burkina Faso were
collected during a survey conducted in 1985 and 1986. The
following information was recorded for each participant:
age, sex, and level of parasitemia. The entomological inoc-
ulation rate (infective bites per person per night) in 1985 in
the village of Kuiti was 10-3 in June, 1.96 in August, and
0.15 in November. The proportion of parasitized individuals
recorded in June, August, and November was 42, 88, and
90% for the children and 23, 50, and 46% for the adults,
respectively. Similar proportions of parasitemia were re-
corded in 1986. Fourteen serum samples from German
patients who were infected with P. falciparum for the first
time were analyzed as well. Ten serum samples from labo-
ratory volunteers and 10 from African children under malaria
chemoprophylaxis since birth served as controls.

All samples from Kuiti villagers, including those of the
children under chemoprophylaxis, and 10 samples from
German patients were tested against the gp190 fusion pro-
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FIG. 3. Immunoblot analysis of human sera with the Kl- and

MAD20-specific gp190 fusion proteins. Representative serum reac-
tions of adults (a) and infants (b) from a malaria-endemic area in
Burkina Faso and of German patients (c) are shown. Authentic CAT
and DHFR standards were also run.

teins of Kl. The MAD20 fusions were used to examine 14
serum samples from German patients and, due to the limited
amount of serum samples from Kuiti, 14 samples from adults
and 10 from infants. The 10 samples from laboratory volun-
teers were tested against both the Kl and MAD20 fusion
proteins.

Statistical analysis. For each group of individuals, the
reactivity of the sera against the various gpl90 fusion pro-
teins is given in absolute numbers and as a proportion of
positive reactions. Comparison of the frequencies of reac-
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FIG. 2. Schematic representation of the Kl and MAD20 precursor proteins, and the positions of the sequences included in the various

fusion proteins. Black boxes represent conserved regions (19). The proposed borders of the 83-, 28- to 30-, 38-, and 42-kDa (9) gp190 cleavage
products within Kl are indicated.
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TABLE 1. Comparison of reactions against gpl90 fusion proteins between adults and children from a malaria-endemic areaa

Kl gp190 fragments MAD20 gpl90 fragments

Group No. of % Positive on fragment: No reac- % Recog- No. of % Positive on fragment: No re-% Recog
sam- Nora-%Reo-sm action Reo

ples F2 F4 F5 F7 F8 F9 FIO tion (%) nized' ples M2 M3 M4 M6 M7 M8 M9 Mll (%) nized

Adults 63 25 46 86 18 41 38 29 5 40 14 21 50 21 86 43 0 14 57 7 37
Children 35 26 31 29 37 29 17 31 29 28 0

a P value for Kl gpl90 fragment F5 was significant (P = 5 x 10-8) for adults versus children. Other values were not significant (P = 0.73, 0.19, 0.05, 0.25, 0.05,
and 0.47 for F2, F4, F7, F8, F9, and F10, respectively). P values for percent samples showing no reaction and percent Kl gpl90 fragments recognized per
individual were significant at P = 0.003 and P < 0.01, respectively, for adults versus children.

b Proportion of individuals showing no reaction against the gpl90 fusion proteins.
Proportion of fragments recognized per individual in the group.

tions against each individual gpl90 fragment between groups

was evaluated by the P values derived from Fisher's twice
one-sided exact test (1). The P values for the comparison of
the total frequencies between groups were calculated with
Yates's continuity-corrected x2 test (1). Only P values of
.0.01 were considered significant.

RESULTS

Expression of gpl90 fusion proteins in E. coli. Seven DNA
fragments were generated from genomic clones containing
the gpl90 gene of the Kl isolate (11): F2 (amino acids [AA]
106 to 321), F4 (AA 469 to 714), F5 (AA 671 to 833), F7 (AA
915 to 1100), F8 (AA 1038 to 1224), F9 (AA 1194 to 1439),
and F10 (AA 1412 to 1608). They were expressed as CAT
fusion proteins in E. coli (Fig. 1) and covered 78% of the
gpl90 of Kl. Similarly, eight DNA fragments were produced
from genomic clones containing the gpl90 gene of the
MAD20 isolate (19): M2 (AA 61 to 121), M3 (AA 123 to 302),
M4 (AA 304 to 343), M6 (AA 384 to 595), M7 (AA 595 to
897), M8 (AA 898 to 1079), M9 (AA 1078 to 1251), and Mll
(AA 1397 to 1563). These sequences were expressed in E.
coli as DHFR fusion proteins (Fig. 1). They represent 77% of
the MAD20-specific gpl90. The positions of the Kl- and
MAD20-derived fragments along the parental proteins are
shown in Fig. 2.

Reactivity of sera against the gpl90-derived fragments. The
serum samples from 63 adults and 35 children from Kuiti
were subjected to immunoblot analysis against the various
gpl90-derived fusion proteins. A set of typical immunoblots
as used for evaluation is shown in Fig. 3. The proportion of
sera which reacted with each region of the gpl90 of the Ki
isolate is shown in Table 1.
The gpl90 fusion proteins F5 (Kl) and M6 (MAD20), both

part of the dimorphic regions of gpl90, were recognized with
the highest frequency by sera from adults, whereas the sera
of children did not show any preference for either of the
Kl-specific fragments tested. Statistical analysis showed a

highly significant difference in the frequency of positive
reactions against F5 when the serum samples from adults
and children were compared (Table 1). A corresponding
analysis with the MAD20-specific fusion proteins could not
be carried out due to the lack of serum samples from the
children.
There was also a quantitative difference between the sera

of adults and children. Comparison of the sum of all reac-
tions as well as comparison of the frequency in both groups
of individuals that did not react against any gpl90 fragment
revealed a statistically significant difference (Table 1).

Reactivity of sera against gpl90 upon primary infection.
The gpl90-specific humoral immune response induced upon
a putative primary infection with P. falciparum was ana-

lyzed by examining sera from African infants (3 to 6 months)
as well as from German patients infected with P. falciparum
(Fig. 3). The results (Table 2) showed that all fragments
corresponding to the invariable and dimorphic regions of the
MAD20 sequence were recognized with almost identical
frequencies by samples from African infants and German
patients. Both M2 and M4, which seemed to be recognized
differentially within these two groups, belong to the highly
polymorphic region of gpl90. Differences, although statisti-
cally significant only for F8, were observed between German
patients and African infants for the Kl fragments. A preva-
lence of P. falciparum infection of the MAD20 type in our

collection of patient sera and mixed (Kl and MAD20)
infections in the African infants could account for such a

difference.
Reactivity of sera against gpl90 sequences upon secondary

infections. The parasitemia observed in African individuals
who live for more than 1 year in a malaria-endemic area with
a high rate of transmission, such as the village of Kuiti in
Burkina Faso, indicates secondary P. falciparum infections.
We analyzed the effect of such infections on the antibody
response by comparing the proportion of gpl9O-specific
fragments recognized by antibodies from parasitized and

TABLE 2. Comparison of reactions against gpl90 fusion proteins between infants from a malaria-endemic area
and German malaria patientsa

Kl gpl90 fragments MAD20 gpl90 fragments

Group No. of % Positive on fragment: No re- % Recog- No. of % Positive on fragment: No re- % Recog-
sam- action d sam- action .zd
ples F2 F4 F5 F7 F8 F9 F10 (%) nie ples M2 M3 M4 M6 M7 M8 M9 Mul (%)

Infants 10 90 50 20 90 100 20 80 0 64 10 0 90 50 90 10 50 60 30 0 54
Patients 10 60 40 40 30 30 40 30 0 39 14 29 64 14 100 21 21 50 29 0 47
Pb 0.30 0.93 0.62 0.02 0O01 0.62 0.07 <0.01 0.23 0.34 0.15 1.00 0.87 0.30 0.87 1.00 <0.50

a See Table 1, footnotes b and c.
b Significance, infants versus patients. Significant values are underlined.
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TABLE 3. Comparison of reactions of parasitized and nonparasitized individuals against gpl90 fusion proteinsa

Groupb No. of % Positive on Kl gpl90 fragment: No % Recog-samples F2 F4 F5 F7 F8 F9 F10 (%)

Adults
Parasitized 20 40 60 95 45 55 65 30 0 56
Nonparasitized 43 19 40 81 5 35 26 28 7 33
P 0.13 0.19 0.29 0.,0005 0.20 0.006 0.90 <0.00Q

Children
Parasitized 25 28 36 36 52 40 24 40 20 37
Nonparasitized 10 20 20 10 0 0 0 0 50 7
P 0.92 0.60 0.26 0.01 0.06 0.36 0.03 <0.001

a See Table 1, footnotes b and c.
b p values for parasitized versus nonparasitized individuals. Significant values are underlined.

nonparasitized individuals. The proportion of the fragments
reacting with the sera from African adults and children,
grouped according to the presence and absence of para-
sitemia, is shown in Table 3.
The reactivity of the sera from parasitized individuals,

both adults and children, compared with that from the
nonparasitized individuals showed a high proportion of
positive reactions against all the gpl90 Kl fragments tested
(Table 3). This difference in reactivity was statistically
significant for some fragments. Furthermore, comparison of
the proportion of fragments recognized per individual
showed a statistical significance for the two groups (Table 3).

Similar differences in the proportions of reactivity against
the gpl90 Kl fragments could be detected by comparing
adults and children at two time points during the year,
August 1985 and June 1986, during transmission and at the
beginning of the next transmission season (Tables 4 and 5).
The reactivity against the Kl gpl90 fragments of serum

samples from the two control groups, laboratory volunteers
and children living in a malaria-endemic area under chemo-
prophylaxis since birth, is shown in Table 6. Among the
samples from laboratory volunteers, only one reacted with
one MAD20 gpl90 fragment.

DISCUSSION
We have analyzed the antibody reactivity in immunoblots

against the gpl90 of P. falciparum by using a panel of 15
protein fragments which represent about 80% of the known
gpl90 sequences. In P. falciparum, a major part of the gpl90
is found in two allelic forms of the Kl- or the MAD20-type
(19). Since our panel of fragments is composed of Kl as well
as MAD20 sequences, the potential bias of the dimorphism
on the results is largely eliminated. Moreover, the use of this
panel of fragments permits mapping of the antibody response

to defined regions of the gpl90. Analysis of the reactivity of
sera by this experimental system reveals qualitative as well
as quantitative differences in the humoral response among
different groups of individuals exposed to P. falciparum
infection.
From our analysis, it emerges that adults living in a

malaria-endemic area react more frequently against some
dimorphic regions of the gpl90 (F5) than children.
When the serum reactivity of the adults and children was

analyzed with respect to a detectable infection, parasitized
individuals showed a higher proportion of reactivity against
all the gpl90 fragments. Especially for F7, the difference was
highly significant. Thus, the apparent bias between children
and adults found for F7 when parasitemia is not taken into
account reflects the high proportion of infections among
children. It therefore appears that the increased reactivity
against the gpl90 fragments among parasitized individuals
reflects an antigenic boost due to the parasite infection.
The effect of parasite infection on the antibody reactivity

against the gpl90 was also shown with serum samples taken
before and during the transmission season. It appears that
the antibody response against many of the gpl90 regions is
short-lived, especially in children and infants. This is indi-
cated by the differences recorded for parasitized and non-
parasitized individuals at two different time points during the
year. For many children, a positive reaction was scored in
August that was no longer detectable the following June, 6
months after the end of the transmission season. At this time
point, nonparasitized children showed almost no positive
reactions against the gpl90 fragments (Table 5).
The corresponding analysis suggests that in adults the

reactivity against some regions (e.g., F7) of the gpl90 is also
short-lived. However, the dimorphic region represented by
F5, which was specifically recognized mainly by sera from

TABLE 4. Comparison of reactions against gpl90 during transmission (August) and at the beginning of the
next transmission season (June)a

pbNo.of ~~~~~~%Positive on Kl gpl9O fragment: No % Recog-Group samples reaction nizedsamples F2 F4 F5 F7 F8 F9 F10 (%Mie
Adults
August 36 25 58 89 31 53 53 25 6 48
June 27 26 30 82 0 26 19 33 4 31
P 0.87 0.04 0.58 0.002 0.06 Q011 0.54 <0.001

Children
August 16 19 38 38 63 50 13 50 9 38
June 19 32 26 21 16 11 21 16 37 20
P 0.60 0.44 0.46 0.01 0.03 0.76 0.07 <0.01

a See Table 1, footnotes b and c.
b p values, August versus June. Significant values are underlined.
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TABLE 5. Proportion of parasitized and nonparasitized children
reacting against the gp190 fusions at the beginning

of transmission (June)'

No. of % Positive on Kl gpl90 No re- %
Group sam- fragment: action Recog-

ples F2 F4 F5 F7 F8 F9 F10 (%) nized

Parasitized 9 44 33 33 33 22 44 33 22 35
Nonparasitized 10 20 20 10 0 0 0 0 50 7

a See Table 1, footnotes b and c.

TABLE 6. Proportion of reactions against the gp190 fusion
proteins from nonexposed donors (lab volunteers) and children

under prophylaxis since birtha

No. of % Positive on Kl gpl90 No re- %Control
sam- fragment: action Recog-group ples F2 F4 F5 F7 F8 F9 F10 (%) nized

Children 10 60 10 20 0 10 0 10 20 16
Lab volunteers 10 0 0 0 0 0 0 0 100 0

a See Table 1, footnotes b and c.

adults, seems to be recognized equally well at the time of
transmission and several months later.

Furthermore, our data seem to suggest that the MAD20-
specific serum reactivity of samples from German patients,
i.e., individuals with primary infections, resembles more
closely that of infants for the constant and dimorphic re-
gions, though the small number of samples does not allow us
to conclude this firmly.

In conclusion, our data indicate that the dimorphic regions
of the gpl90 are preferentially recognized by adults and that
antibody reactivity, especially against F5, can be detected
several months after recovery from patent or subclinical
infection. In this context it is interesting that the best
protection in monkeys immunized with gpl90 is achieved
when the parasite used for challenge carries the homologous
protein (6, 18), suggesting that polymorphic and dimorphic
sequences may play a major role in inducing protective
immunity.
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