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ABSTRACT

The seroepidemiology of the major merozoite surface

coat antigen (gp195) was investigated in a human population

living on the island of Palawan, Philippines. A strain of

Plasmodium falciparum (Pf857), isolated from Palawan, was

used as a source of gp195 antigens. Malaria surveys were

conducted in the Napsan region of Palawan during June and

september 1986. In total, one thousand four-hundred and

fifty-eight individuals were screened for anti-gp195

antibodies using an enzyme immunoassay (EIA). The results

of the June and September surveys were comparable.

Approximately 90% of the people tested had anti-gp195

antibodies. The lowest seroprevalence (approximately 78%)

was found in the 0-4 year old age group. By age group 10-19

years the seroprevalence of anti-gp195 antibodies had

plateaued near 90%.

Anti-gp195 antibody titers were determined from 59

randomly selected individuals using an EIA. The anti-gp195

antibody titers ranged from zero to 1/102,400. Anti-gp195

antibody titers increased with age (r = 0.355, P < 0.01).

The lowest antibody titers were found in the 0-4 year old

age group. The 5-9 year old age group had anti-gp195

antibody titers comparable with the older age groups.

similar results were also obtained using two yeast

recombinant polypeptides based on the gp195 amino acid
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sequence. This suggests that the recombinant polypeptides

share some B cell epitopes with the native protein.

Immunoblotting experiments, using gp195 polypeptides,

revealed that all the serum samples tested had antibodies to

the gp195 precursor (195-kDa). However, only individuals

with anti-gp195 EIA titers greater than 1/400 had antibodies

against the 42-kDa processing fragment. This implies that

this fragment is either poorly immunogenic or partially

hidden from the immune system. This finding is important

and may explain Why immunity to P. falciparum is acquired

only after repeated exposures. Future work should

concentrate on the role of the 42-kDa processing fragment in

immunity to P. falciparum.

No significant differences were found in the anti-gp195

EIA titers or immunoblot patterns against gp195 between

individuals with a positive P. falciparum blood film and

those with a negative slide. This implies that if

antibodies are important in immunity, the relevant

antibodies are probably recognizing a limited number of

specific gp195 epitopes.
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PREFACE

Anti-malaria antibodies recognize a large number of

different parasite antigens. Evidence for the role of

particular antigens in immunity to P. falciparum have come

from vaccination experiments using laboratory animals.

Presently, one of the vaccine antigen candidates is the

precursor to the major merozoite surface coat antigen

(gp195). It is, therefore, of interest to examine the

distribution of antibodies to this antigen in a human

population living in a malaria endemic area.

The purpose of this study was to examine the

distribution of antibodies against gp195 in a Filipino

population living in a malaria endemic area on the island of

Palawan. The specific objectives were:

1. To isolate a strain of P. falciparum (Pf85?) from

Palawan and use this strain to isolate qp195 for

the serological and immunoblotting studies.

Furthermore, to characterize this strain as to its

in vitro growth characteristics, in vitro drug

susceptibility and the allelic dimorph grouping of

its gp195 gene.

2. To examine the distribution of anti-gpl95

antibodies by age group for two malaria surveys

conducted in June and September of 1986.

3. From a random sample of individuals, to determine



the anti-gp195 titers to parasite-derived gp195

and two yeast recombinant polypeptides

corresponding to the amino terminal (N-terminal)

83-kDa (kilodalton) processing fragment (r195A)

and the carboxyl terminal (C-terminal) 42-kDa

processing fragment (r195B).

4. To determine if there were any changes in gp195

and r19SA EIA titers between paired serum samples

collected at the beginning (June 1986) and at the

end (September 1986) of the rainy season.

S. To determine the differential recognition of anti­

gp19S antibodies between age groups and gp19S EIA

titer groups to the major processing fragments

(83-kDa and 42-kDa) by immunoblotting.

6. To determine if differences in serological titers

and/or immunoblot patterns exist between

individuals with falciparum positive blood films

and individuals with negative blood films.
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J: • J:NTRODUCTJ:ON

There are four species of human malaria: Plasmodium

fa1ciparum, P. ma1ariae, P. ova1e and P. vivax. In 1986,

the global incidence of malaria was estimated to be 489

million cases (Sturch1er, 1989). This estimate included 234

million cases of P. fa1ciparumi which caused 2.3 million

deaths. The maj ority of these deaths occurred in children.

In The Gambia for example, the incidence of clinical malaria

in children less than 7 years old was 1 episode per year.

Nevertheless, P. fa1ciparum accounted for four percent of

the infant deaths and twenty-five percent of the deaths in

children under the age of 4 (Greenwood et a1., 1987).

Immunity to malaria develops with age and repeated

infection. This is reflected in the positive correlation

between age and anti-malarial antibody titers and the

negative correlation between age and parasite density (Grab

and Pull, 1974). Based on the hypothesis that antibodies

directed against the merozoite have a deleterious effect on

the erythrocyte invasion process, animal experiments using

crude parasite preparations demonstrated the feasibility of

developing a vaccine against the erYthrocytic stages of ~

fa1ciparum (Siddiqui, 1977i Mitchell et al., 1977).

The major merozoite surface coat precursor has been

identified as a possible antigen candidate in a vaccine

against P. fa1ciparum (Holder and Freeman, 1982). The
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reported molecular weight for this protein varies from 185­

to 205-kDa. Many names for this protein appear in the

literature; PMMSA (precursor to the major merozoite surface

antigen), Pf195, p190, gp185, gp190 and gp195. Gp195 is the

abbreviation which will be used in this paper.

A number of seroepidemiological studies have been

completed in African populations using Escherichia coli

recombinant polypeptides representing small portions of

gp195 (Gabra et al., 1986; Chizzolini et al., 1988;

Chizzolini et al., 1989; srivastava et al., 1989). The

present study uses both parasite-derived gp195 as well as

yeast recombinant polypeptides based on gp195 to define the

antibody response to this parasite antigen in individuals

living in a malaria endemic area of the Philippines.
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xx. LXTERATURE REVXEW

A. Life-cycle of Plasmodium falciparum.

P. falciparum is one of four species of malaria

infecting humans. Transmission occurs when a susceptible

female Anopheles mosquito bites an infected person

containing circulating gametocytes in his/her peripheral

blood. In the mosquito's gut, the microgamete fertilizes

the macrogamet~. At this point the parasite has a diploid

genome and recombination of DNA material may occur.

Ultimately the mosquito's salivary glands become colonized

with the infective sporozoite stage. When the mosquito

feeds again, the sporozoites are injected into the next

human host. The sporozoites travel through the blood stream

and finally penetrate the parenchYmal cells of the liver.

Within the liver cell, the sporozoite differentiates and

divides into numerous exoerythrocytic merozoites. When the

liver cell ruptures, 10-12 days after infection, the

merozoites enter the circulation and invade the host's

erYthrocytes. within the erythrocyte, each parasite grows

and divides asexually into approximately 20 new merozoites.

A small proportion of merozoites develop into circulating

gametocytes. Maturation and asexual division take place in

the small capillaries of the brain and heart. This

sequestration of infected cells is believed to be due to

parasite proteins which appear on the surface of the
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infected erythrocyte and facilitates the binding of the

infected cell to endothelial cells of the capillaries. When

the mature infected cell ruptures, the free merozoites

invade fresh red blood cells to begin a new erythrocytic

cycle. Each erythrocytic cycle takes approximately 36

hours. The unchecked succession of erythrocytic cycles

results in the obstruction of vital capillaries of the brain

and the destruction of large numbers of red blood cells

which may lead to the death of the patient.

B. Immunity to Malaria.

The development of immunity to malaria is dependent on

the frequency and duration of exposure to the parasite

(Jeffery, 1966). In endemic areas with high transmission,

P. falciparum malaria is considered mainly a childhood

disease. Most deaths due to falciparum malaria occur during

infancy. with increasing age, P. falciparum infections

become less severe and of shorter duration. By age 5,

clinical symptoms of malaria become less frequent and a

fully developed but non-sterile immunity is established by

age 10 (Wahlgren et al., 1986). This type of immunity is

referred to as premunition and is characterized by clinical

resistance to infection along with periodically detectable

low-level parasitemia. Premunition to malaria is species-,

strain- and stage-specific.

The development of immunity to malaria in laboratory
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animals is well characterized and has been shown to be

thymus dependent (Jayawardena, 1981). First, the

development of immunity to malaria in mice has been

associated with T cell activation. Second, T cell deficient

mice are unable to response effectively to malaria. Third,

T cells from mice immune to malaria transferred to non­

immune mice confer protection.

Both cell-mediated immunity (CMI) and humoral immunity

are involved in the immune response to malaria. It appears

both mechanism must work simultaneously and probably neither

mechanism is completely efficient on its own (Fandeur et

al., 1984). The CMI responses to malaria have been

difficult to define but probably involve T-cell activation

of non-specific effector cells such as neutrophils and

macrophages, which act against infected liver cells,

infected erythrocytes and/or free merozoites (Clark, 1987;

Urban, et al., 1988).

There is a ample evidence to show that specific anti­

malarial antibodies play a significant role in immunity to

malaria. The appearance of antibodies in early childhood

and the progressive increase in antibody concentration with

age parallels the development of immunity (MCGregor et al.,

1965). Depending on the intensity of transmission, children

can be expected to reach adult levels of antibodies by age 5

in hyper- and holoendemic regions (high transmission) and by

age 15 in mesoendemic areas (low transmission; Draper, et
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al., 1972; McGregor, et al. 1965).

Gamma-globulin, isolated from adults living in a

hyperendemic area of West Africa and passively transferred

to P. falciparum infected children is capable of reducing

the parasitemia (Cohen et al., 1961). The protective

ability of passively transferred antibodies against ~

falciparum was confirmed in animal experiments (Gysin et

al., 1982). However, high antibody titers to parasite

antigens and sera with in-vitro growth inhibitory properties

can not always be correlated with immunity to P. falciparum

(Miller et al., 1977; Taylor and Siddiqui, 1979). Anti­

malarial titers fall with increasing time away from endemic

areas, although anti-malarial antibodies can be detected as

long as two years after leaving (Udezue, 1985).

Concomitantly, an immune adult may become susceptible to

severe malaria with as little as six months abroad

(playfair, 1982; Spencer, 1986).

Anti-malarial antibodies have many modes of action.

For example, antibodies have been shown: 1. to block the

union of the gametes in the gut of the mosquito (Carter et

al., 1976), 2. to prevent the penetration of sporozoites

into liver cells (Yoshida et al., 1980), 3. to prevent the

infected red cells from binding to endothelial cells

(Hommel, 1985), 4. to induce engulfment of infected red

cells or merozoites by phagocytes (opsonization; Celada et

al., 1983; Druilhe and Khusmith, 1987), 5. to agglutinate
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schizont-infected red cells (Brown, 1976), 6. to possibly

destroy P. falciparum-infected red cells in the presence of

lymphocytes (antibody-dependent cellular cytotoxicity; ADCC; .,

Brown et al., 1980), 7. antibodies have been shown to bind

to the merozoite's receptor on normal erythrocytes and thus

prevent invasion of the merozoite (Miller et al., 1975a) and

8. to prevent merozoites from invading new erythrocytes

(Miller et al., 1975b; Green et al., 1981). This last

mechanism has become increasingly important in light of the

identification and characterization of antigens found on the

merozoite surface. One of the prominent antigens comprising

the merozoite's surface coat is gp195 (Holder and Freeman,

1984).

C. Characterization of gp19S.

1. Polymorphism of gp19S. On the basis of its

reactivity with monoclonal antibodies (mAb), McBride et ale

(1985) classified gp195 into 7 serotypes. When the gene

encoding for gp195 was cloned and sequenced from a number of

different strains it was found that only two basic alleles

were present; as represented by allele K1 and MAD20 (Figure

1; Tanabe et al., 1987; Peterson et al., 1988a). Tanabe et

al. (1987) termed this observation allelic dimorphism. A

third form of the dimorphic model has recently been

described and this parasite isolate (CSL2; not shown) agreed

with the model in all but a small portion of the N-terminal
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region of the protein (Peterson et al., 1988b). These

workers also showed that recombination between alleles

occurs in the N-terminal region of the gene.

2. structure of the gp195 gene and its deduced amino

acid sequence. There are 14 chromosomes in the haploid

genome of P. falciparum. The gp195 gene is located on

chromosome number nine (Kemp et al., 1987). The gene

appears to be present as one copy per haploid genome. There

is no evidence of introns within the coding region of gp195.

The deduced coding amino acid sequence contains a
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number of structural features. The initiating methionine is

followed by a signal peptide. Close to the N-terminus is a

repetitive amin\J aci.d sequence based on the tripeptide

Serine-X-X. There is a hydrophobic tail sequence at the c­

terminus of the protein. There are 12-15 potential N­

glycosylation sites; the positions of which are not

conserved between strains. The protein contains 20 cysteine

residues. Nineteen of the cysteine residues are conserved

among the various isolates; 13 are located immediately

before the hydrophobic c-terminus region (Figure 2A).

A comparison of the deduced gp195 amino acid sequences

from different isolates of P. falciparum has revealed that

the protein consists of blocks of conserved and non­

conserved regions. Chang et ale (1988) described three

basic blocks of amino acids: 1. four conserved regions

with 85-100% sequence homology, 2. one variable tripeptide

repeat region located within the 83-kDa fragment; this

region varies in both sequence and length among the studied

isolates and 3. four non-conserved (group-specific) regions

with 42-46% sequence homology (Figure 1). The non-conserved

regions exist in two forms and account for the allelic

dimorphism of gp195 (Tanabe et al., 1987).

Chang et al. (1988) compared the hydropathy profile of

the deduced amino acid sequences of the two dimorphic

alleles of gp195. Conserved regions of the sequence

displayed nearly identical hydropathy patterns. The
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variable repeat regions of the sequence differed in

hydropathy patterns. However, regions containing group­

specific (non-conserved) regions showed very similar

hydropathy patterns. Thus'the basic structure of the gp195

protein is probably conserved among the two dimorphic

alleles. Despite extensive amino acid differences, the two

dimorphic alleles appear, therefore, to code for proteins

with the same function.

3. Post-translational modirication and processing or

gp195. Gp195 is produced during the trophozoite and

schizont stages of the asexual parasite. The following

modifications are made to the primary translated product

(precursor): 1. the signal peptide is removed (Holder et

al., 1985), 2. oligosaccharide side chains are added. The

sugars are added to the c-terminal end of the protein while

the other potential N-glycosylation sites are not modified

(Howard et al., 1985), 3. the anchor sequence is removed and

replaced by a glycolipid tail (Haldar et al., 1985) and 4.

the precursor, with an approximate molecular weight of 195­

kDa, is transported to the surface of the merozoite where

proteolytic processing occurs at the time the merozoites are

released from the erythrocyte (Holder and Freeman, 1982).

The major antigens derived from the gp195 precursor and

found on the merozoite surface are the 83-kDa, 42-kDa and

19-kDa fragments (Holder and Freeman, 1984; McBride and

Heidrich, 1987).
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FIGURE 2. structure and processing scheme for the FUP
gp195 molecule. A. The positions of the N-glyco­
sylations sites and the predicted cysteine residues
(Chang et al. 1988). B. Processing scheme proposed by
Holder (1988).

Two processing schemes have been proposed for gp195.

Figure 2B, proposed by Holder (1988), shows the processing

of gp195 in relation to the other structural features of the

molecule. The fragments can form non-covalent associated

complexes to which monoclonal antibodies appear to recognize

epitopes formed from one or more of the fragments (McBride

et al. 1987). Lyon et al. (1986a) developed an alternate

processing scheme for gp195 using antibodies purified from

recombinant polypeptide affinity columns. The two models
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are similar, except the experiments by Lyon et al. (1986a)

did not detect the further processing of the 42-kDa

fragment. The Holder model will be used in this paper

because mAb 5.2, produced in this laboratory, recognizes an

epitope on the 42-kDa fragment and possibley the 19-kDa

fragment described by Holder (1988: Figures 2B, 5, 27).

D. The Role of gp195 in the Xnvasion of Erythrocytes.

1. Mechanism of merozoite invasion. The initiation

of the invasion process starts with the free merozoite

randomly coming into contact with a red blood cell. This

attachment involves a lectin-like action between the surface

of the merozoite and the surface of the red cell. The

attachment of the merozoite causes the erythrocyte to deform

as the merozoite reorients itself so that its apical end

comes in contact with the erythrocyte membrane. A junction

then forms between the apical region of the merozoite and

the erythrocyte. The junction moves as a circumferential

ring around the merozoite as invasion proceeds. The

contents of the rhoptries, paired organelles located at the

apical end, are released resulting in the invagination of

the merozoite into a parasitophorous vacuole formed within

the erythrocyte. As the merozoite enters the erythrocyte,

the surface coat is shed into the environment (Aikawa et

al., 1978).

2. The role of gp195 in the invasion process. The·
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initial attachment of the merozoite to the erythrocyte is

mediated by the filamentous surface coat of the merozoite.

This coat is made up of proteins encoded by several

different genes. The surface coat is 15-20 nanometers (nm)

thick and is made up of clusters of filaments standing erect

on the plasma membrane (Bannister et al., 1986). These

filaments have stems 2 nm thick and the peripheral ends are

either Y shaped or end in long trailing threads. They cover

the whole merozoite surface and mediate intracellular

adhesion at distances of 15-150 nm. It is the filaments

which are important in the attachment of the merozoite to

the erythrocyte. It has been suggested that gp195 is the

major component of these filaments (Bannister et al., 1986).

The erythrocytic receptor(s) recognized by ~

falciparum merozoites have been identified within a family

of sialic acid-rich glycophorins; the terminal sialic acid

residues of glycophorin A and B being critical for this

interaction (Pasvol and Wilson, 1982; Perkins, 1984).

Although not entirely convincing, researchers have shown

that the gp195 precursor binds to erythrocytes in a sialic

acid dependent manner (Perkins and Rocco, 1988; Perkins,

1989). There is a sialic acid-independent mechanism for

invasion but it is considered less efficient (Holt et al.,

1989).

The surface coat of the merozoite is shed while the

entering the e~throcyte. Merozoites treated with protease
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inhibitors to prevent this shedding are unable to initiate

attachment and invasion (Lyon and Haynes, 1986). Hall et

gl. (1984a) suggested that gp195 plays a role in the

junction formation of the penetrating merozoite. The

membrane-bound end of the molecule (19-kDa processing

fragment) remains on the plasma membrane of the merozoite

during invasion, while the remainder of the molecule is shed

with the surface coat during invasion. The 83-kDa fragment

can be recovered from culture-supernatant (Holder et al.,

1985; Camus et al., 1987).

E. Evidence for the Role of Gp195 in Protective Immunity.

1. Carbohydrate moieties and cysteine residues in the

humoral immune response to Plasmodium falciparum. Complex

high molecular weight proteins are usually good antigens

capable of stimulating an antibody response. Carbohydrates

are generally less satisfactory immunogens. Antigenic

oligosaccharide chains are usually found on the external

surface of the plasma membrane of cells. There is evidence

that carbohydrate side chains make a contribution to the

total antigenicity of P. f~lciparum. Ramasamy and Reese

(1985) treated blood stage antigens with glycosidases and

showed a reduction in the ability of antibodies from immune

human and monkey sera to react with the treated antigens in

an EIA. Further studies showed that gp195 was one of the

antigens affected by the glycosidase treatment (Ramasamy and
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Reese, 1986). Ramasamy and Reese (1986) also suggested that

the carbohydrate moieties of the gp195 were important in

stabilizing the protein's conformation.

Disulfide bonds between two cysteine residues in a

protein also contributes to the protein's conformation.

Disulfide bonding is a post-translational modification. The

formation of the disulfide bonds is dependent on the

intrinsic stability of the disulfide relative to the thiol

groups. This is determined by both the environment and the

conformation of the protein (Creighton, 1989). Which

cysteine residues of a protein are paired in disulfide

bonding is valuable structural knowledge; for the disulfide

bond places severe structural constraints on the

conformation of the protein. The simplest way to

demonstrate the presence of disulfide bonds in a protein is

by SDS-PAGE performed with and without a reducing agent,

such as 2-mercaptoethanol. Changes in conformation of a

protein can greatly alter the antigen-antibody reaction.

Using a panel of monoclonal antibodies, it has been shown

that reduction of the 19-kDa and the glycosylated 42-kDa

processing fragments results in abolishing the antigen­

antibody reaction (McBride et al., 1987). Therefore the

conformation of these polypeptides plays an important role

in antibody formation to gp195.

2. The role of gp195 in immunity to P. falcioarum.

The involvement of the merozoite surface coat in immunity
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was described by Miller et al. (1975). In their study,

antibodies from an immune animal agglutinated free

merozoites. This agglutination involved the surface coat of

adjacent merozoites and resulted in a reduced invasion of

new erythrocytes. This observation was further explored by

Lyon et al. (1986b) who demonstrated that the processing

fragments 83-kDa, 73-kDa (derived from the 83-kDa fragment)

and 45-kDa (analogous to the 42-kDa framgent) of gp195 were

some of the parasite proteins involved in the merozoite

agglutination reaction induced by growth inhibitory

antibodies.

Holder and Freeman (1981) were the first to describe a

major merozoite surface coat antigen (Py230) using the

rodent malaria model P. yoelii. The analogous protein has

been identified in another rodent malaria species (Pc250:

Holder et al., 1983), in simian malaria (Pk250: Epstein et

al., 1981) and in the human malaria parasites P. vivax

(Pv200: del Portillo et al., 1988) and P. falciparum (gp195:

Holder et al., 1983). Each of these proteins have similar

Characteristics: they are found on the merozoite surface,

they are glycosylated and they are processed into smaller

fragments. In addition, antibodies against these proteins

can alter the parasitemia either in vivo or in vitro •
.

Holder and Freeman (1981) used Py230 to successfully

vaccinate mice against infection. They felt that the

observed protection was a result of CMI responses and not
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antibody mediated. However, work by an independent

laboratory established that a monoclonal antibody directed

against a Py230 epitope located at the c-terminus of the

molecule could passively protect infected mice (Majarian et

Al., 1984; Burns et al., 1988).

Vaccination experiments using parasite-derived gp195

elicited immune responses capable of protecting monkeys from

lethal infections with P. falciparum (Hall et al., 1984b;

Perrin et al., 1984; Patarroyo et al., 1987; Siddiqui et

al., 1987). In addition to sera from vaccinated monkeys,

the IgG fractions of rabbit sera from animals immunized with

gp195 are capable of inhibiting the growth of P. falciparum

in vitro (Hui and Siddiqui, 1987).

The gp195 processing fragment(s) or the critical gp195

epitope(s) responsible for eliciting antibodies capable of

inhibiting merozoite invasion is still under investigation.

Perrin et al. (1984), Patarroyo et al. (1987) and Herrera et

al. (1990) believe that the critical epitopes lie within the

83-kDa processing fragment. While Burns et ale (1988),

using a rodent malaria model, have solid evidence that the

important epitope is within the 42-kDa processing fragment.

Patarroyo et ale (1987) and Herrera et al. (1990)

hypothesize that immune responses against gp195 are only

partially responsible for immunity. They believe that other

P. falciparum erythrocytic stage antigens must be combined

with gp195 for a malarial vaccine to be effective. However,
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Siddiqui et al. (1987) have shown that parasite-derived

gp195 alone can completely protect experimental monkeys from

an otherwise lethal challenge.

F. seroepidemiology of ADti-qp195 Antibodies.

The seroepidemiology of gp195 has been studied in

various African populations:

Gabra et al. (1986) used an Escherichia coli

recombinant polypeptide (pMC31-1), first described by Cheung

et al. (1985) and containing the variable repeat region and

some of the flanking regions of the 83-kDa processing

fragment, in an EIA to study the epidemiology of malaria in

567 individuals living in The Gambia. Approximately 80% of

the 1-2 year old age group, 95% of the 3-5 year old age

group and >95% of the older age groups were positive for

antibodies against this antigen. The intensity of the EIA

reaction also increased with the various age groups. Using

synthetic peptides, it was also determined that 60% of the

antibodies present in serum samples which reacted strongly

against pMC31-1 were directed against the repeat region.

Chizzolini et ale (1988) used the E. coli fusion

polypeptide pMC31-1 in an EIA assay to detect antibodies

against gp195 in 144 residents of the Kassa district of

Gabon where malaria is mesoendemic. The percentage of

positive sera increased with age: plateauing at 70% positive

in the 16-30 year old age group. The geometric mean titers
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in the positive sera increased with age up to 30 years (r =

0.764, P < 0.01) then leveled off at approximately 1/1000.

The titers ranged from 1/200 to 1/51,200. The authors

concluded that gp195 was one of the parasite antigens which

might be important in immunity to P. falciparum.

Based on these encouraging results these researchers

conducted a larger study in the same area of Gabon

(Chizzolini et al., 1989). They examined 543 children 1

month to 15 years old. In the 1-2 month age group, 21% of

the children had antibodies to the pMC31-1 fusion peptide.

This percentage decreased to almost zero in the 3-5 month

age group, then progressively increased, reaching adult

values (25% positive) by age 15. There was a positive

correlation between age (children 7 months to 15 years old)

and increasing frequency of positive sera for pMC31-1 (r =

0.197, P < 0.01).

Srivastava et al. (1989) also used an E. coli

recombinant protein (190L), first described by Gentz et a!.

(1988) and based on a portion of a conserved region of the

83-kDa processing fragment, in an EIA to examine the

epidemiology of malaria in 361 individuals living in the

Gambia. As in the!' previous studies the percentage of

patients with positive EIA values increased with the various

age groups. Approximately 80% of the 0-10 year old age

group, 86% of the 11-20 year old age group and >90% of the

older age groups were positive to this antigen.
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Muller et a1. (1989) created a panel of E. coli fusion

protein representing approximately 80% of the dimorphic

sequences of the qp195 gene. Immunob1otting, using sera

from individuals living in a malaria-endemic region of West

Africa, was utilized to map antibody reactivity to defined

regions of qp195. Their analysis revealed that adults were

more likely to have antibodies against one of their fusion

proteins. This fusion protein, F5, is located in a group

specific region of the c-termina1 end of the 83-kDa

processing fragment. Furthermore, they found that the

antibody response against many of the gp195 regions is

short-lived, especially in the younger age group (1-5 years

old).

Wahlgren et a1. (1986) examined the age-related changes

in the humoral response to qp195 in a group of 48 Liberian

children (2-15 years old) using immunoprecipitation of aSls_

methionine labeled P. falciparum proteins. Antibodies to

qp195 were present in all the age groups, sometimes in high

concentrations. The frequency of negative or weakly

reacting serum samples was more commonly found in the

younger age groups. They concluded that antibodies to qp195

were not correlated with immunity.

Dubois et al. (1987) used immunoprecipitation of aSl s_

methionine labeled FUP strain polypeptides to examine

changes in recognition of parasite antigens with age from

individuals living in Upper Volta. Using sera pooled by age
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group, there was an increase in the total radioactivity

precipitat~dwith increasing age. The 2-5 year old age

group precipitated 45% and the 5-10 year old age group

precipitated 78% of the radioactive-labeled proteins of the

older age groups. Children less than 5 years old

precipitated 3 major bands; 195-kDa, 76-kDa and 41-kDa. The

immunoprecipitation patterns of children older than 5 years

were very similar to the patterns using adult sera. The

authors felt that the 76-kDa and 41-kDa bands were related

to qp195, but since purified antigens were not used, this

statement can be debated.



22

III. MATERIALS AND METHODS

A. Description o~ the Study site.

1. Location. The Philippines lies in the western

Pacific bounded on the north by Taiwan and the Luzon Strait,

on the south by Borneo and the Celebes Sea, on the east by

the Pacific Ocean and on the west by the South China Sea.

It is composed of approximately 7000 islands. Sixty-five

percent of the country is mountainous with a tropical

climate.

The island of Palawan is situated in the southeast and

is bordered on the east by the Sulu Sea and on the west by

the South China Sea. The capital of Palawan is Puerto

Princesa (Figure 3).

The Pf857 strain of P. falciparum was isolated from an

individual living in the village of Baraki on the eastern

side of the island. The seroepidemiological study was

conducted on the western coast of the island in the Napsan

region.

2. Duration of the study. Serum samples and blood

films were taken during the months of June and September

1986. These months approximately correspond to the

beginning and the end of the rainy season. Additional serum

samples were available for some individuals for January,

April and July of 1987.

3. Climate. The climate of the Philippines is
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FIGURE 3. Map of the Philippines. The Plasmodium
falciparum strain PfSS? was isolated from a resident of the
town of Baraki. The study site was located in Napsan.
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tropical. The rainy season is between May and November.

4. Malaria endemicity. The general features of

malaria epidemiology in the Philippines are: 1. regions

vary malaria free to hypoendemic to hyperendemic, 2. the

principal mosquito vector is found in the rural areas but

not in urban areas, 3. for most of the country,

transmission is perennial with two peaks; during the start

and at the end of the rainy season and 4. three species of

plasmodia are found. P. falciparum is the predominant

species followed by P. vivax and P. malariae. The

resistance of P. falciparum to chloroquine has been reported

throughout the country. On Palawan, 60-70% of the

falciparum cases do not respond to chloroquine (Rivera,

1986).

On Palawan, transmission occurs year around. Intense

transmission of P. falciparum usually develops during the

rainy season.

5. Vectors. There are four species of anophelines

acting as vectors of malaria in the Philippines: Anopheles

flavirostris, An. mangynus, An. litoralis and An.

balabacensis. The predominant and principal vector is An.

flavirostris. This species is zoophilic and prefers to

breed in slow, clear and partly shaded streams (Rivera,

1986). An. flavirostris feeds both indoors and outdoors,

but rests after feeding only outdoors.

6. Malaria control on Pal.awan. Palawan is broken up



25

into 12 municipalities. There is a Rural Health unit in

each municipality which includes a Malaria Health Officer, a

Public Health Nurse and a Medical Technologist. Each

municipality is further broken up into Catchment Areas (20

families). Assigned to each Catchment Area is a midwife and

a number of Barangay Health Workers (volunteers).

Malaria control in the Philippines is part of the

primary health care system of the country. It is under the

direction of the Malaria Control Service which is under the

Field Health Services of the Ministry of Health. Malaria

case finding by is by passive surveillance. villagers

report the onset of fever to the Barangay Health Worker

assigned to their home. The Barangay Health Worker makes a

blood film and administers anti-malarial drugs. The blood

film is sent to the Malaria Health Officer and the results

are sent back to the Barangay Health Worker, who is then

responsible for the follow-up of the patient.

Residual DDT spraying of homes is routinely done on

Palawan. However the practice is felt to be of limited

value due to the feeding and resting habits of the vector.

Other control measures implemented by the Malaria

control Service on Palawan include: biological control,

enviro~~ental management, personal protection education

(ie., use of mosquito nets, protective clothing and mosquito

repellents) and diverting mosquitoes by tying work animals

near homes (Rivera, 1986).
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B. The study Population.

1. Description. The population of Palawan is made up

of Filipinos from other areas of the country and a number of

native groups: Lowland Christians, Tribal groups (Batak,

Tagbanua, Palawan) and Muslim groups (Mabog, Panimusan).

The people of Napsan are mainly Tagbanua and visayans, who

have lived in the area for at least two generations. The

main livelihood of the region is farming.

2. Recruitment. The study design and implementation

was carried out by NAMRU-2 (U.S. Nayy Medical Research Unit

No. ~, Manila, Philippines) under the direction of Dr.

Richard Oberst. Participation in the study was voluntary.

A cooperative agreement was established between the Human

Malaria Research Program at the University of Hawaii and

NAMRU-2 to study the seroepidemiology of gp195 in this

population. The Human Malaria Research Program is located

within the Department of Tropical Medicine at the John A.

Burns School of Medicine, University of Hawaii, Honolulu,

Hawaii.

3. Data collection. Demographic data, blood films,

and serum samples were collected by NAMRU-2. The

demographic data, the results of the blood films and IFAT

(indirect immunofluorescent antibody test) against infected

erythrocytes and an aliquot of the serum samples were sent

to the Human Malaria Research Program.
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c. Characterization or P. ralciparum strain prSS7.

1. Isolation. The Pf857 strain was isolated on June

24, 1985 from 5 milliliters (ml) of blood collected from a

teenage male, living in the east coast town of Baraki in the

Arborlan municipality of Palawan. Baraki is located

approximately 32 miles south of Puerto Princesa. Blood was

collected in a vacutainer containing buffered sodium citrate

(Becton Dickinson, Rutherford, New Jersey). To 4 ml of

blood, 444 ~l (microliters) of DMSO (dimethylsulfoxide;

Sigma) was added and 1 ml aliquots were quick-frozen in

liquid nitrogen. Twenty-four hours later, the parasites in

the remaining 1 ml of blood were placed into culture. The

parasites were cultivated using the modified Trager-Jensen

method (Trager and Jensen, 1976; Siddiqui, 1980). After

establishment in culture, Pf8S7 was cryopreserved with DMSO

as described above. All studies were done with in vitro

established parasites.

2. In vitro drug susceptibility testing. The in

vitro drug susceptibility of Pf8S7 was determined by the

method of Desjarins et ale (1979) with slight mOdifications.

The assay determines the incorporation of [G-3H]hypoxanthine

(specific activity 8.2 Ci/mmol, New England Nuclear, Boston,

Massachusetts) by the parasites in the presence of

increasing concentrations of the drug. The following

antimalarial drugs were tested: chloroquine, amodiaquine,

quinine and pyrimethamine. The data were plotted on a graph
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FIGURE 4. In vitro chloroquine sensitivity assay
(Desjarins et al., 1979).

(disintegration per minute vs drug concentration) and the

leso (concentration of the drug which inhibits 50% of the

[G-3H]hypoxanthine incorporation) was determined. The

results of one experiment using chloroquine is shown in

Figure 4. The FOP (Falciparum-Uganda-Palo Alt9) and FVO

(Falciparum-Vietnam-Oak Knoll) strains of P. falciparum were

used as controls. The FUP strain is chloroquine,

amodiaquine and quinine sensitive and pyrimethamine

resistant while the FVO strain is amodiaquine and
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pyrimethamine sensitive and chloroquine and quinine

resistant (Siddiqui et al., 1972).

3. Partial DNA sequencing of the PfSS? gp19S gene.

The DNA from Pf85? was isolated from cultured parasites by

standard DNA extraction methods (Maniatis et al., 1982).

The purified DNA was used to create a lambda gt10 (1gt10)

genomic DNA library. The procedures f~r. making and

screening the 19t10 library have been described by Chang et

al. (1988) using DNA isolated from the FOP strain. Briefly,

the isolated DNA was digested with the restriction enzyme

EcoR1 (Boehringer Mannheim, Indianapolis, Indiana) and a

genomic 19t1O DNA library was made using the Protoclone

19t10 System manufactured by the ProMega corporation

(Madison, Wisconsin). The 19t10 library was screened with a

synthetic oligonucleotide probe based on a conserved

sequence of the gp195 gene from two published strains of ~

falciparum (Holder et al., 1985; Mackay et al., 1985). This

synthetic oligonucleotide probe was used to successfully

locate the 5' EcoR1 fragment of the FOP gp195 gene (Chang et

al., 1988). A single 19t10 recombinant isolate, containing

the Pf85? DNA fragment, was identified and the malaria DNA

was subcloned into pUC8. The pUC plasmid containing the

malaria DNA fragment was designated pI3-1. The double

stranded sequencing of ~he pI3-1 clone was performed using

the Sequenase DNA Sequencing Kit manufactured by United

states Biochemical Corporation (Cleveland, Ohio). The
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sequencing primer (TTTCATAAGGAA) was based on a conserved

sequence from the gp195 gene of FOP. DNA sequence data were

analyzed using computer resources provided by Pacific

Biomedical Research Corporation at the University of Hawaii.

D. Enzyme Immunoassay (EIA).

1. EIA antigens. Two types of antigens were used for

the EIAs:

a. Parasite-derived gp195. The FUP and Pf857

strains of P. falciparum were cultivated in vitro and

harvested as described elsewhere (Siddiqui et al., 1979).

Gp195 and some of its processing fragments were isolated

from the FUP and Pf857 strains by monoclonal antibody

affinity chromatography as described by Siddiqui et al.

(1987), except radiolabeled proteins were not added to the

parasite extract. The isolated proteins were separated on a

polyacrylamide gel and visualized by silver staining. The

Pf857 gpl95 preparation consisted mainly of the 195-kDa

precursor polypeptide and the 42-kDa processing fragment

(Figure 5).

The erythrocyte membrane contamination in the antigen

preparations was considered minimal since laboratory animals

immunized with similarly prepared antigens did not develop

antibodies to erythrocyte surface antigens (unpublished

observations). Therefore, the use of erythrocyte membrane
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FIGURE 6. Schematic diagram showing the regions of the
FUP gp195 molecule expressed in yeast (Gibson et al.,
1989). The N-terminus of the molecule is on the left.

control antigens were not deemed necessary. However it

should be noted that natural infections of malaria produce

antibodies against erythrocyte membrane antigens (Rosenberg,

et al. 1973).

b. Yeast recombinant antigens. Portions of the

gp195 gene were expressed in yeast and supplied to the

Department of Tropical Medicine by the Chiron corporation

(Emeryville, California: Gibson et al., 1989).

R195Acorresponds 56% of the N-terminal region of the 83-kDa

processing fragment. r195B corresponds to the c-terminal

42-kDa processing fragment minus the anchor sequence (Figure

6). R195B is not glycosylated and the disulfide bonds may

not be formed in the same way as the native protein.



33

2. Enzyme immunoassays.

&. Seroprevalence survey using FUP qp195. FOP

gp195 was diluted to 500 nanograms per milliliter (ng/ml) in

coating buffer pH 9.6 (15 mM Na2co3 , 35 mM NaHC03) . Fifty

microliters were aliquoted per well of a 96 well EIA plate

(polyvinyl; Costar, Cambridge, Massachusetts) and incubated

in a humid chamber at room temperature for 2 hours. The

plate was washed three times with HS-PBS-Tween (high salt

phosphate buffered saline containing Tween 20: 500 mM NaCI,

1.5 mM KH2P04 , 13.5 mM Na2HP04 , 2.7 mM KCI and 0.5 gm Tween

20 per liter) and twice with HS-PBS (high salt phosphate

buffered saline without Tween 20). The remaining binding

sites were blocked by adding one hundred and fifty

microliters per well of 5% nonfat powdered milk (Carnation,

Los Angeles, California) in coating buffer per well and the

plate was incubated for 1 hour at room temperature. The

plate was washed as described above and frozen at -20°C

until needed. Serum samples to be tested were diluted 1/100

in 1.5% nonfat powdered milk in HS-PBS-Tween and each sample

was tested in duplicate. A human serum sample collected in

Hawaii served as the negative control and was used at a

1/100 dilution. A human serum sample collected in Kampuchea

served as a positive control and was used at a 1/1000

dilution. Fifty microliters of the diluted sera were added

per well and incubated in a humid chamber for 2 hours at

room temperature. The plate was washed as above and fifty
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microliters of peroxidase-labeled goat anti-human IgG (gamma

chain specific, ZyMed Laboratories Inc., San Francisco,

California) were added per well. The plate was incubated

for 2 hours at room temperature. The plate was washed and

50 microliters of ABTS peroxidase substrate (Kirkegaard &

Perry Laboratories Inc., Gaithersburg, Maryland) were added

per well. The plate was read at wavel~~gth 410 nanometers

(nm; 00410) in a DynaTech model MR650 EIA plate reader

(OynaTech, Chantilly, virginia) after 30 minutes of

incubation. A serum sample was considered positive if the

mean 00410 of two wells exceeded the mean pius 2.5 standard

deviations of the negative control wells on that plate (N =

8 wells). Two wells served as positive controls for the

plate.

b. End-point titer determination using Pf857

qp195. The optimal concentration of Pf85? gp195 was

determined to be 2 ng per well (Voller et al., 1980). Wells

of the microtiter plates were coated with 2 ng of Pf85?

qp195 and processed as described above. Antigen coated

plates were stored at -20·C and used within one month of

preparation.

All serum samples were diluted in 1.5% nonfat powdered

milk in HS-PBS-~~een. A pool of human sera from 10

residents of Hawaii was made and served as the negative

control sera. This pool of sera was used at a 1/100

dilution and failed to react with P. falciparum infected
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erythrocytes by IFAT. Using an antigen coated plate, the

highest dilution of the positive human control serum (H62)

giving an 00410 of 1.00 after 30 minutes was determined to be

1/800 (Voller et al., 1980). This serum sample was

collected from an individual living in the village of Baraki

and had a radioimmunoassay titer to whole parasite antigens

of 1/3200, (Siddiqui, et ale 1985: unpublished data). All

serum dilutions were made prior to the start of the

experiment and were stored at -20·C until needed.

Fifty microliters of diluted sera were added per well

and a standard EIA assay performed as described above. The

assay plates were setup as follows: wells Al-A4 were used

for the reagent blank (HS-PBS-Tween). Wells A5-A8 were used

for the positive control sera. Wells A9-A12 were used for

the negative control sera. Diluted test sera (2-fold

dilutions: 1/100 through 1/3200) were plated in duplicate

with one individual per row. If higher dilution were

needed, another plate was used with dilutions 1/3200 through

1/102400. Sera collected at different time periods from an

individual were run on the same plate. Following the

addition of the sera, the plate was incubated at room

temperature for 2 hours in a humid chamber. The plate was

washed three times with HS-PBS-Tween and two times with HS­

PBS. Fifty microliters of a 1/7500 dilution of peroxidase­

labeled goat anti-human IgG (gamma-chain specific: Zymed

Laboratories Inc., San Francisco, california) were added per



36

well. The peroxidase-labeled goat anti-human IgG solution

was made fresh weekly. The plate was incubated for 2 hours

at room temperature, followed by washing'as described above.

Fifty microliters per well of ABTS peroxidase substrate

(Kirkegaard & Perry Laboratories Inc., Gaithersburg,

Maryland) were added and the plate read at OD410 when well A5

reached 1.250.

Prior to the start of the experiment, the mean and

standard deviation of 86 wells for each of the control sera

were determined using a standard EIA assay with a 30 minute

ABTS peroxidase substrate incubation period. This step was

done as a quality control measure for the control sera and

the lot of antigen coated plates. The end-point titer

determination assays were considered performed satisfactory

if the mean of the positive and negative control wells on

each plate were within 1% of their determined mean values.

The end-point titer for an individual was the last

dilution of sera which gave an 00410 value greater than the

mean plUS two standard deviations of the negative control

sera.

c. End-point titer determination using r195A.

Wells were coated as described above with 1 ng/well of

r195A. In comparison with the native gp195 antigen used to

coat the plate in the gp195 assay, this concentration of

r195A represents approximately twice the molar concentration

of 83-kDa processing fragment found in the above EIA assay
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using PfS57 gp195. The control sera were as follows: 1.

the negative control sera was the same pool of P. falciparum

negative human sera described above and used at a 1/100

dilution, 2. the positive control human sera was from H62

(described above) and used at a 1/400 dilution and 3. a

positive control rabbit sera (rabbit K45) was used at a

1/1200 dilution. Rabbit K45 had been immunized five times

with r195A. The rabbit sera was used because the positive

control human sera did not react well with the r195A

antigen. Wells AI-A4 were the reagent blanks, wells A5-AS

were the K45 positive control wells, wells A9-AI0 were the

positive human sera control wells and wells AII-A12 were the

negative human sera control wells. The second antibody was

peroxidase-labeled goat anti-human IgG (gamma-chain

specific; Zymed Laboratories Inc., San Francisco,

california) used at a 1/7500 dilution or peroxidase-labeled

goat anti-rabbit IgG (human serum adsorbed; Kirkegaard &

Perry Laboratories Inc., Gaithersburg, Maryland) used at a

1/2000 dilution. The assay was performed as described above

for the native gp195 antigen. The plate was read at OD410

when well A5 reached 1.250.

d. EDd-point titer determination using r195B.

Wells were coated as described above with 9 ng/well of

r195B. In comparison with the concentration of PfS57 gp195

antigen used to coat the plate in the above assay, this

concentration of r195B represents approximately a 4 molar
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excess of 42-kOa processing fragment region. The control

sera were as follows: 1. the negative control was the same

pool of P. falciparum negative human sera described above

and was used at a 1/100 dilution and 2. the positive

control was a pool of rabbit sera which had been immunized

with FUP gpJ9S and was used at a 1/1200 dilution. Wells A1­

A4 were used for the reagent blank, wells AS-A8 were used

for the positive control rabbit sera, wells A9-A12 were used

for the human sera negative control. The second antibody

was peroxidase-labeled goat anti-human IgG (gamma-chain

specific; Zymed Laboratories Inc., San Francisco,

California) used at a 1/2000 dilution or peroxidase-labeled

goat anti-rabbit IgG (human sera absorbed; Kirkegaard &

Perry Laboratories Inc., Gaithersburg, Maryland) used at a

1/2000 dilution. The assay was performed as described above

for the native gp19S antigen. The wells were read at 00410

when well AS reached 1.250.

3. Data analysis. Individuals participating in the

June 1986 survey were grouped upon the availability of

paired serum samples. Individuals with paired serum samples

were stratified into age groups: 0-4, 5-9, 10-19 and 20+

years old. A random sample was made of the individuals in

each age group. Fifty-nine individuals were selected for

the EIA end-point titer determinations. Analyses from the

end-point titer determinations were performed with log

transformed data. The geometric mean is the mean log value
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for a set of data raised to the powere 10. Summaries of the

results and the raw data are presented in Appendices A

through D. The Student t-test was used to compare the mean

titers between groups. In this study, it was desired to

detect a 2.00 log difference in titer between the age groups

with a standard deviation of 1.45 at a significance level

0.05 with a power of 0.90.

n-

Using the formula,

2a2 (Z.-Zp) 2

(f..lt-~) 2

where a = 1.45, Z. = Zo.os = 1.645, ZJl = ZO.10 = -1.28 and (#.',

#.'2) = 2.00, the sample size (n) for the comparison of two

means by the Student t-test was equal to 8.99 or 9 persons

per group. To compare more than 2 means, one-way analysis

of variance was used with the Scheffe mUltiple comparison

procedure to determine difference between the means.

The X2 test or Fisher's Exact Test was used to analyze

frequency data. The Pearson's correlation test was used to

assess relationships between age and the serological tests.

The partial correlation test, controlling for age, was used

to assess the relationship of the serological tests with

each other. The statistical software package SPSSx (SPSS

Inc., Chicago, Illinois) was used to perform the statistical

tests. Graphs were generated using SigmaPlot (Jandel

Scientific, Corte Madera, California).
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B. Xmmunoblottinq.

1. Antiqens.

a. Pf8S7 whole cell extract. The Pf857 strain

of P. falciparum was cultured in vitro and the infected red

blood cells saponin lysed to release the parasites as

described elsewhere (Siddiqui et al., 1979). The final

pellet was solubilized in 10 volumes of SDS sample buffer

(62.5 mM Tris, pH 6.8, 10% (w/v) glycerol, 2.3% sodium

dodecyl sUlfate). The solution was centrifuged at 100,000 x

g for 1 hour and the extract was stored at -70'C. Before

use an aliquot of the sample was sonicated briefly and

heated in a boiling water bath for 90 seconds.

b. Pf8S7 qp19S. Cultured parasites, isolated by

saponin lysis, were solubilized in 7 volumes of extraction

buffer (10 mM Tris-HCl, pH 7.2, 0.15M NaCl, 10 mM

iodoacetamide, 5 mM EGTA, 5 mM EDTA, 1 mM

phenylmethylsulfonyl fluoride and 1% Nonidet P-40 ) for 1

hour at 4'C. The extract was centrifuged at 200,000 x g for

30 minutes. After centrifugation, the supernatant was

passed over a one milliliter rabbit anti-gp195 IgG-Protein

A-Sepharose column. The rabbit IgG used to prepare the

column was from a group of rabbits which had been immunized

with pup gp195. The IgG-Protein A-Sepharose column was

prepared as described elsewhere (Schneider et al., 1982).

After binding, the column was washed with 10 volumes of

extraction buffer. An equal volume of SDS sample buffer was
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added to the column and boiled for 90 seconds. The mixture

was frozen at -70·C until needed. This procedure was

developed in collaboration with Dr. George Hui.

c. Yeast recombinant polypeptide antigens.

r195A and r195B were supplied by the Chiron Corporation

(EmerYVille, California: Figure 6). The yeast recombinant

polypeptides were mixed with SOS sampl~ ,buffer without 2-ME

(2-mercaptoethanol) and boiled for 90 seconds. The extracts

were stored at -70·C before use. R195A was used as supplied

by Chiron while the 'r195B was first purified by antibody

affinity chromatography by Dr. Sandra Chang before use.

2. Sodium dodecyl sUlfate polyacrylamide gel

electrophoresis (SDS-PAGE) and gel staining.

a. SDS-PAGE. The SOS-PAGE procedure was first

described by Laemmli (1970) and was carried out in a Mini­

Protean II Dual Slab Cell following the manufacturer's

instructions (Bio-Rad Laboratories, Richmond, california).

The percentage of acrylamide in the gels was 8.25. Rainbow

protein standards in SDS sample buffer were used as the

molecular weight markers on each gel (Amersham corporation,

Arlington Heights, Illinois). The molecular weight markers

contained myosin (200,000 daltons), phosphorylase B (92,500

daltons), bovine serum albumin (69,000 daltons), ovalbumin

(46,000 daltons) and c~rbonic anhydrase (30,000 daltons).

A decision had to made, before the immunoblotting

experiments were begun, as to the presence or absence of 2-
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ME in the SDS sample buffer. The presence of 2-ME in the

sample buffer will break (reduce) the disulfide bonds formed

between cysteine residues of a polypeptide and alter both

the protein's molecular weight and its conformation. For

example, the C-terminal processing fragment is rich in

cysteine residues and has a molecular weight of 42-kOa under

reducing conditions but a molecular weight of 36-38 kOa

under nonreducing conditions. The molecular weight of the

gp195 precursor (195-kOa) also fluctuates depending on the

presence or absence of 2-ME. The N-terminal 83-kDa

processing fragment is unaffected by 2-ME. To avoid

confusion, the molecular weight of gp195 and its processing

fragments will be labeled in the figures with the numbers

derived from gels run under reducing conditions, ie., in the

presence of 2-ME. All 50S PAGE gels, including the yeast

recombinant antigens, were run under nonreducing conditions

except when noted.

b. Gel staining. After electrophoresis, the

50S-PAGE gels were placed in 0.2% (wt/v) Coomassie brilliant

blue R-250 (Bio-Rad Laboratories, Richmond, California) in

45% methanol and 10% acetic acid for 1 hour. The gel was

destained by soaking in 45% methanol/10% acetic acid. The

gel was finally cleared by briefly soaking in 10%

methanol/5% acetic acid. The gel was dried between two

sheets of cellophane membrane (Bio-Rad Laboratories,

Richmond, California).
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To detect low protein concentrations, gels were stained

using a silver Stain Kit (Bio-Rad Laboratories, Richmond,

California) •

3. Immunob1"t.i:.iJlCj.

a. Procedure. The electrophoretic transfer of

proteins from polyacrylamide gels to nitrocellulose

membranes was developed by Towbin et ale (1979). Blotting

was carried out using Bio-Rad's Mini Trans-Blot Apparatus

(Bio-Rad Laboratory, Richmond, California) following the

manufacturer's instructions. Fifteen percent menthanol was

included in the transfer buffer.

b. Immunodetection. After electrophoretic

transferring, the nitrocellulose sheet was placed in 50 ml

of 5% nonfat dry milk in HS-PBS-Tween (high salt phosphate

buffered saline containing Tween 20: 500 mM NaCI, 1.5 mM

KHZP04 , 13.5 mM Na2HP04
, 2.7 mM KCI and 0.5 grams Tween 20

per liter; Batteiger, 1988) for 1 hour on a rotator to block

unreacted sites. The membrane was washed 3X with HS-PBS­

Tween and 2X with HS-PBS (high salt phosphate buffered

saline without Tween 20) and frozen at -20·C. All sheets

were used within one week of preparation.

The nitrocellulose sheet was thawed and washed in 50

milliliters of HS-PBS-~~een before being placed in a 10

trough reaction chamber (Mini Deca-Probe, Hoefer Scientific

Instruments, San Francisco, California). Trough 1 contained

the transferred molecular weight markers and thus only HS-
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PBS-Tween was added. SUbsequent troughs contained 0.75

milliliters of sera diluted 1/500 in 1.5% nonfat dry milk in

HS-PBS-Tween. The sera was allowed to react for overnight

at 4·C. The wells were washed five times with HS-PBS-Tween

and once in HS-PBS. One milliliter of peroxidase-labeled

goat anti-human IgG (gamma chain specific, zyMed Laboratory,

Inc, San Francisco, California) at a 1/2000 dilution in 1.5%

nonfat dry milk in HS-PBS-Tween was added to the troughs and

reacted for 2 hours at room temperature. The chamber was

disassembled and the nitrocellulose membrane washed five

times with HS-PBS-Tween and once with HS-PBS. The

nitrocellulose membrane was placed in a 135 mm Petri dish

and 10 ml of peroxidase substrate (4-chloro-1-naphthol,

Kirkegaard & Perry Laboratories, Inc., Gaithersburg,

Maryland) were added. The reaction was terminated by

washing the membrane in distilled water. The membrane was

air dried and photographed using Ilford XPl-400 film.

c. Serum samples. A pool of sera from 10 Hawaii

residents served as the negative control serum sample. A

serum sample (H62) from an individual living in Baraki,

Palawan served as the positive control human serum sample.

Serum samples from the 59 randomly selected individuals used

in the EIA experiments were used for the immunoblot

experiments. Serum samples collected in June 1986 were

pooled by age group, by gp195 EIA titer and by blood film

results. When the serum samples were pooled, if at least 3
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individuals were not available, the next highest titer was

used in the pool. The following serum samples were run

separately: 13689, 14189, 14222, 14257, 14500, 13829,

13917,14700,13566, 14266, 14648 (Figures 36 trhough 39).
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:IV. RESULTS

A. Characterization of P. falciparum strain pr8S7.

1. Growth characteristics. The in vitro growth

pattern is one characteristic of P. falciparum isolated

strains. The growth pattern of Pf8S7 was compared with the

well established pup strain (Siddiqui, 1980). Under

standard culture conditions, pup reached a parasitemia of

1S-2S% after 6 days in culture. In contrast, the Pf8S7

isolate reached a parasitemia of S-7% after 6 days in

culture (Figure 7). Two to three percent of the

developmental stages seen in the Pf8S7 cultures were

gametocytes. Gametocytes were not seen in the FUP cultures.

Due to the slow growth characteristic of Pf8S7, it was

decided to conduct the seroprevalence study with pup gp195

antigens.

2. In vitro drug susceptibility. The in vitro drug

susceptibility of Pf8S7 is shown in Figure 8. The assay

determined that Pf857 is sensitive to amodiaquine, quinine

and pyrimethamine and resistant to chloroquine in vitro.

3. Partial DNA sequencing of the PfSS7 qp19S gene.

Previous DNA sequence analyses have shown that the FUP

strain was in the MAD20 allelic grouping with a

recombination in the N-terminal region with the Kl allele

(Figure 1; Chang et al., 1988). Southern blot analysis has,

also, placed Pf8S7 in the MAD20 allelic grouping (George
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TABLE 1. Partial nucleotide sequence of the Pf8S? strain
variable repeat region compared with the same FUP region
(Chang et al., 1988). Dashes (-) are unsequenced regions.
Dots (.) are identical to the FUP sequence. The sequencing
primer is overlined. The variable repeat region is
underlined. Blank spaces are missing nucleotides. The
group specific regions are in bold.

FUP
Pf8S?

FUP
Pf8S?

FUP
Pf8S?

FUP
Pf8S?

FUP
Pf8S?

FUP
Pf8S?

FUP
Pf8S?

FUP
Pf8S?

FUP
Pf8S?

ATGAAGATCATATTCTTTTTATGTTCATTTCTTTTTTTTATTATAAAT
------------------------------------------------
ACACAATGTGTAACACATGAAAGTTATCAAGAACTTGTCAAAAAACTA
------------------------------------------------
GAAGCTTTGAAGATGCAAGRATTGACAGGTTATGGTTTATTTCATAAG
------------------------------------------------
GAAAAAATGATCTTAAATGAAGAAGAAATTACTACAAAAAGGTGCAAG
------------------------ .
TGCTCAAAGTGGTACAAGTGGTACAAGTGGTACAAGTGGTACAAGTGG................................................
TACAAGTGGTACAAGTGGTACAAGTGCTCAAAGTGGTACAAGTGGTAC
••••••••••••••••••• CA ••••• G••••••••••••••••

AAGTGCTCAAAGTGGTACAAGTGGTACAAGTGCTCAAAGTGGTACAAG

TGGTACAAGTGGTACAAGTGGTACAAGTCCATCATCTCGTTCAAACAC

TTTACCTCGTTCAAATACTTCATCTGGTGCAAGCCCTCCAGCTGATGC................................................

48

96

144

192

240

288

336

384

432

FUP AAGCGATTCAGA 444
Pf8S? •••• --------
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TABLE 2. Deduced amino acid sequence of the Pf8S7 strain
variable repeat region compared with the same FOP strain
region (Chang et al., 1988). Dashes (-) are unsequenced
regions. Dots (.) are identical to the FOP sequence. The
variable repeat region is underlined. Blank spaces are the
missing amino acids. The group specific regions are in
bold.

FUP
Pf8S?

FUP
Pf8S?

FUP
Pf8S?

MKIIFFLCSFLFFIINTAQCVTHESYQELVKKLIALEDAVLTGYGLFH

KEKMILNEEEXTTKGASAOSGTSGTSGTSGTSGTSGTSGTSAOSGTSG
--------- •••••••••••••••••••••••••••••• Q • G ••••

TSAQSGTSGTSAOSGTSGTSGTSGTSPSSRSNTLPRSNTSSGASPPAD.......................

48

96

144

FUP ASDS 148
Pf8S?

Hui, personal communication). It was therefore of interest

to sequence the variable repeat region and the surrounding

group specific regions of the Pf8S? strain. This sector of

the gene shows the greatest DNA sequence variation and is

the region where recombination is likely to occur. The

results of the DNA sequence experiments are shown in Tables

1 and 2. Overall the Pf8S7 sequenced region was 98%

homologous with the FOP strain. The group specific regions

were identical. In relation to the FUP qp19S gene, three

nucleotide substitutions were found in the variable repeat

region of Pf8S? gp19S gene. These nucleotide substitutions

resulted in a change in amino acid sequence (Table 2). The

major difference between the two strains was that the Pf8S?

variable repeat region was half the length of as the FOP
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sequence. The deduced amino acid sequence showed that the

Pf857 variable repeat consisted of SAQ(SGT)6(SGQ)2SGT

(serine-X-X = 10), while the FUP variable repeat consisted

of SAQ(SGT)TSAQ(SGT)2SAQ(SGT)2SAQ(SGT)5 (Serine-X-x = 20).

B. Serological Assays.

1. Seroprevalence of Bnti-gp195 antibodies. Seven­

hundred and twenty-six individuals took part in the June

1986 survey. Infections with both P. falciparum and ~

vivax were found. The overall malaria infection rate was

30% (217/726); 18% (131/726) P. falciparum, 10% (73/726) ~

vivax and 2% (14/726) mixed infections. There is no

evidence that antibodies generated against P. vivax antigens

crossreact with P. falciparum gp195 epitopes. Therefore, ~

vivax positive slides were considered blood film negative

for further analyses. Slides with mixed infections (~

falciparum/P. vivax) were considered blood film positive for

P. falciparum.

Figure 9 shows the results of the June 1986 screening

of the sera comparing with the prevalence of P. falciparum

infections and the seroprevalence of IFAT and anti-gp195

antibodies. As the age group increased, the seroprevalence

of IFAT antibodies and anti-gp195 antibodies increased.

Seroprevalance rates for IFAT antibodies and anti-gp195

antibodies plateaued during the 5-9 age group, 90% and 85%

respectively. At the same time, the prevalence of ~
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falciparum infections was gradually decreasing from a

maximum of 37% in the 0-4 and 5-9 age groups to 7% in the

60-69 age group.

Children less than 10 years old (N = 178) were more

likely to have a falciparum positive slide than those older

than 10 (N = 548); XI = 33.04, df = 1, P < 0.01. There were

340 males and 386 females with infection rates of 23% and

17% respectively. There was no difference in the infection

rates between the sexes (XI = 3.56, df = 1, P = 0.06).

The overall malaria infection rate dropped in September

to 13% (92/732); 7% (54/732) P. falciparum, 4% (31/732) ~

vivax and 1% (7/732) mixed infections. There was a

concomitant drop in the falciparum infection rates in all

age groups (Figure 10). Children less than 10 years old (N

= 178) were more likely to have a falciparum positive slide

than those older than 10 (N = 554; XI = 18.15, df = 1, P <

0.01). There were 343 males and 389 females; with infection

rates of 6 and 10% respectively. There was no difference in

the infection rates between the sexes (XI = 2.66, df = 1, P

= 0.10). The seroprevalence of anti-qp195 antibodies did

not change. The seroprevalence of IFAT antibodies was not

available for September.

2. End-point titer determinations.

a. XFAT. The IFAT reciprocal titers increased

with age (r = 0.32, P < 0.01; age in years vs titer: Figure

11). The IFAT titers for the 0-4 age group were
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AGE GRP 0-4

N = 46
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132 194 115 97 61 54 15 12 726

FIGURE 9. Seroprevalence survey for June 1986 showing the
age-specific prevalence of P. falciparum infections and the
seroprevalence of IFAT and anti-gp195 antibodies •.
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FIGURE 10. Seroprevalence survey for September 1986 showing
the age-specific prevalence of P. falciparum infections and
the seroprevalence of anti-gp195 antibodies.
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significantly different from the other age groups (F = 6.54,

P < 0.01). There was no difference in age or the IFAT GMTs

between those with positive or negative blood films (Table

3).

b. PfSS7 gp19S EXA. The anti-gp195 titers for

June 1986 increased with age (r = 0.36, P < 0.01; Figure

12). The 0-4 age groups had significantly lower titers than

the other age groups (F = 11.60, P < 0.01). There was no

significant difference in titers between infected and

uninfected individuals (Table 4).

Essentially the same results were obtained for the data

collected during the month of September 1986 (Figure 13).

The correlation coefficient for age in years verus titer was

0.38 (p < 0.01). The 0-4 age group had significantly lower

Pf857 gp195 EIA titers than the other age groups (F = 10.63,

P < 0.01). Individuals with negative blood fims (N = 45;

GMT = 811) did not have significantly higher Pf857 gp195 EIA

titers than individuals with positive blood films (N = 14;

GMT = 751; t = 0.07, P = 0.47). There was no difference in

age between the two blood film groups (age = 13.1 ± 16.6

years for the positive blood film group and 17.7 + 15.1

years for the negative blood film group; t = 0.96, P =
0.17).

c. r19SA EXA. The anti-r195A titers for June

1986 increased with age (r = 0.25, P = 0.03). The youngest

age group, 0-4 years, had significantly lower titers than
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the other age groups (F = 9.85, P < 0.01; Figure 14). As

with the other antigens, there was no association between

the blood film categories and r195A GMTs (Table 4).

Essentially the same results were obtained for

September 1986 (Figure 15). The r195A EIA titers increased

with age (r = 0.30, P = 0.01). The 0-4 age group had

significantly lower r195A EIA titers than the other age

groups (F = 9.71, P < 0.01). The individuals with negative

blood films (N = 45, GMT = 618) did not have significantly

higher r195A EIA titers than the individuals with positive

blood films (N = 14, GMT = 1429; t = - 0.71, P = 0.24).

d. r195B EXA. Due to the limited availablity of

the r195B antigen only serum samples from June 1986 were

tested. However the results were similar to the other

antigens tested. The r195B titers increased with age (r =

0.22, P = 0.04). The 0-4 year old age group was the only

group with significantly different titers (F = 11.29, P <

0.01; Figure 16). Individuals with negative blood films did

not have higher titers than those with positive blood films

(Table 4).

e. Correlation between the serological assays.

All four assays (IFAT, qp195 EIA, r195A EIA and r195B EIA)

were correlated with age. The four assays also correlated

with each other when controlled for age (Table 5).

Essentially similar results were obtained for gp195 verus

r195A data for September 1986 (r = 0.74, P < 0.01).



TABLE 3. Seroprevalence of IFAT antibodies and IFAT
geometric mean titers for individuals with positive and
negative blood flims during June 1986.
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Percent
Blood Age+ Antibody J:FAT t
Smear N (years) positive GMT Value P

positive 13 13.6 ± 12.3 100 176

Negative 46 17.5 ± 16.3 85 80 -1.26 0.11

+ t (two-tail) = 0.79 P = 0.44

TABLE 4. Seroprevalence and geometric mean titers for
gp195, r195A and r195B for individuals with positive and
negative blood films during June 1986. There was no
difference in age between the two groups (see Table 3).
There were no differences in the seroprevalence of
antibodies for any of the assays (Fisher's Exact Test p ~

1.00).

gp195 EJ:A r195A EJ:A r195B EJ:A

Blood
Film N GMT Positive· GMT positive GMT Positive

Negative 46 951 83 843 85 60 85

Positive 13 788+ 85 2414++ 85 73+++ 85

* Percent Antibody Positive
+ t = 0.18, P = 0.43
++ t = 0.90, P = 0.19

+++ t = -0.24, P = 0.41



TABLE 5. Partial Correlation Coefficients for the
serological Assays controlling for Age for June 1986.

Assay :IFA gp195 r195A

gp195 0.69+
P < 0.01

r195A 0.61 0.75
P < 0.01 P < 0.01

r195B 0.58 0.73 0.80
P < 0.01 P < 0.01 P < 0.01

+ Partial Correlation Coefficient and P Value

58
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f. Longitudinal analysis. The P. falciparum

infection rate within the sampled individuals remained

stable in between 22-26% except for the month of April where

the infection rate was 17% (4/23; Figure 17). The monthly

Pf857 qp195 EIA GMTs also remained stable throughout the

study period (Fiqure 17).

The serological titers of individuals to qp195 remained

relatively stable over the study period. Within an

individual, the titers were stable or varied by one two-fold

dilution. The paired t-test was used to assess changes in

anti-gp195 titers between June and September. There were no

significant changes in titer over the surveys; either

overall or by age group (Fiqures 17 and 19).

This was not the case for r195A where there was more

individual fluctuation during the study period. Overall the

september GMT (754) was significantly lower that the June

GMT (1063; t = 2.17, P = 0.03; Fiqure 18). For the 10-19

year old age group, their september GMT (3592) was also

significantly lower that their June GMT (5702; t = 2.60, P =
0.03; Figure 20). This observation may reflect the lower

infection rate seen in the during the September survey

(Figure 10).

If either gp195 or r195A polypeptides is associated

with immunity then it might be expected that the June titers

for those individuals with negative blood films in June and

September (negative/negative blood film group; N = 30) would
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FIGURE 19. Age-specific Pf8S7 gp19S geometric mean titers
by survey date. The rise in GMT in the 0-4 age group in
January and April is due to attrition of the low titered
individuals.
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be higher than those with negative blood films in June but

positive blood films in September (negative/positive blood

film group; N = 8). The 0-4 year old age group was dropped

from the analysis because of the group's low response to

both antigens. Nevertheless, there was no difference in the

June Pf857 gp195 GMTs between the negative/negative blood

film group (GMT = 2,408) and the negative/positive blood

film group (GMT = 3,199; t = 0.27, P = 0.40). Similar

results were found for the r195A antigen, where the

negative/negative blood film group had a GMT of 1,825 while

the negative/positive blood film group had a GMT of 4,148 (t

= 0.68, P = 0.25). Therefore, there was no association

between having a negative blood films three months apart and

a high antibody titer to either gp195 or r195A.

One individual (14500, age 8) seroconverted and had a

positive blood film during the January 1987 survey period

(Figure 21). Both the gp195 and r195A titers rose rapidly

during the infection. The gp195 titer remained stable for

the remaining period of the study, while the r195A titer

first rose and then began to fall. In contrast three

individuals (14535, age 3; 14220, age 4; 14706, age 9) did

not develop antibodies to gp195 after infection. Since

these individuals were IFAT antibody positive, the lack of

EIA reactivity may reflect the fact that the antigen

concentration on the plates was too low to detect low levels

of anti-gp195 antibodies or that the infections were so
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recent that the antibody response was primarily 19M.

c. Immunob1otting Experiments.

1. Immunob1otting using P~857 whole cell extract.

Panel A of Figure 22 shows the whole cell antigen

preparation in lane 2 stained with Coomassie blue. Panel B

is the immunoblot of the same antigen preparation. The

rabbit anti-gp195 (lane 1) and the positive control human

sera (H62; lane 2) both recognized multiple antigen bands

while the human negative control serum sample failed to

react with any of the parasite antigens (lane 3).

Figure 23 is the whole cell antigen preparation bound

to the nitrocellulose membrane reacted with the sera pooled

by age group. There were only minor differences in the

immunoblot patterns between the 5-9 (lane 2), 10-19 (lane 3)

and 20+ (lane 4) age groups; with each age group reacting

with approximately 32 bands. The 0-4 age group reacted with

far fewer antigen bands, although this group appears to

react with the gp195 precursor molecule at 195-kDa.

When the sera was pooled by anti-gp195 E1A titer, there

were fewer bands recognized by the low titered serum samples

(Figure 24, lanes 1 & 2). However, the gp195 precursor

(19S-kDa) seems to be a prominent band in all lanes. There

were only minor differences in banding patterns between the

serum samples pooled by blood film results (Figure 24, lanes

8 & 9).
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FIGURE 22. Coomassie blue stained polyacrylamide gel of the
whole cell extract (A) and the subsequent immunoblot
patterns using the control serum samples (B). A. Coomassie
stained gel. Lane 1. protein standard markers. Lane 2.
PfSS7 whole cell extract. B. Immunoblot of PfSS7 whole
cell extract. Lane 1 •. Rabbit anti-gp19S. Lane 2.
Positive control human sera (H62). Lane 3. Negative
control human sera. The molecular weights of the protein
markers are on the left and the calculated position of the
gp19S precursor and its processing fragments are on the
right; all values are in kilodaltons (kDa).
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The original intent of these experiments was to: 1.

demonstrate the difficulty in pinpointing antigens

associated with immunity when cell extracts are used in

immunoprecipitation and immunoblotting experiments. The

combination of large number of parasite antigens and the

diversity of the antibody response to these antigens make

the task all the more difficult and 2. it was hoped that

antibodies to the precursor and the major processing

fragments could be identified using a crude cell lysate. As

can be seen by the immunoblot patterns in Figures 23 and 24,

this is hard. Therefore, experiments were devised to

concentrate gp195 and its processing fragments.

2. Immunoblotting using Pf857 qp195.

a. Immunoblotting under reducing and non­

reducing conditions. The PfS57 qp195 antigen was

solubilized off the IgG-protein A-Sepharose column with SDS

sample buffer with and without 2-ME. The major difference

between the two immunoblot patterns was the lack of

reactivity of antibodies with the 42-kDa processing fragment

when the antigen was extracted in the presence of 2-ME

(Figure 25). In addition, the band which appears at the

bottom of the immunoblot in the non-reduced lane (lane 4) is

absence in the reduced lane (lane 2). This band maybe the

19-kDa processing fragment which is rich in cysteine

residues. Because of these results, all subsequent

experiments were done under non-reducing conditions.
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b. Results. In order to discount any of the

reactive bands on the PfSS7 gp19S immunoblots being

associated with erythrocyte membrane contaminantion, an

immunoblot experiment was conducted using erythrocyte

membrane antigens (Figure 26). A pool of human sera from

high Pf857 gp195 EIA titered individuals failed to react

with the erythrocyte membrane immunoblot. In addition, the

anti-gp195 rabbit sera used to make the IgG-Protein A­

Sepharose column failed to react with the erythrocyte

membrane antigens.

In this laboratory, numerous monoclonal antibodies have

been generated against FUP gp195. Using these monoclonal

antibodies, the immunoblot patterns of the FOP gp195

processing fragments have been identified (Chang et al.,

1989). Using monoclonal antibodies mAb CE-2 and mAb 5.2,

recognizing respectively an epitope on the FOP gp195 N­

terminus (mAb CE-2) and on the FUP gp195 c-terminus (mAb

5.2), the major processing fragments of Pf8S7 gp195 were

identified on immunoblots (Figure 27). The monoclonal

antibody immunoblot patterns against Pf857 gp19S were very

similar to the monoclonal antibody immunoblot patterns

against FUP gp19S (not shown; Chang et al., 1989). ThUS,

the Pf857 gp195 precursor (19S-kDa) and its major processing

fragments (83-kDa and 42-kDa) were easily identified.

Gp195 is cleaved by enzymes both as part of the natural

processing scheme and as part of protein degradation. The
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full array of antigen bands, as defined as the overlapping

immunoblot patterns of mAb CE-2 and mAb 5.2 (Figure 27),

were recognized by antibodies from a FUP gp195 immunized

mouse (Figure 28, panel B, lane 3) and the positive control

human sera (H62) (Figure 28, panel B, lane 2). Therefore a

human who has acquired anti-gp195 antibodies by ~

falciparum infections has the same Pf857 gp195 immunoblot

pattern as a experimental animal which has been immunized

with FUP gp195 in conjunction with a strong adjuvent

(Freund's Complete Adjuvent).

The immunoblot patterns generated by the sera pooled by

age group revealed that the 0-4 year old age group lacked

reactive antibodies against many Pf857 gp195 c-terminal

epitopes (Figure 27, lane 2 versus Figure 29, lane 1). In

particular, antibodies against the 42-kDa processing

fragment were missing. The immunoblot patterns of the older

age groups were very similar to each other.

Since the age related immunoblot patterns were a

reflection of the Pf8S7 gp19S EIA titers, serum samples were

pooled by titer. Four fold differences (negative (0), N =

9: 1/100, N = 5: 1/400, N = 3: 1/1600, N = 5: 1/6400(12800),

N = 7: 1/25600, N = 6: 1/51200(102400), N = 4) in titer were

pooled and reacted with a PfS5? gp195 bound membrane (Figure

30). The negative (0) titer group had antibodies which

reacted with the precursor (19S-kDa) and weakly with the 83­

kDa processing fragment (Figure 30, lane 1). The 1/100
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FIGURE 25. Immunoblot patterns against PfS57 gp195 in the
presence (lanes 1 and 2) or absence (lanes 3 and 4) of 2-ME
in the SDS sample buffer. Lanes 1 and 3. Negative control
human sera. Lanes 2 and 4. positive control human sera
(H62). The molecular weight (left) and gp195 (right) values
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FIGURE 26. Coomassie blue stained polyacrylamide gel of
erythrocyte membrane proteins (A) and the subsequent
immunoblot patterns (B). A. Coomassie blue stained gel.
Lane 1. Molecular weight markers. Lane 2. Erythrocyte
membrane proteins. B. Immunoblot patterns against the
erythrocyte membrane antigens. Lane 1. Negative control
human sera. Lane 2. Pool of high titered Pf8S7 gp19S EIA
individuals (14222, 14700 and 14266). Lane 3. Rabbit anti­
erythrocyte membrane sera. Lane 4. Pool of FOP gp195
immunized rabbit sera used to make the IgG-Protein A­
Sepharose column. The molecular weight marker values (left
and right) are in kilodalton.
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FIGURE 27. Immunoblot patterns against Pf85? gp195 using
monoclonal antibodies CE-2 (lane 1) and 5.2 (lane 2). MAb
CE-2 reacts with an epitope on the 83-kDa processing
fragment (N-terminus). ~~ 5.2 reacts with an epitope on
the 42-kDa and 19-kUa processing fragments (C-terminus).
The molecular weight markers (left) and gp195 values (right)
are in kilodaltons.
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FIGURE 28. Coomassie blue stained polyacrylamide gel and
immunoblot patterns against Pf8S7 gp195 using the control
serum samples. A. Coomassie blue stained gel. Lane 1.
Molecular weight markers. Lane 2. Pf857 gp195 antigen. B.
Immunoblot patterns against PF857 gp195. Lane 1. Negative
control human sera. Lane 2. positive control human sera
(H62). Lane 3. Mouse anti-gp195 sera. The molecular
weight (far left and far right) and gp195 (center) values
are in kilodaltons.
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FIGURE 29. Immunoblot patterns against PiSS? gp195 using
human sera pooled by age group. Lane 1. 0-4 years. Lane
2. 5-9 years. Lane 3. 10-19 years. Lane 4. 20+ years.
The molecular weight (left) and the gp195 (right) values are
in kilodaltons.
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FXGURE 30. Immunoblot patterns against Pf857 gp195 using
human sera pooled by Pf857 gp195 EIA titer (lanes 1-7) and
blood film results (lanes 8 and 9). Lane 1. Negative (0).
Lane 2. 1/100. Lane 3. 1/400. Lane 4. 1/1600. Lane 5.
1/6400(12800). Lane 6. 1/25600 Lane 7. 1/51200(102400).
Lane 7. Blood film positive group (N = 13). Lane 8. Blood
film negative group (N = 46). The molecular weight (left)
and gp195 (right) values are in kilodaltons.



85

titer group was similar to the negative (0) group although

the reaction with the 83-kDa processing fragment was

stronger (Figure 30, lane 2). The 42-kDa processing

fragment begins to appear with the 1/400 titer group and

becomes progressively darker with increasing Pf857 gp195

titer (Figure 30, lanes 3 thru 7).

There were only minor differences in the immunoblot

patterns between the sera pooled by blood film results

(Figure 30, lanes 8 and 9).

3. ImmuDob1otting using r19SA. The Coomassie stained

pattern of r195A on a polyacrylamide gel showed two

prominent bands at 169-kDa and 49-kDa (Figure 31, Panel A,

lane 2). The immunoblot patterns from the control serum

samples revealed that sera from rabbits immunized with

either FOP gp195 or r195A and the positive control human

sera (H62) had antibodies which reacted with both of these

bands (Figure 31, Panel B, lanes 1, 2 and 4).

The immunoblot patterns generated by the sera pooled by

age group revealed that the 0-4 year old group had

antibodies which weakly reacted with the 169-kDa and 49-kDa

bands (Figure 32, lanes 1 through 4). The immunoblot

patterns of the older age groups were very similar to each

other.

There were no differences in the immunoblot patterns

between the serum samples pooled by blood film results

(Figure 32, lanes 5 and 6).
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F:IGURE 31. Coomassie blue stained polyacrylamide gel of
r195A (A) and the corresponding immunoblot using the control
serum samples (B). A. Coomassie blue stained gel. Lane 1.
Molecular weight markers. Lane 2. R195A. B. Immunoblot
pattern. Lane 1. Rabbit sera anti-gp195 sera. Lane 2.
Rabbit sera anti-r195A sera. Lane 3. negative control
human sera. Lane 4. positive control human sera (H62).
The molecular weight (left) and r195A (center) values are in
kilodaltons.
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F:IGURE 32. Immunoblot patterns against r195A from human
sera pooled by age grou~ (Lanes 1 through 4) and blood film
results (Lanes 5 & 6). Lane 1. 0-4 years. Lane 2. 5-9
years. Lane 3. 10-19 years. Lane 4. 20+ years. Lane 5.
Blood film positive group (N = 13). Lane 6. Blood film
negative group (N = 46). The molecular weight (left) and
r195A (right) values are in kilodaltons.
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FIGURE 33. Immunoblot patterns against r195A using human
sera pooled by Pf857 gp195 titer. Lane 1. Negative (0).
Lane 2. 1/100. Lane 3. 1/400. Lane 4. 1/1600. Lane 5.
1/6400 (1280iJ). Lane 6 ~ 1/25600. Lane 7. 1/51200 (102400) .
The molecular weight (left) and the r195A (right) values are
in kilodaltons.
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FIGURE 34. Silver stained polyacrylamide gel of r195B (lane
1). The molecular weight markers are in the lane on the
left. The molecular weight (left) and the r195B (right)
values are in kilodaltons.
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FIGURE 35. Immunoblot patterns against r195B using human
and rabbit serum samples. Lane 1. Negative control human
sera. Lane 2. Individual 14640, age 9, Pf857 gp195 EIA
titer: 1/3200, r195B EIA titer: 1/3200. Lane 3. Rabbit
serum anti-gp195 sera. Lane 4. Individual 13698, age 3,
PfS57 gp195 titer: 1/3200, r195B EIA titer: 1/400. Lane 5.
Individual 14189, age 4, PfS57 gp195 EIA titer: 1/1600,
r195B EIA titer: Negative (0). Lane 6. Individual 14662,
age 9, PfS57 gp195 EIA titer: 1/12800, r195B titer: 1/200.
Lane 7. Individual 13917, age 13, Pf857 gp195 EIA titer:
1/51200 , r195B EIA titer: 1/1600. Lane 8. Individual
13566, age 45, Pf857 gp195 EIA titer: 1/25600, r195B EIA
titer: 1/800. Lane 9. Blood film positive group (N = 13).
Lane 10. Blood film negative group (N = 46). The molecular
weight (left) and the r195B (right) values are in
kilodaltons.
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The immunoblotpatterns pooled by Pf857 gp195 EIA titer

showed a gradient-like pattern with a darker immunoblot

reaction observed using the higher gp195 EIA titered sera.

This implies that lower titered gp195 sera did not have a

high concentration of antibodies to r195A.

4. Immunob1otting using r195B. The silver stained

pattern of r195B showed a number of bands with the most

prominent band at 44-kDa (Figure 34, lane 1).

Due to the limited availability of r195B antigen, only

a small number of serum samples were tested. Serum samples

from the following individuals were reacted against a r195B

bound nitrocellulose membrane: 13566, 13698, 13917, 14189,

14640 and 14662. All the serum sample had antibodies which

reacted only with the 44-kDa polypeptide in the r195B

antigen preparation (Figure 35). Low r195B EIA titered

serum samples had weaker bands (Figure 35, lanes 5 and 6)

than the higher titered sera. The pattern from the human

serum samples were identical to the pattern from FOP gp195

immunized rabbit sera (Figure 35, lane 3).

There were no differences in the immunoblot patterns

between the serum samples pooled by blood film results

(Figure 35, lanes 9 and 10).
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FIGURE 36. Immunoblot patterns against Pf8S7 gp195 using
serum samples from 13689 (lanes 1 thru 4) and 14189 (lanes 5
thru 8). Lane 1. 1368~, June 1986. Lane 2. 13689,
September 1986. Lane 3. 13689, January 1987. Lane 4.
13689, April 1987. Lane 5. 14189, June 1986. Lane 6.
14189, September 1986. Lane 7. 14189, January 1987. Lane
8. April, 1987. The molecular weight (left) and gp195
(right) values are in kilodaltons.
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FIGURE 37. Immunoblot patterns against Pf957 gp195 using
serum samples from 14222 (lanes 1 & 2), 14257 (lanes 3 & 4)
and 14500 (lanes 5 thru 9). Lane 1.14222, June 1986. Lane
2. 14222, September 1986. Lane 3. 14257, June 1986. Lane
4. 14257, September 1986. Lane 5. 14500, June 1986. Lane
6. 14500, September 1986. Lane 7. 14500, January 1987.
Lane 8. 14500, April 1987. Lane 9. 14500, July 1987. The
molecular weight (left) and gp195 (right) values are in
kilodaltons.
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FiGURE 38. Immunoblot patterns against Pf9S7 gp195 using
serum samples from 13829 (lanes 1 & 2), 13917 (lanes 3 & 4)
and 14200 (lanes 5 thru 9). Lane 1. 13829, June 1986. Lane
2. 13829, September 1986. Lane 3. 13917, June 1986. Lane
4. 13917, September 1986. Lane 5. 14200, June 1986. Lane
6. 14200, September 1986. Lane 7. 14200, January 1987.
Lane 8. 14200, April 1987. Lane 9. 14200, July 1987. The
molecular weight (left) and gp195 (right) values are in
kilodaltons.
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FIGURE 39. Immunoblot patterns against Pf957 gp195 using
serum samples from individuals 13566 (lanes 1 thru 5), 14266
(lanes 6 & 7) and 14748 (lanes 8 & 9). Lane 1. 13566, June
1986. Lane 2. 13566, September 1986. Lane 3. 13566,
January 1987. Lane 4. 13566, April 1987. Lane 5. 13566,
July 1987. Lane 6. 14266, June 1986. Lane 7. l4266,
September 1986. Lane 8. 14748, June 1986. Lane 9. 14748,
September 1986. The molecular weight (left) and gp195
(right) values are in kilodaltons.
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v. DXSCUSSXON

A. Characterization of P. falciparum strain P!857.

A strain of P. falciparum (Pf8S7) was isolated from the

eastern coast of Palawan near the site of the present study.

Therefore, it was appropriate that Pf8S7 be used to prepare

the antigens for the serological assays and the immunoblot

experiments. Pf8S7 was compared with the more established

and well characterized FOP strain with reference to its

growth characteristics, drug sensitivities and allelic

dimorph grouping.

In vitro cultivation studies showed that Pf8S7 adapted

well to the culture system however it did not multiply as

rapidly as FUP. This slow growth characteristic, resulted

in using the more available FOP gp195 antigens in the gp195

seroprevalence portion of this study. using the FOP gp19S

antigens in the EIA assay probably did not influence the

outcome of the qp195 seroprevalence study in Napsan, since

the two gp19S alleles were determined to be nearly

identical.

The emergence of drug resistant strains of ~

falciparum is a growing problem throughout the Philippines.

Chloroquine resistance was first reported in the Philippines

in 1968. In 1974, a nationwide survey revealed that 70% of

all the P. falciparum infections studied were resistant to

chloroquine (Rivera, 1986). starting in 1983 and in
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response to the spread of chloroquine resistance,

chloroquine was replaced by amodiaquine by the Philippine

Malaria Control Service for the treatment of fa1ciparum

malaria. Recently, both RI and RIll resistance to

amodiaquine has been reported on the island of Luzon (Watt

et a1., 1987). In vitro resistance of isolated fa1ciparum

strains to quinine and mef10quine has ~~so been reported

(Smrkovski et al., 1985). In vitro drug studies indicated

that Pf8S7 was only resistant to chloroquine while it was

sensitive to amodiaquine, quinine and pyrimethamine. Future

drug sensitivity testing should include Fansidar (also

widely used in the Philippines) and the active metabolite of

amodiaquine, since amodiaquine itself must be metabolized

before it becomes effective.

The classification of Pf857's gp195 dimorphic grouping

not only had implications on the use of the FUP gp195

antigens in the seropreva1ence study but also the use of the

yeast recombinant antigens based on the FOP gp195 molecule

in the EIA and immunob1ot studies. Previous work had shown

that the Pf8S7 gp195 allele belonged in the same dimorphic

grouping as the FUP gp195 allele (Hui, personal

communication). It was, therefore, of interest to sequence

the variable repeat region of the Pf857 gp195 gene, since

this region of the gen~ shows the greatest variation. The

5' fragment of the EcoRl digested gp195 gene of Pf857 was

cloned and a partial sequence determined. The variable
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repeat region of the Pf857 gp195 molecule turn out to be

half the length and different in sequence from the FOP gp195

variable repeat region. In this situation, gp195 genes from

widely separated geographical areas (Uganda and Palawan)

belong to the same dimorphic grouping. Similar gp195

genotypes have been reported from geographically separated

areas as well as distinct dimorphic alleles found within a

small region (Peterson et al., 1988b). Additional

falciparum strains are available from Palawan and future

studies will determine the distribution of the two gp195

alleles in the parasite population as well as the diversity

of the variable repeat region.

The function of the variable repeat region of the gp195

molecule is not yet known. This region is the exception to

the dimorphic-allele rule, since it varies widely in both

length and zequence. In this study, three nucleotide

substitutions were noted in the Pf857 qp195 variable repeat

region in comparison with FOP qp195 gene. These

substitutions resulted in a change in the amino acid

sequence of the Pf857 qp195 molecule. Another reported

strain of P. falciparum from Ghana completed lacked the

variable repeat region in its qp195 gene (Certa et al.,

1987). Thus is was suggested that the variable repeat

region is not involved in erythrocyte recognition or

invasion but may act as an immune escape mechanism (Certa et

al., 1987). This hypothesis implies that the variable
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repeat region is immunodominant and thus high concentrations

of antibodies would be expected to be directed against it.

In fact, Gabra et ale (1986) reported that 60% of the

antibodies present in highly reactive gp195 EIA sera were

directed against this region. This question was not

addressed in this study, but would be of interest in future

studies.

B. serological Assays.

The immunity to malaria is complex and probably

involves both CMI and humoral responses to control the

infection. The following model is proposed for the

interaction of CMI and humoral responses against gp195 in

controlling infections with P. falciparum. T cells

participate in immunity to malaria in two ways. First, T

cell help is required for anti-gp195 antibody formation.

Anti-gp195 antibodies have been to shown to directly inhibit

the merozoite invasion process (Hui et al., 1987). Second,

activated T lymphocytes release cytokines which stimulate

the proliferation of mononuclear cells with the capacity to

synthesize and release oxygen radicals. These cells are not

phagocytic, but have IgG-Fc receptors on their surface and

can be triggered to release oxygen radical (ADCC activity

against merozoites). Third, antibodies can promote

opsonization of merozoites by macrophages. Opsonic

antibodies directed against P. falciparum merozoites have
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also been shown to be important in immunity and to increase

slowly and gradually with age and to decline sharply in the

absence of exposure (Druilhe and Khusmith, 1987). The last

two mechanisms still need to be studied in relationship to

gp195.

The combination of CHI and humoral responses insures

survival of the host. However, parasite survival depends on

the suppression of immune responses against parasite

proteins essential for its subsistence, such as the

merozoite's erythrocyte receptor(s). These parasite

receptors are likely to be poorly antigenic or hidden from

the immune system. As discussed below, the c-terminal

region of gp195 fit this pattern. However extensive work is

needed in this area to confirm this hypothesis.

Another area for future research is determining the

biological function of gp195. It is still not clear if

gp195 actively participates in the merozoite invasion

process or whether it has an auxiliary function such as

providing the framework or support structure for the

erythrocyte receptor(s).

There is increasing evidence that some individuals may

not be able to elicit a humoral response to some malarial

antigens, even those antigens with immunodominant regions.

For example, on the basis of antibody levels, individuals

living in a hyperendemic area of Thailand could be

classified into 3 groups: non-responders, intermittent
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responders and high~responders to the circumsporozoite

antigen (Rosenberg and wirtz, 1990). The authors felt that

there were intrinsic differences in an individual's ability

to respond to this antigen.

chang et al. (1989) examined the antibody response to

gp195 in seven congenic strains of mice differing in H-2

haplotype. All seven strains of mice produced antibodies to

gp195. Immunoblotting expeE~ments using sera from these

mice showed that all strains produced antibodies to the

precursor (195-kDa) but there were definite differences in

the intensity of the bands to the various processing

fragments. For example, mouse strain B10.WB had a intense

band at the 42-kDa position while strain BIO.PL had a much

very weaker band at that position. The authors concluded

that the recognition of specific gp195 B cell and T cell

epitopes may be under the control of the major

histocompatibility complex. This work needs to be extended

to a human population.

The question of responsiveness was not addressed in

this stUdy. However, both adults and older children were

found to have low gp195 EIA titers throughout this stUdy

when presumably everyone was equally exposed. For example,

individuals 13656, 14618, 14700, 14706 (see Appendix B)

appear to be unable to mount a high and sustained antibody

response to gp195 despite a recent infection or repeated

infections. While other individuals, such as 14156, 14204-
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and 14500, showed a definite boosting of anti-gp195 titer

with infection. still other individuals, such as 13533,

13691, 14103 and 14122, had high anti-gp195 titers

throughout the study without detectable infections during

the survey periods (see Appendix B).

Gp195 and its processing fragments are large complex

molecules. Theoretically, antibodies need to only block a

single epitope to prevent merozoite invasion (Burns et a1.,

1988). However, antibodies are generated to mUltiple

regions of the molecules. Thus it was difficult in this

study using a diverse human population to associate an

antibody titer to gp195 with immunity. In addition, the

analyses based on the blood films results were not totally

adequate in predicting immunity. An immune individual may

have circulating parasites and no disease. Adults, in

general, are more efficient in suppressing parasite

densities, but children can tolerate higher parasite levels

without adverse clinical disease (Miller, 1958). All the

individuals sampled in Napsan were ambulatory indicating a

significant level of immunity to P. fa1ciparum probably

already existed. Future studies need to take into account

information on clinical disease, the levels of inhibitory

antibodies and if possible the levels of anti-gp195

antibodies which are inhibitory to parasite development in

vitro.

The Napsan region on the island of Palawan conformed
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well with what is known about a hyperendemic P. falciparum

area (McGregor et al., 1965). The infection rate of ~

falciparum decreased with age. The highest infection rates

occurred in the children under 10 years old and decreased

steadily with increasing age. In addition, the

seroprevalence of anti-P, falciparum antibodies increased

with age. The seroprevalence rate reached adult levels by

age group 5-9. Concomitantly, the anti-P, falciparum

antibodies titers increased with age. The 5-9 age group had

antibody titers, as measured by IFAT, gp195 EIA, r195A EIA

and r195B EIA, which were intermediate in level between the

younger and older age groups but were not significantly

different from adult values.

Children in the 0-4 year old age group had the lowest

seroprevalence rate for all the antigens tested as well as

the lowest antibody titers. There was not any evidence that

these children were unable to produce antibodies against

gp195. Four out of ten children (13636, 13689, 14189 and

14270) in the 0-4 age group had detectable antibodies to

Pf857 gp195, two with reasonably high titers (13689, 1/3200

and 14189, 1/1600). Perhaps, in children, additional

maturation of the immune system is necessary before a broad

humoral response to gp195 is elicited. Alternatively, if

indeed the variable repeat region is immunodominant, then

the majority of antibodies in the early humoral response to

gp195 may be directed against this region. ThUS, repeated
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exposures may be necessary before antibodies to other

regions of the molecule are generated. This would explain

the positive serologies and the presence of antibodies only

to the precursor (195-kDa) and the 83-kDa processing

fragment being visualized on the immunoblots of the children

and low titered adults.

Many workers have noticed an increase in the

seroprevalence and antibody titers to various P. falciparum

antigens with increasing age. For example, Chizzolini et

Al. (1989) reported this observation for individuals from

Gabon for anti-sporozoite antibodies, anti-RESA (falciparum

antigen on the surface of infected erythrocytes) antibodies

and anti-gp195 antibodies. Draper et ale (1972) reported

that in Tanzania IFAT titers increased with age. Grab and

Pull (1974) reported a negative correlation between age and

parasite density and a positive correlation with age and

antibody titers. Mak et ale (1987) reported that EIA titers

to schizont antigens increased with age. Nkuo and Deas

(1987) described a positive correlation between the

seroprevalence of anti-parasite antibodies, growth

inhibitory sera and age. The antibody response to gp195, as

measured with the assays in this study, fits the above

described pattern. Both the seroprevalence and EIA titers

to gp195 increased wit~ age. However, the question of the

association between high anti-gp195 antibody titers and

immunity could not be conclusively answered. There is
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strong experimental evidence that antibodies against gp195

are not merely markers of past infection. Nevertheless,

additional studies are needed to determine if human anti­

gp195 antibodies isolated from individuals living in Napsan

are capable of inhibiting parasite growth in vitro. These

experiments are planned for the future.

Deloron and Cot (1990) examined the differences in

antibody titer to defined antigens in falciparum positive

and negative individuals. The was no difference in mean

absorbance (00) values to three RESA synthetic peptides

between the two groups. However there was a significance

difference when the antigen was PfSPZ (a sporozoite

antigen); non-infected individuals had significantly higher

00 values. In addition, infected individuals had

significantly higher IFAT titers than non-infected

individuals. These authors also examine the changes in

titer to these antigens before and after the rainy season.

The GMT titers were greater after the rainy season for IFAT

antigens, for 2 out 3 RESA synthetic peptides and for PfSPZ.

In this study, there were no detectable differences in titer

to gp195, r195A of r195B between infected and non-infected

individuals. In addition, there was no detectable increase

in titer between the beginning and the end of the rainy

season for any of the antigens examined. The lower

infection rate in September (end of the rainy season) than

in June (beginning of the rainy season) may mean that the
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transmission was low during this time frame and therefore

titers were not boosted.

The titers against gp195 and r195A correlated well.

This implies that the EIA assays using the recombinant

polypeptides were measuring the antibodies against B cell

epitopes found on the native protein. The strong

correlations between the gp195 and r195A EIA assays

demonstrates that in future seroepidemiological stUdies the

recombinant protein (r195A) could substitute for gp195,

which is more time consuming and difficult to isolate.

The individual titers to r195B were very low compared

with the titers of the gp195 and r195A. This may reflect:

1. the low antigenicity of the native 42-kDa processing

fragment or 2. the structure of r195B maybe very different

from the native polypeptide and only a small population of

antibodies directed against the 42-kDa fragment recognize

the recombinant antigen or 3. the amount of r195B antigen

used in the EIA assay was too low.

c. Immunoblotting Experiments.

Many investigators have reported the recognition of a

195-200 kDa polypeptide by antibodies in sera from humans

living in malaria endemic areas around the world (Brown et

al., 1982; Dubois et al., 1987; Haynes et al., 1987; Holder

et al., 1982: Perrin et al., 1981; Reese et al., 1981;

Santiyanont et al., 1983: Siddiqui at al., 1985; Wahlren et
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~., 1986). In addition, investigators have noticed that in

endemic areas, sera from children recognize fewer parasite

antigens than adults (Dubois et al., 1987; Wahlgren et al.,

1986). One of the antigens universally recognized by

children living in endemic areas was the gp19S precursor

(19S-kOa).

In this study, the immunoblot patterns of the serum

samples against Pf8S7 whole cell extract showed that

numerous parasite antigens were recognized by human

antibodies. sorting out the reactivity of the sera against

the gp195 related antigens was difficult and experiments

were devised to concentrate Pf8S7 gp19S for use in further

immunoblotting experiments.

A preliminary experiment was conducted to determinine

whether it was necessary to have 2-ME in the 50S sample

buffer used to prepare the Pf8S7 gp19S. Changes in antibody

recognition of gp19S in the presence or absence of 2-ME has

been reported by other investigators using a panel of

monoclonal antibodies (McBride et al., 1987). In this

experiment, the presence of 2-ME in the 50S sample buffer

abolished the reactivity of antibodies to the 42-kOa

processing fragment. It appears that the majority of human

antibodies directed against the 42-kDa processing fragment

are generated against conformational determinants and that

reduction of the intra-chain disulfide bonds by 2-ME

abolishes reactivity of the antibodies against this antigen.
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However, this experiment was done with a single serum sample

and it needs to be confirmed with a larger number of

samples.

Disulfide bonds between cysteine residues in a protein

contributes to the protein's conformation. vaccination

experiments using gp19S E. coli recombinant polypeptides

have not been as conclusive as experiments with the native

protein (Holder et al., 1988: Herrera et al., 1990). ~

coli expressed products may not have the same conformation

as the native protein and this difference may account for

the discrepancy in the vaccination studies. To alleviate

this problem, researchers have expressed gp19S using insect

cells which are capable of producing the 42-kDa fragment

with its correct conformation (Murphy et al., 1990).

Serum samples which were negative for anti-gp19S

antibodies by EIA did show reactive antibodies against the

gp195 precursor (19S-kDa) by immunoblotting. This may

indicate that the antigen concentration used in the EIA

studies was too low to detect low levels or weakly reactive

anti-gp195 antibodies. There was considerably more antigen

present on the immunoblot membranes than in the EIA plate

wells. Alternatively, it can not be ruled out that the

antigen on the immunoblot membrane was slightly denatured by

the SDS-PAGE and transfer steps and thus more readily

recognized by antibodies present in the low EIA titered

sera.
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The most striking feature of the Pf857 gp195 immunoblot

experiments was the lack of reactivity of the low titered

anti-gp195 serum samples with the 42-kDa processing

fragment. This implies that it takes longer for antibodies

to be generated against the 42-kDa fragment than the gp195

precursor and the 83-kDa processing fragment. The 83-kDa

fragment may be more accessible to the immune system since

it is released into the environment during invasion. While

the 42-kDa fragment is cleaved and portions are probably

released while the 19-kDa fragment continues with the

merozoite into the erythrocyte. The relationship between

the low reactivity of sera with r195B, the abolishment of

antibody reactivity to the native fragment in the presences

of 2-ME along with the delayed development of antibodies to

the 42-kDa processing fragment needs to be further

investigated. It is quite easy to speculate that the

humoral response to 42-kDa processing fragment fits the

patterns of the development of immunity to P. falciparum.

Antibodies against the 42-kDa fragment appear after many

years of repeated exposure to the parasite. There is also

indications that the concentration of antibodies to this

antigen decline in the absence of reinfection.

The immunoblot patterns of 14500 is a case in point

(Figure 37). This person was antibody negative during the

June and September 1986 surveys and had a positive

falciparum slide in January 1987. The anti-gp195 EIA titer
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rose in January and fell slightly in April and July 1987.

The immunoblot patterns against Pf8S7 gp19S shows that the

first two sample contained antibodies which recognized the

gp19S precursor (19S-kDa) and the 83-kDa processing

fragment. The January and April samples showed weakly

reactive antibodies to the 42-kDa processing fragment as

well as antibodies to the precursor and 83-kDa fragment.

The anti-42 kDa fragment antibodies disappear in the July

sample. It appears then that the January infection was not

the primary infection for this person. These observations

support the hypothesis that antibodies are not easily

generated to the 42-kDa fragment and that the antibody

levels may even fall rapidly in the absence of reinfection.

Muller et ale (1989) analyzed anti-gp195 antibodies

using immunoblotting against a panel of lS E. coli

recombinant peptides. These researchers were, thus, able to

map the antibody response to defined regions of the gp19S

molecule. Serum samples from adults living in a malaria­

endemic area reacted more frequently with a fragment called

FS than did serum samples from children. Fragment FS is

located in a non-conserved region of the gp19S molecule and

includes part of the c-terminal end of the 83-kDa processing

fragment. They did not detect reactivity differences in the

42-kDa fragment region. However, E. coli expressed products

do not accurately reproduce the conformational determinants

of the native protein. Since the 42-kDa fragment is rich in



111

cysteine residues, this may account for the authors failure

in detecting this difference. Furthermore, the r195A yeast

recombinant polypeptide did not include the F5 region,

although difference in immunoblot reactivity between serum

samples from young children and adults was noted in this

study.

The present malaria vaccine strategy assumes that the

population to be immunized will respond favorably to a

subunit malaria vaccine. This study and future modified

seroepidemiological studies will be of great value in

designing blood-stage malaria vaccines for malarious endemic

areas around the world.

D. Conclusions.

1. The humoral response to native gp195 by

individuals living in a malaria endemic area of

the Philippines conformed to the results reported

by other investigators in different geographical

areas using recombinant polypeptides based on

gp195.

2. Although young children (0-4 years old) had lower

a seroprevalence of anti-gp195 antibodies and had

lower anti-gp195 EIA titers than the older age

groups, there was no evidence that these children

could not generate a humoral response to gp195.
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3. There were no differences in anti-gp195 EIA titers

or immunoblot patterns against PfS5? gp195 between

individuals with a positive P. falciparum slide

and those with a negative slide. This implies

that if antibodies specific for qp195 are

important in immunity, these relevant antibodies

may be recognizing a limited number of specific

qp195-epitopes.

4. Multiple exposures to P. falciparum may be needed

before antibodies are generated to the 42-kDa

processing fragment. The humoral response to the

42-kDa processing fragment fit the epidemiological

pattern of multiple exposures being necessary

before antibodies area seen.

5. Two yeast recombinant polypeptides, corresponding

to the major processing fragments of gp195, were

used to further characterize the humoral response

to gp195. The results of these assays correlated

well with the results of the assays using

parasite-derived qp195. This suggests that the

yeast recombinant polypeptides share some B cell

epitopes with the native protein.

6. The yeast recombinant polypeptide, r195A, appeared
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to be a viable antigen substitute for the native

gp19S in the enzyme immunoassay and its use should

be considered in future seroepidemiological

studies.

7. P. falciparum strain PfSS7 was found to be

chloroquine resistant and sensitive to

amodiaquine, quinine and pyrimethamine in vitro.

S. P. falciparum stain PfSS7 was found to have a

different variable repeat region than the FUP

strain although the two strains belong to the same

dimorph allelic group.



APPENDIX A

Summary of the serological Assays

A. June 1986.

Age Group
(years)

0-" 5-9 10-19 20+ Overall
Assay H =10 N =19 N =12 N =18 N =59

I FAT 12* 89 271 161 95
Range 128 1,024 1,984 1,024 2,048

Positive** 60% 89% 100% 94% 88%

qp195 EIA 12 832 3,805 4,354 913
Range . 3,200 102,400 51,100 51,100 102,400

positive 40% 84% 100% 100% 85%

r19SA EIA 10 1,642 5,702 3,004 1,063
Range 3,200 51,200 102,300 409,600 409,600

Positive 40% 90% 100% 94% 85%

r195B EIA 2 159 172 84 62
Range 400 3,200 1,600 800 3200

Positive 10% 90% 92% 83% 75%

* Geometric Mean Titer
** Percent Antibody Po~itive

-
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B. september 1986.

Age Group
(years)

0-4 5-9 10-19 20+ OVerall
Assay N =10 N =19 N = 12 N =18 N =59

qp195 BIA 11* 802 1.730 5,079 796
Range 6,400 102,400 25,600 102,200 102,400

positive** 40% 84% 92% 100% 83%

r195A EIA 6 1,022 3,592 2,820 754
Range 6,400 102,400 102,300 409,600 409,600

Positive 30% 89% 100% 89% 81%

* Geometric Mean Titer
** Percent Antibody positive
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APPENDXX B

Reciprocal End-Point Pf857 gp195 EIA Titers for 59 Randomly
Selected Individuals.

10 Number Age Jun86 Sept86 Jan87 Apr87 Jul87

13636 2 100 100 NA NA NA
14209 2 0 0 NA NA NA
13548 3 0 0 NA NA NA
14535 3 0 .Q.** NA NA NA
14271 3 0 0 0 0 NA
13689 3 3200 6400 800 1600 NA
14220 4 0 0 NA NA NA
14189 4 1600 400 1600 3200 NA
14270 4 100 100 NA NA NA
13649 4 0 0 0 0 0

14656 5 1600 3200 NA NA NA
13825 6 6400 1600 NA NA NA
14257 6 800 400 NA NA NA
14204 7 3200 3200 1600 12800 12800
14240 7 3200 3200 NA NA NA
14628 7 3200 1600 3200 3200 51200
14752 7 400 1600 NA NA NA
14103 8 102400 102400 NA NA NA
14180 8 0 0 NA NA NA
14222 8 800 1600 NA NA NA
14500 8 0 0 3200 800 800
14537 8 3200 1600 NA NA NA
14618 8 400 800 0 100 0
14701 8 800 1600 1600 1600 400
13656 9 800 800 1600 800 1600
14122 9 102400 25600 51200 51200 51200
14640 9 3200 3200 3200 3200 3200
14662 9 12800 12800 NA NA NA
14706 9 0 0 NA NA NA

14110 10 1.2800 3200 NA NA NA
14184 10 3200 3200 3200 3200 3200
14216 10 12800 12800 NA NA NA
14700 11 1600 800 400 200 800
13593 12 1600 800 NA NA NA
13529 12 3200 3200 NA NA NA
13563 12 200 100 800 400 100
13917 13 51200 12800 NA NA NA
13937 15 3200 3200 NA NA NA
13829 16 25600 25600 NA NA NA
13921 17 25600 25600 NA NA NA
13596 19 0 0 NA NA NA
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1D Number Age Jun86 Sept86 Jan87 Apr87 Ju187

13691 20 51200 51200 51200 51200 NA
14548 21 12800 12800 NA NA NA
13505 23 3200 3200 NA NA NA
13943 23 100 100 100 100 100
14187 25 12800 12800 NA NA NA
13597 26 400 800 800 400 NA
14159 27 25600 3200 800 3200 NA
13533 29 12800 51200 12800 51200 51200
13624 32 100 200 200 100 100
14562 32 3200 1600 NA NA NA
13763 33 25600 12800 NA NA NA
14156 33 12800 102400 NA NA NA
13566 45 25600 25600 25600 51200 102400
14266 45 1600 3200 NA NA NA
13650 46 3200 3200 3200 3200 1600
13633 50 800 1600 NA NA NA
14748 65 25600 25600 NA NA NA
14212 70 3200 3200 NA NA NA

** Underlined numbers indicate a falciparum positive blood
film at the time of serum collection. Zero (0) = titer was <
1/100. NA = serum sample unavailable for testing.
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APPEHD:IX C

Reciprocal End-Point r195A EIA Titers for 59 Randomly
Selected Individuals.

ID Number Age JunS6 SeptS6 JanS7 AprS7 JulS7

13636 2 0 0 NA NA NA
14209 2 0 0 NA NA NA
1354S 3 0 0 NA NA NA
14535 3 0 0** NA NA NA
14271 3 0 0 200 400 NA
136S9 3 3200 6400 3200 3200 NA
14220 4 .lQQ 100 NA NA NA
141S9 4 .Q 0 200 200 NA
14270 4 100 100 NA NA NA
13649 4 200 0 200 400 0

14656 5 6400 3200 NA NA NA
13825 6 25600 6400 NA NA NA
14257 6 200 100 NA NA NA
14204 7 3200 400 200 SOO 1600
14240 7 25600 25600 NA NA NA
14628 7 200 100 100 SOO 400
14752 7 3200 6400 NA NA NA
14103 8 51200 51200 NA NA NA
141S0 8 3200 3200 NA NA NA
14222 8 51200 102400 NA NA NA
14500 8 0 0 25600 51200 SOO
14537 8 3200 1600 NA NA NA
14618 8 6400 6400 SOO 1600 1600
14701 8 1600 SOO 1600 3200 SOO
13656 9 12S00 12S00 25600 12800 25600
14122 9 25600 SOO 1600 SOO SOO
14640 9 200 ~ 400 200 200
14662 9 6400 3200 NA NA NA
14706 9 .Q 0 NA NA NA

14110 10 12S00 6400 NA NA NA
14184 10 25600 25600 25600 25600 12S00
14216 10 25600 12S00 NA NA NA
14700 11 102400 51200 51200 3200 3200
13593 12 6400 3200 NA NA NA
13529 12 SOO SOO NA NA NA
13563 12 200 100 3200 1600 200
13917 13 51200 100 NA NA NA
13937 15 25600 SOO NA NA NA
13829 16 200 200 NA NA NA
13921 17 51200 102400 NA NA NA
13596 19 100 100 NA NA NA
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ID Number Age Jun86 Sept86 Jan87 Apr87 Ju187

13691 20 102400 204800 102400 102400 NA
14548 21 25600 25600 NA NA NA
13505 23 3200 1600 NA NA NA
13943 23 0 0 0 0 0
14187 25 1600 1600 NA NA NA
13597 26 lev 100 100 100 NA
14159 27 51200 25600 12800 51200 NA
13533 29 51200 204800 51200 102400 102400
13624 32 200 400 800 400 200
14562 32 100 0 NA NA NA
13763 33 12800 3200 NA NA NA
14156 33 25600 51200 NA NA NA
13566 45 409600 409600 409600 204800 409600
14266 45 102400 51200 NA NA NA
13650 46 400 1600 200 200 100
13633 50 400 3200 NA NA NA
14748 65 3200 1600 NA NA NA
14212 70 800 1600 NA NA NA

** Underlined numbers indicate a falciparum positive
blood film at the time of serum collection. Zero (0) = titer
was < 1/100. NA = serum sample unavailable for testing.
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APPBNDIX D

Reciprocal End-Point IFAT and r195B EIA Titers for 59
Randomly Selected Individuals for June 1986

ID Number Age I FAT r195B

13636 2 16 0
14209 2 0 0
13548 3 0 0
14535 3 0 0**
14271 3 128 0
13689 3 64 400
14220 ~ 64 0
14189 ~ 128 0
14270 4 64 0
13649 4 0 0

14656 5 128 200
13825 ~ 1024 800
14257 6 256 800
14204 7 16 400
14240 7 256 800
14628 7 32 100
14752 1- 128 1.00
14103 8 1024 400
14180 8 0 1.00
14222 ~ 16 800
14500 8 0 0
14537 8 256 1.00
14618 8 128 100
14701 ~ 128 1.00
13656 9 256 200
14122 9 256 400
14640 9 128 3200
14662 ~ 128 200
14706 ~ 256 0

14110 10 1024 100
14184 10 64 800
14216 10 64 400
14700 11 256 100
13593 12 256 200
13529 12 128 200
13563 12 64 0
13917 13 512 1600
13937 15 512 400
13829 16 512 200
13921 17 2048 400
13596 19 256 100
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ID Number Age I FAT r195B

13691 20 256 200
14548 21 128 200
13505 23 512 800
13943 23 0 0
14187 25 128 100
13597 26 16 0
14159 27 1024 800
13533 29 128 200
13624 32 64 0
14562 32 128 100
13763 II 512 800
14156 33 128 200
13566 45 1024 800
14266 45 512 400
13650 46 512 100
13633 50 256 200
14748 65 256 400
14212 70 128 200

** An underlined age indicates a falciparum positive
blood film during the June 1986 survey. Zero (0) = titer
was < 1/100. NA = serum sample unavailable for testing.
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