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SUMMARY

Objective. Antibodies are glycoproteins that can
protect against diseases like malaria by binding and
neutralizing parasites. The effect of antibodies on
surface proteins is to block invasion. In this work,
we developed an assay to evaluate the inhibition
of invasion of Plasmodium yoelii mediated by
the Merozoite Surface Protein 1 (MSP-1), which
is one of the invasive blood stages of the malaria
parasite, using several Monoclonal Antibodies
(Mabs) raised against a 19 kDa fraction of MSP-1
(MSP-1,,).

Material and Methods. Mabs were previously
evaluated in a passive transfer experiment which
inhibited the growth of the parasite and were
characterized. A panel of five of these Mabs (B10,
B6, F5, D3 and D9) raised against the C-terminal
fragment of MSP-1 from P yoelii were used to
evaluate the inhibition of invasion. An ANOVA
test was used to compare the inhibition effect.
Results. The protective and partially protective
Mabs were evaluated in a growth assay in vitro.
The inhibition effect of invasion was determined
as significant (p<0.05) for Mab F5. The results
suggest that Mab F5, an IgG3 which recognizes the
first epidermal growth factor (EGF)-like module of
the fragment C-terminal of MSP-1 , can interfere
with erythrocytes invasion in vitro, in the first 30
minutes of the invasion.

Conclusions. This suggests that the first module
of MSP-1_,, which is recognized by Mab F5, is a

19’

relevant epitope in the invasion process in vitro
by the merozoite. This assay was a useful tool to
evaluate in vitro protective Mabs implicated in the
inhibition of invasion.

Key words: Malaria, P. yoelii, monoclonal
antibodies, inhibit of invasion in vitro

RESUMEN

Evaluacion de la inhibicion de la invasion de
P. yoelii in vitro por anticuerpos monoclonales
contra la MSP-1

Objetivo. Los anticuerpos son glicoproteinas
que pueden proteger de enfermedades como la
malaria por su capacidad de union a proteinas y
consecuente neutralizacion de parasitos a través
del bloqueo del proceso de invasion. En este
trabajo, se ha desarrollado un ensayo para evaluar
la inhibicion de la invasion de merozoitos de
Plasmodium yoelii, una de las etapas invasivas
del parasito de la malaria, mediada por la
Proteina de Superficie de Merozoito 1 (MSP-
1), usando Anticuerpos Monoclonales (Mabs)
dirigidos contra un fragmento de 19 kDa de
MSP-1 (MSP-1,).

Material y Métodos. Los anticuerpos monoclo-
nales (Mabs) fueron evaluados previamente en
un ensayo de transferencia pasiva que inhibia el
crecimiento del parésito y también fueron carac-
terizados. Para evaluar la inhibicion de la invasion
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se utilizod un panel de cinco de estos Mabs (B10,
B6, F5, D3 and D9) hechos contra el fragmento C-
terminal de la MSP-1,, de P yoelii. Para comparar
el efecto de la inhibicion se realizd una prueba
ANOVA.

Resultados. Los Mabs protectores y parcialmente
protectores fueron evaluados en un ensayo de
crecimiento in vitro. El efecto de inhibicion de
la invasion fue significativo (p<0.05) para Mab
F5. Los resultados sugieren que Mab F5, una
IgG3 que reconoce el primer dominio similar al
factor de crecimiento epidermal (EGF-like) del
fragmento C-Terminal de la proteina (MSP-1,,),
puede interferir con la invasion al eritrocito en un
cultivo del parésito in vitro, en los primeros 30
minutos de la invasion.

Conclusiones. Esto sugiere que el primer dominio
de MSP-1,, reconocido por Mab F5, es un epitope
relevante en el proceso de invasion in vitro por
el merozoito. Este ensayo es Util para evaluar el
efecto in vitro de Mabs protectores implicados en
la inhibicidn de la invasion.

Palabras clave: Malaria, P yoelii, anticuerpos
monoclonales, inhibicion de invasion in vitro

INTRODUCTION

Malaria remains one of the priorities for
improving public health in the word. The World
Health Organization estimates that there are over
500 million clinical cases and approximately 3
million deaths are due to malaria per year. The
development of a vaccine against malaria is
urgently needed in countries where the disease is
endemic (1).

One of the most important and well studied
parasite surface proteins at the stage of the life
cycle is merozoite surface protein-1 (MSP1).
Plasmodium MSP-1 is the precursor to a complex
of polypeptides on the merozoite’s surface; all of
the antibodies bound to this precursor and to a 42-
kDa fragment (MSP-1,) that is derived from the
C-terminal of MSP-1. MSP-1, is further cleaved
to an N-terminal 33-kDa polypeptide (MSP-1,,)
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and a C-terminal 19-kDa polypeptide (MSP-1,,)
comprised of two epidermal growth factor (EGF)-
like modules (2).

Antibodies against Plasmodium have been
implicated in the inhibition of merozoite invasion.
The merozoite is shortly extracellular and must
invade Red Blood Cells (RBCs) within minutes
in order to ensure further development. Therefore,
attempts to achieve protection have been focused
toward the extracellular stages as sporozoite and
merozoite, because is during these short periods
that the parasite should becomes most vulnerable
to immune attack.

Merozoite recognition and invasion of
erythrocytes is a multi-step process and depends
on the ability of the merozoite to recognize ligands
on erythrocyte membrane. The initial contact of
merozoite with erythrocyte is by adherence on
any point of its surface but then re-orients itself to
make contact with the erythrocyte by the apical end
of the merozoite (3). Then, a distinctive junction
zone is formed between the two cells. After this,
the contents of two apical organelles (rhoptries and
micronemes) are released. This is followed by the
invasion of the red blood cell membrane, forming
a parasitophorous vacuole membrane in which
the parasite is internalized into the erythrocyte.
Invasion proceeds only if the apical end of the
merozoite binds to the erythrocyte surface (4,5).

In the invasion process at least one signal
transduction event triggers organelle discharge.
There are many proteins with cellular locations
that may potentially involve them in this process,
such as MSP-1 and MSP-2 together with rhoptry
proteins located at the merozoite apex (6, 7). The
presence of Epidermal Growth Factor EGF-like
domain in MSP-1 in the 19 kDa fragment (MSP-
1,,) and the fact that it is involved in receptor
binding of many proteins, suggests that a possible
function of the proteolytic processing of MSP-1 is
to reveal these motifs during invasion (8,9).

Wilson (10) described a sequence of
events that characterize the invasion of RBCs
by the malaria parasite. These are recognition,
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trigger, exocytosis, attachment, invasion and
resealing. The first step of recognition consists
of a specific erythrocyte ligand or molecule,
such as glycophorin and Duffy glycoprotein, that
interacts with merozoite surface-coat receptors.
Trigger is the next event on the invasion procces.
A crosslinking of specific receptors activates Ca*
channels, increases CAMP levels, or increases
the turnover of phophatidyl inositol within the
merozoite stimulating exocytosis of the contents
of rhoptry organelles. In the exocytosis the rhoptry
contents are released and this results in attachment
of the merozoite to the erythrocyte membrane
following apposition of the apical region by
random movements (3).

Attachment is the process when fusion of
rhoptry contents of parasite with host cell mem-
brane forms a junction zone by insertion of parasite
lipids and proteins into the bilayer.

The invasion step can be inhibited by cyto-
chalasin, whence it is associated with proteolytic
activity within the initial parasitophorous vacuole.
Internalization of the parasite by merozoite pen-
etration and the encapsulation of the merozoite
within a membrane-vacuole is ATP-dependent.
Finally, the erythrocyte membrane reseals by pro-
cesses involving annular membrane fusion. This
is called resealing (11).

One strategy for malaria vaccine develop-
ment is to induce immune responses that prevent
interaction of merozoite receptor with erythrocyte
binding antigens. Antibodies specific for different
P. falciparum asexual blood-stage, such as MSA-1
or MSP-1, Pf155/ring-infected erythrocyte antigen
(RESA), P332 antigen and erythrocyte antigen
(EBA)-175, reduce the number of new ring stages
in vitro (4, 12-14). Experiments with FcR y-chain
knockout mice (where the FcyR receptors are
nonfunctional) suggest that antibodies to the P.
yoelii MSAL alone are able to mediate protection
in a murine malaria model (15).

It is important to show out that P. vivax
and P. yoelii share more than 50% similarity in
their amino acid sequences (16). Therefore, the
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rodent parasite P. yoelii represents a good malaria
experimental model to understand the processes
involved in the invasion of P. vivax, a human
malaria parasite. In this study, we have tried to
demonstrate the inhibition of invasion with a panel
of Mabs against MSP-1 of P. yoelii, which were
protective in passive transference (17).

MATERIAL AND METHODS

Experimental inhibition of invasion. A group of
10 female Balb/c mice were infected with 5x103
parasitized red blood cells (RBCs) of Plasmodium
yoelii yoelii 17XL strain intraperitonially and when
the parasitaemia reached 40%, the trophozoites
and schizonts were isolated by a discontinuous
percoll column. Parasites were then added at 10%
of haematocrits to flasks containing 10 ml of cul-
ture medium (RPMI with 0.5% albumax and 1%
glutamine) with parasitized RBCs, pregassed with
7%0.,, 5%C0O, and 88% N, and incubated at 37°C.
Parasite development was followed in different
fractions (at 15, 30, 60, 120 and 180 minutes) when
samples of cultures supernatants were removed
by centrifugation at 13,000 g for 3 minutes and
Giemsa stained smears were examined by light
microscopy (100X).

Malaria parasite. P. yoelii yoelii, lethal strain
17XL, was used in all experiments. It was main-
tained as a frozen stabilate and routinely passaged
by intra peritoneal inoculation of adult female
Balb/c mice.

In the inhibition of invasion experiments,
the parasitaemias were determined by Giemsa
stain of thin smears. In the onset of parasitaemia
where fields counted over 200 RBC, the number
of infected erythrocytes per 100 RBCs was de-
termined (percentage of parasitaemia). Animals
were considered negative if no parasites could be
detected on thin smears by 25 days after all of the
mice cleared the parasitaemia (17).

Production and characterization of Mabs. In
previous work, the Mabs were produced against
Plasmodium yoelii merozoite surface protein 1
(MSP-1) and were assessed their ability to sup-
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press blood stage parasitemia by passive immu-
nization. Six immunoglobulin G antibodies were
characterized in detail: three (B6, D3, and F5) were
effective in suppressing a lethal blood stage chal-
lenge infection, two (B10 and G3) were partially
effective, and one (D9) was ineffective. To locate
the epitopes recognized by the MADs, the ability
of the antibodies to bind to recombinant proteins
expressed from parts of the msp-1 gene was inves-
tigated by Western blotting. Mab D3 reacted with
MSP-1,, but not with either of the constituents
MSP-1,, and MSP-1 ,, D9 recognized an epitope
within the N terminus of MSP-1.,, and B6, B10,
F5, and G3 bound to MSP-1,,. Mabs B10 and G3
bound to epitopes that required both C-terminal
EGF-like modules for their formation, whereas
B6 and F5 bound to epitopes in the first EGF-like
module. These results indicate that at least three
distinct epitopes on P. yoelii MSP-1 are recognized
by antibodies that suppress parasitemia in vivo.
Also, Mabs present different isotypes such as IgG1
to Mab G3, IgG2a to Mab D3, IgG2b to Mab B10
and D9, IgG 3 to Mab F5 and B6 (17).

Parasites growth inhibition was assessed by
decreased numbers of ring stages. The asyn-
chronicity of some of the rodent malaria strains is a
specific characteristic that may be confusing in the
analysis of experimental results as it is parasites
growth inhibition. Therefore, synchronized infec-
tion of P. yoelii and other malaria rodent parasites
is very helpful when using the percoll-glucose
gradient centrifugation, which results in the very
efficient fractionation of the developmental stages
of P. yoelii (18).

Infected RBCs from P. yoelii 17XL strain
were isolated as described in the experimental
inhibition of invasion section and synchronized
parasites were obtained by percoll columns.
Parasites growth inhibition was assessed by
decreased numbers of ring stages. They were
diluted in RPMI medium with 10% of normal
mice serum (NMS). Parasites (late trophozoites
and schizonts) were washed twice in medium by
centrifugation for 5 minutes at 250 x g. They were
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diluted in medium supplemented with 10% NMS
to 1 % parasitaemia and 10% hematocrit (13).

In order to analyze the effect of Mabs to P.
yoelii antigen MSP-1 on erythrocyte cycle of the
parasite, a panel of Mabs (B10, F5, B6, D3 and
D9) was evaluated. Mabs were added (5pg/ml) to
late stage cultures at a parasitaemia of 1% and final
hematocrit of 10% and the cultures were incubated
for 3 hours. The cultures were subsequently
Giemsa-stained using thin smears of blood which
were obtained every 30 minutes. The distribution
of different developmental stages was examined
by ordinary light microscope (14).

Kinetic of inhibition. The use of discontinuous
percoll gradients to concentrate and synchronize
rodent malaria parasites in vivo should provide a
useful tool for studying the mechanisms regulating
the biological rhythms. The percoll-glucose gradi-
ent fractionation has the advantage of concentrat-
ing a large number of infected cells containing
viable parasites (18). Thereby, it provides for each
parasite stage to settle at the appropriate density
and thus allows their fractionation. For the assay,
a population of schizonts was seeded to evaluate
the kinetic of inhibition. To study the inhibition
effect of Mabs on the schizont development by
the apparition of ring stage of parasite, Mabs were
added (1pg/ml) to synchronized parasite cultures
predominantly in trophozoite and schizont stages
and the initial parasitaemia was 1% in all groups.
Samples to evaluate the inhibition from cultures
were made films from each flask at 15, 30, 60, 90
and 120 minutes by spinning and 100ul of suspen-
sion down through a small volume (13,000 g for 3
minutes), discarding the supernatant and spreading
the pellet on slide.

Statistical analysis. Each value was presented as
mean = standard deviation with three replicates.
Mean differences of parasitaemia between Mabs
and the control groups in difference times were
evaluated by analysis of variance one-way
(ANOVA) taking a=5% (p<0.05) as significant,
followed by Dunnett’s post hoc tests using the 13.0
MINITAB.
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RESULTS

Inhibitory action of Mabs on merozoite inva-
sion. The reduction of newly infection ring stage
is a parameter commonly measured in parasite
growth inhibition assays. In order to analyze the
inhibitory effect of Mabs to P. yoelii C-terminal
antigens of erythrocytes cycles of the parasite, a
panel of Mabs at 1 ug/ml were added to late cul-
tures at 2% parasitaemia. Protective Mabs (FS5,
B6 and D3) in passive transfer were assessed in
previous studies. Mab D9 was non-protective in
passive transfer experiments (17). After 30 minutes
incubation, the distribution of different stages was
examined. The cultures without Mab were used as
negative controls.

Figure 1 presents the mean values of three
independent experiments are shown to Mabs B10,
G3, F5, B6, D3, D9 and without Mab, respectively.
At 180 minutes, the number of schizonts had an
increase in all the cases where Mabs had been
assessed, but in the culture without Mab the
increase of parasitaemia was evident (more of
5% of parasitaemia). Normally, when the strain is
synchronous, the major increase in parasitaemia is
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at 3-6 hours after schizogony, when the majority
of merozoites have penetrated into erythrocytes
and the predominant stages is ring or young
trophozoites (18). This observation was achieved
in assays in vitro. The increase observed at 180
minutes in these assays can be explained by the
parasites synchrony.

After 180 minutes (3 hrs), the parasites
that infected the RBCs presented degeneration,
possibly due to their death. In addition, after 120
minutes the erythrocytes infected and non-infected
presented disintegration, probably because of
the non adaptation in P. yoelii rodent parasite
cultures.

DISCUSSION

The fact that antibodies did not have any
inhibitory effect as in P. falciparum, is related to
the fact that the culture has never been maintained
for more than 3 hours. This was showed in the dif-
ferent cultures with Mabs as a consequence that it
does not exist as a continuous culture in vitro for
the murine model and the humoral immunity re-
mains poorly investigated in this kind of system.

% parasitaemia
% parasitaemia

e

0 3 & W {20 im e

[ T e

timein minutes

time in minutes

A Inhibition Mab B 10 B Inhibition Mab 63 & Inhibition Mab F 5 D, InhibRion Mab B6
-]
" fin fing =6 ——

: 7| | | e ~ 2 ==
i k|4 | i
Es —a— schizo £ g =
B S & B3
‘@ @ @ )

83 g 3 E 3 gz
g2 = 2 27 =
= = = | e 0
ol ol £ o 30 @ @ 40 im
o 30 &0 4] 10 150 18 o R L L [l s gfel Stafi sled Ve R e
time in mingtes time in minutes time in minutes
E Inhibition Mab D 3 F Inhibition Mab D9 G Negative C ontrol (Without Mab)

s ——ihg = e " e

- —a— schEont) i

s s & —a—suhizont

0 @ @ s 120 i@ 1m

% parasitaemia
ol s i on

B

o 3 &0 90 120 150 1=

time in minutes

Figure 1. The lines display the distribution of different developmental stages expressed as percentage parasitaemia.
Each point of the line represents the mean values of three independent assays, error bars indicate standard distribution
within each sample. The figure shows the effect of Mab B10 on ring and schizont development (A), the effect of Mab
G3 on the ring and schizont development (B), the effect of Mab F5 on the ring and schizont development (C), the effect
of Mab B6 on the ring and schizont development (D), the effect of Mab D3 on the ring and schizont development (E),
the effect of Mab D9 on the ring and schizont development (F), the effect of negative control (without Mab) on the

ring and schizont development (G).

In order to know if the reduction of parasitaemia to Mab F5 with respect to the negative control was statistically
significant, an ANOVA test was used to 30 (F= 8.65; d.f. = 1,4; p = 0.042), 60 (F=41.4; d.f. = 1,4; p = 0.003) and 180
minutes (F= 28.41; d.f. = 1,4; p = 0.006). In consequence, the difference is significant for Mab F5 at 30, 60 and 180

minutes.
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However, the effect of the reduction of
parasitaemia can be with respect to Mab D9 (not
protective Mab) and negative control (without
antibody) in Figure 1.

In the panels F and G where the schizont
stages around 5 % at 180 minutes in contrast to
the protective Mabs (F5, B6 and D3 were 1%, 4%
and 3% respectively). Also, the partially protective
Mabs (B10 and G3) in passive transfer experi-
ments presented reductions of parasitaemia, which
were of nearly 6% at 180 minutes.

The inhibition of invasion assay with Mab
F5 had an effect inhibiting the red blood cell inva-
sion by P. yoelii in contrast with the other antibod-
ies. Until 1% of parasitaemia at 120 minutes (See
Figure 1). This result had a correlation with pas-
sive transfer experiment in Spencer et al. (17).

From the five murine Mabs which are
specific for MSP-1 and which are protective in
passive transfer experiment of P. yoelii, only Mab
F5 inhibited the growth of the parasite in vitro.
However, B6 is the same isotype and recognized
the same epitope on MSP-1 by western blot (17).
But, a difference in the amino acid sequence could
be the reason for the inhibition in vitro.

This suggests that at least in the rodent
malaria, the epitope recognized by Mab F5 on
MSP-1 , protein in P. yoelii has provided very
significant inhibition of invasion and protection
against challenge infection. It is possible that the
epitope on the first module of MSP-1 could be the
most relevant part of the protein implicated in the
inhibition of the invasion process.

CONCLUSION

The protective and partially protective Mabs
(F5, B6, D3, B10 and G3) obtained in previous
work, which provided passive protection against
challenge infection of P. yoelii are evidence that
antibodies play a very important role in the im-
mune response to this rodent parasite. The results
of this study showed that Mab F5 was the most
protective antibody in the inhibition of invasion
experiments in vitro. Therefore, this suggests that
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Mab F5 could be the more relevant protective
antibody to inhibit invasion and that this assay is
a useful tool to evaluate the potential protective ef-
fect of an antibody as targets of vaccine design.
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