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ABSTRACT

Within the complex malaria cycle, gametocytes are responsible for
transmission via the Anopheles mosquito. An increased knowledge of gametocyte
proteins towards immune response will be used for the development of a transmission
blocking vaccine, thus decreasing the rate of malaria infection. Focusing on
Plasmodium falciparum infection, the most prevalent and fatal malaria species, 97
infected plasma were evaluated for antibodies against schizont and gametocyte
antigens by immunofluorescence assay (IFA) and enzyme-linked immunosorbent
assay (ELISA). More than 66% were found positive for the two assays. With the
progress of both genomic and proteomic technologies, the expression of specific
proteins is possible. Cell-free expressed theoretical gametocyte proteins further reacted
with high titer anti-malaria plasma of either positive or negative IFA results and
indicated weak reactivity with anti-malaria plasma negative for schizont antibody, no
more than 2 times the optical density of uninfected plasma. On the other hand, that of
crude gametocyte protein sonication produced a remarkably strong reaction, as high as
4 times of that of the uninfected. These tested cell-free expressed proteins weakly
induced natural antibody production, but other possible antigens within the sonicated
crude gametocyte proteins, inducing strong reactions, were present. Normal plasma
reacted to gametocyte antigen indicating a presence of anti-gametocyte antibodies.
Continual investigation into reactive proteins in crude sonication and antigen inducing
anti-gametocyte antibody production in normal plasma may lead to a possible vaccine
candidate.
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CHAPTER |
INTRODUCTION

With the increasing rate of morbidity and mortality, malaria has caused an
enormous impact on both the economic status and well being of the subtropical and
tropical areas (1). The easiest detectable stage of this parasite is the erythrocytic stage,
found within malarial patients’ erythrocytes. Some patients have only asexual stages
consisting of rings, trophozoites, and schizonts; whereas a smaller group has sexual
stages, gametocytes, present in their erythrocyte. The latter stage plays a key role in
the transmission of malaria. Recent research has found that specific antibodies towards
gametocyte lessen the development of oocyst within the mosquito thus causing a
reduction in transmission (2). This immunity is called transmission blocking immunity
and primarily consists of antibodies which are specific to antigens involving the
fertilization of the parasites (3). So far, there is not enough information on which
proteins or antigens are the antibodies produced for; therefore, this study intends to
characterize the prevalence of antibodies to P. falciparum gametocytes of malaria
patients in Thailand by using selected gametocyte proteins synthesized by wheat germ

cell-free protein production system.
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CHAPTER I
OBJECTIVES

1. Examine naturally induced erythrocytic malarial antibodies in patients admitted to
the Hospital of Tropical Diseases, Faculty of Tropical Medicine, Mahidol
University in the year 2005.

a. Investigation of specific antibodies against schizont and gametocyte
proteins.
b. Investigation of specific antibodies against cell-free expressed gametocyte

proteins.

2. Compare the presence of anti-schizont and anti-gametocyte antibodies in

Plasmodium falciparum infected and uninfected plasma.

3. Characterize cell-free expressed gametocyte proteins recognized by anti-

gametocyte antibodies in Plasmodium falciparum infection.

4. Compare the reactivity of infected and uninfected plasma with cell-free expressed

gametocyte proteins.
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CHAPTER 11
LITERATURE REVIEW

Malaria is the world’s most important tropical disease. It is the leading cause of
deaths and diseases worldwide. According to the World Health Organization, 47% of
the world’s population, a total of 2,400 million people, lives in malaria transmitted
areas which consists about 101 countries; 45 African countries, 21 American
countries, 4 European countries, 14 Eastern Mediterranean, 8 South East Asian
countries, and 9 Western Pacific countries. About 300 to 500 million people are
infected with malaria annually (1) of whom 700 to 2.7 million die. There is currently
no malaria vaccine approved for human use (4) or a definite method of preventing this

disease from spreading.
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Figure 1. Areas where malaria is endemic (5).

This endemic disease is caused by protozoa from the genus Plasmodium. P.
vivax, P. falciparum, P. ovale and P. malariae are the only four known species which

cause human malaria (4). Of these four, P. vivax and P. falciparum are the most
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prevalent in the world. The latter causes cerebral malaria, a more severe and often fatal

(6).

Symptoms of malaria

Newly infected patients develop symptoms after 10 days to 4 weeks of
infection while others may feel ill as early as 7 days or as late as 1 year. Patients
infected with P. falciparum suffer from a wide range of symptoms which may vary
from asymptomatic infections, showing no signs of illness, to severe complications
such as cerebral malaria, anemia, or kidney failure which will eventually result in
death. The typical symptoms of malaria are fevers, chills, sweating, headaches, and
muscle pains (4).

Life cycle of Plasmodium falciparum

The Plasmodium parasite’s life cycle is complex, having both asexual and
sexual stages, alternating between the vertebrate host, human, and the invertebrate
host, mosquito of the genus Anopheles (7). The sporozoites from the mosquito vector
are transmitted to humans by a single bite. This initiates the beginning of the human
liver stage, also known as the incubation period (4). The sporozoites circulate in the
blood stream for sometime before entering the liver to invade the liver cells. They then
further develop into exoerythrocytic schizonts during the next 5 — 15 days. At this
stage, the newly infected patients will not develop any symptoms of infection nor can
parasites be detected within the blood stream by light microscopy. When the
exoerythrocytic schizont is fully developed, the liver cell bursts, releasing 10,000 to
30,000 merozoites into the host’s blood stream. This then starts the human blood stage
or erythrocytic stage (8).

The invasion of merozoites depends on the interactions of specific receptors on
the erythrocyte membrane with ligands on the surface of the merozoites. The size of
them is approximately 1.5 pum in length and 1 pm in diameter. Beneath pellicles
surrounding the merozoite and 2 inner membranes is a row of microtubules. This row
forms the polar ring of the apical end and radiates posteriorly which involves in their
invasion mechanism. At the apical end a cone-shaped projection is also found

consisting of 3 types of membrane-bound organelles which help the binding and entry
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of the merozoite to the host cell. The whole invasion process takes about 30 seconds to
complete. Inside the erythrocyte, the merozoites differentiate to the asexual or sexual
forms (8).

Figure 2. Life cycle of Plasmodium falciparum (9).

If the merozoite differentiates to the asexual stage, dense granules within itself
are released into the parasitophorous vacuole space. The ring stage is formed; more
than one merozoite may invade the erythrocyte. It then further changes into a
trophozoite which survives intracellularly by ingesting host cell cytoplasm. It uses the
host hemoglobin as a source of amino acids; however, it cannot degrade hemoglobin
hem byproduct which is toxic. So the parasite polymerizes the hem into hemozoin and

stores it within the food vacuoles. This is seen as the pigment within the trophozoite

Copyright by Mahidol University
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and expands after several days. The parasite then differentiates into a schizont which
starts the asexual production. Approximately 70% to 80% of the hemoglobin is
degraded. The parasite undergoes a series of rapid DNA synthesis and nuclear mitosis.
Once the newly developed merozoites are mature, the erythrocytes burst and more
merozoites are released (8). Toxins released when the erythrocytes burst cause the
typical fever, chills, and flu-like classical malaria symptoms (4). The merozoite in turn
will invade new erythrocytes.

The development of merozoites within the erythrocyte into sexual forms is
called gametocytogenesis. The males are microgametocytes, and females are
macrogametocytes. The factors that trigger this change are not yet understood but the
genome of the parasite might play an important role. Trager suggests that a molecular
property of the reticulocytes may trigger the gametocyte pathway. This hypothesis has
been proven by varying the amount of reticulocytes in the gametocyte culture (10).
Over 1 to 2 weeks the parasite develops through five morphological distinct stages.
During the stage Il gametocyte phase, four proteins are expressed; Pfs230, Pfs2400,
Pfs48/45, and Pf155/RESA. Pfs230 and Pfs48/45 are plasma membrane proteins
which are candidates for transmission blocking vaccinations (8).

The transmission of malaria happens by the female Anopheles mosquito. The
mosquito receives the gametocytes while taking its blood meal, an average of 2 ul per
meal. The stage V gametocytes (mature gametocyte) enter the mosquito gut and
transform into gametes. The proteins expressed during this stage are similar to
gametocytes. This change is caused by temperature drop, increase in pH, and gamete
activation factor, xanthurenic acid. The transformation starts by the macrogametocytes
escaping the erythrocyte to form macrogametes. The microgametocytes enter the
process of exflagellation. In this process the micorgametocytes undergo dramatic
nuclear and cytoplasmic reorganization in 10 — 20 minutes and exflagellate into 8
microgametes. The micorgametes move quickly to fertilize macrogametes resulting in
diploid zygotes. The diploid zygote is approximately 6 pum and circular in shape. It
transforms into a motile ookinete, approximately 15 to 19 pum in length, within 18 to
24 hours. Surface antigen Pfs25, also expressed on zygotes, and other related
molecules is expressed at this stage. Antibodies against Pfs25 can inhibit the

development of the ookinete to an oocyst. Mature ookinetes then invade the
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peritrophic membrane of the mosquito midgut to form oocyst in the basal lamina. The
oocyst is surrounded by a 1 pum thick capsule. Then it grows to 500 pum diameter and
the parasite divides rapidly. Between 7 and 15 days of postinfection, more than 10000
sporozoites are formed. After the invasion and production of sporozoites, they exit the
oocyst and invade the salivary gland. Sporozoites are 11um in length (8). Then the
sporozoites are mixed with the mosquito saliva and are injected into the person during
the bite (4).

Vaccine

The malaria vaccines target three developmental stages of malaria parasites.
The first type is against the sporozoite and liver stage parasite, preventing the infection
in a human host. The second is against the asexual blood stage parasites which stop the
invasion of parasites into the erythrocyte. The last type is against the sexual stages.
This vaccine, the transmission-blocking vaccine (TBV), blocks parasite development
in the mosquito midgut (2). The mosquito ingests transmission blocking antibodies
together with the gametocytes once taken a blood meal from a malaria infected person,
which prevents parasite transmission to another person (11). TBVs target the surface
proteins of gametes, zygotes and ookinete stages (2) such as Pfs230, Pfs48/45 and
Pfs25. These proteins or antigens are divided into two classes.

The first class consists of two major proteins found on the surface of both male
and female gametes of the parasite. They are also called as pre-fertilization target
antigens. Two proteins in this family, the Pfs48/45 and Pfs230 molecules are defined
by their unique arrangement of six cysteine-containing domains (2). Pfs48/45 contains
three cysteine domains that may contribute to male gamete fertility (2, 6). It is first
expressed on the surface of early gametocytes and gametes in a complex with Pfs230.
Pfs230 is a 310kDa surface antigen of gametocytes and gametes that is synthesized as
a 636 kDa precursor early in gametocytogenesis (12).

Proteins in the second class that TBV targets are surface proteins expressed on
zygotes and mature ookinetes, referred to as post-fertilization target antigens (2) In
Plasmodium falciparum, the leading transmission-blocking vaccine candidate antigen
is the ookinete surface protein Pfs25 (11), a 25 kDa surface protein synthesized early

in gametogenesis and expressed on the surface of zygotes, ookinetes, and oocyst (12).
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Antibodies of Pfs25 inhibit the transformation of a zygote into an ookinete and also
inhibit the ability of the ookinete to penetrate the mosquito midgut wall, confirmed by
Tsuboi et al using Pys25 antibodies (2).

Midgut epithelium
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j matrix
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<4
Ookinetes Chitinase
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ll\r
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Figure 3. Potential targets for transmission blocking vaccines (2).

In many studies, the ability to inhibit the production of oocyst was tested by
the usage of anti-malaria plasma, which contains the transmission-blocking antibodies,
mixed with blood of cultured parasites and fed to the mosquitoes through artificial
membrane on a feeding apparatus (2). The method is also known as the in vivo testing
method or membrane feeding assay (13). The mosquitoes were later dissected to
evaluate the number of oocysts developed. If the mice were intramuscularly

immunized, the vaccine showed a 97% decrease in oocyst number (2).

Transmission blocking immunity
Recent studies have shown that immunity towards the gametocytic stages of

the parasite which can develop after exposure to gametocytes can significantly reduce
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the transmission of parasites to mosquitoes. These antibodies seem to have
transmission reducing activity (TRA) by preventing fertilization (3). It has been
documented that these antibodies which recognize the pre-fertilization gametocyte
antigens, Pfs230 and Pfs48/45, are in sera from individuals exposed to malaria (14).
Research done in Gambia has found that transmission immunity has no
correlation with age; however, in Papua New Guinea there has been an increase in
immunity with age. To investigate this matter more closely, Drakeley et al has done a
study in Tanzania. The TRAs of the patients’ immunity were measured by standard
membrane feeding assay. Then two transmission blocking vaccine candidates were
evaluated. Anti-Pfs 48/45 was found to be prominent in the sera which had >90%
TRA (3). These sexual stage specific antigens are potentially useful components of a

malaria vaccine.

Protein expression

With the rapid progress in proteomics and discovery of new genes, there is a
necessity for the study of its structure, properties, and function. Currently, three
strategies are being used for protein production: chemical synthesis, in vivo
expression, and cell-free protein synthesis. Chemical synthesis is not practical for long
peptides, whereas in vivo expression can only produce those that do not affect the
physiology of the host cell. Cell-free protein synthesis is more promising in that large
protein and nearly every type of proteins can be synthesized. Wheat germ cell-free
protein synthesis is one of the most convenient and promising eukaryotic cell-free
translation systems. The wheat germ has all the components of translation
concentrated in a dried state. These components are very efficient in protein synthesis.

Despite these benefits, the wheat germ does contain inhibitors of translation
such as RNA N-glycosidase tritin, thionin, and ribonuclease. These originate from the
endosperm but with extensive washing of the wheat germs can remove them. Using
the Spirin’s continuous-flow cell-free protein synthesis system (CFCF) involving the
addition of various components in a dialysis bag with supply of substrates and
byproduct removal, this extract can yield milligrams of enzymatically active proteins

per milliliter of reaction volume. There have been both functional and structural tests
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on some of the protein products which prove that the system can produce proteins that
fold into their natural states (15)

The methodology of wheat germ cell-free protein synthesis is based on bilayer
diffusion system. In this system, the substrate mixture is simply overlaid onto the
translation mixture in a multititer plate. This methodology is different from CFCF in
that it does not require the continuous supply of amino acids and energy components
or removal of small byproducts, which is mechanically difficult to assemble and
expensive. The bilayer system is suitable for screening gene is products from the
cDNA catalogues. The total protein yield is ten of micrograms which are high enough

for functional analysis (16).
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CHAPTER IV
MATERIALS AND METHODS

1. Plasma collection

1.1 Normal plasma collection
10 ml of blood were obtained from non-malaria infected donors of random
blood groups during the year 2007. Plasma were separated from their erythrocytes by
centrifugation at 2,500 rpm for 20 min at 4 °C and inactivated at 56 °C for 30 min
before conducting any further experiments. A total of 15 normal plasma have been

obtained. Plasma were stored at -20 °C.

1.2 Anti-malaria plasma collection

10 ml of blood from Plasmodium falciparum infected donors, admitted to the
Hospital for Tropical Diseases, Faculty of Tropical Medicine, Mahidol University in
the year 2005, were used. The blood sample collected had been heparinized (1 pl per 1
ml). The parasitemia of these donors” blood was first evaluated by thin or thick smear.
A total of 49 anti-malaria plasma with only asexual stage and 48 anti-malaria plasma
with sexual stage within the blood smear had been obtained without the consideration
of parasitemia level. Anti-malaria plasma were collected by centrifugation at 2,500
rom for 20 min at 4 °C and further inactivated at 56 °C for 30 min before conducting

any further experiments. Anti-malaria plasma were stored at -20 °C.

1.3 Informed consent
The study design and human use protocol is approved by Committee on
Human Rights Related to Human Experimentation by Tropical Medicine Hospital,
Bangkok, Thailand [No. 29/1997]. The volunteers were briefed on the project
procedures and signed consent before drawing blood.
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2. Washing ‘O’ group erythrocyte

10 ml of blood from normal plasma donors were mixed with anticoagulant
either Anticoagulant Citrate Dextrose Solution (ACD) of 1:5 proportions to blood or
Heparin of 1 ul per 1 ml of blood. Then further centrifugated at 2,500 rpm for 10 min
at 4 °C. Erythrocytes were collected and washed thrice. During washing, it was made
certain that all the duffy coat had been removed. The washed ‘O’ group erythrocytes
were kept at 50% hct in 1X RPMI 1640 (Gibco™) at 4 °C. These cells were used for

no more than 1 week after puncture.

3. Parasite cultures

3.1 Asexual stage culture
Plasmodium falciparum parasite, AMBA47 strain, was cultured in 75 mm? flasks
with washed ‘O’ group erythrocytes. The culture was incubated at 37 °C with 5% CO,
and media contained 10% human serum and RPMI 1640 (Gibco™). The hematocrit
was maintained at 5%. The media were changed and thin smears for parasitemia check
were done daily. About 2 days later, late trophozoite and early schizont were observed.

If the parasitemia was high, schizont enrichment was done.

3.2 Sexual stage culture

The parasites maintained from the schizont culture with 2 - 3% parasitemia
were passaged to 0.2%. These starting parasites were cultured in 6 well plates with 5%
hct and incubated at 37 °C in a candle jar, free from oxygen. The media contained 10%
human serum, RPMI 1640 (Gibco™) and hypoxanthine (HX). The culture’s media
were changed and thin smears were done daily. After 6 days, stage one gametocytes
were present. The culture was then incubated with mixed gas (5% CO,, 5% O,, 90%
N.). After a week, mature gametocytes had developed. When the gametocyte

parasitemia was high, the culture was enriched by Percoll®.
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4. Schizont and gametocyte enrichment

The cultured schizonts or gametocytes with high parasitemia were adjusted to
20% hematocrit and over laid on top of freshly prepared 5 ml Percoll® [ 9 (Percoll®
and 10X RPMI) : 1 1X RPMI], 60% Percoll® for schizont separation and 47%
Percoll® for gametocyte separation. Then tubes were centrifugated at 2,800 rpm for
25 min at 10 °C for schizont and 27 °C for gametocyte separation. The thin interface
was carefully collected and washed thrice with 1X RPMI 1640 (Gibco™) and
centrifugated at 2,000 rpm for 5 min at 10 °C. The pellets were further processed for
IFA and ELISA.

5. ELISA antigen preparation

5.1 Antigen sonication

Antigen to be sonicated were pooled together with 1 ml of PBS and placed in
ice filled beaker. The probe was first rinsed with distilled water and later with 70%
alcohol. Once the stand was adjusted to the appropriate position, the machine was set
(Time 40 sec, Pulse On 4 sec, Pulse Off 4 sec) and started. Afterwards, the probe was
washed with distilled water and 70% alcohol. The concentration of the sonicated
antigen was further evaluated using Bradford Assay before storage at 1 mg/ml of
protein at -20 °C.

5.2 Bradford assay

Bovine Serum Albumin (BSA) was used as the protein to plot the standard
graph. 0.5 mg/ml of BSA were added (0 pl, 5 ul, 10 pl, 20 pl, 30 pl, 40 pl, 50 ul) to
various volumes of PBS each equaling 500 ul to represent various dilutions. Each
sample was done in duplicates. The sonicated antigen was also diluted with PBS in a
twofold dilution. Bradford solution (BioRad, Hercules, USA) was added proportional
to the sample volume in a 96 well Maxisorp™ Surface plate (Code 442404). The plate
was set at room temperature for 5 min before read by automated microplate reader
(Wallac Victor) at 590 nm.
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6. Immunofluorescence assay

The schizont and gametocyte enriched pellet was diluted with phosphate saline
buffer (PBS) [1:50] and spotted on 24 multiwell slides. Once the slides were dry, they
were fixed with cold acetone for 15 min. Slides were kept at -20 °C with aluminum
foil wrapping until usage. The slides were first blocked with 5 ul of 5% Fetal Calf
Serum (FCS) in PBS for 1 hr in the dark at 37 °C. Then they were washed with cold
PBS. Anti-malaria and normal plasma with 1:25 dilution were added. After 30 min
similar to the previous condition, the slides were washed thrice before Rabbit Anti-
Human IgG FITC (DAKO, Code No. F0202, Lot No. F020202074021) with 1:50
dilution were added. This was also placed in the dark at 37 °C for 30 min. Before 50 pl
of 80% Glycerol in PBS was placed on the slide for the coverslip to adhere, the slides
were washed thrice with cold PBS. Once the coverslip was placed on, the slides were
stored in moist chamber at 4 °C for no more than a week for further evaluation under

fluorescent microscope.

7. Enzyme-linked immunosorbent assay

50 pl of 10 pg/ml of non-malaria infected erythrocyte protein, gametocyte proteins
and schizont proteins in coating buffer were used as antigen to coat each well of 96
well Nunc-immuno ™ plates (Batch 066591) overnight at 4 °C. Excess antigen buffer
were removed and blocked with 100 pl blocking buffer (0.5% boiled caesin in PBS
with 0.05% Tween -20) for 2 hr at room temperature. Then the wells were washed
with TBS-T (0.05% Tween-20 in PBS) thrice. The anti-malaria and normal plasma
were diluted to 1:100 in PBS and added to each well. Plates were incubated overnight
at 4 °C. After washing thrice, 50 pl of Horseradish Peroxidase-conjugated Rabbit anti-
Human IgG (DAKO, Code P0406, Lot P040501092101-0406) [1:2000] was added and
incubated for 1 hr at room temperature. After washing with TBS-T thrice, 50 pl of
2,2’azino-di-(3-ethylbenzthiaolin sulfonic acid) (ABTS) (Solution A; KPL Lot No.
050097, Product Code 50-64-00 and Solution B; KPL Lot No, 050361, Product Code
50-65-00) peroxidase substrate solution was added and incubated for another 20 min
in the dark at room temperature. Once the time period was reached, the enzyme
reaction was measured by automated microplate reader (Wallac Victor) at 405 nm.

The results were further evaluated.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Pathobiology) / 15

8. Cell free expressed gametocyte protein

8.1 First PCR of gametocyte protein clones

1 ng/ul plasmid containing Plasmodium falciparum gametocyte clone
genes (see appendix) stored at -25 °C were dissolved at room temperature. Later, it
was mixed by vortex and spun down at 2,800 rpm at 4 °C for 1 min. Then 1 pl of
plasmids were transferred into a new 96 well PCR plate. PCR master mix containing
33.5 pl of sterile distilled water, 4 pl of mix 2.5 mM dNTP, 10 pl of 5X Phusion HF
Buffer (7.5 mM Mg), 0.5 pl of 5’23’ primer, and 0.5 pl of 3’25’ primer mixed well
were further mixed with 2 pl of Phusion with Tag polymerase (2 units/ul), totaling to
49 ul before adding to each well. The plates were sealed and spun down at 2,800 rpm
at 4 °C for 1 min. Then later put on the thermocycler which was set to the wanted PCR
condition (94 °C X 2 min, 98 °C X 10 sec, 55 °C X 30 sec (35 cycles), 72 °C X 3 min
(2 kb/min), 72 °C X 7 min, and 20 °C hold). The PCR products were checked by 1.0%
Agarose gel electrophoresis which was done by taking 2 pl of the PCR product,
mixing with 1 pl of BPB loading buffer, and ran at 100 V for 30 min, stained with
Ethidium Bromide (EtBr).

8.2 Second PCR for Gametocyte Clones

1 ul of each first PCR product were transferred into a new 96 well PCR
plate. 49 pl of master mix as in the first PCR product were added to each well. The
plates were sealed and spun down at 2,800 rpm at 4 °C for 1 min followed by putting
on thermocycler with the same PCR conditions. The PCR products were checked by
1.0% Agarose gel electrophoresis which was done by taking 2 pl of the PCR product,
mixing with 1 pl of BPB loading buffer, and ran at 100 V for 30 min, stained with
Ethidium Bromide (EtBr).
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8.3 Transcription for mRNA of wheat germ proteins

Second PCR product stored at -25 °C were thawed on ice at room
temperature before spun down at 2,800 rpm for 1 min at 4 °C. 3 pl of templates were
transferred into each well of the 96-well PCR plate. Transcription reaction mixture
containing 17.25 pl of MilliQ water, 6 pl of 5X Transcription buffer, 3 pl of 25 mM
NTP, 0.3 pl of RNase inhibitor, and 0.45 pl of SP6 RNA polymerase were added to
each well, totaling 27 pl of the reaction mixture. They were then sealed and spun
down. The mRNA product was checked by 1% Agarose gel electrophoresis. The rest
of the products were precipitated by adding 4.62 pl of Ammonium acetate
(NH3;COONH,) and 80.8 ul of 99.5% Ethanol. Then the plate was sealed and kept on
ice for 30 - 40 min. The precipitin was collected by centrifugation at 7,800 rpm at 4 °C
for 20 min and later air dried for 5 min. The precipitated mMRNAs were further used in

the expression of proteins.

8.4 Wheat germ cell-free expression

Upper buffer was firstly prepared by mixing 31.25 pl of 4X Dialysis
buffer with 93.75 ul MilliQ water and added into each well of round bottom 96 well
plates. The mRNAs of gametocyte proteins were resuspended in lower buffer
containing 6.25 pl of wheat germ extract (240 OD/ml at 260 nm), 0.025 pl of 40
mg/ml of creatine kinase, 4.69 pl of 4X Dialysis buffer and 14.04 ul of MilliQ water
carefully, avoiding bubbles. This solution is then loaded to the bottom of each well by
not disturbing the interphase of the 2 buffers. The plates were sealed and incubated at

17 °C for 16 hr or overnight. The plates were later kept at — 80 °C.
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9. Characterization of gametocyte proteins

Cell-free expressed proteins were diluted [1:50] with antigen coating buffer. 50
pl of the buffer was coated on the wells of 96 well Nunc-immuno ™ plates (Batch
066591) at 4 °C overnight. Excess buffer was removed and washed thrice with PBST.
100 pl of blocking buffer (0.5% boiled caesin in PBS with 0.05% Tween -20) was
added and incubated for 2 hr at room temperature. Anti-malaria and normal plasma
were diluted to 1:100 in antibody dilution buffer and were added into the wells that
have previously been washed thrice. The plate was incubated at 25 °C for 2 hr. After
removal of the buffer and washing, Horseradish Peroxidase-conjugated Rabbit anti-
Human 1gG (DAKO, Code P0406, Lot P040501092101-0406) was diluted in PBST
[1: 2000] and added in the wells. They were incubated at 37 °C for 1 hr. The wells
were washed thrice with PBST. The prepared ABTS solution with 50% H,0,
(Solution A; KPL Lot No. 050097, Product Code 50-64-00 and Solution B; KPL Lot
No, 050361, Product Code 50-65-00) was immediately added into each well. The
plates were incubated at 25 °C for 20 min. Then read with an automated microplate
reader (Wallac Victor) at 405 nm.
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CHAPTER V
RESULTS

1. Parasitemia

Microscopic examination of malaria infection was done by medical
technologist at the Hospital for Tropical Diseases, Faculty of Tropical Medicine,
Mahidol University. Schizont parasitemia were observed in thin blood sample films,
whereas the presences of gametocytemia were evaluated by observing the stained
thick blood sample films under light microscope. The morphologies between schizont
stage and gametocyte stage are distinctly different. All blood samples (100%) had
Plasmodium falciparum schizont stage infected erythrocytes, but gametocyte infected

erythrocytes were presented in only 50% of the samples.

2. Anti-malaria antibodies

Malaria infected plasma samples which antibody production was naturally
induced by malaria infection, were evaluated for the presence of anti-malaria
antibodies by two assays immunofluorescence assay (IFA) and enzyme-linked
immunosorbent assay (ELISA). For IFA, malaria infected plasma were reacted with
whole parasites of schizont (>90% purity) or gametocyte (>60% purity) stages spotted
on multi-well slides. ELISA antigens were sonicated schizont antigens (>90% purity)

and sonicated gametocyte antigens (mean purity of 55%).

Assay Schizont Antibodies Gametocyte Antibodies
IFA 66 67
ELISA 79 84

Table 1. Percentage of plasma positive for Plasmodium falciparum schizont and
gametocyte antibodies by IFA and ELISA.
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2.1 Anti-schizont antibodies
2.1.1 Immunofluorescence assay

Although all blood samples had schizont infected erythrocyte, but evaluation
of naturally induced anti-schizont antibodies from 97 Plasmodium falciparum infected
plasma by IFA showed that only 66% of the plasma were positive for anti-schizont
antibodies, Table 1. Under fluorescent microscope, infected plasma containing
schizont antibodies produced a clear bright green light of fluorescein isothiocyanate
(FITC) on the parasites in the infected erythrocytes, whereas negative plasma samples

did not as shown in Figure 4.

A. C.

Figure 4. Whole schizont parasite reacted with normal or infected plasma by IFA
under light and fluorescent microscope. A. reacted with normal plasma under light
microscope. B. reacted with normal plasma under fluorescent microscope. C. reacted
with infected plasma under light microscope. D. reacted with infected plasma under

fluorescent microscope.
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2.1.2 Enzyme-linked immunosorbent assay
ELISA confirmed the presence of such antibodies to 79% by using sonicated
schizont antigens. Determination of ELISA cutoff point was based on the mean optical
densities (OD) of 20 normal plasma, x = 0.02, with the addition of 1 standard
deviation (SD), 0.02, with 68% confidence. Chi-Square Test of the normal plasma
reaction to sonicated schizont antigens gave a value of 0.03 at 95% confidence.

2.1.3 Assay matching

Assay Match Positive Match (%) Negative Match (%)
Parasitemia / IFA 76 -
Parasitemia / ELISA 79 -
ELISA/IFA 63 7/

Table 2. Percentage of positive and negative matches between parasitemia, IFA and

ELISA reacted with schizont antigen.

Assay matching was done to compare each results of each sample between the
different techniques. The presence of anti-schizont antibodies from each sample’s
results was matched to its results from a different technique and shown as percentage
in Table 2. Percentage of matches, 79, 76 and 63, were quite similar to each other.
ELISA results matching to those of parasitemia had the highest positive match
percentage. Negative match percentage between ELISA and IFA was 7.

2.2 Anti-gametocyte antibodies

Evaluation tests performed in determining the presence of anti-gametocyte
antibodies were also carried out. Results from the two assays, IFA and ELISA, were as
follows.

2.2.1 Immunofluorescence assay

Anti-gametocyte antibody positive samples evaluated by IFA showed bright
green fluorescence on the gametocyte infected erythrocytes. Antibodies in normal
plasma also produced a faint yellowish green autoluminescence spreading throughout
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the entire gametocytes with no bright borders, see Figure 5. Anti-gametocyte antibody
by IFA showed 67% of the samples, Table 1, whereas gametocytemia had only 50%.

>
O

W
o

Figure 5. Whole gametocyte parasite reacted with normal or infected plasma by IFA
under light and fluorescent microscope. A. reacted with normal plasma under light
microscope. B. reacted with normal plasma under fluorescent microscope. C. reacted
with infected plasma under light microscope. D. reacted with infected plasma under

fluorescent microscope.
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2.2.2 Enzyme-linked immunosorbent assay
The presence of anti-gametocyte antibodies in the plasma showed 84% positive
by ELISA. Chi-Square test of 95% confidence of the normal plasma reaction to
sonicated gametocyte antigens had a value of 0.13. Any sample with OD higher than
68% confidence value, x + 1SD, of the infected sera was considered positive. Cutoff
point was evaluated by the mean OD of normal plasma, x = 0.11, against sonicated
gametocyte antigens with addition of 1 SD, 0.04.

2.2.3 Assay matching

Assay Match

Positive Match (%0)

Negative Match (%)

Gametocytemia / IFA 41 26
Gametocytemia / ELISA 41 8
ELISA/IFA 5/ 6

Table 3. Percentage of positive and negative matches between gametocytemia, ELISA,

and IFA reacted with gametocyte antigen.

The presence of anti-gametocyte antibodies within the positive plasma was
matched with samples with gametocytemia positive sample were both 41%, Table 3.
Of the three different types of matches, percentage match between ELISA and IFA
had the highest positive percentage and the lowest negative percentage. Samples
negative for anti-gametocyte antibodies by IFA was matched with samples negative

for gametocytemia and had the highest percentage for negative match.

3. Comparison of anti-malaria antibodies

Antibodies against schizont antigens analyzed by ELISA, shown in Figure 6,
indicated that the range of anti-schizont antibody level was wide, and some were
similar to those of normal plasma. The antibody level range in normal plasma was
narrow and the median is centered. On the other hand, almost all plasma samples had
high anti-gametocyte antibodies than that of the normal plasma, Norm 2. Only a few

plasma samples had a similar OD level to that of the normal plasma. The range of anti-
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gametocyte antibodies was broad. It is interesting that anti-gametocyte levels in

normal samples are higher than that of anti-schizont levels.

o
IS
1

Optical Density

o
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T T T T
Norm1 Schizont Norm2 Gametocyte

Figure 6. Comparison of antibody to malaria antigens in normal plasma and malaria
infected plasma shown by ELISA. Antigens were prepared from schizont and
gametocyte. Norm 1 and Norm 2 were reacted with schizont or gametocyte antigens
respectively. Data are shown in median (horizontal bars), interquartile ranges (box

plots), maximum and minimum (upper-lower lines).

4. Anti-malaria plasma classification

Anti-malaria plasma was classified according to the presence of anti-schizont
or anti-gametocyte antibodies from IFA and ELISA. Most plasma was positive for
both anti-schizont and anti-gametocyte antibodies, Table 4. There was no plasma
sample negative for both anti-schizont and anti-gametocyte antibodies. Plasma number
positive for anti-gametocyte and anti-schizont for ELISA was selected for

characterization of gametocyte proteins.
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ELISA/IFA | AbsS- G- | Abs S- G+ Abs S+ G- | Abs S+ G+
Abs S- G- 6 38 18
20 42 28
43
97
(0) @) @) 2
Abs S- G+ 3 4 8 7
34 13 10 26
25 21 46
33
2 (3) @) 3
Abs S+ G- 32 2 39 11
47 24
36
40
(€] (@) (€] 4
Abs S+ G+ 74 1 12 5
19 30 9
23 41 14
35 45 15
44 49 16
48 51 17
56 52 22
57 62 27
73 63 29
91 64 31
93 67 37
94 75 50
80 53
82 54
83 55
84 58
86 59
88 60
92 61
65
66
68
69
70
71
72
76
77
78
79
81
85
87
89
90
95
96
(€] (12) (19) (37)

Table 4. Classification of anti-malaria plasma number having reactivity with schizont
and gametocyte. - = negative; + = positive. Number in the brackets indicates total

number of plasma. Bold plasma number was selected.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Pathobiology) / 25

5. Characterization of gametocyte proteins

All 157 cell-free expressed gametocyte proteins were reacted with 5 pooled
anti-gametocyte antibody positive plasma, number 60, 72, 85, 90, and 94, for the
selection of gametocyte proteins. A total number of 13 gametocyte proteins were

reacted with the selected 6 anti-malaria plasma.

Gene Code ProteinNo. |64 |77 |74 |35|94 |91
PF08_0077 83 - |- + |+ |- |-
PF13 0220 90.2 - |- + wat N& | -
PF10-0365 96 - |- X 4 -\ -
PFL 1265¢c 128 - |- + |+ |+ |-
PFI 1345¢ 150.2 - - + |+ |- |-
PF14 0672 154 - |- + [+ |- |-
PF10_0369 160 - |- B | | a7 -
PF10_0190 162 S I R I S
MAL7P1.35 165 - |- By |- |-
PF08_0017 167 B T S I S
PFI 1315¢ 178 - |+ + |+ -
PF13 0298 184 -+ |+ |+ |-
PF11 0456 185 -+ |+ |+ -

Table 5. Reactivity of the 6 anti-malaria plasma with cell-free expressed gametocyte
proteins by ELISA. + = OD value > X op normat plama *1 SD - = OD value < X op normal
plama +1SD

Determination of positive reactions against cell-free expressed gametocyte
proteins was cutoff by the value of OD higher than the mean of normal plasma against
each cell-free expressed gametocyte protein (0.48, 0.44, 0.48, 0.45, 0.44, 0.44, 0.44,
0.44, 0.45, 0.41, 0.40, 0.39, 0.40) with the addition of 1 SD (0.21, 0.21, 0.23, 0.20,
0.22, 0.21, 0.22, 0.20, 0.20, 0.16, 0.14, 0.16, 0.17) corresponding to the same protein
which represented 68% confidence, Table 5. This confidence value was also used for
evaluation of positive plasma for both anti-schizont and anti-gametocyte antibodies.
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The SD of normal plasma OD against each cell-free expressed protein was nearly half
the OD of the mean normal plasma. These positive reactions were very weak.

Plasma numbers 74 and 35 had reaction with all the selected gametocyte
expressed protein. These two anti-malaria plasma were negative for anti-schizont
antibodies by IFA. Protein 162, 167, 178, 184, and 185 also had weak reactivity with
plasma number 77 and 94, Table 5. Only 4 proteins, 128, 160, 184, and 185, had high
reactivity of OD higher than mean of normal plasma with the addition of 2 S.D.

All four anti-malaria plasma were positive for anti-schizont and anti-
gametocyte antibodies by ELISA, but anti-malaria serum number 74, 35, and 94 were
negative for anti-schizont antibodies by IFA. Plasma number 91 is also negative for
anti-schizont antibodies by IFA but produced no reaction. Anti-gametocyte antibody

present in the plasma does not always react with the gametocyte proteins.

6. Reactivity comparison

Difference in OD of the reaction of anti-malaria antibodies with sonicated
schizont proteins, sonicated gametocyte protein, and expressed gametocytes, Figure 7,
showed that the OD of the reaction with gametocyte sonicated protein is higher than
the OD reaction with selected expressed gametocyte proteins by 4 folds. Plasma
number 4 was the only plasma having OD reaction to expressed gametocyte proteins
higher than the OD reaction to expressed gametocyte proteins.

Optical densities from reaction of gametocyte proteins with normal and
selected infected plasma, Figure 8, showed that normal plasma, without anti-
gametocyte antibodies also had higher OD than two plasma with anti-gametocyte
antibodies, number 64 and 91. The reaction of normal plasma was strong as the anti-

gametocyte selected plasma.
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Figure 7. Difference in optical densities of anti-malaria antibodies of the 6 plasma (1 = no. 64,
2=n0.77,3=n0. 74,4 =no. 35,5 =no0. 94, 6 = no. 91) with sonicated gametocyte proteins
(@), sonicated schizont proteins (M), protein 83 (A), protein 90.2 (X), protein 96 (<), protein
128 (®), protein150.2 (-+), protein 154 (=), protein 160 (=), protein 162 (), protein 165 (™),
protein 167 (A), proteinl78 (<), protein 184 (), and protein 185(®). All OD values were
subtracted by mean OD of normal plasma reacting with the corresponding protein tested and 1
SD.



Salil Siriwat Results / 28

1
0.9
|
0.8 f §
I - ®
0.7 ‘ J
o’ L 4
A i RI
x
0.6 L
= »
= 2
5 %
S |
© o5 ;
]
=
=
o V'
0.4
&
‘ .
®
0.3 Y
®
0.2 —
0.1
(6]
(0] 2 4 6 8 10
Number of Plasma

Figure 8. Comparison of optical densities of both uninfected and selected anti-gametocyte
antibody plasma (1 = norm.11, 2 = norm. 13, 3 =norm. 9, 4 =no. 64,5 =no. 77,6 = no. 74, 7
= no. 35, 8 = no. 94, 9 = no. 91) with cell-free expressed protein 83 (A), protein 90.2 (X),
protein 96 (), protein 128 (®), protein 150.2 (), protein 154 (=), protein 160 (=), protein
162 (#), protein 165 (™), protein 167 (A), proteinl78 (<), protein 184 (=), and protein
185(®@).
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CHAPTER VI
DISCUSSION

Malaria has been and still is endemic. It is noticed as an important disease by
the World Health Organization. It has been reported that some malaria infected plasma
can inhibit or block the development of sexual stages which cause transmission. Little
information is known about the presence of these antibodies within the anti-malaria
plasma (3, 17) and further studies on what antigens and responsible class of antibodies
are required.

Investigation of 97 Plasmodium falciparum infected plasma has been carried
out to evaluate their presence of antibodies against two parasite stages: the schizont,
asexual and the gametocyte, sexual. IFA and ELISA were two assays used for anti-

malaria antibody evaluation.

1. Parasitemia and anti-schizont antibodies

All blood samples were 100% positive for schizont stage parasites within the
erythrocyte, but the percentage of plasma positive for anti-schizont antibodies by both
two assays were lesser. This indicated that not all schizont infection induced natural
antibodies production against them. People infected at hyperendemic areas may have
higher anti-schizont antibodies but low parasitemia densities (18). Negative anti-
schizont antibody plasma may have high densities of parasitemia but do not develop
antibodies as in complicated malaria patients. History on the plasma is not known, but
it can be assumed to have come from malaria endemic areas since more than 70% of
the plasmas were positive.

The positive matches for schizont antigens had similar percentages between the
parasitemia and IFA or ELISA, suggesting that these two assays have relatively the
same sensitivity. Negative match results of 7% indicated that these plasma did not

have anti-schizont antibodies and could be complicated malaria infection.
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2. Gametocytemia and anti-gametocyte antibodies

The percentage of samples with gametocytemia is lower than the percentage of
positive plasma for anti-gametocyte antibodies done by both IFA and ELISA, 17%
and 34 % respectively. This is due to the limitation of microscope examination which
could not detect the presence of submicroscopic gametocytes (3). Reports of early
gametocyte stages, stage | to IV, sequestering in the host tissues for at least 7 days (18,
19). These early gametocytes have knob-like structures which attaches to the host
endothelial receptor CD 36 (18). Once mature, they circulate in the blood vessels
waiting for its vector, the Anopheles mosquito, to pick it up. A new method for
detection of gametocyte presence by qT-PCR has been used for confirmation with the
gold standard technique, microscopy.

Normal, uninfected, plasma gave weak fluorescence within the gametocytes on
the slides of the IFA. From a personal communication, Natda Tonwong explains that
this autofluorescence-like response to the gametocyte is due to the high dilution factor
of the secondary antibody. These excess antibodies caused an unclear yellowish green
glow of the gametocyte. Further evaluation of exactly where on the gametocyte do
these anti-gametocyte antibodies recognize should be done by using confocal
microscope.

Another interesting result is that both the positive match between gametocyte
and IFA or ELISA had the same percentage of 41%. It is suggested that these two
assays have the same sensitivity but the negative match percentage for gametocyte and
IFA is higher. ELISA results are less similar to gametocytemia than IFA; thus IFA is
more precise, taking parasitemia as the gold standard. ELISA seems to be more
sensitive than IFA but is not known whether the antibodies are specific to gametocyte

or other impurities within the sonicated protein.

3. Comparison of anti-malaria antibodies

Comparison of antibody levels showed that anti-gametocyte antibody levels
were stronger that anti-schizont antibody levels. Gametocyte surface antigens are
easily detected by immune cells, thus able to induce more natural antibody production.
The antibodies to gametocyte surface protein are more abundant than anti-schizont
antibodies (19).
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Normal plasma also showed higher OD in ELISA towards the gametocyte
antigen than schizont antigen also suggesting that anti-gametocyte antibodies may be
non-specific. Reports that gametocytemia in Thai patients are lower than Africa may
be due to the presence of these anti-gametocyte antibodies. It would be interesting if
these antibodies within the normal plasma could be induced by non-gametocyte
antigens such as bacteria proteins. Production of these antigens may boost the
antibody titer which could lead to a possible transmission blocking immunity.

4. Characterization of gametocyte proteins:

With the advancement of molecular knowledge, innovation of new techniques has
made it possible for the study of specific genes and proteins. The Plasmodium
falciparum genome is complete and a genomic database has been developed. From
this database, the PlasmoDB, random gametocyte proteins which are highly expressed
during this stage were selected for further expression using bilayer cell-free wheat
germ expression. This method of expression is quick and easy to perform. The
proteins synthesized are hypothetical proteins and little information concerning its
function in the parasite is not yet known.

Fifteen proteins with the high reactivity to high OD anti-gametocyte antibody
plasma were experimented with selected 6 anti-malaria antibody plasma. Results
showed only 2 plasmas had weak reactivity with all the selected expressed proteins.
These plasmas are negative for anti-schizont antibodies using IFA technique, but the 2
other plasma of the same anti-malaria antibody plasma classification did not. The
expressed proteins weakly induced natural protein production.

Proteins 162, 167, 178, 184, and 185 would not be good for usage in understanding
antibody recognition of different types of plasma classification since 4 out of 6
plasmas from different classifications had weak reactivity.

Proteins tested by Natda Tonwong et al having strong reaction compared with the
weakly positive proteins. Three proteins, 150.2, 165 and 167, also were positive with
Plasmodium falciparum anti-malaria antibody plasma and Natda’s plasma samples
which has been further tested to have inhibited oocyst development within the
mosquites. Her results conclude that these proteins are involved in the ookinete or

oocyst development.
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Previous report that proteins expressed by wheat germ cell free did display
autophosphorylation activity (20), suggesting that this domain is correctly folded. In
malaria, their antigens require a post-translation process of glycosylation which was
not performed in the synthesis of wheat germ cell-free gametocyte protein. This would
reduce the antigen-antibody affinity. The chromosome number, molecular weight and
isoelectric points of the proteins which had weak reaction were compared and found

no similar pattern.

5. Reactivity comparison:

The OD of the antibodies towards the sonicated gametocyte antigens is 4 times
stronger than that of the expressed proteins; thus suggesting that antigens to which
these anti-gametocyte antibodies recognize are present in the sonicated gametocyte
proteins. Even though one plasma had an OD towards sonicated gametocyte antigen
lower than optical density of sonicated schizont antigen confirms that these proteins
may also be present during the schizont stage but not active.

Further investigate as to which molecular weight proteins these gametocyte
antibodies react to should be done. Immunoblot involving the electropheresis of the
sonicated gametocyte proteins and reaction with plasma with strong OD to gametocyte
antigen should be carried out to pin point the reacted protein size. Once obtained, 2 D
gel of the reacted protein could be performed to find to isoelectric point of the protein.
The molecular weight of that protein will be searched in the database and the proteins
sequences corresponding to could be expressed using the wheat germ cell free bilayer
method. This would be more proper for finding the gametocyte protein inducing
natural antibody production.

Comparison of the reactivity of normal and infected plasma to synthesized proteins
showed that normal plasma had stronger reactivity than 2 of the infected plasma. This
finding indicated that normal plasma has anti-gametocyte antibodies without being
exposed to the parasite. This caused difficulties in evaluating the reaction of infected
plasma to gametocyte proteins.

With the knowledge of this new protein, more research into the role of anti-
gametocyte antibodies which inhibits the development of oocyst in mosquitoes would

thus shed light into a possible transmission vaccine candidate in the near future.
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CHAPTER VII
CONCLUSION

This study focuses on naturally induced antibodies during Plasmodium
falciparum infection. Infected plasma were collected from the Hospital of Tropical
Diseases, Faculty of Tropical Medicine, Mahidol University in the year 2005.
Examination of anti-malaria antibodies to schizont antigens and gametocyte antigens
was done by two assays, IFA and ELISA.

Percentages positive for anti-schizont antibodies were slightly lower than
parasitemia, but that of anti-gametocyte antibodies were higher. This suggests that
gametocyte detection by light microscopy, the gold standard, should also be used with
another molecular technique for detecting gametocytes.

Comparison of anti-schizont and anti-gametocyte antibody presence showed
that P. falciparum infection produced higher levels of anti-gametocyte antibodies even
though the gametocyte density is greatly lower than schizont density. The production
of antibodies does not depend on the density of the parasite.

Normal plasma reaction to gametocyte antigen was stronger than that to
schizont antigen. Normal plasma had anti-gametocyte antibodies even without any
exposure. Investigation of the antigen which induced this antibody production should
be investigated. If the investigated antigen does inhibit the development of
gametocytes, it would be a breakthrough in transmission blocking vaccine
development.

Classification of the anti-malaria plasma revealed that most of the plasma were
positive for both anti-schizont and anti-gametocyte antibodies.

Characterization of cell-free expressed gametocyte proteins showed weak
reaction with the selected anti-malaria antibody plasma. Two plasma had weak
reactions with all the selected proteins. Some proteins reacted with 4 plasma that were

of different classification.
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The proteins selected for characterizing weakly induced naturally antibody
production; however, the antigen producing high reaction to with the gametocyte
antigen is still present and remains anonymous.

The OD of the anti-malaria antibody plasma to sonicated gametocyte protein is
4 times higher than that to the gametocyte proteins. Further research to pin point the
protein should be carried out.

Normal plasma reaction to cell-free expressed protein were as high as reaction
of selected anti-malaria antibody plasma. Evaluation of anti-malaria antibody plasma
to gametocyte proteins was difficult. Investigation of antigen inducing natural
antibodies in normal plasma may lead to a finding of new and possible transmission

blocking vaccine.
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APPENDIX
SELECTED CELL-FREE EXPRESSED GAMETOCYTE
PROTEINS

1. PF08_0077
Protein Number 83
Size 677,512 - 678,585 (1074 bp)
Chromosome MALS
Protein Name GDP-mannose 4,6-dehydratase, putative
Molecular Weight 41540 Da
Isoelectric Point 7.88

Metabolic Pathway:

Mannose and fructose metabolism
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Expression in Intraerthyrocyte:
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Expression Gametocyte:
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2. PF13_0220

log2(Exp/Avq)

%

Expression

Protein Number 90.2

Size 1,610,910- 1,612,184 (1158 bp)
Chromosome MAL 13

Protein Name Hypothetical Protein, conserved

Molecular Weight 45217 Da
Isoelectric Point 9.57

Expression in Intraerythrocyte:
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Expression in Gametocyte:
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3. PF10_0365
Protein Number 96
Size 1,474,469 to 1,476,859 (1230 bp)
Chromosome MAL 10
Protein Name Hypothetical Protein
Molecular Weight 48955 Da
Isoelectric Point 8.58

Expression in Intraerythrocyte:
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Expression in Gametocyte:
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4. PFL1265c¢
Protein Number 128
Size 1,059,709 to 1,061,460 (1752 bp)
Chromosome MAL 12
Protein Name Hypothetical Protein, Conserved
Molecular Weight ~ 70439 Da
Isoelectric Point 9.5

Expression in Intraerythrocyte:
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Expression in Gametocyte:

- 107 MAC S-purified 307 - isclate NF54

Expression Levels (percentiled)

100 —

B0

40 - e
» A — o o @—*
20 | g<g— g o o8 00 e

Expression Percentile

Day of gametocytogenesis
Expression Levels fahsuluti]

50 -
40 -
0 -
20 -
10 -

Absolute Expression

Dav of gametocytogenesis

www.plasmodb.org



Fac. of Grad. Studies, Mahidol Univ.

5. PF11345¢

log2(Exp/Avg)

T

Expression

Protein Number 150.2

Size 1,116,406 to 1,119,937 (2547 bp)
Chromosome MAL 9

Protein Name Hypothetical Protein, Conserved
Molecular Weight 101825 Da

Isoelectric Point 9.04

Expression in Intraerythrocyte:
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Expression in Gametocyte:
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6. PF14_0672
Protein Number 154
Size 2,882,702 to 2,886,018 (2442 bp)
Chromosome MAL 14

Protein Name

cyclic nucleotide phosphodiesterase, putative

Molecular Weight 96928 Da
Isoelectric Point 7
Metabolic Pathway:
Purine metabolism _ :
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Expression in Intraerythrocyte:
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Expression in Gametocyte:
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7. PF10_0369
Protein Number 160
Size 1,491,413 to 1,494,377 (2661 bp)
Chromosome MAL 10
Protein Name helicase, putative
Molecular Weight 102877 Da
Isoelectric Point 9.77

Expression in Asexual:
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Expression in Gametocyte:

- 307 MACS-purified 307 -l isclate NF54
Expression Levels (percentiled)
@ 100
E ED |
g
@ —
o 60 ,_,li"'#"'ﬂ P
S 40 - <l
E o _,_._-———13,?‘ o 0
3 20 T e—Tg——g 0 —8—
4
Lel QO — i
T I T I
F 4 B ] 10 12
Dav of gametocytogenesis
Expression Levels (absolute)
= : i .-."\-\._
% 80 —
5 60
o
[ul] "1’D 1
=
B 20 —
B
- N

Dav of gametocytogenesis

www.plasmodb.org



Salil Siriwat Appendix / 54

8. PF10_0190
Protein Number 162
Size 800,277 to 803,501 (2814 bp)
Chromosome MAL 10
Protein Name hypothetical protein
Molecular Weight 112429 Da
Isoelectric Point 4.85

Expression in Asexual:
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Expression in Gametocyte:

- 07 MACS-purified 307 - isclate NF54

Expression Levels (percentiled)
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9. MAL7P1.35
Protein Number 165
Size 550,616 to 553,618 (3003 bp)
Chromosome MAL 7
Protein Name hypothetical protein,conserved
Molecular Weight 118704 Da
Isoelectric Point 9.06

Expression in Asexual:
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Expression in Gametocyte:

- 07 MACS-purified 307 - isclate NF54
Expression Levels (percentiled)
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10. PF08_0017

Protein Number 167

Size 1,178,382 t0 1,181,396 (3015 bp)
Chromosome MAL 8

Protein Name hypothetical protein,conserved
Molecular Weight 118107 Da

Isoelectric Point 9.64

Expression in Asexual:

—=— sorbitol —=— temperature —=— sporozote = gametocyte —e— below blg
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11. PFI11315c
Protein Number

log2(Exp/Avg)

Expression

Size

Chromosome

Protein Name

Molecular Weight

Isoelectric Point

178

1,092,834 to 1,096,508 (3294 bp)
MAL 9

hypothetical protein, conserved

129323 Da

6.95

Expression in Asexual:

Appendix / 60

sorbitol —=— temperature —=— sporoZoite & gametocyte  —e— below bkg
Induction/Repression
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Expression in Gametoctye:

- 07 MACS-purified 307 - isclate NF54
Expression Levels (percentiled)
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12. PF13_0298

Protein Number 184

Size 2,215,076 to 2,219,272 (4197 bp)
Chromosome MAL 13

Protein Name hypothetical protein, conserved
Molecular Weight 166281 Da

Isoelectric Point 9.87

Expression in Asexual
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Expression in Gametocyte:

- 107 MAC S-purified 307 - isclate NF54
Expression Levels (percentiled)
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13. PF11_0456
Protein Number

log2(Exp/Avg)

%

Expression

Size

Chromosome

Protein Name

Molecular Weight

Isoelectric Point

185

1,762,253 to 1,766,647 (4395 bp)

MAL 11

hypothetical protein, conserved

175413 Da
6.82

Expression in Asexual:
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sorbitol —=— temperature —=— sporozote = gametocyte —e— below blg
Induction/Repression
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Expression in Gametocyte:

- 07 MACS-purified 307 - isclate NF54
Expression Levels (percentiled)
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