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ABSTRACT

Relapse is a serious problem caused by vivax malaria. The dormancy stage called hypnozoite can
be latent in the hepatocyte for several weeks or years, waiting for reactivation before developing into liver
stage schizont. The biology of hypnozoite is not well understood. Furthermore, the study of the liver stage of
human malaria is also difficult, due to the lack of small laboratory animal models and the restriction of
specific binding molecules between human malaria parasites and human host cells. Thus, the study of the
hypnozoite marker would be beneficial for further study of hypnozoite biology and the relapse mechanism.
Rhoptry Neck Protein-2 (RON-2), the well-known rhoptry marker, was reported for localization in the invasive
stage of the malaria parasite including sporozoite and merozoite, the invasive stages for hepatocytes and
erythrocyte respectively. However, there are no reports for the expression of RON-2 in the liver stage.
Therefore, we hypothesized that RON-2 which was found to be involved in the invasion process would be
expressed in liver stage parasites and would be used as a marker for liver stage schizont and hypnozoite.
Here, the human hepatocyte chimeric mice were infected with P. vivax sporozoites before collecting the
infected liver tissue for examination using the immunofluorescent technique. The results showed that RON-2
was expressed at the apical end of P. vivax sporozoites and merozoites. However, RON-2 was localized in
the surroundings of liver stage schizonts and hypnozoites, and co-localized with Up-regulation in infective
sporozoites protein 4 (UIS-4), a well-known form of PVM protein. In conclusion, RON-2 localized at the PVM
of the liver stages of schizont and hypnozoite, can be a novel marker for the identification of P. vivax liver
stage schizont and hypnozoite. This could be beneficial for further investigation on the treatment and control

of the relapse caused by vivax malaria.
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Introduction invade into the hepatocyte and develop inside the

Plasmodium vivax has the high incidence hepatocyte, called the liver stage. The liver stage
in worldwide, which has been found predominantly parasites develop into schizonts containing with
in South America and Asia including Thailand numerous merozoites. Then, the merozoites are
(World Health Organization, 2018). To complete its released to the blood circulation. They invade and
complex life cycle, P. vivax requires both of human develop inside the red blood cells, called the blood
and female Anopheles mosquito. During the bite of stage. During this stage, the precursor of sexual
infected mosquito, the salivary gland sporozoites stage parasites, gametocytes, are also develop
are injected and transmitted into the blood and wait for ingestion by female Anopheles
circulation of the human. After that, the sporozoites mosquito for transmission. (Mueller et al., 2019).
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However, the considerable stage of P. vivax is a
hypnozoite which can remain in the hepatocyte as
a latent form. The hypnozoite can be reactivated in
several weeks, months, or years after the primary
infection. The activated hypnozoite can develop
into the liver stage schizont and further cause
symptom in the patient who had been completely
cured by the medical treatment. Many reports
suggested that hypnozoite was the most serious
problem of vivax malaria treatment and control
(Anstey et al., 2009; Mikolajczak et al., 2015; Price
et al., 2007).

Plasmodium spp. was categorized as the
intracellular parasite which resides in the
parasitophorous vacuole (PV) within the host cell.
PV formation was initiated during the parasite
penetration into the host cell. PV was the cellular
structure originated from the host cell membrane
with modification by parasite proteins. Therefore,
the complete of vacuole membrane formation could
be used for identifying the success of parasite
infection. The parasite modulated the
parasitophorous vacuole membrane (PVM) by
parasitic proteins for their growth and replication
(Nyboer et al.,, 2018; Spielmann et al., 2012).
These proteins had been contemplated in the
blood stage parasites, however, UIS-4 was the
only well-known protein for PVM marker of the liver
stage parasite and hypnozoite (Mikolajczak et al.,
2015). Therefore, the discovery of the novel liver
stage schizont and hypnozoite marker would be
benefit for the P. vivax research.

During the step of invagination into the red
blood cell, parasite formed the moving junction
(MJ) to anchor between the parasite and host cell
which the actin-myosin motor of the parasite was

the power for invasion (Lamarque et al., 2011;
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Shen et al., 2012). Initially, several proteins such
as Rhoptry Neck Protein-2 (RON-2) was released
from the rhoptry, an apical organelle commonly
found in Apicomplexan parasites, during the MJ
formation. The RON-2 protein extended to function
as a receptor for Apical Membrane Antigen-1
(AMA-1) during further step of invasion (Delgadillo
et al., 2016; Salgado-Mejias et al., 2019). Thus, it
could be hypothesized that RON-2 would function
in the liver stage and might be identified as a novel
marker of liver stage schizont and hypnozoite.

In this study, the human hepatocyte
chimeric mice had been utilized for P. vivax liver
stage propagation. The infected liver was then
collected for investigating of RON-2 protein

localization in the liver stage schizont and

hypnozoite.

Methods
Bioinformatics analysis of PvRON-2

The PvRON-2 gene was achieved from P.
vivax Sal-1 strain genome via PlasmoDB database.
The SMART version 7 was used to analyze protein
sequence of PVRON2 (Arévalo-Pinzon et al., 2011;
Roobsoong et al., 2014).
Animal model and P. vivax infection

Human hepatocytes chimeric mice were
imported from PhoenixBio Co., Ltd. (Higashi-
Hiroshima, Japan). The protocols for study were
approved by the Faculty of Tropical Medicine-
Animal Care and Use Committee (FTM-ACUC),
Mahidol University, Bangkok, Ref No.: FTM-ACUC
003/2016. Briefly, the P. vivax sporozoites were
collected from the salivary glands of day14 infected
one million

Anopheles mosquitoes. After that,

sporozoite were injected to the mouse Vvia

intravenously administration.
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Specimen preparation

The samples from liver stage parasite,
sporozoite and blood stage schizont were prepared
in the different protocols. For P. vivax sporozoite
samples, the infected salivary glands were
dissected from mosquitoes. The dissected glands
were smashed in the microcentrifuge tube
(Axygen, USA) before washing and spotting onto
the 8-well slides. Then, the samples were allowed
to air dry and fixed by 4% paraformaldehyde
(Merck, USA) the

before performing

immunofluorescent assay. For liver stage
parasites and hypnozoites, the liver samples were
collected from mice on day8 after P. vivax
sporozoite inoculation. Then, the liver tissues were
fixed with 4% paraformaldehyde and followed by
paraffin technique (Cui et al., 2017). The tissue-
paraffin blocks were sectioned at 4 um thickness
by microtome (Thermo Scientific, USA), placed
onto the glass slides, and dried at 45°C for
overnight. The tissue sections were further
proceeded to immunofluorescent assay. For P.
vivax infected blood samples, the infected blood
from the patients which the Ethical Review
committee of Faculty of Tropical Medicine, Mahidol
University, approved a Human Subjects protocol,
was cultured for short-term to harvest the mature
blood stage schizont. The cultured blood was
spotted onto the glass slides, allowed to air dry
and fixed by cold acetone (Roobsoong et al.,

2014). The fixed blood samples were air dried and

stored at -80 C untl used for the
immunofluorescent assay.
Immunofluorescent assay

The section of liver sample was

deparaffinized by xylene (RCL Labscan, Thailand)
and rehydrated with ethanol (Merck, USA) and tap

water. The sporozoite and infected blood samples
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were brought out from the storage and prepared at
room temperature. After that, the samples were
blocked from the non-specific protein binding by
4% bovine serum albumin in PBS at 37°C for 2 hr.
Then, they were incubated at 4°C for overnight
with rabbit anti-PvRON-2 (100 time diluted in PBS;
1:100) and counterstained with the optimized
dilution of well-known marker of each parasite
stage. The counterstains were mouse anti-PvUIS-4
(1:100) for PVM of liver stage (Mikolajczak et al.,
2015), mouse anti-PvCSP (1:20,000) for the
sporozoite surface (Swearingen et al., 2016), and
mouse anti-Bip (1:250) for endoplasmic reticulum
of blood stage schizont (Roobsoong et al., 2014).
After that, the samples were washed by PBS
containing with 0.05% Tween-20 (PBS-T) before
incubating with goat anti-rabbit conjugated with
Alexa 488 (Invitrogen, USA), goat anti-mouse
conjugated with Alexa 568 (Invitrogen, USA), and
4’, 6-diamidino-2-phenylindole (DAPI) at 37°C for 1
hr. The sample slides were washed with PBS-T
before coversliping with Prolong® gold antifade
mountant (Life technologies, USA), and sealed with
nail polish. The results of immunostaining were
observed and taken for photomicrograph by using
the inverted confocal laser scanning microscope

Fv1000 (Olympus, Japan).

Results
Bioinformatics analysis of PvRON-2

The PlasmoDB database showed that
PVX_117880 was rhoptry neck protein-2 (RON-2)
in P. vivax Sal-1 strain. This gene was found in
chromosome 12 containing 1 exon. The coding
sequence was 6,612 base pairs and the protein
length was 2,203 amino acids. The signal peptide
is localized in amino acid position 1 to18. In

addition, the length of transmembrane protein is 22
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amino acids which is localized at amino acid
position 2,087 to 2,109. This information revealed
that PvRON-2 may function at the membrane
portion which possibly be organelle membrane,
parasite plasma membrane (PPM),
parasitophorous vacuole membrane (PVM), or
host-cell plasma membrane (HPM).
Expression of PvRON-2 in P. vivax

The counterstain with well-known marker
of each stage was specifically detected at the
cellular compartment of the parasites as observed
in the previous reports (Mikolajczak et al., 2015;
Roobsoong et al., 2014; Swearingen et al., 2016)

PvCSP was found at the peripheral surface of the
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sporozoite (Figure 1A). PvUIS-4 was presented at
the PVM as a circumferential pattern at the
peripheral of parasite in liver stage schizont (Figure
1B). Bip was located at the cytoplasm of parasite
which limited to the endoplasmic reticulum of the
parasite (Figure 1C). The expression of PvRON-2
in sporozoite was clearly detected at the apical tip
of sporozoite (Figure 1A). Accordingly, PYRON-2 in
blood stage schizont was localized at the apical
end of merozoite and presented as the punctate
pattern (Figure 1C). Interestingly, PvRON-2 was
exhibited as the circumferential pattern at the
peripheral of liver stage parasite and co-localized

with UIS-4 (Figure 1B).

DAPI PvCSP PvRON-2 merge DIC

DAPI PvUIS-4 PvRON-2 merge DIC
| . .

DAPI PvRON-2 merge

Figure 1 The immunofluorescence image of PYRON-2 expression in sporozoite (A), liver stage schizont; day8 after P. vivax
sporozoite inoculation (B) and blood stage schizont (C). Each stage was stained with fluorescent stain for DNA
(DAPI; blue), PvRON-2 (PvRON-2 primary antibody plus goat anti-rabbit conjugated with Alexa 488; green) and
counterstained with the well-known markers. PvCSP was counterstained for sporozoite surface (PvCSP primary-

antibody plus goat anti mouse conjugated with Alexa 568; red). PvUIS-4 was counterstained for the PVM of liver

47



o

MITTLTINMUA (Annemaasuazinalulad) U9 23 aduf 2 nsngiew — funan 2563

stage schizont (PvUIS-4 primary antibody plus goat anti-mouse conjugated with Alexa 568; red). Bip was

counterstained for the endoplasmic reticulum of the parasite in blood stage schizont (Bip primary antibody plus goat

anti-mouse conjugated with Alexa 568; red). The structure of each stage was represented by DIC image. The micron

bar was indicated on DIC image of each parasite stage.

Expression of RON-2 in P. vivax liver stage and
hypnozoite

In the present, UIS-4 is an only well-
known marker for liver stage parasite. Our study
showed that RON-2 was also detected at the liver
stage schizont on day8 after P. vivax sporozoite
inoculation and co-localized with UIS-4 (Figure 1B).
Therefore, in this experiment, the expression of
RON-2 was evaluated in P. vivax hypnozoite,
which known as the existence of small and non-
replication form. Normally, the period of liver stage
growth and development to the mature schizont in

the hepatocyte is around 8-9 days before the

DAPI PvUIS-4

DAPI PvUIS-4

PvRON-2

| ...

merozoites transitioned into the blood stream and
infected the red blood cells (Mikolajczak et al.,
2015). Thus, the parasite with a single fluorescent
nuclear stain (DAPI) and the PVM marker (UIS-4)
positive could be identified as a hypnozoite.
Interestingly, PvRON-2 was detected as a
circumferential pattern at the peripheral of parasite
and co-localized with UIS-4 in both the liver stage
schizont (Figure 2A) and hypnozoite (Figure 2B).
The results revealed that PvRON-2 could be a
novel marker of P. vivax liver stage schizont and

hypnozoite.

PvRON-2 merge DIC

| ...

merge DIC

Figure 2 Immunofluorescence image of PYRON-2 expression in liver stage schizont (A) and hypnozoite (B). The liver slide

sample from day8 after P. vivax sporozoite inoculation was stained by fluorescent nuclear stain (DAPI; blue). PvRON-

2 (PvRON-2 primary antibody plus goat anti-rabbit conjugated with Alexa 488; green) and PvUIS-4 was

counterstained for the PVM marker (PvUIS-4 primary antibody plus goat anti-mouse conjugated with Alexa 568; red).

The structure of each stage was represented by DIC image. The micron bar was indicated on DIC image.

Conclusion and Discussion
RON-2 was claimed as the critical protein
for the parasite invasion. It was secreted by

parasite and inserted into the host cell membrane

to form the MJ during invasion. (Lamarque et al.,
2011). Similarly, the Bioinformatics analysis of
PvRON-2 in our results also showed 22 amino

acids of transmembrane protein which revealed the
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function of PvRON-2 as the membrane portion.
The previous study suggested that RON-2 was the
well-known rhoptry marker of sporozoite and
merozoite (Arévalo-Pinzon et al., 2011). Likewise,
our study showed that PvRON-2 was expressed at
the apical end of the P. vivax sporozoite and also
detected as the punctate pattern at the apical end
of merozoite in P. vivax blood stage schizont.
Moreover, our results also showed the expression
of PvRON-2 in both

liver stage schizont and

hypnozoite as a circumferential pattern at the
peripheral of parasite and co-localized with UIS-4.
It can be realized that after Thus, RON-2 can be
the novel marker for the liver stage schizont and
hypnozoite which would be benefit for identification
of malaria parasite in further research on liver
stage schizont and hypnozoite, especially for vivax
malaria biology. In addition, the evidence of
PvRON-2 expression in hypnozoite would benefit
for research on the drug discovery which aims to

treatment and control of relapse of disease.

Acknowledgements

This research was supported by

Department of Pathobiology (Faculty of Science,

Mahidol University, Thailand), Mahidol Vivax
Research Unit (Faculty of Tropical Medicine,
Mahidol  University, Thailand) and Science

Achievement Scholarship of Thailand. We would
like to thanks Dr.Sebastian Mikolajczak from
Novartis, Emeryville, California, United State of
America, and Dr. Chise Tateno-Mukaidani from
PhoenixBio Co., Ltd., Higashihiroshima, Japan for
their support and suggestion on animal model.
Besides, we would like to thanks Dr. Tomoko

Ishino form Department of Molecular Parasitology,

Ehime University, Japan for support on antibodies.

49

References

Anstey, N. M., Russell, B., Yeo, T. W. and Price,
R. N. 2009. The pathophysiology of vivax
malaria. Trends Parasitol. Vol. 25(5): 220-
227.

Arévalo-Pinzon, G., Curtidor, H., Patifio, L. C. and
Patarroyo, M. A. 2011. PvRON-2, a new
Plasmodium vivax rhoptry neck antigen.
Malar J. Vol. 10(60).

Cui, M., Jiang, L., Goto, M., Hsu, P., Li, L., Zhang, Q.,
Xie, L. 2017. In Vivo and Mechanistic Studies
on  Antitumor Lead  7-Methoxy-4-(2-
methylquinazolin-4-yl)-3,4-dihydroquinoxalin
-2(1H)-one and lts Modification as a Novel
Class of Tubulin-Binding Tumor-Vascular
Disrupting Agents. J. Med. Chem. Vol.
60(13): 5586-5598.

Delgadillo, R. F., Parker, M. L., Lebrun, M.,
Boulanger, M. J. and Douguet, D. 2016.
Stability of the Plasmodium falciparum
AMA1-RON-2 Complex Is Governed by
the Domain Il (DIl) Loop. PloS one. Vol:
11(1): e0144764-e0144764.

Lamarque, M., Besteiro, S., Papoin, J., Roques,
M., Vulliez-Le Normand, B., Morlon-Guyot,
J. and Lebrun, M. 2011. The RON-2-

AMA1 interaction is a critical step in

moving junction-dependent invasion by

apicomplexan parasites. PLoS Pathog.
Vol. 7(2): e1001276.

Mikolajczak, S. A.,

Vaughan, A. M.,

Kangwanrangsan, N., Roobsoong, W.,
Fishbaugher, M., Yimamnuaychok, N. and
Kappe, S. H. 2015. Plasmodium vivax
liver stage development and hypnozoite
persistence in human liver-chimeric mice.

Cell Host Microbe. Vol. 17(4): 526-535.



Mueller,

Nyboer,

Price, R.

IEIWINMURI nenenaasuazinalulad) U1 23 aUuf 2 nsngran - Sunan 2563

I, Galinski M. R., Baird J. K., Carlton J.
M., Kochar D. K., Alonso P. L., del Portillo
H. A. 2009. Key gaps in the knowledge of
Plasmodium vivax, a neglected human
malaria parasite. Lancet Infect Dis. Vol.
9(9): 555-566.

B., Heiss, K., Mueller, A. K. and
Ingmundson, A. 2018. The Plasmodium
liver-stage parasitophorous vacuole: A
front-line of communication between
parasite and host. Int J Med Microbiol.
Vol. 308(1): 107-117.

N., Tjitra, E., Guerra, C. A,, Yeung, S., White,
N. J. and Anstey, N. M. 2007. Vivax malaria:
neglected and not benign. Am J Trop Med

Hyg. Vol. 77(6 Suppl): 79-87.

Roobsoong, W., Maher, S. P., Rachaphaew, N.,

Bammes, S. J., Wiliamson, K. C,
Sattabongkot, J. and Adams, J. H. 2014. A
rapid sensitive, flow cytometry-based method
for the detection of Plasmodium vivax-infected

blood cells. Malar J. Vol. 13(55).

50

Salgado-Mejias, P., Alves, F. L., Frangoso, K. S.,

Riske, K. A., Silva, E. R., Miranda, A. and
Soares, I. S. 2019. Structure of Rhoptry
Neck Protein 2 is essential for the
interaction in vitro with Apical Membrane
Antigen 1 in Plasmodium vivax. Malar J.

Vol. 18(1).

Shen, B. and Sibley, L. D. 2012. The moving

junction, a key portal to host cell invasion
by apicomplexan parasites. Curr Opin

Microbiol. Vol. 15(4): 449-455.

Spielmann, T., Montagna, G. N., Hecht, L. and

Matuschewski, K. 2012. Molecular make-
up of the Plasmodium parasitophorous
vacuolar membrane. Int J Med Microbiol.

Vol. 302(4-5): 179-186.

Swearingen, K. E., Lindner, S. E., Shi, L., Shears, M.

J., Harupa, A., Hopp, C. S. and Sinnis, P.

2016.  Interrogating the  Plasmodium
Sporozoite Surface: Identification of Surface-
Exposed Proteins and Demonstration of
Glycosylation on CSP and TRAP by Mass
PLoS

Spectrometry-Based  Proteomics.

Pathog. Vol. 12(4): e1005606.

World Health Organization. 2018. WHO malaria

report 2018. Lexembourg. DesignlsGood.

info.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mueller%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19695492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galinski%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=19695492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baird%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=19695492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlton%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19695492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlton%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19695492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kochar%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=19695492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alonso%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=19695492
https://www.ncbi.nlm.nih.gov/pubmed/?term=del%20Portillo%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=19695492
https://www.ncbi.nlm.nih.gov/pubmed/?term=del%20Portillo%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=19695492

