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Review article on transgenic reporter malaria parasites published.
-New perspectives on studying human malaria parasites and drug discovery-

[Summary]
® Malaria is one of the three major global infectious diseases, with the World Health Organisation
(WHO) estimating that in 2022 there were 249 million cases and 608 000 deaths in 85 countries
worldwide.

® In the study of malaria, the use of genetically engineered reporter malaria parasites has been
actively pursued. The term ‘genetically modified reporter’ refers to the use of recombinant genes,
such as green fluorescent protein, to facilitate the detection and visualization of Plasmodium

falciparum.

® Given the large number of genetically modified P. falciparum reporter parasites that have been
produced, it is important to have up-to-date knowledge of how each has been applied, and to chart
new avenues for future malaria research.

® This review article summarizes the usefulness, characteristics, and properties of the transgenic
reporter P. falciparum parasites generated over the past five years for researchers and students
interested in parasite research. It also outlines the latest research on stages in humans and
mosquito vectors using the transgenic reporter, P. falciparum, with the author's own insights.

® This review provides new perspectives on malaria research and promotes the development of a
new transgenic reporter, P. falciparum, which can serve as a useful tool for basic research

worldwide.

[Introduction of this review article]

+ The life cycle of P. falciparum

Malaria is a parasitic disease caused by Plasmodium falciparum in the tropic area and causing huge
numbers of cases. Of the malaria parasites that cause human disease, the most lethal, P. falciparum is of
great concern. This parasite multiplies in human erythrocytes and causes malaria symptoms, such as fever,
chills, and anemia (asexual blood stage). On the other hand, some P. falciparum parasites in human
erythrocytes differentiate into a sexual stage known as the gametocyte stage, which is transmitted back
into the mosquito by blood sucking. Once inside the body of the mosquito, P. falciparum parasites multiply
in the midgut of the mosquitoes, where they transform into a stage called sporozoites and migrate to the
salivary glands. P. falciparum then infects humans again when the sporozoite-bearing mosquito again
sucks blood from humans. Once in the human bloodstream, sporozoites first infect the liver, where they
undergo an incubation period before infecting human erythrocytes and causing malaria. Thus, P.
falciparum infects two different hosts, humans and mosquitoes, and has a very complex life cycle (Fig. 1).



Liver stage

)

4/ — ’_\
Py N .
4 [ — “ Y % e ®
N \ | Sporozoites 2 ®, @_
A \ 49 .;. \

— g ="

e G

ametocyte stage

Figure 1. Schematics of the P. falciparum life cycle
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+ Application and development of the transgenic reporter, P. falciparum.

Alarge number of different transgenic reporter P. falciparum have been developed to elucidate the complex
life cycle in detail and have been applied to basic research and drug discovery (Fig. 2). The transgenic
reporter P. falciparum expresses various reporter proteins such as fluorescent proteins and luciferases.
Signals from expressed reporter proteins can be analyzed using specific analytical instruments for a variety
of applications. Specifically, in the case of fluorescent proteins, fluorescence microscopy can be used to
detect and visualize the stages in human and mosquito hosts. In the case of luciferases, the number of
parasites can be quantified with high sensitivity and accuracy by measuring the bioluminescence signal
using a luminometer. Quantification of parasites enables the evaluation of a large number of compounds
with antimalarial activity.
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Figure 2. Applications of transgenic reporter P. falciparum

The first transgenic reporter line in malaria parasites was generated more than 20 years ago.
After their usefulness was demonstrated, malaria researchers worldwide developed numerous transgenic
reporters, P. falciparum, incorporating their own ideas and methods to drive basic and drug discovery
research. The transgenic reporter P. falciparum is a very useful tool, so it is crucial that researchers
interested in parasitology grasp this research field and develop it with new ideas. However, the wide range
of properties of the transgenic reporter P. falciparum, which is being developed, has led to a comprehensive



discussion of their essential properties. Therefore, Assistant Professors Yukiko Miyazaki and Shinya
Miyazaki came up with that it would be important to summarize the research on transgenic reporter P.
falciparum, mainly produced in the past five years, to show new avenues in this research field.

[Future perspectives on this review article]
This review article outlines recent findings on the transgenic reporter P. falciparum expressing
fluorescent proteins and luciferases and provides new perspectives for future basic research and drug
discovery in malaria. This review is aimed at researchers and students interested in parasitology. We
hope that the content of this review will help advance basic research and drug discovery in malaria
research.
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[Glossary]
Review article
An academic article in the form of an overview of the latest findings on a particular research topic. This
differs from the original article, which is based on the authors' own research findings. The review article
presented here was written with researchers and students as intended readers.

Malaria

Parasitic infectious disease caused by a protozoan of the genus Plasmodium. Several Plasmodium
species are known to cause malaria in humans, and this review focuses mainly on Plasmodium
falciparum, which causes the most severe symptoms in humans. P. falciparum is transmitted from
humans to mosquitoes by the blood sucking of vector mosquitoes, multiplies in the mosquito's body and
then infects other humans again by the mosquito's bite. Therefore, there is a need for a drug that is
effective against parasites in humans and mosquitoes.

Fluorescent protein

A protein emitting fluorescence, such as green fluorescent protein (GFP). When a fluorescent protein is
exposed to light of a specific wavelength, it emits fluorescence at different wavelengths. The localization
and quantity of fluorescent proteins in the cell can be determined by detecting their fluorescence using
specific analytical instruments (e.g., fluorescence microscopy and flow cytometry).

Luciferase
A protein that emits light through an enzymatic reaction such as firefly luciferase. When luciferase reacts
with a specific luminescent substance, the enzymatic reaction proceeds and light of a specific



wavelength is emitted. The amount of emitted light can be detected using specific analytical instruments
to determine the amount of luciferase.
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