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World Malaria Report 2018

Countries with indigenous cases in 2000 and their status by 2017 Countries with zero indigenous cases over
at least the past 3 consecutive years are considered to be malaria free. All countries in the WHO European
Region reported zero indigenous cases in 2016 and again in 2017. In 2017, both China and El Salvador
reported zero indigenous cases. Source: WHO database.

219 million cases with 435,000 death worldwide in year 2017

WHO: World Health Organization.

One or more cases in 2017
Zero cases in 2017
Zero cases (23 years) in 2017

Certified malaria fre
No malaria
Not applicable

Plasmodium falciparum is the most deadly

species of 5 human malaria parasites

* P falciparum 50% (up to 75% some areas)
* P vivax 50% (up to 60% some areas)
P ovale, P. malariae and P. knowlesi rare

https://www.who.int/gho/malaria/en/

Thailand

Areas of Malaria Transmission

Burma
(M yanmar)

Khwae Yai River

* Koh Phangan
s 9
¥ Koh Samui
Nskhon Si Thamm arat

Cambodia

Maslsris iz present prim arily in provinces that border
Bum 5 (Myanm ar), Cam bodis, and Lsos and the
provinces of Kalissin, Krabi (Plai Phrays district),
Nskhon Si Tham m arsf, Narsthiwst, Pattani, Phang
Ngs (including Phang Ngs City), Rayong, Sakon
Nakhon, Songkhls, Surat Thani, and Yala, especislly
the forest and forest fringe areas of these provinces.
Rare to few cases in other parts of Thailand, including
other parts of Krabi Province and the cities of Bangkok,
Chiang Msi, Chiang Rai, Koh Phangan, Koh Sam ui,
and Phuket. None in the islands of Krabi Province
(Koh Phi Phi, Koh Yao Noi, Koh Yao Yai, and Ko
Lants) and Pattaya City.

Recom m ended chem oprophylaxis:

Provinces that border Burm a (Myanm ar), Cam bodia,
and Laos, the provinces of Kalssin, Plai Phrays district
of Krabi, Nakhon Si Tham m arat, Narathiwat, Pattani,
Phang Ngs (including Phang Nga City), Rayong,
Sakon Nakhon, Songkhis, Surst Thani, and Yala:

o Atovaquone-proguanil or doxycycline

H\Ae{nam All other areas of Thailand with m slaria including the

cities of Bangkok, Chiang Msi, Chisng Rai, Koh
Phangan, Koh Sam ui, and Phuket:
Mosquito avoidance only.

Legend
Il Msisris Present

Malaris present in some sreas, see
D recommendationsfor details

[ o Malaris




Antimalarials

Malaria

A preventable and treatable mosquito-bomne illness

Main drugs
Chloroquine (CQ)

CH:™N
o
/CHs

H—=C—CHs

/CzHa
\CzHy

NH  Discovered
1930s
Widely used from
cl 1950s to 1990s

Resistance
Started independently in
Colombia and Thailand

Sulfadoxine-pyrimethamine (SP)

CHO OCHs

H;N—-@—SO NH N_:)e x

2drug
combination,  CH.(CHs N
introduced |
after CQ resistance
had taken hold a

NHa

v

NH:

Resistance

Evolved rapidly and now occurs in high
i of Cambodia, Myanmar,
i Thailand and Vietnam

frequency in major malaria regions

Source: WHO/Smithsonian Institute /malaria. wellcome. ac. uk/nih UNICEF

HaC v
i Recommended
by WHO as "
first-line

Artemisinin combination (ACT)

treatment since
2001

Resistance
Now established in parts

o AHP



De novo pyrimidine synthesis in malaria

GTP
i GTP cyclohydrolase

HPPK
7,8-Dinhydropterin pyrophosphate

l DHPS F— Sulfadoxine
Dihydropteroate
l DHFS
dTMP Dihydrofolate (DHF)

DHFR F— Pyrimethamine
Methylene TH |7XTetrahydrofolate
SHMT

Glycine Serine

Dihydrofolate Reductase-
Thymidylate Synthase (DHFR-TS) Mutations of DHFR cause drug resistance!!!




P. falciparum Dihydrofolate Reductase-Thymidylate Synthase (DHFR-TS)

DHFR active site

Yuvaniyama J. et al., Nature Struct. Biol. 2003, 10, 357-365.
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Substrate/P218 binding to PIDHFR

© COOH
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" Dihydrofolate (DHF) P218

P218 has currently completed Phase | trials (NCT02885506).

PfDHFR
HsDHFR

Yuthavong Y. et al., Natl Acad Sci U S A. 2012 Oct 16;109(42):16823-8.
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Non-active sites

Cryptosporidium hominis

allosteric pocket near

Crossover helix

Ch TS-DHFR i
Linker

P. falciparum

DHFR active site
Pf TS-DHFR

Anderson KS. Protein Eng Des Sel. 2017 Mar 1;30(3):253-261.
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Problem

« Un-dissolved region of loop 2 and junctional

Long Linker Family
(eg. ChDHFR-TS or PIDHFR- TS)N\

a)

/J

Side View

b)

Top View

\\\@7\‘ Yuvaniyama J, et al. Nat Struct Biol. 2003 May;10(5):357-65.
O’Neil RH, et al. J Biol Chem. 2003 Dec 26;278(52):52980-7.



X-ray crystallographic workflow

Crystallization X-ray diffraction
Single crystal

diffraction %/*w
\

— Xorays

Protein preparation
/Purification
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Crystal quality affecting diffraction spots

A well ordered crystal A disordered crystal

The incoming X-ray is diffracted in a well ordered manner. The incoming X-ray is diffracted in a disordered manner.

http://iss.jaxa.jp/kiboexp/theme/first/protein/en/about/structural_analysis.html



Crystal growth in space

§‘: i \ / Characteristics of protein crystal growth
m

E ’ A Crystal grows by using the molecules aroud it,

§ / \ thus its concentration around the crystal

0:;,,' ke molecules are accumutalted momentaly decreased.

20, high around a nucleus

o

=

Low quality < High quality

On the earth In space (under microgravity)

convection \ /
L) 7%

Density-driven convection disturbs The concentration gradient is maintained
the concentration gradientin the solution. without density-driven convection.

« Disorder in moleculer alignment « Improved crystal quality (less impurity)
* Clustering » Single crystal

High quality crystal (high purity and organization) can be grown in space.

http://iss.jaxa.jp/kiboexp/theme/first/protein/en/about/structural_analysis.html



Crystals of protein kinase

Crystals of protein kinase (© Osaka Prefecture University/JAXA)

y

A crystal grown in space Clustered crystal grown on
the ground (comparative
experiment)

http://iss.jaxa.jp/en/kiboexp/news/160816 pcgddeg.html
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Hypothesis and Theory

* Protein crystallization in the Space would be
able to stabilize the flexible regions of PIDHFR-
TS protein, especially in the un-structured region
of loop 2 and junctional linker region.

* The results will provide clearer protein structure
that would aid the design of specific
Inhibitors/drugs.
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Objectives

'0 crystallize apo-protein and protein-inhibitor In
the Space.

To solve the structure of protein and protein-
Inhibitor complex, in order to get information on
apo-enzyme structure/protein-inhibitor binding
Interaction, that will aid the design of new drugs.
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Expected Result

» Crystals of apo-enzyme and protein-inhibitor

crystallized in
obtained.

* Protein crysta
In the Space t

 The results wi

the Space experiment will be

s would be able to grow better
nan those grown on earth.

| provide us with the

iInformation on apo-enzyme structure/protein-
iInhibitor binding that could not be solved by

crystallization

experiments on earth.
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Innovation idea/Future directions

* The un-structured region of loop 2 and
junctional linker of PfDHFR-TS can be
target for non-active-site inhibitors, that
could aid antimalarial drug discovery and
development.

* The knowledge will contribute to the
development of effective new drugs for
(malaria), and other (tropical) diseases.
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