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Generation of rodent malaria parasite with high mutation rate and confirmation of
its usefulness for next generation of malariology

Makoto, Hirai

4,200,000

DNA Polymerase delta

(DNA Research, 2014)

We have succeeded to generate mutator malaria parasite, Plasmodium berghei with
destructed proof reading activity in DNA polymerase delta. We confirmed that the mutator malaria parasite
shows 80 times higher mutation rate than wild-type parasite. Moreover, we succeeded to isolate several
drug resistant parasites from mutator malaria parasite, which could be utilized for further research to
reveal molecular mechanisms of parasite drug resistance. A series of these results provide the proof that
our mutator parasite could be suitable research tool for parasite biology, especially drug resistance.

mutator malaria



R TZa—T—3—hmbH
BAGRBEEL DRBERY)—=27T

e
/ \ BRI

TSUTRBROD By  OEEE

BEAOEM REEF

!

&7 LERICLDREEETFE
TOERIEERE

FEHIM 1D
REEEF

¥SUFERIA—F—H—%
EFNEMELTHA !
NEORE . EMEOREIER !

5000

NGS

Hirai et al., Curr. Biology, 2008)

I RERES IE % = BIEARAEE RiB=
HER ZENEIYLTL
V=748 S¥UIH

R 7 WIS EENETE)

T5UFIa-F—8—
S1F5U—

uv DNA
1

5000
DNA 2

DNA polymerase &




P. berghei
DNA polymerased

P. berghei

@

3
ATC
Artemisinin Combination Therapy

Dihydroartemisinin (DH),Piperaquine (PQ)
Lumefantrine (LM)

WT

Mut

’

N\ B
PQ fERRIE S
(15mg Day)

PbMutator

=R

I1lumina HiSeq
2000

100

P. berghei
23 40

P. bergheil ANKA

DNA polymerase &

CLC Genomic

Working Bench

(1
DNA polymerases 2
®
10°
122
2
NGS
2
174
80
-
@
*
s,
. ) M
E 6 | mErmm e m—EmTm 4
= o | e —— 12218 254y B) TERShIER |
IN 4 | neemmseranm—— .
¥ o |rommm——— HER | 32—F—5—
2 [ —— EEH 2 174
1 | r————
®
Dihydroartemisinin DH
DH
DH
Piperaquine(PQ)
PQ 5mg 15mg
20mg/kg
1
3
20mg/kg 13
4 NGS
4
6



PbWTIE
BRtT
Day a7fter|nf::tmn ’ * " v
PbMutator
POIRS g
- R
£ .
s’ B
L v,
’ ) ’ ‘ Daya;terinfeition ’ ° " "
PQ
PbWT
5
JL —— WT-1
4 4 PQ?X% codhes WT-2
£
© 31
g
ER
1
o]
11 12

Day after infection

Clone (Pbmutator)

25

20 4 PQ?&%’ —&—Clonet

Parasitemia (%)

8 .9
Day after infection

PQ ED50
ED50 2

Lumefantrine(LM)
LM

20mg/kg

—o—P1(10mg,oral)

4 *—P2(10mg,oral)
35 P3(10mg,oral)
g 3 ’I
£ 25
2,
£ 15
. :
0.5 1 ;
04 » gy 1 & © 9
Day2 Day 4 Day5 Day6 Day 7 Day 8 Day 9 Day 10Day 11Day 12Day 13Day 14
LM
SNP
8
15
Toshihiro Mita, Shinichiro Tahibana,
Makoto  Hirai: Plasmodium falciparum

Kelchl3: A potential molecular marker for
tackling artemisinin-resistant malaria parasites.
Expert Review of Anti-infective Therapy
2016;14(1):125-35. doi:
10.1586/14787210.2016.1106938.

Tomoyo Taniguchi, Eiji Miyauchi, Shota
Nakamura, Makoto Hirai, Kazutomo Suzue,
Takashi Imai, Takahiro Nomura, Tadashi
Handa, Hiroko Okada, Chikako Shimokawa,
Risa Onishi, Alex Olia, Jun Hirata, Haruyoshi
Tomita, Hiroshi Ohno, Toshihiro Horii, and
Hajime Hisaeda: Plasmodium berghel ANKA
causes intestinal malaria associated with
dyshiosis. Sci. Reports 2015 Oct 27;5:15699.
doi: 10.1038/srep15699.

Hikosaka K, Hirai M, Komatsuya K, Ono Y,
Kita K: Lactate retards the development of
erythrocytic stages of the human malaria
parasite Plasmodium falciparum. Parasitol Int.
2015 Jun; 64(3):301-3. doi:
10.1016/j.parint.2014.08.003.

Honma H, Hirai M, Nakamura S, Hakimi H,
Hisaeda H,
Matsuoka H, Kawai S, Endo H, Yasunaga T,
Ohashi J, Mita T, Horii T, Furusawa M, Tanabe

Kawazu S, Paacpac NM,

K: Generation of rodent malaria parasites with

a high mutation rate by destructing



proofreading activity of DNA polymerase 6.
DNA Res 2014 Aug;21(4):439-46. doi:
10.1093/dnares/dsu009.

Siregar JE, Kurisu G, Kobayashi T,
Matsuzaki M, Sakamoto K, Mi-ichi F,
Watanabe Y, Hirai M, Matsuoka H, Syafruddin
D, Marzuki S, Kita K. Parasitol Int. 2015
Jun;64(3):295-300. doi:
10.1016/j.parint.2014.09.011.

3

85 3 20
2016

2015 9 26

84

2015 3 21 -22

[

]
(DOJIN BIOSCIENCE SERIES 13™)
332 (32-42) 2014

Hirai M: Fertilization mechanisms of the
rodent malarial parasite Plasmodium berghei.
In “Sexual Reproduction in Animals and
Plants”, Sawada, H. et al. eds. Springer. Japan
480 (337-344) 2014 doi:
10.1007/978-4-431-54589-7

@
HIRAI, Makoto

50326849



