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Identification of drug resistance gene using Plasmodium artificial chromosome

Iwanaga, Shiroh
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The global spread of drug-resistant Plasmodium falciparum is a major
obstacle to malaria treatment. Ildentification of drug resistance genes is crucial to efforts aimed
at fighting resistant parasites, but most of them have remained unclear. In this study, we attempted

to identify mefloquine- and chloroquine-resistance genes by our developed method. Briefly,
high-coverage genomic libraries of a drug-resistant strain are directly generated in drug-sensitive
parasites using the centromere plasmid and an improved transfection technique, and the drug
resistance gene is then robustly identified from these libraries by drug screening. We successfully
used this approach to identify multi-drug-resistant transporter 7, an ATP-binding cassette
transporter, as a novel mefloguine resistance gene from a field-isolated parasite strain. In
addition, plasmepsin VI was identified as novel chloroquine-resistance gene candidate.



DNA

Chloquine
resistant transporter: PFfCRT

Drug-resistant parasite (yellow)

l

e leta

Drug-resistant gene
BamHI

l Centromere
xo0¢ X90¢ b (PCens)

e
A

>10 kb DNA fragments  gfp
(partial digestion)

\./
0000

m-S

Electroporation -
Drug-sensitive parasite (blue)

Drug-sensitive parasites (blue)
~— N\ \

60006

Parasite acquiring drug-resistance
(drug resistant parasite, yellow)

In vitro drug screening |

oo

Surviving parasites

|
O

Recovered pFCENv1 from parasites
selected by functional screening

46



DNA

10-50kb ~ DNA

DNA
DNA

Dd2 1
(PFCRT)
3 5 14

PFCRT

PFCRT

PFCRT

PFCRT

PFCRT
PFCRT
MEF1 1C50 33.0nM
8
DNA
12.5
15nM
4
3
4 6
2
+ Mefloquine Drug free
3>+ — — — — — — = = = >
2,
8
§
.g N
o /
0 A‘*— """""""" e ity

MEF1 3D7



2
1C50 21.4 M
3D7 1C50 13.8nM
DNA
12

436938-465288  438880-455299

mef-lib3: 28,350 bp
1 T
1 16

P ¥
> mef-iib6: 16,419 bp K3

I —

1 &

1 1

A
I ‘5& 1 &
W mef-lib13:14,719bp | s
(ECENY) S ;: (S '

" PiCen5 3 -UTR of Pbdhfr

3 MEF1
DNA 1 2

MEF1 8

MEF1
DNA 1
12
DNA 442455 460255

445838-460557

MEF1
12 445838-455299
5
3
(PF3D7_1209800, putative ATP synthase
mitochondrial F1 complex assembly factor
1, PF3D7_1209900;  putative  ABC
transporter B (ABCB) family member 7
PF3D7_1210000;
ribosomal protein L1)
MEF1

putative apicoplast

PF3D7_1209900; putative ABC
transporter B (ABCB) family member 7

MEF1 PF3D7_1209900

PF3D7_1209900
ABC

Multidrug resistant protein 7 PfMDR7

ABC
ABC
7
PTMDR7 ABCB

ABCB



PFMDR7

Dd2

8
PF3D7_0311700

Plasmepsin VI

Dd2

DNA

14

46
1Cs
1Cs, 150
M 2 450 M
2
Dd2 1Cs, 330nM
(
5)
-~ WT-8
100+ -# Dd2-1
-+ Lek15-23
¥ Lek103-2
Lek133-1
50+ @~ Lek136-3
0
5 -
PFCRT
Dd2
PCR PFCRT
1
PFCRT
1. A highly infectious Plasmodium
yoelii parasite, bearing Plasmodium
falciparum circumsporozoite
protein. ZhangM, Kaneko I, Tsao T,

Mitchell R, Nardin EH, Iwanaga S,



Yuda M, Tsuji M. Malar J. 15(1):201.
(2016)

Global transcriptional repression:
An initial and essential step for
Plasmodium sexual development.

Yuda M, Iwanaga S, Kaneko I, KatoT.

Proc Natl Acad Sci U S A. 2015 Oct
13;112(41):12824-9. (2015)

Genome-Wide Identification of the
Target Genes of AP2-0, a Plasmodium
AP2-Family Transcription Factor.

Kaneko I, Iwanaga S, Kato
T, Kobayashi I, Yuda M. PLOS
Pathog. 11(5):e1004905. (2015)

Horizontal gene transfer of a
vertebrate vasodilatory hormone
into ticks. Iwanaga S, Isawa

H, Yuda M. Nat Commun. 5:3373 (2014).

9
Drug resistance in Malaria. lwanaga
S., The 15th Awaji International
Forum on Infection and Immunity, ,

06-09/09/2016 (invited speaker)
ChlP-Seq
AP2-SP

, 85

19-20/03/2016.

19-20/03/2016.

Horizontal gene transfer (HGT) of a
vertebrate vasodilatory hormone
into ticks. Iwanaga S., BMB2015,

( ),
01-04/12/2015 (Invited speaker)
Horizontal gene transfer (HGT) of a
vertebrate vasodilatory hormone
into ticks. lwanaga S., Medical
Entomology Symposium at the Annual
Meeting of Taiwan Entomological
Society, Taipei, Taiwan,21/10/2015
(Invited speaker)

€Y)

Horizontal gene transfer (HGT) of a
vertebrate vasodilatory hormone

into ticks. Iwanaga S.

International meeting of

Matryoshka-type Evolution,
30/09/2015

-02/10/2015 (Invited speaker)

2015, ,
30/08-02/09/2015

Horizontal gene transfer (HGT) of a
vertebrate vasodilatory hormone

into ticks. Iwanaga S.,
International Symposium on
Frontier Science of

Pathogen-transmitting Vectors,

02702/ 2015 (Invited speaker).
2

83
( ) 27-28/03/2014

2016-151355
2016/8/1

Iwanaga, Shiroh

20314510



