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For better understanding of the Matryoshka-type cell configuration by organelles
evolved for the parasitism in malaria parasites, proteins located in the secretory organelles of the
invasive stage of malaria parasites Plasmodium falciparum were comprehensively analyzed. To this end, 25
novel molecules were identified and characterized for their importance during the invasion and growth.
Analysis of a parasite molecule SURFIN that is expressed on the parasite-infected erythrocyte identified
essential regions for the trafficking to the erythrocyte cytosol and Maurer®s clefts, nascent membranous
structures generated by the parasite in the erythrocyte. The translocon responsible for this trafficking
was also identified. In addition, regions required for the translocation from Maurer®s clefts to the
erythrocyte membrane and exposure on the erythrocyte surface was identified.



Plasmodium yoelii

SURFIN
Biacore
(Richards JS et
al. 2013)
5400
125
GAMA
170 AMA1
170 RON3
165

RALP1




(Arumugam TU et a. 2014; Ito D et .

2013)
EBA175

(SakuraT et al, 2013)
(EBA175 RH5)

(OrdRL, et al. 2012)

(Pandey
K et al. 0216)
Plasmodium yosdlii
RON5
RON2 RON4 AMA1l

RONS5
(Mutungi JK
et a. 2014; Mutungi XK et a. 2015) EBA175
EBL
(Pattaradilokrat S et a, 2014)

P. yodii

(Otsuki H et al. 2015)

PPRAMA PvYMSP10 PvRhopH2 PvMSPlp
Pv4l Pv12

(Li Jet al. 2012; Wang

B etal. 2013; Cheng Y et a. 2013a; Cheng Y et
al. 2013b; LuF et al. 2014; Cheng Y et al. 2014)

SURFIN

SURFIN

(Zhu et al. 2013)

(KagayaW et al. 2015)

caveolavesicle

(Wang B et al. 2015)

SBP1
P. knowlesi
SURFIN
SURFIN SURFIN
700 kDa
SURFIN
SURFIN
PV1
Pv1 PTEX EXP2
2
Pv1 EXP2
PVl EXP2
PV1
PV1
Biacore
PV1
PVv1
PTEX
PVv1

PTEX

Plasmodium



cynomolgi

(Tachibana S et a. 2012)

(Templeton TJ et al. 2016a; Templeton TJ et al.
2016b)

(Tachibana M et al. 2015; Kapulu MC et al.

2015; Feng H et al. 2015; Kangwanrangsan N et
al. 2013; Mathias DK et al. 2013; Arakawa T et
al. 2014; Aguiar JC et a. 2015)

@

@

©)

(4)

®)

(AdasaM et al. 2015; Hakimi H et al. 2016)

37
Pandey K, Ferreira PE, Ishikawa T, Nagai
T, Kaneko O, Yahata K. Ca?* monitoring
in Plasmodium fal ciparum using the
yellow cameleon-Nano biosensor. Sci Rep
6:23454 (2016) doi: 10.1038/srep23454.

Templeton TJ, Asada M, Jiratanh M,
Ishikawa SA, Tiawsirisup S, Sivakumar T,
Namangala B, TakedaM, Mohkaew K,
Ngamjituea S, Inoue N, Sugimoto C,
Inagaki Y, Suzuki Y, Yokoyama N,
Kaewthamasorn M, Kaneko O. Ungulate
malaria parasites. Sci Rep 6:23230 (2016)
doi: 10.1038/srep23230.

Mutungi JK, Yahata K, Sakaguchi M,
Kaneko O. Isolation of invasive
Plasmodium yoelii merozoites with along
half-life to evaluate invasion dynamics
and potential invasion inhibitors. Mol
Biochem Parasitol 204(1):26-33 (2015)
doi: 10.1016/j.molbiopara.2015.12.003.

Kagaya W, Miyazaki S, Yahata K, Ohta N,
Kaneko O. The cytoplasmic region of
Plasmodium falciparumSURFIN, , is
required for transport from Maurer's clefts
to the red blood cell surface. Trop Med
Health 43(4):265-272 (2015) doi:
10.2149/tmh.2015-38.

Mutungi JK, Yahata K, Sakaguchi M,
Kaneko O. Expression and localisation of

(6)

)

8

©)

(10)

@

2

rhoptry neck protein 5 in merozoites and
sporozoites of Plasmodium yodlii.
Parasitol Int 63(6):794-801 (2014) doi:
10.1016/j .parint.2014.07.013.
Arumugam TU, Ito D, TakashimaE,
Tachibana M, Ishino T, Torii M, Tsuboi T.
Application of wheat germ cell-free
protein expression system for novel
malaria vaccine candidate discovery.
Expert Rev Vaccines 13(1):75-85 (2014)
doi: 10.1586/14760584.2014.861747.

Ito D, Hasegawa T, MiuraK, Yamasaki T,
Arumugam TU, Thongkukiatkul A, Takeo
S, Takashima E, Sattabongkot J, Han ET,
Long CA, Torii M, Tsuboi T. RALPlisa
rhoptry neck erythrocyte-binding protein
of Plasmodium falciparum merozoites and
apotential blood-stage vaccine candidate
antigen. Infect Immun 81(11):4290-8
(2013) doi: 10.1128/1A1.00690-13.

Zhu XT, YahataK, Alexandre JSF, Tsuboi
T, Kaneko O. The N-terminal segment of
Plasmodium falciparum SURFIN,; is
required for itstrafficking to the red blood
cell cytosol through the endoplasmic
reticulum. Parasitol Int 62(2):215-29
(2013) doi: 10.1016/j.parint.2012.12.006.

SakuraT, Yahata K, Kaneko O. The
upstream sequence segment of the
C-terminal cysteine-rich domain is
required for microneme trafficking of
Plasmodium falciparum erythrocyte
binding antigen 175. Parasitol Int
62(2):157-64 (2013) doi:

10.1016/j .parint.2012.12.002.

Tachibana S, Sullivan SA, Kawai S,
Nakamura S, Kim HR, Goto N, Arisue N,
Palacpac NMQ, HonmaH, Yagi M,
Tougan T, Katakai Y, Kaneko O, MitaT,
KitaK, Yasutomi Y, Sutton PL,
Shakhbatyan R, Horii T, Yasunaga T,
Barnwell JW, Escalante AA, Carlton M,
Tanabe K. Plasmodium cynomol gi
genome sequences provide insight
intoPlasmodium vivax and the monkey
malaria clade. Nat Genet 44(9):1051-5
(2012). doi: 10.1038/ng.2375.

115
Miyazaki S, KagayaW, YahataK, OhtaN,
Kaneko O. The tryptophan-rich domain of
Plasmodium falciparum SURFIN, is
required for its transport from Maurer’s
clefts to the surface of red blood cell.
Molecular Approach to Malaria 2016.
Lorne, Austraria (2016 Feb 21-25)
Pandey K, Ferreira PE, Ishikawa T,
Kaneko O, Yahata K. Ca® monitoring in




€)

“)

)

(6)

(7

®)

©

(10)

Plasmodium falciparum using the yellow
cameleon-Nano biosensor. U.S-Japan
Cooperative Medical Sciences Program
(USICMSP). Bethesda, USA (2016 Jan
13-14)

Kaneko O. Evaluation of Ca*" Oscillation
in Plasmodium falciparum through Yellow
Cameleon-Nano Biosensors. The 12th
NUS-Nagasaki Joint Symposium.
Singapore (2015 Jun 11-12)

Tsuboi T. "WGCFS: an innovative
technology for post-genome malaria
vaccine research. 25th Annual Molecular
Parasitol ogy/\ector Biology Symposium.
Athens, USA (2015 April 28-29)

Tsuboi T, Kanoi BN, Egwang TG, Horii T.
An integrated approach to tackling
malaria in Uganda with special reference
to novel malaria vaccine candidate
discovery. E-JUST 2nd Inter national
Conference on Innovative Engineering.
Alexandria, Egypt (2015 May 19-21) (

)
Tsuboi T. Pre-erythrocytic vaccines for
malaria elimination. Malaria R&D in a
Time of Global Partnerships. The
University of Tokyo, Bunkyo-ku, Tokyo,
Japan (2015 June 26) ( )
Tsuboi T, Takashima E, Ito D, Feng Lu,
Cheng Y, Han ET. Wheat germ cell-free
protein synthesis system (WGCEFS): a
breakthrough for the post-genome vivax
malaria research. 13th International
Congress of Parasitology. Mexico City,
Mexico (2014 August 10-15)
Kaneko O. Recognition and invasion of
erythrocytes by malaria parasites.
International Sessions "Biochemistry
toward malaria control". The 86th Annual
Meseting of the Japanese Biochemical
Society. Pacifico Yokohama, Yokohama,
Kanagawa, Japan (2013 Sep 11 - 13)
Tsuboi T. Application of cell-free protein
synthesis technology for production of
malaria protein. Cell-Free Protein
Synthesis Workshop. Bangkok, Thailand
(2012 June 25-27)
Zhu X, Yahata K, Alexandre JSF, Kaneko
0. Recombinant Plasmodium fal ciparum

SURFIN, ;| protein is exported to the
parasite-infected red blood cell. Joint
International Tropical Medicine meeting
2011. Bangkok, Thailand (2011 December
1-2)  Prof. Sornchai Looareesuwan
Foundation Award

http://www.matryoshka-evolution.jp/
http://www.tm.nagasaki-u.ac.jp/protozoology/

M

2

3)

“)

KANEKO, Osamu

50325370

TSUBOI, Takafumi

00188616

YAHATA, Kazuhide
40467965
SAKAGUCHI, Miako

50400651

ASADA, Masahito

MIYAZAKI, Shinya

ITO, Daisuke



