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New interactome strategy elucidating the fertilization mechanism of malaria
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We have tried to identify novel factors interacting with GCS1, the male-side
gamete fusion factor conserved among animals, plants and protists, using the rodent malaria
parasite Plasmodium berghei. We succeeded in producing parasites expressing GCS1 conjugated with
BiolD2, which was recently developed as a proximity-dependent biotin ligase. Although we have not
been able to detect female-side partners of GCS1, our findings suggest a promising possibility to
identify fertilization factors.



¥ X C—19,. F—19—1, Z—19 (i38)

1. BFFEBRAS MBI 5

~ T U T B B O TR 2B AL EOBE L 40 L LD E 72 b T RYSETH Y |
BURICB W CHBERBEEE L SN TWD, BRAIIET 27 7 FUREREINTE LT, &
Yk & U CIBENM L DPERB A A v Lo TS, HFERTH D~ T U 7 JFRITBEA i o
RN T VARSI & > THIGE L, S50 L7 iR (R e Yo b)) S 7 mle % b
=BT, IHEE ORI L ET 25O 7 FUBREMER Shoob b, v 7 U T DR
BEMIET 57 7 F U 2B%T 500k, ~ T U 7 R OSZRES) TS ORI 73 L B 7] K
LEZHNTVD,

2. WEOBEM

WFRAREE 1T s L o~ 7 U TR OSZREICMETe & 2 X7 B3 GCS1 D [RIEIZ L)
LTwW2% (Hirai et al., Curr Biol, 2008), GCS1|IAAMDOZHRER T TH Y . ZOBEK T
ZRIE - fifT 95 2 & T D T ORRZ M C&E 5 2 EHIfF S Ve, ARWFFETIE GCS1
% bait & LIZHIAOA X T 7 b—LNTEEZBEANT HZ LT, G6CS1 2L Li-~T U 7R
RS ORI A B & LT,

3. WHEDTiiE
(1) in vivo [ZBIT DZREOREF NI 2 — & LT, BMANICKS T 2+ U 7 EH
ZREBEREL T 5. BOBYLIERSE 2T,

(2) WTAE, TEDOZ R TESF R EERICE AT ALT D, ITNRFERE L F o T A & — A
BioID 23BA%E & 477, BiolD ZHfE L7-AEH 0 I ET 2 RMO i 4 T b x5 72
W, BEAF UL BFMEOH AL TEINT S Z ENTE S, A TIE, %WER BiolD Th D
BioID2 % GCS1 (ZHfE L, ZNEHIHTHRAI~T U T RBEOEREZIT- 7=, IS0+
EHRREMICE BN 25 2 & T, GCS1 ZHY &< HZ IR 1 ORIEE I D,

4. WFERE

(1) A AEMET % mNeongreen (Rkfadtyes > /X7 H), A ABURT % mRuby2 (GREHEEH X
28) TIRIFFEG L 7= R~ F U 75 H 28R/GTA BRA/ERL L, Z1UTEYs L=~ 7 27 B
Lz~ & T 0 %&EE LT,
I Oz OMR R &2 E b
4% 3 4K CUBIC reagents %
WTCEE DN~ T T % Al
LA, B bENT
HFRENIC IS 1T B EUE 1 2 HL 6
RU—P—BEEEEIC L - T
BRBETDHZ LI LT
(B4 1), JEDIKE D5 kB
L 7= MRk 0 A A BB+ %
BN TR A D Z L IEREETH
L, S AT =1 vﬁ-ﬁ¢%mcawam%%®é%
N =y z - e N~ > VA 7 Pk RE
%%g}ﬁ%g%;;%%c:gﬁ A, mRubyZ’C%;‘T‘;%%‘xf“‘c‘firLf:x RAEEBF {%ED) EMNGTIEESE I N4 R
BT Ak B E R EEf%?/(%%) b‘nﬁﬂﬂftlé_nf:/\vﬁ7ﬁﬂPﬂ%\’C~‘$ﬁHﬂéﬂ7‘:o ﬁB, W% I
AN - 2BMRICEAROBEZITo71ER. BEALDXRARBFHIA—F
abScientific Reports (ZHER  x— MZFREZE( L T, C, F REIZHEEFGCSIZE/ v 277 b
N7 (Mori et al., Sci L72BERTIEARBBFOF—F2— FERIFEI OBV, RT—IL
Rep, 2019), /N=1330 um

(2) FAI~F V7T GCS1 & BiolD2 % i#ifE U724y GCS1-BiolD2 & Rr X~ Z U T JFHEDF /
D) I A UTRRE R U, RfRICER L~ Y A F o252 A, B4F
AN R T By OB HER STz, RIS, [FIFRIZOWT in vitro kg7 v A A,
I AENEF-NZHET DR A R DS 52 EFF A TE LML Lz, EFF UIFHET T
BB IR SE, BT ALZ XTI EOECEfENT LTc & ZABE R AT Ao HitElX
R onmnol-, A—F3x— FBH SN o722 L v5, BiolD2 DA IZ L - T GCS1 D
HEN (ZEFOobLoN) HEINZZEN—KELTEZLNT,

(3) Wiz, GCS1 DSt KX A & GFP 38 L X BiolD2 Z Hf& L 724>+ eGB (ectodomain—GFP-
BipID2) % A AEME T CHREREMICHEBLT O AER L, A AEMETRIm T eGB il EA T ML E
% GCS1 78— M =LA DOER R ATz, FHT 47 ar ba—/L& LT GCS1I O 7 F LS



DIr% - sGB % [RIBEIC TS

B oEbER L (X 2), A

FNEFNOKRICEKYE LT~ 1-m
A2 EOEMIZ oW T, v Gcs. o

FUAHET O in vitro SZH§Hs €GB construct | 50 GCS1 A
BRI MBRA R LS N =
3:\/“357 ‘//\"7%@%552%% sGB construct P28 promoter ' s o

% ﬁ )F}'I: i: J: > T J:I: iﬁ(k ﬁﬁz *ﬁ‘ L (Negative control) I -

Too ZORER, eGB BRHIRD B

FF AL Z R BT A B
DA AR T 7% < Bt o =
én}:) : k 75§j/)7j)/) 7_:0 : D Female gamete L Female gamete
HEILIT, eGB 75 X ARC{ET-5 K ‘ )

W+ SHP L83 2 A5
ZLERE LT, EHIT, sGB
MBI SRR o o A A
B AR - e SRR MUIRSME Sy + &~

N o )= -

/\/\7§p23 (f57) ,@*ﬁm‘ M2 X REBFRHENGCSL-BiolD2FRHRDIFER

PRI LT, ZOP22IZOWVT, A oGBIFGCSINMEIAN K X 1 Y DL RABLDICK L. sGB
ST U MNREOEREZR  16eS10v s+ LENOREE D, VTR X AEETFEE
Ftz, (1) OFETERML = 7 0% — 4% —P28 promoter® T IZEfE L 1=, B, X REMS
28R/GTARKIZ DU T P22 5T FICH T 2eGB, sGBOFIR, LWIhbd X REFRNAEGFPY
FERBE L in vitro ZHET FE LTRSS N, F—F 5 — PE#E (Retort) ICHHR
R BTl A, T PHEET

BOA—F 31— FRBAER L FREICRH SN, 202 E0h, P22 IXEIC KAy Tl
AN NN T Ay

(4) GCS1 DFMIES KA A 2 e

I F o ALEESE TurbolD & EfE L 7= o Tebn ‘

GCS1-TurbolD % =t A\ PAZE D A v

HTin vitro AL, X XI<F Y o oI

FEHRO in vitro SR B2k < BN &

FET v A 2ilkAiz, GCS1 Ol 8
SR A A & GFP 8 XL TurbolD %
AL L7= GGT. 6CS1 OfffeEF—7
TdHD cd loop ik L GFP B
TurboID Z 3L L7- LGT. =L CxA
T4 7arybua—)LThHD GFP &
TurboID DEFES+ GT DEfn+ = >
ANT T NERBRT Z— TR

< (S I
[ GGT
‘ cd loop
' nknown
- CS1 partner
3 c 6T LT 66T
él\E‘Z—g_%) : <I: G:E‘Z—Tj] 1/7%.0 ’/f%‘ ghﬁ: C; No peptides added

L. ZAXRFEOEMILRZ FAVT
ooy Bk, (1) OFFECHERL g3 inviro&mGCS1-TurbolDK: & 3 4%
77 28R/GTA £k in vitro SLFEEEMIIZ A, LGTiZcd loop® 3. GGTIZGCSINMAAISA K X 1 v D2 E
TN U2 ka1 O 4 — % % — FER R #E®HI-aAVAMT 7 bE LTz, B, invitroZHET7 v 4 =3

- -~ N WT. LGTH & UGCTEBA B CHEEL SFEEAHER L
EUBLIL 2D T BLOLT & pr) ¢ 66THEULGTR & 5 SHEEDE FLE,
TILZbDIZBWTHEE R 4 —F
F— MEAEEOR T AR SN (K3), ZOREFRIX GCT <0 L6T 4371 @ 6CS1 fHIk A =% 7
o2y LT-AREME A RIBE L CEY . A% GCS1 D A A S— N F—S RO — L L LTOH
AN S,

Native
S oza7L—t GCS1
p=0.0059

p=0.0117

T

LGT

4

Ookinete conversion (fertilization) rate (%)

<GSR >

1, Hirai M, Arai M, Mori T, Miyagishima SY, Kawai S, Kita K, Kuroiwa T, Terenius O,
Matsuoka H. Male fertility of malaria parasites is determined by GCS1, a plant-type
reproduction factor. Curr Biol. 2008 Apr 22;18(8) :607-613.

2, Mori T, Hirai M, Mita T. See-through observation of malaria parasite behaviors in
the mosquito vector. Sci Rep. 2019 Feb 11;9(1):1768.



13 12 3 8

Kubo-Irie M, Hirai M, Irie M, Mohri H 38

Postulated Process of Axoneme Organization in the Male Gametogenesis of Malaria Parasite 2021

Plasmodium berghei

Zoolog Sci 187-192
DOl

10.2108/zs200064

Fukuda N, Tachibana SI, lkeda M, Sakurai-Yatsushiro M, Balikagala B, Katuro OT, Yamauchi M, 81

Emoto S, Hashimoto M, Yatsushiro S, Sekihara M, Mori T, Hirai M, Opio W, Obwoya PS, Auma MA,

Anywar DA, Kataoka M, Palacpac NMQ, Odongo-Aginya El, Kimura E, Ogwang M, Horii T, Mita T

Ex vivo susceptibility of Plasmodium falciparum to antimalarial drugs in Northern Uganda 2021

Parasitol Int 102277
DOl

10.1016/j .parint.2020.102277

Matsuzaki R, Suzuki S, Yamaguchi H, Kawachi M, Kanesaki Y, Yoshikawa H, Mori T, Nozaki H 21

The Rubisco small subunits in the green algal genus Chloromonas provide insights into 2021

evolutionary loss of the eukaryotic carbon-concentrating organelle, the pyrenoid

BMC Ecol Evol 11
DOl

10.1186/s12862-020-01733-1

Takahashi T, Mori T, lgawa T 2160

Restricted Pollination for Tracing Individual Pollen Tubes in a Pistil 2020

Methods Mol Biol 73-81

DOl
10.1007/978-1-0716-0672-8_5




Ohashi Y, Mori T, lgawa T 257

Behavior of filamentous temperature-sensitive Z2 (FtsZ2) in the male gametophyte during sexual 2020

reproduction processes of flowering plants

Protoplasma 1201-1210
DOl

10.1007/s00709-020-01503-2

Balikagala B, Sakurai-Yatsushiro M, Tachibana SI, lkeda M, Yamauchi M, Katuro OT, Ntege EH, 19

Sekihara M, Fukuda N, Takahashi N, Yatsushiro S, Mori T, Hirai M, Opio W, Obwoya PS, Anywar DA,

Auma MA, Palacpac NMQ, Tsuboi T, Odongo-Aginya El, Kimura E, Ogwang M, Horii T, Mita T

Recovery and stable persistence of chloroquine sensitivity in Plasmodium falciparum parasites 2020

after its discontinued use in Northern Uganda.

Malar J 76
DOl

10.1186/s12936-020-03157-0

Mori T, Hirai M, Mita T. 9

See-through observation of malaria parasite behaviors in the mosquito vector. 2019

Sci Rep 1768
DOl

10.1038/s41598-019-38529-3

Sekihara M, Tachibana SI, Yamauchi M, Yatsushiro S, Tiwara S, Fukuda N, lkeda M, Mori T, Hirai 17

M, Hombhanje F, Mita T.

Lack of significant recovery of chloroquine sensitivity in Plasmodium falciparum parasites 2018

following discontinuance of chloroquine use in Papua New Guinea.

Malar J 434
DOl

10.1186/s12936-018-2585-x




Takahashi T, Mori T, Ueda K, Yamada L, Nagahara S, Higashiyama T, Sawada H, lgawa T. 145

The male gamete membrane protein DMP9/DAU2 is required for double fertilization in flowering 2018

plants.

Development dev170076
DOl

10.1242/dev.170076

Miyado K, Kang W, Yamatoya K, Hanai M, Nakamura A, Mori T, Miyado M, Kawano N. 130

Exosomes versus microexosomes: Shared components but distinct functions. 2017

J Plant Res 479-483
DOl

10.1007/s10265-017-0907-7

Yamamoto K, Kawai-Toyooka H, Hamaji T, Tsuchikane Y, Mori T, Takahashi F, Sekimoto H, Ferris 12

PJ, Nozaki H.

Molecular evolutionary analysis of a gender-limited MID ortholog from the homothallic species 2017

Volvox africanus with male and monoecious spheroids.

PLoS One e0180313
DOl

10.1371/journal .pone.0180313

lgawa T, Yamada L, Sawada H, Mori T 34

Isolation of GFP-tagged plasma membrane protein from Arabidopsis egg cells 2017

Plant Biotechnol 119-123

DOl
10.5511/plantbiotechnology.17.0522a




Takahashi T, Honda K, Mori T, lgawa T. 30

Loss of GCS1/HAP2 does not affect the ovule-targeting behavior of pollen tubes. 2017
Plant Reprod 147-152
DOl

10.1007/s00497-017-0305-2

7 0 2
89
2020
K13 C580Y
89
2020
Kelchl3
89

2020




Ochiai S, Maeda J, Hirai M, Mita T, Mori T

Synthetic biotin ligase enables to label surface invasion factors of cultured human malaria parasite, Plasmodium falciparum

66th ASTMH

2019

88

2019

86

2017

Mori T, Hirai M, Mita T

Development of See-Through Imaging Methods for Sexual Reproduction of Malaria Parasites.

66th ASTMH

2017




(Hirai Makoto)

(50326849)

(32620)




