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Fa~DREGNEZ LTG5 RH RO G R @EWZENHESN TS, ZOZenb, T
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HHR A IMC D5 E  IMC omﬁ

Rikako Konishi, Kayoko Fukuda, Sayuri Kuriyama, Tatsunori Masatani,
Xuenan Xuan, Akikazu Fujita, Unique asymmetric distribution of phosphatidyl-
serine and phosphatidylethanolamine in 7oxoplasma gondii revealed by na-
noscale analysis, Histochem. Cell Biol. 2023, in press.
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¥ %

Plasmodium [ B3 B kT 2MEHE N~ 2T T3 D55 F-HEAE FRAT
O M S BLRR RE Al Fns, rRAr BesEL FHI ok, BHoRE K
B 7292 891 M HARFARFERE (202245 H)

Formation of free oocysts in Anopheles mosquitoes injected with Plasmodium
ookinetes.

Haraguchi, A., Takano, M., Hakozaki, J., Nakayama, K., Nakamura, S., Yoshi-
kawa, Y., Fukumoto, S., Kusakisako, K., Ikadai H. . Vet. Med. Sci. submit-
ted
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ABFFETIL, FAIFY T FHRIZIBT Brea2 238 DREITHEN A— A h~D 43Iz
HIRL TODDODEMEIR 5282 HRYELT,
BT A — DA Brea2 O /w7 7 U NRREERL Q72 E FH)IAZ
D7 T NE RO #1T > TET2,
5 HIZEMIE B 2 —%35M LT ECRASA L IENEICOWTT A ATy a &
WFERBD | 1ToT-0 SBIT, WH . A—VICEAT A ATy ar 21T, LEFEE 2T LT,
i) ZOFER LT O RO ZE R IO~ TU 7 i RIZ 81T 5 Brea2 o B M4

DR Z TGN Z20 IR TE T2, 2022 FJE TN ETITELN R Z R ST EE
WIFL, IHITHE 91 Bl H ARFARFESREHE 165 [0 HARBRE P ESITE
WCTEERELITTZ,
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Brca2 ORAA L OREHERENT

HIAEEETIZ Brea2 /o7 7 UNEHRICEB W ORILEKRYLR DK T &~ 22615
WFEMEME T 3522 R LT, SHIT, AN ANDIEE, A LI OA— A
A= MERE B L OA = ANEREDME 5284 R"L, 2OF — T ANMITAR Y
ARSI N EB B LT,

ASAEFEY, =TT Brea2 OF DOEBNFE R U EKEA B o T A—R A D4y
(I LBLCTHDDMENT T D7D Brea2 O/ —= 7 ik i=, LU, 4
£ Brca2 O/n—= 7 \IBEFTOLEZAKIIL TR, ZHUE~F U7 R RO
BAIFHRN AT VT 7272 KIGE CTHEELIZ W=D E TS, £2C, &R Tk
<.Brca2 ORAAO—FZra—= 7L, WERMKXAI-ZU7 R BIZE AT 553 H
HEZT, ~TUT R Brea2 OR AL EL T, fHREIFLHLZ 5 Radbl A AEH 5
HEIETHD BRC repeats EFEFIXNDHR AL & DNA A AAER 35 e H5 OB-
Tower RA(LDI/a—=T\ZRHILT, ZIWHDRALAX, IREHE X RIETHD
DsRed-Monomer EODflG & NI EEFEB T oI F—|Z/n—=T Uiz, BIfE, X
RI7FV TR BICNT AT 2 7 T A2 E R TS,

FAI<ZYT I Brea2 @ OB-Tower R A1 1%, AlphaFold2 (212 SR EfEHT
(2L, ER BRCA2 @ OB-Tower FAA L EFAEIL TOAFEIREL THEE LTz, SMARFEES
LT DNA LHEAEMT 2R EWEE ZHNL03, FEERIC DNA OB AEMFERI
FEFASILTU R, Z22C Var B MU R B AR L ORI T ERRIC DNA L
AAEHT5Z8% in vitro (W CHERR T DFHEIAZ L Tle, ZOMBATIZMNEE 23 v
UNEORDEHRB T DI DRI A —E TR TP THD,

MR D

J&

*

1. Yoshikawa Y, Kimura S, Soga A, Sugiyama M, Ueno A, Kondo H, Zhu Z,
Ochiai K, Nakayama K, Hakozaki J, Kusakisako K, Haraguchi A, Kitano T,
Orino K, Fukumoto S, Ikadai H. Plasmodium berghei Brca2 is required for

normal development and differentiation in mice and mosquitoes. Parasit
Vectors. 15(1):244. (2022) ##iH

2. AF BER, H BAK, EE . 2L BES. 4K F#E. M 5 4, Plasmodium
berghei( % A3 77)7@&) ZRUT DIy HERE 2/ 7'E Brea2 OBERERRT,
%5 165 [ 0 ARBRE P FIES, 2022 49 A

3. BN FAK, AR BEK,EE R.EL B K FiE 64, RAIVTUT R
W Plasmodium berghei \Z33\ T HR[FIREH % 22 737" Brea2 HEEEMNT, 25 91
[ AARF AR RS, 202245 A
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AR 2022-I:[F]-12
. s . SRR 2 —
Ze SNy Zie % Alh
thﬁﬁ% ux[—ﬁ(nf&ﬁ?’buﬁﬁq Wﬁﬁﬁ%?ﬂ%%{é EH’% 7|<T
WFE R4 ~ X IR BRI DA AEM DR
i B 3 5 B
ﬁ%ﬁi‘%ﬁ RINE 1D
R P JEHEIE KR FPE Bk R F R SeRE - B
VY= I [N B R e [ AT o
Mackenzie Kwak AL E KR TR R EE A 58 R - JSPS PD
7o WHR N FOR, o YL R | e R
WA A JEHETE KR TP E B GE TPt - Kb E
AR ESEREE =Y
J *ﬁ ,—4% ,—4% ,—4% 2L
e ACHETE R R = 5 - e AR
;igbﬁ% B T PE AR s 5 — e
]l 202244 H1H ~ 202343 H 31 H
~H = IRE & TR R A L, WL ORI NSRBI AT T 5, —H T, ~F =%
RIRAR LM 2 7AW R A L CTRY, ~ X =L ARREF VTV D, it
WV 2 T AN AR A AR LTS . ~ % =D A1 EIIEOmL
HE-#E | R)DFELUEFTHIE0D, —dOLEMAEYII~F =DABEEICE > TEELE
ZHID, ZNHOILAEMAEY L, EALOBEE CE EI2E EICHEIGL TRY, 2D
B IMEIE T HZE TR IR A~ RN Z T D D, ANHFZE CILI MR AfiEHT T15
EHWHZLET, X =TI MMM OB 2 BrE LT,
(=& =% 7V 7]
<X =T AEEMIREDD tick twister A FHWTCEIN L, b EDO = H | T
AT S T EBITRIND=AR DT A IR )T TR Gl
775
[EBENTOYHY =fEF]
s /oMo~ =13 26 EOA L Fa_X—2 CREIC—EHMEEL, EINGSLUSY
ﬁj‘bﬁ:@m _ = 4 G 2 — N V=AY = [
o =D b ERFoT-, $hH =T IRF AV, —80 I ARE LT,

[ s RO PR A= o H

& = DNA ZhHL, MiE o 16S VARV —=</ RNA &5 1% PCR HigEL7-,
Fio, BEEAEMD 18S UARY —~ /L RNA s T OHIEIX, ~& =85 FICRFRAICHE
BT H7ryx7 PNA ZiFIL7 PCR ICEVWERLE, Zhbo PCR PEWETIC
INlumina > —%>7 A4 7 7)—%Z{ERIL MiSeq (ZEVfEFELT-, DT —4 2 A
—RIX Qiime2 |[ZEVFENTL ., ShH =28 ENDMAEM DR E R E LT,
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MR D
B =

(v =D 77

2022 4 5 AN 12 AT, GEF 196 RO fa 36 KO 3K i~ & =4 BF /&
B E ARSI U T, FERBAIRE I Z LD FE R E DR R, T~ =& (Hemophilic) 1%
5 #& (H. longicornis, H. flava, H. japonica, H. megaspinosa, H. kitaokai) . <%
= Ixodes J&\% 3 Ffi (I ovatus, I tanuki, I persulcatus) 7> £ Cu =, [BIILEED
HEIIRL/ NSO TR U EL TN H flava D 3.3 mg. I K TT 747
< IZHFHAELCQWE I persulcatus @ 357.2 mg Tho7=,

[EBR=ENTO~Z =i F]

PEIN - A LERBRIZ - 8 F 196 B R D~ =D>% | H. kitaokai AV D T Tl 68
E A TEEIN N R, $hE =0Tz,

[ HE A E P d H )

ZIWETDOEZA, H. japonica, I. ovatus, I. persulcatus ® 3 F& 22 fR{IRIZOUVNT
DFREHTH5E T L, M
HClIary=7 Viry
F T FE DB DTS
i (1), £, B
EMELTIE, H jar o = I
ponica O 1 WiKNE N | | | m_ e EeEam
Babesia J& O B 5 3
sz, 4%, I
R LT A ORI
IREARHI ATV,
168 F~H =~D B

[r—
" PR T T T |

HIBIARRL

WA

*ﬁ (2 fcﬁ U— t Y Haemaphysalis japonica Ixodes ovatus Ixodes persulcatus

B1. BMeL=9F —hoidt Shi-mEyE

WFER R D
T

L
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RIS | 2022-36[F]-13
. . JE RS 2 —
ik SRS I #
i ! BB ZE Y oA 0 24 e [EYIE-3'd
i 3 FUR BER 2R 31 e RIMEE 23610 D00 T AR O fi Mt
i IR 555 T
WFIEREE KA
T~ THNE () bR e 2 A A b R i - B AR AR 98 B
TR I TR g & 52 BR 0> FE i
VDBLL EEpx () T b FE S A A S SR T - 5 =
TtE e {EEMAEFER 7T o AB I ML EW T A7 7V —&IRD B
ey
L L& % I PE KT R IR oo 22—« Ef2
)l X (& FI 7 40) LY 7OV IR, SR RIEPEORREE
AT 20224 H1H ~ 20233 H 31 H
"V 7T XL, R AN D1,/ 3L EDNEGEL CTWADEHEESIL WD, T DJEYRIC
X0, WirE, FIEROILERENY T IXIELZ SIS, DRt BARAEEITE
WTCEBEECTEX R WL > TVVD. EBIT, BEERIZBWT, T¥ar 7L/ H
fith, JF BRYEIZ LD F B DA EEOIR T RENS CRIER S, BEpEkII R
<, HERHIAL COMEFITFE MNP TERICOIEDEDORELHS (Reichel et al. IntJ
Parasitol 2012). —J7, MH = KRIRYGYEDO~<F) 713, R CTHEM3I~5EANTRR
L, ZOHRR200 5 NbDOmEE N, a3 BINAZ L/ E 7y B CHEEE
BTHD. Fox i, B bR AR T 572012, BT CHoBELT- Bk, Sk
HAg-8E | WREBERORKMZ TDIAEE Y DTAT T —{bE D TS, FOREELLT, b

VT TGRAEET MR L TH N eIGh R 2773 MCF 2910, FU~A 2, A9
VAN, Hi~ TV TVER AR T T I TFE —PIERIDO PBT 728 5 b
(AW 16 )1 36 SCHd L LR TR L TV, Fox 13, R o/ ks aeds L OV N
a2 G T WA R EAER D — D> THHIEZRBEILD TN, LU,
SR R D Sy W B 1T B/ INEERE D 43 L~V TO FEARIT DU TR TRV S
MEUN,

ARHFX, MCF OERABIOERMFZ B L IchUR R EE2 R 3747 70—k h
MIOVE A2 IR 52 2 BIEL, ENT-JR AR ARSI RIS 5,
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JRHRR IR, TSR OB &% T a5, Licdio TRIESE BN Z DB
FITFEMAZE LRV ONBUIRTH D, FIHICALA SR RFEED VO IVA R
ZER RS CHURUR R DR R B X ORI AT 2B R 2 T3 22N EE THS.

INETIZ, bvbiUdf BERBI R I L 7= KRBT A 7 TV —DREEEFT), b
XV T IR Y~ AR DEN IR R EZ "7 MCF 23 HL7-. 612, MCF
TP A AR, Ji~T VTG EE R 2 e bR LT, ji ~ZV 7 ;mb\#ﬁﬁ
EMEA73 PBT 2 A L7=. PBT 1L, bV 77 X< |20, HUR RIEME RS o7z.
MCF ® £tz CE BRI LD 1E T ﬁﬂﬁ%ﬁﬁz RH 5. FD %I MCF
DAEFEBEZMLRTHIVLENDY, DIVOIVUIAFERE ICLDHEE (B ) TILEWE L)
RN AFLHFELZBF L. bivbiu, MCF O Bt 58 0B S D—on
WER, AN AISEICE DD/ MR OBEETHDLZ L2 NETIORLTE . Ll
MOERTE LUV TOFEIRIZE TR0,

MR D
B

DKP #E (KD MCF 1L, MY 7 IR ~, 34 ARTBIO~ZV 7 JFH I35 H0R
HiEMZRL, MCF N~7U7 OBEFE 7 nax o LEL ~L OHRE RiEMHE 2 .
MCF 1%, o T~ZU 7 BEAFHIT T A MR HELL T A BURZ I F 2 5 Lk it
RDO=FVTIHELT, LU, Frl 7o 7L 79-ME B OFH OPUR BiE 2R3
AL CTRBETHIENHFFTES. BIFEDO MCF AR OB REICLDAFE H1ETIE
MCF OJF Ik T2 1E RSP RENT, T % O FZERENIZ LD IYGE T V% = AT
%mbé@ (CE R AR T 20N KNERN Th o7, ZOBUREFTHT 5729

Z, bivbhit, (K= AT H RN MCF O IEDOBIF BT D RS 4
m\, BREICLDEEBLOAT LR T MCF 218528105 L=, MCF %, o+
HETmWHUR BERZ R T2 R L T, 5 %1%, MCF OfEH 4% dose, WL,
PEHIZ DWW CEEMZ T T2 BB, BITE, T 2D Td.

—J, MCF OFUFRHAERICBNT, ZRETIZN TV APV T =LA/ BIR RO/
AR B L ORZITER L OB RTEEMEZRL, FRIZ, AR O/NMIEKIZISIT D AR RIS
1%, Sar1GTPase 2LV T D COPII /M, 51T, D/ H@ﬁﬁ‘%ﬁ’“ﬁk%ﬁ“ﬂﬂﬁ”ék
EZONDETT 2B —, TI)RXRTF L =B D3 /Jéjaw:rmﬁﬁﬁkrzcéﬁ*%#
iz, RO/ Nafkiz Téxbvxmﬁf%% ”ﬁ?L*’ﬁ’?@%lTﬁ#OTb‘éﬁE%@*&
EEREERD G THEBEEE 2 DN TS, IBIZ, MESED AT =X LT HOWTH IR
WZRTIZDMS TRV, LTEA3 > T, 2O, B2 IR DI IZ-D72A30,
TR TR DR R ICEE THD.

AEEIL, MY T TX~O/NERIZE TS COPIL /M RIZ@EEZHND
Sar1GTPase |Zxf 957 7 = X7 LA F R M (GEF) & TSI 178 Sarl &
[EREIC MCF OEREMLEE 250 7-0DT, ZDRIEEIT-o7=. ZTNETHHBE T GEF @
FERHALNZEN TR -T2, DI, MY T IR~ ~TUT iR —#o 7o
YTV IV LS DIRE R TIERTICS ) b ETHERSNTWRWIRILTHS. BERE, L
728 O Sar1GEF TERAEEND SecT KAAY, WD VB —hRAA L, T Blfisis L X7
DR —%Z2EZEL, MY 7T X~ SarlGEF ZBEREE Btkz V- CHEREFRR 921K
FHEFELZ. 512, TORRATTRZFRIL, %%/7717@1%?%%1@%%7
NZADTAE—NMIBNT, ¥V 7 TR~ SarlGEF MRHEBL TWAZEE2HR L. fiEo
T, JFHRIZBWTEREIC SarlGEF 2ME N CTWA RIREMEIS RENT-.

BTE, B B AFH AR Y 75X~ Sarl GEF 5812 % U Cll iR aE 12 4
S/ NV, INVUR RITE LS 7T SO W TR TR TS,
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1. Leessombun A, Iijima M, Umeda K, Kondoh D, Pagmadulam B, Abdou AM,
Suzuki Y, Ohba SI, Isshiki K, Kimura T, Kubota Y, Sawa R, Nihei C, Nishikawa
Y. Metacytofilin is a potent therapeutic drug candidate for toxoplasmosis. / In-
fect Dis. 221 (5).pp764-776. doi: 10.1093/infdis/jiz501. 2020.

2. Leesombun A, Iijima M, Pagmadulam B, Orkhon B, Doi H, Sawa R, Nihei C,
Nishikawa Y. Metacytofilin has potent anti-malarial activity. Parasitol Int. 2021
81, 102267. doi:10.1016/parint.2020.102267. 2021.

3. Nihei C, Nakanishi M. Cargo selection in the early secretory pathway of Afri-
can trypanosomes. Parasitol Int. 84, 102379. doi: 10.1016/j.parint.2021.102379.
2021.

4. Leesombun A, Kondoh D, Nihei C, Nishikawa Y. Polyether ionophore kijimicin
inhibits growth of 7boxoplasma gondii and controls acute toxoplasmosis in mice.
Parasitol Res. doi: 10.1007/s00436-021-07363-w. 2021.

5. Ariefta NR, Pagmadulam B, Nihei C, Nishikawa Y. Sparsomycin Exhibits Po-
tent Antiplasmodial Activity In Vitro and In Vivo. Pharmaceutics. 14(3):544. doi:
10.3390/pharmaceutics14030544. 2022.
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ux[—ﬁ(nf&ﬁ?’buﬁﬁq Wﬁﬁﬁ%?ﬂ%%{é EHJ\ 7|<T

TENF T~ Z =B RIESIIZT 2T R O AR B

WA

(50H7g)

K 4 FIT s B8 R 55 « e

72780y THOR
M

BT 1oL
EH

LoSE 7

ABE LA 11 IS8 PER IR AT e o 7 — - E B
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WFFEHH

20224 H1H ~ 202343 H 31 H

EEDRYEd=;

~ X =OWINATENL, Bh-H5 A =HNCK 1 8o, EJETE 3 Blfthebhd—
KRARETHD, ~F =D IMFTENZ BT, MIRBEICR BT 57277 R (AQP) X
AR A I UKoy Fa AL, MREREML TWDIENB LD, £2 T, AT
IR S = AN DD P~ Z =T 7 F U CEH L, TDUIF a1 LT
AQP DOFHEZEFIRHIEEHIELT, T7b b A ROMRIL, ~& =D& I
THOWIMIEALZ RN 22 & BRETITOELV AQP ZHEM LT i~ F =07 F
DBAFEIZDIRINDRTREMED I,

1. BFZEE W

~ X = IFHEEN) O MLIE A5 IRE U, T OATE SR TR I ) & T | TR SE> T
WD, X =D MmATENE, $h-35 g =HICH 1B o, EETH 3 [mlfTbid
— KAV THD,

W ifn 5 2 B O W M ATENC VT AQP 1ZE RS T Thd, MaIZ 3T 5
AQP 1I/K5y 15 KT ¥ R LS TR Z /L Claik 5, 2072, v~ X =3 K&
DI AWM T DT AN T AQP ZU TR ZHEH L, MIKZHEMEL TWAHIEN
Z 26D,

LB =HIDIFIE R T, BIEOEH I T E R0 ERES R A i
DL EB L TDTsh | AN~ &7 =0 B AR X OBEZ N TUD, £Z T,
LFERERS =HNZ b AP~ X =TI F U NEB L, ZOTIF A5M oy LT, Ky
THEEREAAED AQP IZHE ALY . AFZETIE AQP OFMEE RS2 HRE LT,
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2. MBI HE
OB RHZ LD 2 AQP DOFEL

THENFF~ X = DWEEIRD cDNA 7A 77V —05 AQP & a4 /7n—=71L . i&
N AT o7, T D% RT-PCR 1EICE > THEIEL7Z AQP O cDNA %R RE% E
R B— R IRIANTE . L7 haRL — 2 —% W CEERE(Pichia pastoris) |38 AL
7=
Q7N F~F =BT D AQP DRHEAEHNA

TENT T HZ =575 AQP DOFEZMRIT 57201, AQP BT DR B iz
Al i B ERNIZZNZF RT-qPCR (ZX-> TR BRENREZ FH 7=, £7=. RNA T3
2D AQP BIRTHBLOMEIZATV, ~F =D M REH, REZE b, E775E, FEIN,
W bl OEAEBIEZEL , ~F =0l - BHEABIZHB1T5 AQP OEFENZ SOV THRET
L7z,

3. R
O7#NFF~F =izBi}D AQPEILEFDORIER IO AQP DR

THNFF <X = OWERIRD cDNA 7477V —nb5E4a K AQP cDNA %245, H LA
BIfRMT 24T >7222 5, 3341 bp T, ORF 1X 876 bp THY, ZDOHEEFEWIT 291 7/
i ChoT-(HEE /D8 30.9kDa), ZNHD TR 6 [ E@A D2 7 E Th
D, 1EFT D N—RESGRE S DA ET DI EDHEE STz, Fx 1L DOBLHIIE A
FRICEREZ AW CGRBZ AR DIERLZAT 572728, AQP MR B THhHi2, kB
FOMERLIG DN TER T,

Q7EANSF=H =ILBITD AQP BIETDRBROLNNC AQP BEFIHIDORIZ T
=

TENT T~ H =Dl BT D AQP B DR BBREZ T ~T2L 25, WfLIHE>
TMEEIR. . < L — R CRBIL LN LT, UL, H B CI e g ik e
THREL LN E DT,

RNA +¥HEIZED AQP BIRT-HBLOMM ZAT o722 A, flllFET AQP BT
PRI b — VBRI R CER B O 2T KR EAE W T e oT, Lol AQP &
LA IHIREA IR L2 2 A, o b — VBRI T, I OISR ED T AL,
L~ e —FEDILRENE(LL Qe F2, AQP B s Il d=a ha— VBRI
FEARTREIREBIR F LT,

4, BE

AQP FHEES NI T I /BRSO BLL TWOA AT REME SRR STz, &
72. RNA THHEDRERD G, AQP 1ZHF G0~ AV E —FE 2B W ORI HEE
(ZEH RS CThY, Wil R O MR IEAEIZB 5L T\ A ZEmBE 2 bz,

AS1%13Pt AQP HUAZ FHWT, MER R, T, vV E—FEIZBITS AQP DRifEL
TRDMENDHD, IHIZ, AQP BAGR NI EEOMER IR, F G, ~/LE—FE | IR O
AV OWTHRRL ~L CTRIZE T 228128 - T & =DWRIMIZEIT 5 AQP O EIN
JOBMRIZI2DZ N TRSID,

W5e
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PR D
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ez
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WFFEHH

20224 H1H ~ 202343 H 31 H

HE -8 E

BB~V T R (Plasmodium falciparum) ZE M35~ F U7 - BOH T
bWRMENE L, BIED, R CHER] 40 5 AL, EORRGECEDNRESN WD, #
HEZ2~Z 07 R O ATEER TN T, ARG (A=A M) 1B Lo TR
B, BOBNTEIET HAT—U 7205 WO MR MIEYE T A AR e AR e
T, AFROF THRO RO N T5 (R Ry 7) THAHZERHBILTWDT
O ARIE LY 7 F D —7 L TIERICEE Th D, ZNOLDO ma B Ex | ARt
[RIMFSE T, Je TR e LIRS R A AT RE L Zp o To R AR — 7 o — % | ARG
AR F PR 2 FFD DA2 BRICXT L, Z D EHEOBIK TH DA A A AFEMI AN E R 12
FETDH W2 HRICBIT YR 12 7 DBLHNEfRHE L, 7 ) BELSIDS T —H_— AT
B TCUD DA2 #REESI LD g2 10 DA2 #RO A A A Skl 58 2 E O JRIK &7 D
B TERORESE, BT /v/7 VB IOEETFAY Yy FIC LD BB FHEREDREY]
#1719, IBIZ, FEBEGE T HDOWITZIUCE 5 L CTRIL QW AE R T O EWIxT
DHURZAERLL | D, A= ANEAEILTIORN T, P falciparum OEFRIZ
KAF T 5B E L, BN TRIET 7T U BIFIZIT D AR 2 FRRE D,

ARILFEFFE T, 63, P falciparum DA2 BE DA AT A— N A Mg e E O JFU K 1B
LFDORIEDTZD, T —2_X—A LD DA2 ¥R7 ) LEHIED AT T80 kR
— 72 (IZXVBIRETHD W2 RO ) AERH| DG e T T2, 7/ LECFNIE ARF T
RO W IECEHR O HLFFZEIZLD ., Pacific Bioscience #:& Ilumina o
—J T ANED, BRI ED W2 7 ARSI ERG LT, 2 T4 7 EANE, R ER
250kb DELFINZE S THERSIV W72, B3, BFEE LKA TAFZEIZ VW Tis
STz 82 kb & TeYufaik 12 LK) 800 kb DA 13 —F2 W2 oL T 7 %~y
7L T W2 & DA2 DI aAT 7o, DR R, /57, 82kb Ol (Furuya T et al.,
Proc Natl Acad Sci U S A. 2005 102(46):16813-8.) {22\ C, D2 & W2 IZ/FET 5D
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ERZRUTZEZA IR LISMNT B R B B R O biinolz, 200 | B
(ZLART DA (Vaidya AB et al., Mol Biochem Parasitol. 1995 69(1):65-71.) &2 &
L, iEsn-ge ik 12 FOBGfF~—h—%22REL T, MR ERDE LT E O
TELTRAT, EORER, YK, 800kb LSV TV B iR 12 OFEIEN, kb7 >
T =R B~ —h—DF ) A O IR FINEIZE > T, 367kb DfEIKE/RDH
DG 5T, 22T, T, ZOFEIBICAFE T DA 7#E (100 BAS FREE) 12
DOWT, ZOFFRERIC 1T DA2 ¥k W2 BRI SRS D el A3 2 T2, Z DfE 5.
2 DOBIETIZEBWT, HLREIE T2 IR F iz, — ik, 5 R 7R
ZFRFOB G T BIRREE O BT B L Z 1/3 ORI FET DA A BRI A IEaRy
XV BEB T Lo T e, I —DDBIR T-1E, EANASARIEIR T ThY, FFRaEk
D 213 DEHTZ 27 IEOEH| MR A ST,

BUE, AWFIEE Tl ERLDS7 / LECHENTIZEV R E STz DA2 #EDAAH A—KH
AN BB BAS TI2 OV T EEDREAZ T 5720, ST NGz AW -2
A~ TV TR, WA =M ANDBEAEZBIAEL TND, W A=A M i) <
PEAT 2 HB3 ¥ W TH A= M A ROREREZBIIAL TRY, AN A AT =D
PEEZMERE CEIZT20, Atk T3, BikkD W2 BRICBIT 586 T EIc ko4 24
FEA A DO BERENEZ FEA 2720, ERLOBEMER O /v 7 T U MEDERZIT O ik
B A=A MBI OHEE BB ORIEEITH, 512, DA2 ORI ED, 4
BER T E2BFAMORBUEE ATy 7 21T, REORIEZR D, ZNH0OEER
(Zi, BEICHESZ L T % CRISPR-Cas9 & AV o n BV AT 2% TE AT 5,

MR F D
B

LRI, AFEOELL T, BRMICHE R THRNE, A AREFEAT —T D
FEEERERE DS DN B2 DB BV~ Z U 7 5 AR Uk W2 & DdA2 128175, Yefalk 12 F
DR RS LB IZIBN T, 2 DOBIR LR SR AE R R, —2lk, IG5 1%
BAICBITHE RICEAERENERE T OFFUE L THY , 59— DIk, EANAEHER
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NRCPD-OUAVM Joint Research Report

Date: June 1, 2023
Project no: 2022-joint-18

1. Principal investigator
Name: Albert Mulenga
Position: Professor of Veterinary Parasitology
Affiliation: Texas A&M University

2. Project title:
Establishment of split Cas9 for functional characterization of essential genes in Babesia bovis

3. Collaborating research group members at NRCPD
Name: Masahito Asada

Position: Associate Professor

4. Research period (in mm/dd/yyyy, and total number of years)
01/04/2022 -31/03/2023: one year

5. Purposes and objectives
We aimed to establish an inducible CRISPR/Cas9 system for B. bovis to be used for functional char-

acterization of essential genes in this parasite.

6. Outline of research process

The workflow for adaptation of inducible CRISPR/Cas9 consists of the following aims:
1. Construction of splitCas9-expressing plasmid

2. Generation of splitCas9-expressing B. bovis

3. Optimization of rapamycin to be used for reassembly of Cas9 fragments

4. Validation of CRISPR/splitCas9 for induction of gene knockout

7. Outline of research achievements

A plasmid construct was generated to express splitCas9 and inserted into ef-7a locus of B. bovis
genome. PCR assay confirmed the insertion of the plasmid construct into the target locus. To recycle
the selection marker, yFCU gene was used in the expression plasmid which confers sensitivity to 5-
fluorocytosine (5-FC). A growth inhibition assay was conducted using the transgenic parasite to find
the optimum concentration of 5-FC for negative selection. The calculated ECso was 26+1.2 nM for
transgenic parasite expressing splitCas9 while no inhibition was seen in wildtype parasite. We used

1uM of 5-FC for negative selection which resulted in selection of parasites that lost the selection marker.
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Next, we measured ICso of rapamycin to optimize the concentration that can be used for Cas9 as-
sembly. A growth inhibition assay was done using wildtype parasite. The calculated ICso was 13.9+11.6
MM and no inhibition was seen at 1uM which was decided to be used for Cas9 assembly.

To validate CRISPR/splitCas9 for induction of a gene knockout, we targeted BbVEAP (VESA1-ex-
port associate protein) which previously was shown to be essential for the parasite growth in vitro [1].
A circular plasmid expressing guide RNA and having homologous arms for bbveap locus repair was
transfected into splitCas9-expressing parasite. Following appearance of transgenic parasites, using
PCR we found that veap locus was modified before the addition of rapamycin. This could be due to the
assembly of Cas9 peptides which may happen during protein synthesis and transport in the cytoplasm.
In our construct design, we fused Cas9 C-terminal peptide with a nuclear localization signal which will
transport the peptide to the nucleus. Cas9 N-terminal peptide has no signal and is assumed to remain
in the cytoplasm. Since Cas9 peptides are expressed using strong ef-1a promoter, abundant Cas9
peptides may be assembled and exported to nucleus where the functional holoenzyme produces dou-
ble-strand break in bbveap locus. Recently it was shown in Toxoplasma gondii that the addition of
nuclear export signal to Cas9 N-terminal may prevent this unwanted assembly before addition of ra-
pamycin [2]. We are planning to modify splitCas9-expressing plasmid by fusing nuclear export signal
to Cas9 N-terminal peptide and perform the experiments again.

Altogether, we were able to achieve 3 aims mentioned in the research outline: construction of split-
Cas9-expressing plasmid, generation of splitCas9-expressing B. Bovis, and optimization of rapamycin
to be used for reassembly of Cas9 fragments. The final aim could be achieved by modification of

splitCa9-expressing plasmid in future studies.

8. Publication of research achievements

None.

Attach reference materials as necessary.

1. Hakimi, H., et al., Novel Babesia bovis exported proteins that modify properties of infected red blood
cells. PLoS Pathog, 2020. 16(10): p. e1008917.

2. Li, W, et al., A splitCas9 phenotypic screen in Toxoplasma gondii identifies proteins involved in host
cell egress and invasion. Nat Microbiol, 2022. 7(6): p. 882-895.
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NRCPD-OUAVM Joint Research Report

Date: May 23, 2023
Project no: 2022-joint-19

1. Principal investigator
Name: RNDr. Daniel Sojka, Ph.D.
Position: Research Scientist — Laboratory of Molecular Biology of Ticks (previously Laboratory of
Vector Immunology)
Affiliation: Institute of Parasitology, Biology Centre CAS, BraniSovska 1160/31, 370 05 Ceské

Budéjovice, Czech Republic, Europe

2. Project title:

Establishment of DiCre parasite lineages to study essential aspartyl peptidases of Babesia

3. Collaborating research group members at NRCPD
Name: Masahito Asada

Position: Associate Professor

4. Research period (in mm/dd/yyyy, and total number of years)
01/04/2022 -31/03/2023, one year

5. Purposes and objectives

The primary goal of this project is to develop innovative functional genomic tools for tick-borne Babe-
sia parasites. Specifically, we aim to create a stable transgenic strain(s) of Babesia that expresses the
DiCre recombinase. The DiCre conditional recombinase system allows for the functional analysis of
essential parasite genes, which cannot be effectively studied using conventional non-inducible knock-
out systems. Although this technique has been successfully employed in model species like Toxo-
plasma gondii and Plasmodium falciparum from the Apicomplexa group, it has not yet been introduced

in Babesia.
The individual objectives of this project are as follows:

(i) Designing and cloning Babesia plasmid constructs that enable the integration of both Cre subunits

into the same genomic locus of selected Babesia species.
(ii) Generating "parental" DiCre parasite line(s) and optimizing the transfection strategy for Babesia.

(iif) Implementing the loxP sites into the parasite using both episomal and intra-genomic approaches

to confirm recombinase activity.
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(iv) Conducting conditional knock-out experiments on selected Babesia target genes.

By achieving these objectives, we aim to advance our understanding of Babesia parasites and their
associated diseases, ultimately contributing to the development of improved diagnostic and therapeutic

strategies.

6. Outline of research process

During our work on this project and the visit of Dr. Sojka to NRCPD-OUAVM between November 6
and November 16, 2022, we prepared the initial version of the plasmid DNA vector containing the
complete DiCre cassette for integration into the genome of our Babesia divergens strain. This construct
was designed in such a way that by making only two changes in the homologous regions, we could
use the same plasmid/DiCre cassette for integration into the genome of Babesia bovis, a related Babe-

sia sensu stricto species that is of relevance to our Japanese collaborators in this project.

However, our subsequent attempts to electroporate and create B. divergens parental lineages
through serial dilution revealed significant shortcomings in the initial design of the DiCre cassette-hold-
ing plasmid, leading to unsuccessful outcomes. Therefore, in 2022, we undertook a redesign and syn-
thesis of a novel version of the DiCre cassette-holding plasmid to enable its integration into both Babe-

Sia species.

The work was also supported by our parallel CAS/JSPS joint mobility project, when two members of
our team, Eliana Fernanda Galindo Cubillos (postdoc) and Ana Maria Osoério De Barros De Almeida
Filipe (PhD student), visited NRCPD in Obihiro for almost two months. During their internships they
primarily focused on generating stable lines of B. bovis parasites that express the dimerizable Cre-
recombinase (DiCre). This enzyme facilitates the conditional deletion of target genes, allowing for con-
ditional knockdown (iKO). Both visiting researchers acquired practical skills related to the preparation
of transgenic Babesia and subsequent analysis of the resulting phenotype. Additionally, they received
intensive training in various knock-in/out techniques targeting specific genes in Babesia, which are

crucial for studying gene function in this organism.

The main outcome of their two-month internship was the generation of transgenic strains of B. diver-
gens/ B. bovis carrying the updated version of the DiCre cassette. These strains are currently under-

going cloning by serial dilution and analysis through PCR.

Furthermore, our collaboration with the University of Geneva, Switzerland, regarding recombinant
expression, purification, and biochemical characterization of two BAASP3 proenzymes prepared in
baculovirus-infected Sf9 insect cells, has continued. Results from this collaboration were presented by
team members Sojka, Jaloveckd, and Snebergerova at the International Congresses of Parasitology
— ICOPA XV, held in Copenhagen, Denmark, from 21-26 August 2022.
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7. Outline of research achievements

B. divergens and B. bovis were selected as model organisms.

Specific promoters for B. divergens/B. bovis were identified and their sequences were deter-
mined.

Specific 3’ untranslated regions (UTRs) for B. divergens/B.bovis were identified and their se-
quences were determined.

The sensitivity of B. divergens to Blasticidin-S-Deaminase (BSD) and WR99210 selection mark-
ers was validated.

The first and second generation of a plasmid DNA vector containing the full DiCre cassette for
incorporation into the genome of B. divergens/B. bovis was designed and synthesized.

Team members were intensively trained in strategies to perform knock-in/out techniques on spe-
cific genes in Babesia by NRCPD-OUAVM host lab members.

Transgenic strains of B. divergens/B. bovis carrying the updated version of the DiCre cassette
were generated. This process involved cloning by serial dilution and integration analyses through
PCR.

Aspartyl proteases recBdASP3a/b, encoded by first-choice DiCre recombinase target genes,
were expressed in both E. coli and Sf9 insect cells. These expressed proenzymes were then
biochemically characterized using Western blots and immunomicroscopy techniques. Antibodies

raised against recBdASP3a/b were utilized for these analyses.

8. Publication of research achievements

Due to the COVID-19 pandemic and the closure of Japan's borders for tourism and business travels,

the internships of CZ team members in Japan were initially made available only in late 2022. Conse-

quently, there hasn't been sufficient time to publish the obtained results before the deadline of this

report. However, we plan to publish the results of the ongoing collaboration between the CAS and
NRCPD-OUAVM teams in 2023-2024. These publications will be based on our long-term collaboration,

supported by other concurrently running projects.

Attach reference materials as necessary.
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NRCPD-OUAVM Joint Research Report

Date: May 21, 2023
Project no: 2022-joint-20

1. Principal investigator
Name: Morakot KAEWTHAMASORN
Position: Associate Professor

Affiliation: Faculty of Veterinary Science, Chulalongkorn University

2. Project title:
Identification of mosquitoes in goat farms and molecular screening of malaria parasite in mosquitoes.

3. Collaborating research group members at NRCPD
Name: Masahito Asada

Position: Associate Professor

4. Research period (in mm/dd/yyyy, and total number of years)
April 1, 2022 — March 31, 2023

5. Purposes and objectives

Mosquitoes play a key role in transmitting many infectious diseases including malaria. Ungulate ma-
laria parasites are known to be transmitted by the mosquitoes belonging to the genus Anopheles. There
have been a few reports about mosquitoes responsible for malaria transmission in mouse deer and
white-tailed deer while mosquito vector for goat malaria transmission remains unknown. The objective
of this study was to identify the vectors responsible for transmitting the goat malaria parasite, Plasmo-

dium caprae.

6. Outline of research process

The mosquitoes were collected from goat farms located in six districts across four provinces in north-
ern and western Thailand. Each location has been visited only once. From each district, one or two
specific localities were chosen as follows: Lao Khwan District (14° 28’ 33.4" N 99° 48' 25.0" E and 14°
28'51.1" N 99° 48' 11.7" E) in Kanchanaburi, Wiang Sa District (18° 31' 56.9" N 100° 37' 50.2" E) and
Mueang Nan District (18° 49’ 07.0" N 100° 46" 36.9" E) in Nan, Ban Kha District (13° 17’ 32.3" N 99°
25' 06.8" E) in Ratchaburi, Kaeng Krachan District (12° 53' 45.7" N 99° 42' 45.4" E) in Phetchaburi,
and Ban Mai District in Kanchanaburi (13° 53" 27.3" N 99° 37 16.2" E and 13° 54' 40.8" N 99° 37' 52.4"
E). Mosquitoes were sorted out under the stereomicroscope for unfed, blood-fed, half-gravid and gravid

status as well as its group or species levels based on pictorial identification key. Then, DNA extraction

121



was conducted in a pool of 1-3 mosquitoes, followed by screening for Plasmodium spp. by PCR. Mos-

quito species and Plasmodium-positive samples were sequenced for confirmation.

7. Outline of research achievements

A total of 1,019 anopheline and 133 non-anopheline mosquitoes were collected from goat farms in
Thailand, where goats infected with P. caprae were found. Molecular biological methods targeting the
cytochrome ¢ oxidase subunit 1 (cox1), cytochrome c oxidase subunit 2 (cox2) genes, and the internal
transcribed spacer 2 (ITS2) region were used to identify anopheline mosquitoes. To detect P. caprae,
both pooled and individual mosquitoes were tested using the head-thorax parts containing the salivary
glands. Primers specific to three genetic markers, namely cytochrome b, cytochrome c oxidase subunit
1, and 18S small subunit ribosomal RNA genes, were employed. Furthermore, blood samples were
collected from goats during the mosquito surveys to determine their malaria infection status. The study
unveiled six groups comprising nine mosquito species found on goat farms, namely Hyrcanus, Barbi-
rostris, Subpictus, Funestus, Tessellatus, and Annularis. Anopheles subpictus and Anopheles aconitus
were identified as carriers of P. caprae DNA. This marks the first time that An. subpictus and An.

aconitus have been implicated as potential vectors for P. caprae.

8. Publication of research achievements

8.1 Nguyen AHL, Nugraheni YR, Nguyen TT, Aung A, Narapakdeesakul D, Kaewlamun W, Asada M,
Kaewthamasorn M. 2023. Molecular characterization of anopheline mosquitoes from the goat malaria-
endemic areas of Thailand. Med Vet Entomol. 37(2):381-395. doi: 10.1111/mve.12638.

8.2 Nguyen AHL, Pattaradilokrat S, Kaewlamun W, Kaneko O, Asada M, Kaewthamasorn M. 2023.
Myzomyia and Pyretophorus series of Anopheles mosquitoes acting as probable vectors of the goat
malaria parasite Plasmodium caprae in Thailand. Sci Rep. 13(1):145. doi: 10.1038/s41598-022-26833-
4,
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Attach reference materials as necessary.
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NRCPD-OUAVM Joint Research Report

Date: June 30, 2023

Project no: 2022-joint-21

1. Principal investigator
Name: Batdorj Davaasuren
Position: Researcher

Affiliation: Institute of Veterinary Medicine

2. Project title:

Investigation of parasitic strategy, especially tissue parasitism of T. equiperdum on horse

3. Collaborating research group members at NRCPD
Name: Keisuke SUGANUMA

Position: Assistant Professor

4. Research period (in mm/dd/yyyy, and total number of years)
01/04/2022 — 331/03/2023, 1 year

5. Purposes and objectives

Trypanosoma equiperdum primarily parasitizes the genital organs and causes dourine in equidae.
Dourine is considered an economically important disease of horses in Mongolia. In the previous studies,
we have collected autopsy samples from naturally infected horse. Autopsy sample from naturally in-
fected horse provide only a window of information about infection at the time of euthanasia and it
cannot provide dynamics of infection. Therefore, the objective of this study was to determine the par-

asitism of T. equiperdum by sequential sampling from T. equiperdum experimental infection in horses.

6. Outline of research process

1. T. equiperdum IVM-t1 strain was experimentally infected to 3 horses.

2. From two days the post infection, the infected horses’ basic physiological parameters were meas-
ured, and also samples (blood, serum, milk and genital organ’s swab) were collected.

Parasites were microscopically observed using thin blood smears.

DNA were extracted from blood, swab and milk samples.

The extracted DNA was analyzed by PCR assay using the parasite specific primers.
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Serum samples were applied for ELISA and ICT to detect anti-trypanosome antibody.

7. Outline of research achievements
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Results:

Horse 1 and Horse 2:

Physiological parameters were normal for 50 days post infection. In those horses, we made the exper-
imental infection with 1x10% and 1x108 parasites by vagina. There is no detected parasite DNA in the
blood and swab of those horses. When | analyze the horse’s sera by ELISA and ICT tests which are
based on recombinant antigens (rTeGM6), no detected any positive by both methods. Also, | didn’t find

any parasite from the blood smears.

Horse 3

In this horse, we made the experimental infection with dilution of the parasite 1x105, by vein. For gen-
eral blood parameters, the number of white cells has increased from 10th day post-infection. This
means that inflammation has already developed in the horse. As for the PCR assay in blood samples,
the positive bands have detected from the third day of post-infection in the horse. But no detected any
positives from swab samples in this horse. Antibody titer has increased a little in the horse from 14th
days of post infection was detected by ELISA test. But not detected any positive by ICT test. The
antibody titer which against the parasite was increased a little in the horse's serum from 14th days of

post infection was detected by ELISA test. But not detected any positive by ICT test and blood smear.

Discussion

In the horse, that only was made an experimental infection with T. equiperdum IVM-t1’s culture (1x10%)
by vein, was detected as positive on the 3rd day post-infection only in blood by PCR, and at 14th days
post-infection in serum by ELISA, respectively. But the ICT test did not show any positives. That means
the parasite culture adapted to laboratory environment couldn’t survive in vaginal condition compare
to natural wild-type, while the culture is only able to survive in blood circle of the horse. The present
study is the first time conducted experimental infection in a real host (horse) by the T. equiperdum IVM-

t1 strain in Mongolia.

8. Publication of research achievements

None

Attach reference materials as necessary.

None
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