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EEDRYEd=;

AN/ NRE O—FETHHIN NI TN, =R X —DRFEAGEL THIE fix v E
BB W TRERZ PO AEMIEEN 2 X 2 TVD, ITEOHFIETIL, IharRUT
TV ANV ARG IR DT TV b7 4 — A EL TOMREL L CWNDIEN Do
T&E, B2 BbD 7 NV —7 Tl ZNETINa RUTEI LIZiir A VA B SR 2B
T 5B LI a7V, RIS CIha s R T O A7 EEMEZ O
TE7=(Nat. Commun. 2014, 2019, 2020; .Sci. Rep. 2017 ; 1iScience 2019 ; JBC 2020
728,

— 07 MV T TR ITRESND NN AL s, LB~ L= R D 1E £
SR RUT EDEDVICOWTIIZNETIZEAEHLNI STV oz, FZ TR
WFFETIE, MY 77X RIS L7216 EN T, 18 EHKROIN= U RUT REDIH 7%
FENERTON? ZOREPFALIT DR EIT o7, B, MY 77X~ R )3l
BT WT DR BB DX REREEIE EINa U RUT O AEERIZE BL, 2D
DOJp JRMEFEBLE D BREMES BIGNILTZ0, SHIZ, AWFE TR B OIN= R 7T O
BENZHAE B L, BEYLRIZ BT BIba s RUT OREREZ LR EEICE D XH 7
L KA TN HOWTORES B LT,

L= 5D T i BRSNS AR DN 7T X~ Gy Wb & o 7 B REDE by
RUT LIEFITEROBLFE 2 RO Z EDN AL FE R 72T I VDN e o 7o (R F 3R
BB, SOIT, INHDOX L RGBT B RS 5
HRDOIFa L RUTICHRBETAZEL R LT, ooz KD ARFE TIZIROMFIE
A S L7,

(1) 18 EIra FU TR A VERR Y 7 I X~ 20 38 (TgGRA25) Z1H H B S B S
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Toe S A O TR 7R B 2 R ERFREITV, TgGRA25 SFHAAE
M350 FEMOINa LRI TZ L R EEFRE LT, ENODRERAFURE VT, %
TR EBRIC LD TeGRA25 O HEAEMAZHABNI LT,

(2) Z AXUVIFFE =R O 1) 11 36 S dz L O L [FEIFTEI2 X0, TgGRA25 O /KB H & Vi
B AR UBEEER LT, TS 2 B2 W7/l ~ O & E BRIz XY
TgGRA25 OB EIZ BT,

MR F D
B o

PO, BEELTAE EIRa v RUTHREAMED MY 7T X~ 20 378 (TgGRA25) D
L EFBARAE T a7 24— LT AT, 16 EIRa s RUTIOFE BAEH 2
INIE HFEICIR R LT, ZIVETOMAL s EC7 17 7 — B S8R 7 & O S8Rtk
s, TgGRA25 MBIba RUTAMEIZ RTET DI LR TE 2, Rz Hidih=
VRUT OAES X7 L TgGRA25 EOREIDVICE B L CEOM AR V8%
R LT, TORER, B BIEICLDMRGEER Tl Sba RUTHMEE @S &y
BRI MICOS BE R L B LD EAEH D MR TEI=M3, Sz
ANIEREOM BEAER TR TIRERTHY , #2 _X7E M BEAER LS ORE A BIRG
ET DA REMEDS RIR ST,

FZ T, SO HMAERKRADRBEDTZD , FLT-BIXVEE EDORE AT B LA
TVRY— 2% W TZEOREEREICOWTHRIT L T2, ZDfER. TgGRA25 3R E DY
VIR (FFIC PA) LRI EBHLMNC 2o T2, ZONRE L OREA IR, Vo
HEE DI E A BRI DOE NI E B T 52 LB BN /e o7, PA A RBER DD
5. Iba U RUTHAERERLD PLD6 & TgGRA25 M HHAAERT5Z 813, fhibpéesE
BRI EMOHBLNEZRY  Shar RUTHEDOV AR 2N LT-F AR 2 b2k
NTET,

— 5T WAERBEIW) TeGRA25 RIBJFR 1% Vero ARl LSH, 4 24, 48, 72
RERZICBIT DY T T X~ DY, R =7 Ly al O A fRa L7, i
FEYL(t\C L DRE R TIL, TeGRA25 RARIZLDTE E~DEYRA~D BT B
TIERLNT, BIHRIZIB N TH REAREII RO o7, LOLRNRG, ZhbE R
a7 77— 7 oA Tk, TeGRA25 KABICEV Y 7T X~ O HFEAIIH S
TWDZENHLMNE T, 512, PLD6 SRBEME TR RO Ly a RICH
BB RO, 8 EINa U RUT IR AR E 2 U CR i~ 8 A K IE T Al RENE
DRWVITREBES IV, BUE, 2O FERRI TR iR e U TR MRS I R Cd
Do

WFER R D
¥® K

ARALFERFFEDHFFERL TN HONWT, TR DFE UV —I v ay ST TREEI T,

- BEERTEIL, FEEN, PE)IFES, INMEERL
(R 7 I A< B fE EIRa RUT DRV ARE %I Ui BAER ) 48 96 7] H A4
EFAAL (2023 4210 A 31 H)
(VR E 2N LTy 7T X~ i -8 b= RU 7 M BAEH O fi#lT 1 20238 4F
JESRZ AT e R T — 27 (2028429 H 4 H)

- BEERTEIL, FEEN, PE)IFES, INEED
(58 B sk 2o R DFE FIbar RUTIRY AR ~DFE A )
FRNEHESE H AL FR2 ML (20238 46 H 25 H)
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ELbREiS=;

H 555 LB . MIASE DB A CTh D7 = h— 3 2D R e « BESHE R R 212 3
FHEENZ TR cah— 2 | WO S TRB T A2 TS L TEBY, 20
—EBREL T, FAE IR A Tl & U CREEAI AR SEIZ 1T 57 = h— AD B 525
BONZEERT A2 LIk L T, ABFZECIE, TIRNIE T Fe IBEDK T IO RIZH
BN 7 = h— R WS B R ZE (b A e - SEBRE ) - BB M CREPIL . 7 =1 b
— VARG DT LN KD TSR bR E O I 2Bk 5,

WEAE DS I Fod L7 B

© YT TR B ME R O Fe AL TITL, vV AYERBIE S OB MY T
RIE TP Tl Fe IBEE 1K FL QWD -T2,

o B RN SN e MBERDNSIS B8 E] 75 Berlin Blue %eft L —% 7
7L —ar ICP E &4 8T (LA-ICP-MS) £ T Fe 23 & 7=,

© MY T TR Y~ A2 EFNAR FebT(HIRFUTIF(ET S Fe @ 90%1% Fe56
THHDIZKL FebT 1X 2% LINFIELIRNW=0D | KA NS 54 AL —H—L L CH)
RERMT CE D) 5L, T DO~ AHEIEY]) 77255 LA-ICP-MS £ TD Feb7 WA EICE
s,

« Fe L — Ml YV T ITRXABEYL~ T R G- LT L2 A MY T T X< EIRAE RIS
DS T2,

BTz,

« "RV T IR e~ AN O 1 BB R OFE R HAIE O 7 VAT DR/ Ne L
7 zah— AL ONAFT SRS LT,

« MY T IR Y~ AEIEIC BT GPx4 207 DD BIHERRS LT,
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IR E OB RE 0 | NEFHICHFFRITED S, fm RSN,

BRI, FFRF A A 20 LI B A b BB O L RIBFE AT O A IR L
THEY, ~F =D LB RFFRRIOFfE 21D T D,

BRI B RS L U ORI 50 C ki iu g,

WFFEERRE : T B e sV a— A A U IR T SN DM = O A X 7 = e
— AN ?

D RAE =B S V5]

W5 83 V)1 36 30 E0 24

WFZE R : 2022/04/01 - 2025/03/31

WFERCF D
B =

WHIERR D —2E LT, [WFFERCR DI R | ISR Dim AV B ST,

FIF S FNT SN > TEB IV LU R O HRE

EE 2022-178619

(8B D4 TR VAE W MR SR O R AT AT | S8R M MER PR FR B R 3K
HHREE < S 1-40 - 76 )1 26 30T 24

%« 44 T R IR B PE K

TRHRESE T LUV, A El, JST 04045 PCT HFEA5E T LT,

“Retinal ferroptosis as a critical mechanism for the induction of retinochoroiditis
during ocular toxoplasmosis.”

Ushio-Watanabe N (3 % H), Nishikawa Y(17 % H), Kaneko H(19 & H) . (&5} 19
40) (2880 3 44 13RI H k)

Redox Biol. 2023 Nov;67:102890. doi: 10.1016/j.redox.2023.102890.

¥FE 2022-178619

(B D4 TR 1 AE D MR R SR O R A AT | P8R MR PR R B R 3K
FHRER  Fe A - P8 )11 30T 24

MiF% - 44 R K T Y RSB FER T

@ PCT HFENE T L=,

92




IS8 EER PR ikt si e & — LRI &

2024 4 H 22 H

BARE

2023-3[F-3

e

R e
RIS ) P AU ¥

PNILRIAFFEH 5 208 "

i

WFFERRES,

aup
2

BlFHA— 7 73— LOP A& LA RIS E D
T ) A — L L~V T OISR RN

(A7 A=did

WA

(50H7g)

K4 FIT s B8 R 55 « e

SUT EDT

B RS BRI
e .| BRI - i

g B RIS AR R 2 R SR (R BR 2 Bk N BRIR I R iE AT 72
= B

E3=yeile
4

j=elP)))

ERE

T %A

& mer 117 [N 28 PE R AT e o & — - 2d%

W FE 41 ]

202344 H1H ~ 202443 H 31 H

ELbREis=;

B R OB AR ENTAF 2212 K> TEVMHIIE TH A — 7 7 ¥ — RS O FEAI 2B S

MICENTET, T, FICEEAM THHIX Y T TA<ZHONTH, Ihar RUTHER:
HOHVTM A — T 7 — DB 5 AVRIR S TWADS, LA 8 — kA
WEDENNEL, ZOFEMII AR THDH, AAFIETIL, BFEHE HBIR L7 Sk s -
HAEEIETL 7Y kB X O E T MBI N 2 R L | N Y T I X~ DA — T 7=
Y — LD E B L OENE KT DI E A EE 5 Z LIS RTH L L SHITHERR
THRRE R DRFEEIT), T OB IESE | KBB4 — 7 72— DI REE
BZ B,

HEEE DI, SRS - HORE B L 7' ik (QF-FRL)
FEIZE->TOVRa) U BE THARAT 7 F VN2 H ) —)L
7V (PtdEtn, K24avAR)ERAT7yF oY
(PtdSer) ® HA K TO REA2 L. Toxoplasma
gondii [5 B O1E FHFRHO Bl HERE 235175 PtdSer
KO PtdEtn O EIZBRETLIZ, AWFFECrE, BEERE L=
T. gondil YUK EH D WTIEY B2 VA — 7 72—
FHiE T PtdIns(3)P O/ AT DT A 1T 72> 7-, L
L7e 0 BERES DU T LIRS B i TRl s S Bk 7
THEEEE LA N 73— MO RRII I M TER
Mol BRIFELICE M RFTE T2 82804 — 77T —LTOD PtdIns(3)P DJF
TEEFTH T EICL TN,

YRR (PLKE) OFERED
EE@!# (#/B) ITBEHAFRIFFINLIE
4 —JL7 = (PtdEtn) /I, Scale bar: 500 nm
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T2 TNEFEOBWRIEEZHONTT 5D
E, ERRE OMBEA R 3 272D I A
THHEEZ, TDT=DD HERRIZHET
LC&T e, ORGSR, SR B « SRR 57
L 7Y o #E @k % ( QF-FRL: Quick
Freezing & Freeze-fracture Labeling)
(ZR o> THRAEE AR A IR 35288
ARECHLHI LA R LT, AWFETIE, 2D
QF-FRL LA HWLZ &I, 15 EAl
W® Toxoplasma gondii JiHOFFEN
BT 57Vl NEE THHRAT 7
FUNntU (PtdSer, K1) BLIOHAT
7F i )— 73 (PtdEtn, X2)

DI ATE DDA LT, Al & T EJ2. Idszx‘vm (PLK#&) m%}iﬂﬂﬂ;&)gé
AR TIL, PtdSer 38X PtdEtn (i@ | B2 (8) 1280 5HR277F 20> (PtdSer) ®
B BRI DY —7 Lo b (NIE, Pface) Lomolebar Tum

ICEICRET D, EZADEMMEEMRL (HFF-1) NICE4AET5 T gondii i DOHA
JafBEclE, PtdSer 3L TN PtdEtn (FINIEEANIE (EEHY —7 L vk, E-face) D] 712
FERICEECRETDHIENDL -T2, T. gondir JiF AL EF AR A 250 A0 0O o s
ZREY | fE AR 30, 0% TR MRS EFAEL THEEA M IR T, LLATO
WS, T gondii AL, ZOMHKZ perforin-like proteinl (TgPLP1)% 434
L. FAERBEEE EHIEBR O RN THAZENRZ XL TND D, 62, TgPLP1
TSRO E R O IR BRI 2 FF DT E A DMNICL , RO % 5L C
WAZEDIRIBSILTND, AR CTIHLMNEZ2>T-, Bk PtdSer 33X TN PtdEtn 73
FEA DY —7 1wk (E-face) 128 & ITAFET HZ &1, TgPLP1 23 E4RAIZ PtdSer &
HW0NE PtdEtn IZHEE T 52 8128D, FARBEOMEIZEIR T 52 LR RBI L
(Bt ) o

4

1) Guerra, A.J. et al. Structural basis of 7oxoplasma gondii perforin- like
protein 1 membrane interaction and activity during egress. PLOS
Phathogens, 14, e1007476, 2018

Rikako Konishi, Kayoko Fukuda, Sayuri Kuriyama, Tatsunori Masatani,
Xuenan Xuan, Akikazu Fujita, Unique asymmetric distribution of
phosphatidylserine and phosphatidylethanolamine in Zoxoplasma gondii
revealed by nanoscale analysis, Histochem. Cell Biol. 160, 279-291, 2023. doi:
10.1007/s00418-023-02218-0.
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NRCPD-OUAVM Joint Research Report

Date: 2024.5.15
Project no: 2023-joint-4

1. Principal investigator
Name: Kishor Pandey
Position: Associate Professor
Affiliation: Central Department of Zoology, Institute of Science and Technology, Tribhuvan

University, Kathmandu, Nepal

2. Project title:

Molecular characterization and genetic diversity of tick-borne diseases in Nepal

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)
01/04/2023 -31/03/2024: one year

5. Purposes and objectives

Tick-borne diseases cause significant morbidity and mortality in animals in Nepal. Piroplasm is one
of the important protozoan parasites in the cattle. There have been very few studies about tick-borne
parasitic diseases in Nepal. Those studies were focused on the detection of tick-borne parasites using
microscopy. There were no molecular studies on tick-borne parasites in Nepal. The objective of this

study was to detection of tick-borne parasites in cattle in Nepal using molecular methods.

6. Outline of research process

The blood samples were collected from cattle in three districts (Kathmandu, Lalitpur, and Bhaktpur)
of Kathmandu Valley, Nepal. Thin blood smears were prepared, fixed with methanol, and stained with
Giemsa solution. The smears were observed under a microscope for the detection of blood parasites.
Then, DNA was extracted from each cattle blood sample, followed by PCR targeting piroplasm-specific

primers. PCR-positive samples were further confirmed by sequencing.

7. Outline of research achievements

The study was conducted to detect the types of piroplasm affecting cattle in the Kathmandu Valley,
Nepal using molecular methods. In this hospital-based study, 106 blood samples were collected from

cattle that were brought to the hospital for proper diagnosis of blood-borne disease infections. Thin
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blood smears were prepared and observed under the microscope. Similarly, blood samples were used
for DNA extraction. PCR and sequencing were performed to detect and identify piroplasm present in
the collected samples. This study revealed that 45 (42.5%) were positive for piroplasm (Babesia spp.
and Theileria spp.) via microscope observation and 56 (52.8%) samples were positive via PCR. We
were able to identify the species as B. bigemina, B. bovis, T. annulate and T. orientalis by PCR followed
by sequencing. Nine samples were selected and performed for sequencing. The phylogenetic analyses
of those sequenced samples showed that the B. bovis, B. bigemina and T. orientalis sequences
belonged to each species clade. On the other hand, T. annulate was divided into two clades in the
analysis, and our T. annulate sequences were also divided into these two clades. The result is the first

to detect piroplasm using PCR techniques in Nepal.

8. Publication of research achievements

Dhakal M, Gompo TR, Devkota P, Kafle SC, Subedi JR, Gong H, Arima H, Culleton R, Asada
M, Pandey K. Molecular detection and Identification of piroplasm in cattle from Kathmandu Valley,
Nepal. Pathogens. 5;12(8):1045.

Attach reference materials as necessary.

> Pathogens. 2023 Aug 15;12(8):1045. doi: 10.3390/pathogens12081045.

Molecular Detection and Identification of Piroplasm
in Cattle from Kathmandu Valley, Nepal

Medhavi Dhakal ', Tulsi Ram Gompo 2, Prakash Devkota 2, Sharmila Chapagain Kafle 2
Janak Raj Subedi ', Haiyan Gong 3, Hiroaki Arima 4, Richard Culleton >, Masahito Asada ©,
Kishor Pandey '

Affiliations — collapse

Affiliations

1 Central Department of Zoology, Institute of Science and Technology, Tribhuvan University,
Kathmandu 44601, Nepal.

2 Central Veterinary Laboratory, Kathmandu 44600, Nepal.

3 Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai
200241, China.

4 Department of International Health and Medical Anthropology, Institute of Tropical Medicine,
Nagasaki University, Nagasaki 852-8523, Japan.

5 Division of Molecular Parasitology, Proteo-Science Centre, Ehime University, Ehime, Matsuyama
791-0295, Japan.

6 Research Unit for Global Infection Control, National Research Center for Protozoan Diseases,
Obihiro University of Agriculture and Veterinary Medicine, Obihiro 080-8555, Japan.
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Zo v S LR T 2 % FIT
thﬁﬁ% ux[—ﬁ(nfﬁiﬁ?’buﬁﬁq Wﬁﬁﬁ%?ﬂ%%{é EH’% 7|<T
WFEER A4 HTVE =D IO 5 T HAE R & N TR RHE 3~ )i
i 55 Wi
R FPE L
- = Bl R B 2T e <
ik 3 R TR R 2 A 2E b - 2%
VLT | A S A RS L — ) — 5 —
OEKAR
DHZTHA LW HEDHITED
Noureldin Abuelfadl | A JFPEFEMR AP ST - W2 B
Ghazy
Wrge sy R ~1172 7k o _ . .
7 PUERES | S TR R AT DS R K
PV TR )
T FO T KRR A S AT D TIRENE - KB
AR A
;E;D?g B G TE R SRR I e 2 — « U
]l 202344 H1H ~ 202443 A 31 H
EMERBTCHDL 7 VX =FAIL, ARG N LT WY = AR5 e
HREZR AR BRE A L LT, AR UL iz Tz TRIAEN TE T2, ~NF =FEHITX
HEELRKEEAIEL T, EWNTIE, FUB 7 VX = (Phytoseiulus persimilis) # 3 LY
Yo7V = (Neoseiulus californicus) KRS TS, 2017 FEDOHETiX
:h%ﬁf)ﬁ:%'J@IWHjﬁi%E K 7 EHTHY, T IME THD, 727, 2
@/fﬁﬁ I, BANEEOENHAE DD T 0.6%FEE ThHhdH, IH/RDHE KA RKD
ToOIIXZN R 2 7V =H| DL FERF| OREE N LB THD, Iva 7 VX =X EN
A RS THEETHY N FHOAERTEZF I TIVZ LB FOREEFEICIT, T =
T DM E R RSN R B NIIEE ML LT BILTOS, L, T4

BRI OEHITIHHETHY  EMRIYANTIVF = EPEDR LRy 7 L7g>T0
B M7, [FICH = BIZE T 5~ =F8TlL, IO 77 FREREIF e R L, SRy
T NWARTEZR ) Target of rapamycin (TOR) #R ¥ IZ L » TIREEZ LV E RIBRATH
LreTrayo=r (Vg) DA RN HIISNADZEAVHBIL TS,

FTAME T, IYah 7 VX =0 TOR RS Vg & kR THRET 21818 1-#E%
A~ —H— kb Wﬁxﬁk’%%ﬁ‘*%ﬁi DAYV == 7L REBUT T IARED
s O A BT,
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2021 FEIZIE, SY TV =D ) A A DO a—R N — R —r v o T
52T LT, 2022 4EFEICIE, vo PV —Ry =y I 5 T L, a—h—REDAAT
VyR7 |7 VCIY G ERT ) LG REEELT,

DT ) MERELEIZ, 2028 FFENLIL, RNA-Seq (2L D RN T AT 7 h— L fif
Br<e RNAi [ZEDHERERRATICHEAA AT, LRGN T A7 U 7 h— AT I 2, b7 m
T A — LRSI LA R ST EL Tz Vg @ s =° TOR &I T e+ 558
AT TR REBRMIIG U THF IR ENEL T2EBOBR T BRIES
niz,

FZT 2023 FEFEIT. FOBEFOFDO—D>THAIYahTIX =D T+
77— LY 3—F (triacylglycerol lipase, NcTAGL) i81n 1 ZHE) & UM REAEHT 2DV
T BB ~VLLAMT, i &I & A B PR T b D 7,

WFFERF D
B =

WHEARELAIRIEDOIYah 7T VX =[] CORT U AIV T =B LT BT 4 — A
DT LD HLARIRRBIZ 31T D NeTAGL DOMEIn B I ONF L B OREE/R R,
D RSN, TAGL (3= —HEL TRRNIZIFE SN TWA N TV L7 U E
m—/L (TAG) ZNK 3L ERELT-NERIEE S B ikl — U RIS 2T ATP 25pE
D, MU P OAENEEDO L~V TERITEIOHIEIK 1 ThdHbH7-8% . NcTAGL
BT O RNAL (28> CTHURERIRIEAHE CEA M REMERHD, £ T, Ivah7 U4
=® NcTAGL #EfnF12%69% A8 RNA (dsNcTAGL) Ok 0 #5115 RNAi 3%
EEBR A R LT,

ZOfE % dsNcTAGL 1 12 h %12 NcTAGL &5+ DR E &I ZE T L, RNAL ©
AMEDFRO BT, — 7, dsNeTAGL #H 72 3L 120 h % TiE, TARIZKL T
NcTAGL &fn OB EIT EH L, ZOFKEL T, NeTAGL &5 — 7 %
BLHNZ, BRI T (BRE R 172 L) DRE LT, NeTAGL #{s OB A RET L7
A — R TR E U= FTRENE N 8D

ZIZTC, BHRTCIE, RN TRIETHU—ED EEE LU THRTFR F
(Neuropeptide F, NPF) ° NPF 5 &K (NPFR) 23 H5HL T\, Va7 X =28
7% NPFR ®7%E17 (NeNPFR) & {5 DFE B &2 fEHT U7-fE 5. dsNcTAGL 8 H
72 BLN 120 h &IV T, NeNPFR #1s O BLEOA Be AN RSN,
ZHUZ, NeTAGL #1517 RNAL 1254 L, NeNPFR 20 L7=7 4 — R 3w 7 i Ein £
U7z TREMEZ 7 RIB 32,

fth 5. dsNcTAGL EHEARIC BT DM RITEICHEINUICH B2
-7,

A1%1%, NeTAGL @ Eii[R-1-& U CTHRE T2 rTREMED /RS 4172 NeNPFR EA{5 1
DOFBIHENZED NcTAGL &Ein FOFREAELCRBIMITMZ . NeNPF #is1- D3
BRAELMEL, ZNOBEFICELDIEERB OEFE MR D7D D7 1 — R/ 73
HEAE DRI Z D TR DD, ZDT7 4 —R Ay 7 SRS S L, 2T
BET DM In 127 ) DRIKICBIT D0 F~—— LU TR T UL, AWl EEES
Fa MR 2T Y R OEH NI TE D,

&

e NSy A AR

MR F D
¥R

[EFRSETORE]

Takeda, N., K. Kataoka, Y. Arai, K. Suzuki, K. Yura, and T. Suzuki (2023) The
draft genome of the predatory mite, Neoseiulus californicus: Pesticide resistance
and feeding behavior. 13th Spider Mite Genome Meeting, Logrono, La Rioja,
Spain, September 11 to 14, 2023 (1§, fAFF#H)
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[ENFETORE]

B, BFrHER, RS, mERALL A (EE) ALA, NLA. Ghazy, Z6KHS,
JHERIETE, BAET, $hAKSCE (2024) Yo7 U =047 ) LG RS fiEai b e
LARURGUHER 7 OHEE, B AR RS 84 BIKE -5 68 [\ H AL B B R
SEFRE, iH, 2024 4F 3 H 28—31 H ((FAX—)
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A& ERF R Bt 2 — R RREE

2024 5 H 16 H

BIRE = 2023-3[F-6
. s . SRR 2 — _
Zuts A M R AT 2 5o S
thﬁﬁ% ux[—ﬁ(nf&ﬁ?’buﬁﬁq Wﬁﬁﬁ%?ﬂ%%{é *BHZIK Elm
WA ~ VT R A — S ANER - U B3 550 TR O B BERE AR 1V OIR RS
i B 3 5 B
1t
U I I — Ty
" mE WFZERRAE
iRtk
I T S N e T N
EAEH
72 11 F 20234F 4 A1 H ~ 202443 H31H
~ZVT R BT — T AMNE R R I N I E A B AR T 2928, A — T ANEEE )
KPR 7oA EM 2T AT D,
AWFEIE, ~ TV T TR B OF— T ANER 7 GIZBE T2 TRE ORIl Z B RS L,
HE-RE | A= AMERSNCRITH, OA — L AN E A OFR . @F b4 — 2 AMEERE
B AR VB OFEBLENE IS L OREREMAT . @I R A — 3 ANERRHI DR T A7) 7' — L fif
Wr. @A — L ANERRINEID 7 F L FURA~O IS ARG 217720 FI2 > T A BUR IS
BIDFE BA— ANEASIICEE T A4 F RS E oM EE HIE LT,
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DEFEN TN, ZNBRIESNTH L RTEND, A — T ANEEERER L, B OW Bk
(ZBHE# 32 L HER S DA 2o\ B a8 FlEE R LT,

100



MR F D
B o

B UG 2 378 8 FIEAIZHOWTC, TN T FRPURDVERL AR, 7
HDWGAF L N ITBENZONWTENENATFRYUENED, 1 RO S <08
IZOWTIBIEER R THD,

PERISIIZ 7 FEEOTFRBURIL, B oW i (2 X0 F RGBS -4 — 2 A
e W TRESR Ltk 2 I L, = O RFEE T, THEOXTFREURS )T,
H = ANCORBBHERS N, 2D THEEOY S 4 FEICOWT, EE A ——
PRSI 2 L R E DA T2 A, 1R ITA — 2 ABBEIZ, 2 I A—
ANBER L OVFEOWIEIZ, 1R A — S AMENRIZIZRIEL TWOAIZENIHBLNE 25
oo MOPURIZBEL T, 5IEFE RTEMEIT I ML TS T ETH D,

EBIT AP ar LM~ 2T h & TR IS — 7 2 2RBATV, £ D
AR RBEBNO N E THCB T DR R BERE 55 T EmE = L, &
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IZDWT, MS AT LB LI NMR AT MVERIE LTz, f56 T AT ML ES LIS
FEIEFENT 21T > T IEMEARIREL T coronarin D (ICs50=1.5 pM) 725 TUNIZ O Bl ki
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T/ PBT IR RO~ TV T IO FERIIE N DL IR TED.

FUR B MCF oHUs EICIHNT, ZNETIZH 4 DT ATV T h—LEHT)
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DONTHERRICRIZ DD > TR, LTS T, TOMIIL, Briz/a sy T EEH DB %
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55 Erd2 AEwl 2fEIC 5T 580, Ak v ~=a BiP, PDI, % dOfi,
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3. ELISA (kBB =4 TV ZU fiE F OHIN Y 77 X~ Gl i H R O T

PCR {£IC& 55 Ht DNA Off 7 E TIN5 7 V&R ME TH LT
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2 (RAZ—383), 2024 £ 3 H, BT

119




A& ERF R Bt 2 — R RREE

2024 5 H 21 H

PR

2023-3L[[]-15

e

JE RS 2 —

[ BEL 5 17 /35 Y oy [ 2% 2

e {5 — KR

EANAER R SR L EANC LD~ ) 7 JF R SR E & D45 ZEAR ORI

WA

(50H7g)

K4 FIT s B8 R 55 « e

b foEs
A B

H
)

NLIRGUENT FE AT 5 AR BV R - AR I SE B

HADIL 7L

S ENLRGEMNT SR AR B R - =R

by &5

JI& 3’

TR EE LR B o1 75 A R 2 - A%

N9 LAVWES)

T 5 i1 IS 28 PE R AT e o & — - 2d%

WFFEHH

20234 H1H ~ 202443 H31H

HE- 8RS

A TIL, TV T R B OHIIEAT = X L& BB T H72012, LB OERR ~D
{bEAfRICE B L, A BB L T\ D, BARIIZIX, EAN DL HEMZITORE R %
ETHILEMTA 7TV —2M A ICREL, T2 AWV T~IU T RO T X TDT
AT AT — (RN IR - B RN ) (2361 A FE A B RE M 2175, 2L T, &%
BAT—VMNCBITDEZEOZEREZTMEICL, ~TVT RADOTA7 A7V BIT
% B AN AV AR B L7 B BE A A = X WD RF A DN T DI AR D,

HEEE OB T AT, T CIOM BIZHE L, ~ZU 7 e AR AAEfHRE
ML E LS4 200 DO TA 7 F)—% FIW 2 FZERZBIEL TVD, FRINELE 51T
T, R AI~Z V7 i ( Plasmodium bergher : Pb) . Bl B~ Z U7 JjUH (P
falciparum) . V)v<ZV7 i H (P cynomolgi) OYEFEIREN A2 MR L TRV, BiH
FEDILRMFFEHRE EICTHREL QWD Eo, BUFEL~ T U7 R A W T, AN A |
(FEFERHA) DB 24— b LT R R B R DT HAT > CTD, EDFRER, AN A
MR AN B2 R ITAEE D DIFEEZ AL TEY,, RN THO AT — VR Y
IR AR AEL R R OB OEWDRIBI NIz, £ T AW TIEIT AN A NI DR D
AT =V ThoH B BAERNA BT HHETELE N R A MmET Lo, B BRI o3
YIRS B R X AL B EINZ oA 0 — A% FRNAREES T 7o~ Z T 12, Pb Jikie
MREWMSHE, 14 BRI X IO ERNOA — T AN BB 2 1TH 2 & TR
EINFA TS5,

120



MR F D
B

F7o, YIS % Pb Id Luciferase #3819 5k% I\ A Z & T, Luciferase 7> EAIZ
X0, A= ANOHEFELE RN A Luciferase D7 /LU THAEAL A2 LN A[HET
% (K1),

ARG D FEANFEAMIZAE H L 7oAb B 1%, AR A MA~FRE DI (2 mh -T2k
A% SE1-SE2-SE3 #®E L=, 3 AT 47 2 ba—/LEL Tk, DMSO Z{E RSt/
FECEG AR S 7oy 2 AR E LT, fEF, REBW =282, HANFANTIEIE
AW R R A R LT S {EAMTh-7203, Pb O B RIANAIClI <8 Rz R
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FERIE, R IZ LD EANAERTE SR OEVICLDH O TR, = ZU 7 R X HEFEA
T UK RIZEA N DAEfZHIFIL TV D ERIBI I,

BUE, RN CHBEPRE N IR DB - T AL AL Th |, B RIEANE COMFE1T
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NRCPD-OUAVM Joint Research Report

Date: 2024.5.24
Project no: 2023-joint-18

1. Principal investigator
Name: Dr Sanjay KUMAR
Position: Principal Scientist
Affiliation: ICAR-National Research Centre on Equines, Hisar 125 001. Haryana. India

2. Project title:

Genetic diversity of Theileria equi infecting equines in India and quantification of parasite loads

3. Collaborating research group members at NRCPD
Name: Dr. Naoaki YOKOYAMA

Position: Professor

4. Research period (in mm/dd/yyyy, and total number of years)
01/04/2023 -31/03/2024: one year

5. Purposes and objectives

Theileriosis is an economically important, tick-transmitted protozoan disease of livestock. The
disease can cause high mortality rates of 70% to 80% in susceptible animals. In India, equine
theileriosis caused by Theileria equi is widespread, causing severe economic losses. Therefore, control
of equine theileriosis is vital in this country. However, lack of understanding the role of carrier animals
in the T. equi epidemiology is a stumbling block for designing the control strategies in India. Despite
the low parasitaemia in latently infected equines, T. equi can be tick-transmitted from these carrier
animals to naive animals, where the infection may result in severe clinical theileriosis. Therefore,
detecting the carrier animals and estimating the parasite loads are important for the risk assessment
and effective management of equine theileriosis, using the available resources in India.

The strategies to control equine theileriosis will be more effective, if they consider the genotypic
diversity of T. equi. In common with other hemoprotozoan parasites, T. equi is genetically diverse, and
consists of five genotypes, including genotypes A-E. The merozoite surface antigens, which have been
frequently used to develop several diagnostic assays, are highly diverse among the T. equi genotypes,
sometimes leading to false negative diagnostic test results. For example, the EMA-1, based molecular
and serological assays, is found in the genotype A, but not in the genotype C. Therefore, assessment
of the genetic diversity of T. equi is important for selecting diagnostic assays in the endemic countries.
Additionally, the genotype A of T. equi is reported to be more commonly associated with clinical

theileriosis, as compared to the other genotypes. Similarly, recent studies found that repeated
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treatment with anti-theilerial drugs may clear the genotype A from the infected horses, but not the
genotype C. Therefore, a comprehensive understanding of T. equi genetic diversity is vital for designing
effective disease control programs. In India, however, the genetic diversity of T. equi has not been fully
investigated, rendering the control methods less effective.

Therefore, the proposed study has been designed to investigate the genetic diversity of T. equi
infecting equines in India and to determine the parasite loads in equines with latent infection.
Objective

To study genetic diversity of Theileria equi infecting equines in India and quantify the parasite loads

in carrier animals using a qPCR assay.

6. Outline of research process

Materials and Methods

Blood sampling: Blood samples were collected from 84 equines bred in two Indian states, including
Haryana (n=28) and Rajasthan (n=56), into EDTA-coated vacuum tubes. DNAs were extracted from
the blood pellet using a commercial kit. From each animal, blood samples were also collected into plain
tubes without any anti-coagulants, and sera were obtained. Both the DNA and serum samples were
then stored at -20°C untill further use.

ELISA: An EMA-2-antigen-based ELISA that we had developed in our laboratory at the NRCE was
used to screen all 84 sera for detecting antibodies against T. equi (Kumar et al., 2013. Vet Parasitol.
198, 10-7.). Final ELISA ODu4g2 cutoff point was determined by calculating the relative percent positivity
(RPP). Samples showing RPP >20 considered as positive.

PCR detection of T. equi and its genotypes: All of the 84 equine blood DNA samples were initially
screened using a T. equi-specific PCR assay (Alhassan et al., 2007. Vet Parasitol. 143, 155-60.). The
positive samples were further analyzed with PCR assays specific to genotype A — E (Ahedor et al.,
2023. Parasit & Vectors. 16, 435.).

7. Outline of research achievements

Of 84 samples tested, 42 (50.0%) were positive for T. equi-antibodies with RRP values ranged from
67 % to 189%. On the other hand, 27 samples (32.1%) were positive for T. equi infection in the
screening PCR assay. These 27 T. equi-positive samples were further analyzed with the genotype-
specific PCR assays. We found that the surveyed equines were infected with the genotypes A and D
of T. equi. In brief, 7 and 5 equines had single infections with genotypes A and D, respectively, while
the remaining 15 were co-infected with the genotypes A and D. The present study is the first to report
the T. equi genotype D in India, highlighting the potential challenges associated with the management
of equine theileriosis. With the results obtained from this collaborative research, we are currently in the
process of cultivating the genotype D in vitro to explore its diagnostic, clinical, and therapeutic

implications.
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8. Publication of research achievements

In Progress

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

Date: 2024.5.27
Project no: 2023-joint-19

1. Principal investigator
Name: Consuelo Almazan
Position: Adjunct Professor
Affiliation: Immunology and Vaccines Laboratory (LINVAS), College of Natural Sciences,

Autonomous University of Queretaro. Queretaro, Mexico.

2. Project title:

Detection and surveillance of Haemaphysalis longicornis (Neuman, 1901) in Mexico

3. Collaborating research group members at NRCPD
Name: Rika Umemiya-Shirafuiji

Position: Associate Professor

4. Research period (in mm/dd/yyyy, and total number of years)
01/04/2023 -31/03/2024: one year

5. Purposes and objectives

Since the first report on 2017 in New Jersey, US, the Asian tick Haemaphysalis longicornis has been
detected in at least 18 states form North America. This tick is exotic in Mexico. However, in 2019 it was
detected on a horse that was entering the country. The horse was originally from Texas, US, and the
tick was detected during the inspection point of Coahuila, in the border of US-Mexico. Due to this
finding, special attention to inspection of imported live animals is being paid in all ports of entry to the
country. Because of the rapid distribution and range extension of H. longicornis towards the US
southern states, and the free crossing of wild animals that may be carrying the tick, the risk of entrance
and establishment of longhorned tick in the country is very high. Furthermore, predicting models
performed by Raghavan et al. (2019), have shown that areas from southeastern US to central and
southern Mexico are environmentally suitable for development and future distribution of H.
longicornis. Finally, because climate change affects the distribution of ticks, it is very likely that H.
longicornis will continue migrating to the south. Early detection of ticks is critical to prevent their
establishment and to implement control measures against these parasites and the diseases they
transmit. For this early detection, surveillance studies are required. Therefore, the objective of this
project is to establish methods of rapid detection and surveillance of H. longicornis tick by
morphological and molecular identification following training and collaboration with researchers at

the National Research Center for Protozoan Diseases (NRCPD) in Obihiro, Japan.
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6. Outline of research process
Tick collection and Identification

A preliminary collection of ticks attached to wild animals and domestic animals, in collaboration with
wildlife and livestock associations as well as animal health authorities working at the inspection points
in Northern Mexico has been performed. In addition, a collection of questing ticks from three
geographical points in three states from Northern Mexico (Tamaulipas, Nuevo Leon, and Coahuila) by
using the tick dragging method has been performed. Collected ticks were preserved in 30 % ethanol
and transported to the Laboratory of Immunology and Vaccines (LINVAS), University of Queretaro
(UAQ), for identification.

Morphological identification of ticks has been performed according to established guides (Barker &
Walker, 2014). In addition, ticks images from different developmental stages obtained from a colony
maintained at the Tick-BioBank from the NRCPD, in Obihiro University, Japan (Umemiya-Shirafuji et
al. 2022) were used.

Genetic studies

Because none of the identified ticks corresponded to Haemaphysalis spp., genetic studies have not

been performed. However, tick collection and surveillance will continue, and if Haemaphysalis ticks are

detected, molecular identification and sequencing of 10S rDNA, 12S rDNA, and Coxl genes.

7. Outline of research achievements

- A collection of ticks on domestic and wild animals and in the environment has been performed.
Ticks have been morphologically identified and are kept at the LINVAS for future studies.

- On February 2024, | visited the National Research Center for Protozoan Diseases (NRCPD) in
Obihiro, Japan, where | took a training on identification and manipulation of H. longicornis ticks at the
Tick-BioBank under Dr Rika Umemiya-Shirafuji. A series of images of ticks were obtained and these
images are used as reference for morphological identification of ticks collected in Mexico.

-The images are included in a document to be used for Veterinarians and other professionals
involved in animal health and tick control to prevent incursions and infestations of H. longicornis in

Mexico.

8. Publication of research achievements

A manuscript written in Spanish is under review. The main objective of this manuscript is to contribute
with information on H. longicornis biology, life cycle, and provide useful identification for morphological
identification of this tick that is not available in Mexico. The published document will be used for
Veterinarians and other professionals involved on animal health and tick control in the country. The
title of the manuscript is: The Asian tick Haemaphysalis longicornis (Neuman, 1901): Actions to
prevent its incursion and establishment in Mexico, authors: Almazan C, Umemiya-Shirafuji R,

Rosario-Cruz R, Cortés Garcia B, Mosqueda J.
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NRCPD-OUAVM Joint Research Report

Date: 2024.5.25
Project no: 2023-joint-20

1. Principal investigator
Name: Elisha Chatanga
Position: Lecturer

Affiliation: Lilongwe University of Agriculture and Natural Resources, Malawi

2. Project title:
Molecular detection and genetic characterization of Babesia caballi and Theileria equi in horses and

donkeys in Malawi.

3. Collaborating research group members at NRCPD
Name: Naoaki Yokoyama

Position: Professor

4. Research period (in mm/dd/yyyy, and total number of years)
01/04/2023 -31/03/2024: one year

5. Purposes and objectives

The purpose of this study was to detect and genetically characterize Babesia caballi and Theileria
equi infecting donkeys and horses in Malawi. Secondly, our study aimed at identifying the vector ticks
of B. caballi and T. equi in Malawi.

The specific objectives were to 1) detect B. caballi and T. equi in blood samples collected from
donkeys and horses, using microscopy and species-specific PCR assays, 2) identify the genotypes of
B. caballiand T. equi, and 3) identify the tick vectors transmitting B. caballi and T. equi to donkeys and

horses in Malawi.

6. Outline of research process

Research in Malawi

Blood sampling: Blood samples were collected from a total of 185 equines, consisting of 178 donkeys
and 7 horses, using EDTA-coated vacutainer tubes in Dedza and Lilongwe districts in central Malawi.

Preparation of blood smears: Thin blood smears were prepared from all of the 185 samples collected.

The blood smears were fixed with methanol, and then stained with Giemsa.
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DNA extraction: Approximately 125 L of blood from each animal was transferred onto an FTA card,
and allowed to dry at room temperature. The genomic DNA samples were then extracted from the FTA

cards, and preserved at -20°C until use.

The prepared blood smears and DNA samples were then transferred to National Research Centre
for Protozoan Diseases (NRCPD) at the Obihiro University of Agriculture and Veterinary Medicine,

Japan.

Research at the NRCPD
Microscopy: Blood smears were observed under a light microscope for detecting T. equi and B. caballi

parasites within the infected erythrocytes.

PCR screening: The DNA samples were subjected to previously described T. equi- and B. caballi-

specific PCR assays.

Genotyping of T. equi: The DNA samples that had tested positive for T. equi in the screening PCR

assay were analyzed with the type-specific PCR assays for detecting the genotypes of T. equi.

Cloning, sequencing, and phylogenetic analyses: Amplicons obtained from the T. equi genotype-
specific PCR assays were randomly selected, cloned, and then sequenced. The resultant sequences

were subjected to phylogenetic analysis to verify the PCR results.

7. Outline of research achievements

The present study analyzed a total of 185 equines bred in Malawi for the infections of T. equi and B.
caballi using microscopy and PCR. The microscopy results showed that 91 (49.2%) animals were
positive for T. equi, but none for B. caballi. Our results from the PCR assays demonstrated that 156
(84.3%) animals were positive for T. equi infection. In contrast, all surveyed animals were PCR-
negative for B. caballi. Subsequently, the T. equi-positive DNA samples were screened with the type-
specific PCR assays for detecting the T. equi-genotypes A, B, C, D, and E. We found that the surveyed
equines were infected with all five genotypes (A — E) of T. equi. Our findings indicate that the infection
of T. equi is common among equines in Malawi, highlighting the need for strategies to control equine
piroplasmosis in this country. Our findings additionally imply that such control strategies should be
developed in light of the genotypic diversity of T. equi.

A manuscript summarizing these findings and research achievements has been prepared and will
soon be submitted for publication in a peer-reviewed scientific journal. With the necessary permission,
| transferred some of the reagents acquired for this project to Malawi, where they will be used for my

future research activities and capacity building. As the next step, we have planned to collect tick
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samples from the equine farms investigated in this study, in order to identify the tick vectors capable

of transmitting T. equi in Malawi.

8. Publication of research achievements

In progress

133



NRCPD-OUAVM Joint Research Report

Date: 2024.5.23
Project no: 2023-joint-21

1. Principal investigator
Name: RNDr. Daniel Sojka, Ph.D.
Position: Research Scientist — Laboratory of Molecular Biology of Ticks
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)
01/04/2023 -31/03/2024, one year

5. Purposes and objectives

The primary objective of the 2023 NRCPD OUAVM Joint Research Proposal was to advance our
previous collaborative efforts from 2019 and 2022. In these earlier projects, we successfully developed
a transgenic Babesia bovis parasite lineage expressing the DiCre recombinase, which enables
rapamycin-controlled excision of loxP-flanked DNA sequences. This technology facilitates the
functional analysis of essential parasite genes, previously demonstrated in model species such as
Toxoplasma gondii and Plasmodium falciparum. The 2023 proposal aimed to leverage the stable DiCre
parasite lineages of Babesia divergens/ bovis to perform conditional knockouts of aspartyl proteases
BdASP3a (023140) and BAASP3b (006490) of the C clade of apicomplexan aspartyl proteases, which
are analogous to plasmepsins X/IX for Plasmodium falciparum and thus represent the potential master
regulators involved in invasion and egress during Babesia's asexual blood stages. Project aimed at
phenotypical characterization of the ASP3a/b deleterious phenotypes, with the aim to validate the
critical roles of these enzymes in the erythrocytic lifecycle of Babesia. This work builds up on our
preliminary findings with plasmepsin X/IX and TgASP3 specific inhibitor 49¢c, supporting Bd/BbASP3

as promising drug targets for Babesia control.

The individual objectives of this 2023 joint project were as follows:
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(i) verification of the Cre/lox recombination in novel DiCre Babesia lineages using episomal loxP sites
holding plasmids

(i) use of the Dicre transgenic Babesia divergens/ bovis lineages to create conditional knock-outs(iKO)
of BAASP3a/b proteases

(iii) validation of BAASP3a/b as essential and druggable proteases

(iv) phenotypization - determination of their specific roles in invasion/egress of host erythrocytes during
Babesia RBC cycle

(v) biochemical characterization of recombinantly expressed BAASP3a/b

By achieving these objectives, we aimed to advance our understanding of Babesia parasites and

the associated disease, ultimately contributing to the development of improved therapeutic strategies.

6. Outline of research process

In line with the proposed plan, we utilized the extended year of the project to obtain cloned
populations of DICRE Babesia bovis and Babesia divergens. During our work on this project and the
visit of Dr. Sojka to NRCPD-OUAVM between October 6-16, 2023, we improved the design and
prepared novel version of the DiCre holding cassette for the integration into the Babesia bovis genome
using homology-based recombination. 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 divergens, a related Babesia sensu stricto species that is of relevance for
us back in the Czech laboratory at loP BC CAS. PCR confirmed the correct integration of plasmids into
parasite genomes, and expression of DiCre recombinase subunits was confirmed via quantitative PCR.
Additionally, control GFP/mCHERRY holding plasmid vectors were prepared for episomal control of
LoxP site excision by the DiCre recombinase in both Babesia species and the Cre/lox excisions are
currently being confirmed by transfection of these plasmids to B. bovis / B. divergens DiCre lineages.
The final plasmid for BAASP3 iKO containing the floxed bdasp3 gene sequence was designed and
prepared. The ASP3 iKO plasmid transfection will be performed upon the successful Cre/lox episomal
excision tests. Resulting iKO BdASP3a/b lineages will serve for the induction of bdasp3a/bbasp3b

gene excision by rapamycin treatment and subsequent phenotypic observations will be performed.

The work was parallelly supported by the CAS/JSPS (2021-23) joint mobility project. This enabled
one member of the Czech team. Ms. Pavla Snebergerova (PhD student pf Dr. Sojka) visited NRCPD
in Obihiro for a short internship of two months during October-November 2023. Oppositely, the PhD
student of Dr. Asada, Atefe Fathi completed a 7-week long internship supported by the JSPS as part
of the project at loP BC CAS, Ceske Budejovice, Czechiam in November-December 2023. During both
exchange visits/internships the students primarily focused on generating stable lines of B. bovis
parasites that express the dimerizable Cre-recombinase (DiCre). Both visiting students further acquired

practical skills related to the design and preparation of loxP holding plasmid cassettes and the
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preparation of transgenic Babesia and subsequent analysis of the resulting ASP3 deleterious
phenotype. Additionally, and the associated biochemical and immunostaining work as a part of the
biochemical characterization of babesia ASP3 enzymes. Furthermore, we completed the
characterization of the two BAASP3 isoenzymes recombinantly expressed as C-terminal 6x(His)
tagged proteins in insoluble form in E. coli DE3. This is in contrast with previous plans of expression of
these isoenzymes in baculovirus infected insect cells as this method was successful, but we had been
observing issues with insufficient recombinant protein yields and their overall instability. The E. coli
expressed ASP3 proteins were further purified and refolded via step-down dialysis from 8 M urea
denaturing buffers and served as active proteases in kinetic assays with fluorescent peptidyl substrates.
Inactive mutants of both enzymes were also prepared for large-scale production to obtain protein 3D
structures via protein crystallography. All the listed results obtained in 2023 will be part of a forthcoming
publication in a high impact factor journal by the end of 2024, with P. Snebergerova as the first, and

Dr. Sojka as the last and corresponding author.

Additionally, our findings were presented at several international conferences in 2023. Dr. Sojka
made two active contributions at the 15th International Symposium on Ticks and Tick-borne Diseases
in Weimar, Germany, presenting on 'Proteasome inhibitors effectively combat ticks as well as
transmitted pathogens' and 'Clade C aspartyl proteases in Babesia divergens and their validation as
novel drug targets.' Furthermore, at the 12th General Meeting of the International Proteolysis Society
in Singapore, our team presented a poster on 'Deciphering the roles of Babesia Plasmepsin X/IX
homologues and their validation as druggable targets.' Dr. E.F.G. Cubillos also presented at the Fourth

International Babesiosis Meeting at Yale School of Medicine, New Haven, CT, USA.

7. Outline of research achievements

¢ we successfully obtained cloned populations of DiCRE Babesia bovis and Babesia divergens

¢ we PCR confirmed their integration to the parasite genome

¢ we confirmed the expression of DiCre recombinase

o we prepared lox-flanked GFP/mMCHERRY holding plasmid vectors for episomal control of LoxP
site excision by the DiCre recombinase in both Babesia species

o we designed and prepared the final plasmid for BAASP3 iKO using the DiCre approach

e we transfected the parental B. divergens/B. bovis DiCre lines with the recipient DNA plasmid
containing the loxP-flanked bdasp3 gene sequence

e we prepared dASP3a/b DiCRE lineages by serial dilutions

o we verified the Cre/lox excision and perform phenotyping

e |n parallel, we successfully expressed BdASP3a/b isoenzymes as C-terminal 6x(His)-tagged

proteins in E. coli and we are using them for 3D structure studies using protein crystallography
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8. Publication of research achievements

By the end of 2023, we published our first joint publication: Cubillos, E. F. G., Snebergerova, P., Borsodi,
S., Reichensdorferova, D., Levytska, V., Asada, M., Sojka, D., & Jalovecka, M. (2023). Establishment
of a stable transfection and gene targeting system in Babesia divergens. Frontiers in cellular and
infection microbiology, 13, 1278041. https://doi.org/10.3389/fcimb.2023.1278041).

Attach reference materials as necessary.
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