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Study on cytoadhesion mechanism of Babesia bovis-infected erythrocytes
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Bovine babesiosis is a_protozoan disease that causes significant economic
loss to the livestock industry. Babesia bovis is the most virulent Babesia species and is known to
cause a nervous symptom called “ cerebral babesiosis” that is fatal to the host. In this study, we
analyzed the molecular mechanism of cerebral babesiosis and identified VEAP as a molecule involved
in infected erythrocytes’ adhesion to the bovine brain capillary endothelial cells, as well as
several exported proteins including MTM. We also analyzed the sequence and adhesive properties of

VESA-1, a molecule that is considered to be a ligand for adhesion.



1)

(Babesia bovis)
VESA-1
(O'Connor and Allred, 2000) VESA-1
60 ves-1a 30 ves-183
ves-1a ves-1(3 VESA-1la , B
ves-1la , 8
ves-1a , B
2007 B. bovis ves-1
RNA-seq ves-1
ves-la (Asada et
al., ICOPA2018) RNA-seq
ves-1 ves-1
B. bovis
B. bovis
B.
bovis B.
bovis
VESA-1
Ridge
B. bovis
LC-MS/MS
Myc
MTM(multiple trans-membrane) VEAP(VESA export-associated protein)

MTM



VEAP

163

VESA-1
MTM
MTM
MFS TPR Myc
/ VESA-1
RNA-seq
ves-1 RNA-seq
C1
ves-1a
gRT-PCR
ves-1a
3 77
130 2
GPI 38
VESA-1  SmORF
38 DIC Hoechst a myc Overlay
10 £ 1. MTM3E NS
Myc £ N VEAPD BIEH RS
§ - iR TEER,
@ S DIC: DTSR,
£ Hoechst: B F &%,
Og a myc:HiMycHL RS
3 B, BMR /Y
Myc < BOREEZTY,
m X/T—/[//\‘\—;Sum
3 o
<
= 4 #
¢ D o
2 10 B. bovis 44
MTM MTM
4
MTM 10
S(BS)
CLAG3 PSAC(plasmodial surface anion channel)
BS PSAC BS



CLAG3 BS
RNA-seq BS MTM
BS BS
MTM  BS (
) BS MTM
BS MTM  BS
VEAP(VESA export-associated protein)
VEAP
CRISPR/Cas9
VEAP
glmS VEAP 3
Myc glIms
(iKD) 10 mM 24
VEAP  iKD VEAP iKD
ikD
VEAP « 2
ikKD
Ridge ( 3) B. bovis
Ridge VESA-1 Ridge
VESA-1 ikKD
VESA-1 VESA-1
ikD
( 9 VEAP  Ridge VESA-1
10+ [X2. VEAPIKDIC & 2[R/
- myc[+]GlcN T ITOHEE, mycas
5 myc[-]GIcN WAV I vOEEER BT
=g P - gImS-C1[+]GIcN D> bA—JL& L7z
g gimS-C1[GIcN  Myc&X Z{IhR*A, glms-
2 - gImS-C2[+]GIcN  C1,C2: gimSECHHEm AR 27
£ 014 gimS-C2[GIeN ~ H—>, [+:7L 3% IV
o B [(:70aYy 3 VR
538,
0.01 . T T '
0 1 2 3
Day

3. VEAP iKD/R &
BRAFRMIRDEF
| SRR, +iKD

| R R R MK,

idgen' (T ITHRER

TERL, =T
aY I VRS D
v b A—ILRARE
P RIMER, Ridge

B (e hResR a

S N3,

MTM
B. bovis

B. bovis 44

MTM

. GIcN[-]
m GleN[+]

iRBCs/100BBEC
3 B
g o

0 WT tg1 tg2
X4 [REBRBRRMBRD 7 NEMMERN RIS S
EEAR, GleN [:7 02 2 VIR EE, GleN[+]: 7'V
a4 I VRS, KDBEICTEBHOETHARS>NS,

MTM

TPR(Theileria parva repeat) MFS(major facilitator

superfamily)



TPR MFS  B. ovata

B. bovis TPR(-related) B. ovata MFS
8

MTM B. bovis 2
MFS 1
T. parva T. annulata TPR
c. felis nmulti-tm
T. orientalis TPR

TPR MFS TPR MFS
B. bovis B. ovata .
z 5. TPRif (N ICMFS
: DRTE % T RS
TPR MFS 'é HIAER,
R —JL/N—:5pum
2
3
o
¢ 9
TPR MFS
/ VESA-1
B. bovis
4
2 RNA-seq
ves-la
RNA-seq ves-1a
gRT-PCR RNA-seq
ves-la VESA-1
C1
T2Bo
1 2
VESA-1a
VESA-1a
VESA-1
VESA-1 Ridge
VESA-1
VEAP MTM
TPR MFS
VEAP  iKD VESA-1 Ridge VESA-1 Ridge
MTM TPR MFS
MTM
/

VEAP



8 8 5 8

Hakimi H, Asada M, Ishizaki T, Kawazu S 11D

Isolation of viable Babesia bovis merozoites to study parasite invasion 2021

Scientific Reports 16959
DOl

10.1038/s41598-021-96365-w

Hakimi H, Asada M, Kawazu Sl 8(10)

Recent Advances in Molecular Genetic Tools for Babesia 2021

Veterinary Sciences 222
DOl

10.3390/vetsci8100222

Hakimi H, Templeton TJ, Sakaguchi M, Yamagishi J, Miyazaki S, Yahata K, Uchihashi T, Kawazu SI, 16(10)

Kaneko O, Asada M

Novel Babesia bovis exported proteins that modify properties of infected red blood cells 2020

PLoS Pathogens 1008917
DOl

10.1371/journal .ppat.1008917

Liu M, Ji S, Rizk MA, Adjou Moumouni PF, Galon EM, Li J, Li Y, Zheng W, Benedicto B, Tumwebaze 9

MA, Asada M, Xuan X

Transient Transfection of the Zoonotic Parasite Babesia microti 2020

Pathogens E108
DOl

10.3390/pathogens9020108




Rosa C, Asada M, Hakimi H, Domingos A, Pimentel M, Antunes S

10(6)

Transient transfection of Babesia ovis using heterologous promoters 2019
Ticks and Tick-borne Diseases 101279
DOl
10.1016/j . tthdis.2019.101279
Nguyen TT, Dang-Trinh MA, Higuchi L, Mosqueda J, Hakimi H, Asada M, Yamagishi J, Umemiya- 8(3)
Shirafuji R, Kawazu Sl
Initiated Babesia ovata Sexual Stages under In Vitro Conditions Were Recognized by Anti-CCp2 2019
Antibodies, Showing Changes in the DNA Content by Imaging Flow Cytometry
Pathogens 104
DOl
10.3390/pathogens8030104
Hakimi H, Sarani A, Takeda M, Kaneko 0, Asada M 14(6)
Epidemiology, risk factors, and co-infection of vector-borne pathogens in goats from Sistan and 2019
Baluchestan province, lIran
PLoS One €0218609
DOl
10.1371/journal .pone.0218609
Hakimi H, Yamagishi J, Kawazu SI, Asada M 18(9)
Advances in understanding red blood cell modifications by Babesia 2022
PLoS Pathogens €1010770

DOl
10.1371/journal .ppat.1010770.




A novel Babesia bovis secreted protein responsible for binding of infected erythrocyte to endothelial cell

90

2021

Babesia bovis TRAP p200

90

2021

Hassan H, Asada M, Kawazu Sl

Cyclic GMP-dependent protein kinase plays a central role for egress of Babesia bovis.

164

2021

TRAP p200

164

2021




Hakimi H, Templeton TJ, Sakaguchi M, Yamagishi J, Yahata K, Kawazu S, Kaneko O, Asada M

The expression of a novel multigene family is correlated with channel activity in Babesia bovis-infected erythrocytes

89

2020

28 / 18

2022

Hakimi H, Templeton TJ, Sakaguchi M, Yamagishi J, Miyazaki S, Yahata K, Uchihashi T, Kawazu SI, Kaneko O, Asada M

Babesia exported proteins that modify properties of infected red blood cells.

1COPA2022

2022

Babesia bovis Coronin

28 / 18

2022




HassanHakimi

Babesia ovata Major Facilitator Superfamily

blasticidin-S

165

2022

2020

168

A&M




