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Comprehensive analysis of Babesia tick-stage antigens: Establishing of a base
for development the TBV
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Babesia ovata_erythrocytic stage (Blood stage) was induced into the tick
development stage (Tick stage) by an in vitro induction method, and RNA-sequence method was used to
search for transmission-blocking vaccine (TBV) target molecules. The Tick stage at 6h after
induction showed a characteristic form of the parasite called ray body, in which the expression of
Tick stage genes was observed. The genes that were more abundantly expressed in the Tick stage than
in the Blood stage were searched for genes that were coding for cell-surface proteins. As a result,

14 genes encoding proteins presumed to be cell surface-localization as potential TBV target
molecules were identified.
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1. WFERHE S WO 5

[ZEHHER] " T~ =R T, 7 EPEBORMERIEYE T 5 Z & TN
VTR AERIERI L, BN DOBERICSRKERFEOBRLE 52 T 5, ITFEORERERIC &
HRW, v X = OBERHIN KE SIER L TWND Z Enb, AU TIRIT, HERHI COXIRMN
MR FE ORI BRYEIZ 2> T\ D, 73O TR T, B /xmn s, 5555
HERIC K DRt (EU 7 F o) ERF =HNC L DB O~ =6 WBEKR E LT EHEERBE
K72 > TWD N, BITIZ 72 > T 3954E Y 7 F U RRISRT D MR B o HER 08 & = Al itk
VX ZOPER I ERHE SN TWD, INHEBEZ T, UV OARARUTIRICRT S, ZhET
DFIESCRITHL S 70T 7 F U013 72 & HO ) 7 G HIENE O B3 S BLER ORI 70 -
TWD, AU T TRINE T, FEORMERNTORE AT —VER5 & Lgen ot
DOENTEERERDH Y, W CTOFRBGIRICEE 2~ X AN TOREBEAT VR E L
THFERE LS BN TWD, — 5, AU T ERILT a7 L7 BPICH3E S 003 v JRifER
WHETDH~T IV TERRTIE, FORT X —L R AWENTORBEAT —VERHE LTZF5E
DFERREIC B S, ZOREO T, EHFEER 28D TO D ERILIED 7 F 2 O BRI 7T~
LREL WD, ikBRIEY 7 9 (Transmission-Blocking Vaccine : TBV) %, X7 ¥ —& 725
EEEHORN TIHRAEDFEE Z LT 2 2 & TRYLEDILEZ T+ 5, wkitRBo D 7 F o
T, BE, e ho~wZ VTN Y —<IEERISRE LT TBY OBRERED LN TWD, 7
Var 7L oINS EE BB o R TiX, ZHuE T2, HAPLESS2/GCSI
(HAP2), LCCL KA A VEHE 773U — (CCP 77 I U—) KO6Cys RAAL VEAET 7
SU— (6Cys EHE 7 7 IV —) 2 ED, HiEEWMRE AT — VRFRMN 7 MIREZEMESUR (TBV
EPUR) DB SN TS, ZTROEDEAZIINARY T O F = {ANFEBT AT —V THIEHN
WERENTWDEN, ~ T U TFIBD L 912, T OFMARBEREMATC TBV HUR & L COFAMMIZAT
iy A QAYAIAN

2. e EM

(24780 TRAL] S SEEHOS T HED TR T OV H EANEEFEAT —Y TRETLE
HE & MR FRE L C, g BHla~OBECR AR E, ~ X = (KN TOJR B E IR 3 %E
R CX UL, HiREMEENEDF RN LD X 5 ICK & OFE EiE eI A E L S TE =0
D, TRDL AR TR~ ¥ = THEI S, IUTES T SR D0 2 | L) HARR)
REERNC b TR BEZNMZ bND LD, £, —EHOBFZEREI G . SO TIRIC
*9 % TBV OBIRMENKE S ERTDHELHfFTE 5,

[RFREDEM) % = CAFECIE, AR T O~ X (KRR E AT — IR R 7 iR =1
EAHEZ MBI LT, ZOKREEZMITT2 & HICTBV IR E L TOMREEZFENT 5 =
LT AR T O E=RKNTDTA TH A 7 NVDOEMEEZ ST LUV THBT 5 & & b, "X
T RO TBV BAFIZ AT CHERER 2 EET 5,

3. WO IE

AL TIZ, THE TICE A BBE L2 InH L <, Ky e 79 X< f i (Babesia ovata)
D Z=ENFEEAT—Y (K1) ORIEMEEE A MENICFEE LT, EOKEELZ IO
% &L HIZ TBY PR & L TOMREZREMET 5 BT, LLFOERZ £ L7,
VB KN BEAT —VRIEMEEAED b7 A7 U7 S —Lf#87 : B ovata D~ X ={KNEE
AT =V THRBTHREMEAE % RNA > —47 > A (RNA=seq.) TIE L7z,

(1) invitro %% (PubMed ID: 1549158) THylj « M L7-~ ¥ ={KNFEE AT — (Tick
stage) 7>6 RNA Zflith L7z, WEGSO%, R —r o —IC CREIR Y — 7 = 2 %
T, 77 AMERICHES LAEDE T, BEIN TV &2 ERIITHIT LT,

(2) (1) OFRBLT w77 A/ (Tick stage FEETH#) %, FRlEKNAT— (Blood
stage) @ RNA-seq.7 —# (Blood stage Z&BLE (s T-HE) &l LTI 5 2 & T, I TOH
RENS VB TR ZRE L,

(3) Tick stage CHRIEDZ VB TEICOWT, BB FESINSHEE SN D v 7 F VSIS
T ORI EOEHRAE S LI, BEMEHEEZFE LT,

4. WFFERR

1. Tick stage DFZHESBIZZ :  Blood stage 35 X O Tick stage B. ovata D& B ERIEA % X L Yuth
L. B CHIZ L7218 21X 2 1278 L7z, Blood stage B. ovata IZ7RIMERNIZAIE L, 125D
JRMERNIZ 1 DFEIT 2 2D A v Y A MRRO BTz, Tick stage #FE % 3 R TIE. Rk
(ZIEAE 2.5um FEEE O P OMIBA L EL L7, Z OMBIZIZBB /A 1 2588 b7z, Tick
stage L 6 FEECIEL, ARIMERIMC 2R 3-4um FEE OIS S HH L-, Z OMiIIEZ 1
SFEIT2o6 D, BEORLNDFREE TS T -, Tick stage #5514 24 KF[E Tk, JRIMERSL
IZA2R Sum FRE O M OMIEN S MBL L=, ZOMIITEZOAHRICITRS bived ol



Tick stage #%51% 48 FFfi] TlE, ARMERIMNCEIOERE L-MENHE L, ZOMEOEIXY
— IR, BL AR TH-7-, TNDHDH 5, FRCHEER 6 Rt O Tick stage JFUH D HE
%, WZEIZ B. ovata RoMLD Babesia FEIZHB W T HHEDH S [ray bodyl, [spiky form|, FE72i%
[Strahlenkérper] & FRZNLSTERE L —# L7z (Bohaliga ef al. 2018 PMID: 30143025; Nguyen et al.
2019 PMID: 31319568).
2. Tick stage TOEMET-FHEBL T 27 7 1 /L (Reverse Transcription-PCR; RT-PCR) : CCpl,
CCp2. hap2 & 7%= & L7= RT-PCR Tl Blood stage. Tick stage #5574 6. 12, 24, 48 B[]
DY TG RT T cDNA HRDOIEIEFEM HSFE 8 H L7203, Tick stage #551% 24, 48 Ifl o
T D OHEIEED IR Td - 72, CCp3 BinT-Z4ERY & L7z RT-PCR Tl Blood stage. Tick
stage % 6, 12 FEE O 7 LT cDNA HKROBEEFEY 2358 HL7= A3, Tick stage #5514
24, 48 BFfH DY o TV TIIHEREM 3580 bR o T2, FT2. PMG Bin &8 & L7z RT-
PCR TIETRTOY 7T cDNA HROHEIEEY 73580 514, MRS BinTZ2iEr L Lz
RT-PCR TIXT X TDH 7 /LT cDNA HEROHEIEFEM RO bz (F1 KUK 3),
3. RNA-seq.iZfit 35 tick stage RNA DFF%E :  Percoll % & A fcia Lol M OG04 D Tick stage
HBEHRIEARX LY@ Gz R L (K4), ZBiHERE O ER U7 R EREAR D X 2 Y
O 2 SR T ORI 2 & DEIRMERT O X AV Y L b U CORIMERAEL Y BRoviu, B
LT HIEREA A LTz Tick stage JFURAMERE L 7o s @lg2 s v,
4 .RNA-seq.& 7 —# f#T7: Blood stage & U Tick stage RNA % Novogene (https:/jp.novogene.com/)
@ RNA-sequencing (Zflt L, itk —7 =2 v v 7 COTF— 2 Bf5aEKit L=, RNA 741 77
U —{X mRNA % % v 7*F v —% 12, NEBNext Ultra RNA LPKit (illumina, california) Cii%& L 7=,
v—27 =712 % NovaSeq 6000 (illumina) ZfEFH L, X7 =2 KX 150bp & L7z, &t v
T3 COT — X #1F 3GB, 10Mreads & L. Service menu (% Transcriptomics ¢ Eukaryotic mRNA-
seq & L7z, Blood stage RNA & Tick stage RNA OFHZ41 2 27, (S IB KOS 2B) Y
(S IT K * S2T)IC DWW T RNA=seq O 7 — % # /5 L 7=, &% A2 . Trimmomatic
(www.usadellab.org/cms/?page=trimmomatic) ZfiH L, 74 7% —DrEB LIV AV T 1 7 4
NHE Y T EAT o7, RIZ, HISAT2  (http://dachwankimlab.github.io/hisat2/) ZfH L. V— K%
BT LOT—ZIIv v BT LT EDRSIN EDOFEEN GG 72 b DR O0E Y T,
~ vy vy 7tV — N 4E v MT D 72 ® . htseg-count
(https://htseq.readthedocs.io/en/master/htseqcount.html) ZfEH LTV — Kb o> b —X ZEU&E L
oo WIRIC, NI — RO T — X G e R E L U CRIHT 5729, transcripts
per million ( TPM ) % FF & L 7= ., TPM ® Ft % 2 | TPM Calculator
(https://github.com/ncbi/TPMCalculator) ZfEH L, V— I U hF—X 2 — R L 5%
YR CHIIE L7=, 515 L 7= TPM %> 5 Blood stage/Tick stage i CD A x -3 LLEFRIT 21T > 72,
TPM (ZIF Y AR Y — L RNA BlSIE b T A7 7 —RNA BAIA G ER Tz, £ 2hzkk
£ LT, WIZ, S AT RS 2T HH WM S 1B LTS 2B IZHBWTIE L THRELN o7z U
— RIZ2W T, TPM ((S_IT+S 2T)/2) vs TPM ((S_1B+S 2B)2)Z Lb#ik L. £5i#fn 173 Tick stage &
Blood stage D EHLHLDAT =V TED L BHL TWEHINE B LI, &%, TPM kb
((S_1T+S_2T)/2)/((S_1B+S_2B)/2)7% 2 LA 7>, TPM (S_1T) & TPM (S_2T) 7% 100 LA LoD,
Tick stage (B W THHABEO KT VWEEE FA B L, BHINTLEET%2 TPM kb
((S_IT+S _2T)/2)/((S_1B+S 2B)2)N K& WIIEIZ 50 fE#H L7=, ZA 522\ T, Wolf PSORT
(https://wolfpsort.hge.jp) |2 & 2 JRTEHEE T, MIBARIEM:TH DREFEN 10%LL BT/ b 2 230
Heza—F3287r2HRRLE, 7, B 1FOMRESIZS>W T TMHMM
(https://services.healthtech.dtu.dk/service.php? TMHMM-2.0) THEE#E K A A > OF WA 7=,
Wolf PSORT THlfaiiZ RfET 5 L HEE S, 7> TMHMM THIREE KA A 35380 5hizh
D & HIRIER N JRE T 5 EHEE Lz, #58. TPM ((S_1T+S_2T)/2) vs ((S_1B+S_2B)/2) Tl Tick
stage CHHLREN K& WIEIE 723 1,588, Blood stage TR FDN K X VW il{s 128 3,165, Tick stage
THREABENKE 1,588 DD 9 B, HZ Blood stage LV b 2 0L ERBEEN K&Vl
THRA43 OB, £DHHS IT TPM & S 2T TPM 23 & H1Z 100 LA EOEIE 115253 38 5
iz, TPM AR E W EAL 50 BAR 0 5 b R OMIRIEIZRIES D LHEE SN Z 7B
a— R8N 4FRESNTZ (F2), ZThbDH2bH, AU T ELEFELELTEay Lo
DR THL~T U TRBIZEBWT, 204V a FREFICEHETHDL EEZHATY
Hidfn-E LT, LD 453 A &7z ; BOVATA 007670 (chloroquine resistance transporter :
CRT). BOVATA 024940 (arginine decarboxylase; putative : AD) ., BOVATA 036750 (conserved
Plasmodium membrane) ., BOVATA 038700 (cysteine protease : CP) (£ 3),
5. f&a 1 ARIOMHTRER B TBV 2 7Ol & LT, CRT, AD, CP I L UMEREARA
D1 aTOEF 45 TFEFEE L, 5%, ZILba I 20T (1) v & ={KN Tick stage TD
Z Ry EREBL L MR RIEEOMERR (2) MR Y X7 B R O FHURDOIERL & 2 o FnRE D
i (3) HELLTF XV HEOREFMEOHR., REOFEREZEDDLVLENDH D,



6. M *:
1:PCRICERALETTA~—
Locus Primer sequences (5'—3') TM (°C) cDNA (bp) gDNA (bp)
F: GCAGCATCCGGTAACTCGATTG
Cept 60 115 156
R: GAAGTTCCCATTGCTCCCGCAC
F: CGTTGTCAACGGCGACCCTTAC
CCp2 60 131 181
R: CGTCAAATACGGGTTCCAAACCC
F: GCATCGCTTCTTCCGATGAGTGG
CCp3 62 120 204
R: GCAACGGGACGACTTCGATTGTG
F: GAGACCGTTCAAGGGAGCTCGAG
HAP2 62 120 155
R: GCGCACGTTTAGGGCACACTTC
F: GACAAAGGCTGCCTCGACACC
PMG 62 192 367
R: CGGCTGAAACAGTATCCACGAGC
F: GGTAGTGATTACGTTGTGCCTGC

MRS 60 145 182
R: GTGAAGGCACCGATACCTCTCC

RT-PCR CHlilig Xt 585 7-1X. B. bovis, B. bigemina D~ X% —{KNFEEAT —IZE WTHR
WCHRBBEMLTWD &) @GNS - 72815 17 (CCpl, CCp2. CCp3. hap2. Putative
methyltransferase gene (PMG) i#{x 1 (Bastos et al. 2013 PMID: 23844089; Bohaliga et al. 2018 PMID:
30143025; Hussein HE et al. 2017 PMID: 28985216) @ B. ovata \ZRiF 54/ na 7 L Ny A% —
vy 7 En & L TREICHE STV 5 5T Methyonyl-tRNA synthetase (MRS) (Hakimi er
al. 2016 PMID: 27008652) % 2R L 7,

F : Forward primer, R : Reverse primer, TM : Annealing temperature

cDNA : ¢cDNA HI3ED PCR 71 &7 h D% A X

gDNA : gDNA Hi3kD PCR 7’ &4 7 hDOH A X

£2  HRBEMELHEEEENTZZ I B a— RT3 48 EF

Gene_ID Description

BOVATA 000380 n-acetylglucosaminyl transferase component gpi1
BOVATA 003540 transmembrane 14C

BOVATA 007670 chloroquine resistance transporter

BOVATA 008120 integral membrane family | protein
BOVATA 011090 zinc finger 36 family 3

BOVATA 019230 dephospho kinase

BOVATA_022830 signal transduction histidine kinase; putative
BOVATA 024940 arginine decarboxylase; putative

BOVATA 027540 alpha beta hydrolase

BOVATA 027560 hypothetical protein; conserved

BOVATA 027750 diguanylate phosphodiesterase

BOVATA 028540 zinc finger 831 isoform X1

BOVATA 036750 conserved Plasmodium membrane

BOVATA 038700 cysteine protease

F3  H2RLEVLDTIT YV THERIZBWTARICEEL SNDEEFD B. ovata \ZBIT 5
A=V

Gene_ld D escription P lasm od um |23 HEERE
BOVATA_007670 chloroquine resistance transporter /== =S T
BOVATA_024940 arginine decarboxylase;putative HH
BOVATA_036750 conserved P lasm odium m em brane RBA

BOVATA_038700 cysteine protease 15 FHIE S OB H



K1 : SR TOEER

Tick host Vertebrate host

Active
sporoblast

Transstadial
Transmission

Dormant | 5338
sporoblast \& X
P SEEES Y )
Trophozoite
Transovarial
Transmission

of kinetes

in tick tissues
Ovary

infection

l Merozoite
Gametocyte

‘/ Meiosis * 1
Kinete\

* Gametes
@ ) v ‘ray bodies’
i -

A 2Zygote Fertilization

POREY crocor |

Jalovecka et al. PMID: 27502772 X v 5| H
L7, Ray body (Z% 4 F— bk (HEEK)
DR, MR A, HEHEGE, F— LD
TERK &~ & = (RN Fdiligas ~ DO YL D HI
BEOREETHY, ZORAT—VTHR
DREZIEDDZ ERHENE, A
longicornis \Z X% B. ovata DIRTE %N
MIZRHIEC& %5, £7-, Raybody (%, TBV
PR LR & ST 5 2 & A3
FTED, ~F=FHEATERIND
Tick stage TH H 5,

X 2 : Blood stage 33 & U Tick stage B. ovata DG BRHRIEAR % X L VY ARK

10 pm

.

10 pm

o
v
-
— A

10 ym

X 3 : RT-PCR #IEEH D UV HBE4

Tick stage RNADRT-PCR

ccpt

cCp2

@ @

cCp3

) Blood
stage B. ovata :
SR 70 AL
SRR NSO N

(Binary form)
N N OR
3 FFEEO
Tick Stage B.
ovata, @ : &%
i 6 FEfiIt% @ Tick Stage B. ovata : JRILERS D
2R 3-4umfEE O Raybody 27~ 9, @ : #%5E
24 W[ @ Tick Stage B. ovata, © : #5548 I
[E]1#% @ Tick Stage B. ovata,

o
10 pm

Tick stage 75 1%. 6. 12, 24
B L 48 il OB T
DFBAZRT, 0 1XF5EA]
(Blood stage) 75 % L 7=
RNA # &4 & L7 RT-PCR

0 6122448 NP M 0 6 122448N P M O 6 122448N P

(FFEARISR)

hap2 PMG

06122448 NP MO 6122448 N PM 0 6122448 N P
(FHGSR])

0: Blood stage, M: ¥—71—

N: 2HF 1 7> hO—)L (#@B#K) |, P: RSF ¢ T3> hO—JL (B. ovata gDNA)

MRS

DA 2~ N IZERPERT R
ELTHABAKEZHMLE L
RT-PCR DpfiA =T, P I
Bt xt B & L C Blood stage
gDNA % #51 & L 7= RT-PCR
DA R~ M T~ —H7—
T, RNA 27 uns

DIERES DY A X3, gDNA HRDZEN (f > hurade) LV/AESWNWI & T, mRNA 75
H B R T OIES TN T D Z L RS,

X4 : Percoll # EABLE AT K % Tick stage 73 EIRAEAT

U T E R pmm) Reomm
o : IZEZHBORMERD RO b b,
ok - ';-. % . (I : AT %) A% M ER A3 ER
PUs 3 . > e ; ¢ DERDML, Tick stage Ji HLoD 3
t > 'n 'S R : “ b biIvD,
& | " v g
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