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Expression stage analysis of Plasmodium berghei quiescin sulfhydryl oxidase
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[ Abstract ] Objective To observe the expression stages and characteristics of Plasmodium berghei quiescin
sulfhydryl oxidase (PbQSOX). Methods SignalP-5.0 Server and TMHMM Server 2.0 were used to predict and analyze the
signal peptide and transmembrane regions of PbQSOX protein. With homologous recombination, PhPQSOX-HA tag plasmids
were linearized by restriction enzyme Not | , and the linearized plasmids were electroporated into Plasmodium berghei strain
and infected mice. The PbQSOX-HA tag Plasmodium berghei was obtained from the peripheral blood of pyrimethamine
resistant mice and was identified by polymerase chain reaction (PCR). Schizonts, gametocytes and ookinetes of POQSOX-HA
tag Plasmodium berghei were purified. Western blotting and indirect immunofluorescence assay (IFA) were used to detect the
expression stages and characteristics of PhQSOX protein in Plasmodium berghei. Results Bioinformatics analysis showed
that PbQSOX protein had a signal peptide, but had no transmembrane region. All the proteins were expressed outside the cell
membrane. PhQSOX-HA tag Plasmodium berghei was successfully obtained by homologous recombination of PHQSOX-
HA tag targeting plasmid and Plasmodium berghei and confirmed by PCR. The purified schizonts, gametocytes and ookinetes of
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PbQSOX-HA tag Plasmodium berghei were obtained. Western blotting revealed that PhQSOX protein was mainly expressed in

the gametocyte and ookinete stages, and IFA showed that PhQSOX was expressed on the surface of gametocytes, male-gametes,

zygotes, retorts and ookinetes. Conclusion PhQSOX is a protein expressed at sexual reproduction stage of Plasmodium

berghei, and it is mainly expressed on the surface of gametocytes, male-gametes, zygotes, retorts and ookinetes.

[Key words| Plasmodium berghei; gene targeting; expression stage; Plasmodium berghei quiescin sulthydryl oxidase
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WHO JE B R 545 i, 2017 4F 2BR{5H 43.5 1 N
FEFEE Y o TR Y R R AT X, R R
MAPUELY) . FRWO 3 R B A T P
P22 SR RIS R R 3 5 AT
BAOR TIOR3 A RS 3h P ERYEG
JEBATSITRI (2010—2020) ) DA, JERE KR H
BE T AR 2018 4F, T E 4 EH 3 N R
A MEGSE B, B 2 671 BiIsgs N A
B NIk, Bk 24 . A RS i X A BRI R I
Bl 45 0 R S L P E Ve 2 03 £ i I v
21 N 19 B AE G BHLIFTZ 17 ( transmission-blocking
vaccine, TBV ) — K&, 2Lyl 540 NI
A3 S AR A SRR G 3R R i R A %8, (B 1Y
TR 2 T NIRRT RGE, A1) 2
207, A —EMBE; TBV & X F R Y
AYERE T BOREVER, AT JE I BRI A
JREER T, PIURVIWHE R A L3S B2
TR A S B AR A e
{H TBV MIbE R RIKIRIRSE, 124 M1k, © &R
eyl AR H A R, B BA 1 TBY ki nif &
(1 e SR B 1 AN R S BT SR A9 638
W, T IR T R S A R B B e e, B
W45k . RBH B A WirThRe MO sy
FEPE, ¥ TBV B A S 22 () BRI AR

i 2 5 L A ML ( quiescin sulfhydryl oxidase,
QSOX ) e it A WA N 28 1 o — B B AE AP I
{1 2 1 R R 3 A PR R G S ke, i ohRE
SEAEAL R MK O A i R A A,
1Y) QSOX 4 11 H i %8 fk ik J5 45 1 1 ( thioredoxin
1, Trxl) . # & 1k & J& & A 2 (thioredoxin 2,
Trx2 ) . yErv ( pseudo-essential for respiration and
viability ) 5 Erv/ALR ( essential for respiration and
viability/augmenter of liver regeneration ) %% #4 35 24
Y ER A CnHERL) | Sk S S A
Py QSOX #/r sk 5E 42k 2 T Trx2 4l Ik %
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HH TS A O AR SR A K 5 A
SERVER B REEMMEMY, dxtE £ 534 #
[ AARELAE 22 2 s BSR4 7R
[EREN SR, HRCT QSOX 7R Fi s i )R
BB B MR A A Y1 DI RE . QSOX =1 ]
DURGA =S B4 AR A S5 B AT S
A5 A= W5 B2 D7 5 308 U PO D ol

QSOX ( Plasmodium berghei QSOX, PhQSOX ) ,
oK FH 2 DA AT B R AR T PbQSOX-HA 5 % 1Y
JE IR AL, IR a8 o B ik 5 A A 9 5Ot
5255 (indirect immunofluorescence assay, IFA ) W%
PhQSOX M FERIAHr B R IR N, IS
Ji L QSOX i A4 1) A% -4k BHL T v RE S TBV fe b 47 Ji
14 1B S A ) S AR A

1 #RFAE

1.1 kB, ERERA LR M PPQSOX-HA
i 25 AU AT HE AL H 9% [E PlasmoGEM #IL A4 42 1,

ARIETR B (ANKA % ) o B B 2R e i 2
HWEE B, 6~8 JA & i 4 BALB/c /N (1R H
20~25 g ) W F At 4 FIAE S s W B R AT BR 2
Al [ S sh A = nlIES . SCXK (30) 2016-
0006 . AWFFEHIBIYI LI LN 58T RN R 2 R 2
HEm s e 2 i s wi it (YKD2017243) , /b
R P ) AR e 30 R P 52 1y B R R S B ) SIE B AH G
HEHAT .

1.2 £&&XA  SRHEPCRAF (PCR-Plus-Neo )

5 H H 4 ToYoBo 2~ w5 BR il 4 P VI il Not 1 |

DNA 4 f br f. 2 [ BT 4> F & b5 . DNA
P& W ok 2 B0 ) &L A6 R I PCR it 7 &
¥ H H 7R TaKaRa /2A 75 9 J HUHL % 303K 7
% Nucleofector Il 4 H Fii +- Lonza /A /)3 /) R BT
HA B5 25 B ST B BU IR . HRP A5 10 B9 £ 31 Bl 1gG 5
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$t F 77 ProLong” Gold Antifade Mountant I [ 3&
Invitrogen 24 Al BRPTAAE 5 R 8h & F R HL
Jii ( Plasmodium berghei ookinete surface antigen,
Pbs21) HuygREHUAH H A {6 BERLK %% Hiroyuki
Matsuoka MG % . HA 250 24y [ 7 20 A
afi, Wy A bt ih B BB YEARA RIHUE A,
1.3 PhQSOX %k & 12 ¥ Ik, ¥ I K & 4 # %
iz AT kT 22 4¢ SignalP-5.0 Server ( Attp://
www.cbs.dtu.dk/services/SignalP/ ) 43 ¥ PPQSOX &
FIRAE S AR, i8IS B8 X 30 457 TMHMM Server
2.0 (http://www.chs.dtu.dk/services/TMHMM/ ) 53 #t
PbQSOX £ FIHIESARIX, v ] SMART ( htp://smart.
embl-heidelberg.de/) 5 BLAST ( http://blast.ncbhi.
nlm.nih.gov/Blast.cgi ) T£2k T. H. X} PbQSOX & H
() G AR SR A T TN
1.4 PbQSOX-HA #7 & & Ji 45 49 3k 13 PbQSOX-
HA b5 %5 BT 8 Bk 1 9% 5 PlasmoGEM ALAL 4 {1
(ID: PbGEM-325531) , JURI ATt g
B 2 AN A B W, PlasmoGEM ‘F 5 W 3 (hitp://
plasmogem.sanger.ac.uk/ )
1.5 PbQSOX-HA #7 4 A 37 ¥ Ji 42 69 &AL R %,
% PbQSOX-HA BpZ AUTHEFORLIRAF T° TSAG
i F R, R R 5 PRI PbQSOX-HA #1i
B ITORL, SR 2R BR A 4 N DD B Not 1 78 37 °C T i
Yleh, LM, W24k ny 5ok DNA 26
R S T alifb . B 1 X107 AN 515 7 14l Ak B AL
ARGERZ 1.5 mL B0 N, REE.O5F B,
W 10 ug M1k 19 PPQSOX-HA F 25 Ji A i A
100 pL Y R AR, 5 R IRIR 51 5 i 2 M i
FRN, I FH Lonza Nucleofector 1) U-033 & /7 9
THR YL R SRR AT I 50 pL RPMI
1640 FrF AL, WAKIR SR 4 R HH ki) 2 BALB/c
NN
1.6 PhQSOX-HA Ar &AM 2 R R &) Jn ik . LEA
PCR %% /NRUBH 2 i Qe rYJE IR 24 h ),
4T & Mg WE AR T K (0.07 mg/mL) , 56K
T4 R 5 ik 1, 38 4 Giemsa J% {6 W48 & 45 A
Je D o B, O A I RE 3K B 0.5% A A Gy
/N LA JE I PCR J7 4k i A7 56 R R 3 5 . I T
Primer Premier 5.0 #X 4 % i 48 S M € 514, 5l
Y P1 (5-TGAAATGCTAAATGATGTTCCA-3")
A P2 (5“AGCCTTTTCGCTGCGGCCAT-3") ¥~ 34

HY Y S B A4 R PQSOX i [H, 1 51 4 P1 F1 P3
( 5“CATACTAGCCATTTTATGTA-3') " 4 i () 2
RAFIEEHATS . 51 RAL S AR REERF
HFABRAE A M. PCR N 24K 94 °C 5 min;
94 °C 305, 50 °C30s, 68 °C 1 min, 330 PMEH;
68 ‘C 10 min, PCR %3 H 5 2H 1 B 196 Jit o 5 P
UG, /N BRUE T IURE AR 3k 3% B, HUR i ik
I, FAE R KK /N SRR B 245 100 pL & 1~
2 A FIE i HU R G 2T Y ( Plasmodium berghei-
parasitized red blood cell, PPRBC ) . ¥ #i B i) JE
Ji A VY 28 R Bk 1 4T 2 BALB/e /N R (B H
100 L) , /DRSS 10 /N ek, DG T
ZHEEER K (0.07 mg/mL) , 4/NERAE i
PRI 2RV i AR FS, R IR 5 AR PCR 55
U TS . K BB A S R TR A S AR
1.7 PbQSOX-HA #= %4 # & & & Z itk B F
KR FHASFHEREHM (1) ZFIK. HiPE
BALB/c /N REME I ESS 1.2 mg 28, 3 d I
S5 1X10" 4~ PbRBC., R Ji HUMLAE IK 5%~ 10%,
FHCTEREE/NRUG, 2000 R i 45 1038 245
R FR T (4% 50 mL RPMI 1640 35325551 0.5 mL
MLV FE BIEC ], 15973 5% 20% FBS il 50 mg/L
HEEZHEEZR), 7 5%C0,. 5% 0,. 90%N,
B F 46t 36.5 'C FH55% 12~16 ho 4 70%~80%
Y96 5 R B R ) SRR AR I, 3G SR 4R 55%
Nycodenz % BB BE W 25004 25, WSAE ] K 2 2
JefA, FPBSTHUE 2 Ik, H MBI T s T
PUEZS I T(UNE

(2) Bk FH LR RIER gy MR, e
QB 4 K, SA/NRIRH B R ERE R 7K (20 mg/L )
2d. FHEERRIE/NBUS, O JIE R i 54 1 7
37 ‘CHUAN PBS H1 i 1k L TG b, 1K 28 48%
Nycodenz %% i £ £ ¥ 1 300X g &5 0> 30 min 53 5,
WA K FZBC A, FH RPMI 1640 3555 5575 Uk
2K, HWEEY OIS T BAEE TR EL A

(3) s+ HLRFEFER RGN,
LSS 3R, H Sk RN RS, GO BER L, K
1 mL/p MK E T 9 mL 31 & 1 5 3£ (RPMI
1640 35 5 5, & 50 mg/L H % 2. 50 mg/L §E &
% 100 mg/L #HiFZE . 20% FBS. 1 mg/L IFZ4h,
pH8.3) 1, 19~20 CHiFE 24 h, HEFFEME 62%
Nycodenz % FE B B 1 300 X g #5.0> 30 min 535,
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1.8 & @ A id kel PHQSOX & & £k 42l
RREIR . LIRS 3G+ 200 0.15% 2 A
1 -PBS 24 bR i, 224 1% Triton X-100,
2% SDS, PBS %ifif, A HEHMEIN ) vk E24#% 30
min $EPOE PR, PR 2R TR S
A TIE B R UFPE T 10% SDS-PAGE, Hi k¢ b
JEEE R NC I, DL 5% AR TRE I 4 CHIAIER
TBST 3%k 3 ¥k, %K 5 min. HIA TBST #iBAd/INER
PUHABRZEPUR (FBELB 1+ 2000) , EIRFF
3h. WEAE 3 WK, &K 5 min. fiIA TBST %) HRP
PRIC i EPLR 1gG (RRELLBI 1 2 5000) , ZHiEFE
BIFE 1 h, TBSTHEMK 3 K. I ECL & GIAE5t
EHG 5T R Ge e 2

1.9 IFA # ) PhQSOX % & % & JiEJ 1 28 PBS
VE LRGSR R b, TH 4% Z R P %
W % [ 2 20 mine H 50 mmol/L H % 2 /PBS
BV A, A (BRI 0.1% Triton X-100 325
10 min,  FH % 5% Bt J§ W5 # 19 PBS 37 C & HA]
30 min, AIA 1 = 500 i B/ N BT HA BR28H b
BEPLIR, 37 CHFE 2 ho LUARPL Pbs21 HLigpEHR

1.0

0.8 1

0.6 -

Probability

0.4

02+

(FRBELLBI 1+ 500) FEMFHMEXTIR . PBS ¥k 3 1K,
JNA FITC bric i=EHT B 1gG (FBELLf] 1 2 500 ) ,
37 C ¥ H 60 min. = it HL 41 il #% 25 DAPI %4 7,
Smin, FPUEKE R FE R, FHOLBMEE Mg

25
2 # R

2.1 PbQSOX %k &1z % k., ¥ B X & % # 3%
FRm  PbQSOX £ ¥ Jit 4t FU 4% 2 PlasmoDB 1 (1)
B35 PBANKA 145540, JEEE A T FOIE 5
4114 S YLk 2 148 296~2 149 846 bp Z [i], &
FH 516 NMEFERA R (74F 1~ 61 537) . iz
FiA5 5 JIK 4> M & 45 SignalP-5.0 Server %} PhQSOX
T BE S IR T 8, 45 5 R PhQSOX 2K [
A VMG CEL 1) 5 48 F 8 R DX 30 I 4 £
TMHMM Server 2.0 #4750 87, 4554 27~ PbQSOX
ALK, &Y EMBEsrRE (B 2) ;
I Fl SMART 5 BLAST 7E4k T. 2% PhQSOX 7 [
PR 235 R S A7 T, 245 S 7R PBQSOX & A7 AE
Trx1. yErv 5 Erv/ALR &5 ¥ 48, I & 3 A K8 )
Cys-X-X-Cys Ii b7 ( X RELBEER ) , 47
%Ik CPAC. CRNC 5 CNYC (K[ 3) .

SP(Set/SP1) =
s
OTHER

-MKIYGYIFSILF]VPNLVLNTWGSEHSDICKKGEVVLKNFWDKLNNIKHGDILFINIKNYYCPACNKYMD

5555555555555 55555S55S5SCXXXAXXANXXXAXAXXXXXNXXXXXXXXXXXXXXXXXAXXXXXXXXXX XX XX

0 10 20 30

40 50 60 70

Protein sequence
B 1 SignalP-5.0 Server X PhQSOX FEHME SN &R
Fig 1 Signal peptide of PAQSOX protein predicted by SignalP-5.0 Server

PbQSOX: Plasmodium berghei quiescin sulfhydryl oxidase; SP (Sec/SPI): “Standard” secretory signal peptides transported by the Sec

translocon and cleaved by signal peptidase I ; CS: Cleavage site; OTHER: The probability that the sequence does not have any kind

of signal peptide.

2.2 PbQSOX-HA #7 & A J& 7 R 4k 69 K A A& B

AEFE RPN PPQSOX-HA HRZsHIFTHE ki

HFEE AN 2GRS, 40 24 h R F, Ltk
1Y BRSS9 R ORI 2l AT T [RIPRE 4] . PhQSOX
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BRI T HA bR R, W ERA MRS CREE Y sefs, FRATARICT i 25 80 Ji e
THYE kB E A AT MR (human £ FREILIC)E, PCR %S5 5E WoR 78 PPQSOX A i 1
dihydrofolate reductase, "DHFR ) % (& 4A) . 4 AT HA#RZ: (K1 4B)

1.2

Transmembrane
1.0 | Inside
Outside

0.8 |

0.6

Probability

04

0.2

100 200 300 400 500
Protein sequence

B 2 TMHMM Server 2.0 31 PbQSOX F A MBI X Fill 45 R
Fig2 Transmembrane domain of PAQSOX protein predicted by TMHMM Server 2.0
PbQSOX: Plasmodium berghei quiescin sulfhydryl oxidase.

PhQSOX Erv/ALR

3 PhQSOX EAMEIMEHRELER 5> HEE
Fig3 Domain and activation motifs of PhQSOX protein
The motifs were predicted by SMART and BLAST. Red, blue, green and yellow areas represent the signal peptide (Sig.), Trx1, yErv
and Erv/ALR structure domains, respectively. PbQSOX: Plasmodium berghei quiescin sulfhydryl oxidase; Trx1: Thioredoxin 1; yErv:
Pseudo-essential for respiration and viability; Erv/ALR: Essential for respiration and viability/augmenter of liver regeneration; aa:

Amino acid; CPAC, CRNC and CNYC: Three Cys-X-X-Cys dithiol/disulfide motifs.

Sizelbp M 1 2 3 4
P1 P2
> N <+
Wild type PEQSOX { PhQSOX_ 2000

—
1000
HA tag targeting vector —— PHQSOX LWMV_ 500

Ll» \ P3 250

‘ N .
PbQSOX-HA tag {  PbQSOX ‘%
, N

B4 PbQSOX-HA #RZEM AR IERIREHN PCR £E5IWENXE R PCR £ELER
Fig4 Schematic representation of PCR identification primers and PCR identification results for PAQSOX-HA tag

B

site-specific homologous recombination
A: Schematic representation of PCR identification primers for PhPQSOX-HA tag site-specific homologous recombination. Primers P1
and P2 were used for diagnostic PCR of the wild type locus, while primers P1 and P3 were used for confirming PbQSOX-HA tag of
parasite. B: PCR identification results. M: DNA marker; 1: Wild type genomic DNA was amplified by primers P1 and P2 (668 bp);
2: Wild type genomic DNA was amplified with primers P1 and P3 (425 bp); 3: PbQSOX-HA tag genomic DNA was amplified
with primers P1 and P2 (668 bp); 4: PbQSOX-HA tag genomic DNA was amplified with primers P1 and P3 (425 bp). PbQSOX:

Plasmodium berghei quiescin sulthydryl oxidase; PCR: Polymerase chain reaction; hDHFR: Human dihydrofolate reductase.
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23 AR M PPQSOX-HA WA R Je R R 695 B
it ORIEJE HIACE IR B 5%~ 10% Y /)N BRIk
TH3%, B3R5 10 PhQSOX-HA FrZs e i i 2 4tk
FRUGHIRBYBL, £ 55% Nycodenz %5 J& 446 B Y5 0
alfi Al 5152 T A A RETEAR s 25T D Uk

5 *ﬁg %ﬁ’ \

IR 1

.

.

YU I A7) BRURHE B W TR FH K AR B, /N BRI 28 48%
Nycodenz % FERA BE VR B0 Je 198 T 2iAL B 714 5
ISR 2R i 24 h B FR IR 62% Nycodenz % 1 i
WEOE, A5 Taksh a1 . aEsaiib)s e
S LA 5

D, o3
w s

B 5 #L/EH PhQSOX-HA HRERRFEME (A) . BLFEK (B) 5FHETF (O
Fig 5 Purified schizonts (A), gametocytes (B) and ookinetes (C) of PAQSOX-HA tag parasites
Giemsa staining. PbQSOX: Plasmodium berghei quiescin sulthydryl oxidase.

24 PbQSOX & & & ik MrBeg g SNl
RS HR Bs, PUHA AR U] LI EL T4
& FB Bk 60 000 £ 4 B, R
PhQSOX 7HIEIF AL B MBL TR 58 & TR B ks
(Ke6) .

M,(X10)
100 4
70

55

40 4

354 :
25 - |
B 6 FARENEESH PPQSOX EHRIFRIEME
Fig 6 Western blotting analysis of PhQSOX protein
expression stages
1: Schizonts; 2: Gametocytes; 3: Ookinetes. PbQSOX: Plasmodium
berghei quiescin sulthydryl oxidase.

IFA Z5 R R, TiemA (R KRR ) iR
1 0.1% Triton X-100 (& 7) , 4T HA bR o]
PUNBC & . MEBCF. & F . retort 53 & 73
P, WoRH WA SR AP, R BEETE S IFA
25 R—3, $7R PPQSOX FHEFALER 1A . A
il . &1 . retort 534 13K,

3 i1 8

QSOX A 38 1 4 38 s 1 IS 4 2 1 AR S JE 48 Ak
BN AR AR AR A TR R A, R RN
R AR ERIE A (PR AR B R A A B
R — L FLEhYIH QSOXI 1EAR IR 4
Jarh 4 30K HIRERS S0 TEM e AN I 4 i &R
w3 6 1k QSOX1 AT A5 4k ki /b e Jeg 4 Jf 3T 7% 2
QSOX1 T ] m 1 il afin A5~ L0 L %) 2 A% A3
B2 AT A 2 AN ] FE ST 4 R, QSOX
S — B8 S R Y R, T B i 2H R AR S
FEF 446 ™) . QSOX1 1 % 3k 2 FL R4 HUR A KL
fyE B2, QSOX1 X At i 2F 4k 4 A . K
B P4 o R A RS 0 A4 i A A Y T
PEFI . Bbdh, QSOX Wl i 18 e s 7 1 T 1ot i
o — 5 B9 /R Y . QSOX L 7E 4% b 41l i 2%
Feik, WZRR, SURIEMR . Sy AR, A
20 2% T Y i L B i QSOX £ 4 T
R IEE AR B, AEAE 1k 00 R 2T 2 40 i v 58
EYE IR IR, W] B G A AP L R 2 2
Ak, QSOX L f-7E T 4l il ob, aniAsh 4l 415 5+
0 A A 4 g R BT L QSOX X AR A
AR R E AR ORE G il T 1 S5 R A B i
L {H QSOX TR B FR B . Feik
MAEYEEY)RE BT AT AE
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Bright field DAPI

PbQSOX

Pbs21

Fig 7

5 um 5 um

FITC

5 pum 5 um
5 5
2 um

Merged

Gametocyte

Male-gamete

Zygote

Retort

5 pm 5 pm

Ookinete

S um

Ookinete

5 um 5 um

B 7 [EHEREILSEESS T PAQSOX HIRIEM B

Indirect immunofluorescence assay analysis of PhAQSOX expression stages

Anti-Pbs21 monoclonal antibody served as a positive control. PbQSOX: Plasmodium berghei quiescin sulfhydryl oxidase; Pbs21:

Plasmodium berghei ookinete surface antigen; DAPI: 4°,6-diamidino-2-phenylindole; FITC: Fluorescein isothiocyanate.

SRR ey N B S VS I S 7y PN~ S S i kA B 5d
AR Z TR R SR TIRE . AT K
H51E B RS AT o (L¥4MNE DNA
SAIE R R A A N TR L S 4 R ARMONE, RS
Fowe J e B o LRI A TR i s
TR & 12~24 DG+, slifb)E B 245 1A AT
DI KRR, PRI A e i 2l A
U TE A R AT R e e T B A R v R R R R A
B3R, FeA145 S Amaxa 23 E T & A A% G g
AP | {fi ] Lonza Nucleofector (1 U-033 2%
Tt e, e TSGR, JEPAS 1 S M e
RV 28 PCR S8 R, FRATHL) N ] 2
RIE AR PBQSOX FH A T HA #3%:, 2RHK

T PbQSOX-HA FrERIEJF i, 13X hAfF5E QSOX £
1P TQHE D v Y SRR B Bt L R IR R B T BT
(S I0 HEA . B 1T E I R RN TFA R 25 SR 3R W,
PbQSOX #E 1 FEFRIA TR, LT, &
retort 5 3G, JEATE AT IARSE IO A FE Iy Be
k5 H IFA SERTGIE S b A7 B IR 2], 35 ] LA
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