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Expression profiling and immunofluorescence localization of the major egg antigen p40

of Schistosoma japonicum in the liver of infected New Zealand white rabbits
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Abstract: Objective To examine the expression profile and immunofluorescence localization of the major egg antigen p40 of
Schistosoma japonicum (Sjp40) during granuloma formation in the liver of infected New Zealand white rabbits. Methods New
Zealand white rabbits were infected with S. japonicum cercariae, and the livers were harvested at 29 and 45 days post-infection
(dpi). The total RNA of the liver tissues was extracted for expression profiling of Sjp40 by quantitative reverse
transcription-PCR (qRT-PCR) with GAPDH of S. japonicum as the endogenous reference gene. The expression of Sjp40 in the
liver were detected by Western blotting using anti-Sjp40 monoclonal antibody (mAb) 9G7 or anti-Toxoplasma gondii tSAG1
mAb Y3AS8 (control) as the primary antibody. Paraffin sections of the liver were prepared for observing egg granuloma
formation using HE staining and for indirect immunofluorescence assay of Sjp40 location in the trapped eggs and egg
granulomas. Results The level of Sjp40 mRNA in the eggs trapped in rabbit livers was significantly higher at 45 dpi than that
at 29 dpi (P<0.05), and Western blotting confirmed the presence of Sjp40 protein in the rabbit livers at both 29 and 45 dpi.
Immunofluorescence assay demonstrated localized expression of Sjp40 in the immature eggs in the rabbit liver at 29 dpi, but at

45 dpi fluorescence was detected in clusters of

mature eggs containing miracidium and in the
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surrounding egg granulomas. Conclusion The
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(2013B051000052) livers. Sjp40 protein spread from the eggs to the
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SRR R EIARSY , 2 1 SEATY 10%, T 3IFSE Smpd0
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1.1 ##

1.1.1 anfekk54nik P HAIM B Sjp40-McAb 9G 7+
FHL 5 I B tSAG1-McAb Y3A8'™ Z 22 2 4 Jifd £k

A = i #& - AF ; Goat anti-Mouse 1gG, Peroxidase
Conjugayed, H + L (Millipore, 32 [¥ ) , goat anti-mouse
IgG-FITC(Santa Cruz Biotechnology, ZE[% ),

112 £ &A% ABI 7500 Real Time PCR System
(Applied Biosystems, 5[ ), Nikon ECLIPSE TE2000-S
{8 8 2t 1 45t (Nikon, H 4% ), Nano Drop 2000 #57#
HMEEEEH (Thermo Scientific, 34[% ), Gel Doc 2000
BER S 2 55 (Bio-Rad, 35 [) ,Mini-PROTEAN Tetra
Cell 3% {X (Bio-Rad, 3 [H) .

1.1.3 =&KX Taq AT PrimeScript’™ RT reagent
Kit with gDNA Eraser (Perfect Real Time) (Takara, H
%), RNA il 571 (Invitrogen, 5 [E ) , DEPC 4b F 7K
A E B RAEYHEARGRIAEA A, ), Maxima
Probe gPCR Master Mix (2X),ROX Solution provided
(Thermo Scientific, 3¢ [E ) , TRIzol i 7 (Invitrogen, 3%
), Protease Inhibitor Cocktail Tablets, EDTA-Free
(Sigma, 35 ) ,PMSF(100 mmol/L) (4 [ 2 &A=
ARAT PR TE AT 2 &, o [® ) , Precision Plus Protein™
Kaleidoscope™ Standards (Bio-Rad, 3¢ [#] ) , Protein G
Sepharose 4 FF(GE, 3¢[H)

1.1.4 £3%shd HEMERIE 2 A% 7~9 Hi,2.1~2.3 kg,
BALB/c /N i 6~8 J# , 20~22 g, ¥ [ G )y BB}
KA B s s BP A=Y H A 100 B S THRIA B 15
FAAE L R A BT T

12 7k

1.2.1 St FEEIFAERSE  BUEESE 2 A9, 55
34,3 HISCARIEH JIE , HAs 6 Al 2 ik H
AR i BRI 2000 25, TR 55 29 K (29 dpi) #1145
K (45 dpi) FIAS  EHIE A U, B H AR A
ANFIEALIObE 36y, et 27 fnbrAs , iR B T A, T
qRT-PCR B4 it il 25 5 [ 28 AR 73 HF 4L 4L T 10%
pH7.2 PBS-fii/R Epk[EE , I TAHEW il &

1.2.2 Tagman #£4+ qRT-PCR A< JE&ZL4H .29 dpi 41 Fl
45 dpi 25 S A RIS ALBOR 1) 27 13 B TR
W T AR A, TG AE WAL T FE A A1 AR, 4%
TRIzol 457 ¢ BH 45 42 BUCH: & RNA, Prime Script™ RT
reagent Kit with gDNA Eraser (Perfect Real Time) 2[5
FELZH DNA J735 %54 cDNA, qRT-PCR A7 19 Btz
FFSIRARSZR = F TAE, DL H A M0 HH - 3-mia
i & T (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH, Genbank #5155 : AY812850.1) i i N2, Hie I
UL AL BRACH 25 LK ZR PCR KU, Herfr Maxima
Probe gPCR Master Mix (2X) 12.5 uL, PCR
Forward Primer (10 pumol/L) 0.8 pL, PCR Reverse
Primer (10 pumol/L) 0.8 pL, Tagman #£41 (10 umol/L)
0.4 uL,ROX Solution (5 umol/L) 0.15 pL, 4z cDNA
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2 UL, AR 2 95 CHIAEYE 10 miny 95 <C 15 s,
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7500 qPCR Y S TSEmf DO F 5 I . ARG
H(CHE) , AR 2 AR YL 29 dpi 4171145 dpi
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o 29 dpiZli 145 dpi 4IPLL ATFET TR BN E] Sjp40 1)
MRNAZGAZE A SPSS 13.055 404 abFE , R
MSFREAS (G 3T, P<0.05 3R A GiH =7 L
1.2.3 4t B A f & % Sjpd0-McAb 9G7 F= 4t 5 %
tSAG1-McAb Y3A8 %) &-Fa 44k,

1.2.3.1 # pBikmIasR I A 3R DR WA
HE v B R FE B BT Sjpd0-McAb 9G7 Fildit 5 TE
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Ji 2R A R, PRI SRR A 8 (0.5 mL/H)1JE
by B H BALB/C /N FUE IE 735148 1x10°~2x 10°44
ZIREANAL, 10 d J5 R B0 IR T, 70 dE,
TAET-80 CE I

1.2.3.2 Protein G Sepharose 4 FF 454 5 (B4R iy
FURIR e AR Al K rhduids e m W e 2
B DUTE I PBS W (pHT7.4) 1% % , B BUbR A 100 pl,
Nano Drop 2000 i & 436 BE T e HLER 1 7 1,
i Protein G Sepharose 4 FF FlI/NRGUAMRILE A RE S
410 mg/mL i 5E B w1 Al P IR ) _ERER A
Protein G FIFE S AHET- & THER T 4 Cid ok, kR 5
Protein G FE/0 456, I H nldEFH 18 in A 5~10 154
PRFREE A 22 Pk (20 mmol/L B Eh 22 i , pH7.0) 33
TTUR VS M AE - 218 A LA A AR B A0 0k T
(0.1 mol/L H & FR-ERRZE MR, pH2. TR IS T 7 Rk
I, WS AR VR BRI H SRk, Nanodrop 2000 A {4t
HCEEHE B PR IR, 732 R T80 “CH.
1.2.4 Western blot 4| Sjp40 72 &- 203779 2 & ST REL0
Rp ek G R IL ARG (29 dpi ZH 7145 dpi 2
BPE 2 R PR RIS B4 ST AR S, Al
100 pL 1 x7E [ 24 fi% W (Protease Inhibitor Cocktail
Tablets— i, A% 10 mL pH=7.2 PBSH, /i A 100 pL
[ PMSF il B LOX 8 [ R A T 5328, —20 C
PRAE i FHRTRC ] 12 1A ) , 720 TR 51 4 G
H 1.5 h,12 000 g &5.0> 15 min B 3,4 Cid e, ik H
4 °C 12 000 g-FRES.C 15 min B 15 ; FTAS- 45 2P
5 F 4 10% SDS-PAGE 43 )5 ¥ % % PVDF Jiit , 5%
BSA 4°CEHATER, LALlifkdi Sjp40-McAb 9G7 (Fi ke «
1:2500) 7E b —¥t , Z L FF 1.5 h; Goat anti-Mouse
IgG, Peroxidase Conjugayed (F#i %% : 1:30 000)1Ek —
Pt ZURIFE 45 min; AR

1.2.5 HE % & 5 Al 4 9% 3¢ AR

1251 BRZBEIR ARG 29 dpi 1145 dpi 4087
PG 2 PSRBT AT ZH 2122 10% pH7.2 PBS-HR/K Eybk[iE

FEALHR AT IS A e RIVERE Sl D) | JR R 4~
6 pum; Ll S AL B A .

1.2.5.2 HE % & LI R J ST Ik R 97 1) 5F Bk 69 7% s 55
ERe WA RIFIESE A1 65 CREFT 5 R 1 h, ik
VU — 2R 29k, K 10 min, Ik 10 min, 95% 7.
5 min,80%Z. 15 min, 75%Z. %5 min, 255 F7K 5 min
J I s SRAKE R L 8 5 min, WK ME 1~3 5, 1%0 2,
P i 1~3 s, J /K Wk 10~30 s, Z8 I /K EE L 1~2 s,
0.5% LT UL (2 1~3 min, ZZIR/KIEE 1~2 s, Kyt
A TRB RS 75% 1~2 5.80% 2~3 5.95% 3~5 5,100%
5~10 miniii/K , —F 2RI2 96 3B I, 43K 3~5 min,
PRI, AR T AR

1.2.5.3 T4 9% 5% HAIK Sjpa0 2 B Fe #7782 & BT
JiE P e A ISR 165 CIER 51 h,
YR M — 2 2 Y], 5 Y% 10 min, JG/K 2.1 10 min,
95% . 5 min, 80%Z. %5 min, 75% 2B 5 min, 255
F7K5 min il PBS 5 min it ; ik /53¢ 5 H 3%id Ak
#2110 min,0.01 umol/L PBS(pH7.4) i3t 37k, K
5 min,80 °C~100 °C 0.01 mol/L ¥R EL 2 i /K i
b 3 F- 20 min, 0.01 pmol/L PBS 3k 9 ¢ , 45 1k
5 min; 10% BSA 4 CHf [ & 7%, 4lifb )5 i) $t Sjp4o-
McAb 9G7 FlIHfi 5 HU tSAG1-McAb Y3A8(FikeE . 1
:2500) ZE IR & 1.5 h, PBST (pH7.4) ¥k 31k, F Ik
5 min;goat anti-mouse 1gG-FITC (FFRE :1: 10 000)
2 T REOEIEF 45 min, PBST (pH7.4) B3k 5 Uk, Bk
5 min; 2 AT NS . ARSI A ARG S T
FRAS TR R ATIERR A (29 dpi 4150145 dpi2H) , LIt
Sjp40-McAb 9G7 i 47 % = PE A W, $1 5 o
tSAG1-McAb Y3A8 K LA , L PBS B# At —Hi
YRS F0T ARSI

2 R
2.1 Tagman 384+ qRT-PCR A& & 2 #7 75 2 & AT ik
AR R 9P P Sjp40 mRNA A oL

gRT-PCR K45 5 /R Sjpd0 78 A B UL 2H S P
HA 2R1K, 7E 29 dpi YL S FIE T mRNA [ ZA7KF
BYIK, M7E 45 dpi B SFE P mRNA ZGA/KOF i 3
Hom(# 1),
2.2 Protein G Sepharose 4 FF % f= & #7 42 %+ 4% Sjp40-
McAb 9G7 #2343 % & tSAG1-McAb Y3A8 /K 24t
HORGHT

SDS-PAGE 437t Sjp40-McAb 9G7 Fildi = iy
tSAG1-McAb Y3A8 P P 2% 5 9 21 Jifd 43 il il #5 1
BALB/c/INRUE K , IR AL FI Protein G g%
FREZHELEE TR AR AR, alifb G 455 B JoHH B
Jnt PR ESEZ4 50 000 FIEEEEZ 25 000, AR AT
B, R/ IR T (11 2) S RIS Al R R SR TR o
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Fig.1 Sjp40 mRNA levels detected by qRT-PCR in
the eggs trapped in the livers of New Zealand white
rabbits infected with S. japonicum at 29 and 45 days
post-infection (dpi). Mock: Uninfected livers of
rabbits. *P<0.05 vs 29 dpi.

2.3 Western blot#4-7] Sjp40 f& B A s oR & & 4 37 v =
B AT R P 695 & FOA T L

Western blot Z5 5 B R AR SLE0 % H O alifbil s bt
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2.4 B AR R RH G LG R MR ROR I R
S I ARIT A (29 dpi) Fm e, 3 S 97 5 RS Bl B 3F o &
HA(45 dpi) 49 7 ik 28 27 69 PR AT RLER

JFRIE R TR AR 17 S 25 5 7 29 dpi S FE A
DLA 7% (] 4A) , DI R R TR s g
R IR S DR /D H SRS fE A, SO b aT DD # 2
JH, S D 4 T A DR B (181 4B) i B A%
. 8 7R B HA S A B D R DL H B A ZE I A
BT A 50728 (18 4C) 5 JHTF I 2 Thi e 228 1 1 2
Z55 0 45 dpi SRTFIER AR B i, A IRZE AR AT
WECE 4D) , DI AT iss NOUREE ] IR it it
BIHERR, 43 B B ] DL A B ) (TR 4E) o S L0
ZE R A i e IR S BT O, HL B PR 2 A
AL 4F) . B TR HAS I B
2.5 Sjpd0 fE B #7709 2 & LIFIE & 90 & AR B A 5 b
LHLR P Y o R e A

DR I, LABT Sjp40-McAb 9G7 7 —
LR SR INZE S B  ABYSHIVE 4 RS
SjpA0 B [ (4t ) ik (B 5A) 529 dpi B G i
Hh SjpA0 B A S RAEAE AR TRR 1 s B (51 5B) 545
dpi BYLSHE T SpA0 BRRAEAE AR P IR BT,
1] FE B0 B U PA) ZE P2 20 W Sk R, SR A1)
BB R B (EI5C) ., e AR HA
I HCREE [RI2E LA B HUSAGL-McAb Y3A8
TCHHAAN , L) PBS AR —HUAE s FOR ARSI, 1)

50 000

25000

2 SDS-PAGE 43 #fr#1 Sjp40-McAb 9G7 #1152 B
tSAG1-McAb Y3A8 #ifL %5

Fig.2 SDS-PAGE analysis of the purity of anti-Sjp40 mAb
9G7 and anti-tSAG1 mAb Y3AS8 after immunoaffinity
chromatography purification. M: Protein marker; 1:
BALB/c mice ascites containing anti-Sjp40 mAb 9G7; 2:
Purified BALB/c mice ascites containing anti-Sjp40 mAb
9G7; 3: BALB/c mice ascites containing anti-tSAG1 mAb
Y3A8; 4: Purified BALB/c mice ascites containing
anti-tSAG1 mAb Y3AS.

29 dpi 45 dpi Mock

3 Western blot 43 #f7 &% % 3 78 = B % BT AE o
SpA0 RIKRIEFFE

Fig.3 Identification of Sjp40 expression in the livers
of New Zealand white rabbits infected with S.
japonicum by Western blot at 29 and 45 dpi.

TE RSB T R s W] 208 (K T 508
7, B s ) o

3 itig

AT H AR I G IY 2 sl s
RV 7E 29dpi B ST H A AR Bk R, (H i
UL PR ZE M7 % A 5 7 A5 i JERYL A IR DU 573 3k A1
BN 2V R ZE 72 P ZER A TP AR R
e FAR IR L B, DA 2 B i e Bl 32, el
55 1MW A 1) 32 B AIL R T A R B T 43 0k
SEA T R ZF I BUE ARSI Z5 SRABAF . HAT
1P R B 95 g 2 A AT R I B 9 5 Sy [l 2
R D PR 2 e S R 0 R ER A T s P
el 58 M AN, H AR i R TS 4
LUP OB BUR A AE , WOV B TR 28 i R bt
AR R L RS [Tk (X)) ) % B Rt A —
FEZEF S INEUREIIY 22 F AR B A5 BB I
AR I G B A AR, /N ERAAR P H AR I A ™ B
st ] v Rl R Bl iy TR J 55 24~25 K IR J 2 25~
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29dpi 45dpi

B4 BRI =8 % ATAEH B 25 I 0% 5 5P R 2 A
FRR R

Fig.4 Observation of egg granuloma formation in the
livers of New Zealand white rabbits infected with S.
japonicum. A, D: Gross fresh specimens of the infected
rabbit livers harvested at 29 dpi and 45 dpi,
respectively; B, E: Fresh specimens of the infected
rabbit livers harvested at 29 dpi and 45 dpij,
respectively, observed under microscopy; C, F: HE
staining of the paraffin slices of the infected rabbit
livers harvested at 29 dpi and 45 dpi, respectively. B,
E: Scale bar=100 um; C, F: Scale bar=500 pum.
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26 RAFIALHLIN TG BRT = B1 , 1T plc2te e ek
J5 o5 36 K, 75 45~50 d IA Rl , I T AR
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UEAS SR R B A b S0 A i B A K
T AP i SR G P A B, ABIF ST BEHURS
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(R 22 LRIV E A X 42, B0 29 dpi G i
TCHUIRZETIE R, JEETC A 7 , 175 45 dpi SR
Joa 7L P AT HR DR K 29 dpi #1145 dpi PN
(ARt S I e T A B T W8 mT L 29 dpi i
I A A 2 R BT L & G 2 7 B AR oty
B, 1M1 45 dpi S I 53k P 73 B ) ) BB 5
YRS AR R 29 dpi AFAE R HRBRARD, T AR A
ZEMIE A, 11 45 dpi A P HR B R TTORR, LB
B B PR ZE R BEAR PT UL o Wil S5 H AR Il g o
T EAE F A L LAERAERE BE KA 49 dpi FFEDE
17 T3 SR B L5 , K A2 A A G A
P8, ELHAUTC R AE AN AE BRI /N2 R 50 5 T
AN AR R A 5 2 HIRAE I
BT B HH B R P R P 200 R Mk L A B SR AR IR
TE A ) 5 SCIRIE LT UTTEY) . ASEIR T FH s i

®

Brightfied

Flourescence

®

&5 #19p40-McAb 9G7 #&:illl S p40 ZERE LT = H S FTAEITUAR P K L & BBl A ZF B 4E 4R S i RE L
Fig.5 Immunofluorescence localization of Sjp40 in the trapped eggs and surrounding egg granulomas
in livers of New Zealand white rabbits infected with S.japonicum. A: Uninfected rabbit liver; B, C:
Infected rabbit liver harvested at 29 and 45 dpi, respectively. Scale bar=50 pm.
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(ELEZ M SR B DA 2 i 18 A4 R 3R A 2 A8 S B BT B
FEVTIHLR S 2227 , ANTRIA A 000 10 L R TN
EROLEI AR . WFFEE AL — B A, A
2 (S TG I, AN i 08 B e -l L ) S S ]
A H AT E A A TR X iES 5 Tl
GRPAZERPIIZ I . Sjp40 mRNAFIER FI7E H A M H
FEMFIBUR BB CA IR, HAEERY Sip04Tlstn]
P 21 dpi SRIALTE LS S i AL ™, 1% 1 E Wik
oSBT 2 ARSI 3 I S RIS
IR, SjpA0 7E Y EL A A 27 A S UV AN
Fritk— 1R SjpA0 1 H AL HUBAE TG 22 AT
DURR BB R A SR U A T AT S 8 i, 7
SR M P 2 AR 1 (45 dpi ) S8 ER LB L Rl
PZFIPH A OISR, U] Sjp40 12 By Ik
PR AR AU AT G R E B R
A HLOR AT _E T4 Sjp40 Fih i MR 22 HU Bl ) T 2H
SUHYOREE B, 2 Sjp40 78 H A 1 W L BT P 25 i
S A R e A AR, R SRR AR Sjp40
H AR M8 MR 0 7 LI B A

Bt shdr oy BEAL K IRk B SRR I R IR AR )T AT 4
LR K A ¥ i B Bk R B i B AT B AR 0T A B At
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