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Characterization and immunoprotective effect of SjIrV1, a
66 kDa calcium-binding protein from Schistosoma japonicum
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2 School of Life Science, Xiamen University, Xiamen 361005, Fujian, China

Abstract:
growth of Schistosoma japonicum. Based on our primary study on tegument surface proteins of S. japonicun, a cDNA

Calcium-binding protein is an indispensable protein which performs extensive and important functions in the

encoding a 66 kDa calcium-binding protein of S. japonicum (Chinese strain) was cloned, sequence analysis revealed that it
was identical with that of Sj/rV1 of Philippines strains S. japonicum. The expression of SjirV1 were detected by Real-time
PCR, using cDNA templates isolated from 7, 14, 21, 28, 35 and 42 days worms and the results revealed that the gene was
expressed in all investigated stages, and the mRNA level of Sj/rV1 is much higher in 42 d female worms than that in 42 d
male worms. The ¢cDNA containing the open reading frame of /rVI was subcloned into a pET28a (+) vector and
transformed into competent Escherichia coli BL21 for expression. The recombinant protein was purified using a Ni-NTA
purification system, and confirmed by high performance liquid chromatography (RP-HPLC) and tandem mass spectrometry
(MS/MS). Western blotting analysis showed that recombinant SjIrV1 (rSjIrV1) could be recognized by the S. japonicum
infected mouse serum and the mouse serum specific to rSjlrV1, respectively. Immunofluorescence observation exhibited
that SjIrV1 was mainly distributed on the tegument of the 35-day adult worms. ELISA test revealed that IgG, IgG1 and
IgG2a antibodies are significantly increased in the serum of rSjIrV1 vaccinated mice. The study suggested that rSjIrV1
might play an important role in the development of S. japonicum.

Keywords: Schistosoma japonnicum, calcium-binding protein, expression, immunogenicity, immunoprotection
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iE EF-hand FGEHE M SmlrVI )9k H P
Hooker %5 7F 1999 4F- H 235 71| Triton X-14 %1
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FEHEA 83%MIMMINE , — a5 T IRSF A5 2,
B A7 s B TE AL A A8 b ST AR R 568 E
SilrV1 & e — Ml REMERAS 4 4 & 11 2011
SRVNTSIEE S W Nl R E N G
EPN Ty RN N T S Priy s e 2
I 0 2 ) — A 0 R A R 2 A R
A FIKMIETE A 66 kDa #5454 1 SjCa66, %4
HEYNE B2 Tz SE I 5 Sjlrvl cDNA 4l 351
—3, B H SilrV. XX SiIrvI T T b
FFEAZRIE , X H A AL SjlrvT 3R K Gy
HARIRIAT T304, WAL T Sjirv1 A K
FE/NER I T 1 SR P OR

1 HBEFE
1.1 ##
1.1.1  REshY

A i 8 ot v R i ok 2 e e D I B
f e b E AT AT AT IR SR B R
(HEPE, 2.0~3.5 kg) WA LS E RIRLR Y
FEY; 6~8 JERYIENE (SPF 4¢) BALB/c /M,
WA T v 1T S s G .
1.1.2  ¢DNA CFE. RSk

F A 1f W s B cDNA SCHE , K FT I bk
DH5a . BL21 (DE3), J& #% 3 ik #k ¥k 5t ki
pET28a (+) BIH ARSI % (A7 .
1.1.3  FERAF U

FREIVENYIEE BamH T . Xho I, pMDI19-T
Z iR, T4 DNA #4EH, MR E LA Taq i, SYBR
Green Il IJ H TaRaKa 7 F]; Ni-NTA His-Bind
Resin W4 A HEBHE A E W RHEA BRA R ; DNA
Marker, Protein Marker, B %E fk¥ltric -

il 1gG CEHLRL IgG-HRP) W T-Ab 5 Rttt
HEYIRHCERAF]; DAB IR & . At
415> TMB I FRIBAERHE st ARAH
THPRET 4 R (Whatman) W [H 228452 15 4 W3
ARARAF; Cy3 bridlliZEi/MR 1gG (H+L) 1
T Invitrogen /2 F] (USA); 4T 6-41 %2 (6-His)
T, R AR HIFIE T Roche 22 ] 5 12FIMTE
WA [ g E A TR F]; DNA /b glifhis
A R reR R BGAR & B Axygen AW AR
PR/ F] 5 RIPA (58) REIEIE T3 2 KA A F
Eppendorf Mastercycler ep ##5 PCR 1, #OEHE
RIS T RS (B4 CISi) HAS Nikon A
Al AR THIK A RS B 36 BIO-RAD
ONEIFE s B AR Y (RS VCX-130) K
2 [E SONICS ZAw]j™ s ZIREMIRY (B
SynergyTM HT) 43 [ BioTek 23 H]/™ i
1.2 Fi&*
1.2.1  HUKRUE

VPG 22 L9 0) LU BRI 128 % 20 000
8 000, 5000, 2000 &), /&Y 7d. 14d.
21d, 28d. 35d 1 42dJaEHiac, LARFT &bk
TR A, RS
1.2.2 5 RNA FIHAEH R

BORA T HAET7d, 14d, 21d, 28d. 35d
F1 42 d 1 H A L A #2 Trizol 8055 & Ui
P AT 5 RNA AOFRIR B4 09001 e A kA T
WFES , A RIPA SR BCFNEE FIRGHD I, AR
M, B, R BN R
1.2.3  SjCa66 (SjlrV1) BB TEREMAEY R
ForHr

AR AR B ZH A H A o Wt H A (A e 3 s
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R b, N E 2 I R KA
JEZE 1 SjCa66 (AF030342.1), LLiZ 2 A 4t 3 A
FEANBEH—X 514 P1 AT P2 (1), LAHA MWL
Hp L cDNA A, PCR §'Hi45¢# ORF (1)
cDNA ¥4 Bt PCR =2l i /s, vk
% pMDI19-T #ifk, 4k ZE KA E DHSa Bz
YA, PRI TETEY RIS, M Bk T
M EGYIEEE , FAME SR A 4% 4 pMD19-T-SjCa66,
JFik B IR A W EORA BR S /I .
5 cDNA JF87E NCBI b h47 [A] b He Xt
(http://www.ncbi.nlm.nih.gov/BLAST) ; #| H
DNAStar A% 2 K 1) ORF, % Ha Hi
U3 B % A AN R DY 1= D a1 T
A H 15 5 BK 100 %X 44 SignalP  (www.cbs.dtu/
services/Singnalp)iE 1 1155 IK43HT
1.2.4  SjIrV1 ZE45 5 51 AR B 5% SRk 347
IPAEE 7d. 14d, 21d. 28d. 35d. 42d
HUfART 42 d B BERURRY S RNA, R, O
SEA cDNA, DL H A B a-tubulin FERAVE R A
Z, VARSI H A M B cDNA Sh
M, R SYBR Green #E#E479¢:E = PCR
(QPCR) il SjIrvi FPRAEAN R % 75 B3] s pAk )
RikgE ., A REET a-tubulin R SilrV1 FEH 5L
BHEs PCR 514 (R 1), 5193¥h LG RAg
YWHARGRAF G, HTAEKRE 10 pmol.
A Z K SYBR Premix Ex Tag 11(2x) 10 pL,
ROX Reference Dye 11(50%) 0.4 uL., PCR Forward
Primer (10 umol/L) 0.4 uL., PCR Reverse Primer
(10 pmol/L) 0.4 uL,DNA £54j 2.0 uL, il A RNase
free H,O ZEARFR 20 pL; WS H: 50 C
2min, 95°C30s; $R/595°C 5s, 60 C 34s,
I 40 MG 5 S5 IR 2 s 95 C 15s,
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60 ‘C 1 min, 95°C 15, 60 C 15 s, 4>y
i 3~ E & FL, 7500 Software B AFIEAT IR 43T,
AT TR AN a-tubulin FEHN K Sjlrvi FEH
i,
1.2.5 FEHFR pET28a (+)-SilrV1 HIERIE
KGR T RRE ., L2

W I Ll 6T 1 5 SR a5 B T e 14
SignalP 73047, KFL SirV1 E RIS 1~20 23
2l s Sk, MRS Silrv BN cDNA 3113t
—X}5 149 P3 FI P4 (2 1), LAZEINF56IE 751
IE#f ) pMDI19-T-SjCa66 Tk A, TRHIH
57 A 35 M5 I BamH 1 . Xho 1 W/~ {37
&, PCR "1 KBR {55 IKG 1 ORF J¥41 B,
4 PCR 4 3445 200 7 Wy U 2l Ak J5 3 5 fae 3] I
Wik 8k pET28a (+) HIZTalei s [, Mg
PR3 T2 Fiki pET28a (+)-SilrV1, FH:ALFI R
FFIA BL21 (DE3) Bz A4, 4 PR S 4 1A
AT PCR %€ , i Ho i 4 BORL A T U %7€
B e Sl e SEbE YA et /N B R D R o) S o e
OIS > 1 mmol/L i IPTG #4733
ko AR 3 W), MABRKEOE, 12%
SDS-PAGE 431 8 2H 3k 8 [ & KA Al I PR ik 2
FLRARTEAE . TTEPE rSjIrV1 L Ni-NTA His-Bind
Resin (Novagen /A fl) 4ifk, YeBi 5 198 ik AT
SDS-PAGE 7341 (12%), % 552 i R250 Jefh,,
i 5 FRIR R E N AT DI, b ERERE
T3 LE A Bk B R A RIS o A o ok A7
it % (Trypsin, 20 h), fhEEEGR KB, B0
B BSOS (RP-HPLC) X I 1 2 1
RAEWIATHE, KA 4 800 A AT HTH i
% (4 800 Plus MALDI TOF/TOFTM Analyzer)
(Applied Biosystems, USA) R4} £ A £ ki
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(4 BT A FL i LU A T4, SR 20 ANEE R IR
F BIOWORKS #4482 H A 1MW 4 S. japonicum
R, e I S E 1 H B T
1.2.6 Western blotting HrEHEHILEME K
AR K Sjirv1 FEHKFRE

alifb A FE 216 1145 SDS-PAGE LUK , fRiR
130 mA HEF | h BHEMREF4ER (NC) L,
A990 LA G RE TG LML T . 2 R G B . R
P 6-ZHZAMR (6-His) BT LA K REGE H AR 1M M
BN E—PT, PIEHIR 1gG-HRP 1Eh 4,
TR (DAB) fEAIEYIH TR A,

¥ 7d. 14d. 21d, 28d. 35d HIEEHE
T SDS-PAGE HiJk, ## 3 NC i [, 1 tubulin
gt SjIrv1 HAE ) BALB/c /MRUILTE
YE—9t, BRSSP EEbRIC Y ILEBT/N R 1gG
4, DABAENIKYHT A,
1.2.7 [AEGEETOLIHT SjIrV1 i B RH S e L

Wtk HAS W R 35 d AU, il 8 pm
FIVKZEYI R, LA rSjIrv1 40 8 H ) BALB/c
INBUMIEVE A —PT, Cy3 prid FPiRl IgG (H+L)
YR 3L, 10 ug/mL DAPI ¥ 55 iR EHOGE e,
EOOL WA TR S .
1.2.8 rSjIrvV1 ZTEETAENHIE X rSjIrvl i
WY i

¥ 30 H 6~8 JHiY BALB/c /NRBEHL M 3
41, B 10 H, 435108 rSjirV S H RREd
206 fAFI%T FRZLRT PBS X BR4H . g4l f LAk
Bz R 5 20 pg rSjIrV1 2 FR1 206 4 759 i FL AL
W, BERRME e 1k, 5 3k, PBS %R
A TE ST (9 PBS, 206 44 71 %5t R 2H V5 5 AH
[l 206 4550 A1 PBS TRA . T4 1 IR

Bl 18 R e S5 1 TR 3 S| ZE MR R R 42 /N B
M 0.1 mL, 37 C#'& 1 hJ5, 4 ‘C. 3000 r/min
#5010 min, 23 B IFICR LT . RISy 2 s
T HUINRZNE IR e IR B IR UL 2 40 2% H A I
MM, BRYEH 42 RIRBRR M IFAbFESS 4/
B, JHFT DR R T A R AT X HFEA T
TR, Rl RAENFNE, FRILESR, WA
PBS Zopii (pH 7.2) ELAFL 20 mL, L4
FaSIHIE, W1 mL 53T MA 1 mL 10%
NaOH (W/V), 56 ‘C/KiETHAL 15 min, JHfL5E4
JETRASTUREL 20 L BE G, AR N A HUBREL,
BRREAMNAT 3 IER , BUOFHME, #%UTA
TS R AR P % (EPG N P35 58
JRF2R 2R T £ i L B -

I HUR= (1S T34 206 4757 %
HRZH V- 24 HURT ) 1009 5

WO R = (1% e 4l EPG/206 445 % HE 41
EPG) x100% .
1.2.9 [A# ELISA EAME Rk

Aifbny rSilrV1 HE 48 H SN T
W 5E B MW BE, 0.05 mol/L Ak iR £k 2% vh il
(pH 9.6) Wik HEHEH BLWIEN 10 pg/mL,
L 100 pL/AL 4 Ci itk 96 fLEEFR A , H5 Ui
(14 /NS VE A —dt, FHi/M R 1gG-HRP
#HiFl IgG1-HRP Fl 1gG2a-HRP /£ —#i,
VST L2 4> TMB G 8, 2 mol/L H,SO4 %%
1B S . BioTek 23 w) b A & 450 nm &by
WG RE
1.3 FHitESH

KMl GraphPad Prism 5 #K {48 XHEHE 51T ¢ K
BT o
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# 1 PCR #1 qPCR 3|4
Table 1 Primers used for PCR and qPCR

Gene name Primer sequence (5'-3") Product length (bp)
P1: ATGTTTGTTTGGAGGTGTCTCG
SjCa66 1749
P2: TTATTCCTTCCGCGAACGC
P3: GCCGGATCCATGAATAATCCTGAGTTAGAACCTG
SjlrV1 1692
P4: ATTCTCGAGTTATTCCTTCCGCGAACGCC
P5: CTGATTTTCCATTCGTTTG
a-tubulin 213
P6: GTTGTCTACCATGAAGGCA
P7: TGCCGATCACCATCCAAACAC
SjlrV1 176
P8: GCCAATGACTCATCACCAGAAC
04 r
21 SirviI BERNREREMEDFEI ; ]
AR A TRABIAL H A% 1 0 o P 22 8 28 11 I 4 Z 03y -
SEOT RS FI Y SiCa66 FEN, 2 PCR Fob g 0
3 P 528 ORF /MWy 1749 bp i) cDNA J 2. =
o
XPIZIE P it () B SE TR 7 91 e BT 2 B, 3% 32k M 2 2 01t
=
582 MEFER , FISAFH AR 5.03, FRIRAIXT 2 ﬂ
0.0 ———~1+—"— —
¥R 66 kDao X1 N i 1~20 23 NSRS, SR 6@
ALY 2. il — L 2 N r\/
Wl A5 S KA, 45 463~485 N ILIR 2 7] i X

BRI IX . LB 5 IKG i BRIE AHXT 4 7 1
63.80 kDa., BLAST 43172 Wi% 3k F 5 4fidh H A
MW GEREN) Sirv FEHlsEe—a,
2R SV

2.2 Real-time PCR 4T &BTHE SjIrv1 5%
RKikkF

Real-time PCR /145 R M, SjIrvl 76 H AR
I A R R BB B A%, Hrb 14 d
HURFN 42 d i U SR EERNAIR, 35 d Al 42 d ik
Tk, 42 d iR SRR BT 42 d
ML, ¢ KGE ST SRR ] 42 d W e 5 U SR
wEFENEE, P<0.001 (& 1),
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B 1 SEEFSEEES PCR 24F Sjirvl EREE HAR I
W% H A B By e R AR B9 SROA 1R R

Fig. 1 Differential expression of SjlrVI in different
stages of S. japonicum analyzed by Real-time PCR. 7 d:
7 days schistosomula; 14 d: 14 days schistosomula; 21 d:
21 days schistosomula; 28 d: 28 days worms; 35 d:
35 days worms; 42 d: 42 days worms; 42 d(f): 42 days
female worms; 42 d(m): 42 days male worms.

2.3 FYHFRKL pET28a (H)-SilrVI HIiESF X
=, BEHERAWRETE

2 PCR . XU UI 2% & F0ill iy, ik B
pET28a (+)-SjIrV1 T 41 3% 35 b A4 8 i 3 o
SDS-PAGE 4 /nifs 3R IAME H FE L]
WL e, BB FEZN 94 kDa, It
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FRISMA 67.80 kDa K (SjlrV1 KBR{E5 MG
M FHR2H 63.8 kDa, FKHMAE A K/NA
4 kDa) (&l 2). Bz U 3620 Rl T B0/
RS, AR I S, japonicum %5
PRI, 258 S B S5 AAC62193.1 (1)
EH, HTEKNAN 66 kDa, S5AHF5E HE
FAIAT (36 2). 453 %11 pET28a (+)-SjIrV1 B4
ISR IR BE U I R AATE,
rSjIrV1 15 B A R AR
2.4 Western blotting ¥ N EHELR R4 K
ZHR HRERRIE

PLglifb d 48 (R b, BB s
BALB/c /MRS . /NR BT His-tag BLHT LA Ry
H AL H, 42 d /D BRIMLTEVE I — Pt 4T Western
blotting 74T, 455 W /RTE 94 kDa AbF —H1 R Y
PUNERAT , TS AT/ IS BV A B PR X BEAE it Ak ok

£ 2 rSjIrvl BERIE (BIOWORKS #4) &RHH

AU A B, RUTE A E A BA RYBPR

1 2 3
’_.4_

——

e

14.3 — w— z

(& 3),
kDa M
97.2 — W—

66.4 — w==

44.3 — w—

29.0 — w—

-—

20.1 — -

&2 SDS-PAGE 4% pET28a (+)-SjIrV1/BL21 E£4H

EHMRIX

Fig. 2 SDS-PAGE ananlysis of the expression products
of pET28a (+)-SjIrV1/BL21 in E. coli. M: low-molecular
protein marker; 1, 2: supernatant and inclusion bodies of
the recombinant protein, respectively. 3: purified
recombinant protein of pET28a (+)-SjIrV1/BL21.

Table 2 Database searching results of peptide mass of rSjIrv1

Cover

Reference Pszp'uz(:égt g:&?:tli/ﬁiﬁ percent CI;I/IW PI Identified name
q Diff (MH+) arge
2il3687623 77 28 S Gopas  Spa  SPRIPERlnsCRIBRCale s

ing protein Sj66 [Schistosoma japonicum]

Results showed the purified recombinant protein identified as a homolog of a 66 kDa calcium-binding protein from

S. japonicum.

RIS IR (7d, 14d. 21d. 28d. 35d)
FEAEMPUR, /MEPL tubulin mAb, SjIrV1 &
HE P BALB/c /NRUMLIEVE A —PibR T 7
55 kDa 4b 7 H tubulin 2 15741, 7 94 kDa
F1 66 kDa 4k Hy BLELHH W (W 454 (&l 4), HPLC
1 MS/MS B8 AT Akl 66 kDa £545 4
F, B SjIrvi,

2.5 HAMWHEEKRA SjIrvVl EAMERIESH
PYLE

i

PO MBI MR Cy3 richIl T
/N 1gG “HURHIMAL IO, DAPI Z4IR %
B ETOL®B), ABERT/I LR B X
(A), RIETICROTLIE I, ZE ) 2o
TSGR, HP e R Rk ims (B 5).
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3 pET28a (H)-SjIrvV1 EHEEHMIMFE ML

Fig. 3 Antigenicity analysis of recombinant protein
pET28a (+)-SjIrV1. M: protein marker; 1: stained with
infected mouse serum; 2: stained with mouse anti-His
mAb; 3: stained with mouse serum against SjIrV1; 4:

negative serum control.
2.6 GE/NRIMFER rSjirvl ER455 MR
KB4

FIFE4E ELISA A6 45 4/ Bt i 4t
SV Rtk 1gG fiikok-FAB1k, Segmsl Rk
B, EEZH AR e AL /INRTESS 1 R s 5 Al
FRE ST 1SjIrV1 HAE AW 1gG bk, 5 2
PG FE I 1gG PUIRTHEE M — LT, 56 3

A

B 5 Sjirvl ERRGEHLER (100%)

RGP I AR AR AR B . ¢ KRS0 A I
Eéﬁ%lﬁlﬁaﬁ;éﬁﬁPBSXT,E@E%MOME Al %t HE 41
FerE 1gG Pk 22 M 3% (P<0.01),
206 15X BRLH AT PBS XFHALHAE 3 IGs%)a P
rSiIrV1 RS [gG HUiATb R AR R I R i
Ak, RUEFRI A BT B AT «SjIrv ()
FrseE 1gG Fiik (H 6).

kDa 2 3 4 5
T——
130£— S — —— <——94 kDa

. — — - <«——66 kDa
55_-_- o wwe s s <— Tubulin

43 ——

34::

26

14 —‘. — . .

4 BHHBREESD SirVI BREDT

Fig. 4 Expression of SjIrV1 protein in different stages
of S. japonicum analyzed by Western blotting. M:
protein marker; 1-5: proteins of 7 days, 14 days, 21
days, 28 days, 35 days worms were probed with mouse
serum against SjIrV1 and anti-tubulin mAb.

Fig. 5 Immunolocalization of SjIrV1 in 35 d of S. japoicum(100x). secondary antibody Cy3-conjugated anti-mouse
IgG (red) were used for fluorescence detection of SjIrV1 on worm section. DAPI (blue) was used to stain parasite
nuclei. (A) The section was probed with native mice serum (the negative control). (B) The section was probed with anti-

SjIrV1 mouse serum.
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1.5
1 PBS control

[ 206 adjuvant control
Hl SjirVI «

1.0 +
05 r
o LCIE DDI mis] Hals

Preimmune First immune Second immune Third immune 6 week after
(0 week) (2 week) (4 week) (6 week) infected

ODs

E 6 BALB/c /NRIMEH rSjIrV1 #5514 IgG FLIAKFHM 4 R

Fig. 6 Specific IgG level against SjIrV1 in the sera of BALB/c mice by ELISA. Mice were injected with rSjIrV1, 206
adjuvant and PBS. The asterisks (*) indicate significantly increased serum antibody titres compared with the PBS
control (P<0.01).

VAR U S 8 o R R IV A S — 0, %90 oSjIrv1 AT REE S/ BU™ A4 Th BN £ S0 %
rSIrV1 PRSP 1gGl Al 1gG2a HLik it 47 PERNL (3 3).
WZE, ZORER, BEE 3 WRIEHIEAT, 206 ) 0 uio i seas s
P %t BRZH 1gG 1 Al IgG2a Hi #4744 3 B Y P R B 48 5 R 5 206 47
WA EHAA, oSV ERRAL 1gGL gl g, rSjirV 78 BALB/e DERIPES T
A 1gG2a HUAE RS2 DI HRBAE 1050 pomah R, 34.07% RIIFHLURIR, (4

of R AL 22 S M KBS (P < 0.01), W 437 26 B B 2L 5 G A A 7
IgG1/1gG2a H AW N R, R EAHEN 25 (F4),

F3 rSjlrV1 FSEE YA R 5 4
Table 3 IgG immune profile induced by vaccination with rSjIrv1

—_— 206 adjuvant r SjIrV1 IgGl / IgGZa
IgG1 IgG2a IgG1 IgG2a ratio of rSjIrV1
First immune 0.095+0.001 0.0870.001 0.592+0.039* 0.197+0.019* 3.200
Second immune 0.090+0.001 0.0840.001 1.603+0.019* 1.099+0.044%* 1.480
Third immune 0.086+0.001 0.0830.001 1.648+0.023* 1.235+0.045* 1.350

The results are presented as X +s for each group. The asterisks(*) indicate statistically significant compared to group of
animals immunized with 206 adjuvant (P<0.01).
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*z 4 BALB/c/MREZBFRPREER

Table 4 Results of protective efficacy against S. japonicum challenge in mice induced by rSjIrv1

Average worm  Percent reduction in

Percent reduction in

Gty burden ( x £s) worm burden (%) vt sy e (=) liver egg count (%) AL
206 adjuvant 26.86+1.68 = 108 600+15 380 - -
rSjIrvV1 23.57+£2.79 12.25 >0.05 71 600+7 421 34.07 >0.05

Statistically significant compared to group of animals injected with 206 adjuvant.

3
Ca & FURZAE WA AR L 22 1) 58 AR f

FE T MM . B Lk, RE
Az BRI 2h A IR R B AR SE AL, A (E S 58
B, SRR A RS £ A ESE R
AT R R R A S5 AR A A O 414t
HH A B 14 VIR B A AT A 2R 0 A A K P15 2R
I, XIRE AR E LS A R R
SERC, B I B E A T A SRR T s — 2
F, Je— AR ANFIE O RE B s 401 88T
AR . TR G I A2 A B R A
EF-hand Z % 1E EF-hand ZEE A, EATERE
A 55454 7 5, EF-hand 5 W% 40 45 45 4 & (1
(Calmodulin), WUREH C KUMAEA MR

(AT PR ILB S 45 4 B o AT EA S Ca™”

MEEE, ERANEREEZN, AL
AE s Jo 2 38 I 2 Ui A AR Sy A PG A S
VAU Hawn 25 FH BT 2 38 s Rt 775 07 2 228 G
1ML HL cDNA SCFE 3RS SmIrVi Fl SmIrVs W43
K, Ho Irvs & HJE WHO/TDR $2 Hi 6 1 1 5
PERBEE S U, SmIrvl A SjIrv1 $JE TR
EF-hand 2544 155 X 218 H K

AWFFOHG 2B NoKui XA RS K Sirvi
Y L PRV e[ )75 45 His-tag 1Y pET28a (+) J&
BREKIBESPIFERBITFR P RE, &
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SDS-PAGE /iR WIS Y EHE 7> T3 24
73 94 kDa, HWHIBE (66 kDa) fiik, JLE41HE
FIYEPUR ST His-tag BBTIER, 153000 B %
o EAH 94 kDa, 54fifb iy 8240 8 11 560 4
T P 0 H E ARG AR T MS/MSS J5
T 43 BT 5 IE 12 4tk F A B (o B IR
SileV1, [ AT rSjIrV 1 w4 28 1 S B 1
FHRER, Western blotting 43T 25101 51 HUAR B 1 3%
KB BN, SRTE 66 kDa 1 94 kDa 4b 3L i,
4, R4 HPLC Fl MS/MS #F— % E Wik Mg
S A BENEHR SjIrVl, Hooker 544
Sjlrvl WsikEF] pQE30 FKik4lifb)5 SDS-PAGE
Iy Hr B R K/ 90 kDa, S5RATZAR L
R/, AR IS (66 kDa) kM,

Tt SDS-PAGE 73 #r 23 th B i s 22, 40
SilrV1 Al BE4E & 1 R B ks 7 H A4,
FLR R AR o5 it 94 kDa F RN,

N &l F SjirVl SR (P1=5.03) 52
HE5 SDS 4G, RiEC AU RERSEEN .
BERIZUE . AR . SmIrV1UOTIEy Hy BUAR
FHIEHE A K/NME SDS-PAGE 43#r it #8 R AL
RN, XEERAY SiVI —FHEE R BLE TR
P, i OVRALL FRMAH LT L& AL, &N
2l AL 5 AR 11 4505 T A0 2 1 R Mzt
A —Fh Ui e T His-tag W AR ME 3602 5
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HRE A ERIEFEER, ZmrEns
SDS W44 miiE i H i F7E SDS-PAGE Hif
FoAs 8 S am 220wt B ARSIt R,
IR 3K o 2 1 /0N B B i 22 45 K i L AR i A
WARREIIAA, TFiE— 2 IR AIAY,

Real-time PCR 4373k K F4 stk 25 8 R
BE#E R AR R T BB, SilrvT 5 FR kS
H A i e e R 7 A= A F 550 15~16 R 2
HIFEAECXT, LA, 55 24 FMfE BT 4R Rl
HR A S G 45 SR AE S 35 KA 42 K Avk b Sjlrvi %
AV BT I H 22 5 W, 42 d M sE
SRAKOT-J 2 R T e, HE AT R H AR i A
BRI PG A AT R R TeVE FF SR RS
A AHCGETRES 2 G 8 S RECR FTEAR A
(R AR A0 TT REAE O BE 20 M A | 32K SR
WRHE % B B A b A Ca® RS P i
AR, Soh s s ik e B A
rSiIrV1 /N, 1S T 34.07% IR, (H
SEAH T IORCR, oA T S IR,
W SileV1 AR R 545 G 8 11 AT BETE I o e >
GRS ORI B b R —E R o SRsE st g ik
7R SjIrV1 AE ARz oA HAERE R R
wRE, CHMREWIZENS Calnexin,
Calreticulin 7£ 2 LR ¥ 51 I8 H 444 _E AL,
HrP 5 Calnexin B 421, FH Sjirvl #
Calnexin 7ELIRE AR K IIAHIPE, 1 Calnexin
SEAETE T R i —Fh B Z A R EEER 7+
R, S 5HRNNITFZEZ AR, B
B E BREE AT SRR . fis, S5 NRME
EAFEEH RS, WL Sjirvi 7 i )
XA Yy AR R S R — VR A R —

IR

JAE bk A 4 SRy YA T IR S A A AL
B REBH 1 5 42 e Bl BLA 1Y #0005 16 42 4
FHRA T bk T A8 ot R H 3 P AR A P 5
WA T HAGEE, (HE AR 0 B o T4
REZEH G R o 9 PR Ty o PRI - 308 A
R A 35 92 i 0 D s ok P A G B R B e
o3, DS e e R4 1 AR Y R e i —
ANH A o FHES G N I B 2 A T 3R]
S, SjIrV] MR A4S A R
F1, [A]4% ELISA il Western blotting %54 i/~
K0 ) CAVA NI | L 0 N W R
1, R HAMM A SjIrV1 HA B S i
P, ZE A TRECA H A I HORE T A gkt
JE R S . FHAifbRY 1SjirvV1 2 H s/ R
J& , SR R /N AR T B R AT R S
IgG. IgGl. IgG2a $itk, $T rSjirV1 HLIRI R
1gG1/1gG2a HAEAWT N, 1gG2a FEIE Thi
RUGFEhANAEL, 1 1gG1 FZAEUE ThO Fif (A 4H e )
Th2 4L, e vSjIrv1 AT BEVE &/ NRT
H A 1L W HUR L A Th/Th2 TS Ge K i, (H
DL Thl B =5 (R PESiYscs R, EAE
M rSjIrV1 SaE i BALB/c /N, Hs g Ay
IR AN 12.25%F1 34.07%, rSjlrV] %S48
T ERIRARE 7 A ARGF WA , (HAT DL 2 L
MRk — 3R 1SV SRR AR
EL A I 90 0 AT 38 ek B 8 A 79 ok el AR 92 S
Ak 7 2 i, SjGP-3 454 ISA 70 MVG
Rt E B PR A Thl B E lhg, 1-5 5 4h
3 PG i i 25 S 4 Th1/Th2 1R G
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