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MR 5 M # ot & b % # (chemiluminescence immunoassay, CLIA ) 4 U 3 , xt t & i ¥ i
FERAFTOR(Ve) XR(B XA, VeB) #ATREME ., R4 VeB CLIA R4 % kR it
T ER AR E VeB B 58 F A is (a-VeB) . RARBREME T H AERR &0
B A B M ERE N 3.91~500 ng/mL, HEREMNBREMR S h AP RFLESTHRE
M AR LS A lRe Ve B P47, TREFEE[FERFFLILREMER L
BN, AFRMFGHAG 10 BREMKF VeB A FHZERMEREZN, LB &(9
By it A W E VeB EAKEERE A, EAMEN 3.0~2700.1 pg/mL, 3 £ IL 1l 1 4
PEAXRTWHE LN EMEY . HATE, KRR EE S fF VeB AFRHME(2.7 pg/mL),
ERAERERAFTAFERBR AR, T FTENENERY¥RAECAEA RV E R E
BAEFER. ARARCEFERFRF R LRI (VeB)WEMRG T — ¥ty F8, &
NEwRR FERAERWREE AR TREIS AW ALERRHRERFERD AR,

REW REEWAESH FRE R AFR L RHE

R SrES S 917

W4 T ¥ & ( endocrine  disrupting
chemicals, EDCs) j& 48 ¥ 355 Hh A7 76 (1 BB T I A
RN IE R W R 1S BR F LAY
FE P, HOMER TR R — R ) Y IR A
WAL AR AT N A
AR AR B B A sl A T P I ARG5S I A B
SENHEMEE EE IR RS WA A E
MZFERR SR E R AR
KHEZL RIS FEI R A RIR RN, BAL R
HRIF AR R AIRER , L b, R RM R TS
Qe A e X A AR A AU BRI R T
— Py TR EkE Y S F R R
R SRR R B A YRRk, a2 T
KA R REOE RS Y B RAR
RN BT IR R A

#2139 BY 2 &k 1 (vitellogenin, Vg ) 2 il
Z P estradiol-17B, E, ) 1T N 2 ATES BUG 733

W 8 A HY - 2009-11-06 {&[5 {HBJ:2009-12-24
WEVR B : B TTE SR A S S BT E (830701)
E R EE b4k , E-mail . jszhong @ shou. edu. cn

THFRIRE A

B ML BN ATYR R 1, M TEALT, Ve M
875 SR T TR S L B AR R I Y 2R
B, L £ R 2 0 SR IR MR AR T R B
FESEA ve AR, BIEX R, ve
BT R R RIS R RE
100 A TS AR I A R P Ve A ROk
FEG 2K EUFR o SRR P M R W R (R
E@%ﬂr‘ﬂ [21 -22] o

$ A ( Lize haematocheila) 58 THIR, 112
AR TR AL ACE AR I O R K, BR R
Wi BUA RS , 5 %4 B EREN , #0A
KRR AR pE e K R EDCs 15 By = T
MR ™), UTAF 3k, Fukada %% gy T BT
WE VRS EE ARICHE S £ A KR CLIA R
Jrik, WS SUEE ST T A B BT ) G B A1 AE Ve
CLIA 3™ 71 W BIE Ve W LR,
Hong % s m 4 ge ™ Bk 0 I T M B A R
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FOEF SR A PR ME RO AU TG 1, EARAR T T R
MEEFRT 20 S e 0 2R 5 5 1 £ SRE 4B TR Y B9
Vg, BB % o R £ 10 IR P ROKF Ve /Y
Rl A0 5 7E DL ST g A LS X VeB (R
AT Ve 268 U CLIA R Ao R, &
] R A £ PR ) Vs [RIN EREA FR AR A T
T VB KV L#ES

1 #Me577ik

1.1 EEzhHEMERALLE

REREFEFIGRATEMA 10 B, DR EK&
HG, BT REER R, i kT 4 Tl cdd
HUS,7E 10 000 x g F B> 10 min, B |- Z 1%,
-30 CRAF, T VeB KERKN, HEERE,
B RIE [ GST = (IR /A TE) x100],
B THRIKET FERFR THA R,
1.2 E, {#B&MmiE

E, #% 5 mg/kg WH B EARA (K 24
em AT 190 g) &R ,4 d Ja ZRESH, Bl 4 d
JE IR K B R TR A A UL, 3% b3 7 0
UL
1.3 VgB ghaidk

1 Hong %' (977 % 10 mL B, #3403
WA E A S E A, i1k VeB.

1.4 {mEAH&E

1% Hong %2 7 el & HL I .
1.5 SmFEAE

Mancini #* % Mancini 2" #1 Hong
ATk, ISR VeB MARMER A, LI
il FEE A (BSA, Sigma Chemical Co, USA) 454
F:UefE A BCA & Rk B I T &9 & ( Pierce,
USA) W 2 brdE sk LIRS .

CLIA # IgG M F(ab’ ), HHl &K R
Nagae %™ 89 3%, @IS PIB T 3c#e (4% DE -52
(Whatman, UK) M\ F R Pt i VgB I ¥E H4ifb
i IgG, F(ab’), BIH&NE R Kato 2™ Fl %z
$e1t FPLC R4 [ #Y Superdex 200 %2 38 £
( Amersham Pharmacia, Sweden) 738 F(ab’ ), I
Fc )y 7, R4 280 nm AWK EHE F
(ab”), M BH.

Acridinium #5 i@ F (ab’),, F§ N, N-
dimethylformamide & fi# Acridinium ( Dojindo
Laboratories,Japan) & 1 mg/mL H{EK ., F 1 =

T E(ab’ ), FINA 11.65 pL FRABH BESE
WL 15 min, A28 A 1 mol/L Tris-HCI
(pH7.5), 5 RNAE & Pl #H Acridinium fZ
B, BInA 0.01 mol/L PB(pH 6.3,F% 0. 15
mol/L NaCl.0. 1% NaN,) ##l7, Lt 8H
Acridinium

CLIA#A  (1)WEH 10 pg/mL G
BnE) 96 FLAR (LIA 4, Greiner, Germany ) 7, &
A 150 pL, EW TRV 4 he (2)HH, B
Fi200 wL 4% 0.1% Tween 20 HBERREE b IR
PBS({ PBS-Tween) f1 PBS &8k 2 IiE, N A
200 pL 4% 1% BSA B9 PBS(PBS-BSA) #1f],4 €
W, (3)—K L, E PBS-Tween 1 PBS B
HUEE R, G A 100 pL A PBS-BSA R
PO B 06 AR HE 2R 3 P W (0. 98 ~ 1 000 ng/
ml) R, 8K LEEE 3 b, — A MENAR
10 75 A M TEFRE 5 000 A2 il /A Rkl &
HTrEMIEENE, (4) R R, BEE PBS-
Tween 1 PBS [ {E ARG, G M A 100 pL
Hi PBS-BSA #i#& 40 000 %19 Acridinium #5ig a-
VgB F(ab’),,Z i, fK LR 3 h, (5) EtE
W , E X PBS-Tween Al PBS [iF U RIE, W
B B 3h& Y0 8¢ Luminescencer-JNR AB —2100
(ATTO,Japan) , B HFMAEM 1(0.5% H,0,.
0.1 mol/L HNQ, ; Sicmens  USA ) FiZ 77| 2 ( acetyl
trimetylammonium chloride 0. 25 mol/L NaQOH) &
25 WL, WHLAS P EEA AL, I S-FLA MR R0
g (relative light unit, RLU) , RIFIRAEM 2 ITHH
HFE S B VeB MR, % Fukada %% 3 g 7
i CLIA KRR BRI
1.6 HAFNE

1% I8 Hashimoto 2PV gy g2 04 ¥,
T S PR [T S DR S A L, 2 R IO A
K, ZMEFRAAEM,S ~7 um BE R,
H. E 4005 8 Tt w445 (Olympus, Japan ) T
AT A AR, 1 Fujita %7 e mpEE"
R EREBTHE,

2 H5R

2.1 CLIA ZEp#

g PRk e EMAELR
PRE B IR, 7E 96 FLARE MHAL RN T B A
5.10.20.,40 pg/mL ¥ WFLE, HEE B MR
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HERRZR (JE 1) , B IR H T BAFRIARIE 2%,
FRMEBFCRAARKEN . AFRIEEH
o EAIEBREUAR, 3T RE AR AL U F e B B 5

7 10 pg/mL,
- g0, 40 uzm
i~ —=— 20 pg/ml
3 S 60000- o 10 wa/ml
= —— 0 ng/ml.
EE 40 000
%% 20 000+
£
o oL, ‘ . . )
0.1 1 10 100 1000
B [ JRBH A/ (ng/mL)

VgB concentration

E1 RFSEREXN CLIA SIRERE B(VgB)
7 2 B ZRE R AR
Fig.1 Effects of coating concentration of IgG on
standard curves for vitellogenin B(VgB) CLIA

ARBBHEFHRE LRE RV
I, 2 BB RE N 1,234 ho KRR
i RIS AT, (2 4 h AREEMT 30/
FOCE(E2), R BRI B 3 h
RS ae diihowina iVt g

80000 — 1h
= 2h
- 3h
——4h

60 000

40 0001

20 000}

MR AR RLU

relative light unit

ot

0.1 1 10 100 1000

SRR (B E/ (ng/mL)

¥gh concentration

H2 ERE(ESRNGEEALET)EEHE
CLIA SRR EA | B( VgB) 4 th 247 %0
Fig.2 Effects of incubation time for primary
reaction { sample and standard incubation) on
standard curves for vitellogenin B(VgB) CLIA

ZRBEBARGHEEE iR CRES
BT 40 000 £5H1 80 000 R )% , ER B RHR
80 000 fFHYZ I BB, 7R 40 000 1Y R 4
SRR FRARENZ (E 3) ., B, fRighik
AT B RO ST O 40 000 15,

ZRBBAZAE YRS R
434 3 h, KSR W R T H, 1

70 OOOI' —— X 40 000
—— X80 000

30 000|

ol , ‘ ‘ ,
0.1 1 10 100 1000
RS 1EBRE/ (ng/ml.)

¥ell concentralion

X AR RLU
relative light unit

B3 #FRIHNECHRFHRREEX
CLIA SR E AR B( VeB) 5/ i £REI 0
Fig.3 Effects of dilution of labeled secondary
antibody on standard corves for
vitellogenin B{ VgB) CLIA

M2 h g Aot AR, A RETRAT B AR FRAE T 22 .
3 f4 h 8o RIFMARERZ, B R ENE
HETTI B ZR(E 4), BT 29I A, B 3
h B R RN RS B,
+ 100 000
80 000 |
60 000 |
40 000 |
20 000 |
ol

——1h
-—2h
-—3h
——4h

X ROEE RLU
relative light un

0.1 1 10 100 1000
BN TR A BT/ (ng/mlL)

¥gB concentration

B4 ZAREM(EEHEIRICESNE) EERE
*f CLIA IR FBE B( VeB) £r 4 i K R0
Fig.4 Effects of incubation time for secondary
reaction ( incubation of labeled secondary antibody )
on standard curves for vitellogenin B{ VgB)} CLIA

e  BEUERERRNEES. B
HFEE M 3.91 ~ 500 ng/mL §9 CLIA BLEIFR#ER
& (F 5) o REMEHE LK B, 4b3E & 7585
REAE X MEILBESE S BN N 75 & B, b3 I
R R 2R AR i B 2R VAT, Mg A L LT A
SHEEERBEZTIXRN(E6),

HHZHE CLIA RN N FI4H
THMBRBERNE fir, ANEEREN
1.60% ~5.62% 4} 1.26% ~7.63% , Wl F
AEET RN,

22 HERNRE
Bat RS kT B IE RITR. SR ea
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100 000,

it

80 000

60 0001

40 0001

FHAIRIEE R

relative light un

20 000t

ot

0.1 1

10 100 1000

BHEEE 1 ABIRE/ (ng/ul)
¥gB concentration
ES5 #hi{L VeB B CLIA BEUERAE M &
Fig.5 A typical standard curve for the CLIA of
purified vitellogenin B( VgB)

AT A4 W 5 P R BRI B W (A BR ) 1
ERN GG 6= WA 115 TR PN B
&R INELRI 4 5 B B W B AT A ( pre-
vitellogenic stage) , — & $ 2 M- H & E /A
A5, SRR T 6 R T s SRR T B R4 (early
vitellogenic stage ) , Wi BR-5 8 ¥ /= 2 A L BE U
Pk A B AR R R IR, B9 BT A ) (mid
vitellogenic stage ) , J B BR 39 4 2 F1 (R FUA B i
5 BY BT i A ( late vitellogenic stage ) , Bl 5%k
FE Yo B0 01 B 40 B i s 52 4 B RARA ( full-grown
stage) , I 20 L A% 62 55 B HE DR B0 U - 4 Jd , 6P
HREREE,

BT (i
- 5 dilution (male serum)
(¥ 107 r
—a— STD —m— male X320 x10
. 1 ]
= o
35 =5
== . = L
= % H-
g ®e
[ogs [
5 £
© I
o -
1P L 108 - B 5
1 10 100 1 000 X107 X108 X105 10
BUBE AR M JRBHE/ (ng/ml.) RS CBEAARNE b8 i 3 )
Y¢B concentration dilution (female and Ez—treated S6T4)
6 St EEQR B(VeB) REEFAEE £ I KK CLIA BIRIRE 8
Fig.6 A typical standard corve(STD) for the CLIA of purified vitellogenin B({ VgB) and
serial dilutions of mullet sera
k1 MEREBRERE
Tab.1 Precision tests of the assays
g BEEN R (ng/mL) WEH TERHRE(%)
variation VgB concentration( mean + 8D) mumber of determinations coefficient of variation
intra-assay 275.16 = 9.41 5 3.42
154.24 £2.47 5 1.60
78.01 £2.17 5 2.78
29.1510.98 5 3.36
15.38 £0.42 5 2.73
7.98 £0.37 5 4.64
4.0910.23 5 5.62
inter-assay 274.55 6. 58 5 2.40
161.03 £5.70 5 3.54
72.2720.91 5 1.26
32.00x0.75 5 2.34
14.8910.33 5 2.22
7.5710.21 5 2.77
3.67x0.28 5 7.63

Bl Ve B AL ER K30 ~

2 700.1 pg/mL(% 2),Vg /KFH GSI Z W FF7E
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4%

—ERENLEMHXEE(ET), EIRENET,
Vg HEZRHHEHEE(E 8, B U B Ve
FEIKF LR ER) AN BRI TR

EE AN, R SR E R
PORERN 1 BiEEF FREAT RN, T
FH, Ve MER2.7 pg/mL(F 1),

£2 RESHFEEE
Tab.2 Biological information of red lip mullet collected from Tianjin, China

FREHE AR &k *E HRE  EREE 9 WEEAREE(pg/mL) AR B B

sampling date  sample No. TL(cm) BW(g) CW(g) GSI(%) sex VgB concentration gonadal stage

2008 -4 -3 1 53.0 1190.0 30.8 2.6 P 808.3 B e
2008 -4 -3 2 50.4 1060.0 13.0 1.2 b4 160.5 FEERAH
2008 -4 -3 3 58.3 1635.0 49.2 3.0 b4 1890.7 R ETE R
2008 -4 -3 4 43.6 575.0 2.7 0.5 Q 387.2 WP AR TR
2008 -4 - 30 5 45.8 880.0  114.3 13.0 ¢ 794.7 B o iR
2008 -4 -30 6 32.4 1230.0 131.0 10.7 b4 2700.1 B3 58 2 R
2008 -4 30 7 51.4 1205.0  105.5 8.8 Q 1273.3 WP TE R 3R
2008 -4 - 30 8 49.1 1015.0 27.0 2.7 ¢ 3.0 BN B
2008 -4 -30 9 43.8 960.0  116.1 12.1 g 1787.4 L) g et
2008 -4 -30 10 48.7 980.0 63.1 6.9 & 2.7 HRIE R

Notes; TL. total length; BW. body weight; GW. gonad weight; GSI. gonad and somatic index.

[}

s g5 2

<
L=,
-

2 1 6 8 o 2 1
PrtRELS ST
M7 HEle RN GSD) 5 nEmE

ERE B(VgB) K LHEEKFH
Fig.7 Relationship between gonad somatic

index( GSI) and serum vitellogenin B{ VgB)
level in female red lip mullet

B2 2R 1 BB / (1 /L)
VgB concentration

30001

2 000

1000

0L

SRS B/ (L /L)
YgB concentration

HREA TR
ovary developmental stage

B8 #gakeanFWREESQR B(VeB) K EHEL
LW TR 2. W R 5. MR, 4 W
W 5. BN TE 4 U
Fig.8 Changes of serum vitellogenin B( VgB)
level in female red lip mullet
1. pre-vitellogenic stage; 2. early vitellogenic stage; 3. mid
vitellogenic stage; 4. late vitellogenic stage; 5. full-grown stage

3 g

HO TR E VeB MRy R R Rl CLIA
e, 4 B FT RSB AR B 35 i R S A R £
HEAT T AR I T Bk RO &4 AL b iE
HIVR B 10 pe/mL; RIK BN B 3T R Y 3
by YRR R AR BT 2 40 000 ff; IR
R E e 2 3 h, BB RERN,
CLIA figfa il 2| i)t VeB B/NEE % 3.91 ng/
mL(ES), IR M Ve Kl p k™ i
T RREYL (RIA ) B R G0 B B4 B B i
S B AR B 1Y 5 A SRR AT A U B BB S 9 Bk
( ELISA) % B K 8 Mk ( — i mi & 5000
)R ABRSEEE S 89 CLIA B &, KR
MANTR B i (AL PRI N 10 g/
mL, “YR R LR FE 40 000 £5) B8 B R 47
MARHERES, KR THENERE. S5
B IETF 5k N B, e T B R R
BE% )5, Mefh VeB B9 CLIA BB (LTI
STHYEE Ve # Ik AL B (3. 91
~500 ng/mL) 55 Fukada ZE'" % F &k Vg 1
CLIA ¥ 87 FE A o

AW E T AIM M VeB CLIA 3,70 |- Hong
a2 e < p) B g B BRI B, 40 B e 4
wEZEAEEEHREEHN WERET  EAT
By Ve BRIESL, AR R ERE Kl
SRR T 2T KT S MR BB
(VgB Fifk) R BB B i, AL AR % Bk
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kbR VeB AKOF BT AT TH K EFRE R
RRE BB VeB i,

MRS R R E, MEA M Ve Z i W
B(FR 1), NI EHE B ATHA B 0 2 52 & AB,
Ve lTtmd RSN E R BT A (K 8) , [
A T LUR i N BTt 2§ 2R A&
RIRRER, ANRELFERS, BHELIWE, R
AT A WA R Ve 23t MW, 32 1T
IEZE BRI P OhRE A MO U BN B ARR R ELRE R,
GSI 5 $ith T3 K, A A A 0 T AEE PR e
FICMEM R 2, (B R BRI R A
RUER NN E I RE AR, B IE K
mFREA AN Ve T RBMMEEHE . A
PR T A TR M R B L AR R T ARG
BER R 265 T 0 TR H IR -5 R, B i e 0
REA R 7K Ve I IR AT TR R A M
EEHER Y ERE" . Hashimoto 27 75
LA FHF FEBIH IR 4 5 E ( Thunnus obesus)
FEREBFEDR L B/ ( Pleuronectes yokohamae)
Soyano 4" 75 H A 18 2 75 R SR B 60 lf, Mk /B
KRB R E RN Ve, HAER PRI 1o
AR T, B Ve IRE SRR Z M X
FAMFTH—BHF,

KRR aFRMGE N ERBER S, RS
X R R TR AR, [E B X i X
REANETHNAME - RAGEEE N, HAEARK
RBHRFSTHERXLRBREBFRAIEE, B
WA BEXTEACIMR TR A . BIRS
R BARF ARG RENRE BT RZEH IR
RMBERFRYHE N, BRARRED 1 ER
i, H Vg lRERR, B R R FIEE, k1B
R FRgo, AR R L R,
FRAEMEAN Ve 3Kk R s RIZL, (B 50 SR H
REMERME Ve KT FRGEN B, AR
TR E e RAMR A A Ve IRERREE N
2700.1 pg/mL(F 1) , EFIMEAREZH R
REMERMS Ve S ELE KT IHE, TR
HRETRMRR TR A, FHEE P
Vg AR T LR A AR 28 MR R B0 B R
Hiramatsu 237 T #8536 A i Ve KT8
HER (baseline) , H i ) LR (E 4 10 pg/mL 4T
ARSI Ve BB R MER,
A BIAEN R TR R FEY IR RK

I B T RAKNELREARF R T, K
BRETRERZRSYPN" ERH" e
1 Vg WRLEL K, B IE B 70l 3F BE R ME S R
BRILNEER,

L5 BRI ARG TR VeB Bk R
ks CLIA B3, R PNTTHZ KT,
AR REE TRMBERNE P HRE Ve KPR
WTHAF B [, F R W A X AR R
BRI BT TR, SR RH RN
REF R A B AT RZ IR EMRRTERY
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Development of chemiluminescent immunoassay for
vitellogenin in red lip mullet, Liza haematocheila

WU Mei-gin', WADA Tatsunori’, LUO Wen-shu*, MORITA Yuka’,
HIRAMATSU Naoshi®, HARA Akihiko®, ZHONG Jun-sheng"*
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China,
2. Graduate School of Fisheries Sciences, Hokkaido University, Hakodate 041 —8611, Japan)

Abstract: A specific and sensitive chemiluminescent immunoassay (CLIA) was developed for quantification
of a major vitellogenin { Vg ) subtype (B-type Vg; VgB) in the serum of red lip mullet { Liza
haematocheiln). The mullet VgB CLIA was performed using two-site method, with subtype-specific
antiserum developed for purified red lip mullet VgB (a-VgB). Assay conditions were optimized with regard
to antibody concentration, as well as incubation time, resulting in the typical assay range from 3.91 to 500
ng/ml.. Dilution of vitellogenic female mullet serum and the serum from estrogen-treated juvenile mullet
appeared to be parallel to purified mullet Vg, while dilution of male mullet serum hardly revealed any
positive immunoreactivity in the developed CLIA. Serum levels of VgB were quantified in 10 individuals of
red lip mullet reared in an aquacunlture center in Tianjin City, China. In females {n =9), production of
VgB was evident but varied in their serum, the levels were ranged from 3.0 to 2 700. 1 pg/mL, showing a
typical trend of increase during the ovarian growth. In contract, serum level of VgB in a matured male
mullet was extremely low (2.7 ug/mL) , indicating no sign of estrogenic activities in this environment. In
addition, no trace of gonadal abnormality was evident when histological observation was performed for all
individuals. The present study provided a new tool for the quantification of the major estrogen-inducible
biomarker (i.e., VgB) in red lip mullet, which appeared to be better in the sensitivity in comparison with
our previous assay and thus enabled us to evaluate a variety level of estrogenic activities in aquatic
environment. Basic information such as typical, albeit preliminary , reproductive changes in circulating VgB
levels were also provided and will endow to set a “normal” baseline, which is necessary to be established
prior to interpreting “ abnormal” inductions of this biomarker.

Key words:red lip mullet; biomarker; vitellogenin; chemiluminescent immunoassay ; estrogen
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ovary . 1. pre-vitellogenic stage; 2. early vitellogenic stage; 3. mid vitellogenic stage; 4. late vitellogenic stage; 5. full-grown stage;

testis; 6. matured testis.



