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W E:. BBy 27 ass 4 0% 2 (indirect competitive enzyme linked immunesorbent assay, IC-ELISA)
PRSI R Fp T WS At . F3k DLAR IS M 2B M (bovine serum albumin, BSA) MR 1, LU
K C (Azure C)YNEHUR, R /LA BB Azure C-BSA, NPT 22 KRA%R, Hl& L2 bk,
XL R T | PR BE R —HOR B S — RN LI SR A, N A D ff A I F EREE 1Y IC-ELISA 15
ER A Z TR SRR R, 16 5~400 ng/mL YU FEl A S0 R 2 ) Ltk KA, 2k [l A
g Y=0.3658X-0.1867 (*=0.9836), kM| ¥ (50% inhibition concentration, /Csg)J9 75.4 ng/mL, 4% fR A
8.3 ng/mL, FESHIINENSCR A 77.2%~79.3%, HHXIARE R 22 (relative standard deviation, RSD)N 5.3%~8.1%.
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ABSTRACT: Objective To develop a method for the determination of methylene blue in fish by indirect
competitive enzyme linked immunosorbent assay (IC-ELISA). Methods Using bovine serum albumin (BSA) as a
carrier protein, Azure C as a hapten, the immunogen Azure C-BSA by glutaraldehyde method was synthesized, then
the New Zealand white rabbits were immunized to prepare polyclonal antibody. IC-ELISA method was developed for
the determination of methylene blue in fish by optimizing the coating concentration, antibody concentration and
secondary antibody concentration. Results The polyclonal antibody was highly specific and sensitive. The linear

regression equation was Y=0.3658X-0.1867 (+*=0.9836), with a good linearity with inhibition rate in the range of
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5-400 ng/mL. The 50% inhibition concentration (/Csy) value and detection limit were 75.4 and 8.3 ng/mL,

respectively. The recovery of sample addition was 77.2%-79.3%, with relative standard deviation (RSD) of

5.3%-8.1%. Conclusion This method has high sensitivity and specificity, which could be used for the rapid

detection of methylene blue in fish.
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M7 H L (methylene blue, MB)JZ—FLEAT WHEERZERA Y
INYTFALEYIN, 53 F RS2 319.9 Da, 43 T304 Ci6H gC NS
R BAT AR I, R S UE G R g E P A
T, MRS, TR B R TR, D Y AR K
FEp R PR A T AR PO S BEgT R, L
A BRSO, R L M, SRS 2
BRSO 2 i B GERR, HASHLE S & i
T R R R AR B R 10 ng/kel, RN E T T 3
WAS (LT s i A e A

VBOAR e T T OVRIBOAR € - R IR R T U R AG
S IENE B PO F R AR B A R T i, Xy vk
T B FIERVE N DL, TR BUE ] A —
FE R JRIBRYE . AR IR L, gt o B 5 AR R
RIRNRR A, Rl A A, PR Y, X
TR il 2 R B B0 AL O A S R HAT, BT
2R IRTT R RSN ik AT N T e IR B
ity SO e 2 5% BR RGN, XoF T A o ST R R K (1 B A
W55, A DUARSCHIF T A

AR C (Azure C)-4- MG & (bovine serum
albumin, BSA) RS, SBEHIE 2R A%R, Hlad &
R P R R 2 sE BB, AT TR A £
A e IV R S 4 ) 2 5 4 IR IR 55 95 W B 23 7 15 (indiirect
competitive enzyme linked immunosorbent assay, IC-ELISA),
W5 L — 5 I S Y R PR A R A R T 2
Wi o

2 HRSEE

2.1 MR5ERF

Y FR 3 5 (75 5>98.9%, USP 5 [ 25 Lk o 5 28 w));
RE A (FE299.0%, WWREWALE TALARAF);, K
B (% #295.1%, bR iEMBHCAERA ), RE C (&
>90%). FHICTES . ASEER(EE Sigma A F]); BSA.
0 51 1fiL 374 126 4 (ovalbumin, OVA) R 1 AL B B b0 4
YEBRE 1 (immunoglobulin G, IgG)45 & -4 1gG (Bt
ZH0). 96 FLEHRHR . 50%% "8 (glutaraldehyde, GA) [4E
TAY TR AT, SiFHiE 22 KA R HEAgE K
g 5 AT, A IT T At A 3R] (4317 4 K

DL RalifE, &8>98.0%, [ 254 F b7 RA A,
22 UB/EE

Multifuge X3R &.0>HL, Multiskan MK3 FEbri% [FE Bk
KR (EIELES AT, U4100 22400000 8 1 hk At
H Sz HIE AT (H 4],
23 THREBEATHREMER

SR WA A B H RS Ha g )5 (Azure C-BSA)F
AP ( Azure C-OVA ). FRHX 5.0 mg K& C T 2 mL #f
PREh 2% %5 (phosphate buffered solution, PBS) (0.01 mol/L,
pH 7.2)H, LA 50 uL 50% GA JZ % 1 h, Zih0A 2 mL
BSA ¥ (10 mg/mL), FEERBEHFET, R 24 ho ¥
TR A% AT 0 E TS, IFLL PBS VR B Ml £E
4 °C 5 FBHT 3 d, BREBBENTI 3 K. BHTFE R
I N THUR, 4 °CRE&H . Azure C-OVA Wil &
5 Azure C-BSA —E, #+ BSA Fifsl OVA Hinf

24 TEREEATRRENRE

¥ K7 C.BSA.OVA, Azure C-BSA Fl Azure C-OVA
F PBS MR EiE MRIEIR, LI WA e T L
HEATERAE, BN T RSB R .
2.5 ZREMAEHE

Pk 2 FLAFR1 6 IR BBPE 22 K92 2 ke), B
LG, 47 B RCR M (FE B X ) . K 0.5 mL 2 mg/mL
) Azure C-BSA 5 0.5 mL 3 [RIERIR A )G, R T2 84
TS U TR R . RS IR 1 2 R, TS 2 9K
BagiE, g R R 5 U A, o IS A Rl 9 RN 58
A ZIREERE 2 R 1R, R 6 . A 3 IR
BPE G, FERPESE T 1 RIS TECL, 05 i R A
B VR E 1A, SRS KU, AT i3 #E T4 B Al
SR RV R e b UL v 4l Ak 22 v B LR B I 35
2.6 [Bl{EF= % ELISA AL
2.6.1  FARZANW E

K ELISA JEME ZHisly, DL EiFm ot A A
PEMEWESGRE 2 f5ED P/IN>2.0)HIWr g BEM: . W f Bl
1000 %5 I AEEFR# H, BEFL 100 uL, 37 °C f#f 1 h. 37
EFEW, PBST (0.5% Tween-20)3EHR 3 W (UL T RIFRYER),
T AFFLIMA 200 pL 1 PBS (5% 4= B0, Uik,
T, BFLMA 100 L % s BEpLAR, [R5 s A
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HEXFHR, 37 °C, 1 ho WeAR, 7T )5 AT R AR — 5t
(1:2000) (V:¥, FIal)37°C, 0.5 h, Yetk, 0T . FLLEINH
P B 1 DY R 156 28 i (tetramethylbenzidine, TMB) & {4 1%
100 pL, 37 °C, 10 min, JIlA 2 mol/L H,SO, 50 pL 2 1[5 1,
FHEEAMUAE 450 nm 3250,
2.6.2 ELISA i TAF£&A4F694k1k

R FAAH A7 78 B LA 0 SR N 22 S B O IR A vk B,
45 B {1 (optical density, OD)EEIT 1.0 B9FL BT FH (94 J5
YA BEAE Sy dee i T AR U DT, Fefl o fee (B R P T4
W BE R LRl b, AR —HHBR 1:100. 1:500, 1:1000,
1:2000., 1:4000 #E47HERE, HEHE ODuyso um TEHAE 1.0 A2 47 T
s 0 B ROV N B bR Bt A S vk 1
263 AFfEwLeIES

& 5%M LR PBS ¥ MB RSB ERFR(5. 10,
50, 100, 200. 400 ng/mL), EfAESH 44T, R
IC-ELISA L3 HTil e, MRHE MO B 15345 Mk BE A i X 4t
R 2, AR Y02 150 OD Eh 4., &
i MB FRUESEIFL OD (E R Ao FEA> MB bRifE S R T
3 AVATERS, BOTF oD {1 2 (inhibition), 4
R (%)=(1-A/40)x100%, FLIIBY AR, DL MB R ik
FE (RPBON RS AR bR AR HE M 2 o AR [l T 5 R 4R
AN e B (50% inhibition concentration, 1Cso)FIAG I T FR
WeIE IC,s, BRIMIHRIZN 50%F 15% M BT Xof o FrRA7 vHE i i 2
2.6.4  FLAREEFHME

DI EEREYIRE A, KEB. KEC. LA
LRGSRy sa ), FIRI4E5E 4 ELISA D& Z4uxt
B3PI ICs00 38N H(cross reactivity, CR)N MB
FRUER B ICso F45 AW ICso E 4 He o
2.6.5 AEIKE RN

TEZS (AREARE S, H2E 10, 25 1 50 pg/kg (I HLH,
T MB Friffh, 2 0840 B UG bt bR S 0b 4 7 i Ak B,
BWCNEH 5% BN PBS. R IC-ELISA Jy A&
FREEdh s MB ARifESR S &, TR,

3 HZREDM

30 THREEATRENEE

ST RFE C. BSA, OVA AT HUFESA L AMNE g4
YooE, EFRWE 1R, K C. BSA A OVA 1R KR
WA HAE 286, 278, 279 nm Ab, Azure C-BSA Fl Azure
C-OVA Hyf RS54 260 nm A1 266 nm, 545 A%
TR R R WS A F A, N T A e R e i & 2k 1
R, TN T IR MEEBR L

32 ZREMAKLE
A 3 Wk AgE LG, FH ELISA VEAE MRt . Bl 2
AT LE 1, BEF R R BRI, FiARSUN EER BT S,

e —RZERt, 1 ST IESh l 32000, 2 ST
A 64000, EBGIAN EE R 2 ST AR TR Sk
SEHS . MR E AR E N 10.2 mg/mL.

1.4 -
- . Azure C-BSA
. - ’.‘ \\.
1.0 -/,x/ N Azure C-OVA
B 08 .
R AN
= 0.6 FAzure C " NN
/O\(A\ N
,,/‘l/ﬁ\- \ \-,
0.4 - /:/A/mi‘\ \\ ~ T
N N N N,
02 TBSA N N e e
N T
0.0 1 1 L 1 1 L L !
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P K/nm

F1 A THEEAN R RS

Fig.1 Ultraviolet (UV) scanning spectrum of antigen
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Fig.2 The titer of polyclonal antibody (n=3)

3.3 (8 EES ELISA &G R G EEL

AR AN f A T ARV B I Ak S5 SR an 3R 1 R .
WPt OD {HAE 1.0 A2 A7 AL ORI PO AR B BE A Ry diefk T
VEdeRE, 45553 %10 1:16000 F1 1:8000. Hks —Hiilibss
RNE 3 Fros, Bl U RN N, ODas, (E5 Wik
%, 24 —H0RBE 2000 51, ODyso {9 1.079, Bk, Yei%
W R Ui A TR .
3.4 [E#EE% ELISA SEin M iET

IC-ELISA #4500 MB FIFRERMZR UNIE 4 B, 2050948
PR 5~400 ng/mL, ZEPEREIDFEN ¥=0.3658X-0.1867
(7=0.9836), ICsy A 75.4 ng/mL, FARKMIFR IC,5 4 8.3 ng/mL,
WMINEF RN 1.89%~7.92%, £z BA BIFHTa
SEE
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Table 1 Screening of coating source and antibody working concentration
- PoRTR B II
BLE IR TR A A prow:
1000 2000 4000 8000 16000 32000 FAE zH
1000 2919 2.524 1.979 1.650 1.316 0.945 0.089 0.071
2000 3.041 2.276 1.798 1.428 0.908 0.579 0.092 0.082
4000 2.987 2.602 1.880 1.595 1.042 0.731 0.106 0.067
8000 2.835 2.589 1.746 1.225 0.938 0.519 0.115 0.058
16000 2.633 1.903 1.542 1.021 0.874 0.431 0.095 0.091
32000 2.263 1.797 1.458 0.987 0.654 0.321 0.093 0.076
64000 0.919 0.689 0.311 0.128 0.142 0.124 0.110 0.054
128000 0.541 0.224 0.121 0.130 0.087 0.092 0.109 0.073
L4 ®2 SRERFSEOINZNREE
13} Table 2 Cross-reactivity of related analogues of
12 polyclone antibody
1'1 WY ICso/(ng/mL) 38 SR /%
B K A 88.4 85.3
210 H . .
= =
09 | K+ B 79.4 95.0
=
08 L K#F C 70.4 107.1
07t fLEns >1000 <0.01
06 . 1 ) ‘ ot L 4k >1000 <0.01
100 500 ) 1000” 2000 4000 g 1000 <0.01
FRRHAR N
L otk se s >1000 <0.01
3 s R B (n=3) \
. L . ST S >1000 <0.01
Fig.3 Optimization of enzyme-labeled secondary antibody
concentration (n=3) FebEgh il g >1000 <0.01
00T ¥=0.3658X0.1867
80.0 - ' 3.6 #FmEgE
70.0 | r=0.9836 s ‘ o
60'0 | TE28 B AFE L RS IR SR BE 1 MB AR, dlad
§ 5001 IC-ELISA PEEA PRI, THEEMBR IR, Az a2 3.
E 400} IC-ELISA X i B-F- B BN TE 77.2%~79.3% 2 [A], RSD
= N
30.0 | N 5.3%~8.1%,
20.0 |
10.0 - 3 IC-ELISA Z#MF &S MB BEY R @0=3)
0.0 Table 3 Recoveries of MB detected by IC-ELISA

3.5 ikERM

0 0.5 1 1.5
VPR TR BRI AR R BEX B/ (ng/mL)

&4 W H ELHEIC-ELISA )7 B i T 28 (n=3)
Fig.4 The standard IC-ELISA inhibition curve of MB (n=3)

2 2.5 3

il £ 1) 22 SE BB AA 5 LAt 420 I 1) 58 Sy 45 SR gk 2
FiR: Uik BRI MAER R RHE AL RKiF B AR
FH C XN R HHN 85.3%. 95.0%F1 107.1%, HK
7l R DI 25 ) LT ASAEAESE U (CR<0.01%) . HH
PEUEEH, BT UAT LA R R S v R 53 B AR (I 3
), i AU SIS AL I RS AL K B
FRE C)o

spiked samples (n=3)

by i e g/ oRllIEE Py HIXS R
(ug/kg) (ng/kg) /% HE22/%
7.25
10 8.18 79.3 8.1
7.31
19.1
25 18.4 77.2 5.3
20.4
35.7
50 39.8 76.3 5.8
39.3
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AR ITVE, % ITHTE 5~400 ng/mL JG P, 2R RE, &
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AWFSE ST T IC-ELISA 6 #a 1A vh F FH L6 1Y
W {D"

FR 8.3 ng/mL, HEELRMIENERS 77.2%~79.3%2 1], RSD
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