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Abstract: [Objective] This study aims to establish a rapid immunoassay method for the quantitative
detection of eugenol. [Method] The eugenol monoclonal antibody was conjugated to the surface of
quantum dots by the 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and N-hydroxy-succinamide
(NHS) (EDC-NHS) coupling method, with quantum dots as fluorescent markers. Bovine serum albumin
(BSA) was used for blocking, and fluorescence microscopy, agarose gel electrophoresis, and a microplate
reader were used for identification. Furthermore, the established method was compared with high
performance liquid chromatography (HPLC). [Result] The optimal synthesis conditions were as follows:
quantum dot activation time of 30 min, conjugation pH with 8.0, antibody addition of 21 pL, and conjugation

incubation time of 3.0 h. The optimal buffer system was as follows: carbonate buffered solution (CBS) with the
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coating buffer solution of 0.05 mol/L and pH 9.6, phosphate buffered solution (PBS) with the quantum dots-
monoclonal antibody (QDs-mAb) concentration of 0.01 mol/L and pH 7.4. The quantum dots-fluorescence
immunoassay (QDs-FIA) method was established under optimized conditions, with the linear equation of
y=13.098In x+9.625 8, R*=0.993 1. The IC,,, ICs,, and ICs, were 2.21, 21.81, and 215.49 ng/mL, respectively.
Recovery test were performed on water samples and bass meat samples, with recovery rate ranging from 96.32%
to 103.01% for water samples and 94.16%~102.28% for bass meat samples, and the coefficients of variation were

less than 7%. [Conclusion] The established QDs-FIA method has good sensitivity and accuracy, which can

provide a theoretical basis for the development of fluorescent assay kit in the future.

Keywords: eugenol; monoclonal antibody; quantum dots; fluorescent immunoassay
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o HE i, B 22 T e Bl bR SORS: I 8- A58 it 1 52 o A G
PNCHRIZ , H AT B 1C, 5 1C KA A R

4 Fofr AN [ 49 1 57 B 9K E A QDs-mADb Fi B i 5L
HAETH T &S 2 WK S, HPHA TR
M 5B VK N 5.000 pg/mL . QDs-mAb % B¢ 50 %)
(T T 90 % A s 4 R AL A 0 IC, 5 1C, WL
5(b), RAE IC, 1E & H A 7 2 7 A, H 1C,
72w R R R A T IC, K, R A&
H& R R . R, o P 0 o 1
JFR B E N 5.000 pg/mL , QDs-mAb [ # i& B B 1
Hoh 5045
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Table 1 Optimum coating mass concentration and QDs-mAb dilution factor determined by the chessboard method

LT S PR AR R 9 B
BRI/
(pg/mL)

QDs-mADb Fii B¢ QDs-mADb Fi B¢ QDs-mADb Fi B¢ QDs-mADb Fii B¢ QDs-mADb Fii B¢ QDs-mADb Fis B¢ QDs-mADb Fii B¢
10 20 % 301 40 % 501 100 f% 200
20.000 2240470.5+£33723.0 1810 066.5+£9 500.0 1105 843.5+51 841.0 815954.0425 170.0 784 880.0+12 633.0 351422.5£23312.0 104 305.0+12 885.0

10.000 2027 198.0+14 483.0 1770970.5£6 342.0 1047 637.5+5390.0 667 085.5+21 156.0 458 097.0+6 586.0 285 032.5+12738.0 101 790.0+19 137.0
5.000 1864 116.0+12898.0 1067 908.0£19430.0 715551.5£12358.0 545367.5£14 501.0 348 005.5+21 176.0 136 631.0£21 042.0 52 581.5£9 200.0
2.500 1144812.0£16040.0 792 286.0£26428.0 332 786.0+22 732.0 255227.0+26 596.0 123 490.0£14 602.0 77 508.5+11 538.0 46 287.5+10 183.0
1.250 459 037.0£17375.0  289336.0+13 654.0 184 765.0+12807.0 155323.0£12749.0 101 406.5+8 866.0 ~ 36407.5+11710.0  25266.5+8 610.0
0.625 121857513 071.0 99 789.5+8 509.0 73 118.5£3 181.0 48 110.5£9078.0  44404.0£13 5520 34 673.0+9 772.0 15 809.5+5 875.0

50 -
00F o ypa sl /1c,
= 40 m ICS(!
sor 35 7
60 g £
E 2 2ost 7
% 40+ ;g ;? 20
= 15F
20 10
5 -
0 v, I 1 1 I 0 [ 1
2 0 2 4 6 8 HE— HE HE= HEN
A5 R L A0 HUE/In (ng/mL) VNG iR
(a) AFhALA 1T B 2 h 26 (b) 4FhAHAHIC, AIC,,
B 5 4784 65375 i £ 1C, A= 1Cs, 89 3 Eb
Fig. 5 Comparison of inhibition rate curves, 1C,,, and IC;, for four combinations
23 QDs-FIA R R &M HHE 45 10 R L < 1Cs, 1) T F .08 T 25 1) 50 90 2SR
23.1 QAR A A MR 1Cs A1, 2 W9 %4 T 5% T3 A 40061 40 R 38 < T 1,

1) B G P R R M B - R AR 2 D0 B0 JUIAR e i A 0 f) B BR84S L
B 2% I W N CBS B bR #E i 26 J7 R RE 2R 5 K s 28 VA W I TC a0 1C s, A1 IC 0 » 2 B CBS [ IX 3 AMH
M P 2R 5 5B 43 $00.9% 1 AR BT B K IO R R B 1 B, 0 9 CBS 16 M A0SR B AR 40 1 4 P A
%, R T FW I H AR K. IC ORI AR 3. Bk, 5o 63 22 VA Wi A CBS.

®2 BWERBMEI QDs-FIA KK T
Table 2 Effect of coating buffer solution type on QDs-FIA method

A G2 R T vhE 11 2275 7% R’ 1C,/(ng/mL)  1C5/(ng/mL) ICyy/(ng/mL)
PBS »y=11.1031n x+8.192 1 0.994 5 2.90 43.18 643.83
CBS y=12.7871In x+8.486 4 0.991 2 2.46 25.70 268.45
Tris-HC1 {5 y=11.4671n x+7.236 0.998 4 3.04 41.65 569.93
J B 23 400.9% (1 A2 B R K y=9.511 8ln x+5.380 9 0.9959 4.65 108.95 2552.68

DO EMERIRER S E AR SEE MR PR, B SRR E
B 7 W RE R RE R W 4 IR R AL BT AK 45 A AL BRI AR v M 2 R R BB BT R R R
Ers B Es S, N L 5 Pk r B % . i X B B 1C,  ICs, AT ICs, » 4 1 #¢
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22 P VE R FE N 0.01~0.05 mol/L i, 1C,, < ICs, Al
ICy, [F] Bf 5 B 26 3 K )5 980/ 18 35 4 £ bk 22
MOVE M FE N 0.10~0.20 mol/L i, 1C,, ICs, 1
ICy 12 M1 & Fb o 24 60 W 28 v 3 0 4 0.01
mol/L I , 1C,, 5 ik , 3 B bR B2 1 R 8 &%
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s T2 A 5% bV VUK BE R 0.05 mol/L B,
1Cs B % U W Z 9k B 0 0 il 280 3R e (. 45
A 2 B hR 2R R R AR R R DL R ) R A
Al 2, 3% % 0.05 mol/L 1 A A % 28 ¥ 7 T 1 &%
EIRE .

®3 BWERIBREI QDs-FIA KHI ST
Table 3  Effect of coating buffer solution concentration on QDs-FIA method

@%Bz%f::jf?&)ﬁ/ bt ith 28 77 12 1C,,/(ng/mL) IC,/(ng/mL) ICg,/(ng/mL)
0.01 »=9.342 5In x+10.811 0.980 6 2.67 66.33 1 645.56
0.02 y=9.767 2In x+7.524 6 0.984 4 3.59 77.38 1669.51
0.05 y=13.328In x+6.686 7 0.998 4 2.72 25.79 244 .86
0.10 y=11.7531n x+6.724 0.9925 3.09 39.73 510.13
0.20 y=11.5231n x+5.826 9 0.986 0 3.42 46.22 624.51

3040 W 2% R VR pH I B A2 MR R 1 pH
SR P oAk B AR e 1, AR 0 Y pH 2 F Bt
JE PR AR P R T I U ) SR A, AT RS IR
JR5 Pk r g &, mR 4], b pH ) 1Y
bR AR R 2O LA E PR B,
I1Cs0 ICso~ Fll 1Cq 2 B HH 58 93 /N J5 14 K 1 22 4k R)
B, M pHIAE 10.0 B, IC, B & /ME s 4 pH N
9.6 I, 1Cso I8 | e /IME , H. b B A 4 il 28 (1 3 % i
Ko Zih LR oy by, 52 B i B 2% b 7 R pH
H9.6.

232 % iE QDs-mAb % b 5 ik 69 A

1) QDs-mADb £z I i Wi F 2K (1) 1 %€ : QDs-mAb
2 PP TT DA 4E £ QDs-mAb i pH LA B > i 5
P A 2 TR) AR S P R B D AR A (F A T B R e SE

R4 BHE AR pHI QDs-FIA LR F2 1T
Table 4 Effect of coating buffer solution pH on QDs-FIA

method
PR ARAEEZ TR K <nlgc/2/L> (nlg(/::r(;/L) (nlg(;:;/L)
8.0 y=9.2148Inx+2.676 09716 655  169.98 440847
85 y=10.702Inx+6.2758 09976 3.61  59.48  981.25
9.0 y=11.969Inx+8.6047 09943 2.59 3177  389.56
9.6 y=13.301Inx+8277 09914 241  23.03 21971
10.0 y=11.801Inx+9.8924 09889 236  29.92 38025
10.5 y=11.656Inx+9.2652 0.9840 251  32.94  432.05

BrAH X 2 e 50 B . 3 S AT AN, A BT A 3 R 4%
PR W, PBS 1E A QDs-mAb 2% 1 ¥ W R 1C,, A
1Cso B AIK , 32 B PBSS 1 2850 5 o5 U 4100 1) 26 8t 1=y o
I, %6 #% PBS F N fix i& QDs-mAb 2% A K -

&5 QDs-mAb MR RTINS X QDs-FIA KHIF M
Table 5 Effect of QDs-mAb buffer solution type on QDs-FIA method

QDs-mAb % MHE P 2 b Ak il 28 7 7 R’ 1C,,/(ng/mL) 1C5,/(ng/mL) 1Cy,/(ng/mL)
PBS 3=13.05Inx+5.979 0.994 4 2.93 29.17 290.65
MES y=11.69Inx+6.184 5 0.997 3 3.26 42.44 552.48
Tris-HC1 % i $=9.840 9Inx+7.871 8 0.994 3 3.43 72.31 152451
Jo 4 $.0.9% FAE B K y=11.924Inx+7.111 1 0.996 2 2.95 36.48 451.60
2)QDs-mAb 2% MU K BE R s s R e BCR™ . 3 6 1T %1,0.010 mol/L [f) QDs-mAb £%

CRRT B2 e PN ) 2 T ey E W o P = 7 3
FE R 22 b S T o Al L R K B LA T M L 4
Bo G WO P OR AR, o vk 52 1t 78 2 1 B
BT MM RORE K e, BB T 25
JE YU R T 45 A AL, R BT R S LR I A A

T TR I B AR B TG, A1 ICs, » 3 B 76 I I
T, PuJE 5 QDs-mAb [ 45 & %0 R i A, HOR BUE
B e (A % S A T R A 4R A e g K,
B . B, % B A& QDs-mAb 28 i K
J&% 4 0.010 mol/L .
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3) QDs-mAb 2 M % i pH ) i %€ : pH & 2
Ml QDs-mAb ) f& 2 P AR A 68 J1 . B R 7 7]
WU, BE A pH RN, bR e iR 2R 0 R R R B L Y
K G I8/ 1 A, 7E pH IA B 7.4 B, R R K,
B J5 32 8098 /N o 1Ca0~ ICs, A 1Cy, ¥ i 3 pH ) 1
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KEBLAEKE S EE . 4 pHNT0K,
1C, B 15 B /NH , 22 91 b s i G 0 3R B8 s o
SR, M F pH A 7.0 I, pH N 7.4 I} /) 1Cs, B

AN B, %k B G QDs-mAb 2% ¥ VA i pH
N T4,

& 6 QDs-mAb L 4R &R B Xt QDs-FIA LB 21
Table 6 Effect of QDs-mAb buffer solution concentration on QDs-FIA method

QDs-mAb 2 /i ¥k J /(mol/L) o it 22 07 72 R’ 1C,,/(ng/mL) IC;,/(ng/mL) 1Cy,/(ng/mL)
0.005 y=11.917In x+9.133 4 0.994 1 2.49 30.85 382.48
0.010 y=13.1941n x+8.484 4 0.991 6 2.39 23.26 225.95
0.020 y=11.363In x+7.513 8 0.997 1 3.00 42.06 589.42
0.050 »y=10.8081n x+7.700 4 0.993 4 3.12 50.09 803.88
0.100 »y=10.1661n x+5.890 7 0.990 4 4.01 76.62 1465.45

7 QDs-mAb £ HF K pH 3F QDs-FIA 5% #2211
Table 7 Effect of QDs-mAb buffer solution pH on QDs-FIA

method
1C,,/ 1C5,/ 1C,,/
PH b 2R K (ng/IZIiL) (ng/;riL) (ng/:iL)
6.0 »=9.761 3Inx+2.674 3 0.960 8 5.90 127.52 2756.34
6.5 y=10.756Iln x+3.786 6 0.988 8 4.52 73.44 1194.72
7.0 y=11.295Inx+11.299 0.9953 2.16 30.77 438.09
7.4 y=13.377In x+8.3625 0.9950 2.39 22.48 211.72
8.0 y=12.435Inx+6.801 5 0.987 0 2.89 32.26 360.14
8.5 y=12.644In x+2.059 8 0.983 7 4.13 44.32 475.42

233 QDs-FIA 5 #7 7 k9 1 =

TE &R R Ak IFifeE <5, w1 L
T Ty o IR T BB R AR AR LT I A
RO YNAL R I S T bk il 28 . 1% i 28 1 2 (R A
77 B2 N y=13.0981n x+9.625 8, R>=0.993 1. 7E M 45
W28 b, 15 B 1C, ICs, F1 1C, 7 51 v 2.21,
21.81.215.49 ng/mL.
234 HRMHER

T TEME T &M WEUUYN CR, 4
RWES. THEMPETASRTEHEBHMNKCRA

xS TEBMSHGSHELINESR

Table 8 Determination results of eugenol and its structural analogues

3.97% , 11 FeAth 45 K KAL) ) CR K T 0.44% , %
YT 7 My B we B AR HL AT B R S R T R A
I A HE o
2.3.5 HARGEIE L QDs-FIA & 69 5 M 45 F

i % 9~10 7] &1, £ QDs-FIA & /1, /K ¥ ) [
SN 96.32%~103.01% , 17 i 8 A FF A (17 1] Yig
N 94.16%~102.28% ; £ HPLC % /1 , 7K B 1 [8] Ui
N 96.07%~102.47% , 1fi firi A FE AR 1 [5] U %6
96.77%~102.45% . FT A FEA 128 5 R B 1E 7%
%9  QDs-FIA LS HPLC SEXKEE S T BRI LE R7t bt

Table 9 Comparison of the results between QDs-FIA and HPLC

method on the detection of eugenol in water samples

P ot JO A BE QDs-FIA ¥ (n=5) HPLC % (n=5)
(ng/mL) FCR/% 25T RBUY% BICR/% 25 RE/%

5 103.01 6.02 96.07 2.42

10 97.99 3.27 99.72 1.51

20 98.96 1.72 101.14 1.69

50 100.31 2.10 102.47 0.92

100 96.32 3.77 101.45 231

#10 QDs-FIAJAS5 HPLCEXM F RS T FEAIRN
LRI
Table 10  Comparison of the results between QDs-FIA and HPLC

on the detection of eugenol in bass meat samples

v R K QDs-FIA 7% (n=5) HPLC % (n=5)
T EILEMELY 1Cs/(ng/mL) CR/% (ng/g) E R BRRES  FlEY% BRREU%
AT E 548.73 3.97 10 10228 6.60 98.07 3.12
T I Tk >5000.00 <0.44 20 100.12 339 101.62 1.70
ST A Tk >5000.00 <0.44 50 94.16 3.60 102.45 2.35
LT T A >5000.00 <0.44 100 99.71 257 96.77 2.65
T&WH 21.81 100.00 150 97.02 344 97.56 325
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LR, R ZTEMRENEGE RS HPLCHE R A R
W —28t. X—4 1A IUEMH T QDs-FIA A
W5 B0 P A v, 36 1K e T A T A R

3 i

R TR0 T B By 1) A% 48 07 V247 15 R K
A R AR . A O R TSR D RO AR e A
Jii , 1& B EDC-NHS 1 BX 5 % & % QDs-mAb, I fif
T IRA R Z . NI IE QDs-mAb & 75 K Ih
il 2% 5 SR T 9% Ol S Tk B W %% L B MR B I H Yk 4y
Tt J 2 Ty RE Bl b5 OO 5E 25 07 VE AT RAE , 85 R
iE ST QDs-mAb # 5 Ih & B . FH BT il % 1
QDs-mAb & 37 7 QDs-FIA ¥, 37 5& S A [ B 4%
PF R« A% 2% 1B ¥ WM 0.05 mol/L . pH 9.6 ] CBS,
QDs-mAb ZZ /% N 0.01 mol/L.pH 7.4 ] PBS,
J& SR O M R AR R A HLVE AN T — DR
oo WM AL T T ROE AR EIREN
5.000 pg/mL, fixi& QDs-mAb Fi B 5 5 50 1% . 3
T BB AN S S T LT A T o R X 4L
B B AR T Ty 41 i) 6 0 2 A b 1 o vBE it 4%
Fr 4% 26 PE W & 7 £ v »y=13.098In x+9.625 8,
R*=0.993 1,1Cs, A 21.81 ng/mL. 7K ¥E % fifi t4 [A) B
AT b [0 56 4 R W o, KRR [ T8I R R
96.32%~103.01%, fifF f P F£ A& 1 [l Ul 2 K
94.16%~102.28% , H Fr A F£ A 19742 7 REIIK T
7% , %325 HPLC ¥ I I 7€ 45 R AH L G W) B 2 &,
KW Z TR SRE, — 88 E Lygth 17 1%
gk W 7 9 R B, O T A My R DR R T — Fb
B H A R T
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