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Abstract: Chemical pollutants assessment requires a broader-spectrum and high-throughput analysis to guarantee
compliance with established standards. Nowadays, the increasing number of pollutants and their important effects
lead to the development of general toxicity bioassays. Based on the in vifro inhibition of acetylcholinesterase
(AChE), this work established a microplate absorbance technology to measure the toxicity of chemicals. The AChE

concentration, acetylthiocholine iodide (ATCI) concentration and 5,5' -dithiobis-2-nitrobenzoic acid (DTNB) con-
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centration were optimized, and their effects on absorbance, absorbance change rate and chemical test toxicity were
investigated. The optimized conditions for AChE microplate toxicity analysis were DTNB 0.2 g-L™"', ATCI 0.2 g-
L', AChE 0.04 U-mL", pH 6.8, reaction temperature 29 °C and exposure time 15 min. The results showed that the
concentrations of AChE, DTNB, and ATCI increased the absorbance. The concentration of AChE was positively
correlated with the absorbance change rate, the concentrations of DTNB was unrelated with the absorbance change
rate, and the concentrations of ATCI was biphasic-curved relationship with the absorbance change rate. The dose-
response curve (DRC) of methomyl moved to the right with increasing ATCI concentration. By comparing with the
national standard method, the reagent injection order had the significant impact on the toxicity measurement. The
microplate absorbance-based toxicity bioassay was further validated to show a good S-type DRC with methomyl
toxicity. This DRC can be well characterized by the Weibull function, and the fitting coefficient of determination R’
is > 0.97, and the blank variation is +10% . This method can be used for high-throughput toxicity assays of the
chemical pollutants.

Keywords; methomyl; acetylcholinesterase; dose-response curve; microplate absorbance method; biphasic relation-
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1 ##57 % (Materials and methods)
1.1 AR5

Synergy?2 I Z D) L FL AR I 22 1 (36 [ BioTek
INl), AL204 B DU HL - K SF (55 -4 A 2 20
A)), Ta ik PHS-3E 7Y pH i1 ( RS 2% B4 3G A R
25 w)),96 fLiZ B Al (Corning 9018),

FHT AChE fifb ik 2 b (o i ) B 45 i Ak A A G
L EARRR, ATCI(aladdin, 4l 98% ,CAS 5 1866-15-
5) .DTNB(Vetec, 4 & 98% , CAS 5 69-78-3) ., Hi fi§}
AChE(Sigma, C3389-2kU, CAS 5 9000-81-1), DT-
NB . ATCI fil AChE #f# T pH 6.8 [BEIREL 2% ih itk
(% 0.025 mol-L" KH,PO, 5 0.025 mol-L" Na,HPO,
- 12H,0) B GIR-AET 4 CURARH . NS DTNB,
Z% CHR[2], B 5% DTNB %51 0.379 g ) NaHCO, ,
Z iAW K £ B (Chem Service, 4f ¥ 99.1% ,CAS
5 16752-77-5) % T pH 6.8 AR £h 2% vh ik It
WECIRAET 4 CUKEES
1.2 2Tk AR AR 2 4 53k B %o J €8 114) 52 i)

HATI2EPIXN) ACKE B Mg Z 1, R 28 T
fiE AN R 2 X AChE fifEAR R Ay s2mm , ABF5E
KA PEREIRQ9+1) °C , R i o 2 S A IO
JEYON IV 15 min B 7E 412 nm PR, i [F
& AChE DTNB £l ATCI H:Hr 2 Fhdy it () e i, ole s
Ty MR EE AR S AR R, Hh ARk
Wk BE A 53 RV BE 8 RS HIMAAEA 100 pL,
WREAAR A INAARFA 50 pL, DTNB 5 ATCI
W R 025 g+ L', 431 AChE ¥R KK A 1,07,
049 .0.34 024 .0.17.0.12 ,0.082 ,0.058 .0.04 .0.028 .0.02
U-mL"; ATCI ¥4 025 g-L"' , AChE #¢ &4 005 U
-mL", % %] DTNB ¥ KK A 5.2.5,1.25,0.65,
0.315.0.155.0.08 ,0.039 .,0.0195 .0.01 ,0.005 g-L";DT-
NB #4025 g-L"', AChE ¥ J&# 4 0.05 U-mL", 5%
5] ATCI ¥ FEAR IR N 5.2.5.125.0.65,0.315,0.155 ,
0.08 .0.039.0.0195 .0.01 0005 g-L",
1.3 ZTBEABmR S Bt A B2 1R 2

2 G I SRR T AT, 3 ST 2 TR AR
R B AR BEPE AT R AT . K 96 LIRS 12
FIR 8 NFLANA 100 pL B R 22t il AE b 25 X
B HAY 11 90 A S — @ F B i 1Y 11 ik
JERBEETG W) 100 wL, BEARE 8 NEKE 5 A
FUIKKIMA 50 wL 1 g-L"' DTNB 50 pL 1 g-L™" AT-

CI 5 50 pL 0.2 U-mL" AChE, % fL f & F 3t 250
L, SR 5 Rk A Bl AR ASC il S WO BE (A, BRIA
Y 2% Z& B (8] 4 15 min,,
15PN AChE B4l #:7E E 4% IR :C(D) it
B A3 Y 7 800 it 2 (DRC) il I 23 X (2) T
Weibull PRECHAT /N EAUA, I IAE Y
95% {7 X ]2 45 21 LRI G Ve BE 4N EC,,, \ECy, |
EC,, %,
E=1-ANAJAA, (1)
E=1-exp(-exp(atbxlog,,(())) 2)
K AA RS 0 min AH AN BRI R AR LA, AA K
55 0 min AH A OGRS AAE, C HWREE  E 3K
N, a WO ESEL b ARPRSEL,
1.4 5 YL 2 1k AR e g e P 10 2 e [R 28
SR 5% 2 i B ) 6 75 Yy 4 il AChE 152 )
W ZEFEME] g 510,15 ,20,25 .30 min A K £ &
#M#l AChE () DRC,
i3 [# 5 AChE .ATCI .DTNB H: 1 2 F¥y i 1)
WREE Wl AR gy — B Wy o ) vk B T A K 2 A
AChE 15 min ) DRC, #f5% AChE ,ATCI ,DTNB ¥
JEXT K Z gl AChE 52, Hr DTNB 5 AT-
CI¥RJE N 02 g-L"' i}, AChE ¥ £ 2EHL 0.004 .0.01 ,
0.04.0.16 U-mL" ; ATCI ¥ &} 0.2 g-L", AChE
J#40.04 U-mL", DTNB ¥ & ¥£H¢ 0.02.0.2.2 g~
L';DTNB ¥} 0.2 g-L"', AChE % ¥4 0.04 U -
mL" ATCI Ak FEEHR 0.02,02.2 gL,
1.5 JrikmniE
PIEFR GB/T 5009.199—2003 % i % il 411 1l 322
(VL5 TR E A 32 1 SR 2 28 0 A 5% O 1k AT 3
iE, EFrikrf, R pH 8.0 % KH,PO,-K, HPO, 2%
W ,DTNB 5 AChE FHZ& w1 , 4 5 DTNB 7§
J110.0975 g B NaHCO, , ATCI JH 4l /K Bt il | [ v %
W ATCI 5 DTNB 2R E 70510 0298 g- L' 5
0286 g-L"; AChE ¥ & % B # 15 &, i Ab R FH
0.04 U-mL", K 5200 2.5 mL BRI, A
0.1 mL AChE 0.1 mL DTNB, ¥:4]J5F 37 °C il & fix
/1> 15 min, FEAIA 0.1 mL ATCI, ic 58 52 3 min [
W REARAAE . A S IR L K E bR S
FEAE BN GO L AT AR AR A Ab B/ 11 100 WL+
AChE 50 wL+DTNB 50 wL+ATCI 50 pL, Bk
PO RS A 5 2 AN B B, TR I 2 5%
g, FrAFRATIT T (36)#9 AChE+DT-
NB+ATCI (Fr[EFr%) M (37) AChE+ATCI+DTNB
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(FREFREEAS S 1) H(38)AY DTNB+ATCI+ACHE (Fk
FEAREAR S 2)3 FOIMFEI R ;3 Fld i P P& 37
CIRWE 15 min, FEINES 3 R4 BT 0 @78 37 C
T2 5 AF N 1 58 P 1) 7S i IR IS TE] (15 min) i F- 52
B 8. e s (]  (H AR A8 5 2 %) TR s 1o [ AN B 7 2
ERINFE] N

2
2.1
Al

&l 1(a) ARl AChE ¥k BT A IR B il 6, mT
LA HiBfi#% AChE ¥ (0.02~1 U-mL™)AYHE i,
SEREAR R 3G i, A 0.173 5] 2.212, 2840 M, 43Ik
SEBHRTE AChE W EETE 0~ 0.0667 U -mL™ Y5 [l 5 1
FEREORAF RAF IR AR R |, I HEUUR N A R i 2k
FE R HITE 0.0667 U-mL" LAN, & 1(b) K [H
DTNB ¥ T 0 I £e, B DTNB ¥ J3(0.005
~5 g+ L)YBYSE I, W B AH 34 i, A 0.138 %]
1332, & 1(c) W AIE ATCI He B 19 W o'% 1E ih 2&
b5 ATCI ¥ J¥(0.005~5 g+ L™ YA, W't A

£ 8 5131t ( Results and discussion )
LT NPl 6 A 2R 2 e 0 k20 TR S B8 1)

(b)

N ¥ET, DA 0.138 %1 1.834, A A5 KB, ATCh ¥k JiE
5 BE A AE RUAH G R B B 47 55X Bz ) ATCh ¢
fE24 3.3 mmol- L' (B 0.95 g-L" ) ATCI), ASHF5TH
WATWELE] ATCI He B XT W ' BE B BUAH OC &, it IR
AR — 5T
2.2 LT AABE R A 22 2L 0 R B X S €0 W O R AR
AT ESibbA
1 H 15 min P52 A9 A {E 43510825 0 min
1) A M, TS 22 EER LA 15 min B AW #9728 Ak
ZR(AA-min™), 7T AE H AChE DTNB 5 ATCI ¥ &
5GBS R 8 A A [ 2 AR it 2 (1B
2), F#E AChE ¥ B (38 i, W o't AR Ak R 2 3
IR (1] 2a), Ffi DTNB ¥R B Y34 i, i
JEE AL B AR 5 R A Bl 2k (18] 2b), B0 A
H IS 200 0.004, TTBER ATCI HeJE (480,
W' 725 A ok 3 S IS I U A SR T 2 (8] 2¢), B
KAEHIRAE ATCI % K 0315 g-L'(B 1.09 mmol -
L), 3% BT AChE Fd 2 R A il 00 5 2 SCR
L FBr B h 2, ATCL U BELL/N T 0315 g- L WH,
Ellman 552738 A= 2140 i A0 156 it 4 £k 2 1 R il 7k

- 1.5F 2.0 g _ )
2.5 025 ¢ - L ATCI+0.25 ¢ - L™ DTNB 0.25g - L' ATCI+0.05 U - mL™ AChE 025¢ + L' DTNB+0.05 U + mL.' AChE
2.0r 15F
= =10t
;:1 ~1.5¢ ] <
= = 10F
1.0
05F
0.5F 051
0-0 0.1 1 0.0 01 0 i fo 00501 0.1 I 10
ZTENEHRER AR E/(U - mL) TER AR R (g - L) BULER AL BEARGRR /(g - L)
AChE concentration/(U + mL™) DTNB concentration/(g * L) ATCI concentration/(g + L)
1 ¥MZBEEEBELTERERREENEER
1E:(a) ZBEHEGRBREE(ACRE)R L 5 (b) AR AR HRR(DTNBYW B ; (c) ML B AL Z BENEBR(ATCIVR I
Fig. 1 Factors affecting the absorbance of AChE catalytic system
Note: (a) acetylcholinesterase (AChE) concentration; (b) 5,5' -dithiobis-2-nitrobenzoic acid (DTNB) concentration;
(c) acetylthiocholine iodide (ATCI) concentration.
(a) o (b) ‘Z ) =
= EOI0r005 g - L DINB4025 g - L ATCL = 2 Q0900005 1 ATCL0.0S U i ACKE T R 001080 s iNB 0,05 U - il ACKE
:E < < E <
Z<doazf Zd 2 5 0.008¢
47 < T 0.004F o—e—e—e—w;—f 4%
<& S E == L
A ¢ 0.08f ¥ g i ¢ 0006
¥ ® g B2
= =< 0.002} = £ 0.004F
23 0.04F o g g
= = = =
IE) ~§ B2 _E P = 0.002
£l 0.1 I = 2z VX0 R f o =z BT i 0
= ZIENARRBRAEE/(U - mL) ‘ TR AR T RS (g - L) = BULBR IS Z BB (g - 1)

AChE concentration/(U

+ mL™)

2

DTNB concentration/(g * L")

<L)

ATCI concentration/(g

HMZ B EEELERERRAEETUERNER

Fig. 2 Factors affecting the change rate of absorbance of AChE catalytic system
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fiff S A 2 TR S S U A RUAH 2, R R R
16 L BEABRS M 2920 0.5 mmol - L™, (BT BEAH AR S
fit{(BChE)JC 2kt JiK 40 #9044l 3% 17, 4 X% 1fiL 7% BChE™
X AL X 4> AChE A1 BChE A5k —P
2.3 V5 YW 2 mEHEmE R %) 5 i PR R RS
&l 3(a) AN [A] 2 #& B ] R K Z )8 DRC, 7] LA
F B 2 5 i ] A3 i K Z2 8 DRC [0 A£#%3)), K
ZINFEPER Z 3K, K 1 BCy BEZ I8/, 5,15,
30 min B4 51124 5.08%10° 2.41x10° . 1.60x10° mol

RCRAFER R IFS BRG], 2B 15 min FE R 3D
TRER A ZR R B[]

& 3(b)>& AChE ¥ J& 4 0.004.0.01.0.04 .0.16 U
-mL" [ K £ B DRC, X 4 4k DRC A 4, %
W —E Y N AChE ¥ AR AU AN 235X 75 Y 1) 23 1
MR A, 24P % AN TR) LU S 7 A X I
i BChE X4 25 (il R A AR R, Kl 3(c) 2 DT-
NB VW H 002,022 g- L' i K Z iy DRC, X 3
% DRC A A, R — &y [l N DTNB ¥k Ji£ 742

L', ATRAEH 15 min 5 #BEMEAELE AR K, ZE

HAB TR 20 15 e BT A B

R1 REEINEZBEREEENTE- LR REXSH

Table 1 Dose-response model of methomyl inhibiting acetylcholinesterase and related parameters
5
Ty Cacre Coms Cata a b R’ RMSE ECyo ECs ECy, ECq/ECy,

3) 5 0.04 0.2 02 10074 1972 0.999 0.012 5.63x107 5.08x10° 2.06x10° 37
3) 10 0.04 02 02 9828 1848 0.999 0.013 291x107 3.04x10° 136x10° 47
3) 15 0.04 02 02 978  1.807 0.999 0.013 2.18x107 241x10% 1.11x10% 51
3) 20 0.04 02 02 9737 1774 0.999 0.016 1.75%1077 2.02x107° 9.58x10°° 55
3) 25 0.04 02 02 9704 1750 0.998 0.018 1.48x107 1.76x10% 8.54x10° 58
3) 30 0.04 02 02 9633 1.725 0.998 0.019 1.29x107 1.60x10°¢ 7.93x10°° 61
(32) 15 0004 02 02 8719  1.628 0.994 0.029 1.83x107 2.63%10°° 1.43%107 78
(29) 15 0.01 0.2 02 8505 1599 0.984 0.045 1.88x1077 2.83x10°° 1.59%x10%° 85
(30) 15 0.04 02 02 9293  1.736 0.998 0.019 224x107 2.73%10°¢ 1.34x10% 60
@31 15 0.16 0.2 02 10043 1.852 0.998 0.018 2.30%x107 2.40x10°° 1.07x10°° 47
(18) 15 004  0.02 02 9470 1757 0.998 0.018 2.13x107 2.52x10°¢ 1.22x10° 57
19) 15 0.04 2 02 8752 1636 0.998 0.018 1.88x107 2.67x10% 1.45x10° 77
16) 15 0.04 0.2 002 11308 1.892 0.998 0.018 6.82x10° 6.75%x10°7 291x10°° 43
(14) 15 0.04 02 02  9.09 1675 0.998 0.016 1.70x1077 226x10% 1.18x10% 69
17) 15 0.04 0.2 2 7956  1.681 0.998 0.016 8.48x1077 1.12x10°° 5.80x10° 68
(36) 1543 004 0286 0298 10901 1.630 0.989 0.043 8.54x10 1.22x107 6.67x107 78
(36) 1545 004 0286 0298 10450 1573 0.985 0.050 8.43x107° 1.33x107 7.71x107 91
(36) 15+10 004 0286 0298 9873 1504 0978 0.059 8.69x107 1.56x107 9.77x107 112
(36) 15+15 004 0286 0298 9.124  1.409 0.973 0.064 8.46x107° 1.84x107 131x10°° 155
(36) 15420 004 0286 0298 8528 1337 0972 0.064 8.68x10” 2.23%107 1.76x10° 203
(36) 15+25 0.04 0286 0298 8273 1313 0.972 0.064 9.67x10% 2.63x107 2.16x10° 223
(36) 15430 004 0286 0298 8056 1291 0974 0.061 1.04x10%® 2.99x107 2.55%10° 245
(37 1543 004 0286 0298 9850 1.672 0.991 0.034 5.79%x10° 7.76x107 4.05%10% 70
(37) 1545 004 0286 0298 9946  1.689 0.991 0.035 6.01x10° 7.84%107 403%x10°° 67
37 15+10 004 0286 0298 10.067 1711 0.990 0.036 6.33x10° 7.98x107 4.02x10% 64
37 15415 004 0286 0298 10926 1.867 0.983 0.048 8.76x10%® 8.94x1077 3.93x10°° 45
(38) 15 004 0286 0298 10.097 1904 0.996 0.025 327x107 3.19x10° 136x10° 42
(39) 15 004 0286 0298 9.565  1.801 0.998 0.017 2.75%107 3.06x10° 1.42x10% 52

T T 2RI E], B0 R min; Cyopp AR IER Y AChE VRJE , 50N U-mL™"; Copng 5 Carer MR MBI H DTNB 5 ATCI IV, 807K
gL' a5 bl Weibull #5507 B 5512450, R LAt 280 RMSE NI 07 AR 2 EC,) \ECsy \ECoy N7 2E 10% .50% 90% &5 H4 #k

B BAA S mol- L,

Note: T is the exposure time with the unit minute; Cy . is the concentration of AChE in the reaction solution with the unit U-mL™"; Cppyng and Curey

are the concentrations of DTNB and ATCI in the reaction solution with the unit g-L"'; a and b are the location parameter and slope parameter for Weibull

model; R?is the fitting coefficient of determination; RMSE is the root mean square error; EC,y, ECsoand ECy, are the 10%, 50% and 90% effect concen-

tration with the unit mol-L"'.
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&l 3(d)h AR ATCL ¥R JE T K Z @i DRC, 1J
ULKf % ATCI ¥ B B3 K, DRC [n 4 KRR 3l
KL W TFVEREE ATCI ¥ B 1 34 R T v /)N, e
EC, {E ATCI ¥ J¥ 4 0.02.02 2 g-L"' 4350 6.75
x107 2.26x10° . 1.12x107° mol-L™" , i i K {8 &
/IMERY 16.6 5, BT LA ATCI ¥ 5 25 fL BE B 2 52 5
X AChE Byl i, FrLA, ATCI e 2 e
b2 ACKE #5714 D58 S50, A IR Sk rh
ATCI e JEA—1F 153 B9 162 Y3 il AChE i) EC,,
— BTG AT H Y, X 6T AChE #0041 2k O I 5
5NHEARERENSEZE L, R —MEENS
ST I B AR ATCL He Ok I 458 75 4 9 10 441
AChE FE % [) K /N, ATCI AR I 26 L T — b 22 3R
BE Rl st 0 R 8 7R PR S R RTIR
A Y BRI ATCI MR B2 . R RASI 2 O 28 il 5 1
WG = BERR IR (ATP) WA 251 T ATCI B94E

FH, ATP e B A5 40 N g Sk 5 52 M Ak =7 40 %) 2 25 g
(RN, T AChE Y BEASRZ I K 22 Jak 2 1 3 25
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Fig. 3 Factors affecting the dose-response curves of methomyl inhibiting acetylcholinesterase

Note: (a, f, g) Exposure time; (b) AChE concentration; (c) DTNB concentration; (d) ATCI concentration; () Reagent injection sequence.
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Fig. 4 Dose-response curves of methomyl inhibiting acetylcholinesterase at three typical injection sequences
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