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Study on sensitivity of esterase from Chrysemys and Tupaiabelangeri
to some organophosphorus and carbamate pesticide
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Abstract: The esterase activity of Chrysemyswas determined by
Ellman method, and the indole acetate was used as substrate to
determine the esterase activity of Tupaiabelangeri. The optimum
reaction conditions were determined by orthogonal array design.
and the inhibition effects of several specific enzyme inhibitors
were compared; The enzyme inhibition method was used to in-
vestigated the sensitivity of esterase form Chrysemyse and Tu-
paiabelangeri to organophosphorus and carbamate pesticides. The
optimum conditions of esterase activity determination of Chryse-
mys were; incubation temperature 35 °C, incubation time
15 min, buffer pH 7.5; The optimum conditions of esterase ac-
tivity determination of Tupaiabelangeri were: incubation temper-
ature 25 °C, incubation time 15 min, buffer pH 8.0. The most
sensitive to Chrysemysesterase was donepezil hydrochloride, the
most sensitive to Tupaiabelangeri esterasewas bis (4-nitrophenyl)
phosphate. The detection limits of esterase form Chrysemys and
Tupaiabelangeri on trichlorfon, phoxim, dichlorvos, mevinphos,
phosphamidon, metolcarb, carbofuran, methomyl, aldicarb and
carbaryl were all lower than the maximum residue limits
stipulated by national standards. The extracts of esterase {rom
Chrysemys and Tupaiabelangeriwere showed high sensitivity to
pesticide, which could be used as a new enzyme source in the en-
zyme inhibition method for rapid detection organophosphorus and
carbamate pesticide.

Keywords: Chrysemys; Tupaiabelangeri; pesticide; sensitivity



&M | Vol.35, No.11

RAFREE — B A E R L 2R R R AN
PR R — ARl R R 2 Ay A
FU PRI ME 38 V)5 EE R R A i 2 W A A Ak 2 Bk R AR
PRI S BTN R R IR A R R A T
XA R A T R E BRI R,

TE A B AR 2 5% B A I op L SRR i kT M (i
SR I A I TR RO (0 1 3 T RO 0 1 R G Ik
FHIED IR 15 40 10 F B AT LA SR T nﬁ%f&%*ﬂ’]ﬁﬁ
2 5% B ER I AR AR I R T A
it 00 0 32 4 Ry — Rl AR S A 24 5k B i‘ﬂg%ﬁﬂj—‘{f’/\‘
A EAERAE PR R AUE R TT BB A S R R
i A AR R B A I, S H R A 25 R B DR AR T Y
Pkt

it 400 ) v G D P T A 2 e D R v SR M 0
B SC s N K. B MR Tk 2 5 AR
P4 G A2 SRR AR T Y 24 K 22 B0 0 Tk JIEL 9 IR 887 Cacetylcho-
linesterase, AChE) , H 3£ %3k 5 i 68 | 52 i Rl 4F 21 41 Md
Rl VR AR A B — o PR IR T o S o [ AR 43
TN IO 2% Rl T X A [ AR 2 B SO L 300 R T
N 22 52 R 7K 7% T %ok A5 AL B A 245 1) SORR Pk T T R B o R AT
P BE I R Sk 0 T I R R R0 JEE S R e R A A
L FEVR 5% o 30 0 A Sk TS TR A R0 AR S JH S 1R 8 Sy B
SO G o B A WA ST L 1Y e A W) 2% A4 W0 A TR R g T R
A LB A 2 A 5L IR IR 26 R 25 /Y 1Cs0 F1 LOD fH
SR AT AN LR f0 TR T L B B TR T A R U TR T A 7 oh
B4 IO P 4R 3L I8 K 4
1 Mr5J5ik
1.1 #RtEiH

o A S R R ) S ML R A T
Wie S B 3l 0 B 52 5

BORE RICE R AR R KB Y R R R
SR R B A BRE L BESE ML BB L A B B K L
ZRIBL K 22 TR KR T B v R s B A 2 A L

WAk 6 A 2 B AR (ATChD (5,5 -Z i ft-2,2-=
fil§ K g (DTNB) | 5| W Z, 2 B (3-Acetoxyindole) : 43
Hrafi, 2% [H Fluka 24 A 5

AR : 73 Hr 4k, 52 F Sigma 23 .

L2 ES5RE

%3 fig Wi b5 /Y : SpectraMax i3x Y, 3& [§] Molecular
Devices 2~ ) 3

B PR TB-214 T, d6 50 38 2 R A28 B 7 5

HBAK I VKAG : Ultra Freeze3410 &, 543 Heto A7),
1.3 % Z Bt BB %l s B 55 A B S B 09 48 X3 B i U
1.3.1 #fa CBEIHGREEREE AR 4R Ellman 355 00 2 IF RS
R, MR 50 pl BRER % #P i (0.1 mol/L,pH 7.5)
50 pL BRAEEH 100 L ATChI (1.5 mmol/L) i A 96 fL

—20 °C, H [H Bl

RECE RAEBSMNMEBN B GNHNEEPRERRGHGEREFR

#,35 “C FALEE 15 min, T A 100 I DTNB(1.5 mmol/L)
Bl AR 412 nm AEELED G 5 min P OD fH#Y 42 fk
DR AGE UAR X T 35 o ) Bk LA T4 44 3 6 P 6 U L 68 2 Tt AR

R 0 IR 4 P F 6 4140 6 £ 0 O .
F (D) 355 55 fa T8 T AH X 7 .
:ZIXIOM’ D
A
8 0D -
L ﬁrﬂ:o

1.3.2 W ROEREGE AR R AU W R R AE B . 4y

B 100 (L B 82 55 22 vk (0.1 mol/L, pH 8.0) .50 L

B0 I B T A 96 LA .25 C TR 15 min, JIAS0 pL

5] Wk Z, g ik (8 mmol/L) il i3 5 min PEZEN & 610 nm

Ak 5 S iR L ) 7 P AR AR 0 AR X S o T I L D ik

JHTH IR AT T T 75 5008 2% 15 T B AR X T 385 15 o X T8 Tl
TR e C2) VAR R I G O AR X A

% (2)

c =

A

F B i 8 1) 9 G (B A 5

my —fE NT TR 9 e E A2 1L .
1.4 BEEGHD & E A&

TE B ST 28 HR . 2 300 T A S ) i B ) T 4 1) 55D
[ IR LA o ) 5980 28 Dy ) BR2H . o3 S % 1.3 19 J7 2 0
AR X Bl 5 42X (3D T BT MR R

my—m,

c= £X100% , (3
m,
Ao
5510 s %;
N FR OD {H s
Z OD {i.

1.5 %%ﬁﬁﬁﬁﬁﬁmﬁﬂﬁﬁﬁﬁﬁﬁﬁfiﬁﬁ#mﬁw
1.5.1  pH il JBE S0 Bsf [B] % AR S 7 s e A T
35 °C, Jz i B [E] 15 min [, %% pH(6.5,7.0,7.5,8.0,
8.5) X AH X il I 19 5% WA 7€ pH 7.5, )N B A] 15 min R,
H G PE (20, 25,30, 35,40 °C) X AH X 1 I B9 8 00 5 76 R
B 35 °C.pH 7.5 F ., % £ Wi [a)(5,10,15,20,25 min)
Xof AR X % )
1.5.2 ExiRE ERHEZREMLM L. SIS pH
{8 VB R T = R &R =k R E AR 5 Ak B AR R
IE-JLR
1.6 REGEFBEME(IC: )FAR

P2 1.4 J vk DN 2 s 6 TG R 0 B B8 TR AT 1R 6L AR IR R
Rl R 2R EE (2 X 10 7,2 X 10 ",2X 10 °,2X 10 °,2X

59



60

L5 SAFETY & INSPECTION

1077,2X107° mol/L) Y M i & C o LA 4 577 vk J&E 17 %
B 1gC) A AR L H i R S G A - 2 ) I R ] ae ik
A 20 B 2y = 0.5 WEL M Ry 5000 1 H R

F) ICs ,
1.7 HiEAbE

¥ F Origin 8.SPSS 16.0 Fil Excel 443 87 8 44F Xt ik
B U R AT AL TR AT

2 RS0
2.1 pHJEE (&KL 83 8 iE

EEl’é"I 1 W] AL i F TR B S A RN A& pH 7.5 R JE
35 °C . & B B H] 15 min; B 5 BR B 05 A OB 4 1
pH 8.0 iR E 25 °C . J 8 Af[A] 15 min,
22 BRREEHME
2.2.1 HRAATREG ORI R RIS AR B ' S 0K
ol SR K PFIELSBE R KT RILEL EXL
1101
100 —=— M
%0l —o— e
80
70+
60 -
50
40|

AFX il 145

Elativeenzymatic activities/%

L
105 —— e

100

AF X il 7%

Elativeenzymatic activities/%

80

40
L
Temperature/ °C
- (b) WA
100 e
1
907+%ﬂﬂ@

80

AF X il 7%

Elativeenzymatic activities/%

70 -

60 -

50

10 15 20 25
J2 I B 8]
Reaction time/min

() JRLSa]
B 1 RS & E e

The effects of on enzyme activity (n=23)

Wl

Figure 1

HME27TH | 2019 F 11 B | S5

WIS R W R 2,07 224000 L3k 3.
Hi 2% 2.3 W] A1, 25 BB 36 0 4 fo TG I I O 52 O OT
pH = B = S B ] =38 %0 B 0 5 e AR
b pH %] T D0 7 5 A B K5 e A R R A5 AL B, Cs s
B pH 7.5 & 35 °C W IHE 15 min, FGIEIEH (n=
D MAF 2 5 14T A X S A (108.44040.176) %,

1 REEEBREREEFGFESRBERZITKER
Table 1  Orthogonal array design table of esterase

from Chrysemys

K A pH BiE/*C  C R i [A/min
1 7.0 30 10
2 7.5 35 15
3 8.0 40 20

xR HAEHEBEREEZEGFESREREGR
Table 2

Orthogonal array design and results of esterase

from Chrysemys

[E s A B C RS A /
1 1 1 1 66.338 66.108  66.994
2 1 2 2 82.694 82.004  83.001
3 1 3 3 62.315 61.998 62.843
1 2 1 2 86.635 86.105  86.998
5 2 2 3 98.345 98.014  98.854
6 2 3 1 57.088 56.258 57.846
7 3 1 3 51.176  51.176  51.164
8 3 2 1 53.519 53.014  53.882
9 3 3 2 56.011 56.001 56.103
""" ki 70449 68.050 58.982

ko 80.690 78.186 75.114

k3 53.569 58.472 70.612

R 27.121 19.714 16.132

R3 HESWR'

Table 3 Variance analysis of enzymatic reaction

conditions of esterase from Chrysemys

SRUR S MIAESSE 5 R Bl ¥ F I

BIEAEAL 6 354.678 6 1059.113  45.537 <C0.001
MM 125 732.528 1 125 732.528 5 405.895 <C0.001
pH 3 377.772 2 1688.886  72.614 <<0.001
T 1738.171 2 869.086  37.367 <<0.001
P ] 1 238.735 2 619.368  26.630 <C0.001

T 165168 20 23258
Bat 132 552.400 27

#IEEIT  6819.847 26

T R2=0.932;R34=0.911,
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Table 4 Orthogonal array design table of esterase from
Tupaiabelangeri
K A pH BigE/C  C R /min
1 7.5 20 10
2 8.0 25 15
3 8.5 30 20
x5 WHEBEBEREEFESRBERER
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Table 6 Variance analysis of enzymatic reaction condi-

tions of esterase from Tupaiabelangeri

Table 5 Orthogonal array design and results of
esterase from Tupaiabelangeri
A A A B C A S / %6
1 1 1 1 67.250 67.104  67.885
2 1 2 2 82.750 82.524  83.994
3 1 3 3 63.942 64.114  65.240
4 2 1 2 81.529 80.994  81.798
5 2 2 3 103.162 103.645 104.885
6 2 3 1 76.859 79.245  76.554
7 3 1 3 61.158 61.555 62.084
8 3 2 1 79.774 79.668  79.224
9 3 3 2 71.020 70.994 72.014
77777 ke 71314 69.979 74.628
ko 87.184 88.562 78.433
ks 70.651 70.607 76.087
R 16.533 18.583 3.805
100+
g 8or
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Figure 2 Effect of inhibitors on enzyme activity (n=3)
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Inhibition effect of enzyme activity on carbamates pesticide (n=3)
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Table 7 The comparison of sensitivity of AChE from Chrysemys to five organ phosphorus pesticides

5 £, TG T R i G il

12 ICs0/ LOD/ MRL/ ICs0/ LOD/ MRL/

(pmol « LD (mg « kg™ 1) (mg « kg™ 1) (pmol « L™H (mg « kg™ 1) (mg « kg™ 1)
T o 9.295X 107" 1.196 41075 0.10~0.20 3.198X 102 4.116 6X107° 0.10~0.20
S 2.666 0.003 9 0.05~0.10 60.020 0.089 4 0.05~0.10
[ 1.292x1073 1.427 5X1076 0.20~0.50 1.286X1072 1.420 9X 1075 0.20~0.50
K 0.259 2.908 610" 0.02~0.10 2.122 X102 2.378 4X107° 0.02~0.10
Wl B 6.352 0.009 5 0.02~0.05 2.654 0.003 9 0.02~0.05
R, 61.050 0.050 4 T 1.785 0.001 4 Tc
25 g, 5.271 0.005 3 1.00~2.00 0.120 1.202 2X10~¢ 1.00~2.00
PES 6.785 0.005 5 0.20~0.50 3.353 0.003 1 0.20~0.50
186 K, 3.353 0.003 1 0.01~0.10 6.501 0.006 1 0.01~0.10
TE R 45.450 0.050 2 0.02~0.20 2.356 0.002 6 0.02~0.20
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