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Abstract: Graphene-based butyrylcholinesterase biosensors were prepared utilizing chitosan (CS) and graphene nanosheets (GS)
composites to immobilized butyrylcholinesterase (BuChE) on the glass carbon electrode by crosslinking technology, the rapid and sensitive
method for the determination of malachite Green (MG) in sea foods was developed. Effects of biosensor modified materials, electrolyte solution,
enzyme activity and inhibition time on response current of enzyme biosensor were investigated. The optimum analytical parameters for
determination of Malachite Green were determined as follows:the ratio of CS to GS was 1:2, the electrolyte solution was 0.1 mol/LPBS, the pH
was 7, the inhibition time was 11min, and the enzyme activity was 4.0 U/mL. Under optimum conditions, the response currents of the enzyme
biosensor had a good linear relationship with MG concentration with a detection range from 1.00x10” mol/L to 1.10x10® mol/L. The linear
equation was Ip=-6.97Cy,c+22.805 (R*=0.9885), with the limit of detection (LOD) as 2.80x 10" mol/L (S/N=3). The addition standard recovery
of the developed method was 96.36% to 99.78%. The developed method is simple, rapid and sensitive with good selectivity and excellent
repeatability, which is practicable for rapid determination of MG or LMG in sea foods.
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fLEA LR (malachite green, MG) JE/K7FRFEH

BHMREREWR G — F, B EA S

(leucomalachite green, LMG) A& MG #EA ARz
VINLAAR J B AR e A A A R AR, A B0
wg, OB fEE, AR bR A o L)
NEEY, R RS E A MG, WK
MG e HARE 4 LMG [R5 B 25 Tk B A PR
EAER. 2002 4 5 H IRER AR IRIE AR
254, BRI R MG R AR LMG 5% 5
PG RSN %, IR i & e 4 B
AHEEZR L.

HAr, EPNAN MG PLE LMG 5% BRI 712 DA
AR TR G TR A, IR 2 I AR
WAH 3 (HPLC ) Ry R0 AH €23 — o 1 5 3

(HPLC-MS), %A MIBRAK . #ERfRE . (HIA
FoR & m Bt I A AT R & FER KA
FASE F T B R B DA e Gais 7 ik
B 22 IR B S e s, RV o, BEA
FREAARAFAEAR B T LR L, 8 7 i — e,
T HEAG 22 2 R vy TR B ot iy Ak iy P
RE, TER A0 J LR R e il . Ana M S
% FH Nafion/CeO2 F1 1.0% SDS A& TR G HFNE
PRBBERR FAT, R 22 40 kil sz K BE R ) MG, G
P4 1.03x10° mol/L!"®, Rahman M &K & N 4x107
mol/L CPB BH & FZR MG AN INEbrEa e, H
MWCNTs 7K¥ERAE R FARSKI 58 7K 7= i i MG, £
TBRA 2.0x107 mol/L! ™, Ffp ek o 3 A2 361 A i i
1) B A SRS A S 2 N T A 2 35 284k
EW0. AHUBER 255K BRI . 35 AR Bl gk
. SOE B PUEBRAREE 25 S m s>, A
FEIRE T HOERE I MG, B R E e R B A%
HRE .

ASCRA Chitosan (CS) F Graphene (GS) AR A
&1 A L, DLAE BEE R [E & . BuChE i il #%
BuChE/CS/GS/GCE 9Kt i&ds, g sr—Fhit
T R BN E 7K = i R LA A SR

1 MR5ERE

L1 AR5 A

fLERLZ (598%). FaflEask (>98%), %K
VG AG 22 B A PR A 5 S-AK T 9 % 4 At AEL ek
(BTCi). | RtAHBEEERF (BuChE), gl A4Rl
FAHMRAT]; 555 (Chitosan, CS). BEFRZE M
(0.01 moVL PBS), bW ZEEFAMFBHIAMR AR
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fis8)f (Graphene, GS), JLHRIfER}SERHEARA
Fls 50%K T, REET RGO
fg. EhIRFRNE. Ol BASTRETS N at, KA
KRR E R AR AR, WHARKETR
ER; WK N TFIK.

12 (L& 5#%

LK98B 1T B A 2204 R Ge, K== J1RHE
PHFEBEARERAT; —HIRARSE. BN, L
CHI {X#8AF]; FA 2204 TR, Lilg#E R
IXEFA IR A F]; KQ 2200 AU A GEVAY,  E Lk
FANEA TR AT : GZX-9070MBE 7 H gl )X 14546
RN A PR A R RIS

1.3 ik

1.3.1 @ARTAR I VAR Bl 48 ) &

BIBREN (EA2 3 mm) A ALOs ¥iK Chife
0.05 pm) FTEEMC AR, 85 FAKIRAE 50%HHER
ToKCEE. LBEFKFBHIERE 3 min, SREHHKHE
WA ERTARH -

TERIFRE 0.02 g GS T 10 mL N,N-— FI 5 F i fi%
TR PR AR EE 10 min HIFYI 5150 5L 0.02 mg/mL
(1) GS i HERFFR & 30 mg CS T 20 mL 19 1.0%
VKSR A5 A0 EE 10 min #1759 1.5 mg/mL CS =il
F4I8 CS:GS=1:2. 1:3. 1:1. 2:1. 3:1 KRR ELHIFFANE]
e LR A BT, S ALHE 20 min, HX RSB
MR 5.0 uL T T Bk AR T, fELLAM T E 1S
CS/GS/ GCE &1fisitl, T4 CHLAaARAH .

B 5 mL (] 50% % [T 95 mL (1] PBS ¥
W1 2.5% % . HERFRE 7.143 mg BuChE T
10 mL 2.5%J% 7 #i#3 8 U/mL 1) BuChE BEA W »
HEFIFRER 0.5 g ZFIMiESER A (BSA) T 50 mL BIRZE
MIETAT 1.0% BSA 351 BX 5 L BuChE #0H IR
T CS/GS/GCE &1 il 1 39 CHET, feJaH 1.0%
()2 I3 B 1R AT, 1143 BuChE/CS/GS/GCE &
i, T 4 CABNIE%H.

132 R HE

BTCi JEAER 4% HERIFRE 0.0388 g BTCi
F PBS ¥%fif. 2T 100 mL FEIHHS 1.2 mol/L
BTCi KA, T 4 CALEF#AH.

BuChE BV )il %« HHERAFRE 7.143 mg BuChE
M 2.5%% G EAT 10 mL FEIEH1HE 8.0
U/mL B, IR DA K RN 6.0 U/mL.
40 U/mL. 2.0 UmL. 1.0 UmL, T4 CEH¥GFEE
H.
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MG HRUEATRIH %% HERIFKE 92.70 mg MG,
F 1.2 mol/L BTCi JRM)IERIE A TS 1000 mL %5
155 1.0x10™ mol/L MG FRYEVER, LA )5
WARIRFRREN 1.1x10°, 0.9x10°, 0.7x10°. 0.5x10°,
0.3x10°, 0.1x10° mol/L BiEEWRE W, T 4 CA
Fit A7 % o
133 BafE RS ENE MG

HALE S TTNENE SR =R R S, Bl
W e A A TAE M. Ag/AgCl NS ELHIMR. 4
24 Sk ER . LA 1.2 mol/L BTCi HIARAEVE R AR
K PEAEA R 288 AN 0~1 V, FEE
N 50 mV/is), WIEIREM . ERAT N, SR L
BuChE/CS/GS/GCE B#& i B AR Fi-/3ill .8 BTCi KA,
¢ J5 LA BuChE/CS/GS/GCE & i B el 5 [l B 25
A MG 1 BTCi [PV, BRH R 2 = T
B, 1d% MG X} BuChE |2 . CRAR SIS0 251
1.2 mol/L BTCi JEE#BCH] 1x10°° mol/L MG ¥ -

1.4 F &8 MG & LMG Byl &

141 & ReGRE

MRS AR]85y, HREI AT, HERRFR
B 10 g #95FES T 100 mL B0, IO 1.5 mL [
25%ER BRI K . 2.5 mL 1 1.0 mol/L X F S
W, IR 30 s, A 20 mL ZJF, 4500 r/min
E5.0 10 min JEHCEIEW, R 20 mL 25 E S R0k
&, A LIEB, M 10 uL 19 0.1 umol/L 4T
W e H O e 58] 50 mL AR 2R, T4 C
AR
142 £E 5@ 6mE

¥ BuChE/CS/GS/GCE &1l FE i i & 7E A7)
FEdh 1.0 mL+1.0 mL PBS (% BTCi J&#)) ' 11 min,
KAPEIEIMA 2% (FREAA 0~1 V, FfEAEE
950 mV/s), Wl S A e S FELARARL, SR SR
RIS SOl
L5 HAEZRIT M T E

CA_F 305 35158 20 P4 T SR A 1) T3 e .
izH SPSS 18.0 AT #T, VLRI Z= 04

(one-way analysis of variance) HHTRZEMEZER T

17341 (p<0.05), AHS )% iz FH OriginLab Origin
Pro V 8.0 %l

2 RGO

2.1 BuChE Bgf% & £ & MG #1122
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Fig.1 Electrochemical behavior on the glassy carbon electrode
7Z: a. GCE (BTCi); b. GCE(BTCi+BuChE); c. GCE
(BTCi+BuChE+MG).
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Fig.2 Electrochemical behavior of MG on enzyme biosensor
7E: a.CS/GS/GCE(0 Myg); b.CS/GS/GCE(1x10° Myg);
b.CS/GS/GCE(1x10™ Myg)»
FIHFEARZ (Cyclic Voltammetry, CV) ERFFT
7 S-llfk T AR AR AREE (BTCi) HIHEALZME . T
FEREAREERS (BuChE) XJ S-ffltfb T BEAwA SR AR fi AL
VER AL A g HAHIER, 4558 wE 1 s,
la UtHH S-RL T BERRACHRIEGAE GCE Hatl k4 1 HL
AR R N, e CV R BITE 0.45 V F1 0.8 V
AN ELRIE, 7E 037 V F1 0.7 V HBLPIANE R
W, UiEH BTCi 227 W7 S8 A S5 s B 1b KAH
BuChE {4t BTCi /K i A NRBSAR IR AE GCE HIAR & £
AR E RN, H CV ERBTE 0.6 V HIL—
ANMEALIE, FE 042V B —NIE TR, Ty HLIE HLR
FEHGK, 1X 42 [R5 BuChE g BTCi 7Kg E BT,
T ARG F A 2 AE A St — 28 SE ), [RIR 350 B
BuChE F§Ih & 2 7E GCE itz b Bl 1c #RfER
1 (BTCD F1&4 1.0x10° mol/L W FE ) MG It} BTCi
A EAEIR CV &, S5 5K WI7E BuChE A
MG FFEIEIL N, BTCi UL J5d i A — Ak
WA — Nk SR, T HL L F R R N PR, X R
MG 5T BEARBEE RS AL 25 G4 g 1, A
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1§43 BTCi /KA R, sz BTCI KiR
PV AL BRSS9 L
B

FIAPEAR 221201 50 T BuChE/CS/GS/GCE %
RERIRAE, Wk 2a R, 455388 BuChE/CS/GS/
GCE BHEIR ARG A G IR K 7 1.3 f5 A, /&
oA S (GS) RPN, HTBRERE. HFEME
REZR HH BE S ek AR SR T Fe - Pusi A%, 17 CS 4544
HE KRR, OBREBEMEIE i EREE, R
UFAEIAR I BB RERE R IE GS Bk 1] 2b Al
2¢ NTEJEY (BTCD F43 5154 1.0<10° mol/L.
1.0x10° mol/L ¥ ) MG [ BTCi #E BuChE/CS/GS/
GCE P& ks FREH R 22 B, eHEE S nT 5 MG 1]
DA BuChE B 14, dEifi s BTCi K LK =
VIR AL =R R R B, HS MG IRIRFEER R,
MG WFEROR, #i e S8R5, BTCi KR AL
2N/ TN T S E A

22 ERAHEMRL
22.1 R pH 845 & B 5 W A8 B v

40 —pH=5 7
35+ —pH=6
—pH=7

I / nA
=

010 0.|2 0i4 016 OI.8 ll.O
XA

&l 3 7[E) pH AL AR N0 S2 R SR A2

Fig.3 Effect of different pH on response current of enzyme

biosensor

WHFC T R BT pH {EXF BuChE/CS/GS/GCE
i IR e L R RE R, — Ok pH EZEAPIA
3 TR AAHEN 2 RO AR 2 LA, — 5 THT I 5
BE TG IR BRI H, 55— AN B SR A
TER e ARSCHKIME pH=5+ 6+ 7+ 8 F&AF T EHHEALK
Yrxh N A IR AT L, HT ] 3 FTRIFE pH=4. 5.
6 IRIRIESFAE FEREIEA TR, Hpfe B AR R SN
AR FAIEPA IR, pH=8 B TR
SRR A RS T B R A A B LA R A RS
), BRIE SR AR B SN LA KK A= e AL A S s
JE S RIS SR, T pH=7 I B 1 de R, o
AR R IR, DRI R 2 R U TR pH N
7o
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Fig.4 Effect of different inhibition time on response current of
enzyme biosensor
43 5%+ BuChE/CS/GS/GCE B 1 B 4] 2.5+
8+ 11. 14, 17 min, R/ FHPRIBEFMRZENE,
SERANPE 4 fiw, 4E 2~11 min B RIVEEIN, BEH MG
5 BuChE 3] Ta) Fr 39 m, A g i CRITG
AR R N FLED IR, HLAE 11 min I R
HIIR B, B SIS TRIE I, P e i B H
WA TR, ULBLE 11 min B, $PHIZEK, [H
IS 25 FEASII 1], BT DA FE A A0 IR (8]0 11 min
223 BuChE [ B i& 5t B s B 35 of B, I
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Fig.5 Effect of different enzyme activities on response current
of enzyme biosensor
HIKMSE T 1.05 2.0~ 405 6.0, 8.0 U/mL BuChE

Xof WA SR R 2 FLR I SEM], BRI N 5.0 pl, 45

WE S fos, 16 1.0~4.0 U/mL, BEERESIEK, Bk

JERAR IR S FRI R, BERITE 1.0~4.0 U/mL G A A

78 2 HLREAE B E G K MoK, BEAE RE R AR SR X,

FLma B R ST, S UONBERAEIRrT A

A RIETE, B SR 2 MRS MG AR g

JoH A A, PR b g 45 e T E BV Y 4.0

U/mL.
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Fig.6 Effect of different ratio of CS and GS on peak current of

substrate oxidation

CS/GS RAR I B e A P 8 A FRLR AL
AR IIRCELIT S, $%HE EIA 1.3.1 B EcH],
W T CS 5 GS WIARIEL A 3:15 2:14 1:1. 1:2, 1:3,
SGLERE 6: EAAIA 1.2 IR A I
K, 3:1. 206 1e1 122 WP RO R BTG K, A2
N GS RIAK. HITHEE. BRI H RS
ek AR SR I F o AL, T CS difh & KER
B CBREIEA A S AR L ], RIS
PE. BUSRMERERER 1L GS iV, FTLAREE CS BiHE
RS S FELAS FRRL A5 3, BEAE GS 4RSI H s
AK, ZEH GS T CS GiaFikFHRok, Arilik
P CS:GS M 1:2.

23 MG 50k dh &

TERMRIR &N, FIALERRNE (Lsv) H
BuChE/CS/GS/GCE B A& IRVl 418 1.3.2 Fi]
A9 1.0x107~1.1x10° mol/L A [F] MG ¥ /& S AL
S . H P 7 T MG ARG B B S
JEFE 1.0%107~1.1x10° mol/L & FEl P ik H 2k itk 5
F2: Ip(uA)=-6.97CMG (umol/L)+22.805, (R2=0.9885),
HEARMEIMIBE Yy 2.8x10™ mol/L(S/N=3). 5 Nurul H
A P SCHRIRTEAHEL, A7 b gl ks
AW, TR NP K= MG 5k

Bt .
35
30 2-
| 2 28
ol 22
<3_ 15 0002 04 05 08 10 12
> YR / (umol/L)
10
=
5 -
ok
51
_10 1 1 1 1 1 1 1 1 1 1 1 J
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7 TNELIRE MG 3 RIE ISR R IERF
Fig.7 Effect of different concentration of Mg on the peak
current value of substrate oxidation
E: A MG ARl XK.

25 RAFEREFTIRE. RTEmEAL

BT 75 MG S5HH AT LMG P WK fh
T WA FYIER B RN MG W
PR FLIAL IS o ] 5 U O R % JRRER A2 7001 2
LMG. SFR. Mg~ PEmE & ESJmAT. . o
(K] BTCi BB, SR RIS 18], 005 FL g A g
SRR B, IR AE AR WX L FHZ K i
TR FLAL A SRR W KRN, RIS ARA)
JFORT RS BT T I8, 19K B L RS I T R AT
Wil & U IR AL A B T4 CROGIRAE, 7 d J5AHTE
ST REATREN, HIRUE AR ANE 8.7%, R
AL RER IR E PERT . 43 i s AR IR 3 3¢
WAL s, M [R]— IR EE MG, HEX b A i 22
6.16 %, RKWIZHUKRFE IS EIERSS -

2.6 FFdF MG 8 E K AndR E gL 5e

PR 140 WHTEAREERE S, SRR RO,
FHR 1.4.2 ME R BEARE S, ARADNHE MG X2
PR SERRREA AT AR IR S8, AR R 2 =
U FF R AR AR E R 22, AR AR T (1)
SRR 96.35%~99.78%, FIRTFRIEM 2 2.0%~
2.6%, ZERWTER1 PR,

xR 1 HRPLNG SENENER
Table 1 Results of determination of LMG in samples (n=3)

H Heu T AL/ (umol/L)  AeAFE/(umol/L)  MEAA/(umol/L) ELE/%  ABsTARAER £ @0=3)/%
0.2 0.1939 96.35 2.0
UEHS 0.0012 0.6 0.5937 98.75 32
1 0.9990 99.78 2.6
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W R SGEFE . BuChE ALY AL FE L MG
F0i1] BuChE ¥ 14 (1) AL 52 S SRR s Ak T 4oKmgA%
SRS R & SR A AR 26 A, TS T DK AR I E
PUg I & MG FIRIE TR . ZetEa Rl R PR
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MG BRI, EAfREYOE, mRereer. R
s PR ACER AT AL A, T NH TOKE R LE A
SRR I 52 o
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