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AuNPs-NH,/Cu-MOF)J K& &M kL, F#4 a8 7 2. 1t A0 88 G 1 (acetylcholinesterase, AChE)f&Eas Xt 3% th ik
HHATER T, F3E SRR B SE5E R (carboxymethyl chitosan, CMCS) 2k 285k 7], AuNPs-NH,/Cu-MOF
%71!%‘ MERERE, AR HLA (glassy carbon electrode, GCE) R T fEHLM, #4%H AChE/AuNPs-NH,/Cu-MOF/GCE f&)gk
o M RE XTSI | P AR | S0 R A DL Ak, A R O S R AR SR, X S P EOEE HEA TAS 3HT
£5R  AuNPs-NH,/Cu-MOF AUEAT RAFHF iR WA ZR M, 3 nT LUK BEFE P32 HE 5 2 i He fal o7 1,
H RO AL IR i R U TR TARSMER, 76 1.0x107'°<1.0x 107 g/L 22 ], Hiek 1 B8 /Y 1 4 805 Hoxd
LRI AN R LR MR R, M BRI 17951107 g/LAEAMHIZR 10%3H50) . AR ISR AE 96.28%~103.20%
Z 18], N2 SR OB RIS — B, PRI R M | RE MR, X LM Pb™ L Zn®" | NI
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Detection of dichlorvos in vegetables based on gold nanoparticles/copper-origin
frameworks enzyme sensor
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ABSTRACT: Objective To prepare aminated gold nanoparticles/copper-origin frameworks (AuNPs-NH,/
Cu-MOF) nanocomposites, and construct a new acetylcholinesterase (AChE) sensor for the detection of dichlorvos in
vegetables. Methods AChE/AuNPs-NH,/Cu-MOF/GCE sensor was constructed using carboxymethyl chitosan (CMCS)
as crosslinking agent, AuNPs-NH,/Cu-MOF as modified material, and glassy carbon electrode (GCE) as working electrode.
The optimum working conditions of the sensor were determined by optimizing crosslinking agent, enzyme immobilization,
inhibition time to detect and analyze dichlorvos in vegetables. Results AuNPs-NH,/Cu-MOF not only had good
conductivity and biocompatibility, but also could provide more contact sites for enzymes and substrates, which could

effectively improve the sensitivity of the sensor. Under the optimum conditions, the negative logarithm of dichlorvos
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concentration showed a good linear relationship with its inhibition rate to the sensor in the range of 1.0x10'°-1.0x107 g/L,

the limit of detection was 1.7951x10™"" g/L (calculated according to the inhibition rate of 10%). The recoveries were

96.28%—-103.20%, the detection results were consistent with the result of high performance liquid chromatography,

and the sensor had good repeatability and stability, and good anti-interference ability to common Pb**, Zn**, Ni*" and

Cd*". Conclusion AChE/AuNPs-NH,/Cu-MOF/GCE is easy to operate and rapid, and can be used for detecting

dichlorvos in vegetables rapidly.
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HATIE . &R BREOWE SR, el A7 bz
WM B S, AR S PG R R AN
PR 5K P 1Y 2 Tk HE RS G fiff (acetylcholinesterase, AChE)45 &,
SRR RGeS, A A k& %o, M
T SEREAR, PEHEE T, HA I SR e A
eSS R

BT, 56 T RO MRy vk F 2R = RORO 415
#(high performance liquid chromatography, HPLC). #j&
L DENTR A0, kST vk B AR RSB R B A
Br, HHTIAEERIEE TR AT R BRARSE B G, A
3 A R e A AR IR R T A
BEAAATUIN . BRI . ARSI A, 7EXT B e
FE R AT AR R S . BRTE RSN RS
Brider e 2558 B () 7 vk E 2 AL F R . G
SRR M R B A A B i Al B G I ok B AR
FIE 8% SN A 24 5% B RN, (R SR BROREAIG, A RS L R
1R AR BAR B AR AR 0 PR AR G iR Rk, (H 48
VEE . AT, T HLBE A 24 0] A5 00 i 2. 1% AR s
T 6 X A0 T FEL A P e A0 P ) 75 il £ 40 £ S 1 riL A
SR IN J  BA R R RSB AT . ma R R L AR A
BRI . ZAE TN Z TROBESER S, B
Tor A HLBEA 25 5% B I BRARU T T Z — o (HE TR AR
o3, HAR S BHBTAR, BB IR T B AR 3R T 2 3 BUE J
fn RPUEREAL, ELHl—F 2Rtk . aa: . WS
PEUF IR TR 52 bR ) 2 o S 1 A ML i
AR HAEERE L,

YK KL F-(gold nanoparticles, AuNPs) LA L. F
HLME L HRIE AR A S RS AL
%(metal-origin frameworks, MOF)%*@E%%@%W ]
FBAEL, MOF R HA £ 5 & AR HEA RIFryA4:
PIARZED S A& S AChE B3R, FtL, ARFSEZ 4
AuNPs Fl MOF Wflt RAFetE, & HAA REFSEME. itk
PR AR Y AE 2 0 A 9 OK 4 /4R A L E 2R (aminated

nanoparticles gold/copper-origin frameworks, AuNPs-NH,/
Cu-MOF)ZKE AR, JfHy i B fY AChE f& /7%
K SEBUNS FRL R B DR S BT, A s S R O ) R
JE MR ik
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1.1 R

SRHH[Cu(NOs ), 3H,0] . AP . BRI ALER (S T4t
FHET ET AL TATBRA 1)), 1,2,4- 3= HIR . Tk 2B (ST
ali, ERTTECA AL Tl oEin); Eamarbrat, Jsd
TRREY A BRAF; 2-5idE L Me(orpral, iRt TA R
N H]); C3389 LMEARGKERAG . 1L £ WERH (acetylcholine
chloride, ATCl), N-J25E T BRI | 1-4.36-(3- L& KN
FLYRRIE — (o al, 35 Sigma-Aldrich 23 H); BRI
Fezli, o EESZ B ERIN.

A3, TSR .
12 UFE5EE

JSM-IT200 4 B+ B i85 (H A B F R S 4,
CHI-660E {2 TAEu (iR HE R A F); TG12M
R LG R LA R U3 A B H); DZF6050 B4 T
PEFE (P B S I R A AT IR A H)
1.3 REHE
1.3.1 AuNPs-NH,/Cu-MOF # #| &

Cu-MOF il 12 FREL 1.75 g £ Cu(NO3), 3H,0 Fl
0.84 g i 1,2,4- 2K =HERT 100 mL 4P, K50 Hh
A 50.0 mL JoK 2B, BidE¥s), B KBRS &,
60 °CH&M /KBRS HE A EATE, BT 60 °C&M4
THEE 24 h, BHEEE, 2. K, BEBTYT
100 °C&F T HE 2 T4 12 h EIF5 Cu-MOF % 1.

AuNPs-NH, #1412 B 20 mL APBTRENAM(5 mg/mL)
TnERE S, ERIZU RS T IA 3.5 mL ()54 R VA W
(10 mg/mL), $i#E 30 min TR NG, BWEHEZR.
B ) SR AN 5wl B9 2-F 5 2 e i (4.0 mg/mL)fs%
JipFE 6 h JERHR-A T 12000 r/min 25145 F B0 8 min, ¥
BLOPEY 8 BIRICK 28 | Ak S B 3 Ik, B A
YIT 30°CHM FE2 T4 6 h BI75 AuNPs-NH,, %5/,
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AuNPs-NH,/Cu-MOF [l %: #KEL 100 mg ) Cu-MOF
F 50 mL#EIEHH, MILA 20.0 mL JC/K 28, #7508 10 min
Ja LA 100 mg (9 N-JREE T ZIBEERE AT 190 mg 1
1-Z.3E-(3- W LA L9 B0 )ik ok — 0 fe, W% i 44k 40 min,
5 A R A 10 mg il £ 47 /) AuNPs-NH,, 4k2id
$£ 90 min J5 R T 5000 r/min 2544 F 250 8 min,
BUDTEMI I IOK 28 B e 3 W, BHA T
30 °CAk 1 F HAs T4, RIS AuNPs-NH,/Cu-MOF, # .
1.3.2  AChE/AuNPs-NH,/Cu-MOF/GCE #3 %\ 4

B 1% H, % (glassy carbon electrode, GCE)Z: % 3 ik
[16-1814b34, HERAIZEL 5.0 uL B AuNPs-NH,/Cu-MOF 43-#{
W (1.0 mgmL)¥ A %A fE GCE % im, Eik T4, 5
AuNPs-NH,/Cu-MOF/GCE, # . #EffIRE 2.0 pL 0.3%%
F L 72 B (m: V) 4.0 uL i AChE (0.1 U/uL)#1 2.0 uL 1.0%
A MGEE AT M:Y) (F7 LR TR L) T 200 pL &0
o, 60 s IRA S, SRJEIRI 4.0 uL ITR-A R
A% HITE AuNPs-NH,/Cu-MOF/GCE 21, 4 °C T H AR T4,
{178 AChE/AuNPs-NH,/Cu-MOF/GCE 1% &% .
1.3.3 AR W &KL S

K %479 AChE/AuNPs-NH,/Cu-MOF/GCE 433
XF 1.0x107"~1.0x10~* g/L S HEA T3] 8 min, 435318
HHOR RSB T Al 2R, R il i i 28 5 BER
TR SO BRI AR A £k
1.3.4 Adnsse

VIR SRR G2, 7S A 38 2 BRSOk [ 1913E 4 T 4h 28,
A3 BRI B E R 1.0x107° 0 1.0x10° 1 1.0x1077 g/L §
B INBR ARG, X AT R BT o
13.5 #¥ma 3

K Origin 8.5 HEATHRE /> BT ANAL BT,

2 GER5HH

2.1 AuNPs-NH,/Cu-MOF K57 3= 1F

K FH 3 4 8, 7 55 734 8% (scanning  electron microscope,
SEM) il % 479 Cu-MOF F1 AuNPs-NH,/Cu-MOF HE1TE
PRAE, HERWE 1R,

7: A: Cu-MOF; B: AuNPs-NH,/Cu-MOF,
K1 Cu-MOF Fil AuNPs-NH,/Cu-MOF (1) SEM &
Fig.1 SEM images of Cu-MOF and AuNPs-NH,/Cu-MOF

B 1A 347 AT 51, Cu-MOF =4 Zikgst, HE

T, 33 AT LAy 40 B B O 22 i i e 05 ),
1B AT AuNPs-NH, NERIES5H, 53#7E Cu-MOF (3
1, HEBKNLN 50 nm, XIEFE N AuNPs FIHGIET
il 28 3L J5 AT LA 0 AuNPs 5 Cu-MOF (%04,
XHLULEH AuNPs B8 & 21k .
2.2 AEMERAFBABUFERIE

PL 10 mmol/L MBI N R BRI 3 HIX GCE.
AuNPs-NH,/Cu-MOF/GCE Fl AChE/AuNPs-NH,/Cu-MOF/GCE
WA 738 B (electrochemical impedance spectroscopy, EIS)#
fiE, Z5RA0PE 2 FR.
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7¥: a: GCE; b: AuNPs-NH,/Cu-MOF/GCE; ¢c: AChE/AuNPs-NH,/
Cu-MOF/GCE,
&2 OR[EfL IR EIS Mk

Fig.2 EIS curves of different sensors

M 2 Algl, GCE FH#ih 412.25 Q, AuNPs-NHy/
Cu-MOF/GCE FH#i 2/ 150.64 Q, 5 GCE # b, FHHTHAL
T 63.46%, %42 Cu-MOF figfg g ik o 34k )L
i B AL 22 A 5 P AuNPs ELA R M S e, il
AuNPs-NH,/Cu-MOF #Ef#%H 3 %AL GCE WBHHT. FFET
1, AChE/AuNPs-NH,/Cu-MOF/GCE HIBHHT Ky 857.08 Q 5
AuNPs-NH,/Cu-MOF/GCE MiLt, BHFTHEE T 4.69 15, X &
K24 AChE K&K T, HAGHPRAK, HitF8
LI A BB, X il AChE B 2RI [# &
6T BRI H AR B e R 8] T AR AT 1SS e .
23 FEMERESBHBELFTAH

LI pH 7.5 B8R ZZ il (phosphatic buffer solution,
PBS) y Hi fff Jit % W, 4> % I AChE/GCE Hl AChE/
AuNPs-NH,/Cu-MOF/GCE %} 0 1 0.5 mmol/L ] ATCl if47
55 ok AR 2 5 (differential pulse voltammetry, DPV)¥ 4,
SRJGFHI AChE/AuNPs-NH,/Cu-MOF/GCE H il A fi i
LR R 1.0x107° /L, S0l 8 min J5 FXSH T T
DPV {33, /- 3ic 5% DPV #hsk, HE5RILE 3,
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#E: a: AChE/GCE (0 mmol/L ATCI); b: AChE/GCE (5 mmol/L ATCI); c:
AChE/AuNPs-NH,/Cu-MOF/GCE (5 mmol/L ATCI); d: AChE/AuNPs-
NH,/Cu-MOF/GCE (5 mmol/L ATCI+1.0x10° g/L. FHiE),

K3 ALY DPV ik
Fig.3 DPV curves of different sensors

M 3 438 ] A1, AChE/GCE #£ 0 mmol/L (1) ATC1 H194
i fbIg LI (oxidation peak current, 1))/, TMi7E 5 mmol/L
) ATCL B THE 1, F 1, 0.7145 pA, XEEN
AChE REiEAL ATCLK i A s UIa A 2 iR, HARALH
i FEL R 2 1T K A AR AL A DR RN, E T AR 1, AChE/
AuNPs-NH,/Cu-MOF/GCE # 5 mmol/L ATCl Hiy=A: /) I,
41.798 pA, 5 AChE/GCE #H:, 1,425 T 1.52 f%, &R
4 Cu-MOF FKIHHA F & W HRIEHEALN, A8 AChE 5
ATCl 4L R TR m AL 2%3458, H AuNPs HA RIFRI S
P, BEUEAT A P i T i S B R, 2 m L AR R
¥ . 2476 AChE/AuNPs-NH,/Cu-MOF/GCE il AFiEL 40
il 8 min J&, 1,24 0.7598 pA, SHHIRTAEL 1, AL T
57.74%, XA2R MRS 5 AChE 45678 Mtk Z BEiH
BRAERE, fif AChE ANBES ATCI 54, A T fit Ak S iy itk
17, 21, A, 4 0 T X B S B A B AT
24 AERZEEFIXTE BERAIS2 00

3HILL 0.3% (m:V)I% ¥ (glutaric dialdehyde, GD).5%
M (chitosan, Cs)FIR H FE53 I M (carboxymethy] chitosan,
CMCS) WA il 8515 B A%, LA pH 7.5 B PBS Ay HL i S
W, Xt 0.5 mmol/L /) ATCI #47 DPV $94#, SR ARIH AL
1565 %} AChE/AuNPs-NH,/Cu-MOF/GCE Hy54Hi, 45840
Bl 4 iR

M 4 BT, AEASE A ASHE I, AChE/AuNPs-NH,/
Cu-MOF/GCE #1531 1,47 0.687 pA, #ELA 0.3% GD A5
T A5 AL AR BT, #E 0.5 mmol/L ATC1 Hill45#9 1,4
0.946 pA, 1,311 37.68%, #iH] GD %} AChE #2ZI1R4F 1
B, FRERTIELL 0.3% Cs NASHEF i 4512 IRt i H:
T£ 0.5 mmol/L ATC1 HHAR [ 1,47 1.443 pA, 5L GD Mtk
I, #6781 52.49%, X EFEK GD AGHA#M, X AChE
FTE A RIVE R, W Cs IR ST, T8, ML
BRI A3 HVE R, 1M HEA R A7 00 BB DL A9

7, A8 AChE 487 RAFAOHEIREER, hre A sl
$#22 AChE/AuNPs-NH,/Cu-MOF/GCE 4 R 55 . ZE LA 0.3%
CMCS Hy 3Bk BF, H: AChE/AuNPs-NH,/Cu-MOF/GCE 7£
0.5 mmol/L ATCI FFlf31 1,24 1.798 pA, 5 Cs ML 1, 2
BT 24.60%, XEFN Cs BRI . HATMRT A AR
A, (BHARGRMEZ, T CMCS HA RIFHSSEREA,
RUBEAEELF FK YRGS, HEA R4 5 3 T R B2,
REMSAT RO 3 AChE 5 ATCI Ag3Efil, ImbRme b, 2
" AChE/AuNPs-NH,/Cu-MOF/GCE ) R %, [Hitk, 1
0.3% CMCS HAZEEF
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7E:a: 55[1; b: GD; ¢: Cs; d: CMCS.
B 4 2ZHEFHIXE AChE/AuNPs-NH,/Cu-MOF/GCE )0

Fig.4 Effects of crosslinking agents on AChE/AuNPs-NH,/
Cu-MOF/GCE

2.5 RRSHEFEHMK

SR 0.06. 0.08. 0.10, 0.12, 0.14, 0.16 U #J AChE
f13.0, 40, 5.0, 60, 7.0, 8.0 uL AJ AuNPs-NH,/Cu-MOF
JYER(1.0 mg/mL)i|4 AChE/AuNPs-NH,/Cu-MOF/GCE,
%} 0.5 mmol/L ATCL 4T DPV 493, JCHHFFTA ] [ 2 i Al
AuNPs-NH,/Cu-MOF A &4t % Lk as ), Hah i nie
5 Ffise

A 5 43K A%, AChE 1 AuNPs-NH,/Cu-MOF XJ 1%
AR YA B e, RS S B e R R N . Y
AChE [ #54 0.10 U B} AChE/AuNPs-NH,/Cu-MOF/
GCE X} 0.5 mmol/L [ ATCI [¥) DPV iR i dy, X2
A AChE F SR B A R fiE Ak FE AR F THT Y ATCLK AR, (HAZ
JRRAEE A R, 2Mid £ 8 AChE B4R RS,
1t £ 19 AChE A REAG R 5 ATCl 174, PR R B4
bR, H AChE AEAFUARSF, AEMHETEKR, Mt
i Zn & SEAARSHEIH K, B 1.
AuNPs-NH,/Cu-MOF SR REMS IR AR 1 bk, A
TR S N SR 22 BT 67 s, F Y LA it 22
SRR A SR Z IR, S 30S 2 0 E PO s
B AN =i R N4 T (1 O I 1 N
I, 7 EFriR AChE (REIZkE#EE 0.10 U, AuNPs-NH,/
Cu-MOF (& ZEEL 5.0 uL.
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MR/

5 AChE (a)Fl AuNPs-NH,/Cu-MOF (b)X]{£ 828 5 5% Wi (n=3)
Fig.5 Effects of AChE (a) and AuNPs-NH,/Cu-MOF (b) on sensors (n=3)

2.6 IR [E] 1% BRER BO RN

KT 454319 AChE/AuNPs-NH,/Cu-MOF/GCE it
0.5 mmol/L ATCL 47 DPV J4, iCst 8 b 10, SRS
T A i ARE A LT v 1.0x107° /L, 43H% 2 min
XIS DPV 94— o e SRR LR 1o 1pa s
lpno AR T IR =(1 01 o) 10 7138 H HAERS 2 min F)
iR, HeERanE 6 Bk

~
(=]
1

/i/i
/i

/%
BERERELBLR3A

2 4I|- I6 é IIO 1I2 1I4
Hi}iE] /min
B 6 Al s ) X Bt P A 23R 1 5 il (n=3)

Fig.6  Effects of inhibition times on inhibition rates of sensor (n=3)

HH L 6 FIAT, BRI X A% IR A A1 ) 2R B2 SR B 25 410 i
BF ] A E A, SRR i, AR A SR B AR HL 2 8 min
Ja FAD R R m ks T, XOEE Y, WA B,
HL AR R T ECECR 4> FFKY ATC1 5 AChE SEMISSAE
BRHA -7, HADHIRCRZ W TR0, N, 4%
AR A TE] L B 8 mins
2.7 FrERZRLRE)

7 5 AR 3 5 4% 4 R A & 45 19 AChE/AuNPs-
NH,/Cu-MOF/GCE 43 5%f 1.0x107'", 1.0x107'%,
1.0x107* g/L Sfci gt A iAo, a5 e 7 s .

PN 7 RN, RGBT v B 0 o 0 O AR iR
HIAMHIZRTE 1.0x1071°~1.0x107° g/L BRI R R, Ly
Y=-7.9291X+94.9676, r’=0.9973 [X Jy ki F ik ¥ (g/L)

MG XTEG Y IR, %], K HBRy 17951107 g/L(Hk
I 10% P2, K BRAAE . Rk A .

65 -
oF B
55 -
50 +
< sE i
’;%*40 T s0
g% '*%40
30 "E 39
25 L&
2
20
sL V5% 5% 5 1o —
o JeEERey
3 4 5 6 7 8 9 10 11 12
—Ig[HEHR/(g/L)]

TE: PR BN R APERLA I
P 7 TAORCEE A e A 570 0 S T o R ) ) D6 7 2R (n=3)
Fig.7 Relationship curves between the concentration of minus log
of the mass concentration of dichlorvos and inhibition rate (n=3)

2.8 SCRR#E MmN
DAAS Hi A 3 R SE bR, At 1.0x107°, 1.0x10°°
M 1.0x107 g/L BEECE BEF TR [ iR 58 I 1 HPLC
Ko B uEf 7 e, HgE R IR 1.
£1 HHERNERN=3)

Table 1 Detection results of detecting dichlorves (n=3)

Jr IRk B e 00 e EIR AT hr v 2
" [g) /(g/L) 1% 1%
1.0x10°° 1.032x107° 103.20 0.982
AR 1.0x10°8 9.735x107° 97.35 1.273
1.0x1077 9.628x10°" 96.28 2.518
1.0x107° 9.897x107° 98.97 1.014
HPLC 1.0x10°* 1.014x10°* 101.40 0.823
1.0x1077 9.803x107 98.03 1.197
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MFE 1 ATH, KA AChE/AuNPs-NH,/Cu-MOF/GCE
FF TR B INBR B R 96.28%~103.20% 22 [6) H K 45
Y5 HPLC #ligh R —a, Wm R .
29 fRERSEIMTINEMRR

AR5 1.0x10°° o/L BB oA 50 589 Pb>".Cu**
Zn®" . Ni*', Cd*'. Crt' A Hg®', W HPEA AR A, R
B AT P 6 0 e 52 fezs st IR, bt T3 Re ik
PEATHRSE, HE5 R 8 fis .

100:§ § §
mas

O
(=]

MHIER%

—_— N W A U X
SO OO OO O OO

4\@@ & Q,&; FFESE
e T ARSI sk
B8 AR B T XL R (n=3)

Fig.8 Influences of common heavy metal ions on the sensor (n=3)

JAIEL 8 T, S HRZE N 1.0x107 o/L BB poke 2%
40.996x10°° g/L, JLA 50 {595 WL Pb*" Zn" Ni**fil Cd™,
TR AR IS5 5 0.956x107°~1.003x107° g/L, 5% g
AR, HEmE/NT 5%, XUl AChE/AuNPs-NH,/
Cu-MOF/GCE Xf Pb**, Zn*", Ni*'fll Cd*A RIFAPL T
fE 1. A 50 fi5H9 Heg™ . Cr"fl Cu™ &, Xf 1.0x10° g/L
T e H %) A 0 45 SR 2 B R 0.764%10°° . 0.878x10°¢ Al
0.824x10°° g/L, 5%FHRLHAH L AF BRI T 23.29% . 11.85%
M 17.27%, X AT REJE R —J7 i Hg™ . Cr " fl Cu” il T
AChE 961, (LA AR 0859, o — I mT REE Ry
Heg™' . Cr' il Cu™ 5L~ Wi A HBAR S A, ki S 8L
W RO AR, X RS g IR A T PO L X Ul W
AChE/AuNPs-NH,/Cu-MOF/GCE % # UL Hg® . Crr*#i
Cu” Hi T BE J HIX 455 .
210 EEEMMBEMAR

FE S RS 25 T R I & 47 1 AChE/AuNPs-NHy/
Cu-MOF/GCE % 0.5 mmol/L [J ATCI ##7i442 DPV 4 8 Ik
X HCE A PR TIFSY, S SRR, 8 YRS |, AR X afie i 2
(relative standard deviation, RSD)A 1.875%, 1dHHH K% BEH0
I . WA AChE/AuNPs-NH,/Cu-MOF/GCE &
TFACHIEPRAE, EFR 5 dXF 0.5 mmol/L () ATCI 17 DPV
PR RS PEHI TR . 45 RW, 15 d J5 I mA
A SABRARAS 1Y 94.01%, 25 d J5 HAT AT A B B AWPIR A 1
82.07%, UtHIHAE MR, Atk fila, M.

3 4 i

BG4 T AuNPs-NH,/Cu-MOF 3 44 K b4 Rk,
FHEH AChE/AuNPs-NH,/Cu-MOF/GCE 1% J&#s %t ik 5
B R A TR A3 BT o BFSE K B, AuNPs-NH,/Cu-MOF
S ELAA AR DR B P A7 O R AR AL, LI Ry il
FURCH A S 0 $R AR T8 22 B2 Ml A7 i R (R 07 1 FR A 27 S g B
5 #1145/ AChE/AuNPs-NH,/Cu-MOF/GCE MY A BAI%
PR S BR R4 B ) Ze M 1], R B R R E 52 M AR
SEPEIF B R LR PbY . Zn?t, NiFH Cd* A G B T
PR, MR IR REA AHLA . AR
TR 2 AR DIINAEAE, RIS TR A &
FE N, XWRRSEFETR T EENE, S0
PR % S DR AN A LA A 245 1) By A B i i

SE Mk
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