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Table 1 Type of chemical reagent
RS B 4 CAS %%
IR ARG 25 g 7761-88-8
Kl ARGPIR) » >99.0% 500 mL 62-53-3
TMB & ¥ ARCGPIR), >99.0% 25 g 64285-73-0
FEAEZCEAR ARG, =>99.0% 100 mL 919-30-2
HAE ARGPIR) 500 g 14431-43-7

1.2 SEA#HRKFE

b B 41 AL R R A Tk A Ag/PANT 44K 5
D2, 4 10 uL By 3-E N I = Z R L ik b (APTES) Al 4.6
mL 97K 73 B A E] 50 mL iR AR, @B 5 min )5,
fInA 0.5 mL AgNO, /KiEH (8. 63 mg « mL 1), 4kLes S
F£ 5 min, [8) FAREE A INA 10 L (7R KA, SRR RE 7 B
RN 4 b, 5ERURIEIG R G AgNO, iRt 2. e
FFEN 0 7= KA B4R e U 2 W B8 IR 13 TS 6 B o
B PT R 24 e, SR B TR AT R ARk B A M R R R
Fit B K B IRV (3 mg + mL™) , Sk T AT X H Sz, )
BEM 7 (0.5 mL 20 mg » mL~" HAuCL) #4 T Au/PANI
YUK AR R
1.3 EEFMW R AR SERS & £ & B # &

4y ML 30 pL BEPR B vh W (pH 4. 00, 10 uL 1y TMB
BRI 10 pL B Ho O, (30 % 7K 5 W0 51 2 M K B, 7 wL
YUK A A b RE OR [] 4 BB BE 0 3 45 51 W) 1) K B 3 8 (3
mg e mL™Y), FHRILTIHA B CEH ANE D, % 30 s 5l
FH B 2055 W IBURE R AT L o S i A

%W%? TMB%’ Hzozﬁi}?c Ag/PANI »
AN AY 4
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Fig. 1 Schematic diagram of the order of addition of various

substances in the study of enzyme activity
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8 FA il v T 2 1 BE (SEMD Xt 4 K 52 & b4 R4 1 1o U T
BHEATRAC. [ 2 B8 T Ag/PANT 75 [A] R A5 T
SEM FEM% , R AFHCH 25X 10° F1 50 X 10° BfLAn & 2 Ca) A
(W PR T, LA B 99K BOR A A 2 LR A, HOR/h Y —.

SR HCE RLAE S S RLIE BRI o 25 R 7 HE — A2 1 O
2Cc. 7R > T LG HAORBURL R /NME 50 nm 2245 . 704l
oy, BEARR. MLILZT Auw/PANT 94K 5 & 44 RH0RL
BR. RZEHER, DREHMER, KDY 2 pm £
Ao WAh, ARSCGE T EDS REGE S 2 — 2 BAE 1 KR UL R
PANIHI Ag By &5 MR 018 2Ce) BETE B BT 7R .« 49 K KL
M C. NIl Ag JTLH AN
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(d): 200X10%; (e): Ag/PANI f) EDS fE#%
Fig. 2 SEM image and EDS energy spectrum of Ag/PANI and
Au/PANI nanocomposites with different magnification
(a): 25X10%; (b): 50X10%; (¢): 100X10%; (d): 200X 10%;
(e): EDS energy spectrum of Ag/PANI
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Fig. 3 Schematic diagram of TMB oxidation by nanoparticles

as peroxidase reacting with H, O,
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5%, 76 pH R[S ol ia R, % RN R A7 0 2 ' 1% DU
K (REH4rF R oxTMB), JEE I 1 611 cm ' 4b iy B & 0
NI G E W pH 4.0 B 1611 em ' ALy SERS 38 B2/ A5
WEH L. ATRLE LR E S M EAE pH 4.0 i), o & 1LY i
T P s OF 2Ll I B3 I pH 4. 0 B2 Wi 80 «
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Table 2 The components of different reaction systems

and corresponding visual photographs

I 1T 111

v
Ag/PANI - + — +
H, O, — + + —
TMB — + + +
NaAc + + + +

N T HE— BRI Ag/PANT 1F Jy i3 4 1L ¥ 6 i 1k 4 1k
TMB (3% . 6 Bk B 8 K i H,O, (107" ~10 ° mol -
L™ 5 TMB R, T Hne e ik, 258 e 5 it
/N ATLLE H oxXTMB [ HL 8 WA SR W5 06, HLIRH & 4B 6 ik
TG, Bt 1189, 1334 F1 1 611 em ' &b oxTMB fy
L W 0 FE A 2 PR A) LA M AEAR S B Y, S B R R R
KRME S PR, FRl2 1 334 om™ b @ W (SR BE . hy
Tk —55E Ag/PANT (I HE L F Au/PANI, Xt B F 44 >k
UKL 5 A TR e B /9 Ho O, 47 TMB & {8 [ B . JF dE 474 8
FEREML, B 1 611 em™ ' ALY B B W E AT AL A . AR,
Ag/PANI H. Au/PANI BLAG S5 M AL TG . 31X AT e

T FRFEREE . 9K TR 5 PANI £ 4% &
AR 5 B0 4 K JB0RE A, DT 52 1) T 48 oK 50K 199 44 1k 3%
R
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Fig. 4 (a) UV-Visible absorption spectra of different reaction
systems; (b) A pH-dependent response curve measured
at pH=2.0~8.0

I=1/I,, and I represents TMB at 1 611 cm ! SERS intensity in dif-
ferent buffer solutions, and I, represents a TMB intensity at 1 611

1

cm™ !in a buffer solution with pH 4.0

2.3 HEBBEENWR

7 % W B AL B (glucose oxidase, GOD) & & & Tl —
PP B0 ol I, )z T R R AR I R AR AR IR
T AT A AL 1 mol A% HE T ZHAE 1 mol I AE L
1 mol H,O,: C;H;, Os +0, + HO—>C;Hy; O; + H, 0, ,
S 7 2 A M A I A S T DLV S HL O, 1R
T8, 29K ORL B AT 7 45000 A AL R v, W] DU GOD
AT 4 0 AL R R R ELE AN 6 TR

22 K AR [ I 5 A A 2 A SR T A o S A
PERS . 75 TMB B 5 68 5 298 K A0RL AT LA y o B 1
BN A A RR I C  AEREAS RON S AR R A A
WhA LB S5 AW RN, AR Ho Oy [ O i Ak i
EH— L RMET HO, WEMT, 5 TMB &4 B .
JRERNE 7 BN, HA 7 ) FA SE 9 K A R N R A
S Ak o A Ak R B 9 SR S TMB Y S €8 ) N 42 i T
H, O, » [ 7Ch) #8532 40 K UKL AR Ry i S AL W 5 H. O R
N AL TMB,
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Fig. 8 (a) A pH-dependent reaction curve measured at pH 2. 0~
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Fig. 6 Schematic diagram of nanoparticles as glucose oxidase
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Preparation and Properties of Ag/PANI Multifunction Nanozymes

ZHANG Lei, ZHANG Xia* , WENG Yi-jin, LIU Xiao
School of Materials Engineering, Shanghai University of Engineering Science, Shanghai 201620, China

Abstract Surface-Enhanced Raman Scattering (SERS) is an analytical test technique that uses metal or metal nanoparticles as a
detection substrate. It can be used to characterize molecular vibration information with good reproducibility and stability.
Nanozymes are nanomaterials with catalytic functions. In recent years, the research on the catalytic activity of nanozymes has
developed rapidly, which has aroused extensive research interest in biology and medicine. Nanozymes can avoid the characteris-
tics of easy inactivation of biological enzymes, exhibits high stability and good catalytic performance in water or buffer solution.
It has broad application prospects in the field of catalysis and enzyme kinetics due to its catalytic activity and simple preparation
method. However, the research on the combination of SERS technology and the simulation of the catalytic activity of biological
enzymes is limited. Most of the studies use UV-visible absorption spectroscopy to analyze the catalytic performance of
nanozymes. In this paper, Ag nanoparticles in the PANI matrix were prepared by one-step self-assembly redox polymerization. In the
polymerization of aniline, a composite of AgNO;-(3-aminopropyl) triethoxysilane (APTES) acts as oxidants and structure inducers; then
the reduction of AgNO; is accompanied by the oxidation of aniline, resulting in the formation of Ag nanoparticles within a PANI matrix.
It can be found that nanocomposite can function as not only peroxidase and glucose oxidase, but also tandem enzyme, which directly
reflect glucose concentration by oxidizing TMB. Therefore, SERS technology and simulated enzyme catalysis research are combined in

this paper, and SERS technology is used to detect H, O, , glucose and TMB more quickly and effectively.
Keywords SERS; Ag/PANI nanocomposites; Nanozymes; Tandem enzymes
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