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NaAuCl, « 2H,0(99. 99% , Sigma ) , Z5.0> 4 Jif
R ¢ (95% , Sigma) , 11-55 5+ — K iR (MUA,
95% ,J&K) ,N-(3- W HEfig ey 2k ) -N'- & Je e —
W B (EDC,99% ,J&K) , N-F2 5L B8 31188 W7 Ji ( NHS,
98% ,J&K) ,D- B[tk (DPA,98% , Sigma) , Milli-Q
HBaiK(18.2 MQ - cm).

i B AR 4 LT IG5 (B 66V/S, BRUK-
ER OPTICS) , [ il Fe 134 5 2L 50 52 S5 . H Ak
AR (CHI 830A, FifgJRAE) 810 g % HLAR , 16
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o
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G, A K sk 2 I, B NHLF % (40% , by
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PRI, # 60 s, MEAlK k. 3204 55 B Xk
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H,SO, R, LALEHT 0.1 ~ 1.3 V 344k
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NHS 433iEF 0.5 mL KH,PO, 7% # (10. 0 mmol -
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W rF 20 min, B AIK ZUCBE. S5 4 MUA/ Au JiE
2 T2.0 pmol + L™ Cyt ¢ M#ERRZE vhi%s i (PBS,
10.0 mmol - L™" , pH 7.2)2.5 h, J{] PBS ¥ sk,
P Cyt ¢ ) MUA/Au IR A 2.0 wmol - L7
DPA () PBS %9 (10.0 mmol - L™" ,pH 7.2)5 h. &
gk wpPE S , TR F 1 mL 9K & W 1.5
h HZEK Z P BIAS AuNPs/Cyt o/ Au = BiR
LERIHEA CANTET 1) . 2H 2R3 e oh 3 B SR 2T A i
ASCISEASE W I, LAAE it AH L 98 590 B 2L A MR SO'6 38
5O RRSRRE N IERY 512 R3FHE. 1 AuNPs/Cyt ¢/Au
AR AR B X AR LR Ag/AgCl 2 L HL B
PBS HL##3% (10.0 mmol + L' ,pH7. 2) 0 = HL A A
F L AERNER -0.2 ~0.2 V HEFTIREMA 2434,
H100 mV - s ™' SLHOHE S AT 15 min BRI
R4, TERA -0.2 V,IUAS Cyt ¢ IJFEILLIMK
WOEHE (545 IEHAL 0.2 V,ilfS Cyt ¢ S AbAYLT
AN (FE A ), RIAT A5 HA 175 R TG SR AL
HPEETE. T RCREAIRE ALY O 512 Y, HE 20
HOT-H3 , LIS R (T L.
2 GRS
2.1 BEHRZMK

K2 %45 1 Cyt ¢/MUA/Au HiL B 7E PBS 15 W
(10 mmol + L™",pH 7.2) sh g R fR 22 (CV) ik,

® DrA

% MUA
Bl 1 AuNPs/Cyt ¢/Au =BVALEH A s 2 8

Fig.1 Schematic representation of AuNPs/Cyt ¢/Au sand-

wich architecture
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PR TG, Q NV HD 0 WAL F
SRR B A AR RS R 2.5
TR AU AT 1.77 em®, Cyt ¢ R0 3650
4 pmol + em %, AEZE/N T4 Cyt ¢ FIRLE I TTE
(Y HRIE B2 2 2 5 (15 pmol - em ™) , KB Cyt ¢
N DARRJZTE A B T i R . RS A R,
AuNPs/Cyte/MUA/AuHE#7E —0. 020 VAl —0. 048
V ik B Cyt o S Ak FiLid i 06, W L 4 22 AE =
0.028 V(& b) ,/INTICAN K £ A& M sf A g Hi A5
25, HIGAT AT, 90K 4 A A8 1 T AL 4f M A2 3 Cyt ¢
5.
2.2 Cyte RHKREHFTERNRELE R
AR b

Kl 3 154k a n A IR T 500 pL oK £z
HIfT S A 500 wL 3.0 mmol - L™" MUA Z, %
W 20 min f5 i sk B SR SR LLIMGIE. MIELE
H,1709 em ™' b IR I UA TR R MUA 437 et
(C=0) M4ifRsh"". g b A &R T 0.5
mL KH,PO, % (10.0 mmol - L™",pH 4.73) i
J& XM EDC-NHS IR 5 ¥ 20 min J5id 5% 1)
T R LTS, LR R 1, 1738 em ™Al
1782 em ™" b g W i 08 43 51 U1 ik NHS Sk g
AT FAE i BF 2 A~ C=0 J& A1 (1% 7 X6 A 4 B
BRI FRAB A IR 3h ", 1813 em ™" Ak ftg Mg g g ) o
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02 01 00 01 02
E/V(vs. Ag/AgCl)
K2 Cyt ¢/MUA/Au(a) il AuNPs/Cyt ¢/MUA/Au(b)
1F PBS 7AW (10.0 mmol - L™' pH 7.2) Y IH IR
R22 2k (495 100 mV - s7")
Fig. 2 Cyclic voltammograms of the Cyt ¢/MUA/Au(a)
and AuNPs/Cyt ¢/MUA/Au (b) in PBS solution
(10.0 mmol + L', pH7.2) at a scan rate of 100

mV s

2000 1 8bO 1 6I00 1460 1200
Wavenumber/cm’!
K3 4 ERIMAEE MUA(a) NHS(b) Fll Cyt c(c) YR
T SR 2T AN 1
Surface-enhanced infrared absorption ( SEIRA )
spectra of MUA (a), NHS (b) and Cyt ¢ (¢)
adsorbed on the Au surface

Fig. 3
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AA=0.0005 N o
' /g \\ A
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2000 1800 1600 1400
Wavenumber/cm!

K4 SR 4 S DPA (a) FIANAK S (b) 93 1M 3 5
LLAMROLTE £
Fig.4 SEIRA spectra of DPA (a) and gold nanoparticles
(b) assembled on the Au surface
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(=)/1582(+) em ™" 4b 22 3% 06 VT &8 T 14T K 1) v
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Fig.5 SEIRA difference spectra of potential-induced Cyt ¢
without AuNPs (dotted line) and with AuNPs ad-

sorption (solid line)
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Studies on the Molecular Mechanism of Electron Transfer of

Cytochrome ¢ Modulated by Gold Nanoparticles in

Nano-Sandwich Architecture

LIN Shou-rui'*, WANG Li-xu', JIANG Xiu-e'*, GUO Li-ping’”*
(1. State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry ,
Chinese Academy of Sciences, Changchun 130022, China;
2. Department of Chemistry, Northeast Normal University, Changchun 130024, China)

Abstract ; The effects of adsorbed gold nanoparticles on the surface-enhanced infrared absorption ( SEIRA)

difference spectra of redox-induced cytochrome (Cyt) ¢ in AuNPs/Cyt ¢/Au sandwich architecture were moni-

tored by SEIRA spectroscopy. The results indicated that the intensity of SEIRA difference spectrum for the vibra-

tion of the heme was significantly increased due to the adsorption of gold nanoparticles on the Cyt c. This was in-

duced by the electron transfer between the heme and the gold nanoparticles , which also promoted electron transfer

of adsorbed protein. This study suggested a new technique for optimizing the electrochemical property of adsorbed

protein.

Key words : Cytochrome c; gold nanoparticles; nano-sandwich architechture; surface-enhanced infrared ab-

sorption spectroscopy; electron transfer
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