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Abstract A novel lipid based carbonaceous nanocomposite, 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-(1'-rac-glycerol)
(sodium salt) (POPG) modified graphene (GP) (POPG-GP), was designed and synthesized by a non-covalent method. The
nanocomposite was endowed with excellent properties of the two independent components, such as the biocompatibility of
POPG and the outstanding electric properties of graphene. Fourier transform infrared (FT-IR) spectra, ultraviolet-visible
(UV-vis) absorption spectra, transmission electron microscopy (TEM) were utilized to characterize the structure, morphology
and surface property of the as synthesized POPG-GP. It has been found that the modification of POPG on GP could not only
assist the dispersion of graphene in aqueous solution, but also endow it with negatively charged, which was favorable for the
further immobilization of model enzyme via self-assembly. Based on the electrostatic interaction, the positively charged
horseradish peroxide (HRP) could be immobilized onto the surface of POPG-GP to form HRP/POPG-GP/GC electrode.
UV-vis and FT-IR spectroscopies were used to monitor the assembly process and demonstrated that HRP had been immobi-
lized without denaturation. The HRP/POPG-GP/GC electrode could commendably realize the direct electron transfer (DET)
between electrode and redox enzyme with good electrochemical performance. Moreover, such modified electrode also
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showed good electrocatalytic response toward the detection of H,O, with high sensitivity, wide linear range, excellent stabil-
ity and reproducibility. The linear response range for the HRP/POPG-GP/GC was 3.5~210 umol/L (R=0.999). The detec-
tion limit and the sensitivity of the HRP/POPG-GP/GC electrode was calculated to be 1.17 pmol/L (S/N=3) and 356.6
mAscm 2sM ", respectively. The apparent Michaelis-Menten constant K,,, was estimated to be 0.45 mmol/L, indicating a high
affinity of HRP to H,O, on POPG-GP. The experiment results demonstrated that POPG-GP not only provided a biocompati-
ble microenvironment for the immobilized HRP, but also supplied a necessary pathway for its direct electron transfer. There-
fore, such biocompatible nanocomposite had potential applications in the field of biosensors.

Keywords graphene; phospholipid; nanocomposite; horseradish peroxide; direct electrochemistry
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Figure 1 Fabrication of HRP/POPG-GP/GC electrode and the direct electron transfer between HRP and glassy carbon (GC) electrode

200000
150000
100000

Total counts

50000

0} r
-200 -100 0 100 200
Zeta potential/mV

B2 (A) POPG-GP [ TEM [, (B) POPG-GP 43 BiAE /K 1 (1) i F Fl(C)
POPG-GP 7 PBS (pH 5.7) "] zeta HLAV P4

Figure 2 (A) TEM image, (B) photo and (C) zeta potential image of
POPG-GP

PBS H I H BRI LA, e zeta HAAZ(EZI 0 —32.9
mV. A7 55 2 T X B H Aar PR AN E ] A 4 oK e [A) £
TR A R AR, AT A 24805 1A 580 7 TRl A
AISERAR, T HL Ay Lk ki e R A v R 28 AR
I8 SRR AL T 451

2.3 POPG-GP E &M HIXIERIE
Kl 3 4 GO (a)fil POPG-GP (b)ZE¥ W I UV-vis
DL HEATEL, GO IRHERSUES T 231 nm (K]

390  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

3a), 1Ml POPG-GP [FJRF IR I 2T 3] 267 nm &b (&
3b). XML LG AR T KA R i R AR
R AT SRIB KR T35 nom B, Wik T IS H A
FRPTIE .

Absorbance/a.u.

200 300 400 500
Wavelength/nm

B 3 (a) GO Hi(b) POPG-GP /K¥A W [¥] UV-vis
Figure 3 UV-vis absorption spectra of (a) GO and (b) POPG-GP in
water

2.4 HRP/POPG-GP {iKk & & HHIAIERIE

& 4 43 %)% POPG-GP (a), HRP/POPG-GP (b), HRP
(c)El"J FT-IR YGif ik .tk a v %25 POPG-GP 1
R BIAEAE 1627 em™ ' AT B E C=C ({45 dRS)
W1 1735 cm ' AMEMIBEIRIY C=0 KIF4idRshiE. i
7t HRP/POPG-GP [y &l rh, AMH W5 H] 5 POPG-GP
FRAAIRFAE R W b, ST %3] HRP [FEERZ T 4171650
cmfl)ﬂ]@ﬁﬂﬂ 11 #7(1543 cmfl)El’]flt—irﬁﬂﬁllﬁﬂpZ X LE[H 2
PR PO AR IR AL 15 HRP 3% [ i (R R AL IR A 0 (] de) B
zlx . HRP/POPG-GP 7 1650 cm™ ' Zb [R5 48 HRP

Acta Chim. Sinica 2014, 72, 388—394



W F F R

(KA BT RE 5%, 3% S HH T POPG-GP 5 HRP ()7L W A
HAMESHEC B4, BT POPG-GP _Lf¥) HRP
HRARFE T LA 1 L.

X

%

(8]

g

£ b

£

[0}

C

S

|_ \_\/{/
a

2500 2000 1500 1000 500

Wavenumber/cm-1

B 4 (a) POPG-GP, (b) HRP/POPG-GP Fl(c) HRP [{J FT-IR &
Figure 4 FT-IR spectra of (a) POPG-GP, (b) HRP/POPG-GP and (c)
HRP

&l 5 4 POPG-GP (a), HRP/POPG-GP (b)#1 HRP (c)
7E PBS ) UV-vis Y6 i . i1 ih £k a 7] %1, POPG-GP([]
5a){E 350~500 nm [¥IA I Pl A A 1 A58 PR i R AL
W, i HoAE pH 5.7 (19 PBS W5 HRP M AR G, H
UV-vis 1% & (& 5b)7E 403 nm Ak HY L T B 5 W g e
X5 HRP(FE Sc) il B i) Soret 17 [RI4F LW WiC U4 ¢ 4 —
. MUk uiEe, — 71 POPG (& TG4 et T
B e SRR R T I R 53— 7T, T AT
W, T AT SR AOK A W) A R R A A A A,
[ 23 1%) HRP R AR5 PR 21 1 AR 4 M PR 4.

e N
/!

a

Absorbance/a.u.

350 400 450 500
Wavelength/nm

B 5 (a) POPG-GP, (b) HRP/POPG-GP Fl(c) HRP 7£ 0.1 mol/L PBS
(pH 5.7) 1 UV-vis &

Figure 5 UV-vis absorption spectra of (a) POPG-GP, (b)
HRP/POPG-GP and (c) HRP in 0.1 mol/L PBS (pH 5.7)

2.5 HRP/POPG-GP/GC 1&ih BRI EIEBR L F MR

&l 6 4 HRP/POPG-GP/GC FI! POPG-GP/GC &4t
(P4 E)TE 0.1 mol/L PBS (pH 5.7) 1 MG FA R 22 1Hh 2
Kl 6 WAGEY, %A M3 POPG-GP/GC & i A48 4k,

Acta Chim. Sinica 2014, 72, 388—394

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

I IR, UM POPG-GP 78414830 F P v AL,
%Pk, 1 HRP/POPG-GP/GC 15 Fa AR IR AE R AR 22 ]
H R U 3 ek W S LT ) SR A UG LA AR
(Ep) AL A —0.211 V, IE I R (Ey) N —0.320 V, X
Y E'=—0.266 V. XS H [ 28 HRP-Fe'"/Fe"
HGS AEAE T AR T R AR T B T EER =2k, 5
SCRRIRGE ) HRP A& AR R A 45 SR AR —F(. iy
PL B HTa %N, T POPG-GP 4k 5 & W5 BT ()
IR R T, PRI T R S HRP 5%
(GO HUAR [T ) (1) L4 T4 7%

84 &
4
64 2
EX
4
< 2
= .
= 24 02 00 -02 0.4 -06 08
EV (vs. Ag/AgCl)
0_
2]

'4 T T T T T T T T
08 06 04 02 00 -02 -04 -06 -0.8
ENV (vs. Ag/AgCl)

B 6 HRP/POPG-GP/GC & Al AE N, Hi A1) 0.1 mol/L PBS (pH 5.7)
HIOARFR R 2 B, F13: 200 mVes ™. PIiEl: POPG-GP/GC &1 Hutl

Figure 6 Cyclic voltammograms of POPG-GP/GC (Inset) and
HRP/POPG-GP/GC electrodes in N,-saturated 0.1 mol/L PBS (pH 5.7).
Scan rate, 200 mVes '

FIRAGIRR 2270386 7% %€ T HRP/POPG-GP/GC 1&7fii
FEL I 1D AR A 30 i 0 P 5 1T TR PR AR DG . T 7 R B M
HUARAEAS R0 AR 2 B n B PR, a4y
DR, LA A UG R IR0 RH S D U 3 () B 36 . AR i 4
FHTE Q=nFAr*(Q: RN IEFEMIHE, AT 5> HRP
FE ST RRAF 2, n R0 F 43 50 9 e A% 1) oL 1 50 br
L, A AR U, b H AR S T s
HRP [ 565, R AL P HRP 76 &1
HLAZ ) 204 3.62X 107" moleem % H1 T HRP iz K&
T B 278 25 B I FR (BN 2.0X 107" moleem 21" Atk
AIUEH] HRP 2 DL 2 RS gk ek B, X
S POPG-GP 9K E A1) HA K LR AR DL S A
LR IE . B 7 W48 HRP/POPG-GP/GC
A6 s PR AR A AN [R] 471 38 N 4 0 3 i U A %o 41 33 1) 2
MOCRE. A4, FEEM 100 £ 800 mVes ' )7l [
W, B AR g S U b, I SR R
IR DGR, Ul I HIRR s W ok R T 42 il i 7
2.6 pH {E* HRP/POPG-GP/GC f&iFmBikaIB ik
1T A RIS NG

B 1R 2R 03 1 R AT AE A RN (R 451 T A RE g 15
DU IR I DR FE. (e SE M B AR VIR 22 4, R

http://sioc-journal.cn 391



% F F R AR
30
12 4.6 A
254 8
204, 441
< 101 < 42
= 10 Mo oz o4 os 0%
o 5 vI(V-s1)
a
0+ 4.0
54
-104 4.0 4.5 5.0 5.5 6.0 6.5
T T T T T T T T pH
0.8 06 04 02 00 -02 -04 -06 -0.8 -1.0
EIV (vs. Ag/AgCl) B
BE7 HRP/POPG-GP/GC &1 iM% E 0.1 mol/L PBS (pH 5.7) 1, AN[F %I
FIE TG 2, M a % h: 100, 200, 300, 400, 500, 600, 700, -
800 mVes ' PHEEL: SUAk I SR FRLRURTN 1 1 e ] :"2)’ -0.21
Figure 7 Cyclic voltammograms of HRP/POPG-GP/GC electrode at ?
scan rates of 100, 200, 300, 400, 500, 600, 700 and 800 mV+s™' (from a to 3 -0.244
h) in 0.1 mol/L PBS (pH 5.7), respectively; Plots of oxidation peak cur- E
rent (@) and reduction peak current () vs. scan rate (Inset) W 0271
) pH B — AN TR 22, Y pH (I B0 4 b 0

M A% P o A RS A (PO A 28, AT S M g5 S ) < (1)
gk, NAEER pH &0 R, BN A A3 i
KR, BT b, ACHERTHW pH {HX HRP/
POPG-GP/GC &4 A AL Z# AT s, &l 8A 4
HRP/POPG-GP/GC & ffi H Bl )3 B e vt 55 v pHL A
[RGB By %, A& H b R pH (R 5.7 I
BB RGN, Bhah, HE 8B Mk Mg
F| HRP/POPG-GP/GC &1 A [ = HE A S5 ¥ pH (H 2
[MAF TR et DG &R, R —44.9 mV/pH. 145
LI B TEM R T HRP (1) A& 4ok BT+
R AR RO

2.7 HRP/POPG-GP/GC &4 Btk By B 1L 2 1k 14 &8

Kl 9A ) HRP/POPG-GP/GC i LAl {E 0.1 mol/L
PBS (pH 5.7) X AN [l 5 Ho0, HLAL 22 A A I IR %
K. g, R s ST, Mg M i in A
H,0, J&, BRI 22 th 2 he 4 T B B AZ.
FALT—0.3 VB R34 Jt e Bt B 8, i e AL
LU U S gD BT HLO, WSS FRIZ TG K, A b
(1) e A I Jir U PR U T 1 R, SR Ve LR T K,
Wi HRP/POPG-GP/GC &bl |, [ % ¥ HRP A{X
Aefg SCIL P 1575, 1 HIEXT H,O, 138 )5 4RI
RAFI HAb AR VR . HRP X HoO, AR FE AL FE
i R

HRP[Heme(Felll)]+H,0,—Compound I+H,0 (1)

Compound [+e —Compound II 2)

Compound I1+e”—HRP [Heme(Felll)] 3)

K 9B J& HRP/POPG-GP/GC & i Fi b [ AL FL it 5
H,0, W2 (A 2t 5¢ F il 2. AN IEI o m] LA ¢ 5
H,0, W BETE 3.5~210 pmol/L 3 [l P L5 B A e v i SR B0

392  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

40 45 50 55 60 65
pH

Bl 8 (A) HRP/POPG-GP/GC &Ml 7t pH 4.0~6.5 [f) PBS {1
iRz i it 5 pH (HCR K, #9538 200 mVes s (B) X bfr £
5 pHEMKRE
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Figure 10 Cyclic voltammograms of HRP/POPG-GP/GC electrode in

0.1 mol/L PBS (pH 5.7) with 30 umol/L H,O, after stored for 12 h (a) and
for 7 days (b). Scan rate, 200 mVss '
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