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Sterically Stabilized, Surface-Enhanced Raman Scattering-Tagged
Gold Nanorod Probes for Immunoassay
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Abstract The immunoassay application of sterically stabilized, surface-enhanced Raman scattering
(SERS)-tagged Au nanorod (NR) probes was reported. The probes were prepared by coadsorbing Raman-
active molecule 4-mercaptobenzoic acid and biocompatible a-mercapto-w-carboxyl polyethylene glycol
onto the surfaces of Au NRs. The long PEG chain provides both protection and steric stabilization to the
probes so that they are able to survive in adverse condition; meanwhile, its terminal carboxyl group binds
target entity such as antibody, which imparts detection/recognition functionality to the probes. When the
probe recognizes antigen (through the classical “sandwich” structure that was formed due to the highly
binding specificity among capture antibody on a solid substrate, detected antigen, and antibody on the
probe), the recognition is signaled by the SERS signals of the 4-mercaptobenzoic acid. The detection limit of
the Au NR probes, for a single component antigen, was as low as 1 X 10 mgemL ',

Keywords 4-mercaptobenzoic acid; gold nanorod; a-mercapto-w-carboxyl polyethylene glycol; immu-
noassay; surface-enhanced Raman scattering

PRAC R IE W bl s B R R e R AW VA AR R S T AR B AT U
PRGBS R A RIS S T . AW BT JORBENT. HALE BT aE . o,

* E-mail: jwhu@hnu.edu.cn
Received May 31, 2011; revised August 16, 2011; accepted September 26, 2011.
Project supported by the National Natural Science Foundation of China (Nos. 20603008, 20873037, and J0830415) and Open Project of State Key Laboratory
of Supramolecular Structure and Materials (Jilin University) (No. SKLSSM200902).
FE 5% AR B34 (Nos. 20603008, 20873037 FlI JO830415)FI it bR 278 43 T+ 45 K4 15 4 e 1 5K T R 926 = TSR R (No. SKLSSM200902) % B I H .



66 %

DENCHIE T HLAT TCT5 Y VRN R B 5 A, e de ol
JRENFIE K AR S A T ER . (U, He il
B, DyVEK; IR ECER AT — R R BRI T 5 g
B 7 R

2 T 184 i 4y 2 B (SERS) nl B R 2% 4 1 1
BAFSHOL 10° 3 10" £, A Wm R HE. H,
SERS il Lb5¢ 6 ik g 75 10 2 100 1%, 1M H. SERS A7F
FESCIEE VR RILGT. [ATT, 51 SERS [ il
C i T AT 12 P S & R 2 s
W2 ORY 1) SERS Aric aiokaRst, BREHr 2 brid 1
ThHEUM 43 T IR BRHAE 4 e gl ok 1 1051 F A
RTINS AR MR EE AE BRI Y
FLA KV A RO R i R e ey U017 Sy,
YRGBT 10 A B 2 R J7 W R . o DL IRME A 2
N Si0, R 4y UL RTEAB M AR 4 KR
ML, SiO, M4 A 5 (7K TR AE Y o A ] 7
YKIRED BT 7 A M 2 E s fn bk, ek, 1Bt 2 ]
R EREME 5 B2 AN T4, B k4 B A5 107 H
EERRTINLVE - PHAS %0 7 W ERET R TR B, A4
SERS {55 M tROE G e, 5 =, Xfma reth
M, HeAG2E 0 R e I 22 R T T R 3R T 1y
MThfedm Wl ek, mH, T IE A 9K
EHR LA AR b, A2 BB 52 A A R, BT s i)
Fas A FR kL7 B m s FREES RN xR 7
SKASPURL 7 [ (G 5 | ), k1 ORFERR 8. BAE
AR oy RE R AR EAE T, AR T2
(D P FELAr R . DRI 28 [V (R 9 oRARE A 2 52 i
R BN SRS, AT LA 2 5w M 1 A 1,

AT G R IE L TCAB 6 2 R4 (1) SERS Arid S 48K A
£/ W RE I R ey e LR 0 =< DS < ey 2 - S e L
SE M) SERS Aric G AUKHEERER, I ILEEAT SERS Hufi
R, B 1 g T EARE R A 1 VAR SERS A
IR IR FR AR T A% RET RG24 R G gl KRR
BRI L T RER NPT AN i B2 R 4 g K e AR I
ML a-$idt-o-BRHEE 4 HS-PEG-COOH,
M, =5000)E 82| 440K HE . Wnarprid, I\ PEG K
BTN BRET SRS PE A AE Yo AR IR BRI R
PER A AR M. X — 5 T T AR 2
ZAFC AR BRSBTS S2 0, 5 — U7, AE R
R CRBAE” 5. WREF R, BT IR
A5 SERS £ 5, i 1 Al 4, SERS il i
SEARJRELZRIH SERS A5 5 5 8 KR B AR s RE 4
J5. REDN TR R ey, Tk L2 2 B R S
Hut%, SERS 155 tilliom. W R Afase, 7
Fov AACFIAE T ILRAE, ARSI SERS {55

{5 Vol. 70, 2012

- Au

(1) Raman reporter ij'\( Glass

(2) HOOC-PEG-SH

<§ (1) DSP
2 L4 SH 1(2) Antibody Y
7 Au
l(}) EDC/sulfo-NHS Glass

l(}) Antigen ’

1 AFAE K SERS bRid G4 K AR IR E T S e kil /s
=

Scheme 1 Schematic illustration of the immunoassasy of steri-
cally stabilized, SERS-tagged gold nanorod probes
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Figure 1 TEM image of (a) pure Au nanorods and negative
staining TEM images of (b) MBA & HS-PEG-COOH functional-
ized and (c) MBA & HS-PEG-goat anti-mouse IgG functional-
ized Au nanorods
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Figure 2 UV-Vis spectra of MBA & HS-PEG-COOH function-
alized Au nanorods in (a) neutral, (b) 1.5 mol/L KNOs;, (¢) pH=
1.0 (adjusted by H,SO,) and (d) pH=13.2 (adjusted by NaOH)
aqueous solutions
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Figure 3 UV-Vis spectrum of (a) pure Au nanorods and UV-Vis
spectra of (b) MBA, (¢) MBA & HS-PEG-COOH and (d) MBA
& HS-PEG-goat anti-mouse IgG functionalized Au nanorods
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Figure 4 SEM images of (a) bare Au substrate, (b) DSP-goat
anti-mouse IgG functionalized, and (c¢) DSP-goat anti-mouse
IgG-mouse IgG functionalized Au substrates, and SEM images of
the “sandwich” structures assembled on Au substrates at mouse
IgG concentrations of (d) 1 X 10™® (0 for the inset in image d), (¢)
1X107% and (f) 1 mgemL ™'
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Figure 5 SERS spectra obtained from capture anti-

body-detected antigen-SERS-tagged antibody “sandwich” struc-
tures assembled at varying mouse IgG concentrations
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a function of mouse IgG concentration
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