
Subscriber access provided by American Chemical Society

Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036

Communication

Selective Detection of Cysteine and Glutathione Using Gold Nanorods
P. K. Sudeep, S. T. Shibu Joseph, and K. George Thomas

J. Am. Chem. Soc., 2005, 127 (18), 6516-6517• DOI: 10.1021/ja051145e • Publication Date (Web): 13 April 2005

Downloaded from http://pubs.acs.org on March 25, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

• Supporting Information
• Links to the 31 articles that cite this article, as of the time of this article download
• Access to high resolution figures
• Links to articles and content related to this article
• Copyright permission to reproduce figures and/or text from this article

http://pubs.acs.org/doi/full/10.1021/ja051145e


Selective Detection of Cysteine and Glutathione Using Gold Nanorods

P. K. Sudeep, S. T. Shibu Joseph, and K. George Thomas*

Photosciences and Photonics, Regional Research Laboratory (CSIR), TriVandrum 695 019, India

Received February 22, 2005; E-mail: georgetk@md3.vsnl.net.in

Although significant advancement has been made on the stoi-
chiometric recognition of metal cations through optical signal
transduction, sensors for the selective detection of organic molecules
are rather few.1 One of the major difficulties associated with the
selective detection ofR-amino acids and peptides using chemosen-
sors is their structural similarity, incorporating both carboxylic and
amino groups.1d Among various peptides, glutathione (γ-Glu-Cys-
Gly) has gained much attention in recent years due to its vital
biological functions: (i) keeping the cysteine thiol group in proteins
in the reduced state and (ii) protecting the cells from oxidative stress
by trapping free radicals that damage DNA and RNA.2 It has been
suggested that there is a direct correlation between aging and
reduced glutathione concentrations in intracellular fluids. However,
its selective detection using chemosensors is difficult due to the
presence of several functional groups (Chart 1). Herein we report
a novel strategy for the selective detection of micromolar concen-
trations of cysteine and glutathione by exploiting the interplasmon
coupling in Au nanorods.

Gold nanorods (average aspect ratio of 2.3) were prepared by
adopting a photochemical method.3a Gold nanorods possess two
plasmon absorption bands (trace a, Figure 1A): a shorter wave-
length (ε515nm ) 0.34 × 1010 M-1 cm-1) originating from the
transverse absorption and one at a longer wavelength (ε650nm) 0.58
× 1010 M-1 cm-1), from the longitudinal absorption.3b,c The
possibility of using Au nanorod based assays for the detection of
target molecules through their regiospecific modification was earlier
proposed by invoking a simple quasistatic treatment for the nanorod-
nanorod plasmon resonance spectra at different distances and
orientations.4

Approaches for the detection ofR-amino acids and peptides
include the use of chemosensors5 and spherical nanoparticles.6

Utilization of Au nanorods as probes for the detection of cysteine/
glutathione have several advantages compared to spherical Au
nanoparticles.6,7 Analyte-induced aggregation of spherical Au
nanoparticle results in a decrease in the plasmon absorption at
around 520 nm and the formation of a long wavelength band.8

However, various functional groups such as amines, thiols, and
carboxylic acids present in amino acids and other organic molecules
also influence their plasmon absorption. In contrast, the presence
of monofunctional molecules containing such functional groups do
not influence the plasmon absorption of Au nanorods (vide infra),
allowing excellent selectivity for cysteine/glutathione. Furthermore,

the anisotropic features of Au nanorods allow their orientation in
lateral or axial (end-to-end) fashion, resulting in interplasmon
coupling.4

The effect of variousR-amino acids/glutathione on the absorption
spectra of Au nanorods (0.12 nM) was investigated in a mixture
(4:1) of acetonitrile and water.9 In the case of both cysteine and
glutathione, a dramatic decrease in the intensity of the longitudinal
surface plasmon absorption band, with a concomitant formation of
a new band at 850 nm, was observed (Figure 1A,B). The clear
isosbestic point centered at 730 nm suggests the existence of two
types of gold nanorods in the solution. Interestingly, the intensity
of the transverse band is more or less unaffected in this concentra-
tion range. In the case ofR-amino acids other than cysteine, no
noticeable spectral changes were observed even in the millimolar
concentration range (see Figure 1), indicating that the thiol
functionality in cysteine/glutathione is essential for spectral changes.
Similar spectral changes were also observed in the case of cystine.

The appearance of a new red shifted band at 850 nm in the
presence of cysteine/glutathione results from the coupling of the
plasmon absorption of Au nanorods assisted through self-
assembly.4,10 In the case of gold nanorods there are two modes of
plasmon oscillation (lateral and axial); each of these mode can, in
principle, couple with plasmon bands of the neighboring rods.4 For
explaining self-assembly of Au nanorods, various ionic forms of
cysteine may be considered that are highly dependent on the pH

Figure 1. (A, B) Absorption spectral changes of Au nanorods (0.12 nM)
in acetonitrile/water (4:1) on addition9 of (A) cysteine at (a) 0 (b) 1.75 (c)
2.0 (d) 2.25 (e) 2.5 and (f) 3µM or (B) glutathione at (a) 0, (b) 7, (c) 9, (d)
11, (e) 13, and (f) 14µM. (C) 3D plot showing the selectivity of cysteine
(3 µM), glutathione (12µM), and otherR-amino acids (10µM). (D) TEM
images of Au nanorods in the absence (a) and presence (b and c) of cysteine
under identical conditions. Figure 1A (inset): changes in optical density at
different concentrations of (a) cysteine, (b) tyrosine, and (c) leucine. Figure
1B (inset): effect of addition of 1-hexylmercaptan at (a) 0 and (b) 10µM.
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of the solution (Supporting Information).11 The isoelectric point of
cysteine is reported as 5.02 and the pH of the Au nanorod solution
in CH3CN-H2O mixture is∼5.6. This indicates the existence of
the zwitterionic form of cysteine in solution, which can assist an
end to end self-assembly through a two-point electrostatic interac-
tion. TEM studies showed that the Au rods before the addition of
cysteine are randomly distributed, whereas cysteine-bound rods are
preferentially self-assembled in an end to end fashion (Figure 1D).

It is interesting to note that no spectral changes are observed at
lower concentrations of cysteine (inset of Figure 1A) and glu-
tathione. In the first step, the thiol group of cysteine/glutathione
molecules is selectively functionalized onto the edges of Au
nanorods, leaving the zwitterionic groups for further interaction
(Scheme 1). It has been recently shown that the edges of gold
nanorods are dominated by{111} facets and the lateral sides are
dominated by{100} and{110} planes.12,13 In the second step, the
appended zwitteronic groups at the ends of Au nanorods assist the
coupling through a two-point electrostatic interaction in a coopera-
tive fashion. The spectral changes in Figure 1A,B featuring a clear
isosbestic point support the coupling between two rods. In the
presence of excess cysteine, a gradual shift in the absorption band
to the NIR region is observed, indicating the stepwise assembly of
nanorods. Coexistence of assembled nanorods of different lengths
in solution probably results in the deviation from the isosbestic
point.

To further verify the role of two-point electrostatic interaction,
we have investigated the effect of (i) varying the pH of the medium
and (ii) addition of 1-alkylmercaptan. Cysteine molecules are
present in other ionic forms at higher pH.11 Primary amines
(methylamine solution and octadecylamine) were used for depro-
tonating amino acids, and the absorption spectral changes of Au
nanorods were found to be negligible on addition of cysteine
(Supporting Information), indicating that the linear organization
does not occur. Also, we have observed that the addition of
1-hexylmercaptan (inset of Figure 1B) does not influence the
plasmon absorption of Au nanorods. The{111} planes in Au
nanorods occupy only a relatively smaller area compared to the
total surface area, and thiols preferentially bind to this plane.12,13

Hence plasmon bands remain unaffected at lower concentrations
of 1-alkylmercaptans. Both of these results further confirm the role
of zwitterionic group in self-assembly.

One of the significant features of the present system is its ability
to detect cysteine/glutathione in the presence of various other
R-amino acids. The spectra of Au nanorods remain unaffected on
addition of millimolar concentrations of variousR-amino acids
(depending upon the solubility) other than cysteine. Interestingly,
we could selectively detect micromolar concentrations of cysteine/
glutathione from a pool ofR-amino acids, and this makes Au
nanorods versatile for sensing biologically important molecular
systems bearing thiol and zwitterionic groups.
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Scheme 1. Mechanism of Self-Assembly of Au Nanorods
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