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Understanding the characteristics of cysteine on a solid surface is an important
issue in protein study and amino acid analysis. Therefore, cysteine was selected as
a model biomolecule to study the interaction with plasmonic silver nanoparticles.
In this study, we report the differential interaction of cysteine with silver
nanoparticles synthesised by Lee and Meisel (using citrate as reductant), and
modified Creighton (citrate and borohydride as reductant) methods. In Lee and
Meisel’s method, the red-shifting of silver plasmon resonance in the UV-vis
spectra and the aggregation of the particles occurred owing to a decrease in
stability of silver nanoparticles upon interaction with cysteine. In contrast, the
other method did not cause any aggregation or significant spectral changes. The
differential behaviour may be due to surface chemical changes on cysteine with
pH, which plays a major role in the nanoparticle-biomolecule interaction.
The synthesis of silver nanoparticles applying two sol gel methods followed by
interactions with cysteine induces different functionalities on the nanoparticles,
which may find specific applications in bio-sensing and drug delivery.

Keywords: cysteine; surface plasmon resonance; aggregation; silver nanoparticles;
functionalisation

Nanoparticles are defined as particles between 10 and 100nm in size. Metallic
nanoparticles (like Ag and Au) have unique optical, electrical and biological properties
that have attracted significant attention due to their potential applications, such as
catalysis, biosensing, drug delivery and nanodevice fabrication. Among noble-metal
nanomaterials, silver nanoparticles have received considerable attention due to their
attractive optical and electronic properties [1]. The surface plasmon resonance (SPR) and
large effective scattering cross-section of individual silver nanoparticles make them ideal
candidates for trace analysis and even for probing single molecules [2—4], where
phenomena such as surface enhance Raman scattering can be exploited. The synthesis
of particles that bear surface functionality is desirable for the purpose of nanoparticle
handling and the construction of functional architectures. This functionalisation of the
nanoparticle surface can be accomplished during the nanoparticles synthesis by the
addition of a suitable agent or by interaction of the nanoparticle with a suitable
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biomolecule after the synthesis of the particle. The surface functionalisation also imparts
an enhanced stability and thus gives additional control over their size [5]. The interaction
of plasmonic nanoparticles like gold and silver with biomolecules has been studied in detail
recently [6,7]. A number of peptides have been designed for the stabilisation of gold
nanoparticles aiming to interact with biomolecules [8]. This design reflects the need of
cysteine as an anchor group in polypeptide to stabilise metallic nanoparticles under
different physiological conditions. L-cysteine (Cys) is an amino acid synthesised by the
liver, and is involved in a variety of important cellular functions, including protein
synthesis, detoxification, and a metabolic process [9,10]. It is a small, zwitterionic
molecule, and well used in biochemical and electrochemical research. Understanding the
characteristics of Cys on a solid surface is an important issue in protein study as well as in
differentiating amino acid molecules [11-13]. Therefore, we have selected cysteine as a
model biomolecule for interaction with plasmonic silver nanoparticles. In this commu-
nication, we report the differential behaviour of cysteine with silver nanoparticles prepared
in an aqueous medium using two different methods — Lee and Meisel [4] and a modified
Creighton’s method (sodium borohydride method) [14].

L-cysteine was obtained from Sigma—Aldrich, USA (high purity), silver nitrate and
trisodium citrate dihydrate (Na;CgHsO--2H»0) was purchased from SD fine Chemicals
(high purity, above 99.5%), Mumbai. Deionised and distilled water was used in all the
experiments. In Lee and Meisel’s method [4], 100 mL of 0.001 M silver nitrate solution was
heated to boiling. To the boiling solution, 2mL aqueous solution of 1% trisodium citrate
was added drop wise, accompanied with vigorous stirring. The mixed solution was kept for
boiling for further 20 min. Finally, a green grey silver colloid was obtained. The pH of the
resulting colloidal solution was found to be 6.4. In another method [14], silver
nanoparticles were prepared by the reduction of sodium borohydride. In a typical
experiment, 100 mL aqueous solution of silver nitrate (0.001 M) was reduced by 0.01 g of
NaBH, at room temperature resulting in the formation of yellow colloidal solution of
silver nanoparticles. The pH of the resulting colloidal solution was found to be 8.6.
Thereafter, 10> M of as prepared colloidal solution of silver nanoparticles was interacted
with 1072 and 107> M of cysteine for 10 min in an orbital shaker at 120 rpm.

UV-visible spectra of silver nanoparticles synthesised from the two methods and the
Ag/cysteine mixtures having varying concentrations of cysteine were recorded in the
UV-visible spectrophotometer (Shimadzu UV-1700, Japan). To determine the size and
shape of the particles synthesised using the two sol gel methods, transmission electron
microscopy (TEM) was performed using Technai G 10 (Philips 80 kV). The 90Plus Particle
Size Analyser (Brookhaven Instruments Corporation Holtsville, NY, USA) was used to
analyse the hydrodynamic diameter, and the zeta potential of the silver nanoparticles
synthesised by the two different procedures and their mixtures obtained after interaction
with cysteine. All the tests were carried out in triplicate, and mean values of the results
were reported. The experimental error limit was strictly kept within £5%.

The silver nanoparticles display intense colours due to the intense absorption in the
visible range owing to SPR phenomenon. The resonance essentially arises due to the
collective excitations of the electrons in the conduction band; near the surface of
the nanoparticles [15]. For silver nanoparticles, the A, values were reported in the visible
range 400-500nm [16]. It was observed from the UV-visible results that differently
prepared silver nanoparticles differed in their mode of interaction and behaviour
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Figure 1. TEM image of particle synthesised using Lee and Miesel’s method.

with cysteine. Silver nanoparticles synthesised using Lee Miesel’s method gave a Ay, of
442 nm. The plasmon peak gives an indication about formation of the silver nanoparticles
and the average size of the particles in the colloidal solution. The broadening of the band
was observed due to the wide size distribution of particles rather than aggregated particles
[17]. The TEM image of the synthesised particles gave an average particle size of 15-30 nm
and suggests that the particles were spherical in nature (Figure 1). The interaction of these
particles with 1072 and 107 M cysteine resulted in immediate aggregation of the particles
and a Apax value of 460 nm denoting red-shifted plasmon bands (Figure 2). The optical
absorption spectrum of metal nanoparticles is dominated by the SPR and an increase of
particle size always results in the red-shift of plasmon band to higher wavelength ranges
[18]. The red-shift in plasmon band essentially signifies the aggregation of the particles in
the presence of the adsorbed molecule. In contrast, the silver nanoparticles synthesised
using sodium borohydride method gave a A ., value of 400 nm. The TEM images suggest
that the particles were spherical and well-dispersed with an average particle size between 10
and 20 nm (Figure 3). On interaction of these samples with cysteine, no significant spectral
changes were observed and cysteine failed to induce any aggregation of the particles
(Figure 4).

The hydrodynamic diameter of the particles synthesised in Lee and Miesel’s method
was found to be 60 nm and those obtained after interaction with cysteine was 122 nm. An
increase in the particle size of the Cys treated samples in the first method confirmed the
aggregation of the particles (Table 1). The silver nanoparticles synthesised in the sodium
borohydride method had a hydrodynamic diameter of 51.6 nm and no significant changes
were observed in the cysteine treated samples (Table 1). Hence the UV-visible readings
were in complete accordance with the particle size analysis. To determine the stability of
colloidal solution, zeta potential experiments were carried out. The silver nanoparticles
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Figure 2. (Colour online) UV-vis spectra of Ag and Ag/Cys mixtures synthesised using Lee and
Meisel’s method.

Figure 3. TEM image of particle synthesised using modified Creighton’s method.

synthesised by Lee and Meisel’s method gave a zeta potential value of —31.12mV and the
Ag/Cys interacted samples resulted in a decrease in zeta potential value (—20.32mV).
The citrate bound silver nanoparticles are negatively charged. The addition of cysteine to
the colloidal silver reduced the effective negative charge on the surface of the silver
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Figure 4. (Colour online) UV-vis spectra of Ag and Ag/Cys mixtures synthesised using Creighton’s
method.

Table 1. The average hydrodynamic size of the particles synthesised using two processes before and
after interaction with cysteine.

Process Ag nanoparticle (nm) Ag nanoparticle £ cysteine (nm)
Lee and Miesel’s method 60+0.33 122 4+0.57
Modified Creighton’s method 51.6+£0.88 53.3+£0.66

Note: Values are the mean of 3 (#=mean =+ standard error).

nanoparticles thereby, inducing aggregation. Borohydride method synthesised particle
gave a zeta potential value of —30.76 mV and the Ag/Cys interacted samples gave similar
zeta potential values which confirmed the stability of the colloid even after addition of
cysteine. The above results were in substantial agreement with the UV and dynamic light
scattering results.

A possible mechanism describing the differential behaviour of cysteine in the two
synthesis methods is discussed. Cysteine is a thiol containing amino polar amino acid
having pK, values: 1.96 (for the carboxylic group), 8.18 (for the amine group) and 10.28
(for the thiol group) [19]. The isoelectric pH of cysteine is 5.07. The pH of the colloidal
silver solution using Lee method was about 6.4. At this pH, functional groups of cysteine
are protonated; thus, the thiol groups of cysteine bind to silver surface through ligand
exchange reactions [20] and the amine group of one cysteine-coated nanoparticle forms a
bond with carboxyl group of the other cysteine-coated nanoparticle. Hence, the cysteine
molecule constitutes a bridge among silver nanoparticles, thus forming large aggregates,
which deposit in time. In the method two, the pH of the synthesised colloid was 8.6. At this
pH, the carboxyl groups will be negatively charged, the thiol groups will be positively
charged and the amino groups behave as zwitter ionic species. Hence in absence of
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electrostatic interactions, the amino groups failed to bind with the carboxyl groups to
induce aggregation.

Hence, the particles synthesised using the Lee and Miesel’s method upon interaction
with cysteine caused the aggregation of particles, which could be applied for the
colorimetric detection of biomolecules [21]. The silver nanoparticles synthesised using
modified Creighton’s method was more stable. The further alteration of this process can
result in stabilised silver nanoparticles applicable for drug delivery and biomedical
applications [22]. The differential functionalisation of silver nanoparticles with the same
biomolecules may lead to differential biomedical applications. Additional studies are in
process to establish the detailed mechanistic aspects of the process.
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