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Abstract

Citrate capped gold nanoseeds of uniform size and shape were prepared and used for
CTAB-assisted growth of gold nanorods. Further, shape and size dependent hydrodynamic
sedimentation behavior of nanostructure is exploited for separation of gold nanorods from
mixture containing particles of different shape and size. The surface functionalization of gold
nanorods with amino acids allows its efficient interaction with the enzyme and makes it a
promising platform for applications including medical diagnostics and sensing devices. Further,
the biosensing efficiency of the glucose biosensor fabricated by immobilizing glucose oxidase
(GOx) onto gold nanorods was investigated. Under optimum conditions, the fabricated biosensor
showed low detection limit, excellent storage stability and high sensitivity. The biosensor has a
wide linear range for the detection of glucose from 5mM to 40mM with 6 s response time. The
retained activity of glucose oxidase ensures the biocompatibility of amino coated gold nanorods
and shows that it can be extended to other enzymes as well for development of novel biosensors.
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1. Introduction

With the advent of nanotechnology biosensor research witnessed an exponential upsurge
through exploitation of unique optical, electromagnetic and catalytic properties of the
nanomaterials, much different from their bulk counterparts. The above unique properties are
further dependent on the morphology [1,2] and size[3,4] of the nanostructures and especially
interesting behavior is observed in anisotropic nanostructures. The unique optical characteristics
including multiple plasmon bands [5] and light absorption in the near infrared (NIR) regions in
case of one-, two- and three- dimensional anisotropic nanostructures make them suitable for
various optical and optothermal applications [6-8]. Moreover, the electrochemical and
mechanical properties are much more enhanced than their isotropic counterparts [9,10]. Recently
we have shown that coupled chain like gold nanoparticles results in better electron transfer rates
and anisotropic shape ensures better approachability of the modified electrode surface and the
active sites of the biomolecules [11].

A controlled synthesis of uniform anisotropic structures is difficult to achieve [12].
Generally, a mixture of different shape nanostructures is obtained during the synthesis of
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nanorods via seed mediated method[13-14]. In this method the gold seeds are prepared by
reduction of metal salt with a strong reducing agent. Further, in the growth solution the weak
reducing agent along with the surfactant helps in longitudinal growth of these nano seeds to form
rods or wires. The aspect ratio of the synthesized rods can be controlled by varying the
concentration of seeds and precursor in the growth solution.[15] The separation of different
nanostructures on the basis of shape is a major challenge for researchers. Different post
purification techniques including column chromatography[16], capillary electrophoresis[17],
dialysis[18], etc., are generally used for separation of nanostructures. The percentage purity of
product varies with the efficiency of the technique used for separation. However, the above
mentioned method does not allow the separation of nanostructures on the basis of their shape.

In this paper, we have separated the nanorods from a mixture of nanostructures through a
simple one step process i.e., by varying the centrifugal force. The surfactant coated gold nanorods
were further functionalized with amino acid in order to enhance their biocompatibility. The fact
that nanorods and nanotubes exhibit excellent conductivity was further exploited to construct a
highly sensitive amperometric glucose biosensor. The nanorods modified biosensor exhibited
high sensitivity, fast amperometric response time of less than 6 s, wide linear range from 5mM to
40mM, and low detection limit 5mM.

2. Experimental Section

2.1 Preparation of gold nanorods

The gold nanorods were synthesized following well-known seed mediated route described
in literature [13]. First, gold nanoparticles with size less than 10 nm were prepared via citrate
reduction method. After few hours, the synthesized seeds were added to growth solution
containing HAuUCI,, ascorbic acid and CTAB. The resultant solution was kept undisturbed
overnight. The separation of nanorods from the mixture containing spherical nanoparticles and
nanorods was performed depending on the centrifugal speed. The mixture was centrifuged at
different rpm in order to verify the effect of centrifugal speed on extent of separation. The pellet
was redispersed in deionized water and titrated to a pH value between 1.0 and 7.0. Further, to the
colloidal solution, a freshly prepared solution of aspargine was added to make the nanorods a
better platform for enzyme immobilization.

2.2 Characterization of nanorods

The aspect ratio estimation of the synthesized gold nanorods was done using transmission
electron microscope (TEM). Morgagini 268 transmission electron microscope with magnification
of 8900 x. The optical properties of nanorods (AuNRs) were further assessed by recording UV—
VIS absorbance spectra using a cuvette free spectrophotometer ND 1000 UV-VIS
Spectrophotometer from Nanodrop technologies operated at 12 V.

2.3 Response Time Measurement

The disposable gold electrode was supplied by Drop Sens.The electrodes were screen
printed on to a ceramic substrate and electric contacts were made of silver. The electrochemical
cell consists of gold as working and counter electrode whereas reference electrode is of silver.
Cleaning of working electrode was done using ethanol and distilled water. 5 pl of APT (SmM)
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was deposited on to the working electrode and was incubated for 3 hrs. The electrode was rinsed
with double distilled water to remove unbound APT. 5 pl of the cross linking agent (10% (v/v)
aqueous solution of glutaraldehyde) was added drop wise and allowed to dry. Amino
functionalized gold nanorods were immobilized onto the electrode surface. Unbound gold
nanorods were removed by washing the electrodes 2-3 times with double distilled water. Finally,
20U of glucose oxidase was immobilized on electrode surface coated with functionalized gold
nanorods. The following day, the electrode was rinsed with water, dried and stored in PBS (pH
7.4) at 4°C for further use.

A screen printed electrode containing three electrodes (where working electrode modified
with gold nanorods was used as platform for glucose oxidase immobilization, a gold electrode
act as a counter electrode, and silver electrode is used as a reference electrode). A micro ammeter
was connected in series with the working electrode to measure the current. Water and PBS acted
as negative control which showed no current. When the current trends were stable different
glucose concentrations were prepared & the current response in each was observed by applying a
constant voltage of 0.4V. Response time was calculated as the time required to sense 95% change
in concentration.

3. Results and Discussion

Gold nanostructures prepared using the above protocols were separated on the basis of
shape using centrifugation. The morphological analysis of the solution separated at different
centrifugal speeds is done using TEM. Figure. 1a represents the TEM micrograph of solution
centrifuged at 9000 rpm showing a mixture of rods of different aspect ratios and spherical
nanoparticles. Spherical nanoparticles of gold showed an average diameter of 15 nm, whereas the
average length and diameter of synthesized gold nanorods was 224 nm, and 20 nm, respectively.
The sample was further characterized using UV-vis spectroscopy. A broad absorption peak from
520 nm to 750 nm indicating a high polydispersity in size of nanorods and nanoparticles is
observed (see absorption spectra of Figure 1a). These particles and rods were separated based on
their hydrodynamic velocity by centrifuging the solution containing mixture of nanostructures
(nanorods and nanoparticles) at 6000 rpm for 20 min. Rods being heavier in mass would have
larger terminal settling velocity and hence settle down faster along the walls of the centrifugation
tubes while comparatively lighter spherical particles tend to take longer time and settle at the
bottom of the centrifugation tube. The red colored pellet of nanoparticles at the bottom of the
tube when characterized using UV-vis spectroscopy shows sharp single absorption peak at 526
nm whereas the purplish black pellet at the wall of centrifuge tube shows two distinct peaks at
534 and 675 nm (see absorption spectra of Figure 1b), confirming the anisotropic character of the
synthesized nanorods. The morphological analysis of the pellets was further done using TEM
which confirmed the separation of two different shape nanostructures using centrifugation (Fig
1(b-c)). The nanorods of different aspect ratios were further separated by resuspending the wall
pellet in 1.5 ml of water followed by differential centrifugation from 5000 rpm to 9000 rpm.

Characterization of the particles was followed by activity analysis of the free enzyme in
aqueous solution (as shown in figure 2(a)) and after immobilization onto gold nanorods (see
Figure 2(b)). Activity was assayed by studying the rate of formation of Quinoneimine dye at 37°C.
It was observed that after immobilization onto gold nanorods there was a three-fold enhancement
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Fig 1 TEM micrographs of A) mixture of rods and NPs B) NPs after separation C) Rods after separation and
their corresponding UV-Visible absorption spectra
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in the specific activity of the enzyme as compared to the free enzyme Table 1. This indicates that
the immobilization onto nanorods is enhancing the enzyme activity significantly. This also
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Fig2 Variation of concentration as a function of time for activity studies of a) free enzyme b) enzyme
immobilized onto gold nanorods.

implies that functionalizing surfactant coated nanorods with amino acids makes them more
biocompatible and thus ensuring no reduction in activity of the enzyme. Henceforth, the
construction of amperometric biosensor and current measurements were carried out using screen
printed gold electrode (DRP 220). A micro ammeter was connected in series to measure the
amount of current produced. The current was recorded as a function of applied voltage and a
linearly increasing |-V characteristic was observed. However, it has been reported that there is
strong interference from ascorbic acid and uric acid at high voltages, therefore a constant voltage
of 0.4 V was applied. Figure 3 shows current produced varies linearly with increasing glucose
concentrations. Water and phosphate buffer were taken as negative control that gave no current
response. The response time of the above biosensor, measured as the time taken to sense 95% of
concentration change. The measured response time was 6 secs.

Table 1. Comparison of specific activity of free and immobilized enzyme at 37°C

Specific
Activity Activity(mmoles/m
S.No  Analysis for in/mg)
1 Free enzyme
GOx
2.75
GOx
immobilized
onto Gold
2 Nanorods 6.8
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Comparison of the Biosensor

The performance of the fabricated GOx-AuNRs biosensor was compared with that of
commercial glucometer. Choice of commercial glucometer was done on the basis of enzyme used
I.e., one using glucose oxidase as the biomolecule for sensing the amount of glucose in the blood
sample. The correlation of glucose sensing using fabricated GOx-AuNRs biosensor and that of
commercial glucometer is shown in Fig. 4. A high correlative coefficient of .98 was confirms
good performance characteristics of the fabricated biosensor.
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Fig. 3. Current response as a function of glucose Fig. 4. Correlation glucose concentration values as
concentration. measured by GOx-AuNRs electrode and commercial
glucometer.

Interference: A number of possible interfering species alters the correct measurements of
glucose levels. The signal alterations due to most interfering electroactive species, such as
ascorbic acid and uric acid were investigated in the present study. The level of endogenous
ascorbic and uric acid is about 0.125 and 0.33 mM, respectively has been reported in blood
samples. At this level, no fall in reponse current signal was observed. Thus, confirming the
glucose biosensor exhibited negligible response to such electroactive interfering species.

4. Conclusions

Present paper reports a simple process of centrifugation in conjuction with amino acids to
yields biocompatible nanorods that can further be utilized for highly sensitive biosensor
fabrication. Effective sedimentation velocity under the applied centrifugal force is the governing
principle for separation of pure gold nanorods (AuNRs) from a mixture of particles and rods of
different sizes and shapes. Further, decorating the AuNRs with amino acid enhances their
biocompatibility and results in less denaturation of immobilized biomolecule and hence more
suitable for a sensitive biosensor fabrication.
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