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ABSTRACT

A glucose biosensor was constructed by using highly dispersed gold
nanoparticles supported on palladium nanowire arrays (Au-PdNWs) as
sensing interface. The property of the biosensor was detected by cyclic
voltammetry and chronoamperometry and the use of composite nanomaterial
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led to an efficient enzyme loading, showing a perfect catalytic activity
towards the oxidation of glucose. The biosensor exhibited excellent sensi-
tivity (detection limit was down to 0.001mM), short responsetime (about 5
sec) and wide linear range (from 0.05 to 5mM). Furthermore, the biosensor

exhibited long-term stability and good reproducibility.
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INTRODUCTION

The development of sensing devicesfor thefast
and reliable monitoring of glucose and the carbohy-
dratesfor the treatment and control of diabetes has
been afoca subjectinandytica chemistry for the past
few decaded?. Recent advances from the conver-
gence of nanotechnol ogy and biotechnol ogy are ac-
celerating the development of sensor research.
Nanostructured materials, for example metal
nanowires, havethe propertiesof novel optical, elec-
trical, catalytic, and magnetic properties, which make
the nanowires the promising sensing materials for
ultrasensitive, trace-level biological and chemical
nanosensors?.

Asahighly active noblemetal, therole of palla-
diumin catalysisand el ectrochemical analysishave
been recognized extensively and studied intensively.

Especidly inthe recent years, asthe nano-technol ogy
advances continuously, studiesand applicationson
palladium nanowire have been reported frequently,
including the palladium nanowire® prepared by elec-
trolessdeposition and palladium alloy nanowires, such
as Pd-Ni and Pd-Co® nanowires produced by
electro-deposition. Theseresearchesmainly concen-
trated on the catalysis research of alcohols and the
preparation of hydrogen micro-sensor. Asfar aswe
know, there are few reports on the application of
PdNWsin theareaof glucose detection.

Here, wereport Pd nanowire arraysbased on the
highly ordered NWA architecture using an anodized
aluminum oxide (AAO) templ ate e ectro-deposition'®.
With the paladium nanowirearray loaded by the gold
nano-particlesasthe substrate, the amperometric glu-
cose sensor was prepared. TheAu colloids could in-
creasethe specific surface areaand adsorb more en-
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zymes, and it could make the modified electrodeto
adsorb lotsof enzymesand keep their bioactivitiesin
good condition. And Pd NWAs have an extremely
high el ectrochemicd activesurfaceareaand arehighly
activetoward the el ectro-oxidation of glucose. The
biosensor obtai ned shows el ectro-catal ytic activity,
good accuracy, and alow cost.

EXPERIMENTAL

PANWswere prepared in my lab and thefabrica
tion method has been described in the previous re-
ports®. GCE was polished and thoroughly cleaned.
A piece of as-prepared AAO template was attached
to the polished surface of the GCE. Electro-deposi-
tion wascarried out in an agueous sol ution containing
Pd(NH,),Cl, +NH,CI. The pH value of the solution
was adjusted to 8 with NH_-H,O. At last aPANWs
electrode embedded in AAO weredipped into NaOH
solution of 2 M for 1 h to remove the AAO com-
pletely and then washed by distilled water for several
times.

The GOD electrodewas prepared asfollows. The
10uL GOD (2gL™) and 0.3 ml Au colloid weremixed,
and 3ml anhydrous ethanol (2%, w/v) with PVB was
added to themixed solution. ThenthePd nanowired ec-
trodewas dipped into the above mixed solutionfor 10
min. After it wasdry, the GOD €l ectrode (denoted as
GOD/nano-Au/PANWS/GCE) was obtained, and it
was suspended in PBS with pH 6.86 and stored at
4°C. Nano-Au/PANWs/GCE, GOD/PANWS/GCE
and GOD/GCE, which were used in the control ex-

periments, were prepared by the same method.

Electrochemica experimentswereperformedona
PARSTAT 2273 electrochemical workstation
(Princeton, USA). A standard three-electrode cell was
used and was controlled at 25°C using awater bath
during the experiment. A platinum wire and saturated
calomel electrode (SCE, 0.241 V versus SHE) were
used ascounter and reference e ectrodes, respectively.
Scanning el ectron microscopic (SEM) analysiswas
performed with aHitachi S-5200.

RESULTSAND DISCUSSION

Figure 1laand 1b showed thetypical imagesof the
PANWs, and the AA O templ ate was dissol ved com-
pletely.

It could beseen that alargeamount of Pd nanowires
hed been assembledintheAA O template. Though some
nanowiresaligned together, forming several clustersof
aggregates, alargeareaof Pd nanowireshad good ori-
entation and was highly ordered, perpendicular tothe
surface of the substrate. It could be clearly observed
from figure 1b that the Pd nanowireswere highly or-
deredwith uniform diametersof 30 nm, maintaining the
size and shape close to cylinder of the pores of the
AAO template. The hexagonal shape of the Pd
nanowireswas dueto theAAO porous structure dur-
ing anodi zation. The nanowireswereuniform, well iso-
lated, parallel to one another, and stood vertically to
theeectrode substrate surface.

Thecyclic voltammogram of GOD/GCE, GOD/
PANWS/GCE and GOD/nano-Au/PANWS/GCE in

Figurel: SEM imageof PANWs(a) and (b).
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Figure2: CVsof Immol L glucoseat different dectrodesin
a0.1mol L-1PBS(pH 6.86) at ascan rate100mV s?, (a) GOD/
GCE; (b) GOD/PANWSGCE; (c) GOD/nano-Au/PdNWSYGCE.

1mmol L glucose solutionwasshowninfigure2.
Theresultsreveal ed that therewereno apparent
redox peaksof glucosein GOD/GCE (a). Under the
sameconditions, apparent peakswereobserved on
GOD/PANWSGCE (b) and GOD/nano-Au/PANW¢/
GCE(c), suggestingthat PANWSs, asacarrier, played
animportant roleinelectrontransfer. Though GOD/
PANWs/GCE withoutAu colloid had thesimilar re-
sponseduringthescanning, itscathodi c peak current
wassmal | comparedwith GOD/PANW<SGCEwithAu
colloid. Itwasindicated that gold nanoparti clesl oad-
ingon PdNWA swithgood bi o-compatibility and con-
ductivity played asignificant roleinthecatalysisof
GOD toproduceH,0,, which enhanced theimmobi-
lization of theenzymeand accel erated el ectrontrans-
ferintheactivecenter of the el ectrodeand enzyme.
Consequently, thecurrent responseto glucosein nano-
Au/PANWS/GCE, which possessed the propertiesof
PdANWA sand nano-Au, wassignificantly boosted.
Theinvestigation of the effect of pH on the perfor-
mance of biosensor isof great importance. The solu-
tion acidity had asignificant influenceonthe activity of
immobilized GOD and the redox processwith proton
participation, thereby affecting the propertiesof GOD/
nano-Au/PANWS/GCE. The pH dependence of the
sensor wasevaluated at 1mm L glucose solution over
the pH rangingfrom4to 9. The current responsewas
weaker whenthe acidity was stronger, and thereaction
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Figure3: Current-timeresponses of the glucoseon GOD/

nano-Au/PANWSGCE.
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Figure4: Linear measurementsof glucoseon GOD/nano-
Au/PdNWSGCE.

hardly proceeded forward dueto plenty of H*. With
pH increasing, H* concentration decreased and current
response became strengthened gradually. When
pH=6.86, theresponsereached the maximum. And then
it declined gradually aspH further increased, ashigh
pH might prevent transformation between oxidationand
reduction states of GOD. Therefore, pH was deter-
mined as 6.8 in the experiment.

Theresponsetime of biosensor relied on electron
transfer rate. Pd nanowire array and gold nano-par-
ticles served as abridge between the €l ectron accep-
tor and thedonor, and it improved thetransfer rateto
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agreat extent, thus shortening the responsetime. It
was determined by chronoamperometry that response
timewaslessthan 5sgeneraly when the current was
stable (Figure 3). It was greatly shorter than that of
el ectrodes made by other methods (0.5-1.5 min, in
generd).

It was detected in the optimal working condition
(pH=6.8, T=35°C). Therewasalinear relationship
between current response and glucose concentra-
tion within the range of 5.0x10°~5.0x10°mol L-
Y(Figure4). Thelinear equation was ip =1.26x10
"+2.7x10°C, with relative coefficient R=0.9964 and
the detection limit of 1.0x10° mol L. Theresults
indicate that the sensor shows higher enzymatic ac-
tivity and impliesthat the present enzyme el ectrode
exhibitsahigher affinity for glucosethan thereported
biosensord’8.

Thereproducibility of the current response of the
enzyme el ectrode was examined at aglucose concen-
tration of 0.5mmol L* andtherelative standard devia-
tion was 3.6% (n=5). The sensitivity of the electrode
response maintained about 75% of the original value
after 1 month testing. This could be dueto the good
biocomptibility of nano-Authusthelifetimeof theglu-
cose biosensor could be prolonged.

The biosensor was not only required to sengitiveto
glucose but also to beinsensitiveto other el ectro-ac-
tive substances. Interference studieswere performed
with the present biosensor. The results show that
0.01mmol L* ascorbic acid and 0.01mmol L uricacid
do not interferewith determination of glucose 0.05mmol
L

CONCLUSION

In this study, we have demonstrated that,
nanostructuring using the prepared nano-Au and
PANWA simprovestheanalytical performance of the
corresponding sensors. Thesengtivity of theGOD dec-
trode toward glucoseis much better than that of con-
ventiona eectrode. Thebiocompatibility of nano-Au
andthelargesurface areaof the nanowiremakeit suit-
ablefor the adsorption of enzyme and applied inthe
fabrication of biosensor. It isno doubt that the biosen-
sor fabrication method offersapromising platform for
variousbio-sensang gpplications.
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