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a b s t r a c t

A NADH and glucose biosensor based on thionine cross-linked multiwalled carbon nanotubes (MWNTs)
and Au nanoparticles (Au NPs) multilayer functionalized indium-doped tin oxide (ITO) electrode were pre-
sented in this paper. The effect of light irradiation on the enhancement of bioelectrocatalytic processes
of the biocatalytic systems by the photovoltaic effect was investigated. This bioelectrode exhibited excel-
lent catalytic activity of the oxidation towards dihydronicotinamide adenine dinucleotide (NADH). Most
interesting, the performance of this NADH sensor could be tuned by the visible light. When the biosen-
sor was performed in the dark, the anodic current increased linearly with NADH concentration over the
range from 0.5 to 237 �M with detection limit 0.1 �M and sensitivity 17 nA �M−1. The sensitivity became

−1

iosensor
ultiwalled carbon nanotube

hionine
old nanoparticles

115 nA �M with detection limit 0.05 �M with the light irradiation. Compared with the reaction in dark,
the sensitivity increased around 7 folds while the detection limit decreased 2 folds. The glucose biosensor
also exhibited the same behavior. The linear range was from 10 �M to 2.56 mM with the sensitivity of
7.8 �A mM−1 and detection limit 5.0 �M in the dark. After the light irradiation, the linear range was from
1 �M to 3.25 mM with the sensitivity of 18.5 �A mM−1 and detection limit 0.7 �M. It indicated a potential
to provide an operational access to develop new kinds of photocontrolled dehydrogenase enzyme-based
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. Introduction

Dihydronicotinamide adenine dinucleotide (NADH) coenzyme
xidation at the electrode surface has received considerable inter-
st due to its significance both as a cofactor for dehydrogenase
nzymes and its role in the electron-transfer chain in biolog-
cal system, and also due to the developing NADH-dependent
ehydrogenases-based amperometric biosensors (Maleki et al.,
006). However, direct oxidation of NADH at bare electrode occurs
t high overpotential (0.6–0.8 V) and suffers from low sensitivity
nd the fouling of the electrode surface by its oxidation prod-
cts (Deore and Freund, 2005). In recent years, nanomaterials
re attracting growing attention in facilitating electron transfer
inetics. Many nanomaterials, such as poly(1,2-diaminobenzene)

anotubules (Valentini et al., 2004), and TiO2 nanostructured films
Curulli et al., 2005), particularly carbon nanotubes (CNTs) (Wang
nd Musameh, 2003; Tsai et al., 2007; Zhang et al., 2003; Zhang
nd Gorski, 2005), carbon nanofibers (CNFs) (Wu et al., 2007a,b;

∗ Corresponding author. Tel.: +86 431 85262101; fax: +86 431 85689711.
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rvinte et al., 2007) and gold nanoparticles (AuNPs) (Jena and
aj, 2006) have been devoted to decreasing the high overpoten-
ial for NADH oxidation and minimizing surface fouling. The ideal
iosensor fabrication method should employ mild chemical con-
itions, allow for large quantities of enzyme to be immobilized,
rovide a favorable microenvironment to maintain the enzyme
ctivity, and provide a large surface area for enzyme–substrate
ontact within a small total volume. Barriers to mass transport
f substrate and product should be minimized, and a chemically
nd mechanically robust system should be provided. The unique
lectronic, chemical, mechanical properties and biocompatibility
f CNTs and AuNPs suggest that AuNPs-functionalized MWCNTs
ay satisfies all of above criteria. In recent year, nanoparticles

NPs)/CNTs multilayer films have been assembled by LBL technique.
ost multilayer structures are cross-linked by polyelectrolyte such

s poly(dimethyldiallylammonium chloride) (Liu et al., 2007), chi-
osan (Ou et al., 2007), poly(ethyleneimine) (Yu et al., 2006),
oly(sodium-p-styrenesulfonate) salt (Yang et al., 2006) and sur-
actant (Zhang et al., 2006) or via covalent-bonding interaction (Ma
t al., 2008).

In this paper, we described the fabrication of CNTs/thionine/
uNPs self-assembled multilayers on amino functionalized sur-

aces by using thionine as cross-linkers. Here, CNTs/AuNPs

http://www.sciencedirect.com/science/journal/09565663
mailto:dongsj@ciac.jl.cn
dx.doi.org/10.1016/j.bios.2008.07.066
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ultilayer provided a suitable microenvironment to retain the
nzyme activity and amplified the electrochemical signal of the
roduct of the enzymatic reaction. Thionine has been successfully
pplied to fabricate AuNPs functional CNTs nanomaterial (Wang et
l., 2007a), AuNPs multilayer (Chen et al., 2002) and CNTs multi-
ayer (Huang et al., 2005) as cross-linker. But the effect of the light
rradiation on the catalytic performance of those nanostructures
as not yet been investigated, since the thionine is a photoactive
olecular. There are several reports on the catalytic activity of

he enzyme would affected through the tunable characteristic of
he specific component in the matrix. The catalytic activity of the
emoglobin, which entrapped in the TiO2 NPs can be tuned by the
hotovoltaic effect of TiO2 induced by the ultraviolet light (Zhou et
l., 2005). The effect of a constant magnetic field on the enhance-
ent of bioelectrocatalytic processes of the surface-integrated

iocatalytic systems by the magnetohydrodynamic effect is applied
n the enhancement of the biofuel cell performance (Katz et al.,
005). So that we assumed that the performance of this NADH and
lucose biosensor based on thionine bridged multilayer could be
djusted by the light irradiation, since the light would modulate
he different state of the thionine in this multilayer structure. In
he present paper, we reported a NADH and glucose biosensor based
n the photoactive thionine into CNTs and AuNPs multilayer nanos-
ructure, which performance could be reversibly switched between
low” and “high” states by the visible light irradiation. This self-
ssembly nanostructure allowed the efficient oxidation to NADH
n the dark, and the electrode exhibited much better biocatalytic
erformance after the dye was activated by light. The activation
nd inhibition of the photovoltaic effect of the thionine by interval
ight irradiation provided a means to reversibly tune the photo-
hemical process. This multicomponent nanostructure enabled the
ight-induced enhancement and photoswitchable biosensor to be
onstructed. Glucose dehydrogenase (GDH) was used as a model
nzyme that can be simply immobilized on the electrode surface
y adsorption process. A sensitive amperometric sensor for the
lucose with low potential and phototunable performance was pro-
osed.

. Experimental

.1. Reagents

Glucose dehydrogenase (E.C. 1.1.1.47, thermoplasma aci-
ophilum, recombinant expressed in E. coli, initial activity of
83 U/mg−1) was obtained from Sigma. NADH was obtained from
eijing Ding Guo Chemical Reagent (Beijing, China). Thionine and
ranched-poly-ethylenimine (B-PEI) were obtained from Aldrich
hemical Co. They were used as received, without further purifica-
ion.

Multiwalled carbon nanotubes (MWNTs) (95%, 20–50 nm) pur-
hased from Shenzhen Nanotech. Port. Co. Ltd. (Shenzhen, China)
ere first shortened and functionalized by sonicating in a mix-

ure of concentrated HNO3 and H2SO4 (v/v, 1:3) for 6 h followed by
xtensive washing in doubly distilled water until the filtrate was
eutral. Then the pH was adjusted to 8.0 to achieved net negatively
harged carboxylate groups. The negatively charged MWNTs were
entrifuged at 10,000 rpm for 30 min to remove the supernatant
nd dried in a vacuum. The Au nanoparticles (Au NPs) were pre-
ared by mixing 0.80 mL 1% trisodium citrate, 30 mL of H2O and

.3 mL 1% HAuCl4. This solution was kept boiling and stirring 30 min
y a magnetic stirring bar at a stirring rate of 500 rpm. Glucose
as purchased from Beijing Chemical Reagent (Beijing, China) and

he stock solution of glucose was allowed to mutorotate at room
emperature overnight before use. 0.1 M phosphate buffer solu-
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ions (PBS) consisted of Na2HPO4 and NaH2PO4 were employed as
he supporting electrolyte. All other chemicals were of analytical
rade and the solutions were prepared with the doubly distilled
ater. Urine samples from healthy adults were allowed to precipi-

ate for 15 min at room temperature. The clear upper urine sample
as decanted and the remainder discarded. The pH of the urine

amples were adjusted to pH 7.5, with 1 M solution of hydrochloric
cid or sodium hydroxide as measured by a Delta 320 pH meter
Mettler-Toledo, Shanghai, China).

.2. Instruments

Cyclic voltammetry and chronamperometry measurements
ere carried out on a CHI 600 and CHI 832 electrochemical
orkstation (CH Instruments, USA), respectively. Coiled platinum
ire and Ag/AgCl (saturated KCl) electrode were used as the

ounter electrode and the reference electrode, respectively. Absorp-
ion spectra were recorded using a Cary 500 scan UV–vis–NIR
pectrophotometer (Varian). The absorbance of multilayer films
ssembled on quartz slide was measured. Before use, the quartz
lide was soaked in freshly prepared “piranha” solution (a mix-
ure of 7:3 volume ratios of 98% H2SO4 and 30% H2O2) at 90 ◦C for
bout 20 min and then washed in pure ethanol and water succes-
ively. (Caution! “Piranha” solution reacts violently with almost any
rganic materials and should be handled with extreme care!). Scan-
ing electron microscopy (SEM) images were determined with a
hilips XL-30 ESEM. The accelerating voltage was 20 kV. Photoelec-
rochemical experiments were performed with the cell irradiated
y the white light from Tungsten lamp for 15 min (Spectron, Beijing,
-930), with the light intensity kept at 3.3 mW cm−2.

.3. Modification of electrodes

Indium-doped tin oxide (ITO) glass plates were cleaned by ultra-
onication in a series of solvents, doubly distilled water, ethanol,
thanol aqueous solution saturated by NaOH and ethanol to provide
clean, negative charged surface. The negatively charged substrate

TO was first immersed in B-PEI aqueous solution (2 mg mL−1) with
.1 M NaCl for 15 min. After being washed with distilled water, the
WNTs/thionine/Au NPs multilayers were grown on the B-PEI-

erminated film by alternately dipping the modified ITO electrode
nto the MWNT solution (0.25 mg mL−1) and thionine aqueous solu-
ion (0.1 mM) for 15 min, respectively, and then immersed into
uNPs solution (0.1 mM) and thionine solution for 1 h, respectively.
his sequence was repeated until the desired layer number was
btained. The membranes were carefully washed with distilled
ater. The biosensor for glucose was completed by immersing the

MWNTs/thionine/AuNPs)n multilayer film modified electrode into
he GDH aqueous solution (1 mg/mL, pH 3.0) for 2 h. The amount of
DH was measured spectrophotometrically using Wurster’s blue
s the electron acceptor essentially as described by Hommes et al.
1984, 1985).

. Results and discussion

.1. Characterization of multilayer film

Thionine as a cross-linker to built a MWNTs and AuNPs mul-
ilayer has been shown in Scheme 1A. The formation of thionine
ridged MWNTs and AuNPs multilayer was confirmed and char-

cterized by SEM image (the inset of Scheme 1A). The sequential
epetition of the deposition of MWNTs, thionine and AuNPs could
roduce a multilayer membrane with a porous structure, which
ould be favorable for the approach of substrates to the enzyme
olecules in internal layers. Further support for the formation of
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cheme 1. (A) Schematic structure of the biosensor. Inset: the SEM image of (MWNTs
nder the light irradiation.

MWNTs/thionine/AuNPs)n multilayer can be provided by spec-
roscopy, electrochemistry (data not shown). The absorption band
ntensities at 267 and 512 nm increased gradually with increas-
ng the number of MWNTs/thionine/AuNPs layer, which could be
ttributed to the MWNTs and AuNPs, demonstrating that thionine
ad successfully cross-linked MWNTs and Au NPs into multilayer.
he peak currents of thionine in the multilayer and layer numbers
xhibited good linear relationship, which implied a linearly growth
f the multilayer.

.2. Detection of NADH at the multilayer modified electrode
Shown in Fig. 1A curve b and x were CVs of the
MWNTs/thionine/AuNPs)8 multilayer modified ITO electrode
n PBS (pH 7.0) with and without NADH, respectively. In the
resence of NADH, a remarkable catalytic oxidation current at the
odified electrode occurred at ca. 30 mV, which shifted 570 mV

o
m
l

w

ig. 1. (A) CVs of the (MWNTs/thionine/AuNPs)8 modified ITO electrodes in pH 7.0 PBS i
a) and without (b) the light irradiation, respectively. Scan rate: 50 mV s−1. (B) The rever
lectrode at 0.2 V with (a) and without (b) light irradiation in pH 7.0 0.1 M PBS containing
ine/AuNPs)5/GDH modified ITO electrode. (B) The reaction scheme of the biosensor

ore negative than that of the bare ITO electrode (ca. 600 mV). The
odified electrode gave the best performance for NADH at 8 layers.

hus, the sensor was prepared with eight layers. Self-assembly of
WNTs and AuNPs to electrode surface provided the necessary

onduction pathways and allowed efficient electron tunneling,
hich facilitate electrical communication between NADH and

he electrode surface. The oxygen-rich groups such as phenolic
ydroxides and quinones presented on the MWNT surface by the
cid treatment (Zhang et al., 2004) and the surface bound hydrous
xides of the AuNPs (Jena and Raj, 2006) could function as an
fficient mediator. The (MWNTs/thionine/AuNPs)n films had lots
f “cavities” or “channels” to allow counterions to move into or

ut of the films easily and greatly enhance the charge transport
obility within the films. Such electrocatalytic action facilitated

ow-potential amperometric measurements of NADH.
It should be mentioned that the above experiments

ere performed in dark. After the light irradiation on the

n the absence of NADH in the dark (c) and the in presence of 0.5 mM NADH with
sible switch of the current generated by the (MWNTs/thionine/AuNPs)8 modified
0.5 mM NADH.
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ig. 2. (A) Response of (MWNTs/thionine/AuNPs)8 multilayer modified ITO electro
ame condition in (A).

MWNTs/thionine/AuNPs)8 films for 15 min, the catalytic current
ncreased significantly in the presence of NADH, in contrast to that
n dark. As shown in Fig. 1A curve a, the light irradiation resulted
n a negative shifting 50 mV of the anodic peak potential, and the
eak current also increased from 8.5 to 18.2 �A. For comparison,
he (MWNTs/AuNPs)8 multilayer, the (MWNTs/thionine)8 multi-
ayer and (AuNPs/thionine)8 multilayer modified electrode were
repared according to the reference (Wang et al., 2007b; Huang et
l., 2005; Chen et al., 2002). The current at the (MWNTs/AuNPs)8
lm modified electrode was no significant difference between
he dark and the light irradiation. The light irradiation resulted
n obvious enhancement of catalytic current towards NADH at
he (MWNTs/thionine)8 multilayer modified electrode. But the
urrent was smaller than that at the (MWNTs/thionine/AuNPs)8
lm modified electrode under the same condition. The current
t (AuNPs/thionine)8 film modified electrode also exhibited an
nhancement with light irradiation. However, the improvement
as not as remarkable as that of the (MWNTs/thionine/AuNPs)8

nd (MWNTs/thionine)8 film electrode. These phenomena were
ue to the photovoltaic effect of thionine. Thionine is known
o undergo excitation by visible light and a cyclic photochemical
eaction with several molecules and ions (Tamilrasan and Natrajan,

981). Thionine did not have any reaction with NADH in the ground
tate (Sharma, 1992). So we assumed that MWNTs can serve as
lectron traps because of the larger electron affinity than the dye
Ikeda and Miyasaka, 2007; Yanagi et al., 2007). Although the

a
i
w
F

ig. 3. (A) Amperometric response of the (MWNTs/thionine/AuNPs)8 multilayer modified
.1 M PBS with (a) and without (b) light irradiation. (B) The corresponding calibration plo
.2 V to 2 mM NADH in pH 7.0 0.1 M PBS. (B) Bare ITO electrode at +0.7 V under the

uNPs were reported as the electron acceptor in previous report
Lahav et al., 2000), the worse improvement was observed at the
AuNPs/thionine)8 film than that at those multilayers with the
ntroduction of MWNTs. The MWNTs may act as dominant electron
rap in this system. Thionine generated the thionine excited
inglet state and triplet state by light absorption and donated
n electron to MWNTs. The AuNPs and MWNTs self-assembly
rovided the necessary conduction pathway and allowed efficient
lectron transfer to electrode surface. The AuNPs performed an
mportant role in the electron transfer process, since there was

orse performance of the multilayer modified electrode without
he AuNPs. Then the excited state of thionine was reduced by
ADH, which regenerated the photosensitizer and produced NAD+

Sharma, 1992). The NAD+-dependent-dehydrogenase enzyme
xidized substrate, consumed the coenzyme NAD+ and produced
ADH and H+. The most probable path of the reaction could
e summarized in the reaction Scheme 1B. Application of the

ntermittent light irradiation allowed the selective “ON” and “OFF”
witch of the photochemical process. When the thionine was
ctivated by light, the photocatalytical oxidation of NADH should
roceed in the system and enhanced the anodic current by 2
olds as compare with that in dark. The interval light irradiation

llowed the cyclic activation or inhibition of the photochem-
cal process, and the catalytic performance of the biosensor
as tuned between the “low” and “high” states, as shown in

ig. 1B.

electrode to the addition of NADH aliquots at 0.2 V into a stirred solution of pH 7.0
ts.
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ig. 4. Effect of immersion time (A) and pH (B) used on the response of the (MWN
mM glucose at 0.2 V under light irradiation.

The voltammetric response of the multilayer modified elec-
rode being left in 2 mM NADH solution for 30 min was
ecreased 0.3% (Fig. 2A). This demonstrated a resistance of
he (MWNTs/thionine/AuNPs)n film modified electrode to foul-
ng, which was commonly met at other solid electrodes for
xidation of NADH. The better operational stability of the
MWNTs/thionine/AuNPs)n film modified electrode was due to
aster charge transfer and lower overpotential for the oxidation
f NADH. The improved kinetics of electron transfer limited the
mount of radical intermediates and their dimerization, which typ-
cally caused fouling of the electrode surface during the oxidation
f NADH via two successive one-electron-transfer steps. Fig. 3A
urves a and b showed the amperometric response to the successive
ddition of NADH in pH 7.0 PBS at the (MWNTs/thionine/AuNPs)n

lm modified electrode at +0.20 V under light irradiation and in
ark, respectively. The current response displayed a linear range
rom 0.5 to 237 �M with slope of 17 nA �M−1 and detection limit
f 0.1 �M in dark. The linear range was from 0.2 to 135 �M with
lope of 115 nA �M−1 and detection limit of 0.05 �M with the light
rradiation. The sensitivity increasing nearly 7 folds and the detec-
ion limit lowered 2 folds, in contrast to the catalytic reaction in
ark. Taking advantage of the photovoltaic effect of thionine, the
MWNTs/thionine/AuNPs)n film modified electrodes could catalyze
he NADH more efficiently and behave with a higher sensitivity,
eactivity and lower detection limit. The electrocatalytic behavior
as highly reproducible, as reflected by a relative standard devi-

tion of 4.1% estimated from the slopes of the calibration plots at
ix freshly prepared (MWNTs/thionine/AuNPs)n film modified elec-
rodes. When the sensor was not in use, it was stored in pH 7.5 PBS
t 4 ◦C. A decrease of 5.2% amperometric response was observed
fter 2 months.

.3. (MWNT/thionine/AuNPs)n-dehydrogenase-based biosensor
or glucose

The biosensor was prepared by incorporating a model enzyme
DH into the (MWNTs/thionine/AuNPs)8 film. Because of the
trong interaction among MWNTs, AuNPs and enzyme, the enzyme
an be firmly immobilized in this multilayer structure. The

xcellent electric property and incompact open structure of
MWNTs/thionine/AuNPs)8 film facilitated the access of substrate
nd cofactor NAD+ to the GDH and resulted in good catalytic behav-
or to both NADH and the substrate. The catalytic current of the
lucose biosensor depended mainly on the enzyme kinetics which

s
o
s
s
w

ionine/AuNPs)8GDH modified electrode in 0.1 M PBS containing 5 mM NADH and

etermined the rate at which NADH was generated enzymati-
ally within the multilayer film, and the electrochemical reaction
inetics which controlled the rate at which NADH can be con-
erted to NAD+ to generate the measured electric signal within
he (MWNT/thionine/AuNPs)8GDH biocomposite. Therefore, the
mount of enzyme immobilized within the biocomposite matrix
s crucial for the glucose biosensor sensitivity. The amperometric
esponses were examined as a function of the time for the modified
lectrode immersed in GDH solution (Fig. 4A). The glucose biosen-
or responses enhanced by increasing the immersed time from
0 min to 2 h. The increase was accounted for more enzymatic redox
ctive sites in the (MWNTs/thionine/AuNPs)8GDH biocomposite.
he response of the biosensor was reduced after longer immersion
ime. The abundant GDH within (MWNTs/thionine/AuNPs)8GDH
iocomposite disturbed the electron relaying capacity of the
MWNTs/thionine/AuNPs)8 nanostructure due to the insulting
DH. To estimate the amount of the enzyme immobilized on

he electrode surface, the residual GDH in solution after mod-
fication process was measured spectrophotometrically using

urster’s blue as the electron acceptor essentially as described
y Hommes et al. (1984, 1985). So the enzyme loading calcu-
ated at the (MWNT/thionine/AuNPs)8 film was 1.25 �g mm−2 after
h immersed in the enzyme solution. The effect of the concen-

ration of NAD+ on the biosensor response was also investigated
ith a constant amount of enzyme loading and glucose concen-

ration. The catalytic current for glucose increased with increasing
oncentration of NAD+ and reached a maximum value at around
mM. A further increase in the concentration of NAD+ resulted in
decrease in the catalytic current, probably due to the inhibitory

ffect of NAD+. Because the enzyme activity is dependent on the
H value of a buffer solution, the effect of pH value of on the cur-
ent response was examined. A plot of the current responses at
MWNTs/thionine/AuNPs)8GDH biocomposite modified electrode
n 0.1 M PBS with different pH values was shown in Fig. 4B. The cur-
ent response increased by increasing the pH value in the range of
.0–7.5, and reached a maximum value at pH 7.5. It decreased dra-
atically at pH above 7.5, which was attributed to the unstability

f NAD+ in alkaline solution (Park et al., 1999). Therefore, a solu-
ion of pH 7.5 and 5 mM NAD+ in 0.1 M PBS was selected. Fig. 5A

howed the steady-state responses of adding different amount
f glucose at an applied potential +0.20 V. The response of the
ensor was rather fast typically within 10 s. When the biosen-
or was performed in dark the anodic current increased linearly
ith the glucose concentration over the range from 10 �M to
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ig. 5. (A) Amperometric response of the (MWNTs/thionine/AuNPs)8GDH modified
.5 PBS containing 5 mM NADH with (a) and without (b) light irradiation. (B) The co

.56 mM with the sensitivity of 7.8 �A mM−1 and detection limit

.0 �M. After the light irradiation, the linear range of the biosensor
as from 1 �M to 3.25 mM with the sensitivity of 18.5 �A mM−1

nd detection limit 0.7 �M. The sensitivity increased nearly 2
olds while the detection limit decreased 7 folds, in contrast to
he reaction in dark. The photovoltaic effect of the thionine in
he multilayer resulted in great enhancement in the electrode’s
ioelectrocatalytic activity towards NADH and glucose compared
o that in dark. The relative standard deviation estimated from
he slopes of the calibration plots of six different and freshly
repared glucose sensors was 3.7%, indicating good fabrication
eproducibility. The sensor could be repeatedly used for the glucose
onitoring. The stability of the (MWNTs/thionine/AuNPs)8GDH
odified electrode was investigated when stored in pH 7.5 PBS

t 4 ◦C. After 30 days, the response current was still retained
6% value of the initial response. Response current for contin-
ous usage for 30 days remained 89.2% of the initial response.
o assess this biosensor’s ability to detect glucose in complex,
ainted samples, we tested the (MWNTs/thionine/AuNPs)8GDH

odified electrode in the urine. Urine samples were analyzed
o evaluate the applicability of the biosensor for glucose anal-
sis. A urine sample collected from a health adult with pH
re-adjustments was used. The standard addition calibrating tech-
ique was used for the glucose analysis. The recovery ratios of the

our measurements were 95.0%, 103.8%, 98.8% and 96.3%, respec-
ively.

. Conclusion

The paper represented a dehydrogenase-based electrochemi-
al biosensors with (MWNTs/thionine/AuNPs)n multilayer. In this
tructure, the multilayer configuration not only provided a signal
ransduction of the oxidation of NADH, but also served as a bio-
ompatible scaffold for enzyme immobilization. The photoactive
ye cross-linked MWNTs and Au NPs nanostructure allowed the
fficient oxidation of NADH, and the biocatalytical performance of
he biosensor was greatly improved by the photovoltaic effect of

he dye. In contrast to the reaction in dark, the sensitivity increased
round 7 folds while the detection limit decreased 2 folds towards
ADH with light irradiation. The sensitivity increased over 2 folds
nd the detection limit lowered 7 folds for glucose compared with
hat in dark. This indicated possible way to tune the properties of

W

W

W
Y

rode to the addition of glucose aliquots at 0.2 V into a stirred solution of 0.1 M pH
onding calibration plots.

he biosensor for the light-induced performance enhancement and
hotoswitchable of the biosensor. The MWNTs/dye/AuNPs struc-
ure had a potential to provide operational access to a large group
f dehydrogenase enzymes, which encompass hundreds of mem-
ers for designing of a variety of bioelectrochemical devices, e.g.
iosensors and biofuel cell.
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