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A highly stable biological film was formed on the functional glassy carbon electrode (GCE) via step-by-step
self-assembly of chitosan (CHT), laponite, and hemoglobin (Hb). Cyclic voltammetry (CV) of the Hb/laponite/
CHT/GCE showed a pair of stable and quasi-reversible peaks for the=eill)/Fe(ll) redox couple at about
—0.035 V versus a saturated calomel electrode in pH 6.0 phosphate buffer at a scan rate of O.TThes
electrochemical reaction of Hb entrapped on the laponite/CHT self-assembled film exhibited a surface-controlled
electrode process. The formal potential of the-Hieme-Fe(lll)/Fe(ll) couple varied linearly with the increase

of pH over the range of 3:68.0 with a slope of-63 mV pH1, which implied that an electron transfer was
accompanied by single-proton transfer in the electrochemical reaction. The position of the Soret absorption band
of this self-assembled Hb/laponite/CHT film suggested that the entrapped Hb kept its secondary structure similar
to its native state. The self-assembled film showed excellent long-term stability, the CV peak potentials kept in
the same positions, and the cathodic peak currents retained 90% of their values after 60 days. The film was used
as a biological catalyst to catalyze the reduction of hydrogen peroxide. The electrocatalytic response showed a
linear dependence on the®;, concentration ranging widely from 62 1076 to 2.55x 103 M with a detection

limit of 6.2 x 1078 M at 3 0.

Introduction present biologically relevant groups, which makes it well-suited
for the control of biomolecular density and orientation at the
Direct electron transfer between an electrode material and asolid—liquid interface to obtain better reproducibility and higher
redox-active protein or protein clusters has become an intriguing efficiency. Electrode materials may be functionalized by the
phenomenon for last three decades. The investigations on thentroduction of surface groups by, for example, oxidation of
direct electron-transfer process of proteins and underlying carbon surfacessilanization of platinum electrodes, or forma-
electrodes can not only help us to understand the mechanismsion of self-assembled thiolate monolayers on gold surfécés.
of redox transformations between redox biomolecules in bio- In subsequent steps, proteins and/or additional compounds
catalysis and metabolic processes involving electron transporta-necessary for establishing a fast electron transfer may be
tion in biological systems but also provide us a platform for covalently linked to these primary functional sifes.
fabricating biosensors, enzymatic bioreactors, and biomedical Clay colloid provides a favorable microenvironment for
devices! In general, the direct absorption of redox protein on electron transfer and catalytic reactions on the electtdtfdn
the bare conventional electrode has been demonstrated to resulhe literature, there are several reports on direct electrochemistry
in large changes in its conformation and often in denaturation based on clayprotein-modified electrode’g14
of the proteir®® Moreover, the extended three-dimensional  Under Association Internationale pour I'Etude des Argiles
structures of the protein can lead to inaccessibility of the redox nomenclature, only natural materials can be denoted as clays,
sites? Therefore, a great amount of efforts have been devoted while a synthetic clay is more properly distinguished as a clay
to the madification of either the protein or the electrode surface minerall® The synthesized clay can provide control over
to limit denaturing adsorption and control the orientation at the properties such as composition, porosity, and cation exchange
protein/electrode interface to achieve a direct rapid electron capacity (CEC). Laponite is a synthesized hectorite of formula
transfer. of (Mgs sLio.5)SisO10(0OH)2(Nato 72nH20) 16 Laponite contains
Among many different strategies used for the modification a 2:1 primary unit consisting of two tetrahedral silicate sheets
of electrode surfaces, the self-assembly technique exhibitsthat sandwich a central metal octahedral sheet, which is
unprecedented flexibility to tailor interfacial properties and separated from another unit via electrostatic interactions that
arise from exchangeable cations in hydrated interlayers. Iso-
* Authors to whom correspondence should be addressed. Phone: 86-morphous substitution of Mg by Li* results in a layer with
514-7975436. Fax: 86-514-7975244. E-mail: danshan@yzu.edu.cn; an excess negative charge. This excess charge is compensated
Chﬁ‘gxue@yzu-EdU-C”- _ _ , by the accumulation of counterions. When suspended in
gin eﬁﬁ%;i?g{:;%g’uoégmgfmema' Materials and Environmental En- - yoionized water, at a concentration less than 107§, la
#Yangzhou University. complete delamination process of the elementary laponite layers
8 Universite Joseph Fourier. (stacked together) occurs, leading to a colloidal suspension of
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Scheme 1. lllustration of Stepwise Self-Assembly Procedures of a
Hb/Laponite/CHT-Modified GCE

Shan et al.

Apparatus and Procedures. Atomic force microscopy (AFM)
images were obtained with a multimode digital instrument (Vecco-

DI). UV —vis measurements were carried out by using a UV-2556-UV

vis spectrophotometer. A CHI 660 electrochemical workstation (CH
Instruments) was used for cyclic and amperometric voltammetry. A
three-electrode cell was used with a saturated calomel electrode (SCE)
as the reference electrode, a platinum foil as the counter electrode, and
the modified glassy carbon electrode (GCE) (diameter of 3 mm) as
the working electrode on which the Hb/laponite/CHT film and Hb/
CHT film were successively immobilized. Electrolytic solutions were
purged with highly purified nitrogen for at least 20 min prior to the
series of experiments. A nitrogen environment was then kept over the
solution in the cell to prevent the contact of the solution with oxygen.

K,Cr,0-HNO,
1.5V, 3 min

CHT
S0°C,10h

Hb

10h PH 6.0 PBS, 12h Construction of a Hb/Laponite/CHT-Modified GCE. A 1.0 wt
% chitosan solution was prepared by dissolving chitosan flakes in 1.0
wt% acetic acid (HAc). The laponite colloid suspension (1 mg#L
. was prepared by dispersing laponite in deionized water with stirring
@' -COOH ‘ CHT  @laponite (&) Hb overnight. Hb was dissolved in 0.025 M PBS (pH 6.0) with a

concentration of 3 mg mit*.
negatively charged elementary platefeteaponite presents all Prior to use, a 3-mm-diameter GCE was polished with a polishing
of the advantages of clay such as high porosity due to the cloth with alumina of successively smaller particles (L in
swelling phenomenon in aqueous solution, chemical inertness,diameter). Then the electrode was cleaned by ultrasonication in
good adsorption properties due to its appreciable surface areadeionized water. After that, it was oxidized at 1.5 V for 3 min in the
special structural features, high cation exchange capacity, andS°lution containing 10% HN¢and 2.5% KCr07, by which—COOH
unusual intercalation properti&&:20 To the best of our knowl- could be formed on the surface of the GCE. After being washed with

_ _ \ : o .
edge, there is no report on the direct electrochemistry of redox \E’_)ng%r’ r:e?;il\a'ss ;1@5;?\;::5 tifnCdTT Zzlfr:'tzr}gogﬁggustollgﬁgsé
proteins based on laponite. . g pp P

for 10 h; finally, the laponite/CHT-modified GCE was incubated in
Encouraged by the successful nonmanual self-assembly,, (oH 6.0) for about 12 h to attach proteins. The resuiltant electrode

technique, we conceived a novel sensor architecture based ons genoted as Hb/laponite/CHT/GCE. For comparative purposes, the
hemoglobin (Hb) assembly on the assembled laponite/chitosanyp/CHT/GCE was fabricated following the same procedure with the
film. The assembly procedure is displayed in Scheme 1. apsence of laponite. All of the protein electrodes were washed with
Chitosan (CHT), which is a linear copolymermfglucosamine water and stored in pH 7.0 PBS af@ when not in use.

and N-acetylp-glucosamine, was used as a scaffold in this
attractive configuration. In its linear polyglucosamine chains
of high molecular weight, chitosan has reactive amino and
hydroxyl groups. Its amino group could react withCOOH
through a dehydration reaction and covalent assembly on the
electrode surfacelts pK,is about 6.5. In agueous acidic media
(pH < 6.5), most of the amino groups are protonated, making
chitosan a cationic water-soluble polyelectrolyte. At pH 6.0,
its surface charge is positive, while laponite is negative; due to
the electrostatic attraction, laponite could be anchored on the
chitosan-modified electrode. Hb was chosen as a model redo

Results and Discussion

Atomic Force Microscopy Characterization. AFM experi-
ments were performed to better characterize the self-assembly
process. The surface topologies of the bare glassy carbon and
the modified surfaces via self-assembly were imaged using AFM
in contact mode. All images were taken from dry surfaces at
room temperature under air atmosphere. The morphology of
bare glassy carbon reveals a smooth surface, characterized by

S . . L he presence of polishing streaks (Figure 1A). Adsorbing a layer
ﬁ:&tg?alg t?ésstsy;;%mé bfnchﬁea%f dltzc():;?r]nrgﬁ:g?l g\r/l?(l:lﬁjtr)gltyl’tsc’f CHT on the functional surface glassy carbon, the morphology
. ) o7 e . . ~seems like a sheet of silk with an irregular wrinkle (Figure 1B).
isoelectric point is 7.4% It charges positively in aqueous acid

media. Th_erefore, it can be assembled on the negatively chargeq.lm_ As shown in Figure 1C, laponite globular particles—30
Iapomte film. . . 60 nm in size, were anchored on the CHT film, providing a

With the Hb/laponite/CHT-modified glassy carbon electrode hree-dimensional structure favorable for protein adsorption. This
(GCE), the direct electrochemistry of Hb and the effects of scan random adsorption mechanism is driven by the electrostatic
rate, pH value, long-term stability, and bio-electrocatalysis {0 jnteractions. The thickness of the laponite/CHT was ca. 70.2
hydrogen peroxide were described. nm. When Hb was continually self-assembled on the laponite/
CHT film, the topography was significantly different, appearing
in the form of “small cubes” randomly distributed over the
surface with a thickness of 133.8 nm (Figure 1D). Considering
the size of Hb, which is approximately 5:6 5.5 x 7.0 nn¥

The thickness of this CHT self-assembled film was ca. 53.5

Experimental Section

Chemicals and SolventsBovine erythrocyte hemoglobin (Hb) was d ell id in sh I h ibility for Hb .
obtained from Fluka. It was used without further purification. Chitosan an F," Ipsol 'r! s ape, as_ well as the possibility .or to exist
(CHT, My ~ 1 x 10°, >90% deacetylation) was obtained from &S oligomerg? it is most likely that Hb has been immobilized

Shanghai Reagent Company (China). Laponite was obtained from @S an aggregate. ) ) _ _
Rockwood Specialities, Inc. (Princeton, NJ). All other chemicals were UV —Vis Spectroscopic AnalysisUV —vis spectroscopy is

of analytical grade and used without further purificationOblwas an effective means for monitoring the possible change of the
freshly prepared before being used. Phosphate-buffered saline (PBS)Soret absorption band in the heme group region. The band shift
was 0.025 M KHPQ, and KHPQ,, and its pH was adjusted withaH may provide information on the tertiary structure of heme
PO, or KOH solutions. Twice-distilled water was used through out the proteins, especially that conformational change around the heme
experiment. region?® Figure 2 shows the spectra of Hb in solution (CurCYBV
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Figure 1. AFM images of the surfaces of (A) bare glassy carbon, (B) self-assembled CHT film, (C) self-assembled laponite/CHT film, and (D)
self-assembled Hb/laponite/CHT film.
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Figure 2. UV-—vis spectra for (a) Hb in PBS (pH 6.0) and (b) Hb/ Figure 3. Cyclic voltammograms of (a) Hb/laponite/CHT/GCE, (b)
laponite/CHT assembled layers on ITO glass. Hb/CHT/GCE, (c) laponite/CHT/GCE, and (d) bare GCE in 0.025 M

a) and assembled Hb layer on laponite/CHT on indium tin oxide PBS (pH 6.0) at a scan rate of 0.1 V s™%.
(ITO) glass (curve b). For Hb in PBS, the Soret band lies at
404 nm, while it is shifted to 408 nm in the laponite/CHT in 0.1 M pH 6.0 PBS. The Hb/laponite/CHT/GCE gives a couple
assembled film. The slight shift in the Soret band and the of stable and well-defined redox peaks at 0.054 a@d125 V
decrease in its absorbance may be due to the interaction betweeat 0.1 V s (curve a in Figure 3), while no redox peak is
laponite nanoparticles and proteins for the surface potential observable at both bare GCE (curve d in Figure 3) and laponite/
energy and adsorption. Such interactions neither destroy theCHT/GCE (curve c in Figure 3). Obviously, the response of
structure nor change the fundamental microenvironment of the the Hb/laponite/CHT/GCE is attributed to the redox of the
biomolecules. electroactive centers in the assembled Hb. However, the Hb/
Direct Electrochemistry of the Hb/Laponite/CHT-Modi- CHT/GCE also displays a couple of redox peaks of Hb (curve
fied GCEs. Voltammetry of Hb Assembled on the Laponite/ b in Figure 3). However, these peak currents are smaller than
CHT Film. Cyclic voltammetry (CV) is especially well-suited  those at the Hb/laponite/CHT/GCE. This phenomenon may be
to the study of electron-transfer kinetics of electroactive species. ascribed to the attractive electrostatic interaction between the
Figure 3 shows the cyclic voltammograms of different electrodes positively charged protein shell and the negatively chargB({/
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12 B of Figure 4), which corresponded to the characteristics of a
w1t B thin-layer electrochemical behavior.
Optimization of the Hb/Laponite/CHT Self-Assembled Film.
g The concentrations of components such as CHT, laponite, and
‘ Hb may have effects on the electrochemical properties of the
resulting Hb/laponite/CHT self-assembled film. Thus, in this
present work, a series of Hb/laponite/CHT-modified GCEs were
fabricated via the self-assembly technique in different concen-
trations of CHT, laponite, and Hb. The electrochemical proper-
ties of these resulting modified electrodes were evaluated by
CV in 0.025 M PBS (pH 6.0) at a scan rate of 0.1 V.sThe
corresponding results are summarized in Table 1. It clearly
M appears that electrode A has the best electrochemical properties,
12 } f ' } } AL such as the highest anodic or cathodic peak currents and
1.6 -12 08 04 00 04 08 12 16 relatively small peak separation. Therefore, the self-assembled
E/V (vs. SCE) Hb/laponite/CHT/GCE was fabricated in 1 wt % CHT, 1 mg/

Figure 4. Cyclic voltammograms of the Hb/laponite/CHT/GCE in mL laponite, and 3 mg/mL Hb, respectively, in each self-

0.025 M pH 6.0 PBS at different scan rates. The scan rates form assembly procedure.

inner to outer are (a) 20, (b) 40, (c) 60, (d) 80, (e) 100, (f) 200, and Effect of Solution pH on the Direct Electron Transfer of

(9) 300 mV s7% Inset A: The plot of anodic and cathodic peak Assembled HbNearly reversible voltammograms with stable

currents vs scan rates. Inset B: Plot of logarithm of /yc vs log v. and well-defined peaks were obtained for the whole pH range
tested (3.6-8.0) (Figure 5A). The formal potential is found to

laponite particles that lead to a higher amount of entrapped Hb pe Jinearly decreased with increasing pH from 3.0 to 8.0 with

on the laponite/CHT three-dimensional film. In contrast, 3 slope of—63 mV pH (inset of Figure 5A). This value is

positively charged CHT should lead to a repulsion of the heme approximately close to the theoretical value-c§7.6 mV pH!

edge of Hb from the electrode surface. for a reversible proton-coupled single electron tran¥fdihis

The peak separatiol\&, defined asAE, = Epa— Epd and  suggests that a single protonation accompanies electron transfer

the near unity ratiol (4l of anodic peak current to the cathodic  between the electrode and each of the four heRell)’'s of

one obtained on the Hb/laponite/CHT/GCE are characteristic Hp, represented in general terms by

of quasi-reversible redox process of Hb immobilized on the

8 +

0.3

Togl / log(uA)

0.1

1.0 1.5 2.0 2.5 3.0
4+ Togy 7log(mV s

electrode. The formal potentiak{'), defined as the midpoint Hb—heme-Fe(lll) + H+ + e— < Hb—heme-Fe(ll)
of reduction and oxidation potentials,#9.035 V for Hb, which
is positive compared with that in an aqueous solufoiihe where the charges on Hb species have been omitted.

formal potential difference reflected a specific influence of the  The pH value affects slightly the redox peak currents of Hb
different microenvironments of Hb at the surface of the electrode (Figure 5B). Obviously, the maximum peak currents are
on E*'. The different modified films on the electrode surface observed at an optimal pH range between 6.0 and 7.0. It may
may shift the potential via interactions with the protein or by be due to the assembled Hb that it maintains its higher
their influence on the electrode double laye#® bioactivity at such a pH range.

The surface coveragd™®) was estimated from integration Stability of the Hb/Laponite/CHT/GCHE.ong-term stability
of the reduction or oxidation peak of cyclic voltammograms is one of the most important properties required for biosensors
according tol'™* = Q/nFA, whereQ is the charge involved in or bioreactors. The stability of the Hb/laponite/CHT/GCE was
the reactionn is the number of electrons transferrédis the investigated by CV. The peak height and peak potential of the
Faraday constant, a8l is the electrode ared.The surface surface-immobilized film over the potential range fron®.8
coverage [*) of Hb on the surface of the laponite/CHT- to 0.8 V have remained nearly unchanged, and the amount of
modified GCE was estimated to be 54101 mol cnm2, which degradation after 50 cycles in buffer solution (pH 6.0) with a
was larger than 2.% 107 mol cm 2 on Hb/GNP/ATP-ABA/ scan rate of 0.1 V& was less than 1% (Figure 6A). The Hb/
GCE25.32 x 107 mol cm2 on Nafion/Hb-PHEA/GCE8 laponite/CHT/GCE was stored in pH 6.0 PBS, and during the
and 6.31x 10" mol cnT2 on Hb-Chi-BMIM-BF/GCEZ2° The whole storage time and CV tests were carried out periodically.
charge under the peak®) gave a value of about 3.2 1076 The protein electrode exhibited excellent stability (Figure 6B).
C. On the basis of the crystallographic dimensional structure The CV peak potentials kept the same positions and the peak
of Hb and assuming the biomolecule adopts an orientation with currents retained 90% of their values for 60 days. The excellent
the long axis parallel to the electrode surface, the theoretical stability can be ascribed to the favorable electrostatic interaction
monolayer coverage of obtained in our experimental is thus between positively charged Hb and negatively charged laponite
about 29 times the theoretical monolayer coverage. This implies films. In addition, laponite can also provide a highly hydrophilic
that a multilayer of proteins entrapped in the three-dimensional microenvironment for Hb to retain its native biological activity.
composite self-assembled film participated in the electron-  Electrocatalysis of the Hb/Laponite/CHT/GCE towargl.
transfer process. This result is consistent with that of AFM Hemoglobin has a certain intrinsic peroxidase activity due to
measurements. its close similarity with peroxidase, so it can be employed to

The cyclic voltammograms of the Hb/laponite/CHT/GCE catalyze the reduction of J@,. Electrocatalytic reduction of
display a well-defined peak shape at different scan rates andH,O, using Hb/laponite/CHT/GCE was investigated by CV.
show almost equal heights of reduction and oxidation peaks atWhen adding HO, into a pH 6.0 buffer solution, a new
the same scan rate (Figure 4). Peak currents vary linearly with reduction peak at about0.6 V was observed (Figures 7d).
the scan rates, as shown in the inset A of Figure 4, indicating However, the direct reduction of J@, was not observed at
a surface-controlled electrode process. The slope obtained bylaponite/CHT/GCE at the potential range froni.2 to 0.8 V

the linear regression of log. versus logr is 0.84 for Hb (inset (Figure 7b). Moreover, with the increase of® concentrationCDV
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Table 1. Electrochemical Data Obtained from Cyclic Voltammograms of the Hb/Laponite/CHT/GCE Prepared by Self-Assembly Techniques

with Different Concentrations of CHT, Laponite, or Hb?

Hb/laponite/CHT configuration

CHT laponite Hb Ipa Ioc Epa Epc AEp E”
series (wt %) (mg/mL) (mg/mL) (uA) (uA) loal Ipc (V) (V) (V) (V)
A 1 1 3 3.90 3.58 1.09 0.056 —0.127 0.183 —0.035
B 3 1 3 3.72 3.42 1.09 0.056 —0.157 0.213 —0.051
C 0.2 1 3 3.52 3.29 1.07 0.056 —0.157 0.213 —0.051
D 1 0.5 3 3.19 2.88 1.11 0.056 —0.157 0.213 —0.051
E 1 3 3 3.00 2.87 1.05 0.058 —0.157 0.215 —0.050
F 1 1 6 2.87 2.63 1.09 0.055 —0.157 0.212 —0.051
G 1 1 0.5 0.74 0.67 1.10 0.057 —0.157 0.214 —0.050
a Experiments conditions: 0.025 M PBS (pH 6.0) at a scan rate of 0.1 V s,
4
3 -+
2 -+
1+
< 0 T
3
=1 1
2 T 50th cycle
3 +
9: 4+ 7 Ist cycle
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. . . time / day
Figure 5. (A) Cyclic voltammograms of the Hb/laponite/CHT/GCE

Figure 6. (A) First and 50th recorded cyclic voltammograms of the
Hb/laponite/CHT/GCE in 0.025 M PBS (pH 6.0). Scan rate: 0.1 V
s~1, (B) Long-term stability of the Hb/laponite/CHT/GCE for the redox
peak currents of cyclic voltammograms.

at different pH values of 3, 4, 5, 6, 7, and 8. Scan rate: 100 mV s 2.
Inset: Effect of pH on the formal potential of the Hb/laponite/CHT/
GCE in 0.025 M PBS. (B) Dependence of (a) anodic and (b) cathodic
peak current on the pH of the solution.

the cathodic peak current increased. According to the experi- displays the amperometric responses of different concentrations
mental results, it was reasonable to think that the catalytic peakof H,O, at s Hb/CHT self-assembled film-modified electrode
around—0.6 V came from the interaction between Hb an®} and a Hb/laponite/CHT self-assembled film-modified electrode
This result showed that the Hb/laponite/CHT film can act as with an applied potential 0f-0.25 V vs SCE in PBS (pH 6.0),
an effective catalyst for the reduction ob®p. This abnormal respectively. As can be seen, the current responses at Hb/
phenomenon of electrocatalytic reduction 0§04 by heme laponite/CHT/GCE are higher than those at Hbo/CHT/GCE. The
protein was also observed at Mb/Z/OHT/GCE? a Mb/Chit- enhancement of current responses at Hb/laponite/CHT/GCE
Aus/cys self-sustained systefand Hb/octadecylamine based resulted from the laponite nanoparticle incorporation. From the
on a Langmui+Blodgett techniqué® which is probably at- steady-state current response gz at the Hb/laponite/CHT/
tributed to a conformational effect. The size and irregular shape GCE, this proposed electrode achieved 95% of the steady-state
of Hb and the nature of the electroactive center, in addition to current within 5 s, with a linear range from 6:2106to 1.2
their change due to the driving force of electric filed, could all x 1073 M. The detection limit was 6. 1076 M based on a
lead to the significant charge and spatial repulsion as the signal-to-noise ratio of 3.
potential is scanned, resulting in the deviation from ideal = The apparent MichaeksMenten constantKu2P can be
behavior3* obtained by the analysis of the slope and the intercept of the
The electrocatalytic reduction of @, at Hb/laponite/CHT/ plot of the reciprocals of the steady-state current versi3,;H
GCE was also studied by amperometry, which is one of the concentration. Th&y2PP value for the Hb/laponite/CHT self-
most widely employed techniques for biosensors. Figure 8 assembled film-modified GCE was found to be 1.09 mM, Wh&cBV
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Figure 7. Cyclic voltammograms of (a) laponite/CHT/GCE in pH 6.0
PBS containing no H»O,, (b) laponite/CHT/GCE in pH 6.0 PBS
containing 0.75 mM Hz0,, (c) Hb/laponite/CHT/GCE in pH 6.0 PBS
containing no Hy0,, (d) Hb/laponite/CHT/GCE in pH 6.0 PBS
containing 0.25 mM H,0,, (e) Hb/laponite/CHT/GCE in pH 6.0 PBS
containing 0.75 mM H0, (f) Hb/laponite/CHT/GCE in pH 6.0 PBS
containing 1.25 mM H;0,, and (g) Hb/laponite/CHT/GCE in pH 6.0
PBS containing 2.25 mM H,0,. Scan rate: 0.1V s™1,

0.7

0.61

0.51

0.41

I/pA

031

0.2+

0.11

0.0

2000 3000 4000

t/s
Figure 8. Typical steady-state responses: (a) Hb/laponite/CHT/GCE
and (b) Hb/CHT/GCE on successive injection of H,O; into 10 mL of
stirring 0.025 M PBS. Applied potential: —250 mV.

0 1000

was smaller than that obtained by Hb/Au-SBA-15 (2.87 niM),
Hb/ZrO,/CHT/GCE (1.77 mMY, and Hb/Chit-Aus/Cys/Au (1.4
mM).%2 Thus, the Hb self-assembled on laponite/CHT film has
a high affinity for HO,.

Conclusion

In this work, we designed a novel architecture based on the
self-assembled films of Hb/laponite/CHT formed step-by-step
on the functional surface of a GCE. The electrostatic interaction
between negatively charged laponite and positively charged Hb
can enhance the affinity of the obtained films to Hb, resulting
in perfect long-term stability. Moreover, it can induce more
amounts loading of Hb. The electrochemical reaction of Hb

Shan et al.

linear range from 6.2x 1076 to 1.2 x 103 M. For the
advantages of this step-by-step self-assembly technique, includ-
ing the simple and nonmanual construction of the protein
electrode, ordered film forming, and high stability, we antici-
pated that this attractive technique might have potential use in
the fabrication of third generation biosensors and bioreactors.
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