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The multilayer films of lowmolecular weight dye methylene
blue (MB) and horseradish peroxidase (HRP) were fabricated by
layer-by-layer assembly through electrostatic force. MB was
pre-absorbed with anionic polyelectrolyte poly(sodium-p-sty-
renesulfonate) (PSS). The MB/HRP multilayer film-modified
Au electrode functioned as a biosensor for H2O2.

Enzymatic biosensors are very useful tools in analytical
works. A number of approaches to construct amperometric bio-
sensors have been adopted since the conception of the first de-
vice by Clark in 1960s. The immobilization of enzyme on the
sensing electrode surface is one of the most important points
in the design of a stable and sensitive biosensor. Several methods
were employed for enzyme immobilization with ordered mono-
layer or multilayer systems such as Langmuir–Blodgett tech-
nique, self-assembly monolayer films, antigen–antibody interac-
tions, and avidin-biotin interactions.1

Layer-by-layer assembly, since first introduced by Decher in
1990s to produce nano-thin films by alternative adsorption of
polycation and polyanion, has been extended to assemble several
materials such as colloids, proteins, clays, and DNA.2 The major
advantages of this novel technique are that many different mate-
rials can be incorporated into individual multilayer films as de-
manded to produce composite materials. This technique also
has great potential to produce the reagentless biosensors.3

HRP is an enzyme which can catalyze the reaction between
hydrogen donor and acceptor. H2O2, which can be produced in
most enzymatic reactions by oxidase such as glucose oxidase
and lactate oxidase, is the most popular hydrogen acceptor.4

The corporation of HRP and electron mediate together to prepare
the biosensor is thus of great importance. MB, which is an organ-
ic low molecular weight dye with one positive charge per mole-
cule, can act as an electron mediator to promote the electrochem-
ical reaction between the immobilized HRP and the electrode
surface.5 Several methods have been done to coimmobilize the
enzyme and MB together on the electrode such as electrochem-
ical polymerization,6 immobilization in sol–gel ceramic matrix.7

Conventional LBL assembly films of MB with negatively charg-
ed materials have disadvantages of unstable for lack of positive
charges of MB. We report here the method of pre-absorbed of
MB on PSS [poly(sodium-p-styrenesulfonate)] to preparation
of multilayer thin films composed of HRP and MB through
LBL assembly on the surface of a gold electrode and their cata-
lytic activity.

The formation of a multilayer films of HRP/MB was pre-
formed on PET [poly(ethylene terephthalate)] and gold sub-
strates, respectively. MB was premixed with PSS. The PSS con-
centration in the premixed PSS–MB solution was of 1 g�dm�3

with the charge proportion of the PSS:MB of 4:1. The surface
of PET was first negatively charged with 1.5mol�dm�3 NaOH
for 20min at 40 �C.8 Then the negatively charged PET was dip-
ped into 0.5 g�dm�3 HRP (in 1/15mol�dm�3 phosphate buffered
saline (PBS) of pH 6.8) for 40min. The gold electrode was first
dipped into 0.02mol�dm�3 cysteamine hydrochloride overnight
to form the self-assembly films (SAMs). These two pretreated
substances were immersed into 1 g�dm�3 PSS–MB (in 1/15
mol�dm�3 PBS of pH 6.8) at 25 �C for 20min. After being rinsed
thrice with PBS, the substrates were immersed in 0.5 g�dm�3 (in
1/15mol�dm�3 PBS of pH 6.8) HRP for 40min. HRP is posi-
tively charged at pH 6.8. LBL assembly films of PSS–MB/
HRP were constructed on both sides of the substrates by follow-
ing the above steps. Repeated the above steps gave the multilay-
er films of PSS–MB/HRP.

UV–vis spectroscopy was used to follow the assembly proc-
ess of HRP and MB on PET substrates. Figure 1 shows the ab-
sorption spectra of 2, 4, 6- and 8- bilayers of HRP/PSS–MB as-
sembled on PET slides, respectively. The absorption peak at
610 nm characters the �–�� transition of MB. From the insert
in Figure 1, it shows that the absorbance increase at 610 nm is
linear with the number of assembled MB, which clearly imply
that a constant amount of MB was immobilized upon each dep-
osition to form layer-by-layer structures. Using the absorbance
values in the 610 nm and the corresponding extinction coeffi-
cient 3:55� 104 L�mol�1�cm�1 calculated from the solution ab-
sorption spectrum of MB, an average MB surface density of
9:8� 10�12 mol�cm�2 is obtained for each PSS–MB layer of
(PSS–MB/HRP)n multilayer films.

To check whether the ionic strength influence the surface
coverage of MB, other two different concentrations of PBS were
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Figure 1. UV–vis absorption spectra of HRP/PSS–MB multi-
layers with different number of layers on PET slide. From the
lower to upper curves, the number of bilayers are 2, 4, 6, 8, re-
spectively. Insert shows the relationship of the absorbance at
610 nm vs the number of HRP/PSS–MB bilayers.
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used. In 1/40 and 1/80mol�dm�3 PBS, the absorbance of the
films with same assembly number of PSS–MB/HRP was smaller
than that of the film in the 1/15mol�dm�3 PBS. The lower the
ionic strength of the solutions, the less the absorbance is. It indi-
cates that the ionic strength affects the loading of MB in the mul-
tilayer films. Large ionic strength of PSS solution helps the pol-
yelectrolyte to form more coiled structure, thus can wrap much
more MB molecules in it.

The fabrication of PSS–MB/HRP multilayer films on gold
electrode for biosensor was studied. Cyclic voltammetry was
used for the electrochemical properties of the films. Figure 2
shows the cyclic voltammograms (CVs) of the four bilayers of
PSS–MB/HRP modified electrode at the scan rate of 100
mV�S�1 in a solution of 1/15mol�dm�3 PBS containing 0.2
mol�dm�3KCl. CVs show a pair of redox peaks of MB. The an-
odic/cathodic peak currents increased linearly with the scan
rates in the range of 5–200mV�S�1, indicating the surface elec-
trochemical process of MB.

The response current of the modified electrodes with differ-
ent number of PSS–MB/HRP layers was examined in the PBS
solution. When the number of the bilayers exceeded three, the
CV peak of MB appeared and the modified electrode electroca-
talyzed the reduction of H2O2. The current of the modified elec-
trodes increased with the number of PSS–MB/HRP layers.

The calibration curve of the catalytic current at �0.25V vs
Ag/AgCl with variations of concentration of H2O2 as a function
of the number of PSS–MB/HRP layers is shown in Figure 3.
Modified with the 3 bilayers of PSS–MB/HRP, the electrode ex-
hibited satisfactory calibration graphs over the concentration
range of 0.33–8.82mmol�dm�3 H2O2. Modified with the 4 bilay-
ers of PSS–MB/HRP, the linear range of the concentration of
H2O2 reaches to 14.3 mmol�dm�3. The sensitivity of the biosen-
sors was 1.12, 2.52, and 3.35mAmol�1�dm3 for the 3-, 4-, and 5-
bilayer PSS–MB/HRP films, respectively. Figure 4 shows the
sensitivity of the modified electrodes as a function of the number
of PSS–MB/HRP layers. The sensitivity depended linearly on
the number of layers, showing that a constant amount of HRP
was immobilized upon each deposition. The apparent Michaelis
constant (Km

app) for the 3-bilayers was 6.30 and 18.47
mmol�dm�3 for the 4-bilayers of PSS–MB/HRP films. These
values are larger than that reported by other immobilization
method.9

The response characteristics of the modified electrode with
different bilayers of PSS–MB/HRP as H2O2 sensor were evalu-
ated. The modified electrode showed a rapid response to H2O2,
the response time being 5–7 s for the 3- and 4-bilayers modified
electrode. The rapid response of the sensors can be ascribed to
the thin nature of the PSS–MB/HRP films.

The stability of the sensor was also evaluated by detecting
the response currents in the 1.63mmol�dm�3 H2O2 solution.
The sensor was repeatedly used for 2 h within one week. It
was preserved in refrigerator at 4 �C when not used. The current
of blank test dropped to 81% of the original value after one
week. The catalytic current was decreased down to about 75%
of the original. This response current remained quite stable after
fifty days or longer. It means the stability of the sensor is quite
good.

In summary, PSS–MB/HRP multilayer films can be fabri-
cated by simply pre-absorbed low molecular weight dye methyl-
ene blue on polyelectrolyte PSS and then alternatively assem-
bled negatively charged PSS–MB and positively charged HRP
layer by layer. The resulting multilayer films are useful for the
sensoring layer of reagentless H2O2 biosensor. The biosensor
possesses very good sensitivity, stability and reproducibility.
The results also imply that the present procedure may be applied
to other enzymes and other small molecular mediators.
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Figure 2. CVs of 4-bilayers of PSS–MB/HRP modified elec-
trode in 1/15mol�dm�3 PBS containing 0.2mol�dm�3KCl.
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Figure 3. The calibration curves of H2O2.
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Figure 4. The relationship between the number of bilayers of
PSS–MB/HRP and the sensitivity of the modified electrode.
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