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Abstract. Polyelectrolyte multilayers (PEMs) deposited on polylactic acid (PDLA) substrates were studied. The substrates
were charged in a corona discharge. Positive 5 kV voltage was applied to the corona electrode. 1 kV voltage of the same polarity
as that of the corona electrode was applied to the grid. In the present paper time dependences of the normalized surface potential
of PDLA substrates were investigated. For multilayer build-up layer-by-layer (LbL) deposition technique was used. The first
built-up layer always possesses an electric charge opposite to that of the substrate. In the polyelectrolyte multilayers obtained
the enzyme B-galactosidase were immobilized. The enzyme activity of each multilayer configuration was measured.
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1. INTRODUCTION

In the last decades, polyelectrolyte multilayer
films prepared by means of layer-by-layer self-
assembling have been widely used because of their
fabrication easiness and great potential for applica-
tion in drug delivery [1], biomedicine [2], memb-
ranes [3], food science [4] etc.

The LbL technique is based on the consecutive
deposition onto solid substrate via electrostatic inte-
raction of polyions. It is characterized by precisely
defined physicochemical properties — thickness,
charge, hydrophilic-hydrophobic balance [5], flexi-
ble choice of assembled components, and the ability
to cover surfaces of any size and geometry.

There are several techniques for charging poly-
mer substrates: corona discharge [6, 7], chemical
modification [8, 9], plasma treatment [10] etc. The
corona discharge is one of the most commonly used
methods of materials treatment. It is inexpensive
and easy to realise from a technical point of view.
In case of a corona discharge the requirement for the
substrate is to possess good electret properties and
to retain its surface charge long enough for the first
polyelectrolyte layer to be deposited.

The immobilization of enzymes into polymer
matrices is widely used in biotechnology. This tech-
nique makes it possible to increase the functional
efficiency of enzyme, enhance the reproducibility of
the processes, improve the process control and ensu-
re stable supply of the products in the market [11].

One of the suitable and mostly used enzymes is
B-galactosidase known also as lactase. It is enzyme

belonging to glycoside hydrolase families 1, 2, 35,
42 and 59 (GH1, GH2, GH35, GH42 and GH59)
[12]. These enzymes catalyze the hydrolysis of ter-
minal non-reducing B-D-galactose residues in p-D-
galactoside substrates. Microbial sources of [-
galactosidases are bacteria, yeasts, and fungal
producers [13].

In [14] the immobilization of B-galactosidase en-
zyme in chitosan/xanthan and xanthan/chitosan
multilayers deposited on corona charged polylactic
acid substrates was investigated. It was established
that in case of enzyme immobilization in a multi-
layer film with 4 polyelectrolyte layers the negative-
ly charged PLA films show 30 % higher activity
compared to the ones with positive charge. In case
of 8 layers the efficiency of immobilization is consi-
derably better without significant difference in acti-
vity at different corona polarity.

The aim of the present paper is to investigate the
immobilization of the B-galactosidase enzyme in
xanthan/chitosan multylayers deposited on corona
charged polylactic acid substrates.

2. EXPERIMENT

2. 1. Poly(lactide) substrates formation

Poly(DL-lactide) (PDLA) (inherent viscosity
0.55-0.75 dL/g), purchased from Lactel Absorbable
Polymers (USA), was used for the preparation of the
biodegradable substrates. The substrates were pre-
pared by dissolving of 2 grams PDLA in 100 ml
chloroform. The solution was poured in petri dishes
and dried at 35°C for 48 hours until the evaporation
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of the solvent. Then the substrates were kept for 24
hours in exicator, at room temperature at relative
humidity.

2. 2. Corona charging and surface potential
measurement of the samples

The PDLA substrates were charged in a corona
discharge system (Fig. 1), consisting of a corona
electrode (needle), a grounded plate electrode and a
grid placed between them. The charging of the sam-
ples in a corona discharge was used to achieve posi-
tive electric charge on their surface.
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Fig. 1 Scheme for obtaining electrets: 1. high volta-
ge source; 2. corona electrode; 3. grid; 4. plate
grounded electrode; 5. sample on a metal pad; 6.
voltage divider.

Charging of the electrets was performed under
relative humidity of (45% - 50%), room temperature
and atmospheric pressure for 1 minute. Positive 5
kV voltage was applied to the corona electrode and
a voltage of 1 kV of the same polarity as that of the
corona electrode was applied to the grid. After char-
ging, the initial surface potential of the samples Vo
was measured. Electrets’ surface potential was mea-
sured by the method of the vibrating electrode with
compensation [15] and the estimated error was
better than 5%.

2. 3. Polyelectrolyte multilayers deposition

Layer-by-layer deposition technique was used
for multilayer build-up. Chitosan (low molecular
weight) and xanthan gum were purchased from
Sigma-Aldrich. They were used without further pu-
rification or characterization. For the LbL assembly
0.1% wi/v chitosan and 0.05% w/v xanthan solutions
in acetate buffer (pH 5 and ionic strength 0.1 M) as
solvent were used. 1 g/L B-galactosidase was dissol-
ved in the xanthan solution just before the deposi-
tion process.

The deposition was done by the dip-coating pro-
cess. For dip-coating assembly a slide stainer (Poly
Stainer UL, Spain) was used with the following
program: 15 min dipping process — adsorption from
the first polyelectrolyte solution, 5 min washing step
in the acetate buffer, 15 min dipping process — ad-
sorption from the second polyelectrolyte solution; 5
min washing in the same acetate buffer. The
procedure was repeated until reaching the desired
even numbers of layers (4 or 8 xanthan/chitosan).
The film was dried with hot air after the last layer
deposition.

2. 4. Enzyme activity

-galactosidase enzyme (from Aspergillus niger)
was used in the kinetic studies. The influence of the
substrate concentration on the initial velocity of the
enzyme reaction was studied at a range 0.01 M —
1.30 M lactose. B-galactosidase activity in the
presence of lactose — 1%, 5%, and 10% and
mixtures of chitosan (0,1%) and lactose (1%, 5%,
and 10%) was investigated. The concentrations of
the released glucose were determined enzymaticaly
[16]. Protein concentration was analyzed by the
Bradford method [17]. Programmable scientific
calculation “CITIZEN” SRP-45N and SigmaPlot
12.0 (Systat Software, Inc) were used for data
analysis.

In order to determine the amount of immobilized
enzyme an enzymatic assay of B — galactosidase
with  ONPG method was conducted. For this
purpose, the samples were placed in glass beakers
and a mixture of 1500 pl of ONPG solution (ionic
strength 2.0 mM) and 900 pl of deionized water was
added. The samples were left in a water bath at 37
°C and at 30 min and 60 min 800 pl of the reacted
solution was taken from them and mixed with 4 ml
of sodium carbonate solution (with ionic strength
1M) to stop the reaction. The absorption of the
samples at 405 nm was measured using a
spectrophotometer. The test was repeated several
times at 24 h increments to measure the remaining
activity of the samples after repeated use.

3. RESULTS AND DISCUSSION

3. 1. Influence of Time Storage on the Elec-
trets Surface Potential Decay

The dependences of normalized surface potential
VIV, on the time of storage under room conditions
for positively charged PDLA films were investiga-
ted for 360 minutes. The surface potential was
measured once of 10 minutes except for the first mi-
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nutes when it was measured more often because the
charge was rapidly decaying. After this period, stea-
dy state values of the surface potential were establi-
shed for all investigated samples.

Time dependences of the normalized surface po-
tential for positively charged PDLA films are pre-
sented in Fig. 2.
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Fig. 2 Time dependences of the normalized surface

potential for positively charged PDLA electret films.
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Each point in the figure is a mean value from 6
samples. The calculated standard deviation was
better than 5 % from the mean value with
confidence level 95 %.

The experimental results presented in Fig. 2
show that the values of the normalized surface
potential are initially decaying exponentially for the
first 60 minutes and then are slowly decreasing and
are practically stabilized to the 360 minute.

It was established that the electret surface poten-
tial depends on the amount of trapped charges in
different surface states of the samples. In the initial
period of time after corona charging, the surface
potential rapidly decreases. Probably this is due to
the release of the weakly captured charges from the
shallow energy states. Then the surface potential
stabilizes to a steady state value caused by the
tightly captured charges in the deep energy traps.
Similarly, exponential decay of the electrets charge
was observed in [18].

3. 2. Effect of type of PEMs on immobiliza-
tion and enzyme activity

The enzyme activity of multilayer films obtained
was measured on the 30" and 60" minute after
submersion in the reactive agent for four consecuti-
ve days. After the 60" minute, the samples were
removed from the remaining solution and left to dry.

On the following day, the measurements were re-
peated with fresh reactive solution.

Enzyme activity of positively charged PDLA
multilayer films with 4 or 8 layers measured on the
30" and 60" minute are presented in Fig. 3 and Fig.
4 respectively.
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Fig.3. Enzyme activity (in units/ml enzyme) of
positively charged PDLA films with 4 or 8 layers
measured on the 30" minute.
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Fig.4. Enzyme activity (in units/ml enzyme) of
positively charged PDLA films with 4 or 8 layers
measured on the 60" minute.

Each point in the figure is a mean value from 8
samples. The calculated standard deviation was bet-
ter than 5 % from the mean value with confidence
level 95 %.

The results obtained show that, in case of enzy-
me immobilization in multilayer films with 8 layers
the efficiency of immobilization is considerably
better compared to ones with 4 polyelectrolyte
layers independently of minute of measured (30" or
60" minute).

The initial enzyme activity of the 8 layer PDLA
films is around 25% higher than that of the 4 layer
films. The degree of storage of the activity to 48
hour is also higher of 8 layer PDLA films.
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This is probably explained by the type of cross-
linking that occurs after the specific treatment of the
gel, created from two polysaccharides with different
electric charge. In addition it is possible that the two
polysaccharides interact with each other as a
consequence of the interaction of the electric
charges, creating so called “pockets”, in which the
molecule of the enzyme is physically positioned.
This type of physical immobilization gives the
enzyme spatial freedom and access of the molecules
of the substrate to its active center.

During the enzyme activity investigation up to
48 hours was established that after the first reaction
around 20 % of the initial activity of the enzyme is
retained in both types of multilayer films. The
results obtained demonstrate the prospect of this
immobilization method in multilayer films for
reactions in aseptic conditions during of 48 hours. A
possible reason for the reduction in activity can be
the change in the reaction conditions, which affects
the access of the substrate to the enzyme, contained
in the inner layers of the multilayer films. Another
reason can be the partial dissolving of the upper
layers of the films, placed in a buffer solution with
pH 5.0 for an extended amount of time.

4. CONCLUSION

Xanthan/chitosan polyelectrolyte multilayer
films deposited on PDLA substrates, previously
charged in a corona discharge, were investigated. In
multilayer films obtained the enzyme J-
galactosidase were immobilized. The enzyme
activity of multilayer films obtained was measured
on the 30" and 60™ minute after submersion in the
reactive agent for four consecutive days. The
experimental results show that, in case of enzyme
immobilization in multilayer films with 8 layers the
efficiency of immobilization is considerably better
compared to ones with 4 polyelectrolyte layers. The
initial enzyme activity of the 8 layer PDLA films is
around 25% higher than that of the 4 layer films.
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