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a b s t r a c t

Characterization of Sterculia striata polysaccharide (SSP) films adsorbed onto Si wafers from solutions
prepared in ethyl methyl imidazolium acetate (EmimAc), water or NaOH 0.01 mol/L was systemati-
cally studied by means of ellipsometry, atomic force microscopy and contact angle measurements. SSP
adsorbed from EmimAc onto Si wafer as homogeneous monolayers (∼0.5 nm thick), while from water
vailable online 4 March 2010
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or NaOH 0.01 mol/L SSP formed layers of ∼4.0 nm and ∼1.5 nm thick, respectively. Surface energy val-
ues found for SSP adsorbed from EmimAc or water were 68 ± 2 mJ/m2 and 65 ± 2 mJ/m2, respectively,
whereas from NaOH it amounted to 57 ± 3 mJ/m2. The immobilization of lysozyme (LYS) onto SSP films
was also investigated. The mean thickness of LYS (dLYS) immobilized onto SSP films adsorbed from each
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. Introduction

Polysaccharides are interesting materials for the fabrication
f thin films because they can be obtained from renewable
ources, they are biocompatible materials and recognized by many
iomolecules. Such characteristics make polysaccharides potential
aterials for the development of biotechnological devices. On the

ther hand, the strong intermolecular interactions among polysac-
haride chains reduce their solubility, making their processing a
ig challenge. During the last decade ionic liquids (ILs) have been
sed as solvents for polysaccharides (Swatloski, Spear, Holbrey, &
ogers, 2002). Often solubilization and derivatization of polysac-
harides occur at high temperatures, turning the use of a lot of
ommon solvents forbidden because of their boiling points. Thus,
he use of ILs, which have high thermal stability, low melting
oint and low vapor pressure, represents a large advantage in rela-
ion to other solvents (El Seoud, Koschella, Fidale, Dorn, & Heinze,

007).

The characteristics (thickness, morphology) and properties (sur-
ace energy) of thin polymer films deposited from solutions onto

given substrate depend on the interactions between substrate
nd polymer, substrate and solvent, and polymer and solvent. For

∗ Corresponding author. Tel.: +55 11 30913831; fax: +55 11 38155579.
E-mail addresses: dfsp@iq.usp.br, dfsp@usp.br (D.F.S. Petri).
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th the decrease of �S and �S . However, the enzymatic activity of LYS
ey were immobilized onto SSP films with higher �p

S and � total
S values.

© 2010 Elsevier Ltd. All rights reserved.

instance, the effect of the substrate and solvent on the thickness,
surface energy and morphology of cellulose (Kontturi et al., 2007) or
cellulose ester (Amim Júnior, Petri, Maia, & Miranda, 2009; Amim
Júnior, Kosaka, Petri, Maia, & Miranda, 2009) thin films has been
recently reported.

Polysaccharide from Sterculia striata (SSP), which belongs to
the same family of karaya polysaccharide, contains (mol%) rham-
nose (23.8–28.8), galactose (19.3–23.4), xylose (5.6–7.7), uronic
acid (42.2–49.2), and acetyl groups (9.6–10.7) (Brito, Sierakowski,
Reicher, Paula, & Feitosa, 2005; Brito, Silva, Paula, & Feitosa, 2004).
This polysaccharide forms thermoreversible gels with gelation
conditions depending on the purification method, acetyl group’s
content and presence of salt (Silva, Brito, Paula, Feitosa, & Paula,
2003). The high content of uronic acid groups in the SSP chains
allowed their application in the build-up of electroactive nanocom-
posites (Zampa et al., 2007). In the present study, the effect
of the solvent used for SSP adsorption onto Si wafers on the
resulting films surface properties and characteristics was inves-
tigated. Ethyl methyl imidazolium acetate (EmimAc), an ionic
liquid, water, mixtures of EmimAc with different contents of
water and NaOH 0.01 mol/L were used as solvents for SSP. Surface
properties were determined by means of contact angle measure-
ments and films thickness and morphology were determined by

means of ellipsometry and atomic force microscopy (AFM). The
dependence of enzyme adsorption on the SSP surface properties
was also investigated. Lysozyme was chosen for these exper-
iments due to its antimicrobial functions (McKenzie & White,
1991).

http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:dfsp@iq.usp.br
mailto:dfsp@usp.br
dx.doi.org/10.1016/j.carbpol.2010.02.015
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Table 1
Advancing contact angle measurements for SSP films adsorbed from pure EmimAc, pure water, and NaH 0.01 mol/L onto Si wafers with drops of diiodomethane (�D) and
water (�W) as test liquids. Films mean roughness (rms) and mean thickness (d) values are also indicated. Dispersive (�d

S ) and polar (�p
S ) components of the surface energy

were determined for SSP using the geometric* and harmonic-mean** equations.

Solvent d (nm) rms (nm) �D (◦) �W (◦) * �d
S (mJ/m2) * �p

S (mJ/m2) * � total
S (mJ/m2) ** �d

S (mJ/m2) ** �p
S (mJ/m2) ** � total

S (mJ/m2)

EmimAc 0.5 ± 0.1 0.18 ± 0.03 41 ± 1 31 ± 2 39 ± 2 29 ± 1 68 ± 2 40 ± 2 32 ± 2 72 ± 2

25 ±
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Water 3.8 ± 0.9 0.24 ± 0.04 40 ± 1 39 ± 1 40 ± 2

NaOH 0.01 mol/L 1.4 ± 0.2 1.20 ± 0.1 34 ± 1 55 ± 1 43 ± 3

. Experimental

S. striata polysaccharide (SSP) was purified and characterized
s described elsewhere (Brito et al., 2004, 2005). Pure ionic liq-
id 1-etyl-3-metyl-imidazolium acetate (EmimAc, Sigma, 51053,
asionicTM BC01), mixtures of EmimAc and water (20/80, 30/70,
0/50, 70/30, 80/20, 90/10 in volume) and NaOH 0.01 mol/L solu-
ion were used as solvents. The concentration of SSP in solution
as kept constant at 1.0 g/L. Solubility of SSP in these solvents was

valuated by means of turbidity determined from transmittance at
50 nm using a Beckmann Coulter DU-600 spectrophotometer at
5 ◦C. For each measurement the corresponding solvent was used
s blank.

Si wafers (University Wafer, MA, USA) with native top SiO2 layer
nd 1.0 cm2 area were rinsed in an oxidative solution (NH4OH, H2O2
nd water) at 75 ◦C, as described elsewhere (Petri, Wenz, Schunk,
Schimmel, 1999), and characterized by means of ellipsometry.

ysozyme from chicken egg white (LYS, E.C. 3.2.1.17, Sigma L7651,
ot 096K1237) was dissolved in NaCl 0.01 mol/L (pH 6.5) at 1.0 g/L.

Adsorption studies of SSP onto Si wafers were carried out by
ipping clean Si wafers in the polymer solution for a period of
0 min at 70 ± 1 ◦C. Such conditions were optimized in order to
btain thin adsorbed layers. After that the samples were exhaus-
ively rinsed with distilled water in order to remove physically
dsorbed molecules (solvent or SSP chains) from the surface. The
dsorption of LYS was studied by immersing SSP-covered Si wafers
n the enzyme solution during 3 h at 24 ± 1 ◦C. After each adsorp-
ion experiment, samples were exhaustively rinsed with distilled
ater and dried under a stream of N2.

Ellipsometric measurements were performed in air using a
ertical computer-controlled DRE-EL02 ellipsometer (Ratzeburg,
ermany). The angle of incidence was set at 70.0◦ and the wave-

ength, �, of the He–Ne laser was 632.8 nm. For data interpretation,
multilayer model composed of the substrate, the unknown layer,
nd the surrounding medium were used. The thickness, dx, and
efractive index, nx, of the unknown layer were calculated from the
llipsometric angles, � and � , using the fundamental ellipsometric
quation and iterative calculations with Jones matrices (Azzam &
ashara, 1987):

i� · tan � = Rp

Rs
= f (nx, dx, �, �) (1)

here Rp and Rs are the overall reflection coefficients for the par-
llel and perpendicular waves. They are functions of the angle of
ncidence, �, the wavelength, �, of the radiation, and of the refrac-
ive index and thickness of each layer of the model, nx and dx,
espectively.

From the ellipsometric angles, � and � , and a multilayer model
omposed of silicon, silicon dioxide, polysaccharide layer, and air,
t is possible to determine only the thickness of the polysaccha-
ide layer, dpoly. The thickness of the silicon dioxide layers was

etermined in air, assuming a refractive index of 3.88–0.018i and

nfinite thickness for silicon (Palik, 1985). The refractive index for
he surrounding medium (air) was taken as 1.00. Because the native
ilicon dioxide layer is very thin, its refractive index was taken as
.462 (Palik, 1985) and only the thickness was calculated. The mean
2 65 ± 2 40 ± 2 28 ± 2 68 ± 2

2 57 ± 3 43 ± 4 20 ± 2 63 ± 6

thickness of the native silicon dioxide layer was 2.0 ± 0.2 nm. After
determining the thickness of the silicon dioxide layer, the mean
thickness of adsorbed SSP layers was determined in air by means
of ellipsometry, considering the refractive index of 1.50. The mean
thickness of adsorbed LYS onto SSP films was determined, con-
sidering the refractive index of 1.52 (Ortega-Vinuesa, Tengvall, &
Lundstrom, 1998).

2.1. Contact angle measurements

Contact angle � measurements were performed at 24 ± 1 ◦C in a
home-built apparatus (Adamson, 1990) using sessile drops of 8 �L.
In order to determine the surface energy of the polymers (�S), con-
tact angle � measurements were performed with diiodomethane
(>99.5%, purely dispersive nature) and distilled water (polar liquid).
In order to use Young’s equation without correction for roughness
and chemical heterogeneity (Marmur, 2006), only very smooth and
homogeneous films were used. At least three films of the same sam-
ple were analyzed. The polar (�p

S ) and dispersive (�d
S ) components

of the surface energy of PSS were determined by Owens–Wendt’s
(Owens & Wendt, 1969) equation, also known as geometric mean
equation, and by harmonic-mean equation.

Atomic force microscopy (AFM) analyses were performed with a
PICO SPM-LE (Molecular Imaging) microscope in intermittent con-
tact mode in air at room temperature, using silicon cantilevers
with a resonance frequency close to 300 kHz. Areas ranging from
2 �m × 2 �m to 1 �m × 1 �m were scanned with a resolution of
512 × 512 pixels. Image processing and the determination of the
root mean square (rms) roughness were performed using the Pico
Scan software. At least two films of the same composition were
analyzed in different areas of the surface.

Evaluation of antimicrobial effect of immobilized LYS onto SSP
films was performed at 25 ◦C, using aqueous dispersions of micro-
coccus luteus (ATCC 4698) at 1.33 g/L as substrate (Bergmeyer,
1984). The activity was assessed by the relative turbidity decrease
(�	) determined from transmittance at 650 nm using a Beckmann
Coulter DU-600 spectrophotometer at 25 ◦C just after the disper-
sion preparation (	0). Then three samples containing immobilized
LYS onto SSP (total area of 3.0 cm2) were put in contact with 5 mL
of microorganism dispersion during 1 h. After that period of time,
turbidity of supernant dispersions was measured again (	). Bacteria
disruption indicated antimicrobial activity (Bergmeyer, 1984) and
was correlated with the relative decrease of turbidity (�	):

�	 = 	0 − 	

	0
× 100% (2)

The larger is �	, the more efficient is the antimicrobial agent.
In order to check the possibility of re-use of immobilized LYS onto
SSP films, after turbidimetric measurements samples were rinsed

with distilled water, dried under a stream of N2 and stored in the
laboratory environment for 24 h. In the next day the antimicrobial
tests were repeated with the same samples under the same con-
ditions. All samples were characterized by means of ellipsometry
and AFM prior to biocidal tests.
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ig. 1. Dependence of mean thickness values (d) of adsorbed SSP from solution
1.0 g/L) onto Si/SiO2 wafers as a function of EmimAc content in the solution. The
dsorption time and temperature were 30 min and 70 ± 1 ◦C, respectively. The solid
ine represents an exponential fit.

. Results and discussion

Fig. 1 shows the ellipsometric mean thickness (d) of SSP
dsorbed onto Si/SiO2 as a function of EmimAc content in the solu-
ion. The thickest layer (3.8 ± 0.9) nm was obtained in pure water.
or comparison, the thickness of a cellulose monolayer amounts to
.7 nm (Wiegand, Jaworek, Wegner, & Sackmann, 1997). Therefore,
he thick SSP layer probably corresponds to multilayers. However,
he mean thickness values (d) decreased exponentially with the
ncrease of EmimAc content in the solution, reaching a plateau
alue of 0.45 ± 0.05 nm for EmimAc contents higher than 70% in
olume. This plateau value might be attributed to the adsorption
f a polysaccharide monolayer. The solubility of SSP in EmimAc is
avored by ionic and ion-dipole interaction, leading to the com-
lete dissolution of the polysaccharide. The interactions between
SP and water are ion–dipole and dipole–dipole type, which are
eaker than those between SSP and EmimAc (electrostatic and

on–dipole). Fig. 2 shows that turbidity decreased exponentially
ith the increase of EmimAc content in the solution, indicating that
ure EmimAc is a better solvent than pure water and corroborating

ith adsorption behavior.

AFM topographic images showed that SSP adsorbed from pure
mimAc (Fig. 3a) or pure water (Fig. 3b) formed layers with
ms = 0.18 ± 0.03 nm and rms = 0.24 ± 0.04 nm, respectively. The

ig. 2. Turbidity measured at 25 ± 1 ◦C for SSP solutions (1.0 g/L) as a function of
mimAc content in the solution. The solid line represents an exponential fit.
lymers 81 (2010) 284–290

surface in Fig. 3a is very smooth with very few spherical parti-
cles distributed on the surface. Tiny globules well packed were
observed for SSP adsorbed layers from pure water (Fig. 3b) or from
EmimAc/water mixtures (Fig. 3c). Such morphology might be due
to drying process and to the polymer concentration. When SSP
adsorbed onto Si wafers from a more diluted solution (0.05 g/L)
prepared either in pure EmimAc or in pure water, the mean thick-
ness decreased to 0.20 ± 0.04 nm. AFM images evidenced that this
low mean thickness value corresponds to isolated SSP molecules
(Fig. 4) when the polymer solution was prepared in EmimAc or to
small aggregates sparsely distributed on the surface when water
was used as solvent (images not shown). The isolated SSP chains
are between 0.4 nm and 0.7 nm high (cross-section in Fig. 4),
such dimension could be correlated with polysaccharides backbone
(Dumitriu, 2005). These findings indicated that EmimAc dissolves
SSP at the molecular level and that polymer concentration at 1.0 g/L
is enough to cover homogeneously the Si wafers.

The adsorption of SSP onto Si wafers from NaOH 0.01 mol/L
(pH 12) at 1.0 g/L was also investigated because alkaline condi-
tions often favor polysaccharide dissolution. The mean thickness of
adsorbed SSP layer amounted to 1.4 ± 0.2 nm. AFM image in Fig. 3d
shows SSP chains arranged into spherical entities on the surface,
yielding rms value of 1.2 ± 0.1 nm. Solutions of SSP were also pre-
pared in NaOH 0.1 mol/L (pH 13) and 1.0 mol/L (pH 14) in order to
verify if dissolution of SSP into individual chains could be achieved
and if isolated chains could adsorb onto Si wafers. At pH 13 and pH
14 the mean d values of SSP adsorbed onto Si wafers amounted
to 6 ± 1 nm and 21 ± 3 nm, respectively, indicating aggregation.
The corresponding AFM images confirmed the presence of large
aggregates (Supplementary Material). The good solubility of SSP
solutions prepared at pH 12, 13 and 14 was attested by the very
low turbidity values 0.007, 0004 and 0.002, respectively. Therefore,
aggregation observed in the AFM images was probably induced by
the SSP chains already adsorbed onto Si wafers.

In order to determine the surface energy of SSP films adsorbed
from different solvents only flat and homogeneous films were cho-
sen. Films mean roughness and mean thickness values are given in
Table 1. Advancing contact angles, �, determined for drops of water
and diiodomethane on SSP films, the dispersive (�d

S ) and polar (�p
S )

components of the surface energy were calculated for SSP adsorbed
from each solvent, as shown in Table 1. The sum of �d and �p gives
the total surface energy (� total), as proposed by Fowkes (Chaudhury,
1996).

The surface energy � total
S values calculated for SSP films by

means of harmonic-mean equation was (5–10%) higher than those
determined with geometric model, as shown in Table 1. Similar
tendency was also observed for low surface energy polymers, as
polypropylene and polystyrene (Shimizu & Demarquette, 2000).
SSP films adsorbed from EmimAc presented the highest surface
energy value 68 ± 2 mJ/m2 and 72 ± 2 mJ/m2. The latter was as high
as the surface tension of distilled water! Although polysaccharides
are hydroxyl rich polymers, it is difficult to consider the same mag-
nitude of intermolecular H bonding as in liquid water. A possible
reason for this high surface energy value might be residual EmimAc
molecules, which remained attached to the SSP films even after
exhaustively rinsing with distilled water. Moreover, the surface
energy values determined with harmonic model might be overes-
timated and from this point on the discussion will be focused only
on the surface energy values determined with geometric model.
Surface energy values calculated for SSP films adsorbed onto Si
wafers from EmimAc, water and NaOH 0.01 mol/L amounted to
68 ± 2 mJ/m2, 65 ± 2 mJ/m2 and 57 ± 2 mJ/m2, respectively. The dis-

persive component �d

S dominated the � total
S values. Similar values

were found for cellulose nanocrystals spin coated from acidic solu-
tion onto Si wafers ∼65 mJ/m2, 31 mJ/m2, and 34 mJ/m2, for � total

S ,
�p

S and �d
S , respectively (Kontturi et al., 2007). In the case of SSP
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ig. 3. AFM topographic images (1 �m × 1 �m) of SSP adsorbed onto Si wafers from
ixture of EmimAc/water (10/90), Z = 3.0 nm and (d) NaOH 0.01 mol/L, Z = 15.0 nm.

dsorbed from EmimAc and water the � total and the components
S
p
S and �d

S were similar, although EmimAc seems to be a better sol-
ent for SSP than water (Fig. 1). However, SSP films adsorbed from
aOH 0.01 mol/L presented low �p

S value, which decreased the � total
S

alue.

ig. 4. (a) Topographic image of SSP adsorbed onto Si wafers from dilute solution (0.05 g
.5 �m × 1.5 �m, Z = 1.0 nm.
ion (1.0 g/L) prepared in (a) pure EmimAc, Z = 2.0 nm; (b) pure water, Z = 3.0 nm; (c)

Biocompatibility of polysaccharides surfaces makes them inter-

esting materials for biotechnological devices. However, surface
energy parameters seem to control the adhesion and growth of
cells (Gomes et al., 2007; Harnett, Alderman, & Wood, 2007) or
the adsorption of proteins (Kosaka, Kawano, El Seoud, & Petri,

/L) prepared in pure EmimAc with the corresponding cross-section (b). Scan area
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Table 2
Mean thickness values of LYS (dLYS) layers immobilized onto SSP-covered Si wafers (1.0 cm2).

Solvent for SSPa * �d
S (mJ/m2) * �p

S (mJ/m2) * � total
S (mJ/m2) dLYS (nm) �	 (%) 1st use �	 (%) 2nd use

EmimAc 39 ± 2 29 ± 1 68 ± 2 1.4 ± 0.3 3 ± 1 0

Water 40 ± 2 25 ± 2 65 ± 2 1.6 ± 0.2 54 ± 5 43 ± 5

NaOH 0.01 M 43 ± 3 14 ± 2 57 ± 3 2.0 ± 0.2 45 ± 5 40 ± 4
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ispersive (�d
S ) and polar (�S ) components of the surface energy were determined fo

	 stands for the relative decrease of turbidity due to cell disruption catalyzed by L
wice (1st and 2nd use) in order to evaluate re-use possibility and immobilized enz

a Solvents used for dissolution of SSP and further adsorption onto Si wafers.

007; Kosaka, Kawano, Salvadori, & Petri, 2005; Maciel, Kosaka,
e Paula, Feitosa, & Petri, 2007; Sierakowski, Freitas, Fujimoto, &
etri, 2002; Velzenberger, Kirat, Legeay, Nagel, & Pezron, 2009)
r DNA (Sasou, Sugiyama, Ishida, Ohtani, & Miyake, 2009). In this
ork the effect of surface energy parameters on the immobiliza-

ion of LYS onto SSP films adsorbed from EmimAc, water and NaH
.01 mol/L was also investigated. Table 2 shows the mean thick-
ess of LYS (dLYS) layers immobilized onto SSP films adsorbed from

ach solvent with the corresponding surface energy values. The
LYS values tend to increase with the decrease of �p

S and � total
S .

imilar trend was also observed for the adsorption of fibronectin.
ne possible reason for this effect is the entropic gain due to pro-

ein denaturation and hydration water release upon adsorbing onto

ig. 5. AFM topographic images (1 �m × 1 �m) obtained for immobilized LYS molecules
aOH 0.01 mol/L, Z = 5.0 nm.
sing the geometric mean equation *. � total
S is the sum of �d

S and polar �S components.
obilized onto three SSP-covered Si wafers (3.0 cm2). The same samples were used

tability.

more hydrophobic surfaces (Haynes & Norde, 1995). If this hypoth-
esis is true, LYS immobilized onto SSP films prepared from NaOH
0.01 mol/L solutions should be less active (more denaturated) than
those immobilized onto SSP films prepared from water or EmimAc.
Table 2 shows the relative decrease of turbidity due to cell disrup-
tion (�	) catalyzed by LYS immobilized onto SSP films. The largest
�	 value of 54 ± 5% was observed for LYS immobilized onto SSP
films adsorbed from water, which have �p

S and � total
S values rel-
atively high. The �	 values decreased to 45 ± 5% when LYS was
immobilized onto SSP films adsorbed from NaOH 0.01 mol/L, which
present lower �p

S and � total
S values, keeping the correlation. How-

ever, the correlation between �	 and �p
S and � total

S values was not
observed when LYS was immobilized onto SSP films adsorbed from

onto SSP films adsorbed from (a) Emim/Ac, Z = 5.0 nm; (b) water, Z = 5.0 nm or (c)
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mimAc. In this case, �	 was almost null (3 ± 1)%. One possible
xplanation for this result might be LYS denaturation upon con-
act with EmimAc molecules, which might have not been removed,
ven after exhaustive rinsing. Ionic liquids are known as denatur-
ng media (Turner, Spear, Huddleston, Holbrey, & Rogers, 2003).
FM image of LYS adsorbed onto SSP films adsorbed from EmimAc

Fig. 5a), water (Fig. 5b) or NaOH (Fig. 5c) revealed LYS molecules
s spherical entities distributed similarly on the different support
ayers. After the first use of LYS-covered SSP films adsorbed from

ater or NaOH were rinsed with distilled water, dried with N2 and
hen the antimicrobial effect was again evaluated. Table 2 shows
hat the enzymatic activity level decreased only 5–10%, indicating
hat consecutive re-use of LYS-covered SSP films was successful.

The preservation of LYS native structure is expected when the
isulfide bonds are kept intact (Danial, Klok, Norde, & Stuart,
007), so one can conclude that upon adsorbing LYS onto SSP films
dsorbed from water or NaOH disulfide bonds remained partially
nchanged. LYS catalytic mechanism involves residues Glu35 and
sp52, which bind to saccharide ring that carry the glycosidic oxy-
en, so that Glu35 is responsible for acid catalysis and Asp52 for
he stabilization of carbonium ion. Hydrophobic residues Trp62 and
rp63 stabilize the flapping (Blake et al., 1965; Danial et al., 2007).
onsidering LYS catalytic site described above, one can conclude
hat upon adsorbing LYS onto SSP films, Glu35, Asp52, Trp62 and
rp63 residues are partially preserved. This finding opens the pos-
ibility of applying LYS coated SSP films as antimicrobial material
or biomedical purposes.

. Conclusions

In this study the effect of solvent on the morphology and
urface properties of adsorbed SSP films was investigated. The
se of EmimAc, an ionic liquid, led to smooth SSP surfaces and
llowed the visualization of isolated SSP chains. In fact, ionic
iquids have proven to be excellent media for polysaccharides dis-
olution and modification (El Seoud et al., 2007; Swatloski et al.,
002). Nevertheless, EmimAc molecules are not easily removed
rom SSP films, as evidenced by the high surface energy value
68 ± 2 mJ/m2) and lysozyme denaturation. Surface energy values
ound for SSP adsorbed from water and NaOH were 65 ± 2 mJ/m2

nd 57 ± 3 mJ/m2, respectively. This small difference was brought
bout by a reduction of the polar component of surface energy of
he latter.

The idea of immobilizing of lysozyme (LYS) onto SSP films was
atalyzed by the desire of combining two natural macromolecules
o obtain antimicrobial surfaces, which can be applied as packing
r coating materials. The results presented here indicated that the
ctivity of immobilized LYS was favored when SSP films presented
igher �p

S and � total
S values. Maybe high �p

S values help keeping
ater of hydration on the surface, avoiding enzyme denaturation.

imilar studies with other enzymes are under progress in our group.
hey should provide more data to set a correlation between surface
roperties and enzymatic activity of immobilized enzymes.
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