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The aim of this paper is to emphasize the strength of gelatin as a stable matrix for redox enzymes. Cyclic
voltammetry has been applied for a detailed electrochemical study of horse heart cytochrome ¢ (HHC)
entrapped in a gelatin matrix immobilized on a gold electrode. The influence of the HHC concentration,
the mass percentage of the gelatin and the nature of the gelatin on the electrochemical behaviour of HHC
have been described in detail. In addition, attenuated total reflection infrared (ATR-IR) spectroscopy was
used to prove the immobilization on a qualitative and conformational level. The thickness of the gelatin
film was determined using a non-contact optical profiler. These results open up new perspectives in the
development of stable, biocompatible matrices for redox enzymes. The latter has its relevance in the field
of biosensor development.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Protein film formation by cross-linking and the incorporation of
enzymes in hydrogels, adsorbed to electrode surfaces, are new and
innovating aspects in the field of bioelectrochemistry. Both offer
new perspectives in the development of stable biosensors. In this
work we will address the second route. Different types of gelatin
will be selected as a possible hydrogel for the encapsulation of pro-
teins or enzymes. Gelatin is a water soluble protein, composed of a
variety of amino acids [1], viaamide bonds forming a linear polymer
with a molecular weight between 15,000 and 250,000 Da [2]. This
hydrophilic polymer network is able to swell in water by absorbing
a large amount of water (one tenth to one thousand times their dry
weight) [3]. Due to the hydrophilic groups or domains, the hydra-
tion and native configuration of the encapsulated biomolecules is
ensured. Because of the high degree of swelling in water, hydrogels
possess other desired characteristics such as the rapid diffusion
of the substrate of the enzyme and the formed reaction prod-
uct. Otherwise, there is often an increased enzyme stability and
an increased mobility of the counter ions, which is important for
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fast charge transfer reactions. A gelatin hydrogel is thus a (cross-
linked) three-dimensional hydrophilic polymer network, which
can provide a desirable water-rich buffering environment for the
entrapped proteins because of its attractive properties of film-
forming ability, biocompatibility, non-toxicity, high mechanical
strength and cheapness. Different types of gelatin can be distin-
guished according to their production process [4]. Type A gelatin
which possesses an iso-electric point (IEP) of 6-8 is obtained by
acidic hydrolysis of collagen. Type B gelatin (IEP 4.7-5.3) is pro-
duced by an alkaline treatment of collagen. Type B gelatin differs
from type A by the hydrolysis of the amide groups. By this ami-
dolysis, aspartine and glutamine are converted to aspartic acid and
glutamic acid. The extra acid groups reduce the IEP of type B gelatin.
Also arginine can be hydrolyzed to ornithine in alkaline conditions
[5]. In addition to triple helix formation (i.e. physical cross-linking)
which occurs below the gelation temperature (ca. 35 °C), a chemical
cross-linking step can also be introduced. In the present work, two
gelatin derivatives (i.e. thiolated and methacrylamide-modified)
were applied and compared as an embedding matrix.

Cytochrome c plays an important role in the biological respira-
tory chain, receiving electrons from cytochrome c reductase and
delivering them to cytochrome c oxidase [6,7]. The crucial role of
cytochrome c in the respiratory chain of mitochondria has inspired
scientists to study the mechanism of the electron transfer process.
The study of the electrochemistry of cytochrome c is thus of high
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relevance. In this work, horse heart cytochrome c (HHC) was chosen
as redox protein as it has been studied extensively with respect to
direct protein electrochemistry (see [8-10] and references therein)
and has often been considered as a model system for biological
electron transfer [11] and for bioelectrocatalysis [12].

In this work, HHC is encapsulated into the selected types of
gelatin using the drop drying technique after which the electro-
chemical behaviour of HHC in a gelatin matrix is investigated. As
far as the authors are aware, there is no literature with respect to the
entrapment of HHC in a gelatine matrix. The influence of the HHC
concentration, mass percentage of the gelatin and the nature of the
gelatin is described in detail. In addition, attenuated total reflection
infrared (ATR-IR) spectroscopy is used to prove the immobiliza-
tion on a qualitative and conformational level. The thickness of the
gelatin film was determined using a non-contact optical profiler.

These parameters are important with respect to biosensor appli-
cations since, in future work specialty enzymes and/or proteins
will be incorporated in the HHC film to enable monitoring certain
biochemical and/or physiological changes. As a result, a profound
understanding of the characteristics of the HHC film deposited on
the electrode surface is essential. These results will be used as step-
ping stone for immobilizing different types of enzymes in a similar
manner, thereby reaching other applications (e.g. the immobiliza-
tion of cytochrome c peroxidase for the reduction of hydrogen
peroxide). Different target molecules and their analytical concen-
trations will be detected by using these types of sensor systems.

2. Materials and methods
2.1. Chemicals and solutions

Horse heart cytochrome c¢ (HHC), 2-[4-(2-hydroxyethyl)-
piperazinyl]ethanesulfonic acid (HEPES), mercaptohexanol (MH)
and sodium hydroxide were purchased from Sigma-Aldrich. Potas-
sium ferrocyanide (K4Fe(CN)g) was purchased from Merck Eurolab.
The HEPES buffer solution of 10 x 10-3 molL~! was set to pH 7.0
using a 0.15 mol L-! NaOH solution. Type B gelatin (IEP=5, Bloom
strength=257), isolated from bovine skin by the alkaline process,
was kindly supplied by SKW Biosystems (Ghent, Belgium). Type A
gelatin (IEP = 8.8, Bloom strength = 202), isolated from porcine skin
by the acid treatment, was obtained from Rousselot (Ghent, Bel-
gium). Methacrylic anhydride (MAA) was purchased from Aldrich
(Bornem, Belgium) and was used as received. Type B gelatin was
chemically modified with methacrylamide side groups, resulting
in a degree of substitution (DS) of 60%, as described in a previ-
ous paper [13]. The methacrylamide-modified gelatin is further
referred to as GeIMOD. The thiolated gelatin (GelSH) was synthe-
sized as described previously [14]. In brief, the amines of type
B gelatin were modified with N-acetyl-homocysteine thiolactone
(5equiv., 1.51g) (Acros). After stirring for 3 h at 40°C, GelSH was
purified and isolated using lyophilization. The degree of substitu-
tion of GelSH was 65%.

2.2. Electrode preparation

Electrochemical experiments were performed in a three elec-
trode cell using a saturated calomel reference electrode (SCE)
containing two compartments (Radiometer Analytical, France) and
a platinum counter electrode. The working electrodes were gold
electrodes with a diameter of 1.6 mm (BAS, UK) which were pre-
treated by mechanical and electrochemical polishing according to
the following procedure. Before its first use the electrode surface
was briefly scoured by a silicon carbide emery paper of 1200 grit to
obtain a fresh surface. To smoothen the resulting relatively rough
surface it was further subjected to sequential polishing by polishing

cloth covered with alumina powder of 1, 0.3 and 0.05 mm particle
size (Buehler, USA) for respectively 5, 10 and 20 min. To remove
any adherent Al, 03 particles the electrode surface was rinsed thor-
oughly with doubly deionised water and cleaned in an ultrasonic
bath containing deionised water (Branson 3210, USA) for 2 min.

Before immobilizing gelatin onto the electrode, the gold sur-
face was modified with a self-assembled monolayer (SAM) of
6-mercaptohexanol (unless otherwise indicated). The latter was
done by immersing the electrode in a water solution containing
1 mmol L-! 6-mercaptohexanol (MH) for 18 h at room temperature.
The modified gold electrodes were consequently rinsed with water
to remove any physically adsorbed mercaptohexanol. In what fol-
lows, these modified electrodes are denoted as MH|Au.

To immobilize gelatin onto a MH|Au electrode or bare Au, 7 L
of a gelatin solution (5, w/v%) was brought onto the surface by using
a syringe and was exposed to air for 2 h at 4°C (drop drying). The
gelatin solution was prepared by mixing the gelatin powder and the
HEPES buffer solution at 40 °C. These electrodes are referred to in
the text as Gel|MH|Au. When HHC was added to the gelatin-HEPES
solution, the electrodes are denoted as HHC|Gel|MH|Au. Finally, all
electrodes were washed with the HEPES buffer solution and stored
at 4°C before use. Unless stated otherwise, the concentration of
HHC and gelatin was respectively 0.14 mmol L~! and 5 (w/v)%.

2.3. Apparatus

A PGSTAT20 potentiostat controlled by GPES 4.9 005 software
package running (ECO Chemie, The Netherlands) was used to record
voltammetric curves. Prior the start of each measurement, the pH
of the solution was measured using an Orion Benchtop pH-meter
model 420A (Thermo Fisher Scientific, USA). The solutions were
thoroughly deoxygenated by bubbling nitrogen through the cell
solution for 20 min and a nitrogen atmosphere was maintained over
the solution during the experiment.

ATR-IR spectroscopic analyses were performed in order to
obtain qualitative proof of the immobilization of HHC onto the gela-
tine modified metal surface. Transmittance spectra were acquired
using a Biorad FT-IR spectrometer FTS 575C equipped with a
‘Golden Gate’ ATR accessory. The latter was fitted with a diamond
crystal. The coating covering the electrode surface was measured
directly by pressing the electrode against the ATR crystal. The spec-
tra were recorded over the range 4000-600cm~! and averaged
over 16 scans.

The surface profile of the samples were measured with a
Wyko NT3300 non-contact optical profiler. The thickness of semi-
transparent films can be obtained by measuring a step or by
measuring through the film to the substrate. In the latter case,
the VSI technique is employed. In VSI, the optical system is trans-
lated vertically such that the upper and lower film surfaces pass
through focus. For each location in the field of view, two sets of
interference fringes develop during the scan: one corresponding
to best focus at the air/film interface, the second corresponding to
the film/substrate interface. Thick Film Analysis, a Vision software
option, determines thickness based on these fringes. The analysis
first determines the vertical centers of the two fringe envelopes
then calculates the distance between their centers. This distance is
divided by the film'’s index of refraction to determine its thickness.
A second approach for determining the thickness by the optical
profiler is making a gap in the gelatin film with a CO, laser and
measuring the thickness of the film at the edge. The CO, laser (GSIL
Impact SSM 2150) operates in the 9-10 pwm range. The maximum
optical power is 60 W, corresponding to a maximum pulse energy
of 0.4], and a maximum pulse repetition rate of 150 Hz. The pulse
length is 70 nsec.
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Fig. 1. The current potential behaviour of a GelB(5 m%)|MH|Au electrode (1) and a
HHC(0.14 mM)|GelB(5 m%)|MH|Au electrode (2) in a 10 mmol L-! HEPES pH 7 buffer
solution with a scan rate of 50 mVs~!.

3. Results and discussion
3.1. Electrochemical detection of HHC in a gelatin B matrix

Curve 1 in Fig. 1 shows the electrochemical response of a
GelB|MH|Au electrode in a 10 mmol L~! HEPES pH 7 buffer solu-
tion in a potential window from —0.4V versus 0.4V with a scan
rate of 50mVs~1. Not any oxidation or reduction process could
be observed in this specific potential window. For this reason, we
consider the polymeric gelatin matrix very suitable for bioelec-
trochemistry as it has no electrochemical background signal in
the potential range in which protein electrochemistry takes place
[15-16].

When 0.14 mmol L~ HHC is added to the GelB matrix, the cor-
responding current potential behaviour is shown as curve 2 (only
scan 20 is shown). A well-defined redox couple is observed at
the HHC|GelB|MH|Au electrode with a reductive peak potential of
—0.018V and a corresponding oxidative peak potential at 0.054V.
These redox reactions can be explained as the reduction and oxi-
dation of the heme group present in the HHC protein [15-16]. The
formal potential (E°’) for the redox reaction of HHC is 0.018 V, con-
sistent to the value of cytochrome c in solution [17]. A stability
study showed that from scan 1 a stable electrochemical signal is
obtained with no leakage of the protein into the HEPES cell solu-
tion indicating that the gelatin matrix forms a stable environment
for the selected enzyme.

The fact that gelatin is an ideal microenvironment for HHC
(heme group surrounded by different amino acids) can be explained
by the biocompatibility, i.e. the presence of similar amino acids
in the HHC protein as well as in the gelatin matrix. To prove
this statement, 0.2 mmolL~! K4Fe(CN)s was entrapped in a gelB
matrix instead of HHC. The heme group surrounded with amino
acids (HHC) was thus replaced by a single iron ion, the compati-
bility of the amino acids is absent. In the first scan, an oxidation
and reduction process is observed at respectively 0.212 and 0V,
corresponding to the [Fe(CN)g3~]/[Fe(CN)s*~] redox reactions. The
oxidation and reduction peak current decrease markedly as a func-
tion of scan number indicating a loss of K4Fe(CN)g from the gelatin
matrix into the cell solution. After 60 scans, there is no longer elec-
trochemically active K4Fe(CN)g present in the hydrogel. Compared
to the experiment with HHC entrapped in a gelatin matrix, it is now
clear that gelatin is not a suitable microenvironment for K4Fe(CN)g
because there is no amino acid interaction between K4Fe(CN)g and
gelatin.

A profound stability study showed that the HHC|GelB|MH|Au
electrodes are stable as a function of time. The modified electrodes
were kept in a air or in a HEPES buffer solution for 1 week. After
that period, the stability was checked electrochemically and spec-
troscopically (UV-vis). Electrochemically, the peak current and the
surface under the HHC-peak are quite stable for 1 week. Only a
broadening of the peak is observed, probably indicating a small
reorganization of the protein film or a change in protein confor-
mation. When the prepared electrode was stored in solution, the
stability of the film was checked by obtaining a UV-vis spectrum
every day during 1 week. No HHC related signal was observed in
that period, indicating that HHC in tightly entrapped in the gelatin
matrix.

3.2. ATR-IR characterization of a HHC-gelatin modified electrode

The ATR-IR spectrum of the GelB|MH|Au electrode (Fig. 2(a))
shows four important characteristic regions (i.e. amide A, amide
I, amide II and amide IIl bands) compared to a blank measure-
ment (MH|Au, Fig. 2(c)). The amide A mode consists of bands at
3324cm1, 2935cm~! and 2837 cm~! which correspond to an
NH stretch, coupled with hydrogen bonding, a CH, asymmetrical
stretch and a CH, symmetrical stretch, respectively [18,19]. The
amide I band, which is due primarily to C=0 stretching of the
peptide groups, is extremely sensitive to changes in the gelatin
chain conformation. The wavenumbers of the characteristic bands
of these carbonyl groups are determined by the local chemical
environment and the degree of dipole-dipole interaction between
neighbouring carbonyl groups [20]. Two characteristic bands can
be distinguished within the amide I mode. The band at 1653 cm™!
is related to the presence of triple helices and (3-turns while the
band at 1638 cm~! corresponds to random coils [20]. The amide II
region consists of bands at 1550 cm~! (i.e. NH bend coupled with CN
stretch), 1450cm~! (i.e. CH, bend) and 1338cm~! (i.e. CH, wag-
ging of praline) [21]. The final characteristic region is the amide
I, which is composed of three characteristic bands. The band at
1168 cm! corresponds to an NH bend. The C-O stretch is respon-
sible for the band at 1083 cm~!, while the band at 1034cm™! is
related to skeletal stretches [19,21]. The results indicate that ATR-
IR spectroscopy is a suitable tool to demonstrate the presence of
gelatin on the electrode surface. In addition, the technique enables
to gain insight into the protein conformation on the surface. The
latter is of relevance since the protein conformation significantly
influences its biological activity.

The ATR-IR spectrum of the HHC|GelB|MH|Au electrode
(Fig. 2(b)) shows a lot of similarities with the ATR-IR spectrum
of the GelB|MH|Au electrode (Fig. 2(a)). The latter was anticipated
based on the fact that both samples contain a significant amount of
gelatin on their surface. In addition, HHC is also a protein com-
posed of a large variety of amino acids connected via peptide
linkages. However, several distinct differences can be distinguished
when comparing both IR spectra. The band at 1450cm™! in the
IR spectrum of the GelB|MH|Au sample is also present in the IR
spectrum of the HHC|GelB|MH|Au sample. However, band widen-
ing can be observed together with the presence of a shoulder
at higher wavenumbers. This can be attributed to HHC which is
characterized by a band at 1456 cm~!, as already indicated in a pre-
vious paper from our research group [22]. The band at 1168 cm™!
has shifted to 1175cm~! and its band width has become signifi-
cantly higher. The shift of the band maximum and the higher band
width are probably related to a conformational change of both
proteins in the presence of one another since HHC shows a band
maximum at 1161 cm~! when present on the electrode without
gelatin. Finally, additional bands at 1005cm~! and 950cm™! are
observed in the ATR-IR spectrum of the HHC|GelB|MH|Au sample
(Fig. 2(b)). These bands correspond with a conformational change
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Fig. 2. ATR-IR spectra of GelB|Au (a), HHC|GelB|Au (b) and MH|Au (c).

of gelatin and/or with a conformational change of HHC. In the
latter case, the bands of HHC have shifted from 1022cm~! and
962 cm~! respectively. The obtained results are of relevance in
view of potential biosensor applications, since changes in pro-
tein conformations have been reported to significantly affect their
binding capacity [23]. As a result, the HHC conformation is impor-
tant with respect to the incorporation of specific enzymes and/or
proteins capable of detecting biochemical and/or physiological
changes.

3.3. Determination of the thickness of a HHC-gelatin film by
surface profilometry

The thickness of the HHC-gelatin film was determined using a
3D surface profiler. The thickness of semi-transparent films can
be obtained by measuring the step height at the edge of the film
or by measuring through the film to the substrate. In the latter
case, the VSI technique is employed. Fig. 3 shows a film thickness
plot of the electrode and indicates an average thickness of 23 pum.
This relatively high value is the result of inter-protein as well as
protein-gelatin cross-linking which occur on the electrode surface.
The film thickness is affected by several parameters including the
protein concentration applied, the immobilization strategy and the

T T T T
100 150 200 250 300 350 400 450 500 550 598

0 50

Fig. 3. Optical profilometry of a HHC|GelB(5 m%)|MH|Au electrode.

nature of the active gold surface. The layer thickness is of relevance
since electron transfer from the ‘sensing’ enzyme or protein to the
electrode should be retained upon incorporation in the HHC film.
A second approach for determining the thickness by the optical
profiler is making a hole in the gelatin film with a CO, laser and
measuring the thickness of the film at the edge. Following this
approach, one avoids the estimation of the index of refraction of
the gelatin film. Results show that the thickness of the HHC-gelatin
film is 22.7 pm.

3.4. Influence of the HHC concentration and the scan rate on the
electrochemical behaviour of HHC

In order to reveal the nature of the electrochemical process,
the HHC concentration was varied in a first set of experi-
ments. Fig. 4 shows the cyclic voltammetric behaviour of four
HHC|GelB|MH|Au electrodes with different HHC concentration in
a gelB matrix: 0.05 mmolL~! (1); 0.1 mmol L~ (2); 0.15 mmol L~!
(3) and 0.26 mmolL~! (4). The same peaks were observed as in
Fig. 1, only the peak current of the oxidation and reduction reaction
changes: the higher the HHC concentration, the higher the peak

I (LA) X4
0.17

0.4

Fig. 4. The current potential behaviour of four HHC|GelB(5 m%)|MH|Au electrodes,
in which the concentration of HHC is different: 0.05mmol L~ (1), 0.1 mmol L~ (2),
0.15mmol L' (3) and 0.26 mmol L1 (4).
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Fig. 5. The current potential behaviour of a HHC(0.11 mM)|GelB|MH|Au electrode
in a 10mmol L~ HEPES pH 7 buffer solution at different scan rates: 10mvs-!
(1), 25mVs-! (2), 50mVs-! (3), 75mVs-! (4), 100mVs~' (5), 150mVs-! (6),
200mVs-! (7)and 300mVs~! (8).

current. The relationship between the peak current and the HHC
concentration is linear [24].

Secondly, the influence of the scan rate v on the peak current
I, was investigated to determine the nature of the process. Fig. 5
shows the oxidation and reduction of HHC entrapped in a gelB
matrix in a HEPES buffer solution over a wide range of scan rates.
In the range of the explored scan rates, electron diffusion control
is observed. The slope for both redox processes when plotting log I
versus log scan rate is ca. 0.52, indicating a reaction of a particle
in solution [24]. The proteins diffuse into the gelatin film in which
they are entrapped, and the electron transfer process is achieved by
exchange of electrons between the bound proteins. It could be cal-
culated that for a film thickness of ca. 20 wm, diffusion controlled
voltammetric responses are expected [25].

3.5. Influence of the mass% of GelB on the electrochemical
behaviour of HHC

The influence of the mass percentage of gelB (in the range of
2.5-12.5m/v%) on the electrochemical behaviour of HHC is shown
in Fig. 6. The higher the mass percentage of GelB, the lower the oxi-
dation and reduction peak current of HHC. A possible explanation
for this phenomenon is the formation of physical entanglements
(i.e. triple helix formation) within the gelatin hydrogel [26,27]. As
a result, the hydrogel is physically cross-linked and the mobility

[ (pA)

Fig. 6. The current potential behaviour of five HHC(0.14 mM)|GelB|MH|Au elec-
trodes, in which the mass percentage of GelB is different: 2.5 m% (1), 5 m%(2), 7.5 m%
(3), 10m% (4) and 12.5m% (5).

Fig. 7. The current potential behaviour of four HHC(0.14 mM)|Gel(5 m%)MH|Au
electrodes, in which the nature of gelatine is different: GelB (1), GelA (2), GeIMOD
(3) and GelSH (4).

of the HHC molecules embedded in the gelatin hydrogel is limited
[28,29]. The latter is also seen in electrochemical data. At the high-
est percentage, one can observe two different oxidation reactions.

3.6. Influence of the nature of gelatin on the electrochemical
behaviour of HHC

Fig. 7 represents the cyclic voltammetric behaviour of
0.5 mmol L-1 HHC entrapped in different types of gelatin immobi-
lized on a gold electrode in a 10 mmol L~1 HEPES buffer solution. In
the case of gelA, gelB and gelMOD, the gold surface was pretreated
by immersing the electrode in a 1mmolL-! 6-mercaptohexanol
solution for 18 h at room temperature, which allowed the adsorp-
tion of a SAM onto the surface (as is described in Section 2). For
thiolated gelatin (gelSH), the gold surface was not modified in order
to establish a covalent bonding between gold and the thiol groups
present in the thiolated gelatin matrix [14]. The current potential
behaviour of HHC present in a gelB matrix (curve 1) is described in
detail in a previous paragraph (Fig. 1).

The iso-electric point of gelB has a value of ca. 5, which results
in a negative charge of the gelB matrix at physiological pH. Because
HHC carries a global positive charge, it is expected that gelB forms a
more preferable environment for HHC compared to GelA which has
a positive charge, as its iso-electric point is ca 8. Curve 2 shows the
current potential behaviour of HHC encapsulated in a gelA matrix. A
reversible redox behaviour is observed. Apparently, the peak height
of the redox processes is lower and one can observe a deconvolution
and potential shift of the oxidation process. This is probably due to
the fact that GelA is a less attractive environment for HHC because
of the lack of ionic interactions.

The voltammetric behaviour of HHC in geIMOD is shown in
curve 3. GeIMOD is characterized by the presence of crosslinkable
methacrylamide moieties indicating a stable, environment for pro-
teins. Indeed, a reversible redox couple is observed, comparable to
the electrochemical behaviour of HHC in gelB. In geIMOD part of
the amines of gelB are modified with methacrylamide side groups.
GelMOD thus possesses less amine side chains than gelB able to
form hydrogen bonds with HHC [30]. The latter is a likely expla-
nation for the observed decrease in peak current. Thiolated gelatin
was selected especially to obtain a covalent linking between the
gold surface and the gelatin matrix. The corresponding electro-
chemical behaviour of HHC entrapped in a GelSH matrix is shown
in curve 4. A pair of ill-defined redox processes is observed around
—0.2V. It seems that the heme related redox reactions are shifted
towards more negative potentials sometimes indicating a denat-
uration of the protein. A possible explanation is the fact that the



K. De Wael et al. / Talanta 82 (2010) 1980-1985 1985

thiolated gelatin does not completely cover the electrode surface.
Therefore, the HHC is affected in a negative sense by the bare hydro-
fobic gold surface. Free spots of bare gold could be the reason for
the denaturation of HHC. This will be investigated in more detail
in the future. Based on the above results, the authors choose to
select gelB as the most appropriate matrix for the immobilization of
HHC.

4. Conclusions

This paper describes the electrochemical behaviour of HHC
entrapped in a gelatin matrix immobilized on a gold surface. HHC
was successfully immobilized into a gelatin network. The bio-
compatible hydrogel provides a favourable environment for HHC
incorporation. A full electrochemical characterization of the poly-
meric film was made by studying different parameters such as HHC
concentration, scan rate and the nature of the gelatin matrix. ATR-
IR spectroscopy was used to prove the actual immobilization and
enabled to gain insight into the protein conformation. This is of rel-
evance is view of potential biosensor applications, since changes
in protein conformations have been reported to significantly affect
their binding capacity [23]. As a result, the HHC conformation is
important with respect to the incorporation of specific enzymes
and/or proteins capable of detecting biochemical and/or physio-
logical changes.
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