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Abstract. The adsorption of Glucose Oxidase (GOX) on layers of poly(allylamine 
hydrochloride) (PAH)  and poly(acrylic acid) (PAA) deposited on Sequentially Adsorbed 
Polyelectrolyte Films (SAPFs) were studied by three different spectroscopic techniques. These 
techniques are: Optical Wave Light Spectroscopy (OWLS) to measure surface density; 
Fluorescence Resonance Energy Transfer (FRET) to verify the adsorption of GOX on the 
surface; and Fourier Transform Infrared Spectroscopy in Attenuated Total Reflection mode 
(FTIR-HATR) to inspect local structure of polyelectrolytes and GOX. Two positive and two 
negative polyelectrolytes are used: Cationic poly(ethyleneimine) (PEI) and poly(allylamine 
hydrochloride) (PAH) and anionic poly(sodium 4-styrene sulfonate) (PSS) and poly(acrylic acid) 
(PAA). These spectroscopic techniques do not require any labeling for GOX or SAPFs, 
specifically GOX and PSS are naturally fluorescent and are used as a couple donor-acceptor for 
the FRET technique. The SAPFs are formed by a (PEI)-(PSS/PAH)2 film followed by 
(PAA/PAH)n bilayers. GOX is finally deposited on top of SAPFs at different values of n 
(n=1..5). Our results show that GOX is adsorbed on positive ended SAPFs forming a monolayer. 
Contrary, GOX adsorption is not observed on negative ended film polyelectrolyte. GOX stability 
was tested adding a positive and a negative polyelectrolyte after GOX adsorption. Protein is 
partially removed by PAH and PAA, with lesser force by PAA. 

INTRODUCTION 

Sequentially adsorbed polyelectrolyte films (SAPFs) formed by alternated 
adsorption of polycations and polyanions in aqueous solution on a charged surface is a 
well known method to build multicomponent films on solid supports with a high 
degree of control on the film architecture and thickness [1]. Specific compounds are 
incorporated onto (or into) the films during the formation by replacing one 
polylectrolyte of the same charge [2]. Biological compounds that are soluble and 
ionized could be directly incorporated in the SAPFs. Proteins adsorption and their 
incorporation in these films is matter of special interest because they can produce self-
organized structures with potential biological applications [3-11]. Enzymes can be 
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used to design high specific biosensors [3, 4, 5] and proteins can be used as an 
intermediate agent between polyelectrolytes and cells [6].  

Pioneering work with positive and negative proteins [7, 8] (at a given pH) showed 
that the adsorption of the water-soluble proteins onto and into the SAPFs was possible. 
A recent work has showed that proteins can be adsorbed on both positive and negative 
ending films [9]. This behavior was firstly observed for the Human Serum Albumin 
(HSA) [10]. HSA, a negative protein at pH 7.4, is adsorbed as monolayer on a 
negative polyelectrolyte or as multilayers on a positive polyelectrolyte. In both cases 
the adsorption process depends on internal and surface structure of SAPFs and on 
orientation and charge distribution of the protein. Two models related to these 
mechanisms are proposed to explain multilayers of HSA on the positive surface: i) 
multilayers on positive surface are formed by oriented HSA, with the positive region 
pointing toward the solution, ii) positive polyelectrolyte could emerge of the film 
forming complexes with proteins on the surface making possible formation of protein 
multilayers[10]. Experimental evidence of the protein diffusion on the surface seems 
to support the first model [11]  

Some concepts are associated in these models: the molecular interdiffusion of 
polyelectrolyte in the film and the charge distribution and orientation of the protein 
when it is adsorbed onto the polyelectrolyte film. The first one depends on internal and 
surface structure of the SAPFs. Polyelectrolyte interpenetration (or interdigitation) 
between neighboring polyelectrolyte layers was determined by Neutron and X-ray 
Reflectivity experiments for two strong polyelectrolytes poly(sodium 4-styrene 
sulfonate) (PSS) and poly(allylamine hydrochloride) (PAH) showing that multilayer 
structure is maintained [12, 13]. Confocal laser scanning microscopy shows that 
polyelectrolyte interdiffusion is more marked for weak polyelectrolytes like poly(L-
lysine) and hyaluronic acid (HA). Fluorescent-labeled PLL can diffuse into the SAPFs 
film even at a macroscopic scale [14]. The interdiffusion between positive and 
negative polyelectrolytes is also manifested in the thickness growth; strong 
polyelectrolytes show a linear growth with the number of layers, while the weak ones 
present an exponential behavior [15]. Polyelectrolyte interdiffusion is also revealed on 
the surface structure of SAPFs, where a granular structure is observed. Grains on the 
surface are associated with polyelectrolyte complexes [16, 17]. These surface 
complexes may produce positive sites on a net negatively charged surface explaining 
adsorption of negatively charged protein. 

Charge distribution and protein orientation on SAPFs surface are difficult to 
determine [18]. Proteins are ampholyte molecules and their internal charge distribution 
depends on environmental conditions (pH, ion strength). Although, protein adsorption 
has been recognized to be mainly driven by electrostatic forces [7, 10] protein 
adsorption depends on the structure of polyelectrolyte films and charge distribution of 
the protein. 
In this work, we studied GOX adsorption on the SAPFs with three complementary 
spectroscopic techniques to get pertinent information about the protein adsorption. 
These techniques are: Optical Wave Light Spectroscopy (OWLS) to measure SAPF 
thickness and adsorbed protein amounts; Fluorescence Resonance Energy Transfer 
(FRET) to verify the irreversible adsorption and the diffusion of GOX into the SAPFs 
and Fourier Transform Infrared Spectroscopy in Attenuated Total Reflectance (FTIR-
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HATR) mode to inspect local environment of polyelectrolyte and GOX. These 
techniques have already been used for SAPFs. OWLS is used to find out thickness and 
relative refraction index of the film during multilayer build up [19] and FTIR-HATR 
have been used to study water presence [20], ion permeability [21] and the oxide-
reduction process of the Os(II)/Os(III) [22]. Protein structure has been also studied by 
FTIR-HATR observing the bands corresponding to amide I and amide II [23, 24]. 

FRET has been used to determine energy transfer between poly(p-phenylene vinylene) 
(PPV) and labeled PAH [25], and interpenetration between PPV and anionically 
derivated poly(p-phenylene) (-PPP) [26]. Local energy transfer has been also observed 
directly by the scan probe microscope in a system formed by labeling PPV and PAH 
[27] In the present work the system PAA/PAH is used as a spacer to separate PSS 
layers, which is the fluorescent acceptor, from the GOX layer, which is the fluorescent 
donor in our FRET experiments. It fact, given the resonance condition between GOX 
and PSS no labeling is necessary for FRET experiments. 

GOX is a protein that has been extensively studied in doped polyelectrolyte films 
using its electrochemistry properties [3,4,5]. The spectroscopic techniques presented 
here do not require that GOX should be electrically wired to an electrode surface [3] 
and they are able to give us information about adsorption, stability and charge 
distribution of this protein.  

MATERIALS AND METHODS 

Cationic poly(ethyleneimine) (PEI) and anionic poly(sodium 4-styrene sulfonate) 
(PSS) (Both from Acros, USA), cationic poly(allylamine hydrochloride) (PAH) (Alfa-
Aesar, USA) and anionic poly(acrylic acid) (Aldrich, USA), all with Mw ˜  7 × 104, 
and glucose oxidase (GOX) type VII-S (Mw = 16 × 104) from Aspergillus niger 
(Sigma, France) is used. Polyelectrolytes and protein are dissolved in Mes-Tris buffer 
prepared with 2-(N-morpholino)ethanesulfonic acid (MES) at 25 mM, 
Tris(hydroxymethyl)aminomethane (TRIS) buffer at 25 mM and NaCl at 100 mM (all 
from Sigma, France). The buffer is adjusted to pH 6.8 with a 0.1 M HCl solution. It is 
used for OWLS and FRET experiments and simple saline water at 100 mM of NaCl is 
used for FTIR-HATR experiments. For FRET and OWLS experiments polyelectrolyte 
concentrations are 1 mg/mL and GOX concentration is 200 µg/mL. Polyelectrolyte 
and GOX concentration are 25 mg/mL and 2.5 mg/mL, respectively. Aqueous 
solutions are prepared using ultra pure water (Milli Q-Plus system, Millipore). It has to 
be noticed that all the solutions mentioned above had the same ionic strength. In all 
the SAPFs reported here, the first layer is formed by PEI. After this first layer, we 
deposite two bilayers formed by PSS and PAH and denoted by (PSS/PAH)2. They are 
followed by several bilayers made with (PAH/PAA)n (n = 1…5) and we deposit the 
protein on the last bilayer to finalize this procedure. 

The OWLS technique works with TE and TM waves of a laser that are coupled into 
a planar waveguide of high refraction index (nf ˜  1.77) through an input grating 
coupler[28]. This occurs only at certain values of the incident angle where the beams 
are diffracted by the grating coupler. The coupling angles are related to two effective 
refraction indexes: NTE and NTM, one for the TE mode and the other for the TM 
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mode. A polyelectrolyte or protein adsorbed on the planar waveguide perturbs the TE 
and TM modes. This increases NTE and NTM values. From these changes we can 
obtain the film thickness and refractive index of the layer of the polyelectrolyte and 
GOX in an in situ method. Experiments were carried out on a home-build 
experimental set up [19] with a 5 mW He-Ne laser and Si0.8Ti0.2O2 waveguides 
(Microvacuum, Hungary). The wave guide is first cleaned by using a 10 mM SDS 
solution followed by a 0.1 N HCl solution for 15 min each in a boiling water bath. 
Buffer is flushed through the cell at a constant flow rate (10 ml/hour) with a syringe 
pusher (Bioblock Scientific, France) until equilibrium is reached (less than 10-5 
variation on absolute values of NTE and NTM). After a stable baseline is obtained the 
buildup of the polyelectrolyte multilayer film is performed as follows: The buffer flow 
is stopped and 100µl of the PEI solution is directly injected in the cell through the 
injection port. NTE and NTM values increase and reach a plateau after about 20 min. 
When a stable adsorption signal is obtained, the buffer flow is restarted for about 15 
min to rinse the excess polyelectrolyte from the cell. We continue then with the 
alternative adsorption of negatively charged PSS (or PAA) and positively charged 
PAH. Thus the initial film and the PAA/PAH layers are progressively deposited and 
the GOX layer is finally adsorbed. NTE and NTM are followed during the 
polyelectrolyte and the GOX injections; surface density is calculated from these data 
[19]. 

FRET technique is based on the fluorescent energy transfer that occurs from donor 
to acceptor molecules, which must be in a close proximity [29]. A condition for this 
technique is that the emission spectrum of the donor overlaps the excitation spectrum 
of the acceptor [30]. The efficiency of energy transfer between two assembles of 
molecules is a function of the separation between the donor and acceptor molecules 
[31 ]. 

Fluorescence resonance energy transfer measurements were carried out in a 
commercial lifetime spectrometer (C-700 TimeMaster PTI, Canada). This equipment 
uses a chromatic light that is produced by a 75 Watts xenon arc lamp, and two 
monochromators make the selection of the excitation and emission wavelength. A 
photon-counting photomultiplier measures the fluorescence intensity. Measurements 
are made at 90° orienting the support of the SAPFs at maximum detection. 

The only two compounds used in our studied system have fluorescent properties: 
the protein (GOX) and the anionic polyelectrolyte PSS. PSS has a fluorescent group 
whereas the GOX has three: phenylalanine, tyrosine and tryptophan in a total weight 
proportion of 3.89%, 6.63% and 2.67%, respectively. [32] In this work, an effective 
fluorescent spectrum is considered to be a consequence of these three groups. SAPFs 
are prepared on a negative glass surface (Thuet B., France). The glass surface is 20 X 
10 mm2. This glass surface is cleaned using the same procedure described above for 
wave guide plates. SAPFs are formed by following an in situ procedure inside of one 
flow cell. The flow cell consists of one quartz cell, a syringe which allows the 
introduction of liquid solutions into the cell, and two hoses. One of them is connected 
to the syringe by one side and is connected to the quartz cell by the other side. The 
second hose is also connected to the cell, but the other side goes to one container. This 
hose is used to drain the liquid solution from the cell. The procedure to prepare 
multilayer films is the following: at the beginning, we filled the cell and hoses with 
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buffer solution. The PEI solution is injected into the quartz cell. The cationic 
polyelectrolyte solution replaces the buffer solution that is initially in the cell. We left 
5 ml inside the syringe, and we waited for 20 minutes until the PEI layer was 
deposited on the glass surface. After the 20 minutes, we introduce 70 ml of the buffer 
solution into the cell to wash the surface and remove any polyelectrolyte chains that 
are not attached to the surface. Then, all the steps mentioned above are repeated again 
using the anionic polyelectrolyte and we continue repeating this procedure alternating 
the cationic and anionic polyelectrolytes until the SAPFs are finished. The last layer 
deposited on this system is the GOX layer, obtaining PEI-(PSS/PAH)2-(PAA/PAH)n-
GOX structures (n = 1 to 5). Samples are put in the sample holder for the fluorescence 
equipment, and first measures are done after approximately 20 minutes following the 
film preparation.  

The FTIR experiments are performed in the Perkin Elmer 11600(USA) IR 
equipment coupled to a Horizontal Attenuated Total Reflectance cell (HATR). For 
FTIR measurement Mes-Tris buffer is avoided because it introduces some undesired 
IR bands in the polyelectrolyte and protein spectra. A simple saline solution is 
prepared for these experiments: 100 mM NaCl. The polyelectrolyte multilayer film is 
formed directly over the surface of the cell, on Zinc Selenide Crystal (Perkin Elmer, 
USA) with a surface of 5.2 X 2.0 cm2. The polyelectrolyte solutions are deposited 
using a Pasteur pipette to get a thin liquid film over the crystal. We waited for 20 
minutes until the polyelectrolyte is deposited onto the surface. Then the 
polyelectrolyte solution film is removed using another pasteur pipette and we applied 
a drying process by pumping air directly above the ZnSe crystal for 5 more minutes. 
The drying process is very important because the water signal superposes on the amine 
signal avoiding a correct detection. This procedure is repeated several times 
alternating the anionic polyelectrolyte and the cationic polyelectrolyte until we get the 
multilayer film over the ZnSe surface. Finally, over the polyelectrolyte film the 
protein (GOX) is deposited in the same way that each polyelectrolyte. 

RESULTS AND DISCUSSION 

The SAPFs formation and the GOX adsorption are first analyzed by OWLS. The 
results are shown in Fig. 1. The first five points correspond to the initial film: PEI-
(PSS/PAH)2. This film is formed by two highly ionizable polyelectrolytes, it is 
fluorescent because of the presence of PSS. The film formed by PEI-(PSS/PAH)2 has 
a linear thickness growth behavior as reported before indicating a compact and layered 
structure.33 

After this initial film, all the remaining points correspond to polyelectrolyte 
injections used to get (PAA/PAH) bilayers. The (PAA/PAH)n bilayers have an 
exponential behavior as n grows, indicating a diffusive exchange process among PAA 
and PAH molecules during the bilayer construction [15]. This change of regime from 
linear to exponential is due to the replacement of a strong polyelectrolyte (PSS) by a 
weak polyelectrolyte (PAA). Protein will then be deposited on the SAPFs where 
interdiffusion between polyelectrolytes occurs. 

 

115 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions.

Downloaded to  IP:  62.30.123.182 On: Sat, 24 May 2014 07:05:33



Time [min]

Γ
 [

µg
/c

m
2 ]

PEI
PSS

PSS

PAH

PAH

PAA

PAH

GOX

PAH

end

1 2

3

4

5

6
7

8
9

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 50 100 150 200 250
Time [min]

Γ
 [

µg
/c

m
2 ]

PEI
PSS

PSS

PAH

PAH

PAA

PAH

GOX

PAA

end

1
2

3

4

5

6
7

8

9

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 50 100 150 200 250

PAH

10

 
   (a)     (b) 

FIGURE 1. Surface density (Γ) for a) PEI-(PSS/PAH)2-(PAA/PAH)1-GOX-PAH and b) PEI-
(PSS/PAH)2-(PAA/PAH)1-GOX-(PAA/PAH) by OWLS. 

 
The formation of the SAPFs is followed using the surface density (Γ ). In Figs. 1(a) 

and 1(b), the numbers under the curve indicate the injection of a polyelectrolyte. We 
started film formation with the initial film shown by the points: 1-5, then a PAA-PAH 
bilayer is formed (ponts: 6-7). The film follows the sequence denoted by PEI-
(PSS/PAH)2-(PAA/PAH)1. GOX is deposited onto the positive PAH endlayer (point 
8). In Figure 1(a), surface density (Γ) after rinsing which is a function of the thickness 
is calculated to be: 0.46 ± 0.1 µg/cm2. It can be transformed to an average surface 

coverage percentage (θ) using the formula:θ =
Γ
M

 
 
 

 
 
 NA Ap ; where M is the protein 

molecular weight; NA is the Avogadro’s number and Ap is the projected dimensions of 
the protein molecule on the surface.9 The dimensions of one GOX molecule are 60 Å 
× 52 Å × 77 Å [34], so the average surface coverage is θ = 61 ± 13 %, which indicates 
that negative GOX is adsorbed onto positive surface like a monolayer. This value is 
close to that predicted by the theory of random sequential adsorption (RSA): 54.7 %. 
[35]  

In order to continue the SAPF formation, PAH is then injected on the GOX ended 
film (Fig. 1(a): point 9). The film surface density decreases abruptly reaching a value 
of 0.22 ± 0.05 µg/cm2. This is showing that the GOX is partially removed by the 
polyelectrolyte and the charge on the GOX layer is not enough to allow the deposition 
of a PAH layer. The evidence indicates a weak interaction GOX-SAPFs compared 
with GOX-PAH interaction near the surface.  

The behavior of the adsorbed GOX on the positive ended film when PAA is 
injected is shown in Fig. 1b, where surface density is again plotted versus time. The 
first five points represent the initial film formation. After the first PAA/PAH bilayer 
GOX is injected (Fig. 1(b): point 8). At point 9 PAA is injected and surface density is 
constant until the injection of PAH (point 10). The Γ value in this plateau is 0.33 ± 
0.17 µg/cm2. Which yields: θ = 44.3 ± 22.8 %, indicating that protein is adsorbed in a 
monolayer. The last θ value has only one meaning in the range from GOX to PAA 
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injections. After the PAA injection (point 9), we can not calculate protein surface 
coverage percentage because we do not know exactly the quantity of protein that 
remains on the surface. Injection of PAH (point 10) also reveals the possibility to 
continue the SAPF formation. There are evident differences between this case and the 
previous one. The conditions in which GOX is adsorbed are revealed by FRET and 
FTIR-HATR experiments shown below. 

Similar experiments are carried out to observe GOX adsorption onto negative PAA 
polyelectrolyte but GOX adsorption is not observed at the present experimental 
conditions. This is contrary to other studies where proteins are adsorbed on surfaces 
with the same electrical charge. [7, 10] Therefore, GOX has an effective behavior of a 
negatively charged molecule. This study is therefore focused to GOX adsorption on 
the positive ended SAPFs and this is the only situation considered in the following two 
techniques. 

FRET can give us additional information about GOX adsorption on SAPFs. 
Emission and excitation spectra are obtained for both PSS and GOX in solution (Fig. 
2(a)). GOX emission and PSS excitation spectra are overlapped; therefore FRET can 
be used because the main condition is satisfied. [30] The GOX and PSS are donor and 
acceptor molecules, respectively. The peaks of these spectra are the following: GOX is 
excited at 284 nm and emission is obtained at 332 nm. On the other hand, PSS is 
excited at 322 nm and emission is obtained at 380 nm.  
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Figure 2. a) Fluorescence spectra for: A) GOX (Ex-284), B) PSS (Ex-322), C) GOX (Em-332) and D) 
PSS (Em-380) in solution. b) PSS emission spectra obtained by FRET in PEI-(PSS/PAH)2-
(PAA/PAH)n films where n=1…5. 

 
FRET experiments consist in exciting the donor molecule and observing the 

emission from the acceptor molecule: exciting GOX at 284 nm and recording the 
emission spectrum of PSS in the range from 250 nm to 500 nm. We made SAPFs 
having a different number of PAA/PAH bilayers between the PEI-(PSS/PAH)2 
fluorescent film and GOX placed on the top of the SAPFs. Results are shown in Fig. 
2(b). As we show there, spectra obtained in solution are a good approximation of the 
spectra obtained when GOX and PSS are adsorbed onto the SAPFs. Measuring the 
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intensity of the emission of acceptor molecules, we notice that intensity decreases 
when the number of (PAA/PAH) bilayers increases. 

This is a consequence of the resonance energy transfer from GOX to PSS. 
Maximum emission intensity is obtained when there is only one (PAA/PAH) (Fig. 2b: 
BL1) bilayer whereas emission intensity is minimum when there are 4 and 5 
(PAA/PAH) bilayers (Fig. 2b: BL4, BL5). When we reached this point, the fluorescent 
molecules located in different layers (PSS and GOX) are far enough to avoid 
resonance energy transfer. 
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Figure 3 Multilayer buildup monitored by FTIR-HATR: (1PAA/2PAH)-3GOX-
4PAH-(5PAA/6PAH)-7GOX-(8PAA/9PAH) 
 

FTIR-HATR allows us to follow multilayer film formation and gives us structural 
information about each layer including GOX. The spectra obtained by this technique 
are shown in Fig. 3. The spectra are reported after the PEI-(PSS-PAH)2 film. The 
curve 1 and 2 are obtained after the deposition of the first (PAA/PAH) bilayer. PAA 
has some characteristic adsorption band, especially due to the carboxilic acid groups 
(COOH). These bands are observed at 1704 ?(C=O) and 1231 cm-1?,d(OC-OH). On 
the other hand, PAH has characteristic bands at 1546, 1404 and 1312 cm-1 that 
correspond to the ?(COO----+NH3) and d(C-H) vibrations respectively. The increase 
showed by these bands while PAA and PAH are deposited is evidence enough to 
demonstrate that they are adsorbed on the multilayer. Polyelectrolyte backbone chains 
show characteristic bands due to the methylene groups (CH2) at 2934 cm-1, ?(C-H) 
and 1447 cm-1 d(C-H). Strong modifications in the intensity and shape of the IR 
spectra are observed after the GOX deposition (curve 3) indicating that the protein is 
adsorbed on the multilayer. There are eight characteristic bands for GOX: free amine 
bonds (3414 and 3270 cm-1); amide band I (1549 cm-1); amide band II (1633 cm-1); 
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carboxilate bonds (1549, 1405 cm-1); C-H aliphatic and protonated amine bands 
(overlapping in 2944 and 1458 cm-1). We continue adding a PAH layer (curve 4) but 
the spectrum is slightly modified due to the GOX remotion from the surface. No 
adsorption of the PAH on the multilayer is identifies. Later a PAA/PAH bilayer is 
added, and the modifications in the spectra around 1500 to 1750 cm-1 (curves 5 and 6) 
are showing the adsorption of both PAA and PAH on the multilayer. This zone shows 
two main bands corresponding to the amide group, free amine, also one band of the 
carboxylate and carboxyl groups present also one band in this zone. The IR spectrum 
taken before PAA deposition shows that the bands have an important intensity because 
some amine groups are free and they are not interacting with any specific group. After 
PAA deposition, intensity and shape of the bands are modified because the amine 
groups of PAH are now linked with the carboxylate groups of PAA and only a small 
fraction of protonated acid belonging to PAA is free, and these groups allow the 
adsorption of the PAH layer. However, when a GOX layer is added on the top of this 
multilayer the enzyme is not adsorbed and the spectrum is not modified (curve 7) 
remaining the same that the previous spectrum (curve 6). Finally a new PAA/PAH 
bilayer is added (curves 8 and 9). Again adsorption for both polyelectrolytes is 
confirmed due to the modifications in the same zone of the spectra that it was 
discussed before.  

CONCLUSIONS 

A general description of the GOX adsorption on the SAPFs is presented here using 
experimental results of three complementary spectroscopic techniques: Optical Wave 
Light Spectroscopy (OWLS), Fluorescence Resonance Energy Transfer (FRET) and 
Fourier Transform Infrared Spectroscopy in Attenuated Total Reflectance mode 
(FTIR-HATR). These techniques give complementary information based on the 
optical properties and molecular levels of polyelectrolytes and the GOX protein. The 
results show that GOX behaves as a negatively charged molecule (at the used pH): the 
protein is adsorbed on positive polyelectrolyte (PAH), but not on a negative 
polyelectrolyte (PAA). GOX is adsorbed on PAH forming a protein monolayer. This 
behavior is modulated by the film structure and charge distribution of the protein when 
it is adsorbed on the SAPFs. When PAH is injected over the protein, GOX is mostly 
removed from the polyelectrolyte film. This indicates a stronger interaction between 
the PAH and the GOX in the solution, more than the PAH and GOX in the film. This 
is probably due to the PAA-PAH complex that is formed on the film diminishing the 
positive surface charge from the PAH on the film. FTIR-HATR results are also 
showing an interesting behavior after the GOX remotion from the multilayer. The 
multilayer buildup can continue only by PAA/PAH adsorption showing the positive 
nature of the last layer on the film. After a new bilayer, GOX can not be adsorbed 
again over a new PAH layer probably due to the experimental conditions used for this 
multilayer. Further work is required to understand this particular GOX behavior. 
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