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Abstract

Layer by layer assembly of polyelectrolytes with proteins is a convenient tool for the
development of functional biomaterials. Most of the works presented in the literature are
based on the electrostatic interaction between components of opposite charges limiting the
assembly possibilities. However, this process can be tuned by modifying the environment
where the main constituents are dissolved. In this work, the electron transfer behavior
between an electroactive polyelectrolyte (polyallylamine derivatized with an osmium complex)
and a redox enzyme (glucose oxidase) is studied by assembling them in the presence of
phosphate ions at different ionic strengths. Our results show that the environment from which
the assembly is constructed has a significant effect on the electrochemical response. Notably,
the polyelectrolyte dissolved in the presence of phosphate at high ionic strength presents a
globular structure which is preserved after adsorption with substantial effects in the buildup of

the multilayer system and improving the electron transfer process through the film.



Introduction

Supramolecular assemblies generated by layer-by-layer (LbL) deposition is a powerful method
for the construction of multicomponent architectures at a nanometric level in diverse fields
such as hydrophobic interfaces,! self-healing textile,>2 membranes with selective permeation
rates,® or electron transfer processes.*® The main idea behind the LbL technique is the
alternative deposition of two species with opposite charge; however, the environment from
which the assembly is grown plays a crucial role in the structure and properties of the film
since other types of interactions participate, as hydrogen-bonding, hydrophobic interactions,
specific interactions (e.g., avidin-biotin, lectin-carbohydrate).’ For example, the self-assembly
of a positively charged weak polyelectrolyte as polyallylamine (PA) with surfactants as
dodecylsulfate, octodecylsulfate, and dodecylphosphate produce different ordered structures;
4610 \while, polyelectrolyte solutions in the presence of small ions of different charges and at
different ionic strength produces a great diversity of assemblies. The observed structures are
in part due to the chain conformation of polyelectrolytes is strongly influenced by its
environment. For example, Losche et al. observed in the construction of
polyallylamine/polystyrenesulfonate (PA/PSS) films from solutions with different NaCl
concentrations a direct relationship between NaCl concentration and the multilayer structure;
as the ionic strength grows, a linear increase of the film thickness is observed.!! On the other
hand, Dressick et al. studied the effect of the ion type, specially divalent anions (e.g. SO4%,
HPO.4?%), on the assembly of polyelectrolyte multilayers by building PA/PSS multilayer films
from aqueous solutions containing these anions at concentrations below 50 mM and in
presence of a high concentration of sodium chloride (1 M) to enhance the effect of the anion
type from the electrostatic effect;'? while polyelectrolytes and surfactants of the same charge
can be assembled in the presence of an excess of ions.*® More recently, lysozyme was
integrated into an LbL assembly by surrounding it with polystyrenesulfonate at different
conditions of pH and ionic strength to tune the amount of protein deposited and the hydration
level.* It is evident that in all these examples, the type of ions and the ionic strength produces
striking changes in the obtained film. In this context, one of the most studied polyelectrolytes,
as it can be observed from the previous examples, is polyallylamine since presents a flexible
and lineal backbone, can change its charge as function of the pH, and the presence of the
amino groups allow the interaction with other species through hydrogen bonds, and they can
be chemically modified. All these features make polyallylamine a suitable candidate for
different applications: drug release (***¥), sensor construction (*319), fuel cells(2>%), selective

filtration (*>%%), among others.



LbL methodology has been used to build systems which resemble biological structures in which
the interaction between amines and phosphate anions plays a crucial role in the assembly.?*%’
Inspired in these works and in our previous experience in the study of the electron transfer
process between PA derivatized with polypyridyl osmium complexes (OsPA) and redox

28-30 e decided to study the effect of phosphate ions in the assembly of OsPA with

enzymes,
glucose oxidase (GOx) as model system to establish the effect of this ion on the film structure
and its consequence in electron transfer process since the combination of this electroactive
polyelectrolyte with enzymes makes this system an excellent option for the construction of
sensors and biofuel cells. In this work, we present the buildup of OsPA and GOx multilayer
systems in the presence of phosphate ions at low (0.1 M) and high (1M) ionic strength given by
NaCl. The presence of phosphate ions at high ionic strength produces a globular structure on

the polyelectrolyte, which is preserved after adsorption, changing the ratio in which OsPA and

GOx build up the multilayer system and therefore the electron transfer process.

Experimental section

Reagent and materials

OsClg(NHa)2, Pyridine aldehyde 97% and polyallylamine were purchased from Aldrich; 2,2'-
Bipyridine was purchased from Fluka, glucose oxidase was from Roche. All other reagents were
of analytical grade. The complex [Os(bpy)2CI(PyCOH)]CI (PyCOH = Pyridine-4-aldehyde) and
osmium-modified polyallylamine (OsPA) were prepared as previously reported.?! The
stoichiometry ratio between the osmium complex and allylamine monomer was 1:60. All
solutions used in this work have been prepared using milliQ water.

OsPA or GOx were dissolved at a final concentration of 2 mg/mL in the solutions listed in Table

1.

Table 1

Solution Name Solution composition

HIS 1.00 M NaCl

Pi,HIS 11 mM K;HPO4 + 10 mM KH;PO4 + 1.00 M NaCl
LIS 0.10 M NacCl

Pi,LIS 11 mM K;HPO,4 + 10 mM KH;PO4 + 0.10 M NaCl

All solutions were adjusted to pH = 6.1.

Graphite electrode modification



In-house constructed screen printed 3-electrode system was used.3? Before the multilayer
assembly, working electrodes were activated by applying 1 V vs. Ag/AgCl for 60 seconds in the
presence of 0.1 M NaCl and rinsed with milliQ water. The working electrodes were
sequentially exposed to 15 pL of the OsPA and GOx solutions left for 20 minutes in a closed
container with controlled humidity (92 % RH, controlled with a potassium nitrate saturated
solution). Then, the electrodes were rinsed, first with a solution having the same salt
composition as the deposition solution and afterward with milliQ water; finally, they were

dried with a flux of nitrogen and used for the electrochemical experiments.

Quartz balance measurements (QCM-D)

The QCM-D experiments were performed using a Q-Sense instrument (QCM-D, Q-Sense E1,
Sweden) equipped with Q-Sense Flow Module (QFM 401). For all measurements, QSX 301 gold
sensors were used. Samples were perfused using a peristaltic microflow system (ISMATEC, ISM
596D Glattbrugg, Switzerland). Gold sensors were activated with Os; and UV for 15 min
immediately before use. All experiments were performed in flow mode with a flow rate of 100
pL/min at 25.0 °C. The gold sensor was modified with 20 mM cystamine for 1 hour. The first
layer of OsPA was generated from a solution containing only 5 mM phosphate solution at pH 7,
then the rest of the layers were deposited with the previously described OsPA and GOx
solutions. In all the cases, they were fluxed for 4 minutes, then the flow was stopped, and each
solution was left in contact with the gold sensor for 20 minutes. After, the solution was
removed by fluxing a solution with the same ion composition without OsPA or GOx, until signal

stabilization was achieved.

Electrochemical experiments.
All electrochemical experiments were carried out in a solution containing 50 mM HEPES + 100
mM NaCl buffer solution at pH 7.0 or in a 100 mM glucose in 50 mM HEPES + 100 mM NacCl

using a Gamry potentiostat (Gamry Interface 1000, Gamry Instruments, USA).

Dynamic light scattering measurements

The hydrodynamic diameter and z-potential of the colloids were determined by Dynamic Light
Scattering employing a Zetasizer Nano (ZEN3600, Malvern, UK) configured in the backscattered
detection optic arrangement, that is the detector at 7 ° of the incident light beam, a 633 nm

He-Ne laser and a temperature of 25 °C.



For the zeta potential calculations, the Smoluchowski approximation of the Henry equation
was employed. Measurements were performed in triplicate using disposable capillary cells

(DTS 1061 1070, Malvern) with a drive cell voltage of 30 V.

Atomic Force Microscopy

AFM images were acquired with a Multimode 8 AFM (Nanoscope V Controller, Bruker,

Santa Barbara, CA). Tapping mode imaging was conducted in buffer solution (50 mM HEPES +
100 mM NaCl) by using V-shaped silicon nitride AFM probes (SNML, 0.07 N/m spring constant,
2 nm nominal tip radius, Bruker). Each sample was imaged at different locations on the
substrate to ensure reproducibility. AFM images were processed using the Nanoscope

Software (Bruker) to remove background slope.

Nomenclature

For clarity, we employ the following shorthand to identify the different solutions used in the
buildup process: X@Y; where X represents OsPA or GOx and Y represents the medium where
they are dissolved (Table 1); for example OsPA@Pi,HIS represents OsPA dissolved in a
phosphate solution at high ionic strength (second entrance in Table 1).

We use the following convention for multilayers: (OsPA/GOX), where n is the number of layer
pairs. (OsPA/GOX),@Y represents a multilayer grown from a Y solution. For example,
(OsPA/GOX)s@Pi,HIS represents a system of 5 bilayers constructed from OsPA and GOx

solutions containing phosphate at high ionic strength.

Results and Discussion

In contrast to previous works where electroactive polyallylamine-enzyme assemblies were
carried on gold, the electrochemical studies presented here were carried out on previously
oxidized screen-printed graphite electrodes (SPE). These electrodes were exposed for 20
minutes to an OsPA@Pi,HIS solution. The negatively charged counterpart for the assembly
construction was glucose oxidase in the same conditions (GOx@Pi,HIS). The electrochemical
response of these modified electrodes was studied by cyclic voltammetry in 50 mM HEPES
buffer (pH =7.0, 0.10 M NaCl) or 0.10 M glucose in the same buffer. The same construction was
carried out from solutions without phosphate at the same pH as a control experiment (X@HIS,
where X can be OsPA or GOx).

Figure 1 (top) shows the results obtained for (OsPA/GOX)s@Pi,HIS. The peak current densities
can be attributed to the amount of OsPA adsorbed. This result resembles the one obtained by

Dressick et al., where divalent ions can form thicker layers on glass and quartz for the PA/PSS



system.?? It can be observed, that the (OsPA/GOX).@HIS system presents an ill response, while

the one containing phosphate ions can steadily grow.
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Figure 1 — Current densities for cyclic voltammetries carried out at 10 mV s after deposition of
each layer on SPE electrodes at high ionic strength (1M NacCl). Layers constructed in the
presence of phosphate (triangles), in the absence of phosphate (circles). At the top,



experiments performed in 50mM HEPES buffer + 0.1 M NaCl, pH = 7.0. In the middle,
experiments performed in 100 mM Glucose (50mM HEPES buffer + 0.1 M NaCl, pH = 7.0).
Current densities are the average of three independent electrodes for each case. At the
bottom, cyclic voltammetries for (OsPA/GOX)s@Pi,HIS. In gray, in the absence of glucose; in
black, in the presence of glucose.

The same electrodes have been tested in the presence of glucose to evaluate the GOx catalytic
properties. The obtained results are shown in Figure 1 (middle). The effect of the anion
involved in the assembly is further magnified in the presence of glucose: the catalytic response
for (OsPA/GOX)s@Pi,HIS shows a minimum hysteresis (Figure 1, bottom), suggesting an
outstanding interaction between the two active redox centers (osmium complex and FAD) and
the ability of glucose to freely diffuse through the film. No catalysis is observed for the system
without phosphate, showing the difficult to build up the polyelectrolyte-protein multilayer
system at high ionic strength since the salt concentration controls the range and strength of
the electrostatic interactions, one of the main driving forces in the assembling process
involving proteins.®® Taking into account that for thin films the electrochemical response for
the saturated glucose electrode scales linear with the redox mediator and the enzyme
concentration,3 higher adsorption of OsPA due to the presence of phosphate allows higher
adsorption of the enzyme.

A behavior that deserves attention is the effect of the outmost layer in the electrochemical
response, which has been previously observed in polyallylamine modified with osmium? or
ferrocene® redox centers. However, there is not a concluding model to explain this behavior.
Several steps are involved in this process, electron transfer at the electrode/film interface,
electron hopping between the redox centers in the film, counterion diffusion inside the film
and ion exchange at the film/solution interface. Changes in the electron transfer rate in the
electrode/polyelectrolyte interface can be ruled out since the peak potential separation is
practically the same in all cases, the same can be considered for the ion diffusion inside the
film. Regarding the ion exchange in the film/solution interface, Liu and Anzai*®> have proposed
that a positively terminated film facilitated anion transport during the redox process. In
coincidence with Calvo et al.,2 we consider that in our case important changes are produced in
the segmental movement of the osmium centers after the GOx adsorption affecting the
electron hopping mechanism. GOXx fills voids or empty spaces left by the OsPA colloids, that
can decrease the flexibility of the system and act as an insulator among redox centers,
decreasing the current observed in the absence of glucose. In the presence of glucose, the
analysis of the catalytic current behavior becomes more complex, since the glucose oxidation

and the enzyme regeneration reactions involve free diffusing species and extra immobilized



redox center (FAD). However, now, GOx becomes a species able to exchange electron with the
osmium redox centers thus improving the electron transfer process when glucose is present.
This result differs with those observed for a similar system built at low ionic strength where
the catalytic current decreases when GOx is the last layer. Also, a striking decrease in the
catalytic current is observed when the polyelectrolyte is the last layer. A possible explanation
for this observation is a change in the pH in the outmost layers of the film, affecting the
enzymatic kinetics since the interaction between phosphate and amino groups is able to
introduce changes in proton concentration.3®

Several examples of (OsPA/GOx) multilayer systems are reported in the literature;”® where
OsPA and GOx are dissolved in water and the pH adjusted by a minimum amount of acid or
base. These systems grown at very low ionic strength presents an increasing electrochemical
response as the number of layer increases. The results obtained here for (OsPA/GOX),@HIS
show that the growth of the system is hindered by the screening effect at high ionic strength,
while the introduction of phosphate in the same conditions allows the interaction of OsPA and
GOx by a different mechanism.

Since phosphate appears to be the component producing the main changes in the
electrochemical response, we proceeded to carry out the same OsPA/GOx LbL construction
using the phosphate ion at the same pH and concentration in a solution containing a lower
NaCl concentration (0.1 M) (X@Pi,LIS; where X is OsPA or GOXx). As can be seen, in Figure 2
(top), in absence of glucose the electrochemical response of the two electrodes sharply differ,
while the electrodes modified at high ionic strength show the behavior discussed before
(triangles), the electrodes prepared at lower ionic strength do not show a remarkable variation
in the electrochemical response after each OsPA layer (circles). The difference between the
electrodes prepared with different ionic strength solutions is even more marked in the
presence of glucose (Figure 2, bottom): electrodes prepared with the lower ionic strength
solutions show a negligible catalytic activity. In these conditions, the incorporation of GOx
seems hindered by the presence of phosphate. Similar behavior was already observed for the
formation of polyallylamine/polyacrylate multilayers where the adsorption process in the
presence of phosphate is very slow or completely inhibited, depending on its concentration, a
fact attributed to the complexation between phosphate and amine groups.’ In our case, a
rinsing effect is observed as the number of layers increased yielding a decrease in current.
Another example of this behavior is given by the adsorption of GOx onto PA in the presence of
phosphate ions at pH 7.4 in 0.1 M KCI showing that the protein scarcely adsorbs in the

presence of phosphate at concentrations higher than 10 mM. 2*



The film growth at a high ionic strength can be explained by the change in the polyelectrolyte
structure and the interaction with its surrounding. On the one hand, phosphate is able to
promote polyelectrolyte intra- and intermolecular bridging generating stable particles in
solution, and on the other hand, chloride ions act as mild chaotropic anions, interacting with
the polyelectrolyte and in turn reducing its solvation; therefore, thus improving its adsorption
on the surface. This effect becomes more significant at high ionic strength. The chaotropic
effect was already studied by Saloméki et al.3 for polyelectrolyte multilayers built in the
presence of monovalent anions showing that their chaotropic character induces deposition
and a loopy structure. Also, the growth of polyallylamine and polystyrene sulfonate layers
under the same conditions used in this work produces the thickest films in a comprehensive

study carried out with different polyvalent anions at high ionic strength.?
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Figure 2— Current densities for cyclic voltammetries carried out at 10 mV s* after deposition of
each layer on SPE electrodes at low (circles) and high (triangles) ionic strength in the presence
of phosphate. Top: Peak current responses in 0.1 M NaCl + 50 mM HEPES buffer, pH = 7.0.
Bottom: Catalytic currents observed for 100 mM Glucose in 0.1 M NaCl in 50mM HEPES



Buffer, pH = 7.0. Voltammetries reported in both graphs were performed at 10 mV s scan
rate.

The catalytic response in the cyclic voltammetry presented in Figure 1 (bottom) shows two
remarkable features, the forward and backward traces are practically the same, and the
catalytic current is ca. 59 A cm™. This represents an optimum relationship between OsPA and
GOx since in previous constructions lower density currents were obtained, 7 or a mixed
kinetics/diffusion control is manifested by the presence of a peak current and the hysteresis
between forward and backward traces.*

Quartz crystal microbalance with dissipation is a useful technique to characterize self-
assembled systems allowing to know the amount of material incorporated in each layer and its
viscoelastic behavior, so comparisons regarding the composition of the film can be made.
Several works describing the construction of osmium derivatized polyallylamine assemblies at
different conditions were characterized by this technique ?10.28

As OsPA does not directly adsorb on the gold surface, we adopted the same strategy than
Marmisollé et al.3®* where gold was previously modified with cysteamine, and then the
exposition to OsPA was carried out in a solution containing only 5 mM phosphate, the further
depositions were carried out in the presence of phosphate at high ionic strength (@Pi,HIS).
The dissipation/frequency shift ratio (AD/-AF) increased from 0.1 to 0.47x10°® Hz%, indicating
that as the thickness of the film growth, the film loses rigidity; however, the Sauerbrey
equation still can be applied with a good approximation.® The results can be observed in
Figure 3 (white symbols), where always the amount of deposited OsPA is higher than the GOx,
with a ratio OsPA/GOx around 1.3 for the second and third layers, and 2.3 for the fourth and
fifth layers. This result is in contrast to those carried out at very low ionic strength,”® where
the OsPA/GOx ratio is smaller than 0.2. Finally, the assembly in the presence of phosphate at
low ionic strength (@Pi,LIS) shows an erratic behavior (data not shown) similar to the peak
currents observed in Figure 2 (top) and in accordance to the phosphate rinsing effect already
observed.?*

Comparing the amount of OsPA and GOx adsorbed in our experiments to those carried in
water, it can be observed that the amount of OsPA adsorbed is similar, while the amount of
GOX is eight times higher in their case; however, the catalytic currents are similar for both

experiments.
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Figure 3. The adsorbed mass determined by QCM for the assembly the OsPA/GOx at different
conditions. (OsPA/GOX)n@Pi,HIS: OsPA layer (white circles); GOx layer (white triangles).
(OsPA@Pi,HIS/GOX@H,0),. OsPA layer (black circles); GOx layer (black triangles). Grey lines
are only for eye guidance. All solutions are at pH 6.1.

These results drove us to study the effect on the assembly using GOx dissolved in water,
adjusting the pH at 6.1 with a minimum amount of HCl (GOx@H,0), and maintaining the OsPA
in phosphate at high ionic strength (OsPA@Pi,HIS). QCM results show that the amount of OsPA
adsorbed is practically the same, while the adsorbed GOx increases from an average value of 1
to 4.5 pg cm? in each step (Figure 3, black symbols), with an improving effect in the
electrochemical response where a catalytic current of 148 pA cm=2is observed (Figure 4),
meaning an increase of more than twice over the system (OsPA/GOx)s@Pi,HIS (Figurel,
bottom). On the other hand, the voltammogram shows features (peak current, hysteresis) that
can be related to some limitations in the diffusion of glucose or the efficiency in the electron

hopping process due to the larger amount of enzyme.
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Figure 4. Cyclic voltammetries for the same system built from OsPA@Pi,HIS and GOx@H-0
(five layers). In gray, in absence of glucose (0.1 M NaCl + 50 mM HEPES buffer, pH = 7.0); in
black, in presence of glucose (100 mM Glucose in 0.1 M NaCl in 50 mM HEPES, pH = 7.0).

For polyelectrolytes, it is known that the deposited layer structure is influenced by the ionic
strength of the precursor solution, a behavior already observed for polyallylamine.

Dynamic light scattering (DLS) experiments for OsPA@Pi,HIS and OsPA@HIS solutions show a
change in the phase behavior of the polyelectrolyte (Table 2). In the presence of phosphate,
the polyelectrolyte produces aggregates with some polydispersity and present two size
distributions with diameters of 7 and 16 nm, while in the absence of phosphate no aggregates
can be observed. Therefore, we can consider the formation of a globular structure in the
presence of phosphate due to the interactions with the primary amino groups in the
polyelectrolyte and a random-coil structure in its absence due to the shielding effect of the
high ionic strength, affecting the further assembly. On the other hand, a DLS experiment

carried out for GOx@Pi,HIS shows a similar hydrodynamic diameter than in water.*!

Table 2.- Particle diameter and zeta potential obtained by DLS

Sample Diameter/nm  Zeta Potential /mV
OsPA@HIS 3.4+0.9

OsPA@Pi,HIS? 7+1/ 1645 813
GOx@Pi,HIS 1142 -243

a.- 99% of the particles are within two distributions of particles of different diameter (7 and 16 nm).

As the adsorption process from OsPA@Pi,HIS generates striking changes in the electrochemical

response, the structure of the polyelectrolyte, once it is adsorbed, was studied by atomic force

12



microscopy. Figure 5 shows in situ AFM images of the (OsPA/GOx)n@Pi,HIS samples taken at
different deposition layers. A nodular structure homogeneously distributed on the surface is
observed for different deposition layers either with OsPA or GOx as the outermost layer. The
homogeneous structure observed here contrasts with those previously observed for
polyallyamine assembled with proteins. For example, Flexer et al.” observed more irregular
films for polyallylamine-GOx self-assembled films constructed from solutions at different pH at
low ionic strength. A similar result was found by Caruso et al.*> for the adsorption of anti-IgG
when the interlayer between anti-IgG layers is poly(4-styrenesulfonate), which the authors
attribute to the aggregation of the protein. Here the globular structure proposed from DLS
results seems to assemble in a homogenous architecture with voids through which species
could diffuse, which are evident in high resolution topography images of the samples from the

first layers (see arrows in zoomed image in Fig. 5).

(OsPA/GOx),0sPA

R 60 nm

5 pum?

Figure 5. In situ AFM topography images of the (OsPA/GOx),@Pi,HIS samples taken at different
deposition layers with OsPA (left column) or GOx (right column) as the outermost layer;
scanned area of 5 um?, height range 60 nm. A zoomed 1 pm? image of the (OsPA/GOx)s; sample
is also shown (height range 40 nm), with a structure presenting voids (some of them pointed
with arrows) compatible with the globular structure proposed from DLS results.

13



Conclusions

The construction of thin layer films on interfaces involving proteins has been an intensive
activity due to its application in diverse fields such as catalysis, biotechnology, and medical
devices. In particular, the assembly of polyelectrolytes and proteins present some limitations
compared to the construction from oppositely charged polyelectrolytes since proteins present
a low conformational entropy and heterogeneous spatial charge distribution,** therefore the
successful construction of the assembly heavily relies on the polyelectrolyte where pH, ionic
strength and type of ions play a crucial role in its conformation. In this work, OsPA@Pi,HIS
shows the formation of aggregates in solution with a bimodal distribution with particles of 7
and 16 nm diameter; once it is adsorbed on a surface, the formation of a globular structure
can be observed by AFM. This structures linearly grow when they are combined with GOx, and
efficient catalytic currents are obtained. To establish how phosphate ions and the high ionic
strength conditions affect the growth of the film, experiments at high ionic strength without
phosphate and experiments at low ionic strength with phosphate were carried out. No
aggregates over 3 nm are observed by DLS examination for OsPA@HIS solution; the assembly
construction with this solution shows a negligible signal in electrochemical and QCM
experiments, indicating a strong screening effect for the electrostatic interaction between the
polyelectrolyte and the enzyme. Using an OsPA@Pi,LIS solution, a random behavior is
observed during the film buildup. These results are in accordance with previous results
observed by other authors where phosphate ions strip the already deposited layers.
Regarding the assembly of the protein, DLS experiments of the GOx solution in the presence of
phosphate and a high concentration of NaCl does not show any aggregation effect, showing a
similar hydrodynamic radius than in pure water.** However, it can be observed a notable
change in the amount of enzyme adsorbed depending on the presence of phosphate in
solution, that can decrease four times in its presence. Two effects can explain this difference;
on the one hand, the presence of phosphate in solution has a rinsing effect as it was previously
observed; and on the other hand, the film features can induce changes in the GOx adsorption
process. The increase in the amount of adsorbed GOx can be interpreted through two type of
interactions. One related to the fact that low ionic strength allows more electrostatic
interactions between negatively charged glucose oxidase and the globular positively charged
polyallylamine osmium complex on the surface, and the other, the phosphate ability to
interact with basic amino acid residues as lysine and arginine.*® Considering this hypothesis,
the presence of phosphate in the film can interact with the GOx through its basic amino

residues, improving the interaction between the polyelectrolyte and the enzyme. In this sense,
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phosphate ions have shown to be suitable promoters to stabilize several proteins onto
electrodes due to their ability to interact with amino groups.>26:3°

The increase in the amount of GOx adsorbed increases the catalytic current, but it is not
directly proportional, suggesting that the OsPA does not efficiently connect part of the
enzyme. For the system built from OsPA@Pi,HIS and GOx@H-0, the ratio between osmium
redox centers and GOx is around 10, representing an optimum relationship for the generation
of the catalytic current, which is comparable to other efficient systems built by LbL assemblies
based on the use of surfactants'® or ferrocene modified linear PEI.*

It is well known that the electrostatic interaction between proteins and polyelectrolytes is the
main driving force used for the construction of LbL films, a fact already observed for other
protein-polyelectrolyte combinations.?® The results presented here demonstrate how the
environment surrounding each of the components used in the construction of the multilayer
system can affect the amount of adsorbed material, its film structure and, finally, the

electrochemical response, increasing the available tools for the construction of new

nanoarchitectures.
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