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Abstract
There is increased interest in smart bioactive materials to control tissue regeneration for the
engineering of cell instructive scaffolds. We introduced combinatorial matrix-assisted pulsed
laser evaporation (C-MAPLE) as a new method for the fabrication of organic thin films with a
compositional gradient. Synchronized C-MAPLE of levan and oxidized levan was employed to
assemble a two-compound biopolymer film structure. The gradient of the film composition was
validated by fluorescence microscopy. In this study, we investigated the cell response induced by
the compositional gradient using imaging of early osteoblast attachment and analysis of
signalling phosphoprotein expression. Cells attached along the gradient in direct proportion to
oxidized levan concentration. During this process distinct areas of the binary gradient have been
shown to modulate the osteoblasts’ extracellular signal-regulated kinase signalling with different
propensity. The proposed fabrication method results in the preparation of a new bioactive
material, which could control the cell signalling response. This approach can be extended to
screen new bioactive interfaces for tissue regeneration.

Keywords: combinatorial MAPLE, polymer coatings, gradient levan-oxidized levan thin films,
osteoblasts, ERK1/2 signalling

(Some figures may appear in colour only in the online journal)

1. Introduction

Fifty years after the fabrication of the first generation of inert
implantable devices and thirty years after the first clinical use
of second-generation bioactive orthopaedic and dental mate-
rials, a third-generation of biomaterials is required to trigger
specific molecular responses of cells for tissue regeneration
purposes [1]. Translation of smart materials into clinics [2]
could further improve the quality-of-life for a continually
aging population. Engineering the cell/biomaterial surface

interface to control cell behaviour has important implications
for the fabrication of instructive environments for tissue repair
or as cell supports [3].

Bone tissue engineering has made use of a large variety
of scaffolds designed to support osteoblast growth as well as
function. While the vast majority of materials used to
regenerate bone have been based on calcium phosphates,
there have also been attempts to design extracellular matrix
(ECM)-inspired materials to mimic the natural environment
of the bone (reviewed in [4]). These materials provide
extracellular microenvironments for controlled differentiation
of osteoprogenitor cells [5].
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There are several strategies to develop materials that
control stem cell differentiation [6] to meet the requirements
for use in clinical applications [7]. It would be tremendous
progress to obtain synthetic niches designed to recapitulate
the spatial and temporal control of gene expression known to
regulate cell fate in vivo (reviewed in [8–10]). Gradients of
soluble molecules guide stem cell function regulation within
the tissue-specific niche. Reconstitution of the niche signal-
ling environment has until now been tested using microfluidic
devices [11] or hydrogel-based 3D structures immobilizing
adhesive ligand gradients [12].

Combinatorial and high throughput screening have been
used to expose stem cells to arrays of molecule combinations
in the search for synergistic effects that could direct cell fate
(reviewed in [13]). Authors have mixed together ECM pro-
teins and growth factors and analysed cell phenotype for
commitment to certain differentiation paths. One approach
was to use functionalized self-assembled monolayers (SAM)
to covalently immobilize binary combinations of an adhesive
molecule and a growth factor. This method allowed parallel
testing of twenty-five environments for control of the fate of
neural stem cells [14]. Another approach was to use a multi-
well microarray platform that allows 1200 simultaneous
experiments on 240 unique signalling environments. Mixtures
of ECM proteins were applied using a robotic spotter and
mouse embryonic stem cells were cultivated in cocktails of
growth factors to identify conditions for generation of cardiac
cells. Twenty mixtures of five matrix proteins and twelve
cocktails of four growth factors known to modulate cardiac
cell differentiation have been thus screened in five replicas
[15]. Both approaches were, however, based on previously
tested well-defined concentrations of proteins/polymers to
obtain combinations thereof. Developmental biology evi-
dence certifies the importance of biomaterials to generate
biomolecule gradients in stem-cell driven tissue regenera-
tion [16].

In the field of biomaterials, progress has been made in
generating signal gradients to control cell behaviour for tissue
regeneration applications (reviewed in [17]). Different gra-
dient polymer surfaces were studied as substrates for cell
adhesion, proliferation and gene expression [18]. Biocompa-
tible and biodegradable polysaccharide nanosheets for bio-
medical application were reported [19]. Levan is a bacterial
exopolysaccharide (β2,6-linked fructan) with anti-inflamma-
tory [20], anti-cytotoxic [21] and anti-tumoral [22–24] prop-
erties, hence a polymer with potential use in medicine. It has
been applied as a thin film by a process called matrix-assisted
pulsed laser evaporation (MAPLE) [25]. MAPLE is a soft
laser-based technique which is applied to obtain organic
nanoscale coatings with specific properties such as adhesion,
thickness control and functionality [26–29]. It ensures a great
advantage for tissue engineering applications since the
method is able to grow very thin nanostructured coatings less
than 1 μm thick with improved mechanical properties. This
ability allows the avoidance of film cracking or peeling which
usually occur when the film is thicker [30] and subsequently
make it more difficult to control its dissolution. In the case of
polysaccharides films, the adhesion properties are expected to

increase because of the high specific surface area of hydrated
macromolecules at the interface where they interact and stick
to the substrate. We have recently introduced combinatorial-
MAPLE (C-MAPLE) as a new method for the fabrication of
gradient organic thin films [31] of levan (L) and oxidized
levan (OL). When investigated separately, both L and OL
MAPLE-deposited thin films showed positive interaction with
bone cells that supported cell adhesion and proliferation,
critical processes required for tissue regeneration. Moreover,
OL thin films generated an increase in cell proliferation as
compared to L structures [25]. Following assembly into a
compositional gradient, the two polymers generated areas
with distinct potential to influence osteoblast cell spread-
ing [31].

Cell response to material cues is mandatory in testing
nanostructures’ functionality for biomedical applications. For
example, in the case of orthopaedic implants, interaction
between designed materials and bone cells are first tested
in vitro [32]. Cell attachment to ECM was shown to control
cell cycle [33] with an impact on proliferation kinetics. The
sites of interaction between cells and underlying structures are
known as focal adhesions, these anchor the cytoskeleton to
the ECM. A central role in mediating cell adhesion response
to extracellular cues is played by focal adhesion kinase
(FAK), which becomes auto-phosphorylated following
integrin signalling pathway initiation [34]. Hence, cells sense
the environment via integrin receptors that transduce the
signals to the cytoskeleton. The adhesion signalling cascade
triggers specific gene expression function of substrate physi-
co–chemical features through extracellular signal-regulated
kinase (ERK) phosphorylation, a down-stream target of FAK
in the mitogen-activated protein kinase (MAPK) pathway
[35]. The β1-integrin/FAK/ERK axis was found to be
essential for human foetal islet cell differentiation and survi-
val [36]. More precisely, active ERK is targeted at newly
forming cell–matrix adhesions [37].

The role of kinases in osteoblast differentiation was
recently reviewed [38]. In addition to their role in prolifera-
tion and apoptosis, MAPKs were found to be key players in
the mechanism of osteoblast differentiation. The mitogen-
activated protein kinase family members, ERK, JNK and P38,
were shown to contribute to distinct phases of osteogenic
differentiation. During in vitro osteoblast induction, P38
activation was stimulated from day 9 to day 13 and was
associated with initiation of mineral deposition, while acti-
vation of JNK was observed later, from day 13 to day 17 and
was associated with ECM synthesis and increased calcium
deposition by mature osteoblasts. ERK activation was present
from day 7 to day 11 and was involved in early commitment
to the osteoblast lineage. Blockage of osteogenic differ-
entiation by ERK inhibitors resulted in the adipogenic dif-
ferentiation of stem cells [39]. ERK was also shown to be
essential for human osteoblast growth, integrin expression
and function [40, 41]. Moreover, the duration and magnitude
of ERK phosphorylation is a determinant factor influencing
the early commitment of human bone marrow-derived
mesenchymal stem cells to osteogenesis versus adipogenesis
[42] or versus chondrogenesis [43].
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The goal of this study was to evaluate in more detail the
response of cells to domains of the combinatorial gradient
viewed as distinct signalling entities. We have obtained a
continuous reciprocal gradient by combining two biopoly-
mers using C-MAPLE. Interestingly, discrete areas in the
gradient surface show different capacities in modulating
intracellular signalling events.

2. Materials and methods

2.1. Combinatorial matrix-assisted pulsed-laser evaporation
(C-MAPLE)

Fifty milligrams of L and OL were each dissolved in 10 mL of
dimethyl sulfoxide (DMSO) to obtain homogeneous solu-
tions. DMSO was selected as the solvent because it does not
chemically interact with either L or OL, and absorbs the laser
wavelength used for the evaporation of the targets in a frozen
state. The solutions were poured into distinct compartments of
a ring-like concentric copper holder (see schema in figure 1).
This holder has been designed and manufactured to accom-
modate 5–10 mL of DMSO-based polymer solutions to be
used for deposition experiments. Before introduction into the
vacuum chamber, the holder containing the solutions was
gradually immersed in liquid nitrogen (LN) to obtain two
cryogenic targets. These were kept frozen during the
deposition process by a cooler, constantly supplied with LN.

In our experiments, a KrF* excimer laser source
(λ= 248 nm, τFWHM= 25 ns) operating at a repetition rate of
3 Hz was used for target evaporation. The laser beam is
divided into two beams by an optical splitter (see figure 1).
The distance between the centres of the two laser spots was
set at 2 cm. In this configuration, we obtained a 4 cm long
polymer co-deposition on glass substrates with the edges
containing only L or OL, and continuous gradient areas of
L–OL blended composition between [31]. Before deposition,
the 17 × 40 mm2 glass slides were cleaned in baths of acetone,
alcohol and deionized water. Next, they were placed at 4 cm
from and parallel to the targets inside a reaction chamber and
gently heated at 100 °C. We denote by L the region covered
by L only, OL the region covered by OL only, OL–L the
intermediary region which we expect to contain more OL than

L and L–OL the intermediary region for which we expect
more L than OL.

2.2. Morphological investigations using SEM, AFM and
fluorescence microscopy

For scanning electron microscopy (SEM) examination, the
samples were cut-fragmented after the bottom wafer edge was
scratched using a diamond knife. Before SEM, the samples
were coated with a very thin layer of gold. The investigations
were conducted with a Jeol JSM-5910 LV instrument at
20 kV. An atomic force microscope (AFM; Park systems
XE70 SPM controller LSF-100 HS) was used to determine
the surface roughness parameters. The probes in noncontact
mode were triangular Si3N4 cantilevers with integrated tips.

Levan fluorescence was monitored with a Nikon Eclipse
E600W epifluorescence microscope with a differential inter-
ference contrast (DIC) module and FITC filter. Twin images
were captured along the C-MAPLE generated OL–L gradient
maintaining the same exposure time for detection of fluores-
cence emission between specimens.

2.3. Contact angle measurements

Contact angle (CA) measurements were carried out using a
Krüss DSA-100 model CA meter equipped with a single
direct dosing system consisting of a High Performance Frame
Grabber Camera T1C (25 frames per second) and controlled
by DS3210 software (providing the static and dynamic
operation modes). The CA values were determined using the
sessile drop technique. Two 1 μL drops of distilled water were
dropped onto the surface using the autodosing system. Static
CA measurements were performed immediately after the
formation of sessile drops of liquid on the surface.

2.4. Osteoblast attachment assay

Human osteoblast-like SaOs2 cells (a kind gift from Dr
Karine Anselme) were cultured in DMEM supplemented with
10% FCS (Biochrom AG), 1% Glutamax, 50 UmL−1 peni-
cillin and 50 mg mL−1 streptomycin (Gibco). Cells were split
every 3–4 days (1:3) and cultured in a 5% CO2 humid
atmosphere at 37 °C.

C-MAPLE polymer gradients were obtained on glass
collectors that were cut into four equal regions denoted as OL,
OL–L, L–OL, and L. Before cell culture, samples were placed
in 6-well plates and sterilized by incubation in 1% peni-
cillin–streptomycin solution for 2 h, followed by two washes
in PBS.

Cells at approximately 70% confluence were washed
twice with PBS and starved for 16 h in a serum-free medium
before the experiment. SaOs2 cells were detached using 0.2%
EDTA in PBS, centrifuged and resuspended in a serum-free
medium for counting (lack of serum assures no interference
by adhesion protein adsorption in cell attachment). Fifty
thousand cells were seeded per sample in duplicates and
incubated at 37 °C for 40 min. For western blotting, osteo-
blasts were scraped in cold PBS and lysed in 25 μL RIPA
buffer containing 1% NP-40, and supplemented with
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Complete protease (Roche) and phosphatase inhibitors. For
immunofluorescence (IF), non-adhered cells were removed by
PBS washes; samples were fixed in 4% p-formaldehyde and
kept in PBS at 4 °C before labelling. Fixed cells were per-
meabilized by 0.3% Triton-X-100 treatment. Actin filaments
were labelled with Alexa Fluor 488-conjugated Phalloidin
(Invitrogen) in 1% BSA–0.3% Triton X-100. The samples
were washed three times with PBS and mounted using Pro-
long antifade with DAPI (Invitrogen). For attachment effi-
ciency determinations, cells were analysed using a Zeiss up-
right Axio Imager microscope with an ApoTome slider
module. Attached cells were counted in five different fields
and image analysis was performed using Image J. Data are
presented as means ± s.e.m.

2.5. Immunoblotting

Cell lysates obtained 40 min after attachment were clarified
by centrifugation and denatured by boiling for 5 min at 95 °C
in a loading buffer with DTT. Samples were run in an 8%
SDS-PAGE gel and transferred onto Immobilon-FL PVDF
membranes (Millipore). After blocking for 1 h in 2% ECL
Advanced (GE Healthcare) in 0.1% TBS-T, an overnight
incubation at 4 °C with rabbit anti-pERK antibodies (cell
signaling) in 5% BSA (Santa Cruz) was performed. The next
day, the membrane was thoroughly washed and probed with
Cy5-conjugated anti-rabbit antibodies at 1:2500 dilution in
ECL Advanced. The membrane was finally washed and
scanned using Typhoon FLA9500 (GE Healthcare) and
appropriate filters at a resolution of 100 μm. For total protein
normalization, the membrane was reprobed with mouse anti-
actin antibodies (abcam) following a classical protocol and
ECL Femto detection (Thermo Pierce). Specific pERK1/2 and
β-actin bands were quantified by densitometry using Image
Quant TL (GE Healthcare) and Quantity One (Bio-Rad)
softwares, respectively. One representative experiment is
presented of the three performed.

3. Results and discussion

3.1. Morphological characteristics

We present in figures 2(A) and (B) typical XSEM images
from which we were able to estimate the film uniformity and
thickness as well as validate the adhesion of C-MAPLE
polymer composite coatings. We grew homogenous films
along the glass slide from the L to OL regions, with a constant
average thickness of approximately 400 ± 50 nm. The
obtained composite structure is composed of spherical poly-
mer globules, as are visible in figure 2(B). Next, we made use
of levan autofluorescence (figure 3(A), 40 × levan/glass ima-
ges) to qualitatively assess the existence of a compositional
gradient along the obtained thin film as already observed by
Fourier transform infrared microspectroscopy in our previous
study [31]. Figure 3 provides evidence that a gradual increase
in autofluorescence consistent with a gradual increase in L
concentration is indeed observed along the glass slide

collector. As is known [44], L contains fructose and is highly
fluorescent under excitation at 488 nm while OL loses the
fluorescence by fructose oxidation to aldehyde groups. Ima-
ges taken under an epifluorescence microscope swapping
between DICs (figure 3(A) top row) and green fluorescence
modes (figure 3(A) bottom row) confirm the expected com-
positional gradient (figure 3(B)). An empty glass negative
control showed no autofluorescence on the green fluorescence
channel at the exposure time used (figure 3(A) left). The
images were analysed and a graph of fluorescence intensity
was drawn which supports the progressive increase in fluor-
escence with an increase in levan concentration (figure 3(C)).

3.2. C-MAPLE films’ surface features

The CA of a sessile drop varies not only with physical texture
or roughness, but also with chemical texture determined by
the composition of the solid surface [45]. We hypothesize that
by the modification of the chemical composition from L to
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Figure 2. Typical XSEM images of different combinatorial thin film
regions: (A) cross view (zone OL) and (B) tilted view (zone OL–L).



OL, the physical and chemical parameters generate the CA
non-linear variation.

To discriminate between the actions of the two factors,
we recorded the roughness parameters along the sample using
AFM. It was observed that the obtained coatings are quite
smooth with similar rms and Ra values below 2 nm. The
roughness parameters present quite comparable values with a
noticeable decrease in the OL–L region (figure 4(A)). It is
known that a water droplet can assemble on a surface in two
different configurations: (i) the Wenzel state, which is con-
formal with the topography and (ii) the Fakir (also known as
the Cassie–Baxter) state, which is not conformal with the
topography and only touches the peaks of the protrusions on
the surface [46]. It follows that the Wenzel state actually
describes our gradient structure since the less hydrophilic
surface exhibits a small roughness. As a matter of fact, the CA
reaches its maximum (∼80 degrees) in the zone OL–L
(figure 4(B)), where the roughness was the smallest
(figure 4(A)), which is characteristic for hydrophobic surfaces.
The rougher the surface the smaller the CA, as the droplet
either pursues the topography or it penetrates inside the tex-
ture [47].
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Figure 3. (A) Differential interference contrast images and fluorescence microscopy evaluation of OL–L (left and right respectively) gradient
film obtained by C-MAPLE along the glass slide. Positive (levan/glass) and negative (glass) controls are presented. Bar = 100 μm (20×) and
50 μm (40×). (B) Diagram of expected composition gradient obtained by C-MAPLE from OL and L targets. (C) Quantification of gradient
regions’ fluorescence emission intensity using the ImageJ histogram function. The glass background is set as the threshold and depicted as a
dotted line.

Figure 4. (A) Roughness evaluation along the length of the
combinatorial L–OL sample by AFM. (B) CA values for the
representative regions along the length of the combinatorial L–OL
sample.



3.3. Efficiency of bone cell attachment along C-MAPLE levan
gradient films

There is increased interest in obtaining cell instructive mate-
rials that could control and regulate cell fate for biomedical
and research applications [48]. Coating surfaces with gradient
thin films of biomolecules allows the construction of an array
of different chemical and physical features. Cells can be
exposed to combinatorial nanostructures to screen for specific
conditions in order to direct their fate towards specific
phenotypes.

The primary steps in the cell–substrate interaction of
anchorage-dependent cells are represented by cell attachment,
followed by adhesion and proliferation. Investigation of early
cell attachment efficiency and morphology is, therefore,
indicative of material biocompatibility. At this stage, cells are
developing microvilli, which are cytoplasmic structures that
make contact with the surface by means of physico–chemical
bonds, such as ionic and van der Waals forces. Next, during
adhesion, complex interaction between cell-produced ECM
(consisting of ligands such as collagen and fibronectin (FN)),
plasma membrane embedded proteins (integrin receptors) and
cytoskeleton (actin filaments) dictates cell fate [49]. As a
consequence of integrin-mediated cell adhesion to ECM,
intracellular signalling pathways are activated. These trigger
specific gene expressions which control cell morphology,
proliferation and finally differentiation. During this stage, cell
spreading occurs which leads to an increase in contact
area [50].

We have previously reported productive interactions of
osteoblasts with MAPLE films obtained from L and OL [25]
as well as with C-MAPLE films synthesized from the two
organic macromolecules [31] which favoured cell adhesion
and proliferation. These studies revealed that cells prefer to
proliferate on OL rather than L layers whether deposited
singly or in compositional gradients. Surprisingly, a sig-
nificant accumulation of cells onto L–OL regions was
observed after three days of osteoblast culture [31] which
could be related to increased surface wettability. Another
explanation could be associated with the presence of the
appropriate amount of OL within L coatings which in turn
means that the degree of oxidation plays an essential role in
the bioactivity of the structures obtained. The combined
effects of hydrophilicity, chemical composition (OL presence)
and roughness parameters can account for the improved bone
cell proliferation on the L–OL and OL zones. It is very
important to note that cell proliferation on OL-based materials
was superior to standard glass cover slips.

To elucidate how compositional variance affects the
initial cell–biomaterial interactions, we investigated the effect
of the OL–L gradient on early cell attachment. Samples were
cut into four equal regions (OL, OL–L, L–OL and L
respectively) to test differences in cell attachment along the
combinatorial gradient. Forty minutes after seeding the pre-
starved SaOs2 cells in the serum-free conditions, the fluor-
escence microscopy results showed a direct relationship
between OL proportion and number of attached cells
(figures 5(A) and (B)). Peripheral lamaellipodia and

transversal actin stress fibres, comparable to cells cultured on
FN (data not shown), are visible in the case of cells attached
to OL (figure 5(A)). Cell spreading decreases with a decrease
in OL fraction as previously observed during a longer 72 h
adhesion experiment [31]. This could be linked to the extreme
values of wettability (CA= 79.2 for OL–L and CA= 47.7 for
L–OL as opposed to CA= 54.3 for OL, see figure 3(A)), as it
is already accepted that moderate hydrophylicity/
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Figure 5. (A) Fluorescence microscopy of SaOs2 cells 40 min post-
attachment on combinatorial and control materials. Different
magnifications of cells labelled with Alexa Fluor 488-conjugated
phalloidin (actin, green) and DAPI (nuclei, blue) are shown together
with morphological details of cells marked by white arrows. (B)
Quantification of the cell number of five 10× fields using the ImageJ
nuclei counting function. Mean ± s.e.m. is depicted on the graph.



hydrophobicity favours cell-substrate interaction [51]. Studies
performed on self-assembled monolayers with well-defined
chemistry and a wide range of wettability values have shown
that wettability is the primary determinant of cell adhesion,
but this process is also affected by the surface functional
group, surface density and cell type [52]. More recent
research concluded that cell adhesion is determined by the
synergy of the roughness degree and surface chemistry, which
determines the wettability [53]. Filopodia were the pre-
ponderant structures developing at the plasma membrane on
the OL–L, L–OL and L regions. Moderate cell attachment
was found on glass (figure 5(B)).

3.4. C-MAPLE L gradient films signalling to human osteoblasts

Adhesion complexes are signalling hubs [54] that integrate
signals from the microenvironment and translocate them into
the cells to modulate gene expression and consequently cell
function. During early attachment, FAK was found to
strengthen cell adhesion via integrin receptor activation. This
function is later associated with vinculin recruitment to focal
adhesions [55]. It is widely acknowledged that integrin-
mediated cell adhesion, in the absence of soluble factors, can
directly lead to the activation of the MAPK cascade [56],
downstream of FAK phosphorylation [57, 58].

Next, we used bone cells as live sensors of the molecular
environment and quantified ERK1/2 activation following cell
attachment by immunoblotting of cell lysates in parallel with
the fluorescence microscopy experiment. This complementary
assay showed an enhanced phosphorylation of ERK1/2 dur-
ing early attachment of starved SaOs2 cells on OL–L and
L–OL materials as compared to OL or L alone and the control
bare glass surface (figures 6(A) and (B)). We advance the
hypothesis that ERK1/2 activation compensates for a
decreased attachment rate (figures 6(A) and (B)) of these
combinatorial zones, which results in similar material surface
coverage long-term [25].

As known, L manifests its immunostimulating effect via
pattern recognition by Toll-like receptor 4 (TLR4) [59],
which has also been found to be expressed by SaOs2 osteo-
blasts [60]. Apart from being activated by integrin stimula-
tion, ERK1/2 is sensitive to TLR4-mediated signalling
[61, 62]. Hence, an integrated response to both L chemistry
and surface cues as sensed by cell receptors (TLR4 and
integrins, respectively) could result in different levels of
ERK1/2 phosphorylation in SaOs2 cells attached to C-
MAPLE L/OL films.

It has already been proven that nanotopographical cues
modulate ERK signalling of skeletal stem cells [63] with
potential implications for osteogenesis [41]. The ERK-
dependent expression of osteogenic transcription factor
Runx2 was described in bone marrow mesenchymal stem
cells under continuous mechanical strain leading to cell dif-
ferentiation [64].

A recent study has succeeded for the first time in
reprogramming cells using cocktails of seven small molecules
selected from a 10 000 compound library [65]. This is an
alternative to the genetic manipulation or nuclear transfer

used up to now to generate induced pluripotent stem cells.
Epigenetic control of cell fate using specific combinations of
molecules is an attractive strategy for future clinical appli-
cations. From this perspective our proposed C-MAPLE gen-
erated combinatorial gradient has, in our opinion, remarkable
potential in the screening of new bioactive interfaces for tis-
sue regeneration.

4. Conclusions

We found that the modification of chemical composition in
the L–OL binary system and surface physical texture stayed at
the origin of CA variance. A biological effect was evidenced
consisting in improved accumulation of cells on film regions
(different from the two ends), as compared with all other film
areas, which in turn is most probably connected to surface
wettability and an appropriate degree of polymer oxidation.

The cell signalling response to the surface composition
gradient and roughness has shown that combinations of OL
and L (OL–L and L–OL) increase ERK activation as com-
pared to OL or L alone. The analyses revealed a structure–-
function relationship and beneficial design guidelines. This
basically refers to the existence of an optimum mixture
between the OL and L constituents, and more or less
hydrophilic areas. Once identified, the optimum region could
be recognized by rapid fluorescence microscopy scanning.
The generation of smart, discrete materials with desired
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Figure 6. (A) Immunoblotting analysis of pERK1/2 expression. Anti-
β-actin antibodies were used for normalization to total loaded
protein. (B) Densitometry results of pERK 1/2 normalized to β-actin
expression by Image Quant TL and Quantity One gel analysis,
respectively.



properties such as the rate of coating dissolution is a pro-
spective, challenging task.

In conclusion, we have shown here that by combining
two biopolymers with different oxidation states a composi-
tional gradient can be obtained with micro-areas that mod-
ulate the ERK signalling of osteoblasts. This method can be
further developed for the screening of specific dosages of
combined signalling molecule mixtures that could guide cell
fate towards the phenotypes required for tissue regeneration.
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