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Human Elastin-derived Biomimetic Coating
Surface to Support Cell Growth

Antonella Bandiera

Abstract—A new sythetic gene coding for a Human
Elastin-Like Polypeptide was constructed and expressed. The
recombinant product was tested as coating agent to realize a
surface suitable for cell growth. Coatings showed peculiar
features and different human cell lines were seeded and
cultured. All cell lines tested showed to adhere and proliferate
on this substrate that has been shown also to exert a specific
effect on cells, depending on cell type.
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. INTRODUCTION

HE intrinsic nature of the surface where cells grow has

always been recognized of crucial importance with

respect to its influence on cell adhesion and the
phenotypic expression. More recently, also the physical cues
of the adhesion surface have been shown to play a key role in
affecting cell behavior [1, 2]. Cell sense the chemical nature
of the substrate by their membrane receptors, like integrins
and other adhesion molecules that trigger a specific signaling
pathway that will contribute to shape the cell phenotype [3].
At the same time, cells have been shown to be responsive to
the physical properties of the surface that they come in
contact. Topology and structure of the surface to which cells
adhere have been shown to be crucial for the subsequent fate
of the system [4, 5]. A significant experimental effort is
focused on modulation of surface properties for the
optimization and control of cell adhesion, morphology,
motility, proliferation, and differentiation in both in vitro and
in vivo systems [6 and references therein]. Recent research on
the micro and nano patterning techniques further evidenced
the importance of the micro and nanometer scale features of
the adhesion substrate in affecting cell behavior at interfaces
[7]. The research in new biomaterials for engineering of cell
adhesion surfaces is still facing a great boost. Despite the
enormous progress in this field, there are a number of
compelling issues that have not been adequately addressed yet
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[8]. In particular, to find the ideal combination of a
biomaterial and the cells with the proper environmental
conditions for realization of a functional biological system
resembling the physiological one remains a crucial challenge.

Mimicking the structure of naturally occurring proteins by
using artificial protein polymers with specific materials
properties is a very promising approach for the development
of new bioactive biomaterials. A key concept in this approach
is the design and tailoring of biomimetic materials, to promote
exchange of stimuli and induce specific cellular reactions [9].
Progress in recombinant DNA technology opened the way to
the realization of new protein polymers that can be employed
to obtain innovative biomaterials that can interact with the
surrounding environment. A very interesting model for such
materials is represented by elastin-like polymers, i.e.,
repetitive artificial polypeptides based on elastin repeated
motifs [10].

Elastin represents an important macromolecule for
biomaterial design. Under appropriate conditions of
concentration, ionic strength and temperature, the protein
undergoes the inverse phase ftransition, a reversible
temperature-dependent coacervation process. This behaviour
is mainly due to the presence of the hydrophobic repeated
domains with the pentapeptidic (VPGXG) motif [11]. Many
variants of the repeat have been employed to obtain artificial
polypeptides and it has been shown that the resulting
recombinant products retain this peculiar feature [12-16].

With the aim of realizing a family of biomimetic protein
polymers that can be exploited in the biomedical and
biotechnological fields, the design and construction of
synthetic genes modeled on domains found in human elastin
was undertaken. The first macromolecule, named HELP
(Human Elastin-Like Polypeptide) set up was based on part of
the sequence of exon 23, coding for a crosslinking domain
rich in alanine and lysine and on exon 24, based on the
hexapeptidic VAPGVG repeat [17].

Also a second gene, named HELP1, was realized
assembling only the sequence coding by exon 24, giving an
expression product lacking the alanine/lysine-rich crosslinking
domains [18]. The physico-chemical charaterisation of the two
recombinant biopolymers has evidenced some differences in
their temperature responsive behavior, in particular at low
biopolimer and salt concentration (manuscript in preparation).

In the present work, the potential of the recombinantly
expressed HELP1 biomimetic macromolecule as a coating
agent for cell adhesion and growth was explored. Surfaces
prepared with this component have been shown to possess
peculiar features and to be suitable for cell attachment and
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proliferation. In addition, an effect on the morphology of
some cell lines has been observed.

Il. MATERIALS AND METHODS

A. Expression and purification of HELP1

The production of the recombinant HELP1 biopolymer has
been detailed previously [18]. Briefly, E. coli NEB Express Iq
co-transformed with pHELP1 vector and pLysS plasmid were
cultured at 37°C with shaking in TB broth to ODgy of 1 and
then induced with IPTG to a final concentration of 0.1mM.
The bacteria were collected by centrifugation after 4 hours of
further growth. The expressed product was extracted from the
frozen pellet by re-suspension in a non-denaturant extraction
buffer and by 3 passages through a high pressure homogenizer
(GEA Niro-Soavi) at 1300 bar. The supernatant was clarified
by centrifugation at 4°C. The recombinant biopolymer was
then selectively precipitated by salt addition and incubation at
42°C. The pellet was recovered by centrifugation at 37°C and
re-dissolved in cold water. The sample was further purified by
two more identical cycles of precipitation and re-suspension.
The material was finally frozen and lyophilized for long term
storage.

B. Preparation of HELP1 coatings

HELP1 lyophilized sample was dissolved in bi-distilled
cold water at a concentration of 0.05% (w/v) and sterilized by
a 0.22um filter. Wells (diameter 4mm) of microvessels
(IBIDI, p-slides angiogenesis, ibiTreat, Germany) were filled
with 8 ul of the sterilized HELP1 solution and let dry under
sterile hood flow at room temperature (22°C). Control wells
were filled with the same volume of sterile water.

C. HELP1 surface characterisation

The bottoms of the wells coated with HELP1 were analysed
under inverted phase contrast microscope (Leica) and
photographed. For scanning electron microscopy and
microanalysis, the well bottoms were excised from the
microvessel, mounted on the specimen holder with electro-
conductive tape, sputter-coated under vacuum with gold and
subsequently analyzed.

D. Cell lines and culture conditions

EaHy926, A549 and MCF-7 cell lines were maintained in
standard conditions, using DMEM supplemented with 10%
FCS, penicillin and streptomycin and incubated at 37°C under
5%CO,. Cells were seeded at 5000 cells per well in a final
volume of 50 ul at least in triplicate for each time point.

E. Viability and proliferation assay

Cultures were tested with WST-1 reagent (Roche)
following the manufacturer’s instructions at 24, 72 and 168
hours after seeding.

I1l. RESULTS AND DISCUSSION

HELP1 surface coating and characterization

In the present study, the HELP1 coated surfaces were
prepared from a biopolymer solution in water. Previous
observations showed that the solubility of HELP1 at room
temperature (22°C) was about 0.5% (w/v). Thus, a 10-fold
lower concentration was chosen as a starting condition.

Using microwells and small volumes, the water was
allowed to evaporate under hood flow and the coating was
dried in a short time, typically within tens of minutes. Under
these conditions, the coated surface resulted to have a peculiar
appearance observable by phase contrast microscope, as
shown in Fig. 1. A defined pattern of concentric circles was
evident, suggesting an alternating succession of ridges and
grooves, especially in the central area. It is likely that the
peculiar feature of the coating is related to the self-assembling
properties of HELP1.

Fig. 1 HELP1 coated surface. A, phase contrast microscopy; B,
scanning electron microscopy, bar is 50 um

The SEM analysis confirmed the arrangement seen by
phase contrast (Fig. 1) and microanalysis showed that HELP1
biopolymer was present all over the surface.
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Different parameters were assayed in order to evaluate if
and how they affect the coating obtained. Biopolymer
concentration, temperature and in particular the nature of the
surface have been shown to be the critical variables and are
currently under investigation.

The experimental setting allowed a highly reproducible
preparation of HELP1 coated surfaces that have been shown
to be quite stable. The surfaces were covered with cell culture
medium and kept at room temperature (22°C) for one week
without significant loss of biopolymer (data not shown).

Cell cultures on HELP1 coating

Peptide-based biopolymers are considered promising
compounds for tissue engineering, regenerative medicine and
related fields, mainly due to their hydrophilic networking
propensity, expected good biocompatibility, favorable

degradation rate and products, very low cytoxicity and
immunogenicity [19]. Despite in the last ten years there has
been a considerable body of work conducted on elastin-like

polypeptides and their applications, there are still rather few
examples of their employment in supporting cell growth [20
and references therein]. The focus of this study was to test the
patterned HELP1 coating with different cell lines of human
origin. Since elastin is abundant where elasticity is of major
importance as in blood vessel walls, HUVEC derivative
Ea.Hy926 were chosen as a endothelial cell model in the
perspective of application of our biomaterial to vascular tissue
restoration. These cells were grown both on standard treated
plastic as control culture and on the HELP1 patterned surface.
Notably, as can be seen in Fig. 2 (A and B) the Ea.Hy926 cells
seeded on HELP1 showed a clear response toward the coated
surface in that the appearance of the culture resembled the
concentric rings pattern observed. Moreover, at a single cell
level, it was clearly evident a change in morphology related to
adhesion and alignment on the surface, when compared to
control cells grown on standard treated plastic.

— 100 um

Fig. 2 Phase contrast microscopy of Ea.Hy926 (A and B), MCF-7 (C and D) and A549 (E and F) cells cultured on control standard treated
plastic (A, C, and E) and on HELP1 coating (B, D, and F) at 72 hours after seeding.

It seemed therefore interesting to test the behavior of cells
of different origin, like the human epithelioid MCF-7 cell line.
In this case, as can be seen in Fig. 2 (C and D), no significant
difference in adhesion and spreading behavior is appreciable
between control and HELP1 treated surface.

Human endothelial-like Eahy926 cell line was derived from
fusion of human umbilical vein endothelial cells with human
cell line A549 of epithelial origin [ref]. Thus, also the A549
parental cell line on HELP1 coating was probed. In Fig. 2 (E
and F) the result is shown and similarly to that observed for
Ea.Hy926 cells, the A549 culture show a response when the

surface is coated with HELP1 biopolymer. Therefore, these
data suggest that the observed effect may be related to some
features that are present in the A549 phenotype rather than to
the endothelial or epithelial origin of the cells.

There are some considerations that can be done. All the cell
types assayed have been shown to adhere well on our coating.
This suggests that all the cells tested recognized the substrate
from the chemical point of view. The difference in the cell
response appeared to reside in the capability of cells to
somehow discriminate in the physical structure of the
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substrate. It is likely that cells align along the grooves in the
direction were they encounter the least resistance, as already
described for other biological system [5], however more
investigations are needed to further elucidate this issue.

The HELP1 coating has been shown to elicit effects on
behavior of a specific cell type. It is likely that these effects
are mediated by cell surface molecules whose expression is
tissue-specifically modulated. Further investigations on
membrane receptors and molecules involved in this process
will contribute to better clarify this issue.

In these experiments, it has been observed that when cells
responded to HELP1, the effect was ready detectable few
hours after seeding and was lasting for the experiment time
(data not shown). The three cell lines where analyzed for
viability and proliferation at 24, 72 and 168 hours after
seeding. At 96 hours medium was changed. The results are
shown in fig.3.

180
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Fig. 3 Proliferation assay of the different cell lines cultured on
HELP1 coated surfaces as percent of the control culture on standard
treated plastic. Ea.Hy926 (white bar), MCF-7 (black bar) and A549
(grey bar) at different times.

The viability and proliferation assays performed on the
cultures on HELP1 coated surface showed that Ea.Hy926 cells
gave a signal that resulted even higher than that of the control
counterpart. This suggests that HELP1 coating may have a
positive effect on Ea.Hy926 cell proliferation. The cultures
after 72 hours show a tendency to reach a plateau value lower
than that of the controls. Given that this assay, being related to
metabolism, did not distinguish between viability and
proliferation, the data could reflect the fact that responsive
cultures did not occupy all the surface, but have preferential
areas of proliferation. In these sites, cells became more
crowded, reaching confluence very quickly and stop dividing.
All the cultures showed good vitality after one week in
culture.

IVV. CONCLUSION

The data show that the new recombinant HELP1
macromolecule is suitable as coating agent. Cells of different
origin are able to adhere and grow with negligible
cytotoxicity. Moreover, depending on cell type, HELP1

coating has been shown to elicit a cell response. These
findings point to the potential of biopolymers from synthetic
genes to be applied in development of smart biomimetic
surfaces for cell growth. Characterization and understanding
of surface and cell interactions will be critical in controlling
cell adhesion and proliferation. On the other hand, studies of
in vitro interactions between cells and adhesion surface in a
well defined, controlled environment offer the opportunity to
better elucidate cell biological behavior. In this context, the
field of biomimetic materials is likely to supply important new
knowledge to molecular and cell biology.

ACKNOWLEDGMENT

A. Bandiera gratefully thanks Dr. Francesca Vita for
performing SEM and microanalysis; Prof. G. Manzini, Dr. P.
Sist and Dr. R. Urbani for their support; F. Micali for
assistance. The author thanks Prof. Maria Cristina Tanzi
(Politecnico di Milano) and Maria Teresa Conconi (Universita
di Padova) for helpful contribution in experimental design.

REFERENCES

[1] J.Y. Lim and H.J. Donahue “Cell sensing and response to micro- and
nanostructured surfaces produced by chemical and topographic
patterning,” Tissue Eng., vol. 13, pp. 1879-1891, Aug. 2007.

[2] P. Roach, D. Eglin, K. Rohde and C.C. Perry "Modern biomaterials: a
review - bulk properties and implications of surface modifications,” J.
Mater. Sci. Mater. Med., vol. 18, pp. 1263-1277, July 2007.

[3] M.S. Bretscher "On the shape of migrating cells-a 'front-to-back' model,"
J. Cell Sci., vol.121, pp. 2625-2628, Aug. 2008

[4] M.P. Lutolf and J.A. Hubbell "Synthetic biomaterials as instructive
extracellular  microenvironments for morphogenesis in tissue
engineering,” Nat. Biotechnol.,vol. 23, pp. 47-55, Jan. 2005.

[5] V.A. Schulte, M. Diez, M. Méller and M.C. Lensen "Surface topography
induces fibroblast adhesion on intrinsically nonadhesive poly(ethylene
glycol) substrates,” Biomacromolecules, vol. 10, pp. 2795-2801, Oct.
2009.

[6] K.S. Straley and S.C. Heilshorn "Design and adsorption of modular
engineered proteins to prepare customized, neuron-compatible coatings,"
Front. Neuroengineerin., vol. 2., pp. -10, Jun. 2009.

[7]1 V. Hasirci and H. Kenar “Novel surface patterning approaches for tissue
engineering and their effect on cell behavior,” Nanomed., vol. 1, pp. 73-
90. Jun. 2006.

[8] Y. Ikada “Challenges in tissue engineering,” J. R. Soc. Interface, vol. 3,
pp. 589-601, Oct. 2006.

[91 W.L. Grayson, T.P. Martens, G.M. Eng, M. Radisic and G. Vunjak-
Novakovic “Biomimetic approach to tissue engineering,” Semin Cell
Dev. Biol., vol. 20, 665-673, Aug. 2009.

[10] A. Chilkoti, T. Christensen and J.A. MacKay “Stimulus responsive
elastin biopolymers: Applications in medicine and biotechnology," Curr.
Opin. Chem. Biol., vol. 10, pp. 652-657, Dec. 2006.

[11] D.W. Urry " Characterization of soluble peptides of elastin by physical
techniques," Methods Enzymol., vol. 82, pt A, pp. 673-716, 1982.

[12] D.W. Urry, T. Hugel, M. Seitz, H.E. Gaub, L. Sheiba, J. Dea, J. Xu and
T. Parker. “Elastin: a representative ideal protein elastomer," Philos.
Trans. R. Soc. Lond. B Biol. Sci., vol. 357, pp.169-184, Feb. 2002.

[13] A. Chilkoti, M.R. Dreher and D.E. Meyer., “Design of thermally
responsive, recombinant polypeptide carriers for targeted drug delivery,”
Adv. Drug Deliv. Rev., vol. 54, pp. 1093-1111, Oct. 2002.

[14] A. Nagarsekar, J. Crissman, M. Crissman, F. Ferrari, J. Cappello and H.
Ghandehari "Genetic engineering of stimuli-sensitive silkelastin-like
protein block copolymers,” Biomacromolecules, vol. 4, pp. 602-607,
May-Jun 2003.

[15] J.C. Rodriguez-Cabello, S. Prieto, J. Reguera, F.J. Arias and A. Ribeiro,
“Biofunctional design of elastin-like polymers for advanced applications
in nanobiotechnology,” J. Biomater. Sci. Polym. Ed., vol. 18, pp. 269-
286, 2007.

140



[16]

[17]

[18]

[19]

[20]

International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:4, No:1, 2010

C.M. Bellingham, K.A. Woodhouse, P. Robson, S.J. Rothstein and FW
Keeley, “Self-aggregation characteristics of recombinantly expressed
human elastin polypeptides,” Biochim. Biophys. Acta, vol. 1550, pp. 6-
19, Nov 2001.

A. Bandiera, A. Taglienti, F. Micali, B. Pani, M. Tamaro, V. Crescenzi
and G. Manzini “Expression and characterization of human-elastin-
repeat-based  temperature-responsive  protein polymers  for
biotechnological purposes,” Biotechnol. Appl. Biochem., vol. 42, pp.
247-256, Dec 2005.

A. Bandiera “Assembly and optimization of expression of synthetic
genes derived from the human elastin repeated motif,” Prep. Biochem.
Biotechnol., to be published.

R. Langer and D.A. Tirrell "Designing materials for biology and
medicine," Nature, vol. 428, pp. 487-492, Apr. 2004.

D. Chow, M.L. Nunalee, D.W. Lim, AJ. Simnick and A. Chilkoti
"Peptide-based Biopolymers in Biomedicine and Biotechnology,” Mater.
Sci. Eng. R. Rep., vol. 62, pp. 125-155, Jan 2008.

141



