
Designing exopolysaccharide-graft-poly(3-hydroxyalkanoate) copolymers
for electrospun scaffolds

Pierre Lemechko a, Julien Ramier a, Davy Louis Versace a, Jean Guezennec c, Christelle Simon-Colin c,
Patricia Albanese b, Estelle Renard a, Valerie Langlois a,⇑
a Institut de Chimie et des Matériaux de Paris Est ICMPE UMR 7182, Université Paris Est Créteil, 2 à 8, rue Henri Dunant, 94320 Thiais, France
b EAC CNRS 7149, CRRET, Université Paris Est Créteil, 61 av. Gal de Gaulle, 94000 Creteil, France
c Institut Français de Recherche pour l’Exploitation de la Mer, RBE/BRM/BMM, B.P. 70, 29280 Plouzane, France

a r t i c l e i n f o

Article history:
Received 8 June 2012
Received in revised form 23 October 2012
Accepted 27 October 2012
Available online 16 November 2012

Keywords:
Polyesters
Poly(3-hydroxyalkanoate)
PHBHV
Graft copolymer
Scaffold
Cell adhesion

a b s t r a c t

Poly(3-hydroxyalkanoate)s PHAs have been demonstrated to be a family of biopolyester with good bio-
degradability and biocompatibility. A glycosaminoglycan-like marine exopolysaccharide EPS HE800 was
here incorporated to enhance cell adhesion. Novel graft copolymer HE800-g-PHA were prepared to
improve the compatibility between hydrophobic PHA and hydrophilic HE800. The carboxylic end groups
of PHA oligomers were activated with acyl chloride functions, allowing coupling to hydroxyl groups of
HE800. Fibrous scaffolds were prepared by a modified electrospinning system which combined simulta-
neously PHA electrospinning and HE800-g-PHA copolymer electrospraying. Adhesion and growth of
human mesenchymal stem cells on the HE800-g-PHA scaffolds showed a notable improvement over
those on PHAs matrices.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Poly(3-hydroxyalkanoates) (PHAs) are a class of natural biode-
gradable polyesters accumulated by many bacteria as carbon and
energy supply when an essential nutrient is limited [1,2]. Using
various substrates, a wide variety of PHAs are synthesized, differ-
ing notably by the length of their side chains [3]. Two types are dis-
tinguished, short chain length PHAs, or scl-PHAs, possessing alkyl
side chains having up to two carbon atoms, for example the widely
used poly(3-hydroxybutyrate-co-3-hydroxyvalerate) PHBHV;
medium chain length PHAs, or mcl-PHAs, with at least three car-
bon atoms on their side chains. The length of side chains leads
the physical properties of PHAs, crystalline, rigid and brittle for
scl-PHAs, semi-crystalline, soft and elastomeric for the mcl-PHAs.
Thanks to their biocompatibility, PHAs proved to be good candi-
dates for biomedical applications including biomedical devices,
biodegradable drug carriers or tissue engineering (TE) [4–6].
Fibrous scaffolds obtained from electrospun biodegradable PHAs
have attracted widespread attention because of their nanostruc-
ture morphology which can mimic the extracellular matrix compo-
nent (ECM) [7,8]. Despite its many attributes, the intrinsic
hydrophobic properties of PHAs restrict their applications as

cell-colonizing materials [9]. One approach to improve its biologi-
cal properties can be made through blending PHA with hydrophilic
polymers and compounds [10,11]. Among polymers used in TE,
polysaccharides have been widely studied due to their biodegrad-
ability, biocompatibility and capacity to mimic the extracellular
matrix [12–17]. Here we proposed to test a marine exopolysaccha-
ride (EPS), HE800 which is a hyaluronane-like polysaccharide, se-
creted from marine bacteria Vibrio diabolicus originating from
deep sea hydrothermal vents. Its large scale production is therefore
convenient, low cost, reproducible and free of non-conventional
transmissible agent. HE800 is a non-sulfated linear polysaccharide.
Its repeating unit is a tetrasaccharide composed of two glucuronic
acid units, one N-acetyl-glucosamine and one N-acetylgalactos-
amine (see Scheme 1) [18,19]. The presence of carboxylate groups
on HE800 make this polysaccharide promising candidates to
enhance interactions with proteins such as growth factors and
cytokines. In a previous study, fibers of HE800 were used to fill
critical size defects in rat calvaria and showed strong bone healing
effect after three weeks [20]. HE800 also induced the attachment of
chondrocytes on a Si-hydroxypropylmethylcellulose-based hydro-
gel [19].

In this context and as a preliminary study to further TE applica-
tions, we tested the ability to support cell proliferation of a scaffold
based on PHA and HE800. The PHA used in this study was the
PHBHV as it is more convenient for electrospinning process than
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the homopolymer PHB. We first prepared a graft copolymer
HE800-g-PHBHV to improve the compatibility between hydropho-
bic PHBHV and hydrophilic HE800. In the grafting onto method, the
carboxylic functions of PHBHV were activated with acyl chloride
functions, allowing coupling to hydroxyl groups of HE800. The cho-
sen method for the preparation of the scaffold is a modified elec-
trospinning system which combined both electrospinning and
electrospraying processes (Scheme 2) previously described by
Ekaputra et al. [21]. PHBHV was electrospun and the HE800-g-
PHBHV was simultaneously electrosprayed onto the PHBHV fibers.
Furthermore, we studied the ability of the scaffold based on the
electrospun PHBHV, PHBHVe-spun, fibers combined to electro-
sprayed HE800-g-PHA, HE800-g-PHBHVe-sprayed, to support human
mesenchymal stem cells (hMSCs) adhesion and proliferation.

2. Materials and methods

2.1. Materials

PHBHV with 12% of hydroxyvalerate was purchased from
goodfellow and was purified by precipitation in ethanol. The exo-
polysaccharide HE800 (Mn of 3450 g mol�1), obtained from LBMM
of Ifremer (France) was dried overnight under vacuum at 100 �C
before use. DMF (analytical grade), chloroform (analytical grade),
dichloromethane (analytical grade) and ethanol (analytical grade)
were purchased from SDS and used without further purification.
Chlorobenzene (99.5%), thionyle chloride, anhydrous dim-
ethylsulfoxyde (DMSO) (99.99%), hexamethyldisilazane (HMDS)
and glutaraldehyde were purchased from Sigma–Aldrich. Dialysis

Scheme 1. Preparation of the copolymer HE800-g-PHBHV.

Scheme 2. Schematic illustration of the co-electrospinning–electrospraying process.
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