Chemically Programmable Wet-Electrospun Pullulan based Fibers for
Multifunctional 3D Regenerative Scaffolds

Calogero Fiorica, Fabio Salvatore Palumbo, Alessia Lo Re, Giovanna Pitarresi

Department of Biological, Chemical and Pharmaceutical Sciences and Technologies (STEBICEF), University of Palermo, Via Archirafi 30-32,
90123 Palermo, Italy

Abstract

Three-dimensional fibrous scaffolds that reproduce the architecture and biological functions of the
extracellular matrix are highly desirable for regenerative medicine. Conventional electrospinning,
however, predominantly generates densely packed two-dimensional membranes with limited pore
accessibility, whereas wet electrospinning can produce volumetric fibrillar constructs that support cell
penetration throughout the scaffold.['?! The translation of this approach to polysaccharides remains
challenging because their complex solution rheology and insufficient chain entanglement frequently
require synthetic carrier polymers to enable stable fiber formation.!! Pullulan is a notable exception, as
it displays intrinsic fiber-forming ability and has previously been processed by electro-wet-spinning;
nevertheless, its rapid dissolution in aqueous media prevents its direct use as a persistent regenerative
scaffold.*! Here, we introduce a vinyl sulfone-functionalized pullulan derivative (PULL-DV) as a
chemically programmable platform for the wet-electrospinning of self-supporting three-dimensional
fibrillar scaffolds. Following fiber formation, the reactive vinyl sulfone groups enabled stabilization
using two chemically distinct crosslinkers, dithiothreitol (DTT) and ethylenediamine, generating beta-
thioether sulfone and beta-amino sulfone linkages, respectively. Although both crosslinking routes
preserved the three-dimensional fibrillar architecture, the molecular identity of the crosslinks conferred
distinct functions. In particular, DTT-crosslinked scaffolds exhibited hydrogen-peroxide-scavenging
activity, demonstrating that the oxidative response of the material could be programmed through
crosslink selection. The reactivity of PULL-DV was further exploited to conjugate a cell adhesion
peptide, introducing integrin-recognition motifs and rendering the fibers more closely biomimetic and
cell adhesive. Cells efficiently attached to the functionalized fibers and infiltrated the internal regions of
the scaffold, confirming that the wet-electrospun architecture supports volumetric cell colonization
rather than restricting growth to the material surface. The adaptability of the platform was further
demonstrated through two proof-of-concept studies. First, the fibers were dispersed within a
photocrosslinkable hyaluronic-acid-based formulation to generate a fibrocomposite gel, defined here as
a continuous hydrated gel network containing a dispersed three-dimensional fibrous phase. Rheological
analysis showed that the storage modulus increased with increasing fiber content, indicating that the
fibers actively reinforced the gel. Second, PULL-DV was co-electrospun with manganese dioxide
nanosheets, demonstrating that functional nanosystems can be incorporated into the fibers while
retaining their catalase-like activity. Collectively, these findings establish PULL-DV as a versatile
polysaccharide platform in which three-dimensional architecture, aqueous stability, reactive-oxygen-
species modulation, cell adhesion, hydrogel reinforcement, and nanozyme integration can be
independently programmed. This combination of structural and chemical adaptability supports the
broader use of PULL-DV scaffolds as multifunctional extracellular-matrix-mimetic materials for the
regeneration of different tissues.
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