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ABSTRACT 

Polysaccharide-based membranes with excellent mechanical properties are highly desired. However, severe 
mechanical deterioration under wet conditions limits their biomedical applications. Here, inspired by the 
structural heterogeneity of strong yet hydrated biological materials, we propose a strategy based on 
heterogeneous crosslink-and-hydration (HCH) of a molecule/nano dual-scale network to fabricate 
polysaccharide-based nanocomposites with robust wet mechanical properties. The heterogeneity lies in that 
the crosslink-and-hydration occurs in the molecule-network while the stress-bearing nanofiber-network 
remains unaffected. As one demonstration, a membrane assembled by bacterial cellulose nanofiber-network 
and Ca2 + -crosslinked and hydrated sodium alginate molecule-network is designed. Studies show that the 
crosslinked-and-hydrated molecule-network restricts water invasion and boosts stress transfer of the 
nanofiber-network by serving as interfibrous bridge. Overall, the molecule-network makes the membrane 
hydrated and flexible; the nanofiber-network as stress-bearing component provides strength and toughness. 
The HCH dual-scale network featuring a cooperative effect stimulates the design of advanced biomaterials 
applied under wet conditions such as guided bone regeneration membranes. 
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animal-derived membranes may cause risks of im- 
mune rejection in vivo due to incomplete decellu- 
larization [16 ,18 ]. In recent years, many polysac- 
charides (such as cellulose, sodium alginate (SA), 
chitosan (CS), and chitin) have attracted increasing 
attention in the fabrication of new-style biomedi- 
cal membranes due to their excellent biocompati- 
bilit y, non-toxicit y, bioactivit y, and biodegradability 
[19 –22 ]. For instance, SA and CS, two common nat- 
ural polysaccharides derived from algae and crus- 
tacean shells, respectively, have been extensively uti- 
lized for tissue engineering and wound dressings, 
yet their mechanical properties are less satisfactory 
[21 ,23 –30 ]. 

To expand the applications of these 
polysaccharide-based membranes, nanofil lers 
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NTRODUCTION 

ith increasing demand for the repair of tissue
efects in the clinic, various biomaterials have
een developed to provide specific biological func-
ions [1 –6 ]. Among them, membrane materials are
articularly important for in vivo treatment, e.g.
ydrogel membranes for the repair of damaged ten-
ons [7 ,8 ], antiadhesion membranes for the pre-
ention of postoperative tissue adhesion [7 ,9 ,10 ], as
ell as barrier membranes for guided bone regen-
ration (GBR) [11 –13 ]. Currently, clinically used
iomedical membranes are mainly derived from an-
mal acellular tissues (such as small intestinal sub-
ucosa and porcine dermis) [14 –16 ] and colla-
en products like Bio-Gide membrane (the current

old standard in the clinic for GBR) [17 ]. However, 
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