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Abstract:

Hydrogels from biopolymers have been attracting increasing interest in biomedicine, but the lack of structural
understanding hinders the development of new applications. Our work focuses on hydrogel scaffolds obtained from the
blend of tilapia (fish) gelatin and chitosan. The hydrogels are cross-linked by the microbial enzyme transglutaminase. Two
types of gelation will be studied: (a) Chemical gelation, enzymatic reaction (b)Physical-co-chemical gelation, enzymatic
reaction done in presence of the gelatin physical network. As hydrogel is more than the added properties of its components
and it also requires a particular set of mechanical properties, which are related to its structural organization at the
nanoscopic level, we propose to use SANS to achieve an understanding of the structure of the networks at the nano-scale
level, both after and during the gelation process. These experiments will give us precious insight into hydrogels architecture
and properties allowing us to better correlate bulk and nano-properties in order to allow a better fine tuning of the final
hydrogels.




I ntroduction

Hydrogels obtained from chemical or physical asstomm of macromolecules are an
important subject of materials science, due thelarapay of design possibilities available
and countless biomedical applications, for instamaseskin substitutes, adhesives, drug
delivery matrices. Biopolymers, inherently moretadifor biomedical applications than their
synthetic counterparts, have become a great fodumterest. Yet, due their natural
complexity, their properties are still poorly unskmod. The applicability of these hydrogels
for tissue engineering requires a specific set @perties. Amongst others, they should
mimic the properties of the extracellular matrieyhare supposed to replace, stimulating cell
adhesion, growth and contact, and allowing diffasib nutrients and metabolites. Previously
in our group, extensive studies were conducted gétatin!*! which provides some of those
desired properties, but not all. Blending gelatithwothers biopolymers offers the possibility
to explore synergistic effects and achieving thesinig properties. Chitosan fulfils some of
those requirements while adding other useful prggserFor those reasons, mixtures of tilapia
gelatin and chitosan were chosen as object of shisy. As commonly used chemical
crosslinkers are generally toxic, reactive and easily quenched, we employ the microbial

enzyme transglutaminase as cross-linkar.

However, the suitability of a hydrogel is more ththe added properties of its components
and it also requires a particular set of mecharpoaperties, which are related to its structural
organization at the nanoscopic level. Thus, a @oetrol of the hydrogels nanostructure is

required for its successful use.
Experiments and discussion

In this work, we investigated chitosan/tilapia figalatin gels cross-linked by the microbial
enzyme transglutaminase (mTGase). Gelatin itsedletgoes a thermally-reversible sol-gel
transition. This phenomenon allows us to condu@& #mzymatic cross-linking in two

different micro-environments. At temperatures abaedatin melting temperature, both
macromolecules are in the sol state. Instead, bgkdatin melting temperature, gelatin is in
the gel state while chitosan is likely to be diseerwithin the physical network. The physical
gelation is a faster process than chemical gelatiwms the cross-links will be formed in a

constrained environmeHt!



The SANS study covered both structural and kinefiwgestigations. The effects of
concentration of mTGase, gelation time and presefice gelatin’s physical network were

evaluated.

The power law and Lorentzian equatfchhas been used to describe scattering from cross-

linked gels in the dilute regime and provided goesllts for pure gelatin gef.
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The first term describes Porod scattering fromtelgs(exponent ) in the lowg range and
the second term characterizes the polymer chaihavieur detected in the higip+region.
The exponent n relates to the chain thermodynami@nd|;(0) are constants arfdis the
correlation length, which describe the size of #oattering centres. The analysis will be
focused on n ang. For this analysis, the important values of nfarea highly swollen chain

in a good solvent (chain with excluded volum®&1.66 and for randomly branched Gaussian

chains:n=2.28.

Both n and¢ values increase with time (Fig.1a) and enzyme eotmation (Fig.1b) above 10
U/ggelain Of €nzyme. At 40 U (highest concentration assaye®) obtained values ranging
from n = 1.6 for short times (30 min) to 2.4 (24 hounsd § changes from 75 to 300 A. This
suggests a change from free swollen chains tagtstrbranched chains, as one could expect
as the cross-linking progresses. After 24 hoursar® 30 U systems also reaGlof 300 A,
butn is limited by enzyme concentration, reaching valoaen=1.9 and 2.0 for 20 and 30 U,
respectively, suggesting a different extension mfss-linking as a function of enzyme
concentration. At the lowest concentration (10 J)s rather time insensitive, ranging
between 1.6 to 1.7. This suggests that at this esturation, the enzyme is not capable to
produce extensive cross-linkingranges from 56 (30 min.) to 100 A (24 hours) coniing

the limited effect of the enzyme.

For gelation conducted below gelatin’s gelation gemature,n showed little variation with
enzyme concentration: 1.6rx< 1.9 after 24 hours (Fig.1c = $tep).§ also was relatively
constant with values around 60 A. This shows thEtyalof the gelatin physical network to
constrict enzymatic cross-linking. Measuring theneasamples at 37°C (Fig.1c ﬂd%tep),
thus removing the physical network, no significenanges were observed fgrhoweverg
showed large increase, reaching values of hundoédsngstroms. This could mean an

agglutination of the scattering clusters, as theyre longer obstructed by gelatin’s physical



network. Lowering the temperature to 21°C allows tlegrowth of the physical network
(Fig.1c — & step).n values are still constant and thehows a small decrease but still within
100s of angstroms. It is worth mentioning that SANGattering patterns shows no
measurable differences between chitosan/gelatirsigdly gels and solutions. Thus, the

differences observed must come from changes inlmical network.

When comparing chitosan/gelatin gels with pure tgelgels across the different gels type
(Fig.1d), it was observed that chitosan/gelatinnaical gels show much larges while
physical-co-chemical gels values falls within similar range, reinforcing tpattern of the

physical networking restricting the cross-linkingpess.
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Fig. 1 — Neutron scattering patterns for enzymettiss-linked chitosan/gelatin hydrogels : [a] disrection of
time at 20 U mTGasedg.in [b] as a function of mTGase concentration afééh8urs of gelation; [c] in the
presence and absence of gelatin physical netwoyiCdrrelation length for chitosan/gelatin and ¢elgels for
different types of gels: PP=physical, PC=physiaakbemical and CC chemical gels.
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