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Polymer gels are formed by cross-linking polymers which forms a three-dimensional
network structure. Biopolymer gels like gelatin have high biocompatibility and thus been
utilized as daily necessities. Especially, biopolymer microgels prepared from an emulsion
polymerization attract attention since they respond to external moduli since their
surface-to-volume ratio is high.

Although the mechanical properties of the biopolymer microgels and their
Nano-structures, quite important to regulate their functions measured as bulk gels or
microgel suspensions. However, those of single microgels are still elusive. The effect of
surfactant membrane surrounding the biopolymer droplets expects to change their
structural transition upon gelation and accordingly their mechanical properties. Therefore,
we aimed to reveal the effect of surfactant membrane on biopolymer microgels prepared
inside microdroplets through the analysis of the viscoelastic properties and nanostructure.

For the mechanical analysis of single microgels, we developed a method using
micropipette aspiration [1]. This is because the conventional method using atomic force
microscopy (AFM) is inapplicable for measuring the viscoelastic properties of spherical
microgels in a solution, since the AFM uses indentation of the probe.

Thus, we found that the gelatin microgels smaller than 50 um in their radii have 10 times
higher elastic modulus than corresponding bulk gels [2]. We considered that the surfactant
membrane surrounding the gelatin droplets changed the nano-structural transition upon
gelation. When the nano-structure changed, the relationship between elasticity and
viscosity of the microgels should be different from those of bulk gels. Therefore, we
measured the relationship between storage modulus E’ reflecting elasticity and loss
modulus E” reflecting viscosity of microgel and compared with that of bulk gels. Then, we
found that microgel have lower E” than bulk gels which have the similar E’ value. It strongly
suggested that microgels and bulk gels have different nano-structure. To prove this, we
measured nano-structure of them by Circular Dichroism (CD). As a result, microgel had not
only triple helical structure but also 3-sheet structure. We compared the amount of 3-sheet
structure by using thioflavin-T (ThT) that generates fluorescence reflecting the B-sheet
structure. Then, smaller microgels had a higher intensity of ThT. We found that the
structure change occurred even without attachment to surrounding surfactant [3]. The
B-sheet structure formed at the surface is converted into a B-sheet together with other
molecules in the process of fibrosis, so that the B-sheet structure is generated in the entire
microgel.

These results are expected to contribute to control properties of micro sized gels or
measure not only polymer gel but biological material like tissues.

[1] M. Sato et al., J. Bio. Eng., 1988
[2] A. Sakai et al., ACS Cent. Sci., 2018
[3] A. Sakai et al., NWEH REOR G, 2019






