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ABSTRACT

In this thesis, stable silk fibroin membranes were prepared by modification of
silk fibroin solution derived from silk (Bombyx mori) waste with a low molecular weight
crosslinking agent, polyethylene glycol diglycidyl ether (PEGDE) in order to improve
silk fibroin membrane properties in applying for fabrication of an amperometric glucose
biosensor.

The preparation of the modified-silk-fibroin membrane was carried out by
adding PEGDE into the silk fibroin solution to give PEGDE at the concentrations of
2-10% v/v. Then the solutions were left at 60°C in polystyrene trays until the
membranes were obtained. The resulting membranes exhibited a translucent appearance.

The membranes surfaces were studied by atomic force microscopy and found that their



Vi

roughness increased as the PEGDE concentration increased. The cross-sectional
membranes surfaces were then studied by scanning electron microscopy which found
that the membrane of silk fibroin modified with 4% PEGDE resulted in a higher porosity
than other concentrations. Secondary protein structure of the membranes, characterized
by fourier transform infrared spectroscopy, showed the predominantly 3-sheet structure
inside the modified-silk-fibroin membranes. A study of membrane water solubility by
ultraviolet-visible spectroscopy demonstrated that the modified-silk-fibroin membranes
with the PEGDE higher than 4% were largely insoluble within the pH range of 4-10.
Whereas, water absorbability of the membranes increased as the amounts of PEGDE
increased up to 4%. Form the evaluation of mechanical properties of the modified-silk-
fibroin membranes, it was found that the modification of silk fibroin solution with
PEGDE could improve pliability and tenacity of the modified-silk-fibroin membranes.

An amperometric glucose biosensor was constructed by attaching the glucose
oxidase immobilized membranes, of which the fibroin was modified under different
conditions, onto a Prussian Blue film deposited on an Au electrode. The electrochemical
cell system used comprised of the glucose oxidase electrode as a working electrode
coupled with the AQ/AgCI reference electrode and Pt wire as an auxiliary
electrode. The response characteristics of the biosensors under optimal condition in
phosphate buffer media were studied and found that the optimal conditions for glucose
determination with highest sensitivity and without interfering effect were at pH 7.0,
-100 mV, and 40 °C. The biosensor based on the modified-silk-fibroin membrane with
4% PEGDE showed the highest performance compared to others by giving a response
within 3s and exhibiting a linear response to glucose concentration in range of

0.2-1.4 mM with a detection limit of 102 mM. The study of kinetic behavior of the



vii
electrode demonstrated the calculated apparent Michaelis-Menten constant and the
maximum current response were found to be 3.51 mM and 4.31 pA, respectively.

Moreover, the fabricated electrode also exhibited good reproducibility and retained

74% of its initial sensitivity after 2 weeks of soaking in phosphate buffer at 4°C.
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