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BIOSENSORS/CARBON NANOTUBES/IMMOBILIZATION/AMPEROMETRIC

DETECTION/ENZYME ACTIVITY/CATALYTIC MECHANISM

This thesis approached advancements in the architecture of amperometric
glucose biosensors with utilization of bare carbon nanotube (CNT) sensor deposits as a
nanoporous immobilization matrix for glucose oxidase (GOx). A simple drop & dry
procedure as used to create the dense and well-adhering conductive network of CNT
nanowires on platinum (Pt) or gold (Au) disk electrodes. Fresh CNT surface films were
then loaded in a subsequent drop & dry step with GOXx as the biocatalytic unit. In a final
step, an electrodeposition paint (EDP) was cathodically deposited as a biosensor top
coat to prevent diffusional GOx loss during the desired long-term measurements and
related prolonged measuring buffer exposure. CNT/GOX/EDP glucose biosensors have
been tested and calibrated via common amperometry testing. The key performance
characteristics of the generated biosensors were a literature-competitive glucose
response linearity up to about 40 mM, a detection limit down to about 50 pM, and over
100 hours of stable glucose signaling during continuous operation in an electrochemical
flow cell, which is a remarkable CNT/GOx biolayer durability. The pronounced signal
stability evidenced both the ability of the EDP glaze to block protein molecule escape

from the trapping CNT matrix and decent CNT sponge biocompatibility.
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Also established was a non-optical amperometric assay for the monitoring of j-
N-acetylglucosaminidase action on a (4-MU)-labeled substrate. Here, advantage was
taken of the redox activity of 4-MU, which creates electrochemical signals that can be
detected on properly-charged noble metal or carbon working electrodes. Anodic 4-MU
amperometry was operated in a reacti_on container in which enzyme and 4-MU-labeled
substrate were brought together, while keeping a boron-doped diamond disk electrode
at the 4-MU detection potential of + 700 mV vs. reference. In “real time” current
recordings 4-MU liberation due to enzymatic substrate cleavage in the reaction buffer
was visualized as a gradually increasing current signal and data from variations of
substrate buffer levels made possible the construction of Michaelis Menten-type of

enzyme activity plots.

Finally, the catalytic mechanism of the reaction of f-N-acetylglucosaminidase
from Vibrio harveyi with 4-methylumbelliferyl-f-N-acetyl-D-glucosaminide was
inspected with a fluorimetric biochemical assay, executed in the stop-flow mode for
fast kinetic data assessment of the enzymatic substrate hydrolysis reaction and related
liberation of the fluorescent product 4-methylumbelliferone. From the result at pre-
steady state kinetics found two-step process was revealed for the biocatalysis, first
enzyme-substrate binding and second the bond break between 4-methylumbelliferyl
and N-acetyl-f-D-glucosaminide with K; (dissociate constant) is 99 uM, keps i
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