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"A. Problem Studied

"This contract work has been part of a longer range study aimed at
the development of greatly improved oxidation-reduction enzyme elec-
Lrodes. Such electrodes should have very significant applications in
analytical chemistry (i.e. in field use biosensors or in clinical lab-
oratory analyses) and in other areas where oxidation-reduction chemistry
is important. This contract work has been focused on flavin enzymes
since the flavin cofactor system is present in a large number of oxidation-
reduction enzymes and since the flavin cofactor presents some possibil-
ities for novel cofactor-electrode interactions not compatible with non-
flavin type cofactors. The key thrust of this contract work has been to
attach the flavin cofactor, rather than the apoprotein portion of the
enzyme, to a solid electrode surface ard to examine how the point or
method of attachment influences 1) the electrochemical activity of the
attached flavin, 2) the enzymatic activity of the attached flavin with
added apoenzyn~e, and 3) the rates of diffusion of substrates or media-tors through the immobilization matrix.

B. Major Accomplishments

The flavin cofactor for glucose oxidase, flavin adenine dinucle-

otide (FAD), was attached by adsorption to spectroscopic graphite. The
adsorbed material was electrochemically active (by cyclic and differential
pulse voltammetry measurements) and showed partial reconstitution of
enzyme activity upon addition of apoglucose oxidase. The mechanism of
this reconstitution needs to be explored further since the FAD appears
to remain adsorbed on the carbon surface. FAD was attached by covalent
means, through 1) the adenine amino group on FAD and 2) most probably
the ribityl OH group on FAD, to glassy carbon electrodes. Attachment at
either of these two functional groups led to electrochemical activity
but not enzymatic activity. These results were in keeping with the
concept that both the ribityl OH and adenine amino parts of FAD are
buried deep within the apoenzyme molecule and thus are not accessible to
the surface of the enzyme. Attachment at position 8 of the isoallo-
xazine ring system, however, has been shown to give electrochemical as
well as partial enzymatic activity so that the concept of covalent
attachment of FAD to the electrode surface definitely merits further
work (Note: the attachment at position 8 was done under NSF sponsorship
and is mentioned here only for comparison purposes). Recent work under
this ARO contract, whereby holo glucose oxidase (FAD complexed with
apoenzyme) was attached covalently to aminophenylboronic acid activated
glassy carbon, gave enhanced electron transfer as well as partial enzyma-
tic activity. One can surmise that the aminophenylboronic acid immobil-
ization occurred via complexation #ith the glucose oxidase carbohydrate
portion and that this led to a conformational change that better exposed
the FAD molecule to the electrode surface. The enhanced electron trans-
fer was an unexpected result that needs to be explored further as to
mechanism and useful applications. Measurement of diffusional resis-
tances, brought about by the immobilization matrixgwas undertaken using
rotating disc or rotating ring-disc electrodes; and a method was devel-
oped for the simultaneous determination of the diffusion coefficient and
partition coefficient of analytes within the immobilization matrix.



Methodologies also were explored for the measurement of electron transfer
. rate constants and for infrared determination of the structural chemistry

of the immobilized flavins.

The study of flavin electrodescontinues to hold considerable
promise for the development of more efficient oxidation-reduction enzyme
electrodes. This ARO contract work has defined several immobilization
"schemes and experimental methodologics that will be very useful in
obtaining an in-depth knowledge of how spatial orientation and electron
transfer mechanisms can relate to the development of improved enzyme
electrodes. A renewal contract application is forthcoming.
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