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Electrode Reaction Mechanismg ‘

The normal asrobic reaction products of the amince acid - D amino acid
oxidase (DAQ) system imclude the pyruvic acid derivative of the amino acid, hydrogen
peroxide and ammonis. In addition, there are present im the reasction mixture the
substrate-onzyme complex and two forms of the reduced enzyme. It is importamt to
determine the degrece to which each of thgese specles partisipate in an electraede
reaction. )

Previcus veports hsve discussed the fact that addition of ammonia to the
sncde compartment of the electrochemical cell produced no effect on the cell curreant,
and it was concluded from this observation that ammonia i3 electrochemically imert
under conditions which exist in this cell., During the past month, study of the
poseible contribution of H202 to the electrode raaction was carried out by deter-
mining the effect of catalase upon cell currep;. This study inecluded first,
determination of the current attributable to diract 2stion of catalase, as that
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obtained when the anode compartment contained only catalase and buffer. It was

found tec be nil. Next, it was shown that cell curreat supported by an anelyte soi&»
) { tica containing HZOZ decayed vapidly upon the addition of cstalase. Finally, it

2 was shown that addition of O.0005M B,0, to the DAQ-D-tryptophane (D-T) system in

the electrochemical cell gave sbout a 5% increase in ¢ell current. When catalase
was present, howéver, no chengs eecurred fipoa asddition of 3202. It was further
found that addition of catalase to the DAO-DT system cauged -an increase in the '
magn;tuda and stability ratder than a decrease in cell turrent. Thesa obgervations
lead to the conclusion that oxidation of 3202 does not contribute aignificantly to
the electrode reaction in a bio cell based upon the DAD-DT system. '

A further series of experiments was carried out to exsmine the possible -
elactrochemical contribution of indole pyruvic acid (IPA) which {s the major product
of oxidatiom of tryptophane in the presence of DAQ. Por this purpose, & semi-
quantitative method of determining the formacion of IPA in the cell anode compartment
was developed. The method {nvolved spactrophotometric datermination at the wave-
length 306 ap {see following section). The results (Table I) showad a definite
correl&t{on between IPA concentration and cell current.
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Teble I
RELATION OF CURRENT IR RLECTROCHEMICAL CELL TO
IBDOLE PYRUVATE PORMED PROM D-TRYPTOPHAN RY ENZYMIC ACTION

IRA Atmogphese Current Densitiss
Qf % 103) (uA/t;m2 @ 200 mv)

0.10 nitrogen 7.0

0.1 nitrogan 10.0

0.25 air 18

0.72 air - 41

1.18 air 45

1.7 air 45

NOTE: Curvent demsities were generally higher under aftrogen
atmosphere €or a short time efter c¢losing circuit but
decayed rapidly to indicated values.

DPetermination of Indole Pyruviec Acid

A semi-quant{tative method has bemn daveloped for deterwiniag the amount
of indole~3-pyruvie acid (IPA} formed duri{ng the oxidation of D-tryptophsne (DeT)
by D-amino acid oxidase (DAO) in the electrochemical cell . This method is based
upon & gecond absorption pesk possessed by IPA at 306 mu. . Preliminary experi-
ments have shevn that under proper conditions, this peak can be used to deteét the
formation of smull quantities of IPA in th~ presence of other comstituents of the
call electrolyte.

The most important interferring backgrouwd absorpcibn derivas from
D-tryptophane. It wee found that st the concentration of this constituent (4 mg/l
or 0,02M) rormakly used in the cell, the éolutions were optically black {n the
rogion of interest. It was therefore necessary to work with somswhat reduced cone

sentrztivng, either My dilution of the sample juet before spectrophotometric analysis,

or by une of more dilute D-T solutions (0,005M) in the electrochemical cell. The
lattor procedure was found to bde more satisfactory and has been adopted.
Petermination of Y9 during oéeration of the cell involves tha periodie
reaoval of alectrolyte samples and reading their optical density at 306 mu ageinst
a raference solurfon of 0.037 M LT in buffe . No interference {s obtained from
the “vifer cr.tha Deamino acid, oxidese. The concentration of IPA s then known by



direct celibration with synthetic IPA (K apd K Chemical Co.). Calfbration curves

sve linear, with no indication of departure from Beer's law. The method {8 presently ]
suitabie for detection of IPA concentration as low as 0.0002M in 0.005M tryptophsne.
It should be possible to reduce this limit by further improvement in techknique.

Enzyme Attachment to Electrodes

Studies have been initiated on the electrochemical characteristics of
electrodes having films containing high concentration of enzymes confinad at the
electrede surface. TJo techniques were used. In one, the slectrode was enclosed

in a cellulose membrane sack. Enuyme concentration {nside tha sack was then varied
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from very high to the same as in bulk slectrolyte. In the other techniques the
electrode was costed with an sgar film {ncorporating the desired concentration of
enzywme.

Dats obtained to date ghow generally poorer performgnce by the coated
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alectrodes as compared to electrodes in a free solution. However, since in the

latter case, performance {s strongly dependent upon stirring the interpretation

of these observations 18 seriously impaired by the difficulty in establishing
comparable diffusional and convective tramsport in the vicinity of the electrode
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for the two situations. No very attractive way out of this difficulty has becoums
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appaerent as of this writ{ng. Howaver, study of the problem is continutng.

Chronopgienticnetric Studies
X
C4

Further work was carried out to improve the constaney of the {
in the ferrocyanide system. With the use of a modified slectrode the reproducie

valuas

biliey of the t?ﬁ values over a wide range of currents comparad fgvorably with those
reported by Reilley and co-workers.

The electrode consisted of a amooth platinum disc (approximately X inch
in diameter) which was sealed to an end of a soft glass tubing. Eleectrical comtact
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was mede by means of & nickel wire waelded to the platinum disc. This electrode was
inserted in 8 larger diameter glasas tubing which served as a mantle. Tha mantle
extended approximately one inch below the gurface of the solution in the cell.

With the performance of the apparatus and the electrode satisfactorily
4 estsbli{shed the chronopotentiometric techniquse was applied to tha Detryptophane=
D-amino acid oxidase system becsuse this system was found to exhibit tha greatest
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bio-~electrochemical activity in previous polarization s.udies. Anodic chronce
potentiometric studies wers carried out with "oxidized"”, "reduced' and "clean"
eglectrodes in unatirred and stirred solutions. When measuremeats were made in
unstirred solution the electrode was withdrawn approximately % inch frow the end

of the'glass mantle; in stirrved solution the electrode was extended slightly beyond
the end of the mantel. The solution was de-aerated prior to an experimentul run
and blanketed during the run with prepurified nitrogen. The temperatuie of the
cell was maintained at 38°C.

"Oxidizad" slectrode refers ;o an electrode which was brought chrono-
potentiometrically to the potential of oxygen evolution. "Reduced" electrode refers
to an oxidized electrode that was reduced chronopotentiometrically to the poteatial
of hydrogen evolution. "Clean" electrode refers to an electrode which was treated
in the following way: anodized and cathodized in concentrated nitric acid, catho-
dized in 32604 (pH¥0), rinsed with distilled water, wiped dry, placed in the sample
solution and reduced chronopotentiometrically to a potential of hydrogen evolution.
The electrode was subjected to one or the other of these pretreatment procedures
prior to the taking of each potentiogram.

In an unstirred solution of 5x10'3M tryptophan in sulfuric acid {pu%0),
the potential-time curve indicated that oxidation of tryptophan does occur ;t the
"clean" electrode; nevertheless, the chronopotentiogram was not sufficiently
defined for quantitative determination of tha transition time. Chronopotentiometric
determinations in stirred solution gave well defined potential-time curves on the
'clean’ electrode. The tt% rglues were substantially constant (standard deviation
of +5%) for currents ranging from 100 to 500 pa. This constancy of the i?k value
geems to indicate that the oxidation reaction {8 diffusional controlled in the
stirred solution and that stirring merely increases the thickness of the diffusion
layer. Since no significant oxidation was observed on electmodes successively
subjected to the 'reduced" treatment it is deduced that adsorbed oxidation products
1nhibic the oxidation of tryptophan.

Because it has been postulated in tha previaus reports that indole~3«pyruvie
acid may be the electrochemically active gspecie in the tryptophan oxidation, the
-anidatfon behavior of this compound (5x10*3x) wags examined chronopotentiometrically
in O.1M sodium pyrophosphate buffer solution of pH 8.3, using a "clean" electrode.
Aléhough the chronopotentiograms obtailked to date were not defined well enough for °
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quantstative determination of the transition time, some pertinent features were -
revealed. In sp unstirred solution the potentiasl-time curve shosed an oxidation
wave at 0.6V vs SCE. However, in & stirred solution, theoxidation wave occurrad
1t 0.1V vs SCE. The wave obtained at the lower pntential ié likely to be due to
the oxidation of an impurity which {8 present in concentration toc small to be
detected chronopotentiometrrically in the unstirred solutiou.

Anodic chrenopotentiograms of gtirred and unstirred solution of 5x10.3M

tryptophan in 0.1M Na480 buffer soluticn were gasaentially identical. Anson and

Schultz reported on the inéa:ion of oxalic acid at the platinum electrode that
the transition time for the oxulic acic oxidstion was i{ndependent of stirring in
buffered solutior. sbove pH 3. They were able to account for this behsvior on the
basis of an oxalic acid adsorption mechanism and on .the fact that extensive oxida-
tion of platinum occurs at pH-values above 3. It is plausible that an adsorption
mechanism is alsoc involved in the oxidation of try»tephan. Addition of 1 ml of
D-aﬁino acid oxidase to 25 ml of 5x10°3M tryptophen solutior: produced no signifi-
cant difference in thepotential~time curves from thiose obtazined in the absence of
D-amino acid oxidase. Furzhermore, the addition of 1 ml (1 mg/ml) of indole-3-
pyruvic scid solutiem vo the 25 ml of solutifon mentioned above produced no
detectable change in the potential-time curve.

In the followiug séries of experiments, the influence of enzyme or of
tryptophan on the oxidation oi 5x16°3M ferrocyanide in 0.1?KN03 was iavestigated.
The addition of 2 ml. of en<yme t) 25 ml of ferrocyanide solution decreased the
transition timer for the ¢xidation of ferrocyanide at the '"clean" electrode
(12.5 seconds as compared to 14.0 seconds). Similar effscts were observed on a
“reduced" elactrode, provided the pote.tial of the elactrede was kept below 0.5V
ve SCE in the oxidution cycle of the previous run. In the case of tryptophan, a
Sx10'3M tryptophan in ferrocyanide sulution had no effect om the oxidation of
faerrocysnide ifon et the “clean" elsctrode. However, an electrode which was brought
to a potential of 1.2V vs SCE and subsequently reduced would not oxidize ferro~
cyanide ion. As long:8s the potential of the electrode was kept below 0.9V, this
elcctrode on subsequent reductiov weuld cxidize ferrocyanide ions. From these
resultr it is tentativaely concluded that the oxidation prodict of tryptophan is
adscrbed on the elaectrode .urface and inhibits the oxidation of fexrocyanida.
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Plan for Next Period

1. Work will be continued on enzyme and organism attachment to the
electrode with emphasis on effects ralated to alteration of diffusional and con-
vective transyott in the vicinity of the electroda.

2. The ursa-urease system'will bae investigated, both in free solutions
snd with attachment to the elsatrode.

3. identification  of IPA oxidation pruducts in the electrochem.cal
cell reactions will be attemptad.> .

4. Further work wi{ll be done on establishing the stoichi-metry of the
current production and the substrate utilization.

5. Chronopotentiometric studies will be continued along present line,
Emphasis will be placed on attempts to obtain quantitative data. )

6. The usefulness of a wax-impregnated carbon electrode will be evaluated
for these studies, since the platinum electrode 18 known to be oxidized extensively
in gsolutiens above pH 3.



