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Glutathione (y-L-glutamyl-L-
cysteinyl-glycine) (GSH) is the most
abundant non-protein thiol in
mammalian cells and it is involved in
many cellular functions, especiadly in
antioxidant cellular defense (1-3).

The flavoprotein glutathione
reductase (EC 1.6.4.2, NAD(P)H.:
glutathione oxidoreductase) catalyzes
the reduction of oxidized glutathione
(GSSG) by NADPH (4) accordingto:

GSSG + NADPH + H* =
2GSH + NADP* (1)

This enzyme, GR, is responsible for
regenerating GSH, which in turn reacts
with hydrogen peroxide produced
during superoxideion control (5).

Intheliteratureitisfound that GSSG
and GSH are determined by
spectrophotometric and chromato-
graphic methods (6-8). GR kinetic
parameters are only determined by
spectrophometric methods (9). These
methods require a large sampling
preparation prior to analysis as well as
compl ex reaction determination media.

Sinceglutathionereductase hasgreat
importance in toxicological studies of
human fluids, and spectrophotometric
and HPLC analysis require long
chemical sample preparations that
inactivate the enzyme or degrade the
substrate (electrochemical measure-
ments need less pre-treatment, if any),
electroanalytical detection is very
attractive for making such
measurements, evenin situ.

F1 shows the redox properties of
GSH/GSSG. The well-defined
polarographic waves correspond to
irreversible behavior (10-12) due to the
followingreactions:

Polarographic Determination of Ky, and Vijyax
of Glutathione Reductase

Michaelis Menten constant, K.y, and V5« for glutathione reductase determined by
DC polarography are presented as an alternative methodology to
spectrophotometric determinations. A micropolarographic cell is developed for the

purpose.
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The importance of the electrochemical
studiesof GSH and GRisclear fromthe
information presented above. In this
work we present the polarographic
determination of Ky and Vg for
glutathione reductase to illustrate the
electrochemical analysis of enzymesas
an alternative to the widespread
spectrophotometric determinations
(13). The information obtained can be
used in further experiments for
determining GSSG and GSH by
enzymatic-el ectrochemical methods.

Experimental Procedures

Apparatus

A micropolarographic cell (F2) was
built to minimize costs and residues.
The working electrode was the
dropping mercury electrode (DME) (t =
1s); the counter electrode was a C foil;
and Ag/AgCI(0.1M KCI) was used as
the reference electrode. DC
polarograms were performed with a
BAS CV-27 Voltammetry Controller
and an XYT recorder (Yokogawa
3025). Cell was maintained at constant
temperature(25°C).

Chemicals

Analytical grade oxidized
glutathione (GSSG), reduced and
oxidized adenine dinucleotide
phosphate (NADPH, NADP"), Tris-
hydroxymethyl-aminomethane (Tris,
buffer substance), and yeast (GR) (0.54

mg protein/mL and 190 U/mg) were
obtained from Sigma. GR was used in
the presence of 1 mM EDTA. Methyl-
red was used as a maximum suppressor
and potassium nitrateastheelectrolyte.

Methods

All polarograms were performed
from E; = 0.260V to E; = -1.240V, scan
rate = 5 mV/s, drop time = 1 s. Wet
nitrogen bubbling was used to eliminate
oxygenfromtheworking solutions.

F 3 showsthe polarograms @) 10 mM
TrispH = 8.0, KNO3 100 mM solution
corresponding to the electrolyte-buffer
solution employed (EBS), and b) 1.45
mM GSSGand2mM GSHinEBS. The
observed polarographic waves
correspond to reactions (2) and (3)
above.

The polarograms of 2mM NADP*
and 2mM NADPH in EBS were
obtained to determine NADP*/NADPH
interference. F4 shows the
corresponding polarograms. It is
observed that the NAD™ reduction wave
appears very close to that of the GSSG
reduction wave. NADPH is not
electroactive in EBS, so there is no
interferencewith GSH oxidation wave.

F5 showsthe de-evolution of theDC
polarograms of 2mM GSSG, 20 mM
NADPH in EBS, and 1 mM EDTA with
5uL of GR stock solution. They show
de-evolution of the GSH oxidation
wave due to enzymatic catalysis of
reaction (1). Production of GSH over a
wide range of times is determined.
Typical GSH evolutionis shown in F6.
Several concentrations of GSSG were
assayed under the same conditions.
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Results and Discussion

From the polarograms above it is clear
that GSH oxidation waves can be used
to determine the enzymatic activity
(EA) from the quantity of GSH
produced per minute per enzymatic unit
(UE). From the lj, and a suitable
calibration plot, the quantity of GSH
produced isobtained per timeand UE of
GR for each initial GSSG assayed. F7
shows EA as a function of enzymatic
catalysistime.

Four different data analyses were
performed to obtain Ky and Vo
values. T1 shows regression analysis
data obtained for each kinetic model
employed (14). Linear plots used to
calculate EA parameters are shown in
F8aswell.

DC polarography results presented
here are suitable, since the mercury
drop electrode is the most reproducible
electrode and is best to perform
guantitative measurements, regardless
of its toxicity. Modern polarographic
techniques that need less mercury, as
well as glassy carbon microdisc
electrodes, can be employed in further
experiments.

Conclusion

We report an average Ky for
glutathione reductase of 1.17 + 0.01
mM and Vg Of 2.3004 + 0.0099
pmol/min/EU at 25°C, pH =8.0and | =
0.1 determined by DC polarography.

The electroanalytical methodology
to characterize kinetically glutathione
reductaseisshown.

The K, value reported and obtained
by spectrophotometric methods is 0.7
mM at pH = 7.6 in a phosphate buffer.
Ourresultis1.17mM at pH=8.0inTris
buffer solution. We can see they are the
same order of magnitude, in spite of the
different pH and reaction mediaused.
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F1. Redox properties of reduced glutathione, GSH, and oxidized form. GSSG.
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F2. Micropolarographic cell, V=500 pL. 1) DME; 2) Reference electrode;
4) nitrogen inlet; 5) Hg® purge; 6) Hg® pool.

B

3) C° auxiliary electrode;

=T

5
L

H

F3. DC polarograms of @) Buffer Electrolyte Solution, BSE: 10 mM Tris pH = 8.0, KNOg 100 mM;
b) 1.45 mM GSSG and 2 mM GSH in EBS. Ej = 0.260V, Ef = -1.24V, scanrate=5mV/s, t=1s.
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F4. DC polarogram of 2 mM NADP* and 2 mM NADPH in EBS. E;j = 0.260V, Ef = -1.24V,

scanrate=5mV/s,t=1s.
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F5. Evolution of DC polarograms of 2 mM GSSG, 20 mM NADPH in EBSand 1 mM EDTA with
5L of GR stock solution. & 0 min; b) 26 min; and c) 30 min. of enzymatic action.
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F6. GSH production due to enzymatic activity, EA. Sampling time is indicated below polarograms.
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F7. Enzymatic activity, umol of GSSG/min/enzymatic units, determined for several concentrations
of initial GSSG.
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F8. Linear plots from data analysis for K, and V 5 of GR assayed at 25 °C, | = 0.1 and pH = 8.0.
1) Lineweaver-Burk, 2) Woolf-Augustinsson-Hofstee, 3) Hanes-Woolf and 4) Eadie-Scatcherd.
Results of K, and V ¢ for each model is indicated.
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T1. Kinetic parameters according to data analysis performed for K, and V .o« 0f GR assayed at
25°C, |1 =0.1and pH = 8.0.

M odel

Equation

r Km’ Vim

ax
(mM) pmol/min/EU

LineweaverBurk l Km 0 1 0.5886 0.4326 0.9998 1.18 2.31
v Vmax(S) Vmax (n=5)

Augustinsson-Hofstee v O0Km - OVmax -1.1597  2.2920 0.9?78 1.16 2.30
() (n=5)

Hanes-Woolf ) S  Km 04564  0.4689 0.9951 1.03 2.19
v Vmax Vmax (n=5)

Eadie-Scatchard Y oon 1 (V)DV"WX -0.8584 19727 09978 1.16 2.29
(S) Km Km (n=5)
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