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SUMMARY Alloxan behaves as a substrate for NADH:ferricytochrome
b. oxidoreductase (EC 1.6.2.2). The apparent K_ for alloxan was

15 mM in liver microsomes and 20 mM with the egzyme prepared by

lysosomal digestion. The apparent K_ for NADH was the same with

microsomes and the isolated enzyme (30 uM). The maximum turnover

rate was calculated as 426 moles electrons/min x mole enzyme. Cyto-

chrome b5 was shown to reduce alloxan nonenzymatically.

Alloxan is a mild oxidizing agent (1). During reduction of
alloxan, a radical intermediate is formed that disappears by dis-
proportionation leading to alloxan and dialuric acid (2).

The chemical structure of alloxan is similar to that of dehydro-
ascorbic acid., The radical monodehydroascorbate is formed during
the reversible redox reaction between dehydroascorbate and ascor-
bate (3). Like the alloxan radical it disappears by disproportio-
nation (4,5). The proteins participating in the reduction of mono-
dehydroascorbate in liver microsomes are NADH:ferricytochrome b5
oxidoreductase (EC 1.6.2.2), ascorbate: ferricytochrome b5 oxido-
reductase (EC 1.10.2.1), NADH:monodehydroascorbate oxidoreductase
(EC 1.6.5.4), and cytochrome b5 (6). Because of the comproportio-
nating reaction, dehydroascorbate is reduced in the same way.

In view of similarities between alloxan and dehydroascorbic
acid, we investigated the reduction of alloxan by microsomal elec-

tron transport proteins.

MATERIALS AND METHODS

CHEMICALS: Dialuric acid was prepared according to the method of
Tipson (7). NADH (grade II) was obtained from Boehringer Mannheim
GmbH (FRG). All other chemicals were of p.a. grade.
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PREPARATION OF MICROSOMES AND MICROSOMAL PROTEINS: Microsomes were
prepared from fresh hog liver as described by Weber et al. (8).
Cytochrome b. and NADH:ferricytochrome b. oxidoreductase were iso-
lated from hgg liver microsomes with the aid of detergents accor-
ding to the methods of Spatz and Strittmatter (9,10). The enzyme
without the hydrophobic domain was prepared by lysosomal digestion
according to Takesue and Omura (11). Enriched ascorbate:ferricyto-
chrome b. oxidoreductase was obtained as described by Scherer and
Weis (12?. NADPH:cytochrome ¢ reductase (EC 1.6.2.4) was prepared

by tryptic digestion and purified by affinity chromatography accor-
ding to the methods of Omura and Takesue (13), and Yasukochi and
Masters (14), respectively.

LABORATORY METHODS: Solutigns of alloxan in 1 mM HCl were fresh-

ly prepared and stored at 0 C. The reaction between NADH and al-
loxan was followed in 0.1 M phosphate buffer, pH 6.5 by measuring
the decrease of A366 after mixing the protein with NADH (end con-
centration 75 uM) and alloxan (end concentration 25 mM). When eva-
luating enzyme activities (mU/mg protein or mU/3 ml) NADH oxidation
in the absence of protein was subtracted. Measurements of cytochrome
b. contents and cytochrome b. oxidation by alloxan were carried out
with an Aminco-Chance dual-wavelength spectrophotometer (American
Instruments Co., Silver Spring, Maryland, USA) at 409 and 424 nm.
The activities of the enzymes NADH:ferricytochrome b, oxidoreduc-
tase (measured as NADH:ferricyanide reductase), NADPB:cytochrome c
reductase, and NADH:monodehydroascorbate oxidoreductase were measured
according to Takesue and Omura (15), Masters et al. (16), and Lumper
et al. (17), respectively. All enzymatic measurements were carried
out at 257C. Protein content was determined according to the method
of Lowry et al. (18).

RESULTS AND DISCUSSION

Incubation of microsomes or lysosomal-extracted NADH:ferricyto-
chrome b5 oxidoreductase with alloxan and NADH results in a rapid
oxidation of NADH (Table 1). A mixture of only alloxan and NADH
gives some direct oxidation of the substance (19). The participa-
tion of protein thiols in the enzyme-catalyzed redox reaction is
shown by incubation with p-chloromercuribenzoate (Table 1). After
heat denaturation of the tested proteins, no enzymatic NADH oxidation
by alloxan was observed. When alloxan (25 mM) and NADH (75 uM) were
kept constant and the protein concentration was varied, the reaction
rate was proportional to the concentration of microsomes or NADH:
ferricytochrome b5 oxidoreductase prepared by lysosomal digestion.

Apparent Km values for alloxan and NADH and V values were cal-
culated from Lineweaver-Burk plots in the presence of microsomes
or lysosomal-extracted NADH:ferricytochrome b5 oxidoreductase (Fig.

1 and 2). Variation of the concentration of alloxan gave an apparent
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Table 1. NADH oxidation by alloxan in the presence of mi-
crosomes or isolated electron transfer proteins.

Enzymatic
Sample oxidation of NADH
[mU/3 ml}
microsomes 206.6 * 21,1
microsomes, 1 mM p-chloromercuribenzoate 0
NADH:ferricytochrome b5 oxidoreductase 64.4 ¥ 3.3
NADH: ferricytochrome b. oxidoreductase, 0
1 mM p-chloromercuribenzoate
NADH: ferricytochrome b5 oxidoreductase, 68.0 ¥ 6.6
cytochrome b5
cytochrome b5 o]
NADPH:cytochrome c reductase 0
ascorbate:ferricytochrome b. oxidoreductase o]

5

The assays of 3 ml 0.1 M phosphate buffer, pH 6.5 contained 1 mg
microsomal protein or corresponding activities or contents, re-
spectively, of lysosomal-extracted NADH:ferricytochrome b. oxido-
reductase (7.2 U), NADPH:cytochrome c¢ reductase (140.4 mU?, and
cytochrome b, (0.308 nmol). 0.1 ml of enriched ascorbate:ferri-
cytochrome b. oxidoreductase was tested. 1 min. after addition

of NADH (end concentration 75 uM), the reaction was started with
alloxan (end concentration 25 mM). The results are expressed as
mean ¥ s.d. of 4 different measurements.

Ko of 10 mM with microsomes and 20 mM
The apparent Km for NADH was the same
(30 uM). The reaction is inhibited by
100 uM (Fig. 2). The maximum turnover

calculated as 426 moles electrons/min

with the isolated reductase.
with microsomes and the enzyme
NADH concentrations higher than
number of the reductase was

X mole enzyme.

Maximum velocities of NADH oxidation by alloxan differ with

microsomes (246,2 mU/3 ml) and the isoclated enzyme (77,7 mU/3 ml).

Therefore we tested a participation of other microsomal electron

transport proteins in the reaction catalyzed by microsomes (Table 1).

Cytochrome b5 did not increase the reaction rate in the presence of

NADH: ferricytochrome b5 oxidoreductase. Alloxan did not behave as

a substrate for purified NADPH:cytochrome ¢ reductase or ascorbate:

ferricytochrome b5 oxidoreductase. We

prepared the native form of

NADH: ferricytochrome b5 oxidoreductase with the aid of detergents.

During the preparation, enrichment of
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Fig. 1. Lineweaver-Burk plot for calculation of apparent K
for alloxan in the presence of microsomes or lysosomal-ex-
tracted NADH:ferricytochrome b, oxidoreductase. The assays
contained in 3 ml 0.1 M phosphgte buffer, pH 6.5, 1 mg micro-
somal protein (®) or 8.8 U reductase (o). 1 min. after addi-
tion of NADH (end concentration 75 uM), the reaction was
started with alloxan. With microsomes a second blank (NADH
oxidation in the absence of alloxan) had to be subtracted.
The results are expressed as the mean of 5 different measure-
ments.

similar to that of NADH:ferricytochrome b5 oxidoreductase (measured
as NADH:ferricyanide reductase). However the activity of NADH:mono-
dehydroascorbate oxidoreductase did not increase (data not shown).
The results suggest that the reaction studied in microsomes is cata
lyzed exclusively by NADH:ferricytochrome b5 oxidoreductase.
Although cytochrome b5 does not increase enzymatic and nonen-
zymatic NADH oxidation by alloxan (Table 1), alloxan causes a rapid
and complete oxidation of the hemoprotein after exhaustion of re-
ducing equivalents. For testing a possible participation of NADH:
ferricytochrome b5 oxidoreductase in this reaction, cytochrome b5

was reduced enzymatically with NADH and nonenzymatically with so-
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Fig. 2. Lineweaver-Burk plot for calculation of apparent Ko
for NADH in the presence of microsomes or lysosomal-extracted
NADH: ferricytochrome b, oxidoreductase. The assays contained

in 3 ml 0.1 phosphate guffer, pH 6.5, 1 mg microsomal pro-

tein (®) or 8.8 U reductase (o). 1 min. after addition of NADH,
the reaction was started with alloxan (end concentration 25 mM).
The results are expressed as the mean of 4 different measure-
ments.

dium dithionite. After addition of alloxan, the velocity of cyto-
chrome b5 oxidation was the same in the presence or absence of the
reductase or the reductase inhibited by p-chloromercuribenzoate
(data not shown). These results show that alloxan oxidizes cyto-
chrome b5 nonenzymatically.

Cytochrome b5 oxidation by alloxan is biphasic in the presence
of NADH and NADH:ferricytochrome b5 oxidoreductase. The steady state
reduction level of the hemoprotein depends on the alloxan concentra-
tion (nonenzymatic cytochrome b5 oxidation) and the activity of the
reductase (enzymatic cytochrome b5 reduction with NADH). Complete

cytochrome b5 oxidation occurs after exhaustion of reducing equi-

valents.
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The participation of an alloxan radical in NADH- and cytochrome

b5 oxidation by alloxan could not be demonstrated by kinetic measure

ments. By means of the murexide reaction, we could detect the pre-

sence of unstable dialuric acid. Under the same conditions dialuric

acid causes a 15% reduction of the hemoprotein (unpublished results)

similar to ascorbic acid (6,20).
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