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Deinococcus radiophilus, an UV resistant bacterium seemed to contain three isoenzymes of catalase.
Among them, the smallest and most abundant species in cell-free extract, catalase-3, which also
exhibited peroxidase activity was purified to electrophoretic homogeneity (145-fold purification)
by chromatographic procedures. Its molecular weight was 155 kDa composed of four 38 kDa sub-
units. The K,, value of catalase-3 for H;0, was approximately (.5 mM. This enzyme showed a
typical ferric heme spectrum with maximum absorption at 405 nm. Upon binding to cyanide, the
405 nm peak shifted to 420 nm. Catalase-3 was very sensitive to inhibitors of heme proteins,
such as cyanide, azide and hydroxylamine. A ratio of Asus/Aze was 0.5. Catalase-3 was active
over a wide range of pH, between pH 7 and 10. The enzyme was rather heat-labile and partially
sensitive to ethanol-chloroform treatment, but resistant to 3-amino-1,2,4-triazole. Catalase-3 of D.
radiophilus, which is a bifunctional catalatic-peroxidatic enzyme seemed to share certain molecular
properties with the typical catalase and the catalase-peroxidase along with its own unique features.
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The reactive oxygen species such as peroxide, super-
oxide anions, hydroxyl and hydroperoxyl radicals produ-
ced during aerobic respiration and UV irradiation, could
modify the essential cellular components of lipids, pro-
teins and nucleic acid and cause a great damage to cells
leading to a hazardous state. However, the primary pro-
tection of cells from the reactive intermediates are
achieved by the scavenger enzymes such as catalase,
peroxidase and superoxide dismutase and a number of
antioxidants, such as glutathione (4). The secondary pro-
tection includes correction of the modified components
to the normal states by various repairing enzymes (7).

Catalases ubiquitously occurred in all aerobic orgam-
sms including animals, plants and microbes, destroy hy-
drogen peroxide to oxygen and water, whereas peroxi-
dase removes hydrogen peroxide by consuming it in
oxidation of a variety of organic compounds. Catalases
of eucaryotic as well as procaryotic cells have been ex-
tensively studied.

Genus Deinococcus, naturally occurring obligately aero-
bic, Gram-positive coccus is known to be highly resistant
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to UV and ionizing radiation (16). Although interests on
its radioresist:nce were paid with respect to DNA repai-
ring system (9), roles of scavenging enzymes of the reac-
tive oxygen intermediates were poorly understood. As
the steps to investigation on scavengers of the reactive
oxygen species in the UV resistant bacteria continued,
we studied biochemical and physical properties of puri-
fied catalase-3. which is the most abundant in the crude
cell-free extra:t and the smallest among three isocatala-
ses of D. radiophilus.

Materials and Methods

Chemicals, enzyme and bacterial culture

General chemicals including hydrogen peroxide,
DEAE-cellulose, phenyl-Sepharose CL-4B, diaminobenzi-
dine and horseradish peroxidase were purchased from
Sigma Chem Co. Trypton, yeast extract and agar were
obtained from Difco Laboratories. The purchased Deino-
coccus radiophilus ATCC 27603 was cultured in TYGM
medium (1% trypton, 0.5% yeast extract, 0.2% glucose
and 0.2% L-methionine) at 30C for 3 days with moderate
aeration of 160 rpm.
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Activity assay of catalase

Catalase (hydrogen peroxide : hydrogen peroxide oxi-
doreductase, EC 1.11.1.6) activity was measured by mo-
nitoring the decrease in absorbance at 240 nm due to
decomposition of HO» in 50 mM potassium phosphate
buffer pH 7.0 at 25C (1). One unit of enzyme activity
was defined as the amount of enzyme decomposing one
pmol of H:0, (6=436 M lem™Y) under the standard
assay condition. Activity staining of catalase was perfor-
med on polyacrylamide gel using horseradish peroxidase
and diaminobenzidine as an electron donor by as descri-
bed by Clare et al. (6). The peroxidase activity staining
was conducted in the same way without horseradish pe-
roxidase. Protein was quantitated by Lowry method (14)
or during chromatographic procedures by monitoring ab-
sorbance at 280 nm.

Purification of catalase-3

Crude lysate in 50 mM potassium phosphate buffer,
pH 7.0 was prepared with bacterial pellet obtained from
3-liter cuiture in TYGM medium by ultrasonification, fol-
lowed by centrifugation. The lysate was subjected to am-
monium sulfate fractionation (30~65% saturation). The
most abundant and smallest catalase among three isozy-
mes, catalase-3 was purified to electrophoretic homoge-
neity by successive chromatography of DEAE-cellulose,
phenyl-Sepharose CL-4B followed by gel filtration of Se-
phadex G-200 and hydroxyapatite column chromatogra-
phy from the dialysed preparation of ammonium sulfate
fraction (12).

Polyacrylamide gel electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) was performed with 80% gel by the
Laemmli method (11). Nondenatured polyacrylamide gel
electrophoresis was carried out on 8.0% gel slabs in 25
mM Tris-glycine buffer, pH 88 (2).

Molecular weight determination of catalase-3

The molecular weight of the purified catalase-3 was
determined by gel filtration of Sephadex G-200 in 50
mM potassium phosphate buffer, pH 7.0 (17).

Kinetics of D. radiophilus catalase-3

Substrate affinity (K., value), optimal pH and tempera-
ture for enzyme activity, thermostability, pH stability and
effects of inhibitors were investigated as described by
Price and Stevens (17).

Spectral analysis of catalase-3
The absorption spectrum of the purified catalase-3 in
10 mM Hepes buffer, pH 7.0, was measured between
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260 nm and 700 nm.
Results and Discussion

Catalase is ubiquitous in all aerobic organisms. There
are two types of catalases; typical monofunctional cata-
lase and bifunctional catalase-peroxidase, although, an
occurrence of an atypical catalase was reported in a few
procaryotes (8). Animal cells predominantly possess the
typical catalase whereas plant and microorganims own
either types or both. The properties of monofunctional
typical catalase differs from those of the bifunctional ca-
talase. The typical catalase shows broad pH optima in
a range of 4-19) and is thermostable, and is insensitive
to organic solvents, but sensitive to 3-amino 1,24 triazole
(AZT) treatment. However, the bifunctional catalase
shows narrow pH optima, near neutral pH 6-8 and is
heat-labile, and is sensitive to organic solvents and inse-
nsitive to AZT (5, 10, 18, 19). The K,, values of the typical
catalases are reported one order magnitude higher than
those of the bifunctional catalases (5, 10, 18, 19).

Cell-free extract of D. radiophilus ATCC 27603 revea-
led three forms of catalase with different electrophoretic
mobility (Fig. 1). Two of them, catalase-2 and catalase-
3, turned out to be bifunctional catalase-peroxidase. The
occurrence of multiple bifunctional catalase in one orga-
nism is rarely reported (13). The smallest and most
abundant species designated catalase-3 was purified to

-
peroxidase

Fig. 1. Activity staining of catalase and peroxidase of the cell-free
extract prepared frem D. radiophilus. Cell-free extract prepared by
ultrasonication was resolved on 8.0% polyacrylamide gel by electro-
phoresis. Bands of peroxidase (lane 1) and catalase (lane 2) were
visualized by activity staining.
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Table 1. Purification of D. radiophilus catalase-3.
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Purification step Total protein

Total activity

Specific acivity Purification Activity recovery

(mg) (9)] (U/mg; (fold) (%)
Crude extract 3,380 576,100 170 1 100
(NH,),S0; precipitation (30~65%) 227 495400 2,200 13 86
DEAE-cellulose 82 275,000 3400 20 48
Phenyl-Sepharose CL-4B 134 135,400 10,100 59 24
Sephadex G-200 45 75,600 16,800 99 13
Hydroxyapatite 1.1 27,100 24,600 145 4.7
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Fig. 2. The purified D. radiophilus catalase-3 from hydroxyapatite
column chromatography. Electrophoresis was performed on nonde-
naturing 8.0% polyacrylamide gel. Bands of catalase (lane 1) and
peroxidase (lane 2) were visualized by activity staining.

electrophoretic homogeneity by chromatographic proce-
dures (Table 1, Fig. 2). The molecular weight of D. ra-
diophilus catalase-3 was 155 kDa composed of four 38
kDa subunit of an equal size (Fig. 3, Fig. 4). This cata-
lase-3 was much smaller compared with catalase-peroxi-
dase from those of either E. coli (5), Rhodopseudomonas
capsulata (10), Bacillus spp. (19) or Halobacterium halo-
brum (3), but similar to 160 kDa catalase of Mycobacte-
rium tuberculosis (20). The apparent K,, of catalase-3 for
hydrogen peroxide was 0.5 mM. Therefore one may as-
sume that D. radiophilus catalase-3 scavenges efficiently
hydrogen peroxide relative to other procaryotic catalases,
for examples, E. coli HPI (39 mM) (5), R. capsulata cata-
lase (4.2 mM) (10) and Streptomyces cvaneus (2.07 mM)
(15). The Deinococcal catalase-3 seems to be highly sen-
sitive to cyanide, azide and hydroxylamine, and their
concentrations of 50% inhibition were 8.1 X107° M, 29X
1077 M and 2.7X10°7 M, respectively, which were simi-
lar to those of a typical catalase of Baker’s yeast (19).
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Fig. 3. Determination of molecular weight of the purified D. radio-
philus catalase-3 by gel filtration on Sephadex G-200 column. The
standard size markers are as follows: 1 (e-amylase, 200,000, 2 (al-
cohol dehydrogenase, 150,000), 3 (albumin, 66,000), 4 (carbonic an-
hvdrase, 29,000) and 5 (cytochrome ¢, 12400).
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Fig. 4. SDS-polyacrylamide gel electrophoresis of the purified D).
radiophilus catalase-3. Electrophoresis was performed on 8.0% poly-
acrylamide gel con:anining 0.2% SDS with the size markers, 1 (8-
galactosidase, 116,40), 2 (fructose-6-phosphate kinase. 85,200). 3 (al-
dolase, 39,200) and 4 (trvpsin inhibitor. 20,100).
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Fig. 5. Absorption spectrum of D, radiophilus catalase-3. The puri-
fied enzyme (1.1 mg/ml) was dissolved in 10 mM Hepes buffer,
pH. 7.0. Scanning was performed from 350 to 700 nm with/without
10 mM NaCN ( — without NaCN,---- with NaCN). a: absorbance

scale 0.0~06, b: absorbance scale 0.0~0.1 for detail of spectrum
between 450 and 700 nm.

Interestingly, these values are much lower than those
of procaryotic catalase-peroxidase, for example, values
of R apsudata catalase-peroxidase reported are, 22X 10"
M, 1.5X10 * M and 22X10 % M, respectively (10). The
Deinococcal catalase-3 was active at broad range of alka-
line pH 7~10, (optimum pH 9~10), whereas catalase-
peroxidases from other procaryotic sources show a sharp
pH dependency around pH 6~8. The catalase-3 activity
was maintained 80% at 5 mM AZT. Eighty% and 40%
of inactivation of catalase-3 activity were occured at 45
min incubation at 50C and by treatment of ethanol/chlo-
roform, respectively, thus it was thermolabile and partia-
lly sensitive to organic solvents.

The Deinococcal catalase-3 showed maximum absorp-
tion at 405 nm and shoulders at 501, 535, 556 and 629
nm. Treatment of the enzyme with NaCN caused a shift
of 405 nm peak to 420 nm with the abolishment of the
501 and 535 nm shoulders along with the appearance
of 548 nm peak (Fig. 5). It suggested that the prosthetic
group of the catalase-3 is protoporphyrin IX with ferric
heme like other catalases. The catalase-3 has relatively
low Ay/Azg ratio of 0.5 like other procaryotic bifunctio-
nal calatases (0.55 for E. coli PHI and 04 for R. capsu-
lata) (5, 10 in contrast to the ratio of the typical catalase,
0.93 for Baker's yeast (19).

Thus, catalase-3 of Deinococcus radiophilus, which is
a bifunctional catalatic-peroxidatic enzyme seems to
share certain molecular properties with the typical cata-
lase and the catalase-peroxidase along with its own uni-
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que features.

The abundancy of catalase-3 and its low K, value for
H,0, suggested that efficient scavenging system of H.Q,
is under operation in Deinococcus radiophilus. A correla-
tion between the UV resistance of D). radiophilus and
the efficient removal of toxic oxidants by catalase-3 can
be speculated, but further studies are required to de-
monstrate relations of antioxidants enzyme system to
the unusual UV resistance of the genus Deinococcus.
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