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Multiplicity of catalase activity has been observed in
crude homogenates from the tissue and cell lines of
mouse liver by ethanol/Triton X-100/heat treatment.
The five enzymatically active catalase bands were des-
ignated as CAT1, CAT2, CAT3, CAT4, and CAT5 with
a nondenatured molecular mass of 270kDa, 258kDa,
229kDa, 210kDa, or 197kDa, respectively. Cultured
mouse liver cell lines, mouse liver tissue homogenate,
and pure mouse liver catalase showed only one cata-
lase band (CAT1) after ethanol/Triton X-100 treatment
at 4°C for 72 hr. The same treatment but incubated at
37°C for 72 hr yielded three bands (CAT2, CAT4,
CATS5) in normal cell line, only one band (CATS5) in
MNNG-transformed and SV40-transformed cells,
two bands (CAT1, CAT4) in mouse liver tissue
homogenates, and two bands (CAT1, CAT3) in pure
mouse liver catalase. These five catalase bands were
further biochemically characterized. The CAT1, CAT2,
and CATS3 are sensitive to heat (68°C, 1 min), while
CAT4 and CATS are rather heat resistant. The sensitiv-
ity to catalase inhibitors, such as aminotriazole, azide,
or cyanide varies among the isoforms. Protease
inhibitors could prevent the formation of CAT3 and
CAT4, but not CAT5. Treatment with protease, how-
ever, removed all forms of catalase except CAT5. We
conclude from this study that the appearance of differ-
ent catalase bands is likely due to epigenetic modifica-
tion of the protein, particularly proteolysis. The
lowered catalase activity in transformed cells might
also be attributable to the loss of two catalase isoforms.
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INTRODUCTION

Catalase (EC 1.11.1.6) is one of the primary
antioxidant enzymes which decomposes H,O, to
form H,O and O,. Along with other antioxidant
enzymes such as superoxide dismutase and glu-
tathione peroxidase, catalase plays an important
role in preventing cellular toxicity induced by
reactive oxygen species. In the past two decades,
the relationship between catalase and cancer has
been the subject of numerous studies. Generally,
catalase activity has been found to be low in
tumor cells of both human and rodent origins
(for review, see ref. 1). Low catalase levels in
transformed and tumor cells may lead to the
accumulation of H,0,? which is known to be
mutagenicl®! and carcinogenic.*?! Using mouse
liver cell as a model, we found that catalase activ-
ity was remarkably decreased after immortaliza-
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tion and cellular transformation.”! This lowered
activity was due to a decreased amount of
immunoreactive catalase protein which results
from the transcriptional down regulation of the
catalase gene. The involvement of the gene
methylation was implicated in this transcrip-
tional depression.!”*!

Heterogeneity of catalase has been reported in
bacterial cells,®') mammalian cells,'''7) and
also involved in human diseases.'®2!! Since cata-
lase heterogeneity is largely due to multiple
types of epigenetic modification,”! we won-
dered whether the lowered catalase activity in
transformed cells could also be in part attribut-
able to altered post-translational modifications,
in addition to transcriptional depression of the
gene® We report here the finding of five enzy-
matically active catalase forms in mouse liver
tissue and cell lines after ethanol/Triton X-
100/heat treatment. The loss of several of these
isoforms in transformed cells may also contribute
to their lowered activities.

MATERIALS AND METHODS

Chemicals. Mouse liver catalase, human erythro-
cyte glutathione peroxidase, soybean trypsin
inhibitor, phenylmethylsulfonyl fluoride (PMSF),
leupeptin, pronase E, neuraminidase, bovine
serum albumin, 3-amino-1,2,4-triazole (AT),
sodium azide, bovine milk a-lactalbumin, bovine
erythrocyte carbonic anhydrase, chicken egg albu-
min, bovine serum albumins and jack bean urease
were purchased from Sigma (St. Louis, MO).
Sodium cyanide, hydrogen peroxide, potassium
ferricyanide, ferric chloride and phenol reagent
solution were products of Fisher Scientific Co.
Triton X-100 was from Mallinckrodt, Inc.

Cell Culture and Sample Treatment, BNL CL.2
(liver embryonic cells), BNL ING A.2 (liver
embryonic M-methyl-N-nitro-N-nitrosoguani-
dine transformed), and BNL SV A 8 (liver embry-
onic SV40 transformed) cells were obtained from

the American Type Culture Collection. Cells were
grown in Dulbecco’s modified Eagles’ medium
with 10% calf serum (Hy-clone) as described ear-
lier.!®! Balb/c mice (male, 2 month old) were used
as a source of liver tissue. Liver was perfused to
eliminate the contamination from blood catalase,
as detailed previously.!"! Cell pellets or liver tissue
were homogenized on ice in potassium phos-
phate buffer (0.05 M, pH 7.8) with a Tekmar
(Cincinatti, OH), and then sonicated, again on ice
in a Biosonik IV sonicator (Brownwill, San
Francisco, CA). The sample treatment for catalase
activity assay was performed as described by
Cohen et al.1? with slight modifications. Briefly,
21 pl of 95% ethanol was added to 200 pl of
homogenate (20-30 mg protein/ml, assayed by
Lowry et al.l**) After incubation on ice for 30 min,
200 pl of 10% Triton X-100 was added and sample
was incubated on ice for another 10 min. then
diluted with homogenizing buffer to a final vol-
ume of 2.0 ml. The sample was then incubated
either at 4°C or at 37°C for 72 hr., respectively,
before being run on a native polyacrylamide gel.

Catalase Activity Gel Staining. Samples post
ethanol/Triton X-100 treatment were run on
7.5% polyacrylamide slab gels with 5% stacking
gels. The ferricyanide staining method for visual-
ization of catalase activity on the gel was used as
described by Woodbury et al.! with slight mod-
ification.®®! Briefly, after gel electrophoresis, the
gels were washed in three changes of distilled
water for a total of 45 min to remove the buffer
from the gel’s outside surface, and then soaked in
0.003% (v/v) HyO, for 10 min. After twice rinsing
with distilled water, the gels were stained with a
fresh-made solution of 1% ferric chloride/1%
potassium ferricyanide (w/v) until they became
dark green with yellow activity bands. The gels
were rinsed with water again, wrapped in Saran
Wrap plus aluminum foil and stored at 4°C.
Catalase inhibitors (azide, cyanide, and aminotri-
azole) were added in the gel washing step and
incubated for a total of 45 min. For heat inactiva-
tion of catalase, samples were incubated at 68°C
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for 1 min before loading on the gels. Protease
inhibitors were added concurrently with ethanol-
Triton and then incubated at 37°C for 72 hr.,
while protease was added into untreated sample
and incubated at 37°C for 72 hrs.

Native Molecular Weight Analysis. The nonde-
natured molecular weight of the multiple forms of
catalase was determined as described.!””! Briefly,
samples and standard molecular weight markers
were co-electrophoresed on a series of gels of
various acrylamide concentrations (6-10%). The R¢
value of each protein relative to the bromphenol
blue tracking dye was measured for each gel. The
R; data were then plotted for each protein with the
x-axis being gel concentration and y-axis 100 log
(100 Ry). The slope versus molecular weight was
plotted. The molecular weight of each catalase
activity band was calculated by comparison with
standard curves derived from the markers.
Standard molecular weight marker proteins were
stained for protein with Coomassie brilliant
blue dye.

RESULTS AND DISCUSSION

Definition of Five Enzymatically Active
Isoforms of Mouse Liver Catalase

To examine possible involvement of epigenetic
modifications in altered catalase activity in trans-
formed cells, we first modified experimental con-
ditions described by Masters et al.l'”] to ensure the
visualization of multiple catalase isoforms. Cell
homogenates were treated with ethanol (which
prevents inactivation of catalase by H,0,) and
Triton X-100 (a non-ionic detergent used to stabi-
lize the membrane), then incubated either at 4°C
or at 37°C for 72 hr. As shown in Figure 1a, only
one band was visualized in samples following
incubation at 4°C which is similar to the pattern
seen when the samples are not treated with
ethanol/Triton X-100 (not shown). The order of
catalase activity, from the highest to lowest, is
liver tissue homogenate, normal liver cells,

CAT1 —>
CAT3 —>

FIGURE 1 Visualization of multiple catalase bands after
ethanol/Triton X100/heat treatment: Cell pellets were homoge-
nized and sonicated and treated with ethanol/Triton X-100 as
described in Materials and Methods. Samples were then incu-
bated at 4°C (a), or at 37°C (b and c¢) for 72 hr. followed by gel
electrophoresis and catalase activity staining as detailed in M &
M. The lane arrangements in (a) are lane 1, 10 U of pure mouse
liver catalase; lanes 2-5 are homogenates from liver tissue, nor-
mal liver cell line, MNNG-transformed and SV40-transformed
cell lines with 45 pg protein per lane, respectively. Lane
arrangement in (b & ¢) was the same as (a), with pure catalase
and liver tissue homogenate in lanes 1 and 2 (b) and the liver
cell lines in lanes 1, 2, and 3 (¢). 30 pg protein from each sample
was loaded.

MNNG-transformed, and SV40-transformed
cells, an observation consistent with catalase
activity assay.! After incubation at 37°C, how-
ever, multiple bands were visualized with the
number depending on the samples (Figure 1b
and 1c). In pure mouse liver catalase (Fig. 1b,
lane 1) and liver tissue homogenate (Fig. 1b, lane
2), two bands were seen. Normal liver cell line
showed three bands (Fig. 1c, lane 1), while trans-
formed liver cells produced only one band (Fig.
1c, lanes 2 & 3). Clear visualization of above-
mentioned banding pattern on activity gels
could only be achieved with samples treated in
combination of ethanol, Triton X-100 and heat
for 72 hr. Samples treated with heat (37°C) alone,
Triton X-100 plus heat, or ethanol plus heat gen-
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erated only very faint bands (data not shown). In
addition, 72 hr incubation at 37°C was also
required for generating two fast migrating
bands. Only very faint bands corresponding to
these two catalase isoforms were seen if samples
were incubated for 48 hr (data not shown).

We next determined the molecular weight of
these five enzymatically active catalase bands
observed after ethanol/Triton X-100/heat treat-
ment by electrophoresis on native acrylamide
gels of different percentages (Figure 2). Five cata-
lase isozymes was designated CAT1, CAT2,
CAT3, CAT4, and CAT5 (Fig. 1b and 1¢, as indi-
cated) according to their molecular masses. Using
the method described by Hedrick and Smith, ! it
was calculated that CAT1 has molecular weight
of 270kDa; CAT?2, 258kDa; CAT3, 229kDa; CAT4,
210kDa; and CAT5, 197kDa. Two bands in pure
catalase sample were denoted CAT1 and CATS3;
and in liver tissue homogenates, CAT1 and CAT4,

190 - y — :

170¢ :

1307

130¢

100 log(100 Rf)
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respectively, and three bands in normal cell line
were denoted CAT2, CAT4, CATS, respectively.
While one band in two transformed cells was
denoted CATS5. Thus, in liver cell lines, high mol-
ecular weight form (CAT1) could be converted
into low MW forms (CAT2, CAT4, CATS5 in nor-
mal cell lines and CAT5 only in two transformed
lines) during high temperature treatment (37°C vs
4°C).

Biochemical Characterization of
Catalase Isoforms

Since mouse catalase has only one structural
gene,[1%%] and since without ethanol/Triton X-
10/heat treatment only one form (CAT1) could
be detected, multiplicity of mouse liver catalase
must be due to epigenetic modifications. We
therefore performed biochemical characteriza-
tions of these catalase isoforms.
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FIGURE2 Determination of nondenatured molecular mass of catalase isozymes: (a) Effect of different acrylamide concentration on
the mobility of CAT1-5. Samples were treated with ethanol/Triton X-100/heat for 72 hr at 37°C, loaded on various concentration of
acrylamide gels, and activity stained as detailed in M & M. The migration of each catalase isoform (100 Rf) was plotted against per-
centage of acrylamide. (b) Determination of the molecular mass of the 5 catalases from the slopes determined in (a). The proteins used
as molecular mass standard were as follows: a, bovine milk a-lactalbumin (14.2kDa); b, bovine erythrocyte carbonic anhydrase
(29kDa); ¢, chicken egg albumin (45kDa); d, and e, bovine serum albumin (monomer, 66kDa; dimer, 132kDa); f, and g, jack bean ure-
ase (trimer, 272kDa; hexamer, 545kDa). The standard proteins were also run on different percentage of acrylamide gels, stained with
Coomassie blue dye, and slope calculated as shown in (a). The slope was plotted against known molecule weight and was indicated
by the solid circles. The slopes for CAT1-5 were then plotted and molecular weight for each isozyme calculated.
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(1) Heat inactivation and catalase inhibitors treatment.
The catalase isoforms in pure catalase (CATI,
CAT3) and in liver cell lines (CAT2, CAT4,
CATS5) were examined for their sensitivity to heat
and catalase inhibitors. As shown in Figure 3a,
CAT1, CAT2 and CAT3 were heat sensitive and
inactivated by heat at 68°C for 1 min. CAT4 and
CAT5, however, were heat resistant. Catalase
inhibitor treatment also showed different sensi-
tivity among isozymes. As shown in Figure 3b, 1
mM sodium azide completely inhibited CAT1,
CAT2, CAT3, moderately inhibited CAT4 and
slightly inhibited CAT5. All isozymes were com-
pletely inhibited by 5 mM sodium azide (not
shown). 1 mM sodium cyanide inhibited CAT3
and CAT4 completely and slightly inhibited
CAT1, CAT2, and CATS5 (Fig. 3c). At the concen-
tration of 5 mM, sodium cyanide completely
inhibited CAT1, CAT2, CAT3 and CAT4 and
somewhat inhibited CAT5 (not shown). The sen-
sitivity of these isozymes to 3-amino-1,2,4,-tria-
zole (AT) was also different. 10 mM AT inhibited
CAT3 and CAT4 completely, and moderately
inhibited CAT1, CAT2, and CAT5 (Fig. 3d). All
isozymes were nearly completely inhibited when
30 mM AT was used (not shown). It has been pre-
viously shown that mycobacteria produced two
classes of catalase, the heat liable T-catalase and
heat stable M-catalase. The two classes can be
distinguished by heating (which inactivates T
form) and by treatment with aminotriazole
(which inactivates M form).’l CAT1, CAT2, and
CAT3 are somewhat similar to T-catalase in
mycobacteria (heat sensitive) and CAT4 is some-
what similar to M-catalase (sensitive to aminotri-
azole but resistant to heat).

It is noteworthy that in all heating and inhibitor
experiments, pure human red blood cell glu-
tathione peroxidase was loaded in lane 2, serving
as a negative control to demonstrate that neither
one of these five bands is glutathione peroxidase.
We have previously observed that glutathione per-
oxidase could be visualized in this activity gel only
when glutathione was present in staining step to
provide substrate for the enzyme.”! None of these

CAT1—»

1 2 3 4 5

FIGURE 3  Five catalase isozymes show distinctive sensitivity
to heat and catalase inhibitors: The samples were treated with
ethanol/Triton X-100/heat for 72 hr, gel electrophoresized, and
activity stained as described in M & M. For all gels, lane 1 con-
tained 2.5 U of pure mouse liver catalase, lane 2 contained
25 mU of pure human red blood cell glutathione peroxidase,
lanes 3-5 were 30 pg of liver cell lines: normal, MNNG-trans-
formed and SV40-transformed, respectively. (a) Heat inactiva-
tion, samples were heated at 68°C for 1 min just prior to loading
on the gel. (b—d) treatment with catalase inhibitors, 1 mM
sodium azide (b); 1 mM sodium cyanide (c); 10 mM 3-amino-
1,2,4-triazole (d) were included in the gel staining step for 45
min as detailed in M & M. The arrows and numbers 1-5 repre-
sent CAT1-5, respectively.
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multiple bands is produced by potential H,O,-
degrading activity of cytochrome c since the mole-
cular weight of the cytochrome c is about 12 kDa,
much smaller than any of the catalase isoforms.
Furthermore, multiple bands could not be the cata-
lase subunits since dissociation of active tetrameric
form of catalase leads to loss of activity.'®! The
nondenatured molecular weight of these multiple
forms of catalase also support this assertion.
Overall, these results indicated that multiple bands
produced after ethanol/Triton X100/heat treat-
ment of liver homogenates are the catalase iso-
forms. They are biochemically different from each
other with distintive molecular mass and different
sensitivity to heat and chemical inhibitors.

(2) Treatment with protease inhibitors and protease.
Since it seems likely that these enzymatically
active catalase isozymes are proteolytic cleavage
products of the larger form (CAT1), we treated
samples with ethanol/Triton X-100 plus various
protease inhibitors concurrently, and then incu-
bated at 37°C for 72 hr. As shown in Figure 4,
addition of 12 ug/mg sample protein of soybean
trypsin inhibitor inhibited the formation of CAT3
in pure catalase (Fig. 4a, lane 1) and prevented
degradation of CAT2 and CAT4 in two trans-
formed cells (Fig. 4a lanes 4,5). It did not, how-
ever, prevent the conversion of CAT1 to CATS3,
CAT4, and CATS in liver tissue homogenates
(lane 2), nor the conversion of CAT1 to CAT?2,
CAT4, CAT5 in liver cell line (lanes 3-5).
Addition of 20 pg of PMSF (phenylmethyl-sul-
fonylfluoride) or 0.3 pg leupeptin per mg sample
protein inhibited CAT3 formation in pure cata-
lase and prevented conversion of CAT1 to CAT2
and CAT4 in liver cell lines (Fig. 4 b&c, lanes 1,
and 3-5), but did not inhibit conversion of CAT1
to CAT3 and CATS5 in liver tissue homogenates
(Fig. 4c, lane 2). Finally, we examined effect of
pure protease on the formation of these
isozymes. Incubation of ethanol/Triton X-100-
untreated samples with 25 |ig of pronase E per
mg sample protein at 37°C for 72 hr removed all
forms of catalase except CAT5 (Fig. 4d). The

CATI—>»
33—

1 2 3 4 5

FIGURE 4 Effects of protease inhibitors and protease on the
formation of multiple catalase bands: Different protease
inhibitors were included in fresh ethanol/Triton X-100 treated
samples and incubated at 37°C for 72 hr. For protease treat-
ment, untreated samples were used and incubated with pro-
tease at 37°C for 72 hr. In all gels, lane 1 contained 10U of pure
mouse liver catalase, lanes 2-5 contained homogenates from
liver tissue homogenate, and three liver cell lines: normal,
MNNG-transformed, and SV40-transformed with 60 pg of pro-
tein per lane, respectively. (a) 12 pg of trypsin inhibitor per mg
of sample protein; (b) 20 ug of PMSF per mg sample protein;
(c) 0.3 ug of leupeptin per mg sample protein; and (d) 25 pg of
pronase E per mg sample protein. The arrows and numbers 1-5
represent CAT1-5, respectively.

RIGHTS LI MN Kiy



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/16/11

For personal use only.

ENZYMATICALLY ACTIVE ISOFORMS OF CATALASE 349

results indicated that the formation of these mul-
tiple catalase isoforms was mainly due to partial
proteolysis and could be largely prevented by the
addition of protease inhibitors.

We report here the finding of 5 enzymatically
active catalase bands in pure mouse liver cata-
lase, and homogenates from the liver tissue and
cell lines after ethanol/Triton X-100/heat treat-
ment. These five isozymes have been biochemi-
cally characterized and found to be largely
different from each other. This is the first report,
to our knowledge, to detect reproducibly five iso-
forms in crude liver tissue/cell homogenates
after a special treatment and to characterize their
biochemical properties. Two lines of evidence
suggest that the conversions of CAT1 to other
isoforms are mainly due to partial proteolysis:
(a), protease inhibitors largely prevented
isozyme formation, while protease degraded all
the isoforms except CATS; (b), the formation of
five enzymatically active isoforms was expedited
by incubation at 37°C, a process which favors
protease activity. The possible oxido-reductive
inter conversion in the formation of these five
isozymes can be ruled out since the presence of
dithiothreitol, a common reductant reagent, dur-
ing or after band formation did not change band
patterns (data not shown). The possible involve-
ment of catalase glycosylation was also excluded
since when neuraminidase, and enzyme shown
to remove sialic acid residues from catalase!!”!
was used, no change in gel banding pattern was
observed, although catalase activity was some-
what inhibited (data not shown). Overall, all the
data available support that partial proteolysis of
catalase is the major cause of multiplicity in our
treated samples. The observation that protease
could not remove CAT5 and protease inhibitors
could not prevent its formation indicate that
CAT5 is protease-resistant. The formation of
CAT5 might be the results of a combination of the
multiple epigenetic modifications.

The major finding of our work is that proteoly-
sis of a single catalase can lead to the formation of
multiple forms which still retain enzymatical

activity, but have different biochemical proper-
ties. A major question that remains is what is the
physiological relevance, if any, of the proteolytic
modification of catalase. It is possible that prote-
olysis only occurs during cell injury,?”! cell death,
or is simply an artifact due to improper storage.
Future studies should address this issue.
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