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A Soluble Peroxidase in Heart and Skeletal Muscle of Rat and Mouse' (39663)
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The existence of peroxidase in both solu-
ble and insoluble forms was first noted by
Willstatter and Pollinger (1) in horseradish,
and later by Bancroft and Elliott (2) in ani-
mal tissues. The demonstration of true per-
oxidase activity in many animal tissues is
complicated by the concomitant presence of
hemoglobin, which has peroxidatic activity,
and of catalase, which not only has peroxi-
datic activity, but also actively degrades the
H,O, which is needed for the activity of
peroxidase.

The relatively recent advent of techniques
for isoelectric focusing on polyacrylamide
gel now permits the definitive physical sepa-
ration of these several proteins. We wish to
report here the existence of soluble peroxi-
datic activity in rat and mouse heart and
skeletal muscle, and the absence of compa-
rable soluble peroxidatic activity from a va-
riety of other tissues.

Materials and methods. Mice used were
C3H/An1 adults of both sexes; no sex-de-
pendent differences in peroxidatic activity
were noted. Rats were adult Charles River
Sprague-Dawley males. Mice were killed by
cervical dislocation; rats, by ether inhala-
tion. Desired tissues were removed, washed
briskly in cold distilled water, blotted on
filter paper, homogenized in glass-Teflon
Potter-Elvehjem homogenizers with 9 vol
of cold 0.25 M sucrose, and centrifuged at
48,000g for 30 min. The supernatant frac-
tions were used to obtain the results de-
scribed below; some work with the precipi-
tate fraction is also discussed.

Isoelectric focusing on polyacrylamide gel
was performed using the Multiphor appara-
tus (LKB Produkter, Bromma, Sweden),
modified as described elsewhere (3). Perox-
idase activity was detected by covering indi-
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vidual gel slabs with a mixture containing
0.06% H,O, and unbuffered 0.2% benzi-
dine hydrochloride. Homovanillic acid and
o-dianisidine were also tested as substrate
and gave comparable results; however, ben-
zidine was by far the more sensitive.

Chemicals purchased were the best qual-
ity available from common sources and were
not further purified.

Results and discussion. Figure 1 is a series
of photographs, with counterpart drawings
for clarity, demonstrating peroxidase activ-
ity in the soluble fraction of mouse heart,
and its absence from the soluble fraction of
mouse liver and lung. A sample of mouse
hemoglobin (lysed erythrocytes) was in-
cluded (first slide), and it can be seen from
the figure that hemoglobin was present in
each soluble fraction, but other peroxidase
bands were detected only in heart and not in
liver or lung.

Figure 2 shows that rat heart and skeletal
muscle contain soluble peroxidase activities
that are not hemoglobin. Two of the three
heart muscle peroxidase isozymes appear to
be identical to the two present in skeletal
muscle.

Overlapping activities of the various
heme proteins is a frequent source of diffi-
culty and ambiguity in the measurement of
peroxidase activity. Various techniques
have been employed to remedy this situa-
tion. For example, the peroxidatic activity
of hemoglobin is frequently corrected for by
measuring the hemoglobin present and cal-
culating the peroxidatic activity of that
amount of hemoglobin (4). Also, 2,6-di-
chlorophenol has sometimes been added to
peroxidase assay mixtures to inhibit catalase
activity (5).

The clearest demonstration of peroxidase
activity, however, would seem to be the
physical separation of the various proteins,
which is readily accomplished by isoelectric
focusing on polyacrylamide gel. Hemoglo-
bin has an isoelectric point (p/) spreading
over the range of about pH 6.9-7.4 in the
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FiG. 1. Isoelectric focusing' of mouse hemoglobin
(lysed erythrocytes) and soluble fractions from heart,
liver, and lung. Drawings below are counterparts of
photographs above, for easier visualization. Slide 1:
Lysed erythrocytes (diluted by visual inspection to the
approximate color of the heart extract). Slide 2: Solu-
ble fraction of heart. Slide 3: Soluble fraction of liver.
Slide 4: Soluble fraction of lung. For each sample, 25
ul was applied to the gel. The cathode is at the top;
anode, at the bottom.

mouse, and about pH 7.4-8.1 in the rat.
Catalase, which is readily identified on the
photographs by the area of oxygen bubbles,
has a somewhat lower p/. Catalase is well
known for its diffuse banding, either isoe-
lectrically or on standard polyacrylamide or
starch electrophoresis gels; this diffuseness
is readily to be seen in a multitude of recent
papers (for examples, see 6, 7). The most
anodal lines (pH 6.7, 5.8, and 5.3) in Fig. 1
must be considered to represent true peroxi-
dase.

Commercial beef heart cytochrome ¢, at
0.1 mg/ml, produced no lines on the gels
under the conditions employed. This is not
an unexpected finding, because the pl of
cytochrome ¢ has been stated (8) to be 9.8
or higher; this is beyond the range of the
gels used. The possibility that the benzidine
staining is due to some nonperoxidase hem-
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Fig. 2. Isolectric focusing of rat hemoglobin (lysed
erythrocytes) and soluble fractions of heart and skeletal
muscle. Slide 1: Lysed erythrocytes. Slide 2: Soluble
fraction of heart. Slide 3: Soluble fraction of skeletal
muscle. Details are as in Fig. 1, except that soluble
fractions from 10% homogenates were used in Fig. 1,
and from 20% homogenates in Fig. 2.

oprotein other than hemoglobin, catalase,
or cytochrome ¢ cannot be ruled out at pres-
ent. We have not, however, been able to
specify any other known hemoprotein that
might be responsible.

Bancroft and Elliott (2), in measuring the
peroxidase activity of a variety of tissues
from the rat and the rabbit, used well-pul-
verized whole tissue. Neufeld et al. (9) used
only the resuspended insoluble portion of
tissues for peroxidase assays. Bancroft and
Elliott (2) found lung and spleen to have the
greatest peroxidase activity of any tissues
tested. Neufeld et al. (9) found lung and
spleen to have 20-30 times the peroxidatic
activity of heart and skeletal muscle; Ban-
croft and Elliott (2) did not test these latter
two tissues. After isoelectric separation on
polyacrylamide gels, we found in mouse or
rat lung, spleen, liver, kidney, or brain no
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soluble peroxidatic activity that could not be
accounted for as hemoglobin. We also at-
tempted to solubilize the insoluble peroxi-
dase of lung and spleen with urea or chlor-
hexidine, as we successfully did with dog
and pig thyroid peroxidase; however, no
true peroxidase lines could be demonstrated
on Multiphor gels.

We suggest that the discrepancy between
the present results and those of others lies in
the fact that intact erythrocytes remain in
insoluble fractions of tissues prepared with
isotonic or hypertonic extractive agents. In
our experience, the insoluble fractions of
lung and spleen, prepared with 0.25 M su-
crose, showed strong coloration and strong
peroxidatic activity with benzidine as sub-
strate when resuspended in distilled water;
however, when the resuspended material
was centrifuged, the new supernatant con-
tinued to exhibit color, but on Multiphor
gels the only “‘peroxidase” bands were those
cathodic lines (pH 6.9-7.4) that we associ-
ate with hemoglobin.

In mouse heart, on the other hand, solu-
ble peroxidase activity was found by the
benzidine assay. We measured the hemoglo-
bin content of the preparation and corrected
for the peroxidatic activity of the hemoglo-
bin. It was found that the hemoglobin could
account for all peroxidase activity, yet on
Multiphor definite nonhemoglobin peroxi-
dase lines were observed. This suggests that
the commonly used correction for the per-
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oxidatic activity of hemoglobin is at best a
semiquantitative measure.

Summary. Several peroxidase isozymes
have been demonstrated in the 0.25 M su-
crose-soluble portion of mouse and rat
heart and skeletal muscle. Isoelectric focus-
ing on polyacrylamide gel was used to show
that the peroxidatic activity is not due to
hemoglobin, catalase, or cytochrome c. No
true peroxidase activity was detected in
either the soluble or insoluble fraction of
mouse liver, kidney, brain, spleen, or lung.
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