ACTA CHEMICA SCANDINAVICA 17 (1963) S210-S215

Intracellular Localization of Catalase in Rat Liver
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Catalase is associated with cytoplasmic particles to the extent of about
70 % in homogenates of rat liver tissue. Fractionations performed under
a variety of conditions indicate that the particles which contain this
enzyme are different from mitochondria and from lysosomes, and are
closely similar to, or identical with, those bearing urate oxidase. Catalase
is partly latent in intact particles; it can be simultaneously unmasked and
solubilized by several treatments, though not by exposure to distilled water.

Catalase is one of the numerous haemoproteins to the study of which Hugo
Theorell has devoted some of his most inspiring research activities. The intra-
cellular localization of this enzyme has been investigated by a number of authors
and with a variety of techniques'-!. In general, it has been recovered partly in
cytoplasmic particles and partly in the final supernatant, the ratio of soluble to
Farticulate activity depending on the species and sex of the animal and on the
ractionation method employed. The particles which contain the enzyme sedi-
ment largely with the mitochondrial fraction and are believed by most workers
to be mitochondria. However, this view has been questioned by Thomson and
Klipfel®, who have found that the sedimentation pattern of particulate mouse
liver catalase is very similar to that of urate oxidase. Feinstein!? has quoted this
finding, together with the observation by Adams and Burgess® that the catalase
activity of the particles is enhanced by small amounts of Triton X-100, in support
of the hypothesis that the enzyme may be associated with the lysosomes. Since
it has now been found that urate oxidase is associated with a special group of
cytoplasmic particles, different both from the mitochondria and from the lyso-
somes!3-15 it seemed of interest to investigate further the localization of catalase
in liver tissue. The results of these investigations are described in the present
paper. Some of them have already been mentioned briefly in preliminary re-
ports'*15 and at a recent symposium?®,

* Associé du F. N. R. S.
#+ Aspirant du F. N. R. S.
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EXPERIMENTAL

Rat liver was homogenized in 0.25 M sucrose and fractionated as described by de Duve
et al.?. The scheme followed differs from the classical one in that two separate mitochondrial
fractions are isolated: a heavy one (M), containing the larger part of the mitochondrial nitrogen
and cytochrome oxidase activity and relatively poor in lysosomal enzymes and in urate oxidase;
and a light one (L), containing the residual mitochondria and some microsomes, together with
a particularly high proportion of lysosomes and of bodies containing urate oxidase. When den-
sity gradient experiments were performed, these two fractions were first isolated together,
washed and then centrifuged in suitable density gradients until they had reached a position
in the gradient corresponding to their own density. The techniques used in these experiments
were those described by de Duve et al.® and Beaufay et al.13.

Catalase was assayed at 0°C according to a modification of the method described by
Chantrenne!®. For measurements of total activity, the preparations were pretreated with 1%
Triton X-100 to release the enzyme. The reaction was found to be of first order with respect
to hydrogen peroxide concentration under the conditions of the assay and the observed activities
were expressed in units, one unit being the amount of enzyme causing the disappearance of
90 % of the substrate in one min in a volume of 50 ml at 0°C. Nitrogen, protein and reference
enzymes were measured as described before!3.17,

RESULTS
Intracellular distribution pattern

In Table 1 are summarized the results obtained in 7 fractionation experiments.
Only the data for catalase are shown, but each experiment included measure-
ments of cytochrome oxidase, glucose-6-phosphatase, acid phosphatase and urate
oxidase. The distributions observed for the latter enzymes were similar to those
reported by de Duve et al.'”. As indicated in Table 1, catalase exhibits a distinct
peak of specific activity in fraction L, thus resembling urate oxidase and the
lysosomal hydrolases, rather than the mitochondrial cytochrome oxidase which
has its highest specific activity in fraction M. Approximately 30% of the total
catalase activity was recovered in the final supernatant.

Subfractionation in density gradients
In Figs. 1 and 2 are shown the enzymatic distributions found after isopycnic
centrifugation of mitochondrial fractions in linear density gradients made up
respectively with sucrose in D;O and with glycogen in 0.5 M sucrose. In the

Table 1. Intracellular distribution of catalase (total activity of liver = 60.5 & 6.0 U/g).
Means of 7 experiments + S.E.M.

Total activity Specific activity

Fraction % of total % activity/% nitrogen
Nuclear (N) 74+21 0.37 £ 0.08
Heavy mitochondrial (M) 21.7+ 4.0 1.09 +£0.17
Light mitochondrial (L) 21.7+3.6 6.64 + 0.82
Microsomal (P) 9.0+23 044 +0.11
Supernatant (S) 381.2+2.6 0.98 +0.14
Recovery 91.0+23 -
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Fig. 1. Mitochondrial fraction (M + L) from rat liver, equilibrated in linear gradient of

sucrose in D30 (0.85 to 1.58 M over 4.1 cm). The particles were included homogeneously in

the gradient and the curves indicate the ratio of the final to the initial concentration of the

measured components. The two acid hydrolases are acid phosphatase (left) and acid deoxy-
ribonuclease (right).
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Fig. 2. Mitochondrial fraction (M 4 L) from rat liver, equilibrated in gradient of glycogen

in 0.5 M sucrose (0 to 0.23 g/ml over 4.1 cm). The gradient was initially linear but became

distorted in the course of centrifugation. The results are expressed as in Fig. 2, but as a function

of the position in the tube. The five acid hydrolases are acid phosphatase, B-glucuronidase,

cathepsin, acid ribonuclease and acid deoxyribonuclease. Their distribution curves were
included within the shaded area.

experiment of Fig. 1, the distribution of catalase resembles closely that observed
Freviously for urate oxidase in a similar gradient'® and differs sigm'ficantl&r both
rom that of the proteins, which belong mostly to the mitochondria, and from
that of the lysosomal hydrolases. The similarity between catalase and urate
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oxidase shows up in an even more striking fashion in the glycogen fgradient,
which allows an almost complete separation of these two enzymes from the
lysosomes (Fig. 2).

Several other experiments of this type were performed, in gradients of sucrose
in water and of glycogen in sucrose solutions of various concentrations. In all
cases, the distribution of catalase was similar to that of urate oxidase, though
slightly shifted towards the region of lower density. These results have shown
that the median density of the two particulate enzymes increases linearly with
the densigl of the sucrose solution to which they are exposed. On the other hand,
mitochondria and lysosomes exhibit a different behaviour, obeying a more com-
plex function.

Activation experiments

The observation®!2 that particulate catalase is partly latent has been confirmed.
As shown in Table 2, the free activity measured on homogenates is essentially
equal to the activity which is recovered in the supernatant after high-speed
centrifugation, suggesting that under these conditions the activity associated
with particles is entirely masked. However, some activity, corresponding to
10 — 20 % of the total activity present, is always released from the particles when
the latter are further isolated. Complete release can be accomplished by the
addition of Triton X-100 or digitonin to the suspensions. The concentration of
digitonin necessary to unmask the catalase activity quantitatively is distinctly
higher than that sufficient for complete release of the lysosomal hydrolases.
Catalase also differs from the latter enzymes by the fact that exposure of the
particles to media of low tonicity (down to 5 mM sucrose) causes almost no
release of activity. In contrast with catalase, urate oxidase is fully accessible to

its substrate under the conditions of its assay, which, however, is carried out at
37°C.

Table 2. Latency of catalase in rat-liver homogenates.
Total activity refers to measurements made on whole
homogenate with addition of Triton X-100. Free activ-
ity refers to similar measurements carried out without
the addition of Triton X-100 and in the presence of
0.25 M sucrose. Soluble activity is total activity of
supernatant isolated after centrifuging the homogenate
for 30 min at 100000 X g.

% of total activi

Expt. Free activity Soluble activity
1 23.6 21.7
2 19.8 16.3
3 20.9 21.9
4 30.5 31.9

Acta Chem. Scand. 17 (1968) Suppl. 1



S 214 DE DUVE, BEAUFAY AND BAUDHUIN

DISCUSSION

In its centrifugal behaviour, particulate catalase differs clearly from mito-
chondria in all the systems investigated and it may safely be concluded that
these }ilmticles have little or no catalase activity. The enzyme sediments together
with the lysosomes in conventional centrifugal fractionation experiments, but
can be largely separated from the latter particles by means of densig; §radient
isopycnic centrifugation. Also, while resembling the lysosomal hydrolases in
being largely latent in preparations of intact particles, it is not released as easily
as these enzymes by means of digitonin and is not liberated by exposure of the
particles to i’xl;potonic media. Therefore, a major localization of catalase in the
lysosomes can also be ruled out.

On the other hand, catalase shows a striking correlation with urate oxidase
in a number of different fractionation systems. In particular, it shares with this
enzyme the property of accumulating in the denser regions in aqueous sucrose
gradients and in the lighter regions in glﬁ:':ogen—O.5 M sucrose gradients, a
consequence of the unique linear relationship linking the density of their host-
particles to that of the sucrose solution in the medium. As shown before®:18,
this relationship indicates that the particles are permeable to sucrose and do not
respond osmotically to changes in sucrose concentration. In the case of catalase,
this feature is contirmed by the lack of osmotic release of the enzyme.

In view of these observations, it seems very likely that catalase is associated
with the urate oxidase-containing particles, which have been recently identified
with the so-called "microbodies™®. However, it must be pointed out that, in
contrast with urate oxidase, catalase is always found in soluble form to the extent
of at least 20 % in hepatic homogenates and that the density distribution curve
of the particulate enzyme is shifted slightly but significantly in the direction of
lower gensities, with respect to that of urate oxidase'®. It must also be remem-
bered that structure-linked latency has not been demonstrated so far for the
latter enzyme.

One explanation could account for the distribution differences without intro-
ducing the assumption that the enzymes belong to different particles or that
they are associateg together, but in varying proportion, in the same particles.
It is possible that homogenization causes the ruI;lture of a number of microbodies
and the consequent dissociation of catalase, which is released in soluble form.
from urate oxidase which remains attached to an insoluble residue of higher
density than the intact particle. Sup)iorting this hypothesis is the fact that the
denser fractions, which are very rich in urate oxidase and relatively poor in
catalase, contain, in addition to intact microbodies, a large number of the multi-
lamellar or multicanalicular cores, which characterize these bodies, in free form?s.
This observation suggests that urate oxidase may be part of this core, whereas
catalase would be present in the soluble phase of the microbodies.

This interpretation is apparently contradicted by the fact that catalase displays
structure-lirl}:ed latency, whereas urate oxidase does not. However, catalase,
owing to its very high activity, was measured at 0°C, whereas urate oxidase has
always been assayed at 37°C for the o%posite reason. It remains to be seen
whether differences in latency would be observed if the enzymes could be deter-
mined under identical conditions. It must also be pointed out that if the acces-
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sibility of two enzymes to their respective substrate is restricted by the same
structural barrier, diffusion of the substrate may be limiting for a very active
enzyme and not for one of low activity.

Accordingly, it is provisionally concluded that catalase is largely, and perhaps
completely, associated with urate oxidase in the microbodies of rat liver. The
same is probably true for p-amino acid oxidase, whose distribution in density
gradients is identical with that of catalase!*-'®. The physiological role of these
bodies raises intriguing problems. The only known link between the three
enzymes so far identified in them is hydrogen peroxide, which is formed by two
of them and utilized by the third one. However, it is difficult to imagine how
such a tenuous link could form the basis of a physiological function.

Acknowledgement. These investigations have been supported by the Fonds National de la
Recherche Scientifique, the Centre National de Recherches Enzymologiques, the Fonds de la
Recherche Scientifique Fondamentale Collective, the Rockefell!ér Foundation and the U.S.
Public Health Service (Grant No. RG-8705).

REFERENCES

von Euler, H. and Heller, L. Z. Krebsforsch. 56 (1949) 393.

Ludewig, S. and Chanutin, A. Arch. Biochem. 29 (1950) 441.

Nyberg, A., Schuberth, J. and Anggard, L. Acta Chem. Scand. 7 (1953) 1170.

Feinstein, R. N., Hampton, M. and Cotter, G. J. Enzymologia 16 (1953) 219.

Thomson, J. F. and Mikuta, E. T. Arch. Biochem. Biophys. 51 (1954) 487.

Klein, P. D. and Thomson, J. F. Am. J. Physiol. 187 (1956) 259.

Greenfield, R. E. and Price, V. E. J. Biol. Chem. 220 (1956) 607.

Thomson, J. F. and Klipfel, ¥. J. Arch. Biochem. Biophys. 70 (1957) 224.

Adams, D. H. and Burgess, E. A. Brit. J]. Cancer 11 (1957) 310.

10. Adams, D. H. and Burgess, E. A. Biochem. ]J. 71 (1959) 340.

11. Adams, D. H. Biochem. J. 74 (1960) 141.

12. Feinstein, R. N. Arch. Biochem. Biophys. 79 (1959) 399.

13. Beaufay, H., Bendall, D. S., Baudhuin, P., Wattiaux, R. and de Duve, C. Biochem. J. 73
(1959) 628.

14. de Duve, C., Beaufay, H., Jacques, P., Rahman-Li, Y., Sellinger, O. Z., Wattiaux, R. and
De Coninck, S. Biochim. Biophys. Acta 40 (1960) 186.

15. Baudhuin, P. and Beaufay, H. Arch. Intern. Physiol. Biochim. 71 (1963) 119.

16. Beaufay, H. and Berthet, J. Biochem. Soc. Symp. (Cambridge, Engl.) 23 (1963) 66.

17. c(ifgstl;vgbg., Pressman, B. C., Gianetto, R., Wattiaux, R. and Appelmans, F. Biochem. ]. 60

18. de Duve, C., Berthet, J. and Beaufay, H. Progr. Biophys. 9 (1959) 325.

19. Chantrenne, H. Biochim. Biophys. Acta 16 (1955) 410.

©RND T P =

Received April 1, 1963,

Acta Chem, Scand. 17 (1963) Suppl. 1



