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Biochemical investigations carriled out over the last ten years have established
the existence in rat liver of a special group of cytoplasmic particles containing
the enzymes urate oxidase, catalase and D-amino acid oxidase (Beaufay et al., 1964;
de Duve, 1965). These particles have been identified morphologically by Baudhuin
et al. (1965) as corresponding to the "microbodies" described in liver by Gansler
and Rouiller (1956) and Rouiller and Bernhard (1956).

The three enzymes identified so far as components of the microbodies are
linked together by hydrogen peroxide which is formed by the two oxidases and
destroyed either peroxidatically or catalatically by catalase. It has accordingly
been postulated that microbodies are involved in cellular oxidations assoclated
with the formation and utilization of hydrogen peroxide. This hypothesis has guided
a search for additional substrates of microbody oxidations and for similar particles
in other biological materials.

Rat liver and kidney were fractionated by means of differential and isopycnic
centrifugation as described by de Duve et al. (1955) and Beaufsy et al. (1964).
Similar techniques were used to fractionate T. ormie cells (var. 1, mating type
II) homogenized according to Hogg and Kornberg (1 . Enzyme assays relied on
chemical enalyses (Beaufay et al., 1964), on polarographic determinations of oxygen
consunption and on measurements of hydrogen peroxide production, using the oxi-
dation of 14C-formate in the presence of an excess of catalase as trapping system
(Aebi et al., 1957). The reduction of dichlorophenol-indophenol (Redfearn and
Dixon, 1961) ves used to measure succinate dehydrogensse in T. pyriformis.

RESULTS

The most important results are sumerized in Table I. In all three experiments
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described, & large granule fraction wes first isolated by differential centrifu-
gation and then further subfractionated by density equilibration in a gradient of
sucrose {containing 5% dextran for the experiments on liver and kidney). EHighly
significant similarities in enzyme distribution patterns were observed between the
three materials studied and the dates are best examined in a comparastive fashion.

Catalase. In liver, this enzyme serves as a good index of intact microbodies
since it is easlily lost from these particles when they are injured. In the experi-
ment shown in Teble I, it was purified almost 30-fold with a more than 50$ yield in
the fraction of density 1.216 to 1.25. This fraction has a low content in mitochondris
(cytochrome oxidase); in normsl animals, it would be heavily contaminated with
lysosomes, but these were caused to band in the upper region of the gredient by
Previously injecting the animal with Triton WR-1339 which selectively decreases
their density (Wattiaux et al., 1963).

As slready shown by Wattiaux (personal communication), the perticulate catalase
of kidney behaves very much like the liver enzyme and can be similarly seperated
almost quantitatively from the mitochondris by isopycnic centrifugation. In this
case, the dense fractions also contain & high proportion of lysosomes, but these are
certainly not the bearers of catalase, as has been shown by Wattisux et al. (1964).

In T. pyriformis catalase is also associated with particles showing a higher
average equilibrium density in & sucrose gradient then the succinate dehydrogenase-
bearing mitochondria. The lysosomes, which were identified by means of several
other acid hydrolases in addition to acid phosphatase, tended to accumulate in the
regions of lower density, as they do when separated from the liver of enimels in-
Jected with Triton WR-1339. However, there was & high degree of overlapping between
the three groups of particles and the separations were much less clearcut.

D-amino acid oxidase. This enzyme was measured with D-alanine as substrate.
The results of Table I confirm its association with the liver microbodies and show
that it is similarly essociated with the catalase-containing particles in rat kidney,

as well as in Telrahymena. To our knowledge, this enzyme has not been demonstrated
before in the latter organism.

55



Vol. 20, No. 1, 1965 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Urate oxidase. This enzyme is firmly attached to an insoluble component of the
hepatic microbodies, presumsbly their crystalloid core (Baudhuin et al., 1965). It
could not be demonstrated in rat kidney nor in Tetrahymens. It is interesting that
the particles described in mouse kidney tubule cells by Rhodin (1954) under the
name "microbody" differ from the hepatic microbodies by the absence of a crystallioid

core.

L~¢-hydroxy-acid oxidase and L-amino acid oxidase. An oxidase acting on a

variety of L-amino end L-O-hydroxy-acids has been characterized by Blanchard et al.
(1944, 1946) in rat kidney; the authors briefly mention the presence of a similar
enzyme in rat liver. Eichel and Rem (1962) and Eichel (1964) have described a
particle-bound L--hydroxy-acid oxidase in T. pyriformis. The results of Teble I
indicate that these enzymes (as measured by pyruvate formation from lL-lasctate or

by the coupled oxidation of formate with L-lactate or L-leucine as substrate)
accompany catalase and D-amino acid oxidase in all three materials. An excess of
lactate oxidase activity over the other enzymes was found in the supernatant fraction
from liver and kidney, but this may have been due to & second oxidative pathway in-
volving lactate dehydrogenase and diasphorase.

Relative activities observed on various substrates are shown in Table II. It
will be noted that the activity of the liver enzyme on &-hydroxy-acid§decreases with
increasing chain length; the reverse is true, at least wp to U-hydroxy-~butyrate with
the enzymes of kidney and of Tetrahymena. All thiee enzymes(or groups of enzymes)
differ in thelr relative activities on L-lactate and L-leuclne. The ratio of L-lactat
oxidase to D-amino acid oxidase activity also varies greatly in the three materials.

Other oxidases. Not a&ll the oxidases of liver capable of supporting the coupled
oxidation of formate "in vitro"” are located in the microbodies. In agreement with
the findings of Aebi et al. (1962), positive results were also obteined with substrate
of the mitochondrial monocamine oxidase and of the soluble xsnthine oxldase; several
other substretes, including NADE and NADPH, were active with extracts or mitochondrial
supernatants, but not with purified microbodies. No hydrogen peroxide production

could be detected with succinate or ol-glycerophosphate as substrate, even in liver
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Teble IT. Relative oxidation rates of various substrates by microbody oxidases
{Measured by the coupled oxidation of formate in the presence of 40 mM substrate,
unless stated otherwise)

Liver Kidney Tetrahymenas,

_ pyriformis*

Glycolate, 5 mM 173 4.6 21 (30)
40 mM 75 11 20

L-Lactate 100 100 100  (100)

DL-Q~0H-Butyrate 60 146 174 {180)

DL-Glycerate 27 59 65 (50)

L-Leucine 3 10 0.7

L-Alanine 0 0 0
D-Alanine 330 912 14
Urate 1.25 mM 750 0 0

* Values between parebtheses are from Bichel (1964).

extracts from animals treated with triodothyronine which enhances conslderably the
ol -glycerophosphate oxidase activity (Lee et al., 1959). Subfractionation of the
large granules showed the latter enzyme to belong to the true mitochondris where it
must be functionally linked with the electron transport chain.

However, the microbodies may contain sdditional as yet unidentified oxidases.
The purified liver particles were found to exhibit active respiration and hydrogen
peroxide production in the presence of small amoumts of a boiled high~-speed super-
natant from rat liver. Tt remains to be seen whether the substances responsible for
this activity are substrates of known or unkmown oxidases.

DISCUSSION
The results described provide further support for the hypothesis that micro-
bodies are centers of hydrogen peroxide metabolism. The Pfollowing diagrem

combining the information recorded in this paper with the known properties of

catalase gives some idea of the possible functions of the microbodies.
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METABOLIC FUNCTIONS OF MICROBODIES

It is probably significant that many of the substrates and products of microbody
reactions can themselves either arise as products or act as substrates for reactions
known to take place in the soluble fraction of the cell (de Duve et al., 1962). It
may accordingly be postulated that microbodies carry out non-phosphorylative oxi-
dations associated with metabolic functions of the cell sap. In dddition to cata-
lysing the specific destruction of some metabolites, they could, as iliustrated in
the abovd diagram, play a significant role in the dfsposal of electrons released by
the soluble dehydrogenases. In the cells where they are present and vhere the
existence of an efficient electron shuttle system has not bearbrought to light, micrc
bodies rather than mitochondris could be responsible for this important function.

While catalase has a broad tissue distribution, the oxidases identified in rat
microbodies appear to be characteristic of kiduey and liver. Measurements of HpzO2
production with L-lactate as substrate on preparations of rat brein, lung, spleen,
heart and testes did not yield significant reaction rates. It will be the task of
the future to f£ind out to what extent microbody-like particles exist in the 4iff-
erent cell types of higher animals. The finding that similar particles are
present in a protozoan is of great interest and suggests that they have a long

evolutionary history and presumebly perform some vital function.
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