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Biochemical investigations carried out over the last ten years have established 

the existence in rat liver of a special group of cytoplasmic pWtiCle8 containing 

the enzymes urate axidase, catalase and D-amino acid oxidase (Reaufay et al., 1.964; 

de Duve, 1965). These particles have been identified morphologically by Baudhuin 

et al. (1965) as corresponding to the "microbodies" described in liver by Oansler -- 

and Rouiller (1956) and Rouiller aud Bernhard (1.956). 

The three enzymes identified so far as components of the microbodies are 

liukedtogether by hydrogen peroxide which is formed by the two oxidases and 

destroyed either peroxidatically or catalatically by catalase. It has accordiugly 

been postulated that microbodies are involved in cellular oxidations associated 

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. 

Ratliverandkidueywere frrrctiouatedbymans of differentialand ieopycnic 
centrifugation as 
Similar techniques 
II) homogenized according to 
chemical analyses (Beaufayetal., 
cons\rm(ptianapdonsoecrs~~sof~-pemxidsgroduction,us~theoxi- 
dati0n0f14C-f0rn&e inthe presence ofanexcees ofcatalase astrapping system 
(Aebi et al., 1957). ~rcdudiaaofdichlorophenol-~~~ndophaaol(Redfearnand 
DiXOn,~961)mrs usedtomeasure succinate dehydrogenase inT.pyrifon&. 

The most iqportant results are summrizedinTable I. Inallthree experiments 
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described, a large granule fraction was first isolated by differential centrifu- 

g&ion and then further subfkactionated by density equilibration in a gradient of 

sucrose (containing 5s dextran for the experiments on liver and kidney). Highly 

significant similarities in enzyme distribution patterns were observed between the 

three materials studied andthe data are best examined ia a comparative fashion. 

Cstalase . In liver, this enzyme serves as a good index of intact microbodles 

since it is easily lost from these particles when they are injured. In the experi- 

me& shown in Table I, i waa purified almost 30-fold with a ume than 50% yield in 

the fraction of density 1.216 to 1.25. This fractionhas a low content inmitochondria 

(cytochroms oxidase); in normal -8, it would be heavily contaminated with 

lysosames, but these were caused to band in the upper region of the gradient by 

pretiously injecting the animal with Triton WR-1339 which selectively decreases 

their density (Wattiaux et al., 1963). 

As already shown by Wattiaux (personal comamication), the particulate catalase 

ofkidneybehaves verymchlikethe liverensyms andcanbe similarlysepazated 

almost quantitatively from the mitochondria by isopycnic centrif'ugation. In this 

case, the dense fractions also contain a high pro&~?.-tion of IysosomeS, but these ars 

certainly not the bearers of catalase, as has been shown by Wattiaux et al. (1964). -- 

In T. pyrifonsis catalase is also associated with particles show&&g a higher 

average equilibriumdensity ina sucrose gradientthmthe succinate dehydrogenase- 

bemitlg mitochondria. Thelysosopoes,whichwe~ldentWedbymeansofee~ral 

other acid hydmlases in addition to acid phosphatase, tended to accumulate in the 

regions of lower density, as they do when separated from the liver of animals in- 

jected with Triton WR-1339. ~ver,therewaeahighdegreeofoverlapp~betxeen 

the three grottos of &nmticles and the separations were much less clearcut. 

D-amino acid oxidase. This ensymswasmeasuredtithD-almine as SUbskate. 

The results ofTable I confirmits associationtithths livermicmbodies andshow 

thatitis similarlyassociatedwiththe catalase-containingpcarticles in m&kidney, 

~~d.las in!htrsbymens. Too~~knowledge,this ensyme@s notbeenmtmted 

before in the latter organism. 
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Ur8te oxidase. This enzyme is firmly attached to 813 insoluble component of the 

hepatic microbodies, presumably their cryst8lloid core (Baudhuin et al., 1.965). It 

could not be demonstrated in rat kidney nor in Tetrahymena. It is &&,emsting that 

the particles described in mouse kidney tubule cells by Rho&u (1954) under the 

name "microbody" differ from the hepatic microbodies by the absence of a crystalloid 

core. 

L-a-w- -8Cid. oxidase and L-8mino acid oxidase. An oxidase acting on 8 

V8riety of L-8d.m and L-d-hydroxy-acids has been chamcterized by Dlanch8rd et al. -- 

(1944, 1946) in r8t Iddney; the authors briefly mention the presence of 8 sidl.8r 

enzyme in rat liver. Eichel and Rem (1962) and Eichel (1964) hsve described a 

particle-bow-d L-U-hydroxy-acid oxidase in T. pyriformis. The results of T8ble I 

indicate that these enzymes (as measured by pyruvate formation from L-lactate or 

by the coupled oxidation of fomste with L-lactate or L-leucine as substy&e) 

accoPrpctny c8tal8se and Dgmino acid oxidase in 8ll three materials. An excess of 

lactste oxidase activity over the other enzymes was found in the supermtant fraction 

fromliver audkidaey,btithis rpayhave been due to a second oxidative pathway in- 

voldng lactate dehydrogenase anddiaghorase. 

FkLative activities observed on v8rious substrates are sham in Table II. It 

will be noted that the activity of the liver enzynm on A-hydroxy-8cid)decresees with 

increasing chain length; the reverse is true, at least up to a-m-butyrate with 

the enzymes ofkidueyandofTetra&mena. Allthb enzymes(orgmups of enzymes) 

differ iu their rel8tive activities on L-lactate 8nd L-leucim. The ratio of L-la&at 

oxidsse to D-8ruino acid oxldase activity also varies greatly in the three materials. 

Other oxid8ses. Rot all the oxidases of liver capable of sqpporting the cougled 

oxidation of form&e "in vitro" 8re located in the microbodies. In agreement with 

the fiudings of Aebi et al. (lS62), positive results were also obtaiuedwith substmtt -- 

of the mit- m oxidase aud of the soluble xanthine oxidase; seveml 

other substrates.,includingXADE~~,were active with extracts ormitochondrid 

supernatsnts, but not with purified microbodles. Ho hydrogen peroxide production 

could be detected with succinate ord-glycerophospha?,e as substrate, even in llvW 
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Table II. Relative oxidation rates of various substrates by microbody oxidases 
~Measured by the coupled oxidation of formate in the presence of 40 mM mibstrate, 

unless stated otherwise) 

GlycoLate, 5 mM 40 l&f 

L-Lactate 

DL4l0R-Butyrate 

DL-Glycerate 

L-Leucine 

L-mine 

D-Alar&e 

Liver 

173 75 

100 

60 

27 

3 

0 

330 

m-Y 

4.6 11 

100 

146 

59 

10 

0 

912 

Tetrahyme 
pyriformE* 

21 20 (30) 

100 (100) 

174 (180) 

65 (50) 

0.7 

0 

14 

Urate 1.25 mM 750 0 0 

* Values between parekatheses are fYom Eichel (1964). 

extracts fmm animals treated with triodotbyronine which enhances considembly the 

d-glycerophosphate oxidase activity (Lee et al., 1959). Subfraction&ion of the 

large granules showedthe latterenzyraetobelongtothetrue mitochomiriawhere it 

must be functionally 1-d with the electron transport chain. 

Eowever,the microbodiesmay containadditionalas yetunidentifiedoxidases. 

The purified liver particles were found to exhibit active respbation and hydrogen 

peroxide productioninthe presence of smallamunts ofaboiledhigh-speedsuper- 

natant from rat liver. It remains to be seen whether the substances responsible for 

this activity are substrates of known or unknown oxidases. 

DISCUSSIOB 

The results describedprovide further support forthe hypotbesietbatmicro- 

bodies are centers ofbydrogenperoxidematabolis81. The follou%ng &Lagzw~ 

combining the information recorded inthie paperwiththe knownpmperties of 

catalase gives some idea of the poesible functioae of the microbodies. 
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NADH. NADPH 

METABOLIC FUNCTIONS OF MICROBODIES 

It is probaUy significanttbatmanyofthe substrates anrlproducts ofmicrobody 

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 acco3Mngl.y bs postulated that microbodies carry out non-phosphorylative oxi- 

dations associated with metabolic functions of the cell sap. In Udition to cata- 

lysing the specific destruction of some n&abolites, they could, a8 il?ufitre;ted irk 

the aboveI diegrarm, playa si@ficant role tithe dasposal of electrons releasedby 

the soluble dehydrogenasee. Inthe cellswhere they are pnsentandwherethe 

existence of an efficient electron shuttle system has not betnbmught to li@rt, micrc 

bodies rather than mitochondria could be responsible for this important function. 

Mhi&c&alme has abroadtissue distribution, the oxidasesidentified in rat 

microbodies appear to be characteristic of Wy and liver. WasuremsntS Of H& 

production with L-lactate as substrate on prepamtions of rat brain, lung, spleen, 

heart and testes did not yield signifiwt reaction rates. It will be the task of 

the future to findouttowhatextent microbody-like particles exist inthe diff- 

er8ntcelltypesofhi@eranimls. The fipding that slmllar part&lee are 

present inaprotosoanis of great interest and suggeststhettheyhave a low 

evolutionsryhistoryandpns~blyperiormsaee vital iunction. 
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