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Abstract-A soluble and two different particulate forms of o-diphenol oxldase have been obtamed from aged 
or fresh potato shces by dlfferentlal and den&y gradient centrlfugatlon The particulate enzymes were shown 
to sediment wth rmcrosomes and peroxnomes, respectively Over half the enzyme actlvlty of aged shces 
was found to be particle bound, with approximately twice as much enzyme 111 the mlcrosomes as m the peroxl- 
somal fraction Very srmdar dlstrlbutlon patterns have been obtamed wtth fresh potatoes, which have an 
o-dlphenol oxldase activity approximately one-thlrd that of aged shces 

INTRODUCTION 

THERE are numerous reports on mvestlgatlons on the nature and propeties of o-&phenol 
oxldase from potatoes Almost all deal with the soluble enzyme However, a high percentage 
of the o-dlphenol oxldase actlvlty of potato tubers 1s located m paticulate fractions, 
accordmg to Alberghma,’ 25% of the enzyme 1s found m the mlcrosomes These results 
have recently been confirmed,2 and m addition another 25% of the enzyme was shown to 
sediment with the crude mltochondnal fraction, most of It 1s located m the peroxlsomal 
fraction obtained by lsopycmc sucrose gradient centnfugation. 

This paper reports the results of a more detaled study of the dlstnbutlon of o-dlphenol 
oxldase among subcellular fractions from aged and fresh potato tubers 

RESULTS 

When potato tuber cells are broken m an lsotomc medium, o-dlphenol oxldase activity 
1s found m the soluble and m different particulate fractions. Table 1 shows the dlstnbution 
of the activity of the enzyme m fractions obtained by systematic differential centnfugatlon 
starting from aged or fresh shces With aged potatoes, 57 % of the activity was found to be 
particulate. It 1s apparent that the o-dlphenol oxldase-contammg particles differ considerably 
m size Sucrose gradlent centnfugatlon of the different fractions mdlcated that the dlstnbu- 
tlon obtained by simple differential centnfugatlon was due to an incomplete separation of 
two kinds of particles When applied to sucrose gradients, the enzyme activity m the 3200 g 
pellet sediments with the peroxlsome fraction (Fig 1) Under such condltlons the activity 
of the 100,000 g pellet sediments with the bulk of the mlcrosomes The 11,400 g and the 
38,000 g pellets contain mixtures of peroxlsomal and the mlcrosomal fractions. Results 
obtamed with fresh potato slices show that the total enzyme activity 1s lower than m aged 
s11ce.s but that the dlstrlbutlon among different fractions 1s qmte similar (Table 1) 

The expenments described below, except where noted, have been carried out with aged 
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position m isopycmc sucrose gradients as catalase, a characteristic peroxrsomal marker 
enzyme The position of the particle fraction m the gradent corresponds to a buoyant 
density of 1 26, which is close to the value of 1 25 reported for glyoxysomes3 and leaf 
peroxisomes 4 The followmg enzymes, previously shown to be present m peroxtsomes from 
other sources, have been detected m this fraction. catalase (specific acttvlty 717 U/mg pro- 
tein), urate oxidase (0 05 U/mg protein), malate dehydrogenase (14 5 U/mg protein), and 
glutamate oxalacetate transammase (0 07 U/mg protein). The specific activmes of these 
enzymes m the peroxtsomal fraction are high enough-compared to activities m other 
subcellular fractions-to exclude the possibihty that they arise from contammation Using 
fumarase as a mitochondrtal marker enzyme, the peroxisomal fraction was shown to be 
virtually free of mnochondna or mitochondnal fragments Contammation of the fraction 
by soluble enzymes such as phosphorylase and phosphoglucomutase was also mmimal 
(0 03 % or less of the total activity of these enzymes) A more detailed charactenzation of 
potato tuber peroxtsomes has been published elsewhere.2 

Almost no o-diphenol oxldase activity was found m the second major organelle fraction 
m the gradient, the mltochondna, which sediment to approximately 43 ‘A sucrose (fraction 
17, Fig 1) under the conditions used 2 The same distribution of o-diphenol oxtdase on 
sucrose gradients was obtained with the 3,200 g fraction from fresh potatoes 

When the pellet from the differential centnfugation was frozen and thawed once after 
resuspendmg it m grmdmg medium, neither a catalase nor an o-diphenol oxldase peak were 
obtained m the gradient region characteristic for intact peroxisomes Most of the catalase 
was at the top of the gradient and o-diphenol oxidase was almost evenly distributed through- 
out the whole gradient With osmotic shock treatment a similar result was obtamed. 

A number of experiments have been carried out to separate the o-dtphenol oxidase 
activity from the peroxisomes The 3200g fraction was layered on a linear gradient consistmg 
of 10 ml 62 y0 and 10 ml 50 % sucrose, with 5 ml 35 y0 sucrose on top of the contmuous part 
of the gradient No separation of catalase and o-diphenol oxldase activities was achieved. In 
another type of experiment discontmuous gradients were used In one case these were 
prepared from 5 ml 62 %, 10 ml 55 5 % and 10 ml 50 % sucrose Approximately 85 % of the 
peroxisomes were found at the upper, 15 % at the lower interphase In a second experiment 
5 ml 62 % 10 ml 54 5 % and 10 ml 50 % sucrose were used About half of the peroxlsomal 
fraction was detected at the upper and half at the lower interphase. In both experiments, 
however, the ratio of catalase to o-dlphenol oxtdase activity was almost identical m both 
fractions The distribution of catalase and o-diphenol oxtdase on isopycmc linear sorbttol 
gradients (30-60 % sorbitol, 3 hr at 25,000 rev/mm) was completely identical Sedimentation 
velocity experiments were carried out under various conditions Linear sucrose gradients 
(35-60%) were centrifuged for 15 and 30 mm at 25,000 rev/mm. Linear gradients from 
15 to 30 % sucrose were run for 15 mm at 10,000 rev/mm. In all these cases not even a parttal 
separation of catalase and o-dlphenol oxidase was obtained 

Several attempts were made to solubthze the enzyme from the peroxtsomal fraction. 
Neither osmotic shock, nor freezing and thawing, nor treatment with different concentra- 
tions of detergents hke Tnton Xl00 or deoxycholate did solubihze a significant part of the 
enzyme. After these treatments which solubihze most of the peroxlsomal enzymes, still at 
least 80% of the o-diphenol oxidase activity was found m a pellet obtained by a 30-mm 
centnfugation at 38,000 g. 
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The microsomal (100,000 g) fraction was also subjected to sucrose gradient centnfuga- 
non In an experiment carried out under the same conditions as given m Ftg. 1 most of the 
activity was found close to the top of the gradient (the maxtmum activrty was detected m 
fraction 21) Essentially the same result was obtamed with microsomes from fresh potatoes. 
When the 11,400 g and the 38,000 g pellets were centrifuged under analogous condlttons, a 
‘microsomal’ as well as a ‘peroxrsomal’ o-diphenol oxidase peak were obtained 

DISCUSSION 

Before the discussion of the properties of parttculate o-dlphenol oxldase, the question 
has to be raised whether a part of this enzyme is really msoluble m potatoes or whether its 
isolation m particle fracttons is due to an artefact According to Sanderson, particulate 
o-dtphenol oxidase from tea shoot tips can be obtamed m soluble form when polycapro- 
lactam powder is added to the extractton medmm This seems to be due to the removal of 
polyphenohc substances which otherwise cause soluble protems to precipitate 

In potato tubers, however, there IS no sigmficant interference by polyphenols because of 
the followmg reasons : 

(1) The type of effect described for tea shoot tips should be relatively unspecific with 
respect to different protems For potato tubers it has been shown under conditions 
analogous to those used for experiments descrrbed m this paper that a number of 
enzymes remam virtually soluble during the preparation of the particle fraction 2 

(2) Addition of polyvmylpyrrohdone to the extraction medmm did not change slgtuficantly 
the distribution of o-diphenol oxldase between soluble and particulate fractions 

The results obtained show that a part of the o-diphenol oxidase IS either associated with 
peroxisomes or with another particle not yet identified, which shows a behaviour very 
similar to peroxlsomes during the separation procedures applied The association of the 
enzyme with the peroxlsomes is somewhat surpnsmg smce it does not belong to the hydrogen 
peroxide producmg oxidases which occur m these organelles For that reason various methods 
were tried to separate it from the peroxisomes But not even a partial separation of the 
enzyme activity from the peroxisomes was possible m isopycmc sucrose or sorbitol 
gradients of different composition, nor was separation obtamed m sedimentation velocity 
experiments 

In contrast to most peroxlsomal enzymes, o-dlphenol oxidase is not easily solublhzed 
but seems to be firmly particle bound However, density gradient centnfugations after 
freezmg and thawing or osmotic shock treatment show that the properties of o-dtphenol 
oxidase-contammg particles are altered considerably simultaneously with the solubihzation 
of enzymes such as catalase from the peroxtsomes The different behaviour of catalase and 
o-drphenol oxidase m these experiments should thus not be taken as evidence agamst the 
location of o-diphenol oxidase m peroxtsomes This enzyme seems to remam assoctated with 
peroxlsomal fragments when other enzymes are solubihzed from the organelles At present 
no mformation seems to be available on other enzymes from plant peroxisomes that are 
firmly particle bound, but urate oxldase from rat liver peroxisomes is another example of a 
peroxtsomal enzyme, which remains particulate after solublhzatlon of most other proteins 6 

The microsomal o-dlphenol oxidase particles are clearly different from peroxlsomes The 
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two fractions do not only sediment with dIRerent velocity but can also be easdy separated on 
lsopycmc sucrose gradients. Peroxlsomal fragments with o-dlphenol oxldase actlvlty that 
are obtained by freeang and thawmg or osmotic shock are different from the mlcrosomal 
o-dlphenol oxrdase particles Whereas the mlcrosomal particles are located m a distinct 
band on sucrose gradients the peroxlsomal fragments are almost evenly distributed over a 
major part of the gradlent. This fact seems to indicate that mlcrosomal o-dlphenol oxldase 
particles are not formed from peroxlsomes dunng the preparation of the organelle fractions, 
but are of different ongm 

Most expenments described m this paper were carned out with aged shces since It has 
been reported that o-dlphenol oxldase actlvlty m potato tubers treated m this way IS several 
times higher than m fresh ones. ’ A number of expenments were also performed with fresh 
shces. The results show the same dlstrlbutlon of o-dlphenol oxldase m the aged and the 
fresh matenal 

In summary, o-dlphenol oxldase exists m potato tuber cells in at least three different 
environments, so that during lsolatlon one soluble and two different particulate enzyme 
fractions are obtained The dlstnbutlon of the enzyme m potatoes seems to be different from 
that observed m some other plants In tea shoot tips, ail the o-dlphenol oxldase activity has 
been reported to be soluble ,5 m grapes, the enzyme IS completely particulate * Potato tubers 
seem to be between these extremes Whether this fact has any functlonal slgmficance will 
have to be clanfied by further work 

EXPERIMENTAL 

Exrrucfron undpreparatzon offractwns Potatoes, variety ‘Allerfruheste Gelbe (Bohm)‘, were purchased on 
a local market Particulate fractions studied were generally obtained m the followmg manner peeled potatoes 
(50-200 g) were cut mto shces, approx 1 mm thick, rmsed with tap H20 and finally dlstdled Hz0 untd the 
washmgs were no longer cloudy The slices were moistened with chstdled Hz0 and aged by keepmg them at 
20” for 14 hr After another rinse with dlstdled Hz0 they were chilled to 4” All subsequent operations were 
carmd out at this temperature In some experiments fresh slices were used wthout premcubatlon After 
addition of grinding medium (1 ml/g 0 4 M sucrose, 0 165 M Tncme, 10m2 M KCI, lo-’ M MgCII, lob3 M 
EDTA, lo-” M dlthlothreltol, and 0 2% bovme serum albumm, adjusted to pH 7 5) the potato shces were 
chopped with an onion chopper for 10 mm Then the mixture was filtered through Mlracloth and centrl- 
fuged for 7 mm at 1000 g, the pellet was discarded A 15-mm centrlfugatlon of the supematant at 3200 g 
gave a pellet contammg the maJor part of the mltochontia and peroxlsomes The pellet from a further 
centrlfugation (15 mm at 38,000 g) was discarded m most experiments The supematant was now centrifuged 
for 2 hr at 100,000 g to obtam a mlcrosomal pellet and a soluble supematant 

For ~sopycmc density gradient centnfugatlon the 3200 g pellet was resuspended m grmdmg medmrn and 
centrifuged over a linear sucrose gradlent (62-35 ‘A sucrose) as described previously z Sucrose gradients were 
centrifuged m a Beckman SW 25 1 rotor m a Spmco L-50 ultracentrifuge Lmearlty of gradients was con- 
firmed mdlrectly by measuring the dlstrlbutlon of d&lorophenolmdophenol incorporated into them 

Assay of enzymes The as&y of o-dlphenol oxldase w& camed out by a moddication of the procedure 
described by Balasmgham and Ferdmand 9 The mcubatlon mixture was 6 5 x 10e2 M phosphate buffer, 
pH 7 0,2 7-x 10e4 G 4-methylcatechol, 3 8 x 10e5 M ascorbic acid, and 3 2 x 10e4 MmEDNA Decrease 
of absorption at 265 nm was measured All enzyme assays were carried out m a total volume of 3 ml 

Catalase was assayed spectrophotometrlcally at 240 nm as described by Luck lo Urate oxldase was 
assayed m 5 x 10e2 M borate buffer (pH 9 0), with 6 6 x 10m5 M uric acid Disappearance of substrate was 
measured spectrophotometrlcally at 293 run Malate dehydrogenase activity was measured at 340 nm in 
6 5 x 10m2 M phosphate buffer (PH 7 5) wrth 12 x low4 M NADH and 5 x 10T4 M oxalacetate Gluta- 
mate oxalacetate transarmnase was assayed m 10-l M Trlcme buffer (pH 7 5) The mcubatlon mixture 
contained 3 x 10e3 M L-glutamate, 3 x 10e3 M oxalacetate, 8 x 1O-3 M Mg&, 3 x 10e3 M NH4Cl, 
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1 1 x lo-“ M NADPH, 9 umts of glutamate dehydrogenase, and enzyme The assay was carrled out 
spectrophotometr&ly at 340 nm 

Fumarase was assayed as described by Cooper and Beevers I1 Phosphorylase was assayed at 340 run 
The mcubatlon mixture consisted of 10-l M phosphate buffer (pH 7 0), 8 mg soluble starch, 2 5 x 10e5 M 
o-glucose-l&bisphosphate, 10e2 M MgC12, 3 5 x lop4 M NADP”, 2 x 10m3 M EDTA, 10 units of phos- 
phoglucomutase, 7 umts of glucosed-phosphate dehydrogenase, and enzyme solution Phosphoglucomutase 
activity was measured at 340 run 111 5 x 1O-2 M Trlcme buffer (pH 7 5), wtth 3 5 x low3 M D-glucose-l- 
phosphate, 5 x 10vs M o-glucose-l,dblsphosphate, 5 x 10e3 M MgCl*, 3 6 x low4 M NADP+, 2 x 
10T3 M EDTA, and 7 umts of glucose-6-phosphate dehydrogenase All enzyme activltles are given m mter- 
national units (U, pmoles substrate used up or product formed/mm) Protein concentrations were deter- 
mined by the method of Lowry et al I2 
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