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Abstract. Cytoohrome oxidase and ascorbic acid oxidase activities were investigated in rye, 
wheat, harley and oat plants. The variations in the activity of both enzymes was followed in the 
course of the initial 28 days of growth, as well as at  the phase of milk ripeness, namely in the cyto- 
plasmic and mitochondrial cell fractions of roots, leaves and spikes. 

Both enzymes were active in all measurements. Cytochrome oxidase mostly exhibited a higher 
activity than aseorbio acid oxidase. The activity of the former enzyme was substantially higher 
in the mitoehondrial fraction of leaves, roots and spikes of the four experimental plants in 
comparison with the cytoplasmic fraction. On the contrary, the ascorbic acid oxidase activity 
varied in both cell fractions according to the plant species, organ and growth phase. 

The variations in the activity of both enzymes exhibited on the whole a course similar to that  
of the respiration rate. During the first 14 to 21 days of growth the enzyme activities increased 
up to the maximum. This was then followed at  first by a rapid, later on by a slow decrease. The 
course of variations in the enzyme activities was, with certain exceptions, alike in all the four 
plant species investigated. 

The significance of individual oxidative enzymes in the respiratory mech- 
anism of plants has not been fully elucidated as yet. Only eytochrome 
oxidase was proved to participate in the oxidation chain coupled with 
phosphorylation processes. With other oxidative enzymes abundantly occur- 
ring in plant tissues, as e.g. peroxidase, polyphenol oxidase, ascorbic acid 
oxidase, flavin oxidases and others, the direct linkage with the energetic 
metabolism could not  be demonstrated so far. As pointed out in many papers, 
these enzymes are responsible for an enhanced, energetically ineffective 
respiration of plant tissues induced especially by certain pathogens (ALLE~ 
1954, PETINOV and MALYSHEVA 1960, HANU~OV~ 1969, MILLIKAn and SA- 
NIEWSKI 1972). The enhancement of oxidative processes under these con- 
ditions is considered as a defense response of plant tissues (RvBIN and 
fl_RTSIKHOVSKAYA 1960, FARKAS and KIR~LY 1962). The centre of the pro- 
cesses of oxidative phosphorylation is represented by mitochondria (LEtt- 
NINGER 1965). One of the criteria for considering the significance of oxidative 
enzymes in the respiratory metabolism may therefore be their localization 
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within the cell. The present paper deals, on this point, with the study of 
variations in cytochrome oxidase and ascorbie acid oxidase activities in rye, 
wheat, barley and oat plants during growth, in both mitochondrial and cyto- 
plasmic cell fractions. 

Material and Methods 

Plants of Wheat  (Triticura aestivum L. - -  cv. 'Kraliekti zlatka'), rye (Secede cereale L. - -  cv. 
'T~w barley (Hordeum distichon L. --  cv. 'Den~r') and oat (Arena 8ativa L. -- ev. 'Diadem') 
were used for the experiments. 

Grains were allowed to germinate in Petri  dishes on filter papers moistened with distilled water, 
in an incubator at  23 ~ After three days they were used for tim first analysis. For further 
cultivation the seedlings were planted out into cultivation vessels of 10 1 in volume, viz. 50 plant- 
lets per vessel, and cultured in Richter 's  nutrient solution supplemented with mieroelements in 
the form of Hoagland's A- -Z  solution. The nutr ient  solution was replaced every 2 weeks. The 
cultivation took place in a cultivation room illuminated by fluorescent tubes of 10 000 Ix 14 h 
per day. The temperature of the room was maintained at  23 -r 1 ~ with a 45% relative air 
humidity. At  the same time another group of plants was cultivated on small areas in the ex- 
perimental garden. 

For the analysis representative parts of shoots and roots were sampled. For the first deter- 
mination the whole shoots were taken up, later on dark green intact leaf blades were always 
employed. The roots.of plants cultivated in a water culture were used as a whole. For the deter.  
ruination of enzyme activities at  the stage of milk ripeness dark green leaf blades, spikes and the 
basal part  of roots of plants grown in the open air were taken. The tissue extract  was obtained 
by homogenizing 6 g fresh weight of the tissue with 30 ml distilled water in a mortar  in a cooled 
room at 2 ~ and by successive centrifuging at  2 500 g for 10 min in a cooled centrifuge. The 
supernatant  was then submitted to further centrifugation in a cooled centrifuge at  20 000 g 
for 30 rain. The resulting supernatant  served as a cytoplasmic fraction, the sediment, as re- 
suspended in 19 ml distilled water, as a mitoohondrial one. Both fractions were used for analysis 
immediately after isolation. 

The activity of both enzymes was determined by the manometric technique in a Warburg's  
respirometer. The composition of the reaction mixture for the determination of cytochrome 
oxidase activity was as suggested in the manual by PAECH and TI~AeEY (1955) with one modi- 
fication consisting in using hydroquinone as an electron donor instead of ascorbic acid. This 
alteration had to be made owing to the presence of active ascorbic acid oxidase in the plants 
tested. A correction had to be made in oxygen uptake for the autooxidatlon of hydroquinone 
which occurred at  pH 7.3. For the determination of ascorbic acid oxidase activity the same method 
as 111 :PLII~.K'S paper (1965) was employed. Along with 3 ml of tissue extract,  1 ml of the respective 
0.15 M phosphate buffer was pipetted into the vessels, but the concentration of ascorbio acid 
was reduced to 10 ~M per vessel. At higher concentrations of ascorbic acid the acidity of the 
reaction mixture increased under the conditions of our experiments. The reduced concentration 
of the substrate was by no means a limiting factor of the ascorbic acid oxidase activity in the plant  
material examined. In the actual measurement the activity of aseorbic acid oxidase was tested 
at  pI-I 5. At this p i t  no autooxidation of ascorbic acid occurred, so that  there was no need to 
correct the data obtained. The correction was performed when determining the dependence of 
the enzyme activity on pH, namely at  the pH's  higher than 5. The enzyme activities were 
followed in the course of 30-min intervals at  25 ~ They were expressed in terms of 02 uptake 
per mg protein of tissue extracts per 30 rain. 

The content of proteins in tissue extracts was determined speetrophotometrically using Folin 
reagent according to LoWl~r et al. (1951) without previous purification. Only with samples 
taken from green plant parts the adverse effect of leaf pigments had to be previously eliminated 
by shaking the tissue homogenates with ethyl ether till decolourization. 

The statistical evaluation of the results was carried out by calculating the standard deviation 
of mean. 

Results 

The first part of our experiments aimed at verifying certain reaction con- 
ditions for both enzymes given in literature for other biological subjects. For 
these experiments rye was chosen as a model plant. 

The optimum pH v~luc of the reaction medium for the determination of 
cytochrome oxidase to be 7.3 according to JAMES (1953), was confirmed for 
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both cell fractions of rye plants (Fig. 1). 67 [zlY[ cytochrome c per 1 ml re- 
action solution was found to be sufficient. Optimum pH values of the reaction 
solution for the determination of ascorbic acid oxidase in the mitochondrial 
fraction of both roots and shoots of rye seedlings fluctuated in the range of 
4--5  (Fig. 2). In  the case of the cytoplasmic fraction no expressive opt imum 
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Figs. 1 and 2. The dependenoe of cytoehrome oxidase (1) and ascorbio acid oxidase (2) aotivities 
of 3 days old rye seedlings on pH of the reaction medium. The enzyme activity is expressed in 
pd oxygen uptake per mg protein per 30 min. Mitochondrial (O) and cytoplasmic (O) fraetmns 
of shoots (full lines) and roots (dashed hnes). 

was found within the range of pH 3--8. The appropriate concentration of 
ascorbic acid amounted to 3.33 [zM per l ml tissue extract.  The course of 
oxygen uptake for the oxidation of both substrates mentioned was linear 
within the 30 min interval. The specificity of enzymic oxidation of the sub- 
strates mentioned was verified using the inhibitors KCN and DIECA (sodium 
diethyldithiocarbamate).  The inhibition of cytochrome oxidase by a 10 -3 M 
solution of cyanide and tha t  of ascorbic acid oxidase by a 10 -4 M solution of 
DIECA amounted to almost 100 per cent in both shoots and roots of rye 
seedlings. Since mitochondria in the reaction medium did not exhibit any 
measurable oxygen uptake in the presence of substrate, endogenous res- 
piration was not  taken into consideration. 

The variations in cytochrome oxidase activity in the course of the first 
28 days of growth of the plants examined are demonstrated in Figs. 3, 5, 7 
and 9. The enzyme was active mostly in both cell fractions of roots and 
leaves. However, the enzyme activity in the mitochondrial fraction of both 
organs was substantially higher in comparison with the cytoplasmic one. 
During a 28-day cultivation the course of variations in cytochrome oxidase 
activity was very similar with rye, wheat and barley plants. Between the 3rd 
to 14th day of growth the enzyme activity gradually increased and reached 
the maximum. Following this period it gradually decreased. In oat plants the 
initial enzyme activity decreased to the 7th day almost to the minimum, 
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then it increased up to the 2lst  day to the level of initial activity. Later  on 
it again decreased. 

Cytochrome oxidase was active in all the four plant  species even at  the 
stage of milk ripeness. Its activi ty was predominant ly  concentrated only in 
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Figs. 3 and 4. The variation in eytochrome oxidase (3) and ascorbic acid oxidase (4) activities of 
rye plants in the course of a 28-day cultivatmn under artificial conditions. For further caption 
see Figs. 1 and 2. 

the mitoehondrial fraction. The values of its activity were lower than at early 
growth phases. In roots the activity determined was a little higher than in 
spikes and leaves. 

Ascorbic acid oxidase was active in the leaves and roots of all four plants 
tested in the course of their 28-day growth, as well (Figs. 4, 6, 8 and 10). Its 
activi ty was on the whole approximately by one half lower than tha t  of cyto- 
chrome oxidase and its participation in both cell fractions varied according 
to the species and organ. In  rye and oat the enzyme was relatively most active 
in the mitochondrial fraction of roots. In root cytoplasmic fraction and in 
leaves its activity was low (Figs. 4, 10). In  wheat  and barley the enzyme was 
also more active in the mitochondrial fraction, but  only in shoots. On the 
other hand, in roots the cytoplasmic fraction was more active (Figs. 6, 8). 
A characteristic feature common for rye, wheat  and barley was a drop in the 
activity on the 5th day of growth in comparison with the 3rd day. Later  on, 
the enzyme activity increased up to the maximum which was reached between 
the 10th to 21st day, the activity then decreasing again (Figs. 4, 6, 8). The 
course of enzyme activity in oat plants was similar, with the exception of the 
initial 10 days, when the activity was very low in all fractions (Fig. 10). 

At the stage of milk ripeness the activity of ascorbic acid oxidase in roots 
and leaves of all four plants was measurable mostly only in the mitochondrial 
fraction and exhibited lower values in comparison with the initial grouch 
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Figs. 5--10. The varmtion in eytoehrome oxidase (5, 7, 9) and ascorbie acid oxidase (6, 8, 10) 
~ t iv i t i e s  of wheat (5, 6), barley (7, 8) and oat (9, 10) plants in the course of a 28-day cultivation 
under artificial conditions. For further caption see Figs. 1 and 2. 

phase. I t  was only in spikes where it was measurable in both fractions and 
with rye and oat it was somewhat higher than in leaves and roots. 

Discussion 

Several oxidative enzymes occur in cereal plants. In addition to cytochrome 
oxidase, peroxidase and ascorbic acid oxidase are also active (WAYGOOD 1950, 
JAMES 1953, SISAKYAN and VASIL'EVA 1954, HONDA 1955). JAMES (1953) 
states that  cytoehrome oxidase occurs only in embryonal barley tissues; 
after 10 days of growth it seems to be substituted by ascorbie acid oxidase. 
However, S[SAKYAN and FILIPOVICH (1956)and RvB]N and LADYOINA (1956) 
demonstrated the presence of cytochrome oxidase even in older plant 
tissues. 
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I t  follows from our results that  in cereal plants both enzymes investigated 
are active probably throughout the entire ontogeny. The loss of cytochrome 
oxidase activity, as observed by JAlapS (1953) in barley, was not found. As 
follows from the comparison of cytochrome oxidase activity in both cell 
fractions, the enzyme is predominantly concentrated in the mitochondrial 
fraction. This is in agreement with most literary data on the localization of 
mechanisms of oxidative phosphorylation, part of which the cytochrome 
oxidase chain represents, in the inner membrane of mitochondria (HANsEN 
and S~nTH 1964, YASA~TIS 1973). The enzyme activity demonstrated in the 
cytoplasmic fraction might be associated e.g. with the presence of microsomes 
which also exhibit a slight cytochrome oxidase activity (ZBARSKII et al. 1968), 
or might be the result of partial diffusion of the enzyme from damaged 
mitochondria into cytoplasm. Mitochondria are partially damaged during 
tissue homogenization, and especially due to distilled water used as an isolation 
medium. PARSONS et al. (1966) used the method of hypotonic effect -- a shock 

- -  for breaking and successive separation of the outer mitochondrial mem- 
brane. Intact mitochondria isolated in a medium of suitable tonicity should 
not respond to exogenous cytochrome c (Bo~ER 1967). As found out by 
WOJTCZAK and ZALUSKA (1969), the outer mitochondrial membrane is 
impermeable to cytochrome c molecules owing to their large size. From this 
point of view the method for the isolation of mitochondria in a water medium 
appears to be suitable for the study of cytochrome oxidase activity in mito- 
chondria. 

Our results concerning the localization of ascorbic acid oxidase are not un- 
ambiguous. The enzyme was active variably in both cell fractions in de- 
pendence on the plant species and organ. In certain cases it appeared to be 
almost totally concentrated in the mitochondrial fraction, as e.g. in shoots 
of barley and wheat and in rye roots. In other cases, a higher enzyme activity 
was proved in cytoplasm (wheat and barley roots). The data given in litera- 
ture mostly deal with the enzyme activity in non-fractionated cell extracts. 
The demonstration of ascorbic acid oxidase in the mitoehondrial fraction of 
plant tissues is referred to by GRANI~OTH (1971 ). 

The course of cytochrome oxidase activity during the first month of 
growth resembles the overall course of respiratory rate as given e.g. for barley 
(JAM~s 1953). Beginning from germination the respiratory rate increases up 
to the maximum, then it diminishes. However, certain differences occur in 
the time when the maximum was obtained. Maximum enzyme activities 
were mostly found a little later (10th--14th day) than referred to for res- 
piration, e.g. with barley and wheat on the 6 t h - - l l t h  day (JA~ES 1953). 
This may partly be due to the fact that the respiratory and enzyme activities 
were expressed on different bases (in terms of fresh weight in the case of 
respiration, per protein unit in that  of oxidases). 

The course of variation in ascorbic acid oxidase, especially in rye, barley 
and wheat plants, is analogous to that of the respiratory rate, as well. How- 
ever, the enzyme activity is lower in comparison with cytochrome oxidase. 
The drops in ascorbic acid oxidase activity, as determined within the 5th to 
10th day of growth with all plants examined, indicate that  the enzyme 
does not participate in the oxidative metabolism at all growth phases. In oat 
plants this drop was marked also in the case of cytochrome oxidase and 
maximum activity of both enzymes was obtained as late as on the 21st day 
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of growth. It is likely that in this case the oxidative metabolism is mediated 
by further oxidative systems, as e.g. by flavin oxidases (ARTSIKttOVSKAYA 
and RUBIN 1954). This possibility cannot be excluded even in the case of the 
other plants investigated. 

The results obtained suggest that cytochrome oxidase is an active oxidase 
functioning probably throughout the entire ontogeny of the cereal plants 
tested. The localization of this enzyme in mitochondria supports the view of 
its significance in the energetic metabolism of cereal plants. 

As far as ascorbic acid oxidase is concerned, some of the results obtained 
give evidence of the fact that it also plays the role of an oxidative enzyme 
throughout the whole ontogeny of cereal plants, though to a lesser extent. 

A c k n o w l e d 9 e m e n t s  

The  a u t h o r  is m u c h  i ndeb t ed  to Dr.  F .  PlhAk, CSc. for sugges t i ng  th is  i nves t iga t ion  a n d  for h is  
eff ic ient  pa r t i c ipa t i on  in p repa r ing  t he  m a n u s c r i p t .  
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V prgmi jsme studovali zm~ny aktivity cytochromoxidhzy a askorbhzy v rostlinhch ~ita, p~e- 
nice, jeSmene a ovsa. Aktivita obou enzymfl byla mii~ena v prflb~hu poS~teSnich 28 dnfi rfistu 
a v e  fiizi ml65n6 zralosti v cytoplazmatick6 a mitochondrihlni bun$Sn6 frakci ko~enfl, listfi a klasfl. 
Oba enzymy byly aktivnl pli vw m~enich.  Cytochromoxidttza vykazovala v~tw vyw167 
aktivitu ne~ askorbt~za. Cytochromoxidhza byla v listech, ko~enech i klasech v~ech StyX- pokus- 
n~ch rostlin podstam~i aktivn~j~ti v mitochondri~lni frakci ve srovn~ni s cytoplasmatickou frakel. 
Aktivita askorbstzy v obou frakcich se naopak m~nila podle druhu rosihny, druhu orghnu i podle 
f~ze rflstu. 

Zm~ny aktivity obou enzymfl b~hem rflstu rostlin vykazovaly vcelku podobn~ prflb6h zm~- 
ns intenzity resplrace. V prv~ch 14 a~ 21 dnech rflstu so aktlvita enzymd zvy~ovala k maximu, 
pot6 zprvu rychleji, pozd~ji pozvolna klesala, l'rflbSh zm6n aktivity enzymfi byl s ur6itI~mi v~- 
jlmkami podobn~" u v~iech 6ty~ sledovan~eh ro.st[; a. 
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thr unt ersche:nt schon die 5. Auflage des beliebten t tausbuches aller Zimmerpflanzenfreunde. 
Das I~ach 1st in vier Abschnitte gegliedert. Der erste bringt an Hand yon illustrativen Zeichnun- 
,,,ev. die Zusammenstellung yon Zlmmerpflanzcn fiir S/id* und Nordfenster, Kakteen- oder Sukku- 
,entengruppen, buntbl/ittrige oder bl/ihendc Blumenfenster, anspruchslose Zimmerpflanzen 
u.a.m. Der zweite, ausf/ihrlichstc Abschnitt  ,,Zimmerpflanzen im Portr/ i t" ist ein alphabetisches 
Verzeichnis yon mehr als 120 Zimmerpflanzen je mit Zeichnung und Charakteristik der Pflanze. 
Es folgen einige spezielle Kapitel (iber Zwmbelpflanzen, K/ibel- und Balkonpflanzen, Wasser- 
pflanzen usw. Der dritte Abschnitt  1st (ler richtigen Pflege der Zunmcrpflanzen und der Krank- 
heitsbekfimpfung gewidmet. Der vicrte Abschnitt  behandelt kurz Zimmerpflanzen mit  besonderen 
Lebensanspriiehen, dm Vermehrung der Zimmerpflanzen, die Hydrokultur u./i. Das Buoh schliesst 
mlt einem Pflanzen- und Sachverzciohnls. Aus~er vielen schwarz-wemsen und schwarz-weiss-grfl- 
ncn Zeichnungen enth/ilt das Bueh ebenfalls gute Schwarz.Weiss- und Farb-Fotos (Das Foto 
der Azalee ist nicht auf S. 69 -- siche Textanweisung auf S. 107 -- sondern auf S. 123 zu findon). 

Als Ganzes mtdas  B/ichlcm schr gelungen und wirdmeines Erachtens vielen Blumenfreunden 
gute lhenste leisten. 

INOmn TICH,((Praha) 


