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Abstraet. In the present paper the oxidative and phosphorylative activity of mitochondria
isolated from rye, wheat, barley and corn seedlings are compared. Mitochondria from the shoots
as well ag from the roots of rye, wheat and corn oxidized succinate and in the presence of ATP
or ADP exhibited the respiratory control which reached the values mostly of about 2. In the
presence of ATP or ADP the decrease of inorganic phosphorus was contemporarily remarcable.
The P/O ratio reached, the values mostly of about 0.8 up to 1.0. The presence of ATP effected
in some cases more favorable the respiratory control as well as the P/O ratio in comparison with
ADP. With regard to the fact that a trapping hexokinase system was not added, the presence
of endogenous hexokinase in mitochondria of experimental plants is presumed. The barley
mitochondria exhibited the respiratory control as well, but instead of the decrease in inorganic
phosphorus content in reaction mixture, an increase took place. It was caused by the presence
of active ATP-age which was not effectively inhibited by present NaF,

A series of papers is reported in contemporary literature dealing with
isolation of mitochondria from plant tissues and with examination of their
activity. The aim of many modifications in isolating methods is to obtain
active, undammaged mitochondria characterised by tightly coupled oxida-
tive and phosphorylative processes and displaying high respiratory control.

The results of many experiments show that the contemporary methods
of isolation make it possible to obtain active mitochondria from some suit-
able plant tissues or plant organs — for instance from the tubers of white
potatoes and sweet potatoes, from the pulp of some fruits, from the shoots
of some seedlings etc. Many other plant tissues especially the more senescent
ones are less suitable or unsuitable for isolation of highly active mitochondria
by contemporary methods of isolation. This may be caused either by specific
properties of plant tissues or by specific requirements in the isolating method.
In our paper we are interested in verifying the isolating method of mito-
chondria from plant seedlings of some cereals and in comparing their oxi-
dative and phosphorylative activity by succinate oxidation.

* Address: Kotldiskéa 2, 611 37 Brno, Czechoslovakia.
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Material and Methods

Plant Material

The seedlings of barley (Hordeum distichon L. cv. Branifovsky), wheat (Triticum vulgars L.
cv. Zlatka), rye (Secale cereale L. cv. Te8ovské) and corn (Zea mays L. cv. Kotovské rans)
were used, in the experiments. The grains of the mentioned plants were germinated on moistened
filter paper in Petri-dishes in the thermostat at 25 °C. After three days the shoots and the roots
of the seedlings were cut, washed by distilled water and used for igolation of mitochondria.

Isolation of Mitochondria

Plant tissue (10 g) was grourd in a mortar with quartz sand and with isolating medium (40 m})
in a cold room av 2 °C. As isolating medium 0.5 M sucrose in 0.1 M Tris-HCI buffer pH 7.3 with
addition of 0.0053 M EDTA :nd 0.19% serum albumine was used. Homogenat was squeezed
throngh four layers of sterile gcuze and centrifuged at 2 500 g for 5 min 1n & cooled centrifuge.
The pellet was discarded and supernatant was again centrifuged in cooled ultracentrifuge at
20 000 g for 20 miu. The pellet obtained was resuspended in 10 ml washing medium with the
same composition as the mentioned isolating medium only with a small difference; the concen-
tration of Tris-HCl buffer was lowered to 0.01 M. After a further centrifugation at 20 000 g
for 15 min. the supernatant was discarded, the sediment was resuspended in the later medium
and used in the experiments as mitochondrial fraction. The final sediment was every time
resuspended in such volume of media that the amount of mitochondrial proteins reached 2 to
4 mg per ml of suspension (RarsoN and Lyons 1970).

Estimation of Oxidative and Phosphorylative Activity of Mitochondria

The oxidative activity of mitochondria was determined manometrically from Os consump-
tion by succinate oxidation. The phosphorylative activity of mitochondria was determined
from inorgsnic phosphorus decrease in reaction mixture. The complete reaction mixture con-
tained 0.80 ml 1 M sucrose, 0.10 ml 1 M succinate, 0.06 ml 1 M glucose, 0.40 ml 0.1 M K.phosphate
buffer at pH 7.3, 0.10 ml 0.1 M MgSOy4, 0.03 ml 1 M NaF, 0.10 ml ATP or ADP in concentration
20 mg/ml or their mixture, 0.10 ml serum albumine in concentration 10 mg/ml and 0.10 ml
cytochrome C in concentration mg/mi. The final volume of reaction mixture was adjusted to
2.5 ml by distilled water. 0.2 ml 109, KOH solution was added separatelly into the center well
for CO; absorption. The reaction was started at zero time by addition of 0.5 ml mitochondrial
suspension containing 1 to 2 mg of proteins. The reaction took place for 60 min. at 25 °C and
thereafter it was stopped by addition of 1.5 ml 109, TCA. Into the control vessels TCA was
added before mitochondrial suspension. After stopping the enzyme reactions the content of
inorganic phosphorus (Pi) was determined in reaction mixture. The oxidative and phosphory-
lative activity of mitochondria was expressed in ul Oz consumption and pg Pi decrease per mg
proteins during 60 min. The respiratory control (RC) was expressed as the ratio of mitochondrial
respiration intensity in the presence of ATP, ADP or their mixture to respiration intensity in
their absence. Oxidative phosphorylation was expressed by P/O ratio, it means by the ratio of
inorganic phosphorus decrease in patoms to Oz consumption in patoms per mg proteins during
60 min.

The ATP-ase activity was determined from the inorganic phosphorus amount released from
ATP or ADP in reaction mixture. Mitochondrial fraction was in this case prepared by homo-
genisation of the tissue in 0.05 M Tris-HCl buffer at pH 7.6 and following centrifugation in the
above mentioned way. The sediment of mitochondria was resuspended in the same buffer and
the suspension was used for the determination of enzyme activity. The reaction mixture con-
sisted of 0.5 ml buffer mentioned above, 0.1 ml 0.05 M MgSO,4 and 0.2 ml ATP or ADP solution
in concentration 20 mg/ml. The reaction was started by adding 0.2 ml of mitochondrial sus-
pension and took place for 30 min. at 25 °C. The enzyme activity was expressed in pg inorganie
phosphorus released per mg mitochondrial proteins during 30 min.

The measurements of mitochondrial activity were carried out immediatelly after isolating
procedure. Bidistilled water in glass was used for preparation of all solutions. Inorganic phos-
phorus wae determined colorimetrically by the method of SkULATCHEV (1962). Protein content
in mitochondrial suspension was determined also colorimetrically by the reaction with Folin
reagent (Lowry ef al. 1951). All measurements were done every time in three parallels at least
and the results presented were verified by several repetitions of all experimental variants. The
values in the tableg are the averages of thres repetitions at least.
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Results

In the presence of ATP and succinate, mitochondria from rye seedlings
showed oxidative and phosphorylative activity. Both processes were a little
higher in mitochondria from overground parts than in mitochondria from
roots. In the absence of ATP, the phosphorylative activity was not demon-
strable and the oxidative activity decreased remarkable. In the absence of
succinate, the phosphorylative activity was not demonstrable either and the
oxidative activity reached a very small values. In the presence of succinate
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Fig. 1. Inhibition of activity of mitochondrial ATP-ase from overground parts and roots of
barley and rye seedlings by NaF in the absence (dashed line) and in the presence (full line) of
inorganic phosphorus in reaction mixture. Enzyme activity is expressed in pg inorganic phos-
phorus released per mg proteins during 30 min. Abscissa: amount of Na¥ edded in pmoles.
Ordinate: amount of inorganic phosphorus released in pg.

and ADP, oxidative and phosphorylative activity in mitochondria from both
parts of rye was established a little lower than in the previous variant with
ATP. In the presence of both substances — ATP and ADP — in reaction
mixture, the established values of oxidative and phosphorylative activity
were nearly the same as in the presence of ATP alone (Table 1).
Mitochondria from wheat seedlings exhibited in the presence of ATP and
succinate an oxidative and phosphorylative activity similar to that of mito-
chondria from rye seedlings. If ATP in reaction mixture was replaced by
ADP, the phosphorylative activity in shoots was established a little higher,
in roots on the contrary a little lower. Oxidative activity changed in the
same manner. In the presence of ATP and ADP in reaction mixture, the
oxidative and phosphorylative activity of mitochondria from shoots in-
creased a little more compared to both previous cases (Table 2).
Mitochondria from corn seedlings exhibited in the presence of succinate
and ATP oxidative as well as phosphorylative activity. Both processes were
approximately of the same intensity in the shoots and in the roots. Very
similar results were obtained also in the case when ADP was used instead
of ATP or when both substances were added into reaction mixture (Table 3).
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In the mitochondria of barley seedlings, the oxidative activity was estab-
lished in the presence of ATP and succinate, the phosphorylative activity,
however, was not proved. Inorganic phosphorus, on the contrary, increased
in reaction mixture. In the absence of ATP, the content of inorganic phos-
phorus did not change and the oxidative activity slightly decreased. In the
absence of succinate, the oxidative activity decreased markedly, inorganic
phosphorus, however, increased in reaction mixture again. In the absence
of NaF, very similar results were obtained only with the difference that the
increase of inorganic phosphorus in reaction mixture in the variants where
ATP was present was higher (Table 4). When ATP was supplied by means
of ADP, analogous results to the previous ones were mostly obtained
(Table 5).

By examining the inhibition effect of NaF on mitochondrial ATP-ase
activity, it was established that not even a five time increase in NaF con-
centration above the used amount (10 pM) brought about the total inhi-
bition of the activity of enzyme (Fig. 1). The effect of inhibition increased
in the presence of phosphate added in the same concentration as in the case
of determination of oxidative phosphorylation. Sodium fluoride forms in the
presence of phosphate a complex of magnesium fluorophosphate (WARBURG
and CHRISTIAN 1942). In the case of barley ATP-ase even then, however,
the inhibition was not total.

In the mitochondria of barley and rye, the presence of enzymes liberating
phosphate from ATP as well as from ADP was demonstrable. The activity
of these enzymes was in barley plants significantly higher than in rye plants
and it increased a little with the increasing amount of ATP or ADP present.
By diminishing both substances in reaction mixture up to limit amount it
was observable that mitochondria from barley, and in the case of ATP,
mitochondria from rye as well, liberated higher amount of phosphorus than
was the theoretically calculated amount for liberating one molecule of
phosphate (Table 6).

Discussion

Mitochondria of all four species of cereals oxidized succinate. The oxidation
increased foundamentally in the presence of ADP as well as ATP. Respi-
ratory control reached the maximum values of about 2. In all cases, with
the exception of barley mitochondria, a decrease of inorganic phosphorus in
reaction mixture occured. This is evidence that isolated mitochondria were
active and that the oxidation of succinate was coupled with phosphorylation.

The presence of ATP in reaction mixture had in comparison with ADP
the same and sometimes even higher effect on oxidative phosphorylation
of mitochondria. The presence of hexokinase is necessary for the conversion
of ATP to ADP which is the phosphate acceptor by oxidative phosphory-
lation (BoNNER and MILLERD 1953). With regard to the fact that hexokinase
was not added into the reaction mixture, it is necessary to assume that
mitochondria of tested plants contained an endogenous hexokinase system.
Evidence of hexokinase present in plant mitochondria was given also by
other authors (MILLERD et al. 1951, SaLT™MAN 1953). BoNNER and MILLERD
(1953) when studying hexokinase activity in mitochondria from bean hypo-
cotyles have found that the enzyme activity was sufficiently high, so that it
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was in no case a limiting factor of oxidative phosphorylation. The same or
even higher effect of ATP in comparison with ADP on succinate oxidation
and on coupled phosphorylation is evidence that in mitochondria of plant
tissues used in our experiments hexokinase in a sufficiently active state was
present as well. A higher effect of ATP on succinate oxidation in comparison
with ADP is explained by removing the inhibition effect of the endogenous
oxalacetate onsuccinate oxidation (WiskicH and BoNNER 1963, Wisk1cH 1967).

The respiratory control is one of the criteria of a convenient isolation of
mitochondria because it shows the degree of the coupling of oxidative and
phosphorylative processes (WrskicH and BoNNER 1963, LEENINGER 1965,
Rarsox and Lyows 1970). The value of respiratory control ratio for succinate
in comparison with other substrates is relatively small. For mitochondria
from a number of plant tissues (white potatoes, sweet potatoes, cucumber
fruits, beet root, cauliflower buds and others) the value was determined
mostly round about 2 to 3 (WiskicH and BoNNER 1963, Lyons and Raisow
1970). The values of respiratory control determined in our experiments for
mitochondria from cereal seedlings were similar or slightly lower. The P/O
ratio determined in our experiments reached mostly the values round about
0,8 and less. In comparison with a theoretical value which reaches for suc-
cinate number 2, the values obtained were relatively small. The values of
P/O or ADP/O ratio determined for mitochondria of a number of plant
tissues are mostly lower in a different degree as against theoretical values,
which is no doubt evidence of partial uncoupling of oxidative and phos-
phorylative processes (WrskicH and BoNNER 1963, IKuMA and BoNNER 1967,
TimasHOV 1968, Lyoxns and Rarsox 1970).

In the case of barley mitochondria it was not possible to determine the
P/O ratio at all, as the activity of present ATP-ase was not inactivated
enough by the action of NaF added. Contrary to our results TimasuOV
(1968) established the values of P/O ratio in mitochondria from barley roots
round about 1.0 to 1.6. As a particularity he used in this case isolating me-
dium with 0.9 M sucrose solution. In our experiments we were not successful
even with this isolating medium in the determination of oxidative phos-
phorylation in barley mitochondria. The explanation of these differences is
possible to find perhaps in the specificity of metabolism in different varieties
of barley.
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V préci je porovnana oxidalni a fosforylaéni aktivita mitochondrii kliénich rostlin %ita,
penice, jeémene a kukufice. Mitochondrie z nadzemnich ¢4sti i kofenu Zita, pSenice a kukufice
oxidovaly jantaran a v pifitomnosti ATP & ADP vykazovaly respiraéni kontrolu, kterd dosa-
hovala hodnot vétdinou kolem 2. V pi{tomnosti ATP & ADP byl soutasnd patrny tbytek anor-
ganického fosforu. Vydfsleny P/O kvocient dosshoval hodnot vétdinou kolem!0,8 az 1,0. Pii-
tomnost ATP méla v nékterych piipadech positivnéjsi uéinek na oxidaéni kontrolu i na P/O
kvocient ve srovnani s ADP. Vzhledem k tomu, %e do reakéni smési nebyl pfidévan zéloini
hexokindzovy systém, svédéi to o pritomnosti vlastni hexokinézy v mitochondrifch testovanych
rostlin. Mitochondrie jeémene rovné# vykezovaly respiraéni kontrolu, aviak misto ubytku
anorganického fosforu v reakéni smési byl patrny jeho p¥irtistek. To bylo zpiisobeno pritomnosti
aktivni ATP-4zy, kter4 nebyla dost téinng inhibovéna ptidanym NaF.



