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Abstract. In the present paper the oxidative and phosphorylative activity of mitochondria 
isolated from rye, wheat, barley and corn seedlings are compared. Mitochond.ria from the shoots 
as well as from the roots of rye, wheat and corn oxidized succinate and in the presence of ATP 
or A.DP exhibited the respiratory control which reached the values mostly of about 2. In the 
presence of ~TP or ADP the decrease of inorganic phosphorus was contemporarily remareable. 
The P/O ratio reached the values mostly of about 0.8 up to 1.0. The presence of ATP effeeted 
in some cases more favorable the respiratory control as well as the 1~ ratio in comparison with 
ADP. With regard to the fact that a trapping hexokinase system was not added, the presence 
of endogenoug 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. I t  was caused by the presence 
of active ATP-aso which was not effectively inhibited by present NaF. 

A series o f  p a p e r s  is r e p o r t e d  in  c o n t e m p o r a r y  l i t e r a t u r e  dea l ing  w i t h  
i so la t ion  o f  m i t o c h o n d r i a  f r o m  p l a n t  t i s sues  a n d  w i t h  e x a m i n a t i o n  o f  the i r  
a c t i v i t y .  T h e  a i m  o f  m a n y  m o d i f i c a t i o n s  in  i so la t ing  m e t h o d s  is t o  o b t a i n  
ac t ive ,  u n d a m m a g e d  m i t o c h o n d r i a  c h a r a c t e r i s e d  b y  t i g h t l y  c o u p l e d  ox ida -  
t i ve  a n d  p h o s p h o r y l a t i v e  p rocesses  a n d  d i s p l a y i n g  h i g h  r e s p i r a t o r y  con t ro l .  

T h e  resu l t s  o f  m a n y  e x p e r i m e n t s  s h o w  t h a t  t h e  c o n t e m p o r a r y  m e t h o d s  
o f  i so la t ion  m a k e  it  poss ib le  t o  o b t a i n  ac t i ve  m i t o c h o n d r i a  f r o m  s o m e  sui t -  
ab le  p l a n t  t i ssues  o r  p l a n t  o r g a n s  - -  fo r  i n s t a n c e  f r o m  t h e  t u b e r s  o f  wh i t e  
p o t a t o e s  a n d  swee t  p o t a t o e s ,  f r o m  t h e  p u l p  o f  s o m e  f ru i ts ,  f r o m  t h e  shoo t s  
o f  s o m e  seedl ings  etc. ~ a n y  o t h e r  p l a n t  t i s sues  espec ia l ly  t h e  m o r e  s enescen t  
ones  are  less su i t ab le  o r  u n s u i t a b l e  for  i so la t ion  o f  h i g h l y  a c t i v e  m i t o c h o n d r i a  
b y  c o n t e m p o r a r y  m e t h o d s  o f  i so la t ion .  This  m a y  be  c a u s e d  e i t h e r  b y  specific 
p r o p e r t i e s  o f  p l a n t  t i s sues  o r  b y  specific r e q u i r e m e n t s  in  t h e  i so l a t ing  m e t h o d .  
I n  o u r  p a p e r  we  are  i n t e r e s t e d  in  v e r i f y i n g  t h e  i so l a t ing  m e t h o d  o f  m i t e .  
c h o n d r i a  f r o m  p l a n t  seedl ings  o f  s o m e  cereals  a n d  in  c o m p a r i n g  t h e i r  oxi -  
d a t i v e  a n d  p h o s p h o r y l a t i v e  a c t i v i t y  b y  suee ina t e  o x i d a t i o n .  

* Address: KotlA~skA 2, 611 37 Brno, Czechoslovakia. 
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Material  and Methods  

Plant  Material  

The seedlings of barley (Hordeum distichon L. co. Brani~ovsk~), wheat  (Triticum vulgar6 L. 
co. Zlatka), rye (Seca|e cereals L. co. T~ovsk~) and corn (Zea maya L. co. Ko~ovsl~ ran~) 
were  used in the experiments. The grains of the mentioned plants were germinated on moistened 
f i lter paper  in Petri-dishes in the thermostat  at  25 ~ After three days the shoots and the roota 
of the seedlings were cut, washed by distilled water and used for isolation of mitochondria. 

Isolat ion o i  Mitoehondria  

P]ant t~ssue (10 g) was grourd in a mortar with quartz sand and with isolating medium (40 ml} 
in a cold room av 2 ~ As isola*.mg medium 0.5 M sucrose in 0.1 i~I Tris-ttC1 buffer pH 7.3 with 
addition of 0.005 M EDTA ~nd 0.1~/o serum albumine was used. Homogenat  was squeezed 
through four layers of sterile gcuze and centrifuged at  2 500 g for 5 rain in a cooled centrifuge. 
The pellet was discarded and zupernatant  was again cenvrffugcd in cooled ultracentrifuge at  
20 000 g for 20 rain. The pellet obtained was resnspcnded in 10 ml washing medium with the 
lame composition as the mentioned isolating medium only with a small difference; the concen- 
t rat ion of Tris-HC1 buffer was lowered to 0.01 M. After a further centrifugation at  20 000 r 
for 15 rain. the supernatant  was discarded, the sediment was resnspended in the later medium 
and used in the expex'iments as mitochondrial fraction. The final sediment was every t ime 
ru tmpendcd in such volume of media tha t  the amount of mitochondrial proteins reached 2 to  
4 mg per ml of suspension ( R ~ s o ~  and LYoss 1970}. 

Est imat ion  of Oxidative and Phosphorylat ive  Act ivi ty  of Mitochondria  

The oxidative activity of mitochonclria was determined manometrieally from 02 consump- 
tion by suceinate oxidation. The phosphorylative act ivi ty of mitochondria was determined 
from inorganie 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 a t  pH 7.3, 0.10 ml 0.1 M MgS04, 0.03 mi 1 M Iqal~, 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/ml. The final volume of reaction mixture was adjusted to 
2.5 ml by distilled water. 0.2 ml 10% KOH solution was added separatelly into the center well 
for CO2 absorption. The reaction was s tar ted at  zero time by addition of 0.5 ml mitochondrial 
suspension containing 1 to 2 mg of proteins. The reaction took place for 60 rain. at  25 ~ and 
thereafter it  was stopped by addition of 1.5 ml 10% 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 31 O2 consumption and ~g Pi decrease per mg 
proteins during 60 rain. The respiratory control (I~C) was expressed as tl~e ratio of mitochondrial 
respiration intensity in the presence of AT} ), 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 ~atoms to 0~ consumption in ~atoms per nag proteins during 
60 rain. 

The ATP-ase activity was determined from the inorganm 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-HC1 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 :MgSO4 and 0.2 ml ATP or ADP solution 
in concentration 20 mg/ml. The reaction was s tar ted by adding 0.2 ml of mitochondrial sus. 
pension and took place for 30 min. at  25 ~C. The enzyme activity was expressed in ~g inorganic 
phosphorus released per nag mitochondrial proteins during 30 rain. 

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- 
phoru~ was determined colorimetrically by the method of S~VLATCBEV (1962). Protein content 
in mitoohondrial suspension was determined also eolorimetrically by the reaction with Folin 
~agent (Lower et el. 1951). All measurements were done every t ime in three parallels at  least 
a n d  t h e  results presented were verified by several repetitions of all experimental variants. The 
va lues  in the  tables  are the averages of three repetitions at  least. 
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R e s u l t s  

In  the presence of ATP and succinatc, 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 act ivi ty  decreased remarkable. In  the absence of  
succinate, the phosphorylat ive act ivi ty was not  demonstrable either and the 
oxidative act ivi ty  reached a very small values. In the presence of succinate 
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and ADP, oxidative and phosphorylative act ivi ty 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 act ivi ty 
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 act ivi ty similar to tha t  of mito- 
ehondria from rye seedlings. I f  ATP in reaction mixture was replaced by 
ADP, the phosphorylative act ivi ty in shoots was established a little higher, 
in roots on the contrary a little lower. Oxidative act ivi ty changed in the  
same manner. In  the presence of ATP and ADP in reaction mixture,  the 
oxidative and phosphorylative act ivi ty  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 suceinate 
and ATP oxidative as well as phosphorylat ive activity. Both processes were 
approximately of the same intensi ty  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 sueeinate, 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 ~M) 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 ease 
of determination of oxidative phosphorylation. Sodium fluoride forms in the  
presence of phosphate a complex of magnesium flnorophosphate (WA~BU~G 
and C~RISTIA~ 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 mitoehondria, a decrease of inorganic phosphorus in 
reaction mixture oeeured. 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 conversior~ 
of ATP to ADP which is the phosphate acceptor by oxidative phosphory- 
lation ( B o ~ R  and M~LL~RD 1953). With regard to the fact that hexokinase 
was not added into the reaction mixture, it is necessary to assume tha~ 
mitoehondria of tested plants contained an endogenous hexokinase system. 
Evidence of hexokinase present in plant mitochondria was given also by 
other authors (MIT.LERD et al. 1951, SALT~A~ 1953). BO~ER and MILT.E~D 
(1953) when studying hexokinase activity in mitoehondria 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 
e v e n  higher effect of ATP in comparison with ADP on succinate oxidation 
and on coupled phosphorylation is evidence tha t  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 on suceinate oxidation (WISKICH and BONNER 1963,WISKICH 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 
phosphorylat ive processes (WISKICH and BONNER 1963, LEHI~INGER 1965, 
RAISO~ and LYoNs 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 ( W I s K I C H  and BONNER 1963, LYONS and l%xIso~ 
1970). The values of respiratory control determined in our experiments for 
mitochondria from cereal seedlings were similar or slightly lower. The P / 0  
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 A D P / 0  ratio determined for mitoehondria 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- 
phorylat ive processes (WISKICH and BO~NV.R 1963, IKUMi and BO~:~ER 1967, 
TIMiSHOV 1968, LYoNs and RAIso~ 1970). 

In  the case of barley mitochondria it was not possible to determine the 
P/O ratio at  all, as the act ivi ty of  present ATP-ase was not  inact ivated 
enough b y  the action of NaF  added. Contrary to our results T~ASHOV 
(1968) established the values of  P/O ratio in mitochondria from barley roots 
round about  1.0 to 1.6. As a part iculari ty 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- 
phorylat ion 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 prgci jo porovnAna oxida6ni a fosforyla~ni aktivita mitoehondril k]iSnich rostlin t i ta ,  
p~enice, je6mene a kuku~ice. Mitochondrie z nadzemnich 6~sti i ko~enfl ~ita, p~enice a kuku~ice 
oxidovaly jantaran a v p~itomnosti ATP ~i ADP vykazovaly respira~ni kontrolu, kter~ dosa- 
hovala hodnot  v~t~inou kolem 2. u p~itomnosti ATP ~i AI)P byl sou~asn~ patrn~ fibytek anor- 
ganick~ho fosforu. Vy~isleny P/O kvocient dosahoval hodnot v~tw kolem~0,8 a~ 1,0. P~t- 
tomnost  ATP m~la v n~kter~eh p~ipadcch positivn~j~t fi~inek na oxida~ni kontrolu i na P/O 
kvocient ve srovn~ni s AI)P. Vzhledcm k tomu, ~e do reak~ni sm~si nebyl p~id~v~n z~lo~nt 
hexokin~zov~ system, sv~d~i to o p~itomnosti vlastni hexokin~zy v mitoehondritch testovan~ch 
rostlin. Mitochondrie je~mene r o v n ~  vykazovaly respira~ni kontrolu, av~ak misto ~bytku 
anorganick~ho fosforu v reakSni sm~si byl patrn~ jeho p~ir~stek. To bylo zp~sobeno p~itomnosti 
aktivni ATP-~zy, kterfi nebyla dost  fiSinn~ inhibov~na p~idan~m l~aF. 


