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SUMMARY: It was previously shown that exposure of electron transport particles 
from M cobacterium phlei to heat (SO“) for 10 min increased the level of phosphory- 
lation and e immated the requirement for soluble coupling factors. +------ In contrast, 
particles subjected to freezing followed by slow thawing exhibited decreased P:O 
ratios. This loss in activity was restored following heat-treatment of the frozen 
particles. Mixture of ATP and Mg*, soluble coupling factors and cryoprotective 
agents like glycerol and dimethyl suifoxide protected the ETP from the effects of 
freezing. 

It was shown earlier that heat-treatment of the electron transport particles 

(ETP) from Mycobacterium ph& resulted in increase in the level of phosphorylation 

coupled to oxidation of substrates (1). In addition, heat-treatment eliminated the 

requirement of soluble coupling factors (2). However, the heat-treated ETP re- 

quired “particle-bound” coupling factor(s) for restoration of phosphorylation. 

These results could be explained by assuming that heat-treatment (a) removed a 

heat-labile natural inhibitor(s), or (b) brought about structural alteration of the 

membrane (1,3). The presence of an inhibitor(s) of oxidative phosphorylation is 

in line with the demonstration that an ATPase inhibitor is present in mammalian 

mitochondria (4, $6) and chloroplasts (7). These inhibitors were destroyed by 

heat-treatment (6, 7). However, attempts to isolate such an inhibitor from M. - 

phlei ETP have not been successful. In the present studies attempts have been 

made to alter the membrane structure and to determine the effects of such 

alteration on oxidative phosphoryiation. 
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MATERIALS AND METHODS: The growth conditions and harvesting of M. - 

phlei ATCC 354 and the preparation of ETP have been described earlier (2,8). 

The ETP were suspended in 0.15 M KC1 and subjected to heat-treatment at 50” 

for 10 min (1). The ETP were frozen rapidly by freezing (a) in dry ice-acetone 

slurry (-75“) for 10 min, or (b) in liquid nitrogen (-190’) for 2 min. The 

frozen ETP were thawed slowly at room temperature. 

Oxygen uptake was measured with the Gilson differential respirometer 

at 30”. Inorganic orthophosphate was measured using the method of Fiske and 

SubbaRow (9). Protein was determined either by the Biuret method (10) or, by 

the method of Stadtman et al (11). 

RESULTS AND DISCUSSION: The mechanism by which heat-treatment brings 

about increased phosphorylation in M. phlei ETP has not been understood. The -- 

possibility of an alteration in the membrane structure during heat-treatment was 

studied. It is well known that freezing and thawing results in structural alteration 

of the membranes leading to changes in the activity of membrane bound enzymes 

(12, 13). In the mammalian mitochondrial and M. phlei extracts, oxidative phos- -- 

phorylation was shown to be lost on freezing and thawing due to damage to the 

structural organization of membranes (14, 15, 16, 17). Thus, the effect of freezing 

and thawing on oxidative phosphorylation in ETP from M. ph&i was studied. Freez - 

ing of the ETP at -75°C was found to decrease phosphorylation by about 50% without 

significant effect on oxidation (Figure 1). However, freezing in liquid nitrogen 

resulted in a significant decrease in both oxidation and phosphorylation. 

It is interesting to note that the decreased phosphorylation brought about 

by freezing (-75”) was partially restored by heating the ETP (Table 1). Since 

in some experiments the damage caused by liquid nitrogen, was irreversible, 

ETP were only used following exposure to -75’. Prior heating also afforded a 

certain degree of protection to phosphorylation. This effect was further en- 

hanced when succinate was used as substrate. There was a decrease in phos- 

phorylation (38%) when the heat-treated ETP were frozen; nevertheless the 
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TABLE 1 

Effect of Freezing and Subsequent Heating the ETP on Oxidative 

Phosphorylation 

Substrate 

Succinate 

Treatment 

None 

Frozen 

Frozen and Heated 

Heated 

Heated and Frozen 

Heated -Frozen -Heated 

Generated 
NADH 

None 

Frozen 

Frozen and Heated 

Heated 

Heated and Frozen 

Heated-Frozen-Heated 

Oxygen uptake 
patoms 

7.06 

6.07 

6.87 

6. 78 

5.71 

6. 16 

7.67 6.00 

5.00 2.66 

4.55 5.20 

6.69 7.36 

3. 92 2.80 

3. 92 4.66 

Pi esterified 
pmoles 

6.86 

3. 16 

5.86 

8.00 

5.00 

6.86 

P:O 

0.97 

0.52 

0.85 

1. 17 

0.88 

1. 11 

0.78 

0.53 

1. 14 

1. 10 

0.71 

1. 18 

Conditions were given under Figure 1. ETP were frozen at -75°C (dry ice in 

acetone) for 10 min. 

level of phosphorylation increased (37% over the heated and frozen ETP) on 

reheating (Table 1). When generated NADH was used as substrate ETP first 

subjected to heat-treatment followed by freezing exhibited a decrease in oxid- 

ation and phosphorylation (41% and 62% respectively). Further treatment of 

these particles with heat resulted in an increase in the level of phosphorylation 

(64y0 over the heated and frozen ETP), while the oxidation was not changed. 

Similar changes though less pronounced were observed when succinate was used 

as substrate. 

Both oxidation and phosphorylation were lost when the ETP were sub- 

jected to freezing and thawing procedure several times (Figure 2). While 

the phosphorylation in ETP frozen once could be reactivated by heat, the 
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response was very poor in the ETP frozen twice. In the ETP frozen five 

times, there was a considerable loss of both oxidation and phosphorylation 

and these particles did not respond to subsequent heating. 

Respiratory control has been used as an index of the structural integrity 

of mammalian mitochondria. This activity has not been demonstrated in the 

M. phlei system. Respiratory control was lost when mitochondria were frozen -- 

(15, 16, 17, 18). However, mitochondria could be protected from the effects of 

freezing by cryoprotective agents such as glycerol (11, 12) and dimethyl sulf- 

oxide (DMSO) (11, 14). Protection from freezing was observed with M. phlei -- 

ETP in the presence of glycerol (20%) and DMSO (10%) (Table 2). It was 

tt also observed that a mixture of Mg and ATP and soluble coupling factors 

protected almost completely from the effects of freezing (results not shown 

in the table). 

The interesting feature arising out of the present studies is that 

heat-treatment could reverse the effects of freezing and thawing on oxidative 

phosphorylation in the M. phlei system. However, such a phenomenon could -- 

not be demonstrated in rat liver mitochondria or submitochondrial particles. 

Since freezing and thawing is known to alter the membrane structure, it may 

suggest that these reversible changes brought about by heat-treatment of the 

M. phlei ETP represent alterations in the structural organization of the mem- -- 

brane vessicles. Structural integrity has also been shown to be critical for 

succinate oxidase activity and for phosphorylation (14) both of which increased 

by heat-treatment in M. phlei system (1). -- 
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