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Diets supplemented with high levels of either saturated fatty acids or unsaturated fatty acids were fed to adult 
rats for a period of 9 weeks and changes in the liver mitochondrial membrane phospholipid fatty acid 
composition and thermal behaviour of succinate: cytochrome c reductase were determined. The dietary 
treatment induced a change in the w6 to ~3  unsaturated fatty acid ratio in the membrane iipids, with the ratio 
being highest with the unsaturated fatty acid and lowest with the saturated fatty acid diet. Arrhenius plots of 
succinate:cytochrome c reductase activity exhibited differences in both critical temperature (T r) and 
Arrhenius activation energy (E.)  depending on the type of dietary treatment. The Tf was elevated from 23°C 
in control to 32°C in the saturated fatty acid-supplemented group. No significant effect on the T r was 
observed in the unsaturated fatty acid-supplemented group however higher E, values were observed due to the 
unsaturated fatty acid diet. The changes in succinate: cytochrome c reductase are probably due to changes in 
the lipid-protein interactions in the membrane, induced by the dietary lipid supplementation. 

Introduction 

Changes in the physical properties of biological 
membranes have been shown to influence the be- 
haviour of certain membrane-associated enzymes 
[I-3] and to affect many physiological processes 
[4-6]. In liver mitochondria from homeothermic 
animals, the activation energy (Ea) for mitochon- 
drial succinate oxidation changes dramatically at 
a critical temperature [ 1,4,5,7,8]. This phenomenon 
is believed to be due to a temperature-induced 
change in the physical properties of the 
mitochondrial membrane lipids which can be de- 
tected by such biophysical techniques as spin la- 
belling [9,1 l -  13] and fluorescent probes [ 14-16]. 
This physical change may be the result of a phase 
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transition occurring in a relatively small domain of 
higher melting point lipids in which the membrane 
lipids undergo a change from a liquid-crystalline 
or fluidus phase to a crystalline or solidus phase 
on lowering the temperature. Such phase transi- 
tions which occur well above 0°C have been ob- 
served for bovine heart submitochondrial mem- 
branes [17] and rat liver mitochondria [18]. The 
temperature at which changes in the E a of various 
membrane-associated enzyme occurs is influenced 
by the membrane lipid composition [2,3]. This is 
evident when comparing membranes from differ- 
ent types of animals, e.g. homeotherms and poiki- 
lotherms [5,7], in altered physiological states such 
as hibernation or torpor [8,10,19-21], or when the 
membrane lipid composition has been altered ex- 
perimentally such as by dietary treatment 
[12,21-23]. 

Dietary lipid supplementation has been used 
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for altering the fatty acid composition and physi- 
cal properties of biological membranes with result- 
ing effects on membrane-associated enzyme func- 
tion. Modulation of erythrocyte membrane-associ- 
ated enzyme functions [22], platelet lipid fluidity 
[23] and a variety of respiratory parameters associ- 
ated with rat liver mitochondria [24,25], have been 
observed after dietary lipid treatment. Dietary 
treatment of adult sheep with a formaldehyde- 
treated, protein-coated sunflower-oil diet [27] for 
four weeks, elevates the content of o~6 unsaturated 
fatty acids in liver mitochondrial membranes and 
alters the Arrhenius (temperature-activity) profile 
of the associated succinate oxidase system [22]. 
These changes in thermal behaviour are char- 
acterized by a reduction in the critical temperature 
and an increase in the E a in the physiological 
temperature range. Although similar changes in 
the liver mitochondrial succinate oxidase system 
were observed in young rats maintained on a high 
dietary level of unsaturated fatty acids since birth, 
the effect was lost after 180 days [22], indicating 
that some form of compensatory mechanism simi- 
lar to the mechanism of homeoviscous adaptation 
initially reported for prokaryote membranes [28], 
may have been operative. 

Dietary manipulation of liver mitochondrial 
membrane lipid composition of adult rats and its 
concomitant effects on the membrane-associated 
succinate:cytochrome c reductase system have 
been investigated in this study, particularly with 
regard to possible opposing effects of diets rich in 
either saturated or unsaturated fatty acids. We 
show that the changes in the liver mitochondrial 
phospholipid fatty acid composition, which can be 
induced by dietary lipid supplementation, have 
effects on the thermal behaviour of succinate:cy- 
tochrome c reductase which are consistent with 
changes in the fluidity of the membrane lipids. 

Materials and Methods 

Rats (Hooded Wistar) weighing between 230 to 
260 g were maintained on various lipid supple- 
mented diets ad libitum, for a period of nine 
weeks. One group of animals was fed standard 
laboratory pellets (Milling Industries Australia 
Ltd.) containing 5% (w/w) total fat, derived from 
a variety of sources. A second group of rats re- 

ceived pellets soaked in sunflower oil (Nuttelex 
Pty. Ltd., Victoria) to give a pellet containing 15% 
total fat (designated unsaturated fatty acid diet). A 
third group of rats received pellets soaked in sheep 
perirenal fat which was heated, strained free of 
solid matter and maintained at 60°C with stirring 
for 30 min before being allowed to drain and cool, 
to give a pellet containing 15% total fat, (desig- 
nated saturated fatty acid diet). After nine weeks 
the animals were killed by decapitation and liver 
mitochondria were isolated. 

Liver mitochondria were prepared in media 
containing 250 mM sucrose, 30 mM t-histidine, 20 
mM Tris, 1 mM EDTA, pH 6.8. After removal of 
the liver, it was chopped and rinsed in the above 
media and then homogenized using a Polytron 
tissue disintegrator (PT 35; Kinematica GmbH, 
Switzerland) at setting 3.5 for three bursts of 6 
seconds. After differential centrifugation, the 
mitochondrial fraction sedimenting between 1000 
x g  for 10 rain and 1 5 0 0 0 × g  for 15 rain, was 
resuspended in wash media consisting of 250 mM 
sucrose, 20 mM Tris, 1 mM EDTA, pH 7.6 and 
centrifuged at 15000 x g for 15 min. The final 
pellet was resuspended in wash media to a con- 
centration of approx. 12-15 mg protein per ml 
and used immediately. All operations were carried 
out at 4°C. 

Succinate : cytochrome c reductase activity was 
assayed spectrophotometrically by following the 
reduction of cytochrome c at 550 nm in a Gilford 
model 250 spectrophotometer equipped with a 
Gilford Thermoset Temperature controller (Part 
No. 25036 × 129). Freshly isolated liver mitochon- 
dria were first added to buffer containing 5 mM 
potassium phosphate, 1.25 mM potassium cyanide, 
pH 7.2 in the proportion of approx. 50 #g 
mitochondrial protein per ml of buffer. This mix 
was maintained at 37°C for 10 rain in order to lyse 
the mitochondria. Thereafter the mix was kept on 
ice. Sufficient mix was prepared so that duplicate 
assays at all the required temperatures could be 
performed for each mitochondrial sample from the 
one stock of diluted, lysed mitochondria. For each 
assay, 450/xl of the above mix in a 1 ml cuvette 
was incubated for 2 min at the required assay 
temperature, then the reaction was started by the 
addition of succinate and cytochrome c at a final 
concentration of 10 mM and 1.1 mg/ml ,  respec- 



tively, in a final assay volume of 520/~1. 
Fatty acid analysis was performed on the phos- 

pholipid fraction isolated from mitochondrial lipid 
extracts. Prior to lipid extraction, the mitochondrial 
fraction was washed free of sucrose by dilution in 
1 mM CaCI 2, followed by centrifugation at 25 000 
× g for 20 min. The resulting pellet was washed 
three times as above and finally resuspended in 
double-distilled water. Lipids were extracted by 
shaking first with 4 vol. isopropanol followed by 8 
vol. chloroform in the presence of the antioxidant 
butylatedhyroxyanisole (0.1% of the lipid weight). 
Upon addition of 1 vol. of water, the bottom layer 
containing the lipid, was collected and evaporated 
to dryness. Phospholipids were separated from 
non-polar lipids by thin-layer chromatography on 
Silica gel H plates which were developed in petro- 
leum ether/diethyl ether/acetic acid (90:15:1,  
v/v).  The material at the origin was removed and 
methylated in 1% H2SO 4 in methanol by heating 
at 70°C for 3 h. Fatty acid methyl esters were 
extracted and analysed by gas chromatography 
using the method of Gibson and Kneebone [29]. 
Columns were packed with 5% SP-2310 on 100/120 
chromosorb WAW (Supelco Inc. Bellafonte, PA, 
U.S.A.) with the column temperature programmed 
from 125 to 225°C at 4 K per min. 

The method for determining changes in slope of 
the Arrhenius plot for succinate: cytochrome c 
reductase activity was as follows. The coefficient 
of determination r 2 and the residual sum of squares 
was calculated for all possible combinations of 
points fitted to two straight lines from the upper 
to the lower temperature extremes. A change in 
slope was considered to occur at the first mini- 
mum for the sum of the residual sum of squares of 
the two straight lines. The calculations were con- 
tinued using all the points, from the calculated 
point of a change in slope (as determined above), 
to the lower temperature extreme. If another 
minimum for the sum of the residual sum of 
squares occurred, this was taken as the point of a 
second change in slope. The difference in slope 
(m) and intercept (b) for the straight line defined 
by y = m x  + b about a designated point of slope 
change, were tested for statisical significance as 
described by McMurchie and Raison [8] and were 
adopted as actual points of slope change if the 
level of significance was P < 0.005. 
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Results 

The fatty acid composition of the various diets 
is shown in Table I. Soaking the commercial rat 
pellets in sunflower oil increased the unsaturated 
fatty acid content about 85% over control diets by 
substantially increasing the linoleic acid (C18:2, 
o~6) content and decreasing the palmitic acid 
(C16 : 0) content. Soaking the pellets in sheep peri- 
renal fat increased the proportion of saturated 
fatty acids to about 52% by increasing the propor- 
tions of myristic (C14 : 0), palmitic (C16 : 0) and 
oleic (18: 1, ¢09) acids and decreasing the linoleic 
acid (C18:2, ¢06) content. All diets contained at 
least 1% linolenic acid (C18:3, ~3) but no diet 
contained any measurable quantity of arachidonic 
(C20 : 4, o~6) or docosapentaenoic (C22 : 5, ¢03) 
acids. Only trace amounts of docosahexaenoic acid 
(C22 : 6, o~3) were present in the unsaturated fatty 
acid and saturated fatty acid diets. 

The fatty acid composition of rat liver 
mitochondrial phospholipids after 9 weeks dietary 
lipid supplementation, is shown in Table II. Al- 
though both the level of fat and the extent of lipid 
unsaturation varied considerably between diets, 
the change in the absolute level of saturated and 

TABLE I 

FATTY ACID ANALYSIS OF LIPID-SUPPLEMENTED 
RAT DIETS 

Fatty acids are designated by the number of carbon atoms 
followed by the number of double bonds. The fatty acid 
composition is expressed in % (w/w).  

Fatty Control Fatty acid diet 
acid diet 

Unsat. Sat. 

14:0 1.1 0.2 4.1 
16 : 0 16.7 8.0 20.5 
16 : 1 o~7 1 : 8 0.3 2.0 
17:0 0.4 0.1 1.6 
18 : 0 4.6 5.2 24.4 
18:1 ~9 21.8 23.3 31.8 
18 : 2 ~6 42.1 58.5 6.2 
18:3 ~3 3.4 1.2 1.2 
20 : 0 0,4 0.4 1.4 
20 : 1 1.3 0.5 0.5 
22 : 1 1.7 0.4 0.2 
22:6 ~3 2.2 0.3 0.2 

Unsat. 74.3 84.5 42.1 
Sat. 23.2 13.9 52.0 
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TABLE ll 

RAT LIVER M I T O C H O N D R I A L  PHOSPHOLIPID FATTY 
ACIDS 9 WEEKS ON LIPID-SUPPLEMENTED DIETS 

Data  are presented as mean relative % (w/w)+S.E.  for single 
determinations of liver mitochondrial phospholipid fatty acid 
composition from n = 4 animals in each dietary group, tr, 
present at less than 0.5%. 

Fatty Control Fatty acid diet 
acid diet 

Unsat.  Sat. 

16:0 16.7+0.2 11.9+0.6 12.3+0.1 
16:1 to7 1.2-t-0.3 0.5+0.1 1 .050  
17:0 0.6+0.1 0.55:0 0 .6+0  
18:0 22.65:1.4 26.55:0.5 26.35:0.2 
18:1 ~9  7.75:0.5 6.65:0.2 11.15:0.3 
18:2 ~o6 12.85:0.2 12.75:0.5 10.75:0.2 
18:3 to6 tr tr tr 
18:3 to3 0 0 tr 
20 : 0 tr tr tr 
20:1 tr 0.65:0.1 tr 
20:3  ~9 tr 1 .3±0 1.2_+0.1 
20 :3  ~6 1.25:0.1 0.55:0 1.7_+0 
20:4  co6 26.05:0.9 30.8±0.1 20.3_+0.2 
22:1 1.25:0.3 tr 1.65:0.1 
22 :4  ~6  tr 0.5_+0 tr 
24 :0  tr 0.7_+0 0.65:0.1 
22 :5  (o3 0.95:0.1 tr 0.8_+0 
22:6  ~03 7.3_+0.4 6.05:0.4 10.5_+0.3 

Unsat.  59.6 60.3 59.8 
Sat. 40.4 39.7 40.0 

Y" ~o6 40.6 44.8 33.1 
E to3 8.2 6.3 11.4 
E to6/~to3 4.95 7.11 2.90 
U.I. a 195 201 193 

The unsaturation index (U.I.) is ~ [(a)(b)l  where a is the % 
(w/w)  of each unsaturated fatty acid and b is the number  of 
double bonds for that particular fatty acid. 

unsaturated fatty acids was not significantly al- 
tered and little change was apparent in the un- 
saturation index. Despite the lack of change in 
these parameters, there were however significant 
changes in the level of certain individual fatty 
acids both saturated and unsaturated. In relation 
to the control diet, the unsaturated fatty acid 
dietary animals exhibited a decreased palmitic acid 
(C16:0)  and an increased stearic acid (C18:0) 
content. In addition there was an elevation in the 
level of the ~o6-series unsaturated fatty acids most 
notably arachidonic acid (C20 : 4, ~06), and a con- 

[ 0-7 SAT. KA. ~ e r  I CONTROL KA. ~ET I ~ F.A. I~ET 
,-2 ~- ~ " t  ~ 2 C - S  % X  

-: F \ -  t \  " -- 230 

1400 300 20  ° 100 30  ° 2 0  ° 100 30  ° 2 0  ° 10 ° C 

Fig. 1. Arrhenius plots of succinate:cytochrome c reductase 
activity of  liver mitochondria from rats fed various lipid supp- 
lemented diets for a period of 9 weeks. Numbers  underlined are 
the values for the activation energy (Ea) in kJ. m o l -  I for each 
linear region of the plot. The critical temperatures (arrowed) 
were determined by the method of least squares as described in 
Methods. 

comitant decrease in the level of the w3-series 
unsaturated fatty acids. The saturated fatty acid 
dietary animals exhibited similar changes in the 
levels of palmitic (C16:0) and stearic (C18:0) 
acids as was apparent for the unsaturated fatty 
acid dietary animals. However, an opposite re- 
sponse with regard to the proportion of the ~6 
and o~3 series unsaturated fatty acids was observed 
in this dietary group. Thus the saturated fatty acid 
diet significantly reduced the level of the o~6 un- 
saturated fatty acids by a reduction in both lino- 
leic (C18 : 2, o~6) and arachidonic (C20 : 4, o~6) acid 
levels, and elevated the ~3 unsaturated fatty acid 
level by increasing the docosahexaenoic acid 
(C22:6, o~3) level. The F.a~6/Eo~3 ratio ranged 
from 2.90 in the saturated fatty acid-diet animals 
to 7.11 in the unsaturated fatty acid-diet animals 
compared to a control value of 4.95. 

Arrhenius plots of rat liver mitochondrial suc- 
cinate : cytochrome c reductase activity for rats fed 
either saturated fatty acid, unsaturated fatty acid 
or control diets for 9 weeks are shown in Fig. 1. 
The Arrhenius plot for liver mitochondrial suc- 
cinate: cytochrome c reductase activity from con- 
trol rats is triphasic with critical temperatures (Tt) 
at about 23°C and 10°C. The activation energy 
(Ea) increases from 20.5 to 65.2 kJ.  tool -] as the 
temperature is reduced to 10°C. The mean value 
for the Ea in the temperature region above Tf 
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TABLE III 

RAT LIVER MITOCHONDRIA-SHORT TERM DIETARY LIPID SUPPLEMENTATION 

Numbers in parentheses refer to the actual number of animals from each dietary group which were used for the particular 
determination. Data are presented as the mean 5: S.E. 

Dietary lipid Specific 
supplement activity a 

Succinate: cytochrome c reductase 

Zf Ea I Ea u 
(°C) (k J" mol -  I ) (kJ. tool-  i ) 

Sat. F.A. 17.2 + 2.0 (4) 31.7 ° 5:1.0 (4) 14.2 4- 7.5 (2) 56.4 ± 5.4 (2) 
Control 17.4 + 3.2 (4) 23.0 ° 4- 0.6 (8) 18.8 5:5.0 (4) 69.8 ± 5.0 (4) 
Unsat. F.A. 17.1 5:0.7 (4) 23.3°4-0.6 (10) 31.8+6.7 (5) 75.7±3.3 (5) 

8 Specific activity: /~mol. h -  ~. rag-  I protein at 38°C. 

(Ea,), was 18.8 k J .mo l  -I  and that for the Ea 
below the Tf (Ea,)  was 69.8 kJ.  mol-  i (Table III). 

Although supplementation of the diet with either 
saturated or unsaturated fatty acids has no signifi- 
cant effect on the specific activity of succinate : cy- 
tochrome c reductase in comparison to the Control 
diet (Table III), differences are observed in the 
Arrhenius profile which are clearly dependent on 
the nature of the dietary lipid supplementation. 
Thus, for rats fed the saturated fatty acid diet, 
there was an elevation in the critical temperatures 
in comparison to the control (Fig. 1). The mean 
value of T e was elevated from 23.0°C in the control 
to 31.7°C in the saturated fatty acid dietary 
animals (Table III). Only a slight lowering of the 
mean Ea, value was apparent, although some val- 
ues as low as 6.7 kJ- tool- i were observed (Fig. 1). 
Supplementation with the unsaturated fatty acid 
diet resulted in a significant elevation in the mean 
value of E~, from 18.8 kJ. mol-  l in control to 31.8 
kJ .  m o l - i  in the experimental group. No signifi- 
cant effect on the Tf was observed; 23.0°C in 
control compared with 23.3°C in unsaturated fatty 
acid-dietary animals (Table III). The lower critical 
temperature was difficult to detect in this dietary 
group within the experimental temperature range 
(Fig. 1). This was also the case for succinate : cyto- 
chrome c reductase from rat heart mitochondria 
(unpublished results), indicating that the effect of 
lipid compositional changes on the thermal be- 
haviour of succinate:cytochrome c reductase, are 
not solely confined to liver mitochondria. 

Discussion 

Significant changes were observed in the fatty 
acid profile of rat liver mitochondrial phospholi- 
pids after 9 weeks dietary lipid supplementation. 
These changes influenced the temperature-activity 
(Arrhenius) profile of the membrane-associated 
succinate : cytochrome c reductase system, but not 
the specific activity of this particular enzyme sys- 
tem. These effects are probably the result of 
changes in the fluidity or molecular ordering of 
the membrane lipids induced by alterations in the 
membrane fatty acid composition. Such fluidity 
changes would be expected to influence the phase 
transition temperature of both the bulk membrane 
lipids and those domains of lipid which may con- 
tribute in some manner to the 'breaks' in the 
Arrhenius plot. Changes in membrane lipid fluid- 
ity would also be expected to influence the E~ of 
succinate:cytochrome c reductase by changes in 
the lipid-protein interactions within the mem- 
brane. Furthermore, the nature and the extent of 
the change in membrane composition and function 
is dependent on whether the diet is supplemented 
with saturated or unsaturated fatty acids. 

Although the experimental diets differed in their 
levels of lipid saturation, no significant effect was 
observed in the overall level of membrane lipid 
saturation. The decrease in palmitic (C16:0) and 
the increase in stearic (C18:0) acids which oc- 
curred with both lipid-supplemented diets, was not 
consistent with the level of these fatty acids in the 
respective diets. This may relate to the need to 
maintain a relatively constant level of saturated 



168 

fatty acids in the membrane despite large varia- 
tions in the dietary intake of saturated and un- 
saturated fatty acids and thus may represent a 
form of homeoviscous adaptation [28]. 

The changes observed in the w6/w3 ratio as a 
result of the dietary lipid treatment are consistent 
with changes in the flux of the various unsaturated 
fatty acids through their particular conversion 
pathways. Thus the unsaturated fatty acid diet 
favoured the conversion of dietary linoleic acid 
(C18:2, ~6) to arachidonic acid (C20:4, ~6), 
whilst the saturated fatty acid diet resulted in an 
elevation of docosahexaenoic acid (C22:6, w3) 
presumably originating from linolenic acid (C 18 : 3, 
¢3), although levels of this fatty acid in the diet 
were extremely low. The elevation of various un- 
saturated fatty acids within any one particular 
unsaturated fatty acid series was also accompanied 
by a reduction of some of the unsaturated fatty 
acids of the alternate unsaturated fatty acid series, 
suggesting some form of regulation of desaturase 
activity was operative, as suggested by Caster et al. 
[30]. In addition to the changes in the ~06/o~3 ratio 
there was an increase in C18 : 1, ~9 in the saturated 
fatty acid-supplemented rats consistent with the 
relatively high level in the diet. Thus the major 
effect of the two dietary lipid treatments employed 
in this study was on the type, rather than the 
overall amount of polyunsaturated fatty acids pre- 
sent in the membrane. We have also observed this 
phenomenon in mitochondrial, sarcolemmal and 
sarcoplasmic reticulum membranes from rat heart 
in response to saturated and unsaturated fatty acid 
diets (unpublished results), and in sheep liver and 
kidney rrfitochondria in response to unsaturated 
fatty acid diets [22]. 

Arrhenius plots of various membrane-associ- 
ated enzyme activities have been shown to be 
triphasic, as has the molecular motion of spin label 
probes infused into the host membrane lipids 
[11-13,31]. The Arrhenius profile of succinate 
oxidation by liver mitochondria from homeother- 
mic animals is also triphasic [11], and it has been 
shown that unsaturated fatty acid-dietary supple- 
mentation results in a change in the Arrhenius 
profile [22]. In the present study, succinate:cyto- 
chrome c reductase rather than succinate oxidase 
has been employed to determine the effect of 
changes in the membrane fatty acid composition 

on membrane-associated respiratory activity. The 
activity of rat liver mitochondrial succinate: cyto- 
chrome c reductase has been shown to be depen- 
dent on phospholipids [32], and Arrhenius plots of 
membrane-associated succinate:cytochrome c re- 
ductase activity of mitochondria isolated from a 
variety of sources, have been shown to be non-lin- 
ear [31,33,34]. The Arrhenius profile of succi- 
hate : cytochrome c reductase activity from control 
rat liver mitochondria is virtually identical to that 
previously reported for rat liver mitochondrial suc- 
cinate oxidase with regard to both the triphasic 
nature of the plot and the values of T~ and E a 
[ 11,22]. In these previous studies it was shown that 
Tf (the upper critical temperature derived from the 
Arrhenius plot) was a good indicator of the rela- 
tive fluidity of the membrane lipids, with lower 
values of Tf indicating relatively greater fluidity 
and vice versa [22]. The membrane lipid fluidity 
was also shown to be related to the value of the 
Ea, there being an inverse relationship between Tf 
and E~. The inference from these observations is 
that the particular physical parameter of the lipids 
measured by T e is in effect a measure of the 
capacity of the lipids to interact with membrane 
proteins and influence the conformation of the 
active site [22]. 

Considered in terms of the Tf, it is apparent 
that rat liver mitochondrial membrane lipid fluid- 
ity is significantly reduced due to the dietary 
saturated fatty acid supplementation; i.e. there is 
an increase in Tf accompanying the decrease in the 
~06/~03 unsaturated fatty acid ratio. In contrast, 
elevation of the ~o6/~03 ratio due to the un- 
saturated fatty acid-dietary supplementation did 
not affect the Tf, but did result in a significant 
increase in E~. Thus the response of the mem- 
brane-associated succinate : cy tochrome c re- 
ductase to changes in the membrane lipid fluidity 
differs markedly depending on the nature of the 
dietary lipid intake. There was no significant effect 
on the specific activity of succinate: cytochrome c 

reductase. 
The activity of succinate:cytochrome c re- 

ductase has been shown to be reduced upon en- 
riching the mitochondrial inner membrane with 
exogenous phospholipids [35]. This effect is be- 
lieved to be due to an increase in the average 
distance between the participating integral mem- 



brane  pro te ins  which inf luence the di f fus ion t ime 
and  u l t imate ly  the  reac t ion  rate  [35]. Al though  
changes  in the m e m b r a n e  l ip id  f lu idi ty  would  have 
been  expected as a result  of  the changes in the 
m e m b r a n e  l ipid compos i t ion ,  in this s tudy no  ef- 
fect was observed  on  the specific act ivi ty  of  suc- 
c ina te  : cy tochrome  c reductase;  however  the 

pa rame te r s  of  Tf and  E a were affected depend ing  
on  the na ture  of  the diet.  This would  indicate  that  
s u c c i n a t e : c y t o c h r o m e  c reductase  was under  the 
inf luence of bo th  l ip id- l ip id  and l ip id -pro te in  in- 
teract ions,  respectively.  Changes  in these interac-  
t ions due to d ie ta ry - induced  a l tera t ions  in mem-  
b rane  phospho l ip id  fat ty  acid  compos i t ion  were 
p r o b a b l y  the p r ima ry  factors respons ib le  for the 
a l tered thermal  behav iour  of  the enzyme. In this 
instance,  the changes in the Ea and  Tf of 
succinate  : cy tochrome  c reductase  are the result  of 
changes  in the ra t io  of  the to6/~03 unsa tu ra ted  
fa t ty  acids ra ther  than  in the overal l  level of  l ipid 
unsa tura t ion .  M a n y  examples  have been repor ted  
for  the role of  phospho l ip ids  in modu la t ing  the 
behav iour  of  membrane -as soc ia t ed  enzyme sys- 
tems [3,6,12-14,16,36]. A t  the molecu la r  level these 
effects are  most  l ikely med ia t ed  by  changes in 
m e m b r a n e  l ip id  f lu idi ty  and they may  provide  a 
mechan i sm for regula t ing  react ions  which involve 
membrane -a s soc i a t ed  enzymes.  Si tuat ions  which 
induce  changes in m e m b r a n e  l ipid f luidi ty  such as 
the na ture  of  the d ie ta ry  l ipid in take  could,  via 
such a mechanism,  regulate  ceUullar functions.  
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