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1. Introduction

Studies to investigate effects of dietary long chain
fatty acids on mitochondrial oxidative functions have
shown that short term feeding of diets differing in
fatty acid composition alters mitochondrial structural
components [1—4] and metabolic functions {4-—-7].
Modification of mitochondrial membrane properties
by dietary fat is also supported by recent ultrastruc-
tural studies of myocardial tissues [8—10]. These
studies indicate morphological differences [11] in
cardiac muscle and mitochondrial ultrastructure for
rats and pigs fed diets of differing fatty acid composi-
tion. Thus, association of dietary fatty acid balance
with mitochondrial structural—functional transitions
is apparent. It has been proposed that similar
interactions may affect the function of mitochondrial
membrane-located control sites such as the adenine
nucleotide translocase—creatine phosphokinase energy
transport system [4,7], thus altering ATP utilization
and substrate flux in cardiac mitochondria. Therefore,
it is of interest to examine whether transitions in the
fatty acid composition of cardiac mitochondrial
membrane phospholipids are associated with corre-
sponding changes in ATP translocation and utilization
via mitochondrial creatine phosphate synthesis after
long term feeding of diets differing in fatty acid com-
position.

Here, dietary fat-induced changes in the fatty acid
composition of isolated cardiac mitochondrial phos-
pholipids were associated with differences in mito-
chondrial capacity for synthesis and translocation of
ATP utilized for mitochondrial creatine phosphate
synthesis.
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2. Materials and methods

Male weanling rats derived from the Sprague-
Dawley strain were caged individually with water
and experimental diets provided ad libitum. Three
diets [7], containing 15% (w/w) of either soybean oil
(SBO), low erucic acid rapeseed oil (LER) or high
erucic acid rapeseed oil (HER) of edible quality were
fed for 16 and 28 week periods. The fatty acid
composition of the experimental oils has been
described [7]. Hearts from 4 animals were pooled for
each mitochondrial sample prepared. The number of
separate samples analysed and statistical differences
are indicated (tables 1-3).

Isolated cardiac mitochondria were prepared in the
presence of heparin as in [7,12,13]. Respiratory
studies were performed immediately on resuspended
mitochondrial pellets. Protein was measured by a
colorimetric method [14]. For analysis of membrane
phospholipid fatty acids, isolated mitochondria were
fractionated with digitonin to prepare the inner mito-
chondrial membrane matrix compartment {15] as in
[4]. This inner membrane matrix compartment, free
of membrane fragments and microsomal material was
used as the source of membrane phospholipids for
further study. Membrane phospholipids were extracted
[2]} and fatty acid methyl esters were prepared with
boron trifluoride methanol reagent [16]. Fatty acid
methyl esters were analysed by gas—liquid chro-
matography (Varian model 3700 gas chromatograph
equipped with flame ionization detectors and a
CDS 111 data system for automated peak area calcula-
tions). Glass columns (3 m X 2 mm i.d.) packed with
Silar-5CP (10% w/w) coated on acid washed 80—100
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mesh chromosorb were utilized for chromatographic
separation and tdentification of fatty acid methyl
esters Peak 1dentities were verified by comparison of
retention data with standards and by the method of
equivalent chain length [17]

ATP translocation through the inner mitochondnal
membrane was determined during steady state condi-
tions of oxidative phosphorylation by couphng the
rate of ATP appearance in the reaction medium to
synthesis of glucose-6-P by hexokinase [18] The
complete reaction medium contamed 0 25 M sucrose,
10 mM Tris—HCI (pH 7 4), 5 mM K-pyruvate, 2 mM
K-malate, 3.3 mM MgCl,, 20 mM glucose, 0 25 mM
ATP, 5 IU/ml hexokinase and mitochondria in 4 ml
final vol Oxtdative phosphorylation was initiated by
addition of mitochondna (1 mg protemn/ml) and the
rate of oxygen uptake was monitored continuously
[7] Glucose-6-P synthesized in the reaction mixture
was measured at two different times by removing
I ml samples out of the reaction cuvette The reaction
1n these samples was stopped by addition of 0 2 ml
altquots of perchloric acid (6%) and the glucose-6-P
separated by a rapid filtration technique [18]
Glucose-6-P was measured by a spectrophotometric
method [19] The rate of ATP translocation from the
mitochondrial matrix by adenine nucleotide translo-
case was also measured when ATP transport was
coupled to mitochondnal creatine phosphokinase by
replacing the glucose-hexokinase system with 20 mM
creatine [18]

3 Results and discussion

Studies of the composition of mitochondral mem-
brane phospholipids have indicated marked transitions
in fatty acid composition of membrane components
after acute feeding of diets of differing fatty acid
composition [2] Examination of membrane fatty
acyl components after chronic periods of feeding (16
or 28 weeks) with similar diets should reflect the
anumals physiological capacity to counteract or regulate
changes in the membranes structural lipids thereby
eventually compensating for increased levels of unsa-
turated fatty acids known to characterize mitochon-
drial membranes after 7 or 28 days dietary treatment
with long chain monoenoic fatty acids In the long
term, metabolic adaptation to diets of high n — 9 fatty
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acid content in combination with turnover of fatty
acyl components of mitochondrial membrane phos-
pholipids could result in mitochondrial membranes of
similar composition and physical properties irrespec-
tive of the fatty acid composition of the diet fed
Thus eventually mmimizing the functional significance
of acute changes in the fatty acid composition of
mitochondrial membrane phospholiptds In this
regard, prolonged feeding of dietary treatments for
16 or 28 weeks resulted 1n a progression of both
membrane total saturated fatty acid content and
unsaturation index towards stmilar levels (table 1),
indicating that some degree of continuous turnover of
fatty acid components occurs in mitochondrial mem-
brane lipids in the mature rat However, the level of
n — 9 monoenoic fatty acids present in membrane
phospholipids after 16 and 28 weeks of dietary treat-
ment remamed higher for HER or LER treatments
and at levels similar to those reported for short term
feeding studies [2] The level of Cy, ; in membrane
phospholipids declined from 16 to 28 weeks of
feeding suggesting turnover of this fatty acid in the
membrane lipids Levels of # — 6 fatty acids in mem-
brane phospholipids were also higher for long term
treatments contaming SBO, similar to levels reported
for shorter feeding periods [2] and largely reflected
the C,5 , content of mitochondrial membrane phos-
pholipids (table 1)

Dret-induced long term changes 1n the composition
of mitochondrial membrane phosphohpids for LER
and HER fed rats were also associated with significant
differences 1n mitochondrial respiratory capacity when
steady state conditions of oxygen uptake and ATP
synthesis were coupled to creatine phosphate synthesis
by the mitochondrial membrane adenine nucleotide
translocase—creatime phosphokinase energy transport
system (table 2)

These rates of respiration, from 269—-325 nmol
oxygen uptake mun~' g protein~!, are consistent
with 1n vitro rates reported in [7] Mitochondrna
1solated from rats fed LER or HER for prolonged
periods (16 weeks) respire at significantly lower steady
state rates relative to SBO fed rats, generating less
ATP when mitochondral energy metabolism 1s under
the metabolic control of nutochondnal creatine phos-
phokinase or when mitochondral energy utilization 1s
coupled to creatine phosphate synthesis (table 2).

Assays of mitochondnal respiration requiring only
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Table 1
Fatty acid composition of total phospholipids extracted from cardiac mitochondria of rats fed experimental fats
) for 16 or 28 weeks

Dietary treatment SBO LER HER

Weeks of feeding 16 28 16 28 16 28

Fatty acid (% w/w)(l)

Crao 42:1.0%2) 481052 2.5+0.33 2.6+ 022 2.6 £0.52 3.0 + 042
Cia 0.3£0.22 0.3+0.22 0.2 +0.1% 0.2+0.12 1.6 + 0.62
Cieo 122+ 1.12 11.7 £ 0.92 11.5+0.082  12.7:0.82 8.7 +0.92 11.4 + 1.02
Cioit 1.0+ 0.28 0.3+0.12 0.9 +0.32 1.0+ 0.32 1.5+042
Chao 26.0 + 2.14 25.4 £ 2.02 28.0£2.33 26.0+1.93 182+ 1.92 215+ 1.78
Cians 6.9+ 0.78 6.3 £ 0.68 14.2+ 1.70 20.0 + 1.8° 12.6 + 1.3° 12.0 + 1.0°
Cras 310+ 2798 35.6 +2.93 245+20%  219:20P0  228:23>  239:21b
Crois TR2 TRA 0.2:0.18 TR2 0.5+ 0,28 0.5+ 0.13
Caor 0.8 +0.22 0.8+0.32 2.0+ 0.34 2.2+032
Caoa 14.8 £ 1.42 159+ 1.12 16.7 + 1.82 16.7 £ 1.98 141+ 1.72 14.9 + 1.82
Coas 0.2+0.12 7.7+ 1.0° 2.1+0.3b
Caao 0.7 + 0.32 1.0 £ 0.42
Coar 3.5+ 1.02 4.0+1.13
Others 3.6:1.2 0.7+ 4.0 5421 0.2:0.1
% saturated 42,5+ 1.12 41.9 + 0.92 42.5+1.02 41.3+0.72 30.7 £ 0.9% 39.9 + 0.9
Totaln — 9 7.7 £ 0.52 6.9+ 0.2 150:1.1°  202:050 258110 194 0.70
Totaln — 6 44.8 £ 2.8 51.5+1.3% 413+1.82b 386+ 1.6 373+ 1.9P 388+ 1.1P
Totaln — 3 TR? TR? 0.2:0.12 TR 0.6 + 0.22 0.5+ 0.12
ur® 129.0+4.12 1420292  133.0:4.22  131.0:34% 131.0+44%  133.0+3.9%

(1} Numbers before and after the colon represent the number of carbon atoms and double bands, respectively
) Mean + standard error of mean. Four samples for each treatment were analysed by GLC. TR < 0.1%. Different superscripts
within a line indicate a significant difference (p < 0.05)
) UI = unsaturation index?

Table 2
Oxygen uptake when adenine nucleotide translocation is coupled to
mitochondrial creatine phosphokinase and creatine phosphate synthesis(l)

Dietary Rate of oxygen uptake ATP translocated to
treatment (nmol/min/mg synthesize creatine
mitochondrial protein) phosphate
SBO 3258 6202
LER 264 536
HER 269 436°
Mean 286 529
Pooled standard
error (1 =9) 24 .4 33

1 Respiration was measured utilizing cardiac mitochondria isolated after 16
weeks of dietary oil treatment
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Table 3

Rate ot energy transport in cardiac mitochondria catalysed by adenine
nucleotide translocase(l)

Dietary Oxygen uptake ATP transtocated ATP translocated/
treatment (nmol/min/mg mitochondrial protein) oxygen
SBO 952 1822 1914
LER 972 1992 2034
HER 882 136 1620
Mean 93 172 185
Pooled standard
error (n =9) 602 14 7 0117

1) Respiration was measured utilizing cardiac mitochondrnia 1solated atter 16 weeks of

dietary o1l treatment

ADP—ATP translocation mndependent of creatine
phosphate synthesis (table 3) indicated similar
respiratory rates for all dietary treatments suggesting
that adenime nucleotide translocase does not limit
respiration rate in mitochondria solated from HER
and LER fed rats relative to SBO treatments However,
a lower rate of ATP translocation was observed for
HER treatments confirming previous observations
that the efficiency of oxidative phosphorylation 1s
decreased in rats fed HER treatments

The mechanism linking these functional differences
mn energy utihzation (table 2) to the kinetics of mito-
chondral creatine phosphokinase remain to be inves-
tigated As ADP—ATP translocase, situated within the
mnner mitochondnal membrane, 1s known to transport
ATP synthesized within the mitochondrial compart-
ment to the active site of creatine phosphokinase
[ 18], 0one might speculate that diet-induced alterations
in membrane structural components, vis a vis the
differing fatty acid composition of membrane phos-
pholipids (table 1), may interact m the kinetic process
of mitochondnal energy utilization under steady state
conditions
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