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Summary : High-carbohydrate diet and high-fat diet lead to an
increase and a decrease, respectively in the activity of heart
extract phosphofructokinase when determined at 10 uM-hexose 6-
phosphate and 1 mM-ATP. Neither the maximal catalytic activity
nor the total immunoprecipitable phosphofructokinase was signific-
antly altered by these diets. Dialysis of the heart extracts from
rats on either high-carbohydrate or high-fat diet decreased the
activity of phosphofructokinase in each case but the proportional
difference between the two activities remained essentially the
same. It appears unlikely that the changes in activity result
from changes in intracellular effector concentration that may be
introduced by the diets.

Introduction

Short-term control of heart muscle phosphofructokinase has recently
been shown in this laboratory to be mediated by catecholamines via an o-
adrenergic receptor mechanism (1). a«-Agonists activate phosphofructokinase
independently of cyclic AMP (1), protein phosphorylation (2,3) and the g-
adrenergic receptor-mediated activation of glycogen phosphorylase (1).
Although the molecular mechanism for the activation of phosphofructokinase
is unknown, the activation is stable to gel-filtration and thus appears to
occur independently of changes in the concentration of intracellular
effectors (4). In the present study it is reported that Tong-term dietary
background influences the activity of heart phosphofructokinase without any
apparent effect on the total catalytic activity, or concentration, of the

enzyme.
Methods

Male hooded-Wistar rats maintained in this Division were used for the
experiments. Rats were separated into groups at weaning and allowed un-
restricted access to the following:- 1) Rat and mouse diet as manufactured
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and supplied by William Charlick Limited, South Australia. In terms of
percentage of total calories protein contributed 17, fat 10 and carbohydrate
73. The major carbohydrate in this diet was starch. The diet is referred
to as 'Colony' high-carbohydrate. 2) High-carbohydrate diet, consisting of
the following (% W/W) sucrose 34.1, cornflour 35.8, casein 19.0, maize oil
5.0, salt mix (5) 5.0, vitamin mix (6) 0.5, choline chloride 0.1 and DL-
methionine 0.5. As a percentage of total calories protein contributed 20,
carbohydrate 68, and fat 12. 3) High-fat diet, consisting of the following
(% W/W) lard 48.8, casein 32.3, maize oil 8.5, salt mix 8.5, vitamin mix
0.85, choline chloride 1.07, DL-methionine 0.85. As a percentage of total
calories protein contributed 20 and fat 80. Both diets 2 and 3 were formul-
ated to provide the same amount of protein, vitamins and salt per calorie.
4) High carbohydrate diet (diet 2 above) with the option to drink 62% (W/V)
sucrose as well as water (7). Methods for heart perfusion (4,8), extract
preparation (8), and the determination of phosphofructokinase activity (8)
were as described previously. Assays for phosphofructokinase at 1 mM hexose
6-phosphate and 1 mM ATP included the coupling enzymes aldolase (10 ug),
phosphoglucose isomerase (5 ng) and triose phosphate isomerase (5 ug) in 200
ul of the assay mixture (8). Each enzyme preparation was gel-filtered.
Extract protein was determined by the method of Lowry et al. (9) using
bovine serum albumin as the standard.

Results

Table 1 shows the effects of dietary composition on the activity of rat
heart extract phosphofructokinase at saturating and sub-saturating concen-
trations of hexose 6-phosphate. For newly weaned rats from dams maintained
on the 'colony' high-carbohydrate diet, the activity at sub-saturating
hexose 6-phosphate (H6-P) (10 uM) and 1 mM ATP was 0.18 nmol/min per mg
protein. When the activity of phosphofructokinase was re-examined in sim-
ilar rats after approximately 200 days on each of the four diets there were
marked changes. On the one hand, the high-carbohydrate diets led to an in-
crease in the activity of phosphofructokinase (to approx. 0.4 nmol/min per
mg protein). On the other hand, the high fat diet led to a decrease in
activity to 0.081.

The differences in activity at 10 uM H6-P resulting from the dietary
composition did not appear to be attributable to changes in the concentrat-
ion of coupling enzymes; exogenously added phosphoglucose isomerase, aldo-
Tase and triose phosphate isomerase were without effect on phosphofructo-
kinase activity. In addition there was no significant effect of the dietary
composition on the intracellular concentration of H6-P. The concentrations

of glucose 6-phosphate + fructose 6-phosphate (H6-P) were 0.026+0.015 (n=3),
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0.03520.020 {n=4) and 0.021 (n=2) for high-fat diet, high carbohydrate diet
and weaner rats, respectively.

Table 1 also shows that the total activity of phosphofructokinase, the
total concentration of immunoprecipitable phosphofructokinase, and the
protein content of the heart were largely unaffected by diet.

To test whether the diet-induced changes in activity of phosphofructo-
kinase that occurred at sub-saturating concentration of hexose 6-phosphate
resulted from alterations in the concentration of the enzyme's effectors
other than H6-P, extracts of the hearts were dialysed. As shown in Table 2
dialysis of heart extracts from rats on either diet lead to a Toss of activ-
ity particularly when assayed at 10 uM hexose 6-phosphate {and 1 mM ATP).
This change possibly reflected the loss of activators from the extracts.
However the proportional difference between the activities for the two
extracts (high-fat and high-carbohydrate diets) remained essentially the
same.

As an assessment of the effectiveness of the dialysis procedure 1 mM
AMP and 1 mM citrate were included with separate portions of the extracts.
Analysis of phosphofructokinase activity before and after dialysis indicated
that removal of AMP was complete for both extracts. Whereas removal of
citrate from the high-carbohydrate diet extract was complete, the removal of

citrate from the high-fat diet extract was not (Table 2).

Discussion

The present study indicates that the activity of phosphofructokinase
in heart is modified by long-term dietary background. As noted by others,
for rabbit heart (10), there was no effect of diet on the concentration or
maximal catalytic activity of the enzyme.

The assay conditions used to determine the activity at sub-saturating
hexose 6-phosphate concentration approach those occurring in the cell where
free ATP concentration could be expected to be millimolar and free fructose

6-phosphate might be 10 uM or less. Thus the diet-induced changes that

occur in the activity of phosphofructokinase imply that glycolytic flux
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rates are increased as a result of the high-carbohydrate diet and are de-
creased as a result of the high-fat diet. In this context, these findings
are consistent with the operation of the glucose fatty acid cycle (11) where
high rates of 1ipid metabolism act to conserve carbohydrate catabolism by
inhibiting glycolysis. However the mechanism by which this interrelation-
ship is proposed to occur may not account for the present observations.
Citrate has been demonstrated as a potent inhibitor of muscle phosphofructo-
kinase {12). Proponents of the glucose fatty acid cycle have suggested that
the effects of increased fatty acid oxidation inhibit qlucose metabolism and
the concomitant increases in citrate concentration are linked. Thus inhib-
ition of glycolysis has been proposed to result from the inhibitory
influence of the increased citrate concentration (12,13). If in the present
study the high-fat diet decreases the activity of phosphofructokinase by
increasing the intracellular concentration of citrate it could be expected
that the extract activity would increase following dialysis. 1In Table 2,
and as noted previously (4), the inhibitory influence of citrate on phospho-
fructokinase activity in extracts from rats on high carbohydrate diets was
reversed by dialysis or gel-filtration. Since the inhibitory effect of
citrate on phosphofructokinase activity in extracts from rats on the high-
fat diet was not reversed by dialysis it appears possible that the affinity
of the enzyme for citrate is enhanced by this diet. Alternatively it may be
argued that the high-carbohydrate diet leads to a modification of the enzyme
that has Tess affinity for citrate. Such an argument would presuppose that
the enzyme from high-fat diet rats has a significant amount of citrate bound
that is not removed by dialysis. Whatever the case it appears unlikely that
the changes in activity simply result from changes in intracellular effector
concentration introduced by the diets. The possibility that the diet-
induced change in activity of phosphofructokinase involves catecholamines

acting via an o-adrenergic receptor mechanism (1) is being investigated.
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