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SUKMARY : At saturating concentrations of AMP four molecules
of this ligand are bound per octamer of yeast phosphofructo-
kinasé. Fructose-2,6-bisphogphate increases the binding
affinity of the enzyme to AMP, This indicates synergistic
cooperation of the two allosteric activators in the binding
process. The stoichiometry of binding is not altered by
fructose-~2, 6-bigsphosphate.

INTRODUCTION: Phosphofructokinase (EC 2.7.1.11) is of signi-
ficance to the regulation of glycolysis (1). The yeast enzyme
is octameric, has a molecular weight of 835 000 and is composed
of two different types of subunits (2). The enzyme exhibits
cooperative kinetics with respect to fructose-6-phosphate,
while the second substrate ATP acts also as an inhibitor.

AMP is an efficient activator of yeast phosphofructokinase
cauging a relief of its inhibition by ATP.

Recently, fructose-2,6-bisphosphate has been identified as a
powerful activator of phosphofructokinase from memmalian

tissues (3 - 5). Yeast phosphofructokinase was found to be
activated also by fructose-2,6-~bisphosphate (5,6). This meta~
bolite could be detected in yeast cells (7).

For understanding the regulatory role of phosphofructokinase
interest is focused on AMP and fructose-2,6-bisphosphate, the
effects of which being attributed to the homeostasis of the
cellular ATP level as well as to the coordination of glyco-
lysis and gluconeogenesis, respectively (8,3).

Binding experiments of yeast phosphofructokinase demonstrated
that the sigmoidicity of the fructose-6-phosphate velocity
curve is the result of its cooperative binding to the enzyme
(9, 10). The fructose-6-phosphate binding is not altered
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by AMP {11). Two different types of ATP binding sites have
been identified and were coordinated to the catalytic and
regulatory sites (12, 13). AMP was shown capable of replacing
ATP from only one of these ATP binding sites (13).

In this work the interaction of the two activators of yeast
phogphofructokinase was studied by investigating the effect
of fructose-2,6-bisphosphate on the binding of AMP to the
enzyme.

MATERIALS AND METHODS: Phosphofructokinase was isolated from
er's yeast (oaccnaromyces cerevisiae) (14). Fructose-2,6~
bisphosphate was prepared, purified and diggrmined by the
methods of Van Schaftingen and Hers (15). [P<P] AMP ggs engyma-
tically synthesized with adenosine kinase using[y -~ <P} ATP
and purified (16). Adenosine kinase was prepared by a
modification of the procedure desgribed in %17). The binding
experiments were performed at 25 9C in 50 mM imidazole buffer,
pH 6.8, containing 5 mM MgCl,, 2 mM mercaptoethanol and 25 mil
HPO4. The AMP binding expe%iments were carried out in pre-
génce'and absence of fructose-2,6-bisphosphate applying the
ultrafiltration technique (9). The analysis of the experimental
date was performed by a regression procedure as well asg by a
nonparamnetric method (18). Protein was determined by the micro-
biuret method (19).

RESULTS AND DISCUSSION: Binding of AMP to yeast phosphofructo-
kinase was measured in a concentration range of 1 - 280/&4

at pH 6.8 in the presence of 25 mM phosphate. The experiments
were performed under conditions where the enzyme is known to
be most sensitive toward the activating influence of AMP.

Fige. 1 presents the dependence of the amount of AMP bound to
phosphofructokinase on the concentration of free AMP measured
in the presence and the absence of 10 mM fructose-2,6-bis-
phosphate. Yeast phosphofructokinase was reported to be maxi=-
mally stimulated at this fructose-2,6-bisphosphate concentra-
tion (6). The binding data of AMP in presence and absence of
fructose-2,6-bisphosphate can be described by a hyperbolic
binding function. There is no experimental evidence for
cooperstivity in the binding process of AMP (Fig. 1B).

The binding curve demonstrates that at saturation the enzyme
binds 0.5 molecules of AMP per subunit of phosphofructokinase.
This indicates a stoichiometry of four AMP binding sites per
octamer. Fructose-2,6-bigphosphate does not influence the
stoichiometry of AMP binding, however it is capable of shifting
gignificantly the binding curve of AMP to the left (Fig. 1A).
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Fig. 1: Influence of fructose-2,6-bisphosphate on the binding

of AMP to yeast phosphofructokinase (PFK)

A:

The amount of AMP per subunit of phosphofructokinase
(molecular weight 100 000) is plotted versus the free
concentration of AMP.

Binding of AMP to yeast phosphofructokinase (1 - 4
mg/ml) was measured in 50 mM imidazole buffer, pH

6.8, containing 5 mM MgCl,, 2 mM mercaptoethanol,

25 mM K2HP0 in absgence og fructose~2,6~bisphosphate
(o) and“in ﬁresence of 10 uM fructose-2,6-bis-
phogphate (e) using the ultratiltration technique (10).

: Scatchard-plot of the experimental data shown in

FPig. 1A.

The calculated dissociation constants indicate a three-~fold
increase of the affinity of phosphofructokinase to AMP by
fructose-2,6-bisphosphate (Table 1).

The binding stoichiometry (0.5 moles of AMP per subunit) is
congigtent with the results of Laurent et al. (13). In compae-

Table 1

: Calculated constants of AMP binding to yeast phos-

phofructokinase (PFK) in absence and in presence
of fructose-2,6-bisphosphate

Regression analysis | Nonparametric
(equally weighted method (18)
data)
Concentration of fructose-
2,6-bisphosphate [MM] 0 10 0 10
[t ] 51.8 1344 53.3 | 13.3
Rt =T ] 0.577 | 0.555 0.575| 0.549

The constants were obtained by fitting the data to
the hyperbolic function C

p = O [awp]/ (x + [amE])
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rison, one mole of fructose-6-phosphate is bound per phospho-
fructokinase subunit (9). The difference in the binding
stoichiometry of AMP and fructose-6-phosphate may possibly
be related to the different activating mechanisms underlying
the actions of the two ligands (20).

In kinetic experiments a synergistic action of AMP and
fructose~2,6~bisphosphate on liver phosphofructokinase was
found. The KO.5 value of phosphofructokinase from liver for
AP is significantly decreased by fructoge-2,6-bisphosphate

(5,

21}. In respect to the activation of the yeast enzyme

a synergism in the effects of AMP and fructose-2,6-bisphos-
phate was made likely (6).

This contribution demonstrates that the kinetic interaction
of the two positive effectors with yeast phosphofructokinase
is due to their synergistic cooperation in the binding pro-
cegs. This synergism may be of regulatory significance to
the coordination of glycolysis and gluconeogenesis by the

phosphofructokinase/fructose~1,6-bisphosphatase cycle.
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