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1. Introduction

It is currently thought that the process through
which glucose is identified in the pancreatic B-cell as a
stimulus for both proinsulin biosynthesis and insulin
release strictly depends on the integrity of glucose
metabolism in the islet cells [1,2]. However, the
mechanism by which the glycolytic and oxidative flux
is increased in response to a rise in the extracellular
concentration of glucose is not fully elucidated. In
hepatocytes, the rate of glycolysis is regulated at the
level of fructose 6-phosphate phosphorylation by a
newly discovered hexose phosphate, fructose 2,6-bis-

phosphate, which activates phosphofructokinase [3-5].

Here, we propose that a similar situation prevails in
pancreatic islets.

2. Materials and methods

For the assay of phosphofructokinase [3], groups
of 1200-1500 pancreatic islets each isolated from
fed albino rats were homogenized in Potter-Elvehjem
tubes with 0.65 ml Hepes—NaOH buffer (25 mM,
pH 7.4) containing NaF (50 mM) and EGTA (7.5 mM).
The homogenate was centrifuged (30 min, 30 000 X g)
and the supernatant used in 0.1 ml samples/assay
cuvette. The reaction mixture (1.0 ml) contained (final
concentration): fructose 6-phosphate (0.1-5.0 mM);
glucose 6-phosphate (glucose 6-phosphate/fructose
6-phosphate concentration ratio of 3.0); ATP
(1.5 mM); NADH (0.075 mM); AMP (0.1 mM); Hepes
(50 mM, pH 7.0); NaF (5.0 mM); EGTA (0.75 mM);
KCl (100 mM); MgCl, (5.0 mM); KH,PO,4 (5.0 mM);
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NH,4Cl (1.0 mM); the auxiliary enzymes (phosphoglu-
cose-isomerate 1 U/ml, aldolase 0.5 U/ml, triose phos-
phate isomerase 5 U/ml, and glycerophosphate dehydro-
genase 0.5 U/ml); and, as required, fructose 2,6-bis-
phosphate prepared from fructose 1,6-bisphosphate
by an adaption of the method in [6]. The reaction was
initiated by the addition of ATP and the fall in NADH
concentration was recorded at room temperature by
spectrophotometry at 340 nm.

In a second series of experiments, paired groups of
600 islets each were incubated for 60 min at 37°C in
the absence or presence of D-glucose (20 mM)in 2.0 ml
bicarbonate-buffered medium equilibrated against a
mixture of O, (95%)—CO, (5%) [ 7]. Afterincubation,
the islets were briefly washed with a glucose free medi-
um and homogenized. The homogenate was prepared
and examined for its phosphofructokinase activity as
described above.

3. Results

Fig.1 illustrates the effect of fructose 2,6-bisphos-
phate upon phosphofructokinase activity in islet
homogenate. In the presence of 0.25 mM fructose
6-phosphate, the reaction velocity was increased in a
dose-related fashion by fructose 2,6-bisphosphate
(fig.1, left). The increment in velocity attributable to
fructose 2,6-bisphosphate reached 50% of its maximal
value at ~0.2 uM activator. The capacity of fructose
2,6-bisphosphate to increase the reaction velocity was
much more marked at low than at high concentration
of fructose 6-phosphate (fig.1, right). In the absence
of fructose 2,6-bisphosphate, the curve relating the
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Fig.1. (Left) Dose—action relationship for the effect of fructose 2,6-bisphosphate (I'2,6diP) on phosphofructokinase activity in
islet homogenates. All measurements were performed in the presence of fructose 6-phosphate 0.25 mM, and are expressed in % of
the paired control value found in the presence of fructose 2,6-bisphosphate 1.2 uM. Such a control value averaged 337 + 55

pmol . islet™ . h~'. The vertical dotted line corresponds to the concentration of fructose 2,6-bisphosphate required to cause an
increase in phosphofructokinase activity representing 50% of the increment seen at the higher concentration of the activator (i.e.,
1.8 uM). (Right) Dose—action relationship for phosphofructokinase activity in islet homogenates at increasing concentrations of
fructose 6-phosphate (F6P) in the absence (®,——) or presence (0,——) of fructose 2,6-bisphosphate (1.2 uM). All data are express-
ed in % of the paired control value found at the highest concentration of fructose 6-phosphate (5.0 mM). Such a control value was
the same in the absence or presence of fructose 2,6-bisphosphate, and averaged 412 + 54 pmol . islet ™' . h~'. Mean values (+ SEM)

refer to >2 determinations.

reaction velocity to the concentration of fructose
6-phosphate appeared sigmoidal, failing to yield a
straight line in a double reciprocal plot (not shown).
In the presence of fructose 2,6-bisphosphate, how-
ever, the curve appeared hyperbolic with an app. K,
for fructose 6-phosphate below 0.1 mM. At a saturat-
ing concentration of fructose 6-phosphate (5.0 mM),
no significant effect of fructose 2,6-bisphosphate upon
reaction velocity was observed. The absolute values for
phosphofructokinase activity at high concentrations
of fructose 6-phosphate were in fair agreement with
those in [8].

The above results refer to data obtained with islets
which were homogenized immediately after having
been isolated. In a second series of experiments, the
isolated islets were first incubated for 60 min in the
absence or presence of glucose (20 mM), prior to
homogenization. The activity of phosphofructokinase
was measured at 0.25 and 5.0 mM fructose 6-phos-
phate, so that the ratio in reaction velocity at these
two concentrations could be established for each homog-
enate. This ratio can be used as an index of phospho-
fructokinase activation by fructose 2,6-bisphosphate
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[3]. It averaged (mean = SEM) 40.5 + 4.2% and

61.5 + 6.8% (n = 8 in both cases, P < 0.02) in islets
previously deprived of glucose and in islet first exposed
to D-glucose 20 mM, respectively. By comparison with
the data illustrated in fig.1 (left), it would appear that
the effect of D-glucose in the intact islets was close to
that seen when fructose 2,6-bisphosphate 0.12 uM was
added to a homogenate prepared from islets not sub-
mitted to any prior incubation.

4. Discussion

The influence of fructose 2,6-bisphosphate upon
reaction velocity in the islet homogenate (fig.1) was
similar to that seen with liver phosphofructokinase [5].
The findings illustrated in fig.1 are essential for our
understanding of glucose metabolism in pancreatic
islets. In these islets, the intracellular concentration
of free glucose rapidly equilibrates with its extracellu-
lar concentration [9,10] and the phosphorylation of
glucose is catalyzed by a glucokinase-like enzyme with
a high K, for glucose [8,11]. The rate of glucose
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6-phosphate formation may thus increase, as a func-

tinon of the axiracallular concentration of olhcoce
11011 O 1€ eXiralulhal Conceniraiion o1 giucose,

through a mass action phenomenon. The concentra-
tion of glucose 6-phosphate is indeed increased in islets
exposed to high concentrations of glucose [12]. Tak-
ing into account the glucose 6-phosphate content of
rat islets [12], the ratio of glucose 6-phosphate to
fructose 6-phosphate [13] and the intracellular H,0O

space of the islets [10], it can be calculated that a

rise in extracellular glucose from 2.8--18.9 mM
would cause an increase in fructose 6-phosphate from
~0.03-0.06 mM. In this concentration range the reac-
tion catalyzed by phosphofructokinase in the absence
of fructose 2,6-bisphosphate, as measured in islet
homogenates (fig.1), occurs at a rate well below that
recorded an intact islets. Indeed, even if corrected for
the difference in temperature (25 vs 37°C)and despite
the fact that the experimental conditions (e.g., concen-
tration of ATP and AMP) were selected to achieve opti-
mal enzymatic activity, the velocity of the reaction at
the low concentrations of fructose 6-phosphate did
not exceed 34 + 8 pmol . islet™ . h™ in the islet
homogenate, as distinct from a glycolytic rate of

128 + 8 pmol . islet™" _h™! in intact islets exposed to
glucose 16.7 mM [13]. Thus, if the islet phosphofruc-
tokinase were not to be somehow activated, the esti-
mated concentration of fructose 6-phosphate would
be too low to account for the rate of glycolysis indeed
recorded in intact islets. In the presence of fructose
2,6- UlbpuOSplLd.l.C however, the rate of fructose 6 U'pllUb-
phate phosphorylation, at the same low concentration
of substrate and in the presence of the islet homog-
enate equals or exceeds that found in intact islets.

In view of these considerations, we investigated
whether the activity of phosphofructokinase is indeed
higher in glucose-stimulated islets than in glucose-
deprived islets. For this purpose, paired groups of islets
were incubated in the absence or presence of glucose
and, in each case, the phosphofructokinase activity
ratio at two concentrations of fructose 6-phosphate
was then established. This activity ratio was indeed
higher in the islets first exposed to glucose than in the
islets previously deprived of glucose. The values found
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in the islets were almost identical to those found in

hanatorvytag ramoved from cetarvad rate in which ~aga
u\/yatu\,y o l\tlll\JV\/u 11Ulll dsLal vvud lal.b 111 YY1iiGLll vaow

D-glucose (20 mM) also provokes a significant increase
in the activity ratio [4].

In conclusion, these data suggest that the glucose-
induced stimulation of glycolysis in intact rat islets is
attributable, at least in part, to activation of phospho-
fructokinase and that such an activation is mediated

ferrntnan D & i n“knnnhnh\
U_y 1Huvivoe L,0- Ulbyl Ubyllﬂl—c.
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