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Presence of fructokinase in pancreatic islets
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Homogenates of rat pancreatic islets that had been heated for 5 min at 70°C to inactive hexokinases, catalyzed the ATP-

dependent phosphorylation of D-fructose. This reaction was dependent on the presence of K* and was inhibited by D-1a-

gatose although not by D-glucese or D-glucose 6-phosphate. The phosphorylation product was identified as fructose

I-phosphate through its conversion to a bisphosphate ester by Clostridium difficife fructose 1-phosphate kinase. These

findings allowed the conclusion that fructokinase (ketohexokinase) was responsible for this process. Similar results were

observed with tumora! insulin-producing cells (RINmSF line). Fructokinase may account for a large share of fructose
phospherylation in intact islets, particularly in the presence of D-glucose.

Pancreatic islet; Fructokinase; (Ketohexokinase, Tumoral islet cell)

1. INTRODUCTION

Although unable to stimulate insulin secretion
by itself, fructose is known to augment the release
of insulin induced by glucose or other secreta-
gogues [1-4]. According to the fuel hypothesis, the
effect of nutrient secretagogues is related to the
rate at which they are metabolized in islet cells [5].
Fructose is indeed metabolized in pancreatic islets,
though at a maximal rate roughly 5-fold lower than
that of D-glucose [2-4,6].

Fructose is phosphorylated to fructose 6-phos-
phate by hexokinases and to fructose 1-phosphate
by ketohexokinase, also called fructokinase, which
is present in liver, kidney and the intestinal mucosa
(reviewed in [7]). Mammalian hexokinases display
a much greater affinity for glucose than for the
ketose and are inhibited by glucose 6-phosphate
[8]. In addition to fructose, fructokinase phos-
phorylates, with lower efficiency, a series of other
ketohexoses [9]. Fructose phosphorylation in pan-
creatic islet homogenates is inhibited to an extent
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of about 90% by glucose, mannose or glucose
6-phosphate, indicating that the low-K, hexo-
kinases are mainly responsible for this process [10].
However, these data do not exclude the possibility
that a small percentage of this phosphorylating ac-
tivity is contributed by fructokinase,

In the present study, advantage was taken of the
relative heat stability of fructokinase to
demonstrate its presence in islets derived from rat
pancreas.

2. MATERIALS AND METHODS

Radioactive products were purchased from Amersham Corp.
(Buckinghamshire, UK). Fructose l-phosphate kinase from
Clostridium difficile was purified about 150-fold by a procedure
involving heat treatment, precipitation with polyethyleneglycol
and DEAE-Trisacryl chromatography (Davies, Delmée and Van
Schaftingen, in preparation).

For the measurement of fructokinase activity, pancreatic
islets isolated from fed albino rats [11] or tumoral istet cells of
the RIVmSF line [12] were sonicated in a Hepes-NaOH buffer
(25 mM, pH 7.4) containing EDTA (0.1 mM) and MgCl (10.0
mM). When required, this homogenate was heated for 5 min at
70°C. Aliquots (25 «1) containing 130 + 15 islet equivalents) of
the homogenate were added to 75 xl of a reaction mixture to
yield the same concentration of Hepes, EDTA and MgCl; as
mentioned above, ATP (5 mM), and, as required, KCI
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(100 mM), D-glucose 6-phosphate (1.0 mM), D-tagatose, and
either D-glucose or D-fructose (mixed with a tracer amount of
D-[U-"*Clglucose or D-[U-*C]fructose, respectivety). After 60
min incubation at 37°C, labelled hexose-phosphates were
separated by anion exchange chromatography [13]. All readings
were corrected for the blank value found in the absence of islet
homogenate, and results expressed as the mean (= SE) together
with the number of individual measurements (n).

For the identification of the fructose-phosphate produced by
islet ketohexokinase, a heated homogenate was incubated for 0
or 2 hin a final volume of 100 «l and in the presence of the same
concentrations of Hepes, pH 7.1, EDTA, ATP and MgCl: as
above, together with 50 zm D-{U-*C]fructose (1.3 xCi). At the
times indicated the reaction was stopped by the addition of 400
#l of ethanol. The samples were diluted with 1.5 vol of water and
1 m] of this mixture was applied to a Dowex AG 1 X8 (Cl form,
200-400 mesh) column (0.5 x 4 ¢m). The column was washed
successively with 4 ml of water, 5 ml of 150 mM Na(l to elute
the monophosphates esters and 5 ml of 400 mM NaCl to eluate
the biphosphate esters. The fractions containing fructose-
monophosphates were pooled. Portions (250 xl) of the pool
were incubated for 30 min and at 30°C with 40 mM Hepes, pH
7.1, 1 mM MgCl; and, where indicated, 2 mM ATP Mg and 6
mU fructose-1-phosphate kinase in a final volume of 500 4. The
mixture was then diluted with 3 vols of water and 1.0 m! was im-
mediately applied to a Daowex AG 1 X8 column, which was
processed as described above.

3. RESULTS

In the presence of 100 mM KCI, the rate of phos-
phorylation of D-{U-"*C]glucose (50 #M) was close
to 1.0 pmol/min per islet in unheated homogenates
and decreased to 0.3 + 0.2 fmol/min per islet after
heating for 5 min at 70°C, indicating that hexo-
kinases had been substantially destroyed. All fur-
ther experiments were performed with heated
homogenates.

In a series of 5 experiments, the phosphorylation
of D-[U-**C]fructose (50 xM) measured in the
presence of 100 mM KCIl, averaged 19.8 + 4.0
fmol/min per islet, i.e. about 2% of the value
found with 50 uxM glucose in unheated
homogenates. The reaction velocity measured at
increasing concentrations of fructose (0.05, 0.40
and 2.05 mM) indicated a Ky, value of 0.8 = 0.2
mM. In sharp contrast to the results obtained with
unheated homogenates [10], the phosphorylation
of [D-U-C}fructose (50 zM) by heated homogen-
ates was unaffected by either D-glucose 6-phos-
phate (1.0 mM) or D-glucase (1.0-5.0 mM), and
was almost entirely dependent on the presence of
KCI (table 1). D-tagatose caused a concentration-
dependent inhibition of the phosphorylation of D-
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Table 1

Effect of several agents upon the phosphorylation of D-fructose
by islet homogenates heated for 5 min at 70°C

Agent Phosphorylation rate®
Nil 100.0

D-Glucose 6-phosphate (1.0 mM) 100.3 + 2.5
D-Glucose (1.0 mM) 100.1 + 0.4

No KCl 2.1 +0.9
D-Tagatose (0.35 mM) 89.0 + 1.0
D-Tagatose (2.0 mM) 67.9 + 1.2

# Mean values are derived from 3 or more measurements and ex-
pressed relative to the paired control value found with D-
[U-"*C]fructese {50 M) in the presence of KCl (100 mM)

[U-"C]fructose with a K; of about 4.5 mM as in-
dicated by Dixon plot analysis.

RINmMSF cells were also tested for the presence of
fructokinase. Heated homogenates catalyzed the
phosphorylation of D-[U-C)fructose at a rate of
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Fig.1. Identification of the product of the reaction catalyzed by
islet fructokinase. (A) A heat-treated extract of pancreatic islets
was incubated with [U-"*C]fructose and ATP-Mg for 0 (O) or
120 (@) min and the product of the reaction was isolated by
chromatography on Dowex AG-1 X8 (B). Fractions 7-9 of col-
umn A containing the radioactive fructose-phosphate were
pooled. Portions of the pool were incubated for 30 min at 30°C
with ATP-Mg and Clostridium difficile fructose 1-phosphate
kinase either seperately or together and rechromatographed.
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7.16 + 0.42 fmol/min per 10* cells. Here again the
phosphorylation of fructose by the heated homo-
genates greatly exceeded that found with D-
[U-"*C]glucose (50 #M), was not inhibited by 1.0
mM D-glucose or 1.0 mM D-glucose 6-phosphate
or a combination of the two, but was suppressed in
the absence of KCL.

Fig.1 shows that the product of the reaction
catalyzed by islet fructokinase eluted from a
Dowex column at 150 mM NacCl, a concentration
known to elute the hexose monophosphate al-
though not the hexose-bisphosphates [14]. Reac-
tion of the hexose monophosphate with ATP Mg
and Clostridium difficile fructose 1-phosphate
kinase resulted in the almost complete conversion
of the product to a compound eluting with the
bisphosphate esters at a concentration of 400 mM
NaCl. It has been checked that the preparation of
fructose 1-phosphate kinase did not phosphorylate
D-fructose 6-phosphate under the same experimen-
tal conditions.

4, DISCUSSION

The present study indicates that the pancreatic
islets contain, in addition to hexokinase, a more
heat-stable enzyme that catalyses the phosphory-
lation of fructose. This enzyme displays a Ky of 0.8
mM for the ketose, is not inhibited by giucose or
glucose 6-phosphate, is dependent on the presence
of potassium ions for its activity, and is inhibited
by tagatose, all properties reminiscent of hepatic
fructokinase [9,15]. Proof of the identity of the
islet enzyme as fructokinase was brought by the
demonstration that the reaction product is fructose
1-phosphate, not fructose 6-phosphate.

From the present measurements of both phos-
phorylation rates recorded in heated islet homo-
genates incubated with 50 M D-[U-*C]fructose
and apparent affinity of islet fructokinase for the
ketohexose, it can be calculated that the maximal
velocity of fructokinase would be close to 0.2-0.3
pmol/min per islet. This value represents less than
10% of the maximal rate of D-fructose phosphory-
lation as catalyzed by the islet hexokinase in un-
heated homogenates [10]. However, in intact islets
exposed to a high concentration of D-[5-*H]fruc-
tose (33.0 mM) in the absence of glucose, the rate
of tritiated water generation does not exceed about
0.3 pmol/min per islet [4]. Since fructokinase, in
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contrast to hexokinase, is not inhibited by glucose
6-phosphate or glucose, it might be expected to ful-
Iy express its activity in intact celis. The participa-
tion of fructokinase to ketohexose phosphoryla-
tion in intact islet cells may account, in part at
least, for the fact that fructose metabolism in pan-
creatic islets is less severely inhibited (=<36%) by
the presence of glucose {3,6,10] than expected from
the respective affinities of hexokinase for glucose
and fructose [8,10].

In the liver, fructose l-phosphate is split by
aldolase B to dihydroxyacetone phosphate and D-
glyceraldehyde. The latter enters the glycolytic-
gluconeogenic pathway after phosphorylation by
triokinase [7]. The fact that islets catalyse the for-
mation of tritiated water from D-[5-’H]fructose
even in the presence of glucose suggests that the
same sequence of reactions could occur in the en-
docrine tissue. The release of tritium from the fifth
carbon of the ketose is indeed thought to occur in
the course of triose phosphate isomerisation [16].
Triokinase has been shown to occur in these en-
dacrine cells [17].

Fructose 1-phosphate has been shown to relieve
the inhibition that a regulatory protein exerts on
liver glucokinase in the presence of fructose
6-phosphate [18]. Because of this property, fruc-
tose 1-phosphate is thought to mediate the effect of
fructose to stimulate 2-4-fold the phosphorylation
of glucose [19]. Since the islets also contain
glucokinase [reviewed in 20] and are capable of
synthesising fructose I-phosphate, a similar
mechanism could oceur in that tissue [21].
However, for unknown reasons, fructose, if
anything, barely stimulates glucose metabolism in
islets [3,4,6,10].
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