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ABSTRACT 2,5-Anhydromannitol decreases lactate for-
mation and 3H2O formation from [5-3H]glucose in isolated rat
hepatocytes metabolizing high concentrations of glucose. The
inhibition of glycolysis is accompanied by a slight decrease in
the cellular content of fructose-6-P and a more substantial de-
crease in the cellular content of fructose-1,6-P2, with no
change in the content of glucose-6-P. The 3H20 release data
and changes in hexosephosphate distribution indicate possible
inhibitions at phosphofructokinase-1 and phosphoglucose
isomerase. 2,5-Anhydromannitol also inhibits glycolysis in
Ehrlich ascites cells, but the tumor cells, unlike hepatocytes,
must be treated with 2,5-anhydromannitol prior to exposure to
glucose to obtain the inhibition. The decrease in 3H20 forma-
tion from [5-3H]glucose and the metabolite pattern that results
from the addition of low concentrations (c0.25 mM) of 2,5-
anhydromannitol indicate an inhibition at phosphofructoki-
nase-1 that cannot be attributed to a decrease in the cellular
content of fructose-2,6-P2. Higher concentrations (-0.5 mM)
of 2,5-anhydromannitol cause a substantial decrease in the cel-
lular content of ATP that is accompanied by decreases in the
content of glucose-6-P and fructose-6-P and transient increases
in fructose-1,6-P2. In Ehrlich ascites cells, 2,5-anhydromanni-
tol is metabolized to 2,5-anhydromannitol mono- and bisphos-
phate. The inhibition of glycolysis caused by 2,5-anhydroman-
nitol decreases with time, because the phosphorylated metabo-
lites formed during the preliminary incubation in the absence
of glucose are rapidly dephosphorylated during the incubation
in the presence of glucose.

2,5-Anhydro-D-mannitol (2,5-AM-ol) is an analog of the 13-
furanose form of D-fructose that lacks the C-2 hydroxyl and
is thus locked in the furan ring structure (for structure, see
ref. 1). Incubation of isolated rat hepatocytes with 2,5-AM-
ol results in a rapid increase in 2,5-AM-ol-1-P and a slower
accumulation of 2,5-AM-ol-1,6-P2 (2). Under these condi-
tions, the intracellular concentration of fructose-2,6-P2 (Fru-
2,6-P2), a potent activator of phosphofructokinase-1 (PFK-
1), is decreased (1), probably because of the accumulation of
2,5-AM-ol-1-P. 2,5-AM-ol-1,6-P2 is a poor substitute for
Fru-2,6-P2 as an activator of PFK-1, and at high concentra-
tions it can act as a product inhibitor (2). Since the formation
of either of the phosphorylated metabolites of 2,5-AM-ol
could cause an inhibition of flux through PFK-1, the effects
of 2,5-AM-ol on glycolysis in isolated rat hepatocytes and in
Ehrlich ascites tumor cells were examined. A portion of this
work has been presented (3).

MATERIALS AND METHODS

Synthesis of 2,5-AM-ol. Unlabeled 2,5-AM-ol was synthe-
sized and purified as described (1) and crystallized as de-
scribed in ref. 4. Seeding crystals of 2,5-AM-ol were a gener-

ous gift from Alan Rendina. 2,5[1-14C]AM-ol was synthe-
sized from [1-14C]glucosamine (2).

Isolation and Incubation of Hepatocytes. Cells were isolat-
ed from livers of normal rats fasted 24 hr and were incubated
as described in ref. 5 in the presence of 1.3 mM Ca2 .

Isolation and Incubation of Ehrlich Ascites Cells. Ehrlich
ascites tumor cells, originally obtained from Efraim Racker,
were maintained in Swiss albino mice by intraperitoneal in-
jection at 10-day intervals of 0.5 ml of ascites fluid. The cells
were harvested 7-10 days after inoculation, diluted immedi-
ately with 30 ml of cold incubation buffer containing 120 mM
NaCl/5 mM KCl/1 mM MgCl2/5 mM Tris HCl, pH 7.4/5
mM KP1, pH 7.4, washed 3 times by centrifugation at 120 x
g for 2 min each, and resuspended in the buffer so the con-
centration of cells was equivalent to 10 mg of cell protein
per ml. Unless otherwise indicated, the cells were incubated
aerobically at 37°C in the absence or presence of 2,5-AM-ol
for 15 min prior to exposure to glucose; 0.5-ml aliquots of the
cell suspensions were transferred to 20-ml glass scintillation
vials and the cells were incubated aerobically at 37°C with 2
mM glucose in the absence or presence of 2,5-AM-ol in a
total vol of 1.5 ml for the times indicated. The reactions were
stopped and samples were processed as described (5).
Measurement of Metabolites. Glucose and lactate were de-

termined enzymatically (5). Hexose phosphates in hepato-
cytes (-0.6 g wet weight of cells incubated with 20 mM glu-
cose in the absence or presence of 2,5-AM-ol in a total vol of
12 ml for 20 min as described in ref. 1) were determined spec-
trophotometrically in neutralized acid extracts of concen-
trated cells as described (1, 6). Glycolytic intermediates in
Ehrlich ascites cells (-5 mg of cell protein incubated in a
total vol of 1.5 ml) were assayed fluorometrically (7) in ali-
quots of the neutralized acid extracts. Fructose-1,6-P2 (Fru-
1,6-P2) and triose phosphates were assayed by coupling al-
dolase and triose phosphate isomerase to glyceraldehyde-3-
phosphate dehydrogenase (7). ATP was assayed by using the
luciferase method (8). Firefly luciferase was purified by ex-
traction (9) and chromatography (8).

Fru-2,6-P2 in neutralized extracts was assayed by the acti-
vation of potato pyrophosphate: fructose-6-phosphate phos-
photransferase (1, 10), except that fructose 6-P (Fru-6-P)
was treated with acid to decrease the values of the blanks
(11).
The concentrations of the phosphorylated metabolites of

2,5[1-_4C]AM-ol (0.1 ,uCi/,umol; 1 Ci = 37 GBq) in Ehrlich
ascites cells were determined as described (2).
The flux through PFK-1 was estimated by measuring the

release of 3H20 from D[5-3Hlglucose (12).
Materials. Sources of materials, in addition to those in ref.

2, were desiccated firefly tails (Sigma), [1-14C]glucosamine
and D[5-3H]glucose (New England Nuclear).

Abbreviations: 2,5-AM-ol, 2,5-anhydro-D-mannitol; Fru-2,6-P2, D-
fructose 2,6-bisphosphate; Fru-1,6-P2, D-fructose 1,6-bisphosphate;
Fru-6-P, D-fructose 6-phosphate; Glc-6-P, D-glucose 6-phosphate;
PFK, phosphofructokinase.
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RESULTS
Effects of 2,5-AM-ol on Glucose Metabolism in Isolated Rat

Hepatocytes. In hepatocytes isolated from fasted rats, in-
creasing concentrations of 2,5-AM-ol produce a dramatic de-
crease in the rate of lactate formation from high concentra-
tions (15 or 20 mM) of glucose (Fig. 1). The inhibitory effects
of 2,5-AM-ol are less apparent in the presence of 10 mM
glucose when the rate of glycolysis is lower. The rate of lac-
tate formation from 5 mM glucose is even slightly increased
by 2,5-AM-ol (Fig. 1) as are the rates from gluconeogenic
'substrates that enter the Embden-Meyerhof pathway as tri-
ose phosphate (1, 13, 14). In all cases, the rates of lactate
formation in the absence of glucose (Fig. 1, Inset) have been
subtracted from those in the presence of glucose. 2,5-AM-ol
also inhibits the metabolic flux through PFK-1, as indicated
by its ability to decrease the production of 3H20 from [5-
3H]glucose (Fig. 1). Again, the inhibitory effects of 2,5-AM-
ol are more apparent in the presence of higher concentra-
tions of glucose; it has no effect on 3H20 formation from 5
mM glucose. The decrease in the rate of lactate formation or
of 3H20 formation from [5-3H]glucose is almost maximal in
the presence of 0.25 mM 2,5-AM-ol, a concentration that
does not change the concentration of intracellular ATP (re-
sults not shown).

Effects of 2,5-AM-ol on Hexose Phosphate Content in Rat
Hepatocytes. At 0.5 or 2 mM, 2,5-AM-ol does not decrease
the glucose 6-P (Glc-6-P) content in hepatocytes incubated
with 20 mM glucose (Table 1); thus, phosphorylation of glu-
cose mediated by glucokinase is not impaired in spite of the
fact that 0.5 or 2 mM 2,5-AM-ol produces a 20% or 50% de-
crease, respectively, in ATP content (results not shown).
There is a slight decrease in the content of Fru-6-P that could
result from an inhibition of phosphoglucose isomerase or
from the decrease in the content of Fru-2,6-P2 (1) that, after
acid extraction of the cells, contributes to the Fru-6-P pool.
There is a greater decrease in the content of Fru-1,6-P2 that
is consistent with the decrease in the flux through PFK-1.

Effects of 2,5-AM-ol on Glucose Utilization, Lactate Forma-
tion, and 3H20 Formation from [5-3H]Glucose in Ascites

Lactate formation 'HO formation
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FIG. 1. Effects of 2,5-AM-ol on lactate formation and 3H20 for-
mation from [5-3H]glucose in hepatocytes. Hepatocytes, isolated
from normal rats fasted 24 hr, were incubated with glucose ±+- 5 ACi
of D[5-3H]glucose in the absence or presence of 2,5-AM-ol for 30
min. Rates of lactate formation in the absence of glucose (Inset)
have been subtracted from those in the presence of glucose. Values
are means + SEM from a minimum of three experiments. Glucose
concentrations were as follows: 3, none; *, 5 mM; o, 10 mM; *, 15
mM; A, 20 mM.

Table 1. Effects of 2,5-AM-ol on hexose phosphate content in
hepatocytes incubated with 20 mM glucose

Glucose Glucose with Glucose with 2
control, 0.5 mM 2,5-AM-ol, mM 2,5-AM-ol,
Amol/g % control % control

Glc-6-P 0.049 ± 0.004 104 ± 3 98 ± 6
Fru-6-P 0.031 ± 0.002 73 ± 1 56 ± 10
Fru-1,6-P2 0.025 ± 0.005 40 ± 5 20 ± 3

Hepatocytes were incubated for 20 min with 20 mM glucose in the
absence or presence of 2,5-AM-ol and then concentrated. Hexose
phosphates were determined in neutralized extracts of concentrated
cells. Each value is mean ± SEM from a minimum of four experi-
ments.

Cells. To observe the inhibitory effects of 2,5-AM-ol on gly-
colysis in Ehrlich ascites cells, the tumor cells, unlike isolat-
ed rat hepatocytes, require preliminary treatment with 2,5-
AM-ol prior to exposure to glucose (Fig. 2). This is consist-
ent with a competition of 2,5-AM-ol with glucose for
hexokinase and indicates that 2,5-AM-ol is a poor substrate
for Ehrlich ascites hexokinase. Thus, in all of the experi-
ments that follow, ascites cells routinely were treated with
2,5-AM-ol for 15 min before they were incubated with glu-
cose. Under these conditions, 2,5-AM-ol decreases the rates
of glucose utilization, lactate formation, and flux through
PFK-1, as estimated by 3H20 formation from [5-3H]glucose
(Fig. 3). The inhibitory effect of 2,5-AM-ol on the above pa-
rameters decreases with time throughout the incubation peri-
od with glucose and is more apparent at concentrations of
2,5-AM-ol >0.25 mM. At concentrations up to 0.25 mM, 2,5-
AM-ol does not decrease the intracellular ATP concentra-
tion significantly, but at higher concentrations, it can de-
crease the ATP content to 30% that of the control (Fig. 4).

Effects of 2,5-AM-ol on Glycolytic Intermediates. The me-
tabolite pattern in Ehrlich ascites cells incubated with 2 mM
glucose in the presence of increasing concentrations of 2,5-
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FIG. 2. Effects of preliminary treatment and subsequent incuba-
tion with 2,5-AM-ol on glycolysis in Ehrlich ascites cells. Ascites
cells were incubated aerobically in the absence of glucose, without
or with 2,5-AM-ol for the appropriate preliminary treatment periods:
o-, none; *, 5 min; o, 10 min; A, 15 min; A, 25 min; and then incubat-
ed in the presence of 2 mM glucose, without or with 2,5-AM-ol for
30 min. Control rates of lactate formation from 2 mM glucose in the
absence of 2,5-AM-ol were 0.26, 0.25, 0.26, 0.28, and 0.29 ,umol per
30 min per mg of cell protein, respectively, for cells undergoing a
preliminary incubation period of 0, 5, 10, 15, or 25 min. Values rep-
resent means from two experiments.
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FIG. 3. Effects of 2,5-AM-ol on flucose utilization, lactate for-
mation, and 3H20 formation from [5- Hlglucose in ascites cells. As-
cites cells were incubated without or with 2,5-AM-ol in the absence
of glucose for 15 min and then in the presence of 2 mM glucose ± 5
uCi of D[5-3H]glucose for 10 min (o) or 30 min (o). Values are the
means ± SEM from a minimum of three experiments.

AM-ol varies with the concentration of 2,5-AM-ol and with
the incubation time (Fig. 5). After a 10- or 30-min period of
incubation with glucose, low concentrations of 2,5-AM-ol in-
duce a decrease in Fru-1,6-P2 consistent with an inhibition of
PFK-1, but higher concentrations of 2,5-AM-ol (>0.25 mM)
cause a decrease in Glc-6-P that would be consistent with an
inhibition of hexokinase. In addition, after 10 min of incuba-
tion with glucose, 2 mM 2,5-AM-ol causes an increase in the
content of Fru-1,6-P2 that indicates an inhibition of aldolase.
This effect is not apparent at 30 min, however.

Effects of 2,5-AM-ol on Fru-2,6-P2 Content in Ehrlich Asci-
tes Cells. Fru-2,6-P2 is a potent physiological activator of
PFK-1 (15) and, thus, an effect of 2,5-AM-ol to decrease the
cellular concentration of this regulator could cause a de-
crease in the flux through PFK-1. Whereas both low and
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FIG. 4. Effects of 2,5-AM-ol on ATP content in ascites cells.
Ascites cells were incubated without or with 2,5-AM-ol in the ab-
sence of glucose for 15 min and then in the presence of 2 mM glu-
cose for the times indicated. Values are means ± SEM from four
experiments. Decrease in ATP content becomes significant at 2,5-
AM-ol concentrations 20.5 mM.

high concentrations of 2,5-AM-ol induce a dramatic de-
crease of Fru-2,6-P2 in isolated rat hepatocytes (1), low con-
centrations of 2,5-AM-ol induce an increase of Fru-2,6-P2 in
Ehrlich ascites cells (Fig. 6) and higher concentrations pro-
duce a decrease. The decrease probably occurs via an indi-
rect mechanism that results from the decrease in the ATP
content (Fig. 4), which in turn results in a decrease in the
phosphorylation of glucose and a subsequent decrease in the
formation of Fru-6-P (Fig. 5), the direct precursor of Fru-2,6-
P2 (15). The differential effects of increasing concentrations
of 2,5-AM-ol on Fru-2,6-P2 content are observed after either
a 10- or 30-min period of incubation with glucose, but as the
period of incubation increases, there also is an increase in
the formation of Fru-2,6-P2.

Intracellular Content of 2,5-AM-ol Mono- and Bisphos-

Fru-6-P Fru-1,6-P2 Triose-P Glc-6-P Fru-6-P Fru-1,6-P2 Triose-P

(1.10) (0.23) (0.56) (3.07) (1.03) (0.36) (0.70)

FIG. 5. Effects of 2,5-AM-ol on metabolite concentrations in ascites cells. Incubation conditions were as described in Fig. 4. Values are
means ± SEM from three experiments. Control values are shown along the abscissa. Concentrations of 2,5-AM-ol were as follows: n, 0.1 mM;
*, 0.25 mM; A, 0.5 mM; *, 1.0 mM; o, 2.0 mM.
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FIG. 6. Effects of 2,5-AM-ol on Fru-2,6-P2 concentrations in as-
cites cells. Incubation conditions were as described in Fig. 4. Values
are means ± SEM from three experiments. *, P < 0.05 in compari-
son with no added 2,5-AM-ol.

phates in Ehrlich Ascites Cells. When ascites cells that have
been metabolizing 2,5[1-14C]AM-ol for 15 min are exposed to
2 mM glucose and increasing concentrations of 2,5[1-
14C]AM-ol, the concentrations of the 1-'4C-labeled mono-
and bisphosphorylated products are altered as shown in Fig.
7. In contrast to the results obtained in isolated rat hepato-
cytes incubated with glucose and 2,5-AM-ol (2), there is a
continual decrease in the content of both phosphorylated
metabolites during the 30-min incubation period, except for
the increase in 2,5-AM-ol bisphosphate observed at the high-
est concentration of 2,5-AM-ol tested. The slight transient
increase in the content of 2,5-AM-ol monophosphate ob-
served in the presence of 0.5 mM 2,5-AM-ol can be account-
ed for by the degradation of 2,5-AM-ol bisphosphate. The
increase in 2,5-AM-ol bisphosphate observed in the presence
of 2 mM 2,5-AM-ol indicates that, although the major meta-
bolic fate of 2,5-AM-ol monophosphate is dephosphoryla-
tion, some of it is being further phosphorylated.

Control experiments in which ascites cells were incubated
with 0.5 mM 2,5-AM-ol in the absence of glucose for 15 min
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FIG. 7. Intracellular content of 2,5[1-14C]AM-ol mono- and bis-
phosphates in ascites cells incubated with 2,5[1-'4C]AM-ol. Ascites
cells were incubated in the absence of glucose with 0. 1, 0.5, or 2 mM
2,5[1-_4C]AM-ol (0.1 ,uCi/gmol) for 15 minand then incubated in the
presence of 2 mM glucose and 2,5[1-'4C]AM-ol for 10, 20, or 30 min.
Phosphorylated metabolites of 2,5-AM-ol were fractionated on
Dowex-2-formate. Open and closed symbols represent data ob-
tained from two different experiments.

indicate that there is a continual increase in the intracellular
content of 2,5-AM-ol mono- and bisphosphates, although the
rate of accumulation of the latter is approximately one-half
of that of the monophosphate (results not shown). When the
cells are incubated for an additional 30 min in the absence of
glucose, the content of 2,5-AM-ol monophosphate decreases
20%, but the content of 2,5-AM-ol bisphosphate increases 4-
to 7-fold; under the same incubation conditions but in the
presence of 2 mM glucose, both the mono- and bisphos-
phates decrease -40%.

DISCUSSION
The effects of 2,5-AM-ol in hepatocytes isolated from fasted
rats are of a dual nature. In cells metabolizing gluconeogenic
precursors that enter the Embden-Meyerhof pathway as tri-
ose phosphate, 2,5-AM-ol inhibits gluconeogenesis and
simultaneously stimulates lactate formation via an activation
of pyruvate kinase and an inhibition of fructose-l,b-bisphos-
phatase that result from the formation and accumulation of
2,5-AM-ol-1,6-P2 (1, 2, 13, 14). In cells metabolizing high
concentrations of glucose, however, 2,5-AM-ol inhibits lac-
tate formation (Fig. 1). The inhibition of glycolysis from glu-
cose probably occurs at or before the PFK-1 step, and under
these conditions, the role of 2,5-AM-ol monophosphate may
be more important than that of 2,5-AM-ol bisphosphate.
The inhibitory effects of 2,5-AM-ol are observed at two

sites in the glycolytic pathway. The decreased cellular con-
tent of Fru-6-P with no change in the content of Glc-6-P (Ta-
ble 1) indicates an inhibition at phosphoglucose isomerase.
While an inhibition at this site cannot be ruled out, 2,5-AM-
ol does not inhibit gluconeogenesis from xylitol (1), a sub-
strate that enters the gluconeogenic pathway primarily as
Fru-6-P, and thus, 2,5-AM-ol appears not to affect phos-
phoglucose isomerase under those conditions. The de-
creased flux through PFK-1, as estimated by measuring
3H20 release from [5-3H]glucose (Fig. 1), and the decreased
cellular content of Fru-1,6-P2 (Table 1) indicate an inhibition
at PFK-1. An inhibition at this site seems likely because it
could result, whether directly or indirectly, from the accu-
mulation of the phosphorylated metabolites of 2,5-AM-ol in
hepatocytes (1, 2).

Previous studies from this laboratory have indicated that
2,5-AM-ol-1-P could inhibit the phosphorylation of Fru-6-P
because it is an alternative substrate for PFK-1 (2) and that it
could be responsible, via an inhibition of PFK-2,* for the
ability of 2,5-AM-ol to decrease cellular concentrations of
Fru-2,6-P2 (1, 2). Competition of 2,5-AM-ol monophosphate
with Fru-6-P for phosphorylation probably does not account
for the 80% inhibition of lactate formation from 20 mM glu-
cose in the presence of 0.5 mM 2,5-AM-ol, however, for the
rate of lactate formation in the absence of 2,5-AM-ol is 250
nmol/min per g wet weight (Fig. 1), and the rate of phospho-
rylation of 2,5-AM-ol monophosphate is only 10 nmol/min
per g wet weight (calculated from data in ref. 2). Thus, the
most likely explanation for the inhibitory effects of 2,5-AM-
ol on glycolysis from glucose in isolated rat hepatocytes is
the ability of 2,5-AM-ol to decrease the cellular content of
Fru-2,6-P2 (1), a potent activator of PFK-1 (15). When hepa-
tocytes metabolize high concentrations of glucose, the cellu-
lar concentration of Fru-2,6-P2 is increased, rates of glycoly-
sis are increased, and inhibitory effects of 2,5-AM-ol be-
come apparent (Fig. 1). The cellular concentration of Fru-
2,6-P2 is very low in the presence of 5 mM glucose (16).
Under these conditions, 2,5-AM-ol has no effect on the al-
ready low rate of glycolysis.

*2,5-AM-ol monophosphate, an analog of B-D-Fru-6-P that lacks the
C-2 hydroxyl, cannot be phosphorylated in the 2 position but it
might act as an inhibitor of PFK-2.
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2,5-AM-ol has inhibitory effects on glycolysis in Ehrlich
ascites tumor cells that are similar to those in hepatocytes,
but there are major differences in the metabolism and mech-
anism of action of 2,5-AM-ol in the two cell types. The re-
quirement of ascites cells for a preliminary treatment with
2,5-AM-ol before incubation with glucose to obtain inhibi-
tion of glycolysis (Fig. 2) indicates that hexokinase is in-
volved in the metabolism of 2,5-AM-ol but that 2,5-AM-ol
does not compete effectively with glucose for phosphoryl-
ation.
The inhibition of glycolysis in ascites cells by low concen-

trations of 2,5-AM-ol cannot be attributed to a decrease in
the cellular content of Fru-2,6-P2 as is the case in hepato-
cytes, because low concentrations of 2,5-AM-ol actually
cause a slight increase in the content of Fru-2,6-P2 (Fig. 6).
The differential effects of 2,5-AM-ol on Fru-2,6-P2 content
in hepatocytes and ascites cells probably result from differ-
ences in the concentration of 2,5-AM-ol monophosphate rel-
ative to that of Fru-6-P. In hepatocytes metabolizing 20 mM
glucose, the ratio of the concentration of 2,5-AM-ol mono-
phosphate that accumulates in cells treated with 0.5 mM 2,5-
AM-ol to the concentration of Fru-6-P that is present in con-
trol cells is 84 (5.2 mM/0.062 mM) [based on data in ref. 2
and Table 1 and assuming 0.5 ml of cytosolic water per g wet
weight of cells (17)]. Thus, competition of 2,5-AM-ol mono-
phosphate with Fru-6-P for phosphorylation by PFK-2 could
inhibit the synthesis of Fru-2,6-P2. This is not the case in
ascites cells, however. The ratios of 2,5-AM-ol monophos-
phate to Fru-6-P in cells treated with 0.1 mM 2,5-AM-ol and
incubated with glucose for 10 or 30 min are 0.2 (0.055
mM/0.28 mM) or 0.1 (0.03 mM/0.28 mM), respectively; the
ratios in cells treated with 0.5 mM 2,5-AM-ol are 4 (0.92
mM/0.23 mM) or 2 (0.45 mM/0.23 mM) at 10 or 30 min,
respectively [based on data in Figs. 5 and 7 and assuming
that the intracellular content of water is 7.6 ,u per mg of cell
protein (18) and that 50% of that corresponds to cytosolic
water].
The inhibition of glycolysis produced by low concentra-

tions of 2,5-AM-ol in Ehrlich ascites cells could be attributed
to an inhibition of PFK-1 by 2,5-AM-ol bisphosphate. Fru-
1,6-P2 and 2,5-AM-ol-1,6-P2 have dual effects on rat liver
PFK-1. At low concentrations, they can act as weak alloste-
ric activators by binding to the Fru-2,6-P2 site, but at con-
centrations >100 ,uM, they can act as inhibitors, possibly by
binding to the active site of the enzyme (2, 19). Fru-2,6-P2 is
a potent allosteric activator of Ehrlich ascites PFK-1, but
Fru-1,6-P2 (20) and probably its f-anomeric analog, 2,5-AM-
ol-1,6-P2, fail to activate the enzyme. The possibility of Fru-
1,6-P2 or 2,5-AM-ol-1,6-P2 binding to the active site of PFK-
1 still exists, however, and at high concentrations, 2,5-AM-
ol-1,6-P2 could produce product inhibition of the enzyme.
While Fru-1,6-P2 is not a stimulator of yeast PFK-1 (21),
Bartrons et al. (22) have demonstrated that high concentra-
tions of Fru-1,6-P2 can counteract the activation of the en-
zyme induced by Fru-2,6-P2-

Reevaluation of the data in Figs. 5 and 7 indicates that the
concentration of 2,5-AM-ol bisphosphate that accumulates
in ascites cells is dramatically increased in comparison to the
normal cellular concentration of Fru-1,6-P2. The content of
Fru-1,6-P2 in cells incubated with 2 mM glucose for 10 or 30
min is 60 ,uM or 100 ,AM, respectively, and it is decreased to
'50% of that of the control in cells treated with 2,5-AM-ol.
On the other hand, the content of 2,5-AM-ol bisphosphate in
cells treated with 0.1 mM 2,5-AM-ol and then incubated with

glucose for 10 or 30 min is 410 gM or 260 gM, respectively,
and it increases to 3.8 mM or 2.9 mM, respectively, in cells
treated with 0.5 mM 2,5-AM-ol. Thus, the concentrations of
2,5-AM-ol bisphosphate that accumulate in the ascites cells
are in the range of those that could cause product inhibition
of PFK-1. Kinetic studies with purified Ehrlich ascites PFK-
1 are necessary to confirm this hypothesis, however.

In summary, the inhibitory effects of 2,5-AM-ol on glycol-
ysis in isolated rat hepatocytes appear to be due to the for-
mation and accumulation of 2,5-AM-ol monophosphate and
the ability of the monophosphorylated derivative to decrease
the cellular concentration of Fru-2,6-P2 and, thus, to inhibit
flux through PFK-1. The possibility of product inhibition by
2,5-AM-ol bisphosphate on the enzyme (2) cannot be com-
pletely ruled out, however. The inhibitory effects of 2,5-
AM-ol on glycolysis in Ehrlich ascites cells are not related to
decreases in the cellular concentration of Fru-2,6-P2, but
they appear to be due to product inhibition of PFK-1 by 2,5-
AM-ol bisphosphate.
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