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ABSTRACT Induction of germination of Phycomyces blakes-
ikeanu spores by a heat shock and subsequent incubation at 25C
in a glucose- or 6-deoxyglucose-containing culture medium re-
sulted in an intense (20-40 times the initial value) rise in the con-
centration of fructose 2,6-bisphosphate and hexose 6-phosphates.
The increase in the concentration of fructose 2,6-bisphosphate but
not that of hexose 6-phosphates was restricted to a 25-min period
during which the spores acquired an irreversible capacity to ger-
minate. Incubation of the spores in water for any period of time
during this critical period resulted in a parallel decrease in their
ability to form hexose phosphates and to germinate. A similar rise
in hexose phosphate concentration was also observed when P.
blakeslesanus spores were activated by incubation in the presence
of acetate and also after induction of germination of other dor-
mant (Neurospora tetrasperma) or nondormant (Mucor racemosus)
fungal spores. Extracts of dormant and heat-activated P. blakes-
leeanw spores contain a fructose 1,6-bisphosphatase that is in-
hibited by fructose 2,6-bisphosphate and AMP in a synergistic
manner. They also contain a 6-phosphofructo-2-kinase and a fruc-
tose-2,6-bisphosphatase.

Dormancy is an arrest in development of fungal or bacterial
spores or of seed embryos under conditions otherwise suited
for growth. The breaking of dormancy and the subsequent ger-
mination of spores or seeds constitute a model system in the
study of cell development and differentiation and, for this rea-
son, have attracted much attention. Germination can be ini-
tiated by a variety of physical or chemical means. Heating of
Phycomyces blakesleeanus spores in water for 5 min at 50"C (these
conditions may vary slightly from one batch of spores to an-
other) induces in about 90% of the spores an irreversible ca-
pacity to germinate upon incubation in an appropriate culture
medium at 25°C. If the heat shock is performed at a slightly
lower temperature or for a shorter duration, the percentage of
germination is reduced; furthermore, the spores can be deac-
tivated within 10-30 min upon incubation in water although
not if they are immediately transferred in the culture medium.
The presence of glucose in the culture medium seems to be the
main factor that prevents this deactivation (1). Spores of P.
blakesleeanus can also be activated by a variety of other means,
including incubation in the presence of acetate or propionate
(2) or pretreatment with sodium pyrosulfite (3). Ascospores of
Neurospora tetrasperma are heat-activated with no subsequent
effect of glucose (4). Spores of Mucor racemosus are not dor-
mant and germinate when incubated at 200C in a culture me-
dium containing glucose or a glucose analog (5).
The role of glucose in the germination of P. blakesleeanus

spores has drawn our attention to the potential participation of
fructose 2,6-bisphosphate in this process. Fructose 2,6-bis-

phosphate is a stimulator of phosphofructo-l-kinase (PFK-1),
initially discovered in the liver (6, 7) but also present in nu-
merous eukaryotic organisms, including fungi and higher plants
(reviewed in refs. 8 and 9). PFK-1 from yeast (10, 11) and from
P. blakesleeanus spores (12) is highly sensitive to stimulation by
fructose 2,6-bisphosphate. Fructose 2,6-bisphosphate is also a
potent inhibitor of fructose-1,6-bisphosphatase from various
sources, including yeast (13). However, the presence of fruc-
tose-1,6-bisphosphatase in P. blakesleeanus has not been re-
ported previously. In the liver, fructose 2,6-bisphosphate is
formed from fructose 6-phosphate and ATP by a 6-phospho-
fructo-2-kinase (PFK-2) and converted to fructose 6-phosphate
and Pi by a fructose-2,6-bisphosphatase. The activity of these
two enzymes is modified by phosphorylation under the action
of cyclic AMP-dependent protein kinase (8). In the liver and in
yeast, fructose 2,6-bisphosphate is rapidly synthesized when
glucose is abundant and its most obvious function is to stimulate
glycolysis. However, it is suspected that fructose 2,6-bisphos-
phate may play other biological roles, particularly in the expres-
sion of several "glucose effects" (8, 9), among which the ger-
mination of fungal spores is an interesting example.
The present paper describes a very large and transient in-

crease in fructose 2,6-bisphosphate concentration that char-
acterizes the first irreversible step of germination of fungal
spores. Large changes in the concentration of other hexose
phosphates were also observed.

MATERIALS AND METHODS
Materials. 6-Deoxyglucose was from Koch-Light Labora-

tories (Colnbrook, England); fructose 2,6-bisphosphate (14) and
[2-32P]fructose 2,6-bisphosphate (15) were prepared as de-
scribed earlier. Beef heart cyclic AMP-dependent protein ki-
nase was from Sigma. Auxiliary enzymes and biochemicals were
from Boehringer Mannheim. All other chemicals were from
Merck (Darmstadt, F.R.G.) or Serva (Heidelberg).

Activation and Incubation of Spores. Sporangiospores of P.
blakesleeanus (strain K1+) were heat-activated by shaking in a
water bath for the time and at the temperature indicated. They
were then incubated at 25°C under continuous shaking in either
water, 83 mM glucose, 83 mM 6-deoxyglucose, or standard cul-
ture medium containing 83 mM glucose, 10 mM KH2PO4, 6.7
mM asparagine, 1 mM MgSO4, 0.5 mM Ca(NO3)2, 0.1 mM
FeCl3, and 3 ,uM thiamine. Alternatively, spores were acti-
vated by incubation in the presence of 0.1 M ammonium ace-
tate. Mucor spores (M. racemosus, CBS 277.49) were incubated
in a culture medium containing 2% glucose, 1% peptone, and
0.3% yeast extract. Ascospores of N. tetrasperma (CBS 377.74)

Abbreviations: PFK-1, phosphofructo-l-kinase; PFK-2, 6-phosphofruc-
to-2-kinase.
* To whom reprint requests should be addressed.

6601

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertise-
ment" in accordance with 18 U.S.C. §1734 solely to indicate this fact.



6602 Developmental Biology: Van Laere et al.

were heat-activated and incubated in water, because germi-
nation of these spores occurs without addition of any chemicals.

The capacity to germinate was measured by the percentage
of spores germinated after 8 hr of incubation at 250C in the cul-
ture medium. Swollen and vacuolated spores and spores with
a germ tube were counted as germinated.

Extraction of Spores. Two milliliters of a spore suspension
containing the equivalent of 2 mg (for the determination of
fructose 2,6-bisphosphate) or 10 mg (when also hexose 6-phos-
phates were assayed) of dry spores was poured in 10 ml of ice-
cold water. After a 30-sec centrifugation, the pellet of spores
was resuspended in 1 ml of ice-cold 0.1 M KOH and homog-
enized as described (16). The extracts were frozen in liquid N2
and stored at - 15'C. For the measurement of enzyme activ-
ities, the same procedure was used, except that the equiva-
lent of 100 mg of dry spores was resuspended in 1.5 ml of a solu-
tion containing 25 mM Hepes, 50 mM KCI, 1 mM dithiothrei-
tol, and 0.5 mM phenylmethylsulfonyl fluoride (pH 7). Insol-
uble material was eliminated by a 10-min centrifugation at
10,000 X g.

Assay Methods. Fructose 2,6-bisphosphate was determined
in alkaline extracts according to ref. 17; glucose 6-phosphate,
fructose 6-phosphate (18), and fructose 1,6-bisphosphate (19)
were assayed in perchloric acid extracts prepared by mixing 1
vol of alkaline extract with 0.5 vol of 10% perchloric acid. Un-
der all conditions tested, the concentration of fructose 6-phos-
phate amounted to about one-fourth of that of glucose 6-phos-
phate. PFK-2 was assayed by the production of fructose 2,6-
bisphosphate in a mixture containing 50 mM Hepes (pH 7.1),
100 mM KCI, as well as phosphate, ATP, and fructose 6-phos-
phate at the indicated concentrations and MgCl2 in a 2 mM ex-
cess over ATP. Glucose 6-phosphate was also present at a con-
centration 3.5 times that of fructose 6-phosphate. Fructose-2,6-
bisphosphatase was assayed by the production of [32P]Pi from
[2- 2P]fructose 2,6-bisphosphate (15) in a mixture containing 50
mM Hepes (pH 7.1), 100 mM KCI, and 2 mM MgCl2. Fruc-
tose-1,6-bisphosphatase was assayed spectrophotometrically in
the presence of 100 mM KCI, 50 mM Hepes (pH 7.1), 2 mM
magnesium acetate, 1 mM NH4Cl, 0.5 mM EDTA, 0.3 mM
NADP, and 5 pCg of glucose-6-phosphate dehydrogenase per
ml, 10 ,ug of phosphoglucose isomerase per ml, and various
concentrations of substrate and inhibitors. All enzymic assays
were performed at 25°C. One unit of enzyme is the amount
that catalyzes the conversion of 1 ,mol of substrate per min
under the conditions described above.

RESULTS
The Concentration of Fructose 2,6-Bisphosphate and of

Hexose 6-Phosphates in Germinating Spores in Relation to Their
Capacity to Germinate. The content of dormant P. blakes-
leeanus spores in fructose 2,6-bisphosphate is close to 5 nmol/
g of dry weight. This concentration was not increased when
dormant spores were incubated in the presence of glucose, de-
spite the fact that they can metabolize this sugar (16); it was not
significantly modified during the heat treatment (Fig. 1), even
when heating was prolonged to 30 min or was performed in the
presence of 83 mM glucose, the culture medium, or 0.1 M ace-
tate (not shown). In contrast, the concentration of fructose 2,6-
bisphosphate increased during the subsequent incubation at 250C
in the culture medium, reaching 20-40 times its initial value
after 10 min; it then decreased equally rapidly, to reach almost
its basal value after 30-60 min (Fig. 1A). The concentration of
hexose 6-phosphates was also greatly increased subsequent to
the heat treatment, and this increase as well as the subsequent
decrease preceded slightly those in fructose 2,6-bisphosphate.
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FIG. 1. Fructose 2,6-bisphosphate (A) and glucose 6-phosphate (B)
content and capacity to germinate (C) of P. blakesleeanus spores acti-
vated by heat. Spores heated for 5 min at 450C were incubated at 250C
in the culture medium (A, A), 83mM glucose (n, *), or water (0). Arrows
indicate times (O min, open symbols; 10 min, closed symbols) at which
spores previously incubated in water were centrifuged and resuspended
in the culture medium or the glucose solution. 9, Dormant spores.

However, their disappearance was far less complete because
the concentration of glucose 6-phosphate was still about 10 times
its initial value when that of fructose 2,6-bisphosphate had re-
turned to nearly the basal level (Fig. 1B).
The magnitude of these effects and also the percentage of

activation of the spores were greatly dependent upon the com-
position of the 25VC incubation medium and on the time at which
the spores were exposed to glucose or to the culture medium.
In the experiment shown in Fig. 1, part of the spores was also
incubated at 250C in the presence of either 83 mM glucose or
6-deoxyglucose (not shown) rather than in the culture medium,
with similar results. Under these various conditions, the spores
acquired progressively an apparently irreversible capacity to
germinate because, if after 15 min (at the peak of hexose phos-
phate concentration) they were transferred to water, they re-
mained fully activated for at least 1 hr. Transfer to water at an
earlier time caused partial deactivation (not shown). If the spores
were incubated in water from the beginning, only small amounts
of hexose phosphates (Fig. 1 A and B) were formed and 90-
95% of the spores rapidly lost their capacity to germinate (Fig.
1C). If, after 10 min of deactivation in water, the spores were
transferred either to the culture medium or to a glucose or 6-
deoxyglucose solution (not shown), the concentration of hexose
phosphates rose markedly, but only to reach, and then follow
in its decline, the already declining level observed in spores not
subjected to partial deactivation (Fig. 1). The rise in hexose
phosphates in the presence of the glucose medium was then
about half that in the culture medium. As shown in Fig. 1C,
the transfer to the culture medium stabilized, as expected, the
germination capacity of the spores at the level reached at the
time of the transfer, whereas the transfer to the glucose me-
dium was less efficient in this respect. Transfer of the spores
from water to the culture medium at a time later than 10 min

Proc. Natl. Acad. Sci. USA 80 (1983)



Proc. Natl. Acad. Sci. USA 80 (1983) 6603

e 100
0) A V~~~

bv 50
0

Q 0;
0 1 2 0 0.05 0.1
Glucose 6-phosphate, Fructose 2,6-bisphosphate,
Amol/g of dry weight Amol/g of dry weight

FIG. 2. Correlation between the maximal concentration of glucose
6-phosphate or fructose 2,6-bisphosphate in spores ofP. blakesleeanus
reached after the heat shock and their capacity to germinate. Data are
taken from Fig. 1 and another similar experiment. Same symbols as in
Fig. 1, except 83 mM 6-deoxyglucose (v) added at 0 min; glucose (A) or
culture medium (u) added at 20 min. The correlation coefficients were
0.960 and 0.985, respectively.

was characterized by a progressive reduction in the formation
of hexose phosphates and in the percentage of germination,
with a complete disappearance of these effects at 30 min (not
shown). As shown in Fig. 2, the capacity of the spores to ger-
minate under these various conditions correlated with the max-
imal concentration of fructose 2,6-bisphosphate and of glucose
6-phosphate in the spores.
When the heat shock was performed at different tempera-

tures, it appeared that fructose 2,6-bisphosphate was formed in
the presence of culture medium only after a heat shock that
induced spore germination (Fig. 3). After heating at 46TC, some
fructose 2,6-bisphosphate was also formed upon incubation of
the spores in water and the rate of deactivation was then mark-
edly slower than after heating at lower temperature (see also
Fig. 1). Under these conditions, about 5% of the spores had
acquired an irreversible capacity to germinate (not shown). As
a rule, when the temperature was increased, one observed a
greater and more prolonged formation of fructose 2,6-bis-
phosphate even in water, a higher percentage of germination,
and a slower rate of deactivation in water.
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FIG. 3. Effect of the temperature at which the heat shock was per-
formed on the fructose 2,6-bisphosphate content ofP. blakesleeanus spores
and on their capacity to germinate. Spores were heated for 5 min at the
indicated temperature and subsequently incubated at 250C in water (o)
or culture medium (o). Note that, by definition, the capacity to ger-
minate of spores incubated for zero time in water is the same as that
of spores incubated for any period of time in the culture medium.
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FIG. 4. Concentration of glucose 6-phosphate (A), fructose 2,6-bis-
phosphate (B), and fructose 1,6-bisphosphate (C) in P. blakesleeanus
spores incubated in the presence ofacetate. Spores were incubated with
0.1 M acetate in the presence (A) or absence (0) of 1.5% glucose. Both
treatments caused 95% germination of the spores upon subsequent in-
cubation in the culture medium.

A transient formation of fructose 2,6-bisphosphate and of
hexose 6-phosphates was also observed when the spores were
activated by incubation in the presence of acetate, with the ma-
jor difference being that the time scale was about doubled (Fig.
4). Glucose was not required but had, nevertheless, a positive
effect-namely, to cancel the short lag that precedes the for-
mation of hexose phosphates in the absence of glucose. In this
experiment, fructose 1,6-bisphosphate was also measured; its
formation, like that of glucose 6-phosphate, slightly preceded
that of fructose 2,6-bisphosphate. A glucose- or 6-deoxyglu-
cose-dependent formation of fructose 2,6-bisphosphate was also
observed when the spores were activated by pretreatment in
sodium pyrosulfite (not shown).

Finally, we have found that the formation of fructose 2,6-bis-
phosphate in germinating fungal spores was not limited to P.
blakesleeanus but could also be observed with other dormant
or nondormant spores. We show in Fig. 5 the transient increase
in fructose 2,6-bisphosphate that occurred in N. tetrasperma
ascospores previously heated for 5 min at 62TC. Glucose was not
required for the subsequent germination of these spores or for
the formation of fructose 2,6-bisphosphate. Similar results were
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FIG. 5. Concentration of fructose 2,6-bisphosphate in spores of N.
tetrasperma after a heat treatment. Spores were heated (activated) (o)
or not heated (control) (a) for 3 min at 620C in water and then were in-
cubated at 250C in water.
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FIG. 6. Saturation of PFK-2 by fructose 6-phosphate. The enzyme
activity was measured in an extract of dormant spores that had been
filtered through 20 vol of Sephadex G-25. The concentration of ATP
was 2 mM; the Pi concentrations were 0 (0), 1 (n), and 5 (A) mM.

obtained with the spores of M. racemosus when incubated at
25TC in a glucose-containing culture medium, without prelim-
inary heat activation (not shown).

Biosynthesis and Biodegradation of Fructose 2,6-Bisphos-
phate in a Cell-Free Extract. As illustrated by Fig. 6, a cell-
free extract of P. blakesleeanus spores catalyzed the formation
of fructose 2,6-bisphosphate when incubated in the presence

of ATP,Mg and fructose 6-phosphate, indicating the presence

of a PFK-2. As described for the rat liver enzyme (20), the fun-
gal PFK-2 was greatly stimulated by Pi. Its Km for fructose 6-
phosphate was then -1 mM. The Km for ATP,Mg was close to
1 mM (not shown). We have calculated that 1 g of dry spores

contains enough enzyme to form 100 nmol of fructose 2,6-bis-
phosphate per min at 250C at substrate saturation and about 10
nmol at 0.1 mM fructose 6-phosphate (actual concentration in
the spores 5 min after heat activation), accounting, therefore,
for the rise in fructose 2,6-bisphosphate concentration shown
in Fig. 1. PFK-2 activity was the same in dormant and heat-
activated spores and also at the time of rapid disappearance of
fructose 2,6-bisphosphate. The PFK-2 activity was not modi-
fied upon prolonged incubation of the cell-free extract in the
presence of NaF, ATP,Mg, and cyclic AMP with or without beef
heart cyclic AMP-dependent protein kinase.
When incubated in the presence of 10 ,.M [2-'P]fructose

2,6-bisphosphate, a cell-free extract of heat-activated P. blakes-
leeanus spores liberated =10 nmol of [32p]pi per min/g of dry
weight and a half-maximal rate of this reaction was observed at
1 ,tM fructose 2,6-bisphosphate. This reaction was 70-80% in-
hibited in the presence of 5mM Pi (results not shown). The rate
of reaction was not modified by an incubation of the spores at
25TC for as long as 40 min.

Inhibition of P. blakesleeanus Fructose-1,6-Bisphosphatase
by Fructose 2,6-Bisphosphate. We have observed that a crude
extract of P. blakesleeanus catalyzes the Mg-dependent hydrol-
ysis of fructose 1,6-bisphosphate and that this reaction is in-
hibited by fructose 2,6-bisphosphate and also by AMP. Dor-
mant and activated spores contained =4 units of fructose-1,6-
bisphosphatase per g of dry weight. In the presence of 100 piM
fructose 1,6-bisphosphate, a half-maximal inhibition was ob-
tained with 0.2 /iM fructose 2,6-bisphosphate or 0.2 mM AMP
and the action of these two inhibitors was synergistic (not shown).

DISCUSSION
The dramatic but transient burst in fructose 2,6-bisphosphate
concentration that follows the breaking of dormancy in fungal
spores and accompanies an increase in the concentration of other

hexose phosphates is an unexpected observation that may open
new perspectives in the biochemistry of cell differentiation. It
raises numerous questions that are discussed below.

Role of Glucose. Although this investigation was started be-
cause of the reported role of glucose in the activation of fungal
spores, several facts indicate that exogenous glucose is not re-
quired for the irreversible activation of the spores as well as for
the formation of fructose 2,6-bisphosphate and of other hexose
phosphates. First, when heating of P. blakesleeanus spores was
sufficient or when acetate was used as an activation agent, the
addition of glucose was not required. It was also not required
for the germination of the ascospores of N. tetrasperma. Sec-
ond, even after suboptimal heating of P. blakesleeanus spores,
glucose can be replaced by its nonmetabolizable analog 6-de-
oxyglucose, indicating that its ability to stimulate germination
is unrelated to its further metabolism and that exogenous glu-
cose is not itself the precursor of either glucose 6-phosphate or
fructose 2,6-bisphosphate. These phosphoric esters are pre-
sumably formed from endogenous glucose originating from the
hydrolysis of trehalose, at least during the first 30 min after the
heat shock. Activation of trehalase is, indeed, an early although
transient event in P. blakesleeanus spore germination (21).
Mechanism of Fructose 2,6-Bisphosphate Formation. As-

suming that the biosynthesis of fructose 2,6-bisphosphate oc-
curs in fungi as in mammalian liver by transphosphorylation from
ATP on fructose 6-phosphate, it requires the presence of an
active form of PFK-2 and of its two substrates, fructose 6-phos-
phate and ATP. We found that PFK-2 was as active in extracts
of dormant spores as in extracts of activated spores and that this
enzyme remained active even when the concentration of fruc-
tose 2,6-bisphosphate went back to a low value. Furthermore,
we have obtained no indication that fungal PFK-2 could be, as
the mammalian liver enzyme, an interconvertible enzyme, the
activity of which is modulated by phosphorylation and dephos-
phorylation. Fructose 6-phosphate was barely detectable in
dormant spores and during the heating step, but its concen-
tration increased rapidly immediately after the heat shock. It
reached a maximal value slightly before that of fructose 2,6-bis-
phosphate but later on decreased to -30-40% of the maximal
value, maintaining then a value quite sufficient to insure an im-
portant activity of PFK-2. Similar variations in fructose 6-phos-
phate concentration were previously observed after heat acti-
vation of Neurospora ascospores (22). ATP concentration was
not measured but is known not to be different in dormant and
activated spores (1). Therefore, it appears that the increase in
fructose 2,6-bisphosphate concentration could be simply a con-
sequence of the rise in fructose 6-phosphate concentration, but
it is not clear why the biosynthesis of fructose 2,6-bisphosphate
is apparently restricted to the first 15 min of germination.

Mechanism of Fructose 2,6-Bisphosphate Degradation. In
the liver, fructose 2,6-bisphosphate is converted back to fruc-
tose 6-phosphate by hydrolysis under the action of a specific
fructose-2,6-bisphosphatase, the activity of which is increased
by phosphorylation by cyclic AMP-dependent protein kinase
(8, 15). The very low Km of the phosphatase, which in an extract
of P. blakesleeanus catalyzes the same reaction, is in favor of the
presence of a similar specific enzyme in fungi. However, this
activity was not modified in relation to the rate of synthesis and
degradation of fructose 2,6-bisphosphate in the activated spores.
Furthermore, if one takes into account the inhibitory action of
physiological concentrations of Pi, the recorded activity was too
low to account for the extremely rapid rate of breakdown ob-
served between 15 and 30 min. This indicates either that the
enzymic activity was measured under inappropriate conditions
in the cell-free extracts or that another mechanism is respon-
sible for the consumption of fructose 2,6-bisphosphate. It has
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been proposed elsewhere (9) that fructose 2,6-bisphosphate could
act as a donor of a 6-phosphofructosyl group in various bio-
synthetic processes. According to this view, the possibility ex-
ists that fructose 2,6-bisphosphate continued to be formed after
15 min but that its concentration decreased because it was rap-
idly used for biosynthetic purposes.

Role of Fructose 2,6-Bisphosphate and Other Hexose Phos-
phates in the Breaking of Dormancy and Subsequent Ger-
mination. It must first be emphasized that hexose phosphates
are not formed during the heat step that causes the activation
of P. blakesleeanus spores and therefore are not involved in the
breaking of dormancy itself. However, a rapid synthesis of
fructose 2,6-bisphosphate, as well as of other hexose phos-
phates, is an early biochemical event in the germination of dor-
mant and nondormant fungal spores. Contrary to the other hex-
ose phosphates, fructose 2,6-bisphosphate is not a glycolytic
intermediate but a metabolic signal, formed and degraded by
specific mechanisms; its best established function is to control
glycolysis and gluconeogenesis at the level of PFK-1 and of
fructose 1,6-bisphosphatase, causing a shift in the fructose 1,6-
bisphosphate/fructose 6-phosphate ratio (6). It has also been
established that 1 AtM fructose 2,6-bisphosphate fully activates
PFK-1 from P. blakesleeanus spores (12) and we have shown
that it would also greatly inhibit fructose-1,6-bisphosphatase
from the same origin. Therefore, one could postulate that the
burst of fructose 2,6-bisphosphate that follows the breaking of
dormancy is a way of stimulating glycolysis, which is known to
operate at a high rate during early germination (23), at the ex-
pense of glucose formed from trehalose.

Several facts argue against this simple hypothesis: first, un-
less a great part of it were bound to proteins, the concentration
of fructose 2,6-bisphosphate in dormant spores was saturating
with regard to PFK-1, and therefore the up to 40-fold increase
in its concentration, which occurred later on, was dispropor-
tionate to the requirement of the enzyme. Furthermore, the
high concentration of fructose 1,6-bisphosphate (in the milli-
molar range versus micromolar in mammalian liver) indicates
that PFK-1 became rapidly non-rate-limiting. Second, the con-
centrations of hexose 6-phosphates and of fructose 1,6-bis-
phosphate increased before that of fructose 2,6-bisphosphate
and remained elevated after that of the latter had returned to
its basal level. Therefore, one reaches the conclusion that the
activation of glycolysis probably results from the availability of
glucose formed by hydrolysis of trehalose more than from the
formation of fructose 2,6-bisphosphate.
The most remarkable aspect of the synthesis and breakdown

of fructose 2,6-bisphosphate (and, less. strikingly, of other hex-
ose phosphates) in P. blakesleeanus spores is their time course.
Indeed, these changes occur only during a critical period that
directly follows the heat shock and then does not exceed 30 min.
Whereas all spores have initially the capacity to germinate upon
transfer into the culture medium, it appears that those that were
incubated in water lost in a parallel manner the capacity to form
hexose phosphates and to germinate (see Fig. 2). By contrast,

the spores that were incubated for 15 min in the presence of
glucose or 6-deoxyglucose and had formed a maximal amount
of hexose phosphates had acquired an irreversible capacity to
germinate. It is apparent from Fig. 1 that 15-20 min after the
heat shock, fructose 2,6-bisphosphate can only be degraded, no
matter the time at which its synthesis was initiated, indicating
that its role is terminated. This allows the general conclusion
that a series of irreversible events related to the capacity to ger-
minate occur during this critical period. The role of fructose
2,6-bisphosphate and of glycolytic intermediates in these events
remains to be clarified.
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