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An association of trehalase with the innermost wall (endosporium) of asco-
spores of Neurospora is suggested, because this enzyme could be lyophilized in
the presence of various wall components and heated in this dried state at 65 C
without loss of activity. Ground ascospore walls, purified mycelial walls, a wall
fraction consisting of protein, glucan and polygalactosamine, or bovine serum
albumin stabilize trehalase under these conditions. No other substances tested
protected as well as the above materials. Imnmunofluorescent labeling of trehalase
shows that it is localized in the endosporium. Therefore, it is most probable that
in dormant ascospores of Neurospora, trehalase, and its substrate, trehalose, are
physically separated. Trehalose is located in the cytoplasm, whereas trehalase
resides within the protein and carbohydrate matrix of the innermost major cell
wall layer of the ascospore. The association with the cell wall protects the enzyme
against the heating which is necessary to activate germination. Activation,
whether by heat or chemical treatment (furfural), probably involves an increase
in the permeability of the ascospore plasma membrane allowing trehalose to
diffuse to the vicinity of its hydrolase, thereby providing the energy and

intermediates for germination.

The nonreducing disaccharide trehalose is an
important storage form of carbohydrate in the
ascospores of Neurospora. This sugar accounts
for up to 14% of the ascospore’s dry weight and
is probably located within the cytoplasm (1,
13). Although trehalase (EC 3.2.1.28., a,a'-
glucoside 1-glucohydrolase) also is present in
dormant ascospores (10) and exogenous glucose
can be metabolized by these spores (1), the
enzyme does not hydrolyze trehalose while the
spores are dormant (1, 13). Instead, lipids are
metabolized until the spores are activated by a
heat shock of 60 C or furfural treatment (27),
whereupon the trehalose reserves are rapidly
utilized as lipids continue to be metabolized at
about the same rate (13).

Thus, a better understanding of dormancy in
ascospores will require an explanation of how
trehalose catabolism is activated during germi-
nation and how trehalase can survive the high
activation temperatures. This paper reports on
attempts to investigate these problems through
the localization of trehalase in ascospores em-
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ploying immunofluorescent labeling and other
techniques.

This investigation was taken from a disserta-
tion submitted to the University of Michigan in
partial fulfillment of the requirement for the
Ph.D. degree.

MATERIALS AND METHODS

Trehalase. The enzyme used in this study was
obtained from the mycelium of N. crasse strain
89601A and is from the same enzyme preparation
described and used previously (9a).

Lyophilization experiments. A 5-uliter sample of
trehalase was added to 0.5 ml of 0.0005 M acetate
buffer, pH 5.4, or deionized water. This solution was
gently mixed with the substance to be tested in test
tubes made of flint glass (16 to 25 mm). The suspen-
sion was then frozen at —20 C and lyophilized. The
dried mixture was then rehydrated with 5 ml of
0.0005 M buffer and the resultant suspension was
thoroughly mixed and assayed for trehalase activity,
or the dried suspension was heated at 65 C for 30 min
and then resuspended and assayed. Thus, trehalase
was tested for its ability to survive lyophilization in
the presence of other materials and to withstand high
temperatures in the dried state.

592



VoL. 115, 1973

Trehalase was dried in the presence of the following
substances: (i) polystyrene, polypropylene, pyrex, and
flint-glass test tubes, without the addition of any
other materials; (ii) whole ascospores (external spore
surface exposed) (9a); (iii) walls of ground ascospores
(internal and external wall surfaces exposed; obtained
from ascospores used in previous experiments; (iv)
purified cell walls of mycelium from strain 89601A.
Purified mycelial walls were prepared and frac-
tionated according to Mahadevan and Tatum (15) and
their fractions listed below were used in these experi-
ments: (v) fraction I consisting of a glucan, protein,
and a galactosamine polymer; (vi) fraction III, a lami-
narin-like polymer; (vii) fraction IV, chitin. Other
polymers used were: (viii) chitin obtained from crab
shells (Sigma Chemical Co.); (ix) cellulose (Sigma
Chemical Co.); (x) cellulose acetate. Several purified
proteins were tested including: (xi) bovine serum al-
bumin (crystallized and lyophilized; Sigma Chemical
Co.); (xii) lysozyme (3x crystallized; Calbiochem);
(xiii) cytochrome-c (from horse heart, free of ammo-
nium sulfate and sodium chloride; Sigma Chemical
Co.); (xiv) ribonuclease (from bovine pancreas, 5x
crystallized, salt and protease free; Sigma Chemical
Co.).

Digestion of fraction I with Pronase. Fraction I
was digested with Pronase B-grade (45,000 U per g;
obtained from Calbiochem). A 200-mg sample of
fraction I was suspended in 40 ml of buffer and
digested for 30 min with 1 mg of Pronase at 40 C. This
procedure was repeated four times. The buffers used
were as follows: (i) 0.1 M sodium borate-0.05 M
hydrochloride containing 5 mM calcium chloride, pH
7.5 (first two digestions); (ii) 0.1 M sodium bo-
rate-0.05 M hydrochloride containing 10 mM calcium
chloride, pH 7.5; (iii) 0.05 M sodium Veronal hydro-
chloride containing 10 mM calcium chloride and 1
mM cobaltous chloride, pH 8.0 (22).

After each digestion the suspension was cen-
trifuged; the residue was resuspended in buffer for the
next digestion, and the supernatant fluid was
analyzed for amino acids. After the final digestion the
water-insoluble residue was pelleted, washed twice
with deionized water, resuspended in deionized water,
and dialyzed for 24 h in deionized water (three
changes). After dialysis, this digested fraction (water-
insoluble residue) was frozen and lyophilized.

The trichloroacetic acid-soluble portion of each of
the above supernatant fractions was analyzed for
amino acids by the ninhydrin method with leucine as
a standard (25). Fraction I and the water-insoluble
residue left after Pronase digestion were analyzed for
sugar content by the anthrone method (26). Analysis
of protein composition was carried out by the ninhy-
drin method after hydrolysis of the above fractions in
6 N HCI for 24 h at 110 C (15). Hexosamines were
determined by the methods of Disché and Boren-
freund (5) after hydrolysis for 3 h at 110 C in 3 N HCI
(15).

Immunofluorescent labeling of ascospores. As-
cospores were fixed in 3% glutaraldehyde in 0.05 M
phosphate buffer, pH 5.6, for 2 h at 0 C, washed three
times in deionized water, and the final pellet was
mixed with warm 0.5% agar (14). This preparation
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was then dehydrated in the following series: 2-
methoxyethanol, ethanol, n-propanol, and n-butanol
(24 h in each with two changes). The spores were then
placed in the monomer mixture of glycol methacrylate
(24 h, two changes) and transferred to fresh monomer
mixture, placed at 37 C for 48 h, and then for4to 5 h
at 60 C (7, 8).

The resulting blocks were sectioned on a Sorvall
Porter-Blum MT-2 ultramicrotome with glass knives.
The sections were floated on drops of deionized water
on glass microscope slides and left overnight to dry
onto the slides.

These sections could then be labeled sequentially
with rabbit anti-trehalase antibodies and fluorescein-
labeled goat anti-rabbit antibodies (Miles Laborato-
ries Inc.,, Kankakee, Ill.) using the sandwich tech-
nique of Nairn (20).

Experiments were performed by using the follow-
ing protocol: experimental: UT + RAT + FGAR;
control: (i) UT; (ii) UT + FGAR,; (iii) UT + NIS +
FGAR,; (iv) UT + NAT + FGAR. (UT, untreated sec-
tions; NIS, nonimmunized rabbit serum; RAT, rabbit
anti-trehalase antibodies; FGAR, fluorescein-labeled
goat antirabbit globulin antibodies; NAT, anti-tre-
halase antibodies neutralized by a slight excess of
purified mycelial trehalase.)

The labeled sections were covered with 50% glycerol
solution and observed with a Carl Zeiss photomicro-
scope using excitation filter II and barrier filters 50
and 44 (4).

RESULTS

Lyophilization experiments. Trehalase was
mixed with a suspension of ground ascospore
walls in 0.5 ml of 0.0005 M acetate buffer, pH
5.4, and heated at 65 C for 30 min. The half-life
of trehalase in this suspension was 31 min,
which suggests little protective ability for walls
under these conditions (9a).

It is likely that if trehalase is associated with
ascospore walls it is not in solution. Therefore,
residual trehalase activity was measured after
the enzyme was lyophilized with various mate-
rials. Then the ability of these lyophilized
preparations to survive heating at 65 C also was
tested. As Katchalski et al. (12) point out,
proteins are known to adsorb nonspecifically
onto either charged or neutral surfaces. How-
ever, desorption occurs quite easily and in many
cases, this may lead to denaturation. The point
to be noted here is that denaturation or inacti-
vation does not occur in the case of trehalase
when the “proper” substances are used (Fig. 1).

Thus, when trehalase was lyophilized in
either deionized water or 0.0005 M acetate
buffer in polystyrene, polypropylene, pyrex or
flint-glass test tubes it survived to a considera-
bly extent (Fig. 1). (One hundred percent
activity is the activity of trehalase in 0.05 M
buffer and, since all the trehalase suspensions in
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these experiments were assayed in 0.0005 M
buffer, the maximal trehalase activity should be
between 110 and 115%; 9a). Furthermore, most
of the activity that survived lyophilization also
was stable to heating at 65 C except for enzyme
lyophilized in flint-glass test tubes (Fig. 1).
Thus, all further experiments were done in flint
glass because, if the substance mixed with
trehalase did not protect, the enzyme would be
inactivated by the flint glass during lyophiliza-
tion and subsequent heating. If trehalase was
dried in any of the above containers while sus-
pended in 0.05 M actate buffer, no more than
10 to 30% of its activity remained after lyophili-
zation, even without heating.

If trehalase and ground ascospore walls are
freeze-dried, the enzyme activity is completely
stabilized during lyophilization and during the
heat treatment (Fig. 1). Ground spore walls
have their internal wall layers exposed so as a
control, whole ascospores with only their outer
wall layer exposed were freeze-dried with treha-
lase. In the latter case only about half of the
trehalase activity remained after lyophilization;
almost all of it was stable to heating. These
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Fic. 1. Effect of lyophilization and subsequent
heating at 65 C on mixtures of trehalase and various
substances. The solid lines represent the percentage of
trehalase activity remaining after lyophilization. The
striped lines represent the percentage of trehalase
activity after the freeze-dried mixture has been
heated at 65 C for 30 min. One hundred percent
activity is the activity of trehalase in 0.05 M acetate
buffer, pH 5.6. All assays were done in 0.0006 M
acetate buffer, pH 5.4, and compared to 100% activ-
ity. Chitin obtained from crab shells or Neurospora
cell walls (15) completely abolished trehalase activity
during lyophilization, so the results of its use are not
given in this figure.
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effects are not due to differences in the amount
of surface area, because the same results were
obtained over a wide range of amounts of whole
and ground spores.

Examination of the work of Lowry and Suss-
man (14) suggests that the innermost wall of the
ascospore, the one which becomes continuous
with the germ bud, probably is equivalent to
the mycelial wall. Therefore, cell walls were
obtained from the mycelium of Neurospora
crassa strain 89601A and were processed accord-
ing to the methods of Mahadevan and Tatum
(15). These cell walls protected trehalase fully
during lyophilization and the heating step that
followed. The association of trehalase with the
cell wall achieved during freeze-drying is not a
very strong one, because the enzyme may be
separated from the walls by resuspension in
aqueous solution and is totally recovered in the
supernatant fluid after centrifugation.

Purified cell walls were fractionated (15) and
fraction I, which consists of peptides, glucan,
and polygalactosamine, was the most effective
one in stabilizing trehalase during lyophiliza-
tion, although not quite to the extent of unfrac-
tionated cell walls. Fraction II, which consists
of a hydrolysate of wall polysaccharides, was
not tested. Fraction III, which is a laminarin-like
polymer, is not very effective in protecting
trehalase from loss of activity during lyophiliza-
tion, but the surviving activity is quite stable to
heating. Chitin obtained both from crab shells
and the cell walls of N. crassa (fraction IV)
completely obliterates trehalase activity during
freeze-drying.

The water-insoluble residue left after Pronase
treatment of fraction I inactivates trehalase
during lyophilization. This residue consists of
43% of the original dry weight of fraction I, but
it has approximately the same proportions of
neutral sugars, amino acids, and hexosamines
(fraction I: 80, 18, 1 to 2% analyzable material;
Pronase-treated residue: 77, 21, 1 to 2%). The
Pronase-treated fraction also was fluffier and
slightly darker in color than fraction I. Of the
57% that is solubilized during Pronase treat-
ment, only an amount equivalent to 0.5% of the
original dry weight of fraction I could be de-
tected as trichloroacetic acid-soluble amino
acids by the ninhydrin method.

There are two possible explanations for the
deleterious effect of Pronase-treated fraction I:
(i) the residue left after Pronase treatment is
itself harmful to trehalase; (ii) some Pronase is
left on this residue which inactivated trehalase.
To test these hypotheses, trehalase was mixed
with a suspension of the Pronase-treated water-
insoluble residue (using the same concentra-
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tions as were used for lyophilization). This

suspension was kept at 0 C and at room
temperature prior to being assayed. The sus-
pension held at 0 C for 1 h or at room tempera-
ture for one half hour retained 88% of its original
activity, whereas enzyme held at room tempera-
ture for 1 h retained 71% of its original activity.
The small amount of inactivation in the above
experiment cannot account for all of the activity
lost during lyophilization (during which the
suspension was never above 0 C), so it is likely
that the water-insoluble residue left after Pro-
nase treatment is itself harmful to trehalase
during lyophilization and perhaps in suspension
as well.

Neither cellulose nor cellulose acetate was
able to protect trehalase during lyophilization.
Lysozyme, cytochrome ¢, and ribonuclease
seemed to inactivate trehalase during lyophili-
zation, but bovine serum albumin was able to
protect it almost as well as purified mycelial
walls (Fig. 1).

Thus, trehalase can be protected best during
lyophilization and subsequent heating at 65 C
by ground ascospore walls, purified mycelial
walls, fraction I (consisting of peptides, glucan,
and polygalactosamine), and bovine serum al-
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Immunofluorescent localization. The locali-
zation of trehalase in ascospores was studied
through the use of immunofluorescent labeling
techniques. Sections of ascospores embedded in
glycol methacrylate were indirectly labeled
(20), with the controls as outlined in the Mate-
rials and Methods section. Throughout these
experiments none of the controls exhibited
fluorescence associated with walls of either
dormant or germinating ascospores (Fig. 2a, 2b,
3a).

The cytoplasm of ascospores often fluoresces
brightly in both control (Fig. 2b, 3a) and
experimental preparations. But distinguishing
between autofluorescence and labeled fluores-
cence usually is not too difficult for the ob-
server. However, the long exposure times
necessary to obtain adequate photomicro-
graphs reduce the distinction between the two
types of fluorescence, because autofluores-
cence has a greater half-life. Also, because of
the thickness of the sections used (1 to 2 um)
it is possible to have cytoplasm superimposed
over pieces of cell wall. Thus, autofluorescence
makes it difficult to determine whether or not
there is any trehalase in the cytoplasm.

Figures 2a and b are dormant ascospore
controls. There is no visible fluorescence in the

Fi6. 2. The immunofluorescent localization of trehalase in dormant ascospores. a, Dormant ascospore
control showing cytoplasmic autofluorescence, but no labeled fluorescence on ascospore walls; x1,800. b,
Dormant ascospore control showing strong cytoplasmic autofluorescence; x2,100. ¢, Labeled shell of dormant
ascospore showing fluorescence on the innermost ascospore wall; x2,150. d, Labeled shell of dormant ascospore
showing fluorescence on the innermost ascospore wall layer. The central portion of this shell contains a
tangential section of the inner wall surrounding a tangential section of one of the outer wall layers (black dot in
the center); x2,100. e, Labeled dormant ascospore with intact cytoplasm; x1,750.
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d

Fi16. 3. The immunofluorescent localization of trehalase in germinating ascospores. a, Germinating (3 h)
ascospore control. Autofluorescence is seen in the central group of three ascospores and the two germ buds in the
upper left corner. None of the spore walls show any fluorescence; x1,850. b, Germinating (3 h) ascospore
showing labeled fluorescence in the innermost ascospore wall; x1,900. ¢, Labeled shells of germinating (3 h)
ascospores. The central spore shows a brightly labeled tangential section of the innermost spore wall. All other
labeled spores are shown in cross-section; x 1,850. d, Germinating (4 h) ascospore showing labeled fluorescence
on the wall of the germ bud as well as the innermost wall of the ascospore; x1,700. e, Labeled germinating (4h)
ascospore showing separation of cell walls and cytoplasmic contents of the ascospore, the germ bud and the
protruding hypha. A connection can be seen between the innermost spore wall (on the left hand side of the
spore) and the wall of the germ bud; x2,000.
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cell walls, but the cytoplasm shows some auto-
fluorescence. Frequently, because of the dif-
ficulty in fixation of ascospores, the cytoplasmic
contents will be lost, leaving the three major
wall layers as a shell (14). The fluorescent stain
can very easily be seen on the inner wall layer of
these shells (Fig. 2¢, d). Dormant spores usually
will not stain if the spore cytoplasm remains
intact, but exceptions to this rule can some-
times be observed (Fig. 2e). The fact that
dormant ascospores with intact cytoplasm usu-
ally are not labeled and germinating spores in
the same condition often are, may indicate
some change in the permeability of the asco-
spore plasma membrane during activation. Al-
ternatively, there may be a change in the
association between trehalase and the spore
wall, making the enzyme more accessible to
external agents.

Figure 3a is a control slide for ascospores that
have been activated and allowed to germinate
for 3 h at 25 C. The bright cytoplasmic auto-
fluorescence in the central spore is conspicuous.
No labeling can be seen on the cell walls of
ascospores with or without cytoplasmic con-
tents. There are two germ buds in the upper
left-hand corner which show cytoplasmic auto-
fluorescence, but there is no label on their
walls.

During germination the cytoplasmic contents
of the ascospore become increasingly vacuolated
and less dense as can be seen by comparing Fig.
3a and b to 2a, b, and e. Figure 3b shows a
labeled germinating ascospore with its cyto-
plasm intact and a brightly fluorescing ring
around the inner spore wall. Once again,
fluorescence is particularly strong in ascospore
shells, whose cytoplasmic contents have been
washed away. Figure 3c shows a tangential
section through the inner spore wall flanked by
the cross sections of labeled spore shells.

Figure 3e suggests localization in the wall
rather than in the membrane. Thus, in this
figure, the wall and cytoplasm have clearly
separated showing that the immunofluorescent
label is in the cell wall. Further evidence that
trehalase is localized in the inner spore wall is
given by the fact that fluorescent label also
appears in the walls of the germ buds (Fig. 3d).
These walls are continuous with the endo-
sporium or inner spore wall (14). In Fig. 3e the
bottom half of the ascospore wall is shown to be
continuous with the wall of the germ bud.

DISCUSSION

Localization of trehalase. Qur previous
work suggests that trehalase probably does not
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exist in the cytoplasm of ascospores because of
the adverse effects of pH and ionic strength of
the cytoplasm on trehalase activity and heat
stability. Also, cytoplasmic localization would
not account for the fact that trehalase does not
hydrolyze trehalose while spores are dormant
(9a). That trehalase is associated with cell walls
in all stages of the life cycle of Neurospora has
been shown, but these results were obtained
from relatively crude preparations after grind-
ing mycelia, conidia and ascospores, and most
of the trehalase activity recovered was in the
“soluble fraction”. More recently (29) it has
been demonstrated that much of the trehalase
from conidia of N. crassa resides within the cell
wall. Because high levels of both trehalase and
trehalose exist in ascospores as well as conidia
(9), it was suggested that trehalase may be
associated in some way with the ascospore
walls (9a).

Both lyophilization and immunofluorescent
experiments in this paper indicate that treha-
lase is associated with the innermost ascospore
wall (endosporium). Thus, purified mycelial
walls, which are continuous with the endospor-
ium, are just as effective as ground ascospore
walls in stabilizing trehalase during lyophiliza-
tion and subsequent heating at 65 C. If purified
mycelial walls are fractionated (15), only frac-
tion I, consisting of peptides, glucan, and poly-
galactosamine, is nearly as effective as the walls
themselves in stabilizing trehalase during lyo-
philization. In as much as fraction I is solubi-
lized from purified cell walls by 16 h in NaOH
(15), the slight drop in this fraction’s ability to
protect trehalase, as compared to purified walls,
is to be expected. Fraction III, which is a
laminarin-like polymer (15), does not effectively
stabilize trehalase during lyophilization, and
fraction IV (chitin) completely obliterates tre-
halase activity during lyophilization.

Pronase-digestion of fraction I releases both
protein and carbohydrates because the water-
insoluble residue and the starting material are
similar in composition. Very few free amino
acids were released by this treatment, so Pro-
nase treatment must have resulted in the re-
lease of glycoproteins or peptides and carbohy-
drates, or both. This interpretation agrees with
the results obtained by others who have used
either Pronase or a combination of it and other
hydrolytic enzymes (2, 11, 18). Because the last
two Pronase treatments of fraction I were buf-
fered to permit the action of exopeptidases (21),
and it has been observed that intact hyphal
walls of N. crassa are best digested by alternat-
ing sequences of laminarinase and Pronase (11),
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it is probable that Pronase treatments leave a
residue of glucan and polygalactosamine. This
is consistent with the lyophilization experi-
ments which show that glucans (fraction III,
cellulose, cellulose acetate) do not effectively
protect trehalase and that N-acetylglucosamine
causes a loss of trehalase activity. Therefore,
the Pronase-labile component that is effective
in stabilizing trehalase probably is a protein.
This view is further supported by the finding
that bovine serum albumin is effective in stabil-
izing trehalase during lyophilization.

Trehalase is probably adsorbed by or en-
trapped within the purified walls or other pro-
tective substances during lyophilization, be-
cause of the ease with which it can be removed
from this association in aqueous solution. This
agrees with the conclusions of Chang and Trevi-
thick (3) who find that both trehalase and
invertase are only physically confined in the
walls of Neurospora mycelium and can be
released by any of several procedures which can
disrupt cell wall integrity. Furthermore, these
authors cite a private communication by Wra-
thal which states that invertase may be as-
sociated with proteins of low molecular weight
in cell walls.

Activation of dormant ascospores. Asco-
spores of Neurospora can be activated by heat
shock or low concentrations of chemicals such
as furfural, other furans, and heterocyclics.
High concentrations of organic solvents such as
methanol, ethanol, acetone, ethyl ether, and
benzene also can activate ascospores and are
probably nonspecific in their action (28). Suss-
man (27) states that aged ascospores that can-
not respond to furfural will germinate if heated
at 45 C (a temperature unable to stimulate
germination) in the presence of this chemical.
Thus, heat and furfural seem to work synergisti-
cally.

As suggested above, trehalase is associated
with the innermost ascospore wall so that it
could be separated from trehalose by the cell
membrane. The action of heat or chemical
activators could be through a change in the
permeability of the ascospore membrane, dis-
sociation of trehalase from its association with
the endosporium, or both, allowing trehalose
and its hydrolase to become contiguous.

Support for this hypothesis can be found in
the data of Eilers and Sussman (6) which
indicate that labeled furfural binds mainly to
ascospore cell walls and an ‘“‘intermediate frac-
tion”” which probably consists of membranous
material and very small wall fragments. More
furfural is adsorbed by homogenized walls than
by an equivalent amount of whole spores (6),
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which may be indicative of increased surface
area due to grinding, as the authors postulate,
or that the inner walls of ascospores are the
actual site of binding. Trehalase may be re-
leased from mycelial walls of N. crassa by a
60-C heat treatment (the activation tempera-
ture for ascospores) (Krenitzky and Sussman,
unpublished data).

Work on other organisms that supports these
conclusions includes that of Maheshwari and
Sussman (16) who have postulated that reversi-
ble changes in membrane structure and
permeability are caused in rust urediospores by
cycles of extreme cold and subsequent warming
(40 C). In addition, Mattingly and Best (19)
find that there is a nonenzymatic lysis of the
cell walls of the psychrophile Bacillus psychro-
philus at elevated temperatures (37 and 45 C)
which occurs with the solubilization of 50% of
the cell wall’s dry weight. Mandels et al. (17)
have also found that treatment of the spores of
Myrothecium verrucaria with either toluene or
heat (60 C for 20 min) results in the release of
the internal stores of trehalose. Similarly, Souza
and Panek (24) used toluene to disrupt the
barrier between trehalose and trehalase in
yeast, thereby allowing hydrolysis of the sugar
at other than the usual time in the cell cycle
(initial “‘lag” phase of a growth cycle). Conse-
quently, it seems reasonable to assume that
activation of ascospores involves a change in the
membrane that separates trehalose and treha-
lase, possibly coupled with the loosening of
trehalase from its association with the cell wall.

Because trehalase appears to remain on the
cell wall at least for the first 4 h after activation
of the ascospore (Fig. 3d and e), the change in
the membrane caused by activation probably
allows trehalose to pass through the membrane
and to be hydrolyzed. This agrees with the
observation that as germination proceeds, the
contents of the cytoplasm of ascospores appear
to become less dense. The glucose produced by
trehalose hydrolysis could re-enter the cyto-
plasm either by a glucose transport system (22,
23) or by diffusion and provide the ascospore
with the intermediates and energy for germina-
tion.

The reader is referred to a review by Sussman
(27) for a discussion of other hypotheses on the
role of trehalase and trehalose during ascospore
germination.
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