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Electron microscopic features and biochemical events were outlined in basidio-
spore germination of Schizophyllum commune. Normal ultrastructural changes in-
cluded prominent vacuolization and more abundant endoplasmic reticulum. A lag

phase in outgrowth included depletion of cellular reserves of trehalose, mannitol,
and arabitol and subsequent increases in ribonucleic acid and protein. Depletion of
polyols required exogenous carbon and nitrogen sources and was arrested by pro-

tein synthesis antagonists. Outgrowth subsequent to the lag period was accom-

panied by increased glycogen deposition and alkali-soluble glucan production.

Basidiospore germination in the filamentous
fungus Schizophyllum commune can be regarded
as an elementary example of eukaryotic cytodiffer-
entiation. Aseptate binucleate basidiospores
undergo a lag phase in outgrowth followed by ex-
tensive elongation prior to nuclear division(s) and
subsequent elaboration of complex basidiomyce-
tous septa (1, 15, 22). A typical respiratory chain
appears operative in the ungerminated basidio-
spore (21), and this correlates with the presence of
conventional mitochondria, as revealed by elec-
tron microscopy (25, 38). Biochemical features of
basidiospore germination in S. commune include
the acquisition of sugar alcohol (polyol) oxida-
tion capacity (23) and the depletion of intracellu-
lar reserves such as mannitol and arabitol (24).
Moreover, a striking increase in a nicotinamide
adenine dinucleotide phosphate (NADP)-depend-
ent glutamate dehydrogenase activity occurs early
in germination regardless of the sole nitrogen
source in the medium, although a nicotinamide
adenine dinucleotide (NAD)-coupled glutamate
dehydrogenase appears depressed in activity and
is only elevated during mycelial growth (6). The
current investigation (Aitken and Niederpruem,
Bacteriol. Proc., p. 31, 1968) delineates the se-
quence of changes in the levels of polyols, treha-
lose, and macromolecular constituents relative to
changes in ultrastructure during basidiospore
germination of S. commune.

MATERIALS AND METHODS

Cultures. Basidiospores were produced and col-
lected from dikaryotic fruit-bodies of S. commune

after mating compatible homokaryotic mycelia (35 hf
A41B51 X 1 A51B41) as described previously (22).

Lipids and nucleic acids. Extraction procedures were
based on the methods of Schmidt and Thannhauser
(31) as modified for S. commune by Wessels (39).
Lipids were extracted with ethanol, ethanol: ether
(1:1, v/v), and ether. Total lipid content was quanti-
fied by the dichromate procedure (2) using palmitic
acid as a standard.
The remaining precipitate was extracted with cold

trichloroacetic acid (5%, w/v), and the acid-soluble
material was measured spectrophotometrically at 260
nm by using base-hydrolyzed yeast ribonucleic acid
(RNA; Worthington Biochemical Corp., Freehold,
N.J.) as a standard.
The residue was extracted with KOH (1 N) at 37 C

for 18 hr, neutralized with HCl (6 N) and acidified with
trichloroacetic acid (11%, w/v). The RNA content
was determined by the method of Schneider (32) and
also by ultraviolet absorption (260 nm). The remain-
,ing material containing the deoxyribonucleic acid
(DNA), protein, and cell wall substances was extracted
with hot trichloroacetic acid (5%) at 90 C for 30 min.
The DNA content was determined by absorbance at
265 nm and by the method of Burton (3).

Protein. Cells were extracted with cold trichloroace-
tic acid (5%), and the residue was suspended in KOH
(1 N) and heated at 100 C for 10 min. The protein con-
centration was determined by the method of Lowry
et al. (19), by using bovine albumin fraction V (Pentex,
Inc., Kankakee, Ill.) as standard.

Carbohydrates and polyols. The low-molecular-
weight carbohydrates were extracted with hot ethanol
as described earlier (23, 24). Glycogen was extracted
with acetic acid (0.5 N at 80 C) as outlined by Wessels
(39). After acetic acid extraction, the residue was
suspended in KOH (5%) and allowed to stand at 25 C
(i3) for 18 hr. The supernatant solution contained the
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alkali-soluble polysaccharide (S-glucan), and the
residue contained the alkali-insoluble carbohydrate
(R-glucan). The S-glucan is predominantly a-1, 3
linked, whereas the R-glucan contains ,-1, 3 and 13-1, 6
bonds among its constituents (25).

Total carbohydrate was determined by the anthrone
method (8). Polyol was analyzed by Faulkner's modi-
fication (9) of the chromotopic acid procedure of West
and Rapoport (41) by using mannitol as standard.
Ketose was measured by the cysteine-carbazole
method of Dische and Borenfreund (7) with fructose
as standard, and glucose was measured by the glucose
oxidase method (Worthington Biochemical Corp.).
Total reducing sugar was evaluated by the anthrone
procedure with glucose as standard, and trehalose was
estimated by difference after subtracting glucose and
fructose as determined above.

Carbohydrates and polyols were identified by de-
scending paper chromatography (24). The sugars were
revealed by the alkaline silver nitrate dip (35), and
polyols were revealed by a periodate-benzidine dip
(11).

Electron microscopy. Spores were collected from
1- to 2-day sheddings by adding fixative to petri dish
lids containing the spores. The suspension was passed
through membrane filters (0.8 Am pore size; Millipore
Corp., Bedford, Mass.), and fresh fixative was added
to the cells on the filter. Spores collected in distilled
water were used to inoculate 100 ml of minimal broth
in flasks which were then shaken at 26 C for 4 hr.
Fixative was added to the flasks; the cells were filtered
(Millipore membrane filters) and then suspended in
fresh fixative. Initial fixation was for 1 hr at room tem-
perature with either 2% glutaraldehyde in 0.1 M
sodium cacodylate buffer (pH 7.2) or in a 1% formal-
dehyde (made by dissolving paraformaldehyde at 60
to 70 C in the presence of 0.1 M NaOH)-1% glutaralde-
hyde mixture in 0.1 M sodium cacodylate buffer
containing CaC12 (0.5 mg/ml). After buffer rinses, the
cells were postfixed for 2 hr in 1% buffered OS04,
rinsed in buffer and then in distilled water, and stained
from 2 to 4 hr in 0.5% aqueous uranyl acetate. Dehy-
dration was in a graded series of ethanol followed by
acetone. The material was embedded in Araldite 6005
(29) and polymerized at 60 C in a nitrogen atmosphere
for 2 days. Blocks were sectioned on a Porter-Blum
MT-2 ultramicrotome by using a diamond knife. The
sections were mounted on collodion-methacrylate-
coated grids (26), poststained for 10 min in lead citrate
(28), and examined in a Philips EM/200 at 60 kv. The
cells shown in Fig. 1 to 5 were fixed with 2% glutaral-
dehyde and that in Fig. 6 was fixed with the formalde-
hyde-glutaraldehyde mixture.

RESULTS
Ultrastructural features of germination. Unger-

minated basidiospores of S. commune were binu-
cleate with each nucleus containing a nucleolus
(Fig. 1). Lipid droplets, mitochondria, mem-
branous cisternae, vesicles, vacoules, and free
ribosomes were characteristic. Endoplasmic retic-
ulum was sparse or absent at this stage. The vesi-

cles were of two general types: (i) vesicles approx-
imately 80 to 90 nm in diameter of the same type,
but somewhat smaller than those found in hyphal
apices of this (100 to 135 nm; Heintz and Nieder-
pruem, unpublished data) and other fungi (10, 12)
and (ii) microvesicles approximately 25 to 35 nm
in diameter (Fig. 2). Although cells shaken in
broth for 4 hr generally showed no signs of ger-
minating when examined by phase-contrast mi-
croscopy, their ultrastructural profiles had
changed by this time (Fig. 3 to 5). Endoplasmic
reticulum was observed more frequently and at
times was the only membrane, except for its nu-
clear envelope homologue, which stained densely
(Fig. 3). Small vacuoles with dense amorphous
inclusions were a usual feature of 4-hr germinants
(Fig. 4). In cells which had begun to elongate at
this time, inclusion-containing vacuoles were
more numerous (Fig. 5). The size of the vacuoles
and the inclusions increased until some of these
inclusions occupied a considerable volume of the
cell (Fig. 6).

Kinetics of basidiospore germination. Cytologi-
cal evaluation of early events in basidiospore ger-
mination of S. commune is difficult because no
conspicuous germ tube pore or cap occurs in these
propagules. Consequently, prior measurements of
cell length, turbidity, or dry weight in glucose-
asparagine minimal medium revealed a conspicu-
ous lag phase in outgrowth (22). To discern physi-
ological antecedents of cell elongation, a glucose-
(NH4)2S04 broth containing one-tenth the nor-
mal phosphate buffer concentration was em-
ployed, and pH measurements of the culture fil-
trate were compared to absorbancy changes which
are related to cellular dry weight (22). During the
8-hr lag phase prior to outgrowth (Fig. 7), there
occurred a marked decrease in broth pH followed
at 12 hr by increased absorbancy due to cell elon-
gation. Neither of these events were seen when the
sole carbon and nitrogen sources were withheld.
Thus early assimilation of ammonia may explain
these initial pH changes and correlates with the
previously described increase in specific activity of
the NADP-coupled glutamate dehydrogenase in
germination of S. commune (6).

Carbohydrates and polyol reserves in germina-
tion. Mannitol and arabitol comprise endogenous
reserves in the ungerminated basidiospores of S.
commune (24), together with appreciable amounts
of trehalose and some "glycogen." The presence
of trehalose was substantiated by descending
paper chromatography, Dowex-1 column chro-
matography by the procedure of Vining and Taber
(37) and subsequent gas chromatography of the
trimethylsilyl ether derivative.

Insight into roles for polyols and trehalose in
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FIG. 1. Ungerminated basidiospore of Schizophyllum commune containing two nuclei (N) with nucleoli (Nu),

mitochondria (M), a membranous cisterna (MC), vacuoles (Va), and two types of vesicles (V). The larger vesicles
are similar to those found in hyphal apices. In all electron micrographs, scale line indicates I ;sm.

FIG. 2. Higher magnification ofa portion ofFig. I showing the microvesicles (MV) and details ofthe protoplasm.
FIG. 3. Four-hour germinant showing densely stained endoplasmic reticulum (ER) and nuclear envelope as com-

pared to other, more lightly stained, membranous components. Nuclei (N), lipid (L).
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FIG. 4. Four-hour germinant with small vacuoles (Va) containing dense, amorphous material, nuclei (N), endo-
plasmic reticulum (ER), mitochondria (M), lipid (L), and hyphal tip vesicles (V) in zones ofexclusion.

FIG. 5. Elongated germinant in which the numbers and size of the vacuoles with inclusions (Va) have increased.
FIG. 6. Vacuoles (Va) contain large dense inclusions and membranes. The inclusions occupy halfor more of the

hyphal diameter. Small vacuoles with similar dense inclusions are associated with the large inclusion-containing
vacuoles.
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cytodifferentiation came from studies of these
substances during germination in standard glu-
cose-asparagine minimal broth (Fig. 8). A marked
decrease in total polyols and trehalose occurred
during the lag phase of germination and was sub-
sequently followed by an accumulation of these
constituents. Glycogen content remained essen-
tially constant during the lag phase of outgrowth
and only increased later (Fig. 8). Both pool deple-
tion and germination required exogenous carbon
and nitrogen sources; neither germination nor
decreases in polyols or trehalose occurred in mini-
mal broth lacking glucose and asaparagine.

Kinetic studies showed that pool depletion oc-
curred during the first 4 hr of the lag period.
Chromatographic analysis showed that arabitol
disappeared over this interval although some
mannitol persisted. Beyond the lag period, intra-
cellular pool components increased again (Fig. 8),
and additional substances including glucose,
fructose, and glycerol were apparent. Therefore,
preferential utilization of endogenous polyols and
trehalose rather than glycogen stores is an appar-
ent antecedent of outgrowth whereas glycogen
accumulation appears more important during cell
elongation.
The nature of control devices operative in

polyol depletion during germination was eluci-
dated by inhibitor studies. The effects of cyclo-
heximide (20 ,g/ml) and fluorophenylalanine (30
,ug/ml) on polyol changes in basidiospores incu-
bated in glucose-asparagine broth are shown in
Figure 9. Spore germination was arrested, and no
depletion of polyol reserves occurred in the pres-
ence of either poison but a substantial increase in
polyol (as mannitol) was observed in the case of
cycloheximide.

Cell wail components in germination. Specific

MINIMAL MEDIUM: GLUCOSE, (NH4)2S04 (SOX less Pi)
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FIG. 7. Changes in broth pH and turbidity during
germination in glucose-(NH4)2SO4 medium containing
one-tenth standard phosphate buffer.
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FIG. 8. Comparison of changes in carbohydrate re-
serves during basidiospore germination in glucose-as-
paragine broth.
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FIG. 9. Effiects of protein synthesis inhibitors on
changes in total polyols during germination. Final con-
centration: cycloheximide (20 Ag/ml); p-fluoro-DL-
phenylalanine (30,g/ml).

glucans, distinguished by their solubility in alkali
(KOH, 1 N), comprise a significant proportion of
the cell wall of S. commune (39). Accordingly,
initial studies dealt with the ratio of S-glucan/R-
glucan in basidiospores and germlings of S. com-
mune. Although the S/R ratio of ungerminated
basidiospores was considerably less than unity
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(0.41), a marked shift in the ratio of S-glucan/
R-glucan was evident after 16 or 30 hr of germina-
tion, with S/R values of 1.30 and 1.52, respec-
tively. Cultures lacking carbon or nitrogen
sources failed to show the three- to fourfold in-
creases in S/R values and failed to germinate.
This increase in S/R value in normal germination
may reflect preferential synthesis of S-glucan or
selective degradation of R-glucan during out-
growth. The former idea is favored because the
hydrolytic enzyme R-glucanase is currently be-
lieved to be repressed in homokaryotic mycelium
of S. commune (40).

Kinetic studies of germination changes in cell
wall components were compared to glycogen
reserves (Fig. 10). Although R-glucan decreases
between 12 and 16 hr, a more conspicuous in-
crease in S-glucan occurs from 4 hr until 20 hr of
germination. Therefore, R-glucan degradation
may partially explain the prominent increase in
the S/R ratio of cell wall components, but S-
glucan biosynthesis appears to be primarily re-
sponsible for these changes during outgrowth.

Lipids in germination. Electron microscopic
studies revealed abundant lipid vacuoles in germ-
lings of S. commune, and their presence was cor-
related with phase-contrast microscopic observa-
tions showing increased vacuolation in live ger-
minants. Although total lipid measurements
proved variable during various stages of germina-
tion, a three-fold increase in total lipid content
was consistently observed in 12-hr germlings
of S. commune which had arisen in glucose-
asparagine broth.
DNA, RNA, and protein in germination. The

free nucleotides did not change appreciably in
concentration. Changes in the content of DNA,
RNA, and protein were evaluated during basidio-
spore germination (Fig. 11). The constant level of
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FIG. 10. Changes in cell-wall glucans relative to
"glycogen" in basidiospore germination.

14-6

bDO

0 4 8 12
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FiG. 11. Clhanges in protein, RNA, and DNA in
germination.

DNA during the lag phase was to be expected
because cytological observations showed that
nuclear division is delayed until considerable
elongation occurs in basidiospores of S. commune
(1, 15). In contrast, RNA, and protein levels in-
creased shortly after the spores were immersed in
broth, although at least 4 hr elapsed before these
changes were evident. Also of interest are data
showing that nearly parallel increases in RNA and
protein preceded outgrowth but were subsequent
to the major depletion of polyols and trehalose.

DISCUSSION
The present work reveals temporal aspects of

biochemical events in basidiospore germination of
S. commune. A lag phase preceding outgrowth
can now be considered a period of active metabo-
lism when intracellular reserves such as trehalose
and especially arabitol are rapidly depleted, fol-
lowed by general increases in both RNA and pro-
tein. Glycogen accumulation and conspicuous
changes in cell wall glucans occur during out-
growth. As expected, DNA content appears un-
changed during cell elongation, and precocious
nuclear division has never been observed in the
binucleate basidiospore of S. commune.
The widespread occurrence of polyols and tre-
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halose in dormant systems (18) attests to the
general importance of these reserves in develop-
ment although control devices governing their
metabolism remain obscure. A focal point from
which to approach these issues is spore germina-
tion in fungi. The hydration of fresh rather than
aged uredospores of Puccinia graminis tritici leads
to decreases in trehalose, mannitol, and arabitol
(42). In contrast, basidiospores of S. commune do
not mobilize these reserves in aqueous medium
unless exogenous carbon and nitrogen sources are
present. Moreover, depletion of polyols in S. com-
mune is sensitive to protein synthesis antagonists.
Similarly, early utilization of trehalose prior to
germ tube emergence in Myrothecium verrucaria
also required exogenous substrates (20). In yeast,
also, trehalose is consumed in the lag phase of
growth, provided that exogenous glucose is pres-
ent (27).

It is important to note that the fate of metabo-
lized trehalose or polyols remains unknown in
most of these situations. Thus, although the ac-
tivation or de novo origin of trehalase or polyol
dehydrogenases could be involved, other explana-
tions are also plausible. These include the emer-
gence of ancillary enzymes of carbohydrate
metabolism and the possibility that pool deple-
tion involves an excretion of these reserves. Sup-
port for the latter has been provided in studies of
development in P. graminis tritici (5) and Sciero-
tinia sclerotiorum (4). The alternate view that tre-
halase activity is involved in pool depletion is sub-
stantiated in germination of Neurospora tetra-
sperma (33), Aspergillus oryzae (14), and in the
budding cycle of yeast (16).
A general restriction of protein synthesis in the

ungerminated basidiospore of S. commune was
unexpected because these propagules contain
abundant ribosomes as revealed by electron mi-
croscopy. Moreover, the spores readily incor-
porate 14C-labeled amino acids into trichloroace-
tic acid-precipitable material, and the incorpora-
tion was sensitive to cycloheximide (25 ,g/ml;
21). Measurements of both RNA and protein
showed early, though not immediate, increases
during the lag phase of outgrowth, and these data
correlate with rapid assimilation of ammonia and
increased specific activity of the NADP-coupled
glutamate dehydrogenase (6). Recent studies of
ribosomes isolated during basidiospore germina-
tion of S. commune indicate that monosomes pre-
dominate in spores although a different class of
polysomes occur in 6-hr germlings (17). The ap-
pearance of this latter species of polysomes may
explain the 4-hr lag period before general protein
content increases during S. commune germination
in the present work. In contrast to these differ-
ences, aminoacyl-transfer RNA appears similar

in spores or germlings of N. crassa (13), A.
oryzae (34), Botryodiplodia theobromae, and
Rhizopus stolonifer (36). In harmony with these
latter observations is the situation encountered in
basidiospores of Lenzites saepiaria, in which in-
corporation studies employing labeled precursors
ofRNA and protein showed that macromolecular
synthesis was immediate although DNA synthesis
occurred later (30).
The increase in cell wall S-glucan of S. commune

during outgrowth cannot be explained by R-glu-
can degradation and glucose recycling initially
because the S-glucan level increases almost two-
fold before R-glucan content diminishes. This
period of cytodifferentiation may provide an op-
portune time to examine the nature and control of
S-glucan synthetase in S. commune development.

ACKNOWLEDGMENTS

We thank C. Conklin, Eli Lilly and Co., for gas chromato-
graphic analyses, and K. Aronoff for technical assistance. Grati-
tude is accorded C. Heintz and C. Bracker of Purdue University
for collaborative assistance regarding electron microscopy sup-
ported by National Science Foundation Grant GB-6751.

This investigation was also supported by a Public Health
Service research grant Al 04603-09 to D. J. Niederpruem from the
National Institute of Allergy and Infectious Diseases.

LITERATURE CITED

1. Bakerspigel, A. 1959. The structure and manner of division of
the nuclei in the vegetative mycelium of the Basidiomycete
Schizophyllum commune. Can. J. Bot. 37:835-842.

2. Bragdon, J. H. 1951. Colorimetric determinations of blood
lipides. J. Biol. Chem. 190 513-517.

3. Burton, K. 1956. A study of the conditions and mechanism of
the diphenylamine reaction for the colorometric estimation
of deoxyribonucleic acid. Biochem. J. 62 315-323.

4. Cooke, R. C., and D. T. Mitchell. 1969. Sugars and polyols
in sclerotia of Claviceps purpurea, C. nigricans and Sclero-
tinia curreyana during germination. Trans. Brit. Mycol. Soc.
52:365-372.

5. Daly, J. M., H. W. Knoche, and M. V. Wiese. 1967. Carbo-
hydrate and lipid metabolism during germination of
uredospores of Puccinia graminis tritici. Plant Physiol. 42:
1633-1642.

6. Dennen, D. W., and D. J. Niederpruem. 1967. Regulation of
glutamate dehydrogenases during morphogenesis of
Schizophyllum commune. J. Bacteriol. 93:904-913.

7. Dische, Z., and E. Borenfreund. 1951. A new spectrophoto-
metric method for the detection and determination of keto
sugars and trioses. J. Biol. Chem. 192:583-587.

8. Dreywood, R. 1946. Qualitative tests for carbohydrate ma-
terial. Ind. Eng. Chem. Anal. Ed. 18:499.

9. Faulkner, P. 1956. Enzymic reduction of sugar phosphates in
insect blood. Biochem. J. 64:436-441.

10. Girbardt, M. 1969. Die Ultrastrucktur der Apikalregion von
Pilzhyphen. Protoplasma 67:413-441.

11. Gordon, H. T., W. Thronburg, and L. N. Werum. 1956.
Rapid paper chromatography of carbohydrates and related
compounds. Anal. Chem. 28:849-855.

12. Grove, S. N., C. E. Bracker, and D. J. Moore. 1970. An ultra-
structural basis for hyphal tip growth in Pythium ultimum.
Amer. J. of Bot. 57:245-266.

13. Henney, H. R., and R. Storck. 1963. Ribosomes and ribo-
nucleic acids in three morphological states of Neurospora.
Science 142:1675-1676.

987



AITKEN AND NIEDERPRUEM

14. Horikoshi, K., and Y. Ikeda. 1966. Trehalase in conidia of
Aspergillus oryzac. J. Bacteriol. 91:1883-1887.

15. Jersild, R., S. Mishldn, and D. J. Niederpruem. 1967. Origin
and ultrastructure of complex septa in Schizophyllum com-

mune development. Arch. Mikrobiol. Z. 57:20-32.
16. Kuenzi, M. T., and A. Fiechter. 1969. Changes in carbo-

hydrate composition and trehalase activity during the
budding cycle of Saccharomyces cerevisiae. Arch. Mikro-
biol. Z. 64:396-407.

17. Leary, J. V., A. J. Morris, and A. E. Ellingboe. 1969. Isolation
of functional ribosomes and polysomes from lyophilized
fungi. Biochim. Biophys. Acta 182:113-120.

18. Lewis, D. H., and D. C. Smith. 1967. Sugar alcohols (polyols)
in fungi and green plants. I. Distribution, physiology, and
metabolism. New Phytol. 66:143-184.

19. Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R. J. Ran-
dall. 1951. Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193:265-275.

20. Mandels, G. R., R. Vitols, and F. W. Parrish. 1965. Trehalose
as an endogenous reserve in spores of the fungus Myro-
thecium verrucaria J. Bacteriol. 90:1589-1598.

21. Niederpruem, D. J. 1964. Respiration of basidiospores of
Schlzophyllum commune. J. Bacteriol. 88:210-215.

22. Niederpruem, D. J., and D. W. Dennen. 1966. Kinetics,
nutrition and inhibitor properties of basidiospore germina-
tion in Schizophyllum commune. Arch. Mikrobiol. Z. 54:
91-105.

23. Niederpruem, D. J., A. Hafiz, and L. Henry. 1965. Polyol
metabolism in the basidiomycete Schizophyllum commune.

J. Bacteriol. 89:954-959.
24. Niederpruem, D. J., and S. Hunt. 1967. Polyols in Schizo-

phyllum commune. Amer. J. of Bot. 54:241-245.
25. Niederpruem, D. J., and J. G. H. Wessels. 1969. Cytodiffer-

entiation and morphogenesis in Schizophyllum commune.

Bacteriol. Rev. 33:505-535.
26. Padgett, G. 1963. Some observations on new fixation and

staining procedures of biological material and on a new

supporting film. Scientific Instruments News (RCA) 8:8-11.
27. Panek, A. 1963. Function of trehalose in baker's yeast (Sac-

charomyces cerevlsiae). Arch. Biochem. Biophys. 100:422-
425.

28. Reynolds, E. S. 1963. The use of lead citrate at high pH as an

electron-opaque stain in electron microseopy. J. Cell Biol.
17-208-212.

29. Richardson, K. C., L. Jarett, and E. H. Finke. 1960 Em-

bedding in epoxy resins for ultrathin sectioning in electron
microscopy. Stain Technol. 35:313-323.

30. Scheld, H. W., and J. J. Perry. 1969. Basidiospore germina-
tion in the wood-destroying fungus Lenzites saepiaria. J.
Gen. Microbiol. 60:9-21.

31. Schmidt, G., and S. J. Thannhauser. 1945. A method for the
determination of desoxyribonucleic acid, ribonucleic acid
and pentose nucleic acid. 2. Biol. Chem. 161:293-303.

32. Schneider, W. C. 1957. Determination of nucleic acids in
tissues by pentose analysis, p. 293-303. In S. P. Colowick
ank N. 0. Kaplan (ed.), Methods in enzymology, vol 3.
Academic Press Inc., New York.

33. Sussman, A. S. 1966. Types of dormancy as represented by
conidia and ascospores of Neurospora, p. 235-256. In The
fungus spore, Eighth Symp. Colston Res. Soc. Butter-
worths, London.

34. Tanaka, K., A. Motohashi, K. Miura, and T. Yanagita. 1966.
Isolation and characterization of soluble RNA from dor-
mant and germinated conidia of Aspergillus oryzae. J. Gen.
Appl. Microbiol. 12:277-292.

35. Trevelyan, W. E., D. P. Procter, and J. S. Harrison. 1950. De-
tection of sugars on paper chromatograms. Nature 166:444-
445.

36. Van Etten, J. L., R. Kent Koski, and M. M. El-Olemy. 1969.
Protein synthesis during fungal spore germination. IV.
Transfer ribonucleic acid from germinated and ungermi-
nated spores. J. Bacteriol. 100:1182-1186.

37. Vining, L. C., and W. A. Taber. 1964. Analyses of the en-

dogenous sugars and polyols of Clavceps purpurea (Fr.)
Tul. by chromatography on ion exchange resins. Can. J.
Microbiol. 10:647-657.

38. Voetz, H., and D. J. Niederpruem. 1964. Fine structure of
basidiospores of Schizophyllum commune. J. Bacteriol. 88:
1497-1502.

39. Wessels, J. G. H. 1965. Morphogenesis and biochemical
processes in Schizophyllum commune Fr. Wentla 13:1-113.

40. Wessels, J. G. H., and D. J. Niederpruem. 1967. Role of a cell-
wail glucan-degrading enzyme in mating of Schizophyllum
commune. J. Bacteriol. 94:1594-1602.

41. West, C. D., and S. Rapoport. 1949. Modification of colori-
metric method for determination of mannitol and sorbitol
in plasma and urine. Proc. Soc. Exp. Biol. Med. 70:141-142.

42. Wynn, W. K., R. C. Staples, B. Strouse, and C. Gaidusek.
1966. Physiology of uredospores during storage. Contrib.
Boyce Thompson Inst.'23:229-242.

988 J. BACTERIOL.


