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A mutant of Neurospora crassa, strain T9, which shows reduced activity of
glucoamylase, was isolated. The mutant glucoamylase was not altered in pH
optimum, or thermostability, but altered in elution profile of Bio-Gel filtration.
The T9 mutation led to other distinct phenotypic effects: a poor growth response,
resistance to the effect of sorbose, a high activity of extracellular acid phospha-
tase, and an increased sensitivity to high osmolarity of the growth medium. The
discussion was based on the idea that the T9 mutation occurred at a gene
governing the synthesis of cell wall precursors and resulted in an alteration in
various characteristics related to extracellular enzymes and growth.

There are several known enzymes excreted by
mycelial cells of Neurospora crassa, and several
attempts have been made to elucidate the
genetic mechanism of enzyme secretion.
Gratzner and Sheehan (8, 9) described a mu-
tant exhibiting cell wall alterations due to a
single gene mutation associated with the hyper-
production of extracellular a-amylase (a-
1, 4-glucan 4-glucanohydrolase, EC 3.2.1.1);
glucoamylase (a- 1, 4-glucan glucohydrolase, EC
3.2.1.3), invertase (fl-D-fructofuranoside fruc-
tohydrolase, EC 3.2.1.26), and trehalase (a, a'-
glucoside 1-glucohydrolase, EC 3.2.1.28). Tre-
vithick and Metzenberg (22, 23) have studied
the process of excretion of invertase in
Neurospora and suggested that invertase is
secreted through pores in the cell wall. The
mechanism of enzyme secretion related to cell
wall synthesis has been precisely investigated
with yeast protoplasts which produce extracel-
lular invertase containing mannan and glucosa-
mine (7).
The present report describes the studies on a

mutant that is altered simultaneously both in
activities of some extracellular enzymes and in
several growth characteristics.

MATERIALS AND METHODS
Organisms. The following strains of N. crassa were

used: wild-type strains (76A and 3.la), ad-6
(74A-Y234-M200), ad-7 (74A-Y186-M423), and os-1
(Emll400). A mutant of N. crassa, T9
(76A-T9-M150), which produced a significantly low

level of extracellular amylase, has been isolated by
spreading mutagenized wild-type conidia on the sur-
face of an agar medium supplemented with 0.1%
starch and 1.0% sorbose and observing whether a
clear zone was formed around any colony after spread-
ing an iodine solution. Double mutants were prepared
from appropriate crosses of the single mutants. Forced
heterokaryon cells were obtained by inoculating the
mixture of conidia of two strains on a minimal agar
medium. The os-1 mutant was kindly supplied from
the Fungal Genetics Stock Center, Arcata, Calif.
Growth measurement. To test growth in various

media, a 0.2-ml portion of conidial suspensions (opti-
cal density at 620 nm, 0.100) of the strain was
inoculated into 15 ml of liquid media in 100-ml
Erlenmeyer flasks and incubated at 25 C. Mycelial
mats were harvested after designated times, dried,
and weighed. Growth was indicated as the milligram
dry weight of mycelia thus obtained.

Preparation of culture filtrates and crude
extracts. Mycelia were grown at 25 C for the desig-
nated times in 1,000-ml Roux bottles containing 100
ml of liquid medium. Mycelial mats were harvested
on a Buchner funnel. The filtrates were used as the
extracellular enzyme samples. The mycelial mats
were washed several times with deionized water and
frozen quickly. The frozen mycelia were ground for 5
min withi a homogenizer in 0.005 M acetate buffer, pH
5.2, and further disrupted with a French pressure cell
at an average pressure of 400 kg per cm 2. The resulting
homogenate was centrifuged at 24,000 x g for 60 min,
and the supernatant liquid was used as a crude
extract.

Chromatography. To obtain samples for chroma-
tography, a 707-g amount of ammonium sulfate was
stirred into 1,000 ml of the culture filtrate or crude
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extract, the pH was adjusted to 6.0, and the solution
was kept at 4 C for 12 h and centrifuged at 12,000 x g
for 40 min. The precipitate was dissolved in a small
volume of 0.005 M acetate buffer, pH 5.2, and
dialyzed against 0.001 M acetate buffer, pH 5.2,
before loading on the column. The diethylaminoethyl
(DEAE)-cellulose column (3.0 by 30 cm) was equili-
brated with 0.005 M tris(hydroxymethyl)aminometh-
ane (Tris)-maleate buffer, pH 7.0. A continuous
gradient elution was carried out with NaCl from 0 to
0.4 M. A gel filtration was performed through Bio-Gel
P-300 (100 to 200 mesh). The gel column (1.0 by 100
cm) was equilibrated and eluted with 0.002 M acetate
buffer, pH 5.2.
Enzyme and protein assays. The starch decom-

posing activity of amylase was measured by the
iodine-starch reaction as described by Hagiwara (10).
Amylase activity leading to the production of reduc-
ing sugars was measured by the method of Bernfeld
(2) using 0.005 M acetate buffer, pH 5.2. One unit of
amylase activity was defined as the amount of enzyme
that produced 1 Mmol of glucose per min. The proce-

dure for the invertase and trehalase assays were the
same as for the amylase assay except that 1% sucrose
or 1% trehalase was used as the substrate in place of
1% starch. One unit of invertase, or trehalase is the
amount of the enzyme that produced 2 umol of glu-
cose-equivalent reducing sugar per min. Acid phos-
phatase (orthophosphoric monoester phosphohydro-
lase, EC 3.1.3.2) activity was assayed by measuring
the amount of p-nitrophenol produced from p-nitro-
phenyl-phosphate (19). One unit of acid phosphatase
was defined as the amount of enzyme that produced
1 $tmol ofp-nitrophenol per min.

Protein concentration was determined by the
method of Lowry et al. (14).

Chemicals. The following chemicals were obtained
commercially: DEAE-cellulose (Brown Co.), Bio-Gel
(Bio-Rad Ind.), soluble starch (Merck), sucrose and
trehalose (Wako Pure Chem. Co.), and 14C-glucose
(Dai-ichi Pure Chem. Co.).

RESULTS

Growth characteristic of mutant T9. At the
early stage of growth in a minimal medium
containing 1.5% glucose, the growth of strain T9
was slower than that of the wild type (Fig. 1).
On glucose minimal medium the growth pattern
for the forced heterokaryon cells prepared be-
tween strains T9 ad-7 and ad-6 was approxi-
mately the same as that of the wild type rather
than strain T9 (Table 1). This indicates that the
altered growth character of strain T9 is reces-
sive. The growth of the wild type was slightly
reduced in Fries minimal medium containing
1.5% glucose and 3% NaCl, whereas that of
strain T9 was significantly inhibited at the early
stage of growth in the same medium (Fig. 1).
The growth inhibition by NaCI of strain T9 was

similar at early stages of growth to that of one of
the osmotic mutants, os-i, which is reported as

a mutant defective in cell wall structure (4, 13).
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FIG. 1. Growth of the wild type and strains T9 and
os-I in the minimal medium containing glucose.
Growth is indicated as milligrams (dry weight) of
mycelia grown in a 100-ml flask containing 15 ml
medium with 3% NaCl (dashed line) and without 3%0
NaCI (solid line) at 25 C. Symbols: 0, wild type; 0,

strain T9; , strain os-i.

TABLE 1. Growth response of forced heterokaryon
between strain T9 and the wild typea

Dry weight of mycelia (mg)
Culture (A) (B)

Strain period Grown Grown Ratio
(days) without with (B/A)

3% NaCI 3% NaCl

T9 ad-7 2 19.0 4.2 0.22
4 54.0 35.5 0.66
6 67.0 54.1 0.81

T9 ad-7 + ad-6 2 36.4 23.3 0.64
4 75.8 61.7 0.91
6 87.4 73.7 0.84

ad-6 2 34.4 28.0 0.81
4 74.0 70.5 0.95
6 78.8 79.0 1.00

Strains T9 ad-7, ad-6, and heterokaryon (T9 ad-7
+ ad-6) were grown in 100-ml flasks containing 15 ml
of sucrose minimal medium (adenine sulfate, 100
Asg/ml, was supplied for strains T9 ad-7 and ad-6) with
and without 3% NaCl at 25 C.

For the forced heterokaryon cells prepared be-
tween strains T9 ad-7 and ad-6, the sensitivity
to high osmolarity was intermediate to the
parent strains (Table 1).

It is well known that L-sorbose added to the
growth medium causes wild-type mycelia of
Neurospora to grow as very restricted colonies
on an agar plate (21). Figure 2 shows the typical
growth patterns of the wild type and strain T9
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period. As indicated in Fig. 3A, the amylase
activity of the heterokaryon was always an
intermediate level between the wild type and
strain T9, although the growth of such a hetero-
karyon was the same as that of the wild type
(Table 1).
Two kinds of amylase, a-amylase and gluco-

amylase, are known to exist in the mycelial
extract of Neurospora (24). The amylase was
fractionated to identify and characterize the
amylase species responsible for the reduced
amylase activity observed in strain T9. Culture
filtrates of the wild type and strain T9 grown on
sucrose for 14 days were fractionated by DEAE-
cellulose column chromatography (Fig. 4A and
C). The amylase activity of each strain was
recovered as a single component which was

eluted without adsorption to DEAE-cellulose.
Crude mycelial extracts of the wild type and of
strain T9 were also fractionated by DEAE-cel-
lulose column chromatography, and two major
components were found in the amylase assay
(Fig. 4B and D). The first component to be
eluted corresponds to that found in the me-
dium; the second component was eluted with
0.2 M NaCl. Comparing the chromatographic

FIG. 2. Effect of sorbose on growth of the wild type patterns of the culture filtrates and crude ex-
and strain T9. The wild type (A) and strain T9 (B) tracts of the wild type and strain T9, the first
were grown on minimal agar medium containing 1.0%
sorbose and 0.2%o sucrose at 25 C for 5 days. 030

on a minimal agar medium which contains 1.0% v
sorbose and 0.2% sucrose as the carbon sources. A
The T9 strain grown on sorbose showed normal I
growth behavior in contrast to the restricted j
colonial growth of the wild type. This result /
indicates that the strain T9 is resistant to the > v
sorbose effect. Forced heterokaryon cells pre- > Z
pared between strains T9 ad-7 and ad-6 were '
not sorbose resistant. That is, the sorbose resist- 0D004
ance in the strain T9 is recessive. <
Amylase activity of the wild type and T9. > z 030 B

Wild-type and T9 mycelia were grown on su- < o
crose, and the amylase activities of the culture /
media and crude mycelial extracts were as- 1 0.20
sayed. Throughout the culture period examined n2
significant differences in the activities of ex- , 010
tracellular amylase were observed between the
wild type and strain T9 (Fig. 3A). After 12 days 0oo.
of cultivation, the extracellular amylase activ- 0 2 4 6 8 10 12
ity of strain T9 was about one-sixth of that of CULTURE TIME (DAYS)
the wild type. The cell-bound amylase activity FIG. 3. Amylase activities found in culture filtrates
in both strains reached a plateau after 6 days of and crude extracts of the wild type, strain T9, and
cultivation, and the activity of strain T9 at that heterokaryon. Culture filtrates (A) and crude extracts
time was approximately one-half that of the (B) were prepared from cultures grown in 100-ml

wild type (Fig. 3B). flasks containing 15 ml of minimal medium with 1.0%
wild.tye(Fig..3B)r sucrose for various periods. Amylase activity was
The extracellular amylase activity of forced assayed by measuring production of glucose. Sym-

heterokaryon cells prepared between strains T9 bols: 0, wild type; 0, strain T9; 0, heterokaryon (T9
ad-7 and ad-6 was measured over a 12-day ad-7 + ad-6).
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FIG. 4. DEAE-cellulose chromatography of amy-

lase from wild type and strain T9. Crude extracts and
culture filtrates were obtained from a 14-day-old cul-
ture. A 40-ml amount of crude extract (80 mg of
protein) or a 50-mI amount of culture filtrate (7.5 mg
of protein) was put onto a column and eluted with
0.005M Tris-maleate buffer, pH 6.0, containing NaCI
(0 to 0.4 M) into 4-ml fractions. Each fraction was

assayed for amylase activity by starch-iodine reaction
(solid line) and titrated for concentration of NaCI by
Mohr's method (dashed line). A, Culture filtrate of
the wild type; B, crude extract of the wild type; C,
culture filtrate of strain T9; D, crude extract of strain
T9.

component of amylase activity was always
smaller in strain T9 but the second component
showed approximately the same mobility and
amount as the wild type.
Two methods have been employed to assay

amylase activity in both the culture filtrates
and the fractions corresponding to the two
components found in DEAE-cellulose column
chromatography of a mycelial extract of the
wild type (Table 2). The culture filtrate and the
first component from the mycelial extract
showed significantly higher ability to produce
reducing sugar than did the second component.
The products obtained after the decomposition
of starch with the culture filtrate and the first
component from the mycelial extract of the wild
type were individually identified by paper chro-
matography using a n-butanol-acetic acid-
water system (4: 1:5, vol/vol/vol) as single com-
ponents which correspond to glucose. No detect-
able components corresponding to maltose were

found in these experiments. These results indi-

TABLE 2. Starch-decomposing activity and reducing
sugar-producing activity of amylase samples obtained
from culture filtrate and mycelial extract of the wild

type

(A) (B)
Starch Reducing RatioEnzyme sample decom- sugar (B/A)

poseda producedb

Filtratec 3.50 3.82 1.09
First peak of 0.87 0.79 0.91

DEAE-cellulose
chromatogramd

Second peak of 1.43 0.06 0.04
DEAE-cellulose
chromatogramd

a Milligrams of starch decomposed by 1 ml of
enzyme solution in 1 h.

b Milligrams of glucose produced by 1 ml of enzyme
solution in 1 h.

cThe culture filtrate of the wild type grown in a
100-ml flask containing 15 ml of sucrose minimal
medium at 25 C for 14 days.

d The first and second components found on DEAE-
cellulose chromatogram (Fig. 4) of crude extract of the
wild type grown in Roux bottles containing 100 ml of
sucrose minimal medium at 25 C for 14 days.

cate that the amylase found in either the
culture filtrate or the early eluted component on
DEAE-cellulose column chromatogram of the
mycelial extract is glucoamylase which hydro-
lyzes the nonreducing terminals of the starch
molecules to generate glucose.

These results suggest that Neurospora my-
celia contain two kinds of amylase, a-amylase
and glucoamylase, that the mycelia excrete the
latter into the culture medium, and that the T9
mutation results in a reduced activity of gluco-
amylase.
Comparison of glucoamylase from the

wild type and strain T9. The molecular sizes
of extracellular glucoamylase and invertase
from the wild type and strain T9 were compared
by Bio-Gel filtration. Invertase of Neurospora is
eluted as two components. The molecular
weight of the first is 210,000 and it is dissociated
into the second under alkaline conditions (17,
18). Glucoamylase obtained from culture fil-
trate or crude extract of the wild type was
eluted as a single component behind the second
fraction of invertase (Fig. 5A). In contrast to the
single large component found for the wild-type
enzyme, glucoamylase obtained from culture
filtrate of strain T9 was eluted as one, two, or
three small components depending on the ex-
periment. In one experiment the mutant glu-
coamylase was eluted as three components (Fig.
5B and 6A); the first peak (enzyme I) was eluted
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0.50 distributed between enzymes II and III (Fig.
6B), in one experiment it was eluted as two

A fractions at the positions of enzymes I and III
(Fig. 6C), and in one experiment it was eluted

0140 as a single component at the position of enzyme
I (Fig. 6D). No such heterogeneity of molecular
sizes has been encountered in five independent

Q300 , lv lf t S experiments fractionating glucoamylase fromG30 ~~~~~~~~~~thewild type.
No significant difference in the pH optimum

was observed among glucoamylases obtained
0.20 from the wild type and enzymes II and III of

strain T9. Also, no significant difference in the
stability at 60 C was observed among these
enzyme samples. The heat inactivation of these

0.10 . enzyme samples followed first-order kinetics
with a half-life of about 10 min.
Comparison of other extracellular enzymes00 . from the wild type and strain T9. Three

0.00 extracellular enzymes of Neurosora, concerned
with carbohydrate metabolism, amylase, inver-

OB tase, and trehalase, have been reported to be
< % coordinately derepressed (8, 9). In connection

0140 with this, the effect of the T9 mutation on the
activities of these enzymes was investigated. As

z
LU 0.30

°°°O*DQ0 60 8 0 a02; B ~~~~~~~~~N/ 4,

003

QL20 QO2 A

001

QIGo. B- 0P00

u?Q0 B
z

amylase and invertase. Enzyme samples were pre- , 0051
pared from the culture filtrates of the wild type (A)
and strain T9 (B) grown in 1,000-ml Roux bottles x
containing 100 ml of sucrose minimal medium at 25 C 0Q00
for 14 days. A 2-ml amount of the sample (6 mg of
protein) was put onto a column and eluted with 0.002 D
M acetate buffer, pH 5.2, into 2-ml fractions. Each 005
fraction was assayed for amylase activity and inver-
tase activity by measuring production of glucose.
Symbols: 0, amylase; 0, invertase. . 20 30, 0 5 6

' ~~~~~~~~~1020 30 40 50 60 70

ahead of the first component of invertase, the FRACTION NUMBER
second(enzyme.waseludie FIG. 6. Elution profiles of extracellular amylasesecond (enzyme II) was elutee in between the from strain T9 in Bio-Gel P-300 filtration. Four

two invertase fractions, and the third (enzyme enzyme samples (A to D) were prepared independ-
III) was eluted at the same position as that of ently and chromatographed by the same methods as
the wild type. In five independent experiments those used in Fig. 5. Arrows indicate the positions
the glucoamylase activity of strain T9 was where invertase was eluted.
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shown in Fig. 7, the activities of invertase and as0 0.050 a020
trehalase of strain T9 were lower than those of

v

the wild type. This may be due to longer lag A

period of growth of strain T9 than that of the 4°X 0040 0.016
wild type (Fig. 1). Contrarily, the activity of
acid phosphatase in the culture filtrate of strain 030 aol 2
T9 was higher than that of the wild type (Fig. . 0 0.01
7). The molecular sizes of trehalase, invertase,
and acid phosphatase obtained from culture 020 , 0.020 0.008w
filtrates were compared between the wild type .
and strain T9. Trehalase was eluted as a single " .
component from a Bio-Gel P-300 filtration, and z . -L:z
acid phosphatase was eluted as a single compo- - .,
nent between the first fraction of invertase and 0o0 o.o00w 0X0oF
trehalase (Fig. 8A). The elution positions of , 9.
these enzymes from strain T9 are identical with '- B W I-
those from the wild type (Fig. 8). .<04 (A 0.016

Incorporation of glucose. The T9 mutant 6
.

030 .030 00012<
1.00 W I

> 6 ~~~~~~~w

z Q G10 .80 A 20 20 0.008

wrQ/
Z> 0.20 20 30 40 5s 6 0
-z
D _4 FRACTION NUMBERG004 T I § § ,FIG. 8. Bio-Gel chromatography of extracellular
Ww B invertase, trehalase, and acid phosphatase of the wild
0>3Q030 type and strain T9. Enzyme samples and methods
uz / were same as those used in Fig. 5. A, Wild type; B,
4cr / strain T9. Symbols: 0, invertase; A, trehalase; *,
w 0020 acid phosphatase.

4' 0010 /fg showed a lower growth than the wild

crz //type in a minimal medium containing glucose
D (Fig. 1). To test the possibility that sugar

transport is damaged in strain T9, the ability to
>,*j / incorporate 'IC-glucose was compared between
o a015 c conidia of the wild type and strain T9 by the

method of Marzluf and Metzenberg (16). As
shown in Fig. 9, no significant difference in the

o 0010 ability to incorporate "4C-glucose was observed

95z / / between the wild type and strain T9.
zi,, s0005 Effect of the T9 mutation on cell wallc: z material. Cell wall material was prepared from
i'aooo = . . ~~~~~lyophilized mycelia of the wild type and strainoo0 ypime2 oy6 8 10 12 T9 strain

246 8 10 12 ~T9 as described by Mahadevan and Tatum (15).
CULTURE TIME IDAYS) As shown in Table 3, no significant difference in

FIG. 7. Comparison of activities of extracellular the yield of cell wall material was found be-
enzymes between the wild type and strain T9. Inver- tween the wild type and strain T9. The cell wall
tase (A), trehalase (B), and acid phosphatase (C) materials thus obtained were fractionated into
activities in the culture filtrates from the wild type four fractions (F-I to F-IV) by the method of
and strain T9 grown in 100-mI flasks containing 15 ml Mahadevan and Tatum (15). Although consid-
of sucrose minimal medium at 25 C for various
periods. Enzyme activities are indicated as units per erable variationsin the amount of each fraction
milligram of mycelia (dry weight) in the culture. appears to be inevitable in this experiment, as
Symbols: 0, wild type; 0, strain T9. was also recognized by Mahadevan and Tatum
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FIG. 9. Incorporation of labeled glucose by the

wild-type and strain T9 conidia. The mixture contain-
ing 0.5 ml of 0.05 M sodium succinate buffer, pH 5.0,
0.2 ml of glucose-i- '4C solution (135,450 counts per
min per ml), and 0.3 ml of conidial suspension
(optical density at 420 nm, 3.33) was incubated at 37
C with shaking. At various time intervals (0 to 30
min), a 5-ml amount of water was added to the
mixture, and after rapid mixing conidia were col-
lected on a prewetted membrane filter (Millipore
Corp.) and washed six times with 5-ml portions of
water. The radioactivity of conidia dissolved in the
scintillation fluid was counted. Glucose incorporation
is indicated as total counts of glucose incorporated
into 0.3 ml of conidial suspension under the condition
described above. Symbols: 0, wild type; 0, strain T9.

(15), no significant difference in percentage of
each fraction was found between the wild type
and strain T9 (Table 3).

Genetic analysis of the T9 locus. The phe-
notypes exhibited by isolates from a cross be-
tween the wild type and strain T9 were ex-
amined in special reference to poor growth in
hypertonic medium, sorbose resistance, and low
amylase activity. Of 101 random spores tested,
59 isolates showed the T9 phenotype and 42
isolates showed the wild-type phenotype. No
segregation of these T9 characteristics was ob-
served. From these data, it appears that the T9
characteristics are the result of a single muta-
tion at one locus.

Genetic analysis was performed to determine
the linkage relationship between the T9 muta-
tion and known markers. It was found that the
T9 mutation was located 5 units from the
centromere, 6 units proximal to the mating type
locus on the left arm of linkage group I.

DISCUSSION
The T9 mutant was obtained as a mutant

defective in an extracellular amylase. The wild-
type mycelia produce two kinds of amylase,
a-amylase and glucoamylase; a-amylase was
detected in mycelial extract and glucoamylase
was detected in mycelial extract and culture
medium. Glucoamylase of Neurospora was first
found by Tsujisaka and Fukumoto (24). This
enzyme exolytically hydrolyzes both a-1, 4 and
a-1, 6 linkages from the nonreducing end of
starch molecules producing glucose. This is in
contrast to a-amylase which endolytically hy-
drolyzes a- 1, 4 linkages in starch molecules
finally to produce maltose. The T9 mutant
showed significantly reduced activity of gluco-
amylase in both the mycelia and the culture
medium.
The molecular size of the glucoamylase ob-

tained from the wild type was smaller than the
second peak of invertase described by Meachun
et al. (17), whereas glucoamylase obtained from
strain T9 showed heterogeneity in the Bio-Gel
elution profile. At most three molecular species
of T9 glucoamylase were separated on its Bio-
Gel elution profile. One or two species of T9
enzyme disappeared depending on the experi-
ment. Heterogeneity in the molecular form of
extracellular glucoamylase of strain T9 may
result from differences in the degree of autol-
ysis. However, it is difficult to explain by this
mechanism why only one component of gluco-
amylase of smaller molecular weight was found,
in crude mycelial extracts prepared from 7-day-
old, wild-type cultures.

Besides the altered characteristics of gluco-
amylase activity, the T9 mutation led to the
following distinct characteristics. (i) The T9
mutation resulted in a reduced growth ability
on minimal medium. The poor growth of strain
T9 may not be due to the inability to incorpo-
rate the carbon source into cells, because the
ability to incorporate glucose into T9 cells was
not different from that of the wild-type cells. (ii)
The T9 mutant was resistant to the effect of
sorbose which is known to alter the colonial
morphology in the wild type. (iii) The growth of
strain T9 was inhibited by high osmotic pres-
sure from the culture medium. (iv) The T9
mutation resulted in higher activity of extracel-
lular acid phosphatase than the wild type. This
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TABLE 3. The yield of cell wall material from lyophilized mycelia of the wild type, 76A, and strain T9, and
amount of cell wall fractionsa

Strain Carbon sources cell walof F-Ir F-IId F-TIP F-IVt

76A Sucrose (1.5%) 22.1 13.8 24.4 21.8 19.7
Glucose (1.0%)

+ Fructose (0.5%) 20.8 16.4 26.5 23.2 16.0
Glucose (0.3%)

+ Fructose (1.2%) 23.9 14.7 17.6 21.9 17.4

T9 Sucrose (1.5%) 20.4 14.6 20.4 23.3 13.8
Glucose (1.0%)

+ Fructose (0.5%) 20.5 15.0 24.6 27.6 15.8
Glucose (0.3%)

+ Fructose (1.2%) 19.0 18.3 20.4 22.7 18.3

a Cell wall material was prepared from lyophilized mycelial powder by treatment with 1% sodium dodecyl
sulfate. The cell wall material thus obtained was fractionated into four fractions (F-I to F-IV) as described by
Mahadevan and Tatum (15).

b Percentage of lyophilized mycelia.
c Lyophilized soluble fraction obtained after the first treatment with 2 N NaOH for 16 h. Percentage of cell

wall material.
d Glucose in soluble fraction obtained after 1 N H2SO4 treatment at 90 C of the portion resistant to the first

NaOH treatment. Percentage of cell wall material.
eLyophilized soluble fraction obtained after the second 2 N NaOH treatment for 30 min of the portion

resistant to the 1 N H2S04 treatment. Percentage of cell wall material.
'Lyophilized fraction resistant to the second 2 N NaOH treatment of the fraction resistant to the 1 N H.SO4

treatment. Percentage of cell wall material.

evidence suggests that the T9 mutation may not
occur at the structural gene of glucoamylase. In
relation to the characteristics of strain T9
described above, it has been shown that the
sorbose-induced colonial morphology and the
resistance to the sorbose effect in Neurospora
are accompanied by changes in chemical com-
position of the cell wall (3, 15). Furthermore, a
characteristic of the os-I mutant, sensitivity to
a high osmolarity of the culture medium, results
from an altered composition of the cell wall
(13). From these studies, it is suggested that the
T9 mutation causes primarily an alteration of
the cell wall structure and, as a secondary
pleiotropic effect, this results in the altered
growth characteristics such as the slow growth,
the resistance to sorbose, and the sensitivity to
high osmolarity.
The assumption that the cell wall structure of

strain T9 is altered may further suggest that the
activity of extracellular enzymes such as glu-
coamylase and acid phosphatase may be modi-
fied in strain T9 in relation to the alteration of
cell wall structure. Several studies on extracel-
lular enzymes showed that the mechanism of
enzyme secretion is related to the cell wall
structure (8, 22, 23). In addition, Eylar (5)
suggested that the extracellular proteins are
glycoproteins, and Andrews (1) showed that the

apparent molecular weights of some glyco-
proteins estimated by gel filtration are signifi-
cantly larger than those estimated by other
methods, depending on the carbohydrate con-
tent of the glycoproteins. Therefore, it may be
postulated that glucoamylases I and II of the
mutant may be differently glycosylated forms of
the wild-type enzyme as a result of an abnor-
mality in the regulation of cell wall biosynthe-
sis. It is known that restriction of the synthesis
of a particular carbohydrate moiety of the
glycoprotein exerts a control on the synthesis of
the active enzyme by inhibition of the forma-
tion of the protein moiety (6, 11, 12, 20). Part of
the evidence against this idea may be the fact
that no significant difference in cell wall compo-
sition has been detected between the wild type
and strain T9 by following the fractionation.
methods of Mahadevan and Tatum (15).
An alternative assumption is that the T9

mutation causes primarily an alteration of cell
membrane and, as a secondary effect, this
results in alterations in sorbose uptake, the
sensitivity to high osmolarity, and the produc-
tion of extracellular enzymes.

Further work on this mutant is obviously
necessary to elucidate the mechanism for the
alteration of the cell wall metabolism and the
molecular structure of T9 glucoamylase.
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