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ABSTRACT. The chitinase and N-acetylglucosaminidase
activities in cell-wall-bound and free fractions in the dimor-
phic fungus Benjaminiella poitrasii were studied as
a function of morphological (unicellular yeast—mycelium)
transition. The specific activities of chitinases of cell-wall-
free, particularly in the membrane fraction, were signifi-
cantly different in the yeast and mycelial forms. During the
yeast—mycelium transition, the N-acetylglucosaminidase ac-
tivity isolated in a membrane preparation increased
steadily. The activity of the yeast cells (0.83 + 0.17 nkat/mg
protein) increased 17-fold to 14.2 * 1.7 nkat/mg protein in
1-d-old mycelial cells. The endochitinase activity increased
12-fold between 6 and 12 h and thereafter practically re-
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chitinolytic activities was observed during the mycelium-
yeast transition. Isoelectrofocussing (pH range 3.5-10) of
mixed membrane fraction free of particulate fraction of
parent and morphological (Y-5, yeast-form) mutant cells
separated endochitinase and N-acetylglucosaminidase ac-
tivity into two pH ranges, viz. 4.3-5.7 and 6.1-7.7, respec-
tively. The predominant N-acetylglucosaminidase activity
observed at pH 6.9 and 7.1 for the parent strain membrane
fraction was undetected in the mutant preparation. The re-
sults suggested that the membrane-bound (either tightly or
loosely) chitinolytic enzymes, particularly, N-acetylglucos-
aminidase, significantly contributed to the morphological
changes in B. poitrasii.

mained unchanged up to 24 h. Areverse trend in the

Chitin, a 1,4-B-D-N-acetylglucosamine-linked polymer, is the main structural component of
most fungal cell walls (e.g., Kopedek and Raclavsky 1999; Znidar$i¢ et al. 1999). The chitinase complex
comprising endochitinase (EC 3.2.1.14) and N-acetylglucosaminidase (EC 3.2.1.52) activities has been
implicated in several aspects of the life cycle of fungi, such as hyphal tip growth, spore germination, cell
separation and autolysis (Kuranda and Robbins 1991; Rast et al. 1991; Sahai and Manocha 1993; Yanai
et al. 1992; Lima et al. 1999). These enzymes are either extracellular or are present intracellularly as
cell-wall-bound, microsomal or cytosolic (Adams et al. 1993; Balasubramanian and Manocha 1992;
Binks ef al. 1990; Humphreys and Gooday 19844; Kuranda and Robbins 1991). As a function of age,
Pedraza-Reyes and Lopez-Romero (1989) reported two distinct cytosolic chitinases in extracts of
mycelial cells of Mucor rouxii. Later they detected nine chitinases in germinating cells (Pedraza-Reyes
and Lopez-Romero 1991). However, the functional implications of the chitinase multiplicity is still to
be understood completely. According to Humphreys and Gooday (19844), membrane-bound chitinases
in Mucor mucedo contributed significantly in the hyphal growth. Similarly, in a number of other taxo-
nomically different filamentous and dimorphic fungi, membrane-bound chitinolytic enzymes were
reported (Adams et al. 1993; Balasubramanian and Manocha 1992; Binks ef al. 1990; Jackson et al.
1996).

Our earlier studies on the cell wall chemistry of the zygomycetous, dimorphic fungus Ben-
jaminiella poitrasii, revealed that the mycelial cell walls contain three times more chitin than the yeast
cell walls (Khale and Deshpande 1992). The present communication deals with the localization of
endochitinase and N-acetylglucosaminidase activities in the mycelial and yeast-form cells and their pos-
sible involvement in the yeast—mycelium transition in B. poitrasii.

MATERIALS AND METHODS

Chemicals. The substrates for chitinase estimation, viz. ethylene glycol chitin (EGC),
4-nitrophenyl-N-acetyl-B-D-glucosaminide (pNP-GlcNAc), 4-methyl-umbelliferyl-N-acetyl-B-D-glucos-
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aminide (4-MU-GIlcNAc), 4-MU-N' N” N”-triacetyl-chitotrioside (4-MU-(GIcNAc)3) and D-glucono-
1,5-lactone were purchased from Sigma Chemicals (St. Louis, MO, USA). Pharmalytes (pH 3-10)
were obtained from Pharmacia Chemicals (Uppsala, Sweden). Yeast extract and peptone were obtain-
ed from Difco Industries (Detroit, M1, USA). All other chemicals used were of analytical grade.

Organism and growth conditions. Glucose concentration in the growth medium has an effect
on the dimorphic behavior of B. poitrasii (Khale et al. 1990). Therefore, yeast extract—peptone (YP:
yeast extract 0.3 %, Bactopeptone 0.5 %) media containing different concentrations of glucose used in
the present studies are designated as YPG (% glucose). Stock cultures of B. poitrasii were maintained
by subculturing weekly on slants of YPG (1 % glucose) containing 2 9% agar. The stable yeast-form
mutant (Y-5) was isolated after mutagenesis (using nitrosoguanidine) of spores of the parent strain
(Khale et al. 1990). The reversion studies were also carried out as described earlier (Khale et al. 1990).
The Y-5 mutant was maintained as parent strain on YPG slants (Khale and Deshpande 1992; Khale et
al. 1990). The spores (5000/pL) were inoculated in YP and YPG (YP containing 0.5 % glucose) media
under shaking conditions (3 Hz) at 28 °C for 1 d to obtain mycelial and yeast-form cells. The slow-
growing Y-5 mutant was grown in YPG (0.5 % glucose) for 2 d at 28 °C.

Yeast~mycelium transition. The transition was studied in 200 mL YPG (0.1 % glucose)
medium by inoculating yeast cells (50/nL) and incubating at 28 °C, under shaking conditions (3 Hz) for
1 d. Morphology and counting of the cells on a hemocytometer were carried out as described earlier
(Khale et al. 1992). Single or budding cells were counted as one yeast morphological unit and cells with
one or more germ tubes were counted as one hyphal morphological unit.

Mycelium —yeast transition. The transition was studied in YPG (0.5 % glucose) medium inoc-
ulated with mycelium-form cells (50/nL), and incubated with shaking at 28 °C for 30 h. The morpho-
logical differentiation was closely monitored throughout the shift. The mycelial strands were counted
once, for each hemocytometer square in which they appeared. During transition to the yeast-form cells,
the number of mycelial cells remaining was expressed as a percentage of the total cell count (Khale et
al. 1992).

Isolation of different cell fractions for localization studies. The mycelial and yeast-form cells
grown for 1d in respective media were separated by centrifugation (2000 ¢, 5 min) and the super-
natant was used to estimate extracellular chitinolytic enzyme activities. All further operations were car-
ried out at 4 °C, unless otherwise stated. The cells (2.5 g, wet mass) were homogenized in 10 mL
50 mmol/L sodium acetate buffer at pH 5.0, using a cell homogenizer (Braun) with glass beads (Khale
et al. 1992). The homogenate was centrifuged (2 000 g, 5 min) to remove the cell walls. The cell-wall
pellet was suspended in 5 mL of the same buffer and used for the estimation of enzyme activities. The
cell-wall-free homogenate was centrifuged at 100 000 ¢ for 40 min to separate the mixed membrane
fraction and cytosol. The membrane pellet was resuspended in 50 mmol/L sodium acetate buffer at pH
5.0 and homogeneous suspension was used for enzyme assays unless otherwise mentioned (Deshpande
et al. 1997). However, for solubilization, the mixed membrane fraction was resuspended in 1 % digi-
tonin in the same buffer, incubated at 0 °C for 1% h and centrifuged (160000 g, 1 h) and the super-
natant was used for the estimation of enzyme activities.

Chitinase and N-acetylglucosaminidase assays. Acid swollen-chitin (ASC) for total chitinase
activity was prepared using phosphoric acid (Vyas and Deshpande 1989). The 0.3 mL of 1 % (W/V)
ASC or EGC (for endochitinase) was incubated with 0.2 mL of enzyme preparation at 37 °C for 1 h
and the hexosamine liberated was estimated according to Reissing ef al. (1955). One unit of specific
enzyme activity is 1 nkat/mg (1 nmol N-acetylglucosamine per mg protein per s).

The endochitinase and N-acetylglucosaminidase assays were performed using fluorogenic gly-
cosides, 4-MU-(GlecNAc)1 ang 3 prepared in 50 % (V/V) ethanol. The activities measured on 4-MU-
(GlcNAc)3 and on 4-MU(GleNAc) were designated as endochitinase and N-acetylglucosaminidase,
respectively (Jackson et al. 1996). Twenty uL. of 700 pmol/L substrate was incubated with 50 pL of sus-
pended mixed membrane fraction (MMF) in 130 pL of 50 mmol/L sodium acetate buffer at pH 5.0 or
5.5 for mycelium or yeast cell preparations, respectively, at 37 °C for % h. The reaction was then
stopped by adding 2.3 mL 0.2 mol/L Na>COs3. The fluorescence was measured in a Perkin-Elmer fluo-
rescence spectrophotometer, using excitation at 360 nm and emission at 445 nm. One unit of specific
enzyme activity is 1 nat/mL (1 nmol of 4-methylumbelliferone per mg protein per min).
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N-Acetylglucosaminidase activity was also estimated by incubating 0.3 mL of 4 % (W/V') pNP-
(GlcNAc) with 0.2 mL of MMF at 37°C for 1h. The reaction was terminated by adding 2 mL of
0.2 mol/L NaCO3. The 4-nitrophenol liberated was measured spectrophotometrically at 405 nm. One
unit of specific enzyme activity was defined as 1 nmol of 4-nitrophenol per mg protein per min.

In situ chitinase activity in the whole cell was estimated according to O’Donnell (1991). The
reaction mixture contained 5 mg (wet mass) of whole cells suspended in 300 pL. 50 mmol/L sodium
acetate buffer at pH 5.0 and 20 pL of 700 pmol/L fluorogenic substrate. After incubation at 37 °C for
2 h the reaction was terminated by the addition of 2.2 mL 0.2 mol/L NayCOs3. After centrifugation
(2000 g, 10 min), the supernatant was collected and the fluorescence was measured (see abore). One
unit of enzyme activity was defined as 1 nmol of 4-methylumbelliferone per mg wet mass of whole cells
per min.

Isoelectrofocussing. The membrane pellet was suspended in 50 mmol/L sodium acetate buffer
at pH 5.0 and the fraction of MMF free of particulate matter was used for isoelectrofocussing which
was carried out in a mini-scale IEF unit using Pharmalytes in the pH range of 3—10 for rapid (8~10 h)
separation as described by Sathivel ef al. (1995). The fractions were collected and the pH and activity
on 4-MU-(GIcNAc) and 4-MU-(GlcNAc)3 were estimated.

Protein was estimated according to Lowry method using bovine serum albumin as standard.

All the experiments were carried out three times in triplicate unless otherwise mentioned.

RESULTS

Localization of chitinolytic activities

To find out the biochemical correlation between morphology and chitinolytic enzyme activity,
different fractions, viz. extracellular, cell-wall-bound, mixed membrane-fraction and cytosol, were iso-
lated and used for estimation of enzyme activity (see above). The extracellular endochitinase and
N-acetylglucosaminidase activity was not detected in the respective supernatants. The chitinolytic activ-
ity was found to be present in all three fractions, viz. cell wall, mixed membrane and cytosol (Table I).
The MMF was the fraction separated from the cytosol and resuspended in the buffer and used as
homogeneous suspension for activity determination. The N-acetylglucosaminidase activity in cell wall,
MMF and cytosol were 42, 37 and 21 % for mycelial cells and 46, 31 and 23 % for yeast cells, respec-
tively. The distribution of endochitinase activities of mycelial cells was 53, 24 and 23 % in cell wall,
mixed membrane and cytosolic fraction, respectively, while for yeast-form cells it was 39—41 and 20 %,
respectively. For the Y-5 mutant, however, the distribution of chitinolytic enzyme activities was differ-
ent from the parent strain. The relatively higher N-acetylglucosaminidase and endochitinase activity (54
and 62 %, respectively) was observed in the MMF as compared to the parent strain. The cell wall frac-
tion contained 28—30 % both activities. As these activities were found to be distributed in all three
fractions, to understand their relationship with the morphological outcome, the differences in the
specific activity of both cell forms were studied. N-Acetylglucosaminidase activities in the MMF of
mycelial-form cells were 18-fold higher than the yeast-form cells while differences for activities in the
other two fractions were 2—5-fold. Similarly, endochitinase activity ranges over 3-fold differences in the
MMF of yeast and mycelial cells. Surprisingly, the mutant showed lower N-acetylglucosaminidase activ-
ity as compared to the parent yeast while the endochitinase was 2.5 times higher and comparable to the
mycelial-form cells. In view of the significant differences in the membrane-bound activities of the two
forms, further experiments were carried out using MMF.

After digitonin solubilization, the total N-acetylglucosaminidase activity of membrane fraction
increased by 12 % (1.22 = 0.25 nkat/mg protein) and 30 % (16.3 + 3.33 nkat/mg protein) in the case
of yeast and mycelial cells, respectively, as compared to their respective controls (Table I). However,
the endochitinase activity was found to be decreased by 45 % (1.23 = 0.17 nkat/mg protein) for the
yeast fraction and 65 % (4.72 = (.83 nkat/mg protein) for the mycelium fraction. For the Y-5 mutant,
digitonin treatment affected chitinolytic activities marginally (a 2 % increase in N-acetylglucosamini-
dase activity and a 9 % decrease in the endochitinase activity as compared with the control). The treat-
ment with Triton X-100 (1 %) also revealed similar changes in activity (data not shown).
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Table I. Localization and specific activity of different fractions of chitinolytic enzymes in B. poitrasii®

Total activity, nkat® Specific activity, nkat/mg®

mycelium yeast Y-5 mutant mycelium yeast Y-5 mutant

N-Acetylglucosaminidase

Cell wall fraction 158 + 238 436 = 11.9 74 £ 121 122 £ 1.83 435 £ 118 0.52 + 0.08
“2) (46) (29)

MMF 141 £+ 208 289 + 104 14.0 + 3.02 12.7 + 242 1.08 + 0.20 0.63 = 0.13
Cp) Q) (54)

Digitonin-

solubilized MMF  — - - 163 + 3.33 122 » 025 0.65 = 0.18

Cytosol 794 + 223 213221 442 + 1.14 7.2 = 2.00 0.80 = 0.083  0.20 + 0.050

@1) 23) an

Endochitinase

Cell wall fraction 180 = 259 69.0 = 25.1 742 £ 108 13.9 + 2.00 6.88 *+ 2.50 5.18 £ 0.75
(53) (39 (30)
MMF 809 = 9.2 732+ 155 156 + 224 7.27 + 0.83 275 + 0.58 7.05 + 1.02.
@) 1) (62)
Digitonin-
solubilized MMF ~ — - - 472 + 083 1.23 ¥ 017 6.42 * 0.87
Cytosol 771 £ 96 347 + 44 203 +29 6.92 + 0.87 130 £ 0.17 092 = 0.13
(23) (20) (8.2)

®The percentage activities are given in parentheses. Mycelium and yeast cells were grown in YP and YPG (0.5 % glucose),
respectively for 1 d at 28 °C. The Y-5 mutant was grown in YPG (0.5 % glucose) for 2 d at 28 °C.

Yamol of 4-methylumbelliferone per s of 1 g wet mass of cells; means + SD of 2 sets of duplicate experiments.

®Means * SD of 3 sets of duplicate experiments.

Chitinolytic activities of suspended membrane fractions of mycelium and yeast on various sub-
strates were also measured. The total chitinase activity measured on ASC (10.9 + 0.67 and 1.00 *
0.67 nkat/mg protein), EGC (9.08 + 0.33 and 0.78 + 0.17, and pNP-(GIcNAc) (82.0 * 1.7 and 14.0 =
0.67) were higher (6—10 times) in the mycelium membrane preparation than the yeast one.

The optimum temperature for the activities on fluorogenic substrates was 37 °C for all the
3 MMF. However, pH optima for endochitinase and N-acetylglucosaminidase activity of mycelium and
yeast-form preparations (both parent and mutant) were 5.0 and 5.5, respectively.

Yeast —mycelium transition. During the yeast—mycelium transition, the N-acetylglucosaminid-
ase activity of the membrane preparation increased steadily throughout the transition (Fig. 1). The
activity (0.83 £ 0.17 nkat/mg protein) in the yeast cells was increased in 1-d-old mycelial cells 17-fold
(14.2 £ 1.70). The activity at 50 % germ-tube formation (12 h) was 6 times higher (1.7 = 0.83) than at
time zero. The endochitinase activity did not show any increase in the first 6 h but increased steeply (12-
fold) between 6 h (0.83 + 0.17) and 12 h (9.83 + 0.83) and thereafter practically remained unchanged
uptold.

Mycelium —yeast transition. A reverse trend in the specific activity of chitinolytic enzymes of
membrane fractions was observed during mycelium—yeast transition. As compared with the yeast—
mycelium transition, this process was slow. For a complete mycelium—yeast transition, the time period
required was 1% d.

Isoelectrofocussing. The separation of chitinolytic enzyme activities of the soluble portion of
the membrane fractions was carried out by isoelectrofocussing. Endochitinases and N-acetylglucos-
aminidases were resolved into two pH ranges, viz. 43-5.7 and 6.1-7.7 (6.1-6.5 and 6.7-7.7),
respectively (Fig. 2). The endochitinases of mycelial and yeast-like cells (both parent and Y-5) showed
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a similar pattern of resolution. In contrast, for the N-acetylglucosaminidase activity a distinct yeast-
form specific peak was noted at pH 6.3—6.4 in the parent, as well as in the mutant. Another peak was
observed between 7.3 and 7.4 for the yeast-form cells. While the mycelial fraction appeared at pH 7.6.
It was interesting to note that the predominant N-acetylglucosaminidase activity observed at pH 6.9 for
the yeast and 7.1 for the mycelium fraction of the parent strain could not be detected in the MMF of
the Y-5 mutant.

| 1 1 1
0 6 12 18 24 30
h

Fig. 1. Changes in the chitinolytic activities (nkat/mg) of soluble mixed membrane fraction during yeast—
mycelium (Y-M) and mycelium~-yeast (M~Y) transition in B. poitrasii; circles — N-acetylglucosaminidase,
triangles — endochitinase.

8 — T I 1.6
nkat/mg nkat/mg

6 —{1.2

L — 0.8

pH

Fig. 2. Isoelectrofocussing of particulate-fraction-free mixed membrane fractions of B. poitrasii mycelium
(squares), yeast (circles) and Y-5 mutant (triangles) cell (nkat/mg total membrane fraction protein); open
symbols — endochitinase (left avis), solid symbols — N-acetylglucosaminidase (right axis).
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Effect of B-glycosidase inhibitor on whole-cell chitinolytic activities and yeast —~mycelium transition

Glucono-1,5-lactone (a known inhibitor of P-glycosidases) was used to study its effect on the
intracellular endochitinase and N-acetylglucosaminidase activity and subsequently on the yeast—mycel-
ium transition. The enzyme activities were estimated by permeabilizing whole cells with 50 % (V/V)
(O’Donnell 1991). The presence of increasing concentrations of gluconolactone (2.5-10 mg/mL)
during the yeast—mycelium transition increasingly inhibited enzyme activities and retarded germ-tube
formation. At 2.5 mg/mL, the N-acetylglucosaminidase activity measured with 4-MU-(GlcNAc) was
inhibited by 65 % (i.e., 1.47 + 0.17 and 4.35 = 0.83 nmol/mg wet mass in presence and absence of
gluconolactone, respectively). The endochitinase activity assayed with 4-MU-(GlcNAc)3 was inhibited
by 45 % as compared with the control (3.52 + 0.17 nkat/mg wet mass and 6.48 * 1.33 nkat/mg wet
mass, respectively). In the presence of 2.5 mg gluconolactone per mL a 60 % inhibition in germ-tube
formation was observed relative to the control (22 = 4 % in the presence of gluconolactone, as
compared with the absence of the inhibitor, i.e. 55 + 8 % germ-tube formation) during the initial %2 d
of transition. When the concentration of gluconolactone was further increased to 10 mg/mL, the
N-acetylglucosaminidase activity was found to be inhibited by more than 80 % (0.73 + 0.067 nkat/mg
wet mass) while endochitinase was inhibited by 65 % (2.18 + 0.20 nkat/mg wet mass) and the
yeast—mycelium transition was not detected. There was no effect of gluconolactone on the growth of
yeast by budding.

DISCUSSION

The chitinolytic enzymes present as cell-wall-bound, microsomal or cytosolic significantly
influence the morphogenetic event in fungi (Adams et al. 1993). In Saccharomyces cerevisiae it has been
observed that most of the chitinase was secreted into the growth medium. However, in B. poitrasii,
detectable levels of extracellular chitinolytic activity was not observed. The intracellular distribution of
these activities was found to be significantly different. The chitinolytic activity bound (either tightly or
loosely) to the membranes isolated following identical protocols indeed exhibited a morphology-related
difference in the levels (Table I). In addition, reports available in the literature suggested that mem-
brane-bound chitinases significantly contributed in the morphogenetic event in fungi (Adams et al.
1993; Humphreys and Gooday 1984a,b); therefore, membrane-bound chitinase levels were measured
during transition in B. poitrasii.

The microsomal chitinases of M. mucedo were reported to be solubilized most effectively by
Triton X-100 (Humphreys and Gooday 1984b). In B. poitrasii, the treatment of the MMF with Triton
X-100 also increased the N-acetylglucosaminidase activity. Furthermore, after digitonin solubilization,
the total N-acetylglucosaminidase activities of the membrane fraction increased by 12 and 30 % in the
case of yeast and mycelial cells (Table I). However, the endochitinase activity was found to be
decreased by 45—65 % for yeast-like and mycelial fractions. This can be attributed to the possible
requirement of lipophilic environment for the endochitinases in B. poitrasii as observed in M. mucedo
by Humphreys and Gooday (19845).

During the early stages of yeast—mycelium transition in B. poitrasii, a sudden increase in the
endochitinase activity was observed (Fig. 1). This initial increase can be correlated with its hydrolytic
role in weakening cell walls for germ-tube formation. In C. albicans germ-tube formation was reported
to be accompanied by an increase in N-acetylglucosaminidase activity (Sullivan et al. 1984). Rast et al.
(1991) suggested that N-acetylglucosaminidase activity may participate in chitin synthesis by supplying
N-acetylglucosamine for wall synthesis. The increase in the N-acetylglucosaminidase activity at a later
stage may, therefore, be important in mycelial proliferation of B. poitrasii. During mycelium —yeast
transition (Fig. 1) the trend of the specific activities was reverse to the trend observed for yeast—
mycelium transition. The high quantities of chitinolytic enzymes of mycelial cells appeared to be
decreased. There was no detectable extracellular secretion of chitinolytic enzymes during transition.
The decrease in the specific activities could be attributed to either proteolysis of the enzymes that were
not required at the given point of time or the inhibition by specific inhibitors, if any (Deshpande 1992).
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Sullivan et al. (1984) reported that in C. albicans, N-acetylglucosamine and some of its related
derivatives favored germ-tube formation and induced N-acetylglucosaminidase activity. The enzyme
activity in situ is in a privileged state, protected especially from inhibitors and pH changes (Gooday et
al. 1992). Therefore, the effect of chitinase inducer like GlcNAc and the inhibitor, gluconolactone, was
studied in whole cells. The in situ measurements of enzyme activities showed that in B. poitrasii GlcNAc
enhanced the germ-tube formation and increased N-acetylglucosaminidase activity (data not presented).
On the other hand, glucono-1,5-lactone, a powerful competitive inhibitor of glycosidases (Reese and
Maguire 1971), drastically reduced germ-tube formation. This can be correlated with the inhibition of
N-acetylglucosaminidase activity.

Isoelectrofocussing of the soluble portion of membrane fractions of mycelium, yeast and of
mutant cells repeatedly exhibited distinct profiles for endochitinases in the pH range of 4.3—5.7 and for
N-acetylglucosaminidases in the pH ranges 6.1—6.5 and 6.7—7.7. The endochitinases of mycelium- and
yeast-like cells (both parent and Y-5) showed a similar pattern of resolution. In contrast, a distinct
yeast-form-specific peak for the N-acetylglucosaminidase activity was noted at pH 6.3—6.4 in the parent
as well as in the mutant (Fig. 2). The predominant N-acetylglucosaminidase activity observed at pH 6.9
for the yeast and 7.1 for the mycelium fraction of parent strain could not be detected in the mixed
membrane preparation of Y-5 mutant. Further purification and characterization of N-acetylglucos-
aminidases of the parent-strain membrane fraction may be useful to understand their definite role in
the morphological transition in B. poitrasii.

The CSIR fellowship to the first author is gratefully acknowledged. The work was supported by a grant from the
Department of Science & Technology, New Delhi, to the third author.

REFERENCES

Apams D.J.,, Causier B.E., MELLOR K J., KEeR V., MILLING R., DaDA J.: Regulation of chitin synthase and chitinase in fungi,
pp- 15-25 in R A A. Muzzarelli (Ed.): Chitin Enzymology. European Chitin Society, Ancona 1993.

BALASUBRAMANIAN R., MANOCHA M.S.: Cytosolic and membrane-bound chitinases of two mucoraceous fungi: a comparative
study. Can.J Microbiol. 132, 331-338 (1992).

Binks P.R., RoBsoN G.D., Goosey M.W., HUMPHREYS A.M., TriNc1 A.P.J.: Chitin synthesis in Fusarium graminearum and its
inhibition by edifenphos. J.Gen.Microbiol. 137, 615-620 (1990).

DESHPANDE M.V.: Proteinases in fungal morphogenesis. World J.Microbiol Biotechnol. 8, 242--250 (1992).

DESHPANDE M.V., O’DoNNELL R, Goobay G.W.: Regulation of chitin synthase activity in the dimorphic fungus Benjaminiella
poitrasii by external osmotic pressure. FEMS Microbiol.Lett. 152, 327-332 (1997).

Goopay G.W., ZHU W.-Y,, O’ DoNNELL R W.: What are the roles of chitinases in the growing fungus? FEMS Microbiol.Lett.
100, 387-392 (1992).

HUMPHREYS A.M., Goopay G.W.: Properties of chitinase activities from Mucor mucedo: evidence for a membrane-bound
zymogenic form. J.Gen.Microbiol. 130, 1359-1366 (1984a).

HuMPHREYS A M., Goobay G.W.: Phospholipid requirement of microsomal chitinase from Mucor mucedo. Curr.Microbiol. 11,
187-190 (1984b).

JacksoN D.J., SAUNDERS V.A,, GoopAY G.W., HUMPHREYS A.M.: Chitinase activities from yeast and hyphal cells of Candida
albicans. Mycol Res. 100, 321-327 (1996).

KHALE A., DESHPANDE M.V.: Dimorphism in Benjaminiella poitrasii: cell wall chemistry of parent and two stable yeast mutants.
Antonie van Leeuwenhoek 62, 299-307 (1992).

KHALE A., SrRiNivasaN M.C., DESBPANDE M.V.: Significance of NADP/NAD-glutamate dehydrogenase ratio in the dimorphic
behavior of Benjaminiella poitrasii and its morphological mutants. J.Bacteriol. 174, 37233728 (1992).

KHALE A., SRINIVASAN M.C., DESHMUKH S.S., DESHPANDE M.V.: Dimorphism in Benjaminiella poitrasii: isolation and charac-
terization of morphological mutants. Antonie van Leeuwenhoek 57, 37-41 (1990).

KoPeCEK P., RacLavsky V.. Comparison of chitin content in the apical and distal parts of fungal hyphae in Basidiobolus
ranarum, Neurospora crassa and Coprinus sterquilinus. Folia Microbiol. 44, 397-400 (1999).

Kuranpa M.J., RoBBINS P.W.: Chitinase is required for cell separation during growth of Saccharomyces cerevisiae. J.Biol.Chem.
266, 19758-19767 (1991).

Lima L.H.C., DE Marco J.L., ULHoA C.J., FELIX C.R.: Synthesis of a Trichoderma chitinase which affects the Sclerotium rolfsii
and Rhizoctonia solani cell walls. Folia Microbiol. 44, 45-49 (1999).

O’DonNELL R.W.: Chitinolytic enzymes of Candida albicans. PhD Thesis. University of Aberdeen UK (1991).



238 V.S8. GHORMADE eral. Vol. 45

PEDRAZA-REYES M., LoPEZ-ROMERO E.: Purification and some properties of two forms of chitinase from mycelial cells of
Mucor rouxii. J.Gen.Microbiol. 135, 211-218 (1989).

PeEDRAZA-REYES M., LoPEZ-ROMERG E.: Detection of nine chitinase species in germinating cells of Mucor rouxii. Curr.Micro-
biol. 22, 43-46 (1991).

Rast D.M,, HorscH M., FURTER R., Goopay G.W.: Complex chitinolytic system in exponentially growing mycelium of Mucor
rouxii: properties and function. J.Gen.Microbiol. 137, 2797-2810 (1991).

REESE ET., MAGUIRE A.: Increase in cellulase yields by addition of surfactants to cellobiose cultures of Trichoderma viride.
Develop.Ind.Microbiol. 12, 212-224 (1971).

ReissiG J.I, STROMINGER J L., LELOIR L.F.: A modified colorimetric method for the estimation of N-acetylamino sugars. J.Biol.
Chem. 217, 959-966 (1955).

SAHAIA.S., MANOCHA M.S.: Chitinases of fungi and plants: their involvement in morphogenesis and host—parasite interaction.
FEMS Microbiol Rev. 11, 317-338 (1993).

SATHIVEL C., LACHKE A., RADHAKRISHNAN S.: Purification of a-arabinofuranosidase using a single-column mini-scale isoelectric
focusing unit. J.Chromatogr. 705, 400-402 (1995).

SULLIVAN P.A., McHIGH N.J.,, RoMANA LK., SHEPHERD M.G.: The secretion of N-acetylglucosaminidase during germ tube
formation in Candida albicans. J.Gen.Microbiol. 130, 2213-2218 (1984).

Vyas P.R., DESHPANDE M.V.: Chitinase production by Myrothecium verrucaria and its significance for fungal mycelia degrada-
tion. J.Gen.Appl Microbiol. 35, 343-350 (1989).

YAaNa1 K., Kakaya N,, KosiMa N.; HoriucHt H., OHTA A., TAKAGI M.: Purification of two chitinases from Rhizopus oligosporus
and isolation and sequencing of the encoding genes. J Bacteriol. 174, 7398-7406 (1992).

ZNIDARSIC P., MAROSEK N., PAVKO A.: Chitin contents in different morphological forms of Rhizopus nigricans. Folia Microbiol.
4, 557-560 (1999).



