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Abstract. The synthesis of chitin during germ-tube
formation in Candida albicans may be regulated by the
first and last steps in the chitin pathway: namely
L-glutamine-p-fructose-6-phosphate aminotransferase
and chitin synthase. Induction of germ-tube formation
with either glucose and glutamine or serum was accom-
panied by a 4-fold increase in the specific activity of the
aminotransferase. Chitin synthase in C.albicans is
synthesized as a proenzyme. N-acetyl glucosamine
increased the enzymic activity of the activated enzyme
3-fold and the enzyme exhibited positive co-operativity
with the substrate, UDP-N-acetylglucosamine. Al-
though chitin synthase was inhibited by polyoxin D (X
= 1.2uM) this antibiotic did not affect germination.
During germ-tube formation the total chitin synthase
activity increased 1.4-fold and the expressed activity (in
vivo activated proenzyme) increased 5-fold. These
results could account for the reported 5-fold increase in
chitin content observed during the yeast to mycelial
transformation.
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Induction of germ-tube formation by Candida albicans
is the initial stage in the yeast to mycelial transition
(Cassone et al., 1973; Scherwitz et al., 1978; Shepherd
et al., 1980). According to Stewart and Rogers (1978)
germ-tube formation may be regarded as a cell wall
morphogenesis and hence the control of the develop-
mental process should be reflected in the regulation of

Non-Standard Abbreviations: GleNac = N-acetyl glucosamine;
UDP-GleNac = UDP-N-acetyl glucosamine; PMSF = phenyl-
methylsulphonylfluoride

the enzymes required for the synthesis of cell wall
polymers. Chitin is a minor constituent of yeast cell
walls but the chitin content is 3 times higher in mycelial
cells compared with blastospores (Chattaway et al.,
1968), the incorporation of N-acetyl glucosamine
(GlcNac) into the chitin fraction was ten times higher
for hyphal cells than for blastospores (Brown and
Calderone, 1978) and the chitin content increased 5-
fold during germ-tube formation (Chiew, unpublished
results). The pathway for chitin synthesis is summarised
in Fig. 1. Although the regulation of this pathway has
not been studied in detail, likely steps for overall
regulation are the first and last reactions in this
pathway. The enzyme L-glutamine: b-fructose-6-
phosphate aminotransferase (E.C. 2.6.1.16) catalyses
the first step in the pathway. Ghosh and Roseman
(1962) were unable to detect any reaction in the reverse
direction with a trapping system of phosphoglucoisom-
erase and glucose-6-phosphate dehydrogenase. Hence
this reaction may be regarded as a committed step in the
pathway. Chitin synthase (E.C. 2.4.1.16) catalyses the
last reaction in the pathway and previous studies on this
enzyme in other yeasts and fungi have indicated that
enzymic activity is modulated by a variety of controls
including the rate of synthesis, proenzyme activation
and allosteric control (Cabib and Farkas, 1971;
McMurrough and Bartnicki-Garcia, 1971; Schekman
and Brawley, 1979). In this paper we describe properties
of L-glutamine-D-fructose-6-phosphate aminotrans-
ferase and chitin synthase in blastospores and germ-
tubes of Candida albicans.

Materials and Methods

Growth of C. albicans
and Preparation of Germ-Tubes

Yeast cells and germ-tubes of Candida albicans (ATCC 10261) were
prepared as described previously (Shepherd et al., 1980). The extent
of germ-tube formation was assessed by microscopy.
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Fig. 1. Pathway for chitin synthesis. The enzymes involved in the
metabolism of N-acetylglucosamine (GlcNac) and the synthesis of
chitin are: (I) N-acetyl-D-glucosamine kinase; (II) N-acetyl-
glucosamine-6-phosphate deacetylase; (III) glucosamine-6-phos-
phate deaminase; (IV) L-glutamine D-fructose-6-phosphate amino-
transferase ; (V) glucosamine phosphate acetyltransferase; (VI) gluc-

osamine phosphate isomerase; (VII) UDP acetylglucosamine pyro-
phosphorylase; (VIII) chitin synthase

L-Glutamine: D-Fructose-6-Phosphate Aminotransferase

Cells were washed and resuspended in 0.5 M-potassium phosphate
buffer, pH®6.45, containing ! mM-EDTA and 1-mM-dithio-
erythritol, then disrupted in a French Press at an internal pressure of
20,000 Ibfin?. Cell-free extracts were obtained by centrifuging the
homogenate at 27,000 g for 20 min.

L-Glutamine : p-fructose-6-phosphate aminotransferase was as-
sayed according to Chattaway et al., (1973) except that potassium
phosphate buffer (0.03M), pH6.45, and dithicerythritol (1 mM)
were used in place of sodium phosphate buffer (0.2 M) and dithio-
threito! {1 mM). Assay mixtures were incubated for 30 min at 37°C.
Glucosamine-6-phosphate was estimated according to the method
described by Ghosh and Roseman (1962). Enzyme activity was
expressed as umoles of glucosamine-6-phosphate produced per h per
ml of enzyme extract, or as specific activity (nmol h™! mg protein ™ *).

Chitin Synthase

For enzyme assays, yeast cells and germinating cells were washed by
centrifuging, once in distilled water, twice with 0.05 M-potassium
phosphate buffer, pH 6.45, containing 0.01 M-MgCl,, 1 mM EDTA
and 0.01 M-mercaptoethanol and then resuspended in the same
buffer. Cell suspensions were treated in a Braun homogenizer (4000
rpm for 30s), and the homogenate was centrifuged at 1000 g for
5 min. The supernatant was further centrifuged at 54,000 g for 45 min
and the pellet, a mixed membrane fraction, was washed twice with the
potassium phosphate solution described above. Chitin synthase
activity in this fraction was unstable at 4°C or to freezing and
thawing. The enzyme activity was stable, however, for over 2 weeks
when the membrane fraction was stored at — 15°C as a suspension in
the potassium phosphate buffer solution containing 509, (v/v)
glycerol.

Chitin synthase is synthesized as a proenzyme (Cabib and
Farkas, 1971). The assay system used depended on the incorporation
of labelled GleNac from UDP-GlcNac into an insoluble residue. A
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similar assay has been described by Ruiz-Herrera and Bartnicki-
CGrarcia (1976). In this work assays were designed to measure both the
expressed and the total chitin synthase activity in the mixed
membrane fraction. Expressed chitin synthase (i.e. enzyme activated
in vivo) activity was assayed in a system containing 0.05 M-potassium
phosphate buffer, pH 6.5, 39 mM-GlcNac (N-acetyl glucosamine),
0.27 mM-UDP-{U-'*|GlcNac ~ (UDP-N-acetyl  glucosamine)
(0.3 x 10° dpm), 10 mM-MgCl, and enzyme preparation, 20 pl. The
toal volume was 0.15mb Activity was proportional to protein
concentration in the range of 0—0.8mg protein per assay. After
incubation for 1 h at 25°C, glacial acetic acid (20 pl) was added and
the incubation mixture was filtered through a Whatman GF/C glass-
fibre filter. The filter was washed with 40 ml of a solution containing
1 M-acetic acid and 95 % ethanol (80: 20, v/v) and dried at 70°C. The
radioactivity was determined by scintillation counting with
POPOP-PPO-toluene scintillant in a Packard Tricarb Spectrometer.
Total chitin synthase activity was assayed by preincubating the
membrane preparation (20 pl) with 20 ul of protease solution from
Aspergillus oryzae, 0.15 units/mg solid), containing 20 mg/ml, at 25°C
for 30 min. PMSF (phenylmethylsulphonylfiuoride) (10ul of a so-
lution containing 10 mg/ml methanol) was then added to the
incubation. In preliminary experiments it was established that PMSF
at this concentration did not affect the activity of activated chitin
synthase but any subsequent protease activation of chitin synthase
proenzmye was completely inhibited. Control incubations with
methanol alone were carried out at the same time. Chitin synthase
activity was expressed as nmoles of [U-*C]GlcNacincorporated from
UDP-[U-**C]GlcNac into chitin per min per ml of enzyme prepara-
tion, or as specific activity (nmol min~! mg protein~?!). The heat
stability of chitin synthase was determined by preincubating 0.4 mi of
mixed membrane fractionwith 0.4 mlof protease (20mg/ml)at 25° Cfor
30 min. PMSF, 0.2 ml (10 mg/ml methanol) was then added and 50 ul
portions were transferred to test tubes containing 60 ul of the chitin
synthase reaction mixture from which UDP-[U-**C]GlcNac and
GleNac were omitted. After incubating at 45° C for the different time-
intervals, each tube was rapidly chilled. UDP-[U-**C]GlcNac and
GleNac were then added (final volume 150 pl) and the chitin synthase
activity determined as described above.

Protein was measured by a modified Lowry method described by
Eggstein and Kreutz (1967).

Radioactive Materials and Chemicals

N-acetyl-D-[1-1*Clglucosamine (58 Cifmol), was purchased from the
Radiochemical Centre, Amersham, England. Substrates and en-
zymes were obtained from the Sigma Chemical Co., St. Louis, US.A.
All other chemicals were of analytical grade.

Results

Figure 2 shows the time course for the increase in the
total activity and the specific activity of glutamine-
fructose-6-phosphate aminotransferase during germ-
tube formation. The induction of this enzyme cor-
related with the appearance of germ tubes when glucose
and glutamine were used as germination substrates
(Shepherd et al., 1980). Further, a significant propor-
tion of the glucose and glutamine (70 % and 50%,
respectively) were removed from the medium after 2h
of incubation {Chiew, unpublished resuits). In typical
experiments over 80 % of the conditioned blastospores
formed germ-tubes when incubated with glucose and
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Fig. 2. L-glutamine: D-froctose-6-phosphate aminotransferase in ger-
minating and non-germinating cells. Cells were incubated in germi-
nation medium with glucose plus glutamine and aminotransferase
activity (total activity, O and specific activity, # were measured in the
27,000 g cell-freee supernatants at the times indicated. The yield of
germinated cells after 3h of incubation was 60%. Conditioned
blastospores were also incubated with glucose plus glutamine and
cycloheximide (5 mg/ml) and cell-free supernatants were assayed for
specific activity () and total activity ((0). The yield of germinated
cells with cycloheximide added was 09

ghutamine for 3 h (Shephered et al., 1980). Aged batches
of conditioned cells gave decreased yields of germ tubes
and it was found that there was a direct correlation
between the increase in specific activity of the amino-
transferase and the yield of germinated cells (Table 1).
It is noteworthy that a concentration of cycloheximide
sufficient to inhibit germ-tube formation and protein
synthesis (Shepherd et al., 1980) also inhibits the
induction of the aminotransferase.

After centrifuging at 70,000 g for 30 min, 96 % of the
total aminotransferase was found in the supernatant.
The enzyme was uastable at 4°C (t}/, = 2 days) but
activity could be retained if the enzyme was stored at
—15°Cin the presence of 70 mM fructose-6-phosphate,
1mM EDTA and 1 mM dithioerythritol.

The induction of germination with either serum
(Shepherd et al., 1980) or glucose + glutamine resulted
in a 3—4-fold increase in the specific activity of the
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Table 1. Correlation between germ-tube formation and the specific
activity of L-glutamine: p-fructose-6-phosphate aminotransferase

Germination (% Specific activi
Za P

{umol h™* mg protein™ 1)

Y 6.23
50 0.37
70 0.55
80 0.65
o0 0.80

Several batches of conditioned blastospores were incubated in
germination medium with glucose plus glutamine. The vields of
germinated cells were determined after 4h of incubation and
aminotransferase activity was assayed in the celi-free extract from
each batch of cells

aminotransferase but germination with GlcNac as
substrate produced only a 1.5-fold increase in enzyme
activity.

The properties of the aminotransferase isclated
from germinated cells and blastospores were similar
except with respect to the apparent K, values of L-
glutamine. The apparent K, (glutamine) for the yeast
form (1.7 mM) is considerably higher than that of the
enzyme from germinated cells (0.74 mmol). An active L-
glutaminase in the cell-free extract could affect the
value of the K, for glutamate of the glutamine-fructose-
6-phosphate aminotransferase. No glutaminase ac-
tivity was detected in cell-free extracts of either yeast or
germinating cells and the reaction rates were linear and
proportional to enzyme concentration. The apparent
K, for fructose-6-phosphate (1.5mM) and the op-
timum pH of 6.5 were the same for extracts from
blastospores and germinated cells. The aminotrans-
ferase from blastospores and germinated cells also
differed with respect to the effect of high concentrations
of glutamine on the enzyme activity. Plots according to
the method of Dixon (1953) showed that the enzyme
from yeast cells was unaffected by saturating concen-
trations of glutamine whereas a marked inhibition was
observed using the enzyme from germinated cells
(Fig.3). The X, value was 1§ mM.

The chitin synthase activity in C. albicans was
associated with the membrane fractions of the cell:
329, of the total activity was with the 1000 g pellet,
which contained unbroken cells and cell wall debris,
and 68 % was with the 54,000 g pellet. The 54,000¢
pellet is a mixed membrane fraction; it was used in all
subsequent experiments.

Chitin synthase is synthesized as a proenzyme
(Cabib and Farkas, 1971); consequently, we have
assayed for the expressed activity, i.e. the activity found
tmmediately after cell disruption, and the total activity,
Le. protease-activated activity. Table2 shows the ac-
tivity of chitin synthase; expressed activity and total
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Fig. 3. The effect of excess L-glutamine on L-glutamine : p-fructose-6-
phosphate aminotransferase activity. Enzyme was assayed as de-
scribed in Methods. L-glutamine concentrations were varied in the
assays while D-fructose-6-phosphate concentration was 18 mM in all
the assays. Enzyme preparafions were from yeast cells (@) and cells
germinated for 4h in glucose + glutamine medium (Q)

Table 2. Protease activation of chitin synthase

Additions Activity
—ATP  +ATP
Expressed activity:  nil 0.30 0.25
Total activity: A. oryzae protease
(0.03 units) 4.68 3.99
trypsin (250 units) 178 2.81
pepsin (60 units) 0.00 0.11

Chitin synthase was assayed as described in Methods. The mixed
membrane fraction (7 mg protein/ml) was obtained from cells which
had been incubated in glucose + glutamine medium for 1 h. Protease
preparations and ATP (60 nmol) were added to enzyme assays (total
volume 150 ul) as indicated

activity in the presence of three different proteases. The
most effective protease for activation was the 4. oryzae
preparation. The results found with pepsin and trypsin
could indicate ineffective activation and/or rapid de~
gradation of chitin synthase (active or proenzyme
form) by these proteases. McMurrough and Bartnicki-
Garcia (1971) found that the activity of chitin synthase
in Mucor rouxii was enhanced by ATP. Table 2 shows
the effect of ATP on chitin synthase activity. Both the
expressed activity and the total chitin synthase activity
in the presence of 4. oryzae protease were inhibited by
0.4 mM-ATP (17 %, inhibition). In contrast, total chitin
synthase activity in the presence of trypsin and pepsin
was increased.
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Figure 4 shows the time course for 4. oryzae pro-
tease activation of chitin synthase. The activation was
rapid and almost linear during the first 10 min of
incubation and the maximum extent of activation was
observed after 30 min of incubation. Enzyme activity
rapidly declined with further incubation.

When chitin synthesis was allowed to proceed
together with proenzyme activation (i.e. when protease
was added together with the reaction mixture), there
was an initial lag for enzyme activation (0 — 20 min) and
then a linear phase of incorporation for 30—90min
(Fig. 4). Chitin synthase was activated by GicNac; at
20 mM GlcNac, enzyme activity was increased 2.5-fold
and maximum activation was observed with concen-
trations greater than 35mM. The concentration of
GlcNac used in routine assays was 39 mM. An analysis
of GlcNac activation was carried out using mixed
membrane preparations from both yeast cells and
germinated cells, over the range of 1.3mM to 78 mM
GlcNac {Fig. 5). Both enzyme preparations yielded the
same data and there was a sharp break in the plots at
approx. SmM GlcNac. The extrapolates of the linear
plots at low concentrations yielded an apparent K, of
1.2 mM for GlcNac: the high concentrations of GlcNac
yielded an apparent X, of 6 mM.

Figure 6 shows the sigmoidal character of a plot of
reaction velocity against substrate concentrations with
a fixed concentration of GlcNac (39 mM). The S5, for
UDP-GlcNage (i.e. concentration of UDP-GlcNac for
50%, of the apparent V,,.) was 0.2mM. These data
were replotted in a Hill plot according to the method of
Atkinson et al. (1965). The slope of such a plot () is an
index of the degree of co-operativity in this system. A
value of # = 1.7 was obtained from these plots with
enzymes from two separate batches of cells and at two
activator concentrations, 26 mM and 39 mM-GlcNac
(Fig. 7).

Polyoxin D was a potent inhibitor of chitin syn-
thase. A Dixon plot (Dixon, 1953) of inhibitor con-
centrations against the reciprocal of reaction velocity at
two substrate concentrations and with two enzyme
preparations yielded an apparent K;of 1.2 uM, (Fig. 8)
and the point of intersection indicated that Polyoxin D
was a competitive inhibitor for chitin synthase.
Diflubenzuron, a benzoylphenyl-urea derivative, is an
insecticide which inhibits chitin synthesis (Marx, 1977).
This compound was tested with chitin synthase pre-
parations used in this work. There was no effect on the
enzyme activity at a concentration of 67 pg/ml.

The expressed and the total chitin synthase acti-
vities were measured during germ-tube development.
Figure 9 shows that there was a 1.4-fold increase in total
chitin synthase during the first 2h of germ-tube for-
mation. This shows that either there was synthesis of
new enzyme during germination or a decrease in the
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Fig. 4. a Time course for the activation of chitin synthase by 4. oryzae protease. A series of incubations, each containing 20 ul of mixed membrane
fraction (25 mg protein/ml) from yeast cells, were incubated with an equal volume (20 pl) of protease (20 mg/ml). Protease activity was stopped by
the addition of PMSF at the times indicated and chitin synthase activity was assayed as described in Methods. Enzyme activity is expressed as
nmol [U-1*C]GlcNac incorporated min ™ *ml ™", b Incorporation of [U-"*C}GleNac by chitin synthase versus reaction time. Assays containing
protease (20 ul of a 20 mg/ml solution) were incubated as described in Methods. At the time intervals shown the reaction was stopped by the

addition of 20l glacial acetic acid
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Fig.5. Double reciprocal plots of chitin synthase activity versus
GleNac (activator) concentrations. Total chitin synthase activity was
measured in each assay as described in Methods; only GicNac
concentrations were varied. Enzyme extracts were (@) mixed mem-
brane fraction (21 mg protein/mi) from yeast cells and (O) mixed
membrane fraction (22 mg protein/ml) from conditioned cells germi-
nated for 2h in Glucose + Glutamine medium

rate of degradation of this protein. More significant,
however, is the increase in ‘in vivo’ active enzyme. The
heat stability of the total chitin synthase activity was
examined during germ-tube formation (Fig.9). The

half-life of this enzyme at 45° C increased from 2 min for
yeast cells to 6 min for germ-tube preparations obtained
1, 2 and 3h after germination was initiated.

Discussion

Ghosh and Roseman (1962) reported that the reaction
catalysed by glutamine-fructose-6-phosphate amino-
transferase was not detectably reversible even with a
trapping system of phosphoglucose isomerase and
glucose-6-phosphate dehydrogenase, added to the sys-
tem. Thus induction of the aminotransferase which
accompanies both germ-tube formation and chitin
synthesis when either serum or glucose and glutamine
are used as substrates may be considered as a com-
mitted step in the overall pathway. In contrast germ-
tube formation and chitin synthesis were not associated
with induction of the aminotransferase when GlcNac
was a substrate. These results are in accord with the
metabolic scheme given for chitin synthesis from glu-
cose and GleNac (Fig. 1).

The specific activity of the aminotransferase in the
27,000 g supernatant correlated with the percentage of
cells which formed germ-tubes and the change in
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Fig. 6. Plot of chitin synthase reaction
velocity versus UDP-GlcNac
concentrations, Inserted is an enlarged plot
of results obtained at low UDP-GlcNac
concentrations. Mixed membrane
preparation (22 mg protein/ml) from 2h
germinated cells was assayed for total chitin
synthase activity as described in Methods.

GleNac {activator) concentration was
39 mM. UDP-GlcNac concentration was
varied as shown

inhibited by UDP-GlcNac, the substrate for chitin
synthase. The kinetics of the enzyme from blastospores
and 4 h germ-tubes, were different in the apparent K,
values for r-glutamine; 1.7mM and 0.7mM respec-
tively. This lower K, value could contribute to the
increased flux in the chitin pathway during germi-
nation. The inhibition of rL-glutamine: D-fructose-6-
phosphate aminotransferase from germ-tubes by high
concentrations of L-glutamine, K, 18 mM, may not be
physiologically significant. However, Gancedo and
Gancedo (1973) have reported an L-glutamine concen-
tration of 15—35mM in S. cerevisige cells growing in
ammonium salts medium. This is approximately the
K, value (18 mM) of L-glutamine for the aminotrans-
ferase from germ-tubes. It is not possible from these
kinetic data obtained with crude extracts to conclude
whether the enzyme from blastospores and germinated
cells are different gene products.

Chitin synthase from C. albicans was found to be
located entirely in the membrane fractions of the cell, in
common with other fungal systems, e.g. S. cerevisiae
(Duran et al., 1975) and Mortierella vinacea (Peberdy
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Fig.7. Hill plots of chitin synthase activity. Plots of the reaction
velocity versus UDP-GlcNac concentrations were constructed as
described in Fig. 6. Enzyme preparations were the mixed membrane
fraction (A, 21 mg/ml) from blastospores assayed with a fixed GleNac
concentration of 26mM and (©)the membrane preparation
(22mg/ml) from 2h germinated cells with a fixed GlcNac con-
centration of 39 mM

specific activity could be used as a marker for estimat-
ing germination.

Unlike the enzyme isolated from Blastocladiella
emersonii (Norrman et al., 1975), or Neurospora crassa
{Endo et al., 1970) the enzyme from C. albicans was not

and Moore, 1975). The enzyme was present in the
membrane fraction as a proenzyme but the C. albicans
protease required for chitin synthase activation has not
been identified. Treatment of the membrane fraction
with 4. orvzae protease resulted in rapid activation and
subsequent inactivation, presumably due to proteolytic
degradation. When chitin synthase was activated by
protease in the presence of substrate and GlcNac the
enzyme was not inactivated (Fig. 4b). This protection
of chitin synthase by substrate and/or effectors could
affect the rate of in vivo synthesis of chitin and the
turnover of chitin synthase.

Chitin synthase was activated by GlcNac and the
biphasic double reciprocal plots of 1/GlcNac versus
1/V, indicated two different binding sites for GlcNacon
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Fig. 8. Dixon plots showing polyoxin D inhibition of chitin synthase activity. In each reaction mixture total chitin synthase activity was assayed,
as described in Methods, in the presence of varying polyoxin D concentrations. Mixed membrane fractions (9 mg protein/ml) from cells
germinated for 2hin glucose + glutamine medium were assayed at fixed UDP-GlcNac concentrations of 0.13 mM (O) and 0.27 mM (@). Mixed
membrane fractions (13.6 mg protein/ml) from cells germinated for 2 h in medium containing 5 mM glucose plus 2.5 mM GlcNac were assayed at
fixed UDP-GlcNac concentrations of 0.13 mM () and 0.27mM (m)

Fig. 9. a The specific activity of chitin synthase during germ-tube formation. Each bar shows total specific activity (shaded plus hatched area) and
the expressed specific activity (Hatched area only). Total chitin synthase activity and expressed chitin synthase activity were assayed as described
in Methods. The specific activity is expressed as nmol U-'*C GlcNacincorporated min ~ ! mg protein ~ !. Conditioned batch cells were germinated
in glucose + glutamine medium. b Heat inactivation of chitin synthase preparations obtained at different times of germination. Heat stability
assays were as described in Methods. Mixed membrane fractions were prepared from conditioned cells incubated in glucose + glutamine
medium. (@)0h (yeast cells only), 23 mg protein/ml; (O) 1 h, 24 mg protein/ml; (00) 2h, 21 mg protein/ml; (A) 3 h, 21 mg protein/ml

the enzyme. Activation of chitin synthase by GlcNac
could have physiological significance: Gooday (1978)
has suggested that chitinase activity, which softens the
cell wall during cell wall synthesis, produces localized
regions with elevated GlcNac concentrations which
then activate chitin synthase.

The positive co-operativity of chitin synthase with
the substrate, UDP-GlcNac (S5, value 0.2mM, and a
Hill coefficient for n of 1.7) was not unexpected. Chitin
synthase from other fungal sources, e.g. Coprinus
cinereus (de Rousset-Hall and Gooday, 1975);
Aspergillus nidulans (Ryder and Peberdy, 1977) and
M. rouxii (McMurrough and Bartnicki-Garcia, 1971)
showed similar co-operativity with UDP-GlcNac.

Polyoxin D did not inhibit germ-tube formation
and did not cause the germ-tubes to lyse. This can be
contrasted with the lysis of the hyphal tips of M. rouxii
(Bartnicki-Garcia and Lippman, 1972), and the burst-
ing of S. cerevisiae at the birth site of the daughter cells
(Bowers et al., 1974). The result with C. albicans cannot
be accounted for by the presence of peptides which
inhibit polyoxin D action (Mitani and Inoue, 1968). Itis
concluded, therefore, that polyoxin D is unable to
permeate the cell envelope to the chitin synthase which
is Jocated at the cytoplasmic surface of the plasma
membrane (Duran et al., 1979; Braun and Calderone,
1978). The general ineffectiveness of polyoxins towards

pathogenic fungi has been commented on by Gooday
(1977).

During germ-tube formation, the specific activity of
total chitin synthase activity increased 40 9 after 2 h of
germination and then returned to the original activity
found in blastospores. There was also a 5-fold increase
in the expressed activity (in vivo activated enzyme)
during germ-tube formation. This would account for
the increase in chitin content during the yeast to
mycelial transformation (Chattaway et al., 1968 ; Braun
and Calderone, 1978;; Chiew, unpublished results). The
difference in the heat stability of the chitin synthase
from blastospores and germinating cells could reflect
changes in the membrane composition, or different
forms of chitin synthase. The understanding of the
regulation of chitin synthase aptly exemplifies the
central problem involved in dimorphism. The basic
clements involved have been identified; a proenzyme
distributed along the plasma membrane, activation by a
protease and laying down of chitin fibrils at the
membrane (Duran et al., 1979).
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