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ABSTRACT 

The antibiotic, papulacandin B, inhibited growth or (1+3)-@D-ghtcan 
synthetase (or both) in the fungi Saccharomyces cerevisiae, Hansenula anomala, 
Neurospora crassa, Cryptococcus laurentii, Schizophyllum commune and Wangiella 
dermatitidis. No efect was observed on Achlya ambisexualis. There was no apparent 
correlation between the inhibition of growth and that of the synthetase. With most 
of the fungal extracts, the inhibition of glucan synthetase by papulacandin B 
became less pronounced as the substrate (UDP-glucose) concentration was 
decreased. At very low levels of UDP-glucose, with the enzymes from S. cerevisiae 
and IV. dermatitidb, the antibiotic stimulated the activity of glucan synthetase. As 
further studied with the W. dermatitidis enzyme, those low concentrations of UDP- 
glucose corresponded to a sigmoidal portion of the rate vs. substrate curve. .The 
sigmoid segment of the curve extended to higher concentrations of UDP-glucose as 
the temperature was increased. Concomitantly, the range of substrate concentra- 
tions at which papulacandin B stimulated the reaction or was noninhibitory was 
broadened. It is tentatively concluded that glucan synthetase may exist in more 
than one interconvertible form. The stimulatory effect of papulacandin B is possibly 
due to preferential binding to the active form of the enzyme. The equilibrium 
between these forms could be shifted by structural changes in the membrane in 
which the enzyme is embedded. The lack of correlation between the effects of 
papulacandin B in whole cells and in extracts is discussed in terms of the variations 

in membrane structure in the two situations. 
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INTRODUCTION 

Antifungal drugs that interfere with the biosynthesis of cell walls hold great 
promise for therapy, because the wall often contains polysaccharides that are not 
found in the infected tissues. Therefore, there is a good chance that drugs that 
inhibit enzymes responsible for the synthesis of cell wall components may be 
relatively harmless to the host. Papulacandin B, an antibiotic produced by the 
deuteromycete Papularia sphaerosperma, appeared to be such a drug1*2. 
Papulacandin B contains both a D-glucosyl and a D-galactosyl residue, two fatty 
acids, and an aromatic ring’. The antibiotic seems to inhibit, with some degree of 
specificity, the formation of alkali-insoluble D-glucan [predominantly B-D-( l-3)] 
in Saccharomyces cerevisiae2, Schizosaccharomyces pombe3, and Geotrichum 
lactis“. In the latter two organisms, it also inhibits the enzyme (1+3)-/3-D-glucan 
synthetase3T”.*. Nevertheless, we found very little inhibition of S. cerevisiae (1+3)- 

/3-D-glucan synthetase by papulacandin B, despite the strong inhibitory effect of 
the antibiotic on growth. Our survey of several other fungi showed a similar lack of 
correlation between the effect of papulacandin B in vivo and in vitro. On the other 
hand, a fairly general finding was a decline in the inhibition of (1-3)~P_o-glucan 
synthetase as the concentration of UDP-glucose, the substrate, decreased. At very 
low concentrations of UDP-glucose, papulacandin B even acted as a stimulator. 
We decided to investigate further this puzzling phenomenon, in the hope of gaining 
some insight into the discrepancy between the in vivo and in vitro effects of 
papulacandin B. 

EXPERIMENTAL 

Chemicals. - Sources for chemicals 
Papulacandin B was a generous gift of 
Switzerland). 

were the same as previously described‘j. 
Dr. W. Wehrli (CIBA-Geigy, Basel, 

Fungal strains and growth conditions. - The strains of Achlya ambkexualis, 
Saccharomyces cerevisiae, Hansenula anomala, Neurospora crassa; Cryptococcus 
laurentii, Schizophyllum commune, and Wangiella dermatitidis were the same as 
previously used6. The media and conditions of growth have been described6. When 
added to the growth medium, papulacandin B was in a dimethyl sulfoxide solution. 
The final concentration of dimethyl sulfoxide in the medium was 1%. Control 
media received the same concentration of the solvent. Growth of S. cerevisiae. 
H. anomala, C. laurentii, and W. dermatitidis was monitored by measuring A, in 
a Coleman Junior Spectrophotometer with a light path of 1 cm. With N. crassa, 

S. commune, and A. ambisexualis, growth was followed by measuring dry weight. 
(1-3)~f3-D-Glucan synthetase preparation and assay. - Particulate fractions 

*The name recommended by the Nomenclature Committee of I.U.B. is 1.3~ED-@can synthase (EC 
2.4.1.34). 
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were isolated from extracts of cells broken with glass beads as described6. Glucan 
synthetase was measured by the incorporation of radioactivity from UDP-D- 
[r4C]glucose into a water- and trichloroacetic acid-insoluble produc@. The reaction 
mixture was as described6, except that the specific activity of UDP-D-[14C]glucose 
was varied between 2.3 x 105 and 2.3 x lo7 c.p.m. - pmol-l, depending on the 
concentration of substrate and, consequently, on the amount of activity to be 
measured. GTP (20 PM) was included in all assays as stimulator of the enzymic 
activity. The incubation temperature was 30”, except where indicated otherwise. 
Papulacandin was added to assay mixtures as a solution in dimethyl sulfoxide. The 
final concentration of dimethyl sulfoxide in the mixture was 2.5%, and controls 
with the same concentration of solvent were run simultaneously. Except where 
otherwise noted, the enzyme was incubated for 2 min at room temperature with 
papulacandin B before addition of substrate. 

RESULTS AND DISCUSSION 

Effect of papulacandin B on growth. - The effect of papulacandin B, at 
10 cLg/nL concentration, on growth varied widely in various fungi. There was no 
change with C. laurentii, S. commune, or A. ambisexualis, strong inhibition with 
S. cerevisiae, H. anomala, and N. crassa, and moderate inhibition with 
W. dermatitidk An example of each of the three cases is shown in Fig. 1. When an 
effect on growth was present, it was evident after 2 to 4 h. 

Effect of papulacandin B on (1+3)-/3-D-glucan synthetase. -When added to 
assay mixtures for glucan synthetase in the presence of cell-free extracts of various 
fungi, papulacaudin B was inhibitory (Fig. 2), except in the case of A. ambisexuah 
(data not shown). There was no apparent correlation, however, between the 
inhibitory power of antibiotic on growth and that on glucan synthetase. Thus, in 
the three organisms, S. cerevkiae, N. crassa, and H. anomala, that showed the 
greatest depression of growth, the lowest inhibition of glucan synthesis was found 
in cell-free extracts (Fig. 2). The activity of the enzyme was more sensitive to the 
antibiotic in C. laurentii and S. commuru, organisms that seemed unaffected by 
papulacandin B in vivo. Finally, the enzyme from W. dermatitidis, an organism that 
was only moderately affected by the antibiotic in vivo, was the most strongly 
inhibited (Fig. 2). 

Additional studies on the kinetics of the inhibition uncovered a behavior that 
is shared by the enzymes from each of the several organisms, and is illustrated for 
S. cerevisiae in Fig. 3. As the concentration of substrate (UDP-glucose) was 
decreased, papulacandin B became a less efficient inhibitor and, at very low con- 
centrations of substrate, it even stimulated the activity. Similar results were 
obtained whether ATP or GTP was used as a stimulator (Pig. 3). The enzymes 
from W. dermatitidis and H. anomala behaved similarly to that from S. cerevisiae. 
Those of C. Zaurentii and N. crassa also showed decreased inhibition at lower 
substrate concentration, but no stimulation of the activity by papulacandin B was 
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Fig. 1. Effect of papulacandin B, at 10 &mL concentration, on growth of S. cerevtiiuc, W. dermatitidis, 

and C. lawentii: PC, papulacandin B; 0, 0 W. dermatitidis: A, A S. cerevisiae; and 0, n C. laurentii. 

Fig. 2. Inhibition of (l-+3)-/3-D-glucan synthetase of various fungi by papulacandin B: -Cl--O- 
S. cerevisae, -A-A- N. ctussa, --O--O-- H. anomala, -A-A-S. commune, ..-m-..-& C. lauren- 

tii, and N W. derrrratitidis. The concentration of UDP-glucose was 5mM. 
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Fig. 3. Effect of papulacandin B on (1+3)-/3-~glucan synthetase of S. cerev~ke, at various substrate 
concentrations and in the presence of ATP or GTP. Concentration of UDP-glucose: A, 0.05; 0,0.5; 
and l ,5mM. 

detected. With the preparation from S. COIIW~U~, there was very little change in 
the inhibition. 

Kinetics of papulacandin I3 inhibition with (143)~f?-D-glucan synthetase from 
W. dermatitidis. - Further studies were carried out with the enzyme from 
W. dermatitidis, because it was the most sensitive to inhibition by the antibiotic 
(Fig. 2) while still showing a very clear stimulation at low UDP-glucose concentra- 
tions (Fig, 4). Inhibition was observed at the shortest time intervals tested and did 
not vary appreciably during incubation (not shown). Within the range of substrate 
concentrations in which papulacandin B was inhibitory, the inhibition appeared to 

I I I I 1 

2 4 6 8 10 
Papulacandin tpg/mL) 

Fig. 4, Effect of papulacandin B on (1+3)-j3-D-@can synthetase of W. dernwtitidis at various 
concentrations of UDP-glucose: 0, 0.0125; 0, 0.025; A, 0.05; A, 0.1; n , 0.25; q ,OS; a, 1.0; and 0, 
TOmha. All reaction mixtures contained BpM GTF'. 
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Fig. 5. Inverse plot of reaction rate vs. substrate concentration at various concentrations of 
papulacandin B for the (l+S)+o-glucan synthetase of W. dermutitidis. The concentration of antibiotic, 
in PglmL. was: 0 (-c-C). 1 (--&Q.- ). 2 (-A-A-), 5 (-A-A-), and 10 (4-4---). 
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Fig. 6. Effect of UDP-glucose concentration on the reaction rate of (I-+%D-giucan synthetase of 
W. dermatiridis at various levels of papulacandin B. The concentration of added antibiotic was: 
0 (--Ce), 1 (~~-9-~0-~~), 2 (--A--A--), 5 (-A-A-), and 10 &mL (--W-W--). Inset atupper 
left shows the sigmoidal shape of the control curve at low concentration of substrate with an expanded 
scale. Inset at upper right, with an even larger scale, shows that higher activity is obtained in the presence 
of papulacandin B at very low substrate concentrations. The symbols in the insets are the same as in the 
main graph. 
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be of the mixed type, although very close to noncompetitive (Fig. 5). A similar type 
of inhibition was reported by Perez er ~1.~ for the glucan synthetase of Geotichum 
lactk. 

In order to gain some insight into the effect of papulacandin B at low 
substrate levels, the activity of glucan synthetase was carefully determined over a 
large range of UDP-glucose concentrations in the absence and in the presence of 
the antibiotic (Fig. 6). It was observed that at a concentration of UDP-glucose 
<O.lmM, the reaction rate showed a sigmoid dependence on substrate concentra- 
tion (Fig. 6, inset at upper left). It is in this same range of low substrate levels that 
papulacandin B ceased to inhibit and became stimulatory (Fig. 4 and Fig. 6, inset 
at upper right). Similar results were obtained with the enzyme from S. cerevisiue 
(data not shown). A simple explanation of this behavior would be that UDP- 
glucose acts as an allosteric ligand, shifting the enzyme from one conformation to 
(at least) another one as its concentration increases. In such cases, inhibitors that 
bind preferentially to the conformation favored by high substrate concentrations 
may become stimulators at low substrate levels by shifting the allosteric equilibrium 
towards the active form’. If this hypothesis were correct, a broadening of the 
sigmoid part of the curve should coincide with an increased range in which the 
antibiotic would cease to be an inhibitor or become an activator. 

In a search for conditions that would modify the sigmoid character of the rate 
vs. substrate curve, we found that changes in pH or omission of GTP were without 
effect (data not shown). Increasing the temperature from 15 to 37” resulted, how- 
ever, in a gradual widening of the sigmoid portion of the curve (Fii. 7). In the 
figure, the curves were normalized by plotting the rate at each concentration as the 
percentage of the rate at 1Om~ UDP-glucose, which is in the saturation range. 
Measurement of the inhibition by papulacandin B at various temperatures and 
UDP-glucose .mncentrations yielded the expected result. At higher temperatures, 

UDP-Glc ImMI 

Fig. 7. Effect of temperature on the sigmoidicity of the rate VS. substrate curve for (1+3)-B_Dghtcan 
synthetase of W. dermutiridis: 15 ( U), 20 (XI-4-a), 30 (--A--A-), and 37” (-A-A-). 
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Fig. 8. Effects of papulacandin B on the activity of (1-+3)-PD&can synthetdse of W. dermutitidis at 
various concentrations of UDP-glucose and at different temperatures: 0.0125 (e). 0.025 
(.-O-O-.), 0.05 (--A--A--). 0.1 (-A-A-), 0.5 (--W-M--), and 5.0m~ (.**0.~4J-*~). 

where the sigmoidicity of the curve was more pronounced, stimulation by the 
antibiotic was also greater and the range of substrate concentrations at which 
papulacandin B stimulated or did not inhibit reaction was more extended (Fig. 8). 

These results are compatible with the existence of two or more inter- 
convertible forms of the synthetase. Since the enzyme is membrane-bound6Jr, it is 
possible that the shift in equilibrium between the various forms observed with 
changes in temperature are caused by conformational changes in the membrane 
itself. Furthermore, there is no direct evidence that papulacandin B binds directly 
to the synthetase, inasmuch as the observed inhibition is close to the non- 
competitive type. It may well be that the antibiotic binds to another membrane 
component that interacts with the enzyme. 

To what extent can our results provide an explanation for the lack of 
correlation between the effects of papulacandin B in vivo and in vitro? If membrane 
structure can influence the conformation of the enzyme, hence its susceptibility to 
papulacandin B, it would be necessary to work with membranes that have 
conserved the native state in order to mimic the conditions in the cell. In at least 
two aspects this is not possible; the broken membranes have lost the electro- 
chemical potential existing in the intact cell and they are accessible to papulacandin 
B on both sides. A requirement for maintenance of the membrane potential in the 
biosynthesis of cell wall components have been reported for cellulose9J0 and for 
teichoic acids”. 

We suggest that the general lack of consistency between results in vivo and in 
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vitro might result from variability in membrane structure in the various organisms, 
as well as in intact cells vs. broken cell preparations, that would affect the sensitivity 
of glucan synthetase to papulacandin B. To test this possibility, it would be 
desirable to conserve the original configuration of the membrane after cell disrup- 
tion, i.e., to prepare right-side out vesicles from the plasma membrane. It might be 
difficult, however, to obtain glucan synthesis under these conditions. If the process 
is vectorial, as for chitin synthetase i2, the substrate would have to be inside the 
vesicles. 

There are of course other possible interpretations for the observed effects of 
papulacandin B in vivo and in vitro. It may be, for instance, that in addition to 
some inhibitory action on glucan synthetase, papulacandin B has a hitherto un- 
known effect on some other essential function of the fungal cell that explains its 
ability to inhibit growth in certain organisms. Variations in permeability to 
papulacandin B of the membranes of various organisms may also account in part 
for the differences observed in vitro and in vivo. 
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