J. Biosci., Vol. 13, Number 3, September 1988, pp. 235–241. © Printed in India.

Effect of altered sterol levels on the transport of amino acids and
membrane structure of Microsporum gypseum
SEEMA VAIDYA,
G. K. KHULLER*

GEETA

BHARTI,

RAKESH

PANDEY

and

Department of Biochemistry, Postgraduate Institute of Medical Education and Research,
Chandigarh 160 012, India
MS received 12 December 1987; revised 29 March 1988
Abstrat. Ergosterol and cholesterol supplementation resulted in a significant increase (1·5fold) in the sterol content while phospholipid remained unaffected in Microsporum gypseum.
The levels of phosphatidylethanolamine and phosphatidylcholine increased in ergosterol
supplemented cells. However, a decrease in phosphatidylcholine and an increase in
phosphatidylethanolamine was observed in cholesterol grown cells. The ratio of unsaturated
to saturated fatty acids decreased on ergosterol/cholesterol supplementation. The uptake of
amino acids (lysine, glycine and aspartic acid) decreased in sterol supplemented cells.
Studies with fluorescent probe l-anilinonaphthalene-8-sulfonate showed structural changes
in membrane organisation as evident by increased number of binding sites in such cells.
Keywords. Ergosterol; cholesterol; phospholipids; fatty acids; amino acids; transport;
Microsporum gypseum.

Introduction
Sterols, one of the essential components of eukaryotes impart the mechanical strength
to the membrane due to their ordered packing in phospholipid bilayer which is
essential to maintain the structural integrity of the cell (Park, 1978). These
components control the permeability of the membrane in conjuction with acyl
groups of phospholipids (Bloch, 1983; Prasad, 1985). It has been demonstrated that
sterols influence membrane function such as passive transport, carrier mediated
transport and enzymatic activity of membrane bound enzymes (Demel and Kruyff,
1976). Polyene antibiotics have been extensively used to study the importance of
sterols in fungal membranes as membrane sterols are known to interact with them
(Gottlieb et al., 1958; Lampen et al., 1960). Lipid metabolism and influence of
phospholipid polar head groups and fatty acyl chains on the permeability properties
of membranes in dermatophytes have been studied (Larroya and Khuller, 1985,1986;
Pandey et al., 1987), whereas no information is available on the role of sterol on
permeability behaviour of membranes of fungi except Candida albicans and Aspergillus
niger (Singh et al., 1979a, b; Mazumdar et al., 1987). In this study Microsporum
gypseum, a dermatophyte, was grown in the medium supplemented with ergosterol (a
natural sterol) and cholesterol (a sterol foreign to fungus), in order to examine the
sterol induced changes in membrane lipid composition and its impact on the structure
and function of membrane of this fungus.
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Abbreviations used: ANS, 1-Anilinonaphthalene-8-sulfonate; PC, phosphatidylcholine; ΡΕ, phosphatidylethanolamine.
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Materials and methods
Radiolabelled [U-14C]-L-aspartic acid, [U-14C]-L-lysine and [U-14C]-glycine were
procured from Bhabha Atomic Research Centre, Bombay. Cholesterol, ergosterol, Llysine, glycine and L-aspartic acid were obtained from Sigma Chemical Co., St. Louis,
Missouri, USA, Novozyme, 234, was procured from Novo-industries, Baegsvaerd,
Denmark. Cellulase ‘CP’ was obtained from John and E. Sturge, North Yorkshire
England. l-Anilinonaphthalene-8-sulfonate (ANS) was a product of Fluka,
Switzerland.
Growth of culture
M. gypseum, obtained from the Mycological Reference Laboratory, School of
Hygiene and Tropical Medicine, London was grown as shaking cultures in Sabouraud’s
broth (4% glucose, 1 % peptone, pH 5·4–5·6) at 27°C. Varied concentrations of
ergosterol/cholesterol in ethanol (0·1%) were added to the growth medium before
inoculation. Cells were harvested in the mid log phase (4 days) and processed further
as per the following methods.
Quantitation off lipids
Lipids were extracted by the method of Folch et al. (1957). Phospholipids were
quantitated by the method of Marinetti (1962). Individual phospholipids were
separated by single dimensional thin-layer chromatography in chloroform: methanol:
7N ammonia (65:25:4, v/v). Methyl esters of phospholipid fatty acids (separated
from the neutral lipids by acetone precipitation) were prepared by transesterification
with methanol in the presence of thionyl chloride (Khuller et. al., 1981) and were
resolved on a Perkin Elmer gas liquid Chromatograph fitted with a 0 V-225 column
at 190°C using nitrogen as a carrier gas (the flow rate was 40 ml/min). Fatty acid
methylesters were identified by comparison of their retention times with that of
authentic standards. Fatty acids were quantitated by triangulation of peak area.
Quantitation of sterols
Sterols were extracted by boiling the cells in alcoholic KOH for 1 h (Singh et al.,
1979).The hydrolysates were cooled and extracted thrice with petroleum ether and
quantitated by the method of Zlatkis et al. (1953).
Uptake studies of amino acids
This was examined by incubating 1 ml of cell suspension (40–50 mg fresh weight of
cells in 1 ml of citrate phosphate buffer, pH 6·5) at 27°C for different time periods.
The reaction was initiated by addition of labelled amino acid 5 mM (specific acitivity
120 µCi/mmol) and was stopped by diluting it with chilled normal saline and filtering
through 0·45 µΜ millipore membrane filters. After washing 2–3 times with chilled
normal saline (0·85% NaCl), filters were dried, weighed and counted in toluene based
scintillation fluid.
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Preparation of spheroplasts
Spheroplasts were prepared according to the method of Larroya et al. (1984).
Cultures were incubated under sterile conditions with 30 mg of each Novozym ‘234’
and cellulase ‘CP’ in 10 mM citrate-phosphate buffer (pH 6·5) containing 0·7 Μ NaCl
for 18 h at 30°C. Formation of spheroplasts was monitored microscopically. The
incubation mixture was centrifuged at 1000 g for 10 min and the supernatant
containing the cell wall degrading enzymes was discarded. Pellet was washed twice
with the buffer and the spheroplasts were purified by centrifugation on a Ficollpaque gradient at 400 g for 15 min. The purified spheroplasts free of cell debris
recovered from the supernatant were used for further studies.
Structural studies
A fluorescent probe, ANS was used for structural studies. The basic assay mixture
consisted of a total volume of 2 ml in 10 mM citrate phosphate buffer, pH 6·5
containing 0·7 Μ sodium chloride, 10 µΜ ANS and spheroplast protein ranging
from 50–200 µg. The fluorescence emission was recorded on a Kontron SFM-25
spectrofluorimeter. The number of binding sites were calculated from Scatchard plot
analysis (Azzi, 1974). Spheroplast protein was estimated by the method of Lowry
et al. (1951). The statistical significance of the results was tested by Student’s t test.
Results and discussion
Changes in the levels of sterols are likely to alter the structural and functional aspects
of membranes. In this study, M. gypseum was grown in the medium supplemented
with different concentrations of cholesterol and ergosterol. Optimum concentrations
of cholesterol and ergosterol were determined by measuring the levels of total sterols
and phospholipids in supplemented cells and the concentration which induced
maximum alteration in sterol levels with marginal changes in phospholipids was
selected. Figure 1 shows that 50 and 80 µg/ml of ergosterol and cholesterol, respec-

Figure 1. Effect of different concentrations of ergosterol (50 µg/ml) and cholesterol
(80 µg/ml) on total phospholipid and sterol content of M. gypseum. Values are mean ± SD
of 3 batches.
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tively were the optimum concentrations as maximum changes in sterols were seen at
these concentrations. The optimum concentration determined for cholesterol was
much higher as compared to ergosterol which is probably due to the different
behaviour of ergosterol and cholesterol. In an earlier study, Pinto et al. (1985), have
reported that ergosterol is taken up by Saccharomyces cerevisiae cells up to a certain
concentration of exogenous sterol, while cholesterol content plateau at a much
higher concentration of sterol in the medium. In addition, uptake of sterol from the
medium through the plasma membrane and cell wall need not be equivalent for all
sterols as ergosterol partitions through phospholipid bilayer with great difficulty in
comparison with cholesterol (Park, 1978). Both these sterols at optimum concentration had a stimulatory effect on growth of M. gypseum which is unexplainable.
However, the stimulatory effect was more with cholesterol which is similar to the
observation of Wright et al. (1983), where ergosterol when added alone or in
combination with fatty acids had a slight but consistant stimulatory effect on the
growth of Talaromyces thermophilus.
Total sterols increased (1·5-fold) significantly on supplementation of ergosterol
and cholesterol while no change was seen in total phospholipids (table 1). These
results indicate the capacity of M. gypseum to take up sterols from the medium.
Alterations were also observed in the individual phospholipid composition (table 2).
Table 1. Effect of sterol supplementation on phospholipid and
sterol content of M. gypseum.

Values are mean ± SD of 4 independent batches.
NS, Not significant.
a
Optimum concentrations (50 and 80 µg/ml of ergosterol and
cholesterol, respectively were used).
b
P 0·01.

Table 2. Effect of sterol supplementation on individual phospholipid composition
of M. gypseum

Values are mean ± SD of 4 independent batches. NS, Not significant.
a
Optimum concentrations (50 and 80 µg/ml of ergosterol and cholesterol, respectively were used).
b
P
0·01; cP
0·001.
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The levels of phosphatidylcholine (PC) and phosphatidylethanolamine (PE) increased
significantly while uncharacterized phospholipid decreased on ergosterol supplementation. The increase in PC level on ergosterol supplementation is similar to the
observations of Kawasaki et al. (1985) where ergosterol has been found to stimulate
the methylation of PE to PC in yeast mutant GL 7. On the other hand, a decrease in
PC and an increase in PE levels were observed on cholesterol supplementation.
Sterol supplementation also induced changes in the membrane surface charge as
observed by alterations in ratio of zwitterionic to anionic phospholipids. Alterations
observed in individual phospholipid components as well as their acyl group composition indicate the capacity of the cell to adjust its phospholipid composition in
such a manner so as to maintain the normal functioning of the cell. Phospholipid
fatty acid composition did not alter on sterol supplementation. However, a significant
decrease in the ratio of unsaturated to saturated fatty acids was seen (table 3), which
was mainly accomplished by increased amount of palmitic acid (35–43%) with a
decrease in linoleate (18:2) in sterol supplemented cells as compared to control cells.
A decrease in the ratio of unsaturated/saturated fatty acids on supplementation of
sterols indicates a rigidifying effect of sterols on the membrane. Buttke et al. (1980)
also observed invariably high percentage (40–45%) of palmitic acid and stearic acid
in both the major phospholipids, PC and PE with ergosterol as the sterol source as
compared to the cells supplied with 7-dehydrocholesterol in yeast.
Table 3. Effect of sterol supplementation at optimum concentration on
phospholipid fatty acid composition of M. gypseum.

Values of average of two independent runs.

The lipid composition of cell membrane plays an important role in regulating the
functions of cells. Therefore permeability properties of intact cells were examined by
monitoring the uptake of amino acids (lysine, glycine and aspartic acid) for different
time periods. Maximum uptake was seen after 5 min of incubation, hence the
transport studies were carried out at this time point. A significant reduction in the
uptake of lysine, glycine and aspartic acid was observed in both cholesterol and
ergosterol supplemented cells as compared to control cells (table 4). Elevated levels of
sterols and increased saturation of phospholipid fatty acids (tables 1 and 3) are
probably responsible for decreased amino acid uptake as these components are
known to reduce membrane permeability (Demel et al., 1972; Prasad, 1985). Singh
et al. (1979) also reported a significant reduction in the uptake of lysine, glycine,
proline and glutamic acid in Candida albican enriched with ergosterol when grown
on hydroquinone supplemented medium.
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Table 4. Uptake of amino acids by M. gypseum cells grown in the presence of cholesterol
and ergosterol.

Values are mean ± SD of 3 independent batches.
NS, Not significant.
a
Optimum concentrations (50 and 80 µg/ml of ergosterol and cholesterol, respectively
were used).
b
P
0·05; cP
0·01.

Structural changes occurring due to the alterations in the membrane lipid composition were examined using ANS, a membrane probe. ANS binds non-covalently
to proteins and lipids of the membrane and its binding to the phospholipids is in the
region of their polar headgroups. Hence it can provide information regarding
membrane surface charge and the microenvironment of the bound dye (Azzi et al.,
1969; Brocklehurt et al., 1978). The number of binding sites, as calculated from the
Scatchard plots showed a significant increase in spheroplasts prepared from
ergosterol and cholesterol supplemented cells (figure 2). Though the number of
binding sites for proteins are less than those for the lipids, yet due to their very high
affinity for binding to ANS, the protein binding sites remain saturated at low
concentration of dye. Therefore increasing the dye concentration affects lipid binding
sites more efficiently, hence changes due to alteration of phospholipid composition
can be studied with ANS (Zierler and Rogus, 1978). Increased binding sites might be
due to changes in the membrane surface charge resulting from changed ratio of
zwitterionic to anionic phospholipids as suggested by Au et al. (1986) as well as
altered ratio of unsaturated/saturated fatty acids of phospholipids as seen from
tables 2 and 3. The changes observed in ANS binding may also be due to changed
hydrophobic environment around the embedded dye, due to integral membrane
proteins (Slavik, 1982). Since the dye binds to the membrane lipid and proteins,

Figure 2. Scatchard plot of ANS binding (based on one batch run in duplicate) with
M. gypseum spheroplasts. Spheroplasts were isolated from control and sterol supplemented
cultures, (a), Control; (b), ergosterol; (c), cholesterol.
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alterations observed in the membrane components are responsible for the changes in
ANS binding and indicate structural and conformational changes in the membrane.
In brief the results of this study suggest that sterols alongwith phospholipid fatty
acids have a role in regulating the permeability of the cell as well as the structural
aspects of membrane in M. gypseum.
Acknowledgement
This project was financed by a grant from Indian Council of Medical Research,
New Delhi.

References
Au, S., Schacht, J. and Weiner, Ν. (1986) Biochim. Biophys. Acta, 862, 205.
Azzi, Α., Radda, G. K. and Lee, C. P. (1969) Proc. Natl. Acad. Sci. USA, 62, 612.
Azzi, A. (1974). Methods Enzymol., B32, 234.
Block, K. E. (1983) CRC Crit. Rev. Biochem., 14, 47.
Brocklehurt, J. R., Freedman, R. P., Hancock, D. J. and Radda, G. K. (1978) Biochem. J., 116, 721.
Buttke, Τ. Μ., Jones, S. D. and Bloch, Κ. (1980) J. Bacteriol., 144, 124.
Demel, R. Α., Bruckdorfer, Κ. R. and Van Deenan, L. L. M. (1972) Biochim. Biophys. Acta, 255, 321.
Demel, R. A. and Kruyff, B. (1976) Biochim. Biophys. Acta, 457, 109.
Folch, J., Lees, Μ. and Stanley, G. Η. S. (1957) J. Biol. Chem., 226, 497.
Gottleeb, D., Carter, Η. Ε. Sloneker, J. Η. and Ammann, Α. (1958) Science, 128, 361.
Kawasaki, S., Ramagopal, Μ., Chin, J. and Bloch, Α. (1985) Proc. Natl. Acad. Sci. USA, 82, 5715.
Khuller, G. K., Chopra, Α., Bansal, V. S and Masih, R. (1981) Lipids, 16, 20.
Lampen, J. Ο., Arnow, Ρ. Μ. and Salfermann, R. S. (1960) J. Bacteriol, 80, 200.
Larroya, S., Johl, P. P., Pancholi, V. and Khuller, G. K. (1984) IRCS Med. Sci., 12, 1064.
Larroya, S. and Khuller, G. K. (1985) Lipids, 20, 11.
Larroya, S. and Khuller, G. K. (1986) Indian J. Biochem. Biophys., 23, 9.
Lowry, Ο. Η., Rosebrough, Ν. J., Farr, A. L. and Randall, R. J. (1951) J. Biol. Chem., 193, 265.
Marinetti, G. V. (1962) J. Lipid Res., 3, 1.
Mazumdar, C., Kundu, M., Basu, J. and Chakrabarti, P. (1987) Lipids, 22, 609.
Pandey, R., Verma, R. S. and Khuller, G. K. (1987) Lipids, 22, 530.
Park, L. W. (1978) CRC Crit. Rev. Microbiol, 6, 299.
Pinto, W. J., Lozano, R. and Nes, W. R. (1985) Biochim. Biophys. Acta, 836, 89.
Prasad, R. (1985) Adv. Lipid Res., 21, 187.
Singh, Μ., Jayakumar, Α. and Prasad, R. (1979) Biochim. Biophys. Acta, 555, 42.
Singh, Μ., Jayakumar, A. and Prasad, R. (1979b) Microbios, 24, 7.
Slavik, J. (1982) Biochim. Biophys. Acta, 694, 1.
Wright, C., Kafkewitz, D. and Somberg, E. W. (1983) J. Bacteriol., 156, 493.
Zierler, Κ. and Rogus, Ε. (1978) Biochim. Biophys. Acta, 514, 37.
Ziatkis, Α., Zak, Β. and Boyles, A. J. (1953) J. Lab. Clin. Med., 41, 486.

