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INTRODUCTION

Dimorphism—the ability of fungi to switch from
mycelial to yeastlike growth—can be induced by numer�
ous biotic and abiotic factors and results in changes in
almost all biosynthetic and energy processes, which, in
turn, result in structural and morphological changes,
adaptive in their nature and aimed at the preservation of
viability under varying conditions [1–11].

According to present�day ideas, the formation of
yeastlike and hyphal cells of fungi may be described by
using the “steady�state” model [12] and the hyphoid
model based on the so�called vesicle supply center
(VSC) concept [13, 14]. According to the first model,
the main components of the cell wall (chitin and glu�
can) are synthesized at the hyphal apex; there are no
covalent bonds between them, which makes the cell
wall flexible and easily changeable. Elongation of a
hypha takes place only if the cross�linkage of chitin
with glucan and chitin crystallization occur. The sec�
ond model is based on the idea that, at the hyphal
apex, there is a special center controlling the flow rate
of the vesicles that transport the substrates required for
the synthesis of the cell wall. These macrovesicles
(Spitzenkörper) appear as dark areas under a light
microscope. If the flow rate of microvesicles (chito�
somes) is high enough, hyphae elongate and the myce�
lium develops. F�actin and myosin�5 play a significant
role in hyphal elongation [15]. The results of phyloge�
netic analyses of rRNA and conservative proteins are
of special interest. These data demonstrate that the
apical growth of fungi is similar to the growth of plant
pollen tubes and root fibrils [16].

There is a strong dependence between lipid synthe�
sis and the key processes involved in the metabolism,
growth, and viability of fungi. The role of lipids in the
vital functions of fungi—in particular, in morphogen�
esis—is considered with regard to their involvement in
cellular processes as both structural and storage com�
pounds, factors for adaptation under unfavorable con�
ditions, and regulatory compounds [17–24].

Mycelial and yeastlike forms of dimorphic fungi,
many of which are pathogenic to plants, animals, and
human beings, exhibit differing virulence [25–30].
Therefore, thorough investigation of the biosynthesis
and metabolism of lipids (including sterols) and the
regulation of these processes have great theoretical
value and are of considerable importance for modern
medicine, veterinary science, agriculture, and bio�
technology.

According to present�day concepts, high concen�
trations of demethylated sterols, including ergosterol,
contribute to the maintenance of the structure and
normal functioning of the membranes and correlate
with mycelial growth of fungi [31]. The role of sterols
in the morphogenetic processes and dimorphic growth
of fungi was discussed in our previous review [32], as
well as in the work by Martin and Konopka [33] and
the review by Alvares et al. [34], discussing the role of
membrane sterol–glycolipid complexes (“rafts” or
sterol�rich domains) in the arrangement and function�
ing of cell membranes, in particular, in transport pro�
cesses, expression of virulence factors, and determina�
tion of the cell polarity in clinically significant dimor�
phic fungi (Saccharomyces cerevisiae, Criptococcus
neoformans, Candida albicans, Aspergillus nidulans, and
Schizosaccharomyces pombe). Review by Steinberg [15],

The Role of Lipids in the Morphogenetic Processes of Mycelial Fungi
I. S. Mysyakina1 and E. P. Feofilova

Winogradsky Institute of Microbiology, Russian Academy of Sciences, pr. 60�letiya Oktyabrya 7, k. 2, Moscow, 117312 Russia
Received October 12, 2010

Abstract—This review considers the role of different classes of lipids in fungal morphogenesis and, in partic�
ular, their capacity to induce dimorphic growth (the ability of fungi to grow in a mycelial or yeastlike form),
which is induced by various factors and results in changes in the biosynthetic and energy processes, as well as
in structural and morphological changes. The review includes a brief description of the properties of lipids
and their functions in the cell and discusses the specific characteristics of lipid metabolism associated with
morphogenesis and dimorphism. The differences in lipid compositions between yeastlike cells and mycelium;
the role of the structural and regulatory lipids, fatty acids, and their derivatives in morphological transforma�
tion of fungi; and the involvement of lipids in signal transduction and host–pathogen interactions are dis�
cussed.

Keywords: lipids, fungi, dimorphic growth, morphogenesis, mycelium, yeastlike cells.

DOI: 10.1134/S0026261711030155

1 Corresponding author (e�mail: myssiakina@inmi.ru).

REVIEW



298

MICROBIOLOGY  Vol. 80  No. 3  2011

MYSYAKINA, FEOFILOVA

describing a wide range of factors which determine and
support polarized (mycelial) growth, contains data on the
participation of sterol�rich membrane domains in the
formation of hyphae by facilitating apical endocytosis
and maintaining the actin cytoskeleton [15].

This review deals with the role of different classes of
lipids in fungal morphogenesis and, in particular, in
the dimorphism phenomenon.

1. BRIEF DESCRIPTION OF LIPIDS: 
FUNCTION, BIOSYNTHESIS, REGULATION

Functions of lipids

The chemical structure, physical properties, and
functions of fungal lipids are extremely diverse, which
is absolutely essential for the cell viability, adaptation
to changing environmental conditions, and mainte�
nance of the optimal level of metabolic processes. The
main function of lipids is the nonspecific bulk function,
which is subdivided into structural/functional and stor�
age parts, and the specific regulatory functions.

Formation of a semitransparent cellular barrier is
well known as the primary function of lipid mem�
branes. Moreover, they serve as a matrix for the pro�
teins involved in such important processes as energy
production, signal transduction, transport, DNA rep�
lication, secretion, regulation of activity of mem�
brane�bound enzymes, etc. The lipid bilayer of cyto�
plasmic membranes contains phospholipids (PLs),
glycolipids (GLs), and sterols.

The morphogenesis of living cells largely depends
on the phase state of the membrane lipids, which are
responsible for the membrane fluidity (matrix func�
tion), stability (mechanical function), and permeabil�
ity (barrier function). Several phase transitions are
known; the transition from the liquid�crystal state to
the gel state, when the bilayer structure of the mem�
brane remains intact, while the membrane fluidity
changes, has been studied in greatest detail. A mem�
brane can exist in a hexagonal or cubic state; during
these phase transitions, the membrane fluidity
remains intact, but the bilayer structure changes.
Depending on its physiological state, the cell is able to
control the arrangement of its membrane by the regu�
lation of the lipid composition of the membrane. For
instance, hexagonal and cubic phases appear at high
temperatures or low water content [35]. During recent
years, phase transitions in both phospholipids and ste�
rols (including cholesterol and ergosterol, which,
along with sphingolipids, are the components of the
domain structures known as the lipid rafts mentioned
above) have attracted intense attention of the
researchers [33, 34]. Rafts can be visualized by light
microscopy using the polyene antibiotic filipin for spe�
cific staining of 3�β�oxysterols. This made it possible
to reveal that rafts are located in growing hyphal tips.
Inhibition of sphingolipid production in Aspergillus
nidulans with myriocin resulted in cessation of the

hyphal growth and emergence of lateral branching,
which indicated that rafts are involved in the polarized
growth of fungi [36]. Rafts differ not only in the con�
tent of individual lipids and their qualitative composi�
tion, but also in size (from 10–100 to 1000 μm). Lipid
domains, consisting primarily of sterols (SRDs rafts)
are larger in size, actively participate in the morpho�
genesis of fungi, and are situated specifically in hyphal
tips. SRDs rafts were not detected in the budding yeast
Candida albicans, but were found in the mycelial form of
this fungus. Hence, the presence of sterol�containing
lipid domains in the membrane may be regarded as one of
the mechanisms responsible for morphogenesis [34].

Phospholipids, amphipathic molecules that form
the basis of the cell membranes, are precursors of mac�
romolecules [37, 38], molecular chaperones [39]; they
participate in protein modification [40], are reservoirs
of secondary messengers [41, 42], stabilize the lipid
bilayer structure under heat shock conditions [43], and
mediate resistance to toxic compounds [44].

It has been reported that, in addition to their trivial
functions, lipids are an important component of not
only cell membranes, but also chromosomes, the
DNA–membrane complex, and nuclear material;
they are involved in the regulation of DNA function�
ing via direct interaction with the DNA structure and
due to changes in the activity of the enzymes of nucleic
acid metabolism [45–48].

The storage lipids of fungi and yeasts are repre�
sented primarily by triacylglycerols (TAGs) and sterol
esters (SEs), are essential for the total metabolism of
acylglycerols, act as an operating reserve of fatty acids
in phospholipid biosynthesis, and are arranged mainly
as lipid granules [49–52]. Moreover, there is evidence
that small amounts of these lipids can be found in
other cellular compartments (microsomes, mitochon�
dria, and nuclei); they are synthesized in situ and have
a specific fatty acid composition [53, 54], which indi�
cates that spatially separate TAG pools exist and their
functions are not limited to just reserve functions.

The role of lipids in signal transduction is discussed
in Section 3 of the review.

Biosynthesis and regulation

Phosphatidylcholine (PC), phosphatidylethanola�
mine (PEA), phosphatidylserine (PS), and cardiolipin
(CL) are the main membrane phospholipids. The
pathways of their biosynthesis, which were studied
using primarily S. cerevisiae as a model, are the same
for all fungi and yeasts. Two pathways of PL synthesis
exist: the CDP–DAG pathway and the DAG
(Kennedy) pathway [55, 56]. The biosynthesis of TAG
and phospholipids via the Kennedy pathway
progresses in a similar way up to the stage of diacylg�
lycerol (DAG) production [49].

Regulation of these pathways is a complicated pro�
cess controlled by various genetic and biochemical
mechanisms. Inositol plays a key role in the regulation
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of the PL synthesis; the inositol�mediated regulation
includes gene expression and modulation of the enzy�
matic activity. Phosphorylation is the main mecha�
nism regulating the activities of transcription factors
and of the enzymes of PL biosynthesis by posttransla�
tional modification. Protein kinase A phosphorylates
choline kinase, Mg2+�dependent phosphatidate phos�
phatase, PS synthase, and the Opi1p transcription fac�
tor. In addition, the activities of CTP synthase and
Opi1p are regulated by protein kinase C [55–59]. The
activities of many enzymes involved in PL biosynthesis
are also regulated by some phospholipids, sphingolip�
ids, and nucleotides [60].

The enzymes of the PL biosynthesis are located
primarily in microsomes, mitochondria, lipid gran�
ules, whereas the nuclear and cytoplasmic mem�
branes, vacuoles, and peroxisomes contain only trace
amounts of these enzymes [61]. Catabolism of phos�
pholipids is mediated by phospholipases А1, А2, C, and
D [49, 62].

2. ASPECTS OF LIPID METABOLISM 
RELATED TO MORPHOGENESIS 

AND DIMORPHISM

It is well known that chitin synthesis is essential for
cell wall formation and cell differentiation in micro�
mycetes. As mentioned above, chitin synthesis is
mediated by chitin synthetase, the activity of which
depends on the lipid environment. The cell mem�
brane, responsible for polyuronide synthesis, and chi�
tosomes, the membrane organelles directly involved in
chitin synthesis, play the key role in this process, as
well as in the process of chitin deposition in the cell
wall [63, 64]. Nevertheless, it is unclear how these
membrane structures affect the formation of the cell
wall typical of hyphae and yeastlike cells.

It was demonstrated that membrane�bound chiti�
nolytic enzymes, including endochitinase and N�
acetyl�D�glucosaminidase, contribute greatly to the
morphological changes during the dimorphic yeasts 
hyphae transformations of the pathogenic zygomycete
Benjaminiella poitrasii [65]. There is evidence that the
phospholipid environment may affect the activity of
membrane�bound chitinase in Mucor mucedo [66, 67].
Thus, morphogenesis may be influenced by the lipid
composition of the membrane. Nevertheless, data on
the relations between lipids and morphogenesis are
sometimes contradictory.

2.1. Lipids of Yeastlike Cells and Mycelium

Study of the lipid composition of the yeastlike and
mycelial forms of M. genevensis [68] demonstrated
that, in the total lipids of M. genevensis hyphae, the
levels of sterols and fatty acids were higher than in
yeastlike cells, and unsaturated fatty acids were pre�
dominant. The fatty acids of yeastlike cells were more
saturated. However, when phenylethanol induced

yeastlike growth under aerobic conditions, no signifi�
cant differences were detected in the lipid composition
as compared to the mycelium, which prevented unam�
biguous conclusions regarding the dependence of
dimorphism on the lipid composition.

The study of the M. rouxii lipids [25, 69] revealed
that the lipid content in the fractions of cytoplasmic
membranes was higher and more diverse than that in
the cell wall. According to the previously published
data [68], the concentrations of sterols and fatty acids
in the lipids of the M. rouxii mycelium developed
under aerobic conditions were also higher than in the
yeastlike cells grown under anaerobic conditions. The
lipids from the fractions of the cytoplasmic mem�
branes of yeastlike cells grown under aerobic condi�
tions in the presence of phenylethanol were similar to
the lipids of the mycelium grown without phenyl eth�
anol. However, the lipid composition of the cell walls
of M. rouxii cells grown under aerobic conditions in
the presence of phenylethanol was similar to that of
yeastlike cells grown under anaerobic conditions. The
results obtained do not allow us to draw an unambigu�
ous conclusion regarding a direct correlation and
demonstrate that the relationships between lipids and
morphogenesis are complicated and indirect.

2.2. Inhibition of Lipid Biosynthesis

The use of the antibiotic cerulenin in a number of
studies made it possible to clarify the role of lipids in
fungal morphogenesis [70–76].

The polyene antibiotic cerulenin inhibits fatty acid
synthetase, thereby blocking lipid synthesis. Accord�
ing to some authors, this antibiotic inhibits only fatty
acid synthesis [71]; according to others, it inhibits syn�
thesis of both fatty acids and sterols [70, 72, 76], as well
as the TAG synthesis by the complete suppression of
[14C]�acetate incorporation into sterols and TAG and
inhibition of acetate incorporation into fatty acids
[73].

The inhibitory effect of cerulenin manifested itself
in suppression and complete inhibition of spore ger�
mination and growth of yeasts and fungi, S. cerevisiae
[71, 72], Botryodiplodia theobromae [73], and Epider�
mophyton floccosum [76], as well as in the inhibition of
spore formation by S. cerevisiae [72].

The results obtained by different authors on various
models, despite their fundamental similarity, have not
shown complete uniformity. According to Ohno et al.
[72], the inhibitory effect of cerulenin was neutralized
by the introduction of various fatty acids (especially
oleic and pentadecanoic acids) into the medium or, to
a lesser extent, by sterols. According to Sanadi et al.
[76], the inhibitory effect of the antibiotic was com�
pletely neutralized by addition of palmitic acid and
sterols, and partially neutralized by addition of unsat�
urated fatty acids. According to Brambl et al. [73], the
inhibitory effect was neutralized by the addition of
Twin 40 and Twin 60 (derivatives of palmitic and
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stearic acids, respectively), but not by free fatty acid or
their salts. Interestingly, according to the data
obtained by the latter authors, cerulenin had no signif�
icant effect on the morphology of fungal mitochon�
dria.

Hence, the results obtained, despite certain pecu�
liarities, demonstrate that lipid synthesis is essential
for spore formation. Moreover, it was shown that lipids
are important for dimorphic growth, which expands
the adaptive capabilities of fungi.

There is evidence in the literature regarding the
role of lipids in dimorphic growth of mucor fungi
(M. racemosus) [75]. After transfer of the anaerobi�
cally grown yeastlike fungal cells into aerobic condi�
tions, a transition to mycelial growth was observed,
which was accompanied by an increase in both the
growth rate and the rate of lipid synthesis. In the pres�
ence of sublethal concentrations of cerulenin, the
morphological yeasts  hyphae transformation of
fungal cells was not detected after the cells were trans�
ferred to aerobic conditions; the cells continued to
grow in the form of multipolar budding yeastlike cells.
At the same time, lipid synthesis, ornithine decarbox�
ylase activity, and, to a lesser extent, RNA and protein
synthesis were inhibited. Not only was fatty acid syn�
thesis inhibited by cerulenin, but also phospholipid
synthesis, the rate of which normally increases during
morphogenesis. Moreover, the synthesis of phosphati�
dylcholine and phosphatidylethanolamine was inhib�
ited to a greater degree than the synthesis of cardio�
lipin, the main phospholipid of mitochondria. The
inhibitory effect of the antibiotic was neutralized by
addition of Twin 80 (a mixture of fatty acids) into the
medium, which suggested that the increase in the rate
of fatty acid synthesis and in the rate of phospholipid
turnover is necessary for the morphological transition
from yeastlike to mycelial growth [75].

As was reported earlier, regulatory lipids, which do
not fulfill the structural function in the cell, are
involved in morphological transformations. For
instance, oxidized derivatives of fatty acids may act as
regulators of the morphological transformations of
mycelial fungi that are associated with their virulence
and is of importance for host–parasite relationships.
The study of the phytopathogenic fungus Ceratocystis
ulmi, which contains oleic, linoleic, and linolenic
acids, but not arachidonic acid, demonstrated that the
lipoxygenase inhibitors gossypol, nordihydroguai�
aretic acid, and propyl gallate induced the dimorphic
mycelium  yeast transformation, whereas the
inhibitors of cyclooxygenase and thromboxane syn�
thetase had no such effect [77]. These findings sug�
gested the conclusion that, due to the activity of phy�
toalexins (plant�derived antimicrobial agents), the
above�listed lipids are involved in the regulation of
morphogenesis during the dimorphic transformation
of fungi.

3. THE ROLE OF LIPIDS IN SIGNAL 
TRANSDUCTION: LIPIDS ACTING AS 

SIGNAL MOLECULES

Numerous studies on the role of lipids in signal
transduction in cells have been published in which
mammalian and plant cells were primarily used as
model objects [reviews 62, 78–81]. Nevertheless,
despite some differences, the pathways of signal trans�
duction in which lipid molecules are involved are gen�
erally the same in the cells of all living organisms.

The transmembrane signal transduction may pro�
ceed through ionic channels, kinase receptors, or
receptor�activated enzyme inducers that form intrac�
ellular secondary messengers. Due to the fact that
enzyme inducers are located on the cell surface, the
messengers are often formed from membrane compo�
nents, which are mostly phospholipids. The messen�
gers transmit signals to kinases in various cascades;
transcription factors and protein synthesis are then
activated, and a physiological response, which can be
involved in morphogenetic differentiation and other
processes, is initiated. In addition, some physical or
chemical signals can directly interact with the lipids of
the cell membrane and induce its modification result�
ing in an alteration of the conformation of the receptor
protein and induction of the signal system.

All secondary lipid messengers are formed from the
main membrane precursors, phosphatidylcholine
(PC) and sphingomyelin (SM). Phosphatidylcholine
is hydrolyzed via the receptor�mediated stimulation of
the specific phospholipase C with formation of DAG
or via phospholipase D stimulation with formation of
phosphatidic acid (PA). Then, PA can be converted to
lyso�PA under the influence of type A phospholipase
or to DAG under the influence of phosphatidate phos�
phohydrolase. Phosphoinositide�specific phospholi�
pase C acting on PI�4,5�diphosphate is also capable of
producing DAG.

The PA, lyso�PA, and DAG produced under the
influence of phospholipases are involved in the medi�
ation of many cellular functions [82–84]. DAG is an
activator of protein kinase C, whereas PA and lyso�PA
have a stimulatory effect on various kinases, activate
the Ras�MAPK pathway of signal transduction, and
have an effect on the proliferative properties of the
cell. Both SM and PC are hydrolyzed by phospholi�
pase C with formation of phosphorylcholine and cera�
mide, which, in turn, is also a secondary messenger
inhibiting phospholipase D activity and thereby par�
ticipating in the regulation of cell differentiation and
other processes [78]. Hence, opposite effects of lipids
were observed: DAG stimulated protein kinase C
activity (in the presence of Ca2+ and phospholipids),
whereas the sphingolipids' derivative sphingenine
exerted an inhibitory effect.

Various fungi and yeasts, Ustilago maydis, Candida
lipolytica, Aspergillus niger, etc., exhibited high activi�
ties of phospholipases, lipases, and esterases during
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the processes of spore formation and germination, as
well as during all morphological transformations [24,
85–88]. There is evidence that products of phospho�
lipid decomposition, namely, PA, DAG, and lyso�PA,
are messengers of the dimorphic growth in C. albicans
[89]. It was demonstrated for S. cerevisiae that fungal
phospholipases play a key role in many pathways of
signal transduction and are essential for spore forma�
tion [90, 91].

Phospholipase D generates the lipid signals
responsible for membrane transport and signal trans�
duction in yeasts and is regulated by phosphoinositides
[92]. As mentioned above, the main substrate of phos�
pholipase D is phosphatidylcholine, which is hydro�
lyzed to phosphatidic acid, which acts as a secondary
messenger [93–95] and regulates the production of
phosphatidylinositol�4,5�diphosphate [96, 97]. In
addition, PA is hydrolyzed to DAG by phosphatidate
phosphohydrolase [98, 99]. In a number of studies, the
involvement of phospholipase D in dimorphic trans�
formations of the yeastlike form of C. albicans to the
mycelial form was demonstrated [89, 100].

DAG, another lipid responsible for signal trans�
duction, is additionally produced due to the activity of
phospholipase C [41]; it activates protein kinase C
[101] and plays an important role in the production
and transportation of secretory vesicles from the Golgi
complex in the course of S. cerevisiae budding [102,
103].

From the published data, it may be concluded that
certain lipids, including fatty acid derivatives, along
with the above�mentioned functions, are universal
regulators in living organisms and exert a multifactor
influence on the morphogenesis of fungal plant and
mammal pathogens.

For instance, it was demonstrated that plant sur�
face lipids (waxes) are signal molecules in plant–fun�
gus interactions and induce the pathogenic phase of
the development of such fungi as Colletotrichum sp.
[104, 105]. According to Kolattukudi et al. [106],
plant surface lipids contain both inducers and inhibi�
tors of spore germination and appressorium (critical
for plant infection) formation.

According to other authors, modified fatty acids or
structurally related lipids play an important role in the
sexual and asexual development of Neurospora crassa
[107, 108]. For example, linoleic acid and derivatives
thereof are involved in the spore formation of Aspergil�
lus spp. [109–110] and Sclerotinia fructicola [111]. The
signal molecules of hydroxylated fatty acids, the so�
called psi factors, affected growth, as well as spore for�
mation and aflatoxin production in A. nidulans [112,
113], whereas the psi factor representing an oleic acid
derivative controlled the ratio between sexual and
asexual spores of this species [114]. Moreover, plant
fatty acids (hydroperoxylinoleic) are also responsible
for the development of Aspergillus spp. spores [115].

Mutants of the mycotoxigenic fungi A. flavus,
A. parasiticus, and A. nidulans (pathogens of oil�bear�
ing seeds) deficient in Δ12�desaturase made it possible
to reveal the association between the ability to synthe�
size polyunsaturated fatty acids and fungal develop�
ment [111]. Mutations in the gene encoding Δ12�
desaturase delayed spore germination caused a twofold
decrease in the growth rates and inhibited spore for�
mation, as well as made the mutants unable to produce
sclerotia. The authors suggest that unsaturated fatty
acids act as signals inducing the development of asex�
ual conidiospores, sexual ascospores, and/or sclerotia.

Using the phytopathogenic fungus Ustilago maydis,
the ability of which to switch from yeastlike to mycelial
growth is essential for infection and completion of the
life cycle, it was demonstrated that growth in the pres�
ence of lipids (corn oil) resulted in the development of
a mycelial phenotype very similar to the phenotype
that was observed during infection of the host organ�
ism [24]. This effect was exerted by the fatty acids pro�
duced by fungal extracellular lipases from TAG. The
ability of fungi to respond to lipids depends on two sig�
naling pathways, the cAMP/PKA�dependent pathway
and the Ras/MAPK pathway, which regulate fusion,
mycelial growth, and pathogenesis, whereas lipids may
act as one of the signals that induce and maintain the
mycelial growth required for invasion and develop�
ment in the host organism.

The human pathogens C. albicans and Cryptococcus
neoformans are able to produce prostaglandins from
both exogenous and endogenous arachidonic acid
[21–23]. Prostaglandins, oxygenated derivatives of
polyunsaturated fatty acids, increased the viability of
C. albicans cells and their capacity for pseudohyphal
growth. These data indicate that the fatty acid deriva�
tives formed by fungal cyclooxygenases serve as signal
molecules and mediators of direct host–pathogen
interactions.

CONCLUSIONS

Lipids, structural components of cell membranes,
play an important role in the processes of cell metabo�
lism, including membrane transport, as well as in oxi�
dative phosphorylation [116], regulation of the activity
of membrane�bound enzymes affecting the cell mor�
phology [60], and the cell wall formation [34, 35].
Moreover, since they form the bulk of storage com�
pounds and are involved in the acyl metabolism, lipids
contribute to the maintenance of the metabolic pro�
cesses and play an important role in signal transduc�
tion as the growth conditions change. In recent publi�
cations, phenol lipids of different origin and their bio�
logical activities in respect to various living organisms,
including fungi and yeasts, have received intense sci�
entific attention [116]. The mechanisms of action of
resorcinol lipids are diverse and include direct interac�
tion with cell membranes, as well as modulation of the
activity of integral membrane proteins and of the
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enzymes responsible for free radical formation; their
involvement in the inhibition of 3�phosphoglycerate
dehydrogenase (the key enzyme of TAG synthesis)
and growth inhibition, as well as in their interactions
with microbial DNA, was demonstrated [118–120].

Hence, studies of the role of lipids in morphoge�
netic processes will make it possible to develop new
approaches for targeted regulation of growth of both
clinically significant and phytopathogenic species and
to use the biotechnological potential of fungi more
extensively. Fungi are widely used in environmental
biotechnologies and various biotechnological pro�
cesses, are promising producers of pharmacologically
active lipid compounds (ergosterol, carotenoids,
unsaturated fatty acids, etc.), and are believed to be a
good source of alternative biofuel. Investigations of the
regulation of the morphogenetic processes and dimor�
phic growth of fungi are required in order to improve
the efficiency of producer strains, and to select opti�
mal growth conditions while retaining high produc�
tion capacity.
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