
27

Introduction. In nature multicellular plant
and animal organisms are exposed to various
abiotic and biotic stresses. Extremes tempera�
tures (freezing, cold and heat), water availabili�
ty (drought, flooding), and ion toxicity (salinity,
heavy metals, several pollutants) represent abi�
otic stress. A biotic stress factors are presented
by various pathogens, fungi, bacteria, viruses
and insects. The life of cells depends on their abi�
lity to transform a wide variety of intracellular
and extracellular signals into the suitable ways,
which in general are close connected with cell
membrane structures. 

This paper provides an overview of what is
known about the relationships among biological
membranes and signaling molecules and discuss
the data that link membrane structures to the
signal transduction which permit the living or�
ganisms to survive in perturbed environments. 

Also our aim here is to highlight the findings
in signaling pathways that can provide some
insight into the molecular mechanism of signal
transduction in the living things.

What role do the membrane structures play?
A biological membrane in accordance to fluid mo�
saic model [7], is a two�dimensional fluid of ori�
ented proteins and lipids. The basic structure of
all cell and organelle membranes is the lipid bila�
yer. Fluid properties of biological membranes
are determined mainly by the presence of polyun�
saturated fatty acids in phospholipid molecules.

Evidence is provided that biological mem�
branes are vitally important structures, at
which important biological processes occur and
they mediate the communication exchange
between the cell and the environment or other
cells. Also, cell membranes are essential barriers
to separate intracellular and extracellular space.
In this connection knowledge of their higher
order organization and interaction with external
and internal stimulus is of great interest. 

Biological membranes are composed of dif�
ferent lipids and proteins and provide the struc�
tures that function as a platform for the assem�
bly of many signal transduction pathways.
Cellular membranes are composed from 30 to
80 % of lipid molecules by mass, 20�60 % of pro�
teins and 0�10 % of carbohydrates [2]. 

It is generally agreed that the polyunsaturat�
ed fatty acids determine the fluid properties of
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cellular membranes. Unfortunately, regardless
of many published papers, is also incomprehen�
sible how unsaturated fatty acids determine
these properties. 

Nothing is also known how lipids are associat�
ed between themselves to form the regular
monolayer. Are end�methyl groups of a flexible
acyl tail of fatty acids from two opposing lipid
layers free, or combined one with other? At the
same time it is not clear why exactly polyunsat�
urated fatty acids are needed to form the opti�
mal membrane structures. 

It is no clear how might be conjugated two
fatty acids from opposed membrane layers. If
fatty acids of two leaflet are not combined one
with another, hence fatty acids are not con�
strained in their moving and turning. This
means that membrane bilayers should form the
cavities like a retort of different sizes, but elec�
tron micrographs do not reveal very amounts of
structures like a retort. Nevertheless, there are
very important formations in the plasma mem�
brane named as lipid rafts and caveolae, that
differ from the rest of the membrane by physic�
chemical properties.

An alternative opinion on the membranous
lipid bilayer function. It is suggested that the
biological function of lipids in the plant and ani�
mal cells is manifold. With information men�
tioned above, the following question arises: How
strongly conserved is the function of membra�
nous lipids? It is generally agreed that biological
membranes are composed of two lipid bilayers.
In such structures the methyl groups of tails of
fatty acids of both layers are arranged in oppo�

sed from one direction to another. The methyl
groups of fatty acids are inert radicals and can�
not react between themselves. Nevertheless, the
stability of membrane layers is very strong and
cannot be destroyed, for example, by higher con�
centrations of salts. In this connection the next
questions arise: How are lipids retained together
in the monolayer? Are the methyl groups of two
layers contacted between themselves?

We propose a model for lipid packing in the
biological membranes (Fig. 1) [4]. The basic idea
of this model (termed as «a double net model») is
that individual lipids are bonded between them�
selves by phosphoric acid. The space between
two opposing monolayers is free of any reactive
chemicals and may serve as a tunnel for traffic of
diverse substances to diverse compartments of
the cell (Fig. 1A). Single lipids of the monolayer
are conjoined into hexagonal structures by phos�
phoric acid with hydrogen bonds (Fig. 1B). In the
rafts and caveolae can be presented diverse
antioxidants, including cholesterol, reparative
and antioxidative enzymes, unsaturated fatty
acids, nucleic acids, ATP, FADH, NADP+H, etc. 

Signaling agents and transduction systems:
How do they signal and what are their targets?
All living organisms possess in signal transduc�
tion systems that may differ by nature in ani�
mals and plants. At least two types of signals are
presented: (1) signals from outside the cell
(extracellular signals) to inside initiate the intra�
cellular signaling pathways and (2) signals
between molecules inside a cell. It is generally
believed that all signals received by the cell first
interact with a receptor, embedded in either the
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Fig. 1. Schematic representation of the lipid packing in the biological membranes. (A) Viewed in a cross sec�
tion of the membrane. (B) Viewed from top on the membrane layer. Individual lipids of the monolayer are
conjoined into hexagonal structures by phosphoric acid (by hydrogen bonds). 
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plasma membrane or the cytoplasm of the cell
[1, 10]. Thus, the receptors may be the sensitive
substances that absorb physical or chemical fac�
tors and start the processes that send signals to
cellular membranes or nucleus.

When the cell received the internal or exter�
nal stimuli there are two ways for further signa�
ling events: «genomic» signaling and «non�geno�
mic» or «rapid» signaling [5]. Genomic signals
bring about their biological effects through in�
teractions with specific receptors, mostly relat�
ed to the nuclear receptor family [8]. Non�geno�
mic signaling is equated with membrane initiat�
ed signaling. Nevertheless, the membrane sig�
naling events may lead secondarily to the modu�
lation or initiation of transcriptional activity.
Hence, the distinction between these physiologi�
cal and cellular responses is times misleading,
and can be determined by nature of the stimulus.

Signaling processes during various stresses are
frequently accompanied by simultaneous increa�
se in the activation of oxidative reactions (free radi�
cal reactions), which cause injure to nucleic acids,
proteins, structural carbohydrates, and lipids [6].

As mentioned above polyunsaturated fatty
acids and their metabolites also have a role of
cell signaling and regulation of the gene expres�
sion. Membrane lipids containing polyunsatu�
rated fatty acids are susceptible to oxidation and
this can occurs in response to such process as an
oxidative stress.

Cells react defensively by initiating several
signal transduction pathways that result in the
accumulation of different proteins and non�pro�
tein antioxidants in response to increasing of
non�physiological quantities of oxidative agents.

During lipid peroxidation processes are
formed many non�long living reactive agents,
which accidentally combine with cellular sub�
stances. The lipid peroxidation has apparently a
dramatic influence on physiological and bio�
chemical processes in the living systems. In
response to changes of the cell membrane struc�
tures many physiological/biochemical responses
and also gene expression can be initiated. In this
connection the next question arises: Are changes
in the cell membrane structures really involved
in the generation of signaling molecules? At first
sight lipid peroxidation products might serve as
first signaling molecules. In fact, very large

quantities of reactive and non�reactive sub�
stances are formed during oxidative outburst. In
this connection it is necessarily to distinguish
between the chemicals that further initiate new
chemical processes and the chemicals that are
end products of oxidative reactions. 

In the living creatures protective mechanisms
exist for the removal of toxic reactive products
by substances termed antioxidants. Diverse anti�
oxidant defense systems have evolved mecha�
nisms to enable adaptation to oxidative environ�
ments.

Oxidative stress may possibly exert both
deleterious and beneficial effects. Lipid perox�
ides as well as reactive oxygen and nitrogen
species may function as regulators of gene
expression and mediators of cellular signaling.

We proposed that free radicals and antioxi�
dants including carotene, sterols, brassinos�
teroids, 1N,4N�diol ABA, prostaglandins such
classes as PGF and PGE play a pivotal role in the
biochemical pathways which are mediated by
lipids of membrane systems. Schematically
these processes are presented in Fig. 2 [3]. 

We believe that formation of these and many
others putative signaling molecules may reflect
only the final processes of structural ruins in the

Changes in the physico-chemical properties of membranes: destroying  of the
lipid-protein interactions, conformational reorganizations, increasing  in the
rigidity of membranes, oxidation of cellular biopolymers

Activation of defence systems including ABA, prostaglandins, sterols,
brassinosteroids, stress  proteins synthesis, etc. Gene expression

Disruption of
the chains of ATP
synthesis 

Changes  in
activities of
cytoplasmic
enzymes

Putative
signaling
pathways

Changes  in active and
passive traffic of ions and
molecules through the
membranes. Disturbances
in the water balance

Changes in
activities of
membrane-
bounded
enzymes

Changes in the endogenous levels of
Ca2+ (K+, Na+, H+, Mg 2+)  ions

  level of  free radicals

R, RO,
.. .

ROO,
.

R, R,
. - [ O ]+

Putative signaling agents

CELLULAR MEMBRANES:  Initiation of  lipid peroxidation. Increasing  in the
within membranes and a cytoplasm

Putative signaling agents

endogenous
Formation of

bioregulators from
membaneous

including lipidic
components

peroxides,

ethylene etc.

MDA, nitric oxide,
prostaglandins,

S T R E  S  S:
Physical Chemical

Induction of the
free radical 

Transformation of  xenobiotic

into  the  free  radicals
and endogenous  bioregulators

formation

Fig. 2. Formation of putative signaling pathways in
the cell during oxidative stress. All free radical spe�
cies can induce diverse signaling pathways which
can lead to genomic or non�genomic responses. 



1. Beckerman M. Cellular Signaling in Health and
Disease. — Dordrecht, Heidelberg, London, New York:
Springer Science and Business Media, LLC, 2009. — 470 pp.

2. Catala A. Lipid peroxidation of membrane phos�
pholipids generates hydroxy�alkenals and oxidized
phospholipids active in physiological and/or pathologi�
cal conditions // Chem. Phys. Lipids. — 2009. — 157. —
P. 1�11.

3. Kurchii B.A. Free radicals and antioxidants as gen�
eral signaling factors // International Symposium
«Signalling Systems of Plant Cells», 5�7 June, 2001,
Moscow, Russia. — P. 34. 

4. Kurchii B.A. A double net model for biological
membranes // International Conference «Photosynthe�
sis and Crop Production, 7�11 October, 2002, Kyiv,
Ukraine». Program and Abstracts. — P. 72�74.

5. Prossnitz E.R., Maggiolini M. Non�genomic signal�

ing by steroids // Mol. Cell. Endocrin. — 2009. — 308. —
P. 1�2.

6. Sies H., Cadenas E. Oxidative stress: damage to
intact cells and organs // Philos. Trans. R. Soc. Lond. B:
Biol. Sci. — 1985. — 311. — P. 617�631.

7. Singer J.S., Nicolson G.L. The fluid mosaic model
of the structure of cell membranes // Science. — 1972.
— 175. — P. 720�731.

8. Tata J.R. Signalling through nuclear receptors // Natu�
re Review: Molecular Cell Biology. — 2002. — 3. — P. 702�710.

9. Wallin E., von Heijne G. Genome�wide analysis of
integral membrane proteins from eubacterial, archaean,
and eukaryotic organisms // Protein Sci. — 1998. — 7. —
P. 1029�38.

10. Yang Z. Annual Plant Reviews, Vol. 33: Intracel�
lular Signaling in Plants. — Oxford, Ames: Wiley�Black�
well, 2008. — 430 pp.

B.A. Kurchii

30 Ukrainica Bioorganica Acta 2 (2010)

cell and thus they signal on the destructive
events already occurred in the cell. 

During oxidative burst can be oxidized HO�
groups of serine, threonine and tyrosine that
compose membrane and cytosol proteins.
Oxidized hydroxy groups of proteins may com�
bine with free radicals of any cellular chemicals
including growth regulating substances to form
putative biologically active structures (sophisti�
cal receptors). In the most cases they present the
accidental reactions of free radicals of growth
regulating substances with serine, threonine
and tyrosine amino acids. 

As mentioned above from 20 to 30 % of the
proteins encoded in the human genome are
membrane proteins which may be implicated in
signal transduction [9]. Are the integrity and
functional activity of receptors during oxidative
stress lost? And if so, by how much? 

Cellular signaling in eukaryotes is a complex
process in which events that occur within mem�
branes are coordinated with processes that
occur in the cytosol. The number of possible
reactions that take place in such complex

processes is enormous. How this occurs is still not
well understood. Moreover, entire membranes
do not liberate signaling molecules. 

In this connection we believe that from bro�
ken or damaged lipid rafts and caveolae of
membranes are liberated real signaling mole�
cules that present the short molecules of DNA
(see my another paper in this issue). Also they
may be termed as receptors or primers.

Conclusion. Current view of the molecular
architecture, first of all the plasmalemma,
remains poorly understood. In our view, howev�
er, the current understanding of the initial
molecular mechanism action of the physical and
chemical factors on the living systems is also
very limited. It is unclear whether growth regu�
lating substances directly bind to nuclear DNA
or regulate gene expression by interacting with
DNA�binding proteins. The experimental data
suggest the growth regulating factors have
overlapping yet distinct functions and thus
should have different downstream targets. 
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Резюме. Розглянуто значення структури мембран відносно біологічних сигнальних систем відповідно до сучас�
них знань, а також особливості біологічних мембран і функції, які вони виконують у живих системах. Описано, як
сполучаються між собою жирні кислоти в мембранному шарі ліпідів. Дискусійні дані дібрано відносно досягнень
молекулярної організації мембран та їхньої ролі в сприйнятті сигналів, трансформації і доставку їх до мішені й
шляхами у відповідь. Однією з важливих загадок відносно механізму сприйняття залишається те, як ці процеси
співвідносяться з геномними і негеномними відповідями.
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