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Plant polyphenols including flavonoids and tannins are impor-
tant constituent of our everyday diet and medical herbals. It is
broadly accepted that polyphenols may protect us from toxins,
carcinogens and pollutants though the mechanisms of the poly-
phenols action is still not clear. Here we discuss the ability of
polyphenols and especially gallate rich compounds like tannins
and catechin gallates to interact with proteins and lipids, establish
binding between adjacent bilayer surfaces and initiate membrane
aggregation. This phenomena discovered in model experiments
could also influence lateral segregation and compartmentaliza-
tion of cell surface compounds and assist the cell-cell interaction
and signal transduction. The involvement of plant polyphenols in
communication between cells could be an important factor respon-
sible for anticarcinogenic, vascular and cardioprotective activity of
these compounds and speculated to be implicated in the evolution
of human brain and intelligence.

Plant polyphenols including flavonoids and tannins are present
on our daily diet. The opinion on their influence on the human
health is contradictory and ranges widely from positive to skeptic and
even to alarming.!> Obviously the processes of their functioning in
our body should be studied in more details.

The polyphenols are know not only as patent antioxidants but
also as cell metabolism regulators.* The biological functioning of
these compounds begins from their interaction with the cell surface
and penetration through the plasma membrane into the cyto-
plasm. They can influence various physical properties of membrane
lipids including diffusion, melting temperature, detergent solubility,
osmotic stability, permeability to water soluble compounds®”’ and
general parameters of lipid packing and intrinsic bilayer curvature
related to membrane interaction and fusion. Their penetration
through the lipid bilayer inversive correlates with the number
of hydroxyl groups and accordingly with the hydrophobicity of
molecules.
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The background of polyphenols functioning is attributed to the
ability of these compounds to interact with proteins, lipids and poly-
nucleotides through electrostatic, hydrophobic, and even covalent
binding.>? The polyphenolic compounds are generally not very
active chemically and only electrostatic and hydrophobic forces are
responsible for their interaction within cells. However, after oxidation
of catechol and gallate!® moieties to quinones (Fig. 1) in presence of
peroxidases, polyphenol oxidases, alkaline pH, or transition metals
they could be involved in reactions with free nucleophilic functional
groups such as sulthydryl, amine, amide, indole and imidazole
substituents;!! and result in covalent binding with different residues
including lysine, methionine, cysteine and tryptophane.®!2 We
expect that terminal amino groups of phosphatidylethanolamines or
sulfolipids of biological membranes can also participate in covalent
binding with quinones. The consequence of chemical derivatiza-
tion of proteins may lead to changes in 0-helix and random coiled
constituents and be accompanied by modulation of protein physical
properties and functioning.®

Among the polyphenolic compounds, tannins express the stron-
gest influence on the lipid bilayer properties. The influence depends
on the presence of numerous gallic moieties in the tannin molecule.!?
Tannins are able to bind on the membrane surface, establish bridges
between apposing bilayers and initiate their interaction and adhe-
sion."* The process is accompanied by reduction of the membrane
dipole potential, lipid interdigitation and the decrease of interbilayer
spacing from 15 A to 5 A. According to authors' this happens
because tannins (1) are amphipathic and partition into the bilayers
interfacial region, (2) are long enough to span the interbilayer space,
(3) contain several gallic acids distributed so that they can partition
simultaneously into apposing bilayers, and (4) have sufficient gallic
acid residues to interact with all lipid headgroups and cover the
bilayer surface. The electrostatic interaction between the T electrons
in the phenol ring and -N*(CH); groups of phosphatidylcholines is
also should be considered.

It is necessary to mention that besides tannins the gallate moiety
is present also in some antimalarial agents as rufigallol and exifone.!®
The tea catechin gallate and a number of related compounds including
gallocatechin gallate, epicatechin gallate, epigallocatechin gallate
contain the gallic moiety and was found to influence the membrane
fluidity.'® Some of the tea gallates reveal anticancer activity corre-
lated with membrane rigidifying effect.!” Not long ago novel black
tea pigments rich with gallate moieties and produced by oxidation
of tea epagallocatechin-3-o-gallate were discovered (Fig. 2).!8 The
appearance of this kind of pigments in food is very typical example
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Figure 1. A simplified scheme of catechol and gallate moieties oxidation
to quinones and subsequent quinones reaction with terminal amino- and
sulfa-groups of proteins and lipids (R, or R;). The catechol and gallate moi-
eties are attached to a larger molecule of polyphenol (R,). For details see
reviews.8:12

of enzymatic and thermal browning process accompanying various
traditional preparation of beverages (tea, coffee, cacao, beer and so
on) and meal (roasted or baked vegetables and meet).!!

According to our hypotheses (Fig. 3) the polyphenols rich with
gallate moieties may attach to the cell surface, change physical prop-
erties of lipids, initiate lateral segregation and formation of lipid
and protein clusters, and finally, initate binding of neighbouring
cells. The lateral segregation of the bilayer compounds is known as a
physical background of membranes compartmentalization and lipid
rafts formation.!*2% This process is relevant for cell-cell communica-
tion, signalling and metabolism regulation; and, thus, responsible
for numerous medically recognizable processes.?! It is known that
lipid rafts are enriched with cholesterol and sphingolipids that serve
as a platform for gathering of signalling and trafficking proteins.??
Tannins and other gallate rich molecules may specifically interact
with -N*(CH,); groups of sphingomyelin present in the outer leaflet
of plasma membrane. High reactivity of gallates towards nucleophilic
moieties of proteins especially in presence of peroxidases may facili-
tate formation of covalent bridges between adjacent cells.

2324 ,re involved in cell-

Plant polyphenols as catechins of tea
cell interactions responsible for their anticarcinogenic activity by
upregulating the receptor and signaling cascades of communication
between cells. Well known cardiovascular protective effect of plant
polyphenols can also be explained by influence of these compounds
on interaction between endothelial cells.?>

The cell-cell communication and signal transduction is very
important also for functioning of neural networks. In human evolu-
tion the plant polyphenol consumption would be considerable
improved after invention of the fire cooking. It was supposed that
the thermal treatment of meat and vegetables, mostly wild tubers of
antic savanna, was an important factor of the brain evolution.?® The
increase of protein, lipid and carbohydrates availability contributes
the most noticeable gain in human intellectual development.?” The
role of polyphenols in neuronal communication and brain evolution
is still has to be uncovered. Flavonoids are known to protect the brain

610

Plant Signaling & Behavior

OH

Figure 2. Tannin (A) and a fragment of polymeric chain of gallate rich black
tea pigment (B). The triplets of neighboring hydroxyl groups of gallic acid
are emphasized by a larger font.

from oxidation stress and prevent the aging and numerous patholog-
ical processes including neuronal damage during Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis.?®2” It seems the
mechanism of polyphenols action on the brain functioning could
not be restricted by prevention against oxidation stress because these
compounds could also participate in the intracellular signal transduc-
tion cascades and modulation of brain functioning.?® This may be
explained by interactions of polyphenols with specific proteins and
plasma membrane compartments responsible for signal transduction
as well as for memory formation and storage.
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Figure 3. Polyphenols rich of gallate moieties can interact with the cell
surface (A). Then gallates may initiate the phospholipid rigidifying process
(physically modified lipids are emphasized by shape and color) (B) and
lead to aggregation of some proteins and lipids in clusters (D). Polyphenol
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ecules could serve as bridges between surfaces of two neighbor cells

and initiate cells binding and formation of similar clusters in the membrane

of
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he opposite cell.
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