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Analysis of the main parameters of molecular mechanics (number of hydrogen bonds, hydro-
phobic and electrostatic interactions, DNA-peptide complex minimization energy) provided
the data to validate the previously proposed qualitative models of peptide-DNA interactions
and to evaluate their quantitative characteristics. Based on these estimations, a three-dimen-
sional model of Lys-Glu and Ala-Glu-Asp-Gly peptide interactions with DNA sites (GCAG
and ATTTC) located in the promoter zones of genes encoding CDS5, IL-2, MMP2, and Tram!

signal molecules.
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Aging of an organism correlates with inhibition of
some metabolic processes, which is explained by less-
er intensity of gene transcription and mRNA synthesis
[1]. Gene expression in eukaryotic cells is triggered by
transcription factors, high molecular proteins and low
molecular peptides [5,11].

Short cell-penetrating peptides (CPPs) are in-
volved in activation of cell proliferation and differen-
tiation, realized by transcription factors. Cell penetrat-
ing short peptides are a group of peptides consisting of
no more than 20 amino acid residues with molecular
weight of no more than 4 kDa [3]. Normally CPPs are
multicharge ions. They noncovalently bind to nucleic
acids, amino acids, peptides and transport them to
the site of destination inside the cell [3]. The CPPs
group includes natural (R-PTD,, bt-NLS, Lig]1-PBD-F,
F(Ahx)-TAT), and short synthetlc peptldes [2,13], for
example, Lys-Glu (vilone) and Ala-Glu-Asp-Gly (epi-
thalone), created at St. Petersburg Institute of Bioregu-
lation and Gerontology. The mechanism of penetra-
tion of highly hydrophilic CPPs into the cell and into
the genome remains unclear. The relevant hypotheses
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(direct penetration through membranes, endocytosis,
micellar internalization) remain an object of discus-
sions [14]. In contrast to steroid hormones, hydrophilic
short peptides bind to phospholipid hydrophilic groups
on the outer side of the plasma membrane, group to-
gether, and enter the cell by the mechanism close to
pinocytosis [4,14].

A specific feature of the nuclear membrane is
a well-developed system of transport pores formed
by protein complexes, nucleoporines that control the
transport of nucleoprotein complexes into and from the
nucleus [10]. The inner diameter of nucleopores is 42
nm, outer diameter 50 nm. Hence, they are permeable
for diffusing molecules with molecular weight of up
to 5 kDa [9] and hence, for Lys-Glu and Ala-Glu-Asp-
Gly peptides. Peptides Ala-Glu-Asp-Gly, Glu-Asp-
Arg, and Lys-Glu-Asp-Gly labeled with FITC really
penetrate into the cytoplasm, nucleus, and nucleolus
of HeLa cells [4]. The mechanism of their penetration
into the nucleus may be similar to that described for
natural CPPs, but it is also possible that Lys-Glu and
Ala-Glu-Asp-Gly are transported to the nucleus by
larger natural CPPs.

It is known that Lys-Glu and Ala-Glu-Asp-Gly
CPPs regulate the expression of genes functionally
belonging to different c¢  systems [€ Hence, they
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models can be useful for deciphering the mechanisms
of biological activities of CPPs, quantitative evalua-
tion of their putative activity, and directed search for
new substances with preset pharmacological effects.
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