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Abstract PROBLEM. Gerontology observations show that ageing of organism is accompa-
nied by the decrease of the chromatin activity and slowing down of the protein 
synthesis. Natural regulatory oligopeptides and their synthetic analogues take 
part in the activation of chromatin and normalise rate of the protein synthesis in 
cultured tissues. Regulatory peptides signifi cantly enhance longevity.
OBJECTIVES. Th e objective of this work is to fi nd a possible molecular mechanism 
by which the regulatory peptides infl uence the part of genetic system is responsi-
ble for initiation of protein synthesis in higher organisms.
METHODS. An interdisciplinary approach was used to address the problem. Th e 
work involved not only medical scientists and biologists, but also specialists in 
biopolymer chemistry, and mathematicians for statistical analysis of information 
interaction of amino acid and nucleotide sequences.
CONCLUSIONS. Th e structures and metrics of peptides and the DNA double-helix 
cause the recognition and complementary binding of a regulatory peptide with 
DNA functional groups at the interface of the major groove. We have used com-
plementary binding model to fi nd a possible base pair sequence ATTTTC for spe-
cifi c binding of synthetic tetrapeptide epitalon. Th is base pair block and its reverse 
complement were found repeatedly in the promoter region of telomerase.
A comparison of statistical information content of peptides and oligonucleotide 
sequences shows that these two classes of biopolymers are information carriers 
and. exchange the information to initiate the gene transcription.
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Introduction

Recent experiments show that natural peptide 
preparations and synthetic analogues – regulatory 
peptides (RP) are involved in the chromatin activa-
tion, normalise rates of protein synthesis and contrib-
ute to lifespan increase [1–4].

The transcription activation in eukaryotes requires 
tens of macromolecular activators, transcription fac-
tors (TF), and peptides [5,6]. The study of the detailed 
interactions between proteins and non-coding DNA 
structures responsible for transcription initiation 
evolved over the past decade to the understanding 
that recognition arises when oligopeptide of defi-
nite amino acid sequence interacts with preferable 
base pair sequence of DNA double helix [7 – 9]. How-
ever, currently there exists an obvious gap between 
the numerous evidences of specific effects caused by 
RP in the activation of protein synthesis and limited 
modelling of molecular mechanisms which underlie 
the selective peptide binding with specific DNA site.

The non-coding parts of DNA contain multi-
ple repeats of relatively short base pair sequences 
(nucleotide blocks). The typical length of these blocks 
within promoter regions is 6–10 bp, so that they do 
not exceed one helix turn [10]. Macromolecular TFs 
interacts with cognate DNA elements exactly of that 
size. For example the octamer motif ATTTGCAT 
can be found in the promoters of various ubiquitous 
genes and binds B-cell-specific TF [11]; every subunit 
of macromolecular activator protein (CAP) interacts 
with 8 bp.DNA- site [9].

Regulatory peptides and TFs also contain repeats 
of characteristic amino acid sequences amino acid 
blocks. They are normally compiled of 5–6 amino acid 
residues. We suppose that short peptides, analogous to 
these amino acid blocks, may serve as agonists for TF, 
and the initial start signal for site-specific binding of 
the RP in the DNA major groove.

Our model for sequence specific interaction of RP 
with recognition site in the promoter region is built 
on the principles of geometrical and electrochemical 
complementarity of two right-handed helices: peptide 
and DNA. The highest selectivity of recognition may 
be achieved when amino acid block interacts with 
nucleotide block complementarily. The literature data 
on molecular geometry of the DNA double-helix and 
peptide chain were used to find a possible base pair 
sequence for specific binding of synthetic tetrapep-
tide epitalon [5, 10].

Foundation principles of complementary interac-
tions in the system “RP – DNA”

Molecular recognition in biology is based upon 
precise correspondence between molecular surfaces 
of interacting molecules and equality of distance 
parameters, which determine the position of interact-
ing functional groups. Structural correspondence of 
this kind is usually referred to as matrix complemetar-
ity. A regulatory peptide recognises a specific nucleo-
tide sequence in DNA if its own amino acid sequence 

is complementary to the DNA sequence to a suffi-
cient extent.

A polypeptide chain consisting of L-isomers can 
have several conformations. β Sheets are the most 
stretched and exposed type of peptide conforma-
tions, with the average distance 3.47 Å. per one amino 
acid residue. This conformation allows sufficient free-
dom for the side groups and let them be involved in 
the largest number of intermolecular interactions [5]. 
Orientation of the amino acid side groups depends on 
their interactions with the environment.

Regulatory (non-coding) regions of the DNA con-
tain sites of selective binding of TF with RPs. There 
are ten base pairs within a single turn of relaxed DNA 
double-helix, and base pairs are situated almost in par-
allel planes. Average distance between the planes is 3.4 
Å [10]. It is known that phosphodiester carcass chains 
divide the cross section of DNA double-helix into two 
unequal parts: the major and the minor grooves, with 
widths of 22.2 Å and 11.8 Å, correspondingly [10].

Thus, a certain metric correspondence between 
the DNA double-helix and the peptide chain can be 
observed: the length is 3.47 Å per one amino acid res-
idue in β-conformation of a peptide chain, while the 
distance between DNA base pairs is 3.4 Å. As both 
molecules are right-handed helices, the oligopeptide 
can easily coincide with the major groove and inter-
act on the interface with functional groups of base 
pairs. Similar polyfunctional interaction of DNA 
with ligands was studied in detail and described for 
an antibiotic netropsin as it forms complex with the 
minor groove of the double-helix [12,13]. Netropsin 
has three hydrophobic sites and a positive charge at 
the end of the molecule. We extended this approach 
to the case of oligopeptide interaction with functional 
groups of the DNA major groove, where side groups 
of RP can be inserted.

Th e model of complementary interaction of 
tetrapeptide AEDG with DNA double-helix

Here we present a model of site-specific interaction 
of DNA with tetrapeptide AEDG* (epitalon) which is 
known to have repair properties which cause decrease 
in the number of tumours and increase in the average 
longevity [1–4].

Investigation of the tetrapeptide conformational 
structures showed that the mostly energetically ben-
eficial conformation in water (uniform environment) 
is of 15.5 Å in length and 8.5 Å in width (maximum). 
In the absence of low molecular weight electrolyte the 
negative charge of the C-terminal carboxylic group 
is compensated by protonated N-terminal amino 
group, i.e. intramolecular interaction partially cycles 
the tetrapeptide. Within salt solution and at poly-
functional interaction with DNA the tetrapeptide 
takes a stretched shape presented in Figure 1. Obvi-
ously, under the physiological conditions N-terminal 
amino group may participate in H-bonds and neg-
atively charged carboxylic groups are involved into 
polar and ion-ion interactions. The side methyl group 
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of alanine residue can interact with hydrophobic 
groups of nucleic bases. The net electrostatic charge 
of the peptide is negative; thus, there are no interac-
tions with phosphate groups of phosphodiester car-
cass chains.

We suppose that the tetrapeptide with rather capa-
cious side groups can be placed only inside the major 
groove and can interact with those functional groups 
of the nucleic bases which are exposed on the sur-
face of the major groove of the double-helix. Met-
rical characteristics of nucleotide functional groups 
exposed onto the surface of the DNA major groove 
are shown in Figure 2.

Each sequence of base pairs produces a unique pat-
tern of the exposed functional groups. They can be 
included into H-bonds or ion bonds and into hydro-
phobic interactions with peptide side groups if their 
sequence complementary corresponds to this pattern. 
Polar interactions of RP with base pairs in the major 
groove determined by electrostatic interactions of 
carboxylic groups of the peptide with amino groups 
of adenin and cytosine, and also by H-bond of the 
protonised amino groups and carboxylic groups of 
the peptide with the nitrogen atom N7 of adenin and 
guanin [9]. Hydrophobic interactions in this system 
are due to the side groups of the peptide and methyl 
groups of thymine

.A simple permutation of nucleotide pairs (func-
tional groups are shown in Figure 2) allows to find 
their sequence that provides complementarity with 
side groups of the peptide. The complementary nucle-
otide sequence for the tetrapeptide AEDG is ATTTC 
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(Figure 3). A distinctive feature of our model is the 
simultaneous interaction of the peptide with func-
tional groups of both chains of DNA double-helix. To 
find geometric complementarity we take into account 
lengths of covalent bonds 1.5 Å, ion-ion bonds 2.5 Å 
and H-bonds 2.0–2.5 Å. We consider impossible 
peptide interactions with phosphate groups of DNA 
carcass chains since these interactions are not specific. 
We did not consider possible changes of the angles 
between base pair planes and the axis of the double-
helix either.

Intermolecular interactions between AEDG 
peptide and DNA are based on several H-bonds. 
For peptide systems the length of H-bond is, typi-
cally, 2.0–2.5 Å, i.e. is larger than a half of the distance 
between the neighbouring base pairs planes.

The complex of the tetrapeptide AEDG with 
DNA is shown in Figure 4. The tetrapeptide AEDG is 
located inside the major groove of the DNA accord-
ing to complementarity of the peptide and DNA func-
tional groups. An important point to notice is that due 
to high mobility of functional groups of terminal gly-
cine residue, the tetrapeptide AEDG can comple-
mentary bind also with ATTTG sequence of DNA: 
although the bonds will be weaker, than for ATTTC.

Ageing of the organism is known to be accompa-
nied by slowing down protein synthesis. Transcrip-
tion of all protein-coding genes is performed by the 
enzyme DNA-dependent RNA polymerase II after TF 
have initiated the process [14]. Biosynthesis of RNA 
polymerase II also cannot be done unless the tran-
scription have been initiated by a corresponding TF. 

Figure 1. Stretched conformation of peptide Ala-Glu-Asp-Gly 
(projection to plane). Those terminal and side groups which are 
capable of complementary interaction with DNA are shown.
–NH2, –OH – proton donating groups;
= 0 – proton accpeting groups;  :
– CH3 – hydrophobic (methyl) group
The main peptide chain is shown with the thicker line.

Figure 2. Metric position of functional groups on the surface of the 
major groove when each base pair is inserted into the DNA double-
helix. Broken line shows the perpendicular plane containing aromatic 
structures of the nucleotide bases.
–NH2, – proton donating groups;
= 7N – proton accpeting groups;
CH3 – hydrophobic (methyl) group
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It had been reported that the block ATTTGCAT is 
one of the binding sites for the RNA polymerase II 
TF[11]. Within promoter of the large subunit RNA 
polymerase the sequence ATTTC is present three 
times [15].

As it was mentioned above, the tetrapeptide 
AEDG causes a special interest exactly due to its 
high geroprotective efficiency. It was shown in ani-
mal tests that it significantly increases longevity and 
slows down processes of tumour formation. There is 
a hypothesis which links the general lifetime of cell 
populations to the length of chromosome telomers, 
and so, to the activity of the enzyme telomerase [16]. 
From the literature data we found that the nucleo-
tide sequence ATTTC/G, which is the predicted DNA 
sequence from our model, is present nine times in the 
promoter region of telomerase protein component (in 
the segment 3729 b.p.from the start of transcription) 
[17]. The complementary interaction of the oligopep-
tide AEDG with the blocks ATTTC seem to cause re-
activation of telomerase promoter in the somatic cells 
which initiates intracellular synthesis of telomerase 
and elongation of telomers, thus enhancing prolifer-
ating potential of tissue and may considerably affect 
longevity. The synthetic tetrapeptide AEDG then can 
be believed to exhibit geroprotective function as a TF 
agonist, interacting with the nucleotide blocks in pro-
moter regions of vitally important genes, i.g. RNA 
polymerase and telomerase.

Informational interaction in the system “RP 
— DNA”

The complementary interaction of the peptide 
chain with DNA not only enlarges the major groove 
of the double-helix, but also increases the local rigid-
ity of these biopolymers. A corresponding descrease 
in the conformational entropy for both peptide and 
DNA can be considered as an informational signal. In 
order to obtain a quantitative description of the infor-
mational signal we estimate information charge of the 
peptide and DNA. In other words, we calculate how 
much information in bits contains single structural 
element (letter) in the sequences where elements are 
amino acid residues and nucleotides.

Informational content of the short repeated blocks 
within the long sequences of amino acid residues or 
nucleotides was calculated as proposed by Shannon 
[18 ] using a software available at www.maths.ox.ac.uk/
’chernova/codes/belok.html

We searched for repeated amino acid blocks 
within sequences of regulatory proteins and peptides 
and found values for the information charge using 
N-gramm Shannon entropies [19]. The results of cal-
culations which were done by [20] show that the most 
often repeated blocks in polypeptide chains con-
sist of four-five amino acid residues and carry a cer-
tain information charge which reaches values up to 8 
bit per residue within block [21]. Repeated blocks in 
peptide chains which carry information charge are the 
most evolutionary conserved amino acid sequences 
in eukaryota. Obviously that signal molecules must 
be compact and short – otherwise they would easily 
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Figure 3. Sequence of nucleotide pairs in the DNA double-helix 
with functional groups that are complementary to the functional 
groups of the peptide Ala-Glu-Asp-Gly. There are mulitiple repeats 
of this sequence of base pairs in the promoter of telomerase gene.

Figure 4. Model of complementary interaction of the peptide Ala-
Glu-Asp-Gly with DNA double-helix (DNA-peptide complex on the 
promoter region of telomerase gene).
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loose the accuracy of signalling function in the course 
of mutational changes.

Repeated blocks and information charges were cal-
culated in the same way for the nucleotide sequences 
of gene promoters of RNA polymerase II [15] and 
telomerase [17]. We found that the non-coding regions 
usually contain repeated blocks of seven nucleotides, 
for which the value of information charge is up to 6.4 
bit per base pair.

The number of symbols in the “alphabets” for 
amino acids and nucleotides is different, twenty and 
four, correspondingly. In order to transmit (translate) 
information from donor to accepter (from one lan-
guage to another) without loses and distortions it is 
necessary to require that the donor and accepter have 
close information capacity. In the case of “RP-DNA” 
interaction the requirement is to have repeated blocks 
made up of five to seven nucleotides.

Molecular model of complementary interaction 
of the regulatory tetrapeptide with the DNA dou-
ble-helix can be supplied with the concept of discrete, 
rather quantum, information transmission during the 
molecular contact. The media for information trans-
mission are short blocks (oligomers) which are pre-
served within macromolecular biopolymers, (proteins 
and nucleic acids), over millions years of evolution.

Consideration of complementary interactions 
between oligopeptides and oligonucleotides is an 
important part in the core of modern hypotheses on 
the initial stages of living matter, especially from the 
point of view of genesis and accumulation of molec-
ular information during evolution. The combination 
of permanently acting mechanisms of mutations and 
selection with a stable and mechanism of conserva-
tion of molecular information determines the direc-
tion and the irreversibility of evolutionary processes.
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