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Resonant Recognition Model

Here, we present our own nonconventional, biophysical, theoretical Resonant Recognition
Model (RRM), which is based on the findings that certain periodicities within the distribution of
energy of delocalized electrons along protein molecules are critical for protein biological functions
and/or interactions with their targets [1-12]. The RRM model has been extensively published and/or
experimentally successfully tested [1-29]. The RRM model has been presented and well explained in
our previous publications.

All proteins can be considered as a linear sequence of their constitutive elements, i.e., amino
acids and the biological function of proteins are determined primarily by this linear sequence. The
RRM [1-3] interprets this linear information by transforming the protein sequence into a numerical
series and then into the frequency domain using the digital signal processing method Fast Fourier
Transform (FFT).

The primary structure of proteins can be presented as a numerical series by assigning a relevant
physical parameter value to each amino acid. Our investigations have shown that the best correlation
can be achieved with parameters that are related to the energy of the delocalized electrons of each
amino acid (calculated as Electron Ion Interaction Potential (EIIP)), as electrons delocalized from the
particular amino acid have the strongest impact on the electronic distribution of the whole protein
[1-4]. The resulting numerical series represents the distribution of the free electron energies along the
protein molecule.

Such numerical series are then analyzed by digital signal analysis methods, using FFT, to extract
information pertinent to the biological function. As the distance between amino acid residues in a
polypeptide chain (protein backbone) is 3.8 A, it can be assumed that the points in the numerical
sequence are equidistant. For further numerical analysis, the distance between points in these
numerical sequences is set at an arbitrary value of d = 1. Therefore, the maximum frequency in the
spectrum is F = 1/2d = 0.5. The total number of points in the sequence influences the resolution of the
spectrum only. Thus, for an N-point sequence, the resolution in the spectrum is equal to 1/N. The n-
th point in the spectral function corresponds to the frequency f =n/N.

To extract the common spectral characteristics of sequences with the same or similar biological
functions, the multiple cross-spectral function is used. Peak frequencies in such a multiple cross-
spectral function present common frequency components for all sequences analyzed. Such common
frequency components are found to be related to the common biological function of the analyzed
proteins, leading to the conclusion that each specific biological function within the protein is
characterized by one frequency [1-3,5,6].

Each biological function and/or process is driven by proteins that selectively interact with other
proteins, DNA regulatory segments or small molecules. Using the RRM, it has been shown that
proteins and their targets share the same matching characteristic frequency (periodicity) [1-3,5,6].
The matching of periodicities within the distribution of energies of free electrons along the interacting
proteins can be regarded as the resonant recognition and is highly selective. Thus, the RRM
frequencies characterize not only protein function, but also recognition and interaction between a
protein and its targets: receptors, binding proteins and inhibitors. In addition, it has also been shown
that interacting proteins have opposite phases at their characteristic recognition frequency [1-3,5-7].
Every frequency can be presented by one sinusoid characterized with its frequency, amplitude and
phase. The phase is presented in radians and can be between - and +mrt (-3.14 and +3.14). A phase



difference of or about 3.14 is considered an opposite phase. The phase value can be presented in the
phase circle, where it is easier to observe graphically opposite phases.

It has been proposed that the RRM frequencies characterize not only a general function, but also
arecognition and interaction between the macromolecule and its target, which then can be considered
as a resonant recognition. This could be achieved with resonant energy transfer between the
interacting macromolecules through oscillations of a physical field that is electromagnetic in nature.
Since there is evidence that proteins have certain conducting or semi-conducting properties, a charge
moving through the macromolecular backbone and passing different energy stages, caused by
different amino acid or nucleotide side groups, can produce sufficient conditions for specific
electromagnetic radiation or absorption. The frequency ranges of this field depend on the charge
velocity. The RRM proposes, based on solid state physics principles, that the charge is travelling
through the macromolecular backbone at an estimated velocity of 7.87 x 105 m/s [1-3,8,9]. For this
velocity, and with the distance between amino acids in a protein backbone of 3.8A, the frequency of
protein interactions was estimated to be in the range between 10®*Hz and 10"°Hz. Therefore, the
estimated frequency range for both amino acid and nucleotide macromolecules includes far infra-
red, infra-red, visible and ultraviolet light. To support this idea, we compared our RRM
computational predictions for variety of biological functions with a number of published
experimental results [1-3]:

J Laser light growth promotion of cells, by using the frequencies of light to produce a
similar effect to that of growth factor proteins;

J Chymotrypsin activation (increase of enzyme activity) achieved by laser light radiation
in the range of 850-860nm;

J Activation of highly homologous plant photoreceptors, which, although being very
homologous, absorb different wavelengths of light;

. Photoactivated proteins, e.g., thodopsin, flavodoxin, etc.

These comparisons have empirically shown a strong linear correlation between frequencies, as
calculated using the RRM method and experimentally measured characteristic frequencies, with a
slope factor of K =201 [1-3,10]. This finding parallels with the frequency range previously associated
with the RRM numerical frequency spectrum that has been calculated from the charge velocities
through the protein backbone. This correlation can be represented as follows:

/\= K/frrm (1)

where A is the wavelength of light irradiation in nm, which can influence particular biological
process, frm is RRM numerical frequency and K is coefficient of this linear correlation.

We applied this concept to a number of proteins and DNA examples [8-12]. The concept has
also been experimentally tested by predicting the electromagnetic frequencies for the activation of L-
Lactate Dehydrogenase [13]. In this experiment, by radiating L-Lactate Dehydrogenase with RRM-
predicted electromagnetic frequencies, a significant change in enzyme activity was achieved. The
concept has also been tested independently on experimental measurements of photon emission from
dying melanoma cells [14], on photon emission from lethal and non-lethal Ebola strains [15], as well
as on the classic signaling pathway JAK-STAT, traditionally composed of nine sequential protein
interactions [16]. Moreover, the RRM model, for the first time, explains how and why external blue
light can be used in the treatment of Crigler—Najjar syndrome [11].

Keeping all this in mind, we propose that the RRM concept is an excellent predictor of proteins’
selective interactions, biological processes and pathways in living cells. In our previous work, we
have calculated large number of specific frequencies for different protein and DNA biological
functions and interactions [1-13,17-24].

Bioactive Peptide Design

Once the characteristic biological function of the protein is identified, it is possible to design new
proteins with the desired frequency components and, consequently, with the desired biological
functions [1-3,7,18-24]. The process of bioactive peptides design is as follows:



e Determination of RRM characteristic frequency using multiple cross-spectral functions for a
group of protein sequences that share common biological function (interaction);

e Determination of phases for the characteristic frequencies of a particular protein, which is
selected as the parent for the agonist/antagonist peptide;

e Calculation using an Inverse Fourier Transform of the signal with characteristic frequency
and phase. The minimal length of the designed peptide is defined by the characteristic
frequency f as 1/f;

e Determination of the resulting amino acid sequence using tabulated EIIP parameter values.

This approach has already been successfully applied and experimentally tested in the design of
FGF [1-3,19], HIV envelope protein analogue [1-3,7,20,21], mice IL-12 analogue [17,22] and a peptide
to mimic the oncolytic function of the myxoma virus [23,24].

It is interesting to note that de novo designed peptides do not have any significant homology
with the original protein, but, when their 3D structure is predicted, it has been shown that this 3D
structure is very similar to the 3D structure of the original active protein site [19]. As the 3D structure
is defined by the protein’s primary structure, it seems that RRM, by analyzing frequencies within the
primary structure, can decipher the rules of how the 3D structure is formed.

Prediction of the Key Amino Acids— “Hot Spots”

Knowing the characteristic frequency of particular protein functions creates the possibility to
predict which amino acids prevail in the sequence and predominantly contribute to this frequency
and, consequently, to the observed function. This could be achieved by small alternations in the
amplitude of the single protein spectrum at the characteristic frequency and an observation of which
amino acids are most sensitive to this alternation [1-3,25-28]. These sensitive amino acids ("hot
spots") are related to the characteristic frequency and, consequently, to the corresponding biological
function. The “hot spots” predictions, using the RRM, have already been applied to a number of
protein and DNA examples, including interleukin-2, SV40 enhancer, epidermal growth factor (EGF),
Ha-ras p21 oncogene product, glucagons, hemoglobins, myoglobins and lysozymes [1-3,25-28]. It
has been experimentally documented via the example of influenza virus that such predicted amino
acids denote residues crucial for protein function [29].

In addition, these amino acid “hot spots”, although not sequentially linked, are found to be
spatially clustered in the protein tertiary structure and to be positioned in and around the protein
active site [25-28]. This could mean that the 3D protein structure is formed as a resonant box for the
characteristic frequency.
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