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Resumen

Protein-protein interactions govern all molecular processes for living organisms, even those in-
volved in pathogen infection. Pathogens, like virus, bacteria, and parasites contain proteins that
help the pathogen to attach, penetrate, and settle inside the target cell. Thus, it is necessary
to know the regions in pathogenic proteins that interact with host cell receptors. Currently,
powerful pathogen databases are available and many pathogenic proteins have been recognized,
but many pathogenic proteins have not been characterized. This work applied Time-Frequency
Analysis (TFA) to recognize important regions in proteins. TFA shows the highest local varian-
ces in a protein string from 3 di�erent time-frequency distributions.

More speci�cally, taking advantage of the fact that the distance between amino acid residues
in a protein sequence is about 3.8Ȧ, most of corresponding numeric representations can be
analyzed as an equidistance realization (or time series) from some stochastic process that can
be stationary or not. Since several studies have reported the non-stationarity feature of genomic
and biomolecular sequences [7], time-dependent spectra are an useful tool to identify localized
characteristics of a protein. For instance, hot spot aminoacids or motifs that most contribute to
an important frequency that describes either a biological function or an interaction [1].

For a real-valued signal x(t), t ∈ R, Ville [2] in 1948 introduced the analytical signal concept
and a quadratic transform previously studied by Wigner [3] in 1932 on quantum thermodyna-
mic and rediscovered by Cohen [4] in 1966 for applications in statistical mechanics and signal
processing of light waves. The Wigner-Ville (WV) transform of x(t), t ∈ R is given by
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where x∗(t) is the analytic signal associated to x(t). Function Rx(u, τ) = x∗(u − τ
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represents a form of local autocovariance and measures the covariance between values at time
points separated by an interval τ and symmetrically placed about the time t = u. In this
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transform time and frequency have a symmetric role, so by applying the Parseval formula [5]
this time-frequency distribution can also be rewritten as a frequency integration, i.e.
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Even though WV transform looks like a powerful tool to analyze the time-frequency struc-
tures of a signal, this is not the case due to the interferences created by the cross terms in
(1). These interferences can be attenuated by smoothing the WV transform as proposed by
Cohen [4], however the consequence of this is a decrease of the time and frequency resolutions,
and more generally a loss of theoretical properties. The general family of Cohen's quadratic
time-frequency distributions is

Cx(t, ω) =
1
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where φ(θ, τ) is a function independent of time and frequency that acts as a smoothing kernel.
By choosing di�erent kernels we obtain di�erent distributions as well, and the mathematical
properties of Cx(t, ω) depend on kernel choosen. If φ(θ, τ) = 1 we obtain the WV distribution
which satis�es many desirable properties as time and frequency marginals, convolution, real
valued, time and frequency shifts, group delay, among others. In order to balance both properties
and resolutions, in this work we used the spectrogram, Choi-Williams and reduced interference

distributions [6].
The aforementioned three TFDs were applied for some study cases from pathogenic co-

crystallized structures in order to search the frequencies that characterize interaction regions in
pathogenic proteins and with this information tried to identify new interaction regions in either
paralogs or orthologs. We found that this approach was able to detect under several descriptors
important regions in proteins even those related to interaction. We performed a benchmark for
interaction regions from 127 proteins obtained acceptable sensibility and speci�city for some des-
criptors (sensibility/speci�city around 0.85). We also identi�ed a peptide from a mouse protein
IRGb2-b1 which showed the highest local variance in TFA model and this peptide was assessed
in a growth assay in Toxoplasma gondii model. The peptide was able to delayed Toxoplasma
growing.
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