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Introduction

The identification of amino acids that play a key role in the function of a protein is a difficult task to achieve
and up to now, it has mainly relied on laboratory experimental evidences such as those from site-directed
mutagenesis experiments. Because of the increasing number of protein sequences that are being referenced
in public databases, computational methods are being developed in an attempt to predict these key amino
acids and to associate parent sequences with function. These methods are mainly based on amino acid
content analysis, molecular modelling, homology based algorithms or on the analysis of periodic features in
sequences.

We developed a novel method based on the Fourier analysis of numerically coded protein sequences in
order to predict, without any prior information, the amino acids that would play a key role in the function of
any protein.

Methods

The methodology proceeds into three main steps that are all implemented in our software called BISAR [1].
In the first step, mutated sequences are generated : the original sequence is mutated sequentially from first
amino acid position to the last amino acid so that # mutated sequences are generated, each differs from the
original by only one mutation (figure 1). Each position is arbitrarily mutated into an Alanine except for Ala
which is mutated into a Val.

Original Sequence : PEVWTDFWKLFEEYLGKK (length = n)

n mutated sequences: AEVWTDFWKLFEEYLGKK
PAVWTIDFWKLFEEYLGKK
PEAWTDFWKLFEEYLGKK

PEVWIDFWKLFEEYLGAK
PEVWIDFWKLFEEYLGKA

Figure 1. n mutated sequences are generated from the original sequence of #n amino acids.

In the second step, a Fast Fourier Transform (FFT) is performed on each of the sequences that were
numerically coded using the EIIP index thus generating spectral representations of the sequences. This index
was mainly used in the Resonant Recognition Model (RRM) [2] for that it is supposed to be correlated to
function. In the third step, the Fourier spectrum of each mutated sequences is compared to the spectrum of
the original sequence at the key frequencies of the functional family as defined in RRM. The difference of the
amplitude values at these characteristic frequencies is plotted against mutated position. Those mutated
positions that decreases most the amplitude values at the key frequencies are hypothesized to be the key
amino acids.

Results

We have predicted key amino acids in glucagon and cytochrome C. The characteristic Fourier frequencies of
the functional families to which these sequences belong are f=0.0859 and {=0.473 respectively. We have
hence investigated how mutations all along these sequences alter the amplitude values at these frequencies.
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Figure 2a & 2b. Consensus Fourier spectra of 18 glucagon protein sequences. 2a : Mean spectrum and 2b :
cross-multiplied spectrum [2].
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Figure 3a & 3b. Effect of mutation on amplitude values of human glucagon (gluc_human) spectrum. Shown
are variations of amplitude values at characteristic frequencies as a function of mutated position. 3a :
variation at f = 0.0859 and 3b: variation at f = 0.3203.
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Figure 4a & 4b. Effect of mutation on amplitude values of human cytochrome C spectrum at {=0.473. In 4a,
variations as a function of mutated positions. In 4b, curve in 4a was smoothed using a sliding window of 6.

In our model, we postulate that those mutations that decreases most the amplitude value at the RRM [2]
characteristic frequency of the functional family are those that contribute more to the function of the protein.
Hence, key amino acids can be identified along any sequence. In glucagon, key predicted positions are 7, 15
and 21. When long sequences are processed, it can be convenient to smooth the plot using a sliding window
so that key regions are identified rather that particular amino acids. In cytochrome C (figures 4a & 4b), out of
5 predicted regions, a total of 4 regions do possess key amino acids sequence as previously described [3].
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