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Abstract:
ScanMoment is a webserver designed to identify the presence of the basic faced α-helix (BFAH) motif in the nucleic acid binding sites of
proteins. The program calculates the 'Basic Moment', a parameter that quantitizes the distribution of basic residues on the surface of an αhelix. A sliding window is used to generate a plot displaying regions of the protein sequence that possesses a high Basic Moment and
thus likely to possess a BFAH motif. The user may vary the periodicity from that of an alpha-helix (100o), to those of other secondary
structures such as beta sheets and 310 helices. The program can also plot the periodicity of basic residues in a protein sequence using a
Fourier transformation. The procedure has been used to characterize the presence of BFAHs in the N-terminal extensions of the
eukaryotic aminoacyl-tRNA synthetases and to indicate the presence of a BFAH in the tRNA binding site of alanyl-tRNA synthetase.
Availability: www.scanmoment.org
Keywords: basic moment, Fourier transformation, periodicity, alpha helix, Aspartyl-tRNA synthetase
with all of the basic residues arrayed on one side of the α-helix,
has a Basic Moment of 33.2 for a window of 18 residues (Figure
1a). A Basic Moment plot of yeast cytoplasmic aspartyl-tRNA
synthetase is displayed in Figure 1b.

Description:
Protein functional motifs are usually recognized by amino acid
sequence similarity. The approach depends on the onedimensional order of residues in a sequence. An alternative
perspective is to consider the combination of residues in a
sequence. Such periodicity is not expected to be reflected in
primary sequence homology, making such patterns difficult to
detect and generally poorly characterized. α-helices are the most
common secondary structural elements present in proteins and the
residues in an α-helix display a periodicity of approximately
100o, corresponding to 3.6 residues per turn of the α-helix [1].
BFAHs were originally detected from primary sequences using
Schiffer-Edmundson (helical wheel) representations [2, 3, 4, 5,
6]. The helical wheel method is subjective and labor intensive,
therefore a quantitative method of measuring the distribution of
basic residues in a protein sequence, the 'Basic Moment', was
developed. The Basic Moment is derived as follows. An α-helix
may be visualized as a cylinder, with the functional groups of the
amino acids pointing outwards from the surface of the cylinder.
When the cylinder is viewed end on, a resultant vector (µ), points
outwards from the center of the α-helix and is composed of two
perpendicular components as given by equation 1 (supplementary
material). The perpendicular is taken arbitrarily as the line made
by the first residue with the center of the α-helix. For a window
of N =18 residues, the angle of θ is incremented in 18 steps of
5Л/9 radians (5Л/9 = 100o). The function was squared in order to
improve the signal to noise ratio. The resulting parameter (µB) is
termed the Basic Moment as given in equation 2 (supplementary
material).

Aspartyl-tRNA synthetase aminoacylates asp-tRNA with aspartic
acid. The peak at residues 30-47, indicated by arrows, is the site
of a BFAH. The presence of a BFAH at this precise position has
been demonstrated experimentally [7]. The BFAH has functional
significance as it is responsible for non-specific binding of the
enzyme to asp-tRNA [8] and is present in a region of the enzyme
involved in specifically binding to aspartyl-tRNA synthetase
mRNA in an autoregulatory mechanism [9].
In addition to generating a graphical plot, ScanMoment tabulates
the ordinate and abscissa values in a flat file. ScanMoment is also
capable of plotting the Basic Moment for periodicities
corresponding to other protein secondary structures: 87o (π helix),
120o (310 helix) and 160o (beta sheet). The Basic Moment
periodicity, µB (θ), calculates the Basic Moment at different
values of θ, and is defined by equation 3 (supplementary
material). For each value of θ, the Basic Moment was calculated
by incrementing the angle of Ф by 18 steps of θ. ScanMoment
calculates the periodicity for protein segments 18 amino acids
long (N =18), calculating values for θ in increments of 1o, from
80-180o (18 residues corresponds to one full rotation of the αhelix). The resulting function is a Fourier transform and is
equivalent to the periodicity of basic residues in an amino acid
sequence. The basic residue periodicity of the region
encompassing the 18 amino acids from position 30 to 47 of yeast
cytoplasmic aspartyl-tRNA synthetase is displayed in Figure 1c.
A maxima at 97.5o is observed, consistent with the periodicity of
an α-helix. Indeed, it has been demonstrated elsewhere [10] that
the average periodicity of α-helices is closer to 97.5o, as opposed
to the figure of 100o, calculated elsewhere [1].

The Basic Moment is a finite Fourier expansion of the
distribution of basic residues in an amino acid sequence.
ScanMoment has a user defined choice of a 12 or 18 residue
sliding window for the calculation of the Basic Moment and plots
the resulting value in the centre of the window. An ideal BFAH,
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Figure 1: (a) A helical wheel representaion of an ideal BFAH. Basic residues, indicated by a + sign, are aligned on one side of the αhelix. Acidic, hydrophilic and hydrophobic residue properties are ignored; (b) Basic Moment plot of yeast cytoplasmic apartyl-tRNA
synthetase, using a window of 18 residues. The BFAH motif is indicated by arrows (residues 30 to 47); (c) Basic Moment periodicity
profile of yeast cytoplasmic aspartyl-tRNA synthetase, residues 30 to 47.
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The Basic Moment is intended to be of utility in characterizing
the nucleic acid binding sites of proteins, as these regions are
usually basic in nature, and α-helices are important structures in
such regions. The utility of the Basic Moment in characterizing
BFAHs, other than those in the N-terminal extensions of the
eukaryotic aminoacyl-tRNA synthetases has already been
demonstrated, identifying the presence of a BFAH in the active
site 'two-helix' pair of prokaryotic and eukaryotic alanyl-tRNA
synthetases [11, 12]. Other examples of BFAHs remain to be
discovered. ScanMoment is written in Java, and utilizes the
Tomcat 6.0.2 server running on Red Hat Enterprise Linux
Version 5.

Ortiz and Carlos Rodigiez of the High Performance Computing
Facility at the University of Puerto Rico for technical assistance.
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where N is number of residues, Bi is the basicity of the ith residue (1 for lysine and arginine and a
value of 0 for all other amino acids), and θi is the angle made to the perpendicular by the ith residue.
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