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1

Introduction

The hydrophobic interaction is important factor for constructing a protein structure. In a globular protein structure, the hydrophobic residues tend to be assembled in interior, and the hydrophilic residues
tend to be distributed on surface. But, few hydrophobic and hydrophilic residues are distributed in
interior and on exterior, respectively. The hydrophobic cores are constructed by these buried residues.
The information about the hydrophobic cores is considered to be eﬃcient for structural prediction. To
predict the hydrophobic cores, several methods have been devised using sequential alignment or not.
With increasing the protein structures, the proteins whose amino acid sequences are not homologous
to the amino acid sequences of known structures. Therefore, the method without sequential alignment
is considered to be important, but their accuracy is not enough to commonly use. One of the method
without sequential alignment is using smoothed hydrophobicity plot assigned the hydropathy index
to amino acid residues [1].
Wavelet analysis is a mathematical method used to obtain low and high frequency from a given
signal, and is used in signal/image processing, and earthquake prediction and so on. With wavelet
analysis, one can use approximating functions that are contained neatly in ﬁnite domains. Wavelet
analysis is well-suited for approximating data from given functions [2]. We attempted to apply the
wavelet analysis to decompose the hydrophobicity plot.
In this study, we used the 67 proteins divided into 13 families selected by Wako and Blundell [3].
We investigated the relation between the continuity of the buried residues and high and low frequencies
at each frequency level extracted from the hydrophobicity plot. Then we predicted the hydrophobic
cores using the high and low frequencies at each frequency level.

2

Method and Results

Wavelets are local in both frequency/scale (via dilations) and in time (via translations). The most
important concept in a discrete wavelet theory is multiresolution analysis. A raw function is decomposed to a low frequency and a high frequency. The wavelet function ψ(t) constructed using scaling
function φ(t) which satisﬁes the following two-scale relation
 √
φ(t) =
hn 2φ(2t − n).
(1)
n

Let Z be a set of integers. The coeﬃcients hn denote a low-pass ﬁlter (H). The wavelet function
ψ(t) is deﬁned using the scaling function φ(t) as
 √
ψ(t) =
gn 2φ(2t − n).
(2)
n
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The coeﬃcients gn denote a high-pass ﬁlter (G). Assume that the shifted scaling functions {φ(t −
k), k ∈ Z} and the shifted wavelet functions {ψ(t − k), k ∈ Z} are orthonormal, respectively. Let
(0)
{cl } denote a sequence of hydrophobicity values, and we deﬁne a linear combination f (t) of the
sequence with the scaling functions {φ(t − k), k ∈ Z}:
f(t) =



(0)

ck ψ(t − k).

(3)

k

By a wavelet theory, we have another expansion of f (t):
 (−1) 1
 (−1) 1
f (t) =
ck √ ψ(2(−1) t − k) +
dk √ φ(2(−1) t − k).
2
2
k
k

(4)

From Eqs (3) and (4) and using orthonormality of the scaling and wavelet functions, we can decom(0)
pose the sequence {cl } into low frequency and high frequency components. Repeated applications
of this decomposition lead us to
(j−1)

ck

=



(j)

(j−1)

hl−2k cl , dk

l

=



(j)

gl−2k cl ,

j = 0, −1, ....

(5)

l

Conversely, we can derive from Eqs (3) and (4), a reconstruction formula
(j)

ck =


l

(j−1)

[hk−2l cl

(j−1)

+ gk−2l dl

],

j = 0, −1, ....

(6)
(j−1)

(j−1)

} and {dk
}
These formulas were found by Mallat [2]. In Eqs (5) and (6), the sequences {ck
mean low and high frequencies.
The data in hydrophobicity plot were regarded as an input signal. Here, we used the Coiﬂet’s
wavelet with tap 18 as a mother wavelet [2].
The hydrophobic cores are deﬁned by the degree of solvent accessibility of each amino acid sidechain. In the core of proteins, the deﬁned buried residues tend to be continued. On the contrary, the
buried residues on surface of proteins tend to be dotted.
The length of continuous buried residues corresponded until level j = −2. Then we attempted to
use the high frequency component at level j = −1, −2 and low frequency at level j = −2 for prediction.
The residues above deﬁned threshold were predicted as buried. The thresholds against each frequency component were deﬁned by cross-validation. The thresholds for the high frequency at level
j = −1, −2 and low frequency at level j = −2 were 1.78, 1.77 and 1.64, respectively. The prediction
accuracy averaged with all proteins in Wako and Blundell dataset was 70.6%. Moreover, using the
threshold for each family, the average accuracy was raised to 71.5%. Our method can oﬀer predictions
for proteins without homologous sequences or low similarity to known structures, with above 70%
accuracy and without sequential alignment [3].
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