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Abstract—The signal peptide (SP) is directly associated with
a protein’s translocation across biological membranes and
consequently with the expression of its functional role. A
scheme of predicting the exact position of the SP within a
protein is proposed in this work, by applying the continuous
wavelet transform (CWT) to the hydrophobic sequence of the
protein. The scheme was developed with regard to proteins of
known structure extracted from public available databases.
The results have verified the effectiveness of the method, which
is comparable to existing methods, thus revealing a novel and
fast approach to the prediction of SP in single transmembrane
proteins, with a prospect of a generalized application.

Keywords—Signal peptide, prediction, transmembrane, pro-
teins, continuous wavelet transform.

1. INTRODUCTION

In both prokaryotic and eukaryotic cells, proteins are al-
lowed entry into the secretory pathway only if they are
endowed with a specific targeting signal: a signal peptide
(SP). The SP is in most cases a transient extension to the
amino terminus of the protein and is removed once its tar-
geting function has been carried out [1].

A number of computational methods aiming at the pre-
diction of the exact position of the SP in the primary amino
acid sequence have been developed. The majority of them is
based on neural networks [2], [3] trained and tested on a set
of experimentally derived SPs from eukaryotes and pro-
karyotes, or on Hidden Markov Models (HMMs) [4]-[6],
which model the different sequence regions of a SP in a
series of interconnected, by transition probabilities, states.
Likewise, other schemes have been proposed either imple-
menting a position weight matrix approach [7], [8], or being
based on sequence alignment techniques [9], or using sup-
port vector machines [10], [11].

However, most of the methods mentioned above incorpo-
rate some kind of data dependences or complexity, thus
leaving room for further research on the prediction of SPs
by applying novel detection schemes. Neural network me-
thods [2], [3], for example, have to sacrifice the computa-
tional cost of training on the altar of better accuracy. Simi-
larly, weight matrices become more precise as the amount
of data on which they are based increases. Moreover, the
general architecture of learning systems, such as neural

networks and HMMs, makes it difficult to trace the cause of
false predictions. Finally, sequence alignment techniques
call for the maintenance of large sets of reference data.

In this paper, we have developed a method, namely Con-
tinuous Wavelet Transform — SP Detector (CWT-SPD), for
the prediction of SPs, which is devoid of the drawbacks
described above. Specifically, the method focuses on the
identification of the last amino acid of the primary amino
acid sequence that belongs to a SP, which in most cases is
referred to as cleavage site, on the grounds that the SP is
usually a transient extension to the amino terminus of the
protein as mentioned before. The proposed algorithm is
based on the CWT and it is applied to the arithmetic se-
quence produced by the conversion of the amino acid se-
quence to an arithmetic sequence, by means of the Kyte and
Doolittle [12] hydrophobicity scale. The isolation of the
area of CWT coefficients that represents the SP precedes the
prediction, which is made according to the sum of coeffi-
cients across all scales. The method has been applied to a
dataset of human proteins with a single transmembrane
segment that are endowed with a reported SP. The results
have indicated that CWT-SPD is a fast and effective ap-
proach to the problem of SP prediction.

1. MATERIALS AND METHODS

A. Dataset Characteristics

The dataset used in this work consists of documented
transmembrane proteins extracted from SWISS-PROT Re-
lease 46.0 [13]. From the initial set of 12108 human protein
sequences, automatically selected based on the presence in
the feature table of the ‘“TRANSMEM’ keyword, a subset of
1390 sequences was extracted, containing all the proteins
with a single-membrane segment. This subset was further
refined by excluding similar sequences, so that every pair of
sequences had less than 30% of sequence identity, thus
resulting to 499 single transmembrane proteins. These pro-
teins were further divided in two groups, with respect to the
existence of a SP, by the presence of the ‘SIGNAL’ key-
word in the feature table. The process described above re-
sulted in the following subsets: one with 327 single trans-
membrane proteins with a SP and another, with 172 single

P.D. Bamidis and N. Pallikarakis (Eds.): MEDICON 2010, IEMBE Proceedings 29, pp. 6568, p010.

www.springerlink.com



(@) CWT of Hydrophobicity
2
4
6
172
[0
T 8
(o]
(2]
10
12
14
10 20 30 40 50 60
residue position
(b) Isolated area of CWT coefficients containing the SP
2
4
6
3
o 8
@
10
12
14
10 20 30 40 50 60
residue position
(c) Energy of CWT coefficients
1 T T
08r 1
06 R
04f 1
02 i
0 ' :
0 5 10 15
scales
(d) Prediction of cleavage site
6ol Sum of CWT coefficients | |
) - Predicted cleavage site
& O True cleavage site
£ 40f i
[0}
Q
o
g 20t ]
O
k]
€
0

Ny
o

10 20 30 40 50 60
residue position

Fig. 1 (a) The magnitude of the CWT of hydrophobicity sequence derived
from the transmembrane protein Q9Y5G1 (SWISS-PROT Release 46.0),
(b) the isolated section of (a) corresponding to the SP, (c) the energy of the
signal resulting by summation of the isolated coefficients across all resi-
dues, (d) prediction (red vertical line) of the cleavage site (circle) of the SP
by summation of CWT coefficients across all scales.
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transmembrane proteins without a SP in the feature table.
The method was tested on data derived from the first of
these subsets. The SPs taken as reference had an average
length of 23 amino acids.

B. Continuous Wavelet Transform (CWT)

The continuous wavelet transform of a series of hydro-
phobic values, x(n), is defined as [14]

W (a,b) = \/lgj.x(n)l//*(na_b)dns ¢))

where @ is a scaling parameter and b a dilation parameter;
(a,beR, a>0). n is the amino acid sequence length of

the protein containing the SP, while y(n) is the analyzing
mother wavelet scaled by the factor a , and dilated by a factor

b . The Mexican Hat Wavelet [15] was chosen for the reali-
zation of the CWT. This symmetrical wavelet, which is
defined as the second derivative of the Gaussian probability
density function, was selected in order to ensure common
reference with other SP prediction methods.

C. Prediction of the Signal Peptide

The CWT coefficients are first thresholded thus keeping
only positive values. Next the area of coefficients that
represents the SP is identified and isolated, taking into ac-
count three parameters: a) the distance from the amino ter-
minus of the vertical axis used to indicate it, b) the location
of the coefficient with the greatest value, and c) the location
and amplitude of the peaks resulting from the sum of the
coefficients across all scales. A range of effective scales is
dynamically selected in the following step, comprising at
least 70% of the energy of the signal resulting by summa-
tion of the isolated coefficients across all residues. Finally,
the prediction is made according to the zero-crossing point
of the signal resulting from the sum of the coefficients
across the range of effective scales. A characteristic exam-
ple of the steps of SP prediction along with the modifica-
tions that take place at the CWT domain is depicted in
Fig.1. In particular, Figs. 1(a) and 1(b) correspond to the
CWT coefficients (before and after isolating the SP area),
whereas Fig. 1(c) depicts the energy of the signal resulting
by summation of the isolated coefficients across all resi-
dues. The cleavage site of the SP is determined by the zero-
crossing, as illustrated in Fig. 1(d).

D. Evaluation and Performance Indices

The method proposed in this paper is evaluated according
to the methodology described by Cuthbertson [16], which
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Fig. 2 The distribution of Cy. values for the CWT-SPD method applied to
the entire dataset.

introduces the index Cy. defining it as the absolute deviation
between the actual cleavage site and the predicted value.

As far as the performance of the method is concerned, it
is measured by the index Op, defined by Tusnady and Si-
mon [17], as follows:

@)

where N¢, Np and Ny are the number of SPs that have been
correctly predicted, that have been located and that actually
exist, respectively.

Moreover, an index D, corresponding to the maximum
acceptable value of Cscin order to consider a SP prediction
to be correct, was introduced and taken into account during
the evaluation process and comparison of CWT-SPD with
previous works.

nr. REsuLTs

The application of CWT-SPD to the transmembrane pro-
tein Q9YS5G1 (SWISS-PROT Release 46.0) as already de-
scribed is illustrated in Fig. 1. As shown in Fig.1(d) the
zero-crossing of the signal resulting by summation of the
CWT coefficients across all scales coincides with the true
cleavage site (30™ residue). The CWT-SPD was further
applied to the entire set of single transmembrane proteins
with a SP and initially evaluated by estimating the index
Cs., as shown in Fig. 2. In particular, the latter illustrates the
distribution of the Csc score across the proteins included in
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Fig. 3 Comparative analysis of the prediction power Qp for the CWT-SPD,
Signal-BLAST, Phobius, SignalP-HMM and SignalP-NN methods as a
function of D parameter.

the set. From this figure, it is apparent that, for the most
(90.8%) of the sequences of the dataset, the prediction of
the cleavage site was within a distance of five residues away
from the true position, thus limiting the estimation error
within acceptable ranges. From the same figure, it is also
clear that the distribution exhibits a peak (21.7%) corre-
sponding to a deviation of just a single residue between the
prediction and the actual cleavage site, whereas a percent-
age of 13.1% results in an exact match between the true and
predicted position of the cleavage site.

The performance of the CWT-SPD regarding the exam-
ined dataset was also measured by means of the index QOp,
as shown in Fig. 3. This figure depicts the resulted Qp val-
ues for the CWT-SPD method (line with circle markers), for
the parameter D ranging from 0 to 24 for the proposed
method. In the same figure, the resulting Op values for the
methods Signal-Blast [18], Phobius [19], SignalP-NN and
SignalP-HMM [20] are also shown, with the parameter D
taking values up to 37 (Signal-BLAST).

1v. DiscussioNn

The results of the proposed CWT-SPD method were
compared to those derived from four efficient SP prediction
methods reported in the literature. The four methods were
applied on the aforementioned set of proteins using their
Web-interface. An effort was made to include algorithms
with a variety of methodologies, such as sequence align-
ment techniques ( Signal-BLAST ), HMMs ( Phobius,
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Table 1 Comparison of performance by Qp index

Method D=4 D=5 D=8
CWT-SPD 84.10 90.83 98.17
Signal-BLAST 79.57 84.49 93.70
Phobius 86.13 88.34 93.73
SignalP-NN 91.44 92.66 98.47
SignalP-HMM 91.53 93.69 98.00

D: maximum acceptable value of deviation between the actual cleavage
site and the predicted value, Qp: Prediction Power index for the entire
dataset of single transmembrane proteins with signal peptide for three
indicative values of D.

SignalP-HMM), and neural networks (SignalP-NN). As
illustrated in Fig. 3, the CWT-SPD method superpasses the
Signal-BLAST and Phobius methods for D taking values
greater than three and four, respectively. Furthermore, a
comparable performance is observed between the CWT-
SPD method and the SignalP-HMM and SignalP-NN meth-
ods for more flexible values of the D parameter. Moreover,
as shown in Fig. 3, it is clear that assigning values greater
than eight to the parameter D has little effect on the ranking
of the methods.

A comparative exhibition of the index QOp regarding all
the aforementioned methods, for indicative values of D is
presented in Table 1. From this table it is apparent that Sig-
nal-Blast exhibits a rather poor performance compared to
the rest of the methods with values of Op at least 3% lower
than the three methods with best performance for all cases.
As far as the Phobius method is concerned, the prediction
power of 86.13%, when D equals four, is clearly compara-
ble to the 84.1% of the CWT-SPD. However, the superiority
of the latter is apparent for values of D greater than four.
Regarding the SignalP-NN and SignalP-HMM methods it is
obvious that they exhibit a similar behavior, better than the
rest of the methods (Op>91%), however CWT-SPD, outper-
forms the latter for values of D greater than seven and fa-
vorably compares with the first (Qp>98.17%). This is even
more significant, considering the independence of the
CWT-SPD method from training procedures and datasets.

v. CONCLUSIONS

An effective scheme of predicting the position of the SP
in the primary amino acid sequence of single transmem-
brane proteins has been proposed. The effectiveness of the
CWT in detecting special features of a numerical sequence
justifies its selection for the detection of the SPs in an ami-
no acid sequence. Ongoing work is on the way towards the
expansion of the method to different datasets, the improve-
ment of the overall performance with respect to the distribu-
tion of the CWT coefficients across high and low scales and
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the characterization of a protein as to whether it contains a
SP or not.
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