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Abstract

Article history:

Chou, and Fasman developed the
he first empirical prediction method to
predict secondary structure of proteins from their amino acid sequences.
Subsequently, a more sophisticated GOR method has been developed.
developed
Although it became very popular among biologists, their accuracy was
only slightly better than random. A significant improvement in prediction
accuracy >70% has been achieved by ‘second generation’ methods such
as PHD, SAM-T98, and PSIPRED, which utilized information cconcerning
sequence conservation. Only recently F. B. Akcesme developed
dev
a local
similarity based method to obtain an accuracy >90%in
>
secondary
structure prediction of any new protein.. In this article we examined the
possibility of sequence similarity based secondary structure prediction of
proteins. To deal with this issue, all proteins off PDB dataset are searched
for identical subsequences in the other larger proteinss oof PDB dataset. It
is seen that around 17%
% of proteins in the PDB dataset have identical
subsequences in other larger proteins of PDB dataset.
ataset. When the
secondary structures of proteins are assigned as the corresponding
secondary structures of identical parts in other larger proteins, tthe average
prediction accuracy is found to be 90.39 %. Therefore, we concluded that
an unknown protein has a chance of 17 % to have aan identical
subsequence in a larger protein in Protein Data Bank (PDB), and there is a
possibility that its secondary structure be predicted with around 90%
accuracy with this method.
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1. INTRODUCTION

For the understanding of both the mechanisms of folding
and the biological function of proteins the
he knowledge of
protein structures is essential. To predict the se
secondary and
tertiary structures of proteins, X-ray
ray diffraction has been
successfully used for many crystallized proteins. This
method is highly accurate, while it is expensive and time
timeconsuming. But many membrane and ribosomal proteins
have not yet been crystallized.

Although it is widely believed that the native conformation
of a protein is determined by its amino acid
sequence(Anfinsen et al., 1961),many unsuccessful efforts
have been made to predict the protein secondary and
tertiary structures from the protein sequence data.
In (1951),Pauling and Corey suggested
suggest that proteins form
certain local conformations as helices and strands
strands. Then
many workers used different methods to predict protein
secondary structure (Szent-Gyorgyi
Gyorgyi and Cohen,1957;
Periti et al., 1967; Ptitsyn, 1969; Pain and Robson,
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1970;Robson and Pain, 1971). In most of these researches,
the correlation between amino acid sequences and the local
secondary structure is used. The effect of neighbors 7-19
amino acids away are taken into account. The average
success of these methods could not go much over 50% on
three types of secondary structures (alpha-helix, beta sheet,
and coil) (Nishikawa, 1983; Kabsch and Sander,1983a,b).
Some attempts were also made to improve the accuracy of
secondary structure prediction using the physicochemical
properties of the amino acids (Lim, 1974; Ptitsyn and
Finkelstein, 1983), statistical analyses of proteins with
known structure (Wu and Kabat, 1971, 1973; Chou and
Fasman, 1974a,b; Nagano, 1977; Garnier et al., 1978;
Maxfield and Scheraga, 1979; Gibrat et al., 1987; Holley
L. H., and Karplus M., 1989;Biou et al., 1988; Di
Francesco et al., 1997; Fasman, 1989; Garratt et al., 1991;
Muggleton et al., 1992), neural networks (Bohr et al.,
1988, 1993; Qian and Sejnowski, 1988; Holley and
Karplus, 1989; Kneller et al., 1990; Hirst and Sternberg,
1992; Maclin and Shavlik, 1993; Stolorz et al., 1992;
Zhang et al., 1992; Rost and Sander, 1993a,b, Chandonia,
andKarplus M.,1999, Hua, and Sun2001, Sivanet. al.
2007,Li, and Yu 2016, Rashid et. al. 2016), and pattern
matching (Cohen et al., 1983, 1986; Taylor and Thornton,
1983; Rooman et al., 1989; King and Sternberg, 1990;
Presnell et al., 1992).
In the late 1990`s one of the most famous algorithm
PSIPRED was introduced by David Jones. He used the
PSI-BLAST which is running for finding similarities to the
query and generates intermediate PSI-BLAST profile;
position-specific scoring matrices (PSSM). Rather than
extracting the sequences, Jones used this intermediate
profile as a direct input to two-stage neural network. The
accuracy of using PSSM to predict secondary structure has
reached between 70~80% accuracy(Jones, 1999).
To the date of December 30, 2003, more than 23,000
solved protein structures have been deposited in the
Brookhaven Protein Data Bank (PDB) (Berman, et. al.
2000). This number kept increasing, with 300 new entries
added each month at that time. Today there are more than
118.000solved protein structures in PDB.
To benefit from the huge size of PDB, methods include
comparative modeling (Sali et. al. 1993, Fiser et. al. 2000)
and threading (Bowi et. al. 1991, Jones 1999, Fiser et. al.
2000, Skolnick, et. al. 2004), which are designed to infer
an unknown tertiary structure based on solved, similarly
folded protein structures in the PDB are developed.
Because an accurate theory for the prediction of protein
structure on the basis of physical principles does not yet
exist, comparative modeling/threading approaches were
the only reliable strategy for high-resolution tertiary
structure prediction (Moult et. al. 1999, 2001, 2003). On
the other hand, the percentage of new folds in these new
entries, the topology of which has never been seen in the

current PDB library, keeps decreasing. The percentage of
new folds was 27% in 1995 but 5% in 2001; number of
new unique fold is zero since 2008(PDB statistics). The
apparent saturation of new folds immediately raises an
important question: (Zhang, and Skolnick, 2005), Is the
current structure library already complete enough to, in
principle, solve the protein tertiary structure prediction
problem at low-to-moderate resolutions?
By means of a variety of structure comparison tools
(Taylor et. al. 1994, Holm, and Sander, 1995, Gibrat, et. al.
1996, Shindyalov et. al. 1998), this issue has been partially
addressed by many authors (Murzin, et. al. 1995, Orengo,
et. al. 1997, Yang, and Honig, 2000, Harrison, et. al. 2002,
Kihara, and Skolnick, 2003), and 3D prediction tools first
try to find identical proteins in PDB, before they start de
novo predictions.
Although protein secondary structure prediction problem is
addressed decades before tertiary structure prediction, it is
interesting that, except some pioneering works
(Rychlewski, and Godzik, 1997, Lin, et. al., 2010), (Levin
et al., 1986; Nishikawa and Ooi, 1986; Zvelebil et al.,
1986), until recently, no attempts have been made to use
the identical chain based prediction technique in protein
secondary structure prediction. To date, there has been no
systematic analysis about its possibility. The exploration of
this issue provides the motivation for this work.
In this paper, using a search tool, we first analyzed pair
wise secondary structure similarities of all 80,552 non
redundant proteins in PDB. For each protein in PDB we
find proteins that contain the query protein as a
subsequence. Then secondary structure prediction of a
query protein is made adopting the corresponding
secondary structure sequence of that subsequence as the
secondary structure sequence of the query protein.

2. METHODS
The protein secondary structure prediction procedure
presented in this work consists of two steps: Identification
of a protein that contains the query protein as a
subsequence, and the prediction of the secondary structure
of the query protein by the use of the secondary structure
of that subsequence.
Identical subsequence Identification.
Proteins that contain the query protein as a subsequence
are identified from the solved protein structures in the
PDB.
Secondary Structure Prediction of the Query Protein
Address of the first amino acid where the primary
sequence of the query protein starts in the bigger protein is
noted. From the secondary structure sequence of thebigger
protein, starting from the noted address, the subsequence
of the same length as the query is extracted as seen in
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Figure 1. This secondary structure segment is taken as the
predicted secondary structure of the query protein. If more
than two host subsequences do exist for the query, their
consensus is then predicted as the secondary structure of
the query.

Figure 1. Protein A is a protein that contains protein B as a
subsequence. From the secondary structure sequence of the
host protein (protein B), starting from the same address,
the subsequence of the same length as the query protein is
extracted. This subsequence is taken as the predicted
secondary structure of the query (Akcesme, and
Can,2016a).

Table 1. NH; number of large proteins with identical
subsequence with the query, NP number of proteins that
have this number of identical subsequence.

NH NP
NH
1
8960 11
2
2361 12
3
1011 13
4
500 14
5
303 15
6
172 16
7
146 17
8
99 18
9
65 19
10
53 20

NP
41
33
20
15
17
18
15
3
7
7

NH NP
21
10
22
7
23
3
24
5
25
3
26
1
27
3
28
4
29
1
30
3

NH
31
32
33
34
35
36
37
38
39
40

NP
4
3
2
2
2
3
0
0
2
2

Figure 2. Histogram for the number of the proteins
(vertical) with given number of identical subsequences (120 horizontal).

3. RESULTS AND DISCUSSION
Using a search tool, for each protein in PDB we find
proteins that contain these proteins as a subsequence. It is
found that 13,913 proteins out of 80,552 proteins have at
least one identical subsequence in other proteins. The
number of identical domains for these 13,913 proteins are
distributed as in Figure 2.
Then as secondary structure prediction of query proteins,
the corresponding secondary structure sequence of the
identical are taken. Since query proteins are all known
proteins, their secondary structures are taken from the
PDB, and compared by the predicted secondary structures.
The distribution of the accuracies of predictions are given
in Figure 3.

Figure 3. Histogram for the number of the proteins
(vertical) with given accuracy of secondary structure
predictions (50%-100% horizontal). Around 1% of
predictions have less than 50% accuracy.
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4. CONCLUDING REMARKS
In this article, we examined the issue of how far secondary
structure of proteins can be predicted based on the set of
solved structures currently deposited in PDB. . It is seen
that around 17% of proteins in the PDB dataset have
identical subsequences in other larger proteins of PDB
dataset. When the secondary structures of proteins are
assigned as the corresponding secondary structures of
identical parts in other larger proteins, the average
prediction accuracy is found to be 90.39 %. The
percentage of predictions with accuracy less than 50% is
only around 1%.
83% of proteins in PDB do not have identical subsequence
in larger proteins in PDB itself. Although average
prediction accuracy is high enough, for the secondary
structure of a query protein, there is at most 17% chance to
be predicted in this way. In his PhD thesis F. B. Akcesme
(Akcesme, 2016), the possibility of secondary structure
prediction with much higher accuracy (mean is more than
80% for all PDB proteins) by the use of smaller conserved
segments is discussed.
This work also sheds some light on the accuracy of
identical based tertiary structure predictions. Inaccuracy of
the identical subsequence based secondary structure
predictions undoubtedly set an upper boundary for the
identical based tertiary structure predictions.

5. FURTHER WORK
For 1% of proteins that have an identical domain in PDB
proteins, secondary structures are predicted with less than
50% accuracy. The reason of this low accuracy is due to
the loose relation between sequence and structure for these
proteins. This observation must be analyzed in a separate
article. On the other hand, the implications of inaccuracy
of the sequence similarity based secondary structure
predictions onthe sequence similarity based tertiary
structure predictions must also be investigated.
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