PSSD: Protein Secondary Structure Database
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Abstract: Protein Secondary Structure Database (PSSD) is a database that incorporates sequences
of secondary structure elements of all proteins which their three dimensional structures are
defined by experimental methods such as NMR-Spectroscopy or X-Ray Crystallography and their
structural data exists in Brookhaven protein databank. Dictionary of Secondary Structure of
Proteins (DSSP) criteria have been used to define both ends of each structural element. At present
PSSD includes 290,709 alpha helices, 418,362 beta strands, 571,176 turns and 118,109 helices
3(10) of 21,347 proteins. The following information is given for each entry: (i) PSSD Unique 1D,
(ii) Description, (iii), Organism source, (iv) Author(s), (v) PDB code, (vi) Cross references to
PDB, DSSP and Swiss-Prot databanks, (vii) Sequence of secondary structure element, (viii)
number of starting and ending amino acids of each element in its corresponding protein chain,
(ix) length of element, (x) the number of the element in its regarding protein chain. A user
friendly interface is developed for doing search in database using different combinations of fields
mentioned above. Facilities provided in this database allow structure-sequence analysis studies
faster, more reliable and suitable. Now, the database is located on IBB Bioinformatics Center
(IBC) server. The interface can be accessed via: http://www.ibc.ut.ac.ir/pssd/.
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1 Introduction

Molecular sequence data is now growing at structural or functional characteristics of
an accelerating pace due to technical proteins [5- 8].

improvements in sequencing technology. The sequences from all proteins which their
Advance databases are needed to facilitate structure are determined and represented in
the retrieval of relevant information from the the protein data bank (PDB) [9] are
huge amount of sequence data available in compiled in the NRL-3D sequence database
primary sequence databases [1, 2]. [10]. Although NRL-3D database still
The secondary structure of proteins is provides the most reliable means for
essential to the biological function of the searching the sequences actually represented
protein. Many attempts have been made at the PDB files, there are disagreements
describing the various structural and regarding the assignment of zonal amino
conformational properties of the secondary acids in the secondary structures such as
structural elements of proteins [3, 4]. alpha helices. The dictionary of the
Analysis of sequence of whole proteins or secondary structure of proteins (DSSP) is
secondary structural elements has provided frequently used as an objective and uniform

valuable information regarding prediction of



automatic criteria of assignment of elements
of the secondary structure of proteins [11].
Various specialized databases have provided
access to sequences of the secondary
structural elements of proteins [12-14].
These databases use filtering criteria for
excluding sequences with various degrees of
similarity from their databases. The Protein
Secondary Structure Database (PSSD) has
been developed to represent an exhaustive
collection of secondary structural elements
of all proteins whose structure has been
represented in PDB. We have used DSSP
criteria for assigning the exact definition of
sequence elements of the secondary
structures. The database contains
information about more than 22000 proteins
which their structure has been solved. The
web-based querying interface allows rapid
and friendly retrieval of information from
PSSD.

2 Format of the PSSD database
The database consists of a single flat file that
contains information about each secondary
structure element such as: PSSD unique ID,
sequence, starting and ending amino acid
number of each element, the number of each
element in its regarding protein chain, a
brief description about protein chain, cross
references to PDB, DSSP and SWISS-PROT
databases and some other information such
as authority information and etc. This flat
file has a standard unique format that is
computer readable. Each line starts with a
two letter ID line following with three white
spaces; each element in this flat file is
separated from others by specific sign”//”.
Programmers can write scripts to parse this

flat file and get various results regarding to
their aim.

3 Fields of each entry

ID (PSSD unique ID): A unique numerical
code that is given to each record in database.
This unique code has some information in
itself. The code is a combination of some
properties of element such as PDB code,

chain name, structure type and starting
residue number.

DR: Cross references to other databases
such as PDB and SWISS-PROT.

CH (Chain): The protein chain name
regarding the secondary structure element.
ST (Structure): The type of secondary
structure.

RN (Residue number): The starting and
ending amino acid numbers in its regarding
protein chain.

DS (Description): A brief description about
each protein chain that is a combination of
information given in compound and header
in DSSP files.

DT: Date of structural information
deposition in PDB

OS (Organism Source): The scientific name
of source organism of protein.

AU (Author(s)): Authority information of
protein.

SQ (Sequence): The sequence of each entry.
The sequence is given in a standard format
(10 residues in each column and 60 in each
line). Some information about the length of
element and the number of element in its
regarding chain is given to.

/l: The sign each entry is separated from
others.

This is an example of a part of flat file that
belongs to third alpha helix of
Apolipoprotein A- | chain A. (Figure 1)

4 Whole Procedure

We used PDB database [9] as a primary
resource that contains experimental
information of 3D structure of proteins.
DSSP [11] definitions was used to define
both start and end of each secondary
structure. A program was developed in
C++ called SSF (Secondary Structure
Finder) for extracting information from
each DSSP flat file and adding the
extracted information at the end of flat
file (PSSD.DAT flat file). A shell
program ran SSF through DSSP files.
This step was repeated till the last DSSP
file.



//
1D lavlHA72

DR PDB: lavl; SWISS-PROT: APA1_HUMAN

CH A
ST  Alpha-Helix
RN  72-140

DS LIPID TRANSPORT, APOLIPOPROTEIN A-1;

DT  23-SEP-97
0S HOMO SAPIENS;

AU D.W.BORHANI, D.P.ROGERS, J.A.ENGLER, C.G.BROUILLETTE
SQ SEQUENCE 69 Amino acids; Alpha-Helix No. 3;
WDNLEKETEG LRQEMSKDLE EVKAKVQPYL DDFQKKWQEE MELYRQKVEP LRAELQEGAR

QKLHELQEK

Figure 1: A sample entry of the database

5 SSF Algorithm

SSF has three modules; two of them are
responsible to read and parse each DSSP
file and the third is responsible to find
the cross reference of each chain in
SWISS-PROT database. In according to
parse DSSP files and extract information
through them, we read each DSSP file in
a 2D array (each line as a record of
array). We found a constant and unique
pattern which addressed us the location
of information in DSSP files. An

T
DSSP
P D B Program

<>
DSSP [—1 FTP

algorithm was developed for recognizing
this pattern through each record of 2D
array and extracting the desired
information. Using this algorithm, we
could extract any type of information
through DSSP files (or any other flat
file) files such as header information and
others. Figure 2 shows the whole
algorithm of parsing DSSP and updating
the flat file.

DSSP II
Flat Files

SSF
Shell Program

Program l
\ PSSD.DAT
Flat File

Figure 2: The whole procedure of making PSSD.DAT flat file



6 PSSD Interface

We chose reliable and fast 'MySQL' (a
free open source Data Base Management
System) for data storage system. Data
stored in PSSD.DAT flat file was loaded
into a designed table called ‘pssdtable’
using MySQL. The provided PHP web-

interface does search on this table using
MySQL. PHP  server  scripting
technology lets us to connect to the
mentioned DBMS and generate
customized data-bounded HTML pages
according to the user's requests. Figure 3
shows this procedure.

IBC Server I

Requested data
returned to PHP script.

Load data to STR table (Update table) PSSD.DAT
Flat File

PHP Scripts request data
from the MySQL database.

PHP scripting

The customized web
page is returned to client
web browser

engine
Sending request
from user to
web server
\ 4
Web
Browser

Figure 3: Figure3- The procedure of doing search using PSSD interface



7 Access to the PSSD interface
The PSSD interface is located in IBB
Bioinformatics Center (IBC) server and
can be accessed via:
http://www.ibc.ut.ac.ir/pssd/

Users can simply do search on database
via this interface and get results in any
desired format.

8 Search in database

The provided web-interface has several
fields that users can use one or a
combination of them to do search
through database. It’s not necessary to
fill each field completely, users can fill a
part of desired query and search engine
would give back all entries which
contained given query. One of aspects of
this interface is that users can select
various formats for outputs. These
formats are: a) a table that contains
information in brief that has two links in
each row. The first one refers to a page
which has a complete information of
entry with links to cross references to
PDB, DSSP and SWISS-PROT, the
second one refers to an index page of
project directory. Users can choose a
project name and a description that can
be used for next refers. The interface
makes a directory named by project
name and all of the result files will be
saved in this directory. b) A tab limited
flat file that contains information in a tab
limited format. In this format, each entry
is given in a single row and all fields are
separated by a tab. c) A chunked flat file,
In this format information of each entry
is fully discussed and entries are
separated from each other with a “ //
sign. These two last formats are very
suitable for programmers who want to
parse  information of  secondary

structures. d) A FastA sequence format,
in this format information of PSSD
unique 1D, PDB code, structure type and
some others are given. This format is
very suitable for analysis like multiple
alignment among sequences and etc. e)
The last format is raw sequence format,
by choosing this option; users can
achieve sequences of all entries without
any other information. This format is
very suitable for those who want to do
statistical analysis in this area.

9 Database statistics

This database covering the secondary
structural information of 21,347 proteins
that  includes 1,398,356  records
consisting 290,709 alpha helices,
418,362 beta strands, 571,176 turns and
118,109 helices 3(10). The size of entire
database is about 286.636 MB. An index
has been made for table STR for faster
search and the final size of database
tables became 398.606 MB.
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