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Introduction

The presentation of
the physical proper-
ties of a protein se-
quence graphically
along its primary
structure (e.g., hy-
dropathy plot) can
play a vital role in
understanding the
function of a protein
(Hofman & Stoffel,
1992; Combat et al.,
2000). In the past,
different parameters

have been used for sliding-win-
dow analysis of protein se-
guences. Hofman & Stoffel
(1992 developed an interactive
graphical tool for protein se-
guence analysis called PROFILE-
GRAPH, which integrated most of
the existing sliding-windows
methods. PROFILEGRAFH allows
a wide range of analysis, but it
has some limitations. Por exam-
ple, it cannot handle sequence
alignment. There are a number of
Web servers at hitp:!fwww ex-
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pasy.chtools/ #primary 1o com
pute and present the physical
properties of amino acid se-
guences graphically (Wilkins et

al, 199&). Each Web server allows
limited analvsis on protein se
quence, and none of the existing,
servers allows the user o plot the
aming acid properties along the
sequence alignment

The alignment of protein se
quences is a central aid in under
standing the function of a protein,
A number of programs have been
developed o beautifyfanalvze the
alignment of prowins, for example,
ALSCRIPT, AMAS, and SOMAP
(Barton, 1990, 1993]. Recently,
Easy Sequencing in Postscript (ES-
Pript) has been developed to for-
mat the multiple alignment in
postscript (Gouet et al, 1999} The
existing methods do not allow for
the computation and presentation
of the physiochemical properties
of aming acids at each position in
alignment.

This paper describes a Web
server called Protein Sequence
Analysis Web Server {"SAweb)
that has been developed for anal-
ysis of protein sequences and
alignments in the tradition of
PROFILEGRAPH, ALSCRIPT, and
AMAS, This server provides a
number of additional features that
are not available in existing pro-
grams/servers. This report de

scribes the applications of our
Server.

System and Methods

All forms were designed using
HyperText Markup Language
[HTML) and lavascript. All CGI
scripts were written in PERL (ver-
s100 5,03 ) programming lan-
guage. The graphical output was
generated in GIF format using a
graphics library, GD.I'M, from
Linceln 1, Stein {(Cold Spring
Flarbor Laboratory). HTML is
used to present the results in tab-
ular form. For input of protein se-
quences and alignments, the
READSEC program of Don
Gilben (Lniversity of Indiana] is
used

Applications
Analysis of Protein Sequences

Llsers ¢an input their protein
sequence wo the server as a file(s)
or by using cut and paste, in one
of the standard sequence formats
(e.g., PIR, Fasta) or by simple
amino acids only. Users can select
the type of display (graphical or
text) in which the analysis will be
presented before submitting the
sequence for analysis {Fig. 1).

Amino Acid Property Plot. The
server allows the user to plot
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amino acid properties along the
PEOlEIn's primary siruciure [e.8.,
hydraphilicity/flexibility plat).
One can select up to 4 properies
at a time cut of 36 available
properties to plot within a single
window ar in multiple windows.
This feature of the server allows
the user to study and compare
various properties of the protein.
Lisers can select (1) the lenpth of
the window used for averaging
{2] the moment method to he
applied before averaging, and
{3] the method used for averag-
ing (e.g, mean over window;

hat over window; median;
data-sieve) (Hofman & Stoffel,
1992).

Interesting/Unusual Residues,
One can highlight a group of
residues in the sequence that has
a specific property (e.g.. hy-
drophobic residues, palar
residues, and small residues).
This feature of the server assists
the user in understanding the
overall nature of the protein.
Users can select a residue or a sel
of residues to be highlighted in
the protein sequence, to deter-
mine the position of interest-
ing/unusual residues in the se-
quence.

Analysis of Sequence
Aligrment

In order 1o analvze the se-
quence alignment, the user has wo
input the alignment and the ap-
propriate parameters 10 be com-
puted. The server allows the user
to input alignments in eie of the
standdard formats (PER, Fasia,
M5F) or in BLOCK format

Property Plot of Each Se-
quence, The server allows the user
to plot the amino acid properties
of protein sequences along the se-
quence alignment, ft creates a sep-
arate graph corresponding to each
sequence in the alignment and

presenis all the user-selected prop-
erties in this graph. This option is
very useful i studying each se-
quence in an alignment and in
identifying the aligned regions
that are highly similar or dissimi-
lar for a given physiochemical
property.

sean Propeny Plot with Stan-
dard Deviation. The server com-
putes the amino acid propeny of
each position in the alignment in
twio steps. In the first step, it cal-
culates the aming acid properny
for each sequence in the align-
ment as described. In the second
step. it determines the mean value
of the amino acid property for
each position in the alipnment by
the following equation.

ipu

A=

Where A, ks the mean value for
position 1 in the alignment, P is
the value of the parameter [aming
acid property for a specified win-
dow length) at position i in align-
ment of sequence §, and & is the
total number of sequences in
alignment,

The server presents the mean
value of parameter {A,] along the
alignment graphically, for exam-
ple, hydrophobic plot of muliple
alignment. The user can identify
the interesting regions (eg., hy-
drophobic, hydrophilic, flexible,
surface] in the alignment froin
these plots. However, the
mean, average plot of an align-
ment presents the overall charac-
teristics of each position, but it
prowides no knowledge about
similarity; dissimilarity in the se-
quences al that position. In order
to measure magnitude of similar-
ity or dissimilanity among se-
queences in the alignment, we
compate the standard deviation
{SD). The SO at a position ( in
the alignment can be caloulated
using the following equation.

The server presents the mean
value and 503 in a graphical form
that allows the user 1o understand
the overall nature and level of
conservation of each position in
the alignment,

Highlight Conserved Positions
in Alignment. The user can set
the similariry level above which
residues are color-coded o hagh-
Tight the conserved positions
within the alipnment. To compute
conserved posittons, the server
first calculates the similarity scores
(5c) in all possible pairs of
residues by using a user-specified
weight matrix [BLOSUIMG2,
PAM250, or identity scoring ma-
trix). Then, it calculates the S for
& given position in the alignmem
by the following equation.

M1 i
> 3 s
J=1 kw1

T NN - 1)2

where 8. is the score of aligning a
residue in sequence 1 with a
restdue Im sequence ) using a sim-
ilarity score matrix, Sc is the mean
score at a position, and N 15 the
total number of sequence in the
alignment.

The server highlights all the
resldues at a given position if 1the
scare S¢ s above a user-defined
threshold at that position. The
server also provides an option 1o
highlight a residue or group of
residues in the alignment that has
a specific property,

Position-Specific Matrix. To
study the composition of the
aming acids ar each position n
the alignment, the server com-
putes the position-specific martrix,
Thus, the user can easily detect
the consensus sequence in the
allgniment
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Figure 1. A plot shows the various properties of amino acids of GROES protein (Ch1d actae:

L} Lo = . & . & M B3

10 kDA Caperomin protein).

Here. “mesn over window', 1s used for averaging with windew size 7. a) no-moment method with window size 7: b) ma-
ment angle with window size 21; ¢} normalize moment with window size 21, This is a direct output of FiAweb server.
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Sequence Similarity Among
Sequences. Lisers can compute the
percent similarity among the se-
quences in an alignment. This as-
sists the user in clustering the se-
quences in the alignment and in
identifying the consensus se-
quence that has maximum similar-
ity with the rest of the sequences.
It also computes the maximum,
minimuny, and average similarite
of a query sequence wo other se-
quences in the alignment.

Summary

A Web server has been devel-
oped to analyze the amino acid
sequence and multiple sequence
alignment of proteins. This is a
comprehensive on-line Internet
ol that allows for the rapid visa-
alization of an analysis in GIF for-
mat. It asslsts the user in analyz-
ing and presenting the primary
structure of proteins, It (1) allows
the computation of the physical
properties of amino acids, {2) pre-
sents the properties along the pri-
mary structure of a protein in
graphical and tabulated formar,
and (3] highlights a residue or
group of residues in the sequence
that exhibits a specific function
This Web server also allows for
analysis of multiple sequence
alignments of proteins and pro-
vides the following options: (1]
compute and present the overall
property of each pasition in the
alignment, {2} highlight the con-
served residues in the alignment,
(3) highlight a residue in the

alignment that exhibits a specific
function, (4} compute a position-
specific score marrix, and (5)
compuie the similarity among the
sequences present in the align-
ment [Fig. 1].

In brief, PSAweb allows for the
comprehensive analysis of protemn
sequendes and alignments. It al-
lows a user to analyze a prowein
sequence and presents the resulis
graphically in a manner similar 1o
PROFILEGRAPH and performs
analysis/heautificationfformar of &
multiple sequence alignment, sim-
ilar to ALSCRIFT and ESPript,

Availability
The tool is available from
i ! ; :
psal.
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