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Abstract: Secondary structure prediction and phylogenetic analysis of 14 salt tolerant proteins from different
fung1 and plants was studied. The secondary structure was predicted by SOPMA method, this method calculate
the content of ¢-helix, B-sheets, turns, random coils and extended strands. The content of ¢-helix in 4. thaliana
was highest (80%) and lowest (20.16%) found in C. albicans. The percentage of [-turn was the lughest in
T. turgidum (11.76%) and lowest in Arabidopsis thaliana (3.50%). Percentage of extended strands was lowest
m A. thaliana (0.50%) and lghest percentage of extended strands was 29.03% found m C. albicans. The
percentage of random coil was lnghest i C. afbicans (40.75%) and lowest percentage of random coils was 16%,
which was found in 4. thaliana. There were no b-bridges (Bb) found in all the 14 species of salt tolerant plants.
Phylogenetic analysis of 14 salt tolerant proteins was performed by using Phylodraw. On cladogram A. thaliana
was nearest to the origin. G. Airsutum and Nax2 forms a cluster, having a largest root distance 0.48675 and
T. aestivum and Nax1 forming a cluster with lowest root distance and pair distance of 0.46824 and 0.00000
respectively. 4. thaliana was completely outgrouped, whereas H. furgidum was outgrouped but still showing

integrity with remaining 12 species under study.
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INTRODUCTION

Presence of excessive amount of soluble salts in soil
is called as saline soil [1]. The relative growth of plants in
the presence of salinity is termed as salt tolerance and the
plants are called as salt tolerant plants. Salt tolerant plants
either prevent the absorption of sodium or chloride 1ons
by roots and leaves or tolerate the collection of sodium or
chloride ions in its tissue [2]. Large numbers of salt
tolerant proteins are found m plants and passes specific
role to overcome the salimity. Salt tolerant proteins are
synthesized in response to salinity and the sequences of
these proteins are found to be highly conserved.
Many salt tolerant proteins, their roles, activities and
location in plant were mentioned m Arabidopsis
thaliana [3], AtNHXI (Arabidopsis thaliana protein)
(4], Gossypium hirsutum [5], Oryza sativa [6,7],
Zygosaccharomyces rouxii [8], Triticum turgidum [9].

Bioinformatics has revolutionized the field of
molecular biology. The raw sequence information of
proteins and nucleic acid can convert to analytical and
relative information with the help of soft computing
tools. Protein prediction is important application of
bioinformatics. Studies on genetic relationships and
generation of evolutionary tree by comparing amino acid
sequences and nuclectide acid sequences have been
successively carried out in many species [10]. As single
change m sequence of amino acid leads to conformational
changes of proteins, hence the information gathered from
comparison of members of same protein family can throw
some light on path of their evolution.

Among the various softwares available, Multiple
Sequence Alignments (MSA) s the most important tool
for analysis of amino acid and nucleic acid sequence
data. MSA is found to be vital tool in determination of
homeologies analyzing the sequence
structure similarity and for phylogenetic analysis [11].

Il sequences,
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SOPMA is a self optimizing prediction methods of
alignment and is used for prediction of secondary
structure of proteins. This method calculates the content
of w-helix, B-sheets, tums, random coils and extended
strands. SOPMA method predicts 69.5% of amino acids.
The prediction of protein secondary structure is improved
by 9% to 66%. SOPMA 1s neural network based methods;
global sequence prediction may be done by this sequence
method [12].

The present investigation was under taken to
study the phylogenetic relationships m  salt
tolerant  proteins of 14 eukaryotic organisms and
secondly to predict secondary structure of these salt
tolerant proteins.

MATERIALS AND METHODS

Softwares: Windows operating system 98/2000/NT;
CLUSTAL-X; GeneDoc, PhyloDraw 8.0, SOPMA
(online  software); Ms-Word, Paint programme
(Bitmap BMP image).

Protein Sequences of Salt Tolerant Proteins: The
ammo acid sequences of salt tolerance proteins were
downloaded from organisms such as Arabidopsis

thaliana,  Aspergillus  niger,  Avicennia marina,
Candida albicans, Gossypium hirsutum, Horedum
vulgare, Naxl (Triticum monoccum gene), Nax2

(Wheat gene), Triticum turgicdum, Triticum aestuivim,
YDR456W (Yeast protein), Saccharomyces cervisae,
YLRI38W (Yeast protein), Zygosaccharomyces rouxii
from NCBI (National Center for Biotechnology Institute)
from website http://"www.nebi.nlm.nih.gov/ by giving key
words salt tolerant protein.

Methods:
Collection of Sequences Data:

*  Amino acid sequences of salt tolerant proteins were
downloaded from NCBI (National Center for
Biotechnology Institute) by giving salt tolerant as a
key word.

*  Protem sequences were saved in FASTA format.

Multiple Sequence Alignment.

*  CLUSTAL-X was used for sequence alignment.

+ FASTA format sequences loaded mto
CLUSTAL-X

¢ Sequences
complete alignment’.

*  Alignment results were saved as ‘xxx.aln’.

were

were aligned using command ‘Do
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Fig. 1. Logical strategy of SOPMA method (Source:
Geourjon and Deleage, 1995)

Determination of Conserved Regions.

» The comserved regions were compared and
determined in GeneDoc.

¢ Clustal sequences were imported to GeneDoc.

»  Results were obtained by selecting ‘done’ option and

saved as “xox.msf.
Phylogenetic Relationships/ Analysis.

» Phylogenetic analysis was performed using
software’s like phylodraw or tree view. These
phylogenetic softwares are forwards and files with
xx.ph can be mmported n phylodraw using rectangle
cladogram. The phylogenetic clusters can be
visualized along with root distance and pair distance.

¢ The files were saved as picture image as “.bmpor’,
* TIFF’ image.

Structural Prediction of Proteins from SOPMA:

»  SOPMA (Figure 1) is a secondary structure
prediction software which available online on web
address, www.expasy.ch.

s After opening the desired web page, the amino acid
sequence . FASTA format was mmported m a
particular  SOPMA window and submitted to
SOPMA server.

¢ The results appeared with secondary structure and
with percentage of each secondary structure of
proteins.
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RESULTS

To start with present study the amino acid sequences
of 14 salt tolerant proteins (Table 1) were retrieved in the
FASTA format. Among the 14 salt tolerant proteins
largest protein was FLI3SW (Yeast protein) with 985
amino acids while, the smallest protein was 7. turgidum
with 153 amino acids. The secondary structure prediction
of salt tolerant proteins among 14 species was obtained
by using SOPMA secondary
prediction server.

The content of a-helix in 4. thaliana was nghest
(80%) and lowest (20.16%) found in C. albicans (Table 2).
The percentage of P-turn was the highest in T. furgidum
(11.76%) and lowest in 4. thaliana (3.50%). Percentage of
extended strands was lowest in 4. thaliana (0.50%) and
highest percentage of extended strands was 29.03%
found in C. albicans. The percentage of random coil was
highest m C. albicans (40.75%) and lowest percentage
of random cois was 16%,
Arabidopsis thaliana (Figure 2).

By observing the colours, structural differences
could be identified with respective amine acid changes in

online structure

which was found in

an mdividual species. On the basis of a-helical regions,
H. vulgare was homologus to Naxl (Triticum monoccunt
gene), while T. aestivim was homologus to Yeast protein
1e. YDR456W (Table 2). C. albicans was homologus

to T. turgidum, whereas 4. niger was homologus to

Table 1: Sequences retrieved from NCBT data repositories

SNo  Organism Gi Number

1 Arabidopsis thaliana Q65XN9%i|75115288|

2 Aspergilus niger CAK42775gi|134083012]
3 Avicennia maring AAZ04239gi|69880088|

4 Candida albicans CAA094980i3702407]

5 Gossypium hirsutim AAMS54141gi[22902099]
6 Horedum vulgare BACS54275gi[27531337)

7 N d ABKA1857gi|117583138
8 New? ABG33946gi]109452932]
9 Triticum turgidum AAY26380gi|63021412]
10 Triticum cestiviim ABK41857gi|117583138)
11 YDrd56W NP_010744¢i|6320663|
12 Seccharomyces cervisae CANO08430gi|1472232635]
13 YIri38W CAA97709gi| 1360557
14 Zygosacchromyces rouiii P24545gi|114348|

Z. rouxii. There were no P-bridges (Bb) found in all the
14 species of salt tolerant plants. The PB-turns (Tt) of the
H. vulgare was homologus to Naxl. Extended strands
(Ee) in A. thaliana were found to be zero.

Phylogenetic analysis of 14 salt tolerant proteins
was performed by using phylodraw. The resultant
cladogram was divided
(Figure 3). On cladogram A. thaliana was nearest to the

i to two distinct clusters

origin and is placed separately forming separate cluster
with root distance 0.46023 and pair distance 0.92702.
In second cluster, two
Sub-cluster T consisted of only H. vulgare and was

sub-clusters were formed.

Table 2: Percentage of amino acids sequence forming secondary structure in SOPMA prediction

SNo. Name of species Number of amino acids  «-helix (Hh)(%)  [-tums (Tt) (%)  Extended strands (Ee) (%0) Random coils (%0)
1 Arabidopsis thaliana 200 80 3.50 0.50 16

2 Aspergilfus niger 342 48.83 4.09 8.77 38.30

3 Avicennia marina 261 52.49 6.13 14.18 27.20

4 Cemdida albicans 248 20.16 10.08 29.03 40.73

5 Gossypium hirsutim 543 42.54 4.60 18.23 34.62

6 Horedum vulgare 352 46.02 8.81 15.91 29.26

7 Triticum turgicum 153 31.37 11.76 28.76 2810

8 Triticum aestivum 554 44,95 6.32 16.79 31.95

9 NaXi 352 46,02 8.81 15.91 29.26

10 NaX2 517 37.52 6.00 19.92 36.56

11 Secchromyces cervisae 351 47.01 6.55 11.97 34.47

12 YDR4S6W 633 42.34 4.74 16.59 36.33

13 Yiri3isw 985 35.53 8.02 19.39 37.06

14 Zygosace hromyces rouxii 920 46.20 533 17.83 30.65
Table 3: Clusters form on cladogram with their root and pair distance

SnNo Cluster among Organisims Root distance Pair Distance
1 A. thaliana (nearest to origin) 0.46023 0.92702
2 H. vulgare 0.468240 -

3 A.niger/ C. albicans 0.478290 0.905000
4 S cervisae / YLRI3EW --- 0.910000
5 T aestivm/ Naxl 0.46824 0.000000
6 A.mawing (difered 0.473240 0.949270
7 G. hirsutum/ Neax2 0.48675 0.900000
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Fig. 2: Secondary structure prediction of Arabidopsis thaliana from SOPMA server

diverged with root distance 0.468240. Sub-cluster II cluster with lowest root distance and pair distance
comprised remaining 12 species and was divided in to of 0.46824 and 0.00000 respectively. A. maring was
two small sub-sub clusters. G hirsutom and Nax2 differed and has a largest pair distance 0 .9492
formed a cluster, having a largest root distance (Table 3). Though H. vuigare showed integrity with two
0.48675 and 7. aestivion and MNax! forming a clusters it was outgroup.
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HNumber Of Species = 14

Fig. 3: Cladogram of 14 salt tolerant proteins

1-Arabidopsis thaliana, 2- Aspergillus niger, 3- Avicemnia maring, 4- Candida albicans, 5- Gossypium
hirsutum; 6- Horedum vulgare; 7- Naxl (Wheat gene); 8 Nax2 (Wheat gene); 9- Triticum turgidum;
10- Triticum aestwivam; 11- YDR456W (Yeast protein), 12- Saccharomyces cervisae; 13- YLRIZSW (Yeast

protein), 14- Zvgosaccharomyces rouxii

DISCUSSION
Multiple sequence alignment (MSA) is of
fundamental importance in all aspects of DNA and

protein sequence analysis. It is used as a first and critical
step in protein structure prediction, classification,
phylogenetic reconstruction analysis of protein domain
and identification of functional sites in genomic
sequences, to mention just a few important applications
[13]. The assembly of MSA has become of the most
common tasks while dealing with sequence analysis [14]
and it became useful technique for studying molecular
relationship [11]. Sarin et af. [15] used PSI-BLAST for
interation output in homologous protein of the
Presniline in different organisms for establishment of
phylogenetic relationship among them. In present
investigation FASTA format of amino acid sequences
was preferred rather than BL AST, as Gi number is present
in former format where as absent latter. A versatile
sequence colouring scheme allows the user highlight
conserved feature in the alignment [16]. The present
investigator used N-J method for estimation of
phylogenetic trees. Generally UPGMA was not used

34

because, it performed well only when branch lengths
were close in length [17].

In present study PhyloDraw was applied for viewing
the phylogenetic tree because, it supports various kinds
of multi alignment formats (Dialign 2, CLUSTAL-W,
PHYLIP format, NEXUS, MEGA and pairwise distance
matrix) and various kinds of tree diagrams i.e. rectangular
cladogram, slanted cladogram, phylogram, unrooted tree
and radial tree can be visualized. By using several control
parameters, users can easily and interactively manipulate
the shape of phylogenetic trees [18]. In dendrogram, two
distinct clusters were formed and the homologies between
related species was observed. Rice proteins like OsHKTI
and OsHET2 were closer and formed a cluster, similar
observations were noted by [19] where Euwcalyptus
proteins EcHKTI, I and EcHKT1; 2 forming similar cluster.
Based on salt tolerant gene of Nax! (wheat gene) and
T. gestinvum were closer and formed one cluster, similarly
YLRI38W (Yeast protein) and 5. cervisae were also placed
in one cluster. Most of the proteins from similar origin
were placed in clusters, the only exception is . hirsutum
and Nax2 formed a cluster of different species, one of
them was cotton and other was wheat gene. Position of
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NRhXI protein was placed another cluster as it was
diverged from a common ancestor [3] and 4. thaliana was
outlier n dendrogram, showing its complete divergence
from common ancestor.

The secondary structure of proteins can be predicted
by various methods like, Self optimized prediction
methods of alignment (SOPMA), Predict Heidelberg
Deutscland method (PHD). SOPMA predicted the
percentage amount «-helix, P-sheets, random coils,
extended stands at a time. Birve et al. [20] was applied
SOPMA for the prediction of secondary structure of
proteins in T. present study
directed towards the prediction of secondary structure
of 14 different salt tolerant proteins. The SOPMA
method was found to be suitable as it correctly predicts
69.5% of ammo acids for three state description of
secondary structure viz. «-helix, P-sheet and coil helix
transitions [12]. Secondary structure prediction recently
has surpassed 70% level of average accuracy evaluated
on single residue states helix, strands and loop [21].
The predicted secondary structure of pl of polymerasel
of human influenza virus consisted of 33% predicted
w-helices, 26% P-pleated sheets, 23% p-reverse turns
and 18% undefined structure [22] and that of PCOR 33%
w-helix, 13% P-sheets and 54% turns and random coils
were reported by Buve ef al. [20]. In contrast to this,
it was sigmficant to note that, there was absence of
B-bridges m 14 salt tolerant proteins while, a-helix, B-
turns, coils and extended strands were present on

aestiviim.  However

different amino acid residues.
The overall picture
thaliona was

of cladogram reveals that
A. completely outgrouped, whereas
H. turgidum was outgrouped but still showimng ntegrity
with remaining 12 species under study.
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