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ABSTRACT: Azolla pinnata has been recently referred to as the super organism due to its emense
potential in carbon dioxide sequestration, role in biofertilizer industry as well as as food and fodder.
Apart from these, different economic uses of the organism, several studies have indicated towards the
effectivity of these organisms as bioindicators to different metal pollution of water bodies. The
capacity of azolla to withstand harsh environments is attributed to its strong oxidative stress evasion
mechanism, in which glutathione peroxidases play a major role. In this work we isolate and sequence
the glutathione peroxidase gene from Azolla pinnata and characterize it at the phylogenetic and

structure levels using computational tools.
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1.INTRODUCTION

Azolla is a worldwide heterosporous floating or semi-aquatic pteridophyte, having scale
like leaves, bilobed which overlaps and which covers a rhizomatous stem. It is generally found
floating on water surfaces, having roots appearing like pendulums[1]. It grows rapidly and enables
the sequestration of greenhouse gases such as carbon dioxide which increases the biomass of the
organism[2]. Azolla pinnata as a wide distribution. It has been reported from parts of Africa, India,
China and Japan, Malaysia, Philippines, the New Guinea mainland and Australia[3]. Azolla was
found in fossils of eocene sediments (~48.5 Ma) in the central arctic ocean near north pole[4].
Ganguli et.al [S]have reported that azolla has the capacity of lead accumulation and sequestration[6].
Glutathione peroxidase represents one of the most ubiquitously occurring oxidative stress enzymes of
the plant kingdom. Over the years several reports have accumulated regarding the phylogenetic
implications of glutathione peroxidases[7]. We have recently reported the sequencing and analyses of
a glutathione peroxidase from Salvinia molesta Mitch.
2. MATERIALS AND METHODS
Data collection, isolation and sequencing followed by submission to Genbank was done according to
the protocol described in Rahaman et.al. 2016. [8]
Flowchart of Work of Computational Analysis:
1. Nucleotide sequence (EF620782.1) was retrieved from NCBI data warehouse and it was used
to find homologues using Basic Local Alignment Search Tool (BLAST)[9] of the NCBI.
2. Sequences of best 25 homologues were retrieved.
3. Homologues and our query sequence were aligned using MEGA 6.0[10] tool following
MUSCLE[11] algorithm.
4. The aligned sequence was further utilized for Phylogenetic analysis and molecular clock
analysis[12].
Further real time tree divergence rates and probable ancestors were computed.
. ORF for the protein sequence was predicted using ORF Finder[13].

. The model obtained was simulated using AMBER ff93[15] and CHARMM force field[16].
. Simulated protein was further validated using PROCHECK][17] and QMEANS[18] server.
10. Structural analyses of protein was carried out.

5
6
7. The amino acid sequence obtained was used for homology modeling using Modeller 9.12[14].
8
9

11. Protein was docked with Glutathione and Hydrogen peroxide separately.

12. Interactomics analysis was performed on the docked complexes.
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3. RESULTS AND DISCUSSION

PCR amplification was successful and the product was sent for capillary sequencing which was
converted to FASTA format and submitted in GENBANK with the id EF620782.1

Figl: PCR amplicon corresponding to the Azolla pinnata glutathione peroxidase gene

The sequence was then subjected to BLAST analyses and the best 25 homologues were detected
which were then used for phylogenetic analyses. Upon Phylogenetic it was revealed that query
sequence formed a clade with another OTU (gi|189162400|dbj|]AP009589.1| Lotus japonicus
genomic DNA chromosome 4 clone). The divergence rate computed HTU (Hypothetical Taxonomic
Unit) for query was 0.66 which is much higher than remaining HTU and had probably three changes
in nucleotide (GTA) at HTU having divergence rate of 0.66 while rest of the HTUs have variation of
only one nucleotide. This implicates the variation in divergence rate of query from remaining other
OTUs (Operational Taxonomic Unit) only exception being its sister OTU.

0.00 G gil922330212|ref[XM 003630473.2] Medicago tuncatula phospholipid hydroperoxide glutathione peroxidase mRNA
G gil922330210fref[XM 003630475.2] Medicago truncatula phospholipid hydroperoxide glutathione peroxidase mRNA
G G gi|388508638|gb |5T142592. 1| Medicago truncatula done JCVI-FLMESP23 unknown mRNA
0.08 G 4il401715807|gb|1X25228 1. 1| Medicago sativa glutathione peroxidase (GPX) mANA partial cds
G 0.02 G G qi|593794028|ref]XM 007159991, 1| Phaseolus vulgaris hypothetical protein (PHAVL 002G288700g) mRNA complete cds
& G gi|951012947|ref[XM 014654703, 1] PREDICTED: Vigna radiata var. radiata probable phospholipid hydroperoxide glutathione peraxidase (LOC106769193) mRNA
0.12 G 0.06 G qi|571469435(ref]XM 003532659, 2| PREDICTED: Glycine max probable phospholipid hydroperoxide glutsthione peroxidase (LOC100306295) mRNA
0.03 G gil402765780|refINM 001248911.2| Glycine max uncharacterized LOC 100527421 (LOC100527421) mRNA
—— G i|378465058]ab]INBB5376. 1] Ammopiptanthus mongolicus done SDQDS0 E11 glutathione peroxidase mRNA complete cds
015 G G gil951054494|ref[XM 014665759, 1] PREDICTED: Vigna radiata var. radiata probable phospholipid hydroperoxide glutathione peraxidase (LOC106777931) mRNA
oo = G 4il210141385]dbj|AK245304. 1] Glycine max cDNA done: GMFLD1-25-111
. 0.00 G qil402745628|ref|NM 001243005, 2| Glycine max uncharacterized L OC 100500036 {LOC100500036) mRNA
G G qil731379284|ref[XM 010662503, 1] PREDICTED: Vitis vinifera probable phospholipid hydroperoxide glutathione peroxidase (LOC 100259774) mRNA
0.12 A A gi|18073932]emb |41315976. 1| Mesembryanthemum crystallinum gpxmc1 gene for putative phospholipid hydroperoxide glutathione peroxidase exons 1-6
L= A gi|373304621ab|AY237555. 1] Lotus japornicus glutathione peroxidase 1 (gsh-px1) gene complete cds
G o 2% s G il8919657]emb|AJ250851. 1] Mesembryanthemum erystalinum mRNA for phospholipid hydroperoxide glutathione peroxidase-ike protein (gpxme1 gene)
018 il Py G i|291498377]ab|GU473913. 1] Sesuvium portulacastrum phospholipid hydroperoxide glutathione peroxidase-like protein (PHGPX) mRNA complete cds
G qil731366628|ref[XM 010696872, 1] PREDICTED: Beta vulgaris subsp. vulgaris probable phospholipid hydroperoxide dlutathione peroxidase (LOC104307858) mRNA
—- G gi|297813638|ref[XM 002874657, 1] Arabidopsis lyrata subsp. lyrata ATGPXG mRNA
' [a G il567162833|ref[XM 006396812, 1] Eutrema salsugineum hypothetical protein (EUTSA v 10029228mg) mRNA partial cds
0.05 | [a G gi|227434080|gb|F 1357244 1] Thellungiella halophila glutathionine peroxidase & (GPX6) mRINA complete cds
oo = G qil567162856|ref[XM 006396817, 1] Eutrema salsugineum hypothetical protein (EUTSA v 10028932mg) mRNA complete cds
: .00 G gi|312281520|dbj|AK352540. 1] Thellungiella halophila mRNA complete cds done: RTFLO1-06-C20
rETA— G 011486155290 EF620782. 1] Azolla pinniata glutathione peroxidase gene partial cds
L2 T gi|189162400]dbj|APD09589. 1] Lotus japenicus genomic DNA chromosome 4 done: LiTO4E 19 TMO558 complete sequence
0.66

Figure 2: Screenshot of Phylogenetic tree displaying Real time tree divergence and probable
ancestors at different HTUs and OTUs.

© 2017 Life Science Informatics Publication All rights reserved

Peer review under responsibility of Life Science Informatics Publications
2017 July- August RILBPCS 3(2) Page No.124


http://www.rjlbpcs.com/

Rahaman et al RJLBPCS 2017 www.rjlbpcs.com Life Science Informatics Publications
The molecular clock analysis revealed divergence rate of evolution to be

InL Parameters (+G)
(+1)
With Clock -26604.463 29
n/a n/a
Without Clock -3770.479 52
n/a n/a

Table 1: Molecular Clock Analyses which was performed for parameter based comparison between
Maximum Likelihood value for tree topology both without and with molecular clock constraint based
upon Tamura-Nei model(1993).

Protein Modelling and Simulation:

Amino sequence was obtained using ORF Finder and the protein was modeled by following
comparative modeling approach using Modeller 9.12. Model which was generated was then
simulated using CHARRM force field and AMBER ff3. The simulated protein was further validated
through QMEANS and PROCHECK server.
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Figure 3: A represents modeled protein post simulation, B represents residue fluctuation profile
during simulation, C represents Ramachandran Plot for Validation of Simulated protein and D
represents QMEANS score of simulated protein for validation.
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Structural Analysis:

Figure 4: A represents cavities, B represents Protrusions, C represents Flat regions and D represents
Pocket and Subpockets of protein using 3DSURFER [19]

Interactomics:

Post validation protein was docked with Glutathione and Hydrogen Peroxide separately using
Autodock[20]. The docked complex was analyzed for presence of interacting bonds using
LIGPLOTI[21].

o(B)

Figure 5: A shows the interaction between Modeled Protein and Glutathione while B represents the
interaction between modeled protein and hydrogen peroxide.

DISCUSSIONS

Comparative modeling and simulation revealed the presence of a robust domain topology was
revealed by comparative modeling and molecular dynamics simulation and features such as cavity,
protrusion and flat were identified within the structure using Zernike descriptors and Delaunay

Trangulation scores.
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Variations in the rate of divergence were observed by interpretation of molecular clock and

phylogenetic tree. The null hypothesis of assumption of equal evolutionary rate throughout the
maximum likelihood tree was rejected at a 5% significance level (P = 0). Interactomics revealed
that Ala 314, Ala 315, Ala 316, Ala 317, Ala 318, Pro 322, Pro 323, Thr 335 and Thr 338 were
identified to be common residues which took part in VanderWaal's Interaction for both of studies.
For Glutathione peroxidases and hydrogen peroxide complex Ala 317 was found to be taking part in
formation of two hydrogen bonds while Thr 338 was involved in formation of one hydrogen bond.
No hydrogen bond was identified during analyses of Glutathione peroxidases and glutathione
doINCLUSION

Structural and Phylogenetic analyses revealed that the isolated gene was truly a glutathione
peroxidase since it shared sister clades with known glutathione peroxidase goes and interacted
stably with glutathione and hydrogen peroxide - its two most important substrates
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