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Histone H2A participates in host defense responses by producing antimicrobial peptides (AMPs). The
present study deals with identification of a putative antimicrobial sequence, Himanturin from the
histone H2A of Round Whip Ray, Himantura pastinacoides. A 204 bp fragment encoding 68 amino acid
residues was amplified from cDNA of Round Whip Ray, H. pastinacoides. Himanturin exhibited high
similarity to previously reported histone H2A derived AMPs indicating the presence of an antimicrobial
sequence motif. Physicochemical properties of Himanturin suggest it to be a potential antimicrobial

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Antimicrobial peptides (AMPs) are an important component in
the innate immune system of almost all multicellular organisms
[11,4,28,35,13,18,9]. They are generally defined as low molecular
weight, amphipathic peptides which are mostly cationic. AMPs
show wide divergence in their amino acid composition, size and
conformational structures but exhibit striking similarity in their
mode of action [22,5,29,17,33,23]. They have retained their
antimicrobial activity against a broad spectrum of pathogenic
organisms, despite of their ancient and wide spread presence in
nature [41,22]. Remarkable specificity to prokaryotes with low
toxicity to eukaryotic cells has favored their investigation and
exploitation as new antibiotics [40]. Aquatic organisms rely
mainly on their innate immune defenses for protection against
pathogenic organisms and hence should be considered as poten-
tial sources of antimicrobial peptides.

AMPs derived from histone proteins form an important category
of peptide antibiotics [14]. Traditionally, histones are known as major
components of the nucleosome structures in eukaryotic cells. Histone
proteins play a key role in the innate immune defense of organisms
by forming AMPs. These AMPs are derived from their histone
precursors by the action of proteolytic enzymes. Histone derived
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AMPs with potent activity has been isolated and reported from
various organisms [25,26,30,2,8,27,20,32,7]. Buforin I isolated from
Asian toad Bufo bufo was the first report of a histone H2A derived
AMP [25,7]. In the case of marine invertebrates, histone derived AMPs
have been reported from Pacific White Shrimp Litopenaeus vannamei
[27], Scallop Chlamys farreri [20] and Disk Abalone Haliotis discus
discus [7]. From fishes histone derived antimicrobial peptides have
been reported from Catfish Parasilurus asotus [26], Atlantic salmon
Salmon salar [30], Rainbow Trout Oncorhynchus mykiss [8], and
Atlantic Halibut Hippoglossus hippoglossus [2]. Present study was
carried out to identify novel antimicrobial peptides from Rays as part
of their innate immunity. Here we report the identification of an
antimicrobial peptide sequence from the histone H2A of Round Whip
Ray, Himantura pastinacoides. This is the first report of a histone H2A
derived AMP from Elasmobranchs.

2. Materials and methods
2.1. Sample collection

Live Round Whip Ray, H. pastinacoides was caught off Vypeen,
Kochi, Kerala, India. Samples were transported to laboratory in
live condition. Blood was collected from the lamellar artery near
gill region using specially designed capillary tubes (RNase free)
rinsed in precooled anticoagulant solution (RNase free 10%
sodium citrate, pH 7).
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2.2. cDNA synthesis

Total RNA was isolated from blood cells using TRI™ reagent
and following manufacturer’s instructions. Purity and quality of
RNA was checked on 0.8% agarose gel. RNA was quantified by
spectrophotometry at 260 and 280 nm. Only RNAs with absor-
bance ratios (A260:A280) equal to or greater than 1.8 were used
for the present work. First strand cDNA was generated in a 20 pl
reaction volume containing 5 pg total RNA, 1 x RT buffer, 2 mM
dNTP, 2 mM oligo (dT);o 20 U of RNase inhibitor and 100 U of
MMLV Reverse transcriptase (New England Biolabs, USA). The
reaction was conducted at 42 °C for 1 h followed by an inactiva-
tion step at 85 °C for 15 min.

2.3. PCR amplification

Amplification of a Hipposin- like antimicrobial peptide
from cDNA of H. pastinacoides was done using sense primer
(5-ATGTCCGGRMGMGGSAARAC-3) and antisense  primer
(5-GGGATGATGCGMGTCTTCTTGTT-3") [2]. PCR amplification of
1 pl of cDNA was performed in a 25 pl reaction volume containing
1 x standard Taq buffer (10 mM Tris-HCIl, 50 mM KCl, pH 8.3),
1.5 mM MgCl,, 200 mM dNTPs, 0.4 mM each primer and 1U Taq
DNA polymerase (New England Biolabs, USA). The thermal profile
used was an initial denaturation at 94 °C for 2 min followed by 35
cycles of 94 °C for 15 s, 60 °C for 30 s and 68 °C for 30 s and a final
extension at 68 °C for 10 min. PCR product was analyzed by
electrophoresis in 1.5% agarose gel in TBE buffer, stained with
SYBR® safe and visualized under UV light. Sequencing of purified
PCR product was performed with an ABI Prism BigDye Terminator
Cycle Sequencing Ready Reaction kit on an ABI Prism 377 DNA
sequencer (Applied Biosystem) at SciGenom Sequencing Facility,
India.

2.4. Taxonomic identification

For taxonomic identification of the species, genomic DNA was
isolated from gills using ‘salting out’ technique as described by
Miller et al. [24]. The concentration of isolated DNA was esti-
mated using a UV-vis Spectrophotometer (Hitachi U-2900). The
DNA was diluted to a final concentration of 100 ng/pul. The
Cytochrome Oxidase-I (COI) gene was amplified in a 25 pl reac-
tion volume containing the above said PCR reagents in same
concentration. 1pl of genomic DNA was used as template.
The primers used for the amplification of COI gene were
Forward (5 -TCGACTAATCATAAAGATATGGGCCAC-3') and Reverse
(5-ACTTCAGGGTGACCGAAGAATCAGAA-3) [38]. The thermal
regime consisted of an initial denaturation at 95 °C for 5 min
followed by 35 cycles of 95 °C for 45 s, 50 °C for 30 s and 72 °C for
45 s and a final extension at 72 °C for 10 min. Amplicons obtained
were sequenced using ABI Prism BigDye Terminator Cycle
Sequencing Ready Reaction kit on an ABI Prism 377 DNA sequen-
cer (Applied Biosystem) at SciGenom Sequencing Facility, India.

The COI primers amplified a readable 600 bp region of the gene
mitochondrial cytochrome oxidase subunit I (GenBank ID
JN982361). BLAST analysis (http://www.ncbi.nlm.nih.gov/blast)
of nucleotide sequences confirmed the identity of the Ray as
H. pastinacoides showing 97% similarity to GenBank ID:
EU398852.1 H. pastinacoides.

2.5. Analysis of peptide properties

The nucleotide sequence and deduced amino acid sequence of
peptide was subjected to BLAST at the NCBI (http://www.ncbi.
nlm.nih.gov/blast). Translation of the cDNA was performed
using the Expert Protein Analysis System (http://au.expasy.org/).

Physicochemical parameter of the deduced peptide was calcu-
lated by the ProtParam tool (http://cn.expasy.org/tools/prot
param.html). Multiple sequence alignment of the peptide with
previously reported histone derived AMPs from other animals,
was performed with ClustalW. Phylogenetic tree was constructed
by the Neighbor-joining (NJ) and Maximum Likelihood (ML)
method based on nucleic acid sequences. Phylogenetic tree was
drawn using MEGA version 5.05. Homology searches were per-
formed using BLASTn and BLASTp at National Center for Biotech-
nology Information (http://www.ncbi.nlm.nih.gov/). Three
dimensional structure of the peptide was predicted based on
template PDB No. 1TzyA using SWISS-MODEL [1,10,31].

3. Results

A 204 bp fragment ¢cDNA encoding 68 amino acids from the
mRNA of blood cells of H. pastinacoides was obtained by RT-PCR
(Fig. 1). BLAST analysis of the nucleotide and deduced amino acid
sequences revealed that the peptide belonged to histone H2A family.
The obtained nucleotide and deduced amino acid sequences were
deposited in GenBank database (GenBank ID: HQ720150). Multiple-
sequence alignment of the amino acid sequence of the peptide with
previously reported histone H2A derived AMPs revealed that the first
39 amino acid sequence from N-terminal of the deduced peptide
showed similarity to histone H2A derived AMPs i.e. Hipposin, Buforin
I, Buforin II, Parasin I, Abhisin and those reported from Oncorhynchus
mykiss, L. vannamei and Chlamys farreri (Fig. 2). This H2A derived
peptide sequence from H. pastinacoides was termed as ‘Himanturin’
and here onwards will be denoted by the term. The 39 amino acid
Himanturin was found to have a predicted molecular weight of
4.27 kDa and a theoretical isoelectric point (pI) of 11.73 as predicted
by PROTPARAM software. Himanturin was found to be rich in
arginine (15.4%), glycine (12.8%), alanine (12.8%), leucine (10.3%),
valine (10.3%) and lysine (7.7%) as reported in all other histone H2A
derived AMPs. Himanturin was found to have one negative residue
(Glu) as against nine positive residues (Arg+Lys), thereby having a
net charge of +8. Hydrophobicity of peptide was found to be
+34.68 Kcal/mol (35%) as predicted by PepDraw. The hydrophilic
index plot of Himanturin was analyzed using Kyte and Doolittle
method [16]. The result showed the presence of both hydrophilic and
hydrophobic domains in Himanturin, indicating the amphipathic
nature of the peptide. N-terminus was found to be hydrophilic
and C-terminus hydrophobic. Bootstrap distance tree calculated
confirmed the similarity of the obtained nucleotide sequence to the

aag gca aag age cgt tct tee cgg gee ggg ctg cag tte ceg gtg gge cge gte cac agg ctg ctg agg aag
K AKS RS SRAGLQFPVGRVHIRTILLRK
ggce aac tac gee gag cgg gtg gge gee ggg gee ccg gte tac ctg gee gee gtg cte gag tac ctg aca gee
G NY AERVG AGAPVYLAAVLEYTLTA
gag atc ctg gag ctg gce gge aac geg gee cgg gac aac aag aag acg cgc atc atc cce
ELAGNAARUDNKIKTRTITIP

Fig. 1. Nucleotide and amino acid sequences of histone H2A. The underlined
amino acid sequences indicate Himanturin from Round Whip Ray. H. pastinacoides.

BuforinIl
BuforinII
Litopenaeu :
Parasin_I
abhisin
Scallop A
Hipposin :
Rainbow_Tr :
Himanturin :

Fig. 2. ClustalW multiple alignment of Himanturin (H. pastinacoides) with hippo-
sin (Hippoglossus hippoglossus), Buforin I and Il (Bufo bufo gargarizans), Parasin |
(Parasilurus asotus), Rainbow Trout H2A (Oncorhynchus mykiss), Litopenaeus AMP
(Litopenaeus vannamei), Scallop AMP (Chlamys farreri) and abhisin (Haliotis discus).
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a1 gi|363727772|ref)M_425469.3| PREDICTED: Gallus gallus histone H2A-IV-like (LOC427895), mRNA =
97 gi[326911816|reflXM_003202204.1| PREDICTED: Meleagris gallopaw histone H2A-IV-like (LOC100542665), mRNA GE_
gi[350537954|refNM_001245911.1| Taeniopygia guttata putative histone 1 H2ai (LOC100226305), mRNA 3
63 gi|28872747|ref[NM_033445.2| Homo sapiens histone cluster 3, H2a (HIST3H2A), mRNA E
87 0i[291395632|reflXM_002714192.1| PREDICTED: Oryctolagus cuniculus histone cluster 1, H2ac-like (LOC100342635), mRNA %
0i|294712563|refNM_001177544.1| Mus musculus histone cluster 1, H2ao (Hist1h2ao0), mRNA %
gi|149617775|refXM_001515072.1| PREDICTED: Omithorhynchus anatinus histone H2A type 1-like (LOC100093280), mRNA “
+% Himantura pastinacoides histone H2A mRNA, partial cds )
gi|56351911|emb|CR700361.2| Tetraodon nigroviridis full-length cDNA
gi|64324|emb|X01064.1| Rainbow trout histone H2A and H3 genes g
82 gi[348543342|ref|XM_003459095.1| PREDICTED: Oreochromis niloticus histone H2A-like (LOC100701240), mRNA 2
gi|2104498]gb|U70133.1|BBU70133 Bufo bufo gagarizans replication-dependent histone H2A mRNA, complete cds §
gi|323650253|gb|HQ206615.1| Perca flavescens clone Pf_9367 histone h2a.x (H2afx) mRNA, partial cds -5
a1 i|339647323|gb|HQ720152.1| Cynoglossus sp. RP-2011 histone H2A mRNA, partial cds g
gi|301632963|refXM_002945503.1| PREDICTED: Xenopus (Silurana) tropicalis histone H2A type 1-like (LOC100493706), mRNA B
4 gi|148222885|reflINM_001096215.1| Xenopus laevs H2A histone family, member X (h2afx), mRNA “
i[348518789|ref|XM_003446866.1| PREDICTED: Oreochromis niloticus histone H2A x-like (LOC100693699), mRNA
i|158997656|gb|EU104711.1| Aplysia califomica histone 2A mRNA, complete cds —
gi|358881767|gb|HQ720149.2| Sunetta scripta histone H2A mRNA, complete cds
gi|46394459]gb|AY576482.1| Litopenaeus vannamei tissue-type hemocyte histone H2A mRNA, partial cds
100 gi[162319740|gb|EU287464.1| Penaeus monodon clone H2A-16 histone H2A mRNA, partial cds
gi|126697369|gb|EF103384.1| Haliotis discus discus histone H2A mRNA, complete cds 5
gi|89520690|gb|DQ418455.1| Chlamys fameri core histone gene cluster, complete sequence %
56 0i|255032103|gb|F J595835.1| Solen marginatus histone H2A gene, complete cds E’
0i[33114119|gb|AY267759.1| Mytilus califomianus histone H2A (H2A) gene, complete cds rm"n'
100 gi[33114113|gb|AY267756.1| Mytilus chilensis histone H2A (H2A) gene, complete cds
5 gi|33114111|gbJAY267755.1| Mytilus galloprovincialis histone H2A (H2A) gene, complete cds
N gi|157169158|gb|EF670675.1| Venerupis pullastra histone H2A (H2A) gene, complete cds
gi|33114115|gb|AY267757.1| Mytilus edulis histone H2A (H2A) gene, complete cds

Fig. 3. A bootstrapped neighbor-joining tree obtained using MEGA version 5.05 illustrating relationships between the nucleotide sequence of H. pastinacoides to the
neucleotide sequences of previously reported histone H2A from different organisms: Gallus gallus, Meleagris gallopavo, Taeniopygia guttata, Homo sapiens, Oryctolagus
cuniculus, Mus musculus, Ornithorhychus anatinus, Tetradon nigroviridis, Rainbow trout, Oreochromus niloticus, Cynaglossus sp., Perca flavescens, Gasterosteus aculeatus,
Oreochromis niloticus, Bufo bufo gagarizans, Xenopus tropicalis, Xenopus laevis, Aplysia californica, Sunetta scripta, Litopenaeus vannamei, Penaeus monodon, Lepeophtheirus
salmonis, Haliotis discus, Chlamys farreri, Solen marginatus, Mytilus californianus, Mytilus chilensis, Mytilus galloprovincialis, Mytilus edulis and Venerupis pullastra.

Fig. 4. Predicted 3-dimentional structure of Himanturin from Round Whip Ray
H. pastinacoides.

previously reported histone H2A nucleotide sequences (Fig.3). SWISS-
MODEL predicted an alpha helical structure for Himanturin (Fig.4).
Analysis of Himanturin for its antimicrobial activity was carried
out with Antimicrobial Peptide Database (http://aps.unmc.edu/AP/
main.php).

4. Discussion

Histone H2A derived antimicrobial peptides reported from
various animals have activity against both Gram-positive and
Gram-negative bacteria and fungi [25,26,30,2,27,20,14,7]. In Asian
Toad, Bufo bufo gargarizans, the intact histone H2A protein is

secreted into the stomach and Buforin I is produced by the action
of pepsin isozymes cleaving the Try 39 - Ala 40 bond of intact
protein [15]. Similarly in Catfish (Parasilurus asotus), Parasin I is
produced by cleavage of Ser19-Arg20 bond of histone H2A by
Cathepsin D found in skin mucus of the fish [6]. Action of enzyme
pepsin on 68 amino acid sequence obtained from Round Whip
Ray was analyzed using PeptideCutter tool (http://web.expa-
sy.org/peptide_cutter/), which predicts pepsin to have a potential
cleavage site at amino acid position 39 thereby resulting in
formation of Himanturin. These findings suggest the possibility
that N-terminus of histone H2A of H. pastinacoides could be an
active antimicrobial peptide assisting in innate immunity of the
Ray. In Drosophila secretion of antimicrobial peptides is mediated
by two distinct pathways, the Toll pathway and Immune Defi-
ciency (IMD) pathway. The Toll pathway is activated primarily in
response to fungal and Gram positive bacterial infections,
whereas the IMD pathway is activated predominantly in response
to Gram negative and other Gram positive bacterial infections
[19,12]. Toll activates expression of antifungal peptide genes,
Dorsomycin and Metchnikowin, whereas, IMD induces transcrip-
tion of genes, which encode the antibacterial peptides i.e.,
Diptericins, Cecropins, Drosocins and Attacins. A pathway similar
to that of Drosophila IMD, termed as LvIMD was reported from
L. vannamei. Expression of LvIMD mRNA is influenced by LPS and
Gram negative Vibrio alginolyticus and expression of LvIMD could
induce a 3 fold increase in the expression of PEN 4 [36]. Presence
of Toll-like receptor in L. vannamei (Lv Toll1) was first reported by
Yang et al. [39]. Two more Toll-like receptors, Lv Toll2 and Lv
Toll3 were reported by Wang et al. [37]. In comparison to Lv Toll1
and Lv Toll3, Lv Toll2 was found to be more significant in the
activation of AMP promoters in L. vannamei [37]. Mechanisms
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similar to these might be involved in the cleavage of precursor
derived antimicrobial peptides.

In case of 51-mer Hipposin, fragment containing 1 to 19 amino
acid residues from the N terminal did not exhibit marked anti-
microbial activity, whereas fragment consisting of 16-39 amino
acid (similar to buforin II) had such activity indicating that this part
of Hipposin possesses antimicrobial sequence motif and the
activity was found enhanced by the presence of the fragment
having 40-51 amino acid residues [3]. Fragment consisting of 4-39
amino acid residues from N-terminal of Himanturin exhibit strik-
ing similarity to 16-39 amino acid fraction of Hipposin which has
been shown to contain the antimicrobial sequence motif. Almost
all previously reported histone H2A derived AMPs have fragments
similar to this fraction of Hipposin and it could be deduced that
their activity is mainly due to this portion. Fraction 4-39 of
Himanturin is similar to 16 to 51 amino acid fraction of hipposin
except for Thr at position 16 of Hipposin which has been replaced
by Ser (position 4) in Himanturin and His at position 41 of
Hipposin being replaced by Glu (position 29) in Himanturin.
Presence of Ser instead of Thr at position 16 of Hipposin can also
be seen in Abhisin and histone H2A derived AMPs reported from L.
vannamei and Chlamys farreri. Histone H2A AMPs reported from
marine organisms exhibit broad spectrum antimicrobial activity.
Hipposin and Parasin I are the most studied Histone H2A derived
antimicrobial peptides. Hipposin showed strong antibacterial activ-
ity against several Gram positive and Gram negative bacteria and
the activity could be detected down to concentrations of 1.6 g/
ml [2]. Parasin I was found to exhibit a minimum inhibitory
concentration of 1 to 4 pg/ml against an array of Gram positive
and Gram negative bacteria without any haemolytic activity [26].
Parasin I was also found to exhibit antifungal activity against
Cryptococcus neoformans, Saccharomyces cerevisiae and Candida
albicans with minimum inhibitory concentration of 2 pg/ml [26].
Abhisin, an antimicrobial peptide derived from histone H2A of Disk
Abalone Haliotis discus was found to be active against Listeria
monocytogenes (G+), Vibrio ichthyoenteri (G—), and yeast, Pityros-
porum ovale. Abhisin treatment (50 pg/ml) decreased the viability
of THP-1 leukemia cancer cells approximately by 25% without any
effect on the normal Vero cells, suggesting that Abhisin has
cytotoxicity against cancer cells but not normal cells [7]. Histone
H2A derived AMPs exhibit strong activity against aquatic and
human pathogens. Himanturin exhibit strong similarity to these
highly potent antimicrobial peptides. Antimicrobial Peptide Data-
base (http://aps.unmc.edu/AP/main.php) predicts Himanturin to be
an Antimicrobial peptide since it form alpha helices and have at
least 7 residues on the same hydrophobic surface which allows the
peptide to interact with membranes.

The phylogenetic relationship of H. pastinacoides to other
organisms is shown in Fig. 3. The molecular phylogenetic tree
based on nucleotide sequences of previously reported histone
H2A sequences demonstrate that the members of the family are
derived from a common ancestor by a series of evolutionary
changes. The boot strap distance tree calculated reveals that H.
pastinacoides cluster under the group Fishes and Amphibians.
Histone genes evolve very slowly and therefore, evolutionary
analyses of histones should be informative with regard to the
phylogenetic relationships of distantly related organisms [34].
At the nucleotide level, the variability in histone genes appears to
be the result of a larger amount of non-synonymous variation,
which affects to a lesser extent, the structural domain of the
protein comprising the histone fold [21]. Because the topology of
major histone H2A phylogeny is similar to the eukaryotic phylo-
geny, histone H2A can be used as a molecular marker for
classification. More data on Ray histone H2A sequences will
decipher the relationship of Ray H2A to other vertebrate and
invertebrate H2A.

5. Conclusion

A peptide containing antimicrobial sequence motif from the
histone H2A of Round Whip Ray, H. pastinacoides was identified
and named as Himanturin. High similarity of Himanturin to other
histone H2A derived AMPs with proven antimicrobial activity
and its physicochemical properties in agreement with those of
traditional antimicrobial peptides strongly endorse it to be an
antimicrobial peptide. Since the peptide is reported from a “food
grade” source, the Round Whip Ray, it has the potential to be
developed into an effective antimicrobial agent with broad
application potential.
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