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Antimicrobial peptides (AMPs) are humoral innate immune components of fishes that provide protection against pathogenic
infections. Histone derived antimicrobial peptides are reported to actively participate in the immune defenses of fishes. Present
study deals with identification of putative antimicrobial sequences from the histone H2A of sicklefin chimaera, Neoharriotta
pinnata. A 52 amino acid residue termed Harriottin-1, a 40 amino acid Harriottin-2, and a 21 mer Harriottin-3 were identified to
possess antimicrobial sequence motif. Physicochemical properties and molecular structure of Harriottins are in agreement with the
characteristic features of antimicrobial peptides, indicating its potential role in innate immunity of sicklefin chimaera. The histone
H2A sequence of sicklefin chimera was found to differ from previously reported histone H2A sequences. Phylogenetic analysis
based on histone H2A and cytochrome oxidase subunit-1 (CO1) gene revealed N. pinnata to occupy an intermediate position with

respect to invertebrates and vertebrates.

1. Introduction

Antimicrobial peptides (AMPs) are ubiquitous and multi-
potent components of humoral innate immune response of
most living organisms against invasion by pathogens [1].
The characteristics of naturally occurring AMPs, such as
relatively small size (12-50 amino acids), cationicity, and
amphipathicity allow them to interact with and penetrate
into the membranes by the formation of transmembrane ion
permeable pores or by a detergent-like manner, resulting
in the leakage of the cytoplasmic components and cell
death [2]. In the last two decades a considerable number
of gene coded AMPs, either inducible or constitutive, with
broad spectrum activity against different types of pathogens,
have been reported from wide range of organisms, and

their significance in innate immunity is becoming more
and more appreciated. The specific immune mechanisms
in the primeval vertebrates such as fish are less developed
than those of higher vertebrates [3, 4] and are limited by
temperature restraints on their metabolism [5]. Therefore,
fish rely highly on their innate immune mechanisms for
protection against invading pathogens and this makes them
a potential candidate for antimicrobial peptide research.
Histone derived antimicrobial peptides form an impor-
tant category of AMPs and is reported from a number of
vertebrates and invertebrates [6]. N-terminus of histone H2A
is rich in basic amino acids, a characteristic which allows
histone H2A to act as a precursor for antimicrobial peptides
[7]. In case of marine fishes AMPs derived from the N-
terminus domain of histone H2A have been reported from



a number of species including catfish Parasilurus asotus [8],
Atlantic salmon Salmo salar [9], Atlantic halibut Hippoglossus
hippoglossus [10], rainbow trout Oncorhynchus mykiss [11],
round whip ray Himantura pastinacoides [12], and recently
from two marine teleost fishes, Tachysurus jella and Cynoglos-
sus semifasciatus [13]. Histone derived AMPs have also been
reported from marine invertebrates including Pacific white
shrimp Litopenaeus vannamei [14], scallop Chlamys farreri
[7], abalone Haliotis discus, Marine Clam Sunetta scripta [15],
and from few other marine molluscs [16].

The role of antimicrobial peptides in the innate immune
response of fishes belonging to the family Holocephali has
not been yet studied in detail. The present study was carried
out to get a deeper insight into the role of histone H2A
derived AMPs in the immune response of sicklefin chimaera
Neoharriotta pinnata. Here we report the identification and
characterization of antimicrobial peptide sequences derived
from histone H2A of N. pinnata. This is the first report of his-
tone derived antimicrobial peptides from Holocephali group
of fishes. The paper also describes in detail the divergence in
molecular evolution of histone H2A in N. pinnata and related
fishes. Also the evolutionary relationship of Holocephalan
fishes to other organisms based on the nucleotide sequence of
cytochrome oxidase subunit I have been discussed in detail.

2. Methodology

2.1. Sample Collection. Live N. pinnata was caught from
a depth of 500 m off Karaikkal Coast, Tamil Nadu, India,
during Cruise number 291 of Fisheries and Oceanography
Research Vessel Sagar Sampada (Ministry of Earth Sciences,
Government of India). High Speed Demersal Trawl (HSDT)
net operated on-board was employed for capturing the
species. Blood was collected from the lamellar artery near gill
region using specially designed capillary tubes (RNase free)
and rinsed in precooled anticoagulant solution (RNase free
10% sodium citrate, pH 7). Blood was homogenized in TRI
reagent (Sigma) and stored at —20°C on-board in the Biolog-
ical Laboratory facility of the research vessel.

2.2. RNA Isolation and cDNA Synthesis. Total RNA was
isolated from blood cells using TRI reagent (Sigma) and
following manufacturer’s instructions. Purity and quality of
RNA were checked on 0.8% agarose gel. First strand cDNA
was generated in a 20 yL reaction volume containing 5 yg
total RNA, Ix RT buffer, 2mM dNTP, 2mM oligo d(T20),
20U of RNase inhibitor, and 100U of MMLV reverse
transcriptase (New England Biolabs, USA). The reaction
was conducted at 42°C for 1h followed by an inactivation
step at 85°C for 15 min. Gene-specific primers forward (5'-
GATCATGTTCGAGACCTTCAACAC-3') and reverse (5'-
CGATGGTGATGACCTGTCCGTC-3") were used to am-
plify a product of 389 bp constitutive expression gene, the
beta-actin as an internal control to verify the RT-PCR re-
action.

2.3. PCR Amplification. Amplification of histone H2A
derived antimicrobial peptide sequence from cDNA of
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N. pinnata was done using forward primer (5'-ATGTCC
GGRMGMGGSAARAC-3") and reverse primer (5'-GGG
ATGATGCGMGTCTTCTTGTT-3') [10]. PCR amplification
of 1uL of cDNA was performed in a 25 L reaction volume
containing Ix standard Taq buffer (10 mM Tris-HCI,
50mMKC], pH 83), L5mM MgCl,, 200 mM dNTPs,
0.4 mM each primer, and 1U Taq DNA polymerase (New
England Biolabs). The thermal profile used was an initial
denaturation at 94°C for 2 minutes followed by 35 cycles of
94°C for 15 seconds, 60°C for 30 seconds, and 68°C for 30
seconds and a final extension at 68°C for 10 minutes. PCR
products were analyzed by electrophoresis in 1.5% agarose
gel in TBE buffer, stained with SYBR Safe and visualized
under UV light.

2.4. TA Cloning and Sequencing. The purified PCR products
were ligated into the pTZ57R/T easy clone vector and trans-
formed using competent E. coli cells, JM107 as per manufac-
turer’s protocols (InsTAclone PCR Cloning Kit, Fermentas).
Transformed bacteria were cultured in Luria Bertaini agar
plates containing ampicillin, IPTG, and X-gal at 37°C for 24 h,
and the recombinant clones with the inserts were selected by
blue white screening. The white colonies were selected and
streaked on to fresh ampicillin plates and screened using vec-
tor specific primers, M13 F (5'-GTAAAACGACGGCCAG-
3') and M13 R (5'-CAGGAAACAGCTAT GAC-3') and
histone H2A sequence specific primers. For M13 primers the
thermal profile used was 94°C for 5 minutes followed by
35 cycles of 94°C for 30 seconds, 54°C for 30 seconds, and
72°C for 30 seconds and a final extension at 72°C for 10
minutes. Amplicons obtained were sequenced using ABI
Prism BigDye Terminator Cycle Sequencing Ready Reaction
kit on an ABI Prism 377 DNA sequencer (Applied Biosystem)
at SciGenom Sequencing Facility, India.

2.5. Taxonomic Identification. For taxonomic identification
of the species genomic DNA was isolated using TRI
reagent (Sigma). The concentration of isolated DNA was
estimated using a UV spectrophotometer (Hitachi U-2900).
The DNA was diluted to a final concentration of 100 ng/uL.
The cytochrome oxidase-I (COl) gene was amplified in
a 25 uL reaction volume containing the above said PCR re-
agents in same concentration. 1uL of genomic DNA was
used as template. The primers used for the amplifica-
tion of COl gene were LCO1490 (5'-GGTCAACAAATC
ATAAAGATATTGG-3') and HC02198 (5'-TAAACTTCA
GGGTGACCAAAAAATCA-3") [17]. The thermal regime
consisted of an initial denaturation at 95°C for 5 minutes
followed by 35 cycles of 95°C for 45 seconds, 50°C for
30 seconds, and 72°C for 45 seconds and a final exten-
sion at 72°C for 10 minutes. Amplicons obtained were
sequenced using ABI Prism Sequencing kit (BigDye Termi-
nator Cycle) at SciGenom, India.

2.6. Data Analysis. The homologue searching of the
nucleotide sequence was performed with the Basic
Local Alignment Search Tool (BLAST) through NCBI
server (http://www.ncbi.nlm.nih.gov/blast). The nucleotide
sequence was translated into amino acid sequence by the
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DNA-Protein translation tool provided by Expert
Protein Analysis System, ExPASy (http://au.expasy.org/).
Phylogenetic tree was constructed by the neighbour-joining
(NJ) method and maximum likelihood (ML) method based
on amino acid sequence of histone H2A and nucleotide se-
quence of cytochrome oxidase subunit I, using MEGA ver-
sion 5.05. Confidence in estimated relationships of ML and
NJ tree topologies was evaluated by a bootstrap analysis with
100 and 1,000 replicates with MEGA version 5.0. Kimura 2
parameter (K2P) model was used to construct NJ and
ML tree for CO1 genes. The cleavage sites of proteolytic en-
zymes on the deduced amino acid sequence were predicted
using PeptideCutter Tool (http://web.expasy.org/peptide_cut-
ter/). Molecular weight, isoelectric point, and stability of each
peptide sequence were calculated using ProtParam software
(http://web.expasy.org/protparam/). The primary structure
of deduced amino acid sequences was compared with
previously reported histone H2A derived AMPs from other
species by using the multiple sequence alignment program
CLUSTALW. Charge over a range of pH and concentration
of peptides was calculated using Protein Calculator v 3.3
(http://www.scripps.edu/~cdputnam/protcalc.html) and hy-
drophobicity using PepDraw tool (http://www.tulane.edu/~
biochem/WW/PepDraw/index.html). Three-dimensional ar-
rangement of peptide was created in PyMOL software using
data generated by SWISS-MODEL [18-20].

3. Results

The COL1 primers amplified a 710bp region of the gene
mitochondrial cytochrome oxidase subunit I (GenBank ID
JX297203). BLAST analysis of nucleotide sequences con-
firmed the identity of the organism as N. pinnata showing
99% similarity to GenBank ID: HM239670.1 Neoharriotta
pinnata. Phylogenetic relationship of N. pinnata to other
organisms was established based on the nucleotide sequence
comparisons of COL Phylogenetic relationship of N. pinnata
to other organisms was virtually identical in both NJ tree
and ML tree. NJ tree represented in Figurel gets broadly
divided into six clusters. Cluster one includes mammals,
cluster two includes three subclusters representing birds,
teleost fishes, and frogs, cluster three includes two subclusters
of cartilaginous fishes, one representing sharks and the
other representing skates and rays, cluster four includes
fishes belonging to Holocephali group, cluster five represents
crustaceans, and cluster six includes molluscs. N. pinnata
though closely related to Holocephalan fishes occupies a
position in-between the vertebrate and invertebrate groups.
RT-PCR amplification of the mRNA from Sicklefin Chi-
maera yielded a 243 bp fragment cDNA encoding 81 amino
acid residues. The obtained nucleotide and deduced amino
acid sequences were deposited in GenBank database (Gen-
Bank ID: JX297204). BLAST analysis of the nucleotide and
deduced amino acid sequences revealed that the peptides
belonged to histone H2A family. Bootstrap distance tree
calculated using deduced amino acid sequence confirmed its
similarity with previously reported histone H2A sequences
deposited in GenBank database. Bootstrap distance tree was

calculated using NJ method and ML method. Phylogenetic
relationship of histone H2A of N. pinnata to histone H2A
of other organisms was found to be virtually identical in
both NJ tree and ML tree. The phylogenetic distance tree
based on amino acid sequence of histone H2A is represented
in Figure 2. The phylogenetic tree gets divided into two
main clusters. Cluster one denotes histone H2A sequences
of vertebrates, and cluster two represents that of inverte-
brates. The vertebrate group could be classified into three
subclusters representing mammals, amphibians, and fishes,
while invertebrate group could be classified in mollusc and
crustacean sub-clusters. Birds, when included for construc-
tion of phylogenetic tree, grouped with both mammals and
fishes (Figure 3). In case of histone H2A also, N. pinnata
was found to occupy a position in between the vertebrate
and invertebrate clusters, though more closely related to
vertebrates than invertebrates. Histone H2A protein of N.
pinnatta differs from other reported histone H2A proteins
in having amino acid His at position 34 and Asp at position
42 from the N-terminus. In all other previously reported
sequence of histone H2A, Lys and Glu are present at the
corresponding position of His and Asp. Histone H2A protein
of N. pinnatta has Val at position 31 and Thr at position 60
from the N-terminus. Histone H2A reported in vertebrates is
similar to N. pinnatta in having Val and Thr at corresponding
positions, but histone H2A reported from invertebrates has
Ile and Ala at corresponding positions. N. pinnatta has Val
at position 63, a feature found in invertebrates, as all histone
H2A reported from them have Val at corresponding position.
The scenario is different in case of all other vertebrates
as they have Ile at corresponding position. Histone H2A
of N. pinnatta displays similarities and dissimilarities with
both vertebrates and invertebrates and thereby occupies a
position in-between the two (for details see supplemen-
tary Figure in Supplementary Material available online at
http://dx.doi.org/10.1155/2013/930216).

The nucleotide sequence and the deduced amino acid
sequence of histone H2A amplified from sicklefin chimaera
are presented in Figure 4. Analysis of functional aspects and
chemical properties of the histone H2A protein were carried
out using reliable computer based programs. The Peptide-
Cutter tool predicts proteolytic enzymes, chymotrypsin, and
pepsin to have a potential cleavage site at position 52 and
40 from N-terminus of histone H2A of sicklefin chimaera.
Cleaving the protein at position 52 would release Harriottin-
1, a peptide sharing similarity with Hipposin. Proteolytic
activity of these enzymes at position 40 would result in
the release of a peptide termed as Harriottin-2 which is
similar to Buforin I reported from toad. Enzyme trypsin
was found to have potential cleavage sites at position 16 and
37 from the N-terminus. Trypsin mediated processing of
N. pinnata histone H2A would result in the formation of a
21 mer peptide, Harriottin-3 having a sequence resembling
Buforin II. Diagrammatic representation of the cleavage site
of enzymes and release of the three Harriottins is presented
in Figure 5. Sequence analysis of the peptides was carried
out using ProtParam software which predicted Harriottin-1,
-2, and -3 to have molecular weights of 5.56 kDa, 4.39 kDa,
and 2.44 kDa, respectively, and a theoretical isoelectric point
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0i[325070929|gb|HQ860420.1| Bos taurus voucher cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
0i|186694335|gb|EU623450.1| Bison bonasus cytochrome oxidase subunit | (COl) gene partial cds mitochondrial
0i[353351272|gb|JN245993.1| Bubalus bubalis cytochrome oxidase subunit | (COI) gene partial cds mitochondrial
0i|353351272|gb|JN245993.1| Bubalus bubalis cytochrome oxidase subunit | (COI) gene partial cds mitochondrial
4i[309253710|gb|HM144020.1] Phi i y

¢ oxidase subunit | (COI) gene partial cds mitochondrial

gif JQB90394.1| Hij niger cy oxidase subunit 1 gene partial cds mitochondrial

0i|327504371|gb|JF459200.1| Mazama gouazoupira cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial

Mammals

i|326557294|gb|JF443208.1| Canis lupus cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
0i|379739876|gb|JQ601063.1| Syhilagus floridanus cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
87 |:gi|326557370|gb|JF44324s,1| Lepus europaeus cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial

0i|336038720|gb|JF700166.1| Gallus cytochrome oxidase subunit | (COI) gene partial cds mitochondrial

73 0i|401802733|gb|JX160013.1| Meleagris gallopavo cytochrome oxidase subunit 1 gene partial cds mitochondrial
99 0i[260400360|gb|GQ922646.1 i ii cy
68|

oxidase subunit | (COI) gene partial cds mitochondrial

Birds

0i|292389198|gb|GU571439.1| Lagopus lagopus cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
99 i[332650882|gb|JF723295.1| Tetrao tetrix cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
42 |—gi|402485618|gb|.)x1 05469.1| Rita rita cytochrome oxidase subunit | (COI) gene partial cds mitochondrial
|—gi|353351447|gb|JN628928,1| Mystus bleekeri cytochrome oxidase subunit | (COI) gene partial cds mitochondrial
qil40: |gb|JX105483.1|
91 |—gi|301036187|gb|HM421757.1\ Hij oxidase subunit 1 gene partial cds mitochondrial
|—gi|393004800|gb|JQ841086 1| Bothus lunatusv cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
98 |—gi|388524324|gb|JQ935933‘1| Poeciliopsis gracilis cytochrome oxidase subunit 1 (COIl) gene partial cds mitochondrial
|—gi|388524304|gb|JQ935923.1| Heterandria jonesii cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial

lyceps mangois cy oxidase subunit | (COIl) gene partial cds mitochondrial

robustus

Teleost fishes

|—gi|393005632|gb|JQ842830.1| Diodon hystrix cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial

gi| o] i reochromis niloticus cytochrome oxidase subunit gene partial cds mitochondrial
41‘— i|316993266|gb|HQ654746.1| Oreochromis niloti hi id: bunit 1 (COI) ial cds mitochondrial
42 ——@i|332348185|gb|JF812746.1| Lissotriton helveticus cytochrome oxidase subunit | (COI) gene partial cds mitochondrial

gi|390117801|gb|JN371113.1| Pristimantis palmeri cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial

Frogs

48 _Cgi|336280859|gb|JN021 324.1| Bufo centralis cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
90 9i|225195669|gb|FJ766576.1| Atelopus zeteki cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial -

45 gi[336327337|gb|JN082191.1| Carcharhinus sorrah cytochrome oxidase subunit 1 (COl) gene partial cds mitochondrial
ﬁ‘fgmm, 1398939.1| i idens cy oxidase subunit 1 (COI) gene partial cds mitochondrial

0i|166837691|gb|EU399015.1| Sphyma mokarran cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial

100

Sharks

0i|306993357|gb|HQ171688.1| Loxodon macrorhinus cytochrome oxidase subunit 1 (COIl) gene partial cds mitochondrial

0i|166837673|gb|EU3990086.1| Rhizoprionodon taylori cytochrome oxidase subunit 1 (COIl) gene partial cds mitochondrial

0i|357933747|gb|JN640578.1| Amblyraja taaf cytochrome oxidase subunit 1 (COIl) gene partial cds mitochondrial

0i|328487160|gb|JF494355.1| Rajella dissimilis cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
0i|296746909|gb|GUB05057.1| Leucoraja wallacei cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial

gi[392974471|gb|JQ774853.1| Leucoraja naews cytochrome oxidase subunit 1 (COIl) gene partial cds mitochondrial
0i|378406678|gb|HQ711863.1| Okamejei kenojei cytochrome oxidase subunit | (COI) gene partial cds mitochondrial
0i|392974967|gb|JQ775101.1| Raja clavata cytochrome oxidase subunit 1 (COIl) gene partial cds mitochondrial

9i[322402595|gb|HQ945978.1| Dipturus springeri cytochrome oxidase subunit 1 (COIl) gene partial cds mitochondrial

Skates snd rays

100

0i|166837945|gb|EU399142.1| Zearaja maugeana cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial

gi|70723776|gb|DQ108141.1| Callorhinchus milii cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
0i|209366543|gb|FJ164687.1| Hydrolagus colliei cytochrome oxidase subunit 1 (COIl) gene partial cds mitochondrial

0i|328485786|gb|JF493668.1| Hydrolagus africanus cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
97
\ﬁ‘_i‘:gin 66837097|gb|EU398718.1| Chimaera fulva cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial
91

0i|392973962|gb|JQ774598.1| Chimaera monstrosa cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial

Chimaeras

* iotta pinnatta Cy chimaera

=]

————————_ Sicklefi
0i|116607416|gb|DQ889076.1| Anaspides tasmaniae COIl gene partial sequence mitochondrial

98 0i|335060725|gb|HM020901.1| Lithodes confundens cytochrome oxidase subunit | (COI) gene partial cds mitochondrial
\4_0‘_7‘:9”3151345’ |dbj| 1| G tawu mif ial COI gene for cy oxidase subunit | partial cds
100

gi[151559116]dbj|AB266293.1|

Oxidase Subunit-| partial cds

albogilva COI mRNA for cytochrome oxidase subunit | partial cds

Crustaceans

100 |:gi|1 34033151|gb|EF201162.1| Cyanoplax keepiana cytochrome oxidase subunit | (COIl) gene partial cds mitochondrial
0i|134032973|gb|EF201073.1| Cyanoplax dentiens cytochrome oxidase subunit | (COI) gene partial cds mitochondrial

89 0i|193085105|gb|EU523672.1| Solen marginatus cytochrome c oxidase subunit | (COI) gene partial cds mitochondrial
i J393383.1| i
56 ’ )

77 0i|363710428|gb|HM180816.1| Rapana venosa voucher cytochrome oxidase subunit | (COI) gene partial cds mitochondrial

62—gilt

y oxidase subunit | (COI) gene partial cds mitochondrial

Molluscs

|DQ868946.1| L cinerea cy c oxidase subunit | (COI) gene partial cds mitochondrial

FIGURE 1: A bootstrapped neighbor-joining tree obtained using MEGA version 5.05 illustrating the phylogenetic relationship of N. pinnata
based on the nucleotide sequence of cytochrome oxidase subunit-1 gene.

(pI) 0f12.01,12.41, and 12.60, respectively. ProtParam software
estimated the half-life of Harriottin-1, -2, and -3 to be more

like Buforin I, Buforin II, Hipposin, Himanturin, Abhisin,
Sunettin, and histone H2A derived AMPs reported from

than 20 hour in yeast and more than 10 hours in E. coli.
In case of mammalian reticulocytes Harriottin-1 and -2
were estimated to have a half-life of 30 hours, whereas
Harriottin-3 was found to have a half-life of 1.9 hours.
Multiple-sequence alignment of the amino acid sequences
of Harriottin-1 with previously reported histone H2A
derived AMPs revealed that the peptide showed simi-
larity to previously reported histone H2A derived AMPs

Oncorhynchus mykiss, Litopenaeus vannamei, and Chlamys
farreri (Figure 6). Only Harriottin-1 was considered for
multiple-sequence alignment as it covers sequences of both
Harriottin-2 and Harriottin-3. All three Harriottins were
found to have an overall net positive charge. At pH 4, 7,
and 10, Harriottin-1 was found to have a charge of 14.8, 12.4,
and 7.4; Harriottin-2 had a net positive charge of 14.1, 12.4,
and 7.9, while Harriottin-3 displayed a net positive charge
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0i|149593305|ref]XP 001506664.1| histone H2A Omithorhynchus anatinus
0i[348569378]ref]XP 003470475.1| histone H2A.JHike Cavia porcellus
0[281344775|gb|EFB20359.1| histone H2A PANDA Ailuropoda melanoleuca =
0i[302564472|ref|NP 001180795.1| histone H2A.J Macaca mulatta S
i[355785929|gb|EHH66112.1| Histone H2A.J Macaca fascicularis §
0i[395850569|ref]XP 003797855.1| PREDICTED: histone H2A.J-like Otolemur gamettii
46 0i[395516724|ref]XP 003762537.1| PREDICTED: histone H2A.J-like Sarcophilus harrisii
469': 0i[147898582|ref[NP 001087948.1| histone cluster 1 H2aj Xenopus laevis /) 2
53 i[349805087|gb|AEQ18016.1| putative histone h2a type 1 Hymenochirus curtipes ;‘é
qi[14549635|gb|AAK66965.1|AF255739 1 histone H2A Bufo gargarizans <,
{ 0i[52345546]refNP 001004821.1] histone cluster 1 H2aj Xenopus (Silurana) tropicalis 5
496‘: 0i[225714686|gb|ACO13189.1| Histone H2A.x Esox lucius /)
0i|209730326|gb|ACI66032.1| Histone H2A.x Salmo salar _éi
49 0i[54400432|refINP 001005967.1| histone 2 H2a Danio rerio E
{ 0i[348522855]ref[XP 003448939, 1| histone H2A Oreochromis niloticus —
A Neoharriotta pinnata histone H2A partial cds

92

31

{ 4i[6686554/emb|CAB64684. 1| putative H2A histone Asellus aquaticus

———————— Sicklefin chimaera

i[126697370|gb|ABO26642.1| histone H2A Haliotis discus discus

30
0i[335632373|gb|AEH58057.1| histone variant H2A.X Mytilus galloprovincialis
50 0i|358881768|gb|AEJ86579.2] histone H2A Sunetta scripta
—: 0i[405975240|gb|EKC39821.1| Histone H2A Crassostrea gigas

v
2
=
°
=
0i|89520693|gb|ABD76392.1| histone H2A Chlamys farreri
0i|158997657|gb|ABW86952.1| histone 2A Aplysia califomica
0i[225712296|gb|ACO11994.1| Histone H2A Lepeophtheirus salmonis
«©
46 0i|162319741|gb|ABX84387.1| histone H2A Penaeus monodon f“j
{ 0i46394460|gb|AAS91563.1] histone H2A Litopenaeus vannamei kS
«©
0i|157674605|gb|ABV60391.1| histone H2A Artemia franciscana 8

FIGURE 2: A bootstrapped neighbor-joining tree obtained using MEGA version 5.05 illustrating relationships between the amino acid
sequence of histone H2A of N. pinnatta to the amino acid sequences of previously reported histone H2A from different organisms.

of 71, 5.4, and 4. Hydrophobicity of Harriottin-1, -2, and
-3 were found to be +52.17 kcal/mol (30%), +45.66 kcal/mol
(25%), and +24.37 kcal/mol (28%) as predicted by PepDraw.
Analysis of Harriottins using Protean module of the DNAS-
TAR Lasergene sequence analysis software suite revealed that
Harriottin-1 and -2 will have a concentration of 1.87 mg/mL
and 2.95mg/mL for an absorbance of 10D measured at
280 nm, whereas Harriottin-3 will not give any reading at
280 nm wavelength, as it lacks Thr, Cys, and Trp. The module
further predicts that 1 ug of the Harriottin-1, -2, and -3 would
contain 179.75 pmoles, 227.63 pmoles, and 409.03 pmoles,
respectively. Schiffer-Edmundson helical wheel modeling of
the peptides using Protean module revealed clustering of
hydrophobic and hydrophilic/basic residues on opposing
sides of the helical wheel (Figure 7). This result suggests
an amphipathic nature and an «-helical structure for the
Harriottins. Three-dimensional arrangement of Harriottins is
shown in Figure 8. Analysis of Harriottins for their antimi-
crobial activity was carried out with Antimicrobial Pep-
tide Predictor Program (http://aps.unmc.edu/AP/main.php)
which predicts them to be antimicrobial peptides with a
protein binding potential of 2.58 kcal/mol, 3.26 kcal/mol, and
3.83 kcal/mol for Harriottin-1, -2, and -3, respectively.

4, Discussion

The present study describes characterization of Harriottin-
1, -2, and -3, with 52, 40, and 21 amino acid peptides
identified from histone H2A of N. pinnata and phylogenetic
analysis of the organism based on CO1 and histone H2A.
One of the commonly used molecular markers for taxonomic
identification of a species is the CO1 gene, comparison of
which provides a reliable determination of the phylogenetic
relationship of a species indicating its position in the evo-
lutionary tree. The phylogenetic relationship of N. pinnatta
based on nucleotide sequence of CO1 gene was analyzed by NJ
method and ML method. As expected N. pinnatta was found
to be closely related to Holocephalan fishes but was found
to occupy a position between vertebrates and invertebrates.
Order Chimaeriformes to which chimaeras belong include
three families: Chimaeridae, Callorhinchidae, and Rhinochi-
maeridae. Results of the phylogenetic analysis based on
COl1 gene indicate that Rhinochimaeridae represented by N.
pinnatta appears to be more primitive of the three.

The phylogenetic relationship of histone H2A amino acid
sequence of N. pinnatta to the amino acid sequence of previ-
ously reported histone H2A proteins from various organisms
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A Neoharriotta pinnata Histone H2A partial cds. —————— Sicklefin chimaera
_30: 0i|126697370|gb|AB0O26642.1| histone H2A Haliotis discus discus ]
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I gi[158997657|gb|JABW86952.1| histone 2A Aplysia califomica é
_45|: gi|162319741|gb|ABX84387.1| histone H2A Penaeus monodon g

0i|46394460|gb|[AAS91563.1| histone H2A Litopenaeus vannamei é

_|: gi|157674605|gbJABV60391.1| histone H2A Artemia franciscana
33

0i|6686554|emb|CAB64684.1| putative H2A histone Asellus aquaticus

FIGURE 3: A bootstrapped neighbor-joining tree obtained using MEGA version 5.05 illustrating relationships between the amino acid
sequence of histone H2A of N. pinnatta to the amino acid sequences of previously reported histone H2A from invertebrates, fishes,
amphibians, birds, and mammals. Birds can be seen aligned with mammals and fishes.
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P

F1GURE 4: Nucleotide and amino acid sequence of histone H2A
protein from N. pinnatta.

was carried out using NJ method and ML method. The molec-
ular phylogenetic tree based on amino acid sequences of pre-
viously reported histone H2A derived AMPs demonstrates
that the members of the family are derived from a common
ancestor by a series of evolutionary changes. Selected histone
H2A derived antimicrobial peptide sequences got divided
into two major groups, that is, vertebrates and invertebrates.
The boot strap distance tree calculated reveals that histone
H2A protein of N. pinnatta can align with the vertebrate

group, but the lineage is distant enough to conclude that
it occupies a position between vertebrate and invertebrate
groups. Birds when included in the phylogenetic tree did
not form a group of their own and was found to align with
fishes and mammals. Evolution of histone H2A is not clearly
demarcated in birds and this indicates that the histone H2A
has a highly conserved sequence. Even though the rate of
evolution is slow in histone H2A, well-marked differences
can be observed in case of N. pinnata. Histone H2A protein
of N. pinnatta diverges from other reported histone H2A
proteins at amino acid position 34 and 42 from the N-
terminus where it has His and Asp, respectively. Lys and Glu
is present at the corresponding position of His and Asp in
all other reported sequences of histone H2A. Since Lys and
His as well as Asp and Glu belong to same characteristic
group in amino acid classification, their interchange would
not have much effect on the property of the protein. The
region of histone H2A corresponding to amino acid position
16 to 51 in histone H2A of N. pinnatta is a highly conserved
region in animal kingdom. N. pinnatta differs from histone
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FIGURE 5: Potential cleavage site of proteolytic enzymes resulting in formation of Harriottin-1, -2, and -3 is demonstrated.
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FIGURE 6: ClustalW multiple alignment of Harriottin-1 (N. pinnatta) with Buforin I and II (Bufo bufo gargarizans), Hipposin (Hippoglossus
hippoglossus), Rainbow Trout H2A (Oncorhynchus mykiss), Litopenaeus AMP (Litopenaeus vannamei), Scallop AMP (Chlamys farreri),
Abhisin (Haliotis discus), Sunettin (Sunetta scripta), and Himanturin (Himantura pastinacoides).

H2A of other organisms in this region at two positions
(position 34 and 42) which clearly indicates that sicklefin
chimaera has followed a different path of evolution. N.
pinnatta represents Holocephalan fishes which are believed to
be branched off from their sister group of sharks and rays and
have remained isolated ever since. This is quite evident from
the results of phylogenetic analysis based on histone H2A
amino acid sequence of N. pinnatta which shows similarity
to both vertebrates and invertebrates and at the same time
differs from both of them. Since histone H2A sequences of
cartilaginous fishes are scarce in GenBank database a detailed
investigation was not possible. Histone genes represent much
conserved regions, and therefore evolutionary analyses of
histones should provide important information with regard
to the phylogenetic relationships of distant/closely related
organisms.

Harriottins exhibited high sequence similarity with pre-
viously reported histone H2A derived AMPs. Harriottins are
highly cationic peptides with amphipathic nature and «-
helical structure, characteristic to all histone H2A derived
AMPs. Harriottin-1, -2, and -3 were found to be rich in
arginine (15, 18, and 23%), glycine (17, 18, and 10%), serine
(8, 10, and 14%), valine (10, 8, and 10%), and alanine (11, 8,
and 5%) as reported in all other histone H2A derived AMPs.
All histone H2A derived AMPs reported to date from various
sources are derived from N-terminal region of histone H2A,
thereby suggesting its importance in innate immune response
of an organism. Histone H2A fragments with antimicrobial
activity reported from vertebrates and invertebrates clearly
indicate the role of histone H2A as a potential precursor
for highly potent antimicrobial peptides. 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 [21]. Similarly in Cat Fish (Parasilurus asotus),
parasin I is produced by cleavage of Serl9-Arg20 bond of
histone H2A by cathepsin D found in skin mucus of the fish
[22]. PeptideCutter tool predicts proteolytic enzymes trypsin,
chymotrypsin, and pepsin to have potential cleavage sites
in the histone H2A of sicklefin chimaera which presented
the possibility of formation of three fragments similar to
previously reported histone H2A derived AMPs. A 52-mer
fraction similar to hipposin was termed as Harriottin-1; a 40-
mer fraction resembling Buforin I was termed as Harriottin-
2, and a third 2I-mer fraction comparable to Buforin II was
given the name Harriottin-3.

Histone H2A derived antimicrobial peptides are known
to exhibit broad spectrum activity against bacteria and
fungi. Hipposin and Buforins are the most studied histone
H2A derived antimicrobial peptides. Hipposin exhibited
strong antibacterial activity against several Gram-positive
and Gram-negative bacteria, and activity could be detected
down to a concentration of 1.6 yg/mL [10]. Harriottin-1 has
a sequence and structure similar to Hipposin and therefore
would have a similar activity. Buforins are among one of
the most potent antimicrobial peptides. In addition to their
broad spectrum activity against bacteria and fungi [23],
they also possess antiendotoxic and anticancer activities
[24]. Harriottin-2 and -3 would be expected to match the
activity of Buforin I and II, respectively, by virtue of their
sequence and structure. Buforin IT does not cause significant
membrane permeabilization [25] but brings about the lysis
of bacterial cells by readily entering the cells in vivo and
by interacting with intracellular nucleic acids [26, 27]. NMR
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FIGURE 7: Schiffer-Edmundson helical wheel diagram demonstrating probable amphipathic a-helical conformation of Harriottin-1 (a),

Harriottin-2 (b), and Harriottin-3 (c).
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FIGURE 8: Predicted 3-dimentional structural arrangements of Harriottin-1 (a), Harriottin-2 (b), and Harriottin-3 (c) generated using PyMol

software.

structural studies showed that proline at position 11 serves
as a hinge between a C-terminus helix and an N-terminal
region with an extended helical structure [28]. This sole
proline residue (Pro,,) of Buforin II is necessary for effective
translocation across cell membrane [25, 26]. Presence of
proline at position 11 and the resulting proline hinge as in
Buforin II was also detected to be a characteristic feature
of Harriottin-3. Presence of proline hinge seems to indicate
that the antimicrobial activity of Harriottin-3 lies in its
ability to interact with nucleic acid rather than membrane
permeabilization. Antimicrobial peptides are also viewed
as agents with therapeutic potential against cancer cells
[29]. Buforin II exhibits selective cytotoxicity against cancer
cells through interaction with cell surface gangliosides, and
once inside the cell they induce mitochondria-dependent
apoptosis [30]. Buforin II does not exhibit cytotoxic activity
of any kind against normal mammalian cells [31]. Having a
structure similar to Buforin II makes Harriottin-3 potential
candidates for anticancer research. Antimicrobial Peptide
Predictor Program (http://aps.unmc.edu/AP/main.php) pre-
dicted Harriottins to be AMPs, since Harriottin-1, -2, and -3
form alpha helices and possess 6, 4, and 4 residues, respec-
tively, on the same hydrophobic surface which assist them to
interact with membranes. Harriottin-1, -2, and -3 illustrate all
the characteristic features of AMPs including high cationicity,

higher hydrophobic residue, and elevated protein binding
potential, that is, 2.58, 3.26, and 3.83 kcal/mol, respectively.

5. Conclusion

Three peptides containing antimicrobial sequence motif
from the histone H2A of N. pinnatta were identified and
named as Harriottin-1, -2, and -3. High sequence similar-
ity of Harriottin-1, 2 and 3 to previously reported potent
histone H2A derived AMPs and their similarity to tradi-
tional antimicrobial peptides in physicochemical properties
strongly endorse Harriottins to be considered as peptides
with antimicrobial activity. The study was taken up as an
initiator to investigate the role of histone derived AMPs in
Holocephalan fishes, and more research in this area would
reveal new facets of innate immunity in this less understood
group of fishes. The study gives a comparative account of COl
and H2A nucleotide sequences in the molecular taxonomic
identification of members of the animal kingdom. Birds
get grouped both with fishes and mammals, but not with
amphibians, which is really intriguing. The study also offers
an insight into the evolutionary divergence of N. pinnatta
with respect to COl gene and histone H2A occupying
an intermediate position with respect to invertebrates and
invertebrates.
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