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Antimicrobial peptides (AMPs) play a major role in innate immunity. Penaeidins are a family of AMPs that
appear to be expressed in all penaeid shrimps. Penaeidins are composed of an N-terminal proline-rich
domain, followed by a C-terminal domain containing six cysteine residues organized in two doublets. This
study reports the first penaeidin AMP sequence, Fi-penaeidin (GenBank accession number HM243617) from
the Indian white shrimp, Fenneropenaeus indicus. The full length cDNA consists of 186 base pairs encoding 61
amino acids with an ORF of 42 amino acids and contains a putative signal peptide of 19 amino acids. Comparison
of F. indicus penaeidin (Fi-penaeidin) with other known penaeidins showed that it shared maximum similarity
withpenaeidins of Farfantepenaeus paulensis and Farfantepenaeus subtilis (96%each). Fi-penaeidinhas a predicted
molecular weight (MW) of 4.478 kDa and theoretical isoelectric point (pI) of 5.3.
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1. Introduction

Cationic antimicrobial peptides (AMPs) play important roles as
effectors of the first line of defense in innate immunity of every animal,
due to their broad-spectrum antimicrobial activity and rapid produc-
tion. Many AMPs show a remarkable specificity for prokaryotes with
low toxicity for eukaryotic cells; a phenomenonwhich has favored their
investigation and exploitation as potential new antibiotics. In penaeid
shrimps, three main families of AMPs have been currently described:
anti-lipopolysaccharide factors (ALFs), crustins and penaeidins. ALFs
possess a broader antimicrobial spectrum (Somboonwiwat et al., 2005),
whereas, crustins are reported to have a more-restricted activity
spectrum, affecting mainly marine Gram-positive bacteria (Relf et al.,
1999). Penaeidins, first characterized from Litopenaeus vannamei, act
mainly against Gram-positive bacteria,filamentous fungi (Destoumieux
et al., 1997), viruses and protozoans (Bachere, 2003) and are also found
to possess chitin-binding properties (Destoumieux et al., 2000). Recent
studies have revealed the presence of penaeidin mRNAs in different
penaeid shrimp species viz. L. vannamei (Destoumieux et al., 1997);
Litopenaeus setiferus (Gross et al., 2001); Penaeus monodon (Supungul
et al., 2002); Penaeus japonicus (Rojtinnakorn et al., 2002); Litopenaeus
schmitti (Barracco et al., 2005); Fenneropenaeus chinensis (Kang et al.,
2004); Farfantepenaeus paulensis (Barracco et al., 2005) and Litopenaeus
stylirostris (Munoz et al., 2004). Gueguen et al. (2006) have developed a
penaeidin database, named as ‘PenBase’ to provide comprehensive
information about penaeidin properties, diversity and nomenclature.

The Indian white shrimp, Fenneropenaeus indicus is the most
dominant shrimp species in the shallow water shrimp fishery along
the west and east coast of India and an important shrimp species
which is cultivated in Pokkali paddy fields (paddy-cum-prawn
farming) practiced in the wetlands of Kerala. Though several research
works have been carried out for unraveling the biochemical aspects
of the defense mechanisms in F. indicus, few works have been carried
out on AMPs in this species. So far no penaeidin sequences have been
reported from F. indicus. Discovery of new penaeidin isoforms in
F. indicuswill certainly help us to unravel the host defensemechanism
of this shrimp species. In the current study, a penaeidin cDNA has
been characterized from the Indian white shrimp, F. indicus. This is
the first report of this peptide molecule from F. indicus.
2. Materials and methods

2.1. Experimental animals and haemolymph collection

Healthy adult F. indicus (8–10 g body weight) were collected from a
local shrimp farm in Vypeen, Kochi. They were transferred to aquarium
tanks and maintained under laboratory conditions. Haemolymph was
collected from the rostral sinus using specially designed capillary tubes
(RNase-free) and rinsedusingpre-cooled anticoagulant solution (RNase
free 10% sodium citrate, pH 7.0). Haemolymph was suspended in TRI
reagent (Sigma) for total RNA isolation.
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Fig. 1. (A) Nucleotide and amino acid sequences of Fi-penaeidin from the haemocyte of
the Indian white shrimp, Fenneropenaeus indicus (GenBank accession no. HM243617).
The underlined amino acid residues indicate a putative signal sequence. Cysteine
residues that form the C-terminal structure are bold printed. An asterisk is the stop
codon. (B) Schematic representation of matches map and list of matches obtained from
the Motif Scan search of Expasy program.

Table 1
Result of BLASTp analysis of Fi-penaeidin (HM243617).

Accession no. Description of the AMP Query coverage E value Max identity

AAX58696 Farfantepenaeus paulensis
(PEN2-2)

100% 8e-05 96%

AAX58695 Farfantepenaeus paulensis
(PEN2-1)

100% 2e-04 96%

ABO93321 Farfantepenaeus subtilis
(Penaeidin)

95% 3e-04 96%
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2.2. Total RNA isolation and reverse transcription

Total RNA was extracted from the haemocytes using TRI Reagent
(Sigma) following manufacture's protocol. RNA was quantified by
spectrophotometry at 260 and 280 nm. Only RNAs with absorbance
ratios (A260:A280) greater than 1.8were used for further experiments.
First strand cDNA was generated in a 20 μl reaction volume contain-
ing 5 μg total RNA, 1x RT buffer, 2 mM dNTP, 2 μM oligo d(T20), 20 U
of RNase inhibitor and 100 U of M-MLV reverse transcriptase (New
England Biolabs, USA). The reaction was conducted at 42 °C for 1 h
followed by an inactivation step at 85 °C for 15 min.

2.3. PCR amplification

PCR amplification of 1 μl of cDNAwas performed in a 25 μl reaction
volume containing 1x standard Taq buffer (10 mM Tris–HCl, 50 mM
KCl, pH 8.3), 1.5 mM MgCl2, 200 μM dNTPs, 0.4 μM each primer and
1 U Taq DNA polymerase (New England Biolabs, USA). Amplification
was performed using the primers, Pen-F (5′-cctgaccctcacctgcagaggcc-
3′) and Pen-R (5′-ttcgttgtcttctccatcaacc-3′). The thermal profile used
was 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 gels in TBE
buffer, stained with ethidium bromide and visualized under UV light.
Purified PCR products were sequenced at Scigenom, Kochi, India.

2.4. Sequence analysis

The sequence homology and the deduced amino acid sequence
comparisons were carried out using BLAST algorithm at the National
Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.
nih.gov/blast). Gene translation and prediction of deduced proteins
were performed with ExPASy (http://www.au.expasy.org/). The
signal peptide was predicted by SignalP program (http://www.au.
expasy.org/). Motif scan was performed using the software MotifScan
of Expasy program. The multiple sequence alignment was done on
amino acid sequences of known penaeidins using CLUSTALW and
GENDOC. Amino acid sequences of penaeidins were retrieved from
the NCBI GenBank and phylogenetic tree was constructed by the
Neighbor-Joining (NJ) method using MEGA version 4.0 (Tamura et al.,
2007). The nucleotide sequence and deduced amino acid sequence
were submitted to GenBank.

3. Results and discussion

A 263 bp fragment of PCR amplified product was obtained
from the mRNA of F. indicus haemocytes by RT-PCR (Fig. 1A). The
penaeidin cDNAwas found to consist of 186 bp nucleotides, encoding
61 amino acids and an ORF of 42 amino acids. The ORF encoded 42
amino acid residues with a predicted molecular weight (MW) of
4.478 kDa and theoretical isoelectric point (pI) of 5.3 as calculated by
the PROTPARAM software. The analysis with the SignalP software
revealed the presence of a signal peptide with 19 amino acids at
the N-terminal region of the Fi-penaeidin (Fig. 1A). BLAST analysis
of the amino acid sequence revealed the relation of Fi-penaeidin to
that of penaeidins from F. paulensis and F. subtilis (Table 1). As per the
nomenclature introduced by Gueguen et al. (2006), Fi-penaeidin
could be named as Fenind PEN2-1 (HM243617).

The deduced amino acid sequence of Fi-penaeidin was found to be
rich in amino acid residues Leucine (13.1%) and Serine (13.1%) fol-
lowed by Cysteine (9.8%) and Proline (6.6%). Fi-penaeidin was char-
acterized by 10 conserved amino acid sequence in the signal peptide;
a threonine and two proline residues conserved in the N-terminal
domain; and the conserved cysteine array of the C-terminal struc-
tured domain (Fig. 1A). This is in agreement with the penaeidin
signature assigned by Gueguen et al. (2006). As per Destoumieux et al.
(1997) and Gueguen et al. (2006) this overall structure of penaeidins
is quite unique among the AMP families. Motif scan performed on
the deduced amino acid sequence also confirmed that the sequence
belonged to penaeidin AMPs (Fig. 1B).

Multiple alignment performed for penaeidins confirmed the BLAST
analysis which showed that Fi-penaeidin is similar to penaeidins of
L. setiferus, F. chinensis, F. paulensis, F. subtilis and L. schmitti (Figs. 2A,
3A). Phylogenetic tree constructed to study the relationship of Fi-
penaeidin with that of other penaeidins revealed that Fi-penaeidin is
more closely related to F. subtilis and F. paulensis (Fig. 2B). The tree
could be broadly divided into two groups. Group I included penaeidin-
3 of L. setiferus, L. schmitti and F. chinensis. Whereas Group II included
Fi-penaeidin and penaeidins of F. subtilis and F. paulensis. Group II
consisted mainly of penaeidins belonging to subgroup 2, whereas
the penaeidin subgroup of F. subtilis has not been identified. From the
tree topology it is assumed that F. subtilis penaeidin also belongs to
subgroup 2 (Fig. 3B). The phylogenetic tree revealed that Fi-penaeidin
belong to Penaeidin-2 group.
4. Conclusion

The discovery of AMPs in crustaceans provides new clues for
fundamental understanding of crustacean immunity. The studies on
the shrimp penaeidins have largely contributed to this knowledge as
they are the first AMPs fully characterized in crustaceans. This is
the first report of penaeidin AMP from Indian white shrimp, F. indicus.
The wide distribution of penaeidins in penaeid shrimps indicates the
importance of these AMPs in the innate immunity and a detailed
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Fig. 2. (A) Multiple alignment of nucleotide sequence of the Fenneropenaeus indicus penaeidin-like antimicrobial peptide, Fi-penaeidin (HM243617) with all known penaeidins
obtained using GenDoc programme Version 2.7.0. Black and gray indicate conserved sequences. (B) Bootstrapped neighbor-joining tree obtained using MEGA version 4.0 illustrating
relationships between the deduced amino acid sequence of the F. indicus penaeidin-like AMP, Fi-penaeidin (HM243617) with all known penaeidins.
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Fig. 3. (A) Multiple alignment of nucleotide sequence of the Fenneropenaeus indicus penaeidin-like antimicrobial peptide, Fi-penaeidin (HM243617) with other penaeidins that
showed maximum similarity during BLAST analysis obtained using GenDoc programme Version 2.7.0. Black and gray indicate conserved sequences. (B) Bootstrapped neighbor-
joining tree obtained using MEGA version 4.0 illustrating relationships between the deduced amino acid sequence of the F. indicus penaeidin-like AMP, Fi-penaeidin (HM243617)
with other penaeidins that showed maximum similarity during BLAST analysis.
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research is required to reveal the inscrutable character of penaeidins
in shrimp immunity. Discovery of novel penaeidins and its antimi-
crobial spectrum might pave way to unravel the obscurity of crus-
tacean immunity. Further research on the expression profile of these
molecules in response to various environmental conditions and
microbial infection would reveal their role in the protection of the
animals from the onslaught of diseases.
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