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Abstract

A crustin gene (Amkl) was identified from a haemocyte library of the black tiger shrimp, Penaeus monodon. The
full-length cDNA consists of 411 bp encoding a deduced precursor of 136 amino acids with a signal peptide of 17 amino
acids. Amk1 contains a hydrophobic and a Gly-rich region at the N-terminus and a 12 conserved cysteine domain (6-DSC) at
the C-terminus. Transcripts of Amkl are mainly detected in haemocytes and gills by RT-PCR analysis. A recombinant Amk1
was overexpressed and purified from Escherichia coli. This has a molecular mass of 43.66 kDa with a predicted pI of 8.23.
Antibacterial assays demonstrated that recombinant Amk1 exhibited antibacterial activity against Gram-positive and Gram-
negative bacteria with strong inhibition against Staphylococcus aureus and Vibrio harveyi.
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1. Introduction

Antimicrobial peptides (AMPs) are host defense
compounds that have recently drawn attention, due to their
properties and diversity. These compounds are generally
small cationic proteins that have direct antimicrobial activi-
ties and act as part of the immune systems found in all organ-
isms ranging from bacteria to plants and animals. In crusta-
ceans, AMPs are considered to be a main component of
innate immunity (Smith and Chisholm 2001). Several anti-
microbial peptide families have been discovered, the first
one being the anti-lipopolysaccharide factor (ALF) isolated
from the horseshoe crab Limulus polyphenus (Tanaka et al.,
1982). The penaedin family are a group of antimicrobial
peptides isolated from shrimp Litopenaeus vannamei
(Destoumieux et al., 1997; Li et al., 2005), P. monodon
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(Supungul et al., 2002), L. setiferus (Gross et al., 2001) and
F. chinensis (Liu et al., 2005). Crustin, a hydrophobic
molecule containing a cysteine-rich region and a whey acidic
domain (WAP), is another member of AMPs that is distrib-
uted in a wide range of decapods (Gross et al., 2001; Bartlett
et al., 2002; Stoss et al., 2004; Vargas-Albores et al., 2004).
In shrimp, crustins have been isolated from L. vannamei and
L. setiferus (Thomas et al., 2002), Marsupenaeus japonicus
(Ratanachai et al., 2004), Fenneropenaeus chinensis (Zhang
et al., 2007), Homarus gammarus (Hauton et al., 2006),
Pacifastaeus leniusculus (Jiravanichpaisal et al., 2007) and
P. monodon (Supungul et al., 2004)

In Penaeus monodon, CrustinPml and a Crus-like Pm
(Amparyupa et al., 2008) have been cloned and character-
ized. Both peptides contain a Gly-rich region at the amino-
terminus and a single whey, acidic protein (WAP) domain at
the carboxyl-terminus. A recombinant crustinPm1 exhibited
antimicrobial activity against only Gram-positive bacteria,
and strongly on Staphylococcus aureus and Streptococcus
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iniae, while a recombinant Crus-like Pm showed strong anti-
bacterial activity against both Gram-positive and Gram-
negative bacteria including Vibrio harveyi, a well known
shrimp pathogen.

Two isoforms of crustin-like genes, CruFc and CshFc,
were cloned from haemocytes of Fenneropenaeus chinensis.
CruFc consists of 134 amino acids with a putative signal
peptide of 17 amino acids. The open reading frame (ORF)
sequence contains a whey-acidic protein (WAP) domain at
its C-terminal. Transcripts of CruFc were mainly detected in
haemocytes and gills. The other gene, CshFc contains an
amino acid sequence lacking the WAP-type ‘four-disulfide
core’ domain. A fusion protein containing CruFc did inhibit
the growth of Gram-positive bacteria in vitro, whereas the
recombinant CshFc did not under the same conditions. This
evidence indicated that the four-disulfide core domain of
crustin could play an important role in its antibacterial activi-
ties.

In this paper, we present data on a new isoform of
crustin peptide from P. monodon. The recombinant protein
shows antibacterial activity against Gram-positive and Gram-
negative bacteria and demonstrates high potency against
Vibrio harvyei. The amino acid sequences of this protein that
might determine its activity against bacterial strains will be
discussed.

2. Materials and Methods
2.1 Animals, vector and bacterial strains

Shrimp, Penaeus monodon, were obtained from a
farm in Satun province, Thailand. The animals were checked
for pathogens and maintained in an aquarium as described in
a previous work (Bangrak et al., 2002). Bacterial strains for
use in the antibacterial assays (Bacillus megaterium, Entero-
coccus faecalis, Micrococcus luteus, Staphylococcus aureus,
Enterobacter cloacae, Escherichia coli, Salmonella Typhi-
murium and Vibrio harveyi) were kindly provided by
Department of Microbiology, Faculty of Science, Prince of
Songkla University, and were maintained in our laboratory.
Escherichia coli strain BL21 and expression vector pGEX-
4T-1 (Amersham Biosciences) were used in the production of
the recombinant protein.

2.2 Isolation and construction of the crustin expression
plasmid

The full length sequence of the crustin-like cDNA
(GenBank accession no. EU 103630) was obtained from a
clone in the EST library of haemocytes infected with WSSV
(Tassanakajon et al., 2006). The clone is named AmkI. The
OREF corresponding to a mature antibacterial peptide was
cloned into an E. coli expression vector, pGEX- 4T-1. The
recombinant plasmid was then transformed into an E. coli
strain BL21 for the production of protein.
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2.3 Analysis of Amkl1 expression in various tissues

Expression of Amk! in different tissues was measured
by RT-PCR. Total RNA from haemocytes, hepatopancreas,
lymphoids, gills, intestines and hearts were extracted by
homogenization with TRIzol reagent (Invitrogen) following
the manufacturer’s protocol. The specific primers (Amkl
Forward: 5> GAATTCAAAATGAAGGGTCTCGGAG 3’ and
AmklI Reverse: 5’ CTCGA GGGCAAAAAATTCATAGAAG
3’) were designed. EF- 1 was used as the internal control :
(EF Forward: 5° GTCTTCCCCTTCAGGACGTC 3’ and
EF Reverse: 5’GTCGATCTTGGTCAGCAGTTC 3’). The
amplification products were visualized after electrophoresis
on 1.5% agarose gels.

2.4 Purification of the recombinant protein Amk1 from
E. coli

E. coli BL21 harboring AmkI-GST was cultured at
37°C. Expression of the antibacterial peptide was induced by
adding IPTG to a final concentration of 0.ImM. Cells were
harvested by centrifugation at 5,000 rpm for 5 minutes and
resuspended in phosphate-buffered saline, pH 7.4. After
analysis of the protein fractions, Amk1 was found in inclus-
ion bodies and the protein was purified by the washing
method (Violand, 2001). Purified proteins were analyzed in
12% SDS-PAGE. Western blot analysis was used to confirm
the identity of the expressed recombinant Amkl1.

2.5 Antibacterial Assay

The spectrum of antibacterial activity of recombinant
Amkl1 and the minimal inhibition concentrations (MICs) was
determined by a liquid growth inhibition assay (Bulet et al.,
1993). The antibacterial activities were tested against the
Gram-positive bacteria (Bacillus megaterium, Enterococcus
faecalis, Micrococcus luteus and Staphylococcus aureus) and
Gram-negative bacteria (Enterobacter cloacae, Escherichia
coli, Salmonella Typhimurium and Vibrio harveyi). The stock
solution of recombinant protein and purified GST as the
negative control were serially diluted with two-fold amounts
of PBS (pH7.4). Aliquots 80 ml from each dilution were
transferred to a 96-well polypropylene microliter plate, and
each well was inoculated with 100 ul of a suspension of mid-
log phase bacteria (10° CFU/ml) grown with LB broth (1%
tryptone, 0.5% yeast extract, 0.5% NaCl (w/v), pH 7.5), and
growth was measured by its absorbance at 630 nm using a
microplate reader (Li et al., 2005).

3. Results
3.1 Cloning of the full-length Amk1

The complete nucleotide sequence of Amkl contains
a 411 bp open reading frame (ORF) (Figure 1). The Amk1
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Figure 1. Nucleotide and deduced amino acid sequences of Amkl. The bold type indicates the start codon (ATG), “*” indicates the stop
codon (TGA) and the polyadenylation signal (AATAAA). The underlined amino acid sequence identifies a signal peptide
sequence, the bold and underlined amino acid are residues that differ from crustinPm1.

BAD135064:
AAL36892:
AAL36896:
AAX63906:
CD766060:
AME1 :
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Figure 2. Multiple alignment of the deduced amino acid sequences of the 12 conserved cysteine domain (6-DSC) of Amk]1 from Penaeus
monodon and those of Litopenaeus setiferus (accession no. AAL 36892, 36896), Marsupenaeus japonicus (accession no.
BAD15064), Fenneropenaeus chinensis (accession no. AAX6390) and P.monodon (accession no. CD766060) and (-) represents
a gap/deletion. The 12 conserved cysteines (6-DSC) are indicated by number.

ORF (GenBank accession no. EU103630) encodes 136 amino
acids with a predicted molecular weight (MW) of 14.669
kDa and theoretical isoelectric point (pl) of 8.23. The analy-
sis with the SignalP software revealed that the N-terminal
segment included a high proportion of hydrophobic amino
acid residues and a signal peptide with a predicted cleavage
site between Ala 17 and Glu 18. The deduced amino acid
sequence of Amk1 contained a number of glycine-rich repeats
between positions 22 and 42, consisting of five repeats of the
tetrapeptide amino acid sequence GG(R/P)P. The C-terminal

segment included a Cys-rich region, with 12 Cys residues
that might participate in the formation of 6-disulfide bonds as
found in crustinPm1 (Rattanachai et al., 2004, Figure 2). As
predicted by the ScanProsite program, a whey-acidic protein
(WAP) domain signature of 52 amino acids was present
starting from K (78) to S (130) at the C-terminal.

The amino acid sequence of our Amk1 is very similar
to crustinPm1 from Penaeus monodon (GenBank accession
no. CD766060) except for a 9 amino acids gap and we
suggest that this is another isoform of the crustin protein.
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Figure 3. AmklI detection by Semi-quantitative RT-PCR using total
RNA from various organs and the expression of EF-1
gene as an internal control; analysis by electrophoresis in
a 1.5% agarose gel He: haemocyte; L: lymphoid organs;
Hp: hepatopancreas; G: gill; M: muscle; N: nervous
system; I: intestine and H: heart respectively.

The distinction between these two isoforms is that Amkl1
contains a single regionof G F P G G G R P G while CD
766060 crustinPm1 contains two such regions (Figure 1).

3.2 Distribution of Amkl mRNA in shrimp tissues

Based on the RT-PCR analysis, AmklI is expressed in
all tissues tested. It is highly expressed in the haemocytes
and heart and moderately expressed in the gill, intestine and
nerve (Figure 3).

3.3 Expression, purification and immunobloting analysis
of recombinant Amk1

The Amkl cDNA was expressed in the E. coli BL21
expression system. The recombinant protein with an approxi-
mate size of 43.66 kDa was isolated from a BL21 cell lysate
after induction with 0.1 mM IPTG. However, most of the
recombinant protein appeared in the insoluble inclusion
bodies. We used the washing method (Violand, 2001) to
purify the protein. The yields of purified Amk1 were 0.05 mg/
ml culture media. The identity of recombinant Amk1 protein
was confirmed by Western immunoblotting using anti-GST
antibody. A major band at about 43.66 kDa was identified.

3.4 Antibacterial activity

The spectrum of antibacterial activity of recombinant
Amk1 was investigated against several Gram-positive and
Gram-negative bacteria. The MIC of inhibited bacteria was
determined and summarized in Table 1. The recombinant
Amk]1 was active with highest activity against Staphylococ-
cus aureus (MIC = 0.0066-0.026 mM) and Vibrio harveyi
(MIC =0.0066-0.053 mM). No activity was observed against
the other bacteria tested.

4. Discussion
Shrimp and invertebrates lack an adaptive immune

system. They rely on their innate immunity to effectively fight
against invading pathogens using humoral and cellular re-
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Table 1. Antibacterial activity of crustin against Gram-posi-
tive bacteria measured by a liquid growth inhibition
assay, MIC are expressed as the interval a-b, where a
is the highest concentration tested at which micro-
organisms are growing and b the lowest concentra-
tion that causes 50% growth inhibition.

. . MIC (mM)
Microorganism
a b
Gram-positive bacteria
Bacillus megaterium na na
Enterococcus faecalis 0.0356 0.230
Micrococcus luteus 0.0111 0.0117
Staphylococcus aureus 0.0066 0.026
Gram-negative bacteria
Enterobacter cloacae na na
Escherichia coli na na
Salmonella Typhimurium na na
Vibrio harveyi 0.0066 0.053

na = no activity

actions such as synthesis of antimicrobial proteins (AMPs),
nodule formation, and melanization (Ratcliffe, 1985; Brey
and Hulmark, 1998). In shrimp, AMPs such as the penaedin,
crustinPm1, anti-lipopolysaccharide factor, proline/glycine-
rich antibacterial peptides, and antifungal proteins are found
in the haemolymph (blood) to combat invading microorgan-
isms. Penaedin is active against Gram-positive and Gram-
negative bacteria as well as fungi, whereas crustinPm1 kills
only Gram-positive bacteria, most strongly Staphylococcus
aureus and Streptococcus iniae (Supungal et al., 2008).
Another protein named crus-like Pm was recently isolated
from P. monodon, the recombinant crus-like Pm compound
show strong antibacterial activity against both Gram-positive
and Gram-negative, particularly against V. harveyi.

In this study, we have reported the cloning and char-
acterization of another crustin-like gene from P.monodon
named Amkl1. The peptide is similar to the CrustinPm1 of the
P.monodon. Our full-length Amk1 consists of an ORF of 411
bp coding for a putative protein of 136 amino acid residues.
Like other crustins, the Amkl protein also contains a signal
peptide, a glycine-rich repeat region, 12 cysteine residues
and a WAP- domain. The difference of the amino acid
sequence of Amkl and CrustinPm1 is that Amk1 has the
deletion of 9 amino acidresiduesG F P G G G R P G

The vast majority of AMPs appear to kill microorgan-
isms by permeabilization of the cell membrane, the disrup-
tion of membrane integrity kills the target microbes. Their
activity and selectivity are governed by the physicochemical
parameters of the peptide chains as well as the properties of
the membrane system itself. Recent studies also indicate that
some of the peptides may enter the target cell through
disrupted membrane and have other killing mechanisms
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associated with intracellular interactive targets. They bind to
specific molecules and interfere with their metabolic func-
tion. These mechanisms may act independently or synergisti-
cally with membrane permeabilization. For example, a de-
rivative of buforin I from the Asian toad, Bufo garagriozans,
might inhibit the cellular functions of the pathogen by bind-
ing to its DNA or RNA. Cecropin PR 39 inhibits both DNA
and protein synthesis and induces selective transcription of
the stress related genes micF and osmY in E. coli at sublethal
concentrations (review by Toke, 2005).

The molecular structure of Amkl is rich in glycine
residues near the N-terminal region. The C-terminal can be
categorized as a cysteine-bridged peptide. A two-step mecha-
nism of membrane permeabilization (binding followed by
insertion) has been proposed for several cysteine-bridged
AMPs, including protegrin-1176 and the cyclic b-defensin,
RTD-1. The results for Amk1 and CrustinPm1 show differ-
ences in their antimicrobial activity against V. harveyi yet the
two peptides are only different at the Glycine rich domain,
and it is likely that the 6 cysteine bridge of Amk1 initiates
entry into the host cell. The glycine rich domain may play an
important role in determining the specificity to microorgan-
isms by enhancing membrane permeabilization and/or target
binding inside the cell and leading to antimicrobial activity
against V. harveyi. Kustanovich et al. (2002) demonstrated
that the amphipathicity of peptides is important for the func-
tion of the potency of the peptides and the selectivity appears
to be effected by the hydrophobic properties of the peptide
chain. These observations raised the possibility of achieving
a higher antibacterial selectivity by modifying the hydropho-
bicity of the peptide chain. This possibility is confirmed by
our work showing that Amk1 has less hydrophobicity than
crustinPm1 because of the deletion of a 9 amino acid region,
GFPGGGRPG

Both Amk1 and Crus-like Pm1 peptides have activi-
ties against V. harveyi, therefore it is interesting for future
work to identify the molecular signature at the N-terminus
that might specify the activity against V. harveyi. This might
clarify the reason for the diversity of AMPs and their mode
of action that differs from that of conventional antibiotics.
The exploitation of the properties of these peptides will be
of benefit not only to shrimp farmers but also to future
medicinal applications.

Acknowledgement

The presented study was supported in part by the
Royal Golden Jubilee Graduate Program of Thailand Re-
search Fund to Mr. Sonchai Sartthai. A part of the pGAD-
cDNA library was obtained from the project: Genomic Re-
searches for Increasing Culture Efficiency of the Black Tiger
Shrimp (Penaeus monodon) Phase I: Large-scale cDNA
Sequencing and Database Development (BT-B-06-SG-09-
4603) supported by NSTDA, Thailand. We thank Prof. Dr.
Brian Hodgson for a reading of the manuscript and valuable
comments.

295

References

Amparyupa, P., Kondo, H., Hirono, I., Aoki, T. and Tassana-
kajon, A. 2008. Molecular cloning, genomic organiza-
tion and recombinant expression of a crustin-like anti-
microbial peptide from black tiger shrimp Penaeus
monodon. Molecular Immunology 45 (4), 1085-1093.

Bartlett, T.C., Cuthbertson, B.J., Shepard, E.F., Chapman,
R.W., Gross, P.S. and Warr, GW. 2002. Crustins,
homologues of an 11.5-kDa antimicrobial peptide,
from two species of penaeid shrimp. Litopenaeus
vannamei and Litopenaeus setiferus. Marine Biotech-
nology 4, 278-293.

Bangrak, P., Graidist, P., Chotigeat, W., Supamattaya, K. and
Phongdara, A. 2002. A syntenin-like protein with
postsynaptic density protein (PDZ) domains produced
by black tiger shrimp Penaeus monodon in response
to white spot syndrome virus infection. Disease
Aquatic Organisms 49, 19-25.

Brey, P.T. and Hultmark, D. (Eds.) Molecular mechanisms
of immune responses in insects, Chapman & Hall,
London/New York, 1998

Bulet, P, Dimarcq, J.L., Hetru, C., Lagueux, M., Charlet, M.,
Hegy, G., Van Dorsselaer, A. and HoVmann, J.A.
1993. A novel inducible antibacterial peptide of
Drosophila carries an O-glycosylated substitution.
Journal of Biological Chemistry 268, 14893-14897.

Destoumieux, D., Bulet, P., Loew, D., Van Dorsselaer, A.,
Rodriguez, J. and Bachere, E. 1997. Penaeidins, a new
family of antimicrobial peptides isolated from the
shrimp Penaeus vannamei (Decapoda). Journal of
Biological Chemistry 272, 28398-28406.

Gross, P.S., Bartlett, T.C., Browdy, C.L., Chapman, R.W.
and Warr, GW. 2001. Immune gene discovery by
expressed sequence tag analysis of haemocytes and
hepatopancreas in the Pacific White Shrimp, Lito-
penaeus vannamei, and the Atlantic White Shrimp,
L. setiferus. Developmental and Comparative Immu-
nology 25, 565-577

Hauton, C., Brockton, V. and Smith, V.J. 2006. Cloning of a
crustinlike, single whey-acidic-domain, antibacterial
peptide from the haemocytes of the European lobster,
Homarus gammarus, and its response to infection
with bacteria. Molecular Immunology 43, 1490-1496.

Jiravanichpaisal, P., Lee, S.Y., Kim, Y.A., Andaen, T. and
Soderhill, I. 2007. Antibacterial peptides in haemo-
cytes and hematopoietic tissue from fresh water cray-
fish Pacifastacus leniusculus: Characterization and
expression pattern. Developmental and Comparative
Immunology 31, 441-455.

Kustanovich, I., Shalev, D.E., Mikhlin, M., Gaidukov, L. and
Mor, A. 2002. Structural requirements for potent
versus selective cytotoxicity for antimicrobial derma-
septin S4 derivatives. Journal of Biological Chemistry
277, 16941-16951.



296

Li, L., Wang, J.X., Zhao, X.F.,, Kang, C.J., Liu, N., Xiang,
J.H., Li, FH., Sueda, S. and Kondo, H. 2005. High
level expression, purification, and characterization of
the shrimp antimicrobial peptide, Ch-penaeidin, in
Pichia pastoris. Protein Expression and Purification
9, 144-151.

Liu, E, Liu, Y., Li, F,, Dong, B. and Xiang, J. 2005. Mole-
cular cloning and expression profile of putative
antilipopolysaccharide factor in Chinese shrimp
(Fenneropenaeus chinensis). Marine Biotechnology
(NY) 7, 600-608.

Ratcliffe, N.A. 1985. Invertebrate immunity-A primer for the
non-specialist. Immunology Letters 10, 253-270.

Rattanachai, A., Hirono, 1., Ohira, T., Takahashi, Y. and Aoki,
T. 2004. Cloning of kuruma prawn Marsupenaeus
Jjaponicus crustin-like peptide cDNA and analysis of
its expression. Fisheries Science 70, 765-771.

Smith, V.J. and Chisholm, J.R. 2001. Antimicrobial proteins
in crustaceans. Advances in Experimental Medicine
and Biology 484, 95-112.

Stoss, T.D., Nickell, M.D., Hardin, D., Derby, C.D. and
McClintock, T.S. 2004. Inducible transcript expressed
by reactive epithelial cells at sites of olfactory sensory
neuron proliferation. Journal Neurobiology 58, 355-
368.

Supungul, P., Klinbunga, S., Pichyangkura, R., Jitrapakdee,
S., Hirono, I. and Aoki, T. 2002. Identification of
immune-related genes in haemocytes of black tiger
shrimp (Penaeus monodon). Marine Biotechnology
(NY) 4, 487-494.

Supungul, P., Tang, S., Maneeruttanarungroj, C., Rimphanit-
chayakit,V., Hirono, 1., Aoki, T. and Tassanakajon, A.
2008. Cloning, expression and antimicrobial activity
of crustinPm1, a major isoform of crustin, from the
black tiger shrimp Penaeus monodon. Developmental
and Comparative Immunology 32(1), 61-70.

M. Tonganunt et al. / Songklanakarin J. Sci. Technol. 30 (3), 291-296, 2008

Supungul, P., Klinbunga, S., Pichyangkura, R., Hirono, I,
Aoki, T. and Tassanakajon, A. 2004. Antimicrobial
peptides discovered in the black tiger shrimp Penaeus
monodon using the EST approach. Disease Aquatic
Organisms 61, 123-135.

Tanaka, S., Nakamura, T., Morita, T. and Iwanaga, S. 1982.
Limulus anti-LPS factor: an anticoagulant which in-
hibits the endotoxin mediated activation of Limulus
coagulation system. Biochemical and Biophysical
Research Communication 105, 717-723.

Tassanakajon A, Klinbunga S, Paunglarp N, Rimphanit-
chayakit V, Udomkit A, Jitrapakdee S, Sritunyaluck-
sana K, Phongdara A, Pongsomboon S, Supungul P,
Tang S, Kuphanumart K, Pichyangkura R, Lursinsap
C (2006) Penaeus monodon gene discovery project:
The generation of an EST collection and establish-
ment of a database. Gene 384: 104-12

Thomas, L.V., Yu, S., Ingram, R.E., Refdahl, C., Elsser, D.
and Delves-Broughton, J. 2002 Ascopyrone P, a novel
antibacterial derived from fungi. Journal of Applied
Microbiology 93, 697-705.

Toke, O. 2005. Antimicrobial peptides: New candidates in
the fight against bacterial infections. Biopolymers
(Peptide Science) 80, 717-735.

Vargas-Albores, F., Yepiz-Plascencia, G., Jim enez-Vega, F.
and Avila-Villa, A. 2004. Structural and functional
differences of Litopenaeus vannamei crustins. Com-
parative Biochemistry and Physiology B: Biochemis-
try & Molecular Biology 138, 415-422.

Violand, B. N. 2001. Initial purification of inclusion bodies.
In Roe, S. (Ed.), Protein purification applications. pp.
19-27. Oxford University Press UK.

Zhang, J., Li, F.,Wang, Z. and Xiang, J. 2007a. Cloning and
recombinant expression of a crustin-like gene from Chi-
nese shrimp, Fenneropenaeus chinensis. Journal of
Biotechnology 127, 605-614.



