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ABSTRACT

KEYWORDS

Aquaculture is considered one of the most sustainable animal protein sources and is the fastest-growing food 
sector. Production must increase to meet the rising global demand, but it should be sustainable for marine 
organisms. The emerging antibiotic resistance is a threat to sustainable aquaculture, and finding an alternative 
to this is getting prioritized by many scientists. Antimicrobial peptides (AMPs) are short, biologically active 
peptides seen in various organisms as an essential component of innate immunity. Crustins, a family of cationic 
AMPs of ca. 7–14 kDa, possess characteristic four-disulphide core containing a WAP domain. The present work 
attempts to characterize crustins, from Penaeus monodon (Pm-Crustin), commonly called Giant Tiger Shrimp, 
and Fenneropenaeus indicus (Fi-Crustin), the Indian White Shrimp. Briefly, total RNA was isolated from the 
haemolymph using TRI reagent according to the manufacturer’s protocol. Gene-specific primers were used to 
amplify the cDNA, and the amplified bands were sequenced and then subjected to in silico analysis. The present 
study identified an isoform of crustin from both of the experimental organisms. A partial mRNA transcript of 67 
bp belonging to the crustin family of AMPs encoding 22 amino acids could be amplified from the haemocytes 
by RT-PCR. BLASTp analysis reports the amino acid sequence as crustins and multiple alignments confirmed 
the BLAST analysis results. The bootstrap distance tree constructed based on both nucleotide sequence and 
amino acid sequence confirmed that both Pm-Crustin and Fi-Crustin possessed similarity to other crustins from 
P. schmitti, L. vannamei and P. setiferus. The phylogenetic analysis shows that they possess a close evolutionary 
relationship to other crustins, which might have subsequently diverged at some phases of evolution. Pm-Crustin 
and Fi-Crustin were closely related to crustins earlier discovered from shrimp rather than the other crustacean-
derived crustin groups. The presence of varied isoforms of crustins in crustaceans indicates its importance in 
innate immunity. This work adds some useful knowledge for sustainable aquaculture practices dealing with 
microbial pathogen control in an eco-friendly way. Our results outlined two potent molecules, Pm-Crustin and Fi-
Crustin, as a starting material to model novel and efficient antimicrobial drugs for aquaculture practices. Further 
study on this AMP would make it a way to design promising drugs for shrimp diseases.
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The aquaculture field is at high risk due to emerging 
drug resistance and a shortage of new antibacterial drugs. 
The quest to find new alternatives has paved the way for 
exploring Antimicrobial Peptides (AMPs). AMPs are 
biologically active molecules seen in various organisms as 
essential to innate immunity against invading pathogens. 
Typically, they are short sequence peptides ranging from 
10 to 100 amino acids, positively charged and amphipathic. 
Bacterial membranes are frequently targeted by AMPs, 
forming pores on them. The positively charged AMPs and 
the negatively charged components of the bacterial cell 
wall, such as lipopolysaccharides (LPS) and phospholipids 
(Yeaman et al., 2003), have strong interactions. Apart from 
their antimicrobial properties AMPs are known for their 
versatile nature in stress regulation, anti-cancer and immune 
modulatory activities (Chen et al., 2019; Sruthy et al., 2019; 
Xu et al., 2016). This ability to act on multiple fronts makes 
AMPs worth exploring (Hancock & Sahl, 2006; Haney et 
al., 2019), and the associated lower resistance risk factor 
has fascinated the researchers to unleash its unexplored and 
complex mechanisms of action for these classes of peptides 
(Raheem & Straus, 2019; Spohn et al., 2019).
Commercially, crustacean culturing has gained wide scope 
due to its high market value (Brauer et al., 2003). In 2015, 
shrimp catch only counted to 4.8 million tons and brought 
an annual economic value of up to ten billion US dollars 

(Guppy et al., 2018). However, the frequent hit of bacterial 
and viral diseases has tremendously reduced the world’s 
economy (Leobert et al., 2015). Like other invertebrates, 
shrimps rely only on their innate immune system to 
protect them from pathogen invasion (Wang et al., 2014). 
Therefore, it is important to study the innate immune 
system and explore immune-related molecules for shrimp 
disease prevention and treatment.
Crustins are cationic AMPs possessing a single whey 
acidic protein (WAP) domain with a four disulfide core 
at the C-terminus. Crustins are classified into Type I-III 
based on their domain arrangement. Most of the shrimp 
crustins belong to the Type II crustin isoforms (Smith 
et al., 2008). Crustins have shown antibacterial activity 
both to the Gram-positive and Gram-negative bacteria 
(Supungul et al., 2008). In this paper, we have tried to 
identify and characterize an isoform of crustin from the 
haemocytes of two penaeid shrimps, Penaeus monodon 
and Fenneropenaeus indicus, adopting in silico techniques 
to better understand the potential of this particular isoform 
as a future drug.

2.1. Haemolymph Collection
Healthy live specimens of Penaeus monodon (Giant 
Tiger Shrimp) (approximate length of 19.5 cm; weight 47 
g) and Fenneropenaeus indicus (Indian White Shrimp) 
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3. Results and Discussion

Fig. 1. Nucleotide and amino acid sequence of Pm-Crustin and Fi-Crustin 

(approximate length of 14 cm; weight 9 g) were collected 
from a local shrimp farm located at Kuzhupilly, Edvanakad, 
Vypin, Kerala and were brought to the laboratory. 
Haemolymph was collected from the rostral sinuses 
using capillary tubes loaded with RNase-free, pre-cooled 
anticoagulant (10 % Sodium citrate, pH 7). Haemolymph 
was stored in TRI reagent till further processing.
2.2. RNA isolation and cDNA synthesis
Total RNA isolation from the haemocytes was done 
according to the manufacturer’s protocol (Sigma, USA). 
Quantity of the RNA was measured by spectrophotometry 
at 260 and 280 nm and quality was assessed by 0.8% agarose 
gel electrophoresis. RNA with absorbance (A260:A280) 
≥1.8 were proceeded into cDNA generation. cDNA 
generation was carried out in a 20 μl reaction mixture using 
5 μg of total RNA, 2 mM dNTPs, 1× RT buffer, 2 mM oligo 
d(T20), 20 U of RNase inhibitor and 100 U of M-MLV 
Reverse transcriptase. 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
Primarily to test the quality of mRNA, PCR 
amplification for the reference gene, β-actin, was 
carried out using β-actin specific primers. The PCR 
amplification of the crustin sequence of 1 μl cDNA 
was done using primers, crustin Type II a Forward (5′ 
CGAACCAGAGACACCTGTTG 3′) and crustin Type 
II a Reverse (5′ CAGCACACTTGTAGTCGTTG 3′) 
(Tharntada et al., 2008). The PCR condition used was as 
follows:  94 ºC for 2 min; 35 cycles of 94 ºC for 15 sec, 60 
ºC for 30 sec, and 68 ºC for 30 sec; and a final extension at 
68 ºC for 10 min. The PCR products were loaded in 1.5% 
agarose gel electrophoresis stained with ethidium bromide 

The present study reports the sequence of Crustin 
antimicrobial peptide from the haemocytes of the giant tiger 
shrimp, P. monodon and Indian White Shrimp, F. indicus, 
hereinafter designated as Pm-Crustin and Fi-Crustin. The 
sequences revealed the identity of the two crustins to be the 
same. Each with a 67 bp of PCR-amplified cDNA product 
and encodes 22 amino acids. The nucleotide and deduced 
amino acid sequence of the amplicon are shown in Fig. 1.
BLAST analysis of the nucleotide sequence revealed the 
relation of Pm-Crustin and Fi-Crustin to that of Crustin 
from other crustaceans (Table. 1 and Table. 2). According 
to the BLAST analysis, the maximum similarity was 

Table 1. Result of BLASTn analysis of Pm-Crustin and Fi-Crustin

and visualized using the Syngene G Box Gel documentation 
unit. Purified PCR products were sequenced using ABI 
Prism Sequencing Ready Reaction kit (BigDye Terminator 
Cycle) on an ABI Prism 377 DNA sequencer at SciGenom 
Sequencing Facility, Kochi, Kerala.
2.4. Sequence Analysis: an in-silico analysis 
The sequences were coded, trimmed and edited using 
GeneTool and BioEdit software. The analysed nucleotide 
sequences were translated using Expert Protein Analysis 
System (http://au.expasy.org/) and GeneTool software. 
Homology searches of nucleotide sequences and the 
deduced amino acid sequences were performed using 
BLASTn and BLASTp algorithms of the National Centre 
for Biotechnological Information (http://www.ncbi.nlm.
nih.gov/blast). Pre-deposited sequences of crustin AMPs 
were retrieved from NCBI and using ClustalW, MEGA 
6.0 and GeneDoc computer programmes they were multi-
aligned.

Genbank 
Accession
Number

                           Description
Query     
coverage 

   e-value     %
identity

EF182748.1 Litopenaeus schmitti  crustin mRNA, complete cds 100 % 2e-24 100.00 %
AF430078.1 Litopenaeus setiferus clone PsB 164 putative 

antimicrobial peptide mRNA, complete cds 
100 % 2e-24 100.00 %

AY486426.1 Litopenaeus vannamei crustin mRNA, partial cds 100 % 8e-22 97.01 %
EF182747.1 Farfantepenaeus paulensis crustin mRNA, complete cds 100 % 4e-20 95.52 %
EF450744.1 Farfantepenaeus subtilis crustin mRNA, complete cds 98 % 1e-19 95.45 %

Table 2. Result of BLASTp analysis of Pm-Crustin and Fi-Crustin
Genbank 
Accession
Number

            Description
Query  
coverage

 e-value     %
identity

AAS59735.1 crustin I [Penaeus vannamei] 100 % 6e-15 100.00 %

AAL36897.1 putative antimicrobial peptide 
[Penaeus setiferus] 100 % 6e-15 100.00 %

ABM63362.1 crustin [Penaeus schmitti] 100 % 6e-15 100.00 %
ACZ43781.1 crustin 1 [Penaeus chinensis] 100 % 1e-13 95.45 %
AAS57715.1 crustin [Penaeus vannamei] 100 % 3e-13 95.45 %

https://www.ncbi.nlm.nih.gov/nucleotide/EF182748.1?report=genbank&log$=nucltop&blast_rank=1&RID=DSK24WNM01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_121615295
https://www.ncbi.nlm.nih.gov/nucleotide/AF430078.1?report=genbank&log$=nucltop&blast_rank=2&RID=DSK24WNM01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_17223039
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_17223039
https://www.ncbi.nlm.nih.gov/nucleotide/AY486426.1?report=genbank&log$=nucltop&blast_rank=22&RID=DSK24WNM01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_45272558
https://www.ncbi.nlm.nih.gov/nucleotide/EF182747.1?report=genbank&log$=nucltop&blast_rank=26&RID=DSK24WNM01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_121615292
https://www.ncbi.nlm.nih.gov/nucleotide/EF450744.1?report=genbank&log$=nucltop&blast_rank=27&RID=DSK24WNM01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_143598672
https://www.ncbi.nlm.nih.gov/protein/AAS59735.1?report=genbank&log$=prottop&blast_rank=3&RID=DSK5KD5B014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_AAS59735
https://www.ncbi.nlm.nih.gov/protein/AAL36897.1?report=genbank&log$=prottop&blast_rank=5&RID=DSK5KD5B014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_AAL36897
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_AAL36897
https://www.ncbi.nlm.nih.gov/protein/ABM63362.1?report=genbank&log$=prottop&blast_rank=7&RID=DSK5KD5B014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_ABM63362
https://www.ncbi.nlm.nih.gov/protein/ACZ43781.1?report=genbank&log$=prottop&blast_rank=18&RID=DSK5KD5B014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_ACZ43781
https://www.ncbi.nlm.nih.gov/protein/AAS57715.1?report=genbank&log$=prottop&blast_rank=19&RID=DSK5KD5B014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_AAS57715
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Fig. 2. Multiple alignment of the nucleotide sequence of Pm-Crustin and Fi-Crustin with 
previously reported crustins of various crustaceans showing sequence similarity obtained 
using GeneDoc program Version 2.7.0. Black and grey indicates conserved sequences

obtained for Crustin of Litopenaeus schmitti in case of 
BLASTn and to P. vannamei in case of BLASTp. The 
putative crustin genes have been explored extensively from 
the hemocyte and the gill-epipodite cDNA libraries of P. 
monodon (Supungul et al., 2004; Tassanakajon et al., 2008; 
Vatanavicharn et al., 2009). However, crustin genes from F. 
indicus are less explored.
BLAST analysis of the nucleotide sequence revealed that 
the sequence shared 100 % similarity to the crustin of 
L. schmitti for a query coverage of 100 % followed by 
similarity to crustin of L. setiferus (100 %). Great similarity 
was also found to crustin from L. vannamei (97.01 % for 
query coverage of 100 %) Farfantepenaeus paulensis 
(95.52 %), Farfantepenaeus subtilis (95.45 %). BLASTp 
analysis of the amino acid sequence also revealed the 
significant identity with crustin of P. setiferus (100 %) and 
Penaeus schmitti (100 %) for query coverage of 100 %. The 
deduced amino acid sequence also showed similarity with 
crustin of P. chinensis, having 95.45 % identity and 100 % 
query coverage and also with P. vannamei with 95.45 % 

identity and 100 % query coverage. The BLAST analysis 
of a 371 bp cDNA fragment coding 122 amino acid crustin 
gene from F. indicus has shown the greatest similarity to F. 
chinensis and P. monodon (Antony et al., 2010). Multiple 
alignments performed for the Pm-Crustin and FI-Crustin 
affirmed the BLAST analysis, by showing its similarity 
with other crustins from L. schmitti, L. vannamei, F.  
paulensis (Fig. 2 and 3).
A phylogenetic tree constructed to study the relationship 
between Pm-Crustin and Fi-Crustin with that of other 
crustins revealed that they are more closely related to L. 
schmitti and L. setiferus, than to the crustin of P. monodon 
and M. japonicus, in the case of nucleotide sequence. 
And about amino acid sequences of P. vannamei and P. 
schmitti. The tree could be broadly divided into 2 groups.  
Pm-Crustin and Fi-Crustin belonged to Group-1, which 
could be again divided into 8 subgroups. Group I include 
L. schmitti and L. setiferus other than Pm-Crustin and Fi-
Crustin (Fig. 4).

Fig. 2. HMultiple alignment of amino acid sequence of Pm-Crustin and Fi-Crustin with 
previously reported crustins of various crustaceans showing sequence similarity obtained using 
GeneDoc program Version 2.7.0. Black and grey indicates conserved sequences
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4. Conclusion

5. References

Exploring the wide range of elements of the antimicrobial 
peptide family from crustaceans might find a way to unleash 
any effective alternative to antibiotics. Further study on the 
functional characterization of the novel sequenced crustin 
gene would help us to design a better drug candidate for 
microbial infections in crustaceans.

The authors are grateful to Cochin University of Science and 
Technology for the research grant and facilities provided 
and all the persons for their assistance and valuable 
contributions. Additionally, we acknowledge the financial 
support provided by the Cochin University of Science and 
Technology through research grant No. PL. (UGC)1/SPG/
SMNRI/2017-18.

Antony, S. P., Bright Singh, I. S., & Philip, R. 2010. Molecular characterization of a crustin-like, putative antimicrobial peptide, 
Fi-crustin, from the Indian white shrimp, Fenneropenaeus indicus. Fish and Shellfish Immunology, 28(1), 216-220. https://doi.
org/10.1016/j.fsi.2009.10.013

Brauer, J. M. E., Leyva, J. A. S., Alvarado, L. B., & Sández, O. R. 2003. Effect of dietary protein on muscle collagen, collagenase and 
shear force of farmed white shrimp (Litopenaeus vannamei). European Food Research and Technology, 217(4), 277-280. https://
doi.org/10.1007/s00217-003-0739-7

Chen, Y. H., Lian, Y. Y., He, H. H., Yuan, K., Zhang, C. Z., Yue, G. H., & He, J. G. 2019. Functional characterization of an ER-
stress responding Crustin gene in Litopenaeus vannamei. Fish and Shellfish Immunology, 84, 541–550. https://doi.org/10.1016/j.
fsi.2018.10.047

Guppy, J. L., Jones, D. B., Jerry, D. R., Wade, N. M., Raadsma, H. W., Huerlimann, R., & Zenger, K. R. 2018. The state of “Omics” 
research for farmed Penaeids: advances in research and impediments to industry utilization. Frontiers in genetics, 9, 282. https://
doi.org/10.3389/fgene.2018.00282

Hancock, R. E., & Sahl, H. G. 2006. Antimicrobial and host-defense peptides as new anti-infective therapeutic strategies. Nature 
biotechnology, 24(12), 1551-1557. https://doi.org/10.1038/nbt1267

Haney, E. F., Straus, S. K., & Hancock, R. E. 2019. Reassessing the host defence peptide landscape. Frontiers in chemistry, 7, 43. 
https://doi.org/10.3389/fchem.2019.00043

Leobert, D., Cabillon, N. A. R., Catedral, D. D., Amar, E. C., Usero, R. C., Monotilla, W. D., Calpe, A. T., Fernandez, D. D., & Saloma, 
C. P. 2015. Acute hepatopancreatic necrosis disease (AHPND) outbreaks in Penaeus vannamei and P. monodon cultured in the 
Philippines. Diseases of aquatic organisms, 116(3), 251-254. https://doi.org/10.3354/dao02919

Raheem, N., & Straus, S. K. 2019. Mechanisms of Action for Antimicrobial Peptides with Antibacterial and Antibiofilm Functions. 10, 
1–14. https://doi.org/10.3389/fmicb.2019.02866

Smith, V. J., & Chisholm, J. R. 2001. Antimicrobial proteins in crustaceans. In Phylogenetic Perspectives on the Vertebrate Immune 
System (pp. 95-112). Springer, Boston, MA. https://doi.org/10.1007/978-1-4615-1291-2_10

Smith, V. J., Fernandes, J. M., Kemp, G. D., & Hauton, C. 2008. Crustins: enigmatic WAP domain-containing antibacterial proteins 
from crustaceans. Developmental & Comparative Immunology, 32(7), 758-772. https://doi.org/10.1016/j.dci.2007.12.002

Spohn, R., Daruka, L., Lázár, V., Martins, A., Vidovics, F., Grézal, G., Méhi, O., Kintses, B., Számel, M., Jangir, P. K., Csörgő, 
B., Györkei, Á., Bódi, Z., Faragó, A., Bodai, L., Földesi, I., Kata, D., Maróti, G., Pap, B., Wirth, R., Papp, B., & Pál, C. 2019. 
Integrated evolutionary analysis reveals antimicrobial peptides with limited resistance. Nature Communications, 10(1), 1–13. 
https://doi.org/10.1038/s41467-019-12364-6

Sruthy, K. S., Nair, A., Antony, S. P., Puthumana, J., Singh, I. S. B., & Philip, R. 2019. A histone H2A derived antimicrobial peptide, 
Fi- Histin from the Indian White shrimp, Fenneropenaeus indicus: Molecular and functional characterization. Fish and Shellfish 
Immunology, 92, 667–679. https://doi.org/10.1016/j.fsi.2019.06.044

Supungul, P., Klinbunga, S., Pichyangkura, R., Hirono, I., Aoki, T., & Tassanakajon, A. 2004. Antimicrobial peptides discovered in 
the black tiger shrimp Penaeus monodon using the EST approach. Diseases of Aquatic Organisms, 61(1-2), 123-135. doi:10.3354/
dao061123.

Acknowledgement

Fig. 4. MEGA version 6.0 illustrating bootstrapped neighbour-joining tree relationships between the amino acid 
sequence of Pm-Crustin and Fi-Crustin with other reported crustin in crustaceans.  Node values indicate the percentage 
of times the particular node generated in 1000 trees by bootstrapping the original deduced amino acid sequences.

https://doi.org/10.1016/j.fsi.2018.10.047
https://doi.org/10.1016/j.fsi.2018.10.047
https://doi.org/10.3389/fmicb.2019.02866
https://doi.org/10.1016/j.fsi.2019.06.044


Journal of Aquatic Biology & Fisheries 85

Sheethu et al.

Supungul, P., Tang, S., Maneeruttanarungroj, C., Rimphanitchayakit, V., Hirono, I., Aoki, T., & Tassanakajon, A. 2008. Cloning, 
expression and antimicrobial activity of crustinPm1, a major isoform of crustin, from the black tiger shrimp Penaeus monodon. 
Developmental & Comparative Immunology, 32(1), 61-70. https://doi.org/10.1016/j.dci.2007.04.004

Tharntada, S., Somboonwiwat, K., Rimphanitchayakit, V., & Tassanakajon, A. 2008. Anti-lipopolysaccharide factors from the black 
tiger shrimp, Penaeus monodon, are encoded by two genomic loci. Fish & Shellfish Immunology, 24(1), 46-54. https://doi.
org/10.1016/j.fsi.2007.07.010

Tassanakajon, A., Vatanavicharn, T., Supungul, P., Tang, S., Amparyup, P., Somboonwiwat, K., & Toyohara, H. 2008. Biotechnology 
of marine invertebrates—recent advances in shrimp and shellfish. In Memorial Book of the 5th World Fisheries Congress (pp. 221-
239). Terrapub Tokyo.

Vatanavicharn, T., Supungul, P., Puanglarp, N., Yingvilasprasert, W., & Tassanakajon, A. 2009. Genomic structure, expression pattern 
and functional characterization of crustinPm5, a unique isoform of crustin from Penaeus monodon. Comparative Biochemistry and 
Physiology Part B: Biochemistry and Molecular Biology, 153(3), 244-252. https://doi.org/10.1016/j.cbpb.2009.03.004

Wang, P. H., Huang, T., Zhang, X., & He, J. G. 2014. Antiviral defense in shrimp: from innate immunity to viral infection. Antiviral 
Research, 108, 129-141. https://doi.org/10.1016/j.antiviral.2014.05.013	

Xu, C., Li, E., Xu, Z., Wang, S., Chen, K., Wang, X., Li, T., Qin, J. G., & Chen, L. 2016. Molecular characterization and expression of 
AMP-activated protein kinase in response to low-salinity stress in the Pacific white shrimp Litopenaeus vannamei. Comparative 
Biochemistry and Physiology Part - B: Biochemistry and Molecular Biology, 198, 79–90. https://doi.org/10.1016/j.cbpb.2016.04.005

Yeaman, M. R., & Yount, N. Y. 2003. Mechanisms of antimicrobial peptide action and resistance. Pharmacological reviews, 55(1), 27-
55. DOI: https://doi.org/10.1124/pr.55.1.2


