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Abstract

Project Code : RSA5580024
Project Title :  Study of antiviral immunity of the black tiger shrimp, Penaeus monodon : Characterization of
a viral responsive gene and identification of miRNAs involved in WSSV infection
Investigator :  Assistant Professor Dr. Kunlaya Somboonwiwat Chulalongkorn University
E-mail Address : kunlaya.s@chula.ac.th
Project Period : 16 July 2012 — 15 July 2015

Penaeus monodon is one of an important species for shrimp aquaculture in Thailand. However, viral
infectious disease caused by white spot syndrome virus (WSSV) is vital to shrimp leading to economic
collapse. To gain more knowledge on shrimp defense against viral infection, in this study, we characterized a
viral responsive protein 15 (PmVRP15), the highly up-regulated gene identified in hemocyte of WSSV-infected
shrimp with unknown function, as well as identified and characterized miRNAs that are involved in antiviral
response. RNAi-mediated silencing of PmVRP15 gene in WSSV-infected shrimp showed a significant
decrease in WSSV gene expression and the cumulative mortality of WSSV-infected shrimp suggesting its
important role in viral propagation. The interaction between PmVRP15 and a WSSV protein, WSV399, was
identified by yeast two-hybrid screening and co-immunoprecipitation (Co-IP). Immunobloting analysis (in vitro)
and immunoelectron microscopy (in vivo) identified WSV399 as the tegument protein. Moreover, the regulation
of PmVRP15 gene expression was studied by identification and characterization the promoter sequences.
Promoter deletion assay identified (-525/-428) and (-287/- 209) nucleotide positions as repressor and activator
binding sites, respectively. The computational analysis and site directed mutagenesis revealed that the
repressor binding site (-525/-428) is regulated by interferon regulatory factor (IRF) and activator binding sites
in (-287/-209) region are regulated by octamer transcription factor (Oct-1) and nuclear factor of activated T
cells (NFAT). Moreover, microRNAs (miRNAs), a small RNA that functions in regulating various biological
processes including immune system, were identified by Next generation sequencing. Forty-six miRNAs
homologs that are expressed in WSSV-infected P. monodon hemocyte were identified and 16 interested
miRNAs were analyzed for the expression profile by stem-loop real-time PCR. Eleven out of 16 miRNAs were
differently expressed upon WSSV infection. Two miRNAs, pmo-miR-315 and pmo-miR-750, were highly
responsive miRNAs upon WSSV infection. The target mRNAs focusing on immune-related genes of the
identified miRNAs in P. monodon were predicted by in-house software against P. monodon EST database.
From the prediction, miRNAs were targeted at 5UTR, ORF and 3'UTR regions of several immune-related
gene involved in apoptosis, antimicrobial peptides, prophenoloxidase system, proteinase and proteinase
inhibitor, signaling transduction and heat-shock protein. To characterize the miRNA function, regulation of
Kunitz-type serine protease inhibitor (KuSPI) by pmo-bantam which is highly conserved among organisms
was analyzed by luciferase reporter assay. Correlation of pmo-bantam and KuSPI expression was revealed in
lymphoid organ of WSSV-infected shrimp. These results implied that miRNA might play roles as immune gene
regulators in shrimp antiviral response.
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