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Abstract
Infectious myonecrosis virus (IMNV) is a virus of penaeid shrimp that causes economic losses to shrimp farmed in Brazil and Indonesia. Genetic manipulation of IMNV is difficult to perform due to the lack of IMNV full-length cDNA clone and unavailability of a shrimp cell line. This consequently hinders in vitro molecular studies of the virus infection. This study aims to construct full-length cDNA clones of IMNV and test for their infectivity in an insect cell line using reverse genetic methodologies. To construct the full length IMNV cDNA clones,  genomic RNA of the virus was extracted from IMNV-infected shrimp and  converted to cDNA before they were amplified by PCR using two pairs of overlapping primers containing suitable restriction sites. The amplified fragments were cloned into pPrime cloning vector and transformed into E.coli DH5α to amplify the fragments. Plasmids containing these two fragments were extracted, linearized and used as templates for a PCR amplification using primers containing sequences that are homologous to pFast Bac HT B on one primer and to IMNV sequence (overlapping region of the two fragments) on one primer. The PCR products were then ligated with linearized pFast Bac HT B to obtained recombinant pFastBac HT B containing full-length IMNV cDNA genome. These ligated products were then used to transform E. coli (Stellar™) competent cells. Cells with inserts were grown overnight and plasmid was extracted.  To confirm if these plasmids contain correct inserts, they were PCR amplified using 5 pairs of primers, three of which are primers that target joining areas between IMNV and vector and between IMNV and IMNV. The clones with correct inserts were also cut with restriction enzymes and analyzed by agarose gel electrophoresis to confirm the size of the insert. The correct clones were the used as Baculovirus donor or transfer vector to transform competent DH10 Bac cells which contain Bacmid (baculovirus genome) and a helper plasmid which will assist transposition of the inserted IMNV cDNA to the Bacmid. Recombinant Bacmid containing IMNV genome obtained was then used to transfect Sf9 cells. The transfected cells were observed daily for signs of pathology or abnormality.  The transfected cells were found to show signs of infection including growth cessation, increases in cell diameters and death at day 4 post transfection.  It is still not clear whether IMNV particle could be formed or if the pathologies observed were the results of which virus infection. Our ongoing research aims to answer these questions. If the IMNV particle could be formed in insect cell line this would allow us to do detailed functional studies of the virus genes and proteins in insect cell line. 
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Introduction

The causative agent of infectious myonecrosis disease (IMND) of shrimp was described in 2006 to be a non-enveloped, icosahedral virus of 40 nm in diameter with a double-stranded RNA of 7561 nucleotides (GenBank: EF061744.1) genome 1


( ADDIN EN.CITE )
. The infectious myonecrosis virus (IMNV) has been classified in the Family Totiviridae (1).  The IMNV genome contains two non-overlapping open reading frames (ORFs). The ORF1 spanning nt 136–4953 codes for a putative RNA-binding protein and the 901aa major capsid protein with a predicted mass of 99 kDa, while ORF2 spanning nt 5241–7451 codes for a 736-aa protein that contains typical motifs of an RNA-dependent RNA polymerase or RdRp (1). The first report of an IMNV outbreak event came from Brazil in 2002 in a in L. vannamei shrimp farm located in the coastal area of the state of Piauı´, in the northeastern of the country. Since then, the virus has spread rapidly to farms in other Brazilian states. In 2007, another outbreaks of IMNV were confirmed in the same shrimp species farmed in Indonesia 2()
. Similar to previous reports, serious losses caused by IMNV has been known to be due to the cumulative mortalities in affected ponds which could reach 70% (3).  In this study, we cloned the full-length IMNV genome into a baculovirus transfer vector under the control of the polyhedrin promoter. To generate recombinant baculoviruses that contain IMNV genome constructs were integrated into the baculovirus genome within E. coli DH10 Bac cells (life technologies, USA) through site-specific transposition using the Bac-to-Bac system (life technologies).

Current reverse genetic methodologies have allowed us to study the pathogenic mechanisms, viral gene functions viral gene expression and viral replication especially those of RNA viruses. Molecular studies of many viruses were performed by the construction of infectious full-length cDNA clones of the viral genome. Unfortunately, molecular studies of shrimp viral pathogens cannot be performed or can be performed with some limitations due to lack of full-length cDNA clones of the viral genomes and the unavailability of immortal shrimp cell line. To overcome these limitations, this research aims to construct the full-length cDNA clone of IMNV and produce an infectious clone of IMNV in insect cells using baculovirus expression system.
Methodology
Viruses and cell line
The genomic RNA of infectious myonecrosis virus from IMNV-infected shrimp from Indonesia was isolated and sent to us in Bangkok, Thailand by air. The Spodoptera frugiperda Sf9 insect cell line was maintained in serum-free SF900III medium (GIBCO, Grand Island, and NY) at 28 ◦C in 25 cm3 tissue culture flask.
Amplification and cloning of IMNV fragments 

Total RNA of IMNV-infected shrimp was converted to cDNA using random hexamer primers. The complete full-length genome of IMNV (GenBank: EF061744.1) was divided into two overlapping cDNA fragments. To amplify the first fragment, cDNA was denatured at 94⁰C for 2 minutes and amplified by PCR using advantage® 2PCR enzyme system (clontech) for 30 cycles at 94⁰C for 40 sec, 59 ⁰C for 5 min, 72⁰C for 5 min and a final extension at 72⁰C for 10 min using forward primers 5’-CCGCTGCAG GCA ATTTCA ACCTAATTCTAA-3’and reverse primer 5’-TTCTTT TTCCGGATCATATCC-3’, the PCR products with the estimated size of 4.3 kb. To amplify the second fragment of the IMNV genome, cDNA was denatured at 94⁰C for 2 minutes and amplified by PCR using advantage® 2PCR enzyme system for 30 cycles at 94⁰C for 40 sec, 59 ⁰C for 4 min, 72⁰C for 5 min and a final extension at 72⁰C for 10 min using 5’-GGATATGATCCGGAAAAAGAA-3’ and reverse primer 5’ACGGGTACCATGGC TGGC CACAAAACC-3’, the PCR products with the estimated size of 3.3 kb. The PCR products of those two fragments were cloned into a pPrime cloning vector (5Prime).
Construction of the full-length cDNA clone of IMNV

To construct a baculovirus transfer vector, the plasmids containing those two fragments were linearlized with BamHI before used as template for PCR amplification. The first fragment was amplified using primers forward 5’- TTCGAATCTAGAGCCTGCAGCGGCAATTTCAACCTA-3’ and reverse 5’ TTCTTTTTC CGGATCATATCC 3’. The second   fragment was amplified using forward primer 5 ’-GGATATGATCCGGAAAAAGAA-3’ and reverse primers 5’-TTCTCGACAAGCTTGGTACCCA TG GCTGG CCACA-3’. The temperature profile of the first fragment amplification was 94⁰C for 2 min, denaturation at 95⁰C for 30 sec, annealing at 61⁰C for 30 sec, and extension at 70⁰C for 4 min and final extension at 70⁰C for 4 min. The temperature profile of the second fragment amplification was 94⁰C for 2 min, denaturation at 95⁰C for 30 sec, annealing at 59⁰C for 30 sec, and extension at 70⁰C for 4 min and final extension at 70⁰C for 4 min. The PCR products were PCR purified and ligated with pFast Bac HT B vector which was linearlized with PstI and KpnI using infusion HD cloning kit (Clonetech). The ligation reaction was transformed into E.coli stellar™ competent cells by heat shock transformation following the instructor’s manual. The transformant colonies were verified by PCR using primers specific at cloning junctions and specific enzymes digestion by PstI and KpnI. 
Generation of recombinant baculovirus (Bacmid)

In order to generate recombinant baculovirus, the recombinant transfer vector containing the full-length genome of IMNV was used to transform into E.coli DH10 BAC (Bacmid) following the manufacture’s instruction of Bac-to-Bac system (Invitrogen). The recombinant colonies were observed and picked to verify by restreaking on selective media then confirmed by PCR. The recombinant baculovirus was cultured then extracted Bacmid which containing the full-length genome of IMNV using Qiagen plasmid mini kit (Qiagen).  The recombinant baculovirus cloned was used to transfected into Sf9 cells using cellfectin reagent (Invitrogen). The supernatant was harvested at 96 hours post-transfection. 
Results
Construction of the full-length cDNA clone of IMNV


To construct the full-length genome of IMNV into pFastBacHT B vector, the two fragments of amplified DNA were PCR purified before ligation with  pFastBacHT B (Invitrogen) that has been digested with PstI and KpnI using In-fusion HD cloning kit (Clonetech). The ligation reaction was transformed into E.coli Stellar™ competent cells by heat shock transformation. The transformant colonies were verified by PCR using primers specific for cloning junctions between pFast Bac HT B Vector and IMNV genome fragments 1 and 2 and between IMNV genome fragment 1 and 2 (Figure 1)
[image: image1.png]pFastBacHT B vector

1LOkb—

0.5kb—





Figure 1 A. Map of full-length cDNAclone of IMNV. B. Agarose gel electrophoresis analysis of PCR amplification products of the full length cDNA cloned of IMNV using 5 different pairs of primers tageting joining regions between vector and IMNV and between IMNV fragment one and two. All primer pairs gave PCR products that correspond to their expected sizes which indicated that correct insert was obtained. M, 100 bp DNA marker.  Lane 1-5 PCR products of primer pairs 1-5 respectively.

Moreover, the full-length cDNA cloned of IMNV was confirmed by specific enzymes digestion using PstI and KpnI which specific at the cloning junction of IMNV fragments and pFastbacHT B vector. The digestion reaction was incubated at 37⁰C for 2 hours, the digestion reaction was analyzed by 1.5 % agarose electrophoresis (Figure 2).
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Figure 2 Agarose gel electrophoresis of PstI and KpnI digested recombinant pFastBac-HT B (transfer vector) containing full-length IMNV genomeshowing two bands of the full-length IMNV genome (≈7.5 kb) and vector (≈4.8 kb).  
Generation of recombinant baculovirus (Bacmid)

In order to generate recombinant baculovirus particles, the recombinant transfer vector containing the full-length genome of IMNV was transformed into E.coli DH10 BAC which contained the baculovirus genome (Bacmid) to generate recombinant Bacmid  by site-specific transposition, following the manufacturer’s instructions (Bac-to-Bac  system, Invitrogen). The colonies containing recombinant Bacmid were observed,picked and verified by restreaking on selective media. The colony PCR was performed using specific primers at the joining point of the IMNV genome.

To generate recombinant baculovirus, the recombinant bacmid was extracted from overnight cultured of bacteria containing the correct insert and used to transfect SF9 cells using cellfectin reagent (Invitrogen). The supernatant was harvested at 96 hours post-transfection, (P1 stock virus). The signs of infection were shown in (Figure 3).
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Figure 3 Sf9 cells not transfected (A) and transfected with recombinant bacmid containing full length IMNV genome using cellfectin reagent. The cells were transfected for 96 hours before the pictures were taken. The transfected cells grew slower than control untransfected cells as there were more cells in A than B. 
Discussion and Conclusions

To do detailed molecular studies of viruses, reliable tools such as a good reverse genetic system and a reliable cell culture system are generally required. Unfortunately none was available for shrimp viruses.  To go around these obstacles, we select to use the well-established insect cell line, Sf9 cells and baculovirus, an insect virus that infects Sf9 cells as a vector to deliver full length genomic DNA a shrimp virus into Sf9 cells. This DNA is cloned into pFast Bac HT B, a baculovirus vector under the control of p 10 or polyhedrin promoter of the baculovirus, (in the hope that once the shrimp virus cDNA is delivered into the insect cells, its mRNAs and proteins would be made and IMNV particle would be formed.   To test if these strategies work we used IMNV of shrimp which has a small RNA genome as a model virus. Since it is a RNAvirus thus the first aim of this research is to construct the full-length cDNA clone of IMNVin baculovirus transfer vector which would then transfer the IMNV cDNA into baculovirus genome or Bacmid. This recombinant Bacmid containing shrimp IMNV cDNA was then used to transfect into Sf9 cells. In the transfected cells, recombinant baculovirus particles and possible IMNV particles would be generated.  Cells transfected with recombinant Bacmid showed signs of infection at 96 hours post-transfection. To investigate whether the IMNV particles could be produced by expression of recombinant baculovirus carrying full-length IMNV genome, the molecular studies and protein detection will be use to confirm.
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