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ABSTRACT

Infectious myonecrosis virus (IMNV) has been causing a progressive disease in farm-reared shrimps in
Brazil and Indonesia. Immunodiagnostic methods for IMNV detection, although reliable, are not employed
currently because monoclonal antibodies (MAbs) against this virus are not available. In this study, a frag-
ment of the IMNV major capsid protein gene, comprising amino acids 300-527 (IMNV3q9_5,7), was cloned
and expressed in Escherichia coli. The nucleotide sequence of the recombinant IMNV3g_527 fragment dis-
played a high degree of identity to the major capsid protein of IMNV isolates from Brazil (99%) and
Indonesia (98%). Ten MAbs were generated against the expressed fragment, and eight of these, mostly
IgG,, or IgG,y, were able to bind to IMNV in tissue extracts from shrimps infected naturally inimmunodot-
blot assays. Six of these MAbs recognized a ~100 kDa protein in a Western-blot, which is the predicted
mass of IMNV major capsid protein, and also bound to viral inclusions present in muscle fibroses and
in coagulative myonecrosis, as demonstrated by immunohistochemistry. Among all those MAbs created,
four did not cross-react with non-infected shrimp tissues; this observation supports their applicability
as a sensitive and specific immunodiagnosis of IMNV infection in shrimps.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Infectious myonecrosis virus (IMNV) is a non-enveloped virus
of the Totiviridae family, containing a 7560 nucleotide long non-
segmented double-stranded RNA genome with two open reading
frames (ORFs) and an isometric capsid made up of a 901-aa major
capsid protein (Poulos et al., 2006; Nibert, 2007; Tang et al., 2008).
ORF-1 encodes a putative RNA-binding protein and the major cap-
sid protein, and ORF-2 encodes a putative RNA-dependent RNA
polymerase. IMNV infection in cultured penaeid shrimps results
in a chronic, persistent, and slowly progressive disease that can
reach cumulative mortality rates of up to 70% (Nunes et al., 2004).
Typical clinical signs present in infected shrimp are extensive
opaque necrotic areas in the striated muscles, particularly in distal
abdominal segments and tail fan (Nunes et al., 2004; Lightner et
al., 2004; Poulos et al., 2006). Histological injuries are character-
ized by fluid accumulation in muscle fibers, hemocytic infiltration,
fibrosis and basophilic viral inclusions. Epizootic events due to
IMNV infection were initially reported in 2002 in a shrimp farm
located in the coastal area of Piaui, a state in Northeastern Brazil
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(Nunes et al., 2004; Lightner et al., 2004; Poulos et al., 2006).
Since this first outbreak, IMNV has spread to other states of North-
eastern Brazil, where the disease in cultured Pacific white shrimp
Litopenaeus vannamei, also called Penaeus vannamei (Andrade et
al., 2007; Pinheiro et al., 2007) was responsible for catastrophic
economic losses. By 2006, IMNV outbreaks in shrimp farms had
been reported in Indonesia (Senapin et al., 2007), and the unreg-
ulated trans-boundary movement of brood stocks and post-larvae
for aquaculture was probably the major cause behind the spread of
this pathogen to other regions (Flegel, 2006).

Since there is currently no effective treatment for IMNV infec-
tion, preventive measures and practices are required for control,
and rapid diagnosis is one of the most valid strategies. Current
diagnostic methods for the detection of IMNV range from clini-
cal observation and histological examination (Poulos et al., 2006;
da Silva et al,, 2010) to molecular approaches. Molecular diag-
noses include in situ hybridization using IMNV-specific gene probes
(Tang et al., 2005; Andrade et al., 2008), RT-PCR and nested RT-
PCR (Poulos and Lightner, 2006; Senapin et al., 2007), quantitative
real-time RT-PCR (Andrade et al., 2007), and reverse-transcriptase
loop mediated isothermal amplification reaction (RT-LAMP), fol-
lowed by nucleic acid detection with a chromatographic dipstick
(Puthawibool et al., 2009; Andrade and Lightner, 2009). Although
these molecular methods proved to be sensitive and reliable, they
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must be performed in the laboratory by well-trained personnel
using specialized equipment and are not suitable for pond-side
detection. Simple and reliable methods to assess infection in field
conditions such as those available for other shrimp viral diseases,
e.g. latex agglutination and immunochromatographic strip tests
(Okumura et al., 2005; Powell et al., 2006; Wang and Zhan, 2006;
Sithigorngul et al., 2006, 2007), are still lacking for IMNV diagnosis
and the development of a practical low-cost and specific diagnosis
tests is needed. The present study reports on the use of a recombi-
nant portion of the major capsid protein of IMNV (rIMNV3g_527) to
produce MAbs that react with the native protein in shrimps infected
naturally.

2. Materials and methods
2.1. Shrimps and sample preparation

IMNV-infected L. vannamei were obtained from commercial
shrimp farms in the state of Piaui, Northeastern Brazil, where
outbreaks of IMNV occurred in 2007 and 2009. Abdominal mus-
cle samples from shrimps presenting classical clinical signs were
dissected and frozen at —80°C, preserved in RNAlater™ (Qia-
gen, Hilden, Germany) or Davidson’s solution for molecular and
immunological approaches. IMNV infection was assessed primar-
ily in shrimps collected in the field by RT-PCR using specific primers
to IMNV major capsid protein gene as described below.

2.2. Total RNA isolation and reverse transcription PCR

Preserved shrimp muscle samples were homogenized in Trizol®
reagent (Invitrogen, Carlsbad, USA) and total RNA was isolated
subsequently following the manufacturer’s protocol. RNA con-
centration and quality were assessed spectrophotometrically at
wavelengths 260 and 280 nm (NanoVue™, GE Healthcare, Little
Chalfont, UK). First strand cDNA was synthesized from 1 g of
total RNA using M-MLYV reverse-transcriptase and an oligo(dT);g
primer (Invitrogen) at 37°C for 50 min according to the manu-
facturer’s instructions. Specific PCR to amplify the major capsid
protein was performed using Platinum® Tag DNA polymerase
(Invitrogen) at 94°C for 5min, followed by 35 cycles at 94°C for
45s, 55°C for 455, 72°C for 1 min, with a final extension step of
72 °C for 5 min in a Mastercycler Gradient termocycler (Eppendorf,
Hamburg, Germany). Two specific primers IMNV3qg_527 -F (5'-
CTCGAGACTAAACAAACAACAGACAATGC-3') and IMNV3go_527 -R
(5'-GGATCCGGAGTCCCATCATATAACTGG-3') were designed based
on the coding sequence for a hydrophilic region of the IMNV major
capsid protein, flanking the amino acids 300 to 527 (GenBank
accession no. AY570982). The underlined nucleotides in the for-
ward and reverse primers indicate Xhol and BamHI restriction sites,
respectively. The hydrophilic and hydrophobic regions of the IMNV
coat protein were predicted by ProtScale software using the Kyte
& Doolittle method (http://www.expasy.ch/tools/protscale.html).
PCR amplification products were analyzed in 1% agarose gel stained
with ethidium bromide, visualized on a Macrovue-UV20 transillu-
minator (Hoefer, San Francisco, USA) and recorded digitally.

2.3. Cloning, expression, and purification of rIMNV3¢p9_527

The amplification product of 700 bp was cloned into a pGEM-
T Easy vector (Promega, Madison, USA) and transformed into
Escherichia coli DH5a competent cells (Promega). Six positive
recombinant clones were identified by colony PCR and were
sequenced in both directions using a MegaBACE 1000 DNA Analysis
System (GE Healthcare). All sequences obtained were of high qual-
ity (phred >15) and both forward and reverse sequences from all six

sequenced clones were used to obtain a consensus sequence. Iden-
tity of the obtained sequences was determined by similarity search
using the BLAST routine from the National Center for Biotech-
nology Information (NCBI). Deduced amino acid sequence was
obtained through Expasy proteomic server and aligned with the
capsid protein sequences from both Brazilian (GenBank accession
no. AY570982) and Indonesian (GenBank accession no. EF061744)
IMNYV isolates using the Clustal X software (Thompson et al., 1997).

Subcloning of the IMNV3qg_527 fragment for recombinant pro-
tein expression was carried out by excising the fragment with
both Xhol and BamHI enzymes and direct cloning onto pET-
14b expression vector (Novagen, Madison, USA) followed by
transformation into E. coli BL21(DE3) cells (Invitrogen). After
growth reached the exponential phase in Luria-Bertani (LB)
broth containing 100 wgml-! of ampicillin, the expression of
the recombinant protein rIMNV3gg_527 was induced with 1 mM
isopropyl-p-thiogalacto-pyranoside (IPTG, Invitrogen) for 4h or
12h at 18°C, 27°C, or 37°C. After centrifugation (5000 x g for
10min at 4°C), the bacterial pellet was suspended in 20 mM
Tris—HCI (pH 7.0), sonicated 3x 30s at 12W and then centrifuged
at 10,000 x g for 30 min at 4 °C. Soluble and insoluble fractions of E.
coli BL21(DE3) expressing rIMNV3qg_527 were resolved in 12% SDS-
PAGE at 20 mA for approximately 2 h, followed by staining with
0.1% Coomassie brilliant blue R-250 for at least 2 h.

With the intent to purify the overexpressed rIMNV3gg_527, which
was mainly in the non-soluble fraction, the bacterial pellet was
treated with lysis buffer [8M urea, 100 mM NaH,PO,4, 100 mM
Tris/HCI (pH 8.0)] for 1 h at 60 °C under agitation, followed by cen-
trifugation at 10,000 x g for 30 min at 4°C. The histidine-tagged
(His-Tag) rIMNV3gg_527 protein was purified by Ni-NTA Agarose
(Qiagen) according the manufacturer’s recommendation, with sub-
sequent 4 x 12 h cycles of dialysis in the following buffer: 100 mM
Tris-HCl, 500 mM NaCl, 0.5 mM EDTA (pH 8.5), and 10% glyc-
erol. The protein concentration was determined by the Bradford
method using bovine serum albumin as standard (Bradford, 1976).
Expression and purification efficiency were assessed by SDS-PAGE
and further confirmed by Western-blot analysis. Briefly, 12% SDS-
PAGE was electro-blotted onto a nitrocellulose (NC) membrane (GE
Healthcare), followed by 5% non-fat milk blocking for 90 min, and
successive incubations with mouse anti-His-Tag MAb and HRP-
conjugated goat anti-mouse IgG (Sigma-Aldrich, St. Louis, USA) for
1 heach. Detection was carried out using the chemiluminescent ECL
substrate and radiographic films (GE Healthcare). The films were
developed using an automated SRX-101A film processor (Minolta-
Konica, Tokyo, USA).

2.4. Monoclonal antibody production

MAbs were prepared according to the procedure described by
Kohler and Milstein (1975) and Yokoyama et al. (2006) with some
modifications. All procedures involving experimental animals were
approved by the UFSC Ethics Committee for Animal Care. Briefly, 6-
to 8-week-old Balb/c mice from breeding stocks maintained at the
Animal Facility of the Departamento de Microbiologia, Imunolo-
gia e Parasitologia, UFSC, were immunized subcutaneously (s.c.)
with 50 pg of purified rIMNV3q0_527 mixed with complete Fre-
und’s adjuvant (Sigma-Aldrich) at a 1:1 ratio. The mice received
the same amount of antigen mixed with incomplete Freund’s
adjuvant (Sigma-Aldrich) subcutaneously after 10 days. Two addi-
tional doses were given at 10-day intervals using the same dose
of immunogen by the intraperitoneal route. Four days after the
last boost, mice sera were collected by retro-orbital bleeding. The
spleens of mice presenting the highest titers against rIMNV3gg_527
were removed under aseptic conditions and dissected, and spleno-
cytes were fused with P3X63Ag8.653 myeloma cells (ATCC®
number CRL-1580) at a 5:1 ratio using 50% polyethyleneglycol-
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4000 (Sigma-Aldrich) as fusogen. Hybridomas were grown in
RPMI-1640 medium (Cultilab, Campinas, Brazil) containing 20% of
fetal calf serum (FCS, Cultilab), 1% of antibiotic and antimicotic solu-
tion (10,000 U penicillin, 10 ng streptomycin, 25 g amphotericin
B) (Sigma-Aldrich), and supplemented with 0.1 mM hypoxanthine,
0.4 wM aminopterin, and 16 uM thymidine (Sigma-Aldrich). Ten
to 14 days after fusion, secreting hybridomas were identified ana-
lyzing culture supernatants by ELISA as described below. Selected
antibody-producing cultures were cloned two or more times by
the limiting dilution method and stored in liquid nitrogen. The
immunoglobulin isotype of the MAbs was determined by sand-
wich ELISA using SBA Clonotyping System/HRP (Southern Biotech,
Birmingham, UK), following the manufacturer’s instructions.

2.5. Indirect ELISA

The screening and sensitivity evaluation of hybridomas were
performed in 96-well plates (Costar, NY, USA) coated for 3h at
37°C with 50ng/well or two-fold serial dilutions ranging from
100 ng to 50 pg/well of rIMNV3gg_s527, respectively. Blocking was
carried out with 3% bovine serum albumin in PBS containing 0.05%
Tween-20 (PBS-T) overnight at 4-8°C. Hybridoma supernatants
were added as primary antibody and incubated at 37°C for 1h.
Sera of rIMNV3gg_557 immunized mice and cell-free hybridoma
culture medium were used as positive and negative controls,
respectively. After washing three times with PBS-T, the plates were
incubated with HRP-conjugated goat anti-mouse immunoglobulin
(Sigma-Aldrich) for 1 hat 37 °C, followed by extensive washing and
coloration with O-phenylendiamine (Sigma-Aldrich). Absorbances
were determined at 492 nm using a Sunrise™ Basic system (Tecan,
Mannedorf, Switzerland).

2.6. Reactivity of MAb anti-rIMNV3g¢_s5,7 against IMNV-infected
tissue homogenate

Frozen striated muscle tissues of IMNV-infected and non-
infected shrimps were dissociated in buffer (20 mM Tris, 400 mM
NaCl, pH 7.5, v/w) containing a protease inhibitor cocktail
(Sigma-Aldrich). After three cycles of sonication at 12W for 30s,
the homogenates were stored at —20 °C to be used in immunodot-
and Western-blot analyses. To determine the sensitivity of the
MADs, 3wl of purified rIMNV3qg_527 (serially diluted from 90 ng
to 75 pg) or tissue homogenates of IMNV-infected or non-infected
shrimps (diluted serially from 2 g to 3 ng) were spotted onto a
NC paper and air-dried at room temperature for immunodot-blot
analyses. For Western-blot, 90 ng of rIMNV3gg_527 or 3 pg of tis-
sue homogenates of IMNV-infected or non-infected shrimps were
resolved in 12% SDS-PAGE and electro-blotted onto NC in trans-
fer buffer (25 mM Tris, 192 mM glycine, 20% methanol, pH 8.3).
NC membranes were blocked for 90 min at room temperature
with 5% non-fat milk in TBS-T (20 mM Tris, 137 mM NaCl, pH 7.6,
containing 0.1% Tween-20), followed by rinses with TBS-T. The
membranes were incubated with hybridoma supernatants for 1h
under agitation at room temperature, using supernatant contain-
ing a non-correlated MADb against rabies virus as a negative control.
Bound antibodies were detected using HRP-conjugated goat anti-
mouse immunoglobulin (Sigma-Aldrich). After several washings,
chemiluminescent ECL substrate exposure was performed accord-
ing to the manufacturer’s instructions.

2.7. Immunohistochemistry

IMNV-infected and healthy L. vannamei were fixed for 2 days
with Davidson’s alcohol-formalin-acetic acid solution, followed
by rinses with 70% ethanol. Paraffin-embedded skeletal tissue was
sectioned at 3 wm, and antigen retrieval was performed by immer-

Fig. 1. PCR amplification of a hydrophilic region of IMNV major capsid protein
gene (IMNVs300-527). A 1% agarose gel electrophoresis stained with ethidium bro-
mide showing the PCR amplification product of ~700 bp corresponding to the region
300-527 of the IMNV major capsid protein gene (arrow).

sion of slides for 45 min in 10 mM trisodium citrate buffer (pH 6.0)
at 95-98 °C. Tissue sections were incubated overnight at 4 °C with
hybridoma supernatants containing MAbs anti-rIMNV3gg_537 or a
MADb against rabies virus used as a negative control. After washing
with PBS, Envision™ Plus (Dako Cytomation, Glostrup, Denmark)
kit, following manufacturer’s protocol was used. Slides were also
counterstained with Harris’s hematoxylin solution, and positive
reactions were visualized as a brown color in the cell cytoplasm or
in sites of myonecrosis. Images were taken with digital camera (DS-
5M-L1; Nikon, Tokyo, Japan) coupled to an Eclipse 50i microscope
(Nikon).

3. Results
3.1. Cloning and sequencing of IMNV3pg_527

IMNV-infected shrimps were collected in 2007 and 2009 from
farms in the state of Piaui, Northeastern Brazil, and submitted to
total RNA extraction, reverse transcription to cDONA and PCR ampli-
fication with specific primers (IMNV3qg_527-F and IMNV3gg_s527-R).
The primers were directed to a nucleotide sequence encoding a
hydrophilic region of the IMNV major capsid protein, encompassing
theresidues between Thr-300 and Leu-527. The expected PCR prod-
uct of 700 bp (Fig. 1) was cloned into pGEM-T Easy cloning vector,
and six clones had both strands sequenced with high quality (phred
>15). The nucleotide sequence reported in this paper has been sub-
mitted to the GenBankTM/EBI Data Bank with accession number
HMO030799. A BLAST similarity search showed that the cloned frag-
ment, named IMNV3qg_527, had 99% and 98% nucleotide identity
with the major capsid protein of IMNV isolates from Brazil and
Indonesia, respectively. Comparative analysis of the deduced amino
acid sequences of these genes fragments by Clustal X indicated
that the observed differences are mainly due to non-synonymous
substitutions. The described IMNV3g9_527 sequence differs from
homologous IMNV sequences from Brazil in positions 356 (V-I) and
515 (R-G) and from Indonesia in positions 356 (V-1),476 (V-E), 508
(V-I), and 515 (R-G) (Fig. 2).
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300 346
| I
TKQTTDNAGNNQSDQIFIHSESTVHIPGOKOMHIVLPRKVNMVNPTT
TKQTTDNAGNNQSDQIFTHSESTVHIPGOKOMHIVLPRKVNMVNPTT
TKQTTDNAGNNQSDQIFIHSESTVHIPGOQKOMHIVLPRKVNMVNPTT

347 393
| I
IAEANARVVMYOPTYGTVAAGAGVANGNINVAAVGVALPTVNLTDYLV
IAEANARVVMOPTYGTVAAGAGVANGNINVAAVGVALPTVNLTDYLV
IAEANARVVHMOPTYGTVAAGAGVANGNINVAAVGVALPTVNLTDYLV

394 440
| I
SWATDFTLGDIKQLVERMKTTLPISRDLMAARQNAMLLSTLEFPPLIQ
SWATDFTLGDIKQLVERMKTTLPISRDLMAARQNAMLLSTLFPPLIQ
SWATDFTLGDIKQLVERMKTTLPISRDLMAARQNAMLLSTLEFPPLIQ

441 487
| I
SNVASDTKEVPGTAGAYTACLANLGIPETLTVNWGYDINVQPLYQLL
SNVASDTKEVPGTAGAYTACLANLGIPETLTVNWGYDINVQPLYQLL
SNVASDTKEVPGTAGAYTACLANLGIPETLTVNWGIDINVQPLYQLL

488
|
IMNV300-527
IMNV Brazil
IMNV Indonesia

527
|

ETDITAHNRYVLNLFKREE GAYEFIRWLGHMASYMMGL
ETDITAHNRYVLNLFKREE GAYEF®WLGHMASYMMGL

ETDITAHNRYVLNLFKREEVMAGAYEF]

LGHMASYMMGL

Fig. 2. An alignment of the deduced amino acid sequence of IMNV3¢g_5,7 with homologous sequences of IMNV isolates from Brazil and Indonesia. A Clustal X alignment of
the IMNV300_527 with the major capsid protein sequence of IMNV isolates from Brazil (GenBank accession no. AY570982) and Indonesia (GenBank accession no. EF061744).

Amino acid residue differences are highlighted.

3.2. Expression and characterization of rIMNV3g9_527

In order to obtain a recombinant fragment of the IMNV major
capsid protein, IMNV3g9_527 was excised from the cloning plas-
mid and inserted into pET-14b expression vector, resulting in
the recombinant plasmid pET-IMNV3gg_527 that was transformed
into E. coli BL21(DE3) cells. Different culture conditions were
tested, mainly culture temperature and time period of induction.
The expression of recombinant IMNV3gg_527 (rIMNV3gg_527) was
induced by 1 mM IPTG and was found to reach maximum yield after
4h of induction at 37°C, although expression could be visualized
under all other conditions tested (data not shown). Analysis of both
soluble and non-soluble fractions of bacterial cultures express-
ing rIMNV3q9_s527 by SDS-PAGE showed a prominent and exclusive
expression of a protein of ~30kDa in the non-soluble fraction
(Fig. 3a), which was absent in bacteria transformed with mock vec-
tor control (Fig. 3a and b). After solubilization of the non-soluble
fraction containing rIMNV3gg_s537 under protein denaturation con-
ditions, affinity tag protein purification resulted in isolation of pure
recombinant protein. Western-blot analysis with an anti-tag anti-
body confirmed the expression and the identity of the rIMNV3q9_527
(Fig. 3b).

3.3. Production and characterization of MAbs against
rIMNV300_527

Splenocytes from three mice whose serum showed the highest
antibody titers against rIMNV3qg_527 were fused to P3X63Ag8.653
myeloma cells for generating hybridomas. From a total of 910
obtained hybridomas (79% of the initial number), analysis of super-
natants by indirect ELISA revealed 30 stable clones reactive against
rIMNV300_527 in the first screening round (3.3%). Ten out of these 30

clones were selected and submitted to limiting dilutions to reach
monoclonality, generating MAbs specific to rIMNV3gg_527, named
1.3G, 1.3H, 1.8C, 2.9C, 2.9E, 3.3A, 9.7F, 9.8D, 9.8H, and 11.2D. Iso-
typing of these MAbs revealed that the majority of them were
IgG2a or IgG2b, except for MAbs 3.3A and 2.9C, which were iso-
typed as IgG1 and IgM, respectively (Table 1). Immunodot- and
Western-blot assays demonstrated that none of the obtained MAbs
cross-reacted with E. coli protein extracts (data not shown).

Fig.3. Heterologous expression and purification of a recombinant fragment of IMNV
major capsid protein (rIMNV3go-527) evaluated by SDS-PAGE and Western-blot. A
12%SDS-PAGE stained with Coomassie blue showing the total protein profile of E. coli
BL21(DE3) expressing rIMNV3qg_s27 (A) and a Western-blot of the same SDS-PAGE
as revealed probing with an anti-His-Tag antibody (B). 1=E. coli mock-transfected
with empty pET-14b plasmid, 2 = E. coli transfected with pET-IMNV3¢g_s27, induced
with IPTG for 4h at 37°C, 3=soluble, 4=insoluble fractions of E. coli expressing
rIMNV300_527, and 5 = purified rIMNV3g_s27. M = BenchMark™ protein ladder (Invit-
rogen).
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Table 1

Isotyping and reactivity of monoclonal antibodies (MAbs) anti-recombinant and native IMNV major capsid protein in ELISA, immunodot-blot (IDB), Western-blot (WB) and

immunohistochemistry (IHC) assays.

MADbs Isotypes Reactivity against rIMNV3g0_527 Reactivity against IMNV-infected shrimp tissue

ELISA (ng/well) IDB (pg/spot) IDB (ng/spot) WB (band sizes) IHC
1.3G IgG2a ~1.56 ~375 ~5.0 100 kDa +
1.3H IgG2a ~3.13 ~150 ~5.0 - n.d.
1.8C IgG2b ~1.56 ~95 ~10.0 100kDa +
2.9C IgM <0.05 - n.d. n.d. n.d.
2.9E 1gG2b ~1.56 ~95 ~22.5 100kDa +
33A IgG1 ~1.56 ~225 ~115 100kDa +
9.7F IgG2b ~1.56 ~115 - n.d. n.d.
9.8D IgG2a ~3.13 ~225 ~22.5 80 and 100kDa +
9.8H IgG2b ~1.56 ~450 ~7.5 - n.d.
11.2D IgG2a ~6.25 ~225 ~255 100kDa +

n.d.=not determined.

Sensitivity assays of the obtained MAbs were carried out by
ELISA and immunodot-blot using serial dilutions of rIMNV3gg_527
as antigen (Table 1). Most of the MAbs 1.3G, 1.3H, 1.8C, 2.9E,
3.3A, 9.7F, 9.8D, 9.8H, and 11.2D showed similar reactivity when
analyzed by ELISA, ranging from 6.25 to 1.56 ng of rIMNV3qg_527.
Immunodot-blot tests revealed to be more sensitive than ELISA,
where the same MAb panel showed reactivities ranging from 450 to
95 pg of rIMNV3¢g_s5,7 immobilized on nitrocellulose membranes.
Interestingly, MAb 2.9C was able to react with as little as 50 pg
of rIMNV3qg_527 on ELISA, but did not show any binding on an
immunodot-blot.

3.4. Detection of IMNV by anti-rIMNV3g9_s27 MAbs in shrimp
infected naturally

Aiming to identify MAbs able to recognize the native major cap-
sid protein of IMNV, the reactivity of the MAbs anti-rIMNV3gg_527
was evaluated by immunodot-blot, Western-blot, and immuno-
histochemical assays against skeletal muscle extracts or tissue
sections from naturally infected and non-infected L. vannamei
shrimps. Eight out of nine anti-rIMNV3gg_527 MAbs showed distinct
levels of reactivity against IMNV-infected shrimp homogenate by
immunodot-blot (Table 1). MAbs 1.3G and 1.3H showed the highest
sensitivity among the MAbs tested (5.0 ng/spot), while MAbs 1.8C,
2.9E, 9.8D, and 9.8H showed medium sensitivity (22.5-7.5 ng/spot),
and MAbs 3.3A and 11.2D presented the lowest sensitivity, 115 and
225 ng/spot, respectively. MAb 9.7F did not recognize the native
major capsid protein in the IMNV-infected shrimp homogenate.
For Western-blot assays IMNV-infected and non-infected tissue
homogenates were resolved in SDS-PAGE (Fig. 4a), transferred onto
nitrocellulose membranes and tested against anti-rIMNV3gg_527
MAbs. Immunoblot reactivity results obtained for MAbs 1.3G, 1.8C,
2.9E, 3.3A,9.8D, and 11.2D are shown in Table 1 and Fig. 4b, where
MADb 1.8C bound specifically to a protein of ~100 kDa in the IMNV-
infected shrimp homogenate, as expected. MAbs 1.3H and 9.8H did
not recognize the IMNV major capsid protein in infected shrimps
by Western-blot and showed non-specific recognition of other pro-
teins. All MAbs showed strong reactivity against rIMNV3gg_527 in
immunodot- and Western-blot, as illustrated by MAb 1.8C (Fig. 4b).
Despite recognizing the IMNV major capsid protein as did other
MAbs, MAb 9.8D also bound non-specifically with a protein of
~80kDa (datanot shown). All other MAbs that recognized the IMNV
major capsid protein in tissue homogenates of shrimps infected
naturally did not show cross-reactivity against proteins of the non-
infected shrimp homogenate (Fig. 4b).

The six MAbs that reacted with the major capsid protein of
IMNV in Western-blot were further assayed by immunohistochem-
istry. All MAbs reacted similarly in myonecrosis sites of abdominal
skeletal muscle tissue from IMNV-infected shrimp (Table 1), as

illustrated by the results obtained using MAb 1.8C (Fig. 5). Recog-
nition sites marked in brown demonstrated that MAbs were able
to bind to IMNV in myonecrosis sites (Fig. 5¢, d and e). Immunore-
action was observed in coagulative myonecrosis (Fig. 5d) as well
in muscle fibroses, which characterize the chronic stage of IMNV
histopathology. MAb 1.8C reacted specifically to viral inclusions
present in the cytoplasm of infected cells, as demonstrated in
Fig. 5e. In order to investigate the possibility of non-specific recog-
nition of shrimp tissue proteins not associated with IMNV infection,
skeletal tissue from non-infected shrimps were assayed against all
MADbs, and only two (MAbs 1.3G and 9.8D) showed non-specific
binding (data not shown). Four MAbs 1.8C, 2.9E, 3.3A, and 11.2D
were highly specific to IMNV, showing no cross-reaction in non-
infected shrimp tissue (Fig. 5f), or in infected tissue exposed to
non-related anti-rabies virus MAb (Fig. 5b).

4. Discussion

In the present report, production of anti-IMNV MAbs was based
on mice immunization with a recombinant portion of the major
capsid protein of IMNV (rIMNV3qg_s527) expressed in a prokary-
otic system. Previous reports have also described heterologous

Fig. 4. Detection of native IMNV major capsid protein in tissue homogenate of
Litopenaeus vannamei by Western-blot using the anti-rIMNV3p9_52; MADb 1.8C. A
12% SDS-PAGE stained with Coomassie blue (A) and a Western-blot of the same
gel (B) revealed using the MAb 1.8C (IgG2b). 1 =striated muscle homogenate from
non-infected shrimp; 2 = striated muscle homogenate from IMNV-infected shrimp;
3 =rIMNV3g0_s27. M=BenchMark™ protein ladder (Invitrogen).
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Fig. 5. Immunohistochemical analyses of abdominal skeletal tissue from IMNV-infected Litopenaeus vannamei using MAb 1.8C. IMNV-infected (A, B, C, D and E) and non-
infected (F) abdominal skeletal tissues were stained with H&E (A) or incubated with hybridoma culture supernatants containing MAb 1.8C (C, D, E and F) or a non-correlated
MADb against rabies virus as negative control (B), followed by HRP-conjugated antibody. Slides were colored with 3,3-diaminobenzidine and counterstained with Harris’s
hematoxylin solution. Arrows indicate viral inclusions and asterisk shows coagulative myonecrosis.

systems for the expression of viral proteins for the production of
MADbs (Sithigorngul et al., 2009; Chaivisuthangkura et al., 2010a,b).
Heterologous systems help to acquire enriched preparations of
proteins that are either difficult to obtain or present at low copy
numbers in the natural hosts. The rIMNV3q9_527 encompasses the
amino acids Thr-300 to Leu-527. This fragment was chosen due the
presence of hydrophilic regions within the major capsid protein of
IMNV as well as epitopes that may be potentially exposed on the
virion surface, thus facilitating virus recognition by MAbs.

Nucleotide sequences of IMNV3gg_527, a gene fragment origi-
nated from a Brazilian isolate, were obtained by DNA sequencing
and analysis of both the nucleotide and predicted amino acidic
sequences confirmed the identity of this fragment as an IMNV pro-
tein. The deduced amino acid sequence of IMNV3qg_527 showed a
close relationship with IMNV sequences from Brazil and Indonesia
reported previously (Poulos et al., 2006; Senapin et al., 2007). The
1-2% of divergence between them is due to non-synonymous sub-
stitutions of four amino acids. Two of these four amino acids are
similar to the other Brazilian sequence but diverged from Indone-
sian isolate, probably because of a genetic variation caused by
geographic isolation, a phenomenon already observed for shrimp
viruses (Marks et al., 2004; Senapin et al., 2007). Genotype variation
has also been reported for shrimp virus from the same geographi-
cal area (Wongteerasupaya et al., 2003; Tan et al., 2009), and might
be the reason of the two exclusive substitutions of IMNV3qq_527
sequence in comparison to IMNV isolates described previously.
However, despite these few variations, the high identity between
rIMNV3p9_527 and the IMNV isolates from Brazil and Indonesia
(98-99% amino acid identities) suggests that the epitopes in this
portion of the capsid protein are ubiquitous among different virus
isolates. Thus, the MAbs elicited against rIMNV3gg_527 should be
applicable for detection of IMNV in monitoring and control pro-
grams worldwide.

Ten MAbs generated in the present study showed different sen-
sitivities against rIMNV3g_s527 on ELISA and immunodot-blot. MAb
sensitivities through immunodot-blot analyses using recombinant
proteins of other shrimp viruses have also been reported, and
results were very similar to the findings described above: the sensi-
tivities ranged between 70 and 800 pg of the protein (Sithigorngul
et al., 2009; Chaivisuthangkura et al., 2010a,b). Moreover, among

all five specific MAbs identified in Western-blot, four showed high
specificity to viral replication sites in areas of muscle fibroses,
suggesting that those MAbs are excellent tools for future studies
of cytolocalization and viral distribution among different shrimp
organs.

Although MAb 1.3G did not show cross-reactivity with non-
IMNV proteins in Western-blot, it was able to bind to healthy
shrimp tissue; the difference in binding is probably due to epi-
tope changes during fixation. Among all immunoassays employed
in IMNV detection, the interaction of most MAbs with their lig-
ands was not affected by conformation changes of the epitope,
since they showed a very strong reaction with native antigens in
immunodot-blot, as well as denatured antigens in Western-blot
and immunohistochemical analysis. Similar results were demon-
strated in other reports that evaluated the reactivity of MAbs
generated against Taura syndrome virus (TSV), Penaeus stylirostris
densovirus and white spot syndrome virus (WSSV) using the same
techniques (Sithigorngul et al., 2009; Chaivisuthangkura et al.,
2010a,b).

Besides L. vannamei, an organism found infected naturally with
IMNV, L. stylirostris (also called Penaeus stylitostris), Penaeus mon-
odon and Farfantepenaeus subtiltis (also called P. subtiltis), have been
shown susceptible to experimental infection (Tang et al., 2005;
Coelho et al., 2009). Several reports have demonstrated the diver-
sity of reservoir hosts in terms of other shrimp viruses, such as
WSSV and TSV that can infect or be transmitted by many cul-
tured and wild crustaceans in addition to shrimp (Lo et al., 1996;
Overstreet et al., 1997; Kanchanaphum et al., 1998; Chen et al.,
2000; Chapman et al., 2004; Kiatpathomchai et al., 2008). Further
studies to evaluate the IMNV reservoir hosts are necessary in order
to elucidate the IMNV transmission chain, and the MAbs described
herein might be useful in the identification of such reservoir hosts
among shrimps and other animal species.

In conclusion, the present report describes the development of
four MAbs highly specific to IMNV, since they did not react with
healthy shrimp proteins in immunodot-blot, Western-blot, and
immunohistochemical assays. Although further studies are neces-
sary to investigate the absence of cross-reactivity of those MAbs
with other shrimp viruses, they are very versatile in their abil-
ity to adapt to several immunological tests formats and can be
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considered promising tools for the development of rapid and sim-
ple immunoassays, such as immunochromatographic strip tests. A
mixture of two MAbs could be used in the development of a com-
mercial detection kit, increasing the sensitivity of the method and
leading to a detection system that can be easily used in a non-
laboratory environment, providing opportunities for limiting the
extent of viral spread in farms infected with IMNV.

Acknowledgments

The authors are grateful to Dr. Oleg Lavrukhin for his editorial
contribution. This work was supported by grants from Conselho
Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq),
Ministério da Agricultura, Pecudria e Abastecimento (MAPA),
Financiadora de Estudos e Projetos (FINEP), and International Foun-
dation for Science (IFS).

References

Andrade, T.P.D,, Srisuvan, T., Tang, K.F]., Lightner, D.V., 2007. Real-time reverse tran-
scription polymerase chain reaction assay using TagMan probe for detection and
quantification of Infectious myonecrosis virus (IMNV). Aquaculture 264, 9-15.

Andrade, T.P.D., Redman, R.M,, Lightner, D.V., 2008. Evaluation of the reservation of
shrimp samples with Davidson’s AFA fixative for infectious myonecrosis virus
(IMNV) in situ hybridization. Aquaculture 278, 179-183.

Andrade, T.P., Lightner, D.V., 2009. Development of a method for the detection of
infectious myonecrosis virus by reverse-transcription loop-mediated isother-
mal amplification and nucleic acid lateral flow hybrid assay. J. Fish. Dis. 32,
911-924.

Bradford, M.M., 1976. A rapid and sensitive method for the quantification of micro-
gram quantities of protein utilizing the principle of protein-dye binding. Anal.
Biochem. 72, 248-254.

Chaivisuthangkura, P., Longyant, S., Hajimasalaeh, W., Sridulyakul, P., Rukpratan-
porn, S, Sithigorngul, P., 2010a. Improved sensitivity of Taura syndrome virus
immunodetection with a monoclonal antibody against the recombinant VP2
capsid protein. ]. Virol. Methods 163, 433-439.

Chaivisuthangkura, P., Longyant, S., Rukpratanporn, S., Srisuk, C., Sridulyakul, P.,
Sithigorngul, P., 2010b. Enhanced white spot syndrome virus (WSSV) detec-
tion sensitivity using monoclonal antibody specific to heterologously expressed
VP19 envelope protein. Aquaculture 299, 15-20.

Chapman, RW.,, Browdy, C.L., Savin, S., Prior, S., Wenner, E., 2004. Sampling and
evaluation of white spot syndrome virus in commercially important Atlantic
penaeid shrimp stocks. Dis. Aquat. Organ. 59, 179-185.

Chen, L.L, Lo, C.F,, Chiu, Y.L, Chang, C.F., Kou, G.H., 2000. Natural and experimental
infection of white spot syndrome virus (WSSV) in benthic larvae of mud crab
Scylla serrata. Dis. Aquat. Organ. 40, 157-161.

Coelho, M.G.L, Silva, A.C.G., Vila Nova, C.M.V,, Neto, ].M.O,, Lima, A.C.N,, Feijo, R.G.,
Apolinario, D.F., Maggioni, R., Gesteira, T.C.V., 2009. Susceptibility of the wild
southern Brown shrimp (Farfantepenaeus subtilis) to infectious hypodermal and
hematopoietic necrosis (IHHN) and infectious myonecrosis (IMN). Aquaculture
294, 1-4.

da Silva, V.A,, dos Santos, F.L, Bezerra, S.S., Pedrosa, V.F., Mendes, P.D., Mendes,
ES. 2010. A multi-season survey for infectious myonecrosis in farmed
shrimp, Litopenaeus vannamei, in Pernambuco, Brazil. J. Invertebr. Pathol. 104,
161-165.

Flegel, T.W., 2006. The special danger of viral pathogens in shrimp translocated for
aquaculture. Sci. Asia 32, 215-231.

Kanchanaphum, P., Wongteerasupaya, C., Sitidilokratana, N., Boonsaeng, V., Panyim,
S., Tassanakajon, A., Withyachumnarnkul, B., Flegel, T.W., 1998. Experimental
transmission of white spot syndrome virus (WSSV) from crabs to shrimp Penaeus
monodon. Dis. Aquat. Organ. 34, 1-7.

Kiatpathomchai, W., Jaroenram, W., Arunrut, N., Gangnonngiw, W., Boonyawiwat, V.,
Sithigorngul, P., 2008. Experimental infections reveal that common Thai crus-
taceans are potential carriers for spread of exotic Taura syndrome virus. Dis.
Aquat. Organ. 79, 183-190.

Kohler, G., Milstein, C., 1975. Continuous cultures of fused cells secreting antibody
of predefined specificity. Nature 256, 495-497.

Lightner, D.V., Pantoja, C.R., Poulos, B.T., Tang, K.F]., Redman, R.M., Passos de
Andrade, T., Bonami, J.R., 2004. Infectious myonecrosis (IMN): a new disease
in Pacific white shrimp. Glob. Aquac. Advocate. 7, 85.

Lo, C.F,, Ho, C.H,, Peng, S.E., Chen, C.H., Hsu, H.C,, Chiu, Y.L, Chang, C.F, Liu, K.F,,
Su, M.S., Wang, C.H., Kou, G.H., 1996. White spot syndrome baculovirus (WSBV)
detected in cultured and captured shrimp, crabs and other arthropods. Dis. Aqua.
Org. 27, 215-225.

Marks, H., Goldbach, R.W., Vlak, ].M., van Hulten, M.C.W., 2004. Genetic variation
among isolates of white spot syndrome virus. Arch. Virol. 149, 673-697.

Nibert, M.L.,2007. ‘2A-like’ and ‘shifty heptamer’ motifs in penaeid shrimp infectious
myonecrosis virus, a monosegmented double-stranded RNA virus. J. Gen. Virol.
88,1315-1318.

Nunes, AJ.P., Martins, P.C.C., Gesteira, T.C.V., 2004. Carcinicultura ameacgada: Produ-
tores sofrem com as mortalidades decorrentes do virus da mionecrose infecciosa
(IMNV). Rev. Panoram. Aquic. 14, 37-51.

Okumura, T.,Nagai, F., Yamamoto, S., Oomura, H., Inouye, K., Ito, M., Sawada, H., 2005.
Detection of white spot syndrome virus (WSSV) from hemolymph of penaeid
shrimps Penaeus japonicus by reverse passive latex agglutination assay using
high-density latex particles. J. Virol. Methods 124, 143-148.

Overstreet, R.M., Lightner, D.V., Hasson, KW., Mcllwain, S., Lotz, J.M., 1997. Suscep-
tibility to taura syndrome virus of some penaeid shrimp species native to the
Gulf of Mexico and the Southeastern United States. J. Invertebr. Pathol. 69, 165-
176.

Pinheiro, A.CAS., Lima, A.P.S., de Souza, M.E., Neto, E.CL., Adrido, M., Gongalves,
V.S.P., Coimbra, M.R.M., 2007. Epidemiological status of taura syndrome and
infectious myonecrosis viruses in Penaeus vannamei reared in Pernambuco
(Brazil). Aquaculture 262, 17-22.

Powell, JW.B., Burge, EJ., Browdy, C.L.,, Shepard, E.F., 2006. Efficiency and sensi-
tivity determination of Shrimple®, an immunochromatographic assay for white
spot syndrome virus (WSSV), using quantitative real-time PCR. Aquaculture 257,
167-172.

Poulos, B.T., Tang, K.F.,, Pantoja, C.R., Bonami, J.R,, Lightner, D.V., 2006. Purification
and characterization of infectious myonecrosis virus of penaeid shrimp. J. Gen.
Virol. 87, 987-996.

Poulos, B.T., Lightner, D.V., 2006. Detection of infectious myonecrosis virus (IMNV)
of penaeid shrimp by reverse-transcriptase polymerase chain reaction (RT-PCR).
Dis. Aquat. Organ. 73, 69-72.

Puthawibool, T., Senapin, S., Kiatpathomchai, W., Flegel, T.W., 2009. Detection of
shrimp infectious myonecrosis virus by reverse transcription loop-mediated
isothermal amplification combined with a lateral flow dipstick. ]. Virol. Methods
156, 27-31.

Senapin, S., Phewsaiya, K., Briggs, M., Flegel, T.W., 2007. Outbreaks of infectious
myonecrosis virus (IMNV) in Indonesia confirmed by genome sequencing and
use of an alternative RT-PCR detection method. Aquaculture 266, 32-38.

Sithigorngul, W., Rukpratanporn, S., Pecharaburanin, N., Longyant, S., Chaivi-
suthangkura, P., Sithigorngul, P., 2006. A simple and rapid immunochromato-
graphic test strip for detection of white spot syndrome virus (WSSV) of shrimp.
Dis. Aquat. Organ. 72, 101-106.

Sithigorngul, W., Rukpratanporn, S., Sittidilokratna, N., Pecharaburanin, N.,
Longyant, S., Chaivisuthangkura, P., Sithigorngul, P., 2007. A convenient
immunochromatographic test strip for rapid diagnosis of yellow head virus
infection in shrimp. J. Virol. Methods 140, 193-199.

Sithigorngul, P., Hajimasalaeh, W., Longyant, S., Sridulyakul, P., Rukpratanporn, S.,
Chaivisuthangkura, P., 2009. Simple immunoblot and immunohistochemical
detection of Penaeus stylirostris densovirus using monoclonal antibodies to viral
capsid protein expressed heterologously. J. Virol. Methods 162, 126-132.

Tang, K.F.,, Pantoja, C.R., Poulos, B.T., Redman, R.M., Lightner, D.V., 2005. In situ
hybridization demonstrates that Litopenaeus vannamei, L. stylirostris and Penaeus
monodon are susceptible to experimental infection with infectious myonecrosis
virus (IMNV). Dis. Aquat. Organ. 63, 261-265.

Tan, Y., Xing, Y., Zhang, H., Feng, Y., Zhou, Y., Shi, Z.-L., 2009. Molecular detection
of three shrimp viruses and genetic variation of white spot syndrome virus in
Hainan Province, China, in 2007. ]. Fish. Dis. 32, 777-784.

Tang, J., Ochoa, W.F., Sinkovits, R.S., Poulos, B.T., Ghabrial, S.A., Lightner, D.V., Baker,
T.S., Nibert, M.L., 2008. Infectious myonecrosis virus has a totivirus-like, 120-
subunit capsid, but with fiber complexes at the fivefold axes. Proc. Natl. Acad.
Sci. U.S.A. 105, 17526-17531.

Thompson, ].D., Gibson, T.J., Plewniak, F., Jeanmougin, F., Higgins, D.G., 1997. The
CLUSTAL X windows interface: flexible strategies for multiple sequence align-
ment aided by quality analysis tools. Nucleic Acids Res. 25, 4876-4882.

Wang, X., Zhan, W., 2006. Developmental of an immunochromatographic test to
detect white spot syndrome virus of shrimp. Aquaculture 255, 196-200.

Wongteerasupaya, C., Pungchai, P., Withyachumnarnkul, B., Boonsaeng, V., Panyim,
S., Flegel, T.W., Walker, P.J., 2003. High variation in repetitive DNA fragment
length for white spot syndrome virus (WSSV) isolates in Thailand. Dis. Aquat.
Organ. 54, 253-257.

Yokoyama, W.M., Christensen, M., Santos, G.D., Miller, D., 2006. Production of mon-
oclonal antibodies. Curr. Protoc. Immunol., 2.5.1-2.5.25.



	Detection of major capsid protein of infectious myonecrosis virus in shrimps using monoclonal antibodies
	Introduction
	Materials and methods
	Shrimps and sample preparation
	Total RNA isolation and reverse transcription PCR
	Cloning, expression, and purification of rIMNV300–527
	Monoclonal antibody production
	Indirect ELISA
	Reactivity of MAb anti-rIMNV300–527 against IMNV-infected tissue homogenate
	Immunohistochemistry

	Results
	Cloning and sequencing of IMNV300–527
	Expression and characterization of rIMNV300–527
	Production and characterization of MAbs against rIMNV300–527
	Detection of IMNV by anti-rIMNV300–527 MAbs in shrimp infected naturally

	Discussion
	Acknowledgments
	References


