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Abstract Determination of differentially expressed protein profile is necessary to

understand the host response to viral infection. Proteomics can be applied as a tool to

examine white shrimp Litopenaeus vannamei molecular responses against white spot

syndrome virus (WSSV) infection, thus enabling development of effective strategies to

reduce their impact on farms. In the present study, specific pathogen-free shrimp was tested

against WSSV infection under several time intervals. Shrimps were submitted to a viral

load of with 5.5 9 106 viral copies in 100 lL/shrimp. The monitoring of infection was

performed in intervals of 6, 12, 24, 48 and 72 h after infection. The analysis was realized

using 2-DE, and differentially expressed proteins were identified by MALDI-TOF mass

spectrometry (MS) peptide mass fingerprint (PMF). Between the differentially expressed

proteins found in the infected animals, the most important were identified as caspase-2,

ubiquitin and F1-ATP synthase. They are interesting candidates for biomarkers because

could be related to the beginning of apoptosis process. The differentially expressed protein

profile creates a new paradigm in the analysis of L. vannamei shrimp molecular response to

WSSV infection and in virus–host relationship. Furthermore, it proposes potential bio-

markers that allow strategies both selecting less susceptible individuals and reducing the

impact of viruses on farms.
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Introduction

Shrimp farming has grown significantly in recent years, and diseases have had a major

impact particularly in the Americas and Asia, where most of the world’s farmers are
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located. Only in the Americas, the shrimp industry is responsible for approximately 20 %

of the farmed shrimp produced worldwide. The main producers are Ecuador, Brazil,

Honduras and Mexico. Shrimp Litopenaeus vannamei is the most cultivated accounting for

more than 95 % of the total. The second most cultivated is the Litopenaeus stylirostris

species (Lightner 2011).

Viruses are the most common pathogens found in the sea. Up to 10 billion viruses can be

found in one liter of seawater, and they can infect nearly all organisms such as phytoplankton,

bacteria and others (Fuhrman 1999). Viral infections are common in crustaceans such as

penaeid shrimps, which can be infected by more than twenty different viruses (Loh et al. 1997).

Crustacean viruses belong or are related to various viral families such as Baculoviridae,

Bunyaviridae, Herpesviridae, Picornaviridae, Parvoviridae, Reoviridae, Rhabdoviridae,

Togaviridae and, Iridoviridae, or to a new family called Nimaviridae (Jiravanichpaisal 2005).

In order to have an improved disease control, more understanding concerning the immune

system of the shrimp is necessary. The crustacean defense mechanisms depend completely on

the innate immune system that is activated by the recognition of molecular patterns. Patho-

gen-associated molecular patterns are recognized by soluble or by cell surface host proteins,

such as lectins, antimicrobial, clotting and pattern recognition proteins, which, in turn,

activate cellular or humoral effectors mechanisms to destroy invading pathogens (Kawabata

and Iwanaga 1999; Marques and Barracco 2000; Vazquez et al. 2009).

In this context, the study of crustacean immune system is emerging as a promising

strategy, since it allows better understanding about the susceptibility and resistance of

animals to pathogens and parasites and provides valuable insights into the establishment of

health indicators and immunomarkers for genetic selection of animals resistant to infection

(Barracco et al. 2007; Robalino et al. 2009).

The advance of analytical techniques, additional biochemical approaches and molecular

biology enables proteomic analysis to become a new improved tool in the study of protein

expression patterns in organs, cells or subcellular compartments. Therefore, opportunities

are opening up for major effectors of the crustacean immune response, including the

prophenoloxidase system and antimicrobial peptides that can be quickly clarified with a

reasonable level of confidence. In several circumstances, such studies may provide a better

understanding of the cellular response to various external factors (Bachère et al. 2004;

Cerenius and Soderhall 2004; Somboonwiwat et al. 2010). The aim of this study was to

characterize the profile of differentially expressed proteins in L. vannamei in response to

white spot syndrome viral infection, by using specific pathogen-free (SPF) shrimp gills

experimentally infected with the virus. Shrimps selection was realized by assessment of

pleopods that are abdominal appendages of crustaceans. The gills were chosen because

they are a target tissue in WSSV infection. Furthermore, potential protein targets were

proposed, such as molecular biomarkers for the development of new diagnostic methods.

The results are discussed in light of new tools for preventive monitoring of cultures,

moreover for the selection of animals less susceptible to WSSV, and for conducting studies

to better understand the etiology of this infection in cultured shrimp.

Materials and methods

Biological material

Juvenile SPF shrimps of about 0.3 g individual body mass provided by Quality farm were

stocked into 50-L plastic tanks and divided into control and treatment groups. Each group
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consisted of 15 shrimps subdivided into 3 groups with 5 replicates to sample gills and

pleopods at 6, 12, 24, 48 and 72 h after viral inoculation. The shrimps were kept in constant

aeration under the following conditions, 4.0 mg/mL dissolved oxygen, 0.5–1.5 mg/L (NH3),

pH 8.5, temperature 23 �C and 25 % salinity. The animals were conditioned for a period of

3 days. After this period, the experimental infection was performed with an inoculum pre-

pared from positive animals, farmed in the region of Santa Catarina, Brazil. Some of this with

historic of white spot and the presence of the virus were confirmed by nested PCR. The

inoculum was 5.5 9 106 viral copies in 100 lL/shrimp quantified by real-time PCR (qPCR).

The viral load quantification of the animals collected was performed using RT-qPCR

(Table 1). Pleopods and gills were collected using sterile material and kept in liquid nitrogen

until they were stored at -80 �C for subsequent procedures.

Detection of WSSV

Shrimp pleopods were collected, and total genomic DNA was extracted for detection of

WSSV by nested PCR according to OIE (2003) following procedures described in Lo et al.

(1996). The following primer pairs were used: WS146 F1 (50-ACT ACT AAC TTC AGC

CTA TCT AG-3’)/WS146 R1 (50-TAA TGC GGG TGT AAT GTT CTT ACG-30) and

WS146 F2 (50-GTA ACT GCC CCT TCC ATC TCC A-30)/WS146 R2 (50-TAC GGC

AGC TGC TGC ACC TTG T-30), generating a 941 bp length fragment. Amplification

results were viewed in 2 % agarose gel stained with ethidium bromide.

Extraction and quantification of proteins from gills

The gills was macerated in mortar and pestle and kept cooled in liquid nitrogen to prevent

degradation. Immediately, PMSF in PBS buffer was added, and the mixture was centrifuged

at 15,0009g for 1 h at 4 �C, the supernatant was transferred into a new microtube. Four

volumes of acetone containing 12.5 % TCA and 0.125 % DTT (final concentration 10 and

0.1 %, respectively) was added to the extracted proteins. The mixture was maintained on ice

for 1 h to precipitate. Another centrifugation was made at 20,0009g for 20 min at 4 �C, the

supernatant was discarded. The precipitate, containing the total protein, was washed with

1 mL cold methanol. It was then suspended in cold methanol, stirred for homogenization and

submitted to new centrifugation at 20,0009g for 5 min at 4 �C, the supernatant was dis-

carded. Washing was performed twice more. After washing with methanol, the precipitate

was washed twice with cold acetone to remove any traces of methanol and TCA. The

precipitate containing the total protein was resuspended in acetone containing 0.1 % DTT

and once again centrifuged at 10,0009g for 30 min at 4 �C, and the supernatant was dis-

carded. The final precipitate was air dried and dissolved in 1 mL rehydration solution (7 M

urea, 2 M thiourea, 2 % CHAPS) with the addition of 20 lL of PMSF (4 mg/mL). A final

Table 1 Viral load quantifica-
tion at different intervals after
infection with WSSV in L. van-
namei shrimp

Real-time PCR Viral charge

Hours after infection Viral copies/lL

6 3,00 9 101

12 7,37 9 102

24 8,38 9 101

48 2,57 9 106

72 7,79 9 105
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10,0009g centrifugation at 4 �C was performed for 30 min, and the supernatant containing

soluble protein fraction was collected. A 100 lL aliquot was used for quantification of total

protein content by Bradford (1976). BSA was used as the standard for quantification. The

remainder of the sample was stored at -80 �C for subsequent purification procedures.

2-DE

2-DE was performed by Ettan IPGphor 3, SE 600 Ruby system (GE healthcare�, Uppsala,

Sweden) using protocol in accordance with manufacturer. Total proteins (250 lg) were

mixed in 250 lL rehydration buffer (7 M urea, 2 M thiourea, 2 % w/v CHAPS, 0.28 %

w/v DTT, 1 % v/v IPG buffer and 0.002 % bromophenol blue) and isoelectric focusing

(IEF) using 13-cm IPG strips immobilized with 3–10 linear gradient pH (GE Healthcare�).

IEF was performed until a total of 20 kWh has been accumulated. Proteins were subse-

quently reduced with DTT and alkylated with iodoacetamide before the second dimension

(SDS-PAGE). Strips were equilibrated with solution containing 6 M urea, 30 % glycerol,

2 % SDS, 75 mM Tris–HCl, pH 8.8, 0.002 % bromophenol blue and 1 % w/v DTT for

15 min. Then, proteins were treated with the same solution containing 2.5 % w/v iodoa-

cetamide instead of DTT for 15 more min. The equilibrated gel strip was then placed on

top of SDS-PAGE gel 12.5 % and sealed with 0.5 % agarose containing bromophenol

blue. SDS-PAGE gel run was performed at 15 mA per gel during 25 min, then 30 mA per

gel until the frontline of the run reached the end of the gel. Subsequently, the gels were

fixed in a solution containing 50 % (v/v) methanol, 10 % (v/v) acetic acid, and Coomassie

Brilliant Blue stain Neuhoff et al. (1985), containing 10 % (w/v) ammonium sulfate, 10 %

(v/v) phosphoric acid, 20 % (v/v) methanol and 0.12 % (w/v) CBB-G250 (Merck, Ger-

many). Samples were produced in triplicates for the infected and control group, and each

sample gel was composed of gill tissue proteins of three animals.

Imaging analysis

Gel images were acquired in an Image Scanner III (GE healthcare�) and examined using

the Image Master 2D Platinum 7.0 software (GE healthcare�). Individual spots on each gel

were detected by their limit, and the volume (abundance) of the spot was automatically

calculated. The volume percentage (% vol), as well as the normalized value of volume

intensity for each spot and the volume intensity of all the spots detected in the gel were

statistically analyzed by ANOVA using a 0.05 level of significance. Spots were considered

differentially expressed based on their ratio between infected and control groups (relative

expression) and divided into three categories: greater or exclusive expression in the

infected group; deleted or higher expression in the control group; and weakly but not

significantly different ‘‘constants’’ (present in both groups).

In gel protein digestion and protein identification

The differentially expressed spots of protein were excised from gel, and individually

transferred into sterile tubes. According to the protocol of Chai et al. (2010), each spot was

washed thrice with distilled water, and 200 lL of acetonitrile 40 % (ACN) in 200 mM of

ammonium bicarbonate (pH 8.5) was added at 37 �C for 30 min. Each spot was then

dehydrated with 100 lL ACN for 5 min at room temperature, dried for 15 min and

rehydrated with 5 lL of trypsin solution containing 20 mg/mL of trypsin (Proteomics
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Grade, Sigma, EUA), 40 mM of ammonium bicarbonate and 9 % ACN in ice for 45 min.

Trypsin solution surplus was removed, and 5 lL of ammonium bicarbonate 40 mM in 9 %

ACM was added to each tube at 37 �C for 16 h. After incubation, the liquid was transferred

into a new container. A total of 5 lL trifluoroacetic acid 0.1 % (TFA) in ACN solution

50 % was added to each and incubated for 30 min at 37 �C. Finally, the solution was

mixed with 40 mM ammonium bicarbonate liquid in 9 % ACN. The mixture was dried

under vacuum, dissolved in 0.1 % TFA and then subjected to MALDI-TOF. Mass spec-

trometry (MS) data were obtained from Autoflex III MALDI-TOF mass spectrometer

(Bruker Daltonics). The mass spectrometer was set to peptide mass fingerprint (PMF), with

full automatic mode using FlexControlTM. In this study, 20 kV acceleration and 50 Hz

laser frequency were used. The spectrum was analyzed by FlexAnalysis 3.0 (Bruker

Daltonics, Bremen, Germany). Proteins were determined by PMF, and the list of masses

derived from peptides was searched in NCBI non-redundant database (NCBInr) using the

MASCOT program (http://www.matrixscience.com/cgi/protein-view). Research in the

database was performed using the following parameters: database, NCBInr, taxonomy;

metazoa, enzyme; trypsin. Peptide mass error limit was set at ±100 ppm, or MS ion mass

tolerance was set at 0.6 Da. Carbamidomethylation of cysteine and methionine oxidation

was selected as fixed and variable modifications, respectively. Significant hits (as defined

by Mascot probability analysis) were regarded as positive identification.

Results

Protein identification

The gills of L. vannamei from both infected and control groups were collected, homoge-

nized and subjected to 2-DE analysis. After staining with CBB, about 1,500 spots on each

gel were detected using ImageMaster Platinum 7.0, software, but only those with p \ 0.05

were considered significantly different by analysis of variance (ANOVA). Gel analysis (see

Fig. 1) showed the protein expression profile in gills of WSSV-infected and control

shrimp. A total of 47 proteins were submitted to PMF, and subsequently to MASCOT for

identification. The searches were performed in the NCBI nr for protein homology iden-

tification. Groups were divided as follows: 6 h: 10 proteins (1 up-regulated, 4 down-

regulated and 5 with decreased expression in the infected group); 12 h: 07 proteins (5 up-

regulated and 2 down-regulated in the infected group); 24 h: 06 proteins (4 up-regulated

and 2 with increased expression in the infected group); 48 h: 11 proteins (3 down-regu-

lated, 7 with decreased expression in the infected group and 1 constant for both groups) and

72 h: 13 proteins (8 up-regulated, 1 down-regulated and 4 with increased expression in the

infected group). In the total of proteins, 28 were differentially expressed, and these were of

both positive and negative animals for WSSV. With exception of the constant protein, all

the other mentioned above showed either increased or decreased significant difference

(p \ 0.05) between groups. The identified proteins and related information are listed in

Table 2.

Discussion

Differential protein profile of gills was assessed by the spot analysis comparing infected

and uninfected animal group gels. Gills were chosen because they are a target tissue in

Aquacult Int (2014) 22:1605–1620 1609
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Fig. 1 2-DE protein profile of gills from Litopenaeus vannamei, 6, 12, 48 h after WSSV infection. (a) IPG
3-10, PBS control, (b) IPG 3-10, WSSV-infected. Eligible protein spots that showed consistent change or
were constant during WSSV infection are circled. Numbers correspond to the entries in Table 1
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WSSV infection (Escobedo-Bonilla et al. 2007). Forty-seven spots were selected in groups

6, 12, 24, 48 and 72 h after infection. In 24 h, the viral load decreases what is showed in

Table 1. It can be possible due to an effective response of shrimp to viral infection, which

was identified by up-regulated expression of caspase-2 that marks the onset of apoptosis in

infected cells. The 28 differentially expressed proteins are probably enzymes involved in

the amino acid metabolism, as well as proteins that are active in other cell functions in

accordance with results found by Rattanarojpong et al. (2007), Wang et al. (2007) and

Chongsatja et al. (2007).

(Spot 258) Beta actin, a ubiquitous protein involved in the formation of filaments which

are important components of the cytoskeleton. The interaction with myosin provides the

basis of muscle contraction and many aspects of cell motility. Each actin protomer binds an

ATP molecule and calcium ions or magnesium. Actin exists as a monomer in low salt

concentrations, but filaments form rapidly as salt concentration rises, with the consequent

hydrolysis of ATP. Polymerization is regulated by so-called capping proteins. Actin is a

member of a superfamily of proteins, which includes hsp70. The ATPase domain of actin

shares similarities with ATPase domains of hsp70 protein (Van Den Ent et al. 2001). In this

study, increased expression was observed 24 h.a.i., probably due to increased muscle fiber

recruitment during contraction, cell motility and possible involvement in the process of

phagocytosis (May and Machesky 2001). (Spot 544) Important mitochondrial transcription

factor in mitochondrial biogenesis during mitochondrial DNA development and differen-

tiation (Larsson et al. 1998) and its regulation seem to be linked to the FAK protein

(Tornatore et al. 2011).

(Spots 494, 787) Arginine kinase (AK) cell buffer of ATP level, which reversibly,

catalyzes transphosphorylation between phosphoarginine and ADP. AK had increased

expression in Jasus edwardsii and P. stylirostris both infected with WSSV (Speed et al.

2001; Astrofsky et al. 2002). Similar increased expression of AK was also observed in S.

serrata infected with that virus, indicating that AK regulates physiological response during

viral infection, and that it is associated to the mechanism of innate immunity (Robalino

et al. 2009), this could explain low metabolism observed in some species infected with

WSSV. It is interesting that among the identified proteins, two AKs have different pIs and

molecular weight, suggesting that there are different AKs in the hemolymph of S. serrata

and they should play different roles in cellular response to viral infection (Liu et al. 2011).

In our study, we found a decrease in the production of AK 12 and 48 h after viral infection,

but results found in the field showed that AK levels remained constant for both groups

(control and infected), probably due to persistent viral infection and possible accommo-

dation process in animals infected in the field, in response to white spot virus, since it was

the same protein (Flegel and Pasharawipas 1998; Flegel 2007; Flegel and Sritunialucksana

2011).

(Spot 426) Caspases are central effectors in apoptosis with a key role in the antiviral

process of many organisms, including shrimps, by eliminating cells infected with viruses

(O’brien 1998; Granja et al. 2006; Wang et al. 2008; Zhi et al. 2011). It has been shown

that 24 h.a.i. by WSSV, the nucleus of the cell is filled with enveloped and non-enveloped

virions (Wongprasert et al. 2003). At this stage, the mechanism cannot be as effective in

preventing animal death. In our work, caspase-2 had its expression enhanced 24 h.a.i.,

which indicates animal response to WSSV, as to hinder viral infection by means of the

apoptosis. However, at this stage, such mechanism will favor the virus, since it will be

ready to infect other cells (Wongprasert et al. 2003; Barracco et al. 2007). (Spot 528)

Laminin receptor is required for the mounting and/or stability of the 40S ribosomal sub-

unit. Important for the processing of 20S ribosomal subunit, precursor to mature 18S
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rRNA, in a final stage of 40S ribosomal subunits maturation, and vital to L. vannamei

shrimp in protein synthesis (Phiwsaiya et al. 2010). This could explain why this protein has

had its expression suppressed in the infected group 48 h, probably a viral mechanism of

action to prevent the induction of apoptosis in infected host cells. Thus, favoring a higher

synthesis activity in the process of viral infection. (Spot 551) Recent studies on 60S

ribosomal protein have shown that when bound to 40S subunit by QM protein, it is in

charge of inducing cellular apoptosis. Researches have shown that depletion of units of 60S

ribosomal protein is associated with inhibition of proliferation and apoptosis, where p53

plays a central role in this process as in Drosophila melanogaster (Yan et al. 2010).

Apparently, QM protein participates in different processes in antiviral defense, and this

indicates its role in the defense against pathogens (Xu et al. 2008). According to Gon-

çalves-Soares et al. (2012), infected shrimp have increased transcription to the gene of QM,

probably as defense against WSSV. In this study, we have observed a decrease of 60S

ribosomal protein in the infected animals after 48 h, which, according to the authors

mentioned above, could induce apoptosis, probably in response to this virus infection.

(Spot 566) Calcitonin is involved in the metabolism of calcium during the molt cycle of

crustaceans (Arlot-Bonnemains et al. 1986; Luquet and Marin 2004). It had its expression

reduced in animals with virus, 6 h.a.i., possibly because the animals were in the intermolt

period. (Spot 466) Methionine synthase is an enzyme involved in the regeneration of

methionine an important amino acid in the metabolism of shrimp needed for protein

synthesis (Richard et al. 2011) had its expression increased in the group infected after 12 h,

perhaps because of greater synthesis activity. (Spot 399) Kelch-containing domain (KD) is

a protein linked to regulation of p53, which plays a central role in cell integrity in response

to stress factors. Fine regulation of p53 is essential for maintaining genome integrity and

normal cell proliferation. Importantly, KD inhibits p53 transcription and reduction in its

level stabilizes activity of p53, promotes cellular apoptosis and maintains the cell in the G1

phase. This finding indicates that KD is a critical negative regulator of p53 and represents a

way of maintaining it stable in cells that are not stressed (Sun et al. 2009). Results found

show that this protein had its expression level reduced in infected animals after 6 h, which

may already indicate the start of animal response to the virus in the early hours of infection.

(Spot 446) A-kinase anchor protein (AKAP) responsible for a variety of physiological

responses and component of the tyrosine kinases. AKAP is associated to cytoskeleton cells

and calcium anchor (Mochly-Rosen 1995). (Spot 566) calcitonin, in insects, is a family of

peptides with sequence homology to vertebrate calcitonin and it has been implicated in the

control of diuresis, a process which comprises hemolymph mixture. It was also described

in crustaceans, such as Homarus americanus lobster and Palaemon serratus shrimp, during

the molt cycle showing a decrease in the circulating calcium in hemolymph with the

increase in calcitonin (Lamharzi et al. 1992; Christie et al. 2010).

(Spot 343) Myocyte enhancer factor (MEF) is a calcium/calmodulin-dependent protein,

and it is involved in the process of skeletal muscle cellular differentiation (McKinsey et al.

2000), it had its expression enhanced in the group infected 24 h, which suggests greater

control in the calcium/calmodulin mechanism. Some researches speculate that it mediates

the process of apoptosis (Yu et al. 2002). (Spot 443) Vacuolar ATP synthase is molecular

motor linked to the membrane and converts stored free energy in ATP molecule and

electrochemical gradient of cations, H? or Na?, through the membrane (Lolkema and

Boekema 2003; Nakano et al. 2006). (Spot 477) The mitochondrial F0F1 ATP synthase,

described as a splendid molecular machine (Boyer 1997), accomplishes a dual role since it

is able to synthesize and hydrolyze ATP in eukaryotes and bacteria. The enzyme consists

of two nanomotors, the F1 (driven by ATP hydrolysis) and the F0 (embedded in the
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mitochondrial membrane and driven by a proton gradient) (Leslie and Walker 2000). F1,

the catalytic portion of the enzyme, is composed of five major subunits a3, b3, c, d and e
and includes the three catalytic sites formed by three alternating pairs of subunits a/b
forming a sphere that functions as an ATPase by hydrolyzing ATP to ADP ? Pi, and as an

ATP-producer by synthesizing ATP from ADP ? Pi (Futai et al. 1989; Lai-Zhang and

Mueller 2000). The mitochondrial ATPase activity of shrimp is promoted during envi-

ronmental stress conditions then, a specific mechanism may exist to regulate the activity of

the enzyme (Martinez-Cruz et al. 2012). F1-ATP synthase beta similar to BP53 in L.

vannamei is associated to the process of WSS viral infection. It plays a central role in the

synthesis of ATP in several organisms, which was originally described from the inner

mitochondrial membrane. BP53 was found in both cell surface of gills and hemocytes,

confirming that F1-ATP synthase beta exist in shrimp, working as a receptor for inverte-

brates. It is believed that F1-ATP synthase beta may be related to the WSSV host infection

process (Liang et al. 2010), which could explain the reduction of such protein in animals

infected after 48 h, possibly a defense mechanism in response to the virus. (Spot 552)

Triosephosphate isomerase (TIM), this enzyme plays an important role in glycolysis and is

essential for an efficient energy production and enzymatic activity in all tissues (Schneider

2000; Olah et al. 2002). Its expression was reduced in the group corresponding to the 48

h.a.i. with WSSV, possibly due to decreased feeding and metabolism, causing lethargy,

against the advance of viral infection.

(Spot 350) 28S ribosomal protein was also found in the hemolymph of the crab Scylla

serrata (Liu et al. 2011) and had a greater induction after infection with WSSV, as shown

in this work.

(Spot 266) Apolipoprotein functions in the transport and increase in cholesterol and

lipids to different receptors (Wilson et al. 1991). It is known that this mechanism works in

humans but nothing has been described for crustacea yet. (Spot 356) Cholesterol ester

transfer protein binds and neutralizes lipopolysaccharide in gram-negative bacterial outer

membrane, function similar to that of crustacean LGBP described by Lee et al. (2000).

They are standard recognition proteins that bind to lipopolysaccharide in gram-negative

bacteria, in fungi and are present in the hemocytes, leading to the activation of the proPO

system. In WSSV-infected shrimp, the LGBP was increased in the acute phase of infection,

showing also a response to the virus (Roux et al. 2002), the same was found in this work

72 h.a.i., probably as a response mechanism to viral action. (Spot 285, 399) Ubiquitin plays

an important role in the process of proteolysis and is an evolutionarily conserved protein. It

functions in various processes, protein degradation in the cell, cell progression, organelle

biogenesis, transcriptional regulation, antigen processing, and is involved in the anti-

apoptosis process (Chen et al. 2008; Shen et al. 2009). Following WSSV viral infection in

shrimp, it functions as a suppressor protein. Thus, it provides the virus greater chance of

viral replication and dissemination (Flegel 2007; He et al. 2009; Sudhakaran et al. 2011).

According to Wang et al. (2005), an increased expression of ubiquitin conjugating enzyme

in P. vannamei (PvUbc) was detected in a time course study by real-time PCR as well as

RT PCR and reported that RING H2 protein WSSV 249 from WSSV may function as E3

ligase by sequestering PvUbc for viral pathogenesis in shrimp. Their study also revealed a

weak expression of PvUbc in uninfected shrimp, suggesting that PvUbc expression is

induced in WSSV infection till 48 h.a.i. Keezhedath et al. (2013), the ubiquitin increased

expression in P. monodon (PmUbc) post WSSV infection. In our study, the groups 24 and

72 h.a.i., ubiquitin protein had greater expression, agreeing with the findings of the authors

cited above. Probably, the virus is using this mechanism to be able to propagate during the

infectious process, blocking and degrading pro-apoptotic proteins.
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Shrimps may express or suppress proteins in response to the viral infection. In this

context, a better understanding of the host response to WSSV will help elucidate its

mechanism of infection and pathogenicity. Some of these proteins play an important

biological role in the mechanism of apoptosis and can be used as biomarkers. In this work,

we had suggested three proteins, caspase-2, ubiquitin and F1-ATP synthase, as potential

biomarkers. It is possible because they presented alteration in its expression between

control and infected groups. Since these proteins were detected in the first 72 h and they

are directly related to the infection process, they can be used as a detection tool. Therefore,

if one of these proteins presents altered expression, it can indicate a WS viral infection,

since it happens in the beginning of the process (until 72 h). Thus, knowing the probable

infection, biosafety measures can be adopted early and applied for future development of

antiviral defenses, because the animal needs a fast response in the beginning of infection to

combat the virus with efficacy and minimize the impacts of infection in shrimp farming. In

recent years, studies on shrimp immunity at the molecular level has increased rapidly for

both cellular and humoral responses, in order to elucidate host immune response mecha-

nisms to viral infection (Bourchookarn et al. 2008; Robalino et al. 2009; Chai et al. 2010;

Zhang et al. 2010; Somboonwiwat et al. 2010).
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