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INTRODUCTION 

 

The white spot syndrome virus (WSSV) has the greatest 

impact in shrimp aquaculture, both in terms of infectivity 

and productivity. It is a rapidly replicating and extremely 

virulent shrimp pathogen infecting Penaeid shrimp and has 

emerged globally as one of the most prevalent and 

widespread (Arturo, 2010). It causes up to 100% mortality 

within 3 to 10 days of infection resulting in huge economic 

losses to shrimp farming industry (Kimura et al., 2000) and 

is generally characterized by white spots in the 

exomesoderm under the carapace. It has a circular dsDNA 

genome about 300 kbp that contains approximately 185 

open reading frames (ORFs) (Yang et al., 2001; Hulten et 

al., 2001). It is one of the largest viral genomes. WSSV was 

first detected in Asia, with occurrence in Taiwan (Chou et 

al., 1995), Japan (Nakano et al., 1994) and Korea (Park et 

al., 1998) and now is widespread across the world. 

There is no cure against this devastating virus of shrimp 

and this could be attributed to limitation of expertise with 

regard to shrimp immune system. Understanding the 

mechanism of interaction between the host proteins and 

viral proteins at molecular level would greatly help us in 

formulating effective therapeutic strategies. Ubiquitination 

is a well studied proteasome pathway and plays key roles in 

viral infection and facilitates activities required for various 

aspects of virus life cycle, from entry (Galinier et al., 2002) 

through replication (Everett et al., 1999; Parkinson and 

Everett, 2001) and enhanced cell survival (Thomas et al., 

1999; Winberg et al., 2000) to viral release (Harty et al., 

2001; Yasuda et al., 2002). Ubiquitin conjugating enzyme is 

one of the active components in the pathway of ubiquitin 

mediated protein degradation and has been found to possess 

important role in WSS viral pathogenesis. The ubiquitin 

proteasome pathway degrades abnormal and short lived 

proteins (Laney and Hochstrasser, 1999). In the ubiquitin 

dependant proteolytic pathway, ubiquitin is linked to 

substrates through a well organized process involving the 

sequential action of a ubiquitin- activating enzyme (E1), a 
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ABSTRACT: White spot syndrome virus (WSSV) is one of the major viral pathogens affecting shrimp aquaculture. Four proteins, 

WSSV199, WSSV 222, WSSV 249 and WSSV 403, from WSSV are predicted to encode a RING-H2 domain, which in presence of 

ubiquitin conjugating enzyme (E2) in shrimp can function as viral E3 ligase and modulate the host ubiquitin proteasome pathway. 

Modulation of host ubiquitin proteasome pathway by viral proteins is implicated in viral pathogenesis. In the present study, a time 

course expression profile analysis of WSSV Open Reading Frame (ORF) 199 and Penaeus monodon ubiquitin conjugating enzyme 

(PmUbc) was carried out at 0, 3, 6, 12, 24, 48 and 72 h post WSSV challenge by semi-quantitative RT-PCR as well as Real Time PCR. 

EF1 was used as reference control to normalize the expression levels. A significant increase in PmUbc expression at 24 h post infection 

(h.p.i) was observed followed by a decline till 72 h.p.i. Expression of WSSV199 was observed at 24 h.p.i in WSSV infected P. monodon. 

Since the up-regulation of PmUbc was observed at 24 h.p.i where WSSV199 expression was detected, it can be speculated that these 

proteins might interact with host ubiquitination pathway for viral pathogenesis. However, further studies need to be carried out to unfold 

the molecular mechanism of interaction between host and virus to devise efficient control strategies for this chaos in the shrimp culture 

industry. (Key Words: WSSV 199, Shrimp, Ubiquitin Conjugating Enzyme, Penaeus monodon) 
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ubiquitin- conjugating enzyme (E2) and, a ubiquitin ligase 

(E3). Polyubiquitinated proteins are then targeted to the 26S 

proteasome for degradation (Hershko and Ciechanover, 

1998; Deshaies, 1999; Ciechanover et al., 2000; Pickart, 

2001). 

Viruses have evolved to use cellular pathways to their 

advantage including the ubiquitin proteasome pathway of 

protein degradation. In most of the cases viruses do produce 

proteins that hijack cellular E3 ligases to modify their 

substrate specificity to get rid of nonessential cellular 

proteins, in particular inhibitors of the cell cycle. They are 

also known to inhibit E3 ligases to retard specific protein 

degradation or even use the system to control the level of 

expression of their native proteins (Blanchette and Branton, 

2009). The involvement of RING finger domain, by acting 

as E3 ubiquitin protein ligase, in specific ubiquitination 

events was revealed in a study by Freemont, 2000. RING 

finger proteins in other cellular or viral systems may 

function as a ubiquitin ligase, E3 (Hershko and Ciechanover, 

1998; Yamao, 1999; Ciechanover, 2003; Wang et al., 2005; 

He et al., 2006). As such four proteins of WSSV like WSSV 

199, WSSV 222, WSSV 249 and WSSV 403 are reported to 

carry a common feature, the RING H2 domain, and the 

ubiquitination activity has been demonstrated for three of 

them (WSV222, WSV249, WSV 403), (Wang et al., 2005; 

He et al., 2006; Fang and Kwang, 2008) with one of the 

important enzyme ubiquitin ligase of the ubiquitin 

proteasome pathway while no information is available 

regarding WSSV 199. Hence a study was conducted on the 

expression profiles of the ubiquitin conjugating enzyme and 

one of RING finger domain containing proteins of WSSV 

i.e. WSSV 199 in WSSV infected shrimp, Penaeus 

monodon. 

 

MATERIAL AND METHODS 

 

Shrimp rearing 

P. monodon of 152 g size were transported from 

Pancham Aqua Farm, Maharashtra, India and maintained in 

1,000 L FRP tanks (25 shrimp/tank) in natural seawater of 

35 ppt with continuous aeration. The shrimp were fed ad 

libitum with artificial pelleted feed (CP feeds) twice a day. 

Left over feed was siphoned daily and 30% water exchange 

was done once in a week. Salinity was maintained at 35 ppt, 

temperature 22 to 25C and pH 7.8, throughout the 

experimental period and the health condition of the animals 

was monitored regularly. Shrimps were held for a minimum 

of 2 weeks prior to experimental use and feeding was 

stopped 24 h before treatment. 

 

Preparation of viral inoculum 

 WSSV infected P. monodon with prominent white 

spots were collected and head soft tissues from shrimp were 

homogenized in chilled sterile 1X Phosphate Buffered 

Saline (PBS) pH 7.4. The homogenate was centrifuged at 

2,460 g for 20 min at 4C. The supernatant was again 

subjected to centrifugation to remove the cell debris. The 

supernatant was filtered (0.22 -pore diameter-filter). The 

presence of the viral particles in the inoculum was 

confirmed with WSSV detection kit (Bangalore Genei, 

India) following manufacturer’s instructions. Infectivity of 

the viral inoculum was confirmed by performing in vivo 

titration with healthy shrimp. The viral dose that caused 100 

percent mortality in 96 h was used for time course analysis. 

 

Experimental conditions 

Four groups of 12 shrimps (152 g) each were 

maintained in plastic crates of 25 L capacity with adequate 

aeration. After acclimatization for 3 d, three groups of 

shrimps were injected with 100 l of WSSV inoculum 

ventral to the second abdominal segment. The unchallenged 

fourth group served as control. Six time points after 

challenging i.e., 0, 3 ,6 , 12, 24, 48 and 72 h was selected to 

quantify the ubiquitin conjugating enzyme gene as well as 

the WSSV 199 genes in comparison to unchallenged control. 

For this four shrimps were collected at each time interval 

from all groups including control.  

 

RNA extraction and cDNA synthesis  

Total RNA from muscle tissue of infected and control 

shrimp at different time points were isolated using TRIzol 

reagent (Invitrogen, USA) based on manufacturers’ 

instructions. The total RNA was quantified by measuring 

absorbance at 260 nm in a UV Biophotometer (Eppendorf 

AG, Germany) and quality was checked on a 1% agarose 

gel. Total RNA was treated with RNase free DNase 1 

(Fermentas, USA) to remove DNA contamination. First-

strand cDNA synthesis was carried out using 2 g of 

DNase-treated total RNA as template. Reverse transcription 

was performed using Moloney leukemia virus reverse 

transcriptase (Fermentas, USA), 0.5 g of oligo (dT)18 

primer, 1 RT reaction buffer, 1 mM each of dNTPs, 20 U 

of ribonuclease inhibitor and 40 units of reverse 

transcriptase in a final reaction volume of 20 l. The 

reaction was carried as per the manufacturers’ instructions.  

 

Semi quantitative RT-PCR analysis 

Semi quantitative RT-PCR was performed using 50μg 

cDNA as template. The primers 199-5 (5’-TTCAACCAA 

ATGGGCAAGCTC-3’) and 199-3 (5’- CGTTGTGGAA 

GCAATGACCG -3’) were used to amplify WSSV 199 and 

primers PmUbc-5 (5’-TCAAAGGCACTCAGCACCAGTG-

3’) and PmUbc-3 (5’-TCATACACGGACCCAGGTGG-3’) 

were used to amplify PmUbc, to generate 150 bp fragments 

of WSSV 199 and PmUbc. EF1- was used as internal 
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control and was amplified with the primers EF1- forward 

(5’-GGTGCTGGACAAGCTGAAGGC -3’) and EF1- 

reverse (5’-CGTTCCGGTGATCATGTTCTTGATG-3’) primer 

pair because its concentrations were found to be unaffected 

across the treatments compared to beta actin as determined 

by a pilot study. The thermocycling parameters consisted of 

an initial denaturation at 94C for 3 min followed by 30 

cycles of 94C for 15 s, 60C for 20 s and 72C for 20 s. 

The final extension was done for 5 min at 72C. Hold 

temperature was set at 4C. The PCR products were run on 

2% gels for further analysis. PCR products were quantified 

using Gene Tools Software. 

 

Real time PCR analysis 

Real-time PCR amplifications were carried out in ABI 

7500 Real Time PCR detection system (Applied Biosystems, 

USA) using SYBR Green (Fermentas, USA) chemistry. The 

same primer pairs used in Semi-quantitative RT-PCR were 

used to amplify both WSSV 199 and PmUbc. The thermal 

profile used for PCR amplification consisted of initial 

denaturation at 95C for 10 min, followed by 40 cycles of 

denaturation at 95C for 15 s, annealing and extension at 

60C for 1 min. Melting curve analysis of amplification 

products were performed at the end of each PCR reaction to 

confirm that only one PCR product was amplified and 

detected. Comparative CT method was used to estimate the 

relative expression of the target mRNA. Briefly, CT was 

calculated by subtracting CT value of internal control from 

target gene and then mean CT was calculated from this 

normalized CT value. CT was calculated with respect 

to control by, subtracting mean CT of control treatment 

from mean CT of the target gene. Fold change at various 

time intervals was calculated by 2
-

CT. EF1 was selected 

as internal control for normalization. 

 

Statistical analysis 

The differences in transcript levels between different 

time intervals were tested for statistical significance using 

one-way ANOVA followed by Duncan's new multiple range 

test using the statistical package, (SAS Inc., USA) 

(Attwood et al., 2007; Alenjandro et al., 2008) p value 

below 0.05 was considered statistically significant. The 

results were expressed as the meanSD. 

 

RESULTS 

 

Semi quantitative analysis of WSSV 199 in time course 

study 

The expression pattern of WSSV199 in WSSV infected 

shrimps was investigated in a time course study. The 

expression pattern varied between different time intervals. 

Expression was not observed in RT-PCR analysis in 0 to 12 

h.p.i while expression was observed at 24 h.p.i. The 

expression showed an increasing trend from 24 to 72 h.p.i. 

(Figure 1). The expression pattern was compared with that 

of EF1-, whose expression remained unchanged 

throughout the time period (Figure 2). 

 

Semi quantitative analysis of PmUbc in time course 

study  

RT-PCR analysis of PmUbc showed the expression 

pattern in different time points post WSSV infection. In the 

case of PmUbc, the expression was seen to be more or less 

similar till 12 h.p.i while a sudden increase in transcript 

M
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Figure 1. WSSV 199 expression at different time points post 

infection. 
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Figure 2. EF1- expression. Lane M: 100 bp plus marker, lane  

1-7: h post injection, 0, 3, 6, 12, 24, 48 and 72 h.p.i, respectively. 
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Figure 3. Expression of PmUbc in different time points post wssv 

infection. 
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level was observed at 24 h.p.i followed by gradual decrease 

till 72 h.p.i (Figure 3). The internal control EF1- 

expression was found to be constant throughout the time 

period (Figure 4). 

 

Real time expression profiles of WSSV 199 and PmUbc 

in muscle tissue of WSSV infected shrimp 

Relative expression analysis of the PmUbc and 

WSSV199 genes at different time points post WSSV 

infection was also studied by Real Time RT-PCR using 

SYBR green chemistry. EF1- was used as the internal 

control. In Real time analysis it was observed that there was 

a tremendous increase in the expression of PmUbc at 24 

h.p.i. followed by a drastic decrease at 48 h.p.i (Figure 5). A 

change of greater than 12 fold was observed in the 

expression of PmUbc at 24 h.p.i. and then showed a gradual 

decrease. The WSSV 199 was also found to express at 24
 

h.p.i., peaked at 48 h.p.i. and shown a decline at 72 h.p.i. 

(Figure 6). A fold change of greater than 7,000 was 

observed in the expression of WSSV 199 at 24 h.p.i. The 

expression of EF1- remained same throughout the 

experimental period. Melt curve analysis of the genes 

showed a single peak for all the genes studied and 

expression levels were found to be statistically significant. 

 

DISCUSSION 

 

Four proteins of WSSV, namely WSSV199, WSSV222, 

WSSV249 and WSSV403 are known to contain RING-H2 

domains (Yang et al., 2001; Wang et al., 2005). Many RING 

finger domains simultaneously bind ubiquitination enzymes 

and their substrates and hence function as ligases. Therefore, 

it is known that viral proteins containing RING finger 

domain might play a key role in the modification of host’s 

ubiquitination pathway. Among these, WSSV222 is shown 

to mediate the degradation of a shrimp tumor suppressor as 

a viral E3 ligase (He et al., 2006). Fang and Kwang (2008) 

have reported that WSSV403 regulates the latency state of 

WSSV by virtue of its E3 ligase function. The WSSV249, 

also acting as an E3 ligase is reported to sequester the E2 

ubiquitin-conjugating enzyme in Litopenaeus vannamei 

(Wang et al., 2005). As no reports were found on the 

functional aspects of WSSV199, the present study was 

designed to check whether the WSSV199 and shrimp 

500 bp

125 bp

M 1 2 3 4 5 6 7

500 bp

125 bp

M 1 2 3 4 5 6 7

 

Figure 4. EF1- expression throughout the time period. Lane M: 

100 bp plus marker, lane 1-7: h post injection, 0, 3, 6, 12, 24, 48 

and 72 h.p.i, respectively. Figure 5. Fold changes (meanSD) in expression of PmUbc in 

real time-PCR. 

 

Figure 6. Fold changes (meanSD) in expression of WSSV 199 in real time-PCR. 
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ubiquitin conjugating enzyme gene expression profiles in 

WSSV challenged P. monodon corresponds to the 

observations made in L. vannamei with respect to 

WSSV249 and others. The expression levels of PmUbc and 

WSSV 199 was quantified by normalizing with the 

expression of EF1-. 

The PmUbc expression was observed at all the time 

points tested including the control i.e., the unchallenged 

group. The expression was almost constant till 12 h.p.i. 

while a significant increase was observed at 24 h post 

infection (h.p.i). The expression again declined from 48 to 

72 h.p.i. A similar study by Wang et al. (2005) in         

L. vannamei revealed that the expression of ubiquitin 

conjugating enzyme (PvUbC) in WSSV infected shrimp 

increases consistently with time while it shows very weak 

expression in healthy shrimp. They have suggested that 

PvUbC expression is induced by WSSV infection. However, 

the variation in the expression pattern of PmUbc in 

comparison to PvUbC as observed in the present study may 

be due to the differences at species level. Also, Wang et al. 

(2005) studied the expression pattern till 48 h.p.i while in 

the present study the expression was studied till 72 h.p.i. 

The ubiquitin conjugating enzyme expression is seen not 

only in the infected animal but also in the normal healthy 

animal. This is quite expected because ubiquitin-dependent 

proteolysis regulates protein abundance and serves as a 

central regulatory function in many biological processes 

such as cell cycle regulation, signal transduction, 

transcriptional regulation, DNA repair, inflammatory 

response, and antigen presentation in eukaryotic cells 

(Hershko et al., 1980; Haas and Rose, 1981).Time course 

expression analysis of WSSV199 at different time points in 

P. monodon post WSSV challenge revealed that the gene 

expression was maximum at 24 h.p.i and its more than 

7,000 folds when compared to 0 h.p.i. On comparison with 

the expression profile of PmUbc it can be said that the up-

regulation in PmUbc expression might be correlated with 

the expression of WSSV199 at 24 h.p.i. Subsequent 

decrease in PmUbc expression at 48 h.p.i. could be because 

the WSSV199 proteins modulate its expression for efficient 

pathogenesis. It can be speculated from the above 

observations that the host machinery tries to defend the 

viral multiplication by ubiquitin mediated protein 

degradation, which is evident with an increase in PmUbc 

expression at 24 h.p.i. However, soon after the WSSV199 

protein modulate the expression of PmUbc for viral 

pathogenesis, a decline in PmUbc expression was observed 

from 48 h.p.i onwards. This is supported by Wang et al. 

(2005) who reported that the RING-H2 protein WSSV249 

from WSSV may function as an E3 ligase by sequestering 

PvUbc for viral pathogenesis in shrimp (Wang et al., 2005). 

Many findings have shown that viral infection can up-

regulate expression of ubiquitin (Latchman et al., 1987; 

Kemp and Latchman, 1988), suggesting that the ubiquitin 

system may play a key role in the course of viral infection. 

Increasing number of RFPs (RING Finger Proteins) has 

been identified in viruses. For example, the ie2 gene of 

Autographa californica nuclear polyhedrosis virus 

(ACNPV) encodes for an RFP IE2 protein, which appears 

to block the cell cycle progression in S phase (Prikhod’ko 

and Miller, 1999). IE2 and PE38 of Bombyx mori 

Nucleopolyhedrovirus function as E3, and may 

transregulate the viral transcription and DNA replication 

(Imai et al., 2003). Recently, several plant homeodomain-

containing viral proteins have been identified as E3 

ubiquitin ligases which promote immune evasion by down 

regulating proteins that govern immune recognition 

(Coscoy and Ganem, 2003). 

Lorick et al. (1999) reported that a large number of 

RING finger-containing proteins, with otherwise diverse 

structures and functions, may play previously unappreciated 

roles in modulating protein levels via ubiquitination. In the 

presence of an E2 conjugating enzyme from shrimp, 

WSSV403 can ubiquitinate itself in vitro, indicating it can 

function as a viral E3 ligase. WSSV403 is a regulator of 

latency state of WSSV by virtue of its E3 ligase function 

(He and Kwang, 2008). 

The present study reveals novel report on the expression 

profile of WSSV199 and the expression patterns of PmUbc 

at transcript level in WSSV infected P. monodon. WSSV199 

is predicted to encode a RING H2 domain and its 

expression patterns observed in the current study reveals the 

importance of those genes in WSSV pathogenesis by virtue 

of their role as viral E3 ligase. However, further studies 

need to be undertaken to unfold the molecular mechanism 

of these virus host interactions to be able to design an 

effective therapy against this dreaded disease of shrimp. 
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