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บทคัดย่อ 

_______________________________________________________________________________________ 

 (Thai) โครงสร้างและหน้าที่ของโปรตีนชนิดใหม่ที่ตอบสนองต่อการติดเชื้อไวรัสจากกุ้งกุลาดํา              

Penaeus monodon, PmVRP15 

_______________________________________________________________________________________ 

งานวิจัย suppression subtractive hybridization library ค้นพบยีน viral responsive protein 15 

(PmVRP15) ที่มีการแสดงออกเพิ่มสูงขึ้นมากกว่า 9,000 เท่า ในเซลล์เม็ดเลือดของกุ้งกุลาดําทีต่ิดเชื้อไวรัสตัวแดง 

ดวงขาว (white spot syndrome virus, WSSV) ที่ 48 ชั่วโมง (Vatanavicharn et al., 2014) ผลการยับยั้ง 

การแสดงออกของยีน PmVRP15 ด้วยเทคนิค RNA interference พบว่า เมื่อฉีด dsRNA PmVRP15 

ส่งผลใหอ้ัตราการเพิ่มจํานวนของไวรัส ลดลง เมื่อเปรียบเทียบกับกลุ่มควบคุม จึงกล่าวได้ว่า ยีน PmVRP15 

มีผลต่อการเพิ่มจํานวนของไวรัสตัวแดงดวงขาว เมื่อวิเคราะห์การแสดงออกของโปรตีน PmVRP15 ด้วย confocal laser 

scanning microscope พบว่า โปรตีน PmVRP15 มกีารแสดงออกบริเวณนิวเคลียร์เมมเบรน ซึ่งจากการทํานาย 

โครงสร้างของโปรตีนดังกล่าว พบว่า PmVRP15 ประกอบด้วย transmembrane อยู่ 1 ส่วน เมื่อสกัดแยก 

เซลล์เม็ดเลือดของกุ้งกุลาดําที่ติดเชื้อไวรัสตัวแดงดวงขาวเป็นแต่ละส่วน (subcellular fractionation) จะพบโปรตีน 

PmVRP15 อยู่ในส่วนใสของนิวเคลียส และส่วนที่จับกับโครมาติน ดังนั้น PmVRP15 อาจเกี่ยวข้องกับการเข้าสู่นิวเคลียส 

หรือการออกจากนิวเคลียสของไวรัสตัวแดงดวงขาว เพื่อทดสอบสมมติฐานดังกล่าว จึงทําการตรวจวัดปริมาณไวรัส 

ในส่วนของนิวเคลียสและไซโทพลาสซึมในสภาวะที่ยับยั้งการแสดงออกของยีน PmVRP15 เทียบกับกลุ่มควบคุม 

ซึ่งพบว่า การยับยั้งการแสดงออกของยีน PmVRP15 ส่งผลให้จํานวนไวรัสตัวแดงดวงขาวในส่วนนิวเคลียสต่อ 

ไซโทพลาสซึมลดลงกว่ากลุ่มควบคุมถึง 9.3 เท่า จึงคาดว่า PmVRP15 น่าจะเกี่ยวข้องกับการเข้าสู่นิวเคลียส 

ของไวรัสตัวแดงดวงขาว เมือ่นํารีคอมบิแนนท์โปรตีน PmVRP15 ที่ผลิตใน Escherichia coli C43 (DE3) 

มาทําให้บริสุทธิ์ด้วยคอลัมน ์ Ni-NTA and DEAE Sepharose แล้วนําไปหา circular dichroism spectra พบว่า 

รีคอมบิแนนท์ PmVRP15 ประกอบด้วยส่วนของแอลฟาฮีลิกซฺ์ 48% และบีต้าชีท 14% การวิเคราะห์รีคอมบิแนนท์ 

PmVRP15 ด้วยเทคนิค analytical ultracentrifugation พบว่า PmVRP15 สามารถจับกันเป็นเตตระเมอร์ (tetramer) 

ที่ความเข้มข้นโปรตีน 60 µM นอกจากนี้ ได้ทําการทดลอง หาสภาวะที่เหมาะสมในการตกผลึก PmVRP15 ใน 96-well 

plate แต่ไม่พบสภาวะทีท่ําให้เกิดผลึกโปรตีนที่มกีารเลี้ยวเบนรังสีเอ็กซ์ที่ด ี

คําหลัก: Penaeus monodon, viral responsive protein 15, white spot syndrome virus, WSSV 
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Abstract 

_______________________________________________________________________________________ 

(English) Structure and Function of a Novel Responsive Protein from the Black Tiger 

Shrimp Penaeus monodon, PmVRP15 

 

A viral responsive protein 15 (PmVRP15) was previously identified from suppression 

subtractive hybridization library. PmVRP15 was highly up-regulated (> 9000 folds at 48 hours) after 

WSSV challenge (Vatanavicharn et al., 2014). Double-stranded RNAi-mediated knockdown of PmVRP15 

gene expression suggested that PmVRP15 has a crucial role in WSSV propagation in P. monodon. 

Confocal laser scanning microscopy showed that PmVRP15 localized around the nuclear membrane 

of shrimp hemocytes. Analysis of PmVRP15 sequence predicted that PmVRP15 possesses one 

transmembrane segment. Subcellular fractionation study showed that PmVRP15 was found in soluble 

nuclear and chromatin-bound fractions. As a result, PmVRP15 may function in a nucleus and involve 

in nuclear import/export of WSSV. To test this hypothesis, ratio of WSSV DNA in nuclear and 

cytoplasmic fractions of PmVRP15-silenced hemocytes was compared to that of the control. 

PmVRP15 silencing resulted in a lower ratio of WSSV copy number (9.3 fold) in nuclear and 

cytoplasmic fractions, indicating that PmVRP15 may play a role in nuclear entry of WSSV. For 

structural study, recombinant PmVRP15 was expressed in Escherichia coli C43 (DE3) and purified by 

Ni-NTA and DEAE Sepharose columns. Circular dichroism spectra showed that PmVRP15 contains 48% 

of alpha-helix and 14% of beta-sheet. Analytical ultracentrifugation study suggested that PmVRP15 

forms a tetramer at 60 µM. Crystallization screening of PmVRP15 was performed in 96-well plate 

using several crystallization screens. However, no good diffracted protein crystal was obtained. 

 

Keywords: Penaeus monodon, viral responsive protein 15, white spot syndrome virus, WSSV 
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Executive Summary 

 

(English) Structure and Function of a Novel Responsive Protein from the Black Tiger  

Shrimp Penaeus monodon, PmVRP15 

(Thai) โครงสร้างและหน้าที่ของโปรตีนชนิดใหม่ที่ตอบสนองต่อการติดเชื้อไวรัสจากกุ้งกุลาดํา              

Penaeus monodon, PmVRP15 

_______________________________________________________________________________________ 

1. Introduction to the research problem and its significance 

 Thailand is the world’s largest shrimp exporter. Each year shrimp export has brought in 80-100 

billion baht in revenue. The Thai shrimp industries are expected to grow as demand on international 

markets is rising. However, contrary to market expectations, the black tiger shrimp export volume has 

dropped dramatically since 2002. Export value of the black tiger shrimp fell down over 10 times from 

28,299.90 million baht in 2002 to 1,879.64 million baht in 2014 (http://www.oae.go.th/oae-

report/export_import/export_result.php). This reflects the fact that Thai shrimp industries have shifted 

from the black tiger shrimp Penaeus monodon to the white shrimp Litopenaeus vannamei and the 

black tiger shrimp farming is under a prominent threat of extinction. The demand of the black tiger 

shrimp in oversea markets remains high and command high price. However, its low survival rate and 

high production cost make Thai shrimp farmers switch to the white shrimp.  

 Outbreaks of shrimp viruses e.g. yellow head virus (YHV) and white spot syndrome virus 

(WSSV) cause catastrophic losses in shrimp industry. WSSV is highly infectious and white spot 

syndrome (WSS) can cause 100% mortality of farmed shrimp within a few days. Despite the fact that 

WSSV is a devastating threat to shrimp aquaculture, the mechanism of WSSV infection has not yet 

been fully understood. Suppression subtractive cDNA libraries of P. monodon have revealed a novel 

viral responsive protein, namely PmVRP15. This unknown protein was highly up-regulated in response 

to WSSV infection. PmVRP15 was highly expressed in haemocyte, gill, heart and lymphoid tissues. 

Immunofluorescence showed that PmVRP15 localized at the nuclear envelope of infected shrimp’s 

haemocytes. Double-stranded RNAi-mediated knockdown of PmVRP15 gene expression suggested that 
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PmVRP15 has a role in WSSV propagation in shrimps (Vatanavicharn et al, 2014). This work aims to 

examine roles of PmVRP15 in nuclear entry and export of WSSV and investigate the structure of 

PmVRP15. As a result, this research could gain insights into the molecular mechanism between WSSV 

and host interaction; and also promote our understanding of the virus control. 

2. Objectives 

2.1 To investigate effect of PmVRP15 gene silencing on WSSV infection in vitro 

2.2 To study localization of PmVRP15 

2.3 To study roles of PmVRP15 in nuclear import and export of WSSV 

2.4 To produce and characterize the recombinant PmVRP15 

2.5 To crystallize PmVRP15 

3. Research Methodology 

3.1 PmVRP15 mRNA expression in response to WSSV infection in shrimp hemocyte primary cell 

culture 

Primary hemocyte cultures of 106 cells per ml were treated with 400 µl of fresh L-15 culture 

medium either with or without 50 µl of the diluted WSSV solution (~15,000 viral copies/µl). 

Hemocyte cultures were then incubated at 28 °C and total RNA was extracted from the hemocytes at 

0, 6, 12, 24, 48 and 72 h post-WSSV infection using the TRI Reagent® (Molecular Research Center) 

followed by DNase I, RNase-free (Thermo scientific) treatment, and used for single-stranded cDNA 

synthesis by the First Strand cDNA Synthesis Kit (Thermo Scientific). The transcription level of target 

genes was identified by RT-PCR using an equal amount of cDNA template with gene-specific primers 

(Table 1). The Elongation factor-1 alpha (EF-1α) was used as an internal control. The PCR conditions 

consisted of 94 °C for 3 min, followed by 33 cycles (for PmVRP15) or 28 cycles (for EF-1α) cycles of 

95 °C for 30 sec, 58 °C for 30 sec and 72 °C for 30 sec, and a final extension at 72 °C for 5 min. The 

PCR products were analyzed by 1.5% (w/v) agarose gel electrophoresis and visualized using Gel 
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Documentation System (Syngene). The differential expression level of VRP15 was reported as relative 

to EF-1α. 

Table 1 Nucleotide sequences of primers for RT-PCR amplification 

Primer Sequence (5´-3´) 

ie1-FRT GACTCTACAAATCTCTTTGCCA 

ie1-RRT CTACCTTTGCACCAATTGCTAG 

VP28-FRT TCACTCTTTCGGTCGTGTCG 

VP28-RRT CCACACACAAAGGTGCCAAC 

PmVRP15-RTF CGATCACCACTCTCGTTCTT 

PmVRP15-RTR ACAGCGACTCCAAGGTCTACGA 

 

The expression level of PmVRP15 and EF-1α gene was further analyzed by quantitative real 

time RT-PCR (qRT-PCR) using specific primers as shown in Table 2. The reaction volume of 10 µl 

contained 5 µl of 2X SsoFastTM EvaGreen® Supermix (Bio-Rad), 0.5 µM of each forward and reverse 

primers, and 1 µl of 1:3 diluted cDNA template. A negative control reaction contained no cDNA 

template. The qRT-PCR was performed using the CFX96™ Real-Time PCR Detection System (Bio-Rad). 

The PCR condition was performed as follows: 95 °C for 30 sec, followed by 40 cycles of 95 °C for 5 

sec, 58 °C for 5 sec and 60 °C for 5 sec. The experiment was carried out in triplicate. The threshold 

cycle (CT) for each sample was analyzed by a mathematical model (Pfaffl, 2001). The data were 

shown as means ± standard deviations (SD). Statistical analysis was done using the one-way ANOVA 

followed by post hoc test (Duncan’s new multiple range test). Data differences were considered 

significant at P < 0.05 (*), P < 0.01 (**). 
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Table 2 Nucleotide sequences of primers for qRT-PCR amplification 

Primer Sequence (5´-3´) 

EF1-α QF GGTGCTGGACAAGCTGAAGGC 

EF1-α QR  CGTTCCGGTGATCATGTTCTTGATG    

VP28QF  GGGAACATTCAAGGTGTGGA 

VP28QR GGTGAAGGAGGAGGTGTTGG 

PmVRP15-QF CGTCCTTCAGTGCGCTTCCATA 

  PmVRP15-QR ACAGCGACTCCAAGGTCTACGA 

 

3.2 Effects of PmVRP15-silencing on WSSV infection in shrimp hemocyte primary cell culture 

The hemocyte cell cultures (106 cells per ml per well) were divided into 3 groups and 

incubated with either 50 µl of L-15 medium (Group 1) or 50 µl of L-15 medium with 20 µg/well of 

GFP dsRNA (Group 2) or 50 µl of L-15 medium with 20 µg/well of PmVRP15 dsRNA (Group 3). After 12 

h, 50 µl of L-15 medium with or without, GFP dsRNA (10 µg/well) and PmVRP15 dsRNA (10 µg/well) 

were added along with 50 µl of diluted WSSV solution (~15,000 viral copies/µl) and incubated at 27 

°C. At 24 h post-WSSV infection, hemocyte cells were harvested and total RNA was extracted from 

hemocytes using the TRI Reagent® (Molecular Research Center) followed by DNase I, RNase-free 

(Thermo scientific) treatment. Then, single-stranded cDNA was synthesized with the First Strand cDNA 

Synthesis Kit (Thermo Scientific) and cDNA was used to analyze VP28 mRNA expression by RT-PCR 

with EF-1α as an internal reference.  

The expression levels of VP28, VRP15 and EF-1α genes were analyzed by RT-PCR and qRT-

PCR as previously described in 3.1.  
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Comparative CT method was used to compare the gene expression in two different samples. 

The fold change of gene expression was calculated using following formula. 

Fold change = 2- ∆∆CT 

∆∆CT = [(CT gene of interest - CT internal control) sample A - (CT gene of     

interest - CT internal control) sample B)] 

3.3 Immunolocalization of PmVRP15 and VP28 in normal and PmVRP15-knockdown hemocytes 

infected by WSSV 

Twenty-five µl of 150 mM sodium chloride containing GFP dsRNA (5 µg/g shrimp) or PmVRP15 

dsRNA (10 µg/g shrimp) was injected into each shrimp (~10 g body weight). After 24 h, the shrimp 

were injected with 25 µl of 150 mM sodium chloride containing GFP dsRNA (5 µg/g shrimp) or 

PmVRP15 dsRNA (5 µg/g shrimp), along with 30 µl of the diluted WSSV solution (~ 4 x103 viral copies). 

At 48 h post-injection, hemolymph was immediately fixed with of 4% (w/v) paraformaldehyde in PBS, 

pH 7.4 (ratio 1:1) and incubate at RT for 10 min. Hemocytes were collected by centrifugation at 800 x 

g for 10 min and washed three times with PBS, pH 7.4, and then immersed in PBS, pH 7.4, and kept at 

4 °C until used.  

Hemocytes were attached onto a polylysine coated microscope slide (Polysine slides, 

Thermo Scientific) using cytospin centrifugation. The slide was washed by PBS for 5 min and later 

covered by 200 µl of 0.1% (v/v) Triton-X 100 in PBS for 5 min at RT to permeabilize the hemocyte 

membrane. After rinsing the slide in PBS for 5 min, it was immersed in 200 µl of blocking solution 

(10% (v/v) FBS in PBS) for 1 h at RT followed by washing in PBS. The fixed hemocytes were incubated 

with a 1:500 dilution of purified rabbit anti-PmVRP15 polyclonal antibody and 1:100 dilution of mouse 

anti-VP28 polyclonal antibody in PBS, pH 7.4, containing 1% (v/v) FBS at RT for 3 h. After PBS washing, 

the fixed hemocytes were incubated with a 1:500 dilution of Alexa Fluor 488 goat anti-rabbit IgG 

antibody (Invitrogen) and Alexa Fluor® 568 goat anti-mouse IgG antibody (Invitrogen) in PBS, pH 7.4 at 

RT for 1 h in the dark. The nucleus was then stained with a 1:1500 dilution of TO-PRO-3 iodide 

(Invitrogen) in PBS, pH 7.4, at RT for 10 min in the dark. The cover slips were then coated with 
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Prolong Gold Antifade Reagent (Invitrogen) and kept in dark at 4 °C until they were visualized under a 

confocal laser scanning microscope (Olympus). 

3.4 Protein localization of PmVRP15 by subcellular protein fractionation 

The hemocyte cell cultures were incubated with 50 µl of the diluted WSSV solution (~15,000 

viral copies/µl) and incubated at 27 °C. For 48 h post-WSSV infection, total protein was extracted 

from hemocytes using Subcellular fractionation kit for cultured cells (Thermo Scientific). Cytoplasmic, 

membrane, soluble nuclear, chromatin-bound and cytoskeletal fractions were extracted. The total 

protein concentration of each fraction was determined using BCA protein assay and 10 µg of proteins 

were loaded on to SDS-PAGE. Each fraction was probed with anti-PmVRP15 as primary antibody 

(1:1000) at 37 °C for 3 h. After washing with PBST, membrane was probed with alkaline phosphatase-

conjugated goat anti-rabbit IgG (1:10,000).  

3.5 Roles of PmVRP15 in nuclear import and export of WSSV 

The hemocyte cell cultures were divided into 2 groups and incubated with 50 µl of either 

GFP dsRNA (20 µg/well) or VRP15 dsRNA (20 µg/well). After 12 h, 50 µl of GFP dsRNA (10 µg/well) or 

VRP15 dsRNA (10 µg/well) were added, along with 50 µl of the diluted WSSV solution (~15,000 viral 

copies/µl) and incubated at 27 °C. For 24 h post-WSSV infection, the cytoplasmic and nuclear 

fractions were separated by Subcellular fractionation kit for cultured cells (Thermo Scientific) and 

total DNA was extracted from each fraction. WSSV copy number in each fraction was then 

determined by Real-time PCR using WSSV1011F/WSSV1079R primers, as described by (Durand, 2002). 

The experiment was carried out in triplicate and WSSV recombinant plasmid (known copy number) 

was used as the standard for quantification. 

To confirm that there is no cross-contamination between cytoplasmic and nuclear fractions, 

10 µg of proteins from each fraction were applied on SDS-PAGE and anti-Nuclear Pore Complex (NPC) 

antibody (1:1000) was used as a primary antibody for Western blotting. PierceTM Fast Western Blot Kit, 

SuperSignalTM West Femto was used for Western blot detection.  
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3.6 Expression of recombinant PmVRP15 in Saccharomyces cerevisiae expression system  

3.6.1 Cloning of PmVRP15 gene into pDDGFP2 vector by homologous recombination  

PmVRP15 gene was inserted into pDDGFP-2 vector, which has a GAL1 promoter and URA 

selection marker, by homologous recombination (Newstead et al, 2007). In brief, PmVRP15 gene was 

amplified with PmVRP15-F (5´-TCGACGGATTCTAGAACTAGTGGATCCC CC -3´) and PmVRP15-R (5´- 

AAATTGACCTTGAAAATATAAATTTTCCCC -3´) primers that include 5’ overhangs complementing the 

upstream and downstream sequences to either side of the Sma I site in pDDGFP-2 vector. PCR 

reaction was carried out by the following condition: an initial denaturation at 95 °C for 1 min, 

followed by 35 cycles of denaturation at 95 °C for 30 s, annealing at 60 °C for 30 s, elongation at 68 

°C for 1 min, and the final extension at 68°C for 10 min. PCR product was then mixed with Sma I-

linearized pDDGFP-2 vector and transformed into S. cerevisiae competent cells. 

3.6.2 Expression of recombinant PmVRP15 in S. cerevisiae  

A colony of S. cerevisiae carrying PmVRP15 gene was inoculated in an aerated 50-ml tube 

containing 10-ml URA medium 2.0 g/l of yeast synthetic drop-out medium without uracil and 6.7 g/l 

of yeast nitrogen base without amino acids) with 2% glucose and incubated overnight in an orbital 

shaker at 280 rpm at 30 °C. The overnight culture was diluted to an OD600 of 0.12 into a fresh 50-ml 

aerated tube, containing 10 ml-URA medium with 0.1% glucose. The cultures was incubated at 30 °C 

with 280 rpm shaking until an OD600 reached 0.6. Expression of rPmVRP15 was induced by addition of 

a final concentration of 2% (w/v) galactose. After 22 h, cells were harvested by centrifugation at         

3,000 xg for 5 min and resuspended in YSB buffer (50 mM Tris–HCl pH 7.6, 5 mM EDTA, 10% glycerol 

and 1X complete protease inhibitor cocktail tablets). Cells were then disrupted by glass beads using a 

mixer-mill disruptor, set at 30 Hz for 10 min. Supernatant (soluble proteins) and pellet (inclusion 

body proteins) were separated by centrifugation at 8,000 xg for 20 min. Expression of rPmVRP15 in 

soluble and inclusion body fractions was analyzed by 15% SDS-PAGE.	 

 



เอกสารปกป(ด ห"ามเผยแพร+ก+อนได"รับอนุญาต	

   

RSA 5580053                                                           หน้า 10                                                              กันยายน 2558 

	

3.7 Expression of recombinant PmVRP15 in Escherichia coli expression system and protein 

purification 

3.7.1 Cloning of full-length and truncated PmVRP15 gene into pGEX4T-3 vector 

Full-length and truncated PmVRP15 genes were amplified by PCR using specific primers 

(Table 3). The PCR condition was 94 °C for 3 min, followed by 30 cycles of 94 °C for 30 sec, 57 °C for 

30 sec and 72 °C for 30 sec, and a final extension at 72 °C for 5 min. PCR products were analyze by 

1.5% agarose gel. 

Table 3 Specific primers used for cloning full-length and truncated PmVRP15 into pGEX4T-3 vector 

Primer Sequence (5´-3´) 

Full-length of PmVRP15-F GCGGGCCGGATCCATGTTAACAGAGGACTTAGTAAACCTGGTGTAC 

Full-length of PmVRP15-R   CTCGAGGCGTTTATAGGAGGCGATTCT 

N-terminal part of 

PmVRP15-F    

(residue 1-112) 

GCGGGCCGGATCCATGTTAACAGAGGACTTAGTAAACCTGGTGTAC 

N-terminal part of 

PmVRP15-R 

GCGGCCGCTTATGTTGAGACGAATGGTATGGAAG 

C-terminal part of 

PmVRP15-F   

(residue 186-414) 

GGATCCTATGCTAGGGGGAAGTTCAAAAGC 

C-terminal part of 

PmVRP15-R 

CTCGAGGCGTTTATAGGAGGCGATTCT 

 

PmVRP15 fragments were ligated into pGEX4T-3 using BamH I and Not I cloning sites; and the 

recombinant plasmids were transformed into E. coli TOP10 competent cells by heat shock method. 

The sequences of full-length and truncated PmVRP15 genes were verified (Macrogen INC., South 

Korea).  
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3.7.2 Expression of full-length and truncated PmVRP15 gene in pGEX4T-3  

The PmVRP15-recombinant pGEX4T-3 was transformed into E. coli C41 (DE3), C43 (DE3) or 

BL21-CodonPlus® (DE3) competent cells by heat shock method and transformants were grown on LB 

agar containing 100 µg/ml ampicillin at 37 °C overnight. A single colony of transformed E. coli was 

grown in LB medium containing 100 µg/ml ampicillin at 37 °C overnight with agitation at 250 rpm. The 

overnight culture was diluted 1:100 in fresh LB medium supplemented with 100 µg/ml ampicillin and 

grown until an OD600 of the cultures reached 0.6. Protein expression was induced by addition of IPTG 

to final concentration of 1 mM. The cells were harvested at 1, 2, 3, 4 and 16 hour after IPTG 

induction by centrifugation at 8,000 x g for 10 min at 4 °C. Cells were then lysed by sonication for 10 

rounds at 35% amplitude, pulse on 2 sec, pulse off 3 sec for 40 sec/round. Soluble and inclusion 

body protein fractions were separated by centrifugation at 12,000 rpm for 20 min at 4 °C. Expression 

of rPmVRP15 was analyzed by 15% SDS-PAGE and Western blot.  

3.7.3 Expression of full-length PmVRP15 gene in pET22b(+) 

The PmVRP15-recombinant pET22b(+) was transformed into E. coli C43 (DE3) competent 

cells by heat shock method and transformants were grown on LB agar containing 100 µg/ml 

ampicillin at 37 °C overnight. A single colony of transformed E. coli C43 (DE3) carrying PmVRP15 

recombinant plasmid was grown in LB medium containing 100 µg/ml ampicillin at 37 °C overnight 

with agitation at 250 rpm. The overnight culture was diluted 1:100 in fresh LB medium supplemented 

with 100 µg/ml ampicillin and grown until an OD600 of the cultures reached 0.6. Protein expression 

was induced by addition of IPTG to final concentration of 1 mM. The cells were harvested at 0, 1, 2, 

3, 4, 5 and 6 hour post-induction by centrifugation at 8,000 xg for 10 min at 4 °C. The overexpression 

of recombinant PmVRP15 (rPmVRP15) was analyzed by SDS-PAGE and Western blotting. 

3.7.4 Preparation of the rPmVRP15  

The PmVRP15-recombinant pET22b(+) E. coli was grown in LB medium containing 100 µg/ml 

ampicillin at 37 °C overnight with agitation at 250 rpm. The culture was diluted 1:100 in fresh LB 

medium supplemented with 100 µg/ml ampicillin and grown until an OD600 of the cultures reached 
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0.6. Cells were harvested at 1 h post-induction by centrifugation at 8,000 xg for 10 min at 4 °C and 

resuspended in 50 mM Tris-HCl buffer, pH 7.0 containing complete Protease inhibitor cocktail tablets 

(Roche). Cells were disrupted by sonication and the supernatant was collected by centrifugation at 

8,000 xg, 4 °C for 20 min. Membrane fraction was obtained by centrifugation at 100,000 xg, 4 °C for 1 

h and homogenized in 50 mM Tris-HCl buffer, pH 7.  

3.7.5 Purification of rPmVRP15 by Nikel-nitrilotriacetic acid (Ni-NTA) SepharoseTM 6 Fast 

Flow  

Membrane-bound proteins were solubilized in solubilizing buffer (50 mM Tris-HCl, pH 7, 20 

mM Imidazole, 300 mM NaCl, 20% glycerol and 1% n-decyl-ß-d-maltopyranoside, DM) at 4 °C 

overnight. Recombinant PmVRP15 was purified using Ni-NTA SepharoseTM 6 Fast Flow (GE Healthcare). 

Crude proteins were incubated with Ni-NTA SepharoseTM 6 FF bead in binding buffer (50 mM Tris-HCl, 

pH 7, 20 mM Imidazole, 10% glycerol and 0.1% DM) and then, non-specific proteins were removed by 

wash buffer (50 mM Tris-HCl, pH 7, 50 mM Imidazole, 5% glycerol and 0.1% DM). The rPmVRP15 

protein was eluted with elution buffer (50 mM Tris-HCl, pH 7, 300 mM Imidazole, 5% glycerol and 

0.1% DM). The purity of rPmVRP15 was analyzed by 15% SDS-PAGE.  

The partial purified rPmVRP15 protein was applied onto HiTrap DEAE Fast Flow (GE 

Healthcare), equilibrated in binding buffer (20 mM Tris-HCl, pH 7, 20 mM NaCl, 10% glycerol and 0.1% 

DM). Non-specific proteins were removed by wash buffer (20 mM Tris-HCl, pH 7, 20 mM NaCl, 5% 

glycerol and 0.1% DM). The rPmVRP15 protein was eluted with elution buffer (20 mM Tris-HCl, pH 7, 

150 mM NaCl, 5% glycerol and 0.1% DM). The purified rPmVRP15 was analyzed by 15% SDS-PAGE and 

Western blotting; and protein concentration was determined by Pierce® BCA Protein Assay Kit 

(Thermo scientific).  
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3.8 Molecular characterization of rPmVRP15  

 3.8.1. MALDI-TOF Mass spectrometry (MALDI-TOF MS) 

To determine the molecular weights of rPmVRP15, purified rPmVRP15 was sent to Mahidol 

University for MALDI-TOF MS analysis. 

 3.8.2 Circular Dichroism (CD) spectroscopy  

Secondary structure of purified rPmVRP15 was analyzed by circular dichroism (CD) 

spectroscopy using JASCO J-715 CD Spectropolarimeter with temperature controller and a 1 mm 

optical cuvette. The (+)-10-camphorsulfonic acid (CSA) was used as calibration standard before 

measuring CD spectrum. Spectra were recorded between 180-320 nm using a bandwidth of 2 nm and 

a response time of 2 sec with 50 mm/min scanning speed. Each spectrum was the average of three 

scans and background was subtracted with the spectrum of 10 mM Phosphate buffer pH 7.0 (blank). 

The CD spectra of purified rPmVRP15 (0.42 mg/ml) were analyzed using K2D3 (Louis-Jeune et al, 

2011).   

 3.8.3 Size-exclusion chromatography  

 Size-exclusion chromatography (SEC) was performed to analyze protein aggregates. Superdex 

200 column (GE Healthcare) was equilibrated with 10 mM Tris-HCl, pH 7.5 and 150 mM NaCl buffer 

with or without 0.087% DM. Purified rPmVRP15 was applied onto column in buffers with and without 

0.087% DM. A protein standard mix (Bio-RAD) of thyroglobin (670 kDa), γ-globulin (158 kDa), 

ovalbumin (44 kDa), myoglobin (17 kDa) and vitamin B12 (1,350 Da) was used in this experiment.  

3.8.4 Analytical ultracentrifugation 

 Size distribution of rPmVRP15 was analyzed by analytical ultracentrifugation (AUC). 

Sedimentation velocity experiments were performed on an Optima XL-A analytical ultracentrifuge 

(Beckman Instruments) with an An-60 Ti rotor. Purified PmVRP15 of 60 µM was dissolved in 10 mM 

Tris-HCl, pH 7.5, 100 mM NaCl and 0.03% n-dodecyl β-D maltoside (DDM). The sample and reference 
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buffer were injected into each side of a double-sector centerpiece and centrifuged at 20,000 rpm at 

20 °C for 16.5 h. The spectrum was monitored continuously using a time interval of 600 s per scan. 

The dataset from these multiple scans at 280 nm at different time intervals were then fitted to a 

continuous c(s) distribution model using the SEDFIT program (Brown & Schuck, 2006; Schuck, 2000). 

The partial-specific volume of PmVRP15 was calculated to be 0.73 ml/g, based on the solvent density 

of 1.035 g/ml and the viscosity of 1.83 cP 

3.9 Crystallization of rPmVRP15 

In this study, Crystal Screen 1, 2TM, PEG/Ion 1, 2 TM, IndexTM, MembFacTM (Hampton Research), 

JCSG Core I, II, III, IV Suits, PACT Suits (Qiagen) were used. Drops of protein and reservoir solution were 

set up at the ratio of 1:1 in 96-well crystallization plate using sitting drop vapor diffusion method. 

Crystallization plates were incubated at 18 ºC and observed weekly thereafter for three months. 

Crystals obtained from 96-well plate were cryo-protected and frozen in liquid nitrogen before testing 

the diffraction of a crystal at BL13B1 of the National Synchrotron Radiation Research Center (NSRRC, 

Taiwan). Recombinant PmVRP15 was also treated with alkylating reagent and dimethylamine borane 

complex in order to modify lysine residues, prior to crystallization trials. 

4. Results 

4.1 Expression of PmVRP15 in unchallenged- and WSSV-challenged P. monodon primary 

hemocyte cultures 

 PmVRP15 expression in unchallenged and WSSV-challenged P. monodon primary hemocyte 

cultures was examined by RT-PCR. Clearly, PmVRP15 transcripts were apparently increased after 12 h 

post-WSSV infection onwards (Figure 1).  
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Figure 1 PmVRP15 mRNA levels in response to WSSV infection. Relative expression ratios of PmVRP15 

transcript levels was determined in WSSV-infected P. monodon hemocytes by RT-PCR, compared to 

control (non-infected) shrimp and standardized against elongation factor-1 alpha (EF-1α) as an 

internal reference, at 0, 6, 12, 24, 48 and 72 h post-WSSV infection.  

Real-time RT-PCR confirmed that PmVRP15 mRNA expression was up-regulated by 2.6, 3.6, 

6.7 and 4.1 fold at 12, 24, 48 and 72 h post-WSSV infection, respectively (Figure 2). These results 

indicated that PmVRP15 was highly expressed in P. monodon primary hemocyte cultures in response 

to WSSV infection. 
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Figure 2 Up-regulation of PmVRP15 mRNA in response to WSSV infection. Relative expression ratios of 

PmVRP15 transcript levels was determined in WSSV-infected P. monodon hemocytes by real time RT-

PCR, compared to control (non-infected) shrimp and standardized against elongation factor-1 alpha 

(EF-1 alpha) as the internal reference, at 0, 6, 12, 24, 48 and 72 h post-WSSV infection. The statistical 

significance of the data was evaluated using one-way ANOVA followed by post hoc test (Duncan’s 

new multiple range test). Data differences were considered significant at P < 0.01. 

4.2 In vitro double strand RNA-mediated knockdown of PmVRP15 gene expression resulted in 

reduction of WSSV propagation  

In this study, RNA interference (RNAi) technique was used to knockdown PmVRP15 transcript 

in order to investigate the function of PmVRP15. Primary hemocyte cell cultures were treated with 

either PmVRP15 dsRNA or GFP dsRNA (control) prior to WSSV infection. After 24 h, expressions of 

PmVRP15, VP28 and EF-1α (an internal reference) were analyzed by RT-PCR (Figure 3). This result 

showed that knockdown of PmVRP15 gene resulted in the reduction of VP28 transcripts. 

 

 



เอกสารปกป(ด ห"ามเผยแพร+ก+อนได"รับอนุญาต	

   

RSA 5580053                                                           หน้า 17                                                              กันยายน 2558 

	

 

Figure 3 Silencing of PmVRP15 expression in WSSV-infected P. monodon hemocytes resulted in the 

reduction of VP28 gene expression. RT-PCR analysis of VP28 and PmVRP15 gene of hemocytes shrimp 

primary cell culture at 24 hour post WSSV injection.  

Quantitative Real-time RT-PCR confirmed that VP28 expression level decreased by 

approximately 4.17 fold (84%) at 24 h post WSSV-infection compared to that of the control (Figure 4). 

This result suggested that PmVRP15 is important for WSSV propagation in P. monodon hemocytes. 

 

Figure 4 Silencing of VRP15 mRNA in response to WSSV propagation. Relative expression ratios of 

VP28 transcription level was determined in WSSV-infected P. monodon hemocytes by real time RT-

PCR, compared to control (normal WSSV-infected shrimp hemocytes) and standardized against 

elongation factor-1 alpha (EF-1 alpha) as an internal reference, at 24 h post-WSSV infection. The data 

represent the mean (+ 1 SD) relative expression of VP28, derived from three independent 

experiments. Means with an asterisk are significantly different (P < 0.01). 
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4.3 Immunolocalization of PmVRP15 and VP28 in normal and PmVRP15-knockdown hemocytes 

infected by WSSV 

PmVRP15 and VP28 in PmVRP15-silenced and GFP-silenced hemocytes at 48 h post-WSSV 

infection was examined by confocal laser scanning microscopy using the antibodies specific to 

PmVRP15 and VP28 coupled with different fluorescene-conjugated secondary antibodies. PmVRP15 

(in green color) was observed in all three types of hemocytes, including granular cells (GC) semi-

granular cells (SGC) and hyaline cells (HC), at 48 h post-WSSV infection (Figure 5). PmVRP15 protein 

was located at the edge of nucleus, or possible at the nuclear membrane of the cell. Hemocytes of 

knPmVRP15 showed lower amounts VP28 than those of knGFP cells. This indicated that knockdown 

of PmVRP15 reduced WSSV propagation. 

It is worth noting that the green fluorescent signal of PmVRP15 was still observed in 

PmVRP15-silenced hemocytes; however, the intensity of the signal was lower than that observed in 

the control (GFP-silenced hemocytes). This indicated PmVRP15 was not completely silenced at 48 

hpi, the time point at which PmVRP15 was expressed at the highest level (Figure 2). 
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Figure 5 Immunolocalization of PmVRP15 and VP28 in PmVRP15-silenced and GFP-silenced 

hemocytes at 48 h post-WSSV infection. Rabbit anti-rPmVRP14 and mouse anti-VP28 primary 

antibodies were detected with corresponding Alexa488 and Alexa568 secondary antibodies, showing 
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PmVRP15 (green color) and VP28 (red color), respectively. TO-PRO-3 iodide was used for nuclei 

staining and color was adjusted to blue. The GC, SGC and HC are granular, semigranular and hyaline 

cells, respectively. BFs are bright field images. The scale bar corresponds to 5 µm. Images are 

representative of 3 fields of view per sample. 

4.4 Protein localization of PmVRP15 by subcellular protein fractionation 

Cytoplasmic, membrane, soluble nuclear, chromatin-bound and cytoskeletal fractions were 

extracted from WSSV-infected hemocyte cultures using subcellular fractionation kit. Figure 6 showed 

that PmVRP15 protein was found in soluble nuclear, and chromatin-bound fractions. This indicated 

that PmVRP15 is a nuclear localized protein. 

 

 

Figure 6 Western blotting analysis of the PmVRP15 protein in WSSV-infected hemocytes. Lane M is a 

protein marker. Lane 1-5 are cytoplasmic, membrane, soluble nuclear, chromatin-bound and 

cytoskeletal fraction, respectively.  
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4.5 Roles of PmVRP15 in nuclear import and export of WSSV 

The silencing of PmVRP15 in WSSV-infected hemocytes was performed in order to identify a 

possible role of PmVRP15 in nuclear entry or exit of WSSV. First, silencing of PmVRP15 by VRP15 

dsRNA treatment was confirmed by Western blotting using ß-actin as an internal control. ß-actin (43 

kDa) was found in both GFP dsRNA- and VRP15 dsRNA treated hemocyte lysates of similar amount, 

while PmVRP15 (15 kDa) was found only in GFP dsRNA treated hemocytes, but not PmVRP15 VRP15 

dsRNA treated cells (Figure 7). This indicated that VRP15 dsRNA injection successfully suppressed 

PmVRP15 expression. 

 

Figure 7 RNAi-mediated suppression of PmVRP15 (VRP15 dsRNA) resulted in a reduction of protein 

level. GFP dsRNA was used as a control.  

Next, cytoplasmic and nuclear fractions were extracted from WSSV-infected GFP- or PmVRP15 

knockdown hemocyte cells and subjected to quantification of WSSV copy number in each fraction. 

Western blotting using Nuclear Pore Complex (NPC) antibody as primary antibody was performed in 

order to confirm there was no cross-contamination between cytoplasmic and nuclear fractions (Figure 

8). Apparently, NPC was detected in nuclear fractions of PmVRP15-silenced and GFP-silenced 

hemocytes only. 
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Figure 8 Western blot analysis of cytoplasmic and nuclear fractions of WSSV-infected PmVRP15-

silenced and GFP-silenced hemocytes using Pierce® Fast Western Blot Kit, SuperSignal® West Femto 

kit. NPC protein was detected using anti-NPC (Abcam) as primary antibody and Fast Western Mouse 

Optimized HRP Reagent, Femto as secondary antibody, respectively. X-ray film was developed to 

observed the signals. Lane 1 is nuclear fractions of WSSV-infected GFP-silenced. Lane 2 is nuclear 

fractions of WSSV-infected PmVRP15-silenced. Lane 3 is cytoplasmic fractions of WSSV-infected GFP-

silenced. Lane 4 is cytoplasmic fractions of WSSV-infected GFP-silenced. 

Table 4 shows the ratio of WSSV DNA in nuclear to cytoplasmic fractions of PmVRP15 dsRNA 

and GFP dsRNA samples. The experiment was carried out in triplicate and EF-1α was used for 

normalization of WSSV DNA quantification. The result showed that the ratio of DNA virus (WSSV) in 

nucleus to cytoplasmic fraction of PmVRP15-silenced was lower than that of control (GFP-silenced 

hemocytes) by 9.28 fold. This suggested that PmVRP15 plays a role in nuclear entry of WSSV.  
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Table 4 The ratio of WSSV copy number of PmVRP15 silencing in nucleus/cytoplasm compare to 

control (GFP-silenced hemocytes) 

Sample 
WSSV in 

Cytoplasm 

WSSV in 

Nucleus 

Average 

(Nucleus) 

Ratio of WSSV in 

Nucleus/Cytoplasm 
Means Fold 

knGFP 3.83E-03 3.92E-02 3.82E-02 9.97E+00 1.11E+01 

9.28E+00 

 2.95E-03 3.49E-02  1.29E+01  

 3.64E-03 4.04E-02  1.05E+01  

knVRP15 1.60E-02 2.72E-02 1.88E-02 1.17E+00 1.20E+00 

 1.47E-02 1.28E-02  1.27E+00  

 1.63E-02 1.62E-02  1.15E+00  

 

4.6 Expression	of	rPmVRP15	protein	in	S.	cerevisiae 

 PmVRP15 gene was successfully amplified and subcloned into pDDGFP-2 vector (data not 

shown). Expression of rPmVRP15 in S. cerevisiae (FGY217) was induced by 2% (w/v) galactose at 30 °C 

for 22 h. Soluble and inclusion body protein fractions were analyzed by 15% SDS-PAGE (Figure 9). 

Apparently, no major protein band of 15 kDa was observed in any fractions of the induced sample. 

This indicated that rPmVRP15 was not expressed in this condition. 
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Figure 9 Protein expression of rPmVRP15 in S.cerevisiae (FGY217). 0S; soluble protein at 0 h post-

galactose induction, 0P; pellet or inclusion bodies protein at 0 h post-galactose induction, 22S; 

soluble protein at 22 h post-galactose induction, 22P; pellet or inclusion bodies protein at 22 h post-

galactose induction. 

4.7 Cloning and expression of full-length and truncated PmVRP15 gene in pGEX4T-3 

Full-length and truncated PmVRP15 genes were amplified by PCR from cDNA using specific 

primers as shown in Table 3. PCR products of full-length and truncated PmVRP15 genes were 

analyzed by 1.5% (w/v) agarose gel electrophoresis (Figure 10). Estimated sizes of PCR products of 

full-length, N-terminal truncated and C-terminal truncated of PmVRP15 are 414 bp, 112 bp and 229 

bp, respectively. 
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Figure 10 PCR products of full-length, N-terminal truncated and C-terminal truncated of PmVRP15. 

Lane 1 is a full-length PmVRP15 gene. Lane 2 is an N-terminal truncated PmVRP15 gene. Lane 3 is a              

C-terminal truncated PmVRP15 gene.  

In Figure 11, full-length PmVRP15-GST fusion protein was expressed mostly in inclusion 

bodies in E. coli C41 (DE3) and C43 (DE3). Similarly, N-terminal truncated PmVRP15 was expressed in 

E. coli C41 (DE3) and C43 (DE3) in inclusion bodies (Figure 12). This indicated that removal of 

predicted transmembrane helix of PmVRP15 did not increase protein solubility. C-terminal truncated 

PmVRP15 was expressed in E. coli BL21-CodonPlus® (DE3) at 37°C and 16°C.  C-terminal truncated 

PmVRP15-GST fusion protein was expressed mostly in inclusion bodies at both temperatures (Figure 

13). It is likely that expression of C-terminal truncated PmVRP15-GST fusion protein at lower 

temperature did not improve protein solubility.  
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Figure 11 Western blotting analysis of full-length PmVRP15-recombinant pGEX4T-3. The recombinant 

protein was expressed in E. coli C41 (DE3) (A) and E. coli C43 (DE3) (B) at 0 h, 1 h, 3 h and 5 h after 

induction by IPTG at 37°C (S; soluble fraction, P; pellet or inclusion bodies protein fraction). An arrow 

indicates full-length PmVRP15-GST fusion protein. 

	

	

 

Figure 12 Western blotting analysis of N-terminal truncated PmVRP15-recombinant pGEX4T-3. The 

recombinant protein was expressed in E. coli C41 (DE3) (A) and E. coli C43 (DE3) (B) at 0 h, 1 h , 3 h 

and 5 h after induction by IPTG at 37°C (S; soluble fraction, P; pellet or inclusion bodies protein 

fraction). An arrow indicates N-terminal truncated PmVRP15-GST fusion protein.  
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Figure 13 Western blotting analysis of C-terminal truncated PmVRP15-recombinant pGEX4T-3. The 

recombinant protein was expressed in E. coli BL21-CodonPlus® (DE3) at 37 °C (A) and  16 °C (B) at 0 h, 

1 h, 3 h and 5 h after induction by IPTG (S; soluble fraction, P; pellet or inclusion bodies protein 

fraction). An arrow indicates C-terminal truncated PmVRP15-GST fusion protein.  

4.8 Expression of full-length PmVRP15 gene in pET22b(+) 

Expression of full-length PmVRP15 gene in pET22b(+) was carried out in the E. coli C43 (DE3) 

at 37 °C. The result showed that rPmVRP15 was expressed at 1-3 h post-IPTG induction and expressed 

in the highest level at 2 h post-IPTG induction (Figure 14). Noticeably, no rPmVRP15 band was 

observed on Western blot membrane after 3 h post-IPTG induction. This may indicate that rPmVRP15 

was a toxic protein or it was unstable.  

 

Figure 14 Expression of rPmVRP15 in E. coli C43 (DE3) analyzed by coomassie brilliant blue staining 

(A) and Western blotting (B). The rPmVRP15 was expressed in E. coli C43 (DE3) and induced with 1 

mM IPTG for 0, 1, 2, 3, 4, 5 and 6 hour. Lane M is the protein marker. 
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For 1 h induction, rPmVRP15 was found in both soluble and inclusion body protein fractions 

(Figure 15). However, rPmVRP15 was expressed only in inclusion bodies for 2 h and 3 h post IPTG-

induction.   

 

 

Figure 15 Coomassie brilliant blue staining (upper panel) and Western blotting (lower panel) of 

rPmVRP15 in E. coli C43 (DE3). (S; soluble fraction, P; pellet or inclusion bodies protein fraction). 

4.9 Purification of rPmVRP15 

 Recombinant PmVRP15 was purified by Ni-NTA SepharoseTM 6 Fast Flow and HiTrap DEAE 

Fast Flow (GE Healthcare) as described in Research Methodology section. Purified rPmVRP15 was 

analyzed by 15% SDS-PAGE and Western blotting (Figure 16). The protein band of 15 kDa was 

identified as rPmVRP15 using anti-His antibody. 
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Figure 16 15% SDS-PAGE of purified rPmVRP15 by coomassie brilliant blue staining (A) and Western 

blotting (B). 

4.10 Molecular characterization of rPmVRP15 

 4.10.1 MALDI-TOF Mass spectrometry 

 MALDI-TOF MS analysis showed that the molecular mass of rPmVRP15 was 15,899.9 Da 

(Figure 17). 

 

 
Figure 17 MALDI-TOF MS analysis of rPmVRP15.  
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4.10.2 Circular Dichroism (CD) spectroscopy 

Figure 18 showed CD spectrum of rPmVRP15. The amount of secondary structures (α-helix 

and β-strand) of rPmVRP15 was estimated by analyzing the CD spectrum using K2D3 software. The 

result showed that rPmVRP15 contained 48.45% α-helix and 13.57% β-strand. 

 

Figure 18 CD spectrum of rPmVRP15. The major secondary structure type of rPmVRP15 is α-helix. 

4.10.3 Size-exclusion chromatography (SEC) 

Size-exclusion chromatography (SEC) was performed to monitor protein aggregation. 

Superdex 200 column (GE Healthcare) was equilibrated with 10 mM Tris-HCl, pH 7.5 and 150 mM NaCl 

buffer with or without 0.087% DM. A protein standard mix and purified rPmVRP15 was then applied 

onto the column. Figure 19 showed that rPmVRP15 was aggregated in equilibration buffer without DM 

as the protein came out in early fractions (left panel). In contrast, rPmVRP15 seemed to be soluble in 

equilibration buffer with DM (right panel). This suggested that it is necessary to include detergent in 

buffer to maintain rPmVRP15 solubility. 
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Figure 19 SEC chromatograms of rPmVRP15 analyzed using Superdex 200 column. A protein standard 

mix contains thyroglobin (670 kDa), γ-globulin (158 kDa), ovalbumin (44 kDa), myoglobin (17 kDa) and 

vitamin B12 (1,350 Da). 

 4.10.4 Analytical Ultracentrifugation (AUC) 

Ultracentrifuge sedimentation-velocity analysis of purified PmVRP15 (60 µM) in 10 mM Tris-

HCl, pH 7.5, 100 mM NaCl and 0.03% n-dodecyl β-D maltoside (DDM) showed a major peak of 172 

kDa (Figure 20). Assuming that molar mass of rPmVRP15 bound to detergent was 39.5 kDa, a major 

peak of 172 kDa was corresponding to tetramer. This result indicated that PmVRP15 at 60 µM could 

possibly form a tetramer. 
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Figure 20 Ultracentrifuge sedimentation-velocity analysis of rPmVRP15. The molar mass distribution 

curve obtained from the experiment shows a major peak of 172 kDa. 

4.11 Crystallization of rPmVRP15 

In this study, Crystal Screen 1, 2TM, PEG/Ion 1, 2 TM, IndexTM, MembFacTM (Hampton Research), 

JCSG Core I, II, III, IV Suits, PACT Suits (Qiagen) were used to screen for crystallization conditions of 

rPmVRP15. Some crystals appeared in 96-well crystallization plates and were tested for X-ray 

diffraction (Figure 21A). However, no well-diffracted protein crystal was found (Figure 21B).  

Reductive methylation of free amino groups is an efficient method for improving/obtaining 

crystals. Generally, methylated proteins retain their biochemical function (Kobayashi et al, 1999; 

Rypniewski et al, 1993). In this work, rPmVRP15 was treated with alkylating reagent and 

dimethylamine borane complex in order to modify lysine residues (Rayment, 1997). Then, methylated 

rPmVRP15 was used for crystallization trials using Crystal Screen 1, 2TM, IndexTM, and MembFacTM 

(Hampton Research). Unfortunately, no protein crystal was obtained. 
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Figure 21 Crystals appeared in 96-well plate (A) and their diffraction patterns (B) 

5. Discussion 

In primary hemocyte cultures, PmVRP15 was up-regulated from 12 h after WSSV infection 

onwards (Figure 2). PmVRP15 transcripts increased by about 2.6, 3.6, 6.7 and 4.1 fold at 12, 24, 48 and 

72 h post-WSSV infection, respectively. The highest level of PmVRP15 expression in primary hemocyte 

cell cultures was observed at 48 h after WSSV infection, which is in agreement with In vivo study 

(Vatanavicharn et al, 2014). Knockdown of PmVRP15 in vitro prior to WSSV infection also caused a 

reduction of VP28 transcripts by 4.17 fold (Figure 4). This result suggested that PmVRP15 is important 

for WSSV propagation in P. monodon hemocytes.  
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Confocal laser scanning microscopy revealed that PmVRP15 protein was expressed in all 

three types of hemocytes, including granular (GC), semigranular (SGC) and hyaline cells (HC), at 48 h 

post WSSV infection (Figure 5). The expression of PmVRP15 protein was located at the edge of 

nucleus, or possible at the nuclear membrane of the cell. Hemocytes of knPmVRP15 showed lower 

amounts VP28 than those of knGFP cells. This indicated that knockdown of PmVRP15 reduced WSSV 

propagation. 

Subcellular protein fractionation demonstrated that PmVRP15 was found in soluble nucleus 

and chromatin-bound fractions (Figure 6). This implied that PmVRP15 is a nuclear localized protein. 

Protein-structural analysis predicted that PmVRP15 contained a transmembrane helix of 23 amino 

acids (TMHMM Server v. 2.0) (Krogh et al, 2001). Thus, this transmembrane helix may be important for 

nuclear membrane binding. 

Viral envelopes are frequently structural components of the virus that mediate the crucial 

tasks of receptor recognition and membrane fusion. Fusion of viral envelope with the host's 

membrane allows the capsid and viral genome to enter host cells and initiate viral replication. Viruses 

that replicate in the nucleus of host cells transfer their genomes through the nuclear pore complex 

(NPC) into the nucleus. The strategies to target the NPC differ among viruses but invariably involve 

specific pathways of signaling, endocytosis, access to the cytosol and cytoplasmic transport (Greber, 

2002; Meier & Greber, 2003; Ploubidou & Way, 2001; Poranen et al, 2002; Sodeik, 2000). Nuclear 

import of incoming viral genomes also depends on viral uncoating and in some cases involves an 

increase of capsid affinity for the NPC (Greber et al, 1994; Whittaker, 2000).  

The final steps in the assembly of enveloped viruses occur in the context of a cellular 

membrane when the nascent particle undergoes a budding reaction that simultaneously generates 

the viral envelope and releases the free virion. The cellular membrane can be the plasma 

membrane, leading to virus release directly to the extracellular space, or an intracellular membrane 

(e.g. the ER, golgi apparatus or endosomal system), in which case the virions are delivered into 

intracellular vacuoles. In addition, certain viruses and viruslike particles (VLPs) undergo engenous 

replication and can shuttle their genomes in and out of the nucleus without going through a 
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complete virus assembly process from which they are released to the extracellular space by a 

secretory-type mechanism. 

It has been reported that WSSV mainly occur in the nuclei of infected lymphoid cells (Wang 

et al, 2000). The GCs and SGCs were found in hemolymph as the targets for WSSV infection by a TEM 

study. However, clusters of developing virions and mature virions were only found in the nucleus of 

SGCs. Even the morphogenesis of WSSV in the infected nucleus of heavily infected SGCs was 

observed. The nucleus was filled with many empty premature nucleocapsids, most of which were 

surrounded loosely with an envelope, with both the shell and envelope open at the same end 

(Wang et al, 2002). Moreover, propagation of WSSV was investigated in primary ovarian cultures from 

the kuruma shrimp Marsupenaeus japonicas (Maeda et al, 2004). Electron microscope observations 

clearly showed that the replication of WSSV occurred in nuclei of ovarian cells. Based on these 

evidences, WSSV replication and assembly within the nucleus are crucial step in WSSV propagation. It 

was reported that VP35 (nucleocapsid protein of WSSV) contained a nuclear translocation signal 

which mediate the viral DNA to nucleus of WSSV-infected insect cells for viral replication (Chen et al, 

2002). It is possible that WSSV uses PmVRP15 for enter or exit from the nucleus. It is common for a 

virus to use the host machinery for its advantage. For example, PmRab7 is used in sorting and 

endocytic trafficking of virus in the host cells (Sritunyalucksana et al, 2006).  

PmVRP15 may involve in nuclear import/export of WSSV. To test this hypothesis, ratio of 

WSSV DNA in nuclear and cytoplasmic fractions of normal and PmVRP15-silenced hemocytes were 

compared. Knockdown of PmVRP15 resulted in a lower ratio of WSSV copy number in nuclear to 

cytoplasmic fractions by 9.3 fold, comparison to that of control (Table 4), indicating that PmVRP15 

may involve in nuclear entry of WSSV. 

For structural study, a large quantity of purified protein is in need. As a result, rPmVRP15 

expression was tested in both S. cerevisiae and E. coli system. PmVRP15 gene was successfully 

cloned and transformed into S. cerevisiae (FGY217). Expression of rPmVRP15 was induced by addition 

of 20% galactose (final concentration of 2%) for 22 h. However, no major band of protein of 15 kDa 
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(expected size of rPmVRP15) was detected by SDS-PAGE (Figure 9). This indicates that this S. 

cerevisiae system was not suitable for rPmVRP15 production.  

Since a protein with transmembrane helice domain may hinder protein crystallization, 

soluble parts of PmVRP15 were cloned and expressed in E. coli C43 (DE3). N-terminal truncated 

PmVRP15 contained residue 1-112, while C-terminal truncated PmVRP15 consisted of residue 186-414. 

Western blot analysis showed that both truncated PmVRP15 proteins were expressed in inclusion 

bodies at 37 °C (Figure 12 and Figure 13). Although IPTG induction was carried out at 16 °C, C-terminal 

truncated PmVRP15 was found in inclusion bodies (Figure 13). This indicated that protein expression 

at low temperature did not help increase truncated PmVRP15 solubility. Since the truncated 

PmVRP15 proteins cannot be expressed in soluble form, we then focused on working with full-length 

rPmVRP15. 

Full-length rPmVRP15 was expressed in E. coli C43 (DE3). The result showed that rPmVRP15 

was expressed at 1-3 h after IPTG induction and expressed in the highest level at 2 h post-IPTG 

induction (Figure 14 and Figure 15). No PmVRP15 band was found after 3 h induction. This suggested 

that PmVRP15 may be a toxic protein or an unstable protein. In this research, DM (n-decyl-ß-D-

maltopyranoside) was used to solubilize rPmVRP15 to ensure it folded correctly. Membrane protein 

can be solubilize with DM detergent to study their structure and function. Proteins bound to cell 

membranes have hydrophobic sites buried within the phospholipid bilayers and hydrophilic sites 

facing toward the water layer. This detergent can interact with the hydrophobic sites of proteins 

which are then solubilized in the water layer. Moreover, DM detergent does not interfere the 

bioactivities of target proteins, denature or inactivate target proteins (Prive, 2007). In this study, 

rPmVRP15 was purified by two steps; Ni-NTA SepharoseTM 6 FF and HiTrap DEAE FF columns, in order 

to obtain fairly pure protein (Figure 16). Molecular mass of purified rPmVRP15 was determined by 

MALDI-TOF MS. Recombinant PmVRP15 has a molecular mass of 15,899.9 Da (Figure 17), which is 

similar to the calculated molecular mass. 

CD spectra of rPmVRP15 revealed that the major secondary structure type of rPmVRP15 was 

alpha-helix, compared to standard protein which known secondary structure. The predicted 
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secondary structure percentage of rPmVRP15 was 48.45% α-helix and 13.57% ß-strand (Figure 18). 

Helices are common the most common motif in membrane proteins (Cohen & Parry, 1990) and many 

groups of membrane proteins have alpha-helical secondary structure (Dieckmann & DeGrado, 1997). 

The fact that purified PmVRP15 adopted secondary structure indicated that the purification procedure 

used in this study did not destroy protein secondary structure. 

SEC revealed that DM detergent is essential for PmVRP15 solubility (Figure 19). PmVRP15 was 

aggregated in buffer without DM. This may due to high proportion of alpha-helical secondary 

structure in PmVRP15. AUC analysis revealed that PmVRP15 at 60 µM concentration could possibly 

form a tetramer (Figure 20).  

Protein crystallography can be used to generate atomic resolution structures of protein 

molecules. In this study, Crystal Screen 1, 2TM, PEG/Ion 1, 2 TM, IndexTM, MembFacTM (Hampton 

Research), JCSG Core I, II, III, IV Suits, PACT Suits (Qiagen) were used to screen for crystallization 

conditions of rPmVRP15. Some crystals appeared in 96-well crystallization plates and were tested for 

X-ray diffraction (Figure 21). However, no well-diffracted protein crystal was found. This may be 

caused by several factors including small crystals, disorder crystals and influence of detergents. Poor 

diffraction could be indicative of detergent-mediated crystal contacts. 

Reductive alkylation of lysine residues could improve protein crystallization (Kim et al, 2008; 

Rayment, 1997). However, this did not improve rPmVRP15 crystallization. Further crystallization trials 

should be done using a complex of rPmVRP15 with its partner protein. In addition, other detergents 

may be used in protein crystallization. 

6. Conclusions 

In primary hemocyte cultures, the highest PmVRP15 mRNA expression was observed at 48 h 

post-WSSV infection. Quantitative Real Time RT-PCR showed that silencing of PmVRP15 gene resulted 

in a reduction of WSSV replication. Confocal laser scanning microscopy revealed that PmVRP15 

localized at nuclear membrane of all cell types (GCs, SGCs and HCs). In addition, knPmVRP15 

hemocytes had lower amounts of VP28, compared to knGFP hemocytes. These results indicated that 
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PmVRP15 is essential for WSSV propagation. Nuclear import/export experiment suggested that 

PmVRP15 may be involved in nuclear entry of WSSV. Recombinant PmVRP15 was successfully 

expressed in E. coli C43 (DE3) and purified by Ni-NTA and DEAE-FFTM sepharose columns. CD spectrum 

analysis demonstrated that rPmVRP15 protein contains 48.45% α-helix and 13.57% ß-sheet. AUC 

analysis suggested that PmVRP15 at 60 µM concentration could possibly form a tetramer. Various 

crystallization screens have been used; however, no PmVRP15 crystal was obtained. 
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