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A B S T R A C T

To investigate the role of the Rab7 effector RILP (Rab-interacting lysosomal protein) in white spot syndrome
virus (WSSV) infection, the full-length cDNA of RILP (LvRILP) was cloned in Litopenaeus vannamei, which con-
sists of 1595 bp and encodes a polypeptide of 411 amino acids. Sequence analysis and multiple sequence
alignment displayed that LvRILP contained a conserved RILP region from 277 amino acid to 325 amino acid.
Both the LvRILP and Rab7 mRNA were most highly expressed in stomach and most lowly expressed in hemocyte,
which were significantly up-regulated and exhibited similar kinetics post WSSV infection. The interaction of
Rab7 with LvRILP was verified by both GST Pull-down and ELISA. Meanwhile, the results of Pull-down assays
showed that the GST-tagged VP28 (GST-VP28), His-tagged Rab7 (His-Rab7) and His-RILP formed a tripartite
complex. After silencing by specific LvRILP dsRNA, the LvRILP mRNA level exhibited a significant reduction, and
the expression levels of three WSSV genes ie1, wsv477 and vp28 all exhibited decreases at 24, 36 and 48 h post
WSSV infection. These results suggested that the Rab7 effector RILP was involved in WSSV infection.

1. Introduction

It has been well documented that white spot syndrome virus (WSSV)
applied endocytosis predominantly for entry into the host cell. This
endocytosis pathway could be mediated by caveolin in hemocyte of
both Litopenaeus vannamei and Cherax quadricarinatus [1,2]. However,
in crayfish hematopoietic tissue, WSSV appears to enter by the clathrin-
mediated endocytosis pathway that is responsible for viral uptake [3].
No matter what protein mediating the endocytosis pathway, the en-
dosomes containing WSSV must be transported for the translocation to
nuclei. Three different classes of molecular motors, including cyto-
plasmic dynein, kinesin and myosin might be adopted along the most
convenient pathway for virus transport [4–6]. Among these three mo-
lecular motors, myosin interacts with actin filaments to move cargoes,
while cytoplasmic dynein and kinesin use microtubule (MT) as track to
move cargoes across the cytoplasm [7,8].

In the previous work, we have investigated the essential role of
cytoplasmic dynein intermediate chain (DYNCI) in WSSV infection [9].
After knocking down DYNCI gene, the expression of WSSV genes was
significantly delayed which indicated the essential role of cytoplasmic
dynein in WSSV transport. In addition, the interaction between DYNCI
and Rab7 was predicted in STRING database, however, this association

could not be determined in co-immunoprecipitation using rabbit anti-
DYNCI-PAbs and rabbit anti-Rab7 antibody respectively. This phe-
nomenon showed the interaction between DYNCI and Rab7 to be in-
direct.

Accordingly, Rab7 is involved in governing multiple trafficking
processes including the biogenesis of the lysosome, phagosome, au-
tophagosome, and other lysosome-related organelle [10]. This role of
Rab7 has been confirmed to be carried out by recruiting Rab7-inter-
acting lysosomal protein (RILP), oxysterol-binding protein related
protein 1L (ORP1L), cytoplasmic dynein and dynactin to form a com-
plex to regulate MT minus-directed transport of endosomes [10,11].
Rab7 as a VP28 binding protein has also been identified to be involved
in WSSV infection to Penaeus monodon and L. vannamei [12–15].
However, the information on the Rab7 effectors in shrimp and its role in
WSSV transport was still limited.

In order to further investigate the role of Rab7 and its effectors in
WSSV transport, rapid amplification of cDNA ends (RACE) was applied
to clone the RILP cDNA sequence in L. vannamei (LvRILP). The ex-
pression profile of Rab7 and LvRILP in hemocyte was investigated
during WSSV infection by quantitative real-time RT-PCR (qRT-PCR).
The interaction between VP28, Rab7 and RILP was also examined.
Finally, RNA interference (RNAi) was applied to knock down the
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LvRILP gene and its effect on WSSV infection was investigated. The
resultant data would facilitate better understanding of WSSV transport
in host cells.

2. Materials and methods

2.1. Shrimp

Adult shrimp (L. vannamei) with an average length of 15 cm were
obtained from a commercial shrimp farm located in Yantai, Shandong,
PR China and confirmed to be WSSV-free by two-step PCR with nested
primer sets [16]. The shrimp were acclimated for 1 week in tanks filled
with sea water of 30‰ salinity and provided with continuous aeration
using electric air-pumping compressors. Half the tank water was
changed at a time and the water was changed twice a week. The water
temperature was 24 ± 1 °C.

2.2. Full-length cDNA cloning of LvRILP

The hemolymph was withdrawn with equal volume of modified
Alsever solution (27mM Na citrate, 336mM NaCl, 115mM glucose,
9 mM EDTA, pH 7.2) from the pericardial cavity of the randomly se-
lected shrimp in each group. Hemocytes were collected by centrifuging
at 400×g for 10min and washed twice by centrifugation using mod-
ified Alsever solution. The collected hemocytes were dissolved in 1ml
TRIzol® reagent (Life Technologies, USA) for total RNA isolation. The
cDNA template used for RACE was synthesized from 2 μg total RNA
according to the User Manual of SMART™ RACE cDNA Amplification
Kit (Clontech, USA). Primers Deg-F and Deg-R were designed according
to the conserved sequences from known RILP of twelve crustaceans,
which were obtained from GenBank of NCBI under accession nos.
EGI62411, XP_011166889, XP_011350254, XP_015516925,
XP_313909, XP_015111190, XP_008196147, XP_011258524,
XP_012266521, XP_013184185, XP_012243112 and XP_014272990
respectively, and used to amplify a partial cDNA. Based on the obtained
partial cDNA sequence, the primer 3′-GSP and 5′-GSP were designed for
3′-RACE and 5′-RACE respectively. By ligation of the overlapping cDNA
fragments, the full-length LvRILP cDNA was obtained and confirmed by
sequencing using the primers RILP-F and RILP-R. All the primers used
in this part were listed in Table 1.

2.3. Sequence analysis

The cDNA sequence of LvRILP and its deduced amino acid sequence
were analyzed using the BLAST algorithm. The protein motif features
were predicted by SMART (http://smart.embl-heidelberg.de/). An un-
rooted phylogenetic tree was constructed based on the sequences
alignment by the neighbor-joining (NJ) algorithm using the Mega 4.0
program. The reliability of the branching was tested by using bootstrap
re-sampling (1000 pseudo-replicates).

2.4. Distribution of LvRILP, Rab7 transcript and their expressions in
response to WSSV infection

The hemocyte, muscle, hepatopancreas, heart, stomach, gill, intes-
tine and lymphoid organ were individually sampled from healthy
shrimp for RNA extraction. Each WSSV-free shrimp was injected with
1× 106 virus copies diluted in 100 μl 0.01M phosphate-buffered saline
(PBS, pH 7.2) through the lateral area of the third abdominal segment.
Hemocytes and stomach of shrimp at 6, 12, 18, 24, 36, 48, 60 and 72 h
post infection (hpi) were collected respectively. The shrimp injected
with WSSV were simultaneously selected for hemocytes and stomach
sampling which were used as control and considered as sample at 0 hpi.
RNA isolation and cDNA synthesis were performed as described in
section 2.2. Finally, qRT-PCR was performed with the SYBR Green
2×Master mix (TaKaRa, Japan) on a Roche LightCycler480 Real Time

System (Roche, Switzerland) with RILP-qF, RILP-qR and Rab7-qF,
Rab7-qR as primers. Elongation factor1-α gene obtained from GenBank
of NCBI under accession no. GU136229 was applied as housekeeping
gene and amplified using primers EF-1α-qF and EF-1α-qR. All the pri-
mers used in this part were listed in Table 1.

2.5. Expression of recombinant proteins

Primers RILP-His-F and RILP-His-R, Rab7-His/GST-F and Rab7-His/
GST-R, VP28-GST-F and VP28-GST-R were used to amplify sequence of
RILP, Rab7 and VP28. The amplified products were inserted into pET-
28a/pGEX-4T-1 vector and expressed as His/GST-tagged fusion protein
in Escherichia coli BL21 (DE3). Expression and purification of the re-
combinant proteins were performed according to the manual of HisTrap
HP (GE Healthcare Life Sciences, USA) and BeyoGold™ GST-tag
Purification Resin (Beyotime Biotech, China). The expression and pur-
ification of recombinant proteins was analyzed by 12% SDS-PAGE. The
specificity of mouse anti-Rab7 monoclonal antibody (Mab) (raised
against epitopes corresponding to amino acids 158 to 207 of Rab7 of
human origin, Santa Cruz, USA) against Rab7 in hemocyte was iden-
tified by western blotting. All the primers used in this part were listed in
Table 1.

2.6. Pull-down assays

To verify the interaction of Rab7 with LvRILP, GST-tagged Rab7
(GST-Rab7) coupled beads were first incubated with 100 μM GTP for
10min at room temperature and then washed twice by centrifuging at
1000×g for 10 s. His-tagged RILP (His-RILP, 10 μg) diluted in 500 μl
GST pull-down binding buffer (Tris-HCl, 50 mM; NaCl, 200mM; EDTA,
1mM; NP-40, 1%(v/v); DTT, 1mM; MgCl2, 10 mM, pH 8.0) was added
to the beads and the incubation was carried out on a horizontal rotator
at 4 °C overnight.

To investigate the cross-interaction between WSSV VP28, Rab7 and
LvRILP, His-Rab7 (10 μg), His-RILP (10 μg) as well as the mixture of
His-Rab7 (10 μg) and His-RILP (10 μg), which were diluted in 500 μl

Table 1
Names and sequences of primers used in this paper.

Name Sequence (5′–3′)

Deg-F TGAAGGAGATCCTGCACGANMGNAAYGA
Deg-R GGTCTCGGAGGACTTCTTCCANGGNGCRTC
3′-GSP ACCAGTACAAGGTCCCATGCCCTATGAA
5′-GSP CAGATAATGTGGCTCCGCTGTCGCTCTT
RILP-F ATGCCGTACCAAATCGATTCGGAAC
RILP-R TCAGGGGCGGCTAAGGTTAAGCAAG
RILP-His-F TAGAATTCATGCCGTACCAAATCGATTC
RILP-His –R CTGTCGACTCAGGGGCGGCTAAGGTTAAG
Rab 7-GST/His-F CCGAATTCATGGCATCTCGCAAGAAGAT
Rab 7-GST/His-R CTGTCGACTTAGCAAGAGCATGCATCCT
VP28-GST-F CCGAATTCCGCACAGACAATATCGAGAC
VP28-GST-R CTGTCGACTTACTCGGTCTCAGTGCCAG
RILP-qF CACGTCCTCGTACATCCAGG
RILP-qR GACTGTTCCCTCGGACTTGG
Rab7-qF CGATTCATGGCGTGACGAGT
Rab7-qR GCGAGCAATGGTCTGGAAAG
RILP-RNAi-T7-F TAATACGACTCACTATAGGGCGAGGGAACAGTCATCCACT
RILP-RNAi-R TCGAGATCAGACACACGAGC
RILP-RNAi-F CGAGGGAACAGTCATCCACT
RILP-RNAi-T7-R TAATACGACTCACTATAGGGTCGAGATCAGACACACGAGC
EF-1α-qF TGCCCTGGACAACATCGAGC
EF-1α-qR CGGGCACTGTTCCAATACCT
vp28-qF GGGAACATTCAAGGTGTGGA
vp28-qR GGTGAAGGAGGAGGTGTTGG
ie1-qF AGCAAGTGGAGGTGCTATGT
ie1-qR CCATGTCGATCAGTCTCTTC
wsv477-qF GGCCAAGTCATGGAGATCTA
wsv477-qR CCATCCACTTGGTTGCAGTA
Oligo dT TTTTTTTTTTTTTTTTTTTTTTTTTTVN
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GST pull-down binding buffer, were incubated with GST-VP28 coupled
beads respectively. GTP was added to the GST pull-down binding buffer
with the final concentration of 100 μM. The incubation was carried out
on a horizontal rotator at 4 °C overnight.

The GST-Rab7/VP28 beads were collected by centrifuging at
1000×g for 10 s and washed twice by centrifugation using GST pull-
down binding buffer. After extensive washing, the retained proteins
with GST-Rab7 and GST-VP28 were analyzed by 12% SDS-PAGE. The
retained His-Rab7 with GST-VP28 was analyzed by western blotting
using mouse anti-Rab7 Mab.

2.7. ELISA

Flat-bottomed 96-well ELISA plates (Corning Costar, USA) were
coated with 2 μg His-RILP (in 0.1 Mbicarbonate/carbonate buffer, pH
9.6; 100 μl per well) or 10 μg total hemocyte proteins which were ex-
tracted from hemocytes lysed by 20mM HEPES pH 7.4, 150mM NaCl,
5 mM MgCl2, 1% NP-40 at 4 °C for 30min. EDTA was added to the
hemocyte lysate with a final concentration of 0.5 M to eliminate the
endogenous enzyme background [17]. After incubating overnight at
4 °C, plates were washed thrice with PBST (PBS containing 0.05%
Tween-20), and blocking buffer (PBST with additional 1% BSA) was
added, followed by incubation for 2 h at 37 °C. After washing with
PBST, various dilutions (0 ng, 100 ng, 200 ng, 400 ng, 800 ng) of His-
Rab7 in blocking buffer were added to plates, followed by incubation
for 1 h at 37 °C.

For testing the binding of His-Rab7 to His-RILP, plates were washed
and a blocking buffer diluted mouse anti-Rab7 Mab was added (100 μl
per well), followed by incubation for 1 h at 37 °C. To eliminate the
background OD450 level caused by the binding of mouse anti-Rab7 Mab
and Rab7 in hemocyte lysate, mouse anti-Rab7 Mab was replaced with
mouse anti-6×His Tag mouse Mab (Sangon Biotech, China) to test the
binding of His-Rab7 to hemocyte lysate.

After washing, HRP-labeled goat anti-mouse antibody (Sigma-
Aldrich, USA) was added to plates, and reaction mixtures incubated for
an additional 1 h at 37 °C. The reaction was visualized using the HRP
substrate TMB (3,3′,5,5′-tetramethylbenzidine; Sangon Biotech). An
ELISA reader (Biotech, USA) was used to read the absorbance im-
mediately at 450 nm. Each experiment was done in triplicate. The data
were given in terms of OD450 as means ± standard deviation (SD)
(n=3) and subjected to oone-way ANOVA followed by a multiple
comparison. The p values less than 0.05 were considered statistically
significant.

2.8. Double-stranded (ds) RNA-mediated RNAi

E-RNAi web-service (https://www.dkfz.de/signaling/e-rnai3/) was
applied to identify the optimized RNAi target-sites of LvRILP dsRNA
that was from 411 bp to 896 bp in the open reading frame (ORF).
LvRILP dsRNA was prepared using T7 RiboMAX (Promega, USA) ac-
cording to the protocols described in previous study [18]. The synthe-
sized dsRNA was qualified by agarose gel electrophoresis and quanti-
fied by a nucleotide quantification machine, Nanodrop 2000™ (Thermo

Scientific, USA). GFP dsRNA was synthesized as control. The primers
used to synthesize LvRILP dsRNA and GFP dsRNA are listed in Table 1.

Shrimp were injected with LvRILP dsRNA at a concentration of 1 μg/
g shrimp, while shrimp injected with GFP dsRNA were used as control.
A second injection was administered at 24 h after the first one. At 12,
24, 36, 48, 60 and 72 h post the first challenge (hpc) with dsRNA, 6
shrimp were randomly selected from both the LvRILP and GFP dsRNA
injected groups for hemocytes collection. The silencing effects on
LvRILP in hemocytes at each time point were examined at mRNA levels
by qRT-PCR. The elongation factor1-α gene was used as internal control
in qRT-PCR.

2.9. Quantification of viral genes expression

Based on the silencing effect on LvRILP after injections of dsRNA,
the experimental shrimp were injected with 1× 106 WSSV copies di-
luted in 100 μl PBS at 12 h post the second injection of dsRNA and the
shrimp administered with GFP dsRNA were also performed virus
challenge as control. The hemocytes were collected for total RNA ex-
traction at 12, 24, 36 and 48 hpi. In order to investigate the effect of
LvRILP silencing on the transcription of viral genes, the expression le-
vels of ie1, wsv477 and vp28 were examined as described in section 2.7.

2.10. Statistical analysis

All the gene expression levels were determined in three replicates of
qRT-PCR experiment. The comparative Ct method (2−△△Ct method)
was used to analyze the relative expression level. The data were given
in terms of relative mRNA expression level as means ± SD (n= 3) and
subjected to one-way analysis of variance (one-way ANOVA) followed
by a multiple comparison. The p values less than 0.05 were considered
statistically significant.

3. Results

3.1. Characters of LvRILP cDNA and its deduced amino acids

A full-length LvRILP cDNA was obtained by the procedures of RT-
PCR and RACE. The cDNA was 1595 bp in length, containing a 1236 bp
ORF which encoded 411 amino acids. The cDNA contained a 97 bp 5′-
untranslated region and a 262 bp 3′-untranslated region. The predicted
protein molecular mass was 47.12 kDa with an estimated isoelectric
point of 4.85.

SMART prediction revealed that LvRILP contained a conserved do-
main namely Jnk-SapK_ap_N from 23 amino acid to 168 amino acid, a
RILP region from 277 amino acid to 325 amino acid, and three low
complexity regions (Figs. 1 and 2).

Blast homology analysis showed that the deduced amino acid se-
quence of LvRILP shared high identities with invertebrate RILP, in-
cluding Daphnia pulex RILP (44%), Drosophila navojoa RILP isoform X1
(43%), Acromyrmex echinatior RILP (51%), Solenopsis invicta isoform X1
(51%), Ooceraea biroi isoform X1 (50%). Multiple alignments of LvRILP
with several invertebrate RILP showed that LvRILP displayed several

Fig. 1. Conserved domains and motifs predicted by SMART in the deduced amino acid sequence of LvRILP. The line across the bottom represents the location of
amino acid residues.
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highly conserved features possessed by RILP, including Jnk-SapK_ap_N
domain, RILP region and several low complexity regions (Fig. 1).
Fourteen sequences of available animal RILP proteins were used for the
phylogenetic tree construction with NJ method. All the members of
RILP were mainly clustered into two groups. LvRILP was in the same
subgroup with five other arthropod RILP homologues and the RILP of

zebra fish (Danio rerio). The rest vertebrate RILP were in the same group
(Fig. 3).

3.2. Expression profile of LvRILP and Rab7 in healthy shrimp and against
WSSV infection in hemocyte

The LvRILP and Rab7 gene transcript were expressed in all test
samples. The highest mRNA expression level of both LvRILP and Rab7
were detected in stomach. Much lower expression levels were found in
hepatopancreas, muscle, heart, gill, lymphoid organ and intestine.

Fig. 2. Multiple sequence alignment of the predicted amino acid sequences of LvRILP with that of several other invertebrate organisms. The conserved signature
motifs Jnk-SapK_ap_N domain, RILP region and coiled coil region and low complexity regions are shown in pink, red, green and blue characters respectively. Amino
acid conservation across alignments is shown as (*), () and (.) for identical, conserved and semi-conserved respectively. The abbreviations represent the species
scientific names: Ae-Acromyrmex echinatior (EGI62411), Si-Solenopsis invicta (XP_011166889), Ob-Ooceraea biroi (XP_011350253), Dn-Drosophila navojoa
(XP_017965091), Lv- Litopenaeus vannamei, Dp-Daphnia pulex (EFX68439). (For interpretation of the references to colour in this figure legend, the reader is referred to
the Web version of this article.)

Fig. 3. Neighbour-joining phylogenetic tree of RILP amino acid sequences from
different species. The cloned LvRILP was indicated in red characters. The RILP
are from Homo sapiens (AAH04961), Mus musculus (NP_001025109), Ovis aries
(XP_014953794), Salmo salar (NP_001133493), Bos taurus (XP_002695729),
Danio rerio (NP_001073132), Xenopus tropicalis (NP_001106596), Pelodiscus si-
nensis (XP_006127094), Acromyrmex echinatior (EGI62411), Solenopsis invicta
(XP_011166889), Ooceraea biroi (XP_011350253), Drosophila navojoa
(XP_017965091), Daphnia pulex (EFX68439), L. vannamei. (For interpretation of
the references to colour in this figure legend, the reader is referred to the Web
version of this article.)

Fig. 4. Distribution of LvRILP and Rab7 transcript in healthy L. vannamei. Each
symbol and vertical bars represented the mean ± SD (n=3). The different
letters above the column indicate significant differences (p < 0.05) among the
gene expression levels in different tissues.
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Hemocyte exhibited the lowest mRNA expression level of both LvRILP
and Rab7 (Fig. 4).

Post WSSV infection, both the LvRILP and Rab7 mRNA in hemocyte
and stomach were significantly up-regulated. In hemocyte, the ex-
pression levels of LvRILP gene were all significantly higher compared to
that in control shrimp at 12, 36 and 72 hpi, while, the expression levels
of Rab7 gene were significantly up-regulated at 12, 36, 48 and 72 hpi
(Fig. 5A). In stomach, the expression levels of LvRILP gene were all
significantly higher compared to that in control shrimp at 6, 12, 36, 48
and 72 hpi and the expression levels of Rab7 gene were significantly up-
regulated at 12, 36 and 72 hpi (Fig. 5B). The overall expression profile
of LvRILP gene exhibited a similar kinetics to the Rab7 gene in hemo-
cyte and stomach post WSSV infection. However, the expression level
range of the LvRILP gene was larger than that of the Rab7 gene.

3.3. Expression of recombinant proteins and characterization of the
specificity of mouse anti-Rab7 Mab

GST-Rab7, GST-VP28, His-RILP and His-Rab7 were successfully
expressed in E. coli BL21 (DE3) respectively with expected molecular
weights (Fig. 6, lane 2, 5, 8, 11). High purity His-RILP and His-Rab7
were obtained by nickel chelate affinity chromatography (Fig. 6, lane 9,

12), while, high purity GST-Rab7 and GST-VP28 were obtained by
glutathione affinity chromatography (Fig. 6, lane 3, 6). The mouse anti-
Rab7 Mab was identified to recognize Rab7 in hemocyte by western
blotting (Fig. 6, lane 14).

3.4. Confirmation of the Rab7 binding to RILP by GST pull-down assay and
ELISA

SDS-PAGE revealed that GST-Rab7 could efficiently pull down His-
RILP in the presence of GTP, indicating the interacting of Rab7 with
RILP was in a GTP-dependent manner (Fig. 8, lane 2).

Increasing His-Rab7 concentration in ELISAs enhanced its ability to
bind to His-RILP and the hemocyte lysate, whereas for control protein,
OD value was approximately constant when His-Rab7 concentrations
increased. Therefore, His-Rab7 binding to both His-RILP and hemocyte
lysate was specific and dose-dependent (Fig. 7).

3.5. The VP28-Rab7-RILP tripartite complex

To study whether the interaction between VP28 and Rab7 as well as
RILP is direct, we used purified GST-VP28 to pull down purified His-
Rab7 and His-RILP respectively. These experiments revealed that, GST-

Fig. 5. Quantification of relative mRNA expression of LvRILP and Rab7 in hemocytes (A) and stomach (B) after WSSV infection by qRT-PCR. Each symbol and vertical
bars represented the mean ± SD (n= 3) and a, b, c, d and e indicate significant differences (p < 0.05) among the expression levels LvRILP and Rab7 gene at
different time points.

Fig. 6. SDS-PAGE and western blotting confirm the expression of recombinant proteins and the specificity of mouse anti-Rab7 Mab. Lane M, Molecular mass marker;
lane 1, 4, 7, 10, protein profile of uninduced BL21 cell lysate; lane 2, 5, 8, 11, protein profile of induced BL21 cell lysate; lane 3, 6, 9, 12, purified GST-Rab7, GST-
VP28, His-RILP and His-Rab7; lane 13, protein profile of hemocyte lysate; lane 14, mouse anti-Rab7 Mab recognized Rab7 in hemocytes.
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VP28 efficiently pulled down His-Rab7 (Fig. 8, lane 5, 7) and His-RILP
(Fig. 8, lane 4) respectively. Furthermore, GST-VP28 pulled down both
His-Rab7 and His-RILP indicating that GST-VP28, His-Rab7 and His-
RILP formed a tripartite complex through pairwise interaction between
these three proteins (Fig. 8, lane 6, 8).

3.6. Silence of LvRILP gene by dsRNA-mediated RNAi in hemocytes

At 12 hpc, LvRILP mRNA level in hemocytes was silenced by 1/3,
however, which bounced back to about 7/10 at 24 hpc compared to the
control group. While a second injection with LvRILP dsRNA was ad-
ministered, its mRNA expression was silenced and maintained at a
lower level with approximate 3/5 of the control level at 36 hpc (Fig. 9).
For shrimps that received GFP dsRNA, the LvRILP mRNA expression in
hemocytes did not show significant change at any detection time.

3.7. Delay of WSSV genes expression after the LvRILP gene silence

Post WSSV infection, the expression level of the virus immediate
early gene (ie1), early gene (wsv477), and late gene (vp28) were all
significantly decreased in the LvRILP gene knockdown hemocytes. At
24, 36 and 48 hpi, the expression levels of ie1, wsv477 and vp28 in
hemocytes of WSSV-infected shrimp exhibited the decreases with ap-
proximate 1/3000, 1/50, 1/25; 1/214, 1/20, 1/20; 1/11, 1/7, 1/4 of
the control level respectively (Fig. 10).

4. Discussion

In the present work, an LvRILP cDNA was cloned from the hemocyte
of L. vannamei by RACE technique. This is the first evidence that RILP,
which has been verified in regulation of the endicytic traffic, partici-
pates in WSSV infection [19,20]. SMART prediction revealed that
LvRILP contains a conserved domain namely Rab interacting lysosomal
protein at its C-terminus comprising one coiled-coil region (278 amino
acid to 306 amino acid) that specifically binds Rab7 (GTP bound form)
[11]. Meanwhile, it has been well documented that one coiled-coil re-
gion (58 amino acid to 251 amino acid) locates at RILP N-terminus
which interacts with the most C-terminal region of p150Glued (a subunit
of dynactin) to recruit the cytoplasmic dynein motor complex to en-
dosomes [11,21]. These suggested that LvRILP was a typical member of
Rab interacting lysosomal protein family.

The previous investigations about the relationship between protein-
protein interactions suggested that genes with similar expression pro-
files were more likely to encode interacting proteins [22,23]. In the
present study, the mRNA expression of Rab7 and LvRILP displayed si-
milar distribution in tissues and up-regulated profiles post WSSV
challenge. Meanwhile, the results of GST Pull-down and ELISA

Fig. 7. ELISA assays demonstrated that Rab7 binding to RILP was specific. His-
RILP (2 μg/well), BSA (2 μg/well) and hemocyte lysate (10 μg/well) were
coated to a 96-well plate and incubated with various amounts of purified His-
Rab7 (0 ng, 100 ng, 200 ng, 400 ng, 800 ng). Each column and vertical bar re-
presents the mean ± SD of triplicate determinations. The different letters
above the column indicate significant differences (p < 0.05) among the OD450

values at different His-Rab7 concentrations for each coated protein.

Fig. 8. SDS-PAGE and western blotting cinfirmed the cross-interaction between
RILP, VP28 and Rab7. All the lanes in western blotting were incubated with
mouse anti-Rab7 Mab. The positive bands indicating His-Rab7 and His-RILP are
shown as (#) and (*) respectively. Lane M, Molecular mass marker; lane 1,
protein profile of glutathione beads coupled with purified GST-Rab7; lane 2, the
profile of retained proteins with purified GST-Rab7 and His-RILP; lane 3, pro-
tein profile of glutathione beads coupled with purified GST-VP28; lane 4, 5, 6,
the profile of retained proteins with purified GST-VP28 and His-RILP, His-Rab7
as well as the mixture of His-RILP and His-Rab7 respectively; lane 7, 8, mouse
anti-Rab7 Mab recognized His-Rab7 of lane 5, 6 in SDS-PAGE.

Fig. 9. Effects of dsRNA-mediated LvRILP silencing in shrimp hemocytes de-
tected by qRT-PCR. The asterisk represents the statistical significance
(p < 0.05) compared to the control. Each symbol and vertical bars represented
the mean ± SD (n=3).
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confirmed the specific interaction between Rab7 and RILP which sug-
gested that a primate and canonical endosome traffic pathway existed
in shrimp L. vannamei.

WSSV has been identified to adopt the caveolae-mediated en-
docytosis to enter shrimp hemocyte, and the virions could be localized
in early endosome [1]. In the previous work, we have investigated the
essential role of DYNCI in WSSV infection [9]. Meanwhile, the Rab7
effector protein RILP controls lysosomal transport by inducing the re-
cruitment of dynein-dynactin motors [24–26]. These results may open
the way for the investigation of complex events in the transport of
WSSV across host cells. However, the activation of endosomal dynein
motors is accomplished by stepwise assembly of Rab7-RILP-p150Glued in
mammalian cells [10,21,27]. In shrimp, the information about dynactin
and its subunit p150Glued was still limited. To decipher the transport of
WSSV in host cells, much more works on the relationship between
WSSV and cytoplasmic dynein motor need to be done in future. Re-
cently, the decoding of the L. vannamei genome will provide an insight
into the investigation of WSSV infection processes involved by dynactin
[28].

It has been well documented that Rab7 mediates attachment of late
endosomes to cytoplasmic dynein motor through the recruitment of
RILP. Next, the Rab7-RILP complex is transferred by ORP1L to βIII
spectrin for starting the translocation to microtubules through the in-
teraction between βIII spectrin and dynein [21,29,30]. In this paper,
dsRNA-mediated RNAi which was used to knock down LvRILP gene
further confirmed the involving of RILP in WSSV infection. Combined
with the essential role of cytoplasmic dynein in WSSV infection in-
vestigated in our previous research, the significant decreasing of WSSV
replication might be due to the hindrance of WSSV transport in LvRILP-
silenced hemocytes.

A model for the WSSV life cycle and morphogenesis has been
documented that WSSV escapes from the late endosome to reach en-
doplasmic reticulum (ER) and further enter host nuclei for replication
to avoid the fate to the degradation pathway [31,32]. Throughout this
process,ORP1L conformation, which is sensed by the under low cho-
lesterol conditions in ER, induces the formation of endoplasmic ER-late
endosome membrane contact sites at which the vesicle-associated
membrane protein-associated ER protein can interact with the Rab7-
RILP complex to remove p150Glued and associated motors [33–35]. To
decipher WSSV trafficking in host cells, the investigations of proteins
such as the Rab7 effectors RILP and ORP1L involved in intracellular
endosome distributions need to be done in future.
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