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Abstract An essential for respiration and viability
(ERV1) homologue, 88R, was cloned and characterized
from Rana grylio virus (RGV). Database searches found its
homologues in all sequenced iridoviruses, and sequence
alignment revealed a highly conserved motif shared by all
ERVI family proteins: Cys-X-X-Cys. RT-PCR and wes-
tern blot analysis revealed that 8§R begins to transcribe and
translate at 6 h postinfection (p.i.) and remains detectable
at 48 h p.i. during RGV infection course. Furthermore,
using drug inhibition analysis by a de novo protein syn-
thesis inhibitor and a viral DNA replication inhibitor, RGV
88R was classified as a late (L) viral gene during the in
vitro infection. 88R-EGFP fusion protein was observed in
both the cytoplasm and nucleus of pEGFP-N3-88R trans-
fected EPC cells. Although result of immunofluorescence
is similar, 88R protein was not detected in viromatrix.
Moreover, function of RGV 88R on virus replication were
evaluated by RNAIi assay. Nevertheless, effect of knock-
down of RGV 88R expression on virus replication was not
detected in cultured fish cell lines. Collectively, current
data indicate that RGV 88R was a late gene of iridovirus
encoding protein that distributed both the cytoplasm and
nucleus.
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Introduction

Rana grylio virus (RGV) is a pathogenic agent that results
in high mortality in cultured pig frog R. grylio [1]. RGV is
a large DNA virus and is closely related to frog virus 3
(FV3), the type species of genus Ranavirus (family Irido-
viridae) [2-4]. Iridoviruses display a complex gene
regulation strategy in which genes are expressed in three
main temporal stages: immediate early (IE) genes, early
(E) genes and late (L) genes, which can be defined
experimentally by using DNA replication and protein
synthesis inhibitors [5-8].

To date, the genomes of twelve iridoviruses, including
FV3, have been completely sequenced [8, 9], and 26 core
genes have been predicted to exist in all iridoviruses [10].
One of these is a gene belonging to ERV1 (essential for
respiration and viability) family. However, we need
experimental evidence to declare the existence of this gene.

ERV1 homologues appear to be widespread in nature,
present in organisms as diverse as human, mice, round-
worms, insects, and protozoa [11-13]. These homologues
are multifunctional, performing roles in DNA replication,
protein synthesis, protein folding, and photosynthesis [14].
Interestingly, ERV1 gene homologues are present in a
number of other DNA viruses, including poxvirus, chlo-
rella virus, and African swine fever virus [15, 16].

RNA interference (RNAi) is a natural biological
mechanism for silencing genes in most cells of living
organisms [17]. It is a process of sequence-specific gene
silencing in the cytoplasm of a eukaryotic cell, in which
double-stranded small interfering RNAs (siRNAs) of
21-23 nucleotides (nts) are associated with a multiprotein
complex known as the RNA-induced silencing complex
(RISC) to target homologous mRNA for degradation based
on complementary base pairing. Targets of siRNAs may
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include mRNAs of cellular genes or genes of an invading
virus [18-20]. Indeed, siRNA has been used to silence
exogenous viral gene expression, such as genes from irid-
oviruses, in several cell lines [21, 22].

In this study, we are attempting to clone and charac-
terize the ERV1 homologue in RGV genome, and to
understand its role in iridovirus replication by RNAI.

Materials and methods
Virus and cells

The RGV isolates RGV9506 which was isolated from the
cultured pig frog R. grylio was used in this study. Propa-
gation of RGV and isolation of the virus genomic DNA
were performed as described previously [3]. Epithelioma
papulosum cyprini (EPC) cell and Grass carp ovary (GCO)
cells were maintained in TC199 medium supplemented
with 10% fetal bovine serum (FBS) at 25°C.

Gene cloning, amino acid sequence comparisons
and phylogenetic analysis

The complete 88R gene was amplified by PCR from RGV
genomic DNA using the primers, pl, (5 GGGCGTGGAT
GGACTTGA 3') and p2, (5’ TCGTCCCAGTCGGCGTAT
3'), which were designed using the flanking sequence of the
putative 88R gene in FV3 [23]. The amplified fragment was
cloned into PMDI18-T vector (TaKaRa) and sequenced.
Database similarity searches were carried out using the
BLAST server [24], alignment of amino acid sequences
was carried out using ClustalX 1.83 [25] and edited by
GeneDoc program.

Phylogenetic analysis was performed on the basis of 25
ERVI1 homologues containing all known 12 iridovirus
genomes and some other species, such as human, rat,
drosophila, and other viruses. Briefly, alignment of amino
acid sequences was carried out using Muscle 3.6 [26]. The
result was cured and phylogenetic analysis was done by
maximum likelihood program using PHYML online web
server [27].

Cloning into expression vectors

The fragments in 88R gene were amplified by PCR from
RGV genomic DNA using the designed primers, p3/p4,
(p3, 5 ACACGGATCCATAAAAATGCACG 3, BamHI,
p4, 5’ TG CAGCTCGAGTTAGTCTCAGTTAA 3/, Xhol);
p3/p6, (p5, 5' ACAAAGCTTCATAAAAATGCACG 3,
HindIll; p6, 5 TTAGGATCCGTTAAAAGTGCTC 3/,
BamHY); p7/p4, (p7, 5 ACACGGATCCATAAAAATGG
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ACG 3/, BamHI; p4, 5 TGCAGCTCGAGTTAGTCT-
CAGTTAA 3/, Xhol), with restriction enzymes sites,
respectively. The amplified products were, respectively,
cloned into prokaryotic vector pET32a (Novagen),
eukaryotic vectors pEGFP-N3 (clontech) and pcDNA3.1
(+) (Invitrogen) that were previously cleaved by corre-
sponding restriction enzymes. Three different constructs,
named pET32a-88R, pEGFP-N3-88R, pcDNA3.1-88R,
were confirmed by restriction enzyme digestion and DNA
sequencing.

Prokaryotic expression, protein purification
and antibody preparation

pET32a-88R was transformed into E. coli BL21 (DE3), and
then protein expression was induced using 1 mM IPTG at
37°C for 6 h. The recombinant protein was purified using
the HisBind Purification Kit (Novagen) according to the
manufacturer’s instructions. To generate antibody to RGV
88R, the purified recombinant 88R protein was mixed with
equal volume of Freund’s adjuvant (Sigma). Mice were
immunized by intraperitoneal injection (IP) weekly for
5 weeks at a dose of 50 pg every mouse every times, and
the antiserum was collected at 7 days post the fifth
immunization. Freund’s complete adjuvant was used in the
first injection and Freund’s incomplete adjuvant was used
in all subsequent injections.

RT-PCR and western blot analysis

EPC monolayer cells were infected with RGV at an MOI of
1 and harvested at 0, 2, 4, 6, 8, 12, 16, 24, 36, 48 h p.i.
Total RNA was extracted from the harvested samples with
TRIzol reagent (Invitrogen) and digested with RNase-free
DNase I (TaKaRa) before carrying out RT-PCR. The first
strand cDNA was synthesized using random primers and
MMLYV reverse transcriptase (Promega) by incubation for
1 h with 2 pg of RNA at 37°C. RT-PCR was performed
with specific primers, p8/p9, (p8, 5 TGGACCCTCC
ATGTGGTTCA 3'; p9, 5 TTCAACCGAGCGTTGACC
AT 3'). The PCR reaction was performed in a volume of
25 pl, containing 1 pl ¢cDNA, 0.2 pM of each primer,
0.5 U of Taq polymerase (MBI), 0.5 pl of 10 mM dNTP,
2.5 ul of 10x Taq buffer and 2.5 pl of 25 mM MgCI2
(MBI). PCR conditions were as follows: 4 min at 94°C and
then 30 s at 94°C, 40 s at 60°C, 40 s at 72°C for 30 cycles,
followed by 72°C for 10 min. The amplification of f-actin
gene with primers, Actin-F/Actin- R, (Actin-F, 5" CAC-
TGTGCCCATCTACGAG 3'; Actin-R, 5 CCATCTCCT
GCTCGAAGTC 3’) served as an internal control and PCR
procedure was the same as 88R except for the annealing
temperature of 55°C.
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Fig. 1 Alignment of the predicted amino acid sequence of the RGV (YP_001426300); COCCOLITHO, E. huxleyi virus 86 ORF

88R ORF product (RGV) with ERVI homologues found in some
viruses and eukaryotes. Homologues shown are as follows (with the
GenBank accession number of the nucleotide sequence given in
parentheses following each): ASFV, African fever virus ORF 9GL
product (AAF27970); ENTOMOPOX, M. sanguinipes entomopoxvi-
rus ORF MSV093 product (AF063866); VACCINIA, Vaccinia virus
ORF E10R product (NC_006998); ASCOVIRUS, Spodoptera fru-
giperda ascovirus la ORF 061 product (YP_762416); MIMIVIRUS,
A. polyphaga mimivirus ORF R368 product (YP_142722); CHLO-
RELLA, Chlorella virus FR483 ORF N668R  product

Western blot was performed on the protein extracts from
the samples described above. Equivalent amounts of the
cell extracts were electrophoresis in 15% SDS-PAGE and
subsequently transferred to PVDF membrane (Millipore)
according to the method of Zhao et al. [28]. The following
were performed as described previously [28].

Drug inhibition assay

De novo protein synthesis inhibitor cycloheximide (CHX)
and DNA replication inhibitor cytosine arabinoside (AraC)
were utilized to classify the transcript of RGV 88R gene.
Firstly, the suitable concentrations of CHX and AraC were
estimated according to the previous report [7]. Briefly, EPC
monolayer cells was pretreated by CHX or AraC for 1 h
prior to and throughout the RGV infection. 50 pg/ml CHX-
pretreated cells were mock-infected or infected with
approximately 0.1 MOI RGV and then harvested at 6 h p.i.
100 pg/ml AraC-pretreated cells were mock-infected or
infected with approximately 0.1 MOI RGV and then har-
vested at 48 h p.i. RNA isolation and 88R transcription
RT-PCR analysis were performed as described above. As

EhV128 product (YP_293881); YEAST, Yeast pichia stipitis CBS
6054 ERV1 (XP_001382524); WORM, C. elegans gene product
F56C11 (AF043697); DROSOPHILA, Drosophila pseudoobscura
(XP_001354903); RAT, Rattus norvegicus ALR (S72606); HUMAN,
Homo sapiens ALR (AF146394). Invariant amino acids in all proteins
are shown on a solid background and also repeated under the
alignment, while conservative substitutions are shaded. Conserved C-
X-X-C motif and GXXXW motif are shown in a box. Periods in the
sequence denote gaps introduced by the alignment program

control, two known temporal kinetic genes including
immediate-early (IE) transcription gene ICPI18 [29] and
late (L) transcription gene MCP (major capsid protein) [30]
were included in the assay. Western blot was performed on
the protein extracts from AraC-pretreated samples as
described above.

Distribution of RGV 88R assay

Determining the distribution of RGV 88R were performed
by EGFP fusion protein expression and immunofluores-
cence. For EGFP fusion protein expression, EPC cells were
transfected with pEGFP-N3-88R or empty vector using
Lipofectamine reagent (Invitrogen). After 48 h incubation,
the cells were fixed and stained with DAPI as described
previously [31]. For immunofluorescence localization, EPC
cells were mock or infected with approximately 1 MOI
RGV for 16 h and then fixed as described previously [31].
After the cells were blocked in 10% normal goat serum at
room temperature for 1 h, they were incubated with anti-
RGV 88R serum in 1% normal goat serum for 2 h, rinsed
three times for 10 min with PBS containing 1% normal
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Fig. 2 Phylogenetic tree of the ERV1 family proteins based on 25
ERV1 homologues from all known iridovirus genomes and other
species. The numbers given are frequencies (%) at which a given
branch appeared in 500 bootstrap replications and only bootstraps
greater than 50% were shown for convenience. RGV 88R is indicated
by an asterisk. Homologues shown are as follows (with the GenBank
accession number of the nucleotide sequence given in parentheses
following each): TFV, Tiger frog virus thiol oxidoreductase
(ABB92342.1); FV3, Frog virus 3 ERV1 homologue (AAT09748.1);
ATV, Ambystoma tigrinum virus thiol oxidoreductase (YP_003787.1);
SGIV, Singapore grouper iridovirus thiol oxidoreductase
(YP_164165.1); GIV, Grouper iridovirus thiol oxidoreductase
(AAV91064.1); ISKNV, Infectious spleen and kidney necrosis virus
ORFO043L (NP_612265.1); OSGIV, Orange-spotted grouper iridovirus
thiol oxidoreductase (AAX82354.1); RBIV, Rock bream iridovirus
043.5L (AY532606); LCDV-C, Lymphocystis disease virus-isolate
China ERV1 family protein (AAU10986.1); LCDV1, Lymphocystis

goat serum, and then incubated with FITC-conjugated goat
anti-mouse antibodies (pierce), Nuclei were visualized by
staining with 1 pg/ml DAPI. Anti-88R serum used in this
assay was adsorbed with normal cell lysates before use. All
samples were examined under a Leica DM IRB

@ Springer

RAT

disease virus 1 thiol oxidoreductase (NP_078699.1); ASCOVIRUS,
Spodoptera frugiperda ascovirus la ORF 061 product (YP_762416);
MIMIVIRUS, A. polyphaga mimivirus ORF R368 product
(YP_142722); CHLORELLA, Chlorella virus FR483 ORF N668R
product (YP_001426300); ASFV, African fever virus ORF 9GL
product (AAF27970); COCCOLITHO, E. huxleyi virus 86 ORF
EhV128 product (YP_293881); YEAST, Yeast pichia stipitis CBS
6054 ERVI1 (XP_001382524); DROSOPHILA, Drosophila pseud-
oobscura (XP_001354903); WORM, C. elegans gene product F56C11
(AF043697); RAT, Rattus norvegicus ALR (S72606); HUMAN,
Homo sapiens ALR (AF146394); IIV6, Invertebrate iridescent virus
6 347L (NP_149810.1); IIV3, Invertebrate iridescent virus 3 96R
(YP_654668.1); ENTOMOPOX, M. sanguinipes entomopoxvirus
ORF MSV093 product (AF063866); VACCINIA, Vaccinia virus
ORF EIO0R product (NC_006998). The vertebrate iridovirus and
invertebrate iridovirus were marked on the right

fluorescence microscope. EGFP-transfected and FITC-
stained cells were visualized with a blue filter block
(excitation range 450-480 nm), while DAPI-stained cells
were visualized with a UV filter block (excitation range
340-380 nm).
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Fig. 3 RT-PCR and western blot detections of RGV 88R gene
expression in the infected EPC cells during RGV infection course.
f-actin was amplified under the same conditions as a positive control.
Hours postinfection (h p.i.) are indicated above the lanes. DNA
markers is in lane M in the left. The top of the figure is an RT-PCR
experiment, and the bottom is a western blot

(A)
500bp
250bp 88R
ICp
MCP
B-actin
B) 1 2 3 4
AraC - + - +
RGV + + + +
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Fig. 4 RGV 88R gene expression under drug treatments. a RT-PCR
detection of RGV 88R transcripts under drug treatments: lane M,
DL2000 ladder; lane 1, CHX (Cycloheximide)-treated uninfected at
6 h p.i.; lane 2, CHX-treated RGV-infected at 6 h p.i.; lane 3, RGV-
infected at 6 h p..; lane 4, AraC (cytosine arabinoside)-treated
uninfected at 48 h p.i.; lane 5, AraC-treated RGV-infected at 48 h
p.i.; and lane 6, RGV-infected at 48 h p.i. b Western blot analysis of
RGV 88R gene expression under AraC treatment: lane 1, RGV-
infected at 24 h p.i.; lane 2, AraC-treated RGV-infected at 24 h p.i.;
lane 3, RGV-infected at 48 h p.i.; lane 4, AraC-treated RGV-infected
at 48 h p.i

Knockdown of 88R gene expression by RNAi

Four duplex siRNAs (contain three duplex siRNAs targeted
to 88R and a negative control) were chemically synthesized
for using in this study (GenePharma, Shanghai, China).

Considering the transfection efficiency, Grass carp ovaries
(GCO) cell lines was used in this RNAi assay. GCO cells
were transfected with four siRNAs using Lipofectamine
reagent (Invitrogen) at a final concentration of 120 nM,
respectively. Five hours after transfection, cells were
infected with approximately 5 MOI RGV and then har-
vested 24 h p.i. The silence effect of different siRNAs was
detected by western blot analysis. Compared the silence
effect of different siRNAs, siRNA-6 (targeted sequence: 5’
CGGUUGCAAUUGUAACAGATT 3/, position in 88R
gene sequence 6—24) was chosen for use in next study to
suppress RGV 88R expression. And siRNA-NC (targeted
sequence: 5 UUCUCCGAACGUGUCACGUTT 3) served
as a negative control.

GCO cells were transfected with siRNA-6 or NC using
Lipofectamine reagent (Invitrogen) at a final concentration
120 nM. 5 h later, transfected or untransfected cells were
infected with approximately 5 MOI RGV and then har-
vested at 24 h, 30 h, 48 h p.i. Samples at 30 h and 48 h p.i.
were used to detect the silencing effect of 8§R expression
by western blot analysis. Samples at 24 h p.i. was diluted
from 10~ to 107" and used to infect GCO cells with four
repetitions per dilution to perform the TCIDs( assay.

Results
Identification and sequence analysis of RGV 88R gene

To obtain complete 88R gene, a fragment with a length of
861 bp was amplified from RGV genomic DNA by the
designed primers p1/p2. Sequence analysis showed that the
fragment contained complete ORF of RGV 88R gene
(GenBank accession no. EU239358), which is 453 bp long
and encodes a peptide of 150 aa with a predicted molecular
mass of 16.5 kDa. An alignment of RGV 88R amino acids
sequence with other ERV1 homologues is shown in Fig. 1.
The 88R protein has a similarity to the yeast ERV1
homologues (26% identity over 109 residues; E value,
0.091) and more similarity to the ERV1 homologues found
in other viruses, such as Chlorella virus, Ascovirus and
African swine fever virus (Fig. 1). They all contain two
highly conserved motifs: Gly-X-X-X-Trp (GXXXW) at
residue 32 and Pro-Cys-X-X-Cys (CXXC) at residue 73 of
88R. The pair of conserved cysteine residues is similar to
the glutaredoxin and thioredoxin redox active center motif
(pfam00085), however, the glycine-tryptophan motif is
unique to 88R and ERV1 homologue.

To better understand the position of RGV 88R in evo-
lutionary history, a phylogenetic tree was constructed with
all known iridovirus genomes and other species. Because
the similarity between some homologues was little, Muscle
was selected to do the alignment. And phylogeny analysis
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Fig. 5 Distribution of RGV
88R: a—f distribution of 88R
protein detected by EGFP
fusion protein under
fluorescence microscopy. EPC
cells were transfected with
pEGFP-N3-88R (a—c) or empty
vector pEGFP-N3 (d—f). The
blue images show the nucleus
stained by DAPI. g-1,
distribution of 88R protein in
RGV-infected EPC cells by
immunofluorescence. EPC cells
infected (g—i) or mock infected
(j-1) detected by anti-88R
serum. The arrows indicate
viromatrix. The blue images
show the nucleus and viromatrix
stained by DAPI

88R-EGFP

was developed with maximum likelihood program. As
shown in Fig. 2, RGV 88R is more closed to homologue in
TFV than to homologue in FV3, although they all isolated
from frog. And all ERV1 homologues in iridovirus that
isolated from vertebrate animals were clustered within a
clade with more than 50% bootstrap and appears more
divergent to the other two ERV1 homologues from inver-
tebrate animals.

Expression pattern of RGV 88R in the infection course

The temporal expression pattern of RGV 88R was char-
acterized during RGV infection by RT-PCR and western
blot analysis. As shown in Fig. 3, the 252 bp RGV 88R
gene specific-fragment was detected at 6 h postinfection by
the specific primers p8/p9, and its content increased to high
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level at 36 h p.i. For internal control, the transcripts of
cellular f-actin were consistent with each other. At the
protein level, a specific protein band was also observed
from 6 h p.i. and increased to high level at 36 h p.i.

Identification of RGV 88R gene as a late viral gene

To further classify the transcripts of RGV 88R gene, the de
novo protein synthesis inhibitor CHX and the viral DNA
replication inhibitor AraC inhibition assay were performed.
Two known temporal kinetic genes including immediate-
early (IE) transcription gene ICPI8 [29] and late (L)
transcription gene MCP (major capsid protein) [30] were
chosen for control. As shown in Fig. 4a, ICP18 gene was
expressed in all RGV-infected cell samples regardless of
absence or presence of CHX and AraC, which is consistent
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with the known fact that IE gene was not dependent on de
novo protein synthesis or viral DNA replication. MCP was
inhibited in the presence of CHX or AraC, because L gene
transcription requires de novo protein synthesis and viral
DNA replication. Expression of RGV 88R gene is similar
to the MCP gene, which is inhibited in the presence of
CHX and AraC and only presented in the sample infected
with RGV at 48 h p.i.

Because the signal from RT-PCR is weak even at 48 h
p.i., we also examined the AraC treated samples by western
blot analysis. The result is identical to RT-PCR. 88R pro-
tein band was not detected in samples pretreated by AraC
but can be detected in samples untreated by AraC (Fig. 4b).
Therefore, the data confirmed that RGV 88R gene is L gene
during the in vitro infection.

Distribution of RGV 88R

Distribution of RGV 88R was determined by 88R-EGFP
fusion protein expression and anti-88R antibody immuno-
fluorescence. Firstly, a recombinant plasmid pEGFP-N3-
88R, which could express RGV 88R with a C-terminal
EGFP tag, was constructed and transfected into EPC cells.
Observation under fluorescence microscope showed that the
green fluorescence distributed in both the cytoplasm and the
nucleus except the nucleolus, and could aggregated into
spots (Fig. 5a), indicating that 88R-EGFP fusion protein
was distributed in EPC cells entirely except the nucleolus.
As control, the vector-expressed EGFP was distributed in
both the cytoplasm and the nucleus including nucleolus in
EPC cells, and mainly in nucleus (Fig. 5d). Secondly, the
anti-88R antibody immunofluorescence gave the similar
result. The FITC green fluorescence was scattered in the
cytoplasm and nucleus after RGV-infected EPC cells were
immunostained by anti-88R antibody (Fig. 5g), whereas no
special fluorescence signal was detected in mock-infected
cells (Fig. 5j). Moreover, some compartments were not
immunostained by anti-88R antibody but stained by DAPI
in RGV-infected EPC cells (Fig. 5g, h, I). The compart-
ments were viromatrix in which a large number of RGVs
were replicated and assembled [32].

Effect of RGV 88R silence on RGV replication cannot
be detected

To study the effect of RGV 88R silencing on the replication
of RGV, a specially silencing siRNA, siRNA-6 which was
selected from three chemically synthesized siRNAs tar-
geted to 88R gene, was used to reduce 88R gene
expression. As shown in Fig. 6a, western blot revealed that
siRNA-6 suppressed RGV 88R expression most effectively
at 24 h p.i. for the band is the weakest among these four
siRNAs. As shown in Fig. 6b, siRNA-6 can suppress the

expression of RGV 88R gene at 30 h p.i. but the effect of
suppression is diminished at 48 h p.i. So, samples at 24 h
p-i. were used to do TCIDs, assay. As shown in Fig. 6¢,
NC and un-transfected samples had similar viral titers with
siRNA-6 transfected samples. Differences of cytopathic
effect among these samples were difficult to distinguish.

Discussion

In this study, an ERVI homologue in RGV, 88R, was
cloned, sequenced, and expressed in EPC cells. Its
expression pattern, transcription kinetics and distribution
were determined. It was found that RGV 88R has homo-
logues in all iridoviruses sequenced to date. And sequence
analysis showed that RGV 88R also contains the conserved
CXXC motif with potential redox activity which is the
characteristic of ERV1 homologues. The conserved cys-
teine residues indicate redox-active centers found in
glutaredoxin and thioredoxin [33, 34]. Thus, 88R protein
could conceivably perform an important redox function

(A) siRNA - NC 6 403 430
RGV + + + + +
| 88R
B) 30h 48h
siRNA - - 6 NC - 6 NC
RGV - + + + + + +
18.4KDa—
14.4KDa— -~ 88R
© RGV siR-6+RGV siR-NC+RGV

1 2 3 4 5 6 7 8 9 10 11 12

Fig. 6 Viral titers with RGV 88R suppressed by siRNA. a Western
blot analysis of 88R gene expression after transfected with four
chemically synthesized siRNAs at 24 h pi. GCO cells were
transfected or not transfected with 120 nM siRNAs for 5 h prior to
infection with RGV (MOI of 5); b Western blot analysis of 88R gene
expression after transfected with siRNA-6. GCO cells were transfec-
ted or not transfected with 120 nM siRNA-6 or siRNA-NC for 5 h
prior to infection with RGV (MOI of 5) and then harvested at 30 h p.i.
or 48 h p.i. ¢ cytopathic effects of RGV on GCO cells when RGV 88R
was suppressed by siRNA-6 at 24 h p.i. by TCIDs, assay
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that is critical to efficient virion morphogenesis, like the
redox function of ERV1 homologue in vaccinia virus
[35, 36]. Interestingly, a GXXXW motif was found existed
in all ERV1 homologues in our alignment. This motif also
existed in ERV1 homologue from ASFV [16], but function
of this motif remains unknown.

ERVI1 homologues are widespread in nature, but the
evolutionary position of these homologues remains
unknown. Here, phylogenetic analysis was done with
maximum likelihood program. It revealed that ERV1
homologues in iridovirus from vertebrates clustered
appears more divergent to the other two ERV1 homologues
from invertebrate animals (Fig. 2). And it implicated that
the evolutionary position of these homologues is consistent
with its resources or taxonomic status.

As described above, iridoviruses displays a complex
gene regulation strategy in which genes are expressed in
three main temporal kinetics stages: IE genes, E genes and
L genes [5-8]. L genes are expressed after the onset of viral
DNA replication, and can be blocked by DNA replication
and protein synthesis inhibitor [7, 8]. In this study, RGV
88R transcripts and expression were blocked by both DNA
replication inhibitor and protein synthesis inhibitor (Fig. 4a,
b). It confirmed that RGV 88R was a late gene during in
vitro infection. However, RGV 88R was not distributed in
viromatrix which is a factory for viral genome replication
and particle assembly [32]. It revealed that 88R protein
might not be a structural protein in RGV, and Lewis et al.
has confirmed that a ERV1 homologue, 9GL, existed in
African swine fever virus was also a late protein but not a
structural protein [16]. In general, late genes of large DNA
virus encode mainly structural proteins. In addition to the
structural proteins, there are also some nonstructural pro-
teins encoded by late gene in large DNA virus. These
proteins play an important role in virus assembly, trans-
porting process, virus—host interactions [37, 38]. Giving
that RGV 88R is not distributed in viromatrix, it seems that
this protein was not participated in virus assembly and
transporting process directly and suggested that RGV 88R
may have a function in virus—host interactions.

We also examined the distribution of RGV 88R in
another fish cell line, fathead minnow (FHM) cell line. The
result was similar (data not shown). This is thought to be
the first report about subcellular distribution of ERV1
family proteins in virus-infected fish cells. Furthermore, we
observed the effect of silencing of 88R on viral replication.
Out of anticipation, the effect of reducing of RGV 88R
expression on virus replication cannot be detected in cul-
tured GCO cells (Fig 6¢). Three possible reasons could
lead to this result: (i) RGV 88R may be a gene that func-
tioned in vivo. (ii) Expression of RGV 88R was not
eliminated completely by siRNA. A small quantity of 88R
protein may be enough to RGV replication. (iii) Other

@ Springer

homologue of 88R may exist in the RGV genome that able
to circumvent its function. And knockout ERV1 homo-
logue in ASFV affects viral growth in vitro and viral
virulence in vivo [16]. Consequently, gene knockout
techniques may be needed to understand RGV 88R func-
tion in further studies.
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