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Lipopolysaccharide-induced TNF-a factor (LITAF), a transcription factor, can regulate tumor necrosis
factor alpha (TNF-a) transcription. Here, a novel LITAF homolog encoded by Singapore grouper iridovirus
(SGIV LITAF) was identified and characterized. The putative SGIV LITAF encoded a protein of 104 amino
acids (aa) with a predicted molecular mass of 11.6 kDa. Reverse transcription-PCR (RT-PCR) and Western
blot analyses of SGIV-infected cells revealed that SGIV LITAF was an early viral gene. Subcellular locali-
zation and immunofluorescence assay revealed that SGIV LITAF expression was distributed predomi-
nantly in the cytoplasm, associated with mitochondria. Overexpression of SGIV LITAF induced
apoptosis, as shown by increased apoptotic bodies, depolarization of mitochondrial membrane potential
(A¥.,) and activation of caspase-3. Furthermore, NF-kB and NFAT activities were increased in cells
expressing SGIV LITAF. This is the first report of the identification and characterization of a viral LITAF
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Iridoviruses are large DNA viruses that infect only invertebrates
and poikilothermic vertebrates. The family Iridoviridae is divided
into five genera: Ranavirus, Lymphocystivirus, Megalocytivirus,
Iridovirus, and Chloriridovirus [1]. Singapore grouper iridovirus
(SGIV) was first isolated from the brown-spotted grouper, and
was characterized as a novel ranavirus [2,3]. Genome sequence
analysis of SGIV showed that some potential viral gene products,
including tumor necrosis factor (TNF)-related cytokines, were in-
volved in virus-host interactions and immune evasion [4].
Although the TNF superfamily of cytokines are critical for mount-
ing innate and adaptive immune responses against foreign patho-
gens by regulating cell death and survival, viruses have evolved a
variety of strategies to regulate the effects of death receptor signal-
ing in the infected cells themselves, aiding the progression of viral
replication and dissemination [5,6]. Investigation of the SGIV-en-
coded TNF-related cytokines will contribute to the understanding
of the mechanism of virus pathogenesis.

Lipopolysaccharide (LPS) is a potent stimulator of monocytes
and macrophages, causing secretion of tumor necrosis factor alpha
(TNF-a) and other pro-inflammatory cytokines. Recently, a novel
transcription factor, LPS-induced TNF-a factor (LITAF), was cloned
and characterized from the human macrophage cell line THP-1
following treatment with LPS [7]. LITAF was found to affect TNF-
o expression by formation of a complex with STAT6 [8], and also
plays a role in the regulation of various inflammatory cytokines
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by separating from NF-xB [9]. Subsequently, several LITAF homo-
logs have been cloned and identified from other species such as
mouse, zebrafish, chicken, and Pacific oyster [10-13]. However,
there have been no further studies on LITAF homologs from
viruses, except for predictions based on the genome sequences
[14]. In the present study, we cloned a putative viral LITAF homo-
log from SGIV (SGIV LITAF) and investigated its subcellular locali-
zation, transcription, and cytotoxic effects on fish cells.

Materials and methods

Virus and cells. Propagation of SGIV and isolation of the viral
genomic DNA were performed as described previously [3]. Grouper
embryonic cells (GP) were grown in Eagle’s minimum essential
medium containing 10% fetal bovine serum at 25 °C.

Gene cloning, plasmid construction, and computer-assisted analy-
sis. The full length of SGIV LITAF (ORF136) was cloned by PCR from
SGIV genomic DNA using a pair of primers, P1/P2 (P1, 5-TTG
GATCCGCGCACATGTACCCT-3'; P2, 5'-ATCTCGAGCCCCGAACGTTA
ATTATACA-3'). The fragment produced was then cloned into pro-
karyotic vector pET32-a (+) to obtain plasmid pET-LITAF. Two other
pairs of primers, P3/P4 (P3, 5-TTCTCGAGCGCACATGTACCCTGTAT-
3’; P4, 5'- GTGGATCCTACAATTTTATAAACGGCGA-3') and P5/P6 (P5,
5-ACGAATTCACATGGACCCTGTATTGAA-3'; P6, 5'-ATCTCGAGCCCC
GAACGTTAATTATACA-3’), were also used to amplify the SGIV LITAF
gene with the introduced restriction enzyme sites, then the frag-
ments were cloned into eukaryotic vectors pEGFP-N3 and
pcDNA3.1(+) to obtain plasmids pEGFP-LITAF and pcDNA-LITAF.
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The different constructs were confirmed by sequencing. Alignment
of amino acid sequences was carried out using Clustal X 1.83 and
edited using the GeneDoc program.

Prokaryotic expression, purification, and antibody preparation. The
recombinant plasmid pET-LITAF was transformed into Escherichia
coli BL21 cells and the fusion protein was expressed under induc-
tion conditions of exposure to isopropyl 1-thio-B-p-galactopyrano-
side (1 mM) at 37 °C for 4 h. The fusion protein was purified
according to the protocol supplied with the HisBind purification
kit (Novagen). The purified protein was injected into mouse subcu-
taneously at 7-day intervals. The antiserum was collected after the
fifth immunization and used for the following immunoassay.

RT-PCR and Western blot analysis. For transcriptional analysis, GP
cells were infected with SGIV at a multiplicity of infection (MOI) of
approximately 0.5. Total RNA was isolated from mock- and virus-
infected cells at 2, 4, 6 10, 16, 24, 36, and 48 h postinfection (p.i.)
using Trizol Reagent (Invitrogen) according to the manufacturer’s
protocol. After the RNA had been digested with RNase-free DNase,
1 pg of RNA from each time point was transcribed by Moloney
Murine Leukemia Virus Reverse Transcriptase (M-MLV RT) and
random primers to synthesize the first strand cDNA. PCR was then
performed using gene-specific primers, P7/P8 (P7, 5-AGTTTTTC
CACGACACGG-3'; P8, 5'-GAATGGGAGACCTCTTTACT-3'). Detection
of B-actin mRNA was used as an internal control.

To examine the protein expression pattern, Western blot analy-
sis was performed with total proteins that had been collected from
SGIV-infected cells. The anti-SGIV LITAF serum was used as the pri-
mary antibody at a dilution of 1:1000, and the secondary antibody
was goat anti-mouse IgG coupled to alkaline phosphatase at a dilu-
tion of 1:10,000 (Sigma). Simultaneously, internal controls were
performed by detecting B-actin protein. In addition, cycloheximide
(CHX) and cytosine arabinofuranoside (AraC) were used to classify
the temporal expression of SGIV LITAF during infection. Briefly, GP

monolayer cells were pretreated with 50 pg/ml CHX or 100 pig/ml
AraC for 1 h prior to and throughout the SGIV infection. CHX or
AraC-pretreated cells were mock-infected or infected with approx-
imately 0.5 MOI SGIV, then harvested at 6h p.i. and 48 h p.i,
respectively. The protein extracts from the samples were subjected
to Western blot analysis as described above.

Cell transfection. Transfection was performed using the Lipofect-
amine 2000 reagent according to the manufacturer’s instructions
(Invitrogen). Briefly, cells were grown to 90% confluence in 24-well
plates. Lipofectamine 2000 and plasmids were mixed for 25 min
before transfection. Then cells were incubated with the mixture
for 6 h at 25°C, and cultured with fresh medium for further
analysis.

Subcellular localization analysis. After transfection with pEGFP-
LITAF or pEGFP-N3 for 48 h, cells were washed with PBS and fixed
with 4% paraformaldehyde for 30 min, and then stained with 6-
diamidino-2-pheny-lindole (DAPI) for 15 min. Finally, cells were
mounted with 50% glycerol, and observed under fluorescence
microscopy (Zeiss). To increase the accuracy of detection of the
subcellular location of SGIV LITAF, pDsRed2-Mito was cotrans-
fected with pEGFP-LITAF. For immunofluorescence localization,
GP cells were either mock-infected or infected at 0.5 MOI for
18 h and then fixed with 4% paraformaldehyde. The coverslips
were blocked by bovine serum albumin (BSA) for 30 min. Cells
were incubated with anti-SGIV LITAF antiserum (1:100) for 1 h.
After washing in PBS, a secondary antibody conjugated with FITC
(Pierce) was incubated for a further hour. Cellular and viral DNA
was then labeled with DAPI, followed by fluorescence microscopic
observation.

Hoechst staining. To detect the effects of SGIV LITAF expression
on the fish cells, pcDNA-LITAF or pcDNA 3.1 was transfected. Fol-
lowing transfection for 48 h, cells were washed with PBS, and then
stained with Hoechst 33342 at a final concentration of 1 pg/ml to
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Fig. 1. Multiple amino acid sequence alighment of LITAF homologs from SGIV and selected species. Identical amino acids are highlighted by black boxes and the conserved
cysteines (C) are indicated by asterisks under the alignment. The characteristic domains are shown by rectangles. The predicted LITAF domain, which contains the CXXC and

HXCXXC motifs, is indicated above the sequence.
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visualize nuclear morphology. The cells were observed under fluo-
rescence microscopy.

JC-1 analysis. Examination of mitochondrial membrane poten-
tial (A¥,) was carried out using JC-1. After 48 h transfection, cells
were washed with PBS, and incubated with JC-1 dye in incubation
buffer for 20 min. Cells were then washed in incubation buffer and
placed in fresh medium. Cells were observed under fluorescence
microscopy. The data were collected simultaneously at emissions
of 530 and 590 nm, respectively.

Analysis of caspase-3 activity. To investigate the caspase-3 activ-
ity after SGIV LITAF expression, Ac-DEVD-AMC was used. After 48 h
transfection, pcDNA3.1 or pcDNA-LITAF transfected cells were col-
lected. The detection of caspase-3 activity was performed as de-
scribed previously [15]. The data were expressed as the -fold
increase compared with the corresponding values of caspase activ-
ity in lysates of empty vector transfected cells.

Reporter gene assays. The activation of transcript factors NF-kB
and NFAT in SGIV LITAF transfected cells was also measured using
a NF-xB and NFAT dependent luciferase reporter construct (NF-xB
-luc and NFAT-luc, Clontech). Briefly, GP cells were cotransfected
with 80 ng of NF-«kB-luc or NFAT-luc, 20 ng of cytomegalovirus
B-galactosidase reporter construct, and pcDNA-LITAF. After incuba-
tion for 72 h, cells were harvested and analyzed for luciferase
expression using the luciferase assay system, following the manu-
facturer’s instruction. Samples were also assayed for B-galactosi-
dase activity using a p-galactosidase enzyme assay system to
normalize for transfection efficiency.

Results
Identification and sequence analysis of the SGIV LITAF gene

The annotation of SGIV ORF136 (YP_164231) revealed a previ-
ously uncharacterized virus LITAF homolog. The coding region of

A M  Mock 2 4 6

SGIV ORF136 is 315 base pairs (bp) in length, and encoded a
104-amino acid (aa) peptide with a predicted molecular weight
of 11.6kDa. The amino acid alignment indicated that SGIV
ORF136 contained a conserved LITAF domain with CxxC and
(H)xCxxC knuckles and eight conserved cysteine residues at the
carboxyl terminus. GenBank searches of protein databases re-
vealed that SGIV ORF136 is shared by all ranaviruses whose com-
plete genomes have been sequenced (Fig. 1). SGIV ORF136
showed high amino acid sequence identity with ranaviruses, rang-
ing from 97% with grouper iridovirus (GIV) (AAV91101) to 60%
with tiger frog virus (TFV) (ABB92333). In contrast, SGIV ORF136
showed lower identities of 47%, 38%, and 35% with zebrafish
(XP_687915), chicken (NP_989598) and human (NP_004853)
LITAF, respectively. Therefore, SGIV ORF136 was found to be novel
and was named SGIV LITAF.

Expression of SGIV LITAF in SGIV-infected cells

To follow the temporal transcription of SGIV LITAF in vitro, RT-
PCR was performed using SGIV-infected cells at different infection
stages. The 295 bp SGIV LITAF gene-specific fragment was detected
at 4 h p.i., and high-level transcription continued until 48 h p.i.
(Fig. 2A). The expression of SGIV LITAF protein was also examined
using the prepared antiserum, which was specific for the SGIV LI-
TAF protein (data not shown). Western blot analysis showed that
a specific immunoreactive band of approximately 11 kDa was ob-
served at 6 h p.i., and the signal intensity of both bands increased
with time up to 48 h p.i. No immunoreactive band was detected
in mock-infected control cells (Fig. 2B).

The expression of SGIV LITAF under drug pressure was investi-
gated using Western blot analysis. As shown in Fig. 2C, the 11 kDa
protein band was detected in the infected cells treated with AraC,
and its content was less than that in the untreated cells. However,
the specific band was not detected after treatment with CHX, indi-
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Fig. 2. Temporal expression pattern of SGIV LITAF in SGIV-infected GP cells. (A) RT-PCR examination of SGIV LITAF transcription. (B) Western blot analysis of LITAF
expression. Total RNAs and proteins were prepared from SGIV-infected cells at different times p.i.; B-actin was detected under the same conditions as a positive control. DNA
and protein markers are in lane M on the left. (C) Western blot detection of SGIV LITAF expression in the absence or presence of CHX or AraC.
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cating that SGIV LITAF belongs to the early class of genes activated
during in vitro infection.

Subcellular localization of SGIV LITAF

To examine the subcellular localization of SGIV LITAF, a re-
combinant plasmid, pEGFP-LITAF, was constructed and transfec-
ted into GP cells. pEGFP-LITAF transfected cells were rounded
and the green fluorescence was aggregated in the cytoplasm
close to the nucleus. Fluorescence was also observed in the plas-
ma membrane in some transfected cells (Fig. 3A, lower row),
while the green fluorescence signal was distributed in both cyto-
plasm and nucleus in the control cells (Fig. 3A, upper row). To
further evaluate the precise location of SGIV LITAF, pDsRed2-
Mito, a mitochondria-specific marker, was used. The results
showed that the green fluorescence was partially co-localized

pEGFP-N3 »>

pEGFP-LITAF

pPEGFP-LITAF

w

FITC

Mock

Infected

- - 10 pm
- - 10 pm

pDsRed-Mito

with red fluorescence, indicating that SGIV LITAF was associated
with the mitochondria (Fig. 3B).

The intracellular location of SGIV LITAF was also determined in
infected cells by immunofluorescence using anti-SGIV LITAF anti-
serum. As shown in Fig. 3B, SGIV LITAF localized primarily in the
cytoplasm, and appeared to aggregate toward the viral factories
in infected cells. In some infected cells, green fluorescence was
present in the plasma membrane. No fluorescence signal was de-
tected in the mock-infected cells (Fig. 3C, upper row). We also ob-
served distorted and condensed nuclei in SGIV-infected cells,
whereas intact nuclei were seen in mock-infected cells.

Effects of SGIV LITAF expression on fish cells

To understand the effect of SGIV LITAF expression on fish
cells, morphological and biochemical changes in pcDNA-LITAF

Merge

- 10 pm

DAPI
-

10 pm

Merge

Fig. 3. Intracellular localization of SGIV LITAF. (A) Intracellular localization of SGIV LITAF by fluorescence microscopy. GP cells were transfected with pEGFP-N3 (upper row)
or pEGFP-LITAF (lower row). Blue images show the location of the nucleus, stained by DAPIL. (B) Subcellular localization of SGIV LITAF by cotransfecting with pDsRed2-Mito.
Red images show the location of mitochondria (Mito). (C) Expression of SGIV LITAF in SGIV-infected cells by immunofluorescence detection. The arrows indicate viral
factories. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this paper.)
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transfected cells were investigated. The expression of SGIV LITAF
was confirmed after transfection by the presence of the specific
protein band on Western blot analysis using anti-SGIV LITAF
antiserum (Fig. 4A). Hoechst staining analysis showed that many
apoptotic bodies were present in pcDNA-LITAF transfected cells,
while intact nuclei were observed in pcDNA transfected cells
(Fig. 4B).

Outer A¥,, is one of the important steps that occurs during
apoptosis. To explore whether SGIV LITAF expression could induce
the depolarization of A¥,,, JC-1 was used. In non-apoptotic cells,
JC-1 accumulates as aggregates in the mitochondria, resulting in
red fluorescence. In contrast, in apoptotic and necrotic cells, JC-1
exists in monomeric form and stains the cytosol green. As shown
in Fig. 4C, in pcDNA transfected cells, the JC-1 dye accumulates
in the mitochondria and appears bright red. However, in pcDNA-LI-
TAF transfected cells, the red fluorescent aggregates were dis-
persed, and green fluorescence was observed throughout the
cytosol. The results implied that SGIV LITAF expression could in-
duced the collapse of A¥,.

Caspase-3 is a key mediator of apoptosis. To evaluate the possi-
ble involvement of downstream effector caspases, the activity of
caspase-3 was detected after SGIV LITAF transfection. As shown
in Fig. 4D, fluorometric analyses revealed a 4.4-fold increase in cas-
pase-3 activity at 48 h post-transfection in comparison to the

A B
pcDNA3.1 pcDNA-LITAF
14.4kp — 8
- -
C pcDNA3.1 pcDNA-LITAF

pcDNA3.1

empty vector transfected cells. In CHX treated cells, a 6.3-fold in-
crease in caspase-3 activity was recorded.

Furthermore, changes in the activation of NF-kB and NFAT were
detected in pcDNA-LITAF transfected cells. As shown in Fig. 4E, the
luciferase activity of NF-kB and NFAT increased in pcDNA-LITAF
transfected cells compared with that in the pcDNA3.1 transfected
cells. To normalize the transfection efficiency, the expression level
of B-galactosidase was also investigated, and no differences were
found between pcDNA-LITAF and empty vector transfected cells
(data not shown). The data suggested that SGIV LITAF expression
activates NF-xB and NFAT dependent transcription.

Discussion

LITAF is an important transcriptional factor that has been dis-
covered in all taxonomic groups from vertebrates, such as mam-
mals, birds, and fish, to invertebrates [7,13]. LITAF can bind to
the TNF-o. promoter to regulate its expression and may play an
important role in diverse host responses [8,9]. To our knowledge,
no LITAF homologs had been previously identified from viruses.
Recently, the complete genome sequences of 12 iridoviruses have
been published [14]. Computer assisted analysis showed that SIGV
ORF136 contained a typical LITAF-like domain similar to other
known LITAF proteins. Significantly, viral LITAF (vLITAF) homologs

pcDNA-LITAF

D 8 O pcDNA3.1 H pcDNA-LITAF B CHX

mll

Fold increase
(Caspase activity)
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Fig. 4. Effects of SGIV LITAF expression on fish cells. (A) Confirmation of SGIV LITAF expression in transfected cells by Western blot. (B) Effect of SGIV LITAF overexpression on
the nucleus morphology. Many apoptotic bodies were observed in pcDNA-LITAF transfected cells. (C) Effect of SGIV LITAF overexpression on A%, by fluorescence
microscopy. The arrows show the loss of APy, cells, which switched from red to green fluorescence. (D) Measurement of caspase-3 activity in the pcDNA-LITAF or empty
vector transfected cells. (E) Measurement of NF-kB and NFAT activity in the pcDNA-LITAF or empty vector transfected cells. In (D, E), the data are expressed as

means + standard deviation.
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were only present in the sequenced genomes from the genus Rana-
virus, but not in other larger DNA viruses so far sequenced. It is
possible that LITAF may not be an essential gene for other iridovi-
ruses, but may have some specific function during ranavirus
pathogenesis.

To elucidate the function of SGIV LITAF, we analyzed its tempo-
ral expression pattern during in vitro infection. Combining detec-
tion of SGIV LIATF expression at transcription level, translation
level, and under drug pressure, we deduce that SGIV LITAF is an
early gene. The examination of the subcellular location of the pro-
tein revealed that the pEGFP-LITAF fusion protein was predomi-
nantly distributed in the cytoplasm and partly co-localized with
mitochondria. Moreover, the immunofluorescence assay displayed
the cytoplasmic distribution of SGIV LITAF after infection. Interest-
ingly, SGIV LITAF appeared to aggregate toward the “virus facto-
ries” in some infected cells. Genome replication and assembly of
iridovirus often take place in specific intracellular compartments
known as “virus factories”, and large clusters of mitochondria have
been observed to distribute around the virus assembly sites during
virus infection [16]. Similar results have been reported in cells in-
fected with African swine fever virus [17]. Therefore, it is suggested
that SGIV LITAF may be a protein that is associated with mitochon-
dria. In addition, rounding-up of cells and apoptotic bodies were
observed in pcDNA-LITAF transfected cultures, suggesting that
SGIV LITAF expression could induce apoptosis.

Growing evidence suggests that apoptosis plays a critical role in
viral pathogenesis, and virus encoded genes that trigger apoptosis
have been identified gradually [18,19]. Recent studies indicated
that iridovirus can induce apoptosis during infection [15,20,21].
Furthermore, our previous study also showed that SGIV infection
could induce apoptosis, as indicated by Hoechst staining and TUN-
EL assay (data not shown). In the present study, JC-1 analysis
showed that expression of SGIV LITAF could induce the collapse
of A¥ . Caspase-3 activity was also heightened in the SGIV LITAF
transfected cells. Considering that mitochondria are the central
control point of apoptosis [22], and that changes in A¥,, are con-
sidered as an important event within the apoptosis cascades
[23,24], we propose that the mitochondrion may be involved in LI-
TAF-induced apoptosis. Viruses that induce apoptosis represent an
important step in the spread of progeny to neighboring cells, while
also evading the host immune and inflammatory responses [18].
Therefore, the current data suggest that apoptosis induced by SGIV
LITAF, a protein encoded by the virus itself, may contribute to virus
transmission during SGIV replication.

In addition, our results revealed that the activity of NF-xB and
NFAT was increased in SGIV LITAF expressing cells. It has been
shown that NF-kB and NFAT can regulate other genes related to
cell cycle progression, cell differentiation, and apoptosis [25,26].
Given that these two transcript factors also contribute greatly to
mediation of the immune response and are involved in virus repli-
cation and immune evasion [27], all these findings imply that SGIV
LITAF may contribute to virus replication by exploiting apoptosis
and regulating the host immune response. Future work will be di-
rected to the elucidation of the role of SGIV LITAF in virus immune
evasion.
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