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Abstract

Ranaviruses are nucleoplasmic large DNA viruses that can cause major economic losses in the aquaculture industry and pose
a severe threat to global ecological diversity. The available literature demonstrates that classifiable members of the genus
Ranavirus enter cells via multiple and complicated routes. Here, we demonstrated the underlying cellular entry mechanism
of soft-shelled turtle iridovirus (STIV) using green fluorescence tagged recombinant virus. Treatment with chlorpromazine,
sucrose, ethyl-isopropyl amiloride, chloroquine or bafilomycin A1 all significantly decreased STIV infection, suggesting
that STIV uses clathrin-mediated endocytosis and macropinocytosis to enter cells via a pH-dependent pathway. Depletion
of cellular cholesterol with methyl-B-cyclodextrin significantly inhibited STIV entry, but neither filipin III nor nystatin did,
suggesting that STIV entry was cholesterol dependent but caveola independent. Treatment with dynasore, genistein, ML-7 or
cytochalasin D all significantly inhibited STIV infection, indicating that Rac GTPase and myosin II activity were required for
the macropinocytosis-like pathway as well as actin polymerization. Our findings suggest that the molecular events involved in
STIV entry are not identical to those of other ranavirus isolates. Our results also extend our understanding of the molecular

mechanism of iridovirus entry and pathogenesis.

Introduction

Great attention has been paid to the mechanisms of virus
entry due to their potential role in developing novel thera-
peutics and vaccines [1, 2]. Viruses often take advantage of
multiple endocytic pathways to enter cells. Clathrin-medi-
ated endocytosis is the best characterized pathway, exploited
by many viruses such as human immunodeficiency virus
(HIV), hepatitis C virus (HCV), rabies virus, astrovirus and
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frog virus FV3 [3-8]. Apart from clathrin-mediated entry,
caveola-dependent endocytosis is an alternative well char-
acterized pathway for virus entry. Compared to clathrin,
the internalization of caveolae is slower and the resulting
vesicles do not become acidified [9]. Currently, caveola-
dependent endocytosis is known to be exploited by several
viruses, including Simian virus (SV)40, tiger frog virus
(TFV), echovirus 1 and hepatitis B virus (HBV) [10-13].

In addition, macropinocytosis has emerged as a major
endocytic mechanism in the cell entry of animal viruses
[14]. A variety of viruses, including enveloped and non-
enveloped viruses from adenovirus, picornavirus and other
virus families as well as vaccinia virus take advantage of
macropinocytosis for uptake [1, 15-17]. Inhibitors of Na*/
H* exchange, such as amiloride and ethyl-isopropyl ami-
loride (EIPA), have been used as the main diagnostic test
to clarify macropinocytosis. Inhibitors of several cellular
factors and signaling pathways also inhibit macropinocytosis
initiated by different viruses [1, 17].

Ranaviruses are nucleoplasmic large DNA viruses that
cause major economic losses in the aquaculture industry
and contribute to global ecological instability [18, 19].
From the genus Ranavirus, FV3 was the first iridovirus
to have its entry mechanism investigated. In mammalian
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cells (BHK-21), enveloped FV3 particles are internalized
by adsorptive endocytosis via coated pits and then move
through endosomes and finally lysosomes, suggesting
that FV3 entry is via receptor-mediated clathrin endocy-
tosis [20]. In contrast, recent studies demonstrated differ-
ent mechanisms used by different iridoviruses. Both TFV
and infectious spleen and kidney necrosis virus (ISKNV)
enter different cells via caveola-dependent but not clathrin-
dependent endocytosis [13, 21]. Singapore grouper iridovi-
rus (SGIV) entry into host cells occurs via clathrin-mediated
endocytosis and macropinocytosis in a pH-dependent man-
ner [17]. The different endocytic pathways used by various
iridoviruses implies a complex process in the early steps of
iridovirus infection.

Soft-shelled turtle iridovirus (STIV) was isolated from a
diseased soft-shelled turtle (Trionyx sinensis) [22]. Complete
genomic sequence analysis indicates that STIV and FV3
are likely different strains of the same viral species belong-
ing to the Ranavirus genus [23]. In vitro, STIV infection
induces typical apoptosis and evokes the mitogen-activated
protein kinase (MAPK) signaling pathway [24]. Moreover,
fluorescence-tagged recombinant STIV [enhanced green
fluorescent protein (EGFP)-STIV] has been successfully
constructed to study infective dynamics and evaluate viral
replication [25-27]. Although the genome sequences of FV3
and TFV share high identity, the endocytic pathway used by
them differs completely [13, 20]. Whether the entry pathway
of STIV was different from other reported ranavirus isolates
remained unknown. Here, we demonstrated the underlying
cellular entry mechanisms of STIV using EGFP-STIV. Our
results shed new light on the early events of iridovirus infec-
tion in lower vertebrates.

Materials and methods
Cells and virus

FHM cells were cultured in M199 Medium (Gibco) contain-
ing 10% fetal bovine serum (FBS, Gibco). Green fluorescent
protein-tagged recombinant virus EGFP-STIV was con-
structed in our previous study and expresses an EGFP fused
to the VP55 membrane protein under a natural promoter
[25]. EGFP-STIV was propagated in FHM cells at 28 °C.

Reagents

Chlorpromazine (CPZ, an inhibitor of clathrin-mediated
endocytosis), dynasore (a specific inhibitor of dynamin),
methyl-p-cyclodextrin (BMCD, cholesterol synthesis inhibi-
tor), nystatin (lipid raft inhibitor), EIPA (inhibitor of Na+/
H+ channels), chloroquine (CQ), bafilomycin Al (BAF, a
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specific inhibitor of vacuolar proton ATPases), were pur-
chased from Sigma-Aldrich.

Cell viability

The cytotoxicity of the chemical regents on FHM cells was
determined by the trypan blue exclusion test, as described
previously [25]. FHM cells treated with drugs at different
concentrations were collected by trypsinization, and then
incubated in 0.2% trypan solution (Sigma) for 5 min. All
experiments were carried out in triplicate, and dead cells
were counted by three independent hemocytometer counts.
Cell viability was calculated as the percentage of live cells
over the total number of cells. All the drug concentrations
used in this study were non-toxic (cell viability >95%) to
FHM cells (data not shown).

Fluorescence microscopy

At 24 h p.i., EGFP-STIV-infected cells (at an MOI of 1) were
fixed with 4% paraformaldehyde and then washed twice with
phosphate-buffered saline (PBS). Green fluorescence, which
indicated virus entry or newly synthesized virus, was imaged
using a fluorescence microscope (Leica) and analyzed with
Las 3.8 software [21]. Experiments for image analysis were
performed three or more times, and the images are repre-
sentative of results from three replicate experiments.

Flow cytometry

For flow cytometry analysis, mock- or inhibitor-treated cells
were incubated with EGFP-STIV at an MOI of 1 for 24 h,
then cells were washed once with PBS and incubated with
trypsin (Invitrogen) for 2 min. Cells were transferred to 1.5-
ml centrifuge tubes and centrifuged at 1500xg for 10 min.
All samples were incubated with 4% paraformaldehyde for
30 min prior to resuspension in PBS for flow analysis using
a FACScan flow cytometer with CellQuest software (BD
Biosciences).

Measurement of GFP fluorescence intensity

The harvested cells were lysed in ice-cold reporter lysis
buffer. The lysate was centrifuged at 12,000xg for 10 min.
Fluorescence intensity of GFP in 100 pl supernatant was
measured using a VICTOR X5 2030 Multilabel Plate Reader
(PerkinElmer) at an excitation wavelength of 488 nm and
emission wavelength of 535 nm. The autofluorescence of the
uninfected lysate was detected as background and subtracted
from measurements of the EGFP-STIV-infected lysates.
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Western blotting

Cells were harvested and lysed in cell lysis buffer (Promega).
The protein concentration was measured using a Bradford
Protein Assay Kit. Cell lysates were fractionated by SDS-
PAGE and transferred to polyvinylidene fluoride membranes
for 70 min. The separated proteins were reacted with anti-
MCP (major capsid protein) as the primary antibody, at a
dilution of 1:1000. The secondary antibody was horseradish-
peroxidase-conjugated goat anti-mouse antibody at a dilu-
tion of 1:1000. Internal control reactions to detect p-actin
were carried out simultaneously. Immunoblots were visual-
ized using an enhanced chemiluminescence detection sys-
tem (Amersham ECL Western Blotting Detection Kit). Data
were obtained from three independent experiments.

Results

Clathrin-mediated endocytosis was involved in STIV
entry

Certain agents such as CPZ and sucrose, which can pre-
vent recycling of clathrin to the plasma membrane, inhibit
clathrin-mediated endocytosis [20]. To elucidate the mecha-
nism underlying the endocytosis involved in STIV entry, we
examined the role of clathrin-mediated endocytosis using
CPZ and sucrose. Fluorescent microscopy revealed an obvi-
ous reduction of green fluorescence labeling of cells after
treatment with 10 pM CPZ or 100 mM sucrose in compari-
son to mock-treated cells (Fig. 1A). Quantitative analysis
showed that the fluorescence intensity in CPZ- or sucrose-
treated cells was significantly reduced in a dose depend-
ent manner. Treatment with CPZ at 20 pM and sucrose at
200 mM decreased the fluorescence intensity up to 17.29%
and 21.58%, respectively when compared to mock-treated
cells (Fig. 1B). Consistently, flow cytometry showed that
the percentage of fluorescence-labeled cells was significantly
reduced after treatment with CPZ or sucrose (Fig. 1C). In
addition, the protein expression from EGFP-STIV MCP was
evaluated using western blotting. Protein synthesis of MCP
was obviously reduced after treatment with 20 pM CPZ or
200 mM sucrose (Fig. 1D). These results show that clathrin-
mediated endocytosis is involved in STIV entry.

STIV entry was mediated
through a cholesterol-dependent but caveola-
independent pathway

Caveola-mediated virus entry is inhibited by sterol-binding
drugs such as nystatin and filipin III. To investigate the role
of lipid raft/caveolin in STIV entry, we used sterol-binding
drugs filipin and nystatin to impair caveola formation [28].

We also used PMCD to remove cholesterol from cultured
cells [21]. BMCD obviously decreased the number of fluo-
rescence cells when compared to the mock treated cells. In
contrast, the number of fluorescent cells remained almost
unchanged after treatment with filipin and nystatin (Fig. 2A).
Quantitative analysis indicated that only the fluorescence
intensity in PMCD-treated cells was significantly decreased
in a dose dependent manner; treatment with pMCD at 2 mM
decreased the fluorescence intensity up to 55.29% when
compared to the mock-treated cells (Fig. 2B). Flow cytom-
etry also confirmed that the percentage of fluorescence-
labeled cells was only significantly reduced after treatment
with PMCD (Fig. 2C). In addition, protein synthesis was
only inhibited by treatment with PMCD, but not by nysta-
tin or filipin III (Fig. 2D). Together, these results suggested
that STIV entry was mediated through a non-caveola- but
cholesterol-dependent pathway

STIV utilized macropinocytosis as an alternative
pathway to enter cells

To define whether macropinocytosis was involved in STIV
entry, EIPA, the Na*/H* exchanger inhibitor and IPA-3, a
direct and highly selective Pak1 inhibitor [17], were used to
pretreat FHM cells. Treatment with 10 pM EIPA or 30 pM
IPA-3 obviously reduced the number of cells labeled with
green fluorescence (Fig. 3A). Quantitative analysis indicated
that the fluorescence intensity in EIPA- or IPA-3-treated
cells was significantly reduced in a dose dependent manner;
treatment with EIPA at 20 pM and IPA-3 at 30 pM decreased
the fluorescence intensity up to 13.91% and 22.24% when
compared to mock-treated cells, respectively (Fig. 3B).
Consistently, flow cytometry showed that the percentage
of fluorescence-labeled cells was significantly decreased
in a dose-dependent manner after treatment with EIPA or
IPA-3 (Fig. 3C). In addition, protein synthesis of MCP was
also significantly inhibited by the addition of EIPA or IPA-3
(Fig. 3D), suggesting that STIV utilized macropinocytosis
as an alternative pathway to enter cells.

Multiple cellular factors and signaling events are
involved in STIV entry

An increasing numbers of studies have reported that vari-
ous cellular factors are involved in virus entry [14]. In our
study, the regulation of myosin II activity by phosphoryla-
tion of myosin light chain was inhibited by ML-7, and Racl
activity was specifically inhibited by NSC23766. We also
used genistein, dynasore and cytochalasin D to inhibit tyros-
ine kinase, large GTPase dynamin and actin polymeriza-
tion in GS cells, respectively. Except for NSC23766 (data
not shown), the fluorescence intensity of cells treated with
cytochalasin D (cyto-D), dynasore, genistein or ML-7 was
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Fig. 1 Clathrin-mediated endocytosis is involved in STIV entry. (A)
Fluorescence microscopy observation of EGFP-STIV-infected cells
after treatment with DMSO, CPZ or sucrose. (B) Fluorescence inten-
sity of EGFP-STIV-infected cells after treatment with DMSO, CPZ or

significantly reduced in a dose dependent manner. Treat-
ment with cyto-D at 0.2 pM, dynasore at 40 pM, genistein
at 60 pM and ML-7 at 20 pM decreased the fluorescence
intensity up to 39.34%, 28.37%, 24.29% and 13.35%,
respectively in comparison to mock-treated cells (Fig. 4A
and 4C). Flow cytometry analysis showed that the percent-
age of fluorescence-labeled cells after treatment with these
four inhibitors was significantly reduced compared to that
of mock-treated cells (Fig. 4B and 4D). We also evaluated
the effects of dynasore and ML-7 on viral protein synthesis.
Protein synthesis of MCP in dynasore- and ML-7-treated
cells was obviously reduced during EGFP-STIV infection
when compared to that seen in mock-treated cells (Fig. 4E).
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sucrose. (C) Quantitative analysis of the percentage of EGFP-STIV-
infected cells by flow cytometry. (D) Western blotting detection of
protein synthesis of the STIV major capsid protein after treatment
with CPZ and sucrose

These results suggest that multiple cellular factors or signal-
ing events including myosin II, tyrosine kinase, dynamin and
actin polymerization are all essential for STIV entry.

STIV entered into cells in a pH-dependent manner

To assess whether STIV entry was pH dependent, we
altered the endosome acidification with CQ, a lysosomo-
tropic agent, or with BAF, a specific inhibitor of endo-
somal proton-ATP pumps. Green fluorescence in cells
after treatment with 10 uM CQ or 0.8 pM BAF was obvi-
ously reduced in comparison to that seen in mock-treated
cells (Fig. 5A). Quantitative analysis showed that the
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Fig.2 STIV entry is mediated through a non-caveola- and choles-
terol-dependent pathway. (A) Fluorescence microscopy of EGFP-
STIV-infected cells after treatment with DMSO, MCD, nystatin or
filipin III. (B) Determination of the fluorescence intensity of EGFP-
STIV-infected cells after treatment with DMSO, PMCD, nystatin or

fluorescence intensity in CQ- or BAF-treated cells was
significantly reduced in a dose dependent manner. Treat-
ment with BAF at 0.8 uM, and CQ at 40 pM decreased
the fluorescence intensity up to 10.77%, and 25.74%,
respectively in comparison to mock-treated cells (Fig. 5B).
Consistently, flow cytometry anlaysis indicated that the
percentage of fluorescence-labeled cells was significantly
decreased in a dose-dependent manner after treatment with
CQ or BAF (Fig. 5C). Western blotting showed that pro-
tein synthesis of MCP was significantly inhibited by CQ
and BAF (Fig. 5D). Thus, we propose that STIV enters
FHM cells in a pH-dependent manner.
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filipin III. (C) Quantitative analysis of the percentage of EGFP-STIV-
infected cells by flow cytometry. (D) Western blotting detection of
protein synthesis of the STIV major capsid protein after treatment
with BMCD

Discussion

Viruses have evolved to exploit endocytosis as an effec-
tive means of entering host cells and being transported
to sites suitable for replication. Therefore, exploration of
virus-entry mechanisms might provide new clues to devel-
oping effective drugs to block virus infection. As large
DNA viruses, iridoviruses have attracted much atten-
tion because of their impact on ecological instability and
their role in heavy economic losses in the aquaculture
industry. Although rapid progress has been made in the
field of iridovirus functional genomics, the early events
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Fig. 3 Inhibitors of macropincytosis block STIV infection. (A) Fluo-
rescence microscopy of EGFP-STIV-infected cells after treatment
with DMSO, EIPA or IPA-3. (B) Fluorescence intensity of EGFP-
STIV-infected cells after treatment with DMSO, EIPA or IPA-3. (C)

during iridovirus infection, especially virus entry, are still
unknown [13, 19, 21].

Clathrin-mediated endocytosis, a well-characterized
endocytic pathway, is exploited by a number of viruses to
enter host cells [6, 7]. CPZ is known to cause a clathrin
lattice to assemble on endosomal membranes, and at the
same time, prevent the assembly of coated pits at the plasma
membrane [9]. After treatment with CPZ, the cellular entry
of many viruses, including HIV, HCV, African swine fever
virus (ASFV), HBV and rabies virus, was significantly
inhibited, suggesting that clathrin-mediated endocytosis is
involved in the entry process of these viruses [6, 7, 9]. In
our study, the percentage fluorescence indicated that EGFP-
STIV-infected cells and protein synthesis of major capsid
proteins were significantly decreased by treatment with

@ Springer

Quantitative analysis of the percentage of EGFP-STIV-infected cells
by flow cytometry. (D) Western blotting detection of protein synthesis
of the STIV major capsid protein after treatment with EIPA or IPA-3

CPZ. As another inhibitor of clathrin-dependent endocyto-
sis, hyperosmotic sucrose prevents clathrin and its adaptors
from interacting [29]. Our results showed that treatment with
hyperosmotic sucrose also decreased virus entry, similar to
CPZ. The number of STIV-infected cells was significantly
inhibited, as well as protein synthesis of MCP, after treat-
ment with CQ or BAF; both of which are known to prevent
endosome acidification. The entry of STIV to FHM cells
was significantly decreased by dynasore, an inhibitor of
GTPase dynamin, which is required for clathrin-mediated
endocytosis. We propose that STIV enters host cells through
clathrin-mediated endocytosis in a pH-dependent manner.
Notably, clathrin-mediated endocytosis was also reported
to be crucial for FV3, but not for TFV entry, although they
are different strains of the same species. It is proposed that



Soft-shelled turtle iridovirus entry

3029

A B
£ »0 ---DMSO ---DMSO
§ 3000 T ¥ ---Dynasore-40uM #1 -—-CytoD-0.2uM
= 2500 ¢] ---Dynasore-10pM 2] ---CytoD-0.05uM
o p— *
8 2000
g 1500 * ) )
wn & «
2 1000 "
S 9 o
2 500
ki 0 1 1 °
OOQL OOQ},QL, W o
%)O‘}%@O"m %o, %QZ)OZQG_ 2
% %%, G0
2, % “lat
© % b 4
C bty
D
£ B i 1 -DMSO —-DMSO
wn " 3
g W ¥ I "1 ---Genistein-60uM ---ML-7-20uM
.E 2500 1 3] ---Genistein-40uM o] -——-ML-7-5uM
S 2000
= % én :
S 1500 t
s E
5 1000 ok .
= L * 2
0 1 1 -] a A
29) pe 10 10
%oty %
0 %% %, DR 0
262, Vo0
%%% 4}’ ('4?
CTe €
by
E Dynasore ML-7
M 10uM 20uM 40uM DMSO SuM__ 10uM 20pM DMSO M
t m—— MCP |~ [N— | MCP

| Actin

L rerw—— Actin |‘-'--—-

Fig.4 Multiple cellular factors and signaling events were involved
in STIV entry. (A, C) Determination of the fluorescence intensity
of EGFP-STIV-infected cells after treatment with DMSO, cyto-D,
dynasore, genistein or ML-7. (B, D) Percentage of EGFP-STIV-

the entry mechanisms of these viruses were investigated
in different cell types [13, 20]. Whether clathrin-mediated
endocytosis is involved in TFV infection in fish or frog cells
needs further investigation.

In contrast to clathrin-mediated endocytosis, caveola-
dependent endocytosis is a newly characterized endo-
cytosis pathway that defines the movement of caveolins
with caveola-derived vesicles to multiple compartments
in the cytoplasm. Sterol-binding reagents such as filipin
I1II, nystatin and pMCD are usually used to impair caveola-
mediated endocytosis due to the high abundance of choles-
terol and sphingolipids in caveolae [9, 28]. Treatment with
filipin III or nystatin decreased the cellular entry of some

infected cells after treatment with DMSO, cyto-D, dynasore, gen-
istein or ML-7 by flow cytometry. (E) Western blotting detection of
protein synthesis of the STIV major capsid protein after treatment
with dynasore or ML-7

viruses, including SV40, coronavirus, TFV and ISKNYV,
suggesting that these viruses used caveola-dependent
endocytosis during their life cycle [10, 13, 21, 30]. In our
experiments, treatment with BMCD decreased the percent-
age of STIV-infected cells in a dose-dependent manner,
while neither nystatin nor filipin III showed obvious effects
on STIV entry. This phenomenon was also described in
severe acute respiratory syndrome coronavirus infection
[28]. Given that cholesterol depletion by BMCD inhibits
the formation and budding of clathrin-coated pits, we pro-
pose that BMCD inhibits STIV entry; not through inter-
fering with caveola-dependent endocytosis, but likely by
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Fig.5 STIV enters into cells in a pH-dependent manner. (A) Fluo-
rescence microscopy of EGFP-STIV- infected cells after treatment
with DMSO, BAF or CQ. (B) Fluorescence intensity of EGFP-STIV-
infected cells after treatment with DMSO, BAF or CQ. (C) Quantita-

affecting the integrity of membrane lipid microdomains, or
inhibiting clathrin-mediated endocytosis [31, 32].
Although there are numerous reports that many viruses
enter cells via clathrin-dependent or caveola/lipid raft-medi-
ated endocytosis, increased attention has recently been paid
to macropinocytosis due to its critical role in virus entry [14,
33, 34]. EIPA, a specific inhibitor of Na*/H* exchanger, is
critical for macropinosome formation, and is usually used to
evaluate the impact of macropinocytosis on virus entry [35,
36]. Treatment with EIPA impairs the entry of many mam-
malian viruses, including EBOV, ASFV, vaccinia virus and
human cytomegalovirus, suggesting that macropinocytosis is
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tive analysis of the percentage of EGFP-STIV-infected cells by flow
cytometry. (D) Western blotting detection of protein synthesis of the
STIV major capsid protein after treatment with BAF or CQ

involved in the entry of these viruses [16, 37-39]. To ascer-
tain whether macropinocytosis is an alternative route for
STIV entry, the effect of EIPA on STIV infection was deter-
mined. In STIV-infected cells, treatment with EIPA inhibited
virus entry and protein synthesis in a dose-dependent man-
ner. Recent studies have also demonstrated that several cell
factors are critical for macropinocytosis in virus entry. Inhi-
bition of PAK-1 and myosin II activity decrease the entry of
ASFV and influenza A virus, which shows that these cellular
factors are important for macropinocytic uptake [37, 40].
Furthermore, inhibition of actin polymerization by cyto-D
decreased the cellular entry of Kaposi’s sarcoma-associated
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Fig.6 Molecular mechanism of iridovirus entry. (1) Clathrin-medi-
ated endocytosis used by FV3, SGIV and STIV, could be inhibited
by CPZ and sucrose. Virus particles were internalized and formed
clathrin-coated vesicles (CCVs), then CCVs were uncoated and virus
was transported into the endosome, and finally into the lysosome; (2)
Caveola-dependent endocytosis, used by TFV and ISKNV, could be
inhibited by nystatin and filipin III. Virus particles were internalized

herpesvirus, vaccinia virus and ASFV, suggesting that actin
polymerization is important in the macropinocytic pathway
[35, 37, 40]. In our study, inhibition of PAK1 activity by
IPA-3 and inhibition of myosin II activity by ML-7 both sig-
nificantly prevented STIV entry. Treatment with cyto D also
significantly blocked STIV infection. Therefore, we con-
clude that STIV enters cells via macropinocytosis. Notably,
the macropinocytosis specific inhibitor EIPA was not used
in previous studies on the cellular entry of FV3, TFV and
INKNV [13, 20, 21], but disruption of actin microfilaments
by cytochalasin B significantly inhibited TFV entry [13],
suggesting that macropinocytosis is also involved in TFV
entry. Recent studies have revealed that SGIV enters host
cells via both clathrin-mediated endocytosis and macropi-
nocytosis in a pH-dependent manner [19]. We propose that
macropinocytosis is a novel alternative pathway exploited
by iridovirus to enter cells.

In conclusion, our results reveal that STIV enters cells
via clathrin-mediated endocytosis and macropinocytosis
in a pH-dependent manner. In accordance with previous
studies, we propose that ranaviruses, including STIV, FV3
and SGIV could use clathrin-mediated endocytosis and

into host cells via caveolae and dependent on the microtubules via a
caveola-caveosome-endoplasmic reticulum (ER) pathway; (3) Macro-
pinocytosis, used by STIV and SGIV, could be inhibited by EIPA,
IPA-3 and cyto-D. Virus particles were internalized and formed
macropinosomes. Viruses might then be transported via the late
endosome to the lysosome

micropinocytosis to enter cells, although this conclusion
was not verified in FV3 and TFV infected fish cells or frog
cells. Interestingly, caveola-mediated endocytosis was not
involved in STIV and SGIV entry in vitro, but crucial for
the entry of TFV into HepG2 Cells and ISKNV into fish
fry cells (Fig. 6). Together, iridoviruses might use multiple
endocytic pathways for entry, like mammalian viruses. Our
study provides new insights into understanding the early
events in iridovirus pathogenesis.
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