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Abstract

The lack of a reliable immortal shrimp cell line is a major constraint for shrimp virus research. Although
several attempts have been made to establish shrimp cell lines, none have been successful. Insect cell lines
such as SfY cells have been used as an alternative for shrimp cells. Although susceptible to many shrimp
viruses, detailed studies with yellow head virus (YHV) revealed that the cells were not as permissive as
originally hoped since the cells failed to produce mature, enveloped virions. In this study, primary hemocyte
cell culture systems were successfully established for both P. monodon and P. vannamei. Double strength-L-
15 or single strength grace’s insect medium was used as the basal medium. This was supplemented with 15%
fetal bovine serum, 2x antibiotics (penicillin and streptomycin) and 0.5% NaCl. Cells cultured in this medium
could be maintained for several weeks in an incubator set at 30 °C. These cells were found to be susceptible to
white spot syndrome virus (WSSV), Taura syndrome virus and YHV in infection experiments where viral
envelope (Vpl19 of WSSV) and nucleocapsid proteins (p20 and Vpl of YHV and TSV, respectively) were
detected in the cells when monoclonal antibodies against these proteins were used. It was also found that in
WSSV and YHV infection experiments, large granular cells were the first cell type to be infected. To study
the role of N-linked glycosylation in the YHV replication cycle, tunicamycin (an inhibitor of N-linked
glycosylation) was used. YHV-infected culture cells treated and not treated with tunicamycin (0.5 [lg/ml)
were tested for the presence of all three YHV structural proteins (gpl116, gp64 and p20) using monoclonal
antibodies (MADb) specific to each protein. Although positive immuno reactions for all three antibodies were
observed in both treated or not treated cells, the immuno reactive signals in tunicamycin-treated cells were
much less intense than those in untreated cells. The results indicated that the cultured cells could support full
YHYV virus replication and that tunicamycin reduced YHYV replication under the experimental conditions used.
Despite reduced replication in the tunicamycin-treated cells, all three structural proteins were still present and

some mature, enveloped viral particles were formed.

Keywords: Shrimp, hemocyte, cell culture, yellow head virus, white spot syndrome virus,



Introduction

The lack of an established immortal cell line is one of the major obstacles for shrimp virus research. Although
several attempts to produce such cell lines have made by many researchers around the globe using different
tissue sources, different cell culture media, different culture conditions and even various mutation techniques,
none have been successful (Crane and Benzie, 1999). Thus, to study shrimp viruses, many researchers opt to
use primary cultures of shrimp cells, and especially cells that originate from the shrimp lymphoid organ (LO)
(Chen and Kou, 1989; Itami et al., 1999). However, since the LO is associated with pathogen clearance and
since it is among the first organs to be infected with many viruses and bacteria, it is difficult to obtain
uncontaminated lymphoid organ tissue. In cultured shrimp, the LO often shows evidence of pathogen
contamination in the form of spheroidal clumps of cells called spheroids that form in response for foreign
material. Insect immortal cell lines such as Sf9 cells and C6/36 mosquito cells have sometimes been used as
alternatives to shrimp cells to study shrimp viruses. These cells were found to be susceptible to many shrimp
viruses including yellow head virus (YHV), white spot syndrome virus (WSSV) and Taura syndrome virus
(TSV) (Arunrut et al., 2011; Gangnonngiw et al., 2010; Sriton et al., 2009). Detailed study on YHV
replication in Sf9 cells revealed that the cells failed to produce mature enveloped particles or that the cells

were not as permissive to the virus as originally thought (Sriton et al., 2009).

Relatively little is known about the detailed replication cycles of shrimp and other crustacean viruses. Mostly,
this is due to lack of immortal shrimp cell lines for laboratory experiments. As an alternative, we successfully
established a repeatable, primary cell culture model based on easily-obtained shrimp blood cells (called
hemocytes) from both the giant tiger shrimp Penaeus monodon and the whiteleg shrimp P. vannamei and we
used them to test the effect of the anti-glycosylation agent tunicamycin and the inhibitor of actin filament

polymerization cytochalasin D on yellow head virus (YHV) infection.

Methods:

1. Hemocyte cell preparation:
Hemolymph containing hemocyte cells was withdrawn from the ventral sinus of shrimp into a 1 ml syringe
containing an equal volume of shrimp salt solution (SSS). The hemolymph was thoroughly mixed with SSS
before approximately 100 pl was dropped onto cover glass that was placed in a well of a 24 well-plate. Then,
2x L-15 medium (500 ul) was added to each well and the culture plate was placed on top of an orbital shaker

set at low speed (5 rpm) for approximately 1 h to allow the cells to spread and attached to the cover glass.



After that the cells were incubated in an incubator set at 30°C. Chamber slides (4-8 chambers/slide) were also

used to culture cells with similar results.

2. Crude virus preparation
Crude yellow head virus (YHV), white spot syndrome virus (WSSV) and Taura syndrome virus (TSV) were
prepared from hemolymph of shrimp experimentally infected with each virus. The hemolymph of infected
shrimp (2, 3 and 7 days post injection for YHV, WSSV and TSV, respectively) was withdrawn into a sterile
syringe containing 1:1 volume of SSS. The hemolymph and SSS were mixed by moving the syringe plunger
up and down a few times before the mixture was filtered through a 0.2 pm membrane filter. The filtrates
(stock viruses) were kept at -80°C until used. The original stocks of YHV and WSSV were obtained from
outbreak farms in Thailand in 2000 and 1999, respectively. The stock of TSV was kindly provided by Dr.
Kullaya Somboonwiwat of the National Center for Genetic Engineering and Biotechnology (BIOTEC) and

Chulalongkorn University.

3. Virus inoculation
To inoculate a virus, approximately 80% of the culture medium (2x L15 base) in the culture plate was
removed. The diluted stock virus 1:100 in culture medium (100ul) was placed or dropped onto the cells and
the culture plate was shaken on an orbital shaker set at low speed (5 rpm) to ensure that the virus was spread
evenly in the culture wells. This was done for at least 15 min before the cells were either fixed or cultured
further in an incubator set at 30°C for various times (30 min, 2 h, 12 h, 24 h, 48 h, 72 h or longer). For those
cells that were cultured further, approximately 500 pul of culture medium was added before further incubation.
Cells cultured in Grace’s insect medium were also tested for their susceptibility to yellow head virus infection,

but this failed to initiate infections.

4. Cell fixation and immunohistochemical staining
To fix the cells, culture medium was removed from the culture wells. The cells were then fixed with 4%
paraformaldehyde for 10 min before they were washed by incubation three times in PBS (10 min each). To
permeabilize the cultured cells, the cells were treated with 0.1% triton x 100 in PBS for 5 min before they
were washed with PBS 3 times 5 min each. The cells were then blocked with 10% FBS in PBS before the first
antibody (antibody specific for each virus) was added followed by incubation at 37°C for 1 h. Unbound
antibodies were removed by washing 3 times with PBS (10 min each). Fluorochrome labeled secondary
antibody (Alexa Fluor 488, 594 or 633, from Invitrogen) (1:500- 1:1000) was used and the cells were

incubated for 1 hour at 37°C together with Topo 3 nuclear stain (1:500) and Phalloidin-Fluorescein



isothiocyanate (1:500) stain for actin filaments (Both from Sigma). Then the unbound secondary antibody and
dye were washed by incubation three times with PBST (PBS with 0.05% tween20) for 10 min each. The cells

were mounted using Prolong gold anti fade reagent and studied by confocal microscopy (Olympus).

5. Tunicamycin and cytochalasin D treatment of cultured cells
Treatment of cultured cells with an N-linked glycosylation inhibitor, tunicamycin and an inhibitor of actin
polymerization cytochalasin D were either done at the same time, prior to or after virus infection. To do this
the culture medium (approx. 80%) was removed from the culture wells and replaced with new culture medium
containing either tunicamycin (0.5 Llg/ml) or cytochalasin D (from Zygosporium mansonii, Sigma, 1 pM).
The culture plates were then placed on top of an orbital shaker set at approximately 5 rpm speed for 15 min
before the culture plates were incubated in an incubator set at 30°C before they were collected and processed

for immuno-histochemical staining.

6. Culture media formulas

MAun | ¥o gAI01HI9 strength | Supplements/antibiotics pH

1 Grace’s Insect medium | 1x 15%FBS, 2% pen strep (stock | 6.9-
Penicillin and streptomycin, 5000 | 7.0

units and 5000 ug/ml), 0.5% NaCl

2 Leibovitz-L-15 Ix, 2x 15%FBS, 2% Pen strep, 0.5% NaCl 7.2

3 S£-900 I1I SFM 1x 2% Pen strep UD

Osmolality of the 2x L-15 used was approximately 720 mOs /kg.

Results
1. Routine methods for primary hemocyte cell culture were successfully established

Using three different culture media, namely double strength (2x) Leibovitz’s-L15 with L- glutamine (Gibco),
Grace’s insect medium and Sf900 medium as basal media (supplemented with 15% fetal bovine serum, 2%
penicillin and streptomycin (stock Penicillin and streptomycin, 5000 units and 5000 pg/ml) and 0.5% NaCl),
we successfully established repeatable, primary cell cultures based on easily-obtained shrimp blood cells
(called hemocytes) from both the giant tiger shrimp Penaeus monodon and the white leg shrimp P. vannamei.
The cultured cells could be maintained in an incubator set at 30°C or at room temperature for up to 9 months

in Grace’s insect medium and approximately 3 weeks in 2x L15-based medium in an incubator set at 30°C



with media changes every 3-4 days. Cytoplasm of some cultured cells in 2x L15 started to retract towards the
cell body and the cells dislodged from the culture flask surface after day 10, with the majority of the cells
gradually dislodging from the flasks and dying in the fallowing weeks. Cells cultured in 1x L15 media were
not as good as those in 2x L16 as most of the cells contained vacuoles and dislodged from the culture flasks
after 24 h. Cells cultured in Sf900 medium appeared to have diverse morphologies when compared to those in
2x L15 and in Grace’s insect medium. Examples of the cultured cells in different media are shown in Figs. 1

and 2.

Fig.1 Examples of cultured hemocyte cells of Penaeus monodon in 2x L-15 medium with supplements at

different magnifications

Fig. 2 Examples of cultured hemocytes of Penaeus monodon at different magnifications in (a) Grace’s insect

medium with supplements and (b and ¢) in Sf900 medium



2. The cultured hemocyte cells were susceptible to yellow head virus (YHV), white spot syndrome virus
(WSSV), and Taura syndrome virus (TSV)

In this study we tested weather the cultured hemocyte cells were susceptible to three important shrimp viruses
[white spot syndrome virus (WSSV), yellow head virus (YHV) and Tuara syndrome virus (TSV)]. To do this,
1 hour or overnight cultured cells in 2 x L15 were exposed to all three viruses and the viruses were allowed to
infect the cells for one hour before the cells were washed with fresh medium to remove excess, unbound virus.
Some of the infected cells were also fixed at 5, 15 and 30 min post infection. The treated cells were cultured
further in an incubator set at 30°C before the culture medium was removed and the cells were fixed with
fixative and processed for immunocytochemical assay using MAb specific for each virus’ nucleocapsid
protein [monoclonal antibodies against WSSV envelope protein Vp19, YHV nucleocapsid protein or p20, and
TSV nucleocapsid (N) protein]. Positive immunoreactions were observed for all three antibodies tested (See
Figures 3 b, 4 and 6 for YHV p20, TSV N and WSSV Vpl19 respectively), indicating that the cultured cells

were susceptible to the three viruses.

To determine if these cells are permissive to YHV infection (or to determine if the cultured cells could support
the full replication cycle of YHV), YHV infected cells were also stained with monoclonal antibodies against
its two envelope glycoproteins, gpl16 and gp64. It was found that the infected cells were positive with both
tested antibodies (Figures 3¢ and 3d). These results indicated that the cultured cells were not only susceptible
but also permissive to the virus, i.e. the cells could support virus replication and the formation of enveloped

viral particles formation and the cultured cells could be used to study other aspects of virus replication.



Fig. 3 Cultured hemocyte cells infected and not infected with YHV immuno-stained with Mabs against all
three structural proteins of YHV. a) un-infected control cells labeled with anti gp116, b) anti nucleocapsid
protein, ¢) anti envelope protein (gp64) and d) anti envelope protein gpl116. All Mabs were detected with the
secondary antibody labeled with Alexa Fluor 633 (Red). The cell nuclei were stained with DAPI (blue) and
their actin filaments with FITC labeled phalloidin (green). YHV infected cells were positive with all three

Mabs.



Fig. 4 Cultured hemocyte cells infected with TSV (15 h P.L), the cells were immuno-stained with a Mab
against the virus nucleocapsid protein and detected with a secondary antibody labeled with Alexa Fluor 633

(Red). Positive signals for the protein were observed primarily in the cytoplasm of most cells.

3. Expression and colocation of two WSSV envelope proteins, Vp19 and Vp28 with two known
receptor proteins (Pm Rab 7 and laminin receptor protein) in cultured cells
In this project, the expression patterns of two known shrimp receptor proteins, the laminin receptor protein
and Pm Rab7 in cultured hemocyte cells were also investigated. Laminin receptor protein which is a
mammalian cell receptor for several arthropod-borne viruses (arboviruses) has been reported to interact with
many virus proteins including nucleocapsid proteins of Taura syndrome virus Vpl (TSV) (Senapin and
Phongdara, 2006) and infectious myonecrosis virus IMNV) and gp116 envelope protein of YHV (Busayarat
et al., 2011). But whether this protein is a sole receptor protein for these three shrimp viruses is still not
known. In this study a polyclonal antibody against the protein was used to stain cultured cells either infected
or not infected with WSSV and TSV. It was found that the laminin protein was expressed or present in all
three hemocyte cell types (i.e., large granular cells containing two different sizes of granules, large and small,
small granular containing only small size granules and hyaline cells or non-granular cells containing no
granules). The protein was found primarily in vesicles of the granular cells which are distributed somewhat
evenly in the cell cytoplasm (Fig. 5). These locations were similar to the locations where positive signals for
TSV Vpl were observed (Fig. 4). It is interesting to note that some positive signals for the protein were also

outside of the cells. Thus, it is possible this protein may also be excreted.



Pm Rab 7 protein is a VP28-binding protein involved in WSSV infection (Sritunyalucksana et al., 2006).
Using a polyclonal antibody preparation against Pm Rab7 protein to stain cultured cells, it was found that the
protein, similar to laminin receptor protein, was expressed in all hemocyte cell types. However, unlike the

laminin protein, Pm Rab 7 was also expressed in both the cell nucleus and cytoplasm.

4. Co-location of WSSV Vp19 and laminin receptor protein
Immunocytochemical analysis of WSSV infected cultured cells (2 h p.i) using a monoclonal antibody against
WSSV Vp19 and a polyclonal antibody against laminin receptor protein revealed that all hemocyte cell types
expressed both proteins in their cytoplasm (Figures 6 and 7). The locations of the immunoreactions for both
proteins were found to be similar and in the same area. These results suggested that the two proteins were co-
located in the cytoplasm of infected cells (Fig. 7). It is interesting to note that the immunoreactive signals for
the viral Vp19 protein were relatively stronger in the cytoplasm of granular cells than in the cytoplasm of
hyaline cells. These results suggested that the virus either infects granular cells before hyaline cells or that the

replication rate of the virus in granular cells is higher than in the hyaline cells as (See Fig. 6).

Fig. 5 Examples of laser confocal micrographs of Penaeus monodon cultured hemocytes in 2x L15 medium
immuno stained with a specific polyclonal antibody against laminin protein. (a) Cell nuclei (blue) stained with
TOPO 3. (b) Laminin protein (red) stained with a specific polyclonal antibody and with an anti-rabbit
antibody conjugated with Alexa Fluor 546. (¢c) Merged images of a and b. (d) Bright field photomicrograph of
the same area revealing the different hemocyte cell types: large granular (LG), small granular (SG) and
hyaline (H) cells. The immuno-reactive signal for the laminin protein was found in cytoplasm of all three

hemocyte types.



Fig. 6 Examples of laser confocal micrographs of cultured hemocytes of Penaeus monodon in 2x L15 medium
infected with white spot syndrome virus (WSSV) (2 h. p.i.) and immunostained with specific antibodies. (a)
Detection of host laminin protein (green) using a specific monoclonal antibody and anti-mouse antibody
conjugated with Alexa Fluor 488 (green). (b) Detection of WSSV envelope protein Vp19 (red) with a specific
polyclonal antibody and Alexa Fluor 546. (c) Merged images a and b together with an image of cell nuclei
(blue) stained with TOPO 3. (d) Bright field image of the same field. The virus signals are higher in granular
cells (G) than hyaline cells (H). The merged image shows that the two proteins are collocated primarily in the

cell cytoplasm as red + green = yellow.

Careful observations using higher magnifications clearly showed that the cells that possess the most intense
immunoreactive signals for both Vp19 and the laminin protein were the large granular cells. This was
followed by decreased intensity in the small granular cells and even more decreased intensity in the hyaline
cells. Hyaline cells were found to possess the least intense immunoreactive signals for both proteins (Fig. 7).
It is interesting to note that the signals for both proteins in the large granular cells were found mostly at the
same positions or that they were perfectly co-located (yellow ring surrounding the cell nuclei) whereas the
same was not true for both proteins in small granular cells where some of the red and green fluorescence

appeared at different locations (Fig. 7).
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Fig. 7. Examples of laser confocal micrographs of cultured hemocytes of Penacus monodon in 2x L15
medium infected with white spot syndrome virus (2 h. p.i.) and immunostained with specific antibodies
against WSSV envelope protein Vp19 which is and host laminin protein. (a) WSSV envelope protein Vp19
(green) stained with a specific MAb and with an anti-mouse antibody conjugated with Alexa Fluor 488. (b)
Host laminin protein (red) stained with a specific polyclonal antibody and with anti-rabbit antibody
conjugated with Alexa Fluor 546. (c) Merged images a and b together with cell nuclei (blue) stained with
TOPO 3. (d) Bright field of the same field as in a and b showing hemocyte types: large granular cells (LG)
than in small granular cells (SG) and hyaline cells (H). Strongest immunopositive signals were observed in
LG for both WSSV Vp19 and laminin followed by SG and H in decreasing order. The two proteins appear to

collocate primarily in the cell cytoplasm as shown in the merged picture as yellow color (i.e., red plus green).

5. Expression of WSSV Vp28 and Pm Rab7 protein in WSSV-infected cultured cells

As with laminin receptor protein, immunoreactions for Pm Rab 7 were also observed in all three hemocyte
cell types. Immunoreactive signals for the protein were found to be strongest in large granular (LG) cells. This
was followed by small granular (SG) cells and hyaline (H) cells which were found to possess the weakest
signals for the protein. Within these cells, the immuno-reactive signals were found primarily (but not limited
to) in the cell cytoplasm. Some positive reactions were also observed in the nucleus.

Among the three hemocyte cell types, large granular cells were found to possess the strongest

immunoreactions for WSSV Vp28 envelope protein, whereas hyaline (H) cells were found to have the least



intense immunoreactions. Although signals for the protein were observed in both cytoplasm and in the nucleus

of the infected cultured cells, as with those of Pm Rab 7, the two proteins did not co-locate (See Fig. 8).

@

Fig. 8. Laser confocal micrographs of WSSV infected (2 h p.i.) cultured hemocyte cells of Penaeus monodon
immunostained with specific antibodies for WSSV envelope protein Vp28 and host protein Pm Rab 7. (a)
WSSV envelope protein Vp28 (green) immuno-stained with a specific mouse MAb and with Alexa Fluor 488
labeled goat anti-mouse antibody. (b) Host Pm Rab 7 protein (red) stained with a specific polyclonal antibody
and with Alexa Fluor 546 labeled goat anti-rabbit antibody. (c) Merged image of a and b together with cell
nuclei (blue) stained with TOPO 3. (d) Bright field image of the same field as in a and b showing hemocye
types: large granular (LG) cells, semi granular cells (SG) and hyaline cells (H). The strongest positive
immunoreactions for both proteins were observed LG and decreased in intensity for SG and H, with lowest

signals in H.

6. Susceptibility of cultured cells to YHV
6.1 Time course infection of YHV in cultured hemocytes
From our time course YHV infection experiment, it was found that immunopositive signals for the virus
nucleocapsid protein could be detected in the cytoplasm of cultured cells as early as 5 min post infection
(P.L.). The first hemocyte cell type found to be positive with the test was the large granular (LG) cells. At 1 h
P.I., most large granular cells and some small granular cells were found to be positive with the antibody
whereas, most hyaline cells remained negative (Fig. 9). More cells of all types were found to be positive at

later times after infection. Among the three hemocyte cell types, the strongest immunoreactions were



observed in LG and especially in area where there were vacuoles/vesicles which could be the area where the
virus particles/protein are packaged/formed (i.e., virus factories). These vacuoles were also found to be
heavily stained with phalloidin-FITC, the fungal toxin which binds specifically to actin filaments. It is
interesting to note that in infected granular cell more stress fibers (more polymerized actin) were observed in
the cytoplasm when compared with the same areas in uninfected cells of the same cell type. By 15 h P.I. all
cell types were found to be positive with the antibody. At this time, it was difficult to differentiate cell types,
and especially between hyaline and small granular cells as both appeared to have cytoplasmic contents that

were very similar to granules.

Fig. 9. Laser confocal micrographs of cultured Penaeus monodon hemocytes exposed (5 min) to yellow head
virus (YHV) and then treated with antibodies specific to YHV nucleocapsid protein, and host actin. (a)
Merged images showing YHV nucleocapsid protein (red) stained with specific antibody Y-19 and goat anti-
mouse antibody labeled with Alexa fluor 633, host actin (green) stained with FITC labeled phalloidin and host
nuclei (blue) stained with DAPI. (b) Image of the same field as in a but showing fluorescence from YHV
nucleocapsid protein only. (¢) Merged image of the same field as in (a) but showing fluorescence of only
YHV nucleocapsid protein (red) and nuclei (blue). (d) Phase contrast of the same field as in a indicating
different hemocyte types showing that large granular (LG) cells are the most intensely stained cells followed

by small granular (SG) cells and hyaline (H) cells which are the least stained.



Fig.10. Multilayer, laser confocal micrographs of Penaeus monodon cultured hemocytes infected with YHV
for 15 hours and stained with specific antibodies to YHV nucleocapsid protein and host actin. (a)
Photomicrograph of host nuclei (blue) stained with DAPI. (b) Same field as in (a) showing host actin (green)
stained with FITC labeled phalloidin. (¢) Same field showing YHV nucleocapsid protein (red) stained with
specific monoclonal antibody Y-19 and goat anti- mouse antibody labeled with Alexa fluor 633. (d) Merged

images (a) to (c).

6.2 Association of actin polymerization with the YHV replication cycle
In this study the role of actin filaments or actin polymerization in YHV replication was also investigated.
YHYV infected culture cells, pre-treated or not with cytochalasin D, were probed with monoclonal antibodies
against all three structural proteins of YHV and with FITC labeled phalloidin to detect polymerized host actin
filaments. The cells were also stained with DAPI to detect host nuclei. Some of the infected cell nuclei
appeared shrunken or condensed, perhaps indicating initial stages in apoptosis. As expected, it was found that

actin in treated cells was less polymerized than actin in untreated cells. However, for the 3 YHV virion



proteins, some differences were noted in cells either treated or not with cytochalasin D. specifically, there
were fewer positive cells located in focal areas for the treated wells but generalized positive cells in the un
treated wells. The cells either treated or not were found to be positive with all three antibodies. These results
suggested that YHV infection could induce actin polymerization, at least in granular cells (Fig. 11). It was
also interesting to note that some of the polymerized actin was co-localized with YHV envelope protein gp64.
These areas of co-localization are in vacuoles/vesicles located in the cytoplasm of the infected cells. The
significance of this interaction is still not known, but it suggests that YHV may use actin filaments to transport

its proteins or virus particles (or the vesicles containing virus particles) along the viral maturation path.

Fig. 11 Laser confocal micrographs of cultured Penaeus monodon hemocytes exposed (1 h) to YHV and then
treated with specific monoclonal antibody and FITC labeled phalloidin for YHV envelope protein gp64 and
for host actin respectively. (a) Merged image showing YHV envelope protein gp64 (red) stained with specific
antibody Y-18 and goat anti-mouse antibody labeled with Alexa fluor 633, host actin (green) and host nuclei
(blue) stained with DAPI. (b) Same field as in (a), but showing only fluorescence of YHV envelope protein
gp64 (red) (¢) Same field as in (a) and (b) showing only host nuclei. (d) Phase contrast of the same field
indicating different hemocyte types. More intense staining of actin filaments was observed in cytoplasm of
infected large granular (LG) especially in the vacuoles when compared to that in un-infected cell of the same
cell type. The two proteins appear to collocate primarily in the vacuoles locating in the cell cytoplasm as

shown in the merged picture (a) as yellow color (i.e., red plus green).



Fig. 12 Laser confocal micrographs of Penaeus monodon cultured hemocyte cells in 2x L15 exposed to YHV
(1 h) then treated with a mouse monoclonal antibody for YHV envelope protein gp64 and for host actin. (a)
Photomicrograph of host actin (green) stained with FITC-phalloidin. (b) Same field as in (a) showing YHV
gp64 (red) stained with Alexa Fluor 633. (¢) Same field showing DAPI stained host nuclei (blue). (d) Phase
contrast of the same showing that large granular (LG) cells are the most intensely stained cells followed by

small granular (SG) cells and hyaline (H) cells which are the least stained.



Fig. 13 Laser confocal micrographs of cultured hemocyte cells pretreated with cytochalasin D before being

exposed to YHV (1 h) and treated with a mouse monoclonal antibody for YHV envelope protein gp64 and
FITC-phalloidin for host actin filaments. (a) Photomicrograph of YHV gp64 (red) stained with Alexa Fluor
633. (b) Same field as in (a) showing YHV gp64, host actin (green) and the cell nuclei stained with DAPI
(blue). (c) Same field showing DAPI stained host nuclei (blue) and YH gp64 (red). (d) Phase contrast of the
same showing that large granular (LG) cell is the most intensely stained cells followed by small granular (SG)

cells and hyaline (H) cells which are the least stained.



Fig. 14 Laser confocal micrographs of Penaeus monodon cultured hemocyte cells in 2x L15 exposed to YHV
(15 h P.I) treated with an antibody for YHV gp64 and FITC-phalloidin for host actin filaments. (a)
Photomicrograph of YHV gp64 (red) stained with Alexa Fluor 633 and host nuclei (blue) stained with DAPI.
(b) Same field as in (a) showing only YHV gp64 (red). (¢) Same field showing host nuclei, host actin

filaments (green) and the YHV gp64 (red). (d) Phase contrast of the same.

Fig. 15 Laser confocal micrographs of Penaeus monodon cultured hemocyte cells iﬁ 2x L15 un-treated with
cytochalasin D and un-infected with YHV. These cells were treated with monoclonal antibody specific for
YHV envelope protein gp64 and FITC-phalloidin for host actin. (a) Photomicrograph of host actin filaments
(green). (b) Photomicrograph of YHV gp64 stained with Alexa Fluor 633(red), no positive signal for the

protein was observed. (¢) Host nuclei (blue) stained with DAPI. (d) Merged images a to c.



Fig. 16 Laser confocal micrographs of Penaeus monodon cultured hemocyte cells in 2x L15. The cells were
pretreated with cytochalasin D for 1 hour before infection with YHV for 15 h. These cells were stained with a
mouse monoclonal antibody specific for YHV nucleocapsid protein (p20) and FITC-phalloidin for host actin
filaments. (a) Photomicrograph of host actin filaments (green). (b) YHV gp64 stained with Alexa Fluor
633(red) showing two positive cells. (¢) Photomicrograph of host nuclei (blue) stained with DAPI showing
condensed or shrunken nuclei (Arrow heads). (d) Merged images a to ¢ showing one focal area where two

infected cells were found to contain shrunken nuclei or the cells were undergoing apoptosis.

6.3 Effect of tunicamycin treatment on YHYV infection in cultured cells
To study the role of N-linked glycosylation in the YHV replication cycle, the N-linked glycosylation inhibitor
tunicamycin was used. YHV infected, cultured cells treated or not with tunicamycin for different times were
immuno-stained with monoclonal antibodies against YHV nucleocapsid and envelope glycoproteins (gp116
and gp64) and reactions were detected with goat anti mouse antibody labeled with Alexa-Fluor 966. Actin
filaments and nuclei were stained with phalloidin-FITC and DAPI respectively. It was found under the
conditions used, that positive immunoreactions were obtained for all three structural proteins in both the
tunicamycin treated and untreated cells. However, the signals for all three antibodies were generally stronger
in untreated cells than in treated cells. These results suggested that under the conditions used the virus could

still replicate and that virus particles could still be formed.



Fig. 17 Laser confocal micrographs of Penaeus monodon cultured hemocyte cells in 2x L15 pre-exposed
cytochalasin D for 1 h before exposure to YHV (15 h). The cells were treated with a mouse monoclonal
antibody specific for YHV nucleocapsid protein (p20) and FITC-phalloidin for host actin filaments. (a) Host
cell nuclei (blue) stained with DAPI. (b) Photomicrograph of host actin filaments (green). (¢) YHV p20

stained with Alexa Fluor 633(red) showing positive reaction in all cells. (d) Merged images a to c.



Fig. 18 Laser confocal micrographs of Penaeus monodon cultured hemocyte cells in 2x L15 exposed to
tunicamycin and YHV (15 h P.1.) treated with a mouse monoclonal antibody specific for YHV nucleocapsid
protein (p20) and FITC-phalloidin for host actin filaments. (a) Host cell nuclei (blue) stained with DAPI. (b)
Photomicrograph of host actin filaments (green) showing very faint actin staining. (¢) YHV p20 stained with
Alexa Fluor 594(red) showing positive reaction in all cells. (d) Merged images a to c. The morphology of cells
in tunicamycin containing culture medium were not as good as those in normal medium, in that many of them

appeared to have very little cytoplasm.



Fig. 19 Laser confocal micrographs of Penaeus monodon cultured hemocyte cells in 2x L15 exposed to
tunicamycin and YHV (15 h P.I.) treated with a mouse monoclonal antibody specific for YHV envelope
glycoprotein protein (gp116) and FITC-phalloidin for host actin filaments. (a) Host cell nuclei (blue) stained
with DAPI showing some fragmented nuclei (apoptosis). (b) Photomicrograph of phase contrast of the same.
(c) Host actin filaments (green). (d) YHV gp116 stained with Alexa Fluor 633(red) showing positive reactions
in some cells. (¢) Merged images a, ¢ and d. (f) Merged images of (a) and (d) showing two YHV positive cells

undergoing apoptosis.



Fig. 20 Control uninfected cells treated with tunicamycin (15 h post treatment) The cells were immuno-
stained with a monoclonal antibody against YHV nucleocapsid protein (clone Y19) detected with goat anti-
mouse antibody labeled with Alexa Fluor 633 dye, red, ¢) and FITC labeled phalloidin to stain actin filaments
(green, in b). The cell nuclei were stained with DAPI (blue, a). No immuno-positive signal for the virus

protein was observed as expected.

Discussion

In this project, methods for routine primary shrimp cell culture were successfully established using double
strength-L-15 or single strength Grace’s insect medium and Sf900 insect medium as basal media with
supplements including 15% fetal bovine serum, 0.5% NaCl and antibiotics including 2% penicillin and
streptomycin (stock Penicillin and streptomycin, 5000 units and 5000 pg/ml). The cultured cells could be
maintained at 30 °C in an incubator for up to three weeks in modified 2x- L15 and up to 9 months in modified
Grace’s insect medium. Similar media formulas, especially with 2x-L15 have been used to culture different
shrimp tissues with some success (Assavalapsakul et al., 2003; Kasornchandra et al., 1999; Lu et al., 1995).

Grace’s medium has also been used (Luedeman and Lightner, 1992). Since the cultured cells in Grace’s insect



medium were not susceptible to YHV infection, 2xL-15 was chosen as the basal culture medium for all our

hemocyte cell culture and infection experiments.

To determine whether primary culture in 2x L15 was suitable for in vitro studies on shrimp viruses,
susceptibility tests for three viruses including YHV, WSSV and TSV were carried out. It was found that the
primary hemocyte cell cultures were susceptible to all three viruses tested. Many viral structural proteins were
found to be expressed in these cells, including two envelope proteins (VP19 and VP28) of WSSV, a
nucleocapsid protein (Vpl) of TSV and all three structural proteins of YHV. These results suggested that
cultured shrimp cells, unlike insect cell lines (Sriton et al., 2009), could support virus replication and the
formation of normal, enveloped particles. In other words, the cells were shown to be permissive to YHV and

probably to TSV and WSSV as well.

In this study we found that all three hemocyte cell types were susceptible to YHV although they were not
infected at the same time. These results contradicted results reported earlier by another research team who
suggested that only granular hemocytes were susceptible to the virus (Taengchaiyaphum et al., 2013). It is
possible that in their study of cultured cells was too short (only 1 hour after challenge) and fell within the
period during which most of the hyaline cells remain negative for YHV by immuno-histochemical testing. It
is possible that these cells might be infected by the virus at the same time as the large granular and semi

granular cells but that the viral replication rate in these cells is slower than in granular cells.

In our study we also investigated the expression pattern of the receptor protein laminin. This protein is known
to interact with the gpl116 envelope protein of YHV and injection of recombinant laminin protein leads to
protection of shrimp against the virus (Busayarat et al., 2011). It was found that all hemocyte cell types
expressed this protein in their cytoplasm. If this protein is the sole receptor protein for YHV, then all those
cells should have become positively immuno-labeled at the same time. Thus, it is likely that other factors or
receptors are involved in the YHV infection and replication processes. In fact, another possible YHV receptor
has been identified by a technique called viral overlay protein binding assay (VOPBA), dsRNA targeting the
mRNA of this gene was found to inhibit virus infection completely (Assavalapsakul et al., 2006).

Unfortunately we did not have access to the antibody against this protein.

In the WSSV infection experiment, we also found that the large granular cells were the first cell type to be
infected with the virus. Again our results contradict another report on crayfish which concluded that small

granular cells were most susceptible to the virus and that the viral replication rate in them was higher than that



in large granular cells (Jiravanichpaisal et al., 2006). It is possible that differences among crustacean species
will turn out to be major contributors to these discrepancies. As with the laminin receptor protein, the
expression pattern of the putative WSSV receptor protein Pm Rab7 was also investigated. It was found that
this protein was expressed by all hemocyte cell types, but in varying degrees. It was found to be highest in
large granular cells, similar to envelope protein Vp28 of the virus. But since the protein was found in both
cytoplasm and in the nucleus, it is possible that the protein may have more functions than originally expected,

(i.e. more than just as receptor protein) (Sritunyalucksana et al., 2006).

Actin filaments have been known to play many different roles during virus replication. Some viruses
incorporate actin filaments into their particles and many viruses use actin filaments to transport their own
proteins or particles within cells (Cudmore et al., 1995; Cudmore et al., 1996; Cudmore et al., 1997). In this
research project, cells infected with YHV treated and not treated with actin polymerization inhibitor,
cytochalasin D, were detected with Mabs against all three virus proteins. It was found that the viral envelope
glycoprotein gp64 co-located with actin filaments. The immuno reactive signals for both proteins were found
to be very strong in vesicles in the cytoplasm of infected cells. It was also clear in virus infected granular cells
that there was more intense actin filament staining than un-infected cells. This result suggested that virus
infection induced or promoted actin polymerization. Similar observations have been reported in cells many
other viruses such as vaccinia virus (Rietdorf et al., 2001) and Epstein-Barr virus (Melamed et al., 1994).
These two viruses have been shown to use actin filaments to transport their particles and to assist with or
enhance their cell to cell spread. It is possible that YHV employs actin filaments in a similar manner since the
positive signals for YHV proteins in cytochalasin D-treated cells were in the same focal areas of the culture

plate and not as widely spread as they were in untreated wells.

In our recent study, we reported that N-linked glycosylation is essential for virus replication and envelopement
(Soowannayan et al., 2013). We showed that YHV-infected shrimp that received the N-linked glycosylation
inhibitor tunicamycin formed no enveloped particles and that the viral RNA copy numbers in this shrimp were
much less than in the untreated shrimp. In this study, when YHYV infected cultured hemocytes were treated
with the same reagent, it was found that immunoreactive signals for all three viral structural proteins were
observed in both treated and untreated cells. Although the intensities of the positive reactions for all three
proteins were generally less in the treated cells, the results suggested that the virus could still be formed. It is
possible that the quantity of tunicamycin used may not have been optimal, since the morphology of the treated

cells was not as normal as in untreated cells. These facts need to be investigated further.
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