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Abstract

Infectious pancreatic disease (IPN) and pancressade (PD) of salmon are viral diseases
caused by Infectious Pancreatic Necrosis Virus YPNBirnaviridae) and Salmonid
Alphavirus (SAV) Togaviridae). Both IPNV- and SAV infections induce lesionspancreas
tissue/cells and are frequently detected from #mesindividual; hence it is possible that the
viruses target the same cell types and therefoghtminterfere with each other during such
infections. In the present study, Chinook Salmon bBm Cells (CHSE-214) were
experimentally co-infected with SAV and IPNV andeictions were studied by IFAT, real-
time RT- PCR and by viral end-point titration. Réale RT-PCR was also used to examine
to what extent the viruses up-regulated key trapc(IFN and Mx) in the cellular antiviral

immune response.

IFAT and end-point titration indicated that SAV gome extent inhibited IPNV replication ,
whereas IPNV did not affect SAV infections notablyurthermore, the experiments
demonstrated that key transcripts (IFN and Mx)hia ¢ellular antiviral immune system were
affected by the infections. Interestingly, trangttan of these mMRNAs were up-regulated in
SAV infected, but not in IPNV infected cells, whicbuld provide a possible explanation to

the observed differences in the ability to intezfeiith the other virus.



I ntroduction

Pancr eas Disease (PD) and I nfectious Pancr eas Necrosis (I PN)

Infectious Pancreatic Necrosis (IPN) is a disedssabmonids and a number of other fish
species. An infectious aetiology for IPN was pragab@/Nood, Snieszko, and Yasutake, 1955)
and in 1960 infectious pancreatic necrosis vire\N{Y) was isolated in cell culture (Wolf et
al., 1960). The agent is a virus in the fanBlynaviridae (Dobos and Roberts, 1983), and was
initially considered to cause diseases in rainb@artt(Onchorhyncus mykiss) and brook trout
(Salveinus fontinalis) fry. However, outbreaks may occur in Atlanticrsah during fresh and
salt-water life stages. (Munro et al., 2006; Rabemd Pearson, 2005; Smail et al., 2006).
Although IPN was believed to be a disease of saldspriPNV has been isolated from a
variety of both freshwater and marine fish species,addition to some cartilaginous
vertebrates and invertebrates (Hill, 1982; Hill #d1995)

IPN diseases cause many histopathological chamgd®eiinfected salmonids. Thus, severe
massive necrosis of acinar cells with nuclear pgis)okaryorrhexis, and occasionally
basophilic cytoplasmic inclusion are observed ingoeas (Smail et al., 1995). IPN affected
rainbow trout and Atlantic salmon may also showgestion and necrosis of liver tissues
(Taksdal, Stangeland, and Dannevig, 1997).

There is a wide variation in the degree of pathaggnamong different IPNV isolates.
Mortality in rainbow trout fry vary between 0-90%alto infection with avirulent and highly

virulent strains, respectively. (Sano et al., 1992)

Infectious pancreatic necrosis and Pancreas dig@d3eare two fish diseases with partly
similar pathology. Pancreatic damage is commoroih bliseases (Munro et al., 1984; Smail
et al., 1995). It is also known that these two s&s can act simultaneously on the same

locality and in the same fish.



Pancreas Disease (PD) in Atlantic salm8airo salar) has been known since 1976 (Munro
et al., 1984). The disease was given its namedahestopathological changes in affected fish,
which include acute necrosis in the exocrine pag{®unro et al., 1984), and cardiac- and
skeletal myopathy (Ferguson, Rice, and Lynas, 1986)ing the late 80s and early 90s, PD
was diagnosed from Ireland and the west cost of (}&&t and Elston, 1987; Murphy et al.,
1992). The first report of PD in Norway was madd @89 (Mcvicar, 1990; Poppe, Rimstad,
and Hyllseth, 1989) and Murphy et al. (1992) prauban infectious aetiology for pancreas
disease, and in 1995, togavirus-like particles warecessfully isolated from PD affected
Atlantic salmon (Nelson et al., 1995). Morpholodjizéhe isolated virus resembled members
of the Togaviridae, and the name Salmon Pancreas Disease Virus (SRRY¥)proposed.
Sequence analysis of cDNA clones from gradientfigariSPDV placed the virus among the

Alphavirus genus, and it was the firtphavirus described from fish (Weston et al., 1999).

A disease with similar histopathology to PD wascdégd from freshwater reared rainbow
trout (Onchorhyncus mykiss) in France, and given the name Sleeping Dised3g {8e to the
unusual behavior of affected rainbow trout (BoucRer1994). The virus responsible for SD
was isolated by (Castric et al., 1997), and thdemide also sequence classified the virus as
an atypical Alphavirus of the Togaviridae (Villoing et al., 2000). Sequence analysis,
monoclonal antibody reactivity and serological camngon of SPDV and SDV suggested that
they were both distinct subtypes of a nalphavirus species, for which the name salmonid
Alphavirus (SAV) was proposed (Weston et al., 20@2irther studies have shown that virus
isolated from PD in Norway differed from SPDV (SA¥hd SDV (SAV2), this virus has
been named Norwegian Salmonid Alphavirus (NSAV A¥S) (Hodneland et al., 2005)

Traditionally, Salmonid alphavirus diseases havenbdistinguished into PD and SD, since
disease outbreaks of these two viruses occur iwa@r and freshwater fish, respectively.
The Norwegian outbreaks, reported as PD, haveasdyrred in the marine production phase

of salmonids.



Salmonid Alphavirus structure and replication

The Alphavirus genus is well studied and characterized, butlittbrk has been done with
regard to molecular characterization of SAVvitro. The genome size is similar to other
alphaviruses at approximately 11900 nt. It consi$ta positive sense single-stranded, non-
segmented RNA that is divided into two open readiagnes (ORF) with a 5 -terminal cap
and a 3 -terminal poly (A) tract. The two-thirdstbE genome at the 5 -terminal contains an
ORF that codes for non-structural proteins (nséymeéd nsP1, nsP2, nsP3 and nsP4. The
second ORF in the 3 -terminal (one-third of theagyaea) encodes a 26S sub-genomic mMRNA
that produces five structural proteins, termed ichpeotein (C protein), E3, E2, 6K, and E1
(Hodneland et al., 2005; Villoing et al., 2000; \&felet al., 2000; Weston et al., 1999).
Recently, the existence of a ribosomal -1 framéshife in the alphavirus structural

polyprotein, that gives rise to the transframe girofF has been shown (Firth et al., 2008).
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Fig. 1: Alphavirus replication. Figure from (White and Ren, 1994)




Alphaviruses have a nucleocapsid consisting of 2dpies of the C protein, which is
surrounded by a lipid envelope in which 240 cogiash of two transmembrane glycoproteins
(E1 and E2) are located. The E2 protein producgtsi@le heterodimer together with the E1
protein. Three E2-E1 heterodimers form one glyctgnospike. The spikes are used for
recognition, binding and entry into host cells &8s and Strauss, 1994). The low pH in the
endosome forces the envelope proteins to undegjouetural change that makes the fusion
between the viral envelope and the endosomal memabpassible (Strauss and Strauss,
1994). Fusion between the two membranes ( i. é.ifelction) results in a release of the
nucleocapsid into the cytoplasm (Baker, Olson, flamiter, 1999). The uncoated viral genome
serves as a messenger RNA for the synthesis afdhstructural or replication proteins and
as a template for the synthesis of the complemgrdia8 minus strand (Fig. 1). The 5 two
thirds of the 42S alphavirus genome are translated a single polyprotein P1234 that is
autoproteolytically cleaved by nsP2; this cleaviagults in a replicase complex consisting of
P123 and nsP4. A RNA-dependent RNA polymerase cexngbrmed by these proteins,
transcribes the genome into full-length 42S minusrsl RNA-templates. The proteinase
level in the cell will increase after infection, kiag the RNA-dependent RNA polymerase
complex unstable, and the complex will further é@ddd into nsP1, nsP2 and nsP3. This
dividing gives a replicase complex that only progii¢+) strand RNAs (Strauss and Strauss,
1994).

The last part of the genome, termed 26S sub-genmRINA, uses the full-length 42S minus
strand for the protein synthesis. Translation efstructural polyprotein proceeds through the
26S mRNA that is used as template for productioa 6fp62-6K-E1 polyprotein (Strauss and
Strauss, 1994). After the capsid protein is autigmigtically cleaved from this polyprotein it
will associate with genomic 42S RNA in the cytophasresulting in an icosahedral
nucleocapsid structure (Garoff, Sjoberg, and Ch@0§4; Strauss and Strauss, 1994). The
remaining p62-6K-E1 contains a signal sequence tbsilts in the translocation of the
polypeptide to the membrane of the rough endoplaseticulum (RER) (Garoff et al., 1990;
Garoff, Simons, and Dobberstein, 1978). In the efabmatic reticulum (ER)
oligosaccharides covalently bind to the polypeptiddowing a proteolytic cleavage into p62,
6K and E1 (Liljestrom and Garoff, 1991). An inteian between the P62, 6K and E1 in the
ER gives heterodimeric complexes, before beingsparied to the Golgi complex. The
glycoproteins will accumulate in the plasma membrahhost cell after the transport through

the Golgi complex. P62 is oligomerized into E2 & during transport through the Golgi



complex (Strauss and Strauss, 1994). It is suggetstat the cytoplasmic nucleocapsid
diffuses freely to the same site on the plasma mangbwhere the viral glycoproteins are
embedded (Garoff, Sjoberg, and Cheng, 2004). Aplaema membrane there will be binding
in a 1:1 molar ratio between the cytoplasmic C-teus of the E2 in the glycoprotein spike
and the newly arrived nucleocapsids. This willdegthe final assembly and budding of new

viruses will occur (Garoff and Cheng, 2001).

I nfectious Pancreas Necrosis Virus structure and replication

Infectious pancreatic necrosis virus (IPNV) belotmthe genugquabirnavirus in the family
Birnaviridae. Electron microscopy studies have shown that BiéM is about 55-65 nm in
diameter (Dobos et al., 1979). The non-envelopedaicedral capsid of IPNV contains two
segments (A and B) of double-stranded RNA, whiathesofor 5 viral proteins (Havarstein et
al., 1990). (Fig.2)
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Fig. 2: genome organization of Infectious pancreatic nesngsus (IPNV) (ViralZone. Swiss Bioinfomatics)

Genome segment A contains two overlapping openingddames (ORFs), the shortest one
located at the 5° end and encoding the non-straichmotein VP5, (Duncan et al., 1987b;
Havarstein et al., 1990) which has been detectdBNY infected cells (Magyar and Dobos,
1994). It has been demonstrated that the VP5 pragenot essential for viral replication in
cell culture (Weber et al., 2001), but Hong and {2Q02) showed that VP5 was able to



induce anti-apoptotic functions in CHSE-214 celpoptosis is the process of programmed
cell death in response to a variety of stimuli, amdonsidered to be a part of the innate
immune response to virus infection, limiting theméi and cellular machinery available for

viral replication (Everett and McFadden, 1999).

The additional larger ORF in segment A encodestakI®a polyprotein that is processed into
the mature VP2 and VP3 structural proteins throtigh proteolytic activity of VP4 (non-
structural protein) (Duncan et al., 1987a; Pdtiale 2000). The determinants for virulence
and cell culture adaption is associated with VPXtvls a major capsid protein (Song et al.,
2005).

Genome segment B encodes a non-structural prodii)( that constitutes the RNA

dependent RNA polymerase (RdRp) (Duncan et al.1)L198vo forms of RdRp are present in
the virion, as free protein and covalently linkedthe 5° ends of the two segments (VPQ)
(Calvert et al.,, 1991). It has been demonstrateditro that VP1 is guanylated and

incorporated into a complex that serves as a prioeRNA synthesis (Xu, Si, and Dobos,

2004).

Two cell components, both specific and non-specd#ie involved in the attachment of IPNV
to the cellular membrane of host cells, (Kuznaalet1995). There is little or no information
about the function of these two molecules. Howevehas been proposed that VP2 is the cell
attachment protein for the virion (Dobos, 1995H)is suggested that the entry of IPNV, like
many other naked viruses, is achieved by endos/t@Sbuve, Kiss, and Kuznar, 1992).

IPNV replication occurs in the cytoplasm of infettells and synthesis of cellular proteins is
not inhibited by this process (Saint-Jean, Borreggal Perez-Prieto, 2003). Virus RNA in

IPNV infected cells is transcribed by the virionRg that is primed by VP1 and proceeds via
an asymmetric, semiconservative strand-displacemssthanism (Dobos, 1995a; Dobos,

1995b). There is little or no information on mirgteand RNA synthesis.

Major aspects associated with IPNV replication,hsas particle assembly and interference
with host cells are poorly understood. Villanuetaak, (2004) showed that two different
sized viral particles were present during the IPINféctive cycle. Non-infectious, immature

particles (66 nm) appeared immediately after RNAtlsgsis and viral dsRNA in infected
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cells was detected simultaneously with this paetidihis indicates that the viral assembly
takes place right after the dsRNA replication hagum. Subsequently, the smaller (60 nm)
and mature infectious virions are generated thropgbteolytic cleavage of the viral
precursors within the capsid. (Villanueva et aDp#2). There is little available information
about the viral assembly and release of IPNV, bunfiected cells the assembly takes place in

the cytoplasm and the release occurs via cell (§smarsson and Everitt, 1999).

Expression of interferon in responseto virusinfection

Interferons (IFNs) are proteins (cytokines) indutsdvirus entry into cells and secreted to
play a major role in the defence against virusdtéms in vertebrates (Samuel, 2001). IFN-
like activity was identified in fish as early asif65 and has since been detected in a variety
of fish species including salmonids (Robertsen,620@n the basis of gene sequences,
protein structure and functional properties two ifea® of IFNs (type | and type Il) can be
distinguished (Kontsek, Karayianni-Vasconcelos, Endtsekova, 2003; Pestka, Krause, and
Walter, 2004; Samuel, 2001). IFN type | includes thassical IFN«/p, which are induced by
viruses in most cells, whereas IFN type Il is idmadt to IFNy (Samuel, 2001). The
information on IFNe/ pathway proteins in teleost fish is limited, boé tinnate interferon
system is similar to that in mammals (Robertse0620

Two IFN genes (IFNxt1 and IFNe2) have been cloned from Atlantic salmon. Genectire,
promoter, antiviral activity and effect on expressof Mx and ISG15 (interferon stimulated
gene) have also been characterized in these twesg@ergan et al., 2006; Robertsen et al.,
2003; Rokenes, Larsen, and Robertsen, 2007). I tyis considered to be one of the

earliest non-specific anti-viral immune factordo®induced in fish (Robertsen, 2006).

For SAV it is known that type | IFN is induced vitro in a number of cell types (Gahlawat,
Ellis, and Collet, 2009), anth vivo, high levels of IFNe/p are associated with systemic
replication of a number of terrestrial alphavirugkbmstra et al., 1999; Ryman et al., 2000;
Ryman et al., 2002; White et al., 2001).
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An interferon induced antiviral effect against IPN¥s been showim vitro (Robertsen et al.,
2003). The same authors have also shiowitro a link between Mx protein expression and
inhibition of IPNV (Jensen and Robertsen, 2002;skar Rokenes, and Robertsen, 2004;
Nygaard et al., 2000). An antiviral activity indacky Atlantic salmon Mx1 protein (ASMx1)
has been shown to inhibit IPNV replication. CHSE2gells that expressed ASMx1
constitutively was found to inhibit virus inducegtapathic effect (CPE) and viral synthesis
together with a reduction in the transcription d8VRNA (Larsen, Rokenes, and Robertsen,
2004).

Suppression of host responses by alphaviruses

Alphaviruses are capable of antagonizing the indoatf stress and innate immune responses
in cell cultures (Aguilar, Weaver, and Basler, 208reakwell et al., 2007; Frolova et al.,
2002). In a number of terrestrial alphaviruses dhgvities of nsP2 protein has this ability
(Breakwell et al., 2007; Frolova et al., 2002). dther terrestrial alphaviruses the capsid
proteins have been found to be responsible foratiisty (Aguilar, Weaver, and Basler, 2007,
Garmashova et al., 2007a). Interestingly, theséep® were also found to be the primary
mediators of host cell transcription and transtasbut off in cell cultures used for analysis of
IFN induction. Virus mutants in these studies weeéected for Nsp2 non-cytopatogenicity
(Frolova et al., 2002) or no capsid protein expogsand these mutants did not shut off host
cell functions and induced IFN{. (Aguilar, Weaver, and Basler, 2007; Garmashoval.et
2006; Garmashova et al., 2007b).

Suppression of host response by PNV

Host cells treated with salmon rIF- after IPNV infection have shown that IPNV waseabl
to inhibit IFN signalling (Collet et al., 2007; gmnsen et al., 2007). Another study showed
that the viral protein synthesis of IPNV was redudeCHSE-214 cells were pre-treated with
salmon IFN. This reduction prevents the processrevipd/P2 matures into VP2. The cells
pre-treated with IFN were compared with cells itéglcwith IPNV before IFN treatment; the
results showed that IPNV was able to antagonizeatiteviral state in cells infected with
IPNV prior to IFN treatment (Skjesol A., 2009). Teame authors showed that there is a
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correlation between the time of IPNV infection aifdN treatment; the weakening of IFN
signalling was more prominent the longer post-infecIFN was added. This indicates that
IPNV is able to antagonize the cells innate immresponses. VP4 and VP5 reduced the IFN-
induced expression more than other proteins tesigggesting that these molecules are the

strongest candidates for counteracting the IFNaesg (Skjesol A., 2009).



13

Aims of the study

SAV and IPNV frequently occur as co-infections irivegian Atlantic salmon, and it is
likely that they may share common target cells (Muet al., 1984; Smail et al., 1995). The
aim of this study was to clarify how SAV- and IPN¥plication might interfere with each
other in Chinook Salmon Embryo Cells (CHSE-214)imyin vitro co-infections. Another
objective was to find out if the viruses were aolénduce a non-specific antiviral response in
the host cells, and to see if this might inhibitldock infection of the other virus. Such
knowledge about innate immune responses and aitiwiechanisms could potentially be

exploited in future vaccine strategies.
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Material and Methods

Cell culture

Chinook Salmon Embryo (CHSE-214) cells were culluie 175 cm Nunclon™ bottles
containing 30 ml Eagels minimum essential mediuMEM) supplemented with 10 % foetal
bovine serum (FBS), L-glutamine (4 mM), gentami80 pg mt'), 1% non-essential amino
acids and 1 % Hepes buffer concentration 2 pH &€ 30r 5-7 days until an approximately
80% monolayer was obtained. Infected cells werevgron 2% FBS maintenance medium
(medium with 2% FBS instead of 10%) in 14°C. Fawusipropagation the CHSE-214 cell
line was grown in 75 cfNunclom™ bottles infected with virus isolate (passage 228N

and passage 20 for IPNV). The virus infected bstiere incubated for 7-8 days, until virus-
induced cytopathic effect (CPE) was evident andstiernatant was collected and stored at -
80 °C.

Virusisolates

The SAV3 isolate (SAVH 20/03) passage 22, usedhim study was collected from infected
salmon in Vik, Hordaland (Hodneland et al., 200B)e IPNV of the N1 strain, serotype SP
was also used in this study (Christie et al., 1988 N1 isolate has been shown to give low
mortality inin vivo experiments. It is therefore classified as a lawlence strain (Sano et al.,
1992).

Antibodies

Antibodies used in the present study included acoulmmal antibody (N1-B9) against the
IPNV VP2 protein (Frost et al., 1995) and a polypabantibody against the E2 protein in
SAV (E2-pTe200) (Ottem, 2005). Bound antibodies avedetected using Alexa dye 488-
labelled anti-rabbit IgG (Molecular probes) andAlexa dye 555-labelled anti-mouse IgG
(Molecular probes).



15

The E2-pTE200 antibody against SAV was adsorbedomfluent CHSE-214 cells that were
fixed 4% paraformaldehyde. Antibody diluted 1:10with phosphate buffered saline (PBS)
containing 0.1 % natriumazid was incubated for 24t °C in a 175 cm2 bottle of fixed
CHSE-214 cells 4%. The diluted antibody was tramstkeinto a new bottle of cells and
incubated for 1 h. at room temperature. This &b svas done twice. Finally the antibody
was collected and stored at -20 °C until use.

I mmunofluor escence antibody test (IFAT)

Indirect immunofluorescence staining was perforrmedPNV and SAV infected CHSE-214
cells grown in 96 wells plates (Nunclon) and on arslips in 24 well plates (Nunclon).
Following incubation for 7-9 days, the cells werashed once in 1xPBS and fixed in 4 %
paraformaldehyde for 20 min. Fixed cells were tlpmmeabilized and dehydrated in a
methanol-PBS series of 25, 50, 75 and 100 % methhatore they were rehydrated using
the same Methanol-PBS series in opposite direcidter blocking with 5 % skimmed milk
powder in PBS for 30 min the cells were incubatadif h with the primary antibodies (SAV
and IPNV) diluted in the blocking solution. Secondantibodies were diluted in blocking
solution; and diluted 1:1000. Alexa fluor 555 gaati mouse IgG was used for detection of
antibodies bound with IPNV and Alexa Fluor 488 geaaiti-rabbit used with the SAV
antibody, PBS with 5 % FBS was used for washingvbenh each step, three washes per step.
During the last washing step a DAPI (4',6-diamidiiphenylindole) staining was added to
stain nuclei. DAPI was diluted 1:6000 in PBS added the cells for 2 minutes. By testing

the different primary antibodies with differentudibns best dilution was determined.

Endpoint titration by IFAT

The viral titrations were performed on CHSE-214scgrown in 96-well plates. The growth
medium was removed and 150 pl maintenance mediusnagded to each well. The viral
suspensions were diluted front 50 5*%in maintenance medium (2% FBS) and with 50 pl of
each dilution, which comprised a further dilutiohlo4. After 7-8 days incubation at 15 °C,
the wells were subjected to IFAT. The 50% tissutucel infective dose (TCID50) was
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estimated by the end-point titration method (Kayli®31). The infective titers of both viruses

involved in this study were equal.

| FAT detection of cells co-infected with SAV and PNV

In this experiment Nuncldff 24 well culture plates with CHSE-214 cells grown on
coverslips were used. The coverslips with CHSE-2d4s were exposed for either SAV or
IPNV, or combinations of these. The study consdtdive different experimental groups

(listed in table 1) performed in triplicate.

Table 1: Overview of experimental groups used in this study.

The group code stated in this table will be usedistinguish between groups throughthis study.

Groups b Tos Group description

I Mock SAV Single SAV infection

Il IPNV  SAV IPNV infection, prior to co-infectio with SAV 24 h. pi.
Il Mock IPNV Single IPNV infection

A\ SAV IPNV SAV infection, prior to co-infectiowith IPNV 24 h. pi.
\% Mock SAV-IPNV  Simultaneously co-infection byAS and IPNV

Vi Mock Mock Negative controls

Table 2: Overview of experimental groups used in this st(wiyh half the virus concentration).

Groups b Tos Group description

1 (2) Mock SAV Single SAV infection

I1(2) IPNV SAV IPNV infection, prior to co-infeabn with SAV 24 h. pi.
Il (2) Mock IPNV Single IPNV infection

IV(2) SAV IPNV SAV infection, prior to co-infectiowith IPNV 24 h. pi.
V (2) Mock SAV-IPNV  Simultaneously co-infection ISAV and IPNV

VI(2) Mock Mock Negative controls

All groups were fixed in 4% paraformaldehyde 48fterathe start of the experiment. IFAT
and DAPI staining was then performed. There wereetlparallels for each group. The

experiment was later repeated using half the \damcentrations (Table 2).
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The coverslips from each group were removed froenathblls and placed on a slide containing
5 pl SlowFade® Gold antifade reagent (Invitrogendipto microscopic examination. About

800-1000 cells were counted on each coverslip ardpercentage of cell infected by the
respective viruses in group |1, II, lll, IV, and Vere estimated. This procedure was done with
all of the coverslips in each of the three parslléfhe percentages of infected cells are

presented as the mean of the three parallels.

Experimental groups I, 11l (single infected) and Weére also used to investigate if SAV and
IPNV induced apoptosis in CHSE-214 cells. In thibsee groups 100 cells were observed for
each of the three parallels, and the average pragef apoptotic cells was calculated. Cells
with nuclei fragmentation visualized by DAPI staigiwere categorized as apoptotic cells.
DAPI staining allows the visualization of cells vagonuclei integrity is lost. According to this

it is able differentiate possible apoptotic and-apoptotic CHSE-214 cells.

The IFAT study showed that there was less cellitheirsthe wells infected with IPNV for 24
h, therefore, the cell densities in groups I, Htla/| were compared. Four pictures were taken
from each coverslip with a camera connected tartleeoscope, the number of cells counted

and the cell number compared with each other.

Relative quantification by real-time RT-PCR and efficiency tests

A time series experiment where the cells were tefé@s described above was performed in
24 well culture plates. The cell layers in the wellere harvested for real-time RT-PCR
analysis. In this experiment the cells were expdsediruses/virus-combinations (table 1) for
various time lengths prior to harvest/sampling atl, 41 and 110 h. For each time point
there were three parallels with three negative rotsit The supernatant from time 110 was
collected and used in an endpoint titration, asmlesd above. The cell layers in the wells
were harvested 1 ml of TRI-reagent and stored & €, prior to RNA extraction and real-
time RT-PCR analysis. Total RNA was extracted axidieed by (Devold et al., 2000).

The concentration of total RNA in each sample wasasanred in a NanoDrop ND-1000
spectrophometer. In order to have the same corat@mtrof total RNA in the 1-step real-time

RT-PCR reactions the differences of extracted RN&enadjusted by diluting samples with
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the appropriate volume of double distilled nuclease water. The adjusted RNA samples
were spiked with a fixed amount of transcribed Rf#m Halobacterium salinarum (SAL),
which was used as an external control for the f-stal-time RT-PCR. While the cellular

elongation factor d (EIA) were used as internal control.

Verso™ 1-step QRT-PCR ROX Kit was used for the real tinfeFCR assays. The reaction
mixture for vers&" 1-step QRT-PCR ROX Kit, was as follows RT-enhar®é25ul, ROX
master-mix 6,2, enzyme mix 0,12%l, primers 0,5ul, probes 0.2, 2 ul RNA template
and DEPC-water added to a final volume of 12.5PCR was performed in an ABI 7500
sequence detection system (Applied Biosystems).réaetion was 15 min at 50 °C (Reverse
Transcriptase step), 15 min at 95 °C (Polymeraseadion step) followed by 45 cycles of 95
°C for 15 seconds (DNA-dissociation) and 60 °Cdoe minute (annealing and elongation).
The PCR efficiency (E) for each essay (nsP1, IPX, MN, SAL and EIA) was calculated
from the slope of standard curves derived from-fodld RNA (triplicate) dilution series in
yeast tRNA (Invitrogen) (E=10/5°P) (Pfaffl, 2001).

Mean normalized expression (MNE) values for SAWYWP(nsP1), Mx and IFN and standard
errors were calculated using Q-gene which is base@t-values of triplicate runs and PCR-
efficiency (Muller et al., 2002; Simon, 2003). Ttleeshold was set to 0.02 for all assays
when obtaining Evalues. Negative template control and negativedlrcontrol were used
for all assays in order to reduce the possibilityfatse positives. Primers and probes used
towards the respective genes are listed in tabler®. separate experiments were performed

in order to test reproducibility.
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Primer and Target gene Direction  Sequence (5°-3") Ref.
Probes
NSP1-F Non-structural p.1  Fwd CCGGCCCTGAACCAGTT
(Hodneland
and Endresen,
NSP1-R Non-structural p.1  Rev GTAGCCAAGTGGGAGAAAGCT 2006)
NSP1-
Probe Non-structural p.1  Probe TCGAAGTGGTGGCCAG
IPNV-F Fwd ACCCCAGGGTCTCCAGTC
(Nylund,
IPNV-R Rev GGATGGGAGGTCGATCTCGTA Unpublished)
IPNV-
Probe Praobe TCTTGGCCCCGTTCATT
MX-F Mx Fwd TGCAACCACAGAGGCTTTGAA
(Haugland et
MX-R Mx Rev GGCTTGGTCAGGATGCCTAAT al., 2005)
TGGCACAAGAGGTGGACCCTGAAG
MX- probe Mx Probe G
INF- a- F Interferon alpha Fwd TGGACGATTTCCTCAACATTCTAGA
TTCTTGAAGTAGCGTTTCAGTCTCT  (Fridell.,
INF-a- R Interferon alpha Rev T Unpublished)
INF- a- CCTTAAATCCTGTGTATCACCTGCC
probe Interferon alpha Probe ATGAA
EL1A-elaf  Elongation factor b  Fwd CCCCTCCAGGACGTTTACAAA
EL1A- (Olsvik et al.,
elaml Elongation factor b  Rev ATCGGTGGTATTGGAAC 2005)
EL1A-elar Elongation factor it  Probe CACACGGCCCACAGGTACA
16S rRNA, H.
Sal- F salinarum Fwd GGGAAATCTGTCCGCTTAACG
(Andersen et
16S rRNA, H. al.,
Sal- R salinarum Rev CCGGTCCCAAGCTGAACA Unpublished)
16S rRNA, H.
Sal- Probe  salinarum Probe AGGCGTCCAGCGGA
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Results

I mmunofluor escence antibody test (IFAT)

A polyclonal antibody against the E2 protein in SARd a monoclonal antibody against the
VP2 protein in IPNV have been made. Both antibodiesved to be valuable diagnostic tools
in IFAT. Uninfected cells showed some backgroundhwihese antibodies, but specific
staining was not obtained. Early experiments shothed the polyclonal antibody against
SAV had major background staining even at diffehitions. However, after adsorption of
CHSE-214 cells most of the unspecific binding wiamieated, reducing the background. The
antibody against SAV detected proteins locateth@toutside of the plasma membrane and in
the ER, which is to be expected since the E2 progeiocated at these sites. The results from
the dilution series showed that the adsorbed Ebaiy had little background and specific
staining at a 1:400 dilution (Fig 3). The antibaalyainst IPNV (B9-N1) was raised against
virus protein 2 (VP2) and detected little backgmbutherefore eliminating the need for
adsorption. The antibody also detected proteinatéat at the membrane in the cytoplasm,
which is expected since VP2 proteins are locatetthiatsite. For the VP2 antibody a 1:800
dilution was chosen based on background and strerigipecific signal (Fig. 4).

-
-
Fig. 3: Immunofluorescent staining of SAV infected CHSE-2dells with different dilutions of a primary

antibody raised against E2 protein (E2), (A) 1:6%), 1:100, (C) 1:200, (D) 1:400, (E) 1:800, (F) a0D. (All

pictures are taken with 1/3 sec exposure and j80%
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-
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Fig. 4: Immunofluorescent staining of IPNV infected CH3E4 cells with different dilutions of a primary

antibody visualizing VP2/N1-B2, (A) 1:100, (B) 120(C) 1:400, (D) 1:800, (E) 1:1600, (F) 1:3200 fattures

are taken with 1/3 sec exposure and 2.80x gain)

|FAT experiments

IPNV Infected CHSE-214 cells developed a CPE, whlecharacterized by a progressive
rounding of the cells. In order to establish thacfion of cells that developed CPE as a
consequence of IPNV and SAV, the percentage of egth nuclei fragmentation was found

in group |, lll and IV at 24 h. p. i. In groups mé 1l 75% cells showed fragmentation, while

group IV (mock infected) had only 25% (Fig. 5).

To test the progress of infections, the cell dessitor group |, Il and IV were measured by
cell counting. Group | and IV did not show any diffnces in cell densities. However, in

group Il there was about 30% less cell density gared to groups | and IV (Fig. 6).
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A B ,
100 4 D Group | (single SAV)
— Group Il (single IPNV)
\ 75 4 .
\ 50 A
25 4
0
Infected cells Uninfected cells

Fig. 5: Fragmented and non-fragmented nuclei in CHSE-21l4. ce
A. (line) fragmented nuclei stained with DAPI, @) normal nucleus stained with DAPI.
B. Percentage of fragmented and non-fragmentedensdh SAV and IPNV infected cells compared to non-

infected cells.

-
-

Fig. 6: DAPI stained CHSE-214 nuclei detected with IFATic{pre A and B taken in the central part of the

coverslip, C and D taken in the circumference efcbverslip.)
(A) and (C) CHSE-214 cells exposed for IPNV fori24B) and (D) uninfected CHSE-2#llIs
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Many viruses are able to infect the same cell, sofgdctions are termed superinfection. The
IFAT method was used to detect the superinfectioBAV and IPNV in the same cell. This

was only observed in group V. Fig. 7 (A) shows ®AV infected cells in which the detected
proteins are located at the membrane, (B) showsdhee cells infected with IPNV. (C) and

(D) shows the DAPI stained nucleus and all pictunesged together, respectively.
-
-

Fig. 7: CHSE-214 cells co-infected with SAV and IPNV (grodpvisualized using IFAT and DAPI
A. SAV visualized with the E2 antibody
B. IPNV visualized with the VP2/N1-B2 antibody.

C. DAPI stained nucleus.

D. All pictures merged.

In the IFAT detection of cells infected with virugilus combinations (Table 1), the percentage
of infected cells after 24 h was estimated for gaatallel. Together (all three parallels), there
were about 2500 cells counted for group I, 1l, M,and V (Table 1). No infected cells were
detected in group VI (uninfected control). Fig. IBows the mean percentage of the three
parallels for SAV and IPNV infected cells. The rangvhich represents the difference in the
parallel with lowest percentage and the parallehwhighest percentage are given for both
SAV and IPNV infected cells. The percentage of SAMcted cells in group I, Il and V were
compared. The results showed 32% infected celggonp |, 38% in group Il and 45% in V.
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The same procedure was done to find the percewatfalfgNV infected cells in groups lll, IV

and V. Interestingly, there were no IPNV infectedis detected in group IV and V (groups
challenged with SAV), and group 11l had only 6% NPhhfected cells.

In order to check the validity of these results\thras concentrations were dropped to the half

for the virus/virus combinations (Table 2). Wherlf lthe virus concentration was used the

percentage of SAV infected cells in group 1(2)2)land V(2) were reduced to 10%, 7% and

7%, respectively (fig. 8). Surprisingly, this retioa resulted in a higher percentage of IPNV

infected cells, 9% IPNV infected cells in group(2l), and 3% in the two other groups (Fig.

8).
% IPNV infected CHSE-214 cell
o, g pay
50 )
OIPNV (half virus

@ concentrations)
=
=30
[<B]
g

10

0 [ 1

[ v N

Percentaage

% SAYV infected CHSE-214 cdlls

HH

ESAV

O SAV (half virus
consentrations)

Fig. 8: Percentage of SAV and IPNV infected CHSE-214 dalldifferent virus combinations fixed after 24 h.

The range from the three parallels is shown foheaoup.
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Real-time RT-PCR analysis.

Standards curves were derived from five-fold ddotseries for all assays in order to estimate
PCR efficiencies. PCR effciency were calculatednfrelopes of standard curves (fig. 9).
Slope of standard curve for elongation factor 1(Edfe described is (Andersen et al., 2007).

y =-1,4381x + 24,656 y =-1,5202x + 23,401

Standard curve Ct versus In (Mx) Standard curve Ct versus In (Nsp1)

R? = 0,9984 R?=0,9984
40 35 1
35 n 30 4
=) =)
g 30 - \\\‘ E 25
] [
0 251 2
ES £ 20 1
g 20 =y
3 15 SlopeMx = - 3.3112 3 51 Slope Nsp1 = -3.5504
S 10 PCR efficiency Mx = 2.0045 S 10 PCR efficiency Nsp1 = 1.9306
8 G
5 5
0 ‘ 0 ‘ ‘ ‘
-7 6 5 -4 3 2 1 0 4 5 5 § 3 > ; o

In(cDNA)

y = -1,5145x + 19,854 y = -1,5606x + 30,401

Standard curve Ct versus In (IPNV) Standard curve Ct versus In (IFN)

R? = 0,9996 R? = 0,9993
35 n 45 .
40 4
_. 30 =
2 § 35 \
§ 25 - 7 20 |
£ 20 = 25 1
g 15 4 %
S 101 Slope PN = -3.4873x 5 2 Slope IFN = -3.5955x
‘G" PCR efficiency IPN = 1.9353 5 101 PCR effciency IFN = 1.8979
5 B 5 4
0 ; ; ; ; ; ; ‘ — ‘ ‘ ‘ ‘
-7 6 5 4 3 2 1 0 8 6 -4 -2 0
In(cDNA) In(cDNA)

) y = -1,4801x + 26,795
Standard curve Ct versus In (H. salinarum)

R? = 0,9995
40 4
- 35 1
E 30 1
é 25
2 207 Slope H. salinarum = -3.4081
@ 151 PCR effenciency H. salinarum = 1.9652
8“’ 10 -
5 -
0 T T T T T )
-7 -6 -5 -4 -3 -2 -1 0

In(cDNA)

Fig. 9: Standard curves for the five different assaysluisehis study; standard curves for all assaydiaesfold

diluted in yeast tRNA and run in triplicates.
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Real-time RT-PCR analysis was performed on RNAaetéd from two of the three parallels
from the time series experiment and negative ctstrbhe target genes used were Nspl
normalized against SAL and ELA reference genesu@ioll and V were compared in both
duplicate 1 and 2. The MNE values for Nspl agabwh reference genes showed small

differences in the three experimental groups irtithe series.

MNE values in duplicate number 2 for both referegemes could be as much as 10 fold
lower compared to duplicate number 1. The diffeesnin group 1l observed in duplicate 1
were not reproducible in duplicate 2. Both, dugkca and 2 independently of reference gene,

showed that the nsP1 expression were at the hightestl7 h (Fig. 10).

nsP1vs. SAL (Duplicate 1) nsP1vs. EIA (Duplicate 1)
3,00E+02 - 3,00E+02 - _I,
2 2,00E+02 A al $ 2,00E+02 @l
E ov E oV
w oll uZJ x oll
Z 1,00E+02 Z 1,00E+02 | 7]
0,008+00 = : r"l‘|{—| REHES 0,00E+00 - FErmr=__E : 7 : r”l{_’*\ :
6 h. 41h. 110 h. 6h. 17h. 41h. 110 h.
50801, nsP1vs. SAL (Duplicate 2) S0E0LY nsP]vs. EIA (Duplicate 2)
4,00E401 al 4,00E+01 | al
2 300801 - v 2 300801 | ov
b ol g ol
w w
= 2,00E401 | = 2,00E+01
= =
1,00E+01 | 1,00E+01 rx_rx_'{_‘ rz_l{_'{_‘
0,00E+00 L] : ~|*|{—| : r"i'ITI—| , 0,00E+00 B i nfl'[‘l{—| B ) :
6h. 17h. 41h. 110h, 6h. 17h, 41h. 110h,

Fig. 10: Duplicate of MNE values for Nspl in CHSE-214 cdlisthe three different groups harvested at
different time points; (I) SAV single infection, JVsimultaneously SAV/IPNV co-infection and (lI) SAV
infection after 24 h exposure to IPNV. The nsP% warmalized against SAL and ELA reference ger@$e

scale used for Duplicate 2 is adjusted in ordese® the trend. However, it should be mentioneddbpticate 2

had much lower expression of nsP1).
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Similarity, MNE values for IPNV showed that duplieal and 2 did not have any
measureable differences in the three groups. Iticdue 1 the MNE values for IPNV against
both reference genes showed that RNA expressionhwgiest at 17 h. In duplicate 2 this

peak was only observed with SAL as reference gemge {1).

2,40E+03 - 2,40E+03 -

IPNV vs. SAL (Duplicate 1) IPNV vs. EIA (Duplicate 1)

2,00E+03 - 2,00E+03 -
0 4
B 1605403 Qi $ 160E+03 all
= E
= 1208403 av 3 1,20E+03 DK/

[m]

=2
£ 8,00E+02 ov < 8,00E+02

4,00E+02 - 4,00E+02 | _I-x—L

0,00E+00 w 0,00E+00 okl - )

6h. 6h. 41h. 110 h.
2,40E+03 - . 2,40E+03 - .
IPNV vs. SAL (Duplicate 2) IPNV vs. EIA (Duplicate 2)

2,00E+03 - _} 2,00E+03 -
@ 1,60E+03 ) e $ 1,60E+03 - e
2 5 av 2 av

- s i

> 1,20E+03 awv o 1,20E+03 anv
P
S 8,00E+02 = 8,00E+02

4,00E+02 - ;Zfij;i ﬁ_ﬂ 4,00E+02 -

0,00E+00 L : L e ‘ 0,00E+00 s : "rh*' 5 ‘

6h. 17 h. 41h.  110h. 6h. 17h.  41h.  110h

Fig. 11: Duplicate of MNE values for IPNV in CHSE-214 cxih group IIl, V and IV; (lll) IPNV single
infection, (V) simultaneously IPNV/SAV co-infectiand (IV) IPNV infection after 24 h exposure to SAVhe
IPNV was normalized against SAL and ELA referenepes.

Real-time RT-PCR analysis for IFland Mx was performed with the same RNA as used in
duplicate 1 (fig. 12). All six experimental grouwgere analyzed. Mean normalized expression
(MNE) values for IFN showed that group | (single \HAafter 24 h induced a strong up-
regulation of IFNe, independently of reference genes. IPNV did nawsho induce any

measurable IFN up-regulation.

MNE values for Mx showed that group IV gave thehaigt Mx induction at 6 h, and that
group | and V gave the highest induction at 17 fau@ 1l (single IPNV) did not induce Mx

production at all. All these results were obserwéti both reference genes.
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in group Il at 17 h, however, the IFNup-regulation was much lower compared to group I,

although this two groups induced almost the samauatof Mx.
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Fig. 12: MNE values in all six groups, with IFM-and Mx as target genes towards two reference déhes

salinarum and elongation factor 1).
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End-point titration (110 hour, time series experiment)

Supernatant from all groups (Table 1) were colgédtem the time series experiment at 110

h., and endpoint titration was performed for bo#VSand IPNV in all groups (Table 2).

In this study there were four parallels for eachih&f six groups, the viral titer were sat to be
the last wells were over 50% of the wells had viniscted cells detectable with IFAT .
Interestingly, the result showed that all SAV iriét groups had the same amount of virus
per ml supernatant. However, there were measudifiggences in the groups infected with
IPNV. As Table 1 shows, group Il (single IPNV) htek highest amount of IPNV infectious
particles. In group Il, IV and V the amount of IPN¥ére 5, 5 and 25 times less compared to

group II1.).

Table 2: Virus per ml for SAV and IPNV in the six differegtoups, the supernatants used for titration were

collected 110 h post the initial infection time.

I [ Il Y \% Y

SAV 1,25E+06 1,25E+06 O 1,25E+06 1,25E+06 O

PNV 0 2,50E+05 1,25e+06  2,50E+05 5,00E+04 O
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Disscussion

Co-infections with birnaviruses and other virusemveh been described earlier (Alonso,
Rodriguez, and Perez-Prieto, 1999; Alonso, Rodag8aint-Jean, and Perez-Prieto, 2003;
Johansen and Sommer, 2001; Saint-Jean and Peeta@;R6007), but the possible interactions
between birnaviruses and alphaviruses have not beamined. It is likely that these two
viruses might affect the same individual fish, aajet cells that are located in the pancreas
tissue (Munro et al., 1984; Smail et al., 1995)e Phnesent work provides evidence that during
such co-infections SAV interfere with IPNV replimat in CHSE-214 cells, while IPNV does
not notably affect SAV. It is shown that SAV indulféF-o. and Mx in CHSE-214, while
IPNV does not. This is in agreement with previotisdes (A. Bratland,Unpublished;
Jensen and Robertsen, 2002; Rokenes, Larsen, arett&m, 2007). The IFN-system may

play a key role in the observed interference betvtkese viruses.

Several diagnostic tests like the indirect immunoféscence assay (IFAT), enzyme-linked
immunosorbent assays (ELISA) amiblecular diagnostic tests like real-time-RT-PCReha
been developed for fish pathogens (Adams et a®5;19verturf, LaPatra, and Powell, 2001).
These methods can be used to examine IPNV and $#8\also RNA or protein products. In
the present study CHSE-214 cells experimentallynéested with SAV and IPNV were
studied by (I) IFAT, which detect specific protein#l) real-time RT- PCR which detect
genomic segments of the virus, and, (Ill) viral gmaint titration, which detect infectious
virus particles. The IFAT method proved to be matarly useful since it allowed visual
identification of infected cells. This made it pidds to investigate if the viruses were able to
infect the same cell. Although not commonly obsdnthese studies demonstrated that single
cells where both the SAV E2 protein and the IPN\2\ffPotein were expressed existed in the
cell layer. This confirms that both SAV and IPNVplieation, at least to the extent of
expression of these proteins, may occur in the saatheAs part of the IFAT method, staining
of cell nuclei with DAPI was performed. This progilinformation about the integrity of cell
nuclei during infection, and suggested that infeddi with both SAV and IPNV lead to
fragmentation of the nucleus. The result agreel wmititro studies of IPNV infection which
reported that morphological changes like fragmeartabf nuclei could be seen in apoptotic
cells as early as 6 h. p. i. of CHSE-214 cells (¢enhal., 1999). Apoptosis is morphologically

characterized by cell shrinkage and hyperchromaticlear fragments (Wyllie, Kerr, and
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Currie, 1980). Like for IPNV, it has been showntttearestrial alphaviruses trigger apoptotic
death of the infected host cell (Glasgow et al97tMastrangelo et al., 2000; Nava et al.,
1998). More than one method should, however, bdiegppo confirm that SAV induce
apoptosis in CHSE-214 cells.

By combining IFAT with real-time-RT-PCR for quantifition of RNA, it was possible to
obtain data about the percentage of infected eallgvell as levels of chosen viral and host
RNA transcripts. While IFAT showed that the perega of IPNV infected cells in the cell
layer were reduced during co-infections, a corradpay reduction in viral RNA levels could
not be detected. By performing the real-time-RT-RP&dgeriments in duplicate runs, it could
be demonstrated, however, that regulation in RNA&lIEwas only in the 0-5 interval. Such
small variations are difficult to measure due teentainties that are provided by the method.
To measure expression kinetics of the selected aimd host RNA during infection, target
transcripts were normalized against reference ¢rgts. This opens for discussion about the
stability and reliability of the chosen referen@ngs. Ideal housekeeping gene should show a
constant expression between individuals and diftedevelopmental stages, and it should be
unaffected by any experimental treatment (ZhanggpPand Sandford, 2005). The internal
housekeeping gene Elongation factor 1A (EIA) used, previously been described for use as
a reference gene in fish. E1A transcript is stgaehkipressed under a variety of terms, though
its performance during a virus infection is nottthall known and it is most likely dependant
on virus species (Olsvik et al., 2005). Bratlandnp(blished) suggested EIA to be an
acceptable reference gene towards nsP1l. From psewstudies, one can see that the
expression of a number of the frequently used hdkeseping genes can vary under
experimental circumstances (Radonic et al., 200dhnfittgen and Zakrajsek, 2000;
Vandesompele et al., 2002). A second reference @external) was therefore used. This
consisted of am vitro transcribed 900 nt RNA homologous to 16S rRNAhef bacteriunt.
salinarum, which was added to the samples after RNA extractihereby, not affected by
pre-extraction handling or gene expression vamatio the samples. Although the real-time-
RT-PCR method was unable to detect reliable diffees in viral RNA levels between the
test groups, the final outcome of the infectionsnid with endpoint titration showed that less
infectious IPNV units were produced during co-iniie@as than during single infections, while
the production of infectious SAV units was not aféxl by presence of IPNV.
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In addition to monitoring levels of viral RNA, theeal-time-RT-PCR experiments
demonstrated that key transcripts in the anti wrehune system (IFN and Mx) were affected
by the infections. Interestingly, transcription thlese mRNAs were up-regulated in SAV
infected, but not in IPNV infected cells, providirrgpossible explanation to the observed
differences in the ability to interfere with thenet virus. Up-regulation of IFN and Mx during
SAV infection is in agreement with previous stud{Bsatland,unpublished; Gahlawat, Ellis,
and Collet, 2009). Although the SAV genome is glerstranded RNA, all RNA viruses need
to synthesize antisense RNA at some time duringr tleplication cycle. This leads to
potential presence of viral dsRNA, which is knowrtrigger many of the cellular responses
to virus infection, including IFN-inducible enzymé¥acobs and Langland, 1996). However,
cells infected with IPNV, which has a double steshdRNA genome, induced no IFN-like
activity. A possible explanation for this has besmimggested by Skjesol (2009) who showed
that VP4 and VP5 reduced the IFN-induced expressimgesting that these molecules are
the strongest candidates for counteracting the dlfdtem. This concur with earlier studies
that has demonstrated that IPNV induced neitheriBNMx during infection of TO cells, or
CHSE-214 cells (Jensen and Robertsen, 2002; Rokeaesen, and Robertsen, 2007). IPNV
is, however, able to induce an IFN response botither cell types, likeainbow trout gonad
cell line and in vivo (Collet et al., 2007; de Sexmad Rio, 1975; Jensen and Robertsen, 2000;
McBeath et al., 2007; Saint-Jean and Perez-PriZ0y7). The virus is also sensitive to
presence of IFN-induced effector proteins. (Lars&gkenes, and Robertsen, 2004)
transfected CHSE-214 cells with the Atlantic salmdix1l protein (ASMx1) and
demonstrated an antiviral effect of these cellsat@ls IPNV. Other studies have demonstrated
that an anti-IPNV activity induced by IFN and Mx abtained in a number of cell types
(Jensen and Robertsen, 2002; Nygaard et al., Zxdliertsen et al., 2003).

Effective vaccines against fish viruses have traglly been difficult to develop (Biering et
al., 2005). The majority of the commercial vaccitiest are available at the moment contain
inactivated disease agents. In vaccines agairgt agents, the use of inactivated agents may
be overly simplistic since the innate immune systam important line of defence against
viruses, in not activated. Effective response t eontrol of virus infection seems to require
several levels of interactions between the innaig® adaptive immune systems (Kang and
Compans, 2009). Live attenuated vaccines providenaplete viral lifecycle and, thus, may

overcome this problem through stimulation of regssnthat resemble those seen after natural
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virus infection. Such vaccines could potentiallydadvantages over traditional vaccines also
in aquaculture (Benmansour and de Kinkelin, 199/ )major disadvantage off attenuated
vaccine, however, is the possibility that they wdlert to a virulent form (Benmansour and
de Kinkelin, 1997). A recombinant full-length SAW2as recently published (Moriette et al.,
2006). This study demonstrated that a recombin@aainsof SAV2 (SD) that possessed little
or no virulence in fish was able to protect rainktoosut against wild type SAV2. Moreover, it
was demonstrated that SAV can replicate and expoesgin RNAS, opening the possibility

of using live SAV as a delivery vector of any aetign fish.

The trigging of antiviral mechanisms (IFN and Mx) $AV demonstrated in this study might

be useful features in the development of recomliafphavirus-based vaccines. In such a
vaccine there will be a specific protection obtdingy the antigens and a non-specific
protection obtained by the reported up regulatibantiviral mechanisms in cells induced by

wild type SAV. As this study shows this might b&uture application against IPN and other
diseases caused by viruses.

Conclusion and Futur e per spectives

This study showed that IFN-mediated antiviral dttiand Mx expression could be induced
by SAV, and that such induction would correlatehwtibe inhibition of IPNV in the co-
infections. IPNV did not up-regulate IFN and Mx,rrebd it interfere with SAV, suggesting
that the IFN-system may play a key role in the ol interferenceén vitro between these
viruses. However, despite the reported correlatietween IFN and Mx induction and
inhibition of IPNV replication, it should be mentied that other cytokines with antiviral
activity also could be involved. The results of gresent study were based entirelyioritro
experiments that can never fully reproduc®ivo conditions. Therefore, it would be of great
interest to conduct co-infection experiments omsatid fish in test the in vivo interference

of these two viruses.
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