
1
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The Bunyaviridae family is one of the largest RNA virus families, with more than 350 species identified so far. 
Bunyamwera virus (BUNV) is the prototype for both its genus and the whole family. The virus harbours a tripartite RNA 
genome, of single stranded negative polarity. The small segment of the virus presents two overlapped open reading 
frames, coding for the nucleocapsid (N) and the NSs proteins. As the N protein is essential for viral survival, studies 
about NSs are constrained to a mutant lacking its expression (via mutation of the start codon). Described in this study is 
the use of reverse genetics to generate a virus expressing the N and NSs proteins in the same S segment, but in non-
overlapping open reading frames. Several attempts to rescue different mutants were tested. Four mutant viruses
previously generated were characterized: IRES-GFP, an S segment with the N/NSs and a GFP ORFs separated by an 
internal ribosomal entry site; 2kb, a virus with a completely duplicated S segment; IProm-GFP and IProm-FFluc, both S 
segments with an internal promoter for expression of a second ORF, either GFP or FFluc. In addition, new mutants were 
created using a self-cleaving protease sequence separating the expression of the N and the reporter/PKNSs ORFs. None 
of the strategies applied generated a viable virus with separated coding regions. In order to achieve the separate 
transcription of the two genes further studies have to be conducted, such as the construction of a cell line with a 
constitutive N expression.
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INTRODUCTION
Infectious diseases are one of the leading causes of death 
and disability worldwide (WHO, 2007). Viral infectious 
diseases have been on the spotlight as some of the most 
dangerous emerging diseases and names like HIV, Spanish
flu or hepatitis B are now widely known among the 
population. RNA viruses have a particular role in this 
scenario, as their genome can rapidly mutate and adapt to 
new backgrounds and conditions, giving them the ability to 
easily spread worldwide (Morens et al, 2004). 
The Bunyaviridae family is one of the largest RNA virus 
families, with more than 350 species identified so far,
distributed over five genera: Orthobunyavirus, Hantavirus, 
Phlebovirus, Nairovirus and Tospovirus (Elliott, 1990). This
family has some BSL3 and BSL4 pathogens, such as the Rift 
Valley Fever (RVFV) and the Crimean-Congo Hemorrhagic 
Fever (CCHFV) viruses, which is leading to a growing 
interest in the research of the viral mechanisms associated 
with their pathogenesis. Members from the family can 
infect a broad range of host, from mammals to tomatoes
(Goldbach & Peters, 1996). While in their vectors the 
viruses establish a persistent infection, several species are 
responsable for metabolism shut-off in vertebrate infected

cells (Lazdins and Holmes, 1978). These enveloped viruses
have a spherical or oval appearance, with a diameter of 80-
110 nm (Schmaljohn, 1996). The envelope derives from the 
Golgi complex (and rarely from the surface membranes) 
and presents spikes that correspond to the two 
glycoproteins that are embedded in the lipid envelope. 
Bunyaviruses harbour a tripartite RNA genome, which 
consists of the Large (L), Medium (M) and Small (S) 
segments (Bishop et al., 1980). Depending on the genus 
they can be of negative or ambi-sense polarity. The RNA is 
linear and single-stranded, composed by the viral coding 
region flanked by the viral untranslated regions (UTRs). 
The termini of the two UTRs are complementary to each 
other and they are paired in vivo, creating stable 
panhandle structures that make the RNP look circular
(Lowen & Elliott, 2005). The viral envelope surrounds the 
genome, which is arranged in ribonucleproteins (RNP). 
These consist of RNA encapsidated by the nucleocapsid (N) 
protein and the RNA-dependent RNA polymerase (RdRp; L 
protein) interacting with the complex. This way, each RNP 
has multiple copies of the N protein and only one genome 
segment and one polymerase (Gonzalez-Scarano & 
Nathanson, 1996). The presence of RdRp and N protein is 
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necessary for the viral transcription and replication, which 
means that the RNP is the minimal replication unit of the 
virus. 
The Bunyamwera virus (BUNV) is a negative-sense virus, 
and the prototype of this viral family. BUNV encodes six 
proteins, four structural and two non-structural. One of 
the non-structural proteins is present in the S viral 
segment, with the coding sequence overlapped with the 
open reading frame of the N protein (Fuller et al, 1983). As 
the N protein is essential for viral replication, little is 
known about the functions of NSs. Another constrain 
regarding this protein is the existing antibodies raised 
against it, as they are weak and do not form a strong 
interaction with this protein. A mutant virus was 
constructed through reverse genetics that lacks the 
expression of NSs, which led to a slower rate of infection, 
inhibition of RNA polymerase II and activation of the 
interferon-β system (Weber et al, 2002; Léonard et al, 
2006). This mutant maintained the sequence of the entire
S segment, with the exception of two mutations in two 
start codons of the NSs ORF, which do not affect the amino 
acid sequence of the N protein. Despite this study, it is not 
possible to further explore this protein, such as using tags 
to localize it or control its expression. 
To understand the underlying functions of this viral 
pathogenic factor it is necessary to create a mutant BUNV 
virus that expresses N and NSs (or a tagged NSs) proteins 
in non-overlapping open reading frames. This will allow the 
manipulation of the last without the lost of viral viability.   
To achieve this goal several expression strategies were 
tested, initially using reporter genes instead of NSs. Four 
mutant virus generated previously were characterized: 
IRES-GFP, an S segment with the N/NSs and a GFP ORFs 
separated by an internal ribosomal entry site; 2kb, a virus 
with a completely duplicated S segment; IProm-GFP and 
IProm-FFluc, both S segments with an internal promoter 
for expression of a second ORF, either GFP or FFluc. In 
addition, new mutants were created using a self-cleaving 
protease sequence separating the expression of the N and 
the reporter/PKNSs ORFs. Cloning the 2kb segment was 
also performed, in order to insert a PKNSs gene in the 
second coding region. 

MATERIALS AND METHODS

Maintenance of Mammalian Cells. BHK-21 clone 13 
(Stoker and Macpherson, 1962), a cell line derived from 
baby hamster kidney, was maintained in GMEM 
supplemented with 10% NBS and 10% TPB (all from Gibco 
BRL), at 37ºC and 5% CO2. BSR-T7/5 cells (Buchholz et al., 
1999), a cell line derived from BHK-21 and stably 
expressing the T7 RNA polymerase gene, were maintained 
in GMEM supplemented with 10% FBS (Biowhittaker) and 

10% TPB, at 37ºC and 5% CO2. Vero-E6 (ATCC no. CRL-
1586) is a African Green Monkey cell line and was 
maintained in DMEM (Gibco BRL) supplemented with 10% 
FBS, at 37ºC and 5% CO2. Mammalian cell lines were 
maintened in medium tissue culture flasks (75 cm2) and 
were passage every two to three days, once they reached 
a monolayer state. 
Transfection of Mammalian Cells. 35 mm-diameter petri 
dishes were seed with 5x105 BSR-T7/5 and incubated over-
night.Transfections were carried out on cells with 80% 
confluence using Lipofectamine 2000 (Invitrogen). 1 µg of 
Plasmidic DNA to be transfected was diluted in 250 µl of 
Opti-MEM. For each transfection, 3 µl of Lipofectamine 
2000 per 1 µg of DNA were diluted in 250 µl of Opti-MEM, 
and incubated at room temperature for 5 minutes. This 
mixture was gently added to the DNA solution and 
incubated at room temperature for 30 minutes. New 
medium was added to the cells, and the mixture of DNA 
and reagent was added to the cells drop-by-drop. Dishes 
were incubated at 33ºC for the duration of the 
experiment.
Plasmids and plasmid constructions. pT7riboBUNS(+), 
pTVT7BUNM(+) and pT7riboBUNL(+) (Bridgen and Elliott, 
1996) contain the full sequence of the BUNV S, M and L 
segments, in a positive sense, between the T7 promoter 
and hepatitis δ ribozyme. These plasmids were provided by 
R.M. Elliott. 
pT7riboBUNSEMCVIRESGFP (IRES-GFP) contains the full 
sequence of the BUNVS followed by a 
encephalomyocarditis virus (EMCV) internal ribosome 
entry site (IRES) to drive expression of GFP. This plasmid 
was provided by R.M. Elliott. 
pT7riboBUNSdelNSs2GFPpuro (IProm-GFP) contains the 
BUNV N protein sequence and an GFP-puromycin 
resistance fusion protein gene. GFP-puro expression is 
driven from an internal BUNV promoter. This plasmid was 
provided by R.M. Elliott. 
pT7riboBUNSdelNSs2FFluc (IProm-FFluc) contains the 
BUNV N protein and the firefly luciferase gene. Firefly 
luciferase is driven from an internal BUNV promoter. This 
plasmid was provided by R.M. Elliott. 
pT7riboBUN2kbS(+) (2kb) contains a tandem copy of the 
BUNV S segment in pT7ribo. This was cloned from a virus 
that arose with a duplicated S segment. This plasmid was 
provided by R.M. Elliott. pT7riboBUNS2kbPKNSs is based 
on the 2kb construct and contains only N in the first open 
reading frame and only PK-tagged NSs in the second ORF.
To generate this construct two steps of cloning were 
performed: first BUNSdelNSs2 was digested with NsiI and 
ligated to the internal UTRs of the 2kb, amplified with 
ivk33 and ivk34; last, the NSs segment was amplified using 
two sets of primers (ivk24 and ivk09, and ivk25 and ivk09, 
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to tag the NSs with PK and add an ApaI and a NsiI 
restriction sites) and ligated to the result of the first 
ligation.
pUC57BUNSdelNSs2AGFP contains a mutated S segment in 
a positive sense, with the N gene followed by the 2A self-
cleaving protease from Thosea asigna virus (TaV)  and the 
GFP gene, in a pUC57 backbone. This plasmid was 
purchased from Genscript. pTVT7BUNSdelNSs2AGFP (2A-
GFP) was originated cloning the mutated S segment from 
the pUC57BUNSdelNSs2AGFP into the pTVT7 backbone 
vector, using a parcial digestion of the insert with BsmBI 
and a digestion of the vector with BsiI. 
pTVT7BUNN2APKNSs (2A-PKNSs) is the 
pTVT7BUNSdelNSs2AGFP with the GFP gene replace by the 
PK-tagged NSs ORF. To clone this plasmid an ApaI site was 
created in the 2A-GFP and the NSs segment was amplified 
and digested as in the 2kbPKNSs.
pT7riboBUNMNSm-GFP (NSm-GFP) is a plasmid that 
contains the viral M segment in a positive sense expressing 
an NSm-GFP fusion protein. This plasmid was provided by 
X. Shi.
Bunyavirus Rescue. 60 mm-diameter petri dishes were 
seeded with 1x106 BSR-T7/5 cells. The viruses containing 
the mutated S segments were recovered from cDNA by 
transfecting the cells as described in the previous section. 
Besides the desired S segment, the plasmids transfected
were the pT7riboBUNL(+), the pTVT7BUNM (+), 1 µg of 
each. For positive control the wt BUNV was also rescued in 
the same way, but with wt BUNS. In the negative control 
dish optiMEM and lipofectamin 2000 were added without 
any DNA. When good CPE is visible (or after 12 days post 
rescue), culture medium was collected from the dishes and 
cell debris were pelleted by centrifugation at 2000 g for 10 
minutes. The supernatant was aliquoted into cryotubes 
that were stored at -80⁰C. 
Polymerase Chain Reaction (PCR). For confirmation of
fragment sizes, PCR was performed using GoTaq DNA 
Polymerase (Promega), in a 50 µl volume reaction 
containing 50 ng of DNA, according to manufacturer’s 
instruction. The DNA was amplified by 40 cycles of PCR, 
with each cycle consisting of 30 s at 94⁰C, 30 s at 56⁰C and 
3 min at 72⁰C, with a final 10 min step at 72⁰C. For other 
purposes, the DNA was amplified using KOD polymerase
(emdbioscience), in a 50 µl volume containing 50 ng of 
DNA (or cDNA), according to manufacturer’s instructions. 
The DNA was amplified by 40 cycles of PCR, with a hot 
start at 95⁰C and each cycle consisting of 30 s at 94⁰C, 30 s 
at 56⁰C and 1.5 min at 72⁰C, with a final 10 min step at 
72⁰C
Agarose Gel Electrophoresis of DNA. For segment size 
visualization the fragments were separated by 
electrophoresis through a horizontal slab gel composed of 

0.8% (w/v) agarose on 0.5X TBE and 4 µl of EtBr per 100 ml 
of agarose. The gel was submerged in 0.5x TBE and 6x 
loading dye was added to the samples to a final 
concentration of 1x. 100 or 75 V was applied until a good 
separation was achieved.
RNA Analysis. The RNA was extract from infected cells 
using the RNeasy Minikit (Quiagen) according to 
manufacturer’s instructions. RNA analysis was performed 
in agarose gel electrophoresis after a RT-PCR in the RNA 
extracts: 1 µg of extracted RNA were added to 10 µl dH2O 
and 0.5 ng of each primer (reverse and forward) and the 
samples were heated at 70-74⁰C during 5 minutes, and 
cooled on ice during 5 minutes. 1 µl of 10 mM dNTPs, 10 µl 
of 5x M-MLV reaction buffer, 1 µl of M-MLV reverse 
transcriptase (Promega) and 23 µl of sH2O were added to 
the mixture, which was left to incubate at 42⁰C during 1-2 
hours. 5 µl of the cDNA was used in a PCR reaction
Preparation of SDS-PAGE Gels. To prepare the samples 
BHK-21 cells were infected in 35 mm-diameter dishes at a 
MOI of 3 PFU/cell and incubated at 37ºC. At the time point 
desired, cells were harvested by a 30 minute incubation 
with 300 µl of SDS sample buffer (2x) containing 25% (v/v) 
of DTT and benzonase. 15 µl of the samples and 5 µl of the 
PageRuler Prestained Protein Ladder were separated on a 
sodium dodecyl sulfate – 12% polyacrilamide gel at 180 V,
until the bromophenol blue band reached the bottom of 
the gel. The blotting sandwich was assembled as per 
instruction (Invitrogen) using a Hybond C extra 
nitrocellulose membrane and 0.5x Towbin buffer (with 
20% of methanol). Transfer was carried out for 1 hour at a 
constant voltage of 30V. After transfer of proteins from the 
gel to the membrane, the membrane was blocked in 1-2%
milkpower in PBS-Tween (PBS/T). For binding to primary 
antibody, anti-N was added at a 1:2000 and anti-GFP at a 
1:4000 dilutions. The membrane was incubated with the 
primary antibody for 1 hour. Secondary antibody (anti-
rabbit for N antibodies and anti-mouse for anti-GFP) was 
added at a 1:2000 in PBS/T, and incubated during 1 hour. 
Detection was performed with the Pierce 
Chemiluminescence Kit, according to manufacture’s 
instruction, after which the membrane was exposed to a 
radiographic (or X-ray) film.
Double Immunofluorencence Assay. Cells at 80% 
confluence were infected at high multiplicity of infection 
(MOI) (3 pfu/cell) and incubated at 33ºC to harvest at 
diferent time points. At the diseared time, the coverslips 
containing the infected cells were washed in PBS (1% FCS) 
and the cells were fixed with 4% paraformaldehyde during 
15 minutes at room-temperature. After the fixation period 
the cells were washed with PBS containing 100 mM of 
glycine. The cells were permeabilized with a 15 minutes 
incubation in a solution of 0.1% Triton X-100 in PBS. The 
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samples were rinsed with PBS (1% FCS) and incubated in 
this solution for 30 minutes. After the blocking step, the
cells were incubated during 1 hour in a solution containing 
both primary antibodies (rabbit anti-N and mouse anti-PK) 
in a 1:250 dilution in PBS (1%FCS). The coverslips were 
washed with PBS (1% FCS) and incubated in a PBS (1% FCS) 
solution with the secondary antibodies (anti-rabbit-FITC 
and anti-mouse-Cy5) in a 1:250 dilution. After washing, the 
coverslips were mounted in the slide using a solution of 
1:10 PBS and glycerol.

RESULTS

Characterization of Viruses in Stock. The viruses
constructed and rescued prior to the start of the project 
(IRES-GFP, Iprom-GFP, Iprom-Ffluc and 2kb, ) were grown, 
titred and characterized in terms of protein synthesis – by 
western blots and expression of reporter genes – as well as 
RNA – by RT-PCR and agarose gel electrophoresis. The 
cytopathological effect on cells after infections was also 
checked and compared to the rate of infection of the wild-
type.  Figure 1 shows the schematic diagrams of the 
genome sense S segment from the different mutants.

Figure 1: Schematic diagrams of the genome sense S segments of the 
mutant viruses. White boxes represent coding regions, while the lines 
represent the viral UTRs. A – IRES-GFP; B – IProm-GFP; C – IProm-FFluc;   
D – 2kb.

To confirm signs of infection BHK cells were infected at 
high MOI and checked regularly for cytopathological 
effects, which are characterized by cells rounding and 
detaching from the monolayer. At 24 hours post infection
(hpi) the wild-type showed clear CPE, while all the mutants 
resembled the mock control of uninfected cells. At 48 hpi
both wild-type and mutants showed clear CPE, although it 
is slower in the mutants. From this analysis it can be 
concluded that the viruses were infectious, though
attenuated compared to the wild-type.
The expression of N protein was analyzed by western 
blotting. Mutants were analysed at 16 and 22 hpi, while 
the wild-type was analyzed at 6 and 10 hpi due to the 

different growth rates. Figure 2 shows the result of the 
western blotting for the viruses in study.

Figure 2: N protein expression in the wild-type virus and the mutants 
IRES-GFP, IProm-GFP, IProm-FFluc and 2kb. Cells in 80% confluence were 
either mock infected or independently infected at MOI=3 pfu/cell with 
the wild-type and mutant viruses. Total cell lysates were collected at 6 
and 10 hpi (for the wild-type) and 16 and 22 hpi (for the mutants) and 
analysed by western blotting with an anti-N antibody at a 1:2000 dilution, 
in a 12% SDS-PAGE gel. The red arrow corresponds to 72 kDa and the 
green arrow corresponds to 26 kDa.

As it can be observed in the Figure 2 all mutants expressed 
N protein, although in much less quantities than the wild-
type, even comparing later time points of the mutants with 
earlier time points of the wild-type. Other conclusion that 
maybe extracted from the film is that the antibody 
interacted with another band in the cells infected with the 
mutants, although such interaction was not further 
studied. As anti-N is very specific, it is possible that the 
extra band corresponds to multimer of or a modified N 
protein.
To check for the expression of GFP the cells were infected 
at high MOI (3 pfu/cell) with the mutant viruses expressing 
GFP (IRES-GFP and IProm-GFP) and a control virus that 
expresses GFP fused with the NSm protein (NSm-GFP). The
expression of this protein was evaluated by visualization of 
fluorescent cells and a western blot was made to check for 
expression of a possible inactive protein. The fluorescence 
in NSm-GFP was observed at 48 hpi, when CPE started to 
appear in this virus. The mutant viruses with a GFP gene as 
a reporter did not show any fluorescence during infection, 
even when clear CPE was observed in infected cells. The 
western blot using anti-GFP antibody was not conclusive 
regarding the presence of this protein (data not shown).
The expression of firefly luciferase (FFluc) was measured 
with a dual luciferase assay. The measurements were 
made with three different samples infected at the same 
time and MOI=3 pfu/cell. The expression of FFluc in the 
virus had the same level as the mock, which indicates that 
this reporter protein is not being synthesized (or is inactive 
in the cells). 
As the presence of the reporter proteins could not be 
confirmed, it was necessary to analyze the viral RNA to 
confirm the size and sequence of the mutated S segments. 
To that purpose, cells were infected at low MOI (0,05 
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pfu/cell) with wild-type and mutant viruses and harvested 
at 30 and 48 hpi. Total RNA was extracted and analyzed by 
RT-PCR, using ivk01 and ivk02 primers (which align in the 
viral UTRs). The RNA extracted at 30 hpi did not show any 
bands in viruses other then the wild-type (data not 
shown), which indicates that the viral replication in the
mutants was slower than normal. Figure 3 shows the result 
from an agarose gel electrophoresis from the amplified 
viral cDNA extracted at 48 hpi. 

Figure 3: S segment sizes of the mutant viruses IRES-GFP, IProm-GFP, 
IProm-FFluc and 2kb compared with the wild-type BUNS size. Cells in a 
80% confluence were infected at low MOI=0,05 and the viral RNA was 
analyzed at 48 hpi by RT-PCR with ivk01 and ivk02 primers, as described 
under Materials and Methods. The amplified products were analyzed on a 
1% agarose gel and visualized by ethidium bromide staining.

Contrary to expectation all mutant viruses seemed to have 
the same size as wild-type BUNS. The RT-PCR products 
were therefore sequenced to confirm the exact sequence 
of the segments. If the wild-type size was the result of a 
deletion, some differences in sequence would be observed 
between the mutants and the wild-type. The results from 
the sequencing showed that all segments had the exact 
same sequence as the wild-type, with the exception of the 
IProm-FFluc, which had a point mutation at position 410 
bp. This mutation was located in the N gene, so it is not 
expected to be related with a possible shortening of the 
segment.
The sequences of the plasmids used in the original rescues 
were analyzed, to confirm the presence of the right inserts.
It was observed that the plasmids contained the desired 
constructs, as expected (data not shown). This analysis 
showed that the viruses present in stock did not 
correspond to the mutants expected, but the plasmids 
used in their rescues had the right insert, which means 
that they could be used for further studies.  

New  rescues of IRES-GFP, IProm-GFP, IProm-FFluc and 
2kb. Due to the previous results, new rescues were 
performed for all of the viruses, using the plasmids 

mentioned. The transfected cells were analyzed to confirm 
cytopathological effects and expression of the N protein 
and the reporter gene. As a control rescues with a wild-
type BUNV and the NSm-GFP virus were taken along. After 
the rescues, the supernatants from 3, 6 and 9 days post 
transfection (dpt) were used to perform plaque assays and 
to infect BHK cells, in order to grow and characterize the
viruses.
From all the rescues, the only mutant virus that was able 
to show CPE was the 2kb virus, which was also able to 
form plaques and infect BHK at the same rate and 
phenotype as wild-type. The other viruses, even if an 
ambiguous CPE was visible, were not capable of infect and 
form plaques. 
To confirm the expression of N protein a western blotting 
was performed in the cells transfected, at 3 (data not 
shown) and 6 dpt. Figure 4 shows the result from the 
western blotting for 6 dpt. The samples from all the 
rescues showed N expression, although not compared to 
the amount of the wild-type, NSm-GFP and 2kb.

Figure 4: N protein expression by the wilt-type BUNV and the mutants 
NSm-GFP, IRES-GFP, IProm-GFP, IProm-FFluc and 2kb. Cells in 80% 
confluence were either mock infected or independently infected at 
MOI=3 pfu/cell with the wild-type and mutant viruses. Total cell lysates 
were collected at 6 dpt and analysed by western blotting with an anti-N 
antibody at a 1:2000 dilution, in a 12% SDS-PAGE gel.

The fluorescence of cells during the rescue was evaluated 
during several days after the transfections. The Figure 5
shows the transfected cells at 6 dpt.

In the NSm-GFP positive control the cells took more time 
to show visible signs of fluorescence, but in the end of the 
rescue all the cells still attached were fluorescent. In the 
rescue with IRES-GFP plasmid it was possible to see 
fluorescent cells in less than 24 hpt, with a number of cells 
high but stable during the rescue. The cells transfected 
with the IProm-GFP did not show any fluorescence, even 
after 12 dpt (when the rescues were ended).
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Figure 5: Fluorescent cells transfectd with the plasmids for the mutant viruses expressing a GFP reporter gene, at 6 days post transfection. Cells in a 80% 
confluence were transfected with either the BUNM, BUNL and the mutated BUNS (IRES-GFP and IProm-GFP) or with BUNL, BUNS and a mutated BUNM 
expressing a NSm-GFP fusion protein. A – IRES-GFP virus; B – IProm-GFP virus; C – NSm-GFP virus.

Characterization of the Rescued 2kb. The 2kb was the only 
virus, beside the controls, that was rescued. The rescued 
virus was then characterized regarding CPE and expression 
of N protein. BHK infections with 2kb show CPE at a similar 
rate to the wild-type BUNV. Western blots with the virus 
shows large amount of N being synthesized, as can be 
observed in Figure 6.

Figure 6: N protein expression in infections with wild-type BUNV and 2kb 
mutant virus at different time points. Cells in 80% confluence were either 
mock infected or independently infected at MOI=3 pfu/cell with the wild-
type and mutant viruses. Total cell lysates were collected at 15 and 32 hpi 
and analysed by western blotting with an anti-N antibody at a 1:2000 
dilution, in a 12% SDS-PAGE gel.

To confirm the stability of the duplicated segment during 
passages, the RNA was extracted at 48 hpi from five 
successive passages of the virus in BHK cells (P1 to P5). A 
RT-PCR was performed using ivk32 (forward primer) and 
ivk33 (reverse primer), which anneal respectively in the 
beginning of the 5´ UTR and in the end of the 3´ UTR. The 
agarose gel with the results from the RT-PCR is presented 
in Figure 7, where passages 1, 3 and 5 are represented. 
The expected PCR product was a band of about 0.3 kb.

Figure 7: Stability of the 2kb S segment in a wild-type background. Cells in 
a 80% confluence were infected at low MOI=0,05 and the viral RNA at 48 
hpi was analyzed by RT-PCR with ivk32 and ivk33 primers, as described 
under Materials and Methods. The primers anneal in the 5’ UTR (forward 
primer) and the 3’ UTR (reverse primer). The samples analyzed were 
extracted from passages 1, 3 and 5 and the internal duplicated UTRs are 
expected to produce a 0.3 kb fragment. The amplified products were 
analyzed on a 1% agarose gel and visualized by ethidium bromide 
staining. 

It is notable in the gel that the band is present in the 2kb 
extracts, while it is not visible in the mock or the wild-type, 
which indicates that the 2kb segment is stable in passages 
with the wild-type BUNL. Since the 2kb is viable and stable, 
a promising strategy was the cloning of the 2kb plasmid so 
it would express the two desired ORFs in a non-
overlapping manner. The cloning was performed and the 
2kb-PKNSs was rescued using the cloned plasmid. 

Characterization of the 2kb-PKNSs Virus. The rescue of 
this virus was characterized in terms of CPE visualization 
and infectivity in BHK and Vero cells. As it does not present 
a reporter protein, the expression of the PKNSs would 
have to be analyzed by western blotting or by detection of 
the tag peptide. The NSs protein has an expression pattern 
that presents a peak after 12 hpi, after which its level drop 
in the cells until it is not detectable. As in the rescue cells 
will be infected at different time points, they are not 
expressing NSs at the same time, which makes its 

CBA
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detection difficult to perform. Because of this, the 
expression of PKNSs was not evaluated in the rescues with 
this plasmid.
The rescue presented clear CPE, similar to the wild-type. 
Infections of BHK cells with the supernatant from 6 dpt 
showed clear signs of CPE. To further characterize the virus 
and to confirm its sequence, RNA extraction, double 
immunofluorescent assays, western and northern blotting 
were performed.
As the anti-NSs antibody does not have a strong 
interaction, the presense of the PK tagged NSs allowed the 
use of a PK-antibody in the immunofluorescence assay. 
The anti-N antibody was rised against rabbit and the 
secondary antibody used was an anti-rabbit marked with 
FITC. The anti-PK antibody used was from mouse and the 
secondary antibody was a anti-mouse marked with Cy5. In 
this way, the N protein would appear green in the confocal 
microscope, while the NSs appeared red. As the NSs starts 
to degradate at 12 hpi, the cells were treated with MG132 
to prevent degradation. Figure 8 show the result of the 
immunofluorencence at 24 hpi, for BHK and B549 cells.

As expected and visible in the figure, the N protein is 
present in the wild-type and 2kb-PKNSs infected cells, but 
not in the mock culture. Althought this techique was not 
used as a quantitative method, it is also possible to 
observe that the rate of infection with the mutant virus is 
slower than the wild-type. Regarding the presence of NSs, 
the figure shows a red background across the cultures, 
even in the mock sample, which indicates that the 
secondary antibody (anti-mouse) is not specific and is 
interacting with unknown cell components. Althought it 
appeared that the PK tagged NSs protein is not present in 
the infected cells, is difficult to conclude about its 
expression due to this strong background. It was also 
possible that the tag was present in the cells, but was not 
acessible for the antibody interaction, as it is fused with 
the NSs protein forming an unknown 3D struture.

To confirm or exclude this hypothesys it was performed a 
western blotting for PK (data not shown) which indicated 
that the PKNSs was not being expressed in infected cells.
A northern blotting was also performed in cells infected 
with the first viral passage. The blot presented a band with 
the normal S segment size. As the presence of the insert 
with the extra ORF was confirmed in the plasmid that 
originated the virus, this may indicate that the virus 
suffered from a mutation in the S segment.

Figure 8: Expression of N and PKNSs proteins in BHK and B549 cells 
infected independently with 2kb and 2kb-PKNSs virus. Cells at a 80% 
confluence were infected at high MOI, treated with MG132 and analyzed
at 24 hpi. The green fluorescence corresponds to the presence of N 
protein (anti-rabbit antibody marked with FICT) and the red the PK tag
(anti-mouse antibody marked with Cy5). A-mock, B549; B-wt, B549; C-
2kbPKNSs, B549; D-mock, BHK; E-wt, BHK; F-2kbPKNSs, BHK. 

Characterization of the 2A-GFP Virus. The plasmid used to 
the rescue of this virus presents an 2A self-cleaving 
protease between the N and the GFP ORFs. Transcription 
would generate a single mRNA, which would be cleaved 
during translation by the 2A that would stay fused with the 
N protein. The rescues performed with this plasmid were
analyzed in terms of N expression by western blotting, GFP 
expression and infectivity in BHK and Vero cells. The 
rescues did not show visible CPE, even after 12 dpt, and 
infections of BHK and Vero cells with the supernatant did

A D
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not present signs of infection, even when a helper plasmid 
expressing N protein was transfected along in the rescue. 
The first visible sign in the rescues was the presence of 
fluorescent cells, about 2-3 dpt, as it can be observed in 
Figure 9. The number of fluorescent cells is small and lower 
than the IRES-GFP and the NSm-GFP and it does not 
appear to change over the days. 

Figure 9: Fluorescent cell infected with the 2A-GFP virus expressing a GFP 
reporter gene, at 6 dpt. Cells in a 80% confluence were transfected with 
BUNM, BUNL and the mutated BUNS and observed regulary for signs of 
fluorescence.

The western blotting for N was taken along with a wt 
rescue. As it can be seen in Figure 10 the N protein was
being synthesized by the construct, although in a low 
quantity, smaller than the wt.  

Figure 10: N protein expression in the 2A-GFP virus and the wild-type. 
Cells in 80% confluence were either mock infected or independently 
infected at MOI=3 pfu/cell with the wild-type and mutant virus. Total cell
lysates were collected at 6 dpt and analysed by western blotting with an 
anti-N antibody at a 1:2000 dilution, in a 12% SDS-PAGE gel.

Transfections without L and M segments did not show any 
fluorescence, which can indicate that the viral machinery is 
involved in expression of GFP. 

Characterization of the 2A-PKNSs Virus. Despite the 
incapacity to rescue the 2A-GFP virus, this mutant showed 
potencial, as it was capable of GFP and N protein 
expression. As the lack of NSs expression is associated with 
lower viral growth rates, cloning this protein into the 
plasmid could be sufficient to promote viral infection. As it 
was said for the 2kb-PKNSs, the expression of the PKNSs 
was not analyzed during the rescue. The rescue with this 
plasmid did not show CPE, except when transfected along 
with the helper plasmid expressing N. In the four plasmids 

rescue, the cells showed clear CPE, similar to the wild-type. 
Despite this, infections of BHK and Vero with the 
supernatant from the virus showed no signs of infection.   

DISCUSSION
The aim of this project was the construction of a mutant 
virus with a S segment that would express N and NSs in 
two non-overlapping reading frames. To that purpose, 
several alternatives were studied: IRES-GFP, IProm-FGP, 
IProm-FFluc, 2kb, 2kb-PKNSs, 2A-GFP, 2A-PKNSs.
At the start of the project four viruses had previously been 
rescued and needed further characterization (IRES-GFP, 
IProm-GFP, IProm-FFluc and 2kb). Analyses of those viruses 
showed that their S segment had the same size and 
sequence as the wild-type, which may indicate a 
contamination of the stocks. The possibility that the 
mutants had reverted to the wild-type through deletions 
seems highly unlikely, since there were no evidences of 
mutated sequences in the segments. New rescues were 
attempted for the four constructs. 
The cells transfected with IProm-GFP and IProm-FFluc did 
not show expression of the second ORF, which indicates 
that their internal promoter sequence was not able to 
drive the expression of the protein. The expression of N, 
on the other hand, was confirmed by western blotting, 
although levels were not comparable with the wild-type. 
The IRES-GFP expressed both N and GFP in transfected 
cells, as confirmed by western blotting and visualization of 
fluorescent cells. However, no infectious virus could be 
rescued from the transfected cells. One possible 
explanation for this is the complex 3D structure of the IRES 
sequence. During its life cycle, the virus has to be able not 
only to transcribe and replicate, but also assemble and 
release from the cell.  The presence of the IRES structure 
may interfere with the replication or packaging capacity of 
the virus, not allowing the formation of infectious 
particles. 
The 2kb was the only virus whose rescue was possible. This 
virus was generated from a mutant that was discovered 
during experiments investigating viral UTRs. When a 
rescue was being performed with the L segment flanked by 
the M segment UTRs, several passages of the virus resulted 
always in a mutation in the S segment that completely 
duplicated its sequence (data not published). The stability 
of the 2kb S segment was assayed in a wild-type 
background, which showed that the duplicated genome 
sequence was maintained at least during five consecutive 
passages. The 2kb virus seemed to infect and express N 
protein at the same rate as the wild-type. Due to these 
results, the construct was cloned to insert an ORF for the 
PK-tagged NSs (PKNSs) in the place of the second coding 
sequence and the 2kbPKNSs virus was rescued and 
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analyzed. Analysis of the plasmid showed that the S 
segment had the expected size, indicating that it contained 
the double-length S segment with the two separated ORFs. 
The immuno-fluorescence assay showed that the virus 
produced N protein upon infection, but the PK tag was not 
detected and the secondary antibody used in the detection 
produced a high background signals. It could be possible 
that the folding of the fusion protein would make the PK 
inaccessible for the antibody interaction. A western 
blotting was performed using anti-PK and anti-NSs 
antibodies, which showed no synthesis of this fusion 
protein. To confirm the size of the S segment in the virus, a 
northern blotting was performed with RNA from passage 1 
of the virus, which showed a normal size segment.  These 
results indicate that although the virus was able to infect 
with the duplicated segment, the second ORF did not 
confer an advantage to the virus and was excised from the 
segment. The fact that the duplicated segment arose from 
a recurring mutation indicates that in those circumstances 
that segments confers some advantage to the virus. So, 
why would the virus generate and maintain a duplicated 
segment if the second coding sequence was not 
expressed? Taking into account that the virus needs the 
formation of the panhandle structure for replication and 
transcription, it is possible that the 2kb-PKNSs is not 
capable of promote the interaction between the 5’ and the 
3’ UTRs surrounding the PKNSs and so, a mutant with a 
deletion in this construct should present an advantage 
during replication. The size of the PK-tagged NSs protein, in 
comparison with the N protein, may be constraining the 
formation of the panhandle structure. Further studies with 
this construct can be performed, to assay its stability. One 
possible alteration in the construct would be the insertion 
of a spacer in the sequence. Another analysis that can be 
done is to confirm the size of the segment during 
successive passages, in several independent experiments.
Other mutants tested were the 2A-GFP and 2A-PKNSs. The 
2A-GFP expressed N and GFP, although in small amounts, 
as the signal on the western blotting for N was weak and 
only a few cells were fluorescent. This lead to the 
observation that despite the expression of the N and 
reporter, the virus could not be rescued. Although, and as 
the NSs protein is known to help in viral pathogenesis, the 
cloning and rescue of the 2A-PKNSs was also tried. Despite 
the CPE signs observed, the supernatant was not able to 
infect cells, even after 12 dpi. A possible reason for the low 
expression of the whole segment is the backbone vector 
used for this construct. In vitro analyses of T7 transcription 
and subsequent translation of the viral S segment 
constructs (using a TnT coupled transcription translation 
kit) revealed that the level of N protein synthesis in this 

construct was significantly lower than the wild-type and 
the IRES-GFP. 
Except for this plasmid and the BUNM segment, which are 
in a pTVT7 plasmid, the other segments (L segment and 
mutated S segments) are in pT7ribo. In a rescue the T7 
promoter will lead not only to the synthesis of the viral 
genome, but also to a basal translation of the viral
proteins, that are necessary for the viral transcription and 
replication. The difference between the two promoter 
sequences is that the pT7ribo, when controlling the 
replication of the inserted segment, leaves two G residues 
associated to the viral UTR. It has been shown that the 
virus can transcribe and replicate with the extra residues, 
but a plasmid with the T7 promoter not changing the viral 
sequence was created, the pTVT7.  However, this plasmid 
seems to relate with a weaker basal translation. As the 2A-
GFP was inserted in this vector, it is possible that the N 
expression driven by this promoter is not enough for the 
virus to become infectious. 
Further investigation concerning the use of both 
backbones should be exploited. One alternative is cloning 
the 2A-GFP and the 2A-PKNSs into pT7ribo, to analyse if 
the incapacity of infection is not related to the T7 
promoter characteristics. It is also necessary to keep in 
mind that this construct creates a modified N protein. As 
this protein is essential to the virus replication and 
transcription, it is possible that the fusion N-2A creates an 
inactive protein that leads to a non-infectious virus. 
As none of the constructs seems to work, another 
possibility for the study of the NSs protein can be the 
creation of a cell line that constitutively expresses N 
protein. In this case, the cells would be transfected with 
the M and L segments and with a plasmid coding for the 
NSs protein flanked by the S segment UTRs.
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Suplementary data

Table 1: Sequences of oligonucleotides used in the cloning and sequence analysis experiments

Oligonucleotide Sequence (5’-3’) Brief Explanation

Ivk09
CTTTAGCCCGATTAAAAATGCATCCCTGC 

TCAGCATCTTCTCAAGTAGG

Anneals to the 5’ end of the NSs ORF (reverse 
primers);

Creates a NsiI restriction site in the end of the 
ORF.

Ivk21
ATG ATC CCA AAC CCT TTG CTG GGA TTG GAC 

TCG CTG CTA ACA CCA GCA G

Anneals to the 3’ of the NSs ORF;
Inserts the PK sequence prior to the start of the 

NSs.

Ivk25 GGGAAA GGGCCC ATC CCA AAC CCT TTG CTG GG

Anneals to the 3’ of the PK-NSs ORF;
Inserts an ApaI restriction site prior to the start of 

the PK-NSs.

Ivk30 GGA GAA CCC TGG GCC CGT GTC CAA GGG
Creates a ApaI restriction site between the 2A and 

the GFP sequences

Ivk31 CCC TTG GAC ACG GGC CCA GGG TTC TCC
Creates a ApaI restriction site between the 2A and 

the GFP sequences (Reverse primer)

Ivk33 GCAGGGCTGCAGTTTTAATCGGGC
Anneals to the internal 5´UTR of the 2kb;
Changes the NsiI restriction site for a PstI.

Ivk34
TGCAATATGCATGTCAATTACGACGGGCCCTAAAG

AGCCTTTAATGACCTTCTG
Anneals to the internal 3´UTR of the 2kb;
Creates a ApaI and a NsiI restriction sites.
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The Bunyaviridae family is one of the largest RNA virus families, with more than 350 species identified so far. Bunyamwera virus (BUNV) is the prototype for both its genus and the whole family. The virus harbours a tripartite RNA genome, of single stranded negative polarity. The small segment of the virus presents two overlapped open reading frames, coding for the nucleocapsid (N) and the NSs proteins. As the N protein is essential for viral survival, studies about NSs are constrained to a mutant lacking its expression (via mutation of the start codon). Described in this study is the use of reverse genetics to generate a virus expressing the N and NSs proteins in the same S segment, but in non-overlapping open reading frames. Several attempts to rescue different mutants were tested. Four mutant viruses previously generated were characterized: IRES-GFP, an S segment with the N/NSs and a GFP ORFs separated by an internal ribosomal entry site; 2kb, a virus with a completely duplicated S segment; IProm-GFP and IProm-FFluc, both S segments with an internal promoter for expression of a second ORF, either GFP or FFluc. In addition, new mutants were created using a self-cleaving protease sequence separating the expression of the N and the reporter/PKNSs ORFs. None of the strategies applied generated a viable virus with separated coding regions. In order to achieve the separate transcription of the two genes further studies have to be conducted, such as the construction of a cell line with a constitutive N expression.  
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INTRODUCTION


Infectious diseases are one of the leading causes of death and disability worldwide (WHO, 2007). Viral infectious diseases have been on the spotlight as some of the most dangerous emerging diseases and names like HIV, Spanish flu or hepatitis B are now widely known among the population. RNA viruses have a particular role in this scenario, as their genome can rapidly mutate and adapt to new backgrounds and conditions, giving them the ability to easily spread worldwide (Morens et al, 2004). 

The Bunyaviridae family is one of the largest RNA virus families, with more than 350 species identified so far, distributed over five genera: Orthobunyavirus, Hantavirus, Phlebovirus, Nairovirus and Tospovirus (Elliott, 1990). This family has some BSL3 and BSL4 pathogens, such as the Rift Valley Fever (RVFV) and the Crimean-Congo Hemorrhagic Fever (CCHFV) viruses, which is leading to a growing interest in the research of the viral mechanisms associated with their pathogenesis. Members from the family can infect a broad range of host, from mammals to tomatoes (Goldbach & Peters, 1996). While in their vectors the viruses establish a persistent infection, several species are responsable for metabolism shut-off in vertebrate infected cells (Lazdins and Holmes, 1978). These enveloped viruses have a spherical or oval appearance, with a diameter of 80-110 nm (Schmaljohn, 1996). The envelope derives from the Golgi complex (and rarely from the surface membranes) and presents spikes that correspond to the two glycoproteins that are embedded in the lipid envelope. Bunyaviruses harbour a tripartite RNA genome, which consists of the Large (L), Medium (M) and Small (S) segments (Bishop et al., 1980). Depending on the genus they can be of negative or ambi-sense polarity. The RNA is linear and single-stranded, composed by the viral coding region flanked by the viral untranslated regions (UTRs). The termini of the two UTRs are complementary to each other and they are paired in vivo, creating stable panhandle structures that make the RNP look circular (Lowen & Elliott, 2005). The viral envelope surrounds the genome, which is arranged in ribonucleproteins (RNP). These consist of RNA encapsidated by the nucleocapsid (N) protein and the RNA-dependent RNA polymerase (RdRp; L protein) interacting with the complex. This way, each RNP has multiple copies of the N protein and only one genome segment and one polymerase (Gonzalez-Scarano & Nathanson, 1996). The presence of RdRp and N protein is necessary for the viral transcription and replication, which means that the RNP is the minimal replication unit of the virus. 

The Bunyamwera virus (BUNV) is a negative-sense virus, and the prototype of this viral family. BUNV encodes six proteins, four structural and two non-structural. One of the non-structural proteins is present in the S viral segment, with the coding sequence overlapped with the open reading frame of the N protein (Fuller et al, 1983). As the N protein is essential for viral replication, little is known about the functions of NSs. Another constrain regarding this protein is the existing antibodies raised against it, as they are weak and do not form a strong interaction with this protein. A mutant virus was constructed through reverse genetics that lacks the expression of NSs, which led to a slower rate of infection, inhibition of RNA polymerase II and activation of the interferon-β system (Weber et al, 2002; Léonard et al, 2006). This mutant maintained the sequence of the entire S segment, with the exception of two mutations in two start codons of the NSs ORF, which do not affect the amino acid sequence of the N protein. Despite this study, it is not possible to further explore this protein, such as using tags to localize it or control its expression. 

To understand the underlying functions of this viral pathogenic factor it is necessary to create a mutant BUNV virus that expresses N and NSs (or a tagged NSs) proteins in non-overlapping open reading frames. This will allow the manipulation of the last without the lost of viral viability.   To achieve this goal several expression strategies were tested, initially using reporter genes instead of NSs. Four mutant virus generated previously were characterized: IRES-GFP, an S segment with the N/NSs and a GFP ORFs separated by an internal ribosomal entry site; 2kb, a virus with a completely duplicated S segment; IProm-GFP and IProm-FFluc, both S segments with an internal promoter for expression of a second ORF, either GFP or FFluc. In addition, new mutants were created using a self-cleaving protease sequence separating the expression of the N and the reporter/PKNSs ORFs. Cloning the 2kb segment was also performed, in order to insert a PKNSs gene in the second coding region. 

MATERIALS AND METHODS


Maintenance of Mammalian Cells. BHK-21 clone 13 (Stoker and Macpherson, 1962), a cell line derived from baby hamster kidney, was maintained in GMEM supplemented with 10% NBS and 10% TPB (all from Gibco BRL), at 37ºC and 5% CO2. BSR-T7/5 cells (Buchholz et al., 1999), a cell line derived from BHK-21 and stably expressing the T7 RNA polymerase gene, were maintained in GMEM supplemented with 10% FBS (Biowhittaker) and 10% TPB, at 37ºC and 5% CO2. Vero-E6 (ATCC no. CRL-1586) is a African Green Monkey cell line  and was maintained in DMEM (Gibco BRL) supplemented with 10% FBS, at 37ºC and 5% CO2. Mammalian cell lines were maintened in medium tissue culture flasks (75 cm2) and were passage every two to three days, once they reached a monolayer state. 

Transfection of Mammalian Cells. 35 mm-diameter petri dishes were seed with 5x105 BSR-T7/5 and incubated over-night.Transfections were carried out on cells with 80% confluence using Lipofectamine 2000 (Invitrogen). 1 µg of Plasmidic DNA to be transfected was diluted in 250 µl of Opti-MEM. For each transfection, 3 µl of Lipofectamine 2000 per 1 µg of DNA were diluted in 250 µl of Opti-MEM, and incubated at room temperature for 5 minutes. This mixture was gently added to the DNA solution and incubated at room temperature for 30 minutes. New medium was added to the cells, and the mixture of DNA and reagent was added to the cells drop-by-drop. Dishes were incubated at 33ºC for the duration of the experiment.

Plasmids and plasmid constructions. pT7riboBUNS(+), pTVT7BUNM(+) and pT7riboBUNL(+) (Bridgen and Elliott, 1996) contain the full sequence of the BUNV S, M and L segments, in a positive sense, between the T7 promoter and hepatitis δ ribozyme. These plasmids were provided by R.M. Elliott. 

pT7riboBUNSEMCVIRESGFP (IRES-GFP) contains the full sequence of the BUNVS followed by a encephalomyocarditis virus (EMCV) internal ribosome entry site (IRES) to drive expression of GFP. This plasmid was provided by R.M. Elliott. 

pT7riboBUNSdelNSs2GFPpuro (IProm-GFP) contains the BUNV N protein sequence and an GFP-puromycin resistance fusion protein gene. GFP-puro expression is driven from an internal BUNV promoter. This plasmid was provided by R.M. Elliott. 

pT7riboBUNSdelNSs2FFluc (IProm-FFluc) contains the BUNV N protein and the firefly luciferase gene. Firefly luciferase is driven from an internal BUNV promoter. This plasmid was provided by R.M. Elliott. 

pT7riboBUN2kbS(+) (2kb) contains a tandem copy of the BUNV S segment in pT7ribo. This was cloned from a virus that arose with a duplicated S segment. This plasmid was provided by R.M. Elliott. pT7riboBUNS2kbPKNSs is based on the 2kb construct and contains only N in the first open reading frame and only PK-tagged NSs in the second ORF. To generate this construct two steps of cloning were performed: first BUNSdelNSs2 was digested with NsiI and ligated to the internal UTRs of the 2kb, amplified with ivk33 and ivk34; last, the NSs segment was amplified using two sets of primers (ivk24 and ivk09, and ivk25 and ivk09, to tag the NSs with PK and add an ApaI and a NsiI restriction sites) and ligated to the result of the first ligation. 

pUC57BUNSdelNSs2AGFP contains a mutated S segment in a positive sense, with the N gene followed by the 2A self-cleaving protease from Thosea asigna virus (TaV)  and the GFP gene, in a pUC57 backbone. This plasmid was purchased from Genscript. pTVT7BUNSdelNSs2AGFP (2A-GFP) was originated cloning the mutated S segment from the pUC57BUNSdelNSs2AGFP into the pTVT7 backbone vector, using a parcial digestion of the insert with BsmBI and a digestion of the vector with BsiI. pTVT7BUNN2APKNSs (2A-PKNSs) is the pTVT7BUNSdelNSs2AGFP with the GFP gene replace by the PK-tagged NSs ORF. To clone this plasmid an ApaI site was created in the 2A-GFP and the NSs segment was amplified and digested as in the 2kbPKNSs.


pT7riboBUNMNSm-GFP (NSm-GFP) is a plasmid that contains the viral M segment in a positive sense expressing an NSm-GFP fusion protein. This plasmid was provided by X. Shi. 

Bunyavirus Rescue. 60 mm-diameter petri dishes were seeded with 1x106 BSR-T7/5 cells. The viruses containing the mutated S segments were recovered from cDNA by transfecting the cells as described in the previous section. Besides the desired S segment, the plasmids transfected were the pT7riboBUNL(+), the pTVT7BUNM (+), 1 µg of each. For positive control the wt BUNV was also rescued in the same way, but with wt BUNS. In the negative control dish optiMEM and lipofectamin 2000 were added without any DNA. When good CPE is visible (or after 12 days post rescue), culture medium was collected from the dishes and cell debris were pelleted by centrifugation at 2000 g for 10 minutes. The supernatant was aliquoted into cryotubes that were stored at -80⁰C. 

Polymerase Chain Reaction (PCR). For confirmation of fragment sizes, PCR was performed using GoTaq DNA Polymerase (Promega), in a 50 µl volume reaction containing 50 ng of DNA, according to manufacturer’s instruction. The DNA was amplified by 40 cycles of PCR, with each cycle consisting of 30 s at 94⁰C, 30 s at 56⁰C and 3 min at 72⁰C, with a final 10 min step at 72⁰C. For other purposes, the DNA was amplified using KOD polymerase (emdbioscience), in a 50 µl volume containing 50 ng of DNA (or cDNA), according to manufacturer’s instructions. The DNA was amplified by 40 cycles of PCR, with a hot start at 95⁰C and each cycle consisting of 30 s at 94⁰C, 30 s at 56⁰C and 1.5 min at 72⁰C, with a final 10 min step at 72⁰C

Agarose Gel Electrophoresis of DNA. For segment size visualization the fragments were separated by electrophoresis through a horizontal slab gel composed of 0.8% (w/v) agarose on 0.5X TBE and 4 µl of EtBr per 100 ml of agarose. The gel was submerged in 0.5x TBE and 6x loading dye was added to the samples to a final concentration of 1x. 100 or 75 V was applied until a good separation was achieved.

RNA Analysis. The RNA was extract from infected cells using the RNeasy Minikit (Quiagen) according to manufacturer’s instructions. RNA analysis was performed in agarose gel electrophoresis after a RT-PCR in the RNA extracts: 1 µg of extracted RNA were added to 10 µl dH2O and 0.5 ng of each primer (reverse and forward) and the samples were heated at 70-74⁰C during 5 minutes, and cooled on ice during 5 minutes. 1 µl of 10 mM dNTPs, 10 µl of 5x M-MLV reaction buffer, 1 µl of M-MLV reverse transcriptase (Promega) and 23 µl of sH2O were added to the mixture, which was left to incubate at 42⁰C during 1-2 hours. 5 µl of the cDNA was used in a PCR reaction

Preparation of SDS-PAGE Gels. To prepare the samples BHK-21 cells were infected in 35 mm-diameter dishes at a MOI of 3 PFU/cell and incubated at 37ºC. At the time point desired, cells were harvested by a 30 minute incubation with 300 µl of SDS sample buffer (2x) containing 25% (v/v) of DTT and benzonase. 15 µl of the samples and 5 µl of the PageRuler Prestained Protein Ladder were separated on a sodium dodecyl sulfate – 12% polyacrilamide gel at 180 V, until the bromophenol blue band reached the bottom of the gel. The blotting sandwich was assembled as per instruction (Invitrogen) using a Hybond C extra nitrocellulose membrane and 0.5x Towbin buffer (with 20% of methanol). Transfer was carried out for 1 hour at a constant voltage of 30V. After transfer of proteins from the gel to the membrane, the membrane was blocked in 1-2% milkpower in PBS-Tween (PBS/T). For binding to primary antibody, anti-N was added at a 1:2000 and anti-GFP at a 1:4000 dilutions. The membrane was incubated with the primary antibody for 1 hour. Secondary antibody (anti-rabbit for N antibodies and anti-mouse for anti-GFP) was added at a 1:2000 in PBS/T, and incubated during 1 hour. Detection was performed with the Pierce Chemiluminescence Kit, according to manufacture’s instruction, after which the membrane was exposed to a radiographic (or X-ray) film.

Double Immunofluorencence Assay. Cells at 80% confluence were infected at high multiplicity of infection (MOI) (3 pfu/cell) and incubated at 33ºC to harvest at diferent time points. At the diseared time, the coverslips containing the infected cells were washed in PBS (1% FCS) and the cells were fixed with 4% paraformaldehyde during 15 minutes at room-temperature. After the fixation period the cells were washed with PBS containing 100 mM of glycine. The cells were permeabilized with a 15 minutes incubation in a solution of 0.1% Triton X-100 in PBS. The samples were rinsed with PBS (1% FCS) and incubated in this solution for 30 minutes. After the blocking step, the cells were incubated during 1 hour in a solution containing both primary antibodies (rabbit anti-N and mouse anti-PK) in a 1:250 dilution in PBS (1%FCS). The coverslips were washed with PBS (1% FCS) and incubated in a PBS (1% FCS) solution with the secondary antibodies (anti-rabbit-FITC and anti-mouse-Cy5) in a 1:250 dilution. After washing, the coverslips were mounted in the slide using a solution of 1:10 PBS and glycerol.

RESULTS

Characterization of Viruses in Stock. The viruses constructed and rescued prior to the start of the project (IRES-GFP, Iprom-GFP, Iprom-Ffluc and 2kb, ) were grown, titred and characterized in terms of protein synthesis – by western blots and expression of reporter genes – as well as RNA – by RT-PCR and agarose gel electrophoresis. The cytopathological effect on cells after infections was also checked and compared to the rate of infection of the wild-type.  Figure 1 shows the schematic diagrams of the genome sense S segment from the different mutants.



Figure 1: Schematic diagrams of the genome sense S segments of the mutant viruses. White boxes represent coding regions, while the lines represent the viral UTRs. A – IRES-GFP; B – IProm-GFP; C – IProm-FFluc;   D – 2kb.

To confirm signs of infection BHK cells were infected at high MOI and checked regularly for cytopathological effects, which are characterized by cells rounding and detaching from the monolayer. At 24 hours post infection (hpi) the wild-type showed clear CPE, while all the mutants resembled the mock control of uninfected cells. At 48 hpi both wild-type and mutants showed clear CPE, although it is slower in the mutants. From this analysis it can be concluded that the viruses were infectious, though attenuated compared to the wild-type.

The expression of N protein was analyzed by western blotting. Mutants were analysed at 16 and 22 hpi, while the wild-type was analyzed at 6 and 10 hpi due to the different growth rates. Figure 2 shows the result of the western blotting for the viruses in study.





Figure 2: N protein expression in the wild-type virus and the mutants IRES-GFP, IProm-GFP, IProm-FFluc and 2kb. Cells in 80% confluence were either mock infected or independently infected at MOI=3 pfu/cell with the wild-type and mutant viruses. Total cell lysates were collected at 6 and 10 hpi (for the wild-type) and 16 and 22 hpi (for the mutants) and analysed by western blotting with an anti-N antibody at a 1:2000 dilution, in a 12% SDS-PAGE gel. The red arrow corresponds to 72 kDa and the green arrow corresponds to 26 kDa.

 As it can be observed in the Figure 2 all mutants expressed N protein, although in much less quantities than the wild-type, even comparing later time points of the mutants with earlier time points of the wild-type. Other conclusion that maybe extracted from the film is that the antibody interacted with another band in the cells infected with the mutants, although such interaction was not further studied. As anti-N is very specific, it is possible that the extra band corresponds to multimer of or a modified N protein.

To check for the expression of GFP the cells were infected at high MOI (3 pfu/cell) with the mutant viruses expressing GFP (IRES-GFP and IProm-GFP) and a control virus that expresses GFP fused with the NSm protein (NSm-GFP). The expression of this protein was evaluated by visualization of fluorescent cells and a western blot was made to check for expression of a possible inactive protein. The fluorescence in NSm-GFP was observed at 48 hpi, when CPE started to appear in this virus. The mutant viruses with a GFP gene as a reporter did not show any fluorescence during infection, even when clear CPE was observed in infected cells. The western blot using anti-GFP antibody was not conclusive regarding the presence of this protein (data not shown). The expression of firefly luciferase (FFluc) was measured with a dual luciferase assay. The measurements were made with three different samples infected at the same time and MOI=3 pfu/cell. The expression of FFluc in the virus had the same level as the mock, which indicates that this reporter protein is not being synthesized (or is inactive in the cells). 

As the presence of the reporter proteins could not be confirmed, it was necessary to analyze the viral RNA to confirm the size and sequence of the mutated S segments. To that purpose, cells were infected at low MOI (0,05 pfu/cell) with wild-type and mutant viruses and harvested at 30 and 48 hpi. Total RNA was extracted and analyzed by RT-PCR, using ivk01 and ivk02 primers (which align in the viral UTRs). The RNA extracted at 30 hpi did not show any bands in viruses other then the wild-type (data not shown), which indicates that the viral replication in the mutants was slower than normal. Figure 3 shows the result from an agarose gel electrophoresis from the amplified viral cDNA extracted at 48 hpi. 



Figure 3: S segment sizes of the mutant viruses IRES-GFP, IProm-GFP, IProm-FFluc and 2kb compared with the wild-type BUNS size. Cells in a 80% confluence were infected at low MOI=0,05 and the viral RNA was analyzed at 48 hpi by RT-PCR with ivk01 and ivk02 primers, as described under Materials and Methods. The amplified products were analyzed on a 1% agarose gel and visualized by ethidium bromide staining.

Contrary to expectation all mutant viruses seemed to have the same size as wild-type BUNS. The RT-PCR products were therefore sequenced to confirm the exact sequence of the segments. If the wild-type size was the result of a deletion, some differences in sequence would be observed between the mutants and the wild-type. The results from the sequencing showed that all segments had the exact same sequence as the wild-type, with the exception of the IProm-FFluc, which had a point mutation at position 410 bp. This mutation was located in the N gene, so it is not expected to be related with a possible shortening of the segment.

The sequences of the plasmids used in the original rescues were analyzed, to confirm the presence of the right inserts. It was observed that the plasmids contained the desired constructs, as expected (data not shown). This analysis showed that the viruses present in stock did not correspond to the mutants expected, but the plasmids used in their rescues had the right insert, which means that they could be used for further studies.  

New  rescues of IRES-GFP, IProm-GFP, IProm-FFluc and 2kb. Due to the previous results, new rescues were performed for all of the viruses, using the plasmids mentioned. The transfected cells were analyzed to confirm cytopathological effects and expression of the N protein and the reporter gene. As a control rescues with a wild-type BUNV and the NSm-GFP virus were taken along. After the rescues, the supernatants from 3, 6 and 9 days post transfection (dpt) were used to perform plaque assays and to infect BHK cells, in order to grow and characterize the viruses.

From all the rescues, the only mutant virus that was able to show CPE was the 2kb virus, which was also able to form plaques and infect BHK at the same rate and phenotype as wild-type. The other viruses, even if an ambiguous CPE was visible, were not capable of infect and form plaques. 

To confirm the expression of N protein a western blotting was performed in the cells transfected, at 3 (data not shown) and 6 dpt. Figure 4 shows the result from the western blotting for 6 dpt. The samples from all the rescues showed N expression, although not compared to the amount of the wild-type, NSm-GFP and 2kb.



Figure 4: N protein expression by the wilt-type BUNV and the mutants NSm-GFP, IRES-GFP, IProm-GFP, IProm-FFluc and 2kb. Cells in 80% confluence were either mock infected or independently infected at MOI=3 pfu/cell with the wild-type and mutant viruses. Total cell lysates were collected at 6 dpt and analysed by western blotting with an anti-N antibody at a 1:2000 dilution, in a 12% SDS-PAGE gel.

The fluorescence of cells during the rescue was evaluated during several days after the transfections. The Figure 5 shows the transfected cells at 6 dpt. 

In the NSm-GFP positive control the cells took more time to show visible signs of fluorescence, but in the end of the rescue all the cells still attached were fluorescent. In the rescue with IRES-GFP plasmid it was possible to see fluorescent cells in less than 24 hpt, with a number of cells high but stable during the rescue. The cells transfected with the IProm-GFP did not show any fluorescence, even after 12 dpt (when the rescues were ended).

		

		

		





Figure 5: Fluorescent cells transfectd with the plasmids for the mutant viruses expressing a GFP reporter gene, at 6 days post transfection. Cells in a 80% confluence were transfected with either the BUNM, BUNL and the mutated BUNS (IRES-GFP and IProm-GFP) or with BUNL, BUNS and a mutated BUNM expressing a NSm-GFP fusion protein. A – IRES-GFP virus; B – IProm-GFP virus; C – NSm-GFP virus. 

Characterization of the Rescued 2kb. The 2kb was the only virus, beside the controls, that was rescued. The rescued virus was then characterized regarding CPE and expression of N protein. BHK infections with 2kb show CPE at a similar rate to the wild-type BUNV. Western blots with the virus shows large amount of N being synthesized, as can be observed in Figure 6.



Figure 6: N protein expression in infections with wild-type BUNV and 2kb mutant virus at different time points. Cells in 80% confluence were either mock infected or independently infected at MOI=3 pfu/cell with the wild-type and mutant viruses. Total cell lysates were collected at 15 and 32 hpi and analysed by western blotting with an anti-N antibody at a 1:2000 dilution, in a 12% SDS-PAGE gel.

To confirm the stability of the duplicated segment during passages, the RNA was extracted at 48 hpi from five successive passages of the virus in BHK cells (P1 to P5). A RT-PCR was performed using ivk32 (forward primer) and ivk33 (reverse primer), which anneal respectively in the beginning of the 5´ UTR and in the end of the 3´ UTR. The agarose gel with the results from the RT-PCR is presented in Figure 7, where passages 1, 3 and 5 are represented. The expected PCR product was a band of about 0.3 kb.



Figure 7: Stability of the 2kb S segment in a wild-type background. Cells in a 80% confluence were infected at low MOI=0,05 and the viral RNA at 48 hpi was analyzed by RT-PCR with ivk32 and ivk33 primers, as described under Materials and Methods. The primers anneal in the 5’ UTR (forward primer) and the 3’ UTR (reverse primer). The samples analyzed were extracted from passages 1, 3 and 5 and the internal duplicated UTRs are expected to produce a 0.3 kb fragment. The amplified products were analyzed on a 1% agarose gel and visualized by ethidium bromide staining. 

It is notable in the gel that the band is present in the 2kb extracts, while it is not visible in the mock or the wild-type, which indicates that the 2kb segment is stable in passages with the wild-type BUNL. Since the 2kb is viable and stable, a promising strategy was the cloning of the 2kb plasmid so it would express the two desired ORFs in a non-overlapping manner. The cloning was performed and the 2kb-PKNSs was rescued using the cloned plasmid. 

Characterization of the 2kb-PKNSs Virus. The rescue of this virus was characterized in terms of CPE visualization and infectivity in BHK and Vero cells. As it does not present a reporter protein, the expression of the PKNSs would have to be analyzed by western blotting or by detection of the tag peptide. The NSs protein has an expression pattern that presents a peak after 12 hpi, after which its level drop in the cells until it is not detectable. As in the rescue cells will be infected at different time points, they are not expressing NSs at the same time, which makes its detection difficult to perform. Because of this, the expression of PKNSs was not evaluated in the rescues with this plasmid.

The rescue presented clear CPE, similar to the wild-type. Infections of BHK cells with the supernatant from 6 dpt showed clear signs of CPE. To further characterize the virus and to confirm its sequence, RNA extraction, double immunofluorescent assays, western and northern blotting were performed. 

As the anti-NSs antibody does not have a strong interaction, the presense of the PK tagged NSs allowed the use of a PK-antibody in the immunofluorescence assay. The anti-N antibody was rised against rabbit and the secondary antibody used was an anti-rabbit marked with FITC. The anti-PK antibody used was from mouse and the secondary antibody was a anti-mouse marked with Cy5. In this way, the N protein would appear green in the confocal microscope, while the NSs appeared red. As the NSs starts to degradate at 12 hpi, the cells were treated with MG132 to prevent degradation. Figure 8 show the result of the immunofluorencence at 24 hpi, for BHK and B549 cells. 

As expected and visible in the figure, the N protein is present in the wild-type and 2kb-PKNSs infected cells, but not in the mock culture. Althought this techique was not used as a quantitative method, it is also possible to observe that the rate of infection with the mutant virus is slower than the wild-type. Regarding the presence of NSs, the figure shows a red background across the cultures, even in the mock sample, which indicates that the secondary antibody (anti-mouse) is not specific and is interacting with unknown cell components. Althought it appeared that the PK tagged NSs protein is not present in the infected cells, is difficult to conclude about its expression due to this strong background. It was also possible that the tag was present in the cells, but was not acessible for the antibody interaction, as it is fused with the NSs protein forming an unknown 3D struture.

To confirm or exclude this hypothesys it was performed a western blotting for PK (data not shown) which indicated that the PKNSs was not being expressed in infected cells.


A northern blotting was also performed in cells infected with the first viral passage. The blot presented a band with the normal S segment size. As the presence of the insert with the extra ORF was confirmed in the plasmid that originated the virus, this may indicate that the virus suffered from a mutation in the S segment.

		

		



		

		



		

		





Figure 8: Expression of N and PKNSs proteins in BHK and B549 cells infected independently with 2kb and 2kb-PKNSs virus. Cells at a 80% confluence were infected at high MOI, treated with MG132 and analyzed at 24 hpi. The green fluorescence corresponds to the presence of N protein (anti-rabbit antibody marked with FICT) and the red the PK tag (anti-mouse antibody marked with Cy5). A-mock, B549; B-wt, B549; C-2kbPKNSs, B549; D-mock, BHK; E-wt, BHK; F-2kbPKNSs, BHK. 


Characterization of the 2A-GFP Virus. The plasmid used to the rescue of this virus presents an 2A self-cleaving protease between the N and the GFP ORFs. Transcription would generate a single mRNA, which would be cleaved during translation by the 2A that would stay fused with the N protein. The rescues performed with this plasmid were analyzed in terms of N expression by western blotting, GFP expression and infectivity in BHK and Vero cells. The rescues did not show visible CPE, even after 12 dpt, and infections of BHK and Vero cells with the supernatant did not present signs of infection, even when a helper plasmid expressing N protein was transfected along in the rescue. The first visible sign in the rescues was the presence of fluorescent cells, about 2-3 dpt, as it can be observed in Figure 9. The number of fluorescent cells is small and lower than the IRES-GFP and the NSm-GFP and it does not appear to change over the days. 



Figure 9: Fluorescent cell infected with the 2A-GFP virus expressing a GFP reporter gene, at 6 dpt. Cells in a 80% confluence were transfected with BUNM, BUNL and the mutated BUNS and observed regulary for signs of fluorescence.

The western blotting for N was taken along with a wt rescue. As it can be seen in Figure 10 the N protein was being synthesized by the construct, although in a low quantity, smaller than the wt.  



Figure 10: N protein expression in the 2A-GFP virus and the wild-type. Cells in 80% confluence were either mock infected or independently infected at MOI=3 pfu/cell with the wild-type and mutant virus. Total cell lysates were collected at 6 dpt and analysed by western blotting with an anti-N antibody at a 1:2000 dilution, in a 12% SDS-PAGE gel.

Transfections without L and M segments did not show any fluorescence, which can indicate that the viral machinery is involved in expression of GFP. 

Characterization of the 2A-PKNSs Virus. Despite the incapacity to rescue the 2A-GFP virus, this mutant showed potencial, as it was capable of GFP and N protein expression. As the lack of NSs expression is associated with lower viral growth rates, cloning this protein into the plasmid could be sufficient to promote viral infection. As it was said for the 2kb-PKNSs, the expression of the PKNSs was not analyzed during the rescue. The rescue with this plasmid did not show CPE, except when transfected along with the helper plasmid expressing N. In the four plasmids rescue, the cells showed clear CPE, similar to the wild-type. Despite this, infections of BHK and Vero with the supernatant from the virus showed no signs of infection.   

DISCUSSION

The aim of this project was the construction of a mutant virus with a S segment that would express N and NSs in two non-overlapping reading frames. To that purpose, several alternatives were studied: IRES-GFP, IProm-FGP, IProm-FFluc, 2kb, 2kb-PKNSs, 2A-GFP, 2A-PKNSs.


At the start of the project four viruses had previously been rescued and needed further characterization (IRES-GFP, IProm-GFP, IProm-FFluc and 2kb). Analyses of those viruses showed that their S segment had the same size and sequence as the wild-type, which may indicate a contamination of the stocks. The possibility that the mutants had reverted to the wild-type through deletions seems highly unlikely, since there were no evidences of mutated sequences in the segments. New rescues were attempted for the four constructs. 

The cells transfected with IProm-GFP and IProm-FFluc did not show expression of the second ORF, which indicates that their internal promoter sequence was not able to drive the expression of the protein. The expression of N, on the other hand, was confirmed by western blotting, although levels were not comparable with the wild-type. 

The IRES-GFP expressed both N and GFP in transfected cells, as confirmed by western blotting and visualization of fluorescent cells. However, no infectious virus could be rescued from the transfected cells. One possible explanation for this is the complex 3D structure of the IRES sequence. During its life cycle, the virus has to be able not only to transcribe and replicate, but also assemble and release from the cell.  The presence of the IRES structure may interfere with the replication or packaging capacity of the virus, not allowing the formation of infectious particles. 

The 2kb was the only virus whose rescue was possible. This virus was generated from a mutant that was discovered during experiments investigating viral UTRs. When a rescue was being performed with the L segment flanked by the M segment UTRs, several passages of the virus resulted always in a mutation in the S segment that completely duplicated its sequence (data not published). The stability of the 2kb S segment was assayed in a wild-type background, which showed that the duplicated genome sequence was maintained at least during five consecutive passages. The 2kb virus seemed to infect and express N protein at the same rate as the wild-type. Due to these results, the construct was cloned to insert an ORF for the PK-tagged NSs (PKNSs) in the place of the second coding sequence and the 2kbPKNSs virus was rescued and analyzed. Analysis of the plasmid showed that the S segment had the expected size, indicating that it contained the double-length S segment with the two separated ORFs. The immuno-fluorescence assay showed that the virus produced N protein upon infection, but the PK tag was not detected and the secondary antibody used in the detection produced a high background signals. It could be possible that the folding of the fusion protein would make the PK inaccessible for the antibody interaction. A western blotting was performed using anti-PK and anti-NSs antibodies, which showed no synthesis of this fusion protein. To confirm the size of the S segment in the virus, a northern blotting was performed with RNA from passage 1 of the virus, which showed a normal size segment.  These results indicate that although the virus was able to infect with the duplicated segment, the second ORF did not confer an advantage to the virus and was excised from the segment. The fact that the duplicated segment arose from a recurring mutation indicates that in those circumstances that segments confers some advantage to the virus. So, why would the virus generate and maintain a duplicated segment if the second coding sequence was not expressed? Taking into account that the virus needs the formation of the panhandle structure for replication and transcription, it is possible that the 2kb-PKNSs is not capable of promote the interaction between the 5’ and the 3’ UTRs surrounding the PKNSs and so, a mutant with a deletion in this construct should present an advantage during replication. The size of the PK-tagged NSs protein, in comparison with the N protein, may be constraining the formation of the panhandle structure. Further studies with this construct can be performed, to assay its stability. One possible alteration in the construct would be the insertion of a spacer in the sequence. Another analysis that can be done is to confirm the size of the segment during successive passages, in several independent experiments.

Other mutants tested were the 2A-GFP and 2A-PKNSs. The 2A-GFP expressed N and GFP, although in small amounts, as the signal on the western blotting  for N was weak and only a few cells were fluorescent. This lead to the observation that despite the expression of the N and reporter, the virus could not be rescued. Although, and as the NSs protein is known to help in viral pathogenesis, the cloning and rescue of the 2A-PKNSs was also tried. Despite the CPE signs observed, the supernatant was not able to infect cells, even after 12 dpi. A possible reason for the low expression of the whole segment is the backbone vector used for this construct. In vitro analyses of T7 transcription and subsequent translation of the viral S segment constructs (using a TnT coupled transcription translation kit) revealed that the level of N protein synthesis in this construct was significantly lower than the wild-type and the IRES-GFP. 


Except for this plasmid and the BUNM segment, which are in a pTVT7 plasmid, the other segments (L segment and mutated S segments) are in pT7ribo. In a rescue the T7 promoter will lead not only to the synthesis of the viral genome, but also to a basal translation of the viral proteins, that are necessary for the viral transcription and replication. The difference between the two promoter sequences is that the pT7ribo, when controlling the replication of the inserted segment, leaves two G residues associated to the viral UTR. It has been shown that the virus can transcribe and replicate with the extra residues, but a plasmid with the T7 promoter not changing the viral sequence was created, the pTVT7.  However, this plasmid seems to relate with a weaker basal translation. As the 2A-GFP was inserted in this vector, it is possible that the N expression driven by this promoter is not enough for the virus to become infectious. 


Further investigation concerning the use of both backbones should be exploited. One alternative is cloning the 2A-GFP and the 2A-PKNSs into pT7ribo, to analyse if the incapacity of infection is not related to the T7 promoter characteristics. It is also necessary to keep in mind that this construct creates a modified N protein. As this protein is essential to the virus replication and transcription, it is possible that the fusion N-2A creates an inactive protein that leads to a non-infectious virus. 

As none of the constructs seems to work, another possibility for the study of the NSs protein can be the creation of a cell line that constitutively expresses N protein. In this case, the cells would be transfected with the M and L segments and with a plasmid coding for the NSs protein flanked by the S segment UTRs.
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Suplementary data

Table 1: Sequences of oligonucleotides used in the cloning and sequence analysis experiments

		Oligonucleotide

		Sequence (5’-3’)

		Brief Explanation



		Ivk09

		CTTTAGCCCGATTAAAAATGCATCCCTGC TCAGCATCTTCTCAAGTAGG

		Anneals to the 5’ end of the NSs ORF (reverse primers);


Creates a NsiI restriction site in the end of the ORF.



		Ivk21

		ATG ATC CCA AAC CCT TTG CTG GGA TTG GAC TCG CTG CTA ACA CCA GCA G

		Anneals to the 3’ of the NSs ORF;


Inserts the PK sequence prior to the start of the NSs.



		Ivk25

		GGGAAA GGGCCC ATC CCA AAC CCT TTG CTG GG

		Anneals to the 3’ of the PK-NSs ORF;


Inserts an ApaI restriction site prior to the start of the PK-NSs.



		Ivk30

		GGA GAA CCC TGG GCC CGT GTC CAA GGG

		Creates a ApaI restriction site between the 2A and the GFP sequences



		Ivk31

		CCC TTG GAC ACG GGC CCA GGG TTC TCC

		Creates a ApaI restriction site between the 2A and the GFP sequences (Reverse primer)



		Ivk33

		GCAGGGCTGCAGTTTTAATCGGGC

		Anneals to the internal 5´UTR of the 2kb;


Changes the NsiI restriction site for a PstI.



		Ivk34

		TGCAATATGCATGTCAATTACGACGGGCCCTAAAGAGCCTTTAATGACCTTCTG

		Anneals to the internal 3´UTR of the 2kb;


Creates a ApaI and a NsiI restriction sites.
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