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The construction of a molecular clone of maedi-visna virus (MVV) expressing the enhanced green fluo-
rescent protein (EGFP) is described. The egfp gene was inserted into the gene for dUTPase since it has been
shown that dUTPase is dispensable for MVV replication both in vitro and in vivo. MVV-egfp is infectious
and EGFP expression is stable over at least six passages. This fluorescent virus will be a useful tool for
monitoring MVV infections.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Maedi-visna virus (MVV) belongs to the lentivirus subgroup of
retroviruses, causing slowly progressive interstitial pneumonia and
encephalitis in sheep (Sigurdsson et al., 1957). The lentivirus group
comprises equine infectious anemia virus (EIAV), bovine immune
deficiency virus (BIV), feline immunodeficiency virus (FIV) and the
small ruminant lentiviruses, caprine arthritis encephalitis virus
(CAEV) and MVV as well as the simian and human immunodefi-
ciency viruses (SIV and HIV). The genomes of lentiviruses contain
three structural genes: gag, pol and env, and various numbers of
accessory genes. MVV and HIV-1 have three accessory genes in
common, rev, vif and tat, but the latter probably provides a function
analogous to vpr in HIV-1 (Villet et al., 2003).

A subset of the lentiviruses, namely EIAV, FIV, CAEV, and MVV
contain the enzyme dUTPase. The dUTPase gene is located in the pol
reading frame in these viruses, and dUTPase-deficient mutants of
EIAV, FIV, CAEV and MVV have been shown to replicate normally in
some cell lines, but the replication of EIAV, FIV and CAEV in primary
cells is delayed (Lichtenstein et al., 1995; Petursson et al., 1998;
Threadgill et al., 1993; Turelli et al., 1996; Wagaman et al., 1993).
dUTPase of MVV was shown to be dispensable for infectivity in
primary cells and in vivo (Petursson et al., 1998).
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The introduction of a label that can be detected in living cells
has been used widely in HIV and SIV research. The enhanced green
fluorescent protein (EGFP) is the most commonly used marker
(Alexander et al., 1999; Lee et al., 1997). An attempt to intro-
duce EGFP into MVV has been reported, but fluorescence was not
detected in infected cells (Zhang et al., 2003). In the present study
the construction and characterization of an infectious molecular
clone of MVV with the egfp gene fused in the dUTPase (du) ORF is
described. Cells infected with this virus fluoresce and the marker
appears stable through multiple passages. This virus will be a use-
ful tool for analyzing the host-cell interactions and pathogenicity
of MVV.

2. Materials and methods
2.1. Plasmid construction

The MVV molecular clone KV1772 (GenBank: S$55323.1)
(Andresson et al., 1993) is split between two plasmids, p8XSp5-
RK1 and p67r (Skraban et al., 1999). Plasmid pKV1772-egfp was
constructed by making use of an Mfel restriction site at posi-
tion 3873 in the du gene of plasmid p8XSp5-RK1 (Skraban et
al., 1999). The egfp gene was amplified from pEGFP-N3 plasmid
with primers that were designed to contain the Mfel site and
omitting the stop codon of the egfp gene (forward primer 5'-
GATAGCAATTGACATGGTGAGCAAGGGCGA-3’; and reverse primer
5-CAAGTCAATTGCCTTGTACAGCTCGTCCAT-3/, the Mfel sites are
shown in italic letters) yielding a 742bp PCR product. The PCR
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Fig. 1. Schematic representation of the pKV1772-egfp construction. The egfp
sequence was inserted at an Mfel site in the du gene.

product was first cut with Mfel and cloned into a pUC plasmid
containing a BamHI;563-BamHIys5g7 fragment of p8XSp5-RK1, and
then the BamHI;563-BamHIysg7 fragment containing the egfp gene
was cloned back into p8XSp5-RK1. The correct insertion of the egfp
gene was confirmed by sequencing. Primers on both sides of the
insert used for detecting the insert and for sequencing were: for-
ward primer 5'-CACAAGGGGATTCCTCAAAA-3’ and reverse primer
5-GCTTTTGGTCCCTATCATGG-3'.

2.2. Virus, cells, titration and transfections

The MVV molecular clone KV1772 was propagated in sheep
choroid plexus (SCP) cells that were cultivated in Dulbecco’s modi-
fied Eagle medium (Invitrogen, Carlsbad, California) containing 1%
or 10% lamb serum as described previously (Skraban et al., 1999).
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Fig. 2. Kinetics of KV1772-egfp replication compared to parent KV1772 in SCP cells
as measured by Tagman-based real-time PCR

TCIDsq (tissue culture infectious dosesg) was determined by
endpoint titration in 96-well flat-bottomed tissue culture plates.
Tenfold dilutions of virus were inoculated in quadruplicate onto
monolayers of SCP cells and cytopathic effects were determined
after 2-4 weeks of incubation. The infectivity titres were calculated
by the Reed-Muench method.

For transfections, equimolar quantities of the two plasmids con-
taining the viral genome, a total of 6 g, were cut with Xbal and
ligated. Transfections of SCP cells were carried out with Lipofec-
tamine 2000 (Invitrogen) in T25 tissue culture flasks as specified
by the manufacturer.

Fig. 3. Phase contrast microscopy of CPE in SCP cells at the end of the growth experiments. KV1772-egfp (A) and KV1772 (C). Same cells visualized by fluorescence microscopy
(B and D). Cells infected with KV1772-egfp were fluorescent whereas cells infected with KV1772 were not.
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Fig. 4. FACScan analysis of SCP cells infected with 6th passage of KV1772-egfp virus after 1, 3, 5, 7 and 9 days of infection. Cells taken at day 7 of infection with KV1772 were

used as a negative control.

2.3. RT assay

Viral particles from 200wl of cell-free supernatants from
infected cells were pelleted at 14,000 rpm for 1h in a microfuge.
The pelleted virus was resuspended in TNE (10 mM Tris-HCI (pH
7.5), 100 mM NaCl, 1 mM EDTA) containing 0.1% Triton X-100. RT
activity was assayed on a poly(A) template, adding oligo-dT primer
and dTTP. The resulting RNA-DNA heteroduplexes were detected
by PicoGreen reagent as specified by the manufacturer (Molecular
Probes Inc., Eugene, Oregon).

2.4. Real-time PCR assay

Viral particles from 300wl of cell-free supernatants from
infected cells were pelleted at 14,000 rpm for 1h in a microfuge.
The pellet was dissolved in 10 wl TNE (10 mM Tris pH 7.5; 100 mM
NaCl; 1 mM EDTA) with 0.1% Triton X-100. This lysate was used for
generating cDNA using RevertAid M-MuLV reverse transcriptase
(Fermentas International Inc., Ontario, Canada) and a primer from
the gag gene (V-1818 5'-CGG GGTACCTTACAACATAGGGGGCGCGG-
3’). Real-time PCR was carried out in a final volume of 20 .l

Fig. 5. Data from Fig. 4 (A) compared to TCIDs of the respective supernatants (B).
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The primers and Tagman probe were as follows: Forward primer:
V1636 5-TAAATCAAAAGTGTTATAATTGTGGGA-3/, reverse primer:
V-1719: 5'-TCCCACAATGATGGCATATTA TTC-3/, Tagman probe:
V1665Tagman 5'-FAM-CCAGGACATCTCGCAAGA CAGTGTAGACA-
BHQ-1-3'. Calibration curves were derived by running 10-fold
dilutions of specific cDNA over the range of 6 x 10-6 x 107 copies.
Each assay included duplicate wells for each dilution of calibration
DNA and for each cDNA sample.

2.5. FACScan analysis

The samples were fixed in PBS with 2% paraformaldehyde and
the amount of EGFP expressing cells was determined using a MAC-
SQuant flow cytometer (Miltenyi Biotec, Germany) with a 488-nm
argon ion laser and 525/50 nm band-pass filter. Data were analysed
using Flow]o v7.5.5 software (Tree Star, Ashland, Oregon). For each
sample, 10,000 events were counted.

3. Results

The egfp gene was inserted into the gene for dUTPase (DU) since
it had previously been shown that dUTPase is dispensable for MVV
replication both in vitro and in vivo (Petursson et al., 1998; Turelli
etal, 1996). An Mfel site in the du gene was used to insert the egfp
gene in frame with the du sequence resulting in a construct called
pKV1772-egfp, with EGFP embedded in dUTPase as shown in Fig. 1.

Primary SCP cells were transfected with this construct and
analysed by fluorescent microscopy and flow cytometry yielding
fluorescent cells. To test the replication properties of the virus, the
supernatant from the transfected cells was used to infect fresh SCP
cells. Virus from third passage in SCP cells was used for areplication
experiment, where SCP cells were inoculated with equal amounts
of KV1772-egfp and KV1772 as determined by RT activity. A multi-
plicity of infection (m.o.i.) of 1 was used. The m.o.i. was estimated by
using a titrated stock of KV1772 as a standard and determining the
correlation between RT activity and TCIDsq. As shown in Fig. 2, the
virus containing the egfp gene was fully infectious and replicated to
the same RT titre in SCP cells as the parent KV1772 virus, albeit with
slightly slower kinetics. At day 6 the TCIDsq titre of KV1772 was
107 TCID50/ml whereas that of KV1772-egfp was 2 x 106 TCID5q/ml.
Typical MVV induced cytopathic lesions were observed with the
cells becoming slightly rounded and less transparent than normal
cells and with processes stretching out, ending with multinuclear
giant cells appearing and cell death. At the end of the experiment
the infected cells were examined by fluorescence microscopy. The
cells infected with KV1772-egfp were brightly fluorescent, while
cells infected with KV1772 were not (Fig. 3). To further test the sta-
bility of the egfp sequence, virus that had been passaged six times
in SCP cells was seeded onto SCP cells in 12-well plates and after 1,
3,5,7,9days cells were examined by FACScan and at the same time
the TCIDsq of the virus in the supernatants were determined. The
titre of the virus went up to 5 x 10° TCIDso/ml and at that time more
than 70% of the cells were producing EGFP (Fig. 4). There was good
correlation between measurements of TCID5y and EGFP although
titration was more sensitive in the lowest titres (Fig. 5). The EGFP
marker can thus be used for monitoring replication of this virus. It
appears that the 720 bp increase in genome size of the virus did not
have a deleterious effect on replication.

4. Discussion

A number of studies where reporter genes have been added
to the whole genome of HIV-1 or SIV have found that the result-
ing virus was attenuated in replication and/or the inserted gene
was unstable. This may either be due to the disturbance of normal

activity of the gene where the marker gene was inserted, or to size
constraints of the proviral genome (Brown et al., 2005; Muller et al.,
2004; Terwilliger et al., 1989). MVV seems to tolerate an increase
in genome size better than HIV-1, where viruses with reporter
genes added to the whole genome were reported to replicate with
considerable slower kinetics than wild type (Terwilliger et al.,
1989).

An earlier attempt to clone the egfp gene into the du gene of
MVV has been reported (Zhang et al., 2003). The resulting virus
was replication competent, but cells infected with this virus did
not fluoresce, however. In that study most of the du sequence was
deleted and the egfp gene was cloned at the du locus in the pol gene.
The authors speculated that since the Pol proteins are expressed at
a lower level than the structural proteins in lentiviruses, the level
of expression might not be high enough for detection. Our results
show that this is not the case.

CAEV with the egfp gene inserted into the tat region was recently
reported (Mselli-Lakhal et al., 2006). This virus expressed EGFP, but
the expression could not be maintained over passages, however
(Mselli-Lakhal et al., 2007).

In summary, a fully infectious, fluorescent MVV derivative has
been generated. The EGFP marker is stable over at least 6 passages in
SCP cells. This virus should be useful for rapid detection of infected
cellsin studies of cell tropism and pathogenicity in vitro and in vivo.

Acknowledgements

We thank Stefan R. Jonsson and Reuben S. Harris for critically
reading the manuscript and Vilhjalmur Svansson, O16f Sigurdardot-
tir, Mareike Heimann, Eydis Thorunn Gudmundsdottir, Birkir Thor
Bragason, Valgardur Sigurdsson, Ari Jon Arason, Saevar Ingthorsson
and Finnbogi Thormodsson for friendly assistance.

This work was supported by grants from The Icelandic Research
Fund and the University of Iceland Research Fund.

References

Alexander, L., Veazey, R.S., Czajak, S., DeMaria, M., Rosenzweig, M., Lackner, A.A.,
Desrosiers, R.C., Sasseville, V.G., 1999. Recombinant simian immunodeficiency
virus expressing green fluorescent protein identifies infected cells in rhesus
monkeys. AIDS Res. Hum. Retroviruses 15, 11-21.

Andresson, O.S., Elser, ]J.E., Tobin, G.J., Greenwood, ].D., Gonda, M.A., Georgsson,
G., Andresdottir, V., Benediktsdottir, E., Carlsdottir, H.M., Mantyla, E.O., 1993.
Nucleotide sequence and biological properties of a pathogenic proviral molec-
ular clone of neurovirulent visna virus. Virology 193, 89-105.

Brown, A, Gartner, S., Kawano, T., Benoit, N., Cheng-Mayer, C., 2005. HLA-A2 down-
regulation on primary human macrophages infected with an M-tropic EGFP-
tagged HIV-1 reporter virus. J. Leukoc. Biol. 78, 675-685.

Lee, A.-H.,Han,].M,, Sung, Y.C., 1997. Generation of the replication-competent human
immunodeficiency virus type 1 which expresses a jellyfish green fluorescent
protein. Biochem. Biophys. Res. Commun. 233, 288-292.

Lichtenstein, D.L., Rushlow, K.E., Cook, R.F., Raabe, M.L., Swardson, CJ., Kociba, G.J.,
Issel, CJ., Montelaro, R.C., 1995. Replicationin vitro and in vivo of an equine infec-
tious anemia virus mutant deficient in dUTPase activity. ]. Virol. 69, 2881-2888.

Mselli-Lakhal, L., Guiguen, F., Greenland, T., Mornex, J.F., Chebloune, Y., 2006. Gene
transfer system derived from the caprine arthritis-encephalitis lentivirus. J.
Virol. Methods 136, 177-184.

Mselli-Lakhal, L., Guiguen, F., Greenland, T., Mornex, J.F., Chebloune, Y., 2007. In vitro
cross-species infections using a caprine arthritis encephalitis lentivirus carrying
the GFP marker gene. J. Virol. Methods 143, 11-15.

Muller, B., Daecke, J., Fackler, O.T., Dittmar, M.T., Zentgraf, H., Krausslich, H.G., 2004.
Construction and characterization of a fluorescently labeled infectious human
immunodeficiency virus type 1 derivative. ]. Virol. 78, 10803-10813.

Petursson, G., Turelli, P., Matthiasdottir, S., Georgsson, G., Andresson, O.S., Torsteins-
dottir, S., Vigne, R., Andresdottir, V., Gunnarsson, E., Agnarsdottir, G., Querat, G.,
1998. Visna virus dUTPase is dispensable for neuropathogenicity. J. Virol. 72,
1657-1661.

Sigurdsson, B., Palsson, P.A., Grimsson, H., 1957. Visna, a demyelinating transmiss-
able disease of sheep. J. Neuropathol. Exp. Neurol. 14, 389-403.

Skraban, R., Matthiasdottir, S., Torsteinsdottir, S., Agnarsdottir, G., Gudmundsson, B.,
Georgsson, G., Meloen, R.H., Andresson, O.S., Staskus, K.A., Thormar, H., Andres-
dottir, V., 1999. Naturally occurring mutations within 39 amino acids in the
envelope glycoprotein of maedi-visna virus alter the neutralization phenotype.
J. Virol. 73, 8064-8072.



102 H.S. Gudmundsdoéttir et al. / Journal of Virological Methods 168 (2010) 98-102

Terwilliger, E.F., Godin, B., Sodroski, J.G., Haseltine, W.A., 1989. Construction and
use of a replication-competent human immunodeficiency virus (HIV-1) that
expresses the chloramphenicol acetyltransferase enzyme. Proc. Natl. Acad. Sci.
U.S.A. 86,3857-3861.

Threadgill, D.S., Steagall, W.K,, Flaherty, M.T., Fuller, FJ., Perry, S.T., Rushlow, K.E.,
Le Grice, S.F.,, Payne, S.L., 1993. Characterization of equine infectious anemia
virus dUTPase: growth properties of a dUTPase-deficient mutant. J. Virol. 67,
2592-2600.

Turelli, P., Petursson, G., Guiguen, F., Mornex, ].F., Vigne, R., Querat, G., 1996. Replica-
tion properties of dUTPase-deficient mutants of caprine and ovine lentiviruses.
J. Virol. 70, 1213-1217.

Villet, S., Bouzar, B.A., Morin, T., Verdier, G., Legras, C., Chebloune, Y., 2003. Maedi-
visna virus and caprine arthritis encephalitis virus genomes encode a Vpr-like
but no Tat protein. ]. Virol. 77, 9632-9638.

Wagaman, P.C., Hasselkus-Light, C.S., Henson, M., Lerner, D.L., Phillips, T.R., Elder, J.H.,
1993. Molecular cloning and characterization of deoxyuridine triphosphatase
from feline immunodeficiency virus (FIV). Virology 196, 451-457.

Zhang, Z., Guo, J., Ni, Y., Bazer, F.W., Giavedoni, L., de la Concha-Bermejillo, A., 2003.
Construction and characterization of a recombinant ovine lentivirus carrying
the optimized green fluorescent protein gene at the dUTPase locus. Arch. Virol.
148, 1485-1506.



	Construction and characterization of an infectious molecular clone of maedi-visna virus that expresses green fluorescent p...
	Introduction
	Materials and methods
	Plasmid construction
	Virus, cells, titration and transfections
	RT assay
	Real-time PCR assay
	FACScan analysis

	Results
	Discussion
	Acknowledgements
	References


