Studies on the regulation of gene expression by a 0.3-kb fragment containing the R-U5-51eader
sequence of murine leukemia virus
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that HIV-1, which belongs to the complex retrovirus
family, could generate up to 40 different spliced RNAs
using four 5’ss and nine 3’ss (2).

1. Introduction
Murine Leukemia Virus (MLV) belongs to the simple
retrovirus  family. The simple retroviruses are

characterized by a coding structure in which the gag, pol
and env genes are flanked by two long terminal repeats
(LTRs), a 5’LTR and 3’LTR. Proteins responsible for the
constitution of the inner structures of the virion are
encoded by the gag gene, which includes the matrix,
capsid and nucleocapsid proteins. The po/ gene encodes
the enzymatic proteins, ie. the reverse transcriptase,
protease, integrase and RNase H and the env gene encodes
the proteins protruding out from the viral particle surface,
namely the surface (SU) and transmembrane (TM)
proteins (1). Transcription begins from the R region of the
5’LTR and ends at the polyadenylation signal located at
the R region at the other end of the 3°’LTR. A 5’splice site
(57ss) is located in the 5’leader sequence and a 3’splice site
(37ss) is located at the 3’ end of the pol gene. Only a singly
spliced mRNA is usually found in simple retroviruses.
Gag and Pol proteins are translated from the unspliced
full-length viral mRNA, and the Env protein is translated
from the spliced env-mRNA (1). In contrast, it is reported

In a previous study of a neuropathogenic variant of
Friend MLV clone A8, we showed that a high level of
expression of A8-Env protein in rat brain was correlated
with neuropathogenicity (3-5). Studies with chimeras
constructed from the A8 wvirus and the non-
neuropathogenic Fr-MLV clone 57 identified a 0.3-kb
fragment containing the R-US5-5’leader sequence as an
important determinant of neuropathogenicity, in addition
to the env gene of A8 as the primary determinant (3).
Chimeric virus Rec5, which contains the A8-env gene on
the background of 57, did not exhibit neuropathogenicity.
In contrast, the chimeric virus R7f, which contains a 0.3-
kb fragment of A8 and the A8-env gene on the background
of 57, induced spongiform neurodegeneration. It has been
shown that the 0.3-kb fragment influences the expression
levels of Env protein in both cultured cells and rat brain
(3, 4). This fragment contains functional domains, such as
a signal for poly (A) addition to mRNA that works in the
3’ long terminal repeat (LTR), a primer binding site (PBS)



for reverse transcription, and a 5’ss. However the steps of
gene expression at which the 0.3-kb fragment may
influence Env expression have not yet to be elucidated.
The goal of this study is to elucidate the molecular
mechanisms for the regulation of gene expression by the
0.3-kb fragment containing the R-U5-5leader sequence of
MLV.

2. Materials and Methods
2.1 Time course analysis of viral proliferation

DNA clone of R7f and Rec5 was constructed as
previously described (3). NIH3T3 cells were infected by
R7f and Rec5 virus at moi 1. Infected 1 dpi to 5 dpi cells
were harvested and downstream assay were performed
accordingly.

2.2 Focal Immunoassay

Virus titer was determined by infecting M. dunni cells
at 2 x 10* cells in 6 well plates. Env protein on cell surface
was stained with monoclonal antibody 85-1 . Cells were
fixed in 0.5% glutaraldehyde and horse peroxidase-
conjugated sheep anti-Mouse IgG whole antibody (GE
Healthcare) was used as secondary antibody.

2.3 Immunoblot analysis

Env protein and Gag protein, was detected using goat
anti-Rauscher MLV gp70 and anti-AKR p309*¢ (Quality
Biotech Incorporated Resource Laboratory). Actin was
detected wusing rabbit anti-beta-actin (Santa Cruz
Biotechnology) as a loading control. Horseradish
peroxidase-conjugated anti-goat IgG antibody and anti-
rabbit IgG (Santa Cruz Biotechnology) were used as a
secondary antibody. Bands were visualised after
developing with ECL plus reagents (Amershan Bioscience

Corp.).

2.4 Vector construction and Cell Transfection

Luciferase expression vectors were constructed by
replacing the viral env gene with luciferase gene to
generate the R7f-L, Rec5-L, R7fa-L and R7fb-L vectors. A
series of point mutation vectors were constructed by PCR
mutagenesis. For cell transfection, plasmid was diluted in
OPTI-MEM  (Invitrogen) and transfected using
Lipofectamine 2000 Reagent (Invitrogen). All downstream
analysis is carried on 48-hours post transfected NIH3T3
cells unless otherwise stated.

2.5 Luciferase Assay

Luciferase activity was determined using Dual-
Luciferase ~ Assay System (Promega) following
manufacturer’s protocol, and normalized to the activity of
Renilla luciferase activity of co-transfected pRL-SV40.

2.6 Genomic DNA and RNA extraction and analysis
DNA and RNA extraction was carried out using
DNase Blood and Tissue Kit (Qiagen) and RNase Mini Kit
(Qiagen), respectively. 2ug of RNA were reverse
transcribed using OligodT,y primer and SSIII reverse
transcribing kit (Invitrogen). Quantification of viral DNA,
plasmid DNA, total mRNA, and spliced-variant mRNA

were performed with real-time RT-PCR using specific
primers and the Tagman probe. As internal control, gapdh
DNA and gapdh-mRNA were detected.

2.7 Cell Fractionation

Nuclear and cytoplasmic fractions were obtained
using PARIS kit (Ambion) according to the
manufacturer’s manual. As a control for the fractionation,
cellular ribosomal RNA from each section was
electrophoresed on a 1%  agarose gel in
morpholinepropane-sulfonic acid (MOPS) buffer.

2.8 Determination of PolyA-tail length

Total RNA extracted from 24 hours post-transfected
Hela-cells were ligated with RV3PC-—anchor primer.
Reverse transcription is then carried with an antisense
sequence of the RV3PC-anchor primer. Resulted cDNA
were subjected to PCR and electrophoresed and visualized
in ethidium-bromide (Et-BR) staining.

3. Results and Discussion
3.1 Kinetic analysis of the effects of the 0.3-kb

fragment on viral gene expression

The effect of the 0.3-kb fragment were studied
based on two chimeric viruses, Rec5 and R7f where
each carries the 0.3-kb fragment of 57 and A8
respectively and an AS8-env gene (Fig 1A). On viral
growth, we observed no difference in the level of viral
production between R7f and Rec5 throughout the 5
days of incubation with viral titer at 10* at 1 dpi and
reaching a lag phase above 10° from 3 dpi onwards for
both R7f and Rec5 (data not shown). Results for kinetic
analysis of viral protein and viral mRNA are
summarized in Table 1. Immunoassay showed that the
expression level of Env protein in R7f-infected cells at
3 dpi and 5 dpi was three- to four-fold higher than that
of Rec5. In contrast, the amount of Gag protein in R7f-
infected cells was similar to that in Rec5-infected cells.
Furthermore, we found that amount of total viral
mRNA was similar in R7f- and Rec5-infected cells over
the course of the observation period. The amount of
spliced env-mRNA however was seen twice higher in
R7f compared to Rec5 at 3 dpi (p<0.01) and at 5 dpi
(p<0.005). These analysis suggested that the 0.3-kb
fragment influenced the expression level of the Env
protein by regulating the amount of spliced env-mRNA
rather than the aunt of total viral mRNA or viral
production.

3.2 Influence of the 0.3-kb fragment in protein

expression and amount of mRNA

To further analyze the molecular mechanism governed
by the 0.3-kb fragment, we constructed the Luciferase
expression vectors (Fig. 1B). The luciferase activity of
R7f-L increased by 2-fold than that of Rec5-L (p<0.001),
(Fig. 2A). The luciferase activity of R7fa-L, which carries
the 0.3-kb fragment of A8 at the 5’LTR, was the same as
that of R7f-L, and the luciferase activity of R7fb-L, which
carries the 0.3-kb fragment of A8 at the 3’LTR, was the



same as that of Rec5-L. These results showed that 0.3-kb
fragment exhibits its function dominantly from the 5’LTR
instead of the 3’LTR. Furthermore, the amount of total
mRNA and spliced mRNA were measured. The amount of
spliced mRNAs paralleled the luciferase activity where
R7f-L and R7fa-L exhibited about 2-fold increase
compared to that of Rec5-L (p<0.001) and R7fb-L
(Fig.2B). The amount of total transcripts was also
measured and all expression vectors showed comparable
amount (Fig.2B).
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Fig. 1. Structures of viral genes (A) and luciferase expression vectors
(B). In the viral genomes, solid regions are sequence derived from the A8
virus and open region are sequence derived from 57 virus. The
numbering of nucleotides is based on the transcript.

The ratio® of
env-mRNA per

Relative amount? of Copy number® of

Virus dpi

Env protein  Gag protein env-mRNA mﬁéﬁga‘ total viral mRNA
1 1.0+00 1.0+00 1.6+03x10* 29+0.6x10° 0.06+0.00
R7f 3 8.3+23* 29403 1.7+04x10° 1.4£0.5x10° 0.14+0.02**

5 103:1.2** 4.1:09 3.0£04x10° 24+£0.5x10° 0.13+0.01%***

1 05+0.1 1.1+03 1.6+0.5x10* 2.6+0.7x10° 0.06+0.01
Rec5 3 19402 24106 74+18x10* 1.1+0.3x10° 0.08+0.01
5 3.1:0.7 3.0+1.0 1.4+0.2x10° 2.0+0.4x10° 0.07+0.01

Table 1 Comparison of viral protein expression levels, env-mRNA and
total viral mRNA levels, and the ratios of the amount of env-mRNA to
that of total viral mRNA. The means of three (+SEM)" and four
(£SEM)** independent experiments are shown. Statistical comparisons
were performed using the ¢ test. *p<0.05 vs Env of Rec5 at 3 dpi;
**p<0.005 vs Env of Rec5 at 5 dpi; ***p<0.01 vs the ratio of Rec5 at
3dpi; ****p<0.01 vs the ratio of Rec5 at 5 dpi.

3.2 Influence of the 0.3-kb fragment towards the poly
(A) tail length and nuclear-cytoplasmic distribution of
luc-mRNA

In general, polyA-tail length is correlated with
stability of mRNA and efficiency of translation. Therefore,
we compared polyA-tail length of mRNA of R7f-L and
Rec5-L. Differences polyA-tail length between the total
transcripts from R7f-L and Rec5-L were not detected (data
not shown). The distribution of /uc-mRNA in the nucleus
and cytoplasm of NIH3T3 cells with introduced Rec5-L
and R7f-L were seen to be equal where only about 15% of
luc-mRNA were detected in the cytoplasmic fraction and
largely 85% were maintained in the nuclear fraction (data
not shown). Gapdh-mRNA as the distribution control was

equal in cells transfected with Rec5-L and R7f-L and
showed distribution predominantly in the cytoplasmic
fraction as expected. These results suggest that the role of
0.3-kb was seen to contribute largely to the ability of
transcripts to be spliced and that an enhanced nuclear
export of mRNA or polyA-tail length did not explain in
the increase of protein expression.
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Fig. 2 Relative luciferase activity (A) and mRNA analysis (B)

3.3 Point mutation analysis

Following the results of characterizing gene
expression of Rec5-L and R7f-L, we set out to determine
if any of the nucleotides within the 0.3-kb fragment are
key(s) to the observed splicing and luciferase expression
effects. A series of point mutation vectors where A8
sequences are gradually mutated into 57 sequences were
constructed and their luciferase activities were determined
(Fig.3). There was no significant difference in the
luciferase activity of F1-L, B2-L and B3-L compared to
R7f-L. The luciferase activity of F2-L was lower than that
of F1-L (p<0.001), and the luciferase activity of F3-L,
which showed same luciferase activity as FL-4, was lower
than that of F2-L (p<0.001). These decreases correspond
to the 5 6™ and 7™ nucleotide being mutated into 57
sequences. We asked if the 5th, 6th and 7th nucleotides
alone could contribute to the regulation of luciferase
activity. Towards this end, we constructed R7f.567m-L
and Rec5.567m-L. The luciferase activity of R7£.567 m-L
remained at about 95% and could not be brought down to
parallel that of Rec5-L, while its exact reverse vector,
Rec5.567 m-L, had a significantly increased luciferase
activity (86%) that was higher than that of Rec5-L
(p<0.001). These results suggested that the 1st to 7th
nucleotide of the 0.3-kb fragment were important
regulators of the luciferase protein expression level.

3.4 Secondary structure analysis

To explain how the 1st to 7th nucleotides might be
important for luc-mRNA expression, we mapped out the
secondary structure formed by the sequence containing the
Ist to 7th nucleotides of the 0.3-kb fragment of the A8 and
57 sequences. Figure 4 illustrates the major functional
secondary structures of MLV. At first glance, there is not a
striking difference between the two secondary structures
generated, despite the 7 nucleotides that differ between the
A8 and 57 sequences. The most visible changes actually
occur upstream from the polyadenylation signal, where the
Ist, 2nd, and 3rd nucleotides are incorporated into a stem
structure in the A8 sequence, thereby lengthening the stem
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Fig.3 Point mutation vectors on left side of chart and its corresponding relative activities of luciferase on the right. Number 1 to 17 denotes each of the
nucleotide that differs between A8 and 57 sequences. Mutations from A8 to 57 are indicated by triangles. The mean values from 4-7 independent

experiments and the SEM are shown. Statistical comparison was done
significant versus R7f-L.
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Fig. 4. Predicted secondary structure formed by the sequence containing
the 1% to 7™ nucleotides of the 0.3-kb fragment of the A8 sequence
[accession no. D88386] and the 57 sequence [accession no. X02794].
This representation shows the results of an MFOLD simulation on the
basis of previous studies (6) and the figure was drawn using VARNA
software. Nucleotides that differ between A8 and 57 are circled and
numbered from 1 to 7. Important regulatory signals are highlighted.
PolyA: polyadenylation signal; PBS: primer binding site; 5’ss: 5’splice
site. Restriction enzyme Kpnl is shown.

structure compared to the 57 sequence. The site with the
smallest conformational change contains the Sth, 6th and
7th nucleotides. These three nucleotides reside within a
stem-loop structure that protrudes out into the PBS.
Kraunus et al. (7) reported that the higher
complementarity of bases facing each other in the boxed
motif (Fig.4) decreased the splicing efficiency. This
suggests that the 7th nucleotide plays an important role in
luciferase expression by participating in the splicing step.

using the ¢ test. ns: differences were not significant. *: differences were not

4. Conclusion

This study has tried to elucidate the molecular
mechanisms for the regulation of gene expression by a
0.3-kb fragment containing the R-U5-5’leader sequence of
MLV. In both the kinetic studies using infectious viruses
and the analysis using luciferase expression vectors, the
0.3-kb fragment of A8 was shown to produce higher
amount of spliced-mRNAs as well as protein expression
compared to its counterpart the 57 0.3-kb fragment. The
0.3-kb fragment influenced the protein expression level
from spliced-mRNA by regulating the efficiency of
splicing, rather than transcription, poly (A) addition to
mRNA, or nuclear export of spliced-mRNA. Furthermore,
seven nucleotides that apparently contribute to regulation
of gene expression have been identified. Interestingly,
these nucleotides reside within the stem-loop structure that
has been speculated to limit recognition of the 5’ss.
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