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ABSTRACT

Coronavirus proteins are translated from a nested set of subgenomic mRNAs which
have common 3' termini with unique 5' extensions. Evidence suggests that coronavirus
mRNAs are generated by a mechanism of leader primed transcription. Leader RNA binds
to consensus sequences upstream of each gene on full length negative strand viral RNA and
transcription proceeds to the 5' end of the negative strand to produce the nested set of
mRNAs. Even though this gives rise to polycistronic mRNA species only the 5' extension
of each mRNA is translated to give the viral proteins. The leader RNA for TGEV is about
90 nucleotides long and contains the sequence which recognises the leader binding sites on
the negative strand RNA. Evidence suggests that the length of the leader binding sequence
may be involved in transcriptional control of individual mRNAs. In order to investigate this
a virus specific mRNA isolation method was developed to measure the relative amounts of
mRNAs synthesised during an infection of LLC-PKI cells with TGEV (strain FS772nO).
Thus the relative quantity of each mRNA can be determined and correlated with the
variation in size of the leader binding site.

INTRODUCTION

Transmissible gastroenteritis virus (TGEV) is an enteropathogenic virus of pigs, it
causes severe diarrhoea and malabsorption which is fatal for piglets younger than two
weeks oldt

• TGEV belongs to the family Coronaviridae, a group of pleomorphic enveloped
viruses containing a single stranded RNA genome of positive polarity2. Coronaviruses
naturally infect only closely related species, and in most cases virus replication is limited
to the epithelial cells of respiratory or enteric tracts3

.4.

Coronaviruses, Edited by H. Laude and I.F. Vautherot
Plenum Press, New York. 1994 99



The size of the coronavirus genome is between 27 and 32kb making it the largest
viral RNA genome so far detected. The single stranded genome is 5' capped and 3'
polyadenylated which if introduced into eukaryotic cells acts as an infectious mRNA5

,6.

Genomic RNA is transcribed by the viral RNA polymerase to give a complementary, full
length, negative strand RNA. Initiation of subgenomic mRNA transcription is primed by
a common RNA leader sequence, derived from the 3'-end of the negative genomic RNA.
The leader RNA sequence for TGEV is about 90 nucleotides long and sequence data
indicated that the TGEV leader RNA binds to a heptameric sequence, ACUAAAC,
upstream of each ORF7

•
8

• An exception, is the leader binding sequence of TGEV mRNA
4 which contains a hexameric sequence CUAAAC. This mRNA is the least abundant of
TGEV mRNA species. Analysis of the nucleotides upstream of the ACUAAAC sequences
showed that the number of homologous residues varied depending on the gene, indicating
the possibility that the leader binding sequences may play a role in the transcriptional
control of TGEV mRNAs.

To understand transcriptional control of TGEV mRNA it is essential to determine
the relationship of the leader binding motif to the amount of mRNA transcribed. In order
to determine the amount of mRNA transcribed an assay system was developed to quantify
the levels of mRNA produced during an infectious cycle.

METHODS

Virus and Cells

The FS772nO strain of TGEV was grown in a porcine kidney cell line LLC-PKI.
For the isolation of TGEV RNA cells were grown to confluence in 25Ocm2 tissue culture
flasks and infected at a m.o.i. 10. Two hours post infection the cells were washed, fresh
media added, and at 13h pi pulse labelled for three hours with 200IlCimr l of [5,6
3H]uridine. Cellular mRNA synthesis was inhibited by the addition of Illgml') of
actinomycin D.

Preparation of Magnetic Beads

The Dynabeads were resuspended by shaking the vial and 1mg dispensed into a
1.5ml eppendorf tube, washed twice with 200111 of PBS, pH 7.5 containing 0.1% BSA
(washing was facilitated by using the magnetic particle concentrator). For RNA work the
beads were washed twice with 200lll of DEPC-treated O.IM NaOH, 0.5M NaCI and once
with DEPC treated O.IM NaCL and resuspended in 20111 binding and washing buffer (BW;
IOmM Tris-HCl pH 7.5, ImM EDTA and 2M NaCl). Biotinylated oligonucleotide
(6OOpmol) was added to the beads and incubated at 23°C for 30min with continuous
agitation. Unbound oligonucleotide was removed by washing the beads four times with BW
buffer.

RNA Isolation and Purification

Total cellular RNA from TGEV infected cells was isolated using guanidinium
isothiocyanate and p-mercaptoethanoI9

, resuspended in 50111 of DEPC-HP and 20lll
aliquots used for purification. TGEV RNA was purified using Dynabeads~ M-280
Streptavidin magnetic beads coupled to an antisense biotinylated oligonucleotide (Biotin
GTATATCACTATCAAAAGGAAAA) specific to the 3'-end of TGEV RNAs (see Fig.I).
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Schematic representation of separating viral mRNA from cellular RNA. An
antisense oligonucleotide specific to TGEV RNA was mixed with Dynal
streptavidin magnetic beads. Unbound oligonucleotide was removed and total
RNA added and hybridization allowed to proceed for 160min. Unbound
RNA was removed during washing and bound virus RNA eluted using
DEPC-Hp.

Aliquots of total cellular RNA (40llg) from infected cells were heated at 65°C for 3min,
cooled on ice and made up to 6xSSC and 0.1 %SDS in 80IlI.The mixture was added to the
magnetic beads and the TGEV RNA hybridized to the bound oligonucleotide at 23°C for
3h. The beads were washed three times with 6xSSC and 0.1% SDS at 23°C and the RNA
eluted by the addition of loolll DEPC-HP and heating at 65°C for 3min. The RNA elution
step was performed twice, the RNA precipitated with ethanol and resuspended in DEPC
Hp. To determine when optimum binding of virus RNA to the biotinylatedloligonucleotide
magnetic bead complex occurred, virus RNA was purified at various time points and
resuspended in 2ooll1 DEPC-HP, mixed with 3ml of Optiphase Safe (LKB) and counted
in a Tri-CARB beta counter (Packard). The count obtained was taken to be directly
proportional to the amount of virus RNA that had been purified. Thus optimum binding
occurred after I60min (see Fig.2).

Analysis of RNA

Purified viral RNA was denatured with glyoxal and dimethylsulphoxide prior to
separation by electrophoresis on a 1% agarose gel for 3hr at 85 volts. To enhance the
radioactive signal, the gel was soaked in 0.8M sodium salicylate for 30min, dried onto
Whatman 3MM paper and exposed to pre-flashed X-ray film at -700C for 96hr.
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RESULTS AND DISCUSSION

In order to calculate the amounts of each TOEV mRNA species produced during an
infectious cycle an assay system was developed. The [3H]-uridine labelled mRNA species
were separated by agarose gel electrophoresis after denaturation of the RNA by glyoxal.
However, as can be seen from Fig. 3a analysis from total RNA is not possible due to the
presence of the 28 and I8S ribosomal RNA (observed as unlabelled bulges) and potential
breakdown products or the presence of incomplete transcripts.
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Figure 2. Kinetics of labelled virus mRNA hybridization. Virus RNA was purified at
various time points and binding measured using liquid scintillation counting.
Optimum binding occurred after I60min.

Poly (A+) mRNA is often extracted from total cellular RNA with either poly-dU or
oligo-dT bound to a solid matrix, the most common method is column chromatography
though recently the use of oligo-dT bound to magnetic beads is proving to be popularlO

,lI.

A problem associated with oligo-dT columns is that ribosomal RNA can still contaminate
the mRNA requiring multiple purification steps resulting in loss of mRNA , The use of
magnetic beads allows repeated washing steps without loss of mRNA. A further problem
associated with oligo-dT columns for the purification of mRNA is size selection in favour
of smaller RNAs, either due to poorer hybridization of the larger species or that the larger
species are eluted and lost during the washing steps12. Results using magnetic beads
associated with oligo-dT have proved useful in the isolation of poly (N) TGEV RNA.
However in addition to the TGEV poly (A+) RNA, cellular poly (A+) RNA was also isolated
which may lead to a decrease in the amount of TGEV RNA isolated or effect the isolation
of the larger TGEV mRNA species. To overcome the problems associated with these
methods it was decided to develop a viral specific purification method.
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An advantage of the magnetic bead system is the use of streptavidin13 bound
magnetic beads as the solid support. Simply a biotinylated oligonucleotide, specific for
TOEV RNA, can be bound to the beads and used to purify TOEV RNA. As can be seen
from Fig. 3b only viral RNA is present following purification, the cellular ribosomal RNA
has been removed. By using a specific oligonucleotide complementary to the 3' end of the
viral genome any contamination associated with breakdown products and incomplete
transcripts should be greatly reduced.
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Figure 3. Labelled TOEV mRNA after glyoxal/DMSO gel electrophoresis. (a) RNA
from total cell preparations. The bulges are due to unlabelled cellular
ribosomal RNA. (b) Sequence specific purification of virus RNA removes
cellular RNA thus eliminating the bulges caused by ribosomal RNA.

In pulse labelling studies, cellular mRNA synthesis is greatly reduced by the
addition of actinomycin D. This compound can affect virus replication and in some cases
lead to reduced titres of progeny virus14

•
15

• Using a sequence specific method to capture
labelled and unlabelled virus RNA and not cellular RNA it would be possible to eliminate
the use of actinomycin D during some pulse labelling studies.

This purification method can be used to investigate potential early and late gene
activity by measuring the relative amounts of mRNA produced throughout infection and to
characterise the relationship between the TOEV intergenic motif and the leader polymerase
complex.
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