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1. INTRODUCTION 

At present there is no infectious cDNA of IBV and the robustness of 
coronavirus eDNA reverse genetic systems remains undetennined. We have 
been investigating an alternate strategy for reverse genetic manipulation of 
IBV using defective RNAs (D-RNAs) to exchange genetic material with the 
IBV genome, based on efficient recombination systems for other 
coronaviruses. It has been previously shown that two strains of IBV can 
recombine in ova (Kottier et al., 1995) though recombination has not yet 
been demonstrated in cell culture. IBV D-RNA CD-91 (Penzes et aI., 1994) 
consisting of regions from the 5' -end, open reading frame 1 b and the 3' -end 
including most of the N gene was isolated and cloned after high multiplicity 
passage of IBV Beaudette. Internal sequences were deleted from CD-91 to 
generate CD-61 (Penzes et al., 1996). Both D-RNAs contain all the 
necessary signals for replication and packaging (rescue) by helper IBV. 

2. RESULTS AND DISCUSSION 

We have developed several reporter gene-containing vectors based on 
CD-61 and CD-61LlibaI, which differs from CD-61 by a 2.2 kb internal 
deletion. Both D-RNAs were transcribed in vitro by T7 polymerase and 
electroporated into IBV-infected chick kidney (CK) cells. Cell culture 
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medium containing virus and D-RNA particles was then passaged on fresh 
CK cells at 24 h intervals. RNA was extracted from cell lysates and 
analysed by Northern blot with 32P-Iabelled DNA probes and by RT-PCR 
with primers which yield D-RNA-specific products. Both modified D-RNA 
constructs were rescued by IBV Beaudette (data not shown). 

The chloramphenicol acetyltransferase (CAT) gene was placed under the 
control of the IBV gene 5 transcription associated sequence (TAS) element 
and inserted into pCD-61 (Stirrups et al., 2000) and pCD-61~aI at the 
PmaCI site located in the N gene-derived region. The gene 5 T AS element 
consists of two tandem canonical TAS repeats (ACTT AACAA). CAT 
protein concentrations were compared up to passage 4 (P4) for each D-RNA 
(Figure 1). CAT expression from CD-6l CAT in N gene was better in later 
passages. In contrast, CAT expression from CD-6l~aI CAT in N gene 
was highest in PO. D-RNAs with CAT in the N gene sequence could not be 
used for homologous recombination with IBV because the resulting 
recombinant IBV would have an interrupted N gene. The CAT gene was also 
inserted into pCD-6l~aI at a unique HindIII site located in the sequence 
corresponding to the variable region (Williams et al., 1993). of the Beaudette 
3' -untranslated region (3' -VTR). CAT was expressed at a stable moderate 
level when inserted into the 3' -VTR region of CD-61 ~aI. Since we 
expect recombination to occur during PO, when expression from the 3' -VTR 
was similar to expression from CD-6l CAT in N gene, the 3'-VTR insertion 
site was deemed suitable for further reporter gene insertion and 
recombination studies. 

The enhanced green fluorescent protein (EGFP; Clontech) gene was 
cloned as a gene cassette under control of the gene 5 T AS element into the 
HindIII (3'-VTR) or PmaCI (N gene) site of pCD-6lLU:baI. Similarly, a 
hygromycin phosphotransferase - EGFP (HygEGFP; Clontech) fusion gene 
cassette or hygromycin phosphotransferase (Hyg) gene cassette was cloned 
into the HindIII site (3' -VTR) of pCD-6ILU.OaI. In PO, 0.1 to 1% of cells 
fluoresced and the number of fluorescent cells decreased with each passage 
(Figure 2). A few fluorescent cells were visible until P4 or P5. To 
determine whether these D-RNAs could be rescued by a heterologous strain 
of IBV, we attempted to rescue the EGFP gene-containing D-RNAs with 
IBV M4l, a strain closely related to IBV Beaudette but lacking almost all of 
the variable region of the 3' -VTR. However, the number of fluorescent cells 
in each passage for M4l and Beaudette was similar. We were most 
interested in PO for recombination purposes, so RNA samples were 
examined for evidence of recombination by RT-PCR using oligonucleotide 
primers from virus sequence not found in the D-RNA and complementary to 
the EGFP gene. However, no PCR products of the expected size were 
detected. 
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Figure 1. Expression of CAT protein from !BV D-RNAs after rescue by IBV Beaudette. The 
CAT gene cassette was inserted into regions of the D-RNA derived from the N gene or 3'
UTR. CAT protein in cell lysates was quantified by ELISA and adjusted for number of cells. 
The mean of six replicates +/- standard error of the mean is shown. 
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Figure 2. Number of cells expressing the EGFP and HygEGFP genes after serial 24 h 
passages. The EGFP gene cassette was inserted into the N gene or 3'-UTR sequence ofpCD-
61,1XbaI and the HygEGFP gene cassette was inserted into the 3' -UTR. A 1 cm2 or 5 cm2 

counting window was attached to the culture flask and bright green cells were counted using a 
mercury vapour illuminated Leitz Fluovert inverted microscope. The result was adjusted for 
number of cells as necessary and multiplied to obtain the total for each flask of CK cells. 

Insertion of reporter genes into my D-RNAs seems to limit their 
accumulation during serial passage, and of the above constructs only CD-61 
CAT in N gene was faintly visible on Northern blots. To confirm that each 
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of the reporter genes was being transcribed from a D-RNA-derived reporter
specific mRNA, total RNA isolated from various passage points of rescue 
experiments was reverse transcribed with oligonucleotide primers 
complementary to each reporter gene. The resulting cDNAs were amplified 
by polymerase chain reaction using reporter-specific and leader primers and 
sequenced using the reporter-specific primers. IBV Beaudette mRNA 5 was 
reverse transcribed, amplified and sequenced from the same RNA extracts as 
a control. CAT gene mRNAs were detected from PI and P2 (CD-61 CAT in 
N gene), EGFP gene mRNAs from PO and PI (CD-61~aI EGFP in Nand 
CD-61~aI EGFP in 3'-UTR) and Hyg gene mRNAs from PO to P5 (CD-
61~aI Hyg in 3'-UTR). For each reporter gene mRNA and mv 
Beaudette mRNA 5 the sequence obtained contained the mv Beaudette 
leader fused to the 3' -most consensus T AS sequence of the gene 5 T AS 
element, consistent with the corona virus transcnptlOn model of 
discontinuous synthesis during sub genomic (-) strand production (Sawicki 
and Sawicki, 1990). 

We have optimised a potential selection system for Hyg gene or 
HygEGFP gene-containing recombinant mv. Hygromycin B is an 
amino glycoside antibiotic that inhibits translation by stabilising the peptidyl 
tRNA at the ribosomal acceptor site (Cabanas et ai., 1978; Gonzalez et ai., 
1978). Uninfected cells are relatively impermeable to Hygromycin B, but 
cells infected with a number of viruses become permeable (Benedetto et aI., 
1980). CK or Vero cells treated with hygromycin B were examined at 8 h 
intervals for three days. We determined the concentration at which only 
mild cytopathic effect was observed at 24 h (the duration of one viral 
passage) or 72 h (the duration of an mv plaque assay; data not shown). 
Vero cells could tolerate 10-30 fold more hygromycin B than CK cells. 

The effect of hygromycin B on virus titre during a 24 h passage of mv 
Beaudette or mv M41 was determined (Figure 3A). The highest 
concentrations of hygromycin B tolerated for 24 h gave 3-5 10gIO reduction 
in virus titre. One or more passages in the presence of hygromycin B should 
enable us to enrich the surviving virus population with recombinant viruses. 
Relative hygromycin B resistance has been used to discriminate between 
BCoV field isolates (Kapil et ai., 1999), but we believe that Hyg-containing 
recombinant mv would have an advantage over any resistant mv that may 
emerge since similar systems have been successfully used to select 
recombinant retroviruses (Zhang et ai., 1999 and references therein). We 
also determined the effect of incubation with hygromycin during plaque 
assay and found that the size of mv Beaudette plaques was reduced by 
about half (Figure 3B). As long as reporter gene insertion in the variable 
region of the 3' -UTR does not give a small-plaque phenotype we should be 
able to identify recombinants by plaque size. 
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Figure 3. Effect of Hygromycin B on !BY titre and plaque size. (A) CK or Yero cells were 
incubated with hygromycin B for 6 hours before being washed and inoculated with !BY 
Beaudette or !BY M41 (approx. 10 p.f.u./cell) for I h. Cells were rinsed and incubated a 
further 24 h in medium containing the same concentration of hygromycin B. Titre was 
determined by plaque assay on CK cells. (B) Plaque assays on Yero cells inoculated with 
!BY Beaudette as usual and overlaid with agarose containing various concentrations of 
hygromycin B. Cells were fixed after 72 h and stained with I % crystal violet to reveal 
plaques. 
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