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ABSTRACT 

83 

The infectious bronchitis virus (IBV) nucleocapsid protein was expressed as a fusion 
protein in bacteria. The coding sequence differed from the native protein only in the addition 
of six histidine residues at the amino terminus which were used for enrichment with a nickel 
affinity column. In gel shift assays, the mobility of labelled G RNA was decreased with 
increasing concentrations of the fusion protein. Competitive gel shift assays with labelled G 
RNA indicated that the protein interacted with relatively high avidities to several unlabelled 
RNAs representing sequences at the 3' noncoding end of the IBV genome. Cache Valley 
virus (a bunyavirus) mRNA transcribed from the smaller segment cDNA also inhibited the 
interaction with IBV G RNA to the same extent as homologous unlabelled G RNA. In 
contrast, interactions of the fusion protein with a region from 99 to 249 bases from the 3' 
terminus of the IBV genome and bovine liver RNA were relatively weak. The binding of 
IBV nucleocapsid protein with RNA probably requires specific sequences and/or structures 
that are present at a number of sites on the genome, and may represent a common mechanism 
used by similar viral proteins whose functions depend on binding to RNA. 

INTRODUCTION 

The nucleocapsid protein of the avian coronavirus, infectious bronchitis virus (IBV), 
is a highly basic, phosphorylated structural protein of 409 residues or about 50kD1,2. A highly 
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basic region in the IBV protein between residues 238 and 293 is identical among the strains 
that have been examined2. The corresponding region of mouse hepatitis virus (MHV) has 
been shown to bind to RNA3.4. The MHV nucleocapsid protein specifically binds to small 
leader-containing RNAs, and within the cytosol ofMHV infected cells, it can interact with 
membrane-bound small leader RNAs in transcription complexes5. The amount of nucleo
capsid protein from MHV found associated with the genome and the putative functions of 
this protein suggest that it could readily associate with additional regions of coronavirus 
RNA. Because transcription of the negative template must initiate at the 3' end of genomic 
RNA and that nucleocapsid protein may be involved, it is likely that the 3' noncoding region 
will also readily associate with the nucleocapsid protein. This study examined the association 
of a recombinant IBV nucleocapsid protein with the 3' end of the IBV genome. Quantities 
of enriched nucleocapsid recombinant protein were obtained with an Escherichia coli 
expression vector. Competitive binding gel shift assays were used to determine the relative 
avidities of interactions of this recombinant protein with RNA fragments corresponding to 
the 3' terminus of the IBV genome. 

MATERIALS AND METHODS 

Preparation of the Recombinant Nucleocapsid Protein 

The nucleocapsid gene of the IBV Gray strain was excised from a pCRIOOO 
recombinant plasmid2, transfected into MIS/pRep4 cells (6; BTX, San Diego, CA; Qiagen, 
Chatsworth, CA). The fusion protein was induced as described in the Qiagen manual 
(Qiagen, Chatsworth, CA). Western blot analysis was used to compare the fusion protein 
with native nucleocapsid protein prepared from purified Gray strain IBV grown in em
bryonating chicken eggs7•8• 

Preparation of RNA Transcripts 

The in vitro transcripts were produced from the pCRI 000 and the pGem3Z vectors 
with the T7 promoter (Promega, Madison, WI). Inserts specific for selected fragments of the 
3' end of the Gray genome were obtained by cDNA cloning of PCR products that corre
sponded to the sequences of interest. Cache Valley virus (CVV) RNA used as competitor 
was produced by transcribing BamHI digested S segment cDNA that had been cloned into 
pGEM3Z9. After linearizing with restriction enzymes, transcription was carried out as 
described in the Promega Protocol and Applications Guide (Promega, Madison, WI) with 
T7 RNA polymerase and G was labelled with 32p_CTP. The RNA products were quantitated 
by comparing the ethidium bromide stained samples with known standards of yeast tRNA 
(Promega, Madison, WI). 

RNA Protein Binding Assays 

Protein-RNA interactions were analyzed by a modified gel-shift assaylO. RNA and 
nucleocapsid protein were co-incubated for 20min at room temperature in IOf.!I of gel-shift 
buffer. Following the addition of sample buffer, the reaction mixtures were loaded onto a 
0.5% agarose gel and electrophoresed at 60V in I XTris-borate-EDTA 6. Gels were then dryed 
and autoradiographed. The 25% inhibition (125) was defined as the concentration needed to 
inhibit 25% of the mobility resulting from the interaction of labelled G RNA with nucleo
capsid protein. 
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Figure 1. Recombinant protein eluted from a Ni2+-column. 
The left panel is the Coomassie blue stained gel and the right 
panel shows the corresponding western blot. IBV represents 
protein from virus; N recovered recombinant protein and M, 
the molecular weight marker proteins. The arrow indicates 
the nucleocapsid protein band. 
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Nucleocapsid protein from the Gray strain ofIBV was expressed in a pQE8 bacterial 
expression vector in order to obtain quantities of enriched protein used for studying 
interactions with RNA. The fusion protein with tandem histidine residues at the amino 
terminus was enriched from the soluble cytoplasmic fraction by Ni2+ -NTA affinity chroma
tography. A Coomassie blue stain of the eluted protein on an SDS-polyacylamide gel shows 
that the protein migrates similar to the native nucleocapsid protein and the western blot shows 
that the recombinant protein also reacted with anti-IBV serum in a Western blot assay (Fig. 
1). Anti-IBV antibody did not react with bacterial proteins. 

Positive sense RNAs specific for the 3' noncoding end of the genome were synthesized 
as targets for the synthetic nucleocapsid protein binding studies (Fig. 2). Clone G (1832nt) was 
used for expression of the whole nucleocapsid gene and 3' noncoding region, and I for 
transcription of the 3' HVR (266nt). The RNA fragments AB+ (181nt), CD+ (155nt) and EP+ 
(151 nt), which partially overlapped with AB+ and CD+, were used as templates for the synthesis 
of RNAs representing conserved regions extending from the HVR to the 3' terminus of the 
genome. The following gel shift studies were done using O.15M sodium chloride. 

Gel Shift Analyses 

Gel shift assays were used to further examine protein-RNA interactions to determine 
relative avidities of the recombinant nucleocapsid protein for various species of RNA, 
including transcripts corresponding to the 3' terminus of the IBV genome. Interactions 

Figure 2. Diagrammatic representa
tion of DNA used for in vitro tran
scriptIOn of the generated IBV
specific RNAs. I represents the re
striction enzyme recognition sites 
(HindIII for G, I, AB, & EF; BamHl 
for CD) used for linearization of pi as
mid DNA Western blot. 
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Figure 3. Gel-shift assay demonstrating the binding of 32P_la_ 
beled G RNA to the synthetic nucleocapsid protein. The amount 
of protein in Ilg is indicated above each lane. 

between G and the fusion protein could be identified by the decrease in mobility of the 
labelled RNA (Fig. 3). 

No shift in mobility could be observed when labelled RNA was mixed with bovine 
serum albumin. The effects of protein concentration on formation of G RNA-protein 
complexes on gel shift assays were first determined in the absence of competing RNA. The 
mobility decreased, that is, the size of the complexes increased, with increasing concentra
tions of nucleocapsid protein. The greatest concentrations of protein resulted in formation 
of additional large, megacomplexes that did not migrate into the geL No shift in mobility of 
the labelled RNA was observed when reacted with an equivalent concentration of either egg 
allantoic proteins or bovine serum albumin. 

Competitive Gel Shift Analyses 

The interactions of this recombinant protein with each RNA fragment was examined 
with a gel shift assay and the relative avidities of these interactions were calculated. 
Radiolabelled G was mixed with each competing RNA species before reacting with the 
nucleocapsid protein. Differences could be seen in the efficiency of inhibition of labelled G 
RNA interaction with the nucleocapsid protein by each RNA species. Fig. 4 shows the 
inhibition of G binding to the protein in the presence of unlabelled G, bovine liver RNA and 
CVV RNA. Unlabelled positive sense G, AB, CD, I and CVV RNA bound relatively 
efficiently with the nucleocapsid protein, whereas the protein interactions with EP+ and 
bovine liver RNA were relatively inefficient (Table I). The calculated 125 's determined from 
5 concentrations of inhibiting RNA indicated that the IBV fragments from the 3' end reacted 
with the recombinant nucleocapsid protein with relatively high avidity (125 = 10 to 26) except 
the EF fragment which corresponded to nt 99 to 249 from the 3' end of the genome. The 
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Figure 4. Competition gel-shift assay in which the interaction of the recombinant nucleocapsid protein with 
32P-labelled G RNA is inhibited with varying concentrations of the unlabeled RNA. The corresponding 
competitor RNA used is indicated below each autoradiograph. Lanes I represent free labeled G RNA in the 
absence of protein and competitor, lanes 2 to 6, labelled G with protein and two fold dilutions of competitor 
beginning with I DOng in 2 and lane 7 represents labeled G in the presence of protein and no competitor. 
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Table 1. 

RNA Nucleotide length 125 

G+ 1800 10 
CO+ 155 11 
CVV 800 11 
AB+ 181 26 
1+ 266 24 
EF+ 151 100 
Be 1900 88 

4700 

'Bovine liver. 

binding efficiency as indicated by the 100 125 for EF was at least as poor as that of bovine 
liver RNA with an 125 of 88. These inhibition studies suggested that CD bound with greater 
avidity to the fusion protein than AB or I. The 125 of 11 resulting from competition with CVV 
RNA was similar to the of 125 of 10 observed with the homologous G RNA. No correlation 
could be found between the relative avidities and the size of the interacting RNA fragment. 

DISCUSSION 

In this paper, we have shown that the nucleocapsid protein of IBV is able to bind 
with relatively high affinity to RNA representing specific regions at the 3' end of the IBV 
genome. Competitive binding analyses indicated that the nucleocapsid protein bound with 
similar specificity to three positive sense transcripts which spanned the length of the entire 
3' noncoding region but the recombinant fusion protein did not bind to an overlapping 
fragment that was 249 to 99 nts from the 3' terminus. Sequences that promoted minimum 
nucleocapsid protein binding to IBV RNA under conditions used in these studies were not 
present or were sufficiently altered in EF+ and bovine liver RNA. 

The bacterial expressed fusion protein would not be expected to be identical to the 
viral protein synthesized in the eukaryotic host. Differences probably exist in the phospho
rylation status of the native and synthetic proteins. However, it was obvious that this 
recombinant protein was at least functional with respect to its basic interaction with RNA 
and should provide a valuable source for further characterization of the functions of the 
nucleocapsid in IBV replication. 

The nature of the binding between nucleocapsid protein and RNA should involve 
cooperative binding among multivalent RNAs and protein molecules. In addition to the 
presumed binding of viral protein at a packaging signal sequence, packaging of genomic 
RNA may dictate the necessity of nucleocapsid protein binding to repeated sites along the 
molecule. This interaction appears to require sequences or structures that are not ubiquitous 
even on the IBV genome. 
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