
THE NUCLEOCAPSID PROTEIN OF IBV COMPRISES IMMUNODOMINANT 

DETERMINANTS RECOGNIZED BY T-CELLS 

Annemieke M. H. Boots, Johannes G. Kusters, 
Bernard A. M. van der Zeijst and Evert J. Hensen 

Institute of Infectious Diseases and Immunology 
Fac. of Vet. Medicine, University of Utrecht, P.O. 
Box 80.165, 3508 TD Utrecht, The Netherlands 

INTRODUCTION 

Infectious bronchitis virus (IBV), the type species of 
the coronaviridae, is the causative agent of an acute 
respiratory disease in chickens. The positive stranded RNA 
genome of IBV encodes three major structural proteins: two N
glycosylated envelope proteins, E1 and E2, and a non
glycosylated nucleocapsid protein (N). The E2 protein, or 
spike protein, consists of two or more copies of structurally 
unrelated subunits (51 and 52) with relative molecular masses 
of 90 and 84 kd, respectively. The E1 protein, or matrix 
protein, occurs in several forms (27 to 36 kd). The 
phosphorylated basic nucleoprotein (56 kd) is closely 
associated with the viral RNA. 

IBV strains show a wide spectrum of serologically defined 
differences. Based on cross neutralization studies, the Dutch 
IBV strains have been classified into five different serotypes 
(A to E)3. The occurrence of these serotypes and, more 
specifically, the emergence of new serotypes are a problem in 
vaccination programs 3 . 

A vaccine, should ensure reactivation of the immune 
response at time of challenge. Therefore it shouLd contain 
virus-specific antigenic determinants recognized by T-cells in 
addition to determinants recognized by B-cells. Thus, to study 
protective immunity against the virus both T- and B-cell 
responses have to be analyzed. So far, a number of 
conformation independent B-cell epitopes have been precisely 
located on the E2 protein~. To our knowledge, no data are 
available on the contribution of T-cells in the response to 
IBV. This study is focused on the characterization of 
antigenic determinants recognized by T-cells. 

MATERIALS AND METHODS 

YiE!!~_~!E.!!i!!~ 
All strains, unless otherwise mentioned, were obtained 

from the Poultry Health Institute in Doorn, Th~ Netherlands. 
Strains and serotypes are summarized in Table I. New Castle 
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disease virus (NCDV) was used as a control virus. All virus 
stocks were obtained by gradient-purification of egg-grown 
virus as described by Niesters et al. 7 • The M42 laboratory 
strain13 was grown on Vero cells (m.o.i. 0.1) and the 
supernatant of the infected cells was harvested after 36 
hours. Gradient-purified mouse hepatitis virus (MHV) strain 
A59 and Feline infectious peritonitis virus (FIPV) strain 79-
1146 were kindly donated by Dr. W. Spaan (University of 
Utrecht, Utrecht, The Netherlands). Gradient-purified 
transmissible gastro-enteritis virus TGEV strain Purdue-46 was 
kindly donated by Dr. L. Enjuanes (Centro di Biologica 
Molecular, Madrid, Spain). 

~~g~£~!iQg_Qf_I~Y_~E~£ifi£_!~£~ll_hYQ£i£Qm~~ 

Two Balb/c mice, 6 to 8 weeks old, were immunized 
intraperitoneally with a gradient-purified UV-inactivated M41 
preparation (100 ug mixed with RIBI; Immunochemical Research, 
Inc. Hamilton, USA) Three weeks later the mice were boosted 
(100 ug M41 +RIBI). Six weeks thereafter the mice were killed 
to obtain the spleens. Spleen cells (2x10 6 /ml) were weekly 
restimulated with antigen (M41 4ug/ml) in the presence of 
syngeneic spleen cells as antigen presenting cells (APCs) to 
generate responding T-cells. Three days after the last 
stimulation with antigen the remaining viable cells (10 7 ) of 
this T-cell line were fused with an equal number of cells from 
a T-cell lymphoma line, (W/Fu(C58NT)D2.10.14. After fusion, 
cells were plated in flat-bottomed microtiter plates; 5x10 4 
cells Iwell in 200 ul HAT selection medium (15% fetal calf 
serum Boehringer, Mannheim). Within 14-28 days, growth 
positive wells were scored and hybrid cells were cultured in 
HT medium (without aminopterine). Hybrids responsive to M41 
were repeatedly subcloned to ensure monoclonality. 

~~l~£!iQg_~g£_£h~£~£!~£i~~!iQg_Qf_I~Y_~E~£ifi£_hYQ£i£Qm~~ 

Hybridomas were screened for their ability to produce IL-
2 in the presence of antigen and APCs. Hybrid cells (10 4 /well) 
were cultured in 200 ul of medium in flat-bottomed microtiter 
plates with 2x10S irradiated (2500 rad) APCs per well and 0.5-
1.0 ug UV-inactivated M41 antigen. After 24 to 48 h, 100 ul of 
the supernatant of this culture was harvested and assayed for 
IL-2 by the addition of 5x103-104 IL-2-dependent CTLL cells. 
After a further 24 h, 3H-thymidine (0.4 uCi/well, SA 1.0 
Cilmmol) was added and the incorporated radioactivity was 
measured 18 h later. Results are presented as counts per 
minute (c.p.m.) and/or stimulation indices (SI = antigen 
specific c.p.m. I control c.p.m.). 

IBV specific hybridomas (MJB100 and MJB101), and control: 
C58 (fusion partner) were tested for the expression of L3T4 
(CD4) and Ly 2 (CD8). Monoclonal antibodies from Becton 
Dickinson (California, USA): anti-L3T4 phycoerytrine conjugate 
and anti Ly 2 conjugated to FITC were used in a direct 
staining protocol. Cells (10 6 ) were incubated in a 1:50 
dilution of the antibody conjugates for 30 min. at 4 ac., 
washed 3 times and analyzed with the FACSCAN (Becton 
Dickinson). 

QQg~!£~£!iQg_Qf_!h~_I~y_g~£l~Q£~E~i£_E~!_£lQg~ 

In the pEX expression system, foreign gene fragments are 
inserted at the end of a cro-Lac Z expression vector 12 • 

Expression of the gene is under control of the lambda Pa 

promotor and induced by activation of the temperature 
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sensitive c1857 repressor at 42 DC. The resulting hybrid 
protein containing the expression product precipitates inside 
the cell. After solubilization it can be easily isolated. 

The DNA encoding the nucleocapsid protein was isolated 
from the 1BV M41 cDNA library described by Niesters 7 • ~~_£Qli 
pop 2136 was used as host strain for the pEX plasmids. 
Recombinant plasmids were introduced into the cells via the 
CaCl 2 transformation procedure. Recombinants were screened by 
polyacrylamide gel electrophoresis of their expression 
products. Clones synthesizing hybrid proteins of the expected 
molecular weight were selected for further characterization. 
Plasmid DNA isolated from these clones was digested with 
various restriction enzymes and the insert sizes were 
determined as additional controls. Clones of interest were 
grown to isolate the hybrid protein containing the 1BV 
nucleocapsid protein sequences. 

1~~~nQg~ni£i1Y_Qf_1h~_Q~!_hYQEiQ_QEQ1~in 

Balb/c mice were immunized, subcutaneously, in the 
axillary region, with a mixture of dimethyl dioctadecyl 
ammonium bromide 11 (DDA, Kodak, 25 ug per immunization site) 
and 0.25 ug of the nucleocapsid expression product. Six days 
later the regional lymphnodes were isolated. Lymphnode cells 
(104-5x104) were co-cultured with antigen (UV-inactivated 
whole virus; M41, M42 or TGEV: 0.5-1.0 ug/well) in round
bottomed microtiter plates over 3 to 4 days. Lymphocyte 
proliferation was measured after the addition of 3H-thymidine 
(18 h). 

Results 

~~1~£1iQn_~nQ_£h~E~£1~Ei~~1iQg_Qf_I~Y~~Q~£ifi£_I~£~11 
hYQEiQQ~~~ 

After fusion, 384 wells were seeded and within 4 weeks 28 
wells contained hybridomas. Two of these 28 showed an antigen
specific 1L-2 response in the CTLL assay (SI values of 2.5). 
These hybridomas, MJB100 and MJB101, were subcloned. The 
positive subclones exhibited drastically increased 1L-2 
production upon antigenic stimulation with S1 values of 25-27. 
The hybridomas were specific for 1BV (Fig. 1). Both 1BV 
strains, M41, the original antigen, and M42, a closely related 
strain, induced a response. No response was found after 
stimulation with uninfected allantoic fluid, the non-related 
NCDV (grown and purified in the same way as M41), murine 
coronavirus (MHV strain A59), feline coronavirus (F1PV) or 
porcine coronavirus (TGEV). 

Twelve well-characterized 1BV strains with different 
serotypes were tested for their capacity to induce an antigen
specific response in both hybridomas. The results are shown in 
Table I. MJB100 clearly recognized strains M41, M42, H52, H120 
(all serotype A), strains V1259, V1385 (unidentified serotype) 
strain V1397 (serotype A/C) and strain D3128 (serotype D). The 
isolates D207 (B), D274 (B/E), D212 (C) and D1466 (C) were not 
recognized. MJB101, compared to MJB100, shows a different 
reaction pattern in both intensity and specificity. 1BV 
strains recognized by MJB101 are M4l, M42, H52, V1259, V1385 
and strain D3128. 

The response of the two T-cell hybridomas was MHC
restricted; only APCs from syngeneic mice were capable of 
inducing the response (not shown). 
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Fig. 1. IBV specific IL-2 response of T-cell hybridomas MJB100 
and MJB101. Antigens were used at a concentration of 1 
ug/well. 
NA: no antigen. AF: allantoic fluid. NCDV: New Castle disease 
virus. MHV: mouse hepatitis virus. FIPV: feline infectious 
peritonitis virus. TGEV: transmissible gastroenteritis virus. 

Table 1. IL-2 response (in 81) of MJB100 and MJB101 to several 
IBV strains with different serotypes. Approximately one ug of 
antigen per well was used. Passage history and serotype of 
IBV strains have been described 3 • 

SI values of 
IBV 
strain MJBlOO MJB101 serotype 

M41 53.6 52.6 A 

M42 533 46.3 A 

H52 32.0 18.1 A 

H120 6.0 .±. 1.0 A 

Vl259 35.9 20.0 

V1385 29.8 lOA 

V1397 12.4 .±. 1.0 NC 

D207 .±. 1.0 .±. 1.0 B 

D274 .±. 1.0 .±. 1.0 B/E 

D212 .±. 1.0 .±. 1.0 C 

Dl466 .±. 1.0 .±. 1.0 C 

D3128 16.0 10.5 D 
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Fig. 2. FACS profile of MJB100 (upper) and MJB10l (lower) 
after staining with the anti-CD4 antibody (fluorescence 2). 
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Fig. 3. IL-2 response of MJBIOO and MJBIOl to IBV strain M42, 
the pEX nucleocapsid protein expression-product (pEX-N) and to 
the bacterial beta-galactosidase protein (pEX expression 
protein without insert). One ug of antigen per well was used. 
BG: no antigen. 

194 



FACS analysis showed that MJBIOO and MJEIOl cells stained 
with the anti CD4 (T-helper) monoclonal antibody (Fig. 2), 
whereas the CS8 and 2C4E9 cell lines were negative for CD4. 

~E~£iii£i!Y_2f_~~lilQQ_~nQ_~JlilQ! 

We determined which of the lEV structural components was 
recognized by the T-cell hybridomas. Initially, we 
fractionated the virus and thereafter purified the individual 
structural components. It appeared that both hybridomas were 
responsive to the nucleocapsid protein of IBV. Therefore, we 
cloned the gene encoding the nucleocapsid protein into pEX and 
the expression product was tested for the induction of an 
antigen-specific IL-2 response in both T-cell hybridomas. 
MJBIOO and MJBIOl were both responsive to the expression 
product but not to the bacterial beta-galactosidase (Fig. 3). 
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Fig. 4. Lymphocyte proliferative response of lymphnode cells 
after immunization with the nucleocapsid expression protein. 
Proliferation measured at day 4 and S after isolation of 
lymphnode cells is shown. One ug per well of the following 
antigens was used. IBV (M41, M42) and TGEV. NA: no antigen. 

1!!!!!!!m2g~ni £i!Y __ 2i_!h~_E~~_~!s1lf.!1.~~i2.n_Ef.21!l£! 

After immunization with the pEX nucleocapsid expression 
product the lymphocyte proliferation test showed a response to 
IBV strain M41 and M42 (gradient-purified) over two 
consecutive days. No stimulation was found with TGEV (Fig. 4). 

Immunization with peplomer protein pEX fragments S showed 
no induction of cellular immune responses in the lymphocyte 
proliferation test. 
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DISCUSSION 

It is generally accepted that for the induction of B-cell 
responses, e.g. antibody production, T-helper cell responses 
are obligatory. At time of challenge, viral glycoprotein 
fragments comprising virus neutralizing determinants have to 
be recognized in the presence of relevant, virus-specific, 
determinants recognized by T-cells. For that reason antigenic 
determinants eliciting cellular immune responses have to be 
studied. Until now, cellular immune responses to avian 
coronavirus have been neglected and no data are available on 
the role of T-cells in the response to IBV. In this paper we 
describe two T-cell hybridomas with specificity for IBV, 
generated from a mouse T-cell line which had been repeatedly 
stimulated in vitro. After fractionation of the virus and 
thereafter purification of the individual structural proteins, 
T-hybridoma reactivity appeared to be directed at the 
nucleocapsid protein. This was proven after cloning this 
protein into the expression vector pEX. 

After repetitive stimulation in vitro with whole virus 
antigen it appeared that, in the conditions used, the 
"immunodominant" determinants recognized by T-cells were 
located on the nucleocapsid protein. Further evidence for the 
presence of determinants recognized by T-cells was found after 
immunization with the expression product. Strong cellular 
immune responses to the whole virus antigen could be induced. 
Earlier immunizations with peplomer protein pEX expression 
products did not show elevated responses to whole virus 
antigen in the lymphocyte stimulation test. Findings in other 
viral model systems, e.g. influenza, hepatitis B and rabies 
virus, have shown also that the immune system deals with the 
viral particle as a physical entit y1.4.6.e.9. In the studies 
mentioned, strong primary cellular immune responses to the 
viral core protein ensured adequate antibody responses to 
several viral surface proteins when challenged. The elegant 
studies of Milich et al. 6 have given insight into the 
mechanism of protection induction. A peptide of the hepatitis 
B virus core antigen (p120-140) comprising only one 
determinant recognized by T-cells was capable of priming T
helper cells. After administration of the whole virus, 
antibody production to several hepatitis B surface proteins 
was shown. 

Early observations have shown that protection to IBV in 
chickens could be induced after immunization and challenge 
with heterologous IBV strains 1s • The strains which induced 
cross protection belong to the so-called protectotypes. Our 
finding of T-cell reactivity to strains of different serotype 
indicates a sharing of antigenic determinants recognized by T
cells among IBV strains and could be the basis of protection 
by protectotypes. 

This study suggests that antigenic determinants of the 
nucleocapsid protein might be necessary components for the 
induction of an adequate protective immune response. 
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