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During a search for established cell lines to produce large 
quantities of porcine transmissible gastroenteritis virus (TGEV), 
we observed bright immunofluorescent staining 6-l2h after infection 
of pig kidney derived LLC-PKI line. Infectious virus yield was, 
however, 2 10glO lower than that from secondary adult pig thyroid 
(APT/2) cell cultures, although small plaques were visible by three 
days in cultures maintained under agarose, suggesting limited 
replication. Attempts to adapt TGEV to the LLC-PKI cell line by 
10 serial 20h passes were unsuccessful. 

Procedures to purify virions from infected LLC-PKI cells 
produced less than 1% of the particles isolated from parallel 
APT/2 cultures. Examination of intracellular viral RNA in 
actinomycin-D treated cells revealed similar amounts of genomic 
RNA and the 4 major sUbgenomic species in both cell types, 
suggesting that there was no defect in viral RNA replication. 
In vitro translation of polyadenylated RNA from infected APT/2 and 
LLC-PKI cells, followed by immune precipitation of the products, 
showed similar profiles of precursors to structural polypeptides, 
confirming the functional integrity of the viral messengers in the 
restrictive cell. 

Comparison of the viral polypeptides synthesised following 
infection of the two cell types showed that similar species were 
synthesised in both, corresponding to a group of 28-30,000 mol. wt. 
envelope glycopolypeptides, a 47,000 mol. wt. nucleoprotein and 
peplomer glycopolypeptides of about 200,000 mol. wt. The rate of 
viral polypeptide synthesis in LLC-PKI cells was reproducibly 
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higher than in APT/2, resulting in the earlier detection of bands 
and greater incorporation of isotope. Tunicamycin at 1 ~g/ml had 
a similar effect in both cells, preventing glycosylation of the 
26,000 mol. wt. precursor of the envelope glycopolypeptides and 
synthesis of the 200,000 peplomer glycoprotein. Degradation of 
the nucleoprotein from 47,000 to 42,000 mol. wt. although detectable 
in both cells was more marked in the LLC-PKl cultures. 
Phosphorylation of these proteins was readily demonstrated in both 
cells, although phosphorylation of host proteins and, to some 
extent, viral envelope proteins was considerably greater in the 
LLC-PK1. The significance of this finding with respect to virus 
maturation is being investigated. 

INTRODUCTION 

Our previous attempts to grow TGEV, FS772/70, in a continuous 
line of cells had been unsuccessful. We required a culture system 
that could be scaled up beyond that possible with secondary adult 
pig thyroid cells (APT/2) to produce sufficient viral components 
for chemistry and serology. Accordingly, we tested several 
recently derived cell lines of pig origin for their ability to 
support the replication of TGEV. The pig kidney cell line 
LLC-PKll gave bright immunofluorescence after infection, although 
little or no infectious virus was produced. This appeared to be 
a common feature of our viral isolate in continuous cultures, since 
it was true for several other well established lines, including 
swine testis(ST). Another isolate of TGEV, for example the Purdue 
and Miller strains, that would grow in lines such as ST, could be 
chosen but the present isolate had been studied extensively 
already. It was originally isolated from an outbreak in the U.K. 
and might be more typical of newly isolated strains from field 
outbreaks. This paper describes data from an investigation into 
the cause of defective replication in LLC-PKl cells infected with 
rGEV (FS772/70). 

MATERIALS AND METHODS 

Virus and cells. The FS772/70 isolate of TGEV and its 
cultivation in APT/2 cells has been described2 . LLC-PKl cells 
were obtained from Flow Laboratories Ltd., Scotland, and were 
maintained as stationary cultures in Eagles minimal essential 
medium (EMEM) supplemented with antibiotics and 5% foetal calf 
serum and buffered with 0.14% sodium bicarbonate. For virus 
growth, the media were used without serum and buffered at pH 6.8 
with 50 ruM HEPES, 0.14% sodium bicarbonate. 
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Plaque assay. As previously described2 , petri dish cultures 
were incubated for lh at 37°C with serial dilutions of virus then 
overlaid with either medium 199/2.S% calf serum (APT/2) or EMEM/2.S% 
foetal calf serum (LLC-PK1) supplemented with SO ruM HEPES/0.14% 
sodium bicarbonate/antibiotics and 0.6% agarose. Plaques were 
visualised after 3d at 37°C by staining with crystal violet. 

Immunofluorescence. Cultures were grown as monolayers in 
96-well flat bottom plates and sufficient TGEV added to infect 
30-S0% of the cells. At appropriate times after infection, the 
medium was removed and the cell sheets fixed with 80% acetone for 
10 mins at room temperature. During the study, a variety of 
antibody preparations were tested including porcine, feline and 
murine antisera, monoclonal hybridoma supernatant fluids and 
ascitic fluids. FITC-conjugated rabbit anti-species antibodies 
were obtained from Nordic Laboratories, London. 

Virus purification. Frozen/thawed cultures were clarified at 
lS,OOO xg for 20 mins then centrifuged through a stepped 10%/60% 
sucrose gradient at 70,000 xg for 90 mins, followed by a linear 
20%-4S% sucrose gradient at 70,000 xg for 90 mins. The radioactive 
viral band was located by scintillation counting and pelleted at 
lSO,OOO xg for 2 hours3. 

Incorporation of radioisotopes. For most of the experiments 
described in which isotopically labelled precursors were 
incorporated, cells were grown in pla&tic flasks, 2S cm2 (Nunc, 
Gibco Europe Ltd.) and either infected with TGEV at an input 
multiplicity of SO-200 pfu/cell for l-2h at 37 0 C or treated with a 
corresponding volume of uninfected culture medium. The inoculum 
was removed, the cells were rinsed with isotonic saline and 2ml of 
medium was added, to be replaced by a further 2ml of medium 
containing isotope for the appropriate time period. For 
incorporation of[3H]-leucine or [35S]-methionine EMEM lacking 
leucine or methionine was used, medium 199 lacking orthophosphate 
for 32p -orthophosphate incorporation and comp11te medium 199 or 
EMEM for experiments involving [3H]-uridine or [ H]-glucosamine. 
All medium was serum-free and was buffered at pH 6.8 with SO mM 
HEPES/0.14% sodium bicarbonate. Actinomycin-D (Calbiochem) was 
incorporated at lVg/ml where indicated. Radioisotopes were 
obtained from Amersham International plc, England. 

Electrophoresis: Polypeptide samples. At the times indicated 
in the text, the medium was removed from the cultures and the cell 
sheets were solubilised in O.Sml of 2% sodium dodecyl sulphate, 
S% S-mercaptoethanol, 20% (vol/vol) glycerol and 0.062SM TRIS pH 
6.8. After heating at 1000C for 2 min, samples were electro-, 
phoresed in 8.7S% polyacrylamide gels by the method of Laemmli4. 
Gels were fixed in trichloroacetic acid, 10% (w/v); glacial acetic 
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acid, 10% (v/v); methanol, 30% (v/v) and dried down directly 
(32p samples) or treated with ENhance (NEN GmbH, Drieichenheim; 
all other isotopes) prior to drying and autoradiography. 

RNA samples. Cultures labelled with [3H1-uridine were 
solubilised in 2% sodium dodecyl sulphate, 5% mercaptoethanol, 20% 
glycerol, 1 x Loening buffer and electrophoresed in agarose as 
previously described for TGEV5 but with a horizontal 1% agarose 
slab gel in place of the rod gels used previously. For 
autoradiography, gels were compressed under filter paper to reduce 
their volume then enhanced overnight (NEN GmbH, Dreieichenheim) and 
dried under vacuum. 

In vitro translation. Polyadenylated RNA was extracted from 
uninfected and infected cells with guanidinium thiocyanate6 and 
eluted from an oligo(dT)-cellulose column7• In vitro translation 
was carried out with a rabbit reticulocyte lysate (Amersham 
International pIc, England) and monitored by the incorporation of 
[35S1-methionine. The products were reacted with hyperimmune 
serum raised in TGEV-infected cats and the immune precipitates 
were collected on Staphylococcus aureus cells prior to electro
phoresis as described aboveS• 

RESULTS 

Immunofluorescence. Fluorescent cells could be visualised 
by 6h after infection of LLC-PKI and APT/2 cultures and the staining 
increased in intensity to approximately IOh. After this time the 
number of infected cells in the APT/2 cultures increased whereas 
the LLC-PKI cultures showed little or no evidence of viral spread. 
The numbers of initially infected cells were consistent with the 
dilution of virus used, however, and were similar between the two 
cell types, indicating that the susceptibility of the cells to 
infection was not different. 

Plasue formation. A similar conclusion could be drawn from 
the results of plaque assay (Fig. 1). The numbers of plaques 
developing on the two cultures were approximately similar but the 
size of the plaques after 3 days clearly indicated that the several 
cycles of replication undergone in APT/2 cells had not occurred in 
LLC-PKI. 

Infectious virus yield. Whereas the infectivity yield from 
a single cycle of virus replication in APT/2 cells was equivalent 
to 30-50 pfu per cell, the infected LLC-PKI produced only I pfu 
per 2-10 cells. An attempt was made to adapt the virus or select 
a subpopulation capable of growing on LLC-PKI cells. Ten serial 
passes through LLC-PKI cultures, involving 20h of culture with 
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Fig. 1. 

APTI2 LLC-PK1 

Plaque assay in monolayer cultures of APT/2 and LLC/PKI 
cells. After lh incubation with O.lml of TGEV at the 
dilution shown, the cultures were overlaid, incubated 
at 37°C for 3 days and stained with crystal violet. 

virus, freeze-thawing and inoculating 10% of the culture into the 
next flask, were assayed and the infectivity dropped by approxi
mately 2 loglO during each of the first three passes. No 
infectivity was detectable from the fifth pass on. 

Virion purification. To determine whether non-infectious 
particles were produced by LLC-PKI cells, parallel cultures of 
APT/2 and LLC-PKnwere infected and incubated in the presence of 
[3~]-uridine or :[jHl-leucine. Both cultures were then processed 
to purify virus by gradient centrifugation and the radioactivity 
monitored. A clear band of radioactivity was detected in the 
linear sucrose gradient of APT/2 material. This was pelleted and 
showed the expected profile of structural polypeptides after 
electrophoresis (Fig. 2). There was no corresponding peak of 
radioactivity in the LLC-PKI derived material and the small amount 
of radioactivity that was recovered in the final pelleted 
preparation did not correspond to any of the major structural 
polypeptides. 
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Fig. 2. Electrophoresis of 
TGEV structural polypeptides. 
Two preparations of [3H]-leucine 
labelled virus, isolated from 
APT/2 cultures, were purified 
and electrophoresed as described. 
Molecular weights were determined 
by comparison with standard 
proteins. 

C12345678 
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Fig. 3. Agarose gel electro
phoresis of [3H]-uridine labelled 
RNA from uninfected (track C) and 
TGEV-infected (tracks 1-8) APT/2 
cells incubated with actinomycin
D. Cultures were labelled for 3 
hours before lysis: Tracks C & 
no. 1, 0-3h; no. 2, 3-6h; no. 
3, 6-9h; no. 4, 9-l2h; no. 5, 
l2-l5h; no. 6, l5-l8h, no. 7, 
l8-2lh; no. 8, 2l-24h. 

Viral RNA synthesis. Five major species of RNA were 
synthesised in TGEV-infected APT/2 cells incubated with 
actinomycin-D and [3H]-uridine. Fig. 3 shows the rates of 
synthesis over 24h in cultures receiving an input multiplicity of 
5-10 pfu/cell. Although more of the largest species accumulated 
during the 3H labelling period, the relative proportions of the 
bands stayed approximately the same during the growth cycle. The 
5 bands corresponded in size to genomic RNA and the 4 subgenomic 
species described previously9, shown in Fig. 4a. Comparison of 
the electrophoretic profiles obtained with RNA extracted from 
infected, actinomycin-D treated APT/2 and LLC-PKI cells (Fig. 4b) 
showed that the number, molecular weights and relative proportions 
of the bands is similar from the two cultures. 

RNA from uninfected and infected APT/2 and LLC-PKI cultures 
was extracted and the polyadenylated molecules purified on oligo 
(dT)-cellulose. This was then translated in a rabbit reticulocyte 
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Fig. 4. Agarose gel electro
phoresis of TGEV-specific RNA. 
a. APT/2-derived RNA with 
molecular weights in megadaltons. 
b. Comparison of APT/2-derived 
(track 1) with LLC-PK1-derived 
(track 2) viral intracellular 
RNA. 
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Fig. 5. Translation products 
of viral mRNA. Polyadenylated 
RNA from uninfected (track 2) and 
TGEV-infected (track 3) APT/2 
cells and from uninfected (track 
4) and TGEV-infected (track 5) 
LLC-PKl cells was translated in 
a rabbit reticulocyte system in 
the presence of [3S S]-methionine. 
The products were precipitated 
with immune feline antiserum and 
compared by polyacrylamide gel 
electrophoresis with purified 
virus (track 1). 

lysate and the products immune precipitated and electrophoresed in 
polyacrylamide gel. The autoradiographs shown in Fig. 5 
demonstrate that proteins made by APT/2 and LLC-PKl derived RNA 
are very similar and correspond to the precursor molecules of 
envelope polypeptides (26,000 mol. wt.) and peplomer (160,000 mol. 
wt.) and the nucleoprotein (47,000 mol. wt:). Other bands, 
particularly those between 26,000 and 47,000 mol. wt. may correspond 
to incomplete forms of the nucleoprotein or to non-structural 
proteins. The track of purified viral polypeptides shows some 
evidence of nong1ycosylated precursor to envelope protein (26,000 
mol. wt.) but none of the peplomer precursor. There does not 
appear to be any defect, therefore, in the synthesis of viral RNA 
in the LLC-PKl cell nor in the coding ability of the RNA made. 
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Intracellular 20lypeptide synthesis. Studies on the synthesis 
of viral specific polypeptides by TGEV FS 772/70-infected cells 
were complicated by the high level of host .protein synthesis. 
Actinomycin-D at l~g/ml reduced cellular RNA synthesis by more than 
98% but had no appreciable effect on cellular protein synthesis. 
Pretreatment with the antibiotic for l2-l8h prior to infection 
reduced endogenous protein synthesis to some extent but also 
reduced the yield of virus. 

Optimal results were achieved by using input multiplicities of 
infection in the range 50- 200 pfu/cell . Synthesis of most of the 
cellular proteins was reduced to approximately 50% and viral 
proteins could be detected by comparison with uninfected controls. 
Maximum viral polypeptide synthesis occurred between 8-l2h after 
infection and following this the infected cells showed marked 
cytopathic changes, detached from the substrate and lost their 
ability to incorporate radioactive amino acids. Fig. 6 shows the 
appearance of virus specific bands during 2h labelling periods up 
to 8h after infection. The nucleoprotein (47,000 mol. wt.) is 
the most apparent of the newly synthesised bands; that it 
comigrates in the gel with a host protein of similar size is 

Fig. 6. 

123 v 

Synthesis of TGEV polypeptides. APT/2 cells (tracks 
1-4) and LLC-PKI cells (§racks 5-8) were infected with 
TGEV and labelled with [ 5S]-methionine for 2h between 
0-2h (tracks 1 & 5), 2-4h (tracks 2 & 6), 4-6h (tracks 
3 & 7) and 6-8h (tracks 4 & 8). The polypeptides from 
purified virions are shown in track V for comparison. 
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unfortunate, but its identity has been confirmed by electroblotting 
onto nitrocellulose followed by reaction with TGEV antiserum, by 
comparison of the bands from uninfected and infected cells by 
oligopeptide mapping and, as discussed below, by the phosphorylation 
of the nucleoprotein. A heterogeneous group of bands in the 
28-30,000 mol. wt. region corresponds to the set of envelope 
proteins seen in the purified virion but any small amount of 
precursor to this species is masked by the presence of host proteins. 
Similarly, there is little evidence of peplomer polypeptide or its 
precursor in these gels, in part due to the relatively low amounts 
synthesised and the presence of host proteins at the same location 
but serological detection of electroblots has confirmed their 
presence as a double band at 200,000 and 220,000 mol. wt. and a 
small amount of material at 160,000 (data not shown). The 
patterns are clearer in Fig. 7 in which uninfected and infected 
APT/2 and LLC-PKI cells were labelled with [3H1-leucine, [35S1-
methionine or [3H]_glucosamine between 6 and l2h after infection. 
The peplomer proteins can be seen as a double band near the top of 
the glucosamine tracks, but there was insufficient incorporation 
of label into the 28-30,000 mol. wt. envelope proteins to detect 

Fig. 7. 

1 2 3 4 5 6 

-
Intracellular polypeptides from uninfected (tracks 1 & 3) 
and TGEV-infected (tracks 2 & 4) APT/2 cells and from 
uninfected (track 5) and infected (track 6) LLC-PKI 
cells. Tracks 1, 2, 5 & 6 received samples from cells 
labelled 4-8h after infection with [35s]-m~thionine, 
while tracks 3 & 4 received samples from [ H]-glucosamine
labelled cells. 
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them in this experiment. It should be noted that there are no 
major differences in the numbers or molecular weights of the viral 
polypeptides seen in the APT/2 and LLC-PKI cells and that all 
except one of the bands identified can be found in purified virions. 
The exception is the strongly labelled band with an apparent 
molecular weight of 42,000. This protein is produced late on in 
the replication cycle and is more pronounced in LLC-PKI cells than 
in APT/2 cells. Preliminary data from oligopeptide mapping 
suggests that this protein has sequences common to the 47,000 
mol. wt. nucleoprotein, thus it seems very likely that the 42,000 
mol. wt. band represents a specific degradation product of the 
nucleoprotein. The 42,000 protein is found in neither purified 
virions nor in vitro translation products but it is detected by 
antiserum on electroblots. 

The effect of tunicamycin, an inhibitor of N-linkage 
glycosylation, on TGEV polypeptide synthesis is seen in Fig. 8. 
There is a clear inhibition of envelope glycoprotein synthesis and 
the accumulation of a band at 26,000 mol. wt., corresponding in 
size to a major product from the in vitro translation and to a 
minor component of the purified virion7 This non-glycosylated 
precursor is detected with antibody after electroblotting but to 
date the accumulation of isotopically labelled or antigenically 
reactive precursor to the peplomer protein in the presence of 
tunicamycin has not been demonstrated. 

Phosphopolypeptide synthesis. Since phosphorylation of the 
viral nucleoprotein is likely to be important for its configuration 
and the subsequent formation of nucleocapsid, the production of 
phosphoproteins in TGEV-infected APT/2 and LLC-PKI cells was 
inv~stigated. Uninfected and infected cells were incubated with 
[32P]-orthophosphate between 6-12h after infection and were then 
solubilised in SDS/mercaptoethanol and electrophoresed as described 
above. A representative autoradiograph is shown in Fig. 9 and 
illustrates several features. There was a low level of 
phosphorylation in uninfected APT/2 cells whereas there were 
several host proteins phosphorylated in uninfected LLC-PKI. The 
47,000 mol. wt. nucleoprotein was well labelled in both types of 
infected cell but there were greater amounts of the 42,000 mol. wt. 
product, also phosphorylated, in LLC-PKI than in APT/2. There 
appeared to be phosphorylation of the 28-30,000 mol. wt. envelope 
proteins in the LLC-PKI cells. Preliminary data from oligopeptide 
analyses suggest that the phosphopeptide patterns of the 47,000 
mol. wt. molecules from infected APT/2 and LLC are very similar, 
if not identical, and that the phosphopeptides of the 42,000 
mol. wt. species are contained in the 47,000 mol. wt. protein. 
The phosphopeptides of the 28-30,000 mol. wt. group in the LLC-PKI 
cultures, on the other hand, do not appear to be common to those 
of 47,000 mol. wt. band, suggesting that the 32p counts in the .lower 
area of the gel are not derived from degradation of the nucleo
protein. 
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Fig. 8. The effect of 
tunicamycin on TGEV polypeptide 
synthesis. Uninfected (tracks 
1 & 3) and infected (tracks 2 & 
4) APT/2 cells and uninfected 
(tracks 5 & 7) and infected 
(tracks 6 & 8) LLC-PKI cells 
were incubated in the absence 
(1, 2, 5, 6 & 7) or presence 
(3, 4, 7 & 8) of l~g 
tunicamycin/ml and labelled with 
[35S]~ethione between 4-8h 
after infection. 

1 2 3 4 

Fig. 9. Intracellular 
phosphoproteins. Uninfected 
(tracks 1 & 3) and TGEV-infected 
(tracks 2 & 4) APT/2 and LLC-PKI 
cells (respectively) were 
labelled with [32P]-orthophosphate 
6-l2h after infection. 

To establish whether the enhanced degradation of nucleoprotein 
to the lower molecular species in LLC-PKI cells might account for 
their inability to produce virus, a time course of 32p incorporation 
was carried out. Fig. 10 shows an autoradiograph of samples from 
4h exposures to 32p during l-16h after infection and a pulse-chase 
sample labelled 4-8h then chased 8-l2h after infection. The 
greater extent of phosphorylation was again apparent in the 
LLC-PKI cell as was the faster synthesis of phosphorylated 47,000 
and 42,000 mol. wt. species. The pulse-chase lanes show, however, 
that phosphonucleoprotein is lost from both cell types between 
8-l2h after infection. Whether this represents degradation of the 
protein concomitant with synthesis of new molecules, irreversible 
dephosphorylation or packaging and export out of the cell is not 
clear and is presently being investigated. 
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Fig. 10. 

DISCUSSION 
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5 6 

Rate of phosphoprotein synthesis. TGEV-infected cells 
were labelled with e32P]-orthophosphate l-4h after 
infection (track 2), 4-8h (track 3), 8-12h (track 4) and 
12-l6h (track 5). Track I shows uninfected cells 
labelled 1-4h. The samples in track 6 were from 
infected cells labelled with [32P]-orthophosphate 4-8h 
after infection and then incubated in fresh unlabelled 
medium between 8-12h after infection. The tracks 
marked'S' contain samples from [35S]-methionine 
labelled, infected cells for comparison. 

There are several points in the replication cycle of a 
coronavirus that might be blocked in a non-permissive cell, from 
viropexis and entry to maturation and release. It is quite clear 
from the experiments reported that the virus is capable of 
initiating infection in LLC-PKI cells as readily as in APT/2 cells, 
giving the same number of infectious centres as measured by plaques 
and fluorescent foci. Having entered the LLC-PKI cell, the virus 
undergoes a phase of genomic RNA replication and formation of 
subgenomic RNA species indistinguishable from that of infected 
APT/2 cells as judged by amount, molecular weight and ability to 
be translated in vitro. That the messengers are equally functional 
in the cell is indicated by the synthesis of viral antigens, 
detected by immunofluorescence and radioimmune staining of 
electroblots, and the precursors of the structural polypeptides. 
The subsequent processing of these polypeptides by glycosylation 
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and phosphorylation appears to proceed as efficiently 1n the LLC-PKl 
as in the APT/2 cell and cells show marked cytopathic changes at 
about the same time in both cultures. Tunicamycin, an inhibitor 
of N-linked glycosylation, was shown to block the formation of 
both the envelope and peplomer glycopolypeptides in the two cell 
types. The first reports of the effect of tunicamycin on 
coronaviruses had indicated that the polypeptide of mouse hepatitis 
virus envelope protein contained no N-linked carbohydrate lO ,11,12 
but was processed in the Golgi apparatus with O-linked 
glycosylation. That this was not characteristic of coronaviruses 
generally was shown with infectious bronchitis virus13 and the 
present study confirms the peculiarity of mouse hepatitis virus. 

All the steps in the formation of the structural elements 
required for virion production appear, therefore, to be proceeding 
normally. And yet, there are few or no demonstrable virus 
particles released from the cell even after freezing and thawing. 
This implies therefore that a maturation step in the infected 
LLC-PKl cell is the location of the defect. 

It is possible that the mechanism for assembling virus 
particles at the membrane of the endoplasmic reticulum is faulty 
in LLC-PKl cells even though the organelle clearly functions 
adequately to support the cell. Further studies involving 
electron microscopy of infected cells might throw light on this. 
Another possibility, and one that we are presently investigating, 
is that the maturation block resides in the nucleoprotein 
phosphorylation step. 

Coronaviruses have been shown to contain a protein kinase 
capable of phosphorylating their nucleoprotein14 • Thus, they 
would seem to have no requirement for a cellular protein kinase. 
Our data suggest, however, that while APT/2 cells appear to have 
little endogenous protein phosphorylation, LLC-PKl cultures have 
an active protein kinase. This may reflect the transformed state 
of the LLC-PKl cell line; many transformed cells have been shown 
to carry oncornaviruses which code for an active protein kinase. 
Whereas the coronavirus protein kinase is active on serine 
residues14 ,15 the oncornavirus enzyme has been shown to 
phosphorylate tyrosine16 . We are presently studying the phospho
amino acids isolated from TGEV nucleoprotein produced in APT/2 and 
LLC-PKl cells to determine whether there are differences. It is 
not inconceivable that the presence of a phosphotyrosine residue 
at a site in the nucleoprotein essential for its secondary or 
tertiary structure might so alter the conformation of the molecule 
to make it unable to, form nucleocapsids and so start the virus 
maturation process. Different strains of TGEV might have small 
differences in the primary amino acid sequence of their nucleo
protein such that phosphorylation at sites other than serine could 
determine their ability to grow in transformed cell lines. 
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