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Coronaviruses were classified as a distinct group of viruses 
in 1968 (1) and four members of this group are recognized as human 
respiratory pathogens: These include B814 (2), the first human 
coronavirus (HCV) isolated 229E (3), OC-43 (4) and 692 (5), identi
fied by immunoelectromicroscopy only. In addition to the respiratory 
pathogens, two coronaviruses have been isolated while working with 
brain tissue from multiple sclerosis patients (6). These viruses 
cross-react antigenically with OC-43 but neither of these viruses 
have been implicated in respiratory disease. 

The HCVs 229E and OC-43 together may account for 5-35% of the 
upper respiratory infections of Americans (7). These viruses have 
distinct biologic and biochemical properties. Antigenically, OC-43 
is more related to the murine hepatitis virus (MHV) group, while 
229E does not cross-react with this group (8). The HCV 229E is 
readily adapted to grow in tissue culture, while OC-43 is diffi
cult to grow except in the brain of newborn mice. Therefore, the 
host range limitations of OC-43 preclude many biochemical studies. 

Biochemical studies have shown that OC-43 and 229E bgth 
have genomes with molecular weights of approximately 6X10 daltons 
(9,10). The genome is of positive polarity, i.e. it acts as a mRNA, 
and six additional intracellular mRNAs have been detected (10). 
Previous studies have shown that OC-43 and 229E code for at least 
six polypeptides with large variations in molecular weight (MW) 
for these polypeptides being reported (11). The structural 
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composition of the HeV 229E was therefore debatable and little 
information regarding the synthesis and processing of viral 
specific peptides was available. 

The object of the studies described herein was to determine: 
1) The kinetics of synthesis of 229E polypeptides; 2) Whether 
229E polypeptides are processed; and 3) The effects of tunicamycin, 
an inhibitor of glycosylation, and monensin, an inhibitor of intra
cellular transport, on the synthesis of viral proteins. 

Structural Proteins of HeV 229E 

Analysis of purified Hev 229E proteins labeled with 
35S-methionine showed that the virus is comprised of three major 
polypeptides. The largest polypeptide has a molecular weight of 
180K and labeling studies with sugar precursors have shown that 
this protein is glycosylated. The next largest polypeptide associ
ated with the virion is a 50K phosphorylated protein, which has 
been shown to be associated with the RNA genome. The third major 
protein associated with the virion consists of a family of poly
peptides having molecular weights of 25K, 23K and 21K, respectively. 
Some variation in the amount of each of these respective proteins 
was noted depending upon the viral preparations. With other corona
viruses differences in the molecular weights of these proteins 
have been correlated with the level of glycosylation (12,13). We 
have been unable to demonstrate glycosylation of the 25K, 23K or 
21K proteins, respectively, using labeled sugar precursors. Glyco
sylation of the 25K protein is inferred from inhibitor studies 
(see tunicamycin studies). 

In addition to the three major polypeptides minor polypep
tides having molecular weights of 107K, 92K and 39K, respectively, 
have been detected. 

Synthesis of Intracellular 229E Proteins 

The kinetics of synthesis of intracellular 229E proteins 
was investigated by pulse labelling infected cells for 15 min. at 
different times post-infection (PI). The results presented in 
Fig. 1, show that synthesis of proteins having molecular weights 
equivalent to the structural proteins of the virion, i.e. 18oK, 
50K and 23K, respectively, are first detected at 6hr post-infection 
(Fig. 1). Moreover, by Ilhr PI, host protein synthesis is almost 
completely shut-off as illustrated by the inhibition of actin 
synthesis (46K dalton protein). 

To investigate further the relationship of the proteins 
detected in infected cellular extracts and improve our ability to 
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distinguish the viral related proteins, antiserum prepared against 
purified 229E virions was used to immunoprecipitate pulse labelled 
proteins.3~nfected cells were pulsed at different times PI for 15 
min with S-methionine or pulsed for 15 min and chased for 60 
min. 
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Figure 1: SDS-PAGE analysis of pulse-chase labeled polypep
tides synthesized by 229E infected MRC~ cells. Cells were infected 
at an M.O.I. of 10 TCID50/cell and incubated with methionine
defic~5nt medium for 30 min prior to pulse-labelling for 15 min 
with S-methionine (400uCi/ml) in methionine-deficient medium. 
Cell extracts were prepared by scraping labelled cells into 
dissociation buffer containing SDS and 2-mercaptoethanol followed 
by boiling. Nucleic acid was removed from each extract by centri
fugation and 100,000 trichloroacetic acid precipitable counts 
from each cell extract were applied to the gel. Electrophoresis 
was carried out as previously described (14). M, mock-infected 
extract prepared at 11hr PI. 
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As may be seen from Fig. 2, synthesis of pulse-labeled viral 
related proteins can not be detected until 5hr PI at which time 
minor amounts of the nucleocapsid protein (NP) are detected. At 
6hr PI the 50K NP protein continues to be made but in vastly in
creased quantities and three additional proteins having molecular 
weights of 180K, 23K and 21K were seen for the first time. At 7hrs 
PI the amount of the 23K protein synthesized was increased and 
a new protein having a MW of 39K was detected. At 8hr PI three 
additional proteins having MW of 107K, 25K, and 18K (barely 
visible), respecitvely, were observed. Additional viral specific 
polypeptides were not detected beyond 8hr PI. 
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Figure 2: SDS-PAGE analysis of immunoprecipitates of labeled 
229E proteins. Infected cells were pulsed for 15 min, pulsed for 
15 min and chased for 60 min, or labeled from 5 to Ilhr post
infec~~on. Cellular extracts were prepared from cultures labeled 
with S-methionine and 229E proteins were immunoprecipitated 
with rabbit anti-229E serum using the procedure described by 
Famulari and Jelalian (16). M=mock-infected immunoprecipitate pre
pared at Ilhr PI. 

To determine if the viral proteins synthesized during a 15 
min pulse underwent post-translational clea~~ge or modification, 
infected cells were pulsed for 15 min with S-methionine and 
chased for 60 min with an excess of unlabelled methionine. We were 
unable to demonstrate the synthesis of additional viral proteins 
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during a 60 min chase (Fig. 2), but synthesis of some of the viral 
polypeptides could be detected earlier in the infectious cycle. At 
6hr PI following a pulse-chase, all viral proteins were detectable 
that could not be seen until 8hr PI following a 15 min pulse 
(Fig. 2). The amount of each protein synthesized at different times 
varied considerably. Synthesis of the 50K, 23K and 18K polypeptides 
remained relatively constant from 6 to 11hr. PI. Formation of the 
180K, 107K, 39K and 25K viral proteins, respectively, increased 
during the infectious cycle, until maximal synthesis was reached 
at llhr PI. 

Sturman (15) showed that the 180K glycoprotein of A59 is 
susceptible to proteases resulting in the formation of a 90K pro
tein. To determine if longer labeling resulted in the accumulation 
of smaller glycoproteins, cells were labeled from 5 to 11 hour PI 
and the immunoprecipitable proteins were analyzed (Fig. 2). The 
amount of the 107K glycoprotein was increased significantly during 
a longer labelling period and a minor glycoprotein having a molec
ular weight of 92K was observed (Fig. 2). 

These results suggested that precursors to the 180K and 25K 
proteins may undergo post-translational processing. In addition, 
it may be noted that significant quantities of labeled material 
did not penetrate the gel (Fig. 2), especially pulse-chase labeled 
proteins. Labeled proteins observed at the top of the gel could 
have represented aggregated glycoprotein since the samples were 
disrupted for electrophoresis by boiling in the presence of SDS 
and 2-mercaptoethanol. This procedure has been shown to cause 
virus glycoproteins to aggregate (22). These conditions may have 
led to the formation of the 39K and 18K proteins as well. 

During a short 15 min pulse, detection of a glycosylated 
or partially glycosylated precursor to the 180K protein was ex
pected, but a protein of this nature was not observed (Fig. 2). 
The possibility remained that the precursor aggregated and did not 
penetrate the gel, therefore, conditions of dissociation were 
altered. At 11hr PI, infected cells were pulsed for 15 min and 
chased from 15 to 105 min with excess unlabelled methionine. 
Samples were taken at 15 min intervals. Viral related proteins were 
immunoprecipitated and dissociated at 37°C for 30 min in the pre
sence of SDS and 2-mercaptoethanol. Following electrophoresis 
the only proteins detectable were the 180K, 50K, 25K, 23K and 21K 
proteins, respectively. During the chase, the amount of the 25K 
protein increased whereas the amount of the 23K and 21K protein 
decreased suggesting that the 23K and 21K proteins are processed 
to yield the 25K protein. A precursor to the 180K protein was not 
observed but slight increases in the amount of the 180K protein 
were noted during the chase. When the conditions of dissociation 
were altered, the 107K, 92K, 39K and 18K proteins, respectively, 
were not observed, suggesting further, that these proteins are 
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formed by aggregation or contain heat labile bonds. 

Synthesis of Intracellular 229E Proteins in Tunicamycin Treated 
Cells 

To further define the processing events that 229E proteins 
appeared to undergo, we analyzed the effectCs) of tunicamycin on 
viral protein synthesis. Tunicamycin is an antibiotic analogue of 
UDP-N-acetylglucosamine which blocks the synthesis of dolicholpyro
phosphate-N-acetylglucosamine C17,18). The result of this inhibition 
is the prevention of the en bloc transfer of core oligosaccharides 
to asparagine residues of-nascent glycoprotein precursor molecules. 
Thus, glycoproteins synthesized in tunicamycin treated cells do 
not acquire N-glycosidically linked oligosaccharides. 
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Figure 3: SDS-PAGE analysis of immunoprecipitates of labeled 
229E proteins synthesized by tunicamycin treated cells. Infected 
cells were treated with 2 pg/ml of tunicamycin starting at lhr 
post-infection. Labeling procedures were the same as described in 
Fig. 1 and 2. M=mock-infected immunoprecipitate prepared at llhr 
PI. 

Infected cells were treated with tunicamycin C2 pg/ml) 
starting at lhr PI and infected cells were pulse labeled or pulse 
chased as in the above experiment. Viral proteins labeled for 
15 min in tunicamycin treated cells at designated time periods 
are shown in Fig. 3. Synthesis of the SOK NP protein began at 
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approximately 6 hours PI in tunicamycin treated (Fig. 3) and un
treated cells (Fig. 1 and 2). At 7hr PI, trace amounts of the 23K 
protein were detected in tunicamycin treated cells and by 11hr PI 
(Fig. 3) the 50K, 23K and 21K proteins, respectively, were clearly 
visible. Noticeably absent were the 180K, major glycoprotein, and 
the 25K protein. The results obtained following a 15 min pulse 
and 60 min chase (Fig. 3) did not differ appreciably from the 15 
min p~!se studies. But, when tunicamycin treated cells were labeled 
with S-methionine from 5 to 11 hours PI (Fig. 3), small amounts 
of the 180K and the 25K protein were detected compared to un
treated cells (Fig. 2). More notable was the large amount of 23K 
protein that accumulated in tunicamycin treated cells during the 
labelling period from 5 to 11 hours PI. 

These studies suggested that: 1) The 180K and 25K proteins 
are N-glycosylated; 2) the 23K and 21K proteins may be precursors 
to the 25K protein and 3) a non-N-glycosylated precursor to the 
180K protein can not be demonstrated in tunicamycin treated in
fected cells. But as previously noted, when samples were incubated 
at 1000 C prior to electrophoresis, labeled material remained at 
the gel origin and similarly labeled material can be seen at the 
top of Fig. 3. To rule out the possibility that the precursor 
remained at the origin, the dissociation conditions were altered. 
The immunoprecipitated proteins were heated at 37°C as opposed 
to the previous dissociation by boiling and then analyzed by SDS
PAGE. Only the 50K, 23K and 21K proteins, respectively, were 
synthesized during a 15 minute pulse. Following a 30 minute chase, 
the amount of the 50K and 23K proteins synthesized was unchanged, 
i.e. the 23K protein did not appear to chase. After altering the 
dissociation conditions, a precursor to 180K was not noted and 
label at the top of the gel dissappeared. The 25K protein was 
totally absent. Therefore, it was concluded that the 180K and 25K 
proteins, respectively, are N-glycosylated. 

Synthesis of Intracellular 229E Proteins in Monensin Treated 
Cells 

Based on the studies described above the 180K and 25K pro
teins undergo post-translational modification by the addition of 
N-glycosidically linked oligosaccharides, and the electrophoretic 
properties of a number of the viral proteins are altered by the 
conditions of dissociation prior to electrophoresis. We were 
interested in determining what effect(s) inhibition of transport 
of nascent glycoprotein precursors might have on processing of 
the viral proteins, because coronaviruses are assembled at mem
brane sites within the cytoplasm. Monensin, a monovalent ionophore 
that inhibits the transport and plasma membrane expression of 
membrane associated glY~8proteins (19,20,21) was chosen as an 
inhibitor. Monensin (10 M) was added to infected cells at 1hr 
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PI and treated cells were pulse labeled for 15 min or pulsed 
for 15 min and chased for 60 min at different times PI. As may be 
seen from Fig. 4, monensin did not alter the onset of viral protein 
synthesis, i.e. at 5 - 6hr PI, compared to untreated infected cells 
(Fig . 2). However, there was a noticeable difference in the 
relative amount of viral proteins synthesized in monensin treated 
cells. In treated cells only the 50K protein is detectable (Fig. 4) 
at 6hr PI, whereas, in non-treated cells the 180K, 50K, 23K and 
21K proteins, respectively, were synthesized during a 15 minute 
pulse (Fig. 2) by 6hr PI. The amount of the 50K protein synthesized 
in monensin treated cells was approximately the same as that 
synthesized in untreated cells. By 7hrs PI trace amounts of the 
39K and 23K proteins (Fig. 4) were observed. At 11hr PI synthesis 
of the 180K, 50K, 39K and 23K protein, respectively, were evident , 
but there appeared to be an increased accumulation of the 23K 
protein (Fig. 4) compared to the amount synthesized in untreated 
cells (Fig. 2). 
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Figure 4 : SDS-PAGE analysis of immunoprecipitates of labeled 
229E proteins synthesized ~~ monensin treated cells. Infected 
cells were treated with 10 M monensin starting at 11hr PI. Label
ing procedures were the same as described in Fig. 1 and 2. M=mock
infected immunoprecipitate prepared at 11hr PI. 

Synthesis of the 180K and 25K proteins was not observed 
during a 15 min pulse until 11hr PI in monensin treated cells 
(Fig. 4), whereas, the 180K protein was detectable during a 15 min 
pulse at 6hr PI in untreated cells (Fig. 2). Following a pulse of 
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15 min and chase of 60 min, both the 180K and 23K proteins were 
noted at 7hr PI in monensin treated cells. At 11hr PI (Fig. 4) 
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trace amounts of the 25K protein were visible and significant amounts 
of the 180K protein were detectable, but the amounts were substan
tially less than that seen in untreated cells (Fig. 2). The 107K 
and 92K proteins that may be derived from the 180K protein were 
not present in monensin treated cells. The effect of inhibition 
of glycoprotein transport was demonstrated further by long term 
labelling from 5-11hr PI. Small amounts of the 25K and 21K protein 
were detected during the long term labelling period but there 
appears to be an overall accumulation of the 23K protein. Moreover, 
only small amounts of the 180K protein (Fig. 4) were observed at 
11hr PI in monensin treated cells, whereas in pulse-chase experi
ments, large amounts of the 180K protein were observed at 7hr PI 
in untreated cells (Fig. 2). 

Proteins isolated from monensin treated cells and prepared 
for electrophoresis by boiling accumulated at the top of the gel 
like those synthesized in untreated and tunicamycin treated cells. 
Therefore, the conditions of dissociation were altered as described 
for proteins synthesized in untreated cells. At 11hr PI, monensin 
treated cells were pulsed for 15 minutes and chased from 15 to 105 
minutes with excess unlabelled methionine. Proteins were immuno
precipitated from cell extracts at 15 minute intervals and separated 
by gel electrophoresis. Under these conditions the 180K, 50K, 25K, 
23K and 21K proteins, respectively, are detectable but the amount 
of the 180K and 25K proteins synthesized are substantially less 
than in untreated cells. These results suggest that the addition 
of N-glycosidically linked oligosacharides to the 180K and 25K 
proteins is significantly reduced in monensin treated cells, which 
may lead to an accumulation of the 23K protein and possibility 
to the catabolism of the 180K unglycosylated precursor. 

Discussion 

The structural protein composition of the HeV 229E differs 
little from that reported for other coronaviruses (13,15,22-25). 
It is comprised of three major polypeptides, a high molecular weight 
glycoprotein, 180K, a phosphorylated nucleoprotein, 50K, and a 
family of proteins having molecular weights of 25K, 23K and 21K, 
respectively. In addition to these major proteins, minor polypep
tides having molecular weights of 107K, 92K and 39K, have been 
shown to be associated with virions. 

One of the objectives of the study presented herein was to 
determine if 229E proteins undergo post-translational processing. 
This study indicates that at least two proteins, the 180K and 25K 
proteins, respectively, undergo glycosylation, a post-translational 
event. Variation in molecular weight(s) of the small viral pro-
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tein(s), i.e. the 25K, 23K and 21K proteins, respectively, has 
been attributed to differences in the glycosylation pattern of 
these proteins (12,13). Using labeled sugar precursors we have 
been unable to demonstrate the glycosylation of the 25K, 23K or 
21K proteins, respectively, but it is likely that the 25K protein 
is N-glycosylated. Evidence for N-glycosylation of the 25K protein 
is based on two studies: (1) When pulse-chase labeled proteins 
were immunoprecipitated from tunicamycin-treated cells the 25K 
protein could not be detected, whereas an accumulation of the 
23K protein was observed; and 2) treatment of the infected cells 
with monensin delayed and substantially decreased the synthesis 
of the 25K protein. The effect of tunicamycin is to block 
N-glycosylation and monensin alters transport of glycoproteins 
through the golgi complex, where N-glycosidically linked oligo
saccharides are processed. The net effect is inhibition or slowing 
of glycosylation of the 25K protein and this was the phenomenon 
which was observed. Therefore,the 25K protein is probably 
N-glycosylated. 

Other investigators (12, 26) have reported evidence for the 
addition of O-linked oligosaccharides to a polypeptide having a 
molecular weight of 23K in A59 infected cells. Monensin has been 
reported to inhibit the addition of O-linked oligosaccharides 
to herpesvirus glycoproteins (27), but an accumulation of the 
presumed unglycosylated precursor 21K protein in monensin treated 
229E infected cells was not noted. Moreover, in herpesvirus in
fected cells post-translational modification by the addition of 
O-linked oligosaccharides appears to be a late event in the golgi 
apparatus. In MRC~ cells, the addition of O-linked oligo saccharides 
must occur very r~pidly since the 21K and 23K proteins appear 
simultaneously at 6hr PI and the 23K protein is more readily 
detected than the 21K protein. If O-glycosylation of the 21K 
protein does not occur, then we do not have an explanation for 
event(s) leading to the synthesis of the 23K protein. 

The 180K protein in addition to being glycosylated, may be 
further modified by cellular proteases. A 107K protein was detected 
in cells pulsed for 15 min at 8hr PI but when cells were pulsed 
for 15 min and chased for 60 min, the 107K protein was detected 
at 6hr PI. The 92K protein was only detected when cells were 
labeled from 5 - 11hr PI. The relationship between the 107K and 
92K proteins has not been established but they are glycosylated 
and are immunoprecipitated by rabbit anti-229E serum. Sturman 
(15) showed that the 180K protein of A59 is cleaved by proteases 
to yield two proteins, both having a molecular weight of 90K. 
Whether the 107K and 92K together equal the 180K protein or 
whether the 107K is processed further to yield the 92K protein 
has not been determined. It is noteable that the 107K and 92K 
proteins were absent from immunoprecipitates that were prepared for 
electrophoresis by incubation at 37°C. This result suggests that 
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proteins were absent from immunoprecipitates that were prepared for 
electrophoresis by incubation at 37°C. This result suggests that 
breakdown of the 180K protein may occur because of heat-labile 
bonds rather than by the action of proteases. 

Siddell et al (25) observed processing of a precursor 150K 
protein in JHM-rnfected cells to a glycosylated 170K protein that 
appeared to undergo further processing to yield a glycosylated 
98K molecule. A precursor to the glycosylated 180K protein of 
229E could not be detected. But the inability to detect non
glycosylated precursors is not restricted to our system. The 
hemagglutinin (HA) glycoprotein of fowl plaque virus an influenza 
virus is degraded when it is not glycosylated (28,29), whereas 
the HA protein of WSN, another influenza virus, can be detected 
in an unglycosylated form designated HAO (30) and it is incorpor
ated into virions. Thus, processing of precursor proteins depends 
to a certain extent on the virus-cell system. 

Two other proteins having molecular weights of 39K and 18K, 
respectively, were consistently detected when immunoprecipitated 
proteins from infected cells were boiled before electrophoresis. 
However, if samples were prepared for electrophoresis by dissoci
ation at 37°C these proteins could not be detected. It is there
fore probable that these proteins form as a result of the dis
sociation conditions as previously shown for A59 (22). 
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