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Summary. We analyzed the characteristics of seven monoclonal antibodies
(mAbs) raised against purified HE (hemagglutinin-esterase) glycoprotein of the
murine coronavirus DVIM (diarrhea virus of infant mice). Immunocrossreaction
of these mAbs with JHM and/or MHV-S suggest that antigenic epitopes of HE
of DVIM are similar to those of JHM and/or MHV-S. Four mAbs (1b4, 3a28,
4c19, 10b7), designated as group A mAbs, strongly inhibited both HA and AE
activities. On the other hand, three mAbs (5a3, 6a6, 13a4), referred to as group B,
had a comparatively weak HA inhibition activity. These results indicate that the
antigenic epitopes of this glycoprotein can be classified into at least two groups
and that the functional sites of HA and AE activities are similar but not identical.
Neutralizing activity was shown in group A mAbs exclusively, suggesting that
the ratio of HA and/or AE activities may play important roles in the cell fusion
activity of DVIM-infected cells.

Introduction

Coronaviruses are enveloped viruses containing a single-stranded RNA genome of
positive polarity [3–5]. Murine coronavirus MHV-DVIM is an enteropathogenic
coronavirus causing severe diarrhea in newborn mice [6–8]. As described in a pre-
vious report [8], by treatment of DVIM with the non-ionic detergent NP-40 we
isolated the HE protein, which carries the functional sites for both acetylesterase
(AE) and the haemagglutination (HA) activities. The contribution of these ac-
tivities to infection by MHV-DVIM is not yet known, nor is their relation to the
antigenic epitopes. To know the antigenic properties of HE, several monoclonal
antibodies (mAbs) raised against the purified protein were established and used
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to characterize the HE protein. In the present report, we provide evidence that
the functional sites for AE and HA activities have separate locations on the HE
protein. Furthermore, mAbs that inhibit AE activity also suppress the ability of
DVIM to cause cell fusion fromwithin.

Materials and methods

Virus and cells

Murine coronavirus MHV-DVIM was grown in DBT cells using Eagle’s MEM supplemented
with 7% newborn calf serum (GIBCO) and 3% tryptose phosphate broth (DIFCO). The virus
was purified as described previously [6, 7].

Acetylesterase (AE) assay and acetylesterase inhibition (AEI) assay

The AE activity was determined according to the methods described by Vlasak et al.
[9, 10]. Purified virions dissolved in 50ml of PBS (l mg/ml) were reacted with 50ml of
mAbs (0.15mg/ml) (dilution rate 10−1 to 10−3) for 1 h atroom temperature. After addition
of 50 ml of esterase substrate (l mM p-nitrophenilacetate: dissolved in 1% acetonitril), the
solution was incubated for 10 min at 37◦C, and hydrolysis of the substrate was monitored at
OD400nmwith a spectrophotometer (HITACHI 150-20). The inhibitory effect was expressed
as the percentage against a blank that contained PBS instead of the virus.

Haemagglutination (HA) and haemagglutination inhibition (HAI) assay

HA assays were performed in V-shaped microtiter plates as described previously [6] using
0.5% (vol/vol) erythrocytes of Balb/c mice (in Dulbecco’s PBS, pH 7) supplemented with
0.3% bovine serum albumin (BSA: Sigma). The titer was recorded as the reciprocal value
of the highest dilution causing a detectable HA reaction. HAI assays were also carried out
in microtiter plates. Aliquots of 25ml of purified virions (4-HAU) were reacted with 25ml
of serial two-fold dilutions of mAbs in a V plate. After 1 h at 4◦C, 50 ml of 0.5% (v/v)
erythrocytes were added. After incubation for 12 h at 4◦C, the HI titer was recorded as the
reciprocal value of the highest dilution causing a detectable inhibitory effect.

Preparation of monoclonal antibodies(mAbs)

The preparation method was the same as that described in a previous paper [8].

Neutralization test

Neutralization tests by mAbs were carried out by a semimicro reduction assay [1, 2]. The
virus (0.1 TCID50/ml) was mixed with diluted antibodies, incubated for 1 h at 4◦C, and plated
onto 24-well plates. After adsorption for 1 h atroom temperature, the plates were washed
with PBS (pH 7.4), and the culture medium was added to the cells. The neutralization titer
was expressed as the highest antibody dilution that prevented virus infection (TCID50/ml).
The ratio of fusion formation was calculated from the number of nuclei in which the cells
formed a syncytium.

Results

Preparation of mAbs against HE protein of DVIM

Since gp69 was identified as the HE glycoprotein of DVIM [8], we attempted
to characterize the antigenic sites of this glycoprotein. We obtained seven clones
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Table 1. Antigenic analysis of mAbs of the HE protein

Neutralization
Antigen site Subgroup mAbs Isotype titer CPEc

group HAIa AEIb 12 h p.i.

A (^1024)+ + ++ (80%)+ + ++ A-1 4c19 lgG1/k 320−1

(^1024)+ + ++ (55%)+ + ++ A-1 10b7 lgG1/k 320−1

(64)++ (85%)+ + ++ A-2 3a28 lgG1/k 80−1

(32)++ (85%)+ + ++ A-2 1b4 lgG1/k 40−1

B (4)+ (86%)+ + ++ B-1 5a3 lgG1/k + + +
(%2)+ (12%)+ B-2 6a6 lgG1/k + + +

(8)+ (11%)+ B-2 13a4 lgG1/k + + +
aHAI was determined as described in Materials and methods
bAEI was determined at the dilution of 1:500 of mABs
cNeutralization activity was expressed as the reciprocal of the highest dilution of mAb

that showed fusogenic CPE at 12 h post infection. CPE (syncytium) (+ + +) developed
overall in the cell sheet

Fig. 1. Reactivity of mAbs with the HE protein of
DVIM shown by Western blot analysis. After solubiliza-
tion in a sample buffer with 2-mercaptoethanol, DVIM
virions were subjected to electrophoresis on 12.5%
SDS-polyacrylamide gels. Following transfer to a nitro-
cellulose membrane, the proteins were incubated with
an mAb as described in Materials and methods. As a
negative control, PBS was reacted instead of the 1st an-
tibody. The molecular weights are indicated on the left.
The arrow on the right side points to the HE protein of
DVIM

of mAbs (4c19, 10b7, 13a4, 1b4, 3a28, 5a3 and 6a6) directed against the HE
glycoprotein. All of them were identified as belonging to the IgG (1/k) isotype
(Table 1) and reacted with the polypeptide of the gp69 kDa of DVIM in Western
blot analysis, indicating that they recognize an epitope that exists on this gly-
coprotein (Fig. 1). These mAbs were also examined for the crossreactivity with
other strains of MHV as well as with influenza C virus, which also contains an
acetylesterase, by Western blot analysis. As shown in Fig. 2, six mAbs recognized
a major 69 kDa protein of MHV-JHM but no crossreactivity was observed with
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Fig. 2. Analysis of the mAbs for crossre-
activity with MHVs or influenza C virus.
The following strains were used:1 MHV-S,
2 MHV-2, 3 MHV-3, 4 MHV-4, 5 influenza
C/Miyagi/77. The position of M.W. markers
is shown on the left. The arrow on the right in-
dicates the major band of HE (approximately
M.W. 69 kDa)

MHV-2, MHV-3 and influenza C/Miyagi/77 virus (Fig. 2). However, mAb 13a4
also reacted with gp65 of MHV-S. These results indicate that the HE glycoprotein
of DVIM has antigenic similarity with that of MHV-JHM and to some extent also
with MHV-S.

Inhibition of biological activities by mAbs

To determine the biological properties of these mAbs, we examined their
inhibitory activities against acetylesterase, hemagglutination, and fusion (from
within) activites, respectively. Inhibition of acetylesterase (AEI) was analyzed by
determining the effect of the mAbs on the ability of the viral enzyme to release
p-nitrophenol from p-nitrophenylacetate. As shown in Table 1, five mAbs (4c19,
10b7, 3a28, 1b4 and 5a3) showed high AEI titers (55–86%). Two mAbs (6a6
and 13a4) were found to have low levels (10–12%) of AEI titer. High hemagglu-
tination inhibition (HAI) titers (> 512) were measured with three mAbs (10b7
and 4c19). With two mAbs (1b4 and 3a28), intermediate values (32–64) were
obtained. The mAbs (6a6, 5a3 and 13a4) had low HAI titers (<4∼ 8) (Table 1).
These data suggest that these mAbs were classifiable into at least two groups:
group A (4c19, 10b7 and 1b4) that has a high titer to both activities and an in-
termediate titer to the HA activity, and group B (5a3, 6a6 and 13a4) that has low
titers to both activities (Fig. 5 and Table 1). To determine the correlations between
AE and HA active sites, the inhibitory effects against HA and AE activities by
DFP were also tested. Inhibitory effects were shown only in the AE activity and
not in the HA activity (data not shown). These results suggests that HA and AE
active sites that exist on the HE glycoprotein of DVIM are separated etiologically.

We examined the cytopathic effect of mAbs with respect to the formation of
syncytia in DVIM-infected cells. Fusion was evident at 12 h postinfection (p.i.).
The mAbs 5a3, 6a6, and 13a4 were unable to prevent this cytopathic effects, and
no syncytia formation was observed at 12 h p.i. when the virus was treated with
mAbs 1b4, 3a28 and 4c19 prior to infection (Fig. 3). It should be noted, however,
that these antibodies did not completely neutralize DVIM. They only delayed
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Fig. 3. Inhibitory effects of mAbs on DVIM-infected DBT cells. DBT cell-sheets were
treated with (0.1 TCID/50) virus-antibody mixtures for 1 h at 4◦C, and plated onto 24-well
plates. After washing with PBS, the cells were fed with culture medium and photographed
at 12 h p.i.Mock Cell control,v virus control,a 1b4,b 3a28,c 4c19,d 5a3,e 6a6,f 13a4.

Cytopathic effect (fusionfrom within) is shown by asteriks
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Fig. 4. Inhibitory effect of mAbs on
syncytium formation (cytopathogenic
effect) of DVIM (at approx. m.o.i.
at 1.0) after treatment with diluted
mAbs (diluted× 4). -m- mAb13a4, -d-
mAb4c19, -j- PBS+virus

Fig. 5. Inhibition of acetylesterase by mAbs. The inhibitory effect of AE was assayed as
described in Materials and methods. Hydrolysis of substrates (p-nitrophenilacetate) was
monitored at OD400nm with a spectrophotometer. -m- mAb4c19, 10b7, 3a28, 1b4, -4- 5a3,
6a6 13a4. The representative reaction of these was demonstrated. -u- Reaction of purified

virus (100mg/ml).-d- Inhibition with DFP

virus cell fusion activity, because syncytia were observed by 24 h p.i. (Fig. 4).
These data indicate the existence of a neutralization factor on the HE glycoprotein
of DVIM.

Discussion

The role of the HE protein in virus infection is unclear [3–5]. For some viruses,
such as bovine coronavirus and human coronavirus OC43, this protein appears to
be essential, because no variants or mutants that lack this protein have been found
[3, 5]. The esterase activity of HE has been suggested to play a role either in virus
entry or in virus release [3–5]. Though MHV is serologically related, it differs
from the other viruses of this serogroup in several aspects. While the bovine and
human counterparts use 9-O-acetylated sialic acid on the plasma membrane for
binding to cells, biliary glycoprotein serves as a receptor for MHV [1, 9, 10]. In
addition only some strains of MHV contain an HE-protein, while others lack such
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a protein [3, 5]. Even strains like DVIM that contain an HE-protein and thus are
able to release the O-acetyl groups from N-acetyl-9-O-acetylneuraminid acid use
biliary glycoprotein as a receptor [2]. Thus, the importance of the HE-protein for
MHV is not known.

To obtain more information about the HE protein, we raised antibodies to
this protein and analyzed their effect on the biological activities of HE. With
respect to inhibition of hemagglutination activity and acetylesterase activity, there
were antibodies that had a high titer to both activities or a high titer to one
activity and an intermediate titer to the other activity. Two antibodies had low
titers to both activities. From these results, we conclude that there are several
epitopes present on the HE protein. The data also indicate that the functional
sites of the hemagglutination and acetylesterase activities are similar but not
identical. None of the antibodies completely neutralized DVIM. However, some
of the antibodies delayed the onset of syncytium formation and the cytopathic
affect. All these antibodies had high AEI activities and high or intermediate HAI
activities. The antibodies that had low titers to both activities did not delay the
fusion of infected cells. Therefore, a functional acetylesterase activity and/or
hemagglutination activity appear to be necessary for optimal infection by DVIM.
Further investigation is needed to determine the exact role of the HE protein. The
antibodies described here should be helpful in this respect.
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