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INTRODUCTION 

Receptor-destroying enzymes have long been thought to be 
present only on influenza viruses and paramyxoviruses but not on 
other animal viruses. Paramyxoviruses as well as influenza A and B 
viruses are able to inactivate their own receptors by virtue of a 
neuraminidase which cleaves terminal sialic acid from glycopro
teins or gangliosides (Drzeniek, 1972). The corresponding enzyme 
of influenza C virus is a sialate 9-0-acetylesterase which re
leases acetyl residues from position C-9 of N-acetyl-9-0-acetyl
neuraminic acid (Neu5,9Ac2) (Herrler et al., 1985). Recently, se
quencing of the genome of mouse hepatitis virus revealed an open 
reading frame which surprisingly showed some similarity to the 
glycoprotein HEF of influenza C virus (Luytjes et al., 1988). This 
finding prompted a search which resulted in the discovery that bo
vine coronavirus (BCV) contains a sialate O-acetylesterase similar 
to the receptor-destroying enzyme of influenza C virus (Vlasak et 
al., 1988a). This enzyme is inhibited by diisopropylfluorophos
phate (DFP), which binds covalently to serine in the active-site 
of serine proteases and esterases. By using a radioactive form of 
this inhibitor protein E3 of BCV was identified as esterase 
(Vlasak et al., 1988b). The same glycoprotein has been shown pre
viously to be involved in the hemagglutinating activity of BCV 
(King et al., 1985). Therefore, E3 is designated HE. 

Here we report that an acetylesterase is also present on 
hemagglutinating encephalomyelitis virus (HEV), a porcine corona
virus. The purification of this esterase is described. 

RESULTS 

HEV is related to BCV both serologically and in its 
hemagglutinating properties. We analyzed whether HEV also has ace
tylesterase activity like BCV. strain NT-9 of HEV, which has been 
isolated by nasal swab from a pig (He~ and Bachmann, 1978), was 
grown in MOCK I cells and purified by centrifugation through a 
sucrose gradient. The purified virus was analyzed for its ability 
to release acetate from p-nitrophenylacetate (PNPA). As shown in 
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Fig. 1. Esterase activity of HEV. Purified HEV was incubated 
for various times with p-nitrophenylacetate at room 
temperature. Cleavage of the substrate was assayed 
by determining the optical density at 405 rum. 
Control virus (circles) and virus pretreated with 
1 ~ of diisopropylfluorophosphate for 30 min 
at 4°C (squares) were compared. 

Fig.1, HEV cleaved the substrate resulting in a time-dependent in
crease of the optical density. As the esterases of both BCV and 
influenza C virus have been reported to be serine hydrolyses which 
are inhibited by diisopropylfluorophosphate (DFP) , it was of in
terest to find out whether the enzyme of HEV is also sensitive to 
this inhibitor. As shown in Fig. 1, no enzyme activity was detect
able after pretreatment of virus with 1 ~ DFP for 30 min. This 
result indicates that the esterase of HEV is a serine hydrolase. 
In order to identify the viral protein responsible for the 
acetylesterase activity of HEV, the same approach was chosen, 
which had been used in the case of BCV (Vlasak et al., 1988b). Pu
rified HEV was incubated with 3H- DFP for 30 min at 4°C and then 
analyzed by SDS-polyacrylamide gel electrophoresis. The result is 
shown in Fig. 2. Following staining with Coomassie Brilliant Blue 
the viral proteins N, M, S, and HE became visible. The radioactive 
label was found to comigrate only with the latter glycoprotein. 
The identity of the 3H-DFP-labeled protein was confirmed by ana
lyzing the sample in the absence and presence of reducing agents. 
Under non-reducing conditions the labeled protein was detected in 
a position expected for a protein with a molecular weight of 
about 140 kDal. In the presence of dithiotreitol the apparent size 
is reduced to about 65 kDal indicating that in the native protein 
monomers are connected by disulfide bonds to form a dimeric 
structure. This migration behavior is characteristic for the viral 
protein involved in the hemagglutinating activity of HEV 
(Callebaut and Pensaert, 1980) and therefore, in analogy to BCV, 
is designated HE. 
In order to isolate the esterase of HEV from the viral membrane, 
purified virions were treated with 1% octylglucoside (OG). The 
nucleocapsid as well as the M-protein were pelleted by centri
fugation for 30 min at 25.000 x g (not shown). The glycoproteins 
remaining in the supernatant (S and HE) were loaded onto a 10-30% 
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Fig. 2. Identification of the esterase protein of HEV. 
Purified virus was incubated in the presence of 
3H- DFP for 30 min on ice and then analyzed by SDS
polyacrylamide gel electrophoresis in the absence 
(lanes a and c) and presence (lanes b and d) of 
dithiotreitol. The gel was stained with Coomassie 
Brilliant Blue (lanes a and b) and processed for 
fluorography (lanes c and d) 
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Fig. 3. Purification of the acetylesterase of HEV. The 
supernatant of octylglucoside-treated virions was 
centrifuged through a sucrose gradient (see text) 
and the fractions were analyzed by SDS
polyacrylamide gel electrophoresis under non
reducing conditions. 
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Table 1. Effect of the acetylesterase from HEV on the 
receptors for HEV, BCV, influenza A (WSN) and 
C (JHB/1/66) virus on chicken erythrocytes 

hemagglutination titer (HA-units/ml) 
treatment of ------------------------------------
erythrocytes BCV HEV JHB/1/66 WSN 

none 256 256 512 1024 

acetylesterase <2 <2 <2 1024 

sucrose gradient in PBS containing 1% OG. Following centrifugation 
at 42.000 rpm for 16 h in SW55 rotor, fractions were collected 
from the bottom of the tube and analyzed by SDS-polyacrylamide gel 
electrophoresis. As shown in Fig. 3, S-protein was detected in 
fraction 3, while most of HE was recovered from fraction 6. Analy
sis of the fractions for acetylesterase activity revealed that 
only fractions containing HE were able to release acetate from 
PNPA. This result confirms that HE is responsible for the esterase 
activity of HEV. 

The purified acetylesterase of HEV was analyzed for its 
ability to function as a receptor-destroying enzyme. Chicken red 
blood cells suspended in PBS were incubated with purified ace
tylesterase (fraction 6, Fig. 3) for 60 min at 37°C. The treated 
erythrocytes were used for a hemagglutination assay with two coro
naviruses as well as with influenza A and C viruses. The result is 
shown in Table 1. While high hemagglutination titers of all four 
strains were obtained with control erythrocytes, only strain WSN 
of influenza A virus agglutinated chicken red blood cells treated 
with acetylesterase from BCV. Erythrocytes incubated in the pre
sence of HE were completely resistant to agglutination not only by 
HEV but also by BCV and strain JHB/1/66 of influenza C virus. This 
result shows that the purified HE can function as receptor-de
stroying enzyme and that HEV uses the same ~ype of receptors to 
agglutinate erythrocytes as BCV and influenza C virus. 

DISCUSSION 

A sialate 9-0-acetylesterase has been reported to be present 
on influenza C viruses (Herrler et al., 1985) and on bovine coro
navirus (Vlasak et al., 1988a). We have shown here that this en
zyme is also present on HEV. The acetylesterase inactivates the 
erythrocyte receptors for BCV, HCV-OC43 (Vlasak et al., 1988a) and 
HEV (this report) indicating that Neu5,9Ac2 is a receptor determi
nant for attachment of these viruses to red blood cells. With the 
acetylesterase available now in purified form, the question can be 
adressed, whether Neu5,9Ac2 is required on the surface of cultured 
cells to initiate an infection. It will also be interesting to 
find out whether the acetylesterase of HEV or Bev has an effect on 
the receptors of other coronaviruses. 
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As in the case of BCV, the esterase activity of HEV was 
found to be a function of the HE-protein, which forms a dimer, the 
monomers of which are held together by disulfide bond(s). Such a 
protein has also been detected on human coronavirus strain OC43 as 
well as on several murine coronaviruses. All these strains are se
rologically more closely related to each other than to other coro
naviruses such as TGEV, FIPV and IBV, respectively. The latter vi
ruses are lacking an HE-protein and presumably also an esterase 
activity. An HE-protein is also missing in strain A59 of mouse he
pat~tis virus (MHV), which is serologically related to BCV and 
HEV. However, this virus contains genetic information for such a 
protein, but the corresponding open reading frame cannot be ex
pressed (Luytjes et al., 1988). A protein of about 110 kDalton has 
been shown to function as a receptor for attachment of MHV-A59 to 
the cell surface (Boyle et al., 1987). The biological importance 
of the acetylesterase for coronaviruses is not known. Considering 
the different diseases caused by the members of this virus family, 
it will be interesting to find out whether the presence of an 
esterase affects the pathogenicity of coronaviruses 
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