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ABSTRACT 
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Porcine transmissible gastroenteritis virus (TGEV) has been shown to agglutinate 
erythrocytes using a2,3-linked sialic acid on the cell surface as binding site. The hemagglu
tinating activity requires the pretreament of virus with neuraminidase. We obtained evidence 
that TGEV recognizes not only N-acetylneuraminic acid but also N-glycoloylneuraminic 
acid, a sialic acid present on many porcine cells. 

INTRODUCTION 

Several coronaviruses are known to be potent hemagglutinating agents: bovine 
coronavirus (BCV), porcine hemagglutinating encephalomyelitis virus (HEV), human coro
navirus OC-43 and some murine coronaviruses I. Each of these viruses possess two surface 
glycoproteins. The S protein is a hemagglutinin and interacts with cellular receptors. It shows 
fusion activity and induces neutralizing antibodies. The HE-protein is an acetyl esterase and 
functions as receptor-destroying enzyme. Like the S protein, the HE protein is a hemagglu
tinin and induces neutralizing antibodies. Other coronaviruses, e.g. transmissible gastroen
teritis virus (TGEV) and infectious bronchitis virus (IBV) show no or only weak 
hemagglutinating activity2. These viruses possess the S-protein, but they are devoid of a 
receptor-destroying enzyme. It has been shown that the hemagglutinating activity of IBV 
and TGEV requires the pretreament of virus with neuraminidase indicating that inhibitors 
on the virion surface have to be inactivated in order to induce the HA-activity of these 
viruses3. The reason for the inhibitory effect of the surface-bound sialic acid on TGEV and 
IBV is that the virus recognizes a similar or identical sialic acid as receptor determinant. 
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When sialic acid is removed from the surface of erythrocytes the virus can no longer 
agglutinate these cells. Erythrocytes which are resialylated and possess a2,3-linked N-ace
tylneuraminic acid on their surface are agglutinated by TGEV but to a lower extent than 
untreated erythrocytes. We were interested to find out whether sialic acids other than 
N-acetylneuraminic acid are recognized by TGEY. Therefore, we tested agglutination of 
erythrocytes from different species. 

MATERIALS AND METHODS 

Virus. The Purdue strain ofTGEV was propagated in LLC-PKI cells. 
Neuraminidase treatment of virus. TGEV was harvested from the supernatant of 

infected LLC-PKI cells 48 h post-infection. After clarification of the medium by low-speed 
centrifugation (2000xg, 10 min), virus was pelleted by ultracentrifugation for 90 min at 
S4,000xg. Virus was resuspended in PBS and incubated with neuraminidase from Vibrio 
cholerae (VCNA SOOmU/ml) at 37°C for 30 min. Following sedimentation of the virus by 
ultracentrifugation for 30 min at 100,000xg, the virus was resuspended in PBS and used for 
hemagglutination assays. 

Hemagglutination assay. Hemagglutinating activity was determined according to 
published procedures4. The hemagglutination titer (HA-titer) indicates the reciprocal value 
of the maximum dilution that caused complete agglutination. 

Resialylation of erythrocytes. A 10% suspension of chicken erythrocytes was incu
bated with neuraminidase from Vibrio cholerae (20mU/ml) for 30 min at 37°C. Asialo cells 
were washed and suspended in PBS to a final concentration of 20% in a total volume of 
200111. Resialylation was accomplished by incubation with a2,3 sialyltransferase (S,2mU) 
and 400nmol ofCMP-activated N-acetylneuraminic acid (NeuSAc) or 200nmol of activated 
N-glycoloylneuraminic acid (NeuSGc). After 2 hr at 37°C, cells were washed and used as a 
I % suspension in a hemagglutination assay. 

RESULTS 

Agglutination of Erythrocytes from Different Species by 
Neuraminidase-Treated TGEV 

Porcine transmissible gastroenteritis virus (TGEV) has been shown to agglutinate 
erythrocytes using a2,3-linked sialic acid on the cell surface as binding sites. The hemag
glutinating activity requires the pretreatment of virus with neuraminidase3. We tested the 
hemagglutinating activity of TGEV with erythrocytes from several species which differ in 
type and amount of sialic acid on their surface. We used erythrocytes from chicken, 
one-day-old chicken, pig and cow in an agglutination assay with either untreated TGEV or 
neuraminidase-treated virus (Table 1). After pretreatment with neuraminidase TGEV was 
able to agglutinate erythrocytes from each of these species. In the case of bovine erythrocytes 
no pretreatment with neuraminidase was necessary to observe hemagglutination. Charac
teristic for bovine erythrocytes is that they possess a large amount (91 %) ofN-glycoloyl
neuraminic acid (NeuSGc) on their surface. This result was a hint that NeuSGc may be a 
very efficient binding component for TGEY. 

Sialic acids occur mainly in the terminal position of glycoproteins and gangliosides. 
They represent a large family of N-and O-substituted derivatives of neuraminic acid. 
N-acetylneuraminic acid (NeuSAc) and N-glycoloylneuraminic acid (NeuSGc), respec-
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Table 1. AgglutmatlOn of erythrocytes by TGEV and 
neuraminidase-treated ViruS (TGEV-NA) 

HA titer (HA ulllts/ml) 

Erythrocytes TGEV TGEV-NA 

Chicken, adult <2 1536 

Chicken, I-day-old <2 64 

Pig <2 2048 

Cow 32 768 
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tively, are the two most frequently occuring sialic acid species. Their structure is shown in 
Fig.l. 

TGEV Binding to N-glycoloylneuraminic Acid on Erythrocytes 

Based on the findings with bovine erythrocytes, we analyzed whether TGEV was 
able to recognize N-glycoloylneuraminic acid on erythrocytes more efficiently than N-ace
tylneuraminic acid. Asialo cells obtained by treatment with neuraminidase from Vibrio 
cholerae were resialylated with either Neu5Ac or Neu5Gc in an a2,3-linkage. We compared 
the binding characteristics of neuraminidase-treated TGEV with two influenza viruses, fowl 
plague virus (FPV) and WSN strain for which the receptor determinant is already known, 
Neu5Ac, (Table 2). Erythrocytes resialylated with N-acetylneuraminic acid were aggluti
nated efficiently by FPV and WSN, while the hemagglutinating acitivity observed with 
TGEV was very low. Among the two influenza viruses only FPV was able to recognize 
N-glycoloylneuraminic acid. TGEV agglutinated red blood cells containing N -glycoloylneu
raminic acid very efficiently. This result indicates that the preferred binding component of 
TGEV on erythrocytes is N-glycoloylneuraminic acid. 

COOH 

N-acetylneuraminic acid 

COCH 

N-glycoloylneuraminic acid 

Figure 1. Structure ofN-acetylneurammlc aCid (Neu5Ac) and N-glycoloylneurammlc aCid (Neu5Gc) 
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Table 2. RestoratIon of receptors for neurammldase-treated TGEV 
(TGEV-NA) by reslalylatlOn of aSlalo-erythrocytes 

HA titer (HA ulllts/ml) 

Erythrocytes TGEV-NA FPV WSN 

Control 256 256 512 

ASlalo <2 <2 <2 

ResIalylated 
Neu5Ac 4 256 256 

Neu5Gc 512 128 <2 

Ii. Sch ultze et al. 

DISCUSSION 

Among coronavlruSes there have now been IdentIfied several potent hemagglutmat
mg agents Members of the BCV serogroup (BCV, HCV-OC43, HE V) recogmze N-acetyl-
9-0-acetylneurammlc aCid as receptor determmant, whereas IBV and TGEV bmd to 
N-acetylneurammlc aCid and N-glycoloylneurammlc aCid, respectIvely They differ not only 
m the type of slailc aCid they recogmze but also m the presence or absence of a receptor-de
stroymg enzyme on the ViruS partIcle Viruses that use slailc aCid for attachment to cells have 
to remove thiS common sugar from glycoprotems and glycoilplds that might act as mhlbltors 
and prevent bmdmg of ViruS to the target cell In the case ofBCV the acetylesterase-actlVlty 
IS responsible for the lack ofN-acetyl-9-0-acetylneurammlc aCid from potentIal mhlbltors 
IBV and TGEV are devOId of a receptor-destroymg enzyme Therefore, the bmdmg site for 
SIahc aCid IS occupied by slahc aCld-contammg protems InactIvatIOn of these mhlbltors by 
treatment With neurammldase results m a bmdmg activity to slailc aCid The Importance of 
the slailc aCld-bmdmg actIvity IS not yet known 
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