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An overview of coronaviruses
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Classification
Å Group 1:      TGEV Transmissible gastroenteritis virus; 

Å PRCoV Porcine respiratory coronavirus; 

Å FIPV Feline infectious peritonitis virus; 

Å HCoV-229E and NL63 Human strains 229E and NL63; 

Å PEDV Porcine epidemic diarrhea virus; 

Å Group 2:       MHV Mouse hepatitis virus; 

Å BCoV Bovine coronavirus; RCoV Rat coronavirus; 

Å HCoV-OC43 Human coronavirus strain OC43; 

Å

Å Group 3:      IBV Infectious bronchitis virus; 

Å TCoV Turkey coronavirus;

Å GCoV Goose coronavirus; 

Å DCoV Duck coronavirus.
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Transcription model of coronavirus genome

Cytopathic effect, CPE on eukaryotic  cells

Cytopathic effect in Vero E6 cells  

caused by SARS-CoV
Intact VeroE6 cell monolayer

Kamps-Hoffmann, SARS Reference-07/2003

Biological roles of spike protein of 

coronavirus

ÅInducing the neutralizing 
antibody

Årelating host cell tropism 

ÅHaemaglutination

ÅMediating the cell-cell or 
cell-viral fusion by the 
interaction between viral 
envelope and the specific 
receptor of host cell plasma 
membrane

.
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Transmissible gastroenteritis

ÅTransmissible gastroenteritis caused by TGEV, which has 
only one antigen type. 

Å

ÅTGE is highly fatal to pigs less than 10 days old (or two 

weeks).

TGEV: transmissible gastroenteritis virus

Å infects intestinal epithelial cells (Jejunum and 

ileum)

Å loss of  enterocytes, villous atrophy

Å And resulting in diarrhea

Å Pictures from Prof. Georg Herrler, of 

University of Veterinary Medicine, Hannover

Porcine aminopeptidase N

Å Photo from BERNARD DELMAS et al., JVI, 1994, Vol. 68, No. 8  p. 5216-5224

Å It is known that porcine aminopeptidase N (pAPN) is a cellular receptor for 

TGEV, pAPN is glycoprotein of about 150-kDa, that is highly expressed in 

small intestine surface, where aminopeptidase represents about 8% of the 

protein content of the apical membrane of the differentiated enterocytes

Severe acute

respiratory syndrome (SARS) overview

Manifestation of SARS patient

Multinucleated Giant Cells  in Lung of SARS Patient

Chest X-ray of progress process of  SARS Patient

Clinical properties:

high fever;

Dry cough;

Flu-like symptoms
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Taxonomy status of SARS-CoV

ÅThe sequence comparison and phylogenetic analysismay mean it 

derived from neither a mutant of known coronaviruses, nor a simple 

recombination of them.
http://SARSReference.com/archive/phylogenetictree.jpg

Brief introduction of ACE2

Vasoconstriction

Angiotensinogen

Renin

Angiotensin I

Angiotensin II
ACE2

ACE
ACE2

Angiotensin (1-7)

Vasodilatation

Aldosterone secretion

ACE2 has been identified 

as a receptor for SARS-
CoV

Tissue tropism of SARS-CoV

respiratory 

tract

The SARS-CoV

intestinal 

tissue

infects

Primary target: epithelial cells
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Labeling reagent

Virus apical

medium

basolateral

medium

Confocal microscopy of ACE-2 expressed on

the surface of polarized Vero E6 cells

Basolateral Membrane

ACE2 ACE2, nuclei labeled with PI

Confocal horizontal scan:

Apical Membrane

Confocal vertical scan:
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Confocal microscopy of ACE-2 expressed on

the surface of polarized Calu-3 cells

Basolateral Membrane

ACE2 gp58

Confocal horizontal scan:

Apical Membrane

Confocal vertical scan:

B D

Confocal microscopy of localization of ACE-2 

expressed on the surface of Caco2 cells

I

ACE2

Confocal horizontal scan:

Apical Membrane

Basolateral Membrane

Confocal vertical scan:

Confocal microscopy of localization of ACE-2 

expressed on the surface of 
MDCKII cells stably expressing ACE2

ACE2

Basolateral Membrane

Apical Membrane

Confocal vertical scan:

gp58

Detection of  ACE2 on filter-grown epithelial cells 

by surface biotinylation

VeroE6

Caco-2

Calu-3

Ap Ba

ACE2

ACE2

ACE2

Ap: Apical Membrane; 

Ba: Basolateral membrane; 

Calu 3+gp58

Ap Ba

Infection of polarized cells by pseudotypes

G S

Vesicular stomatitis virus

pseudotypes containing G

Vesicular stomatitis virus

pseudotypes containing S

Infection of polarized cells by pseudotypes

Apical Basolateral

VSV-S 

VeroE6

VSV-S 

Caco-2

VSV-G 

MDCKII

VSV-S 

Calu-3
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Co-localization of ACE2 with SARS-CoV NP 

antigen in polarized calu-3 cells
Å Data from Tseng et al., 2005 JVI, 79, 9470-9479

SARS-CoV                                                   NP+ACE2

Localization of pAPN on the plasma membrane 

of LLC-PK1 cells
Å Data from Rossen et al., 1994, JVI, 68. 7966-7973

Basolateral                       apical

TGEV specific protein synthesis and release 

in LLC-PK1 cells infected
Å Data from Rossen et al., 1994, JVI, 68. 7966-7973

Infection from either side Release of virus after apical infection

Summary

ÅThe Apn and ACE2, receptors for coronaviruses are 

expressed on the apical membrane of polarized 

epithelial cells.

ÅPolarized epithelial cells expressing the receptors 

are infected by coroviruses or coronavirus S 

pseudotypes from the apical side. 

ÅThe coronaviruses infect the epithelial cells in a 

receptorïassociated fashion. 


