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What we are going to talk is the coronavirus genus of
coronaviridae family

They belong to the Order of Nidovirales

[Drder: Nid::wirales]

r Updated: Four genera:
| Family: Coronaviridae| 1. Alphacoronavirus:
I 2. Betacoronavirus:

| Genus; Coronavirus
| Torovirus\Bafinivirus

_[ Family: Roniviridae ]

[Genus: Dkavirus]

_[ Family: Arteriviridae]

[Genus: Arterivirus |

3. Gammacoronavirus:
4. Deltacoronavirus:

Figure 1| The Nidoviruses. Phylogenetic relationship of
viruses in the order Nidoviruses.

Pertman and Netland, 2009



Classification of coronavirus

Coronavirinae subfamily
of the Coronaviridae:
4 genera (o, B,y and o)

A" order NIDOVIIRALES

2019-nCoV

Family Coronaviridae SARS-like I
| I bat CoV
Subfamily Coronavirinae Torovirinae I
| | Human I
Genus Alpha Beta Gamma Delta Torovirus Bafiniviru. J 7
coronavirus coronavirus coronavirus coronavirus SARS-CoV I
ineage g b & o — — — — — — — — — — —

s Alphacoronavirus
o Betacoronavirus HB-01/2019 sesse M ERS-CoV == Other CoVs

s Gammacoronavirus s SARS-like bat CoV Human SARS-CoV
mmm Deltacoronavirus

Chan et al., Clin. Microbiol. Rev. (2015), 28:465;
Wu et al., Cell Host Microbe (2020), doi: 10.1016/j.chom.2020.02.001.



Human coronaviruses

List of human pathogenic coronaviruses

| virus__[Genus| _____ Symptoms

Human CoV-
229E

Human CoV-
NL63

Human CoV-
0C43

Human CoV-

HKU1
SARS-CoV
MERS-CoV

COVID-19

(0]

B

Mild respiratory tract infections

Mild respiratory tract infections

Mild respiratory tract infections

Pneumonia

Severe acute respiratory
syndrome, 10% mortality rate

Severe acute respiratory
syndrome, 37% mortality rate

Severe acute respiratory
syndrome, ?% mortality rate

Chen et al., J. Med. Virol. (2020), doi: 10.1002/jmv.25681;
Cui et al., Nat. Rev. Microbiol. (2019), 17:181

Genetically diverse

coronaviruses

Natural host Intermediate host Human host

¢

V—»- ? HCoV-NL63

v—)» d HCoV-229E

* —»ﬂ HCoV-0C43
J — ? HCoV-HKU1

BatCoV RaTG13? Pangolin? =y Spillover to intermediate hosts
’ ’ Mild infection

3> Severe infection



New coronavirus

* Disease: coronavirus disease (COVID-19)
From WHO

* Virus: severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)

It MR 48 44 552019 novel coronavirus (2019-nCoV) °
BRI T 42 B (ICTV) & 2 644 F5SARS-CoV-2



Outline of this lecture

. Classification and nomenclature
l. Viral morphology and genome structure
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V. Laboratory diagnosis
V. Ecology and interspecies transmission



Why is it called “corona”?

From Latin, “corona” means crown

Virion structure: there are spikes projecting from envelope, looks like crown

CDC, USA; Stanford University



Nucleocapsid protein
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The envelope proteins (structural proteins):

Example: group Il coronavirus

Hemagglutinin-esterase (HE)

Spike (S)
Envelope (E)

Membrane (M)
Nucleocapsid (N)

Accessory or group-specific proteins

Envelope protein in some but not all coronaviruses. Virus entry, pathogenesis, virus
release.

Envelope protein. Receptor binding, fusion, tropism.
Minor envelope protein. Required for envelope formation.

Major envelope protein that contacts both spike and nucleocapsid protein. Required
for envelope formation.

Forms helical nucleocapsid with genome RNA. Interacts with M protein; may form
icosahedral shell.

Three to five proteins, dispensible for replication in vitro. Functions unknown.




The nonstructural proteins:

Example: group Il coronavirus (nonstructural proteins)

TABLE 19.2  Group II coronavirus proteins and functions

Protein

Functions

mpl, 2, 7-10, 11

L3

Unknown functions in replication; nspl may mediate cell-cycle arrest during overex-
pression in culture.

One or two papain-like proteinase domains (PLP1, PLP2) responsible for cleavage
of nspl, nsp2, and nsp3; zinc ribbon motifs with predicted transcription factors;
transmembrane sequences with membrane integration.

Membrane-spanning proteins, may localize replication complexes to membranes.

Picornavirus 3C-like proteinase (3CLpro or Mpro) responsible for cleavage of nsp4
through nspl6.

Predicted RNA-dependent RNA polymerase responsible for genome replication and
transcription.

RINA helicase, nucleoside triphosphatase activity in vitro. Likely involved in genome
unwinding, separation, and packaging; may be virulence factor.

Predicted RNA modifying enzymes: 3’ to 5’ exonuclease (14), endoribonuclease (15),
and O-methyl transferase (16).



The RNA genome structure:

1. Large (27-32Kb), single-stranded, positive-sense RNA genome
2. 5" methyl-guanosine cap and 3’ poly(A) tail

3. It contains 6-10 genes

4. The order of genes is highly conserved:

2/3: gene 1, for replication
1/3: gene 2-7, for structure proteins

| a'-Cap Structure of mRNA

www.GolifeScience.col




Example: Murine hepatitis virus (MHV):

Gene 1 (genomic RNA as mRNA): 2 ORFs, 1a and 1b, are translated
into polyproteins then cleaved by viral proteinases into 16 proteins

Gene 2-7 are expressed by “subgenomic mRNA”

Gene 1 Genes 2-7
| Il ]
ExoN OoOMT
PLP2 3CLpro Pol Hel | Endo
1 1 1
|| e e DI = s = M N
5’ Cap—{ I fid 12 138 14 15 16 [0 R -oly (A) 3
1 2 3 4 5 6 810 2a 4 5b
7 911
L J

ORF1a l J
ORF1b

FIGURE 19.1 Organization of the coronavirus genome. The 31.5 Kb genome of murine
hepatitis virus genome is shown. A short 5’ nontranslated leader region (gray) is followed by
gene 1, which consists of two overlapping reading frames (ORF12 and 1b) that are translated
as polyproteins from genome RNA. Genes 2-7 (orange) are expressed from subgenomic
messenger RNAs. Where known, the names or function of gene products are shown above the
genome map. The nonstructural proteins nspl-16 (shown below the map) are generated by
cleavage from the 1a/1b fusion protein by viral proteinases. Cleavage by proteinases PLP1 and
PLP2 (black, cleavage sites shown as vertical arrows), yields nsp1-3, and cleavage by 3CLpro
(black) yields nsp4-16.



The comparison of the RNA genome structure:

a
Group 1: TGEV
Leaded ORFla | S | 6] [M] A
g  ORFIE | Ba] [E] [N_] Poly(A)
Group 2: SARS-CoV 8a
Leader_| ORFla |
5 Poly(A)
/ Tl 76 8b 9b
1] 2 3 4[5 6780 1 T 15 (14 |15 16|
ADRP/ | | RDRP Hel ExoN |  2'OMT
PL2pre 3CLPe 'ssRBP MNendoll
Group 3: IBV

7a/b
Leader| ORFla | E‘ | ‘ Poly(A)
5."
3a/b

Pertman and Netland, 2009



The translation of gene | (ORF1a and ORF1b)

Gene 1 Genes 2-7
I ]

ExoN omT
PLP2 3CLpro Pol Hel [ EndoN |

ik } PLP1 yMP1 | mP2 | s . e s E ™M N
5" cap—{] | I I 2 13 14 15 16 [[BE IREEEEE—Foly (A) 3’

1 2 3 4 5 6 8 10 2a 4 5b
11

[
ORF1a 1

ORF1la

1. Translation by cellular ribosomes begins at an AUG shortly beyond
the 60-100 nt untranslated leader sequence

2. A polyprotein for ORFla is produced

3. The polyprotein is then cleaved by viral proteinases to generate 11
nonstructural proteins

ORF1b

1. Some of the ribosomes translating ORFla pause on a complex RNA
structure (pseudoknot) in the overlap between ORFla and 1b.

2. Ribosomes shift to ORF1b and generate a larger 1a/1b polyprotein.

3. The polyprotein is then cleaved to 16 nonstructural proteins



The expression of structural proteins:

By a nested set of mRNAs, subgenomic mRNA

5, Cap- G A R R S R An3[

Cap l— An
Cap I An
Cap l— Ap

Cap l—— Ap

Cap l— Anp

FIGURE 19.3 Coronavirus messenger RNAs: a nested set. The seven messenger RNAs of
murine hepatitis virus are shown, along with the open reading frames they use to synthesize
viral proteins. All share the same 5’ leader sequence and all contain overlapping sequences

at their 3’ ends.



Morphology of SARS-Cov-2 and its gene expression

* Ribosomal frameshifting

ORF1a ORF1b S 333 EM N 7 3UTR
HI e (N e
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Structural and
accessary genes

Replicase gene

Expressed by genome translation (ppla)
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Cui et al., Nat. Rev. Microbiol. (2019), 17:181; Sola et al., Annu. Rev. Virol.
(2015), 2:265; Zhu et al., N. Engl. J. Med. (2020), doi: 10.1056/NEJM0a2001017
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Receptors of coronaviruses

Table 1 | Representative coronavirus species and their receptors

Group

Group 1a

Group 1b

Group 1*
Group 2a

Group 2b

Group 2*

Group 3a

Group 3b
Group 3c

Host Virus Cellular receptor

Bat* BtCoV Unknown

Cat FCoV APN

Cat FIPV APN

Dog CCoV APN

Pig TGEV APN

Human HCoV-229E APN

| Human HCoV-NL63 Angiotensin-converting enzyme 2 (Acm

Pig PEDV Unknown

Rabbit RbCoV Unknown

Cattle, ruminants,
alpaca

BCoV and related viruses

9-O-acetylated sialic acid

Dog CRCoV Unknown

Human HCoV-HKU1 Unknown

Human HCoV-OC43 9-O-acetylated sialic acid
Mouse MHV Carcinoembryonic antigen adhesion molecule 1
Pig PHEV Unknown

Bat* BtCoV (multiple species) Unknown

[Human SARS-CoV ACE2 |

Manx shearwaters PCoV Unknown

Rat RtCoV Unknown

Rat SDAV Unknown

Chicken IBV Unknown

Pheasant PhCoV Unknown

Turkey TCoV Unknown

Beluga whale SW1 Unknown

Bulbul BuCoV-HKU11 Unknown

Thrush ThCoV-HKU12 Unknown

Munia MuCoV-HKU13 Unknown

Asian leopard cat, ALCCoV Unknown

Chinese ferret badger

Pertman and Netland, 2009



Replication cycle of coronavirus

Products of Gene 1 replicate
the genomic RNA and
synthesize the subgenomic
RNAs

The mRNA and subgenomic\.

MRNAs are transcribed

The structural proteins are
synthesized. The nucleocapsid
protein and newly synthesized
genomic RNA assemble to form
helical nucelocapsids

M protein is inserted in ER and
anchored in Golgi.
Nucleocapsid interacts with M .

E and M interaction triggers the
budding process

S and HE are translated on 1

membrane-bound polysomes,
inserted into RER , and
transported to Golgi

Virions are released by
exocytosis-like fusion of
smooth-walled vesicles

I

endocytosts @

transcription
replication

Pl
—
MANAS gp—
[ ==1

| TTLLIID)
| JZCLT]

P nuieleus Nucleocapsid

\amcytusis

SMooth-waved
vasicias

i et al., Fields Virology, 2007.



RNA replication proteins

RNA-dependent RNA polymerase: nsp12, 100 kDa, ORF1b

ATPase and RNA helicase: nsp13

RNA modifying activity: exonuclease (nsp14); methyltransferase
(nsp16); endoribonuclease (nsp15)



Outline of this lecture

. Classification and Nomenclature
|. Genome structure

ll. Life cycle and replication

V. Laboratory diagnosis
V. Ecology and interspecies transmission



WHOZE 3 2 7 % H 5 832

G R et F G R mWLF%W%%°
(7 $RBWHOT# i L B (4 PpeEP) - L @R E2SRd B £95%3¢
T KR :)}%f;qg’ﬁél 7 o
3 R 7))
A FE R B Mgt B3 OROIARAEFREES
(1]%-*#?;””?") d L EFHRTEA
iR R o A EbE 4 S FrEpe ¥t eI B - T
At - te 4 ol Al FHEENERY -G 52 XNHE
b ip] o g R (6 3-41F o
FAoETIE - et RIT B
fs = F PR EF LI -
D BEFEHTeF B2 EEFL 5
B 7 F 3RER ST R o

7o#L kR Laboratory testing for SARS-Co-V2 in suspected human cases



\/‘

R A TER LAl

IR B IS fE 3t primer, probe

S8 = {EEL A/ 2% =t real-time RT-PCR
-Er kY ELE 3.7~9.6 RNA copies/rxn

First line screening assay: E gene assay
Confirmatory assay: RdRp gene assay
Additional confirmatory assay: N gene assay

MNS08947 Wuhan-Hu-1
NG_004718 SARS-CoV

15,361- 15,460 26,141 - 26,253 28,555 - 28,682
RdRp E N

Figure 1 relative positions of amplicon targets on SARS-CoV ad Wuhan-CoV genome. N:
nucleocapsid; ORF: open reading frame; RdRp: RNA-dependent RNA polymerase. Numbers below
amplicon are genome positions according to SARS-CoV, NC_004718.

Euro Surveill. 2020;25(3):pii=2000045. https://doi.org/10.2807/1560-7917.
ES.2020.25.3.2000045
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Cross-species transmission of coronavirus

a. SARS-CoV

f
Himalayan palm civet

- 3 - HE

B

J &

N Humans

PPN

\ | (9] e | e

Pertman and Netland, 2009
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b. Human HCoV-0C43

-
Human

e

HCaV-0OC43
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http://www.visitcumbria.co
m/visit-cumbria.htm
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Coronawvirus

Palm civets and other animals
traded in live-animal markets

~2002
Crozz-species

tranzmizsion

Community

SARS-CoV contact

Rare
Zoonotic
transmissi i
g Mozocomal
transmission
—
Health care
perzonnel
Continuous
Zoanotic

transmission




Adaptation of SARS-CoV to human cells
(1) mutations at receptor binding sites:

Receptor activity

A Good B Poor C Poor D None

Human SARS Human SARS Human SARS Rat SARS
receptor ACE2 receptor ACE2 receptor ACE2 receptor ACE2

K353H
®

Human SARS spike
2002-2003

Civet SARS spike

Human SARS spike
2002-2003

Holmes KV et al., Science, 2005



DAPI ACE2-FITC NP-Cy3 Merge

Hela-hACE2

Hela-bACE2

SARS-CoV-2 binds to human ACE2

Hela-sACE2

Hela-cACE2

Hela-mACE2

Hela

Zhou P et al., Nature 2020




Adaptation of SARS-CoV to human cells
(2) To escape innate immuniw

PAMP

_P

Extracellular/luminal IFNAR

Cytosolic

6
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I_ nsp15 (SARS, SARS PLPro

229E, MHV) {

A4
Bz | S \
Q@IDASD ™ MERS PLPro SARS PLPro (STATD
@ SARS nsp3
. <
Innate
SARS 9b I l SARS PiFre. l l immunity
y

B> &
3 nsp15 (SARS,

[\Mitqshq\nﬁirﬂlon SARS nsp1, A 229E, MHV)
SARSM /SEN3a 7a SARSE ~(

Y ‘:a:’

MERS 4a, 4b, 5; y ‘

SARS PLPro, N, —] QUF-kBD £ MERS 4a, @@

SARS p6

) @

YN

3b, 8b, 8ab 4b, PLPro I
Y \ [_> IFN-1  / I1SGs
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Type | interferon induction and signaling during CoV infection
Fung TS and Liu DX, Annu Rev Microbiol, 2019



Summary of this lecture

|. SARS-CoV-2 is a newly discovered virus in the
family of coronaviridae (beta)

Il. Its virion structure and genome are similar to
other coronaviruses

1l. Life cycle and replication (ACE2 is its receptor)
IV. Laboratory diagnosis

V. Ecology and interspecies transmission (the origin is
from bat coronavirus)



