COVID-192 Symposium: Coronavirus History, Replication, and Immune Evasion | Dr. Susan Weiss

Nidovirales
Coronaviridae

A

‘Nidoviruses are named
for the nested subgenomic
MRNAs generated during

infection

‘Enveloped viruses 100-
150nm

-Single stranded positive
sense RNA genomes

BT ) T 0ab sdg R

. ’l,’l;\\ " .
'""“t‘ ‘.
N

an

gp116 gp64 membrane
Torovirus

‘«

-
N
e
w
=
-
w

J

TN,
g ‘v
)




COVID-19 Symposium: Coronayvirus History, Replication, and Immune Evasuon | Dr. Susan Weiss

oronavirus virion

Spike (S)

Nucleocapsid (N) » entry: binding &

fusion

~tropism

L X . \ A - B & T Cen
Membrane (M) - | '

\ responses

» virulence
Small

membrane
Protein (E)

single-stranded,
non-segmented,

positive sense RNA
SCHOINE




COVID-19 Symposium: Coronavirus History, Replication, and Immune Evasion | Dr. Susan Weiss

Coronavirus Timeline

0Ca3
229E

Common cold

OCA43 can infect
lower respiratory
tract

} SARS-CoV

MERS-CoV

HKU1 | ' SARS-CoV-2

NL63

HKU1; Pneumonia

| NL63; Bronchiolitis, croup

1960-70 1990

2000 2010

MHV model
Animal viruses, vaccines
Human cold CoVs

"l o) 508/5412

Pathogenic human coronaviruses

SARS-CoV. MERS-CoV, SARS-CoV-2
Severe respiratory disease

Fad o)

™ P.~

&

L
ar




History, Replication, and Immune Evasion | Dr. Susan Wei
Press @ to exit full screen

SARS-CoV-2 interspecies transmission

Intermediate species
Malayan pangolin ???

Human l Human to human
spread

428,950 - | _"', . B .
infections P, N LA
,‘ ; v 4

_

‘_‘ | /&* '

19,152
deaths

-

d) 348/54 71



COVID-19 Symposium: Coronavirus History, Replication, and Immune Evasion | Dr. Susan Weiss
u":’.~, .6» —.' . '-- ... ~.-- .-\

Alphacoronaviruses 1a

; ; , 1b 2 4a
Duvinacovirus 5 "'—_.Lﬂl.l-l-.AAA?

Setracovirus —
Replicase proteins 16 nsps . E M N
Betacoronaviruses Accessory proteins
N 1a " 23 4 5a
Lineage a, 58 — l A
Embecovirus

HE SPIKE

Lineage b,
Sarbecovirus

Lineage c,
Embecovirus

‘ Wiedcrgabe (k) -

M o) 111075812

229E, NL63

0C43, HKU1

SARS-CoV

MERS-CoV




COMIP-19 gymposium:‘%or_onavirus‘History, Replication, and Immune Evasion | Dr. Susan Weiss
w . ~1\ o gk ! o wa °

Fung and Liu

Fromt-iviicrobt *u'ntuﬂa
b ) 50557 58

Attachment
and entry

lUncoan'ng

+gRNA &

‘Translation

v o - G- @

/

Buddmg/ %

S ad .
~SRNA ==p> +gRNA Assembly

Replication/
Transcription

-sgRNAs

|

+sgRNAs




COVID-19 Symposium: Coronavirus History, Replication, and Immune Evasion | Dr. Susan Weiss

ranscription of coronavirus mRN/ AS

leader Positive sense genome RNA TRS TRS TRS TRS TRS TRS '

s’ Il I N N B B B  AAAA 3

ca
P Negative sense anti genome 1 1

Uuuu 5’

' Subgenomic negative sense RNAs

Subgenomic positive sense mRNAs

v

%

RdRp

TRS Transcriptional regulatory sequence
RdRp RNA dependent RNA pol

M o) 2540/ 5412




COVID-19 Symposxum Coronavyirus History, Repllcatlon and Immune Evasion | Dr. Susan Weiss

RT-qPCR detection of coronavirus RN/

leader Positive sense genome RNA TRS TRS TRS TRS TRS TRS

-l § | 1 | J | [WVVVEY

cap . « replicase

primers

—~ " ! genome qPCR ORF 1b RdRp

Genome only

gPCR Nucleocapsid (N)
gene primers

Genome and all
mRNAs

Replicating virus

Murine coronavirus

We < anad |l eihny it? | (e \ /5 ~l 10¢
o) 27:23/5412 : TFureldils 848

v



COVID-19 Symposium: Coronavirus History, Replication, and Immune Evasion | Dr. Susan Weiss

ranslation of coronavirus proteins

Genome RNA
leader V¥V  rrame shift

5'

cap I PP 1a

Replicase (16 proteins)

Frame-shift

(-1)

b »| o) 2570/ 5812



COVID-19 Symposium: Coronavirus History, Replication, and Immune Evasion | Dr. Susan Weiss

oronavirus replicase locus encoaes sixteen

conserved nonstructural (nsp) proteins

ORFla
4 5 6 7 8 910 11

| | |

Papain-like 3C-like
protease(s) RNA dependent

protease
RNA polymerase

processes RdRp

: main protease
polyprotein

processes
polyprotein remdesivir

Proteases: Process replicase proteins
RdRp: Replicate genome and transcribe mRNAs

O e T
Far Delalls scroller
v

PE an an | e et - 4 s e W 4
reriman and Netiana, Nat V1ic

31:07/ 5412



COVID-19 Symposium: Coronavirus History, Replication, and Immune Evasion | Dr. Susan Weiss

oronavirus replicase locus encodes sixteen
conserved nonstructural (nsp) proteins

ORFla
4 5 6 7 8 910 11

ll

n ~activator
‘ primase-!

Enzymes to promote synthesis viral RNAs, capping of 5 ends of mRNA
and protection from host cell sensors and interferon response

N 9‘ 3316/ 5417

Helicase;
Nucleoside

triphosphatase

activity

I l

EndoU

’ >

ExoN (3’-5')
proofreading;

Guanine-N7-
methyl
| Transferase

v

2'0-
Methyl
Transferase
mRNA

capping ;




COVID-19 Symposium: Coronavirus History, Replication, and Immune Evasion | Dr. Susan Weiss

oronavirus replicase locus encodes sixteen

conserved nonstructural (nsp) proteins

ORF1la
4 5 6 7 8 910 11

Host mRNA ADRP (macro
degradation; domain)

poly(ADP-ribose) Additional activities to antagonize
translation inhibition; | pinding; and/or evade host cell resp').onses

cell cycle arrest; Deubiquitinating
activity

inhibition
of IFN signaling

3 3413 /5412



COVID-19 Symposxum Coronavirus Hlstory Replication, and Immune Evasion | Dr. Susan Weiss

dsRNA activated antiviral pathways

AN
" A Protein synthesisl

W~
- * / Apoptosis‘

W e

p- “d,
- ,-A 4
N

MDAS5/MAVS | SG: l -
- . =

SN

O W o |

| 3726/ 54112



a b 43S PIC

15% (wiv) sucrose 45% (wiv) sucrose

Fractions 1 2 3 4 5 6 7 8 21011121314 151617181920 C

kDa - e —
40S 80S
bases
thaguose XX cwmpe- i
Fractions 2 7 8 9101112131415 18
d e 40S - Nsp1
0;30531 o52§1 Nsp1 controls 4
kDa SN P SN P SN P  Nspidds&0s
30 —
25 — ‘ a-His WB
heass | 1% agarose
S le¥® H d
TLA-100 tube
2h at
sample 100 000 rpm, 4°C top fraction (SN)
30% (wiv) sucrose * %
peliet {P) 18S rRNA uw:\.,' W :
& bioRxiv preprint doi:
view from surface exposed side https://doi.org/10.1101/2020.07.07.191676

Figure 1: Structures of ribosomal complexes inhibited by SARS-CoV-2 Nsp1 solved by cryo-EM.
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Model of a Bipartite Mechanism for Nsp1-Mediated Translation Inhibition and Evasion by SARS-CoV-2 5’ UTR
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SARS-CoV-2 Disrupts Splicing, Translation, and
Protein Trafficking to Suppress Host Defenses
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Figure 1. Global RNA Binding Maps of SARS-CoV-2 Proteins

(A) Schematic of our approach.

(B) Enrichment heatmap of each SARS-CoV-2 protein (rows) by significantly enriched 100-nt RNA bins (columns; p < 0.001 and enrichment > 3-fold; STAR
Methods). Shared colored bars indicate multiple bins within the same mRNA. For spacing reasons, the 82 mRNAs bound by N protein are displayed separately.
(C) Examples of sequencing reads over specific mRNAs for viral proteins (red) relative to input RNA coverage (gray) are shown, Coding regions (thick lines) and
untranslated regions (thin lines) are shown for each mRBNA.

See also Table S1,
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NSP 16 binds Ul and U2 snRNA at their pre-mRNA recognition sites
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