SARS-CoV-2 main protease, 3CLP™ (nspd), regulates the formation of wrem
tunneling nanotubes by coordinating cytoskeletal reorganization
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1. Background 4. SARS-CoV-2 infection of human lung epithelial cells induces the

The coronavirus SARS-CoV-2 and resulting disease COVID-19 continue to pose a formation of tunneling nanotubes (TNT) that contain virus
significant threat, despite the availability of vaccines. The approval the SARS-CoV-2

main protease (3CLP™, nsp5) inhibitor PAXLOVID™ to treat COVID-19 emphasises the
importance of this viral protease in SARS-CoV-2 pathology. To evaluate how 3CLP™
modulates the human proteome to promote infection, we used ICDC (inactive
catalytic domain capture) to identify interactors of 3CLP™, and further characterised

ced | 20X

-
e R = 0 e e R o O L LR S
5
ks L

iy

SARS-CoV-2-infe mock-infected

&

SARS-CoV-2

_________________________

TNT/ield
>
@ Bo

0.5+
cleavage of a subset of interactors that contain candidate 3CLP™ cleavage sites.
. . . GC376 2h p.i. ;f ;,l_ : S 2.6 Cov=2
2. Inactive catalytic domain capture (ICDC) strategy SRS
Fix 4% PFA | | — o - S S
ICDC: Inactive protease C145A binds substrates in the active site, but does not cleave or release . 5 P -t " f th " -t -t 3 L ro b -t -t
’ . Proteins from the interactome are 3CLP™ substrates
protein a-tag beads
cultured extract = non-specific light . A. MALDI-TOF/TOF MS screen of peptides containing 10681069 12381239 13631364 . 72473 068969
human cells — — . | . A candidate cleavage sites (P4-P4’) 5F (100 AELQAQIA VLLQEKGD ATLHAQVA 8 100 TQLQARVE TDLQSSIS AALQAMER
lysis — isotopic pool - % *L Maxquant 3CLPo scLe PCLHSACS E 19 77 154 52
. | ap © 50 < = = ©
- e — Q} S elute ¢ labelling - e — Skyline ——*interactome OO0.0“..‘OOOO §;@1°°‘H~\i\(pﬁiﬁfﬁ) £ 88 ” - 1o -
; ‘ : a AAANS ) z0 *gﬁ "05)'_% _
Lung epithelial: BEAS-2B ‘ \ ~ Mas/cvot Scz%ld 259 enriched OOMOOO 3 2 ' 504 TRIM28 <19 i 00 120 2400 120 2400 120 240 o= 0o 120 2400 120 240 0 120 240
Lung ﬁbroblas.t: IMR90 * tagged . A proteins 0000000 % ;23)' 4 e ey LQ*PA Time 1971
Colon epithelial: Caco2 C145A 3CLP© interactors + heavy Skyline - only peptides with log2 H/L ratios >10 S 2 & 0 LA LQPA LQ1068ALQ G LA i | s KA Cousy LQW;Q AL(%“?‘;/;A tubulin
Endothelial: EAhy926 non-specific Maxquant - H/L ratios > boxplot upper whisker ‘ ’ O timeqmin 2% | LQ75%, qoosa [Lqiosea | LHT AR, LQ™'G | (qess Q LQi9G 00
(i.e. 2 Q3 + 1.5*IQR) SH3 N 8081[ I l¢ l L$ A noMat 1 e l ' l . C s
LH»S TRIM28 88.5 kDa MYH9 2= = myosin motor = |Q 1960 228 3 kDa \7/ ~_.
65 l 14/8j ZOH 246 376 476 62h 697 2265 kDa epitope 1711-1960 m
ool 0 ) epitope 1-184 49.3 kD
[ O-FLAG )[ a-MYC ] 1—@-@-\@ﬁ Coil HP1 PHD l BROMO ‘—835 ﬁgg I:Ba 103.0 kDa 151?(’)81 lliBg
— . 83.5kDa 110.1kDa
124 BEAS-2B KRAB binding epitope 157.4 kDg 69.1 kD A A
BEAS-2B — 80.6 kDa e VDL LK LERL LK
47.7% : IMR90 CACO2 EAhy926 ORI
+IFNo  +IFNB  IMR9O CACO2 EAhy926 FIFNOC +IFNB y F e S e @}‘T}@ é\@*&i@ N N NBEAS2B
) S s L L L 2 L ) s amst ammt o B. S -_P13 _P14 _P15 - Donor CNFXLNALY Iysate
Donor bronchial DO BB ROTO 240 ‘WGNJ? 9 2407 N < NUMAT
SKYLINE MAXQUANT J ‘ l l ‘ l l j ‘ l l j BAES-2B lung  airway brushings ob?\@‘@%\)@g@\i&‘\?%ﬁ%z AS2E o5 HEREEE = gé 133\%3 182 P 106KkDa
. - : : itheli : S ~ lysate T a 987 ————
( Differential isotopic labeling ) [ Differential isotopic labeling emthe“alcens or Ty 1251 o e ¥|-R|M28 94kDa 93— _¢491kDa 72
|$| |$| |¢| |$| |$| |‘| l‘l I$I |$| |$| |$| |$| — l 2% il _-_.-'Z.’!;..- 1 84kDa 24 ' 42 i €24/kDa
wil sl vl sl vl sl wil wl wil il sl sl ool Lo sl sl sil sl wil sl sil sl A A A A
2l & o S 165 . NN AN A
'O - - G'. @) 1
~ l l l l l l l l l l < - P;‘(\S $F’14 P\Fs Donor ' —,g = g 125 ri¢1 133kDa P12 P14 P15 - Donor
. PO cell lysate
[ Protein IDs and quantification ] 19235 TRIM28 114kDa 93 ==me—=E — & <2 91kDa 240  mamimim i . o~ kNUMAT
FLAG MYC l 22 e 57 mEERE U T =T e R
: : . &= N ok o 125 | o =
[3CLpro mteractome] % p-actin €2 52kDa i _ des 50l;_Da cateb dEIESEY] (o a 1 113kDa
250 Proteins 9| O T IR W
510 | . RNA bind - g
- Protein cleavage increased with increasing
, - - - - + + SARS CoV-2
3 " 3 C L I nte ra Cto rS a re I nVOIVed I n N b I n d I n g Calu-3 cells P WD T I Sélg%CoV 2 KDa kba - 4+ - + GCA376 3CLP™ (WT) but there is no cleavage with

. 4

&

NUMA1 the C145A mutant (CA). Cleavage products
are numbered and labeled in red or blue

_ < N-MYH9
nucleocapsid
B-actin

: : C. e
and cytoskeletal reorganisation M A

SARS-CoV-2 + 10uM Cell lysate TRIM2S » according to the epitope (in A).
. . GC376 Cleavage in infected cells is blocked by the
Cytoskeletal reorganisation RNA binding 2hpi -actin 3CLP inhibitor GC376.

¢ B-actin B-actin

6. 3CLP™ cleavage induces protein translocation and
activation of the zonular signalosome

infected 48 | mock-infected infected 48 h mock-infected infected 48 h

92 proteins,
G0O:0003723,

57 proteins,
G0:0007010,

FDR 2.57e"

[=2]
o
|

F Y
o
1

N
o
|

o

Number of nuclei containing NUMA1

NUMA1 phalloidin

NUMA1 NP phalloidin DAPI

MYH9 colocalizes with nucleocapsid (NP) NUMA1 moves to the adherens junction in infection * © YAP1 moves to the nucleus in infection

/. Conclusions

,,,,

MYH9

NP

YAP1 SPIKE phalloidin DAPI

phalloidin  DAPI

Acknowledgements

~
-

""""
....

Wa 1. ICDC significantly expanded the interactome of 3CLP™ (nsp5).
b C|H R Elani?]i%n nsiutes of SARS v 2. Many interactors are involved in cytoskeletal organization.
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