5 % ¥

SHANXI UNIVERSITY

2024 J@ i+ F L8 X

B REEE NSP5 Y&
Xt NSP7 518 £ HEAERI BRI

EEHER TEE

BSHEID FEE AHEE
FRE HEwE

HRAE G f

EHRBA AEERYT T
FIFER 2021 4F 9 A% 202446 H

S
cli

“OZENH



L KE
2024 [T F AL

iR E NSP5 P&
St NSP7 518 X HEAERI BT 7%

EEGEE Fwd

RSEIT FEE AZEX
FREWL  MEYT

HRAE RGeS 0%

EFRBA EWEARB T
FIER 2021 4F 9 H = 2024 46 H

il
el

—OJUESH



Thesis for Master’ s degree, Shanxi University, 2024

SARS-CoV-2 NSP5 protease cleavage NSP7 and
a study on effect of interaction between the host and

NSP7 cleavage products

Student Name  Jia-hui Niu

Supervisor Prof. Jian-guo Li

Major Microbiology

Specialty Infection and immunity
Department  Institute of Biotechnology

Research Duration 2021.09-2024.06

June, 2024



mE

et (COVID-19) 25 th 5 I 22 B 3G A A AATT I 5 o i R 1 1 A AT il £ 1 47 T
SO o KB A TR W] S BT AT , G2 DA KT [ A0 J8 40 X 5 R R 1
2 it PR 7 JR 2 T A2 B0 el B 3 SR T I R AR 1, L R e R EEATL A v
KRG FIERE . NSPS REHEAMNEAN, TUYEZMED. EY)FEFEA
JiTHT, NSP5 i )% 2 P 32 85 7R 22 mURUR 4 i DA 5 A7 ot A0 4 [ B S 41
PR RN . EVIRDERE S EATH, K5 NSP3 1% ppla 1 pplab =4 16
AR A S SR E ] S R . AR SCIRYE NSPS 4R 5 V) B A7 55
HEM NSP7 AT B PINIEIAL A Q18 A1 Q34. KRB I PNV EIr 5 AE A [F] TR
T EE HREATEEXT, I NSP7 [RI A AE PR AN BE V)AL fURT BB SARS FIHT L3 5 (1 5
HombEM e, %k, AIREXEER# NSP7 THAEMIR, AR g kAfiih NSP5
AT LAYIE] NSP7, Dt a 8 NSP5 YIE| NSP7 X & & 11 515 4 b
TERISEIR, S5~ B e 55 NSP7 (R4 #7830 L H ThRE .

AR E SR EE NSP5 &2 & 1#E| NSP7 AT, T NSP7 ()47 1 it & 4¢
N, R GFP AR2EH) NSP7 i Fik & AT 7L V)% =¥, NSP5 V)#|H GFP
PRZET NSP7 IF, Ffi# NSPS B2, NSP7 FI=Z#im /b, HEMRIE Q18
WeIEI I E . 9 GC376 Ab¥E, A A RILHEGES, YIBIEW]
NSP5 JJ%| NSP7. £ TR NSP5 (1)K IG RAKRIGUETIE], NSP5 2k i% KAL) &
BTN NSP7 ANfEAEib ki %s, #hiE S2 NSP5 Y)#] S2 NSP7. NHfF St 4l il N &
IR At R DIEI I s2 e, 43 03 F AT =R B A2 i Al 5l MG132 1E
N R A A B R AR ), Z-VAD(OMe)-FMK 1 4t K & 4 i (caspase) i 42
AR A0SR, Bafilomycin-Al 10y B WR-1E B A 8 B RS A HIR], K
I Bafilomycin-Al fEH 5 NSP7 47 AR NSP5 Hhnimgks>, H NSP5 Xf
NSP7 (I BIE H BEAHDCEE R LC3 3Rk BJt, $Ron IRl gefe ik | ik i ae, (H
BHARB) 3 F LR A . 28 BIESEH e mise NSPS V)% NSP7, YIHRIAL s n fig 2
Q18 1 Q34, H M-V By A 2 1 B Af i 12 W] RESZ M NSP5 X% NSP7 ) §) .

FERUEFT R T NSP5 V)#| NSP7 LAl b, ASCARZEm5T S2 NSP5 f£ S2
NSP7 L IYIEI67 £, 877 NSP5 PIE| NSP7 4T HLil . K NSP7 F) Q o7 £ A
AN A J5 NSP7 EARIEMKIHEE NSPS BInmim /b, $REELMA . K



NSP7 [f] Q 1 E i i &RAL, HHiM—8, RE EQ M AUEAFIIHE, uEHYIEIA
MR E Bl Q ALal. HTHMRTAESMERE R, i F%Rikal
WERBLiE A, FIHCHMEE RGN NSP7 IR H, YIBHiE NSP5 U] E|
NSP7 W5 TYERMLE]. JRZAREE R W NSP7 5 NSP5 Vi J57E 6.5kD Fl 3.3kD
A BB 6 WB 455 R NSP5 7 NSP7 b & /A7 A4E = ANIEIAT 5724 4 A
DIE=0y, ARAE IR = Py AR 4 o S AR 5 — AU FIAL S AT RE 2 18Q. 19Q
A1 23E, HAUIEIN S 4TE, HE=AVIEIR S AT RER T3E 8L T4E. RIASE R
AR NSP5 il it ZANEEYIAL = A 2 4 NI, 9 NSP7 ZhRERIEE— Dt 7t
AL T EAE IR

FERIL S2 NSP7 % S2 NSP5 DIFIE M) F ket b, ARt — o5
NSP7 UIEI ) 0 W48 i e h AT RE . e fr g R R NSP7 F 2@ A T4,
£ NSP5 PI#|JE TR VIR =4 S T 40 i% « B4 2 - o A R hn i 4n e i 2
SRR DR NSP7 BN TAIMMEL, 4 NSP5 U)#| NSP7 J&, &AL T 4 Hu b
NSP7 k. VIEI=A /) NSP7 VIR B NSP7 HARMENS, XA T T
NSP7 IR IX 5F NSP7 IThee. #k4b T 4UMuigsEIeRmA, NSP7 DIEIF=4)
FTREXT T 40 75 2 P 41 1) R SR B it

ZE L RTR, AU GESEH S EE NSPS Y% NSP7, NSP7 L& /bfifE=
A~ NSP5 HIEEUIAL AL, oAU 6T, HUJRIAZ S AT REDY 18Q. 19Q. 23E.
ATE. 73E. T4E; UIBIF=W0XE T 4 MO0 4 iE sk NSP7,

REEE]: SARS-CoV-2; NSP7; NSP5; NSP7 ¥IE|=4); & MA-5H A HAEH



ABSTRACT

COVID-19 has caused immeasurable negative effects on world economic growth
and people's physical and mental health. A large number of studies shown that
immunopathological damage, especially the cytokine storm characterized by high levels
of peripheral cytokines, may be the main cause of death of COVID-19 infected people,
but the pathological mechanism of viral infection has not been fully studied. NSP5 is a
chymotrypsin like protease that can cleave various proteins. In terms of cleaving host
proteins, NSP5 enhances replication and infection while rapidly inhibiting antiviral
responses by cleaving multiple host proteins and disrupting cells at multiple points. In
terms of cutting the virus's own protein, it cleaves ppla and pplab with NSP3 to produce
16 non structural proteins that participate in the replication and transcription of SARS-
CoV-2. Based on the specific cleavage sites of NSP5, this article speculates that NSP7
may have two cleavage sites Q18 and Q34. The two putative cleavage sites were
compared in different coronaviruses, and it was found that the presence of two cleavage
sites in NSP7 might be related to the strong pathogenicity of coronavirus. In view of this,
in order to expand the understanding of the function of SARS-CoV-2 NSP7, this work
confirmed that NSP5 can cleave NSP7 for the first time, further studied the impact of
SARS-CoV-2 NSP5 cleaving NSP7 on the interaction between viral protein and host
cells, and tried to reveal the non classical form and function of SARS-CoV-2 NSP7.

This thesis starts with whether SARS-CoV-2 NSP5 cleaves NSP7. Because of the
small molecular weight of NSP7, we choose NSP7 overexpression vector with GFP tag
to study the cutting product. When NSP5 cuts NSP7 with GFP labels, as the amount of
NSP5 gradually increases, the amount of NSP7 gradually decreases, and a predicted
cleaving strip cut at Q18 is detected. After treatment with GC376, the main band did not
show a decreasing trend, which preliminarily proves that NSP5 cleaves NSP7. Next, the
inactivation mutation of NSP5 was used to demonstrate cleavage. As the number of
NSP5 inactivated mutants gradually increased, there was no decreasing trend in NSP7,
confirming that S2 NSP5 cleaves S2 NSP7. To investigate the impact of intracellular
protein degradation pathways on the aforementioned cleavage, inhibitors targeting three

degradation pathways were selected. MG132 was chosen as the inhibitor of proteasome



degradation pathway, Z-VAD (OMe) - FMK as the inhibitor of caspase pathway protein
degradation, and Bafilomycin-Al as the inhibitor of autophagy lysosomal protein
degradation pathway. It was found that the amount of NSP7 main band did not decrease
with the increase of NSP5 after the action of Bafilomycin-Al, and NSP5's cleavage of
NSP7 increased the expression of autophagy related gene LC3, suggesting that cleavage
may promote the formation of autophagosomes. However, the molecular mechanism of
the specific body is still unclear. To sum up, it can be preliminarily confirmed that SARS-
CoV-2 NSP5 cleaves NSP7, and the cleavage sites may be Q18 and Q34. The autophagy
lysosomal protein degradation pathway may affect the cutting of NSP7.

On the basis of demonstrating that SARS-CoV-2 NSP5 cleaves NSP7, this paper
continues to study the cleavage site of S2 NSP5 on S2 NSP7 to reveal the molecular
mechanism of NSP5 cleaving NSP7. After simultaneously mutating the Q site of NSP7
to A, the amount of the main band of NSP7 still decreased with the increase of NSP5,
indicating the presence of other sites. Mutate the Q and E sites of NSP7 as expected, and
no longer cleave the EQ site after mutation, proving that the cleavage site is indeed the E
or Q site. Due to the presence of various complex factors in cells, pure proteins were
obtained through prokaryotic expression and purification. The cleavage bands of NSP7
were detected using cell-free enzyme digestion to preliminarily determine the molecular
mechanism of NSP5 cutting NSP7. The urea gel results showed that cutting bands
appeared at 6.5 kD and 3.3 kD after the reaction between NSP7 and NSP5; The WB
results show that NSP5 has at least three cleavage sites on NSP7, producing four
cleavage products. Based on the relative molecular weight of the cleavage products, it is
speculated that the first cleavage site may be 18Q, 19Q, and 23E, the second cleavage
site may be 47E, and the third cleavage site may be 73E or 74E. The above results clearly
indicate that NSP5 produces at least 4 cleavage products through multiple cleavage sites,
providing a theoretical basis for further research on the function of NSP7.

On the basis of discovering the cleavage products formed by S2 NSP7 being
cleaved by S2 NSP5, this study further investigates the subcellular localization and
function of NSP7 cleavage products. The colocalization results showed that NSP7 was

mainly localized in the cytoplasm, and the cleavage products formed after NSP5
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cleavage were localized in the nucleus. The labeling of cell membrane proteins with
biotin chain avidin showed that a small amount of NSP7 was localized on the cell
membrane. When NSP5 cleaved NSP7, the NSP7 localized on the cell membrane
disappeared. The change in the localization of NSP7 after cutting indicates that cutting
can affect the subcellular localization of NSP7. This may be due to the different
localization of the NSP7 cutting fragment produced by cutting compared to NSP7, which
may endow the NSP7 cutting product with a distinct function from NSP7. In vitro T cell
activation experiments have shown that NSP7 cleavage products may have a stronger
inhibitory effect on T cell activity.

To sum up, this thesis confirmed for the first time that SARS-CoV-2 NSP5 cleaves
NSP7, and there are at least three NSP5 cleavage sites on NSP7, producing at least four
bands, and the cleavage sites may be 18Q, 19Q, 23E, 47E, 73E, 74E; The inhibitory

activity of cutting products on T cell activation is stronger than that of NSP7.

Keywords: SARS-CoV-2; NSP7; NSP5; NSP7 cleavage products; Protein-protein

interaction
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(1) TREFSMMZARMA EAER, X552 R NAZ A0 IAH S 5244, A& 33 % 7
A S B RS2 R B B0 B8 SO IR 32 AR O 758 1o 410 ) 1 28 52 44 J HAF 5 0d
HE R BNPURTE R LD 5
(2) IR B B G RE A M AN G LU S R HUR SN o F1an4i] INF-I
AIEN-N (S0 B 7R R 0 200 A S A 36 0 R R o e 92 D R
T3 B H ST B BN R (1) ELREAE
(3) T EE LA H B Sy fl 5 5 SORE FE B 51 R i RGBT HAH 21

FRFITJEL 0, 337 et il 9% FEORE £ I 2 BE IR RORE & SR B 2R A 1E (ARDS)
72 B TR 215 S AU 7= A2 5 Z IR S L2 F0 9 0 IR SE, T R4t B R A2 2 30
WL RILESE COVID-19 R MK IFN-1 KPR, 7R M+ IFN-1 7K
FHlel, SARS-CoV-2 [0 1 K7 7 LA IFN LR BT F 2B, i 2k
JiE] IFN A BOR S 1. 5EEEAN COVID-19 BF A, R ™ E
B IFN-TRT IFN-A2 RIAE SR 20, 78 FIPIRiE A 88 33 = =4
SR ERIE R, T BRI B AR RIS A R . (E EEAE BRI TE R 4k
GRS, S O E SN IFN R A2 T R 2 5 S M PR XU R 2L 2R 45045
T bk E2 4 ek RE P et A2 3 S A DR XGER IR SR R 2 — o et i 98 Hh b Y R
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1.2 i fmE NSP5 Y| ZHEH

1.2.1 #Fhdma NSP5 KL K 57 FAE B # %

' 1.4 fii7 SARS-Co V-2 nspb (14510 F 2 =8 MR, 40 Tl a5 a3 1
I AR 1 ZH 00, 25038 1 fl 5 A a2 AR, HRMAFET N, ik
Cys145 1 His4l ZH sk s AU AL RN TiE AL i s i e, HL#AE |
N S5 R B E0, SARS-CoV-2 T8 I L SRR TG UL FEIER, R
A RAR AT — N AR N 3 finger 544 R85 55— AN B ERAA Y Glul66 AHEAEH,
MM 5 I R S1 R 45 A7 A i T 48088101 NSP5 ) P17 i — MR SFIT Gin 5%
e, P2 A1 PN A543 A B 7K (Leus Pro 8% Val) ik 3 A1 g 5 i (Ser Asn 5 Ala) ik 3t
FHNEN, TR PLAL SRR E (BEER) PO,

B 1.4 # & %3 NSP5 6945 £ 517 43 & [86-87]

Figure1.4 Cross-conservation of the NSP7 predicted T cell epitope with Tregitope 289671
E: A: HUEEE NSPS FUSEH, TIRARK AN EREAHKREORR, 5 MHBEOER; B: S2NSP5
AR S R T 8

1.2.2 #idmaE NSPs JEIBEEH

NSP5 A LAYIEI L FifE B A . Blhn, NSP5 45 B e 1L 57 el o5 25 3
REAM Galectin-8 #IHPHEE H HEPY; NSP5 P)#] RNF20 FHLIEH RNF20 /5
SREBP1 [¥iF#f#, JF{E#t SARS-CoV-2 [, NSP5 V)#l75 3= MAGED2 & [,
T3 MAGED?2 £ 1 N i i2E N 4H H A% M T AS e A 4 50 2 /E I8, NSP5 3En] 1)
%) Hippo 15 5@ E N YAPL, CREB1, ATF1. MAP4K5 40U, CUH IR
I FH G B 1) 1) 2 1 2 22 R A R 8 152 R4/ 1 el i B NSPS 1) 56 B2 e [T
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ek 5 NSP5 ) E%F NSP7 515 3= HAE g2 bif ¢

162 RE R MYIRIA 5 — &0/ B 88 TR AR, 24 NSP5 VJEIXLA7 s 5, M58 T
RE AN EIN B W RFE, {f NSP5 ol LE—5 118, 4 1.6 (B) ,
PA NSP5 V)% NSP7-10 J4f5l, NSP5 H5eV)#| NSP9/10 A7 i, % BE RIS
NSP10 , iZ&E A5 & NSP7-9 [FIFFH I ; BE#E R B IHEAT, 55— Bl Ak
(NSP7-8)F1 HAh = #I(NSP7. NSP8 5 NSPO)# i k81, 37 e i 2 NSP5 LLH K
FNH A BOIBZRED, XML T — AR, NSP5 W42 RKEATIE
JRARGE R A G R Gt SR Z REAM A, 77 AR R0 ?
i 1.6 (C) , A NSP5 HyHF 51 IR P21 70 Mrof e w28 NSP7 51, &I
NSP7 _Lr]REFIEPI A~ NSP5 VJEIf7 f: Q18 Al Q34. NSP7 & 5wt — L% N

NSP7 DiRe I FESE AL LA, DIHIS K NSP7 J Berl fe A8 I Th e -
A

Mpro cleavage site specificity sequences

301 302 303 304 305 306

N-P6 P5 P4 P3 P2 P1 P1' P2' P3' P4' P5' P6' -C
C4 T S AV L X S G F R K M (N-teminal auto-cleavage, nsp4 | nsp5)
Cs S GV TF Q | S A V K R T (Cterminalauto-cleavage, nsp5 | nsp6)
C6 KV ATV QI S KMS D V (nspélnsp?)
C7 NRATLQ I A Il A S E F (nsp7insps)
C8 S AV KLQI NNETUL S P (nsp8lnsp9)
C9 ATV RLQI A GNA T E (nsp9lnspl0)
Cl0o RE P ML QI S A D A Q S (nspt10lnspit,nsp1Olnspi2)
Cl2 PHTVLQI AV G A C V (nspi2inspid)
Cl3 NV A TL QI A E NV T G (nspi3inspl4)
Cl4 T F TRUL Q1 S L E N V A (nspl4inspi5)
Cl5 FYPKLQI S S QA W Q (nspi5inspi)
B
Me and nsp7-10 nsp10
complex
recognition

sites_4

G

‘ (ﬁ% }.

nsp9/10 site recruits nsp10 release exposes nsp9 release exposes
M for processing the 2"¢ cleavage site the 3 cleavage site
Mpro nsp7-10 polyprotein

SARS-CoV-2 NSP7: SKMSDVKCTSVVLLSVLQQLRVESSSKLWAQCVQLHN
DILLAKDTTEAFEKMVSLLSVLLSMQGAVDINKLCEEMLDNRATLQ

A 1.6 MPO e T % B & & ig 4215140
B 1.6 The stepwise of polyprotein processing by MPrIsI0]
TE: A: NSP5 [ 10 MOIRIRLAIIE kL (P6-P6' ); B: ZREAMKANEAL C. Hiidhi e NSP7 1)
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NSP5 T ) EI47 25, By Q18 Al Q34 7 /.

1.3 HiE®E NSP7 B9zt i R

1.3.1 Fhid R NSP7 %544

NSP7 (¥l fi RS/ B7R NSP7 2&—Fh 4 o MEHEE M, HHPUAN N HE X IR L -
NSP7 4 N 4dZigs: HB1, HB2, HB3, HCT. HB1, HB2, HB3 i#lidifi/Kpkit
HAE— =8 RCTATIZ e RO 64651, 24 NSP7 L5 NSP8 454, NSP7 ) N Al C
S W E X ek A B R AR B . Wik 1.7, SARS-CoV-2 fll SARS-CoV [] NSP7 [ 5]
JUFARTE, RAEES 70 S AE1E— R RR I 72 5700671,

A SARS-CoV-2 SKMSDVKCTSVVLLSVLQQLRVESSSKLWAQCVQLHENDILLAKDTTEA
SARS-CoV  SKMSDVKCTSVVLLSVLOQLRVESSSKLWAQCVQLENDILLAKDTTEA

SARS-CoV-2 FERMVSLLSVLLSMQGAVDINKLCEEMLDNRATLQ 83

SARS-CoV FEKMVSLLSVLLSMQGAVDINRLCEEMLDNRATLQ 83

& 1.7 SARS-CoV-2 #= SARS-CoV NSP7 # pb £ [67]
Figure1.7 Comparison of nsp7 from SARS-CoV-2 and SARS-CoV®]
VE: A: SARS-CoV-2 fll SARS-CoV [ NSP7 FFIlLb4:; B: TEAZHEILIRIE ) SARS-CoV nsp7 &5 4 FLfil

21 SARS-CoV-2 NSP7 4514

1.3.2 #i73%m 3 NSP7 HIIhEE

(1) NSP7 E RN EHl &2 &P r 5 B K+ #iE RdRp (RNA-dependent RNA
polymerases; NSP12) g, 4L EE RNA G i) NSPL12 /& & il Fl % s HL il 1)
LA 5, AL ATH NSP7-NSP8 A WIMAFAE A AT A NSP12 s i =K A i1k
PRS0, tnp 1.8, b EE NSPL12 A A4 F"RdRp 45 43 F1E
2 (nidovirus) FRAER) N i 2E 4538 . RARp G EE— HF, AN 34
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T A FAR LI, T3 5 W IR 7 25 M 4k 72 54 il 45 1 AT
NIRAN = Z5 a3 s — AN LI 45 30 H: . NSP7 Al NSP8 45 & TR R i itk I,
F—A NSP8 &5 & T F4a45 i L3781, NSP12 sk A fiFk s, i, RH
B RNA BRI B IR =B (NTP) 45 & Ar sl A IR SR I IEF# FL % . NSP7 g4
NSP8 &5 &5 sl LA S RNA HY FUBTEA N 1, 5 NSP12 #Eili) NSP7 #1 NSP8 3£
T2 ARG H s 07T, NSP7 A NSP8 2 i@ i NSP12 454G RNA T i A 45 44 F A
721, NSP7 fE F &2 5%3E NSP12 454 RNA.

1 65 83

nspe.1 [N epe.2
1 83 198

1 76 198
NTD | RdRp |

|
| o 1
nspi2 1 NIRAN | Gingers B [I[  Paim  [FThumb

13050 118 249 369 581 620 679 815 932

Finger
extension

Fingers .
Finger
nsion

)1

B 1.8 # A AR R A A B A A i BARLE AR

Figure1.8 Overall Structure of the SARSCoV-2 Core Polymerase Complex!’’]

E: A: REME VSIS RA R B S ME— MBI RIS . R IS5 808 K
iz, B: RFEMA T SARS-CoV-2 NSP12-NSP7-NSP8 1%L & & A ) Sk 2% B I (o) AR 7B (4) . vk
SRR S A REHIRUARBENAR. C: ARVLET NSP12 AR I L5H, 15 (AR K45 K%
.

(2) Wik NSP7 15 L40MIKIEH . SARS-CoV-2 it HfE N 2 53
AR AR, K, B R M AL B SRS E T SARS-
CoV-2 NSP7 fEHAMKMIE LEH, HEAERASSIAED A RAHE 715,
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Figure1.9 SARS-CoV-2 NSP7 protein—protein interaction network®

(3) NSP7 i | BURT 11 A IFN [ 4. #£ COVID-19 KT, FE i ek
TUIPBE S 0] T 00 1 s B S8 T M B MR B AH SC R TS RO . AR A
SARS-CoV-2 HEAHI 22 R 015 T2 S e SO BL Y SN, AT -5 B0 3 A2 Sk e L
S, REIR P T SO, f 2% 5 B0 BV BR B R SOV, X AT e 5 A i R R
F o F A R T IETS ., SARS-CoV-2 NSP7 i #45 KAT0 5 % 12 [ M HI BT AL,
MR 3 T 9 B A& R . NSP7 JlEid i 3K RIG-I/MDAS-MAVS. TLR3-TRIF A
cGAS-STING 15 5l B ) | BURT 11 BY IFN f) i B,
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Ao
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A 1.10 # & & K% & NSP7 ¥4 F 1k % 494k A 7 K [34
Figure1.10 The working model of SARS-CoV-2 NSP7 in suppressing IFN responses!®?

(4) Treg FRAH SARS-CoV-2 NSP7 [FlJE4 47 CD4+F1 CD8+ T 4112 v »
R BRI T 20 ER A7 I AR Bl (G 2 R IR) AN SE T A0SR A7 1 4 W (e
D) ke LB . A WF A SARS-CoV-2 [HAEZE MR 1 7 (NSP7). RNA ##fi i
RNA 41 (RARp) VRN R G SRR RIL T — AN E R RN T 40/
T TR, % THRRAS i E N RBEEREH G (19G) Fc X R T
W 1T 40 5% 47 (Tregitope 289) B A 2 25 1Y R R M . d8 b bk NSP7-289 #1 19G
Tregitopes, &3l tregiope Jik 289. 289z F1 NSP7-289 fE{k4M45 4 %1~ HLA-DRB1
SEALEED, 40| CD4*HI CD8* T 4iiflid 4 .. SARS-CoV-2 NSP7-289 [ % E Al
A A1 58I 2 B9 TR T DA FH 28 N SR A 13k G0 58 ) BE, I T RE 3 5 A A 32
A W —BIRRAE AR Tregs 75 AT SARS-CoV-2 S5 J5 14 1 G 28 S i HH 1)
YER

Tregitope 289  Ac-EEQYNSTYR VVSVLIVLH QDW-amide
289z KSTYR VVSVLTVLH QD-amide
NsP7-Homolog of 289 H-EK MVSLLSVLL SM-amide

VVSVLTVLH ez
T&T‘L‘Tuf ||| ]

MVSLLSVLL| nse#omologofass

MHC IVHLA

B 1.11 T 4mfe %k 42 Tregitope 289 FAM| NSP7 3 Utk F X ¥k, B4
Figure1.11 Cross-conservation of the NSP7 predicted T cell epitope with Tregitope 289.184
1.4 SARS-CoV-2 FIEHIFL ALK

A VR B TSR R B AL e PO 5 R AR AFAE NSP10-11 R A, L I
FAF2 H Rt A 5t o S0 % ATFG 153 A BT I S, 475 7 e s 7 2R L A7 A2
Podm e Ak B, STt R gt 7.
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Figure1.12 NSP10-11 incomplete cleavage in SARS-CoV-21%]

5 &R BRIFNIE X
AR IR B HT e B NSP5 X NSP7 B VIEIER, FEIua DI P =Y Fn ) #0467 £,
it NSP5 JJEXT NSP7 A 7 520 s #R5T NSP5 PJEIX) NSP7 LJHE R 152
AURLE NSP5 X 387 et 75 2 S B A D) & 7= 42 NSP7 il it —28 % NSP7 A
EROIE], G ABURFEE AL ML, IR SE EEAERAR.
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Hroe i B8 NSP5 PIEIGT NSP7 515 3= BLAE K2 it 7t

2 #iE fwE NSP5 Xt NSP7 H1EI§9#1IR

2158|8

NSP5 (nonstructural protein 5) tHFkN 3C ¥ & H B, W /KfE ORFla Al
ORFlab Zfid iM% 2 & A ppla fil pplab ¥4, SARS-CoV-2 1 NSP5 7E3% 75 &
HAEFKME ppla F1 pplab F=/EdE45 8 NSPA-NSP16, {Ep 5 & il 5 s it
AR IS0, AR TR SE R HE NSP5 Hisdl 7L Cys145 B H: NSP5 f1)
R 1 o7 S TR0, Ly P Ao B AR S MR AR T Q [8OY, ARSI it id i s A NSPS 1
5T GC376 HiE Ky NSP5 JKiFRAAK, LAk NSP5 fEVIHIH ARIERIMER . A
W2, 76 EAV AELMEE NSPT P AE AR F DI EIOI 5, Hid e NSP7 4
2 T ATIE NSP5 D) A7 s 475 Rk 72199

AFEWIT NSP5 5 NSP7 )EI5:%:, HIAEuER] NSP5 V)% NSP7; DL GC376 1
9 NSP5 F4I75), Al NSPS i PERE 1 5 5 U # i sme o FH =Fh 2 1 g e A
AT B AR FHEBR 20 M P 2R AR R AR T . 9 NSPT 18 AR & SR g (o
WA

2.2 M8}

2.2.1 “HRE. EHE

HEK-293T HiAsS240 S48 47 ; DHSo B Ak A 5256 = AR 47

2.2.2 [RHI

s2 nsp7. s2 nsp5 FRF{EEKE NCBI (NC_045512.2). FREMLALZEN TG i
ERUEYIBHE AR AT SR, FRZ 5N p3.1s2 nsp7 myc flag F1 p3.1s2 nsps5myc,
PCDNA3.1 TEERI AW RHECA IR A A I, pEGFPNI 7% 3 i BE R A MR HCA IR A
AL .

& 2.1 kAt &
Tab.2.1 The type of plasmid
eS| R A4 TR
pEGFPN1
14




2 #r i NSP5 % NSP7 V) i 41 4#%

Continued Tab.2.1 The type of plasmid

pcDNAS.1
SARS-CoV-2 p3.1 s2 nsp5 myc
SARS-CoV-2 P3.1s2 nsp7 myc flag

2.2.3 K5

k2.2 TR A

Tab.2.2 Experimental reagents

HFR kS

TaKaRa Ex Taqg ® DNA Polymerase ;

PrimeScriptTM One Step RT-PCR Kit Ver2 SHEAMA (dbg) HRAH
(Dye Plus)

iz B R 2 3R B A BR 4 7]
HHFRBEW, KPR (PMSF),

THIETEH (DMSO), 50X TAE, Jitfis )

¥, + okt B R Y ( Sodium  dodecyl

sulfate, SDS), 30% C(wiv) T4 H Bk i %

W, RIPA 414 8 A R AR, I AR B2

CAmmonium persulphate, APS), 5XSDS-

AR Z R E R A IR A A

PAGE FAFZEMl, 20XPBS, —(FH )&

FHEE (TRIS), MUH%Z "% (TEMED)

Hindlll, BamHI TLIRE A EREA R A 7

B AR AR TR TR LR PR )
Tween-20, BZEEHEHCY), #ZBRG4kl, DNA

maker, RMEHF®HR, HEK, EAK, LFETAVMITERHGARAA
DMEM ;32

Ur2Egi/ B 19G Hifk Cell Signaling Technology
R ECL AL 2 R Gl & WS E B IR A
HH % B PVDF fi Millipore

Myc PR2EHT 14 AR B EAEYBEA R A

15
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Gk 2.2 KA

Continued Tab.2.2 Experimental reagents

GFP. His. Flag. HA FrZ&ifk Cell Signaling Technology

Chymostatin, GC376 MedMol

MG132 . Bafilomycin-Al . Z-VAD-OMe-

MCE

FMK

PEI Ploysciences

BAERE BIOWEST

B-Tubulin $if4k EBOIE v R A M EE AR PR A 7]
2.2.4 {57 ECH

% 2.3 X BLH]
Tab.2.3 reagent compounding

AR P il 75 92

FREX 121.91g ¥%-T 800mL #B4i/kd, 47 pH £ 6.8
1 M Tris-HCL (pH6.8) g K P
JaERZE 1L,
FREX 181.7g ¥ T 800mL #H4l/KH, 75 pH & 8.8 )5

ERE 1L,

1.5 M Tris-HCL (pH8.8)

FREL 29 APS % T 18mL 4K E R E 20mL, -20 £
10%APS (10mL) R S

7o

FREL 29 SDS T 18mL #B4li/KE R ZE 20mL, =iR{f
10%SDS (10mL) R - "

ﬁo

W HL 1M Tris-HCL (pH6.8) 1.25mL, Hili 2.5mL;
FREL SDS 0.5g, JRMi#i 0.025g, FA#B4iKeErwE
5mL, %5 1.5mL EP &, 500uL/r, fRAFT-20
VKA, FHZ AT 25uL S0 55 o

FREX Tris 3g, H % 18.89, SDS 1g ¥ T 800mL 4l
K, EHEE L.

FREL Tris 3.025g, HZ& R 14.425g T 700mL B 4liK
W, EAY A 800mL, FEHNA 200mL FHEE .

10XTBS FREUG LN 409, S4L%H 1g, Tris 159 ¥ T 400mL 2

5X HH LR

1X Bk ZE M (1L)

IX FERRZE MR (1L)

16
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4k 2.3 K5 B H)
Continued Tab.2.3 reagent compounding

10X TBS afiykdr, 7 pH & 7.4 J5 € A 4 500mL .

TBST W HL 50mL 10 X TBS T 450mL 4Kk, A
500pL Tween-20, %],

5% AR 2Ry (40mL) FREL 2g i g KA+ 40mL TBST ¥ .

1XTAE (1L) HY 20mL 50 X TAE I 980mL #E4E7KIES]

2.2.5 SEIG{NZE

A SEI T B FEA Ak (6E ELGAD, sk Kk (ZEALWAY),
PCR ¢ (ABl), HEHENZL R RS (GE Healthcare), iligiR5I{¢ (VORTEX-
GENIE), Atr{X (Bio-Tek), &.0Hl (GENESPEED), HHAEIf (BIO-RAD),
-80 EBARIRVKA CREZRD, -20 MRIRVKAR (FP#I3EZE), 4°CUKAE (HhH#REZE), 1HIR
IR (HSEY), BERMAIEZ (Gene), H KX (BIO-RAD), fH ¥ # K
(SCILOGEX), fHif /Kt ( L —1E), 0K CFX9 KJtE & PCR 1X
(Biorad).

2.3 3k
2.3.1 FihiEEit

(1) JERARRAEK E#ME, Jel Sul BkiinA souL B2 A fE RS, #
& 30min;

(2) 42°CHE 60s, VK 5min JG I 500ul LB & 75%E, 37°C, 220rpm, %
65min;

(3) ¥pR: 37°Cit ¥ 37 f5 4°CLRA7- % H

2.3.2 THE e [EME K

TosE el AR H R By s dE 1 51 e i i H1 29 15-20bp SRR
IR AR S AR R P51, XA Fr BeS BAR i P A [RIR B, () I B ZH g e 3
PRI SUIF5E iRt & o 3B VA W] DR 2 B BRI I R AR B A |, TN
M2 Mt @), e R . SESGEVIAR, JodErkznT R H

7 BT 2 BE R R, SR ERAIUIM A, HLBR AR R KRR,
17



Hroe i B8 NSP5 PIEIGT NSP7 515 3= BLAE K2 it 7t

ke, REJCAE R B

B E2 -
15-20bpHIHEEIFFIX
[E]:pE 3E3)l X

ik
LML 37°C B R E N EE R —-

5-15min

K 2.1 R4 els/REE
Figure2.1 Seamless cloning of schematics
AT A AR 23 )4 p3.1 52 nsp7 GFP. p3.1s2 nsp5 HA. p3.1 52 nsp5 HA
C145A 3K 2.5 M LR BRI BL i1 514
k2451415 &

Tab.2.4 Primer information

AR Fe3 (537

EGFP-F GTTTAAACTTAAGCTGCCACCATGGTGAGCAAGGG

EGFP-R GTCGCTCATTTTGCTCTTGTACAGCTCGTCCATGC

S2 NSP7-F GACGAGCTGTACAAGAGCAAAATGAGCGACGTGAA

S2 NSP7-R CTGGACTAGTGGATCTCATGCCAGGGTGGCCCGGTTGTCCA
S2 NSP5 HA-F GTTTAAACTTAAGCTTATGAGCGGGTTCCGGAAGAT

S2 NSP5 HA-R CTGGACTAGTGGATCCTCAAGCGTAATCTGGAACATCGTATG

GGTATTGAAAGGTCACTCCAGAAC
S2 NSP5-C145A-1F GTTTAAACTTAAGCTTATGAGCGGGTTCCGGAAGAT
S2 NSP5-C145A-1R ATGTTGAAGCCCACGCTTCCTGCGGAGCCGTTGAGGAAGCTGC
S2 NSP5-C145A-2F TTCCTCAACGGCTCCGCAGGAAGCGTGGGCTTCAACAT
S2 NSP5-C145A-2R CTGGACTAGTGGATCCTCAAGCGTAATCTGGAACATCGTATG
GGTATTGAAAGGTCACTCCAGAAC

A p3.1s2 nsp7 GFP {4 A 4 T 4% v 1) 20 3%«
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(1) Pk p3.1 s2 nsp7 myc flag. pEGFP-N1 5415 8., Bit5140¥K gfp F1 nsp7 LAIH]
PRI T AR, SIS 15-200p Bk B ANECG P 41 AT 15-25bp [R5 T 51 5
(2) PCR¥1¥ s2 nsp7. gfp FL[XA;

%25 R EKER

Tab.2.5 reaction system

Hor TR
ddH,0 To 50uL
TaKaRa E X Taq 0.25uL
10 X Ex Taq Buffer SuL
dNTP Mixture 4ul
Primerl (5pM) 2ul
Primer2 (5pM) 2ulL
Template C(Jfi¥i DNA) 20ng
ddH.0 up to 50uL
% 2.6 A AR

Tab.2.6 reaction procedure
T B I [ %
94°C 5min 1
98°C 10s 30
55°C 30s 30
72°C 60s/kb 30
72°C 10min 1

(3) F DNA F=#p4litk il & (TIANGEN) 4tk PCR F=¥;
(4) XHFY] pcDNA3.L Jiifi, fil# pcDNA3.1, pEGFP-N1 £t 4k i

%27 REHKF
Tab2.7 reaction system
Hor AR
ddH.0 To 20uL
10 X CutOne™ Buffer 2uL
LightNing™ HindllI luL
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%% 27 RREKE

Continued Tab.2.7 reaction system

LightNing™ BamHI luL
pcDNA3.1 5 pEGFP-N1 lug

37°CHE H 30min, R WS RN, K/INIERA e AR Ik 7 & [l Wi
(4) [FJEEA

k28 KR

Tab.2.8 ligation system

M5y R
AR SuL
AN 200ng
AR B 10-40ng
ddH.0 To 10uL

RAJE, TWE T &8 55°C, = 15min.
(5) B 10pL #HA7T Kt w4k, J7ikR 2.3.1.

BRI, AP HIRES), BTk E 30min, 7Ki4s 42°CHdi 90s,
VKIG 2min; fEEE TN 500uL f) LB BiEEE, B TR (220rpm 37°C)
65min 5 ERIR -

(6) B PCR: FkHX 8 NN TEE: I 12h, B PCR VLR (2), A%E& Lk 5 ¥
(A=l ] =S EpeSlS

2.3.3 HEK-293T ¢HpfsL

LA 6 FLBCI, F gt i PEI #2 4Lui 5047 B 120 T4 RaM T 6 FLAR/
fL, 37°C. 5% AL BRM G FRAE T I ROE TR B4 & BN 70-85%: Uk DNA
5 PEI FIELBILL 1ug: 3pl 43I &F 100uL DMEM [ 1.5mL RNA-freeEP & 1,
PRGBS S E Smin, ¥4 PEI IIABURLE RGBS 55 E 20min. JREWRIHA
R INTEFLIN B5 9%, 6-8h JG il 4k 28 9% 30-48h G kAT T — 5.

2.3.4 ERREE

(1) PBS ¥EMiR, 25=1kH PBS K40 Mamk RN 1.5mL EP &,

20
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(2) 4°C, 4000rpm &> 10min, W5 bif;

(3) Mg 120ul RIPA R, A PMSF, &K% 5min HRZ1E ST,
Z4f% 30min;

(4) 12000rpm, 4°CE5.0» 10min, B EiENE ARG,

(5) S EMRIE AR AT BCAEAERRAEHITRAER, &M

2.3.5 RIZENE
(1) #illfle: F%MER 2.10 F1% 2.1 B 4 B AR 4 fie, %€ [ i [1] 9 30min;
% 2.9 SDS-PAGE % & KBt 77

Tab.2.9 SDS-PAGE separated Gel formula

4oy (12%GeD) #4# (mL) (15%Gel) 1 (mL)
ddH20 4.9 3.4

30% Acrylamide 6.0 7.5

1.5 M Tris-HCI (pH8.8) 3.8 3.8

10% SDS 0.15 0.15

10% APS 0.15 0.15

TEMED 0.006 0.006

% 2.10 SDS-PAGE % % ik Bt 7

Tab.2.10 SDS-PAGE concentrated Gel formula

Hor A (mL)
ddH20 4.1

30% Acrylamide 1.0

1.0 M Tris-HCI (pH6.8) 0.75

10% SDS 0.06

10% APS 0.06
TEMED 0.006

(2) HJK: EFAFEXTHERM, 70V IR, 120V B B

(3) BEE: %R 2.2 A PVDF BRI 235hF, fEoKKIBEH 110V K
70min;

(4) PR E: —Pr4°CHRWE G TBST Y=k, ZhE =T E 1h;

(5) HREE;
21
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PER

Pt

SRIELK

PVDF

SDSHEERL

== 3BIELK
k]

PATR

B 2.2 #: 82 ¥ iz A= PVDF B A% B 5

Figure2.2 The Placement order of Gel and PVDF in transfer

2.3.6 HEK-293T RNA 1£EX

LA 6 FLAR Al

HEEAREK EEE, KRR MAA PBS ¥t 2 LI 1mL
Trizol, "KW JG 8 5min; IONEAG 200ul/4L, #iE 15s, ¥ & 5min; 205 E R
i, LB HEMTESNE RNA GEBD. Pr (HED fl DNA Chta), # k-
JEERIERB 1.5mL RNA-free EP &, JEBAEREIEA; IWASEE T AR,
RS EHE Smin B0% EiE: I 500uL 75% 5K Z BB 0 10min % FiE: P
RS TE &, I 30ul DEPC JR 2] JE ik & .

2.3.7 REEF

U E— B3 RNA AT A cDNA H T /G 225206, ik % i
TaKaRa Jx ¥ 537 & it 17
# 2.11 RT-PCT &N

Tab.2.11 RT-PCT reaction solution

%l &
PrimeScript 1 Step Enzyme Mix 2uL

2X 1 Step Buffer (Dye Plus) 25uL
Primer 1 (10 pMD 2uL
Primer 2 (10 pMD 2uL
Template RNA <lug
RNase Free dH20 up to 50 uL
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% 2.12 RT-PCR 2 M F27
Tab2.12 RT-PCR reaction procedure

i 5 I} ] A

50°C 30 min

94°C 2 min.

94°C 30 sec

55~65°C 30 sec 25~30 cycles
72°C 1 min./kb

R SRUKERME, WO, DR, 1 RNA-free EP B RIHE k.

2.3.8 SERIILE=E PCR

(1) 1§ ff] Beacon Designer 8 i1l qPCR 5|47; Becline 1. LC3. Atg9A I Atgl6L1
) mRNA {5 KkH NCBI, &3x 57448 NM_001313998.2, NM_032514.4,
NM_001077198.3, NM_030803.7. % 2.14 N qPCR 5|#)15 .-

% 2.13 qper 514013 &

Tab2.13 gpcr primer information

AR FPE (537

Becline-gF GCTGCCGTTATACTGTTC
Becline-gR CTCCTGTGTCTTCAATCTTG
LC3-gF CTTCTTCCTGCTGGTGAA
LC3-gR TTCTCCTGCTCGTAGATG
Atg9A-gF TGCTTCTTGTCACCTCTT
Atg9A-gR CCAACACATCTTCGTCATAA
Atgl6L1-qF ACAGGCACGAGATAAGTC
Atgl6L1-gR TTGGTTATTCAGGTCAATCAC

(2) BiHIfkZ: %18 ChamQ Universal SYBR qPCR Master Mix X7l &k AT, [
BRAN, AR R AR . AL EILIRER 2.14 PETE, FET LA
wR R E, FRECHS R 2 HIEE, T2 4 AL

23
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% 2.14 qPCR Ml
Tab2.14 qPCR reaction solution

LYl fil &

2 X ChamQ Universal SYBR gPCR Master Mix  10uL

Primer 1 (10 uM) 0.4pL
Primer 2 (10 uM) 0.4pL
cDNA 2uL

RNase Free dH20 up to 50 pL

(3) ARB )G, WML 20-30 RIES), REAWREIEE, 50400 18uL,
EETEIITH AP A EE R,
(4) NBFIESFLZBRE 4, #28TEEEAEIMA cDNA J5HHE;

96FL1R

K 2.3 qPCR /w552 &
Figure2.3 qPCR sampling pathway diagram
E: B4R A-B-C-B-D 695 # AT k& FHRR BB EAS LT
(5) % (4) 1 96 FLIRE T E LML E L, 4°C, 4000rpm, 10min, f#H gPCR
IXERHZ R 2.15 W [ VAR IO o
% 2.15 qQPCR R N AL

Tab.2.15 gPCR reaction procedure

Stage 1 AR Reps: 1 95°C 30 ses
Stage 2 PEI e WL Reps: 40 95°C 3-10 ses
60°C 10-30 ses
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% % 2.15 qPCR NP

Continued Tab.2.15 gPCR reaction procedure

95°C 15 ses
Stage 3 il i ith 2k Reps: 1 60°C 60 ses
95°C 15 ses

(6) TRAFEHREEFH GraphPad Prism 9 147 #4873 47 ;

2.4 SLUGEER
2.4.1 Rt

wmEl 2.4 (A A (B) &M% p3.1s2 nsp7 GFP. p3.1 s2 nsp5 HA C145A 4k,
JEBREL 8 MR TLREM B PCR 4551, ik 2%k IR v f fm 16l I 45 SR 45 1E
.

A B
p3.1 GFP s2 nsp7 p3.1 s2 nsp5 HA C145A
bp M 1 2 3 4 5 bpM 1 2 3 4 5 6
2k
— 1139bp
1k
=50 —1036bp

500

250

100

C
C145A
6GCAGCTTCCTCAACGEGCTCCS CCEGAAGCGTGGGCTTCAACATCGACTACGACTGCG
\r,
% | f f n f \
% oottt

B 2.4 # & m A NSP7 5 NSP5 K & AR i #2442
Figure2.4 Construction of SARS-CoV-2 NSP7 and NSP5 mutant

VE:  A: NSP7 GFP #i{k#) i # M PCR 45 5; B: NSP5 FEAMAIARMI T4 PCR 45, C: NSP5 2481k
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BRI P45 R

2.4.2 S2 NSP7 BOFUM I EIL 5 S 3 14

NSP5 #5415 F1 AN S BE AT A 0 30 PL (GIn) il P2(Leu. Pro ¥
val), Wl 2.5 Fras, R4 NSP5 KRR MR 5 Z)4E NSP7 w] Ge A7 7E AN D) &)
K7 5 Q18 1 Q34.

B OEIUFE A E ST R

DTTEAFEKMVSLLSVLLSMQGAVD

.
Alphansp? =~ s e e e e n e e e e ey 1 N
Betamsp? =~ fseceeseacaaaanny 1 N |-
Deltansp?  |sevevevanenennny T T .
Omicronnsp? [+ =+ v v v v s anea s sy ek ey T S
SARS-CoVnsp7 |« = « Sy 1 N . sy 1" :
MERS-CoV nsp7 |- - LT . <o qe -k HLLANLRAL L FL.
..LT. M llulI"i.I .N..E.. 1
..LT.L .GG. SPMNI .SE..Y,.
1 1
..LT. NG. .H.H. oo JHY o
1
. LT. . ('I‘ e T
- -

B 2.5 NSP5 £ NSP7 &9 ¥ M 41 %4z &
Figure2.5 Predictive cleavage sites of NSP5 in NSP7
Nk 2.16 fros, MR4E NSP7 () 2 AT YIFIAL (L bxs 7 FboAS [ 0w v e R
# NSP7 /741, KRIL SARS-CoV. SARS-CoV-2 & XM AMIHEINL T, 534Uk
T 1 B 58 B RO 22 5 B0 RIS 745 Q18 A1 Q34 IX 1> NSPS (1) P g DI ki
KIEER MERS 41, NSP7 [R] £74E PN BE DAL AT 85 e PR 55 1 5 209 PEAH K .
4% 2.16 NSP5 £ NSP7 &4 Ul 1 #4x # 5 Bk 1k 69 40 X 1

Tab2.16 The correlation between predicted cleavage sites of NSP5 in NSP7 and pathogenicity

DAL R 3 e £ B0 1 1) S PR s 7 4 b T B AN _E P IRE 0 R B
SARS- SARS- MERS- HCoV- HCoV- HCoV- HCoV-
CoV-2 CoV CoV 229E NL63 0C43 HKU1
Q18 + + + - - + +
Q34 + + - - - - ;

2.4.3 SARS-CoV-2 Hf NSP7 gyH]Zl

AW FAEWIE K I e 5 NSP7 [R]IAA7E P8 S B DT m0n] 8 5 et R 25 (1) 58
BURMEAR SRR B, KT NSP7 254 NSP5 UJ#], H NSP7 Eff) Q18 il Q34 /&




2 1% 2 NSP5 Xt NSP7 Y1 [ 974%

8 NSP5 (IYIFINL 5. GC376 N ise - HllF (NSP5) i3, GC376 4t
B R 240 NSP5 3. I NSP7 /N TaR 1, HUIE= Yk s,
PIAE NSP7 1) N Sy b GFP bR&E LAME DI EI 26 il . A SLI0 s Guin NSP7 &
ANAE, NSP5 FEZEr N, Wit xHE4if GC376 AbFH4L. i#id Western blot # il
NSP7 T R IENL. & NSP5 %I NSP7 #E47P)#], M| NSP7 LA (kb %
NSP5 & {3 i@ #2557 2.6 (A R~EEFHTR, NSP7 L) NSP5 i
MYIFIAL R Q18. Q34, NSP7 A YIHI 517 K73l 9 30.05kd A1 31.09Kkd:;
i 2.6 (B) Fras, NSP5YJEI NSP7 I, [E% NSP5 EZMTIG I, NSP7 FEiZHi
/b, HAE 30.05kd 4b HIL DI EIZ6 17, o NSP5 1 H FUIEIAL A Q18 I Rer =41t
E AT HAIN NSP5 HAETE1Z 567, FIREZ B T4 A (178 3= S ARG PE
Jo S I TG AN B ) ) 77 R FEBR 40 i N s BRI . GC376 ALEEJS, NSP5
Xt NSP7 PIEIA L A%, Uil NSP7 LA idsia sl e NSP5 (13 5;
GC376 AL f57£ 30.05kd ALK IAAEAE KT, Xt AT RE AN 18 EBERIVEH . s
ok NSP7 7 S i3 A, XA RER BT GFP T NSP5 7£ NSP7 14
BINLAT, JEERSIe s LB GFP 7T, 4 LRTR, WIPAESEHEmaE NSP5 AlAgd)
#I NSP7, DIFIAL A AEZ Q18-

A Cleavage site 1
Full Length GFP Linkerl XXXLOXXX' Linker2 35.4kD
—_— e 18 S
N-Fragment GFP Linkerl XXXLOQ 30.05kD
Cleavage site 2
Full Length GFP Linkerl XXXVOXXX' Linker2 35.4kD
— 34
N-Fragment GFP Linkerl XXXVQ 31.90kD
GFP S2 NSP7 + + + + + + + + =+ + + + + + + +
S2 NSPS - + ++ ++++++ +++ +++ +++ - + ++ +t+ -+ A
++ +++++++ + ++ +++++++
GC376 - - - - - - - - + + + + + + + L

GFP

p-Tubulin I---—-—-' |——.-——| —50KD
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B 2.6 # & Jm A+ NSP5 xF NSP7 #4937 %)
Figure2.6 NSP7 cleavage in SARS-CoV-2
e A FEREE NSPS EFINEIEI67 A Q18 A1 Q34 YIE| NSP7 /n & &; B: NSP5 U)#| N 5t GFP Fr%s

1 NSP7 DAL Jf# Ff GC376 (50uM) 4bEE 12h,

2.4.4 S2 NSP5 45 35S IGF 1 E

FIRSEIS R R I NSPS,  FEAH /K P Hh SEIG 45 A A B 2 PR I R R S8
NERAE NSP7 132 54 NSP5 IIMEF, #% C uiii 5 HA 1) NSP5 JiuRi %
LS NSP5 C145A FEAFfRKAEFT NSP7 Hidigieast 254 NSP5 HIfEH . NSP5
RIEPENL Ky CL45, BRI ZAL R AR JG NSPS ¥ s kid. AT NSP7 & A
A%, NSP5 I NSP5C145A [z ## i, @it Western blot 43 NSP7 345 1454k
#a#, Lo p-Tubulin /EANS. WK 2.7 s, BEE NSP5 EiZ#ihn, Myc Al
Flag HLiA#S AT A2 NSP7 F 45 S I& %0k 24 NSP5 JKiEJ5, NSP7 fI=bE#H
NSP5 &I RO EGE S . 25 EATIAR, NSP7 B HA NSP5 FI/EH .

A
L'HI.‘.\
S2 NSP5 HA S2 NSP5 C145A HA
l>€ \ls‘{
B
SZ NSP7 2 * as + ik + + SZ NSP7 - + + + + + +
S2 NSP5 - - + ++ At A bR S2 NSP5 C145A - - + B
g [ —— | Fliz| ———
Myc [ —— | Mye| o m—
HA [ e —— L
B-Tubulin | S—— B-Tubulin [ ———————

B 2.7 S2 NSP5 % i& R L 32 78|

Figure2.7 S2 NSP5 inactivation mutation verification cleavage

2.4.5 ‘BN E AR IR XT S2 NSP5 H]E| S2 NSP7 fUE20

AR o BT =R AR BRI AR 0 A 2 R - AR AR AR IR AR, ERER

28



2 1% 2 NSP5 Xt NSP7 Y1 [ 974%

fiff (caspase)i& 12 MIA B iR /20781, AHERR NSP7 £/ 2 5 A & AR Rig R
25, EEX=MiE Elfﬁlipﬁfr BAT A AT R L
AR SEEHAE H MG 132 1 2 A A B A & A iRy ) 770990, FEmTRELMT 26S 25 I
WSV E AR AREYE; 8 Z-VAD(OMe)-FMK 1E At K 5 H i (caspase) i 142
AR IEI7, HAT 34| pan-caspasel®l, {i# ] Bafilomycin-Al 1y [ WE- 7 g
IR RINER, Hog—Fh E L (autophagy) BEIFRYT Bedmilzno, Aszigd NSP7
5 NSP5 DL 0, 3:1 % 1:3 (LLFlFEge% 293t AN, % 4y i N4k 51 4b 3 48h.
ik 2.8, Western blot fxil| 45 R E7x, £ MG132 #1 Z-VAD(OMe)-FMK 73 i b 2
T, NSP7 HErrhE NSP5 & 3G iz i id s, i 2 3% - B 1 i A e A 2 42 A
caspase &2 A2 NSP5 X NSP7 [¥%]. TfE Bafilomycin-Al 4b¥E N, NSP7
£ BE NSP5 &M INA 2SS, 3 B R-A AR eSS NSP5

X7 NSP7 (Y15«
A B
SZNSP7 -+ o+ o+ o+ o+ o+ SINSP7 - o+ o+ o+ o+ o+
S2 NSP5 - - A TP S2 NSP5 - - I o S S o
Z-VAD(OMe)-FMK + + + + + + =+
MG132 + + + 4+ + "
Flag — s o e Flag - o -
Myc S o —
e — w & s Sl
- TUD UTII S
b B-Tubulin -.
C
S2NSP7 - + o+ o+ o+ o+ 4
S2 NSPS - - + L O

BafilomycinA1 + + + + + + 4

Flag S ——— e —
Myc — ——-——

L e ——

B 2.8 & G I a3t i 8 69 %570
Figure2.8 Effect of protein degradation pathways on cleavage

A: NSP5 %] NSP7; B: MG132 (7.5uM) 4¥E; C: Z-VAD (OMe) -FMK (50 u M) 4#3; D:
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Bafilomycin A1 (12.5nM) 4b#,

BT Lib 5 - B ARIR A R2m NSPS Xt NSP7 ()%, & T 4 /4> AW o5t
PRIRIE A DI (Rl 2 v 5 W A DG R R i = PRI ) B R A T . 407l Becline 1.
LC3. Atg9 1 AtgleLl, Wil 2.9, Z5HEIR Atg8 HFFRE Lot, WAETIE 5 7
H W AR DGR LC3 BERIE EFt,  HEMI)H AT R fe ik 5 WA R % i o

Beclin 1 LC3 ATG9A ATG16L1

[nd
o
1
-
2]
1
-
n
1

-
4]
1
|

-
o
1
-
o
1

*******

e
o
1
o
o
1

Relateive mRNA expression
e
(2]
1

Relateive mRNA expression
5
1
Relateive mRNA expression
Relateive mRNA expression

e
o
I
e
o
I
e
o
I

P o P P P B o® O PP R G O
o’ ® oF © o & o &
52 NSPS $2 NSP5 §2 NSPS §2 NSPS

B 2.9 # & w4 NSP5 7% NSP7 &t & * 48 X [} -+ mRNA K-F
Figure2.9 The mRNA level of autophagy related factor when SARS-CoV-2 NSP5 cleaves NSP7

#: RHABRREETZHITH IS, *: p<0.05, **: p<0.01, ***: p<0.001, ****:. p<0.0001.

2.5 IHg 5 NG

AEHET NSP5 HHRE PR IR A FIHEN NSP7 W REAEE MM I RN A0 Q18 H
Q34 FEREYL NI 7 FhAS [F) 0 1L e AR08 B o R B I PN DD B AT EEXS &
HLFR MERS 4, NSP7 [FII AL B ANBE I A7 5 7] e 5 e R0 B I 2R E0m MEAH G o

FEWIA K IHTE 5 NSP7 [F] I 17 £E P A B DAL 2 AT fie 5 et WO 55 1) R B0 1
FHOC IR |, #RF0 NSP7 & 754 NSP5 %], H Q18 F1 Q34 & 754 NSP5 )|
frmie BT NSP7 [AHXT 42 F B2 E/DN, BT GFP Ar&%F ) NSP7 #ifxk,
Western blot Al 27 b 4647, HA N NSP5 It A77EZ 4677, Al REse T4
PN I TE EE ABREER . 29 GC376 &b f5, NSP5 X NSP7 UJEIA 2 I i jk
e, YW NSP7 T e T BEA NSPS 192, (HY) BT =5 1 & 16 75 HER
— B [R5 .

FRSREG T R I NSP5,  FEAH BR/K T o SR a6 25 SRAE A th 2 Fhg i PR 3R 3L
NERIE NSP7 ik g2 %5 8 NSP5 IIFER, DRItk Ay &t C oty HA 1) NSP5 Jit
Fizk A LK NSP5 C145A FRAR AR 5T NSP7 it 35 2 5 NSP5 HI{ER . o
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B NSP5 5 NSP7 TN RILEEGEH . 28 LATIR, NSP7 &1k
NSP5 FIYEA . 4 NSP7 [1) E Az s Fl Q Af sl Al RAL 5 5 A I %y, 18
75 NSP5 A% NSP7 (EQmu> #EATVIH, #E—2 Ui ] NSP5 (] NSP7 YIFIN: i Q
8 E.

NHEER NSP7T Wb R EGAEARMEES S, & B8R 7

(MG132). caspase 7 (Z-VAD(OMe)-FMK) Al (5 #1151 ( Bafilomycin-

AL, S5RFH A R-IFBE AR T BES 5 NSP5 X NSP7 D),

2 b, BATHIRE T E R R P SARS-CoV-2 NSP5 1]%] NSP7, iXy NSP7 [)ThAE
WPt 1R .
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3 #BHE IR HmE NSP5 $1E| NSP7 fUES YL = & Y1EI =49

3158

b —EmAE R R NSPS V)E] NSP7, {H NSP5 7£ NSP7 L ¥IEIAL p
I ASBAH, NSP5 fEZANEEUINL s NSP7 VIEI A RE &= A 2 AR . T4 AR
I FRIEF= A NSP7 K/NR 11.55kD, KL VIEIF=42 /Ny T H, MWiBk Tk
BN FEE, EERERENANSFEA. HTHRNTRAAAERFEEE
R, BRI TIE =, X RE p — AE, DR A R
% Rk IRAF Al B 3 T WU O HE B 40 B N B 5 2 s e DR 3R . A SR e e A
NSP7 TR EILT 25 58748k UL K SR A% R IA 24k 3R 15 NSP7 5 NSP5 4liz (it AT L4
PRI R, A A DD EIAL s AT R4, niR NSPS /E T NSP7 2 F LI A .

3.2 ¥}

3.2.1 ZHf8. EFE

HEK-293T HHASZIG 4% 4F; DH50. BL21 B Mk H A S2B S A5A7

3.2.2 Rk

s2 nsp7. s2 nsp5 FEF{EEKE NCBI (NC_045512.2). FERELALZES TG i
SRR AR AT SR B AP 708 p3.1s2 nsp7 myc flag. p3.1 s2 nsp5 myc-

p3.1 s2 nsp7 EQmu myc flag.

3.2.3 5
# 3.1 %5
Tab3.1 Experimental reagents
EX S
YEAST EXTRACT OXOID

Sodium chloride, Bis-acrylami, DTT,
N, N T2 R 3 XA A B e

BBI
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4k 31%

I ik A

Continued Tab.3.1 Experimental reagents

e e
Tryptone Sangon Biotech
JRZ, WK, EDTA Solarbio
Ni JZH7 /)5 (NTA) Ni NTA Beads AEHUHE B G B BORA TR 22 7
PR A B KESHI
3 MACKLIN
3.2.4 LI R

ARSI AP FEA . S KEMR (ZEALWAY), PCR 1 (ABD, &l
Ml (GENESPEED), ZEH#EIf# (BIO-RAD), 1HIEIRIK (H &AW, BEEERG
1% (Gene), HLJKIX (BIO-RAD), fHIZIEIK (SCILOGEX), fHE/Kifrsgn (Lig—

8, WhAfiHEes.

3.2.5 i FIAECHI
& 3.2 X5 Bk
Tab3.2 reagent compounding
B LW PIRFS

10%APS (1mL)

10%SDS (10mL)

5x 8 LRSI

IXTAE (1L)

2YT B 374

FREX 0.1g APS ¥ T ImL i 4lK .

FREL 1g SDS % T omL #B 4K € & &
10mL, =ZEiRRAF -

WZEL 1 M Tris-HCL (pH6.8) 1.25mL, Hii
2.5mL; FREL SDS 0.5g, Ry 0.025g9, H
HaikesE smL, 435 1.5mL EP &
H, 500ul/fr, PRAET-20 UKAR, FHZ AN
A 25uL FiFEEJE ]

H{ 20mL 50 X TAE hn A 980mL i 4li 7K iR
5.

FREUE AR 6.49, FEEERY 49, NaCl 2g % T
400mL B2 K f5 KB -

33



ek 5 NSP5 ) E%F NSP7 515 3= HAE g2 bif ¢

%k 3.2 KB A
Continued Tab3.2 reagent compounding
2R I PIRFS
FREX 0.7149g T 30mL /KA, 0.22 J€

100mM IPTG
oL R AR T
_ FREL 60.57g Tris T 400mL #E4liK+,
1M Tris
pH % 8.0 J5 & % & 500mL.
170.25g BKMET- 400mL 4K, V@
— i g WK mL 4K,
pH £ 8.0 J5 &2 4 500mL .
5M NaCl HY 146.1g NaCl & 2 & 500mL.
NiA 25mM Tris, 500mM NaCl, 25mM B,
NiB JE i 25mM Tris, 500mM NaCl, 80mM Bk,
NiB ¥ iy 25mM Tris, 500mM NaCl, 250mM B ,
13.14g NiSO4 H,0 E % 500mL 4t
0.1M NiSOa4 i J 2T K
W, 0.22um FIJE R SE
16g NaOH EZ& £ 400mL #84li/ ,
1M NaOH A 169 e Ak
0.22um BRI IE .
3.3 Ak
3.3.1 FhutiE

AN TR B AR AR 23 99 9 p3.1 s2 nsp7 myc flag Q18A Q34A . p3.1 s2 nsp?
Qmu myc flag . PCZN1-s2 nsp7 myc flag his 1 PCZN1-s2 nsp5 his. NSP7 |k T
JE—ANRERZE Q, FIRIEA 54 QAL Q18 Q34 Q19 Q31 Q63, £ 3.3 N
g IR ORI 5

%33 3415 4

Tab3.3 Primer information

siar SIFsl (530

S2 NSP7-1F ACACCATGAATCACAAAGTGGAGCAGAAGCTGATCAGCGA

TTGTCGTCGTCATCCTTGT
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4%k 3.3 5113 8

Continued Tab.3.3 Primer information

ElEVEZRIN
S2 NSP5-1F
S2 NSP5-1R

S2NSP7Q18A-1F
S2NSP7Q18A-1R
S2NSP7Q18A-2F
S2NSP7Q18A-2R
S2NSP7Q34A-1F
S2NSP7Q34A-1R
S2NSP7Q34A-2F
S2NSP7Q34A-2R
S2NSP7Q31A-1F
S2NSP7Q31A-1R

S2NSP7Q31A-2F

S2NSP7Q31A-2R

S2 NSP7-Q63A-1F
S2 NSP7-Q63A-1R
S2 NSP7--Q63A-2F
S2 NSP7- Q63A-2R
S2 NSP7-Q19A-1F
S2 NSP7-Q19A-1R
S2 NSP7-Q19A-2F

S2 NSP7-Q19A-2R

515 (5'-3")

AAGAGGTAATACACCATGAGTGGTTTTAGGAAAATGGCATTCCC
GCAGAGATTACCTATCTAGTCAATGATGATGATGATGATGAGCGTA

ATCTGGAACATCGTATGG
GTTTAAACTTAAGCTGCCACCATGGAGCAGAAGCT
TCTCCACTCTGAGCTGTGCGAGCACGCTCAGCA
TGCTGCTGAGCGTGCTCGCACAGCTCAGAGTGGAGA
CTGGACTAGTGGATCTCACTTGTCGTCGTCATCCT
GTTTAAACTTAAGCTGCCACCATGGAGCAGAAGCT
GATGTCGTTGTGCAGTGCAACGCACTGTGCCCACAGCTT
TGGGCACAGTGCGTTGCACTGCACAACGACATCCTGCT
CTGGACTAGTGGATCTCACTTGTCGTCGTCATCCT
GTTTAAACTTAAGCTGCCACCATGGAGCAGAAGCT
AGTGCAACGCATGCTGCCCACAGCTTGCTGCTGCTCTCCAC
TCTGAGTGCTGCGAGCACGCTCAGCAG
GCGTGCTCGCAGCACTCAGAGTGGAGAGCAGCAGCAAGCT
GTGGGCAGCATGCGTTGCACTGCACAAC
CTGGACTAGTGGATCTCACTTGTCGTCGTCATCCT
GTTTAAACTTAAGCTGCCACCATGGAGCAGAAGCT
TTATTGATGTCCACGGCCCCTGCCATGGACAGGAGGACGCT
GTCCTCCTGTCCATGGCAGGGGCCGTGGACATCAATAA
CTGGACTAGTGGATCTCACTTGTCGTCGTCATCCT
GTTTAAACTTAAGCTGCCACCATGGAGCAGAAGCT
TGCTCTCCACTCTGAGTGCTGCGAGCACGCTCAGCAGCA
TGCTGCTGAGCGTGCTCGCAGCACTCAGAGTGGAGAGCA
GCAGCAA

CTGGACTAGTGGATCTCACTTGTCGTCGTCATCCT
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3.3.2 FRERRHIEME

(D) 2 ERPECH: FREURE 4.329 M 49.5%T 5%C 4.85mL, 3X i
AmL fnfEgliftk K E 12mL JE2), N 40ul APS%Al 4ul TEMED Y& 2] Jo {3 \ 3% 35
W, H 20%TG7K SEEE R, A5 FLEEE 30min;

(2) J)JZHmeH]: FREURZER 4.32g IO 49.5%T %C 2.42mL, 3 X 55 2% ik
2mL, Jn#Eg4ith/KE 6mLES), I 20ulL APS%AN 2ul TEMED Y& 2] Ji {58\ 35 58
W, H 20%TG7K SEEE R, A5 FLEEE 30min;

(3) WA HIELH]: FREURZER 4.329 I 49.5%T %C 0.49mL, 3 X 55 2% ik
2mL Ntk /K E 6mL ¥EST, N 40ul APS%Al 4ul. TEMED Y& 2] J5 3 N\ B B8R
o, FEA AR, A FLEER 30min:

3.3.3 E#xFTiAaik

(1) WFEfL: PE—AR% S 5mL 2YT 1 15mL FRERE ., E TRRRE %
12h, HFRFKAMN 37°C 220rpm; FiFREFE R EE R (Amp) 5 2YT HLLER
1:1000.

(2) WM KIEFR: A TIEGTEL 4mL 5380 E T 400mL KI5, @
I 400pL R EH R, B TRIKTEFRE OD E N 0.6~0.8.

(3) F5: HBWHHKEL ImLIPTG (100mM) BT E—855md, fli A&k
FE M 0.25mM; B FR41F R 16°C. 180rpm, H57:1} ] 12h.

(4) Bar: ¥ E—BRFRERE 50mL BOETEO, BOLEMEN 4°C.
6500rpm. 20min, E§.0JE 2Rk B, SRR EATUE.

(5) WM. JEeeb ok F#fE, F 20mL NiA EEEW, TR R
AR, SN 25, 5 3s, EEARTIECY 10min, 8  fEEURE
(6) Bl: K E—Bam 0> 1hy 13000rpm. 4°C, B0 Jaf EiEA 0.45um
T S 8 o R I EORE:

(7) FALFRARFE: FAARRUNERRE 3 5 PR I T i it
(8) WF: 5 (6) LIRTFH LG IR & B P U BURE .

(9) ¥odk: k2B TEMFRE MR, 5SmLk.

(10D Pefbi: Koo Bip B T4 PR F =X, 5mL/k.
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& B kHx Gtk

vy ¥

.
.
.

e S s S s T e
I i mi i

K 3.1 &% asiRER

Figure3.1 The schematic diagram of protein purification

3.3.4 TLHpaEE]

FEaifb i) S2 NSP7 5 S2 NSP5 VR 2] 5T 37°CHEE 2.5h, [ W 28l il o7&
i 1mMEDTA, 1mMDTT, 150 mM NaCl #1 50 mM Tris-HCI (pH 8.0).

3.4 LIGEER

3.4.1 S2 NSP7 TR R fufaid

A B
$2 NSP7 QI8A Q34A $2 NSP7 QI8A Q34A Q19A Q31A Q63A

bpM 1 2 3 4 5 6 7 8 bp M 1 2 3 4 5 6 7 8

— 398bp — 398bp

B 3.2 S2 NSP7 #n#4% & K Rkt 2
Figure3.2 Construction of S2 NSP7 cutting site mutant plasmid
7: A: NSP7 Q18A Q34A SR AMAAKI A PCR 45 % B: NSP7 Q18A Q19A Q34A Q34A Q69A AL
PRI TR PCR 4
37



Hroe i B8 NSP5 PIEIGT NSP7 515 3= BLAE K2 it 7t

P 3.2 /&M% p3.1 52 nsp7 myc flag Q18A Q34A . p3.1s2 nsp7 Qmu myc flag
(Qmu: ¥ S2 NSP7 LRI QA iAo N A, 1UFE Q18 Q34 Q19 Q31 Q63)
HALE PRI 8 ANHm BRI PCR 4551, Rk 2k IERIY se b j5 ik, &l 3.3
W48 35 R
TN - . S

1l ‘.‘\ﬂ\,.-‘m" ,n.{l‘a
WA AR

coacaTcrTocTaarEass

A
,,,,,

(T TR Y PR
AW AR

. |
i Is;‘,,“.-‘ﬁ"‘-‘lﬂ‘ﬂbq“. "“’"h‘"\,“'ﬁ‘l\“.,.‘“lﬁ)’"‘

) anihan il e
(U P TULTVY \‘h'\‘"\""."‘.i"‘"'

Vb ni s
anllaflafafile
AR

K 3.3 S2 NSP7 ¥ %42 & % AR 420 - 45 R
Figure3.3 The sequencing results of S2 NSP7 cutting site mutant plasmid
VE: A: NSP7 QL8A Q34A RAMKIHAMI AN 745 B: NSP7 QL8A Q19A Q34A Q34A QB69A FEAFARFK

PRRI RN P45 R -

3.4.2 S2 NSP7 FiM] 4L 25 2825 56 iF

b—AHER] NSP5S T LAYI®] NSP7, (HUIEI =SB, TRk iEid T
FPIFIL SR VIE M) 2 NSP7 YIFINZ miRALJ5 NSP5 Kok bI#| NSP7 i
NSP7 F iy AN RIS S . ASLIE/EHE 7 Q18 F1 Q34 {7 MR RAE & Q
BL AR RAT ) RASR . ¥ NSP7 K NSP7 AR B E N 1ug, 70515 NSP5
JL#E, NSP5 (&N 0, 330ng, 500ng, lpg, 2ug, 3pg. iHid Western blot &l
NSP7 F47 Ak, WKl 3.4 (A) PR, 1 Q18 Ml Q34 A i RAL )5, NSP5 &
BUWE %, NSPT (b AR, W] NSP7 BRI A2 Q18
M Q34, W HEILAFAEHABYI TN, Mo K RAAK NSP7 (Q18A. Q34A. QL9A.
Q31A. Q63A) 5 NSP5 % id#e et dtds . anfd 3.4 (B), NSP7 (QI18A.
Q34A. Q19A. Q31A. Q63A) FHrHJEEBE#E NSP5 & IR AN &M K, &R
NSP7 FIPNEIN ST REA I Q A7 A5, WIREAFAE Q VAAMWILAMIEIN. &1, A SCHkR
B S2 NSP5 1] P1 A pi th A A2 ERY, 5oy NSP7 BT I E A7 AR RAR N A
B RAE K NSP7 (Q18A. Q34A. Q19A. Q31A. Q63A. E23A. E47A. E50A.

E73A. E74A, TN EQmu) 5 NSP5 3L#:, #5 R GIREE NSPS £ £, NSP7
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3 M SRR 5 NSP5 1) %] NSP7 (B A7 55 S 1 #1724

(EQmu) FifFpEA L, #2727 NSP5 A% NSP7 (EQmu) #H474E|, #
— B NSP5 78 NSP7 _E 147 5y Q 5L E.

A B
o1 sl\gy(cDS}ANFSlW S MycS2NSP7QmuFlag -+ + + + o+ =+
ag
S2 NSP5 HA - - + R S2 NSPS HA - - + At R A

Flag - | Flag | *—s o |
Myc | M mye | ' |
A [T — HA | e —

B-Tubulin | e—] B-Tubulin [F————— —
C
Myc S2 NSP7 EQmu Flag -+ + + o+ s
SINSPSHA - -+ 44+t bebd ireet

L -~

Mye | oy,
HARS o o == - -
BTubulin | o ——————

B 3.4 # & /& NSP5 #F NSP7 Q #= E #n#]4% & jf it

Figure3.4 The screening of SARS-CoV-2 nsp5 cleaves NSP7 at Q and E
7E: A: NSP5 V%] NSP7 Q18A Q34A; B: NSP5 | NSP7 Qmu, Qmu fi NSP7 L i Q 1 s A A2
T A, 5 (Q18 Q34 Q19 Q31 Q63); C: NSP5 1j%] NSP7 EQmu, EQmu f& NSP7 L-fi45 ¥ E Rl Q {7 £ #7%
NT A, 1335 Q18. Q34. Q19. Q31. Q63. E23. E47. E50. E73 fll E74;
RYE NSP7 B FI I FI A7 i th aT g2 E, ELX 7 MR IR B NSP7 741,
S5 R TR E BEVIAL AT BE -5 7RO B ) 2R B0 AR 5K

B BRI A B A
llll‘lllllllllIllll‘lllllllllIllll‘lllllllllIllll‘lllllIIIIIIIII‘IUIIIIIIIIIIII‘l!llllllllll
10 40 1 B 70 =50 90
SARS-CoV-2 nsp7 SKMSDVKCTSVVLLSVIQCOLRVES SSKLWAC CUOLHNDILL? KD‘\"iI AV I‘:KL({EEMLD'IR TLQ
Alphansp? (oo v e e em e an e 1 | e I B
Betansp? = s ec e eacenanen T T e T Mt e B S I B
Deltansp7 = |+ s s e s smeasansnnn ! = I T TR SICIEICIR IR ICIPI =Y R AR IR, OF SISO I N
Omicron nspT |+ s s s s oasas o so s LI L S R I Il e R LR LR 1 e ianans
SARS-COVISPT [+ o v vvonnnnnnnnnny T R I T S A I L I Ropechov e
MERS-CoVnsp7 |+ LT . Lavuiuiiooy g- L HOANCRAL JELCKE . o AT P e B CEAT MTHS. N .o e u e LDA. "‘.‘ Voo
..LT.L.. MGI 4SNMNIA.N..E. Y. JEM. .K.N.CD.PET,. @.LLLA. .AFF. .KHSDEG. ..... LGD.VDSYFE Tieaes
..LT.L.. FGovaasa LD .ﬂD:E‘-|... ......
LLT. L .:"KCLT‘I.EEV.IDI].KD. IV.....
..LT.

. -TKCLAS . DEVYDIy{VODSTV . . ALQ

-

B 3.5 B 2.4 NSP5 /& NSP7 &9 il 477 %4 &,

Figure3.5 Predictive cleavage sites of NSP5 in NSP7
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3.4.3 S2 NSP5 & S2 NSP7 B Ik ERiiiE
1K 3.6 /& H% pCZN1 s2 nsp7 myc flag his kL 8 /™5 70 B ¥ 5 Wi PCR 451,
i 1% 2% 7 1A 1) o o S a2e I, 00 e 5 SR TE A

PCZN1-S2 NSP7 myec flag his

M1 2 3 45 6 7 8

bp

a6
400
300
200
100

— 404bp

B 3.6 S2 NSP7 & # & ik & AR 32

Figure3.6 The construction of S2 NSP7 prokaryotic expression vector

3.4.4 S2 NSP5 5 S2 NSP7 fy[E#% ik 4k

JRAZRIE TR RIE I NSP7 K/ 12.8kD, & 3.7 (A) 1 NSP7 fE 41
W ZRRR RS, Ped4Bh ANIEAE NSP7, SelBiil R A74E NSP7, 15 BH L 3l
SEREGES, IR VEIBOE T, NSP7 JFEAZRIA R . HiEiiEE NSPS HIFiEH
XFor T 2N 35.84kD, 7 SCHRIRIE NSP5 JFi%EIE4L I K /INE 25-35kD 22 [,
HEW RN, ] 3.7 (C) AL R 53—, NSP5 n ek A4 | U
DS il o /s T ER S - AL BN 37) By 8

& 4 &
2l - —
b 'd uwi
C 7 z %
7. z z
a o o
w w w
' =
70kD ;
50kD -
40kD TOKD - -
35kD . 5
25kD 40kD
20kD 35KD - e
- -
15kD 25KD xes
-
20kD .
10kD 15kD
Anti-HA

B 3.7 NSP7 5 NSP5 & & # % ik sh4b
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Figure3.7 The prokaryotic expression purification of NSP7 and NSP5
e A RIS A AR 2 S2 NSP7; 1 AREERZARE 2B 2 ARAMR 0510 Big: 3/
TR T W 4 CRVEA: 5 ACTRER — kWit H BB AR 6 AQRR 58 — et bl H Y A 74K
UG H R F R B N EARZERIL R B AU S 2K S2 NSP5, 1-7 P [Al A ; C: Western

blot #&:1] S2 NSP5.

3.4.5 S2 NSP5 5 S2 NSP7 BT ZmpafE1]

SAREIN 43 F R AR N B BT e 2 NSP7 VIS, A SZI6 F PR 3 Gl 4
TR NSP7 V) E] F Br. NSP7 v 100pg, NSP5 PA 33ug. 100pg 1 300ug i%
Bk, BINSP7 5 NSP5 & (1 LLFl 4370 3:1. 11 F 1:3. 41l 3.8A ffiw, Xt
fB4 NSP7 FOxt B4 NSP5 #HEL, NSP7+NSP5 7 6.5kD A1 3.3kD Ak il 21 47) %1 4%
i, HLBE#E NSPS5 [ EZHHE K, 6.5kD ARV &I A/ I K. K 3.88
NiEt Western blot #t—2PI8E NSP7 VJ#E| %7, Flag PriAKEIE] 6.5kD AbF %
{H NSP5 ¥ikis H I AFAE— AN E2IT 6.5kd A 2%, TEEH 6.5kD Ab i) 4 A2 JE4E 5 14
2o Flag iRl 2] 3.3kD At AG 257, 1%k iA rl R M%7 (] 3.6
PIEP=Y) 1), YIEIN ST AR 73E (2.95kD) mi# 74E (2.82kD). Myc Fifas il
B 3R, MXHTRES SN 6.5kD (FIEF=4) 2), 3.3kD (LIE*4) 3).
/NT 3.3KD (WIHRIF=H) 4. VIR 2 TTRERE R Z e s 2 (i 1 5%, )
BRI S TRE R ATTE (7.04kD); D14 3 BITMYIFIAL 8 18LQ (3.73kD).
19QQ (3.86kD) Hi# 23VE (4.36kD). Myc f7-fE EQ fiiss, VIEF=¥) 4 v e Ni%
AL RN 18LQ. 19QQ Bi# 23VE VI sl RN DIEIE s IV B =4 27 LRTiR,
oy~ NSP5 /EF T NSP7 14> F#liil. NSP5 NSP7 b & /D AFELE = ANYIEI7 i
A4 ANYIREY), B ATIRIA AT RS 18Q. 19Q AT 23E, HE —AMUIEIA M2
4TE, SHE=AUIEIA S ATRER 73E 8 74E. DIEIAL A 1 AIEIAL & 2 5B,
J5 B T4 FRAR E— D W) R 5%
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A = = B - %
TOTw 0 T
woow o 0 ¥
B =0 B o0 B A

& S %ggzzz g8 “ s L 2 g

5 w = o - .. .. .- a PG E s w - =

d d & o~ 2 g9 S
¥ £ £ £ £ £ & £ £ & & R E B
S B @ w B A B B @B 73] - 7] 7]
= &z AR zZ zZ Zz - Z Z z
e —

31kD
20.1kD
—— S2 NSP7HJEISET2

14.4kD
—— S2 NSPTHJEISFH3

6.5kD

3.3KD

—> S2 NSPTJ &4

“IHI

C D
SP7 VIRIEHC/NLE £1K: 12.8kD
ST |Ng (Myc) |C# (Flag) | ——— s _ —
NSP7¥i EQ 23VE 4.36kD 47TE 7.04kD 74EE 2.82kD
LI TEE [NV S2 NSP7
18LQ 3.73kD 9.08kD
19LQ 3.86kD 8.95kD EIE=2: £97kD PRI 1 F3.3kD
31AQ 5.25kD 7.57kD EIEI=43: A F3.3KD
34VQ 5.58kD 7.24kD r— —
63MQ 8.82kD 3.99kD
23VE 4.36kD 8.46kD
47TE 7.04kD 5.77kD
SO0FE 7.39kD 5.43kD
73CE 9.86kD 2.95kD
TAEE 9.99kD 2.82kD

R 3.8 #7 &5 & NSP5 5 NSP7 &9 & 2m it B
Figure3.8 The cell-free cleavage of SARS-CoV-2 protein NSP5 and NSP7
E: A HUEEE NSPS 5 NSP7 LAl U) S b R 3R LS5 R B: NSPS5 5 NSP7 41l i) Western blot
g5 C: NSP7 TN UI RO, s B L DI B =6t 3 F i & D: NSP7 PIEI&rn K, Z4R4E Western blot
K 2K NSP7 TIF 2% HEN I P DI RO i, R EOY SIS CAS I BN DI R, KON AT REAFAE I DI E 4,

DIFI= YR 55 B BT B UIHI 21 7 50 1 5

35 IR 5/

gE LRTid, JRERCR R EE NSP7 55 S2 NSP5 [ b i Bl — 258 261 (K
#) 7-8kd), WB SR E/R N ifPfE = MBI, C uifrE— MR . #oR
S2 NSP5 7t S2 NSP7 b Z/DAFAE=AYIRIN, 574 4 DNYIR=4), ARAETIHE 1)
AR 437 B HE M D #4755 T B 18Q. 19Q. 23E. 47E. 73E. 74E. %L
NIRRT R, MRS KA E] T Q18 Abr= A ISk, Tl Re & H Al
AL R AR E Sk B D AT RE B A A D) 1) B A 20 B P SR UE B )7 55
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4 S2 NSP5 #1E| S2 NSP7 =4 H91 2l = #4 I 2R i ZE L

4158|5

SARS-CoV-2 7Z—#fl RNA Ji#i, nfLAEHIHEERA, MiEEam, JHEg
JoE H 2E 3 S AR BERURL . e AE S R R LT A e B AR T 1 S 4 P Y A
gER AR . 5 HARHT R R R AR A I EE H —FE, NSP7 JlE E AT 4m i 5 A
5 NSP8 JLiEhr, F B NSP8 14K Hil g M B A T HUE NSP12 ffiEMEAE RNA
& R R IEAE FII008] gk Ak, NSP7. NSP8 A1 NSP12 2 Al fIAH HAF FH7E SARS-

CoV #il SARS-CoV-2 /& {45 fieosl,

AR FAE UL BRI b, G I 2 A S e Ol S R AR ) R - 5 AR R B 4 i I R 1 S

B RARIT NSP7 5 NSP7 V) FI 440 2 G2 X ), 1X K5 4b 78 SARS-CoV-2 NSP7

i — & 4 SARS-CoV-2 NSP5 m LAYJE| NSP7, HA 2| T )& 44 .
YIE =4 1 W0 40 i 2 A7 KBRS FEml, IR AT 7T SARS-CoV-2 U WL St R}

FAKHE -

4.2 t4%}
4.2.1 ¢HAE. Bk
HEK-293T HIASS240 S 4847 ; DHSo B Ak A 52596 = (R 47

4.2.2 ki

s2 nsp7. s2 nsp5 FEEE R E NCBI (NC_045512.2), k[l id 26 ik
Jo AR EYIRIH A TR 2 5] 4 A p3.1 52 nsp5 myc, p3.1s2 nsp7 myc flag.
& 4.1 FBRF
Tab4.1 Experimental reagents
"%
Hh E ZEER KA KRB A TR A

4.2.3 K5

Alexa

R
EZ-Link™ Sulfo-NHS-LC-LC-Biotin

Fluor™ Plus488, Alexa Fluor™ Plus 594
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Gk 4.1 KA

Continued Tab4.1 Experimental reagents

ey ] %

NeutrAvidin™ UltraLink™ Resin

BSA Bk BT LA ) TR A IR A )
€5 (pl4mm) NEST

[V TESSTIREN DI 58 R AE VAR A IR 22 5
Myc. His fl Flag fr2sHifA I ZE A HARA IR A A
4% % T H i Biosharp

Triton X-100. EDTA . DAPI. H&®. ¥ N
IR R ER AR A A

icEapapll
CaCl, 2H;0, KClz, MgCly, Tris [ 24 B A A 5T PR 22
cocktail MCE
KH2PO4 FEET R 2=
SDS, NaCl, DTT ATAEYITR (R BROAERAF
Bromophenol blue Diamond
4.2.4 R FIECHI
& 4.2 X F|BLH]
Tab4.2 reagent compounding

BN LW PIRFS

HY 10mL 1XPBS, 0 50uL Triton-100,
0.5%Triton X-100

[

7y BIFREL 0.065g CaCl,2H,0. 0.1g KCls.
0.1g KH2PO4. 0.0225g MgCl,. 4g NaCl Al

DPBS*
1.4425g Na;HPO442H,0 , ddH.O il &
500mL 5 fif K B %
50mM Tris/HCI pH7.4, 150mM NaCl, 1mM
LB1
EDTA.
LB2 H¥ 0.2mL TritonX-100 Jif A 20mL LB1 H,
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4 & 4.2 X7 B

Continued Tab4.2 reagent compounding

P 75 92

LB3

PBS

SWS

100mM H & iz
20mM H &R
M RIB TR

ICIR AT 0 e i i 1he

10mL LB2 Hjn— fv & 1 B 77 cocktail .
0.24g KH,PO4. 8g NaCl. 0.2g KCI #1 3.63g
NaHPO4 12H,0, ddH.0 In% 1L #ffIH K
&

IX 70mL PBS, JiA 0.1mL TritonX-100 $i$
Wiff, W pH & 7.4,

FRHX 0.375g H&FR, DPBS*E% % 50mL
FREL 0.075g H4 K, DPBS*E%¥ 4 50mL
Img A#E A 400 1 L PBS

4.2.5 SLIG {25

ARSI R B AR F B . IEE RS (NEST),

LR i 8 A

(eppendorf), 188 7¢5% & MeE (Nikon), 1HIE 4B (Monad), HoOtIL &4

(ZEISS).
4.3 J33%
4.3.1 ‘ARG R

(1) #l&MeH: SN 200uL10% DMEM }55%3E & T 24 LR, ¥BIHEIES, K5
K@ TN 24 FLBURHS, LA 10 JT4HA, BN 5% S AURRAN H ks 7246 ik
WIEFREGEE G RY ONkFRS % 2.3.7), YL 240 J5 T 525k

(2) 1XPBS (ImL/IL) ¥& 3K, 5min/ik;

(3) 4%

R (ImL/AL) [#E 5% 30min, 1XPBS %k 3 ¥X;

(4) 0.5%Triton X-100 (1mL/FL) #T4L 25min, 1XPBS ¥t 3 IX;

(5) 1%BSA (200ul/FL) 37°CHf ] 1h;

(6) —¥#i 4°CiH W MEHE, 0.1%PBST %t 3k, £FIX 5min;
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(7) 9L 37°CRLIFF 1h, 0.1%PBST ¥t 3 IX;

(8) J 200uL DAPI (200uL/fL) =i # 4t Smin;

(9) 0.1%PBST J&E¥E 3 K;

(10) F /7. 100°CHIFABRE 7, WmfEzs s b, B Sassky b,
5min J5 LR EMEL;

(11D A SO I R A BB M R AP 45 3

4.3.2 MpRFEE RN

(1) 2REAEVK EACEE, DL HEK293 41 i Jy 1 ;

(2) 5mm FEFEMA M 2.1 X10° 4, R RIBE] 70%1M % E, Yy 48h )5
AT AR TH B AR ) 2R A AL B

(3) HAI 1mL ¥ ) DPBS+IEAI AU X5

(4) AN 400l AV RIBWCED Z AT DPBSTHIKE N 2.5 mg/imL), fEUK 142
RERFFR A 30min;

(5) A 1mL A7 100mM HZER (T DPBS™) fEUK FEHEBE Smin, %=X,
1 mLAF 20mM HER (AT DPBSY) fEUK L PE 5min, =X,

(6) i1 200pL AL LB3 ZIFLAF, MRS J] 7 B AuM, A4 2L ik
75 1.5 mL FIE

(7) ZfEnt, iR BT oK FCEER 1h;

(8) MBHAT RN, #4 [E 2 1k/ NeutrAvidin Ultralink 2k 78 AMRE S EC 40pL
NeutrAvidin 27, FJ 0.5 mL DPBS*JE#K, M 0.5 mL LB2 e Ik (X TE 3000
Xg, 4T FEL30s, £k EE). ke —RK¥EEE, H 2000 LB3 &K T

(9) ZH A 2% 5 7E 16000 X g(Fe KiEF)4AT T &0 15min;

(10) ¥ LiEFRZE 1.5mL B0, B 10-15%7E 5 — & (1EA Input 5, 5
A4 Pull down ¥ 5t), FHAE-80T FIRAT;

(11 KR AR 5518 8 #1419 40l NeutrAvidin Bk 7-7£ 4T IRAMY % 5

(12) EEHRIGE AT F, 16000 X g &0 30s, £ FiE;

(13) F LB3 #&—¥k, LB2 ¥EMX, SWS Pk, LBL ¥b—k: &I 1 mL
SR FVETR, 7E 4T T, 16000 X g B 30s, ZEE& i

(14) A 254 f) 2xloading buffer &, 70°CHI# 10min, £ IRIF(E-20C,

-+ SDS-PAGE #1 Western blot;
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4.3.3 {HBESME BN

ARSEERF 6em ML, SEESWN 3 A, 4 NBAMEXER (pcDNA3D), 2
T ONBHMEEXT IR (GHrE i EE ORF8, CVAWFFTIEN] S2 ORF8 /i Z4HfEsh), 2=
YN NSP7 sEB62H . REAHFE YL RS BN 7.5ug.

(1) 4Mofiitk: B3Rl — K% 200 JJ4fudft+ 6cm I, 4HfUs5FR4E (37°C, 5%
CO2) HiHiFf 12-18h, 25— RAHMICA FEZIN 80%EPn] i#k47 T — 5

(2) Y. WILTSH 23.7;

(3) RIGAMMANE: Gy 48h J5, WAL AT B0 HLR B L (4000rpm 4°C;
15min)  CAHERR A AN /D VB ISR ANAL ;K BSOS B BTE A 0.22um fE
LI i B 2% T 5

(4) 4. # E— L3RG AMRE T e A TR % 400uL, J5H 5X
loading buffer 2 ¢

4.4 LIGEER

4.4.1 @ iwE NSP7 Y1EI F= 469 I 40 B € iz

AR SEES R FH O SR AR BB A IR 7 5 NSP7 S L& 74 () 7. 40 B s s
NSP7 /] C iy 5 Flag #7345, Nimi g Myc %, LIty 341, 45~ NSP7,
NSP7+NSP5. NSP7+NSP5 GC376 AL, H4AHIC 441X =45 Bl e % 293t
Yff. g5 RNE 4.1 fn, FBRBEE NSP7, H#rdk e NSP7 & T4,
RSO A MBS R ¥ NSP5 5 NSP7 L:#%, NSP7 K#84r 2 A T4 i ,
B /DR NSP7 TRINIE Fr B vl R A T4l iif%; GC376 kb3 12h J5, e T4
FAZII R R o AR Bk &5 T 13 24518 NSP7 UIEI= Y ml s 7 T4 i k%, #2
78 NSP7 B VIR 9] e AN A T NSP7 D) RE
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DAPI Myc Flag

NSP7+NSP5 NSP7

NSP7+NSP5+GC376

B 4.1 % AR EH G NSP7 B L inE) = 4t T 4mfe € 45

Figure4.1 Subcellular localization of SARS-CoV-2 protein NSP7and cleavage products

4.4.2 $hadimE NSP7 1F 40 B & B 46

Input pull down

Flag-NSP7 4+ -+ + +

HA-NSPS - + - +

anti-Flag ’

anti-pan Cadherin

anti-p-Tubulin F

B 4.2 S2 NSP7 4m fig i &4 4 )

Figure4.2 The detection of S2 NSP7 cell membrane

A58 3% H pan Cadherin STAVEVAIIBIE N 2, A5RGER 2 A5 M 4H A
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-SH FRURG B (0 B B MR B 24k, BRI PTVE N N 2. B 4.2 RIS RI 2=
R AE Y R BRIC YN R (RIS B, Western blot S 41 i A7 75 /b 2 NSP7,
24 NSP7 # NSP5 V)5 21T % NSP7 41 iRAG I 25 S W NSP7 7E 41 jifa fi5t
A 5341, NSP5 JIE| NSP7 J& & fr T- A B 1) NSP7 i 2%, UtH] NSP7 # NSP5 )|
JE e AE AN R AL, 5 4.2.1 S RAREIER,  NSP7 Y)EIF“#15 NSP7 #J
BEE A —8, HuThEE MR 7AiM . NSP7 e Tk E4R R HIhRE At 5 40
SME FAEIEA K

4.4.3 F1EHRE NSP7 ZEZRBESN RO

Input su Input su

Flag-ORF8 - + - - + - Myc-ORF8 - + - - +

Flag-NSP7 - - + - - + Myc-NSP7 - - + - - At

anti-Flag - ' anti-Myc

B 4.3 S2 NSP7 mfig 51 &4 44
Figure4.3 The detection of S2 NSP7 extracellular

T Input AV RLRANMLE AL, AR Ah 2 A5 IR A MBI Y, A su 7R ORF8 I myc #R%
i F Ny, FlagfiF Cufi, A: anti-Flag /&0 NSP7 & %G h £ 40 4h; B: anti-Myc #:l NSP7 /& 15 /i &
HHfst; anti-Flag HriRrili®] ORF8 73k B4t 4t {2 myc BAE], W HERE Jy ORF8 ) N i £ 4H i o 45
DIk

YU AMEI PL S2 ORF8 1 NBH XS IE, Kazuhiro Matsuoka 258 78 & Bl K Z) 41%

£ 293T 4Hf ik 1K) ORF8 1E kil (1 — S AR r WA B4t fu S1%T. NSP7 1) N ity
Myc 2%, C i Flag 345, 1 4.3 Western blot 45 5 i 7~ Myc Hi4A 1 Flag Fifk
HEA K E] NSP7 FIAAAE, Ui W e 75 NSP7 A7k = 41 i A1

4.5 Wit 5N
ATEETF FretiEE NSPS UIE] NSP7, #RFTVIEIXT NSP7 V40 Al & AL [ 5200
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H5EETRREMIR Sy =, ATt R NSP7 R B AL TR, Hik
B EN TP, 24 NSP5 V)E| NSP7 J&, NSP7 YIE|F=4pn] feik 4 e i T
iforz, XL NSP7 5 NSP7 DRI BA AR AN EN, /8 NSP7 &5
NSP7 VIEI =) BA AR R D g .

50



5 B BRI 2 NSP7 DRI D RE WIS AT 5t

5 FE E KR E NSP7 YIEI =N 8RS SR

5158

SARS-CoV-2 Ji# i HE NET S 532 WA RAY ZE s, oAl
SERMAL IS AR % E T 5 SARS-CoV-2 NSP7 R M ME LEH, HEFEA
ZHEY) AR T3, BHZH . GPCR 5 5 288, NSP7 ifEfE Y
T Y 4l R A (Tregitope 289)[FUS I 741, NSP7-289 fE1441 45 £ 4~ HLA-DRB1
SENLFEH, H0H] CDAYRI CD8'T AL IZ W8, AR AT 1 5256 CUUE 32 S2 NSP5
PI#E] S2 NSP7, HAGMNE] T UIEIZHr, NSP7 UIEIF=#nl it 5 NSP7 ThAEEA i £ 57,
NIRRT NSP7 YIEIF=ii Thee, FA D@ LA B B AR (IP-MS) 3
5 NSP7 Ui BAHEAE &S @ iR AR N NSP7 5 NSP7 1=
Pkt T 40 M3 P 5 T R 22

ASEEIES IP-MS fiik it 8 Mgkt HFH#AT Co-IP SEERIRIEHAE. 1Hh4h,
R SR CD3 A CD28 s T 41 MG Ak 0%, i Jsk I 2k 240 P S Ak i 241 P 2% THI
CD25-PE Al CD69-FITC 12658, i NSP7 5 HIEI =%t T g i) 2

5.2 ##}

5.2.1 MR8, E#k

HEK-293T A SZI =45 7F, N T K40 40 0 Jurkat 1 [ 28 = KAV AR
DH5a. BL21 Bk H A 5256 5 (-4
5.2.2 &I

s2 nsp7. s2 nsp5 LS B H NCBI (NC_045512.2) itk %4k )51t
SUERHVEIRHE R A A G e i EAZ 358 BURL 9 A 56 AT I i o 4% SO AL
AR

5.2.3 {5
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% 5.1 K7
Tab.5.1 Reagents
AR S
IPKine ™ Flag #r %5 & [ % 9% UL UE B 7 &
CHEERIED
Abbkine
IPKine ™ Myc #5 % & H 4 % UUUE 577 &
(HEERIED
Trizol Ambion
FENEE, KB TR T Bz 23850 A PR A 7
DEPC /K AR Z R E R A IR A
Anti-Hu CD3 OKT3 FG PUR500UG
Anti-Hu CD28 CD28.2 FG PUR500G
Anti-Hu CD3 SK7 APC
Invitrogen

Anti-Hu CD25 BC96 PE

Anti-Hu CD69 FN50 FITC

EBioscience™ 7-AAD Viability Staining

SR, 2>X ChamQ Universal e T ME R AR VR R AT IR A
A= 13 H 85 H BSA-V Solarbio

5.2.4 LGN 28

ARSI FH B A T2 B4 (Bioss), HEASWKAHE 02X (eppendorf),
BD i i (BD) ;

5.3 &
5.3.1 FFEFLL-FHEEEARKA (IP-MS)

K Flag A1 Myc G2k #E47 5256 .
(1) #ye. WERH, 79 Y pcDNA3.1. p3.1+NSP7 (T Flag Hi¥k & 4.
NSP7+NSP5 ( T Flag Hi ¥k & % ). p3.1+NSP7 (T Myc Wik E %) .
NSP7+NSP5 (H T Myc ¥k & )
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(2) %% 48h J5 WSS Lo YSC 4 i H 2R

(3) %R IPKine™ Flag #7458 [ A PiE A& IPKine™ Myc AR%8 8 [ fu i
YRR & U BT R A s 4R

(8) JFiil: #4 & EIFMIREF I 30uLPBS, %% (TAEEER 5.1).

Control Overexpress
% cell culture %
l lysis J

e
@it e & e
~ C;? Cl total protein %t‘%ﬂé&

e

=
l incubate with flag beads l

-

* Bait(heavy) R . _ P
@R

’ -~ Specific bounded . ‘”f_—__; -

protein - P
_ wash away
+¢  falg Beads = o unbounded protein N ﬁﬁ
- it

Non-specific &R -

& & bouudcgeprolcin o *l‘ -
elute bounded protein g

& e ?ﬁfgﬁ ® e

B 5.1 FAsbib- AL AR (IP-MS) T4 /R M

Figure5.1 The principle of affinity purification - mass spectrometry (IP-MS)[®3!

5.3.2 L ES

R R ik b JEIT iBAQ {E TS NSP7 A1 NSP5+NSP7 ) ELfE FEHX LA 2
N HIATEUE, TRk e EE KT 1 B iBAQ B A IEk N NSP7 V)E) Fr B 8 HLAE

HH-

5.3.3 EARE B BRE A 1iE

(1) HEK-293T 4 e RNA [FI3EEL, $H15% 2.3.11,

(2) RNA #0852 2.3.12,

(2) 5l¥¥#it: LR A PCR 5|#{£ 8., ALB. H2BC1l. TUBA4A. ATP6VOC.
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TUBALA . BANF1. H2AC8 ) mRNA 1 E 3k H NCBIl, & X5 4 %N
NM_000477.7 . NM_021058.4 . NM_006000.3 . NM_001198569.2 .
NM_001270399.2. NM_001143985.1. NM_021052.4.

% 5.2PCR 314113 &
Tab.5.2 PCR primer information

EIRZEZR 515 (5'-37)

ATP6VOC-F  GCTAGCGTTTAAACTTAAGCTGCCACCATGTCCGAGTCCAAGAGCGGC

ATP6VOC-R ACCACACTGGACTAGTGGATCTCAAGCGTAATCTGGAACATCGTATGG
GTACTTTGTGGAGAGGATGAGGGCGA

BANF1-F GCTAGCGTTTAAACTTAAGCTGCCACCATGACAACCTCCCAAAAGCACCGA

BANF1-R ACCACACTGGACTAGTGGATCTCAAGCGTAATCTGGAACATCGTATGGGTAC
AAGAAGGCGTCGCACCACTCT

H2ACS8-F GCTAGCGTTTAAACTTAAGCTGCCACCATGTCTGGACGTGGAAAGCAA

H2AC8-R ACCACACTGGACTAGTGGATCTCAAGCGTAATCTGGAACATCGTATGG
GTACTTGCCCTTGGCCTTATGGTG

H2BC11-F GCTAGCGTTTAAACTTAAGCTGCCACCATGCCAGAGCCAGCGAAGTCT

H2BC11-R  ACCACACTGGACTAGTGGATCTCAAGCGTAATCTGGAACATCGTATGG
GTACTTAGCGCTGGTGTACTTGGTGA

TUBALIA-F GCTAGCGTTTAAACTTAAGCTGCCACCATGCGTGAGTGCATCTCCATC

TUBALIA-R ACCACACTGGACTAGTGGATCTCAAGCGTAATCTGGAACATCGTATGG
GTAGTATTCCTCTCCTTCTTCCTCACC

TUBA4A-F  TCAATCGCCTCATTAGCCAAATTGTCTCCTCCATCACAGCT

TUBA4A-R ACCACACTGGACTAGTGGATCTCAAGCGTAATCTGGAACATCG
TATGGGTATTCTTCTCCCTCATCCTCGTC

ALB-F GCTAGCGTTTAAACTTAAGCTGCCACCATGAAGTGGGTAACCTTTATTTCCC

ALB-R ACCACACTGGACTAGTGGATCTCAAGCGTAATCTGGAACATCGTATGGGTAT
AAGCCTAAGGCAGCTTGACTTGC

5.3.4 ®IEIIE (Co-IP)

PL S2 NSP7 JJEI =15 H.AE & A A6

(1) itk BRI 2.0X 108/, RFANFES 34~ 6em [IL;
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(2) Begy. 7, FH—dNBAYEXTIR p3.1, 26, =418 S2 NSP7, =4~ H
e A, Iy S2 NSP7 AIEARSE ALYy, STy S2 NSPT IEI=1), %
NN S2 NSP7 FIHAEER AL GY; S2 NSP7 5 S2 NSP5 ii &t /2 1:1, S2 NSP7
S5HEEARELRZ 41

(3) 4°C 4000rpm 5min 55 /CoYSCHE 4

(4) BEHBBE 2% IPKine™ Flag b2 5 M % UTE iR

(5) WB;

5.3.5 mINAHBEAR

#S T MM iE S MR TS S MARE 7. B—(552 CD3 11t
PRG54 T 40, ffF T 40iyDiEth, G52 T S 20 Lk
STMEAER, Hb CD28 R E B IEMIRES T, CRAENGHIE T 4s
BIL-2 SRR T, (kT 40 i 3G 5 A 2 AR 1004, A sag R FH Pifk CD3 F1 CD28
WS T AHBTE A FE I =0t T 4 S A5

(1) RIEARAES: EEMMEH, H PBS #41 CD3 HifA#fEZ 1.25p/ml; 7EAHR
LI Iml BB BT CD3 Pifh. % T HARA T Zht CD3 Jiik 4L, EFLTn
A Iml PBS. FREERAELF, BiibKkaZ&k, BT 4MKELH

(2) W T 4aff: XML AR O T I, 1X 108 Bl T 24 FLAR/AL,
X FIFLAF IS CD28 Fifk. # 12 FLBBN 37°C, 5% S ALRR (55 7246
Hi 9+ 48h;

(3) VRN K 7 0 BiF OB LLE L, TERREAZE A RZ A,
FFLH 1mL FACS ZeMililic—ik, &k 1500rpm Jiehs 5 705, B LiER. #
Y11t BB T 52)LFACS 28 i R IR 2T 5

(4) Pefo. IMAN=A2% Y anti-CD69-FITC (0.125ug/# ). anti-CD25-PE

(0.25pg/%& )+ anti-CD3-APC (0.125ug/% );

(5) 1500rpm &> 5min, #£ Fif; 200uFACS =241, 1500rpm &0 5min, 3
g EEIZPE G 600uLFACS 240 ;

(5) YeILik: 7-AAD SuL/4E, 4°CHEEEHFE 5min;

(6) iT 400 Hff, BD faN4npi LA,
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5.4.1 IP-MS §%iE NSP7 Y1 EI =4I BE{EEH

5 NSP7 Atk xt, 1P-MS ik ) #)4&mw  BEAE & Ay ALB. H2BC11.,
TUBA4A. ATP6VOC. TUBA1A. BANF1. H2AC8. MYHO;

4 -0 Q&HED3 i -0.2636303
g —_
(¢
3 3
& °
= >
- =
o 24 'L:‘r_? o2
] &
Z
¥ z
B ri
%) 14 % 14
- =z
° ]
g g
0 0

log,(Fold Change) log,(Fold Change)

B 5.2 FAsb - A EAR (IP-MS) Hit /& A
Figure 5.2 The principle of affinity purification - mass spectrometry (IP-MS)
FE: A BEUNA Flag REEk s S5 A 25 i LB A BN Myc BEER & 4275 A 45 L i ol s
AAFRN NSP5+NSP7 5 NSP7 iBAQ fEL T ELAEHX logz FI{E,  PAALAR-Z IBAQ fE & X logao.

5.4.2 BEfFERAHFHE

(1) HMHEEY 1

ik 7 NFER, $5 ALB, H2BC1l. TUBA4A., ATP6VOC. TUBAIA.,
BANF1. H2AC8. PCR # 3 ALB. H2BCI1l1. TUBA4A. ATP6VOC. TUBAIA.
BANF1 #7H2AC8 4= ZE K /5741, ALB B I A4 3 ) .
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A.PCRY B Ik E G EH B. ATP6VOC 584bp C. BANF1 386bp

bp M 1 2 3 4 5 6 7 8 bp M 1 2 3 4 5 6 7 8 bp M 1 2 3 4 5 6 7 8

a6
300

100

D. H2ACS8 509bp E. H2BC11 497bp F. TUBA4A 1418bp

bp M 1 2 3 4 5 6 7 8 bp M 1 2 3 4 5 6 7 8 bp M 1 2 3 4 5 6 7 8

5k
3k
2k
1.5k
1k
750

:...'.‘.. 500

250
100

B 5.3 ZA/E& & B &9 K By ¥ A H ik PCR
Tab.5.3 Amplification of target fragments of interacting proteins and bacterial liquid PCR

W A T EAEEARFLR, W 1 E 8 7Jly ATP6VOC (543bp). BANFL (345bp). H2ACS
(468bp). H2BC11 (456bp). TUBALA-1 (744bp). TUBALA-2 (725bp). TUBA4A-1 (744bp). TUBA4A-2
(716bp); HH TUBALA F1 TUBAMA #5871 2 MHEY I, &5l L wEiEs:; B-E 4l i
ATP6VOC. BANF1. H2AC8. H2BC1l. TUBALA. TUBA4A AR PRECFAR b 8 A e kAT B PCR 1)
SR
(2) WFp: PEHC 8 gl R E, Wl PCR JEisl. Z5H ATP6VOC.
BANF1. H2AC8. H2BC1l. TUBA4A il /713 .

5.4.3 Co-IP 31E NSP7 JIEI R ER 5 EEEHEE

MR T ATP6VOC . BANF1, H2ACS8. H2BC11., TUBA4A iX Fifh)iki. ¥E
Xt p3.1. NSP7. NSP7+NSP5. HAEHE H. NSP7T+ HAEEH, LA N
NSP7+NSP5+ HAEEEH, WK 5.4, 45 FH H2BC11l. TUBA4A TES A VIE| B
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FIFEHAEAE, HH 5 S2 NSP7 s &, WRER NSP7 S510E K B i3t 4 /e .
2i b, IP-MSEXE Co-IP AA& I 2] NSP7 V)& ER s 2t HAE A .

S -+ o+ -+ o+ -+ 4
Flag-NSP7 - + + - + + Flag-NSP7
- + + +
HA-NSPS - - + - - + HA-NSP5
- - - -+ 4+ o+
HA-ATPOVOC - - - + + + HA-H2ACS
HA-H2BCHl - - - - - - + 4 &
anti-Flag - —— NPT
1P:Flag anti-Flag “ “ -—»NSW
anti-HA [N — \rovoc
IP:Flag
= ;
anti-Flag - - H2AC8
Input
AtEEC SR ATREVOC
Input
——» NSP5
C anti-HA — - -
2 R A A —— H2ACS
HANSPS -~ - *+ - -+ - - F -
HA-BANF1 - - - + + +
HATOBAA = = w0 o 5 o s g o

iy ——

anti-HA RS, TUBA4A

anti-HA A, TUBA4A

- — — - BANF1

IP:Flag

Input

B 5.4 S2 NSP7 %] i B EAR & & #) I
Figure5.4 The validation of S2 NSP7 cleavage fragment interaction proteins
A: Co-IP I%1E S2 NSP7 YJ# Ji Bt ATP6VOC ¥ HAF: B: Co-IP IRiF S2 NSP7 J#I /v Bt H2AC8 ) HLAE: C:

Co-IP 3&iIE S2 NSP7 V1 /v Bt BANF1 H HAE .

5.4.4 B E KRS NSP7 REVIEI=H5t T 4Aa5E a2 00

ARSIV 8 41, AN FIVEXTRRAL, BHMEXTRR4L, NSP7 (3kd HED,
NSP5 (3kd P ), NSP5+NSP7 (3kd %), NSP7 (3kd #M&), NSP5 (3kd P
), NSP5+NSP7 (3kd W), K647 N K4 3kDa & 411 3kDa 4ME 4., .
SEUG2H T 2R PR R R R IR A AR B R B AR Y, BT RTE R EE NSPS
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FALRE NSP7 e V)H], I s AFE 728 NSP7. J93R1S NSP7 U114,
KR (3kDa) ¥ NSP7 IR~ i 2 4ME G T T Aifsese. ikl 5.5 fr
7N, PEVEXTIEY FITC-CD69 A 44%, NSP7 kb3Sl 37.9%, NSP7 Y)E|F=44abE
J& 31.6%; SPHVEXTHRMLL, XFTF 3kDa MW IEEMFE, NSP7 K351 T 40
BRI ZBHH], X5 S. M. Shahjahan Miah, Sandra Lelias Z5#/f 75 SARS-CoV-2
NSP7-289 #il il CD4*f1 CD8'T il g ic 12 Jx M. 1 45 . — 3% B4 . 1 NSP5 Fl
NSP7+NSP5 413543 52 24, F£HW NSP5 FEALIH T s, £ 3 &=
ZERFRM, JREMAN S2 NSP5 V)% S2 NSP7 Ja = A bl 47 K/~ 6.5kD,

WB I 25 R KB/ 3.3KD 247, BRIt —# o Bk Bt 2 3kDa HEIEE 141
& . NSP5 X+ NSP7 (V)2 8i/b NSP7 [ & i A A5 4 il U R 9D . XFF 3kDa 4b
B, 5 NSPTHHEL, NSP7 UIRIPIRIANHI RO ok, X 50—, NSP7 V)#|

RIS AT BEXT T 203 1 (0 4 BOR B i
A

I: Positive control II: NSP7 (>9kD) III: NSP5 (>9kD) IV: NSP5+NSP7 (=9kD)
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Figure5.5 The effects of T cell activity on SARS-CoV-2 NSP5 mediated NSP7 cleavage
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