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B E: FHAGKRKEFEIEGH (Main protease, Mpro) EEEH ERF RNA L4 FEA T2 AYDF Ik, B
Mpro &K F T G ERTFT ARG RE, CRAFE S #HRARAFHN T LG ERBIFZ—, AHTH
& @HE. GE MY Mpro, ARIE A TR Z RN, M e Mpro A B 55 £ 3 3) pET-21a 5 pET-28a & X
P A A b, AR K40 E] KM AT Escherichia coli Rosetta(DE3) &% A, » 5 #AT R4z &%
SEARAL, BT R A B E L G 4 4% A Mpro 5 Mpro-28. Mpro &5 Mpro-28 £ HisTrap™ # f= E 47 ik & B 4hib &,
VAT kIR Ae &4 45 (Fluorescence resonance energy transfer, FRET) SRt fTA M FEMH LT . FRET B £ R
R, sty Mpro B BAFeRAEZE M, K154 11.68 umol/L, ke fi#4 0.037/s, & A A4&F 25000 U/mg,
9% Mpro-28 #) 25 1%, 3L ARG AL Mpro 1AW F AR LER, BARKREN S RMARFEST L
KB FEMR BN, P AT EAFHRACK S, RIAMBTT FH B HE Mpro £ XAFE F e kL LML S F
M, H¥es Mpro SRR EAY HAEHABAGET LT SRk s,
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Optimization of expression conditions and determination the
proteolytic activity of codon-optimized SARS-CoV-2 main
protease in Escherichia coli

Yunyu Chen?, Zhenghao Fu', Gangan Yan', Yuan Lin? and Xiaoping Liu®

1 Institute for Drug Screening and Evaluation, Wannan Medical College, Wuhu 241002, Anhui, China
2 State Key Laboratory of Bioactive Substances and Function of Natural Medicine, Institute of Materia Medica, Chinese Academy of
Medical Sciences and Peking Union Medical College, Beijing 100050, China

Abstract: The main protease (Mpro) of SARS-CoV-2 is a highly conserved and mutation-resistant coronaviral enzyme, which
plays a pivotal role in viral replication, making it an ideal target for the development of novel broad-spectrum anti-coronaviral
drugs. In this study, a codon-optimized Mpro gene was cloned into pET-21a and pET-28a expression vectors. The recombinant
plasmids were transformed into E. coli Rosetta(DE3) competent cells and the expression conditions were optimized. The highly
expressed recombinant proteins, Mpro and Mpro-28, were purified by HisTrap™ chelating column and its proteolytic activity was
determined by a fluorescence resonance energy transfer (FRET) assay. The FRET assay showed that Mpro exhibits a desirable
proteolytic activity (25 000 U/mg), with K, and kg, values of 11.68 umol/L and 0.037/s, respectively. The specific activity of
Mpro is 25 times that of Mpro-28, a fusion protein carrying a polyhistidine tag at the N and C termini, indicating additional
residues at the N terminus of Mpro, but not at the C terminus, are detrimental to its proteolytic activity. The preparation of
active SARS-CoV-2 Mpro through codon-optimization strategy might facilitate the development of the rapid screening assays
for the discovery of broad-spectrum anti-coronaviral drugs targeting Mpro.

Keywords:
expression, fluorescence resonance energy transfer (FRET)

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), main protease, codons optimization, prokaryotic

H 2019 4 12 F Lk, B8R il ¢
(Coronavirus disease 2019, COVID-19) &4k,
& 20204 7 H 31 H, 4F¥k COVID-19 #ii24%
{98 1 779 J3 91, R XEH (511381 68.3 J7 4] .COVID-19
SR A AR NS T 8 05 Y R A T 1 A R R
WA, I RA B S AR RsE T3, Cpit
DA H R E A N E PR A AT T A S, 45 N2
A i A RV S T R SR, H R
Be= A% COVID-19 FE SR 2h) .

B R R 9% B (Severe acute respiratory
syndrome coronavirus 2, SARS-CoV-2) b IE
B RNA JREE, 29 891 AMBREXTL K, Hhomis
9 860 M4 JER . SARS-CoV-2 5 SARS-CoV [f]J&
BRI RE , AT IR R P s 82%12 4, M
SARS-CoV-2 Z il e ¥R 4/ 5 IFih, MK
iyl ghn T Z R4 8 15T (Non-structural
proteins, NSP) (£ R & 1k (Polyproteins)

% : 010-64807509

ppla 71 pplab LA K il 5€ 85 1 (Spike protein, S).
(O E)y. K&EH
(Membrane M) Fil ¥ &K 7 &E H
(Nucleocapsid protein , N) %§ 25 #) & 1 i
(Structural proteins). W55, SARS-CoV-2 4
SARS-CoV A[a], ¥yil i bR 22 Y S 4 15 M4
Hak K%L 1L 2 (Angiotensin converting enzyme 2,
ACE?2) K45 G, IO SCRAE b R 0 e A 1T 2 fii
Wb B AN, 51 % AR E Pl 78 SARS-CoV-2
= AfE FAME)E , Bt ie Y RNA, fEhfE 40
MR B Z R E D IR, R EEA
fitf (Main protease, Mpro) FIKFFIERT, ZRE
BT DD R SR e 8 RNA A2 BT b 75 19 )
REZrF (U0 RNA RAHE . RNA fEHERGSE), ki
E0 AN R AIOE S ST .9/ G

SARS-CoV-2 Mpro JEAHX} 714 34 kDa
2 S R & 1, 55 SARS-CoV Mpro AR

(Envelope protein ,
protein ,
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Frik 96%. Mpro BTG PEIE 20k — IR IkZEHy, HYE
PEHO R AL E R (Hisdl) FIEE 14507
BEE R (Cys145) B — B pE b g e,
WA BE AR SE I Mpro 7E TR R 2 RNA
S A YA, B AR H5H
[ V5 19 25 I 7, Mipro B4k 8 U T 340 e bRos 7
5 TT K PRAR I A 2 — (09

AW ST AR, L PR
i T Mpro 78 KA e i 3Rk S S i
W& T EmaiE . miEYER Mpro, HEETE Mpro T
TET e RS 75 24 470 v 10 o O AR AR Y T B E T
SIS FLAE

1 MRE5FE

1.1 ##
1.1.1 #1®5

DNA Frifor i . BrRi2BGAR & . & s
#E5>FH  Nde T . Xho T . KIAFFTR Escherichia coli
Rosetta(DE3) Ji&3Z A4l A TransGen A ) ; 2 [
M. BEEERT . BUIERII H Oxide Aw]; 7-H LR
o #E -4- 2R (7-methoxycoumarin-4-acetic acid ,
MCA). 2 NIUbk, FIRER . RN REaRACEZURT
(Isopropyl B-D-thiogalactoside, IPTG) 4§ H Aladdin
INT); SREENIE . HisTrap™ 2RI GE 2
7] ; BCA (Bicinchoninic acid) #& [ & &7 &
H Thermo 2~ #]; /NI 2R (Histidine, His) #r
g PR . BUR o A L Y (Horseradish
peroxidase, HRP) #ricdFEHi/MR 19G g B H 42
A 5 i ECL Ak R )6 F NCM Biotech
2Nl 96 fLHRIWE Corning 23 F]; MCA #RicHI £
ik ’E % [MCA-substrate : MCA-AVLQSGFR-Lys
(Dnp)-Lys-NH,, Ae/Aem: 320 nm/405 nm]ity B 75 /K
A (L) AR pET-21a b pET-28a FRik%;
A B DA oA A AR oy 177 20 Ar i i)
1.1.2 X%

g TAES (AIRTECH ZAwl); Mgl m

http://journals.im.ac.cn/cjbcn

4@ (Thermo A F]); mdd R E.OHL CEATE
Al) s BlEHEACE Bk b sts—A Y RHA
BRAHD): BT (WIX A D) ; PR iYL
(Bio-Rad A rl); diRRZGIEF A (LA
ABRAF]); AR AL (SCIENTZ A F);
AKTA Pure (GE A Fl); BERR RS (CLINX 2
Hl); ZIGEREFR{L (BioTek 24 H]).
1.2 Fk
1.2.1 Mpro 2EF3IE4k

1E NCBI ¥4 2 Hh 42 SARS-CoV-2 Mpro %t
(GenBank & 5:5 . YP_009725301.1), ¥ H 5%
A %] JAVA Condon Adaption Tool # 4 (JCat,
www.jcat.de) Hr, EFEFRILTE F O Escherichia
coli, tALIKF]HikEte Nde 1 A0 Xho 1 VI
R, BRIEXT Mpro RS 41 A 7 %% 65— 305 1 46 25
(Codon adaption index, CAl) Z3#r. GC &5
HEHRFILAL
1.2.2 Mpro BERBEFRAMHESEE

TEAC ALY Mpro B 5] 7 91) 53 A 3" 43 01 A
Nde [ 5 Xho I E§¥If 5, 1 Gene Universal 23]
HEATIE A A . KA Mpro SRR 53] i H2 5]
PET-21a ll pET-28a £k gk ik, HHEEMWEL
HEH A4 Mpro Al Mpro-28. F i iR EE 4
JRL 2 WIS 5E 5, #5H Gene Universal 23 7]
HEATI P, L SnapGene 3k {464 1P 41 HL X430 H7 o
1.2.3 Mpro BEFEX

$4 T 4 Tk pET-21a-Mpro DL CaCl, Bi#E 1k
% E. coli Rosetta(DE3) &z &4, FLIEE
VYR 0 e v EA T BH M 2 T 0 e . B ML R
6 NHEA THEM RS 100 pg/mL &S PRI IERY
LB i fAss #2337 CHi 5% 7 h, #EAIA 1 mmol/L
IPTG, 30 Ci5% 10 h, #47 Mpro JE#aRkik,
L 12% SDS-PAGE #4740 #r. DA%k pET-21a Jit
FifY E. coli Rosetta(DE3) X IR 4H .

DL-R I8 %5 3R Pk i 18 2 9547 pET-28a-Mpro
HAHFRYGE, F#E T Mpro-28 Ji %Kik
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1.2.4 Mpro FE#REZHMEM

Mpro FefH s SR E . L 2% iR,
W TR HERNE) & 100 pg/mL 24 P9 Akt LB
WARKEFRIE A, 37 CH:FR 7 h, LA 1 mmol/L
IPTG, 30 Ci5® Mpro 5% ik, fE55 0. 2. 4.
6. 8. 10. 12 h if[a] 43 Wi 4R 800 pL W, LA
SDS-PAGE % 3& Mpro 7E45 15 5 I ] i i Rk 6
WEBSEE N 25 C, 20 C, BELE Fid#E.
A 64T Mpro-28 e fE175 5 15 8] it 5

Mpro e fE 1 SR B YA A2 < 8 TR R AP 3
50 mL LB i iAsEFREEd, 37 CHIFR 7 h, MA
1 mmol/L IPTG, W& T4/ N 30 CiEF 8h,
WA TR . [l 15 S 4540 25 “Cis'5 10 h Al
20 Cif5%: 12 h YA A 4L 8 mL TBS (50 mmol/L
Tris, 150 mmol/L NaCl, pH 8.0) A, vKin
T, LU B, B0 R BT
UE, FLL SDS-PAGE %7 Mpro ARk, [F
AT Mpro-28 S A E1F T 1 B BB E o

e IPTG WM . 1 TR RN
#| 5 mL LB Wi fkREFREEH, 37 CHiFR 7 h, 25l
JA 0.0.2,0.4, 06,08, 1mmol/L IPTG, 30 C
P 8 ho I IA, LI SDS-PAGE %7 IPTG
VW EEXT Mpro Rk o [A ik PETT
Mpro-28 fft IPTG 5 51 1 3E o
1.25 Mpro 4 B4k 5% &

B TREZEMT 1L LB WA (%
100 pg/mL ZRPGAK) Hr, 37 CHEFE 7 h, MA
0.2 mmol/L IPTG, 30 ‘CiES 8 ho HIARLUE A I
VRIS, VR L 25% 1 R R i T W TE
il % Mpro fHEE W . & I8 S 25 SCHR[10] B7 34 19
HisTrap™ 35 #Z BT 74T Mpro 4> B 4lifh ., 4lifk
() Mpro UL TBS ¥ V2 Bt Rl 85 11 J5T ok 4 8 B A8 Tk
45, TFLL BCA i it . [AiLiF1T Mpro-28 (143 &
alifk

# 1. 2. 3. 4pg Mpro DI T 5B, Hs
E1 305 40 51 A /N BT His ARZE 85T (1 : 2 000) F1

% : 010-64807509

HRP-2£HT/MEL 19G (1 : 4 000) ZEiREMFH 1 h, LI
NCM ECL Ultra ¥ & 5% i 1% .
1.2.6 Mpro &Y #iEd K E

MCA PRt 4 iy 2:ii: 4% 10 pmol/L MCA
TE TBS il H DL 2 545 L ik M ke 5 MR BERR L,
PLHE TBS AL A A X B fL . ik MCA Hi
B L 50 ulL/fLmAE] 96 fLARH, 4fLH MCA
MAEMIN 0, 31.25, 625, 125, 250, 500 pmol,
WE e, D2 IReREAR L (BioTek)
¥ I A XF 2¢O 5% BF {5 (Relative fluorescence
units, RFU). ##E4&fL MCA HHEF ARFU {8
(ARFU=RFUnca—RFUQ)#& [m1H 5, 23] MCA
PR

Mpro K TGRS E . % 2 mmol/L MCA-
substrate L1 TBS ¥ i # B 2 10 umol/L, il A Mpro
(10 pmol/L) fF L5359 0. 0.125, 0.25,
0.5 umol/L. FiR /Wi Pk 50 pL/fLmA % 96 fL
Mo, B EE(E N 58, KRN 25 C, #
KK 320 nm, KA 405 nm, K] B A
1 s, KMERTESY 3 min, LLZIhREREARM KGN
RFU{E. 7E 30 s K S BT, 5 T il T, i
[A] £ RFU {E 43 5ic 5% RFUT Al RFU+, 115
ARFU=RFUr,~RFUr, , i o #5 o il 2k 31 53 75
AT=T,—T B} [E] 4, Mpro 7K f# MCA-substrate ;=4
i) MCA-AVLQ E&: (pmol). [Al3:45 Mpro-28
B K TG e . 6 B (V) E . FE 25 “CHl pH
8.0 21N KFMER N H, Mpro 4435 K i
MCA-substrate 4 i 1 pmol MCA-AVLQ (=%, P)
Jrits Bl . Mpro g IR AT .

P (pmol)

(T, - T,)/ 60x Mpro (mg) °

Mpro — RIKSER B FU 408 . % A Mpro 4
FERR 41, FIFH SWISS-MODEL #/4: (www.swiss
model.expasy.org) % Mpro — B&{A L #y3E17 F
aHT .
1.2.7  Mpro K K% $UE 5440 % BUE I 2

# Mpro (10 umol/L) Lk TBS B2

Mpro Etid 71(U/mg)=

EL: cjb@im.ac.cn
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0.25 umol/L, fil A MCA-substrate (2 mmol/L) fi#
H&R A0 1.25, 2.5, 5, 10, 20, 30. 40,
45 umol/L, FRAH'E 3R fL. M bk kit
17 RFU {EKEIN, 115876 A[R] MCA-substrate ¥ J&
KT, S U KGR P E (ARFUIS), LA
GraphPad Prism 5.0 ¥ H4 K [R5 2, 1153 Mpro
BK R E0E  (Michaelis constant, K Sk
${E (Catalytic number, Kea)o

2 BREMM

2.1 Mpro Z2E 1L

N JCat B4, Mpro JEERIF I CAI
{4 0.32 (<0.8), GC F &N 38%, HEHKEZN
REIFREL T (K 1A), Bt E CAI KT 0.8
B, AN T AN R E R 18 i R
PR A Mpro J G 7 41 (0 BRE F23k s AR, i
KIGFT B B s 2 S50, 3R Mpro J5i 46 1741
% JCat AL, CAI {325 %] 0.95 (>0.8),
GC &t 47% H I 51534 o FEAAL R Mpro J37 41
H, R B & %05 1 R TR g &
(& 1B). Mpro J& [ 77 41 (1) S A A5 R 4 v L AE R
AR TR A I 2 A o

22 Mpro [RRZFIERMNHMESEE
ik B Mpro J:R G RS, LA Nde I Al

A 100 it
0.90 I
0.80 - '
0.70 i

_ 0.60 .

5 0.50 |
0.40
0.30 F{TTHIT ] (i
0.20 T
0.10 !

0.00

|
||||||||||||||||

60 100 140 180 220 260 300
Codons

B 1 Mpro Z2EFHIRHK L

B

Xho 1 R EGYINL A, #4E5 pET-21a Rk HAA 1y
4 Bk pET-21a-Mpro. 7EIFN Mpro #4285
W&, Mpro (%22 5 o A 5k BA — A Y It F A 2
(Formylmethionine, fMet), R4 284
TR (B 2A) o F 4 Jookr LIS U032 647 %5 22
B3] T 51 R/ (918 bp) —E Y Mpro HE[H
B (K 2B)., FiRFFA) 40 FF1 BLAST HXt43#r
WoR, HERFI 5 BRI T 558 2 —80, &
FERRITF A5 KR Mpro — R &5 Hse MR, £M
ARy Hi kL) T EE 41 SR pET-21a-Mpro.,

2.3 Mpro B#%FKiX

6 MR AN PUMPT IR L M EH T2 PTG
SIa, WEREIKZ SDS-PAGE 43t 8, Xt
MM E, 5 S EYL 78 34 kDa v B H B E
M E A B AR RR A, 5 Mpro g T
FA—F, FKIEBEAN 15% (B 3), XXM
AT T Mpro JEA% A,

2.4 Mpro B#zRiEFHERMML
TAEHE D MAE30 'C. 25 C. 20 CLAIPTG

W, WoE 2 h HiEEEIERE, E4575S
I a] S5 R AR K . SDS-PAGE 45 5R% W, 78
30°C. 25°C. 20 CiEiAEE T, Mpro IfEiF S
IFE 4351k 8. 10, 12 h, AT Mpro ik &%)k
15%, BFIREFIEE (K 4A-C). FEILEL

1.00 f
0.90 f
0.80 f
0.70 |
0.60 [
050 f
0.40 f
030}
020
0.10
0.00

CAI

60 100 140 180 220 260 300
Codons

20

Fig. 1 Optimization of Mpro gene sequence using JCat analysis. (A) Plot of the codons usage of the wild-type Mpro
gene. (B) Plot of the codons usage of the optimized Mpro gene.
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CATATGIAGT GGC TTT CGT AAA ATG GCC TTT CCG AGC GGC AAA GTT GAA GGT TGT
fMet S G F R KMATF P S G K V E GC
ATG GTG CAG GTG ACC TGC GGT ACC ACC ACC CTG AAT GGT CTG TGG CTG GAT GAT
M V v T CGTTTLNG LWL D
GIGGTTTAT TGC CCG CGT CAT GTG ATT TGT ACC AGT GAA GAT ATG CTG AAT CCG
vVVYyCPRHYVICTSETDMTLNTP
AAT TAT GAA GAT CTG CTG ATT CGC AAA AGC AAT CAT AAT TTT CTG GTG CAG GCC
NY EDLTLTIRKSNHNTFLVQA
GGC AAT GTT CAG CTG CGC GTG ATT GGC CAT AGT ATG CAG AAT TGC GTT CTG AAA
GNVQLRVIGHS SMOQNTZ CVLK
CTG AAA GTG GAT ACC GCA AAT CCG AAA ACC CCG AAA TAT AAA TTT GTT CGC ATT
E N P T P Y

L K D K K F V R 1
CAG CCG GGT CAG ACC TTT AGC GTG CTG GCA TGT TAT AAT GGT AGT CCG AGC GGT
P T FS VLACYNGSTZ P S G

Q
GTG TAT CAG TGC GCA ATG CGT CCG AAT TIT ACC ATT AAG GGC AGT TTT CTG AAT
VYQCAMARPNTFT I KOG SFTLN
GGTAGC TGC GGC AGC GTT GGT TTT AAT ATT GAT TAT GAT TGC GTG AGT TTC TGC
GS CG S VGFNIDYDTCV S FC
TAT ATG CAT CAC ATG GAA CTG CCG ACC GGT GTG CAT GCA GGC ACC GAT CTG GAA
YMHHME L P G VHAGT DLE
GGT AAT TTT TAT GGC CCG TTT GTG GAT CGC CAG ACC GCA CAG GCA GCC GGT ACC
D R

G NF Y G P vV T A Q A A T
GAT ACC ACC ATT ACC GTT AAT GTT CTG GCA TGG CTG TAT GCA GCC GTT ATT AAT
DTT 1 TVNVILAWILY AA YV IN
GGTGAC CGTTGG TTT CTG AAT CGT TTT ACC ACC ACC TTA AAT GAT TTT AAT CTG
G DR WFLNURFTTTILNDTFN L
GTT GCC ATG AAG TAT AAT TAC GAA CCG CTG ACC CAG GAT CAT GTG GAT ATT CTG
v M Y NY EP L T H V I
GGC CCG CTG AGT GCC CAG ACC GGT ATT GCA GTT CTG GAT ATG TGT GCA AGC CTG
G P L 8§ A T I A VLDMUCA S L
AAA GAA CTG CTG CAG AAT GGT ATG AAT GGT CGT ACC ATT CTG GGT AGT GCA CTG
A

K LLQNGMNGRT I L L
CTG GAA GAT GAA TTC ACT CCG TTT GAT GTT GTG CGC CAG TGT AGC GGT GTG ACC
L cC S GV T

E_D_E
TTT CAG 52 1C
F Q T

B2 MproBiZRERKBMESERE

Fig. 2 Construction and digestion map for pET-21a-Mpro plasmid. (A) The DNA sequence of the codon-optimized
Mpro gene. The codon-optimized Mpro gene was shown and two restriction sites of Nde I and Xho I were labeled in
dotted boxes. The primary structure of Mpro encoded by pET-21a-Mpro plasmid was also shown, and the first amino
acid fMet and the C-terminal polyhistidine tag were highlighted in red and purple, respectively. (B) The
double-restriction enzyme digestion map of pET-21a-Mpro plasmid. 1: DNA marker; 2: Mpro fragment (918 bp).

kDa 1 3_ & 3 b i _3 S2IAR/N, 0.2 mmol/L IPTG B A 3243155 Mpro
ERBFF R ERERE (Bl 4E).

i bk, BE s SR 30 C. i St
8 h #11 0.2 mmol/L IPTG fE4 Mpro 7&K i

il fre HER s 2

25 MpronBat5EFE

WA B TR IR LR PR R R, R TR
Je Ll 259010 FIBTL R B 7 WD TTE i 25 Mpro BLR K
B3 Mpro B#Eis T Mpro ¥ ILuGAA A 2 RA D IRIRE,
Fig. 3 The prokaryotic express!on of Mprg using the % HisTrapTM SEMENTE4L (B 5A).
constructed pET-21a-Mpro plasmid. 1: negative control;
2: protein marker; 3-8: total cell extracts after IPTG SDS-PAGE /3 #r 25 R W, 4lifb i) Mpro 2% th i
induction overnight. SEUE R , AT 5 Tk 34 kDa il B 5 M4
RS AR T TR, Py, UBTAifEg Mpro B BOR AL (151 5B).
MR SDS-PAGE 4584, 78 FiRMEE AT CLINX Image Analysis BCPFIMHT I, SELHY
FEFRIEE R, Mpro #KBE/ET i, &7 Mpro i 96%. Western blotting S5 455 2 /v
Wik (K4D). 534h, IPTG WkEEX Mpro Riktt  TEAMIA G FRUGVE DA B —264F, HAEAIH R

. 010-64807509 . cjb@im.ac.cn
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A B
2 3 4 5 6 7 8 kDa 1

D 30°Cx8h . 25°Cx10h.  20°Cx12h. E
' 5 6 7 8 9 10 kDa I

40 —.

B 4 Mpro BERZRFTEZHIMRL

Fig. 4 The prokaryotic expression condition optimizations for Mpro in E. coli cells. (A-C) Expression of Mpro at
30 °C (A), 25 °C (B) and 20 °C (C) from 0 h to 12 h. 1: protein marker; 2: 0 h; 3: 2 h; 4: 4 h: 5: 6 h; 6: 8 h; 7: 10 h; 8:
12 h. (D) Analysis of the soluble expression of Mpro at the indicated conditions. 1: protein marker; 2, 5, 8: total cell
extracts after IPTG induction; 3, 6, 9: supernatant of the cell lysate; 4, 7, 10: pellet of the cell lysate. (E) Analysis of the
Mpro expression at the indicated IPTG concentrations. 1: protein marker; 2: 0 mmol/L IPTG; 3: 0.2 mmol/L IPTG; 4:
0.4 mmol/L IPTG; 5: 0.6 mmol/L IPTG; 6: 0.8 mmol/L IPTG; 7: 1 mmol/L IPTG.

A Bk[gg 1 23 456 7 8
3000 } 50— -
50—
2500 t 40— =
5 - - - -
E 2000 ¢ 30 —== =..¢.‘.
8 1500 20—"‘
¢ 1000 - Mpro ]2
= ¥ .
500 + Jkﬁ C 1 2 3 4
Mpro 34 kD
ik ‘ . - oo D
100 200 300

Elution volume (mL)

E5 MprofaBEEHUEERE

Fig. 5 One step purification of Mpro by a HisTrap™ chelating column. (A) A typical purification profile of Mpro. A
HisTrap™ chelating column was used to purify polyhistidine tagged Mpro from E. coli cell extracts. The targeted Ayg,
peak of Mpro was labeled by a black arrow. (B) Analysis of the purified Mpro using SDS-PAGE assay. 1: protein marker;
2: total cell extracts after IPTG induction; 3: supernatant of the cell lysate; 4: precipitated Mpro in 25% saturated
ammonium sulfate solution; 5-8: purified Mpro band (34 kDa). (C) Analysis of the purified Mpro using Western blotting
assay. The imprinted Mpro in blotting membrane was probed by anti-His tag monoclonal antibody and HRP-secondary
antibody, and then Mpro bands were visualized by the enhanced chemiluminescence (ECL) solution. 1: 1 pg Mpro band,;
2: 2 ug Mpro band; 3: 3 ug Mpro band; 4: 4 ng Mpro band.
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AR, IESE T Mpro WIEREZR L (& 5C). 4li
k1) Mpro £ A Fvke 4 5 , Hovk ok 0.35 mg/mL
(20 umol/L).
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UK, BT ootttk %% (Fluorescence
resonance energy transfer, FRET) f) 5 Bl % &

Mpro %I MCA-substrate HA7 B 47 (/K i is P,
1% 71 AT 25 000 U/mg (1€ 6B-C)., it SWISS
MODEL #f4:%F Mpro —- BRAARZE#y HEA TR0
78 Mpro AIJE G R4 — Rk 254 (K] 6D). I
WERULH, ik Mpro BAT R I A1
P, RELu IR Y 2 A A BRPRZEXT Mpro JK fifk
T AL /N
2.7 Mpro-28 [RizFRiE. P EALEFEHERE
AL Mpro JEE LA Nde T Al Xho T K]

Mpro HIKfEIETE (& 6A). FRET SCEGZREN],  (LAU%Hes] pET-28a RKIAFM T, ittt 1 )5l
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Fig. 6 The proteolytic activity analysis of Mpro using a quenched-FRET assay. (A) Schematic illustration for a
quenched-FRET assay principle. Mpro cleavage site in MCA-substrate was indicated by a black arrow. MCA:
7-methoxycoumarin-4-acetic acid; Dnp: 2,4-dinitropheno. (B) Plot MCA standard curve and the equation is fitting by a linear
curve. (C) The proteolytic activity of Mpro in a quenched-FRET assay. The reaction was initiated by adding 10 pumol/L
MCA-substrate to a solution containing different concentrations of Mpro (0, 0.125, 0.25, 0.5 pmol/L). After that, the
fluorescence signal (RFU) at 320 nm/405 nm was immediately measured every 1 s for 3 min by a microplate reader
(BioTek). (D) Bioinformation analysis of Mpro homodimer structure. The Mpro homodimer structure was predicted
using SWISS MODEL analysis. One protomer of the homodimer was shown in light blue, the other one in red.
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Fig. 7 Expression, purification and proteolytic activity analysis of Mpro-28. (A) The double-restriction enzyme
digestion map of pET-28a-Mpro plasmid. 1: DNA marker; 2: Mpro fragment (918 bp). (B) Analysis of the purified
Mpro-28 using SDS-PAGE assay. 1: protein marker; 2: total cell extracts after IPTG induction; 3: supernatant of the cell
lysate; 4: precipitated Mpro-28 in 25% saturated ammonium sulfate solution; 5-8: purified Mpro-28 band (37 kDa). (C)
The proteolytic activity of Mpro-28 in a quenched-FRET assay. This FRET assay was performed as described above.
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Fig. 8 Determination of Mpro Kkinetic constant K, and k., values using a quenched-FRET assay. (A) Analysis of the initial
velocity of Mpro proteolytic kinetics. All initial rates were obtained by fitting the linear portion of the curves to a straight line.
(B) Calculation of Mpro kinetic constant K, and k. values. The Michaelis-Menten equation of Mpro proteolytic kinetics was
plotted using GraphPad Prism 5.0 according to the initial rates, and then K.,, Vimax and ke values were determined.
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equation), 115 Mpro B Ky {E» 11.68 umol/L,
e R IDEE Vinax A 40.73 ARFU/s, Koy fH N
0.037/s, L—1EHHUE (Kea/Kim) A 3 210 L/(mol-s)
(% 8B).
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