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Expression, purification, evaluation of activity, and analysis of inhibitor docking of enterovirus 71 3C
protease
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WEI Yan-hong (Hubei University of Technology, Sino-German Biomedical Center, Wuhan 430068, China)

Objective  To construct £ recombinant nlasmid cerrving the gene encsoding the 3C protezse of enterovirus
71 (EV71) and to express and purify EV71 3C protease and predict its active sites through interaction with inhibitors.
Methods A DNA fragment encoding 3C protease was cloned into a pET-28a prokaryotic expression vector. The recombi-
nant plasmid was transformed into E. coli BL21 (DE3) and protein expression was induced with IPTG. The expression
protein was purified using affinity chromatography (Ni-NTA). Highly pure 3C protease was obtained and its functional
activity was evaluated using a fluorescent peptide. AutoDock4. 2. 6 was used to simulate Rutin and Rupintrivir docking
with 3C protease. Results Restriction analysis and sequencing verified that the recombinant plasmid pET28a-3C was
correctly constructed. The purified 3C protease was about 23 23 X 10? in size and displayed a high level of enzymatic activ-
ity. The classic Michaelis-Menten equation was y = 2, 4481x + 0,04, R*= 0. 925. Docking results indicated that a net-
work of hydrogen bonds and hydrophobic bonds were constructed between ligands and receptors with active amino acid
residues like His161, Gly163, Glyl64, and Phel70. Conclusion The recombinant plasmid pET28a-3C was created and
3C protease with a high level of functional activity and a predictable docking mode was prepared, laying the foundation for
drug design and drug selection targeting 3C protease.
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HBHREWRLGY, A ZE EVIL K& #, Cao
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B8 M AutoDock4. 2. 6 ¥ Rutin #1 Rupintrivir 43 3
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1 4

EV71 # # EV71/wuhan/3018/2010, A % £ il
B4 (RD) , KR % B DHb5a f1 BL21 i A E#
f7. Bk pET-28a fh 42 i P 8 K 2 A= 1w B 2= 2 B X
TENLRY . RAEZKE LIBYEEYREERAR S
., ¥ 9 A Dabeyl-RTATVQGPSLDFE-Edans, £ $)
3B/3C ZRUI B AL .
2 FiE
2.1 3l4m&kit 544 @ NCBI iR EEM
EV71/wuhan/3018/2010 & #k 3SC EHEBE R F P,
f# i Primer 5 8%+ N 3w# A his I8E 8 3CEHA
B3 ¥. 31 ¥ F.5-CGCCCATGGGGCCCAGCT-
TAGACTTCG-3 ;5 R: 5 ~CCCAAGCTTTTATT-
GCTCGCTGGCAAAATAAC-3' (¥4 & Nco I
Hind MBI . 31 HERERAFE .
2.2 EuFkxsME EV71EY RD 410 48 h J5,#
B RNA - #E47 ¥ 3%, L3k <DNA 1% PCR
e, #47T PCR 3738, iRE5 [ TMEHU K B R BB
KB E PCR R &M :95 CHiZEHE 5 min; 95 CAR
#: 30 5,56 ‘CiB Kk 30 5,72 CEEf# 30 5,3k 30 PMEF;
72 ‘CEf# 5 min, PCR =¥ Mk pET-28a 4354
Ncol .HindIl 37 CE§HI 4 h, T4 &8 4 CHEHE
W, EEEYEL DH . B A TS ENTEEN LB
AR ISR, PR R M v R E AR IR B 1R BT kL, BEAT
PCR FIEG Y] 56 8 , % 5 TE 40 1Y JRL 8 42 KB R 2 &)
o
23 3CEOBAREAKA AL BEHEHM

pET28a-3C #{L BL21, R A T & FAFERN LB ¥
WRIEFR, PRBCR B %, B fh LB MR 5= 5 37 'C.220
r/min BGHEF ZWIK Aso BN 0. 8 B, AR YR A
0.5 mmol/L IPTG F 18 CERI®. WEEH K, B
PS4 30 min (T3 30%, B 5 s, I 5 ). B
ZUEBE LA 13 000 r/min, 4 CEGL> 20 min, Yk AP
3 Ni-NTA &, A 2 ml W Hg. A 3 fEAE AR
RIREZE R R EA R, R mER 1 ml/
min 2545, WAR T W, LREG IR A & — B W B IR
Mg h BE R R PP UE R E B BRE A 1 R
Ve MRV YR B 2R B, SR A8 T 307 5 1A vk T S R VR
B YR B I HEAT 12 00 3R TR I TR B 88 I HL Yk 4 #0T
2.4 3CEGHBEMNE RPAR:50 mmol/L
TrissHCl, 200 mmol/L NaCl, 2 mmol/L. DTT,
1pmol/L 3C & 1,5 ~120 pmol/L 3 36 % k& 41
BABELZEERMN AN, &0EH - BRER
4 340 nm, R KK A 500 nm, R MBE 37 C,ER
30 s BEE—AEMH . B Al 7 30min,
2.5 Rutin #= Rupintrivir & 3C & 8stdE  45FX
#: T H (AutoDockTools, ADT) F #& #it ik . http.//
mgltools. scripps. edu/downloads, 2 T X # %% 4
AutoDockd (AD4) F 2 #4125 : http://autodock.
scripps. edu, /MN3F Rutin,Rupintrivir #1 3C & A&
3D %# PDB C#43k B NCBI BiE e, X205 (D)
WEEEXH, FIHEEERESIEFIFML
Gasteiger B , KR JEF . £ K pdbat R, (2)
WERZHIMH, HREMEITTE Gasteiger AT, ff
0 pdbat R, QOBREBEXNEZESH. HEFH <.y,
z AR BB R 70,70.70, 2 B K/NRA 0. 375
A& TR 29.337,27.569,41. 832, B R K
S8 R BIAS L.

5 R

1 BEHARNETE

PLEV71 RNA %3R8 cDNA HEM, A
EV71 3CEAM5 Wik T PCR ¥ 3, 9 # ™% K/
549 bp(BA D, 5HBME—-F. BMAFBRABIE
5 pET-28a #ifk %, b KR % DHS o, R BUR
BT XAV % 58 (B 2) , % 8 4 kgt A7 0 P B 3E
R 5 WA .
2 3CEAMFESRIE

FY R P pET28a-3C % 4k BL21 E f 0. 5
mmol/L IPTG 18 CERHE. WEFK, EHEBE,
13 000 g B0 30 min, B L&, £ 12% SDS-PAGE #
K&, 3CEAME BL21 IR E, HAoFHRE
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Fig, 1 3C protease gene amplification by PCR
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Fig. 2 The recombinant plasmid pET28a-3C identification by
Dual-enzyme digestion
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Fig.3 IPTG inducing 3C protease expression in BL21

3 3C ZEH® Ni-NTA 44k

IPTGHREMEHE 3C EHMHBRE Ni-
NTA #:2ibJ5 #47T 12% SDS-PAGE B3k (H 4),4
REW 3C EHMTE BL21 Al HRE, FERET
EAEE g, SDSPAGE KA HkRKE D
FERE. L. ELERERNSG 1 RERER
WRER 2.2 pg/ml, 2 WEBMBEAWRER 3.7 pg/ml,

FEENTET N im# His #8409 3C EH BB 30
mmol/L Bk MERAEBEE, 7 C ¥t His #7450 3C &
H B R BB 50 mmol/L WKk ok I ¥ ¥ B (8 5) , £ HA

His tn& T 3C HAM C in R AW NTA EAM
57, HistnZfu T N 5#) 3C HEHWE 18 CH SR
AR ENET S BEMRE.37 CEFHIEEFE
T . X aEE % 37 CESEASFEERATTE
T . C 3w His 8 i sCRABHE
RAZREAERGRAMT N R His wESEW
3C HAMMTERE.
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Fig. 4 3C protease purification with Ni-NTA

Mr T OB 9 10
250400 T ——

M T 8 9 10
250K —

1 BERSTEERE : THERBS 5 HIiW FPIGCH
SFEE¥LE {4 HHE PICHEREERAE @ HEFHHHE
6 10 mmol/L BREM¥RMAEMW 7 30 mmol/L Bk o ¥ P 48 WK
8 50 mmol/L B pb e £ 9 200 mmol/L BEMEEE ¥ 10

200 mmol/L BRWEEE & ¥ B
B 5 SDS-PAGE Mik%#i His iR& MM Bxf 3C ZEAmaA{ % m
(A: C¥R7F His ir %1y 3C EOEE;B: N 3 His iRZ 1 3C EAM)

1 Marker Broad 2 Uninduced 3 The supernatant of cell ly-
sate induced with IPTG 4 Precipitate 5 The fractions of binding
flow through the Ni-NTA 6 The fractions of washing with 10 mmol/
L imidazole 7 The fractions of washing with 30mM imidazole 8
The fractions of washing with 50 mmol/L imidazole 9 The fractions
of the first elution with 200 mmol/L imidazole 10 The fractions of
the second elution with 200 mmol/L imidazole

Fig.5 SDS-PAGE electrophoresis analysising the influence of 3C
protease purificationrelated to the position of His-tag (A, His-tag
locating in the C terminal of 3C protease; B, His-tag locating
in the N terminal of 3C protease)
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EHXRE D, BIES—HKMET 10 min X5
W6 AH 3 BT BN W) B B, 8 SO B I ) TR R Ok B
{2t Rl YT BIDEE S Y 7= AR S SR . DURYIIRE
BB 500 A5 Ak b, T 2 0T T 36 1Y 31 250 R 4 2 bR R ST K
R BHEMER., EdFHaEERHRERTE—
B Ky = 2.4481x + 0.04,R*= 0. 925, HEEHIE
YR 20 pmol/L,3C EHMWE R 1 pmol/L
AT TR R, R E SR R RXRN y=
10. 242x + 5.0303,R*= 0.9963(& 6),

_ Km 1 1
1/v= Vmaxx §+Vmax

(VRERBLEE,S RBIRY U E, Vmax KT
B KR B B, Km AR 05K R E %O

SEIT LR M (http://arep. med. harvard. edu/
johnson/predict/) 438t EV71 3C ZEH &M WK 7,
ICEHBENFN Y « BiE.HEBE%L . XWN4ERER
HMREEEHEEERAH. Hs oS EE NR. T8
Ml e SERE H 86978 AL 2 H AR E A LT 5w AR 3R
. SCERMCEARTHSE=ZREW . S HRE. 7
EREREIMEAMNSEE.- TR FEEEERAN
H.EE His FFERM T 3C EAMTEEE s,

x1 CEOEFEMMAEUE(REEE)
Table 1 Tabie 1 Reaction kinetics of 3C protease

ek & Sustrere concencradzosymel L)

I {min)

Time(min) 5 25 50 80 100 120
0.0 14 21 28 32 37 77
0.5 15 24 35 41 49 94
1.2 11 27 44 a2 fid 108
1.4 i1 Y an a3 3 120
2.h 17 1 L w2 o2 132
33 i 14 L T 100 1584
3.8 m AL T3 84 110 175
.0 18 =i T n2 122 186
L5 18 il 34 n3 132 128
53 H] L3 38 i 136 .
5.5 21 68 93 167 148 223
6.0 21 72 96 113 157 236
6.5 19 73 101 118 167 249
7.0 20 76 105 124 174 260
7.5 20 80 109 128 181 269
8.0 21 83 113 132 188 280
8.5 21 86 118 138 194 291
9.0 21 90 121 141 202 300
9.5 24 92 127 145 208 308
10.0 24 96 130 151 215 316

5 3C EFHA®E 5 Rutin 1 Rupintrivir 3 &R

¥ 3C E A B N Wl 32 4K , Rutin #1 Rupintrivir
YE R AEM R EC R, 32 FH B e (2 ik BEAT X 4%
HEEGRENMEDIEHT . B2 9 MU RKNARY
R.ERIEK 2, Friker 9 MRS S HE(BE) ¥ <0,
UG FHRE K45 FH KRS S, Rutin Ml

Rupintrivir B K & 4 88 818 — 4. 16 kJ/mol
—3.01 kJ/mol, RiEGERRMMH R HAEFEN HEEF 1
SR ADT 2t Xt H: 45 R, BRI MK 5 R k3R 4
MEAERAERE 8, EV7L 3C BEAMIE AL EE
PO ESROK FTEAHFUTEERRE:
Asn22,Gly23, Lys24, Phe25, His40, Glu71, Asnl07,
Leul27, Serl128, Glyl129, Asnl30, Thr132, Thr142,
Lys143. Serl44, Glyl45, Tyrl46, Cysl47. His161,
Vall62, Glyl63, Glyl64, Asnl65, Glyl66, Phel70,
Rutin ! Rupintrivir & T @3B AKERAEEE NS
SCEHMERM R E5EEOREREERN, R T
5ZEEENRESE, #HAT 3C EAMIEERX .
Rutin WE#W P2 REHEERBRETELHE
His161,Gly163.Gly164,Phel70 %4, Rupintrivir €%
His161.Val162.Gly163.Gly164 .Phel70 %,

y=10.267x+4.7904

A0 5 IR
b

40
R*=0.9965
20 4
0 L T T T T T 1
! 2 4 6 B 10 12

i (8] {min)

Bé MmEFENHHZUE
Fig. 6 Reaction rate of 3C protease

B7 33CEAB=HEHFHN
Fig, 7 Tertiary structure prediction for 3C protease

%2 EASEVIIICEARSSHBEEE
Table 2 The binding free energy of ligands with 3C protease

Bk #4% Conformations
Ligands 1 2 3 4 5 8 7 8 9
Rutin
(BE/nol 416 —2.97 -2.53 —2.93 —219 —1.8 —0.93 —0.88 —0.84
Rupintrivir _ _ _ _ _ _ _ _
(BEK/nol 3.0 —2.5 —2.2 —216 —2.07 —-1.69 —168 —151 —139
A
Wi

SCEHMENR EVI1 X IIEEE R , TR
DIHA R AE 1€ B S IKAL R SRR RBRI Z 6
GWEARRANCEAEZIEN, e 3C &
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HEER A B EVIL i &R k. AHFRFAH
pET28a H A 3C ERMEATN, ERHRAE
FFERRE, o B LR I A 3C A S
ERIBVRER T 3C HAMEKIKFERRE,

Heb B R A BR M IR £ KE %, BF% 3C &
F B A A S Sy 3C P BRI R T R E
TG,

B8 4k Rutin(A)#1 Rupintrivir(B) 5 EV71 3C E A8
AEARERAER
Fig. 8 The binding mode of ligands( Rutin and Rupintrivir) against
EV71 3C protease active sites

FHFTIE A Ni-NTA 44k EV71 3C AR, L
F 3CERE Cimal N 3 His 38 0 48 75 B H B e Az
BEWRASEW C EAMMEYE. Kuwo FUYHHE
His k& T 3C BEHBMEAER T C 3 A%
EETEME WAL F N g 3C AWM HES TR 20 5. B
M, AR R C i His &1 3C B O t1T W

Rupintrivir #£ EV71 3C ZE B BEMH 7, ik =
ORI nmol/L 4, i85 4 F X BB HLE B £ F T
£ FH EV71, Rutin 0 F45# 5 Rupintrivir
AN LEFE T 3C 2 H E R E A ALEI B o AH AL, T8
RBUE 8 W 45 # & B 3C B B M IE 3, Hislel,
Gly163.Glyl164.Phel70 B3t EI g S 5% & . Phel70
fiF 3C BHEE P2 5V MH , BRI L, 5
g K, B T2 B M H 53R Phel70 EE 5 E LA
g, #EN Rutin B9 B 2 35 A0 £ 2 & Rupintrivir
HRMUEREH N SR NEHNTE A BEEER,. X
X 3C EAMMERMEITAERRERE X,
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