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JFA60774.1), 4 RIMES 4023 %) 5114 (iFEH - F| 1. PCR5I4IF3
Br, ABITE W3 55 W3 1) oA rp e s Table1l. Primersused in this study

Primer name Primer Sequences (5'—3') Endonuclease
KEEHI NS2B JrBL(47 MEIER)MEHENM  NSBF  ACGTTCACATATGGCAGA  Ndel
TE MR NS3 N 5 (179 N2 L) 7 Bey ¥ s, il AATGTGGATTGAGAAAGC
NS2B-R  TTTGAATTCGTGCACTGGA EcoR|
EcoR | )5, B NS2B-EF-NS3 L [H /%41, F GCTCCAGG
= {: f ET22b . 16 oC \14; > 2 16 é NS3-F AGAGAATTCGGAAAACAC EcoRI
5 XXPE’EEJJE 1 p SN A, W EA CGARGCOAG
ok R = ENE 1), E3E 5= Y551k DHb5a Jisz 2% NS3-R CATCTCGAGCTCTTCTGTC Xho |
i, L% B TR CTTTCCLCTTeS
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Xho1(158) @
Not 1(166)
FEag1(166)
Hind 111 (173)
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Sac 1(190)
EcoR 1(192)
BamH 1 (198)
Neo 1(220)
Msc 1(225)
BseR 1(260)
BspM 1(268)

T Nde1(288) @

Xba1(326)

Bpu1102 1(80)

Dra 111 (5251)

Bel 11 (392)
S SgrA 1 (433)
Sph1(589)
PAM 1 (696)
Sca 1 (4588) ApaB 1(798)

Mlu1(1114)
Bel1(1128)

BstE 11 (1295)
Bmg1(1323)
Apal(1325)

Bsal(4169)

m1105 1 (4108) p5E4T9-6Zib +)
( P BssH 11 (1525)

Hpa1(1620)

(ebg1-poL) P&

AMNT(3631) PshA 1(1959)

Psp5 11 (2221)

BspLU111(3215) Bpul01 2321)

Sap 1 (3099)
Bst1107 1 (2986)
Tth1111(2960) BspG1(2741)

NS2B EF

g—"

E 1 EHRNBEREE
Figurel. The schematic diagram of construction for recombinant plasmid SLEV pET22b-NS2B-NS3 protease.
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460 nm), FEF AR O JEEE, FRAT1SR A 100 pl
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0.1 mol/L NaCl, 5%H i, pH 9.0)F1 NS2B-NS3
BB (AT 0.1, 0.2, 0.4 umol/L), fE£ 37 °C
S & 30min J5, A 10 uL Y Bz-Nle-KRR-AMC
(AU 100 pmol/L)fF 3 i . 7 BIAE R AR A
Rl o ARk, ZEZME 15 min, HEE N il
2R RER N SN 388 Ok R AE NS2B-NS3 Y 22 2
iR £ R
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JA 10 pL Bz-Nle-KRR-AMC (¢ )% 100 umol/L)
Ja s N, R TEREFR P E NS2B-NS3 1
Titg (5 1k o 6 96 LIt il bm Al A4 7 57 38 it 0
IF, )5 Y 22 2R 2 1 B A IR Aprotinin £
M B AW (A FE R 1 wmol /L) . ] R 2 B
KL)%

1R 2 (%)=(A-B)/A%100% AR(1)

A & DMSO([SE‘@XULHE), S il )
NS2B-NS3 i) N W 5 B J2 A AL G Y i)
NS2B-NS3 E’inr” HE o ] 7R 2 R R e
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2 HERFpAH
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DRATI , R Be RN IEAARR (B 2-A). AR5
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5, P49 684 bp, K 2-B)., 5 pET22b
BB ZR AR W] (Nde 1/Xho 1)J5 16 °C 31k,
HEAL T Y15k DH5o JRZ 540, b= E 4
Jki e it AR TR INF %, 5 GenBank £
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2. EYARHKL SLEV NS2B-NS3 Ky#E
Figure 2. Construction of recombinant plasmid SLEV NS2B-NS3 protease. The PCR assay of NS2B/NS3 (A) and

NS2B-NS3 (B). M: marker.

2.2 SLEV NS2B-NS3 ZEHMHIRA 54k
WA ok SLEV NS2B-NS3 1) BL21(DE3)
WS ATTEA A P (100 mg/mL R EHHER)N
LB Bi gk [l A4 b, 37 °CAIE R IRdA . )k
H MR EBEBCRR ST RE R 10 mL p9Ai A 2 5Pk
() LB WiiARs g5 3 rp, 37 °C. 210 r/min £0F F 15
FERBOE A 1L SAHUER LB AR IR s,
AR 5 FHE9R 2 ODeoo N 1.2 AEAGHT, A

(A)
kDa M Pre Pro Sup Sed

LN

1
B o
*
27— B
20 — - 4=

IPTG (&4 ¥y 0.2 mmol/L), £ 16 °C. 210 r/min
4 %S 20 h, 4000 r/min, 30 min, 4 °C &
ORI, @I sRdt, M2 (50 mmol/L
HEPES, 0.3 mol/L NaCl, 5% i1, pH 7.5)&F &
W, BREG, BB, A T-80°C, IR
fi# i 1ATT SDS-PAGE & ¥, SLEV NS2B-NS3 % 11
BB 1PTG i35, Faka W] i, mWIARRR
EETP R EA R EA(E 3-A). ¥E%EFT-80 °C

(B)

kDa M Elution

3. SLEV NS2B-NS3 &R EgHIFRIA(A) 544K (B)
Figure 3. Expression (A) and purification (B) of SLEV NS2B-NS3 protease. M: Protein marker; Pre: Before the
induction of IPTG; Pro: After the induction of IPTG; Sup: Supernatant liquor; Sed: Sediment; Elution: Protein

elution.
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FIREARTGE , A 15 mL 2FR, BaRIFnAE
Fok BT AR 30 min 2R TRAS IR
13000 r/min. 4 °C &.0> 30 min, WG I i
W FIE B2 WCT i 19 2-3 mL NiT-NTA ##
feH, 1RE), £ 4 °C 454 2 h (WIE 4k 15 min
ENES 1K), W BIEREE RS RIEHRK
5 A AL AR A e P 22 vhif (20 mmol /L, 50 mmol/L
100 mmol/L BfmE, 0.3 mol/L NaCl, 20 mmol/L
TrisHCI, pH 7.5)BREEVEM:, o FVEMEZE vl
(200 mmol/L BKmE, 0.3 mol/L NaCl, 50 mmol/L
HEPES, pH 8.0)Ut/ii F H A& 1 NS2B-NS3 & [
fit}, 17 SDS-PAGE %7 4li i K F 95% (&l 3-B).
Bl T Sk SLEV NS2B-NS3 ZE il FH s A
(50 mmol/L HEPES, 0.3 mol/L NaCl, 5%ttifi,
pH 7.5)7E 4 °CiEHT 31k, BIKEEIA 3 h, &ETfE
25 FPLC #E—2 0y B alifh(# 4-A) , Witk
AR AR TR, e VR e 2 R 4R (K] 4-B)
% 10 mg/mL, 23T 1.5 mL EP &, HAET
—80 °C UKAfi . TR EE SRS G EEAGIE
2.3 SLEV NS2B-NS3 MR MR ARHE LM E
NS2B-NS3 & [ fiff AT LLE 5 1 1l g U0 IS )
(A)

66.41

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

Bz-Nle-KRR-AMC, M i i 5] AM C 95 S AE (74
K6 380 nm, KHHE 460 nm), LU FRAESE A
WL SR KW, NS2B-NS3 & [ X iR Y
Bz-Nle-KRR-AMC g s i ARBH 2., ifif HL&E ik
JEE Ry , U SO B (8] 5-A), Aprotinin (1.
2., 3 pmol/L)E R FHAE AR o0 i s i HAT 71 o
WAGE DI (B 5-B), 15 BH AT TAL) E 14 e 0 e
HERR AT .
2.4 SLEV NS2B-NS3 & A B il 37l ) i ik

AR LB % 9 2 PR (7001 T2
#EAT 20 pmol/L ¥k FE MW , & B 4'5 A 49, 206,
376.514 559,587 F1 599 H# il 444 1k 70%H
HlRIKICH 72%. 83%. 86%. 90%. 83%. 87%
F1 95%), H:H 599 5 (JFiAEH % Procyanidine, Pro)
AP R 2k 95%, (R, e+ Pro 4T F
—5E, EisEHRER Pro BER I NS2B-NS3
F 22 S R A A BEHE PE (I 6-A) . KA [l A i
T 2 (107°-107 mol/L) il , Arifbl4 HhHRlm
il & (Half maximal inhibitory concentration, 1Csg)
4 1.86 umol/L (&l 6-B), Jilt—H K MIFILH E N
NS2B-NS3 4 [ il 4 5 4P il 55 (] 6-C).

(B)

kDa M  Con
.-
.-
Lo

27— 8

20 — "

L

0 10 20 30 40 30 &0 70 80 90

Ffml.

4. SLEV NS2B-NS3 & B BgHY 77 Fif2E 1L (A) R AR K 45 (B)
Figure 4. Purification of SLEV NS2B-NS3 protease by FPLC (A) and concentration (B) of SLEV NS2B-NS3

protease. M: Protein marker; Con: Concentration.
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(A) (B)
1.51
500 - .
— ey
5300 F E
3 8
L - =
=z 200 2 0.5
< 100 | &
o
0 0.0
Control 0.4 .2 0.1 Control 3 2 |
NS2B-NS3/(umol/L) Aprotinin/(umol/L)

[E 5. SLEV NS2B-NS3 Hy£2 SiEL & BB E M AN E
Figure 5. Serine protease activity assay of SLEV NS2B-NS3 protease. A: NS2B-NS3 (0.1, 0.2, 0.4 pumol/L)
dose-dependently digested enzyme substrate (100 umol/L). B: Aprotinin (1, 2, 3 umol/L) inhibited serine protease
activity of SLEV NS2B-NS3 protease in a dose dependent manner. *: P<0.05; ***: P<0.001.

{(A) (B)
1.5¢ ki 110
100 '_"‘1._.
z 90 \
210 = 20 Y ICs=1.86 umol/L
z = -
= £ 70 |
E0s z 60 \
o 50 \
40 —
0.0k 30 e
Control Apro Pro 4 5 6 7 8
Compounds Concentration (-log mol/L)
©)
10+ 10 pmol/L
9 L
g 5 umol/L
6r 1 umol/L
451 [ u
= 3
2 L
1L
0l
—1L
D F
31
-4 )
-0.04 0.00 0.04 0.08 0.10

1/[S]
6. RILBZIMH| SLEV NS2B-NS3 M R E B EEE 14
Figure 6. Procyanidine inhibited serine protease activity of SLEV NS2B-NS3 protease. A: Procyanidine
(20 umol/L) was identified as a potent inhibitor of the protease. B: The dose-dependent inhibitory effect of
procyanidine against the serine protease activity of SLEV NS2B/NS3 protease, with an ICs, of 1.86 pumol/L. C:
Kinetic analysis of procyanidine against NS2B-NS3 protease via double reciprocal plots of 1/V versus 1/[§. The
Lineweaver-Burk plot analysis indicated that procyanidine acted as a competitive inhibitor against SLEV
NS2B-NS3 protease. ***: P<0.001. Apro: aprotinin; Pro: procyanidine.
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HR AR gAY NS2B-NS3 EHME &9, HA %
RIRTE Al . NTPase Al RNA f# el risE, 58
B EE RNA B I FIET AR B 5T U FE i , 78
o B 2 T FEE 11 RHIR S L AR AR DGR
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6T OB PRI T R DO FRE L D K i R e ik

MaksE . CAMREN, FAETEER TRk,
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HI TR AL 22— KRR A b &9 A
PR, FETEEMREEL S YA JE SLEV NS2B-NS3
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T NS2B-N23 & i 2 A Z M RS, At
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Abstract: [Objective] St. Louis encephalitis virus (SLEV) is a single-stranded and positive-sense RNA virus,
belonging to the Flaviviridae family. Non-structural protein 3 (NS3) encoded by flaviviruses plays an important role
in virus replication and polyprotein precursor modification. NS2B is an essential element that acts as a co-factor to
enhance the activity of NS3. Therefore, the NS2B-NS3 protease is considered as a crucial target for anti-flavivirus
drug development. In the current study, we constructed recombinant plasmid of SLEV NS2B-NS3 protease, and
expressed and purified the protein to screen inhibitors. [Methods] We obtained the NS2B-NS3 recombinant gene
by PCR and subcloned the prokaryotic recombinant expression plasmid. The NS2B-NS3 protease was expressed in
soluble form induced by isopropyl B-D-1-thiogalactopyranoside in Escherichia coli BL21(DE3). The fusion protein
was purified with Ni*-NTA affinity column. Then the serine protease activity was determined by a fluorescence
resonance energy transfer assay and the screening platform for inhibitors was constructed. [Results] The purity
NS2B-NS3 protease was up to 95%. After screening for 700 old drugs, we found that procyanidine efficiently
inhibited the enzymatic activity of the NS2B-NS3 protease. [Conclusion] Our current study provided a convenient
and high-throughput method for screening of SLEV NS2B-NS3 protease inhibitors. Porcyanidine has been found to
inhibit the activity of SLEV NS2B-NS3 protease for the first time, and might become a potential drug to treat SLEV
infection.
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