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THE: IEHFIG ML BmK AngM1 B RIFHEURE G, 5 H 57xF 2Pt i Lo 0 MR A R0E . AT 50R
Escherichia coli BL21 trxB (DE3) %} BmK AngM1 #t47 7 B4 %Kik, FIH IMPACT™-TWIN R4 . T H4] BmK
AngM1 (rBmK AngM1) f4lith 75i%, 3% rBmK AngM1 #E47 7T H &SI . AT E— DR e E RS, &
WEA%T BmK AngM1 Zhfe 25 # 3 rh a] GE A& VEAL &5 (Y5, Y42 Fll R58) #E4T T 8 A RAT . 45 £ W], rBmK AngM1
Ko FLTAR R BT BB PR E N, Horh R AR R RSSN J W R AR4A YSF/R58N. Y42F/R58N 5 B A= AU 2 (9 AH H,
ARG B m . k), 58 A& BmK AngM1 Bt RGP EBEERM . A0 viEd & AR
TR MUE BmK AngM 1 DAFE B L 29 BE M 24 0 T LA
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Studies on site-directed mutagenesis of BmK AngM1 from scorpion
venom and its anti-inflammatory activity
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Abstract: Scorpion toxin BmK AngM1 has been reported to have a strong analgesic effect. However, its
anti-inflammatory activity was unknown. In this study, the recombinant BmK AngM1 (rBmK AngM1) was
expressed in Escherichia coli BL21 trxB (DE3). The purified rBmK AngM1 was obtained efficiently through
the IMPACT™-TWIN system. The anti-inflammatory activity of the recombinant protein was investigated. In
order to improve the anti-inflammatory activity of rBmK AngM1, the potential active sites (Y5, Y42, R58)
were substituted with different amino acids. The results showed that rBmK AngMI1 and its mutants all have
significant anti-inflammatory activity. The activities were significantly increased in the single mutant RS8N
and mutants YSF/RS58N, Y42F/R58N over the wild type protein. The data suggest that position 58 in BmK
AngM1 plays a functional role in the anti-inflammatory activity. This study lays a foundation for the protein
engineering design of BmK AngM1 to improve its pharmacological activity.
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SUGVE LG 25 C A 2 000 Z24E N A2,
AU B SR NI R W e R A
HEERE R R, R R A, IR JUME. T
AR B b 32 R 5 5 22 R Th U, AR — RO L £
fKZEZ5%), HEA RIFMTF B MM AT R. A&
M, W8 REGHZMEREER, T HIRAH
WRILAGIAER, Tt — B X 40 1 ROk o #EAT
P s e E A RIL, DR R — W HNED.

AR, BEAE R ICE R K e, BN AT A
N B3 MAE B v 4 8 HE B e B R A Jr,
A G MEAK BmK AngM1 & MR W4/ 06 (Buthus
martensii Karsch) H 732545 2 1) — Bl (04 55 6 5
= HRl, XHZBKAE T A 2 3 AL S B Ak
TR TR AR R AL R Ok R B 2 S MR VT
S W HPIREE AN ARG . F5 T, &
WF 72 % BmK AngM1 34T 7 HL R 3G M

BB #E (protein splicing) J&—Ff H & (A 5
WK (intein) /5, 758 A BKE B 08I S
T AR o e 2 ANBR R IS 1 2 R A AR R DB B R
P9 Bk, TR A0 £ 2 S AR (extein) T K
W R A RS R E A . RIS R
i AT DL e A IR B T T AS B IR DY B R BT DS
PR X — AR DL A IR D A B AT B R
it B AR LAY . IMPACT™-TWIN £ 4t 1E 2 F| H
TSR B B D) SE I T O R R A4 o AR SCR
X—RGH# T 1BmK AngM1 HIgifb 75k, 1587
HRABEAFH B EAEN, H47 THRIEME
iRl

AW T IE IS A AT, K BmK AngM1 = 4E 25 1)
5 H A o B8R T RKAEATEER, ROV SHE A L EN
Theess: N Ruiifl C AKui 5k HE L [F T i NC
sER Rk E (MYECGL™) 5 (P*WGGKY®) H[H
T FR I A 00 68 g 3 o AT FUAR 025 (0 355 1 S T30
W, R s RAR I Tk, SRAR T 6 AR 98 AR Ak
B, R T BmK AngM1 3 ANATBERIIE PR A 5
KPR istZ kR,

MR 5REE

BRFNRRL 15 8 Escherichia coli BL21 trxB
(DE3); Jfiki pMDI18-BmK AngM1; Fik#H{k pTWINI
(A SE56 2 ARAT) -

R Sap 1. BamH 1 BRETEN VI, Dpnl. T4
DNA ZEE: R Q5 miff H DNA R &8 (NEB A #H);

JLUT FiMJIE (GE Healthcare); Hepes (FE/KitZE#E:
RAERAF]); IPTG MAFREFEHER (EHE INALCO 2
7]); il Taq B A . DNA Marker. PCR F=#4ii{k
WA BB SRR DNA FIOR7 & dtmeXs
AV ARERAR); FRRIGRA & (RIRELR
FARAR), FHAhi535 5 E =4t

X8 3KI18 AU mEE ML (Sigma 2 Al);
iR P YR A (Sonics /A A]); Mini 2D 2 HL Pk X
(Bio-Rad A ]); PCR X (Eppendorf A ).

BmK AngM1 ERERITEE MRHE H 05 K5
F 51, F)H Primer Premier 5 A% 5140, 1E5' U
Ik Sap UBEVIAL A5, 78 3% 0 b BamH 1 B A5 .
PR pMD18-BmK AngM1 AfEHR, LA A Fil B A5]
W, YIS R BmK AngM1. PCR N FEFF: 98 C
30s, (98°C 10's, 52°C 30 s, 72 °C 2 min) x30 J§FF,
72 °C 10 min. BARGIMTHINE 1. KNEEHREH
1% Bt JIg B vk Je B AT LKA, 9 FH ¥ e [l Wik 791
X H B EE R AT RN

Table 1 Primer sequences

Primer Sequence (5'—3")
A GCGCTCTTCGAACGTTAGAGATGCTTACATTGC
B CGCGGATCCTTAGCGGCCGCTTACTGACAC

YSF-F AGAGATGCTTICATTGCTAA
YS5F-R CAATGAAAGCATCTCTAACGA

Y42F-F GAGGTAAGTITGGTAACGCC
Y42F-R TTACCAAACTTACCTCCCCATT
R58N-F CCAATTAACGTCCCAGGAAAGT

R58N-R TGGGACGITAATTGGAACAGAA

FRIEFRRME ¥ PCR ¥ AR IEN B
BmK AngM1 F1FUR A& pTWIN1 H Sap 1 #1 BamH 1
WEGYIALEE . B H BB, H T4 DNA JEERE
BmK AngMI i B 5 pTWINI #E47% 8z, 52105 4
B 20 95 KL 4 9 pTWINT-BmK AngM1. LLJR
Fi pTWINI-BmK AngM1 AR, RIEH K RBIAF
SIS (R 1), B Q5 MR H DNA R &Mt 17
AR . PCR RMAEF: 98°C 30s, (98°C 10 s,
52°C 30 s, 72 °C 2 min) %30 {f¥F, 72 °C 10 min. PCR
RN ZEFR G, BU1 pL PCR P43k A7 Bt fig bR v e FEL VK,
BUE  BOK/NIEW S, M%6H PCR I B O
O 2 uL Dpn 1,37 C/K# 2 h LAVHALEINR, BE 55
BOE NIEBINE] Trans1-T1 BR52 S 40 3k 1T 34k,
WAL T PCR % e 5, #E— 5 0 T HiE .
NI T £ TR A B UK

BHREMWMESTFE HRIETRE E. coli



B 25 IBFEVETEIR BmK AngM1 [958 R A R B 9 W T 7L

+ 1009 -

BL21 trxB (DE3) /&Z&41, £ 100 pgmL ' &
FHER (Amp) [ LB iR Lidk4r59E, 37 CH K .
MBTHEFAR EBRECE AT, DA 53T PCR 371
B4 . PCR 464%: 94 °C 10 min, (94°C 30s, 52°C 30's,
72 °C 4 min) x 30 #F¥F, 72 °C 10 min.

SARMIFESRIE INEAEAEE, B
F 10 mL & Amp [ LB B5 383, 37°C. 200 r-min”'
R, ARG 1100 AFE N 150 mL & Amp
) LB #5755k 37 C¥ K¥EEFE, 24 OD fHiLZE] 0.5 B,
BN IPTG B2 0.5 mmol-L™", 16 °C+ 150 r'min”"
75 #i5 18 h, 8000 r-min~' B0 10 min, WA A,
R P R ACR 4, 9000 remin ' B0 30 min, Wik
JEWL, HX 20 pL #E4T SDS-PAGE FHE¥K, 4R#4L.

rBmK AngM1 EBR4M I 2 mL JLT R
(Chitin) M AEZEHE, H 10 AMEARFRAIZZ i Buffer 1
(20 mmol-L ™" Hepes, pH 8.5) #E47H: V41, #£0.22 um
JEML YE S I EIE R M Chitin A, JiEAN 1
mL-min', FHED> 20 HAAA MK Buffer 1
Petk. L 100 pL Chitin A 30EHH 201K Buffer 17K
PRIk, B0, 2 L3F, 0 40 uL 1% SDS MRk, &
O, W EFERNEAZSHM. H 15 mL Buffer II
(20 mmol-L™" Hepes, pH 7.0) i S W& K E BI 1),
4 CHrE 2 K. 2 KJa, H Buffer 11 Jeli I EH K
HH. B 100 pL Chitin #3820 Buffer 11 K
Ve IR, B0, 2% 13E, J40 pL 1% SDS Rk, &0,
W EERNEOSNERETCEERM. H 10 5
FEAAFA 1% SDS =¥t Chitin 4, # HAE ZE R IR
¥ 30 min, FEH 0.5 mol-L™' NaOH JE ¥k, 4L ibF i
Chitin A 7] FE I H R 4G .

rBmK AngM1 R ERTARMIFERN B
WIRPNER, HEVE, 18~22 g, FAKEFENL D N A X
M (RFARM). BA R MRAR R, F4% 10
R FAHIYIE AR EFKES 0.9% FAER 1
mg-kg s B AE B4R R AR AR AL R R ES 1
mg-kg ' FEfh. 10 min 5, NRAZ R 2% B SR
50 uL. 4 h J54b%E, BT RAE, HERAN 8 mm KA
BT N EAH Y, 4R E, WAEAEFEE
ZFEAE MK BE, H SRR SERE AR 2 o R i 2 A
(%) = (2 AL 35 b K B — A i 2T 35 P 2 ) /
7 PS8 K B < 100% .

SR
1 BERIKFAGE
LUK pMDI8-BmK AngM1 AR, L 1

FE) A R B A5, @i PCR 1478 2I3E K BmK
AngM1 o ¥4 BmK AngM1 7B Sap 1 1 BamH 1 XL
1, VIR IR H B B, 4 0% 42 2R N2 P 1) 1 A 2
i ()R IE AR pTWINI, 153 5 2H K8 FR pTWINI -
BmK AngM1, Il J71iF B 152 A AE 22 HE Aff

PLFURE pTWINI-BmK AngM1 AR, BLE 1 5
FRIAH L 5| Pk AT 42 URE Y 1S, SR1FRALAR YSFLY42F
RS8N, YSF/Y42F. YSF/R58N K& Y42F/RS58N 3 [
(BT 1) PLRASR FUR SR, @i % B 51447 PCR
ToHg, HUkEE RN, FERN Y S EREAES (B
2)o X RAGAK FURLEEAT M 7, 45 A5 T B TH AR A,
YIE B 2R ARy R 152 A HE 28 HE
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domain

Core
domain

Others

Figure 1 Gene sequences of mutants
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Figure 2 The amplification of mutated BmK AngMI genes by
PCR. M: Marker; 1-6: Mutants of YSF, Y42F, RS8N, YS5SF/
Y42F, Y5F/R58N, Y42F/R58N

2 EEFAMRIESHEK

B BmK AngM1 =R pTWINT FURLEE N
E.coli BL21 trxB (DE3), & 100 ug'mL™" Amp )
LB 93 b HE4T 85 9%, 383 0.5 mmol-L ™' IPTG i &
Fik, WK 3a m[EH, KK LIETE 35~45 kDa 2
[B] H B — 2R Re o (R AR 1 2%, TR NS 804 pTWINT
(KT HR A Ak FE A LA B A I 2%, IER] BmK
AngM1 ARG 7KK,

H{ L ## )5 Chitin FE 3R A0 FE S KGR BH, @&
% [ (CBD-intein-rBmK AngM1) 5 Chitin #4544
(K 3b-7kiE 3); & Buffer 11 SN SkEEBY)
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Figure 3 (a) The analysis of intein-rBmK AngM]1 expression by Tricine-SDS-PAGE. M: Marker; 1: pTWIN1/trxB; 2: pTWIN1/

Intein-rBmK AngMI/trxB.

(b) The purification of rBmK AngM1 by IMPACT-TWIN system. M: Marker; 1: Cell lysate; 2: Chitin

column flow-through; 3: Chitin column before washing (CBD-intein-rBmK AngM1); 4: Chitin column after washing (CBD-intein); 5:

Chitin column eluent after washing with elution buffer

J5 ¥ Chitin A 3EURHE 40 22 5 #6022 9, rBmK AngM 1
H5NE R (B 3b-1KIE 4), rBmK AngM1 # 36
Tk (B 3b-3KiE 5).
3 rBmK AngM1 B H R AHRAIILRTE MR

W S TN R E R EES], LL 1 mgkg !
P R S48 24, rBmK AngM1 5 RAAA R (144
REMHETE (£ 2). HA Rk YSF A Y42F 5
rBmK AngM1 AL, TEREZ R, BB RSSN K&
MRAR YSF/RS8N . Y42F/R58N 5 rBmK AngM1 #H
te, HIEMEA BER .

Table 2 Anti-inflammatory effects of rBmK AngM1 and its

mutants on mice. P<0.05, P<0.01, “"P<0.001 vs normal

saline
Group Ear swelling/mg Inhibition Re_la}tive
Mean + Std efficiency/% activity/%
Normal saline 20.6 £5.5 - -
rBmK AngM1 10.1£6.7" 51.0 100
Y5F 128+6.7 38.1 74.7
Y42F 92+39™ 55.6 109.0
R58N 58+25™" 71.8 140.8
Y5F/Y42F 774367 62.6 122.7
Y5F/R58N 52+3.0™ 74.9 146.9
Y42F/R58N 46+22™ 775 152.0
g
W AR RIE RGFREH P EARMN, 7FER

I B 8RR 1 o i R O BMR S qE L, X T
RARIBEMALE L EE, IMPACT™M-TWIN R4 2
—MEFRMEOMAERIERAMRS, ZRGRK
(AR A A Rk () Rl B 1 TG R 2 1 T AR A R T S
HMEA SR AREREmHIIE, RER A 4
IORA, femaE, /b 7 E A S B IE AR5
B SR, ASCRIA pTWINT #iA kg i E 418
HURIEHMED. HEAE pTWINL R EFHNS

k=L T RS E ALK S BmK AngMI1 K347l
&, BFFRIEBMNNEGR Cui LT R4 G EA-
W E-rBmK AngM1 K& &, BRI TRETH
WHREA, LT FoE Mg — D a5
HIEA, Wb BNEAEAE R L. I
Ab, T IR 3% B B 2H B 0 25 R R T R AR
S . K AT B 3R Ik R G R 0 7E BRI [A] N SRR
B, HOBCAR R AR, (R LSRR Y A
DAL A T SR AR KT A R B A — B AR
M (thioredoxin) F 4 1] LR I — 4 B 19 % B,
T 24 o A P9 O R A, I 32 L i AR IR R 11 38 DR
(thioredoxin reductase, TrxB) HI/ER, [Flith H E = fi
b BB s BE /1M, E. coli BL21 trxB (DE3) #2
— PR AR BRI R R B T AR, R T R R AR
F R R R, N B B ANIR E G K
FFE  IE BT B 324 T A SRR, Cao ORI
pET32a iRty T BEHRIAEAR, FTE E. coli BL21
trxB (DE3) 15 F W P #ETRIE, KITE BL21 tuxB
(DE3) "ReieA #3kik th A A LM BmK AngM1 .
A, AiEid IMPACT™-TWIN %%, fE17G L
E. coli BL21 trxB (DE3) #%f BmK AngM1 #4T 7 H
Y Feik, RS T rBmK AngMI1 4tk 775, mIh#E
B IAi 2] T AR 1BmK AngM1 .

it 6 BmK AngM1 () = 4E 55 M AT 04, KL
HA DN . —A NC S5 & — ML 451
U, P SCERIRIE, 2408 T P K BmK AGP-SYPUI
[ 5 R 00 5 A6 38 T 1) 42 17 R BR SR A8 IR T &R
PR i, Lk o B U S X g M HEAT A
HEWT AT B8 5L RN AR () PheS A Phed2 ANGEL Lys4l
H Pro60 JE MU, A% OS5 I R s, A
T A% 8 AR LA B g R 96 2 o (AR S S B0 S R R
BR, 245 A0 42 7 1 T 0. 9% 78 B R T /R I, BmK



B EEHEIK BmK AngMI 5 18 A J S 4¢3 BT 0 <1011 -

AngM1 HIHTRIFEMET R FE AL K NC a3
58 (KSR IR RAL LR A WEILI, HPTR PR 1R

-
=],

i)

HoT R 5L ER DR R 10 22 A R A R A A

S0 T BmK AngM1 BT A VE, & B 100

HEAEMS BmK AngM1 (45 M BEINARE . HiskmT L, 58
HL 5% FEAE BmK AngM1 FIHT 2 TG VE A2 SR BEAE FE, 1%
B RAT RE S HRHE DT R AT S PR AL R
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