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Expression and characterization of
Huwentoxin-XI (HWTX-XI) and its mutants
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Abstract: Huwentoxin-XI (HWTX-XI) is a protein isolated from the crude venom of spider Ornithoctonus huwena. It has 55
amino acid residues containing 6 cysteine residues forming 3 disulfide bonds. It shows potent inhibitory effect on trypsin and
voltage-gated potassium channels in rat dorsal root ganglion cells. According to the structure-function relationship of HWTX-XI, we
designed two mutants through mutation of potassium channel inhibition related amino acid residues (RsI,R;¢T,RsA and Rs[LRysA)
and then expressed them with high purity by using the vector pVT102U on Saccharamyces cerevisiae strain S78; The two mutants
had the same trypsin inhibition activity as HWTX-XI, whereas their potassium channel inhibition activity and animal toxicity were
much lower than those of HWTX-XI. This study is helpful for designing drugs of trypsin related diseases based on HWTX-XI.
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LA RO KT R X1 (HWTX-XT) S48 Y BLI% 36 3k i Tk % 78 263

PREUH B Wk R XIHWTX-XT) & IR R
HoBr R — R R, B S5 NE IR ILA L, &
3%t i, J& T BPTI/Kunitz % 22 53 R 2 A B0 1
N Z R s HWTX-XT (14 [ 2 1 W00 ) 375 1 5 120 e R
FIEEH G BPTL, & HATHE A F & B i 1) 2 ik
S R ), W40 24 B AR S W] HWTX-XIT
TESh ) S PRI R RS b HAT B gt SR,
HWTX-XT X 7 s [ ]9 4 1 HA — e s
TERARZ YKV R B s i e sk . PR a2t
IR IR I AR, AR HWTX-XT B4 B 11 18 1%
PR, Bemlss HagmlfEH , s — 224 A HWTX-XIT
HEAT 25 B 1oL R 5

WA SR XRMRATH: 5
HWTX-XT 9 Fft 25 927 35 1 AH O 1) T RE A6 a5 e L4y
FRmEEA X . A Lys14 & HWTX-XI
JBEEE I AE A TG R A OCHEBR L, Lys14 58722 Ala
81 22 IR 53 - R WE RS Pk e 2%, (H L B - aE
WG PERZ MW ; 5 Lysl4 SR iy 2 2EmR AL T
LR P s 1 B — AR, BRI, Hrp
Argl0 72 Hy & 2 H A FLIR k5L Thr W] fff HWTX-XI
{14 ik 2 1 D A A BT HWTX-XT Y 3 738
TG PEALRUTE N-sig R e FITE 23 (8] |5 2 &R0 i p-%
12 AN, HAE 507 Arg RAEH Tle LGS 25
£ Arg 754 Ala ¥ SO R 1l IS PR, AR
L ES5IS 3G HWTX-XT # 2 MRS (mutl I
mut2), BFAER HWTX-XI fl 2 DRAK K LR 7
SN 1 B

1 MH5F®
1.1 ##
111 FFIAIZA

[ S78 (Saccharomyces cerevisiae
Strain S78). EEEEZERRFRL pVT102U/al* VI K 7 1
A TOP10 ¥ i A S0 % - A7 o
112 BFHFEE

YSD };##%: . Yeast Nitrogen Base 6.7 g/L, %%
W 20 g/L, ZL4 W2 200 mg/L, JRIEES 100 mg/L, AL
% 200 mg/L, 112 °C K 20 min; YSD [H AR 773 .
100 mL YSD i 2O mBiig#s 1.5 g; YPD #5575
PR Y 10 g/L, ZE 1Pk 20 g/L, #i%b% 20 g/L,
112 ‘CK1# 20 min; YPD [ {A£;7%3: 100 mL YPD
FEFR W BER 1.5 .
1.1.3 A AR

Taq [y H MBI Fermentas /2w . 25 IR A
WA TAEY TRARRA A BEEHZ I B Oxoid 24
Al o-fRFE-4-F 2L A FERR (a-cyano-4-hydoxycinnamic
acid, CCA), =# M (TFA). JlEE M (Trypsin)
¥y Sigma 7 Ao O B4 b AR R .
ProFLEX™III#! MALDI-TOF(Matrix-assisted Laser
desorption/ionization-time-of-flight) 5T & 1% W H
Bruker /3 #] . Waters650E %! HPLC &4t (486UV £
W #% , millennium €8 3% T /E 35 ). Waters HPLC
workstation (515pump, 2487UV kil #8), PCR {XI
[ Bio-RAD /).,

HWTX-XI IDTCR;LPSDR,,GRCKASFERWYFNGR,.TCAKF I'YGGCGGNGNKFPTQEACMKRCAKA
mutl: IDTCL:LPSDT,, GRCKASFERWYFNGA,:TCAKF IYGGCGGNGNKFPTQEACMKRCAKA
mu2: IDTCIs LPSDRGRCKASFERWYFNGA,,;TCAKF I'YGGCGGNGNKFPTQEACMKRCAKA

1 HWTX-XI RERTHRMRERFT] (HWTX-XI PABIRCHSERZE D5 RE AR REMR mutl F1 mut2

AR R R S B ER TR B AT B ARIE)

Fig. 1 Amino acid sequence of HWTX-XI and its mutants. The residues labeled with red in two mutants (mutl and mut2) are

the mutated residues.
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12 FHi*
121 F/#9H9&5T

PCR 5| ¥R 4 pVT102U/a-HWTX-XI-RysA J7 41
Wit & W A v &, R PCR M
pVT102U/0-HWTX-XI-RysA ORI 38 H A H B (K
/N2 200 bp), BIWHIITGIARARLL . BT
W1 iR,

F1 HWTX-XI REXRESIHFF
Table 1 Primer sequence of HWTX-XI mutants

Primer name Primer sequence (5'—-3")

CGTCTAGATAAGAGAATAGATA
CATGCATCTTGCCCTCTGACACT
GGGAG

CCGAAGCTTATGCTTTTGCACA
TCTTTTCATG

CGTCTAGATAAGAGAATAGATA
CATGCATCTTGCCC

CCGAAGCTTATGCTTTTGCACA
TCTTTTCATG

HWTX-XI-mutl-Forward

HWTX-XI-mutl-Reverse

HWTX-XI-mut2-Forward

HWTX-XI-mut2-Reverse

PCR JZ i 514K : 94 CHIZEYE 5 min; 94 CAZ
™ 1 min, 63 CiEk 1 min, 72 ‘CZE{# 1 min, 30
AMER; i 72 CHEfH 5 min,
1.2.2  FHTHHIF

2% PCR 14 th e 19 28 28 A SE K R ] Promega 119
PCR /=y NG FR £ [nl i, 48 J5 A Xba T Al Hind 111
EEY] 16 h, F# FH PCR 7= 4 [m] g izt 5] & 01 i
2.0 % 1) Bnt i W68 B E AT B R E . 5 I R
pVT102U #k M7 ] Xba 1 #1 Hind [IIAEEY) 16 h,
IF 2 TR EEE I LUK 43 25 05, R el i7) 4 sl
W2 L 204K 7 Bl 6 L iU J5 ) PCR F BR7E 12 pl
R TER:, 16 Cilk, K H¥{L TOP10 &
ZAAMM, SRR Xba I A1 Hind TTIXUEE ] 7 26 FH
P ve e . W F IE B A AR ARy 4 pVT-HWTX-XI-
mutl Ml pVT-HWTX-XI-mut2,
123 HA#E

PR 2 A5 A A A 1 45 : S78 YPD P-4 T 30 C
B3t 2~3 d, BKHATEFET 3 mL YPD B, 30 C
IR 120 B2 A L5 mL B0 (KK, &Ik
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1 mL B, 4000 r/min &[> 5 min, i E T 1 mL
KB ddH,0 1, 4 000 r/min &5.0> 5 min. 8% _F ¥,
i EF T 1 mL RGP (10x TE, 1 mol/L
LiAc, ddH,O, DA 1:1:8 BARRIES). Bk
Bedl . B FB AR TR pVT-HWTX-X[-mut] (mut2)
1.0 pug; Carrier DNA 10 pg; FIRR B 20 uL; PEG
YW (10x TE, 1 mol/L LiAc, 50% PEG4000, LI
1:1: SHIABIHLIES) | mLANA 1.5 mL L&,
R4, 30 C. 200 r/min 3% 30 min, 42 C#l
15 min J5, 5000 r/min #.0> 5 min, 3% B3, 400E0T
€A 200 uL 1x TE %%, 5000 r/min 5.0 5 min, 3
i, AUIE R IR T 200 pL 1x TE %W, 4000
IR YSD M, 30 CRiSE 4~6d.
1.2.4  EFIEHIZA

PREC YSD A E A2 R 0.5~1 mm @ BT 25 mL
YSD W, 30 'C. 250 r/min ¥53% 24 h, )5
PL1:30 B A 750 mL YPD 3, 30 C.
250 r/min " K¥45% 3~4 d.
1.25  ZFIEHIAIE S H0E

B IR RAE 4 °C .11 000 r/min 55 F &0
20 min, BCEWE, SRJ5 FMIERIME, 15205
A 2 AMEERFAYEATR (0.1 mol/L NaAc pH 4.2) F
fif CM-Sepharose FH & T34kt , H4 Rk B LA,
ERESEEEE T 10 AR ER v, KRG
Fo KM WBR I, W& 0.1, 0.2,
0.5. 1 mol/L NaCl i 0.1 mol/L NaAc (pH 4.2) Z&ujs
WHEATUEN . WOER BN VEBE, 25 A HiyE A
(e e E— 25 i R A2tk . B S uL Pk
W 5 uL AR AN CCA VRIR A SR F L1 pL ke,
ke R TS | STR MALDI-TOF i 17
i sl
1.2.6  ZHHSETTHAM HWTX-XI ZEF 9 e #
F1HEAH 15 1

HWTX-XI S RAR ARG T X5 K, [ i
% T 0.001 mol/L YRR, JIKY) BAPNA SG7E 80 C
IAZE K P, REIRER N EER, Bk
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BAPNA [1)-F-45 i o HERA A2 £ 149 1 2 1 Tl 410 753 A D0
E R A G B et 7, RO A 2% o
WM 0.1 mol/L Tris-HCI (pH 8.1), 20 mmol/L CaCl,,
0.05% triton X-100, JZIiEFEC 100 pL 52 h 2% #
FAFEAFR R HWTX-XI 454K (1x107° mol/L) #H
BAE, RIEMMA 10 pL BEE R, JFHZ hirh 55
MHGAAR 225, FHUORA S, EHEFE 15 min,
i AHEAER, SRIGMA 30 uL JIEY (1.2 mmol/L),
R AR B SO EE W BRI S, N 5 min JEAIA
10 uL 60% LFRZ 1L, SRJETE 405 nm BT
RSO, BT 0 4 3l 2
1.2.7 A A A PR 1

4 200 i B T S SR FH Sk 0 e N e I B TR
Kl DRG e it 100, Bl 15 Ha Ak 2 W A5 B il
JE e, PIriSH ARG 1428 1.5~2.0 um, FoHL
e P ATKHLBH A 2~4 MQI), T4 B i i s Y
MMAMNEH - 130 mmol/L EALEHH, 5 mmol/L KOH,
12 mmol/L D B %8, 2 mmol/L MgCl,, 2 mmol/L
CaCl,, 10 mmol/L HEPES, pH } 7.40. Hit% N
Woh: 120 mmol/L FALB, 20 mmol/L NMG,
10 mmol/L HEPES, 10 mmol/L EGTA, 2 mmol/L
MgATP, 0.5 mmol/L Li,GTP, pH Jy 7.4, SZEGZH I
T A it RS R 4~6 min. DRSS
PEC-10 it K#% (HEKA, German) 10 KHz JE 1 7% .
BOR K ] pulsefit+pulse 8.0 # 4R A4,
1.2.8  DEGEFGT

ki & FEHF (Intracerbroventricular, icv) %525 H
Fo3k e RN RMEREA IR 18~22 g,
SR 6 4, a8 K WPAR HWTX-XI M 584
RLLAERRER K 15 uL Wi, 2Lk 5625, 375,
250, 165, 110 pg/kg MRS AT/ REE
it £ Tk R, DAV B R 110 o R B 2 e k4
5 mmx5 mm, 52K EETE < R 4% N T 48 58 a5 — Ml
1~2 mm [A] R RS 8 A ZY W 15 ul, EH5E)E
L BVUER B W R, WS 48 hy Geit/hRAETC
B, e R iR A A AR R HWTX-XT /Y
LDs, fH -

2 %

21 HHEERRERBERSPHRERSBLEL

HWTX-XI A~ SE I L PCR U7 %
AR, K/NZ) 190 bp, FLbEZEFRE TR pVT102U,
2ol A SO RE SR E . T ARAR T RAS I 2 A
RASK T R IE TR . pVT-HWTX-XI-mutl Fl
pVT-HWTX-XI-mut2; {7 FEREREEE S78 B bk
ik 2 ANRAK K HWTX-XI, ZEERS)E T4
B FRE, KB Y R RR T, XXMNTH
R s ai kA AC R RS R G, AL
W= IR T 2k 2 kE R, I HuEW 45
G HEF35H (CM-Sepharose) FllJZ #-HPLC 435 ,
Al ARAR A B AR =K 2 ) HWTX-XT K 2
A GEAR AR 2 3 15 1 A8 4 g3 1 JE E — 20 R T A
-HPLC 43 &5 1% € it (5], B A5 7 HWTX-XI A -HPLC
VEMERY 2 5 e 5 R4k HWTX-XT A, 1 2 A%
AR CRE VA B 4 5l e TEPAETY, X5 2 A%
AR B S I BRI Arg RAE Ry AR M S I
% Tle AHAF o Ui 34T Sk /s B9 A AU [ A -HPLC 3% (&
F IR o T 5 RIR HWTX-XI AR, Edman [
D 7E N-vi P A58 4 AH R s 2 AN JEAR PR 19 o i D)
oy Fa SR FaEAE (B 2). UL EZEREY
3 2o R R R GR R G MR GR T B4 HWTX-
XI K 2 ANRAK (HWTX-XI-mutl F1 HWTX-XI-
mut2), HRME T a5 &0 E .
2.2 HWTX-XI RKHRIETREERE B BSHIHE %
ELE

AT, ME T HWTX-XI
T L5 A48 Rt IR AR i Akl VR, 5 R AU 5
AR T e R R A R, gk 2
fiias, BFAER HWTX-XT % (B A3 o 5k
8.9x10° mol/L, HWTX-XI-mutl Fl HWTX-XI-mut2
XoF TR R 11 T P 0 ) 0 A A A R — R R
AR S WIAAS, B 2 NSRRI R AL EA
& HWTX-XT A S [ 25 11 il A 10500 7 D B 05 PR ke 25
PA] b JEC ke 25, 11 Tl 1 35 4 R 52 B 5 )
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Fig. 2 RP-HPLC chromatogram and mass spectra of HWTX-XI and the two mutants. (A—C) RP-HPLC chromatogram of HWTX-XI,
HWTX-XI-mutl, HWTX-XI-mut2. (D—F) Mass spectra of native HWTX-XI, HWTX-XI-mutl and HWTX-XI-mut2.
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®2 HEBHWTX-XIRERETRSREQBERND
HEH

Table 2 The bind parameters of HWTX-XI and its mutants
to trypsin

Protein Ki (mol/L)
HWTX-XI 8.9¢-8
HWTX-XI-mutl 1.8e-8
HWTX-XI-mut2 2.3e-8

2.3 HWTX-XI B HE R A BB E M i
A 3 JE R ERAGI 2E B, HWTX-XT S He g A8 pAxet
K5 DRG 4l 858 8 f i A s il A (K
3), HFAERI HWTX-XI 78 10 umol/L s} al i 60 9% £
T TE LI, MR R 2 1Cso {64 3.92 pmol/L
(K 3A); HWTX-XI-mutl A HWTX-XI-mut2 7E
10 pumol/L W42 309% il i Hi i, ZkLkdd ik
JEZ 100 pmol/L, MHIZHEAJET 50% , #HEM 2 %

Control

e e,

2nAL r

30 ms

Control

30 ms r

D 110

ASIRHY 1Cso B3 100 pmol/L (8 3B, 3C), %45 %
LB A 28748 HWTX-XT 4138 30 300 71 336 1 5% s 4 3k
FRgk e, DA ARAS 1B T 400 o 05 1 R R A iy 58
A, B E A RS M 2RI 30 5.
24 HWTX-XI RERTHR/NEKE TGS
Eb 3R

FIAVNEUR TS, #2200 T HWTX-XI &
FLoARA I S o B BRI BUG % 73 5 HWTX-XT
J&, 1 min NRIUHREESAT . RIZIFRM . BIVRSE I
%, CENESE, BERERME, ERERM
FITE 48 h AREMRE . K HWTX-XT /N R = 1
S EEOE R & LDso {4 247.34 pg/kg; i/

i 2 7R ST 2 A HWTX-XT 588 R FE 7 35 5] 25 mg/kg

IR DL RH B REPE S0, AT LA R SR KR EAR T
ShYIRENE, IXSEIRAE RS IR T B SR A R A S

Control

e,

...................
..............
e e L TV

30 ms (

® HWTX-XI
O HWTX-XI-mutl
x v HWTX-XI-mut2

100

O
S

o0
(=]
T

70

60

Percentage of control Iy
'.
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40
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3 HWTX-XI RERTAIKFR DRG 4 At B [ 6 247 18 & f R ra HI 50 4E F

Fig. 3
concentration-response relationship (D).

Inhibition of HWTX-XI and its mutants on voltage-gated potassium channels on rat DRG cells (A—C) and the
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AWFFEAERTIA LA 5 I REWT ST 6 A L, i

A5 HWTX-XT B3 30 00 15 3 e 1 DG P SR ok A

WA T 2 A28, FEFI pVT102U Fak AR FfR
WLy S78 Wk MR B T HWTX-XI-mutl A
HWTX-XI-mut2 WA~5AR K, e 1 i o 0 1

BE A RS R S Y LR R 2 D RAR R E
A5 HWTX-XT IR 58 3 ) R G 06 1, T
S 0 T 9 R R R AR, AT R s 1 B )
Bk ARFFRHE— U] T HWTX-XI 43F W 6E
AL R o7 M, IR HWTX-XT [ (A B
TR R FH B T SERRE

REFERENCES

(1]

(2]

(3]

(4]

(3]

Yuan CH, He QY, Peng K, et al. Discovery of a distinct
superfamily of kunitz-type toxin (KTT) from Tarantulas.
PLoS ONE, 2008, 3(10): e3414.

Wu JJ, He LL, Zhou Z, et al. Gene expression, mutation,
and structure-function relationship of scorpion toxin
BmPO05 action on SK., channels. Biochemistry, 2002,
41(8): 2844-2849.

Chen JJ, Zhang YQ, Rong MQ, et al. Expression and
characterization of jingzhaotoxin-34, a novel neurotoxin
from the venom of the tarantula Chilobrachys jingzhao.
Peptides, 2009, 30(6): 1042—1048.

Liang SP. Experimental Course of Biochemistry and
Molecular Biology. Beijing: Higher Education Press,
2003: 48—54.

R LW 50 TAEY F SR AR, dEat:
A AL, 2003: 48-54.

Wang MC, Guan X, Liang SP. The cross channel activities

9 A

of spider neurotoxin huwentoxin-I on rat dorsal root
ganglion neurons. Biochem Biophys Res Commun, 2007,
357(3): 579-583.

Journals.im.ac.cn

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

Xiao YC, Tang JZ, Yang YJ, et al. Jingzhaotoxin-III, a
novel spider toxin inhibiting activating of voltage-gated
sodium channel in rat cardiac myocytes. J Biol Chem,
2004, 279(25): 26220-26226.

Xiao YC, Tang JZ, Hu WI, et al. Jingzhaotoxin-I, a novel
spider neurotoxin preferentially inhibiting cardiac sodium
channel inactivation. J Biol Chem, 2005, 280(13):
12069—-12076.

Chen WY, Li BH, Wu HY. Inhibition of defecation caused
by morepinephrine and intracerebroventricular injection of
methoxamine in mice. Chin J Pharmacol Toxicol, 1995,
9(4): 277-279.

Rz, afe, SSlgse. WS R RNG % 0
AW SRR /N BRHEEA S B E 2 5 ek,
1995, 9(4): 277-279.

Wang CG, Gilles N, Hamon A, et al. Exploration of the
functional site of a scorpion a-like toxin by site-directed
mutagenesis. Biochemistry, 2003, 42(16): 4699—4708.
Peng K, Lin Y, Liang SP. Nuclear magnetic resonance
studies on huwentoxin-XI from the Chinese bird spider
Ornithoctonus huwena: 15N labeling and sequence-
specific 1H, 15N nuclear magnetic resonance assignments.
Acta Biochim Biophys Sin, 2006, 38(7): 457—466.

Li J, Ruan KC, Chi CW, et al. The assignment of the
reactive sites of the double-headed arrowhead proteinase
inhibitor A and B. Acta Biochi Biophys Sin, 2002, 34(5):
662—666.

Jiang LP, Peng L, Zhang YQ, et al. Expression,
purification and characterization of a group of lectin-like
peptides from the spider Ornithoctonus huwena. Peptides,
2009, 30(4): 669-674.

Kitagawa M, Hayakawa T. Antiproteases in the treatment
of acute pancreatitis. J Pancreas, 2007, 8(4 Suppl):
518-525.

Kitagawa M, Hayakawa T. Antiproteases in the treatment
of acute pancreatitis. J Pancreas, 2007, 8(4 Suppl):

518-525.



