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P. pastoris T AT WA FGE HWAP- T, K RT-PCR (&5, A T & 1l 50 0% S0 B0 6 M UG 9 06 TR B, Y5
REFEIERAK pPICOK TAL, M 25k pPICOK-HWAP- 1 . %4k GS115 4 LR 5, Ik i %248 His® Mwt® %
Tk, 2 SEIIRIG, SDS BN BEGRE ik (PAGE) EW] HWAP- 1 76 SR N2 RE b i 47 ooy i ik, 7=
Yo a7 TN 4 ku AiA5, P hEIA 80 mg/ L. ARG/ BUSRG A5 BELIT 512 50 0F Sk 38 7= 4 L AT W S 1% AR s
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( Selenocosmia huwena) TFHH 7012 3| —Fp KA 0]
T BEL Ao 22 S A% s T e 0 2 IR R, R
BT RAT WIS M BURAE P, i 44 0 PR EUBUR S PRIk
(Huwena analgesic peptide, HWAP- 1 ). ‘&1 33 4
WIS, AHXS 2y 7 ikt 3750. HWAP-
[ &4 3% hikk, Rtrpe i smgm?. &
WAL, HWAP- T BB IS V2R AT W 7 10 1 R
IS KT (= WS T A D 1P S PN - N TR S G TR S
HWAP- 1, AL RESERT TR 3E — 20RO, 1M
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WET A T REE S T RIS R 2 e
JRr WY Pichia pastoris RIEFRE, BRI HLAE
PRI RE T ROE TS PE R HWAP- T, X 3L
TR BAEZEX.
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HWAP-T (3L AL TR bE,  SERZITIRBEN 5 A
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725 A R AR I 2 &5 1) Top 10F 218 (41 58 BE ).
PLAS 1A B ( f4i%: S- AATTCTCACAGCTTCCATTTGC -
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ATTGCTGG3) A 45l¥), &E4l4, KE PCR
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94C, 1 min, 55C, 1 min, 72°C, 1 min, 35
IR, 251 DNA W23 07 b b g a4 A6 BE T
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VETF-WHERZ R 7 i U A 7 IR 3L 41 DNA. HIAR
A& M A0X, 5T 5 (57 - GACTGGTTCC -
AATTGACAAGC-3) F1 AOX, 3 5l # (5-
GCAAATGGCATTCTGACATCC -3) #E4T PCR 4714
RN 94C, 1 min, 55C, 1 min, 72°C, 1 min;
35 MIEFE.
1.6 RIEZEHNEFRIFSRIE

FEFNBERE T 2 ml YPD 1 (10 g/ L FERESEHUA,
20 g/ L 2 AR, 20 o/ L #i %), 30°C . 250 1/ min
IR IR, L 1% (53R T 100 ml BMGY
BigR i (10 o/ L BEBRESEHUA, 20 of L & A5,
0. 1 mol/ L BERRHHZE M pH 6.0, 13.4 o/ L @ 1L
WKL (YNB), 4x 10 * /L AWE, 10gLH
i), BT 30C, 250 o/ min IR EE IR R A goik
4~ 8. 5000 r/ min ZOWEEF G, H 20 ml BUMY
TR (10 o/ L BEBESE LY, 20 o/ L K H R,
0. 1 mol/ Lk FR 4 22 pp 3 pH 6.0, 13.4 ¢/ L YNB,
4x 1074 g/ LM, S mV L R E49100)5 T
28°C, 250 o/ min W5 FH59E 7 d, WM AERG 24 h #Mn
100% F AT SLA PRI 0. 5% .
1.7 FiEF=H)8) SDS PAGE 7

FIEWMEE SR RG, BUE Y R FE L
T 5 34T SDS- 5 A 4 Mk i % i fL vk ( PAGE) 47
Br. AT /ANy Fi 2K, KA Tricine SDS-PAGE
BEFRIKRLED, WA 3%, B 16.5%,
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7= 13, 1 90% VRN 5 B R e Dl e B A i AR
2 YW-3 (MWCO 3 000) 8 B g8 i £h )5 ot
Proteir Pak™ §E, 7 Waters™ 650E Advanced
Protein Purification System _HE{TEH 25 148 4t )2 47,
0~ 0.8 mol/ L. NaCl £ ' 86 & P e, e 4 i i,
Z RS G FAET YWG Cigh 40 HPLC i 2k,
PL10% ~ 40% L Mi0. 1% TFA B BEVENE, 555 i
RFTTR A, ARG T
1.9 RIEETE

25 CM PH B 1 A8 e A A HPLC WAL 35 11 i,
BHC 1.5 ul, 09 vl o A4 SR IE A EERR (CCA)
PRSI 1.5 1l EFE, 76 MALDEFTOF | %5
FHXS 431 JoL
1.10 EARIEWINE

KM Pierce 2% 1) ) BCA™-200 Protein Assay
TR G R
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Z M Waterman!® (1) 4 = 8EAT. /5 11 BUJBE 00 Ak
B )G, FIBURS ERR A, 5 4008 0 2 AR RS i AR
AFHIAE 3 mlBAT 95% 02 A1 5% CO» IRAT TR
Krebs # #{ ( NaCl 6.95 g/L, KCl 0.35 g/L,
KH,PO4 0.16 g/L, NaHCO; 2.10 g/L, MgSO4
0.37 g/L, D% HF 2.18 g/L, CaCl, 0.37 g/L)
o RENIRG 30 s 45 TR — Ik, S AR B ok
fad sk, A Bk Al 4k 1 FE S HWAP-T 5 KR 11
HWAP-1#8 ] Krebs WA 1.0 x 1077 g/ ml. #5320
1t Krebs ¥ bR AW - Aa i, SOH ke FE 1)
FERE A i, W, AR R DM 3
. 5 it BELORT /N BU4A0HS 5 1 UL AR s ). BARRL
W T AR AR bR, TR SR AR b, 1R
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Fig. 1 PCR assay of insert direction of foreign fragment
I': DNA marker (ladder DNA): 2, 3: reverse ligation;

4: positive ligation.
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UL Bgl 11 2k PE 4k pPICOK-HWAP- 1 Ji& 5 4k % 52 4
GS115 figiid AOX, KA st (1 5 4 Al o il ik A1 [)
PEEAL R R Rk B IXAEAEAR N His 175 4 55
724k RDB b AT EALREREA fig 4K, i 3 41 % B
SCAE A VA I R U DR 52 B EER, e o P
ERBRIER MM 85955 EAE KR, fF MD B 3%
BEEIE®HAEK N PHiIERERERAb A

HWAPR [ Rk Hooiy8 4, SRIER M His* .
Mut® [0F Ak 1, $RHUILIEN 4] DNA, Al 5 AOX,
51 4 A3 AOX, 51 ¥ 3k 17 PCR % & , 77 14 14 51

I Z
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Fig. 2 Identification of recombinants by PCR
I: ADNA/Hind1ll; 2: His® Mut® recombinants,
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600 bp (492 bp AOX,;+ 108 bp HWAP- I inserted
T HWAP- [ RIKPITHHS.
2.3 HWAP- | B9 RiA

HUE B R IEHE GH1 85 37 30 135 MEAT Tricine
SDS-PAGE 70#1, #5BEW (K 3), HTERILN
AMISER A1 IR 2 00 4 000, 1 ) FECAS 444 B
GOIK 7Rz B IF 4. SRR RE S 2 H
W HWAP- T &8 e, 207kt 4 000 (1)
BRI S WA R (RN 23. 6%, Bk HE S AR T

KIEEW AT IL 80 mg/ L FREUBURINTEIR, 2R 9%
R SER 45 AW, 53 HWAP- 1 75/ REREBE
LRI EE R 0. 5%, S THHER 6 d.

1 2 3 -4

3.5 “ Gl
Fig. 3 Tricine SDS PAGE of HWAP | secreted by GS115
( Mut® His" )
I: low molecular marker; 2: G9K; 3: GHI.
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Fig. 4 MALDFTOF mass spectra of recombinant HWAP- |
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B AR S K AR, ANRER TR RN, B
WA HPLC it #h 2lith. 246 J5 FF & 15 28 )5 3% I
W, AR ([ 4), )5 SDSPAGE %R
KW AR HPLC i 28 J5 1 R i 7 e Dk ] o —
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Fig. 5 Tricine SDS PAGE of samples at various steps along
the HWAP | purification

I: low molecular mass marker; 2: culture supernatant; 3:

( NH4) 2S04 precipitation; 4: ultrafiltration supernatant; 5: purified

HWAP-1; 6: native HWAP- 1 .

2.5 FRiZFHEYE TR IERE D

PR IE M HWAP- 1T H Krebs ¥ AC Bl %< 5 4
1x 107 % g/ ml, HL3 ml #2300/ BURORT &5 25 bR AR,
25T, sk ICRHT I ], 5 ORARI HWAP-

I A (10 £2) min, 1) 235 7= 4 164 °F Hy B 1 s
R (15%2) min, RWEEM HWAP- T i57EH
HRIHWAP- 1 1) 60% 47 (14 6).

A

AR T
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i

Fig. 6 Effect of recombinant HWAP- 1 on neuromuscular

15 min

transmission in isolated mouse spermaduct
I: native HWAP-1 :; 2: recombinant HWAP- 1 .
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R FR 22 g R 0T, TR AR — Rl N B Ca™ BTl
T PRI, s R A I AL AT W I U ROR,
Lt gr, poRvER IR BRI, AR
BFREARC R 5. AL 5 2 RO ) A K A
XHWAP- T 3T TR RIE, HIIHWAP-T 45 =
X mEE,  BRRE TR N, I H KT
T A1 B I 2 B R AT DA SRR, AR
AR TR A . SRIRRERERIE R GEP. pastoris 7
UK 43 S JINE R DR VNS S
ATV E A FRIVE R INCaE S, ST 5 T8
Fr, FHAPARME WO . VFZSNEIER A% R
GErh A3 B T T i 4y W AT, 3L O3 eI Ik
R AR 2B R 285 i B 22 88 e o IR A 2R
AN T N G 7/ R W s = TP 2 U}
HWAP- I A5 %5 i, EFRMEREP. pastoris H
HIRPWRIET HWAP- 1, L5 5HK BERIA
Bk 80 mg/ L, RIXME A & A a5 Ln
ARRE AT 60% AiAi. A F—LRNTEX
MR T IR RO T Hcdh.
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Secretion Expression of Huwena Analgesic Peptide Gene
in the Yeast Pichia pastoris”

HE Ning-Jia, NIE Dong-Song, XU HurMing, LI Min, Liang Song Ping" "
( College of Life Science, Hunan Normal University, Changsha 410081, China)

Abstract HWAP-1 is a peptide neurotoxin purified from the crude venom of the Chinese bird spider
Selenocosmia humena, which has analgesic activity. According to the RT-PCR result, an artificial gene
encoding HWAP-1 was chemically synthesized. The gene was then inserted into pPICOK, a secretory
expression vector for Pichia pastoris. The constructed pPICOK-HWAP- [ was transformed into his* mutant
yeast GS115 and a Mut® His" cell line was screened. The recombinant HWAP- [ was secreted into the culture
supernatant induced by 0. 5% methanol. Tricine SDS-PAGE analysis indicated efficient expression and secretion
of HWAP- 1 . The molecular mass of product was about 4 ku. Yield of product was estimated to be 80 mg/ L.
Purified protein was assayed for biological activity and the results demonstrated that HWAP-1 had 60%

analgesic activity compared to native HWAP- [ .

Key words HWAP-1 (Huwena analgesic peptide 1) , Pichia pastoris, secretory expression
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