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Recombinant expression and purification of spider toxin,
JZTX-51 and JZTX-26, from Chilobrachysjingzhao
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Abstract: To establish a simple, quick and effective method to get a large amount of spider toxin JZTX-26 (35 aa) and
JZTX-51 (27 aa) with 3 disulfide bonds each, the mature peptides coding gene fragments were constructed and fused with
maltose-binding protein (MBP) tag in an Escherichia coli expression vector pMAL-p2x. The recombinant constructs pMAL-jz26
and pMAL-jz51 were transformed and cultured in E. coli TB1 and BL21 (DE3). After being induced by
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isopropyl-p-d-thiogalactoside (IPTG), the periplasmic proteins were purified by amylose affinity chromatography and analyzed
by SDS-PAGE. The fusion proteins were digested with factor X, and purified by Sizes-Exclusion chromatography and Reversed
Phase HPLC. Molecular weights of the purified peptides were obtained by using a MALDI-TOF-TOF mass spectrometer, which
were consistent with the theoretical molecular weights. Five milligram of target protein could be purified from 1 L of culture
medium. The results indicate that the peptides with three disulfide bonds can be expressed by using the prokaryotic expression
system with MBP tag. Our findings suggest the possibility of genetic engineering to obtain large amount of spider peptide toxins.

Keywords. spider toxin, prokaryotic expression technology, fusion protein, DRG cell, sodium channel
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BL21 (DE3) TB1 « )
PMAL-p2x
12 EHiEHIE
Sprague-Dawley E. coli DH5a (PMAL-p2x)
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PMAL-p2x -20°7C
DMEM 288 mg+NaCl 43 mg Xmn1  Hind III DNA
20 mL 1mol/L NaOH pH ( )
7.40 DMEM HEPES
21 99.9%
. ) i _ F =3
10 min 34 1.3 jztx-26 # jztx-51 EF B 52 & 53

(Collagenase|A 3.7-4.3 mg)
(Trypsin 1.7-2.0 mg)

(DnaselV 0.3 mg) 5mL
DMEM 34 °C
(Inhibitor)
5.5-7.6 mg
Taq DNA T4
DNA 10x%
QIAGEN DNA
TIANGEN DNA DNA
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97 000)
(2 060—81 000) Factor Xa
Novagen GE -B-D-
(IPTG) (UltraPure Grade) N,N-
(Ultra Pure Grade)
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(TFA)  ALDRICH
( ) DMEM
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PMAL-p2x
jztx-26  jztx-51 5
3 Hind III
1
PCR jztx-26  jztx-51
PCR ddH,O 38.1puL 10xPCR
50uL 25 mmol/L MgCl, 2uL cDNA
05puL Taqg 0.4 pL 500puL PCR
94°C 5min 94°C 1min
54 °C 1min 72°C 1 min 30
72°C 5 min 1%
PCR T4 DNA
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Tablel Primersof toxin genesto be expressed

Primer name
UP51

Primer sequence (5'-3')

CGTTGCGAACCGTCCGGCAAACCG
TGTCGTCCGCTGATGCGTATCC

LP51 CCCAAGCTTAGCGCATTTACACAGA
ACGCAGGAGCCAC

UP26 GACGACTGCCTGGGCCTGTTCTCCT
CTTG

LP26 CCCAAGCTTACCACAGTTTCAGTTT

ACACCATTTGTCACGACGGTTAC
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PCR 44 L 25uL BSA0.5puL
dNTPs0.2 uL T4 DNA 0.5 uL 12°C
15 min
Hind 111 1.7%
pPMAL-p2x
16 C
PCR
« )
1.4 HMER JZTX-26 1 JZTX-51 HIRIA
1
DH50 TB1 BL21(DE3)
5 mL
(0.1 mg/mL Amp)
1:100 500 mL
ODgyy 0.4-0.6
IPTG 6x10™* mol/L 4-6h
MBP Amylose
[ Grow cclls ]
\
[ Add IPTG ]
i
[ Divide culture and [lavest cells ]
\
‘ Rcsuspcnd.in 'I‘ris./sucrosc ’
Prepare periplasmic extract
/
[ SDS-PAGE J m digestion ]

HPLC

{ Mass spectrum ]
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Fig. 1 Flow chart for fusion expression.
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20-30 min 8-10 min
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2mL 37°C (5% CO,
95% ) 3-4h
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(27 aa) 3
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ICK
JZTX-51 C,-Cig Co-Cx
C17-Cy JZTX-26 Cz-Cig Cip-Cpz Ci7-Caol™

PMAL-p2x

22 BEFRIKHE pMAL-jz26 F1 pMAL-jz51
oL iFES

CcDNA
PCR 4

jztx-26
jztx-51

ACGGACGTAGTTAATTTTTTCCTTCGATAAGCAAACAATCACTTCAAACCAATAATGACG
My T
AGGAAAATCTTAGCTGTTCTTTTGGTCTTTACTCTGGTTGCGTGCAATAATGCAGAAAAA
Rkl o A WL LW BT L VAN N-E K
TATTCAGAAACTGATGTTGAAGACTCACCAATGATTCAGGAGAGAAGGTGCGAACCATCA
¥S ETD ¥ EDS P MI§EREEETPS
GGCAAACCGTGTCGCCCTCTTATGAGAATACCGTGTTGTGGATCTTGCGTGCGTGGCAAG
GKPCRPLMETEPRPLCEGS CV¥RGKEK
TGCGCTTGAGCCACGGATTATGGAAAATTTTGTAACACGTTCTAACTCAAGAAGGAAAAA
£l =
ATGCAATCAAAAAACCAATTCTTTACCAAAGACCTGAGTAACTAGAACTGCGCTTGTATT

2 JZTX-51 #J cDNA FIEEER 55

Fig. 2 Amino acid and cDNA sequence of JZTX-51. The
sequence of signal peptide was marked in italic font. The
sequence of mature peptide was underlined by solid line.
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23 BMER JZTX-26 1 JZTX-51 BU&RIA
TB1

BL21 (DE3)
E. coli

GGGTGACTGAAGTACTCATTACCTCTTCCTCTATCCGACAAATTTTGGGGGAGCTGTATTG
AMTCGCAAGTGAACATGAGGGCTCTTTTGATCATTGCTGGATTAGCTCTGTTTTTGGTT
MR AL LT A G L AL ELW
GTTTGCAACGCTTCCCAGGTGAACGAGCAAAGCTCGCTGAATGAAGTGCTTTCGGCCATA
PoiGh N A SV NE g S S L N GE VLS oA
TTTGCTGTGGAGGAGCCCCAGGAAAGAGATGACTGCTTAGGCTTGT ITTCGTCATGTAAC
F& ¥WE EiP @ ER DD E LG L IES S€E N
CCTGACAACGACAAATGCTGTGAAGGCCGTAAATGTAATAGAAGAGACAAGTGGTGTAAA
PDNDECCEGREKETCNRERTRDTETVWCEK
TTGAAATTATGGTAACAACAGCTACTGAACACCAAAACTTTTCTTCTTTTACGGATTCAA
Bk s I =
AACTGGAAATTTTGCACTAAAATGTGTTATTATTCATTAGAATTCTATTTACGTATGTAC

3 JZTX-26 #J cDNA FIREELF51

Fig. 3 Amino acid and cDNA sequence of JZTX-26. The
sequence of signal peptide was marked in italic font. The
sequence of mature peptide was underlined by solid line.

bp M 1 2 3

100

4 jztx-26 F jztx-51 EFE #) PCR Hjk[E

Fig. 4 2.0% agarose gel electrophoresis of PCR
products of jztx-26 and jztx-51. lane M: 100 bp DNA
ladder; lane 1: JZTX-26; lane 2: JZTX-51; lane 3:
negative control.
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bp M 1 2 3 4 5 6 7
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100
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5 PAMRMEFE% PCR BKE

Fig. 5 Colong PCR anaysis of recombinants. (A)
JZTX-51. lane M: 100 bp DNA ladder; lanes 1-6:
recombinants; lane 7. negative control. (B) JZTX-26.
lane M: 100 bp DNA ladder; lanes 1-3: recombinants;
lane 4: negative control.
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BL21 (DE3) 3
TB1
TB1
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ODgpo=0.8 1x10™* mol/L
IPTG 24 °C 3h
SDS-PAGE
( 6
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MBP Amylose
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Amylose 0.01 mol/L
( 0.02 mol/L Tris-HCI pH 8.0)
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6 SDS-PAGE #METEBR*KIE

Fig. 6 SDS-PAGE analysis of recombinants expression.
lane M: protein marker; lane 1. JZTX-26 expressed by
BL21(DE3); lane 2: JZTX-26 expressed by TB1; lane 3:
JZTX-51 expressed by BL21(DE3); lane 4: JZTX-51
expressed by TB1.
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(mL) .
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7 BRRSEEIENEEER MBP-JZTX-26 fgt)
Fig. 7 Gel filtration chromatography of cleaved B
proteins. The chromatography was performed on 0.04 L
Sephadex G50 column (1.6 cmx85 cm) with flow rate '
0.3 mL/min. Fraction 1: protease Factor Xa and
anonymous proteins; Fraction 2: MBP with a little 0.03 -
uncleaved fusion protein; Fraction 3: purified
recombinant protein JZTX-26; Fraction 4. DTT and 2
0.02 +
others from cleavage buffer.
0.01
0.1% TFA
0.00 L L : ‘
20.40 21.60 22.80 24.00
215 nm t (min)
E 8 HPLC /E4i{kELR JZTX-51(A) #1JIZTX-26(B)
( 8) Fig. 8 Reverse Phase HPL C separation of recombinant
JZTX-51(A) and JZTX-26 (B).
26 RIEETE
2 902.476
13.4 min Lor
(JZTX-51) 08|
21.6 min (JZTX-26) x 06r
( Mw=4 144) < 04|
( 10
0.2
s . Ll
2.7 ZJTX-51 %1 ZJTX-26 B9;EMHEE 0.0 ' ' : ”
A El]/:é Eé/{ 1500 2000 2500 3000
DRG mlz
TTX-S TTX-R ) 9 JZTX-51 RikEzE
(1-V) Fig. 9 MALDI-TOF-TOF analysis of JZTX-51.
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4144.379 —
1.50 + 80 mV
125 -80— +50 mV 50 ms
R +10 mv TTX-S
s 1.00 +
= —40 mV
2 0757 —20 mv +20 mV
0.50 10 pmol/L
0.25 JL\M JZTX-51 JzTX-5113
0.00 . . JZTX-26 2min
2500 3000 3500 4000 4500
m/z - (l 'U)
10 JZTX-26 iR 1 10 pmol/L
Fig. 10 MALDI-TOF-TOF analysis of JZTX-26. JZTX-26 10% TTX-S
A B
TTX-S TTX-R

10 umol/L JZTX-26(R) /,_...-{

— 10 pmol/L JZTX-26(R)

2 nA 1 nA
J— Control

— Control 10 ms

TTX-R

——— 10 pmol/L JZTX-51(N)/JZTX-51(R)

Control —— 10 pmol/L JZTX-51(N)/JZTX-51(R)

I 2 nA — Control
1 nA

10 ms
10 ms

11 FEFIEM IZTX-26. DEEMA) IZTX5L MELHFKIEH IZTX-51 ¥ KR DRG 48 LB ERER

Fig. 11 Effects of expressed JZTX-26 (JZTX-26(R)), JZTX-51 purified from venom (JZTX-51(N)) and expressed
JZTX-51 (JIZTX-51(R)) on the sodium channels in rat DRG neurons. (A) Effects of JZTX-26(R) on tetrodotoxin-sensitive
(TTX-S) sodium channels in rat DRG neurons. (B) Effects of JZTX-26(R) on tetrodotoxin-resistant sodium (TTX-R)
channels in rat DRG neurons. (C) Effects of JZTX-51(N) and JZTX-51(R) on tetrodotoxin-sensitive (TTX-S) sodium
channels in rat DRG neurons. (D) Effects of JZTX-51(N) and JZTX-51(R) on tetrodotoxin-resistant (TTX-R) sodium

channelsin rat DRG neurons.
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TTX-R 10 kDa
10 pmol/L JZTX-51

JZTX-51 TTX-S Factor Xa
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16 h 107C
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2)
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3)
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HPLC
JZTX-II
HPLC
[30]
DRG
DRG
DRG 20
JZTX-51
JZTX-51 DRG TTX-S TTX-R
JZTX-26 TTX-S
TTX-R
[31-32]
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