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Cloning and expression of recombinant BmkNaTx12, a new voltage-gated so-
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Abstract A ¢DNA library was constructed from glands of wild Buthus martensii Karsch scorpion. A new sodium
channel long-chain toxin BmkNaTx12 was identified by sequence alignment, and its full-length ¢cDNA sequence
was cloned. Sequence alignment showed that the sequence of BmkNaTx12 had high structural similarity with the
B-toxin Cnl2 from Mexican Centruroides noxius scorpion. The predicted structure of BmkNaTx12 was obtained by
homologous model construction and the highest scoring model was selected. The protein structure was found to be
stable at 300 ns by molecular dynamics optimization, and fluctuations at amino acids 20, 35, and 52 are most like-
ly due to the location of these amino acids in the loop region. Then, an expression system of recombinant
BmkNaTx12-Fc fusion protein was constructed. The optimal expression time of recombinant protein was deter-
mined by Western blot and the fusion protein was successfully expressed in HEK293 cells. The purity of recombi-
nant fusion protein which was obtained by protein A affinity chromatography was up to 95% by SDS-PAGE gel
electrophoresis and HPLC. In addition, the whole-cell patch-clamp assay results suggest that 1 wmol/L
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BmkNaTx12-Fc can increase 20% Navl.7 peak current. These results laid a foundation for the further study of

biological function.
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%4 48 ( Buthus martensii Karsch, BmK | [1] %<
RHE TR ) s AR W08 cDNA SRR & i 4%
F pLIB Zfk I BmkNaTx12 £ R (14 bk (_FERR )
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A% TaKaRa 23] ) 5 B RE 5 O AR R (€ Ox-
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Reagent # 44 18050 (AL 5t R R EAE WA A BRA
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et . i K RIF AL s, SR IR 4H ot
Fif) DNA, #E1T PCR %7€ Xba 1 F1 Hind T XL AGY)
UEE o TEIBURZIR HL UKk 435 2R BE AR it 226 S 2 )
0P B IE , R A 2 SR DR 3 A S TS S P R o
2.5 &0 BmkNaTx12-Fc &k st % 5

SRR HEK293 41 iy, {40 MRS 5 8ot ik
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VR AR AR T FAEZE R, 100 °C
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%% PVDF JI5,5% I NE W5 Ry P v 34 A 2 h, SE 40N Fe
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0. 05% -8 /& Lk 6 WG ; #R9E Western blot 4%
SRR I AR R IR (] EAT R S e . W AR A
Jil_EIEW, A PMSFE, F1J J Protein-A 2% F1 {4 1% 1
A AEAlA ; 2D BRI , 1547 SDS-PAGE ik , 1
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140 mmol/L, EGTA 1 mmol/L, NaCl 10 mmol/L,
Hepes 10 mmol/L) 1) 3% 35 Hi Al Hi B AR £ 7 2 ~ 3
MQ. AR R IR e R A R
=70 mV ., XA IEAT o B R K v A
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Hepes10mmol/L,MgCl, 1 mmol/L,CaCl, 1 mmol/L,
Dextrose 10 mmol/L) #2545 pH 7.3 W N IK
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3MQ. BRI AT, 4B RS R AL R
=120 mV, X 20 i AT g BB e E K i A
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W BRE O 8 S 7R EEZH 320 94. 0% ,24 Bl AL
PRIE ) BB 7% PCR 25 4 /R & A H 4 DNA, H
HrEy 18 Mfi AR Be KT 1000 bp, HAx 6 i A
FBEKT 750 bp, W R) SO BT 3 . ¢DNA
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SERERA 1 217 ZZARFS], &7 5 e 5 5 #
R Z IR 70 45,

H cDNA SCPETfiE S Y # 2 BmkNaTx12 24857
FIEEXT (B 1, A) 5 5k IE TS R iR 5 1 15 R
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SER AR AR A BmkNaTx12 [ =4k %5 [ 2544
3.2 BmkNaTx12 ¢ B R ZEAER 5 F 3 h AL

W A 4 X R4 (C12-C62, Cl6-
C39,C25-C44 ,C29-C46 ) #E17 [ IF IS gt IR 5 &
Cnl2 BIZ5R (& 1,B) , %F BmkNaTx12 4% f4) g 4745
PUE 1,C,D) , ST o e RO AY (& 1, D)
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E) RHITE 300 ns J5 8 F 4514 & T A&, RMSF 43¢
Mras R (1, F) B 7E N v Al C i e sl 8K, T
TES 20 .35 .52 D SRR AL 17 2 FT g By T BT Ak
{7 EAE loop XIH-FEL
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KVEAL#R A& pTT5-Fe (4 275 bp) 1 BmkNaTx12 J
B e R (B 2,C) BosHN  Beas RAr 6o W
JP 45 B & B pTT5-BmkNaTx12-Fc [ ¢ 51| 1F
Tz,

3.4 F2 BmkNaTx12-Fc & A 4540
rBmkNaTx12-Fc £ [ 33k 1% /] HEK293 41 ity
HMRIBRG . WRFE RN R IR 520, 7R
ZSAUAR A ] E 2H BORL pTTS-BmkNaTx12-Fe %% 4
HEK293 i 4757 T 41 2 11 8 3K 1) i B[] e
J5 48,72,96,120 h 4% Hif[H] 5 HURE B 352 355 200 L, 55
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Western blot Z55: 4652 120 h 2}y rBmkNaTx12 (13234
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Figure 1 Sequence analysis ,homology modeling and molecular dynamics of BmkNaTx12

A :Sequences alignment showed 35% similarity between Cnl2 and BmkNaTx12 (A). According to the structure of Cnl2 (B) isolated from Centruroides

noxius ,the structure of BmkNaTx12 (C) was simulated through homology modeling. After 500 ns of molecular dynamics, structure of BmkNaTx12 seems to
be stable (D) . Stability of amino acids of BmkNaTx12 was tested by RMSD (E) and RMSF (F)simulation with in 500 ns

A Signal Peptide
Plasmid Construction
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Figure 2  Construction of expression vector of recombinant pTT5-
BmkNaTx12-Fe
A': Recombinant vector of pTT5-BmkNaTxI2-Fc¢ was constructed; B:

Expression vector was identified by PCR ;C; Restriction enzyme digestion

3.5 F#1 BmkNaTx12-Fc & & v, A4 32 7% A4
WE 4 73,500 nmol/L TTX A~ 5% M TTX-R

rNavl. 8 B3, LA 500 nmol/L TTX YEFH F A% Navl. 8
YENXTIE, T wmol/L BmkNaTx12-Fe AN 520 Navl. 8
L. Navl. 7 J&—Fp LRI TTX-S Hi Hs [ T45 80
318,500 nmol/L TTX P 90% Navl. 7 WEHLTR .
DA R 0 P A 1 B P R R 2 R R, 1 umol /L
BmkNaTx12-Fc g3 K 20% Navl.7 WEH 7. %45
B E Y BmkNaTx12-Fe §ef1% 52 23845 Navl. 7

HLURL, AT e IS TE R B0 E - o
4 i

WFFE A B Na * Ji 18 5 R 2 M6 8 Hh 5 R Zh )RR
FIBET A0 LB R o I — S 3 3 Y 71
At AR AE B 1% ( Buthidae Androctonus australis ) {45 N
AP REZR AaH T ] £ s B e AT O 10 A8 B P i
A4S B Y, MmO BB
( Odonthobuthus doriae) 73 I3 /0 B 15 2| 5 2 OD1
AT A9 Navl. 7 ST



5548 5 2 ) 1,55 R HTE Na ™ il i 75 3 BmkNaTx12 5 X o 5 H 41 R0 225

A Time of transfection B
60
Negative Positive 48 h 7211 96 h 120 h
50
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Figure 3 Expression and purification of recombinnat BmkNaTx12-Fc protein
A : Expression of rBmkNaTx12 after transfection by Western blot; B ; Protein purified by affinity binding with column protein A ;C;rBmkNaTx12-Fc was
identified by SDS-PAGE and HPLC (D)

500 nmol/L TTX 500 nmol/L TTX+1 pmol/L BmkNaTx12

A B |
Nav 1.8

\[ Nav 1.7

Control
500 nmol/L TTX 1 pmol/L BmkNaTx12

Control
1 nA

5 ms

Figure 4 Effect of voltage-sensitive sodium currents by BmkNaTx12

Currents under control conditions and after the addition of 300 nmol/L TTX on rNavl. 8 expressed in HEK293 cells (A) and hNavl. 7 expressed in
ND7-23 cells (C) by the protocol which cells were depolarized to test potentials of —50 mV to +20 mV in 10 mV increments from a hold potential of
—-70 mV to elicit total TTX-R currents. All inward current traces were elicited by a 20 ms depolarizing potential of —10 mV from a holding potential
of =120 mV every 20 s, effects of BmkNaTx12 on currents of rNavl. 8 (B) and hNavl. 7(D)

AT A DNA SCHERIEE SEALE AR I A —E U BT & B Cnl12 B2 a5 2 %K
IR A P B T P AR o et — R AR T T 0 B B T 10 Je 3, DT M
KGR, et RV O A TELR I BmkNaTxI12  o-H 2.

BRI K R N AE T o R Kb o 52 BBk — & 60 ~ 70 4L
BmkNaTx12, X FAT 4 X605, B — 10 g 3 <4 3 — i, 70875 b & it /0, HLAM BG4I
IR o BEIERLL A B A4 st A TR -t R M 5 K B o 2 25 1
BRI TR ES AR B0 Cnl2 AERUEMAL MR gm0 ARBRST R T T AR Rk
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R TR PN L 5000 A L TG I 3 W ) o B R e AR R
T T Fe RS 2R EHOR 2 GE BRI 300 mL FR 22
MLl G AT 348 rBmkNaTx12-Fe & [ 2. 4 mg,
LT KIR7™ W) Sepherose G50-HPLC )35 5 3
(R H I8 T8 0. 5 g Ml AR HIR Z 1Y FE R L4
R HEEZ 0.8 mg, Hr KAFRMUN 0. 16% ) , 558 T
IFA], R AR . R, A ik S S8 B
TR R AR I, R, WO KRR
AR P S AR 1 BRI DR e

5 &

ABFTE VLR A 0 2 i RNA S A, 4
TR AT IR cDNA U, 285 7 HE X R B T
— 25T Na ™l 8 3 2 BmkNaTx12, %8 % i

85 M ILIR AL, LA Ty 66 DMEIEMR, & A 4
Xt TR, 5 28 VY B 2518 ( Centruroides noxius) m B
BER Cnl2 HAF 35% 540 R IEME. A 0F 58t
AT FLEh YA KGR R G, il ik Western
blot 5 A R B4 i Rk ], 28 Protein A
HAifb 33 Fe AW HEAHE R, MEHEHAMW
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