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Abstract: BmK38 is a novel 40-amino acid residue peptide identified from the venom of Chinese scorpion
Buthus martensi Karsch. The primary sequence analysis of BmK38 shows that it is a cysteine-rich peptide,
and the number of residues between the fourth and the fifth cysteine residue is much bigger than that of
other o-KTx toxins, Its theoretical MW and theoretical PI are 4 558 and 8. 64, respectively, BmK38 was
synthesized on Boc-Lys (2C1Z)-OCH;-PAM resin using a custom-modified, machine-assisted chemistry
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tailored from the published in situ DIEA neutralization/HBTU activation protocol for Boc solid phase
peptide synthesis and then purified by reversed-phase HPLC to homogeneity. In order to investigate the
structure-function relationship, two dimensional homonuclear 'H NMR technique was used to determine
the structure of BmK38. By means of two-dimensional DQF-COSY, TOCSY and NOESY spectroscopies,
spin systems of all 40 residues were identified. Then the sequence-specific assignment was completed by
analyzing the d,x,dxn and dgy connectivities. The chemical shifts of all the backbone protons and most of
the side-chain protons were subsequently identified. Both the d.x, dxv and dge connectivities and the
chemical shift index (CSD) data show that Bmk38 forms a typical /g scaffold adopted by most short-chain
scorpion toxins. At last, the solution structure was determined by using the standard simulated annealing
and energy minimization protocols. The results show that the secondary structure of BmK38 consists of a
two-stranded antiparallel f-sheet from residues 22~39, and an a-helix from residues 8~17. The structure
comparison of BmK38 with other «-KTx toxins, especially the unique f-turn, may provide an explanation
of the pilot study of its physiological function.

Key words: BmK38; short-chain scorpion toxin; 2D-NMR; sequence-specific assignment; secondary
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«-KTx 1.1 ChTx 24 -=--ZFTHVSCTTSKECWSVCQRLHN-TSRGKCMN----~~--~ KKCRCYS-
«-KTx 2.1 NTx 20 ---TIINVKCTSPKQCSKPCKELTGS SAGAKCMN - —----—- GKCKCYNH
«-KTx 3.1 KTx 7 --GVEINVKCSGSPQCLKPCKDA-G-MRFGKCMN-------~ RKCHCTPK
«-KTx 4.1 TsII-9 24 -=-VFINAKCRGSPECLPKCKEAIG-KAAGKCMN---~--~~-~ GKCKCYP-
a-KTx 5.1 LeTxI 25 ==m==—- AFCHL-BRMCQLSCRSLGL---LGKCI----G----DKCECVKH
«-KTx 6.1 Pil 22 =mmome LVKCRGTSDCGRPCQQQTG-CPHNSKCIN---—~~~~ RMCKCYGC
oa-KTx 7.1 Pi2 20 ====—- TISCTHPKQCYPHCKKETG-YPHAKCMN----~-~-~-~ RKCKCFGR
a-KTx 8.1 POl 17 ------- VSCE---DCPEHCSTQKA---QAKCDH----=---- DKCVCEPI
«-KTx 9.1 BmPO2 1T === VGCE---ECPMHCKGKHA---KPTCDD-------- GVCHCH-V
«-KTx10.1 CoTx1l M e AVCVY-RTCDKDCKRRGYR--SGKCIN-------~ HACKCYPY
«-KTx11.1 PBTx1 10 --DEEPKESCSD-EMCVIYCKGEEY--STGVCDGP-~--~~~~ QKCKCSD-
«-KTx12.1 TsTxIV 20 WCSTCLDLACGASRECYDPCFKAFG-RAHGKCMHN-------- NKCRCYTHN
«-KTx13.1 Tel 30 Emmm—— AC---GSCRKKCK------ GSGKCIN-------- GRCKCY--
«-KTx14.1 BmKK1 9 ---TPFAIKCATDADCSRKCPGH-----~- PSCRN-=-====== GFCACT--
a-KTx15.1 BmTX3 27 --ZVETHVKCQG-GSCASVCRKAIG-VAAGKCIN---—----- GRCVCYP-
«-KTx16.1 tamapin L AFCNL-RRCELSCRSLGL---LGKCI----6----EECKCVPY
«-KTx17.1 BmKK4 20 ==-=—= QTQCQSVRDCQQYCLTP-----~ PROSE-=——=——= GTCYCKTT
a-KTx18.1 Tc32 17 ---TGPQTTCQA-AMCEAGCKGLGK--SMESCQG~--~--~--~ DTCKCKA-
a-KTx19.1 BmBKTx1 A2 2 ======= AACYS-SDCRVKCV-AMG-FSSGKCIN------—- SKCKCYK-
BmK38 100 -==-KTATFCTQ-SICQESCKRQNK---HGRCVIEAREGSLIYHLCKCY--

subfamily score * * * * * &

Bl 1 BmK38 584 19 ff o KTx &% 8 /575 bzt
Fig. 1 Sequence alignment of BmK38 with the 19 known o~KTx toxins
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Fig. 4 Fingerprint region of 500 MHz NOESY spectrum of BmK38 with z,, =100 ms in H,O
(The NOE sequential walk is indicated by solid lines)
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Fig. 5 Summary of sequential NOE connections
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Tab.1 'H chemical shifts of BmK38
No. name HN HA others
1 LYS — 4. 08 1. 89 HG 1.41; HD 1. 67; HE 2. 96
2 THR 8. 69 4. 36 4. 07 HG 1. 09
3 ALA 8.61 4. 33 1. 25 —
4 THR 7.79 4. 43 4. 34 HG 1. 19
) PHE 8. 24 4. 64 3.05/2. 87 26H 7.11; 35H 7. 24; 4H(overlap)
6 CYS 8. 32 4.61 2.78/2.59
7 THR 8. 66 4. 58 4.12 HG 1. 32
8 GLN 9.21 3.99 2.20/2.04 HG 2. 48/2. 33
9 SER 8. 84 4. 14 3.89
10 ILE 6.8 3. 84 1. 96 HGI 1.56/1. 205 HG2 0. 95; HD 0. 87;
11 CYS 8. 42 4. 66 2.57
12 GLN 8. 85 3.82 2.02 HG 2.57/2. 39
13 GLU 7.7 4. 03 2.23/2.15 HG 2.57/2.51
14 SER 8.4 4. 19 4.03 —
15 CYS 8. 36 4. 35 2.27
16 LYS 7.47 4.19 1. 99 HD 1. 74; HE 3.27; HZ 7. 27
17 ARG 7.51 4.59 2.12 HG 1.37/1. 24; HD 2. 92
18 GLN 8.59 3.82 2.06/1.92 HG 1. 66/1. 55
19 ASN 8. 11 4. 33 3.09/2.82 —
20 LYS 7.63 4. 56 1.21 HG 2.12; HD 1. 37; HE 2. 92
21 ASN 8. 04 4.78 2.34/1.56 —
22 GLY 8.76 5.51/3. 46 —
23 ARG 8.92 4.9 1.92/1. 86 HG 1. 60/1. 49; HD 2. 93; HE 6. 83
24 CYS 8. 54 5.43 2.99/2.80 —
25 VAL 9.6 4.61 2.13 HG 0. 84
26 ILE 8.29 4. 65 1. 56 HGI 1.40/0.59; HD 0. 73; HG2 0. 60
27 GLU 8.71 4. 57 1.93/1. 62 HG 2. 21
28 ALA 8. 67 5.03 1. 27 —
29 GLU 8. 67 4. 57 2.04/1.94 HG 2. 28
30 GLY 8.91 4.03/3. 65 —
31 SER 8. 87 4. 35 3.97/3.89 —
32 LEU 7.81 4. 49 1.79/1. 31 HG 1.54; HD 0. 91/0.79;
33 ILE 8. 06 4. 44 1.71 HGI1 1.37/1.08; HD 0. 70; HG2 0. 57
34 TYR 8.91 4.7 2.86/2. 86 26H 7.03; 35H 6. 70
35 HIS 8.49 5. 17 3.01/2.88 2H 8.64; 4H 7.18
36 LEU 8. 82 4. 66 1. 46 HG 1.46; HD 0. 81/0. 75
37 CYS 8.75 5. 00 3.13/2. 69 —
38 LYS 9.15 4. 66 1. 86 HG 1.39/1.25; HD 1. 64; HE 2. 87
39 CYS 8.62 5. 99 2.95/2.61 —
40 TYR 9.05 4. 58 2.96/2.79 26H 6.97; 35H 6. 54
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Fig. 7 Stereoview of the backbone superimposition of the

20 models for BmK38 (a), the ribbon representation of
the minimized average structure of BmK38 (b), and the
all atoms superimposition of the 20 models
for BmK38 (¢)
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