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Figure S1. LC-MS analysis of five representative toxins with their cystein patterns, produced by solid 

phase chemical synthesis. For chemically produced peptides, analysis was performed on Elute Sp 

Pump HPG 700 (Brucker) coupled with AmaZon SL LC/MS (Bruker) at 214 nm.  Column : XBridge® 

Peptide BEH C18 300Å 3.5µm, 4.6x150 mm (Waters); Gradient : 0-50% CH3CN/TFA0.1% in 50min 

; flow rate : 1mL/min. Oxidation of a two disulfide bridge peptide can lead to one or several oxidized 

forms included dimers whereas oxidation of a three disulfide bridge peptide often lead to only one 

oxidized form. For –CCCC-CC- previously never described pattern, produced peptide contains only 

four of the six possible disulfide bridges. The surface of the peak corresponding to the correct mass 

was integrated for toxin quantification.
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Figure S2. Analysis of 4 representative toxins with their cystein patterns, produced by recombinant 

expression. A) Analysis on a UHPLC (Accela High Speed LC) on a Hypersil GOLD column C18 175 

Å 1.9 µm, 1x50 mm (ThermoScientific) at 280 nm. The acetronitril gradient is drawn on the graph. 

The surface of the peak corresponding to the correct mass was integrated for toxin quantification. 

Green arrows indicate the correct mass. Orange arrows indicates a ghost peak corresponding to the 

80% acetonitrile flush. B) mass analysis on a MicroTOF (Bruker,  accuracy <5ppm,  resolution 

>10,000). An external calibration was performed using NaI clusters. C) Zoom on the most intense 

charge state. ppm: parts per million.
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RCLHAGAACSGPIQKIPCCGTCSRRKCT QMDMRCSASVECKQKCLKAIGSIFGKCMNKKCKC
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Figure S3. Quality assessment at each stage of N-TRTX-Preg1a (left panel) and N-BUTX-Ptr1a (right 

panel) production in Fmoc solid-phase chemical synthesis. (A) Peptide sequences with cysteine 

residues highlighted in red. (B) Analytical HPLC chromatogram of the crude peptide, (C) after 22h of 

oxidation, and (D) of the final purified product at 214 nm. Column: X-Bridge BEH 300Å 5 µm 4.6 x 

250 mm; Gradient: 10-50% CH3CN/TFA 0.1% in 40 min; flow rate: 1 mL/min. (E) MALDI-TOF 

spectra of the final pure products. Noted masses correspond to monoisotopic masses. A spontaneous 

transformation of the N-terminal glutamine (Q form) residue of the peptide N-BUTX-Ptr1a into a 

pyroglutamic acid (Z form) seems to occur during crude peptide deprotection and can be detected in 

the final purified product in spite of purification.
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Figure S4. Activity of 100 μM N-TRTX-Preg1a on ion channels. Representative whole cell traces of 

oocytes expressing cloned Nav isoforms (Nav1.1-Nav1.6, Nav1.8), Kv isoforms (Kv1.1-1.6, Kv2.1, 

Kv3.1, Kv4.3, Kv7.1, Kv7.3, Kv10.1, hERG), Cav3.3, GIRK1 or nAChRs (αβγδ and α7). The dotted line 

indicates the zero-current level. The red * lines indicate the steady-state current peak amplitude in the 

presence of 100 μM N-TRTX-Preg1a.
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Figure S5. Activity of 100 μM N-BUTX-Ptr1a on ion channels. Representative whole cell traces of 

oocytes expressing cloned Nav isoforms (Nav1.1-Nav1.6, Nav1.8), Kv isoforms (Kv1.1-1.6, Kv2.1, 

Kv3.1, Kv4.3, Kv7.1, Kv7.3, Kv10.1, hERG), Cav3.3, GIRK1 or nAChRs (αβγδ and α7). The dotted line 

indicates the zero-current level. The blue * lines indicate the steady-state current peak amplitude in the 

presence of 100 μM N-BUTX-Ptr1a.
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Table S1. Cysteine pattern diversity for toxins containing an even number of cysteines identified in 

the Venomics bank. Newly described patterns are highlighted in grey.

N° of sequences in:Cysteine

framework

N° of

Cys Data

base

Peptide 

bank

Taxa in

produced bank 

(N° of species represented)

C-C 2 637 142
Conus (112), Araneae (11), Serpentes (8), Chilopoda 

(6), Scorpiones (4), Terebridae (1)

CC-CC 4 247 61 Conus (52), Araneae(5), Serpentes (4)

CC-C-C 4 611 106
Conus (92), Araneae (11), Scorpiones (2),      

Serpentes (1)

C-CCC 4 2 2 Conus (2)

C-CC-C 4 9 1 Conus (1)

C-C-CC 4 63 35 Conus (29), Araneae (5), Serpentes (1)

C-C-C-C 4 764 182
Conus (81), Chilopoda (49), Scorpiones (25), Araneae 

(21), Terebridae (3), Serpentes (2), Hymenoptera (1)

CCCC-CC 6 10 2 Conus (2)

CCC-C-C-C 6 1 0

CC-CC-C-C 6 3 0

CC-C-CC-C 6 2 1 Araneae (1)

CC-C-C-CC 6 450 99 Conus (70), Araneae (26), Serpentes (3)

CC-C-C-C-C 6 10 1 Serpentes (1)

C-CC-CCC 6 1 0

C-CC-C-C-C 6 20 5 Araneae (4), Conus (1)

C-C-CCC-C 6 1 0

C-C-CC-CC 6 5 1 Serpentes (1)
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C-C-CC-C-C 6 3,739 1,047

Araneae (887), Conus (82), Scorpiones (25), 

Serpentes (20), Chilopoda (14), Terebridae (12), 

Hymenoptera (7)

C-C-C-CC-C 6 244 78
Chilopoda (67), Scorpiones (7), Araneae (3),       

Conus (1)

C-C-C-C-CC 6 83 20 Chilopoda (11), Conus (5), Scorpiones (4)

C-C-C-C-C-C 6 2,199 539

Scorpiones (367), Araneae (76), Conus (33), 

Serpentes (26), Chilopoda (20), Terebridae (15), 

Hymenoptera (2)

CC-C-C-C-C-C-C 8 10 2 Conus (1), Scorpiones (1)

C-CCC-C-C-C-C 8 1 0

C-CC-CC-C-C-C 8 3 0

C-CC-C-CC-C-C 8 15 7 Araneae (7)

C-CC-C-C-C-C-C 8 11 3 Scorpiones (2), Araneae (1)

C-C-CCCC-C-C 8 1 0

C-C-CCC-CC-C 8 1 0

C-C-CC-CC-C-C 8 94 28 Conus (17), Araneae (8), Terebridae (2), Serpentes (1)

C-C-CC-C-CC-C 8 12 3 Araneae (2), Conus (1)

C-C-CC-C-C-CC 8 1 0

C-C-CC-C-C-C-C 8 438 112
Araneae (68), Terebridae (13), Conus (11), Scorpiones 

(8), Serpentes (6), Hymenoptera (3), Chilopoda (3)

C-C-C-CCC-C-C 8 29 4 Conus (2), Serpentes (1), Araneae (1)

C-C-C-CC-C-CC 8 2 0

C-C-C-CC-C-C-C 8 1,544 257

Araneae (190), Scorpiones ( 27), Chilopoda (17), 

Conus (10), Hymenoptera (6), Serpentes (5), 

Terebridae (2)

C-C-C-C-CC-CC 8 4 1 Chilopoda (1)

C-C-C-C-CC-C-C 8 101 43
Scorpiones (23), Serpentes (8), Conus (5), Araneae 

(4), Chilopoda (2), Terebridae (1)
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C-C-C-C-C-CC-C 8 2,128 161
Serpentes (70), Chilopoda (44), Scorpiones (33), 

Araneae (12),Conus (1), Hymenoptera (1)

C-C-C-C-C-C-CC 8 1 0

C-C-C-C-C-C-C-C 8 2,560 213
Scorpiones (171), Terebridae (23), Chilopoda 

(11),Conus (4), Serpentes (2), Araneae (2)

CC-C-C-CC-C-C-C-C 10 338 0

CC-C-C-C-CC-C-C-C 10 2 0

CC-C-C-C-C-CC-C-C 10 1 1 Scorpiones (1)

CC-C-C-C-C-C-C-C-C 10 1 1 Scorpiones (1)

C-CC-C-CC-C-C-C-C 10 54 7 Conus (4), Araneae (3)

C-CC-C-C-C-C-C-C-C 10 482 0

C-C-CC-CC-CC-C-C 10 2 1 Scorpiones (1)

C-C-CC-CC-C-C-CC 10 1 0

C-C-CC-CC-C-C-C-C 10 13 6 Conus (3), Araneae (1), Serpentes (1), Terebridae (1)

C-C-CC-C-CC-C-C-C 10 57 22 Araneae (20), Serpentes (2)

C-C-CC-C-C-C-CC-C 10 4 0

C-C-CC-C-C-C-C-C-C 10 224 87
Araneae (46), Scorpiones (26), Chilopoda (8), 

Serpentes (4), Terebridae (2), Hymenoptera (1)

C-C-C-CCC-C-C-C-C 10 12 4 Araneae (2), Conus (1), Serpentes (1)

C-C-C-CC-C-C-CC-C 10 1 0

C-C-C-CC-C-C-C-C-C 10 86 17 Araneae (14), Scorpiones (2), Terebridae (1)

C-C-C-C-CCCCC-C 10 1 0

C-C-C-C-CCC-CC-C 10 1 0

C-C-C-C-CC-C-C-C-C 10 3 1 Araneae (1)

C-C-C-C-C-CC-C-C-C 10 5 0

C-C-C-C-C-C-CCC-C 10 1 0

C-C-C-C-C-C-CC-C-C 10 1 1 Serpentes (1)

C-C-C-C-C-C-C-CC-C 10 605 9 Serpentes (7), Scorpiones (2)



S14

C-C-C-C-C-C-C-C-C-C 10 253 107 Scorpiones (51), Araneae (41), Conus (7), Serpentes 

(4), Terebridae (4)

CC-C-C-C-CC-C-C-C-

C-C
12 5 1 Conus (1)

CC-C-C-C-C-C-CC-C-

C-C
12 2 1 Serpentes (1)

CC-C-C-C-C-C-C-C-C-

C-C
12 1 1 Serpentes (1)

C-CC-C-C-C-C-CC-C-

C-C
12 1 0

C-CC-C-C-C-C-C-C-C-

C-C
12 4 0

C-C-CC-CC-CC-CC-C-

C
12 2 1 Scorpiones (1)

C-C-CC-CC-C-C-C-C-

C-C
12 2 0

C-C-CC-C-C-CC-C-C-

C-C
12 5 0

C-C-CC-C-C-C-C-CC-

C-C
12 15 4 Araneae (4)

C-C-CC-C-C-C-C-C-C-

C-C
12 3 0

C-C-C-CC-C-C-C-C-C-

C-C
12 144 7 Araneae (7)

C-C-C-C-CCC-C-C-C-

C-C
12 3 0

C-C-C-C-CC-CC-CC-

CC
12 1 1 Scorpiones (1)
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C-C-C-C-CC-C-C-C-C-

CC
12 1 1 Scorpiones (1)

C-C-C-C-CC-C-C-C-C-

C-C
12 33 1 Hymenoptera (1)

C-C-C-C-C-CC-C-C-C-

C-C
12 245 99 Scorpiones (90), Araneae (7), Chilopoda (2)

C-C-C-C-C-C-C-C-C-

CC-C
12 1 0

C-C-C-C-C-C-C-C-C-

C-CC
12 1 0

C-C-C-C-C-C-C-C-C-

C-C-C
12 22 3 Conus (2), Scorpiones (1)

CC-C-C-C-C-C-CC-C-

C-C-C-C
14 3 0

C-CC-C-C-C-C-C-CC-

C-C-C-C
14 1 0

C-CC-C-C-C-C-C-C-

CC-C-C-C
14 2 1 Conus (1)

C-C-CC-CC-C-C-C-C-

C-C-C-C
14 11 0

C-C-C-CC-C-C-C-C-C-

CC-C-C
14 13 3 Conus (2), Araneae (1)

C-C-C-CC-C-C-C-C-C-

C-C-C-C
14 574 7 Araneae (6), Terebridae (1)

C-C-C-C-CC-C-C-CC-

C-C-C-C
14 1 1 Araneae (1)

C-C-C-C-C-CC-C-CC-

C-C-C-C
14 3 0
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C-C-C-C-C-CC-C-C-C-

C-C-C-C
14 2 0

C-C-C-C-C-C-CC-C-C-

C-C-C-C
14 4 0

C-C-C-C-C-C-C-C-C-

C-C-C-C-C
14 14 1 Scorpiones (1)

C-CC-C-C-C-C-C-CC-

C-C-C-C-C-C
16 1 0

C-C-C-C-CC-C-C-C-C-

C-C-CC-C-C
16 2 0

C-C-C-C-C-C-C-C-C-

C-C-C-C-C-C-C
16 4 2 Scorpiones (1) , Terebridae (1)

C-C-C-C-C-C-C-C-C-

C-C-C-C-C-C-C-C-C
18 1 1 Scorpiones (1)
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Table S2. Cysteine pattern diversity for toxins containing an odd number of cysteine residues 

identified in the Venomics bank. Newly described patterns are highlighted in grey. 

N° of sequences in :

Cysteine framework
N° of 

Cys
Data 

base

Peptide 

bank

Taxa in produced bank 

(N° of species represented)

CC-C 3 27 3 Araneae (3)

C-CC 3 3 0

C-C-C 3 37 3 Scorpiones (1), Conus (1), Serpentes (1)

CC-CCC 5 2 0

CC-C-CC 5 4 1 Conus (1)

CC-C-C-C 5 11 0

C-CC-C-C 5 17 0

C-C-CC-C 5 42 1 Araneae (1)

C-C-C-CC 5 3 0

C-C-C-C-C 5 179 3 Araneae (3)

CC-C-C-CC-C 7 1 0

C-CC-C-C-C-C 7 3 2 Araneae (2)

C-C-CC-CC-C 7 10 2 Araneae (2)

C-C-CC-C-C-C 7 97 20 Araneae (20)

C-C-C-CC-C-C 7 15 3 Araneae (3)
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C-C-C-C-CC-C 7 55 0

C-C-C-C-C-CC 7 3 0

C-C-C-C-C-C-C 7 130 2 Chilopoda (1), Scorpiones (1)

CC-C-CC-C-C-C-C 9 2 0

CC-C-C-CC-C-C-C 9 12 0

CC-C-C-C-C-CC-C 9 2 0

C-CC-C-C-C-CC-C 9 9 1 Serpentes (1)

C-CC-C-C-C-C-C-C 9 5 0

C-C-CC-CCC-C-C 9 1 0

C-C-CC-CC-C-C-C 9 1 0

C-C-CC-C-C-C-C-C 9 23 0

C-C-C-CC-C-C-C-C 9 3 0

C-C-C-C-CC-C-C-C 9 12 0

C-C-C-C-C-C-CC-C 9 5 0

C-C-C-C-C-C-C-CC 9 1 0

C-C-C-C-C-C-C-C-C 9 14 0

C-CC-C-C-C-C-CC-C-C 11 1 0

C-CC-C-C-C-C-C-C-C-C 11 8 0

C-C-CC-C-C-C-C-C-C-C 11 1 0

C-C-C-CC-C-C-C-C-C-C 11 1 0

C-C-C-C-C-C-C-C-CC-C 11 3 0

C-C-C-C-C-C-C-C-C-CC 11 1 0

C-C-C-CC-C-C-C-C-C-C-C-C 13 121 0

C-C-C-C-C-C-C-C-C-C-CC-C 13 6 0

C-C-C-CC-C-C-C-CC-C-C-C-C-C 15 3 0
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Table S3. Experimental NMR data used for the calculations, and final structural statistics for the ten 

models representative of the solution structure of N-TRTX-Preg1a.

NMR constraints
Distance restraints
Total NOE 546
Unambiguous 454
Ambiguous 92
Hydrogen bonds 10
Dihedral Angle Restraints 38
Disulfide bridgesa (C2-C19, C9-C22, C18-C27)

Structural Statistics (6SAA.pdb)
Average violations per structure
NOEs ≥ 0.3Å 0
Hydrogen bonds ≥ 0.5Å 0
Dihedrals ≥ 25° 0
Dihedrals ≥ 15° 3
Average pairwise rmsd (Å) 0.18
Ramachandran Analysis
Most favored region 64.8%
Allowed region 35.2%
Generously allowed 0%
Disallowed 0%
Energies (kcal.mol-1)b

Electrostatic -811 ± 8
Van der Walls -169 ± 3
Total energy -608 ± 15
Residual NOE energy 26 ± 5

a : Introduced as covalent bonds; b : values are given as mean ± standard deviation (n=10)
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Table S4. Experimental NMR data used for the calculations, and final structural statistics for the ten 

models representative of the solution structure of N-BUTX-Ptr1a.

NMR constraints

Distance restraints

Total NOE 839

Unambiguous 558

Ambiguous 281

Hydrogen bonds 4

Disulfide bridges ambiguous

Structural Statistics (6SAB.pdb)

Average violations per structure

NOEs ≥ 0.3Å 0

Hydrogen bonds ≥ 0.5Å 0

Average pairwise rmsd (Å) 0.40

Ramachandran Analysis

Most favored region 53.0%

Allowed region 40.3%

Generously allowed 5.0%

Disallowed 1.7%

Energies (kcal.mol-1)a

Electrostatic -1252 ± 46

Van der Walls -116 ± 79

Total energy -1056 ± 96

Residual NOE energy 22 ± 6

a : values are given as mean ± standard deviation (n=10)


