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Table S1. Chemical shifts and 3JHNHA of ι-RXIA[L-Phe44] in 95% H2O/5% 2H2O at pH 5.9 
and 298 K. Where there is no entry for 3JHNHA, the peak intensity was weak in the DQF-
COSY spectrum and the derived coupling constant was not reliable.  
Backbone amide exchange rates are indicated as follows: residue names in bold were visible 
in a TOCSY started soon after dissolution of the peptide in 2H2O at pH 5.5 and 278 K, and in 
1D spectra at the conclusion of the TOCSY (3 h acquisition), those underlined were visible in 
1D spectra recorded before the TOCSY but not after. Residues not shown underlined or in 
bold exchanged too quickly with 2H2O for the peaks to be observed in a 1D proton spectrum. 
 
 
Residue HN CαH CβH Cα Other 3JHNHα

Gly1 -- 4.02, 3.93  43.5  -- 

Hyp2 -- 4.50 2.04, 1.99 60.8 CγH  4.63 CδH2 3.80 -- 

Ser3 8.56 4.39 3.80 58.7  7.9 

Phe4 8.22 4.73 3.17, 3.02 57.5 C(2,6)H 7.26   C(3,5)H 7.36 7.5 

Cys5 7.99 4.51 3.04, 2.80 54.3  6.8 

Lys6 8.74 4.34 2.16, 1.75 57.4 CγH  1.58, 1.48 CδH2 1.60 
CεH2 3.07  6.1 

Ala7 8.42 4.09 1.44 51.4  7.1 

Asp8 8.17 4.10 2.74, 2.55 55.7  7.6 

Glu9 9.21 3.80 2.29, 2.23 58.2 CγH2 2.60  

Lys10 7.50 4.70 2.04, 1.76 53.7 CγH  1.57, 1.48 CδH2 1.69 
CεH2 3.04  6.7 

Hyp11 -- 4.62 2.39, 2.00 61.1 CγH  5.18 CδH2 3.90, 3.80 -- 

Cys12 8.29 4.81 3.17, 3.10 54.4  7.5 

Glu13 8.79 4.16 1.63, 1.44 57.1 CγH2 1.95, 1.77 7.9 

Tyr14 7.91 4.82 3.39, 2.55 55.5 C(2,6)H 7.21 C(3,5)H 6.81  7.8 

His15 8.50 4.51 3.07 57.1 C(2)H 7.78 C(4)H 7.13  

Ala16 8.32 4.24 1.45 54.1  7.9 

Asp17 7.88 4.45 3.20, 2.70 55.2  7.7 

Cys18 8.08 4.92 3.16, 2.56 54.0  9.6 

Cys19 9.21 4.51 3.14, 2.59 54.3  7.3 

Asn20 8.58 5.03 2.78, 2.42 53.2 NγH2 9.13, 6.76 10.6 

Cys21 8.12 5.25 3.09, 2.65 53.0  9.5 

Cys22 12.10 5.08 2.79, 2.56 55.8   

Leu23 8.75 4.71 1.62, 1.54 57.5 CγH 1.48 CδH3 1.07, 0.82 10.4 
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Residue HN CαH CβH Cα Other 3JHNHα

Ser24 8.92 3.88 4.09, 3.83 58.3  8.7 

Gly25 7.61 4.09, 3.80  45.7  -- 

Ile26 7.53 4.72 1.62 59.3 CγH2 1.37, 1.08 CγH3 0.81 CδH3 0.75 7.8 

Cys27 9.00 5.64 3.72, 3.02 54.1   

Ala28 10.34 4.63 1.38 51.8  10.2 

Hyp29 -- 4.54 2.32, 1.82 61.9 CγH 4.50   CδH2  3.80, 3.66 -- 

Ser30 8.58 4.28 3.98, 3.76 58.4  7.6 

Thr31 7.98 4.23 4.23 62.3 CγH3 1.16 8.8 

Asn32 8.26 4.58 2.78, 2.59 53.6 NγH2 7.40, 6.76 9.0 

Trp33 7.90 4.65 3.26 57.7 C(2)H 7.23 C(4)H 7.61 C(5)H 7.15 
C(7)H 7.48  NH 10.08 8.7 

Ile34 7.64 3.98 1.70 62.2 CγH2 0.92, 0.73 CγH3 1.48 CδH3 1.16 7.9 

Leu35  7.58 4.68 1.48 52.6 CδH3 0.88 7.7 

Pro36 -- 4.41 2.28, 1.91 63.7 CγH 2.02  CδH2  3.77, 3.63 -- 

Gly37 8.40 4.15, 3.84  45.5   

Cys38 8.31 4.47 2.29, 2.07 ??  6.4 

Ser39 8.47 4.29 3.96, 3.75 ??   

Thr40  8.15 4.40 4.34 62.1 CγH3 1.24 7.0 

Ser41 8.24 4.43 3.89, 3.83 58.6 
 6.8 

Ser42 8.26 4.40 3.75 59.2  7.3 

Phe43 8.08 4.52 2.98, 2.91 58.1 C(2,6)H 7.13 C(3,5)H 7.30  

Phe44 7.95 4.56 3.07, 2.94 57.7 C(2,6)H 7.20 C(3,5)H 7.33  7.3 

Lys45 8.04 4.28 1.77, 1.66 56.4 CγH2 1.35 CεH2 2.97 6.7 

Ile46 7.73 4.03 1.79 63.2 
CγH2 1.44, 1.14  
CγH3 0.89 CδH3 0.88 
 

7.8 
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Table S2. Chemical shifts and 3JHNHA of ι-RXIA in 95% H2O/5% 2H2O at pH 5.9 and 298 K. 
Where there is no entry for 3JHNHA, the peak intensity was weak in the DQF-COSY spectrum 
and the derived coupling constant was not reliable. 

Residue HN CαH CβH        15N(H)    Other 3JHNHα

Gly1 -- 4.02, 3.93    -- 

Hyp2 -- 4.50 2.04, 1.99   -- 

Ser3  8.58 4.39 3.80 117.6  7.7 

Phe4 8.22 4.73 3.17, 3.03 121.4 C(2,6)H 7.26, C(3,5)H 7.38  7.3 

Cys5 7.98 4.52 3.05, 2.80 118.7  6.5 

Lys6 8.69 4.34 2.14, 1.75 119.5 CγH  1.56, 1.46 CδH2 1.60 
CεH2 2.99  

6.0 

Ala7 8.43 4.07 1.45 126.3  6.9 

Asp8 8.16 4.10 2.73, 2.54 117.6    7.3 

Glu9 9.21 3.80 2.30, 2.27 111.9             CγH2 2.57  

Lys10 7.50 4.70 2.04, 1.76 119.3 CγH  1.56, 1.48 CεH2 3.05 6.5 

Hyp11 -- 4.61 2.39, 2.00  CγH  5.18 CδH2 3.89, 3.80 -- 

Cys12 8.29 4.80 3.16, 3.10 124.3  7.6 

Glu13 8.77 4.16 1.62, 1.44 117.6 CγH2 1.95, 1.75 7.8 

Tyr14 7.91 4.82 3.39, 2.55 117.9 C(2, 6)H 7.23 C(3, 5)H 6.80 7.1 

His15 8.52 4.50 3.31,3.09 122.2 C(2)H 7.79 C(4)H 7.14  

Ala16 8.38 4.21 1.46 117.2  7.3 

Asp17 7.88 4.45 3.19, 2.71 116.1  7.0 

Cys18 7.93 4.89 3.11, 2.51 117.3  9.3 

Cys19 9.23 4.50 2.96, 2.53 121.7  6.9 

Asn20 8.58 5.02 2.72, 2.38 118.6 NγH2 9.07, 6.59 9.7 

Cys21 8.12 5.23 3.06, 2.60 118.8  8.9 

Cys22 12.03 5.05 2.76, 2.57    

Leu23 8.76 4.69 1.60 131.4 CγH 1.45 CδH3  0.82 10.0 

Ser24 8.92 3.88 4.09 120.2  8.3 

Gly25 7.59 4.08, 3.78  103.4  -- 

Ile26 7.52 4.73 1.61 121.3 CγH2 1.37, 1.07 CγH3 0.81 
CδH3 0.75 

7.6 

Cys27 8.97 5.61 3.70, 3.00 125.5   
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Residue HN CαH CβH        15N(H)    Other 3JHNHα

Ala28 10.34 4.62 1.38 130.0  10.5 

Hyp29 -- 4.49 2.29, 1.80  CδH2  3.79, 3.64 -- 

Ser30 8.47 4.30 3.89, 3.76 118.6  7.1 

Thr31 8.02 4.30 4.26 115.7 CγH3 1.15 8.9 

Asn32 8.27 4.58 2.79, 2.61 119.2 NγH2 7.41, 6.78 9.2 

Trp33 7.94 4.62 3.26 120.0 C(2)H 7.22 C(4)H C(5)H 7.15  
C(7)H 7.48 NH 10.07 

8.8 

Ile34 7.63 4.00 1.73 119.7 CγH2 0.98, 0.76 CγH3 1.22 
CδH3 1.16 

7.6 

Leu35  7.71 4.71 1.47 124.3 CδH3 0.89 7.4 

Pro36 -- 4.41 2.29, 1.92  CδH2  3.77, 3.63 -- 

Gly37 8.43 4.15, 3.86  108.9  -- 

Cys38 8.13 4.43 2.26, 2.03 118.4  6.9 

Ser39 8.36 4.52  3.73 119.0   

Thr40  8.26 4.61 4.33 114.6 CγH3 1.23 7.9 

Ser41 8.46 4.43 3.83 117.6  7.8 

Ser42 8.25 4.75 3.73 117.7  6.5 

Phe43 8.00 4.50 3.00, 2.84 120.0 C(3, 5)H 7.31 C(2, 6)H 7.11  

Phe44 7.90 4.60 3.01, 2.88 122.0 C(3, 5)H 7.34 C(2, 6)H 7.20   8.0 

Lys45 8.26 4.28 1.73, 1.56 116.1 CγH  1.35 CεH2 2.97 8.3 

Ile46 7.83 4.08 1.81 127.1 CγH2 1.08 CγH3 0.86 7.9 
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Figure S1. NOE build-up rates in ι-RXIA[L-Phe44] monitored from a number of cross peaks 
at 25 °C, pH 5.9 and 600 MHz. 
 

Figure S2. Amide and aromatic regions of one-dimensional 1H NMR spectra of ι-RXIA[L-
Phe44] at different pH values. A, B, C correspond to pH 2.8, 5.9, and 6.9, respectively. 
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B

C

 

 



Figure S3. Plots as a function of residue number of (A) number of NOE constraints used in the final round of structure refinement of ι-RXIA[L-
Phe44], and (B) to (D) the angular order parameters of the backbone and side-chain dihedral angles. All parameters were calculated from the final 
refined structures. Corresponding values for ι-RXIA are shown in (E) to (H). In (A, E), black, red, green, and orange colors denote intra, sequential, 
medium-range, and long-range NOEs, respectively. Each constraint is counted twice except for intra-residue constraints. In (B, F), there are blanks for 
Gly1, Hyp2, Hyp11, Hyp29, Pro36.  

 



 
 
 
 
 
 
Table S3. Z-scores from Dali for comparisons among ι-RXIA[L-Phe44], J-ACTX-Hv1c, 
robustoxin, versutoxin and ω-agatoxin IVB, over residues 1-46 of ι-RXIA. 
 
 

 ω-Aga 
IVB 

(1AGG) 

ω-Aga 
IVB 

(1OMA) 

Robustoxin Versutoxin J-ACTX-Hv1c 

ι-RXIA[L-Phe44] 0.6 0.5 0.2 0.6 -- * 
ω-Aga IVB 

(1AGG) 
 3.2 2.2 2.3 3.1 

ω-Aga IVB 

(1OMA) 
  0.8 1.7 2.8 

Robustoxin    3.5 2.1 
Versutoxin     3.8 

 
* Z-score for r11a vs J-ACTX-Hv1c could not be obtained because “No significant 
similarities were detected. Possible reasons: empty input or dissimilar structures” 
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Figure S4. Superimposition of the structures of ι-RXIA[L-Phe44] (black ribbon with blue β-
sheet with (A) ω-agatoxin IVB (grey ribbon with red β-sheet), (B) robustoxin, (C) versutoxin, 
(D) J-ACTX-Hv1c. The backbone heavy atoms of residues in the β-sheet and the Cα and Cβ 
atoms of the half-cystines of the ICK motif were used for superimposition.  

 
 
 
 
RMSD values over the residues and atoms indicated below (disulfide bond atoms are 
highlighted in green and β-sheet atoms in cyan): 
 
1. ι-RXIA[L-Phe44](1) vs J-ACTX-Hv1c(2) 
#1:5,12,18,19,22,27@CA,CB #2:3,10,16,17,22,33@CA,CB   
#1:21,22,27,28@N,CA,C     #2:21,22,32,33@N,CA,C 
RMSD 1.32Å 
 
2. ι-RXIA[L-Phe44](1) vs ω-agatoxin(2) (RCSB 1OMA) 
#1:5,12,18,19,22,27@CA,CB #2:4,12,19,20,25,36@CA,CB   
#1:21,22,27,28@N,CA,C     #2:25,26,35,36@N,CA,C 
RMSD 3.00 Å 
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3. ι-RXIA[L-Phe44](1) vs ω-agatoxin(2) (RCSB 1AGG) 
#1:5,12,18,19,22,27@CA,CB #2:4,12,19,20,25,36@CA,CB   
#1:21,22,27,28@N,CA,C     #2:25,26,35,36@N,CA,C 
RMSD 2.80 Å 
 
4. ι-RXIA[L-Phe44](1) vs robustoxin(2) 
#1:5,12,18,19,22,27@CA,CB #2:1,15,8,20,16,42@CA,CB   
#1:21,22,28@N,CA,C        #2:19,20,32@N,CA,C 
RMSD 3.72 Å 
 
5. ι-RXIA[L-Phe44](1) vs versutoxin(2) 
#1:5,12,18,19,22,27@CA,CB #2:1,15,8,20,16,42@CA,CB   
#1:21,22,28@N,CA,C        #2:19,20,32@N,CA,C 
RMSD 3.39 Å 
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Figure S5. Plots as a function of residue number of the mean pairwise RMSD values across 
the final families of 20 structures for (A) ι-RXIA[L-Phe44] and (B) ι-RXIA, in each case 
superimposed over the backbone heavy atoms (N, Cα, C) of residues 5-30. (C) Corresponding 
plot for superposition of all 40 structures (20 structures for ι-RXIA[L-Phe44] and 20 for ι-
RXIA). 
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