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I. Simulation data tables and figures 
 
Table S1. Cumulative variance associated to the first three eigenvectors for the cyclic hexapeptides analyzed in the 
paper. 
 

Name Sequence % Variance of the first 3 PC’s 

P7 VVGGVG 67.4% 

P6 VVGVGG 60.9% 

V1A AVGGVG 70.3% 

V2A VAGGVG 64.0% 

V5A VVGGAG 68.5% 

V1I IVGGVG 66.9% 

V1L LVGGVG 72.3% 

V1T TVGGVG 68.0% 

V1S SVGGVG 68.5% 

 
  



Table S2. Thermodynamic decomposition between cluster 1 and cluster 2 for P7, V1A, V1I, V1L; and between 
cluster 1 and cluster 3 for V1T, V1S. S1 and S2 are two sets of parallel simulations beginning with different initial 
structures. The error of G is the standard error of the mean (SEM) estimated from the five neutral replicas in BE-
META simulations. TSP

conf is calculated using maximum information spanning tree (MIST) approach, which 
provides a tight estimation of the upper bound of the entropy. The error of TS is propagated from G and H 
according to the relation:  TS = G  H. The error of TSW is propagated from TS according to the relation: 
TSW = (TS)  (TSP

conf). The errors of the remaining quantities are SEM calculated from 60,000 frames 
sampled from the additional MD simulations.  
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Table S3. The population percentages and structures of the top three clusters from BE-META simulations using the 
amber99sb force field. S1 and S2 are two sets of simulations beginning with different initial structures. Types I, II 
and II  turns are colored red, green and blue, respectively. 
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Figure S1. NIP figures of all cyclic hexapeptides analyzed in the paper.  
 
  



 

 



 

 



 

 

 

 

 



Figure S2. Simulated annealing results of P7, P6, V1A, V1I, V1L, V1T, and V1S using the distance and dihedral 
restraints derived from the experimental NOEs and J-couplings, along with the number of violations of the top 
clusters from the BE-META simulations. Throughout the simulated annealing protocol, NOE-based distance 
restraints (Tables S6, S9, S12, S15, S18, S21, and S24) were applied to the peptide with a force constant of 1,000 
kJ/mol/rad2 with the lower bounds changed to 0 Å. When there is degeneracy, the longer or shorter NOE-based 
distance restraints were kept in the simulated annealing simulations. From the J-coupling values, additional 
restraints are placed on the dihedral angles. For each CP, two different initial structures, S1 and S2, were first energy 
minimized in vacuum. Next, beginning with the minimized structure, 100 simulations were performed with different 
initial velocities and each replica was annealed from 300 K to 800 K in vacuum for 200 ps in an NVT ensemble. 
After annealing, each replica was solvated using pre-equilibrated water molecules. The box dimensions were chosen 
such that the minimum distance between the box walls and any atom of the CP was 1.0 nm. The entire system was 
then energy minimized using the steepest descent algorithm to remove any bad contacts. Next, the system underwent 
a 500 ps NVT equilibration at 300 K. Lastly, the system was annealed from 300 K to 500 K and then subsequently 
down to 5K over 1 ns in an NPT ensemble. The temperature was regulated using the v-rescale thermostat, with a 
coupling time constant of 0.1 ps. The pressure was regulated using the Berendsen barostat, with a time coupling 
constant of 2.0 ps and isothermal compressibility of 4.5×10-5 bar-1. The leapfrog algorithm with an integration time 
step of 2 fs was used to evolve the dynamics of the system. The LINCS algorithm was used to constrain all peptide 
bonds containing hydrogen to their equilibration values. For vacuum simulation steps, all non-bonded (electrostatics 
and van der Waals) interaction cutoffs were set to 999.0 nm and the neighbor list was only constructed once and 
never updated. For simulation steps in solvent, all non-bonded interactions as well as neighbor searching were 
truncated at 1.0 nm. Long-range electrostatics beyond the 1.0 nm were calculated using the particle mesh Ewald 
(PME) method with a Fourier spacing of 0.12 nm and an interpolation order of 4. To account for truncation of the 
Lennard-Jones interactions, a long-range analytic dispersion correction was applied to both energy and pressure. 
After all simulation steps, the final frames from each of the 100 trajectories were used to calculate distance and 
dihedral violations. 
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Cluster 1 –488.89 –257.90 –78.42 32.90 –858.11 
Cluster 2 –488.86 –257.52 –70.37 32.21 –848.96 
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Figure S3. (A) The configurational entropy of V1L. TSP
conf = TSP

conf
self – TSP

conf
mutual. (B) The configurational self-

entropy for each dihedral degree of freedom of V1L. (C) The configurational self-entropy for each dihedral degree 
of freedom of V1I. Note that the dihedrals shown here were the chosen n–3 independent torsional degrees of 
freedom in the internal coordinate system of the molecule used in the PARENT program. (D) The distributions of 
the N-C-C-C (1) dihedral of the first residue for V1L (dihedral 12) and the distribution of N-C-C-C2 of the 
first residue for V1I (dihedral 6). (E) Decomposition of HP

dih. into contributions of each dihedral for V1L and V1I. 
The major contributions to HP

dih. come from dihedrals 5, 6, 19, 21, and 25, which are just the dihedrals , , 1, , 
and  of the first residue. 
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II. NMR data tables and spectra 
 

Table S4. NOEs for P7, cyclo-(VVGGVG). 
Coordinate 1 Assignment 1 Coordinate 2 Assignment 2 

9.07 3Gly-NH 3.77 3Gly-Haa 
9.07 3Gly-NH 4.14 3Gly-Hab 
8.97 6Gly-NH 3.74 6Gly-Haa 
8.97 6Gly-NH 4.13 6Gly-Hab 
8.15 4Gly-NH 3.65 4Gly-Haa 
8.65 5Val-NH 4.15 5Val-Ha 
8.38 2Val-NH 3.90 2Val-Ha 
8.15 4Gly-NH 4.34 4Gly-Hab 
7.39 1Val-NH 4.47 1Val-Ha 
8.66 5Val-NH 2.05 5Val-Hb 
8.37 2Val-NH 1.98 2Val-Hb 
7.39 1Val-NH 2.20 1Val-Hb 
8.66 5Val-NH 0.96 5Val-Hga 
8.37 2Val-NH 0.93 2Val-Hga 
7.39 1Val-NH 0.69 1Val-Hga 
7.39 1Val-NH 0.87 1Val-Hgb 
8.37 2Val-NH 1.03 2Val-Hgb 
4.47 1Val-Ha 2.19 1Val-Hb 
4.15 5Val-Ha 2.05 5Val-Hb 
3.90 2Val-Ha 1.98 2Val-Hb 
3.90 2Val-Ha 0.93 2Val-Hga 
3.90 2Val-Ha 1.03 2Val-Hgb 
4.47 1Val-Ha 0.69 1Val-Hga 
4.47 1Val-Ha 0.88 1Val-Hgb 
4.15 5Val-Ha 0.94 5Val-Hga 
9.07 3Gly-NH 3.90 2Val-Ha 
8.15 4Gly-NH 4.14 3Gly-Hab 
8.66 5Val-NH 3.64 4Gly-Haa 
8.97 6Gly-NH 4.16 5Val-Ha 
7.39 1Val-NH 4.13 6Gly-Hab 
8.38 2Val-NH 4.47 1Val-Ha 
8.15 4Gly-NH 3.77 3Gly-Haa 
7.39 1Val-NH 3.73 6Gly-Haa 
8.66 5Val-NH 4.34 4Gly-Hab 
8.37 2Val-NH 2.20 1Val-Hb 
8.37 2Val-NH 0.68 1Val-Hga 
9.07 3Gly-NH 0.94 2Val-Hga 
3.90 2Val-Ha 0.69 1Val-Hga 
8.66 5Val-NH 4.33 4Gly-Hab 
8.97 6Gly-NH 2.05 5Val-Hb 
9.07 3Gly-NH 1.98 2Val-Hb 
9.07 3Gly-NH 1.04 2Val-Hgb 
8.97 6Gly-NH 7.39 1Val-NH 
9.07 3Gly-NH 8.15 4Gly-NH 
8.38 2Val-NH 7.39 1Val-NH 
8.66 5Val-NH 8.15 4Gly-NH 
8.15 4Gly-NH 0.69 1Val-Hga 
8.15 4Gly-NH 3.91 2Val-Ha 
8.66 5Val-NH 0.69 1Val-Hga 



8.14 4Gly-NH 0.87 1Val-Hgb 
3.64 4Gly-Haa 0.69 1Val-Hga 
3.64 4Gly-Haa 0.88 1Val-Hgb 

 
Table S5. J-coupling values and associated torsional restraints for P7, cyclo-(VVGGVG). If the coupling constant 
was ≤ 5 Hz, a dihedral restraint of –60° ± 30° was assigned; if the coupling constant was ≥ 8 Hz, a dihedral restraint 
of –120° ± 30° was assigned.  

Residue 3JNHCHα (Hz) φ restraints (˚) 
V1 8.1 –120 ± 30 
V2 4.7 –60 ± 30 
G3 6.3 
G4 7.3 
V5 8.7 –120 ± 30 
G6 6.2 

 
Table S6. List of NOE-derived distance restraints and J-coupling-derived dihedral angle restraints for P7, cyclo-
(VVGGVG). The list was generated using CNSsolve (1, 2). In the list of distance restraints, the first number was the 
distance value between the two atoms in Å, and the second and third numbers were subtracted and added from the 
first number to obtain the lower and upper bounds, respectively. In the list of dihedral restraints, the first number 
was the energy constant (1.0), the second the value of the dihedral in degrees, the third the range around the dihedral 
(±), and the last the exponent of the restraining function.   
 
Distance constraints: 
assign ( resid 1 and name HN ) ( resid 1 and name HA ) 3.6 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 1 and name HB ) 4.3 0.9 0.9  
assign ( resid 1 and name HN ) ( resid 1 and name HG1# ) 3.7 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 1 and name HG2# ) 4.1 0.8 0.8  
assign ( resid 1 and name HN ) ( resid 6 and name HA2 ) 3.5 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 6 and name HA1 ) 4.2 0.8 0.8  
assign ( resid 1 and name HA ) ( resid 1 and name HG1# ) 3.3 0.7 0.7  
assign ( resid 1 and name HA ) ( resid 1 and name HG2# ) 2.8 0.6 0.6  
assign ( resid 1 and name HA ) ( resid 1 and name HB ) 2.6 0.5 0.5  
 
assign ( resid 2 and name HN ) ( resid 2 and name HA ) 3.5 0.7 0.7  
assign ( resid 2 and name HN ) ( resid 2 and name HB ) 3.0 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HG2# ) 4.1 0.8 0.8  
assign ( resid 2 and name HN ) ( resid 2 and name HG1# ) 3.2 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 1 and name HA ) 2.9 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 1 and name HB ) 3.1 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 1 and name HG1# ) 4.1 0.8 0.8  
assign ( resid 2 and name HN ) ( resid 1 and name HN ) 5.0 1.0 1.0  
assign ( resid 2 and name HA ) ( resid 2 and name HG2# ) 2.9 0.6 0.6  
assign ( resid 2 and name HA ) ( resid 2 and name HG1# ) 2.7 0.5 0.5  
assign ( resid 2 and name HA ) ( resid 1 and name HG1# ) 5.0 1.0 1.0  
assign ( resid 2 and name HA ) ( resid 2 and name HB ) 3.0 0.6 0.6  
 
assign ( resid 3 and name HN ) ( resid 3 and name HA1 ) 2.9 0.6 0.6  
assign ( resid 3 and name HN ) ( resid 3 and name HA2 ) 4.2 0.8 0.8  
assign ( resid 3 and name HN ) ( resid 2 and name HA ) 2.7 0.5 0.5  
assign ( resid 3 and name HN ) ( resid 2 and name HG2# ) 4.0 0.8 0.8  
assign ( resid 3 and name HN ) ( resid 4 and name HN ) 3.5 0.7 0.7  
 
assign ( resid 4 and name HN ) ( resid 4 and name HA1 ) 3.3 0.7 0.7  
assign ( resid 4 and name HN ) ( resid 4 and name HA2 ) 3.5 0.7 0.7  



assign ( resid 4 and name HN ) ( resid 3 and name HA2 ) 3.7 0.7 0.7  
assign ( resid 4 and name HN ) ( resid 3 and name HA1 ) 3.9 0.8 0.8  
assign ( resid 4 and name HN ) ( resid 1 and name HG1# ) 4.1 0.8 0.8  
 
assign ( resid 5 and name HN ) ( resid 5 and name HA ) 3.6 0.7 0.7  
assign ( resid 5 and name HN ) ( resid 5 and name HB ) 3.2 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 5 and name HG1# ) 3.6 0.7 0.7  
assign ( resid 5 and name HN ) ( resid 4 and name HA2 ) 2.9 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 4 and name HN ) 5.1 1.0 1.0  
assign ( resid 5 and name HA ) ( resid 5 and name HG1# ) 2.7 0.5 0.5  
assign ( resid 5 and name HA ) ( resid 5 and name HB ) 3.2 0.6 0.6  
 
assign ( resid 6 and name HN ) ( resid 6 and name HA1 ) 2.9 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 6 and name HA2 ) 2.7 0.5 0.5  
assign ( resid 6 and name HN ) ( resid 5 and name HA ) 2.7 0.5 0.5  
assign ( resid 6 and name HN ) ( resid 1 and name HN ) 3.8 0.8 0.8  
 
Phi dihedral angle constraints:  
assign ( resid 6 and name c ) ( resid 1 and name n ) 
           ( resid 1 and name ca ) ( resid 1 and name c ) 1.0 -120.0 30.0 2 
assign ( resid 1 and name c ) ( resid 2 and name n ) 
           ( resid 2 and name ca ) ( resid 2 and name c ) 1.0 -60.0 30.0 2 
assign ( resid 4 and name c ) ( resid 5 and name n ) 
           ( resid 5 and name ca ) ( resid 5 and name c ) 1.0 -120.0 30.0 2 
 
 
Table S7. NOEs for P6, cyclo-(VVGVGG). 
Coordinate 1 Assignment 1 Coordinate 2 Assignment 2 

8.96 5Gly-NH 3.86 5Gly-Haa 
8.96 5Gly-NH 4.07 5Gly-Hab 
8.02 2Val-NH 4.18 2Val-Ha 
7.80 6Gly-NH 3.91 6Gly-Haa 
7.80 6Gly-NH 4.24 6Gly-Hab 
8.34 4Val-NH 3.94 4Val-Ha 
8.33 1Val-NH 4.00 1Val-Ha 
8.29 3Gly-NH 3.85 3Gly-Haa 
8.29 3Gly-NH 4.05 3Gly-Hab 
8.28 3Gly-NH 2.09 2Val-Hb 
8.96 5Gly-NH 0.94 4Val-Hga 
8.97 5Gly-NH 2.05 4Val-Hb 
8.34 4Val-NH 2.04 4Val-Hb 
8.32 1Val-NH 2.11 1Val-Hb 
8.02 2Val-NH 2.90 2Val-Hb 
8.32 1Val-NH 1.00 1Val-Hga 
8.02 2Val-NH 0.91 2Val-Hga 
8.34 4Val-NH 0.94 4Val-Hga 
4.17 2Val-Ha 2.08 2Val-Hb 
4.00 1Val-Ha 2.12 1Val-Hb 
3.94 4Val-Ha 2.05 4Val-Hb 
4.17 2Val-Ha 0.92 2Val-Hga 
4.00 1Val-Ha 1.00 1Val-Hga 
3.94 4Val-Ha 1.00 4Val-Hgb 
3.93 4Val-Ha 0.94 4Val-Hga 
8.32 1Val-NH 4.24 6Gly-Hab 
8.29 3Gly-NH 4.18 2Val-Ha 



8.03 2Val-NH 4.01 1Val-Ha 
7.80 6Gly-NH 4.07 5Gly-Hab 
8.97 5Gly-NH 3.94 4Val-Ha 
8.34 4Val-NH 3.85 3Gly-Haa 
8.34 4Val-NH 4.05 3Gly-Hab 
8.96 5Gly-NH 7.80 6Gly-NH 
8.33 1Val-NH 7.80 6Gly-NH 
8.32 1Val-NH 8.03 2Val-NH 
8.96 5Gly-NH 8.34 4Val-NH 
8.29 3Gly-NH 8.03 2Val-NH 
8.02 2Val-NH 3.91 6Gly-Haa 

 
Table S8. J-coupling values and associated torsional restraints for P6, cyclo-(VVGVGG). 
Residue 3JNHCHα (Hz) φ restraints (˚) 

V1 7.9 
V2 9.5 –120 ± 30 
G3 5.8 
V4 6.5 
G5 6.8 
G6 – 

 
Table S9. List of NOE-derived distance restraints and J-coupling-derived dihedral angle restraints for P6, cyclo-
(VVGVGG). 
 
Distance constraints:  
 
assign ( resid 1 and name HN ) ( resid 1 and name HA ) 3.5 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 1 and name HB ) 3.2 0.6 0.6  
assign ( resid 1 and name HN ) ( resid 1 and name HG2# ) 3.0 0.6 0.6  
assign ( resid 1 and name HA ) ( resid 1 and name HB ) 2.9 0.6 0.6  
assign ( resid 1 and name HA ) ( resid 1 and name HG2# ) 2.6 0.5 0.5  
assign ( resid 1 and name HN ) ( resid 6 and name HN ) 4.2 0.8 0.8  
assign ( resid 1 and name HN ) ( resid 2 and name HN ) 3.3 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 6 and name HA1 ) 3.5 0.7 0.7  
 
assign ( resid 2 and name HA ) ( resid 2 and name HB ) 3.0 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HA ) 3.3 0.7 0.7  
assign ( resid 2 and name HN ) ( resid 2 and name HB ) 3.2 0.6 0.6 
assign ( resid 2 and name HN ) ( resid 2 and name HG1# ) 3.5 0.7 0.7  
assign ( resid 2 and name HA ) ( resid 2 and name HG1# ) 2.7 0.5 0.5  
assign ( resid 2 and name HN ) ( resid 6 and name HA2 ) 4.3 0.9 0.9  
assign ( resid 2 and name HN ) ( resid 1 and name HA ) 3.6 0.7 0.7  
 
assign ( resid 3 and name HN ) ( resid 3 and name HA1 ) 3.0 0.6 0.6  
assign ( resid 3 and name HN ) ( resid 3 and name HA2 ) 3.4 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 2 and name HB ) 3.9 0.8 0.8  
assign ( resid 3 and name HN ) ( resid 2 and name HN ) 3.7 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 2 and name HA ) 2.8 0.6 0.6  
 
assign ( resid 4 and name HN ) ( resid 4 and name HA ) 3.2 0.6 0.6  
assign ( resid 4 and name HN ) ( resid 4 and name HB ) 3.1 0.6 0.6  
assign ( resid 4 and name HN ) ( resid 4 and name HG1# ) 3.9 0.8 0.8  
assign ( resid 4 and name HA ) ( resid 4 and name HB ) 3.1 0.6 0.6  
assign ( resid 4 and name HA ) ( resid 4 and name HG2# ) 2.8 0.6 0.6  
assign ( resid 4 and name HA ) ( resid 4 and name HG1# ) 2.9 0.6 0.6  



assign ( resid 4 and name HN ) ( resid 3 and name HA1 ) 3.2 0.6 0.6  
assign ( resid 4 and name HN ) ( resid 3 and name HA2 ) 2.9 0.6 0.6 
 
assign ( resid 5 and name HN ) ( resid 5 and name HA1 ) 3.1 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 5 and name HA2 ) 3.6 0.7 0.7  
assign ( resid 5 and name HN ) ( resid 6 and name HN ) 3.5 0.7 0.7  
assign ( resid 5 and name HN ) ( resid 4 and name HN ) 4.1 0.8 0.8  
assign ( resid 5 and name HN ) ( resid 4 and name HG1# ) 4.0 0.8 0.8  
assign ( resid 5 and name HN ) ( resid 4 and name HB ) 4.9 1.0 1.0  
assign ( resid 5 and name HN ) ( resid 4 and name HA ) 2.8 0.6 0.6  
 
assign ( resid 6 and name HN ) ( resid 6 and name HA2 ) 3.0 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 6 and name HA1 ) 3.5 0.7 0.7  
assign ( resid 6 and name HN ) ( resid 5 and name HA2 ) 3.7 0.7 0.7 
 
Phi dihedral angle constraints:  
assign ( resid 1 and name c ) ( resid 2 and name n ) 
           ( resid 2 and name ca ) ( resid 2 and name c ) 1.0 -120.0 30.0 2 
 

Table S10. NOEs for V1I, cyclo-(IVGGVG). 
Coordinate 1 Assignment 1 Coordinate 2 Assignment 2 

9.00 3Gly-NH 3.77 3Gly-Haa 
8.92 6Gly-NH 3.73 6Gly-Haa 
8.56 5Val-NH 4.14 5Val-Ha 
8.14 4Gly-NH 3.68 4Gly-Haa 
8.14 4Gly-NH 4.30 4Gly-Hab 
7.45 1Ile-NH 4.47 1Ile-Ha 
8.99 3Gly-NH 4.13 3Gly-Hab 
8.26 2Val-NH 3.94 2Val-Ha 
8.92 6Gly-NH 4.11 6Gly-Hab 
8.56 5Val-NH 2.05 5Val-Hb 
8.56 5Val-NH 0.96 5Val-Hga 
8.27 2Val-NH 1.99 2Val-Hb 
8.27 2Val-NH 1.00 2Val-Hgb 
8.27 2Val-NH 0.93 2Val-Hga 
7.46 1Ile-NH 0.86 1Ile-Hd1 
7.45 1Ile-NH 0.96 1Ile-Hg2 
7.45 1Ile-NH 1.91 1Ile-Hb 
7.45 1Ile-NH 1.14 1Ile-Hg1a 
4.46 1Ile-Ha 0.86 1Ile-Hd1 
4.46 1Ile-Ha 1.91 1Ile-Hb 
4.46 1Ile-Ha 1.14 1Ile-Hg1a 
4.15 5Val-Ha 2.06 5Val-Hb 
1.91 1Ile-Hb 1.14 1Ile-Hg1a 
1.99 2Val-Hb 1.03 2Val-Hgb 
0.97 1Ile-Hb 1.15 1Ile-Hg1a 
0.85 1Ile-Hg2 1.15 1Ile-Hg1a 
4.15 5Val-Ha 0.97 5Val-Hga 
3.93 2Val-Ha 0.93 2Val-Hga 
3.93 2Val-Ha 1.03 2Val-Hgb 
3.94 2Val-Ha 2.00 2Val-Hb 
9.00 3Gly-NH 3.94 2Val-Ha 
8.56 5Val-NH 3.68 4Gly-Haa 
8.56 5Val-NH 4.30 4Gly-Hab 



8.26 2Val-NH 4.47 1Ile-Ha 
8.14 4Gly-NH 3.77 3Gly-Haa 
8.14 4Gly-NH 4.13 3Gly-Hab 
7.45 1Ile-NH 3.74 6Gly-Haa 
7.45 1Ile-NH 4.11 6Gly-Hab 
8.92 6Gly-NH 4.14 5Val-Ha 
9.00 3Gly-NH 1.98 2Val-Hb 
8.92 6Gly-NH 2.05 5Vla-Hb 
9.00 3Gly-NH 1.02 2ValHgb 
9.00 3Gly-NH 0.93 2Val-Hga 
8.27 2Val-NH 1.14 1Ile-Hg1a 
8.26 2Val-NH 0.84 1Ile-Hd1 
8.26 2Val-NH 1.91 1Ile-Hb 
1.91 2Val-Hb 0.85 1Ile-Hb 
2.01 1Ile-Hd1 0.93 2Val-Hga 
8.27 2Val-NH 7.45 1Ile-NH 
9.00 3Gly-NH 8.14 4Gly-NH 
8.56 5Val-NH 8.14 4Gly-NH 
8.92 6Gly-NH 7.47 1Ile-NH 
8.14 4Gly-NH 3.95 2Val-Ha 
8.14 4Gly-NH 1.14 1Ile-Hg1a 
8.13 4Gly-NH 0.85 1Ile-Hd1 
3.67 4Gly-Haa 1.14 1Ile-Hg1a 
3.67 4Gly-Haa 0.95 5Val-Hga 
3.67 4Gly-Haa 0.85 1Ile-Hd1 
2.06 2Val-Hb 0.94 5Val-Hga 

 
Table S11. J-coupling values and associated torsional restraints for V1I, cyclo-(IVGGVG). 
Residue 3JNHCHα (Hz) φ restraints (˚) 

I1 8.0 –120 ± 30 
V2 5.1 
G3 6.4 
G4 7.3 
V5 9.0 –120 ± 30 
G6 6.2 

 
Table S12. List of NOE-derived distance restraints and J-coupling-derived dihedral angle restraints for V1I, cyclo-
(IVGGVG). 
 
Distance constraints:  
assign ( resid 1 and name HN ) ( resid 1 and name HA ) 4.6 0.9 0.9  
assign ( resid 1 and name HN ) ( resid 6 and name HA2 ) 4.2 0.8 0.8  
assign ( resid 1 and name HN ) ( resid 6 and name HA1 ) 3.5 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 1 and name HD1# ) 3.6 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 1 and name HG2# ) 3.6 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 1 and name HB ) 4.0 0.8 0.8  
assign ( resid 1 and name HN ) ( resid 1 and name HG13 ) 4.1 0.8 0.8  
assign ( resid 1 and name HA ) ( resid 1 and name HD1# ) 3.7 0.7 0.7  
assign ( resid 1 and name HA ) ( resid 1 and name HB ) 3.6 0.7 0.7  
assign ( resid 1 and name HA ) ( resid 1 and name HG13 ) 4.6 0.9 0.9  
assign ( resid 1 and name HB ) ( resid 1 and name HG13 ) 3.2 0.6 0.6  
assign ( resid 1 and name HB ) ( resid 1 and name HD1# ) 2.7 0.5 0.5  
assign ( resid 1 and name HG2# ) ( resid 1 and name HG13 ) 2.6 0.5 0.5  



assign ( resid 1 and name HD1# ) ( resid 1 and name HG13 ) 2.3 0.5 0.5  
 
assign ( resid 2 and name HN ) ( resid 2 and name HA ) 3.2 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 1 and name HA ) 2.8 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HB ) 2.9 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HG2# ) 2.9 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HG1# ) 3.6 0.7 0.7  
assign ( resid 2 and name HN ) ( resid 1 and name HG13 ) 3.9 0.8 0.8  
assign ( resid 2 and name HN ) ( resid 1 and name HD1# ) 4.0 0.8 0.8  
assign ( resid 2 and name HN ) ( resid 1 and name HB ) 3.1 0.6 0.6  
assign ( resid 2 and name HA ) ( resid 2 and name HG1# ) 3.2 0.6 0.6  
assign ( resid 2 and name HA ) ( resid 2 and name HG2# ) 3.0 0.6 0.6  
assign ( resid 2 and name HA ) ( resid 2 and name HB ) 3.1 0.6 0.6  
assign ( resid 2 and name HB ) ( resid 2 and name HG2# ) 2.9 0.6 0.6  
assign ( resid 2 and name HB ) ( resid 2 and name HG1# ) 2.7 0.5 0.5  
assign ( resid 2 and name HN ) ( resid 1 and name HN ) 4.3 0.9 0.9  
 
assign ( resid 3 and name HN ) ( resid 3 and name HA2 ) 2.8 0.6 0.6  
assign ( resid 3 and name HN ) ( resid 3 and name HA1 ) 4.5 0.9 0.9  
assign ( resid 3 and name HN ) ( resid 2 and name HA ) 2.5 0.5 0.5  
assign ( resid 3 and name HN ) ( resid 2 and name HB ) 4.4 0.9 0.9  
assign ( resid 3 and name HN ) ( resid 2 and name HG2# ) 4.1 0.8 0.8  
assign ( resid 3 and name HN ) ( resid 2 and name HG1# ) 3.5 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 4 and name HN ) 3.2 0.6 0.6  
 
assign ( resid 4 and name HN ) ( resid 4 and name HA1 ) 3.2 0.6 0.6  
assign ( resid 4 and name HN ) ( resid 4 and name HA2 ) 3.4 0.7 0.7  
assign ( resid 4 and name HN ) ( resid 3 and name HA2 ) 3.8 0.8 0.8  
assign ( resid 4 and name HN ) ( resid 2 and name HA ) 4.2 0.8 0.8  
assign ( resid 4 and name HN ) ( resid 5 and name HA ) 3.6 0.7 0.7  
assign ( resid 4 and name HN ) ( resid 1 and name HG13 ) 3.7 0.7 0.7  
assign ( resid 4 and name HN ) ( resid 1 and name HD1# ) 4.2 0.8 0.8  
assign ( resid 4 and name HA1 ) ( resid 1 and name HG13 ) 5.1 1.0 1.0  
assign ( resid 4 and name HA1 ) ( resid 1 and name HG2# ) 6.3 1.3 1.3  
assign ( resid 4 and name HA1 ) ( resid 1 and name HD1# ) 4.6 0.9 0.9  
 
assign ( resid 5 and name HN ) ( resid 5 and name HA ) 3.2 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 4 and name HA1 ) 3.0 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 4 and name HA2 ) 4.1 0.8 0.8  
assign ( resid 5 and name HN ) ( resid 5 and name HB ) 3.2 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 5 and name HG1# ) 3.2 0.6 0.6  
assign ( resid 5 and name HA ) ( resid 5 and name HG1# ) 3.3 0.7 0.7  
assign ( resid 5 and name HA ) ( resid 5 and name HB ) 3.5 0.7 0.7  
assign ( resid 5 and name HB ) ( resid 5 and name HG1# ) 3.0 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 4 and name HN ) 4.7 0.9 0.9  
 
assign ( resid 6 and name HN ) ( resid 6 and name HA2 ) 2.8 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 6 and name HA1 ) 3.0 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 5 and name HB ) 4.4 0.9 0.9  
assign ( resid 6 and name HN ) ( resid 1 and name HN ) 3.6 0.7 0.7  
 
Phi dihedral angle constraints:  
assign ( resid 6 and name c ) ( resid 1 and name n ) 
           ( resid 1 and name ca ) ( resid 1 and name c ) 1.0 -120.0 30.0 2 
assign ( resid 4 and name c ) ( resid 5 and name n ) 
           ( resid 5 and name ca ) ( resid 5 and name c ) 1.0 -120.0 30.0 2 



 
Table S13. NOEs for V1L, cyclo-(LVGGVG). 
Coordinate 1 Assignment 1 Coordinate 2 Assignment 2 

8.81 3Gly-NH 3.08 3Gly-Haa 
8.81 3Gly-NH 4.04 3Gly-Hab 
8.71 6Gly-NH 3.75 6Gly-Haa 
8.71 6Gly-NH 4.04 6Gly-Hab 
8.42 4Gly-NH 3.97 4Gly-Haa 
8.05 5Val-Ha 4.17 5Val-Ha 
7.97 2Val-NH 4.16 2Val-Ha 
8.32 1Leu-NH 4.34 1Leu-Ha 
8.05 5Val-Ha 2.10 5Val-Hb 
7.97 2Val-NH 2.03 2Val-Hb 
8.32 1Leu-NH 1.65 1Leu-Hba 
8.32 1Leu-NH 0.87 1Leu-Hda 
7.97 2Val-NH 0.95 2Val-Hgb 
8.05 5Val-Ha 0.91 5Val-Hga 
4.33 1Leu-Ha 0.86 1Leu-Hda 
4.34 1Leu-Ha 1.69 1Leu-Hba 
4.18 5Val-Ha 2.11 5Val-Hb 
4.16 2Val-Ha 2.04 2Val-Hb 
2.04 2Val-Hb 0.93 2Val-Hgb 
2.10 5Val-Hb 0.93 5Val-Hga 
1.70 1Leu-Hba 0.87 1Leu-Hda 
1.64 1Leu-Hbb 0.87 1Leu-Hda 
7.97 2Val-NH 0.88 2Val-Hga 
4.17 5Val-Ha 0.92 5Val-Hga 
4.15 2Val-Ha 0.92 2Val-Hga 
4.15 2Val-Ha 0.97 2Val-Hgb 
8.81 3Gly-NH 4.16 2Val-Ha 
8.71 6Gly-NH 4.17 5Val-Ha 
8.42 4Gly-NH 3.80 3Gly-Haa 
8.42 4Gly-NH 4.04 3Gly-Hab 
8.31 1Leu-NH 3.75 6Gly-Haa 
8.32 1Leu-NH 4.05 6Gly-Hab 
7.97 2Val-NH 4.34 1Leu-Ha 
8.05 5Val-NH 3.97 4Gly-Haa 
7.97 2Val-NH 1.67 1Leu-Hba 
8.81 3Gly-NH 2.03 2Val-Hb 
8.72 6Gly-NH 2.10 5Val-Hb 
8.81 3Gly-NH 0.92 2Val-Hgb 
8.71 6Gly-NH 0.92 5Val-Hga 
4.04 6Gly-Hab 0.92 5Val-Hga 
3.97 4Gly-Haa 0.93 5Val-Hga 
8.81 3Gly-NH 7.98 2Val-NH 
8.71 6Gly-NH 8.05 5Val-NH 
8.81 3Gly-NH 8.43 4Val-NH 
8.71 6Gly-NH 8.32 1Leu-NH 
8.43 4Gly-NH 8.06 5Val-NH 
8.32 1Leu-NH 7.98 2Val-NH 
8.42 4Gly-NH 0.89 2Val-Hga 
3.96 4Gly-Haa 0.87 1Leu-Hda 

 
Table S14. J-coupling values and associated torsional restraints for V1L, cyclo-(LVGGVG). 



Residue 3JNHCHα (Hz) φ restraints (˚) 
L1 7.0 
V2 7.6 
G3 5.9 
G4 5.6 
V5 9.3 –120 ± 30 
G6 6.1 

 
Table S15. List of NOE-derived distance restraints and J-coupling-derived dihedral angle restraints for V1L, cyclo-
(LVGGVG). 
 
Distance constraints:  
assign ( resid 1 and name HN ) ( resid 1 and name HA ) 3.7 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 6 and name HA1 ) 4.0 0.8 0.8  
assign ( resid 1 and name HN ) ( resid 6 and name HA2 ) 2.8 0.6 0.6  
assign ( resid 1 and name HN ) ( resid 2 and name HA ) 4.6 0.9 0.9  
assign ( resid 1 and name HN ) ( resid 1 and name HB2 ) 2.9 0.6 0.6  
assign ( resid 1 and name HN ) ( resid 1 and name HD1# ) 3.7 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 2 and name HN ) 3.3 0.7 0.7  
assign ( resid 1 and name HA ) ( resid 1 and name HD1# ) 3.6 0.7 0.7  
assign ( resid 1 and name HA ) ( resid 1 and name HB2 ) 4.8 1.0 1.0  
assign ( resid 1 and name HB1 ) ( resid 1 and name HD1# ) 3.0 0.6 0.6  
assign ( resid 1 and name HB2 ) ( resid 1 and name HD1# ) 2.5 0.5 0.5  
 
assign ( resid 2 and name HN ) ( resid 2 and name HA ) 3.4 0.7 0.7  
assign ( resid 2 and name HN ) ( resid 1 and name HA ) 3.1 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 3 and name HA2 ) 4.5 0.9 0.9  
assign ( resid 2 and name HN ) ( resid 2 and name HB ) 3.0 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 1 and name HB2 ) 3.4 0.7 0.7  
assign ( resid 2 and name HN ) ( resid 2 and name HG2# ) 3.0 0.6 0.6  
assign ( resid 2 and name HA ) ( resid 2 and name HB ) 3.9 0.8 0.8  
assign ( resid 2 and name HB ) ( resid 2 and name HG2# ) 2.9 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HG1# ) 4.0 0.8 0.8  
assign ( resid 2 and name HA ) ( resid 2 and name HG1# ) 2.9 0.6 0.6  
assign ( resid 2 and name HA ) ( resid 2 and name HG2# ) 3.5 0.7 0.7  
 
assign ( resid 3 and name HN ) ( resid 3 and name HA1 ) 2.8 0.6 0.6  
assign ( resid 3 and name HN ) ( resid 3 and name HA2 ) 3.4 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 2 and name HA ) 2.6 0.5 0.5  
assign ( resid 3 and name HN ) ( resid 2 and name HG2# ) 3.5 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 2 and name HN ) 4.2 0.8 0.8  
assign ( resid 3 and name HN ) ( resid 4 and name HN ) 3.3 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 2 and name HB ) 4.1 0.8 0.8  
 
assign ( resid 4 and name HN ) ( resid 4 and name HA1 ) 2.6 0.5 0.5  
assign ( resid 4 and name HN ) ( resid 3 and name HA1 ) 3.5 0.7 0.7  
assign ( resid 4 and name HN ) ( resid 3 and name HA2 ) 3.2 0.6 0.6  
assign ( resid 4 and name HN ) ( resid 5 and name HA ) 4.2 0.8 0.8  
assign ( resid 4 and name HN ) ( resid 2 and name HG1# ) 4.5 0.9 0.9  
assign ( resid 4 and name HN ) ( resid 5 and name HN ) 3.4 0.7 0.7  
assign ( resid 4 and name HA1 ) ( resid 5 and name HG2# ) 4.4 0.9 0.9  
assign ( resid 4 and name HA1 ) ( resid 1 and name HD1# ) 4.4 0.9 0.9  
 
assign ( resid 5 and name HN ) ( resid 5 and name HA ) 4.1 0.8 0.8  
assign ( resid 5 and name HN ) ( resid 4 and name HA1 ) 2.9 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 6 and name HA2 ) 4.3 0.9 0.9  



assign ( resid 5 and name HN ) ( resid 5 and name HB ) 3.2 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 5 and name HG2# ) 3.1 0.6 0.6  
assign ( resid 5 and name HA ) ( resid 5 and name HB ) 3.6 0.7 0.7  
assign ( resid 5 and name HB ) ( resid 5 and name HG2# ) 3.0 0.6 0.6  
assign ( resid 5 and name HA ) ( resid 5 and name HG2# ) 3.1 0.6 0.6  
 
assign ( resid 6 and name HN ) ( resid 6 and name HA1 ) 2.8 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 6 and name HA2 ) 3.3 0.7 0.7  
assign ( resid 6 and name HN ) ( resid 5 and name HA ) 2.6 0.5 0.5  
assign ( resid 6 and name HN ) ( resid 5 and name HB ) 4.2 0.8 0.8  
assign ( resid 6 and name HN ) ( resid 5 and name HG2# ) 3.6 0.7 0.7  
assign ( resid 6 and name HN ) ( resid 5 and name HN ) 3.9 0.8 0.8  
assign ( resid 6 and name HN ) ( resid 1 and name HN ) 3.7 0.7 0.7  
assign ( resid 6 and name HA2 ) ( resid 5 and name HG2# ) 8.0 1.6 0.0  
 
Phi dihedral angle constraints:  
assign ( resid 4 and name c ) ( resid 5 and name n ) 
           ( resid 5 and name ca ) ( resid 5 and name c ) 1.0 -120.0 30.0 2 
 
Table S16. NOEs for V1T, cyclo-(TVGGVG). 
Coordinate 1 Assignment 1 Coordinate 2 Assignment 2 

8.97 6Gly-NH 3.80 6Gly-Haa 
8.97 6Gly-NH 4.10 6Gly-Hab 
8.90 3Gly-NH 3.87 3GLy-Haa 
8.90 3Gly-NH 4.03 3GLy-Hab 
8.42 5Val-NH 4.07 5Val-Ha 
8.14 2Val-NH 4.01 2Val-Ha 
7.96 4Gly-NH 3.74 4GLy-Haa 
7.96 4Gly-NH 4.22 4GLy-Hab 
7.74 1Thr-NH 4.52 1Thr-Ha 
7.74 1Thr-NH 4.26 1THr-Hb 
8.14 2Val-NH 2.03 2Val-Hb 
8.43 5Val-NH 2.04 5Val-Hb 
7.74 1Thr-NH 1.06 1Thr-Hg1 
8.15 2Val-NH 1.01 2Val-Hgb 
8.15 2Val-NH 0.93 2Val-Hga 
8.43 5Val-NH 0.97 5Val-Hgb 
8.43 5Val-NH 0.92 5Val-Hga 
4.51 1Thr-Ha 1.06 1Thr-Hg1 
4.25 1Thr-Hb 1.06 1Thr-Hg1 
4.07 5Val-Ha 0.98 5Val-Hgb 
4.07 5Val-Ha 0.93 5Val-Hga 
4.02 2Val-Ha 1.01 2Val-Hgb 
4.02 2Val-Ha 0.93 2Val-Hga 
4.03 2Val-Ha 2.02 2Val-Ha 
4.07 5Val-Ha 2.04 5Val-Hb 
4.21 4Gly-Hab 3.74 4Gly-Haa 
4.51 1Thr-Ha 4.26 1Thr-Hb 
4.10 6Gly-Hab 3.80 6Gly-Haa 
8.43 5Val-NH 3.74 4Gly-Haa 
8.43 5Val-NH 4.23 4Gly-Hab 
8.14 2Val-NH 4.26 1Thr-Hb 
8.14 2Val-NH 4.51 1Thr-Ha 
7.96 4Gly-NH 3.87 3Gly-Haa 



7.96 4Gly-NH 4.04 3GLy-Hab 
7.74 1Thr-NH 3.80 6Gly-Haa 
7.75 1Thr-NH 4.10 6Gly-Hab 
8.96 6Gly-NH 4.06 5Val-Ha 
8.90 3Gly-NH 2.03 2Val-Hb 
8.97 6Gly-NH 2.04 5Val-Hb 
8.97 6Gly-NH 0.92 5Val-Hga 
8.90 3Gly-NH 0.94 2Val-Hga 
8.90 3Gly-NH 1.00 2Val-Hgb 
3.74 4Gly-Haa 0.95 5Val-Hga 
3.87 3Gly-Haa 0.93 2Val-Hga 
8.97 6Gly-NH 7.75 1Thr-NH 
8.90 3Gly-NH 7.96 4Gly-NH 
8.90 3Gly-NH 8.15 2Val-NH 
8.97 6Gly-NH 8.44 5Val-NH 
8.42 5Val-NH 7.96 4Gly-NH 
8.15 2Val-NH 7.74 1Thr-NH 
3.74 4Gly-Haa 1.06 1Thr-Hg1 

 
Table S17. J-coupling values and associated torsional restraints for V1T, cyclo-(TVGGVG). 
Residue 3JNHCHα (Hz) φ restraints (˚) 

T1 8.1 –120 ± 30 
V2 6.1 
G3 6.1 
G4 6.8 
V5 8.0 –120 ± 30 
G6 6.4 

 
Table S18. List of NOE-derived distance restraints and J-coupling-derived dihedral angle restraints for V1T, cyclo-
(TVGGVG). 
 
Distance constraints:  
assign ( resid 1 and name HN ) ( resid 1 and name HA ) 3.2 0.6 0.6  
assign ( resid 1 and name HN ) ( resid 1 and name HB ) 4.0 0.8 0.8  
assign ( resid 1 and name HN ) ( resid 6 and name HA2 ) 3.9 0.8 0.8  
assign ( resid 1 and name HN ) ( resid 6 and name HA1 ) 3.3 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 1 and name HG1 ) 3.4 0.7 0.7  
assign ( resid 1 and name HA ) ( resid 1 and name HG1 ) 4.1 0.8 0.8  
assign ( resid 1 and name HB ) ( resid 1 and name HG1 ) 4.4 0.9 0.9  
assign ( resid 1 and name HA ) ( resid 1 and name HB ) 3.9 0.8 0.8  
 
assign ( resid 2 and name HN ) ( resid 2 and name HA ) 3.5 0.7 0.7  
assign ( resid 2 and name HN ) ( resid 1 and name HB ) 3.0 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 1 and name HA ) 2.9 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HB ) 2.9 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HG1# ) 3.0 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HG2# ) 3.4 0.7 0.7  
assign ( resid 2 and name HA ) ( resid 2 and name HG1# ) 3.2 0.6 0.6  
assign ( resid 2 and name HA ) ( resid 2 and name HG2# ) 3.2 0.6 0.6  
assign ( resid 2 and name HA ) ( resid 2 and name HB ) 3.3 0.7 0.7  
assign ( resid 2 and name HN ) ( resid 1 and name HN ) 3.8 0.8 0.8  
 
assign ( resid 3 and name HN ) ( resid 3 and name HA2 ) 2.9 0.6 0.6  
assign ( resid 3 and name HN ) ( resid 3 and name HA1 ) 2.6 0.5 0.5  
assign ( resid 3 and name HN ) ( resid 2 and name HB ) 4.1 0.8 0.8  



assign ( resid 3 and name HN ) ( resid 2 and name HG2# ) 3.5 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 2 and name HG1# ) 4.1 0.8 0.8  
assign ( resid 3 and name HN ) ( resid 4 and name HN ) 3.2 0.6 0.6  
assign ( resid 3 and name HN ) ( resid 2 and name HN ) 4.1 0.8 0.8  
 
assign ( resid 4 and name HN ) ( resid 4 and name HA1 ) 3.3 0.7 0.7  
assign ( resid 4 and name HN ) ( resid 4 and name HA2 ) 3.4 0.7 0.7  
assign ( resid 4 and name HN ) ( resid 3 and name HA2 ) 3.8 0.8 0.8  
assign ( resid 4 and name HN ) ( resid 3 and name HA1 ) 3.5 0.7 0.7  
assign ( resid 4 and name HA1 ) ( resid 1 and name HG1 ) 4.7 0.9 0.9  
assign ( resid 4 and name HA2 ) ( resid 4 and name HA1 ) 2.3 0.5 0.5  
 
assign ( resid 5 and name HN ) ( resid 5 and name HA ) 3.2 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 4 and name HA1 ) 2.9 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 4 and name HA2 ) 3.6 0.7 0.7  
assign ( resid 5 and name HN ) ( resid 5 and name HB ) 3.1 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 5 and name HG1# ) 3.1 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 5 and name HG2# ) 3.7 0.7 0.7  
assign ( resid 5 and name HA ) ( resid 5 and name HG1# ) 3.5 0.7 0.7  
assign ( resid 5 and name HA ) ( resid 5 and name HG2# ) 3.4 0.7 0.7  
assign ( resid 5 and name HA ) ( resid 5 and name HB ) 3.3 0.7 0.7  
assign ( resid 5 and name HN ) ( resid 4 and name HN ) 3.9 0.8 0.8  
 
assign ( resid 6 and name HN ) ( resid 6 and name HA2 ) 2.9 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 6 and name HA1 ) 3.2 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 5 and name HA ) 2.8 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 5 and name HB ) 4.2 0.8 0.8  
assign ( resid 6 and name HN ) ( resid 5 and name HG2# ) 3.8 0.8 0.8  
assign ( resid 6 and name HA1 ) ( resid 6 and name HA2 ) 3.0 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 1 and name HN ) 3.3 0.7 0.7  
assign ( resid 6 and name HN ) ( resid 5 and name HN ) 4.0 0.8 0.8 
 
Phi dihedral angle constraints:  
assign ( resid 6 and name c ) ( resid 1 and name n ) 
           ( resid 1 and name ca ) ( resid 1 and name c ) 1.0 -120.0 30.0 2 
assign ( resid 4 and name c ) ( resid 5 and name n ) 
           ( resid 5 and name ca ) ( resid 5 and name c ) 1.0 -120.0 30.0 2 
 
Table S19. NOEs for V1S, cyclo-(SVGGVG). 
Coordinate 1 Assignment 1 Coordinate 2 Assignment 2 

8.93 6Gly-NH 3.82 6Gly-Haa 
8.93 6Gly-NH 4.08 6Gly-Hab 
8.83 3Gly-NH 3.88 3Gly-Haa 
8.83 3Gly-NH 4.01 3Gly-Hab 
8.29 5Val-NH 4.10 5Val-Ha 
8.19 2Val-NH 4.08 2Val-NH 
8.09 4Gly-NH 3.84 4Gly-Haa 
8.10 1Ser-NH 4.54 1Ser-Ha 
8.09 4Gly-NH 4.13 4Gly-Hab 
8.10 1Ser-NH 3.92 1Ser-Hbb 
8.29 5Val-NH 2.05 5Val-Hb 
8.19 2Val-NH 2.05 2Val-Hgb 
8.19 2Val-NH 0.99 2Val-Hgb 
8.19 2Val-NH 0.93 2Val-Hga 
8.29 5Val-NH 0.97 5Val-Hgb 



8.29 5Val-NH 0.93 5Val-Hgb 
2.05 5Val-Hb 0.95 5Val-Hga 
4.08 2Val-Ha 0.98 2Val-Hgb 
4.10 5Val-Ha 2.06 5Val-Hb 
4.08 2Val-Ha 0.93 2Val-Hga 
4.10 5Val-Ha 0.93 5Val-Hga 
3.93 1Ser-Hbb 4.54 1Ser-Ha 
3.83 1Ser-Hba 4.54 1Ser-Hba 
2.04 2Val-Hb 1.00 2Val-Hb 
8.83 3Gly-NH 4.08 2Val-Ha 
8.29 5Val-NH 3.84 4Gly-Haa 
8.09 1Ser-NH 4.08 6Gly-Hab 
8.09 4Gly-NH 4.00 3Gly-Hab 
8.19 2Val-NH 4.53 1Ser-Ha 
8.19 2Val-NH 3.88 3Gly-Haa 
8.19 2Val-NH 3.92 1Ser-Hbb 
8.82 3Gly-NH 0.92 2Val-Hga 
8.83 3Gly-NH 0.98 2Val-Hgb 
8.93 6Gly-NH 0.92 5Val-Hga 
8.83 3Gly-NH 2.04 2Val-Hga 
8.93 6Gly-NH 2.06 5Val-Hb 
8.93 6Gly-NH 8.10 1Ser-NH 
8.82 3Gly-NH 8.09 4Gly-NH 
8.82 3Gly-NH 8.20 2Val-NH 
8.93 6Gly-NH 8.30 5Val-NH 
8.28 5Val-NH 8.09 4Gly-NH 
8.19 2Val-NH 8.09 1Ser-NH 

 
Table S20. J-coupling values and associated torsional restraints for V1S, cyclo-(SVGGVG). 
Residue 3JNHCHα (Hz) φ restraints (˚) 

S1 – 
V2 6.2 
G3 6.3 
G4 – 
V5 8.3 –120 ± 30 
G6 6.0 

 
Table S21. List of NOE-derived distance restraints and J-coupling-derived dihedral angle restraints for V1S, cyclo-
(SVGGVG). 
 
Distance constraints:  
assign ( resid 1 and name HN ) ( resid 1 and name HA ) 3.2 0.6 0.6  
assign ( resid 1 and name HN ) ( resid 1 and name HB1 ) 3.7 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 6 and name HA2) 3.0 0.6 0.6  
assign ( resid 1 and name HB1 ) ( resid 1 and name HA) 3.4 0.7 0.7  
assign ( resid 1 and name HB2 ) ( resid 1 and name HA ) 3.6 0.7 0.7  
 
assign ( resid 2 and name HN ) ( resid 2 and name HA) 3.4 0.7 0.7  
assign ( resid 2 and name HN ) ( resid 1 and name HB1 ) 3.1 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 1 and name HA ) 3.1 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HB) 3.1 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HG2#) 3.1 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HG1# ) 3.4 0.7 0.7  
assign ( resid 2 and name HA ) ( resid 2 and name HG2# ) 3.2 0.6 0.6  



assign ( resid 2 and name HA ) ( resid 2 and name HG1#) 3.0 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 1 and name HN) 3.4 0.7 0.7  
assign ( resid 2 and name HB ) ( resid 2 and name HG2# ) 3.3 0.7 0.7  
 
assign ( resid 3 and name HN ) ( resid 3 and name HA1 ) 2.9 0.6 0.6  
assign ( resid 3 and name HN ) ( resid 3 and name HA2 ) 3.6 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 2 and name HA ) 2.7 0.5 0.5  
assign ( resid 3 and name HN ) ( resid 2 and name HB ) 4.0 0.8 0.8  
assign ( resid 3 and name HN ) ( resid 2 and name HG1# ) 3.5 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 2 and name HG2# ) 3.9 0.8 0.8  
assign ( resid 3 and name HN ) ( resid 4 and name HN) 3.2 0.6 0.6  
assign ( resid 3 and name HN ) ( resid 2 and name HN) 3.8 0.8 0.8  
 
assign ( resid 4 and name HN ) ( resid 4 and name HA2 ) 2.9 0.6 0.6  
assign ( resid 4 and name HN ) ( resid 4 and name HA1) 3.3 0.7 0.7  
assign ( resid 4 and name HN ) ( resid 3 and name HA2) 3.6 0.7 0.7  
 
assign ( resid 5 and name HN ) ( resid 5 and name HA ) 3.3 0.7 0.7  
assign ( resid 5 and name HN ) ( resid 4 and name HA2) 3.0 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 5 and name HB) 3.1 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 5 and name HG2# ) 3.3 0.7 0.7  
assign ( resid 5 and name HN ) ( resid 5 and name HG1#) 3.2 0.6 0.6  
assign ( resid 5 and name HB ) ( resid 5 and name HG1# ) 2.8 0.6 0.6  
assign ( resid 5 and name HA ) ( resid 5 and name HB ) 3.2 0.6 0.6  
assign ( resid 5 and name HA ) ( resid 5 and name HG1# ) 3.1 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 4 and name HN) 3.5 0.7 0.7  
 
assign ( resid 6 and name HN ) ( resid 6 and name HA2) 2.9 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 6 and name HA1) 2.6 0.5 0.5  
assign ( resid 6 and name HN ) ( resid 5 and name HB ) 4.2 0.8 0.8  
assign ( resid 6 and name HN ) ( resid 5 and name HG1#) 3.5 0.7 0.7  
assign ( resid 6 and name HN ) ( resid 1 and name HN) 3.3 0.7 0.7  
assign ( resid 6 and name HN ) ( resid 5 and name HN) 3.8 0.8 0.8  
 
Phi dihedral angle constraints:  
assign ( resid 4 and name c ) ( resid 5 and name n ) 
           ( resid 5 and name ca ) ( resid 5 and name c ) 1.0 -120.0 30.0 2 
 
Table S22. NOEs for V1A, cyclo-(AVGGVG). 
Coordinate 1 Assignment 1 Coordinate 2 Assignment 2 

8.85 3Gly-NH 4.05 3Gly-Hab 
8.85 3Gly-NH 3.81 3Gly-Haa 
8.78 6Gly-NH 3.78 6Gly-Haa 
8.78 6Gly-NH 3.99 6Gly-Hab 
8.31 4Gly-NH 3.95 4Gly-Haa 
8.31 4Gly-NH 4.04 4Gly-Hab 
8.15 5Val-NH 4.13 5Val-Ha 
8.05 2Val-NH 4.10 2Val-Ha 
8.20 1Ala-NH 4.36 1Ala-Ha 
8.15 5Val-NH 2.07 5Val-Hb 
8.05 2Val-NH 2.02 2Val-Hb 
8.20 1Ala-NH 1.37 1Ala-Hb 
8.05 2Val-NH 0.97 2Val-Hgb 
8.15 5Val-NH 0.93 5Val-Hga 
8.05 2Val-NH 0.93 2Val-Hga 



4.36 1Ala-Ha 1.38 1Ala-Hb 
4.13 5Val-Ha 0.93 5Val-Hga 
4.10 2Val-Ha 0.93 2Val-Hga 
4.09 2Val-Ha 0.97 2Val-Hgb 
4.14 5Val-Ha 2.08 5Val-Hb 
4.11 2Val-Ha 2.03 2Val-Hb 
2.07 5Val-Hb 0.91 5Val-Hga 
2.00 2Val-Hb 0.92 2Val-Hga 
2.00 2Val-Hb 0.97 2Val-Hgb 
8.85 3Gly-NH 4.10 2Val-Ha 
8.79 6Gly-NH 4.13 5Val-Ha 
8.05 2Val-NH 4.36 1Ala-Ha 
8.15 5Val-NH 3.95 4Gly-Haa 
8.21 1Ala-NH 3.99 6Gly-Hab 
8.31 4Gly-NH 3.82 3Gly-Haa 
8.21 1Ala-NH 3.79 6Gly-Haa 
8.15 5Val-NH 4.03 4Gly-Hab 
8.05 2Val-NH 1.38 1Ala-Hb 
8.78 6Gly-NH 0.92 5Val-Hga 
8.85 3Gly-NH 0.93 2Val-Hga 
8.85 3Gly-NH 8.31 4Gly-NH 
8.78 6Gly-NH 8.20 1Ala-NH 
8.31 4Gly-NH 8.16 5Val-NH 
8.20 1Ala-NH 8.06 2Val-NH 
8.85 3Gly-NH 8.05 2Val-NH 
8.78 6Gly-NH 8.15 5Val-NH 

 
Table S23. J-coupling values and associated torsional restraints for V1A, cyclo-(AVGGVG). 
Residue 3JNHCHα (Hz) φ restraints (˚) 

A1 6.4 
V2 7.0 
G3 5.8 
G4 5.4 
V5 8.8 –120 ± 30 
G6 5.8 

 
Table S24. List of NOE-derived distance restraints and J-coupling-derived dihedral angle restraints for V1A, cyclo-
(AVGGVG). 
 
Distance constraints:  
assign ( resid 1 and name HN ) ( resid 1 and name HA ) 3.6 0.7 0.7  
assign ( resid 1 and name HN ) ( resid 1 and name HB# ) 3.0 0.6 0.6  
assign ( resid 1 and name HN ) ( resid 6 and name HA1 ) 3.0 0.6 0.6  
assign ( resid 1 and name HN ) ( resid 6 and name HA2 ) 3.9 0.8 0.8  
assign ( resid 1 and name HA ) ( resid 1 and name HB# ) 3.2 0.6 0.6  
assign ( resid 1 and name HN ) ( resid 2 and name HN ) 3.6 0.7 0.7  
 
assign ( resid 2 and name HN ) ( resid 2 and name HA ) 3.6 0.7 0.7  
assign ( resid 2 and name HN ) ( resid 2 and name HB ) 3.1 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HG1# ) 3.1 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 1 and name HA ) 3.2 0.6 0.6  
assign ( resid 2 and name HN ) ( resid 2 and name HG2# ) 3.4 0.7 0.7  
assign ( resid 2 and name HA ) ( resid 2 and name HG2# ) 3.3 0.7 0.7  
assign ( resid 2 and name HA ) ( resid 2 and name HG1#) 3.3 0.7 0.7  



assign ( resid 2 and name HA ) ( resid 2 and name HB ) 3.4 0.7 0.7  
assign ( resid 2 and name HB ) ( resid 2 and name HG2# ) 3.0 0.6 0.6  
assign ( resid 2 and name HB ) ( resid 2 and name HG1# ) 3.3 0.7 0.7  
assign ( resid 2 and name HN ) ( resid 1 and name HB# ) 3.4 0.7 0.7  
 
assign ( resid 3 and name HN ) ( resid 3 and name HA2 ) 3.6 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 3 and name HA1) 2.9 0.6 0.6  
assign ( resid 3 and name HN ) ( resid 2 and name HA) 2.7 0.5 0.5  
assign ( resid 3 and name HN ) ( resid 2 and name HG2# ) 3.6 0.7 0.7  
assign ( resid 3 and name HN ) ( resid 4 and name HN ) 3.4 0.7 0.7  
 
assign ( resid 4 and name HN ) ( resid 4 and name HA2 ) 4.5 0.9 0.9  
assign ( resid 4 and name HN ) ( resid 4 and name HA1 ) 2.7 0.5 0.5  
assign ( resid 4 and name HN ) ( resid 3 and name HA1 ) 3.6 0.7 0.7  
assign ( resid 4 and name HN ) ( resid 5 and name HN ) 3.6 0.7 0.7  
 
assign ( resid 5 and name HN ) ( resid 5 and name HA) 4.0 0.8 0.8  
assign ( resid 5 and name HN ) ( resid 5 and name HB) 3.3 0.7 0.7  
assign ( resid 5 and name HN ) ( resid 5 and name HG1#) 3.1 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 4 and name HA2 ) 3.2 0.6 0.6  
assign ( resid 5 and name HN ) ( resid 4 and name HA1 ) 3.6 0.7 0.7  
assign ( resid 5 and name HA ) ( resid 5 and name HG1# ) 3.0 0.6 0.6  
assign ( resid 5 and name HA ) ( resid 5 and name HB ) 3.5 0.7 0.7  
assign ( resid 5 and name HB ) ( resid 5 and name HG1#) 2.9 0.6 0.6  
 
assign ( resid 6 and name HN ) ( resid 6 and name HA2 ) 2.9 0.6 0.6  
assign ( resid 6 and name HN ) ( resid 6 and name HA1 ) 3.6 0.7 0.7  
assign ( resid 6 and name HN ) ( resid 5 and name HA ) 2.7 0.5 0.5  
assign ( resid 6 and name HN ) ( resid 5 and name HG1# ) 3.6 0.7 0.7  
assign ( resid 6 and name HN ) ( resid 1 and name HN ) 3.5 0.7 0.7 
 
Phi dihedral angle constraints:  
assign ( resid 4 and name c ) ( resid 5 and name n ) 
           ( resid 5 and name ca ) ( resid 5 and name c ) 1.0 -120.0 30.0 2 
  



 
Figure S4. 2D-NMR data for peptide V1A (cyclo-AVGGVG) in water. (A) Visual depiction of the strong (black) 
and weak (grey) NOEs from the ROESY spectra for V1A. (B) Amide-to-amide proton region of the TOCSY and 
ROESY spectra for V1A. NOE cross-peaks are expected for positions at which beta-turns predominate in the 
solution ensemble. (C) Alpha-to-methyl proton region of the TOCSY and ROESY spectra for V1A. (D) 
Temperature dependence of amide proton chemical shifts. Stacked spectra show the amide regions of 1H NMR 
experiments at the indicated temperature. Solvent-exposed amide protons typically have chemical shifts that shift 
upfield with temperature by more than 4.5 ppb/K (temperature coefficient between –4.5 and –16 ppb/K).  
Temperature coefficients between 2.0 and –4.5 ppb/K indicate protection from solvent, as occurs when an amide 
proton is involved in a hydrogen bond. Despite apparent > 99 % purity via HPLC and LC-MS, unidentified 
resonances were observed at 1.33 ppm and 7.93 ppm (visible in panels C and D, respectively). This did not interfere 
with analysis of the structural ensemble of V1A. 



 
Figure S5. Complete 1H NMR spectrum of P7 in 90:10 H2O:D2O at 288 K.  



 
Figure S6. Complete 1H NMR spectrum of P6 in 90:10 H2O:D2O at 288 K. 



Figure S7. Complete 1H NMR spectrum of V1I in 90:10 H2O:D2O at 288 K.



 
Figure S8. Complete 1H NMR spectrum of V1L in 90:10 H2O:D2O at 288 K.. 



 
Figure S9. Complete 1H NMR spectrum of V1T in 90:10 H2O:D2O at 288 K. 



 
Figure S10. Complete 1H NMR spectrum of V1S in 90:10 H2O:D2O at 288 K. 



 
Figure S11. Complete 1H NMR spectrum of V1A in 90:10 H2O:D2O at 288 K. Despite apparent > 99 % purity via 
HPLC and LC-MS, unidentified resonances were observed at 1.33 ppm and 7.93 ppm. This did not interfere with 
analysis of the structural ensemble of V1A. 
 



 
Figure S12. Fingerprint region of the 2D spectra for P7 at 288K, with TOCSY peaks shown in blue and ROESY 
peaks shown in red. 1D spectra correspond to the HN region (top) and the H region (side). The peptide was 
dissolved in 90:10 H2O:D2O at a concentration of roughly 3.0 mM.  



 
Figure S13. Fingerprint region of the 2D spectra for P6 at 288K, with TOCSY peaks shown in blue and ROESY 
peaks shown in red. 1D spectra correspond to the HN region (top) and the H region (side). The peptide was 
dissolved in 90:10 H2O:D2O at a concentration of roughly 3.0 mM.  



 
Figure S14. Fingerprint region of the 2D spectra for V1I at 288K, with TOCSY peaks shown in blue and ROESY 
peaks shown in red. 1D spectra correspond to the HN region (top) and the H region (side). The peptide was 
dissolved in 90:10 H2O:D2O at a concentration of roughly 3.0 mM.  



 
Figure S15. Fingerprint region of the 2D spectra for V1L at 288K, with TOCSY peaks shown in blue and ROESY 
peaks shown in red. 1D spectra correspond to the HN region (top) and the H region (side). The peptide was 
dissolved in 90:10 H2O:D2O at a concentration of roughly 3.0 mM.  



 
Figure S16. Fingerprint region of the 2D spectra for V1T at 288K, with TOCSY peaks shown in blue and ROESY 
peaks shown in red. 1D spectra correspond to the HN region (top) and the H region (side). The peptide was 
dissolved in 90:10 H2O:D2O at a concentration of roughly 3.0 mM.  



 
Figure S17. Fingerprint region of the 2D spectra for V1S at 288K, with TOCSY peaks shown in blue and ROESY 
peaks shown in red. 1D spectra correspond to the HN region (top) and the H region (side). The peptide was 
dissolved in 90:10 H2O:D2O at a concentration of roughly 3.0 mM.  



 
Figure S18. Fingerprint region of the 2D spectra for V1A at 288K, with TOCSY peaks shown in blue and ROESY 
peaks shown in red. 1D spectra correspond to the HN region (top) and the H region (side). The peptide was 
dissolved in 90:10 H2O:D2O at a concentration of roughly 3.0 mM.  
 



 
Figure S19. Complete 1H–1H TOCSY NMR spectrum of P7 in 90:10 H2O:D2O at 288 K. 



 
Figure S20. Complete 1H–1H TOCSY NMR spectrum of P6 in 90:10 H2O:D2O at 288 K. 



 
Figure S21. Complete 1H–1H TOCSY NMR spectrum of V1I in 90:10 H2O:D2O at 288 K. 



 
Figure S22. Complete 1H–1H TOCSY NMR spectrum of V1L in 90:10 H2O:D2O at 288 K. 



 
Figure S23. Complete 1H–1H TOCSY NMR spectrum of V1T in 90:10 H2O:D2O at 288 K. 



 
Figure S24. Complete 1H–1H TOCSY NMR spectrum of V1S in 90:10 H2O:D2O at 288 K. 



 
Figure S25. Complete 1H–1H TOCSY NMR spectrum of V1A in 90:10 H2O:D2O at 288 K. 
 
 
 
 
 



 
Figure S26. Complete 1H–1H ROESY NMR spectrum of P7 in 90:10 H2O:D2O at 288 K. 



 
Figure S27. Complete 1H–1H ROESY NMR spectrum of P6 in 90:10 H2O:D2O at 288 K. 



 
Figure S28. Complete 1H–1H ROESY NMR spectrum of V1I in 90:10 H2O:D2O at 288 K. 



 
Figure S29. Complete 1H–1H ROESY NMR spectrum of V1L in 90:10 H2O:D2O at 288 K. 



 
Figure S30. Complete 1H–1H ROESY NMR spectrum of V1T in 90:10 H2O:D2O at 288 K. 



 
Figure S31. Complete 1H–1H ROESY NMR spectrum of V1S in 90:10 H2O:D2O at 288 K. 



 
Figure S32. Complete 1H–1H ROESY NMR spectrum of V1A in 90:10 H2O:D2O at 288 K. 
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