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SUPPLEMENTARY FIGURES 

 
Figure S1. Populations of 16 turn combinations from simulations of cyclo-(X1X2AAA) of the S1 
simulations. Results use cut-off turn analysis (see Materials and Methods for analysis details). Type I, I', 
II and II' b-turns are shown in red, orange, green and blue, respectively. Tight turns g, g', aR, and aL are 
shown in cyan, magenta, purple and brown, respectively.  
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Figure S2. 1H NMR spectrum of cyclo-(GNSRV) in H2O:D2O (90:10) at 288 K.  
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Figure S3. Fingerprint region of the 2D spectra for cyclo-(GNSRV). TOCSY peaks are shown in blue 
and ROESY peaks shown in red. 1D spectra correspond to the HN region (top) and the Ha region (left 
side). The peptide was dissolved in H2O:D2O (90:10) at a concentration of 3.5 mM at 288 K.  
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Figure S4.  Full 1H–1H TOCSY spectrum of cyclo-(GNSRV) in H2O:D2O (90:10) at 288 K. 
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Figure S5. Full 1H–1H ROESY spectrum of cyclo-(GNSRV) in H2O:D2O (90:10) at 288 K. 
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Figure S6. Correlations between predicted structure and experimental data. Shown are a representative 
structure and Ramachandran plots for the most populated cluster from simulations of cyclo-(GNSRV). 
Type II' b-turns and aR tight turns are shown in blue and purple, respectively. (left) Strong NOEs were 
observed between Asn2(HN) and Ser3(HN) and Arg4(HN) and Val5(HN). These are shown as black lines on 
the structure of cyclo-(GNSRV). (right) f angles were estimated from J-values for Ser3, Arg4 and Val5. 
These are shown as solid vertical lines on the Ramachandran plot and are in agreement with the 
predicted structure.  
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Figure S7. 1H NMR spectrum of cyclo-(GFDNV) in H2O:D2O (90:10) at 288 K.  
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Figure S8. Fingerprint region of the 2D spectra for cyclo-(GFDNV). TOCSY peaks are shown in blue 
and ROESY peaks shown in red. 1D spectra correspond to the HN region (top) and the Ha region (left 
side). The peptide was dissolved in H2O:D2O (90:10) at a concentration of 3.5 mM at 288 K.  
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Figure S9. Full 1H–1H TOCSY spectrum of cyclo-(GFDNV) in H2O:D2O (90:10) at 288 K. 
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Figure S10. Full 1H–1H ROESY spectrum of cyclo-(GFDNV) in H2O:D2O (90:10) at 288 K. 
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Figure S11. 1H NMR spectra of HN region for cyclo-(GNSRV) (top) and cyclo-(GFDNV) (bottom) in 
H2O:D2O (90:10) at 288 K after NMR samples were incubated at room temperature for 6 weeks or 
longer. The spectrum for cyclo-(GFDNV) exhibits additional HN peaks, which are highlighted in red 
boxes. These increased in volume over time before saturating at the peak volumes shown. The total 
volume of the highlighted peaks represents roughly 33% of the total peak volume in the amide region. 
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SUPPLEMENTARY TABLES 
 
Table S1. Thermodynamics decomposition for cyclo-(GGGGG). Results use cut-off turn analysis (see 
Materials and Methods for analysis details). Type I, I', II and II' b-turns are shown in red, orange, green 
and blue, respectively. Tight turns g, g', aR, and aL are shown in cyan, magenta, purple and brown, 
respectively. All thermodynamic terms are defined in the Materials and Methods. Populations and 
standard error of mean were calculated from the five neutral replicas of the S1 simulation.  
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Table S2. Thermodynamics decomposition for cyclo-(AAAAA). Type I, I', II and II' b-turns are shown 
in red, orange, green and blue, respectively and distorted b-turns are underlined. The tight turn aR is 
shown in purple. All thermodynamic terms are defined in the Materials and Methods. Populations and 
standard error of mean were calculated from the five neutral replicas of the S1 simulation. 
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Table S3. Population and turn combination for the top three most populated clusters of cyclo-
(X1AAAA) of the S1 simulations. Type I, I', II and II' b-turns are shown in red, orange, green and blue, 
respectively and distorted b-turns are underlined. The tight turn aR is shown in purple.  
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Table S4. Population and turn combination for the top three most populated clusters of cyclo-
(X1X2AAA) of the S1 simulations. Type I, I', II and II' b-turns are shown in red, orange, green and blue, 
respectively and distorted b-turns are underlined. The tight turns g and aR are shown in cyan and purple, 
respectively.  
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Table S5. Highest scoring sequences from neighbor analysis of simulations of cyclo-(X1X2AAA), where 
X1/X2 = G, V, F, R, D, N or S, for the bII'+aR turn combination. 

 
 

Table S6. Thermodynamics decomposition for (A) cyclo-(GNSRV), (B) cyclo-(GNAAA), (C) cyclo-
(ANSAA), (D) cyclo-(AASRA), (E) cyclo-(AAARV) and (F) cyclo-(GAAAV). Type I, I' and II' b-turns 
are shown in red, orange and blue, respectively and distorted b-turns are underlined. The tight turns g 
and aR are shown in cyan and purple, respectively. In B–F, arrows indicate the turn combination that is 
at same location as in cyclo-(GNSRV). For A–B and E–F, boxes indicate factors that stabilize the most 
populated conformation. In C–D, the factors that stabilize the most populated conformation over others 
is undetermined as the error is larger than the average. All thermodynamic terms are defined in the 
Materials and Methods. Populations and standard error of mean were calculated from the five neutral 
replicas of the S1 simulations. 
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Table S7. Observed NOEs for cyclo-(GNSRV).  

Coordinate 1 Assignment1 Coordinate 2 Assignment 2 Strength 
9.05 1Gly-NH 3.63 1Gly-Haa strong 
9.05 1Gly-NH 3.97 1Gly-Hab strong 
8.91 2Asn-NH 4.70 2Asn-Ha strong 
8.26 4Arg-NH 4.03 4Arg-Ha strong 
7.84 3Ser-NH 4.61 3Ser-Ha strong 
7.84 3Ser-NH 3.90 3Ser-Hb strong 
7.76 5Val-NH 4.18 5Val-Ha strong 

     9.05 1Gly-NH 4.17 5Val-Ha strong 
8.91 2Asn-NH 3.98 1Gly-Hab strong 
8.26 4Arg-NH 3.91 3Ser-Hb weak 
8.26 4Arg-NH 4.61 3Ser-Ha strong 

     7.28 4Arg-NHe 4.02 4Arg-Ha weak 
7.27 4Arg-NHe 3.25 4Arg-Hd strong 

     8.90 2Asn-NH 2.88 2Asn-Hb strong 
8.27 4Arg-NH 1.95 4Arg-Hba strong 
8.27 4Arg-NH 1.71 4Arg-Hbb weak 
8.27 4Arg-NH 1.64 4Arg-Hg weak 
7.76 5Val-NH 1.96 5Val-Hb strong 
7.76 5Val-NH 0.93 5Val-Hga strong 
7.76 5Val-NH 0.86 5Val-Hgb strong 

     7.28 4Arg-NHe 1.96 4Arg-Hba weak 
7.27 4Arg-NHe 1.73 4Arg-Hbb strong 
7.27 4Arg-NHe 1.65 4Arg-Hg strong 

     8.90 2Asn-NH 7.83 3Ser-NH strong 
8.27 4Arg-NH 7.75 5Val-NH strong 

     4.60 3Ser-Ha 3.91 3Ser-Hb strong 
4.70 2Asn-Ha 2.86 2Asn-Hb strong 
3.98 1Gly-Hab 3.63 1Gly-Haa strong 
4.03 4Arg-Ha 3.25 4Arg-Hd strong 
4.18 5Val-Ha 1.95 5Val-Hb strong 
4.03 4Arg-Ha 1.95 4Arg-Hba strong 
4.03 4Arg-Ha 1.17 4Arg-Hbb strong 
4.03 4Arg-Ha 1.66 4Arg-Hg strong 
4.18 5Val-Ha 0.92 5Val-Hga strong 
4.18 5Val-Ha 0.88 5Val-Hgb strong 
3.25 4Arg-Hd 1.95 4Arg-Hbb strong 
3.25 4Arg-Hd 1.69 4Arg-Hg strong 
1.95 4Arg-Hba 1.71 4Arg-Hbb strong 
1.94 4Arg-Hba 1.65 4Arg-Hg strong 
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1.97 5Val-Hb 0.93 5Val-Hga strong 
1.97 5Val-Hb 0.88 5Val-Hgb strong 

 
Table S8. J-coupling values and associated torsional restraints for cyclo-(GNSRV).  

Residue 3JNH-CHα (Hz) φ restraints 
G1 5.3 – 
N2 7.7 – 
S3 9.1 –120 ± 30° 
R4 4.8 –60 ± 30° 
V5 9.3  –120 ± 30° 

 
Table S9. Observed NOEs for cyclo-(GFDNV).  

Coordinate1 Assignment1 Coordinate 2 Assignment 2 Strength 
8.70 1Gly-NH 7.90 5Val-NH weak 
8.61 4Asn-NH 7.90 5Val-NH strong 
8.64 2Phe-NH 7.99 3Asp-NH strong 
8.61 4Asn-NH 7.99 3Asp-NH weak 

     8.61 4Asn-NH 2.75 3Asp-Hba strong 
7.98 3Asp-NH 3.20 2Phe-Hbb weak 
7.98 3Asp-NH 3.03 2Phe-Hba weak 
7.90 5Val-NH 2.93 3Asp-Hbb strong 
8.70 1Gly-NH 2.04 5Val-Hb weak 
8.70 1Gly-NH 0.91 5Val-Hga strong 
7.32 2Phe-Hd 0.92 5Val-Hgb weak 

     8.70 1Gly-NH 4.11 5Val-Ha strong 
8.64 2Phe-NH 3.95 1Gly-Hab strong 
7.90 5Val-NH 4.33 4Asn-Ha weak 
7.98 3Asp-NH 4.51 2Phe-Ha strong 
8.61 4Asn-NH 4.77 3Asp-Ha strong 

     8.65 2Phe-NH 3.19 2Phe-Hbb strong 
8.64 2Phe-NH 3.03 2Phe-Hba strong 
8.61 4Asn-NH 2.94 4Asn-Hba strong 
7.98 3Asp-NH 2.93 3Asp-Hbb strong 
7.98 3Asp-NH 2.74 3Asp-Hba strong 
8.64 2Phe-NH 7.31 2Phe-Hd strong 
7.31 2Phe-Hd 3.20 2Phe-Hbb strong 
7.30 2Phe-Hd 3.03 2Phe-Hba strong 

     7.90 5Val-NH 0.91 5Val-Hga strong 
7.90 5Val-NH 2.04 5Val-Hb strong 

     3.96 1Gly-Hab 3.54 1Gly-Haa strong 
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4.50 2Phe-Ha 3.21 2Phe-Hbb strong 
4.51 2Phe-Ha 3.03 2Phe-Hba strong 
4.33 4Asn-Ha 2.95 4Asn-Hba strong 
4.11 5Val-Ha 2.04 5Val-Hb strong 
4.10 5Val-Ha 0.92 5Val-Hga strong 
3.20 2Phe-Hbb 3.02 2Phe-Hba strong 
2.04 5Val-Hb 0.91 5Val-Hga strong 
2.94 3Asp-Hbb 2.75 3Asp-Hba strong 

 
Table S10. J-coupling values and associated torsional restraints for cyclo-(GFDNV).  

Residue 3JNH-CHα (Hz) φ restraints 
G1 6.1 – 
F2 7.0 – 
D3 8.9 –120 ± 30° 
N4 6.5 – 
V5 9.7 –120 ± 30° 

 


