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Supplementary Figure 9  
 
NMR studies of SP9 (spectra are below) 
 
NMR data were acquired on the peptide sample on a 600 MHz for H1 Varian Unity Inova NMR 
system with a 5 mm HCN room temperature probe. H1 1D, H1/C13 2D gHSQC, H1/C13 gHMBC, 
H1/H1 gCOSY, H1/H1 TOCSY with an 80 ms mixing time and H1/H1 ROESY with a 200 ms mixing 
time were acquired and analyzed with VNMRJ and MestreNova software.  
 
The 1D data was integrated to analyze the number of downfield shifted H1 resonances, which 
would be only NH, NH2, and NH3 resonances in this peptide. The gHSQC was used to disperse 
the resonances by C13 chemical shift. The a H1 resonances can thus be counted as they are 
between 3.4 and 4.5 in H1 shift and 50 and 65 in C13 shift. The remainder of the side chain 
resonances are somewhat dispersed using gHSQC, but the overlap of those was insufficient to 
readily identify all of them.  
 
Each amino acid has characteristic shifts for the side chain resonances as well as the a H1 and 
C13. To determine which a H1 and NH resonance belong to each amino acid the TOCSY and 
gCOSY were used to follow the NH to Ha out the side chain. The TOCSY connects all H1 
resonances in the same spin system; the gCOSY connects to only the H1 resonances on adjacent 
carbons. Each amino acid can be considered its own spin system, so starting with the NH, 
correlations are observed to the Ha, Hb, Hg, usually to the last H on that side chain. However, 
no correlations are observed to the next amino acid in the sequence. The amino acids with 
methyl groups- valine, leucine and isoleucine are easy to assign based upon the presence of the 
methyl in the TOCSY spectra. Each methyl also has characteristic C13 shift so separating each of 
those 3 amino acids is straight forward. Lysine and arginine are also readily assigned with the 
Nitrogen(s) at the end of each of their side chains. The Nitrogen shifts the last CH downfield in 
both C13 and H1. Also, the NH3+ of lysine is observed and correlates through TOCSY and 
gCOSY. Glutamine has observable NH2 amide peaks on the end of its side chain making it 
different that glutamic acid. Aspartic acid and glutamic acid are only different by one carbon, so 
they are quite similar, but the chemical shifts for aspartate CHb are slightly different than 
glutamate. Methionine was difficult due to overlap of its side chain with glutamate and 
aspartate except for the methyl. Correlations from the methyl in gHMBC which correlates H1 to 
C13 through multiple bonds and ROESY which correlates through-space connect it to a 
resonance at 2.34 ppm which connects to the assigned Ha.  
 
The resonances on the staple were identified by TOCSY starting with the alkene peaks at 5.3 
ppm (H1)/130 ppm (C13). Ideally there would 4 separate resonances, but only 2 were observed. 
They can be assigned as the 2 on the same alkene so both staple alkene shifts are the same for 
the 2 staples. The remainder of the shifts can be observed with TOCSY and gCOSY but were not 
readily assigned due to overlap. However, the last carbon on the staple side chain can be 
observed and assigned. Each of the 4 of these is different in carbon shift as observed in gHMBC 
from a methyl group. This methyl also connects to 4 different carbonyls and 4 carbons with 



shifts of about 60 ppm. The 60 ppm carbon is thus the quarternary carbon on the backbone of 
the peptide that starts the staple side chain. As it is connected to a nitrogen, it is shifted 
downfield in carbon shift. The carbonyl shift is the backbone amide carbonyl. Thus, the TOCSY 
connects the alkenes through the staple side chain. The gHMBC connects the methyl to the 
backbone carbonyl, quarternary carbon, and to the last carbon of the staple side chain. 
 
The last assignments were assigning the NH peaks that are part of the staple. They can be 
observed in the H1 1D and are singlets, unlike all peptide amides which are doublets except for 
the side chain NHs which are readily distinguished and the C-terminal amide which is an NH2. 
As the staple NHs have no connections in H1/H1 through-bond experiments, the through-space 
ROESY was used to try to connect to other H1 resonances. Correlations are observed in the 
ROESY to the sequential NH resonances for all 4 NH staple peaks when there was enough 
resolution from the diagonal. As the 3 sequence specific glutamates and 2 aspartates could not 
be confidently assigned, a correlation to glutamate could be to any of the 3 in the sequence. 
The correlations observed are consistent with the structure as drawn.  
 
Predicted molecular weight matches the observed molecular weight for SP9 
 
The predicted molecular weight of SP9 is 2217.6 (calculated from SP9.pdb using Pymol). The 
molecular weight of the synthesized SP9 as observed by LC/MS is 2222 (see Supplementary 
Figure 2). Thus, the observed molecular weight is within 0.1% to the predicted molecular 
weight. This agreement strongly argues that the synthesized SP9 has the correct sequence and 
that the two staples have formed correctly. 
 

 
Image of a model of SP9 (the coordinates are available as source data SP9.pdb). 
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