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Supplementary Figure 1. Two-dimensional >N-"H spectra of SH3 and GB1. To monitor
sample conditions and transfer assignments, we recorded proton-detected, cross polarization-
based (H)NH correlations of microcrystalline, 2H,'3C,'N-labeled SH3 (top panel, acquired at
60 kHz MAS, 70% re-protonated), and GB1 (bottom panel, acquired at 37 kHz MAS, 100%
re-protonated) samples. The assignment of amide backbone signals is indicated in both cases.
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Supplementary Figure 2. Pulse sequence of the 2D (H)COH experiment. To record a 2D,
proton-detected '3C-"H spectrum for correlating multiple amide protons with carbonyls and vice
versa, we employed a conventional (H)COH pulse sequence with both CP transfers set to 4 ms.
The black, wide rectangle represents a 7 pulse, and black, narrow rectangles n/2 pulses. CP =
cross polarization, and ts = water suppression.
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Supplementary Figure 3. Selected 2D planes of the 3D (H)NCOH spectrum of SH3. Cross
peaks reflecting hydrogen bonds between amide protons and carbonyls are labeled with the
respective amino acid types and their sequence number.
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Supplementary Figure 4. Detection of a proline carbonyl in SH3. The HN of amino acids
close in space can be used as probes to observe the CO resonances of prolines. The lines in the
structural illustration indicate observed interactions and their thickness reflects the cross peak
intensities.
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Supplementary Figure 5. Selected 2D planes of the 3D (H)NCOH spectrum of GB1. As
examples, cross peaks of residues in the a-helix of GB1 are shown.
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Supplementary Table 1. Distances between HY, carbonyl- and a-carbons in secondary
structure elements of proteins. Distances (given in A) between the indicated atoms are based
on idealized secondary structures: o-helix (PDB code 4U1H (Klaverpris et al., 2015)), and
parallel and antiparallel B-sheets (PDB codes 2LBU and 2LNQ, respectively (Qiang et al.,
2012; Schiitz et al., 2011)).

a-helix [A] B-sheet (parallel) [A] B-sheet (antiparallel) [A]
CO;---HNiy 5.5
CO;-+-HN; 3.2 CO;.;++-HY 3.1 COi.i-+-HN; 2.0
COj---HNisy 2.0 CO;---HY; 4.4 COj---HN; 3.2
COj---HNis2 3.2 COj.1-+-HY 2.0 CO;---HN; 2.6
COj---HNis3 3.1 COj-+-HN, 2.8 COj.1---HYN; 54
COj---HNis4 3.2
CO;j---HNiss 4.9
Caiis--HNiy 4.8
Ca+-HN; 2.0 Coti-1++-HN; 4.4 Coi.1++-HN; 2.6
Caiis-*HNit 2.6 Coie+-HY; 33 Ca+-HN; 2.1
Caiis--HNis2 4.1 Coyj-1+-HN; 2.5 Cajri++-HN; 4.2
Caiis--HNis3 3.8 Caj---HY; 2.1 Caj---HY; 4.2
Caiis--HNit4 4.2
Caiis--HNiss 6.3
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