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series of 3D proton-detected NMR experiments (21). The 4D HN(H)
(H)NH experiment used 5.2-ms radio frequency–driven recoupling
(RFDR) mixing (22) for the magnetization transfer between adjacent
NH pairs (fig. S3). To reduce the measurement time of the 4D exper-
iment, the data were acquired by sine-weighted Poisson-gap non-
uniform sampling (NUS) of 25% of the total number of data points
(23, 24). In the resulting spectrum, the chemical shifts of HNi, Ni, Nj,
and HNj were correlated on the basis of the HNi-HNj dipolar inter-
action. For example, in the 2D plane defined by the HN and N chem-
ical shifts of residue L73, cross peaks were exclusively observed to
residues spatially close to L73 (Fig. 1, B and C). The distance restraints
collected by this method agreed well with the b helix model generated
by our earlier calculations based on carbon-carbon distances and pre-
dicted dihedral angles (see above). Because the peaks are very well
separated in the 4D spectrum, this approach significantly reduces as-
signment ambiguities. A total of 59 unambiguous HNi-HNj distance
correlations (present in both of the corresponding HN correlation
planes) were extracted (table S2). Structure calculations (see below)
showed that these restraints fitted only to the model of the right-handed
b helix. These results could be further corroborated by HNi-Haj con-
tacts extracted from an NHHC spectrum recorded on the [1,3-13C-
glycerol; U-15N]–labeled BacA sample (fig. S4).

In total, 1932 distance restraints were collected, including 178
medium-range (that is, |i − j| = 2, 3, or 4) and 488 long-range contacts
(fig. S5). These peaks were selected in an iterative manner: Before the
first structure calculation, only unambiguous peaks were selected. The
resulting structure was then used to select additional (structurally un-
ambiguous) peaks for refinement. This was repeated in several rounds
until almost all of the peaks in the spectra were assigned. Additionally,
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the 172 torsion angle restraints predicted by TALOS-N and an addition-
al 116 b sheet hydrogen bond restraints were used in the NMR struc-
ture calculation of the rigid central domain (residues 37 to 139),
resulting in the structure depicted in Fig. 2. The heavy-atom average
root mean square deviation from the mean structure of the 20 lowest-
energy conformers out of 200 calculated structures is 0.4 Å for the
backbone and 1.0 Å for all heavy atoms, indicating a high precision
of the calculated structure ensemble.

The overall organization of the BacA core domain is a right-handed
b helix with six windings and a triangular hydrophobic core. The core
is defined by three b strands per winding that form continuous parallel
b sheets (Fig. 2C). Many of the “corners” of the b helix are formed by
glycines, a feature that is commonly seen in b-helical structures. These
glycines are highly conserved within the bactofilin family (8). The b
sheet arrangement is stabilized by hydrogen bonds between adjacent
strands and hydrophobic side chains tightly packed in the interior of
the b helix. All charged residues face toward the outside, and some of
them are arranged on top of each other such that their charges mu-
tually compensate each other (E49-K65-E82, E57-R72, E88-K103-E120,
and D116-R133). The first (#1) and the last (#6) windings of the b helix
are not as well defined by the data as windings #2 to #5. Here, we could
not detect any intermolecular distance restraints between windings #1
and #6 as would be expected from a head-to-tail arrangement of the
subunits. The lack of such restraints could either indicate a different
supramolecular arrangement or reflect an increased local mobility of
windings #1 and #6. All of our observed distance restraints were un-
ambiguously assigned to intrasubunit contacts, leaving no unassigned
restraints that could have arisen from intermolecular subunit-subunit
contacts. This suggests that the lack of restraints for windings #1 and
 on D
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Fig. 1. Structural restraints from 1H-detected ssNMR. (A) 2D H-N correlation spectrum of deuterated and 100% back-exchanged BacA37–139 with some
of the amino acid residues annotated. (B) One plane of the 4D HN(H)(H)NH correlation spectrum. Plane taken at chemical shift positions of the L73 residue

(diagonal peak marked in red). Long-distance restraints (cross peaks) annotated in black. For better visualization, the corresponding residues are labeled in
blue in (A). The appearing cross peaks represent spatially close amide protons and are used for structure calculation. (C) Schematic representation of
magnetization transfer from residue L73 to spatially close residues during the 4D NMR experiment (blue arrows). Dashed red lines represent hydrogen
bonds between consecutive windings of the b helix.
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