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The first atomic model for the myosin coiled-coil in its native environment is reported(1). The coiled-coil
structure as a packing arrangement for a-helices was predicted by Francis Crick (2) to explain the X-ray
diffraction patterns of fibrous proteins first observed by Astbury (3). Later the same pattern was observed
in globular proteins like myoglobin and hemoglobin making this specific kind of a-helix packing a focus
of attention (4). Crick’s model not only explained the pronounced 5.15A reflection noted by Astbury, but
also laid out the heptad pattern for the coiled-coil sequence, remarkably decades before any coiled coil
proteins were sequenced! Noticing the fraction of hydrophobic amino acids in tropomyosin Crick
predicted the existence of a heptad pattern in the (2). Parallel, two-stranded coiled-coils, such as those of
myosin and tropomyosin, have a distinct sequence pattern: a heptad repeat with hydrophobic residues in
the first and fourth position. Hydrophobic residues following the heptad pattern are positioned at the
interface of the two 7/2 a-helices, which Crick described as having “knobs-in-holes” packing. Interlocking
residues in this manner plays a significant part in stabilizing a-helices in a large variety of proteins (5).

Coiled-coil proteins come in a remarkable variety of lengths from tens of residues to more than one
thousand in proteins such as myosin I1l. NuMA and Giantin are the only proteins with coiled coil domains
longer than myosin’s (6) but our analysis using PairCoil (7) indicates their coiled-coil region might be
interrupted by uncoiled sub-regions making the myosin Il coiled coil possibly the longest uninterrupted
coiled coil in nature. For that exact reason, this molecule is too large to be resolved in one piece under an
electron microscope with sufficient magnification. The helical symmetry in insect, asynchronous flight
muscle myosin filaments provides a unique opportunity to resolve a long coiled-coil in one piece by
reconstructing a smaller segment and expanding the map by imposing helical symmetry (Fig. 1B).

Unlike actin filaments, which across muscle types are very similar, myosin filaments show a high degree
of structural diversity. Differences between muscle characteristics (beat frequency in insect flight muscle,
produced force, etc.) is likely to come from myosin filaments which are less known in the backbone region.
There are close to a thousand disease-causing mutation-sites in the human beta-cardiac myosin and about
half of the are in the coiled-coil region (8). The tail region of the straited muscle myosin is highly
conserved and all changes are point mutations, not insertions, deletions or early termination. The
conservation is higher among the charged residues, even higher than hydrophobic residues that keep the
coiled coil together. This is because the myosin tails form the filament through charged interactions.

We collected a larger data set where 2993 micrographs with filaments were acquired from the grid using
a DE64 direct electron detector. The collection was done in integration mode using leginon/appion
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pipeline software, with the dose of 60 e-/A2. Filaments were picked manually andcut into 216,045 helical
segments with one crown (145 A axial repeat) unit per segment. The helical segments were using relion
(9) to reserve the prior information of the segments. ciSTEM was used to perform 2D classification (10)
and the classes with pronounced head appearance were selected for the final stack. The final refinement
was done on 173,515 segments and yielded a 4.25 A structure. Helical parameters were calculated using
relion_helix_toolbox (11) and the helical rise was 149.56 A and the helical twist was 34.08°. The structure
was reconstructed under C4 rotational symmetry since cisTEM does not perform iterative helical real-
space reconstruction. Sharpening was done using local-Deblur and embfactor and both produced similar
results, but local-Deblur was more effective in keeping the S2 region and resolving the large side chains.
Atomic model was built de novo with no constraints and refined on Phenix (Fig. 1C). Our atomic model
was validated using CCCP server (12).

Presence of a two-stranded a-helical coiled coil is observed with a 5.15A near meridional reflection in the
X-ray fiber diagram (13). Wide angle X-ray fiber diagrams of Lethocerus indicus flight muscle reveal the
distinctive 5.15A layer line (Fig. 1A). After helically extending and projecting the reconstruction (Fig.
1B), the resulting power spectrum also reveals the characteristic 5.15A peak of the coiled coil and
equatorial or near-equatorial intensities at 10A (Fig. 1C).

Building and validating the atomic model showed a high degree of similarity between our atomic model
and crystal structures (14) of human cardiac myosin tail segments, except in Skips 2 and 4 (Fig 1 D,E). In
Skip 2 our atomic model shows a canonical coiled coil instead of two parallel a-helices and in Skip 4, we
have one unfolded chain unlike the crystal structure where both chains are unfolded. MD simulations
showed that the model becomes more similar to the crystal structure in solution. In these areas the structure
deviates from what is expected based on the sequence because of the interactions with other proteins and
myaosin tails.

Cricks parametrization server also reports the rise-per-residue values and the numbers for atomic models
showing possible places that the coiled coil length could change. This change is enough to provide the
143 to 145A shift that is observed X-ray fiber diffraction of contracting muscle (Fig. 2). The diffraction
data is consistent with a local change rather than a uniform stretching along the entire coiled coil. In Skips
2 and 4 the difference between the atomic model, crystal structures, and the MD simulation results could
explain what is observed in the contraction cycle.
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Figure 1. (A) Muscle X-ray fiber diffraction pattern [13] compared to the power spectrum of our
reconstruction and the atomic model. (B) Extended map and the segmentation used to extract a myosin
tail. (C) the atomic model as a very long coiled coil. (D) Overlap of crystallized segments of the human
myosin on our atomic model. (E) RMSD, in parentheses, between important crystallized segments and

our model.
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Figure 2. Rise-per-residue calculated for our atomic model, crystal structures, and MD simulation results.
Skip 2 is the only region showing a significant decrease in the rise-per-residue and Skip 4 shows the most
change before and after the MD simulation.
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