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Supplementary Figure 1 — Cryo-EM map and validation. (a) Shows the steps of processing. A
representative micrograph on gold grids, 2D classes, and the steps of refinement and masking. (b) and
(c) show the Fourier Shell Correlation and the overall resolution on Map 1 and 2 respectively (criterion
0.143). (d) and (e) display the local resolution for each map with two orientations. (f) plots the angular
particle distribution. Each square represents (from the left to the right) the central slice along the zy, xz
and xy planes respectively. The values are shown in voxel. (g) Shows the flexibility of the density map
shown in d.




Supplementary Figure 2 — Segments 2 (Seq2) and 3 (Seq3) coiled-coils provide additional stability in
the Smooth muscle myosin 2 (SmMyo2) IHM structure. (Left upper) The overall structure is presented
with boxes showing the regions enlarged in the right panels. (Left lower) A cartoon shows the
representation of the full auto-inhibited smooth muscle myosin, with S2, Seg2 and Seg3 coiled-coils
represented as lines. An unfolded SmMyo2 is also represented. (Right upper) The Seg2 coiled-coil
interacts with the ELC from the blocked head (BH) (interface 1). (Right lower) Seg3 interacts with the
N-terminal extension (N-term ext) from the RLC from the BH (interface 2). The phosphorylatable serine
(S19) in the guRLC is part of the interface with the Seg3. IHM model used here: PDB code 7MF3*. In the
7MF3 structure,: S2 corresponds to residues 856-949; segment 2 (Seg2) residues ~1413-1526; and
segment 3 (Seg3) corresponds to residues ~1527-1623.
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Supplementary Figure 3 — Cryo-EM density map of the nucleotide. Nucleotide fitted in their density
map with respectively a cross-correlation of 0.7657 in the blocked head (BH, chain A) (a) and 0.890 in
the free head (FH, chain B) (b). (c) and (d) represent the P; “backdoor” in cardiac BH (ce:BH) and cardiac
FH (carFH). The backdoor is located between Switches-1 and -2, consisting in an electrostatic bond
between a glutamate (Glu466) and an arginine (Arg243). The cryo-EM density map is represented as a
dark grey mesh (contour 11.950). In c.rBH, the backdoor is closed without ambiguity, in c..FH, the
density of Glu466 is not clear and would be compatible with a closed backdoor (the closed backdoor of
carBH is represented as green residues in (c) to compare the conformation). (e) and (f) represent the
backdoor (Arg247 and Glu470) in smooth muscle myosin BH (smBH) and swFH respectively. The backdoor
is opened without ambiguity in smBH and smFH. The cryo-EM density map is represented at a contour of
13.300. The heads are superimposed on the motor domain (1-710 in Car, 1-722 in Sm).
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Supplementary Fiqure 4 — Comparison of the sequestered state with the pre-powerstroke (PPS) state
of cardiac myosin. (a) The blocked head (BH, in green) and the free head (FH, colored in blue)
superimpose on the motor domain with a RMSD of 0.7 A, the only difference being the kink at the Pliant
region in the lever arm, resulting in an angle of 53° between the 1Q1 helix of the BH and the FH heads.
(b) and (c) show the superimposition of the BH and of the FH respectively with the apo cardiac MD
structure in the PPS state (colored in black, MD-PPS-Apo, PDB code 5N6A,%). Both motor domains
superimpose with MD-PPS-Apo with a rmsd of 0.84 A. The arrows show the ELC/Converter interface
which is altered by the kink in the BH. (d) In the FH, the Converter/ELC interface is maintained by
“musical chairs”, a set of labile charged residues located on the ELC (deep teal cyan) or in the Converter,
more specifically in the Top-loop® (orange, aa 724-738). (e) and (f) compare the motor/ELC interface
and how it is completely altered by the kink present in the BH, the side chains of the musical chairs are
represented as sticks on both panels. The kink of the BH shifts the position of the helix. In the BH, the
interface is altered by the kink, generating a new interface between the motor (green with Top-Loop in
light orange) and the ELC (purple). (g) BH, FH and PPS-S1-OM have all a closed active site in the inner
cleft region.




Supplementary Figure 5 —
Comparison _of the IHM
structure with the previous
%S homology _ pseudo-atomic
;{' MA1 Robert-Paganin MS03, Spudich models. (a) Overall
etal, 2018 etat. representation of the IHM
structure of cardiac myosin
with two models, MA1? and
MS03* The pliant region of
the BH is shown with an
arrow. (b) Zoom in the head-
head interface  region
showing that the contacts
between heads were not
correctly modeled. (c) The
relative orientation of the
two heads varies in the
structure and in the models.
Heads dimers are
superimposed on the motor
domain of the BH (residues
3-624) and the view s
chosen to evaluate how the
FH differ in position. Boxes
indicate the regions chosen
to zoom on the main
differences in the position of
the FH heads. (d) S2 coiled-
coil in the structure and in
the models interacts with
the BH. (e) and (f)
Comparison of the lever arm
conformations of the BH and
L the FH respectively in the
Structure BH oY 4> MA1 BH TR mso3 Bl A structure and in the models.
The regions where the ELC and the RLC bind are indicated. (g) Comparison of the orientation of the
Relay and the Converter in the BH. The structure (left) is superimposed with the two models (middle
MA1 with Converter purple; right MS0O3 with Converter brown and last helix in red) for comparison.
Note the pre-prestroke position of the Relay (brown) and the Converter (brown, red) in the MS0O3 model.
In (a), the structures are superimposed on the entire model, in (c), the structures are superimposed on
both heads (which include both Motor domains and the lever arms including the two LCs), in (e) and (f)
the lever arms are superimposed on the Converter (residues 708-777), in (g), the structures are
superimposed on the N-term subdomain (residues 3-202).
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Supplementary Figure 6 — Elements and connectors of B-cardiac myosin involved in the interfaces
stabilizing the IHM. The different elements are represented on the blocked head of cardiac IHM. The
nucleotide indicates the position of the active site while elements of the actin interface are represented:
HTH: helix-turn-helix, A-loop: activation-loop, HCM-loop, Loop-4 and Loop-3. Also represented are
Switch-2 (Sw-2), 1Q1 helix: HC sequence involved in binding the ELC after the pliant region. The
Transducer (blue) corresponds to the central f-sheet as well as structural elements linked to this (-
sheet (B-bulge, HO-linker, HD-linker). The PHHIS is part of the U50 subdomain while the HTH and Loop-
3 are part of the L50 subdomains. The color coding of each part is defined on the left panel where the
name of each subdomain/region is colored differently.
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Supplementary Figure 7 — Definition of the myosin “Mesa” and elements involved in the interfaces
of the IHM, as defined by°. Surface HCM mutations are shown as balls and colored depending on the
subdomain where they are located. The color coding of each part is defined on the left panel where the
name of each subdomain/region is colored differently. The Mesa (in purple dotted lines) was defined
as a large and flat surface containing conserved residues and HCM mutations (shown as spheres). The

Primary Head-Head Interaction Site (PHHIS) and the actin-binding surface are shown with red and
orange dotted lines respectively.
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Supplementary Figure 8 — Asymmetry in the light chain binding regions. Color coding of the different
elements are indicated with labels on the figures (BH: forest green, FH: dark blue, ELC: magenta;
sHELC: pink, suRLC: sand yellow; snRLC: light grey). (a) Interactions at the ELC/RLC interface in FH. differ
from the ELC/RLC interface in BH (Fig. 3d). A few side chains involved in polar contacts are shown. (b)
Lever arm of the BH and of the FH aligned on IQ2 reveals a 18° difference in the orientation as well as
major differences in the ELC/RLC interface. (c) Asymmetry in the conformation and contacts of the two
RLCs in the IHM structure. The RLC/IQ2 of the BH and FH heads see a different environment. This is
specifically true for the region 834-848 of the heavy chain (HC), due to the fact that the coiled-coil
triggers a shift in position of the HC residues (arrow between the M849 position). The HC residues (834-
848) thus adopt drastically different conformations (yellow for BH, ruby red for FH) that are critical to
form the RLC/RLC interface. This shift explains why some residues have different environments in the

FH and in the BH: two residues characteristic of this phenomenon are contoured in black, R845 and
E846. After residue R846, the phase of the coiled-coil is more canonical. Interestingly, the suR845
residue is involved in electrostatic interactions with the rn.ricE31 residue, while the (uR845 residue is
buried in the ru.ricN-lobe core. See also Supplementary Movie 3 to visualize the asymmetry of this
region in detail.
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Supplementary Figure 9 — Cardiac and smooth muscle interacting-heads motifs (IHMs) differ in
conformation. (a) and (b) shows the difference in the conformation of the motor domain of cardiac IHM
(carlHM) (colored by subdomain) and Smooth muscle IHM (smIHM) (light brown for the blocked head;
black for the free head). (c) and (d) show the conformation of the backdoor closing the phosphate
escape tunnel®, with colHM and smIHM structures depicted as in (a) and (b). (e) and (f) compare the
priming of the Converter in the BH (e) and the FH (f) in corlHM and s»IHM. In (a), (b), (c) and (d) the
proteins are superimposed using the N-terminal subdomain (residues 3-202); in (e) and (f) the proteins
are superimposed on residues 3-707.




(d) Sequence conservations

Car ELC MAPKKPEPKKDDAKAAPKAAPAPAPPPEPERPKEVEFDASKIKIEFTPEQIEEFKEAFM 59
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Supplementary Figure 10 — the homology models MSO3 and 5TBY are similar to smooth muscle
myosin interacting-heads motif (swIHM). (a), (b) and (c) compare the relative orientation of the heads
(free head, FH and blocked head, BH) of SmIHM to the models MS03*; 5TBY’ and MA13. The relative
orientation of the heads in smIHM is close to MS03 and 5TBY that were obtained from the IHM model
fitted in the map of tarantula striated muscle thick filament. In panels (a), (b) and (c), the structures
are superimposed on the motor domain of BH of cardiac models (residues 3-781). The superimpositions
are shown in Supplementary Movie 4. (d) Shows the sequence alignment of human (Homo sapiens)
cardiac myosin ELC (MYL3); chicken (Gallus gallus) Smooth muscle myosin ELC (MYL6) and tarantula
(genus Aphonopelma) striated muscle ELC (primary accession AOA140UGH4_9ARAC). Tarantula and
smooth muscle ELC have no ELC N-terminus extension (g cNterm).
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Supplementary Figure 11
Organization of the
thick filament. (a) Fit of
the IHM motifs in crowns
1 and 3 using the 28 A
resolution map of the
relaxed human cardiac
thick filament (EMD-2240
8). Crown 2 less
stabilized and less
defined in density. A tilt of
19° is observed for crown
1 compared to crowns 2
and 3. (b) Zoom in the
interface between crown
1 and 3. Our model
indicates that the BH-ELC
N-lobe and the N-
terminal extensions
(Nterm extensions) of
both the BH-ELC and the
BH-RLC of crown 3 could
interact with the L50
helix-turn-helix (HTH) and
loop 3 of crown 1. The 49
amino-acid Nterm
extension of the ELC can
reach the activation loop
(A-loop) and the HTH.
Since the BH-RLC N-term
is not involved

is

in

interactions at the interface between the two RLCs, the phosphorylation site could modulate the IHM
stability mostly via these inter-crown interactions in cardiac muscle, unlike what occurs for smooth
muscle myosin. (c) Analysis of the sequence conservation of the ntermELC and ntermRLC in human cardiac
myosin (Car), human skeletal myosin (Sk), smooth muscle myosin (Sm) and Aphonopelma tarantula
myosin (Tar). Charged regions are in a red box, the position of the phosphorylatable serine is colored in
red. (d) Schematic overview of the differences stabilizing the sequestered states in human cardiac and
tarantula striated muscle. In cardiac muscle (left), the inter-crown interface stabilizes the IHM of
crowns 1 and 3, while crown 2 is less stabilized and less defined in the density because (i) it is not
oriented to establish this interface and (ii) the crown 2/crown 3 inter-crown distance is longer compared
to crown 3/crown 1. A fit of the IHM cardiac model in the purely helical relaxed tarantula striated
muscle®>'%11 (right). Compared to cardiac myosin, tarantula myosin has a longer nemRLC and a shorter
neermELC. Differences in both sequence and symmetry imply that the inter-crown interface greatly differ
in cardiac and tarantula fibers, even though they can involve the same structural elements.



Supplementary Tables

Supplementary Table 1 — EM validation

IHM B-cardiac myosin (EMD-15353)

Data collection and processing

Microscope Titan KRIOS G3
Detector K3
Maghnification 105k
Total exposure (e-/A?) 39.2
Exposure time 24s
Electron exposure per frame (e-/A?) 0.98
Defocus range (um) -0.8,-2.2
Pixel size (A) 0.84
Symmetry imposed c1

Initial particles images (no.) 493179
Final particle images (no.) 213596
Map resolution (A) 3.6

FSC threshold 0.143
Map resolution range (overall) 39

Refinement

Initial model used (PDB codes)

5N69, 2XFM, homology modeling from 7MF3

Map sharpening B-factor (A2)

67.4

Model composition

Non-H atoms 18839
Protein residues 2322
Ligands 6
RMSD from ideal geometry

Bond length (A) 0.002
Bond angles (°) 0.601
Validation

Molprobity score 1.87
clashcore 16.05
Ramachandran (%)

Outliers 0
Allowed 2.89
Favored 97.11
Validation

CC (mask) 0.79
CC (volume) 0.78
EMRinger score (overall mode) 0.81
EMRinger score (1-786, heads regions | 1.15

at high resolution)




IHM B-cardiac myosin head-head masked map (EMD-15354)

Data collection and processing

Microscope Titan KRIOS G3
Detector K3
Maghnification 105k
Total exposure (e-/A?) 39.2
Exposure time 245
Electron exposure per frame (e-/A?) 0.98
Defocus range (um) -0.8,-2.2
Pixel size (A) 0.84
Symmetry imposed Cc1

Initial particles images (no.) 493179
Final particle images (no.) 213596
Map resolution (A) 3.2

FSC threshold 0.143
Map resolution range (overall) 2.5-6
Refinement

CC (mask) 0.61

CC (volume) 0.61
EMRinger score (1-786, heads regions | 1.78

at high resolution)




Supplementary Table 2 — Interactions stabilizing cardiac IHM

This table details the residues involved in the different interfaces of the cardiac IHM in the columns on
the left and compares with the residues found in similar contacts for stabilization of the smooth IHM
on the left. In particular, an orange background allows to find which interactions are drastically
different between the smooth and the cardiac IHMs. The five interfaces are listed one after the other,
with subdivisions for the Head/Head interface so that the reader can easily find which residues
correspond to the different parts of the myosin head involved in these interactions.

Interactions that differ drastically between smooth and cardiac are shown with orange background.

(i) Head-Head interactions

BH HCM-loop / FH Transducer (HO-linker and 3-bulge)
The BH HCM loop is positioned differently on the FH head in Cardiac and Smooth IHMs. It interacts mostly
with the Transducer in Cardiac while in Smooth, interactions reach the HD-linker but no interaction occur
with the N-terminus part of the HO-linker

BH FH SmHMM HCM/effect

HcM-oopR403 Ho-linker Q454 (Mesa) sr-ncmR406, K408 R403Q
(electrostatic) FH-HO-linker Q456-G457 iigib\, 1
Ho-linker Y455 (Mesa) (electrostatic) R403G 15

(stacking + electrostatic) | fi-rp-inkerR168,E169
B*bulgeA254 (Mesa)

HCM—|oopN408 HO-linkerK450 (Mesa) No interaction N408K 16
(electrostatic) for residues BH-HCMR4 11 RAS3C/H/S 17181920,
HO—IinkerP452 (Mesa) and residues Nter of the
Ho—linkerR453 (Mesa) FH—HO.IinkerT453,R455

HcM-loopE409 p-bugeH251 (Mesa) No interaction H251N 222423
(electrostatic) BH-HcmD412 R453C/H/S 17161920
HO-IinkerR453 (Mesa) FH- [5,bu\geN255

(electrostatic)
Ho-linkerQ454 (Mesa)

HcM-loop Y410 Ho-linker Q454 (Mesa) Different interaction
Ho-linkerR453 (Mesa) BH-HcmV413,Q415

FH—HD—IinkerE169; R168
FH—TransBSF46O

BH Loop4 / FH Relay

Equivalent interaction in Cardiac and Smooth IHMs between Relay and Loop4

Loop4K367 Cal’bonyl Re|ayK503 (Mesa) BHfLoop4E370, Q375
(electrostatic) FH-relayR507
(electrostatic)

BH PHHIS / FH Converter
Lock-and-key interactions between the r«Converter T-loop and the s4U50 subdomain involve similar
residues but in fact differ as the top-loop conformation differ in the two IHMs. The difference in size of the
lock and key residue side chain, the top loop 3 size and composition lead to drastically different interactions
between the Converter and the BH head.

T-loopl 736 FH-T-loopF 746 173672
HM-helixD382 BH-HM-helix Q385 D382Y 23
HM-helixK383 BH-HM-helix K386 K383N?5
Y386H 2




HM-helixY 386
H-helixL302

BH-HM-helix H389
BH- HJ-he\ixL3O6

BH PHHIS / FH Converter

Different positioning of the Converter leads to distinct interactions in Cardiac and Smooth IHMs between
the U50 subdomain and the Converter. Several polar interactions are found in Cardiac on either side of the
1736 lock and key residue while no polar interaction is predicted at this interface in the smooth IHM on

either side of the F746 lock and key residue.

HM-helixE379 No polar interaction E379K¥
(electrostatic) T100pD737 involving the Top loop
HM-helixK383 T-l00pl 736 carbonyl of Smooth FH head K383N2
(electrostatic)
HM-helixD382 No interaction with D382y 2
. T*|00ps738
(electrostatic) G749
HM-helixY 386 . 1100pG733 carbonyl No polar interaction Vasen
(electrostatic) Gr33E ¢
Q734E/P%8»
HM-helix T100pD737 5738 BH-HM-helix
T378.E379.D382 apolar interactions N381.T382.Q385
FH-Top-IoopM747mcD748mc
HM-helixY 386 T100pQ734
Hn-helixN391 (long range) | convQ720 BH- HN-helix T396 G716A7
HN-helixA393 conD717 BH- HN-helix R400
convG716 (electrostatic)
No interaction via K397 | conl714 ONLY IN SMOOTH
and converter conv1761 FH-convE729
HM-helix T 378 convH760 (electrostatic)
FH—Coan726
FH—Coan728
(electrostatic)
FH—Coan773

(electrostatic, long
range)

BH PHHIS / FH HD-linker and ELC

The FH HD-linker interacts with the U50 subdomain but make only non polar interactions in Smooth IHM as
it is more involved in interactions with the HCM-loop

HN-helix D394.K397

HD-linkerR169 (Mesa)
(electrostatic)

BH-HN-helixD397
(long range)
BH- HN-helix R400

FH-HD-linker R168

Not defined in density
but consistent

D394E%

R169G

HU-helix K611

ELcloop3Res143-145

No interaction

R143G/Q %




(ii) BH - S2 Coiled-coil interactions

No Conservation between Smooth and Cardiac : Seg3 of Smooth interacts with only a part of the HO-linker
of the BH head to mimic some of the interactions that involve the proximal S2 region of Cardiac

BH Mesa Coiled-coil SmHMM HCM
Ho-linkerK450 (Mesa) s2E874 (electrostatic) Interaction with Seg3
Ho-linkerQ451 (Mesa) s2V878
Ho-linkerP452.R453.Q454 52L.881-Q882 Interaction with Seg3 Q882E *°
(Mesa) s2M877 RA4S3C/H/S 17181920
s2V878
nw-nelixK657 (Mesa) 521889 (electrostatic, No interaction
backbone)
52Q892
s2A893
52D896
Hw-helix 660 (Mesa) 52Q892 No interaction T660N ¢
(electrostatic)
Hw-helixN661 (Mesa)
(electrostatic)
Hw-helixS664 (Mesa)
(electrostatic)
T660N

Hw-heixN656 (Mesa) 52D896 No interaction
(electrostatic, backbone)
HW-helix1 660 (Mesa)

No interactions occur in Cardiac IHM between the FH head and the proximal S2 region, whereas a few

interactions occur in Smooth IHM

No interaction FH-HCM loopR411
ri-s2£941.Q945

FH-Loop2M655.K652.F656
sH-s2E938 (electrostatic)
E939.E942

(iii) RLC/RLC interactions (not conserved between Smooth and Cardiac)

BH-RLC/BH ‘ FH-RLC SmHMM

| HCm ?

The interactions between RLC lobes of the BH and FH heads depend on the presence of the N-terminal
extension of the FH head in Smooth, but not Cardiac as the RLCs of the two heads

interact directly in Cardiac

rRico2L56, R58 Nterm-ext M20-F21 FH-Nterm-extR€515-24

1o P838

rica1l35, Q38 rLC loop2 N78 (electrostatic) | Sandwiched between

rica2D51, A55 T80 rH-ricO1- 4

Q L839 and
RLcas 180-L83 BH-RLCOLL- 012 BH10Q852
RLca1K30

1qR845 (electrostatic) rica1Q27-E28, E31 sn-10R855 (electrostatic)
(electrostatic) rH-RLca1Q27-528-Q31

(electrostatic)




(iv) ELC/RLC hinge in the BH and FH heads (not conserved between Smooth and Cardiac)

BH-ELC

BH-RLC

SmHMM

HCMm ?

ELC- loop1P65-K66

Ricas 1 125-Q126

ELC- loop1P65 carbonyl
(electrostatic)

RLC- linker3R129
(electrostatic)

ELc- a1- D62 carbonyl
(electrostatic)

rcasQ126 (electrostatic)
1aR808 (electrostatic)

In the BH lever arm,
hydrophobic interactions
between:

ELcReS L17-R20
ricResT128-M129-R132
1qL819

£cD19,D23 (electrostatic)
r.cR132

e.cR20 (electrostatic)
ricE124- T128

sH-rLcR44/ rr-ricD45
carbonyl (electrostatic)

ELC A57G, would weaken
helix a13132

FH-ELC

FH-RLC/FH-1Q2

SmHMM

HCM ?

ELC- loop1R63 carbonyl
ELC- Ioop1R63

ricas 1125 (electrostatic)
rca6Q126 (electrostatic)

ELC- loop1P65 carbonyl
(electrostatic)
ELC- Ioop1K66

RLC- linker3R129

eLc- a1-D62 carbonyl
(electrostatic)

elc-a1-E56 (electrostatic)

fLc- «1-L60

RLcas 1125 carbonyl
(electrostatic)

1aR808 (electrostatic)
1qL805

1oL804

No clear interaction in the
FH lever arm.

ELC A57G, would weaken
helix a1 3332
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