Supplementary Information

The central role of the F-actin surface in myosin force
generation

Matthew H. Doran and William Lehman



Supplementary Table S1: F-actin Binding Proteins Description

Protein Name

Function

Actin-Binding Domain

Actin Localization

Spectrin [1]

Cytoskeletal organization

CH domain

D-loop, SD1, SD2

Utrophin [2] Anchors neuromuscular junction CH domain D-loop, SD1, SD2
Plastin [3] F-actin bundling protein CH domain D-loop, SD1, SD2
LifeAct [4,5] F-actin marker - D-loop

Cofilin [6] F-actin severing - D-loop, SD1, SD2
MLCK [7] Regulate smooth muscle contraction - SD1, SD4

Villin [8] F-actin bundling protein Headpiece Domain -

Scruin [9] F-actin cross-linker - SD1, SD2, SD3

Troponin [10]

Ca?* dependent regulation of muscle
contraction

Tropomyosin [11] Ca?* dependent regulation of muscle o/ B pseudorepeat SD3, SD4
contraction
N-term Myosin Binding Protein C [12] Modulates actin-myosin binding - SD1

Myosin [13]

Generating force on F-actin

D-loop, SD1, SD2, SD3

Calponin [14]

Modulates actin-myosin binding

CH domain

D-loop

Coronin [15]

Remodeling actin cytoskeleton

Beta-Propeller Domain

a-catenin [16]

Tethers cell-cell adhesion to
cytoskeleton

D-loop, SD1, SD2, SD3

Metavinculin [16]

Anchoring actin to membrane

D-loop, SD1, SD2

Formin [17] Remodeling of cytoskeleton FH2 SD1, SD2, SD3, Sb4
a-actinin [18] Actin cross-linker in sarcomeres z band CH domain D-loop, SD1, SD2
Leiomodin [19] F-actin cross-linker WH2-domain SD1, SD2
Tropomodulin [19] Capping protein SD1, SD2

Table S1: F-actin-binding Proteins. Summary of F-actin binding proteins. 20 F-actin binding proteins,
their function, and localization on the actin filament have been tabulated to show their diversity of
function. Notably, many F-actin binding proteins bind to the D-loop hydrophobic patch at the junction

between two actin subunits.




Supplementary Table S2: Summary of cryo-EM structures deposited in the PDB.

PDB EMDB | Resolution | Actin Species Tropomyosin | Myosin Isoform Name Isoform Bound
Code Code Species Species Function State
6x5z* 22067 | 4.2 Chicken Human Bovine B-cardiac Sarcomeric Rigor
[20] ACTA1- TPM1 - MYH?7 - muscle myosin
P68139) P09493 Q9BE39 Il
5jlh* 8164 3.9 Human ACTG1 | Human Human Non-muscle Cytoskeletal | Rigor
[21] - P63261 TPM3 - MYH14 - myosin llc Motor
P06753 Q72406) (NM2c¢)
7jh7%* 22335 | 3.8 Wild Boar Porcine TMP1 | Wild Boar B-cardiac Sarcomeric Rigor
[22] ACTC1 - - P42639 MYH?7 - muscle myosin
B6VNT8 P79293 1]
6cld* | 7329 3.2 Rabbit ACTA1- | N/A Rat Myolb - | Unconventional | Cytoskeletal | ADP
[23] P68135 Q05096 myosin 1b Motor
(Myo1b)
6clh* | 7331 3.9 Rabbit ACTA1- | N/A Rat Myolb - | Unconventional | Cytoskeletal | Rigor
[23] P68135 Q05096 myosin 1b Motor
(Myo1b)
6clg* | 7330 3.8 Rabbit ACTA1 - | N/A Rat Myolb - | Unconventional | Cytoskeletal | ADP
[23] P68135 Q05096 myosin 1b Motor
(Myo1b)
7aln* 11818 | 3.8 Plasmodium N/A Plasmodium | PfMyoA Plasmodium | Rigor
[24] Falciparum Falciparum gliding
PfActl - PfMyoA - motility
Q814X0 Q8IDR3
6BNP* | 7116 4.6 Rabbit ACTA1- | N/A Wild Boar Unconventional | (-) End Rigor
[25] P68135 MYO6 - myosin 6 Cytoskeletal
Q29122 Motor
6BNQ* | 7117 5.5 Rabbit ACTA1- | N/A Wild Boar Unconventional | (-) End ADP
[25] P68135 MYO6 - myosin 6 Cytoskeletal
Q29122 Motor
5h53* | 6664 5.2 Rabbit ACTA1 - | N/A Rabbit Skeletal muscle | Sarcomeric Rigor
[80] P68135 MYH13 - myosin ||
Q9GJPY
6bih 7100 6.0 Rabbit ACTA1- | N/A Chicken Smooth muscle Smooth Rigor
[26] P68135 MYH11 - myosin Il Muscle
P10587 Contraction
4a7f 1987 7.7 Rabbit ACTA1 - | Rabbit TPM1 - | Dictostelium | Unconventional | Cytoskeletal | Rigor
[13] P68135 P58772 MYOE - myosin |E Motor
Q03479

Table S2: Summary of cryo-EM structures deposited in the PDB. All currently published actin-myosin
cryo-EM structures are tabulated in order to compare relevant information. The resolution is reported
as listed in the RCSB Protein Data Bank (PDB)/ EM Data Bank (EMDB) pages. Species Uniprot sequences

were taken from the PDB. The seven isoforms, which report resolution high enough to define the
protein backbone (<5.2A) compared Figures 4-7 are listed with a star next to their PDB code. The

citation associated with the PDB entries are also listed in the same column. Since 6X5Z and 7JH7 both
contain B-cardiac muscle myosin Il isoforms that are nearly identical at the actin-myosin interface, only

one is used for comparisons.




Supplementary Table S3: Strength of the Actin-Myosin Interface Regions

Myosin Isoform

Cardiomyopathy Loop

HLH Motif

Loop 3

Loop 4

B-cardiac
muscle myosin
|

Buried Surface: 353.3 A
AG: -5.0 kcal/mole

Buried Surface: 549.9 A
AG: -9.8 kcal/mole

No interaction

Buried Surface: 137.4 A
AG: -0.2 kcal/mole

Non-muscle Buried Surface: 405.2 A: Buried Surface: 639.2 A2 | Buried Surface: 163.1 A: | Buried Surface: 103.3 A:
myosin llc AG: -4.1 kcal/mole AG: -6.6 kcal/mole AG: -0.8 kcal/mole AG: 0.4 kcal/mole
(NM2c)

Plasmodium Buried Surface: 339.1 A: Buried Surface: 605.3 A2 | Buried Surface: 242.2 A: | Buried Surface: 182.3 A:
Falciparum AG: -4.4 kcal/mole AG: -7.9 kcal/mole AG: -1.8 kcal/mole AG: -2.0 kcal/mole
PfMyoA

Unconventional | Buried Surface: 334.7 A: Buried Surface: 399.6 A: | Buried Surface: 318.2 A: | Buried Surface: 208.0 A:
myosin 6 AG: -5.0 kcal/mole AG: -4.5 kcal/mole AG: 2.3 kcal/mole AG: 0.5 kcal/mole
Unconventional | Buried Surface: 425.5 A: Buried Surface: 484.5 A: | Buried Surface: 331.9 A: | Buried Surface: 167.5 A:
myosin 1b AG: -3.6 kcal/mole AG: -4.8 kcal/mole AG: -1.0 kcal/mole AG: -1.0 kcal/mole
(Myo1b)

Skeletal muscle
myosin ||

Buried Surface: 239.1 A
AG: -4.1 kcal/mole

Buried Surface: 420.0 A:
AG: -6.5 kcal/mole

Buried Surface: 68.1 A:
AG: 0.5 kcal/mole

Buried Surface: 38.9 A:
AG: 0.6 kcal/mole

Table S3: Tabulating the strength of each region involved in actin-myosin binding. The buried surface
area as well as the free energy of dissociation (AG) for each actin-myosin interface in the six isoforms
compared in this review. These values were calculated in the PDB web application, PISA. Each actin-
myosin region was extracted from their original pdb files and run through the PISA web app. The
tabulated values reflect a trend where the HLH motif is the largest and strongest interface for each
isoform (except unconventional myosin 6, which has an unusually large CM loop), followed by the CM
loop. The variable loops, Loop 3 and Loop 4 make a comparatively smaller contribution to binding and
each isoform has vastly different values for these regions. The activation loop was not shown due to its
very small interface with the actin filament. Loop 2 was not included because it does not appear in the
B-cardiac muscle myosin Il, Non-muscle myosin lic (NM2c), and Skeletal muscle myosin Il cryo-EM
densities.
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