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How myosin II achieves total shutdown
Ben Short

JGP study describes 3-D structure of the 10S form of myosin II, identifying key interactions between the head and tail domains that keep the
motor protein switched off.

The myosin II motor protein drives a wide
variety of processes, from muscle contraction
to cell migration, by binding to F-actin and
hydrolyzing ATP. Composed of two heavy
chains, two essential light chains, and two
regulatory light chains (RLCs), myosin II
molecules perform their functions by poly-
merizing into extendedfilaments. To conserve
energy and facilitate their delivery to sites of
filament assembly, however, myosin II mon-
omers are maintained in a compact, inactive
conformation named after its sedimentation
coefficient of 10S. In this issue, Yang et al.
provide new insights into the structure of 10S
myosin II that help explain how its motor
activity is completely shut off (1).

10S myosin is remarkably inactive, hy-
drolyzing ATP at a rate of just one mole-
cule per hour (2). 3-D reconstructions of
the 10S structure suggest that the two
head domains of myosin II—comprising
the light chains and the N-terminal halves
of the heavy chains—inhibit each other in
an asymmetric manner (3, 4). The actin-
binding domain of one head is “blocked”
by the other head. This second head, in
contrast, may be “free” to bind actin, but
its ATPase activity is inhibited because its
converter domain—which helps release
the products of ATP hydrolysis—is im-
mobilized by its interaction with the
blocked head.

The tail domain formed by the C-terminal
halves of the heavy chains is also thought to
contribute to the inhibition of 10S myosin,
but this region of the molecule is largely
missing from the 3-D reconstructions. 2-D
electron microscopy has shown that the tail
wraps around the head domains of 10S
myosin II (5), but these head–tail interac-
tions have not been observed in 3-D. “We
wanted to fill in this gap,” explains Roger

Craig from the University of Massachusetts
Medical School.

Craig and colleagues, including co-first
authors Shixin Yang and Kyoung Hwan Lee,
therefore generated a 3-D reconstruction of
10Smyosin using negative staining and single
particle analysis of the full-length molecule.
Due to their high flexibility, some parts of the
tail are missing from the reconstruction, but
the structure includes all of the tail regions
closely associated with the heads.

The researchers were able to identify
numerous interactions between the head
and tail domains, many of which are likely to
stabilize the asymmetric interaction of the
blocked and free heads as well as the overall
conformation of the 10S molecule. But sev-
eral interactions appear to play amore direct
role in inhibiting 10S myosin activity.

One interaction between the tail and the
converter domain of the blocked head likely
inhibits this head’s ATPase activity, while
another interaction between the tail and the
actin-binding domain of the free head proba-
bly prevents this head from attaching to actin
filaments. “So actin-binding and ATPase ac-
tivity are switched off in both heads,” Craig
says. “Everything is totally shut down.” In

addition, interactions between different seg-
ments of the tail allow it to fold up so that it is
unable to mediate myosin polymerization and
filament formation.

10S myosin is activated when myosin
light chain kinase phosphorylates a serine
residue on each of the two RLCs. Yang et al.’s
reconstruction reveals that the serine resi-
due in the free head RLC is completely ac-
cessible. But the equivalent serine in the
blocked head is masked by an interaction
with the tail. The researchers suggest that
phosphorylation of the first serine may
slightly destabilize the 10S conformation,
whereas phosphorylation of the second
serine is likely to trigger the molecule’s
complete unfolding and activation.

“We’d now like to get a higher resolution
structure using cryo-EM so that we can see
exactly which residues are involved in all
these interactions,” Craig says.

1. Yang, S., et al. 2019. J. Gen. Physiol. https://doi.org/10.1085/
jgp.201912431

2. Cross, R.A., et al 1988. J. Mol. Biol. 203:173–181.
3. Wendt, T., et al 2001. Proc. Natl. Acad. Sci. USA. 98:
4361–4366.

4. Liu, J., et al 2003. J. Mol. Biol. 329:963–972.
5. Burgess, S.A., et al 2007. J. Mol. Biol. 372:1165–1178.

Left to right: Roger Craig, Kyoung Hwan Lee, Shixin Yang, and colleagues generate a 3-D reconstruction of the
10S conformation of myosin II that explains how interactions between the tail and head domains help to
completely switch off the protein’s motor activity. Key interactions include TB3, which inhibits the ATPase
activity of the “blocked” head, and TF1, which masks the actin-binding domain of the “free” head.

.............................................................................................................................................................................
bshort@rockefeller.edu.

© 2019 Rockefeller University Press. This article is distributed under the terms of an Attribution–Noncommercial–Share Alike–No Mirror Sites license for the first six
months after the publication date (see http://www.rupress.org/terms/). After six months it is available under a Creative Commons License
(Attribution–Noncommercial–Share Alike 4.0 International license, as described at https://creativecommons.org/licenses/by-nc-sa/4.0/).

Rockefeller University Press https://doi.org/10.1085/jgp.201912458 1061

J. Gen. Physiol. 2019 Vol. 151 No. 9 1061

on September 3, 2019jgp.rupress.org Downloaded from 
http://doi.org/10.1085/jgp.201912458Published Online: 8 August, 2019 | Supp Info: 

https://orcid.org/0000-0001-7899-7881
https://doi.org/10.1085/jgp.201912431
https://doi.org/10.1085/jgp.201912431
https://doi.org/10.1085/jgp.201912431
mailto:bshort@rockefeller.edu
http://www.rupress.org/terms/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://doi.org/10.1085/jgp.201912458
http://crossmark.crossref.org/dialog/?doi=10.1085/jgp.201912458&domain=pdf
http://jgp.rupress.org/
http://doi.org/10.1085/jgp.201912458


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 299
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


