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Myosin VI lever arm rotation: Fixed
or variable?

Reifenberger et al. (1) reported in PNAS that the myosin VI
lever arms tilt by 180° on each step. This contrasts with Sun et al.
(2), wherein we found variable degrees of axial and azimuthal
tilting, consistent with the known variable step size of myosin VI.
There are several differences between the two papers, which are
listed here and clarified in a web publication (3).
Reifenberger et al. (1) wrongly explain the difference bet-

ween the two studies by a choice of analysis hemisphere. Because
of the 2-fold symmetry of optical absorption and emission di-
poles, any single measurement of polarized fluorescence is con-
sistent with two angles, one in each half of a spherical coordinate
system. Reifenberger et al. (1) stated that the dividing plane
for quantifying the probe angle must be horizontal. That this
statement is incorrect is shown in our original paper on DOPI
(ref. 4, figure S8), in figure 3 of Reifenberger et al. (1) (red
and orange arrowheads), and by molecules that artifactually
jumped between the upper and lower hemispheres described in
the PhD thesis of Reifenberger (5) but omitted in Reifenberger
et al. (1).
The substantive difference between the two papers is that we

found variable angles, whereas Reifenberger et al. (1) found only
180° rotations. Because of the helical disposition of actin binding
sites, the interhead angle (and thus the probe angle) depends on
the span between the two heads. However, myosin VI has been
shown to have a broad distribution of step sizes (refs. 1 and 2;
further refs. in ref. 3). To reconcile a broad step size distribution
and their constant probe angle, Reifenberger et al. postulated
that each myosin VI walks straight with a constant step size, but
the step size varies among myosin VI molecules. This argument
is fallacious because (i) all individual recordings presented in
papers from the authors’ laboratory (ref. 1, further refs. in ref. 3)
show variable steps; (ii) the helical structure of actin implies
that myosin VI molecules with step size other than 36 nm would
walk helically and not straight (refs. in ref. 3); and (iii) binding

sites for myosin VI to a filament on the glass allow a broad
distribution of azimuths (α) [figure 3 in Sun et al. (2)], but the α
distributions in Reifenberger et al. (ref. 1, figure 2) show narrow
peaks. This result implies severe restriction of myosin VI’s
landing positions or else strongly biased selection of recordings.
Negating all of the previous variable step size data for individual
myosin VIs on the basis of the angular measurements of Re-
ifenberger et al. (1) is untenable.
Despite the differences in results, the conclusions of the two

studies aboutmyosinVI have some similarities. Reifenberger et al.
(1) concluded that the lever and converter are completely un-
coupled in the leading head, implying gating of ATP binding by
linear strain without torque.We suggested a pliant region between
the lever and converter (i.e., not complete uncoupling), similar
to that found by crystallography of scallop myosin (referenced in
ref. 3). Torque prevents complete rotation of the leading converter
and limits ATP binding until the trailing head detaches. The var-
iable lever arm angle we observed is set by the geometrical rela-
tionship of the two bound heads and partitioning of the total
compliance between this and other flexible regions.
Further issues that distinguish the two studies are presented in

our web publication (3).

Yujie Suna, Harry W. Schroeder IIIa, John F. Beausanga, Kazuaki
Hommab, Mitsuo Ikebeb, and Yale E. Goldmana,1
aPennsylvania Muscle Institute, University of Pennsylvania, Phila-
delphia, PA 19104; and bUniversity of Massachusetts Medical
School, North Worcester, MA 01655

1. Reifenberger JG, et al. (2009) Myosin VI undergoes a 180 degrees power stroke im-
plying an uncoupling of the front lever arm. Proc Natl Acad Sci USA 106:18255–18260.

2. Sun Y, et al. (2007) Myosin VI walks “wiggly” on actin with large and variable tilting.
Mol Cell 28:954–964.

3. Sun Y, et al. (2010) Myosin VI lever arm rotation: Fixed or variable? Available from
Nature Preceedings at http://dx.doi.org/10.1038/npre.2010.4182.1.

4. Toprak E, et al. (2006) Defocused orientation and position imaging (DOPI) of myosin V.
Proc Natl Acad Sci USA 103:6495–6499.

5. Reifenberger JG (2006) Studies of myosin mechanics using fluorescence. PhD
thesis (Univ of Illinois, Urbana, IL). Available at http://research.physics.illinois.edu/
Publications/theses/copies/Reifenberger_Jeffrey.pdf.

Author contributions: Y.S., M.I., and Y.E.G. designed research; Y.S., H.W.S., J.F.B., and K.H.
performed research; Y.S., H.W.S., J.F.B and Y.E.G wrote the paper.

The authors declare no conflict of interest
1To whom correspondence should be addressed. E-mail: goldmany@mail.med.upenn.edu.

www.pnas.org/cgi/doi/10.1073/pnas.0914990107 PNAS | April 20, 2010 | vol. 107 | no. 16 | E63

mailto:goldmany@mail.med.upenn.edu

