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Memories of early years in John T. Edsall’s lab-
oratory, 1957—-1959

| came to John Edsall's laboratory in the fall of
1957, having just completed my Ph.D. in the Phys-
ical Chemistry department at Yale University.
Although J.G. Kirkwood was ostensibly my thesis
advisor at Yale, | had little contact with Kirkwood,
who was widely known for his contributions to
polymer hydrodynamics, thermodynamics and sta-
tistical mechanics. | spent most of my first two
years titrating various unrelated proteins in con-
nection with Kirkwood’'s theories on the ionic
interactions of peptides and proteifi0], but dur-
ing my third and last year at Yale, | had the oppor-
tunity to work on the size and shape of myosin by
light scattering [5]. At that time, myosin was
thought of more as a good model system for helical
polypeptides, than as a biologically interesting
molecule. Towards the end of my stay at Yale, it
became known that trypsin could cleave myosin
into a water soluble component, heavy meromyo-
sin (HMM) and a filament forming component,
light meromyosin(LMM ), but how these subfrag-
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ments related to the native parent molecule was not
known.

Because John Edsall had studied the flow bire-
fringence of ‘myosin’(actually actomyosinat an
early stage in his career, a study from which it was
concluded that the protein behaved as an asym-
metric, rod-like moleculd24], he had a continuing
interest in muscle contraction, and suggested | join
his laboratory to pursue my interests in muscle pro-
teins. Another postdoctoral fellow in the labora-
tory, Don Wetlaufer, was following up on the small
subunits released by myosin upon exposure to urea,
an observation first made by Tsao in 1953. During
the first year, | briefly participated in the applica-
tion of Raman spectroscopy to the study of small
molecules with reactive thiol groudd7], but my
attention soon returned to the problem of myosin
and actin, and | continued the experiments with the
meromyosins first begun at Yale.

Around the time that | entered his laboratory,
John Edsall became Editor-in-Chief of thieurnal
of Biological Chemistry, a position that obviously
took a great deal of time and energy given his
desire to elevate the journal to even higher stan-
dards of excellence. Despite the burden of editorial
duties, Dr Edsall took an active interest in my
myosin research, and was always supportive of my
efforts. This was particulary important, since Jim
Watson and his associates were in the midst of their
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pioneering work on ribosomes, work which model for the structure of myosin which had a
required extensive use of the analyti€Model E) ‘double-strandeda-helical core with a globular
ultracentrifuge. Except for the fact that the Model mas$es) projecting from the rod{12]. This struc-
E was under Dr Edsall’s jurisdiction, | would have ture was remarkably similar to the actual structure
been severely limited in the number of experiments visualized by electron microscopy some five years
| could execute in the ultracentrifuge, since the later, and communicated by John T. Edsall to the
Watson team primarily considered me a nuisance Proceedings of the National Academy of Sciences
and an obstruction to their more important [23]. By improved technigues in shadow-cast prep-
research. They may well have been correct in their arations, it was shown that two globular masses
opinion, but | was determined to measure the (referred to as subfragment-1 or)3&ere attached
molecular weights of the meromyosifisy the new to the rod, confirming that myosin consists pri-
‘Archibald’ method or approach to sedimentation marily of two polypeptide chains.
equilibrium), and analyze the sedimenation veloc-  The remainder of this period was devoted to dis-
ity patterns for the percentage HMM and LMM in  secting myosin in ever increasing detail by means
the myosin molecul¢l1]. Dr Edsall very magnan-  of proteolytic enzymes, and characterizing the
imously declined to include his name in the author- functional domains by enzymatic and hydrody-
ship of that paper, but it is fair to say that it could namic methods[13]. The elucidation of these
not have been completed without his help and structural elementée.g. S1, the globular head con-
diplomacy. taining the nucleotide—and actin—binding sites;
Although | spent only two years at the Biolog- and S2, the soluble-helical rod portion of HMM
ical Laboratories in Cambridge, they had a lasting contributed to the ‘tilting cross-bridge’ model as a
effect on my vision of proteins as highly intricate mechanism for producing relative sliding and gen-
macromoleules whose properties can be profound- erating force between the thick and thin filaments
ly influenced by small changes in the ionic envi- [6]. At about this time, transient kinetic analysis of
ronment. | think many of the current controversies actomyosin had progressed sufficiently to show
and problems in the myosin field are due, in part, that the ATPase cycle included dissociated myosin
to a tendency to overlook the dynamic properties states followed by strongly bound actomyosin
of proteins, especially in the case of the motor pro- states upon product releagg6]. This cycle cor-
teins, which are designed to exist in so many related very well with the available structural infor-

nucleotide states during their working cycle. mation and the sliding filament hypothesis. One
could argue that the essential features of the con-
The Jimmy Fund decade, 1960—1970 tractile cycle were understood at that stage, but

there was really no direct experimental evidence

After Harvard University, | moved to the Chil- that myosin heads actually behaved that way in
dren’s Cancer Research Foundatithe ‘Jimmy vitro or in vivo, and no high resolution crystal
Fund’) and nearby Harvard Medical School, where structures of myosin or actin were available.
| continued the work on myosin in the new Struc-
tural Biology Laboratory created by Carolyn The modern era of motility research
Cohen and Don Caspar. | had first met Carolyn
Cohen in discussion groups on muscle held by Dr  After moving our Structural Biology Laboratory
Edsall in his office. Carolyn was already very to the newly built Rosenstiel Basic Medical Sci-
involved in the biological significance ef-helical ences Research Center at Brandeis University in
coiled—coils in the fibrous proteins. By combining 1972, we were joined by David DeRosier who
additional hydrodynamic data for the meromyosins introduced new methodologies for analyzing com-
with optical rotatory dispersion measurements of plex macromolecular assemblies by electron
their a-helical content, and using insights about microscopy. Our research in the 1970s focused, in
coiled—coils gained from wide-angle X-ray dif- part, on clarifying the stoichiometry and function
fraction paternd1], it was possible to arrive at a of the light chains, those low molecular weight
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subunits which were at one time considered to be domain from which emerges a lorghelix that is
possible contaminants of the myosin preparation. stabilized through interactions with two light
Initially, it was thought they might be essential for chains. In addition to finally providing a role for
enzymatic activity, since slow and fast myosin iso- the small subunit§15], this lever-like domain led
forms had unique light chaif44], but subsequent to the reasonable hypothesis that small changes in
experiments showed the light chains could be the motor domain caused by nucleotide binding,
removed without appreciable loss of activity. Pro- hydrolysis, and release of products could be ampli-
gress in understanding their role was later provided fied into movements of 5-10 nm of the lever arm.
by the publication of the first high resolution atom- Support for this model came from crystal structures
ic structure of the myosin head, $19]. of various head fragments expressedifatyoste-

The first successful crystallization of the myosin lium discoideum [3] and in the baculovirySnsect
motor used the proteolytic fragment, S1, prepared cell system[2], which showed that the lever arm
by limited papain digestion of chicken pectoralis could rotate by as much as 7@epending on the
myosin[13]. The choice of an avian species rather state of the nucleotide at the active site. By engi-
than the rabbit myosin commonly used in most neering cysteine residues at specified sites on the
muscle laboratories was a serendipitous decision light chains[21], it became possible to attach flu-
resulting from our immunological studies. We were orescent and paramagnetic probes, and thereby
interested in generating specific polyclonal anti- introduce labeled light chains into muscle fibers.
bodies for mapping myosin isoforms in muscle Such spectroscopic approaches made it possible to
cells, and injecting rabbits with chicken myosin directly observe changes in orientation of the lever
fragments was far more convenient than injecting arm during the contractile event, reinforcing the
goats with rabbit myosin subfragments. In hind- lever-arm hypothesid20]. Time-resolved X-ray
sight, the choice of an avian tissue was probably diffraction measurements from single muscle fibers
advantageous, since the pectoralis major is a muchalso provided strong in situ support for this model
more homogeneous muscle than most mammalian[7]. Thus, there is now a large body of evidence
muscles. lvan Rayment, a crystallographer working that a tilt of the light chain domain takes place
with Don Caspar and Don Winkelmann, a post- during the working stroke of myositfor an excel-
doctoral fellow in my laboratory, decided they lent review sed4]).
would try to crystallize S1, and much to everyone’s  But is this the final story? Since it took 40
surprise they succeeded. After their first exciting years for the sliding filament ‘hypothesis’ to
announcement1§], it took another ten years of become a generally accepted ‘fact’, the molecular
great effort in Rayment’'s laboratory before the basis for movement has a way to go to reach that
atomic structure was solved. That, plus the earlier level of consensus. There are widely respected sci-
solution of the atomic structure of actii8], ush- entists whose experiments favor a thermal ratchet
ered in a new era in our understanding of muscle or Brownian motion type of mechanism in which
contraction. the myosin molecule can undergo multiple sub-

Along with advances in structure, the 1980s saw steps over a long distance per single ATP turnover,
the introduction of in vitro motility assay$22] i.e. a loose coupling mechanig5]. Moreover,
which made it possible for the first time to actually the proponents of this view claim that removal of
see actin filaments gliding over myosin heads on the light chain-binding domain has no effect on the
a coverslip, and to measure velocity and force at working stroke, and suggest that the light chains
the molecular levell9]. Further development of act instead as a strain sensor to modulate myosin
these technologies culminated in the ability to kinetics. Expert protein biochemistry and advances
measure single steps of 5—10 nm and forces of in biophysics will be needed to resolve these
several pN produced by individual myosin mole- issues. To arrive at a molecular mechanism for
cules [26]. The atomic structure of the myosin movement, high resolution crystallographic studies
head is very compatible with a working stroke of of the actin-bound state will also be essential. The
this magnitude, insofar as it consists of a globular power stroke only occurs in the attached state, and
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until we can see the domain movements in acto-
myosin we will not understand how the molecular
motor works.

As is evident from this very cursory review of
the muscle field, these ‘recollections’ are more
about my ‘life with myosin’ than about my asso-
ciation with John Edsall. And yet the two are inter-
connected in many ways: in John's laboratory |
was encouraged to continue the work on myosin
that | had begun at Yale; without this support and
enthusiasm, | might well have gone in another
direction. He showed by example what ‘fine schol-
arship’ meant, and how the investigator must be
the most critical judge of his or her work. Most
important, he taught me the art of good writing:
science writing need not be dull or redundant, but
instead can impart information clearly and suc-
cinctly. John Edsall has been a wonderful role
model for me in my scientific career. | dedicate
this article to his memory, grateful for his many
contributions both to science, and to making the
world a better habitat for all.
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