
material. If it exists, the concentrations of the smaller
particles must be very low. Although it is possible to model
the fusion of myosin octamers into minifilaments, and
perhaps even tetramers into octamers, we have so far no
direct way to monitor such transitions except for observing
their end products. Consequently, we cannot properly
assess the function of myosin monomers and dimers in such
reactions.

That dimers might be involved in the initial assembly
reactions of myosin is indicated by the presence of lOS
species in ATP titrations of the 18S and 22S particles. The
lOS material appears to be in equilibrium with the mono-
meric 6S form of myosin. We assume that the 1OS species
correspond to the lOS or 1 IS parallel myosin dimer
identified in a separate work.' Future work will be directed
at testing the importance of the small assemblies of myosin
in the formation of myosin minifilaments.
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DISCUSSION
Discussion Chairman: Thomas D. Pollard
Scribes: Gillian Henry, John Smuda, and Ayuko Yotsukura

GERGELY: Why were the endpoints different when you added KCI to
the 18S and 22S particles?

REISLER: The end product is controlled by the amount of KCI. By
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addition of measured amounts of KCI, the 18S can be transformed to the
22S and subsequently to minifilaments. The stable end product is minifi-
laments.

VIBERT: Are there any metastable oligomers other than the tetramers,
the octamers, and the minifilaments?

REISLER: As far as we can see, these are the only ones. However, we
cannot preclude the existence of others; they might exist in concentra-
tions too low to detect.

VIBERT: If these are "precursors" of the native filament, how do you
relate the packing geometry of the minifilaments to the native filament?

REISLER: So far, this type of modelling agrees best with Pepe's models
(see references).

VIBERT: Given that the native filament probably has three-fold rota-
tional symmetry, is there a simple way of picturing how the minifilament
relates to the native filament?

REISLER: You can envisage the minifilament as one-third of the central
portion of the native filament. Splaying experiments, of the type done by
Rowe and subsequently by Pepe and by ourselves, using solvents that
produce minifilaments, reveal three substructures, held together only in
the central region. Each one of those substructures might correspond to
a minifilament. Assuming a 16-mer with eight monomers pointing in
each direction, there would be 24 monomers in cross-section, one-third
of such a structure. The pyrophosphate experiments were done because
myosin myofibrils were shown to be dissociated by pyrophosphate treat-
ment. We started by dissociating native filaments with pyrophosphate
and ended up with minifilaments.

POLLARD: I don't understand how you can use these minifilaments to
make the bare zone of a conventional filament.

REISLER: A fusion of three of the 16-mers would correspond to the
central region. The transition from the octamer to the minifilament is a
fusion process, but going from the minifilament to the full-size filament
requires growth, a process that requires more time. We cannot follow
the individual steps, and we can't tell, at this stage, whether the thicken-
ing of the filament is achieved by addition of dimers or simply by fusion.
Perhaps fluorescence resonance energy transfer experiments, as per-
formed by Anuradha Saad, will be helpful in distinguishing between
fusion and simple growth.

POLLARD: If these are parts of the bare zone of a thick filament, then
the heads ought to be on one side, whereas your electron micrographs
seem to show the heads pointing in all directions. If this is going to be a
third of the thick filament bare zone, you could imagine that it would be
impossible to have the heads on the inside.

REISLER: I don't really know how much the orientation of heads in the
electron micrograph corresponds to orientation in the preparation, be-
cause we normally cross-link our specimen. Depending on the extent of
cross-linking, the heads are sometimes no longer visible.

STEWART: One of the ideas that Kensler presents (this volume) is that
the heads of vertebrate myosin filaments (such as these) are perturbed in

a number of ways. One way is their arrangement into three subfilaments
within the filament. The heads have to be distorted to get to the outside.
I think that this distortion of the heads is consistent with the idea that
minifilaments form part of the bare zone. This could be one, although
not the only, explanation of the distortion of the heads that we see.

REISLER: I agree.

VIBERT: My sense of your minifilaments is that the length of the bare
zone is almost twice the length of the myosin rod minus 43 nm, whereas
in native filaments, the length of the bare zone is of the order of one
myosin rod, - 1,500-1,600 A.

REISLER: I don't have an answer to that.

SAAD: Have you made minifilaments of myosin from other sources, for
example, Nematoda? It has been shown that there are two genetically
different forms of nematode myosin. One forms the bipolar bare zone
and the other, the more distal parts of the filaments.

REISLER: No, we have not.

SAAD: In an in vitro assembly system, your filaments are very stable
entities. How do you visualize the assembly occurring? If you start off
with monomers and dimers, why does the process stop at minifilaments
and not go on to form filaments?

REISLER: The minifilaments are stable only under very artificial ionic
strength and solvent conditions. These are not what we normally have
when we monitor filament assembly or those that exist in the cell.
Pyrophosphate minifilaments are much more easily perturbed. They can
be isolated under stable conditions, but further growth can easily be
induced.

SAAD: Do you think a Nematode-like system can exist in vertebrates?

REISLER: There is no way of telling. We do not see any difference
between myosin that forms minifilaments and myosin that does not, but
we have not looked at the sequence of these myosins or at microhetero-
geneity.

SAAD: C-protein and M-protein bind only to the center. It would be
interesting to see if there are two different types of myosin.

POLLARD: There is some information about two different types of
myosin in chicken skeletal muscle, based on unpublished antibody work
done by Albert Wong in my lab. He made antibodies against human
platelet myosin and a subset of these antibodies reacted with all species
tested. When he stained skeletal muscle with these antibodies, he found
that they only stained the center of the thick filament.

REISLER: Perhaps we should add the report of Niederman and Peters in
which they isolate what they call "bare zone assemblages". This could
be an indication of two types of myosin.

LEVINE: Returning to Nematode myosin, H. Epstein has some pictures
showing assembly of full thick filaments of both myosin types.

REISLER: I had the impression that both chicken isozymes form full
thick filaments.
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