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T o a fascinated nonparticipant in this vigorous field of ameboid and 
protoplasmic streaming biology, the material presented at this Symposium 
suggests that heroic efforts are being made to bring unity to a chaotic 
situation which, in reality, may better be viewed as a packet of processes. 
That an underlying basis for movement in many cells may be attributed 
to musclelike proteins can hardly be doubted. That a single operational 
process, on the other hand—functional at all times, throughout the cell, 
regardless of the intrinsic and experimental state of the cytoplasm— 
must account for what one sees or measures during the span of observa-
tion, is not very clear, and is perhaps not really to be expected. Indeed, 
the ameba, at least, knows something about what is going on at both 
ends and, what is more, also in the middle even if there remain diamet-
rically opposed theories as to where contraction occurs. I would empha-
size the comments of Dr. Hoffmann-Berling, Dr. Andrew G. Szent-
Györgyi, and others that control and regulation mechanisms may, in 
various fashions, act continuously throughout the cell. Perhaps, more 
complete analytical descriptions of relatively simplified parts of the 
system might aid in an elucidation of the problems; certainly, the in-
genuity and elegance of some of the experimentation reported here 
would indicate that the time for such illumination may not be far off. 

If I might comment further on the concept of "musclelike" proteins 
as the possible, if not probable, physicochemical basis for cytoplasmic 
movement, it might be well to remind ourselves that these manifest 
themselves in a surprising and increasing number of places. Not only 
are such molecular components found in muscle and certain other cells 
singled out here, but they have presumably also been localized in, for 
example, the mitotic apparatus, liver mitochondria, sea urchin egg cor-
tex, cilia, and sperm tails. Surely we cannot expect all of these to 
function precisely alike. On the other hand the more pressing question 
here is: If we are to regard the streaming or cyclotic movements in 
intact or fractured amebae as a function of contractile protein, it seems 
surprising that this has not been adequately demonstrated in plant cells 
like Chara, Nitella, and Nicotiana which show comparable movement. 
It would be sheer madness, I suppose, but perhaps provocative, to sug-
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gest that other unexplored bases of motility might also operate—to 
propose, as Seymour Cohen has recently reminded us, that faithfully 
following the currently fashionable party line may obscure interesting 
and significant alternatives, the exploitation of which might pay out 
healthy dividends. 

Since our discussion will move into the area of fibrillar systems of 
nonameboid material may I, first, record an objection to what seems like 
an unnecessary search for fibrillar systems in ameboid cells. If fibrils are 
present and accounted for, so much the better; but I believe Dr. Thimann 
made a good point when he suggested that we accept a molecular, that 
is, dispersed, basis and not feel driven to a visible fibrillar organization 
for motility. I should, in fact, like to point to two misleading parables 
apropos of fibrillar contraction which have developed in the study of 
my pet laboratory affection, namely, spermatozoa. 

Thanks to the long-standing emphasis on fibrillar structure for 
motile systems and the ubiquity of the famous nine-plus-two arrangement 
of longitudinal filaments in the axial bundle of cilia and flagella, these 
elements have quite naturally been regarded as the physical basis for 
motility in these organelles. They may so prove, but the evidence thus 
far seems largely indirect. Remember that from sperm flagella contrac-
tile proteins have been extracted which, chemically and serologically, 
are somewhat similar to muscle protein, and which, under some circum-
stances of gel formation, show periodic oscillatory movements. Moreover, 
glycerol-extracted cell corpses can be prepared from sperm which re-
spond to adenosine triphosphate (ATP) and the relaxing factor derived 
from various sources. 

The ultrastructural correlation persists that the filaments are respon-
sible for movement of an organelle which must be, simultaneously, in a 
state of shortening and elongation at various elements along its length. 
But for those who would wish to involve the entire filament in a state 
of contraction, I would remind them that in some spermatozoa like those 
of the insect, Notonecta, the flagella are 10-12 mm long and the func-
tional ratio of the filaments is on the embarrassing order of about one-
half million to one. A different type of discrepant evidence involving 
the fibrils as the basis for motility comes from various attempts to tag 
the musclelike proteins with antibodies formed against myosin or acto-
myosin. The primary fibrils themselves do not react, but the relatively 
clear matrix adjacent to them does. So, perhaps, a preoccupation with 
formed fibrils as the only site of reactive motile molecules may prove 
more misleading than helpful. 


