
Introduction 

One might properly ask what "primitive motile systems" are and 
why they are of interest. If it had not been for the invention of the 
microscope, the study of motility might well have remained restricted 
to the study of muscular contraction. However, early microscopists saw 
and described the marvelous diversity of movements among protozoans 
and other lower organisms, and it was not long before hypotheses were 
advanced to explain the movements of these creatures. Each succeeding 
generation of biologists has seen the gliding of cells, protoplasmic stream-
ing, pseudopodial movement, the beating of cilia and flagella, mitotic 
movements of chromosomes, saltatory motions of various cytoplasmic par-
ticles, contractions of myonemes and other structures, and various other 
"nonmuscular" movements. Despite two centuries or more of study with 
ever-improving methods of study, however, the basic problem as to the 
mechanism of these various movements has remained unsolved. 

One point of view toward these "primitive motile systems" is that 
they may be slightly different manifestations of some single basic mecha-
nism such as, for example, gel contraction. Such general viewpoints have 
been expressed from time to time and are very attractive from a theoretical 
point of view. However, before accepting any unifying theory at face 
value, it is desirable to classify motile systems into representative phenom-
enological groups, bearing in mind that the classification may be artificial, 
and then to test the predictions of any such unifying theory with repre-
sentatives of each type of motile system. This approach has been applied 
only to a limited extent, with the result that unifying theories are few 
and rest on tenuous evidence. 

The simplest kind of motion in cells is the Brownian motion of par-
ticles of micron dimensions, produced by the thermal agitation of neigh-
boring molecules. These molecules are in motion in living and nonliving 
fluids alike, and therefore have little to do with motility, except insofar 
as any restrictions imposed on Brownian motion may contribute informa-
tion regarding the structural properties of certain parts of the cytoplasm. 

There are, however, other motions in cells that superficially resemble 
Brownian motion. These are the "saltatory" (or jumping) motions, which 
are sudden excursions of cytoplasmic particles over distances too extensive 
to be accounted for as Brownian motion. Such motions have been de-
scribed in the plant literature as "Glitchbewegung" or "agitation." Mitotic 
movements of chromosomes are phenomenologically somewhat similar, 
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except that they occur within a highly organized structure, the mitotic 
spindle. 

Cytoplasmic streaming is a broad term applied to perhaps a dozen or 
more different kinds of phenomena in which visible particles move in 
groups in such a way as to indicate that they are carried by the streaming 
of cytoplasmic ground substance. The distinction between cytoplasmic 
streaming and saltatory motion must not be overemphasized, for there 
are apparently transitional states between the two situations. It needs to 
be established in many types of "cytoplasmic streaming" whether the flow 
of ground substance is solely responsible for the motion of particles. Cyto-
plasmic streaming occurs in cells of both plants and animals, as well as 
in such acellular organisms as slime molds. Within the plant kingdom 
alone, the diversity of streaming phenomena is impressive; it is possible to 
list perhaps a dozen types. Of these, it is now quite well established that two 
of the plant systems have very dissimilar aspects. This will be brought 
out in Part I. Little is known about the other types of streaming in plant 
cells. 

Ameboid movement has usually been defined as "locomotion by 
means of pseudopodia," but it has often been considered by textbook 
writers as a special case of cytoplasmic streaming in which pseudopodia 
form and are used in locomotion. It is brought out in Part II that there 
may well be fundamental differences among two or three groups of 
amebae as to structure, details of movement, and mechanism of pseu-
dopod formation. It seems abundantly clear, at least, that the cytoplasmic 
streaming which accompanies pseudopod formation has little in common, 
as far as mechanism at the cellular level is concerned, with the streaming 
which occurs in plant cells. 

According to the definition of ameboid movement above, the For-
aminifera, Radiolaria, and Testacea, among the Protista, and the numer-
ous metazoan tissue cells that move by means of pseudopodia should be 
included in the same phenomenological grouping as the free-living ame-
bae. However, when the details of movement are compared, the diversity 
found gives cause for concern whether the same basic mechanism could 
apply to all types of "ameboid movement." 

At first sight, it would appear that the problems of mechanism might 
be more easily solved with the "less primitive" (i.e., more highly organized) 
motile systems, such as ciliary and flagellar movement, and of course, 
muscular contraction. However, the degree of structural organization in 
these systems is a mixed blessing, and here also the fundamental questions 
of molecular mechanics are still largely unsolved, although in the case of 
muscular contraction most authorities have settled on one of two leading 
theories, both of which lack decisive evidence. 
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What kind of information should we seek in studies of primitive 
motile systems? First and foremost, the observational details of each sys-
tem must be recorded in as objective a manner as possible—free from 
interpretation in terms of any model. This is particularly true of the 
more complex movements of ameboid cells, which are highly dependent 
upon external environmental and internal physiological conditions. The 
advantages of recording observations on cine film are worth considering, 
especially if it is possible to publish the film and make it available at 
cost to other investigators. Second, since movements are produced by 
forces, it is important to identify the forces as contractile, electrical, os-
motic, or whatever, and to localize within the cell the site at which the 
force is applied. Third, we must find out about the nature and avail-
ability of the chemical fuel; is it always ATP? How is the fuel withheld 
from the motile machinery during inactivity? Finally, we must find out 
as much as possible about the machinery which uses the fuel. Of what 
units is it composed? How are the forces generated within it and con-
trolled? 

In principle, most of these questions can now be posed with the aid 
of existing instrumentation. In fact, some of the more favorable experi-
mental materials have been subjected to experiments, which in effect con-
stitute the beginnings of such approaches. The next decade promises to 
be a very exciting one in the study of primitive motile systems, as one 
by one these systems emerge from the stage of descriptive analysis to the 
kind of approach outlined above. 
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