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It has been more than 15, rather closer to 17, years since I have had 
any personal contact with the work that is being presented in this Sym-
posium. During this time many developments have occurred and many 
contributions have been made about which I am not properly informed. 
If it were not for the fact that some of you have been so kind as to send 
me reprints from time to time, I would be almost totally ignorant of the 
recent developments in this field. 

Notwithstanding my remoteness to the problem, I have tried to ex-
amine how the recent work has changed, modified, or resulted in prog-
ress in the understanding of cytoplasmic movement. I have even at-
tempted to speculate a bit about what progress can be expected or what 
possible new approaches may be fruitful. It may seem to many of you 
that in the last decades little basic information has been obtained which 
has led to adequate concepts explaining the movement of cytoplasm. 
However, although we are still very far removed from knowing how an 
organism without visible locomotive organelles moves, progress has been 
considerable, and the definition of the problem has become more cir-
cumscribed. We have long since rejected the idea that surface tension 
was responsible for ameboid movement, that movement is caused by an 
elastic recoil from a tension resulting in differences in tonicity of the 
cytoplasmic constituents of the cell, that gelation itself is the cause for 
cytoplasmic contraction, and other notions. 

The influence of the terminology borrowed from colloid chemistry 
has been notable and, in some respects, detrimental. The terms sol and 
gel, solation and gelation, merely compare the visible and measurable 
changes in the ameboid cytoplasm with changes in state in colloids of 
a very diverse and different nature but do not tell us very much about 
the changes in the proteins of the cytoplasm that are responsible for the 
cytoplasmic movement. The descriptive use of colloid chemical termi-
nology brings to mind structural concepts and processes for the exist-
ence of which, in cytoplasmic movement, there is no evidence. For this 
reason, I believe that the return of the terms endoplasm instead of plas-
masol and ectoplasm instead of plasmagel will be helpful. 

Contractility is now the most generally used term for the motor force 
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in cytoplasmic movement, and the arguments have centered mostly on 
the site of the contraction. We must keep in mind, however, that the 
contractile material is not localized. Because of the internal cytoplasmic 
movement, this material is generally distributed throughout the cell. Its 
contractile action is localized. 

Contraction brings to mind a directionally polarized change of shape 
as occurs in fibrillar structures and which presumably is based, as in 
contraction of muscle, on a unilateral change in the configuration or 
position of macromolecular components. In ameboid organisms, there 
is now morphological evidence for fibrillar organization, too (Wohlfarth-
Bottermann). The question is now whether contraction can be localized 
in the fibrillar components. Are they always present where contraction 
in the ameboid organism occurs? Or are they formed when the need 
arises from a three-dimensional molecular reticulum? A macromolecular 
reticular continuum has been and still seems to be an attractive sub-
strate for the explanation of ameboid activity. Such a molecular retic-
ulum can produce changes in shape not only by contraction of linear 
molecules but also by changes in the linkages or side bonds, and, which 
may, as a consequence of this, cause changes in viscosity or apparent 
viscosity. The motor force can be located in the part of the cytoplasm 
that streams or rather appears to be streaming. Allen's fountain-zone 
contraction theory is in conformation with this notion. 

The term "morphoplasticity" seems appropriate in this instance, 
although its original definition applies to a system, or substance, which 
undergoes structural changes under the influence of adenosine triphos-
phate. That some such morphoplastic substance is present in ameboid 
organisms has become clear from the preparation (from the slime mold) 
of extracts which respond reversibly with viscosity changes to physio-
logical quantities of adenosine triphosphate. Furthermore, Hoffmann-
Berling has given evidence that similar contractile proteins, sensitive to 
ATP, are present in most typically ameboid cells, like fibroblasts. It 
appears that the fact is emerging that there is a common chemical basis 
for contraction and, consequently, cell movement in widely different 
cell types. 

The membrane of an ameboid organism has in the past been assigned 
a variety of roles. Its function as a locomotor force has been essentially 
discarded. It is true that cytoplasmic movement of some sort may occur 
in unattached cells, but membrane contact with the substrate produces 
an organized locomotory progression. This is particularly clear in the 
ameboid moving leucocytes. When these cells are unattached and are 
suspended in a liquid medium, the pseudopods arise from all sides of 
the cell body and the cells exhibit a random activity such as occurs in 
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the depolarized phase of the lymphocytes. Contact with a solid sub-
strate changes this immediately into a polarized shape of the cell and a 
polarized progression. The membrane has again received attention from 
Goldacre, who assigned to it a role in ameboid movement in his feed-
back regulatory process resulting from membrane-plasmagel contact. 
This idea is perhaps speculative, but it is not, therefore, necessarily 
wrong. Weiss's ideas that the molecular configuration of the cell surface 
and its interaction with the substrate may affect internal molecular ar-
rangements may provide, perhaps, new ways for the exploration of 
ameboid movement. 

The study of locomotory function of blood cells offers some unusual 
opportunities for observations on specific cellular characteristics of ame-
boid movement and cellular function. The most primitive blood cell, 
the lymphocyte, moves like a monopodial ameba. As this cell develops 
into either a granulocyte or a macrophage, this type of movement of 
the lymphocyte changes into the more depolarized type of the mature 
blood cell or macrophage. This is accompanied by the acquisition of 
the properties of phagocytosis and pinocytosis. The development of 
these membrane functions with the accompanying changes in locomotory 
characteristics seems to point to a role of the membrane in cytoplasmic 
movement and an effect on internal molecular arrangement. Later, the 
macrophage may develop into a fibroblast, which is a more or less sessile 
cell (or at least one which does not possess a motility such as occurs in 
its predecessors) and which has at least one function which its predeces-
sors do not have: the ability to form fibers. During the progressive de-
velopment from ameboid cell to fibroblast, profound changes must take 
place in the morphoplastic or contractile proteins, which are worthy of 
attention. The fact itself that specific locomotory characteristics exist 
in various types of blood cells has been a very useful tool in problems 
connected to blood formation. The work of Robineaux is one of the 
latest examples of this. 

The studies of ameboid movement have almost entirely been limited 
to direct observations or measurements with physical tools. With few 
exceptions, such as mentioned earlier, chemical approaches have been 
lacking. Of course, exploration by direct chemical means will generally 
cause an intervention with the very process one is examining. Different 
metabolic and different structural processes can be expected to occur at 
different sites in an actively moving cell. T o be able to fix a moving 
cell, leaving undisturbed this differential localization, of which the gen-
eral shape of the cell is an expression, will open up possibilities of 
cytochemical studies, which in themselves may provide fruitful insight 
into the mechanism of ameboid movement. And it may be that if an 
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ameba is fixed in such a way, fine-structure observations will be more 
revealing with respect to the study of ameboid movement than they 
have been thus far. Rapid freezing, freeze-drying, or freeze substitution 
are methods that immediately come to mind. 

It is unfortunate that the hypotheses that have been advanced to 
explain ameboid movement cannot be put to experimental verification. 
Many have been proposed, but most have rested on conviction rather 
than on adequate observational foundations. 

In this connection, I am reminded of a passage which occurs in the 
memoirs of Jacques Casanova, in which he describes a visit with his 
friends to a cabinet of Natural History. He writes as follows: 

"The caretaker showed us a packet bound in straw that he told us 
contained the skeleton of a dragon; a proof, added he, that the dragon 
is not a fabulous animal." 


