
F R E E DISCUSSION 

DR. A L L E N : I have been very much interested by Dr. Abe's observations, not only 
those he presented today on diatom egestion, but his earlier careful descriptions of 
Amoeba striata organization and movement. In this species, he pointed out the 
presence of a "fenestra" or window in the posterior ectoplasm where one would 
expect endoplasm to escape if it were under high hydrostatic pressure. Dr. Abé has 
been very careful in drawing conclusions from these observations, but I infer from 
his papers that he regards the most essential aspect of movement as not the genera-
tion of flow by pressure, but rather the "building forward" of the gel layer (ecto-
plasm or plasmagel). Dr. Abé and I speak different languages, both nationally and 
scientifically; as a morphologist, he speaks in terms of structure, while I prefer to 
think in terms of forces and deformation. However, our respective attentions are 
focussed on the same process, which he refers to as the building of new gel at the 
front, and which I believe may be a contractile process at the front. I think our 
views are rather similar. 

DR. A B É : Dr. Kanno in my laboratory has performed an interesting experiment. 
A proteus-like ameba was sucked into a capillary with a bore of about 50-70 μ and 
allowed to establish vigorous unidirectional locomotion. Then a smaller capillary 
with a bore of about 12 μ was thrust about 10 μ into its tail region and cytoplasm 
sucked out. Movement in a forward direction continued even though over half of 
the cytoplasm was withdrawn from the cell. How do you think this should be 
interpreted? 

DR. MARSLAND: I think that the terminology should be changed. Tail contrac-
tion, I think, is too limited a concept. I think that contraction can occur, and perhaps 
does occur, predominantly in the tail, but I think we must recognize that any re-
stricted part of the tube or any considerable part of the tube wall may participate 
in the contraction process. 

I should also like to make certain my comments this morning are not misunder-
stood. I do not think that these loops and ring configurations in isolated cytoplasm 
are without meaning; I think perhaps they are significant. But I think that it is 
possible that they are derivatives of a cytoplasmic network structure. I think it is 
impossible at the moment to eliminate the possibility of a front contraction, possibly 
in the fountain zone, but I also think, in the light of everything that I have observed 
and all the observations that I have heard presented here, that the tube wall cannot 
be eliminated, either, as a site of contraction in Amoeba proteus. 

DR. L E E : I think it is obvious that we have been dealing with a whole lot of 
different creatures today. I would like to ask either Dr. Jahn or Dr. Allen if they 
would agree with me that there are two kinds of pseudopodial movement in the Fo-
raminifera. I think there are thicker pseudopods which are the larger, principal force-
generating pseudopods and smaller feeding pseudopods. I am very much attracted 
to Dr. Jahn's hypothesis of active-shearing. It seems to me that this mechanism is 
quite applicable to this particular phenomenon. 

I would like to know what Dr. Allen thinks about it. 
DR. ALLEN: One of the most striking aspects of streaming in "large" pseudopodia 

of Foraminifera is that files of particles move at separate and distinct velocities which 
are more or less constant. What we have shown that is new, I believe, is that the 
velocity changes significantly in the vicinity of points of attachment to the substratum. 

The active-shearing hypothesis was an excellent formal model as long as it was 
compatible with all the information about pseudopodial dynamics and ultrastructure. 
However, now that Dr. Wohlfarth-Bottermann has shown that the individual "streams" 
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in a large pseudopod are separate, membrane-bounded protoplasmic bodies, there 
appears to be no ultrastructural basis for the "millipede legs" Drs. Jahn and Rinaldi 
proposed. As far as pseudopodial dynamics are concerned, the active-shearing model 
so far does not account for the velocity relationships we have domonstrated, or for 
the "fiber-droplet transition." I think we are still in the fact-gathering stage in the 
study of most of these phenomena; it is desirable to have as many testable models as 
possible, in order to suggest decisive experiments. 

DR. JAHN: I think that the granules move very much the way Dr. Allen described 
today. We have made similar measurements. We used a simpler shadowgraph tech-
nique, very similar to what Dr. Kamiya used for slime-mold streaming. I do not see so 
far how this gives us the key to the mechanism. 

DR. INOUÉ: I find that I am among several others who cannot understand the 
simple mechanics of Dr. Allen's frontal-contraction theory, and I wondered if we 
could have the opportunity of having this clarified a bit. 

DR. ALLEN: Could you be more specific? 
DR. INOUÉ: Well, how do you get a consistent mechanical picture of an ameba 

moving forward with a frontal-contraction theory? 
DR. ALLEN: In view of the extent to which I am now finding this simple idea is 

misunderstood, I think I should try to clarify it. I think the best short cut to under-
standing this frontal-contraction model is to think about how to construct an ameba 
(in the mind's eye) from the simplest units of function. 

As I described in the Free Discussion of Part II, and as I will show by means of 
a film, the cytoplasm of broken amebae continues to stream. The simplest "units of 
streaming" are hairpin-shaped loops of cytoplasm from a few microns to a few tens 
of microns wide, and roughly as long as the cell from which they came. I think we 
"understand" the streaming which these cytoplasmic loops perform in terms of a 
propagated contraction occurring in cytoplasm entering the bend of this loop. This 
statement is based on the fact that detailed motion analysis of cytoplasmic streaming 
in such loops agree in every way with a simple contraction model of the following 
kind. 

As a more tangible substitute for a cytoplasmic loop, imagine a long muscle 
capable of slow conduction of a long-lasting contraction. Imagine further that one end 
of such a muscle were attached upright in a clamp of suitable size so that its other 
end hung down because of the relaxed muscle's flaccidity. Now if stimulation were 
applied near the clamp, the already upright portion of the muscle would shorten and 
stiffen until the contraction reached the bent region. When the contraction reached 
the bend, the greater tension on the stretched outer portion would cause the muscle 
to straighten; the accompanying stiffening would "freeze" the straightened portion 
and thus serve to anchor the contraction always at the bend. The end result would 
be the straightening out of the muscle by continuous displacement of the relaxed 
arm of the loop. If the same experiment were done in a free-floating (i.e., not 
clamped) muscle, then the bend would remain stationary while the relaxed and 
contracted arms were displaced toward and away from the bend, respectively. So far, 
I think the mechanics poses no serious problems. 

Now, how can such hairpin loops be put together into a pseudopod showing 
continuous locomotion? Imagine arranging a group of hairpin loops in a radially 
symmetrical pattern such that all of the uncontracted arms (which are thinner) are 
gathered in a solid bundle, and the (thicker) contracted arms are arranged in a 
circular pattern around the uncontracted arms. Now, if you just release a wave of 
contraction from the bend of each loop inward toward the massed uncontracted arms, 
then these will advance toward the bend, and their mass will pass through the bend 
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and become incorporated into the tubular structure composed of stiffened contracted 
arms. 

Relative to the bends of these fused loops, the uncontracted material (we can now 
call it endoplasm to bring us back to real, rather than imaginary, amebae) is dis-
placed forward, and the contracted material (ectoplasm) is displaced backward. 
Ordinarily, the ectoplasm is anchored at some point through the plasmalemma to the 
substratum, so that only the endoplasm is displaced forward. 

In the film you will see the reverse of this imaginary construction of an ameba 
pseudopod. In broken cells, the cytoplasm gradually tears itself apart into the "units 
of streaming" on which this idea is in part based. 

CHAIRMAN D E BRUYN: I can understand how this might work in a tubular struc-
ture, but what about the initiation of pseudopod formation in spherical cells? 

DR. ALLEN: When it comes to this situation, we have very few facts to go on. 
In Amoeba and Chaos, the first evidence of impending pseudopod formation is the 
strictly localized formation of a hyaline cap at the point where the pseudopod will 
appear. Dr. Griffin has seen just the opposite behavior in Pelomyxa, which leads him 
to believe in a somewhat different mechanism in that organism. 

There are two ways to account for pseudopod formation in an initially spherical 
cell. The first is to assume it is initiated by pressure from generalized contraction, 
and that the pseudopod "pops" out of a weaker spot in the ectoplasmic layer. I do 
not deny this is a possibility. 

The other possibility is to explain it in terms of the hairpin loop structure that 
I propose to maintain steady-state streaming in cylindrical pseudopods. But in this 
case one must assume that prior to pseudopod formation there occurs a localized 
radial orientation of the mechanochemical system. This oriented material, properly 
anchored in the ectoplasmic layer of a spherical ameba, could serve as the "clamp" 
anchoring a ring of fused hairpin loops (which I conceive pseudopodial structure to 
be) and permit them to push out the plasmalemma. What we need is more data with 
which to decide among these and perhaps other possibilities. 

DR. MARSLAND: Could you describe what happens to the membrane in your 
model? 

DR. ALLEN: The model has no specific predictions about membrane dynamics 
as Dr. Goldacre's model does. Nevertheless, there are plenty of published data 
by Jennings, Mast, Griffin, and Allen, and now by Wolpert to show that the surface 
layer of the ameba (and it seems probable that this includes the mucus coat and 
plasmalemma) acts as a semipermanent sack which slides about and gets deformed in 
response to form changes in the cell. I feel quite certain that Dr. Goldacre's formation-
dissolution cycle is incorrect for the large amebae, but it might apply to species we 
haven't studied. 

DR. ANDREW G. SZENT-GYÖRGYI: I am rather ignorant about the systems discussed 
here and I am completely confused. I have the feeling that we were presented with an 
extremely large number of phenomenological observations, some of them contradic-
tory, and attempts are made to describe these observations as if the mechanisms con-
trolling contractility would not exist or were absolutely stable and unchanging. 

I would like to recall the beautiful demonstration by Dr. Hoffmann-Berling that 
different parts of a fibroblast cell may be active or inactive depending on the life 
cycle of the cell. I wonder whether or not the various phenomena and rather contra-
dictory observations could not be better correlated by assuming the presence of a 
control system, let us say similar to the relaxing factor system in muscle. The activity 
of such a system may depend on the state of the ameba and on the various experi-
mental conditions and may decide which part of the cell will be contractile at a 
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given time. Since at least certain kinds of glycerinated amebae contract on addition 
of adenosine triphosphate, the techniques described by Dr. Hoffmann-Berling seem 
to be applicable, and the contractility of the ameba and of the pseudopods and the 
presence of control systems at various states perhaps may be tested. It is very difficult 
for me to see how one could arrive at a clear-cut decision of ameboid movement on 
the basis of the information which has been presented here. 

DR. ZIMMERMAN: Dr. Allen, in view of the fact that a hyaline cap may appear in 
the middle of an ameba where a new pseudopod arises, would that suggest to you 
that this portion of the ectoplasm has the ability to contract, or do you believe the 
endoplasm underneath this area is causing it to be pushed out? 

DR. ALLEN: I do not see any reason why cytoplasm in any part of the cell could 
not respond to local conditions by either contracting or relaxing. If it contracted, 
syneresis could occur. Still, it would be difficult to prove where the hyaline cap fluid 
originated. 

DR. ZIMMERMAN: DO you agree that the ectoplasm can contract? 
DR. ALLEN: Yes, provided we agree on terms. I take "contraction" to mean a 

change in elastic modulus resulting in production of tension under isometric con-
ditions and performance of work under isotonic conditions. What one sees in amebae 
as evidence for or against contraction is shortening, which may be due either to active 
contraction or to passive deformation. If we see shortening in the tail or fountain-
zone regions (it occurs in both places), we can only conclude that perhaps contraction 
is the cause. On the other hand, if no shortening is observed, there could not be any 
performance of work. 

The ectoplasmic tube may shorten somewhat in its anterior most portion, depend-
ing on conditions, and it certainly shortens in the tail. For this reason, I would favor 
Dr. Goldacre's version of the tail contraction theory over Dr. Marsland's, for in 
Amoeba proteus and Chaos there is excellent evidence to show that most of the tube 
wall does not shorten and, therefore, could not be contracting. 

However, there are certain ameboid cells (e.g., Difßugia) in which various parts of 
the ectoplasm clearly do "contract" and show clear localized syneresis. The fact that 
syneresis occurs is the basis of the measurements of endoplasmic and ectoplasmic re-
fractive indices that Dr. Cowden and I recently made. Those early experiments had 
some shortcomings, as Dr. Goldacre pointed out. Now we have succeeded in making 
our pseudopodia cylindrical in carrageenin capillaries. 

DR. ZIMMERMAN: Are your newer results with carrageenin capillaries in agreement 
with your earlier studies, and will they be published? 

DR. ALLEN: Yes, there is good agreement to the extent that the refractive index 
of the endoplasm is lower. The results will be written up later this year. 

DR. ZIMMERMAN: As an observer without any axe to grind, I think this is the 
first place where the two contraction theories appear to be in close agreement, es-
pecially insofar as the ectoplasm having the ability to contract. 

DR. ALLEN: We certainly agree on the major point, that contractility is the basis 
for streaming. I think this follows from a vast number of observations and experi-
ments. For this reason, I tend to reject models such as Kavanau's, which break with 
this body of evidence and depend on hypothetical ultrastructure which no one has 
been able to confirm. 

My personal feeling regarding the opposing contraction theories is that a definite 
decision between them cannot now be made, but may not be long in coming. I 
believe that the frontal-contraction theory is more promising in that it explains with 
fewer assumptions a larger number of phenomena. These phenomena of intact cells 
can also be explained for the most part by tail contraction, but requiring many more 
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qualifying assumptions. Where the tail contraction or pressure theory runs into 
serious trouble is in explaining streaming in naked or dissociated cytoplasm. Here the 
pressure theory runs into a fundamental law of hydrodynamics, and the only tenable 
assumption which saves the theory is that the observations themselves are invalid 
because they are made on something less organized than an intact cell. This assump-
tion, if widely accepted, could wipe out two decades of advances in cellular and 
molecular biology. 

DR. GRIFFIN: I have been asked some rather pointed questions about the stream-
ing loops of naked cytoplasm from Chaos carolinensis, with particular reference to 
the events occurring at the tail end of the loops during the movement of particles 
from the endoplasmic arm to the ectoplasmic arm. Neither the films shown during 
my talk nor those Dr. Allen showed at Leiden happened to include the posterior 
part of the loops, but we can say that particles simply reverse direction and start to 
move forward, just as occurs during the recruitment of endoplasm in the intact cell. 
Dr. Allen's film shown on Thursday evening did include the posterior part of an 
intact ectoplasmic tube lacking a membrane. 

A model system has occurred to me that might clarify the pattern of events that 
could be occurring. Suppose that we have a muscle fiber in which the more rigid 
contracted part that is associated with a moving action potential occupies a length 
of 10 units and in which contraction causes a shortening of 50% and a doubling of 
cross-sectional area. Now, imagine what would happen if we fused the ends of a 
relaxed fiber 30 units long to form a circular loop. We then stimulate this fiber and 
damp the potential on one side of the stimulus so that the action potential passes in 
one direction and continues around the circle until fatigue occurs. At any given 
instant, a contracted and a relaxed arm of the loop, both 10 units long, would be 
present. Because of the rigidity of the contracted portion, both parts would be straight 
and would lie side by side, connected at both ends. If this system were constrained in 
some way to prevent a rotatory motion, as by enclosing in a capillary, the following 
events would occur. The action potential would be localized at the bend at the front 
between the relaxed and the contracted arms. Material in the relaxed arm (corres-
ponding to endoplasm) would move into this bend and contract, and the contracted 
arm (ectoplasm) would move away at half the forward speed of the relaxed arm 
(since the cross-sectional area is doubled). The contracted material would approach 
the opposite end (rear), relax, and proceed forward in the relaxed arm under tension 
propagated through the relaxed arm. 

This model would account for recruitment at the rear, the relative velocities of 
streaming, the more rigid ectoplasmic and the less rigid endoplasmic arms, and the 
cross-sectional area differences. Certainly, the organization of streaming units in 
ameba cytoplasm would be expected to be more tenuous than in muscle, but it seems 
that loop streaming could be explained by such a model. By integrating a number 
of such units in a three-dimensional pattern, the streaming of the intact cell could 
also, in principle, be accounted for. 

DR. SHAFFER: One would expect rotation of the zone of contraction rather than 
streaming to occur under certain conditions. You have not mentioned this happening 
in the ameba system. 

DR. GRIFFIN: In a free loop one might have a rotational movement or perhaps 
a combination of rotation and streaming. However, in the broken cells that I have 
observed, the loops have been inside capillaries or the posterior part of the loop has 
had other cytoplasmic material around it. I have not seen free loops so far. 

DR. BURGERS: I have been impressed very much by the ideas presented on the 
movement of amebae. They raise several questions in which mathematicians can be 
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interested and which can be used as starting points for the construction of certain 
models. The properties of these models can be analyzed, and biologists can decide 
whether the models look appropriate or not. 

Some scientists have suggested that the seat of the locomotion of an ameba may 
be found in the surface or skin which surrounds it. This idea leads to the following 
mathematical problem: Suppose we have a closed surface which is deformable and 
which is filled with an incompressible fluid in order to keep the interior volume 
constant. Assume that it is possible to produce certain tensions in fibers embedded 
in this surface, or to release these tensions, and that the structure is of such a nature 
that tension produces a certain curvature of the surface. I shall suppose that at each 
point of the surface a state of tension with a certain curvature, or a state of relaxa-
tion, can be produced arbitrarily, by effects connected with the life of the ameba. 
The mathematician will then be able to work out the forms which a surface can 
assume, if it is endowed with such a mechanism. For instance, a certain distribution 
of curvature may lead to the appearance of a protruberance on the surface, which 
even can grow out into something with the shape of a tube (closed at its end) or of 
a finger. 

A further possibility is obtained when we also give to the surface elements the 
property that they can attach themselves at will to some surface upon which the 
ameba happens to be resting. It is then possible, by the exertion of appropriate 
contractions producing curvature, combined with absence or release of tension in 
other parts of the surface, that the surface can roll over in a certain direction. This 
could represent the beginning of a displacement in that direction. If next some ele-
ments situated more forwardly with reference to the direction of displacement will 
attach themselves to the substratum, while the elements which previously had attached 
themselves would release their hold, another forward movement could be made, and 
so the process might continue, somewhat in the manner of a vehicle moving on 
caterpillar bands. 

The types of movement and deformation discussed by Dr. Allen can be produced 
in a similar way, if there are sufficient internal structural elements, which can contract 
themselves to produce a certain curvature, or can release contraction. 

In this scheme, localized tensions and release of tension either in the surface or in 
certain internal structural elements take the place of "pressures" in the interior sub-
stances, and I would believe that a much greater variety of shapes and motions can 
be obtained in this way. 

In all cases mentioned, the mathematician can give a general description of possible 
forms of motion and can work out how contraction and release of tension must be 
distributed in order to produce various definite results. 

From the mathematical analysis the subject then returns to the biologist, to whom 
it puts two definite questions. The first one is: Is it admissible to assume that various 
elements of the surface, or internal structural elements, can be affected by the proc-
esses of life in such a way that they contract here, and release tension there, while 
at the next moment this happens at some other place, and so on? Can one assume 
that the structural elements themselves have a power to decide when to contract or to 
release? In view of the fact that effects are resulting which we must consider to be 
definite features of the life of the ameba, we must assume that there is some form of 
cooperation of the various elements. They cannot behave completely capriciously or 
anarchically. This introduces the question whether information is transmitted between 
them, and whether the transmission is assured by some material system, or whether 
there are nonmaterial forms, unknown as yet, of inducing schemes of cooperation? 

The second question refers to internal motions and to the problem: How much 
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structure does exist in the interior substance of the cell, which in so many respects 
seems to be rather fluid? (This same question will also refer to the surface, if the 
outer surface is not a definite structure but is something that can be made up from 
material which at other times is in the interior.) We face the question whether 
structural elements (and these even might be large molecules, or complexes of mole-
cules) can make and unmake connections between themselves, so that for a certain 
period of time they are able to transmit forces and to exert pulls or tensions, etc., 
while at another moment they may release each other, so that arbitrary displacements 
can take place, with the possibility that still later new contacts are made and are held 
again for some time. This question first of all involves problems of physical (or 
chemical) nature concerning contacts and bonds between molecules. But also here 
the problem arises: How does it come about that patterns appear to be followed? Does 
this need transmission of information between the cooperating parts? Theoretical 
studies concerning self-organizing systems have shown that certain patterns of con-
nection can establish themselves more or less automatically through a process of 
repeated trial, starting from connections which originally were more or less haphazard. 
However, there must be some preliminary structure before anything can happen, and 
there must even be something of the nature of a conceptual activity, leading to the 
idea of cooperation and of pattern, as otherwise the term "trial" is completely hang-
ing in the air. 

With the last remarks, I am touching upon the mystery of life. My intention was 
to point out that mathematical discussion of forms of motion, and of schemes of 
contraction and release of tension which can produce them, may be helpful as a 
means for analyzing patterns of cooperative activity, so that biologists will have more 
definite structures to consider and can discuss them from their points of view. 

DR. THIMANN: I have been listening to discussion on the ameba and trying to 
bring the movement of amebae into line with movement in other cells and in some 
plants. Perhaps the plant cell offers some insights, since the cytoplasm moves and 
the cell remains stationary, so you do not have the added complication of the move-
ment of the cell itself. 

If we think about the movement of cytoplasm in the plant cell, it seems to me 
our picture is relatively clear, because in order to propel liquid cytoplasm, you have 
to have two things. One is a spring that pushes it and the other is a solid anchor 
for at least one end of the spring. We used to think the solid anchor was on the cell 
wall, until it was shown that fully plasmolyzed cells, in which all the material was 
out of contact with the cell wall, could still continue streaming at a normal rate. So 
we know the solid anchor is not the wall, but is at least semisolid gel-like cytoplasm, 
about which Dr. Kamiya has spoken so eloquently. So here you have a relatively 
simple system: a gel with springs attached to it. The springs are all oriented in the 
same direction, so that every time any one of them pings off it drives a little liquid 
in a certain direction. The orientation may be clockwise or anticlockwise but is uniform 
around the cell, so at a continually macromolecular level you have a driving system 
which maintains a rotation. 

Now, if we try to apply that to an ameba, you see at once we need our solid 
anchor which presumably may be the gel tube, but that the driving force is at the 
molecular level and does not involve any contraction; it may be located at any point 
all over the surface of whatever gel material there is. This, I think, makes it easier to 
visualize how the ameba behaves when it is in the narrow capillary into which Dr. 
Kamiya drives it, because it is in there that presumably the tube structure is dis-
torted or something happens to it, so that streaming can take place from one end 
to the other and can be readily reversed by slight pressure. I think this could only 
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occur if the whole driving force was at the molecular level and, therefore, located 
virtually all over the cell. 

DR. WOLPERT: Another point which we should consider is the control of ame-
boid movement. So far this subject has been discussed only in terms of Dr. Goldacre's 
hypothesis. There are data by Dr. Bell and Mr. Jeon at Kings College which I think 
must be considered. This concerns the chemical induction of pseudopods. They have 
shown that, as Dr. Goldacre already mentioned, you can cause a pseudopod to form 
anywhere on the ameba, even at the tail, by the application of such substances as 
an extract from Hydra. 

I think, considering the mechanism of ameboid movement, we have to understand 
how something applied to the outside surface of the cell, without any mechanical 
deformation, can somehow direct the movement. The one clue which may be relevant 
to this is their extension of Bingley and Thompson's ideas on the electrical potential 
gradient. They find that these substances that direct movement lower the electrical 
potential. Whether or not this is the real control mechanism, I think it is terribly im-
portant to consider such matters of control as to whether and where a pseudopod 
will form. 

DR. HOFFMANN-BERLING: Dr. Allen, if I understood correctly, you explained the 
moving forward of a pseudopod in terms of contraction of fused hairpin loops. 

DR. ALLEN: That is right. 

DR. HOFFMANN-BERLING: If I understood your idea correctly, what you require 
is not actually a contraction but a stiffening, which is lengthwise contraction. I would 
say that under these circumstances if you are inclined to get a model from muscle, 
the paramyosin system of certain catch muscles would serve your purpose much 
better. This system has the ability to ''freeze in" at a given length without shortening. 

DR. ALLEN: Let me make this point clear. As I now envisage this model, both 
shortening and stiffening are required. Both are normal accompaniments of general-
ized contractile processes. The shortening is required to do the work of moving the 
cytoplasm and, therefore, the cell. The stiffening is required to maintain the con-
traction at the bends of the hairpins, i.e., between the fountain zone and the advanc-
ing rim of the ectoplasmic tube. 

DR. HOFFMANN-BERLING: There must be a compensatory elongation. Where does 
this occur? 

DR. ALLEN: In the tail endoplasm region, the distance between particles increases, 
showing that the substance in which they are embedded elongates. Then at the 
front of the cell they come together again where we believe contraction occurs. 

DR. MARSLAND: The particle in front is about to become stationary. I would 
think it would be almost inevitable that the other particle would catch up to it. 

DR. ALLEN: Yes, this alternative interpretation follows from your model. The 
other interpretation is shortening. This is another nondiscriminating observation, 
since such motions are compatible with both contraction models. I believe that 
probably one cannot decide what is a contraction and what is a passive deformation 
just by looking at particle motions. 

DR. MARSLAND: In fact, I think all the data can be interpreted both ways. 

DR. ALLEN: When it comes to particle motion data, I agree with you, and I, 
therefore, call attention to a large gap between the observations made and the con-
clusions drawn by Dr. Goldacre and Dr. Jahn. 

DR. ZIMMERMAN: It was generally agreed that it would be desirable to have 
evidence of the existence of fibrillar organization in the hairpin loops on which you 
base much of your model. The loops are at present inferred from streaming patterns, 
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but no organization has been demonstrated. I think your model would be strengthened 
by a demonstration of the presence of such an organization. 

DR. ALLEN: I certainly agree that any structure postulated to contract anisodia-
metrically must have some kind of anisotropic structure. I doubt whether this has to 
be fibrillar or not. As fixation methods improve, we can hope for electron micrographs 
of such structure if it is present. 

In the meantime we do have very strong evidence that the endoplasm does have 
optical anisotropy or birefringence, indicating at least a diffuse orientation at the 
molecular level, and perhaps fibrils. Work on ameba birefringence is still in progress, 
and a more complete report than has hitherto appeared will soon be submitted for 
publication. 


