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I need not tell you that cytoplasmic movement is and has been over 
the years a region of ignorance. It is really remarkable that since Corti 
a great number of people have been making observations on a variety 
of plant and animal material, and yet basic ideas remain very scarce. 
Let me remind you that Corti's observations were made in 1774; this 
was the time of Lavoisier, and the area in which Lavoisier worked has 
developed fantastically into the fields which have become known 
to us as chemistry and biochemistry, including all of organic chemistry, 
of which there was practically nothing in 1774. Consider the elaborate 
development of synthetic organic chemistry, and, now, of electronic con-
cepts in chemistry, and of the ramifications into biochemistry—oxida-
tions, enzymes, and the current work on biosynthesis. All of these 
developments have constituted a real explosion of knowledge in fields 
other than the one which will be discussed in this symposium. 

Another comment to be made about the date 1774 is that it was 
a year or two after Priestley's observations on photosynthesis (photo-
synthesis was first observed in 1771). Think what has happened in 
photosynthesis in the intervening period, the discovery of its anaerobic 
modification, the countless schemes of exchange of carbon atoms be-
tween one compound and another, and the growth, now, of some really 
basic understanding of this process. 

It is even the sixtieth anniversary of the publication of Ewart's book 
on protoplasmic streaming. Sixty years is a perfectly tremendous time 
in almost any field and yet you can read Ewart today on many parts of 
the subject and find it reasonably up to date. 

Of course, the explanation, I need not tell you, is that this problem 
comes very close to the heart of biology, and being so close to the heart, 
it is one of the most difficult in which to make definite advances. 

Recently, Szent-Györgyi, Sr. (1960) made a very wise remark in one 
of the little books which he writes every few years
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: 

"We know life only by its symptoms, and what we call life is to a 
great extent the orderly interplay of the various forms of work. Since 

l Quote has been very slightly paraphrased. 
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the dawn of mankind, death has been diagnosed mostly by the absence 
of one of these forms, the one that expresses itself in motion." 

So we are confronted here, it might be said, with the basic problem 
of life and death. 

Recently an accident took place on the highway. A man was run 
over and the driver claimed that he did not knock him down, but that 
the man fell in front of his car and was apparently pushed down there. 
So the judge, in charging the jury with their duty, said that they had 
three things to determine: First, did he fall? Second, if he did fall, was 
he pushed, and, if so, by whom? And, third, just how did this happen? 

This is, I think, a perfect analog for the problems of our topic. When 
cytoplasm moves, or when individual particles move within it, are 
they pushed and, if so, by whom, and just how does this happen? 

Now if we look back at what has been done (I made the point that 
it is not a great deal), of course the situation is not quite so gloomy. 
We do know a great many things, and it is perhaps worth taking the 
time to mention some of those that we do know. We do know that the 
cause of movement somehow involves adenosine triphosphate (ATP). At 
least in Myxomycètes we know that ATP is present, and we know when 
one injects ATP it produces very characteristic results. It liquefies 
Myxomycete plasmodium; it makes cytoplasm flow away from the 
point of injection in amebae; it reactivates sperm tails that have been 
stored in the cold; it greatly stimulates the streaming in Acetabidaria. 

Then again, we know, at least in Myxomycètes, that there is present 
a myosin-like protein which has many of the properties of myosin, and 
acts as an ATPase stimulated by calcium, with the calcium effect op-
posed by magnesium. This is one precious piece of knowledge; its exact 
application may not yet be clear, but at least it describes some part 
of what happens. 

There is good evidence, also, that the streaming energy in Myxo-
mycètes is derived from an anaerobic process, and we know from plant 
material, especially cambium, that streaming can continue for a very 
long time in nitrogen. We know a good deal also about the temperature 
relations of streaming and related movements. The Q 1 0 is on the whole 
low enough to suggest that the limiting factor may well be a physical 
process rather than the provision of the metabolic energy (see the paper 
by Jarosch in this volume). 

There is a great deal of information about the effects on movement 
of external influences, at least in plants. These include the effect of 
light, especially blue light, and its accompanying change in protoplasmic 
viscosity (Virgin, 1951, 1954). We are familiar too with many kinds of 
ionic effects and with the stimulation of streaming caused by physio-
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logical concentrations of auxin, and its interdependence with carbohy-
drate supply. 

As to the mechanism, a survey of the literature indicates that there 
is a gradual crystallization of views around the importance of an inter-
face between sol and gel. For this we have various supporting observa-
tions of which one of the clearest is the effect of pressure, which liquefies 
the gel and also stops streaming. The remarkable phenomena of in-
dependent movement of plastids and granules suggest that any proto-
plasmic surface can generate the forces leading to movement and this, 
of course, would strongly support the idea of some sort of a universally 
occurring type of interface. However, in such organisms as amebae, if 
there is a sol-gel interface it must of course be constantly changing or 
breaking down and reforming, so this seems to be a rather obscure part 
of the field, touched on by several contributors to this symposium. 

One problem that comes very strongly to mind when one thinks 
of this field is the fact that the free movement of cytoplasm almost 
seems to preclude the presence in it of elaborate organization, and yet 
one sees under the electron microscope, even in motile cells, quite 
extensive structures. These structures are apparently still present even 
though the cytoplasm may be in active movement. 

In the pollen mother cells of Saintpaulia (sectioned by my colleagues 
Leadbetter and Porter at Harvard), as is typical with vacuolated plant 
cells, there is very vigorous streaming. Nevertheless, although cytoplasm 
is evidently streaming in and out between the separated vacuoles, this 
highly mobile material contains elaborate endoplasmic reticular struc-
tures. That a small body like the Golgi could remain intact is not 
remarkable, for it will probably move intact like a completely en-
closed structure; but that endoplasmic reticulum of various kinds in-
cluding outgrowths of the nuclear membrane into the cytoplasm should 
remain there and move freely about seems to me a very remarkable 
thing. 

Just recently, Kollman and Shumacher (1962) published pictures 
showing cytoplasmic structure in sieve tubes. I need not tell you that 
sieve tubes are the vessels through which sugar solution flows freely 
in mass flow. These sieve tubes have been reactivated in the spring. 
Fixation by permanganate or osmic acid shows similar structures in 
these long cells, namely the presence of elaborate endoplasmic reticular 
structures, in cytoplasm which is supposed to flow and give way to 
sugar solutions continuously. In the presence of such vigorous trans-
porting activity as has been demonstrated to occur in trees, it is difficult 
to convince oneself that any such structure could possibly survive. 

As I said at the outset, we are close to the heart of biology here, so 
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that it is perhaps not surprising that there are a great many unsolved 
problems. After all, the presence of such puzzles is the principal stimula-
tion of a symposium such as this. 
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