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In continuation of a previous study a case of self-regulating 
polarity is investigated, in which a metabolite neither enters nor 
leaves the cell, being produced in one part of it and consumed in an- 
other. Such a cell possesses a larger degree of autonomy and inde- 
pendence of external conditions than the previously discussed one. 
Application to cellular locomotion is indicated. 

This s tudy is a eont inuat ion of a previous paper  (Rashevsky,  
1940; he re ina f t e r  r e f e r r ed  to as loc. ci t . ) .  

Consider a spherical  cell of radius  to ,  inside of which a substance 
is produced at  a ra te  of q gm cm -3 sec -1. Let  the  same substance break  
down and the re fo re  d isappear  a t  a ra te  propor t ional  to its concentra-  
t ion c, and given by - -  bc g m  cm -3 sec -1. 

Let  the membrane  of the cell be completely impermeable  to tha t  
substance, so tha t  the la t te r  ne i ther  enters  nor  leaves the cell. Under  
these conditions a s ta t ionary  state  is approached,  in which the ra te  
of product ion q of the substance is equal to its ra te  of consumption 
bc .  This gives c = q / b .  The concentra t ion is un i fo rm th roughout  
the cell. 

Consider now, as in the previous paper  (loc. cir.) tha t  the cell 
contains colloidal particles, which act  as an inhibi tory  catalyst  upon 
the ra te  of fo rmat ion  q of the substance. Denot ing by n the concen- 
t ra t ion  of the colloidal catalyst,  we shall again use equation (24) of 
loc. cit. For  a constant  c ,  n is also constant  th roughout  the cell. 

Let  now, due to any disturbance,  a small increase in n arise in 
some region of the cell, producing thus an asymmetry .  In this region 
q will decrease and the re fore  c will decrease. This will resul t  in a 
negat ive grad ien t  of c in the direction of t ha t  region and the re fore  in 
an accumulat ion of colloidal part icles in tha t  region with a resul t ing 
f u r t h e r  decrease of c .  As in loc. cit. we thus will find an a symmet ry  
or polar i ty  automatical ly  established and maintained.  The conditions 
fo r  s tabi l i ty  are  the  same as before.  

The calculations proceed ve ry  much as in loc. cit. Denoting by 
the subscr ipt  1 the quanti t ies  r e f e r r i ng  to one hemisphere  and by the 
subscript  2 those r e f e r r i ng  to the other  hemisphere and remember ing  
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t ha t  in the s ta t ionary  state the total amounts  produced in one hemi- 
sphere equal the total amount  consumed, plus the total amount  dif- 
fus ing into the other hemisphere, we have 

]nro3q~ - -  - ~ J t r o a b c l  - -  nroD ( c~ - -  c~) = O ,  
(1) 

w  - -  ~zzrJbc2 -~- n r o D  ( c~ - -  c2) -= O . 

Solving for c~ and c: and calculating the quant i ty  cl - -  c : ,  we find: 

ro  2 
(q~ ~ q~). (2) 

cl  - -  ca - -  r J b  ~ 3 D  

For  the relation between the quant i ty  x = cl - -  c~ and n~ - -  n~ we 
have equation (23) of loc.  cir .  In its dependence on q~ - -  q.~ equation 
(2) is similar to equation (18) of loc.  c i t .  Hence, put t ing 

r~ -- A (3) 
ro2b -~- 3 D  

we shall have for  x = cl - -  c2 formally the same expressions as those 
obtained previously. 

In view of the assumed impermeabil i ty of the cell membrane to 
the substance in question, such a cell possesses an autonomy and inde- 
pendence of external conditions to a much greater  degree than  before. 

An interest ing consequence may be considered here. Let  the mem- 
brane, while impermeable to the metabolite, be freely permeable to 
water.  The osmotic pressure due to the concentration of the meta- 
bolite and directed outward,  will be greater  at  the pole, a t  which the 
concentration is greater.  Therefore a net resul tant  force in the di- 
rection of tha t  pole will be present, and the cell in tha t  case will move 
fo rward  with the pole of higher  concentration. At  first sight this con- 
clusion sounds like a paradox, for  we seem to have a movement due to 
internal  forces. This however is not so, since inside the cell the sub- 
stance flowing f rom one pole to another  exerts a diffusion drag 
(Young, 1939) upon the water,  which even inside the cell remains 
s tat ionary,  due to the assumed complete permeabil i ty of the cell mem- 
brane to water.  

Somewhat similar cases of spontaneous locomotion have been 
studied by Gale Young (unpublished) for  the case of an asymmetr ic  
flow of a substance f rom the cell. In tha t  case the mechanism of lo- 
comotion is much like tha t  of a rocket. In the present  case the me- 
chanism may be to some extent  compared with a sort  of caterpil lar 
drive. Such mechanisms may well be responsible in some cases for  
spontaneous locomotion of unicellular organisms. 
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The author  is indebted to Mr. H. D. Landahl  for  checking the 
algebra. 

This work has been aided in par t  by a g ran t  f rom Dr. Wallace C. 
and Clara A. Abbot Memorial Fund  of the Universi ty  of Chicago. 
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