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In a recent paper (Bull. Math. Biophysics, 20, 245, 1958), Robert 
Rosen applied topological considerations to the study of an organism as 
a whole. Those considerations have no direct relation to the principle 
of biotopological mapping. They rather represent a topological model of 
an organism~ especially a model of the repair mechanisms which or- 
ganisms possess for lost or impaired parts. In this note it is shown that 
the model introduced by Rosen may possibly be derived from the principle 
of biotopological mapping plus a proper definition of the primordial. Such 
a derivation may also provide a clue to a proper biotopological approach 
to the problem of multiplication of organisms. 

In an interest ing paper, published in this i ssue  of the Bulletin, 
Robert  Rosen (1958) outlined a novel topological  approach to the 

theory of the organism. He defines the so-cal led (M, R)-sys tems in 

which certain components, the R-components ,  play the role of re- 

pair mechanisms for the other components, the ~d-components. 
Rosen proves a number of important theorems about such systems.  

Famil iar i ty  with his work is presupposed for the understanding of 

the following argument. 

A somewhat weak point of Rosen ' s  theory is the question as to 
what happens when an R~-component is destroyed. Does it  become 

re -es t ab l i shed  and if so, how? Or are the R~-components not re-  

es tabl ishable?  In the lat ter  case  we have a biological ly somewhat 
unlikely situation. Catabolic p rocesses  must take place also in 
the Ri-components .  Therefore after a while those components will 
cease  to ex i s t  and the Ms-components will become not re-es tabl i sh-  
able. On the other hand, if for some reason or other the life span 
of the R~-components is much greater than that of the M~-compo- 
nents ,  in other words if they decay much more slowly, then the 
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above situation may not appear to be quite so unlikely. We may 

perhaps associate some phenomena of aging with the decay of the 

R~-components, inasmuch as it is known that with age the self- 
repairing ability of an organism in general decreases. 

However, it would seem decidedly desirable to investigate dif- 
ferent possibilities, namely, such where a re-establishment of the 

R~-components takes place. The most interesting of such possi- 
bilities is to consider that some/d k system or several of them may 

play the role of R-systems with respect to some Ri-systems. This 
will impose certain conditions on the whole (M, R)-system, and the 

study of the resulting possibilities is likely to offer a fertile field 
for biotopological investigations. 

Another possibility, which is probably the simplest one, is to 
assume that an Ri-component , if destroyed, becomes re-established 
automatically as long as the corresponding set O i of environmental 
outputs of hi remains intact. 

Regardless of the above, a very interesting aspect of Rosen's 

(M, R)-systems is that they may offer a clue to a possible bio- 

topological treatment of the problem of reproduction. Hitherto in 

all our previous publications we considered reproduction just as 
another basic biological property, on par with any other property 

P~. Yet somehow this seems to be inadequate, because reproduc- 

tion seems to occupy a central position among the other properties. 
Reproduction causes the spread of life on earth, and all other 

biological activities of the organism seem to converge towards 
that result. 

The theory of the (M, R)-systems has no connection with the 
principle of biotopological mapping. It is basically a topological 

model of the organism. Inasmuch as our aim is to discover funda- 

mental general principles in biology~ we should attempt to reduce 

any models, topological or otherwise, to the general principles. 
We shall now very tentatively suggest a possibility of deriving the 
(A4, R)-systems from the principle of biotopological mapping com- 
bined with a proper definition of the primordial. 

We already indicated (Rashevsky, 1958a) that the primordial or- 
ganism may not be an actually existing one. We may go now a step 
further and say that the primordial need not be even an organism 
that ever existed. For our purposes it may perfectly well be an 
abstraction, defined as the smallest set of basic properties which 
still would be considered as an organism. According to a previous 
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paper (Rashevsky,  1958a) a bas ic  property Pi is the logicaUy most in- 
c lus ive  se t  of all subpropert ies  P~a. If we apply this point of view, 
then we can considerably reduce the cardinal number of the se t  of 
bas ic  properties of a primordial. Essent ia l ly ,  as  we already re- 
marked elsewhere (Rashevsky,  1955, 1956b), the many properties 
of an organism are logically different aspec t s  of selection. An or- 
ganism, through its sense  organs~ se l ec t s  the proper location and 
proper character of i ts  food. Through either molar (Rashevsky,  
1958a) or molecular movements PM it continues the select ion of the 
proper food. The digest ive enzymes act  selectively on certain sub- 
s tances  and break them down in a selective manner. Thus the idea 
is naturally suggested to consider all the above-mentioned bas ic  
properties as  subproperties of the more inclusive property Psez of 
select ion.  Some of the subpropert ies  and therefore Psez i tse l f  would 
be inputs into the primordial, some- -ou tpu t s .  The next se t  of 
properties all deal with metabolic ac t iv i t ies  and may perhaps be 
all considered as subpropert ies of another bas ic  property PT which 
can be denoted as transformation. This transformation includes 
both production of enzymes and of waste  products, and the proper 
arrangement of the se lec ted  molecules ,  obtained as a result  of the 
operation of property P e z ,  into a new organism. In line with Robert 
Rosen ' s  views (1958), we shall consider the property PT neither as  
input nor as output,  but as  a mapping of outputs on inputs, or as 
relations between inputs and outputs.  

In line with this view the s implest  organism recognizable as such 
would cons i s t  of two components. One, M, will have as outputs 
certain enzymes or enzymatic properties connected with the or- 
ganism directly (if the organism cons is t s  of only one molecule). 
The effect  of this output would be to produce by select ion from the 
fragments of food, a set  of molecules which can be used as build- 
ing s tones for the organism. The second component, R, would take 
those in as inputs and produce as output through synthetic  proc- 
e s s e s  a new organism. 

The graph representing such an organism would be a simple 
open-branched structure with an additional environmental input 
into M and an output from M~ as shown in Figure 1. 

We may remark that a virus molecule is not too dissimilar from 
the above scheme. The virus must either act  directly as lyt ic  
agent on the cytoplasm of the host  or send off small catalyt ic  
part icles to do that. Its se lec t iv i ty  is well known. Once the build- 
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ing stones are obtained by lysis ,  the replication mechanism, pre- 
sumably DNA, produces other virus molecules. 

Replication 
of (M,R) 

FIGURE 1 

If we now apply either transformation rule A of the preceding 
paper (Rashevsky,  1958a) in its generalized form (Rashevsky,  1958b) 
or the rules T (") (u = 1 , . . . ,  14) d iscussed  still earlier (Rashevsky,  
1956b) to the primordial which we jus t  suggested,  we can obtain 
very complex structures. Formally the above transformation rules 
can be applied to an (hi, R)-sys tem,  for it does not make any dif- 
ference topologically whether the points represent biological prop- 
erties or components. Instead of one output of M in the primordial, 
there will be now a number of "suboutputs," in which different 
components M i will be specialized. The same holds about R. In 
effect we obtain an (M, R)-system. 

Such an (bl, R)-system differs, however, from the one introduced 

by Rosen, and discussed above, in one very essential feature: The 
components Mi are not merely repaired, but they multiply. There 
is, however, a close relation between repair of parts of an organism 
and the multiplication of its constituent cells. Multiplication does 
not occur, however, unless repair is needed. An explanation of 
this situation may lie in an assumption which we already made 
elsewhere (Rashevsky, 1948, Chapter XVIII) and which is almost 
inescapable,  if we are to account for the cessa t ion  of growth of the 
whole organism after a certain time and yet  understand the po- 
tentially unlimited cell multiplication which will go on in an ex- 
cised piece of t i ssue of such an organism if the t i ssue  is placed in 
a proper medium. We must assume that the different cel ls  of an 
organism exert some kind of mutual inhibition on each other and 
that when the number of cel ls  in the organ reaches a certain limit 
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the inhibition becomes complete. The situation is formally not 
unlike that of mutually inhibiting neurons. When there are too many 
of them, the inhibition is complete. 

With such an assumption, which may possibly eventually become 
a general principle, the (M, R)-system, obtained by a biotopologi- 
cal transformation from a proper primordial will behave lust as 
discussed by R. Rosen (1958). 

We now run, however, into another difficulty. The primordial re- 
produces itself, but the (M, R)-system obtained from it by a hie- 
topological transformation only repairs its parts. 

The solution of this difficulty is likely to lie in an extension or 
sharpening of the principle of biotopological mapping, to which we 
already alluded (Rashevsky, 1954). A complex higher organism is 
not obtained from a simple one by a single transformation but 
through a series of steps. The rule A of the previous paper (Ra- 
shevsky, 1958a) and the rules T (u) (u = 1 , . . . ,  14:) presented else- 
where (Rashevsky, 1956b) give us the end result of the transforma- 
tion. They do not tell anything about the steps in which it proceeds 
and which correspond to the steps of both phylogenetic and onto- 
genetic development. In ontogenesis an organism does not develop 
from a primordial but from an already rather complex, though uni- 
cellular, organism, the ovum. This does not contradict the princi- 
ple of biotopological mapping, because if a simpler and a more 
complex organism both map continuously onto a primordial, then 
the more complex will map onto the simpler one. Hence we can 
introduce into the topological space or graph of an organism a sub- 
space or partial graph, O, which represents the ovum, and from 
which the whole organism develops in successive steps. In terms 
of the (hi, R)-system, 0 would be a subsystem. If we now assume 
that the subsystem 0 is the only one that is not inhibited, then all 
other components and subsystems will merely be re-established, 
while 0 will from time to time multiply and reproduce the whole 
organism. 

As to the steps of the transformation from the representative 
space Sp of a primordial to the representative space S 0 of a com- 
plex organism, the most natural and simple thing to consider is 
that at first the more inclusive subproperties Pir162 develop and 
later the less inclusive ones. Thus if Picr c Pitt, then Pi~ will 
develop first. Since (Rashevsky, 1958a) any choice of P~, 's  is 
permissible, several different situations are possible. We may have 
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a se r ies  of organisms of inc reas ing  complexi ty ,  such that  the se t  
$i+k of all  subproper t ies  of the more complex one includes  the se t  
S t of  the l e s s  complex one, thus 5 i c S~+ k. Such a l inear  arrange- 
ment will, however,  be a ra ther  spec ia l  one. More genera l ly  we 
shal l  find that  for two organisms,  i and k, of e i ther  the same or of 
d i f ferent  complexi t ies  

S i n S k ~ O ;  S ~ u S k ~ S i ;  S i u S k d S k ;  (1) 

which means that  5i and Sk have e lements  in common but ne i ther  is 
inc luded in the other.  The  point  a t  which the above re la t ion holds  

may be reached  at  a cer ta in  degree  of complexi ty  prior to which 
the consecu t ive  S i s  are inc luded in each  subsequen t  one.  With in- 
c reas ing  complexi ty ,  the cardinal  number of the in te r sec t ion  $i • Sk 

may become smaller,  and f inal ly  $~ and Sk may even become dis- 
joined.  They  will both contain  subproper t ies  of the same bas ic  

proper t ies  P~, but  d i f ferent  subproper t ies .  
A deve lopment  of this type is not  r epresen tab le  by a l inear  se r ies  

or by a l ine.  It  cor responds  to a branched tree,  jus t  as  is the c a s e  
in actual  evolut ion.  
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