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Evolutionary significance 
of autogenous regulation 
GoLOBERGER 1 has drawn attention to numerous reports 
relating both to prokaryote and eukaryote systems in which 
it has been shown that an enzyme may have, in addition 
to its own ca,talytic function, a regulatory role in deter
mining ,the rate of its own synthesis. He has suggested the 
term 'autogenous regulation' to describe such situations. 
The term 'autoregulation' has previously been used by 
others'·' to describe this general phenomenon. Autogenous 
regulation is, however, itself an example of a more wide
spread phenomenon, whereby a protein may have a regu
latory function as well as a catalytic or structural role . 
Thus for example, Slonimski and his coworkers'·' have 
suggested ,that in Saccharomyces cerevisiae, iso-2-cyto
chrorne c regulates the synthesis, not of itself, but of 
iso-1-cytochrome c, and I have proposed' that in Asper
gillus nidu/ans, nitrate reductase regulates not only its own 
synthesis, but also the syntheses of many catabolic 
enzymes. 

In an earlier paper', I speculated briefly on the possible 
evolutionary significance of this bifunctionality of certain 
proteins, suggesting that it might be a more widespread 
phenomenon than was at the time apparent. Now that a 
number of other similar examples have been reported (see 
ref. I for a list of references), it is worthwhile to develop 
these speculations further. 

I assume that, primitively, enzyme synthesis was un
regulated. For regulation to evolve, an element was 
required which must combine two specificities. It had to 
be able to interact in some way with the apparatus of gene 
expression to ensure that the gene product was synthe
sised only when the environmental conditions of the cell 
required it. It therefore also had to be able to recognise 
these environmental conditions. The evolution de novo of 
such an element, with its two unrelated specificities, would 
pose problems. There were already present in the cell, 
however, elements which had one of these functions. At 
this point, i,t is simpler to consider the evolution of 
inducible and repressible systems separately. 

For inducible systems, the cell already possessed 
enzymes which had to recognise their substrates to func
tion and it seems plausible that these would provide a 
starting point from which evolution could select the second 
specificity necessary for them to acquire additionally a 
regulatory function. Although, for inducible systems, an 
enzyme would be an ideal candidate for evolving the func
tion of regulating its own synthesis, it is by no means the 
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only candidate. Any other protein which interacted ei,ther 
with the substrate of the enzyme whose synthesis is to be 
regulated, or with some metabolite whose intracellular 
concentration was correlated with the concentration of 
that substrate, would also be suitable. This may explain why 
the natural substrate is not the effe.cto,r in some inducible 
systems. Examples of this are xanthine dehydrogenase I 
in A spergillus nidulans which is induced by its product 
uric acid but not by its substra te hypoxanthine', and the 
Escherichia coli lac system which is induced by allolactose, 
but not by lactose'. 

For repressible systems, there would also be a variety 
of possible candidates already present in the cell, which 
would be suitable for selection for a regulatory role. These 
would include any protein which could bind either to the 
product of the pathway to be repressed, or to some meta
bolite whose concentration was correlated with the con
centra tion of that product (for example, for some amino 
acid biosynthetic pathways, the charged amino-acyl tRNA). 
In several cases it has in fact been found that the first 
enzyme of the biosynthetic pathway, ,which recognises the 
end product or a related metaboHte because it is subject to 
feedback ,inhibition, also has a regulatory role in determin
ing the rate of synthesis of the enzymes of the ,pathway' . 
These findings imply that the evolution of feedback in
hibition may have predated repression. 

In both inducible and repressible systems, it is possible 
that selection for the modification of a catalytic protein 
so that it acquires additionally a regulatory function , may 
in some cases put demands on that protein such that it 
could perform neither catalysis nor regulation well. In 
such cases, duplication of the gene specifying the protein, 
and subsequent divergence of the two gene copies, would 
allow each to be selected for one of the functions only. 
This would result in genes whose protein products would 
now ,seem to have only a regul~tory function, but it is 
possible that such proteins might still contain in their 
amino acid sequences 'fossil' evidence of their evolutionary 
origin. 

Beyrouther, et al.'° have determined the amino acid 
sequence of the E. coli lac repressor, and •have found no 
similarities between it and those parts of ,the /3-galactosidase 
sequences which are known. They argued that it was unlikely 
therefore that the two proteins had evolved ,from a common 
ancestor. The lac repressor could have evolved, however, 
from some other ceillular enzyme· which bound allolactose. 
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