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Biochimica comparata. — Ribosomal RNA synthesis: A  possible 
regulatory mechanism Nota c(*) **) d i F il ip p a  A .M . A l b e r g h i n a , pre
sentata d a l Corrisp. E . M a r r è .

RIASSUNTO. —  Viene discusso un meccanismo di regolazione della sintesi di rRNA 
in Escherichia coli, che è suggerito dalle indicazioni derivate da un modello dinamico della 
crescita cellulare precedentemente discusso. Si suggerisce che la velocità di sintesi di rRNA 
sia modulata dai nutrienti i quali modificherebbero l’equilibrio della reazione che dà origine 
al fattore di trascrizione 4, la cui disponibilità condiziona la velocità di sintesi di rRNA. Il 
fattore 4 sarebbe in equilibrio con la forma libera del fattore di allungamento della sintesi 
proteica TuTs, la cui concentrazione è funzione inversa del livello cellulare di ribosomi. Questo 
meccanismo consentirebbe alle cellule di modulare la velocità di sintesi di rRNA secondo il 
nutriente disponibile e l’attuale livello cellulare di ribosomi. Le cinetiche sperimentali per la 
sintesi di rRNA durante le transizioni nutrizionali vengono giustificate da questo meccanismo.

In some previous papers I have proposed a model for the regulation of 
cellular growth, in which the three major macromolecular syntheses occurring 
in a cell are considered: those of DNA, rRNA and protein, and is suggested 
the way in which they are interlocked and reciprocally controlled [1, 2, 3]. 
This model has been shown to be able to predict with accuracy the growth 
kinetics of cells of various organisms in different growth conditions [1, 2, 3, 4]. 
Of course these results are not the proof that the model indicates the actual 
regulatory mechanisms of the macromolecular syntheses. A critical test 
in this sense would be to identify at the molecular level the transducers, the 
signals and the comparators predicted by the model.

For example the synthesis of rRNA is indicated by the model to be under 
a negative feed-back control, in which the reference input is a function of 
the nutrient available to the cell and for which more ribosomes are allowed 
to be made only when the actual level of ribosomes in the cell is below the 
value set by the reference input. Thus the molecular mechanism which regu
lates the synthesis of rRNA should be able to adjust the rate of rRNA synthesis 
to the nutrients and to “ count ” the ribosomes already present in the cell.

As will be discussed in this paper, at least in the case of fairly simple 
cells (bacteria), there is enough information to make a hypothesis on a possi
ble molecular mechanism for the control of rRNA synthesis.

R. colt cells in each steady state of balanced exponential growth have 
a characteristic rate of rRNA synthesis [5]. Except for minor adjustments 
this rate is a function of the ability of the RNA polymerase to initiate tran-
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scription of the rDNA genes [5], and there being only one kind of RNA poly
merase present in bacteria [6], this ability depends upon the amount of a 
transcription factor (<J>) which makes the RNA polymerase molecules able to 
transcribe rDNA. The ability of the RNA polymerase of E. coli to shift from 
making mRNA to make rRNA has been put in evidence [7]. The protein 
elongation factor TuTs has been shown to substitute <j/, and to stimulate 
preferentially in vitro the synthesis of rRNA [8], [9].

A SUGGESTED REGULATORY MECHANISM

The rate of rRNA synthesis in E. coli could be adjusted to both the 
nutrients available to the cell and to the actual level of ribosomes (R), if 
one hypothesizes the following reactions:

(O' TuTs (bound to R) 0 -* TuTs 0 -- TuTs* (=  ÿ).
a b

Assuming the amount of the total TuTs per genome to be fairly constant at 
different rates of growth, as indicated by a revaluation of the data of 
Gordon [io], the amount of free TuTs decreases by increasing the R level 
(reaction a), offering therefore a simple way of “ counting ” the ribosomes 
present in the cell.

On the other hand each nutritional condition will set a specific equili
brium value for reaction (6), the value of [TuTs*]/[TuTs] being higher for 
higher growth rates. The elongation factor in the TuTs* form corresponds to

To have an initial evaluation of the validity of the hypothesis given in 
equation [i], let us consider the kinetics of rRNA synthesis observed during 
nutrient transitions.

In shift-down the rate of rRNA synthesis just following the exhaustion 
of tfhe rich medium is lower than that specific for the new nutrient [11 ]. If 
the poor nutrient sets a lower value for the (b) equilibrium, just at the 
beginning of the shift-down, while the (R) level will be higher than that charac
teristic for the new nutrient, this would reduce the rate of rRNA synthesis. 
In fact the higher (R) level will trap in reaction (a) more TuTs than it 
should under the new steady state condition and it will follow that less TuTs* 
would be present under the equilibrium condition proper for the new medium. 
So the rate of rRNA synthesis will be lower than that expected for the growth 
in the new medium.

The reverse (increase of the (b) equilibrium following the addition of a 
rich nutrient, while a larger amount of TuTs is free, the (R) level being lower 
than that characteristic for the new medium, due to the previous growth in 
the;poor medium) will account for the rate of rRNA synthesis enhanced over 
that of the new medium as observed in shift-up [5].

Finally the following circumstantial evidence seems to support the indicated 
regulatory mechanism.
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E . coli cells growing at low concentrations of fusidic acid in a given 
medium have a lower growth rate but a higher RNA content and faster syn
thesis of stable RNA species than the control cells [12]. Fusidic acid prevents 
aminoacyl-tRNA-EF-Tu binding the ribosomes [13, 14, 15]. These findings 
may be interpreted as follows: fusidic acid interfears with reaction (a) leaving 
more TuTs free than in the corresponding normal growth. The equilibrium 
value of reaction (b) is set by the nutrient; in the presence of fusidic acid, the 
concentration of TuTs being higher, a larger amount of TuTs* will be made 
than in the control cells, therefore explaining the higher stable (ribosomal) 
RNA content and the rate of synthesis of the treated cells.

Experiments aimed at testing the validity of the hypothesis are now 
under way in our laboratory.
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