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Biochim ica comparata. —  Sh ift-up  transitions of growth in N eu
rospora crassa. N ota di M a r ia  G r a z ia  C o s t a n t in i  e M a r ia  G r a z ia  
M a s s a r i , p re se n ta ta (#) dal Corrisp. E . M a r r e .

RIASSUNTO. — Sono descritte transizioni nutrizionali per shift-up da acetato a brodo 
nutriente e da glicerolo a glucosio in culture di Neurospora crassa.

In entrambi i casi si osserva un brusco aumento della velocità di accumulo di RNA 
in seguito all’aggiunta di un nutriente più facilmente utilizzabile. Si suggerisce che tali 
transizioni possano essere utili per studiare la regolazione della sintesi di RNA in Neuro
spora, già oggetto di studi in questo laboratorio.

Introduction

The regulation of synthesis o f RNA is one of the more im portant of the 
m etabolic processes which ensure the control of cellular growth. A  num ber 
of studies on bacterial cells [1-2] have shown that the ribosom al RNA (rRNA) 
content of exponentially growing cells depend upon the rate of growth of the 
culture. Recent findings indicate th a t this is also true for eukaryotic m icroor
ganism s [3—4] and, in more general way for cells of higher organisms.

It is clear th a t in the study of the regulation of the synthesis of RNA 
and in particu lar of rRNA, beside the analysis of different conditions o f expo
nential growth, it m ay be of great interest the use of nutritional shifts which 
rapidly  induce a change in the ra te  of growth and, with all likehood, of rR N A  
synthesis. In  a study on a shift-down transition of growth of Neurospora 
crassa cells which has been done in this laboratory [5] the exhaustion of the 
richer carbon source from the culture m edium  was shown to be accompanied 
by an abrupt and almost complete inhibition of ribosom al RNA synthesis. 
C ontrary  to w hat has been shown in com parable bacterial systems [6-7], 
this rapid inhibition of ribosom al RNA synthesis is not accompanied by an 
increase of guanosine 3^-5' te traphosphate [8], and the question is still open 
on the small molecule which m ediates such negative control.

In  this paper we present a prelim inary report on the study of shift-up 
transition, which m ay represent a convenient experim ental condition to induce 
a rapid  increase of the ra te  of synthesis of ribosomal RNA.

M a terials  and  methods

Organisms and growth conditions

T he wild type strain  74 A  (St. Lawrence) of Neurospora crassa has been 
used for thè experim ents described in this paper. The growth conditions were 
indicated in detail in a previous paper [4]. (*)

(*) Nella seduta dell’8 marzo 1975.
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T he growth m edia were prepared by adding to a Vogel’s m ineral medium 
[13] one o f the following carbon sources: glycerol (100 pg/ml), sodium acetate 
(40 mM ), glucose 2 %  (w/v) and in the case of nu trient broth 0.75% (w/v) 
of nu trient broth (Biolife), 0 .75%  (w/v) of yeast extract (Biolife) and 2 %  
(wjv) o f sucrose.

T he shift-up experim ent were performed by dilution as indicated in a 
previous paper [4].

700 ml flasks containing 100 ml of the culture m edium  were inoculated 
w ith 1-2 X io 5 conidia/m l then incubated in a D ubnoff w ater bath  at 30 °C. 
A fter a convenient period o f growth in the poor m edium  100 ml o f a richer 
m edium  were added. T he grow th was followed as increase o f the absorbance 
at 450 nm  and the constant of the rate o f growth, K {hr-1) was
determ ined as previously reported [4].

Incorporation of radioactive precursor into nucleic acids.

In  the experim ents in which the 32P incorporation into RNA was m easu
red, iop,Ci (in the case of growth in glucose, sodium acetate or nutrient broth) 
or 40 p.Ci (in the case of growth in glycerol) of 32P-orthoposphate (carrier 
free) obtained from Radiochemical Center (Amersham) were added to 100 ml,
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Fig. I. -  Growth and RNA accumulation in Neurospora crassa during a shift-up transition 
of growth from acetate to nutrient broth. The cells were growth in minimal acetate (40 mM); 
at tl)e time indicated by the arrow 100 ml of the culture growing in minimal acetate were added 
to I bo ml of the fresh medium containing 0.75% yeast extract; 0.75% nutrient broth, 2% 
sucrose. Growth was monitored as change in (A—A); RNA accumulation was deter
mined by measuring the incorporation of 32P into the cold trichloroacetic acid précipitable 

fraction, subtracted by the hot précipitable fraction (0—0).
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culture im m ediately before the inoculation with the conidia. In  this experi
m ents the concentration o f K H 2P04 in Vogel’s m ineral m edium  was lowered 
to 2 m M , as it has been previously shown [4] tha t this concentration o f phos
phate neither modifie the ra te of growth of Neurospora crassa mycelia nor 
limits growth under our experim ental conditions. A t the times indicated in 
the figs, i and 2, 2 ml aliquots o f culture were w ithdraw n and added to 2 ml 
cold 20 % trichloroacetic acid. A fter 20 min. in ice, the suspension was filtered 
through a M illipore H A  (0.45 p) filter and extensively washed with cold 5 %
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Fig. 2. -  Growth and RNA accumulation in Neurospora crassa during a shift-up transition 
of growth from glycerol to glucose. The cells were growth in glycerol (ioopg/ml); at the 
time indicated by the arrow 100 ml of the culture growing in glycerol were added to 100 ml 
of the fresh medium containing 2 % glucose. Growth and RNA accumulation were determined 

as indicated in the legend of fig. 1.

trichloroacetic acid. A t the same time, 2 ml aliquots were added to 2 ml 
20 % thichloroacetic acid and heated at 90 °C for 30 min. The suspension 
was filtered and washed as indicated above. The am ount of radioactivity  
incorporated into the cold trichloroacetic acid-precipitable fraction, subtrac
ted by th a t o f the hot trichloroacetic acid-precipitable fraction, represents the 
radioactiv ity  incorporated into nucleic acids [5]. Due the very low DNA 
content of Itfeurospora crassa cells, 32P incorporation detects essentially RNA 
accum ulation [4].

T he dried M illipore filters were counted in a Packard L iquid Scintilla
tion C ounter (model 3320) according to standard procedures.

29. — RENDICONTI 1975, Voi. LVIII, fase. 3.
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R esults and discussion

Neurospora crassa m ycelia growing exponentially in different culture 
m edia show different rates o f growth: in Table I the constants of the ra te  of 
growth (K, h r -1) of Neurospora mycelia growing in Vogel’s m inim al medium  
supplied w ith the following carbon and nitrogen sources: sucrose plus nutrient 
broth, glucose, acetate and glycerol, are reported.

The RNA level (expressed as [xg RNA/genome) of these culture was 
found to increase proportionally with the rate of growth as reported in the second 
column of T able I. Therefore during the shift from a poor to a richer medium, 
we should expect th a t the RNA content of the culture increases so to reach 
the level reported for the second condition.

The kinetics of this transition  has been studied in the following experiments.
The accum ulation o f RNA was studied by m easuring the incorporation 

of 32P-orthophosphate which, in Neurospora crassa, detects almost exclusively 
RNA form ation [5]. The radioactive precursor was added to the m edium  at 
the m om ent o f the inoculation of conidia so to ensure pool equilibration before 
the beginning of the sam pling.

In fig. I the shift-up from acetate to nutrien t broth is shown. D uring the 
growth in acetate the curves of A450wm and of 32P incorporation were parallel 
with the same ra te  constant (K  — 0.30) indicating tha t the cells were growing 
exponentially on acetate. W hen the nutrient broth was added to the culture 
m edium  the increase o f A450„w is blocked and at the same tim e the net synthesis 
of RNA is increased very m arkedly (K =  0.50). A fter about 90 m in the growth 
as -̂450nm resumes (K  — 0.38) and the rate of RNA accum ulation slows down 
reaching apparently  a new condition of balanced exponential growth, about 
3 hours after the shift (K =  0.38). It has to be noted th a t the rate of growth 
achieved after the shift to nu trient broth is muchslower than  th a t measured 
in nu trient broth m edium  itself (K  — 0.63) reported in Table I.

T hen the shift from glycerol to glucose was studied in cells in exponential 
balanced growth (K  =  0.31). The same increase of A45(W continues at the 
previous ra te  (K =  0.13) for about 4 hours after the shift-up. The rate of 
accum ulation of RNA is greatly  stim ulated after the shift. The constant of 
the in itial ra te  being K =  0.73; then it slows down considerably (K  =  0.36) 
and, apparen tly  a new condition of balanced exponential growth is achieved. 
In  this case the ra te  o f growth m easured after the shift is th a t typical of growth 
on the new m edium  (K =  0.35).

In  conclusion the results which have been shown indicate th a t a rapid 
and sizable change in the ra te  of the net synthesis of RNA is produced by 
nutritional sh ift-ups.

These phisiological conditions are therefore convenient for studies on 
the regulation of RNA synthesis and considering th a t about 80 % of total 
RNA is rR N A  more specifically for the studies on ribosomal RNA synthesis.
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The transition for nutritional shift-up gives a situation opposite to that 
of the transition for nutritional shift-dow n which is referred in the Introduction 
causes a specific restriction o f rR N A  synthesis. Thus it seems th a t the inte
grated study  of the two conditions should be useful in order to understand 
the mechanisms of the regulation of the synthesis of rR N A  in eukaryotic cells.

Table  I.

Rates o f growth and R N A  levels of Neurospora crassa cells in exponential
growth on different media.

Growth medium Rate of growth 
(K , hr- 1)

RNA level 
(pg per genome)

Nutrient b ro th ................................. 0.63 2.44X IO“6

Gl u c o s e ............................................. 0-35 1.34 Xio~6

Ac e t a t e ............................................. 0.28 I . 11 XIO~8

Glycerol ............................................. 0.18 0.71X IO“6

T he situation in eukaryotic m icroorganism  can be different from tha t 
described in prokaryotes [9], as different RNA polym erase molecules [10] 
catalyze the synthesis of ribosom al and of messenger RNA so th a t it is not 
possible to hypothize [9], as suggested for E . coli, tha t a num ber of RNA 
polym erase molecules shift from the unstable to the stable RNA geens so to 
yield the rapid  response of the stim ulation of the synthesis of rRNA.

Due to the m ultiplicity of the RNA polymerase it is likely that, 
following a nu tritional shift-up, molecules of RNA polym erase I which were 
not functionally active become able to bound to chromatine [11] or tha t more 
RNA polym erase I molecules are m ade. It is to be recalled in fact th a t in 
yeast [12] the level o f the nucleolar RNA polymerase is higher at higher 
grow th rates, so th a t a new synthesis of RNA polymerase I can be expected 
to occur during a nutritional shift-up. Experim ents along these lines are 
in progress.
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