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Biochimica comparata. — Methylation of ribosomal and soluble
RNA 7z Neurospora crassa . Nota “” di EMMAPAOLA STURANT,
Maria Grazia Massart e Fiuiepa A. M. ALBERGHINA, presentata
dal Corrisp. E. MARRE. '

RIASSUNTO. — Sono state determinate le velocith di metilazione del’RNA solubile e
ribosomale in miceli di Newrospora crassa in crescita esponenziale in quattro diversi mezzi
di cultura che permettono velocita di crescita comprese tra 0.13 € 0.51 duplicazioni per ora.

Le velocita di metilazione dell’rRNA e dell’sRNA sono state paragonate alle loro velocita
di sintesi.

Per 'rRNA la velocita di metilazione & strettamente proporzionale alla velocith di
sintesi, cosl che il suo grado di metilazione & praticamente uguale a tutte le velocita di crescita,
e la misura della velocita di metilazione permette quindi di determinare correttamente la velo-

cita di sintesi dell’rRNA. Cid non & vero per I'sRNA il cui grado di metilazione varia al
variare delle condizioni di crescita.

INTRODUCTION

A large number of methylated nucleotides is found both in soluble and
in ribosomal RNA [1]. The specificity of the reactions yielding methylated
sRNA [2], the effects of the growth conditions on the extent and the pattern
of RNA methylation [1, 3], the biological function of the methylated sSRNA [1]
are still open questions.

We were interested in the methylation of RNA because during studies
on the kinetics of RNA formation in Newurospora [4] we found that in experi-
ments of pulse and chase the labeling of RNA can be conveniently done using
“CH,-L-Methionine as a precursor, while the use of radioactive bases or
of **P-orthophosphate is much less satisfactory because the precursor con-
centrations that have to be used are very high, and the periods of time
required for pool equilibration somewhat longer.

Being primarily interested in the nutritional control of RNA synthesis
in Neurospora [4], we have examined the effects of the growth conditions on
the methylation of ribosomal RNA and soluble RNA in Neurospora cells in
exponential growth on different media. The results we present here indicate
that in Neurospora the rate of RNA methylation is closely proportional to the
rate of RNA synthesis for ribosomal RNA but not for soluble RNA.

(*) Centro di Studio del C.N.R. per la Biologia Cellulare e Molecolare delle Piante. Isti-
tuto di Scienze Botaniche, Universitad di Milano Via G. Colombo 60, 201 33 Milano.
(*¥) Pervenuta all’Accademia il 19 settembre 1975.
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MATERIALS AND METHODS

a) Growth conditions. Mycelia were grown in minimal Vogel’s mineral
medium [5] with one of the following carbon sources added: 29 glucose,
40 mM acetate, 2 9, glycerol or 2 9, ethanol.

750 ml flasks containing 200 ml medium were inoculated with 2-10'-
6:10" conidia of wild type Neurospora crassa 74 A. In the case of growth
on glucose, acetate or glycerol the flasks were incubated overnight in a Dub-
noff water bath at 16 °C with shaking at about 100 RPM [6]; after 15 h the
temperature of the bath was raised to 30°C and the growth allowed to continue
at this temperature until Ay, was about 0.3. In the case of the growth on
ethanol the low temperature incubation was omitted and the flasks were
incubated overnight at 30 °C.

The growth was monitored as increase in Ay, and the constant of
the rate of growth, K (47%) was determined as previously reported [6]. The
number of duplications per hour () was calculated from: K/In 2.

b) Incorporation of radioactive methionine by the culture. When the
Agsonm of the cultures was about 0.3, 1 & mole of “CHz-L-methionine (specific
activity 11.5 Ci/mole) obtained from New England Nuclear Corporation, was
added to a 200 ml culture so that its final concentration was 5-10"°M [4].

This concentration has been previously reported [4] to be not rate limiting
for methyl incorporation into RNA under the experimental condition used.
‘Besides the methyl incorporation into RNA has been shown to be a linear
function of time for at least o0.25 duplication times [4]. After a labeling
period corresponding to 0.08 duplication times in each of the growth condi-
tions (10 min for glucose, 12 min for acetate, 19 min for glycerol and 37 min
for ethanol) the cultures were rapidly collected by filtration washed with
cold water and quickly used for RNA estraction.

¢) RNA purification and fractionation. RNA was extracted in the cold by
the method previously reported employing the pH 7.4 buffer and a phenol-
cresol mixture [4]. An aliquot of the purified RNA (about 10 Asgomm units)
was layered on a 12 ml linear sucrose gradient (5-209%, wfw) prepared in
0.025 M Tris-Cl pH 7.4, 0.1 M NaCl, 1 pg/ml polyvinysulfate. The gradients
were centrifuged at 1 °C at 24,000 RPM for 16 hrs in the SW 40 rotor or the
Spinco L-2-65 B centrifuge, and fractionated on an ISCO density gradient
fractionator connected to an UV analyzer. The acid-precipitable radioactivity
of the fractions was determined as previously reported [4]. The top fractions
of the gradient, containing sSRNA, were deacylated by incubation at pH 8.8 [4]
before the determination of the radioactivity.

d) Calculation of the rate of methylation of yRNA and of tRNA.
The rates of methylation (expressed as number of methyl groups incor-
- porated in rRNA or in sRNA, min™", per genome) were calculated as follows.
The number giving the pmoles of methyl incorporated into I Agggu, unit of

29%
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RNA during a pulse 0.08 duplication times long was divided by the length
(in minutes) of the period of labeling. The result was multiplied for the RNA/
DNA (w/w) values characteristic of Newurospora cells in exponential growth
in each medium [7] so as to obtain the pmoles of methyl groups incorporated,
min~", per 1 Asgom, unit of DNA (45 ug of DNA)[8]. From this value, know-
ing the molecular weight (2.3 - 10'%) of a haploid genome of Newrospora
crassa [9], the number of methyl groups incorporated, min—' per genome
was determined.
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Fig. 1. — Sucrose gradient analyses of methyl-labeled RNA extracted from mycelia grown on

different media. RNA was extracted from mycelia grown on glucose (u = 0.51), acetate

(1 = 0.41) glycerol (u = 0.26) or ethanol (i = 0.13), which were labeled for 0.08 duplication

times (i.e. 10 min for glucose, 12 min for acetate, 19 min for glycerol and 37 min for ethanol),

with L-14CHj—methionine (5-10%M, 11.5 Ci/mole). The direction of sedimentation is from
left to right. —— Absorbance at 254 nm, @—e cpm per fraction.

RESULTS AND DISCUSSION
Exponentially growing Newrospora cultures were labeled with 4CH,-

L-methionine under conditions which ensure, as indicated in the Methods,
that the amount of radioactivity incorporated into RNA allows correct
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TABLE 1

Methylation of rRNA and sSRNA in Neurospora cells in different growth conditions

Distribution of 4C-methyl
groups in stable RNA .
GroW.th K 14CHR?It11 OsRNA /
condition pmoles 1¥CH, into 14CH§ in rRNA
rRNA sRNA
Ethanol . . . . . . . . .. 63.1 96.3 1.58
o 60.6 06.6 1.59
Glycerol . . . . . . . . .. 60.8 52.4 0.86
55.0 . 51.2 0.84
57.0 50.3 0.92
Acetate . . . . . . .. .. 55.2 38.7 0.70
55.0 39.0 0.71
Glucose . . . . . . .. .. 72.1 45.8 0.61
74.7 47.4 0.63
72.0 46.7 0.64

(*) These values give the pmoles of methyl groups incorporated during a pulse 0.08
duplication times long into 1 Ageo units of RNA resolved by sucrose gradient into rRNA and
sRNA (see Methods for details).

TABLE II

Rate of methylation and rate of synthesis of rRNA and sRNA in Neurospora
cells grown in different media

rRNA sRNA
gz%vl"égl Rate of Rate of Extent of Rate of Rate of | Extent of
meth(yg)atlon syn(ti}el%sm met}(lziiglon methzi?tlon syrz&l;(;sxs metlz_)zr*l_i;lon
Ethanol . .J 1.24 1.4 0.89 1.97 0.46 4.40
Glycerol . . 2.75 3.3 0.83 2.5 1.16 2.19
Acetate . . . 6.66 9.2 0.72 4.7 1.96 - 2.44
Glucose . . 12.5 15.2 0.82 8.15 1.84 4.52

(*) Expressed as methyl group (1074) incorporated, min—1, per genome.
(**) Expressed as nucleotides polymerized (1076), min—!, per genome [7].
(**%*) Expressed as methyl groups per 100 nucleotides.
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calculation of its rate of methylation. The RNA was extracted with phenol and
analyzed on sucrose gradients in order to resolve the different kinds of RNA.
In fig. 1 the distribution of the radioactivity between the soluble and
the ribosomal RNA is shown as it takes place in cells exponentially growing
in different media. The sRNA peak is more heavily labeled in slow grow-
ing cells. To quantitate these results the counts of the fractions containing
respectively rRNA or sRNA were added together and referred as indicated
to a given amount of total RNA. In Table I the amounts of methyl groups
which during the pulse were incorporated into rRNA and into sSRNA by cells
in different growth conditions are reported (column 1 and 2), as well as the
ratio between these two values (column 3). These data clearly confirm that
the distribution of the radioactivity between rRNA and sRNA is dependent
upon the growth condition: the ratio between methyl groups incorporated
into sSRNA and methyl groups incorporated into rRNA considerably de-
creases by increasing the rate of growth, being about 1.6 in minimal ethanol
(v =o0.13) and 0.6 in minimal glucose (n = 0.51).

The heavier methylation of sSRNA observed at lower growth rates could
be explained by the fact that, as has been shown [7] the sRNA represents
an increasing fraction of the total RNA for u lower thano.5. To find out whether
this was the case or the change in methylation reflects also a change in the
extent of methylation, the rates of RNA methylation were estimated in all
growth conditions and compared with the respective rates of RNA synthesis.

The rates of methylation of both rRNA and sRNA (expressed as methyl
incorporated, min™ per genome) were calculated as referred in the Methods
and are reported in Table IT (columns 1 and 4). Together are reported (columns
2 and 5) the rates of synthesis of rRNA and sRNA (expressed as nucleotides
polymerized, min- per genome) in the four growth conditions, taken from
a previous paper [7].

It appears that the extent of methylation of rRNA (column 3) is practi-
cally not affected by the growth conditions and that it is constantly about
0,8 methyl groups every 100 nucleotides polymerized, in good agreement
with the values reported for rRNA of other species [1].

More complex appears to be the situation for sSRNA, whose extent of
methylation (column 6 of Table IT) appears to be affected by the growth condi-
tion and fluctuates between 2.2 and 4.5 methyl groups every 100 nucleotides.

It follows that, while for rRNA the rate of methylation is strictly pro-
portional to the rate of synthesis and therefore can offer an accurate way to
- measure its rate of synthesis, this is not true for the methylation of sSRNA.

As for the varying extent of SRNA methylatién in differently grown cells,
it may be relevant to recall that extensive processes of cytodifferentiation have
been shown to occur in Newrospora cells in exponential growth on different
media [10] and that in several systems the composition of the tRNA popula-
tion and its pattern of methylation seems to be affected by differentiation [11].
Thus we suggest that the relatively small changes in the extent of methyla-
tion of sSRNA observed in Newrospora may depend upon differentiating events.
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