Volume 34, mumbsr 2

_ FEBSLETTERS ~

© August1973

. EF‘?EET OF TEE GROWTH RATE DN THE LEVEIL OF THE ,
DNA_DEPENDENT Rl\ A. POLYMERASES N SA C’CHAR@M Y CE;, =CERL’ VIS]AE

.. Jesus SEBASTIAN Fayyaz MIAN * and ﬁa:rﬁ gl @ HAL \DRSDN
- Rosenstiel Basic Medical Sciences Research Center,
Brandeis University, Waltham, Mass. 02154, USA

Raceﬁ@d 30 May 1973

1. Introduciion

-The presence of multiple RNA pulymerases in
enkaryotic organisms [1—3] suggests that they may
play different roles in the contrel of the RNA synthe-
sis. One approach to study this possisie role i3 to in-
vestigate these enzymes in cells grow. under conditions
which affect the RNA conient @f the cells, such as
the growth rate. .

Dur resnits indicate that in ﬂng yeast Sﬂﬁcharomyms
cerevisiae there is a relationship between the growth
rate, the RNA content of the cells and the level of
the RNA polymerase I activity, suggesting that the
concentration of this enzyme may play a role in'the
control of the synihesis of the ribosumal RNA 2ud
that RNA pnl:, merases [ and 11 are independently reg-

_ulaied

2. Materials and mefmaﬂs :

Yeast extract and bactopeptone were obtained
- from Difco. Nucleotide: wriphosphates, dlﬁnoerythxml
(DDT) pbenylme’ihyl‘s;ﬂfmxvl fluoride (PMSF) and -
EDTA from Sigma Chémical Company. 2- Memapio-
‘ethanol from Eastman Kodak Company and DEAE -
Sephadex A25 from Pharmacia; poly dAT from. Bm—

polymerss Inc. and tritivm labelled UTP (specific activ-

ity 15 CifmM). fmm Schwartz/Mmm ‘The buffer B

‘contains 50 mM Tris—HCl, 5 mM Q-mercaploeihaaol '

:o 2 m‘M EDTA mxﬁ 207 glyceml ‘_pH 7.5

' .* Pxesent adﬂre
7 PO, Box 33086, Tzhran, Jran:

Two strains of Saccharomyces cerevisize, 1LA6 and -
Y185, were used. The growth medium used in the
chemostat contained 19 ysast extract 1% peptone,
2% glucose, 0.5% ammonium svuifate, 0.2% ammoniom
phosphaie (dibasic) and 0.1% magnesium sulfate.

. Continuous cultivation of the veas: was ¢amried
out in a 7 € glass fermentor (Chemap, Inc.). The spe-
cific growth rates (1) were conirolled at the desired
value by adjusting the flow rate of fresh medinm.
Oxygen was monitored continnonsly in theculivres

. and it was regulaied near saiuration i~zel. Ths culiure

was stirred at the rate of 1200 rpm. 7 he pH wsas reg-
ulated at 5. 0 by the automatic additi m of N OH.

5. cerevisize 1146 or Y 185 was grown at 30°¢ and
samples were withdrawn from the ch anosiat coltares

- when growing under steady-siats conditions {5—310

generations) at the following specific growth Tates:

0.11, 0.15, 0.25, 0.28, 0.35 and 0.43 hr—1. Thess

growth rates correspond 1o generation times of 6.30;
460, 2.76, 2.46, 1.97 and 1.6 hr.. oo
. The cells from the different samples were Su“psnﬁ@d

in 2 ol of buffer B without glycerol P@nimmng am-

 monium sukfate m 2 final concn. of 0.5 M. The frozen :

ceil sus;zens:on WAS patsaﬂ throngh an Eaton Press . -
under a pressure of 5000 p.s.i. In this condition the

- breakage of the cells is approx. 50% and the efficien-

¢y of the breakage is independent of the condizie:-= af _
- fgmwih of the cells, Glycerol (20%) and PMSF (0. mMj,

“were added fo the cell lhomogena*e.. This cell homo- a5

;genaia was then sonicated in a Branson sonifier for

~ 1. min at the intensity ©of 3 A and then centrifoged at.

o S0 000 xpm ina SW55 Totor fm 1 hr. The clear supe:r~ :

""ya-}yiehx Umvexmy of ] Tachnﬂla;gy, SRR v , £

T agamnt buffer B x:ommzmlg 0,.1 mM MSr a sample cf
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of 15~25 mg p:o:tem was subject to chromatovraphy 3
on z 20 ml DEAE Sephadex columm to separate the i )

‘RNA pm]ymerase 1 and 11, which are eluted with 0.25
and 0.3 ammoniun: cblomdem buffez B :rlespectwe]y

I3].

ture containing in a volume of 0,25 ml: 50 mM Tris—

HCl pH 7.5, 1 mM DTT, 10 mM MgCly, 2 mM MgCly,

0.2 mM of each ATP, GTF, CTP, 0.01 mM UTP,
0.5.uCi of [3H] UTP {15 Ci/fmM), 1 ug poly dAT as
ternplate and 50 pul of the enzyme solution. The assay
mixture was incubated at 30°C for 15 mir and the
rezuetion stopped with 2 sl of cold 5% TCA and 1% -
Na,P,0,. The TCA insoluble material was collected
on millipore filters, washed and the radioactivity in
the dry filters counted in PPO—POPOP cockiail in a
Beckmar L8-225 liguid scintiilation counter. Gne unit
of enzyme activity represenis the incorporation of

I pmol of UMP into TCA insoluble material in 15 min.
The RNA content of the cells was obtained from the
absorbancy at 260 nm of the total nucleic acids ex-
tracted from the cells by the method of Ogur and
Rosen [¢] after correction for the deoxyribonncleo-
tides present as measured by the diphenylamine reac
tion following the method of Burton [5]. Proteins
were determined by the method of Lowry et al. 16]
using bome Serum albumﬂn as standard.

3. Resnlts and ﬁiscnssion

The effect of the growth rate on the total amount -

of RNA per cell in 5. cerevisize 1146 is shown in fig. 1.
The difference in RNA content in cells growing at
growth 1ates of 0.43 (1.6 hr doubling time) and 0,11

{6.3 hr doubling time) is 3.fold. Over the range studied

-there is a linear relationship between specific growth
rate and RNA content per cell. Since 85% of the toia’l
Vyeast RNA is nbosamal RIWA (zRNA) [7], the varia-

tions in the’ fcelhnlar RNA content observed- are mainly - '
ﬁue 1o variations in the amount of IRNA The m:omtml R

mechanisms inyolved in ths xeguilaiaon of the RNA °

‘synthesisat different growth rates are as yet nnknowxa, R
‘Schweizer and Halvorson [8] ruled om i"he possxb:hty

{hat the diffe erent synthesis of TRNA at various bmwth
rates was due to ﬁlffBIBnﬁ’Iﬁ amphﬁcahon of the -
'}nbosomal DNA CJStro,n : ther ‘possible mechamsms

olving Spemﬂc’ 'tran
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" Fig. 1. Total RNA in 5. cerevisize 1146 grown at different

growth rates: Samples from yeasts grown at different rates
under steady-state conditions in the chemostat were collected

" and total nugleie acids were extracted from 10 cells with

1 M perchloric acid at 70°C for 20 min. The exiracts wers
cenirifuged and the RNA content was colenlated from the
absorbancy at 260 nm of the supernatants afier correction
for the deoxyribonuclepsides present which were measored
by the diphenylaming xeagem accorﬂmg to the methed of

- Burton.

scriptional “*switch off”” of some of the 140 ribosomal
cistrons present in 5. cerevisize or controls at the level
of the concentration of the substrates for the RNA
polymerase. A reduction in the nuclestide triphosphate
pools due o a general metabolic **slow-down™ in cells .

-growing at low growth rates counld produce substrate

limitinig conditions for the polymerases and in conse-’

" quence a reduced rate of RNA synthesis,

- A third posmbzhiy for :regulahon of the RNA syn-

o mesxs at different growth rates is at the Ievel of the

] RNA polymexase To investigate the effect of the -
- growth rate on the RNA polymerases cells were grown
. under 'steady~;sime conditions in a chemostat and.

- 'samples corzesponding ; 10 Six spemﬁc growﬂl rates were
~collected, The RNA polymerases were solubilized as
descyibéd in Materials and methods and the crude
- extracts were subject to x:hmmatography on20ml -

" DEAE Sephadex columns t0-have 2 quantitative sepa- .
“ration of RNApolymerase 1 and IT {3]: Fig. 2'shows -
f-?.he sepﬂrahon 5 f RNA polymerase I a:nd .’[I fmm ce]ls
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Fig. 2. Separaiion by DEAE sephadex chromatography of
RMA-polysmerasse-] and il from extracts of 8§ cerepisioe ¥18S5
grown at specific growth rates of 0.11 hr—* {(A) and 0.43 hr—
(B). Samples of the yeas; growing under sﬁaaﬁy-siais condi-
tions in the chemosﬁai 2t growth rates p = 0.1 he™ ¥ and
0 =043 hr? were harvested and cellular extracts were sub-
jeet 1o chromatography on 20 ml DEAE Sephadex colunns.
The input of proteins was of 15 mg and the eolumns were
einted with the following stepwise gradient: 30 ml buffer B
containing 0.05 M, 0.1 M, 0.2 M, 15 ml buffer B containing
0,25 M, 10 ml buffer B containing £:3 M, 0.35 M and 0.45 M
‘ammoninm chloride. Fractions of 3 ml were collecied from
steps 0.05—0.25 and 0.33, 0.45 and 1.5 ml for steps 0.25
and 9.3. 30 gl of epch Fraction was assayed for RNA pc}y-
mexase activity using poly dAT as template. 100D £37Im TepTe-
sent an incorporation of 8 pmol UMP into cold TCA | pmmpl-
“tate maftenafl :

growing cells while the lovel of RNA polymerase Ii
- changes less with the change in the growth rate. No
:duﬁer\enzes were fmmd in the template spamﬁm:ty,

- metal optimum and @ amunitia sensmmy of RNA
‘po]ymexase 1 or I from slow znd fast grown cells.

s Fige3 shows the changss in speczﬁc activity of : t’hé ' :
V,R_NA polymerases land I mg_,.(ceremsz_agll;éﬁ grow-

Dy ©02 ©3 08
Growih Rats {5™)

Figp, 3. Specific activity of RNA polymerass I (&) and 11 {o)
in 5. eerevisice 1146 grown at different growth mries. The
RNA polymerase 1 {#) and II {0} from ceils grown at the
growth rate indicated weze separated by DEAE Ssphadex
chromatography and the activity of each of the enzymes was
measured as indicated in Materials and mathods and in the
legend of fig. 2. The specific activity is ,gwem in units ;pex mg
protein.

ing at six different growih rates. RMA polymerase 1
decreases with the growth rate in a linear fashion
showing a 3-fold difference beiween the slower and

_faster growih rates. RMA polymerase 11 is less affected

by the growth rate glthough there is a slight but con-
sistent increase in specific activity at low growth rates.

It is evident from these zesulis that there is 2 correla-

~ tion between the specific growth rates, the RNA con-

tent of the cells and the level of RNA polymerase L.

- This relationship suggests that the synthesis of TRNA,

the major component of the cellular RNA, can be -

- regulated in fast and slow growing yeast csils by the

level of RNA poiyers I activity. RNA p@]ymemse 1

" is believed to be the enzyme regp@ns:ble for the syn-

thesis of the TRNA ir other eukaryotic organisms [9].
' Fig. 4 shows the ratio of activity of RNA poly-

- merase 1 and T -at the various growth rates. The fact
. that the ratio of the two poﬂyme:ases s variable at
the d:fﬂerem growth rates indicates that the yeast cells’

can Tegulate the concentration of the RNA p@lymemse

. Iand 1 by mdeperrdrem cnntml meahamsms
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Fig. 4. Ratio of ﬂne activity of RNAVpoﬂymemse Tand 1 in
8. verevisize 1LA6 grown at different growth rates.
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