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‘galactosidase aétiyity was.induced with isopropyl-thio-beta-D-galactopyrano-

THE EFFECT OF ACTINOMYCIN ON THE SYWTHESES OF MACROMOLECULES IN

V. Moses end Pamela B. Sharp

Lavrence Radiation Laboratory, University of California,Berkeley, California

. ‘Recent advances in experimental technique (Leive, 1965a,b) have permitted-

the use of actinomycin for the study of RNA synthesis in Escherichia coli.

. Without special pretreatment this organism is not sensitive to actinomycin

(Hurwitz, FPuarth, Malamy &‘Alexander, 1962). The lack of sensitivity is be-
lieved to be due to the failure of the drug to penetrate into the cells since

it has been observed that cell-free preparations from E. coli are indeed sen-

sitive (Nisman, Pelmont, Demailly & Yapo, 1963).

A number of authors have noted that in organisms normally sensitive to
actinomycin without special pretreatment the synthesés of all proteins: are L-‘
not equally inhibited by the‘aniibiotié.(in various species of Bacillus: Acs,

Reich & Valanju, 1963; Eikhom & Laland, 1965; Harris and Sabath, 196h“ Hurwitz,

“et al., 1962; Kennell',4,l96l¢; Levinthal, Keynan & Higa, 1962; Pollock, 1963;

in lens:. Scott & Bell, 196h in cotton embryos: Dure & Waters, 1965). A
51mllar observation has now been made with E. coli. It has been shown that
following the EDTA treatment of Leive (19652), the cells are particulafly sen-
sitive to low concéntrations of actinomycin for aboﬁf SO min. During this
perlod the d;fferentlal rates 'vs. protein synthesis of beta-galactosidase and
alkallne pnosphatase formatlou, ana of the pulse-labeling of RNA with [ H]uracil,
are very severely inhibited. 1In blme, as Leive (19650) ;ouna the Donulaulon
loses its sen31t1v1ty to actinomycin, and we have ob alned a close kinetic.
correlatlon between the restoration of [3H]uracil incorporation and the oﬁSet .
of beta-galactosidase and alkaline phosphatase synthesis. ' S
Two sfrains of the organisn have been used: J.C.1k (inducible for beta~
galactgsidase)_and C90F1 .(inducible for beta-galactosidase and constitutive
for alkéline phdsphaﬁase); We wish To thank Drs. A.J. Clark, and A. Géren,>re-
spectively, for these strains. The cells were grown aerobicaily gt 37° in

glycerol-minimal media, supplemented with specific nutrients as required. Beta-

side (IPTG). Portions of the suspensions for enzyme assay were sampled onto
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chloramphenicol to stop further protein synthesis, and the cells subsegquently
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treated with toluene. Enzyme activities were determined by the ra;es of hy-

drolysis of gfnitrophenyl—beta—j—galactoside for beta~galactosidase "and o- ai— :
e

g
- trophenyl phosphate for alkaline phosphatase (Kepes,. 1963). i

Pulse-labeling ekperiments to measure the rates of RNA and proﬁeinlsyﬁ—i'
thesie were carried out by 1ncubablug sampl of the cell suspensions wiﬁh a
mixture containing [3%] racil and [19¢] J ollowing an e%po—
sure of 2 min at_370 to the labeled.Substrates the cells were kllled by the
addition of ice-cold triétloraeetic acic. to give & concentration ¢§~5%. After

remaining at 0° f 30 min the cells were filtered on a membrane fil ter, wash-

ed, and the whole membrane dissolved in scintillation fluid. The latter was

then gelled with Cab-O—Sil'thixotropic powder, maintaining the cells in sus-

pensien. Radioaetivity was measured with & Tri-Carb scintillation counter.
TheApreparatien of the cells for exposure to ectinomyein wes mocdified
from the procedure of Leive (19655). Exponentially growing ¢ells were har-
vested, washed once at room temperature with 0.01 yftris Cl'(pH 8) eand resus;“
pended in O. 033 M-tris Cl (pE 8). The cells were then viéorously zerated at’
370 for 60 min; A solution of 1 M:KQEDTA was added to give a final concentra~

he -

ct

tion of 10-3 M~EDTA. After being aerated for-a further 80 min at 379,
cells were added to four volumes of prevarmed fresh medium containing suffi-

cient IPTG to give a concentration of 5 x 10-k M after addition of the.cells.

‘The experimental flasks contained in addition sufficient actinomycin C ( a

ft from FarbenfabrikenBayer AG, Leverkusen, Germany) to give a final con-

centration of 0.0018 mg/ml.

Growth of the cells was measured as the wrbi dity. of the suspension at

6500 A.U. using a Bec&ran DK-2 spectrophotometer. Turbidity was fourd to pro-

vide a sa 1sfaCuory measure of total protéin botn with and without actinomycin.

With the control, exponential growth began soon after the cells were -pla-
ced in fresh medium, w1th sometimes a lag of up to S5 nin (?i o l)ﬁ In the
presence of actlnomyCLH some var1a0¢lltj was ooserved tetween expewlmentQ. _
lyplcallj, growthvau a lower rate than that of the control began immediately:
or within a few min of'the'cells being placed in fresh medium. This increase
in turbidity, however, was usually linear, not exponential, for th first 50-
60 min (Fig. 1). The rate of growth then increased, though after 2 hr vas

5t17l far short of the control. The initial growth rate inm the presence of

- . i * . . . N



gctinomycin was usually 50-60% of* the control rate. The ree“onse to actino-~
mycin was, in our ‘experience, highly concentrati oh—dependent, and this pro-
bably accounts for the variebi y in the growth\raﬁes on different occasions.
Beta—galaébosidase syﬁthesis in the centrol started to become sighificanti
-about 20 min after introduction of the cells to the fresh medium containing
inducer. The differential rate of synthesis became constant end maximal by
50~60 min (Fig. 2). The delay in the attainment of a maximel differential
rate 'of beta-galactosidase syntheésis may have been due in part, as Leive
(1965a) suggested, to catabolite repression as a consequence of starvation. in
buffer. Howvever, alkaline phosphatase, an enzyme not subject to cauaoolite
repression by carbon compounds (McFa ll & Magasanik, 1960), also showed a
slight lag of T7-10 min before attaining a maximal rate of synthesis. Cata-
bolite repression may thereforeenot have been the only factor preventing the
early full expression of the lactose operon (Moses & Calvin, 1965). 1In the
presence of actinomycin {Fig. 2) the differential rate of beta-galactosidase .
synthesis was e@ssentially zero for about the first 50 min, graaually increas—-
ing after this time but still ulecaily only 30-L40% of the control after 100
min. In a similar experiment alkaline phosphatase showed no synthesis for

0

about 35 min. The differential rate of synthesis of this enzyme then became
constant &t a maximal level. ' ' )

The effects of actinomycin on the differential rate of pulse-labeling of
RNA compared with protein shoved a pattern similar to that for beta-galacto-
.sidase ( ig. 2). | In the absence OT actiﬁomy01p the ratio of incorporation of
[3H}uracil to [ihC]pnenylalanlne vas approximately constant throughout the ex-
periment, -but in the presence of the antibiotic RNA'synthesis was inhibited
about 88% for the first 50-60 min, thereafter increasing to the control level
by 100 min. Thus there mas a close correlation between the kinetics -of the
syntheses of RNA and of beba—galaCEOSidase during inhibition by actinomycin.

Preliminary experiments have been performed to investigate the distribu~
tion of thvincerporeted from [1h]phenylalanine into proteii. After passage
through a Freneh pressure cell the orohen cells were separaued into & large
fragment fraction (sedimenting in 30 min at 20,000 x g), a ribosome fraction
(90 min at 105,000 x g), and a soluble fraction. Approximetely similer find-
ings were obtained with cells growing exponentially, and_with EDTA-treated
cells growing in the presence or absence of actinomycin. In each case 10-15%
of the incorporated radiocarbOn was in the ribosomeé, 15-20% in the large

fr agments and 50- 75/ in the soluble fraction; 15-25% was not accounted for.



ct of v
actinomycin on beta-galactosidase might usefully be considered. Firstly,  -we
might suppose that as a consequence of some interference with the overall

o

process of protein synthesis there is. a development of

(Nekada & Magasanik,196L4), which results in the preferential innibition of

nthesis of beta—galactosidase. Against this hypothesis we must note

ck
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that alkaline phosphatase 15 affected in a manner similer to beta-galactosi-

dese, and that during catabolite repression in the presence of carbon sources

+

such as glucose the differentisl rate of RNA synthesi§ is u;ually elevated,
not depressed (Sypherd & Strauss, i963§}§3 C. Prevost and V.'Moses,'ﬁnpub;
lished resulis). ' '
Sccondly, wé might c0551der with Pollock (1963) unat ‘the uranscrlpuloﬁ d
the DNA of some operous is more susceptible than that of others.to inhibition
by actinomycing the lactose operon voula be parulcula*ly sensitive. While we
cannot lormally disprove this, it must be borne in mind that some 60% of pro-.
tein synthesis remains unaffected when. the differential- synthesis of RNA is:

inhibited by 887. If the lactose operon is a very sensitive one, there are

many others which would also need to be severely inhibited in order-to re- -
~ . :

sult in such a high degree of ‘inhibition of RNA 'synthesis.
Even though other types of RNA are probably labeled during a 2 min pul-

sed incorporation of [3H}uracil, the very great inhibition of uracil incor-
I .

o

"poration must represent a considerable fall in the rate of messenger RNA syn-

thesis, paruiculafly as actinomydin is bélieved to inhibit specificélly DNA- -
dependent RNA synthesis (Gellert, Smith, Neville & Felsenfeld, 1965; Cava-
lieri & Nemchin, 1964). | ' | | '

Lastly, the findings could be interpreted on the basis of a general in-
hibition of RNA synthesis,'with much protein synthesis continuing ne&erthef.
less as a résult'of the stability of many of the species of mRNA ?resent in
the cell. Beta~galactosidase synthesis would not be- expected in these cir-
cumstances since IPTG was introduced to the cells only in the prééence of -
actinomycin. Alkaline phoéphaiase synthesis is inhibited by actinomypin even
though derepression by the_absencevof inorganic phosphate is not required in
the constitutive strain here employed. If mRNA for alkaline phosphatés e is
unstable, and is not synthesizedl in the presence of actinomycin, no RVQ

would be available as & template. The ra pwa cessation of repressible alka-

line phosphatase synthesis on the addition of inorganic phosphate (Torriani,



‘31960) would suggesﬁ that, like the beta-galactosidase systen (Kepes,‘1963)g
the messenger for alkaline phosphatase is functionally unstable. Other
evidénce has also suggested that beta-galactosidase and alkalinelphospha— ‘7
tase mRNA's aré functioﬁally much shorter-lived taan ihoée for many other.
v,protein species (Moses & Calvin, 1965, and references’ cited there;n) The
present findihgs with actinomycin serve to support the suggestion that -
'uncre may be a wide range of functional stabilities for variocus mRNA's, and

that shoru—llved messengers might be particularly characteristic of those

-

proteins under the direct control of regulator genes.

" The work reported in this paper was sponsored by the U.S.4Atomié;

Energy Commission.
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Figure Captions
_ 3

Fig. 1. Growth of E. coli after treatment with EDTA,and the effect. of
actinomycin. Cells sensitive to actinomycin were prepared by incubation
at 37° for 60 min in tris buffer, pH 8.0, followed by a further 80 min in
tris buffer containing 0.001 M-EDTA. The cells were then added to Lk.vol
of fresh medium with or without actinomycin C (0.0018 mg/ml). Growth was
followed by measuring turbidity at 6500 A.U., a good measure of total pro-
tein. Curve A, control; curve B, in the presence of actinomycin.

Fig. 2. Effect of actinomycin on the differential rates of synthesis of
RFA and of beta-galactosidase. Same experiment as shown.in Fig. I. _
Upper vortion: ratio of incorporation of labeled uracil to labeled phenyl-
alanine during 2 min pulsed exposures to a mixture of these two Precursors.
Curve A, no actinomycin; curve B, with actinomycin. Lower portion: differ-
ential rate of beta-galactosidase synthesis vs. time, calculated as increase
of enzyme activity divided by increase of turbidity for successive 10 min
intervals. Curve A, no actinomycin; curve B, with actinomycin.
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