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ESCEErtiCHIA COLI 

V. Moses and Pamela B. Sharp 

Lavrrence Radiation Laboratory, University of California,Berkeley, California 

Recent advances in. experimental technique (Leive, 1965~,~) have permitted-

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

1-lithout special pretreatment this organism· is not sensitive to actinomycin 

(Hurwitz, Furth, 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 vithout special pretreatment the syntheses of all proteins· are 

not equally inhibited by the a...'ltibiotic (in various species of Bacillus: Acs, 

Reich & Valanju, 1963; Eikhom & Laland, 1965; Harris and Sabath, 1964; Hu~witz, 

' et al. , 1962; Kennell, 1964; Levinthal, Keynan & Higa, 1962; ·Pollock, 1963; 

in lens:. Scott & Bell, 1964; in cotton embryos: Dure & Haters, 1965). A 

similar observation has now been made rli th E. coli. It has been shown that 

following the EDTA treatment of.Leive (1965~), the cells are particularly sen

sitive to low concentrations of actinomycin for about 50 min. During this 

period the differential rates vs. protein synthesis of bet.a-galactosidase and 

alkaline phosphatase formation, a.n'd of the pulse-labeling of RNA vith [ 3H]uracil, 

are very severely inhibited. In time, as Leive (1965E_) found, the population 
"\ 

~oses its sensitivity to actinomycin, and ve·.have obtained a close. kinetic, 

c~rrelation between the restoration of [ 3H]uracil incorporation and the ons'et 

of beta-galactosidase and alkaline phosphatase synthesis. 

~~o strains of the organism have been used: J.C.l4 (inducible for beta~ 
I 

galactosidase) and C90Fl (inducible for beta-galactosidase and constitutive 

for alkaline phosphatase). Vie vish to thank Drs. A.J~ Clark, and A. Garen, re

spectively, for these strains. The cells vere grown aerobically at 37° ~n 

glycerol-minimal media, .supplemented "lvi th specific nutrients as reo.uired. Beta-

. , galactosidase activity was induced vi th isopropyl-thio...:beta-D-'-galactopyrano-, 

side (IPTG). Portions of the suspensions.for enzyme assay vere sampled onto 
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' chloramphenicol to stop further protein synthesis, and the cells subsequentl:y " 

treated with toiuene. 
, I 

Enz:,rme activities ,,.reTe deterr.1ineC. by the rates of hy-

drolysis of _£-nitrophenyl-beta-D-zalactoside fer beta-galactosidase·and o-ni

.trophenyl phosphate for alkaline phosphatase (Kepes, 1963). 

Pulse-labeling experiments to :neasure the rs.tes of R?~A and l)rot:e:i.n syn-

thesis vrere carried out by incubating sa.rnples of the cell suspensio:1s Hi th a 

mixture containing [ 3H]ur~cil a..11d [l 14 c ]-L-phenylalanin~. FolloHing an expo-. ! . 

sure· of 2 min at .37° to the labeled substrates the ceHs were killed by the 
! ' 

addition of ice-cold trictloracetic aciC. to give a concentration of ·51:,. After 

··remaining at 0° :('br 30 min 'the cells ·were filtered on a membrane filter, wash-

ed, and u;c whole, membrane dissolved in sCintillation fluid. ' 
The latter was 

then gelled with 1Cab-O-Sil. thixotropic pol·rder, maintaining the cells in .sus

pension. Radio2.ctivity 1-1as measured i·Tith a Tri-Carb scintillation counter. 

The preparation of the cells ·for exposure to actinomycin was modified 

from the procedure of Leive (l965§_). Exponentially graving cells vere har

vested, washed once at room temperature vrith o·.Ol M-tris Cl (pH 8) and resus

pended in 0.033 M-tris Cl (pH 8). The cells vrere then vigorously aerated at 

370 for 60 min.' A solution of l J:i-K2EDTA vras added to· give a final concentra-· 

tion of lo-3 M-EDT.I\. After ·being aerated for· a furthe:r 80 min at 370, the 

cells vrere added to four volumes of pre•·rarmed fresh mediu.;Tl containing suffi

cient IPTG to give a concentration of 5 x lo-4 ~after addition of the. cells. 

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

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

centration of .b. 0018 mg/ml. 

Grmrth of the cells vas measured as the iurbidi ty of the suspension at 

6500 A. U. using a Beckman DK-2 spectrophotometer. Turbidity 1-12.s found to pro

vide a satisfactory measure of total protein botn vi th &.'1d vi thout actinomycin. 

Hith the control, exponential grmrth began soon after the cells vrere ·pla

ced in fresh medium, with someti:r:1es a lag· of up to 5 min (Fig·. 1). In the 

presence of actinomycin some variability vras obs·erved betvreen experiments. 

Typically, growth. at· a love.r rate than that of the control began immediat<::ly 

or within a fev min of the cells being placed in fresh medium. This increase 

in turbidity, however, was usually linear, not exponential, for the first 50-

60 min (Fig. 1). The rate of gro'l·.rth then increased, though after 2 hr vras 

still far short of the control. T.he initial growth rate in the presence of 
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actinomycin 1vas usually 50-60% of the control r<:~te. Tne response to actino

mycin vras, in our·ex~erience, highly concentration-dependent, &~d this pro

bably. accounts for the variability in the grmrth rates on different occasions. 

Beta-galactosidase sy~thesis in the control started to become significant 

·about 20 min after introduction of the cells to t':"le fresh medium containing 

inducer. The differential rate of synthesis became const&~t and maximal by 

50-60 min (Fig. 2). The delay in the attainment of a maximal differential 

rate 'of beta-galactosidase synthesis may have been due in part, as Leive 

( 1965~) suggested, to catabolite re~ression as a consequence of starvation. in. 

buffer. Hovever, alkaline phosphatase, an enzyme not subject to catabolite 

repression by carbon compounds (McFall & Magasanik, 1960), also sho~ed a 
slight lag of 7-10 min before attaining a maximal rate of synthesis. Cata

bolite repression may therefore not have been the only factor preventing the 

early full expression of the lactose oueron (Moses & Calvin, 1965). In the 

presence of actinomycin (Fig. 2) the differential rate of beta-galactosidase . 

synthesis vTas essentially zero for about the. first 50 min, gradually increas-:. 

ing after this t'ime, but still typically only 30-40% of the control after 100 

min. In a similar experiment all\:aline phosphatase shoved no synthesis for 

about 35 min. The differential rate of synthesis of this enzyme then became. 

constant at a maximal level.. 

The effects of actinorr~cin on the differential rate of pulse-labeling of 

RNA compared v!i th protein shoved a pattern similar to that for beta-galacto-

.sidase (Fig. 2). In the absence of actinomycin the ratio of incorporation of 

[3H]uracil to [l4c]phenylalanine vras app~oximately constant throughout the ex

periment, but in the presence of the antibiotic RNA· synthesis ;.;as inhibi te.d 

a·oout 88% for the first 50-60. min, thereafter increasing to the control level 

by 100 inin. Thus there I·TaS a close correlation between the kinetics of the 

syntheses of RNA and of beta-galactosidase during inhibition by actinomycin. 

Preliri1inary experiments have been performed to investigate the distribu-

t - ~ 14 c ., t - .p [ 14 'j 1 l l . - . t' . ·' .co. Ion 01 Incorpora ed .~.rom paeny_a anlne lnt.o pro eln. 1-u -cer passage 

through a French pressure cell, the broken cells were separated into a 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. A~proximately similar find

ings vere obtained with cells growing exponentially, a..Yld vi th EDTA-treated 

ce'lls graving in the presence or absence of actinomycin. In each case 10-15% 

of the incorporated radiocarbon was in the ribosome's, 15-20% in the large 

fragments and 50-75% in the soluble fraction; 15-25% vas not accounted for. 
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Three possible explanations for the di::~ferential inhibitory effect of _, 

actinomycin on beta-galactosidase might usefully be consicered. Firstly, ·He 

might suppose that as a consequence of some interference Hith ·the overall 

process of protein synthesis there is a d.evelo::_:;r:-1eEt of catabolite repression 

(Nakada & Magas~nik,l964), which .results in the preferential inhibition. of 

the .synthesis of beta-galactosidase. Against this· hypothesis l·re must note 

that alkaline phosphatase is' affected in a manner similar to beta-galactosi

.dase, . .and that during catabolite repression in the presence of carbon so'urces 

such as glucose t'he differential rate of RNA synthesi.s is usually elevated, 

n·ot depressed (Sypherd & Strauss, 1963.§:.,~; C. Prevost and V .. Moses, unpub; 

lished results). 

Secondly, we might consider '\·ii th Pollock ( 1963) that 'the transcription cf 

the DNA of some operons is more susceptible thaP. that of others. to inhibition 

by actinomycin; the. lactose openm •.-rould be particularly sensitive. While we 

cani1ot formally disprove this '.j.. must be borne in mind tl1at some 60% of pro-. 
' 

lG 

t'ein synthesis remains U...Ylaffected vhen. the differential synthesis of RNA is 

inhibited by 88% .. If the lactose operon is a very sensitive one, there are 

many others which Hould 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 RNJl_ are probably .labeled during a 2 min pul

sed. incorporation of [ 3H]uracil, the very great inh~bj_ tion of uracil .incor-
' 

· poratfon must represent a considerable fall in the rate of messenger RNA syn..:.. 

thesis, particularly as actinomycin is believed to inhibit specifically DNA

dependent RNA synthesis (Gellert, Smith, Neville & Felsenfeld, 1965; Cava~ 

lieri & Nemchin, 1964). 

Lastly, the fi~dings could be interpreted on the basis of a general in~ 

hibition of RNA synthesis, Hith much protein synthesis continuing neverthe-:. 

less as a result of the stability of many of the species of rr~NA present in 

the cell. Beta-galactosidase synthesis Hould not be-expected in these cir-

climstances since IPTG Has introduced to the cells only in the presence of 

actinomycin. A1kaline phosphatase synthesis is inhibited by actinornycin even 

though derepression by the absence of inorganic phosphate is not required in 

the constitutive strain here employed. If mRNA. for alkaline ?l1osphata:se is 

unstable, and is not synthesizEd. in the presence of actinomycin; no :rn..-qNA 

vould be available as a: template. The rapid cessation of repressible alka

line phosphatase synthesis on the addition of inorganic phosphate (Torriani, 
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.. 1960) 'dOUld suggest that, like t1'le beta-galactosidase syster.i ( Kepes, 1963); 

the me.ssenger for alkaline phosphatase is fw."'lctionally unstable. Other 

evidence has also suggested that beta-galactosidase and alkaline phospha

tase l'lL.t:{i'JA' s are. functionally much shorter-lived t:1an those for ·many oth.er 

.protein species (Moses & Calvin, 1965, and referer.ces cited therein). The 

present findings with actinomycin serve to support the suggestion that ·: ... 

there may be a wide range of functional stabilities for various rrL"{NA's, and 
' . . 

that 'short-lived messengers might be ·particularly characteristic of those 

proteins under the direct control of regulator genes • 

The work reported in this paper was sponso;red by the U.S. At.omic· 

Ener~·comrnission. 
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Figure Captions 

Fig. 1. Grow~h' of K· coli after treatment with EDTA,and the effect. of 
actinomycin. Cells sensitive tb actinomycin 1.rere prepared by incubation 
at 37° for 60 min in tris buffer, pH 8.0, follow~d by a further 80 min in 
tris buffer containing 0.001 M-EDTA. The cells were then added to· 4 vol 
of fresh medium with or withot;t actinomycin C (0.0018 mg/ml). Grm,rth was 
followed by measuring turbidity at 6500 A. U. , a good measure of total pro
tein. Curve f:.:.., .control; curve~. in the presence of actinomycin. 

Fig. 2. Effect of actinomycin on the differential rates of synthesis of 
RNA and of beta-galactosidase. Same experiment· as shown.in Fig. l. 
Upper :.Jortion: Tatio of incorporation of labeled uracil to labeled phenyl
a+anine during 2 min pulsed exposures to a mixture of these two precursors. 
Curve A. no actinomycin; curve ~. 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 ~. "Vri th actinomycin. 
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