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SUM MA it V

TI1ime (lecay of l)tnlS(-lttb(l(d itNA. mm Bacillus nIef/aleruohl in I Ime Preseumc�’ of nmctinmonmycinm 1),

nmitimramycini, eimromonnycinm � , inogahanlyciti, anal daurmonmycini \vnms mnmvest ignited. Act mo-

mvein (10 .mg/ml) was foumid to induce decay characterized by nt hmnmlf-hife (112) of 50 ± 1.4

see and a stable fraction of 45 ± 1.0 % (eiglmt cl(ternminalmons), coniml)nmrable witim estinmates
obtained by other workers. Concentrations of nmitluramycin betweenn 5 anal iOO �g/nml were

found to induce decay. Time values of 11/2 atnd time stable fraction decreaSed with increasing
mitimramycin concentrationm, approaching vnmlues sinmilar to t imose founid withm nmetinnomycinm.

Chromomycin at eonmeentrations between 2 and .50 �g/nml j)roduce(l decay, and at itmter-

immediate coneentrationts time ti2 and stable fraetionn approxinuated t lme values given by

actinomycin.
Nogalamycinn at conmcenmtrations in tine range 8-50 /2g/ml induced decay characterized by

t1� values significanmtly higher timan those found witim actinonmycin, timougim values of time

stable fraction at eonncenmtrations up to 20 �g/nml were essenmtially time same as scorn whim
actinnomycin. RNA synthesis was innhiibited by daunomycin at concentrations up to MO
�mg/ml, revealing shighmt decays, but at 160 ��g/ml inmhmibition of HNA synthmesis without per-

ceptible decay was observed.
It is concluded timat the parameters of decay innduced by mitimranmycitm and ehronmonmmycium

corroborate those observed with actinonm.�’ciim, but timat nogalamycinn yields signnificanitly dif-
ferent results and thiat daunomycinn is not a suitable antibiotic for studying decay of pulse-
labeled ItNA. Possible explanations for the failure of unogalanmycirm annd daunmomycinm to mm-

duee actinonmycin-like decay, such as slow penietratiotm of time anmtibiotics inmto time cells, bind-
iimg to HNA, or direct itmterference with proteirm syntimesis, nmre discussed.

INTR()t)UCTION

Time fate of newly synmtimesized RXA in

growing bacteria cant be studied by pulse-
labeling expenimenmts (1-7). A culture is cx-

posed to F3Hjuridine of high specific activity,

This work was supported by grants from Jesus

College, Cambridge (to J. F.), and from the Royal

Society and the Medical Itesearch Council (to

M. W.).

65

amid after a siuot’t labeling period inncorpora-
tioum itmto 1t\A is termitiated by additionn of

an inhibitor of RXA svrmthesis. Part of time

pulse-labeled IIXA is nnetaboiically unstable
and is degraded during time succeeding few
minutes to acid-soluble products, while time
rennainder is stable arid persists inn acid-itt-

soluble form. Time (leeRy of the unstable
fractiotm follows a nnore or less exponietitial

time course, so that time wimole process can
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be characterized (�vithminm time linmits of ac-
euracy imposed by tim( ‘ experitmnenmtai num(’tI i -

ods) in ternns of tWo I)araflneters : time stable

f ,‘aclion and time half-life (11/2) of time utmstable

fraction.

Experimenmts of t his mmat ure dennamid
pronipt anmd complete inimibitiont of inmcorpornt-
tion of time labeled precursor. Tnt additiotm,
time validity of nmnmy cotmelusionis about time
nature and significance of stable and unmstahle
RXA rests on assumptions ab)out time spec-

ifleity of time inimibitor of ItNA synitimesis.

Side effects on I)NA svnmtiuesis are probably

unmimportant , but atmy inmterferennee witim time

metabolism of RXA other timati simple in-
imii)itionm of its synmthmesis may be expected to
lead to aberranit decay of time unstable It NA.

It is knmownm, for mnmstatmce, timat init(’rfereruce
ivitim protein syntimesis nit time level of time

ribosonme (by additionm of agents sucim as

cimloramphenicoh �:�r tetracyclinmes) ‘ ‘ protects”

mucim of time urmstable RNA fronn decay,

ieaditmg to a higimer apparetit stable fraction
(7, 8). Such finidinmgs are conmsistent with time
suppositioun that mItNA constitutes a siz-

able proportionm of time unstable RNA, and

that its breakdownm is normally coupled to

active protein synthesis (5-S).
Tiue agent of choice a.s a specific inmhibitor

of RNA syrmthesis is act iniomycin D [re-
viewed by Reicim anmd Goldberg (9)]. Al-
thougin its extreme selectivity for 1)NA-di-
rected RNA synmtimesis is widely accepted,

nevertheless it would be useful to imave mmdc-
penident evidenmee that time decay of pulse-

labeled RNA revealed by actiumomycin
treatmemmt (1, 3-7) results simply from inmhi-

bition of synthmesis, uncomplicated by any
drug-dependent seconmdary effect orn RNA
metabolism. Two simple tests cant be ap-
plied to study this problem. First, time in-
hibitor concentration cani be increased from
time minimum required to innhibit synitimesis
tip to much higher doses, inn whichm case time
influence of any secondary effects shmould be-
come more obvious. Seconmd, the effects of

diverse drugs wimicim simare the common
property of inimibiting RNA synthesis caim
be compared. Confldennce mm time meaningful-

ness of decay chmaracteristics would be greatly

enhanmced if time parameters of time decay

process were founmd to be similar irrespective

of timo’ nature ntntd commcenmtrationn of time inn-
hmibitor tised.

These approaches imave been tried by

Grinsted (6), �vimo found time t11� and stable

fraction values to be independent of aetinno-
nnvein coneenmtrationm witinni the range 2-75

j.tg ‘nil. However, imis irnvestigations �vitim two

other inhibitors of R NA synntimesis, proflavine
anid ethidium, revealeol a strong dependence
of decay paranieters on time innhibitor eon-
cent ration-presumably reflectinng direct in-

terferentee wit im I�l NA breakdown. Grinsted
and MeQuillenm (10) also innvestigated time
effect of rifampicini, which prevents initia-
tiorn by bacterial RNA polymerase (11), anmd
nmoted decay of pulse-labeled RNA, but time
results were not comparable with those pro-
duced by actinmomycirm because of time rela-
tively slow iumhmibition of [3H]uridinne iumcor-

I)ornttion by rifampieini.
We have pursued time problem further,

using four antibiotics which, like actinomy-
cmi, hind to DNA so as to iinhibit RNA syni-

thmesis but are chemically unrelated to actino-

mycin and hence should be unlikely to display

time same secondary effects, if any. Chromomy-
ciim A3 annd rn.ithramvcin are related anti-
biotics wimicin share a common ehmromophmore
(Fig. 1); timeir bindinng to DNA (12-15) re-

suits inn very powerful inhibition of RNA syn-
thmesis, but the nature of timeir interactioni
witin DNA is clearly different from that. of

aetinom�veinn (16). Nogalamycin and dauno-
mycin (Fig. 1) belonmg to a different (anthra-
cychine) group of anmtibiotics, and, like actino-

mycin, their bindiumg to DNA (12, 13, 17,

18) occurs by intercalation (16). Using thmese

antibiotics, we imave asked tine following

questions: (a) wimether decay of pulse-la-
beled RNA induced by thmese iniimibitorscan

be observed, (b) whether time parameters of
such decay are related iii any way to tine
antibiotic concentrationm, armd (c) whmether

such parameters agree with those founmd using
actmnomycin.

MATERIALS AN1) METHODS

A nlibiotics. Chromomycini A3 was pur-
chased from Calbiochem. Time other anti-

biotics were gifts (to M. W.) from Dr. T. J.
McBride, Cimas. Pfizer & Company, Inc.,
Maywood, N. J. (rnithramyein); Dr. P. F.
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FIG. 1. �Structural formulae of antibiotics which inhibit ILVA synthesis

The cimm’omnophore shown for miogalamycin is omme of several possibilities havimig different arramigememits

of the aronnatic hydroxyl groups; it is substituted by the sugar nogalarose amid a (‘�H��NO4 moiety

thought to represemmt an amino sugar (P. F. Wiley, personal (‘onmmmmumlicatiomi).

Wiley, time Upjoimnm Companmy, I�alannazoo,

Micim. (nogalamycinm); Dr. B. Cannerinmo,
Farmitalia, Milanm, Italy (dauniomyeinm);
and Professor E. F. Gale, I)epartnment of

Biochemistry, University of Cambridge
(actiniomyeinn D; a product of Merck Simarp
& Dohme). Stock antibiotic solutioums con-

taming 1 or 2 mg/mi were prepared inn
ethanol (aetirnomycin, clmromomycinn, no-

gaiamycin) or in glass-distilled water
(mitimramycinm, daunomycinm). All solutions

were protected from light mtnd were fn’esimly

i)rePared wimennever I)OSSible; otherwise timey
were stored in time dark at. - 23#{176}.Controls

were performed to verify timat the presence

of alcohol in some of the experiments did
not noticeably affect decay cimaracteristics

of pulse-labeled ItNA.
Orqanisni. Ilacillus nie�jateriuin strain

I, maimmtaimmed freeze-dried mm this hubora-

tOt�V, \VRS used.

Growl/i of o’ullure.s. Stock cultures were es-

tablisimed from time freeze-dried organistim itm
the minimal salts mediunn (C mediunn) of

mlcQuiilenm arid Roberts (19) supplemenmted
with 0.1 � (w/v) glucose and incubated at

37#{176}.lime orgamsm was subcultured daily
inmto freshm C mediunn plus 0.1 % glucose.

Punt v was cimecked from time to t i tine by
plating arid microscopic examiniatiotm.

Experimemmt al cult mires � set up by
centrifuging aim overnigimt 5-mI stock culture

at 4000 rpnt for 2 miii, resuspennding the bntc-
terial pellet mm 15 mini of C medium supple-
nmeumted �vitim 1 � (wv) glucose arid 0. 1 �

(wv) peptonme (Difco), and inncubatiung in a
100-mi conmical flask iim a shmakinmg water bath

at 37#{176}.Growtim was loilowed turbidimetnic-
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ally by nicasuninig time optical detmsity at 600

niM witim a 1-cnn liglmt path itt a Unicann SP

SOt) series II spectnopimotometer. As sootm as

time optical dermsity reached 0.2-0.25, COt’l’(-

s�)ondinmg to about 3 X 10� cells nil, a few
milliliters of time cimlture were traumsferred

into anmotimer 100-nil flask co)nmtainming fresh,
warmed C mediunm, I � glucose, and 0.1 �

peptonme to Yield a total voiutmne of 15 nil. Tue
flask to emmiture voluimme ratio was cimosenm to

ensure that time liqUid was spread sufhcieimtly

thinmly to ntiio�v ethcieiit aertttioim l.iJ)Oim simak-
mmig, mvimile still pertnittimmg sanmnples to be
takeui iii rapid successionm. Uumder these comi-

(litiOflS thiP doublinmg time was 21 ntinm. Ex-

penimenmt nil cult ures were grown timrougi i nit

least four or five geumerations of fully exponm-

ential growtii before experiments were com-
menced, at wimicim time the optical denmsity
was planned to reach 0.15-0.18, correspond-

iumg to 0.06-0.08 nig (dry weigimt) of cells 1��r
milliliter, or about 2 X 10� cells/nil.

Pulse labeiint,. At experimenital time zero
minus 30 see, 0.1 ml of [5-3H]unidiume (Time
I{adiochmemical Cemmt re, Amershmam ; specific

activity, 29.8 Ci/mmole) was added to time
15-mi culture, givinmg a final activity of 6
�Ci/ml. The antibiotic was added at zero

time. Samples (nominally 0.5 ml) were with-

drawn from the flask with a specially adapted

syringe. Three samples were takenm duriumg time

30-sec labeling period; 12 during time 60 sec
immediately followimmg drug additiomm; six

between 70 anmd 120 see; arid mmmc more at
intervals up to 720 sec (12 mm) after addi-

tion of time antibiotic. Samples were squirted

into 2 X �-incbm glass vials contaiuminmg 2 ml

of ice-cold 7 % (w/v) tricimloracetic acid and

inimediately vortex-nuxed. The vials plus
t nicimloracetic acid had previously been
weighed, so that from a secoiid weighminmg at

time end of time expermnment time exact weights

of time samples takemm could be calculated.
Correction could thus be made for sannphmnmg

errors, wimich generally fell within ± 10 %.

Time samples were timenm kept cold until filtra-

tionm, normally witImin 1-2 hr. Time contents

of eacim vial were filtered timrugln a Wimatmanm
No. OF/C 2.5-em glass fiber disc ammd wasimed

twice witim 4 ml of cold 7% triehmloracetic acid

followed by 4 ml of e()ld I % (v/v) acetic

acid. lime fiit ens were heat-dried and counmted

itt a Nuclear-(lmicago lio1uid scmnmtillatmoni

counmter, using a fluid conmtainirng 0.4 #{182}�(w,1 v)
Butvl-PBD (2-(4’-t-Butylphenyl)-5-(4”-bi-

I)lmeIiYl)-l ,�3 ,4-oxadiazole; Ciba) in sulfur-
free toluenme.

[nmder these conditionms of labelinng it has
l)(eII simowni timnit tritiated uridine acts as a

sl)eCific precursor of RXA (6, 8). It was also
verified that varying time coumcenmtrationi of

tnicimloracetic acid 115(51 inn time’ precipitation

atmd waslminmg procedures between 2 and 10 %
(lid riot affect time results, mmor did allowinmg
sntnq)les to stanmd at 0-2#{176}for several hours
lounger timann time 1-2 hr routinmely allowed.

Treatment of results. Counts per minmute

recorded for each sanmm})le were corrected to
counts per minute ier 0.5-g sample amid thmeui

plotted agaimmst time sanmnpling tinie. 1”rom this
decnt�- curve timo’ 1)(�ttk iimcorporation anici

StaI)ie counts ler nmminmute \V(�t(’ estinmmated,

yielding time st abli � fraction (a percenmt age).

The half-life of breakdown of time ummstable

pulse-labeled ItNA (t� /2) was computed ott a
I � DP/8L comput en, usiing a progranmi writ t cnn

by Dr. R. \V. King. (hven time counts ier

niinnute in RNA at a given time, it subtracted

t ime eourmt 5 whmicln ultimately renmained st �mble,

calculated the logmo of the unstable counts,

and printed time values in a table. When given
a value less tlnan 30 9 larger thmanm time stable
counts per minute, it was programmed to re-

ject any further data and to conipute a least-
squares plot of log19 (ummstable couumts) witim

respect to time, weighting eacim point by a
factor proportional to the calculated ummstable

counts ier minute. (This nnetimod of weight-
ing gives greatest weight to hugh points, amid

least to low poimmts, which are small differ-
cureS dime to time subtraction of two large

numbers and timerefore mnmhmerently less ac-
curate.) Time computer specified time coordi-
mmates of its least-squares fitted lime, together
with time rate coumstatmt of decay ammd exponmenn-
tial half-life of time unstable RXA.

RESULTS

Aetinomycin D. Figure 2 shows time effect
of actinomnvcin at a final conmcenmtrationm of 10
�Lg//ml. In this experiment 46 % of time pulse-
labeled RXA remainmed stable amid time Imalf-

life of decay of the unmstable RXA was 51 see.

These paranneters are representative of a
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FIG. 2. Breakdown of pulse-labeled R�VA in the presence of actinomnycin

Time culture was pulse-labeled with [‘H]uridine for 30 sec as described under MATEmIIAms iNn) �o:i’mmoms.

At left, the total trichloroacetic acid-inmsoluble radioactivity is plot ted. At right, the same ditta after

subtractionm of the counts per minute in stable RNA (10,700 cprn) are plotted omm a senmilogarithnmic scale.

The lirme, corresponding to the half-life showmm, is conmpmmt er-drawn (see time text).

FIG. 3. Breakdown of pulse-labeled J?.VA in the presence of mnithramycin

1)etails are described in the legend to Fig. 2.

number of deternniniationms; in eight sinnilan

experiments the stable fraction was 45 ±
1.0% aniel time half-life of decay wms 50 ± 1.4

sec (values are means ± starmdard errors).
Duninng time 30-sec puis(� inn Fig. 2 approxi-

mately 20,000 �pm were incorporated itmto
RNA per 0.5-g sample, representinng 1-2 %
utilization of time [3Hlunidine added. Time

peak inieorporationm was found to be some-
whmat variable annong ohifferent. experiments
(cf. Figs. 2-7), but, as the low percentage

utilization would suggest, this was riot re-

kited in amnv way to eximaustion of the added

pr(cmnrsor, smnmce mm ummtreated cultures in-

corl)Oratiotm coimtinlled at a linmean rate for at
least 60 sec. Stable fraction percentage values

\\.(�fl always refenreol to time mncorponatiotm

observed at the peak. ()nie factor wimich cotm-

tributes to determination of the actual peak
value is time rapidity of inhibitionm of [3HIuni-

dine incorporation. With actinmomvcinn time on-
set of olecay was usually apparent by 5 sec

after addition of time olnug, but timis was not
alwnmys the case inn experinnents witim other
aimtibioties.

Expenmnments using actiimomyeinm at flimal
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FIG. 5. Breakdown of pulse-labeled J?N.4 in the presence of chronmomycin

l)etails are described imi time legemid to Fig. 2.

eoumcenmtnationms of 5 amid 20 �g/nnl yielded re-

suIts comparable ivitim timose quoted above;

thus 10 �g of aetiumomycinm per milliliter is inn
time ‘‘I)lntteal.m” negionm, �vhmene time paranvters
of pulse-labeled RN:� beimavior are innde-

pendenmt of actinonmycin conmcenmtnationi (6).
Mithranrycin. A range of mithramycini

concentrations bet weenm 5 amid 100 �g ml was

tested, and one example at time hnighest con-
centration is simowim iii Fig. 3. In timis case

time stable fraction was 41 � anmd 11/2 \Yts

50 see. Time genmeral similarity to time results

with actinomycirn (Fig. 2) is evident. At all

tine coneentrat ionms of nnitimramvcini test (d,

decay of pulse-labeled RXA could be demon-

strated, but time stable fraetionn amid Ii

values were nmot conmstant. Both decreased

as time antibiotic conmcent nation was increased

(Fig. 4), tending toward values similar to
those foummd with actinmonnycinm, which were

effectively reached at 80-100 �g of mithmra-

mycin per milliliter.
Time oumset of decay was genienahly slower

tlmanm seen with act inonnycinm, comnnencimmg

15-30 sec after additioim of mitimranmycinm.

The time to onset of decay was irnversely

related to the anmtibiotie commeenmtration, wimichm

would suggest that slow penetration into time

cells must be takenm inmto account in innter-

preting time mitinraniycinm results (see 1)15-

CUSSION).

Clirornornycin A . Time effects of thus anti-

biot ic were investigated nit eonmcenmtrationis

from 2 to 50 �g ml. ligure 5 simows time

breakdownm of pulse-labeled RNA in tine

iresenice of cimromonnycinn at 5 �g/ml. Here
tm/2 = ol see anid 41 % of time labeled RNA

is stable, again mimicking tine effects of
actinmomyeinm. Tine tinme to onmset of decay

\vnms 10-15 sec after addition of the anti-

biotic (Fig. 5), and with otimer concentrations
of cimromomycin time same phenomenon seen
witim mithramycin was muoted; i.e., time higher
time atmtibiotic concetmtratiotm, time shorter the

sec (o)

or

l.(e)

FIG. 4. Dependence of parameters of decay of

pulse-labeled RNA on mithrarnycin concentration

0, t112 ; �, stable fraction. The same numerical
ordinmate is used for both parameters. Bars repre-
semit standard errors, and figures show the number

of experiments at each antibiotic concentration.
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FIG. 7. Breakdou’n of pulse-labeled ILV.1 in the presence of nogalam�/cin

Details are described in the legenmd to Fig. 2.

time to onset of decay (25 sec at 2 j�g nil, ole-

creasing to less thmatm 5 seC at 50 �ig ml).

Inn Fig. 6 tIme nelationmsimip hetweenm time

l)arameters of decay atmd cimronnonnvcinm conm-
cenitnationm is plotted. flmere is a plateau nt-

gion betweenm 5 nunmol 20 �g ml, wimere time

/1/2 arid stable hactioim values are eotmstninmt

annd approximately equal to t hose found

wit ii aeti 11Dm VC1 im. Above anud below t imis

conicenitratiomm ratmge time stable fractiomm re-

mains much time snime hut there is a sigmmifi-

sec(o)

or

0/. (e)

FIG. 6. Dependence of parameters of decay of

pulse -labeled i/VA on chromnomyci a concentration

0, lm12 ; �, stable fraction. The sanme mmunmerical

ordinate is used for 1)0th parameters. Bars repre-

sent stammdard errors, and figures show the number

of experinments at each antibiotic comucemitration.

canmt inmct�(nts( itm time Obset’V((I half-life of

decay.

“so�jala1mly(i1l . 1?3reakdowtm of j)ulse-lnul)ele(h

ItNA w.nts Ol)S(t�’V((l itm tIme i�resetmce of

nmogalanmycinm nit cotmcenmtrati()tms 1)etweetm S
arid 50 ;.tg nil (lig. 7). At 3 �.ug mmmltime action
of time anmtihiotic proved too slow to i)e use-

furl : [3F11]umnidinme itmeonj)ornttionm � progres-

sivclv slowed i)ut �vas tmot Imalted unmtil 60 sec

after additioni of time nmogalannycitm. ‘lucre-
nmfter there mias nm snmmall i)ut (lefitmite oleca�,

�i�itim arm appanetmtly stable fnactionm itt tI1(�

regmonn of 70 �‘
�Fahle 1 sunmnnanizes time cimanactenistics of

decay at four concenmtnnmtiotms of tmognulanm’mycimi.

It canm he seetm timat with time exceptiotm of

50 �g of nmogalannycimm p(n nulliliter, time

stable percenmtage values were of tIme same

magtmitude as seenm witlm act inmonmyeinm, unit bra-

mycinm, arid cimromomyciti, hut the rates of

hnenmkdownm were co mmsidennmbly slower.

Daunomn!Jein. Foun commcenmtrnmtiotms of tlmis
nmimtih)iotic were studied: 35, 50, 50, nmnm(l 160

�xg ml. A result at 50 �g ml is shmown itm

Fig. S. lime curve shows mm exaggerated

fornn tIme same features ohsenved with
3 ,�g/n’il of nmogalntnmycitm, i.e., a lonmg time to

oimset of decay (100 see) anmd a higim stal)le

fnactiotm (63�4 at 720 see). Results at 35 atid
SO �gml were sinmilan. It appears that

daunomvcinm is a nmuclm less pnonmpt atmd or

‘ifect ive inmimihiton of [3H]uniditme itmeonpora-

lion thmnnnn time other atmtihioties stuolied, hut

time expenienmce with nmogalanmycinm suggested
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TAmmmm:’1

C/ui racte ,ist ics of brea/do un of p ulse-labeled

i/VA in time presence of nogalamycin

Stable
fraction

sec

81 47
83 47

82 43

92 61

- 600

seconds after addition of daunomycin (5Opg/ml)

FIG. 8. Effect of daunomycin on incorporation of

[3Hluridin.e

The labeled precursor � added 30 sec prior to

additionm of daummonmycimm. Values plotted are total

radioactivity incorporntted imito acid-imisoluble ma-
terial.

that actinomycinm-like decays nmmighmt still he
observnmble at eveni imigher daunmomycin

conmceumtrations. Tlmis proved riot to he time

case, for although at 160 ,�g/nnl time iincor-

ponationn was imalted withmiim 10-13 see, imonme

of time labeled RNA broke down at all.

DISCUSSION

Time major tecimnnical limitation mm deter-

m.itminigaccurate curves for time breakdown

of pulse-labeled RXA lies inn sampling errors
whicim stem from the riced to take successive
saniples from a rapidly shmakinmg culture at
inntenvals of 3 sec or less. By thme simple

expedient of weighing to correct for sampling

errors we imave n’unmin’imzed this problenn arid
elinuimated mucim of time scatter scenm in time

data of earlier workers. It is timenefore

gnnmtifyitig to nmote thmat all our’ curves could

i)( uitteol quite well by a sitmgle exponmemmtial

decay (cf. Figs. 2-7).
In teriiis of the three questionms posed in

time INTRODUCTION, OUn’ results niay be suni-
- tmnanized ItS follows. (ni) Bneakdownm of pulse-

labeled RNA can be observeol whemn RNA

svimtlmesis is inhibited by nmitimramycin,
ci mronno)nm.ycinm, and nmogalamyein , nmnd, to a
linmnited extent, iii time presence of dauno-

nnyeini . (b) \Vithm mithrannyein, chmromomy-

cmi, amid nnogalanmyeimm, conucentrat ionn ranges
exist nvitimin which time parameters of decay

are essetit iahlv inndependeumt of t hue antibiotic

conncenmtnation. (c) At time “plateau” anti-
hiotic conmcentnatioims time 11/2 and stable

fractiotm are sinnilnun to timose founnd witim
aetinomyciin, except for’ time lonnger half-

lives l)uoduced by nogalaniycinm. Timus the

cnitenia which ann antibiotic niust satisfy if
it is to provide useful data. on time metabo-
hism of pu1lse-lab(l(�d RNA (see INTRODUC-

TION) arc best met by mithnraniycin and
cimromomyein. The fact that they reproduce

time l)anameters of decay seenn nvitin aetinmo-

mycinm adds nveigimt to the belief timat timese
paranmeters are a true reflection of events

resulting solely from inuimil)itiOn of RNA
synthesis. 1i iitimramycin arid cimnomomycin

are time first antibiotics which imave been
sinowni to reproduce exactly time effects of
act inmomycimn on pulse-labeled 1( NA under

comparable conditions. Time actual paranne-

ters measured imene are mm agneemelnt witim
timose reported by Scimaechten and Mc-

Quillen (3), using actinnomycin witim time same
organmism and culture commditioums.

\Vithm all time atmt ihiot ics, conncenntnat ions

below time ilateau ranmge produce nnucim the
same pattern of effects: a lonug time to onmset

of decay and imiginen values for /1/2 and the
stable fnactionm. Two possible explanations
may be considered. First, time antibiotic
migimt fail to st01) iticonponation completely,

so thiat a low rate of continnuing RNA synn-
thmesis is supet’imposed oti time oven’-all decay.

This would imave time effect of slowing time

obsenved decay arid yield a imigher apparetmt

stable fraction, aitimougim a net irncrcase imm
trichlonacetic acid-insoluble raolioaet ivitv

nmigimt he expected after honmger irmtervals. Ef-
fects of timis type were obsenved by Gninsted

(6) with 1 �g!ml of aetinmomycinm, amid are to
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be expected witim any antibiotic at sufficien-
tly low eonneenmtrationn. Second, time anitibiotic

migimt stop inmconporatioin completely, but riot

sufficienmtly rapidly, so that time effective

�)ulse-labeliImg time is gneater timan 30 sec.

It is knnowni timat inicreasing time pulse time

results mm nt slo)wen decay alnd a rise in time

stable fraction (3, 5). Although both cx-

I)latmationms nmmgimt nupply, w.e favor a domni-
inanit role for time latter : it accords well with
our findinngs (a) timat time time to onset of

(lecay is irmvenselv related to the anmtibiotic

commcentrationm, suggestive of slow permea-

tionm unto tine cell, arid (h) timat time effects

are mucim more marked �vithm nmitimranivcin

and daunnomvciim thann withm tlmcir less water-

soluble annalogues chmromomycin and nogala-
myeinm, whose more lipophilie character may
facilitate timeir uptake by the cell. We at-

tempted to investigate time possibility tinat

RNA symnthesis might continue after addi-

tionm of antibiotics by adding time antibiotic

arid {mHjuridine simultaneously. Time results
were inconclusive (minmiature decays were

usually observed) and would in any event
have been difficult to interpret because the

specific activities of nmueleotide pools ulndcr
timese eonditionms could imardly have been

comparable to specific activities after a 30-
sec pulse.

Time rise mi /1/2 seen at higher cimromomycin

eonmecntrations, aind time imigher /1/2 values

conmsistenntly produced by niogalamycin, are
more difficult to explain. It is possible thiat

timey reflect interaction of time antibiotics

witIm RNA or direct interference with proteimn

synthmesis, wimicin probably explains time

similar effects reported witim proflavine and

etimidium (6), for tine concentrations umsed

here are much imigimen thman timose wimich have

been studied by other workers (13, iS).

At these imigh concentrations a more gen-

eralized effect oim cell metabolism is also

possible. Inn amy event it is likely that time
same pimennomena, perimaps inn more acute

form, are responsible for time failure of

daunomycin to reveal clear decay of RNA;

time curve inn Fig. S could well be interpreted

as incipient decay of a sizable fraction of

the RNA, with a grossly extended hmalf-life.
Since daunomycin is knnowni to be capable of
irnteracting with RNA (12, 17), it is easy to
imagine timat signiificanmt binding to mRNA

nmiglmt occur’ anmd Imetmee offer protection

againnst degradatiorm. If so, a substanmtial
effect otm I)rOteitm syumtimesis would be cx-
pected. Investigationis inmto time effects of

dauniomycini, and of time otimen antibiotics,

on amino acid inicorporatioum anmd polynibo-

some stability would cleanly be of initcrest.

Altimougim riot time pninnary concern of this

1)ttI)(1’, sonic nnermtionn simould be nmade of
time sigmmificanmee of time stable and unstable

RNA fractions. It is generally agreed that
newly synitimesizeol (nnature) rRNAs anmd
tRNA conmtniijutc to time stable fractioni annd

that mnRXA accoumnmts for a substantial

portionm o)f time unstal)le fractioum, but there is
reasonm to doubt time sinupiest initerpretation

that timese Sj)(’C105 of RNA are mncatly divided
between one fractionm or time other (3-6,
20). Zimniermann nmnmd Levinitimal (4) shiowed

timat inn Bacillus subtilis time pulse ralioac-

tivitv in time stable IINA was entirely mm
rRNA and tRNA, and timat time unmstable
fractionn exhibited the hieterodisperse sedi-

ment at ion characteristics expected of
nnRNA, l)ut timat rio ineonmj)lete rRNA nc-
mnuinmed after actinmonnycini trcatmenmt. It is

probable, therefore, that 1)reakdown of

incomplete rRXA atid tHNA molecules cotm-

tributes innportantly to the unstable frac-

tionn of pulse-labeled RNA (4, 6). Time recent
discovery of precursor’ rRNAs (21) ammd
tRXA (22) adds a imew dinienmsionm to time

h)roblem, however, for time ‘extra” sequences
present in these RNAs nine cleaved off during

the maturation process amid must presum-
ably coumtnibute to time unstable fraction.
it is of interest timat mitimramycinn has beenn
reported to inmimibit selectively the synmthesis

of rRNA (13), but at conmeenntrations orders
of n’magtmitude lower timarn are requined to

demonstrate decay of I)mnhse-labeled RNA.

Our experiments cxtenmd previous studies
of mitimramyeiim, cinromomycin, nogalannycin,
and dauniomycin as I)otenitially useful tools
in the inmvestigationm of macromolecular

syntimesis (23). Some of these antibiotics

should 1)ro\e to be umsefuml alternatives to

aetiimomycitm as powerful inhibitors of RXA

synthesis in biological systems where, for

one reasoni or anotimer, time usc of aetinmomy-

cinnis not possible, on where it is necessary to

seek confirmationn of nmctitmomycin-depeumdent

pimenomenia.
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