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When mmewly syimthesized RNA � pulse-labt’led by additiomi of [5-3Hluridine, the incorpora-
tiomm beimmg terminated after 30 sec b)y addition of aim ammtibiotic imihibitor of 1tNA synthesis,

significant iitcorporation of lal)el into acid-insoluble material other than RNA occurred.

When corre(-tiolt ftmr this o’ffe-t � made, the parameters of decay of pulse-labeled RXA

revealed with actmo)mycinm 1) at 10 �g/nml were significamitly lower than those previously
reported : a imuo’an half-life of 36 ± 3 sec aiid a mmmeammstable fractioni ouf 39 ± 4 % were found.

Streptolydigimu, echimmlumycin, amid triostins A amid C yielded (corrected) curves for decay of
pulse-labeled UNA simmuilar to tlmtuse seen using actmomycin. With streptolydigin and

echinomycin time paramimeters of decay were indepemident of antibiotic concemitration over a

wide rammge amid were comparable with the parameters quoted for actimmornycin. Similar
values were also) givemi by the triostin antibiotics tested at 5 �g/nml. Echimmonmycin appeared
to be approxinmately 4-5 tinies mmuore potent thaim actinomycin 1), judged by the relative

commeent rations required to halt inicorporation of the precursor and reveal decay of pulse-
labeled RNA. Direct mmmeasurenments, using imucorporation of [methyi-3H}thyrnidine, showed
timat both actinonmycini amid cchimtommmmyciim inhibit DXA synthesis iii Bacillus nte�jatei-ium.

Streptolydigimi had uio immhihitory action. Actmomumycin, echinonmmycimi, and streptolydigin
all eaus(’(l degradation tuf l)ob�’5(umumes in protoplasts of B. nte#{231}jateriunt. With each antibiotic

the timime to 50 % dt’cay was approximumately 5 mmiii), in agreememmt with earlier estimates using

actimioummycin. A large discrel)auicy between the apparent haif-hivo’sof decay (if pulse-labeled

RXA ammd of polysonmmes therefi ire was seemi with all antibiotics tested. The results attest to

the usefulness of studies otm time decay of pulse-labeled RNA as a means of investigating

the specificity, rapidity of action, and r(’latiVc poteltcy of antibiotics which inhibit RNA

sVItt imo’sis.

INT1tOI)TJCTION consists of two distinct fractions, one being

Pulso’-labt’liltg expo’rinuents havt’ shown stable aimd time other br(’aking down to acid-
timat mm bacteria mmo’wlv symitlio’sized RXA
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\I. Wanimug, umupublished experiments.

solul)le products withimm a few niimmuto’s of

termination of the pulse (1-8). In the past
many such experiments have been carried

out usiitg actinommuycin D to preveimt further
imucorporation of label into RXA (1-S).

Meaniimgful imiterpretation of these experi-

memmts must rest on the assummmption that
actinomumycin is a specific imihibitor of RXA
synthesis amid has ito other relevant actioumiS.

In a previous paper (8) we sougimt to ex-

amine this questiomm of specificity, via the
argunment that if the observed breakdown of

pulse-labeled RNA is genuine it should
occur immthe same fashion irrespective of time
nature amid concemmtratiomi of the inhibitor
enuployed, provided only timat sufficient imi-

hibitor is present to ternuinate the precursor

pulse promptly amid completely (6, 8). The
breakdown of the labile fraction of RNA
follows exponential kimmetics; thus the whole

process may be characterized in terms of time
percentage of labeled RXA which renmains

stable arid the half-life of decay of time mm-
stable fraction. Four antibiotics were tested,
of whicim two (chromuuournycin A3 amid nuithra-
mycin) were found to yield the sanme paraumme-
ters of decay as actinomycin over a substan-
tial range of concemmtrations (8). This was
taken as evidence that the cimaracteristics
of breakdown of pulse-labeled RNA are not

peculiar to the use of actinomycin D as an
inhibitor.

However, iii aim earlier study Grinsted (6)
found that the paranmeters of d(’cay induced
by proflavine amid ethidiunm were iuo)t the
sanme as those so’emm with actirmomycimi amid
showed a strong dependemice omm time drug
comicentration. We obtained simumibar rt’sults
with nogalanmycinm amid daummommmycin, ammd

found the actiomm of dauuionuycinm t(m he munch
slower and/or weaker thamm the other aimtibiou-
tics (8). These anonuahies camu he attributo’d
to secondary interference with the immetabo-
lism of RNA and point to a serious lack of

specificity iii time actiomm of time drugs as immimibi-
tors of RXA synthesis (6, 8).

We have pursued the problemum further

using streptolydigin, echinomycin, and tn-
ostins. Our purpose has been twofold. First,

we wished to verify that the parameters of

decay of pulse-labeled RNA appear the

same when the inhibitor has a radically dif-

ferent nuode of actiomm. All time drugs used to

date sharo’ mmc(unmmmmmon 1)asis of tu-tiont, iii titat

they inhibit RNA synthesis 1w i)indutg to
and 1)locknug the tenumpbate fumiction of DNA,

albeit b)y (hff(’rent nmeciiaimisnmms (S-i 1 ). Strep-

tolydigin mitts quite differently, by birmdimtg

(hirectlv to BXA polyuumerase, most proi)al)ly

to the �-suhurtit of the emmzyme (12-17).
Second, we wished to develop the systo’mmm

as a nucans f iimvo’stigatimmg time specificity,

rapidity of action, amid relative potemmcy of

antibioti(-s which inhibit ItNA symithmesis.

Its usefubmuess is illustrated by tht’ results
with echimmoammvcin (idemmtical with quinionmy-

cimi A) and time structurally related tniostins
(18, 19). The mumolecular I)asis of actioun of

these antibiotics is akin to that (uf actino-

muuyciim (9), involving into’rcalatioum, tiuuugiu

the detailed nuechanism of their interaction
witim DNA has mmot yet I)een formulated.3

No other systemn is capable of assessing the

I)rOmPtness with which RNA symmtimesis is
totally blocked, or the relative jotency of
differemmt inhibitors dunimtg the critical immitial
period of exposure of the cells. As amm imidi-

cation of specificity we adopted the criteriomi

proposed previously (8), i.e., that tue pa-
raimueters of deo-ay of pulse-labeled RNA
should he imtdependemtt of con-emttratiomi of
the antibiotic over as wide a ranmge as pus-

Sii)lt’.

Jim addition, we mmmade a few direct mumeas-

urelumemits cuf the actioui of time antibiotics on

DNA symmthesis. We alstu conupared the sta-
bility ouf polysomo’s in protouplasts of Bacillus
ntegatei-iumn o-xpcuso’d to streptolydigin, echi-

nonuyciim, ammd actimmomiuvein D at appropriate
concemitratiomms. It is well known that fol-
lowimmg inmhibitiomm of RNA synthesis by acti-
noimmycin the hulk of the poulysonmmes are

degrado’d, ustensiblv reflectimug time degrada-
tiomm of iuulk numessemmger l{NA engaged in

proteinm synmtltesis (7, 20, 21).

MATERIALS ANF) METHODS

A ittibiotics. Actinmornyciim 1) was a product

of Merck Sharp & 1)ohimmme; ecimimmonumvcint, of
Ciba-Geigy; and stro’ptol digiim, of time Up-
johim Commmpanv; tniostins A aimd C were gifts

fromn 1)r. H. Otsuka. All the antii)iotics were

kept in stock solution ill the dark and below
00. Echilmomycin was dissolved in absohute

ethaimol; actinomycilm D and st reptolydigin,
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iii 96 0 ethammob ; amtd tniostimms ,:� anmd (�, iii

ummo’timammol

1!(t(t(’l-ial (Ulttll(,S. B. titeqateiitnn straimi

II��:i:\I , mmuaimutaiuuo’ol frt’o’ze-dnio’cl ium timis lahora-

to)ry, \��5 culturo’d amid mumainutainied imt glu-

coso’-sabts iuuediummi as descnibuo’d liv I�ok amid

\Vanimmg (8).

Pu lse-labeli,e� w i/It [5_3JJ ] ti mid iite . rfimo, ft ml-
bowimmg muio(lifictttitmlis �vero’ apphio’d to) time

iumo’timtm(I of homk auid Waninug (5). Saumiples

wt’rt’ t’jo’cteol imitmu 1 mmmlcmf 7 ; (wv) trichilor-

a-etic acid inistead of 2 nmml, tom achieve mimoro’

efhicienttV mu-to’x mumixing afto’r timo’ addition.

Except durinmg tiut’ pro’limumimiary o’xpemiummeruts,
six a(bolitiomntal saummples went’ takemm at approxi-
uimatelv 2-nminm inmtervals after tite addititmmu of

the ammtibiotu-. ihies(’ were squirted imitom 1

mmml tmf 1 x NaUH, uuuixed using a Vortex

ummixo’r, amid tiio’ui inteuh)ated ovo’rniigiut at 37#{176}

to digest HNA. They � timemi nmo’utralizt’d,

aumd tnichiomnacetic acid was addo’d tom a final
commco’mmtratiomm of about 7 �i - rfimt,so� samples

ctuul(l muouw 1)0’ filto’red amid treated as the
others. The ust’ of alkali digestioum tom esti-

mmiate the immco)rporation of babueb imuttu 1)NA
amid other alkali- r(’sistant mmmato’nial has ho’en
do’senibed previously (4, 22). Timo’ results
were commiput (‘(I as pro�viously do ‘st-rib o-d (8).

I(leit / ificat iwo of labeled mit atemial on filters.

Time use of ribomiucbt’ase to digo’st RNA on

filters c(mumtaining t ni(-iubora(-eti(- acid-inmsoluhle
nmato’nial huas bt’emm do’scnibuo’d huy (1unmdhiffe
(7). Time filters wero’ washed imi t(ulu(’nmo’, dried,

and inmcubate(l in a Tnis-iuotassiummm buuffer
(pH 7.5), contaiimimmg 20 �g/nml omf juaum(’rt’atic
niboummuclease (Wortlmimmgt omit), for so’veral
ho murs at 37#{176}.Trio-hIt urao-etic acid was themi

added to give a filtab o’onmcentratio mum of 7 #{182}�

Aci(I-insoluble radioact ivitv w-m� o’stinmmated
in tiut’ usual way. Control immculuatiouis were

alsu perfornmeol with Tnis-potassiunmu buffer

abomie.

Pu Ise-labelin q wi/li mite/It yl-3H Jilt ynt i(l iite.
At o’xpeninmental tinmme zo’ro umminus 30 sec,

0.1 mmmlouf [ntetloyl-3HJthmymmmidinmo’ (Radioeho’nu-
ieab (‘euitro’, Anmershaun; spe-ifio- actiVity, 22
(1i/mmmummule) was addo-ci to 15 mmmlouf t’xponiemi-

tially growimmg (-(‘bbs, givimtg a fimmal activity of

ai)Out 3 �Ci, mmml. Sammujubo’s wo’ne taken iuito
1 N NaOH amid tro’ato’oI as described above.

Time first two samumpbo’s wont’ taken at expeni-

nmo’uutal tinmes -20 amid - 10 sec. Timo’ third

sammiple � tako’n at zo’ro timumo’, while sinmiul-

tammeousby 7 uumb mf the -ulture was quickly

tramusferro’d to a flask o-omnitaiimimmg tho’ anti-

l)iotic. Altennuate sanmmpbes were taken fromum

time aittibiotic-comitainimug aumd control ciii-

tunes at imtto’rvabs over time mmext 12 mmmin, as

indicated imnido’n RESULTS.

BieaIil(Iu’lt of polysomites ut /)rotoplasts.

32P-Lahebed pr ito mplasts of B. ntegateriunr

\ver(’ pno’paro’d as described by Cundliffe
(20, 21). Saummplos (0.5 umul) were taken imito

glass vials counutaimminug Tnitoun X-l00 (Rohnm
& Haas; final colmct’mttnation, 0.1 %, v/v),
deoxyribommucbo’ase (\Vorthmingtomi; fimial comi-

cemitratioun, 5 �g/mmml), and pamicreatic ribo-

niuclease (fimual comic(’ntration, 2 j.og/ml). The
vials were inmuimmediatelv frozemi ammd stored at

- 30#{176}.Six sanumplt’s wt’re taken imi all: one
before additiomni of time ammtihiotic, and the
outliers 1, 3, 5, 10, amid 15 mmuin later.

Sanuples (0.2 mmml) went’ layert’d omt linear
sucrose demusity gradiemits [total volummme, 5
nil; 15-40 % (w/v) suo-nose in 10 ummu Tnis-5
umui’mrmmmagnesiunui acetate-100 nm_mr KC1, pH
7.6, at 20#{176},adjusted witim HC1] (20, 21).
These wero’ cenmtnifugecl at 40,000 rpm four

ISO nmimi at 2#{176}iii ami MSE 65 ultracentnifuge,
usimmg a 3 X 5 miii rotor. Sixty 6-drop fractions
\V(� collected and counted in a Nuclear-
(‘imicago liquid scintillation coummter. The
scimutillamit fluid eonmtaimied 6 g (if 2-(4’-tert-

butylphemiyl)-5-(4”-hiphenvl)-l .3 ,4-oxadia-
zole (Ciba), 125 mmmlof water, amid 500 nmi of

Tritomi X-l00 in 1 liter of sulphur-fro’e tolu-
cue. Assayed imi this way, poiysomnes present

iii timo’ e(’llS at timo’ timmme of sammmphimig art- comm-
vo’rted ttu particles sedimentinmg at approxi-

muateby 70 S whiie time products of polysome
iureakdown in vivo are nibosoummal sub)unitS

sediummo’mitmg at 50 5 amid 30 S (20, 21). Thus
tiit’ pomlysoimme fraction can h)e calculated

fnoumm the ratio (32P radioactivity sedimemiting

at 70 S)/(totab �J) radioactivity sedinmmentiiug

at70S + SOS + 30S).

RESULTS

Prel mt ut amy expet-inteit ts. Expenimmments
wore first carnieol out with aetimtommiycimi D

at 10 �ig/mmul. The values so oubtained for
po’no-t’mitage of stable fraction aimd imalf-life of
decay of RNA were conmparahle withi the

results ouf Fok artd Waring (8). Three such
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expeninit-nts gavo’ mmmo’aumvaluo’s ouf 46 ‘ stablo’

fractiomm amid 46 sec Imalf-life (set’ sulusetiuent

expenimmmemits with ao-timmonumycin 1)1)0 ‘it )w).

S/re ptolydiqiit. Time upper curve of Fig.

1A (circles) shouws a decay profile oul)taintt’d
with strt’ptolydigirt at 10 j�g/nmil. Timis type

of curve is substanmtialby differenmt froumm the

type obtaimmed with actinmounmuycium 1) amid
other inhibitors (if 1�NA symmthmo’sis som fan

tested (1-8), in that a coumtinuo’d incorpora-

tiomi of radioactivity intoi trichboiraco’tic acid-

insoluble immaterial occurs afto’r, and pre-
sumably during, the initial phmase of decay.
This pimenonmemmomm was reproducible, aumd
many sirumiban curves were tubtaimmo’d with

streptolydigimi iii timo’ range 5-100 �zg’mmml.

Ribonuclease t r(’atnmeuut ouf filters fro umum
such (‘xpt’rinui(’mmts revealed thiat thus imu-rt’ase

in trichioracetic acid-insoluh)le radioactivity
was mmot due to synthesis o)f labeled IINA,
for a steady increase iii nibouiuclease-resist-

ant, acid-imusoluble couumts was fouummd, sug-
gestive of incorporation imitou I)NA. The
ribommucbease-resistant radiouact ivitv was also
insensitive to) digestioum by alkali, bimt a sub-

stantial 1)roPortion (ovo’n imalf) was nt’mld(’red
acid-soluble by t reatmenut witim deoxynibo-

nuclease. Thus confirummed that it no’pnesented

largely, if miot entirely, ilmco)rporatiomi into
DNA. An attempt to 5U���CS5 it by adding a

“chase” of unlabeled uridine �Ii lOtm-fobd
excess aftt’r the 30-sec pulse failed, pro’-
sumabby because of difficulties imt saturatimtg
the imitracellubar mmucbeotide pools. Another
possible palliative procedure, that of adding

unmlaiuele1 o-vtosimmt’ lit-fount’ timt’ jMllst’, was

aluamidommo’d i)o’(-aust’ t’xougt’nlomils O-Vtomsili(’ is
very pouomnly utilized for nuclei(- at-id syuitimt-sis

by thus omnganmismmm.

ur tiit’st’ rt’as(umts the miuodifio’d t’xlut’rimiio’Il-

tal l)rom(’’dllrt’ iitvo)lvinlg time takinug o)f adoli-
tiounual samples inito NaOFI i�.as a(loptt’(l

(set’ MATERIALS ANII METHoDs). Tluo’ louwer

cunV(’ mm Fig. 1A (tnianmgles) shows time alkali-

resistanut radioactivity. As camt be so’eni, thus

is panall(’l tom the inmcro’ase in) tnicimbtum-a(-o’tic

acid-intsoubuhule etmunits iii tilt’ uppo’r curve. Uni
tim(’ assunmuption timat time lower curve no-pro’-

st’mmts th(’ inconpomratiomt ouf label into mmuato’nial

omtim(’r timanm HXA, it was sul)tra(-tt-d froummm

tim(’ uppt-r cum-ve to generate Hg. 1 II. litis
decay cunvo’ is simumilar imm shape to curvo’s

obtaimmo’d usimmg actinituimmyt-ini I), but yields

sligimtly bowt’r panammmo’ters (stable fna-t i in

and imalf-lifo’ ouf decay of ummstalule 1(NA).

Usiimg titis prt)(-t’duro’, half-lives amid stal)le

fractiomnis were det o’rmined ft in stro’ptolydigiui

imm timo’ namigo’ 1-100 �gumul. Time o’xpo’rinmio-mmt

at 1 �gmmml did ntot yield a (-onvincimig decay,

but tiumse at 2 �og mmmlammo! aluove gavo- j)aranim-

etens whicim ant’ Pro’s(’mutt’(i imi Fig. 2. Froumu
this graph it caut 1)0’ scent that tho’ panammmeto-rs

rermmain o’sso’nitially comistanit omvo’r the eontcenm-

tratioumi rammge 10-100 m.og/ummb.

Aetimtontijciit D. limo’ mmmomdifio’d immo’tiitud ivas

appho’oI tom actimuonmuycimm at 10 /�g/mmul. ‘I’hue

results frommu three suehi t’xpeninmit’nmts are

showum in Tablo’ 1. it is evido’mit timat thit’ con-
rectiont for labebimmg ouf 1)XA ammo! any oth(’r

abkabi-resistaumt, acid-insolublo’ unateniab bouw-
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FiG. 2. Dependence of parameters of decay of

pulse-labeled k_VA on st repto/ydig in concentration

0, half-life; #{149},stable fractiomu. The sauuie

mmunumerical ordimuate is useol four both pananmeters.

Bars represenut stanudard ernmins, amid figures show

the muumber omf expeniniemits at eat-li amit ihimmt ic

concent rat iou. Where mio error bar appears the

standard error is smaller thami the svnubol drawmi.

All values have been corrected fomr incorporation

mita trichuloracet ic acid-inmsolulule, alkali-resist ant
immaterial, detenmuinued separately mi eao’lu experi-

nmemmt imm the ummammnen illustrated mu Fig. 1.

TunE 1

Characteristics of b,eakdom,’mm of pulse-labeled I/NA

in time presence of actinomtjemmm I)

Imi eat-h expenimmmenut the inoorponat itmmi of label

mt oi alkali-resist amit material has beemi suibt nao’ted.

Antibiotic Stalile fraction Half-life
concen-
tration

Mg /ml ‘

10 41.1 37.9

10 29.3 36 ± 3 32.1 39 ± 4

10 36.6 46.8

1 6�u.4 40.1

0.23

No decay cum-ve mmlutaimieol (Fig. 5).

em-ed the apparent half-life amid stable frac-
tiomi by approximmuateby 10 so’c and 10 %,

respect iV(’lv. (Timo’so’valuo ‘s should lit’ o-omum-

parold with timoso’ for actiuiommmvcinm r(’pont(’(l
at time beginmuing of this seetioum.) The sig-

nifieamu-e of this is obiscussed baton.
Edt ilt ontycmn. Figure 3A simows tite uncor-

rected decay curve oubtained from ammexpeni-
imment using echinonmmycimm at 2 1ug/nml. The

corrected curve (Fig. 3B) was obtained imi
exactly time samume way as with streptolydigin.
1)ecay curves in the comucentratiomu range

0.2-20 �.�g/uumI were determined, and their
paraummeters are expressed in Fig. 4. Parame-

tens at concentrations exceeding 20 pg/nil
were inaccessible because of the low solubil-
ity ouf the antibiotic. At 0.1 jrg/nul mio decay
was revealed, presunmably because insuffi-

ciemmt (‘ciminomycin was present to stop RNA
symmthesis conmpletely. The ‘ ‘plateau region”
for echinomycin, where the paramumeters of

decay are substantially independent of comm-

centration, lies in the range 1-20 �ig/ml.

Timat eciminonmycin is mumuch nuore potent
timamu streptolydigin in its inhibition of RXA
synthmesis is inmnmediatelv evidemut. A few

additiommal experimmmo’nts were performumed in

ordo’r to compare its lluot(Imicy with that of
actinoummycin D. At 0.2 jig/mum! (approxi-
nuately 0.2 j.ou) the o-oncentrationu of echino-
nuycin is in time “threshold region,” where
there is just Sufficient imihibitory action to

reveal a decay (Fig. SA), albeit with parame-
ters which are significantly higher thami those
found at concemmtnationms within the plateau

rt’gion. At an equimuuolar couicentnation of
actinoummycin 1) (0.23 ,ug�’ml) only a decrease

in time rate of iab(’hng of RNA occurred
(Fig. SB), simowinug that this concentration

was clearly below the correspomiding thresh-
old value. Only �vitt’mi time actinonmiycin con-
cemmtnation was raised 4-S-fold was a

eonmmparahle decay oh)senVt’d, agaimi charac-
tt’niz(’oi b)y paranmeters signmificammtly higher
thaum those seemi with ‘‘plateau” comu-emmtra-
titimms ouf this aimtibiotic (Fig. SC). 1mm the
latto’r curve thmere is still evideutce of sub-

staittial coIitiliue(l synthesis of RNA,
whereas with 0.2 �g/ml mf echimiomumycini there

is muot, suggestimug that strict ecummuparai)ility

of effect mumight require an evt’mt hiighuer con-

eemmtration of actinmounumycimu 1). At all events,

these experinmemuts show that o’chinomiiycin is
at lo’ast4-5 tinmes ummoro’ poto’mut as aim imihihi-

ton of RXA synthesis tiuauu actimmoummycin 1).

The triostiits. Lciminmonmy-imm is a mmmenmber of

thio’ quimmoxaline gro uup ouf ammt ibiot io-s, which

also includo’s the tniostins (23). Timey are

ciuaracterizt’ol by timo’ posso’ssioit of the qui-
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noxalin(’ 2-carboxamnide chmrouumophu ire. Tn -

ostin A is structurally homologous tou echino-

mycimu but lacks the dithian ring, whichm is
replaced by a disulphidt’ bridge. In tnioustin

C, the _V-uuuo-thylvahimte residues of tnio)stin A

are replace(1 by dimmmethylalbomisouleucimte (24).
In view of timese structural siummibanities it was

of interest to immvestigate thm(’ actions of tho’

triostins omi pubse-bahelo’d RNA.
Both triostimms A amid C \\.(‘r(’ to’sto’ol at S

/hg/mmml. Owing to their low soluhility mt o’tha-
nol, nuethaimol was used as solvent. Figure 6

shows that (‘ao-h amitibiotic yio’lds a simmuilar

decay profit’. Avo’ragimig the results of thro’o’
experimemits, the stable fraction was 35 ±

2 % and the half-lifo’ 53 ± 2 sec. Thus time

stable fraction is in gouod agrt’eimuo’mmt with timo’

values produced by the outhm(’r antibiomtics,
although timo’ half-life mummy h(’ sommuo’wimat
higher. More expo’nimmments with a ranigo’ of
amitibiotic comicemitratiorus would ho’ re juired

to estabhisim whether /1�2 is signmificantby dif-
ferent with tniostirms.

.�4ctioits of actirtontyeiit I), edt iito�t yciit,

and streptolydi�qin on DVA syit/hesis. 1)irt’ct

immeasunemimemits of DNA synthiesis vert- per-

formed by following timo’ ino-o)rporatiomi of
[niethyl-311]thymmuidine into acid-insoluble, ml-

kali-resistammt immaterial. The alitii)iOtics were

used at commcemmtrations mvt’lI within thit’ iula-
teau region for breakdowmm of pulse-labeled
ItNA; 10 �g/imul of actinomumycin 1), 5 �g/nmmb
of echinoummycimu, amid 20 �og/nmb of streptoly-

digin. Time results are pro’so’nto’o! in 1”ig. 7,
with each plot nonmmualized withi respo’t-t tom

one control.
Streptolydigin appo’aned to hiave no o’ffo’o-t

on I)NA syumthesis. Actinuoummycinu imal teol timo’

Fit;. 4. 1)epemdeomt- of parameters of decay of

pu/se -labele(i I/NA (?fl ttii inomnycin (011Ceflt rat ion

I )et ails arc descniluo-tI in t he legemid t mm Fig. 2.

For clarity the s-ale �mf t lie abscissa limos beemu cx-

pantled 5-fold below 1 �g/muul.

labo-himig of l)XA vithimi 20 s(’c ; t’chminuoiimyo-imt

aett’d mumoune slowly, within 60 sec. This
explaimms wity tito’ connectio�un for labeling of

sodiunm imyd roixido ‘-no’sistamtt niatenial imi the

[I13]unidino’ inmconluourati(unm expo’niummo’nmts with

the button I wom aittibioties is relatively summall
coummparo’d lou timat for streptobydigin (cf.

Figs. 1A amid 3A), amid comifirmums thiat titat
lahelinmg occurs pninmaniby in DNA. It is in-

tert’st irmg timat cciii imomnmmy-int acts more slowly

thmamm actimiounmyo-ini tom halt thmt’ labeling omf

l)NA, juanti-ularby sinice it is umiore I)otelmt

than a-timio mmmmycimmin immimibitinug [3H ]unidine

incorhuoratiomi. At pnes(’nmt we are at a loss to

aceoulit ft in thus ohiffero ‘nice. Penimaps (‘chinmo m-

ummycint is niot only ummo)ro’ poitemit thiamm actintom-

mmmyo-in as mum inhibitor of lANA symitimo-sis but

also nmomre gemiuint’ly st-lectivt’.
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Protoplasts of B. megaterium were labeled in the steady state with 32� as deso-ribed under MATERIALS

AND METHODS. The ordinate represents the fraction of niluosomiial muiatenial presemit as polysomes, as a

percentage of the control value deternmimued imnumediately pnitmr tom additiomi of time amitibiotic. In these

controls the fraction of the toutal ribosomnal material presemut as polysonmes wa.s 7O-90#{176}�..Amutibiotics were

added to the fullowing fimual concentrations: act imuomnyo-in, 10 �g/mnI; eohuimitmmuuvcimi, S �g/muil ; streptoly-

digin, 20 12g/nml.

BreakdmLmn of polysmnes induced by alt/i-

biolics in proloplas/s. Sedinuentatioum profilt’s
were deternuined at kmmown times after addi-

tion of each antibiotic. As outhimied in MA-

TERIALS ANI) METHODS, the fraction of nib)(u-
somal material presemit as polysomes at tho’

time of sanupling was calculated frormm time

size of the 70 S peak relative tom the toutal

size (uf the 70 S, 50 S, amid 30 S peaks. Figure

8 shows for each antibiotic a plot of this

fraction, (‘xpressed as a percentage of timo-

control fnactiomm (mmo antibiotic present),
agaimist tinme after addition of the inhibitor.

The antibiotics were used at the same coumu-

centrations as for the DNA synthesis cx-

perimemits.
Unlike the exponemitial decay of pulse-

labeled RXA, these decay profiles are appan-

ently signioidal, and so time tinme course could

not sensibly be expressed as a half-life. The

times to 50 % hreakdowmm were 280, 320, amid
290 sec for actinonmycin, echimuomycin, ammo!

streptolydigimm, respectively.

1)ISCUSSION

1mm the pulse-labeling expenimmmemmts witim

streptolydigini, the increase in tricimloracetic
acid-insoluble radioactivity at late timnes
cart be accounted for by a parallel increase
in rihommuclo’ase-resistammt, alkali-resistant rn-

dioactivitv. Much if not all of this radio-

activity immust repro’so’nt incorporation immto
l)NA. The poussihility that it originates from
commtammuinat i(mli (if the [-�11 Junidine with either

labeled pret-ursons of mmucleic acid cami he

disnmissed, beo-ause the ro’lat ive intc(urporati( un

did nmot vary fronmm bat(-im tom bato-h, and levo-is

of conmtanmmination omf at least S-10 #{182}�would

have h)een requirt-d tou ao-coummt four sonmme of

the oubservatiouns. It mumust b)e comicluded that
sOfli(’ of the labeb from [5_iH}unidine can cuter

1)NA, amid tht’nt- is prt-et-olo’mmt for thus view.

Schuat’eimter mmmd McQuiblen (4) reported the
immcomnponatio in o)f babel fnoummm[S-mHjunidinme mit 0

DNA in bacto’riophage-inmfected cells of B.

me�,alerium. Timo’y showo’d by -hmronmmatomgra-
phy that the 1)NA was labelo’d mi its cyto-

SiIm(’ nesiolues. (Labelilmg of thynmuinme residues

would mmot i)(’ expeo-ted, smnmce mmmethvbation of

[3-tmHjunidino’ should lead to loss of the 3H.)
Adaumis (23), usinug [5-tmHjunidine in immouse

fihrohubasts, report(’d a sinum ibar finding.

Only with stneptolydigmni was a large in-

cro-ase in “late” labeling founud in the present

wourk. As Imm(’nmtiomumed iii time INTRODUCTION,

only stneptolydigimm, of tito ammtihhutics hives-

tigated with thus systemmm, inthibmt.s lANA syn-
thesis without dir(’(-t attack omm the 1)NA
tenmplato’ (16). (The amitihiotic nifamumpio-in
dot’s numt act (iinO’OtlV (mumtime tenmmpbate eitiier,
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servat ions.

hut use of this drug initnoduo’o’s an(mther c(um-
phicatiomi, as will 1)t’commme apparemmt later.)

Timt’ iimmphcatiomm is timat those aumtihiotics
pr(’violmsly t(’st(’d with this systeumu, immcludimug
actimmomummycin aui(l tIo�h imm(mummycin , iumlmil)it DNA
symitimesis as wo’ll as lANA symmtho’sis. Timis was

coummfiruumo’dby timo’ o’xpenirmmo’mits directly imuvo’s-
tigatinig timo’ lalmelimmg of l)NA.. by �nte//tyl-

3H ]timyummidiumt’. Both ntctnm(mnmycimt 1) (26)

ami(i o’clmimtouumi’vo’imi( 1 8) imave �)revi�mtmsly b)een

simowum to imiiiih)it i)NA synmthmesis mi cell-fret’

syst(-umms.

rfho bowt’n stnth)be frao-tionms ama! half-lives
ouf dt’-av oubta mmcd with act mnoummyo-in after

(-onro’o-tiomnm for incorporatiomum of label immto

alkali-resistaumt mumatenial are probably clue
mmmainmlvto timo’ uptake of label by 1)XA immthe
tiimio’ l)o’fture coummplet(’ iumhmih)itiommo)f 1)NA syn-

timesis. This o-ortclusiomm is illustrated imm the

cast’ (if o’o-himttmummycium by the corre(-tiomm curve

iii Fig. 3A (tniammgles).
Btuthi stno’ptoilydigiii amid eclmnmomumycm ful-

fill tho- o-nitenioumm omf eoumcemmtration independ-

enmo-e owen a wiolt’ ralmge for 1)0th paranueters.
Above a timr(’slm(uld coneentnatiomm (10 �.ig/m1
four stno’ptobydigimm arud 1 �ng/ml for echimmo-

myo-inm) both time Imaif-life amid stable fraction
of lANA rt’umuaimm constaumt for all o-ommcentra-

t ions testo’d. Below this o-ommc-emmtratioum, inter-

pretatiomi of time parameters is difficult, since
a hnt-kgnoumtd synthesis of RNA continues
thromughuout time decay (8). Above it, the
“plateau” values yielded by the two anti-

hm(mtics (ommmpare wo’ll with time panammmo’ters

deternuinted using act inmommmyo-in (corrected for
immcomnpomnatiomi immto alkali-resistant material).

Both thm(’ stable fractiomu amid imabf-hife of
decay of tue ummstable fractioni are imm fair

agro-euimo’nt anuong all three inhibitors, al-
though thmoso’ four streptobydigiui appear immar-
ginalby bouwen. Tiuo’ lirmmited data ohtaimmed

with tniostimus inohicate that they totu yield
conmmpa nablo’ paramumeters, l)enimaps witim a
sommmo’wimat huight-r /1/2, althougim muo finumm con-

olusi mumcamm b(’ drawni ivhilt’ insufficient data
are available. Iii ammy evo’mut, the possible

sigmmificammce omf sucim relat i vo’ly snmmabb differ-
o’nces as wo’ hmavo’ foummd is tluestio)uiahl(’. The

ovennidinig immmpro’ssit in is of a commsisto’mut

pattt�nmm (if no’subts conmmrmmtmnm to tho’ whole

group of amitibiomti(-s, aumol shuaned with o-hno-

ummonmmycimmamid mmuithnammuycimm (8), leading to

the cOIm(’lIlsiO)mm that nib ho’have as ummoolo’l imm-

hihitors mm this systemmm.
Particularly iuumpnessive is time rapidity

witim whuichm the antibiotics act. 1mm the

plateau n(’giomlm of commeemmtnations, incorpora-
ti(umm of [3H]unidiime is halted and deo-av coni-
mumemmco’s witimin 10 sec (Figs. 1, 3, mmmd 6). In

thme thmresimold ro’gion, where decay pr(ufIleS

tine o)b)Senvah)le hut the parammmeters h)egmn to

vary with tho’ ammtibiot ic concentraticumi, time
timuue to oummso’t ouf (I(’(-av is bomugen (e.g., Fig. 5).

Presunmmahhy this rolfitlcts in part time tinue
required for the cells to accumumulate the anti-

biotic fronmm the ummediumum, four the lag iuefore
time ommset of decay i)ecommues lomiger as the

antibiotic coumico’ritratiomi is lowered. A loumger
lag meamus aim effectively lommger pulse-labo’hing

period, which ummay (‘xplaimi why time pananm-

eters ouf decay differ frommm time “plateau”

values. (s). Eveimts oceurrimug during time cx-
temmdeol bag period probably accoummt for the

omie c-lean diffo’nenco’ between thm(’ ao’tions of

streptolydigin amid time I)NA-bimmdiuug amiti-

hiotics whicim we have detecto’d, i.o’., that the
half-life with stneptolydigin falls, ratimer than

rises, in time thro’simold region (cf. Figs. 2 amid
4). As vet- wo’ can oumly speo’ulate omum the

mechammismmm of this effect, but douubtless it

originates frommm the fummdanmentahly different
nmodo’ of actiomi of stneptolydigium.

(‘ommmpanisomm of oho’cay profiles at coumucen-

trations withimi tiuo’ threshold ro’gion simows

that echimmonumycin imas a 4-S-fold higher
potency timaum actinmoummycimm D iii immhibitimmg
lANA synthesis iii B. mmtega/ei-iummt. It would

therefore appear tom be time nuost potent
inhib)itor of lANA symmtimesis kmmowmm for this

ongammismum, amid quite probably for outher bio-
logical systemmms tomom. In cell-free systems

nifampicin [ammother immhibitor of lANA syn-
thesis, whicim, likt’ streptolydigin, acts on
lANA polyummt’rase rather than the 1)NA tem-

plate (11)1 imas been showmm to 1)e nuore

poteimt thami actinomumycimm D (27). However,
imm B. mnego/em-iunt 20 ,�g/mum1 of rifaumupicin

exhibited omuly very slight decay of pulse-

labeled lANA, ammd time timmmeto ouumso’t of decay
was SO sec.4 Thus is consistent witim tho’ belief
that nifanupiein omily pnt’vo’mits intitiatioum of
mmew chaimms o�f lANA amid has no effect on

� \I. Wanimig amid A. Makoff, unpublislued ob-
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growimmg chains (27). Thus, unlike rifammmpicimm,

echinmomycin has been shown to ho’ as rapidly

acting as, arid more potemmt timamu, actiutomumy-
cm D iii vivo.

It is umot our purpo)se to) elucidate the

nature and nmetabohic sigmmifio-ammco’ of the

stable and unstable fractiouus of lANA. In a

previous papo’r (8) tIme likely constitution of
time two lANA fractions was considered, time

salient point beimmg thmat immesseriger RNA
appears to contribute to) time unstable frac-
tion but is unlikely tom accoummt for all of it.

The central paradox is that breakdown of

pulse-labo’led lANA in time presence of actimio-
nuycin can be prevt’nmted by inhibitors of

protein synthesis actimmg at time level of time

ribosome (2, 7); yet, after addition of acti-

nomycin, both tht’ rate of loss of proteimm-

synthesizing ability and the rate of break-
dowim of polysommmes follow a nmuch slower

time course thami the rate of decay of pulse-

labeled lANA (1, 3-7). Our few experiments
on the decay of polysonues show that this
discrepautcy is miot oumly observed with acti-

nomycin. In fact, tue tiumme to SO % decay is

strikingly sinmilar for actinomycin 1), ech-

inomycimm, amid stneptolychigin, being approxi-
mately 3 mini, which is comparable with

eanli(’r estinmates for actinmomycin (3, 7, 20,
21). This is about 7 tinues the haif-lifo’ of

decay of pulse-labeled lANA, using time samume

antibiotics.
It could be that all tht’se inimibitons have

a secondary actiomm on protein synthesis,

slowing the movemmuent of ribosomes along
messenger RNA. We feel that this possibil-
ity is unlikely, mm view of the practically
identical time courses of polysome break-

down (Fig. 8). Assuming normal dose-re-

sponse relationships, it would be fortuitous
if we had arbitrarily chosen antibiotic con-

centrations which slowed nibosome move-
ment to the same extemit. More telling is the

fact that we find mucim the sanme discrep-
ancy between half-lives with streptolydigin,
which attacks RNA polymerase, as with the

DNA-binding antibiotics. This suggests that,
whatever phenomena are responsible for the

discrepancy, they occur irrespective tuf the

chemical nature and mode of actioumu ouf the

antibiotic, and that while the decay of pulse-

labeled RNA observed in the presemmce of

ammtiiuio ut ios ummay be quite unuphysit mitmgical, it

is mm(‘onmso’oluo’ni(’o’ ( mf inuimibitioumi of H NA. ,svnm-

tho’sis ratimo’r thaim the l)nesenco’ of tin’ aumti-
Inotu it-self.

1mm o-onmo’hmshumm, time pro’so’rmt study imas
served tom establish exp(’ninmmt’nits omIt time decay

(if l)ulse�ba1)elecl l�NA iii B. nt(’qalel-�unr IlS a
mmmo’ans tuf critically o’valtmatimug time action of
ammtmbiout-io-s Oh lANA svumt-hmesis. W’imt’ncven
suchm ammtibi(utic-s am’e useol as tombs to ilmhib)it

lANA symmtimesis, time o’v’mmts inummimo’diately
conisequt’mmt uiuuim thmein adoiitimn roust be

coumsidened of pninmue immuportance. Omme such

inmmnmediate eonseqia’mmce is time iurcakdowmm of

pre-existmnmg It NA; thins ammy thorough study

nmust of mmo’cessity pay attenmt ion to this

phmemmomrno’nount. We have simowmm thiat time B.

mne#{231}�atei-ium systenum is well suited to investiga-

tiomis (mf this kind, l)rovided thiat due correc-

tion is immade for incorporation of the {3HJ-
uridine precursor into tnicimloracetic acid-
precipitable, alkali-insensitive immaterial. As

well as eumahlinmg commmpanison of the rapidity

of actiomm aitci relative Put(’ImcY of inuhibitors,
it has permumitted routimiely used drugs to be
sorted essemmtially into two categories: timose

which act rapidly amid yield a conmsisto’nt set

of paraimueters, suggestimmg that their action
on lANA synthesis is for practical purposes

“clean” (actinonuycin, chromonmuycin, immith-
rauuuycium, streptolydigin, echinomycimm, and

probably time tniostins), amid those whelm act

more slowly ammcl/on show signs of interfering
side effects (proflavine, ethuidiunu, nifanupicin,
dauumoummycimm, aumcl imogalamumycimi).
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