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SUM MARY

‘[boo’ pboo’oooono( ioo’o’mio’ alkali oid 1 vie oct’o’bnitoe’ irn’evo’rsiblv itibiibi(s pn’o oto’iro biosvmotioesis ito Ho’Lmm

co’lls atuol n’oohhit no’tio’uloeyto’s. Ito HieLmu cells, cotoc’c’mitn’ooti Otis o)f tvioocn’o’bnimme timoot inihoibit

pnooto’inn svnthuesis by 95 inuhoibi(. l)NA monid HNA svnmtluesis by 75 � atm(1 GO , res�)o’(’tively.
Ito (‘olmtrast to) o’Iho’o’ts oto l)NA synotboo’sis, inhmibitioio eof H NA synthesis is ro’adily no’versible.

At mu o’oimo’e’tmt toot io oto oof 1 tOOM, I vie o(’t’e’bnitme inhibits H NA ioo olvrmue’n’muso’oot’tivity ito isolmu(ed

HietLa coil t011(’l(’i by 20

Ito ro’tio’ulouo’vtc’ lvsooto_’s, tvloo’t’o’bt’itoo’ PtO’Vt’tnts bno’mokdeowno ot 1)olyt’ibt usootmoo’s motod nt’leotse

of toooso’e’no( pe’1otide’ o’Imooiris. ( 1oobito synothoesis is inbmibito’oi by timo’ (lt’Ug; thois itoimibitiomo o’moimbe

pmuntioolI�’ ovot’oo.onoo’ by ituo’no’musitog t ho’ ceonoetitnootioni oof noo’tt’aptoo’timatmol, glutmmtlmiooroe, or
dit.boiotIono’it ool. ‘I’ylo ocro’bnitio’ (10 00’S tI(ut pr�’ve’mit sytot Imesis of I olyphe.’iiylmolmoniim corn t’o’ti(’UIO)cyte

niboosonmes, noon (too’s it ooffo’o’( time’ ouotivi(ic’s of gumuiueositoo’ (t’iph000sphootmoso3 outl(l I)O’Ptidyltrans-

fo’rouse. ‘lhO(’ l)nitmt’il)mol o’ffo’o’t eof tylooct’o’bninne (Otm pnooto’ito bioos oothmo’sis is oomo e’imouito eliotogmution.

NT000Jn )U( ‘TI ON

‘i\’lo oono’bni toe’, mu o’vt outo oxme’ 1)iu(’IOmOtit iit’o’mno’

ouikmolo oid isohmnto’d ft’o urmo 7’�jlopItoi’a crebrifiora,

exhibit s potc’nmt outotit uIOo( on muctivity oogains(

Leuko’nmia 1210 in nmioo’ (1). Thie structure oof

tyboo’re’bninme (1”ig. 1) outid ro’lmoto’cl phoenan-

timrc’tme’ mulkooboids � e’stmublishmo’d by Gellent

et al. (2). Tylooerebnitoo’ inmlmibits imuooorponatioto

of Icucitme inntou l)roteito in Ehorhobi muscito’s

tunoor o’o’hls (3) boot doo’s noo)t moffo’o’t svtmthesis

of IINA. Ito \‘emost, (vlin’ro’bnituo’ ooffeo’(s botim

‘Fioetso’ iouvo’stigmot tomus svo’mo’ stnl)l)000’to’(l iou Pmlo’t by

Arnoo’icmuou (‘moouo’co’Sooo’io’tv ( �m’mtout I(�-(i1 I). Thois is

l)LtbliO’mtti0000 283 fo’oon tue Joomoou moouol Lester A.vnuet

I rust it tote oof Mtolecoolmoo’ I3oologv mooud t ho fift Ii ito a

series of pmopet’s too ioohiioit too’s oof poooteioi syouthesis

the 1)00(0th tug pmopo’o’is ‘of. 18. A po’eli mioumoo’v repoo’t
of t lois woo’k wmos lot’(’sO’tu ted befoon’e tho’ Anoeo’icamu

Society of Bioloog;cmol (‘hetooists Fed. Proc. 30, 627

(1971)J.
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O\’(Ool)lmosnmlio’ 00 00(1 tmmitoo(’hOIi(ltiool 1)10 oto’ito syn-

thmo’sis (4).

‘Flue’ pt’O’s(’tot I)mol)O’r descn’ibes t Ito’ mutt io orm of

(viounebnitue’ 0010 pro oteito mutod nouclo’ic’ acid

syootlmo’sis iou Ho’La cells oorm(1 noubbit rc’tio’uho-

o’vto’s. A pnitooil)oul effect of time drug onm pro-

te’ino synotloesis ouppe’murs too ioovo)lvo’ po’p(ide.

(‘1000mb o’looogoot io oto. ,.\( higlm co onuo’e’uot routioonos of

tvli oere’bninoo’, re’vo’rsiblo’ itobmibitio otu of LINA.

s�’nutiocsis o’ouii alsoo he’ denoouomstrmoto’ej.

M ETHOI)S

,lIatei’ials. Iyioocrebnine mvoos mu gift from

I )r. Nout boom Belcbmo’r of Pfizer I �bmanmooceu-

tiomols. (‘yoleohoeximide ootmd enmetinme o�’ere

punobuooso’d fnono Signoa Chme’rnicool Cornpanmy;

punoommyc’itu, fnoom Nutnitioumoul Biocbmoi’micals;
2-mo’ro’ooptooethnooniol (type 1) from Sigma;

(litioiotioro’mtol, �\.. gnadc’, from Calbiochem;

glutouthoieotoe, fno ono Scbmw’arz BioReseancim;



F’ro,, 1 , Struurt ire of t !It010’rebrin 0.

arid 13H](’I’P(1.3 Ci nmnoole), 1’4C1 lo’uo’imme

(200 nmCi ‘nmmole) , [‘#{176}Cjthymidiime (40 noCi

nonooolo’), ouod [tmC]unidine (50 niCi nonmeoio’),

from New Enmgland Nuclear Corponootionm.

Time siourco’s of [‘4C]pimennvlaianvl-( H NA murod

o(hc’n n001((’nials use(I ito these e’xpeninmenmts

are described elsewhere (5, 6).

C’rvs(ouhlize’d bovitoo’ se’nuno oulbunmitu woos

obtmoitme’d fnonn \lamoto lIese’murcbm Louboroutoorie’s

calf se’runm morn! no(’(liom four tissue cuituro’, l’reonm

Croutod 1510010(1 l3uoleogio’al ( ‘(onm�)atoy : calf thoy-

n�ous I)NA, fn’ono \Veont ioibmgtenm Bi(o(’bno’tloical

Corpoorootioumo Tni(omi X-100, froom Rohtmm motmd

[‘Tans; atmd Lm�’(’he1’icIl ia coli R NA polynoo’rmose

(fnaetiooim V), frono \ lilt’s Loubona(eorie’s.

Measurement of protein, DNA, and R.VA

synthesis jut ucLa cells. HeLa S,� cells were

growno at 37#{176}ho F:oigle’s mitminoal essetotial

mediunm (7) supplenoen(ed wit ho 5 � calf

serum momoel imanvested by o’entrifugatioonu for

3 mm at 1000 X �,. Cells we’re resuspended

at a conmco’tmtra(ionm of 4 X 10� nol in noiiminmal

essential mediuno suppienmoo’tm(ed with 5 %

calf so’runm for noeasur(’nmemit o)f DNA ouimd

RNA sytmtimesis, or in leucine-deplo’t o’d

noediuno supplemented w’i(Im 5 #{176}� calf serum

for measuro’menot of proteiti svto(hesis. tt4C]

Leuciime (200 mCimmole, 0.025 MCi), [tm4C]

thymidine (50 mCi/mmole, 0.05 j�Ci), o�r

[‘4Cluridinme (50 mCi/mmole, 0.025 MCi) was

added to 1.5 ml of (he cell suspensioto, and

the rates of protein, DNA, and RNA synmthe-

sis were estimated by measuring inoconpe ora-

tion of their respective precursors inotoi ccold

trichioracetic acid-precipitable fractions. Cell

suspensions were incubated at 37#{176}four 60

mm with stinniimg, and neactiorms we’re

terminated by adding 2 ml of a cold saline
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OCH3 buffer described by l’oonle (s) (buffer A).
Coils �vo’nc collecto’d by oelmtnifugationn out

OCH3 1000 X �i foon 3 mum mitu(1 l�sed inn 2 ml of cold

distihho’d wmu(en, arid 2 nob ouf 10 % tni(’bnbor-

aco’tic muoid were muddo’d. I’oon rneasunerooetmt of

Pn(oteitm svnotimesis, smonml)les �s’ene imeated for
15 imoimmmit 95#{176}.All solutioros \�‘ere ciuilio’d fo:or

10 nminm ; time prt’cipitmote’s were cohio’cto’d. on

oc H � i:’�Iillipt)te’ nouo’nobrmunoe filters and w’moshm(’cl

tioro’e timo’s w’itbm .5 � tnichmlonoocetic mocid, munmd

(he rmodiomoo’tivi(v woos de’to’rminmed ous (he’s-

OCH3 cnibo’d below.

.1 Ieasoo ieiuieio I of (/lObifl S//it Iluesis l)y reticu-

lo)(’!Jle l!j.sale.s. Re(i(klle)c\’t(Osis W’OOs itoduo’cd ito

nmohbits by elmmily iloje’ctiono of aC(’toophoenm\’l-

im\’olloOZitO(’ (9) . IIo’tio’ulocvte lysmute’s w’en’e

I)t’o’b)oOt’od mutod timo’ s�’nn(imesis (of globin w’oos
l000’ousur(’d by a nmo)(lificmutioim (of time procedure

(of .\Imoxw’ehl ooimd IImobinmovitz (10), as des-

ct’ihc’d ito mu pnevioous 1)ubhi(’a(iolm (fi) . Time

stoutodound ne’oictionn 1imiXtIiI’e� co)ntaitmed, in a

fimioul vtulunoe of 0.5 ml, 10 nomt E’niS-HCI

(pH 7.4), 75 no�n KCI, 1 nomi ATF’, 0.2 noon

GTP 1.5 nomi cno’mutitoe phooosphmute, 2 nou

niimugtuesiuimo clobonido’, 2 j.oon [‘#{176}C]leucimno’ (200

noCi rmmnoole), 6 mot 2-noo’rcaptoetiomurmo:ol, a

100 �.oon nmixture of 19 munoitoo oio’ids (9),

0.9 nog nml of cre’outitoe phosphokmniouse, 60

�OI Imenmito, and 0.10-0.13 ml of lysooto’.

Ro’ac(ie�otus ��‘enc’ terminated by time midditiorm

of 5% tnichlormucetic mo(’id; mixtures (lien

were located for 15 miii out 95#{176}anod cimilled

in aim ice booth. Precipitates o�’ene collected on

Millipore menobrane filters, ound radioactivity

woos do’tennmined mus described below’.

.lleasu reinen I of Item of’Jlobin syn thesis in

ret wulocyles. Hemogbobinm syno(hesis in sus-

po’Iisionms of intact reticulocytes ovoos memos-
tired by 00 published nmodifiea(ion (9) of time

jrocedunes described by Liimgrel and Borsook
(11) and by Bruns mutmd London (12).

Packed cells, 2.5 tool, were resuspended in 25

ml of mu conmplo’x buffer conoposed of fresh

plasma, 2.5 ml; Eagle’s medium lackinog
lo’ucinme, 15 ml; glucose, 0.035 %; glycine,

0.12 mg/mI; NaHCO3, 0.8 mg/ml; gluta-

nmmine, 0.002 on; loemin, 0.12 mg/nol; and

[‘4(’llo’uciloo’ (200 mCi nonmoolo’), 0.2 �ooi. The
n’eouc(ion nmix(une (1 ml) was itmcubated at

37#{176}for GO nmito, oufter whicim time ro’ooction

w’mus terminated by muddimmg a chilled saline

solution composed of 0.12 ot XaCl, 0.0052 oi
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lcc’l, outod 0.0075 ot noougmoo’siunm ololonide.

Cells wore’ e’oollo’cto’d b\’ co’tu(nifugoo(iiunm for .5

flout out 3(X)() )( �i, (ho’ supentumutmmnmt solutiorm

\\‘oos aspirmito’d, moimoil the’ t’o’lls w’o’ro’ \\‘asioe(l

(wio�e withu (boo’ saline 5O)ltitiO)mn described

abovo’, eooimtainoitug 0.01 ot [‘2(’Jlo’ucinme. (‘ehls

were lvso’d by muhclinmg ooto eoiumil volunoo’ ouf

(Iistihle(l \�ou(o’r atm(l muhlow’o’d too stoonid fun .5

loom! out 4#{176}.(‘oil debris woos to’noovo’d by

(‘e’notnifugatioon at 12,000 X q fior 10 noino, mmmd

lmeniiogbobiin woos i)reciPitouto’cl by ooddiimg mon

(‘ojumil volunmoe ouf 10 � tt’it’ImIe)rou(’t’(iC 000l’i(l.

‘Floe solu(iooto � hemito’ol out 90#{176}for 20 noino;

l)ne(’ipi(ooto’s \v(’r(’ O’()lbeO’((’Ol ()t0 \liilil)one
filters mural wmusim(’d tboro’o’ (hut’s w’i(im .5 �

tnio,imlonmucetic moo’id, monod (hoe rmo(lioac(ivity

o�’as do’te’rniiime’el oos (lt’so’I’ibed bo’low. Hemo-

giobiri (OnoOe’ntroutiOnl \\‘OOs t’stiflOmote(l spectro:)-

phmotonmo’tnmemo1l�’ by its oobsourption at 450
nono, assunmirug mu huo’n000glo)bimo co olocentration

of 1 nmg/mi ito mu 1-cnm tell to bomuve mon optical

(lo’Imsitv oof 0.58.5.

0Sucro.se (le3ltSiti/ (/l’a(Iieuut eeiutiifucjation

1)e’nositv groudie’tot o’o’mmttifugmu( iotn o�’as per-

fornmo’d moo’condinmg to) (lot’ pnot’o’dune of Britten

ootm(l Rooberts (13). Sanoples (of 1 ml were

la�ened over 36 ml of 10-25 (w v) sucrose

gnadiermts pno’pmored iio a not i(’uho(’yte stanmdoord

buffer (binifer B) (14) conoposed of 0.01 on

Tnis-HC1 (pH 7.4), 0.01 ot KC1, and 1.5

niot magime’siuno cimlonide. Groodienots were

centrifuged at 4#{176}ito mon SW 27 swinging

bucket rotor for 2.5 Ion, ounmel (lot’ absorbance

at 260 urn woos de’to’rnminned during collection

of the groudieim( by nio’anos of mu flow co’ll (light

l)a(h, 0.5 cm) oOttmo(’lled to muGiifond spec(ro-

1)Im�tomet(’n. iractionos (1.2 nol) were col-
leoted from time’ bottom of time tube foot

oletenminoatioto eof noudioactivitv, atud suffi-

o’ienottnichlonmoco’tic acid was added to each

fnmictiono to bninog time finomol conoco’nutrmotiono to

5 % j1’�’�(�(affl5 wo’n’e imemoted at 95#{176}for 15

mm, (lien o’iuilled ito an ice woot(’r batho.

Precipi(mi( c’s were’ collect eel on \ lillipore

filters and wasiued w’itlo cold 5 � (nichior-

acetic acid, munmd time nadionoctivity w’as

determined oos dt’scnibed below.

Assay of .E. coli RNA polymerase actiL’ity.

Tie activity of E. coli RNA polynoerase was

assayed as described by Burgess (15).

Reaction mixtures contaiimed, in a finmal

volume of 0.25 nib, 0.04 or r� HC1 (pH

7.9), 0.01 or nmagnesiuno chloride, 0.01 noon

EDTA, 0.1 nmot ditimio)timneitol, 0.15 on KC1,

0.5 mg/nil e)f bovimme seruno oulbumini, 0.15

floor o’t)nocetitm’motionn em:ucio (of ATP, LTTP, 0010(1

CTP, 0.15 nor, [:OH](;’Fp (1.3 Ci ‘nomole),

0010(1 0.ls flog imil of ioo’omt-do’nmmotured calf

(hvnous I)NA . Time reooctioion noixtures were

inmciobmito’d at 37#{176}for 10 noinm, (‘hulled �00 an ice

bath, them pro’(’ipitat(’(l w’ith 3 ml of 5 %

tnicimlorouo’etic mucid con(moininmg 0.01 ot sodiuni

�)y1O�)imO)5piooOt 0’. After 1 .5 nuino , precipitates

ovo’ne (‘ollecto’d otto )olillipore fllto’rs (O.4;S-�.o

i)�t(’ size), w’misboo’d fe:ur (moe’s w’itin 3 ml of
2 % tnicboionooce(ic acid ceontominoinog 0.01 or

sodium pyroophmosphat(’, 0010(1 placed in s(’ifl(il-

hat 10)11 vials for determinoution of radio-

activity.

Assay of ILVA pulyincrase act itity in HeLa

cell nuclei. He’Loo cells (200 ml, 40 X 10#{176}

cells: ml) wcno’ imoorvested, wmisloed twice w’ith

50 ml ouf Emunlo”s buffer, thmc’mmresuspemmded ito 2

zloo
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TYLOCREBRINE CONCENTRATION (Mx108)

Fin. 2. Effect uuf o’ariouu,s coutceut tratiuooos of tyto-

crebrine 010 bios yuuthe.si.s of RX�4 , D.\’.4 , 010(1 protein

in HeLa (‘el/S

Tyloct’ebnimoe wmos added, at the itudicmoted fitoal

couno’eoott’atioooos, too 1,5 ml of lIeLmo cells, stispetoded

iou leucitoe-deplet ed Emogle ‘s mnedium contait010)g

5% hoo’se seruno at a (‘ooooemotratiooo of 4 X 10#{176}/nol.

After 1 noin, 1 oonoole of [‘#{176}Clleucite (200 noCi/
nunoole), 10 ouruoooles of [‘4Cltlovmidinoe (55 noCi/
mnrooole), or 5 mumoles of [‘#{176}C�turiditoe (55 noCi/
tuomole) were added, ‘Floe cell sutspetusioto was

incubated at 37#{176}for GO mioo, tloe m’emictiomus were
teo’mninuated by modditiooo of 3 nol ouf buffer A, amid

the rates of RNA, 1)NA, and 1)t’oteiou synthesis

were deteroniooed as desci’ibed tuoudem’ METHODS.

The 1)et’c’eoutage ioucourpoo’atioto sloowtu is expressed

o’elative to cell cult totes too whiclo 000 imuhibitor was

added.
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Fon. 3. Effect of lylocrobriute on s i,uut/uesis uuf 1?.\’.4

1).\’A , (110(1 protein in HeLa tells (it u’ariouus tiuuues

I otlowiiu �j (‘Xp(u.s tt re to a itt ibieut u’

IleLmo cells (4 X 10#{176}rool ) , suspeouded iou cotnplcte

Eagle’s oiuedioono sup�)lenoented h�’ 5( � boise sem’tuooo,

%s’et’e divided iooto tos’co pouu’t ions eof 1 .5 ml , motud

t\’locrebo’ioue WOOs otdcled to oooe at mmfloimol (‘otocetut ma-

t itou of 0.5 uumi. Theoo 1 ouoooole cof [‘�C leuci toe (2(X)

noCi:nomole), 10 ouroooules of [#{176}#{176}C]thymidioue(55

mCi ‘roonuole) , or 5 ounocules [#{176}#{176}Chiuo’idiooe(55 muCi

moorooole) weo’e added to both cultuo’es. The co’lls

were incotbated at 37#{176}for’ vat’ious timooes, as iou-

dicated iou tloe figure; thoe m’eao’tiooowoos teo’noioumoted

monodthe rates of HNA, l)NA, motod proteioo svmutloesis
sveo’e determined mis described utuder ME’t’Ileotos.

ml of a buffer conoposed of 1 mon ditimio-

thoreitol, 6 noon KC1, 5 floor magnmesium

chloride, anod 10 floor Tris-HC1, pH 7.9.

After 7 mm, cells were brokeno w’ithm 15

strokes of a I)ounoce homogenizer, as pre-

viously described (9). Nuclei were reco)vered

by centnifugationi at 1000 X y for 3 mm anod

w’ashed three times w’ith a buffer containoinog

0.01 ot potassium pimosphate (pH 7.7), 2

mor magnesium ciolonide, 1 mon ditimio-

threitol, anod 15 mg/ml of bovinme serum

albumin (16). Nuclei os-crc nesusperoded inn 1

ml of the same buffer, anod enzyme activity

was determined by a modificatioro of time

procedure described by Zylber and Penoman

(17). Reaction mixtures contained, in a final

volume of 0.1 ml, 5 mon magnesium cholonide,

1.6 mon MnCl2 , 6 mor KC1, 50 mon Tnis-

HC1 (pH 7.9), 1 mor dithiothreitol, 10 ��or

concentration each of ATP, GTP, and CTP,

1 ��or [#{176}H]TTP (13 Ci/mmole), 50 mon

(NH4)2S04, arid 10 �ol of a suspension of

nuclei. Reaction mixtures were incubated

at 30#{176}for 16 mum, after which reactions were

tenniiitmoo(ed by addition of 4 imol of cold 5 �

tnichmlon’muce(ic acid coontainning 0.01 or sodititmo

pyro�)loosj)iooote. Afte’n 1 5 imoin, l)reciPitmutes
w’(’re o’ohlected outo ‘lilliI)oure filters mmmd

w’oushmed four tinmes w’itim 3 mmml oof cold 2 �

tnio’hmlorouco’tic mici(I (‘omm(oiitmitog 0.01 on soodiutmi

1)Yl0 opime ospimate.
1)eterin jutation of ia�lioactii’itij. lIoudio-

ouctive j)nc(’ipi(ates were o’olio’(’ted 0010 \lilli-

j)ouno� filto’rs, dried, mmmd couunnto’d 0)11 I)louImCioe:’ts

in oo gas-flow’ couito(o’n (o� ito soitmtiliatiooiu vimuls

(‘oototmoimmitug .5 mmml of mo sohu(iouno o’onmposo’d (of

330 ml of Tnitotm X-100 timid 35 nml eof Lio1ui-

fluoon po’r lito’n of to oluo’nme.

RESULTs

1�ITects of tylocrebrine eon biosynthesis of

/)i’o)IeiM, DNA, and R.VA iii ucLa cells. Tioe

o’ffect of various (‘oncentrmutions of t�’hocre’-

bni tie otn noacnonoolo’cular svtit boesis is slooiw’nm

ito Fig. 2. I)um’inog time first iuoun miften ouddit ion
oof (hoe oolkmoloid, (hoe movenago’ route of l)noto’iti

svmmtho’sis is reduced by ;50 � anod 95 % at

cenocentnnu(ioins o)f .50 motod 300 noon, respec-

‘o

U
� 0 15 30 45 60

TIME FOLLOWING REVERSAL (mm)

Fit;. 4. !?ez’ersat of inhibitieun of protein synthesis

ut duced by tylocrebrin C afl(1 coiher antibiotics

HeLa cells (5 X 1O#{176}ml),sotspetuded iou leucinue-

depleted Eagle’s nooedium t0000aininog 5% horse
seouno, were itocubmuted for 3 noino in the presence of

the following aootibiotics: 1 MM tylocrebrinue, 10

/.Lit cycloheximide, and 1 /LOI enoetitie. The conutrol

culture coontaiooed too atutibiotics. All cultures,

itucludioug the cottrol, wen’e washed three tinoes
with Earle’s buffer tot 37#{176}anod resuspenoded in fresh
leucitue-depleted mediunm. ()ooe oonoole of [14Clleu_

cine (200 nmCi/mnoole) was added, and the rate of

proteioi sytithesis was measured as described under

M E’O’HODS.
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1 le’muoooglouhi tu svtut loo’sis ItO t’O’t io’ttIouo’,�’t(‘S W:ts

mouo’mustu o’e’ol mis deso’t’i hue’(l tomudeu’ ott-un iou us. Tvloo’ to’-
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I’tn. 5. J�orer,sa1 0/ the jut/u 1101 t (((10 0/ J?.\_4 out d I�_\’.4 ‘�!/‘� t/uo,si ,s 111(1(1(0(1 ln� t,�1oucreIuu’in e

le’Lmo (‘ells (5 >< 1O� ml). suspo’muded iou o’nrooplet e Emogle ‘s mcdi toooo o’ououtmoi iitug 50 booNe so’rumuo, wct’e

ituo’itbatcd wit lo 10 MM t vliucm’cht’itio’ for 3 mitt. (O----------Q ) O)t’ foot’ GO oooioo. (A ------A The cotut tool o’molt one
(�- -�) (‘oututmtituo’(I000) mtmutilui(ut to’, All o’ultuo’e’, ioucludimug the comut tool, were wmtsioed fotto’ tiroto’s witlo

1’:morle ‘s buffo’o’ mttuol t’o’sutspetudO’(I too o’otooplet e 1’mtgle ‘mmonediutno cououtmtituimug 5#{176}� houo’se set’tono. To 00 tIC tutu tote

(A-- ---A). 10 MM t �‘louco’ebm’i toe ��‘mos mttloled moftem’ wmushioug, .-\.. ‘#{176}(‘(hITt’idtmue (5 ouroooles, 55 m(’i oooooooole) wmts

mt(lOle(l Ou eao’lu (‘Otit tore’ moftet’ tIO(’ hmumtl t’csutspetusio�tu. B. [‘3(’(Thyrooidimuo’ (10 ouooooulo’s, 50 m(’i ouuooooole) was

mudded to eoto’h cult mute’ mift ct t’O’SttSp(’tOsi on. The cell cult uto’es weu’e i muctubmoted at 37#{176}foo’ GO noi n , motuol I lie emotes

ouf 1 NA muood I )NA sv out hesis �vo’o’o’ olo’t ci’noimueol mus described nuoolo’r or t:t’uot�s,

tively. Inuimibitiomi cami bo’ imicreased to) 99 #{176}

by incneoosimmg (he o’o)moc(’motrmotio)no of drug to

10 j�on. Parallel, but less complete, inoioibiteuny

effects are absto obso’rved orm time rate of

synotho’sis of DNA amid RNA, w’imicim tore
imolmibited by .50 #{176}� tnt (‘t)mo(e’to(nootiomms of 60

OOn(l 300 noon, ro’spo’c’tivelv.

Immhibi(iono if pnoteinm, DNA, mund RNA

s\’IO(iO(’siS occurs w’i(hmioi twou nmimu mufto’r noddi-

tiomi of tyloucre’bniroo’ too the mo’diuno (1”ig. 3).

At (hoe’ (‘Oflo’o’totrmutioumn o)f drug used mo timis

experiment (500 moot), timo’ effect is o’ssen(iall

(ooruuplete’ oofter 10 mmmiii. DNA svto(ioesis is

inoioibite’d by loss tiomuno 60 % , mumnd RNA

synmtioe’sis by loss tlooumn .5.5 #{176}, at time’ eu ono’o’omtrmm-

tio�umi ouf drug used.

Reiersibilitij. Reversibility o of tloe mm-

hibitcury effo’o’ts of tylocrebnimoc in HeLa cells

was oiieasumo’d in time o’xl)(’nilmoent siooow’io no

1”ig. 4. After o’xposure teu time’ drug foot 3 mimm,

time cells w’ero’ w’asioed three’ tinimes atmd nesus-

pemoded mm freshi medium, mmmd time’ rates of

pn’eoteiri, RNA, mind I)NA svntinesis os’ere
(le ‘to ‘rrooinoed. Cycloioexinoide mumod o:’noe(imoe

(18), establisloed reversible mumo(l irreversible

inuhoibiteuns ouf 1)nooteinm s\’mmthesis, no’spectively,

oveto’ uso’d ito timis expeninoemot 005 countrols.

f’huo’ cootoco’ootrootiotn of eachi mutotibie otic used mo
this cxpo’rinoemut os’as do’ternmoimned fnom l)re-

liminomorv o’xpo’nimemits as the onme thoot w’ould

inohoibit i)routo’inm svoitioo’sis ito HeLa eo’lls by

9.5 % for at hoist 1 ion.

Time’ o’ffeo’ts of (s’locnebritmo’ con 1)NA symn-

tioo’sis are inro’versible unodo’n time conoditionus

used (Fig. SB), but time o’ffects cof tioe alkaloid

on RNA symotimo’sis are reversible (Fig. 5A).

Reversal of itohibitiono of RNA svmitimo’sis is

complete ev(’no miften cells lomive been exposed

to (vloerebriioe for 1 hr. Time inmioibito:ury effect

of (yiocrebni too’ ouno imemoglobi 00 svnothesis in

inothct re(iculocvt es is tolso irreversible.

Effect of tylocrebrine on rate o�f synthesis of
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globin. Whemm tylocrebnimie is inmeubated w’i(h

imotact reticumlocytes for 1 hr at comocemmtrations

of 0.1, 1, tumod 10 �oO1, the avenago’ route’ of

hemoglobin synotimesis is reduced by 6

77 %, and 96 %, respectively (Table 1).

ilabbit reticulocyte lysates were utilized oos a

cell-free system inn w’hieio new peptide

(globin) cimains are ini(iate(l. If sucim lysates

are fortified with imenoimm, [‘4C)leucirme is in-

corporated imoto globin at a- linear rate for

more than 15 mum. Time effect of tvhocnebnine

on the rate of globino symithesis immre(iculocyte

lysates is shownn in Fig. 6. At coiocentratiomns

of 10 boom, time alkaloid inioibits globin syno-

thesis by nmore than 95 % (Fig. GA); mo-
hibition occurs immediately upomo addition

of time drug to the reaction (Fig. GB).

Effect of tylocrebrine on polyribosoine struc-

ture. Addition of (o’locrebninne to a crude

reticulocyte lysate decreases time mounober of

single ribosonoes, w’i(h a conmconutamot in-

crease in polyribosomes (Fig. 7(’) compared

to time uninolmibited eonm(rol (1’ig. 7A). Whemo

time alkaloid is ou(Ide’d immediately following

a 1-mm pulse eof [14C]lo’ucirme, radioactivity

remains in the polysome area (Fig. 7C). If

tylocrebrine is added prior to (hoe addition eof

[‘tC�]leucitoe, tOO) p0 olyseomoie-bounioi tmtdioact iv-

ity is founud (I”ig. 7E).

Addition of Pun.orn�’cito too time’ uniinnloibited

ceonntnol ro’sults inn eooroople’to’ bnemokdoownn of

ixolysomos to) noeoimosoome’s, and timoscenot

peptide eiomuinms more released to) time to:op of time

sucrose gradio’nmt (hig. 713). If j)uronmmycitn is

ood(1o’d too (hoe’ re’muotieoru mofter incubatio on ovitin

(ylocrebrinoe, 90% tof the noodioactivity is

still relo’oused to) (-hue (Op oof (hoe groodienot, but

olissociou(ioonn of �xolynibeoseotooes is toot cob-

so’rvo’d (Fig. 71)).

Effect of lyloerebrine on assembly �/ poly-

ribosomnes. Wimo’tn roubbi t netioulo 0ev tc’s tune

incubated in tboe’ pnese’noe’e o)f 0. 1 on sodium

fluoride, polynibooseonoe’s dissocimot o t to situgle

ribosonoes (Fig. 8A). If timeso’ cells oure

w’mished atud no’suspetode’d ito mu butler ooti-

tooinimmg floe’ (ootTo})(000(’lOts required for ioemoooo-

globino sytot hoesis, l)� olyribe 050 onmme’s no‘-form

(I”ig. 813). In tloe pno’st’nie’(’ oof tl to’nebninie

(Fig. 8C), conmplote re’mussembly e of I)OlY-

so)mes dotes noeot eoocun; hoe owever, dinumenie,

trinoenic, 0010(1 t et namenic nibosootm ‘� more

formed. Cytlohoe’xinoide (Fig. 81)) bumo� sinnilour

effects.

Effect eu_/ t!JlOe,eb,iloe 0)/i .S!//ithesi.s’ o’/ /000l/j-

FoG. (‘o. Effect ouf tylocrebriuto’ out the spit t/ue.si.s of qlobin lnj ret icotoo pie lysate.s

,&. Time st anidard react ionu rnixt tire (0.5 not), desco’ihed tonuder 01 EO’Oloonos, wmos i ouo’ttbmoi cot mot 03#{176}iou t lie’

Plesetoce o)f various cotocetot rmotioooos of tyloocn’ebo’irue mOM itodiomot ccl iou t lie’ figure’, At t lie t inn’s itudit’motcot,

0.05 ml aliquots weo’e removed anud 5% triclolorao’etic mocid wmts mudded, 0 lotloitu svout hesis wmos nooeaston’o’el mis

described under METHODS.

B. Staoidard remoot iooo noixt tires (0.5 ml) were po’eI)moo’ed mos de’so’o’i hoot totuolet’ or t’o’ooons motud i ouo’tuhmot ed

at 33#{176}.At 0, 3 and 5 noino. , tyloocn’ebrine was mudded tot a fitumol c 00000’tI en’mttioott of 1(M) M01 � t lie’ Ii tote’s iou -

dicated in the flguo’e, 0,05-tool ahiotuots wo’t’o’ pipet ted i otto 5#{176}t rio’hulooo’mtcc’uic muo’icl mtoud glooloi to svtut loo’sis wmos

nooeasured as described utudet’ mm�‘n’ttoos,
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(Ih2m(tO(’( 0/’ puorooo�/’in

Five’ sO muoudmuo’d o’c’moct i oou flu xt to to’s ((1.2-i out ) , e:oo’iu coout ai ooi tog 5 oooomoles of (‘ ]leotci tue (300 nuCi ‘ooooooole)

wco’o’ loo’c’tomt o’o’ol, iouotohmot e’ol out 33#{176}feut’ 1 mooito, mooud tho’oo t o’etoted mos follows, A. flemoct io)to t (‘t’tflitOttt ed inonoedi -

out o’ly . B. Ptui’ooon c�i 01 modoted loon fioumol o’ououco’out i’atioou tot 0.2 mM atud time o’emoo’t iooo itoctobmoted 3 0)0110 longer.

C. Tvlo ocrebo’o too’ adole’d too a fi timtl (‘OtO(’O’tu t ‘mUiono of 0,1 tOOM aood the remoct id_too i tucubat ed 3 mooito l(000ger. D.

Tvlocoo’brioue (0.1 01001) adolo’d, oooixt toot’ iouculoated 3 miii loooget’, tloemm pott’oomveitu (0,2 mom) modded aoid the

nooixt toe mtgmuiou iouo’toloate’d for 3 noiou. E, Tvlcoco’ebrinuo (0.1 boon) added prior too the’ 1 noiou. pulse with {t4C]

leucioue. All o’emoct lotus svo�o’e teo’noioumoteol los’ ooolditiooou of 0.8 nol of cold oct iculocyte staoodard buffet’ and

layero’ol toot 10)--25#{176}stoco’oosc go’moolicouts iou thud’ smorooe buffet’. (lo’modiemuts o�’ere oeootrifuged tos desoo’ihed otooder
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phenylalamiine amid on bindimi(/ of phenylal-

anyl-tJ?,\A to ribosomnes’. As sbuoovtm ito Table

2, 1.2 noon tvlocrebninme’ does nooot muffe’ct time

rate of svnt imesis of polyploeniyloolmotminoe.

Anmisomycin, mono ounotibio(ic (boot is knmownm to)

inohibit pept 1(10’ bomnnol fonmmt( loto (19), served

as control. Tylejcnebnimme do)(’S imot inimibit

po:oly U-dependent ermzymmut ic bindinmg of
l)imetOYloolano�’l-( RNA. eon binudinog of [#{176}Hjpoly
U con [3H]poly C to ovashed net iculocy(e

nibosomes (data toot simowmm).

J�.�’ffect of tylocrebrine on- tra-nslocation- and

pcJ)tide bond formation. Several enozymes,

including EF-I,’ EF-Il, ounud peptid�’l-

The abbreviat bonus used mote: EF-1 (e’looougat loom

factor I), ami000ac\’l to’anusfer riboooucleio acid-

bioudirug eouzyme; EF-Il (elonugationu factor II),

anmi noacvlt rmoousfermose II,

8

0

C

‘24

>

C
4

-‘oP
0

4

(nanosfenmose, are required for bitndinog of

aminoacyl-(RNA to (he nibosonoe, sub-
sequent tnamoslocatieono of peptidyl-tRNA, and

format ie omn of peptide bommds, respectively.
Activity of (he bitodimog enzyme, EF-I, is
unaffected by (yleocnebninoe’ out a conocentra-
tion of 0.1 mor (data toot sioowmo). Time effect
of ammtibiotics On (nmutosloca(ion and l)eI)tide
bond formatiomo was determined by a tovo-

step method, oniginially described by Mc-
Keehan and Hardesty (20). In this assay,
(nanslocation of nuascemit globin peptides is

allowed to take place during the first incuba-
(ion in time presenmee o)f EF-Il; labeled amino-

acyl-tRNA, EF-I, anmd sodiuno fluoride are
then added, and peptide bond formation is

permitted to occur during a second incuba-
tion. Time assay can timereby distinguish
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inhibitors (of tnammslocmition anod peptide bond

format-ionn from thme’se compounds that affect

nmeither or both. Time data shown in Table 3

indicate timat tvlocnebnino’ immhibits tnammsloca-

tion. Cycloimeximide, atm immhibitor of tramos-

beat-icon (20, 21), and murmisomycino, ann in-

Fmo. S. EJfeo’i of t!/Iocrebrin(’ out re(l.s.s’o’uuol)l/J of

pot yribo .somncs

Itotact retio’ithoo’vto’s oo’eo’e suspended iou to coooo-

plex niediumso conopoosed of fo’esh plmosnomu (20 nil).

leucinoe-deficient Eagle’s medium (33 tool), NC1
meditono ((l mood Isloooud Bieologicmil (ouioupmoooy)

(33 ml), an oomiooo mocid noixtuo’e (9) (3.75 tool), 8%
glucose (0,25 ml), 0.02 on glyciooe (1.0 loot), 1,2 on

NaHCO3 (1.0 nil) anud 3,3 noon loeoomioo (3.0 nol),

Sodiunm fitooride (finooul co000’etot root iooo, 10 toni) woos

added, amid the cells were iiuo’tobmoted foo’ 15 nmioo at

37#{176}.Cells were washed three tinoes witlo cold

buffer, ro’suspeomded iou tbe ot’igiooal meolitono, aouol

treated as feollows. A. I,Jooioucubmoted (‘OOtOt 00)1, B.

Itocubated at 37#{176}for 8 noioo. C. Iooeubooted at 37#{176}

for 8 mooino its the preseooce of 100 MM tylocn’ebrioue.

D. loocubated out 37#{176}fot’ 8 noioo iou the prescooc’e of

100 Mm1 cyclothexinoide. Cells were coollecto’d by

centrifugatiotu at 3000 X p foo’ 5 nuoitu iou a Sorvall

SS-34 rotor. The stopemroatant seultntiooo was de-

catoted, and the cells were lvsed by addinog 2 you!-

umes of distilled water. (‘eli debris was o’enooo)ved by
ceootrifugatioto at 10,000 X p for 10 tooioo. Tue super-

natatot fluid (0.1 nol) woos diluted by additbooo (of

0.6 ml of i’eticooloocyte stoooodard buffer, t loeoo lmoyeo’ed

oto 15-30% sucn’ose go’modieoots ito met io’ttlocyte

standard buffer aoud ceootrifuged ito moos SW 41 o’otour

at 41,000 rpno for 75 oniou.

TABLI. 2

Effect of 1�jtoe’rebrine eon synthesis oJ’

pot tiphe n-iilalani rue

The oemoctieooo oooixt tire (0.125 oool) coooototioued 0,025

or Tmis.ilCl (p11 7.4). 0.06 M KC1, 0.008 01 noag-

ooesiuno chloride, 0,006 on (lithieothreito)1, 0.008 M

GTP, 25 �g tof poty U. 28 �g of E. co/i [‘#{176}C]phe’ouyl-

alaooyl-tRNA, aood 100 �g of wooshed mihosomes (6).

Ioohihitoo’s were modded 1)00(01’ to the addit 10)00 of

pooly U total ribosotomes. Ro’ooct iouoos were i nctobmnted

at 37#{176}for 10 noino, theoo stopped by the adohitiono
of 5� � trichlormocet Ic acid. hot aeid-ioosol uoble

radioactivity woos deteo’noioued as deso�ribeo1 tutudo’o’

Tot I.t’O�(t0OS

Note’

;�ouisOOtuo\ O’itu

�Fvlo to’ t’(’lOt’i 0tO’

11101 cpun

1116

0,3 46 96

0.01 381 66

1 .2 1016 #{182}1

huibitor 0 of j)e’j)t ide’ be tooth to otnmoit ie oto ( 19. 22),

served ous (‘ototrols for thus e’xpei’itioo’tnt.

1#{176}�.11(et0)1 t!/lOCr(b/i/000 0)/i a(’tit’itiJ em_/’ (/01(1 /0 (O5l/i�

tm’i/)/t O5/)It atase . i��be �cno ‘bnimmo’ do to ‘s too of i ni-

iuibit tioc’ ooe’tivitv ouf ( ‘�FPmose mossoociatc’d �vith

w’tusioed niboosonimo’s con witim l’i”-Il (Table’ 4).

(‘�‘olo ohoo’xinoioic’, monoinihoihiton o of t rmuonslo uoout 1mm,

tulso limos not) effect onu tioo moctivitv of ;TPmuse

(20) (rroubl, 4) . 1usi(hie 000i(1 is k000)WIO to)

inuimibit ( TP boveirolvsis (23) , outud served oos

o’omotncul feon tiois e’Xp(’niOllo’tot

-‘�:I1(->(t Of t!il0e1(�t)1�imi(’ 0)/i (/l�bi/o ,C�//,tJ�.5�5 /‘/i

t/it’ /)res’ence of’ s’ulJ’/i!/dr!Jl (ommi/n)umIds. F:1’-II

ounol nibosomomo’s tee tuino’ t loo’ l)to’5t�t10’0’ oof

sulfiovdnvl c’onopounuds feor oI)t iniomol muot ivit\’

(Fig. 9). Addo’d mc’rcool)toethooonuool is nomoxi-

moohl\’ e’fio’ctive’ ito stitoouloititog pnotc’ino syno-

thesis out a cootueo’onttmutiooii of 3 noon. At boighmer

c000uce’tltnmotio)tos, (lois effect is so)n00’\viumutbe’ss

nmoorke’d ; imowc’ve’n, atutougeonoism to t hue’ ito-

buibitcoov (‘ffo’ct of tylocno’bnitno’ occurs mus time

(0 toce’tmt nOutio)tn of nooo’te’mtptc 0(’tiumonoool is in-

cnetuso’ol fronom 3 tom S noon. Time’ c’ffe’ots cut tylo-

cnebnitoe’ 0)10 gboobito sytotimc’sis inn time’ pre’so’tnce

o of vmuniouus (0 nocenmt nmotiomos o)f sulfhvdnyl

ooonmpeoutod at.e’ OO1S(u siocown in Fig. 9. In time

otbse’noce of ooddc’d sulfhydryl zogetnts, time

i nohibit c ot.\’ (‘ffe’ct e)f t vlocno’bni toe is tmoouxinoal.

Lmmdo’n tlmese ooommclitiootis, 0.4 �on tylo oe’ne’bniime

inuimibits pneoto’ino synthoc’sis by 95 %

Ro’tiouleooyte lysoute’s (1001itOOiti sigtoificatot
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mo rmobbit ne’tiouhooyt c’s, (vIe oorebnimne cano

be assunoo’d to) out I)ninoanily On I)noteiti

syn(bmesis, ous (loose’ ((‘its nieitboen rotainm moon

svnmtioe’size sufficio’tot HXA mond I)XA to

O1(’Ct)litl( for time obsenvo’d effect 0)10 time nate

of gloobito svnotho’sis. Ito HeLmo (0115, (yb-

cno’bnitoo’ oulso ooffc’ots 1�XA arid 1)XA syrn-

tloesis (to varying do’gnee’s, but (too’ pno’domi-

nmamot e’fft’ct is ougaimo exe’rto’d on pneoteinm syn-

tioo’sis. Inoinibitionm of RXA svnmtioesis in Ho’La

cells camo reoudily be reversed by susj)onndinmg

time cells inn fresho mediunm, but effects of the

, , -. drug omn pre)teino mumod DNA svmithc’sis oipp(’an

88 e.� 92 to be irreversible.

0 -134 54 Time roipid partial innimibitieumm o)f DNA syno-
timesis no Ho’Lmo tells by t\’boicrebrirne j)robably

- _ - - _ --�- results fnonm no �ninmany e’ffect 0)10 pneotein

sytm(Imesis, as time’ latter Inoooess is required

fe)r cOIOcUnn(’tn( s\’ro(imesis of DNA inn ammimal

cells (25-25) . Annisomveito (9) , e�elohexi-

noide (29), erooe’tine (iS), Pn0c(omn�Ycinn (30),

motod punomycino (25), all oof whicim inhibit

pnoteinn synotioesis mm amiinoool cells, simultane-
ously inmhmibit 1)NA synthesis (9, iS; see ref.
31 for other refenemoces).

Tvbocrebnine nmupidly itihibits the rate of

1{XA svnmtimesis, but (hoc’ mecloamoism of this

inmhibitconv effect is umoclean. Phenmanthmremme

compoummds are known to bind to DNA (32),

anmd (ylocrebnine imoimibits activity oof the E.

coli DXA-dependemm( HXA polymerase to

time same extennt as proflavin. Timus tylo-

crebninme may immloibi( 1�XA syntimesis by

muffecting time activity of 1(XA polymenase.

No coil-free pnepm-uratiooti of HXA polymenase

from HeLa cells is pnesenm(ly available jim

.54G OII1ANG ANt) GHOLI�OtAN

‘1’�ouo,u. :�

/�.f1((’f of )/1000i’el)ru itt’ 0th ti(lit slooc, Ii omit omit(I /)O’pt i(1C

/)00100/ fourumooliouut

‘bloc’ host oooixt tote ((1,25 toot), o’oooutmoiouioug0,06 or

To’is-h l( ‘t (phI 7.5), 0.()7 ot K( ‘1, 0.004 or moog-

ooesi tutu o’totoride 0.01 01 cli ttoioot hod tcot, 0.2 noon

o TP momuot 5(X) �g cof moooooooooouitntoooiolooo’iole-wmoshed

t’ihosoumotc’s, woos iouo’tolumutc’olout 37#{176}foot’ 15 nooioo, mind

Ohe o’(’mtc’lioomowoos stop�)o’ol lu�’ cloittioug at 0#{176},[m4(’I_

Letocvl -t fl N.% (15 �g. 9(XX) cpm), i:F-I (40 Mg),

N’moF (S Mmcoles), muoool ttoe ioodicmutce! inohibitout’

ss’eo’e 1 bet t muolohed. Sttflicieout ‘lois,F1( ‘1, noomogosesi troll

chtooo’iolc, 0 ‘FP, momtol out ioiootlot’eitool svco’t’ aided to

toimoiootant Ibolt’ ouo’igioumulcotouceout ‘mitlotus ito tue

o’emoct itomu muoixl otto’, t toe fioumot voottooooc’ toci tog 0,5 toot.

The so’o’oomu(itenet iooto oooixt1100’ woos ttt(ttt)mited mut

37#{176}for ‘20 ouoiou, ooouol i000Noo’pcoo’mot 10000 oof #{176}Cleucitu(’

iootco hoot t t’io’tolcot’aee’t id 000’iol-itus(ottolote’ PO’l)tide woos

tioemtsott’o’ol mis desoo’ihe’ot ttmoelo’o’MI;t’0000005, EF’-Ii

(40) Mg) ovots moololeoltoo ttoe’fio’st (00’ se’o’otud i tuctohout 10)00

N000le 94()

(‘vo’loho’xi- 10�;2

nui(te (1 00001)

.-�toisoomvc’iou 110

(0,1 10101)

Tvlooo’m’eboo’ito’ 1

(0.1 1)101)

I mohi too toot’ ooolded ooft to’ ioue’tolomut iooou oilIto J;F’-II
Iouhituitooo’ mootoleol toefcoo’e itut’iohmotiooto %�‘ittl I’:F-JI.

mumo outot5 0)1 e’tidogenoo nis ghtitathiotit’. Using

(ho’ mctheo(1 cof Zebomovi-Wihlnmer ci al. (24),

giutathionoc’ ovmus determined to be 2 nmmmnin

those expe’nimennts ito whoicii nuoo sulfhoydryl

cc)nlpounmols wo’nc’ modcle’d. If 25 mon glutmu(ioiomoe

or olithiotbuneitol is oodde’cl, the imnimibi(or�’

effect cof tim(’ oolkahoiol is ole’oremosed to) less

tiomono 20

Lifect (�i t�jlocrebrine on bindinq of [t4Cj

tR\’_4 to ,‘thosommmes. ‘Floe’ effo’ct o)f tylocnebninme

on bimoclinog oof umoeiomunged E. coli (H NA to

not iculooocvt e’ niboso omes was (e)nopoune’el ovith

timmot of cvcloimeximide’, mu conopounmd that

blocks t lois no’muct io on. Tyloocn ‘brine nomunkedly

enhamoct’d time binodinog eof (IIXA to) nibosomes

at a (onoo’onmtnmution of 1 non (Tmoble 5). Under

time sounme t’xp(’ninOenot oil eommditions, both

miuninmt nicanboxviic mooid monod oycloheximide

inmioibi( tiois neouctiomo.

LjJects of tylocrebrine on activity of I?�VA

polymmierase. At conoooootrmotiooos of 100 and

10 j�oo, vlocne’bninoe itohoibits time activity of

E. coli IIXA pol�’menase by 52% amid 39%,

respect ivo’iy. Pnoflmovinn itmimibits (lois enzyme

to) mo sinoilan degree mit thme’se conncentrations

(‘floblc’ (i) However, tylocrebnitme’ onoly mm-
boibi(s ooctivity of I{XA polvmenase mm HeLa

cell noucici by 16 % out a comocemntna(iono of 1

non, while prouflouviro itoloibits by 69% at 0.1

floor.

t)ISCUSSIOX



EF-Il Notue

(‘vo’!coboo’xtnolde (1 noor)

Tyloco’eho’iooe (0.3 ooson)

Ftosiolio’ mo(’i(t (1 boot)

1-tiboosootose’s monod E F-I I Noooue

(‘vclohoo’xinoioie (1 mM)

Tvloo’t’ehriouc (0.3 moo)

Fttsidic otcid (1 11101)

Itibosoones, EF-I, EF-Il, 1)0!)’ U, 0000(1

phenoylalootoyi-tltNA” Notue

(ycloloo’xioooide (1 nooo)

T�’loo’t’ehriooe (0.3 boot)

Fusidic oocid (1 00000)

a Coooispoooeoots requi o’eo! foot’ anol 000) mocid polynoei’izmot 10)00.

cpnz

3,31)1

3216

3,198

1,954

4, 81)5

4,474

4,747

3,177

13, 163

13,402

14,621

7,382

3

-I

41

:31

0
0

44
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TAnuLu-: 4

Effect c)f Iplo(’rel.oriimo? 0(0 GiPci,se (1o’Iil’it!/

At! o’emuotiono oosixt 1100’s ((0000 aiooed, iou a floimut V(ollinoe of 0.125 on!, 0.05 01 Tris-1 i( ‘1(1)11 7.-i), 0.08 M K( �1
8 m�n nooogooesilnroo clotot’iele, 8 mor ditboiothreitol, atod 4 Mo1 [#{176}2P]GTP (168 (‘i nicole). hflhosoonoes (2(X) ag),

EF-I (50 Mg). EF-I I (70 ag), poly U (25 pg), aood phoeouy!molmonoyl-tltNA (3() ��g) weme homeso’not ous Inudicoot eol

its the 0 oohle. React iooo mixt tires were ilocubated at 37#{176},aoool t’eotctioous weo’e teo’noiouooted by mooldit into of

2.5 ml (Of 0.02 01 silicotunugstic miciol dissolved ito 0.02 01 112504. :o2I)�, libeo’toted by hydrolysis durinog the

first 10 oooioo of ioocuhatiooo , woos det emnnined as tboe phosphooioolybdoote couooopto’x following extmotot le000 lolto

2.5 ml of ot 1:1 nnixt tote of isobutyl ollcohol-beouzeloe (iv ‘v) . Amo ooliqttot cof t lie orgtotiic J)lOase Woos dVOO�(0-

rated too oirynoess, anod the o’adiotoctivity woos deten’rooiooed,

Components preseno t Inhibitor a(ideot mop� reteaseot Inhibition

w’lmich initiation of moew RXA ehainos occurs

in time pnesence of exogemuous template.

Incorporation of labeled (niphospinates into) a

crude mmuclear pneparatioim of HNA poly-

merase, ami assay (bat measures cimaimn elonga-

tionm inn time Inesemmce of o’ndogenous temploite,

was onoly slightly affected by the drug.

After modding tylocnebniioe to a re(iculocyte

lysate, inhibition of proteino synthesis occurs

w-ithinm a few seconds, suggesting (bat time

functiommal effect of the drug is on elongation

of peptide chains. In similar prepanatiomos,

inhibitors of chain initiation, such as auninn-

tnicarboxylic acid, sodium fluoride, on pact-

amyeimm, ommly act following a delay of 1-2

mm. Ito addition, inohibitons of initiatiomi

induce breakdow’n of polynibosomes to single

ribosomes amid nibosonmab subummits arid result

in release of nascenot I)eptides. Tybocrebnine

prevemm(s bneakdowmn of polynibosomes arid

inhibits release of nascemmt peptides. These

observations suggest (bat time’ principal effect

of tvbocnebninoe coto pnoote’iti s�iot-hmesis is

exerted otm (boo’ elongation of j)ept ide cimoninos.

“Iwo of the enoz\’mmotic neouctions reotuired

for cbmoiirm ole otugmotioim i nmvolvo’ t nanslocat ion of

ime’ptidvl-tRXA ourid feormatioomi of then PCI)-
tide bond. Punomycmoo react-s directly with

pep(mdvl-t1�XA located inn (he peptidyl

(donmon) site oni time nibosome, causing pre-

mature t ermiromution munmcl release of peptide

cbmainos from time polynibosome (33). ‘[his

reaction, ovhich dot’s moot require supernatant

factors or GTP, ions beemm used to examine

time action of inmimibitons of cboaiio ebomogation.

Established irmhibitons of peptide bond

formationo, sucim as ouioisomycintm and sparso-

nmvcimo (34), inhibit puromycin-induced

release of peptidyl-tRNA from polysomes.

Tybocnebnine does moot prevent this reaction,

suggesting that the drug does moot affect

l)ePtide bonod formation. Further support for
this eonnclusiomm is provided by tine observa-

2 M.-T. Huaoug and A. P. (.1mollman, Unoptlb)lLshed

results.



(‘tumiceto- i’#{176}(]tRNA (‘untrol

N otto’

.‘�uo’iout t’it’mot’-

luO)XVIOO’ mocid

( ‘veto oloo’x 101010 Ic

lvt coo’ott) ‘itoo’

trataums tuo)utod

c/’�mz

8-It)

1.0 172

(1.3 347

1.0 514

0.3 6Sf)

1 .1) 258:3

0.4 1181
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tiouno oof Bmottoiooe’r moral Vmuzque’z (3.5) timmmt

t,’bo ocnebninoo’ do 00’S root ottl’e’ct tboe’ ‘‘ft’migrrieiot

no ‘mutt it ott.

‘Floe’ effect of iooluibiteon’s 0000 trmonosbeoemttinto of

pe’ptiely1-tRN-� cato ooonovc’noic’ootly ho’ (botO’r-
miooo,d by ou I \Veo-stO’j) oussouv, oorigioomohlv des-

cnibc’d by �l e ko’o’lomonu anti Houn’do’sty (20).

This mussav is base’oi ouno (hoe’ ousstooomptiotn tloat

�oo’p(io1yl-tH NA will be’ locoot ed at tloe

pe�otieiyl site tutu tioe’ nibosoonoen fohltowirng tlmeim

inooubmutieonn in time’ pne’so’ooo’e of El”-II arid

( TP. Labeled anooirio)oocvl-t HNA cmmnn tluenm

he’ houtod too t hoe’ ounooitoe ooovI site’ tool the’ nibo-

so ome’ too time’ poo’sc’ooee’ of so oeliuno fluooriole’, aim

age ‘not t ioomt pro ‘ve’oots i rut imut ioon o of nocoo’ghobioi

po’ptiele’s. Lnodc’o those’ o’xjoe’niniie’ootal condi-

tie)nos, further i roeo oopor:otio 000 eof anioinoeo acids

iootco pe’pti(ie’s is hlooko’d by ionhoibitons of

po’plide boonod foon’nnoutiooo but tuout by iouhoibiteurs
(of t ranuslo oeout icon 0. Tvbocro’bti noe limos no o effect

at 0 lois stago’ of’ the’ n’e’ouotioono lot owe’vo’n, if (lie’

drug is jro’semol trio ut too modolitie )�i Of El”- II

1”to; . 9. I’�fTect of .� ti/fit �jo/r�i1 000000 �Ot mit il,.. o�mo I yb -

o-r(-/)ru mo-mit don’t-il 0 it /00/)0/! nit 0/’ qbombu it .‘t!/ittioc:.�iN

‘l’oi’co sI oonuoiout’d rc’ooot ioooo oooixt (Ott’s, etuohu o’nout 00101-

I tug van’oooios o’ooouo’o’ou I toot iettts (Of stotfiovot o’’t oo�m-

1)010001 oos it oh coti o’oi ito t hoc’ figtu to’, oveo’e’ luO’t’l)tt ted.
‘ro’touo’o’ohon’i too’ woos muolo!o’ol tet (0000’ (of t huese ott a fitoal

c0000’e’oo I toot iootu of 0.1 M01 . Bcmu’t 0)00 noixt tones were

ioocootoooted foot’ S 010100 mit :3:3#{176},e ho’ou te’o’oooioomote’d by

aoldioog 4 nut tof colol 5( to’iclotooo’moo’et10’ooeiot, ( lcoI�ito

svout hesis was nouc’mosuoo’c’ol os de’so’t’it)c’c! otmoder

00 t:Ttionos. ( S1 I, gt tuttothoiououe’; M51 I, otoo’o’t’ooloto-

o’t looonocul ; I )‘I”T’,dit hoiothuo’o’itot.

‘I’oouo.t-. 5

Efl’eo’/ o’ /!,/000’mo’borone- otio bundimt-g of
oo(’jtIt\’4 In rmluo.�oimoe’.u

The o’emoct into onoxi (it’d (0)011 moinuo’d, ito mu Vot!umloc

oof 0.125 too!, Tmis-1l(’t, 0.05 01, P11 7.4; MgCt2

0.008 on; KCI, 0.06 ot; E. cot/I ‘4Clt-1tNA, 20,000

p001; nomoooosoouium chotooo’iole-wmosloe’d t’ih)OsdttOOds, 100

Mg; motud inohihitouo’s as ioooiicmite’d iou the tmotote. Thoc’

memoct 10000 nooixt tile woos iououhmit ed at 0#{176}for 20 110000.

1 adinact ivi ti’ 1)0(000(1 I co o’iboosoooooes woos Nolteoted
0)00 i\Iitli1)e)m’e tibet’s otoud de’t cr0011 toed oos doscoibed
otudeo’ oro-:’o’ineuios,

Imihibi t cor

addeol

I 100 mind ( �1’P, iroo000b000ratioooo oil motomiiooo muoiols is
iooioibite’d by ou�o�)t’oXitfloute’Jy .50 ‘ � �\.ssuommioog

0 thomot noasoo’tut j)(’j)titid is o’ojtlmuhlv eIisttibuteel
80 � hetoveemn 0 boo’ ounoioo omuovl ounal Ioe’Pt idvi site’s mm

� (boo’ nibosonoc, thois jomuntial ioohoibitio tm oo’ould

� ho’ oontioipouto’d by ounoy ouge’rot thuoot blocks

60 � toouoom-loemutiooo.

� Punonm�’cioo ro’looosos 90 � ; c of’ �)t’ptide cioairms,

� o’vo’tu ito thoo’ j)ne’so’OOto’ iuf t�’loocno’bnirio’. If

#{149}‘-l40 � trounoslocootioni imo t0)tOoj)le’te’ly iooloibite’d by time

� obotog, l)cptid\’l-t H NA should ouo’cunomuloite mo

j (boo’ mommnooomuoyl site mood tiuus be’ tunable (o�

20 � re’mut w’itlm louroomoo)’cimo. It wooulol appear,

thoe’ne’fo ore, (bout tvleutno’bnimue so oiomo’biotoy affects

tloout mospo’ct of tnmurnslooouto ttm wioooio involvo’s

nomovenoe’mit ouf noliXA muleonog tine nibosome.

Otboo’r ouom(ibiotios iumove been ro’po orto’o.l too Imave

simimibmun o’ffeots (1%, 34;).

The ouctioni oof tvbocnebriroo’ on pn’toteinm

svnt bmesis resembles t hat- of cycle oino’xinmide mm
certain respects (20). Both oontibieotios inmioibit

tnansboeationo, wbme’n tested by the two-step

assay described by McKeeiman ooind Handest�’,

but do nmot ouffect ioeptide bonoel fetrmationm or

hydrolysis of GTP (20). Inn inotact cells,

imow’even, (lie ouctio)ni of cycloboeximnido’ on

protein syntimesis is reversible, ovimile (boat of
tyiocrebninme is moot. Sucbn irreversible actioom

may result frono hiroolirog of tIme drug o time
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Toouoo: 6

Effect Of ty10c’re’l�rimtt on w’/it’itq uf Io’.\’A po/ymmocru.se prepcired ,froommt E. i-cu/I ou,oil ucLa ce//s

The toot ivity of H NA poo!yroie’t’ooS(’ was det eo’noiooo’ol os deseo’ibeol uoudeo’ ii -:-t’otootos. Foot’ thoe otssmovof coo-

zvnoe pmepoored frono K. 0-0/0 , t hoe n’etoct I 0000 OflI xt uo’o’ WOOS It� (‘(01)001 ed four 10 ml to mot 37#{176}iou 0 hoe � of

the inodictoted conocenot toot ottous oof ty!eoct’ehoo’ioue or pn’ooflmovi ou , Fom the oossoov of etuzyme pmepoored fromi ucLa

cell oouctei , ti’loco’ebo’i 0 u(’ 00’ p t’(ofltoVi to was oodo!cd Oo t he o’emuct 10000 fill xl tote’ out Ihe I toW coot out o’ono’eno I moot 10000,

hoe react into was i ooeuhooit ed at 31#{176}foot’ 15 010100, ooouol t’oudiooact ivi 1)’ woos oletct’uoi tuetl oos eldso’mlh)o’01 (000(Ier

01 l-.T000000S.

Inhibitor added [oncentration E. ccli enzyme UcLa cc!! enzvnoe

I oocoor� ioroo t loon Inhibition Incort)oration I mohihition

cpnz

-I1,(XX) 8,925

1,(XX) 7,468 16

1(X) 19,01(X) 52 7,7-ill 1:3

l() 25,100 39 7,985 11

:3(X) 2, 939 (18

1(1(1 16, 901) 59 2, 749 69

it) 23,001) 44 7, i9l tO

nibosonmo’ ton fnoooio ioomuttivmutieoto tot’ i�; l”-i I.

Cyclcohe’ximidt’, uticbe r cc nt ai r u �#{176}ototli t ooms,

affects obmaimn inoitiootiooo, ivhoile tvl(ocre’hninoo’

does imoot- oul)l:)ean too imave’ this effect. (1vclo-

hexinmido’ molso inoimibits hiooelioog of ebei’mucyimote’d

tRNA (t) (hoe’ nibosonoe (37) , ovimile’ tylooorc’-

brine noanko’dl�’ stimulato’s time’ binodimug

reaction. (1�’cloiueximide inhibits �)olyj)hotto\’l-

alarminne svnmt hme’sis O)ti not iotoloc\’tt’ nibosoonmo’s

(37) , but t�’looono’hninmo’ Ions no o’ffe’ct otto this

�
Riboosorne’s murod l’ I”--I I require’ sulfboyelryl

compounods fon mmoxinomol mmc(ivity. Ito thus

negand, sulfhydryl greoup pnoto’inos eon tue

large’n suburoit toppemon too ho’ n’ooore’ o’sst’rotial

thanm (imose of the smaller subunit (38). Tho’

pnesemmce of me’rcai)t oct imamool outoel otioo’n
sulfhydryl compounds elimmnisho’s tim(’ in-

hmibitony effects o)f (ylocnebninn-’. Sulfhmydryl

compounmds hoove also bo’enm repeorto’d too

I)ro(eCt againost time immiuibiteory e’ffec(s of

cycle oheximide ito co’ll -free systems pno’pmured

from rout liven (21). Tioo’ exact mechomunmisnm oof

timis effect remains oobseune.
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