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Raai~~EE.aoliribosanalSS~was~t~dtoMn-~~~~ 
~riboscmal~~~fmn~chthe5s~hadp~~lybeen~ 
bytreatmntwithlithim&loride. Aflzrqqmreofsu&mocns' 
-particles tohigh axxsntratims of RNaseTl,mostof k?= 
aoti\re5SFJNAmmins aoidpmoipitable. Appmxinhelyhalfofthis 5SIUA 
remains attadwd to particles sedinmkd at 100,000 g and appears to be unalter- 
edintact5sRNAwhenanalysedbycolurn~~~~,acry~caegel 
elewmsis, inthepresentxof 7Murea,andbyoligcnuoleotide fine* 
printing techniques. 

hhenE.ooLiribmaml -- submits areexpoeedto2MLic1,appnxKh&s1y 

70-80% of the 5s m and app roxilna*1y 50% of ths rilmscnlal proteins beacne 

dissociated fmn the larqr, SOS, ribceanal submits (1). If the sedimnted 

LiCltreatedparticlesaremmspen&din their com3!3pmdi.ng 100,000 g 

supernatant(ccntainingLiClsplitproteinsand5SRNAto~ichareadded 

equimlaraKxartsofradioaotiw5Sl?M) andthemixtumisdialysedagainsta 

bufferomtainingK1,MgX2 andTris-Xl, theribosanalpYx)tAmandapp~tely 

5O%ofther~~~5S~beame~~sociatedwiththel~ribosanal 

subunits. The sedimntatim ocefficientof the latteris appe&ly 27Safter 

LiCltreatmntarrdap~ &tely 48s after reoixlstitutim (l-3). sldl * 

amstituted particles ham qpnxdmalzlythesamRNA/~inocnpasitionas 

naturally oomning5OSribosanal s&mits,but tlxyarenotacti~ inaoell-free, 

prohi.nsyn&esizingsysten~ Iiwevar,ifKClis xemved fxrnthesuspensimof 

particlesbydialysis,andtheparticlesarepreheatedto37ocinthepresenaeof 

lmxap&ethanol,bindingoftRNAtotheparticlesoanooalr(2). weusedthis 

*Present acaess: -tilogy -r children's Hcspital Medical Center, 
Bostxn, Mass. 
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.systemtostu& the smzaptibility toattackbyRNaseof5S~whichisbound 

to ribcsd particles. 

~~s~~ts,p~df~theRNaseI;Ostrainof~ swexe 

acpceed to 2~ l&l far 15 hours at 4'C, sedinmti at 100,000 g and the fractions 

stored in liguid nitrogen (l-3). Particleswere resuspended intheiraxms- 

pcndingsplitprotein soluticn, and reanstituted by dialysis for 24 hours at 4“C 

against a solution of O.lM KCl, O.OlM k@C12 and 0.005M Tris-HCl, pH 7.6, (KMT 

buffer). Ins~cases,~eoonstitutedpartidleswewthendidlysedagainsta 

solutiapl of 0.0&l &%$X2 and 0.005M Tris-I-XX, pH 7.4 (4) then heated to 37'C for 

1 hour in the presenos of 0.006M msrcaptoethanol (2,3). Mixtures of 30s and 50s 

s~~ts~used~~t,sincereccnstitutedparticlesdonotassodateto 

form 7os-like ribosatles (2). Radioactive 5smAwaspmpared frun3%-l&led 

ssEA20rK12 S2Oso5 cells (5) by @en01 extracticn of whole oalls (6) or 

purified ribceaw (5), and was purified by w  gel filtration (7) and/or 

nethylatadalbuninKieselgUnr (MAK) columchranatography (8). 

FeccnstituM particles were sated at 100,000 g for 5 ham, resmpenckd 

inKMIbuffer audq)osed for 30 mines at37V toT1orpaucrxaticKWse, 

at various enzyrmsubstrate (E/S) ratios. m3t experh?nts were done using 

5 ug Tl RNase/lOO pg tatal iWA (E/S: l/20) and 2 pg pancreatic IWase/lOO pg Mal 

RNA (E/S: l/SO). 

The 5s mA rrmainingattachedtotheIWase-treabedpartic~swasstudied 

after sxdirmntaticm of the particles at 100,000 g for 5 hours. The INA was 

extracted with @enol at I°C, aud fracticmati by Se@&ex gel filtratim (7), 

EiIAK cobm chranam@y (8), or acrylmide gel elemoresis (6,9) in the 

pxeserloa of 7M urea (3). The 5s RNA, thus purifiedwas oerrpletely digested 

withRNaseandthedigestsfr~~~bye~ctrqtloresisto~~two 

dimnsicmal oligonucleotide finqxprints of the F@JA (10,ll). 
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to&qradation&RNase of5S RNAbound to reamstituted ttIYsC~~l.ity ------ 

~~~~5SRNAwasaddedtoLiClstrippedribasa~lparticlesre- 
suspendedin their am split proteins and themixture dialysedagainstO.lM 
KCl, 0.03&l MgC12 and 0.005M Tris Wcl, pH 7.6 (KMJY buffer) for 24 hours at 4'C. 
Theparticles~~thense~ted,resuspendedin~bufferande~dto 
varying quantities of pancreatic or Tl F&se for 30 minutes at 37'C. An equal 
volume ofcoldlO% trichloramticacid (WA) was then added to the suspensims, 
audthepmcipitatecouutedonfilters. ThetotalRNA cmtentof the suspension 
(rilmsamlRNA+ 5SRNA) was usedtodetemke theenqme/stistrate ratio 
hJg lmse~100 119 RNA). Resistance of 55 RNA todegradatimis expressedas 
100 xlCAprecipitableCPMof F&se t.reatsdsuspmsion/ICAprecipitableCEW 
of a ccntrol suspsnsicm amtaining the sare initial n&r of CPM, but not 
exposed to FNase: SSRNA-%Cmrecovered. 

@----a 5SRNAbouudtorecmstitutedparticleswhicb after 
reccmstitutianwereptinc0batedat37°C in thepmsenczofnmcaptoethanol. 

0 0 5s RNAboundtoreconstitutedparticles. 

o----o 5SFHAbouudtoreconstitutedparticleswhi& after 
expceure to RNase ware sedimmted at 100,000 g prior to TCA precipitation. 

0 0 control: 55 RNA not bound to particles, but free in a 
suspsnsicmofreomstitutedparticles i.nKMTbuffer. 

pmxipitable after expasuze of XeaXlstitutedLicl-mtedribosanalparticles 

t0vai.m amoeutratimsofT1andpamreaticRNase. Iucmditimswhere5S 

~,~~toribosanalparticles,isanpletelYQgradedrthe5SE(NA 

atta&ed to ~titu&dparticles mnains 50% to 70% rrcidpxecipitable. 

ml?ntheparticl.esarepL=hea~ti37°ciuthep=seme of ns!rcaptoethanol, 

the 5s FINA is even mre resistant (70% to 85%) to &gradation by RNase. 'Ibe 

P~~gof~particlemrstaon~toita~Fhysi~cal~~ti~ 
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since this pmmdurexestomsthe&ilityoftRNAtobi.ndtmtheparticles 

(2,3). &wever,whentheRhse-tmatedparticlesarefirstsedimnQzdat 

100,000 gbefom assay of acidprecipitable radioactivity, thqr rmtainmly 

approJdmately50%asmuchacidprecipitableradioactivityasthencn-~~ 

particbssimilarlytrea~. ThissuggeststhatthereamstitutedLic1 

particlesareahe~mixtureofparticles,s~of~i~aremore 

extensively degradsd by F&se, so that they will no lager sedhmt at 100,000 g 

arwillbefurtherdis~drningsedimentationandLiberatetheirprevious1~ 

acidprecipitableradi~~~5SRNAintothesupennatant. 

r RNA 5s 4s 
I 
I 

/ 
3, 

Fraction No. 

labeled5SRNAand pre~~a~at37°'inthepresenceofne~~thrmol, 
WSIX tsedimmted, resuspendedinKEI;PbufferandexposedtoRNaseTlfar 30 
minubs at 37O, in a cxncfxkraticm of 5 ug RNase/lOO rg total Rk The particles 
~thensedimentedandtheir~prep~dbyextractianwithphenolat4O 

axmercialsRNA,0.3% sodiun&dscylsulfateand 
macaloid. TheRNAwasprecipitatzdby additionof 2volut~s of95% 

ethanol, and 350 rg of the RNA was filtered at 4O through a oolm of C@mdex 
GlOO (1.6 x 90 an) equilibrated with 0.375M N&l, O.OlM sodim aaetate, pH 5.0, 
and 1% (V/V) n&hanol; the fraction size was 1.5 ml. The positims of 
rhosand (rRIW, 5s Rmand 4SIwA are indicated. 

- - - - 32P (5s Fm) 

%60 bribceandl RNA of the particles and added carrier sRNA) 
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Iheradioadivle5S~ocntainedintheRNase-~atedpartidles~ch 

dosedhzntatlOO,OOO gwas analysed, after@enolextracti~ of the particles, 

by Se#n&x gelfiltraticm (Figure 2) andMU colum chranatcgrqhy (Figme 3). 

InthecaseofbothT1andpancnzaticIWase treatedparticles,thereccvsred 

radi~~RNAooincideswiththenarradiaactivecarrier5SIINA,andno 

otherpeaksofradiaacLivity~seenintheregi~of~rmoleculartJei~t 

RNA. Thesefindingssuggestthatthe5Smillthe~d -tituted 

paAcleswasleftintactbythemkse. ontheantrazy,theotherriboMmal 

FNA's (16s and 23s RNA) of the sedimented particles mm extEnsively degraded 

bythe~~,since,inFigure3,~arenoclearlydistinguishablecpticdl 

densitypeaksof16Sand23SRNA,onlyawidebaseds~ofopticaldensity 

material presun&ly representing a heterogeneous mixtureofvarioussizedRNA 

r RNA 

002- 

it 
a 

1 

0.1 - 

50 70 90 110 
Fraction No. 

~r~~ssrnreasthaseindicatiedinFigure2 
~tthatthereacnstitutedparticlestJerenotpreincubatedinthe presence 
0fxmzrcsptcethanoL MAKcolmmchmMtographyof 350 llgofRNAwas carried 
outas pn?viouslydesuzibed (8); the fracticnsizewas 3ml. Elutionpcf~iti~ms 
of4sFNA,5sFmandribcsanal(rRNA) areindicated. 

- - - - 32P (55 RNA) 

A260kibcsanal~oftheparticles andad%dcarriersRNA) 
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mAextrackdfranrecoastituted of 

experimsnt shorn in Figure 3, was 
fracti&ati by electx@ore&s in gels of 10% acrylamide amtaining 7M urea. 
The gelswere fixedandstainedwith au&line orange, thendestainedeleCtrica 
andscannedforabsorbance at465m usingaJayoeLoeb1 Chramscanwitha 
blue filter. The tracingof such ascanis shcmn: the armvindica~s 
directi~ofmigratimofFNAduringelecWc@mresis,andthen~, the 
distanoeinanfranthearigin;thepositicnsof4S~andSSRNA,fromthe 
addedcarriers~NA, areindicated. 

breakdam fragmnb. medagradatianofthehighmlecularweightriboeanl 

RNA's of theparticlesis anfizmdby aczylamide gelelectrcphoresis, in the 

~sen~of7Murea,of~extractedframRNase-~atedparticles (Figuca4): 

nurrerousbarrdsofcgtiadlly~materialarefaardbetweenthetopofthe 

10% ~l,beycndwfiich16SIWI~snotmigrate,andthebands of 5s -and 

4SFUUiprovidedby carrier cxmmrcial soluble I@& addedtothepreparation. 

ThesesuppleFllentarybandsmrstrr?present:degradati~productsofthe16SRNA 

and23SRNAoftheparucles. 

The 5s RNA isolated fran the F&se-treated particles after oolum 

duxmakxjr@~y (Figures 2and 3) wasax@etelydigestedwithRNase Tl and 

oligonucleotidefingerprintsofthedigests~~prepared. Noqualitatiw?or 

quantitati~dif~~~~reIbotedintheoligMucleotidespresentindiqests 

of this 5s RNA and tho3e pmsentindigests of oxkrol5S RN?L In particular, 

the 5'-terminaland 3'-terminaloligonucleotidesmxepresentinnomalmlar 

yields. 

1lY 
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Figure 5. Acrylamide c&ebctrqhresis of noma 5s RJA and 5s IWA extracted 
fmnrrcoonstitutedr~andlparticlese--- --- 

~~Plabeled5S~initiallyaddedtotherr?~titutiglmixture,andthe 
~~a~dfran~~tit:utedribosanalparticles~edtolFJaseTl 
(expsrimsntsham inFigure 2),wex~ fractianatedbyele~msis ingels 
of 10% acrylamick antaining 7M urea. The *ls were slid laqitudnally 
andscannedfarradioactivi~usingaVanguard880~~~Scanner. The 
arrcwindicates the directicm ofmigratim of RNAduringelectrc#oresis, and 
thenmhers,thedistanceinanfrantheorigin. 

A - 32P scan of cmtrol 5s FNA 

- 32P scanofT(NAp~~franre~titutedribosatlalparticles 
expceid to F&se Tl. 

Finally, the 5SRNAofPNaseTl-treatedparticleswas fradianalzdby 

acrylamide gelele~resis in the pmsene of 7Murea O?igure 5). The5SFNA 

mmgedasasinglepeakofradioactivity inthesarrepositicmasamtrol 

5s RNA. It seem3 unlikely, then, that Wze are my "hidden nicks" in the 

PJfin=Y s- of the 5s RNA of Wase Tl-treated particles. 

~~usingpiplaeaticRNaseyieldedsimilarresuztsaswith 
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~&se ~&-treated particles, with ax2 exosption. Xn a-e exprimnt, acryl- 

amidegel e-is (with 7Murea) of5SFNA franpancreat.icFNase 

treatedpartic~yielded,inadLlitiontointact5SI1NA,sarnelawer~lecular 

weightradioactiwmterial. This latterfindingmustbe xeverified,and 

suggests thepcesibilityof same "hi&snn.i&s" inthe 5SFNAofpancreatic 

mase-treated particles. 

DISCUSSXON 

~exp~~describedabuvem~althat5SribosanalRNA, attad& 

tocertain~anstitutedriJmmmlparticles,is extxemly xzzsistant to 

degradatianbyRNase,raaderccnditiarswfiereunat~55 T(NAisa@.etely 

~~.Bydllthecriteriawetested,theSSRNAremains carpletely intact 

atleastinthecaseof Tl F@Jase-treatedparkicles. Thesefindingssuggest 

thatin ~titutedribosamalpartsicles,previouslydissociatedbyLiC1, 

andpresumblyemnmresoinnative5OSribosamlsubunits,tk5S~is 

situated deeply within the stnxtu~~ of the ribosare so that it is protected 

fromtheacticnofI%se. Therefore, it seems mlikely that 5s PNA plays any 

role at the surface of the riJxxm such as acting as abridge be-n 305 and 

5OSsd.xmit.s, arhelpingtobi.ndt.IWAtothe rilxeam Apurelystructuralmle 

for 5SFHAinti 50SrGm3amlsubuni.tis suzjgested, 
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