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ABSTRACT

STABILITY OF RIBOSOMAL RNA: AN INDICATION OF RIBONUCLEASE

ACTIVITY ASSOCIATED I^IITH THE 5OS SUBI]NIT OF E. COLI RIBOSOMES

by Howard Ceri

Under the supervision of Dr. P. Y. Maeba

The specifíc instabilíty of 23S RNA of ribosomes isolated

from Escherichia coli MRE 600, an RNase 1 straín was studied. Although

Ëhe instability was first observed in íntact ribosomes at elevated

temperatures, rapid degradation of 23S RNA could be shorvn aË lower

temperatures afËer separation of ribosomal subunits. The nuclease

acËivity remained assocíated with the 235 RNA after proteins were

extraeted from 50S subunits by phenol or urea-lÍthium chloride, and

after cenËrifugation of subuníts in cesium chloride. TemperaËure and

a series of effecËors govern the rate of nuclease activiËy. A protein

fraction was dissociated from urea-lithium chloríde extracted ribosomal

RNA on DEAE-cellulose. The fraction dísplayed nuclease activity on

stabilized 23S RNA. The protein co-elecËrophoresed r,ríËh one of the

50S ribosomal proteins on urea-polyacrylaníde split ge1s.
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ABREVIAT I ONS

ATP - adenosine-5t-triphosphate

DEAE - diethylamínoethyl ce11u1ose

GTP - guanosine-5t-triphosphate

RNA - ribonucleic acid

rRNA - ribosomal ribonucleic acid

RNase - ribonuclease

SDS - sodium doedecyl sulfate

TCA - tricarboxylic acid

Tris - Tris (hydroxymethyl) aminoethane
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I. INTRODUCTION

In attempting Èo obtaÍn stable 23S RNA Èo serve as a

component for the reconstitutj-on of 50S subunits of E. coli ribosomes,

we have consistently observed Ëhe degradatíon of 23S RNA. Bot.h large

molecular weight species of RNA were inËact after isolation of ribosomes

from E. coli MRE 600, an RNase 1 strain. However, upon separaËíon of

the ríbosomes into subunÍts, the RNA of the 5os subunít was degraded,

while the 165 RNA remaÍned intact. This specific ínstabílity of the

235 RNA has been reported previously by several authors (see Historical)

This study was undertaken to gain a better understanding of

the problems entailed in obtaíning stable 23S RNA. By characterízation

of the degradation process, \¡re hoped to determíne whether degradaËion of

235 RNA was due to enzymatic nuclease activíty and whether the activity

could be removed or controlled. rf thís nuclease acËivity could be

traced to one of Ëhe 50S ribosomal proteins, another facet in the mystery

of the structure and function of the ribosome would be revealed.



II. HISTORICAI

A staggering amount of literaËure devoËed to the ribosome has

been produced since 1954, the year Zarnecník(1960) first showed Ëhe

ínvolvement of ribosomes of the mÍcrosomal fraction in protein synËhesis.

These studies have been reviewed extensively (Zamecnikrlg60; 0sawa, 196B;

schlessínger and ApírÍon, L969; spírin and Gavrilova, L969; Kurland , 19703

rt has been shown that ribosomes of prokaryotes have a

sedimenËation value of 70S (Taylor and storch, 1964), and that Éhey

can be reversibly separated into Ër^ro unequal subunits ín 1ow magnesium

(1 m M) buffers (tíssíàres and l{aLson, 1963). The larger subunir has

a molecular weíghË 1.8 x 106 and a sed.ímentation constant of 50s, and

the smaller subuníË a molecular weighË of 0.7 - 1.0 x 106 and sediments

at 30s (Tissieres eE al., L959). Tissieres (Tissieres et al., 1959)

also determined thaË ribosomes from E. coli consist solely of RNA and

protein, witl: 66"/" of the ribosomal mass being made up of RNA. rt has

since been shown Ëhat traces of polyamines are also present. in the

ribosome (Cohen and Lichtenstein, 1960; Spahr, 1962),

IË was first Ëhought that ribosomal proteins r¡/ere a minor

component of ribosomes, because of the high percenËage of RNA associaËed

\niËh their structure. rt was suggested that the proËeíns formed an

outer skeleton around the RNA, rnuch like the proteín coats of viruses.

However, electron microscopy using positive staining of RNA with uranyl

acetate (Huxley and zubay, 1960), showed. that the ribosomal proteins

were dispersed throughouË the ríbosome.



The first studies on ribosomal proteíns \¡rere carried ouË

by Waller and Harris (l¡Ialler and Harris, 196L; Wa11er, 1964). They

identified 12 separaËe proteins associated with the 3OS subunit after

extracËi-on with 66% acetíc acid. since this initíal study, several

groups have characterized the proteins of the 70s ribosome (spiÉnik-

Elson, 7964; Traut, L966; Hosokar¿a et al., 1966; Staehelin and Meselson,

L966; Traur et al., L967; Kaltschmídr et al., 1967; tuiðller and chrambach,

L967; Moore eË al., 1968; Fogel and sypherd, 1968; oraka et a1. , L96g;

craven et al. , 7969; Hardy et al. , 1969; Traut et al. , 1969; Nomura et al.

7969; Traut et al. , L969; sraehelín et a1. , L96g; Sypherd et al. , 1969;

Kaltschmidt and l{itËman, L970; Allet et al. , L972).

Studies showed that Ëhe 30S subunit is made up of. 19-22 proteins

(craven et al. , L969), while the 50S subuniË contaíns 2r-35 proteins

(Kurland eË al., L969; KaltschmidË and WiËtman, rgTo). Moore et al.,

(1968) reported that proteins of the 30S subunit were all presenË in a

ratio of one proËein per subunit. However, subsequent \¡rork by Kurland

(Kurland eË a1., 1"969) showed that the 3os ribosomal proËeins were

heterogenous, that ís, some proËeins \¡/ere present in a lower ratio than

one copy per subunit. üIheËher this work indicaËed dífferent species of

30S subuniËs conËaining differenË proteín combinations, or whether there

is exchange of proteins dependent upon ribosomal function has yet to be

resolved. 0n the other hand, Kurlandrs group (Traut et a1., Lg69) showed

Ëhat the proÈeins of the 50s subunit were present in a l:1 ratio. Both

chemical (Kurland, f960; Strand and Syphand, L969; Traut et al., Lg6g) ,

and irnmunologícal studies (Traut et al. , L969) revealed thaË no proteins

were shared between the two subunits.
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Studies on three-dimensíonal organization of ribosomes have

to Ëhis point been limited to determining whích proteins are on the

surface of the ribosome and exposed to the environment. Three general

approaches have been Ëaken ín these sËudies. The first involves

dissociation of ribosomal surface proËeins into a splít pïotein fractíon

by cesium chloride cenËrifugation. The method rnras first applied by

staehelin and Meselson (1966), with a very complete study recently

published by A11et (7972). The second method involved mild protease

treatment of ribosomal subunits, such thaË only surface proËeins are

affected (Chang and Flaks, 1970,797Li Craven and Gupra, I}TO). The

third method involved competítive labellíng wiËh labelled lysine, to find

exposed proteins (Kaplan et al. , L972; Visentin et al. , Ig72). From

these studíes it has been deËermined that several proteins lie partially

or totally exposed at the ribosome surface, whí1e several others are

found buried in the RNA core. rnterestingly, Flaks (chang and Flaks,

L970) showed an inverse relationship beËween exposure of a protein to

protease trearmenË, and Ëhe order of binding in Nomurars 30s recon-

stitution system (Mizushirna and Nomura, L97o), which will be discussed

laËer.

The first suecessful atËempt at reconst,ítution, that is, the

formation of act.ive ribosomal subuniËs from constituent parts, r¡ras

performed by Nomura (Hosolcai.,ia et al., L966; Staehelin and Meselson, L966;

Nomura and Traut, 1968) by addíng back the spliË proËein fractíon to the

core particles obtaíned by cesium chloride centrifugatíon. CompleËe

reconstitution of the 30S subunÍt was not achieved until 1968 by Nomura

(Traut and Nomura, L968a). His group was able to show Ëhat Ëemperature-

specific sËeps gave rise to inËermediaËe particles during reconstítutíon.



They were also able Ëo show Ëhe order of protein binding and Ëhat

bínding T¡7as co-operaËive in nature. Some proteins played a role in the

structural- formation of the ribosome while others \¡rere required for

proËeín-synthesizing activity (Traut and Nomura, 1968b; Mizushima and

Nomura, 1970). The reconsËiËution of the 50S subunít has pïoven to be

much more dífficult. Nomura and Erdmann, (1970), reconstituted active

50S subunits of B. stearotherrnophilus from components r,¡hich presumably

r^rere able to \^/iËhstand the hígh tenperatures employed in their sysËem.

Maruta and co-workers, (L97r), successfully reconstituted E. colí 50s

subunits, in a reaction rnixture that requíred 165 RNA from 30S subuníts

along with components of the 50s subunit. Reconstitution shor,¡ed

temperature-dependent sÈeps and specific sequential bindíng of proËeins

(Chu and Maeba).

As previously menËioned, RNA ís the major component of the

ribosome. Three species of RNA have been isolated. The 50s subunit

conËains one molecule with a molecular weight of 1.1 x 106 d.altons

whích sedíments at 23s (stanley and Bock, 1965), and another strand.

of 120 nucleoËides, and a molecular weighË of 40r000 daltons, sedimenting

at 55 (Brownlee and Sanger, L967; Brownlee and Barrel, L967). The 30S

subunit conËains only one stïand with a molecular weíght of 0.55 x 106

daltons, sedimentíng at 165 (Kurland, 1960).

The instabilÍty of the 23S RNA fraction of E. coli ribosomes

led early workers to suspect that Ëhe RNA rnras not a contínuous sËrand,

but rather a series of short fragments (Ha1l and Doty, L959; Takanami,

1960; Osawa, 1960; Tashiro eË a1., 1960). IË was also suggested that the

235 RNA was rnade up of nüo 165 RNA sections. This was supporËed by

several lines of evidence. Firstly, fragmenËs sedimenting aË 165 were



isolated frour 50s subuníts (Kurland, 1960). Also Midgely (1965) was

able to show specific conversion oÍ 23s RNA to l6s RNA. Finally

Fellner and Sanger (1968) usíng Tt ribonuclease sho¡¿ed that there are

two moles of methylated oligonucleotides produced frorn 235 RNA for

every mole produced from 16s RNA. However, these suggestíons have

been excluded on Ëhe followíng grounds. There are differences in Ëhe

base composítion of 23s and 16s RNA (stanley and Bock, 1965), ín

oligonucleotíde patterns after nuclease digestíon (Aronson, L962), and

in their 5r Ëermínal sequences (Takanami, l.967). The short fragment

theory was elimínated by the demonstraÊion of íntact 23S RNA by several

workers (Stanley and Bock, 1965). This suggested that the fragments

reported earlier may have been due to contaminating nuclease activity.

The first reports of nuclease acËivity associated wiËh ribosomes

were made by Elson (Elson, 1958, 1959). since this initial work, Ëhe

presence of several nucleases loosely associated with ribosomes have

been reported.

Spahr and Hollíngworth, (1961), isolated and characterized

the fírst of these nucleases known as Ribonuclease I. This heat-stable

enzyme displayed a pH optimum of 8.1 and was act.ívated by monovalenË

catíons K* and N"+, brrt inhibiËed fV u{2. The enzyme dÍsplayed high

acÈivity toward 1ow molecular weíght RNA, and was much more active in

excising adenine nucleotides Ëhan guanine, such Ëhat guanine-rich cores

accumulated in Èhe laËer stages of digestion. Neu and Heppel (1964) have

sínce shown that RNase 1 is actually found in Ëhe periplasmic space

between the cell r¿all and mernbrane, and that it becomes specifically

associated with the 30s subunit upon rupture of the cel1. RNase 1

sËrains have been isolated by Cammack and Wade (1965) and by Gesreland (7966)



Ribonuclease II was first reported by l^lade (i^Iade, 1961; tr^Iade

and LovetË, 796L) and later purífied by Spahr (1964). The enz)rme

shor¿ed requírements for both a monovalenË cation, either K* or NH4+,

and a divalent caËion, either V{2 ot Mrr*2. OpËimum íoníc concentrations

of 5 x tO-2t't and 1O-4 - fO-31¿ respectively were reported. RNase rI

was ínhibited by urea, sodium ions, and ATP (Venkov eË al. , L97I) .

Zinder (Robertson et al. , 1967) ísolated Ribonuclease III

vrhich was unique in ËhaË it was specific for double stranded RNA.

Ribonuclease IV an endonuclease \¡ras reported by Spahr and

Gesteland (L967). Very loosely associated to ribosomes, iË was removed

in the first ammonium sulfaËe wash in Kurlandrs (f960) purification

procedure.

Ríbonuclease V, so named because it releases 5t-nucleotides

in a 5t to 3t direction, \^ras isolaËed by Kurvano et al . , (L969, 1970).

They showed the er;zyme required: ribosomes, G and T factors, tRNA, K+

+ J-t
or NH,' ions, Mg'', GTP and a sulfhydryl compound to degrade poly U,4'
poly A and T, phage or E. coli in RNA.

¿+

Kurland (1960) found that 23S RNA of RNase 1 mutants, prepared

by ammonium sulfate precípíËation and washing, freeing thern of RNase II

and RNase IV, was sËíll unstable. Szer (L969) has shown that RNA

degradation Ëakes place under conditions in which RNase I, II and V are

not active.

There has been some evidence presented which suggests that thís

nuclease activÍty may be associated Tríth a protein that ís ríbosomal in

origin. Szer (1969) working with E. colí Q* demonstrated endonucleolytic

acËÍvíty associated with the split protein fracËion of 50S ribosomal

subunits. Furthermore, RNA ín the resulËing core parËicle became sËable



af Ëer removal of split proteins. rn E. coli Iß.E 600, staehelin (1969)

shor¡ed that a nuclease activiËy was tightly bound to the subunit and

r¡ras presenË af ter formation of core particles.

rt ís at this point that our knowledge of ribosomal RNA

instabílity stands excepË Ëo point out that ínstabiliËy of ribosomal

RNA ís not limited to the ríbosomes of E. colí. Leaver and rngle (Lg7I)

have shown that Ëhe 23S RNA of chloroplast ribosomes from a great many

plant species, \^7as specifically degraded. In some cases the instabilíty

r.ras specífica11y associated with the 16s RNA species. Rosenthal and

randola G970) demonstrated Ëhat it was the 16s RNA of s. aureus

that was specifíca11y degraded. The 28s RNA of 80s ribosomes also

demonsËrated specífic instability. Ravson et a1. (I97L) have shown this

wíth Euglena gracílis ribosomes, and recently Ishikar¿a and Newburgh (I972)

rvorking r¿íth Galleria mellonel1a have added further support for a ribosomal

nuclease activity. They were able to demonstraËe the instabiliËy of

28S RNA under condiËions in which the precursor RNA remaíned stable.

This would suggesË that the RNA became unstable after the bínding of

ríbosomal proËeins.



III. MATERIALS AND METHODS

0rganisrn: Escherichia coli MRE 600, a RNase I mutant (Cammack ¿n¿

Wade, 1965) served as the source for all ribosomes used in this study.

The cells \¡/ere gror¡zn in casamino acid-enriched basic sa1 t media of

Kjelgaard and Kurland (1963) to 3/4 staËionary phase in 15 líter carboys

with forced aeration at 37oC. The cells were harvesËed. !üith a Sharples

cenËrifuge, d.ispensed into 50 g lots, and st.ored, at -76oC.

Isolation of Ribosomes: Ribosomes r¿ere routinely isolated fron 50 g

cells following the method of Kurland (1960). The ce1ls suspended in

TM buffer (0.01 M Tris pH 7.6 + 0.01 M magnesium acetate) were ruptured

ín an Aminco french pressure cell at 101000 p.s.í. The lysate was

centrifuged at 27 ,OOO x g for 30 minutes in a Sorvall RC2-8. The

supernatant \^ras subjected Ëo 3 successive ammonium sulfate fractionaËíons.

The resulting pellet r^ras solubilized in TM buffer containíng 0.6 M

amrnonium sulfaËe and pelleted at 100,000 x g for lB0 mÍnutes. The last.

step r^ras repeaËed twice. The final pellet was dissolved in TM buffer

to a concentration of 500-B0O AZOO units and díalysed agaínst the same

buffer. The dialysed ribosome fraction was dívíded to 1 m1 portions,

frozen ín liquíd nitrogen and stored at -76oC.

Isolation of Ribosomal Subuníts: Ribosomal subunits were isolaËed by

in either (a) a Beckman SI^125.2 rotor, orsucrose gradient cenËrífugaËion

(b) a Tí-15 Zonai- roËor.

(a) SW25.2 Gradient Centrifugatíon: 70S ríbosomes in TM

either dialysed againsË TKM buffer (0.01 M Trís + 0.05 M KC1

Mg(Acet)2) for B hours prior to being applied to gradients,

pelleËed at 1001000 x g for 3 hours in a Beckman 50.1 rotor

+

or

and

buffer were

0.001 M

they were

then
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dissolved in the same low magnesÍum buffer. Betv/een 250 and 270 A260

units of ríbosomes in a volume of 1 mlvere applied to a 60 mL 5-20%

sucrose gradient prepared in the same buffer. The gradíents ü/eïe

cent.rifuged ín a Beckman SI^125.2 rotor at 25,000 r.p.ur. for 12 hrs. ax 4oC

in a Beckman L2-65B ulËracentrifuge. The gradients were collected by

piercing the bottom of Ëhe tube usíng a perístaltic pump Èo collect 1.6 ml

fractions in an rsco modeL 272 fraction collector. Alíquots of each

fracËion \¡lere appropriately diluted and assayed spectrophotomet.rícally

aE 260 nm. The 50S and 30S peaks were pooled as in Figure 1, and

precipitated with 0.6 volumes of ethanol (staehelin et al., L969). The

preeipitate rtras collected by cenËrifugaËion at 10,000 x g for 15 minutes,

dissolved and dialysed against TM buffer, at a concentration of 3OO-400 ÃZOO

units/ml, then stored ín 1 m1 port.ions at -76oC until used.

(b) Zonal Centrifugation: Fifteen thousand AZøO uníts of 70S ríbosomes

in Tluf buffer \nrere centrifuged at 100,000 x g for 3 hours in a Beckman

50.1 rotor, and the resulting pelleË T¡ras resuspended ín 40 m1 of TKM

buffer. A 11300 mI 5-207" sucrose gradient with a 365 m1 cushion of.30"/.

sucrose, all ín TKM buffer, l{as generat.ed in a Beckman Ti 15 rotor with

the use of an rsco Díalagrad Ptunp. The pump was adjusted as in Table A

so Ëhat the gradient r^7as made auËomaËically by mixing 30% sucrose in TKM

with the buffer ítself. The sarnple \^/as applied to the gradient wíth a

syrínge folloi¿ed by 50 rn1 of TKM buffer as an overlay. The rotor was

accelerated from 31000 r.p.m. to 34,000 r.p.m. and maíntaíned aË Ëhis

speed for L2 hours at 4oC. AfËer centrifugation the rotor was slowed to

3'000 r.p.m. and unloaded by expelling the gradient with 3OZ sucrose at a

raËe of 10 ml/min. The fractions were collected in a refrigerated fract,ion



FIGURE 1. Sedimentatíon profile of 50S and 30S

ríbosomal subunits isolated by centrifugation ín

a 5-20% sucrose gradient prepared ín TKM wíth a

Beckman SW25.2 rotor at 25,000 r.p.m. for L2 hours.
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collecËor, arld assayed spectrophotomet.rically at 260 nn after samples

vlere appropriately diluted. The 50s and 30s peaks were pooled as in

Figure 2. The pooled fractions r¡rere precipitaËed with 0.6 volumes of

eËhanol, collecËed by cenËrifugation at 10r000 x g for 15 minutes,

dissolved in and dialysed agaínst TM buffer, then stored in I ml portions

(300-400 A,UO units) ax -76oC.

The 1eve1 of conËamínat.ion between 50S and 30S subuniËs

was det.ermined by analytical sucrose gradient centrifugation in a

Beckman SI{50.1 rotor. A total of I A269 unit of ríbosomal subunits in

0.1 ml TKM was layered on a 5-20% sucrose gradienË of 5 ml prepared in

the same buffer. After centrifugation at 501000 r.p.m. for 1 3/4 hours,

the gradíents were analysed aL 260 nm using a flow-through cell adapted

to a Gilford Model 2400 spectrophotometer (Figure 3).

Cesium Chloride_Core Particles: Staehelints method (Staehelin and Meselson,

1966) for separating surface proteins of the 5OS subunit into a splít

protein fraction, and a core fractíon composed of 23S RNA and the

remaining 50S ribosomal proteins was used. Two hundred ArUO units of 50S

subunits in a 5 rnl gradient. composed of 4.2M cesium chloride, 0.01 M

magnesium acetate, 0.015 M Trís (pH S.0) and 6 x 10-3 M,p-mercaptoethanol

\^rere cenËrifuged at 501000 r.p.rn. f.or 48 hours at 4oC in a Beckman

Si,{50.1 rotor. After piercíng Ëhe botËom of the gradient 0.5 ml fracËíons

were collected and assayed at 260 nm at the appropriate dilutíon (Figure 4),

Isolation and ElecËrophoresis of Ríbosomal Protein: Proteirrs ü/ere isolaËed

by the method of SpiËnik-Elson (1964). Ribosomal subunits ín Tl4 buffer

(300-400 A26O units/ml) were mixed with an equal volume of 8M urea-4 M



FIGURE 2. Sedimentarion profile of 50S and 30S

ribosomal subunits isolated by zonal- centrífugation

ín a 5-20% sucrose gradient prepared in TKtuf.

EI - ConcenËration of sucrose.

O - Absorbance at 260 nrn.
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FIGURE 3. Sedímentation profile of purified 50S

ribosomal subuníts afËer analytícal cenËrifugatíon

ín a 5-20% sucrose gradient prepared in TIOI buffer

at 50,000 r.p.m. for 13/4 hours in a Beckman StrnI5O.l rotor.
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FIGURE 4. Cesium cloride core particles prepared by

centrifugation of 200 A269 uníts of 50S ribosomes at

50,000 r.p.m. f.o-r 48 hours through a gradient of 4.2 M

cesium chloríde in 0.01 M Tris, 0.01 M magnesíum acetate,

and 6 x 10-3 M $-mercaptoeËhanol in an SL{50.1 roËor.
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líthium chloride and left ín ice for 48 hours. The precipítated RNA

I^7as removed by centrifugaËion at 101000 x g f.or 10 minutes. The

supernatant containing ribosomal proteins was díalysed against 0.02 M

Tris (pH 8.0), 6 M urea, and 6 x 10-3 M g-mereaptoeËhanol.

Electrophoresis was carried out by Ehe method of Leboy, Cox

and Flaks (1964) at pH 4.5. Fifty to 100 micrograms of proËein was

applíed to each ge1. After electrophoresis at 3 ma/tube the gels were

fixed for 2 hours Ln L2.5"/" TC/^ and staíned overníght in 0.052 Coomasíe

Brilliant Blue in L2.5"/" ICA. Gels were transferred to l0Z TCA for

destaining.

IsolaËion of Ribosomal Ribonucleíc Acíd: Ribosomal RNA was isolated

from 70S particles after dialysis against 0.1 M sodium acetate, 1 m M

EDTA (pH 6.5). The samples \.üere mixed with an equal volume of B M urea-

4 M lithíum chloríde and 0.6 volumes of 10 M lithiurn chloride. The

mixture was allowed to stand at 4"C for 48 hours before the rRNA was

pelleted by centrifugatíon aE 10,000 x g for 10 mínutes. The supernatant

I¡ras removed wíth an aspirator and the pellet washed in 4 M urea-2 M lithium

chloride. The rRNA was either dissolved in the sodium acetaËe-EDTA buffer

and sËored at -76"C, or dissolved in TKM buffer and separated into 23S

and 165 RNA fractions by sucrose gradíent centrifugation in a Beclcman

SI,ü 25.2 roror (Methods), for 24 hours aE 25r000 r.p.m. The pooled

fracËions (Figure 5) were precipitated with 2 volumes of ethanol and

sËored in this form at -20"C. Analytical sucrose gradient centrifugation

(Fie. 6) revealed little free 165 RNA contamination of the 23S RNA.



FIGURE 5. Sedimentation profíle of 23S and 165

ríbosomal RNA ín 5-207" sucrose gradients prepared in

TKM and cenËrífuged at 251000 r.p.m. f.or 24 hours

in a Beckman SW25 .2 rotor.



1B

Absorbonce 26O nm

AO

-n
Þ
c)
:i.o
=
fI



FIGURE 6. Analytical Sucrose Gradient Centrifug-
ation Sedimentation profile of isolated
23S RNA on a 5 - 202 sucrose gradient

spun for 1 3/4 hrs at 50 K in a

Beckman SW 50.1_ Rotor.
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Ribonuclease Assay: Ribonuclease activity r^ras assayed by examination

of electrophoretíc migration patËerns of rRNA ín 0.2% SDS - 2 L/27:

polyacrylamide gels after appropriate incubation. Assays r¡rere carried

out in final volumes of 0.1 ml of 0.01 M Tris (ptt 7.8) contaíning

170-350 Ug rRNA. The reaction was sËopped by making the assay mixture

0.22 SDS and cooling ín ice. Samples were heat-denatured at 72"C for

1 minute to disrupt secondary structure (Stanley and Bock, f965) prior

Ëo electrophoresis. Electrophoresís was carríed out by the method of

Peacock and Dingman (L967) except the system contained 0.22 SDS in both

gels and buffer. ElecËrophoresis was carried out at pH 4.5 at 3 ma/tube.

RNA mígration \^ras analysed by staining gels or spectophotometrically.

Inlhen stained 35-44 ug of RNA r,ras applied to the gels. The gels were

fixed in solution A (40% ethanol, 4Z aceEic acid) for L-2 hours at 37"C,

and stained in 0,091l Toluidene Blue 0 Éolutíon A. Destaíning was

carried out at room temperature in solutíon B (307. ethanoL, L7" acetic

acid). Gels r¿ere also analysed by scanning at 260 nm in a Gilford Model

2400 or Shimadzu MPS-500L specËrophotomeËer equipped with a linear

transport accessory.

For spectrophoËometric analysis with the Gilford 35-44 Ug of

RNA was applied to gels r¡hereas r,,riËh the Shímadzu onLy L7-22 pg of. sample

was required. The amount of RNA left intacË after incubatíon is expressed

aS a percentage of the 23S RNA in the control câlculated by weighing

the 23S peaks.

Procein Determinations :

(resl).

Protein T¡ras assayed by the method of Lowry et al.
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IV. RESULTS

Ribosomal Components: Proteíns of ribosomal subunits, isolated by

sucrose gradient centrifugation (Methods) , lrere exËracted from 200 A2 66

units of subunits in urea-lithium chloride (l'Iethods). Fifty to 100 pg

of ribosomal proteins were electrophoresed into urea-polyacrylanide

gels t,hen stained with Coomassie Blue (Methods). The electrophoretic

patterns of the 30S and 50S proËeins (Plate 1) were identical to Ëhose

obtained by Kurland, (197J-), using the s.âme procedures. Thís indicaËes

thaË the ribosomal preparaËiorr vras pLtrecontaining no extraneous proËein.

The integrity and purity of ribosomal RNA was examined by

electrophoresis in SDS-polyacrylamide gels aË pH 8.6 (Methods). Five

4266 units of ribosomes in 0.1 nl of 0.0llf Tris (pH 7.8), were made

0.2% wi-th SDS, heaË denatured at 72oC for I min., and 10 micro-liters

were applied to ge1s. After electrophoresis, gels \^rere scanned at 260 nm

in a recording spectrophotometer (MeËhods). The RNA appeared as 2 dístinct

peaks representing 23s and 16s RNA, and r¿as free of oËher species of

Ri\A and degradaËion products (Plate 2). Generally Ëhe 55 RNA could not be

clear.l-y Cistinguished, since the ge1 \ntas too porous to retard. t.his species,

and the actual content of the 55 RNA in the samples was very small, less

than 1 ¡rg.

StabiliËy of Ribosomal RNA in Intaç,t Ribosomes: The results shor¿n in

Plate 2 deuonstrated thaË both 23 and 165 RNA species trere inËact when

examined in situ ín 70S ribosomes. SËorage of ribosomes aË OoC did not

alter the results. The stability of RNA after incubation at 37oc,54oc,

and 6ooc is shown in Figure 7. The st,andard assay míxture (ltethods)
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FIGURE 7 - Stability of Ribosomal RNA.

8,7 A,260 uniËs of RNA were incubated at

were made 0,2"/" wi-L1n SDS, heat denatured

A. Control n.3 hrs 37oC C. 11rr 54oC

Reactíon mixtures contained

desj-red Ëemperatures. Samples

and electropheresed (Methods)

D" t hr 60oC,
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containinC 8.7 A269 units of ribosomes was incubated at the stated

t.emperatures. Sarnples T¡rere removed at 30 min. intervals for 3 hrs.,

made 0.27. witlr SDS and placed in ice to stop the reaction. After heat

denaturation at 72oC for 1 min., electrophoresis \¡ras caïried out and

gels scanned at 260 nrn. Fígure 7, showed that rRNA remained stable

over a 3 hr. period at 37oC, but that degradation occuïred after t hr.

at 54oC, as judged by the decrease in area under the peaks. The rate of

degradaËion (Fígure B) was approximated by weighing the 23S peaks cut

from tracings of gels scanned at 260 nm (Methods). The percentage of

íntact 23S RNA was calculaÈed and ploËËed against time. The results

showed that RNA was auËodegraded in sítu by a process that was dependent

on temperature and time.

Monovalent Catíons: The effecË of monovalent cations on RNA degradatíon

r^ras assayed by adding KCl, NaCl, or NH4C1 at concentrations of 0.05M

to 0.15M to the standard assay mixËures (Methods) conËainin9 8.7 A2UO

uníts of ribosomes ín the presence or absence of lnM Magnesium. Aut,o-

degradation \¡ras measured at 37 and 6OoC for t hr. The reacËíons were

terminaËed with SDS (final concenËraËíon 0.2%,w/v) and 10 micro-liter

samples were electrophoresed in 2 I/2"Á polyacrylamíde gels (Methods).

The gels \^/ere scanned and recorded at 260 nm and the 23S peak was cut

from tracings, weighed and compared to control ge1s. The results

summarized in Table 2 show that degradation of RNA in intact ribosomes

was only margínally affected by monovalent eations in the presence or

absence of 1ow magnesium concenÈratíons. Inlhen high concentraËions of

magnesium were used, NA díd not peneËrate the gels, presumably due to

aggregation.



FIGURE B. Time

Electrophoresís

was carried out.

out and weighed.

Course Degridation of 23S

of Ribosomes incubaËed at

The 23S RNA peaks of rhe

Tlne % 23S RNA inracr was

RNA of Intact Ribosomes.

the desired teurperatures

scanned gels were cut

plotËed against time.
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SËability of IsolaËed Ribosomal RNA: The sËabiliËy of ribosomal RNA

following extracËion of ribosomal proËein in urea-líËhiurn chloride (Methods)

was assayed. The protein content of the extracËed RNA was assayed by

the method of Lowry (t owry et al. , 1951) , using lysozyroe as a standard.

and sho¡¿ed 98.6% of the ribosomal proteín had been removed. The RNA was

dissolved in and dialysed againsË 0.01M Tris (pH 7.8), and incubated aË

37o and 60oC to see whether extracted RNA could undergo autodegrad.ation.

The degradation of the extracted RNA can be seen in Figure 9 which when

compared to Figure 7 reveals a greater degree of ínsËability in the

exËracËed form. In these experíments 1 4260 units of rRNA was electro-

phoresed and scanned at 260 nm. The result,s show Ëhat the degrad.ative

activity remains associated with the rRNA even after removal of most of

the ribosomal proteins.

Dialysis of Ribosomes in Low Magnesium Buffers: The stability of rRNA

under Ëhe condíËions used in isolation of ribosomal subunits was tested,

Èhat is, dialysís against low magnesium buffers (funM). purified 7os

ribosomes r,¡ere dialysed againsË TIo{ buf f er (0.01M Tri-s, 0. o5M KCr, l.gmM

l'fg Acct (pH 7.8)) for 12 hrs. ar 4oc. samples vrere made 0.22 r¿iËh sDS

and heat denatured at 72oc for I min., after which 0.8 A260 uníts of RNA

was applied to gels for eleeËrophoresis (tutethods). As seen in Figure 10,

boËh specj.es of RNA remained intact after dialysis.

: Ribosomes \¡rere dissociated. into
subunits by díalysís in TI3{ buffer, and isolated by centrifugation in a

5-20"/. sucrose gradÍent prepared in the same buffer (Methods). Integrity
of RNA in 30s and 50s subunits vras assayed by electrophoresis of 1 A2 6¡

unit of heat-denatured subuniËs in 10 micro-liters of O.Olùf Tris (pH 7.S)



FTGURE 9. stability of RNA isolated from ri-bosomes i_n urea-

lithium chloride derermined by electrophoresís (Methods) of

samples incubated in 0.01 M Trís (pH 7.8) after incubation at

Ëemperatures indicaËed below and scanned at 260 nm.

A. Control

B. 1 Hr. aË 37oC

C. 1 Hr. at 60oC
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FrcuRE 10. The stabiliry of ribosomal RNA fotlowing dialysis

against low magnesium buffer (TIOI) . Samples vrere díalysed

overnighË and a portion made 0.22 with SDS. L 
^ZOO 

unit was

applied to gels for electrophoresis and scanned at 260 nm

(Methods).
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and 0.27. SDS (Methods). The 165 RNA of the 30S subuníË Tras intact (Plate

3A), however Ëhe 23S RNA of the 50S subunit showed marked degradation

(Plate 38).

Fífteen to 2O% of Ëhe RNA of the 50S subunit banded where

165 RNA normally migrates. However, analytical sucrose gradients

(Methods) shor^¡ed the 50S were less L]nar, 5% contaminated with 30S subunits,

índicating that thís material was not 165 RNA from 30S subunits. Since

dialysís againsË low magnesium buffers does not induce degradation of

23S RNA (Figure 10), the observed brealcdown must have occurred during

or following the physical separation of the ribosomal subunits by

centrifugaËion.

Instability of RNA ín Ribosomal Þubuníts: Incubation of 50S subunits in

O.OIM Tris (pH 7.8) at Ëempeïatures between 20 and 70oC showed degradation

of.23S RNA could conËinue ín situ in the subunits. Gels scanned at

260 nm following electrophoresis oÍ. I ArUO unít of 50S subuníts íncubated

as described above for t hr. at 37 or 60oC are shown ín Plate 4. The

characterÍstic paËtern of degradation and temperature dependence of the

reaction can be seen.

The 165 RNA of 30S subunits did not degrade r¿hen incubated at

tempeïaËuïesup to 60oC, however at temperatures greater than 60oC,

degradation of 165 RNA was observed. Although this observation \^ras noË

investigated further, it may be that the RNase activity of the conËaminating

50S subunits (<5"/.) \^ras responsíble.

The addition of monovalent caËions to the reactíon mixture

containin9 L AZ6O unit of 50S subunits in 0.01M Tris (pH 7.8) had lirrle

effect on RNA degradatíon (table 3). Sodíum, potassium, and ammonium
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Plate 3

MsBl$irY

Isolated 30S and 50S ribosomal subunits
\^/ere made 0.22 with SDS and IOD was
applied to gels for electrophoresis
and scanned (Methods).
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50S Ribosomal subunits \^rere incubated
at temperatures indicated in Tris
(pH 7.8), made 0.22 with Sos and
electrophoresed and scanned (Methods).

5OS SUBIJNIÎS
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TABLE 3

50 S Ribosomal Subunits

Assay Mixture Z 235 Ribosomal RNA Intact 37oC

Standard Assay Mixture

Standard+0.05MKCl

Standard+0.05MNaCl

Standard*0.05MNH4C1

442

422

462

43e"

* Standard Assay Mixtures contained 5-10 AZøO units of
ribosomes in 0.1 ml of 0.01 M Tris (pH 7.8). Following
incubation mixtures were made 0.22 with SDS and heat
denatured at 72oC for 1 min. One AZAO unit of
ribosomes was electrophoresed (Methods) at 3 ma/tube,
which \^iere then scanned aL 260 nm. The 23S RNA peaks

vüere cut from the tracings, weighed and the percent
RNA intact cal-cul-ated f rom non-incubated controls.
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chlorides $rere Ëested in concentrations from 0.05M to 0.1M.

The results shor¿ that the degradative ability remaíned actíve

in isolated subunits and was specífically assocíated r"rith the 50S subunít.

Effectors of RNA Degradatíon: The effect of polyvalent anions, (phosphate,

or sulfate) on the rate of RNA degradatíon \ras measured at 37oC in

standard assay míxtures contaíníng O.5M anions (pf or SO7) as the+¿+
potassium salL. Samples ürere removed at 2 min. íntervals, made to 0.27"

SDS, placed in ice, then electrophoresed and scanned at 260 run (Methods).

The 23S RNA peaks from the scanned tracíngs of RNA gels were cut out

and weighed. The percentage of RNA remaining intact was compared Ëo a

control without anions. The raËe of RNA degradaËion was found to be

enhanced several fold by the addiËion ofpolyvalent anions. Figure 11

índicates that the addition of trívalent anions has a greater enhancement

than temperature as degradatíon in fO] at 37oC r,{as more rapíd than at
4

60oC in the standard. assay mixture. Optímal activity r¡ras seen at concentra-

tions of 0.05 to 0.15M anions. Urea had a simílar effect between the

concentTations of. 2-6lvI as did lmM EDTA. Since Ëhese reagents affect the

secondary struct,ure of RNA, Èheír effecË may be Ëhe result of opening

sections of RNA to nucleolytíc attack. The increase in acËiviËy due to

temperature may occur by the same mechanísm.

The incubation of 50S subunits at 60oC for I hr. resulted in

Ëhe recovery of >907" of. Ëhe 23S RNA when reaction mixtures (5 AZøO units

of 50S subunits in 0.1 ml of 0.01M Tris (pH 7.8), were made 10% (v/v) with

methanol, ethanol, or isopropanol (Table 4). Agaín ít was not possible

to determine r¿hether the effect of alcohols was due to alterations of

secondary stTucture of RNA or a direct effect on nucleolytic actívity.



FTGURE 11. Tíme course degradation of 50 s Ribosomal subunits.

subuniËs in Tris buffer r¡/ere incubated at 60oc, those in 0.05 M

ro[ uuffer vrere incubated at 37oc. sampres r^rere removed. 2 min

intervals frome@ Ëreated, subunits and at 15 min for subunits

in Tris buffer. samples T¡rere made 0.2% wít]h sDS, elecËrophoresed

and scanned (Methods) . The 23 s RNA peaks r¡rere cut out, weighed

and the Z RNA left intact calculated.

50 S subunits in trís buffer

50 S subuniÈs in phosphate buffer
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TABLE 4

50S Ribosomal Subunits

Assay Mixture* Z 235 RNA Intact at 60oC for t hr.

Standard Assay 442

+10U Alcohol
(methanol, ethanol, isopropanol) 972

+ 0.023 sDS 992

+ l-m M Mercuric Chloride 992

* Standard assays containing 10 AZOO units of 50S subunits
in 0.01 ml of 0.01 M Tris (pH 7.8) effectors \^/ere

incubated at 60oC for t hr. These were made O.2Z SDS

and heat denatured at 72oc for I hr. One AZøO unit was

electrophoresed at 3 ma/tube. The 235 RNA peak was cut
from the tracings of the gels scanned at 260 nm followed
by electrophoresis, and weighed. The percentage of the
235 RNA peak intact following incubation was then
calculated from non-incubated controls.
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The presence of lrnM mercuric chloríde or 0.2% SDS (w/v) ín the

standard assay mixture (Methods), completely inhibíted RNA breakdown

(Table 4). As both reagents are knoum êrLzyme inhibitors, this result

may indicate involvement of a ribonuclease ín the degradatíon of 23S

RNA. Mercury inhibition may indicate the participation of sulfhydryl

groups in this process. Inhibition could not be achieved with iodo-

acetamide, and may indicate the inability of thís reagent to react r¿ith

the active side due possibly to the size of Ëhe molecule.

RNA Stability in Core Particles: Core particles r¡rere prepared in CsCl

frorn 50S ribosomal subunits (Methods). The process removes some of the

ribosomal proteíns from Ëhe subunít. StaehelÍn (Staehelin et a1., 7969)

has shown the number of proteíns removed is dependent or Ëhe concentration

of Cesium chloride. The core prepared in 4.2M Cesium chloríde in urea-

polyacrylamide gels (ptate 5) resembled the y cores prepared by Staehelin

at the same cesium concentration. The core particles were incubated in

Ëhe standard assay sysËem at 37oC for t hr., made 0.2% witin SDS, and L AZøO

unít electrophoresed following heaË denaËuratíon (Methods). Considerable

degradation of RNA was observed on incubation (Plate 6) indicating thaË

the nucleolytic acitiviËy is tightly bound to the 23S RNA. The results

argue againsË the occurrence of nonspecific binding of cyËoplasmic RNase

Ëo ríbosomes during preparation.
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Plate 6

incubated control

Cesium chloride core particles wereisolated and suspend.eã in Tris tpn-Z.elin which they were incubated at'-Sl"Cfor I hr. Samples \,vere made O.2Z with
SDS and electrophoresised and scanned(Methods) .
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DegradaËion of Isolated 23S RNA: As shown previously (Fig. 9A), boËh

16 and 23s RNAts appear intact when extracted from 7os ribosomes.

However, 23S RNA purified by sucrose gradient centrifugatíon (Methods)

from the same RNA was shovrn to be degraded. The integrity of rRNA

fractionated by this procedure \ras assayed by electrophoresis in

polyacrylarnide gels (Methods). The gels scanned at 260 nm (Plare 7)

revealed the purífied 23S RNA r,¡as consíderably degraded while the 165

RNA mígrated as a single peak. Lowry protein determinaËions revealed

0.52 pg of protein remained bound per A269 unit of 23S RNA, i.e.,

approximately I% of the original 44 lte of protein of the 50S subuniË

remained attached during the isolation procedure. The data shows that

degradation is specific for 23S RNA and indicates that the presence of

16 and/or 55 RNA prevenËs degradation.

Isolated 23S RNA r,ras tesËed for stabiliËy by incubating 5 A269

units of RNA ín 0.1 ml of 0.01 M Trís (ptt 7.8) at temperatures ranging

frorn 4-6OoC. The Ëime couïse study of 23S RNA degradation is shown in

Plates 8 and 9. The gels showed the progressive breakdown of 23S RNA

took place result.íng ín the accumulation of material rnigratíng at

approximately 55 and the formation of numerous bands between 55 and 23S.

The rate of 23S RNA degradation was calculated as previously described,

was again found to be temperature-dependent (Fig. L2). The degradaËion

was again independenË of monovalent cation concentraËion. The 165 RNA

remained inËacË when incubated under similar conditions (¡ig. 12).

EffecËors of 23S RNA Degradation: The addítion of phosphate or sulfate

salts to the standard assay mixtures, íncreased the raËe of 23S RNA
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MOBILIT Y

RNA isolated by urea-l-ithium chloride extraction
from intact Ribosomes rlüas separated into 23S and
16S fractions by gradient centrifugation (Methods).
Samples were made 0"22 with SDS and electrophoress6
and scanned (Methods).
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Time course degradation of 29S RlüA. Samplesvrere incubared ar 60oc in-rris_ 6;i'?. ãf: rhey\,vere removed at 2 min. i_ntervals and made 0.2e"SDS and electrophore""J -åna 
"".rrrru¿' iüetrro¿s)





45

zao
E,
L

F
()
l-

i40

165 rRNA 37o

23S rRNA 37 "

23S rRNA 6Oo C

TIME (min.)



FIGIIRE 12. Time course degradation of 23 S and 16 S RNA. Samples

of. 23 S and 16 S RNA were incubated in Tris buffer aË 60 and 37oC.

Samples r¡rere removed at 2 min. intervals aË 60oC and at 15 rnin

intervals at 37oC. These were made 0.2"1 wíEin SDS and L AZAO

unít.s of RNA was electrophoresised and scanned (Methods). The

23 S or 16 S RNA peaks were cut out weighed and the Z RNA

remaining íntacË was calculated.

16 S RNA at 37oC

23 S RNA at 37oC

23 S RNA at 60oC
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degradation at 37oC equal to thar seen ar 60oC in 0.01 M Tris (pH 7.8).

0ptimal rates \Árere reached with dívalent anion concentrations ranging

from 0.05 M to 0.15 M. Urea at concentrations of.2 to 6 M also

increased the rate of RNA degradation and approximately the same

degree (Table 5).

AddiËion of alcohols (rnethanol, ethanol, isopropanol) to a

finat 102 (v/v) concentration completely inhibited RNA degrad.ation ín

standard assay míxtures incubated at 60oC for t hr. (Table 5). Total

inhibition was also observed with 0.2"/. SDS and lm M mercuríc chloride.

Isolation of Ribonuclease Act.ivity: As stated prevíously approximately

I% of the ribosomal protein remained bound to the 23S RNA followíng

extraction in urea-lithium chloride (Methods). This RNA was dissolved

ín Tris-EDTA buffer (0.01 M Tris-HCl, pH 7.8, 1m M EDTA), dialysed agaínsr

this buffer and applied to a DEAE column equilibrated Ín the same buffer.

The column r,úas eluted r,rith a L,200 ml , 0-1.5 M linear KCl gradient in

Tris-EDTA. Eight m1 fractions \¡/ere collected and read at 260 and 280 nm.

The absorbance profí1e obtained (FiS. 13) shows only one peak in which

t]ne 280/260 ratio ís lor¿ (approximatety 0.2) Índicatíng the presence of

RNA free protein. This peak labelled Fraction II was pooled. After

lyophílization fraction II was dissolved in Trís-EDTA buffer to a

concentration of 240 Vg protein/ml. FracËion II protein r¡ras electro-

phoresed in urea-polyacrylamide gels at pH 4.5 (Methods). The sample

gel was partitioned vertically by a thin plastic sheeË such that one half

contained 50 Ug of 50S ribosomal protein, while the other half contained

the fracËion II sample. The "split gelsrr\,/ere run at 3ma/tube and
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TABLE 5

Isolated 235 RNA

Assay Mixture Z 23S RNA fntact
Conditi-ons of
Incubation

Standard Assay

+ 10% Ethanol-

+ 10% Methanol

+ l-0% Isopropanol

+ 0.22 sDS

+ lm M ng(Cl)z

+ 0.05 M K2HPO4

+ 0.05 M NarHPOn

+ 0.05 M K2SO4

+2-6MUrea

362
<5%

962

932

942

9BZ

9BZ

<52

<52

<52

<52

36oc for
60oc for

60oc for

6Ooc for

60oc for

6ooc for

6Ooc for

37oc for

37oc for

lToc for

37oc for

t hr.
15 min.

I hr.

I hr.

I hr.

I hr.

I hr.

15 min.

15 min.

15 min.

l-5 min.



FrcuRE 13. Elution profile of isolared 23 s RNA frorn a DEAE

cellulose column using a línear gradient of KC1. Fractions

were read at 260 and 280 nm.

Absorbance aE 260

Absorbance at 280
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stained ín Coomssie Blue (t"tethods). As seen in Plate 10 only one

protein band was visible in the fraction II sample which co-electro-

phoresed wíth one of the 50S ribosomal proteins. Judging from its

electrophoretic mobility, Lhe protein r,¡as one of the most basic proteins

and probably eorresponds to protein 32, 33 or 34 of. Kaltschmidt and

InlíËtman, (1970) . It ís hoped that 2 dimensional electrophoresis of

the protein r,,¡i11 show íts exact identity.

Ribonuclease Actívity of Fraction II: Nuclease activity of the fraction

II proteíÍr \^ras assayed using stable 23S RNA as a substrate. The RNA

was made stable by repeated precipitaËion in alcohol. This RNA remained

stable at temperatures up to BO.C for t hr. (Plate 11). For Èhis assay

5 AZ6O units of stable 23S RNA ín 0.1 rnl of 0.01 M Tris (pH 7.8) rqas

incubated with fractíon II protein (1.8 ug or 3.6 ug). Equal volumes

of Tris-EDTAwere,added to controls. The assays r¡ere incubated at 37oC

for t hr., then made 0.271 wLth SDS and heat denatured at 72oC for 1 min.

0t. 4260 unit of RNA was electrophoresed and scanned at 260 nm (Methods).

From Plate 12 Lt can be seen that control samples remaíned stable

following incubatíon but that. those containing Fraction II protein

exhibited marked degradaËion.
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Pl-ate l_0

Split Gel

Urea-
Polyacrylamid.e

(pit 4.5)

50S ,rÌoteins
DE-.tr - eluate

S$ G--
,

Urea-polyacrylamide gels (Methods) were prepared. in
such that the upper gel vras dívided in half by a
plastic divider. Urea-lithium chloride extracted
50S proteins \,vere run in one half the gel and the
Fractj-on ïT DEAE protein on the other.
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Plate 11

STABALIZED 23S RNA fHr.80C
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Purified 23S RNA was subjected to repeated.
precipitation in TK buffer with 0.6 V ethanol.
Following treatment samples were incubated at
BO"C in Tris (pH 7.8) buffer for 1 Hr and then
made 0.2e" with SDS. Samples \,vere then
electrophoresed and scanned (Methods) .
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MOBILIT Y

Stab lized 235 RNA was incubated in Tris
EDTA buffer v¡ith 0, 1.8, or 3.6 ug of
Fraction If protein at 37oC for 30 min.
Samples were made 0.29 gDS and electrophores ed
and scanned (Methods).
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V. DISCUSSION

The insËability of 23S RNA has been a confusíng facror in

attempts to elucidate the structure and function of the ribosome.

Early beliefs that 23S RNA was composed of short RNA f ragments or t\^ro

strands of 163 RNA r¡ere set aside with the isolati-on of ribosomes wíth

intact 23S RNA (see Historical). However, the isolation of intact,

stable 23S RNA has stíll not been achieved. It ís therefore evident

that during the procedures of isolation, 23S RNA is degraded eíther by

nuclease activity, or through some rupturing of specific weak areas in

the RNA polymer.

The spontaneous breakage of RNA strands is a difficult concept

Èo perceive in the light of the wealth of knor,¡1edge amassed on the chemical

nature of nucleotide bonding. InIe have been able Ëo demonstrate the loss of

ínstabilíËy of isolated 23s RNA upon storage of rhe RNA as an ethanol

precípitate, or by repeaËed reprecipiËatíon in ethanol. This again is

difficult to explain by spontaneous and specific cleavage of Èhe RNA.

There is, however, much evidence pointing to Ëhe specific

degradatíon of the 23S RNA by nuclease acËivity ¡"rhich seems Ëo be

associated with the 50S subunit.. IË was shown that degradation of rRNA

followed a specífíc course of events with the specíficíty expected of

an enz)rme generated reaction as seen in Plate B, and Plate 9. Secondly,

although it is often difficult to determíne íf effectors are acting on the

substrate, or enz¡rme, complete ínhibition of RNA degradaEion can be brought

about by 0.2"Á SDS or lm lu1 mercuric chloríde. Both these reagents inhibit

enzyme activity either by disrupting protein conformation, or by binding

sulfhydryl groups in active siÈes of proteins. The srabiLízatíon of.
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RNA as a precJ-pitate in ethanol r¿ould indicate the possible loss of

the enzymatic activíty which was associated with the RNA on isolation

(plate 7 and 8). Finally the degradation of stabilized rRNA by addition

of a proteín component eluted from urea-lithium chloride extracted RNA on

DEAE-cellulose (P1ate 14), supports the contention that an RNase ís ínvolved.

Characterízatíon of Nuclease Degradation:

InËact Ribosomesz Szer, (L969), working with E. ggli QfS, an RNase I

strain (Gesteland, L966), reported that both 23S and 165 RNA were unsËable

after sËorage at 4oC and that Èhe rate of degradation ûras temperature

dependent. In E. coli MRE 600 (Cammack and Inlade, L965), rRNA was found

Ëo be much more stable. Both 23S and 165 RNA species r{ere intact upon

isolatíon of ribosomes (Plate 2), and remained so after several months of

storage at 0"C. The rRNA remained stable following incubation for 3 hrs.

at 37"C with preferential degradation of the 23S RNA occurring after t hr.

at 54oC (Figure 7). The apparenË specifíc loss of. 235 RNA may have been due

to the formation of 165 RNA as a product of 23S RNA degradation, replacing

the last 165 RNA. The addition of monovalenL cations Èo stabil-ize the

secondary structure of ribosomal RNA had no effect on stabilizíng RNA

incubated at elevated temperatures. Dialysís of ribosomes agaínst

dj-ssociation buffer (frcf), resulted in stable RNA (l'igure 9) in spite of
+)

lowering the Mg'- ion concentration to 1m M.'

Approxímately I% of the ribosomal protein remaíned bound to rRNA

following extractj-on of intact ríbosomes in urea-lithium chloride (Methods).

The isolated ribosomal RNA rnras found to be inÈact upon ísolatÍon, and

stable in storage. It was, however, more susceptíble to nuclease

degradation, showing ínstabilíty at 37oC and rapid breakdown ar 45oC

(Figure 9).
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It appears Ëhat both 23S and 163 RNA specíes are stable in

intacË ribosomes or RNA ísolated from intact ribosomes of E. coli MRE

600. Differences in RNA stability between straitrs Q13 and MRE 600 rnay

be due to the location of the nuclease. As will be shown laËer, Ëhe

nuclease of Qt: was found ín the split protein fraction of a CsCl

gradient, whíle that of MRE 600, in the core. The surface position of

the nuclease could lead Ëo easíer release, or conformation activation

of the enz)rme itr Qt3. The RNA stability was not altered by the addition

of monovalent catíons Ëo a concentratíon of 0.15 M or by the reduction

of the magnesium ion concenËration in díssociatíng buffer (TKM) to lmM.

Thís indicates that Ëhe RNA placed on sucrose gradients for díssocíaÈíon .

was inËacË prior to the separation of ribosomal subunits. The greater

stability of rRNA in íntact ribosomes as compared to isolated ríbosomal

RNA was most likely due to increased conformaÈional stability brought

about by the specific protein-nucleic acid, and possibly protein-proteín

interacËions, which confers Ëhe conformation of the ribosome. The 165

RNA moiety also seems to have a stabilizing ef.f.ect, as degradation cotnmences

immedíately upon separatíon of 165 RNA from 23S RNA (Plate 3 and 7).

RNA Stability in Isolated SubuniËs: On isolation of ribosomal subunits

ít was found ËhaË 165 RNA remaíned intact, alËhough considerable degrada-

Èion of the 23S species had occurred (PlaËe 3). As stated previously,

the rRNA was intact when applied to gradients, índicatíng that degradation

took place during or immediately following separation of ribosomal subunits.

The cause for the immediate activation of nuclease activity is unknown.

As isolatíon was carríed out in TKM buffer, in which RNA remained sËable

previously, it doesntË appear to be an ioníc factor. Infante and his
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co-\'üorkers (InfanLe and Bairlein, 797I; Infante and I(rauss, L97L),

have shown that separaËíon of subunits is due to a pressuTe phenomena

raËher than a conformational change brought about in low magnesíum.

trrrhether pressure dissociation occur.s or alters conformation ís yet

unknown, but dissociation of subunits does seem to trigger RNA break-

down. Gels revealed a characterístic breakdown pattern (Plate 3 and 4)

wíËh the majority of Ëhe degraded RNA banding near 165. Incubation of

50S subunits led Ëo a further loss of 23S RNA as judged by the loss of

the 23S RNA peak (Plate 4). No exonuclease activity could be found by

measuríng the supernatants of reaction mixtures following precípítation

r,¡ith acid or alcohol at 260 nrn. As with intact ríbosomes the degradation

of RNA was independent of the monovalent cation concentration.

The rate of RNA degradation r¡ras markedly increased with the

addition of phosphate or sulfate salts (sodíum or potassium), at

concerit.Tations between 0.05 M to 0.15 M. The rate of degradation in

50S subunits is much slov¡er than that seen in isolated 23S RNA. Sarnples

of 50S subunits íncubated at 37oC ín 0.05 M PO43-, degraded at the

same rate as 23S RNA at 60oC. If the increase in activíty r¡/as due to

unfoldíng of RNA, it r¿ould appear Èhat {xfvalenË anions r¡rere more ef f ective

in opening RNA to attack than elevated temperature. The same effect

T¡ras seen when reacËion mixËures vlere made from 2-6 M. with urea. EDTA

also had Ëhe same effect on RNA degradation probably by opening the

RNA to attack. Rodgers , (L964) has shovm that bound magnesíum I¡Ias

not lost upon dialysis agaínst lm M magnesíum or distilled \,üaLer, but

thaË it was released in lm M EDTA resulting in the unfolding of rRNA.
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fnhibition of RNA degradatíon Tdas also displayed. Again it

was diffículË to determine if effecËors alËered the nuclease actívity

or the substraËe conformation. Alcohols (methanol, ethanol, or isopro-

panol) in a I0Z (v/v) ratio completely inhíbited RNA degradation.

Thís may have been due to an increase in the secondary structure of

the RNA or proteín in the more hydrophobic environment due to the

addítion of the alcohol. It may also have been due to the complete

denaturatíon of the nuclease although degradation of RNA stored as

ethanol precípitationdoes occur after resuspension of the RNA in Trís

buffer. Mercuric chloride and SDS, tr^ro strong proteín inhibitors also

stopped the degradaËion of ribosomal RNA when reaction mixËures hrere

made lm M or 0.2% (w/v) respectívely (Table 4).

It. appears that separation of ribosomal subunits activates

nuclease activíty, specifically agaínst Ëhe 23S RNA of the 50S subuniË.

This degradation \,ras temperature dependent and proceeded ín what appears

to be a sËepwise manner from 23S -) 165 -) + 55 and 45. RNA degradation

was stimulated by the addition of trtvalent anions, urea, and EDTA.

Although all unfold RNA, the exact mechanísm of their effect cannot

be judged. A greater rate of degradation \^ras seen in the presence of

these effectors than was seen r¡ith increased temperatures. The nuclease

activíty was stopped by the addition of alcohols to Ëhe reaction mixture,

and in the presence of mercuric chloride and SDS.

Ribosomal Core ParËicle: Szer, (L969) found that rRNA of E. colí Q-t"

was stabiLízed by the formation of core particles by cesium chloride

centrifugaËion. He was also able to demonstTate ribonuclease acËiviËy
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associated with the 'tsplitrr protein fraction, which vras active against

stabilj-zed ribosomal RNA and MS2 phage RNA. Staehelin eÈ al., (7969)

workíng with sËrain MRE 600, found that the RNA in the cesium chloríde

core particle conËinued to be unstable. Our results \,üere ín agreement

wíth Staehelín ín that cores (plate 5) formed by 48 hrs. of centrí-

fugation in 4.2 M CsCl hrere unstable when incubated at 37oC (Plate 6).

As centrifugation of 50S subunits in cesium chloride strips the surface

proteins, it would appear that the nuclee.eis buried deep in the RNA

core, indicating that it may be ribosomal ín origin. No nuclease

activíty was seen when Ëhe "split" protein fraction was incubated

against 165 RNA at 37oC.

Isolated Ribosornal RNA: Isolated ribosomal RNA was prepared by

exËraction of the protein fraction of intact ribosomes in urea-lithium

chloride (Methods). The RNA thus exËracted vüas intact (IÍgure 9) and

remained so on storage at OoC. In assays the extracted RNA behaved in

much Ëhe s¿Ìme r¡ray as that found in the inËact ríbosome except for a

decrease in stabílity.

Purifíed 235 RNA r/ras prepared from Ëhe urea-lithium chloride

extracted ribosomal RNA by sucrose gradient centrifugatíon (Methods).

The separaËion of the 23S RNA from the 165 moiety led to the degradatíon

of the former while the latter remaíned stable. The reason for the 23S

RNA stability in the complex is unknown. The addition back of the 165

RNA did noË sËabilize the 23S RNA during incubation at 28 or 37oC regard-

less of the magnesium or cation concenËrations up to 1m M or 0.15 M

respectívely.
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The isolated 23S RNA r¡as far more unsËable than that in the

50s subunít. rn the 50s subunit the raËe of 23s RNA degradation \,ras

much more sensitive to the dívalent anion concentration than it \,üas to

temperature. Isolated 23S RNA however showed the same maximal rate

of degradation at 6OoC as that seen at 37oC ín 0.05 M phosphaËe.

Thís is probably an índication of the structural stability conferred

by the ribosomal proËeins in the 50s subunít (FiguTes 11, L2). AlËhough

23s RNA r¡ras more unstable at 60oc, the addition of alcohols (LO% w/v

methanol' or eËhanol), SDS (0.2%) or mercuric chloríde ( 1m M) compleËely

stabilized Ëhe 23S RNA (Table 5).

Lowry proteín determinaÈíons revealed thaÈ approximately

L% of. the 5OS ribosomal proteins remaíned bound to the 23S RNA fo11owíng

extraction ín urea-lithium chloride, or in phenol (Nomura et al. , 1968).

As the extracËed RNA was susceptible Ëo auËodegradation the RNase must

be a tightly bound protein.

As stated previously the nucleolytic actlvíty associated !üíth

23S RNA was far more unstable than in intacË ríbosomes or subunits

and was be lost on prolonged storage as an ethanol precipitate or by

many repeated resuspensíons ín TK buffer.

Isolated Nuclease Activity: As the nucleolytic acËivity !üas tightly

bound to 23S RNA, thís was isolated and used as the source for Ëhe

enzyme. The strongly acid nature of the RNA was taken advantage of in

binding the 23S RNA to a DEAE-cellulose column equílibraLed in Trís-EDTA

(ResulËs). Elution of the column wíth a linear 0-1.5 M KCl gradient

yíelded only one protein rich, RNA free peak (Figure 13) as judged by
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the 280/260 absorbance raËios (0.2). The proteín \¡ras concentrated to

240 vg/ml by tyophílízaËíon and resuspension in Tris-EDTA. "Split"

protein gels (Methods), revealed only one pïoteín band present in the

Fraction II sample which co-electrophoresed \,riËh proteir' 32, 33 o-r 34

of ü/ittman eË al., (1970). These proËeíns are the most basic of the

ribosomal proteins and may account for the close association with the

RNA. Characteristic degradatÍon patterns rrere seen when sËabilízed

23S RNA (see above), was incubated wíth fracËion II samples.

The results índícate Ëhat the ínstabílity of isolated 23S RNA

was due to the existence of a nucleolytíc errzyme in the 50S subuniË.

It appears that while the ríbosome \^ras stable, the nuclease was held ín

check to become active only when Ëhe conformation of the ribosome was

altered. It is noË knor¡n if the latent activity was due to the nuclease

being ín an inactive conformation or ¡¿hether the active síte was held

away from the RNA skeleton. The degradation of 23S RNA on isolaËion

of 50S subunits would indicate that present procedures for subuniË

isolation fall short ín yieldíng stable subunits. It also appears

that the ríbosomal proteins are not required Ëo mainËaín the ríbosome

stabilíty in the presence of 165 to 55 RNA, but that they do increase

the stabiliËy when present.

The reason for the presence of the nuclease can only be

speculaËed upon. It may be a self-destruct mechanisrn turned on

by altering ríbosomal conformation for the purpose of ribosomal turnover

or as a long term control over proteín synthesis. It may play a part

in 55 RNA synthesís. 0r it may play a role in the maturatíon of 23S RNA

and Ëhe evenËual assembly of the 50S subunit. The enzyme does T¡Iarrant

further consideration as to the role it plays in the functioning of the

ribosome.
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