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iho mleamphoméie petterns of rBNA isolated from a murbor of
different organiems (. coli, is n g, Nostoo muscorun,
bean seedlings, rat liver, and wouss wr% were investigated. Disc
eleatrophoresis in 10% polysorylemide gels using Tris.boric scid
uffer (pH 8.3), followed by visualization of the bands with mothylone
blue stain, damonstratod that the rRNA of all the organisms investi.
gated wvag a heterogonsous mixture of components. The heterogensity
appeared in 1l rREA preparations, regardiess of the purification
procedurs, 1. o., gel filtration or sedimentation analysis of totel
RiA or dsclation of RNA directly from the ribosomes followed by pre.
cipitation of the rREA with 1.5 1 HeCl. Control experiments for tho
presence of endogenous Rllase in the RNA prepsretions indicated that
the heterogenecus coumponents were not the result of Riasge degradation
of EA. FPreincubal of rRHA with DNase, pronase, and alpha amylass
for 30 minmstes at 37°C produced no significsnt changes in the elesotro.
phoretic banding pattern whareas preincubation of rRUA with Rilase under
identical conditions sbolished &l bands. The results of this 4n.
vestigation tend %o suggest that the multiple genes for rRMA, as
calonlated fyom DEA.YREA hybridization studies, sre not the same.




A CCIPARISON OF TUE RIBOSOTAL RIDOCUCLEIC ACID COF FRLOCANYCEIC
ATD EUCARKYOTIC ORCGANISS USIRCG DISC ELLCTROPHORESIS



IRTRODSCTION

A mmber of pludies are im progvess o dotormins the rolso of
ribosomes in protein syothesis (Disenstadt and Erawarnan, 1967 (hoch
and Ehorans, 1967: Igarashi and Eaji, 2967). Reeent evidenso oupgoots
that ribosomes initiate proiedn syntheasis by atiaching to nfiA
(Bisenstadt oad Droermen, 1967¢ Chosh and Dhorans, 1967) and cot oo
binding sites for the transfor Mli.emino acld cormisxes (Giosh and
Ehorena, 19673 Igarashi and Kaji, 1967). There is very 14%tde gvidence,
howaver, for the roles, if any, of the protein and ribomucledic acid
{H1A) components of rdboscmes in protedn synthesis. Ibre must bo known
abont their structure bafors the function of ribosomes ls determined.

ﬁ in diameter (ef., Fetermarm, 1964}, Ribosomes have beon charasier.
organims, such ag blus.green algas and bacterin, are characterived by
705% ribosomes (Gchachman, Faredes, end Stenior, 19523 DPetosmotw, 10683
Taylor emd Storck; 1964) whoreas 80S ribosomes are charscteristio of
¢he cucaryotic plant and enimal cells (Petermamm, 1564¢ Taylor and
Storck, 196%). Ribosomos found in chloroplasts and mitochondrie
cueazyotic colls appesr to be cimilar €5 those found in procaryotic
erganiems (Lyttiston, 19623 Pollerd, Stemler, and Hlaydes, 19(6; Sager

W5(Gvedbere unit) represents the sedimentation constant of e moleoule,
L.6., amwmmwmmmmu&mmm

assumed to bo proportionsl to the square root of
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snd Hamilton, 1967; Swetedls, Fhilippovich, and Stssskiam, 1967).
Electrophoresis of purified ribosomes shows a single band (Petermenn
and Pavloveo, 1963). The riboscmes are compoged of proteins (#0.60%),
ridormiclelc aodd (60.40%), magnesium ions, polyamines, and possibly a
small emount of lipids (MoQuillen, 1962; Petevmmrm, 1964).

Ribogomal proteins sve primarily structural, but there are a fow
onzymioc proteins usually assooiated with the ribosomes (ribomucliease,
latent deoxyribonuclease, non.latent peptidases, and &wmamam)
(Hoquillen, 1962; Hlson, 1964). The structurel proteins of ribosomes
jsolsted from a singls organism appear to be heterogensous with respect
to chomistry, structure, and function (Waller snd Harris, 1961; Traud,
Bomara, and T4, 1966; Traub, Hosokswa, Craven, end Nomura, 1967; Fogel
and Sypherd, 3.963}«; Reotrophoretio analyses of proteins obtained from
the &28 ribosomes of mice have shown 24 protein components (Eedes,
Kosgel, and Xuff, 1966). Iwenty.four to thirty protein components have
been ddentified in the 705 ribosomes of Escherichis coli (Waller end
Harris, 1961t Loboy, Cox, snd Flax, 1964; waller, 1964; Traub et al.,
1967¢ Solls end Davis, 1968); 11 to 20 of the diffevent bands are found
in the 508 ribosemal subunit (Otaks, Itoh, and Osawa, 1968) and 15 4in
the 305 ribosomal sabunit (Leboy et al., 1964; Fogel and Sypherd, 1968;
Otska ot al., 1968). The ribosomal proteins of . ¢oli (Leboy st al.,
1964; Traud ot al., 1967; Fogel and Sypherd, 1968) and chicken liver
{Lindsay, 1966) have also been soparated into the avidic and basic

components.



Ribosomsl RIA (rRNA) has been shown, by sedimentetion erd Caromatos
grephie otudies, to eomeist of two sige classes with moleculor voirhts
of 0.5 and 1.0 X 10% asltons (cf., Petormman, 1964). The sRIA Cron proe
eazyotie orgonlens (Schachmon ob gl., 1952 ldure, 1962; Clari, [olthews,
avd Relph, 196%; Click emd Tinb, 1967), chloroplsste (Boardran
end ¥ildnan, 1966; loening end Ingle, 1967; Sogers, Preston, Titdicuer,
e Lumane, 19673 Sager and Hamilton, 1967; Stutz end Ioll, 1957), end
nitochendrin (Dure, Dpler, and Barmebt, 1967), whieh 4o dosigmotod 168
andl 238 by seddmantation studies, has boon found to bo emeller then the
185 end 285 TIA of oucasyotdoe plant (Cliek and Tint, 1967; Segor and
Hamdlton, 19673 Stuts and Foll, 1967) and enimal (Click end Tirt, 1967)
eoils. Dese composition studies (Click end Hackett, 1966; Folland g
8l., 1966), compotitive deoxyribomucleie acid (IIA)-rTHA lybridisation
studies (Spilegelman and Yankofsky, 1965s Gibson, 1987), fingerprinting
patterno (Avonson end Deolowesyl, 1965), and 5' torminel nucleotido
enciysis (Sugiura and Takenani, 1967) of FRNA from different cellular
orpensliss and organisms have showmn that ¢hoe basy composition and base

saguences ave spediogespooific.

The toclnique of IIA-rTNA hybridization hes boen utdliced to doterw
mine the DUA seguence homolopous to rRA dn the of both pPIve
caryotic and eucaiyotic organisms. OSuch studies on B. goli (Tenlwlsky
end Spiegelman, 1962, 19¢2bs Attordd, fueng, end Hebat, 1965),

Bogiline sibtilis (Yenkofsky and Splegelmen, 1963; Olshi and Susola,
1965), Pisum sativum (Chipchass and Birnstiel, 1963) Hols cells (iloComkey
el Boplrine, 1964), Drosophils melsnogaster (Ritosss and Spiegeluam,




19653 Vormeulen end Atwood, 1965), and Xenopus lsevis (Wallsce ound
Dirnstiel, 1956) have demonstrated that approximately 0.3% (rengo 0.1%
%0 0.5f) of the cell's DA 46 complementary to the 168 and 235 or 188
avd 289 A components. One odstyon for 233 ri¥A 4n the B. coll
gonoms would represent 0,020 of the total DNA (Spisgelmen and Yanlofsky,
1985); therefore tha obssrved percentage (0.37) of IHA complementary to
oA (MroDHA") implies & multiplicity of eistrons for the riil of an
orgmnisn. Yhe DHA.rRNA hybeidisation studies suggest that thero nay be
10 corplementary cistrons for 235 rRiA in B, coli (Yankefsky and
Spiegelman, 1962e, A962b) and 45 and 33 cistrons for B. subtills 163 and
23S rRIA vespectively (Yenkofsky and Splegelmen, 1963). DRecent date
mmﬁmmmmm&mmmmmm_@.wmm
contain oistronc for 165 end 235 »REA (Vermenlen, 1966; Cutler snd Evans,
1967). In B. muibtilis nine to ten repetiticns have been located in tam.
dem fashion in the L4 sequence for 165 and 238 pRUA (Srdth, Dubnam, &
Foroll, and Varvemr, 1968). Docanse of the lsrger smount of Lii4 per
nuclous in eucaryolic orgspiems then in procaryotic orgsniems the 0.3¢
hybridization iaplies severel hundred cistrons of "m.IA" {(Chipchase
ond Birnatied, 1963 MoConkey and Hoplins, 19643 Ritossa and Spiegelusn,
1935; Vermeulen and Atwood, 3;955)! Clusters of RIA genes have been
found on &bt Isast five of the 22 different Hela cell chromosomes (Hubernan
crd fitardt, 1967). This raises the question of whether the base 5o
guznes Of all these cistrong is the sams.

Hectrophoretic studies have provided Anconclusive evidence for
tho mi¢iplieity of riRNA {ypes sugpeated by the previous hybridization
studios. Mierosomal FRA fvom rabbit liver and lymph nodes {Bachvareff




and Molisster, 1964) has been resolved ints five components and total
aytoplasmic RHA from rat liver (Tesnev, 1965) has been resolved into

nine components using agar gel alectrophoresis. Recently rat liver
total REA and B. coli totel RNA have besn separated into 135 to 20 com.
ponents using olectrophoresis in polysorylamide or agarose gelsz (Holndos
anéd Monre, 1967; Pescock snd Dingman, 1967, 1968; Dingman end Paacock,
1968)., Seven bands have been demonstrated in chloroplast RHA from French
bean ssedlings (Loening and Ingle, 1967). Bromegrass mossic virus REA
has been resolved into three components (Bishop, Claybrook, and Splegel.
man, 1957). Starch gel sleotrophoresis of total RNA extracted from pie.
geon 1iver and pancress (Beney snd Suekeley, 1966) and polyscrylemide gel
électrophoresic of total RIA from pea root tips, rabbit reticulocytes
(Loening, 1967), E. ooli (Bishop et al., 1967; Loening, 1967), rat liver
(King and Fitachen, 1968), Oscilistoris (Losning snd Ingle, 1967), and
Drosophila sp. {Grossbach and Weinstein, 1968), however, failed to dem.
ongtrate hoterogensity. Only two vREA compornents were resclved.

It is 4A3ffioult to conpare and evaluate the results of tho above
investigations for & mumber of reascns. A number of different soluble
Riss (sRFA) have been separated by eleotrophoresis (Richards ard Gratzer,
1964; Richards and Coll, 1965); therefore it is probable that e lavge
manber of the ¢orponents detected aftor elsctrophoresis of total RNA
repregent sRiAs rather than riids. Hany of the propsration procedures
have not included ENase inhibitors. In these cases the vobion of RNase
on the RNA prepsrations may heve contributed to the obsarved heterv.
geneity. The abpence of a mumber of bends in some reported investigations

may bs the result of the use of mmall amounts of KHA for electrophoretic



analysis (10.100 pg QHA per sample). Investigations of the hetorogonoity
of rRUA should: 1. include rigorous controls for Mase; 2. soloct
prinarily rRHA for the electrophoretic anslysis: 5. employ samlos large
enough to deteut minor components Af present; and 4. eomploy siondardized
comditions for RNA extraction and electrophoresis. Attempts uoro nede

to mest thess conditions in this investigation of the electrophorotio
hetorogeneity of rilA fsolated from a mumber of different organisws

(8. goli, Amagystis pidulsne, Doslog rmecozum, beoan scodldngs, rob and
mouse liver).




MATERIALS AND MBTHODS

Escherichis cold A9 (Hfr H, I»t™, Rlase™)* wae cultuved in nutri.
ent broth medium (mtrient broth, 10 gu/Ls dextrose, 7 gn/Li HaGl, §
gmfL) st 37°C. The blue.green algae, Anscystis nidulana®s and Nostoo
puscorum*® weve cultured in Bristol's mediun (Deason and Bold, 1960}
ender forced seratisn. The genersl conditions for slgas onliure fol.
lowed those given by Starr (1960). Bacteris and blus.green algae in
exponential growth were harvested by centrifugation and stored in the
freeger prior to uss, Besn seeds (Burpee's Stringless Gresmpod
Beans, Southern States Cooperative) were germinated on moist filter
paper in three inch petri dishes at room temperature in the dark. Fola
lowing emergence of the radicle the seedlings were removed to large fin.
ger bowls and allowed to grow for spproximately one week. The seedlings
received 18 hours of light per day and daily waterings with Vigore
plant food. The seedlings were stored in the fysezer prior Lo use.
Liver tisesue, dissected from adult rats or mice which were killed by over
amposthetizing, was imedistely placed in an 4ce bath and stored et
~18°C prior to use. Call.fres preparstions wore obtained from each omw
gamisn or tissue and the KNA was extracted either from the cell.fres
preparations or from ribosomes isolated from these preparations,

“#isolated by Vergo and Watson
sefron Indisna University Alges Culiure Cellection




To prepare homogenstes of blus.green algas the cells wers suspended
in 0.5 H mannitol.0.03 M potassium phosphate, pH 6.8, at spproximately
four ml per gram of algse; & small amount of bentonite was slso addsd to
the suspension., lLysosyme (Sigms Chemical Coumpary) was edded €0 give a
final comeantration of 0.05% (w/v) and the suspensicn wes incubated at
36 to 36°C for 30 to 12 houre (Biggine, 1967a, 1967b). At the end of
Refrigerated Cantrifuge, wm FRZ, at 4°C st 1256 =g for 10 mimutss to
reamove debris and vhole cells; the supernatant fluid was collected. The
eells wers resuspended in twice the originel volume of buffer I (see
ippondix I) to lyse any remsining protoplasts and recantrifuged as
ahove. [memamewM‘Wﬂguhmmwﬁh
1imited success depending om the species of slgas used,| The superna.
tant flnids from both centrifugetions were pooled snd made 0.5% with re.
speot to sodium deoxycholate (DOC) by sdding & 208 solution. The mix.
ture was centrifuged in the Beckman Model L prepsrative ultracentrifuge
in the type 30 rotor at 16,000 rpm (28,000 xg average) for 30 minutes
to remove insoluble materdals. The supsmatant fiuid was layered over
two ml of 1 If suorose in buffer II and centrifuged in the type 65 rotor
st 50,000 rpm (105,000 xg avernge) for three hours to ssdiment ribosomes.
The supernatant fluid was carvefully decanted and the gelatinmous ribo.
soms pellets and sides of the tubes carefully rinssd with oold distilled
water. The ribosomss were resuspended in buffer III (see Appendix I)
ty gentle stirring with a wooden spplicator stick. The ribosome pre.
parations were either used immediately for RHA extiwmotion or stored

overnight st ~18°C (Stute and ¥ell, 1967).



The bean seedlings were suspended in three ml of buffer I for ocach
gran of material md homogenized in a Waring blendor for five mimtes,
The homogenate was filtered through a 0.105 mm etandard wirve siove and
fractionated sccording to the procedure of Stuts and Holl (1967) as out.
lired in Appendix 1. Both chloroplast ribosomes and cytoplasmic ribo.
somes were isolated. BRat or mouse liver, suspended in threo ml buffer
I for sach gram of tissue, was homopgenized in a Sorval Ommi.liixer homow
genizor for three minutes., The aytoplasmio mbogomss were isolated by
the Stuts and Foll (1967) precedure. The ribosome preparations wore
either used immediately for RUA extraction or stored in buffsr IIT over.
night.

BiA was isolated either from whole bacterisl or algal colls, cell
homogenates of been seedlings or liver tissue, or ribosomes lsolated
from these organisms according to a mcdificstion ‘of the procedurs of
Pescock and Dingmen (1967). All steps were carrisd out at 4°C. The
suspension of cslls in 0.1 ¥ sodium scetate.0.) K NaCl.0,01 M EDTA, pH
5.0 {acetate buffer) and cell homogenates in buffer I were made up %o &
£inel eoncentration of 5% with respoot to sodium dodecyl sulfets (5DS)
whereas the ribosomes suspensions in buffer IIT were made up to 0.57 with
respect to SDS, An equal wolume of 0.2 I sgodium scetate.0,.2 I [aCl.0.02
1 GDTA, pH 5.0, was also added to the cell homegenate or isolated riboe.
some preparations. Bentonits powder (approximately 1 mg/10 nl of solu.
tion) was added to adsorb Riass. The mixturs was stirred for five min.
utes, after which one.half volure of acotate buffered phenol was added.
The mixture was stirred for 30 mimtes followed by centrifugetion st
125 xg for 15 minntes to break the erulsion. The aguecus layer was

10



removed, mized with onechalf volume of acetats bhuffered phenol, stirred
for 15 minutes, and centrifuged as above. The aguecus layer was placed
in a besker and two to two and ons.half volumes of ise cold 257 ethanol
wore addad to precipitate the RNA. The RNA was precipitated overnight
at «18°C, collectad by centrifugstion, and washed twice with 95% ethanol.

For chromatography RUA wes dissolved in 2 small volume (I . 4% of
colurm volume) of 0.3 I NaCl.0.03 ¥ Tris(hydroxymethyl)aninoe msthans
buffer, pH 7.3, and applied to 2 codlum (40 X 1.5 cm) of Biogel P.100,
exclusion limit 100,000 daltons (Calbiochem). RNA was eluted from the
column with the same buffer and five ml fractions were collected using a
Gilson Hedical Eleotronios linesr fraction eollsctor. The Apgn of each
fraction wag measured with a Deckman DB spectrophotometer. The two
size classes of rREA are excluded from the gel and are found in the firet
poak. Tarougheut this investigetion the concentration of KA 4n pg/wml
was determined by multiplying the Aysn by 20. Fractions under the first
poak, primarily rili, were pooled and reprecipitated with 957 athanol.

inother method used to sslect high moleoulsr waight rREA was that
of IaCl precipitation of rRNA. &HA samples were dissolved in 0.1 I NaCle.
1 mi7 EDTA; the solution was then mads 1.5 M with respect to HaCl and
allowsd to stand st 4°C for 12 hours (Dure st al., 1967), The precipi
tated rRUA was colleoted by centrifugation st 0°C,

Sadimentation snalysis of RUA was performed in a linear gradient of
b o 20% saorose in 0.1 ¥ FaCl.l mif EDTA dn the SH25.1 rotor of the Beck.
man Iodel L preparative ultracentrifuge (Pescock and Dingman, 1967).
The gradient was made by lsyering six ml each of 4, 8, 12, 16, and 207

soprose solutions 4n the 30 nml centrifuge tubes followed by two gentle



stive wx‘kb & ﬂw wire coll to eliminate the interfaces. Aliquots of
mmmmma.zwmm»mwmmumm to three mg RUA ware
W%%mnfmwﬁM‘ Wﬂt@m&em&famﬁmm,ﬁw
rpin for 18.20 hoursi efter which a hole was punched in the hottom of the
tubs snd 32 to mmpwmmm eollected. DBach fraction was made
up to three nl with 0.2 M NaCl.l mif EDTA snd the Ap¢0 was measured. The
fractions with sediventation coefficients of 16.185 and 23.288 were
pooled and reprecipitated with 957 ethanol. |
Mse electrophoresis of rRBEA in poly: mide gels followed the
methods of Richards and Coll (19635) and Pescock snd Dingman (1967)
modified for use with the Polyanalyst Diso Electrophoresis spparetus
(Bachler Instruments, Ine., Fort Les, H. J.). Instructions for pre.
paring the polysorylamide gele and buffer solution used are outlined in
Appendix II. Semples of 200 npg of rREA dissolved 3n 0.1 ml or less of
& solution containing 0,05 M Nall.) ri . pH 6.3, and 303 (w/v)
saoross were layesred on top of the spacor gel of each gel colum., 4
emall smount of bromophenol blue (BPB) or napthol blue black (WEB) in
the same solution was elso pleced on top of esch gel and mixed with Che
RFA with a stirring red. Tris.borio scid buffer, pH 8.3, (Pris, 10.8
gn/Ls bordo acid, 5.5 m‘i; Aigodiun EDTA, 936 wg/L) wee pleced in the
upper end lower buffer chembers of the apparatus. Elsctrophoresis was
ted at & constant cummt of six milliamperes (ma) per gel (a tow
tal of 36 mA for siz gels, 150.200 wolts) until the tracking dye reached
the end of the gel tubes, appmxﬂmtoly b5 minutes with BFD or 55 to 75
mimta'a with NBB. At the end of the electrophorstic period the gels
wore removed fryom the tubss and pleced in 1 ¥ acetic seid for 10 to 15




m&mﬁ;@ in oxrder to lower the pil of the gels for cteining. o gols
wore stained in either 0.2 (w/v) methylems blus er 0.2% (w/v) scridine
orange in 0.2 il sodism acetate-0.2 II acetio acid buffer, pl 4.7, for oms
hour. DLxesss stein was removed from the gels by washing in disltiiled
water for soveral hours (Peecock and Dingwsn, 1967). Gels stained with
acridine orenge ware examined under ultraviolet 1dght to locate the
bsnds.

T order to determine whether the RlA isolsted with phenel was
contaminated with other macromolecules which might result in the spw
pearance of exirs bands during electrophoresis, several enzymic studies
were conducted. Aliquots (not exceedling 0,1 =l wolume) containing
pg PREA wore incubsted for 30 minates at 37°C with 0.0l ml of esach of
the following enzymes: bovine pancreatic ribonuclesss, 4 grade (Calbive
chem), 100 pg/ni of 0.03 ¥ potassimm phosphate, pH 7.04 bovine pane
crestic deoxyribonuclease 1 (Sigms Chemicsl Compary), 200 pg/mi of 0,02
¥ [aGl-0.001 I potassium phosphate.0.001 i HgCl,, pi 7.0s pronase (Cal-
biochem), selfwdigested ab room temperature for one hour bafors use,
100 pgfol of 0.01 M potessium phosphate, pH 7.0; and bacterial slphew
enyisse, B grade (Calbiochem), 100 pg/ml of 0.01 M potassitm phosphats,
PE 7.0. A% the end of the incubation period the resotion mixtures were
immedintely subjected to elactrophoresis as desoribed above (Peacock
and Dingman, 1967).

13



RESULDS

ophoresis of ribosomal RNA prepared by gel filtration
A typiosl separatiom of E. egoli total RA by gel filtration on
Biogel P.100 ia shown 4n Fig. 1. The larger molecular weight Rids,
composed of mostly rEEA, are eiuted from the columm in front of the sRiA.
The rRNEA peak {fravtions B . 13) was pooled and precipitated with 95%
ethano)l. The precipitated RIA was redissolved in & solution containing
0,05 1 BaCl.l wmd EDTA and 30% suorose, and aligquots subjected to electrv.
phovesis on 10% polyacrylanide gel at aix mi/pel for #5 minutes. The
aleotrophoretic pattermn is shown in Fig. 2a; four major dands and four
miner bands were resolwved., The ¥RNA from Anzcystis ridulins, bean chlore.

plasts, and mouge liver prepared in a similsr mmmer by gel filtretion

on Blogel P.100 gave elsctrophoretic patterns shown in Fig. 2b, ¢, and

d. 7o 411 cases & pumber of cumponents ave pressnt. Five major bands

and thres minor bands are shown for A. nidulana »REA; two major and six
rinor bands for besn chloroplest rR¥A; and two major and nine minor bandse
for mruse liver vRNA. The banding pattern of the various rillAs sppears

to be specific for ths organism.

Ribogsomes weres prepared from various organisms scoording 4o the pro.
cedure of Stute and Noll (1967), BRHA was extracted from these ribosumes,
desolved in a solution containing 0,05 M HaCl.l mit EDTA and 3208 gucrase,
and subjected to elactrophoretic snalysis on 10% polyacrylamids gels.

W
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Pig. 1.

Sepavation of total REA !:w gal filtration on Blogel ?«me
Approximately eix mg of - mw BNA were dissolved in
mmafmzﬁmm.ma « P2 7.3, and applied to a
colun (40 X 1.5 en) of B&p@ol P.100. ENA was. eluted from

the coluwmn with the same buffer; five ml fractions were
collscted. The first and second pesks are ribosomal and soluble
PRA respactively.
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Pig. 2.

mammmtm mﬁymt of rRiAs ﬁh&x&mﬂ by gal fil'&m;tim of
RNA on Bingel P.100, {2) B, coli, (b) Ansevstis nidulans,
(a} Besn chlovop! . (&) m’iﬂmx‘e The BNL sam ps, 200
pef0.01 ml, were mna& &t the top (0.0 om) of amh gol
colwm. Elsotrophorvesis was conducted st & constant m& of
6 mAfeed for b5 minutes. DFB was used as the trasking dye,
Gels wore stainod for one hour in 0,27 methyleme Blue or 0.2¢
wwmmmgummamm;mmgzﬁmmmm@
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I al) cases studiad the riliAz appear to be haterogensous mixtures of
conponents. The result of the electrophoretic analysis of HA cbtained
from yibosomes isclated fyom Hostoc musoorus &s ehown in Fig. 3; 20
major bands sand seven minoy bands are seen. The 13 corponents separated
by slectrophoresis of RNA from mouse liver ribosomes ave shown in Pig.
L, BHA fyrom besn sesdling oytoplasmic ribosomes was resulved by elsotro.
phoresis into 19 major cosponents and two minor conponents (Fig. Sa)
whoress the HNA from bean seedling chloroplast and mitochondrial ribow.
somes was resolved into 18 componemts (Fig. 5b). .

In evaluating thé sbovs results, it was necessary to dotermine
whether the sppavently large nuwber of RNA wmpemta separated using
elsctrophoresis could represent contamination of the MiA preparations
with proteins, DHA, or polysscchardides. The possibility also existed
that the mumerous components resulted from the degradation of the REA by
endogencus ribormclesse. The purity of the HHA isclsted from the rido.
ng of Hostoe muscorum ¥RNA et 37°C for 30 mimutes with Fiase, Diase,
pronase, and alphs smylsse prior to slectrophoretic snalysis. The Te.
sults shown in Fig. 6 show that the RNA appesars to be relatively pure,
without extensive contamination Ly other msorcmolecules. Incubation of
REA with Diase, pronsse, snd alphs smylass (Fig. 6o, 4, and 8) did mot
produce major changes in the banding pattern. The significsnce of the
logs of a few bands in esch case 18 questionsble since the enzymes were
not Riase free. In contrast, preincuhation with Hiase (Pig. 6b) con.
pletely abolished a1l bands bescsuss the langth of the elsctrephoretic
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Roctrophoretic analysis of FNA sbiained fyom iselatsd ribo.
somes of Nestoc smscorum., KA samples, 200 ng/0.1 ml, werc
cppliad gt the top (0.0 cm) of the gel) column. Electro.
phorvesis was conducted at a constant current of 6 mAfgel for
15 howess NDB wae veed ae tracking dys. Gels were stained for
one hour in 0.2% methylene blue staining tufler.
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Fig. 4. Elsctrophoretic enalysis of RUA obtained fyom isolated ribo.
somes of mouse liver. REA samples, wm/aﬂaux.mm
applided st the top (0,0 em) of the ml column, trophoresis
mw&mmtmsﬁuﬁwtatéwsnmrwmm
NEB was used as tracking dye. Gels were stained for one hour

4n 0.2% methylene blus staining btuffer,
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Mectrerhoretic snalynes of bean ssedling RNA obtained frem
isolated qytoplasmie, chloroplast and mitochondrial ribopomes.
Prior to slectrophoresis the rRNA was dissolved in 0.1 ¥
HaCle} = BDTA; the solubion was then made 1.5 i with rew
spost to HaCl and allowsd to stand at 4°C for 12 hours. The
M&%ﬂé A wag colleoted by ceuntrifugation and dis.
golved in 0,05 M NaCl.l pif EDTA.302 suercse. (a) Cyteplasmic
rREA, 200 pg/0.1 ml; and (b) Ghloropiastemitochondrial rilid,
100 pg/mx mi, wore applisd at top (0.0 om) of the gel column.

sctrophoresis was conducted at @ oconstent current of 6 ma/f
gal for 1% hoursi DEB was used ss the tracking dys.' Cols wore
gtadned in 0.2¢ methylens blue staining Luffer.
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MO 61;

Electrophoretio anslyses of Nostoc muscorum R4 obtaimed from
dooleted pibosomas and tvested with ensymes for 30 mirmtes at
97°Cs  (a) Incubated comtrol, no envymes; (b) Riases (o) Dilass;
(@) pronazes (o) alphn amylese; snd (f) unineubated contrel,
ro enzymes. Aliquots of RiA, 200 pg/0.1 wl, were subjacted to
cneyaio dipestion prisr to epplying at the top (0.0 em) of the
gel colwme. mﬁemm:gm was conduoted at & constant
current of 6 mAfgel for 1i hours: NEB was ussd 2s the tracking
dye. 0Gols were stoined for one hour in 0.25 methylene biue
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period (1% hours) was sufficient o allow o1l the oligomucleotidss to
run off the end of the gels. The RUA preparations did not sppesr to
hawe endogenous MHase activily since the banding pattern of RHA inon.
vated at J7°C for 30 mimutes (Fig. 6a) before cleetropheresis did not
differ from that of unineubated REA (Pig. 6f).

Bectrophoresis of yANA prepared by sedirontation

Total RHA isolated from rat liver was subjected to sedimentation in
8 4 « 208 (wfv) miorvse gradient, Four compensnts (Pig. 7) with sedi.
montation oceffictlants of 283, 185, 55, and 43 were partially esparated.
The 285 (fractions 1.5) and 185 (fractions 18.22) peaks were collected
separately and precipitated with 956 ethanmsl. The precipitated RNA was
redissolved in & solution containing 0.05 ¥ ReCl-l mM EDTA and 307
suorose and aliquets containing 200 pg RNA weve analyred slectro.
phoretically on 104 polyscrylamide gels., The results are shown in Fig.
8 and b} 283 rRYA was vesclved into 16 bands (Fig. 8a) whils 185 rRNA
was resolved into six components (Fig. 8b). The rRNAs from bean seed.
Iing eytoplasmic ribosomes snd 2. goli ALY purified by sedimentation in
a b - 209 wucrose gradient in a similer manner gave the elevtrophoretic
pattarns showm in Pigs. 9 snd 10, Bean seedling oytoplasmie 275 and 188
respectively. E. eoli A19 235 YREA showsd five bands (Fig. 10a) while
the 163 rRUA showsd three bands (Fig, 10b). 1
for each sise class appenrs to be unigue although the most rapidly moving
najor bands may be ddentical.

28
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Sedimentation profile of rab liver total RNA 4n & . 20% (w/v)
mcrose. Approximately two mg of mt 1iver total RUA dissolved
in one ml 0.1 M HaCl.l mM EDTA, p8 6.3, was applied to the top
of a 30 ml gradisnt, Sedimentation was psrformed at 23,000
rpm for 20 hours in the SW25.1 rotor of the Beckman Model L
ultracentrifuge. Fractions of 50 drops sach were collected
from the gradient and the @ of each frsction measured,

The fouyr components have tation coefficients of 285,
133' 58& lﬂﬂ &50
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Fig. 8,

Hlactrophoretic analysis of rat liver HilA after purification by
sodinemta ‘a:im (a) 285 ribosomal FHA, (b) 183 ribosomal REA.
RUA samples, 200 pgf0.0L ml, were applied at the top (0.0 cm)
afemhgal colurm, Eleetrophoresis was conducted at & constant
curpant of 6 mAfgel for 45 mimtes; BFS was used as the tracking
dys. Gols wers stained for eme hour in 0,29 methylens blue
staining buffer.
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Fig. 9

lectrophoretio snalysis of bean seedling cytoplasmic rREA
after purificstion by sedimentstion. (a) 273 ribosomal RNA,
(b) 185 ribosonal RNA. KNA samples, 200 pgf0.01 ml, were
applied st the top {0.0 em) of each gel colwm. m«m
phovesis was conducted at a constant ourrent of 6 mAfgel for
55 nimtes; NOD was used as the tracking dye. Gals wore

stained for ons hour in 0.2% methylens blus staining buffer.
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Electrophoretic analysie of B. coli A19 RNA after purification
by sedimentation. (a) 2338 ribosomal RNA, (b) 165 ribosomal
RNA. HRHA sawples, 200 pg/0.01 ml, were applisd at the top
{0.0 em) of each gel columm. Electrophoresis was conducted at
a constant current of 6 mA/gel for 55 minutes; HEB was used as
the tracking dye. Gels were stained for one hour in 0.2¢

methylene blue staining buffer.
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Sumazy of the results

This investigation has shown that the larger molecular weight RHA
which is found In ribogomes is & hetorogensous mixture of componsnts.
The results of a nuwber of experiments ave shown in Pig. J1. A compari.
son the the banding pattemrns of the different species indicates organism
spacificity of rRSA. Taldle I includes & summary of the elsotrophoretie
resultes indicating the orzanisms investigoied, type of purification of
rRIA, and the murber of bands resolved. The high resclution technique
of dise electyophoresis in polyscrylamide gals made 4t possible to detect
a heteropensity which appsared in g1l rRUA preparations, regsrdless of
the 4ifferent purification procedures.




Fig. 11.

Comparison of electrophorestic patterns of rRHA from s romber
of organismes purifisd by different methods:

{a) pidulans . gel filtration
(bg ¢ wusoornm . ribosome isclation
14 A19 - geol filtration
(a) ER 219 235 « sedimentation
(t) E. enu A19 168 - ssdimentation
2:) Tesn ssedling chloroplasts - gel filtration
2) Bean seedling chlorvoplasts and mitochondria -
ribosome isolation
(1) Bsan ssedling aytoplasuic riboscmes . ribosome isolation
{:!.; Boan seedling 275 « sedimsntation
(3) Bean sesdling 183 . sedimentation
(k) Mouse liver . gel faltration
(1; Mouse liver - ribosome isclation
{m) Rat liver 283 . sedimentation
{n) Rat liver 183 . sedimentation
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DISCUSSIon

in interpretation of the preceding remlts relles on the assurp.

tdon that the integrity of RNA 48 pressrved during the sourss of the
*IUA prepared uping & muber of different purification procedures,
hoss results sxe in sgreement with thoss of Loaning end Ingle (1967),
MoIndos and Munve (1967), end Peavotk end Dingmsn (1967). It 4s interw
esting to nots here that the 163 rREA of HBeefllus megaterd
and Splegelman, 1963) and the 183 rRNA of Neurospors arassa (Michelson
and Suysma, 1968) have been ssperated into two components by chromato.
graphy on methylated.albumen.kieselguhr columns, Thers are soms d4ffer.
onces in the puxber snd Ry valuss of the riNA bands prepared by the
difforent metheds. This probably 48 g reflection of the quality of ths

ppoars to be no difference in the sleotrophoretiec pattern of vRNA in.
eubated at 37°C for 30 mimutes and control samplss (see Fig. Ga and £);

weveas slsotrophoresis of RNase digests shows & lack of camponsnts (see
Fig. 6b). mmwmmmmmumwgwm
riborudissss (E. ool A19) showed five components for 233 and thres com.
ponente for 168 »RNAs. Tt is unlikely that the mumervus bands re.
golved in the rillA preparstions resulted from break dom of rRIA by
endogencus Riase

L2



Heotrophoresis on polyacrylemide gels hiss been used to separate
the high.molecular weight RHA fregmsnts produced by Ty ribonucleass di.
gestion of rabbit reticulocyte rRNA {(Gould, Bonanse, and Kenagalingham,
1966; Gould, 1967). The conditions used, however, were slightly different
from the ones employed here and the study did not include undigested
controls. Ko camparisons can be made betwsen these investigations be.
asuse it is uncertsin whether the nine components (Coudd st al., 1966;
Gould, 1967) veally represent fragmants of digested RNA,

There is a pessibility of some contamination of the rRNA pre.
parations in this investigation with high.molscuiar weight messenger
Riids (mR7A) even after purificstion by sedimentstion. Future studiss of
this nature should inciuds labslling of ENA with C*.urtdine followsd by
2 chass with cold uridine, isolation of ribosomes, and the improved.cresol
RA extraction method (Bishop st al., 1967) which would eliminate sRNA
and mRBA from the rRNA preparations.

It can be concluded from the results that the numerous bands re.
solved during the slectrophoresis are RNA molecules with similar mole.
oular weighte but of different sises or configurations csusing different
mobilities. The hetervgeneity of rRNA reported here is probably a re-
mlt of different base sequences within the rRNA. This however must be
tosted experimentally. This would tend to support the idea that the
runmercus oistrons (as calcolated from DNA.rRNA hybridisation studies) for
rREA are not identical.

Experiments with the bscterial spsciss E. coli and Pseudomonss
seruginoss have demonstrated that the physical and chemical propertiss




of ribosomes vary with the phase of the rowth ayole snd type of culture
medinm (Vendelsohn snd Tiselsres, 1959; Santer, Teller, and Skilma,

1961; Avonson and Holowmyk, 1965). Sedimentation studies havs shown that
rasting bacterisl cells conaist almost entirely of one eclass of ribo.
somez (100 3) whereas four olassss of smaller ribosomes (858, 703, 508,
308) are presemt in exponentislly growing cells (MoCarthey, 1960; ley,
1964), In addition the rRUA of early log phase c2lls, late log phase
golle, and stationary phase cells of the same enlture exhibit differvences
in base somposition (Santer et &l., 1961) snd RMA to protein ratio
(Mendelsshn and Tissieres, 1959) differences. The transfer of E. goli
to tuffer appears to result in changes in the ribomuclecoprotein parti.
cles as indicated by changes in the RNA to protein ratio (Mendelsohn

and Tissieres, 1959).

There appasy to be small differences betwesn the nucleotide base
composition of rREA of E. gold grown on nutrisnt broth.yeast extract
medis and of 5. goli grown on glucoss.salis medium. In glucose-KzHPI<0,
medium there is & difference in the uptaks of P°° into rRNA by E. cold
previously grown in nutrisnt broth.yeast extract medinm when compared
with bacteria previcusly grown in glucose (Smnter ot ul., 1961).
Aronson and Holowesyk (1965), studying the pattern of rRNA synthesis in
E. 9014 and Ps. seruginoss under different growth cemditions, found dif.
ferencos in the maleotide pequences of yiREA of steady state oultures
and step.up (addition of & better carbon source) culiures. Differences
were detected in the P> labelling pattern of the 15 diffevent fragments
produced by Rass digestion of the rRUA synthesized under the different

enlture conditions.



This difference in bass compositicn and sequencs agsociated with
the changes in culture medis hss bean correlated with changes in the 3¢
OH terminal muclectids sequence of riNA (Mdgley and MoTlvesvy, 1967),
B. £old colls grown on glucoss show 71¥ adenine end 167 uridine st the
3' OH torminel of 168 rRNA and 487 uridine and 265 adenive at the 3' OH
torminal of 238 #RUA., Broth or cesanmino acid grown cultures in contrast
show 57% and 76% uridine at the 3' O3 termini of 165 and 235 riNA re.
spectively (MoIlreavy and Midgley, 1967; iidgley and MoTlreavy, 1967).

studies on salt.resistant ysast slso suggest the occurence of dif.
ferentiated ribosomes (Tammmato, 1967) synthesized under differsnt oul.
tare conditions. Saccharomyass cerwyisise grown under strontlum chloride
hypertenicity produces ribosumes which are sensitivs to strontium con.
centration, These ribosomes form polysomes only 4in medium of high
strontium concentrations; amine acid incorporation into protein also
occurs under these conditions., Vhen these yeast cells which have bean
acclimgtized to high strontivm concenmtration are transferved to medium

King strontium, no amino scid incorporation into protein ccours
untii a second set of ribosomes, not depandent on strontium concentration,
ave syothesized. Yamamato (1967) has proposed that there may be two
different types of ribosomal information and that ome of them is ascti.
vated under specific growth conditions.

There are & runber of studies which suggest that differences in
PRUA ave correlated with changes in development sxd growth. There is &
difference 4in the bass composition of rRiA of green and etiolated
cotton pleants, Gosaypium hirsutum (Eatterman and Ergle, 1966). During
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& considersble proporvtion of the RVA of the vegstative amoebas is de.
graded and replaced by newly synthesived »IlA (Sussman, 1967). Baze
ecompopition studiss show that the ribosomal HNA of ths later embryomic
gtoges is different from that of the earlisr stages. lerner, Bell, snd
Darnell (1963) found & s1ight difference betwsen the base composition
of r7NA in three and ssven day chick embryes. Comb and Brown (1964)
ghowed differences in the hase oomposition of rREA from lytechirms
varisgatus in early blastula and lste gastruls stages. The rRUA base
ratios of unfortilized oggs and stags 45 (swimming stege) embryos of
Zenopus leevis ere also different (Iyown and Ouvdon, 1964).
development of chloroplasts in Duglens gracilis a specific type of ribo.
gomes (705) with rRNA of a charscteristic base composition appesr
(Brawermen, 1963). Eleotrophovetie studies have demomstrated the ap.
pearance of new sdbosomal RNA corponentsa on consseutive days of develop.
mont of the French besn leaf (loening and Ingls, 1967).

The resulte all suggest that the ribosomal fractison is & hetoro.
gensous colleution of particles containing IHAs with varying base com.
positions snd sequences. Changes in growth conditions, environme
factors, and development appesr to produce changes in the types of YRNA
synthesised, suggesting that there miky be spscialised clsasses of ribo.
somse. Splegelman and Yankofely (1965) have hypothesiszed that the ribo.
sores of an organism are of muny distinet species and possibly of
function. The funotion of the heterogensous rREAs demonstrated in this
and other investigations 43 vnkmown at present. It is possible that
these differsnt RiAs are inwilved in sllering the structure of the riboscmes




prior to the attachment of the ribosomes to the cellular merbranss or
attachment of the mRHA ta the ribosomes. This alterstion of ribosomss
might be o prerequisite for the synthesis of different types of proteins,
9.8., sngymic or structural proteins associated with the nucleus, oyto.
plasm, or cell orgensiles. Farthor eleotraphoretic investigstions of
rRUA from cells wnder some of these different growth and developmental
conditions may provide morve direcot dnformstion eoncerning spocisliced
types and functions of rRiA.
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APPESDIX I
ISOLATION OF RIBOSOMES

Modified fram Stute end Pell, 1967,

Esagents:

Buffer X . 0.7 I suoross, 0.1 M Tric.HCl, pH 7.5, 0.0038 12 f@ﬁlg,
0.05 i EC1, 0,005 2.mercoptosthanol :

Baffer II - 0.0) 11 Tris.lC), pH 7.5, 0.005 4 HgCl,, 0.05 M EQL,
0.005 M Zemercaptoathansl '

Buffer IiI - 0,001 i Tris.OCl, pH 7.5, 0.008 M Mg,
Pryeedure

1. Homogenige tissue in Yaring Blendor or Sorvall Omimixer homogeniszer
in 3 ml of cold buffer I/g meterial. This and a1l subsequent steps
are to be carried out st approximately 4°¢C,

2. Filter homogenate through 0.1 mm filter and centrifuge at 600 xg for
2 minutes to remove mucleie and cell debris.

9. (Fer encaryotic plant material only) Centrifuge supernatant fyom
gtop 2 at 1100 xg for 12 minutss to remove chloroplasts,

k. (For eucaryotic materisl only) Supsrmstent from step 2 for snimal
preparations or step 3 for plant preparations centrifuge in Beckman
type 30 rotor at 18,000 rpm (28,000 xg aversge) for 30 minutes to
sadimant mitochondria.

5. Supernatant from step 4 made 0,5% with respect to sodium deoxy-
cholats by adding a 209 solution. Cantrifuge for 30 minutes at
18,000 rpm in typs 30 rotor.

6. Supsrnstent from step 5 layered over 2 ml of 1 N sucrose in btuffer
I¥ and centrifuged in Beckman type 65 rotor at 40,000 rpm (105,000
zg sverage) for 2% hours, Yellowish riboscme pellets and walls of
tubss wars repsatedly and carefully sinssd with cold distilled
water.

7. Ribosoms psllets resuspanded by gentle stirring with glass rod in
buffer III. Store at ~1B°C,




49

8. (7o obtain chlovoplast ribosomes)

B

b

Qe

&,
Be

?hmpﬁ?mmtmmammmerlmﬂm
repsated,

Pollet taken up in buffer II (1/10 of originel volume) and &
%6% m%atm% n of sodium deoxycholate sadded to a final concentra.
tion of 5%,

Daxk green lysate centrifuged in Beckmun typs 30 rotor at 18,000
rpm for 30 minutes 4o remove starch granules and insoluble grean
ma

Wo
Supernatent treated as in stap 6.
Treat ribosomes as in step 7.



DISC ELECTROPHORESIS IN POLYACRYLAMIDS
o

The method of dise elsotyophoresis in polyscrylamide pel utilizes
g propertds medium and & discontinuons buffer systen
to sharpan the slectrophoretin gones thme incrcasing the reselving
powar of the gystem. The theoretical aspsots of this method bave been
discussed by a muber of workers (Davia, 1964; Orstein, 1964; Raymond,
196k4; Wllams and Redsfeld, 1964).

e method I bave adopted for the separation of RHA 4s & modifica.
tion of the tectmique described by Richurds and Coll (196%) using the
gel and buffer aystem of Pesocock and Dingman (1967). In the large pore
spager gel the ponents of the sample become stacked in & thin gome
scoording ¢o their various mobilities, whereas they are separated in the
running gel due to electrophoretic mobility and the sieving properties
of the gel (Orstein, 1964).
flectrophoresis Apparstas (Buchler Instraments, Ine., Fort Les, H. J.).
Instructioms for opersting this instrument are given in the instruction
marusl (Buchler Mstruments, no., 1966).

Reagente for gel preparetion: Store in refrigerstor.

A, 209 aorylamide (19g movylamide, 1 g N, N'.methylens bis daride)
in 100 ml distilled water. ’ s

B, Dimethylamino proprionfitrile (DMARN), 6.42 in distilled water.
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C.

Do

2+

3.

Amn&sm wmﬂt‘nto, 1.6% in distilled water. (Make fresh each
weeK).

Btook W‘r’ I’ﬁ &.3
108 g Tris
2.3 g disodivm EDTA

55 gz borio aocid
Haks up to 1 liter with glass distilled water. Use this buffer un.
diluted to prepare gels. Diluts 100 ml of buffer to 1 liter to £111
upper snd lower Wuffer reservoizs of slectrophoresis apparstus.

1mlB

» .

EEopp

.
Ton

Eggf:% BE
;

b

g

Toup

oo b e &
g'ﬁ

B
o

mmammmswmmmwm. F111 tobes
to mark with sunning gel. Owerlayer with 0.5 em distilled water,
mmd allow polymerisation to procesd for at lesst 20 mimutes. Four
off liquid after polymsrisation.

8. For 5% spacer gel to be ussd with 107 rumming gel, mix as
follows:
2ml A
0.5n1 B
0.8 ml D
5.2 w1l distilied water
0.5nl €
b. For 3% spacer gol to be used with 5% ruming gel, mix as
followss
l.2m A
0.5 ml B
0.8 ml D
5 ml distilled water
0.5 ¢

A84 0,3 ml of spacer gsl mixture to tuhes containing the appropriats
polymerised rurming m. Overlayer with 0.5 cu distilled water and

LIBRARY
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1. Flace gel tubes into tube holdsr aspembly. He sure the top of the
gols extend the smme distanoe intse the upper chamber.

2. Fill lower buffer chamber with 1:10 dfmxtm of stock buffer so that
the tubes will be sulmerged approximately % inch into the buffer,
Flave a hanging dyop of buffer at the bottom of sach tubs prior to
placing the tube ) » sesenbly in place.

3. Dissolva ENA in & solution of 0.05 M HaCl.) md EDTA, pR 6.2 and 30%
{w/v) svorose st a Mﬁiﬂg gt % pe am por 0.1 wl, 4n
a&iqmtmutnﬁmm ug syered on sach

romophenol (BFB) or napthol blue black g%B)
mmm&miamm«dmmwthMM%th
the RHA with s woodsn applicator gbick.

4, Carefully 31131 the well of oach gel tube with buffer using & pagteur
pipetts. Using & long stemmed fumel sdd enough buffer te upper
chamber 80 that the upper electrode will be covered when the cover
of the gpparetus iz in place.

5. Flace the cover on the appara lovel, conmect the electrodes.
wyammmtafémn}mmnmmmm
roaches the end of the tube.

6, Shut off the power supply, diseormect electrodss, decant off buffer,
and rewove tubes from sssembly. Remove gels from tubes; out off
any gol shich extends beyond the position of the tracking dye.

R

1. Rinse gels in 1 ¥ acetic soid for 10 {0 15 minutes o lower the pH
@fﬁl@gﬁlﬂo

2. Shaining buffer, pH 4.7t 0.2 M ¥a scetate.0.2 H acetic acid made
0.29 (w/v) with respoot to methylene blue or aeridine orange.
This etain mgy be reused for several weeks,

3. Stain for one hour,

%, Bemove excess stain by rinsing the gels for several hours in dlstilled
far.
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