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A attemptd'QES'made to separate ribosomal subunits by gel filgration =~ °

on. Trisacry? GF2000 and Sepharoae 4B.n Trisad%yl PFZOOO a Syhthet1é

gol, sepavated rat 1iver rhbosomai suhunits an 5%135 cm column with a

reso1ut1on of ~0, 3, resu1ting 1n mﬁU % dmpurity ‘of sach of the

~ subunits. Rahb1t reticu]acyte and Escherich;a coi ribosema]"

subun1u5l were ot resolved._ Sepharose 43, an agarose based ge¥, .

separated the subun1ts by adsorpt1on thramaﬁography rathpr than‘by

“gel filuratjonq At 49C, . the 408 $ubun1ts ware e!uted with a ky o
D, 20, but the  605° subuﬁ%ts adsorbed to the gg& and were ¢ Tuted

. when the tamperacure af the column was increased to 25°c~35°c

|

=

¢

This adsnrption phennmenon seems Yo be a groperty of all agaruse..

-\IJ‘\

based * gels ﬂtud1ed haeve, 1nc1ud1ng hEpharose 2B and ﬁepharo&e 6B and ﬂﬂq _
is exclusive to {mamm1ian ribosnmél suhun1ts‘ Ana1ysi* of thé é R
subunits by 1n yitro [14C]pnlypheny1a1an1ne syntheq1s shnwed ne &

>
differeice 4n the activities of ribosomal ﬁubunits pf pargd by

grad1ent centr1fugafion or by Sepharose chromatogrdpbd. Ana?y 3 of

o

the %ubun1ts by acry1am1ﬂeuagarosa camp051t%, gels revu}ted in the
resoTution Sﬁaﬁ subunits isoTated fram Tavep organisus  in
nan»dpnaturing gel systems and suhunits from mammm?ian tissue in
dpnatur1ng gél systéms an1y>_r

;L-E o -
Gel filtration does offer a suitable muthod far ‘the prepdrat1nn of o0
ribosomal  subunits, but anly if the adﬂorption prcpthaes 0T

Sﬂpharasa ge1s grs)exp101ted‘ “m S T 5 “_“ i
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- INTRODUCTION , ™ |
- ) _.illl \."
R1bnsomes 'Uaré the

)

1.1

_ 0 -
r1bosomes is i kn@w the structure and o define thé\ggact func%ion_

- ef the ribosome, 1%&“=uhun1ts and their cﬂmpanents Eihe mechan1sw of -

“ biochemistry has nec@bﬂ{ }ated the deve?opment of slmme and efficwnt

» rihaaome§’

P

{) .

.The fvbasomﬁ nf bath prokaryotes aﬂd eukavyotes are chiaracterized by

hiosynthasis nf prnteins.

nf cach of thé campnagnts 1ﬁ the parti%ie.
“of the ﬁstrunture-funcﬁion re?atzanship is s£i11 Timited and.this is
ma1n1y due, . 0 poor” e?uu1d§t1oﬁ of the camp1eta structure of the
rihosoe and

L}

prot@1n biosynthesis &1T3 remgin at’a descript1ve 1ﬁve1.

Vo

The importance af anai!s1ng ribosnme§ and ribosomal subun1ts in

u

1

cé11u1ar

{ts su'fn?ts.

The main 1nterest in the biochemistry of

Hithout 1ns1ghﬁ into the exact structure' 

0rgane?1as which partake in the

b

U

5 .

Tha present understanding

K]

techn1ques tor their preparataon and charactevizatidw.

. ©
cj/xi

PHYSICAL CHARACTERISTICS GF PROKARYOTIC AND EUKARYOTIC RIBOSOMES AND

RIBOSUMAL SUBUNITS

]

B

thedir ™ sedimentat1on

thair size ¢@nd mulaﬁuTar weight._ The ribosomes of prokaryotes ave |
somowhat s maiLr than  those found i the cytup!aom of eukaryotaa.
~ The Tormar have” a sedxmentatinn coerfi¢1ent of 708 (Svedburg units)
e tig, lakter

canﬁi&t of

coaff1c1ents which are ‘dxrect1y ccrre1ated to

[

twa subunits nf unequa1 sizc..

Bl

[
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a sed!mentﬂtian cnaffiu1ent of .805.
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those from 708
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'rihusemes sed1ment at 305 nnd 505 and those from 80S rihnﬁnmes
sedzment at A0S  and 53? The seﬂimentation coefficient va1ues are

o approximazg, va1ues which deﬁéhd an 'the origin of the ribosomes.
oo ,
§ . The | tota] - mo?ecu?ér @méight of the ;?35 monosome from bacteria is

~2,8 % 105 daltons.  The molecular weights of the large afid small
| suhun1ts nf Escharichia . cali ribosomes are 1,8 x 100 and 0,7 x
106 daitons rgspectively. -Chemica1 dnalysiséofhthe r1hosomes_and
_'ribugnméi 'sﬁhunits. of g_gﬂgg;ghia coli show that.the Te g subunfi

. and 34 r1busoma1 prné@ins and the small’ suhua1t contains one motecule
_ﬂ‘g’ofb 165 YINA and: 21 ribosomal prute?ns‘ The sum of_the molecular
[ weights of the proteins and the rRNA's is equal'EEItheumoigduiar

weights of the.subunits, T  ; Lo )

' Euka*yotic r1hosamas Bre . 1arger than prokaryotic ribosomas due £

extra | rﬁyﬁ‘s and prntains, The large suhunit of rat Tiver cyto-

and 5S rRUA and 45 50 ribosomal proteins and the moiecular weight of
this 605 particie 15 ~2 8 x b daitons. an small subunit of
vat liver ribosomds contains one’ molecule of 185 YRNA and 30

" _r?ﬁd%qma1. proteing and has a total molecular weight of ~15 % 106

5] “
daltons. - L

)
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f:? MORPHOLOGY  OF PROKARYOTIC AHD“’EU&RRYOIIC RIBDSOMLS AND RIBOSOMAL
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| contains _one mo]ecg}a each of 238 r1bosoma1 RNﬂ {rRNA) and 55 vRNA-

plasmic rihasomee contains one molecule each of 285 YRHA, 5,85 rRIA |
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) murphaTngy uf the wﬁgcherjchia cnlt r1hosume. Thé =ma11er subunit
(305) is divided 1nto two unequ&1 parts by an indentation and a

region uf accumu1ated negative stain (Lake, 1985). The parts are the

‘\giad or upper third, and the base or lowar two thirds. A region'of .

18 oﬁﬂ“ﬂ1t, ca11ed the platform, extends from the base of the smal)
subunit “and farms a cleft betwegn it and the head. The approximate

dﬁmensiona of the sma11 subunit is 23 nm x 11 nm LW1ttman 1983) The

s
large subunit of Esche ichia coli ribosomes, ltke that of the small

suhunit is an asymmetric ellipsoid with dimensions of 11,5 nm x 23

nm, It consists of & central prctuberance, or haud, and two
_protru31ons 1pp]1ned approximatsly 50 degrees to either side qf the
central pvotﬁberance. 6ne of these, the W7/Li2 stalk,” 15 at the

r1ght and confains the only mu1tipla copy preteans present in the |

e schgx; 1ja _coli, ribosome. In a~projection approximate?y orthogonal
« to thws,' the }arge‘;ubunit 15 character1zed hy a notch on the uppew
surface (Lake, 1985y, In the monameric ribosome of _ggﬂg:;gnig_ggl_
the small subunit ig positxnnad asymmetrwualiy on the large subunit.

This d‘lows the p1axform of the sma11 suhun1t to contact th&\large

subunit, so _that the part1t1on between the head and the body of the
suall < subunit 1s approximately aligned with the noteh of the large-
g subunit.

Ry
>

“h

The mcrphﬂ1ngy of eukaryot1c r1bosumes 13 sti11 the subgject of much
specu]ation. A]though dé6Finite progress has beéh made in the investiv
ga?1on of the ribnsume structure by electron nf;rmscnpy, unlike “that
of prakary&tic wibosdmeg, no definife model of eukaryat1c ribosemes
hav been prbposed - The genera? characteribtics ot the smai?
ribosg oma? 3Lb“ﬂ1t (405) of eukaryntir riboaﬂmes is. tﬂat it cansists
of, an eiongata&‘ part1au “which ﬁumprides up 10 two Lhirﬂs ofﬁﬁﬁﬁ/

B w
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]ength of “the partic]esuﬁﬁong its axis. "To one of the ends of, this “

' _eTongatgg portxon, “head“ is attached.. The- 1engtn)of the pavnicle

4s about 25 min whereas its width %1uctuates between 8, 5 tn and 14,5

am-. (Kzseiev gl © al. 1978). The 405 subunit shows 2 protubarance at
tha . hody - directed to the stronger contrast Tine between the body and "
the head. oIt s assumee that this protuberance is involved in the
contact * bethen the 40% suﬁuyat and the 603 subun1t inside the 80§
r1bosome (Bie1ka, 1982) The genera1 view of the mnrpho1ogy of the

: 1arqa ;ugun1f of eukdwybtic ribosomes shdws a heaprt shaped structure

| with one blunt end and one pqinted end It has one concave s1de, in

which a dense nufch towards the b1unted end can be observed‘ This

+, nokch s thought to be the TTattened ‘surface of the subun1t. The

3 pginted edge 15 _eegentr{caITy 1ncated pointdng:tu'the right of the

‘subunit and the nofth is on the left side, - pnﬂfhe lower tip of the

Proteins

image,_ two ‘atera1 1nm1sions can be seen whhch possib1y represent a

t-

ring«11ke groove around the tip of the £0S subuh1 The d1men51ons”
of the 1avge subunits are ~24 am x 20 (Be11ka. 1982).

= 4
h-

CHEMICAL CHARACTERISTICS OF RIBOSOMES OF PROKARYQTES

%

. .

The proteins of the small and the large subumits of Eséhericnjg goli
havn heen isolat-d by (M-cellufdse” chromatography and Sephade " ge1

 filtration dnm the _presence of urea. P?utalns prepared in this

ﬂegradaLivs manner have been’ used’ ma1nly for. Ammurotogical and aming

acid vequencing stud1es¢ Efforts . have heen ‘wade tq extract and

. . o o D .
“purify the ribosomal prntezns under native conditions so as tu_stydy

- ag o



. ., .
. their s«condary ‘and tartiary structures, Tﬁe complete amino acid a
" sefuences of 33 of the 55 prpte1ns have so0 far been detarmined. 7The -
gxtent of hbmo1ogy s0f the proteins is no greater than wou]d bhe
. 1expected un i random basis, except for the L7/L12 pair which have
1 a1most identicii primary sequences and the $20/$26 pair which have
*-1dentﬁcal pr1mary' sequences. Pred1ct1ons of secondary and tertiary
'strvctures hav& been made once the pfimary strudihres were knawn.
EibnsomailRNA - e . S 0
A o prnkaryétzc ce]1s, ribosomes contain three ribosoma1 RINA mn1ecu1es
~ designated 55, 165, ‘and 235. These molecules contain aboit 120, 1540
and 2900 nuc1eotides respactiveTy (Noller, 1984). Nucleotide sequenc-
es. of the rRNA mo}aqules have been deduced by ONA sequencing of the
cuvrespond1ng ctoned rRNA genes. o
g;neral segond;ry structure models for the 168 a&d 235 YRNA‘s have
°  fekn proposed (Mollenr, 1084). The 16§ rRNA is subdivided into thret
méjorq structural domains and one minoe domain,.by three sets of Tong
range base paired dnteractions. | Over Idﬁ individual helices are
T d1atrihu nd amony six domains in the 235 rRNA mo1euule. As with the
165 rRNﬁ, the six domaini are defined by 1ong range base-paired

/

_interactions,  Studies on}~the hinding of iso?ated proteins to rRNA
_ )
ind{cate " that the proteins “are able to “influence the secondary

f " <1
f/ _ structure of the vRNA. = . ] ,

R -
i

The Assorigtjgn of rnﬁﬂ;ij angd_ Ribosomai Proteins within ‘the “
Ribosomal Subun; 50 _ggghgnigh1a coli ' o ' | '
w Ribosoma) proteﬁ% tnpoqraphyﬁ or the spatial arrangement of the pro~
., teins within the ribosomal. 5ubuﬁ1ts 1 obviously important in the\
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carrelation Bf structure and function. )Using pur{tied antibodies

that bind to the specific proteins, the antigenic sites of all 21

B proteins of the 305 rihosoma! subunit have haen 1ncated hy famune .

slactron micmoscapy.

&

=3

" Various “proteins (s4, §7, Sl1, si2, §15, and 516) revea'le‘d muitiple

Untibody binding sites at wade1y separated points on the 305 subunit
surface (Brimacombe et .a¥., 1978), thus 1nd1cat1ng that these pro~
teins have highly extended conformations. Other proteins showed
§1ight1y_ gxtended conformations {S2, S3 55 310, and $19) where
theirn_antigenih sites were separated by 5~8 nm.‘> Proteins SU, 58,
513, $14, 520 and 521 showed single antigenic sites and Sﬁ, 59, %iﬁ}
and 51? showed two, indibating that these proteins are probably
g1obu1ar Since parts of the protein chain may be buried within theift

”'r1busoﬁa1 subunit and inaccessible to the antibody,; these findings
| may hava to be viewed as Just an est/nate Most of the antibody

'hinding sites Joccur on the head of the subunit and, while there are

several sites on the- neck and the body, there is a notable absence of

any site in the-hB1low between the head and the body.

Immune electron microscopy has also been applied to the localization
.qf: a spea%fi; reéiun of ﬁhe 168 rRNA.(Politz and Glitz, 1977), where
ﬁhe G-, N dimgthyl adenine residue near Ebe 3' termins of the 165
rRNA was located on the "platform" of the 308 subufit.

: 'r;\

- A threey dimensionai map of the locations of 19 of the;€4 ribosoma’
_proteins of the 505 - suhunit has, been estab11shed The proteins of

the 508 subun1t are mgre asymmetrically. arwanged in compar{son to

those of the BQS subunit, whére imaune electvan niigrocopy revealed



e

|

\‘J‘J .

that most of. the antibody sites were clustered within the "crowned
seat’ region, = Six proteins showiiq]éhgated shapés when anﬁiysing
thelr antibody attachment sites. The Tocation of the L7/L12 protein
was.on the rodlike aﬁheﬁdage (Lake, 1977},

The firsgﬂﬂdireét measurements of neighbourhoods between ribosomal
pfoteinsg and rRNA were - made  with the afd of bifunctional

cross-linking reagents. A fota?-uf_S%ﬁpairs of cross~linked proteins

 from the 305 .subunit have been clearly identified. If the protein

crOSSalinking data are :compared with\the vesults of immune &lectren

microscopy, good agreement is found only if the elongated nature of

the proteins is taken into account, Immune electron microscopy and
\ss~11nk1ng data hfue heen verified using neutron scattering and
fluorescence techqjquea. In vitro reconstitution studies of the 30S
subuniﬁ indicated that a few proteins - $4 (Nitgé et &1::-1985). s7,

- 85 (Chiaruttini et al., 1986), S8 (Gregory and Zimmerman, 1986), S15,
$17, 520, and p0551b1y 513, were able to interact specifira11y with

the 165 rRNA molecule. The remaining proteins could be added to

ucompiexes of the RNA and one or more ¢f the primary binding

proteins. It should be noted, however, that protein binding sites,
as "stated ear1ieh, are very much dependent on the RNA conformation as
well as on the conformation of the proteins, and that proteins such
as $7 (Brimacombe ei al, 1978) are able to alter the conformatfon of
tﬂe RNA, thus aiding the binding of other proteins. Similarly

studies on the 508 subunit showed that ribosomal proteins éftach to

the 235 RWA from the 5% end towards the 3' end. Like the 30S
sqbuhit, certain proteins have a functional role in aidiﬁg attachment
of other 'pruteins'fo thé YREA, in particular L23 (Brimacombe et al.,
19?8)_and L2 (Nag‘gt ala, 1986) which'hind diréctly to the 235 rRNA.
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THE CHEMICAL COMPOSITION OF EUKARYOTIC RIBOSOMES
s ' ‘

Proteins,

Rihosomal protcins Are separatea éccording to size by two-dimansiqna]
'é&é&trophoresis= (Kaltschimdt and- Wittman,__1970)..." The numﬁer of
proteins varies between species and within“a particular species.. It

also depends on the conditions ‘used for electrophoresis and ‘the

preparation of the subunits. Generally rat liver ribosomes are made

up of between 26-42 proteins in the smal} ribosomal subuni&{ﬁnd
between 34-46 proteins in the large -ribosemal subunit {Bielka,
1982),  Proteins are numbered according to their position on the
two—diﬁénsianaT e1ectrophoretogram; The molecular weightshof the

ribosomal_ protetns of rat- liver ribosomes range fra% 12 000~27 000

daltons for those found in the 603 subunit and 10 400-27 400 daltons

_for those found in the 40S subunit (Terac and Ogata, 1975). .

IThe proteins of ribosomes .can be prepared bx; CM-cellulose
chromatography _(Terao and Ogata. 1972) and géﬁ fi]trétiaﬂ.
Preparation &{ fhe indirddual ribosomal piroteins enab]es the study of
aming acid c&mposition and analysis of the tryptic patterns of each
ribosomal protein. The- covalent structures of several proteins of
rat  liver ribosomes have bean-determined d%rect]y, including P2 (Lin
et al., 1982}, L37 (Lin et al., 1983), L39 (Lin et al., 1984) and S21
(Itoﬁ' et al., 1985). This task is being expedited by the.app1ication
of hrecombin&nt DNA 'techno1ogy. Thus, the amino acid sequences of g

.number of < rat ribosomal proteins have been deduced from the cDNA's,

{ 2
including $11 (Tanaka et al. 1985), S26 {Kuwano et al., 1985), S17 =~

“and L30 (Nakanishi et al., 198), L36a (Tanaka et al., 1986), L1g
(Chan et al., '1967), L31 (Tanaka et al., 1987) and 512 (Lin et al., .

[,
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1987).
Ribosoma N

Ribosemal: RNA s constitute the backbone of the structyre of the two
ribosomal subunits. The 1arge subunit contdins three ribosomal RNA
molecules, 1.é, 285 rRNA, §,85 TRNA andl 55 rRNA, and the small

pibosomal subunit contains one ribosomal RNA molecule, i.e. 18S rRNA.

- The 285 rRNA has been sequenced usi.ﬁ‘ cloned vrONA fragments
{Hadjioloy et al., 1984). It contains 4800 nucleotides and has an
estimatéd- molecular weight of 1,66 x 106 daltons. The secondary
structure of the 285 rRNA consists“nf 7 domains. Each domain consist
of numeroys helices bound by 1ong range base~pairing. The 185 rRNA

" contains' 1 B74 nuc1ent1des.and"has;an estimated molecular weight of
6,09 x 106 dai%ons  téﬁan , éé als, 1984}.' The sgcdndary structure
of the' 185 TRNA - is similar to the 165 rRNA of hacterialin that
several domains are Tinked together by long range base-pairing,
although there are major differences vh sequence homologies and the
helices formed (Chan et al., 1984).

The. Assoc:atjog f _Ribosomal Proteins and Ribosomal rRNA's within
" the Subdn1ts of Eukaryoteg |
Prote1n~pvotein interactions are being determined by chewical

cross-linking studies and by immgna electron microscopy. Protein-RNA
- interactions, on the gther hand are being defermined by affinity

. | chromatography. which 15 a process whereby mixtures of ribosomul

W

'pra*e1ns are passed $rnugh a Sepharose column containing the
i immobi1izad mucleic @pwd.  Those proteins that bind to the
immub%ﬂiz@ﬂ nuc1eic ~ gbﬁdn are afuted and {dentified by gel

I‘;i . ) - k ]
oy J::";‘{ S dn - .

=
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binding proteins revealed bylthiﬁ procedure ara L19, L6,

l18, L7, 18 and 135 (Ulbrich and Wool, 1978), ' Affinity

chromatography (Metspalu et al., 1978) also shows that the ﬁrbtéins

L5, L6, L7

theb”bvoteins

[

and L18 bind to the ¥.8S rRNA, all of which overlap with
which bind to the 5S rRNA, showing close proximity of

A the 55 ‘and 5,85 rRNA. It is thought that these proteins are located

at or near the peptidyltransferase centre (Metspalu et al.. 1978} and

¢« may be involved in the placement and/or dfsplaciment of rRNA

molecules from their sites on the ribosome surface. The proteins of

“the 60 subunit, L8 and L6, and L19 have been shown to associate with
the 5,85 rRNA and so has S$13 and $9 of the 40S sﬁbunit proteins.

This it s

thought that the 5,85 vRNA participates in the formation

of the ribosome by simyltaneously bihding smaTI'and Targe subunith

protedns.  Treatment of the large ribosomal subunit of rat Tiver with

/EDTA rveleases a 7S complex (Blobel, 1971) which consists of 5S rRNA

and protein

L5.  This complex is absolutely essential in -the

biological function of the Tlarge subunit since it was-shown to be

active in ATP and GTP hydrolysis (Grummt et al.; 1974), Therefors it

is suggested
P-site of the

T

that this complex is locaied at or ngardthe ribosoml
60S subunit. ' g

v Chemical cross-1inking can be applled to estimapte protein

- neighbourhoods within the ribosome and to identify proteins in the

vicinity of jthe rRNA's. Chem :a} cross-linking using the cleavable

bifunctional
~ bisimidate s

proximity wi

reagent, dimethyl 3.B~d1aza-4.?d10x0-5.ﬁdihydrnxy-decanj
lowed that proteins $2, S3 and $3a vwere in close
th each other and S15 was cross-1linked to $15a and S5 to -
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Imune glectron microscopy sh@wed S2 to be involved in the binding ofn

o, - . -

§25,  §3a dnd 815 were found o be cross-linked to eif-2 {westgﬁmann

et a.., 1979), . thus ecn{}?mxng the neighbourhood of proteins $3 and

. 53&- ' . ) . “

B [
Inmune  electron’ microscopy provides information about the

Ioca11zat on of antigenic sites on the surface of the partic]es with

' respecﬁﬁ to the three dimensional arrangément of the particles.

elfe2 (Noll et al., 1978), agatn confirming the close proximity of

proteins $2, 83, and: _Ssa. These proteins are located near the

ribosomal P-site and the P-site is organized at least partiaily in

the .head region Iaf.the small ribosomal subunit (Noll et al., 1978).

The *ébpbgraphicaT studies using  immune e1ectrnn microscopy

' demanstrate {hat some prote1ns (S5 and 517) are located in the head

region of the small ribosomal subunit, whereas others (S7, -9 and

$21) are found in the body part only. Proteins $2, $3, S3a apd S6

have antigenic determinants in -both-regions of the small ribosohal

~gubunit. By comparing data obtained by hydrodynqmic methods (Behike

et al., 1979) and immune electron microscopy, the conclusion can be

drawn that no major differences exist beiwween the shape of ribosomal

proteins found in isolation and those assembled in the ribosomal

syiucturg.

 THE FUNCTION OF RIBOSOME AND RIBOSOMAL COMPONENTS

P

L

The ribosome mediated wranslation of mRNA inte protein "from
aminoacyl-tRNA substrates can he divided intd three phases: chain
inttiation, chath elongation.and chain termination.

&
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The first step in the in{tiation- process in pbbkaryutes is the
fé%mation of the 305 preinitiation complex which inyoives the
cooperative binding of three initiation factors to the 30S ribosomal
subunit to form a 305.IF-1.1F-2.IF-3 particle. A1l three factors
bind dontfguouSTy near the 3' end, of the 16S rRNﬂ.

B,

s

Foliowing th%é, initiator fmet-tRNA; and mRNA spacifica?Ty hind to
fﬁe%hmmmhmmwﬁmmewaTwmwmﬂ
and the wANA molecule bind at a site on the mRHA that inéiudes the
“initiation codon, AUG or GUG,  The 305 ribosomal subunit bas the
inherent property of ‘specifically recognizira and selecting
ﬁ_ initiation sites onl}natura1 mRNA.  The 1Jrmation’ of the initiation
complex 1s completed by the binding of GTP, &TP acts as a steric
effector permitting stable association of IF-2 with ribosomes: Thus
. the 30S initiation complex contains hound fmet-tRNA; and RNA.
During“ binding of the 508 subunit, GTP is hydrolysed by the ribﬁsome
bound .I¥-2, Tﬂeny IF-1, 1F-2, GDP and Pi are released from: the
ribasoma1' cohp1ex. 'The 508 ribosomal proteins L7/L12 and protéin Lll
are involved 1in IF-2 dependent GTP hydrolysis., However they do not
exhibit intrinsic GTPase activity.

Initiation of protein synthesis in eukar}otes is move complex since
i

more factors are involved.  Ribosomal subunits are produced as a

consequence of the ribosomal cycle in protein synthesis. Ribosomal

subunits. then accumulate as a result of active dissociation of 80S
pibosomes or because they are prevented from reassociating Qx other
factors.,  Initiation factgr eIF-3 binds covalently to the {ﬁs rRNA
{Nygard and Westermans, '1982) and various ribosomal proteins on the
405 subunits. - eIF-3 .binds at the vibosomal fhterphase (Moldave,



1985} and closely adjacent - to the attachment sites for eIF-ﬁ mRN&
and the 605 ribosomal subunit. elF-6 is another init1at1on factor
which reacts w1th the 60S ribosomal subunit and thereby prevants the

605  subunit frnm reassocxat1ng with the 40S ribosomal 'subunit
{Monave 1983)

£

Ly

The: tefnary comp1e§, which carries initiator fmet-tRNAg, is formed

- By “the binding of elF-2 to GTP in the formation of the eIF-2.G7P

=

binary comp lex. This binary complex then binds initiator

fmet-tRNAy to  form - \\the ternary complex, Tmet-tRNA;.elF-2. GTP.
,The ternary compiex thén binds to the 40S.eIF-3 complex to form the

435 pre-imitiation complex. - Following the formation of the 43S
pre-in1t1at~bn complex, WRNA binds to the comp1ex with the aid of

various 1n1t1ation factors  and ATP. The” :v ;?ﬁosom&T subunit

recognizes @ cap structura at the 5' end of the initiation codon onﬁ.

the mRNA and hinds to this cap structure,

elF~5 helps the binding of the 60S ribosomal subunit to the mRNA.43S
preinitiation complex, in the formation of the B80S initiation

complex. It a1so hydrolyses GTP to GDP and inorganic phosphate (PFi)

after the binding &f the 60S subunit. The é1F-2,G0P compTex, eIF~3, )

, O
and Pi are released.

Elongation, - wkécﬁ is simifar in both proxaryotes and eukaryotes,

occurs after the formation of the initiétinn_comp?ex. The respective

initiator tRNA is bound to a "ribosomal site referved to as the P |
(donor) site. - The 1n1tiat1on cudon is- iocated at fhe donor site.

The next nudon to be translated on the mRNA is inan dpen ribosaﬂal
pq;%t1on adjacent  to  the P-

[A]

’te, veferred to as the A-site
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(accaptor‘),H A ternary complex. "onsisting of the amincacyl«t¥ i, the
appropriate elongation factor and GTP binds to the Amszte. aTe is .
hydrofiysed and the é\gngation factors along with GOP + P are
teleased.  Whey ‘the two r1bosoma1 hindlng sites are filled that*1s
the P-site with ~neth1ony1 tRNA and the A-site "with newly boungd
: amiﬁodcyI,tRNA, ‘a peptide bond is formed(Qetween the_meth1nn1ne and
the 1ncnﬁing. amiﬁé&cy] moiefy. The formation of the péptide'bond'is
catalysed by an enzyme, identified in provaryotes “as peptidyl
“transferase, which consists of ome or more proteins of the 508
Jsubunit, In order to fhee the A-site for the next' am1n{'sy1 tRNA a
trans]ocan1an step takes place. In this movement, the tRNA and the
dipeptide attached is translocated from the A-site to tﬂe P-site, At
the P-site the deacylated tRNA Teaves the ribosome and the qext codon
of the mRNA emters the A-site. Translocation is pided BQ,GTP and
ancthey. eTangation factor. During the reaction, Gfﬁ‘is hydrolysed
ang” GDP + Pi and the elongatinn factor are re]eased. The ribusdmé is

/
then ready for another cycle of elongation.

Translation ends Wik, & termination codon * enters the ribosomal

+ . A=site. Three-"termination codons exist. They are UAA, UAG, and

YUGA. When=the peptidﬁi-tRNA is &t the ribosoha! P-site and a
termination codon iﬁ: até;re Assite, a protein factor, fdentified as“f
lRF in eukaryotes and RF1 and RF2 in prokaryotes, binds to thelﬁusite 0
_kin the presence of &TP in eukaryotes, and GTP and a third release ;
factor in prokaryoles. = The termination reaction invo1ves thn,)-

 hydrolysis of the peptidyl-tRNA ester bond, the hydrolysis of GTP and

) .the' release of the vompleted peptide chain, the daacy1ated tRKA and

:*7 the vibosone fﬂﬁ@ the mRIA.
i

o " 4
' ' s
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Rihosomas From ai} drgan1sms are divided into two general functional

regions.  They are the translational dumain, and the exit or

. secretory domain, These two donains are found on opposite ends of
the rihosome. ?*he_ translational domain includes the head and the
platforn of the smll subunit and the L7/L12 stalk, the central

g.pmotubérance and (the L1. ridge Of' the large fibosomaT subunit of

Escherichia coli. ‘The placement of the. sm&1fysubunit on the 3&rdé“

‘subunit  makes p0551b1e an Operqtiunai distinction between 308
rihosomai prateins located on the exterior of the subunit and thuse
at “the “interface hetween the two Subuntt . The prote:ns 54, SE, 58,
and $12, located at the conéaveeéddé of the head of the sﬁbﬂnit{ are
~al involved 1n tRNA_ recognit{oq;:and 53,"510; éI#, and: 19 are
invoI&ed in tRNA binding. Recognitibn occuﬁs ort the exterior surface

o of the sma11 r1bosoma1 subunit of Escheric hxa col} (Laka, 19855 .

¢Prnte1ns ‘which occur at the p1atform (56 s11, S15, and SIB) and the:

‘3¢ end of the 165 rRNA, which 13 also -located at the pIatform of the
'§ﬁa11 ribosomal subunit, Hhave been Tinked to mRNA hvﬁd1ng {Lake,

:ndiqating that these ribosoma1 proteins - ‘EQe 1nvo}ved in  the

1985). FntR IF-2 and IF 3 bind across the c]eft hetwaen 513, 519-11 )
“and SIZ n/}the head of the smati subun1t and 511 on the pTatform,ﬁ

. 1n1t1étion of protein synthea1s. Proteins L7 and L12 have unique

.j, . .
prOperties. Li2 is jdentical to L7 except that the amino terminus of

L7 s \acetyiated.ﬂ_ Both proteins are intiately involved in EF-Tu,

1“'__§@ . EF-G and IF-2 dependent GTP hydrolysis. The L7/ 1z sialk apqe%rs to
&% he a universal ribosomal structure and therefobe may be responsihle

for GTP hydrolysis in all functionally active fibnsnma§.

o il . e - _

’ © The worphological * features o& both ribosomal spacies ave sinilar.

g .

Since wost of the 'strugturai*featqreg present on the transiational- -

I
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domain of prakaryotes ave aiso presegt 4n eu&ﬁ;yntes. it 1 suggested

(> that the trans1atxonal m%nhan1sms migﬂ% be the. same in both COsEs.

1.6
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e PREPARATION AND ANALYSIS OF RIBOSONAL Su.._"FNI_'T_S“ A

-h:

he g ssociation of R osoma Subunj; ggg §§ganaf un by Den§1tg
gn_d1ant Centr1fqgat1o v

The d1ssociation of cytop1asmic ribcscmes of both prokaryotes and_'

ﬂukaryotes into their respact1ve vibosoma1 subun1ts is a physiologi-

cal event nﬁcurrwng ‘at the termxnatxon step o‘ tha biosynthésis of -

(btﬂteins. Tﬂe subunits generatad in th{s way are genera11y termed :

L

“nat1ve Subun1ts“

l‘ . . o )
0 . w =
W

R 0
Tﬁe agents resp0ﬁ51b1e fqr the assoc1ation cf the r1hosoma1 subunits

Bl

ks %wn to sLab111ze the ribosomal - part1c195 af sgher1chja co]i . a? :

yeéhts, of piants and - of an1ma}v Furuhermure fhe presehce of

magnesium is . yital for maintatning the integirity of the r1h¢soma1 )

partic1es. Lowering the magnesaum concentration LAUSES tha

dissas1at1an of the vibosomal subunits of E éﬂ richla ¢oli (Tisséres;
et ai,) - 1959). KCnmplete dqucc1at%on is ach1evgd at_conuéﬁt;ét1ohs :

9

w

cof 50;25 - magnesium._ ' Restoration of tha naghesiun  fon o

ﬁﬂncentrat1on to 27 att results in the reassociatian of the

rihnsoma] subun1ts wh1ch are act1vm in polyphenylalanine synthesis.

>
anev1ng the magnas1um toncnntrat1nh '“uaa ‘o, dibsoc1$te wammalian
DOSONaS s It d&ms, however, - veduce the pvapnrtinu QT po1ysnmes.

ﬁﬁmpleﬂe vemoval of th. ‘magnesfun fons by?chelatinbdagéntsvéucb;as
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by _=u1tra¢entrifugation, partial disassembly of protein and RNA

' " 17

EDTAai%éBuIts%-in' the disseciation of gukaﬁ&ote ribosomés@ Huﬁgver,
the appiication of EDTA 1s accompanied by the considerable unfolding
of both the subunits and, during the subsequent separation procedure

"uomponentsr are unavoidable.  The sed{mentation values of such

“ ribnsamas.

= and Ogata, 1979).

subunits obtained from rat Viver are gererally in the order of 50S

‘and. 305 for the large and smwall ribosomal subunits respectively
(Mart*n et ‘al., 1969;" Lamfrom and Glowacki, 1962; Gould et ai.. 1966;

“Notan and Arnstein, 1959), the 1ower sedimentation values being due
$0 the partial d1sassemb1y of the protein and rRNA cumponents. The
changeg ‘that occur through EDTA -treatment are irreversible, and

subunits prapared i this way are unab1e to reassociate into active

e o _ 5 Ny =

A
e

- The electﬁostatit kinding 5f0qcés' of . magnesium. respéhsible for

subunit agsottation, can be&reprﬁgsed by'increasing the coﬁcentration

~of certain nonovalent ‘cations, thus dissbclating the subunits. This

dissociation 15 . improved when the ribosomes ére Incubated at
ﬁemperatures hetween 28%C  and 35“0 (Mart1n et al,, 1969; Teras

Pibosomes £3$5soc1ate inth "~ the 40S and GDS rlbosomaI subunits in 880

AT these temperatures, the majority of the

WM KCY wh11e a small percentage sedimonts at 755, The 1aat fraction\

is a smail ﬁractipn of the ribasomss bound to nasnenu protein which’

prﬂtecfs :t from, dissoc:atzng in high Concentrations of KC1 (Martin
37 al., 19?1),;. Incuhat1ng the * riQn§anes in 1 M KO at 379
diﬁsoc1ates them Anto  thelr spbunits. Haweyer. density gradient
ana1y51s of the rxbosomai 5uhun1ts shﬁws cnntamwnatiou of the 605

o W |

% [} - : ffm ) W v (== .III‘“ . . ﬁ’\\:s

DT e,

. fraction with dimers of the 4qs subun iy (Tevao and Ogata, 1970).., Ong

:\:‘ drawbeﬁk in’ the M58 - or high concentrations of KC1to dissociute |



?

o

Ay
/

EDTA results in, the dissociaticn of eukaryote ribasomes," Howaver,
‘thie app1ication of EDTA is acmumpanied by the considerable unfo!ding
of hoth the subunits and, during the subsequent separat1un procedure
by ultracentrifugation, - partial d1sa$sembly vf protein and RNA

cumponents are unavoidgble. = The sedimentation values of §uch'

subunits obtained from rat Tiver are geﬁeré11y.1n the order of 50§

and . 305 for the Targe and ‘smatl ribosomal subunits respectively

[(Martin et al., 1969; Lamfrom and GTowacki, 1962; Gould et al,, 1666;
 Notan and Arnstein, 1969), the lowor sedigentation valuss betng due
" to the -partfal disassembly of the prntéin and rRNA components. The
changes that .occub tbruugh FQIAF”“4{§tmag31 are Arreversible, and -

. Subunits prepaved<’in th1* f\ qgftﬂ PP&BSQC1th into active
oo Y. ' /,, s e ; -‘
s, 4 0L Fe
__@_iffd o _ \ N °“o i )xx
[x o] . ’:_?w‘: ) , i }-'r . ‘_' ) I-' : . '-fj'\:_,} h __'_:'g\“

ﬂf The) 'klectrostat1c binding ‘annee of "magnes {um, »re¢pohsib1e Tor

B

subun1t assuciation. can hé-rggtessed by increasing the cancentrat1on
of - “gertain monovalant cations, tb"* dissaciaﬁiny tha subunits. This

dissociation 1is  improved whep the ribosomes are incubated at
* aiemparatuves between 28°C and 37°C (Martin et 8l., 5B69; Térao
and Oghta, 1970).. At these temperatures, the wajority of the .

ribosomes dissaciaté 1nto' the 465 and 605 ribosoma] Subunits in B30

mM K1 whilaib small percentage sediments at 7?%. The Tast fractinn_

: 13 A small fraction of the ribusnmﬁs huund t? nascent prntein wh1ch

fucl

7

. protacts it from dissociating in hiqh cancentratzons of XK1 (Mﬂrtin

©ogeagt o ale, 1971). 0 Incubating the ribosomes -in 1 M KC1 at 279C

dissociates them into their sublmits.  However, density gradient

fraction | with dimers of the 408 Subunit (Terau;ﬂnd Dyata, 1%?0} One

drawhack in the use . af high cﬂncentratiuns af KCi to dissociato

analysi@\ aé the ribasomal sabﬁnits shows contamination of the Gnszu‘J
n\




high salt “washes, {ndicating that essent1a1 r1hasama1 prat&1ns are

mamma11an ribosnmes is that concentrations h1gher than 9, 5 Mrtends o
extracL proteins from the 5ihnsoma1 subunit. Clegn and Arnstezn

aiver' ribosomes when they were zonally centrifuged thrdugh a solution

'cnnﬁaining 1 M KCT. Concentrated salt washings appear to- he

acceptable for the )5 subunits of rat iiver, s1nce extra~ribosomal
proteins are removed without the 1nactivai1on the subunits (Reboud
et. al., 1972}, whereas the 605 ribosomal su un?t 13 inact1vated hy

tost. .

'Puramycin %us peen used to release nascen% po]ypeptide chaina from

. r1bosumes in rat I1ver (Lawford, 1969 Blobel and Sabatini, 19?1. von

_ der Decken. 19?%- Manchester, 1984), i rat tuscle ‘von der Decken,

L,

L

ﬁ?yeptidy1»pﬂﬂﬂ . and th19 1eaus o complote di3§pgwatien of the'
)

o

19?3)' -and  in orabbiu raticuloctytes (bundkivist et al., 1974},

. Purbmycin 1s an “antibiotic which 1nh1b1ts prot ein synthesis by ¢
'1nteracting ,wﬁth peptidyl-tRNA at the ribosomaI pept1dy1transferase

centre, thus terminat1nq the nascent peptide ciain and releasing ﬁhe
%?hnsoma; _gubun1ts. Ind1v1duai ‘subunjts prepared from puromycin
Areated ribosomes - were found. tor be fhactive in . synthesis of
polypheny1a}anine, but the 405 and 80S subunits together were activeﬁ

in pn1ypheny1a1anine synthesis 1n the presance nf poly»U (Lawford

- 19693, It has been shown that the extent of re1easa of the nascent

palypeptide’ is a function of the monovalent 1un connentration and
température. The velease 1s enhanced when the KCT wﬁncaﬁtrat1on RE
4ncweas¢& tﬁ A molar (binbei and Sahnt:n: i&fl) Incubafing at
37°% krésuifs in, the release of mRNh and the TANA molety of the

polysomes  ato  ribosomal subugiﬁs (Bobol and Sabatini, 1971). The.

u

L0

*(19?0) showed that up to 50% of the protein was dissoc1ated from rat

“ o

e
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. advantage of us1nq BhrnmyC1n as oppﬂsad to high sait for Eﬁe'
T preparation of ribosomai subunits is that a3 higher yieldfgf active
 subunits is obtatned with the formér method.

P -+ :
a i

| ,-','7‘9‘ @

!

The useF”3¥i purcmyﬁfn can Ee aioi&ed 1f the ribosome poﬁﬁiatiun fonu
sists. af particles mainly or comp1ete1y ?ree of nascent pratein {Law-

- ford, 1969: Blobel and Sahat1n1 1971) or if precautions have been
._ taken Tﬁ tarm1nate- the nascent protains by prior incubation of the
po!ysﬁmes with 11 +the components necuasary for in vitra protein
5yqthe514. | It is believed that the fiost active rihosoma1 subunits
are ﬁrepavéd By ine vitrq. peptide chain termination . {Falvey and.
Stachelin, 1970).  However, Sundkivist et al. (1974) has shown that

there i3 ﬁo significant ﬁiffe?enhe in the ackivities of the ribosomal °

subunitg of rabbit PeticuluaytéS“-prepared'"eithar way, that is hy

o puromycin t?eatment ar by inuubating the p&]ysgmes with all the -

components necessavy for in vitru protein synthesis.

' a e 0
|| o . a

In  summary, the dissociation of nakaﬁéﬁtic ribosomas  inte

_ - reassocishie subunxts | 1; mors d1ff1cu1t than. for prokaryutic
’ ri-ﬁsowes. Non1n1tiatpu Bﬁs vibosomes dissociate more easily than
paiysumes cnrr St nascent proteins, Precaut!ons must be taken §o

t#Lt the dissoc1at1on prucedurﬁr Hoes not damaga the binding Fovcas'

wa%hin the subunits to a greater eatent than the forces intevactlng’ :

betwoen “the small subunit and the large  subunit. Thirs the
dissunlutxon behav1our of aukaryotic pnlysames is differeﬁq frum that
uf prokarybtic polyanmes. Because the 1ntvrac»1ons be&ueen the
noaribos oma] components promoting- prgtein 5Jﬂthﬁ5is are- basica!?y the

@ sams  in hnth Jpraharyute? and eukaryatcs,“ ti ﬁifTerenk reSPonSes

14

s,
Feek - e

UDSQP?GG with different dissocialing agents may be attributable tﬁ”

VN
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odiffusion constant (Kq) which is defined as the fraction of tha_

'"the!hare camplex ﬁyﬂhpture of the aukaryqtfc_ribdsoma. S
) . e Cr' .

v

egaga?inn of the Ri hoqng 5uggn1ts by Gel Eiltration | “ﬁ,
~ Calumn chramctographic methods for the purificatiun of rihasoma1

subunits offer severa! advantages over traditional methads ut%1151ng

3

P . _ . gg -

)

siterose grodient centr1fuggtion. Purification of ribosomdl subunits -

- by coiumn chromatagraphy requ1reb Jess work; is less gxpengive, fakes
8 shorter time and can gasily be appleed to 1arge guantities. Column

buffers, in add1tisn, avoid the uge of sucrose solutions which ara

b undes1xab3e for suhsequent man1pu1atians in, sone cases.

6910 fittration isobaﬁeq'gn ﬁhe“princigia'qf diffusion into and out of
the statiomavy phase, where - the diffuston is dependent on the bulk
flww of the mobile phase and upon the Brownxan matTGn of the soluté

mo?ecu?es, The diffus1ou of the solute is characterized bg the

statianary phase which s ava11able for d1ffu51an of,a g1ven solute-

species. h ﬁ
; . i _ L
Gal exclusion chromatography on agarose based resins has beeniwide1y

$us§d7 to separate high ‘molecular weight macromolecules such as PRNA

. (Petrovic, ot a1.,--1971§ 1973),  total cellular RNA (Zeichﬁaﬁ'and

‘Stevn, 1977), pa]ysomés (Darnbrough gt ale, 1973; T;i ot al.? 1973
Bwidorski et al.,  1979; Higgins and Mazurkiewicz, 1983). ritosoma)
subunits (Manchestor, and Manthester, 1980) and proteins.,

ar .
. 5

Aithuugh” gel filﬁraiion of proteins and polysomes (ﬁarnburough gt

Cal., 1973 nggins and Mazurk1pwicz. 1983} 13 dependmnt axelns fvely

.IJ‘.::_J
- o

on mplocnlay welght, ael Tiltration of REA on the sume agarese hased _

P

gels s dependent 6n the Secorilary structure of Lhe RMA oe the
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o prééence of po1?~adehylicu'acid (Petrovic et al., 1973; Zeichner and
n Stern, 1977) Simitarly, gel f11trat10n of ribosomal subuﬂits is
- dependent 0n the Secondary structure (Manchester and Manchester,

“1980), and the e]ution hehay10ur -of  the. ribosomal subunits s

analogous to each subunit's respective vRNA's. o significant
adsnrptibn of either -fhé5185.rRNA (Zeichner and Stern, 1977) or the
405 ,ribosoma1 sybunit occurs  (Manchester  and Manchester, 1980).

ﬂowever, hnfh tﬁe 285 rRNA aﬁd the 60S r:basoma] suhunits are
adsayhed to the agarose §ﬁ1 at h1gh ionic strength at 4“6 Th1s
also sugges&é that within the ribosumal subunit, the .28 rRNA is

~ sufficiently exposed to interact with the gel. The adsorption is

Feveréeﬁ whern  the temperature is increased to 359C. The

#

3 aforemant1oned Pronert%es of r1bosoma1 subunits on agarose gels offer

8 distinet advantage 1n that%.1t can Pe use& to prepare ribosomal

subunits without the neod of a céntrifuge. . N

Polysomes ond 'ribosoﬁes ﬁrspﬁved from cell 1ysates'b§ gel filtration
on ‘agarose uels’ appear to exhibit am amino acid  incorporation
uctivity higheﬁ than that obtained ﬁith ribosomes 1solaﬁéd as a
pe??ét by centrifugat1on (Darnbruugh et a1‘, 1978 Higgins and

Mazurk1ewicz, 1980: Desa1 ani Manrhester, 1986). Furthermore

Manchester and Manchester (1980) showed that  ribosomal subun1ts'

prepared ih this way exh1b1t an amino acid, incorporation actuviﬁ#

similay tn'subunjts_prapared by caﬂtrif%?ayion on sudrnse gradionts.

')

Analyais of Rihosofnd Particies by Gel Blactrophovesis :

Gel eTeetraphnreais of\,rwhosamai part1c1es is passibie with high1y
puraua gels. which ‘are arhieved with nlaw cencuntrat1nhs of achi

amida, - The gal eiortropheraila depaﬁatxon of bactarial: rihcsomni

o . L . o
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- which may differ un1y in cunformat1on.bas demonstrated by Lﬁdaiqt et

rs

. “"‘\J . o '

) . :
particieﬁ has- beéﬁ made possib!e bv the dave]opnent of composite

geIs. contain1ng agarose and aary]amide (Peacack and Q1ngman, 1967)
The addition aF agarose Lo dow parcentage acryTanide gels form
mechanica1]y stah1e and yat  very porous gel The fine reso1ut1on

~ provided by thgse gels permitq the sepawation of large macrowolecules |

ai. (‘QYS), Dha?herg (1974 i9?9) and SZEP and Leff?er (1974].'0

k)

ﬁs separation i* hased - on the princfpie of maie&u1ar siaving, the
electrnphuretic behav1cur of ribosomal part1c1es is dependent on

‘;_thejr sige and their spatfai;configuratzon. . The structure of bath O

prokaryotic and eukaryotit rjbnstal_particiﬁs is Influenced by their S

- sirrounding ienic conditions, . Thus migration of th; particlies in.

r acrylamida gels 1s fhverse1y praportiona] "tb the catjonic concen-

.m__

| Dhalherg. 19?4- 19?9)

£

tratian of th@ buffer (tadiugt et al., 1975}

Eléctrnﬁhoresis”fhan-pfa&ﬁdes “powéﬁfuT analyiica] too) fo% studying
the structure of polysomes (Dha1berg et al., 1969; Dhalherg, 1973),
the structure of ribosomes {1a1ens et al., 1973] and the structure of
ribasomwf subunifs (Talens ot al,,‘ 197%. Szer and Leffler, 1074;
'|- W

o b . 1 o
Dhalberg ot al. (1973) treated bacterial cells with streptomyein and

showed | that pn?ysnmﬂs dgplated From these P&31ﬁ mxgwate faster than
pn?ysumas 1sulated From normal cells in acry]am:denagarqse cumpoa1te
qe1w. - This p ensmengn occurs bocouse ¢treptnmyc1n causes stacking of
1he r1bb¢um95‘®n the mRNA, thus. rasulting in wova compact polysomes.

?ﬁ& igubasoges and 505 and 308 ribosomal suhunltv of Escharichia enld

can be separafed on acrylomide geTs. h?actrophuretic studies carrTEd

[l

\:s




out by Talens and co~workers (19?3), using the fine reso1v1ng poweﬁ_

' oF their activ1ty.

| détermine which c1aas of vibosomal subunits f1s mcst“act1ve_1n-a

- . N

'of polyacvy1amide - gel ° electrophoresis, have demonstrated‘“tne J

remarkuhsq heterogeneity of Est erichra cali r:bosames and ribosomal

o 4.

subunits,  The 705 rihosomee resolved into 4 subciasses and the 508

&

Y and 305 ribosnmal subunits Bach ﬁesn1ved 1nto 4 and 3 subcTassas.

fespectively, Two othev groups of workers then elaburated on the

' fin&ing  by"Ta]enn et al. (1973) and showsd; using the ribasomal"
-"suhun1ts un1y, that the diffewent suhciassea ire due to tha loss of

one or. more vibosoms] proteins. %hus, the s10wcst ﬁﬂgrating 3ubun1t

is the native subunit ‘while the" faster ﬂ1grat1nq forms are those '

without the1r congtibuent pratéins (Szer and LéFfler, 1974 Dha]berg.

1Q74~ 1979} -*Furthermnre Dhaiberg (1978) showed that by’ Ins1ng some

of their nvote1ns such as the 1.7/L12 complex, the ribosoma] suhun1ts_;

Iose' mnre than 95% of theip abi11ty ta synthesize po1ypr$hy1a1an1ne$

even though the 4, subclasse> of rihasomes together retains 40~ 100

Thus, using this technique, it is poﬂs1bI’ {

part1cu1ar preparation. s 5
’ ) ° i

. : a
pl . Ir
i

_'ETectrophureS1s of ribdsomal particles on acry?amide~ag§fase ccmpa~

f’site ge?s proved ta be satisfactory with prokaryotes and lower

eukaryntgs only. Yeast ribusomes were the only eukaryot1n specwes

that gave good reselition on rompoSite gels {Helser et al., 1981).

| Higher eukaryotes tend tc giva smeared patterns and it is thought

that the smeared patterns are dug to extra-ribosomal prnteins which

Bind to the. v1bosnmes. ‘Removal of these proteips by high sait washes
'and treationt with nen-jonic deta?gents may ald 4n the veaalut1nn of

the fvihnsanas mn acwy1am169magaraae gels, Hawever. this ared of work

still. néeds - favestigation, Rat _11var ribosomes hiave baﬁnﬁLﬁf
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~can_be achinved on acryTam1de disc ge]s.

- Manches%er,- 1990).
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’ eTectropbofased Sn "pblyacrylamide gels (Ledoigt et al,, 1975); 80
that adenuate resolut1on of the ribosome' and the r1ﬁ§soma1 subun1ts

it

#

THE AIHS OF THIS s'runv .

| The firsf part gf the prosent 1nve§ti§ation was prosipied by the find-

ing that gel filtration on Sepharpse 48 was a s\itab]e method for

- separation of ribosomél(asubgnits by gel filtratis, (Ménchester and

"Manchester (1930}, the séparatinn of the subunits was not pased on
“ideal gel fiitration but vather on the adsorption properties of the .
gel by means qf a two step preparation of the r1hoﬁamal subunits. A

Single step pweparation would be tess ted1ous to perform than a two

P .
step preparatiun. ' P }_

; e g B B
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 practical. seﬁhgftions by gel exciusion chromatography are dominated

by three cons@de\\%kgps which are peculiar to these methnds.

-4
[

. The course of the separation is ﬂetermined by the nature 0f

the diationaryﬂ\pﬁh a,. thqb"_ﬂmgosituun of eluent and the

{J“‘

cperating' cond1t1 n9f S \@mk( the choice of the optimum

stat1nnary phase fnr ¥ 1h%1fﬁ1ar suparation an 1mpnrtant

) prantina? cons iderat ion. )

The “limitation 0 < Ky @ 1 restr:cts the effiuent volume

_ avaii ble for gol fxliramuen separations by chromatngraphy to

=g maimum - value of’ Vo Tha most important consequence’ @f

) _in the study ga}ried out by Manchester and |

tie . sacond Cﬁﬂa1ﬂ3ﬂ6t1ﬁﬂ is that la#gﬁécnlumns are necessary
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) " for molecular sfave separations in-order to provide ‘lution

~ volumes adequate for resplution,
3, o Gel éxc1usion_ chromatography 1is. carried out with eluents éf_
| éépnstanto-campnsition £ad thérefore 'nb chemical and physical
ichinges oceur n the stationary phase. n |
o . ; B

A presant the range of me Teciar s1eve media avaiiahIe for chromatu~ )

graphic. separation 2 vast. There are gel media made of naturay’” ;yiﬁi
fibrss which arg the, cross linked dextrans, the po?yacryiamides thé' Al

o agarose " gels, and thh~there are the synthetic media, which are rigid
nnn~campressibie sieve media which allow sma11 and uniform particle f*

. sizde to be combined with relat1ve?y high f1aw rates and thus enab~

' Iing & substant1a1 tnerease in the colum eff1e1en&}.

s
- -

The qmo1ecular*cieve-media studied mé?g'agarnge gels based on the work
by Manchester and Manchester (1980) gnd “this was eypanded in the
present case to include the study of gel 1ltration using a synthetic

gek, that is Trisacry1:Gonﬁgf(Redhtwﬁaﬁﬁlaf}j

1

Trisackyl gels are syntheSized by COpn1yﬁerizati§ﬁ of NnacrylbwaZn'_-
amincﬂzmhydroxymethy1~1 3 prapand%c1 and a hyﬂ?oxyiafei_ aerylic
L GRNOmEr, Tr1qacry1 %?13 -have - &scumbination'(ildﬁpen1a1 advantages E
aver existing “gels. Thess include1h1gh separation gfficiency due to .
" the un1form part1c1a siz@ and high mechanita1 resistance which is dua'
}‘ taﬁ the rigid nnnaﬁompressihle beads. COnsequently they allok high
11ne&r flow vates.  Column eff1q1ency is not greatly altered by high -
flgw“-rgtes, " Singe TrisaevyT'?is a  synthetic gel.-%t\iéxhdfjbion
) deﬁfad&bie. It 1s suitable for the 3gparatiaﬁ.oferibasoma? subunits
since it has a fractionation Fange of 15@-000m1§ willion daltofis,

i
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',qur1f1cat1nn of rcvertain nucTeac acids * (Petrav1c et a1,,\19%3) gng
\ rihnsoma1 subunits (Mantheéter and‘Manthaster, 1980)

8

]
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Sepharose {Pharmacia) is a bead formed gel prepared from agarose that' .

is stab1e under most conditions encountered 1n gel fi]tratian Thej

. mﬁchanica1 strength and the porasity of Sepharose is dcpendent on the.

. agarose nonuentration of the. hE&u@.. The highest agarose concentras

tion- renders a ge1 with a “e1at1ve)y high mechanical &:iﬁﬂhth. Ihe
extremeiy open gel structure cf SepharGSe gxtends tha ra ¥ separa-

t1g§s possible with gel fi]tratinn to include mucruma1ecu1es with

mo?ecu!ar weights as - large as 40 m1111on daitons. * The dfsadvantageﬁ
g Qf Sephawcse is that it d1sp1ays SO adsarpt1on properties which may .
" be due to the small nuider of sanhate and carhoxyl groups present.

However, the adsurptﬁmn propert1es can be used as a basis for the"

'C? FE )

e
et -al.{1960) that po1ysames from tsrher1chia ol Laﬂ\he separated on.

acry1am1denagarusgﬁ composite ge1s by e1ectropharesisx “The highly

© porous 5tructure of the acryiamxﬁe~agarose gels a119ws Ahe 4Bparat1on:

L -
B ST

RN

" The seeond partﬁ§?“ his study waﬁfk;omptad by the finding of Dahiberg_

of 1arge macromoTebu1e' whi1st stilk ma1ntain1ng & high mechan1ca1i?

strength. The phys1ca1 properties of d1lute acryTamide ge]svwhen )

. supported by 0,5 % agarose are remarkabTe in view of ’tre

gharacteristics of esch of tha components sepangte]y. The 0.5 %

[l

agarose is just able to maintain 1#$e‘$ without f1aking and %rumh1ing

~and  the acrxﬂamide 9905%5565 sa 11tt1e *tructure Ehat 1t %n a1mos?
Fiuid, Together they form a porﬂus yet very rigid gel.. “7-~ ‘o

‘/

\ W

The f1ne resoiution pravideﬂ hy these %515 pern1ts the scparatrﬂ 'bf

“'iarga macrcmolecmies which ﬁay;;?ffer only fn csnfurmatiqq}ur ky i]e

presence o abgpnﬂa\ & single protein.  The puﬁentja1 cf thi*

g
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" higher resolution Jjs obtatned by using electrophoresis instead of

4

Tawmo
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technigie offers great advantages °in the study of pibosomes and

vibosomal sﬁhunits ‘of 'eukapyotes and can anhaace the sfudy'on the

B
1]

structure of the ribosomal particles.

,The sepaﬂaﬁﬁbn of ribosocas and ribosomal subunits by elsctrophoresis

1 in gels is different in seveval important ways from separation by

uTtracéntrifugntian._== The prapefﬁfes of a ribosome which determines
its mubi{}ty' in an electric field is different from the propertics
which .determine its gedimehtation velocity in a gravitational field.
In centrifugat%gg, the large olecules move faster. while in the

eleﬁtraphorét1c~fana1ysis, the small molecules move faster. A much

dpn%1ty gradf@ht c trifugat1on. In addition, each fraction is very

much 1ess contam1natad than in the case for rentr%fugauinn. _'

'Tha%ﬂ differences dpenypew possxb131tie$ in the- analy%1s of ribosomes

and rihusnmal subun1ts nf eukaryotes,

s

0K

[

. . ) .
ks “ B C:> L - T

LI 9

“f)

s



2.0

2.1

2.2

2.3

WMATERIALS AND_METHODS L

added to aach flask.to a final cunreﬁlratipq or 0,14,

N ;
) . "‘H’.
MATERIALS

R . '
 Trisacryl GFZOUO was supplied by Reactifs, 18F, Sepharose 4B hy
_ Pharmacia, puromycin and [14C]phenyTa1an1ne by S1gma,' agarose -

(ﬂTectrcphares1s grady) by Biorad and gg- erichia_cold rRNA by .
Baehrinaer Mannheim. . AII other chemicals were of analytical grade"

and obtained from varjous sources. o E

0'. Tn

"

ARIMAL CARE

&

. Albino rats were obtained From the Central An1ma1 Unit uf “the Univer-

_s1ty. They were housed in gages avd provided W1th a balanced cubg
diet -and water, For the preparatton--of vibosomss the rats were

starved uvernight. B

vy A . ™

ESCHERICHTA COLY CELL CULTURE R p

Preparation of culives modium

Luria broth was  preparsd by dissulvinﬁ 10 g tryptone {Difco)}, Bg

| yeast exfract (Difco) and 5g NaCl n 800 m) distilled water, Tha pH

of ﬁhis solution was adJusted to pH 7,6 with-NaOH. The hroth was

then put into 250 wl Erlenmeyer cu]turing f1aswfﬂan¢ sterilized by
of

autoclaving for 30 win at izoﬂa Filter stetilized g]ucose was

o]

R Ty
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':netgxmigatjon of the Growth Curve of Escherichia_coli

-

A plate of ggchgrjgu1é coli (K gtrain), grown on nutrient agar at-
379C for 48 hours, was donated by the Microbiology Déparﬁmeat. 250
wt Luria broth was inoculated with a colony 0bta1ned'from the nutri-

‘ent agar plate and this was p1aced in a 37°C 1ncubator to develop

/
an overn1ght broth culture. = /

4 ml of the overnight broth cuTture was inoculated into 250 ml ster-
ile Luria broth. A sample was taken at inoculation time (i.e. zero .
~time) and the absorbance was vead at 480 nm against a Luria broth

~ blank.,  The inoculated broth was placed 1in a rotary shaker at

37°C.__ Samples were taken periodically and the absorbance was read
as described above to obtain a gruwth curve (Figure 1}, The growth

curve was used to estab11sh the time of harvesting of the Escherichia

‘f““"ép j= cells, . § i.e. the Tog phase, since it is during this phase that

the hacteria1 cells are actively replicating and thus synthesizing

': proteaq;. - Puring log phase, #4050 % of the total mass of the

Escherichia coli cells consist of ribosomes.

A Batch Culture of Escherichi i K strain
4 ml of an overnight broth culture of gschérichia £oli was inoculated
into 250 w1l flasks conta1n1ng Luria broth. The inocu1a»ed Tlasks

ware then transferred to a rotary shaker and the béacteria cultured at

279C with vigorous shakwng. Afﬁer 3 Hours; the f1asks were put

. into; an o acetona-ine besth t0,, ¢oo) “from 379" to 0% dn w20

vl

geconds. -+ The bacter;aI calfs were harvested @y\centrifugat1on in a

Sorvall $834 .rotor for 10 min, at 16 000 rpm. The peTIets wexe

.rosuspended  in 10 md sucrose  buffer (10 M Tris-HCI, pH 8, 25 %

sucrose) and centv1fuged,aga1n 9n_an §§ 34 rntor for 10 min: at

i+ o
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ABSORBANCE UNITS  (480MAM)

Time (hrs)

Filgure 1. The growth cutve of Escherichia coll,
Escherlehia coll wag grown in Luria Broth
. @t 837°C with vigburous ahaking. The
- growih curve was determinod as described

in section 2.3, , .
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- a ) . 4 e
i o ) . . o
‘ S Ll\ ™ o 1] .
) o
[}
- ) )
o 7] [ i Ve
" th
u .
A
o -
N
B N
o ™

rd) . . N
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%
. " absovhance at 280 mm, 260 nm, 240 nin and 235 (L 5

PREPARATION OF RIBOSOMES AND RIBOSOMAL SUBUNITS

‘10 000 rpm.  The cells wure either stored as pellets at ~70°C or

the ribosomes_isolated immediéte1y after harvestiug.

o

7\
The Prepara t1on “6f Rat Liver Ribosomes and R1bosoma] Subunits

Albina pats were starved overnight to reduce the glycogen content of

the Tivers. The rats were killed by cervical dis]ocation‘ The .

livers wer% qu1ck1y removed and rinsed 1in 1ce-cold saline, The

~ weight” wad neasired and three volunes of 0,25 M sucrose in buffer A

bO

(100 mM KC1, 20 wM HEPES pH 7,3, 2 mM MgCly, 0,2 wM EDTA and 5 aM
MSH) 'was added. The IiQer was homogenized inua Bounce homogenizer,
The homogenate was centrifuged for 10 min. at 10 000 rpm in a $orvall
S8 34 fdﬁﬁr to  pellet cells, cellular debris, nuclei, and
mitochondriae To the post-mitochondrial superhatant, Triton X~100
was added %o a final concentration of 1 % to release membrane bound
ribosones,  The Triton X-100 treated supernatant was layered over 4
ml 1 M sucrose in buffer A in Ti 50 tubes., The discontinuous sucrose

gradients were centrifuged for 1 hour at 4%2, and 50 000 rpm in an

ultracentrifuge,  The supernatant and sucrose layers were vemoved by

suction with a water pump, The péllets were either stored ay_nzo°c

‘or_ dispersed in buffer B’ (500 wM KC; 20 uM HEPES pH 7,8; 2 mi
MgClg. 0,2 mM ‘éDTA and” 5 oM MSH). The pnrity of the ribusoma?lﬁ
peliets were estimated Spectruphotometrica11y by measuring the 431

)

N "

To prepare the r1husoma1 subuntts, ribosomal. pa]]ats wera dispersed 4
&
fn 1,5"mt buffer B per pellet, The Wégo unitwiwere measurad and

{‘“ S
HI.
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Qo
puromycin was added to a final concentration of 2 mM. The ribosomal
suspension was then incubated at 37°C for 15 min. The cooled ribo-
somal suspension was Tlayered over prepared 10-40 % 1{near sucrose
gradients. The sucrose gradients were ceﬁtrifuged at 20 G00 rpm for
| 16 hours at 4°C in 'a Sﬂi 27 rotor.  After centrifugation the
gradients were fractionatod and pumped through a 254 nm Uvicord,
Fractions containing the r1bosoma1 subunits were collected and
pooled,  The pooled fractions were centrifuged at 50 000 rpm in a T4
50 rotof for 3 hours. v The pellets were resuspended in 0,25 W sucrose

in, buffer A and recavery was measured in Aygp units.

-Elhﬂ Pregargtion'gf Rabbit Reticulocyte Ribosomal Subypits
| Salt washed rabbit reticulocyte ribosomes were a kind gift from Mr M,

Mouat of the Depagtment of Biochemistry.

One pellet of feticu1ocyte ribosomes was resuspende&uin 10 ml buffer
~C (500 wM KC1; -3 mM MgClp; 20 mM Tric-HC1 pH 7,6 and 5 M MSH) and
centrifuged in a Sorvall SS 24 rotor at 10 000 rpm for 5 min., to
remove aggregated clumps of ribosomes. The supernatant was carefully

removed and the Apgq units measured.

To prepare ;ibosomai subunits, 2 mM puromycin and 2 mM &TP (final

connentratton) ware addeyd _to 3 m1 of ribosomal suspension which was
f‘50 Aggp units/ml.»  These solutions were incubated at 37°C for 30
minutes, cooled and 1ayered over 10-40 % sucrose gradients which were
made up in bu?fer C. The gradisnts were centrifuged in a SW 27 rotor
at 20 000 vpm and 4°C overnight.  APter centrifugation the
gradients  were qﬁumped' through - a 254 mm _Uvicb?ﬁ. Fractions
corrasponding to fhe peaks recorded ware collected and centrifuged at

B0 000 wpm in a Ti 50 rotor at 4?5 fof;a hours. The pellets were

! .
!l i "



y

g C : K C SR

33
\
sthred at 20°C.

The _ Preparation _of _ Escherichia _coli Ribosomes and Ribosoma)
Subupits _

Ribosomes of Escherichla coli were {solated by'the method of Girbés
et al. (1979).  Approximately 7g bacterial cells (wet weight) were
resuspended 1in sucrose buffer (10 oM Tris-HC pH 8; 25 % sucrose) by
sTowly stirring with a glass rod. A1l operations were carried out on
ice, To the suspension, freshly prepared solution was added, which
consisted of 2 ml 20 mg/ml in 0,25 M Tris~HCT pH 8 and 2 m1 8 mM
EDTA. The  solution degraded the bacterial cell walls. After 10

win, of slow stirring, 10 ml of the freshly prepared lysis solution,
which consisted of & mt 3% Triton X~100 in 6 mM Tris~HC1 pH 7,8, 35 .

md Mg(CHaCO0)ni 90 mM NHsCT and 0,2 % sodium deoxycholate, was
added. The solution was stirred for 5 min. during which time the
v{scogity increased tremendously, 1indicating the release of DNA and
thus successful Tysis of the bacterial cells. After 5 min. 0,75 mg
DNase was added to the solution to degrade the DNA, cohsequent1y
reducing the viscosity. After 15 min, the solution was centrifuged
in an S5 34 at 10 000 vpm and 4°C for 10 min., to remove celi

debris. The supernatant was carefully decanted and centrifuged again |

at 50 000 rpm in & T4 50 rotor for 1,5 hours. The ribosomal pellets
were either stored at ~70%C or used to prepare ribosomal subunits.

¥

Ribosomal subunits were prepared by resuspending a ribosomal pellet
. A

in 6 ml Tow magnesium huffer (10 uM Tris<HCY pH 7,6; 0,2 M MgCly;
25 WM KC1 and & M MSH). The resuspension was dialyzed overnight

with the same buffer.  After measuring Aggy units, 3.ml of

ribosomal * suspension (50 Aggo units/ml} was loaded onto prepared

3 b
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10-40 % sucrose gradients, which were made up in 10 mM Tris-HC1 pH
7,6; 0,2 = MgC12 and 25 mM KC1. The gradients were centrifuged in
an SW 27 rotor at 16 500 rpm and 49 for 16 hours. After
centrifugation the gradients were fractionated, Fractions containing
the ribosomal subunits were pooled and the ribosomal subunits

recovared hy centrifugation 1in a Ti 50 rotor at 50 000 rpm and 4°C

for 3,5 hours,  Pellets were resuspended in sucrose buffer (25 %

sucrose; 10 mM Tris-HC1 pH 7,6) and stored at -70°C.

THE PREPARATION OF RAT LIVER CYTOSOL

The cytosol from Tivers of fed rats was prepared by conventional
differential centrifugation, Liver tissue was extracted from fed
rati-ﬁk111é&_'by cervical dislocatfon and vrinsed 1in 0,9 % saline.
D,25M sucrose in buffer A was added (3 voiumés) and the tissue
homogenised :using d Dounce homogeniser. Thé homogenate was centri<
fuged for 10 miny at 10 00C rpm at 4°C in a Sorvall 5534 rotor. The
supernatant was carefully remoued and transferred to Ti 50 tubes and
centr1fg§ed at 50 000 rpm at 490 for_l hour to pellet the ribo-
somes.’ *{he supernatant was stored at -20°C. |

THE PREPARATION OF ESCHERICHIA COLY CYTOSOL .

. n
L
[REC o

Abp?bx1mately 109 (wet weight) Esc heg gglg_ggl_ celis were Tysed by

.grinding with 3 parts alumina (Sigma) in a cold mortar until a thick

f1ow11g paste was obta1ned. Dﬂase was added to a final concentration
of 3 .ug{m1 Lo c1eave the DNA thus reduc1ng the viscosity of the

tr
' "]
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paste.  After 10 win., 10 ml buffer (10 mM Tris~HCI pH 7,6, 50 mM
KCT, 10 mM Mg(CH3C00), and 7 nM MSH}) was added to suspend the
paste 1nto a free fidwing slurry. The slurry was centrifuged at

16 000 rpm at 49C for 10 min. to peliet the...umina, cells aid cell
debris. The supernatant was further clarified by repesting the
centrifugation step. The supernatant was then centrifuged in a Tt 50
rotor at 50 000 rpm for 4,5 hours. The ﬁbst ribosomal supernafant
($-100 extract) was stored at -70°C and the pellet was discarded.

PREPARATION UF LIVER GLYCOGEN

To prepare total.glycogen from rat Tiver, the whole Tivers of fed

rats were placed in liquid Ny immediately after removal from the
animal to _minimfke' degradation (Geddes and S%;&tton;_£§77). The
tissue was .gfound in a pestle and mortar, then homogenized in 4 vol
of 45% (w/v, fingl 6oncentration)g phenol for 4 miB. at 259C. The
=ﬁomogenate was stirred gently for 1 hour. The upper aqueous layer
.containing glycogen and RNA was removed. The RNA was digested with
ribonuclease which had & concentration of 1 mg/16 ml. Glycogen was
concentrated hy d1a1yzing against 20 % polyethylene glycol in 0,25 M
Tris~Hc1 pH 7,6 and 0,1 M NaC1.

Y
)

SEPARATION OF THE DISSUCIAVED RIBOSOMAL SUBUNITS BY SUCROSE DENSITY
GRADIENT CENTR{FUGATION ‘ | -

]

Linear §unros§§ gradients were, prepared by using a perspex gradient

“maker. 717'mj of eath sucroseﬁsnlutiun {1.e. the 10 % sucrose and 40

' P ‘ -
=t ° .. j o E !
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% sucrose solutions) was put dnto each of the chambers aﬁ&umixed
gradually while draining into 37 ml‘centrifugéltubes. iThe stucross
solutions were made lip in the huffer specific for the 1soiﬁtion of
each of the different species as indicated in section 2.4. The
sucrose grad1ents were made up at 49C, then loaded with 3 m] of the
dissociated subunits and centrifuged at 4°C in an SW 27 rotor at
20 000 or 19 500 rbﬁ for ‘16 hours. After centrifugation the
gradients were fractionated using downward diﬁp]acement and the

eluate was pumped continuous1y through a 254 nm Uvicqrd Fractions

correspond1ng to the peaks recorded were collected ant pooled. The

riboSomal subunits were recovered by centrifugation at 50 000 rpm at

4°C for 3 to 3,5 hours.

GEL FILTRATION OF RIBOSOMAL PARTICLES OF TRISACRYL GF2000-

Trisacryl GE2000 {Reactifs, IBF),.supplied in its hydrated form, was
mixed ,with an equal amount of buffer B, tﬁen de~aerated and left to
attain ‘equilibrium at the operating ﬁémperature. The slurry was
packed into a Wright column (1,2 cp x 30 cm). The space below the
bed support was Fled with buffer before packing. This practﬁée
prevented  air bubbles being trapped . in the dead space under the net.
The column was packed at a préssure of 30 m1/hr using & Pharmacia P-3
peristaltic pump to ensure Ehaé the waximum hydrodynamic pressure was
not excéeded. The column was then equilibrated with three volumes of
buffer B, | | |

% . ,,."

r‘/

'The separation of the so1utes-hama gel Filtrakion Eo?umn s dependent

on the qua1ity of the column ack%hg.- Thds; hefore the coluun was

w : a " L .
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" Since the separation of solutes is also dependent on the number of

'sampie to settie eveq%*%nn the top of thie ng1dﬂg/oed.
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used, the un1form1ty of the packing was checked by cbserving the
pidgress of the co]oured zone of ~ solution of blue dextran {0,2 %),

It was discovered, howgver, that blue dextran was- fractionated on the

column and “the peak emarged as a|rbroad tra111ng peak. Thus,

cytochrome C (Sigma) being a more mhomogenenus substanca was used

instead. With repeatad packing of the Trisacryl GFZOOD co]umn, it

was found that the column packed uniformly each time.

- A}

theoretical plates (V) ofnthg\cdlumn. the maximum number of theoreti-

cal plates was determiﬂeﬁ”hy running the 405 subunit of rmi tiver at
" various flow' rates, The 405 subunit was resuspended in buffer B and
| t 5 Azﬁg units were applied to the column, N was ca?cuTated as
| descrihed in section 3.4. Since the conformation of the solute deter-

mines {fy 'characteristics on the colums and hence the estimation of

N, it was useful to compare the maximum number of theoretical plates
when vunning acetone at the optimum flow rate with that ‘obtained when

running the 408 subunit (see results section).

The solute behaviour on the column is detérmined by the characteris-
tics of the colum.  Thus, the integna1 volume (V4) and the void

volume  (V,) were determined using tritiated ‘water (3H20) and

-_glycogen"raépective1y. . Each samp!e was mixed with an apprOpriate

volume of buffer B and 10 3% g1yceru’ io increase the dens:t@ of the

sampie, then 1loaded onto the column with a m1rr0p1pwtte a11ow1ng the

iy ’” ;,a,- Q

- ' i Lo G

1
.» h;'

\ a
the 408 and €OS suhuuit&-uf r4$~1;ver aﬂﬂ rablbit Pekicuiocytas were
used to c&ﬂibrate the~ cu1umn‘ ¥ Agsg units of the sample were

) - f;’q/“? ' b

L
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app11ed ; ~the column as stated. above..]The column Was a11nwed to rup <

with buffer B as the eluent, with continuous mun1tor1ng vf the eluate
at 254 om (LKB Uvicord). Fractions of 1 were collected and the
absorbance of each of the frac%ians were geasured at 260 nm.

To determine the elution of the dissociated subunits of rat liver and

pabbit reticulocytes, the ribosomes were resuspended in buffer B and

treatgﬂ with 1° M. puromycin  and incabated at 37°C for 15 min. be~

fore being appTied t6 the cofumn as above. - The column was allowed to |

yun with “buffer B as the oluent &l the eluate was collected in 1 nl

fractioq/, The absorbance of the fractions were measured at 260 nm.

oW

.Eq

A1l - the above experﬂments were carried. oyt at 49 and ?5°C. The

cdlumn was packed at 4°C and to heat the column to&25°c buffer 8
was #warmed to 30%, de-aerated and then passed through the columu

ta btab111ze the gnl. The buffer treated in this way serves to heat

the ge] pnd  also to absorb any air that might be released upqﬁi

heating of the gel. The temperature of the column was maintained at

5°c by use of a water Jacket through wh1ch water of a constant

temperatqre passed

il
iE gt

Subsequent experiments were carried out on a 135 el x 1, 2 om aoiumn.

_Trisacry1 GF2000 was packed at a f?ow rats of 15 n1lhr to a bed

hetght of 135 em. The Tower flow vate waﬂ used to accommodate For

the” increase in pressure in the longer column, In this way the"

L

max mum packing pressure was not exceeded,
_ © s . o o '

The eolum was equilibrated with buffer B and the quality of the

colume packing was assessed by vumning: cytochroma C through the

2
l'm\‘ h

7

a0
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" g% and at  20%C.
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coTumn, The consistency in the uniformity of the packing ”gg~agaqn

demonstrwted in the 1arger cu?umn. S1npe the optimal Flow rate for. a"

pirﬂicu1ar gel is independent of “the. height of the cotumn, »* fwas not

J nefessary o uptimize theﬁjfinw rate and 3 m?/hr s th? ’1ow rate
o e :
- \hJ#d for, subsequent, chromatogrﬂpqﬂfaperaninns. It was oh{arved that

nn Tr1§écry1 GFZOOU ‘the hd%ght gquivalent of a *heoré%ica1 plate
(H;TP) did nut change?ﬁ1gnif1cant1y'as the Flow rate was increasnd

5_\. et II
RO 4
-
w

Rat liver ribosomal subunits were chromatographa on the columni. at
A mikture of vihosoma]

subunity,. obta1ped by 1ncubat1ng 4 sample of r1hosomes in suspension

in buffer B w%th "1 mM puromycin at 37°C for 15 min, was »hrumato~'

graphed on the column to determine whether Fhe subun1ts wbu1d he

4] S
. . O

separatad on the column. (; )
' - . . " o . Q [+]
)) >

The .samp]es were a;p11ed tﬂ the column as
" before -and eluted with buffer 8. at 3 ml/hr.

uRabbit reticulocyte rlhasoma1 subunits were appiied to the colum and

chrumatographedu with buffer B as the eluent at 20°C. A mixture of

sitbunits obtained, by incubating ribosomes with purnmycin ﬂt 37°c

for 15 min., was applied to the cO1umn and giuted w1th buffer- B at 3

Sll'lfhr- o .7,-.-:’4? . . 'l:'l\_‘

R . [
]

i3 [w) .
Escherichia  to%i ribosomﬁl subunits ware.chrnmatpgréphéﬁ on the col~
umy aftey veeﬁu%libratian with a Tow magnaaium buffer (25 by Tris-HC1
pH 7,6, 0, 25 mM Mgc12, and 25 ka”61)
to “the calumn With huffer and g?ycero1 (10

The suhun1ts were applied

v/v} A minture nf

N r1boenma1 sugunzts wag appTied %o, the columm and ¢luted with
huffer;_(f The luate was_monitored cont1nuously @t 254 nm_ and 2wl

r/u

i
) .’\_‘.

.

The"absﬁﬂgance of each of the fvactinns
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© . 31 SEPARATION OF RAT LIVER RIBOSOMAL SUBUNITS BY SUCROSE DENSITY

. decweaSQd progress1vé‘§. | P

Figure 2. '“ B 0

\\

GRADIENT CENTRIFUGATEON e . =
Yoo L

f Ribaaﬁmésﬁ"isd1atéd"from rat liver were dissoolated with puromycin as

descr1bed in  section 2.4, The dissuciation' of the subunits was
studied by sub%ect1ng the reaction m1xtures to  sucrose grad1ent

ceﬁtrifugation at 4°C,

Yl

© . . . W ) ) ) "

o

Figuve 2'fshow§ the _dénsity'gradient prufiTe'af rat 1vdy ribosomal
_ g T : - S _
suhunitr . The subunits were well resolved, although the peaks do.

have  some aver1ap, The redative hé1gh£s and distance of separation

of . the 405 and 605 peaks were repruducib?e it the Agﬁﬂ units
_app1ied to the gradient did- nut-exceed 80 Apgg/mi. When thn load

was ncreased the peaks tended “to broagen out ‘and resolukion
)

iwad)

TR

'lTa assess the yields “of the ribosonal Suhﬁnitsithe ﬁzﬁg upits were
ﬁeasured and the concontration was caIcu1ated Tront' an empiriﬁa}1y‘?
| dermved C@oefficwaat (Peterman, 1964). The yields (Table 1} of the 2

suburdts @w@re good and thay were camparah1e to the amount  of

ribosomes app?xud to “the gradient af;er aiinwjng for a'certain

pevcentago 105». since only fractions wore eollected as “indicated in

I

!hL ultrav1a1at ahvurhangc eha&actmrxsi1ﬁs of tha subtnits, awe qiubn

in Tabla L. lhu ahsarbaﬂee apottrum is chavauterastko'ﬁfwylbuaemﬁ1' 

9 B
o . W
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was measured at 260 e, Fractions containing the ribosoma? samgies

uerﬂo ana]ysed spec Enphntometr1ca11y fn the wavelength range 235 nﬁﬁ@

to 280 . ?? The éukaryot:c subunit fractions were cuncentraﬁed by

dialyzing against polyﬁthyTene glyeol (20 %lw/v] in buﬁfer B with KCT

concentration veduced to 100 M and the g§cher1ch1a eoti r?hosuma1

=T‘fraciions_ were  concentratad iy HIt”af‘Jﬁration using s i1l por

a.

210

2

D .

I

-

ey

';:QTtréTiltratioﬁr uﬁ{t; The - f;husoma1 suhunits wera dna1ysed by

elebtrupﬁoresiﬂ. )

fl?he cnlumna wdslﬁhﬁ%t?f'as before by pass1ng warmed de~agrated ﬁhffarl”

ti-ough  the cnf&mn. A constant ﬁemperatura was mainta1ged at 209¢

in a tempera;ure controlled rgom. .
: \| E . . f/ : . .
GEL FILTRATION OF RIBOSOMAL PARTICLES ON SEPHAROSE 4 -

Fl . N L u

[

‘Sepharose - 48 (Pharmacia) was mixed with 1/3 of its volumé of buffer °

B. ~The geil suspemsion was Tleft ~infgh_Ssﬁc'waterqbdfhmﬁo attain
equiTibriun “at the ﬁparaﬁing tempevature, . “Be?uﬁe pacg§ng the gal
wnto a 30 om X 1q2 ca Hr1ght co}umn the ge1 ‘suspension was

dawaerated. . The colyin was packed at 8 pressure of 48 mT/hr using ]

fPharmacia P~3 par1stalt1c pump, keeping the temparature at 35°0
- with, the a1d of ‘a water JﬂLLQt fitted onto the cu?umn. To

equilib: rate the co1umn, bufFer Ba' wﬁs Heated to 359C, da»aeraﬂad

@-W .

‘ qnd passed thruugh tha co!umn. o

Ch
@ . R G ]

- o | : m
'ﬁg w;%h the Tr1saury1 GF2080° cﬁiumn. the unifovmity of the column das

‘lchackad using a solution of cytnchrume ¢ (2 ngim%) Dptimizat1cn of

the -ﬁEpharosé’ﬂﬂ column was ' carrigd uut av befnvg, tha 408 subunit uF

Jiat? tiver Was chromaﬁnqrapﬁei al var?eu% /¢Tuw rat&s, and N was .

- ]
b *

| [ R & R u\‘
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- determined from the elutiono profiles 0bta1nad. 2,5 Aggp units of
403 subuniﬁs in “buffer <B ws app11ed ‘to the column and eiuted with

[}

the total. colunin vc1ume and g!ycogen to daterm1ne the vo1d volume.

f§_ * buffer’ B.  The co1umn was characterized using 3820 to determine

The samples were wixed with buffer B and applied to the coTUmn. They
qgve eluted with buffer B at the optimm Flow rate at 359C, The
e?uéte from the gTyéogen pun was monitored cuntinuously with a 254 e
°n\:f' : J‘ v1éord N The 40§ and 60 ribozomal subun1ts oiﬁgat 11ver,§were
T " applied ﬁo the coluin sepa$§§91y.a About 5 - Aggy units-of each
suhun1t was applied to the columi and eluted with buffer B ak
. 359¢, Fractions (1,?5 ml) were cn11ected and récogpry est%mated'
" “The mixture of ribosomal subunits was then applied ‘to the culumn at
L 35°c to datermine whether SEpharase 43 was & su1tah1e gel for the
sepavation nf ribosomal Suhunats by‘pure gel fi1trahion. The cotumn
was “cooled to 490 and equilibrated at this temﬁératura with Buffer
B (3 vclumes) The/ﬂqs and 505 ribosbmal subun1ts were apﬁ1ied to
the coTumn. The - 405 ribosomal” eubun1ts eluted unretarded at 49
but: the 605 suhuﬂits adsarbed to the ga1 and the column was warmed to
on 5°L Yo elyte the 605 ribosomal subunits. To deterwine the elution
S hahaviuur of "a mixture of ribosomal subunits on the column, a sample
r of ribosomes was 1ncubated with 1w pnromyc:ﬁ at 379C for 15 min,
;.u | and app]iad to the c01umn at 49, After elution of- the purumyc1nz
| = peak > the column was warned- to 35“& to elite the 605 pibosomal

O e e i

suhunqts.
. o _-fFa? alt 'chrumgtograghy uparafionsﬁ Jtﬁe“ pibwsomal  subunits © were,
unltocted aﬁd recovery - estimated frow the sbsorbance unfis ‘at 266

) "o i  The ?ihoaamal subunits were concentrated by dia1ysis against

)

#

pn?ycnhy?ene g?yvn? in buffer A e o

s
(] et

& £ L (_:_ "
" 0 B o o
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The &0 Tuinn wq§ reehui?ibrated with a 10w magnesmﬂm buffer. Eﬂﬁ mM

[\

. was munitcred ccnt1nunusiy “and ?ecnvery of £ha fract1nns m@re
. e »
) . assessed by mgasuring the absorbancé at 260 n. o o Q
§ " |

The 60§ subunits were applied Lo the cnlumn at\variaus temperatures

(4“6«2508) The  recovery was assessed from each run, and i the

_ J
Y _ recouary was not good, the temperature of the system was increased to
& 30°C to elute any subunits that had adsorbed to the column. To

detébmiﬁe.'whgther the'ﬁOS"ribasnma}-§ﬁh&§i%§ were of similar size to

. the pbres of the geT, bhe subun1ﬁs were applied to bgpharosa 68
Q\ ﬁ?hﬁf@ania) Dand SQpharose 28 ("harmac1a) These gels were packed
i yj/ J 15 cm x 1 omcolumn at 4% and aqui11brated with buffer B

| separate?y The 608 *ubunits of ratw11ver were applied to the caqumn

o and eluted with buffér B at_%@t. The subunits did not emarge From
the0I;o1ﬁm£ and therefore the column was warmsd to 30°C to elute the
subunits., To® determine the elutior vaium@s- of 'the snbunits on
Sepharose 63 and Sepharose 2B the subunits ere app!ied {u the caTumn

and e1uted at 30”6. : e e
(3
H\ *\”\.' o o " ) ’ . ! - v

O

2.11 ANALYSIS OF Rié;}OMES AND RIBOSOMAL SUBUNITS BY ACRYLAMIDEIEGAROSE'

9

QOW“G?ITL EEL ELECTROPHURESIS

o v Preparaf{nn of the Gel ' 5. - ' T e
| Df ) R1buaoma1 pavtlcies waie e1entruphof@seﬁ intn vortical qiab gels"
? ) " e ﬂ“tﬂiﬂiﬂg acryiamaﬂe .giu the var10uv cuncentratjun used {as
o | Di - dﬂShi??&d in legends o fllustrations) ond 0,5 % wgarose, using a
. oy e SRR L

o . & : B T

Tris~HCT pH 7,6, 0,25 M M&tlg. 25 oM KC1) at 4°C, Ritbsomal
subunihs of srner chia coli wgﬁb app1ied tb the co?umn. The e?uate

Y



o

=

43

o

. vertic&\ gel apparatus wh1ch had the follwwing dimensians - 120 mm x°
120 mm x 3 wm and the siuts were 10 mn X 10 ma % 1 mm so that the

u

sfots were comp1ete1y- covered.eby gel. This practice facilitated

o

» vesolution (Goadwin and Dahlberg, 1962). o D

[ALLINN

.i.The 'ge1s ware made up by'disso1viﬁg 0,33 g agarose (Biovad) in the

apprcpriate voTume nf distilled we&er hy heu;ing for 1«2 m1n io-a
micrbwave oven, The disselved agarose sn?utiun ‘wase then transferred
to a B0°C - water bath 1o oot the solution sTowly to ~500C. At

* 509, acrylamide, buffer 10,25 ngﬁﬁz, 25 nM Tris-HC1 pHB), and -

TEM&D wore added in their apprOprﬁate volumes., The temperature wats

than lowered to ~40°C by vunning tap- water over the solution.

- Ammnnium persu]phate wag ad'ed as 9 catalyst. to. po1ymer1ze the

acrylamide.  The gel solution was poureﬁ-qgickiyninto ‘cooled clean

glass épiaté; to chuse gelation of the wwarose around the;g1d§s“

plates« this pract1ce 1ncrsasad the stalility of the gel, A& eold

{0 set for'l hnur.

. R .
— o
Proparation of the Sample . - ,

. 870t Tormer was then inserted quickiy into the gel. The gel waSITeft

Ribosomal. samples {(in -0,2~0,4"A250'ﬁhits) fnr-e!ec%rophoresis were

Mglls, 8 m¥ MSH, 10 i suevose and 0,02 % brumnpheno1 biue}

- jmproved vesa?utinn was required an equal volsme of agavose, 0,5 % in
) ‘\mple buffer, was . addcd o the sampie and this ‘was gdl1pd into

place. . The pract1ca, was  nod nccnsaary for e;&ctvophareais of

O u
Escherdchia sold, ‘r1basoma1 %uhunits. v

2]

Ly
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Samﬁﬁefngg11cagiﬁn and“Rungigg.taggﬁglg' |
o The»&eiectruphoﬁeéis cell wes placed verticatly and buffer (0,25 ni
| Méﬁlz, Tris-HC1 pHB) was added to the tup and bottom huffer

reservoirs and the slai former was remnved, the el was pre~run for -

@ 1 houtr at 0 YV to remove the vemaining unraacted pgrsu?phate angd |

 applisd '-ﬂeztraphoresi§ darried out . at ‘the sa1auted potent1a1
differﬁncé from the cathode to . the’ anode. The time of

electrOphnre51s depended on the vnltage app]ied.

5t g1njﬂg cf thg Ge I 1 .
i
Aftcr a?ectrophnresis the gois were stained w:th ag, 1 5 coomassie

biue R 260 in 50 % methanol and_7,5_ % acetie acld, The gols were

left to stain for 4 - 16 hours and thon destained by shaking first in

B0 % wethanol and 7,5 % acetic acid for 1-2 hours by replacing the

e destﬁ1n1ng su1ut10n frequent\y amd then changing to 10 % methanol snd .

[+4

T b

B . 2 . : =
. I . . )
) . e . “L“T .
o -
“ . e

)

9.12  PROTETN SYNTHESES ASSAY

éﬁijvitg of R b ol Subunif& of Fumgggg;es _' - ﬁfﬁ??
. UTho Betivity of tho ribosomal subunits was aqsedsed by~tgfﬁr abilfty
"7 Tte incorporate [Clphenylalanine into protein, in the presence of
puiy(u) “The cuncentraiianq of the-selutions in ﬁ;n cell freo. sysiem

m, g final vului‘re of e!“() ul wem 1 mM ATP; 0,1 w¥-GTR{ 4,5 i .

phnsphacreatine- 860 . 41/} palvtﬂ). fuitur@d cytosol; [14c]phenyun

alnnzne andt the  various cnmﬁznat;ﬁn" of thc suhu"z with the o

' [t H
4]
EE P @ a

_.ﬁethanoTﬁanﬁ 7; % acetic acid sﬂ1utxon. R . ;”*i

T 5 acetic_ 1cid The gels were phntagraphed and staq~ﬁ\1n 0%

4]

“catalystt dagradation products from the gel, The samp]e5 were the;:t:*

.
// j
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.  magnes ium némc:é'ﬁtrétgon at .7 m‘-i; - T (.
The "¢ gne:"gy r:ham; mixtum was r;ade up of tﬁe fu?luwin; -3 “z'ng‘ aTe, 30
g ATP, 75 mg phosphﬂcreat%ne and 2 ml buffer (500 aM KCI, I nd
Mgtly, 100 @M HEPES, and 0,1 i EDTA pit 7,8). Tl mfﬁture was
. made wp to 10 ml. ng.ul i ‘0 Mg(CHgO00)y was added with,
- continuaus st’wring anr.l tlﬂ:} pH adjusted to pH 7 with 4N KOH 'The_:
‘mixture was stored in 5 ml aliquots at ~209C and used as raquired.
The poiy(l!) soTutjon was made up by so‘iubﬂming 10 mg poly{U) n 4,9
mi buffer‘ (100 m"‘i KCT 0,2 i Mgﬁla, 20 mM HEPES and 0,02 sM-EDTA
pH 7 8. . To this sn1ution 0‘“1?.5 mT _ 1 M Mgma was added. This
| mﬁ:\ture was stoved at -2000 dnd used as requ-ired.

£ 9

o . ' S

Prior %o perfnrming the pmtem synthesq asgas{, tha tytosol from the
1ivars ef vad rats was fi]tered thmugh a -cn'lumn nf Saphﬂdex G-25 (5
o % 1 cm) The column was ethbrated and e1uted with 0,25 M

- sucmse in huffer A. The ge} ?’ﬂtared cytusoi was used immediate'ly.

0 o

Thé 405 sgbunits were  fiade up to a concentration of_"-&o,.g m.g/m‘i ant -
~ the 60S suhuﬁsts to ~0,5 g/n] with.0,25 M sucrose dn buffer. A,

-
il

o

L. )

| The . assw mi*cture waﬁs mude up by pvepar'lhg -8 master cocktail conta“ﬁi- ‘
" g 51’3 nl energy charge mixture, 501 poiy(ﬂ)mmhﬁ:ure and-50 1
f 11tered cytosel for cach ossay mixture and 10 an [14(‘]pluany1a
a1amm fur every % as Q.,.y i\qpes. MI oparatjons wem ‘carried a;ut en
-_.\me. ‘ The vamaus f,:amb*matwns of the 'subnmtr,nwem added to each
@ssay b, ) 150 A1 of “the mastur‘ cocktaﬂ was added o each asg‘ay

W

tuhgz " the agsay  solutions met'e mm@d and incuhated at 379 fer' 5
- win. Thn aLSAY Was Stﬁg&pﬁﬁ hy cﬂa‘iing a:)n me. 100 u1 sumples cf the

. . pow "
5l B - 8 5 X El [ "
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aﬁsay m'ixtur'es were absorbad onto filter paper discs yhich were aijr

S dried thorough!y and washed twice in 10'% tﬁchmm&cetw ac.'ld {TCA)

. .:'f

~

-
-t

a

. To assess the activity a¥ 0

| so‘lutien and haated for °20 min After* anot,h% waqh in nold TCA ¢

samtdnn. tha- d'iscs were washed with 95 % ethanu'f. Finaﬂy “‘qa ﬁiscs

were  washed in cher and” an_* dried. The f1lter pnpew-_,- s
p'lac:ed iném m‘l sciftillation fTuid (toluene centa-irii
“S-diphenﬁoxazole) and ‘vounted. in a Bookman liguid scint*ﬂ}aticn
munter. S . I :
R | zi;_‘)” o e
Activity of Ribosomal Subunits: okaryotes
ﬁ._t,_wy_..,__‘i._w____K rokaryoes -
g ribosomal suhumts of Escherich

the' incarporatian ‘of [14C]pheny1alanine into proteiny in /the

presence of - poly(U) was measured. The cell fred reaction mi’xtuke in
a to‘hal vnmme of 250 a1 contained lmM ATP 0,4 wt GYP, 10 nM phospho-a

oy

enolpyruvat“e" 10 zug(m'l prenvats kinase* g,1 mg/m‘i pn‘iy(u), fﬂ*ered

P

&
o

-

v e
' . B

§-100 extract (section s [McTphenylalanine; 80 w MHACTT 10
mM Mg(CchOO‘\ 50 mr§L Tris»«HC"{ pH °7, 8' 1 wM HSH and the Various

b

9
combmations»nf the suhunits. ' N

L [}

u

“ 7l B

The eﬂerg{ rharge' mixture contamed 5o AT?; 2" Gy o
"» phospkscnolpyruvate and  buffer which was 400 nM NH4C1“ B0
Ho(Oiial00)ps 260 at Tris<HC1 pH 7,8 and 6 whWSH, The poly(u) ,
mixture cuntdi»ned 0, 5 mg/mi  poly(u) 'an buffer - which was 400

HiHaC1, JO -4 Mq(CH;.;CGﬁ}m 250 i Tris-RC1 pH 7.8 and ‘5 i HSH._

Stuch se‘iutmns of the a{mve mixturp.a was  wads up and stored at

Q

.. _ “?00‘5:%‘ o . .: . , S B

Ju&t Emfm‘*e pmqr‘ming tha pmtem aynthesia aﬂ'say, the S-«mﬂ gxtract

f‘"’-_'l"".n_}mt%m fﬂtei ofl nhmugh a column of Sophaﬂex 6-25 "

o
Lh

]

a6

. 'uf" " .

o
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| uglu1) per assay tuble and 16 ut [14C]pheny1a1an1ne for every 6

' assay tubes,

_ pabér discr

“mixturev woré  mixed thnruughTy by

to pemgve sma11 maieculgr we?ghi maﬁramolacuies. A master cocktail ,f

was prepared contain1ng 50 a1 energy charge, 501 po1y(LJ mixture
50 al. freshly filtered §-100 extract and 2,5 ul pyruvate kinase {1

The assay mixture Was prepared by fIPSt p!acfng the

various: cumbinatanns of tie pibosonal subunits Jdn each tube, 150‘u1

of the master cocktail was then added to each agsay tube. The nssay '

" 370 for 5 mjn, The assay was stpppgdqby:plac1ng theltubes on’ 1ce;.

1

ortexing and then 1ncubated at

o

27 o

which’ were afr dried then washed and counted” for radio-

(.'I

100wt sampies_of the ceoled assayﬁhixtures were:absorhed_oﬁﬁn filter

activity. , . h
a i
1 (4]
o 1l =}
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Flgure 2. Sedimaniation protite of rat tiver ribosomal
© subunita, o
- Hibkosomal sabunits wero copdrated by - _
Incubating with puronivein at 87°¢ and then |

fractlonated on 10%-40% Sugrose gradionts inln

& BWE7 rotor at 4°C and 20 000 rpi-for 16 hrs,|
. The bars indicatod fractions collected. \
o i, . &
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Taple L ¢ Purificatinn ) nf ribgwuma] sqfhnits hy dénsity gradient
. _; R centrifugation " . '
Rihssama1 ’ Absorhance ) * Absorbance - - Amount
g ) : . {nm) S Ratios - uf
'-Species s i bunft
260 240 235 2601235 260:280 (mg)
Rat Liver: o - - © -
_ 605 '§\\xg - 0 600 0,404 0,417 1,44, 1,50 . 8,1
o 405 © 0,470 \0}310 0,319 . 1,47 1,64 3 2
Rabbit \ " |
B .Reticu!ocytea ° . L S |
5 60% 0,187  0;32L 0,191 -0,188 L7 1,72 4,3
N, 405 4,071 0,109 6,080 0,094 1,18 1,54 0,7
' - degvaded FOQ 0,126 0 232 0,137 0,145 ' 1,60 1,84 16
Fs?beriq&}g B o |
[ . - - :
503 0,175 0,289 ;172 0,68 1,72 1,70 3,0
308 . 0,091 0,158 0,098 0,109 1,45 1,74 1,6
e T s _J“; , . : —
o “Ribusjgai " subunits  separated hy- density grodient centrifugation were
recov ;ed by centrifuga»‘on.__' The subunit suspegsious were assessed
speaf%?photuﬁatricaily. fﬁw«amount of ribosomal subupits ware calcu]ated as
in Pet§¥maun ﬁlsﬁﬁl. \ L e? ) o
S \ _
TS : Y
N _
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0 AP |
o * "0 “% .
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particles in that a peak is reached at 260 nw and a trough at about

Z2400m,

&
{F"} ’ ‘ : “ © )

Rat. Tiver rtbosomes are cuntaminated by ferr1t1n when iso1ated by
d1fferentia1 ceptr1fugat1on. After gradient centrifugation it Was
= poted that ferpitin comigrates with the 60S ribosomal subunit.

. i - N
7 S _

;\{M’]

3.2 THE SEPARATION "o RABBIT RETICULUCYTE RﬂaosoMML SUBUNITS. BY DERSITY
| GRADTENT CENTRIFUGATION _ S
r1gure 3 shcws the density gradwent prof11es of reticulocyte ribo-
somal. subunits* - Thiee peaks were observed. The first yea% which

i

cons1 ted of high mo?ecu1ar waight mater1a1 -was the maaor paak.-

The 3 gcnd and third peaks were smaTler. 1nd1cating a lower y1e1d

Reso?ut?bn of - the three peaks was puor._ Spectrophotometric ana1ysis

of the three peaks indicated _?he pﬁesence of ribosomal particTes
. {Table 1), e

19

The urity _of the rihosomal material obtained from each peak was
_ assessed. by determinatiun of the absnrbance ratios, 260: 235°and
.,, 260:200 (Table 1), The 2601235 ratios were a11 wg]] ahove 1,45 and
the' 260:280 ratios wer@”a11 close to 1,86 ind1cat1ng a Tow degree of

prote1n contamindt10n. The h1gh 260:280 ratio ohtained for the -

naterial in the third peak jndicaﬁig a loss of prute1n.

o The nature éﬂd' purity wa the'ripesomaT'compunents was'asSessed.by
\\\\ amalysis of their gonstituent WA, Solium dodecy] suiphate. was

ilemp§pyed to di s caaﬁg pﬁbt%in frum 0r1basqmal RNA and the ¢amm3es

. . . o o ) . - . o ;j’. S
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. ¥ Hibosomal eybunlds welr obtalnod by ‘
o Incubating with puromyiin and GTP at 377G, \
The subunifs wore fra lonated as in, Flo, 2.
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were analysed by acrylamide-agdrose gel electrophoresis (not showm).

The waterial within the first and third peaks contained predomnantly
285 rRNA indicating - ‘that these phaks contained the 608 subun1ts of

" rRMA  indicating the presenﬂe of 408 subun1ts. However the 1owgr

© sedimentation rate and the h1gh AsgoiAoap ratio suggests that

3.3

thasé_ particles were degradation uroducts of the 605 subunitg. The
reason for this degradation dis unknown. A possible reason is that
ﬁhe ribosomes were not freshiy prepared but had been first tredted,

is known, that high salt treatment of rat Tiver ribosomes results in
remova] of proteins (Clegg and Arnstein, 1970).

Genera11y the yie1d was not good. This was agcounted for by the )

p91¢et obtained after gradient centwifugat1on. fﬁe pellet cbntained

A 1arge proportﬁon of the rihosomal suspension applied to the

’ -gradiﬂnt and it probab1y consisted of undissociated polysomes.

a .

: THE SFPARAT!DN OF ESCHERICHIA  COLI RIBOSUMAL SUBUNITS BY DENSITY

[

aRRDIENT CENTRIFUGATION

]

Eschqrichja coli ribosomds were dissociated into their'component

subunits - by treating with a low magnesium buffer (0,2 ™ M92+)

| Thn subunits were separated by gradient centrifugat1on. "the 605 and

305 peaks (Figure 4) were well resolved, but as for rat Tiver,

: P o1ut1gn of the subunits depended on the amount of subunit

suspension appTied %o the gradient. Resolution decrhased sighifis
cant!y with Icads higher than, 80 Agﬁg/m1. The 503. subunits were

.‘!2 4

OWn N ‘ L

63

“rabbit reticulocytes,  The second peak contdined predominant?y 188 |

'for other purposes w1th high salt %o remove ‘nitiation factors. it

A



I

o

ol

708 - 608 308

260 UNITS
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Sedlmantatloﬁ &

Frgure 4, Dena!ty gfam'ent protile af Escherfch!a ,
aali rthogomal subunits,
Ribpsoma} subunits were obtalned by
res;pspenctmg the Esaherlchla coll ribosamas‘ 7
in wlow magnesiaom buffor,
Tha'zsubunits were fraz‘;tionated ag in Flg, 2

"
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3.4

| 260:235=1,45 (Petermann, 1964).

55

preceded by fagter m1grating 705 r1b050me "t1ghtncoup1e§“ which
appeared 95 a shouIder on thg 505 subunit peak. The y1e1ds of the
ribosoma1, subunits.  were assessed as for rat liver r1bosoma1

subunits.  The subunits “showed good recovery (Table 1) and were

comparable with the amount of ribosomes applied to the gradient.

_The nature and purity of the .ribosomal components were determined by

ana1ysus of the subunits by acrylamideuagarose gel electrophoresis

(Figure 33) and by assessment of the absorbance ratios (Table 1).

The absorbance ratios showed a low degree of impurities and were
cﬁhparab1e with thé -published values, f.e, 260!280=1,85 and
| “Acrylamide-agarose gel
electrophnresis (Figure 33). indicates no contamination of the 508
subunits with 308 Subunits when the samples are collected within the
regiqns'shnwﬁ n Figuré'4. q

[

+ GEL FILTRATION OF RIBOSOMAL PARTICLES ON TRISACRYL €F2000 )

Resolition of & gel f11tration co]umn 15 dependent on the number of
theotetical p1ates {N) which 15, amangst other things, detprmined by
the ¥low rate of the e1uep1:n Genaraily, the Tower the fow rate, the

graater N s, prov1dpd the “Flow vate is not so low as to; increase’

i

longitudinal diffusion. K can bo calcu1ated from the elution

profites | g 5 , e
‘: | . . e | (V }a ) . - y v Lo
: . W68 —mtms /
' - {wyyp)
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where V, is the elution volume Of-ﬁpe solute taken at the top of

the peak maximum, since gel fi?tfation solutes have Tinear isotherms,
‘thus giving symmetricai peaks, and Wl/z is the width measured at
an ordinate y/2, where y is the max1mum ordinate. The height

squivalent of a theuraticai-p1ate (HETP) can be determined from N:

o

HETP =

-1

where L is the length of the packed hed of column.

The ek mui number of theoratical p1ates obtained for the 405 subunit
of rat Tiver -on a 30 cm ¢niumn was about 185 (Table 2) and it was
obtained when the flow rate was ~3 mT/h. During the investigations
it was noted that N changes for different solute species and for the
sémé' snfute under differing chromatographic conditions. N for
acetone was fqund _to be 560 (Table 3} at a flow rate of 3 mli/h dn a
30 cm column. The optimum flow rate was not affected by the'Tength
of the column. It remained-at 3 mi/h (Figure'S) whert the length of
colum was dIncreased to 135 cm. The resolving power of Trisacryl
GFZCOO ‘was Tound to be very slightly dependent on the flow rate.
This s demonstrated by the sTow increpse in the HETP as a function
of flow rate on the 135 ca coTan (Figureﬁb).

To determine the elution characteristics of a certain solite the void
volume (Vy) and internal column volume (Vy) are reuived since
thé] elution of a solute is best characterized by & distribution

'coeffiﬁient{Kd)y | o | f

T : Y, = Vo o Vg . VD,
" .w_w\_ - Vo bl VH | . Vi .



TABLE 2 ¢ "Optipizatidn of the flow rate of a Trisacryl GF2000 column.

e

FLOK RATE  ELUTION Wy /2 N HET
VOLUME T

{m1/hr) (1) ~ (m7) ~ (om)
2,80 | 12,6 T 2,83 B % [ R R

e 2w 124 28 129 ¢ 2
e 127 28 109 2.

.~ 298 - 12,6 2,18 185 L6
3,06 12,3 2,25 8 1,8

20 . 125 276 - 4 2,6

_ { T
, The 405 ribosomal subunits of rat,‘Iié%r were resuspended jn buffer B. §

o H . . l

Az60 “Units were applied to the column in a total volume of 100.u1 The

-

sampie was eluted at FSOC. The eIuate was mnnitored continuous1y at 254
o The Vg was taken at the peak max1mum and N and HETP were La]cu1ated as

descr1bad in section 3.4.

i
[}
]
)
" 5{\(
n s
[ ,}.
u
L {
o . . e, o :I.‘ |)' .
) EP ) r’,‘ . by .‘:.‘-'I _
ot ’ o . . )
¢ ‘ o
" a1
a g LW
I f o
\H ) . & ' -
T A £ \‘
% [a] o L ﬁ ' :j)
i} ’ ) o I O, I.’ "
|I“."I ¥ - R Y .‘f ’ 'II' ‘(fp
Mo . : ) v . W
R o
\..



58

TABLE 33 Character1stics of Trisacry1 GF2000 columns packed to bed
heights of 30 cm & 135 cm.

s

COLUMN LENGTH

. 30cm 135¢m
SAVPLE . | )
Ve (m) N HETP {cm) Ve (ml) N  HETP(cm)
« Glycogen 9,2.. - - t 45 - .
~ Acetone | 21,0 560 0,05 -
w0 om0 7m0 0,04 1% 1785 0,08

The determination of Vo and Vo + ¥; was with glycogen {prepared as in
section 2,5) and 3H20 respactively. The glycogen eluate was monitored
continuously uSing a 254 mm U?icord'ﬁand the . sate of 3H20 was collected

in fractions which were counted for [3H]bapgiv1ty.

Y
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) 60
where Kq represents the fraction of the statienary phase hhibh 18
available for the diffusion of a given solyte species, and
Vo -is the void volume, ?
Ve fis the elution volume,
Vi is the total column volume, ¢
is the volume of the matrix,

Vi s the internal volume.

Vo and (v0+v1) were  determined 'using g1ycogeﬂ and 3H20

respectively {(Table 3). Giycogén was used since the conventional

' Va deteriinants éuch as high mo?eculaﬁ.weight.nﬂﬁ and dead bacteria
were upsuitable for this particu1ar ge?'matrixm The supposedly high

moleuular weight DNA is fractionated on the column and dead bacteria

adsorbed to the 961.

Gel. Fi1fr£tion.-of_'Rggi_givéfmukibosomﬂ1 Particles at 4°C and 25°C
on 30 em Trisarryl GE2000 Column
Preliminary experiments w%fh‘Trisacryl GF2000 were carried out with a

30 cm colunin, The elution of the 405 and the 60S subunits of rat
Tiver from” this colum is 1llustrated in Figure 6. The recorder
trace shows symmetrical peaks. However“the 60S subunjt migrated with
a s1ight1y broader trailing zone than the 4ﬂsﬁ%ubuni%. The broader
peak of the 60S subunit is presumably due to the confﬁhinat1nn of the
60S fraction with 405 subunits din the fo¥m-of 555 dimers. It is
known that 405 subunits exist in two *nrm$b & monomer form (40S) and

a dimer forn (555) (Wettenhall et al., 1673) and that the, two forms

exist in a dynam,c equilibrium with one another (Manchester, 1984).
555  dimers sediment togather with hhe 60S. suburit “in déns1ty
gﬁédients. hence the contamination -of,theisos subunit {Manchester,

1984),  The 40S fraction from déﬂsiiy grﬁdients alutes os a sha%p

W
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Figure 6. Gel filtration of rat liver ribosomal aubunlf& | _
! . . on a 80 cm columin of Trisacryl GF 2000 at 4°C,
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| ._:'femperafure. » Elution of the subunits is also slightly earlier than

R

o

.column at 4°C. |

Twoe® T : BRI : DR Wy e

e | - 82

i

symuetrical peak. The peaks slute 1n a volume significantly greaterﬁ

than the void volume and less than the total colump volume,

The ribosomes incubated with puromyc1n (F:gure 7} eluted n a 11,6 ml
which 15 the same élut1un vo]ume as the 60S subunits (Tab1e 4)
However. thqg migh HETP values indicate that the zone of the

_f5dissoc1afed hubunits is more d1ffuse than the zones of the 1nd1v1dua1

subunits, ;ﬁhe 51ngle peak obta1ned in F1gura 7 shows. that the 40§

and ﬁﬂs subunits were riot reso1ved on the 30 cm Trisacryl GF 2000
o

To " determine whether temperature would have an effect on the gﬁbtion

of the ribosoma1_subunits; the exponiments with the 30 cm cofiin were

carried out at 26°C. The elution of the ribosomal subunits %f rat

liver ~ 15 simitar at 25°C “and 4°C (Figure 8), except that

Tongitudinal diffusion is decreased sTightly at the higher

 the elution at 40¢, The e'ution characteristics are unchanged.

The 60S subtnit chfdmatographic #one s broader than the zone of the

408 subunit. Tha difference . in the HETP of the 40S subunit fﬁbm-'
© 4% to 25°q$ may "be due to -the 403 subunit aggregation at low

temperatures, leading to the formation of dimers (Wool el al.,

1979).  Thus, on this co?umn the 405 suhunits appears as a broader
zone resﬁltfng in a large HETP for that particular solute species.

i

Figqre 7 shows the eTution prafi1e of a mixture of subun:ts at
_dﬂﬂ“ The' elution behaviour of the dissociated subun1ts at 250

was similar to the elution of the dissoc1ated subunits at 4°¢C,

" Both peaks 11lustrated in Figire 7 show a slight bit of trailing. At

259C, " 1els zonal diffusion 18 apparent, as indicated by the HETP

=3
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TABLE 4: The elution behawaur f rat Hver r'sbosoma'i suhqn'its ona 3
' &l X 1 ? om Trisacryl 6F2000 t..o‘lumn at 4°¢ and 25°C, Cj’
J SOLUTES Vo K HETP  Recovery
LT (n]) %  (um} (%)
4% oL o e o
o - 408 26 .0 0,4, 220 1,3 85
| 60 s e B 3,6 73
- - dissociated 0 0 ny
‘\ subunfts 1,6, QA7 . 78 3,8 64
b - 408§ 12,7 ’ﬁ_'__-f-'i'i;-‘.‘ 0,25 JA75 o 1,7 - 74 o
. o B A o
: 60S 11,7 7 0,18 8L, a6 - - & ;
| » dissobiated b e o .
: © subunits 1,5 0,16 100 3,0 75
. h o j ?" Lil o .D. - il o o
The mbosnmal partm'ﬁes were in suspensitm in huffer B. 5 AZ&G units ol’
R’ subnnﬂ:s in 100 Al were apgr‘?zi}to the . column and e'!-uted at a ﬂow rqj'e of -3
’ mT{hr at 4"{: and 25°C._ The e‘iute was monitor-ed con‘n*'!nuous]y and 1 ml,
fracfions were tollected.  The recqury WS measured by recarding Ehe Azeo
units of - tha{;hctmns. R1basomes whre incubated with 1 mM puromycm at
375C for 15 min prior to appﬂcatwn. .
| —' 3
Kd, r‘ and HETP was determined ag descmbed in sectmn 3.4 where .
==93m'l andv maaﬁm] \ S <
u . . .I . " '-@ ) ! c“"-.,
w7 o8 s o
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Q;abla 4) ’ A1£héugh there 1s decraased zonal dﬁfquion. tﬁe'sin§1e°

peak in Figure 7 1nd1cates that the 4@5 and 605 rihnsoma1 subunits oft
rat 11ver were not reso1ved on the 36<bm %g]umn.

%) )

el Fjltration Hg__ Rabhit eticu cyte Ri gsomal_p rticles at 4°C

M_Ag."_gg‘g_'ég_ o Trisacryl G6F 2000 Col um

To compare the ¢lutiton behaviour between different spec1es of eukarw '
yotic ribosomal particles, rabbit reticulocyte rihosnma1 partitleq

ware chosen singﬁ thev were readiiy available.
a . ;\'_

\h‘_

Figure 9 iliustvates the elution of the 805 and 605 subunits of
reticulocytes at 4%, The 305 subunits e?uteq"as a symmetrical

peak with/a narvow zone (HETP = 2,9 mm) at & volume of 11 m (TabIe |

5}, while thel GGS subunits peak shows s1ight tra11£ng, eluting af“g

volume “of 9,9 ml (Tablebﬁ) At 25%C (Figure 10) both subunits have
- similar e1ut10n? charanteristics, as at 4°C. MHowever, the subunits

a!ute slightly earlier ab 25°C.w The zt @ 18 narrowsy as judgeﬂ hy

the HETE (Tab?e 5}’ 1nd1cating & decrease in 1ongitud1na1 diffusion.
- Both subunits &Alute closer - to. the ?0 than the rat Biver subunits

{Table ) -prnhahTy indicating a larger ﬂart1c1e size, This
observation QCauld be dﬁe to the uncomplete dissociatian of "the

_:suhunits, 'as ohserved with @radzant centvi1ugatinﬂ studies {Figure

) Thus the 608 subunit ﬁractinn s cantaminaﬁgd with BOS partic1es
and tha 405 subunit frant1un&is cnptaminated with.ﬁﬂﬁ-partic?eb.

coed

! o

FIQHPG A shows iﬂo elution profiiesn o‘ @ miﬁture of rihnsumnl ;

aubunits at: 4“& and a% 2896, . Two peaks wore gbtained e?uttng

'“with %ﬁ of appraximate1y 0,3»0 02 and 0, 1436 16, The first peak

e)utes hn15ihe vu%d volume, This nenk Louid he a mvxtura of 408, 608
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TABLE & : E1ution beh&vidur 0f rahhit reticulocyta rihoﬁoﬁal partic?es on

3n cm Trzsacry] GF?OQG cu1umn, 7 o
T Ve %l W WETP Recovery
. R O
&?Q,‘ . o ' B o P ;)y . o
as 10,7 040 - 131 22 . 8 o
B8 99 008 - 68 42 ° 8 -
pizsodiated . -
ribosomes = El' 9,6 0,02 T o« - . -
o of2) 128 % 016 - T . &
o ) . Uo . o R B (? \ .
2891 ¢ h L | _ ﬁ o
‘ 48 w9 612 wa  n7 8
B0S A0 005 8 3, et
Dissociaved . - o
ribosomes | ﬂ'slg - 9,3 0 R IS - - -
- -2, 128 o 1,40 . -,

[

' 7100 m] of N suspensgion of retiéuTocyte sabﬁﬁits (sﬂéﬁﬁ unitsj”ware applied‘
to, the colymn and eluted with buffer B ‘at 3 m)/he aiyd at 4% and 26°C, -

'-Recnvery was. measured hy reunrd1ng absorbance at 250 ame 10 Agpy units of - .

ribusones were incubated with 2 puromycin and 2 oM GTP at 3000 for 15
min. . pr?or to app]ication. OKd, N and HETP”ware determined as 19 section
3.4, . . .
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. and undisSQC1ated risqsamns. Coa 4°c the' peak 1s. bfoad and the

1)

descending 51de exhibits a. ﬁlight shou1der. At 25“& this peak T

na&rﬂw and 1o shaulder is ubserved. The second peak elutes later
~ than the W0 subunit and this pﬁak could cantain dagraded subun1ts |

7 wowhich are of lower @mTeLu1ar waight tﬁ§n _the native 205 and 505

LI
=
[N

¥

suhun{%s. _ what was %ﬁ%ciuded huwever, was that the native subunits .

o f}
.:) . .

Bl

did not neparate nn the colummn .

" )
i

Ribosomal’ Subinits on Trisa '.T EF2000
i o

jl?f cm Co umg! gi 4°g and HG“C

It was - apparent from the preliminary experiments with Trisacry]

GF2000  that the ribaaamal subunits wbuld nmt he reso]ved un 8 30 o

w
P

column and ﬂ:;:;fure a TOHQPP coluint was necessary.u_ . o

Figure 1 iiiusﬁ?étes' tﬁé'eihtion profi]es of the 403 %nd'SOg ffho;
soma1 subunqts of “rat diverhat 4°c on a 135 cm column, - The elution
profile of - the 405 suhunlt shows a symmetricai peak e]utiug,wiéh 4
Ky of Otga.ﬂ The 608 subunit eluted as a symietrical peak as wfll

hut  the &eécengﬁng side  of the peak ended” 1n & shoglder which

‘ qccuvred at a volums of '~62 ml.  The material eluding in this

4]

shoulder had - a inghtIy brownish colour, This brown solution has an

absawbanre maaimum at 220 m w1th a  shoulder from ~240n~265 nm

’ (f1gure i3). This materia1"waa identifiad as ferritin.  The ribo»

somal peakﬁ elute at volumes which d1ffer by 6,5 mt. 831ng equation
1 (1n appcndfk} tho resoiut1on abta1nod on the 135 om ¢a1umn is 0,21,
F;guﬂa ia ghews thd e1uwznn profile uf a mi%ture gﬁ ribosamal

subunits ot 249L. : ihL Twy peaks 0bta1ned 1ndicahﬁ ] J@paﬂatzun of”

- t@e@\ﬁuhudits'%ﬁﬁch elute u1}h Kd qf Q,LI and 0,11 fmr tha-dﬂs and

Pt

[H]

" . R N : . ’ : . 0 w’
. u

o
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Figura 12, Gol flliration of rat Iiver ribosomal subenits 2
on.a& 184 ¢ Trizacryl GF 2000 calupn at 4°C.
10 Agpcunita~gl the 408(«~-) and the 80S(~w-}

- subunits were upplied to the column and L

J elpkad with butfet B, o : :
- Forritin ig the showidar on the 605 subunits peak. - e
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shoulder. Iollowing the €08 ribosomal aubunit neak
in figure 12, ., :
2An ahgosption Bpoetium was takon of the brown
fractlon obtalmed whon ranning tho 505 subunity

_and the mixture of subunits m::"rriaamyl GF 2004,
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505§mribusama1 subun:ts respectiv&1y. Thg mﬂterial obtaxned from the 8

peaks  was c!ear ?gnﬂ spectréphotnmet c analysis confﬁrmmd “the

presence of ribosoma1 materiai . Ferr1t1n appeared as a shoulder

- followiig the 405 subunit peakcﬁve = 69 5 ) 1ndicatxng that this

* protein cnuld be separated from<r1basumes and the 60S sabun1ts by gel
Filtrat It was diffacu]t to estimate the exact Aﬂﬁo un1t5
recngg?hd¥;3
aver1apping of the peaks, Howevmt segmepfi)ﬂ@rked off on Figure 14

: havg. ~44%  in .scyment A. ~364 in segment B, and ~3% in segment.

€. at shnu}d bg noted that both segments A and B are

W

;gross«rontam1nated by huth subun1ts.

"‘;n .-Q e o

e

“A chanqg in the~~ghrnmategraph1£~cond1tions to. 4 h1gher temperature

AN
resu1ied in a sfbn1f1cant fhpruvement in the resoiutidn of the ribo-

suma? subunits. . This was. apparent from the Z to 3 fold increase in N
{Table ﬁ)wﬁ The 405 - subunits e1nted ina symmetr1ca1 peak (F1gure Ls)

which was narvuwerA and sharper "than at 4 °C. S1m11arig, the 608

.subtinit eluted in a narruﬁer zone &t -20°C thafi at 49C. The 60S-
suhun1t peak was Fo11owed by a smailer we'l- resn]ved peak which was

*1dent1f:ed by its brova colour and ultra» viu1et ahsorptinn spectrumw

2

rithin eaéﬁ subunit peak because of the h1gh degree uf-a

) (Figure 13} as .erritin. The sgparat:un of f%rritin from the 605';,

subunids  §llustrates how increasing the temperature results in a

|  significant "imprnvement in the vesoTution of the column.  The

olation was nct apparent, thus 1nd1cat1ng‘that a change’ n temperature "

d1d nct affeei the surfaco prup&rties of the geT.

=]

rgquru 16 i!lustratee the olution profiie, ﬂf‘a mixture of ribnsama?

Pennver1es sf bath the subunits was good and adsorption .and ratar-

| subuits at 39.?-_ rhe subuniis separa*&d’intnhtwo d1sf1nct peaRS'
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COOMBES :  The

elution

. =7

‘haragter1st1cs of rat 1ivar ribasoma1 suhunits on

a 135 o Trisacry] GFEOBG co1umn at 4°Ccand 20%, "

SOLUTES o

Vg

N

Ky * HETR Recnver /
L . Yiela
(G () (%/Aog)
.. QC : ) :Q” . ) L ] ) o , e
TTeq08 T 60,7 . 0,18 362 47 0 7 18
. 60S. 56,2 0,10 242 5,5 88
| . BL,7 0,19
Mixture of 1. 54,9 0,11 - 8,8
., Ribosomal 2, 60,4 G,17 P - 7.8
Subunits;, 3. 69,5 0,8  -. 0,6
2u°c S 0 -
408 89,3 0,16 881 - 21 8
" 808 54,6 0,11 80 4,0 AT
| > 52,2 0,19 , oc
o Mixture of5 1. 55,5 0,42 0 - - 11,4
Ribosomal 2, 60,0 0,17 w “ - 8,4
- if.. 'Sllbl!ﬂ'{ts o "3."6636 0324’ had 0;9

o

Rat  Tiver rihosomgl suhﬁnjts werg applied to the column and aluted with

buffer 8.

purnmyc1n, were applied successively. f°
A 15y@d w1 and Vg + V; 1s 134 al.

iy

B . Lo ]

.

o

o

4]

R

'Kd, N and HETm*were caleulated as'described in section 3.4,

10 Agﬁo unibé of the MS end 60 subunits, and 20 3260 units of the
/

sixtire oT/ subunits obtained by incubating @a sample of ribosomes with

0
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representing the 605 subunit with a Kgq of 0,12 and the 40S subunit

with &’ Kg of 0,17. The material eluted from these peaks was clear

and spéctrophotometric ana?ysig of the sojutions shqwed'h1traviolﬁ£
absorption spectra which were characteristic of ribosomes. The
ribosomal subunit peaks weﬁe fo11oﬂed by ferritin which appeafed as a
shouIder fol]owing the 405 peak, confirming the separation of

-ferr1t1n from the subunits by gel filtration. The Aggg units

recovéred w1th1n gagh peak were ~5?% in segment A, 42% in segment
B;'and 4,8% in segment C as shown in Figure 16,

Puromycin &luted from the- column at a volume pf ~248 ml. If had a
Kq - Of 1,57 at both 4°C and 20°C, indicating that puromycin

was retarded on the column, Previous work (ﬁhoo1ia, B.J., Honours

project report) has shown that this retardation could be due to

strong hydrophobic dnteractions.  This was deduced when puromycin

retained its adsorption properties when eluted with a high or low

salt buffer, & M urea, or 550* dimethylformamide. These solvents
exc1ud;d ionic, hydrogen bonding and weak hydrophobic interactions as
being | responsib1e foﬂ\ Ehe adsorption of puromycin. Since puromycin
is a dibasic comﬁ~und with strong aromaticity, 1owqﬂ1ng the
dielectric —-constant of the solvent, by increasing the concentration

of etharnl, weakened the strong hydvophobic interactions which

~ resulted in_the elution of the compound within one co]umn”vo1umé.

Th'
P

R1bosoma1 subunits obtained after gel Filteation were con?entrated |
e‘ther by ultrafiltration aF ter reducing the KC1 concentration to 100
_mdoor by dialysis again

poTyethy1ene giycol (PEB) in a buffer A.

The concentrated suhuniﬁﬁf wore assayed Fﬂr activity ‘v p01ypheny1-

<

_a1an\ne synthesis as shown fn section 3.7.
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Gel Fi1tration of Rabbit Betjcaipggte R1bosgmal §g units_ en.a 135 cm

In1saary] GF2000 co1umn at_200¢ " &

The previous experiment showed that the column éfficieﬁty imprhved

somewhat atf 20°C. Therefore the - experiments to separate rabbit

e

reticulncyte subunits by gel filtration were carried out « 20°C,

.f'Tha e1u510n profiles of the 60S and 40S subunit fractions are shown
g nﬂ“r1guﬂa 17.  The #60S suhunit fraction eluted with a Ky of 0,11,

The Kq value s similar to that obtained for the 60S subunit of rat
liver, The material that was eluted from the peak was clear and it
had an, absorption spectrum which was characteristic of ribosomal
particles, ~The Aggy units recbvered was gogd (Table 7). The 40S
ribosemal subunit fraction eluted from Trlsac¥}1 4F2000 as a single

‘peak having a K4 of 0,17, The K4 obta1nédiwas similar to that
? f obtained for the 40§ ribosomal uhunits a{ Hht liver. Spectro-

photometfiC' analysis showed a uitravio1et spectrum  which was

characteristic of ribosomal material. The miterial recovered from

the 408 peak was ~87% of the amount loaded as Judged by A250

units (Table 7).

Figure 18 shows the elution profile of a mixture of stbunits. The

figure shows  two peaks which were not very well resolved. Thé first

'peak had a Ky of ~0.15i The secdnd peak had a Ky of ~0,2§}

Spectrophotometric analysis of material obtained from both peaks were

characgeristic of ribosomal. particTes. The Tirst peak e1utad at a -

Kg which was 1in between the Kd s of the 405 and 605 subunits and
the secund peak eluted much later with a Ky wmuch-larger than the

¥ ofJ the 40S subunits.  This could saggest that the f4rst pealc .

contained a mixture of complete 4cS and 603 subunits that were tot

n

u

e
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TABLE 7 : The elution chavacteristics of rabbit reticulocyte ribosomal
subuniss on a 135 cm Trisacryl 672000 column at 20°C.

J soLuTES Ve Ky N WETP  Recovery/
. Yield
w) o lw)  Cehggg)
408 60,0 0,17 327 . 4,0 'Y
60s 54,8 011 273 4,9 0
Mixture of 58,1 0,15 - -T2
subunits 65,0 0,23 - - 2,8

.10 Aggo units of reticulocyte subunits and misture of subunits was_
app]ied to the column and eluted with Buffer B. Kg. N and HETP were
calculated as in Sectioq;é.ﬁ;

Vo 15 45 m) and Vg, + ¥y is 134 m] ’

Y

G
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resolhed on the column and the second peak tontained subunits that
had been degraded due to high salt treatmant during their
preparatioﬂ; ' The amount of material recovered in segment A in Figure
18 was 7,2 Aygp units and 2,8 Aggp units were recovered in
segment B.  Ribosomal fractions obtained after gel filtration were
analysed for activify by pnTyphénylalaniné syntheéis, as shown in
section 3.7, -

Gel Filtration of Escherichia coli Ribosomal Subunits on:Trisagrv1

GF2000_at 4%C |
Escherichia _coli ribosomal subunits were chromatographed on Trisacry!

GF2000 %o compare the elution characteristics of prokaryotes and
eukéryotes. Figure 19 shows the elution profiles of the 305 and 60S
éuhﬁnits. The 30S Suhunit peak was preceded by a smaller peak which,
upon  spectrophotometric analysis, showed an absorbahce Spectruﬁ
characteristic éf ribosomal partic1es. This peak contained 70S ribo-
somes.  The 30S subunits eluted with a Kq of ~0,09 which was
1awer‘fthan the Kyq of the 403 subunits of eukaryotic ribosomes.
Similarly the 505 subunits eluted with a Ky ~0,06 which was also
Tower than th: Kq of the 60S subunits o% eukaryotic ribosomes. The
elution behaviour of ribosomal suhunits is unusual since prokaryotic
subunits have a smaller mq?ecuTarlweight than eukaryotic subunits and
therefore should elute Tater. This elution behaviour possibly indi-
cates that the sﬁapa of eukaryotic ribosomal subunits is more @longa-
ted than prokaryotic subunits, thus causing a slight retarda%}on of
cukaryotic subunits. ' |
_ _ I i .

Table 8 shows HETP values caleulated (as in section 3.4) for the 308
and 5§05 subunits.  The HETP values are \much greater. than those
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TABLE B : > The . elution characteristics of Escherichia coli ribosomal

]

- subunits on a Trisacryl GFZ000 column at 49C.

Wt

't

SOLUTES . Ve K¢ N HETP " Recovery/
_ R Yielde -
_ _ .(ﬂﬂ) o _ {mm) ) ("/P‘zﬁo)
305 53,2 009 - 245 5,5 79
508 50,4 0,06 243 56 82
Mixtupe of 1,450 0,00 . 3% 43 6,7
subunits 2, 52,5 0,08 204 . 4,6 11,8 °
Fqcnerng“j& g 1j subunits in low magnesium buffer were applied to the

column, 20~ Aggg - units of each subunit and mixture of subunits was

~ applfied. Kd: N and HETP were caleulated as in section 3.4,

Vo 1s 45 mi and V, + V; is 134 ml,

B,
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: obtainéd” for' rat Tiver subunits at 40¢ (Tabie 6); 1ndica€?ng &

greater extent of zone diffusion. Recovery of the subunits of

scheﬁ1kg 8 co] was good. .

The small difference inelution volumes of the 308 and 505 subunits
and the comparatively high degree of zone diffusion indicated that

“separatiun ‘of the “subunits would be uniikely. Figure 20 shows the

elution profi]e of 4 m1xture of ribosomal subunits of gscher1ch1

coli, obtained by Jower1ng the magnesium concentrat1on tQ 0 z\mM.

© The prﬁfile shows 2 peaks, one eluting at the void volume whith hei
- an absorbance spectrum characteristic of.ribosoma1 particles. It was

deduced’ that ‘thiz' peak ,Comsisted of 705 tight couples. The second

peak was the major peak which eluted with a Ky ~0,08 and 1% con-
sisted of 305 and 508 subunits. Approximately 33% of the Aggq
units applied to the column were recovered in the void valume and 59%

~of ‘the 1in the major peak. The single peak obtained upon elution of

the ribosomal subunits indicates that separation of, the subunits was

ot 4chieved. - Subunits obtained after ge1' filtration were |

concentrated by ultrafiltration and analysed as shown in sections 3.6

and 3.7, . ;

_ SEPARATION OF RAT LIVER RIBOSOMAL SUBUNITS BY SEPHAROSE 48 GEL
_FILTHATION

. Rag Tlver vibosomal subunits wn“e:ge1 filtered on Sepharose 4B, At

49 - ;the 405 subunits eluted at a volume significantly greater tham

o thw void volume (Vp o3, 0 Ll determined using g1ycugen), bhut less

Qfﬂ- the total column vp1uma, which for Sepharose 48 iy approximately

-

- 8



“applied to the column were eluted after warmfngvthe ¢o Tumn.

“ equaI to the 1nterna1 volume + the vo1d volume (~25 0 ml determingg

using 3H20) , The eiufion profila of the 605 subunits (Figure 21)
appeared as an irregu?ar profile. This indicated ‘adsorption of the
subunits * to the gel. To elute the 605 subunits the column wﬁS-warmed
to 359C,  After warming, the GOS-subuﬁits aﬁpeared:as a symnetrical
peak which -emerged -in ~42 ‘mh ATT the Aggg units of 60S subunits

4

Figure 22 shows the elution profile at 4% of a.mixtﬁfe ofi ub-

units.. sﬂspensibns of hepatic'rjbosnmes and rjbosomal subunits ﬂ?ior'
to separation always have 2 slight1y:'upa3escent appears e, The
material vesponsible for this is of high molecular weight and elutes
in the void volime.  The absorbance spectrum of Agop-Azgg Shows a
progressive decline with no clear peak at Agﬁg. The second Liak,

is the 40% subunits, It is clear and shows 2 good ribosonal
Azng-Aggs profile.  The y1e1d of the 405 subunits was comparable /

with the quantitative conversion of the original ribosomes to

subunits. ., The third peak maxqident1f1ed from the absorption spectrum
as the purumycin paak K\avh1t:h“\czmewger.l at shout the total cotumn |

volume.  After elution of puromycin, the +eﬁp@rature of the co!umn

was fincreased to 3590 to elute the '60S subun1ﬁs. AImoft all of the

505 suhunits were recovered from tifa cSTupn. .s{.fyh\
. ) NS T

' m ! \ﬁ?;f? |
The 405 and 60S subunits of rat Tiver were(ﬁép\ﬁ&%gé on Sephaross 48

) because - of " the adsorption u* the 608 subun1ts to the gel, To

determ1ne whether Sephq 056 4B yas a SHItuh]B gal for the separation

“of the 408 and 503 subunits by pure ge1ufi1tratinn, the experigents

wore repeated at 35°¢ sinco at Wpis temperaturc, the 60§ subunits

A Y|

o ) - i
. . . y n.'..‘, ..
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IABLE.S . ' The e]utwn cha?acteﬁmcs of v‘at Hvar- r1bosomat suhunits on
. alem Sephamselt 4B column at 4°L and at 35“(2
snwnzs Vo - . Kyg N HETP lﬂ‘e,.avery/
. _ o Ilheld
oy L (nid) — (i) %/ Azg0
ﬁ‘i@. 1 @ - - ' ; _
oo B08- . 16:3 ' 0:45 . 56 _ 5;3 o Ja
' pfter warming 608 42,3 2,08 - . 95
‘BHssociated _ | o
Ribosomss S P 9,0 0. e e 10,2
R . . . - : . o ' | .
g 15 1 N0 T 42 14,3
iz i N
e 3. 24,8 "9 99_ .0 0,8 _
[+ ! : ’ . s
® boo42,6 0 2,10 .oz 8,2
. % S P
-7 - 408 15,4 0% 101 2,9 '
Y g 808 4,6 _:‘1}.35;_ - 51 - 5,8 92
Dizsociated I | P
 Ribosones 9.2 0,01 / Ve . RN
: ’ # ?a-.c :5;2 'l;nlag 4g ﬁ|1 I ?l?
. . - _ k4 /J_J .-;
: : 3. 25,0 L0 e O .
. [t . . .
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_:, “the column and wWare e]uted by fkoating the column fo 35 Gw Kd[ N and IliZTP -
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~. worg eluted from the gel. ~ o, : N

- At 35%, s1iqht1y différeqt resalts were obtained. . The 405 sub~

. . . il

I o . [}

. . N - a . : %

L] & - - .
w . . .

un1ts e1uted in a narrewer zone than at 4“0 Judging frqm the HETP
(TabTe 9). “The GOS suhunxts gluted in 2 broad chromatographic 2tne
which emarged 511ght1y eaw?ier‘ but hraiIed more than thé 408 aubun1t
(Figure  23), Both the r1bosuma1 subuits emerged at 2 vblume graater
nhan thé ’

|

yaid vulume and 1ess than tho iotal 2o Tumn volum@. iu

- gel F1}trat1nnp "of E! mixture of P1bosuma1 subunits at 359¢. resu?ted

« the * elution of jhree peuks((Figura 24). The firsk peak amarging

1n the vo1d -yolume, cpns1stad of the heavy weight mater1a1 found in

iver ribosomal susp&nsiois. The seconﬁ paalk contained a high per-
centage  of tpe 3260‘ units app?ied ti the column havinﬁ_ﬁn u1tra;

violet absorbance profile;

_..____-_-.._"__.____.,,

symmetrical but eluted ii“ & broader chromatographgc zone than both
the 405 and . 605 suhun1wb (Tab1e by, The third peak e1uteﬁ at the
wotal coiumn o volume - and was jdentified ps puwumycin. The ainount. of
Aggop units recovered waﬁ comparalile with the . amount appliédxto the
eeluen,  This 1nd§cated fhat no materxa] had adscrhad to the o lumn,
“RNﬂ ana%usis of the rihcsnmai pﬁak at saoc shows thajprespnce of
hoth the 185  and 288 TRHA {not shcwn) thus ind1cat1ng that the

! w1boé0ma1 quhun1ia' were nut saparated by gai axciu&inn on Sepharose '

1%

48.

oo

The enomalous behaviour: of the G605 sybunits couid be due o an

5'iﬁtf1naiv praﬁukty' of he 608 subuﬂ1ts. if the %5; subunits qg; of
L

gimltar sine to the pare$ of the yel, they wlhi1d replacevth@ witdy of

F“&alﬂv’ﬁbn. and thas bo. retarded hy the' pel. - Fhis pﬁ vfb??ity was
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character15t1c uf ribosomes. The peak"was -
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;QF the §ubu91ts werﬁ unretarded.

R

@ Lo :
' & 06

resé?ved by Bpplying the 605 subunits tq;a Saphafase colum with a

smaller pore ysize, “sugh as "SepharaSe Gé", Jand to oﬁe with ac;argét'* -

jpore 5izé. such as Sepharose 28, The 60S subunits wereunut'eTutad_

from either ‘Sepharose 68 or Sepharuse 2B ot 4% (F?gura 25), hut .

were eluted with a lower Ky from the Sepharose 6B - than from thez '

Sepharose 2B co1umn when the temperatura of the column was 1ncraased

to 30°C. The 605 subunits e1uted within a column vo]ume when“they
were applied - to both cotumns at 30°C {Figure 25). On Sepharose 68,

the peak emerged near the void volyme and tra11e¢ slzghtly. 0;
Sepharo&e 98 “the peak‘zynwed 8 broad chromato'raph1c zone, Thus the

temperatures.,

[

B

o
\]

Sepharose 4B was demonstrated by applying the 60S sﬁbunits to the.

608 subunit of raﬁ 11ver adsarbed to agarose h&sed resins at Tow

"The coffect of 'tempe?ature on the adsorétion of the 60S subupits on

molumn 'at varfous tenp@raturas (Figure 26). It was ohserved"that the

- 608 subunibs adsarbed to the gel graduai1y as the tempefature was

dacreased. B&fore being totally adsorhed to the gel, th@ Subun1ts
were retarded. as shown by the profile at 20, At 4°c-15°c

the. subunits were cumpletely adscrbed and were only eluted after

warming the column  to ., 3098. - Ak tcmﬂaratures above 25°c glution
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_ :he 508 Jubunits of quhegﬁ}hig cnIi d;d nat d13p1ay the same.
bohav1uur as the 60S subunits of rat liver (rigure 27), Hoth- the 503  ‘

~dnd %G§*%suhun1tr e?ﬁtnd na yniume iﬂ hetwveh thﬂ“V01d volume and
(’ )%he tptal. column va1ume ﬁ?masi ali " of the ribnsumwl subunits

measure |ts. - The Jrgﬁhvr1cnia rniz ubdn't elute earli&r th lithe
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subunits of rat Tiver, as was the case with Trisacryl GF2000.

ANALYSIS ~ OF  RIBOSOMAL  SUBUNITS  BY - ACRYLAMIDE-AGAT"E GEL
ELECTROPHORESS | | |
gpg!x is of Escbenjchia ro]i rihosomgl §ubvq1“* e

Composite ge1s contain1ng hoth agarose and asryTamide made the gel

_electrophuretic separataon of ribosomal subun1ts poss1h1e. Agarase

S ;-__prnvides nechanical stab111ty to very weak acryTamide gels.

The gel apparatus used in ‘this study was home made and did not have
the dimensions of the s1ab gel apparatus described by nah1berg et al,
_ (1969) Therafarf the cond1t1uns fnr e1ectruphoresis haﬂ to be opti-
mised {in orde¥ to achieve adequata reselution, This ‘was deduced
afler a pra11m1nary electruphoresis experiment 4t a vo1tage of 200
V.. After 4- hours of electrophoresis of Escherichia coli ribosonal
suh§n1ts in Qp,z mh  MgCly, 25 WM Tris-HC1 pH 8 buffer, a]]_that was '
i qpserved was a smear across the Janes (not shown).

&

" The 0ptim1zaﬁiun -of electrophoretwc condit1nns was carried out w1th

.....

. o gaﬂ10n, and elactruphoresis was: in & Tow magnesfum buf?er (0,2 m

MoClg, Tr1s~HGI pM aj ot variqus vo1tages and times (Figures 28a -
* folagé),“ wherd  the * times* of electraphorvsis depanded on the vnltage.
'i“=zThe rksa?utien was good between the r@nge af voltages 60- V=120 V. anﬂ*
tﬁereafter (150 v ~ 200 V) the resolution steadily docreaseﬂ {Figures
284 - 280). In Figure 28 = 28c, 5 hands are visihle within sach’
uihlﬁjane. The bands represented diffevent forms -of the 305 and 508, |
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Lahnits In acryfam! =agaregse gola at 60V
Ribe nmnl subnit re elogirophoresed in
2,76% aciylamid g % agarase gels in Trie-HGE
(25 mM} and Mg 0,26 mM}, pH 8 butfer
for © fira, 8t 60V anu 4°G,. The gel was stained-
with Goomassle briliant blue. Lanss 1~6 contalned
ditferent concentrations of the 5085 and 808 eubunite,
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Figure £28b, Elovtrophoreaia af Escherlehia ovli riboalmal
) gubunits in agrylamide~aguarose gels at 80V o
g Ribosomsal subunits were elestrophoresad as In Fig. 28a
axcept elestropharasia was at 80V for & hrea.
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Figure 28¢. Electrophorosls of Escherlohia voli tibosomal .
gubuynlts in acrylamido~agaroce gele at 120V.. .
: Ribgsomal subunita wero electropboreged as in Fig. 28a
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lectrophorasis of Escherichia goll ribosoms!

gubunlis In asrylomido-agerose gols gt 15

Ribosomal subu¥ies were elogtrophoresed .

pxoopt thot clectrophoresis was at 160V for & hrs,
)
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Flgure 28e. Electrophoresis of Escherlohia coll ribosomal
aubunits In serylamido-agarose gels ai 200V
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Ribosomal subunits were ¢loctropheresed ag in Flg.28e

oxcept that electrophore_sla wag for 2 hrs at 200V,

0
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subunits. The é&o fastest‘migrating bands were two different forms ,

of the 305 subunits. The two forms arise from the less of one of the
rihusoma1 proteins and this resuits in one form being of lower moiecu-
lar weight which migrates faster than the cther (Dah1berg,}}974).
Similarly the three slower migréting bands were three different forms
of the 508 subunits (Talens et al., 1973). Again the three forms
arise from the loss of one or mofe of the ribosomal proteius, In

Figures 28d and 28e, ‘the 5 bands were not as well resolved and the

udiffaregt forms of each subunit merged into a single diffuse band
(Figure 28e).  In Figures 28c - 28d, the different forms of the two
L

“subunits became more prominent when the amount of subunits applied to

the gel was greater.

N

From the intensity cf“,yhe b;ngf it was observed that the slowest

migrating Form of the 508 sibunits ($-50S) is the most prominent thus
_ﬁindicating that this form was in high concentration in the prepa-

_rvation.  The 30§ subunits were equally divided, judging from the

stajning intensity, and therefore in the ribosomal preparation only

half the 308 subunits were native subunits.

The presence; in approximately equal proportionsf of both ribosomal

subunits 4in each preparation of ribosomal subunits 1nd1cates a

certain  amount - of Cross contamination which was a vesult of poorly

resolved densit y grad1ant prof11es due to an overloading of the

grad1ents (in axcess of 80 5260 unlts)

[+)

4

na1gsjs of _ribo: gm@i Subunits of §§gher chia co?i e]gteg from
Trisaceyl GF2000 k
The vibosomal Subunits of Escherichid_coli gel ijtered on Trisacryl

b
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GF2000 wera analysed by acrylamide-agarose gel electrophoresis

(Figure 29). The 50S subunits migrated as two bands with the slower

migrating band staining slightly. wore .intensely than the faster
migrating band.  The fastest migrating band was absent in the gel
filtered ribosomal subunits. The 305 subunits migrated as two bands,

“the F-30S form, being the faster migrating form, while the $~30S, the

slower migrating form.  The F-305 form wes more prominent than the
$-305 form. When the load was increased, the two bands of the 308

U

subunits were-more diffuse and were pourly resolved,

When +the pooled fractions obtained from & mixture of ribosomal sub-
units gef fittered on Trisacryl GF2000 were electrophoresed (Figure
29, ‘lane 7 & 8), two bands were observed which corresponded to the
§-505 band and the $=30S band indicating that the native forms of the
subunits were’ present. The bands were more diffuse than the marker
bands (305 and 508 subunits"of Escherichia col} isoclated by density
gradient centrifugation}, and 1f any other forms of* the subunits were
present it was not resolved on the gel. Since both subunit bands
were observed, the results confirm that the ribosomal subunits on
Trisacry] GF2000 were not resolved, The 305 subunit fraction was not
contam1nated by 505 subunits and 51m11ar1y the 508 subunit fraction
was not  contaminated by 308 subun1ts which 1ndicated good resolution

~on the density gradients. The 303y§ubun1ts migrated as two bands -

with the F-30S being fhe predominant"bahdf

.-'Ir

{

| The ana}zsi of rat  liver r1bosoma] sgbunggs on acrylamlgg agarose
gel a1ectroghngesj

I

Ribosomes  an d . ribosomal subunits of eukaryotes have not been“

distinetly separated on acry1amide~agardse? ébmpositel gels. In an
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Floure 28, Acr lamide-agaroae gel-cloetro h reafa o Eacheﬂahm coll ribosamal aubunirs laalated b
g ";'Hfr%ifqn 1%r:«:r’ ger adfg conirituaatio ﬂ; y
t al t nrnu s waa aa described In Flg 280,
Lanes 1=2 con | od dif erent gongentrations o! the
aubunlts, lanes 3-8 & 305 aubunlts, lanpgyg 7-8 I t ure
of supunits f{ Im el Iitration on gaaogyl GF2000:~ ag
B alned the 508 and 3 unlis raapeat Iy
laolaied ny denalty :

t-h

t
aradient gentritugation.

803
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attempt to de3e1op this technique as an analytical tool " for
- eukaryotﬁc' ﬂiho#omés . and ribosoméT‘ subunits,.-various_ bufferihd |
) systems -and. e1ectrophoretic condit fons yeFe studied. ” The first
 buffering system used 1r the study was the one used by Dahlberg
(1974) (Figuve - 30). | huhosdma1 subunity of rat_ﬂiver.iso1ated'by
: °density gradient "entﬁifugafion were app11ed to the gel in samp]ér
bﬂffer; E1actrophoresis of thit gel’ from the anode to the cathode at
120 v resu1ted, in the m1gvatiun of the Eﬂﬁrﬁybunits as streaks to
" about 2 o from the we]l 1nterface. The Jeading edqe was a definad
- zone. The top of each Tane 1qﬂwhich the 405 subunits weve app]ied
.o showed “Some material “which . miyrated as streaks wuth an undefin\d
1ead1ng, boundary.  These streaks may 1nd1cate contamination of the
408 subﬁnit -f#action hy 60S° subunits.  As outlined sarlier, the
on "p1tage gradient p1ayed an impnrtant role in the resu1v1ng power of
the .gjectrophoresis ge1 and lower vo?tageq praduced hetter zones.
E Thus“ a lower vo1tage was appiﬂad to the above electrophoretic system
\i and e1ectrophoresis Was carr1ea out for a longer time (Figure 31).
iwith the iower voltage, 1t was observed that the m1grat1un of the 605
suhunits was retarded when compared to the run at 120 V. The 40§
suhunits showed an increased retardation along the margins of each |

. Zong, Decreasing the' vn1tage did not increase the resc1utiun of the

1 l ‘

electrophoretic system,_ Lo - .
The electrophnretit '%ystem used by Helsar gt al. (1981) was used in
this “stdﬂy to p?ecgfbphorese' rat 1iver ribosomal subunits {Figure
32f1“ " The migréfiﬁnhwasﬁvery poor. Both ribosomal subunits migrated
as streaEs'lrather than defined zones. The migration of the subunits

.o . o] .
was more retarded than with-fh%” preyious buffer system (Figure 30).

13

\I[
1 K
- L]

ATl of the above three system<kus@ non»dénaturinggpuﬁ{sr systews, It

o
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. Flgure 80, Acrfj*lamfde«-agaroae el e!aofrophoresm of
- rat liver ribggomal subunits. -
. Elactronhurfés!a of the subunits was on a
-~ 2,28% acrylemide-0,6% agarose composite yel
' In 26 mM Tris-HEG1, 8,25 mM MgOl, and 6 mM Kol
buffer pH 8 at 120 V. .and 4°C for 6 hes. O S 7
Laney 18 ¢ontaited the ﬂos auhun!ts and lanos
_ . 46 the 403 subunits,
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i Figure 31. Acryfamfda-agamse g@! weca‘mphoreals of
o rat liver ribpsomal submnitg,
- : ' Eloctrophogenls of the subunite was ag in N
' Fip30, cxcopt [t wag at 30V for 16 hva, [y :
| Lanes 1-8 contained the 408 and fanes4~8 the 60%\eubunits,
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Flgure 92,

"2,25% acrylamlde-0,6% agarose composite gol
in 26 mM Trls~acotate, 10 oM magnesiom ocetate and

80 mM potassivm acotate buffer pH 7.6 at 120 V
Lanpe 1-8 sontained varloua

csoneentrations of the 408 subunits and lanes 4~6

&

Acrymmfdé-ayamae gef electrophorosie of

rat Hvar ribosomal subunits. _
Elogtrophorasis of the subunito was on o

and 4°C for § hro,
the G0E aubunita,
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. used by Peacock and Dingman (1968) permittﬁd the separation of suh-.

'three_ discrote bands, :ndicating that the 308

T et e e el LRI Sl e A A T T DT T e ) TR e e
I v K u L
2 . . .
. . . e : 4
' i ’ !

L) [
2

o ’ % - . A

was e¢ident from the ahove vesults that ribosom¢f éhhqn1ts'T;om'

higher eukaryotes were ”Pnable-'to migrate into 'nnnudenaturiﬁg'

¢lectrophoretic systems.
| 2

The cdnk?ﬁé?abﬂe buffaring capacity"uf the Tris-Borate-EDTA ﬁuffépﬁ

units of rat 11ver ribnsnmes {Figqure 33 and 34) The 608 rihosomal

subunits migrated as a singTe band whereas the 408 fractiﬁns-f}om

density gradients separdted into two bands, one 6f which was tﬁé 60§
subunit baﬁd,v and another ona, witich migrated further along the ?ane

and wap® more _diff@SE, was'the 408 subunit band. At a Tower voltage
in the Same buffer system the bands apnear more diffuse {Figure 34).
Figure: 33 also shows’ the m1gration 6¥ Escherichia cold rlbosomal

- subunits in the Jras-BorateuﬁnTA ged hﬂffer system, The 505 subunits

P 4

O\

migrated 2s 2 single . band whereas the 3 §$;fhun1tsrasa1ved into

bosomal subunits were
excessively dégfaded. The migration of the rjbosomal subunits is
pfupnrtibna] to the molecular weight of the isubunits and the

| ribgsoinal subunits of Esgherichia coli m1prate q *?tive to the .

» f"‘\
ribosomal subunits of vat liver. r S

ACTIVITY OF RIBOSOMAL SUBUNITS.AND REASSOCY:TED RIBOSOMES
ggﬁivitg of vaf Tiver ribnsemal sibumits

When separéia ribosomal  subunit fractions or reasébciated ribasomas
were assayed for thedr abiTxty o 3 ynthesize proteing 1n a ce11ofree

$yst@m, act1vit1@“ ubanvad in the presence of* tempiata RNA show the F:
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508 subunits of rat {iver {Iznas 9,4} and
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Acrylamide-agaresoe gel sleeirdphoresis of .

rat liver and Escherichia coll rfbosomal subunits.”

Elactropherasia of the subunits was ona ’

£2,6% aerylamide=0,0% agareae conposiio gel

in 2 Tris«borate~EDIA buffar pH 84 (Peacock and

Bingman, 1968} at 126 V. and 4°C for 8 hre,

Tho samples ave tho 408 suhunits .Slmmst 2} and tho
4}

205 gnd 508 aubynite of Escherishia coli {lanes 6,8).
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Acrymmidewayarase pel a!eatrop!wr\egais H .

“pat Thvar ribosbmal subunita.

Bloctrapharesls of tho aubunlta m,ras a3 in Flg 33
oxcept it was for 16 hra at 60 _
The aample}g are tho 408 subunlts {Ianea 1 9). the
008 suhu a uf mt liver {lanes a 4 -
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- smp!ar activities a]tl;ough the 605 suh;anits dxd appaar to posssss,

G

[

.,yntliew‘ (M’ancheotm ;mgi Mam:he'stcr*, 1980} ~ The combinatien of

605 subuiitts possess’ ~27% of - the 'act'ivity att&inab’le with the

{.,-Mcombmed 405 and " 608 frack iofis, whv‘h accords with tha presence of

© S0 405 particres in the 6@5 fractinn. The co@,bined ribosomal subw

‘ umts m the prasence of temp]ate RHA pussess ani:wﬂy appmximate"ly

equal "to that of the corr;'.ml riﬁosones. These results did net differ |
gmatly whan the mthod of prepal*ation nf the ribosomal subunits were

R

varied, R#husomm ‘subunmﬁ prepared by ge1 fﬂtra}non POSSEsS

I8

v}
Téwer actwity than 60S subunits prepa@ﬂ B}? gradient centrifugatmn.

When pao1ed fractions from m1xtures of subunits were ass&yed for
cf?v1ty, both the 605 ald 405 subunits possessed, NZOu of the -
act1v1ty of a comhinatwon of the 405 and 60S subunits (TabTEV&1)
The h1gh degree of ‘acﬁiv1ty of the 405 and 6035 subunits is in
accordance with the low vesolution obta1ned by ge1 f11tration on .,
'Tri§gcry1 12000 _(Figure 14), thas the high degree of cross
"ont‘&amination of the. subunits.  This was apparent even when the
subunits were sep)rated at 209 where hoth the 605 and 405

- Nbosomal subunits (p ssessed(\ considerab'le amount of activity (Tab]e

11},  The poTa‘pl}enylaIanine synthesizmg abilities of the rihuscnﬂﬂ N
A\

Tsuhunits were  not affecteﬁ by thF‘ temperature at which they wem

pr'epared. . mbosonal subunits prepareﬁ at q"c or 2‘3"!: pomess
' k)
apprommate'ly squat avtw».tu.s tu that of tna contm‘l Mbasomed .

| (Tah‘lo “11). Hhen a c.nmp'lete ;‘aparatmn of the ribosomal ‘;ubun'lts was _};

0

achmml as mth gel Filtration usmg Sephm‘ose ap fFigﬁ‘rg 22}, the .

*fndqvj,dua! simumt "of rak divar showdd winfmal ac..wiﬁes, a?timugh .

° G';‘he 605 subunits _did POSEESS w3 of the activity of the

Lg/wbmatwn of .,ubumts (Tah'le 1?) This activrt;;fwnay be due to the
fafJS ..,ufmnits wa*ing an ‘7!!1.‘#‘1!"1 sie cafmbﬂity 'Fe:n* pa'lypheny‘ia'lanine
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CTADLE T

-Pa?yphgny1a1anine synthasis hy rihcsona1 Subunits of vat Tiver

& isolated by gei fiitraticn on iulsacrj1 6F2000 at 4°c and

<

-]

Ribdhnmai Specie*-

cepmftubs

a) _Subunits -on colum -at &“c

T © e
o3 I 5’)5 W o : o

405 + 605 o N

. Blonk o

) M{xtuggéﬁf subunits sepdrated at 2%¢
C 05 - RS
o 408 + 608 '

Blank
Cenﬁr01 Ribosam

¢) Suhunéts on columi at'20°C |

405 + 60S T
’ _Blank | ;
) Mixtuggéof suhuhits-separated on column at 269¢

. o

-603 R

408 + 608 e

Blank " : - &

Control R1husomes ' ) . b
Q o woov

i " . b

Cun

1812
201

1249

1299
146t

BE6L
“ l
1264
. 6618

L
- 6957

5480 -

505

148

153

7709
505

7395

aibaéamal subifivi:

1.....‘..-.

ere cnncentrateﬂ by d1a1ys1s against pn1yéthy1ane

© glycel, rrartinns frﬁm éubun1t peaks obtained fvnm the m1xrure uf eubunits“ .

were puniad and c@ncenbvated. 10 4y 405 and 25 ag 608 subunits were in the

sgay wixture Which. was as described in secbion 2.1% Incubmtion was at
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' Rn!yphenylaIanine 5yntﬁesi% by r1bosama1 subunits of rat 11ver

:sa1ated by ge%>fiitratinn on Sepharuse a8 -

- I

a_cphitubé‘

"Ribosomal species, - ;é?//--

A8
805

.. 408 v 60s -

~ Blank

-

o _ Cantg?‘ R?bbsame’s S o

o

I

/& .
- 950
1136
8293
| 868
.- e

“ . - -

: K LW
v . ;

[+]

sac jon’ 2 12.

N .The incubat1oh m1xﬁure for the assay of protm1n synthesas was as déscr1bed in.

‘The ribnsomal subunits were concentrated by diaiysis aga1nst

o pc!yathylﬂne g!ycog é&uh tuhe conta1ned lo.ug 205, @nd 254ug 605 suhunits as

indicatgd. NN
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:"'subuniis passeséed & even iﬁigher actjv1ty thar the céﬁ%rci
N ribusames;' The 605 subupits d1d fot appear to. lose any actiV1ty \ue

e to the‘heat treatient tn elute thm from ﬁhe co!umn.1

W

L]

- The Activity nf Rabhjt Re§1gu]urytg Bihosgmai Subunits
The . rabbit. retitu&ocytp 405 and GOS subunwts ind1v1dua11y shoued a

ry  conq{HevabIe amnunt of actxvity (Table 13)..1Tha 408 suhunwts pOSw _ . o
R "sess@ﬂ Al and the 608 subunzts posqessed _aﬁﬂﬁ of the act1vity |
Cof  the cumbinatxon uf ribosomal  subunits. This high actfv1ty was~)
N ” " attw1butaﬂ te the Tow rasrfut;un vbtained on sucrose gradients. The <
' .degraded 603 suhunits CGmh1nod with 405 subunits, showed an act1vity g ' 4-9
which was anmparab1e4ﬁﬂﬁth the 608 subunits, ind1caf1ng that the - f”.e v
] degraﬁed EGS subunits pnssessed ast1v1ty camparapTe w1th the native v
505 suhumts. |

b

i

0

The 405 and 605 suhunxz, seéhed io Tose some activity afﬁer gel $
13 1trat1on._- The. 405 subunit pnssessed“ ~25% “and the 505 subunit
m40ﬁ af the act1V1ty nf the aombination of subunits. The mfxﬁure

of  ribosgg)  subunifs of rahbit reticulocyte gel f11tered on
¥r%aaé%y4jgﬁr?ﬂﬂu 3eparated into 2 peaks (Figure 18). Hhen the ponled

v fractions from ead poak Were assayed for act1v1ty the first pek
5hawaﬁ act ity wh1ch was  comparabie with the act1vaty of the |

c e 0 bt combrnatiun of subunits) The second peak pOsS e@&ﬁd act1v1ty wh1ch

v
o

2 way ~80% of the uct1v?t; of fha cohy natiﬁn of suhun1§:. A
. ramﬁ?ﬂaﬁ&gn af the fwd  poaks: uxh1bit¢d an nctavfﬁy\campapab e with -

Ry ' VI :
mfﬁﬂ the tumb:natian of ﬁubuﬁntq. lha hzjh art:vlty “of huth pruks was in .
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po]y@thyiare g'lg,rcm as described in sectiur 2.9. The incubation mmtums
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syntheaizing act{vitiﬁs of the individua1 subunits (Table 14), *Buth“
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% of, suhunits of E _ggﬂgnighlgmggl_ sepnratéﬁ

The low cross gpngaminﬁt¢:

by density gradient %entrifugat1ﬁn (Figuve 41_resu1ted in low protein

the 305 and 808 subunits exh1b1ted ~10%  of the. activity of a

R Lomb1nab10n gf the subuniﬁs. Simi]ariy the subunits after gel

filtra£1nn _jexh1b1ted w10% “uf' the activity of the comirined
subunits, %ﬁ@’ s%ightly vhigher activity of the. mixture of subunits
after gel fi1tration on TrxsacryT GF 2000 exhibits the gentle natﬂrauﬁ

_j;af geT #iltration as oppmsed to gradieﬂ¢ centrifugation, ﬂThe '

-reasqociation of scher1ghjg cu11 r:hcsoma! subunits into.active
ribosomes depenﬂed o the magnesidm cgncentration. ‘The activity of
the reassociated ribasowes wa§ depende \ on the addition of addad

temp1ate RNA, twheveas if . po1y U WS added, act1v1ty waa minima1 Cm
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IABE1L Fquphenﬂalanims 'synthesis' by ribosomal “subunitr" of
o nghm_th_g_____l. 'iso!ated hy deﬁsity gmdient centﬂfugation
ot and by. gel fﬂtm’haon on Tmsacryl GF2000
2 :.:J . . . . . . 7 . P &}— : : - I
Ribosoma | S;:n.zr;"ias”‘.1 . cpm/ tube
. H, ?_ a t : [
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= - 303 +.508 4952
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) " Blank ‘ 329 .
#‘“R-:hos::ma? . subunits ~ were concehtrai:ed byn centmfugatmn and by }3
' u‘itraﬁ't'fmtiun. F\Each tube contained .20 g 308 subumts and 59.up 505
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ISOLATION OF RIBOSOMAL SUBUNITS BY DENSITY GRADIENT CENTRIFUGATION

L

1

Befére.'going on to discuss the vardous methods of iso1atiun of ribo-

somal subunits, 1t {5 important oto discuss br1ar1y the optimum cond1n '

tiony for separa*ion of the subunits. . The complete 61550u1ation of

124 -

rihosones inta btoIagica11y active subunits is dependent on Qﬁeﬁ°

Peiease of the nascent peptﬁde chamn. For this to be ach1eved a;?‘*'

stri{ngent set of conditions is rd4u1red

| Rihospmal subunits aggregate readily, paft{%ular1y at Iow’temﬁéra-

tures,  She aggregation is in part pre?ented hy a h?gh concentration

of manovaient cat1ona and Tow - concentration of magnesium. The use of

500w KT and 2 i MgClp 15 a comprnmise between seeking to maxi-

 mise _q;ssociation ‘without producing, cinditions harsh enough for the

" of

subunits to unfold and denature or be stripped of their prdﬁeins.f

Rat . Tiver ‘ribasomal. subunits are often contaminated by non~r1bosomal
e

prateins (Manchestar and Rosin,. 1§80) and this i3 iiiustrated by the .

low  Aggo/Aogg rat1as, ~ An naﬁnfqgaﬂ_-ratiq of less than 1,8

(Martin et al., 1971). Ferritin is & contaminant of thalﬁos subunits

rat  liver,

_ supeenatant by precipitation, with magnes1um are less contaminated

e 4
with ferritiy’ (Clomens and Pa.n, 1974).

4
o7 T

High salt wash&s of rihusnme$ ramove muﬂ~rihn nwai.p?ateinsa

“addition to this, . somg lahile rihnsemaT prnte1ns are'aiso“strippﬁd

i
I

5 .. _ . R
) ooy = K
. 3 . B N R Codpet, o Y SR T vy

“_-‘J . . | N . L | W . . HJ " s . . . .

'.uguﬁgeats that the ribosomal ‘particies are contaminated by protein

. Ribosomes "pfepared from= the pdbtmmitochondrial.

In
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off by KC1 cﬁnééntrations.up to: 1 motar (Clegg and Aﬁnﬁtein, 1970).

| When rat1culecyte r1bosomes are treated . with h;gh salt to remove
non~r1bosomal prote1ns some rihosomal proteiﬂs are a1sa stripped off

:.resu1tﬁng in a greater rRNAlprotein ratio..

A

"SUndkiviét -and.ﬂowerd'(1974) pfepared:reticu1ocyté'ribosoma1'subugits:

using puromycin. and GTP and found-that ribosomaT subunits obtained
from this method are structurally and functionally equivalent to

ribosomal subunits prepared by the “runof ° method, When we used the

~method * described ﬁy Sundkivist -and Howard (1974), large amounts of

pn1yrihd§nmés were peTieted upon denﬁit} gradient centrifugation for

reasons which are uncerﬁain.

o

from different 5pecies and differqﬂt tissues have different require-

However, it 1s known that ribosomes

ments for the optimd1 dissociatnun of ribosomai subunits (Martin et

_alu ' 1971)

T
oA

Puromycin was  not necgssary  for;fthe dissociaiion of the ribosomal
subunits of Escherichia colj singe bacterial ribosomes dissociate
casily. when the assocfated magyeéium is removed. A problem
encountered when preparing Escherichia  colj rtanOMal subunits by

dénsity gradient "centrifugatiuu is that only smal) amounts of the

ribosomes can be Toaded %o achieve - good resojution, Subsequent

- recoveries of the subunits are small in comparison fo recoveries of

L

éukaryntiq rihosomal stbunits. To achisve 4 veasonable recovery.

zonal rotor would be vequived, sinde it can accommndnte 1arge

quant1ties of sticrose solutfons and ribosoiies. -

= u
= 0

A fenture of the sedimentation profiles obtained aftor Qfadient cen-

trifugation of the subunitg iy the asymetreic shape of the peaks, It

. o
o v

R
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, hésg ﬁeen. explained ip She general case s being due to inversion of
5o lvent -concentrations cross the leading edge of the Samﬁie-zene
~ (Winton and Dobrota, 1976), Mamchester and Rosin (1980) found that
using markedly® convex oF concave gradients oy gradients up to 50% in

suérnsyi did not change the-shaﬁe of the profiles of improve the sepa-

:!‘_ﬁ?t’ion{_ :
|

Q . - ¥
t

u

.
4.2 GEL FILTRATION OF RIBOSOMAL PARTICLES ON TRISACRYL srzuff'}o- A

t

the stétiénafy phase. If 1H@§1_ga1 filtration behaviour is apparent

then * solutes. sh§u1qjﬁnavez a Ky of 0.1, Trisqc§y1JGF2000 proved to
“be & suftable gel for ﬁﬁg:chrumgfography of ribosomal'subunits since

it 'gﬁsﬁﬁayed apparéht'idea?_ge] #i1tration behaviour, In general the
tolumn Defficiency-nbtained in gel filtration ghromutagraphy arg among

the - Towest  found ih a; chromatographic® system, * exhibiting HETP

"valuess of Z - 10 mm as§6pposed to affinity chromatography or {on
'exéh&nge chromatography, ?he?efficiency_of the colume is dependent

Con. cglumn é%ﬂhetry;ﬁco1umn packing, particie s1ze; flow rate, solvent .

prape@&ies. temperature and sample size {Morris and Morris, 1976).

gel 'filtration chromatography of ribosomal subunits on a 30 e’

_M?WEisacrylf GF2000 co1um$/'reqealad thaE a sépération of olie subunits

~© could not he acbieved since the resolution obtained was ~0,10.

For two solutes t6 he completély - separated from cach other the

- vesolution of .Rs = U 45 required,  This corresponds to a cross

contamination factor of 2,3% for k.o solutes present {n approximately

ogyal amounts, T

: L
o

G

GeT“fi;iratiunfis hased on the prinéip?e ofldiffusfbn iko and out of'.
: : o i

G -
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--To..achiegé w07% - separation ”é‘ 20 m column woﬁld have besn required
. o in this'"éiﬁdg,}* ﬂ 20'm-co1umn 45 impractica) fnr-1aboratory.sepafaa
- .. ~tions and therefore some recolution had fo be comproﬁised.for a more
practical jéngth.“of colum. Calculations indicated that.wifh-é 135
cm column, a vesolution of 0,47 would be’achieved (equation 4,

N appendfx}n However, - in pﬁﬁctice, “the resolution aﬁhieved %or rat

- '_.ifyer ribosomal sﬁbuni%s at 4°C was half that. The reasons for
14%;ua; 'Eithﬁb could be due to the large zane dispersion which is expected with -

roae B
.
vy

el iy N Yo . . “ .. _ .
of " long  eolumns, Zone dispersion-is decreased vemarkably by a change in
.?;';;"p ¥

e,
W

¥ __@one ~of the chromatographic-conditions. Increas%ng the temperature to

b
COTE

.- \
\ dispersinn. In the case of gel fi1tratian,‘gresistance to mass

gkk . roomf:'tempeqaturé showed 'a  substantial decrease 1in the zone
- transfer effects and °1ongitud{hql diffusfon are decrgased by an
A increase in the témperathfe {Morris and Morris, 1976).
éyAfter optimizing thé chromatographic conditions for rat liver
SR . : . o ©
ribosomal subunits, various species of subunits. were chromatographed
on the coluwin. ° The separation achieved when chromatographing a
mixture of ::ubuﬁitﬁ_ of rat Tiver,is not significant since the cross -

contaminatian factor is substantial. " N

- An _advantage of gel £iltration chromatography, as opposed to deﬁsity
gradient centrifugation, is that feé;itin. which is a con*aminant of
rat Yiver ribosomes, is §eparatéd completely from;fhe;§0§ aﬁbunit at

- 20°¢, whereas at 49¢ ferritin appears -as a J§ﬁ&é§d¥¥!0n the 605
subunit peak. ;This i$ an {i1ustration of the 1ﬁproved‘yasu1ution
obtained at 209 as opposed to 4°C and with-the 135 cm column as

5

" opposed to the 30 o cqldmn,

%
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An anémaiy of the Trigaery1 GF2000 gel %s the substantial retardation
of puromycin. Previous work has demonstrated. that the adsorption of

" puromycin could be due to strong hydrophobxc interactions. Puromycin

is. an ant1b1otic produced by Streptomyces albopiger. Puromyzin is a
d1ba51c compound with secondary and tertiary amide groups and it is
ketarocyc11c. - Aromatic adsorption is a common problem with gel
f11trat10n media and {5 often observed with the aromatié amino

acids, These effects can usually be abolished by sﬁitab?e chioice of

| soiﬁénté - Since in this study the retardation of puromycin did not.

affect the rhromatograph1c behaviour of the ribosomal subunits, we

d1d not dwe11 furthar an this prob?em.

ﬁeticu?ocyte rribosomal subunits chromatographed at 20°C showed
elution characteristics similar to rat Tiver ribosome subunits. The
resolution obtained with reticulocyte ribosomal subunits on the' 135
en column was & third of that obtained with rat liver ribosomal sub-

units &t 2090 and as a resdit the iwo subunits were not resolved on
the column. in addj;ion the poor recovery of ‘the 40$ subunits is of

concern.

g As stated previously high salt trestment of ribosomes results in the

selective jrémova’l of ribosomal proteins (Clegg and Arnstein, 1970).

" The rembval of proteins results in smaller, Jow molecular weight

ribosomal subunifs! These sediment slowef than the complete subunits

in sucrose density gradients. Similarly in gel filtration the

“elution “of th@sg_bsubynits .15 retarded with respect to the complete

ribosomal subunits.  Clegg and Arnstein (1fﬁ39 found with rat liver

- subunits thah the ﬁUS subunits were more susceptible to degradation

than the 405 subunits. ~Our findings confirm this, and the degraded

Irffo
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ribosomal subiintes appeaf to be 60S subunits.

When ribosomal subunits of Escnerichia coli were chromatographed Bﬁ
Trisacryl GF2000 at 47 in a Tlow magnesium buffer the order of

‘ elution was 50S subunits and 30S subunits. However the difference in

Ky was only 0,03, Both the sdbunits of gggta;jghjg_ggli etuted
mich earlfer than the 408 and EOS‘ %\qnits of rat liver. Their Ky
values. show thav phe subunits_ did not enter the stat1nnary phase

freely. In denséty ghadients, the subunits of Escherichia colj

ribosomes sediment,ﬁreTative to their molecular weights in the same

buffers as the mobitﬁ phase in column chromatography.

!
In ge] f11tration cﬁromatography, two Tactors affect the elution
properties of sulute mo1ecu1es ' These are the molecular weight of
the: solutes and thet d1mensxons of the molecules. The mo1ecu1ar
weights of the 305 ﬂhd 505 ribosomal subunits of Escheri hia cold are
0,7 x 105 daltons and 1,8 x 108 dattons respectively,and are
substqptiu11y smaller than the wmolecular weiohts of the 408 (M =
1,5 x7108) and 605 (M = 2,79 x 105) subunits of rat liver,
K-ray ‘scattering analysis of the wibosoma) subunits of Escharichia
coli estimate the dimensions of the 3GS subunits as 5,5 nm x 22 nm x
22 L and the 508 subunits at 11,5 nm x 23 om x 23 nm {Wittmann,
1983) and electron microscopic ana?ysis of the r1bosama1 subunits of
rat liver estimate the_dimensions of the 405 subun1ts as 25 mm x
13 nm and the 605 subunits as ~24 mm x 20 nm (Bielka, 1982).
Thereforq_ ﬂn the basis of molecular weights and molecular dimen-

sions, the ribosomal . subliiits of Escher” hjg toli should olute

- retarded with "respect o the ribosomal subunits of vat liver. The

reasons Jor the bacterial subunits actually eluﬁiné'earlier than the

i
- ™
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eukaryotic'suhunits are uncertain,
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- The resolution achieved wi;h-gﬁghg:ighig_ggli ribosemal subunits was

~0,11 and therefore the ribosomal subunits of Escherichia coli did
not separate out. However the 705 tight couples in ribosomal
suspensions were eluted in the void volume. The exclusion of 70$
tight coup1és, with the dimensidas of ~23 am in diameter and Mo
»2,8 x108- is perplexing since the large subunits of rat liver
with lgfger dimensions and. greater molecular weights are not e cluded
hy\the stationery phase. -

o

, _
TdE ISOLATION OF RIBOSOMAL SUBUNITS BY SEPHAROSE 4B GEL(%ILTRATION

= CHROMATOGRAPHY

v

Separations of macromolecules and other salutes by gel filtration is

determined almost exclusively .y the nature of the statjonary phase

~and only secondarily by the composition of the eluent and by the

6perationa1 conditions: In this study we have observed that
it
separation is dependent on both the nature of the stationary phase as

well as the operating conditions,

Gel filtration of r1h§scma1 subunits on Sepharose 4B fesu1ts in the
adsorption of the 60S ribosomal subunit of rat liver at 49C but the
adsorption is reversible wi;h an increase 1in the temperature, as
observed by Manchester and Manchester (1980). The adsorption of the
605 ribosomal subunit was similar to that of its coﬁponent 285 YRNA

‘(Petrovic et al., 1971; 1973; Zeichnar and Starn, 1977) and to that

obServedtyithfribasomes on Sepharose 4B_(Hradec and Keiz, 1978).



)

Experiments at variou% témperatures reveaied that'the extent of the

adsorpt1an progress1ve1y diminished as the temperature was increased,

At 259 all, of the 60S subunits eluted within a sing1¥ bed volume.

\\\ observation supports the idea that either a surface property of
the \ge1 was reSponhxble for the adsorption, or that the 60S subunits

had dimensions which were similar to the size of the pores within the

_ge1 matrix.

The . latter hypothesis was examined using agarose-ge1s with larger

pore"_sizes (Sepharose 2B) and smaller pore sizes (Sepharose 6B).

Ribosomal subunits. of simi1ar|§ize to the poves in Sepharese 4B would

be excluded from Sepharose ‘6B, and would elute within one column
valume from .Sepharosé 2B, beiﬁg able the enter the gel phase freely.
Howe#eru.%he adsofhtidn property was apparent with a11 Sepharose gels
s observed - by -other workers (Hradec and Kr1z. 1978- Manchester and
Manchester, 1980). b

The similarity! in behaviour of the 285 ribosomal RA (Pefrovic et

a1.. 1971; 1973; Zeichner and Stern, 1978), thg ribosomal subunits
(Manchestsr and Manchester, 1980) and the ribosomal monomer {Hradec
and Kriz, 1978; Higgins ‘and Mazurkiewicz, 1980) suggests that these
macromo1ecu1es are adsorbed to agarose based resins by a physica1

{nteraction dug  to the 288 vRNA -and it also suggests that within the

large r1h&soma1 subunits and the ribosomal monomer$, “the 285 TRNA is

sufficiontly exposed to interact with the gel. This' rac§ ip verified
by the part1a1 trypt1c digestion of rihosomal proteins (Binlka. 1382)
and r1honuc1ease treatment of ribosomal subunits (cqx 1969) The

structural 1ntegr1ty of the small rihosomal subunits of vat 11&er is

largely destroyed by tryptic digestion, whereas the sedlmentatjon'
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coefficient of the large g hunit is near1ly identical to the native
subunits (Bielka, l982), afd ribonuclease treatment of the large

“ribosomal subunits resu1ts in the degradation of a considerab1e
amount of r¥bosomaT RNA (Cox, 1369).

= {l
[

Tﬁe nature of the physical jpﬁeraction hetween the 285 rRNA and
agarose gels is unéer£51ﬁ. The RN is totally excluded from the gel
wwith 1ow ionic * strengtl/ buffers or by raising the temperature
(PetrOV1c ek al., 19?3),awhereas the ribosomal subun1ts_e?ute as an
irregulay profile from the void volume and extend well pa#t the tota]I
column volume when the jonic strength of "the buffer is redyced anq is
only -exc1ﬁﬁed from the gel when ‘the temperature s increased
(Manchester and Mancheétgr, 1980}, Tﬁese observadions suggest that
fonic 1n£eractions- are not responsible for the adsorbtion of the 608
subunits io agarose based’ gels. Hydrophobic 1mteractigns can be
axcluded since they are sirengthened hy a 'rigé'jﬂn tﬂmperature
(Nemethy and Scheraga, 1962). 'Hydrogen bohds, hqwﬂvér,'pTay an
important role in ﬁaintaining the stability o ribo&omé; (Peterdnan et
al., 1972) since Tiver ribosomes are highly hydrated. Thé dit cuptive
effects of the bhigher tempefatures on the 605 ribosomal subunit/28S
rRNA =~ Sepharose adsorption phenomenon parallels the effect of high
temperafﬁres on wafer. where hydrogen bonds are brokenlby an inpcrease
in temperature. Thus, the adsorption of 605 subunits may be due to
hydrogen bonding. ’

Since"the,adsurption of the 603 subunit of rat }iver is attributed to

‘the position and the properties of the'285 YRHA, this observation

suggests that the 285 QFNA differs from_the 238 rRNA of Escherichia

call subunits. The 283 rRNA of rat liver ribosomeﬁ}(ﬂadjfbiov at
= b . ' o

Y
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al., 1984) has severai regqons of high sequence homo]ogy with the 23§

o

rRNA of Edcherichia cold ribosomes (Holler, 1984) ‘The hommlagous

regians ara those thq% have been conserved through the avolution of - -

" he rifiosomes.  The excess of nucﬁeotides in the 285 rRNA 1s

_ segments» of different length 1nsartedl within the regions of h1gh'

accounted for ‘ma(niy by the presence of - eight distinct G + cnrich.

sequence homolsgy (Hadjiolov et al., 1984). -The 288 rRNA is also

_ high1y G+C enriched where a high proportion of the AU base pairs in

the conservet: vagions of the RNA nolecule are substituted by G-C base

pa1rs (Hadjiolov =t - al., 1984), _ Thus, a high proportion of the -

entipe 285 vRNA mo?ecuﬁe is compnsed'of G- bése pairs ur'G_ﬁ"C«rich

L

segnents. ( Although the bﬁoiogica1 role of the G-C enhancement
remaing  to bé‘elucidated,;phe findings in this study suggests that it

. may"be the G6-C enhancement which could be respunsibie for the -

int&raction of the 285 vRNA, 605 ribosomal subunjts and 805 ribosomes
witﬁcégarose based resins.

g ) .
" - 17

The aim of this study was Lo isolate ribosomal subunits by a method
that would be simp1er than density gradient centrifugation. This was
acpieved hy gxploiting the propert1es of Sepharose column (Manchester
and Manchesézr, 1980) The ad“antages over gradient centrifugation
4s that it avo1ds the use oﬁ Suycrose so1qt13ns and subjecting the
ribosomal subun1ts to high ceﬂmjﬁfuga1 pressures.  Another, and
possih?y motre 1mportant advantage, 15 that it avoids repeated

preparation of §epara§icn material siice chromatdgraphy co1umn5.'nnce

packed properly, van be used ‘fepegtadly; Howevey the methcd 3

deecribed ahove does have two dfsadvantagee? rirst1y, it does not

emplay 1daa1 'geT' filtra 1qn priuciples to effect a separation, and
secondly, I 4s a two step proceduré instead of a one step gal_

I\

k!
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| filtrdtion process. * Altering the conditions of the chrdﬁqﬁdgraphic

:asys¥em does render ideal gel fiitration behaviour, and ribasona
subunits of rat 11ver eiutéd wfthin the inc1uded vu1ume¢- The HETP .
calculated for the 60S and 405 subunits are 5,8 mm and'2,9

respectively. ; These values are 200-500 times greater thay the HETP

' va1ues norma11y found in gel filtration chromatography and ﬁﬁg.ﬂ1$0.
© larger than HETP values obtained with Trisacryl. J

. : v
Du - * ==

\

~ The resolut1on achieved on the Sepharose 4B co1umn was ca1cu1ated to

e 0,06. For two so1utes to be adequate]y separated the reso1ut1on

should enual - approximately one, The ¢ross contam1nat10ﬁ Factor then
ijs A% apd t = 2,3 {}ﬂefined in appendix).  Thus,. the number cﬁ

theqrsti§a1__p1ates rqﬁuired wou'ld be approximately 7000. This would

require a column length of ~50 m which is‘unﬁealistig.__'

CANALYSIS _ OF  RIPOSOMAL  SUBUNITS BY  ACRYLAWIDE-AGAROSE GEL
| ELECTROPHORESIS " | |

[

The term electrophoresis™ is used to describe: the migration of a

“charged 'particle unde? the infTuence of an electric fie1d. The rate

of m1gvation of charged meevomoiecules depends on the size and the
shape of the moletuies, the charge carried, the applied curvent and
the resistance of the medium. Acrylamide-agarose gel %Iectrophor631s
has  becowme a yseful - t001 far the analysis of macromolecules. This
sensitive technique has ?Lveaied attributes of macromo]ecq1es not

prev1ous1y fetectable by anaiytical donsity gradient cenfr1fUQJt1on.
\l\: - . - n
S, ‘
Previous reperts on e1ectvophnr&tx¢ propeﬁt‘es of v1husomes in free
jr‘

. ” S o . 13
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1_ solution have bean summar1zed by Pe*erman (1964) It was clear frem

their  work that ribusomes had a substantial negat1ve charge. ﬁﬁe%ten

et al. (1965) reparted that - ribosomal subunits could be -

eiectrophoretica11y reparatﬁd in poruus po]yacrylamide gals, -

\\\\_ ¢
p)

. A __— | .
_ In. this s?uﬂy 1t was ohseeved that the resolving power of the gol is

directTy affectad by the fie!d strength of the electric field

0ok

crgated, The f1e1d strength is expressed @s the potent1a1 grad1ent in

voit per cant1meters across the m1grat1on -chamnnet. Therefore a’

-higher voltage 1ncreases the putentaa] gradient across the migration
“channel if - the 1ength of the channe] remains una1tered.. A higher

“potential, grad1ent results in an!Jincrease in the current which

sdb,”guentTy increases tha heat generated. An ingrease iﬁ the

~ temperature of an electrdyhnretlc system causes an increase in the -

'rates of . diffusion of the charged particiss. When we. used the

0oy

voltage used by Dhhlberg et al. {1969),. the r1hosomai subunlts
migrated,. as diffuse bands because the potential .gradient in our |
system was greater. than the potential gradient in the system used by

| Dahiherg ot al. (1969) ) : g

o

1l

Tokimatsu et e, {1981) found that reducing the magnesium concentra-
tion of the gel huffer to 0,2 mi resuited in the dissociation of
Escnegichig coli ribosomal subunits with considerably more structure

_than 1f they were dissociated with EDTA (Bownan et al., 1971). In

low wagnesium buffers, thfee forms of 50§ subunits are.observed
(Tokimatsu et al.,1981).  The three bands represent the native

" subunits which are the slowest migrating (5-50S), subipits lacking

four copies ‘of vibosomal proteins L7tz which mig%até‘slightly

faster  (M-505), and subunits lacking proteins L7/L12 and additional

Lt



| o the absance o? the ribosomal protein 51 (D:hiberg, 1974 19?9)

B ¢ ' “ { "
- o - L o ’ Lol
: prrf\kﬁins which Wigrate the Tastest (FuB0S). e k ’

<] e @

‘Isolation and chavactesization of the two forms of the 30$ subunits "<

ohseﬁved reveai that the primary diffarence resides in the preseucq :

The presence of mRNA -in ribosomai sumplies consistentiy yxe!ds F-SOS o

- subunits,  The_ reason for this is that {n-the prosence of mA fn

ribosomal preparations an RNA=30S. complex - is furmed {Dah1berg,* .

ot

1974). Thﬁs- complex- requ1res the presenge of 81 {Van Drin anﬂ”
Kuriand, _1“70}. The comp!ex is dissociated whafi exposed 0 ED?A or

to  low magnes{um fons dar1ng e1ectrﬁphures1s‘ S1 has a strong -
aff1nity “Yor mRNA (Uan Puin and Kur1aﬂd, 1970) . and thuq 43ssos1ates"4
from the 305 subunit and remaing as sociated preferent1a11y with the

mRNA. The prpsence of mRHA 1& r1bosama1 praparations is dependent nnu

-_th@ initia¥ st&te nf th& hactﬁrial calls before harvesting. 29115'

eonled rapid?y are arrested in .4 state of protein synthes1s and_,,“

thereby ensuring that the naaority of ttf ribosomes are associated
with mRNA. in slow?y cooled cells, the rajority of the rihosnmes are | o
in 708 monomer form  or ih subunit form and therefare don't have .
associated WRNA,  In these cells the $-305 subunit form would pre-
dominaﬁe (Dhalherg, 1974y, | G
The high degreéﬂ'ofllreso1ution' obtained by the.ﬁalectr&§ﬁoreﬁic
§§pa§a§jéh of subunits mekes this a _goaq technique for é¥$1ysing
subunits prepaﬁbd by oradient centrifugation and by gel ?11tration.

- The simple advantage over RNA ana]y%is by SDSupn1yacry1am1da gal

e1ectruphores1s is that this techﬁ1qué raquires mininal handlang of .

& El

the sample,
A [

. . B ..(,
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| puffering sysfems éﬁch as“_that_used by Peacock and Dingman (1968),

“
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“ ribasamai subunits has not been a£h1qved W1th euk&ryutic ribosomesd
and r1hasamai subun1ts except for yeast rihosdmgﬁ (He?ser et a?.,'

1981) E]actrophnretic separaﬁion of yeast ribuscmes revesled that

rfsemaa were reso]ved onaz2b% acrylamide-0,5 P agarn%e tampokiteJ :

ge?. Equal resalution o? higher eukarybtes wis hat achieved ow1ng to
the Dhigh degree of nannrabosomal Proteins attached to the native -

r:husoma1 aubunits. These prateins resu1t&1npg&§?nsiderab1e hetero-

gensity of the -size of rihosoma1 subung:” }thich h%;rate on

acry1am1de~agarose gels as streaks rather “than discrete pands. A

large propnrtion of nan-r1bosoma? proteins are removed from rihasome&rf
hy treatment of the r1hosomes w1th opon-ionie detergents and high.q'
. saTﬁs. : The mprthod ¢T iso?at1ng rlhnsamﬂs and subunits in this study
emp1oys hotﬁ truatm¢nts. Hawever,»eiectrophoresis of these rwbnsumal'

L4

subunits did not a#ford the separatiu

3 W T
Y _
r i -
¢ 8 : n

The ribosoms] subunfts do ‘migrate as disSlete zomes in denaturing

For some reason, unknuwﬁ as yet, rat liver rihosoma1'suhunit$ oaTy
m1grate into acrylamidenagatose gels 4s discrete zones 1n denaturing
buffers whereas they are unab1e to migrate or migrate very slowly 1n
Cnonwdenaturing buffers.” There are a number of parameters which
differ in the fwo .systémggand anyrone of these parameters could be
the reason for the ribgsoma? %ehavfaufléisﬁlayed.

o . Toom n

Othér workers ) {Led1agt et al, 1979) have found that the ribosomat

_subunits  of ﬂtvnhgnagam ﬁvr1f mis, Euglena. gracilis, Chlorella
vulaavis and [rat  liver Shdfeate as disa&gte zones on polyaceylamide

@ .

he subunits untu diserete
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uithese buffers. were higher than those. ~used, jn th%s ghudy. Higher -

S )
r;c o

: f1aniq §%rength huffers give slower rates cf m1gra$1dh- but il

hlﬂffe\"s. . D ) g “ . - ) ) . oo .' ". . ) .0 p“. .u..
.o o o . e _
.u \1\ . h .. . . . " ' ’ ) e, " oo |
4‘.5" Fmt: A{:TEVIJY m«* meosmm. suaum'rs Atp nmsseermo RIBDSGHES rn U

ﬁl(eﬁﬁin

pravtxca produce sharger zenes nf‘ﬁnparatiun than 1uw 1on1c strength

POLYPHENYLALANINE SYNTHE?IS ;ﬂ o

‘The a1m of thisw study was to devefop and uptzmize & now methud for
the pran§ration of. rihnsomaT gubunits, the majority. bfuwhnch funvtian

in pggﬁpepfzde swnﬁhesis iF recenb1nad and supp1ied wqth artific1a1

'protain synthesiz1ng system _since othe rocans&?tuiaﬁ r1bcsomai

"subunit"° arﬁ_ not. funct1ona1 in prute1ﬂ%§ynthesis in Epe absence of

A (RRNAY: The 1atter factor is a cruefal component of the

of the ﬁi%sﬁc1ation veattion, - Cunditiun$ for the d1sshcwaﬁion of the !

. subunits, are impurtant for the 'complete re1eass af nasceni g&ptwde

w with, purnﬂy§1n wng incuhat1nq at 37%.

{‘ - 7 e o

- . ( =
i}
, -

LRNA assceiamed with rat Hver r1bascme§ ér@ nnt re}gaﬁed by

ftreatweﬂt with puromyc1n a1ane, they are only reieased hy tregtépg

\ b, % gy

[+

4

N
Greater act101t1es"are “achioved with Sephad&w f11iered cytoao! than

with unfilterad cytoso) bocause of the presence of uulaballeﬂ GM1na

i

" agfds in the unfiitered ‘eytosol.

chains, wm and WRNA  (Blobel and Sabatini, 19711. since, iﬁRNﬁ ﬂ“%'ﬂ

v
T

dise ge?s with acetate jon huffers. Howaver, tha 1un1c st?ength of -

- A puly@hunylaiaqiu& assay of rikiosomal pmrtiniﬂs'éaveals twu:things,ﬁ'

v 2]

Ll

%

-,-aﬂ’}d ma§senger RNA. Tnis factor aiso demonstrates the erfectiveneSs e

Ble

N
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e _ZThé' first and mdst 1mportaﬂ£? g’ reTatad to. the activity of th; f

rwhoscmal particlas, and  the second is the extent of cruss contami- .

nation. .

T

“

Ls]

. & o L. S ‘5 o ‘\\.
whon assay1ng ribosﬁma1 fractions wolatedo by gei f11trat1on of
Trisacry1 ﬁFZGﬁO an activity comparabTe to qubunits isolated by

radaent centr1fugat1an is abServed This act1v1ty was on]y observed. ‘;
frattanns ohta&ned From :rggjwng indiV1dua1 subunits on the | @
ﬁco1umn. @ when assaying fractions of a m1xture of r1hosomal subunits .
- o from the Trisacrw GF2000 column, both the 408 and 60S fractions
 h$v9' substantial  activities, 131ustratiqg the extent nf Cross -
gébntaﬁzﬁi;fan: ® 3 | ) | |
R SN Y N o __
Succesﬁ?u1 separatian of the ribasuma1 subgnits 1s achievad by & fwa ‘
step gel f11trat1un pracedure on Sepharcse 48, The ADS subunit
fractinn displays neq!igib1a act1v:ty whiIe “the 605 subugit possessa,
~13¢ of the activity "of the comb1ned subun1ts. On Sapharuae 4R
uthere RER reasnn tu believa that the aas subunits are contaminated
‘with 40? suhunits. - Howaver, it has been sugge*ted that the 60S
_suhunit has an intrinsic ah111ty t0 synthe512@ prote1ns (Manchester

&

~and ﬁanchester, 1930* Manchester and Roszf 1980)

Va

'ﬁahbit reticqucyte subunits assayed(in the sarme system as rat 11ver

subunits did nuh show any’ substan*1ai ditference in activity as the

o

pat 11ver subunits. Howevey, the 405 and 60S subun1ts isolated hy_ .

gradienz centrifugatiun possess suhstantxal activity indicating 1 EHET

: b
high [ gree 0? eross aontaminﬁtTOn. The cress contamindtian of the'

£0S wuhunut 15 due te the r1bnsgmm1\subun1ts Aot dﬁssuciating unday

h

C e the - cnnditié@s deséribed. ru%ﬁ ted 1o poor vesolution and a_Tow -
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-cgntrifugation._ - LT . . - o
| ﬁp:-:mmz. DISCUSSEON ARD CONCLUSTONS

' :105 da?tons and 3,0 x 100 daltnns, are horma11y separated frnm

ot : T .3\-%&3 ' o ¢ LI U S
" R S < - 140

o

I

D

' density gradient profiles: (Figure 3) n&nsisted 0F rzbesnma1 partic!es-
from which sone of the proteins hid bean vemuved hy salt treatme%ié |
. The activ1by 3§9 t»esg partic?@é sugges} that tha.prote1ns that wenr

iremoved are not eqsantial in 1nitiat?ng prﬁ%é?ﬁfzzthesis. Ribosomal

1]

havi act1V1t§es similar “to 1ractauns obta1ned by gradient

affected hy tha method of prepavat:an. - o e

) ' -

o N : e k .
& . .
o : .

fi?%ered ribosomal subunits of Escherichia cn}i a130 possess an

act1u1ty which is comparab?e to suhunits 156%ated by gradieﬁ%
Y

L

'The A0S and 603 subunits of eukaryut1c r1bosomes with M. of 1,6 x

sach uther by centrifugation oh SUCrOse gradieﬁts_and are isolated b

| fracticnation of the gradxents. In an attempt to overcome'soma

the 11m1+at1nns of preparing r1besama1 subunits by ﬁen*ity graﬂient

: _centr;wugation, th1s study was undertaken 1o provide a rapid methnd

: The aynthetzc matrzx. Tris&cry? @F?DDG that was studded as a medim-

« for the pweparat1on of the subunits.

o

tor Japaratzng the, subbnits by ge1 exceus1nn ahr@matﬁgruphy. WS

doscribed as having a 'saparatiau" vange «f 1,2 % 1n5 - 1,5 x 19? 

o . . :

;y§e1d nf 46& suhungtsa Thé th1rd peak 1solated by graﬂient‘ '
centrxfugﬂ%ﬂan did pﬁssess 5ubstant1a1 activity The thivd poak on .

cfractinn% uf rdbbit reticu1ucytes isolated by gel f11tration also L

3 cantr1Fugat1nn shcw1ng fhat the activities af the subun1ts are ot

Q%

G,
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f?) daltans._ Thearetichly, twa soiuyes of molecular wexghgk§ oUx 1&h
”da1tuns and 1y 5 x 1&5 daltons would elute with A Ky of ﬁ a3 and

- 0,48 resp@ctive1y on Jthis gel.

A basgling separat1nn of the twn

 solutes - should then be possible if the numbew of theoretica? pTatef

iy not Tess than @00 For the peak of the 605 subunit and 400 For the _

-ABS subunzt.‘u The ma imuin respiving power nf th1s matr1x was well in

'excegs of ﬁﬁﬂwsnﬁ on the 30 cm and the 135 em cniumn, Under the

eaperimenta] nund1tions nied, the - ribosomal subunits uluted much“

aar11er "than ‘the caleulated Ky, suggesting that the cﬁlcu?ated
mo Tecu tar- weight s much higher than thé actual molecular weaghts{
but? ferr1tin with a molecular weight of 5 x EOB dﬁ?tﬁﬂa elutes with
a Kd df» lsa\ﬂfapprnxxmatﬂng its “Holecular. waight o be ,a X 106

AT A

E Thus, we amu%ﬁigyot conclude that the ribosamakﬁﬁuthi'é exhihit
'anomaious apparen% mclecular ua1ght ‘under the CO“ﬁiDquﬁw

o L Q-
. Escherichia coli subunits elute much earlier than the subunits of rat
liver.  In gel- f§1tréfinp chromatography wolscular weight and size .
affect the elution properifes of solutes, A 1iffely possibility for

this  behavieur on- the Trisacryl GF2000 colums is that the

relationship of Ky to tog My is not “lincar. Thké could ba dig to,

_tH’“\Qigh reolstance o Wass transfer 9&h1h1t&ﬁ by gel filtratien

columns in genera? and in,puwtwcular the Trisacryl GFEODU o lydin.

. a . “r S
o : 1] ) ) i : ) -
2 |

" On Sephavose 48, Ghe 608 sdbqnits"ﬂshow adsaﬁﬁtioﬁ' to the gel.

Separation - ofc) the subunits -is"acﬁi&ved nsing this adsévptidu

property. The exp?ana%znn far the bind1ng nf the 60? suhuu1tc te tha,
C SR

gal - is net entireiy known, th bindinq is not arzﬁical1y depenﬂent
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o the pare"'size, and the ?85 TREA alse bohaves in an anumu}aus
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Lel

g ?1ﬁﬂg¢mesﬂ ) 'Bessib?y; the L tra segmants in ihe 285 rRNA as appﬂsed .

'to the 235 rRNA may h? intera King with the gel. Ev1den¢e has shown

© that tﬁe 1nteract1nn 1§ not due. to iﬂn1c (Manchester and Manchester,

€3 _
e ponds which are 1mportant 1n ma1ntaining the stabz!ity ‘of ibosomes

1980)*’0? hydrophuhic 1nteract1uus. IH s Specu1ated(xhat hydragen

and ave broken by an increaseh1n tamperatura may be responsibik.

v,

“2‘\ = .. A t‘_ " [ ",_-,

"R cumpar.son of the Trisacryi hFEGGO ﬁﬂd Sepharuse 43 gals, i??{ca2§$

,,r

fthat the farmer did not exh1b1t the_ggsurpt1on phenomenar with?tﬁe

605 © suhuniﬁ ousevvahie w1th43tha . Sepharose gels, hut converseTy

:1nten§cted in some way with purumycin s0 as to g1va retard3tion. It

4s’ ot known why "the suhunita e1ﬁte as they do on Trisanrx} GFQOGU
_and Sepharnsé 4B. It is pd sihie that "the prntein 1o RNA ﬂatia, theﬂ_

mu1enu1aw wn1ght, and ‘other physieal facfbvs such as coiumn 5139, .

'QGUWEt”yw and temperature affectriggfé%ﬂt1an position. P

PR

2

AcnyTamidé-agaaoae -geia I“:!e opened up new aventies for the analysis >
of rihosamaT partic?es without excessive pretreatment. Ribosomal sub~ :
un1us couid be e1ectroph0retica11y separated ip poreus po?yacry?amide'

geis (Haerten et al., 1“5J) Hnuaver, the weak oels  made it

diffieoTt to handle. “The &dition of agarose to the gels does nut’l,
ché@@b the . electrophorptic properties of the gel but it does provide 0

meﬂhanita1 stab111ty. _ ] B N
| | | - . . E _ A
&: : . - : : I . a "

We have faund that mamma}ian\rihnsdmai subunits do ot migrate under

'_ﬁpﬁd1tiﬂﬂo apanfaqu tq Esfhor ichia eoli (Bhaiherg, et al., 1969)'5

; Qﬁd lawer cukavvgtit P]hﬂaﬂM&a “(Heiser ot al., 1931), Iﬂ#teada
mamwa?:g;n submits - migrated . as  diseroto hands 1n~“denaturiﬁd

oy e ' : 2 ’ 7o 8L

0oy ’ o - - o,
i s . . [ LI
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Lhu suhunats AF ﬂiffercnu slzes.

e %wuphcreﬁ'c syatems. . Dhé"'pnss€b%1ity for this is ithat dn
1 systema, thﬁ ubunits arg- unfa1dedrﬂxten51vely andothe <

loss of |

o

tip 'fert1a?v | structura allows - easy’ 3%@netruteﬂn and

maﬂoguvaring 1in the pores nf fRE*ge! therehy al1vding Sﬂparation gf

L+

k . .
i it can be sald that rabosaqu subunits nf =ukary0tes "

n canslusin

Lcan - be aepar’ted by Jal filgration on agards& nels in iwa veps. In

&
more gantle u , the subunita %pau centrifugaﬂ1an. Ehr@mdtmgraphy

aancﬁ propeiiy

the - prepurati}i. of r1husamal suhunztb thisinethud is superiav tg tha

“cnhvontiunal1v used ¢ Jwadient Lbntr1fuv wion 1n that chramatograuhy 15 e

%yquS' the ush of qucras@ sblutions, it1s less f?mg rensum1ng, apd”

:packe the ‘column. can be used: repe&ted?y if well

maintained. The _aynthet1c gﬁ% may“pravzdg better resnlut:nn tha®
w b J_,,J‘—“:V‘
'Seghar@s& pﬂﬂ Hark the bhaviour of the r:hnsena1 subun?%ﬁ_Jh the gel

| "dﬂ&a pot make iﬂ 3 qy1tab18 Q@Tﬁfﬁ? their preparatinn. 3 .

.- e [ Q
2 : "

be uscd in denaturing qel systems for the Sﬂpdfﬁuiﬁﬂ

¢r1husuma! subun1ts whoress, Jowar eukaryatas and
' i
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o whera x 8y are tho abgc1s a and‘ﬂ%ﬁ1nate ?eﬁpectively o X is the

CAPRENDXX :
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tit! T 1
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: ?ha resniufmun nf twu aﬁJaeent chrhmatographic 20N6S May be ﬁpfiﬁed as .

)

. .
: . .

[

where

th& . zﬁne > masii

s
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-

' anﬁ
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X Aoy,

rapﬁesents thé cnvrpsrunding
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L
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duvfhmlenafﬂf the, paak* hxpredsed in vaiumeﬂ“‘[

A

. - g
] . n
e Lok

PR, -

1ﬂ nhta1n optimnI 5epqvat1un (995} of the twq ?ones nn the c iumn, .the. o

A s resa1ut1nn

La

i’
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11y
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{Rs? shou{d ~ he appraxzmg?e?y equa? 0 .

Ll

Ps

@

o £

ve ?eprestnts ‘the, d1%ference in the elution vo?umaﬁ tnken at

atandar&

e

[

The crass

cnntamination factuv fhen is 1% and i = 2 3 whE?a t is. deflned by the

fﬁl1nwwng equat1cn-

s

2

9y ex
yhuy p ﬂ(‘_g

o
L

. 3
w

value of iha variable xand Nj 1¢ the srﬁeﬁpund%ng waximum arﬁ1nate.
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oVin .

o,

. exp [

&

o "

(x = 2
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meaa

U*xug g the  value of L From equatian (leﬂ the apnraximata nunber nf

theorotival plaies eau?d be caicuiat&d far # subunits wﬁfég

© vaiuman

malluw1ng equatvnn-
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L
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are kyawu Fur any axtent of LPD“S contam1ﬂﬁt1nw;accard ng 2o the

9

(/-
°

r.“

B

n
uld

o7

boo o

=



[}

e b\"\ o svey) o @ L

«mwm.is e

MNP TVep o Vep o o o -

L\IS b

ow . - e
. s O . FI .
. : . e " .
4 .

" The bed height (Ly) requived to give Rs = 1 can be calculated fron”
. B B | - ] & : . N “ o ;
uﬁ--ﬂ‘-f "I s o a L Y . ]

N __whgge s s t;im msulut‘."un abtained with a colypn Tength L.
,, ; ¢ %n o : T e . ’(:} L . v (__\

.o w0 . .
. . a3 “
. . ’ S | . . L i . . ) . . o
[ .- & B ) . : ~ . l .
. ) w P - T - . y . b
B ) X . w a
I s D. @
! ot b a
5 b - cou 2
| . L
I a CE - v . L
e on o o ki =i el
I o [ i ¢
i} o w
M » + :
j* e o " .
R v L W . E a
a
n :
.. S , ’
. - N g B . : 2 B ’ . [
J - . A } . . . - -
i o A e r e S W t o Dﬁ P
= - 3. "
i o : .1
b . - L
. g % 2 LD a k M TN
. [ . ',Sr:-. P ot , [ ! i
£ ) > o i ?
- o p
8 . - It [ "
I o o
H i y 4 A
. ® n
- . . o o ! o
» . . o ) .
. . ] & o™ . 4 " o e
. - 4 s
. bl . ) A s o
i oe o g
" “ ! LY o . ° o
) * X o " e i -
6 k=) uw
ar
u ;. » '
: " " : rJ
o g +
’ : y
) o o o o f . " >
[\l ks 1 .- “a L - .
e . 2P o - [~ o o
. 3 - . 7] )
I a Bt
g 3
[ ' . 0 . t
< o d Q_,) i 1
8, " " . ' °
b o o
o [0 a
- ] A s e 4 B -
o o 0 & .
Gupa RN 0. e .
o . u . .
i * RPN : = " ) @ ' =
e ) v 2 i - t 0
o ) 4 - : o ]
. . 0 . . w0 o
- " a . B won no B .
Il =) “ [}
o £} a v
‘é' 0 11 o n
- o -l 1
= 15
« & "
“ % I " ’
o @ o
:
. iy s ¢ o . b o v
o n. o 2 ’ 0
_ . T o .
. a . [ . ]
‘s . W . &
@ i ] e v
i = o
" W, ¢
E LU :
. , “ o
& ' o ' B ) e Q::\\!
o 13 A o = . e e
. w 2 -
: & . P
o TS b ] -
@ I v " o . [ " "
@ 41 : 6 "% ‘o . u
. ﬁ 0 R *ﬂ w [1 g,
Ry v ™ " K © S '\
T a t a - M o
P By T - v
v 2l .
5 Q

]

r}



¢

o “a ) . - . i\;‘f | .'-- . . . rflras

)

REFERENCES ~ +

S

i

e : <2

a . . s

£, hd b

e, 222, . .

Bielka, M. (1982) xhv ‘Euk argnt1c R1ngnma Springar~Var1ag. Berlin,

R

[E3

o Heldelbery, New Yurk.
BTQB&!. 6. {19;1) Proc.” Natl. Acad.~Sci. USA GB, 1861~1888, _
: B!abe?, 6. and - Sabatind, D. (1)21) Proc. at1 Acad. Sei. USA. 58

o “,“ 300300, . e -
| Bownan,: G M*. ﬂahibefg, de E;«&ggr’“ﬂﬁ\ T ngﬁan1skyu J. and H@mura M.~
o (1971) Proc. Na%§3~ﬂ@ﬁd ﬁf# Y
r",”' ® Brmmacombe, N&} éﬁfbm} a*} ﬁﬂﬂlfﬁfﬁﬁgimﬁhn, H.G. i
é@ . Bloghen, 47, 2&’"}19i .ﬁ:i B “jf;\ ' ; |
///’ixﬂcﬁég& Yiel., CGutdll, R. hp:Iﬁr, H.F. "and Hool, IYG. (1984) J. Biol.

Chem. £59,. 294-230. | ﬂi\ L

7]

Sgsl Ann. aev.

7

Ghanl Y.»L., Lin, A., Mcﬂ‘\iy}ﬁg,, Paieg. D., Meyuhas, 0, and wun1

> 1.6. (1987) Ju B1D1 Cham. 262 11&1»1115

o Chiaru;¢1ni Cer Milet, Hg Hayes, D L& and Expert<3ezancon, A..
3 (19559 fur. -J. Elocken. 160, 363- . 0 |

Clegg, J- f S. and Arhstein, H{R.V. (1970} Eur. J., Biochem, 13,

LM -

o t]emans,=’mnd. and Pain, V.. (1974) Biﬁphim. Biophys. Aata 361,

445-357, . S |

o . tox. R.A. (19&9} Biccken. J‘ 114 753-767. ”
f- Dah?barq, AE. (1974) J. Biai Ches, 249 1673-7672., N
Daiibgeg, A (1979) Hothads n Enzynol. LIX, 307-401., s
- DahThe g:b AE, n%ngmau, Q.W. and Peaaﬂrk A, C, (1969) J. Mol. Biol.
a, 138107, e

B no ) - o
o

ueﬁike, 2., Theise, He, Noll, F., aﬁa,Bigggg, H. (1979) FEBSJLetter;

s

=]

Yo
LT N

¥

s



7

a

e w

Dahlberg, A.E., Lund, E. and Kjaldgaard, N.0. (1973) Jweﬁdi. Biol, -

78, 527636,

Larnbrough, C., Legom, ., Hunt, T. and dackson, R.J. (1973) J. Wol.

‘Biol. 76, 379-403. .
Desai, WM., and Manchester, K.L. (1985) Inter. J.° Biochew, 17,
1053-1060. - B |

| Dingman, C.W. and Poacock, A.C.. {1968) Biochjrﬁstry 7 658u674.

Falvey, AK. and Staehei1n, T. (1970) Jo Mo]} Bial. B3, 1-18. jﬁ

Geddes, R. and Straitﬁn, 6.0 (1977) Biochem. J. 163, 193-200. e
. JGirhés, Ty Cabrer. B. and Modolell, d..le?Q) Methuds in Enzymn1. N

n

LIX, 383-36l. L 2
Gootiny,,, G.H.° and Dhalborg, A.E, (1982) Electroptorests. of.
Nuclégﬁrutalng_ in uei t1acyroghnre935 of Nuc?eic Acids 3 A Pract1cg1
éﬁggggwh? TRL Pracs. (ed. Pickwﬁnd, D° and Hames, B,D.) TRL Press,
Oxford, Wa§h1ngtan. B | | .
gould, M.d,, Arnsteun. Yroy, and COx. R As (1966) J. ﬂol 5101.
15 600618, ' '

i |
Gregory, R.J., and Zimmermamn, R.A. - (198R) Nucl. Acid Resgri 14,

o

£ 5761n5??6 . . ;
Z Crumunt, Fey ﬁrumunt, 1. and Erdmannk Y. (1974) Eur. J; Biochen.

@

43 343 348, . ' : : - v
Hadjtoloy, A, Georgiov, 0.1, Nosikov, V.V.. and Y@’achev IL.P,
(1934) Nuc1 Acid Reser. 12 3677-3693. o ¢ '

ﬂaga, d.Ye, HamiTton, .6 and Petermann, Mobe (1970) J. Cell Biol,

47, 213-214, - : R
Yamilton, M.G., Pavioves, A. and Peterman, M.L. (1971) Biochemistry
10, 34243427, S - ; |

_ " e ”
ﬁegvnr. Toka, . Baai, R.A. and 'Dhalberg, %@E. (1981{3 Motec. and

. Cenlﬂd? Biﬂ'\]a 1 Jl"d?t
- o A




‘Higgins, J.A.. and Mazufkiéwiez,” J.E. (1980) - Prep. Biochem. 10,

a3, I -7

7AI8-7423.. 5 R

. ) ' oo ST
£ : . N e
i = o @ : .

’ T

i

Hinton, R. and Dohrata, M. “(19?6} Qg g t adient_ﬁentﬁjfu ation
North Holland, Austerdam. Tles z

© Hjertén, °S., Jerstedt, -5, and Tise)ius, A, (1965) Anal. ﬂiochﬁm.

11, 2i0-218, - o
Hradec, J., and Kriz, 0. (197&) Biochem. J. 173, 349-352.
Ttoh, T Otaka, E. and Matsui, KA (1985} B{Bchenistry 2,

. o

Ka1tschm1dt. Es and WIstman H . (19?0) Proc. Nat1. Acad, Seci. @qgﬂg

674 1276 1282, : I

Kanai, K., Castles, J.Jf. Wool, 1.G., Stirewalt, W.S. and Haﬁai, A
{1969) FEBS Letters 5, 68-72. B | - . IQ i
Kissiov, H.A., Stel'masachuk, . V.K.A., Lutson, H. and o1, F. (1978)
3. Mot Blol. 126, we-u18,

- Krystosek,, ﬁ., Cawthon, Md. and Kabat, D. (1975) J. Biol, Chem.
- 250, 5077~5u35*em<\ R | .

Kurland, C.G. (1977) Ann. Rev. Biochem. 46, 173-200, I
“Kuwano, Yoo Nakanish1, 0., Nabeshima, Y., Tanaka, T. and Ogata, K.
(1985) ¥ I16chem. 97, 9833992.

Lake, JoA. (19??) Proc. Natl. Acad. Sci. USA 74, 1503-1907. :

i

“Lake, J.A. (1985) Annt, Rev. Biochem. 54, 507-530.

Lamfrom, H. end GIuwacki E.R. (1962) J. Mol. Biol. 5, 97-108.
Lawford, G.R.. (1§69)'E1uchem. Biophys‘ Res. Comm. 37, 143a149.

Leduigt, 6., Curg , dels, Stevens. B.dv apd André, J. (1975) Biochim.
Biophys. Acta 407, 222-230,

. Leduigt, G, Stevens, B. J., ‘ﬁmrgy, Jod, and Aﬂdré d. (19?9) Exp,

Lotl Reb.ﬂu‘?} 221229, -

¥



s

o

i}

G?yih x L o

Lin, A.,_ Chau, .~L., Jones, R. and Hool, ;.R. (1987) J. Biol. Chem.ﬁ
262, 14343-14351. |
- Lin, A, McNal]y, J, and ﬂﬁ%ﬂi,mil.e. (1983) Jg_BinT. Chem. 258,
10664-10671. 8 | B o
| Lin, A;; Mcally J. and Wool, I.G. (1984) 4. Biol. Chem. 259,
> 497-490. , . ) o |
© Lin, A, Wittmann-Liehold, B., McNally, J. and Wool, T.G. {1982) J.
.BioT.”Cheq. 257, 9189-9197, | |
h L§11, er Robertson, - JQM. and Hintermeyer, wl.(lgas) Biochemistry
25, 32453255, - ”
- Luggch 6., MoT1, F., Theise, H., Enzmann, &, and Bielka, H. (1979)
Molec. Gen. Genét. 176, 281-201. | |

Manchester, K. L. (1984) Binch1m. Biophys. Acta 781 279-285,

Manchééter, K.L. and Alford, T. (2979) Biochim, Biophys. Acta 563,

155~162,

. Manchester, - K.L. and Manchester, J.g, (1980) FEBS Lettarg_ 110,

177-180. . )
s Manchester, K.L. and Rosin, 1. (1980) S.Afr. J. Science 76,
"-126-128. - .
Martin, T.E., Ralleston, F.S., Low, R.B. and Wool, 1.6, {1969) J.
Mol. Biol. 43, 135-149., |
Martiﬂ, T.E., Wool, I.G. and Castles s (19?1) Methods in Enzymo}.
20, AL7-429. : ¢
Metspalu, A., SaarMa. M., Villems, R., Ustav, M. and L1nd A, (19;8)
© Bur. J, Biochem., 91, 73-B1. - 5
Moldave, K. (1985) Ann. Rev. Biochem, 54, 1109-1149,

Moreis, Cud and Morris, P. {1976)  Separation  Methods in

Biochenistry, Pitman Pub11sheﬂ§.~

[

b



150
_ | - “. = :
-~ MNag, B.,, Tewari, D.S., Etchison, J,R., Sommer, A. and Traut, R.R.
(1986) J. Biol. Chem. 216, 13892-13897.
Nakanishi, 0., Oyanagi, GM.; Kuwana, Y.,“Tanaka, T., Nakayama, T.,
Mitsui, M., Naheshim&,.'Yu, and Ogata, K. (1985) Gene {Amst) 35,
289-296. N : @
Nemethy, H. and scheraga, i.A. (1962) J. Phys. Chem. 66, 1773~1780.
Nitta, N., Kuge; O., Yui, S§., Neg1sh1 K. and Hayatsu, H, {'1986)
Eur. d. Biochem. 157, 327-432. o G
Nolen, R.D. and Arnsteln, H.R.Y. (1968) Eur.. J. Biochem. 9,
8445-450. ¥ s e R
Noll, F., Bammer, U.-A., Lutsch, G. and Bielka, M. (1978) FEBS
Letters 87, 1292131. o | |
Mo11er, H.F. (1984) -Ann. Rev, Biochem, 63, 119- 162. '
"Nygard, 0. and Mestermann, P. (1982) Bicnhim Biophys. &cta 697.
263-269. - '

%,

Peacock, A.C. and Dingman, C.W. (196?) Biochemistry 6, 1818~1824,

peterman, M.I. (1964) The thsiaa] ang Chem1cg1 Properties of _
Ribosomes, E1§evxer_Pub1ish1ng Co. (Amsterdam, London, New York.

Petermann, M.L. and Pav!ovéc, A (1971) Biochemistry 10, 2770-2774,

~ Patermann, M.L., 'Pav10vec, A. and Hami1ton,:M.G. (1972) Biochemistry
11, 3925-3932. | .
Petrovic, S., Noyakovic, M. and Petrnvic,sJ. (1871) Biochim. Biophys,

Acta 254, 403-495. | B -
petrovic, S.L., Petrovie, .S, and Novekovic, M.B. (1973) Biochim.
Biophys. Acta 308, 317-323, B \

Politz, S.M. and @iitz, D.G. {1977) Proc. Net). Acad. Sci. USA 74,
1468-1472. - _ E

Povay, ﬂtband Hodm. R:ﬁ. (19?0} J. Chromat, 46, 33-39, |

Rayaond, S, (1962) Clin. Chin. Acta 8, 455-467.

]



=]

“1B1

| Reboud,, A.*M., Buisson, M. and Reboud, J.-P, (1972} Eur. J. Biochem.

)

26, 354-359, )
SundkiV1st 1.C. and Howard G. A, (1974) FEBS Lettnrs 41, 287-291.

~ Swiderskd, R&,MMwnSA”LWHM,BkaMGMMmDE.UW%'
© Nucl. Acid Reser. 6, 3685-3701, ’

Szer, W. ond Leffler, S. (1974) Proc. - Natl. Acad. Sci. USA 71,
3611~3615. ‘
Tdalens, A., van Bigge1en. 0. P.. Brongers M.,~Popa, L.M. and anch,

L. (1g?3) EUI". d» B'iOChEIIIn 37 121*‘133t .
 'Ta1,_ P.C., Wallace, B.J., Herzog, E.L. and Davis, 8.0, (1973)
Biochemistry 12, 609-618. - . “ | Y

Taﬁaka. Tay Kuwanb. f‘. Ishikawa, K. and Oga{a, K. (1985) J. Biol.
Chem. 260, 6329-6333. - S

!

. Tanaka, T., _Kﬁhana, \ PP 'Kuzum%ki, Ter ”Ishikawa. K. and Ugata, K.

L

{1987) Eur. J. Biochem. 162, 45-48.

_Tanaka, T., Wakasugi, K., Kuwano, Y., Ishikawa, K. and Ogata, K. .
(1986) Eur. J. Bochem, 154, 523527, | |

fTerao, K. and Ogata, K. (1970) Biochim. Biophys. Res. Comm. 38,
C80-85. “ | | "

[y

Terad, K. and Ogata, K. {1972) Biochim. Biophys. Acta 285, 473-482.

ITefau, K. and Ogata, K., (1975) Biochim. Biophys. Acta  10%,

214-229. _
Terao, K., Takahashl, Y. and Ogata, K. (’935) Biochem. Biophys. Acta
402, 230 3. . .

T1451éres. A, Watson 'J,ﬂ.. Sch1a;siﬁger,.u. and5H0111ngworth. B.R.
(1959) 3. Mol Blol. 1, 221-223. | “

‘B

: Tnk{hatsu, H., Strvcharz, u A, and Dahib&rg, AGE. (1981) Je Mo1.'
Bjol. \152 397412,



o | : 152
" Ulbrich, N. and Wool, I.6. (1978) J. Biol. Chem. 253, 9049-9052. -
Van DBuin, J, and Kurland, “C.6. (1970) Mol. Gen. Gene*., 109,
| | .
A 169~176.

L
' von‘der Becken. A. (1973) Eur. J. Biochem. 33, 475-480.
e Westermqpn, P., Hewmann, ‘W., Bommer., U.A., Bielka, H., Nygard 0.
- and Huiting T. (1979) FEBS Letters 97, 101104,
Wettemhall, R.E., Wool, I.G, and Sherton, €.C. (1973) Biochemistry
12, 2403-2041. | | - /;ﬁal(s
- Wittman, H.G. (1976) Eur, J. B1dthen 61, 1-13. v - S
g 'wattman, .6, (1983) Armn., Rev. Biachem. 52, 5—65 \
Wool, I.R. (1879) Ann, Rev. Bftchen. s, 719*754. iﬁ |
-, Zéichner, M. and Stern, R. (1977) Biochemistry 16, 1378 1382,
’ & P "
‘ ﬁ '
» A
W , < - ‘
f1






Author: Bhoolia Deena.
Name of thesis: Preparation Of Ribosomal Subunits By Gel Filtration.

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2015

LEGALNOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed or otherwise published
in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material {(one machine readable copy and one print copy per page)for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



