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In the study of nature, a8 a philogopher
hoas ebaerved, the principles are certain general
effects from primery cauges from which zpring
countless gocondary effectst the art of linking
the first to the gecond ls to welk slghtless along
a highway from which o thousand by-ways lead astray.

Xw Blchat, 1805
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ARPREVIATIONS .

The gtandard abbrevietions Tound in Blochem. J.
(L975) 148, 120 e used throughout this thosis. The
following additionnl ebbreviations sre alge found in the
TLents
Amoites eells « Krebs IX Asoiten eelle.

BHE pells - DBoby Homstor Kidney, Ldtter 2l Clone 13 cellg.

dbutyryl oyelic AMP - Hﬁ.ﬁﬁinﬁihutyrym sdenosgine 315 -
menophoaphate.

THEMED w NN, N, N wTotramathylothylenedionine,

Biloscryleanide « 0,0 enethylene bleaacrylomide.

306 «  Sodium dodeoyl sulphate,

PRO » 2, 5-Diphenyloxesole .

POPOF 1,wwﬁi[ﬁ«(ﬁw@h@nylmxaaalyl)]wh@ﬁﬁ@m@,

HEOT « 2y SebAlel( Setort-butyl-Lebenserznzolyl )«thiophene,

b By en is %hm%' amount of ribosomes which,
whan diesolved in 1 nl, of RQQ, givos on shoorbance of 1 at
260nm, in & 1 ome Jightepath (1 Bogy ie approximately
eguivalent to 100pz of ribosomen),

Throughout this thesls, the eentrifugal forece on
o saaple during centvelfugation, g%, is opleulated bomed on

the averpge radius of rotation of the centrifuge tube.
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The work deseribed in thie thesis extends
gtudles on the phesphorylation of vibosomal proteins
o Krebn Ascites and Baby Hemster Bidney cells. When
these cells werae inoubsted with [Bzﬁ]mmrtﬂaphawphaﬁﬂg
vadionotivity becoune asseclatoed with ribogsonal proteins,
and wat chown fo be in the form of phosphoproteing by
both chemiosl and snrynie oriieris.

Ahout 18 phogphoproteing were detected when
protein oxtrooted Irom 808 ribopowos wosn gopavated by
polysceyianide gel elogirophoreais. Howover, meny of
thepe appeared o be nonwribogomal conteminants, for far
fewer phosphoproteing were geen wlith purified vibogones
or ribosomal subunits. Plve phosvhoprotelns wewre found
ont ribogomal subunids snalysed by electrophoregle in
gols containing sodium dodecyl sulphate, and three on
gols conteining ures at pHi 4.5, Thie difference may
have boen dug to gone of the phosphoproteing being
ralatively naidie (and thue of low moblility at pli 4.5),
or aliternativoely because of the poorer regolving power
of the latber sysitem of gel elegtrophoresis. The
mamber of ribogomal phesphoprotelns deteetsd in thie
work is more ‘than wos originally veporied for other
tissues, but g gtlll much lese than has boeen found by
vorkers who have phogphorylated ribogomes ju vitro
uging protein kinamos.

The pibosounal subunit on which a palir of

phosphoproteing of low woleoular weight wap located,
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differed for Ascites ond Baby Hanster Kidney cellg:s the
proteing were on the large subunit of Aseltes cells, and
on the small subunit of Baby Hamster Eldney cells. The
wmogt probable explenstion of thig result iz that these
proteing ave at the interface between dthe pibosomnl
subunits. Such a location is consistent with the
praviously supgested role for those proteins in holdiag
the subunite together ae inactive monosomes.

Twom~dimonsional gel electrophoresis was used
to try bto identify uvnequiveoally the ribosomal phospho-
nroteing. Only one protein wag definitely identiflied
by this wmethod: n phogphoprotein of the enall subunit
of both Aneites and Baby Homster Kidney cells, whieh
was found to be the provein designatod B6 in the standard
nomenclature, The radiocsctivity aspeociabed with 856
comigrated with an anedic *4uil' of the protelin, which
ppparvently reprosents » nunmber of ineressingly phosphore
ylated dervivatives of 86, This ohservatlon meant that
it was possible to embimate the extent of phesphorylation
of 86 merely by staining the protein ol the phosphors
viated dorivatives, even when these contained ne
radioastivity.

Studies were performed to spee whether the
funotionnl activity of ribosomes corvelated in any wey
with the phosgphorylation of ribosonmal proteins
{pertioularly 568), vhen protein synthesis wag inhibited
in Aﬁaiﬁﬂa cellae, thers was no ehingo in either the
aspeelfic radionetivity of the phosphate in the ribosomal

protein, the number of phogphoryvisted proteins recolved
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by one~dimensional gel electrophoresis, or the vigible
axtont of phosphorylation of $6 in protein analysed by
two-~dinensional gol eleotrophoresis. Thig resuld
contraste with studies on the phosphorylation of 86 in
othor timewes, and may be due bo high levels of phospho-
protein phosphotasge in Aseltes cells. The vhosphorylation
of 56 was, howevey, very extonsive in growing Beby
Hampter Kidney cells, demonstrating that n high level

af phoaphorylation of 86 under physiologieal oonditions
does not require protein synthesis to be inhibited.

In gtudien to investlgate the relationship
bedwesn oyolic AP and the phosphorvlation of 86, it wap
found that dibusyryl oyelic ANP had no effect on the
phosphoryvlation of 86 in Aselites cells, o result which
again contragsts with those in other tissues, Horve
signlficantly, the extent of phopphorylation of 36 in
Dahy lHomster Kidney cells under diffevent growth
conditions in vive aid not correlsmte with the cellular
eoncentiration of eyelie AMP, indieoting that elevated
levels of this nuoleotlide are net ossential for the
phosphorylation of 86 in vivo.

There was grester phosphorylation of 66 in
growing, rather than vesting, Baby Hemgter Kidney cells,
a gituation which was not altered when the westing
scells were gtimilated to grow for short perieds by the
addition of freeh medivm. 56 waz also Tound Lo be
exbensively phosphorylated in the livera of young mice,
but not in those of adult wmice. These regults are

digenssed in relatlon to a model in which ribosomes are



phosphorylated during synthesis and thereafier are
nornally slowly dephogphoryiated. Tt is sugpested
thet the phopphorylation of 386 may have o role in the
aguenbly or extra~nuclear transport of ribosomes, or

in the conbtrel of thelr 1ifespan in the oybtoplosm.
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1.1
i1.1.1

The tronelation of mRNA into protein requires
the partlicipation of sbout twe hundrod macrouwoleculesn -
both RHA end proteins. This ig many wore than sye required
for the replicotion and transeription of DNA and presumably
refleots the greater Al ffioulty encountered in converiting
genetic information frowm nucleic acld to protein, than
from nuelelc aold to nueleie aeid, 0f the macromolecules
involved in transliation, about one-third are combined in
the subeellular orgenelle which is the eite of protein
gynthegis - the ribosome. The work pregented in this thesis
gancerns ong asgpeet of the structure and funetion of the
ribomome.

The ribeosome ig an electron-dense ribonucleo-
protein partiecle found in the eytoplasm of cells (Jeener
and Braechet, 10413 Palade, 1983), 1t comprises three
difforent RNA molecules and a large nuwber of proteing -
about 70 in euksryotes and 55 in prokaryotes. The
prokaryotic ribosome has & gedimentation goelficlient of
705 end ig composed of two digsimilar subunlts of sedimon~

tatlion coefficients 305 mnd 505 {Tigeiércs, et al., 1950)

while the cukarvotic ribosome hap s gedimenteation
coofficient of BOS, and im compomed of subunite of sedimone
tation coefficients 408 and 603 (Petermen, L96H).

Although the procegs of translation ig eimilar
in both prokeryotes and eukaryotes (See Lengyel, 1974}, the
gukaryvotic ribosome s apprecisbly lerger, having, in

mammals, an aggresgnte mass of 4.5 x 105 (Commarano, ot oles:
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1972, a,hie.) compared with 2.6 x 107 for +the E.Coli ribosome

(T4 geioros et nle, 1959), Cammarsno g ole (1972b) have

determined dthe molecular welights of ribozomes Trom many

diverge eukaryotic specieg, and found a range of 3.9 % 196

o M8 o 1Q§. Pheae differences are due o changes in the

molecular weight of the larger subunits This suapests that

there has been a strong congservation of +the size of the

gmall gubunit, but not the large subunit, during evolution.
Electron microscopy shows the small ribosomal

subimita of sukaryotes Lo be elongated snd eglighvly bent

prolate elliipsoids about 2904 08 % 1153 (Vonomura ot gls,

1971). The profile of the subunit im divided inte "one~third"

and “two-third”® regions by o trangverse pertition, vome 804,

from one end, The large ribopomal subunit has an approximetely

trlangular gkiffwsghaped profile sbout zﬁﬁﬁ on each glde,

The ares of contaot, both in eukaryotie ribogowmes and in

prokaryotic ribosomes, is sufficlently large Yo sccomnedate

both PREA and mRYA. The resistance of these RiA'se to

ribonuclosse digestion while in complexes with ribosomas,

is conslstent with such a model (see Van Holde end HILL, 1974).
The site of gynthesis of ribosomes ig the

nueleolus (Maden, 1968). Here, »RNA ig transeribed mnd

becones assocloted with ribosomal proteing (which are

aynthesised in the ocytoplasm - Heady snd 8%Conkey, 1970)

and firet appear in the eytoplasm as ribosompl subunits

(Gireord ot 2ls, 1965). Ribosomes mre quite longelived in

the ¢ell, for Hirpeh snd Hiatt (1966) have shown that in

ret liver, »ENA and ribosomal protein have a ginilar

half-life of about five days,




In both prokavrvodes and euksryotes, ribosomes
which are actively synthesising protein asre found on
polysomes, Generally, polyszomes syntheslsing vrotein to
he seereted from the cell are bound tightly to the wmenbranes
of the endoplasmie reticulum (Birbeck aad Hercer, 1961),
and vectorielly tranafer naseent polypeptides into the
intercisternal gpace of the endoplasmic reticulun (Redman
pnd Sabatini, 1966)., However, meambrane-bound polyesomes
have aloo been deseribed in nonw-soereting cells (Andrews
and Tota, 197): Hombagh and Penmen, 1971}, In these cells,
the polysomes ayve thought to be more loomely bound to the
nenbrane, perhaps by the Polyd seament of thelr mRNA
(Lande gt al.s 1975). These polymaﬁ@ﬁ do not seorete
nroteing inte the intereoisternal sveace of the endoplagmic
reticulum, snd thus mugt perform s different function fron
sightly bound menbrane polysomes.

There ie only a small pool of fres ribosomal
gubunite in the oytoplasm, and these exchenge freely with
polysomos (Henshow gt 8l 1973). There is a much lavger
poal of free monosomes, bult these do not readily enter
polymomes or exchange with ribopomel subunite. This
appeare to contrast with the situation found in £,Coll,
and suggests that the monesomes in eukaryotic cells way
be & gtorage Fforw of insctive ribosones (Howord b nl.,
1970) .
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Fig, 1,1 Schematic representation of ribosome formation
in eukaryotic cells. The numbers outside the particles
represent the sedimentation coefficients of the particles
themselves, The numbers inside the particles represent the
sedimentation coefficients of the RNA species they contain.
(Redrawn from Maden, 1971).
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The INA component of the ribosone varies fron
50% (in wawmale) to 654 (in Z.0011) of its totel mass. In
pukaryotos, both 208 end 189 pBEA's ore derived from a
single tronseriptional undt, 458 REA (Perry gb.ale., 39704
Seherrer @b, aker LO70) by the process of meduration shown
fn Figs Llele A thipd RUA speclog, 59 BNA, g not derived
from the preoursor molecule in cukaryotes, although it
does booome associsbed with the ribogone ot an eaxly sbege
in Lie development in the mueleolus (Warner and Soeiro
106%: Yelnbewgs 19734

Ribogomal RNA'g are cxtonsively nodified by
methylation ot specific asites. The 168 and 298 BiA's of
vihosomes of E,Loll conitnin wmany wethylated boges (Stave
and Pefferman, 1964). In euksryotes, 853 RBHA is methylated
predopinantly at ribose residues, snd this ocoure durihg or
afeer gynthesis (Udewm and Yarner, 1972). In eukaryotos,
the methyleted vegiduss are congserved during processing,
and may play o role in the maturstion of ribosomnes (lMaden
pnd Salim, 19740,

Diveet chemiesl evidence suggests thaet nueh of

the PREA g logwted on the outglde of the ribosowne
(Covher ah aley 1967}, This implies thet the REA le
avallable to intersed with the other components of +the
protein synthetic nachinery ocutelde the ribogone. Seversl
lines of evidence suggest thal RNA does play an imporiant
role in prodein eynthesis, Digruption of the primary
glrueture of the vRIA of EsColi with vibonuclemses (Lee and

Quintanillo, 1972), or Coliein B3 (Bowmen gh al., 1971



Senior and Holland, 1971) resulls in deoresssd binding of
TRMNA and mBRNA o the xibogome, Sinilariy, studies in
E.Coll with the antibiotic kasugsmyeln have shown that
rasistonee o thle antibiotic ig conferrved by lack of
dimethylation of two adjacent adeonine regidues nesr the
'« end of the 168 BNA (Helger of sl, 1971, 1972),

Several studles have Indlosted that pRNA nisght
he direetly involved in the Dinding of UHNA and wmBNA 4o
ribosonmes. L1 hag been proposged that 55 RUA Torme port
nf the gite to which the PYC loop of $RNA binds, both in
prokaryotes (Brdmenn glf pl, 1973) and in eubaryolbes
(Gewmmt, 2i.al, 1974). Tt has elso been obgerved that o
pecongtituted complex of 58 RNA with several ribosomal
proteing has 0TPase and ATPape sctivity (Gaunt « Klopfer
and Exdmamm, 1975). 1685 BHA has beon implicated in the
binding of +the preinitistion reglon of miHA to ribosomes
by base complementarity, through Lits 3' « terminuz (Shine
and Dalgarno, 1974, 1974}, St9 5° - terninuve (van Knipponbarg,
1975), and eolzo through ite abllity to bind ribomomal
proteln 81, which ls reguired for meiwvan binding of mBHA
to the ribogome (Bahlberg and Dahlberg, 197%). 168 BNA
hag also been lmplicated in the binding o the ribesome of
I¥ «» %, which 1lg itmelf involved in the binding and
recognition of mRUA (Cuslerszsi and Pon, 1973).

Pinally, evidence for the direct involwvement
of PREA in the function of the ribomowme has been provided
by Harvis ghoal. (19%3) and Greenwell gh als. (1L974) whose
regulbs sugeont that 235 REA may bind the 3° « CCA

serndnal teiplet of CRMA o the peptlidyl transgierase conitre
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of the ribosome.

1.1.3 Ribogomnl Proteins.

Initial hypotheses concerning the atructure of
the ribosome tended to regard it as being sinilar to the
gmall spheriecal plent viruses, with a core of RHA, and a
ainmple shell of repeating preotein units. However, the
slectrophoretic studies by Waller snd Harris (1961) on
protein extracted from ribosomes of B.Coli whowed that the
protein ecould be resolved inte more than twenty bands.
Using the technique of two~dimensional nolysorylemide gel
electrophoresis which involves sepsrstion by charge in the
fMrst dimension and by size in the gecond, it is now known
that the 308 subunit of the ribosome of E.Coli contains
21 distinet protein mpecies {(referred to as 81 to $21)
while the 505 subunit contains 34 (referrved to as 11 to
D34} (Kaltschnidt and Wittmenn, 1970a; Hindennach gt al,
19%1a,b. ). ‘The ribosomal proteins of B.Coli are very basie,
and Kaltschmidt (1971) has shown that about 7Y0% of them
have igoelectric points of pH1O or highex.

Dne difficulty ia to define exactly what ig meant
by the term 'ribosomal protein'. A definition that has
found wide acceptance is that ribosomal proteins are those
which are present on the ribosome throughout its lifespan.
Thie would exclude the inltiation and other protein factors
which are only concerned with one phase of protein synthesis,

In practice, proteins pregent on the ribogome after washing




with 0,58 ammoniuvm or potassium chloride are usually regerded
as ribosomal.

The proteine of both subunite of the ribosomes
of B.Coll hove been imolated (Mindenmemch et sl., 19710} and
sntibodies ralsed agalnet them. ILack of cross-repetivity
mhowed all the proteins to be unique, with the exceptions
of L¥ and L12 which ald crous-react (Stoffler and Witimaan,
1971). The smine scld sequences of proteinsg L7 and 112 have
been determined, and 1t has been found that the only
difference is the Neterminug: LY having Neacetyl serine,
while 112 has serine (Terhorat et sl., 1973). Apart from
L7/132, the complete emino acid sequences of six other
rivosomal proteins of E,Uoli have been determined (Chen gt pl.,
1975: Y¥Yaguchl, 1975) as well as subatantial portions of all
the others (Wittmenn and Wittmenn~Liebold, 1974). This
work shows that there sre no similar seguences of any
slgnificeont length common bebween any of the proteins other
than L7 and L12.

Betinates have been made of the number of coples
of rivosomal proteins present per ribosome, snd only for
proteins L7 and L12 are there more than one copy (Voynow
end Kurlsnd, 1971). Some proteine of the 308 subunit
appeay 40 he present in a stoichiometry of less than one
copy per ribosome, and it hap been suggested that ribosones
are heterogeneous with respect to their protein complement
(Kuriand, 1970), However, some of these "Tractional" proteins,
see 51, ore neceseary for protein synthesis, and it is
poseible that the stolchlometry observed was due to

selective losses of surface rihoseual proteing during



preparation (Szer g nle, 1975).

The topography of the ribosomes of E,8oli has been
ptudied by several different techniques in the lasgt few years.
Bifunctional resgents have been uged to link end define
nelghbouring proteins (see Traut gh ale, 1974}, Beveral
investigators have digested ribogomes by mild ribomueclease
wreatment and analysed the proteins present in the subunit
Tragnents (Morgan mnd Brimacowbe, 1973 Both and Nierheus,
1973). The results of these studles have been found to
eorrelate well with the map whiech desceribes the order in
which ribosomnsl prodeins atiach to pre-ribosomal pariicles
during ribosone agsenbly, and the interdependency of different
proteing in this process (gee Nowwra end Held, 1974).
Aiwmerman (1974) has deseribed the internctions hetween
ribegonal protelns and RNA'e, and definsd the sites on the
RNA £t which the proteins bind,

An approach to the apeigmuent of funoctions to
individual ribvogomal prodeins ham beoen nede using affinity
iebels. These inelude enalogues of miNA, GV, paptidy) tRNEA
end antibiotics (see Cantor ol oles 1974). Photo-affinity
Labelling of the vibosomal proteing of B foli pardlelipating
in BF-G dependent hydvolysis of TP indicaited the involvement
of proteing L7/112 {(Moasson end Meoller, 1978%), whioch had
praviously been crosgelinked o EF-G (Acharya pi.nles 1973).
Although vroteine LP/LL2 seem to bhe intimately rolated to
the funetion of ¢longation Tactors, they ave not part of
the GTPase litself, ap o vibonueleoproteln paviiole which
has uncoupleod GPPame sotivity does not contain LP/L12

(GamnteKlopfer and Bodmann, 1975).



In contrast to the grest deal which ies known
ghout the protelas of the bacteriel ribosome, litile is
ovwn about eukavyotic rlhosomal proteing. The eukaryvotie
ribosome condtalne about 70 proteineg, ae determined by
pwo-dinensional polyaceylenide gel eleotrophorssis {(Sherton
pnd Wool, 1972, Lo%hby Wollfle gf nl.e 19723 Mardinl and
Gould, 1971y Howord ghnles 1975)s There are shout 40
proteing in the 605 gubunlt and gboud 30 in the 08 subunit,
and thelr patterns on twe-dimeneional gels axre completely
different frow the patiterns produced by the ribogpomal
vrotelng of B.foli. Hovesover, lomwmologleal gtudies ghow
ne oross-renctivity bebween ribogomel prodeins of rat

Tiver and ReColi, the only exception being that Wool and

Stoffler (L974) have found that rebt liver proteins LLO and
LAY are structurally homologous to proteins L7 eond L12 of
Baloli. This suggests that since 19/102 have been conserved
throvghout ovelution, they play en imnortent vole in protein
aynthesis, and v conelotent with the asgignment of a
function for them in the activity of elongepiion factors.

Phe meleculor welghte of ribogomal proteins
Fpom ot liver (Lin and Wool, 197k Terao and Ogeta, 1975)
and rebbit reticulooyites (Howsrad o ale, 1975) have been
sabinated. These three determinations are in guite good
agreenent, with molecular welghbe ranging from 10,000 to
40,000, with o numbasr average of 22,000 for the protelns
of the 403 subunit: ond 10,000 $o 55,000 with o number
average of 28,000 for the proteins of the 608 subunit. Tt
ig evident fronm these flguresn, thab eukaryotio ribogomes

conteln not only more proteine, but lerger ones than those
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of B.00l%, where the number sverage molecular wolghts arve
18,000 for the 3085 subunit, and 16,000 for the 505 subunlit
{Bickle and Trout, 1971).

Bibogsonal proteins vary from speclies to specles
{iarsin and YWool, 1069) and there are merked dlifferences
vetween such distently reloted apecles s alt and
bebrahyneona. Hoaving analysed ribogowal proteins by twoe
dimensional gel electrophorseis, Delawnsy gk al. (1974)
correlated the counlprating spots of two species and the
aga of dhe evolutionary bronch point leading to those
gpecles. For oxomple, protelns of different wmammalion
species may comiprate almogt exactly, while plent ribogones
may only have 20 - 25 gpoty comlgrating with wmomaals.

Kinor differences in the two-dinmensional zel
pabierng of ribosomal protein from A ffoprent tissues of
the seme gpecies may be accounted Lo by contemination by
nen-ribogonal prodeing, and the varisble subuwit location
of gome proteins, which cen result frowm different methods
of prepevation (Sherton and Wool, 1974b.).

The vecongtitution of sctive eukeryetic ribosomal
gsubulte from RNA snd proteins hag yet to be mehieved,
This may be a relflectlon of the fact that Tthe initviation
of eukaryotic ribosoms apsenbly o on the 455 precursor
rREA (Welnberg and Peamsn, 1970) snd it mey be thet only
hes RNA eontaing the infoxmation for agsembly which ig
lacking in 185 and 208 RMA, iowever, there ave sirong
interactliony bedween the proteinsg and RHA In the 405
subunit of rat liver ribosomnes, since ¥ proteins will bind

individually to 188 REA (Westermenn end Blelka, 1974).
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Recent studios have provided initial information
rogarding the surface topogrephy of the eukaryotic ribosome.
Leader (1974, 19735) and Welfle (1974) have used enzymic
iodination by lactoperoxidese +to sghow that most rat liver
ribosonal proteins are at least partially on the suriace
of the ribogomal subunits, Weetermann et al. (1974) have
gtudied the protection of ribosomal proteins from chemical
roscetion by the verious ribosomal substrates (e.g. HRNA,
initiation factore) in order to define the vroteins at
the various sites on the rihogone. Furthar progress in
thie aréa,will be facilitated by the purification of the

individunl ribosomal protelns.

Lelol G

" the Funetion of
In the prokaryotic cell thore is little
roguirement for control of the rate of protein eynthesis
after transeription, and indeed tronseription and transe
lation ave tightly coupnled. However, in eukaryotes, mBRNA
is much longer lived (Singer ond Penman, 1973) and the
site of transeription and translation are sepsrated. It
would therefore be advantageous for the sukaryotic cell
4o be able to control directly the rate of protein
synthesis, and indeed there is evidence for several types
of translational control, some of which involve the
gtructure of the ribvesome itselfl.

There sre a number of metabollic circunsitances

whlch cause o decresse in the rate of protein synthesle,
dlgpgeregation of polysomen and concemlitant sppearsnce

of insetive monosomes in the oytoplasm. When the cells
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are returned to normal conditlone, the cytoplasmio
monosones re-enter polysomes snd prodein gynthesis

regunes. ‘This ocours rapidly, and in the presence of
Aetinonyein D, suggesting that vre-existing miNA le being
nged, and that control is belng exerted st the translational
level, BExamples of such conditlons inelude the followings
amine acid starvation (Vaughan gt gl., 1971 van Venrool]
ot 8ley 1970) or gerum deprivation (Hasgsell and Engelhardt,
1973) of eultured cells, the arrest of protein synthesis at
nitosie (Fan and Penmen, 1970; Stanners and Becker, 1971},
the eontrol of globin gynthesis by hoem (Adamson g% ol.,
19923 Groam and Rabinowitz, 1972), and the contrel of
mugele protein symthesis by insulin (Vettenhall ek 8l.,
1974) .

There are some other exomples of tranglational
eontrol which fall outeide this general scheme. These
include the inhibition of host cell protein synthesis by
viruges (Martin and Kerpy, 1968) and the inhibition of viral
MRNA translation by interferen (Faleoff ot al., 1973).
Phytohaemagslutinin is thought to stimulate protein
gynthesis in lymphoeytes through en effect on trenslation
(Kay gt nle. 1975} and hormones such aa ACTH (Garren gt _ale,
1965), and growth hormone (Barden and Korner, 1972) may
also exert trenslational control of protein synthesis.

In gome of these caomes clted, the evidence
suggests that the ribosone is not direetly invelved. TFor
exomple, in the contrel of globin syathesis by haen, 2
gpecifie initiation faotor IF-MF 1 involved (Glemens gt sl

1974), and in interferon metion an inhibitor of tHNA is
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implicated (Content et al., 1974). In the case of at least

one viral inbibition of protein synthesls (the effect of
ennophalonyocarditis on mouse plasmacytoma cells) it appears
that the structure of the viral mRNA allows it to bind to
hogt ocell ribosomes with much greater facility than hogh
eell wRNA (Lavwvrence and Thach, 1974). In wany other cases,
the mechanien of translational control is unknown, but in a'
fow ingtances there 1l evideace for the direet invelvement
of the ribosome itoelf. For exanple, Nakoya gt al. (1074)
found that cheanges fn bthe 605 pubunit of ribosomes from the
gkeletal musels of diabetic rote cause the ribosomes o be
nore suaceptible 4o digsceciastion by BIF«3. Similarly
following hypophysectomy in the rat there ig a decreasge in
She ability of the ribosome of the 1liver 1o bind amincacyle
HHUA (Borden and Kovner, 1972). Although these resulis
imply changes in the structure of the ribosene, such chenges
have noet beon demonstvated direetly. There have been claime,
howaver, For differonces in the protein complement of froe
ond nenbrane-bound ribogomes, and thet these differences
mediate the partition of mRNA's beitween these two btypes of
ribosones (FPehlmarm gh ol., 1975). However, it ig possible
that more subtle ehanges in protein sbructure could bhe
involved in the control of ribosome funetion. One such
alteration is phogphovyviation - the subject of thila thesls,
The importonce of the phosphorylation of proteins la
roneldered in the following section, while Section 1.3

considers the phosphoryvliation of ribosomal proteing.
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1,2  PHOSPHORYLATION OT PROTRING.

1,2, Phogphoproteing

Phogphoproteing ave wbiguitous in the eukaryotic
eell and are found in mony resulabory reles in mebabolism.
The Flret phogphoproteins which were recognlsed as such
were the snimal nutritive proteing cngein and phosvitin.
Bnzynes were found which catelysed the transfer of the
serminal phogphate of nueleoside tripheoaphntes 4o the
nydvoenyl groups of gerdne or threonine regidues in protelns,
and these weve oalled protein phosphotransferascs, o,
teivially, protein hineses (Burnett ond Kennedy, 1954).

It was indtially thought that the phonphorylation
of proteins suech oo cagein or phosvitin wes o non~specifice
procodure Yo allow vhosphate to be transporited into the
aninmal ewbryo {(Willlmwms ond Sanger, 1959), iHowever, it was
later discovered that phosphorylation of eonzymes could
modlfy thelr activity, thus ferming an fmportent penrt of
the gollulay regponge o o nunbey of hormonog. The eentral
role which phospheproteing play in the glycogenclysis
induced by adrvenalin or zlucsgon in liver iz now well
sptablished (Rall gh nl., 19573 Suthoerleond and Rall, 1960).
Krebs gt nls (1960) have -degeribed o cascade mechenism for
the regulation of glyecogenolysia in musele in which adrenalin,
geimalating adenyl oyelone, causes production of asyelic AVP
which then accelergtes the phosphorylation and activation
of phoppherylase kinase. The latter enzyme catalyses the
convaraion of phogphorylase b be phosphorylase s, when

P

Ga™ e avellaeble, and glycogenolysis ensuves (aspe Pipcher

ak.ales 2971)4



Phosphoproteins arve algo Intimadely involved in
glyaﬁg@m gyntheslis. Glycogen syatheltase, which catalyses
the troansfler of glyeosyl moleties from UDPGE to glycogen
{Larner and Villar-Palasi, 1971) appears +o be inacitivated
by phosphoryiation (Friedman end Larner, 1963). The
regulation of nany soluble enzymes such as pyruvate
dehydrogenase and Acetyl Cod carboxylase iz mediated through
the intervenverslon of active and insctive formg by
phosphorylation (see Segel, 1973). Phosphoprotelng are
thug directly involved in the regulabion of some of the
cenhrel pathwoys of intermedlisry netabolism,

Mielesr orobveling have algo been found to be
aubleet o phosphorylation, nd thig ralses the pogelibility
of a role for phosphorylation In the control of gone activity.
Himtones as well ag non-higione protelins are phoaphorylated
{(Leangan, 1068z), and different kinsses sve invelved
depending on the subsirate. The general physlological
ﬁignifia@uce of +the phosphorylation of higtones renaine
unelear, but Lt hes been suggested that during sverwato-
genesis these modifications may be involved in dissocieting
the histone from DHA 4o make way for protenine (Sung and
M.ron, 1970),

There would seem o he a positive ecovrelation
between the phosphorylation of the lysine-rich histone,

Hi, slightly lyaine-rich histone, H24, and cell replication
(Balnorn b ales 1972a,b,¢), There is an incressed rate

of phosphorylation of histone HL during 8 phase (Marks

b ales 1973) followed by rapld dephosphorylation after

nitosis (Lake, 1$73)., DBalhowrn gi sl. (1975) have found



that in rapldly growing hepatoms cells, higtones HlL and HS
are phopphorylated popldly after gynthesis, bubt move siowly
ance houad to the chromogome. The phosphorylation of
hWlghones Hi, H2A and HE, which contoln lavge awmounts oFf
lysine, thevefore, ﬁéam 4o be intimately involved in DNA
veplication and gene aetivation (eee Blgin end Welnbraub,
1995},

The non-histone proteins of the nueleus have
algo heen implicated in the control of gene wactivation
(soe Kleinswith, 1975). This hypothesis is based on the
gbgervationg that the non-higbtone proteins exhibiv
tromendous hetorogeneity (Garverd gt nl., 1974), and are
tigsue gpeeific (Teng ot al., 1971)s The faeh that those
ave also subjeet do phospherylation by a hetevogencous
group of protein kinsses found in the maeleus {Kish and
Kleinsnith, 1974) suggests that here oo, phosphorylation
may he Lwoortant.

Ancother olass of proteins which have been found
$o conialn phosphoprotelns are those of menbrenes., This
phosphorylation of menmbirone proteine le thought o wediste
jon wroneport, Tor exauple, in retinal membrone (Kuhn e il
1073 Feank sdonles 1972) znd in erythvocyte membranes
(Roses and Appel, 1973). The permesbility of membrencs
o metabolites and other substancos such asg synaptic
Tronsmittors e also thought to be medioted by phosphorylation
of wrotelng in the membrane (Chang and Custrecapas, 1974
Gresngard snd Kebablan, 1974).

Phogphoryiation of proteins may also he involwved

in the proeese of vival infection of cells. Thus protein
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kinaae aotivity has been obgerved In geveral viruses,
ineluding Semliki Ferest virus (Tan and Sokold, 1974) and
Sindbig vivuy (Weite gl ples 1974). Thepe viruges and
several othoprg such as BVA0 (Tan snd Sokel, 1972) and
adenovirueg (Ruseell gk al., 1972) slso contain
phosphoproeteing,  The role of viral phosphoproteins remaing
uneloar, but At seoms likely that viral protein kineses ave
involved in the wodification of hogt cell wetebolism in
order to Pfacllitede viral veplication.

It fg thus svident that the reversible phosphoie
viation of proteine iw an lwportont method of roegulsting
thelr blological function. %he elucidation of the
madtabolism of phosphoproteins in clearly an importent payd

of oury understonding of metabolle regulation in the cell.

le2e2  Protein Binoseg.

rroteln kinnses are o be found Iin eukaryotic
galle and ﬁom@'viwuﬁea. bt thelr presence in prokavyotic
colls is wmore doubbiul (mee Rubln ond Rogen, 1975). They
may be clessified as "eyelic nucleotide~dependent” op
*ayollc meleotide~indepondent”s These derms sheuld be
Gaken o mean Ydependent” oy waximel activity since wogt
protein kKinases oxhiblt low basal activity in the absence
of added eyelic nucleotide. HMoreover, mogt protein kinases
are astlivated by wore than one evelie nuelootide, but
investigations have cenired on thelir rvelationships with
cyolic MNP and eyelic (WP, gince these ave the predoninant
eyelic nucleotides Tound in the cell.

Brogtrom gt al, (1970} sand G1ll and Garren (1970)
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were the firet to propoee that cyelic AllP«dependent protein
kinnpen nre composed of two dlgeimilar subunits, the
regulatory and the cotalytic subunits. When these subunite
are in combination, the kinasse is insctive. Cyelie AWP
prenotes dissociation of the subunite to yileld a complex

of the regulatory subunlt with oyelie ANP, and a free
enaynically active ecatelytic subunits In addition there
may be other factors which affeet the activity of the
eptelytie subunity Prodtelin inhibitors found in mammplisn
tlheses bind do the catalybic gsubundt, inhibiting its
engymic setlivity and L%s ability to recombine with
rogulatory subunids (Yalsh gb al., 1971 Ashby ond Walsh,
19727, Also ATP hos bean found 4o inhibit the ovelic AMP-
depandent dissociation of the regulotory and catalytio
subunite (Haddoxr gt .alss 1972) and also proucte digsoeintion
of the regulatory subunii-eyelic ANMP complen (Brostrom
Gi.ales 19711,

Protein kinages whioh are independent of ecyelie
macleotides ave also known. T4 may be svgusd that these
could merely he frae catalytlc eubunite of gyelic
mcleotlde~denendent onpynes. Howewver, this is unlikely
w0 be o, asg nany kinases show a pabtern of asctivity thet
ig completely uwnrelated to changes of cyelic nucleotide
concentrations in the cell, Tor example during the cell
eyele (Bhepherd gb pl., 19711 Oey ot all., 1974), Yorsover,
protein kinsses are aleo active in higher plants, where
evoelic nueleotldes appear to be gbeend.

The specificlty of provein kinsses towards their

suboteates 1o notd well undersiood. The nalin reason for



w1 G

this is that veports have geldow dealt with pure wnzyme
praparvabtions. Ceprtainly, meny tissues have been Tound o
contain two or wore gepareble kinase activities. According
to Kish and Bleinsmith (1974) bovine liver nuclear protein
kinases wmey conprise up o 50 unique spocies which have
different substrate and cyelic aucleotide dependencies,

thus showing an extraordinary degree of functional
heterogeneitys The gltuation is complicated further by

the finding that catalytic and regulatory subunits from a
wide variety of orgenisms end tissues can interses to foxm
hybrid ensymes (Miyemoto gb ales 19731 Toaked gi ol., 1674).
Beecause of the heterogeneity of the properstion, the activity
of protein kineses ig witre tends o be nore dependent on
nasay condivions such ag pH (Jergll snd Dixon, 1970) or
ionic strength (Relmarm ok sl., 1971) then on the substrate.
This i presunebly becouse one set of aseey conditlone will
Favour one ensyme species while inhibiting the activity

i otherss
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in vive.

Kabat (1970) firet obeerved that when rabbit
retionloaytes were incubated for 60 ning. with [333]
orthophoaphate, there wes extenslive incorporation of
fodo the nlerogomsl fraction of the eell, especlally intoe
the o=phosphoseringe and o-phogphothreoning pregidues of
proteing.  The ribosomes wore washed in a buffer of high

.3

onie gtrength to remove any non-ribogonsl proteins

e

advontitiously bound to the ribosonmes, and the protein

5!

ewbtractod, PThig protein was sublected %o elsctrophoresis
in polyacrylamide gele contalning BUS, and It wag found

that radlosctivity comigrated with structural ribosomal

hmong the 70 or so eukaryotic ribosomal proteins,
Hebat (1970} initially found two phomphoproteins. One
opourred on the 608 subunit (in esrly papers refeyred 4o
o8 5% « later as protvein 1) ond s second on ‘the 405 subunit
{reforred to ag F - later protein IT1). OF two other
lebelled bands found on the golg, one wes ascribed to a
+ightly bound non~ribosomal proteln snd the second Ho @
sw0ll molecule, perhaps a nucleotido.

Ribomomal phoaphoproteins arve not regiricted to
vetlenlooytes. Kabat {1970) stated that ribosomal phospho-
proteing could alsoe be found in varlous tisswes from chicken
ewbryoe. Blaet and Losgb (1971) observed labelling of
ribogomal protein in rat liver alfter injection of [32F} -

orthophosphate, They analysed this on polyacrylemide gels
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and found one lebelled band. It iz interesting to note that
the phosphorylation of ribogomal vroteing is confined 4o
eukaryotes, s they have been shown te be abgent from

prokavyotic ribosounes (Gordon, 1971).

Le3e2 Fhosphor
:@_‘ E} v..i EZ;’Q L]

Certein ribopomal proteins can be phosphoryliated

in vitre by ineubabing ridomones or riboscemal subunits with
eyelic AliP-devendent, ov - indepsndent protein kinsses.

The kinsses used were either those found bound to the
ribosomes (Kabat, 1971¢ 14 and Amos, 1971) or those present
in the eytosol (Loeb and Blat, 1970r Walton e al., 19713
EALl end Wool, 1971} mnd eatelysed the transfev of 4he
serminal phosphate of ATP 4o sgerine and threonine repidues
in rivosomal proteing, PThere ig, however, some uncerteinty
na o whether the ridbosomal proteing whiech arve phosphoryleted
in vitro are necegsarily phosphorylated in vive. For
example, the number of proteins which e¢an be phogphorylated
in vitro is often greater than the number phosphorylated

in vivo, ‘‘hus, although Kabat (1970,1971) observed similar
phogphoryiation in vitro and in vive, Eil end Wool (1971)
reported that up to 12 proteine were phosphorylated

in viteo, when separated subunits were used as substrates.
Tt ie possible that the lack of thNA, wRNA and faetora for
protein synthesis nay make the ribosome more suscepbible

to phosphorylation in vitro. Another difficulty is the
foet that in no cepe has any enwyne which will vhosphorye

late ribosomal protein in vitre been shown to be ampeeific



for that svbstrate, and although protein kinasge activity
hap been found ho be directly agsociated with ribosomes, 1t
can be removed hy washing in buiferg contalning 0.5 ~ 18 KCL

(Kabat, 19711 Bil and Wool, 1971: L1 and Amos, 1971).

10303 Fengtion pnd Sontrel of Fhosohorylated Ribesomal
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Frotelnsg.

Fabat (1070) originally weported that the phogpho-
protein of the A08 subunit of rabbis reticuloeyse ribosomes
which he ealled 34 (lober T) wap only phoephorylated on
gingle ribocomes, Since single ribogomes ere thought to be
n gborage form for inactive ribowomes (mee Seetion L.1),
thisn result suggested the Intrigwing possibility that the
vhoaphoryiation of protein 81 may play e vole in inectivate
ing the ribopome and exeluding thom frowm the ribozome eyele.
Gonsiotent with thie iden wae the oheervation that
phosphoryiation of 81 heoe o glow Wrne-over rate.

abelling of protein ¥ of the 808 subunit of
rabbit retioculocyte ribogones wes gtimulated by sodium
flunoride. This coecsurred even in the pregence of eyelo-
hexinlde, o potent Inhibitor of protein pynthesis which
prevents the "runoff" of ribogomes frowm the mREL, thus
digrociating phosphoryletsion of protelin ¥ from dige
pgerepation of polysowes by sgodium Muoride. Likewvise,
the phosphoryiation of protein 81 wee not influenced by

podinm fluoride, The interyretation of these resulis was

ol

aifficuly, but they seemed to Link phowphoryiation of

wotein ¥ owlieh the inhibition of protein sywmtheslis.

i

At thie time there were btwo othopr reports which
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deseribed physicloglonl affects on the phogphoryiation of
ribosomal prodeins in vive. Blat and Loeb (L1971} found

that injeetion of glucegon into reits ineressed the
incorporation of 32y into liver zibosomss, However, in

this work, the lebelled proteins were less well charsoterised
and the loeation of the protein on the ribosouwal subuniis
woas not examined. Mowreover, sines a diffevent typs of

gel elestrophoresls wae uged, corvelations with the work

of habat could not be made. The results of Blat snd loeb
(1v71} did, however, ralse the possibility ¢hot cyelic AP
might be a nedintor of phespherylation of pibosomal proteling,
s possidilivsy which Sabat (1970) had seplier discounted,
Similerly, Goveesne g zl. (L972) found that thyreid hormones
golmudated the labelling of rat Miver ribosomal protelns
by'{ﬁgP] - or-thophasphate, bult did nob angiyse the labelled
profein by gel slectrephorenis.

Phe only other welevant report at this bine was
gt epparent phyeiologieanl effect on the aaﬁiviﬁy of the
protein kinase sseocisted with ribogomes. L1 and Anos
(19717 found that lebelling By'[ﬁgﬁ] = oprthophoaphate of
the ribosomal protein of ehiok enbryo flbroblasts Lo ylire
wag higher when the ribomomes (end assocciated kinase) were
from ocells which had been grown in the pregence of oald

gerum thon vhen these were from eells grown without serum.

Ledelt

The work desoribed in thig theels ie intended Ho
gxtend our knowledge of the phogphorylation of wibosomsl

proteing.  The first objective was bo aseertelin the number
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of proteine phosphorylated in vive, to tey to reconcile this
with the number of proteins phogphorylated in wvitros. It
was further hoped to detormine whether the phesphovyliation
of ribvesonal vprotein wos stimulated by the inhibition of
protein gynthesis ag previously suggegted from experiments
with sodium flweride, by periforming comparative studien
wilth other, wove mpecific, inhibitors of protein synthesio.
Lestly, 1t was deolded to examine physiological conditions
which wight be ezpected to affect phosphorylation of
proteing,. especlally situations where the concentrations
of gyelice AP were changed, or the rate of protein
gynthesis alterod.

In pursuing these obieotives, two different types
ef cells were useds Hrebs I Agelitos cells were used
hecause thoy are more typical of eukarvotlie ¢ells then
the non-nucleated reviculoeybe, in which Habat (1970) hed
only found two phosphoryviabed ribosomal proteins. Thesge
cells algo had the adventrge thet they were easier to label
than cat hepaiocytes, in which Blat and Loeb (1971) had
found one vibosomal phosphoprotein. %o gtudy physielogical
affects on the phogphorylation of ribosomal protein, Ascltes
caells woere unsuiteble, as their viability ouiside the
mouse peritoneun is limited. Instesd, oculburod BHE

Fibvrobleats (o noneneoplastic cell) were used,






2.1 MATERIATLS
2elel Blologionl.

Mice uged for the growth of Krebs I Aseites cells
were female albinos of the Porton strain. Thoey were 7 - B
weeks old on inoculation, and weighed 25 - 30gz. Krebs II
Agoites cells nre neoplagtic cells derived from the solid
Krebs I1 carcinoma, and are grown in the peritonea of nice
as & homogeneous suspension in the ascitic fluid (mee Klein
end Klein, 1951). BHK cells are on estoblished line of |

hemster fibroblagts (Msepherson snd Stoker, 1962).

Zale2 (Chemienl.

(n) Gemoral. Triton X-100, 2-mereaptoethancl, PPC, POPOP, snd
BBOT were obianined from KochelLight Leboratories Litd.,
Golinbrook, ﬁuakagﬁ3~alaﬂinﬁ, toluene and nethoxyethanol firom
Britiagh Drug Houses Chemicals, FPoole, Dorget: snd alkaline
phogphononoesterase (B.C.3.1.%.1.) 0alf Intestinal Mucosa,
Dimowphoaphogerine, Di-o-phosphothreonine, and smwmonia-free
glycine from Sigma Chemical Co. Litds, Kingston-Upon-Thames,
Surrey. Dibutyryl cyelic AMP was purchamed from Reehringer
GCorp. (London) Lide, end 3 Loobutylel-nethylxanthine was a
gift from Dre. §oP. Durham. ALl other chemlcals were

reagent grade chemicals from either British Drug Houses

or Signa. Prior to use, resgent grade suerose was troated
with Horlt A metiveted chaveoal to remove material that
absorbed at 2060nm. (Stirewalt gt al., 1967).

(v) Rpdiochemicnls. These were purchased from the Radio-

chemical Centre Ltd., Smerchem, Bucke. [32P]~arthaphssyhaﬂ®



wag supplied in 10mCi lote and conteined 70-90 Ci/mg P,

Lm[%,ﬁmaﬁlm Loueine contained 55 Gi/mmol.

3 Puronyoein dihydroe
chloride and cyclohexinmide were obialned from Muiritional
Biochenicals Gorp., Indionapollie, Ind, Udd.4, Sodium £luo=-
ride wor a resgent grade chemical from British Drug Houses,
and pactomyein wap a gift from Dr, G.8. Fonken, Upjohn

Corp., Eanlomazoo, Mich., U.8.4,

The following chemicals
were obtained from the Eastmans~Kodak CGo., Hochsster, N.oi.,
U521 Riboflavin, methylene-bigsacrylenide, TENED,
smmoniuvm persulphate and Bromophenel Blue. Acrylomide was
pupplied by Koch-Light, SD8 by Britisgh Drug Houseg Chemicals,
and Coomameie Brillisnt Blue R-2580 by Sigma. FPyronin ¥ and
Amnide Blaeck (Naphthalene Blach 10B) were supplied by
GaT.Gurr Litde, London. Uresa wae supplied by Carlo Erba
Bafies Milon, Bofore use, mn & golution of wrea was possed
through a aalﬁmn of Bioerad AG501-X8 resin (Bio-rad
Laboratories, Richmond, Calif., U.8.4.) to remove
accumilated cyenates.

lards. Protelns used as meleculsr welght

markers for 508 gels were: Bovine serum albumin, Fraction V
from Armour Pharmacauticnl Co. Ltds, Fasthourne: horse
hears eytochrome ¢ from Hiles Research Products, Btoke
Poges, Sloughs and chymotrypsinogen A from Cambrisn Chemie
eals, Croydon, Surrey.

(£) Avboradiogravhy, Hodirex KD SMT RKeRay ©£ilm, Kodak UX«B0

developer and FA-L0 Pixer were used throughout.
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(a) Dalsoged Salt Selution (PS5) was prepared according to
Borle (1943) mnd contained O L16M NaGl, S.bmil KC1, il NgBo,
imif NaH, POy, leOmi CaGl, and 0,0027% phenol red. UThe pi was
adjuated to 7.0 with 8.44 (w/v) Haﬁ&ﬂﬁ, It was stored ag

a 10 fold concentrate, 50ml belng dilubted to 450ml with
dietilled water lomediately before use. S0ml of 10 fold

25 diluted o BOOml ig designated as BEB/B, and BES (minus
phosphate) s BIS from which Naiyf, has been omitbed.

(b) Phogophate Iulfared ine (PBY) was preopared anccording

to Dulbecce and Yogt (195h) and contained 0.174 Nall,
Jeluall KGL, 10w NaloPO,, 2.0l KHPO,, 0,490l Hgll, and
0« 68mi Calil,, the pil being adjusted to 7.4,

{(183) contalned 35 Trig-HCL

oike Standerd Inffer (RSB) was prepared
aecording to Peamon {(1966), end conteined LOuM Trig-HOL
(pH 7.5), 10m¥ KG1 and 1.5 mogoesivm acotode.

(o) Medium K contained 30m¢ Tris-HGl (pH 7.5), 128m# KC1,

Sal magnesivm acotate sand S Aenercaptoothanol.
TB3, RSB end Medium K weve gtored sp 10 fold
concentrated soiutions at - 109C to prevent bacterial

gonhanination.
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Fig“ 2&3.201 } X Y Engo ! %‘Eﬁif‘-‘h

Amino Acid. Coneentration (me/1)

I=arginine Gl 126,40

L-oystine ' 2h,02

Imglutomine 292,30

L=-hisgtidine,HC1, EEEG : 38430

Lwigolencine 32450

Lwleoueine 52,50

Lelysine ¢ HC1 73406

Lenethionine .00

Lephenylalonine 33,02

Lethreonine h7. 6l

Letryptenhan 16,20

Lmtyromine 36,82

Lmvaline 16,90
Vi taming Concentration {me/1) Salts and other Concenw

' Components = tratlon

=Ca pantothenate 2,00 (mef1)
Cheline chloride 2.00 Call, 200
Felic acid 2400 Deglucose iy 500
1.inositol L4000 Mg 0y, 98,0
Nicotinamide 2,00 KoL : hoo
Pyridoxal HC1 2400 HaCl 6,800
Riborlavin 0,20 Neil, P, 140

Thianine, 01 2,00 Phenol red {Na) 10
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Somod dom Galla,
Ageltes eolle were wailnlained by the fntrae
peritoneel injeotion of O 2l of aseitic fInid (opprox.

25 W 10" aolial into mlce at ¥ day interwvaly,

BHE-23/019 oolls wore culiurad ag nonoloyoere
in rodating 800s. rollay bodbtles accordiay to the mothod
of Heuge and Wildy (A065).  180n) of Bogle's mediun (Dusby
ot adey 1968) were used por bodtle. This medius econtaing
BEE/By Dogle*s Hinimal Hocential Hediun (UBH) (Ploe 2e3.2.1),
2480/ Trypioss phosphate broth (Moo bacto), 10° und b/l
Pardelllin, 100me/1 Steoptonvein, 100ml/1 eold serum (Gibeo
Biomeult, Glasgow) and Mul/L S.65 (wiv) deliCl,.  The botiles
wore "gomned® with S0mi 58 {vfv) G0, in oxygon to malntnin
the Wwfterding copselty of the medivm. The bottlon were
gapded with 5 & lﬁ? enllo snd rotated at 3‘“% for 2 doyge
The eclle worse ponnved Fron the glosms with o rabber sovaper,
gusponded in Fsple's nodium, ond disperecd inte further
boiEleg.  Although the modivwm contaling onbiblotics, colls
wore beoated for oontenminasion by slero-orgonions os follows.
The oulidures wore exeained for fungl snd yenste velng
Sovonrauite nedivm. Socterlal contomination eng chooked
with Dleod agey plotos. fontamination by pleuropnounoeniae
ke orgenions (PYLY) wes monitored by uwsing PPLO sgar
wloten. Any eultures ghowing positive pesctions to these

eheoks were dlsterded,



The calls grew exponentially for three days, and
colles which are desipnated 'growing' were havvested olter
two or three davae' growth, They reached confiuence after
about Tour days' growkh, and celle designated 'resgting'

wore hayvested after four to olght days® growbh.

Beven doys after inooculstion, wmice were killed
by cervieal dislocations The abdominal ekin war gwabbed
with 704 aleohol and deawn back. The aseitic fluld was
removed into preccoled tubes snd dilubed with ilcew~cold TBS,
Very bloody tumours were rejected, ALl subgeguent operations
were ocarried out at 0.47C, The cells were washed in TBS by
boilng ropantedly pelleted by centrifugsation at 1,000 for
Loming. and resuspended in 8% until virtually no red bleood
eells remsined {usually 2«3 centrifugations)s “The cells
were thon resuspsnded at a concentration of lﬂ? oolls/ml
in BOOm) of a medium contoining P8% (wminus phesphate),

minus phosphate) .

104 (v/v) aalf serumi 107 unite/l Penieillin, 100mg/L
Streptonycin, eand buffered with Trig-megnesium cltrate
{Hogon and Korner, 1968). Carvierefroc [Sgﬁlmgwkhaphaapham@
was then added to o final concentration of 0.0500i/ml, and
the cellg ineubsted et 37°C for 3h, with constent etirring

in o 2 ltre coniosl Tlask conteining 200ml of culture.

The medium from two reller bobttles was poured off,

and replaced with 50nml of Hagle's nedium, supplewmented with




105 (v/v) calf gerun, but lecking inorgonic phosphate.

2.,
Smid [Jgf]mﬁrﬁhmﬁhmmyh&%@ was added to cach bLotitle snd the

aells rotated ot 3?“6 Tor 3h.

Ribogomes were prepared from Krebs IX Apcites
cells e deseribed by Mathews and Korner (1970). After
inoubation, Asclites cells were pollated by centrifugetion
at 3,000 for LOwing., and resugpended in a minimal volume
of P83, Wo thie was added 1.5 vols, of REB and the oslls
trangforred to a Dounce glass/gloss homogeniser, and
gugpended with twe upeand-down gbtrokes. After swelling in
the hypotonie medium for 1Smins., the cells were digsrupied
by o further 20 strokes in the Dounce homogeniser, and the
tonieity restored by the additlon of L/@%h vol. of 10 fold
concentrated wmedium K.

The homogenate was centrifuged at 30,000g for
1omina. snd the superuatant removed by pipottes Care wag
teokan to aveld the peliet of eell debris, and the thin filw
of fat. Ribogomep were prepared by centrifuging the supers
natant ot 150,000z in o Spineco Tis0 rotor for 2.5h., The
pelleted ribogomes were rvesuspended in medium £, and
centrifuged as before through o 5wl cuvghion of 1M sucrose
in medium K,

In initial experiments, the vibosones Ffrom the
irat uwltracentrifugation step were layered on the suerose

eughiong o give two ribogome pellets after the sgecond
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ultracentrifugation. However, this appears o have resulied
in the prepavetbion of impure ribesomes (see Fig. 3.i.4).
Theyefore in subsgequent experiments 48, say, elight pellets
were obiained from the First wliracenteifugation steps thene
were layered on the suverose so as bo gilve alpht purlfied
ribogome pellets after the second uldracentrifugation step.
The purified rivosome pellets were rinsed with medium K,
snd gtored at -70°C until rvegquirved.

Typloal experiments sterted with 400ml of medium
corvkaining 107 polle/ml {i.0. & total of & x 10? cells),

and normally afforded 8 pibosome pellets eontalning a total

of abouwdt Y50 Egéﬁ of ribosonog.

Ribogones were prepared by o modification of the
nethod of Amclone mod Arlingheus (1970)., BHK eells woere
removed Ffrowm bottlaes into lee-cnld FBE using o rubber scraper,
and pelleted by centrifugation ot 1,000z for 10mins. The
pelloted cellp worse rosusponded in e hypotondc medium eone
taining 200 TriseHCL (pi 7.5), 50mii KC1, Sni %glls, and
Lol Gaﬁlg, snd allowed %o swell on loe for 10ning. Then, an
squal volume of 1% (v/v) Teiton X-100 containing 40w
Tria-HOL (P 745), 0.5 puerose, 0,550 KG1, 10m mgﬁlz,'

Syald G&ng snd 1n¥ BV wes added, The ribonuclease inhibiie
or, dextran sulphate, was added to a final conecentration of
50pg/ml, end after atanding on ice for Sming,, the cellulev
glurry wos lysed by 3 strokes of o Dounce homogoniser. The

nuelear fraction wos thon prepared by contrifugation at
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1,000 for 10mins. To incresse the yield ol polysomes, the
miclel were wasghed by resugpending twice, using the Dounce
homegeniger, in 10ml of a buffer contalining 40né Tris-HOL
(pH 7.5), 0.295¢ sucrome, 0,14 KCI, S0m2 Wall, Smb %g&lza
S Gaﬁla, O, 54 Triton X-100, and 0.05f modiun Geoxy-
cholate, and an @xtwa\aﬁyg/ﬁl dextran sulphate was also
added. The washed nuelei were recentriiuvged ns belfove, and
the eytoplasmic supernstontbs were combined. Oytoplesmic
nenbranes were dispersed using 0.256 sodium deoxycholate.
The detergent-treated cyitoplagn was centrifuged in o Spinco
TL50 votor at 150,000z for 2h, and tranglucent polymome
pellets were obbalned, To further puriiy the polysomes,
these pellets wore gontly resuspended in a Teflon/glass
howogeniser in a bulfer containing 10wh Tris-HOL (pH 7.5),
L0mit KO, 1lmdl WgCl,, and Ol BOTA, and polleted by
centrifusation throush a 28 sucrose solution {(similerly
mffered) ot 65,000z for 1Bh in the T80 rotor. 24 proller
hovtles containing a total of approx. 5 = 1@9 gells were
the gterting material, Such o nuwmber of cells would
nowmelly afford about 300 Eﬁéﬂ wadte of vibomownes, which

were stored at -70°C until reguired.

246 Bucrose Densdty Greadient Apalyehs of Polvsomes.
Polysome pellets were suspended at 0°C in o

ffer containing 10 Trie-HCL {pH 7.6), BOomd ¥C1, snd

Sk Mgalﬁ. Approximately 0,1-0.2nl of suepension containing

1 Baeq of ribosones wes then layered on to oiml of o Linear

15-30% {w/v) sucrose gradient containing lomd Trig-HCL

(pil 7.6), 0,50 KC, Subi BgGl, end 200 R-mercaptoethanol.
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80S

260

TOP BOTTOM

Fig., 2.6.1 Sucrose Dengity Gradient Analysig of Polygomes

from Ascites Cells,

For details see Section 2.6.
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The gradients were centrifuged at 234,000g for lh at 209
in a Spinco BWS0,1 retor. After centrifugation, the
grmdi@ntﬁ\warm analysed at 254nm. on an ISCO Model D
grodient fractionator (Instrumentation Speclslities Cos,
LAneoln, Nebraska, U.8.4.) “he separation of polysomes

from Ageites cells iz shown in Flge 24641,

eparation and Concentretion of Ribeosomal Subunitso,
2e7¢l Properotion of

Ribvomomal subunite were prepared from both BHE

and Aseltes cells by the wmethod of lLoader snd Woold (10v2).
Ribosomes were suepended at 0°C in 10md TrigeHCL (pH 7.6),
80mi ECL ond 5wl Ngll,. f©he concentration of KC1 wes
adjunted to 930md by addition of 0.5 volp. oFf 2.5M KCL, and
the suppension ¢larified by ecentrifugation at 1,000g fow
Zmineg. To remove naseent pepdtide and promote spepavetion
of the subunits, the clarified ribopomne suspension was
inoubated at 37°C for 15mins. with 0.1wd puromyein and

20wl 2enoreaptoethancl. Without cooling, aliquots of the
sugpenaion contoining 75 Hy., units of ribogomes were
layerad on 4o 37ml of = linear 10308 (w/v) suerose gradlent
containing 0w Trie-HCL (pi 7,6), B30uM KC1L, SuM Mgll, ond
20mil 2emereapbtoethanol,

After centrifugation at 103,000z fur 5h mt 20%C
in o Spinco SWU27 rotor, the gradients were forced, by mesns
of o peristalilc pump, through a Gilford Flow-cell on a Gll~
Pord Model 240 recording spoctrophotometer analysing at
260nm., and the subunit frectionsg collected., 7These fractlons

wore pooled end dlslysed overaight at 2°C sgeinst 21 of
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Ascites Cells

260
BOTTOM TOP
BHK Cells
E260
BOTTOM TOP

Fig, 2.7.1.1 Separation of Ribogomal Subunits from
Asciteg Cells and BHK Cells.

For details see Section 2.7.1
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buffer containing 50l Trig-HCL (pH 7.6), 80w KC1, 12.5mM
Mgﬁlﬁ and L0mM Zenercapteethonol. Uensitownetric iraces of
typionl geparations of ribosomal subunite from Aseites gnd
BHE. eells ave shown in Plg. 2.?;1.3n Tields varied
poneiderably from 50% for subunite of yibosomes from Lsclies
sells, bo more than 80% for subunite of ribopomes from BHE

colla,.

2742 Goncentration of Ribosonnl Subund be.
Ribvoponal subunits were precipiioted by adding

to them 0.2 volgs of abgolute ethonol and 0,02 volg. of

buffer contalining 0.50 Trig-HOL (pH 7.6), 0.88 ¥CL, and

12500 #g0l,,  The subunlte weve kept at ~10°C for 2h, and

pelleted by centerifugation ot 30,000z for 20mins. The

gupernatant wog then recentrifvged to ensure paximum recovery

of the subunite, which was usually greater than 80%.

2 M a8 i;‘:g‘\; §§?" ;
Bubund tos

Protein wag extracted frown ribosomes and ribosomal

Ribepones and Ribogmamal

subunite ag described by Sherton and Wool {1974a). HRibogomes
nr ribogomal subunite were suspended at » concentration of

75 Bpen unlte/ml in o buffer containing 10md Trig«-HCL (pH 7.7}
and 100mH megnesiun acebates To thig was ndded 2 vole.
glacial acetle seid, end the miwture stirvved at 0°C For Lh.
Ribosomal RNA was removed by centrifugaition ot 15,000z for
1oming, The supernaotent wos deopntad and the pellet extracted
whith seetic meld/Trise-nsgnesiun noetate as halfere. The

suparnatonts wers pooled and dlalysed for A8h ageinet 1 litre
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of 1M aceble acld with § chaengen, end then lyophilised.

To ensure maximan vedtention of protelin, the
dlalysis tubing wee acotyloted by the methed of Crails (1067)
bolfors uncs

Overnll yields of protein were quite wvariable,
bt woubinely mwove than lmg of pretein from both subunits
gould be obiained from Ageiton cells, snd 0,5mg of protein
of both eubunits from BHK eellg. It wos dlgeolved at a
eoncontration of lag/ml in H 0, snd the redlosctivity of the
extracted proteln was delernined by vollecting 50pl of
prosein solution on Whatmon GF/C glassfibre filters, end the
radioactivity estinsted in 10wl of o selintilliant contalining
(por litre) 666mL toluene, 7999l Triton X100, Yg PPO, and

100me POPOY with an efficiency of abous F0¥ for Bﬁpﬁ

a5 pele weve prepsred by the methed of Loemoali
(1970}, The seporation gel wes enst the day befora 1t wes
Yo be ueed, snd contained 108 (w/v) serylomide, (2.68 {(w/w)
bignerylanide) or 15% {w/+v) sceylenide (62 (w/w) biemoryle
amide), 0.1% BDS, 00356 TE%EE:?&ﬁm% Trig-H0L (pi 8,5) and
0. 058 smmondum persulphato.

Stacking gele were cast on the doy they wore %o
be used, and contained 2.8% (wv) scryvlemide (2.9 (w/w)
blencrylanlide), 12l Pris-HCL (ol 8.5), 1% 508, 0.,03% TEMED
snd 008 pumonium parsulphota,

The longths of the geparstion gel snd stacking

gel were 1l0om, and Zem. respectivelyt and they were Gum. in
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dlamoetar.
ITumediately vrior ©o electrophoresls, lyophilised
vibonomal profein was heated atb 100°%C for Smins. in o
reducing mizxture containing S0md TrieeHCl {(pH 8,8), 29 8D,
& {w/v) Zemercapboethaonel and 0,001¢ Bromovhenol Blue tracker.
The rwming bulfer conbtained 25 Trie-ilGl {pH 8.5,
0201 glveine and 0,14 8D5, The gols were electrophoresed
2% & mbd/sel and reguired 2-2,8h for tho tracker to resmeh
O, 50m, from the bolttom of the gel. The gels wove then
vamoved from theiy tubes and procescod s degeribed in
Goeobtlon 24,011,

wery

2292 Llochrophoronie

D MR AT

Uprea gols wore prepopred according to Low gl al.
(1969), Sepavation gels were prepaved the day hefore they
were o be used, and condained 10% {(w/v) acvrylemide (1.5
{w/vw) bleacrylamide), 74 uven, 0.5 THMED, 0,125 KOH,

3 geetic aeld (pH 4.5) and 0,084 sumonium pereulphabe.
Stacking gels woere cogt Just prioy 4o vee snd contained
250 (w/'v) acryiemide (230 (w/w) Disserylomide), 78 uree,
0,065 TEVED, 00,1258 EOH, 0.251¢ acetic aeld and 0,002560
viboflavin. The dirnensions of the gels were the same ag
those of BIE gele.

Prior o olectrophoresls, protelns, in cgolution
at n conceniration of lwg/ml, were adjusted to 60l 2-mercapto-
ethenol, and the pil adjusted to 8.5 by additlon of olid
Trigs - The proteins wero then exhavstively reduced by
incubatlon at 37°C for Sh.

Pavonin ¥ was uvged ag s trocker, and in o running
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buffer contadning 80mid Bealonine and 35md acetic meid (pH L.5)

elocirophorenis required about 3h abt 4 mi/gel.

2010 IuosDimensl, NG R
2,30,1 The Nethod of Kelbtmebmidl snd ¥ithoapo (1970h) .

The Piret dimension gel contained i (wiv)
porylomide (3.3% (w've) blsanorylemide), 68 urves, 20mi EDTA,
0528 Dborie acid, 0,48 Tris-H01 (pH 8.7) and 0.005% TEMED
{modiliontion of Howard and Trauvd, 1973}, Polynorisation
wan oeatalyesd by ﬁﬂpl of 104 (w/v) awoniun persulphete pev
10ml gel solubion.

In preparation for elegtvophovesis, lyophilised
ribosomal predeln was dlssolved gb o conpentration of
l=2ma/nl in 2 solution contalning & ures, 10mM godium
bicorbennte (pH 8,3) and 1ol 2enercapioethancl, Generally,
125-200ng of protein wore snslysed in each gel, Bleetro-
phoresis was towards the esathode at 6 wi/gel Ffor 3h, using
Pyronin ¥ to oheek thet the direotion of elecirophovesis
wag corroees, and the running buffer was 6ol BEDTA, 7900 borle
aeld, nad 60w Teia~HGL (pH §,2).

The goels were carefully removed from the gel
tubes and equilibrated with 106wl of BM ures, 13aM seetie
aeld and 12w KO (pH 5.2) For o botval of 1h with bwo
chengog of bufler.

The frome in which the pecond-dimension slab gmol
wvas cagt couprlised twe plain gloss plates {(8.2cm. x 8,20m.)
pandwliched fogether with glaps spacers hoeld by weterproof
siectrical insulating bape, allowing & gel sheet of Amn.

thieckness o be forund.
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Fig. 2.10,1.1 Two-Dimensional Gel Electrophoresis of 408
and 60S Ribosomal Subunit Proteins from Rat
Liver by the Method of Kaltschmidt and
Wittmann.

For details see Section 2.10.1. The panels on the
left-hand side of the figure are photographs of stained
gels, while the panels on the right-hand side are schematic
representations of those gels, giving the nomenclature of
the proteins used in this thesis. The two proteins of the
405 subunit, S12 and S21, were detected by reversing the

electrodes 1in the first dimension.
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©

*nd

Dimension

Fig. 2.10.1.2

Dimension
H*o

408

Two-Dimensional Gel Electrophoresis of the
40S and 60S Ribosomal Subunit Protein from

Ascites Cells by the Method of Kaltschmidt
and V/ittmann.

For details see Section 2.10.1.
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The second-dimension gel contained 184 (w/v)
acrylemide (1.k3(w/w) bigacrylamide), 6N uren, 0.93
seetic peid, S56mM KOH (pi %.5) and 0.588% TEMED (Howard and
Traut, 1973). Polymeriuation wes catalysed by 3ml of 104
{w/v) smmonivm persulphate per 100ml of gel solution.

Once the first dimension gol had been equili-
brated, it wap annealed o the top of +the slab gel by means
of more second dimension gel solution, Eleotrophoresis
in the mocond dimension was towards the cathode at 9 mi/gel
for 16h. Pig. 2.10.1.1 ghows the peparvetion of the
ribogomal proteine of ret liver in thie systen, and givesm
the nomenclature of the proteinsg, as deseribed by Sherton
and Wool (1972, 19%4%b). Flg, 2.10,1,2 shows the separation

of the ribogomal proteins of Asecites cells in this sygtem.

2‘-}1(}‘2:3

Blectrophoresis in the first dinmension was in a
geparation gol conbaining 6.5¢ (w/'v) acrylamide (3.3 (w/w)
bisnorylamide), 66 urcs, OOmipotassium acetate builfer
(pH B,a), 0,54 TEMED, snd 1,15% ammonium persulphate. A&
stocking gel wee employed, and this contained 2,5% (w/v)
peryleamide (2572 (w/w) bisacrylsmide), 6M uvea, 60mM
potogsium scotate buffer (pH 4.9), 0,058 TEMED and 0,001%
riboflavin.

The sample (approx. 200pg in O.iml. H,0) wes
ddelysed sgoinet 1200 potassium acetate bulfer (pH 5.5),
10mi Pemereaptoethanol mnd 64 ures overnizht ot 0°C, The
running buffer wes ?Gm%/3mmlanin& acetate (pH L.5).

Electrophoresis was at 2.5 mh/gel towerds the cothode for



Facing Pa”“e. 39

1st D
© "0
IstD A % 1stD 5%
2nd D
1stD 65% tstD 8%

Fis. 2.10.2.1 Two-Dimensional Gel Electrophoresis of 80S
Ribosomal Protein of Ascites Cells by the
Method of Martini and Gould; Effect of
Varying the Concentration of Acrvlamide in

the First Dimension.

For details see Section 2.10.2.
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l«1,5n with Pyronin ¥ ag a tracker. The gels were next
equilibrated for second dimension electrophoresis. The
incubation began in a buffer contoiniag 1% SDE, 0.1 sodium
phogphate buffer (pH 7.1), 5 urea sand 10 2-meveapto-
ethenol, continued in a buffer containing 1% 8D5, 0,018
godium phosphate buffer (pH 7.1}, 5% urea and LOmi
2emercaptoethancl, and ended in 0.1% 5DS, 0.01H sodium
phogphate buffer (pH 7.1), 58 ures snd 10mil 2emercaptow
athanol, Incubation was at #0°C for 2%mins. in each buffer
with vigorous stirring.

The second dimension slab gel contained L0% {(w/v)
norylamide (3.37 (w/w) bipserylanmide), 0.,1% 8D8, 0.1M gedium
phogphate buffer (pH 7.1), 68 urea, 0.1% THVED snd 0,056
amnoniumn persulvhate. A& mt&éming gel was algo umed in the
geecond dimension, the gpeme gel being usmed to ammeal the {ube
el to the slab gel, This contained 3% (w/v) acrylamide
{207 {w/w) bigocrylsmide), 0.1% 5DS, 0.1¥ gediuvm phosphato
buffer (pd 7.1), 6 uren, 0,1% TEMED and 0.0005% viboflavine
The rumning huffer wae 0.1 godium phosphate baffer (pH 7.1),
041% SUS and Smi thiocglycollic acld. Bleotrophorvenis was
towards the anode at 14 mid/gel for 2hh.

In initial experiments, 5 firet dimension ascryle
anide concentration of 4 (w/v) was used, as recommendsd by
Martini ond Geuld (1971). However, it was found that at
thinp concentration of acrylamide many proteing electrow
phoresed with the trocker (Pig. 2.10,241). Therefore n
number of different firgt dimension porylamide concentrawe
tiong were tried, to determine which would give the best

resolution: By ingpection of Pig. 2.10.2.1., this iz seen




w0

to be at 6.5% (w'v) acrylemide. Thig was therefore the

concentration used in subseguent experimenta.

Urea gels were steined for 1h in % (w/v) fAmide
Black (Naphthalene Blaek M0B) in 7.5 acetic peid, B5DS gels
and two-dimensionnl gels were stained for 2-3h in 0,1%
Coomassie Brilliant Blue R«250 in 50% methanol and 10%

scodtic sclid,

211,272 Dentein

Gylindriecal gels were destained overnight by
diffusion in 7.5% acetle acid and 507 wethanol at 37°C.
Two~dimensional gels were degiained slectrophoretically in
Yok wmoetic acld in o UDS 1 spparatus supplied by Unlversal
Holentific Ltde, 231, Plaghet Hde, London, 5.13.

10% gela were prepsred for autorediography by
slicing longitudinally in o device similar Yo that degeribed
by Falvrbenks gt ol. (1965). Quaritered gels could then be
dried on o Whatnan No,l Milter Paver by a comblination of
heat from an infra~red lomp snd suetion from an electrical
vaouun pump {(Speedivac - W, BEdwards & Co., London, Lbde)e
13% gels wera halved longitudinelly and sealed in thin
polythene boge using on electric heat mealer (Boseh. Hodel
PRL6 - gupplicd by Gallenksup Thd., Nerston, Bast Kilbride).

Aatoradiography was on RKodirex 80 sbT £ilm, gensrally for




e

2% weeks for cylindrical gels, and 3«4 woeks For twoe

dimensional gelp.

22110 Densitometry of Gelo.

Danaltometric recordes of gele were obiained
from elther whole or halved gele uvaing the linear trensport
peocasory to the Gilford 240 Zpectrophobomeder. Gels
gtained with Amide Black were scanned et (00mm., and gels

gtained with Coomagsle Brilliont Blue were seannoed at 572nm.

Gele wers pllced transversely into lmm. sectionsg
on an automatic gel slicer (Mickle Laboratory Enge Co.,
Gornghall, Surrey), dlzsolved overnight at 3?93 in 0.%ml,
100 vola.s hydrogen peroxide, and the redioactivity

determined in 10ml, of geintillant containing per litre,

660mL boluens, 350ml mothoxyethanol, 4g PPO, and 100mg
D2y

POPOR, with an efficlency of about 70% fop

2412  Butrectlon of Whole

Whole cell »rotein of Amelites cells was exbragte
ed essentislly ss described by Mayne gb ale., (1966). S5ul,

6 eells

fce=cold 104 trichlovopdetic acld was added to 5 x 10
snd the mizxbure kept on lee Por 30mins. Frotein was then
precipitated by centrifugation st 1,000 for 1Oming., The
protein precipitate was washed onee in acetone ond once in
light petroleun-diethyl other {(3:1 v/v) vwith reprecipitation
by contrifugation at each step. The pelleted protein was

repuspsnded in 2ml ¥ NalH and reprecipitated by addition
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Fig, 2,13.,1. Determination of Molecular Weights of Proteins
in SDS Gels: lMobility of Standard Proteins.
For details see Section 2.13.
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of 2ml 20% trichloreoascetic acid containing i leucine.
After ptanding for 30mine., the protein was removed by
£iltration on Whatman GF/C glassfibre disecs. 0O.7ml
concentrated formic aeid wam added to each disc in a2
seintillation viel and the radioactivity determined in 10ml
of seintillotion fluid conbaining (per 1itrve) 500ml toluone,
500ml). methoxyethanol, snd Sz BBOT with an efficliency of 5%
for BH.

Detormi c bolecular Welohte of Proteing
in BDS Gels.

Moleoular weighite of the proteins were estimated
by runming parallel to the geleg with ribosomal proteln, gels
of molecular weight etandards whlch were eytochrome ¢
(molecular weight 12,400), chymotrypsinogen A (molecular
weight 25,750) ond bovine serum albumin (Fraction V)
{molecular welght 66,000), The moleculer weights of ribosomne
al proteins could then be egtimated by the methed of Weber
and Oshorn (1969) (Fig. 2.13.1).

2,14  Determination of Protein.
Protein was measured by the method of Lowry
et als, (1951) usging bovine serum albumin (Fraction V) as a

shondard,

) 3 snd O-Phosphothreoning.
Ribosonal protein labelled with 32? was diggolved
ot lmg/ml in 2¥ HC1 and hydrolysed by heating st 105°C for

16h in » seanled cvacuated glass ampoule (Langen 1968b).
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The hydrolysatesn were dried on a rotary evaporator snd
resuspended in 1@&Pl of eleotrophoresis buffer (2.5% (v/v)
formic seld, 7.86 (v/v) acetie neid, ol 1.85). ﬁ?pl of
each sanple was applied 4o Yhatman No.SMNE Chromatography
napey, together with 25ut samples of o-phoaphogerine
{lmg/wl), o-phosphothreonine (Imz/wl) and Natl, POy, (100mH)
The paper was wetted with buffer and electrow-
phoresed 8% 2,500V for 2h in & high-voltage electrophoresis
apparatug. After eleetrophoresis, the peper was allowed 4o
dyry thoroughly and then eut up for anslysic. The portlon
contailning the phosphate marker was gtalned with aclidie
aomonimg wolybdate (Hanes and Igherwood, 1980); the portion
gontaining the phosphoserine snd phosphothreonine navkers
wag eteined with ninhydrin/cadmivm meetate (Drever mnd
Bynum, 1967)1 end +he pordion conteining the labelled

gemples was awboradiogrephed on Kodirex XD 5T film for 25d.




SECTION 3,

RESULITS .
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Fig. 3.1.1 Time Course of the Inecorporation of [32p] -

Orthophogphate into the Ribosomal Protein of
Ascites Cells,
Suspensions of Ascites cells (100 ml) were incubated
in duplicate with 1 mCi [ 2?P)-orthophosphate (Section 2.4.,1),
for the times indicated. Ribosomes and ribosomal protein

were prepared (Sections 2.5.2 and 2.8). The protein was
resuspended in 0.5ml H,0, dried on to Whatman GF/C
glassfibre filters, and radiocactivity determined in
Toluene/Triton/PPO/POPOP scintillant (see Section 2.8).
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Phost ; PO : PPV 7
"hosphate Counts/Min ~°P Gountn/Hin ~°P
Concentrations incorporated, incorpoveted,
(i) (+ Serum) (= Serum}
& 37200 31,089
0,09 29270 2h1o8
0D 19856 158730

Table 36101

Lt Ribogonagl Protein of fagid X

Sugpensions of As<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>