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" ABSTRACT - :
L & f The importance of the cymsl{elemn in protem synthesis was studied m
dnﬂerennatmg L6 rat myoblasts. Soluble ‘and. cytoskele'al fractions obtamed
aher gemle, non-ionic detergem Iysls of myoblas(s and myotubes were ar\alysed
(or the presence of * nbosc'nes and mRNPs. The role, of the cymsk:leton in o
v vrcornp‘arl'ﬂemallzatkm- of specific :mRNPs in myobJas!;' and - myot\{bes was

T s m’veshgat_ed.

mRNPs 1, polysomal arrays were  primarily”. assuclated with t}lg

cytoske‘lémn. In addinon, the cytoskeletal Iraction also contail mRNA in the ",
K form of free mRNPs. Therefore, the assocnanon of mRNA with the cytoskeletun -
did not _seem to depend ‘on_the_presence “of _rih for. r
A

Funﬁem\ore, analysis of specific mRNAs in the various_subcellular fractions-of————

y and bes revealed difft in the distribution’ pattern of ‘these ,
/ | mRNAs. ’ S s :

 The effects of depolymerizing the microfilaments with cytochalasin B in ~

myobldsts, was investigated, Treatment of myublas(s with cy(ochélasm B did not

B result in [movement of ribosomes or specmc mRNPs from the cytoskeleral
fracnen to the soluble lracnen. This mdlcates (hat in L6 myoblasls, nbosomes
and mRNPs are not ‘associated with microfilaments. In addmon,. it was observed

L o that cytochalasin’B, inmbi(e? llh'e incorporation” of precursor into RNA and not

" protein.' The: effect on RNA synthesis, however, was due to an inhibition oft

N uptake of precursor uridiné. which was found to be reversible.
« il .
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CHAPTER ONE

“ Introduction -

.

Expresswn of © genetic information involves transcription of RNA

‘» moleéubs fromi*DNA" and the sub foning of RNA i tei

i

“ s éucaryotnc cells have evolved to separate these events both spatially and

‘.‘(emporally. Eucaryotic gene transcnpts are f:rsx generated in the nucleus and
¥ ! ‘,!hen transporled across !he nuclear membrane into the cytoplasm, to parncxpate

'protem

I | An ¥ ing of gene in .eucaryotes
¢ . )
Itherefore’ involves independent analysis of the events of transcription and’

traLlslation.
gt

\

A) Transcription ’ X . 0

DNA trq“!'?cnpnon in both procaryoles and eucaryoles is performed by
the enzyme DNA-dependent RNA polymerase. Although transcnpﬂon of the
npm classes of RNA is pertormed by the samé enzyme in’ procaryotes,

transcription in eucaryotes is more specialized. There are 'thrge different RNA

Iy)nerases in eucaryotes. Polymerase I franscribes genes coding for ribosomal

‘RN AS ass, 5 8S and 285), polymerase II !mnscnbes vnamly genes that encode

Protéms ‘end small nuclear” RNAs while polymerase m transcnbes genes for
tRNA, 55 ribosomal RNA and other " small RNAs. Transcnpncn by RNA
polymerase 1 has been found to be species specmc in conitrast to that by ‘
polymerase 1l ‘and 1 (Mishima, Flnancsek. Knmmarm & "Muramatsu, 1982).
< Besides sequences at the 5' flanking region o( the gene, initiation !actu.rs
! responsible for species specific fONA transcription have-been characterized in

i ¥ Lo . 5 Gl B P & ¥ ‘

ynthésns. While transcription and transjaho&occur in tandem in pmcaryo(es, )



" polymerase I, Brown & Gurdon (1977 have ‘demonstrated the importance of a

_ controlled by a sequence 'ATAAA' at

HeLa cells and mouse L cells (Miesteld & Arnheim, 1984). The 5' flanking region

; ; - ; . . [
of mouse rRNA genes has been shown to’ contain the promoter and injtiator
sequences. In cor,{traét, transcription be polymerase Il is controlled by promoter =
sequences, in the centre of the gene in the case of 55 rRNA (Sakoniju,

hogenhag%n’a/ts;uwn, 1980) and tRNA genes (Galli, Hofstetter & Birnstiel, 1981;

Ciliberto, Castagnoli, Meltdn ‘& Coris, 1982, Reguiation of 55 rnni\

transcnpnon apparenxly s 'Mdlated through a 00K daltdn prutcm which
mteracts specifically with the mtemal promnter. Althuugh knowledge abcut the

sequences contrul[mg termination of transcription is scarce in the casé ol
N . L4 .
»

stretch of (hymndmelrés;dues at the 3' terminus, in controlling termination of

transf:npnon by polymérase moo- g
: RNA polymerase. Il transcribes genes 'codmg for proteins besides
producing franscripts of small nuclear RNAs. Imtiation of transcription * is

controljed by-a 'TATAA' quence about 30 nucleotides Upstream-,

from t_he tra_nséription start site, Abse'ﬁ of this sequence from certain viral
gel{qg. however, does not see’n to af!e‘c'( efhi |em_‘trgn!cnptmn (Soed.'a,‘}\rrand, B
Smolar, Walsh & Qnﬂm, 1980; Baker & nlt. ‘181) In addmon 0 nanscnpnan
initiation control signals, the 5' .regmn of polyme\ese 1l transcribed genes also
cont’ain seziuences \;I)]lch r'egulan;‘;rans.cr‘lpuon in akgecmc manper. In contrast
to the stretch ‘of thymidine residues that comrn!s trgnscription termination ‘in

case “of polymerase l“,.:ms' polymerage 11 transcriptigh termination .seems to be

3" end of transcriptional units.

Although deletion of this sequence has been em nst‘ramd to ‘interfere* with
B o

accurate iranscnpnon (Fitzgerald & Shenk, 1981), transcriptional units such as
B

those for hlslé;nes~ are devotd of this sequence and yet yield fugpnohal MRNAS

»

.




(ﬂischel & Birnstiel, 1981). ?

7 .
In most cases tHe primary tra‘nscnpnon ~products “are medified by

“molecular ations. known“as P of RNA includes cleatage

~ and trimming .of large precursor molecules sterminal addition of ‘nucleotides and

various F : ificati g on the class_df RNA. Whereas'
madification of RYA and rRNA are equally complex in both procaryotes and
eucaryotes. th!‘*pﬁ)cesslng of primary, transcripts giving rise to 'nRNA Jin
ewcaryo(es is' very dltterent from that in procaryctes. In procaryotes, formanon B
of MRNA is-a relatively simple process GEARAFIY, Ivalvirg transcription of an '
appropriate gene by INA'polymerase. The primary trapscript of the gene is the
WRNA  and fiindtions. 4% &k even Gafore teanviption 1 ompISte, T
. .eucaryotic cells, the primary transcript must be processed before a mature
- mRNA 15 (or;l\ed.'The final processed product imust thérl be transported from the
“ hucleys . to the cytoplasm: to carry o«lt its functior Experiments performed with ’
both adenovirus and SV 40 indicate. that only fully processed molecules enter
the cy\oplas'n (Nevins, 1979; Piper, 1979) and there. appears to ~be no
e/ytoplasmlc processing of MRNA. Furthermore, the portions of the primary
transcnpl ti.at arg removed during RNA processmg are not transported to the
cytoplasm (Nevms & Darnell, '1978; Fraser, Nevins, lel & Darnell, 1979). It has
‘becn reported thar prema(urely terminated !ranscrlpts !ro'n the adenovlrus late
pro noter are not zranspurled to the cytoplasm (lel & Evans, 1978). It is also
known rhat late in adenov:ru: infection most cellular Rl\A: fail to appear in the -

cytoplas'n even though xrahscnpuen and RNA processing continue (Bcltz &

Fint, 1979), Thus there cxists a control. mechh that regulates sel
transport of functional'RNA from the nucleus to the 'cyto‘gla;m. N
. ' P ‘




B) Translation

The decoding of the nucleonde sequences 1n tw mMRNA results in the
synthesis nf a’ polypepnde. This process of mRNA translation wmch occurs in
the cytoplasm invblves ribosomes and various translational factors functioning—n_
the different steps of polypeptide synthesis. Rlbosprnes'am‘ cellular organelles.
which are the major structures of the translatiohal machinery. The eucaryotic

ribosome exists as an 80S ribonucleoprotein particle, composed of two subunits

of appr 20 | proteins and 4 ribosomal RNA specie’s.

While the larger 60S nbosomal subunit consists of about 50.proteins and 3 rRNA
. '

species namely 28S, 5.85 and 55, the 40S subunit consists of 30 proteins and the

185 rRNA. In contrast, fibosomes in procaryotes have been characterized as 70S

“]:)articles comprising of 2 proteins and the 16S rRNA in the snall 30S subunit
and 32 prbtems and !he 23S and 55 rRNAs in the Iarge 505 subunit.

Prureln synthesis 1n both progaryotes and eucaryotes can be divided into
three distinct 'sxeps characterized as initiation, elongation and termination.
Although these steps are similar in hot‘h systems, details of the steps mvalved
are nuch more complex me?ucaryotes. Intiation of protein synmcsls serves
pnmanly to decode. lhe Inttiation codon AUG which codés for 'nc(hlonmc at.the .
begmnmg of the clstfon. This process {nvolves GTP, Al’l’, various initiatson
fagtors, mRNA, ribosonal subunmits and the initiatas methionyl-tRNA. Tt;e steps.

that lead m the formation of the 80S imitgation complex include  nbosone

ﬂ"and of rnbosomal subumts followed. by |
fornation of a ternary cn'npleiconlalmngl'cucaryn!lc \mtiatton ‘factor (olF) &2,
GTP and pnitiator methionyl-tRNA; The ternary conplex then binds 'to the 40S
subunits to form the 405 premitiation ‘complex followed by, binding to the nRNA,

and the final joining of 60S ribosonal subunits to the 40S intermediary conplex.




-

Since protein synthesis 1ni requires the y of n

v
the form of di subunits, of as subunits 1s one.of

the key steps in protein synthesis. Ribosomal subunits may be produced as a

result of active di of 85 ri or p ion of 3 y
4 ! ¥

dissociating suhunns from reassuclatmn. Although the precise mechanism
underlymg this prucess 15 unclear, available evidence suggests ‘the parncmanon
of elF-3 lsolated from .native 40S subunits, in maintaining nbnso‘nes in a

dissociated state. elF-3 preparations from rat liver' appear to have both

and anti iation ivities (Thompson, Sadnik, Scheinbuks &
Moldave, 1977). While in wheat germ extracts elF-3 prevents only reassociation,
a low molecular weighft factor from the same extractg act(vely dissociates 80S
ribosornes (Seal, Sch:n;dt & Marcus, 1983). Finally, elF-4C has been reported to
act as an accessory factor l‘o elF-3 in ribosone d:ssaciation (Goumans, T?lo'nas,
Verhoeven, Voorma & Benne, 1980). .Whate\./e( the mecHanisms "inyo!ved, it s

clear that the interaction’of elF-3 with 405 subunits i$ ‘an essential prerequisite

" to the subsequent reactionsin forming the preinitiation conplex. — . —

Elements involved in formng the ternary complex include ‘tnitiator .
methionyl-tRNA, GTP. and elF-2. Interactions between these elements are highly

specific so much so that elF-2 reacts “with initiator methionyl-tRNA and 405

_subum(s but does net recognlzc any of the other a'mnoacyMRNAs or the 80S

abosome. Although ternary co-nplexes can be formed with nonhydrolyzable
analogues of GTP, the resuiting complexes are inactive 1n pro,noung formnation
of the final 30S inmanop conplex. To .naintain the cyclic nature of the various
steps 1N protern synthesis, it seems important to have a recycling :npchanls:n to
keep both GTR ind elF-2 available for subsequent use in the crucial initiation-

process. This recycling of GTP and elF-2 1s performed by a polymeric protein




©

v

-interaction bctween RNA and the premltm

factor elF-2B (Safer, 1983) which catalyzes guanine nucleotide (GDP/GTP)
exchénge on :}F-Z and stinulates the catalytic binding of mtiator
methionyl-tRNA to fhe itiation complex.” The available data (Moldave, 1985)

suggests a role for elF-2B in recycling elF-2 by converting the inactive fator

v
(eIF-2.GDP) produced i the course, of initiation to the active form (eIF-2.GTP) |

The i1mportance of this step in protein. synthesis has been demonstrated in

studies with mmm-dehpuer:yslocyms.‘ Phosphorylation of the alpha subunit
i

of elF-2 is promoted by min deficiency and results in the sequesmnon of

" elF-2B. As a consequence, further initiation ol protein symhesns is' inhibited

(Ranu & London, 1976) A similar sequestranon o( the rccyclmg lactor has also
been observed in interferon treated cells where double ‘stranded RNA induces
the nhibition of protein synthests (Petryshyn, Levin & London, 1982).

Formation of the 40S preinitiation complex 15 the next step i protein

synthesis’ which includes binding -of the ternary complex to the 40S subunit.

Although no additional initiation factors are required for this step, the reaction

1s markedly stunulated by €IF-3. Observations made- with & temperature sensitive

yeast mutant suggest that-the formation of the 40S.clF-3 complex 15 obligatory
for the mteraction with the ternary coriplex (Feinberg, McLaughlin & Moldave,

1982). Regulation of protein synthesis at the level of imtiation under various

conditiong has been encountered mostly at the step of RNA binding to the’ 40S

premnitiation complex. Besides ATP, several other factors ncluding. elF-4A,

elF-4B, cap binding protein (CBP) I, and CBP Il have been rnplicated in the

Increasing the stabnny of nRNA and its bll’ldmf, to the 40S subunits (Kozak &

n conplex. In" addition to-

Shatkin, 1977), the cap structure has been |.npl|r.atcd in selective lranslanon of T

MRNAs 1n wirus infected cells (Helentjaris & Ehrenfeld, 1978). Eucaryotic




¢

ok

|

mRNAs contain untranslated noncoding regions at both the 5' and 3' ends of the
coding sequencé.v There is speculation implicating two conserved nucleotide
sequences .5' to the imtition codon in accurate -and efficient binding and/or

positioning of mRNA. fo 40S ribosomal subunits (Kozak, 1983).. The e'nzyma':‘ic

addmon of the cap structure “to i‘mrmally uncapped procaryotic 'nRNA allows ’

 translation i 4 eucaryouc cell-free system (Paterson A( Rosenbe:g. 1979). At

the same tirme, removal of the cap structure-from ‘a normally capped eucaryo' c .

‘nRNA decreases its translational efficiency in such systems (Lodish & Rose,

) Muthuknshnan, Szybnak,

1977; Wodnar-Fil ) i Szczesna, Z: '\"‘
Legocki and Filipowicz, 1978),

The mmatmn slep of protein synlhesns results even(ually in the
formation of the 805 Imtganun complex. The mnlanon factor responsxble for
l?rmgmg about !he ?amlng of the large 605 ribosomal. subunit to lhe 408
preinitiation: complex is a monomeric proteth, elF-5. Interaction o’f elF-5 with

the preinitiation-complex results in th; hydrolysis of GTP and the release of

, elF-2.GDP and elF-3, This catalytic effect of €IF-5 takes place .even in the

absence of 605 subunits (Peferson, -Safer &:Merrick 1979). Along with the
[or'nanon of (he 80S initiation co'nplex. the elF-2.GDP . complex reacts wnh
elF-zB to generate active elF-2.GTP for the next round o( mmatmn reactions.

The rnportance_ol GTP  hydrolysis in: protein synthesns initiation’ has been

-demonstrated if. experinents with nonhydrolyzable analogues of GTP. In the

presencc of such analogues, the bindmg of initiator 'nethionyl-tRNA and mRNA

occurs, but the release of fagtors glF 2 and elF-3 and the joining or thes two
)

subunits does not (ake placc (Saler, Pelerson d( Mernck, I977) Thus the
co" nplex interplay - o! various  initiation™ (ncrors along with GTP and ATP, in .the

presence of ribosomal subunits, mRNA and mtiator methionyl-tRNA finally




result in the formation of the 80S initiation complex which is then ready for the *

steps of and ters

> % 2 % x .
The process of peptide chain elongation is a series of reactions on the

805 ribosome  which resul(s in transla(mn of all lhe codons be(we)n ‘the
initiatioh and termination mplets. All the a'mnoacyl KRNAS other than the
initiator methionyl-tRNA are used in Athis process whnch alse |nvo}ves GTP and

elongatmn factors. . The -reactions which include b:ndxng~ of the apprcpnale

aminoacyl~tRNA ‘to the nbosonal'accepmr slte, transpeplldanon m (t;rm Ed
peptide bond and rnovement-o( the ribosome on the mRNA, are repcated until a
‘termlnauon codon enters the acceptér site. L

Peptide chain ’:ermma:‘mn which 1s the final step in protein synthests is
brought ,about by fan‘ interaction between a recycling factor and the termination

codon at the acceptor, site. Thns reaction involves the hydrolysis of the

peptidyl-tRNA bond, hydrolys:s of GTP and the release bf the conpleted

polypeptide chain, mMRNA and translational fact‘i:rs from the r osome.

S
C) Translationdl Control )
Of central importance to the study of gé&ne Jezpressibn in both

procaryotes and cucaryotes is identifying the meghanisms by which formation of

gene products is regulated. Control of the expression of 4 particular eucaryotic

gene is reflected by she of I mRNA in the cytoplasn.

"Factors contributing to the -ability -of- ap MRNA to’ Be functiondl eventually
or the past two decades

. . i 2
it_has been ‘known that mRNA exists in the cell in fhe forp of nRNA-protein

regulate it$ active participation in protein synthesis.

complexes (mRNPs), In addition tc the|r roles n vVRN/\ processmr (Pederson,

1983), mllNP complexes have been 1mp in




Allhwgh our knowledge abou( the structure and_function of various classes of

RNP complexés is linited, progren has been made in understanding the

of these p in i control.

mRNP complexes areknown to exist in the Cell either free or in

association with_polysomes. It is generally believed that TRNPs not gssociated”

rwith polysovpes contain a repressed class of mRNAs (Clvell}. Vlm:enl‘. Maundrell,
'Bun & Séh;rrer, 1980; Bag & Sells, 1981) while ghose present in polysomes are
active in -proteln synthesis (Rraobrazhen*y & Spiri;\, 1978; G'goghegan,
Cereghin & Brawerman, 1979). The rel.)r.cssed 'éapulalion of .mRNA  may
represent either. stored mRNA, mRNA' in transit to polysomes, 'run off' mRNA

released fromn a polysomal translational complex or sinply excess mRNA in the

'y topl (Spirin & Ajtkhozin, 1985). The :d nature of the non-polysomal
mRNA has beén attributed to the presence of macrmw‘lecule! FAich. as proteins
(éa; & Sells: 1979; Liautard & Egly, .1980) or other inhibitory !af:turs including
small RNA molecules (Bester, Kennedy & Heywood, 1975; Bag, Hu.ble'y & Sells,
1980) in the tre&,}nnup'mplex'es. Evidence c\urently_:vailaple, however, does

a
not point to:a comimon translational control mechanism in the systemns studied.

The identification of proteins in mRNA-protein particles has be:ﬁ“

assisted by the isolation of native mRNP complexes by UV crosslinking in

of ' proteins and mRNA, This technique of crosslinking has allowed “isolation of

mRNP complexes - from cells under conditions .that ordinanly"disrupt
mRNA-plrotein complexes. The information derived from these studies has lent
crederce to the specificity of mRNA-protein interactions (Gree'r;berg, 1979
Greenberg, 1980). Using a direct approach of LV crosslinking deproteinized
mR'NA with cytosol RNA-binding proteins and comparing thefe mRNA-protein

complexes with native-mRNP complexes, the specificity and dyn‘amic nature of
2 ! :

> . F



these i has been de (Gaedigk, Oehler, Kohler & Setyono,

1985). In a similar study (Greenberg & Carroll, 1985), proteins UV crosslinked to

mMRNA in reticdlocyte polysomes were shown to be similar to those obtained by

UV irradiating mouse L- and HeLa-cell polysomes. This same study revealed that

the UV crosslinked prelem comnposition of  mRNP varied with the translational

state of the mRNA. Thzse results suggest that- these pro(ems play a role in

) lranslallpn. Ruzdijic, Bag & Sells (1984) examined the protein composition of a

"specific mRNP in two dufferent subcellular fractions. They demonstrated

differences in proteins #ssociated with histone mRNPs from polysomal and free

mRNP fractions, A more !:o:npelllng’mle'fﬂr mRNP proteins in translation has

reported translational factor activity of mRNP proteins in a cell-free
translation systen devoid of translational factors. ) 2 i
Among the well known %xafnples of l‘ranslanonal control’ u;volvmg';nRNP
complexes are those described for_globin and -myosin heavy chain. In' duck
erythroblasts, mRNA for globin exists’ as a - translationally active-
polysome-associated 135 mRNP and a free 20S mRNP that is translationally

repressed. While both classes of IRNPS yield translationally active mnm\'. only
b

.the 155 ‘polysomal -nRNP 1s wanslatable_in witeo (Civelli, Vincent, Buri &

Scherrer, 1976) Extensive charaﬂerlzallan of the two types of mRNPs has
revealed that specmc sets of pmteAr\S are associated with. Blobin -nRNA in each
of these functional states (Vincent, Goldenberg & Scherrer, l98l) A cornparison

of the pm(ems ‘associated with the 20S glnbm MRNP and a 355 nRNP

cont 5 ',,"- WRNAs has  revealed” that - ‘pel:lllc

“poly peptides are assocmed with one- nl the two .nRNA types while others are

con'non to. both” nRNPs. This specificity of proteins associated with different

|

been further supported by the work of Schmid, Kohler & Setyono (1982% They——————



subpuﬁu,lanons of mRNA suggests a role for mRNP proteins in mRNA recognition

and selecnve translanonal repressmn.

Pammpanon of s.nall molecular wzlght RNASs in translational control has

.been postulated m the embryonnc cmck muscle sys(e'n. Kennedy, Siegel &

Heywood | (1978) have reported the assomatlo’f of an ohgo(U)-conrammg RNA
(termed ‘translangnal‘ corytrql Rt‘f/\) with . free 'nyosui heavy ch§|n MRNPS in
embryonic muscle. Usiné purifled:preparallcns of this RNA in an in vitro
translanon system, they reported selective inhibition of myosin heavy chain

MRNA when co'npared with globin mRNA. Srmiar findings of a translational

inhibitory RNAg(1IRNA) has been reponed' as a\E mponent of a novel cytoplasmic
RNP complex (RNP),in chick embryonic muscle. Both the iRNA cand IRNP,
however, have been shown to inhibit in vitro translation of mliNAsvm a
non-specific manner (Sarkar, 1984). A 4.4S RNA has also been descnbed by Bag
et al. (1930) as part of a 10-155 RNP partlcle. While, exammining the eéffect of
this RNA in a cell-free translation system, they observed that it inhibits both
capped and uncapped messages. They further demonstrated ‘that inhibition of
translation b‘y this RNA occurs at the leve’l of initiation.

Although the number of instances implicating mRNP conplexes is small,

there -is growing evidence ing the i 4 of tr ional control
gene r;gulanon. Mobilization of pre-existing. mRNAs into polyso'nes resulting in
protem synthesis has been shown to be triggered by various !acmrs. It is well’
km)wn that unfertilized invkrtebrate a.nd vertebrate cggs harbour a set o(

nRNAs that are maternally derived and are unavailable for translation. The

- sudden increase in the rate' of protetn synthesis triggered by fertilization is

believed to-involve a shift of this maternal nRNA from free :nRNPs to

polysomes (Davidson, 1976). The fact that the cgg does not undergo 'nitcS|s untl &



after fertilization and that new. proteins are neceswmry immediately. after
fertilization (Timourian & Uno,’ 1967- Wilt, Sakai & Mazia, 1967; Young, Hendler

& Kanoisky 1969; Wagenaar, 1983) for the fnrst cell |division strongly suggests

that maternal masked -nRNAs specify lhese f:ro't“ms. One such protein,

. ribonucleotide reductasg. is necessary. for a -naior‘\ cellular fuhction: DNA
replication (Thelander & Reichard, 1979; Holmgren, ‘19‘8l). The activity of this
prior to fertilizatioy , and the appea of

enzyme activity requires protein synthesis but not transcription (Noronha, Sheys

enzyme is very low or u

& Buchanan, 1972), Recent reports (Standart, Bray, George, Hunt & Ruderman,
- . 3 A

1985) describe the of the rib leotd: dué snall subunit

mRNA amongst the maternal masked mRNAs in clam and, sea-urchin eggs. That

this 1s one of the polypeptides synthesized immediately following fer
strongly implies control of gene expression’ at the level of translation.
Translational control has also been observed for, mRNAs ‘of ribosomal
proteins dunng-early developmental stages in Drosophila. Analysis of mRNA
. from various stages of Drosophila devclopment suggests (ha( while their 14;:/:]3
are abundant, the assocnannn of at-least two nboscmal protein mRNAs with
pclyso,mes is maxlmal dunng oogenesis, minynal- during early e'nbryogenests and
intermédiate during [ate embryogenesis. In contrast, the levels of polysonal
RNAs for -non-ribosomal proteins is relatively constant™hroughout these stages

(Al-Atia, Fruscqlom & Jacobs-Lorena, 1985). Such selective translation of

stored mRNAs has also been reported in Acetabularia differentiation (Li-Weber

& Schweiger, 1985), Volvox development (Xirk & Kirk, “1985) and pea

chloroplasts (Inamine, Nash, Weissbach & Brot, 1985).




. D) Cellular Localization of Specific mRNAs

: Anbli;er aspect of translational regulation which may play a significant
role in controlling gene expression is. the cellular Iocal.lz_nion of a speaific
mRNA. Ascidian eggs conu.in different pigmented ooplasmic regions of specifi¢
vyv";orpn'dgemtic fate. These regions are re'érranged after fertilization and are
;/dxfterenxialiy segregated between the various embryonic cell lineages dyring
lcleavage. Using (r;e technique of in situ. hybridization, Jeffery, Tomlinson &
Brodeur (1983) demonstrated. that the .general population, as well as specific

mRNAs (actin and histone), are .uniquely distributed in the various ooplasmic

regions. Whereas most of the poly(A)-containing RNA is concentrated in the, °

ectoplasm, actin mRNA is localized in the ectoplasm and myoplasm and histone

mRNA 15 unifor i between the di v coplasms. Following
k»rtiliza:non, these mRNAs migrate with their respective ooplasns and are
differentially partiliot’\ed betw&en the various cell fineages. 4

In a similar kind of investigation, Merlie and Sanes.(l985) examined the
distribution of acetylcholine receptors a;|d poly(A)- 6mlalnlng RNA at the
neuromuscular junctions of skeletal muscle fibres. The postsynaptic membranes
in the neuromuscular ’iumhons.‘c( skeletal muscle con‘lams high levels of
acel‘yl:helme réceptors. Fertuck and Salpeter (1976) anc} Salpetér ar;d Harris
(1983) showed that while the receptors are packed at a density of less than 30
per um2 in exlrasimp(nc membranes, their density in postéymptlc‘mﬂ!\ranes 15
over 15000 per un?, !'\'nalysisAn{ poly(A)-containing RNA from synapse-rich and
synapse-free areas of mouse diaphragm muscle (Merlie & Sanes, 1985).revealed

that there is a distinct enrichment of receptor mRNA in the synapse-r'nvch

region. This tion that acetylcholine mRNA is h near

synapses in adult muscle tissue provides evidence that. the receptors are



preferentially synthesized in-synaptic areas. This preferential distribution of

mRNAs may reflect increased stability of mRNA or preferential transport of

_mRNA to its site of utilization.
o~

E) Cytoskeleton
- It is now well established that most eucaryofic cells contan a highly

complex and structured meshwork of “filamentous and irregularly connecting

elements that extends thrm;ghout the intetior of the cell (Fulton, 1984), This

meshwork operationally defined as the cytoiReleton or cytoskele tal framework is
resistant to extraction by non»m_mc detergents. Imnunof luorescence studx;:‘s and
ultrastructural a‘nalyses show' the cytoskeleton to be composed of three major
filament systems, ‘namely microfilaments (Weber & Groesche I-Stewart, 19743
Lazarides, 1976; Heggeness$t Wang & Singer, 1977), intermediate  filanents
(Jorgensen, Subrahmanyan, Turnbull & Kalmns, 1976; Osl B Franke & Weber,.
1977) and microtubuless” (Brinkley, ‘Fulle.r & Highfield, _1975; Osborn & Weber,
1976). In addition, studies using eleétro'nmxcrcs;opy have revealed a 2-3 nm )

diameter filament interconnecting the Ynajor cytoplasmic filanents gving nse to
.

a 'micr network! (Wi 0 & Porter, 197% SMiwa & van

_ Blerkom, 1981). g

Microfilaments which are 5-7 n'n in dia‘neter found as bundles, - sheets of
m:‘shwnrks are c(.::nynscd largely of actin pruicln in the form of h‘m:ar polymers.
T‘bey have been xmphcgted n various cellular functions 7|nr/!u.dmg cell spr;admg
“and movement -(qubrccht;Buphler & Goldman, 1976; Albrecht-Buehler, 1977) and .
éxncylosns (Orr, Hall & Allison, 1972). .t has vbeen demonstrated that in addition

to its involvement in cell. spreading-and movement of _iTJ cells, the

inicrofilament contaming 'mcrospikes' also ‘nediate particle transport towards
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the ce ) body (Alhrecm-s'uehﬁr & Goldman, 1976).
: ' .The se¢ond r;|ajor component of the cytoskeleton are the microtubules
which a:; pro!el!;éceous‘ 25 nm diameter filanénts. formed by linear
polymerization of tubulin subunits. Unlike mlcrufilamer{ts wherein the éuﬂunit is
a mom:mer, the tubulin’ subunit’ is a dimer oontammg_u and beta—tububns.
variety . of cellular funcnnns and processes have been attnbuted to_'the
microtubules. They are known to function in movemem and positioning of nuclei
during  fusion of cells (Wang, Cross & Choppin, 1979), pigment translocation in
grythropﬁnr:s (Luby & 'Pcr(er, 1980) besides other saltatory movertrents in
cultured cells (Freed & Eebowitz, 1970). Although the exact mechanism, is not
clear, they periorm an important function during :mtos}. They form Ilhe
structural basis of mitotic spindle and also assist in chronosomal Movement
'bevween the two_ poles during mitosis (Plcke:_x-ljeaps{ ';'lppll‘d( Porter,” 1982;
Mitchison & Kirschner, 1984).

The third major c!ass of filament 'systems/ termed intermediate filaments
are 10. nm in  chameter and fufction to integrate the various ‘structures of
cytoplasmic space. Unlike the microfilaments and microtubules, the intermediate
mnments display a 'nuch larger range of tissue specmc varnamn in their
sequence (Lazarides, 1980). Five distinct classes, each charac(enstxc a‘ a
particular cell type have been identified in higher eucaryotes. These mclude
kerdtin filaments in epithelial (:‘elli, des»n”\_ filaments in  “nuscl cells',‘ vrnen’nn
'nla'nggts in cells: of 'nesenchym.avl origin, neurofilafents in neurones and ghal
fifaments in all types of ghal cells. . 2 i

The. fourth class of cytoskeletal s(ru{:t}‘lre, the ‘microtrabeculae, has not
yet been assigned to any mrtléular protein, Analys::s using electronmicroscopy )

have revealed this element to be 2-3 n'n’in diameter and 30-300 nn long, and



interspersed between the other filaments described _above. Due to ‘their
» = % 'heterogenélty in size, it has been argued that this could be a group “of proteins.

functioning 10 cmsslinkmg'lhe entire cytoskeletal network (Satir, 1984).

;’)MO_IE Citoskeleton in Protein Synthesis
i) Association'of Ribosomes with the Cytoskeleton g
In addition to .the above mentioned functions of the various cytoskeletal
elcméms. reparts over the’ ~past - decade have suggested’ a rle ior. the
N cytoskeleton in protein. synthests (Nlélsc:x. Goelz & Trachsel, 1983), Exa:mination
of intact and unextracted cells by electronmicroscopy has r;:v;caled- the
existence of r'lbosomes»a’t junctions of microtrabecular Iam'ce.s.‘m filamments, gr

. attached to .nembrahes (Wolosewick & Porter 1979). Gentle extraction of cell‘
f)
it

. with “non-lonic removes cellular lipids and soluble ‘protel‘n’s. Analysis
- by high voltage electronmicroscopy indicated that qur; prcparanc;ns, correspond
fairly well to-those of unextracted cefls (Lenk, Ransorn, Kauf-nann & Pennan,
1977; van Venroolj, Sillekens, ‘van Eekelen & R;Inders. 1981). Although there is
a complete “.absence of structures resembling jmluCho&dn’a and endoplasmic
reticulum, the strong  retention of polysones and ‘nembrane-depleted nucler
Lalong with the flanentous network of the cytoskeleton afe evident. In HeLa

cells (Lenk et al, 1977) and hunan KB cells (van Venrootj et al., 1981),

polyso nes are not uniformly dxsmlp(ed Ihmughcul the cell spacu but found 1n
clusters around the nucleus aﬁd excludv:d fron regions nch i |nrem\cd‘laxe
fhilaments, Fur(h‘ervnure, Fulton, Wan Jc Pentnan (1980) uhservcd that acridine
‘orange staining of both ‘intact ind dmrzen_( extracted 3T3 cells revga‘ls

~ . "
polysornes in the more central region of the cytoplasm and in. close proximty to

N the microtrabeculae. This observation s sybstantiated by the fact that in cells
3 v

'
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. Fag
treated with r or poly agents, RNA-specific
stained regions, disappear. " ? )

11) Association of other Translational Components
- )
with the Cytoskeleton . .
It isVevident from the literature that the process of protein synthesis

_involves many ! factors. Poly being the active site of

protein sy , would be d to have- 1 mmamn lactm‘s‘

d with them. A of

p635|bi!iry of a transient association of initiation facmrs with the cytoskeleton.

Evidence for such an association of initiation factors with the cytoskeleton has
|

been reported. Using a monoclonal antibody” against a 50,000 MW cap' binding

protein, Zumbe, Stahli' & Trachsel (1982), demonstrated: the association of cap

binding protein with the' cytoskeleton in BHK cells. They further suggested this

association to be most likely with the intermediate filaments. In similar studies *

B 4

on Held cells, Howe and. Hershey (|9sa> have reported: the interaction of
ribosomes and, profein - synthesis infiation factors with the cytoskeleral
N r

framework. Comparing the distribution of initiation factors to that of total

protein in both soluble and cytoskeletal fractions, they reported that:except for

several subunits of elF-3, all factors were enriched in the cytoskeletal fraction.

The presence of MRNA, on the cyfloskeleton correlates with a !uﬁcimnal
role 10 protein synthesis In a number of systems. mRNA was |sclat;:q fsom ‘the.
soluble and cytoskeletal fractions of Hela cells (Cervera, Dreyfuss & Penan,
1981) .and human KB cells (van Venrooij et al., 1981), and translated in an: .in
vitro protein symhesmng sys(eq. Analysls of the resulting polypeptides by
two-dinensional gel electrophoresis asuggests. !\ ‘mechanisn by which Fspccxhc

to xhe cyloskeleton suggests the !




TRNAs may be scggregated by being bound to the cytoskeleton. In VSV-infected

HeLa cells (Cervera et ali; 1981), adenovirus infected human KB cells, (van

Venrootj et al., 1981) and SV 40-infeéted BSC-1 cells (Ben-zeev, Horowitz,

Skolnik, Abulafia, Laub & Aloni, 1981), host mRNAs were replaced with viral

TRNAs on the cy eton with a concor synthesis of wiral proteins.

These observanuns suggest that mRNA interactibn with the cytoskeleton is a

pre-requxslte for protein synthesis. In-a simigr study analysing varioys classes

of eucaryotic and viral mRNAS, Bnnnea;, Dafveals k Scnenheq, (1985) have

concluded that assoclanon of mRNA with the cyloskelewn is nccessary but not

sufficient for protein synthesis and. that the interaction of MRNA with the

cyg&skeleton 15 not depenz;len! on the 5' terminal cap structure or the 3' poly(A)
‘ . e

tail. el .

. Although experimenTs described so far suggest an association of mRNA

_with the cytoskeleton as obligatory. for protcin synthesis, the nature of this

association 15’ still unclear. To determine whether WRNA and/or rbosomes are

" involved in this binding, van )i:oo.; et al. (1981) analysed-the distribution of

golyspmes and mRNA on the cyroskeloton after - !rcaung human KB gells wuh

" . vartous inhibitors of protein synthesis initiation. Pﬂr(avnycm and NaF are pmem

inhibitors of protein synthesis initiation resuling in ténplete disaggregation of

. polysomes. Incubation of cells with pactanycin: prior ig extraction had mininal

effect on the distrihution of nRNA among the various fractions. Senilarly,
pre-treatment of cells with NaF failed to displace IRNA fron the cytoskelcton,

suggesting that riboso:nes are not responsible fof fetaimini; MRNA on the

cytoskeleton but rathier the mRNA itself is involved. Extending w(,h studies,

Cervera et al (1981% ted that while  poly vial

specific mRNAs are associated with the cytoskéleton following \vn’ra} fection of




HeLa cells, these polysomes have been found to . disaggregate at higher

temperatures, leaving the viral mRNA on the cytoskeleton. On the other hand,

- R .
-Howe and Hershey {(1984) rep?:rted «that 1n Hela cells, nbosomal ‘subunits’

‘continue to be associated with the cytoskeleton even after ‘mild RNase

oI the cy lractmn, thus- whether polysomes are

attached to lhe cytoskeleton via mRNA.

. i11) Cytoskeéletal Component. Involved in Anchoring

Translational Machinery \ R
_Invesugauons into the cymskeletal conponent involved -in interacting
with the translational machinery involves treatment of cells with a cytoskeletal
disrupting  agent and ’examining the “distribution of ribosomes, translational
nitiation factors and nRNA in' the various fractions, Cytochalasin B disrupts

N : l
-microfilaments in.a wide- variety of systems. In Hela cells, Lenk et (1977y

demopstrated that treatment of cells with cytochalasin B disrupted the |

aswcnétnon of mRNA and polysomes’ with the cytoskéleton. In similar studies,
Howe. and Hershey (1984) demonstrated that treatment of HeL; cells with
‘cymchalasm B.results in a pronounced shift of translational imtiation factors
and mRNA from the cytoskeleton to ifie soluble fraction suggesting a direct or
lndlrec! association of these components with nicrofilaments. Parallel studies by

Jeffery (1984) in Ascldlan eggs, however, that suych an

was independent of the integrity of microfilaments, Similar observations were
nade by Welch and Feramisco (1985) us.ing rat enbryo fibroblasts, Their results
demonstrate that disruption of all three cytoskeletal elements' failed to affect

the ability of these cells to undergo n apparently nornal heat shock response,
A

inplying normal activity of the protein synthetic apparatus,

|



G) Statement of the Problem )
Eucaryotic cells can be separated into soluble and cytoskeletal fractions.
These studies were designed to test the hypothesis ) that mMRNA was attached
to the cytoskeleton throughits association with mRNP complexes and not
through its association with' ribosames 1) that the mRNAS are attached to the
microfilament element of the cytoskeleton and i) that differentiation results 1n
 redistribution of mRNA betwden the soluble and' cytoskeletal fractions n L6

muscle, cells. i : . o

1
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CHAPTER TWO

Materials and Methods
A) Growth and Maintenance of Cells

* The L6 rat myoblast. cell line used in xhese.s:udneé was originally
obtained from Dr. C. P. Stanners of McGill University, Montreal. A subclone,
L6-5 (Jacobs, Bird & Sells, 1985)(referred to as L6 in this thesis), derived from
a single cell was chosen for these studies. Cells wgsze grown on 15 cm diameter
plastic tissue culture dishes in Growth Medium consisting of alpha-VIEM (alpha
modification’ of minimum essential medium) (90%, v/v), fetal bovine serum (10%,
vlv), 5 international umits per ml of penicillin, 5 ug per ml of streptonycin and
KaliCO, (0.2%, v/v). The alpita-NEM was sierilized by fiffration through a
sterile 0.22 micron filter (Millistack, Milhpore). Addition of supplements was
done under stefile conditions. The cells were cultured at 37°C i a controlleg
environmeht of CO, (6%, v/v in arr) and 100% humdity, '

Coml‘nuny of the cell line was maintained by replating the proliferating
myoblasts. The cells growing in a..15 cm diameter tissue culture dish were
teypsimized with 2.5 wl of a stenle Solution containing Hank's balanced salté,
‘trypsin (0.25%, w/v), 10 M EDTA and 10 mM Hepes (pH 7.2) at 37°C for '3
initess The colls were replated:cnts rew tiskin Eiltura dishes at a density of
approximately 2¢10° cells- per i of frgsh medium. The cells were allowed to
grow until 70% connuency, at a -nean generation time of approxinately 16
hours. At 70% confluency, a li cm dianeter tissue awlture dish contained
approxinately 2x107 cells, "

Differentiation was induced by changing the Growth Mediun - to

Mifferentiation Medium when the cells Had reached about 70% confluency. The
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" Ditterentiation Medium contained alpha-MEM (97.5%, v/v), donor horse serum
(2.5%, v/v), 5 international units per ml of penicillin, 5 ug per ml of
streptomycin and NaHCO,, (0.2%, w/v). The Differentiation Medium was changed
on the second ‘day to give fully differentiated myotubes within 4 days. By this:
tiioe; more: than 0% of i rnyablksts had-Tused 1o form iyotubes.

Stocks of L6 myoblast cells were maintained in Growth Medium
containing dimethyl sulfoxide (10%, v/v) under liquid fitrogen or in a =70°C
freezer, Freshly trypsinzed cells were pelleted (IKxg for 3 minutes) and
resuspended in the above mentioned medium at a concentration of 5x10° cells
per ml. A-one «f aliquot of this suspension was placed in a 2 ml cryo-vial and
RETEd il 168 or I0TIRGIE. The vials then were stored at -70°C overoight
before removing to a lnqmd' nitrpgen freezer. To revive a (mz’en stock, a vial of
frozen cells was thawed immediately at roomn temperature and pelleted (IKxg
for 3 mnutes). The pellet was resuspended in 2 i of Growth Medium and
plated ofto a culture dish at a final concentration of 2¢10° cells per ml of
Growth Medium, All tissue culture materials were obtained fron Flow

Laboratories.

1) Cell Labelling Studies ‘o .

To study the effect of cytochalasin B on RNA and protein syntheses,
cells were grown jn a 26 well tissue culture plate. Cells mcnbatgj.m Growth
"Mediun were trcated with various concentrations of cytochalasin B”and labelled
with 5 uCt per -l (CH)uridine (86 Gt por o, New Lngland® fuclear) or 10 uCs
per ml (;H)lysine (100 C1 per mmol, New England Nuclear) for various periods of
tine. Each deter:mnation was ﬁer‘ormeﬂ;g duplicate. ' .

Following renoval of the incubation medium, cells were lysed and

4
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incorporation arrested by the addition of 60 ul of a solutiop containing 10 mM
Tris-HCI (pH 7.5), 1 mM EDTA and SDS (1%, w/v). Aliquots (40 ul) of cell lysate
were dried onto 2.5 cm Whatman #5640 filter paper circles and washed in

ice-cold mchloroacetic acid (20%, w/v) for 10 minutes: The (JH)lysine‘Iehé]Ied

samples were Iurther washed in_trichloroacetic acm (20%; wly) at 95°C m 10"

minutes, All . filters were subsequemly tinsed m ethanol, washed with e(her for

15 mmutes and rmsed agam in ethanol. The filters were then air dned and their

radloacnvny coment was measured.

In o g the ‘effect of cytochalasin B ‘on uptake of (CHlundine int
acid sofuble material, analysis of acid soluble pool was performed as described
by Hauschka (1973). Labelling and treatment of cells was essentially as above

except that they were grown in 5 cm diameter tissue culture dishess Following

removal of incubation medium, aells were rmsed twice  with cold phosphate

buffered sahne (P8BS, 2.68 mM KClI, l.lo7 mM KH FO n 137.0 'nM NaCl and 8.09
nM Na,HPO ) )con\ammg Gnlabelled undine (0.1%. w/v) and exxracled with L5
ml of 0.4M HCIO“ for 30 :minutes on ice. The extract wae removed and
neutralized by adding 0.75 ml ;>l an ice-cold solution containing 0.72 N-KOH and
0.6 M,KHCO,. After 5 ‘ninutes on ice, the peutralized extract was centrifuged
at 12Kxg for 10 minutes and alnqucr§ of (he‘ supernatant w.ere taken to ineasure
radioactivity. ’ .

To estinate the amount of Cilysine in the acid soluble’ material
tollowing Seataentiof. colls withicytochissuy By coliswers, g ke
as above. Following removal of incubation (ngdnu'n, cells were ninsed twice with
cold PBS containing unlabelled .lysine (0.1%, w/v) and lyséd with-a solution

containing trichloroacetic acid (20%, w/v) and unlabelled lysine (0,1%, w/v). The

. gy P
extract, was placed on ice for 20 nini®s and collected by centrifigation at



%
.
12Kxg for 10 minutes. Aliquots of the supernatant were then taken for

radioacrivity ‘neasurements. 4

Q) Fluorescencc Microscopy .
NBD-phaIlacldm obtained from Mo!ecular Probes Inc. was used to stain’
’mcroillaments according to the fhanufacturer's msxrurnuns. Cells were grown,

on tissue culture chamber slides. A‘f(er two rinses in PBS, cells were fixed with

a solution cont 3.7% (v/v) formaldehyde “in PBS for 10 minutes at roon
temperature. . The cells were again insed twice with PBS before extracnov{ with
" acetone at -20°C fqr 5 minutes. After asrdrying, a Solution contamning 33 ng of
NBD-phallacidin in 200 ul of PBS was added to each shde and incubated for 20
minutes at roomn te-r'xpera(ure.. The cells were then m_oumed i a. solution
‘containing glycerol (50%, v/v) and PBS (50%, v/v).and viewed.under a Nikon

microscope with epifluorescent optics using the appropriate filters.

D) Subcellular Fractionation of L6 Myoblasts and Mxmub\es

To- obtain.soluble and cytoskeletal fractions, the cells were exposed to

gefitle detergent lysis. Bolysomal and free nRNP material fron cach of. these
lracnons'were ‘obtained by differential centrifugation. Lysis and extraction
conditions were as described by Fey ot al. (I984) with minor modifications
incorporatéd as described. below. f

Monolayer cultures were incubated with emetine dihydrochloride, an
inhibitor of protein synthesis (6.2%, w/v) a0 ¥°C for 5 minutes prior 8to
extraction, The Growth Mediun fron a 15 cn culture dish of L6 cells was
decanted and the :mnolayér aned\whne ‘maintained on an wce-slurry, with 5 mnl

of an ige-cold. soliition of PBS. Yhe cells then were treated with 8 ml of an
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ice~cold Extraction Buffer containing 20 mM Pipes (pH 6.8), 16 mM KCI, 2.5 m
/MgCly, 0.3 M sucrose, 0.3 mM phenylmethyl sulfonyl fiuoride, 0.1 mM

S
aurintricarboxylic acid, 10 mM dithiothreitol, Triton X-100 (0.1%, v/v) ard 5

pe

it i-of -human pla ise inhibitior (HPRI) (Amersham) for' 2
ininutes. The extracted material obtained from the cells under these conditions

was referred to as the 'soluble fraction', The remaining unextracted material

7 contained cell remnants including the ‘cytoskeletal fraction'. -To obtain

*polysorfes and free MRNPs from the Cytoskeletal fraction, this latter material

was scraped with a rubber 'policeman' and homogenized 1in a Dounce
homogenizér with 8 ml of ice-cold Cytoskeletal Extraction Buffer containing 20
M Pipe; (pH 6.8), 0.25 M (NHb)ngk. 2.5 M MgCly, 0.3 M sucrose, 0.3 mM
dieniimeihyisultingly Huceds,, B3 e aunntricarboxylic  acid, 10 M
dithiothreitol, Triton- X-100 (0.5%, v/v) and 5 units per ml of HPﬁl. Both the
soluble and cytoskeletal fractions thus obtained were centrifuged (2.5Kxg for 5
minutes) to renove nuclei and thereby obtain the post-nuclear su;‘:ernalams.
After the addition of polyvinyl sulphate (PVS) (0.01 volumés of a stock
3 - solution (1%, w/v), each extract was layered over 4 ml of a solunon\ccmammg
sucrose (30%, w/v), 10 .M Tris-HCI (pH 7.5), 100 -aM KCI, 5 mM‘MgClZ and 0.1
mg per ml of PVS,. and centrifuged (176K xg (cu'~ 70 minutes) to obtain the
. pulysomal pelle(. PVS was again added to the post-polyio nal supernatant and
Iunhor ccmn(uged (176Kxg for 18 hnurs) to obtain the free WRNP material.

Both the polysomal and free NRNP pelle!s were stored at -70°C until needed.

) Distribution of Macromolecules in the Soluble

and Cytoskeletal Fractions

S To deternine the distributions of RNA and protein in the soluble and
,

i -~ K




cytdskeletal fractions, L6 myoblasts were labelled (separately) overnight with 5 ;
uCt per ml (CHluridine (86 Ci per mmol, New Ergland Nuclear) and 5 uCi per =l
(zss)nuthldmnev (800 Ci per mmol, Amersham) respectively, prior to extraction
¥ of the two cytoplasmic fractions. Aliquots of the post:huclear supernatants’
were analysed for mcorporauqnl of radioactivity into acid insoluble 'mt'e/ngl as

* described ,in section B.
~—

F) Analxsls of Pulxsoﬂes
Post-nuclear supernatants obtained from the two cytoplasmic frﬁcnons
were subjected to _velocny sedimentation ,on a sucrose ‘gradient (oNscparalc
monosones and polysomes. L6 myoblasts “which had ‘been incubated _overnight in

Growth Mediwn contaiming 2 uCi per mi CHluridine (46 Ci per mmol, Now

-England Nuclear) were separated into soluble & cytoskeletal fractions’ as
? described in‘section D. Equal volumes of the pdst-nuclear supernatant from cach

- fraction were analysed-on a 15-40% linear sucrogh density gradient. .

Lincar gradients of 15:40% (w/v) sucrfse were prepared with a linear

“gradient’ former (Hoefer Scientific Instruments), The reservorr cha nber of the

gradient former contained 5.5 il of 4 solution contaiming sucrose (15%, w/v), 10

mM Tris-HCI (pH 7.5); 1.5 mM ,;henytmemyuuunnyl,nuou&e,ﬂq.rnM KCl, 5 mM,

MRCl, and heparin (0.01%, w/v). The ‘mxing charmber contained 5.5 ml of a

solution containing sucrose (40%, w/y) dissolved in the aforementioned buffer. A

12 ml Beckman 'SW 41' polyalomer tbe was filled with the sucrose gradient

, fron the botton upwards and cooled to 4°C before the sample was' loaded.

* After centrifugation in a Beckman 'SW 41' rotor (Ao; pn at 4°C for 120

‘mnutes), the gradients were fractionated fron the bottoyn using a ;v‘::mlnc

pump and the radioactivity i pach !rsrzmn was ‘neasured,

_ e /




G) Purification of RNA from L6 Mzoblast s and Mxolube

1) Preparation of RNA" from Subcellular Fracnnns

, RNA was prepared from pblysurnal and’ free mRNP pellets obtained }yo.n
both the soluble a{\d cytoskeletal fractions. RNA we |so|a‘ted esse}mallf by the
méthod of Maniatis, Fritsch & Sambrook {1982). T;[HRNP pellets (obtained in
section D) were resuspended in 2 ml of ‘a sojuftion containing 10 mM" Tris-HCg,
(pH 7.5), | M EDTA and DS TI%, wKj. Following addition of Protease K
10.05%, wiv) (0.1 volumes of a freshly prepared stock solution of 1%, w/v), the
resuspended material was incubated for 60 minutes at 37°C n a rotating wate.’
bath to digest the proteins. The digests were placed n 15 ml s:enle‘
polypropylene tubes and | volune of phenol which was pre-equilibrated with 0.
volumes of a stack solution of 1 M Tris base, was added to the incubation mix.
" The contents were :Inixed thoroughly by either horizontal or ve;'!xcal agitatiqn

for 5 minutes after which, one volume of \chlorolor'(was added. The contents in
_the tube were mixed thoroughly again for | minute. The organic and aqueous
phases were separated by cenm!uganon' (2Kxg for 5 ‘mnutes). The [owér
“organic phase was removed and discarded without disturbing the interphase.
Fotlowing’ 2 more chloroform extractions, the aqueous phase wg;s removed,

leaving the interphase naterial behind. RNA  in the aqueous phase was

« precipitated by the addition of ammonium acetate (0.5 volumes of a 7.5 M stock

solution) and ethanol (2 volumes) and stored at -20°C overnight.

The RNA pr'cparauon was pelleted by ‘cenlrlfupenon (10K xg. for 30

b"*m.g)\ and 'washed once with 70% ethanol. The pellet was dissolved in ‘a

solutiol containing 10 nVl Tns-HCI (pH 7‘5) and’ l M EDTA. Ouanmanon of

RNA was done by heasurmg absorbance at 260 230 and 320 nin. The amount of

Py : : - \




RNA was calculated using the following formula:

(O 5 = OD350) x 40 = ug per . g

An (0D - 0D,,.) : (OD

260 320 ) ratio of -2 was considered _to be

- oD,

280 *320

pure RNA.
oA

Ly

in) oixgo(dr)-ceuumse Chromnatography of RNA
Preparation of poly(A)-containng RNA from total purified RNA was
accomplished using oligo(dT)-cellulose chromatography (Bantle, Maxwell & Hahn,
‘1976)..* Approximately 200 mg of oligo(dT)cellulose (Type IlI, Coliaborative
Research) was suspended in sterile RNase-free water. Following reioval of

i

fines, the“resin was poured into a 0.7 e¢m 1.d. x V" RNase-free column
' (Bio-Rdd). The column was Washed with 1 bed volume of a sliitioh contajning
0.1 M NaOH, followed by 10 bed volume§ of Dmd}g Buffer containing ‘10 oM
Tris-HCL (pH 7.5), 500 mM NaCl, m\A\EB'rA and SDS (l% wiv) .

The RNA sample to be chromatographed was taken Up in Binding Buffer,

The sakple was heated to §5°C for | minute, NaCl added (0.l volumes of aswm

/ stock solution) and the sample brought to room temperature rnnediately by®
immersing In an ice-water bath. Following passage of the RNA sample through

. the oligo(dT)-cellulose column 3 trmes, the colunn .was washed with 10 bed
lvolu'nes of ‘Binding Buffer. The matenal bound to the ohgu(dT)-ceIlllle(“ colunn

was elut‘ed with 3 bed volunes of Elution Buffer contaiming 10 mM Tris-tiCI (pH

"7.5) 1 m\ EDTA and SDS (0.1%, w/v).

Following elution, the oligoldT)-cellulose, colunn was re-equilibrated with
v 10 bed vojumes of Binding nul(nr and lhc once ¢hro nam;‘raphed RNA sample »

was rechm'q‘ographed 2 ‘nore times, after bringing up the salr mncgmmnon »

to 0.5 M NaCl ecach time. The cluted poly(A)-comnmmg RNA was then

A




~ 29

precipitated by incubation overmight' at -20°C, with ammonium ace!a_te. ©5
) . volumes of a .7.5 M stock solution) and 2 volumes of ;thanol. )

.
H) Electrophoresis o_t.R_N_/l
RNA samples were size fractionated by electrophoresis n an agarose
(1.2%, w/v) gel. The Gel .Buf(er_ contained 25 mM Mops (pH 7.5), 5°mM Na
,acetate and 2 mM EDTA. The RNA samples obtained above were centrifuged
('IZKxg for 30 minutes in a Beckman Microfuge II)._ The pellet was ninsed once
with 70% ethanol and dissolved n 15 ul of Sample Buffer ‘containing freshly
deionized formamide (50%,v/V), Gel Buffer (25%, v/v) and ‘lnrmaldehyde '(2591;,
v/v) and heated at 60°C for 15 .ninutes: Tracking dye (5 ul) containing glycerol

(50%, v/v), bromopheno!l blue (0.1%, w/v) and xylene cyanol (0.1%, w/v) Was

added to the samples before elertropl E pl was, at

100 volts towards the anode unt: the bromophenol blue dye movgd through ‘$0%

of the gel.
s

Northern Blot Anciysis
After size (racnunanon, fhe RNA was inmobilized by eh:cneblomng
" oo & -sahd support for further_Yualitative and quantitative analyses of specmc
RNA species. The solid support used in the;e s(udles was DPT-paper and 1‘a§

prepared as described in the lullowmg secnon

3 S T —_— .
.

’ 1 1) Preparation of DPT-Paper . : -

Diazotized aninophenylthioether paper (DPT-paper) used as the solid
i k .

support was obtaned by freshly diazotizing aminophenylthioether paper

(APT-péper) (Seed, 1982). APp-paper was prepared by treating 5 sheets of 20
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c'n (lller paper (Type 589 WH, Schleicher & Schuell) W“D 100 ml of a solunen
cuntammg 350 mM NaOH anc; _butanediol dnglymdyl ether (30%, v/v, Aldnrh
Chemicals) in a Super Sealobag (Phllllps Electromcs) ovérmght with constant
agitation at room temperature. After discarding the reacuorvnixture, the “papcr
was further (reated with a sohmon contammg 115 7l of aplnophenyl(hloethcr
and l»O -nl of acetone. The reaction was carried out In rhe sane bag conmmng
the Illter paper and the bag was resqa'l‘ed and agitated at roon re-npcrarure for
24 hours. The APT-papér was washed twice for 15 minutes, once In el[\anol._

then in 0.1 M HCL®After a final rinse with ethanpl, the APT-paper was air

dried and stofed n a Super *Sealobag i the dark. For further use, the |

APT-paper was diazotized 4n 200 mi of a solution contaimng: 1.2 M HCI and 25
mg NaN&‘)2 at 0°C for 15 minutes. After 5 brief rinses 1 icescold water
followed by 2 i Transfer Buffer “containing 25 rr..\}nlxnzpo,‘ (pH 50, the
DPT-paper was ready for use.’ The diazotized paper thus p_repared was used

immediately.

u) Electroblotting of 01 RNA

After eAectrophoresls. the RNA gel m be electroblotted was freated wuh

@

100 mi of 0.2 M NaOH for 20 minutes. The' gel was then briefly rlnsed 3 tines
with distilled .water followed by 2 washes in 100 'nl 8x Transfer Buffer (or 10
minutes gach and then two 10 mnutes washes ingkx Transfer Buffer, A prece ‘of
freshly diaz;mzed APT-paper and 4 pieces of chr;:na.mgmphy mpcr»(l\«\}d.‘
Wiaiigan"wePe' cit 1o'ie ize ot Wherel 6 b eleeivoblIsiiad anid:were- somked
in Transfer Buffer for 10 minutes. Tha gel and I)PT~papcr were placed be'iwecn
2 sheg}s cach of chrona!ography paper and was then sandwiched between 2'
layers of Scolch.arne pad (3M Co.). The sandwich was xhen ~plm:ed in an




‘electroblog_ chanber (E-C Apparatus) and transfer carnéd out for more than 6
hours at 4°C. Transfer was ,perrormed at 3.6 volts per cn towards the anode
wnh recu'culanon of the Transfer Buﬂ r. The DPT-paper was thoroughly

washed with - Transfer Buffer * »o' remove. any residual g agarose, prior to

wc~hyhrxdlzérion.' 5
- . E .

m) Pre-hzbrldlzanun i
The, RNA electroblotled cmo DPT-paper was’ p?e-hybndnzed to reduce

.

non-specific  hinding snes.-Pre-hybndlzamn was carried out in a solution

containing freshly deiomized formamide (50%, v/v), ‘5x Mdtified Denhardt's
g

" Solution, 5x SSC,, 100. ug per ml of poly(A), 100 ug per ml of yeast tRNA, SDS
(0.2%, w/v), glycine (1%, w/v) and 25 mM Tris-HCI (pH 7.5). Detonized

formamide was obtained by treating formamide (Ultrapur, Bethesda Research

* Laboratory) with. 0.2 volumes of mn-excﬁange resin (RG 501-X8, Bio-Rad), with

_c[:nsta'm agitation for 1 hour at room temperature. Modified Denhardt's Solution
(1x) contained Ficoll (0.2%, wi/v), powinylpyrmlidone (0.02%, w/v), 5-mM Mops
(pH 7.5) and 1 mM EDTA: SSC (1x) contained 0.15 M NaCl'and 0.3 M tri-sodium
citrate (pH 7.0). The pre-hybrldn‘zanon solution added at 10 =l per 100 cmz blot
arca was sealed in a Super Sealol?ag camammg the Northern blot.
Pruhyhndnzanon was carried out at 42°C nvcrmght, with constant mixing on a

mlamn J

) Hybridization

After pre-hybridization, the RNA in the Northern blots was hybridizd

with ()ZP)-hbvllcd specific plasinid DNA. Hybridization was performed in the

sime solution used for. prc-hgdizanon except that poly(A) ‘and glycine were
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omtted. Labelled plasgid DNA (see sectfon 3 Git) was included at a speqific
actiity of 4 x 106 cpm per ml of hybnduzano';ﬁ solution, Immediately pnol&:o
use, plasvmd DNA was denatured by incubating in 0 2 M NaOH for 15 mmutes at
room (e'ﬂperaxure. The denatured plasmid DNA was neuxrahzed with | vulume of
. lrh Tris-HC1 “(pH 7.5) (oNowed |mned|axely by the addition of dexded
. formamde and thé re'namm'g constituents of the. hybridization solution. The
pre-hybndllanon solmmn in the Super Scalubag was then replaccd with an
equal volume o( the hybndlzanon solution and hybridization carried out al 0°c
' for 48 hours, with constant mixing on a rotator,
Following hybn.dlzatlon, the Northern blot was washed with 5 ch‘aniu‘:s in
200 i of a solution containing 2x SSC and DS (0.L%, w/v) at room temperature
over 100 thiutes! This was followed by 20 .mihute ‘washes n 200 ml of a
solution containing 0.2¢ SSC and SDS (g 1%, w/v) wniil the washes contained less
than 50. cpn of Cerenkov radiation-per 10‘ ml of wash solution.

. ¥ Reprobing Northern Blot R ’ ’

Tl-\e (32P).Labelled DNA probe was renoved from the Northern blot: bolors
subsequem \reprobings of th bISt with other ( P)-lab_ellcd DNA probe§. To
.remsve the old probe, the blof was washed In a soiution canmmng'«‘larr.mm.de
(95%, w/v), 10 mM EDTA, 50 m Trs-HCI (pH 7.5) at 50°C for 60 ;nutes. This
L was f‘olinwe‘d by washing twice in a solution containing 2V§§C’€{d SDS (0.1%,

. [
‘w/v) for 20 minutes:at room tenperature, prigr to pre-hybridization.

3) Plasmid DNA

. 1) Punfication of Plasn DNA « B

-
Plasmidy DNA  was purified ‘according to the procedure described by
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Binboin & Doly (1979). . Bacteria, transformed with various plasmd DNAs
containing specific sequences, were available in the laboratory. A 500 ml
solution of LB medium (125 mM “NaCl, yeast extract (0.5%, w/v) and tryptone
(1%, w/v)) containing the appropriate antibiotic was inoculated with a 5 ml *
aliquot of an overmight culture of bacteria containing the desired plasmid. The
“culture wps grown at 379C with constant sgitation until it reached an opticals
density of 100 Klett units, (approximately 1 x IO8 'bactcria per i)
Amplification of plasmid production was effected by addition of chlora.nphenicol
(500 ul of a 20 mg per ml stock solution 1n Bhagol) and further incubation at
37°C nvermg);! with constant agitanon, |
oy The plasmid DNA amplified l:é:lenal cél(ure Vas har.\'ested by
centrifugation (5Kxg for 5 minutes) and washed once with 25 mi of a'solution
r.:ontam‘mg 10 mM Tns-HCI GH 7.5 and 10 mM EDTA. The bactena were
resuspended in 4 ml of a solution containing 25 mM Trls-HCl‘(pH 7.5), 10 mM
EDTA and 2 g per mi of freshly prepared lysozyme (Boehringer Mannheim), The
* suspension was incubated on ice for 30 minutes and.the bacteria lysed by the
addition of 8:0l of a solution containing 0.2 M NaOH and SDS (1.0%, w/v). After
5 minutes on ice, the lysate was further treated with ‘6 ml of a solution
containing 3 M sodiun acetate (pH 4.8). The reactants were gently mxed and
allowed to stand on ice for 1 hour. Following centrifugation (16Kxg for 30
minutes) at roon temperature,” the plasnid DNA 1 the supernatant was
prﬂ]tared with 2 volumes of ethanol and allowed to stand on ice for | hour.

o The precipitate was recovered by centrifugation (lOKgg\[or 20 minutes) and

resuspended in 10 nl of a solution conlammg 10 aMm Tri

pH"7.5) and 100

_ MM NaCl before the plasimd DNA was precipitated again by the addition of 20

Tl of ethanol and left on ice for 1 hour, The precipitated DNA was recovered
kT wul

.




by centrifugation (10Kxg for 20 minutes) and resuspended in & ml °,‘ a solution
containing 10 mM T'HS-HCI (pH 7.5), 10 mM EDTA and 100 “umts per 'l of
RNase A (pre-botled for 5 minutes, ‘Boehringer Mannheim) and incubated at 7°c
for 1 hour. Following addition of SDS (0.5 volumes of a stock solution, 20%,
w/v), the incubation mixture ‘was extracted with phenol and chloroform as
descnbe& i section ‘G. The aqueous phase thus obtained was 'm\‘de up to a final
volume of 11.5 ml with distilled water followed by xhe‘addn;on of sodium
acetate (0.375 ml of a 4 M stock solution, pH 6.3) and ethanol (16 ml). The DNA
was allowed to precipitate at room temperature for | hour before being
recovered by centrifugation oK x g for 20 .ninutes).

The plasmid DNA was further purified by gel filtration chronatography
on a Biogel A 15-m (Bio-Rad) column in the prescn‘ce 'M a sormmn containing,
03 M a'mno'acera(e. 10 mM Tris-HCI (pH 7.5) and 1" nM~COTAT Fractionis
containing purifid plasmd DNA' (as assayed by agarose-gel electrophoresis,
described below) were pooled and the p]as.:nxd DNA was prccnpnalec{ overnight
at -20°C with 2 volumes of ethanol. Purified plasrmd DNA was recovered by
centrifugation (10Kxg for 20 minutes) and resuspended in a solution containing
10 mM Tnis-HCI (pH 7.5) }and’l mM EDTA. The y:elg_gi' plasmd DNA was
estinated by measuringPabsorbance at 260 - and using the formula:

(ODq0) X 50 = ug DNA per ml. The DNA vas stored at 4°C.

) Electrophorests of DNA
Plasrmd DNA samples were analysed by clectrophoresis in an agarose
(0.8%, w/v) gel. The Gel Buffer contained 40 nM Tris-acetate (pif 7.8), 2 mM
EDTA and 0.2 ug per mlof cthidiun bromde. DNA samples (approxinately 0.5

ug dissolved 1n 10 ul of Gel Buffer) were ‘mxed with 0. volune of a solution

R




contatning glycerol (25%, v/v), hro"v\ephenol blue (0.1%, w/v) and xylene :yan;zi

(0.1%, wiv). Electrophoresis was carried out towards the anode at a potential of
5 volts per cm for 90 minutes. The gel was photogtaphed with an MP-4 Polaroid
Land camera fitted with a Wratten #42 filter using ultraviolet transillumination.

1ii) Nick Translation

The plasmid DNA contamning specific sequences was labelled with
(._L P)-dCTP (3000 Ci1 per mnol, Amersham) to obtam greater than lD cpm
per ug DNA by nick-translation (Rigby, Dieckman, Rhodes & Berg, 1977).
Nick-translation, using kn: obtained from Amersham, was performed according
to the manufacturer’s instritions. The (ZP)-labelled DNA was separated from
tite unnncqrpo?ﬂed radioactive material by gel filtration on a Sephadex G-30

column.
Y L

K) Autoradiography

After washing “and drymg, the radmactwe blot was wrapped i Saran

Wrap and exposed to Kodak X-Omak XAR-3 film in the presence of a Cronex
Lightning Plus screen (DuPont). Exposure was for a suitable, length of  time in a
light-tight film holder at -70°C. The ‘exposed filn bas developed for 5 minutes
with Kodak GBX developer followed by a brief rinse in waler. The film was
further- tjeated with Kodak GBX fixer for 5 minutes and rinsed in water for 20
. rn.nut;d:(ore drying. "
- Qugntitation of specific mRNA on the Northern blot was achieved by

integrating the area under the curve obtained from densitometric scans of the

autoradiograms. Quantitation was done within the linear range of densitonetric



=
response to the radioactivity on the blot.
~
L) Miscellaneous
Glassware used for work viJ(h RNA and DNA was baked at 190°C
overnight before use to eliminate possible traces of RNase. All disposable

gl was sili by .with a ‘solution containing

dimethyldichlorosilane (2%, w/v) "in trichloroethane before baking. All

plasti: used was di ble &nd was { d to be RNase free. All
solutions =were passed through a sterile 0.45 mcron fhiter or otherwise
autoclaved. Water was glass distilled from demineralized water dad autoclaved
before use. Other materials such as rubber ‘'policenan' and polycarbonate
ultracentrifuge tubes were treated with a solution contaming 1M NaOH-for .}

minute and rinsed with autoclaved water before use,

M) Enzynes :
The following enzymes were used in these e&nmems:
Lysozy.ne EC 3.2.1.17 (Boehringer Mannheim)

Proteass K EC 314 (Sigma Chemicals)
RNase A EC 3.1.21.4 (Boehringer Mannheim) .~ '

e
Trypsin EC 3.4.21.4 (Flow Laboratories) ~

N) Abbreviations

Units used in the text are Standard lnlema'nori.ll (S1) umits,

alpha-MEM: Minimum Essential Medjum, Eagles (alpha modification)

APT: o-Aminophenylthioether
.
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cpmi ra‘dmacnve counts per mindte
N DHA: Deoxyribonucleic acid ‘
DPT: Islazuphenyllhioether
e O 'EDTA: Ethylenedianine tetrascetic acid
Hepese’N:Z-Hydmxyethylpiperézine-N'-Z-ethane sulfanic acid
HPRI: Human Placental Ribonuclease Inhibitor

". N .

+ Instde diameter

Kxg: centrifugal force in unts of grawity tines one thousand
LB: Luria-Bertani . ot 5T
<" MHC: Myosin Heavy Chain
’ -iAups: Morpholinopropanesulfonic acid'
‘ L mRNA: Messengen RNA . . i
‘NBD: 7~Nnmher}z}Z-oxa—l,l-diazéle

/ 0!)“"“: optical density - at 'nnn' nanameters wave length

oligo(dT): ol ymidylic acid (approxi y 15 units long)

poly(A);, Polyadenylic acid (greater than 200 units long)

PBS:,Phosphate Buffered Saline

Pipes: Piperazine-N,N'-! is (2-ethane-suifonic acid)
PVS: Polyvinylsulfate
_ yviny ) . -
. RNA: Ribonucleic acid

rp L32 Ribosomal protein 132
* SDS: Sodium dodecyl sulfate
SSC: Saline Sodium Citrate Solution  *

Tns or Tris base: Tris(hydroxyie thyl)aminoethane
: ; ’ g

BT

-~ - tRNA: Transfer RNA L

v/vi indicates volume by volume ratio



w/v: indicates weight by volume ratio

B '
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CHAPTER THREE

Results ) N

A) Cell Fractionation

Extraction conditions employed m separate cells into ‘soluble and®==
' cyluskele(al !racnons have varied accurdmg to the cell type under study (van
Venrooij et al, 1981; Le'meux & Beaud, 1982; Zumbe, Slahh & Trachsel, 1982;
Fey et al.,/1984; Howe & Hershey, 1986 i Bonneau et al., 1985). The differences

in the extraction conditions lie mainly in the d‘mice of salt and .Triton X-100

concentrations 1n addition to the time of i Cy pi
of vartous cell types have been characterized as that fraction containing the
bulk of the cellular polysomes. Consequently, using the L6 cell line as the model

system, conditi were developed which resulted in polysomes bein;
B

largely ed with the cy . & cultures of L6 cells were e

extracted with a lysis Luffer,contaming 0.1% v/ Triton X-100 and 10 mM KCl I

/
to obtain the soluble fraction, The with the cy
. ~

fraction were then obtained by further treatmeny with buffer containing

(NH,‘)2SOA. The components of the soluble and cytoske‘l‘ermm

further separated by differential centrifugation to yield nbosomal and
'-post-nbas'omal material., As shown in Table 3-1, analysis of ribosomal material

obtained from the soluble and cyte fractions of my reveals that

under these extraction.conditions 85% ‘ol nbosorn‘al RNA was present in the
cytoskeletal fraction. ‘

The distribution of macromolecules Btween the soluble and cytoskeletal
fractions was determined. This was acmevefi by examining the incorporation’ of

labelled precursors into acid insoluble matertal obtained fron the two
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Table 3-1. Vs
Percent Distribution othA and Protein in Subcellular Fractions of L6
Myoblasts. i

Cells labelled overmight w“"UCI per ml (EH)undm.- (46 Ci per mmol)

and 5 uCi per ml (”S)methmmne (800 Ci1 per mmol) were separated into soluble

and cytoskeletal fractions. Nuclei were r;wved‘ and percent acid insoluble

5 L~
“ counts n post-nuclear supernatant of each fraction was estimated. Estination
.

of phenol form extracted ribosomal RNA (absorbance 'ar\m nm) was

performed after separation of Soluble and cymskeleﬁ( fractions nto ribosonal

and post-ribosomal material. + indicates the range of vanation within three

independent experiments.

S Fraction Total RNA Total protein Ribosomal RNA
Soluble 9+ 1 241 154 1
Cytoskeletal 91+ | 784+ 1 . 854 1

~
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e

. cympl;srmc fractions. L6 myoblasts were labelled overnight with ( Curidine and

(Jsﬁ{nethmmne and processed to obtain soluble and cytoskeletal fractions. The
Iracnons\ were further centrifuged (2.5Kxg for 5 minutes) to remove nuclei,

Aliquots of the post-nuclear qunatams then were €xamined for incorporation

of .radioactivity into acid insoluble material, Table 3-1 shows that 22% of *

cellular protein and 9% of total RNA was present in the soluble fraction. These
latter values were lower lhan that obtained in other systems and suggest that
differences in the cytoa?chnccture play a mle‘n‘n this type of cell lracnonaﬁon.
s
B) Polysome Profiles of Soluble and Cytoskeletal Fractions

abtaned from LA Myoblasts
To_establish the distribution of Tibosomes iﬁ th@ soluble and cytoskeletal

fractions, the ‘(nllowmg experiments were perfdrmed. Myoblasts labelled

“overnight | with (3H)undme were separated into Soluble and cytoskeletal

compartments. The post-nuclear supernatant (as obtained above) was centrifuged
through a 15-40% sucrose density gradient to separate monosomes and polysones

From the radioactivity profiles obtained Io{ the two fractions as illustrated in

Figure 3-1, it is evident that theb ribosomed in the soluble fraction were

primarily present in the form of -nonbsomes while in the cytoskeletal fraction
they were present in the form of both monosones and polysomes. These results
supporf the observations of other investigations that polysoines are prinarily

present in-the cytoskeletal fraction as has been noted in various cell types.

Pey
C) Association \of Polysomal and Free mRNPs' with the

f Cytod®®al Franework
e

The observation that polysmxe’s ares largely present in the cytoskeletal

.
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Figure 3-1. = g 5 ¥ .(

Distribution of Monosones and Polysomes ‘Tsolated from Soluble and
Cytcdtele%ﬁncﬂons of Mﬁht&

were ight (16 hours) with 5 uCr per ml

“Churidine (4 Ci pér mmol). After extraction of soluble and cytoske letal
Iracn;ms, equal jvolumes of each were applied to a 15-40% linear sucrose
gradlem and centrifuged at 40K rpm Ior 120 minutes in_ a Beck'nan 'SW hl‘\
rotor at 4 C. The gradients were fracunl\ated and radioactivity m each fraction

.measured and plotted against fraction umber,

B soluble fraction

®  cytoskeletal fraction

- : A
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fraction still leaves ‘unanswered the question of the nature ot this association,
To determine whether association of polysomes  with the cyxoskelelon was

a
thxough. the mRNA or nbosomes, the cyloskeletal fraction from both” myoblas& - !

“and ut was and d by differential centrjfugation into, -

polysomes and free’ mRNPs. Poly(A)-containing RNA was 1solated from each of B Y a0

these fractions by oligo(dT)-cellulose chromatography and electrop d ina

" .2% agarose gel. The ‘RNA was then electroblotted onto DPT-paper and the

/’ebultmg Northern blot was analysed for the presence of\specific mRNAs such

# dlfferennanonf\bscle 1fic genes are expressed resulting in the production

as ribosomal protein (rp) L32, actin, histone H4 (A+) and myosin heavy cha;n
(MHC). The results obtained (Figure 3-2) indicated (hat n addition to being ":\’

present as polyso'nal mRNPS MRNAS for rp L32, @ctin and histone H4 (A+) were - - '
also present as free mRNPs on thﬁy(o_skeletun. This observation suggests® that v
the nbosorme is not .a requisite “+for the association of 'PRNA with the
cytoskeleton but rith'ér,’mRbiPl\ (in" the fol:m of mRNPs) may itself ass.ocxale ‘wm_l

. A % 5
the cytoskeleton. ! - oS % e %

D) Analysis of Poly(A)-containing RNA “
Evidence .from s(udxes conduct®d in Eo(h HelLa cells and human 55 cells
suggests thal the cy(oskelelal framework may have a rol§ m'\segregalmg

specific mRNAs, The L6 myoblast cell lme is a muscle cell hne which can be

induced to differentiate in vitro. Prjor to {usmi and differentiation muscle s

L
synthesize amongst other proteins, nonmuscle beta- and‘gamma- actins. Upon B

of mRNA for ‘alpha-actin and MHC besides mRNAs for other muscle specific

proteins (Devlm & Emerson. 1979; Shani, Zevm-Sonkm, Saxel, Carmon, Katcoll.

Nudel & Yaﬂe, 1981 Caravam, Minty, Robert, Montarras, Weydert, Cohen,




Elguk 3-2. ‘ 1 % \i

B +  Northern Blot Analysts of Poly(A)—contalmng RNA * from (A) Polysomal
~ _.and (B) Free .mRNPs Isolated from the Soluble and Cytoskeletal
Fractions. . T, d o e
v, L N ‘ :
< ‘

« Poly(A)-containing RNA obtained -from variols subcellular .lracuons was

v size fractionated in a 1.2% agarose gel and ejectroblotted onto DBT -paper., The .
5 @ Northern blot was hybridized with (”p).uhelled,mcn-nans;arqnm probes for
rp L32, actin, histone H4' and MHC respectively and subjected to
autoradiography. The results. mprésent mui{nplé reprobings of the same samples.
MB -cpnrrof mycblasls,- MB-CB -myohlasts lrea;ed with 5-ug per ml cytochalasin |
B, MT -2 day myatubes, S -solable, c'%'y:osié;letal. Amounts of RNA layered in * -
“ " each lane (ug)' Polysomal HPRNIPS: MB/S 1.04, MBlC 5.08, MB-CB/S 0.95,
v MB-CB/C 5.23, MT/S 0.98, MT/C 5.05. Free mRNSS MB/S 0.62, MB/C 1.92,

MB-CB/S 1.04, MB-CB/C 2.00, MT/S 0.49, MT/C 169, ¥

\b ) w B gn oo
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. P .
Daubas & Ruckingham, 1982). In addiffen, 1t is known that mRNAS for rp L32

(Jacobs et al.,, 1985) and histone H4 (A+) (Bird, Jacobs, Stein, Stein & Sells,

1985) are present in both and To test the is that
. Le)
the cytoskeletal framework plays-a role in mRNAs in dif

L6 rat myobiasts, poly(A)-containing RNA isolated from the various subcellular
fRetionsiee myoblasts and myotubes* was agalysed for these specific mRNAs.
'Poly(A)—contammg'&w\{a: prepared from polyso.vnal and ﬂ:ee'mRNP N
populations of both cytoplasmic fractions from myoblasts and myotubes. As
shown n Table 3-2, approximately 0% of poly(A):containing RNA was presént

in the cytoskeletal fractions of both myoblasts and myotubes. The—soluble

fraction, however, has as low as 5-30% poly(A)-containing RNA most of which

was present as p MRNPs in and d uniformly between

polysomal and free mRNPs in myotubes. .

__Known. .quantities of poly(A)-containg RNA were subjected %o
electrophoresis in a 1.2% agarose gel. After transferring the RNA onto
DPT-paper, the Northern blot was probed individually with (2P)-labelied

nick-translated plasmid.DNAs for .rp L32, actin, histone H4 and MHC and

! autoradiographed as shown in Figure 3-2. The auforadiogram obtained with each ~

probe ws g htitated by scanning d y and the percent distribution of
each mRNA ‘species in the vér:cug subcellular fractions ~ was determined.
Quantitation was done‘ within the hnear.rjngc of densntorne{ric response to the
radioactivity on the blot (Figure 3-3). Amounts of RNA analysed from free
mRNPs ‘of the soluble fractions (Figure 3-2) are towards the lower Limits of
.detection by densitometric scanﬁmg of autoradiogra:ns (Figure 3-3). This could
give nise to discrepancies in él@p]gjlm o(’_xhe final pérc;nt distribution of
specific mRNAs in the val

¥ i .

. v S 3

U . Ty i 4

;usubcellular fracti¥ns. This discrepancy can be




Table 3-2. &
Percent iflition of Poly(A)-c ing RNA in Fractions
’ . g
_of Myoblasts and Myotubes. '

Soluble and cytoskeletal fractions were obtained from control myoblasts
(MB), myoblasts treated with 5 ug per ml of cytochalasin B (MB-CB) and 2-day

myotubes (MT). Following removal ‘of nuclei, the post-nuclear supernatant was:

“subjected to differential centrifugation thereby obtaimng polysonal and free

mRNP material. RNA from these fractions was phenol-thloroforn ‘extracted and

subjected to oligo(dT)-cellulose chronatography to obtain poly(A)-containing

RNA . RNA was estimated by measuring absorbance at 260 nn. Values obtained
are from two independent experiments. .i indicates the range of variation within

the experiments.

*Subcellular Fraction ' bution
N
M8 Mt
Polysonal Soluble * . 47409  7.60 04 27+ 0.1
Cytoskeletal 78.2¢ 0.9 712+ 2.0 8.4+ 0.6
Free Soluble L 25004 33404 294 0.1
Cytoskeletal 1464 0.5 18.24 2.7 1014 0.6
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Figure 3-3.
Scanning Densitometry of Non‘hern Blots:
. .
lncrea.ng amounts ;>l poly(A){cntaining RNA isolated from myoblasts
(for rp £32) and myotubes (for alpha-actin) were electrophoresed ina l.2%
agarose gel. ;w; electroblotting pn}o DPT-paper and hybridizggion with

(32

respective (°2P)-labelled nick-translated probes, they were, shbjected to

The di were then quantitated by scanning
densitometry and arbitrary units of response were plgued against amount (ug) of
RNA analysed.

-

O rpL32
® a_lm—u\cun
-
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overcome, however, by analysing th‘e same set of ‘RNA samples for various
specific mﬁNAs as was dore in this inyestigation. In the light of this argument,
values obtained in Table 3-3 give us -a comparative estimate of the distribution
pattern for each of these mRNA species in the various subcellular fractions.
- :
) Distribution of Specific mRNAs in Myoblasts : .
Northern blot analyses (Figure 3-2) of p;lysgmal mRNAs performed for rp
L32, actin and histone H4 (A+) reveals that in myoblasts, these specific mMRNAs

: 5 . - S "
were restricted to the cytoskeletal fraction. Alth/cugh the soluble fraction

contained 15% of ribosomal RNA (Table 3-1) and 5-10% of poly(AMcontaining

RNA (Table 3-2), the levels of each of these specific mRNAs was negligible
(Table 3-3. Northern blots were analysed also to establish whether the

distribution pattern of specific mRNAs, was similar between the palysomal and

free mRNP of both ytop ic fractions. It is evident from Figure
3-2 that while mRNAs for rp L32 and histone Hé (A+) werg present on the

Y both as poly and free mRNPs, that: for

gamma-actin was present primarily in polysomal arrays=+A quantitative analyses
of these data presented in Table 3-3 indicates that the Jevels of the mRNAS

specific for rp L32 and histone H4 (A+) as free mRNPs were approximately

%

10-20% while gamma-actin .was not detectable in this population of mRNPs.

Interestingly, further examination of the free mRNP population (Figure 3-2,
lower panil) reveals that those containing histone H4 (Av) mRNA were present
bnly in the cytoskeletal fraction while rp.LJZ specmc mRNPs were present in

bntr‘| fractions albeit in smaller amounts in the soluble’ fraction (Table 3-3).
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Table 3-3.
Percent Distribution of Specific mRNAs in Subcellular Fractjons of
Myoblasts and Myotubes. ’ N

Poly(A)-containing R'NA from various subcellular fractions of: control

myoblasts (MB), myoblasts treated with 5 ug per mi cytochalasin B (MRB-CB) and

7<;ay es  (MT)  was d in a L2 %'agamse’gcl and
electroblotted onto DPT-paper. The blot was hybridized with (JZP)—lah;alled
nick-translated DNA probes for rp L32, actin, histone H4 and MHC respectively.
Following autoradiography (Figure 3-2), the autoradiogra ns were quantitated by
scanning densn’ometry. Values have been obtained from two independent

experiments and the range of variation has been given as +.
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Table 3-3. 7 i
'
mRNA Fraction O Percent Distribution *
) we ' wecB ur
rp  Polysomal Soluble 0.3+ 0.3 0.6+ 0.6 - 0.2+ 0.
L32 Cytosk.  78.049.0 - " 61.0+ 9.0 65.0+ 3.2
Free mRNP Soluble 2.1+ 1.7 18s 33 » 175 0.2
. Cytosk.  19.0+ 6.6 340+ 5.3 33.08 3.4
“H4  Polysomal Soluble 0 0 0
(a9 Cytosk. 90.0_;_ 1.0 820+ 0.5 89.04 2.1
Free mRNP Soluble 0 0 0
. é‘(;sk. 100+ 10 18’.01 0.5 11,0+ 2.1
MHC  Polysomal Soluble 0 0 0
Cytosk. 0 0 100+ 0
Free mRNP Soluble 0 0 0
Cytosk. = 0 0~ ~0
Actins xﬂm_a-‘ amma- amma- amma-
Polysomal Soluble 0,55 0.5 1.2+ 1.2 0 0.2¢ 0
Cytosk.  99.0+ 1.0 970+ 1.0 19.0¢ 3.0 750+ 6'.7_
“Free mRNP Soluble 0 0 0 0.140
Cytosk,  0.5405  0.6:0.6  0.5:02. " 5ls09
et § .




F) Distribution of Specific mRNAs in Myotubes

;

~
‘An of the p mRNPs from  reveals that as

n 'nyoblasts, polysomes mntammg 'uR‘lAs for rp L32, histone H4 (A+), muscle
specific alpha-actin and MHC were found n the" cytoskeletal fraction (Figure
3-2 and Table 3-3). The level of polysomes containing w—acun specific
mRN{ however, dropped in dnﬂerennaled myotubes. This was accompanied by
the appearance of p;ly;cnal alpha-actin and MHC mRNA in the cytoskeletal
Irac!mn which is, in accordance wi'th the events of muscle differentiation in
which muscle specific mRNAs for actin and MHC are transcribed and those for
ﬁon-muscle actin becoine less prominent. . .

The distribution of mRNAs for rp L32 and histone H4 (A+) 1solated from
free mRNPs of either Cytoplasmic fractions was smilar m both ‘yoblasts and
myotubes. mRNPs for gamta- and alpha-actins and MHC, however, behaged
differently. mRNA for gamma-actin was not detéctable m free mRNPs kn
myotubes while at least 5% of the 'mRNA for a! _lm—acnn was present as free

TRNPs. (Tgble 3-3). Smnlar]y, MHC mRNA was ot delecled n free mRNP

population of either cy: fractions of s and b
B . R
. . N : . .
" G) Cytoskeletal Element Involved in Anchoring TRNP$ and

Polysornes.

Analysis of the two cytoplasmic fractions from myoblasts has revealed

“that both polysomal. -and free mRNP conplexes were__us'socnaled with the

_— l
cytoskeletal framework, To determinc whether polysoncs and/or free mRNPs

were associated with the ‘microfilaments, L6 myoblasts were incubafed with

cy(uc}]aiasln B to disrupt microfilaménts. To ascertain the levels of cytochalasin

B necessary to disrupt these filaments, ‘myoblasts were treated. with increasing
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i - v
cuncenlrallon)s of the drug and its effect on microfilament integrity was

observed. Cell morphology and integrity were evaluated using_ both phase

contrast {anure 3-4) and fluorescent microscopy (Figure 3- following
NBD-phallacidin staining (Barak, Yocum, Nothnagel & . Webb, %).’Cnnzrol
myoblas(’s» appeared as well s|;read out spindle shaped cells- when viewed under
phase contrast optics. As She cfmcemra!ioq of. the drug was incr.eQZed, greater
numbers of cells -lost their spindle shaped‘appelarance.and began (t; collapse,
losing the ng:dny. of their stress fibres (Figure 3-4). In control cells (Figure
3-5) the microfilaments were seen as well stacked, intact Iong|‘rud|nal filaments
stretched across the length of ‘t'he 3511. Following treatment .with 1 ug per nl
cytochalasin B, the migrofilaments' were disrupted and ;ggregates stained with
NBD-phallactdin 'wer? seen !hrohghout the cell. Disruption of microfilaments
increased progressively, ‘until at 5 ug pg ml of cytochalasin B, the cells

p y. Under these , i (Figure 3-5), the microfilaments

psed ¢
were'cox:pletely dissociated and were not stainable as well defined filaments by

NBD-phallacidin,

‘If polysomes and mRNPs were ass ed with the micr fients’,

disruption of microfilaments might be expected to result in. their ;'elease into
the soiuhle fraction. To den.;r'mne whether depolynierization of thesé filaments
resulted in. movement of polysomes and specific mRI;J)\s into the soluble
fraction, polysones were isolated fromn t}\e two cytoplasmic fractions following
lre‘at-nent of myoblasts \;mh cytochalasin B for 30 ‘minutgs. Analysis of the
 ribosomiY RNA extracted (Table 3-4) demonstrated that less than a 5%

polysonal material from the cytoskeletal to the soluble fraction

occured even after incubation with 5 ug per ml cytochalasin B (Figure 3-5).

% Northern blot analyses were performed to assess whether 's'pecnhc

. e



Figure 3-4.

Phase Contrast Microscopy of L6 Myoblasts.

Cells grown on tissue culture chamber shides were treated with different
. concentrations of cytochalasin B and viewed under phase contrast optics. Shdes

were scored for number of cells that were:

®  .ntact and well spread out
- cells partially collapsed

A cells conpletely collapsed
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Figure 3-5.

Direct Fluorescent Staining of L6 Myoblasts with NBD-phallacidin.

Myoblasts grown on tissue culture chamber slides were treated with
. AN

{2

“

different concentrations of cytochalasin B and stained u}uih NBD—pIFlIamZm. N\

(x800)
a-
b-
c-
~

no cytochalasin B ‘-~ i

.

myobjasts treated with 1 ug per ml cytochalasin B for 30 minutes

nyoblasts treated with 5 ug per ml cytochalasin B for 30 ‘minutes

A\ J







Table 3-4. ;
of smal RNA 1n the two ./
e

v Cy i -'-fxﬂ
% . & -

-, Effect of Cy in B on

[

Myoblasts were treated with different concentrations of cytochalasin "R
- for 30 mnutes-and separated into soluble and cytoSkelotal fractions. RNA was ’
. ’ " extracted from polysomal material obtdined after differeritial centrifugation of *
the two cy and 21,260 nn. Values have
 been obtained from three independent experiments and.the range of variatioh
5 .has been‘given as +. -
. - P} Ty L
P : Cytochalasin B °7 ' Percent RNA in ’ i
: (ug_per ml) soluble fraction
. . =T
[ I : 14,865 0.12
~ =y X 15,965 8,45
< . ey T 1778 5,08
. o st v 2023 484
. ’ # * {
. # » ‘ C e ! *
/ . Sy g f P \ .
g s -
‘ " ] ; .
. . .. = i
. . :
. i ) 2
. ) - AN
¢ ” ™ .
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p&;ly(/\)—comammg mRNAs (rp L32, gamma-actin and histone H4 (A+) isolated
fron  polysomal or R g T —
Cytochalasin B treatment of .'v\yob!asts failed to release these mRNAs into the.
soluble compartment (Figure 3-:2 and Table 3-3). These results suggest, that in
fs myoblasts neither polysones nor free mRNPs were associated with the

‘nicrofilaments. . .

H) Effect of Cytochalasin B on Macromolecular Sytheses
-

Results tn_the previous' section de?qonslrated that cytochalasin B did not
alter’ the cytoplasmic distribution of, rbosomes or MRNPs. Experiments were

T designed to determine, however, whether - disruptiom of microfilaments by this

drug affected either RNA or protein synthesis. Myoblasts were incubated with 5
uCt per ml (JH)uridine or 10 uCi per ml (BH)Iysin_e and treated with 5 ug per ml
cytochalasin B for various time periods. Examinau:m of radma:(ivny in acd
B insoluble material dc'nuns.grated (l;;gure 3-6) that at 5 ug per ml cytochalasin B,
incorporation of labelled uridine into RNA  vas nhibited by approximately 70%
N To assess whether this inhibition resulted from a block in RNA synthesis or Iron
\ .redilced uptake of ( H)u}dme, the level of precursor uridine in acid soluble pool

% was measured. The results obtained d that cytochalagh B treated

. )

cells conlamed only 30% of the labelled uridine found in contrgl cells suggesting
wmon was not at the k'ol RNA synthesis jor processm]

but rather at the
Jevel of precursur uptake. Pag]lel experinents measuring the effect of

~ 3
T B cytochalasin B on protein synthesis -(anure 3-7) *demonstrated that “the

incorporation of (H)lysme into protcm is mhibited to only 18%. Uplake of

( H)Iysme, however, was not dlfected by cytochalasin B ‘treatments '

¢ To establish whether the ef fect ohcytcchalasm B on the uplake of v I

. " %




. 62
) ~ )
\ .
\ ..
/
R ”
A
Figure 3-6. ’ v
Effect of 5 ug per ml Cytochalasin B on ln}h[gora!inn “of Labelled, y'
Uridine into Acid Soluble and Insoluble Material. . 2,

L :
Myoblaits were incubated with 5 uCi per ml (CH)uridine (86 Ci per -amol)

with or without cytochalasin B. After various times of incubation, duplicate
]
samples were analysed for radinacnvll; incorporated into acid ;soluble and

»
insoluble naterial. All points represent mean of two experiments.
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Figure 3-7. )
Effect of 5 ug per ml Cytochalasin B on Incérporation of Labelled Lysine

into Acid Soluble and Insoluble Material. .

Ttyoblasts were mcubated with 10 uCi per i Chllysine (100 C1 per+
mmol)’.wuh or without cytochalasin B. After various trmes of incubation,
‘dupllcale smﬁles were analysed for mdl‘oa{ﬂ\ﬂ& incorporated into acid solpble
and insoluble material. All points represent mean of two experiments. -

L
& acid solible = = s =

o acid insoluble
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recursor was reversible, myoblasts were treated with 5 ug per ml of
) .
cytochalasin B for 30 minutes and allowed to recover in Growth Medium for

* ‘varying. Jengths of time following which uptake of labelled precurSor was

% .
Figure 3-8 that the ability to transport uridine to levels
comparable with control cells was achieved within 15 minutes. The observation -

that the effects of cytochalasin B were rapidly reversible lends credence. to “the’

use of this

ug in. such studies. 2




experients.

Figure 3-3. W 2
Reéovery of L& Myobilasts from the Effects of Cytochalasin B.

. Myol;lasts treated with 5-ug per :nl cytochalasin B for 30 minutes were
rmsﬁ- gwn:e' in Growth Medium and allowed to recover jn Growth Mediun for
\;arymg periods o.l' time. They were then” labelled with 5 uCi per ml (3H)uridine
(46 C1 per mmol) for 16 minutes and radioactivity in acid soluble material vas

measured. Each pomf represents duplicate samples of two independent

” S
. N
L] control cells .
Kel cells recovered from the effects of cytochalasin B P =
. { -
L
I .
’ ’
’
2 ’ ’
L4 1 \ "
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> Discussion s
Concepts of cellular organization have evolved over the years from the
cytoplasm viewed as a formless ni;dxum to one which 1s highly organized at all
levels. Imprayed biochemical and ultrastructural methods have helped in
v resolving the cymplasm‘as _a compleX organization of macromolecules. Evidence
A ‘suggests that elements as diverse as water (Pars;gian & Rau, 1984), organic
N molecules (Mastro & Keith, 193“): proteins (Masters, 1984 ‘; Paine, 1984) and
organelles (Satir, 1984) are highly organized within the cytgplasm. Furthermore,

. as part of this spatial and !unf:nonal organization within the cytoplasm, (s also ‘

the ation of a specific i of and nRNA with the

cytoplasmic matri: oflucyloskeletal framework.
The presenl mvesnga'non was undertaken with a view to examine the

role of the cytuskeleul (u(meworll'm protein synthesis, in d.ﬂerenuaung L6 rat

are) a spindle shaped cells and undergo cell

Upon dif. i they s(op“ - fuse lolfor-n

syncytial myotubes. Accuhénymg the onset of differentiationis the EXPYESSIOTI‘
of a set of muscle specific genes. Such a system offers an opportunity to

investigate the metabolism of specific TRNAs in two different metabolic and

; Y physiological stages of the same cell Ime.

i ' " Based on ultrastructural analyses of several cell types it 15 believed that
, K are largely £« with the , k I framework (Lenk et al.,
1_/' 1977; WolosewicR & Porter, 1979 ; van Venrooij et al., 981, In extrapolating

* such observations) to in vitro studies involving the cytoskeletal framework, '

. i i have been ped which result in the polysones being




attached :o the cytoskeletal framework. Ewmploying appropriate extraction
conditions for the L6 cell line also results m a preparation’in which ‘the
ribosomes are ;rgely present in the qytoskeletal fraction where they exist
primarily as polysomes ‘(Figure 3-1). The nbosorries in the soluble fraction on the
othér hand are primarily monomers and constitute approximately 15% of total
cellular nbosomal material (Table 3-1). The soluble fraction contains 22% of the
cellular protein and 9% of the total-RNA (Table 3-1). The proteinscontent of
the soluble fraction from L6 myoblasts 1s much lower than that obsefved for
other systems such as Hela.cells and African green monkey kidney cells where
more’ than 60% of the cellular protein 1s soluihized. This “difference could
reflect differences in the internal organization of the cytoplasm in different
cell types. ’

Several hypotheses have been presented regarding . the molecular
mechanisms lm!(mg polysomes to the cy_(oskel‘emn. Although attachnent to the

cytoskeletal frangwork is not fully understood, evidence fron other reports as

well as the present findings suggest that polysomes are associated with the

framework through the TRNA and not through the ribosomes. This conclusion
was drawn from the results (Figure 3-2 and Table 3-3) which demonstrated that
free MRNPs containing specific mRNA's were associated with the cytoskeleton.

Given the observation that free TRNPs were found in both Cytoplasrnic

fractions, NMRNPs might not .associate with thé cytoskeletal framework by,

thenselves but rather through the transient nteragtions between the
translational factors and the cytoskeletal frarnework. Translational factors such

as elF -2, elF -3, elF-4A, elF-48 and cap binding proteins are k-rwu ‘to function

Howe &

in the formation of the 40S ntermediary co.nplex (Vlgj{ave,— m&
Hershey (1984) demonstrated that there 1s a  selective enrichment  of
- I g

= ? . .
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should be assocuted wnh the cytoskeletal (r.mework only n the nyobhsts. -

translational factors such as elF-2, elF-3, elF-4A and elF-4B 1n the cytoskeletal

fraction of Hela cells. Furthermare,\xng) results suggest that ribosomes

'assoquau with the Cytoskeleton only after having initiated protein’synthesis. It

is therefore quite - possible. that, mRNP ganpleu§ on the cytoskeleton may

represent either imnaﬂon_ complexes or ‘run off' 'nRNA's from .- jolysomal
|ranslalwnal cnrnplexes. -

In a differentiating systen such as the L6 cell line, by using various

inhibitors é_l- prdk_em synthesis, ‘the events leading 5~ the association of specific .

MRNAs and nbosomes with the cytoskeleton, and the stebs |nvolv‘ed in
didsociation of spectfic RRNAS from the cytoskeleton could be analysed. In
addition, the specificity of interaction of protein synthesis m'manon factors
during these processes can be delineated. An a:;_zlysls of the protein co!m;men(s
of mRNP"co-npleusA in both soluble. and’ cytoskeletal fractions coudd provide

some insight into the nature of these interactions.

of '«:-d ny into syncyual mynlubés
involves the expression of a “set. of :mlscle specnhc genes leading to the

synthesis of new mRI:As and xhenr corresponding proteins. An association of

translatsble MRNAs Gie in poly with the cytosk am has been

. a F
demonstrated in both Hela cells (Cervera et al, 1981) and human KB cells (van
Venrool] et al., 1981) where upon viral infection, hosiTARNAS are released from

the cyln’skeletaljuvnework followed by the attachnent of viral specifﬁ! MRNAS

to .this framework, As a corollary, newly syntl\eslzc& nuscle  specific mRNAS '

involved in protein synthesis w\ould be expected to appeir on the cytoskeletal

lu.ne\vark of :hyolubes. Furthermore, MRNA species whxth are nyoblast s{xc:hc .

Northern hbt analyses of specific TRNAs from the ‘two cytoplasmic lucuons'
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has revealed ?l mMRNAs for rp LJZ and histone H& (A4) are largely assocmled

with polysomnes on the cytosk n bolh and In the<case

“of mRNA for actin, however, the distribution is differént. Whercas nonmnck

gammasctin RNA vas found n the cytoskeleton of myoblasts, it was found at

reduced leve ls, with the

of mRNA for alpha-actin m

(1
the cimskélenm of myotubes. Similarly, mRNA for MHC was found only in lh'c
i -~

cy of myotubes and ml?
& » - 3 g
Northem blot analyses of/the abovg\ms'also revealed dif ferences n

the compartmgtalization of these MRNAs. Whig RNAs for rp L32 and'hrmnp’

H4 (A+) were present in bolh polysu'nal and lrec MRNP conpar(mnlsm

* nyoblasls and myotubes, the dlsmb\mon of ,:ucuq nRNr\s and \nﬂc :nRNA Ms ‘.

quite differ - S—

in .nyoblasts. (Figure 3-2 and Table 3-3). In contrast, nRNA for wmuscle specilic

alpha-actin was present in both poljsomal and free mRNPs " ‘nyotubes:
Furthermore, TRNA for MHC which was absent from myoblasts was present only
a3-polysomal mRNP in myotubes. Finally, of the messages exa-nined, only’mRNA

for rp.\LJZ was found as free :nRYPs in the soluble fraction albeit in véry small

anounts (Table 3-3). It can b: concluded from these observations that the high
demand fgg muscle specific proteins following differentiation is reflected in the

presence of these spec‘:hc mRNAs'm ‘pclyao-nes attached to the .&msk’em'on.

G '
Possible candidates for the WR‘JP /bmdmg ronsmuenrs n! 'lhl' .

ytoskel are f . buks and xmer*nudme hlanenu.

lnvesngalmns n dmeren( cell lypes have revealed this —mwanun to be
specific to the cell type under study. In HeLa rclls. disruption of mrrohla»nenu
with cy(ochahsm B result* in the novenent ol nRNA, polysones .md

translational factors ‘into the soluble (raction (Lank et al., 1977 3 Howe k

g
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Hershey, 1934) their iation with the -mcr In contrast,

the cap bim{:gv protein_which is involved in initiation complex formation was

localized on the intermediate filameht'in baby hamster kidney cells (Zumbe et
N s 5 -

al.,“1982). In the case of Ascidian .eggs, Jeffery (1986) has reported that

. ¢
Egsug:ahon of actin and histone specific mMRNA with the cytoskeleton was _

independent of*the integrity of microfilaments; Thus there appears to be ‘lack ‘o
uniférmity amoffg various cell types with regard to the CytoskeleYal comppnent.
\ 5
responsible for MRNP attachnent. Currently, fhe number of*nRNAs agd their’
¢ ¥ .

Conpartnentalization related to the cytoskeleton, that havebeen studied, is

" % . . (I
tlimnéd.” Furthes; &{f:;lh a larger variety of messages is required before.
firm conclusions can be Made In this areas .

o

'Resuhs obtamed in, the present mvestlganon revealed that dnsrupuon of

rohla'm:ms with cytochalasin B did not result jn relese, oPribosones (Table
3-4), poly(M'conxammg RNA (Table 3-2) or spccmc mRNAs (anure 3.2 and
Tablke 33) into’ Ihe solublc fraction. In addition, the resuhs from' this.
mvesugnhon ‘sugges\ that 1|BNR5 bemg translated are assocnaled w:‘h
polyso nes on me cymskelexon. Thus, 1f anaaﬁ,nent o( nMQund{:lysoms to
the r.y(os:(e!nlc_n 18 requlrr:d for tmnsl.atmn to occur, d:s‘lndgmg 't’hes‘re

‘co:nponcnl’é fron the® cymskck-lon shpuld affect pro’rcm synthesis, -An

oxa‘mnanon of - mc offects of thi microf, p! -,.‘drug, cy B

r()e:\led |h-u anhouuh 1 affects” the uplakc of uridine (F:guro‘

-6), 1t had ‘no

effect on promn “synthesis (Figure 3-7) Fron these -results it 1s llmreforu

_.usu néd fhat the translational ‘nachinery mrlmum; MRNA .md polysonel' are not

present on the mcmhla-nems n Ll. 'nyphmu, n xhc Imht of these observations.

and feports 0 the fiterature i1t nay be reasonabe’ o assu ne that pa;m:npanon,'

ot smerofilanents ' cytoskeletal association of mRNAs ‘lr\d'polylo nes depends
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on the type of cell line under investigation.
%

.
Conclusions _ : .
- . i Ly
: This work was per to test the tha( mRNA
' to the cytoskeleton is independent of . the mbosome. Results obtdined indicate

that this is indeed the cape¢”and. suggests that the attachment may be through a
i «component of ‘the MRNP complex. Invest into the cytosk

p g
« \ involved in anchoring mRNPs and, nboso'l\'es revealed that disruption of

nicrofilaments did not release these components /‘om the cytoskeletal fraction.
-
to the soluble fraction. This i i that in"L6 sTs

'
not involvéd in at'ach-nent of the translatipnal nachinery with the cyloskrlelon.

¥ An analysis of specmc mMRNAS in the, various subcellular fractions of 'nyabhsls‘

el
and. myombes revealed that following differentiation, mRNAs for muscle spe('ll‘.

—proteins—were found jn polysow arrays with the cy N -
Furthermore, results also indi di

in the Mattern of N
% these sp‘ecﬂlc nRNAs. An analysis of a wider rang- of speclhc mRNAs 'mglnv

give more mformn’\ on Sequences-m the mRNA that :nuld be responsible for -
° ity mlg‘_acuon with the cyloskelelon.
.-

. .
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