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. 5 : ABS'I'RM:'A‘
ki o .
A e Hboanma is an’arganelle which trafslates tha
genatic in!omation providsd by the  nucleus into- procalni.

Because of its central role in gene expuuslon, the

production of the numerous ribosomal- omponsnta must hp'

that, it may perform a!!uetivnly. The rat-derive muuch -
cell 1ine L6-5 provides an axcc‘llant system in which f_o ;

scudy ribosome bi.oqnnssis slnce, afl:er terminal diﬂernn:-

1ation, ribosome accumulauon rates are much rsd)ugnd.
; The aynthnsis utea of rmu and ribosomal p:oteins

(r-protéins) were inv in proliferating L6-5
myoblasts and nminluy duienntlated’vy‘yotubou. The rRNA

" in myoblasts, with

-~ and ains wara ! ly p

I1itt1e d-teq!‘.ablo turnover of the individual cemponcntu. In

jmyotubes, however, the rate of rRNA synthesis was ndu&cd by

%\ approximately 75% whily the r-proteins continued tg-be

synthesized at levels

ar those ob
The production of rRNA and r-proteins, which was coordinate
in myoblasts, ‘became uncoupled in myotubes.

g various possible. -xphnuqo 8" of the uncoupling ‘of rRNA

and r-pmtlin p! on in my es were lored. It was
determined that the lov‘ull of the r—‘pmt.ln MRNA's
(tp—mRNA‘l) were ulmilar in myobl.lur.l and myotubes),

uugqu-tlnq that thslr translational efficiencies were

unaltered by terminal di iation. It




lmxlar in myoblasts nnd uynr.ubn-. wlt:h half lives nE

‘in 4» was by

np’puz‘-d that the rate of r-p n s was

by cauu].qr KP-mRNA hvelu. . . % R

.TO 2

certain whithar altnrad rrnmA metabolism -
accounted for the uncoupling of r-protein’ and rRNA uynthnh ’

An myotubés, the nau lives of the Ep-mRNA's were measured.

The results rsvul that the stabuity of rp-mRNA's were

_approximately 11 hours. " The data indicate that the 'rate of

i
1
|

zhpta:al.n lyn:hnia was regulated at the level of r-prctain |
qcno transcription, whi.ch suggests that rRNA and r-protain o
p:oducﬂovl was uncouploclvvlt the transcripti cqal level ino
myotubes. P \ = :

The uncoupling of FRNA and r-protein qe;J- transcription

th-!.r transcription

rates in vitro. It was determined that rRNA qonn in

% y ' were Fibed at y 300 of the:rate | &
. found in myoblasts when compared to rp-mRNA d-nq-. These "
© .results directly “the ai al : onof ..

e

.these two gene families in L6-5 cells.

The impl ications ‘of

s i} . g A
these findings with respect to the regulation of ribosome

biogenesis and myoge:

are di -cu-u‘[,
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CHAPTER ONE

Introduction
X A) preamble . . \ Ve

Production’ of a pnrt(culn gene. product or a cnnnqe in

norphoxugy may 1ud m uurvival or a more, a!tician: use . oE

the organism's The 180 may be a € c.

one; which optimizes the orqan‘ism's growth, or may'ba_ a’
differentiation one, vhif:h qlteru‘ the organism's phenntypl.
The former response is one primarily of modulating the *
expression of a relevant ;et of genes and is generally

revelsible. The latter response is ,mnlu'y irreversible

‘(or is part of cycle) and usually requires the induction or

rop:auioﬁ of larger families of genes.

In higher eukaryotes, s c latory sms

femain important for survival. The development of
dtft-nnuu-d tis

however, allows for more efficie

ani spm:hlhod functions and hu lod to the high deg: of
Iuccen! of cmpl.x multicnllula! orglnlml. The
diihr.ntlation and development of .p.etauua cell. types
punaa ::anplax qana rugula:ory ptabhmn. Not only do

specific’ gene families have to' be Lnaucud or np:euad but

_‘these, events must also be controlled in a temporal manner.

The development of a zygote into a fully mature individual




18 a graphié demonstration of - the overall ;ffectn. of gene

“asgrorentiating system, the rat myoblast.

regulation is most frequently investigated. The Fsgilatory

| levels of translation and degrz of the gene -
The vnric%s steps in gene can, be as 3\
follows:

regulation in development., - ' 3 E =
The regulatfon ‘of gene x on during d 1 t V
" goes beyond the control, of phenotypic differentiation. Many a i

constitutive of 'houseKeeping'‘genes are also modulated. |-
prhne oxumples of such genes are those apeeuying t.ha

cmponents of the rihome. The cell pmducas thiu

organelle, which plays a central role.in gene expression, a:,

\

vuying rates, dabending upon its state of differentiation. \ ;
as well hs its metabolic condition and rate of growth. The | ;
\

%mplcxity of the ribosome,\ its mode of bioqenesh and its

importance to the cell imply a sophisticated regulatory

¢ system for its turfiover. We have chosen to study the i ]

rogulatiion Sf ribosome biogenesis in one such - ‘

B). Regulation of Gene, Expression : Yo
" DNA appears to be-the irreducible inheritable genetic
material and' it is at this level that the mechanism of gena
mechanisms” for gene expression, however, extend beyond the

control of gene transcription. 'They extend through to the

1) pre-transcription; where the decision i\u\maqn as to
N .




~

\

chromosomal level, where the complex of DNA and associated

and transcribe RNA copies of specific genes.

\Appropriata sub-cellular locations. . P

_proteins allows for the activation of specific genes and the

3=

which genes are expressed. . .

2) transcription; where the RNA polymerases initiate
i - |

3) processing; where the RNA transcripts are cleaved," i
spliced and modified to meet the requirements for their ’

lv-ntuul use. -

4) transport; vh-rn the RNA products are lhippqd to tho

5) translation; where mRNA's are translated 1m:o

proninl N i b

i
i

6) poat-:nnuatieny vhon r.ho ‘protein produl:ta arks
nodiﬂod and transported to thelr destinations.
7) degradation; where both the RNA and protein

products -are disposed of when their usefulness has ended. '
"'i) pre-Transcription o' ® N

The regulation of gene transcription is at the

the form of

repression of others. T usually taj
positive control of genss which are normally in a 'switched
off' or attenuated mode (Derman, xnunr, u.uxng_,
w-inb-rqcz. Ray & Darnell, 1981). Up to a million toxd
change in transcription rates hn been nqted in some uylulnl

as a result of, gene 1ndu_ction (anhor, & Perry, 1981).




[.1

de -Crommbrugghe; 1981).

-4-

a) Primary structure of Gen

The primary structure of DNA consists of a sequence

of 4 nuclaocides (de Robertis & de Robertis, 1980). In

lduitxon to speclgylng gene p:educu, ‘the sequence of these
nucleotides determines the mechanisms by which gene

since the ‘advent of rapid DNA . -

oxprusiun is reguhted.
cloning “and uquencinc; tachniq\:\gu, the acquisition of ths'
precise primary DNA structure”of specific genes has become
almnut tr!vlul (see for example van Beveren, Galleshaw,
Jonas, ;a:na, poolittle, ponogue & Verma, 1981) However, '
DNA sequencing studias alone have not clur} lndlca\:ed how

specific genes are salectad for expresaion

Outside the actual gene's coding seq ﬁce are DNA

‘ae&uancaa which are critical for the spe¢ific initiation of

a 5 . .
the gene's transcription. For example, the primary

structure of thP chick alpha-2(1) collagen gene allows
several mutually exclusive hairpin loops !;.o fom in the 5'
“flank of the gene, some of which include the putative
promoter sequences (Vogeli, Ohkubo, Sobel, Ylnnl‘[;, Pastan, i'
The various confomati 3ns in which = ° !
tnn promot-t finds itself may affect the transc 1p:ional
state of the mllayn gene during. embryogénesi. /

(de Crommbrugghe & Pastan, 1982). . /

,/; ) *—. = ' L




=

| : R

b) DNA Methylation

‘Much interest has been generated over, the £inding of

lg.e:hyluted DNA and the role it may play in gene regulation
(\nanes & Menzel, 1981). The conservation of methylation
:Kitas upon DNA replication, which are mostly at the 5* . .’
pbninon of cycosins in 'cc' pairs, (wigler, Levy & Perucho,
’1901)\ and the non-random, tiasue specific distribution of
the methylatinn sites” (iazin & Riggs, 1980 and Doertlet,
1983) point to a potential regulatory role in gene
transcripuon. Other sites of methylation include m’G and
n6A (Adams, Mckay, craig & Burden, 1979)_ but appear to be
functionally insignificant (poerfler, 1983). | )
The extspt of 'cG' methylation of epeciﬂc genes, whirch
can vary, ftom 35 to 70% in vertebrates, has been inveréely
correlatéd with the degree of expression of ' those genes
'(Nnveh—b;any & Cedar, 1981), For example, ovalbumin,
conalbumin and oveomucoid genes in egg laying hens.are only
hypo-methylated in the. tissue (the oviduct) in which they
hare expressed (Mandel & Chambon, 1979). The temporal :
relationship between the mecnyla::ion of alpha‘globin genes
in“the ‘chick erythrocyte and its.developmentally controlled
de-induction d;nring embryogenesis also suggests that gene
methylation has an important role in gene regulation
N (wexﬁtruub, Laruen_n Groudline, 1981, Doerfler, Kruczek,
Eick, vardimon & Kron, 1982, and Weatherall & Clegy, 1982

and Busslinger, Hurst & Flavell, 1983). However, the




|
|
t

% .

‘thc’cu:e is not entirely clear since exanples have been

de-cribed where gene induction is not temporally related to
gen- msthy).u:i.on, such as in the case of the induction of
M—éryacullin ga;\es during chick embryogenesis (Grainger,
Hazard-reonards, Samaha, Hougan, Lesk & Thomsen, 1983).°
Gene methylation may act as a gene switch via a
imet)\ylated DNA binding protein (Huang , ;a’nng , Gamma-Sosa,
shunoy & Ehrlich, 1984). However, this mechanism appears
‘1nlufﬂcient since, for ‘example, 'the conalbumin gene which
‘u nypo-mofng;aud in the oviducts of egy laying hens, still
:eqniras homom for -xprualan {Mandel 5 chmbon, 1979)-
These potential qene switches, in any case, appear only to-
ﬁunction ﬁnr ganes tranacribed by RNA polymer:se' II, since
tho transtription of rRNA gen s is unaffected by its state
ot mer.hylntian lHaclacd & nird “1983 and Pennock & Readei,

‘1931). . ’

" .¢) Chramatin §tructun

The uzqanization of chrmattn utructura h théught to

!play a role in gene. expression. Although chromatin is

‘responsible for packaging DNA into a.micron-sized nucleus,
the wide range of morphology of chromatin observed suggests
a more active role in gene regulation (Igo-Kemenes, Hor)i &
/Zachau, 1982). The first level Gf DNA organization 15 the
chmmac::-me, uhich amhodies the nucleosome core of puirs i

hhtcnu H2a, H2b, H3 and H4, histone'H] and upproximntsl




}\ 'nucleosome gap' near the origin of ‘replication (wasylyk & .

200 base pairs (bp] of DNA. The histones in the nucleoscme
ay be.mdiﬁu.d in a variety of ways (1sefberg, 1979) but
only histone methylation uppen;'s to be positively correlated e

with gene transcription (Nelson, Perry & Chalkley, 1979). '

Th phasing (or sequence lpeclﬂc localization) of

nucleowm-s hu been postulated as a pctenual gene i B
T regulatory nochanlm (lqo—xemenaa et al., 1982). . However,

the finding of phased nucleosomes on simian virus 40 (sv40),

for example, appears to result from a very specific, '

Chambon, 1980). The significance of nucleosome phasing in
nuclear chromatin is unclen and has been claimed by some
authors to be an, artifactual observation (uzu-: & 2achau,
1979 and McGhee & Felsenfeld, 1983). .
pigestion of chromatin with DNase I has been used a& a

tool to probe the relationship between 'chromatosome

structure zmd function., Three genetal.\cgnl-an of DNase I

lonsitivitlau have been described for chromatin, each

differing by approximately an ordér of magnitude (McGinnis,

& e £, 1983). The bulk of the
chromatin nN'A_, which is not being transcribed, has been
described as being insensitive to pNase I, probably because'
of its condensed nature.

DNase I sensitive material appears to be actively *
transcribed or 'open' DNA. Mqutidn of these structures

often yields uniformly sized DNA fragments of multiples q'l




150 .to 200 bp, corresponding to the amount. of DNA-ailéﬂted =

with one chromatosome. 'The actual|distance between

|

nucleoscmbs oan vary by up ko 80“bp.~ in different tissues | _

(Finch & Klug, 1976); although no correlation with

|

evels has been recorded (aumphries, young &
carroll; 1979). - T

transcription

v

|7 DNase ‘I hyper-sensitive ck{romaéi_n regio}xa have been assoc-:

iated wtt\h{ the 5' flanking sequences“ of transcribing genes, and *

| »
" contain the putative_transcription 1'Pitiution, promoter and .=

Fur v th(Fse DNase I hyper-
=) ’

‘sensitive regions appear to be almost devoid of nucleosomes

(a nucleosome gap) and perhaps theref“ore are most expose&

(McGinnis et al!

1983). How these regions lose their
chromatosome structures may be relatg‘fﬂ € the generation of
" histone H2a @ H2b derivatives with ubiquitin which turn
ov?r very quickly (Goldstein, Scheid,| l‘wmnezung, Boyse,
s’chlesainqet‘ & Niall, ;975 and West &i‘ Bonner, 1980). , ‘_ :
The presence of non-histone proteins such as: the High

Mobility Group (HMG) proteins HMG-14 gnd HMG-17 bound to
chromatin ‘can alter the Qhromgti;'i'a DNase I sensitivity
(Weisbrod, Groudine & Weintraub, 1880). These proteins have
been shown to preferentially bind single stranded DNA,

inferring an- open chromatin strycture and an easy access for

. other regulatory proteins, RNA polymerases, and DNase I.

The description of 'HMG¥14 and HMG-17 l;roteina, however, does

not begin to cntjlogue the DNA binding proteins found in the

S




nucleus (Reeck, Isackson & Teller,. 1982).
i ;

s d) Gene mgliﬂcuhxon

i Pull production of new gene p:oducts snch as globin in

reticulacycss or cvalbumin in chick oviducts, may take!hours
or days to achiéve becadse of the time requsrad to build up
sufficient stores of r_nnsla:abla mmm's (chnsnnlm. 1982).
However, when larqe amounts of RNA transcripts are requlred
quickly, the cell may resort to gene amplification by
generating multiple copies of the required gene, Gene

mplifﬂcatiun such. as described for the chorion genes 1n

Dzosoghlla (spradling & Hahcwald, 1981 and Oosheim & Miller, -

/1983) or the TRNA genes in Xenopus (Rochaix, Bird & Bakken,

/1974) during cogenesis occurs by a variety of mechanisms.

ii) Transcription ' . ¥ o
The transcription of all nuclear genes appears to be :
closely linked With the nuclear. matr&x. In tissues uhich
transcribe unique genes, such as ovalbumin in the chick
oviduct or bs:a—gmnin in reticulocytes, the DNA being
" transcribed is found preferentially assocutad with the\
nuc lear matrix (Hsntzen,)iho & Bekhor, 1984). The ~
unaciatinn is reversible, since ovnlbumxn genes in the
chick oviduct. are associated with the nuclear matrix only

vhen being induced by homone (ciejek, Tsai & 0'Halley,

1983). ’ N . G

sy



'unaueac Senes; 'xnd”uding those, for- cm s'and’sg rRNA

mammalian rRNA genes also contain at least 5 adaitional

‘ ~10- 3 .

dg ) “ )
Three RNA polymerases, each generating different

classes of RNA, have been identified in the nucleus. RNA

polymerase I (or, A) transcribes nucleolar genes, chiefly

‘those for' 18s, 5.8s and 28s ribosomal RNA'S.  “RNA

polymerase II (or B) transcribés DNA which.yield mostly

mMRNA'S, uhue RNA “polymerase III (or, c) trantcribel the

e, -

(chambori, 1875).

a) RNA polmerans 2%
The :tanscn.puonal acnvity of RNA- polymeraae I has s ¥

been localized in.the fibrillar centers of the nucleolus by

1 ‘(dcheer & Rose, 1984). 'The

initiation requirements of \EA polymerase 1 £ranscription

. are spsc}es specific and are“encoded in the 5' flanking

ragion of the gene (MiShina, Flnancsek, Kominami &

Hurmatsu, 1982 and Rothblum, Reddy & Cassidy, 1982). :Two £l

Cinitiation factors for RNA polymerase I have been récently

dascribed which are required for the species specific

'initxauon of rRNA tunscrﬂption in mouse L cells and HeLa

calls {Miesfeld & Arnheim, 1984),°
U The promoter and 1nmamx aeqﬁencas of RNA

polymerase I ttanscribed gnnes such, as those for mouse th

. genes are. contained in the region 22 hp up—strem to 2 bp <

up-stream of the trangczlption start site.’ ‘l'hs 8! Elank of
ES




'conserved uequences which may Eutther rvgulate l:ha:r

studies vith cells- érgnted vith prof

= sites (Nielson, Carin & We

Uan:),ea of fmm‘q and small cytoplasm!.o RN,

“indicato that inftiation 1o éontrolled by a 'ATAR!:

the act.fml r.z.n-cupuon mrr. “Bite (Nevlns

is hmedhtely Clpped (Contrsraa & E"iex'n, 1951) 5

_ s

txanscriptiq& rate’ (Mller i so ar—webb, 1981 and

munmdm, Takakusa, MLs‘h:\m, Komihaxnl & Hutamaesu, 1984},

No consensus ssquencea have yar_ baan descubad for

]
czansqﬂption tamimtion with ‘RNA polymerase I. Instead,

vin, a chemlcal which

intetfena with RNA uacondary structure, xndicate that the il

txunsc’rlpts' 'seeondary structuree‘ dic:ata £he teminat{on i

4 1

1934)..

temination, a common prokatyodc re ulutcry echanu
B

i B) mu\ Polmaras 'iI ,
Hessenge: RNA andasome}f\tne smal.l 'RNA's’(such as. the

(scrifs)) aré

transcribed by RVA polymeme' ir'or B) oat of: the ‘final_’ @

prodncts are’ capped on their

ends: (Baner;ee, 1960) and
“usual’Ly Dont:ain a 3% poly-adenylatad tail (‘corden, wasylyk,

Buchwald, sasson&cori-,‘ Radlnger & chanlron, 1/990,). Reports

ely20 to'35 bp, up—strem of
1983)

Initiatton is pracise and the first nucleot ic t‘ranscribed‘




; «,."-,".‘12",:'.‘, Tl

he zequxremam: for the 'TATAA' (or Goldberg-ﬂogness)
box {s not absolutu sincd the deletion of thxs sequem;e
from ‘the Herpes simplex v1ru! (HSV) thymidine kinase. gene ,

" for axumple, still. allaws transcription + ;l'he 5‘ initiation

sxte, however, 15 no: 1onqer pracxsa ‘and - transcr: ptxon
1

S
:Q%a in .precisely hlc(aﬁ&g the ’i.nl m:xon !Sts (Ne' ina,

» 198 ), certain” Aasnovuus ( Baker. s. ziff 1ssi‘3, sv40 (Fie/rs

& contreras, 1978) and polyomu vir

Walsh & Gmnn,,mu

enes uhich are’ emc(enuy

' transcribed do n‘ot contain this” sequanea.

b f
Flll'hhll' up—! rea.m GE the lnithtion site exlst other

,elements whlch pr 6!:9 eunscrip:mn, such'as thadccam:‘ p

box, found a ely 80 bp up-st (aen’oia:,‘ -0'sare,
. Breathnach & Chambor

%
1950 and Efstrathad‘is, La}ledico, Ty

Rosenthal, xolodna A '].‘izard, pquar, v llakamaroff, Nuhar, .

\ Click & anume, 1930) - Although tholccuz box, promotes . the*

| 1ts doteeion £ron the

b(anscripr.to of sune .genes’ in vivo,

b :a—globin b conalbumln genes. has llttla afEect on, theirr»-

u-an\acripcto u( vitro qusylyk, xqginger corden, Brison a‘

chamJ:Qn,,AlsBo and Gr:oswlcll sheumaksr, Jat & E‘lavell 1981) %
4 ° Reglons 200 to 300 bp.

up—-utream of t.he 1n1tiatmn si!:e"

ontain’ tissun upeclﬁc com::ol saquancas oy

iatinn (Damun et al., 1981 ’ Groudu};

1951 ‘and Nevins, 1953 . For example, |




‘which ave corrallted with' the, ﬂgase I ‘hyper

'enzyme complex (Matsui, Segall Weil & Rceder, 1981)..

'polymeras i

'nna/gxg a—mnylase gene is transcrlbed in both, the salivary

vglnnds and the pancreas ‘in mouse (Hagenbuchle, Bovey &

 Young, 1980}, Althouqh the final protein prnduct is the

,same in both’ t1ssues, the prxmary transcripts and “the.

; résulting nRNA's Are different bec3 thsy are nscribed

from nssue upecific start sites from tha same gene (young,

Hagenbuchle & schiblar, 1981). simllar t1ssue speeificity

hymotrypainogen gbnes of the raESTWnlker,,Edlund, Bculet &

3). These nd other ‘enhancer' type sequencas, .

‘sen51tive

2o regiuns qiscussed earlier, may pmvide an_entry point for

RNA poiymerase n (Khoury. & cruss, 1933). However, ths' |

b trar‘sctirption anhancemant sequences can also appear in: the

1nternal sequences of -the expressed gene ‘such as in the

numan 19k genes Ghills, Fisher, Kuroda, Ford & Gould 1983),

The nctuul 1n1tlat1%n of, ttanscription requires several

Eactars appear mostly to suppress. randum initiation—by the .
r—

1562

r, Hofer Watbina'lf & Datnell,

Thesg - .




\

. the ttanacript teminus, the deIetion of which ezm yiald

'_ nd (but ot 1ncluding)‘ th 'mm' sequence

- yxsld sr.able ttansctipbs temln,a:ing 11 to" 19 basas beyond

prnceasing (ai:chmeismt, Grasachedl & Bl:natiel. 1992).
The uanucriguon ot hnst cell genes can'be: inhibited

i by soma virusea. »rcr axm J,e, che pol:.o vlrus speciﬂcally

contain dn-'ATAAA" sequente - npp}:cximacaly 10 to 30° bp befcrs i




by RNA pol ymera

./Roeder .1950)

| gene. Tha 58 rnumpro:ei complex Ls very szable ana,

-and the s rm (soqennagen, Sakonju s amn, 1980). 1In,the

case e of the Ss rRNA gene, inuiat{on As controlied by a

‘\p:moter in the center of the® transcrxbed sequence (Sakon)u,

Bogenhagen

L xenopu ooc‘ytes, the w bp 1ntern’a1 promoter 1s recognizaa

by.a paxr of 40k dalton prm—.eins (sokonju, arovm, Engelke,

Na, Shastxy 6 Roeder, 1951) (4zk dalton :m ‘somatic calls

(Pelham, wominqtun & Brown, \19 1)) which have been

determined 2 be one of. the :unscr“ ption factors: required

The r:cmttol bg 'on ana’ tne’ cranscrxpnon ¢

mechanj.sm wm:h re

‘the: 55 ":mm “gehe: “rhis- typé

whila the intn-qenic cnnt:ol ’egion defines the ’

~qaneh1 initiutlon ﬂlta Eor RNA po’lymerasa III gene:

Brown, 1990 zmd Bogenhagen at al., 1980). *In 1

] Iu (ngy pazker & Roeder,)l979 and Honda &




S U

£lanking regicn is still required. £or precise initiar.icn.
Delatione in; the” 5' .flank of the' Xenopus 55 TRNA gene W=
results in alterad 1n1c!atiun sites cl.u-tand around the !
natural one (sakonfu et al., 1980).

/\ Taminntion of RNA polymarauo III trlnscr}%}tlcn is 2
thought r.o be tontrolled by a clulta: of ,thymidlneu at. the

‘30 taminus (Broun & Gurdon, 1977) aince deletions in :ha 3' 3

‘tlank up to but not including the’ lhymidlne cluate did/nut

- affect :eminaucn (Baganhagen et al., 1980)- Accu: ,te
t—.cmination of RNA polymerase IIT genes: can be sfﬁciently
Lanr:l pracualy executed hy\‘-tho purified polym'nu alone
(Cunanlli, Gsrurd, schlesainger, Brown & Boqenhaqan, y

L1983}, : ) L o

111)° RNA Prc:ééss'ing ’
p:imary :ranncnpu are uuuauy not co—nnn: with the
ﬁnal mlA producr.u and must therefore undergo a considazablu
ameum: of apuci.ng and :uttan, requiring complex - pmcuainq
systems (Breaghnach & chnbon, 1981). K varisty of ?
mechanlms exist to Accmﬁlish :hese tasks; 1nclud1nq 2
b !peciftc RNases and ma}.} nucloar RNA's (snRNA's),

" postulated to bring e .puqe sites together (Nevins,

; _1983). Nuclear’ proteins are implicated in the na:urationr
DProcess of the RNA; indeed the RNA would be degraded Lf they.

'Were not présent. to form a het lear ribonucleo-p: in

(hnRyP) complex (Busch, Reddy,  Rothblum & Chof, 1981),"




"are highly, consarved betwsen species as disparate as yeast

" remarkably quickp with half uva

' critical for the prcper cleavage of the ram\'a (Craig 5

217 . g ¥ s /
Dﬁspite the enormous : amount- of procepsinq which must occur,

~cna \ratg Fimiting step in forming most mature RNA's is its

transer\iption (sobel. yamamot.o, de crombrugghs & Pastan,
i3

ng. Of RNA Fol erase Producte

Tha proceuing Of pre-rRNA transctipts, which can be
458 . or xargar, to yield 28s, 1185 and 5.85 praducts pmceeds

though a nulnber of steps (Perry, 1976

Unnke RNA e

.-bolymerase 1 products (discussed below), thera do not

appear: to be ccnaensus sequences speciiymg cleavuge sxtes 3

‘(crouqh, 19§4). Tha retained sequences of the rRNA' temlni

and HeLa cells but are different Eor each’ cleavage site

(xmm & Maden, 1977 ané veldman, Klootwl]k, de-

Jom i Leer &

planta. 1980). Little consarvation is seen in the ¥
intervening sequences, including the cleaved, nucleotide. , Tt \

thersfo:e appears that\thq secunﬂary structure of the ‘rrvA \ =
playa an mwztunt role in prechely 1upating the clsavage ¥ \

sites:. The. kin\ica ‘of - the pre—tRNA cleavage teactiuns are |

E app:oxlu\ately 2 seconds
(Cech, zau{ Grabouski & Brehm; 1982). . ' T

ouacernary structurea of CRNA'S \dth r—prateim are

. |
Perry, 1970). In addition, k: has been obaarveﬂ that r.he 1
small nuclear RNA ‘vU3' ls hydrogsn bonded’ \to the ‘328 rRNA.

\ ‘ .%‘n" ‘;"'E‘*‘ﬁ' . e G ‘]_
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\}ranucrlpts are often methylated at othet sites, usually on

(1) to protect the transcript from exonucleolytic

-18-

intermediate and may be responsible/for the accurate

processing of ths

3' end of the S.Tg TRNA (2zieve & Penman, -
1975 and crouch, 1981)'.\ . "
The methylation ofi the preserved ERNX™ aequences is also

rsqul.red for the proper processing of pte—rRNA (Porty,

1976). The absence of such msthylatlon, as observed during
heat’ shock of CHO cells, for ex/mple, leads the pre-rRNA r.o

wastage pathways (Bouche, Raymal, Amalric & zalta, 1981).

The processing of rRNA in terms of ribosome biogenesis is

further discussed in Section 'C-ii'. .
. 5 1 oy 2

i b) Processing o_fm;

The first post-transcriptional event ‘to occur to RNA

Polymerase II Produdts

polymerase II :ranscﬂ?ts is the capping of the 5' énd of
the hnRNA. ‘No nuclear RNA polymerase II transcripts have
been described without the 5-m7c capr (Salditt—ceargieff, -t
Bazpold Chen-Kkiang & narnall, 1980 and Nevins, 1983), even *
those which have been prematurely terminated (‘Babich, Nevins_

& Darnell, 1980). " The role of the 5' cap may be two fold:

degradation during processing (Nevins, 1983), and (2) to v
enhance the initiation of translation (Banerjee, 1980).

In addition to the m’G, cap, the RNA polyderase 11

the N6 positior of the penultimate 5' nucleotide (Shatkin, : J

1976). The appearance of mfA residies in other parts of the




e
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" 'hnRNA dppear “to aiccate/iha preserved sequences and'the
J splicing kinetics of procsssing (stoltzfus & Dane, 1982,

" Nevins, 1983 and Call\par, Albers, Coward & Rotman. 1984).

Other mathylation sites include the z'-o-rsbose position in
the s' panulti.mar,e rasidues of RNA polymeraae II transcripts
(Shatkiny 1976).

Thé';ddiciun of adenylate residues (the poly(a) tract)
ci: the the 3' termini of RNA palymerase II transcripts also
occurs éarly during hnRNA processing (often within 120
seconds of transcription (suldi‘tt—cecrgieff, Harpold,
sawicki, Nevins & Darnell, 1980)), perhaps with the aid of
the U4 snrNP c‘&nplex (Berget, 1984). The 'p‘resgnce of
gomycepfﬁ, which inhibits polyadenylation, still allows
proper processing of the hnRNA, although the final ‘products
usually do not appear in'significant amounts in the cytosol
" (Darnell, Phxlipson, wall & Adesnik, 1971 and zaevi Nevins
& Darnsll, 1951). -4

The precise role of the 'AUARA' .consensus sequence

© . found near the 3' termini of most RNA polymerase II products

has been correlated with a polyadenylation site within 20
bases Of the.3' end.of the transcript. It may also specify
~the terminal cleavage site (Nevins, 1983). Alternative
polya‘ianylation sites are available to some transcripts such
28 the immunogloBIA mu heavy chain mRNA's, where distinct ’
MRNA spécies are generated (Early, Rogers, Davis, Calame, -

Bond, Wall & Hood, 1980). n . & )

5
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Nuclear transcribed RNA polymerase II products often g
contain introns and must be spliced to produce a N
‘translatable mRNA product. The exon/intron locations have
condensus sequences about the'-tyo sites wiich are t\\ be F
spliced together: R

5'exon-AAG/GUAAGT * intron.* (pyg)XAG/G§-exon3'.
(Breathnach, Benoist, O'Hare, Gannon & Chambon, 1978  and
; _, V

Breathnach & Chambon, 1981). The concensus sequence-

indicated shows 4 highly conserved bases’(underlined) ;{hi‘ph :

mark the termini of the intron (slashed). This so called

"'GU-AG splice. rule’ has been found to hold for most

eukaryotic mRNA's (Mount, 1982). -The. sequences of the ..
introns are generally not important t§ the:fidelity of the

splice since large deletions made in the introns of rabbit

beta-globin hnRNA's not ‘affecting the consensus 'sequence

still allowad acgurate splicing ‘(Hamer & Leder; 1979).

It has been recognised, however, that these spuce site
consensus sequences occur more often than the actual spl 1ce
aites, inferring the presence of other controlling factors.

Diffarent confomuuona of the myosin llgnt chain primary

RNA transcript in chick, for example, allow different splica

sites to be brought together, producing’ two distinct mRNA's

(LC) and LCy) from one gene in the same tissue (Nabeshima,

_Fuji-Kuriyama, Muramatsu & Ogata, 1984). Similarly, the
“‘calcitonin géne ylelds different mRNA's from the same gene

by different processing pathways in the rat hypothalamus and
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. ; . w
thyroid glands'.(amara, Jonas, Rosenfeld, Ong & Evans, 1982).
Processing of RNA is not the exclusive domain of the.

nucleus. For example; maternally supplied fiRNA's in the

.
%5

Xenopus cocyte are translationally blocked (Wells, Shoman, -

"klein. & Raff, I981)c~ Upon fertilization of the egg, the

producing messages which can then be translated (Anderson,
Richter, Chamberlin, price, Britten, 'Smith & Davidson, 1982
and Colman, 1983). i

small nuclear ummucxso-pzo:exn particles (snRNp* s)

have been implicated 1A the processing of hnRNP's (Busch
ot al., 1982). ot only do anti-snRNP antibodies inhibit
the splicing of transcripts (Yang,. Lerner, Steitz & Flint,
1981)," but Ul ‘snRNP has béen: shown to bind to the 5' splice

site. (in reference to the intron) of beta-globin hnRNP's

(Meunt, pettersson, Hinterberger, Karmas & s’tsitz, 1983). - it

The lack of good in vitro hnRNP processing systems has

impeded the undesgtanding "ot this type of splicing, altho?x}h
details are slowly being elucidated (Hardy, Grabowski, .°
- é

padgett & Sharp, 1984). . .

c) processing'of RNA Polymerase III Products
The third general type of RNA splicing is exemplified

by nuclear tRNA's. Theése RNA's display no consensus

.sequences either at the splice junction or within the intron

(Johnson, ‘ogden, Johnson, ' Abelson,

Dembeck & Itakura,-1980).

* internatepetitive sequences of the mRNA's are spliced out, -

~\\/l




“from the nucleus via an energy and cyclic-AMP dependeng

.RNA £rom hnRNA

- =22

In al] tRNA's studied which contained introns; the site of

the {ntron s at tn sane position in the anticodon 1uo§.

\Thia suqqeats that the tattiury structure of the rumaining

part of thn pre-tRNA assumes the conformation of the mature '

_ tRNA, allowing the splices. of diftarent‘ pre-tRNA's to be J

made with one endonuclease (Peebles, Gegenhei & Abelson,

1983). - . ‘ .

iv) Transport. !/ ST e

"~ once the. RNA transcript is procers'!ad, 2% is exported

process (Moffet & Webb, 1981) requiring specific

tranupnr&: pxota‘ins (anfét: & Webb, 1983). The nuclear
cmplumenr. of the protsins nuociatad with tha mRNA is
partially unique since some of these proeins are axchungnd

Eor cytoplasmic proteins when the mwa's are exported i

(schweiger & Kostka, 1980). Ribosomal RNA as ribosomal

. subunits are similarly exported through the.nuclear pores

(Wunderlich, 1981). ‘Immature transcripts or fragments of

®g- are not exported,

syggesting that the tnnsport process is ‘quite specific -
(Nevins & parnell, 1978 and Piper, 1979).

The export of tRNA's from the nuclauu also rw:}/ires a
spwcific mediator. Not only does the mediator ‘sxhibit, %

.
saturatable kinetics, Qt its specificity 'is very high: a

single base change made-in the highly conserved loop’ IV




Iy

“(Beltz & Flint, 1979). .

| -33-

Xenopus Hat—tnm\i results in a 20 fold reduction in'the
S )

export’ of che t.nm\ (zasloff, 1963).

Negati, e'regulanon af nuclear transport may occur:

singa«"l’ar_ul Adenovirus mRNP's inhibit the ‘export of nuclear

MRNP's, It is possible, however, that this may be due to a

saturation of the transport system by Adenovirus mRNP's

v) Iranslation ’ ; .
r’, a) Hasaengar Ribonuéleugtotei.ns ' :
Before a discusslon about translation and e,
'regulation can be engaged, 1t is nacessary to_characterize

the mRNA as._ it exists in the cytosol. uessenqerm in

eukauge’c cells exist as mRNA:protedn: comp].exes (mRNE'S),

of it appmxims:ely 258 is. RNA.: Despite the 1!rge

protain complemunt, these EDTA stable complexes are semucive L

to RNase digestion and are uuu&lly able to hybridize with

oligo(d'r) -cellulose (Preobrazhensky & spirin, 1978)."
o The/mm'a puriﬂed from polysomes .contain 6 to 9 major,
’proteins varying from 15k to over 100k daltons. ; one pmtein
{70k ‘to. 78K daltons) -has been identified as a pﬂly(A)

binding p;otein (Favre,‘ Morel & Scherrer, 1975'- Also,
2 i :

* - tissue specificity of some of the mRNP proteins has been
o g

demonstrated (Darnbroughis Ford, 1981). Recent work has
demonstrated that spe¢ific subsets of mRNP proteins are,

_bound to speciﬂc mRNA'S (Ruzdljic, Bag h sells,’ ]98‘)»

ey
SR

[
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L HRNP's are thought ¥o be untranslatable.in vivo; ‘although

‘polysomal mRNP's by all testabl.e criteria (Jenkln!,

" (Austin. & clemans, mm).

complax requires hydzolysis of ATE and G’l‘P and may therefore

*  The mRNP's purified fr'om the free or non-polysomal
fracuon (previously known as“'informoscmes') differ "
cunsmsrunly in bbth stabiTity and specific protein content
from' the polysomal mRNP'sS (0lsnes, 1971). The rolé of the

free mRNP's appears to be both & 'stepping stone' for. the ¢

mRNA'S from thv nucleus -to the polysamal fraction . & i
(de Robartis, 1983) and a :emporary holding stage for non-
;ranslacing mRNA'S (Daxnbrouqh & Ford,

1981)., The’ frée

some of the translatjon results in vitro are equivacal

(villringsr, Kuhn, schnexder, Andus, chhels, No:themann,
Krupp, walckhos, Gross, Kl\m\p, »xrou s;anlant & Hexnnch,
1983). However, protein-free mRNA"S obtained: from free

mRNE's are indistinguishable from those, purified from-

Kaumeyer, young & Raff,,1978 and Infante & Heilmann, 1901)‘.

b) Initiation and Rggulauon of Tranalation
Tunslation of eukaryotic,mRNA's can be dxvided into

three phases' 1nitiation, alcngation and temination. The h

initiation stap is" the rate Iinfting portion of n—anaxauon_ e

‘Formation of .the 1n1uanion

be an excallent site for tunslational regulatlon (Trachuel,

. S
Erni, schreiar & staehelln, 1977 and, ochoa, 19W Two

basic typea of nqulation can oecur..: the’ trunslncianal
1




" quaternary complex formation (de”Haro & ochoa, 1978). The.;
) recycling of sn?-z and thus regulation of; the rate of:

‘fomauon of the quaternaty copplex is’ parfomed by tha -

. with haemid ‘in rabbit utiév.\locytes is tsgulated in this " 0]

'required hcwevar, to nunw the lnitiation -:omplex )‘.o

=25~ ,

evel: control of the overall efficiency of initiation and o
the discriminaticn of specific mRNA's chosen' for :xans;aq.’ian .
(Hl“‘.tl, stringar E Chauduri, 1982).

i
L
!
xniua:xon of translation begins with the formation of ol
e . ;i
_the_ternary complex (e1f-2 xGTp:Het—th‘!“) and its 1

ahbseq’uan& binding to .the 405~ ribosomal subunit (the

quaternary complex) (Heissbach & Ochoa; 1976h. .= -« ,r. t

. Phsphorylation of the alpha subunit of e1F-2 inhibits the ; “

eIF-2 stimulatory factor (Siekierka, Mauser & ochea, 1982). 2

The' cwrdl&:ate producuon ‘of alpha- and beta-globin/mmya's ,\

Eashion via a haemin conjgirol. repressor (Aystin & clemens, o)

1980) .\ ' T . - T

At least 7 other defined factors are involved' in the
; .

initiation of ttn‘nalation,‘ although most only enhance the o TR
rate’ of initiation” (Naitre st al., 1962). Some of these
factors (such as; eIF-4A and eIF4B) play a disctlminato:y
role, auowinq one; mRNA to 1n1tiata more efficiently :hun

another (Darnen. 1982) Additional unkuwn factors are't

récycle properly. . o 5 - s

The efficiency Jf initiation is also affected by .

cunponentu of the mRNA itsslf, sughr as the 5' cap (shatkin, "y




1976) and ‘the 3' poly(A) tail tBFawerman, . 1976). The

-precise cap st struetufe (m ppp xyz), whara the penultlmate

“ bases X, ¥ and z.may ‘be variously me:hylacad, influences the
eEEM:lency of initiation. Such discrimination is seen. in
the 1nitiati/r4€es between the two globin lnRNA'

i.n n_the rahblt retlculucyte and is used_to coord;na:‘é thair

translanon (Leckard, 1578 and Hunky 1980) a

The poly(A) tract found on the 3' end of most mRNA's

may enhance r.he s:abnhcy of the lnitiation complax. either

Greenberq 1981). qt was fcund that ths initi

polyadeny’lated MENA'S was ‘specifically and” compeuuvexy .

1nh1b1ted by cﬁgom) ‘but not by other homopolymezs:ln vitio

and that this inhibition did not occur when the mRNA Was.:
added as its native mRNA prm:ein ccmplex (spxeth ) whltely, ;
1981 "and Jacobson & Favreau, 1983): T ~

.. The obseérvation Gf vuniq-pe protein complements in
polysorial and free arvp's h’as Jed manylauthbts to suggest
tnat these proteins regula:e :he translatability of a
vuriety of, mmm's (olsnes, 1971, Bag & sells, 1vsa. Bag &
Sells,, 19791:, Darnbrough &' Ford, 1981 and vincent, Akhayat,
Galdenberg & Scherrer, 1983). In general it has been £ound.
‘that polysomal mmw's are translatable ‘and free mm s are
not (vincant, Goldenberg, S:andart, civelh, Imaizumi-—
scherrs.r, Maudrell & scherrer, 1981). .Movement tggtwsen

these two mRNP pools has been reported’in such instances ‘as

- A




weJ.y sequestered in the £ree mMRNP pool (gnget, Campbel].

TE Ham’iers, 1975) and during Drouoghxla embrloqenesia, whiere

the T1 mmm uaa activuly radistnbutad during developnient

(Fruscoloni, Al-atia & Jacnbs-Loren, 1983). Also, the free . S

f aRee eyl ihiersiosin hens iain mRNA in-fetal eme Ao o

transuted after, myoqenas{s (ﬂuckinqham, col

1976).

nace‘hcly, translation cnntrc mm 8 (tcRNA's) have been.

dslcrlbad which 1nh1b t’ the translation Of speciflc mRNA'

in vivo (Bag, Eublay_

sens, 1950, sw, naundrall & v,sells,

1982 ‘and vuurngar at u‘. 1983)4° 1t is* ‘not’ clear whether v L
, thesa :eRNA's xnhibit translation of thﬂ. mRNA by direci‘. B

hybndizatien (Heywcod & ‘Kennedy, 1976 “and Bag et al.-, 1982)
: or by. asiociatxon via a prateln complex (Kennady, sLegal & W

Haywood '1978). " More racenuy, 2195 R¥P has' been described, AT

in duck s:yth&ocyt s which apeciﬂ;aily aaaociatan wihh noriy .

_translating mRNP's (schnid, Akhaynt, Hartins, da .sa, yuvion,

xoehler & scheznr, 1984). The particle, ceined a.

R prosame', appears £ contain 'a pzeviously idantified R
73 teRNA and has bean qbsutvad in vatiouu tislues of other :

'upecies (schmid, koehlez & Setyona; 1983). Other factots J %

may be volved wich the convduion ‘of, “tree mRNP's into a.-
A

-ctanulatable Eam such- as: ph ylation (Preobrazhensky & :

pi.ri.n, 1978) o:d\DP ribnsylation (Elkaim, Thcma:ain,




Niadergnr’gq quy ’

v_’proteins. A

~
e, slangacion and Teminanon of ‘branulltxon CalE

es of r_runslati.annl conttol.' ‘Exalnples e)ust,

Tark quickly aeguEed (whartcn s Hipkiss, 1954). No' evidence,

"'of regulution Al: this posnt has been :éportsd (Mol.dav v .

3 mwid Hutchlson( Ln;dhw kS Flshar, 1932) evenr tlmngh a-

;spaclfic 'release “factor’ . with' G'I'Pase activity is ragnireﬂ

R “for | teminatien (Goldsr_ein, Bezudet & caakey, u‘wr.
. e

-vi) Pubtranslatlonnl Precuaing :

5 A8 viu: the anly transcribad RNA, btotdn- are

Eraquently p:oqessed be:ore the «£inal maturQ product “is’

-»iuncNon!l. OVer 100 diftgreqt protein modifications _huvé

: o \
been ca\ lloguad (wuld, 1991). " The deamination c£ a‘spatagine

rssiduau ulghn- nnd beta-crystallin prcteina, Eor

_eye 1ens pretuna ( n. Klnf, de Jorig ‘& Hosndnru, 1975). A




A ’ vii) nagr‘adacion "

L a pmr.em

‘The. tarmlnal phase in the Scheme of gene regulatlon is
the degradacion of the flnal products. Two major routes

dppear -to he available to the cell by which proteins and '

rJoducts are brokén down, The first is by
! Tor 1ysosonal au phigy, where cellular. components are .

! 4

|

othex‘ cellular

incorp rated into - lysosomes and enzymatically dlgeated

‘of ‘specific cytoplasmic degradacmn syu:ems. the best

ized of which is the conjugated uzuquinn pathway/

(Hershko & Ciechanover, 1982). , Despite the fact that the

actual degradation of cellular’products'is a encnaipxp

process, both degudatxon routes are ATP dependant. 'This

/ mfers that these systems are unaer ragulatory eontrol.
i 'me non—sslactive degradancm of protein in rat liver
has l‘ongx been knbwn to ’occur upon the deplation .of exogenous

levels of insulin ahd m‘ino acids (antimou & Mondon,

1970). m 'nddlﬁicm,,glucagon, a anngonist of 1nsuun,

0 e accelarutes this doqtadduan. proh bly by 1uyer1ng

mezshko & [cieehanover,  1992). "The ‘sccond is by a variety i




. starvation condir.ions. g 1 By

N
. The reguhted degradatlon of specific proteins can also

ccur.  The levels of gl S in cultuted h i san1s .

determine the rate of degradation of glutaminé synthetaae,

for "example, (Freikopfcassel & \xunm, 1981). The selecciv(ty !

" of the dagradatxon syscem 1 devalopmentally regulated

b, *during e!ythropciesis in rabbir_s, where mnst of “the

develo ing erythra y cel'lular struct "'and prateins

. are e/eciﬂ.cally degrudad 1eav1ng the hemoglabin cmplexu
and associated. enzymes intact (Rupoport, Rosenthal, scheve, - .
5 schultze & Huller, 1974 and Chalevakis, Clegg & weatherall, "
1975). .HOW the specifia concérted degradation in this. ‘ot
other systama is achieved is st“l “unciear 1Harshko,»
Cxechanm{er, 19829, " " ‘
; . '. b)RNA’ . - i
sevépal faatures of the mRNA have been implicuted ‘in ! !
iffecting\\the rate of degradatioﬂ o RRNP'S. - The presence . . !
o B of both the _s'n’g cap and the 3' poly(A) tract appear to
inhibit deg;adation by exonucleases (Dar[lell, ‘19_82 and
‘!{e}lins, 1983).. Early work with'histofie and'globin mRNA's
g suggest tha“t t‘he poly(a) tract lncrea;sn the stabi‘li’ty of :
the mRNA iﬂ tha cytuplam (Huez, Marbaix, Burny, Herbe:t, '
Leclazq, Cleuter & chancrenne,lsw and Hue:.'Harbasx, 1 5
cauwnz, weinbe:g, Devou, Herbert‘ & Cleuter; 1978),"

- althouah th n :esu.l.ts are not consistent with the ﬂndinq g K

\ T of othar! (Daanpaﬁde, chattar]ea & Roy, 1979 and Pulatnik,»

o e e i - .
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stor:&, Capone & Jacobson, 1980).

specific factors may affect the. s\ability of selected
for ‘axanp.la,

MRNA's, The presoncg‘oi the h?mone estrogen,
dramatically increases the half life of vitellogenin mWwA'by |\
over 30 fold in Xenopus liver (Brock & Shapiro, x%&z). in /
cont:ast, the histén; mRNA's in HeLa ‘and mouse myeloma cells

o ion of DNA |

appear to be activsly ﬂegraded upon the cess
synthesis (Borun, Gebrielld, ajiro, zwemxe: & EAgumu,

1975°and ‘Sittman, Graves|& Marzluff, 1983)

. )ubosomes ars vaotal organelles 1nvolved in  gene
expression since thonw dellular’ nachines translate the- [
genetic information £4€0 their protein ptuducts. They' are ./

also a rate limiting step in gene expréssion singe the

cytoplasmxc MRNP popl wnich thay translace is in excéss .
HWalden & Thach, 1982). nnong its mapy :aquireman:s, the -
ribosome must be Algle to recoqnize a. translatnbla mRNP, find

the initiator codcn oF the message, and match amino acxds, to

the ccu’ssponding codons with high fidelity as ‘the nessage
The /

is being read (Haselkorn s Rothman-Denés, x973).
ribosome, achiavaa z}.esa feats with the help of a multitude
of initiation and elongauon factou as vell as ena:gy in

r,fum of GTP Ami ATP (Maitra et al, 1982). Becéusc the. *
‘ribosome™ —h xesponlible for this most’ mbortant step .in gene

Gxpression, it has been extensively studied for several
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decndeu 1n ‘both ptoknryotes and eukaryotes (see for exnmple
ths reviews by Chambliss, Craven, Davieu, Kahan & Nomuray

1980 and warnex:, Tushinski & Weijksnora, 1980).

i) General chune:eri stics

Ribosomes ‘odcur - ubiquitously in the cytoplamm of all - T
cells. Th-y are either 'free floating or attaghed t:o : H
membranes such ag the _endoplasmic reticulun via spscific ’ ) |
attachment proteins call ribophorins (Kraiblch, Ulrich & )

Sabatini, 1978 and Kreibich, Freienstsin, Pereyra, Ulrich &

e ‘sabatini, 1978).. The location of rlhosumaa plays a rr;lc in
diuctinq the eventual daatination of the proceih being 3
translated. ‘onj_exmpls, secreted proteins are often
synthekized on n{emhrné\e-bound‘ riboscmes, with che/glonaating

peptide being injected through the: membrane (Blobel & i

Sabatini,. 1971). Cytaplnmlc and nuclear proteins are

 \, 5 synthesized mostly on ):zn ribonom-a. % . L
\ .~ 'Themammalian ribosome ‘contains almost 80’ x\-proteins~

ind'd RNA species (Cox, 1977 and Wool, 1979). B-qh protein,

: 0
with few exceptions, and each RNA spécies is uniquely and

stolchipmetrically represented (Wool, 1979). . The ribosome,

\_J .\ which normally _e'xia:a’ as an 80s particle, is composed of
h subunits (Blobel & Sabatini, 1971). The larger 60s

" subunit consists of approximatcly 50 protolnn and 3 rRNA'

(28!, 5.88 and 58), while the 408 subunit contains the -
nmainlng 30 proteins and tha 188 rmm (Hool, 197})/
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11) Ribosonal ‘proteins® ) :

 The majority of r-proteins are basic and rEet L = B
molecula‘r. \geiéht Erm 8~to over 55k {Terao & Ogata, 19750
A few a;:idic r-proteins have been described (Sanchez-Madrid, . ~

Reyea, conde & Ballcsl:a, 1979). ¢ . 'Some .0f the r-proteins have . .

» been sequencsd in the case of the rat (wittman—x_iebold, ‘

_Gelssle:,_ Lin & Wool, 1979, Lin ncna‘lly & Wool, 1983 and

Torczynski, Bollon & Fuke, 1983). The r—proteins are

numbered according to their relativa mobilh‘y on. a

stnndutdized gel system and are prefixed uikh 14 (large) or”
RO (small), depending npon whish subuait cns\y popumce

N 2 . (Hcconkey, nielkns, Gordon, Lastick, Lin, 0g ta, Reboud,

Traugh, Traut, Warner, Welfle & Wool, 1979). | The i

\ T _aistribution of the r-proteins between the subunits varies

dapending wupon the system “and the mvastigutoz\ making a”
standardized nomenclar.ure aifficult. an exac:\invenmzy of
[r-proteins is not possible with{current methods\ since some
of the ‘proteins dissociate to some extent from the ribosome =
7 (Hardy, 1975) or become oxidized (Welfls, Goerl | Bielka,
1978)" upon ' purification, - .
Most of the r-proteins are essentially unmodified
except, for examplé, the small subunit’ protein s6 \and some
2 ‘of the acidic r-proteins, which exist 1n sevsral

phosphorylated forms' (Gressner & Wool, 1974, Ander on,

Gundholm'& sells, 1975 and sanchez-Madrid et al, 1379).
e s g 5
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- other basic. r-proteins may also be phosphorylated (Wool, \

8 1979), acn;ylatad (Liew & Gornall, 1973) or methylated
(scolnik & sllcairl. 1979). The modiﬂeation of r-proteins
uppears to occu: off mature ribosomes and muy meduy its

ac:iv!.ty. The degree of S6 phénpnnzylauon, for example,

tends -to reflect the metabolic state -of ‘the cell (Thomas,
siegmann, ‘Kubler, Gordon & de Asua, 1980).

' The ‘genes.of some v—pmr_ainn numhsr up to 20 copies in

i E . the rat and are found scattered over tha entire genome
“Ienk, Meyuhas & Perry, 1981 and Fuliks & Hcyuhaa, 1952).
| 1 Despite the multiplicity of r-protein genes, only one. gene
'a;;pau's':o be’ transcribed while the rest are silent (pseudo-
genes) (nuéov & perry, 1984). The pr»imr’y hnRNA transcripts
for r-proteins au.l;tge and undergo several T—c -

g .| steps in the nucleus (Meyuhas & per:y, 1980).  The final

i3 . MRNA's guncully are 50% larger than the length of the

-l o
@mg sequance .

The r-protein mRNA's are monocistronic (Nabeshima, Imai
& Ogata, 1979) and are translated pra’domina;tlyy on 'free'
Cytoplasmic polysomes (Nabeshima, Tsurugi & ogata, 1975).

ap " The newly translated r-protein product is :runspo?‘ted to the
nucleolus where it is incorporated into.the maturing - -

ribosome (Warner, 1974 and Maden & Salim, 1974). Although

uri- ins are in the
nucleolus, virtually no cytoplasmic pool of r-proteins can

“Be detected (Wool & Stoffler, 1976). No specific mechanism .

g oy . o




for the transport of r-proteins has been demonstrated

(warner et al., 1980’ In studying the assembly of

- ribosomes, n—. has been observed that only newly aynthesii(ed

r-ptotelna are lncorpqnted 1n:o the ribosome in vivo and

i
aza genarauy not recycled (T!ur.uqi, Morita & oOgata; 1974\).
“ ot &

© 111) Ribosamal RNA 4

hree of the rRNA's (288, 188 and 5.8.) are tranucribxd

as a sinqla 458 rRNA precursor in the nucleolus by RNA \\ : L

polymerase I. In the rat, the rmm genes number -
npprcximntely 150 ‘tandem repeats (Brimacombe).& x!rby. 1958)
but can’ number as high as 20,000 in some mphibh (s“}nclait‘

& Brown, 1971). 'Portions of the rut liver CRNA genes have

been sequenced (Rothblum et ali, 1982° and Subrahmanyam;

| Cassidy, Busch & Rothblum, 1982). The 453 pre-rRNA, even as

it is being transcribed, is Apeclﬁcally methylated in the
sequances destined to bacolu mature TRNA'S (Haden & sali.m,
1974 and Liau & Hurlbert, 1975). Indeed, if methylanon "

does .not occur, the 458 pr-cunor is «degraded (vaugh-n, -

*'goeiro, Warner & Darnell,’1967). . G

The 58 rRNA is transcribed by RNA polymerase ITI. The

58 rRNA genes are located outside the nucleolus (McReynolds
‘ ; ;

B

& -Penman, 1974) and ‘are arranged in tandem repeats of

approximately 830 copies in the rat‘tQuincey & Wilson;

©1969). "significant processing of the 55 rRNA does not

appear to occur {Perry, 1976) and the rRNA is quickly




i
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‘occurs. .
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incorporated into ‘the 90s pre-ribosomal particle (winicov, '

1975). . ) "y "
The 458 or larger pre-rRNA is processed in thé
nucleolus .(Dabev, Dudov, Badjiolov 5 Stoykova, 1978).  Four

najor uleavaqe events oceur, a8 diagummad in Hqure l 1

lPerry, x97s, Eadjtolov & Nikolaov, 1976 and- Hadjiolw,

1977). 'rha cleavuges are ganarally sequentlal events
lturting £rom the 5' end and, with subseqqam: I:E’i.mming,
evsntuauy euminat:e uppmximately 508 of the prmary CRNA
transcript during the mturauon procasa (Perry, ),976)- %
nout eukuryot!.c systems, no splicing of the pre—th'
i . .

The” px'acessi.nq o! the 458 pro—rmA'a has’ su\venl
potanthl control points, During ribnsuru mntunticn in rat

Hver, aignl!lcant pools of partlauy ptocsased l'RNA‘ can

. accumulate in the nucleolus (Rizzo & Webb, 1972). Il| a cell

free’ pre-rmm processing system, nuclei, which lupportcd

in vivo likg processing and transport, maintain tho 325 and

288 rRNA pt.cur:uor pooh until the 458 TRNA pxccursor pool
is_ depleted (Schum, Niemann, Payaloort.s Webb,'1979).
. The processing of the 458 pre-rRNA to the final 288,

188 and 5.85-rRNA's requi the p ce of the. ins

and oth-r nuclear specific proteins (cralq’ & Perry, 1970).

Indeed, a large number of the r-proteins and nuchar

np-ciﬂc pr’otcln! th- pre-r pt ‘ag it is

b.inq tranucrlbed (Hool 1979 and chnight, Hiplkind &




“rigurs 1-1. ;
-,s&-mwmmum.

.
'ml common - cleavage Aicea of ‘mammalian yre-nm

ars ‘indicated’ by arrows l-ttetnd ln the most common: " - ' -

ordor ot cluv-gc. ﬂlg top um reprunnu tandem W

/ R %
" repeats of the rRNA gene, with the heavy lines
'npr{:'ununq the transcribed portion. The subsequent

“lines ind}cat- the vnrie\u stages of p:ocasung of the //
m} transcript most cmnonly used . in'the rat 11var

with thesheavy'lines indicating the final b2

products. Line an not‘ to sealo. Modif from
Hadjiolov & Nikolaev (1976) lnd‘-}dji ov (1977). ° -7
/ 4 .
< e
3
- il K J o
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‘.systemn.. .The requirements for the regulatipn of the
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Reeder, 1980) and appear to be added in a specific oxer
( Todorov, Noll & Hadj iolov, 1953)‘ L F // -

T

iv) "Coordinate Regilation of innsmal Proteins

and Ribosomal RNA |

The regulation of riBByome biogenesib re*uires the

. - .
on of the hests, processing-and transport of

its| components . synt:pesls occurs:in three a:eas of the .
ce]l: the r-proteins in the‘sytoplasm, n}; 5.5 , 18s.and 28s
ERNA's in the nucleolus and the 58 rRNA 1X the' r\ucleoplasm.

not only are these area! phyuicauy distinct, but a

| r . #

pemoamucy controlled nuclesr meibrane i\ntetposes the =

ribosomal components are thersfore diverse |and must be

coordinate for_efficient'cell growth and maintenance (Warner

e€ ali, 1980). \ 4 7
a). The Regenerating Rat liver \\ . g
The rat Liver has beeri the system of cholice Eor many "
workers who study ribosome ‘production:for several reasons, ' :

$6 fi & Lifge. atd eamy tasis to. Wiilpulate;” AV respinis
quickly -to major assaults such as, poisons, starvation and
surgery and it has a. high and modulated paeem{iu for
protein synthesis (Bucher & Walt, 1971). Eurt’hnmore, many

OF the results obtaified from the study of the:|ragulition ‘of
£ibosone pm:ucmn An the rat Liver appsai tq be applicable .

to most other ‘mamalian systems._




" ‘of ribosome productién employ partially -hepatectomized rats.

" Produced’ in stoichionetric amounts, both in yivo and when

" yiEro undér saturating copditions-(Nabeshima et al.,,1979).

“r-protein specific mRANA's (rp-mRNA's), rather than from a
¥ . ] L ’ -
higher nffiz{inncy of their translation (Nabeskima & Ogata,
C
‘1980 ). More ucent}y. “Faliks. & Heyuhas (1932) have shown

- with specific rp—mRNA dnm. proba! ‘that cellular 1uvelﬂ oi 6 . e

N

-40- « ‘
/
The mechanisiis of coordinate regylation of 4 system,can
g o PV
be elucidated by perturbing the gystem in some manner aAd /

then observing how the ‘system compensates for the.

perturbation. Most studies with the coordinate régulation

Afterapproxinately 70% of €he liver is removed from the

animal; the remaining .uxver zagponda with massive o

hypert:ophy for the flrst 6t 12 hnurs. DNA. synthesis. | . .1

BRI

oceurs by .24 hours followed. by Wicdsis and ey\:okinss‘is by 30,

hours. (Bucher.& Malt, 1971). The number and.the rate of-

of ki

i\ dunng the first 12 hburs

aftex,partial hepatectcﬁy (Tsurugi, Morita & Ogata, 1972y

Tsuruﬂlua_t &1(1972) also récorded that the net. Yate of

sypthesis Sof the ‘RNA and protein moieties. of the ribosome c

are coordinately. elevated during the early phases of 1ivek’ 4

regeneration. = ¥

Further analysis of the' r-proteins reveal that they are

total mRNA from regenerating- rat livers dis translated. in

The increased specific ‘,ézan_slénpn of r-proteins results

from a2 to 3 fold increase in the concentration of




O ; VST
Ip-mRNA'S (slsig L7, 113, L18, L30' and: 132) coordinately

increase by appruxi.mately 2 Rold by 12 hours fauowmg

v .. partial hepatecr_omy, pefore £alling to control values: by 48

' hours. . ol .
A The 1 rate of - ance of rib sgin ti.e
%

iv .. regenerating rat liver is also 1nfluenced by post-
¢ transc:iptional events. *1Ina detaited study of riboscmal

precursors, it was found that the relative amounts. of the

varicuu _ribosomal precursors in the nuclaolua differ between;

- i
i { U R resting and ragensn:ing rgt Uvex cslls (Dudov & Dabeva, ¥
o .

1983). As notad enrher, maturation of pre-rRNA ban undergo

,a variaty of‘ intermsdiate processing steps (Dabeva et al‘, .

1978). In-the :egenauung ‘rat-liver, many of the higher '

molecular weight FRNA p:acursnni’do hot acc.\mulata e,
| . significantly (Dudov ‘& Dabava, 1’9837. anue‘ad, ghs 455 TRNA
precursor is quickly" p:c(‘f!sed to the 32s rRNA, befora the

final 283 TRNA product, while the 1ss rmA appears directly
£rom l:he 458 ~TRNA. precu/aor (see ngure 1-1)°V In addition,
’ "; % the rate of. riboneme procesaing}%craules by apptoximately
100\ and -the transpcrt of nature L bosomal subunits froln the

. nucleus is accalarataﬂ. Genatally, the increased rate of

appearancé  of - ribosames irf Ehe rat: Liver: ‘during® regeneration.

T rqsults fr_mp enhance coogdma:e transcription, translation -

and processing of its Various components. rhug,’ma 5

. g inc:eused ﬂsmand Eot new ribosomes 1n the ragenerulng n: 2 '
1iver /is met mh “Iieele wuscaqa jand. ughc coordination.
% > . e
i N ~ gy - ; EAENS
z i . s
- Xy se Cara -




1 . b B .
b) other Rat Liver studiss v . v
Thie:regulation of. rRNA and r—p;otem :ynthesis in the
rat liver has also been investigated with the aid of -~

:ranscup:xon and :radslanon inhibitors. These studles\

were des)gned to diss\ecc the “coordiiats’ regulatlon of

Acr_inomycin D specliically 1nh1b1t the :ransc:

TRNA uhile permitting mRNA and protein synthesis to proceed

> 4
" (wilson & Hoaglandj 1967). Treatment of reqeneratlng :at

_liver with low levels of Actinomycin D in vivo inhibits ) :

pre-rRNA Y ion but not r-protein tramglation . ' | i . .l

(Tsurugi & ogata, 1979). Instéad, the ripracexné are
‘synthesized at Yatéd similar-to, controls, ﬁ-pox:‘ac‘i'inco the
. nucleolus and quickly dagndeu by a thiol profease (Tsurugi,
cyanagx & ogat, 1983). 'rhe drug, Actinemycxn D the:efore

- uncouples the normally, coordinate synthesis oE rRNA and.
r—protems, resultan in tna unscheduled. dagradanon of the» o
latter. - " i " . 5

Aftar administration of low levels of

.Acunanycm D to \:he rat Uver, p—protein syn\:hesl.s*

contir nues unabated for’

p to 13 hougs \(Taurugl ot ali, { 5
1983). . If the half-lives of the rp—mRﬂA‘s are not unusually ) '
long (and the kinetics of x‘-procain transcnpuan suggest . .

=" fhat they are not (Toku, Nabeshi.ma & ogata 1983)), it may
" then be assumed that the tnnscription mtes of the =

rp—mmk‘u are not siqniﬂcantly altered' by tr{e inhibition ol\ s o o




/
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rRNA transcription.’ Also significant is the observation
that most of the r-proteins are still synthesized R

" stoichiometrically under these conditions (Toku et al.,

1983).  Actinomycin D appears to le the
coordinate production of rRNA and r-protein at'the

transcriptional level.

_ The uncoupling of the r-protein translatlon “with rRNA =
n—anucziption can also be al:hiaved with the protem E
: synchesxs inmbxtok cyclohaximide (Hu:amatsu, Shimada & #00n i

Hiauhlnakaqau. 1970). The 458 pre-rRNA" transcription rate

r:em!.nu unaltered when the synthuil of. r-proteins is

inmbiteﬂ by the drug (stoyanovu & uadjiolmr, 1979).

chayet, little of the 458 ERNA yield Eunctinnal ribosomal
subunits since it ‘is degraded for lack of r-proteins and’
other nucluar protnns required for Lts ptops:‘ maturation

{craig's Ferry, 1970). 1t therafore /appears :na:} ; o Ly

tunscription of ‘TRNA. is not regul-ted by high vttﬂrn-over il

L pqotains which vould also be absent undar these conduions
 (Stoyanova's Dabeva, 1980). . . g .
The coorainata exprossiun Of rRNA and r—protein

vt sym:hesu nomully ohscrved in ths tat uver cun be

uncoupled under curtun clrcunutances. -Since (:l;. 1nh1b1:ion
g |
- . of the synthesls DE one ‘camponent doeu not ugniﬂenntly

alter the uynthe-u af ths other, their roqulu:ion occur- i
lndapondantly‘ uenver, llm:e their ragulanoq ir

5" Boordinate under nemn citc\ms:ancaa, an unidcntiﬂad




the >t are quickly
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common regulatory component or system must be inyolved which'
is subverted by the drugs Actincmycin D and cycloheximide.
The identification of this component is one of the key’

questions being pursued in the study of riboséme production

«s 1980)%

‘e) otmr ammalian Studies . -
tnvestigated &n many otl

hmnﬁ:ion uf pro—rlmA s

:h-u maum lylt-i
thm. obunnd in u}‘- rat liver.. Pcr -xa_nph,,;nou celld

(u-rnar. 1377_). Ehrlich -ncitaa cells (x-puluccl-:s;ﬁnqza &

’ Franze-Fernandez, 19799 ‘and mouse 3T3 cells (Tushinski &

_Warner, 1982) treated with low levels of Actinomycin D have

- seversly repressed rRNA precursor transctiption rates but

nearly normal r-protein translation rites. In all cases,
\

Similarly, ‘1nh!‘hition of !‘-pratcin‘ translation with
‘ ¢ycloheximide _hon not nvateiy reduce ‘tmk precursor
transcription.in HeLa cells (Willems, l;-mqn & Penman,
1969), m‘ouu‘:L cells (Craig & perry, 1970),'cu1:ursd
ly;phocyttl (Cooper ‘& Gibson, 1971) or .Ehrlich ascites cells

(1apalucci i & F 1979). Although the:
pre-rRNA is d.gn‘dgd in these éala-, the pathways have not |

n-rauy yhld lhuqr results to Wy

S S
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been studied im d;:a_il (Dudov & Dabeva, 1983).

‘The coordimate regulation of -ribosome production during
the conversion of mouse 3T3 and 3T6 cells .frcln a 'resting to
a.growing state (nutrﬂ:ional.uhift—up; provides a ditserant
set of Eonditions for -the investigatiin of ribosome .
biogenesis. Nutrxtional shift—up causes a.2 tc 3 fold

1ncreau in the ceuular contant of riboameu, ‘as ‘seen by

- newmh_qmnm;;s (_,Lahnson ' Abelson, Graan & panman, 1974).

L In addltion, the ' ribosomes (musured as rRNA) dre more

stable in‘ growing cells than !.nlresting cells (Abeison,
Johnson, penma_ﬂ & Green, 1974). L
The r-pfoteins jn thdse two £ibroblast, liries are also
synthulznd in increased amounts upon nutritlonal uhlEd—up
(Tushinski & warner, '1982) . Anllysh of, the rp—mmA e
metabol’lm‘du:h_m’q. the-fmtr}tionnl shift<up of 3T6 \!:311;,
hoyever, suggests that the total amount: of rp-mRNA does not

significantly increase_(Geyer, Meyuhas, Perry, & Johnson,

*1982)," In both metabolic states, the amount of general
i ; d
mRNA's auocx-tod w’u:h the polysomes accounts for 70% of ‘the °

‘'total mRNA's tound in the cell. However; aver 85% Jof - thu* £

total cellular rb-nm‘s are luoclatnd vlt.h polysomes in

growth stimulated cells while only nbout 508 of the total

\cellular rp-mRNA's are associated with translating polyadmes

increased rate of

in resting cells. Therefore, e
r—pratun synthesis in 3T6 after r[utrluonal shift-up is

achievod by altering tho size of th- ‘translatable rp-mRNA
v

- N
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pool and not by the, increase'in’ the total amgynt. of the
. Fp~mRNA. Since’ ipcreased ribosome production upon growth

stimulation occurs with iittle wastage of either rRNA of

. r-proteins, coordin-tm regulation of ‘these campcnanu is

achieved by a different m-chnnlsm than in 'the nganeru:ing
rat liver (Tushinski & Warner,. “19821.,

Ancther in.vivo exmpla of grouth stimulation is

provided by contralateral mephrectomy.in the muae'. After

T sutgery, “the, :nmaining mney undatgoas hypertrophy and an

“increase in'the :1boaema pool size to compehsate for the

‘loss (Malt & Lcmalt:é, 1968). However , "the ‘increased
ribosome’ pool’ sizl is -ccmplinh-d not by an _inareased rate
of ribosome accumulation as ln_the regenerating rat liver,
but by?’nn h\\c:aa.sad half dife of the :iboséme pal;t'icle g
(Melvin, Kumar & Malt, 1980)- -
Nutritional shift-u; up or shift-down exyerxmanu with/

transformd ells (such as virally cxans:umed\cno euus or

lnchongo indap.ndant HeLa cells) show that these cells

'regardless of their nutritignal state,

and can dié under

conditions by an ve»r-pro'ducf.‘ion of ribosomes

(Stanners, Adams, Harkins & Pollard, 1979). Although’ these

cells have: lost the ability to control the rate of

production

of ribosomes under ‘these conditions, the rates of
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19779.. ¢ : % .

From theue And other studien, it appears that the o
i
4 coordinata :egulauon Of .pre-rRNA and’ r—procein synth sis

| can'be Gricoupied in higher eukaryotes. .The mechanism/of

| coordinate regulation must be différent from the dna/foum?

{in yeast, for examplé, which exhibits a tight coordinate ,"

i
iregulatioii of pre-rRNA and r-protein syntheais even wheri-one

i

Fongonent. is specincauy inhibited (Warner ot al, 1980).
f

edst cells, being single cell eukuryotes, must be able to

espond quickly to changes in the environment in order to
quzvxve. A directly coupled coordinate regulatory ‘system
Eo: .the production of ribosomes provides a rapid .response to
chungmg nutntional conﬂiuons. Multlcallulu syacems, on
tHa other hund, are less sensitive to envhonmantnl changes

nnd do not requita tight, direct regulation. As seen unh

. the ax@mplss discussed above, the indirect coordinate .-

¢ raqulatlcn of pre—rmu\ and r-pi i is

under nomai circumstances.

EEA LD)‘D“Seuntiatlon'a nd Gene Expression

i

Dxfiorenthting cells in culture’ pruvide ve].l

' controlled systemu for the study of geno regulntion (Rreider

6 schmoyer, 1975, HcBurney, 1976, Rheinuald & Bsckett, 1950

va‘d Tarella, Ferrero, Gallo, pagliardi. g Runcetti, 1982).

** However, most studies investigate the regulation of genes

pie—rRNA_and r-proteins synthesis remain coordinate (Warner,

AN, 2
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[ npacttlc to the phunoeypc of - Lhe system and not of the genes
involud with r,h- process of alffann:huan itself.. 'of
equal importance to t.ho induction of-specific phenotypic

is the rogulatlon of - such™ houn—knping genes as those

for ‘the ribosemal components., . - | | SN

s, which dictates

Jﬁ The requirement for. protein synthe
the size of the ribosome population in the cell, changes
considerably in various differentiating cell types (Warrer

et'al, 1980). . In muscle cells, the rate of protein

-synthesis is high in both the proliferating myoblast and. the
i :

* aifferentiated myotubg forms. Hamalian -yo:ubn Nmt

in‘cn sing in size and their riholuul‘thrn over v.h lowly

(Siwvl & Kessler-Icekson, 1975), thul t h' acc\nulluon
rates must be mdulnnd upon dluarentiaflon ot the mynblast
(xuuur, Soeiro & mca_x-mnms, ;919). | The nyablllt
H:.h-’:clor- provides an oppot:imx& io ltu‘gy the coordhm’ta

system which requires a high protoln synthesis capacuy in

{ts differentiated -uu. X 8¢ =

The L6 myoblast cell line was cheun as the

differengiation model in which to” study ribosome metabdl ism -

‘in.this thysis for the following rialonll -

1) -1t has beeri in cpntinuous cell culture -hu:a it was

élonld (Xl!h, 1968) ‘and expre:

s a stable ph-no:ypo and

genotype (Richler & Yafe, 1970)..

Ll

regulation of ribosome biogenesis in a 4if ating.cell




'c.us An vivo, includlng the’ !omation of’ !uncé onal 2

’ synaptic junctionl with rat ncural components (Hdukaro &
,
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2) The L6 myoblasts can be induced to differentiate in
a concerted manner without resorting to starvation
conditions or exposure to harsh chemicals (Richler & vaffe,

—

1970).

~ °'3) The'L6 my exhibit ogical gres of .

as expressing

myotubes found in vivo (yaffe, 1968) as we
n;uch rélnt-d'productl such as myos, @avy chain. (Benoff & -

Nadal-Ginard, 1979 and Wedford, NGuyen & Nadal-Ginard, -

1983), myosin. Light, chain,  miscla\(alpha-) ‘actin (shani,
s e \ e o %
zevin-sonkin, s-m,\c{mm, Katcoff, Nudel & vaffe, 1981), - |

i nase, my ; Tarikas,

Humphry, Heinemann & p.:zu}k, 1977), glycogen phosphorylase
(shainberg, Yagil & vaffe, - 19\71) -and~a va:hr.y of - —

reticulum (Zubrzyck arn, Campbelly

MacLennan & Jotgensen, 1983).. (This list is by no means

exhaustive since croa-—hybrldintion\ltudhl botvun- L6

myoblast and nyo:ub- CDNA'S uvulod tl@euund- of-

‘i€ied unique :es 1p both myoblists and myotubes
(Merlie; Buckingham & Whalen, 1977, Leiboyitch, Leibovitch,
Harel & Kruh, 1979 &nd’ Zevin-Sonkin & %affe, 1980):) ' Ims
l.qdi:ion, éht L6 ‘myotub’n .exh!.'b.lt l‘illillrl!’il to rat musch

Heinemann, 1974).

A < o
The duhunthnon of ‘L6 cells proceeds * throuqh 3 o

several steps Mlon thn ﬂnnl. -yotubc phenotype lppauu
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) - (Richler & vaffe, 1970). It has long been understood that—

muscle -differentiation involves the “concurrent ces!n&lon of / .

; DNA synthesis, the induction ot muacle ,sp(xﬁc qfas and
§ cell fusion (Yntfa, 1971). Recent nork with L6 undy
" temperature sensitive mitant of L6 has suggested o
! o |differentiation follows at least two consscuu‘v}e genetic
i ‘ programs. Each time an 6 cell .nten the Gl phasgc’/of the 3
I e cell cycle, - it air_hsr contlnuas with tha cell cycle or .
B Biks g 8 -‘entersithe first aiffersntistion progran, the commitment! T 7
' < " phase iNiadal-Ginard, 1978). "During the ‘ommitment phase, il
_t.he call rnmnins in Gl but begins the diffanncnf_ion e ®
,‘ \ ' o pzwzm. 1.‘hn £rtav_euibln doclsign tc.: continue the /\k
. .- 'ndifferentiation program, which is affected by the |~ . 0( N4

availability of growth factors in the mediun (Pinset & . !

Whalen, 1954), is not taken imadiately. The exucc\po/m: at -
‘which .the comiﬁ’nent to diEEatentlatioﬂ appears to 3: 5 i

irreversible is. after the !nduction of muucle—-lpscimc genes

v but bofnn cell {union. is was_clearly seen in a
‘

" ) CH sensitive diffe, tiation mutant of L6, where a |

- :tansisnt 1nduction of muncla—speclﬂc genes. without

e 1!’tevuruib10 diffe ation was: e (Nguyan.\uediord & .
i 9 Nadal-Ginard, 1983) . I‘hs aecomi ganetic program is followed *

nfnr the -commitment to diffonntiation bacomas irreveraible

and 1edds ‘to” the full'e: ofi of the'di -_r-d <, q

phenotype. v ¥ 5 < . R i
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:rha metabolic states of the rapidly p;olif.exhting

myoblasts and the non-dividing myotubes are quite different

since the former is pre-occupied with growth while the -

latter must expregs the di ated p YD The study
of the r‘agulattonrog a icompohent Common to both states, su

as ribcsoma biogensgis,‘ under theue ci:cumsnm:’ea may -lead

to. new insights into the diffszentiation procass\‘ 'The L6

myobfast provides such a 'stem, in vhich the

differentiation chaly:‘e‘ri:tu:s are weu datinad but its -

ribosome metuboum is pom:ly understood . # %
{ - i

e

: o ;’b"‘ ( -

z) jactivus "
. he purpose of this’ utuc]y is 'to, detagne the modes of

during ribasqme bioquneuil in the L6-5 myoblast and hmr tha

coordinate tegul.atior! uklfiactsdhby myoq.ms{s. &
The.malh objectives of the thesis are s follows::
* 1) measurement né “the rate of. bé:otarin synthesis ard

turnover, both en m

and individually in myoblasts pnd-
nthubns. ’A'hun data’ will bc cmpatjd wn:h the rate of rmn

hesis- and turnover (m;-gtivs.‘z)

2) musuru- nt of the. ute of CRNA synthaus and .’

tuznqv-: in, myoblntu and myor.uﬁes. These results with * +
thon Ercn obj-ct.iva 1 will lndlcal:a tm d.gtae of overau
and coordinute zogu.htlon of ribosome hioqarwsis and how ib

is affected by the Qlfferentingion of the L6 m_yoblagta.
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3) measurement-of ghe relative &;vels of. tranalating

rp-mRNA's in myoblasts and my . These will
indicate if the czansiation of r-proteins is regulated in )
any unusuul fash_{on when comparing rRNA and r-protein
turnover nafoza/aﬁ ‘after differentiation of the L6
myoblast.

4) measurement of rp-mRNA half lives in myoblasts and

i-heae‘ u will determine if the
s:ability -of the rp—mRNA‘s are; atfected by the
differentiation of the L6 myoblast. .

" '5) measurement. of the relative'rates of rp-mR¥A and ’
£RNA aynth‘asivu in myoblasts and myotubes. -These '
meaaurenemf.s“will detemine if the expression:of TRNA and -

- peproteins are coordinated at the level of transcription and,
if the coordina:e\bregnlac.ign is affected by the,
differentiau{on cf{ the L6 myoblast. l.

6. an ancillary project-was undettaken to investigate
the propercties ?ﬁ a poly(A) containing histona H4 mMRNA '
"sub-!é&ies‘, which liKe the rp-m¥A's, codes for: a small.
basic protein which is imported into ‘the nucleus. The
description of this poly(A)-containing mANA species is
unique and is further discussed in appendih a.
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CHAPTER TWO °
% Materials and Methods

A) Growth and Mai of L6-5 Cultures

The L6 myoblast used in these studies was originally
obtained £rom Dr, C.P. Stanmers of Megill university,
Montreal. The cell line was sub-cloned and a single Cell
derived clone, L6-5, was chosen for its fast growth and
fapid’ differentiation properties.. THe cells were grown en’
‘plastic tissue culfure dishes in Growth Hedium (alpha-MEM
('a_lminodiéied Bésetis) Hedium) containing fetal bovine:
serum (lﬂ\L V/V), 5k intérnational umts per ml of

pe icillin, 5 uq per ml of straptolnyeln “and NaHCOa,,gH? zs.

u/v)). .The Growth Mediiin was sterilized by ultra—flltratxon
through a sterile 0.22 micron Filter (illistack,
Millipore). A controlled environment of 37°c, co, (63, v/v
in air) and 100% hr.mndxty was provided for the cells.e
Repl;-:éing of the proliferating myoblasts was performed.
in a stt;flle laminar £low hood. The tissue culture dish )
-, contammg the cells was treated with a mnunum amount “of ?

sterile soluti,pn con;axmng ﬂank‘s balanced salts, trypsin

(0.25%, w/v), 10 nH EDTA and 10, 1M Hepes'(pH 7.2) .at 37°C

<

for 3 minutes. - The cells released were diluted with Growth

. Medium to-approximately,2x105 cekls per ml ‘and plated onto

" new tissue culture dishes (25 ml of cell suspension%er

1’5 ¢m diameter tissue culture’dish). The cells attached "to’
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the dish within 30 minutes and proceeded to grow with little
detectable lag. The mean generation time of the L6-5

myoblast wasapproxi

ately 16 hours. The cells were fed
fresh Growth Medium every second day. At confluency, a
15 cm diaméter tissue culture dish contained approximately
2x107 cells. .
Differentiation of L6-5 myoblasts was initiated when
the myoblasts were 708 confluent by, changing the Growth
Mediun to Differentiation Mediun (_Lp__a-ME:M containing donor.
norsé serun (2.5%, "v/v), 5 mternatwnal units. per ml of

penicillin; 5 ug per ml.of. strgptomycin and'NaHCOg (0.2%,

w/v)). The Differentiation Medium was changed every second

day. Fuu‘y differentiated myotubes wer"e obtained within 4
days. At this. time, more than 908 of the muclei vere ¢ °

syncyr_lal k=
9

stocks of L6-5 cells were maintained in 1iguid nitrogen

_or in a -70°C freezer. These stocks were prepared by

centrifugation (1kxg for 3 miputes) of fxes'my trypsinized
myoblasts ‘and resuspending the pelleced cells in Growth
Medium contah\ing dimethyl sulphoxide (10&, v/v) at a
concentration of 5x108 cells per m ofie ml aliquots of “the
cell suspensxon were placed in 2 ml cryo—vigls and imme:sed '
in ice £q7 30 minutes. The vials were thenwrapped in %
several layers of paper ‘towel and placed at ~70°C overnight
before being removed to a liquifi nitragen f:gezéz.

. . >




A

E =55
5 To revive a frozen stock; of L6-5 myoblasts, a cryo-vial

containing the cells was ‘guickly thawed-and centrifuged .

F in Growth Medium and plated onto a plastic tissue culture

i
| 3;
; " ‘(1kxg for 3 minutes). The pelleted cells were resuspended =~
| :
!
i dish. Each 1'ml stock was used to seed a single 15 cm

’ :

diameter tissue culture dish. Survival of the cells upon

Ve

* recovery was normally 60 to 908,

. i © All tissue culture materials were obtained from Flow
£ . ¥ . i

Lahorator ge'a. o

St v Ligh B) peterminition of Dua, ‘RNA and Protein ..

4 Accumulatmn Rates

{¥ ¥ The racas of. DNK, RNA“and protein accumu].aeion in LG-S.

cslls were detuminad by maasuring the’ chqrporation of 'the

appzopriate radioacéive.ly labelled  precursor into. TCA

insoluble mucerhl. L6-5 cells-at various '};uges of

differon:ia:ion were labelled for 2 hours with 2 uci par ‘ml
of [3n1¢hymx:une (greater’ than 10 Ci per mol), 5 uci per il
of" [%]u_:_'id(ﬁa (greater: than 35 Ci per mmol) or 20 wCi per

., ml of [3)1lysine (gréater than 80 Ci per mmol) (all isotopes

‘obtained £rom New England ‘Nucléar). The .cells were -lysed
with a solut,ion cunta/inlng Nonidet P-40 (0.5%, V/v), 10 mM

".n.—u ucl (py 7460, 100 mM Nacl and’ 5.mM Mg acetate and the .. |

; concenﬁ-auon of the nuclei in ‘the lysate was determined ’ .

« 4 with a hamocytauecer. SDS E/gom a stock soluuon (208, w/v)

'was aauad to ‘the lysate o & final concehtration of it (W)

S
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L J ) -~
before .the lysate was homogenized by several passages
through a tuberculin’ syringe. Aliquots of the homogenate

+ ' were spotted onto filter paper discs (2.4 m‘di;mecer, #540,
Whatman) and allowed to dry. The fu:e}'s were washed twice
in 100 .ml ‘of a 'solution contalning TCA (zo\, w/v),
thymidine, uridine and lysine (0.1% each, w/v) over a period
of 15 minutes. The filters.containing Qmples, labelled with
[38] 1ysine” were given an in amodxate wash with .TCA (20%, §
w/v]_at 95°C for 5 minu:es.T The fxlters were' then briefly

rinsed; with ethanol; washed with ether for 15 minutes. and . -,

rinsed again in ethanol. After the filters Had been dried, -~ .~

they wete"p]fﬂéed with'10 ml of a solytion containing

‘mniﬂuor (2nw w/v) dissolved in toluene and the,

4 radioactivity vi9s detsmined by uqum sc!ntillatiun

counting. o -

cj Preparation of Subcellular Fractions of

s ..

Difteranual J‘entz’ifugatxon was used td' ob:ain nuclear,

pclyspml and- post-polysomal | fracuons from L6-5 lyu:es."‘ A
15 cm diameter tissie culture.'dish of L6-5 cells. was rinsed
"with '3 ml of an ice-esId solution of- Hepes Buffered’saline

(HBS) ' ¢containing 10 mM Hepes’ (pH 7.2) and 150 mM Nacl and |

! lysed with 1.5 ml of Lysis Buffer containing 250 mM NacCl,

g " 10'mM Tris HCL (pH 7.6),"S mM Mg acetate, nor}me: P-40. .

(0.5%, v/v) # 01-mM phenylnethylsulphonyl £luoride, 0.1 mM
\aurintricarboxylié acid, metina hydzocmozsde (o. oz\,w/v),
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% 10 mM beta-mercaptoethanol and 5 units per ml Human
t % Placental RNase Inhibitor (Amersham). The lysate was ‘
" homogenized with a tight fitting glass pounce htmogeﬁlzer
until the nuclei were judged to be substantxglly'frge of
4 attached cytoplasmic debris by microscopic examination. The
homogenate was layerdd over 0.5 volumes of a solution
" containing glycerol and Lysis Buffer (0.25:0.75) ana
centrifuged (2kxg for| 15 minutes, Busch & Das!tal, 1980).

The nuclear pellet thus obtained was :esuspenéed in 0.05

. volumes of the originkl homogenate volume of L‘ysis Buffer.
Polyvmylsulphate (PVS) (0.01 volumes of a stock solution

(1%, w/v)) and pNase x‘ (0.002 volumes of a 100, 000 units per

ml stock solution) were added to the suspensmn. The: ‘

_nuclear suspension’was incubated at 37°C for 1 puué before
the addltlon of sps (0. 05 vclume\! Of a stock so ution (20%,

-%/%)). The digest was stored at -7o°c. 1
? j

To prepare the polysomal and post-polysomal fractions,
the post—nu‘clsar supern“‘atant was further centrifuged (10kxg
. " for 20 minutes) to obtain a post-mitochondrial supernatant.

After-the adulnon of PVS (0.01 volumas of a stock solution

(1%, w/v)), the post-mt!:chondnal supeznatant was layered

over 0.25 volumes of a solution com:a/lnl.ngn sicrose (30%,

w/v) and 0.1 mg perml of PVS dissolv/ad in Lysis Buffer and

aentxlfuged (176kxg - for 70 minuteé) /to obtain the polysmal
- ' pellet (ogata & Tepao, 1979). 'ruo/m df ? solytion

c;sncnnxng 10- mM Tris HC1 on 1.5% 100 mn’ ‘NaCl, 1:mM EDTA

. - s « _\,
. % Il
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\ar’»d DS (1%, w/v) were added_to the polysomal pellet before
the pellet was stored at -70°C. PVS' (0,01 volumes of a
stock .solution (1%, w/v)) was added to the supernatant of
the polysomal pellet before it was centrifuged (176kxg For

18 hours) to obtain the post-polysomal pellet (Bag &

“sells, 1979a). The pellet was also stored in2 mlof a

Solution. containing 10 mM Tris HCl (pﬂ 7.1 s), 100 mM Nacl,

1 mM EDTA and §DS (1%, w/v) at -70°c. P B

Ribosomes were obtained for analysis ‘from 708 confluent
myoblasts and. 4 day myotubes which had been incubated for2 .
h’g‘q‘rs in medium containing 2. uCi per ml of [?n]lysina
(’Q;rea:az than 80 C1 per mmol, New England Nuclear).
Polysunal pellets were prepared. from 16-5 cells as described
in sgcgion 'C'. However, since the polysomes were l_ater to
‘ber dinuvelaten, Endtine hydroinloride. was: omitted from the

Lysis Buffer. The polysomal pellet obtained from ope 15 cm

_‘diameter tissue culture dish of L6-5 cells was resuspended

in 500'&1'953 solu:ioﬁcent/hxnmg 10 mu ‘Tris KCL (PR 7.6),
5 ll“‘! chlz-, 0.2 mM Puromycin‘ and Triton X-100 (0.5\, .V/V)
and incubated at 37°C féé 15 'minufs. After the addi_tion’ -
and dissolution of 30 mg of KC1, the sample was cent?ifuged.
(10kxg for 5 minutes) and the supernatant was luyeted on an

iso-kinetic sucfose gradient. - .

L
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ol L %
Iso-kinetic gradients of 15 to 308 (w/v) sucrose were, *

with an expc ial gradient maker (Model. XP077,

_ Hoefer gcientific Instruments) (Noll, 1967). The reservoir

chamber of the gradient maker contained 35 ml of a solution
containing sucrose (32.5%, w/w), 10 mM Tris HCl (pH 7.6),
5 mM Mgcl, and Triton X-100 (9.5%, v/v). The mixing chamber
contained 39.6 ml of a solution containing sucrose (15%,
w/w) dissolved in the same buffer. .A 35 Bl 'sw27'
polyalluner c%nfuge tube (Beckman Instruments) was filled
from t},b bottom with the sucrose gradient and cooled to 2°¢C
before the sample was, layered on top.™ .
After'cantritugauen in a Beck;nan 'swz?'ﬁ rotor (27krpm
(132kxg)- at 2°C for 12 hours), the, gradient was aalnpled from

the top through ‘a flow-cell in a spectrophotometer,

monitoring :ne,abso:bance at 260 nm; Fractions of 40Gzul
were collected and the kadioactive content of a 5 ul sample

was determined by liquid scintillation counting.} hy 4 2

E) preparation df Ribosomal proteins

i) Ribosomal proteins from }

Cel
_Ribosomal proteins were extracted from whole lysates of
L6~5 cells for analysis by 2 dimensional gel electrophoresis

(Krauter, Soeiro & Nadal-Ginard, 1980). A 15 cm diameter

“tissue culture dish of L6-5 cells which had been incubated

for 54 hours in medium contafning 5, uCi perml of '

(14¢] 1ysine (greater. than 0.3 Ci per mmol) and for 30°




- ‘centrifugation (1okx'g for' 20 minutes), the pellet was washed

localization of the labelled L6~5 r-proteins in the 2

A T - :

/ pE ;
AT : |

minutes in medium contafning 200" uci per ml of (3 lysine

(greater tham 80 Ci pa mmol both radioisotopes from New
England Nuclear) was b Lefly rinsed with 3 ml of ice-cold

HBS and lysed with.l.5/ ml of Lysis Buffer (section 'C'). ') .

‘After_the lysate was homogenized with a' Dounce’ homogenizer, .
DNase I (0.001 volumes of a 100,000 units per ml stock

solutidn) was added dnd the homogenate was incubated: at 37°¢
for 1 hour. [The homogenate waj ‘then slowly acidified by the i
addition of acl (D A volumes of a 2.5 M stcck soluuon). ;
The acidified euspension was placed ‘on-ice for 1 hour and 5
ghen centrifuged’ (10kxg 'for 20 mtnutas) . 'To thé
supernatant, 5 volumes of gcetone were aqded_ and the .’ ' : " I -

solution was stored at -20°C ofefnight. After . |

twice with 95% athanol and dried-on - }ca under vacuum. The
pellet was imlned!.ately requapanded in the- sample Buffer usad
/Eer the *irst dimension of. the 2 dimensional gél v
elsctrophoresis system for’ r\-proreina (section 'P-l') at a
conc.ne.rauan of approximately 1xmB cpm. per nl ‘and stored

at -70%.

i1) Ribosomal Proteins from Rat Livew

- Rat’liver r-proteins were used as ma:icars for the

-

dimensional gel el

s system for r-proteins

(sas:tiox '). Ribosomal proteins from rat liver were




prepared from rat liver polysomes (Ogata & Terao, 1979).

Livers, obtained from 250 g' male Sprague pawley rats which

had been fasted ‘or.18 hour.u, were! unmediately placed in’
Lysis Buffer-(section C) (5 ml.per gm wet tissue weight.

After the-liver wasminced with a pair of scissors, it was

homogenized .with a Potter Elvehjem homegenizer in a motor

' § .
% driven Teflon pestle.at 200 rpm for 2 minutes. The

i . homogenate was centrifuged (10kxg for 10 minutes) and the

carefully fed and stored on ice. The
pellet was/ resuspended in the.original volume. of Lysis

Butferand was homogenized and centrifuged as before. - The

- supgrnatant was decanted ‘and combined with the previous
' supernatant stored on ice. ' To the combined supernatants,
. RCL

&3 volumes f a 2.5 M Btock solution) and -d‘éoxycnoxa:e

(0.15 véﬂ.umea of a frushly repared stock solution (10\,

w/v)). wsre added.” . The mixtire. vas: thert Layered. over 0.25 °

“volumes ot \a solution conta ning sucrose (308, w/v)"
| dissolved in Lysis Buffer, |After cencnfugumn (176kxg. for

70 minutes),. the pellet was 'resuspended in the oziginal\

tissue weight equlvalence of 1 volume of Lysis 5uf£ar.
[ 1o cateulate, ehe, yxald of polysones obtained, the

fol lowlng Eo!mul a \vla

"applied. to account for the ferritin
contamination in rat: 1iver (wilson B Hoaglanﬂ, 1965):

0025,, (i, SB)X(DD;ZO)-onzsonet ) '"

one Obuonet unit (1 m’ path length) of polynomeﬁ was

equsvalam: r.o 80" ug of

i
T




. EDT&. Acrylmide (8% W), N,N‘-mthylene—lﬁi

polysomes per ml. Yields of polysomes were approximately

. . -62- . %, -

5 mg per gm Of or?ne’f rat ‘liyer.

© Ribosomal proteins were®prepared from rat-liver

polysomes by a procedure modified from welfle =

et al., (1978).. Polysome suspenaions of approxImately 5 mg

per ml in Lysis. Buffer were slowly acidified with the s

addition of HCL (0.1 volumes bf a 2.5 Mrstotk ‘solution) ana:

further. purified and prepared. as described’ above -for L6-5 -

E-proteins (fection 'B-i'). Rat Liver r-proteins were

dissolved in sagxple Buffer: for the ﬁrst dimension ‘of the 2

dmenuienal gel electrophoresis system for* t—proteinu

(Section "pL1') ‘at'a corcentfation of ately 20 mg
per ;u and' stored at -70°c M N 5
© F). Iwo Imenliﬂ al Gel’ Elacttoehcsasi cf .
* - Ribodomal proteins; -\ ) NERE

'-niboé;nal proteins were separated on a2 dil;ne.n.:sional
polyacrylmide ‘gel electmphorasis system (Kaltschmldt &
wltmann,. 1969, Lntick & Hccunkay, 1976 and oqatl & ‘ro:uo,
1979). _' L w ; -

« - i) pirst gi.muns;cm . :
Blactropho:eala ‘of r—protalns in the Eirat dimension  * . '

was _carried out in a tuhe gel apparatus’ (Modnl GT-3,. Hoefer .

smqntlfic Inutrumsncs). ‘The first dimensim\ Running Gel. .

ccntuned 6 M uren, 0.5 M boric acid 0.4'M Tris base, 20 m#

l«la-gryhmme, . ¥ ¥
.
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g <
(0.2%, w/v) and TEMED (0.3%, v/v) ‘and was adjusted to

DH B.6. The Stacking Gel contained 6.M urea, 0.1 M boric

acidg. 2 mM EDTA, acrylm‘ife;(/]y; w/V)., N,N'-methylene-bis-
ac:ylmide {0.2% - w/v) and TEMED (0.4%, v/Y) and was . .

~ : adjusted to pH 6.7. ‘The Reservoir Buffer dgntiined 0.15 M

boric acid, 0. 12 4 -n—xs base and 3 mM EDTA and vas adjusted-
: ‘- to pH 8.2. The Sample Buffer contained ‘Stacking Gel buffer,

. sucrose (T, w/v) and beta-mercaptoethanol (1%, v/v). : R

The  £irst dimehsion gél was cast in a siliconized glass ' /. ;
ko " -cylinder (0.3 cm id x 12 ¢ém), which contained by height: F ) L Irr—"
5 Renning Gel; 5t Stackinq Gel .and 58 sample spacs. After R .

- degassing 10'ml of Running Gel under vacuum for.5 minutes,

ammoniim persulphate (10 ul of a treshly pzepared stock
solu:i@(m\, w/v)) was added. The Running Gel. was quickly
) pipattsd into a glass cynndsr with care to_avoid
' int;oducgiun_vot air bubbles.. The Running Gel was overlayed ' .
. with‘ 50 ul of butanol and 4llowed to: polymerize overnight.
BN The .stuckinq Gel (1 m].') -was sinilarly degassed before the
addition of flavin mononucleotide (10.ul of a, stock ‘solutxon

(u, v/v)). Ajcur removal of the butanol mverlaying the -

' polymerigzed Running Gel, the Stacking Gel was pipetted into
the ‘gh'u_tuba ‘and polymerized by exposure to intense
ultnvlolnt light for 1 hou:. ) =

After uumbly of ‘the r.uba gel apparafus with the - ¥

P .. o "-Paexervcit Buﬁier in place, samples of 400 ug- rat liver

carriér r-proteins and.more than 1106 cpm of labelled L6-5 i wel
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r-proteins in' a total volume of 20 to 50 ul of Sample Buffer
were layered on tpp’of the stacking Gel. In a separate gel,
10 ul of Samplle BuEfer containing 40 ug of horse

éytochrbme € (TCA fres grade, signa Chemicals) were loaded

to serve as a visual ma:keri;racein (Leader, 1980).
slectmphon\sxgpmceeded towards the cathode at 0.5 mA per
gel for 2.hours’to stack the gel and then at 2 maA per gel 3
until the cytochrome Cmarker was withinl cm of the bottom

Of the gel. After 1ubn'calc.1r'|q the inside wall of the glass

| ar i

6 M uréa, 48 mM KOH, '0.9 ‘M acetic acid, acrylamide (I5%,

cylinder contaxning the gel. with a solutlon ‘of Triton X-100

(1%; v/v), the gel was. extruded, om the glass l:yllnder into

25 ml of )a’ solutinr\ ‘containing ac/tcne (701, v/v) and placed
o€ ovemiglit. Thegelwas then placed into 25 ml of *
|

a solution of acetone com—.aming 100 nM bata—mercapcne:hanol

and ,allowed to canplql:ely dehydraté at -zq"c fo:,: Wt least 12

hours, -

ii) Second Dimension

Blectrophoresls int“the second dimension was carried out

in a'slab.gel apparatus (Model SE 600, Hoofer Scientific. -

Instrunents). The second dimension Running Gel contained-. '
1=

"'w/v), N,N'-methylene-bis-acrylamide (0.5%, W/v) and TEMED

(0,34, v/v) and wes adjysted to pi 4.6. The étnckiﬁg 6ol
contained 3 M urea, 24 mM'KOH, 26 mM acetic cid, 10 mH .,

beta—-mercaptnethanol and agamse (1%, w/v) atnd was adjusted
t

|
|
i
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to pH 5.2. The Reservoir Buffer contained 0.19 M glycine
and wvas adjusted to pH 5.2 with acetic acid.

Running Gel (100 m1) was degassed for S winutes before
the addition of ammonium persulphate (1 ml of a freshly
preparad sbock-solutica:(30f: sfvlls The Rupiing el was
thon pipertsa: 1necphe 51abga] Fore, WELL® thb inalig Gl

- polymeri:ed the dahydrated first dimension gel was

rahydratod in a solution cnntairung Stackiyig Gel (hcking

aqarcaa) and 100 mM Deta—mercaptoathanol

or 30 minytes,
~T"The first dimension gel was, then cemented\onto the top of '
\the second dimension slab gel with the Stac L ‘
©L - containi ‘molten agarose. This forniéd a sta .king gel of
" peyarid-wiionce:the, agaroae Bad solidified. ~saturated FeCl,
in glycerol (508, v/¥, 10 ul) was layered over the stacking
gel to serve as a visual tracking dye for the )

v elecr.tophorolu Of th- secand’ cll.nension (Bernabeu, Martinez,

vuquez & nuur,-, 1979). Bloctrophozcsls was performed
towards the cathode at 6.V per cn uatlL Ehe tracking dye
reached the bottom of the gel. The slabgel was then
removed and prepared for transfer to a n,icrocll].uloﬂ;

Tmembrane (Western BIot).

= © . iii) Wwestern Blot ' =

L To analyze the r-proteins ‘separated on the 2

dimensional gel system for r-proteins, the r-proteins were

el horetically. transferred (slectro-blotted) onto a 1.~
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nitrocellulose membrane (Type HA, Millipore) (Towbin,

Staehelin & Gorddn, 1979). Upon completion of

-
electiophoresis' of “‘the second dimension, the ‘slab gel was

soaked in Transfer Buffer containing ethanol (20%, ¥/v) and
dcetic acid 91\, v/v) for 30 minutes: The gel was then
assembled in a sandwich in the following order: 1 Scotch-
Brite pad (3M), 2 layers of chromatography paper (3HH,
Whatnan) , 1 nitrocel Iulose sheet (Type HA, Mnfip_gra), gun
gel, 2 vltyets of chromatography paper and 1 Scotch-Brite
pad, al 1' L:ut'to the. saﬁe sjize and all pre-soaked for 1S

minutes in Transfer Buffer. The sandwich was then placed in

‘an. Electroblot Chamber' (E-C.Apparatus). - Transfer occurred

‘atapotential of 10 v per cm towards the cathode’at.room —

temperature for 1 hour with constant recirculatién of the

. Transfer Buffer. e

The nitrocellulose melwbrme was then staifed with a
filtered solutxon» com‘.ﬂinxng‘lmxdo black ¢0.1%, H/V):
ethll\ol (408, v/v) and acetic acid (108, v/v) for 5 minutes

~and destainod in'3 chunqes with a’ wluuon contaxnh\g

ethanpl (908, V¥/v) and acer.ic acgd (s, v/v) over 1 hour.

" The.individual stained t-proteins were ldentified by
comparison with a/uannam ap \Of rat liver r-proteins

(Mcconkey et 'als 1979).  .The indlvldual r—p:otein spots .

were removed with a paper punch to scintillation vials. The

membraries werd' allowed to diuul\{s ovetnlght in 10 ml of
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P Beckman HP Pluor before being counted in a Beckman 'LS9000'
" 1iquid scintillation counter using a 'Dual Label Data ..
s R . 5 .
Reduttion package'. The results obtained were dpm values

for (%] lysine and [14cilysine, corrected both for quench:

§ & . .and channel spillover. ¥ ®

; . . The ‘procedures used for mf purification and analysis -
2 q

were modified from Maniatis, Fritsch's Sambrook (1982) :

oo " ‘unless otherwise noteds i :

1).RNA from subce llu

RNA - was puritied from the nuclesr, polysomal amd post- -

polysomal -fractions obtained from 1. =5 lysates 3 . * %

. (section 'c.).~ Each Erac_gior_n ‘which contalned_'z nl of a.

solution containing Y0 mM Tris HCI (pH 7.6), 100 mM ‘Nacl, *

1 mH BDTA and SDS (1%, v/v), was digested un—.h Protainase K .

(500 uw per ml) at 37°c until the pellets were dissolved.

The diqes:s were then extracted with phenol and chlorofom

H in 15 mL’ screw—cap pyrex tubes at. room temperature
] (Palniter, 1974). Phenol (1 volume, Ultrapur, Bethesda ;
: ' Resbarch Laboratcries), which vas first eq\nl‘nbrated with ,

. Tr:.s huse (0.1 volume ofa 1M stock solution), was added to

the: digest and -the mixture was gently agitated ‘for

5 ‘minutes. .ch’}otniom”(]. ongmal volume) was' then added §

and, after brief mixing, the phases vere separated by

centrifugation (.Zk;(gG;r 5.minites), -The organic phase was




wcella vas rinse.bvith 3'ml of ‘ice-cold fiBS and_ l.ysed in 2 ml
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farefully removed and discarded, leaving the interface

/
material behind. The agueous phase was extracted 2”more

times with chlorofom (1 Volume). vnnr‘ the £inal .
chloroform extraction, the aqueous phasa was removed, again
leaving the interface material m{mm_: and the RNA‘in the ) .
agueous phase was-precipitated by the addition of ammopium i
acetate (0.5.volumes of a 7.5 H‘stock solution) «nd ethanol
(2 volumes) and stored at-20°covemight (Maxam & Gilbert,

1980). . ! ‘ o - ‘*

"RNA content and purity were assouad 5 T . .o

spectrophotometrically by measuring ahsorhances of the RNA **

samples dissolvea in'a solus:mn contaming 10 mMrrisEcl N L

(o8 7:6)7 1 a# EDTA, 100 m,n,nacl and sUS (1%, w/v)- at 260 w ¥

280 and 320 mi, ‘The amount Of RYA was.calculated usSing the’ . -

£01 Yowing -formula:

o (Djg=OD3p0) x40 = vg pérmi: T

AN 0Dy 0Dy ratio of 2 was considered. to indicate pure

RNA. L, : .

“14) RNA from o;e cells
* 3 was prepared from whole cells by a total . .

danaturatian procedure (Glisii, crkvanjakiv, &_pgus, 1974 -

and Ullrich, shi.nn, chatgwxn‘ Pictst, ‘Mschor,, ‘Rut,ter &

‘Goud.man, 1977).0 A15 ‘cm diameter ctsauo culture dish of 3 Y .

of a solution containing 6 M gnaniﬁinim isothiocyanates *

-




. - e
(Fluka Chemicals), sarkosyl (1%, w/¥), 50 mM Tris HC1 -
(pH 7.6), 0.1 ¥ beta-mercaptoethanol and CsCl, (40%, w/y).¥e.

The _lysate was gently hsnogenized in a tight fitting Dounce

rE hmogenue: to snn: the DNA befdre being layéred over . iz

«2 Wl cushion conr,ainmp csCl, (97%, w/v or rii.=1:71) and

10 mn Tﬁs HC1l (pH 7.5). Aflsr cantrifugatlon (147kxg for
20 hours at.20°C), the RNA pellet was dissolved in300" ul of

¥ - ol “a solution contulnlng 10 mn Tris ncl (pH 7.6),. 3 mH EDTA -and

@ —20"c ovetnight. . L % e

% 5 : e by oligg(d't) Cellulosa chrm-tggraghz
) poly(a) antmhad RNE was pmpazeu frm purxiled nm
samples by ouqo(ar)-ceu_ulosa chromatography (Bantle,

naxnn & Bahn, 1976). Oli‘go(dl‘l'c.n“.gdbse (approximately

200 lq. Type Iu, Collaboranve Research) was f_u—st decantéd

of its Hnu 1n a w}ution .containing 10 mM Tris ncl
00 nn NaCl,

] T (om0,

mM EDTA and sps (1%, w/v) bef.ore L

haing plpettad ‘into a 0.7 cm id x 10 cm' column. u-he column
b B - vas uashed ﬂth 1 copumn voTiie ofa uulutlon containing  *
] 0.2 M Na n, L ed by.10, culumn volumes of Blnaing Buffer
h containtZ{ 10 mM th ﬂcl (pH 7. 6), 500 mM Nncl, 10- mM'EDTA,

.
* and sps (.\\. W/ ‘: 3 J

The ah\ umph to be chrcmatbgraphed was dissolved-in a

+ -~ solution connining 10 mM Trig ucy(pnj.s), 1 mM. EDTA unq
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"SDS (1%, W/v) at'a concentration of no gredter than 1 mg per
ml. The sample (up to 2 mg) was heated to 65°C for 1 minute
before the addition of NaCl (0.1 volume of a5 ¥ Stock .
solution). 'The sample was quickly cooled 6 room .

temperatire in an i;:e-watvar_h.ath and then.passed through the

oligo(dT)-cellulose column 3'times. -‘The ‘colunn was washed

with 10 -bed volumes of Binding Buffer. 'The sample volume L

".plus.'the first 2 ml of Bimnng Buffer wash was kept as the
L\‘poly(A) poot zrac:mn, The Eracr_lon bound “to the olxgo(dr)— '
cellulose Nas elutsd with 4 bed vulumes Df Elutlon Buffar
containing I mM EDTA {pH 7.6) and SD_S-(O.L%, w/v). ! The
column was r;—equillbra.ted w{eﬁ 5 bed 'volume‘s Of Binding -
‘Buffer before. the next sample was applxsd. " “ W

The eluted poly(a) annched RNA Eractmn was bound to -

and eluted from- thy olLgp(d'r)-cenqlose,culumn two more
times, although the’ unbound :‘:actlonsr from thesd steps. were )
usuall disc’a‘zdau The final’ bound fraction was eluted and {z

the RNA precipltatsd wich 2 volumes’ of e:hanol and -stored at

-zc"c ove:mghz

H) E lectrogherens of mm St
RNA samplas of up to 25 uq weré subjécted’ ta «
electrop}horesis in' an agarose (1.2%, w/v) gel. he gel
" 'buffer contained 25 M Mops (pH 7.4), 5 mM .Na.acetate and
'2 mM, EDTA._ Samples’ of RNA vere precipitated in 0.5 ml

pppendorf tubes wi:h ammonium acetate (0.5 vélumes of a
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7.5 M stock solution) and ethanol (2 volumes) and stored at

! .
*=20°C overnight. The pellets were rinsed once with 70%

ethanol and dissolved in 20 U1 of sample Butfer containing

freshly daxon;zeg formamide| (508, ,v/v, Section 'k-iii'), gel

(
buffer (ZSl, v/y) and Eomailn (258, v/v) and heated at GUOC

for 15, minutes. TEacking d’/ye (5 ul) containing’ glycerol

I ; P
(508, v/v), bromophenol nlhe (0.1%, Wfv) and xylene cyanol

(0.1%,5 w/v) was added to the samplas before they were louded

onto the gel. Electtophoresxs/g_roceeded towards the anode
at a potential of’5 V per cm until the bromophenol blue dye:’
traversed 80% of the gel. The agarose gel was :hen placed
Jin's v Yt 66 A aqueous solu!uon containtﬂg\z ug per ml
cf ethidium bromide to stam the RNA. ' The gel was
subsequently photcgraphed with-an.MP-4 Polaroid Land camera
(polazom\cup.) _fitted with a Wratten $42 filter using

ultraviolet transillumination.

1) plasmid DNA's

plasmid CDNA and genomic clones obtained from a varie:y

of solirces were used for hybrldxzanon with specifi‘mﬂ\

species. The plamlds and some of their relevan: properties
i

are listed in Table 2-1.. Methods used’ for the preparation
: > F

' of DNA plasmids were similar, to those outlined by Maniatis,

st al. (1982) unless. otherwise indicated.
: \ v 7

.
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Meyuhas & perry (1980).

Dudov & Perry (1984).

‘Freyer & Robbins (1983)

Plumb, Stein-& Stein (1

* s'ubrahm.anyam, cassidy;

Drug markers: Tet Tetracyclin, 15 ug per ml, -

982)

- @ ) i .
~ ¥ . ’ \\>

Table 2-1. Recomhinant Plasmid DNA's.
Recombinant Designation Soutfce Probe B Type Vehicle ntun °  Restriction
Plasmid i - for . ; Marker Enzyme
ps162 9 Mouse ' rp-s16 CDNA . - pMBY Tet - . Bam Hl
pL1o® P31 *  Mouse . rp-L10 CDNA MBS - Tet Bam, H1
pL182 P60 Mouse,! rp-L18 cDNA 'pnps Tet = Bam Hl
pL302 ° P50 . Mouse  rp-L30 CDNA. - pMB9 Tet Bam Hl \
pL32® pas’ _Mouse  rp-L32 *  ODNA - fpuaé' Tet Bam H1
poi32® p3aE3ie Mouse . rp-L32 genomic pPBR322° - Amp | ‘'Bam Hl
_puixcc p24 Chick © MiC CDNA 'pélz:zz Amp ' Eco Rl
puad ..pFO108A " Human histone H4 ' Genomic pBR322 Anp Eco Rl
p-prel8s®  “p2.0 Rat ' pre-18s rRNA Ggnomic pBR322 . Amp Eco Rl

¥ p-pre28s® . p59A - Rat pre-28s rRNA Genomic pa}aizz A-;p ECO Rl

. N
Amp Ampicillin, 50 ug per ml.

Busch & Rothblum (1982).

2L
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plasmid stocks

A hybrid strain of Escherichia coli, HB101, was' used. as

a host for the production of plasmids (Boyer & Rouland-
Dussoix, 1969). The bacteria were grown at 37°C with

vigorous agitation in a.utocla\:led Luria-Bertani (LB) medium
containing 125 mM NaCl; yeast extract (0.5%, w/v) and
htyptone (1%, w/v) whxch was ad)usted to pH 7 20 s

The growth vessels were screw. capped erlsnmeyer Flasks
with a Lest—tube ‘side. arm which 311owed the gro th rate of
the hact_eria to-'be direeny moritored withia Klett meter

(Klett. Manufac:unng corp.) fitted thh a #52 green filter.

HB101 bacte:x.a were transformed yxth recombinant DNA
plasmids to generate, large amol';nts of plasmid (Mandel &
Higa, 1970).. To render the. bacteria competent for
tandrormation; a1l sample of an overnight .
(stationary) culture of HBI01 bacteria was used to inoculate
100 ml of LB medium, ). The bacteria were grown to’a density

(Of 50 Klett units (approximatély 5x107 bacteria per ml)
befors the culture was chilled on ice for 10 mi,

‘*g. After

cancrifugacinn'-(skxg for 10 minutes), the pell
resusponded in 0.5 of the onginul culr,ure volume of an ice-

cold, sterile aolution ‘containing 50, ll\M Caclz and 10 mM

':\‘ri’s HC1 (pH-8. 0) and placed on ice Eor

15 minutes, After

ool
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-centrifugation (Skxg fors hinutes), the bacteria.were

resuspenfled 1in 1/15 of t_he\tlrigiqal culture volume of the
same. ice-cold sterile solution and dispensed in 0.2 ml
aliguots into. sterile 1.5 m% Eppendorf tubes. The allquots
were stored at 4°c overnight.

The récombinant DNA plgsmid to be used for.

]

trans‘fomation was digsolve \ac a condentration of 0. 4»ug'
per ml L s:ezue solutio

contaxnmg 10 mM Txis m:l

(pH 74 s)\and 1 nM EDTA.‘ A 1‘ho ul aliquot of _the’ DNA
solution was'mixed with 1 aliquof of competent HRI01.
bacterial and stored on ice ‘for.30 minutes. The mlxture was

then heafed to 42°c for 2 mmnut‘e’s before 1 ml of LBmedium

at .37°c.yas added. After incubatiorat'37°C for 30 minutes, .

the'bacterial culturé was plated as a-lawn 3n an LB plate

(LB mediun: containing agar (1.5%, w/v) and a suitable

antibictic selection’marker! (see Table'z=1) in a 10 cm

diameter petri dish) and in¢ubated at 370C overnight.

Antibiotic Tesistapt colonies ‘were dested for the

bresence of the desired recombinantiplasmid (Barnes, 1977).

Individual colonies were picked and useéd td inoculate a b5 ml

solution con:aln.ing LB medlum and the appropriate antiblotlc r:

| and the. bacteria were allowed tc growat 37°¢C ovemight.

Al.5 ml ul iquot of the culture w pqt'into an‘l 5 ml

*Eppendort tube and centrxfuqea (16kxg' for 1 minute). The

rsnnining culture waa atbred ak 4%¢.

rﬁrhe pellsted bacteria were resuspended in 100 ul of a
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“solution cuntaining 10 mM Tris HC1 (pﬂ 8.0) @nd-10 m- EDTA

at room temperature for 5 minutes. “The bactena were lysed

by the .addition of 100 ul of a solution contunll’lg 0.1 M
NaOH and’SDs (1%, w/v) before being, heated at_ 68°C. for 1
hdur. . Thé lysata was éooled umi centr/tfug/sd (10kxg " for 5
minutes)., 6, the auparnatant, 100/(1 ot a ‘solution

2
containing . lycerol (508, v/v) “and bromocresol green (0.1%,.

W/ 'w>dded. a 10 ul aliquot of the ‘mixture vas then

sub]/u; ed ho el 45 oh a DNA ge’l . .
(seétion 'u'). )
The femaining avernighé cultures of successful

transfomants were used for the “inoculation of preparative:

scale cul~turss an Eo:‘ the p:uductxon oLlong term storage

stccks. ~Long te'%n storage of plas
/ was’ possible after mixing 3 statiGnary culture of the 5

/transtomed'bacteria with 1 volume. of sterile glycerol and

‘; storing’'l ml alsquo:s of the mixture at -zo°c or at -195 e

[ ;
/, g Hi) Qrgc Scale furiflcation Of Plasmid DA

The puriflcation of plasmid mlA from transfomed HBlOl

5 badteria was performed using a high salt and alkali lysis

prqcedure (Birnboin| e Doly 1979). A 5:ml aliquot of an cver g

- nlqht culture of HBlol bacteria bearing the desired plasmid
. was usad tq inoculate a 500 mlsolution: of LB medium
containtnq the apptopriate antibiotic.”’ The bacterial

: culturu was 1ncubutad'al‘. 37°% wlth vigordus agitution until

bearing HBlUl bacteria’

e
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it reached a density of 100 Klett units (approximately -1x108

< bacteria per ml). Plasmid production was then amplified by

the addition of cnxora-pnenical (500 ul of 2,170 wg per ml

_s:ock soxuuon in ethanol) and incubamd at 37% ovemxght

'vut.n constanr_ nglcatlon. 1

The bacteria were tecnvend by ccnuifugat[on lskxg for

5 minut.s), Wi th 25 ml, of a solution containing 10 mM

“Teis HCL (pH 7.6) anf 10 mHEDTA and re; uspendod inr‘ ml'of .

a solution cantalning 25 mn Tris HCl (pH 7.6), 10 mM EDTA

}and 2 lug per ml. ot‘ £resn1y prepaud lysozyme (Boehx‘inger

& After ircubating’the susp fon, on. “ice for ‘30

minutes, the bactet‘ij/uere lysed by the addition of § mlof’

a solution containing 0.2 M- NaOH and 08 (u, w/v). The

5 1ysate was placed onice for s nlnuteu before's mlof a

solu:mn containing 3 M sodium acetate (mde to PH- 4.8+ by

the addition of acetic acxd) was added* and the mixtura was
“

genuy f.nveztod several times and stored Eot 1 hour on xca.

“after: cencrifugation (16kxg for :m minutu at room- . -

temperature), the plasmid.in_ the aupernatnnt was/

: ; . /
" precipitated with ethanol. (2 vol\mas) and stored .at 4°t for

1 hour. 'nh- pnclpltate -was recovered byr cantnfuqation

(10kkg <for 20 minutas) and’ resuspenddﬂ in'10 ml of a

solu:ion contuning xu M hia Hel (DH 7,6) Ana 100 mM Nacl

befure the plumtd was, precipitat-d aga!m hy tha addition of

10 ml of” ethanol and atox:ed at 4°C ler 1 hour. The pallot

by centrifugation (mk‘i& for 20 mxnu:u).f
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dissolved in. 4 ml of a solution containing 10 mM

Tris HC1 (pH 7.6), 10 mM EDTA and 100 units per ml of ,
RNAase A‘(pré=boiled for 5 mim;tés, Boehringexr' Mannhein) and
incubated at 37% for. 1-Hour., SDS (0.5 volumes of a stdck »
solucion, 20%, w/V) was added to the lncuhar_xen mlxture =
. which was. then extracted with phensl and. chlorufom . .
(seccigin 'G— if)i - After-removal of ‘the agueous phase, it was
mada up to'a final volure of 11 5 ml with vater; sodium’
agetate (nA375 Bl of a4 L] stock salutlon, PH 6:3) and
ethanol (16 ml) were then added and the DNA was allowed to
précipltate at room temperature for 1 hour befére -being
recovezed by centrifugation (10kxg for 20 mlnutes). i

. To further.purify the plasmid DNA; it was

atographed on a Biogel A 15-m (Bio-Rad) column. A

0. 7 cmid x 10 cm'column filled with Biogel A 15-‘m was
washed with 10 column volumes of a solution contain!ng D 3 M
ammonium acatate, 10 lI\M Tris HC1" (pH 7 6) and 1 IﬂH EDTA.
The plasmid DNA, dlssoived in 400 ul Of a solunan
cantaining 10. mM Tris HC1l (pH 7.6) and 1 mM EDTA. was

centrifuged (10kxg" for 5 minutes) and the supernatant was

‘applied‘to the Biogel column, ‘The plasmid.was, eluted with

“the Biogel columii buffar and was collected in'500 Ul

“fractions. Each fraction was: asaayed for plasnid ‘DNA by

running a5 ul aliqum‘. on &

NA agarose gel (section b i

Practions_cnntaining purLEied pusm;d DNA were ,pooled and

the plésmid was pfecipitated witli:2'volumes. of ethandl and,

i
h
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stored-at -20°C overnight.. The yield of DNA was determined

spectrophotometrically by measﬁ:in§ absorbances at 260 nm of

the plasmid samples, dissolved“in a solution containing '

10 ‘mM - (pH\7.6) and ¢ - EDTA; using the formula:
kénaioixso = ug DNA per mi.

Plasmid ‘DNA was stored in a solution containing 10°mM Tris

“HCL (pH 7.6) and 1M EDTA at a ‘congentration of

approximately 1 mg per ml'at 4°C.. s

* iy) Nick-Translation . !

DNA plasmids-weré labelled tovhi\gh specific
activity by (32p) nick-translation (Rigby, Dieckmann, )
Rhodes & Berg, 1977). Reaction mixtures contained .25 ug
of the desired p1asmd, 2.5 units of bNase I, 50 P Of DNA
" polymerase I, 25 uM-edch of dATP, dGTP and dTTP, 50.mM Tris.
HC1 (pH 7.8)) 5 mit ‘MgC1,, 10 MM beta-méroaptoethanol and 50
uci {alphe32pTdcTs in.e'total volume of 25 ul. The
reaction was allowed to proceed for 1 hour at 159¢ befcre it
was halted by the addition of 1 volume of chromatography

buffer (below). Ecn\merclal nick-translation luts and

_lalph u—“pwcn (greater than 3;000° Ci per mmol) obtained

from New Bnqund Nuclear ‘or Amersham were used.
. 2 2 g




. Wt
syringe fitted with a siuconized glass wool plug. ‘The

. nSck-translatan reaction mixture, ﬂlluted wlth 1 volume ‘of F mta

translated material, 1eav1ng the unincorporatcd radioactive,
' material in the column. The resulting specific.activity of

“‘the labelled BNA plasmids were.between 2 and 5x10° cpm per

)
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The nick—tzanslated DNA was pu:1£18d £rom .
umncbrpauteu rudmacnve mar_nxal by spxn—column'
chromatography. Sephadex G-50 (medium, Pharmacia)  was
suspe‘ndsd in a solption containing 10 mM Tris HCl (pH 7.6),
1 mM 'EDTA, 100 mM NaCl aﬁd' SDS (1%, w/v) and was packed by

centrifugation (4kxg for 5 nur;utes) ‘into an 1 ml plastic N

the ‘checmatography: buffer, was applied to"the columi'and - o
washed thirdﬁgh with.an additional 200 ul of buffer\by

gentrifugation (4kxg for 5 minutes).. The eluate

{spproximately 300 ul) contained more. than 903 of the nick- .

Wi e Sn TR R

2
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J) Electrophoresis of DNA

» Plasmig-DNA samplés were analyzed by electrophoresis in

an agarose (0.8%, w/v) gel. The gél buffer contained 40 mM

Tris agetate (pH 7.8); 2, mH ED’ Aand 0.2 ug per ml of .

Jekhidium brcmxde. DNA sanpTes’ (appk‘oxmately 0:5 ug RS

dissolved _'

10 ul ‘of gel buffer) were mixed, with 0.1 volume
of a solution contaifung'glycerol (25%, v/v),.bromophenol
blue (p 1%, w/v) and xylene cyanol (0.1%, w/v). .The samples..
were loaded onto the gél and electrophoresig proceeded

_towards the anode at a potential of 5 V per cm ur'\tu“:he P )

: bromop’-h;dol blis dye traversed 808 of the gel. since: thb gel

contained ethidium bromide, 1

was directly-photographed

with an ¥p-4 Pélaroid Land camdra fitted with a Wratten 442
. - \ . .
filter using ultraviolet transillumination, g oF

7 k) Northérp/Blots . 4
. . ) i

To qualitatively and quantitatively assay specific RNA
species in a diverse RNA population, the RNA wjs resolved by

i
agarose ggl Blectrophoresis and immobilized by electro- . 1 ;
blotting the RNA onto a solid support. .The RNA was then i

I
available Eot hybndxzatwn with spec fic nick-translated
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DNA plasmids, generating a 'Northern Blot'. Two different -

support media ‘were used to bind RNA lectro-blotted from

“agarose gels. /i‘ . . % .

1 > v
&t et i) APT-paper
i The first method of Lm'mé’bi‘lz’:.ing RNA onto a solid
suppcrr_ employed amlnophenylthloethsr modified paper
IAPT-papet) which was freshly diazotized (bpr—paper) (seed,”
1982) APT—paper .was prepared by. xeacting 5 sheets of
zo\ﬁ lete: paper (T‘ﬁ’e 589WH, schleicher & schuell) vuth
100 ml of & solutwn containing 350 ‘mM NaoH and butanedipl
d{glycxdylethnr {30\, v/v, Aldrich Chemlcals, also called
b""soxuane) in a super Saalcbag (Phid ips Electronxcs) wi:n
constant agn:ar.mn at’ room temperatuye-overnight. Aftor
. discarding the reaction mixture, a solution containing
1.5 ml’ of amipopnenylcmoecner and 40 ml of acetone Was
ssaled in the, bag “with the filter paper-and agitated at room
tempera:ure Eor 24 'hours. The APT—paper was then washed

t;wlce sequentially with ethanol and 0.1 W HCl for 15 minutes

each.'.After a final ri.nse with ethano the APT-paper was

sy .
air dried and storéd in‘a Super Sealobag in ‘the dark. =

\

of a goiution coprainTag £2.M HCL and 25°mg, NaNo, at 0%C -

¢ for 15 minutes. \After brief rinses first in ice-colld, water

and then in Transfer putfer containing 25 my KH,PO, *

(pR) 5.0), the DPT—paper was, ready foriiiss, |ohEe ths Haphs

Just’ before use; thd APT-paper ‘was.diazotized in 100 ml

o




[freshly activated DPT-paper and 2 'Pleces of chromatography
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was activated, it had to be used immediately sinée the

reactive diazo groups have short‘halfilives.

After the RNA gel to be electro-blotted had bebn 5
staiged and photographed, it was washed with 2 changes in

200 ml of Transfer Butfer for 20 minutes. A‘piece of I

- paper || (3{;4& Whatman) were cut o the size,of the gel to be

“rubbed with a gloved hand to remove any Yesidual adax‘os

transferrgd aind were soaked in Transfer Buffer for,10 :

mmutes. The blp; was assembled Ln much the same manner as'

descnhed for the’ wesr.ern blot for r—pm&ems

P .
(Section ‘E-—l'»), except: that the DPT—paper was on the anode
—~ . . : b

side of the gel. .Transfer of thé RNA was carried out at a’

potential of 4 ¥ per c;)| at 4% overmgh: with rec"rculauo_

of the Transfer Buffer. Aftér t:ansfer, the gel was mmergéd

in 200.ml of an aqueoys solutmn contaxnmg 2 ug per ml of

‘echidium brnmxde for 30 minutes and _chiécked by ultravlolet

translllummatwn for thé efficiency of transfer, mhe

DPT-pape!' was vggorously washed with Transfez auffﬁr and

The blot was then ready for. pre-r;_yﬂ\?ridizatxon "

‘ii) gene screenm

The second Northern blot support used yas @ Gene. screen

mambrane (New England Nuclear). After soaking the membrane

in Trx&nsfer Buffer containing 25 mi N-!HZPO,, (pH 6.5) for 15

ninutes, the blot was ready to be assembled and electro-
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‘blotted in tm‘nm;or described_for m-plp‘tt-_ After ’ -
T e 5 . s /

,' the rane vas v sly. vashed-with Transfer
Buffer al\d baked for 2 bours at 85°C"in vacuum, ‘l‘hc't;om*

scrnenn blot was then rndy Eor pro-nybridl:atlnn. A2 .

s, S ST
11 gto—gxbndx:anon R "

Aﬂ:-r the. mu, had bun :nnnfozndwg a solid nuppon,
v

:ho 'bln: was pr-yybrldh-d before_being nyuuausd with
Wd mu\ pl.mids (rhonal. 1350). ’rhe blots

v/V. tralhly doionh-d), 5x Hodlﬂod Donhlrdt'u solution, .
Sx ssc,” 1onmq per m.} of poly(u). 100 ug p-r ml c:yycut e
tm. SDS (0.2%, .w/v) and qucin- (s, u/vy glycine was used
with Dm‘-papcr only). .The formamide (Ultrapur, BRL) was B
dcionhod by constant mltnclon with 02 volunnl oE dual i.on
m:n.nge -resin (RG501-X8, nio—hd) at. 429¢ £3E 1 “bour,.
Modified Denhardt's oohgtion (—lx) contained Ficoll (0.02%,
W/v), poylvinylpyrrolidone (0.02%, }/9), 5 mM Mops (pH 7.0)

/
and. 1 mM EDTA and was kept as a 50% stocks SSC (1x)

Y ~contained 0:15 M NaCl and 0.3 M, tri-sodium citrate (pH 7.0)

as kop: as a 20x stock. puler(u) and yeast .tRNA were
donutuzad Wlﬂ\inﬂ luquets ut n 0 mg per ml stock
lolution dirtctly to- tho dnioni:sd formamide before the

3 othez Teagents were, lddld. Tm\g:l-hybrldhluan -oxuuun

wu qul-d in a super’ su!.ob-g vlth th‘ Nor:horn blot (10 ml

i




oh a rotator.

. &t room temperature for 60 minut

at 4z°c ovarniqht on a‘rotator: .

. i) pybridization s .
i
Hybriﬂtntion Hl! earried ou!: in\the sams aoluth}kund

“for pro—hybrldtnc[on excapt tha': the (3211) laballnd nick- £,

translated plasmid was chlud-d. In the case of DP'r-paper. '1

‘glycine was omitted| from the hybridhutioﬂ buEfa:. * 'y

vl
!
i sufﬂcient nick-trlnsllted plasmid to yleld a ﬂnul E
concenttaunn of 1 to 5 ng per'ml Gf nybridization soludon W

was danacu by- incubation in a minimun vo,l.umo of 0v2 H

Naok .for 15.minutes be:nza the additioh of the’ hyhridixltlﬂ'\\

solution. Th pxa—hyhri.duation mlutinn in a super

saalobag vas then ropiacod wlth an equar volume ot\tha

hybrldixnlon ualution and the bag'was re—nuad.

Hybrldd.n:ion was

rried out at 42°C £oF at least 72 hours

After hyhriduauen, :h\b\lot ua: washed with 3, changes

=
of 500 ml of a solution cont.lninq\zx SSC and sDS (0.1%, v/v)
- £0110wed by lt 1aut 3

changes of 500 ul of'a golution containinq 0.2% s\c and s08
|
(018, w/v) at ssoc for so minutes or” ul\til the wash

oticalred Tate than 50 cpus of Céredkov radiation per 10 m\l S,

of wash aolucion. Vo o !

v) utondigg gpl of nndioactlvn Blots

Atter the Northcrn blot, had been washed and dried,: deo-

was urnpp-d ln pl.nnlc wrup and qxpoud to Kodak X-Omat »




XAR-5 Eilm wich a cronex Lightn:ng-ylun screen (Dupont) r.c

I \onhance thu ndloactiva siqnnl in'a light-tight Hlm holdpr

| at 1o°c ﬁma suitable length of time. The £ilmwas

do_v-).cpod and, flxod«,\dkn Kodak ‘GBX develope

*and  fixer,
following the manufacturer's instructions.

In some:cases, the RNA electro-blotted onto the, support

- membrane had been rl_abelludﬁ{vivo'yh.h [-”l;]uridine_;v TO

‘Visua-l}xe these RNA  samples, the support"mgmbnne vas
':réated"u'ritn Spray En‘auarica (New England Nucigar)'beforé‘

3 autoudioguphy was parfnmed. i ‘ " .

i To ustlmate the amount of radloactive material which ‘
"~ “had “nybridized to the blots, autoradiographs were oo
quanu:n:ed'by scanaing d-nauonauy'(nean & 3oq,'aoséfar "
s:ian:ific Inltrullentl). Care was nkan to ensure that the

llqnals on_the nutetadionraphu were linaar wir,h the

ndlclctivity on the bloc.

EE) gu.n:xu:xon of specific RNA fron L6-% Cells
- The ‘nhclv- g-o‘untrqf rp-mRNA'S in u‘;bt:ollulnr PR
fractions of.L6-5 cells were dltor‘minld by hybriii—se‘lection
(Lichter, sierra, clark, Wells, Stein & Stein, 1982). Lé-5
célls (708 confluent myoblasts and: 4 day myotubes). were
lncuhatod for 54 hou;s in nudium contalninq 100 uCi- mro?\l

' . prepared (s.cEXQ{I c-1"). RNA llll-lpll ‘purified £r 2
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nuch-r, polysomal and pout—poiymll fractions of the
lysntn (sccttcn 'G=i'): were cnrc-uognphoa on ougo(dr)-
douulo“ (sm:tion re-iii')s ‘rhn RNA in the poly(A) *
anrh:hed !rlcuonl was prcclpitateﬂ with 2 volumes of
ot.haml at -20°C overnight.

xlnmldl to be used E_or the hybrld—ul.ci:tgon of

specific RNA .tr’mlcz.lpt‘rvenf first lil!\’!rilld at a

“concentration of 1 ug per ul of a solution containing 10 mN -

Tris HCI (pH 7.6), SO\MH NaCl, 10 mM Mg acetate, l L
dithiothreitol, 50 ug per ml of bovine uerum albun\in and

1 unit per ul of the appropriate rutrictlon enzyme

_ (Table 2-1)_at 37°C overnight. The incubation mixtures

were made to 1¢”with SDS from a stock solytion (208, w/v)
"'m cxunct-d‘vtth phenol ‘and chloroform (section 'G-i').
'tpn pla;ia were precipitated with ammonium acetate (0.5
volumes of a 7.5 M stock solution) and ethanol (2 volumes) .
dnd stored at -20°C overnight. ~~ ° o
'}qu.l -ou\n:l of s different linearized rp-cn'm" =
plassids (1.5 ug;each per assay) were diasolved in vater and
combined (a total of 7.5 ug of plasmid um‘.pnt 25 |.;J.'o£ !
water). l;l a upuné. vial, 7.5 ug of linearized pMB9 per
assay was dh-olvod in 55 ul of water. NAOH.(0.02 volumes

of a lonf-tock nolu:ion) was added to the samples and

.allowed to 1ncubln at room temperature for 30 minutes. »

While the plasmids we:

incubnting, APT-paper filters (2 cm
diameter) .vntb activated and mounted in an ice-cold Swinnex

s, L 7
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filter unit (Millipore). After the addition of Hepes
{ly volume of a 2 M stock lolur.lon) to the plasmid solution,

4

passed through thc tr.ahly activated DPT-paper- Hltcr
{7.5. ug of total. pll-id per Jut-r) sgveral times befoze

the filter was washed with 5 ml of a solution cnnr_uining

2x SSC and glycine (108, w/v): N

The f£ilters wer- pn—hybddued as described 1n-
Soction 'K-1il', except that the 2x SSC was Bubstituted for
5% ssc and, the pre—hybridlzaticn was performed at 37%. The
].uba,\ led po!.’y(A) enriched RNA from each subc ular fraction
was diuolvad ln 500 ul of hybridization ‘buffer
(section 'k-iii'), egcept that the 2x SSC was lubltltutad f
for 5x SSC. The pre-hybridization solution was replaced. -
with the hybridh:tlon lolut’ion containing the 1&’11“ RNA,
with each individual hybridlzltlor‘ ‘containing a ultﬁ!\\:lth
the”s combined rp-mRNA cONA plasmids and a £ilter containing

the plasaid pNBS as 3 control. Hybridization of the filters e

proceeded at 379 for 72 hours.

upon complation of the nyhnaunuon, tm ﬂlt-rl were

hed 3 times with 100 ml of a solutlon containing 2x SSC_
and DS (0,13, W/v) at room temperaturs for 1 hour £ollowed
by 3 washes with 100 ml of a .uulutlon‘eon:alnlng 0.1x SSC and
DS (0:1%, w/v) at room temperature for 1 hour. ' Yhe £flters

were incubated with 1 ml of a solution containing 2x ssC and

10 ug per ml of RNa A for 1 hour at room temperature and :

then washed 3 times with 100 ml of a solution containing:
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2% $sC and $pS (0.13, w/y) at. room :empencuzﬁa for 1 hour.

i “Following the final wash, the RNA was eluted from ‘the

filters by incubating _the filters with 1 ml of water at 959

. for ¥'minutes, The water was tranaferred to a liquid 4

scintillation vial and the(radioactive content determined in
the presence of Aquasol (New gngland Nuclear).

. M) Nuclgar Tramscription - . '

Nuclear tranuctlpt(vn assays wera performed vlth nuclei

-prepared  from 70% confluent myoblascs zmd 4 day myotubes
X . (ALterman, Ganguly, Schulke, Marzluff, schildkraut &
| skoultchi, 1984 and’Marzluff & Huang, 1984). L6-5 cells
! E J " were rinsed with 3 ml of ice-cold HBS before being 1lysed’
i

“10 mM Tris HCL (pH 7.6), 150 mM'NaCl, 3 mM Mg acetate, 3 mn
‘' cacl,, 0.1 mM EDTA and 1'mM-dithiothreitol., After the

lysate was homogenized with 10 quicK strokes of a_tight

" Htting Dounce homoganiisr, it was 1ayarad over 1 volu@a of

“with 2.ml of a solution com:ni:ﬁlrgg Nonidet P-40 (0.3%, v/v),

) a aolutlon containing sucrose (208, w/v),. 10 mM '
_rris HCl (pH 7.9), 5 mM Mg acetate, 0.1 mM EDTA and 1 mM
dlthioghr‘eitg'l and centrifuged (2kxg £c:"i0 ]n!.nu:ou) in a
. -swinging bucket rotor. The nuclear pellet from 2 g._.gm

tissue culture d!c%hes (15 diameter) of: 708 c’ontLuan’t"

W - myoblasts o 1°aish of 4 day myotubes was resuspended in

100 ul of a,solution containinq 50 mM Tris HCl (pH 8.0),

5 mM Mg acetate, 0.1 mM m-m, § mM dithiothreitol” und 25%




glycerol (v/v) and
-196°." 1

The nuclear ¢
ailtcenhad 5 drm

(410, uci per mmol,
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was either used immediately or stored at‘

ranscription assay was performed in a

vial containing 200 uci of [a].gha-n?)u'rp

lyophyuud m.nham), 50 ul each nf a¥

solution containing 4 mM ATP, 2 mM each of GTP and CTP,

0.2 mM UTP and 1 mM dithiothreitol and of a solution

con:aln;lng 500 mM KCl, 10 mM Mg acetate and 1 mM _~

dithiothreitol and

‘determihe the time

mixtures were incu
The reactions were

aisolution contain

100 ul of nuclei suspension.” To

course.of the assay, ‘a serles of reaction
bated at zs°c. for vntuu- pénmn of time.
terminated by the addition dt 1 volume of

ing 10 mM Trjn HCl (pH 7.6), 1 mM EDTA;

mp’ﬁh‘uacx and SDS (1%, w/v) und nomcgunuad by several

quick passages thrpugh a tuberculin syringe. Aliquots

(5 ul) of the-lysates were spotted onto filter paper discs -

. N .
(2.4 om diameter, 0510, Hh‘lul'a‘n! iand allowed to dry. The
— —174————H—}mm—tmmm_thqﬂ radiocactive, content‘{-

determined by ltquld scintillation counting (Section 'B').

Subsequent re
procedure were inci
time the reactions

of a solution cont

and SDS (1%, w/v).

actions used for the hybrid-selection

ubated at 25°C for 60 minutes after which
were terminated by the addition of 200 ul
pining 10 mM Tris HCL (pH 7. s),.x mM EDTA

Each mixr.uu was homoqunhad by several -

quh:k (passages through a tuberculin syringe. Afn?*thk

addition of 50 ug of yeast tRNA from a 10 mg per ml stock '

i,
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solution’and Na acetate (0.1 volumesof a 3 M stock

- mixture heated to 55°% for 5 minutds Chloroform

: “(r original volume) was then added and tl\ﬁ nixture was

-1 cooled_to room temperature .and centrifuged (lkag for 5

minuf_ea)‘ . The material in the Aqueous/phne was
precipitated by the uddition of athanol (2 volumes) ‘and
istored at -20°C overnight. . ¥ 3

The material recove_rad by cent:lf‘\_xga‘tion (lbkxg for 5
'minutes) was zssuxpanﬁed 1h 400 {il of a solution containing

'10 mM Tris HCL (pﬂ 7.6), 1 mM EDTA, ma mM Nacl and SDS .

solution, pH 4.8), phenol (1 volime) was added and the ' i

(18, w/vi. The solution was subjected to gel filtratich inm ©

If a 0.7 cm id x 30 “em column contain‘ing sepbgdex G-50 (Hedlum.’

pharmacia Fine Chemicals) in the same buffer. Fractions of
5bo ul ;:era collected and the radioactively labelled

‘matérial in the void volume of the column was pooled,

o= ‘pi'cip!tatod with ethanol (2 volumes) at -20°C overnight and

centrifuged (10kxg for 5 minutes).

Plasmids to be used for hybrid-

lecting specific RNA

= transcripts were first linearized and purified as described
in Buction BAN 'Ah:or extraction vith phenol and ’
chlorotom, thl aquauus phase yun tataln-d and NaoH +(0.02 -

volumes of a 10 M stock lalutlon) was add-d. The plaumidu

were allowed to denature in.the NaOH anlution tnr 20 minutes‘

before b-i.nq centrifuged (mkxq for 5 minqten). The
nupcrnntnnt was diluted with 5 to 10 volumes of ‘a solution

DRkl T Saecy 40 s




schleicner & scnueu). T

~ ' vacuun and the wulls were

containinq 10% ssc and 1m7diatsly appl 1ud to a Gena sczaen

nambnne . 5 g )

'the membrano was rap‘md hy uoakinq the membrane in a

sosj.\tion cop:aining 10x ssp for 20 minutu before it was
mour;ted in n ‘Hybtidc't' isl‘nplate (Bethesda Research 5 wd
Lubau:ories)\with a filter paper underhy (Iypa 589WH,

1 dena:uud plalmids were npplted
to the tenplate\ loading no more I:han 10 'ug’ of plasmid per
wall.' The' plam\\ma were futerad through tha mmbrano undsr

| washed through with.2 ml of a

solutiop containirﬂg 1axssc. The mambnne was then dried and
baked at as°c under\vacuum foz' 3 houts. '

The membrane was divlded lnto portions ruquind for the
individual hybridlzatian; and prn—hybridized in a solution
containing. formamide (50\‘, v/v, fruhly deionized),
2x Modified Denhardt's no ution, 5x $s¢, 100 dg per ml of

HB10I bacterial DNA ( ed by sonication and denatuzed by

incubation with 0.2 u md‘n for 15 minutes), 10 ug per ml Of

poly(u) and SDS (0.28, w/y) at 52° on a rotator overnight.
_To make the hybg(dization‘ solution, the (32p)-labelled RNA

" wap dissolved in pte-hyb-'id\l;ution buffer at a concentration
0(‘6 cpm per ml. Dot %lots‘\ with pianmldu cnn:;ir‘\i}m

sequences complenentary to CRNA were incubated with

hy‘:tidizntion solution containing 104 cpm of (32p)-labelled
ﬂm per ml.. The, pu-hybr{idizunbn solution sealed with the

dbt blots was. toplaced with the hybridization -olunon

w5
",




. b
§ i
{ . f
| " | s
! s W E -91-
s A 50 [
? " (100 ul of hybridization solution per ca? of membrane) and
‘;'.’ ) — ,t_nc, bag' was I led. Hybridization proceeded Pt 52°C on a_

= . ’ ¢ ro: tor Eor

[\ ; |
Aft-r hyhtl.dinuon, the blots weré vashed 3 times with '

i
{
i

{70 100.mlof a solution containing 2x SSC 1 mM EDTA and 5DS
(0.28, H/v) at 52°C over n poricd £ 1 hour untl 3 times vith“ ¥
100 m1 of a solution conulninq ;0 2% ssc and SDS {018, v/v)

| e

at 52°C over a.pericd of 1 nmu—.J The nd.louccivlsy

to mdlvmnnl plnmia dots was quu;h:lcaced by . . "

11q»{1d scintillation counting. * " .
2 U DU SR
‘= Mﬂhﬂ i

b _Glassware which was used for RNA and DNA work was baked,

o7 .+l _at190°C overnight befors use to eliminate possible traces .

g of RNase. All dispggable glassware was siliconized by’ s

treatment with'a solution containing dimethyldichlorosilane

(2%, w/v) in trichloroethane (BDH) before: baking. ﬁ;
plastic-ware used was hposnbl- and was conlid-nd to
.. RNAase free. All lOlIlt‘Gll‘l were passed through a

= 0.45 micron filter and those which gould be autociaved were.

Water was glass unuu.d's:a-} de-inaul.u‘d,vuter‘and was
‘ X atoclaved before use. Other utensils such as rubber N,
peucuman and polycarbonate uluauntri!uga tubu}-n

‘treated with a solution cnn:linlng 1 M NapH. for 5 minutes




*prg e Proteinase K,

) . ,
~cpmg’ radioactive counts per minute

" ‘DNAL @r_tnonmhxc actd. . :

. =92-°

deviation of lesé than 18 of the total counts,—

The following enzymes were used in these experiments:
‘* 'DNase 1, EC 3.1.21:1 (Flow Worthington)

Lysozyme, EC 3;2.1.17 (,Boe\hringar ‘Mannheim)

_EC 3.4.21.14 (sigma Chiemicals)
RNase A, zc 3.4.21.4 (Boe,brinqer\nunnheim)

EC 3.

.8

& RNase T1, (Baehringer Mannhehn)

lleatriction endonucleases: i

_ Bam Hl; EC 3.1.23.6 (Betheeda Rasearch

Laboratotie!) A Y
. EcG,Rl;. EC 3.1.23.13 (Bethesda Research,

Laborator iea) .

¢ ] T:ypsin. .. EC-3.4.21.4. (Flow Labnratories)

» Abbre?vmﬁonu ; . ¢
unii:s uged in text are Standard’International(SI)’

uRits. ~

nlghrnsgx Mnimun Enenthl Hedlum, Eagles (algha
modiﬂcation) :

APT: O-AR, enylthioather sy

CHQ3 Chinese ‘Hamster Ovary cells ',

dicacti

disin

per minute




V,» . EDTA: Bthylensdiaminste:zqace:1c acid g o v

' .. 'poly(u): polyuridylie acid (greater’ than’ 200 units 1ong)

‘,ﬂFTs/Diazophenylthmethat /. N e k.

HBS: Hepes Buffered saline (sam:ion 'c')

K ’\ Hepes: N—Z Hyd:oxyethylplpetaz1na—u'-2-ethane sulfonie acid

o dds }.nslds diameter

krpm revolucions per_ nunur.e times one thousand

s one. thou nd " - -

y_ﬁ uriz “Bertani medium (Secnon

Hops- Morpholinopmpmeaulfomc acidl L
} . mRNA: Messenger RNA i P g S

onmm. optical densi:,y— at ‘nnn‘ niq\ ometers wave length N "

oligo(d'l‘): ollqodeoxythymdylic acxd (approximately 18% um%
1ona) e : ' . i

ﬂly(a)x Po!./yadenylic acxd (greater- than, ﬁunlts 1ong)

(}Vs:spu,l{[vinylsulfucév S DR

r.i.: Refractive’ Index

RNA: Ribonucleic acid o oS B

sDS: Sodium dodecyl sulphate . ., ' .

§SC:. Saline Sodium Citrate Solution (fection K-1ii0) g
TCM Trichlotoacetic acid 4 3

"TEl E N,N,N‘,N'-Tatrnmethylethylsne
. Tris or Tris baae; T:Ls(hydroxymet I)aminoethana .
tlum. 'rransfar RNA - O A .

v/v, v/vx Indieutea volume by volhme or vaight by volume

-kxg: indigates centrifugal force in unité" of gravn’.y times \ v




’ rpgulntinn ofa set of hausé(ebpxng qenes coding. fo'

regu latory fiechanisns

CHAPTER THREE

Results © ' s &

The L£6=5 myoblast 15 an _in ¥itro modal of myogenesis E
which can be. employed tc study gene regulation du:ing

dlffarannacmn.r wmn the cells difﬁerentxats into. .~.”

myetubes, they stop prohferating and altet ‘their metabolic

s state, which: provides for ‘an opportum.ty to’ mvestxgate the - s

nbcsomes. The findmgs of othe:s, which revealed that the ¢
rate of tibosomﬂ accumulation decreused\ once £he myoblasts T

dxfferentiated have not 1ndxcated the nature af the

volvsd (Krauter et al., i979 and

ﬁrautei et al. 1‘530). AR analysxs ‘of ‘the metabolxsm of the

:omponsncs of the :1b¢somes m r_ems“of their rates o/i

synthesxa and decay and shb—cellular distrlbution should

provide a greater understandLng ‘of how nbosome biogenasis

s regulated .in this system, - - R o

J _-The study of ribosoma biogenasls in’ difterantiatxng

myoblas&{! begins wihh a general charactaruation of . che
cells.: xnioma:ion on the morphological and physiulusical
‘changes which occur during myogenasis will provxda ‘Ehe

context in which ribosome producbion will bs axam’inad.




o
{3+ polymorphic (Richler & vatfe, 1970), a clone.of L6 was

# '—95— 4%

gnxuolgx of L6-5 Differentiation

-~
1) Morphology
. 0
¢ smae :na L6 cell-Line tends torift and become

1solatad and its gzowth cmrnctsristica defined. A sub—

3? clone LG 5 was chosen fox study-because of its short - iy @
gene:atiun mn und it‘ abuuy to dif(erenuace rapxdly.

2 Hicruscopic inlpection ©Of “the myoblasts revealec them to be
-mono-nuclsuted bi-polar upindls shaped calls with visible | _"‘

tonoﬂlaments (Piqura 3-1,"MB) Afte: the l:ul].s .had ‘been

expoaed to uittegunuation Hedlum for 2 dayu, the cells c
: uppeaxdd elofgated and had aligned themselves- with each
“. 5ther (Figure 31, MI).. Bétween 2 and 3 days Lh o A
: mﬁfe:ennauon Mediun, " the cells fused to.form syneyt1al ng |
Lnyot\gbga. with-1arge numbers of puclei clustered together -
(Pigure 3-1, Wm). .The myotubes formed the £inal’ phenotype
of the .Qorpho}egxcnx_:'r'ansso;-'n_{nn seen in Lm; aia s
result of the terminal differem:ht’io\n process. The
lyotuhus could be naxnumad fors or 6 days before they
began to dtuch from the plasnc tissue culture dish.
B A a1l mnnber of calls “in'the myotube culturas, a4
hovevar, did not !ula (ntfe. 1971). These cells : o ey

pxoufe:nteﬂ ut\n very low rate and, since the tissue

"
*culture dish was, contluent with myotubes, did not rhudily

y ntcach to “the aun. ,As a raault\, they nprnunted an

e 1n';1gr_l££icam: proportion of the cell"‘m.u in




riguxe 3-1. g .
nusom:n:xan of L6-5 lyoblub) ;

" L6-5 cslls were.grown and induead to diffarontiats‘
on; Lab Tach tisuue culture slides (Flow Labnn:otiu).
At various stages. ! of dingronﬁiar.ion, slides \nto
washed | with HBS..and fixed with’ a solution contnining
qluturaldc:\ydi (1’, v/v) in HBS Eor sﬂmin\_atesr After' 1
. wash in'HBS, the slides were w-r.-mhnmi' in & solution
: containing glycepol (508, v/v) and photoqraphed ‘using. a

\. phnsa contrast microscope. F w ¥

MB: myoblasts:

® L
MIf committed myoblasts'

MT: myotubes

!
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. +mature myotube preparations;

. ii) DNa, RN)A and protein Accumulltion Rates

iz After h\ducf.iun of diffarentiation, the L6-5 mycblast k
'muzec:a its priorities from proliferation to 4 )
dit!e:antintion. ' The differentiating cell no lunger divides
And the pracesqss involved with cell growth are turned off

_(¥agfe, 1974), 1o characterize the motabolic sv\,ﬂcs caused
TS by the,\qenatic dlftarentiatio{« program, chs rates of DNA.

)
RNA' and protain accumulation were mon}torud on sequantiax

da s of differam:iption. L6-5 cells (70% confluent

nyoblfuts and 1 through 4 day\lnyul:ubu) were incubated for 2 \

hours in medium cennlninq radioactively labelled precursors

;ot “DNA, RNA of protain ((331 r.hymidina, [:'Hluridlna or \

\

\[3H]1ysine uspeeuvexy). . After @etamr&v\g t
:-nuSlei per sauple, the ‘TCA insolub) O Tadioactivity per 106 | |

number, nE

- m{clei was' d-tomtnnd and: the valul plntted agalnut duyu Sf+ . T )
o '_dlfiernntluuon (Figure 3-2). .

The ratek:of' accumulation of DNA, RNA and pretein

Ehunqnd as, the L6-5 cells differentiated. I case of

“BNA, the rate of incorporation of [3H]thymidine-into TCA

{nsoluble material- increased A‘l"duy,atter d'ltﬁeunu.'lti;m. was
induced before it decreased to less than15% of the rate -
‘found in myoblasts. The much.lower rate of [:’Hlkhymlalne

‘Aneorp.ounon into TCA lnuelublo‘mnteri‘&Lln maturing




rigure 3-2. ; : X e
Rates Of DMA, RNA and Protein Accumulation in
Differentiating L6-5 c-u-."'. .

.+ L6S c.lh (708 cnnlluent -yoblntl and 1 throuqh -

\\4 day myotubes) were incubated for 2 hours in medium
n:-inlna 2 uct per ml of (35) thymidine, 5 uCi per ml - A

at\ (331 uridine ‘oE 20" uci per ml nu3m lysine before i

being - lysed-in Lysis Buffer. After the number of nuchl

v were detérmined, TCA insoluble counts were ‘determined

; plr 106 ruclei.’ The values obtained for r:‘mundtm 7
lnd [3H] 1ysine were normalized o the values obt-u?.d. .
‘for [3H] thymidine “by hctorl\ of 1.25 and 2.5 o ®
respectively. The error bars rspresent-the standard

deviations of 4 replicates. The number of syncytial

nuclei were determined by countlng nuclel in 4 E ¥
microscope lhld- o! u—s cells for a total of -
.wrolh‘t'ly soo nuuln and -expressed as a porcont of

total nuclei. s

o cpm x10~7 ‘(3] thynidine S
Ag o x10~7  13H) uridine

U‘%I;l ll‘0'7" [?H]flylim i . i
'V'percent Syncytial Nuclei I3
s - o = :
. N K
_ . % . ; 5.5
\
b iy 1 A 3
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: ; B
(Pléure 3-1). nucxaL in myotubes do nqt replicate and
hneéaton incnrpnuce very .little label (vaffe, 1971). -
o !\ 7he. rate’of RuA socutulation, monitored by the
B 1ncorporntlon of “[3H] uridipe, into ‘Tca 1nsolubls material,
remained constant. for the first 2 days of diffetentiation

. ® baforq falling to a'minimum value by day A (Figure 3-2),
: Although the cells stopped proliferating 39 day 2 in

thfeantlatinn Medium, a qo'n'uidurable amount of RNA - -

‘continted to e synthesized. ' since ribosomes accunulate at

5 ; a mucn)lowez rate in myotubes (Krauter et al.,, 1979), the
fall. lr\ the'rate of total RNA synthesis observed by day:3 of -
ﬂifterentiation probably. resulted f£rom a reduction in the
“rate of rRNA lynthauis. s

on day 2 of diiie:snﬂaunr\, pzotein accumulation rates

l increased to140% of the rate found in myoblasts, as 2

| determine Y incorporation of [3H]lysine into.TcA . .
!

| insoluble material:(Figl¥e 3-2). The increased rate of

. ! i ¥
(381 1ysine incorporation’was not maintaired, but later '

drcgpud Jo apptoximuta!.y 120% of the level found in
proli.ianting myoblasts. High levels of protein syntheais

' thexafore appeared to be required for the formation and
maintenance of the differshtiated L6-5 phenotype. 5y
) An argument can be made that the observed changes 1

" the  incorporation rates of the various 1sotupau resulted
from alterations ln the precutaor pool shal as the cells

r (dlffnrnntiatud‘ This problem has been addressed hy others
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who have suggested Lna: the intracolluiar posl sizes:for :

. these precursors dojnot change siqniﬂcnnsly fol louing Y
diffezentiatiun (Bupkinghun et al,,’ 1977, Nadal Ginnrﬂ, 1978

*and Krauter, et a_l., '1980). Although the serum supplement
employed in the Growth Medium (108 fetai bovine serum) was
aiqnificantly diifsrant from the serum used in the
nlffersnciatiun Mediun (2 5% donor horse "rum). chahgu in

- the f@tes of label incerporation on subusquant days of
difzerenuatxon were much more signlficanb thén tha change
betueen days 0 and 1. ’rharefore, although the abeoluta
values of the rates, cE label incorporation may.not" be

accural:e, the trendu were unmiatakablya :eeulc of !‘.he

‘differentiation, process. _

L. At the same tlme thnt the incorpoutlon rates of the °
vanaua precuruon were eahed, the nuciel wh‘ich were
ayncyt‘n.\ were aluo,u{ﬁnito:ad {Figure 3-2), Theé number of

-nuclei found in my

nuclei; increased dramatically between days 2 and 3 Of

‘differentiation. This followed the decline in the

rate of DNA synthesis, suggesting. “that once DNA.synthesis :

- ceased, fusion of the cells was able to proceed, forming

‘multi-micleated myotubes, = The rate of RNA lcm;nulation also

dropped when the cells commdncedzfusion.
These preliminary thidings provided both “thi

morphological and biochemical evidence that the s b-clone

. . L6-5 behaved similarly to the published obseryations for L6

as a p of total -




” most mRNA'si their 3' poly(A) tract.
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_ (Richler & vaffe, 1970, Yaffe, 1971, and Krauter et al,

1979). In addition, the:condititns used to induce terminal
‘differentiation ‘of L6-5 myoblasts' did not raducs the, ptotnin
al:cumulation rates 4n - myol-.ubes. This uugqestud that the

calis ver,e- not being auq:ec:ed to starvation ¢onditions
: |

o ;

, (Moldave, pavid, Hutchison, Laidlaw & Fischer, 1982), a
. )

-geritical.observation since many examples exist where the

biogenesis of ribosomes is modulated by just such’conditiohs

(Warner_ et al., :1980). It ‘therefore appeared that'the

; canditionl ‘employed for the prolifarauon and

differantunon of the L6-5 myoblu:n were upprop:lnte for
the study of rmoaom_e biogenesis and that changes in the
regulation pf ribosome biogenasis were the result-of the

-differentiation program.

£ RNA
a) Poly(a) Enriched and poly}ng PoOr RNA/

The RNA accumulation measurements-displayed in

“iii) gpecific Activities’

Figure 3-2 did not discriminate among the 3 major classes of
' .

RNA found in eukaryotic cells. ' Experiments were designed to

determine if these classes of RNA's hehaved diffeunr.ly as a

resnlt of myogenesi.a. The mRNA‘
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using ougo(d'r) cellulosﬁ chromatdgruphy,\liug samples of |
e

RNA wera separated into k;oly(n) enriched and poly(A) poor:.
The total ra | oaccivi’:y of the 2 RNA fractions

fractions.
taken’ from various* stages‘ of dai
on..the basis of the amach of input kHA)(Figuge\

The radion;i}ve\nontlnt of the poly(a) anr ‘RNA

i
as simxxar to éna: of total RNA. Thls result was.

tiation were”

e <

conuiutont ulth th- fact :hat it ‘accounted for. more cmn 90%

uf thl tol:ul mltatlnl !ubchtoﬂ to oliqa(d’l‘)-c!llulcne
A h;omutogtaphy. After. 1 dly in leiyrentiutlon Hgdium, the’
16-5 cells showed 4 308 indrease in the specific activity fh
both the. total and poly(A) \poor RNA Eracti ons whsn‘ compared
*to myoblasts: " However, by day 4, the spacxffc activity
‘quickly droﬁp;d to approxmLtely ID\ of the levsl‘founu in
Since thi!vRNA fnctlon:was not.

prol i.foraunq myohlntu.

pure zmm. it cannot be unequivocally stated thatithe drop

in ‘the rate of RNA accumulation following differentiation’

wa! due 5 a rtduction in r.l:e Accumulul:len rate of FRNA.
The z&dlouc:ive conunt of ‘the pu:l.y(A) an:ichocl RNA

frucclon, on che other hand,! \ remained " relatlvely constunt

du:lm du’faunthtlun, lugq‘aating that th- rate of mam\

ecumulacxon which it rapreJen:s was constant. Although the

poly(A) entiched RNA was only a small fnc:i.on of t:he total
dent of the general dedline in
o

, A
the relative rate of aucumgl;ution expgtiancad by the bulk

RNA it was i

the RNA, %




Total RNA was prepared from 70%:confluent

‘myoblasts and 1 through 4 day myctubes which had been

incubated for’2 hours in medium cql};u{nir\q 5 uCi per ml
of [3juridine. " Ten ug aliquots of total RNA were
fractionated by b’ixgo(an-)-c'euum‘“sa cﬁzomtc}gzaphy and
the radicactive contﬂnt of the fractluna datemined.
The vuluea are ave:agas of dupl[cateﬂeteminntionu.
Enckgrounﬂ was upproxh\ately 32 cpms, .

0 Total RNA
. ©. . D poly(A) pock RNA -
. ;
A 10x poly(a) enriched RNA
\
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. b) Blectrghoresis of A ' ) : .
'l'b.; rRNA can be more specifically analyzed by gel
electrophoresis, since the rRNA's 'b‘ayg characteristic
migration .paturn‘u in agarose "gels. ronu.nm was prepared
from L6-5 cells at vuiou- sr.ige- of dx:hnn:iauon ‘which
Md been incubated in medhm contaukng 5 uCi per ml of
(331 uridine for 18 hours! Aliquots of xo Ug of  the RNA vere®

subjected to olectrnphoruis 1n 1.2% agary and :unsfnted

to- Gene Screen™, #after autoradiography (ngte 3-4), the

numradloqraph was quan:itnr.ad by scanning densitumetry. i

The radiouctzv- cnntent.ot the~1u and 285 !RNA nndu were
namalh.d to the values obtained for ptolihrating
myoblasts (Table 3-1). ; a

Most Of the mvly 1l.b011ed HNA ln all unples were the

1 and 288 TRNA apociea, The speciﬁc ‘Aactivities of the

185 and zls TRNA'S dropped to 60 and" 708 res| txvely 2 days

after tb- ind\lction o£ d{lferenthu.on of t.h- lev ls found
in proliferating myoblasts.. The levels dropped furthex t0 17
and~35% respectively by day ‘4. Therefore, 2s the L§=5 cells

differentiated, the rates of mature rRNA accumulation

dropped considerably. : L "

i
1
]




<Jlgure 3-4.

mr.ondlognph- o I i11ed m from -

mffanncuung L6-5 cells, . s

I

rm 70I conflueht

% Total RNA was prepax.‘e

myuhlasta and'1 through 4 daymyomues which halt beén

anubated on: -18 hours 1\1 medlum coptalntng =S \Xci per

“"ml of (3m)uridine. . “Ten’ ug aliquots~ of RNA.wére'

4

subjected to alectxophorasis in 1.2% agarose, electrd~ .

_ blotted ‘onto Gene . screent™ ,-traated ‘with Spl‘ay g

sf-’ufg:r“" and aumradiognphed., ol . :




Days of Differentiation
01 2 34

28s- !glﬂ

l%-‘.”-.



-

"y g anquocs of nm were suhjec‘ sduror Gl uat aphoresis v

sagarose, elecﬂm—blo:ced onto Gene Scree

v"autondioq:aphs wers quannta:ed b‘ scnnninq ddnsltametry

. and :he paak, arau oi the TRNA bvnds‘ de:aminod_, with the
|

Table 3-1. : e

aumtitation of Labelled’ m from
- nﬂfurentlating Ls-s Cells.

Jfotal RNA was prepared Erom 70%. confluent myeblusts and
1 I:hrough 4 day myotubes whtch had bean lncuba:ed for .

18 hours in medi.um containing 5 uct per mi (Jnluﬁdxne. “Ten

m, treatsd wlth

‘Spray, gn3uanca and autnradiographad (Figure 3-4). ¢ The

myoblast values equa to_‘unity. it

Hyobl ta’ llyol:ube:

L 0.28! o,x7

0.42 . 0,35
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e W Labelling of Ribosenes in L6=5 Myoblasts C .
' 7 and % Nyotwes . - . -
* The conclusion £rom.’the ‘foregoing results wds that the
o rate of accumulatxon .of mature rRNA's Wropped by ’
i . ,approximacely 75% upon di»iferentiation of the L6-5 myoblasts .
i (Figures- 3-2 ‘through-3-4). -since num‘s and n—p:oteins in 8

umt Tsurugx st 1., 1974) | the’ r-protein accumulanon rate,

© 7 .. mature ribosmes are normall; accumular.ad and degraded as a .
i g Y
[ W
i

was® invasbigated befora and after dxffe:ant\_&tion._ ? B0 L

- z.sﬂ ‘.,cells (70‘ 2 nnfluent myoblasts and4 day B R

myotuhes), th.ch had 'been mcubatq -for 2 houts 1in l\edium
W W M com:aini.ng 1%1! lyalne, were - lysed -nd cehhrif,uged to obtnln =

* il ] a" polysumal Etactionj qu.lal. amounts of polysomes £rom

; myoblasts ana: myotube wera dissociated-into subunxcg with'

the drug pu:omycm and separated on 1sokinetxc sucrose - o

ubunits. The race of aecumulat{on o( n—progeins in m ture i

ribosomes in 4 aaymyo:nbés appeared to be only 45% oE the

‘rate observed, in proliferatidg myoblasts. ol .

- '
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.Piqm 3-5. ° ¥ N
Au:\-ulauon of limil in Myoblasts '
and Myotubes. . - v s

Palysumés wera prepnr;d t;rom 70% .confluent
myoblasts and 4 day myotibes’ which had -been incubated
* for 2 ‘hours in medium containing 2-uci per wl jof..
B ly!ins.‘ one ODygg unit of polysomes was -
dissaciated, into subunits u)nn purcmycin and separated
On an--isokinetic 15 to 30% suczosa g:adient«. 'Profilea
of optioal densitics and rldioactivities determined: ffon
‘5 ul allquets were plo:tad again;t fraction number. ¥
“Total radioactivity obtained for the 40s plus 603 -

ribosomal subunlt peaks. were B7.5k cpln and 39.7k epm

for: myoblastg. and myotubes respectively.

[3m~1ys1ne cpm

e ® —oPncu pensity at’ 260 nm. | . e
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B) Turnover of Ribosomal Pmteins

Ribosonal protoins can be sopar ted and directly
charactetized by employing.a s:andn:Lzea 2 ’dimlnsionul
pol.yucrylamj.da gel sysum. The gel aystem of. Lasuck & o3

> meConkey (1976) resolves most of the individual r-prctains

from a partially purifiad samp].e prepared frnm a total cell .
lysate. Since-a slqnx;icunt proportion of newly synthasj.zedu
r-proteins are in tramsit to the ‘nucleolus and not yet .l
(Tsurugi et al.; 1953),

associated with mnture rﬂ:osoms
this technique provided the opporcunicy to FaTyze the
turnover of newly synthedize: Toteins \n addition to . .
cnos’a which were alraady 8 acih&ed with'mnture :xhoaomas.

To cmpare the turnover of indlvidual !‘-prcteins before -
and after L6-5 dtharenthtion, the synthesis and
degzadation rates of new. x‘-protaihu we:e measured agalnst

the backg:ound of the total rdpl‘otain puol sinca mature

ribosomes turn over smuy in mmmallan cella (singer &
Kenslan—xcekmn. 1978), l.ung tem labelling of r—proteins
provides a :ubla buckgmund agalnst whieh the. ute of ‘new
r-protdn synr.honsa can be meuured. LGAS myobla!ts ‘and
myotubes which had been 1ncubatad~i~or 54 hours ‘in medium

containing [}4c] 1ysing vere puiseflabelled for 30 minutes’ dn'

) Lol
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medium. containing both [3a] lysiné and [14c] lysine. ‘The

cells were then incubated in radioisotope-free medium °

- containing a 10 fold excess of non-radioactive lysine for

various periods of time to chase the radioactive lysine into.’
mature protein. The b—p‘retoivns were. extracted from whole

cell lysates and subjected to electrophoresis ina atandard

2 dimensional gel system:for r-proteins. ' After g
ths r—pzoteinu to nltrocellulose, the resulting Western blot

was atained ‘for proteln, revealing 44 upots vhich cauld be

(coqsi_stently identified 'as specific r-prcteina (Pigure 36, = .

McConkey, et al., 1979): The rndloac\fva content. of thess

spots was determined and. the ratios of InsMe dpm lysine

wete normalized X

e uotope nuos tor total prot’ain.

- This-allowéd adirect comparxsomof the rataof new

. were ‘u by a4 ation Fur the rates

r—ptotein aynthesi.s and dugradation with both :onl

" r-protein and total cellular pra:ein (rabl )e. The’ -
raaults for all of the r—pror.ain! weu averaged for :
myohuau and myotubes andplotted ”in rigure 3-7.

Prior: to:chase in madium containing -excess lys'ina. the

i n—protein iaotopa ruuns were- dimilaz in myoblastu and

myocubu, 1ndlcutl-ng that tha rates ot aynthosls of new

r-proteins relative to the population of .total r-protain

b3 A

of zhprotun‘-ynt'heul in m'yobluts 4nd myotubes, when
axpresnd as a’ functidn of total protein, again' ‘were

unchanged by the dtfnrantutton procul. ’rhe isocope.




rigure 3-6. Sk . i/

- T™O ! 1°Gel Ele resis of °

L6-5 ‘Ribosomal Proteins. -l

R‘ihou;m-lr ptgtdn:pnpnred Eraﬁ; 70% confluent : .
my“)bl‘ll‘tl were separated on a standard 2 dim-hsional
polyacrylmide qel (or z\-pmtoinzdelactro-blottod to

e nsttocelln].ou nnd stained with’/nmido black.. The
nwunclatura uled was based or tlle aylten employed by

’ Hccnnkay et al., (1979). only' those z\-proﬁeinu which:
could be zaproducibly identifhd in myeblnte And

nyotub-l are indicnt-ﬂ.

|
. Loy Large Ribosomal gubunxt Protein 'nn'

snny snul Riboscmal subunit Protein ‘nn'
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. Table 3-2. )
g . rurnover of Ribosomal Proteins in ) : -
’ " ‘Myoblasts and Hyotubes.
, L6-5.cells (70% cunﬂ.uant myoblasts and 4 day

‘myotubes) which had pesty incubated for 54 hours in /

medium containing 5 uci per ml of [14c]1ysine. were

pulse-labelled for 30 minutes in medium containing

4 or 24

200 uci per-ml of [34lysine. .After 0, 0.5,

hours of chase witli’medium containing 10. times the
e . normal,concentration Jt non-‘zadiauc'uve lysine, an acid
soluble (4} 25 M'HCL) protein extract, was prepuud and it .
subjected to electtopho:esis in'a ntanda:d F b =, E s

dimensional ‘polyacrylamide gel systen for r-proteins:

The isotope content of individual r-proteins was
determined and the 3ﬂ-“t: ratios for the x‘—proteins

were normalized to the ratio for :otal pror.eins. The - . o

< ratios represent averages ‘of 2 determinations. Sl
Asterisks indicate riproteins for which recombinant DNA

probes were available: ~Table 3-2a containg the | . - : ; T

nomuuéea ratios for thhoa ribosomal ‘subunit ; R
t—);:or.ains and ‘Table 3-2b contnlnl the nomauzqé

H ratios fof the 60 ribosomal ‘subunit'r-proteins. .l
Actual ‘Gpms rainged from. 50-to ‘500 above gi&gcquau}m of

-apppgximately 32.

" ave: ‘average Ju:lc ratio. ) % ol

§.D.: standard deviation.
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Table 3-Za, - ' s S -
Seall Subumit Ribosossl Protetns.
* Myoblasts Myotubes .
= Hours of Chase
Protein - _—

0 05 1 A 0. 05 1 A -2
total % 1.48 1400 1.7 150 1490 123 1.2 1.2 1 s
2/ 105 1.08.1.07 105 103 31 6.2 0,28 0,23 0.17
3 105 1,27 0,96 100 1.1 111 0.23. 0.31 0.29 0.21/
3a ,]:23 118 0:92. 1.06 1.09 < 1:07 0.28 0.27 6,23 0,19
s 0. 1.18 0,96 1.08° 1.00 © 1.18 0.24 0.29 0.25 0.20
6 1,05, .20 1,21 1.6 113 031 0,26 0,22
7 0.96_0.89- 0.80 0.96 038 \0.29 0,22
8. 0,86 0,94 082 0.0 70.30 0.31 0.20
10 - 106 0,98 0.96 0,91, 0.39 '0.35-0.26
", R 0.9970.92 " 0.35" 0,29 0.21
13 1.08 1.01 0.87 .0.96 0.89: 0.30 0.26 0.22
14 #0492 -0.89: o;"sz 0.88" 5'.9_6 0.26

97 0ig. 0.25 0,20
094 L 0.25 0.20
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Table 3-2a. (continued)

Myoblasts Myotubes

Hours of Chase
Proteln, S - 73

o 05 1 A = 0 05 3 &
i 0.92 0.96 0.88 0.90 . 0.97 1.02 0.28° 0.29 0.26 0.22
18 0.95 .093 0,97 0.99 0,9 1137 0.26 0.27 0,26 0.20
19 1.02 0.86 0.91 .0.82 0,90 ~ 1.12 0.28 0.30: 0,31 .0.21
20 0,92 0.99. 0.92 0,84 0.92 1.1 0,26 0,29 0.24 0,20
2 0,96 1.01 1.00 0.9% 0,85, 1:290.25 0.35 0.32 0.16
24 0.93 0.93 097 0.92 0.95 1.1 0.27 0.7 0.25 0.20
-1 .0.9370,99” 0.85 10,93, 1.02  .1:08. 0.28 0.29 0,25 0.22
Ed 0,78 0.93 0.81 0.91 0.73 1,15 0,20 0.20 0.27 0.24
28 0,85 0.92 0,90 0.97 1.04 .24 0.28 027 0.23 0.21
Ave.  "0.97 1.02 0.95 0,96 0.96,. > 1.14 0.27 0.30 0.27. 0.2
S.0.  0.01 0,12 0.08 0,09 0.09  0.08 0.04 0.04 0,03 0,02

e s

20
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. Myoblasts Myotubes
Hours of Chase
Protein -

TS 005 1 A/

total b\uo 1.u7" 1,50 149 1.3 1,32 1,02 1.8 1,15

"3.. - 0.8 .0.89 0.95 0,93 o.si.,bi.ns 0.20 0.26 0.27 0.217

4 ) " 0.90 7 J07 0.92 6.97 6.93 1.13 ' 0.25- 0.29 ~0.26 0.27

4 67 0.98 1.05 1.4 1.01 1.02 1.06° 0,26 0.34 0.29 0,24
8 0.95 1.00 0.90 6.90 0.93 1.20 0.24 0.29 0.24 0.18

9 0.95 - 1.08 0.87 0.93 0.95 1. 0.29 0.22 0.17

10" 1.00 1.00 0.93 0.92 0.96 1.08 0.24 0.30 0.26 0.18

A 0.98 0.98 O D.9II 0.92 1.11 0.27 0.30 0.24 0.24
12 0.95 41/0; 0.95° 0.93 1.05 0.24 0.28 0.5 0.20 °

13 0.91 0.97 0.97 0;!6 0.96 1.06 0.30 0.38 0.29 0.19
1,05 0.97 0.97 1.01-0.90  1:08.0.30 0.3 0.24 0.22 7

‘ l!. 0.96 1.05 0.95 0.92 0.86 1415 0.20 0.30 o0.2¢ 0,21
. 19° 0.95: 0,98, 1.08 1.00°1.06. ~ 1.07 0.25, 0.33 0.3 0.20
21723 109113 0.9 1.00 0.87 - 1,02 0,20 .38 0.31 0.9

i /
| 4
,
A\l 4 : i
v
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. Table 3-2b. (continued)

Myoblasts Myotubes

g Hours of chase

0 051 ¥ 2 . 0 05 1 - o

24 0.89 1.06 0,99 1.00 \D.ﬂﬁ 116 0.29 0,28 (1.2“"~ 0.20
E 0.93 0.97 1.03 0.93 1.01 . .0.98 0,20 0.32 0.26 0,79
27/27a 0.93. 1.02 0.96 - 0,95 0.97 1.0‘8 0.18 0.‘28 0.25 0.18 o

28 0.8 0.93 0,94 0.50 1.07 . 0.92 0.29 0:38 ‘018 0.20.
2 0.93 0.93 1.00 91.07- 0:99 - 1.20 0.30 0.32 0.28°0:24 - .
T30° 0.9 1.08 0.81 0:92 0.99  1.10 0.2 u.as;u.‘so'.b.a.z
n 0.99 .09 1.06 0.95 1.05 1.02 0.-29 0.35 0.59 0:“9,
32. 1.06 1.12 .1.11 0.93 0,9; I'.IO 0.25 0.'39 0.25 0.13
35 0.98 7 ‘.05 1.04 0.89 : 1.24 0.26 0-50 0.27 0.2%
36 0.92 1.03 1.01 0.87 0.87 . 1.07 0.2 0.30° 0.27 0.21
—

Ave.  0.95° 1.03.0.97 0.95 0.95  1.09 0.26 0.32 0.26_0.20
s.b. © 0.06 0.07 0.07 0.65 0.06  0.07 0.03 0.08 0.03 0.03




_ind vidual. r-prot-m- (Table 3-:

plottod agnin-t hours ot chase. vith l-diun cantaininq

10 Eold cxnus of non—radloucblve 1y-im.~ !rtot buru

indicate -nndn:d atviltion- of the average.

0. nyobl.u

‘O’ Myotubes -

( ",_ ‘» V A:"
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4 . * ratios remained constant durfng the chase period in
?myoblasts, uugqestl\r\gﬁ;hat the r-proteins s}‘n:hesized during-
the 30.minute pulse with [3g) lysine v’f;re stable relative to
total T-proteins for at least' 24 hours. The stability of
F-proteins for such a length o <lms canbe explained by
* . , their mcorpcraclon- into mature rxbosames (warnor ettal,,

] wau).

‘No detectable vastage or ‘turnover of _the nevly
syntheslzsd r—-protems was detected relative to the total
N r-protein podi. < % 5
The” r-protexns ‘synthesized dunng the .30 minuta pulse
of (3H} lyslne in myotubes, however,' were degraded Yargely
within ‘:he ‘first 30 minutes of chase in fedium containing
excess lysine. The remaining r=proteins it the m:yctubes (20
to 308 of the initial amount) were stable relafive to total
b—proteins Eor at least 24 hours, implying. that they, were.,
lncprporaced tnto mature rlbouumes. f 7
) . . The prnduction of x—pmtainu @nd TRYA, which was
coordinated in mycblnta (whura no datactalﬂ.e daqtadation of
n-proteina occurfed), was uncoupled ‘in ‘myotubes (where =
S approximately 5% of e, newly synthes ized r-proteins were
Ih additiqn, the lsompa ratios for each of the
. r-proteins a!ter the 30 fifnute pulsa with (3] lysine vere
slmuar, uquaa:ing thut ‘these, ptotelns were synthesized
. stolchiumc:rlcnlly. THe étbichibmﬂtry was maintained in

myotubes Q'spite Ehe fact,” nna: upgtoxunamy 758 of the B

r-pl:oteilw were dagradod.

'rn- drdp in’ the ‘rate cE
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on of r-proteins into ribo: also corr

closely with the drop in the rate of rRNA production

observed earlier (Table 3-1).

= Tied m.bomn gﬂ mRNA'S
The results of the r-protein turnover studies above
. suggest that -yntnuh-of TRNA and r-proteins, which was -
cootdinatad in myoblasts bscame uncoupled in myotubes. The
r-prutoin‘s in mygtubes: were -synthesized in excess over the

Javellable rRNA and were quickly degraded. fo investigate

posuihle mechanisms for. the apparent uncoupling of TRNA and
r—protcin productlcn, the metabolism ot r-protein lxnthcnla.
must be ulvd.rltooﬂ It has already b.nn astlbllshed that i
the rate ot r-protein synthesis rolatlvo r.o that of total

progei.n did not change liqniﬁicanzly as a reuult of

-+ differentiation (Table 3—2)'.4 The rate of r-protein

ly’lthali; can be controlled Ry mechanisms including
regulating the efficiency of translation of a pool of
rp-mRNA's or. controlling the concentration of translatable

rp-mRNA's -in the cell cytosol. Furthermore, the cytoplasmic

levels of rp—um s are affected by factors such as mRNA
half uvn and Cranaciiption rates. Analysis of these
E-ctqra should.reveal whecher the uncoupum of TRNA and

. r—protaln uyn:hnlh uriginltea at this-level.
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i) Messenger-RNA Levels in Subcellular Fractions

To détermine whether the various sub-cellular pools of
tp-mRNA's were altered by the process of differentiation,

the distribution of the Tp-mRNA'S wi:hin the cexl was

P investigated. Tha rp-mRNA's were directly ‘quantitated trum

the nuclear, post-polysomal and polysomal fractions of L6-5
cells by hybrid-selection (Lichter gt al., 1982). L6-5

Gells (708 coﬁnuent myoblasts and 4 a';} myo:unes)"wer”é

5 label the g:m tg:constant specific activity. The RNA

prepnred from these fractions’ was enri:he& for poly(A)
“containing* mnm\'s by oligo(dT)-cellulose chrumucogruﬁ:y.
Thé poly(A) anrichad RNA was ‘then hybrid-selected with
‘excess amounts of pxasmms ps16, PLIO, pL18,’ pL30 and.pL32,
which were collectively bound to DPT—paper filters. The
rp-cDNA plasmids were used collectively to generate
sufficient signal over batkground in the hybridization
réacéion. ‘since the RNA was labelled to constant specific
activity, ‘the radicactivily bound to thie DPT-paper filters
represented r.he fraction. of rp—mmu ‘in the total poly(aA)
yie‘l'll‘i.r:hed RNA in the hybridization reac) ion (Table 3-3).[
These values, however, were an undprestimation of the. total
amounl: ‘of the spaciﬂc rp—mmm's in the hybrldizaticrk
solution since the rp-cnm plaamtds were not Eull length

coples, g v '
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Table 3-3.
Levels of n!.bosoul Protein mRNA's in Subcellular

‘

Practions os l(yoblnntu and Myotubes.

Poly(A) anriched RNA praparad from nuclear, post-

polysomal and polysomal fractions of 708 confluent’

myoblasts and 4 day myotubes which'had been incubated
in medium containing 100 uCi per ml of leIuri‘dln’a to
constant ‘specific activity were hybrid-selected with
rectmbinant probes pslé, pLl0, pL18, PLI0 'va'nd' pL32
cm\bined. on DPT-paper .filter. A separate DPT-paper

filter contained the pllsmid vehicle pMBY and served as

a control. The RNA which remained hybridxzed 4o the
Dm‘—paper 'ﬁilten after mase A treamenr. and acringent
washlng\ was eluted with water at 95°c_ and counted.

"MB' and 'MI' indicate results fro;n nyoblasts and '
myotubes respsctively with the’ control vulue of 44 cpms
due.to pMBY subtracted. Tho res\uta are averages of 2

determinations.




e

Post-polysomal

it "o

‘L Polysomal
i

. MT 2600k ' 168

MY 747k 18

" Input’ Bound ~—Bound/Input

com. com Rerceat,
MB 478K 104 'g'.uzz“»
MT . ‘276k 53 “o.0is . -
MB. 205k . _42' ’

MB 3360k ' 1940

MB 4041k -2085

0,052 -
>
MT 2948k 17507 © 0,059
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‘The 5 combined rp~cDNA plasmids bound similar aln?unts
. of [3Hluridine labelled RNA in the 3 respective mly/as: and
myotube sub-cellular fractions.. The results.suggést that

the rate of z-protein translatiun in myotubas wus maintalned

at myoblast - lavals baeause the ivelaf.iva po].ysomal levels o

he rp—mmA's vere uimilaz. In addition, .no signi,ficant
alteration of rp-mRNA pool sizes or net pool shifts appeared
t6 occir to maintain the level of translatable rp-mRNA's in

polysones.. Simiiar misLat Iévels. of rp mRiA'S in niyoblasts

“and mtubas suggest that their transcziption Tates may also :

“be smﬂ ar,

i) ‘Lévels of polyscmal Ribosomal protein mRNA's
The use of the rp-CDNA's collecéivvely on’ ppT-paper
ﬁlters nay disguise variations in'the levels'of individual
rp—mRNA's. “The pax\)u) enriched polysomal mRNA'S - ue:e
therefore subjscted‘vto Norcharn blot andlysis with
indtvidual (329)-1.5911“ nick-téanslated "rp-cDNA's.
poly(A) en:iched RNA was prepu:ed from polysomal .
fractionn of 708 conﬂuent myoblasts. and 4 day myotubes and
10..ug al}quots of-"the RNA were subjected to electrophoresis
in 1.28 ‘agarose.. - After -transferring the RNA to DETSGABRES, ©
£hese ‘Northern blots were probed with (32p)=1abel led nick- ©
translated plasmids pS16, pL1O, PL18, PL30 a;nd pL32 for the

respective rp-mRNA's ‘and. autoradidgraphed (Figure 3-8). 'The

raphs were ted by scanning densitometry




froa nyonlq.:- and nyotup--. —

Ten ug umplu of .puly‘(A) enriched polysomal RNA

" each £rom 708 confluent myoblasts md 4 day myotubes. . '

weré uubjocted to’ olectrathr‘:i.s i.n 1.2% agarose and

’ehctro—blotud onto’ Dp‘r—pnp-r. “The' ucrtharn blots

\w.:e probed with [alph -ﬂpldm nick-translated
plumidl pS16, me. PL18, PL30, PL32, PMHC and pH4 and
aub]acnd to ,uutorudlnqnphy. The 132 Northern blot

includes the homologous control plasnid pL3z in the’

_left lane (labelled p24).
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Tab!.e 3-4.

‘thintiou of spoc{ﬂ Polysomal mRNA Levels
5
! in myoblasts and’Myotunbs.

Ten ug Of poly(A) enriched polysomal RNA each from 70%

conflu v and 4 day myotubes were subjected to

electrophoresis in 1.28™ & and-electro-blotted onto”

Dp‘l‘-pupe;,/'rﬁe blots. 1 were probed wien (alph. a—3zP]dC1‘p nick
translated plasmlds psls, pL1O, leB, puo, pLJZ:,DMHC ay - |

PH4 and. autoradiographed (Figure ca). The uo:t(mm:v ) i
were quan:ir.atsd by scanning/de/msitumetry ami e peak’ areas—. - :

o bybridized bands deternined with myoblast vaJ.uas

o unity. The:l resulu are averages of 2~

7
iomal pfotein.

. Myosin Hsnvy?&n/ present only in Myotubes '~ . - |
. 'Histohe H4 . 22 vt B
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and the relative amounts of hybridizable material in

myeblasts ard myotubss were determefied (Table 3-4).

u / The levels of the rp-mRNA's in polysomes, as a- fraction
' Lof total poly(A) enriched polysomal RNA, ‘were similar in
‘ myoblasts and myotubes. These data"conp lenent “both the

r—pro:e(n data (Table 3 21 and the hybrid-!electmn data

(Table 3-3) since the maintained levels of individual

./ %77 rp-mRNA'S accounted for the maintained level Of synthesis of

.t the individual r-protein in myotubes. éecauée the pool
sizes and Qistribution of the rp-mRNMs wers similar in

/ myobluts and myotubes, tha ‘Ghéoupl ing 'of the coordinate
o /

axpre*sion of rRNA and t-proteins in hyotubes’ appeared not
to be ;due/{o a tramslational mechanism. ~The hypothesis
geners}e(d from these results was that the uncoupling .of rRNA

-protein synthesis in myotubes occurred at the level of

i ranscription. <o
To compara the data for tp-mRNA'! thll other mRNA'

whose were by my s, Northern blots

B poliyiki” encidhel polysonal miK were probed with pMHC and
PH4 . N .‘ P e . 3 % (
- : ’ Myosin heavy chain 18 a'muscle specific protein which
. is expressed only in differentiated L6 cells (Benoff &

’ ) Nadal-ginard, 1979). An almost undetectable amount of

% 'MHC-mRNA was observed in the myoblast RNA smple, while an

abundance was foupn in’the myofibe sample (Figure

heterogenecus profus of the myotube MHC-mRNA Observed
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| resulted from the sévere over—exposure of the autoradiograph
. .
to allow what little MHC-mRNA in the myoblast RNA fraction

/
to become apparent. AS a result, degudauén products

exaggerated as the main MHC-mRNA:(32R)-cDNA hybrid

over—exposed the autoradiograph, . o
\
The other probe usad was - that for hi t/ane \HG-I\IRNA'S.

g ¢ of the!MiC-mRiA in the myotube R9A preparation were
! sinch -the expression.o§ histone genes is 1inked |to cell
{

pro} iferation, their expresslon should occur onl\y in, i
dlviding myoblasts (Hentschel & Birnstiel, 1932). ‘Probing
myotube pol ysomal RNA Samples with t)ne histone H4 genomic .
clone; pi4, revealed that the levels of thé\ H4-mRNA dropped
by apploximately 5 fold after differentiatipn (Figure 3-8 E

. |
and Table 3-4), confirming its gonmection with cell

proki feration. — ey -,

.-The induction of MHC-mRNA and the repression of H4-mRNA

in L6-5 cells after the myoblasts had been exposed to

pifferentiation Medium for several days' indicated that the

cells have different,lated(-lbc nyotubes. Thesé results
therefore provide the biochemical complement to the

- norphological evidence (Figure 3-1) of the terminal

¥

differentiation process of L6-5 cells

5 1o D) Turnover-of Protein mRNA's

The similar levels of rp-mRNA's -in the pollysomal -

- fractions of myoblasts' aid myotubes may be a r%sult of

I
. G | , ‘




- fp-vitro nuclear transcription assay. The 1a:ter method

_ transcription ratés of the rp-mRNA's and rRNA in myoblasts

% ' R .
* inhibited, the rate of decay of RNA can then be assessed by . «
. 3 .

-136-

similar transcription rates of the r-protein genes.
However, the half.lives of the rp-mRNA'S may playa
signifi@ant role in maintaining rp-mRNA levels' and rprotein
synthesis rates in myoblasts and myotubes and therefore
merit investigation. Two general strategies were employed

to measure rp-mRNA turnover in L6-5' cells. ))néf/st was to °

determine the decay rakes of rp-mRNA's in ¥ivo a(fte'r_ the d
inhibition of r_ranscnptlon with the drug Al:tinolnycm D. 4

The seccnd was to measure thexr tﬂ-pnscrlptlon rates in an

P " |

also allowed the direct comparison of the relative

and n:yotubes. ~ i

i) Ribosamal protein mRNA Half Lives

The drug Actinomyjcin D inhibits the synthesis of -RNA in.

eukaryotes (Wilson & Hoagland, 1967).  oOnce transcfiption is

directly measuring the RNA content of the cell at wvarious

»

times after the drug has been administered. )
Experiments v,ier\evf.‘irst per‘forméd to /d'e_tarmine the

amount of Acunon;ycir‘\ D-¥xposure required for e _complete

inhibitiSn of RNA synthesis. L6-5 myoblasts were incubated

£or 2 hours in medium containing (3H]uridine or -(3H] lysine .
4

and various cgncentrations of Actinomycin D. Total'TCA

insoluble radioactivity was determined from whole cell

-3 . [N
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lysates (Figure 3-9). | <

Complete inhibition of RNA aynmanu in myoblasts was
Obtained at a concentration of 2 ug per Ill of Actinomycin D.
This concentration was also sufficient to cmgletely inh:'mt

RN s;’(ntnasis in myotubes (P(gur’s 3-9). Although grotein

. synthesis was 'inhibited by 15¢ at concentrations above

Lo
0.5 ug per ml of Actinamycin D, it.did not change with

Act&nomycin n‘ concentrations of up to 10 ug per ml.

Tmenaute thai a spscific sub-clnss of RNA was not
transcnbed in the pteeence of Actinumy!:ln D, total’ RNA was »
prepared _Eron 70% qonflyent:’ﬂyoblastsﬁ p:evibusly incubated
for 2 hours.in medium ‘con;:aini'ng 50-uci per.ml of [3Hluridine

and variuus concentratxons of Actlnmyc.in D. Egual auquo't's

(10 ug) of RNA were suh)ectad w-elacttnphorens m 1.2%

agarose; alec::o—‘blotted and subJec ‘ed: to autotadioguphy

(rigiire 3-10); The auto:;dlogzapha;conﬂmed that’

= v
-'Mligihl_g:_alounts of RNQ were synql;eshcd by L6-5 cells

when expoped to concentrations’of 3 ug per ml of -

" Actinemycin.p.' It was. noted :mrw: a, concanhrauon of

-0.03. v peiz ml of Actinmw:in p, tie cnnscnpmon of (mu

was speqiﬂca!ly 1nh1biced. L

- and lysad at multiplas of 3 hour lntdrvull. sgyal amounts

of total. RNA prepared Erun 5{11/,lysatos \mra subjected to




rigure 3-9. -
Treatmeit of Myoblasts and Myotubes

with Actinomycin D.

L6-5 cells (708 cohfluent myoblasts and 4 day/ ,

.myotubes) were incubated for 2 hours with medium :

b

containing 5 uci _per ml of [3H]uridine or s uei pet ml

£ [3ul'lysine and various c?ncentratiens of .
Actinomycin D. Total precipitgble ‘radioactivity was
determined from whole cell lysatés, Duplicate samples
were’ avaraged and plottad. LR 8 b_ . E b
A cpm x1073 [3x-nxysme (myoblast)
0 cpm x1073 (3Hluridine (myoblast)
0’ cpm ¥1073 [3g]uridine (myotubes)

v(_dar.a point at 2 ug per ml

Actinomycin D)
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during e

of
. Myoblasts and n}omxn- with mtimycxn D.

‘Ten ug umples of total RNA, prepared'irom 70%

conf \uent myoblas,ts which had beep incubated for 2

hdurs|in medium containing 50 uci per ml of l3u]una1ne

the RNA

and. vqrious cancentrations of Accinmycln D, were
'suhjaéted to el

sinlz\

with: Spray B[i3l-laneem_‘and _aumud!nguphed‘
\ 5 !

After
was alactxo—hlot:ed onto Gene.Screen™, it was
r.reateéi




ug PER ml ACTINOMYCIN D
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electrophoresis in 1.2% agarose and electro-blotted onto
Gene Screen®™. The Northern blots, probed with
(32p)-labelled nick-translated plasmids psl6, pL18 and pL32,
were autoradiographed and quantitated by scanning
densitometry. .Tha slopes of the mRNA decay rates were J
determined by least squares analysis (Figures 3-1la and

3-11b, Bulmer, 1979).

The appain‘t half lives of the 3 rp-mRNA's varied from -

9.5 to 12.4 hours, with standard deviaticns of .approxinately
1 (Table 3-5). The average half lives of ‘the rp-mRNA's vere
1L1and. 10.6 ‘hours in mynblasts and myotubes respectively.

No signiﬂcant dlfiezences were thetafore apparent in the
rp-mmm half lives botwaen myoblasts- and myotubes.

To ensq:e that th@ half life studies were measuring
specific decay rates of the rp-mRNA's, the half lives of
MHC-mRNA and H4-mRNA were also determined. The half life of

\ MHC-mRNA, which was only measurable 'm myotubes. was '
approximately 67 hours. In a separate series of .
experiments, the half 1ife of histons H4-miNA in mydblasts
vas, de:emiqed'to be approximately 40 minutes (see
Appendix A). These results indicated that _the' decay rates
of  the mRNA's:.in t‘heApresenca of Actinomy¥in D were message
specific andvriot. due *to nom-specific degradation. :

i
i
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pigure 3-11.
, Northern Blot Analysis of RNA from Actinomycin D

Treated Myoblasts and Myotubes.

_7otal RNA was prepared. from 708 confluent M
myoblasts and 4 day myotubes which had been incubated
in mediuh containing 3 ug per ml of Actinomycih D for
various periods of time. RAliquots of RNA (25 ug), were
subjected . to elac:xopthaaxQ in 1.2% agarose and

electro-blotted onto Gene screen™. The, Northern blot

n
I

was probed with

(32p)-1abelled nick-translated plasmids ’
pS16, pLl8, pL32 and pMHC and autoradiographed. The -
autoradiographs were guantitated by scanning S
‘densitometry and the areas determined for ‘the

hybridized bands were normalized to the. values &
dotermined for the untreated samples.. The HHC-mRNA~was

_not. detected in significant-quantities in the myoblast

samples. Northern blots of myoblasts RNA samples are
i “

displayed in Figure 3-11a and of myotube RNA um{les in

Figure 3-11b. -

rp-mRNA S16

o
N . O rp-mRNA ‘LIS - | &
\ . - g
© A rpmRNA'L32 > L 3
: : - 2
V MHC-mRNA", e
ey z
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Table 3-5. . s
Half Lives of Specific. mRNA's in _n/pb{uu -
‘and Myotubes. o . . .

Total RNA was prap‘ar';d from 70% myoblasts and 4
day myor.ubes which had-been incubated in medium b
containing:3 ug per ml of Actinomycin D for various :
7 'periods of time. Aliquots of 25 ug of RNA were B % /,#/
sub)ected to slactrophotasia in 1.28 agarose, alectro-
blottéd onto Gene screen™,  probed with ("p)-ma.ued
nick-uanslated plasmids psl6, pue, PL32 and' pMHC and = "

toradi The

-were quantitated
by scanning densitcmetry and the velaive pul/arau of
the hybridized bands were plotted, with the zero time

= points equal, to unu:y (Figures 3-1la.. and ,3-11b). 'rh-

Elcp'l/bf the ocay rates were determined by least
squarn analysis and the results from two

‘determinations were avanged.




Table 3-5. (continued)

: X + Balf Lives in Hours
. .~ Wyoblasts a Nyotubes
| . ‘Ribosomal Protein e - 3
‘ o . 516, “mhey 0.4 {
—ids 237 o i
g2 2 - .32 0.6 !
ST s 3
g Myesin Heavy Chain b, - 4 2.3 7
Histone H4S - 0.65 na/ 7
s 2) s.0ax. Standard Deviation. aad
b) not detectaple , . - [ . y
5 7 c) see Appendix’A P S -
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" 1i) Nuclear Transcription

aglalysis of the rRNA accumulation and r-protein
synthesis rates in L6-5 cells revealed that production of
these ribosomal components became uncoupled after terminal
differentiation. Results which indicated similar rp-mRNA
levels and half lives in myoblast and myotubes supported the
belief that the uncoupling occurred at the transctiptional
level. To test this hypothesis, a cell-free nuclear
teanscription assay was employed to measure the rgees o
transcription of rp-mRNA and rRNA.

The reaction tine.course of ‘the nuclear transcription
assa} was determined with nuclei purified from 70% conflieht
.myoblasts and 4 day myotubes, The nuclei were incubated
with a nucleotide triphosphate mixture xncluéxng (alpha-
32p)yrp rc,r\”xanoué peériods of time (Figure 3-i2). Initial
transcript;on rates were higher than those observed over-the
long term, thus the initial time points were not plotted:

The transcription rates,. however, were linear after’ the:

rst 20 minutes, This phenomenon has'been noted  in dther
nup:e} transcription systems and may be due to polymérases
which have bound to promoter regions but were not.
transcribing when the nuclei were prepared. However, it:
does’ not appear to.agfect reiative transcriptiﬂr;?r‘_ate
measurements (Marzluff & Huang, 1984). "Subsequent assays

were carried out £6r 60 minutes.

i
i
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Figure 3-12.
Time Course of Transcription in Myoblast
and Myotube Nuclei.

day myotubes were incubated with nucleotide -

Nuclei ‘prepared from 70% confluent myoblasts and 4
. i ag

triphosphates including. [alpha-32pjute at 25%C. At

various. time points, the reactions were-terminated.and

total TCA insoluble radioactivity per 108 ‘nuclei --

‘determined. L

O Myoblasts

A Myotubes

Slopes: Myoblasts 1.62 kcpm/105 nuclei minute

- Myotubes  0.39 kcpm/10% nuclei minute

-
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. Incorporation of (32p) into RNA was determined on the &

basis of the number of nuclei. The slopes of the

i ation rates -3 mdicned the relative rates

of overall transcription (Figure 3-12). The tramscription

rate in myotubes was found to be approximately 24% of the

“rate found in myoblasts. . \

- the (32p)-1abelled RNA was purified from the

transcription assay. system and hybrid-selected with genomic

© clones for ;p-mnm £32 and for the leader sequence of the

. 185dnd 283 rRNA's and pBR322. 0 estaish that the

w hybrldl:ation eonamons vere ma dependenéy.. 2. . o %
A concentrations of such of ths genouis: dlone were: teed for”

s nybnd—se1ecuon. #gbridization of the {32p)-labelled RNA , )

;~ 3 ? vn_h the genomic clones and subsaquent waahing of ‘the . .

" hybrid-selected naterial was perférmed using stringent

o« Lo T g conditions (ua:z1u££ & Huang, 1984). After quantltating the

o . (JZP)-lahullcd Rl bound to gach clone, the paR322 control

values were -ubtuctnd from the appropriate experimental :.

points (Table 3-6). .
The actual amount of p-mRNA 132 detected was

R P approximatsly 0.006% of the total amount applied in the §
',;f X u” . . hybtidizauon. “This Eigure falla within the range comgonly >
PR cited for mammalhn rpmRiA's (neyunn, 1984). i BT A
s . The valuauldetamined for the TRNA pncuuou, on the i . '_:
;' g B« ‘ other hand, were much lower than would be, uuggenad by the .° $ ,

Sa, o abundance of the 458 rmu\ ptoceaslnq produ-:tu in vivo
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Table 3-6.

1In yitro Nuclear Tranmscription in.L6-5 Cells.

Nuclei prepared. from 70% confluent myoblasts and 4
day myotubes were incubated with nucleotide
triphosphates. including ‘[alpha-32pJuTp at 25°C for 60
mingtés. RNA purified from tIe transcription reaction was

hybridzselécted with individual recombinant DNA cloheg,

e tudthg pBR322 as ablank control, bound to:Cene

screen'™, ' After, strmgen; fshlng, the remuining e
hybridized (32P)--1abellaﬁv‘ma was counted, the

background nybridization. GE‘52 cpms due to pBR322

‘subtracted and -the Bound myotube/mynblast ratios

normalized to the amount: of input radioactivity in the
myoblast fuclear transcription assay. .'MB' and 'MT'
inditate results of assays with nuclei from myoblasts

and myotubes -respectively.

e
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Table 3-6. (continued)

ppre2ss 7 /B

G 5
b 357 ue
7 MT
3.5 MT
o

Probe . ‘Nuclei
type ug  source
poL32 7 MB
95 M
7 MT
3.5 7 MT
' <. p-prelss 7 M~
e 3.5 MB
. 70 . MT
- 3.5 Mr
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ig

700k

700k
910k

910k

- 7300"

7300
7400
7400,

7300
7300
7400.

7400,

Bound

cpm

s
47.0
39.1
6.5

Bound' (M1/MB)

average percent’
febdidade pitsed

74%
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. ‘(Dabév et al., 1978). However, since r~proteins and RNA
’ methylation, both of which are required for proper 45s rRNA.

processing, are deficient in the in vitro transcription

System (Marzluff, 1984), significant non-specific -processing

of the rRNA fragments may occur. The 2k bl; p-prelss does

not contain any s@ences found in mature rRNA's while the

2.3k bp p-pre28s contains small portions of the 3' end of

the mature 185 and the 5' end of the mature 285 TRNA'S in

addition to the 5.8 rRNA. Therefore, some rRNA sequences -
- complementary to p-pre28s may be more stable tham those

o . complementary to p-prel8s after 1 hour incubation in vitro

and may account for the higher bound countesobsspved with

the fémei: recombinant plasmid. ;

. ) The TelAEIVE! FALH: G EEARBGEABEION OF \EpSHRNA. LI 1A
myotubes was approxim;!tely 74% of the rate.observed in
myoblasts. The transcription rate of rRNA, on the cr_ﬁler
hand, dropped by 76% in myotubes. These determinations were
independent of plasmid concentration. The data reveal that &
these 2 sets of genes were differentially expressed in
myoblasts and myotubes. .

. ' Mechanisms such as changes in translational efficiency,

sub-cellular populations and half lives of the rp-mRNA'S
appear not to be significant factors in the obseérved . i
uncoupling of the rate of rRNA and r-protein synthesis, after’

terminal differentiation of ‘the L6~5 myoblast. The y, ¢ i

remaining factor which' could account for the uncoupling is )
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. . oy .
differential transcription’ of the r. and the rp-mRNA's. .

The above experiments that, in the X v

extent than the raté of rp-mRNA transcription when compared

to myoblasts. Thus, upon terminal differentiation of L6-5

i rate of rRNA transcription was reduced by a much greater
% cells, coordinate transcription of rRNA and r-proteins seen %
|

in the myoblast becomes uncoupled.

‘
[ 4
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CHAPTER FOUR 2 &

Discussion

The ribosome performs an instrumental function in the

expression of rgenes. The organelle. translates 'the
genetically encoded information of inheritance into e
proteins. For the ribosome to perfol"llf effectively, it must
itself be regulated, both in’its translational activity and
its D'iogenesllsl. The regu!atlon of ribosome biogenesis, . T
however, _is complicated by the fact that its over 70
components are products of geges trar;scribed by three

distinct RNA polymerases. The coordiniate production of

these’ cmponents under various physiolcqical conditions is

an important subject JFor’ mvesngatwn.

A cell system-which undergoes marked phyexologxcal

changes in vitro and also aignificantly alters its ribosome

accumula!:mn "Pates is the.L6 myoblast. Upbn temxgal
dlffe:ennatwn of .L6 cells, the rate of ribosome
accmulanon decreases four to five fold (xrautex: et al.,
1979). L6-5 myogenesis therefore providées a system in which

the coordinate regulation of the synthesis of the ribosomal

'ccmponants can be és;udiadL N v # a2

‘Differentiation of L6-5 myoblasts, a sub-clone of L6,

“1id induced by a .change in cell culture conditions. The

shift from mitogen rich Growth Medium to mitogen poor
Differentiation Medium activates the myogenesis program
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: (Nadal-Ginard, 1978, Linkhart, Clegg & Hauska, 1981).\_The

i myoblasts undergo at least one or two rounds of cell

: division before committing themselves to differentiation

: (Figure 3-2). Although differentiation can be induced
without intervening rounds of DNA synthesis (Nadal-Ginard,

.1978), the myoblasts are ‘conditioning' the medium during
this time to allow differentiation to proceed (Doering'&
Fischman, 1977). The conditioning process probably involves
the degraq;r.ion of specific mitogenic factors in the medium

\ |0 ... vhich inhibit the initiation of the differentiation process
(Linkhart ‘et 1., 1981). ~quev r, once the mitogens have
been, depletsd, the decision to/proceed with myogenesis
remains a stochastic one and the ce_ils do not differentiate
_synchr;.nousl‘y. |

Ribosome Biogenesis in L6=5 Cells
ngferehgiacxo.{ of L6-5 mydbladts resulted in the

" decrease in rRNA accumulation rates (Figures 3-2,:3-3 and
3-4 and Table '3-1)., ‘Since mRNA and protein acr:umulatlon
rates were relatively unaffected, the reduced raNA’

e accumulation rates were interpreted 'to be the result of the
‘hyogenesis program. The levels of mature ribosomes in
myotubes, however, wers still near those of myoblasts,
suggesting that the rate of ribosome accumulation was

“modulated to maint_‘.ain their cytoplasmit levels (Figutes 3-2
and ‘Krauter et'al, 1979). Since the myotube

cell mass is increasing at a

< T
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N 8
much slower rate than that of the myoblast cell, it follows
that a significantly lower rate oé TRNA synthesis would
n‘ainta.i'n the cytoplasmic pool of ribosomes i myotubes.

The rate of r-protein synthesis, on the oth‘er hand, was
not significantly affected by the differentiation process

(Figure 3-7 and Table 3-2). The r-proteins in myotubes were

‘synthesized stoichiometrically and at rats similar to those

observed in myoblasts, although they were largely degraded.
It therefore appeared that their production was being

regulated as it would have been in myobldsts. The . o
» <

- regulasory wechanisas invoked by the difereptiation -
progran, whtcn reduced rRNA and ‘ribosome accmulacion rates &
did not aftact the production of r-proteins. - L

+ one of two general situations may exist in L6-5
myotubes whith could account for the uncoupling of rRNA and
r-protein production. The first is the possibility that A
TRNA and rp-mRNA's are coordinately synthesized but ‘that the

coordination is subverted at a post-transcriptional level.

"1f the rates of rRNA and rp-mRNA'S lynth.lilv were

coordinately reduced .in myotubes, abnormally high r-protein
translation rates may result from 1) incréased half lives of
the. rp-mRNA's, which would counteract their lower o

accumulation rates, 2) .increased translational efficiency of
a‘decrdased level of rp-mRNA's, perhaps by the presende of a
-paciﬂc lnltht!on factor, or 3) an increased proportion of

the toul c-llulu‘ rp-mRNA's appnring in the polysaul
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(translating) fraction at the expense of other cellular
fractions. :

The second situation which may exist in L6-5 myotubes
is that production of rp-mRNA's and rRNA is uncoupled at
the transcriptional level. The uncoupling may either result
from an L6-5 specific defect in the regulatory mechanisms
coordinating the two groups of ribosomal components or may
be a general feature of rat myotubes.

To determine how post-transcriptional events affect
r-protein synthesis in L6-5-cells, the lévels and turnover
of rp-mR¥A's in myoblasts ard myotubes were fAveatgataa:
The rp-mRNA levels in polysomes of myoblasts and myotubes

were shown to be similar and reflected the similar

’ o
rates of r-protein synthesis (Figures 3-7 and 3-8 and Tables.

3-2 through 3-4). since the accumulation rates of nascent .

' frproteins worrespondéd with the rp-mRNA levels, s

effxciencxss of rp-mRNA translation were also similar in the

two_phenotypes. It is possible, however,. that Eine-tuning

of r-protein synthesis to maintain their precise

stoichiometry is achieved by minor shifts between the

", polysomal and post-polysomal rp-mRNA pools (Fruscolini

et aly, 1984). Nevertheless, the rate of r-protein

"synthesis in differentiating L6-5 cells was not modified by

translational regulatory mechanisms. . i
The half lives of the rp-mRNA's were also determined i.n

myoblasts and myotubes (Figure 3-1 and Table 3-5),(These
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messages had half lives of approximately 11 hours in both

phenotypes, despite the finding that mRNA's in myotubes t}nd

to ne'g:mzs stable (Figure 3-11, Table 3-5 and Singer, &
Kessler-Icekson, 1978). The half life of rp-mRNA's
therefore appeared to be an intrinsic property of the
messages and not' affected by the myogenesis program.
It is clear that cytoplasmic mechanisms do not play a
major role in regulating r-protein synthesis in L6-5 cells.
Since both the-levels and half lives of the rg—mlum's were

imid 3 blast o the implication is that

e

the rates of r-protein synthesis are regulated by the rates
of rp-mRNA transcription. .

The in vitro nuclear transcription assay provided
direct evidence for the differential synthesis of rRNA and

rp-mRNA's in, myotubes when compared with myoblasts

(Table 3-6). Although the relative transcription rates for

.both rRNA and rp-mRNA genes decreas’ed upon terminal
gitferentiation, the drop in TRNA‘synthesis was more

/pronounced. The relay.ve drop in the rate of CRNA
z;anucripuonfxg Vitro between myoblasts and myotubes when
compared to that of rp-mRNA L32 correlates with the drop in

.
CRNA accumulation rates observed in vivo (Figures 3-3 and

3-4 and Table 3-1). The conclusion from these.observations
is that the regulation of-r-protein production, which' was
coordinated with tTt of rRNA in myoblasts was uncoupled at

the transcriptio al}miu in n}ﬁo\tub'es.
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The uncoupling of rRNA and rp-mRNA synthesis in

myotubes can be examined for other specific rp-mRNA genes.
{ This can be achieved with the analysis of the.in vitro =
transcription assay with a number’ 6 genomic clones' for
other rat r-proteigs. These clones may be obtained by
screening rat genomic libraries with the available mouse
rp-cDNA clones, since the latter have close homologies with
rat rp-mRNA'S (annk et al., 1981). Analysis using the
“ nuclear’ transcription assay with these genomic clones may
L _also revesl the degres of coordinstetranscription of the:
rp-mRNA genes in myoblasts and myotubes.
. \ uncoupling of rRNA and r-prote“kn production. in
mammalian cells is an unusual observation (Warner et al.,
1980). It has been .oted that in a variety of cell lines,
the degree of control over ribosome bicgenesi's was inversely
correlated with the degree of transformation (Stanners )
et.al., 1979). While non-transformed célls modulate their’
ribosome content according to thelf physiological state,
I transformed cells do not.

The possibility' that L6-5 is partially transformed may ;
explain the ‘observed, uncoupling of rRNAand r-protein
production in myotubes. The regulation of ribogomal
pre:uréo; synthesis in myotubes appears to be split: rRNA
transcription was modulated as: in non-transformed cells
while rp-mRNA transcription remained constant as suggested

for transformed cells.. The expression by L6 of other
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ERREAGEALERELES: (GAHIoN. LOVLEATAIOENE] EILs, mueh 48
anchorade independent proliferation, sensitivity to

—cytochalasin B and secretion of plasminogen activator haye
been noted b;/ other authors (Bignami, Dogliotti, Benigni,
Branca, Tato & Alema, 1982), and, lerds credence to this
possibility.

To resolve whether the rRNA and rp-mRNA uncoupling
phenomenon is specific to L6-5 myotubes, comparative studies
with other rat-derived myoblast cell lines,'such as L8, M42
and M48 (Richler & yaffe, 1970) and primary cultures can be
undertaken. Northern blo analysis and in vitro nuclear
transcript ion assays may reveal whether ERVA and rp-mRNA are
transcriptionally um:_oypla; in the myotube plienotypes of
these cell lines. The results may indicate that L6-5 is
deficient in its ability to regulate ribosume biogenesis.

In constructing a testable model for the regulation of
ribosome biogenesis in'.L6-5 cells, inuch can be learned by
examining the mechanisms of ribdsome regulation in -
prokaryotes. The levels and accumulation rates of riboscmes
in Escherichia coli,. for example, are tightly coupled with
its growth rate. In addition, the rates of rRNA and %,
r-protein synthesis are closely coordinated (for reviews,
see Lindahl & zengel, 1982 and Nomura, Gourse & Baug hman,

1984) .
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Ribosomal RNA

In Escherichia coli, rRNA is transcribed from seven
TRNA genes, eich of which contains perhaps four promoters -
(Morgan, 1982 and Boros, Kiss, Sain, Somlyai & Veretianer,
1983). oOne of the promoters appears to be constitutive
while another may be the ‘site of transcriptional modulation.

All seven genes are continuously expressed and regulation of

‘their transcription is achieved by modulating their

initiation and pre-termination rates, neg'ula:ion ‘of rRNA'
transcription may be by cellular levels of guanosine-
tetraphosphate (Gallant, 1979) and by feed-back inhibition,, .
by non-trans_ianng' ribosomes (Jinks-Robeftson, Gourse &
Nowura, 1983). ' .

The rodent rRNA genes, on the other hand, appear to
contain one promoter and perhaps enhancer sequences fur ther
upstream of “the rRNA genes' start ;ite (Wood, Bownan &
Thompson, 1984). - Several'factors are required for the
accurate initiation of TRNA éenle transcription and appear to

be the limiting components in rRNA synthesis (Mishima,

* Financsek, Kominami & Muramatsu; 1982). In addition to

these initiation factors, a 100k dalton nucleolar protein
has been identified in CHo cells as a rggula':oiiy elema‘nt
(Bouche, Caizerjues-ferrer, Bugler & Amalric, 1984). This
protein appears to bind the RNA polymerase I initiation
complex before being processed intd several compornents,
auuwing'Tamnpuqn to proceed. '
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; The possibility exis:s that these two regulatory
featurés operate in L6-5 cells. Upon terminal
differentiation, the supply of RNA polymerase I initiation
factors or an analog of the 100,;; daltdn protein may be
severely limited, causing a large decrease in the rate-of

rRNA accumulation. Alternatively, an inhibitory factor

- induced by myogenesis may bé present in myotube nucleoli

“which interferes with.the formation of the RNA polymerase I

initiation complex.
The regulatory features of rRNA transcription can be
investigated with an in vitro rRNA gene transcription system

reconstituted from various-nuclear fractions (Miller &.

§b1Iner-tebb, 1982 and Manley, Fire, Samuels & sharp, 1983).
The nuclear fractions, separated by chromatography,
variously contain RNA polymerase Isand a variety of
initiation factors, ‘some of which ‘are species.specific. THe-
reconstituted transcription system can also employ nuclear
fractions mixed from myoblasts and myotubes -in various
combinatiShs. These mixing experimenészl\‘ay reveal-a

nySblast-specific factor which can activaté rRNA gene

transcription in myotubes in vitro. Further purification of

the nuclear fractions may lead to ‘the identification and

characterization of the regulatory factors,

As an al:ernagive to a reconstituted tradscription-
system, the RNA polymerase I initiation complex can be

analyzed in myoblast and myotlbe nuclei (Miesféld & Arnheim?
- : :
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. 5 s
1934). ‘These “analyses can'ne qualitative, where the ° .

camposumn of, the complex can be xnvestxg’x:ed by gel

elpctrophoresis, or quantitative, where the

. initiation complexes per -haploid genome and the ‘factor which

=" . ', ‘limits complex formation can be datemir\ed}v These studies

‘may reveal ,a phenotyps-speclfic factor. responsible. fo:

regulatmg CRNA qane imtxatwn. ¢ sufficient amounts o(

the“specific Eagtpr can be, separated, then q‘nr_ibodies rai’sed' %,

. againstty

actor may allow investigation. into l:he ol

'regulation; of its’production; turmover and rélationshiip to -
p : A ’ '
B

differentiation. 7 s -

Andther approach to tdent)fyxng the regulatory »

e canponents of rRNA ‘ene expression in, ayotubes may -be by *

- " chtomatxn dlgeshwn stud:es wu.h DNase! I (McGinnis et al., .

LRE 5 . 1?83). " alterations in the,: conformation of chromatin has:
4 %y been issdciateu with cnang:ss-  gene axpression. DNasé 1// =
i ) ! digasclon ot chroma:m from myoblasts and myotubes and
b3 3. . subsequent Southern blot’ ‘analyeis of the axtractad DNA- buth
rRNA genomic clones may reveal dxfferent digestion pa:te‘rns
(Séuthern, 1975). Since rRuA gens trafeription rates. are’

redu fed in myotubes, the studies may ahou ‘DNase. I resistant

& ’ (93 ences in myotube \TRNA ged-nas not seen in: myoblasts.
. . Thése wol ;\.d denote a 1ess *open' (chremm;in structure and

would Lndicate tha p‘arent site whera actenuation of rl{NA'
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+ - The: attenuatieu of rRNA transcription after temmal
dxffetentiadon may occur by -turning off a number of rRNA
genes, with the rennning TRNA genes being ttanscribed
normally. Such a situation exists. in Xenopus and other

systems (Miller & Sollner-webb, 1982). It was hypothesized

“that ‘the promoter region was either 'open' and could. bind
i RNA polymerase' I and associat¢d initiation factors or
K © elosed and not able to allow transcription Of the rRNA

. 5 bane (nee ¢ Rodn & Dunaway, 1983).' The tRNA gene cou,ld be -

hald ‘open'. by .the association of a specific protein whu:h

allows” the subaequent binding of the 1n£tiation complex. If

this factor was L = & in

v it could
i " account for the attenuated rRNA gene transcription rates
observed. The rRNA genes which are being transcriped can be

enumérated by measuring the number of RNA polymerase I

f initiation complexes formed. in o or' 'in vitro or by

electron microscopy of nucleolar chromatin (Miller & °
: * Sollner-webb, 1982). 5" & ’ “

The ngul.uon of rRNA gene :nmc:xpuon in L6-5 is

under control of the program’ in y . The
htes of “their tranucription determine the rnte of ribosome

uccumulanan in hor.h myoblastu and myotubel. The mechunism‘

of - regulation, however, relﬂninu unknown but may be effected
Y by the ariount of a specif{c RNA polymerase I .- [
initiation hctor. ‘A vatiety of exporimantal -ppmacnu can

J» .. Dbe taken to alucid-ta thana requlatory mechnnims nnd to
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ascertain how ‘they may be related to differentiation.

Regulation of Ribosomal Protein Synthesis
In Escherichia coli, the production of :—prctéins is
/, B . tightly coupled with that of rRNA ’(Gauslng et al., 1980).
. % s st geven conditions, the rate of r-protein
synthesis- is modulated autogenously (Nomura et al., 1980).

specific r-proteins, usually one per operon, bind to the

% mRVA in’which they are encdded and. inhibit their
translation. Tl]le r-proteins involved with authenous
regulatiom have a hlgher _affinity for FRNA'S than for their
own rprlmnNA's. This ensures that only the r-proteins

vsynthesizsd in excess of requuemencs inhibit r-protein . -

production, thus ‘coordinating their synthesis with that of

{ TRNA. since most rp-mRNA's in Escherichia coli are’poly- ' '
i . cistronic, the mechanism provides an efficient method for -

the regulation of "tp—mR.NAttranslation. SO,
Translational regulation of r-protein production has

been observed in some eukafyotes. For example, yeast cells oo

; . .- which have been transformed with a plésmi‘ containing extra ,

/", . coples of the r-protein L3 gene have elevated levels of

¢ . ip-mRNA L3 (Pearson, Fried & Warner, 1982). The rate of its

translatlon, however, ramains caotdinate with tRe' other

-rp—mma's, implying that :—pmtein synthesis is

translatlcnnlly raguucem ’ . i
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Anoth?example o( translational regulation is found in
the develapxng enopus émbryo. During early stages of
embryogﬂnesls, rp-mRNA is-transcribed and field in a non-

. . translatable .state ’until TRNA gene transcri}:tion begins
(Pierandrei-Analai, catpioni, Beceari, Bozzoni & Amaldi,
‘ _ 1982). 5hen TRNA synthesis commences; the rp-mRNA's

“translatfon rates lncrease .coordinately with the appearance

. of TRNA.

These systems appear to be exceptions since numerous
*“exanples have been describad where rRNA and r-protein
production have been uncoupled (Warner st al., 1980). In
any case, autogenous regulatfon of r-protein synthesls “has Fhe
yet to be aemongtrated dn eukaryotes. '
The synthesis of: r-proteins in 'L6-5 cells is not :
autogenously tegulated after differentiation, The.r-proteins
‘were syn‘thesize’vd in large excess over rRNA in myotubes and . 4

then deg < Although regulation may occur in

myoblasts, it was considered unlikely since it was.not o

detected in myotubes. This' supposition can be tested by
i _ inhibiting rRNA transcription in myoblasts with low levels

of Actinomycin D, which would allow near normal

; ) ;
| a transcription of RNA polymerase II gedes.including those for
. . r-proteins (wilson‘s Hoagland, 1967). If r-protei,
; : y ““
synthesis vas autogenously regulated in moblasts, then the

rates of x‘p—lnRNA :rnnslaticn would be expected to decrease

since there is little|new rRNA capable of incorporating’

TR Y
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nascent r-proteins into ribosomes. This type of experiment

has beén performed with many mammalian systems and has

generally failed to demonstrate direct féed-back regulation
ol r-protein synthesis (warner e_t al., 1980).

Further investigatiohs into the coordinate expre}sion
of r-—ptoteins thh TRNA genes depend upon whether _the
uncoupling observed in myotubes is upecific to the'L6 cell

line. If coordinate repression of rRNA and r-protein’

"‘expression is observed'in other rat-derived myoblast lines,

then L6 cells may prove to be a v.eluahle regulatory mutant

in ribosome production.

A series of comparative studies between L6-5 and other

" rat and other rodent-derived myoblast cell lines can be-
© pursued. These investigations,can include DNase I

‘'sensitivity studies of the r-protein genes, particularly the

- ¢
5' non-cbding regions, and the degree of r-protein’gene’
methylation. Both of these parameters have been Correlated
with gene expression (Manes & Menzel, 1981 and McGinnis

st a1

1983)-. Differences in the digestion patterns of the

DNA between L6-5 myoblasts and myotubes and other mgogenic

“cell lines may Feveal the location of Ehe putative mutant's

effect. ~

The r-protein gene initiation complex may’be

investigated by 'Foot Print' analysis (Smith, Jackson &

Brown, 1984). Reconstituted initiation complexes using

genomic clones of r-protein gehes and nuclear extracts can

.
7

}
i
i
i
1
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be digested with DNase I. .The DNA seq'ugnce which is

feotected from.gigestion by the complex can be subjected o
Southern blot analysis, Not only would this techniqu

indicate the site of r-protein gene initiation bit, with thé
analysis of a number of r=protsin genomic clones, may . . -

indicate consensus sequences involved with the:.regulation of

the sbntchiomat:y of r-protem gene expresswn.

N ReJonsti:utec ‘initiatidn complexes can also employ
nuclear fractions from myotubes of vauousfe‘x\l /Anes and
nay foveal a feature not observed in L6-5 myotubes. This
may inclu‘de the depletion of an r—prozein g;ﬂe—speciﬁc RNA '
polymerase II initiation factor (c.f, Dynan\& Tjjan, 1983)

or .the presence of a factor which specificallly inhibits. .. Y .

r-protein gene transcription. .

The description of ‘initiation or inhibitory. factors of
rRNA and r—Qr‘otein gene transcription’in rodent -myotubes may. :
lead to a model for their coordinate repression. The factor

may—be pleiotropic, affecting the initiation of both RNA

o
polymerasas I and 11 dependent transcription, or may be two

dfbtinct. gene produsts, Tekck Fesponsible to a speoific

since Rvm\ polynerases I and II are quite different (Chambon,
1975), the  latter possibility appears more likely. “.yn the.
case of L6-5, it appears that the RNA polymerase IT ’

assoclated factor may have become, independent of myogenic

co’ncm*(t O ,
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comparative studies between L6 and other. rat'myogenic
cell lines may reveal, however, that the uncoupling of rRNA \\ '
énd, r-protein expresswn is a feature common to all'rat
myotubes, If this was to be the'case, then one is faced -
. with_the tactical problem of why the rat myotubé synthesizes s
. r-proteins: in excess of raquiramencs and then degrades then -
It may ne that coo:dinar.e regulatlon of r-protein with mm\
“synthesis is not a prxotity ih myotubes since it consists oft, i ;
less than:10% of the total :ransl/btional activity (Meyuhas, ,/‘/
1934). . On the other hanﬁ, it is'possible ‘that .coordinate !
synthésis of FRNA and‘'reproteins is achieved after the cells i

‘have been differentiated for a prolonged period of -time,

<" even though the ovel'al]. rates of protein translatlon remaxns

undmmished (yabﬁs, 1969 ant schubert, anikas, Humphreys,

- Heinemann & patrick, 1973). Such a pobsxbxlity can be
.7 addressed by analyzing rRiA and r-protein synthesis patterns
* in other L6-derived clones uch as ‘1689, uhich can exist as ¢
i _myotubes in culture for extended periods of t:une (Sdhuberr_

et al., 1973 and Nadal-Ginard, 1978). Alternatively, L6-5

O myotubss may be’ further stud).ed if their lifé expectahcy can

b by-medi lemem:s h tis6l
. - " . o . &
SR (de. 1la Haba, Cooper & Elting, 1968). /

kR vk
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5s Ribosomal RNA
One of the components of the ribosome, the 5s rRNA, has
receéived little attention in these stydies. The 53 rRNA,
which is transcribed.by Ru:polymarasle I1I, is present in
ribosones in stoichiometric amounts (Warner et al.j;’ 1980).
It therefore.follows that its. prodhcticn‘:should be '

coordinate with the other components of the ribosome.

lower eukaryo;es, ‘such as'XEnogus, synthesis of 53 rRNA'is
posxtlvely regulated by -TF IIIA, “a r.ranscnpticn factm:
which bmds’both_ the 55 rRNA gefe and its transcript
(sakbnju et -al,, 1981). ' .Since ‘the maturing zibosorie; gompetes
with TF nu for 53 rRNA, the production of Ss«rRNA is

1 coordlnated with that of other ribosomal Cmponents.

Whether this type of regulation exists for 5s rRNA synthesis *

in mammalian systems.is not Known. . .
Differentiation df, L5 cells results in'thé marked;'
roduction in the synthesis Gf TRNA but not :—procéins. A a
res‘ult, the analysis cf 59 TRNA gene expressmn during
myogenesis may reveal whether its transcription is
coorainately raduced with that: of £RA or 13 ma)ntained at

‘the—i. 15 of in gi Usihg—the_Xenopus..system as

‘a mcdel, the L6-5 cell line may prove to be an excellent’
system in which to study the expression of 58 rRNA genes in

manmalian cells.
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coordinate production of Ribosomal

Components: A Model S B
The regulatory systéms which coordinate rRNA and rp—mRNA

production and maintain the‘stoichiometry of the rp-mRNA's

raise interesting questions about the hierarchy of riboscmal

'Cu;nulati've evidence in the literature
suggests that ribnst;me.t;iogenesis has.at least :‘ﬁree levels "
of regulation, each one, nested in the next:(Warner et al
1980), 1The regulation of overall levels and turnaver of
ribosomes, including their rates of pmducnon and .

degradation; is in redponse to, the phys)olaglcal state of

the cell (ngure 4-1). This 'Growth" Program' may be

b

genetic factolg (such as differentiatign) and serves a5 the

main regulatory- I of ribosome production in

" proliferating cells..’ . - R

The coupléd synthesis of rRNA and,r-proteins constitutes
the second 1eve1 of regulation’ of ribosome biogénesis and' is
subserv ibAt ‘to the Growth Program. Many eukaryotic systems

have demonstrated that rRNA and r-protein production is

P S 4'cuar.dina£Lqu:nec_et_nl.,_lsKU,),and, ,,umsa}sy.stems‘can_

" .react tq the changae in‘;the' verall

usually maintain their coordination- under stress (Tsurugi

et al,, 1972, Faliks's Meyuhas, 1962 and Geyer et al,, 4

1982); The mechanism responsibla foi the coordinatiof of v

.ERNA and r-protain p!oduction must thetefore be able to

ribosome accumulation
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rlgun 4—1.
uodnl ot Coordinate nogulntiun of /

lxbgm Biogenesis in’ ns’-s callsf

The model presented portrays potential ‘rergula'r,ion
sites of rRNA ar;d r—‘protain transcription and how they
may by coordinated in L6-5 cells. The boxes _indlcaf:e
factors or systans where' regulation occurs. The thin
1mes xndxcate ‘the patl\wa{s of regulation and the thick
lines indicate the pachways cf\ r_he gene prcducts. The-
dashed line repfesents the bou: da:y between the nucleus
() and the cytoplasm (C). The| encircled 'x' indicates
the site where coordinate regulation between rRNA and
rp-mRNA syntl;msis is -lost after terminal
differentiation. ’ ’

‘i
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rate determined by the Growth Program. -

The regulation of the stoichi6metry of r-protein -
synthesis is subservient to the’coordinate regulation of
CRNA and r-protein production. THis is l;ecausé the balanced

synthesis of the various r-proteins is always maintained

regdrdless of their overall rates of production. The
EGICR TGy Py 5o dCHIEVE BT & E6eA-BACKIRVCHARLEH WRICK
senses the cellular levels of rp-mRNA's and adjusts the
rates of their tunscé;p:ian or their translatable pbol
sizes accord\u;gly. The regulatory mechanism does not appear
to involve the r-proteins themselves since these:can be
synthesized in vast excesg\—f‘but still stoichiometrically) -
under certain conditions (Warner et al., 1980). Whether the
feed-back mechanism crosses the nuclear membrgne is not
clear. 4 .

L6-5 myoblasts, these three regulatory levels appear
to be functional since neither TRNA nor r-proteins are
"phoduded din ‘excess of requirements 1n sgotubes, howsver,
the rate of ‘ﬂ—protein synthesis is no longer coupled with
H i that of rRNA and has therefore. become insensitive to the
regulatory mechanisms involved. Both r-proteins and their
i MRNA's are synthesized near levels found in myoblast.' This

i suggests that' the rate of rp—mmﬁA transcription is still
o modulated by the 'Growth Program' (Figure 4-1), unfettered =
! by the 'Differentiation Program'. Therefore, the second

i
régulatory level in L6-5 myotubes appears to be deficient.
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§ \ Gene Expression and Differentiation
The L6-5 system has demonstrated marked changes in the
expression of three sets of\genes: the repression of £RNA
and histone genes and the induction of ‘myosin heavy chain P
genes. ' The temporal regulation of these genes, however, is
o diéfe;snt. Histone' genes are rep;res‘?ed within 24 hours w
> . after the initiation of differentiation, before the.
accumulation rate of DNA drops (Figure A-1). ' The repression
. of rRNA synthesis, ‘on the other hand, occurs after the
- decrease in the rate.of DNA synthesis (Figure 3-2),
as does the ipduction of MHC-mRNA (Benoff &- Nadal-Ginard, .
1979). These observations suggest that several major steps
are fnvolved in the terminal diffarentiation’ process of L6-5
cells, * . ; ¢ .
Analysis\f\the G tas tiie CoULEeIOE, ALESEN geTE. ‘

expression ind

férentiating myoblasts may reveal-whether

the terminal differentiation, program prBceeds through "

several steps or occurs catastrophically (Merlie et al.,
1977). Studies with a recently isolated mutant of L6 which N i

is temperature sensitive for differentiation indicate that the

mutant can transiently induce myotl'lbe-specific genes at the
non-permissive temperature (Nguyen et al., 1983). The N
e fiutant retained the ability to proleetata after’ attempts

' were made to differentiate the cells at the non-permissive

/
temperhtura. 1nvest1gatiqns into rRNA gene transcnption in

! . this mutant may FSveaL WhsthaE it is repressed coordinately
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with the activation of the myotube-specific genes, or if it *

. is repressed after commitment is made to terminal 2

aifferentiation, 4 ¢ : o
other invéstigations 1nto the temporal relationship ’ ) Bl
between CRNA repression and aftterentiation may be pursued
with L6-5 cells which have.been synchronized with, for' ' -
« -example, aphidicolin (Huberan, 1981): After the myoblasts
have been synchronized, they may be indiiced to differentiate’ -..
quanmcés,ively with the aid of meqium };.‘upplemen:'ed éaccog{ 1
- - such as somatomedins (Ewton & Florini, 1981). The o ;

expression of specific genes can then be studied with a high |

“degree af temporal precision by a variety of methods, such %

as Northern blottanalysis or in vitro nuclear tramscription

¢ assays. A time course of diEEerentiation may then be g

constructed, ‘showing the order of repression and induction .
N of genes during myogenesis. | T K

_The problem of gene regulation during différentiation

“remains a complex one. A number of fundamental chariges i e

occur in themyoblast when it alters its phenotype tp a S
myotube. The general metabolism shifts from an anabolic - ) : .
_state, whore, the cell mass is incr8asing rapidly; to a :

catabolic staté, wher:e cell growth has vu‘tually' ceased

(Nadal-Ginard, 1978). In addition” co the zspressmn of

growth,related genes such as histones, a number of genes

specifi¢ to the differentiated phenotype; such as myosin .

heavy chain. are induced. While these phenotypic changes are
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oceurring,. however, the cell continues’ to maintain its house=T

s L s -
-+ ' 'keeping functions, such as its translaticnal apility.  fhus

<
tions in the exp:easxon of some

in the face of large v

“genes, other genes are regulateﬂ s0 that thieir p:oduc:s are

* maintained - T T T EL NS

' rapmsentative et of such housekeeping qenas% eukarya:,ég .

“has been reveax'd to ‘be much more complex than m “prokaryotes.

" The mola\culan Hechanisms of these regulatory systens should

s prove_to be'very inte:sstlng since they; cross the - two "

rRNA's, ‘MRNA and protein boundariss. xn addxt on, the &

:egulation of ribosone biogenesis is a very old problem %

- since ribosolznes‘are ub;quh:ous and have existed ‘since the

. -~
beginning of lee (crothers, 1982). Therefore, the *

elucidution of the precise raqulatory mechnnismu anolved 1n . -
e Eibodome biogenesis contQ\ues tG 'bé -a central quest’ m i
N biology. a %, . . N
. S . SR X -
X s Ui v 3. A
Conclusions V : 5

N, The putposn of this !tudy was to" invssuqar_e the

co rdir\ate regulation of ‘ribosome productiqn in L6-5
) smyoblasts and how the coordination was ?Rected by
7 S myoqenuu.‘ mxun tudm confirmed t\wt the ‘L6-5 ‘sub-

B of its. mcrphological and biochamical diftersntiatlon

\gc:eriu: cs. Determination of the rauu ~accumulation
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mchatad thnt their uynchaniu, which was roordinate in

myoblasts’ bacume uncoupled in nyotubes. xr. was onaerved

that’ the accumulation rates of“rRNA and whule rlbosemes in \
myntuhes -was approximately zo\ of. tha nn:e .in myoblauu S
while. the raté ‘of r-protein synthaala ramained essentially
\mchanged X oy . ® ) ° 7

. Translational mechanisms could account for uQr;oup!.ir?q~ f

of r-protein and rRNA production. in myotubes. - The levels
* and distribution of ‘the rp-mRNA's were therefore measured in-.__

myoblasts and myotubes. The results indicated that the

levels and distributions of tp—mRNA's were unaffected by

™ ai ation. It 0 appeared that r-protein' ..

.synthesis rates- uere govaznnd by cytoplasmic levels of the

rp-mRNA' sy
To detemlne the 1avsl at uhich :-pronln production

was uncoupl-d Erun that of rRNA in myqt.uheu, the turnover . “

rates of rpimRNA's were examined. The nan\gvas of the :

rp-mRNA'S, - measured by-‘mcnltorlng their decay Eﬁtes\ln the

absencé of RNA synthesis, wére |found to be approximately 1l .

hours. in both myoblast.and myotubes. -These'results S

indicated, that r-protein production was not: regulated at the

post-transcriptional level in L6-5 cb!;ls.

To test the possibility that rENA and r-protein

synthesis was uncoupled at the transcriptional levelin

‘myotubes,. the_transcription rates of rp-mRNA L32.and rRNA




|
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A & n ik v ey
wele measured. It was deteimined that ’t'ha'rrp-

tr{lnscrlbed at.a rate over three fold higher L—ela:tv’e*’to

thlar. of & A\Hh.n cmpared to the aituation in myobxasts.:

m“a..

of the Ls-s myoblast. the prcduction ‘of r#NA and x-proteinu

sults ravsaled that, upon terminal differentiation:

becama uncoupled at the :zunscnpuonu level. . ..

e
The finding r.hac L6-5 is deficient in its ulﬁli:y to

 coordinately regulnte YRNA and r-protein synthesis-in the

uiyot:uba pﬁonotype may provide a comparative system wign "
other rat myogenic.cell lines for the atudy of ribosome

regulation. “Analyaiu of the diﬁerenceu between L6-5 and

: ‘other ru derived myogenic.cell llnes may ravul the

“molecular biais for coordinate regulation of rRNA, and

r-protein production in mammalian cells.
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APPENDIX K~~__
Characterization of Histone H4 mRNA's in
& L6-5 cells
<A) Inttcduction

updn dlfforen:iation, L6 -5 myoblasta cease the

synthasls of DNA fnﬂ rapress the. expression of growth .

related genes “(Figure' 3-2, Richler & vaffe, 1970 and
zavin—sonkin & Yaffe, %930 )\ A set of ‘genes whose st ¢
expreuion is Closely linked to DNA. zeplica:ion and with the
. ceu cycle ia tha‘hist’one gene. family (w & ‘Bonner, 1981,»and
Plumb, Steln l- Stein, 1983). éince diff‘erlntinted L6-5 .
cells hava re\:ked from) the: ceu cycle and exprea“he >
myocaube phanuh-ypa (Nadal—Ginard, 1978), thése cells should b

' not .synthesize histones. This is in contrast to genes which

are induced upon terminal uifée:encia;xon, such as. those -.
" coding for nyoein heavy chain (Benoff & Nndal—Glnazd. 1979).
The study o: a family oﬁ gruwtn elated genes such ‘as

hlstnnes 1n 1.5-5 provides

on gene ' . 5

cmplementany to that of r—protel l‘and myosin heavy cha!n.
The histone H4 gene family’was ¢hosen, écz lnvesugu:ian
sinca it is highly ccnserve@anﬂ tha best characterized of ==
the histone gene fumuiu (sr.ei.n, ‘Humb,/ Stein, Marashi, . }
siern &"Buambach, 1904), Exparlnenr.a ware duiqned l:a

study :m“innship of H4 gene expnumn vlth L6-5
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differentiation. In addition; the various H4-mRNA sub-
! 3 ! ot a

species we:a examined £Or- the presence of a poly(A)-

containing mesaage, the appea:ance of which is rare in

mammalian aystelns (Hentschel & Birnsteil, 1981).

B) Material and Methods
, In addition to tha methods outlined in Chapter Two, the
tollowing procsduree we:e employed.

1) Acrylanide gel ziectroghcresis of RNA
mm samples were subjected to eléctrophoresis in 3 high
reuoluticn 6% actylamide gel -system {Lichter et al., 1982). .
. The gel’ buffer contained 50 mM Tris borate (pH s.a), 1mM
EDTA, *8.3 H urea, \dcrylamiaé” (68, w/v) andN,N'-methylene-
big-acrylamide (0.2%, w/v). After degassing the gel _buffer,

ammonium. persulphate/(0.007 Volumes of a freshly. prepared

stock solution (108, w/v)) was added and' the.solution poured -

into a 30 omi'x 14 ‘¢m * 965 en slab gel form (32cm protean,
Biorad) with a slot—foming conb in place afid.allowed to
pulymarize. After the gel system was’assembled and the

reservoir filled with buffer containing 50 mM Tris HCl

(pH 8.3) and 1'mM EDTA, the geél was heated by pre-running at.

15 W for 1 hour. During the pre-running of the gel, sthano_l
l'ptecipi’t.atﬁd RNA samples®(50 ug of total or poly(a) poor RNA
or5 -ugof poiy(l\-) enriched RNA) were dissolved ina'10.ul
solution containihg 5'mM EDTA, 8.3 M iirea and xylene cyanol

(0.01%, w/v) and heated to Boiling for 2 minutes. Following

Qe S
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electrophoresis of the RNA gsamples towards the anode at

200 v £or 18 hours, the del was washed in'200 mlofa
solution containing 50- IIIM NaoH for 20 minutes, in 2 changas-
of 200 ml of a solution containing 200, mM KH,PO4 (PH 5:0)
_for 30.minutes and ii 2 changes of 100 ml of a solution
containxng 25 mM KH;80,. (pH 5.0). for 20 minutes. The gel
‘was then electro-blotted onto_freshly prepared pPT-paper and g

¢
hybrldized (chapter 2, ‘section 'K . f‘

3 W w i) ugo(d'r -cellulose Chromatography ‘,
oligo(dr)-cellulose chromatography of RNA was performed
as outlined in Chapjer 2, Section '6-1ii' with the ‘ol lowing ¥
additions.  The p_ol’y(}\‘)rp‘oor RNA ‘fractions were subjected’to
oligo(dT)-cellulose chromatography :’w’;:a.m remove ;es;duql
oligo(dT)- qéllulose binding material before analysis. Where
indicated, a hlgh strmgency wash of 5ml of a salunon :
containing 10 mM Tris HCl (pH 7.6), 100 mM Nacl 1 mM.EDTA — ks

and Sps -(1%, w/v) was i-nte:pased between the Bmdmg Buffer\

and Elution Buffsr sr,eps to ensure removal of non— 2 *

speciﬂcally bound RNA from the column (Bantle et nl.,

> . i
To damcnstrata the specificity of the poly(a) enriched S

1976) .

RNA binding to tha oligo(dT)-cellulose, polym) enriched RNA .

was hybridized wkth excess poly(u) ‘efore being sunjected +o y
oligo(d'r)-celluloae chromatoqraphy. Equal amounts (5 ug) uf

. poly(u) and poly(a) enriched RNA-wera combinad in 1nl of a
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solution containing 10 mM Tris HCl (pH 7.6) ;50 m Nacl,
L.mM EDTA and DS (1%, w/v). .The.solution was heated to
65°Cafor 1 minute and allowed to coo:l to room témperature
over a period of 1 hour.

solution) whs then added and the sample was subjected

Nacl (6.1 volume of a 5 M stock

directly to oligo(gT)-celxulose chromatqgraphy, ofitting the

pre-heating step. 3 . R =

‘C) Results
Preliminary evidence of histone gene ‘expression in L6~

cells revealed that the lével of H4-mRNA was lower.in mature :

myotubes than in pro forating myoblasts (Pigiire 3-8 and .

Table 3—4). .To characterize\ the relatmnship of hzshone ‘
¢ 5
gene expression and L6-5 differentiation, the 1evels of:

He-MRNA'S were investigated: in Wore: detaill Polysomal RNA '

. Samples- (50 ug each), prepared from 50% confluent myoblasts

and developing myotuhes were subjected to electrgphotes1s in
6% acrylamide and’ elec:ro—blutted ‘onto DP’['—paper. The

Northern blot -was probed fur Hl—mRNg sequences with

: (3{9) mbeuea nick-translated pH4 (Figure A-1)4

Auco:admgréphy ‘of the Northern Rgot showed at‘ least

rthraa pub-specles Oof H4-mRNA, . labellad . 'z‘ and’ '

Quahtltatinn of H4-I mam\‘a rexealzd r.nar. :he 1evels of * *
Hd—mnm's dtopped by more than 95\ in myctubes from tha
levals found in pralifsrating mycblas:s. In addinon, the

three sub—spec;es appeared to be coordinu:aly reducad Upon '




~ A].'iquots of 50 ug of RNA' were’

: nvr—papa: and probed £or, H4-mRNA sequences Cwith

Hnuzsn—l.' 4 % . B R

’ x.ml- O HA-MRNA's m.xu-g L6-5 nut-nnﬁa‘don.

R s

»
* Total polysomal am; was, preparad fram 50‘

conflue\t myoblnts and 1 thtough a day myu:ubes. g

1 bj ected, to

‘(322 1abell.ad nick—tranalatad it ‘The Northern' blot

. was quantitatad by ‘scanning" densitomar.ry. [




RELATIVE LEVEL

IOOW
759
50

254

DAYS OF DIFFERENTIATION
0 T AR Wil

o
T~y —0— ¢

—

T T T 1
2 3 4
DAYS OF DIFFERENTIATION



(Plgura A—Z. lane 'b"). au-nuit'

221~

differentiation Qf L6-5 myoblasts, therefore, the H4-mRNA

" levels,were quickly represdha. |

A.l ruotod elruer, a portion of the H4-mRNA POPulation
app«red to consain a poly()\) rich sequences (Figure 3 -8) .

'aleqtropnoraau of RNA in a high resolution acrylamide gel,

OB .
- capable c\f guqlviw;' low molecular weight RNA's (Lichter

et al.; 1982), demonstrated that the poly(A)-containing
H4-mRNA was a‘npociﬂ’q sub-species of H mlum.

Total polysamal RNA from mycblnsts wus Erac:iona:ed by

oiigo(dr cellulesge, chmmatagraphy into poly(M enriched and

¥ 1,
poly(A) poor. fractinns. Aligiots of .50.ug of total of

“poly(a) poor RNA x5 ug Of poly(A) enriched "RNA were

subjected to electrophoresis in 6% ncry'luids,‘ electro-
Blotead cato Derspuber and probed fob H4-mRNA sequences with
(32p)-labellea nxcx-u_anu'xazed pH4 (Pigure A-2).

* Autoradiogtaphy of the Northern blot of the HA-RRNA'S
revealed thre major sub-species of H4-mRNA Ln' both total
and poly(a) pooé RyA fractions (Figure -2, lanes “a'* and
"a%). 'l‘ho poly(A) enriched A fraction oom.itma a ah&gh
lu.b-lpc:ln of uu—hmn -hicn ca—uuraua with ‘the largest- of
Mr_h. ;hr e sub-species. seen in’ Lhu t,otul, RNA prapautiun .

ion cl the" aut.oradlognp_hl

ninq dqnsuamoezy :evduedx that: the ley(A)-

containinq ul—mnNA-‘ivau rcxmnly« 2087 0f th ud-mkm\

1 and i o )1y 8% df the total He=mRNA

ol 4 b i
popuhuun (lelo A—l). In the multiple repetitions,qf the
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Figure A-2. ) , o
' oligo( dl'}hcellulnlo‘chmntoqruphy

Of H4-mRNA.

Total polysomal RNA was prepargd from L6-5

myoblasts and subjectsd to oligo(dT)-cellulose

-chrmntography. "The RNA sampiés were subjected to

electtuphoresis in 6% . ac:ylamlrle elsctto-blotted om—.c

DPT-papér and probed Eor H4-TRNA sequences. with

(32p)-1abelled nick-translated pHd. -

Lané a') Total polysomal RNA. . ) =

Lane a) Poly(a) poor R Eraction.

Lane b) polyfA) enriched RNA fraction,

“Lane ¢) Binding Buffer and stringent wash eluates

& of poly(a) enzic'neq RNA ‘Bound vtq oligo(dT)~

cellulose. .~ '~ ; ’ ’

‘Lane d) Elution Buffar eluate of Poly(A) enriched
RNA bound to clige(dr)-cellulose after = | */
stringent wash. ) : Y B

Lane e! ,ainl{lnq Buffer: eluate of pol_f((u). pre;
.hybridl"nd poly’(A) enriched RNA. appliéd to
oliqo(dﬂ ccnuloga. : L '

Lane £) Eluuon Buffer eluan os poly(u) pre-

hybridued poly(a) anricﬂaﬂ RNA bound to

' oligo( dT) ~cellulose. '

s
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experimant (more than 15), .no evidence of hetarogeneity in

the poly(A) containing H4-mRNA was detected ‘
To confirm that ‘the interaction betweer the.presumptive

'.poly(A)_—'containing Hl-'mmm ané the oligo(dT)=cellulose was

speciflc (le. due to the poly(A) tract in tbe mRNA-

- 1nteruccing with the oligo(dT) tracts on cne cellulose)y

- additional ‘examinations were conductéd with‘ poly(A) enriched -

- RNA.' The first study employed a wash of ‘the poly(a)
enriched RNA bound to the oligo(dr)-cellulose with a

, solution containing one-fiftn Gf the salt’concentration

+140.1 K NaC1) of the Binding Buffer. Thiu ‘Stringent. wash was

designed to remove non—spacxncauy and poorly bound -+

material from the column (Bantle et al., '1976). NO H4-mRNA .

was detected in either the Binding Buffer or, the stringént

wash eluates (Figure A-2, lane *

poly(A)-containing H4-mRNA origjnally bound to. the column

was racavs;ed‘!n the Elution Buffer eluate (Figure A=2, : .-

lane "d"). : |
In separate experiments, the polyu) enriche) RNA vas
ullowed to hybridizn with an excess ot poly(u) beto:e bei.ng
subjscted to oligo(dm)-cellulose chromatography. Tt wasw,
‘expected that, since the poly(U) would hybridize with'the
‘polyl(a) Q:rac‘ts in’ the pély(A)-containing RNA, the. RNA' igouid
be“unable to bind-to the' column'via their Poly(A): tracts.

After .the poly(u) pre-hybridized RNA sample had been

chromigogguphad on oligo(dT)-cellulose, the Binding Buffer.




Table A-l.

‘H4-mRNA datemined by difference.

Poly(A) enriched

" Relative Amounts .of BA-mRNA Sub-species.

Autoradiographs of Northern blots of tot:al and
poly(A) poor RNA prepared’ from .70% confluent myoblasts,

probed for H4-mRNA sequences (Figure a-2), Qere"

quantitated by scanning densitometry. The relative
,proportions of the sub-species were calculated and®

" ‘tabulated and the _percent of poly()-containing

L Relative amount of ‘H4-: ))m !llb—splclel

RNA Fraction . = Subspecies (Percent of total pg;
B @ 1 L2t

Total :

g:oli(( A) poor

e CERU




"and Elition Buffer eluates vers subjected to Notthern:blot
* analysis.’ The'reaul\l:s revealed tnut the poly(A): containkng
“* H4~MRNA hybridizad vith poly(U) did not bind: tg<the
4 oligo(dT)- csllulqsa column but was recovered in the' ainding

Buf fer eluat B

(ngre A-2, lanas "e" and ‘2'). It therefore

appeared thar, ths 1nteracr_xan batween the putative poly(A)-
/// gntaining Hl-mlum and the oligo(dr)—cenulose column was i
a{;acif{c. It should be noted that. #He’ capacity of the N B R g

olige(%{') cellulosefclumn uas approximately 100 times

greater tm the total amount - nf materiul applied to the

column ansuring ‘that cmpatition betwaen the [}

d t;he mRNA:poly(U) hyb:ids 'for the oligo{dT) tracts would'

not oceut.

1
i

‘The m—ynmm's were Eunher charactarizad as co their
ratas of decay once their synthesis ~had been inhibited. with'
the drug Acnnomyt:xn D Total and poly(a) enriched = /.

polysomal mm was_prépared from myoblasts which had been

lncubnted for vutious periods of time in medium contalning
3 ug~par nl’ of Attinanycin b. - Equal ahquots Of RNA (50 ug
of ‘total or 5 w of ‘poly(A). enriched) were' sub]ectsd to'

. alecttophotesiu in 6% acrylamide and electic-blotted onto - )
_npr-pgper. After hybridization with: [321_))-1abellad nleke

translated pH4, the blot was autoradiographed and.

quantitated by scanning densitometry (Figure A=3).




pe vuﬂou! periods of t:hna 0

rlqun A3 o,

Half Lives nf m—m‘

& '1‘6&:11 and pnly(A)' ‘enrictied po’iyminal FRNA ;lns
pr:e:)-red f:om Ls-s myobhlu which 'had baen incubated
in medium containina 3 ug per ml of Actinmycxn D.for
‘ Aliquor.s of RNA (50 ug nf
total or 5 uq of poly(A) anrichad) were subjaccsd to.”
alactwphoruh !.n 60 acryl.mide, electro-blotted onto..:
3 mﬂ'—plpcr and pmbnd £or: Hl-nnﬂA sequences vith
(322)-1abal.hd nLck-trnn!lnnd pRd. The- Northern blots

were quuneitatsd by scanning dansitomotz-y and the dccay

ncsu of the specific mmm'l docemtned by lant

squares unulyain (Bul\ur. 1979). :I.‘ha half lives for

total and’ poly(A)-contalnan Mstono ut—mA's were
aonmlnuﬂ to be 40" ard 47 (8.D. 5) minutes *
" rup-cciv_oly. i

- A 'Total pelyloual He-mRNA . ke

0. polyta) -nrichcd polylomll IN-DRNA 4
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~ . . ;
The, rates of disappearance of .the three sub-species of

H4-mMRNA frcm the polysoml frac;ion appeared to be similar.

" The H4-mANA was not’ detected .in’ other cytoplasmic fractions

thus the disappeurance rate of the H4-mRNA from pclyso’nal
fractions was interproted as being due to turnover, with
‘half'1ives of approximately-40 and 47 minutes Eor total and
poly(A)-éon;:aLnLng H4-mRNA's respectively. :

“,’ b piscussion ,
Differentiation Of L6=5 myoblasts results in'the .
inducnon of myotu’be—speciﬂc genes qmi the represslon of"
gruw\:h related genes (zevin-sonkin & vaffe, 1980). The‘ .
investigation of growth related gena_ expression, however,
‘has been ;iin{ted-by the number of candidates aya’{iabxe for
stidy (Hastzings & mersol;, 1981). Histone ge’nas are perllaps

the best described growth ralated genes (Hentschel & .
Birnstiel, .1980) and are. the subject of this work.
The' expzessinn of histone genes i§ tightly coupled with
replication (Stein et al., 1934). Inhibition of DNA
»uy&nesis :asults in the rapid- reduction in hlatonu MRNA

‘Levels and trnnsc;iption»rat:es. Other studies of histone :

gene exp:eséion re‘yealed that "histone gene transcription vas

_Limited to the portion of the cell cycle devoted to pNa'
syntheais (Alterman et al., 1984). ' L6-5 myoblasts. px:evlde a
5yutam in which DNA replication is halted as pg_rt of the -

Aifferentiation procens. mhus the couplinq oE histone gsne

S
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expression with DNA synthesis can be investigated during
LS—S myogenesis, -~ *
Northem blot analysis of RNA samples prepared from
myoblagts revealed tm:ee distinct H4-mRNA sub—specus

(Figure ’)&

)o' The cc/vur:enca of multiple histone TRNA'S has '
been p:ev’musly documented in HeLa cells, where at laas: "

seven different H4-mRNA sub—species have bésg identified as

unique gene products (Lichter et al.,, 1982). It is likely

that t){é“yumbet of sub—'sp‘ecies observed in L6-5 cells is -

more numerous, with the three major sub—species,aach‘perhapsj
contalning soveral. distinct H-mRNA's. Electrophoresis of
H4-mRA'S under 3 variety of conditions nay Eurther resolve
the sub-species: found in LE-5 colls, Characterization of

the individual He-nRNA sub-species is possible'by two

ai i 1gel el s after RNase Tl treatment.

.These stidies may indicate the number of unique sequences

found in LG-S (Lichta: at-a ' 1952). . : .
Upon ﬁifferentia;@on of L6-5 myoblasts, th; polysomal
levels of jthe three m-’mma sub—species were. rapidly and
coordinately rediced. ‘These results are consistent with ths
hypothesis that histone ge?m ‘s)ytpreuion- is*coupled to pNA

replication, which is also reduced after d{fferanéinion .

.'(Figure 3=2). The expression of histone genes is therefore

a marker for the proliferating phenotype of L§-5. ol
Thn repressiun of histona gene expression upon terminal

differentiuuon lnny aot ba under the direct control of the*
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‘myogenesis progran'. The rapid and coordinate

.

disdppeatance of lustone mMRNA's also occurs upon m;ﬁbumn
of DNA synthesis with auch agents as hydroxyurea, nf/ytcsine\‘
arabifioside and‘apmdxcolxn (stein et al,, 1984). [Analysis

|
for the mamtenance of histone gene expressmn. nce DNA

of these results suggests that DNA replication lereqqired
_synthesis is halted, -the histone messiges are acm:e1y\
dograted.- fith such’ tight coyling of vk and higtone
synthesis, Ja sepatate rsgulatu:y mechanism undez ontrol of
the myogenesis pzoglam would not be necessary. . sxrular \
 stadies with the h’lhlbiticn Of DNA synthesis can allso be
perfomed with Lé-5 myobldsts and may demonstrate khe
coupling of histone gene expression with DNA replidation in
the absence of myogenesis. \ ¥
buring the course of these studies, it was noté\d' that a
\_portion &£ the histone He-mRNA's appeared to .contain|
poIly(A). Histone mRNA's are oitfn cited as examples |of
eukaryotic ‘MRNA'S v.:hici\ are not polyadenylated (Kedes,
1979). * Minor amouits of heterogefiecusly polyadenylat
Bistons mRlA's representity all-classes ‘of histons mezages
‘have been defected in Hera cells but have not been \ .
characterized (Borun, Ajiro, zweidle, Dolby & stevens,
1977). Polyadenylated histone mRNA's' are also found i
< lower euka“ryotes, such as '@‘atrahmena (Bannon, Calzone) "
Bowen, Allis & Gorovsky, 1983), yeast (Fahrner, yarger & .

Hereford, 1980) and the miternally supplied messages in

et e i
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Xenopus: oocytes (Rudeman & pardue, 1973). ‘The discovery of

a slngle sub—speciea of mammalian !14 mRNA in rat nyoblasts

which cancains polylA) is unique and merits further
invest—xganon. §
The assocxatxon of the putatlve poly(Al-containing
H4-DRNA with the Qligo(d‘r)—cellulose was specific. The mRNA
species remalned Dound to, the olxgo(dl‘)—cellu-lose column
even with strlngent washmg Of the column. In addltlon, l.t‘.s
interactwn with the olmo(dx‘)—cel)ulose col’umn was

completely blocked by pre-hybridization ‘of the mRuA with,

poly(u). These observations are consls}:ent with the H4-MRNA
containing a poly(a) tract (Bantle et al., 1976).

.The pply(A)-containing H4-mRNA migrated as_a tight band

o a high resolution acrylamide gel (Figure A-2), suggesting
that the poly(A) tract may be ger}eEicauy encoded, Tf.the
poly(a) tract was added to.the HA-mRNA as d post-' *
transcriptional ‘modification as is usual for most mRNA's
(Corden; et al., 1980, then the polyadenylated message,
which would be hecerbgeneous in length, would be expected to
migrate as ‘a dlffuse band in the gel. The po‘l;[adenylated

rp-mRNA's, for example, could riot be detected in this gei

system. R ] ”

+The synr_hesis of tha poly(m-contamxng H4-mmm can ba
studied in the presence of cordycepin, a nu_uleotlde analog
which inhibits polyadenylation. (Nevins, 1983)- o

Transeription of the poly(A)-containing H4-=nRNA under these




-233=

N & L.
conditions would strengthen the argument that the poly(a) -

:’:act is’ encoded. ’ .
. A .

sequence data to date have not repotted any ma‘mﬂalian
ms:one genes coutaining encoded ‘poly(A) seguénces (Perry,
1981). To.determine the location of the poly(a) tract 1n'
the Btemann, Sub-bpecien; 4t must be cloned ard /sequenced.

The cloning should be performed in a manner which. preserves

% . - 1
they3' end of, the message since it may be unigue ahd not

polyadenylated,. \ et

- The poly{A)—containing H4-MRNA composed appkoxlmacely

drcpped by, approxxmately 7st (E‘lgure 3-8),: signifi ntly
less than the drop ob;erved for total, H4-mRNA Of .over 95\
(Figure A-l). These results may_’,;uggest that» the’ requlatxon
DE the “poly(a)-containing m m‘RNA sis 'leaky' and not as
txghtly coup),e\s to “DNA rpplicatmn }as the ‘other H4~mRNA sub—
species. The rate of py(A)= conﬁé&n)ng H4~MRNA synthesis

, felative to total :H4-mRNA upon drug- inducegy inhibition of
DNA synthesis” may 1nd1cate the degree of coo‘rdlnntlon of

- their expﬂession. ~A1ternatively, the paxy(A)-ccn:axning'; :

HA-mRNA sub—speeies may serve a spechl functie.@urmg
myotube dewelopment (Llew, Man & Morris, 1980). .
The half lives of tha H4~MRNA'S were ahﬂrt (40 and 47

minutes for total -and poly(A)-cqntaxnim mesngea
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Feapestively] When coupared with other mRNA's meavsur‘e‘d in
this system, such as rp-mRiA's (11 hours) and MHG-mANA .
(67 hours) (Table.3-5). Similar half life results have been
" described for HeLa cell histone mRNA's (Heintz, sive &
Roeder, 1983).

The rapld and coordinate decay of the histone mRNA'S
after inhibition of their transcription was in keeping with
its close association with DNA synthesis. The rate of
producuon of hlsr.ones and their mmm's follows the rate of
DNA synthesis duzing the cell cycle (Hereford osley, Ludwig
$ McLaughlin, 1981 and ‘Heintz et al., 1983). ‘A high

turnover rate of histone mRNA's uould,ensqre little:lag in

their clearance from the translational machinery once DNA ' .

Synthesis and’histone mRNA transcription ceased at the end
of § phase of the éell cycle or upon differentiation. '+
Fheke: theilin Guscribe Ehe prediminery oharscieridafion
of histone H4:expreéssion in L6-5 cells. The' two L6=5 .
phenotipes ‘exhib.it marked differences in the levels of H4-
mRua's, which was in keeping with'the cells'.physiological

states. These- studies can be extended in L6~5 by examining

the: transcridtion of histons qenes in vitro, which may!
demonstrate the, couplmg of hiuccne gene Lranscripticm ‘with g
DNA replication._ ¥n addition, tranacnption initiation

complex ‘analyses may reveal-the mecWgnisms by, which histone

genes are repressed in myotubes. These may 'vin’volve cell | 1
cycle specific initiation Encr_oru or transient alterations

o B e
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in chromatin structure during DNA Feplication. The specific
.analysis of the poly(A)-containing H4-mRNA gene may be of
spe’cia_xl ingerest in this regard since it a‘ppears‘m be
expressed to a greater extent in myotubes than the other

H4-mRNA species. The characterization'of these cel.l

proliferation specific genes in L6-5 provides complementary

data on gene exp:essiun to genes induced by the

disfa:epuao;.mn . process. -

P . B) %l_uam * iy
upon :emmal diffsxantiation of L6-5 celld, oNA
rephcthn ceased and ‘the expression cf histones genes was

almost 'elmina:ea‘ Churacterizatmn Of the H4-mRNA's -

revealed three aub—spec:es whxch were coordmately

tegulated. ‘A portion OF one ‘sub-species probably contained

ley(A), although it was indunnguxshable from the other

H4-HRNA ;ub—spgcies in terms of half lives. 1Its expression

in myotubes, howevér, was more significant than the other
M4-TRNA sub-species. These results begin to characterlze

. the behavior of histone genes in L6-5 cells.and include the

first description of a )miqua sub-species Of maimalian
A a sy 1 2

|- . : . histone mpNA's which-Contain poly(A). i =
S F polyl )
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