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ABSTRACT

An improved method affording ' clean separation of
cytoplasq’frop nuclei wvas developed 'and used to study the
kinetics of appearance of .[ > Hluridine~labelled,
polyédenyiated,and non-polya?enylated'RN{ in the cytoplasm
of  human lyephocytes stimulated with . the mitoéen
concanavalin A (Con 'A). #Hhile the é&riiest 'ohserjable
ingrease in labelled total cell RN2 occuaééd after 10 hour;
exposure to mitogen, I was able teo detect' significant
increases'in uridine;labelleq.non;polyadenylaféd RNA in the
cytoplasm of lymphocytes, wﬂich had been exposed to mitoéen
jfor 6 houfs; these cells had been puléed with [3Hjuridine
gor two hourg prior to harvest. At least ﬁ% hours exposure
to Con A was requireﬁ before uridine-labelled polyadenyiated
RNA appéared in the cytoplasm of 'stimulated cells a;d it did
not, appéar in resting celis. The lag between addition of
isotope and appearance of labelled RNA in cytoplasnm - uaé
inversely‘related to the‘ duration of incubation of cells
with mitoqen.?he bulk of the non-polyadenylated RNR2
transported into the cytoplasm of resting cells was 1low
leecular veight "RNA, smaller than 65 (LHH-RNA); LAWN-RNA

accumulated in the cytoplasm of stimulated cells

significantly earlier than the remainder of the non-

- yi - .
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polyadenylated RNA. . cells pre-incubated with [3H]uridine
before stimulation with+'Con A showed an increase in uridine-

labelled °~ cytoplasmic non¥polyadeny1ated RNA after only 3

~—

hours exposure to mitogen. When adenine vas used as label a
significant increase in, labelled cytoplasmic polyadenylated
RNA was detected 1less than 5 hours after exposure to

mitogen.

~

Other investigators have reported that an increased rate

- . :
of tramscription occurs soon after mitogemic stimulation.

\J

My data suggest that mitogem acts prfﬁarily' to accelerate

the processing, éspeciélly polyadenyldiion of pre-mRNA, and

=

transport of RNA transcripts. ' .

\ :
A concentration. (0.05ug/ml) of actinomycin D which is

known to inhibit specifically thg transcription of nucleolar
RNR iﬁ‘a v;rigty 6f cell types was found to dffect the
ﬁranscription.of all RNA cldssgs in human lymphOC}tesi in
éome:;experimehts . specific inhibition  of: nucléolar RNA
synth;sis gag observed at 0.005uq of actfhomycin D per
milli}itre. Y |
N , \ ry
In contrast with "a publication by Kay(1971) all RRA

-b .
synthesis was found to be sensitive to 10 M ovabain,

- vii -~



i
.

.RESUNE

J'ai utilis& une mé&thode améliorée, pe:uéttant 'la‘
séparation des nofaﬁx du cytopiasne, poﬂf .étudier la
cinétique de ltapparition du RNA polyadényl® et mnon
polyadénylé dans le cytoplasme des 1ym§hocyte§ huhains_
stimulés par un mitogene, la conéﬁnavéli;; A (Con A). Alors

qu' une gxposition de 10 heures était.hécessaire'a la Con A
pour v;ir apparﬁitreAune premidre aﬁgmentation perceptible
du BRNA cellulaire- total marqﬁé, ~ je pouvals dé&celer des
augmentations .significatives des  quantitfs de RNA non
polyadényle® marqué & l'uridine\ dans 1é cytoplasme des
lymphécytes exposés au mitog2ne durant 6 hgures; ces
cellules ont éubi un marquage avec’' la [3H]uridine penhant 2
heures avant 1la récolte. - Il fallait au moins 13 heures
d'expdsitiéh a la Cdn L avant de voir 'appargitre le RNA
polyadénylé marqué dans les extraits cytoplasmiques des
cellules stimulées et il ntapparaissait pas dans 1les '
cellules ;u repos. Lt*intervalle entre l'adaitiSD de
l'fsotope'et 1'épparifion du RNA marqué dans le cytoplasne'
- Gtait eﬁ relation inverse avec la durée de 1*incubation des
.?)celiules avec 1lé  mitog2ne. La pluéart du RNA nom
polyad&nylé qui &tait transporté dans le cytoplasne des

lymphocytes au repas &tait du RNR de bas poids moléculaire,

'
L
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plus petit que 6S (LEW-RNR) . LHH-RNA staccumuls dans le
;>¥op1asme des cellules stimul8es plus tat_que 1é res?e du
RNA non polyad&nylé. .Les cellules qui ont subi ﬁn marquage
avec la [3H]uridine avant  stimulation avec Con A démontrait
une augmentation du RNA noﬁ.polyadenylé dans le cytoplasme
en moins de 5 heures d'exposition au mitqg@ne. :

o S
D'autres investigateurs ont avancé gue la transcription

du RNA est aéceléré tdt.aprés stinulation par un mitogdne.
Mes résultats sugg2rent que les éremiers effets du mitogéne‘
serajent donc d'augmenter la fabrication et le transport du
RN¥A, particuli2repment la polyad&nylation du précurseur-mRNA,
'plutat que d}accrgitre la production 'des transcriptions

géniques. _ .o

*

Une conéentratioq de 0.05 ug/nl d'aqtinomycine_ D,
recoennue pour inhibe¥ spécifiquement la transcription du RNA
fnucléolai;é dans divers types de cellules, affectait la
trqnsc;iption du ?NA polyadénylé dans les lymphocytes
.humains: dans"ﬁlusieurs 2xpériences, j'ai observé une
inhibition épécifique de la syn{hese du RNA nucleolaire a
‘une éoncenfration d'actinomycin D de OlOOSug/nl.

a

- '~ .
Contrairement a une publication de Kay (1971) jtai

. =L
observé gque toute la synthese du BRNA est inhib&e par 10 M

ouabain.

- ix -
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,Chapter I

INTRODUCTION

1.1  STATEMENT OF THESIS

- The study of the control of gene expression in animal
cells is facilitated by selectin’y a system in which cells in
a resting state can be stimulated to become active and

undergo mitosis, Many diverse syStems are utilised ranging

¢ . .
from contact irhibited culture cells to ' regenerating liver

cells. i qu

The lymphocyte is the cell type responsible for many, if
not all, of the.specific immune fesponses af vertebrates,
When human peripheral bloecd or nouse splenic lymphocytes aré

cultured in vitro, most do not enlarge and undergo mitosis;

cultures of these so called small or resting lymphocytes may

be maintained for several days. If antigens or appropriate

concentrations of mitogens such as PHR or Con A are added to

"the cultured resting lymphocytes they undergo a series of

biochemical and cytological events eventvally culminating in

'mitosis; this is termed blastogenesis and is’ generally

accepted to be a model of the 'in vitro proliferation process

v . T
associated with the immune response. Thus, while many

systens are available for studying molecular events

accohpanfing . the transition from resting 'non-mitotic to

¥
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actively dividing ]cells, « the cultured . lymphocyte is.

‘éxceptional in having direcﬁ physiflogical_significanée,

The +transition from quliescence to proliferation is

accompanied by a variety of bicchemical events, at least

~ some of which must be due to changes 1in the mode of

utilisation of £he cells' genetic iqformatioh. The purpose
of this thesis is to resolvé some of the paradoxes present
in the literature, on the cﬁahges in” RNﬁ netabolisnm that-
occur following mitogenic stimulation of human lymphocytes,
apd to present a perspactive of. the early effects of.

mitogens on RNA transcription and processing.

1.2 THE LYMPHOCYTE POPOLATION IR VIVO

- THe lymphocyte population can be divided into two general

.catego;ies, B and T, on the basis of differences 1in

ontogeny, cell surface markers and function (Oven and
Ritler, 196%9). At uhat'point during ontogeny the stem cell
beconmes commitéd to the.” or B cell pathway is not yet
clear., Thynus "derived T lymphocytes are reéponsible for
cellular immunity and also function as Qelper cells in the
antibody response to many antigens, Bohe marrow derived B
lymphocytes are responsible for humoral inmonity,

functioning predominantly as . precursers of antibody

secreting cells.
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) 3
-Populations of B- and T lymphocytes consist of thousands
of different clones; each member of a clpne'bears at its
surface a characéeristic receptor for an antigen which, it

is éupposed,provoked the proliferation of the progenitor

lymphocyte that origimally displayed this receptor.

1.3 .LYMPHOCYTE DIFFERENTIATION LN CULTURE

Cultured resting lymphocytes wmay “be stimulated by
antigens or by plant mitogens such as PHA, PWM or Conm A; the
latter agents are sometimes called polyclonal mitogems since

they affect many clones of cells.
{
Antigenic stimulation of cultured lymphocytes requires

. g
that the cells be from animals who have been pre-sensitised

with the antigen. The antigenic response as measured by
thymidine incqrporation peaks 5-8 days after addition Sf
antigen to ;he sengktised culture.

The response of the culture to polyclonal mitogems is
several orders of magonitude higher than it is to'antigens
and prior sensitisation is not required. Thymidine
incorporation also peaks earlier, 2-4 days after addition of

mitogen to the culture.

The mode of action of plan£ pitogens is. ﬁo; well
understbod. All are capable, to varying deqgress, of
agglutinating cells and a crucial first step in the
activation of 1lymphocytes by a mitogem. is the binding of

*that mitogen to the lymphocyte cell surface. Band T

i e T e i R Sy D o e e e e
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lymphocytes have different cell surface properties and vary

in their response to each mitogen; PHA and Con A stinmulate
i . " o
mostly T cells-while PWM stimulates both B and T cells. .

-
4

There is also an optimud amount of mitogen biﬁding for blast

E)
transformation which is less than the number of molecules

binding at full satusation (Anderson, S&joberg and Muller,

1972).

' f 4
1.4  EVENTS FOLLOWING MITOGENIC STIMULATION OF CULTURED
LYMPHOCYTES

In animal cells it is bécoming clear that the plasma
membrane plays a vital role in initially recognising sianals
that will bring about'cell activation at ﬁofh a metabolic
and a genetic level. ' Many of the early events in lymphocyte
acti%ﬁtion are associated with the.pl;sma- membrane. These
include the appearance of ne; Na-K-ATPase sites at the cell
membrane causing increased Na ' and Kf fluxes and increased
ouabain sensitiye ATPase activity (Quastel and Kaplan,1970).
Increased fluxes of C;A (;lford, 1970) , glucose (Averdunk,
1972),__uridine (Peters and Hausen, 1971} and amino acids
(Mendelsohn, Skinner amd Kornfeld, 1971 ) have also been
observed. There is some evidence for stimulatioﬁ of membrane
bound adenyl cyclase within 10min of adding mitogenm and hoth
CAMP and cGMP levels are thoudht to increase in stimuzlated

cells (Hadden et gl 1972).
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Other events assbciated with activation of lymphBFytes

Al

wvith mitogens include changes in the mnetabolic rate of the

\

. ) e .
cell (Roos and Loos, 1970) apd an increased .rate of

acetylation and phosphorylation of histones- (Cooper, 1972).

‘. An  increase in protein synthesis occurs :soon after
mitSgenic stimulation ({Levy and Rosenberqg, 1973). Some of
this early de ovo 'protein synthesis may be in bart

-

responsible for the increases observed in DNA polymerase and
RNA polymerase activities (Loeb, 1974) . A logical
supposition, made by many of tpe workers in this field, 1is
that increase in. protein synthesis is precaded and
accompaniad by increased transcriptional activity; in fact,
an impressive body of literature reports iqcreased
incorporation of [3H]uridine into RNA lesg than one hour
after stimulation by mitogen (e.g. Cooper and Rubin, i965:
Kay and Cooper, 1969: -Pago and RAllfrey, 71966). This_
literature ./has been reviewed (Kaplan Mitchell and Bard,
1978). However some investigators, including ‘myself, fiﬁd
that one of the principal early effects of"mitogeﬂ is to
increase the rate of processing and’transport of all classes
of RNA and that there is 1little or no. increase in the
overall rate of +transcription in the first 10 hours
following mitogenic stimulation (Mitchell et al, 1978;
Hauser et al, 1976). Various perspectives on RNA metabolism
in stimulated lymphocyte will be discussed in detail later

in this chapter.
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Ar increased rate of DNA synthesis is measurable after

about 24 hours contact with wmitogen; - this synthesis is

rd

asynchronous and peaks after 2-4 days. While actively

k]

' synthesisiné DNA ;hé,sﬂalk.lymphocytes cdmplete the sequence

known 'és - blast' transformation or _blastogeﬁésis' and may-
ﬁroceed thraugh mitosis: The .blast éelf is 15-30:hicr0ﬁetrES
in diameter, that ;g' 2-3 times éhe size of ?he small
lymphocyte, fhe si;é increase is mostly accounted for by an
increased cytoplésmic volume rich inm 'organelleé. In. the
pucleus the densely packea heteroch;omat@ﬁ'typical of the
small lymphocyte decondehses?’ the ratio of euchromatin to
heterochromatin ;hanges fron 0.56 to 10.8 -in "the

transformation from small iymphocyte to blast cell. ( Cooper,

1972).

1.5 LEVELS OF REGULATION OF GENF EXPRESSION

Several recent reviews have discussed the regulation of

gene expression at various levels and in a variety of cell

-types ( e.g. Perry, 1976; Revel and Gr?ner, 1978) . For the

sake of clarity we can distinquish three levels of
regulatiod which could cause increased utilisatiog of the

genetic material:

1. Transcriptional. This may include increased
synthesis and/or activation. of pre-existing ﬁNA
polymerase and/or activation of the DNR tenplate.
Thus qualitative and guantitative changes' in the

DNA sequences being transcribed are possible.

,
L]
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transport) and turnover.

Post-transcriptional. The primary - gene
transcripts, in the case of all kinds of RNA, must
be converted to mature functional molecules. by-a

("N
.

variety of wmodifications and cleavages; this is

" called processing. Regulation may be mediated by

altering ‘the efficiency of processing of BRNA

.primary transcripts to mature cytoplasmic

molecules or by regulatipg the translocation frém
nucleus té cytoplasm of ° mature or 'semi-mature
molecules. The rate of turnover, -that is,. the half
life‘,‘ of cytoplasmic RNR may also be.considered

as a poSt-transcriptional level of regulation.

Final cytoplasmic ppol levels of any species of

"BNR depend not so much on the rate of its

synthesis but on the balance of this process and

the subsequent events of processing - (including

-

Translational. Forms of regulation that have been
proposed to act at this level inc%&?e the
availability of initiation factors for. protein
synthesis and activation of "maskéd“ mRNA present
in the cytoplasm as messenger-ribdhucleoprotein
particles. Control may also be mediated at a post

. 3
translational level by modification of proteins.
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Obviously.a much 1onger.feviéu than can be présented here
vould be required to discuss all of these‘pbssiﬁllities. I
will coQFentrate on ways in-:which altered RNAR transcription
and processing affecﬁ jfinal-_cytoplasmic levels of RNA
species; , ' 7 -~
1.€ PROCESSING OF RNA
| Processing includes methyiation and other modiEications
of bases and sugars, terminal addiFion of nucleotides to the
3*0H and/or the S‘Q end;_of the molecules, cleavage of (non-
conserved) sequeﬁces and splicing #nd juxtaposition of

originally distant sequences, following, cutting out of an

intermediate part. ’

tRNA 1is transcribeﬁ by polymerase IT és precursor
molecules (most likely monomefic) that are on éverage 20
nucleotides longer than thée mature product. tRNA methylases
are mainly located in the nucleus but soluble cytoplasmic
fractiOns. contain nucleases able to cleave the extra
sequences fron pre;tRNA} pre-tRNA is found in the cytoplasm
after short labelling pulses. Throughout the life of tRNA
molecules the three, terminal residues at the 5* end, CCA,
turn-over quite rapidly. The synthesis and précessing of

+RNA has been reviewed by Smith (1976) .

rRNA is transcribed in the nucleolus as a precursor

. ¢ :
molecule of 4.5 x 10 daltons (455 pre rREA) which contains
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the sequences Lf 185, 5.85 and 28S rRNR in this order from
the S* end. Succgssi;e endonqcleolytid cleavages yield a
series oflintermediéié products. In the case of mouse L-
cells in culture these products are’ #15, 36S and 325; the

"rate limiting step of this .process is the trénsfofmation of

.the 325 intermediate into mature 285 CRNA. . N

e

Most methylation takes place on the nascent RNA-chain;
most of the ribosémal._struétural ‘protefns' also become
associatéd at this time. Methylation seems to play a role in
the selection of-conserved'seqﬁences - only the sequences
correspondipq to future mature products are methylated.
Processin&)occurs mostly in the nucleolus and appears to be
synchronised with the duration of the cell cycle in growving
cells, Resting cells exhibit the phenomenon of "wastage™
(;ee below) in which a fractiom 06f precursor molécules is'
completely degradgd ‘instead of becoming functional. rﬁNa

processing is discussed in a review by Perry et al (1976).

mRNA is tfanscribeq as large precursor . molecules which
form part of the so called heterogenous nuclear RN¥A (hnENA).
While this statement seens jqite safe at this time there wvas
considerable controversy, until quite Eecently, "about bhoth
the nature and biological significance of  hnRNA.

(¥illiamson, 1977).
— . o

hnRNA contains molecules of a wide variety of sizes. Some

of the smaller- molecules overlap in size with the upper end

«

-



-

-10

of the .mRNA population, but on average hnRNA molecules hgave
4 to 5 times the'anwmbep oF¥ gbases as the average mRNA':
molecule. T . S

» )

Studies by hybtidisation saturation .of mammalian cells

[N %

.- growing exponentially in culture, indicdte that about 20% of”

sl

hoRNA molecules contain sequences homologous to mRNA. This
is iﬁ-agreement with results measuring sequence complexity;

hnPNA is 5-170 times more complex than mRNA.

The 1nitial tramscript of pre-mRNA undérgoes several

°modifications during the maturation process, most of them in

S - . -

the nucleus:
1. cleavage of non-conserved sequences;

2. modification of the 5P end 'by attachment of
nethyl guanosine linked by a 5%-5 pyrophosphate
"bridge ("capping"), methylation of two or three

nucleotides from the capped end and nmethylations

of some internal adenosiﬁés.,

\
3. addition of a’ stretch of polyadenylic acid (polyAl)

o go its 3“0H end.

These modifications do not necessarily follow each other
in the above order. Very recently Darmnell (1979) has shown
that cappiﬁg occurs almost as soon as transcription is

initiatedgéin adegovirus and polyadenylation is the ﬁexf
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event in subsequent processing. He )has postulated. that
, polyadenylati;n may even be a trigger for subsequent
processing.. While this work is exciting, care must be taken
wvhen extrapolating viral data to mammalian cells. It should
also be noted thit some mENAs are not Rpolyadgnylated and

some polyadenylation takes place after +transport to the

cytoplasn. . .

In 1977 a completé revision of theories on RNA processing
became necessary' vhen reports on BRNA produced during
infection of cells with adenovirus (Dunn and Hassel, 1977;
Berget, Moore and Sharp, 1978) or SV40 (Lavi, Groner anﬁ

. , »
Weizman, 1978) indicated that a mature mRNA . could be
Y .

Y

composed of fragments transcribed from different, indeed
uiaely separate, parts of the viral genomé. - Alnmost
-simultaneouély, _;i was found that the gene ﬁpr B-globin
‘chain in the rabbit conta}ns two inserts interrupting the
pqding region,one of which has about 600 base pairs (
Jeffreys and Flavell, 1977y . Similar . inserts e

subsequently been found in almost every mammalian<gene ::j:§
has been looked at. These include the genes for ovalbumin (
Breathnéch, Mandel and Chambon, 1977), ovasmucoid (Stein et
al, 1978y, and immunoglobulins ( Nébumichi énd Tonegawva,
1978) . ' These inserts, (called introns by Gilbert; 1978y,
appear to be transcribed into the precursor molecules and
later excised (Roop et al, 1978). Th; topic of split genes

and RNA splicing has rezzgtly been reviewed by Crick (19%9).

0

¢
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The biological significance of these alteratigns is not
fully understood..There is:some evidence that the 5° cap may
fuhtion in ribosomal binding by the. mRNA ( Peréy-and Kelley,
1976) . The role of polyadenylation is more obscure; there
are some iqdicatiops‘ that it cén have é stabilising effect

on mRN2s ( Marbaux, Huez and Soreq, 1977). As for the

distribution of sequencés of the same ' mRNA in different

portions of the genome, not only might it provide génétic
flexibility, but it “pay facilitate in ‘some way tie
regulation of mRNA production.

YN

1.7 ' CHANGES IN BNA METABOLISM ASSOCIATED WITH THE ..
ACTIVATION OF QUIESCENT CELLS ‘

Mitogen stimulatéd lymphocytes are not the only cell
system that has been used to study the molecular events that
dccompany the transition frof resting to actively dividing
cells, The growth of Primary cell cultures and some
established celi 1ines may\be density dépendent. At high
cell densities growth is usually arrested 'at a point in the
" cell cycle just before the onsét of DNA synthesis; the
inhibition can often be reversed by adding agents such, as
fresh éerum to the growth mééiun. Another sys£gg is

regenerating rat liver. When tﬁo lobes of the liver of the

adult rat are removed, the cells of the remaining lobe are

aroused to renewed cell division. Egg activation is another ,

system; some studies on the activation of sea urchin eggs .

are discussed in chapter 4,

I

—
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In all of Fhese systems the transition from quiésq;ﬁgg;te
proliferation is accompanied by wmany biocE;mical events and
‘investigators have triéd to eétablish uhat-changes occur in
the mode “of utilisation of the genetic information "of the
cell so as to provide changed ceiiular activitiesl
rJ!{ccording to its physiologigal state tﬁe cell makes a
qualitative and/or quantitative selection of genes to be
transcribed and/or hnRFA sequences to be processed and
transported to the cytoplasm as ﬁungii nal mRNA. The
meéhanism'by which the transcripts Are séfzkied is not well
established.. Quantitatiée’ chaqdes may be nediated by
activation of RNA polymerase, “or activation of thé DN A
template by detachneﬁt of :repressors or cqeformational
changes, pbssibly-due io’?éarangements of nuclear proteiné.

A combination of the different processing}:ﬁ:fs is probably

involved in selecting tramscripts for expo '

roe nucleus to
3 ' R

. ‘ - » i
cytoplasm.f\x : N, le - .
’ i J: - : w. . Y
In the systems I will concentrate on hefe. serun

stimulated fibroblasts' and mitogen-stimulated lymphocytes,
the task of finding gqualitative differemces jin functional

. 4 . -~
mRNA is formidable. It is probable that nev mRNAs (if they

-
-

exist) will ac&ount for. only a minimal fraction of the total
steédy stateQ population, and if the search is hot for a
‘-gpecifiC' mRNA, the measurement ofl increased amoumts of
transcripts will be 'beyond the 1limits of détsftion of

present methods.
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The steady state distributiqn of hnRNA does not represent
that bf the @mRNA for which it is pr%cursor; as described,
the relhtive ébund%nce of an mRNA is regulated by the rates
of traﬁscription, Processing and turnover. For this reason
it may be more valid to study.cytoplasnig populations of RN2A

than to study whole cell or nuclear populations.
Pl : !

~

‘It should finally be mentioned that free ribonuc¢leo-
protein particles (mRNP) - are of videspread occurrence, but

so far there is no hard evidence as to their significance.

I shall now review relevant data obtained from cultured

- mammalian fibroblasﬁs arrested im growth either due to serunm

deprivation or to contact inhibition. This system has been
videly . used as a model for study of regulation of gene
expression. In many ways it is similar to the lymphocyte

L

system but'there i1s need for caution in extrapolating data

from ‘one system to another. The first guantitative

measurement in this system were made nine years ago by
- ] . .

Stanners and Becker (1970). 3Té growing cells contain per

-unit of DNR 1.8 times more rRNA and tRNA and 2~3 times more

polyadenylated PNA than do resting cells ( Johnson et al,

1974).

Before considering the nultitude of studies | showing how
these changes might be achis;ed let us consider -some of the

hazards in the interpretatio:} of data reflecting

incorporation of radioactive nucleotides into RNA.  Im all

-

»

7
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cells many classes of ERNA are constanély being synthesised
and degraded at varying rates so that incorboration of
isotope into' RHA is a very compbé{ measurement; many
investigato;s choose to ignore this. It is also very
important to con;ider the importance of nucleoside
triphosphate pool gizes in relating nucleotide incorporation

to macromolecular synthesis.

Tt has been reported that rRNA is stable in growing mouse
fibroblasgs { Abelson et al, - 1974), though perhaps this is
true oﬁly tor estab;ished cell lines and not for primary
cultures ( Liebhaber, Wolf and schlessinger, 1978), while it
turns over with a half life of about 60h in resting cells.
tRNA turns over with a half life of about 60h in growing
cells as compared with a half life of about 36h in resting
cells { Abelson et al, 1974). VNo appreciable differences in

the stability of the total population of polyadenylated RNAS

have been detected between resting and growing cells. These

differences in stability are not sufficient to account for

the quantitative differemces im RNA content..

In fibroblasts, there seem to be separateicontrol systems

+

for monitoring the cellular content @g rRNK, tRNA and mRNWA.

The mobilisation of polymerase 1 appears to be the princip;l

controlling factor in TRNA formationm (Johnson et al, .1976) ;

the total activity of polymerése‘1 in whole nuclei is linked
to the grovwth rate of the cell. rRNA content AT the cell

£
- +
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can be increased in the absence of DNA duplication ( Mauck
and Green, 1974); inhibition of DNR synthesis in ghost
monolayers prepared fgﬁm serum stimulated cells does not
affect the increase in RNA synthesis up to 34h in culture.

. 1
The synthesis of tRNA seems to be regulated like that of

rRHh'but in a much narrower range. Immediately after serun
stinulat%on the rate of synthesi§ of pre-tRNA rises together
with that of pre-rRNA but later it fails 'to.increase in the
same proportion (Mauck and Green, 1974 _); after DXNA
duplication the rate rises again. Some mechanism must exist
.uhich coordinates the-amounts of tRNA and TRNA in the cell,
because the ratio rRNA/tRNA for a particular cell line is
constant, independent of whether it is growing or arrested.
Coordination of a;ount does not, in this caé?, mean
coordination of sxgthesis, because the turnover rates ate_

different.

The control mechanisn(s) monitoring the amount of
polyadenylated mRNA produced seems to operate at 5 post-
transcriptional leval. The rate of synthesis of hnRNWA does
‘mot change during the transition from resting to growi
conditions ( Johnson et al, 1974; NKauck and Green, 1973) ;
the amount of hnBNA transcribéd is proportional to the
" content of DN2 in the cell, HnBNA production incTreases

bet ween 10 ’and 20 hours after serum stimulation,

paralleling DNA duplication j if DNA synthesis is prevented
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there is‘uo increase in hnBNA productionm (Mauck and Green,
1973 ). Despite the fact that synthesis of hnRNA does not
increase-after serum stimulation, and that the proportion of
polyadenylated to non-polyadenylated ., hnéNA and the total
nuclear polyR content remain the same (Johmson et al, 1975),
the content of newly synthesised polyadenylated mRNA in the
cytoplasm increases two fold before replication of DNA takes
place ( Johnson et al, 1974). This parallels the observed
increase in protein synthesis.  Von polyadenylated mRNA
seems to increase in a coordinated mapner( Levis, McReynolds
and Penman, 1976). . There is one report (Rudland, 1974 )
that no appreciable change 1in the amount and fate of
synthesis of cytoplasmic polyadenylated mRNA takes place
after serum stimulation. Howevér, it seems the author did
'not distinguish between total cell polyadenflated BRNA énd
nRNA; he . did not distinguish nuvclear from cytoplasmic

fractions. Thus his iﬁtefbretation of the data leaves

Y
something to be desired.

The main control mechanisn responsible for _the increase
in cytoplasunic pplyadenylated nRNA seems to be,én increaged
efficiency of hnRNA processing and transport to \ghe

cytoplasm (Johnson et al, 1974;1975; Mauck and Greem, 1973).

One group of researchers _compared RNA metabolism in a

number of fibroblast cell lines. (Johnsor et al, 1976).

L3

The principal correlation they found is that the more



18
rapidly the cells grow, the higher is the ratio of

mRNA:CRNA, ' -

There 1is sone contnbversy as to vwhat mechanism is
responsible for the increase in thé rate of protein.
synthesis that occurs soﬁn after serum stimulation. It has
been claimed that the appearance of newly synthesised mRNA
in cytoplasm is solely . responsible for that increase (
Johnson at al, 197431975y . Evidence supportiné this
hypothesis comes from work on established cell lines of
mouse fibroblasts growing -omn monolayers andl on Chinese
hamster ovary cells groving in suspension, including
measurements of cytoplasmic polyadenylated ENA in the sub-
ribosomal and polysomal fractions qnd the demonstration that
the degree of Wdading of mPNR with ribosomes is the same in

resting and growing cells.

L]

On the other hand Iseveral ifivestigators (Rudlaad, 1974;
Béhdman and Gurney, 1973; MNeée el and Levine, 19f6) studying
mouse and huﬁan-fibroblasts growing in moﬂolayers concluded
that the increase in new transcripﬁs in the cytoplasm
cannot, by 1itself, account €forithe increase id protein
synthesis. - They postulate a mechanism of recruitment of’
stored freé,mRNA into polysomes soon after séimulation:
evidence comes- from similar measurements of the distribution
of polyadenylated mRNA in the cytoplasm and experiments of

-recruitment ofF "freen mERNA into polysomes in the presence of



(.
cycloheximide which inphibits ¢longation. Johnson and
Meister (1977) shoted that cycloheximide causes a
dispfoportionate accumulation of polyadenylated mERN A
espacially in serum stimulated cells and recommend caution
in interpreting results obtained in presence of the drug.
Heedei and lLevine (1976) point out thatl3T3 and 3T6é lines
are not @normal cells in the sense that one has been
classified as transformed and the other causes tumors when
injected into mice. The contradictory results could also be
explained by different authors' use of different labelling
times ({pulse as. opposed to - steady state). I think the
existance of translational control after serumAstimulation

remains an open question.

The sequence compiexity of cyteplasmic polyadenylated RNA
has been measured by.hybridisation, in'restiné and in serum
stimulated fibroblasts (Hilliaﬁs and Penman, 1975; Getz et
al, 1976}). Very few differences were found; in both cases
the mRNA present corregponds to 9000~-11000 different gemnes,
If there 1is any expéeséion of nevw genes after serun
stimulation it represents an increase in complexity of not
more than 5%. The siénificance 0of this number, héuever, is
v;cy difficult to interpret -since technical consideratiogg,
among them difficulties in resolving complex kinetic curves,
preclude nuch confidence ;n the values reported.
FPurthermore, "These experiments cannot dispinguish between
qualitative differences and extrenme quantitative

differences.
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Thus, it 1is clear that the transition from resting to
growing state after serum stimulatiom. is not accompanied by
large scale activation of new genes, The regulatory
mechanisms seem to be at the post-transcriptional level and

may involve changes in transport and turnover.

1.8 RNA METABOLYSM IN CULTOURED LYMPHOCYTES

Cooper and <¢olleagues have extensively studied the
changes in TRNA metabolism that. accompany lymphocyte
transformatiop. They observed increased labelling of aci&
precipitable RNA 30min or 1h6ur after adding PHA to human
peripheral blood lymphocytes (Kay and Cooper, 1969). The
early increase was mainly in 4S5 and polydisperse material,
the types of RNA which turn over most rapidly in resting
lymphocytes. Abolition of RNA synthesis 4id not inhibit the
iniiial increase in protein synthesis suggesting this could
be attributed to increased utilisation of pre-existing
'ribosomes. The accumulatioh of nev ribosomes is, hovever,
essential for nofnal grouth'and division of 1lymphocytes.
(Ray, Leventhal and Cooper, 1969). In work that has been
reviewed (Cooper, 1972) Cooper And colleagues have shovn
there is a‘ 10-20 fold increase i% the rate of accumulation
of labelled. rRNA in the cytoplasm in the fiést 20 hours of
mitogenic stimulation. They report iné}eases in the rate of
synthesis of 455 RNR within ‘thour égl'stimulation a;d an

¥

increase in the rate of processing of the 455 species to

nJ
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mature cytoplasmic CRNA. Cooper also found that in resting
lymphocytes the 28S:18sS labelling ratio showed a mgrked
deficiency of label in tﬂe 185 RNA suggesting that at least.
5S0% of the newly - synthesised 18% RNé molecules were
immediately degraded in the nucleus never reaching the
cytbplasm. A similar number of 285 molecules appeared to
meet the same fate gfter a delay period in the nuclear pool.
This n"wastage" was abolished within 6 hours of PHA
gtiﬁulation @but returned after 20-40 hours of incubation
with PHA. Inhibition of protein . synthesis With
cycloheximide preventeé the reduction of RNA "wastage" but
did not affect the increased production of 455 RNA. This
led Cooper to conclude that the tvo events were independent,
preservation of the newly processed molecuies being mediated

by some protective protein.

Kay also reported that the labelling of cytoplasmic RNA
"is stinulated méfe than the labelling of whole cell or
nuclear RNA soon after stimulatién (Kay, 1968). This is
egideqce I cite in support of h} hypo£hééis that processing
and transport of RNA rather the rate of transcription is
accelerated by mitogen.. Kay found that the cytoplasmic RNA
labelled during the first two hours bf incubation with PHA

sedimented mainly at 4s.

The effect of mitogenic stimulation on polyadenylated RNA

metabolism-is less well documented. 2n obvious hypothesis
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is that the transition of 1ymphbéytes from resting to
growing state imvolves widespread gene activation. An
attempt has been made to detect neu‘speéies of mRNR in
stimulated célls using the technique of RNA:DNA
hybridisation but the semsitivity of the technique used was
lfmited: it is mot surprising that no new mRNAS were
detected (Berke, Sarid and Feldman,i971). With the
technigues nowv available for the production of cﬁﬂA from tﬁe
messenger populatioq' and subsequent accurate hybridisation
analysis, it may seen sur?fising that these experiments have
not been re-attempted. The problem is fhat it is nearly
impossible to purify intact poiysomes and hence polysomal
mRNA from lymphocytes; thié is discussed in appendix B to
this thesis. The first data on polyadenylated RNA
metabolism in lymphocytes was obtained by Rosenfeld anh
colleagues (1972) who reported that the addition of PHA to
human peripheral blood 1lymphocytes increased pélyadénylated
RNA synthesis #0% within 2 thours and 100-300% withizn 12
houts, the percent poly(A) content remaining constant. The
increase they measured in labelled polyadenylated ﬁNA was
the same whether they labelled with uridime or adenine; this
led them to  suggest that an increased rate of
polyadenylation is not omne of the early effects of PHA.
These daid, which have never been repeated, are in conflict

with the data présented in this thesis.



23
) Cooper and colleagues have also reported speéific_early
changes in the metabolism of polyédeﬁylated RNA.. They found
increased production of polyadenylated RNA aftgr 20 hours
stinulation of huﬁan peripheral blood lymphocytes with PHA.
They found a greater increase in [QH]-adenosine labelled
cytéplaémic—polyadenylated RRA than was observed in total
cell lysates ( Cooper,1974) and hypothesised that‘mitogenic
stimulation ;%celerated the rate of processing and transéort
of nevwly synthesised polyadenylated RNA. The; did not
discuss the possibility that part or all of the increase
could be due to polyadenylation of pre-existing transcripts
rather than to a total de novo messenger synthesis, a viable
iﬁterpretation since they used an adénosine label. Cooper
presentkd further evidence that ghe rate of processing and
transport of polyadenylated RNA was accelérated in cells
stinulated for 20 hours with PHA wusing a ﬁulse chase
technique with labelled adenosine; he measured %ahgl in

y

cytoplasmic and in whole cell polgadenylated RNA at
different times Sfter chase and found that in cytoplasmic
éxtracts from resting cells the ihCrease. in, radioactivity
' Was slquer‘presumably due fo faster exhaustien of the pool
df : lébelled' nuclear transcripés in -stimulated
lym;hocytes. Cooper also compared the éize dié%ribution of
polyadenylaied RNA.in resting aund grouiﬁg cells after a

three hour labelling period, and found a size shift tovards

smaller moleculeé i stimulated cells. As normal mEBNA
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pfocessing involves a size reduction this data suggests an-
increased rat of processing inlstimulated cells (Cooper,
1974).  The data in this thesis is compatible with this data

of Coopers.

w

The data‘ in this thesis is also supported by work done

L]

simultaneously by Schaefer and colleagues (Hauser et al,
1976; Land and Schaefer, 1977) who also find no increase in'
the rate of transcription during the first 6 hours following
addition of mitogen, . They report an increased rate of RNA
polyadenylation ‘during this period ’ together with an
accelerated transport of poly{(A) sequences from the nucleus
to the cytoplasn., {iéé work which 1is pertinant to ny

interpretation of my data is thoroughly reviewed in chapter’

4.

-

Berger and Cooper (1978) havé studied the ielationship
between nuclear and cytoplgsmic polyadenylated -RN2 in
resiing human peripheral blood , lymphocytes and found over
90% of the ndn-polyadenyla ed RNA to be degraded. They

» :é%t there are t;o .digiinct_

- ¢

processing pathways for MRNA precursor and non-precursor

‘present some data to sug
polyadenylatad hnRNA. On their own admission, however, tﬁe
interpretation of much of their data depends on the
reliability 'of half-life determination for polyadenylated
hnRNA made utilising .actinomycin D. This drug is thought by

many investigators to haﬂ% other than transcriptfonal
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effects (e.g. Sholtissek, 1972) and T have fouﬁe drug to

have particularly peculiar effects in lymphocytes (Mitchell

et al,1978); this is discussed in appendix I.

~

Berger and Cooper (1975) have also reported the axistence

of two classes, very short lived and relatively stable, of
4

polyadenylated cytoplasmic RNA in resting human peripheral
blood lymphocytes, This study did not involve the use of

drugs suchk as actinomycin D but there are several other

r "

difficulties in the%éfinterpretation_of.;Qg dat a.

) ' . : S ‘ .
I?>a study using PHA stghulated pig blood lymphocytés, -

Jagus-Smith  and  Kay (1976) have deter®ined  mRNA®
concentrations by4 the extent of binding of BRNA to [
Hlpoly(U}. This-gives a much better estimate of the number
of messenger molecules than does the moré popular technique
of binding 1labelled RNA to unlabeled poly(U). " They found
that, assumlng the size of poly(A\ . eqﬁéncés remains the
same after stimulatioﬁ, there are{ twice as many mRNRA
molecules per ribosome 20h after PHA ‘stimulation and

approximately four times more mRNA per cell. BAs before they

found an early (less than "% hours) increase in protein

.synthesis but no increase in polyadenylated RNA levels until

12 hours after stimulation.

©, The conflicting data I have summarised led to the work

presented here. In this thesis I have attempted to clarify

the extent to which de novo transcription, as opposed to

iy
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incréased transcript comnservation, is responsible for the
increased cytoplasmic pools-&f RFA molecules observed after
stimulation of human peripheral blood lyamphocytes vith Con R
as well as to establish the role of processing and tramsport

of RNA at various stages of the activation process.

Pl

vt

e ~



Chapter II

MATERIALS AND METHODS

-

2.1 COLTURE OF HUHAN'PER;PHERAL BLOQD LYMPHOCYTFS

26101 Preparation of Cellg

T

60ml  blood from normal donors was collected by
?enipuﬁcture‘into a syringe containing heparin (1000/ml of

‘bloed). -

~

The blood \\as diluted to a total volume of 100ml with

RPMI . 1640 cultike pedi (Flow Labs)  and layered in a 25ml

aliquot onto 15ml

v

o icoll Hypaque (Pgarchia). After

cgntrifugation for BSmIE’-at ﬁOOg at 18-20"C lymphocytes

banded on top of the ficoll uhile red ceells sedimented

through the ficoll. The lymphocyte gand vas removed fronm

‘the gradient with a Pasteur pipette and the cells washed
\

with two volumes RPMI.

F . :
60ml of blood yields 10-15 x 10 lymphocytesl\\?t least
- 95% pure and 95% viable as assayed by trypan blue dye
exclusion. y ' ’

Lymphocytes prepared by this method reépondedlbest to

-3

mitogen‘éfter being incubated in culture medium“for 12-24
hours at 37° C;:‘the celi; probably make__sone récover} from
the trauma -of iéolaiion aAd adjuét to cultqre conditions
during this perioad.

- 27 -
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It is not possible to "store cells under refrigeration.
The amount of [SH]uridine incorporation in 30hour ' Con &
- &
.stimulated cells dropped by a factor of three when the cells

vere stored in at 4°C for 1day prior to;stigulation.

Ficoll-Hypague, itself, has mitogenic properties. FPigure
2.1 shows the respomse of cells prepared . Ficoll-Hypaque
as described above, and vith‘the final washiing étep omitted,
to several concentrations of Con 3. Unwashed cells,both
resting and Con A stimulated, incorﬁorated [3Hjuridine to a
higher.level than the washed ce}ls. This is probably partiy_
due to the mitogenic effect of the siall amount of Ficoll-
Hypaque présent in the| unwashed éuitures bit is also .
probably due, in part, to the unwashed cells being in better
condition because of their being subjected to éeﬂrifugation

-]

only once, This experiment was done on mijroplates. It is
very .difficult to remove cells adhering

to the plastic
’surface_of microplates bgcaus; of the automated harvesting
procedure utilised. Con A tends -fo cause human perfphéral
blood-lymghocytes to adheng tq plastic and this probaﬁly
accounts for the consistantly low radioactivity in the Con A
cultg;es during the f?rst 6-10 hours -‘of ineubationm. I
suggest that microplates are not suitablg for studying
\\\B{?nts during the first 20 hours of stimulation of human®
lysphocytes with Con A ' bacause of this problem; it is
possible . to remove mdst:%Fhérent .ceils from flasks by )

disturbing the layer with a )pasteurlpipette and rinsing the

flask well.
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Fig.2.1. Response oficells prepared on Ficoll~-Hypaque, aqd
on Sicpll-ﬂypaque with the final w?shiﬁg step omitted, to
Con A. Ordinafe represents fbﬂ]uridine counts per minute x
16]. Ahgcissa represents hours of incubation with Con A.
Each point fepresents nean counts per wminute incorporated
into 4 175u1 cultﬁres. Bars represent standard error in 4

.duplicate assays. 3uCi f‘H]uridine per millilitre was added

to culltures from 0 time.

-
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2.1.2 Culture Conditionmns

Cells wvere . cultured in Corning culture flasks, or in
microplates (Falcon), in medium RPMI 1640 supplemented with
S
\

10% autologous serumr and penicillih (110/ml) -streptomycin

. H b [ .
(100ug/ml) at a density of 10 cells per millilitre.

Cultures were maintained in a humidified atmosphere of S%

cO,in air at 37°C.

2.1.3 Mitogens

In one experiment, to determine choice of mitogean, 200ul
ciltures cont aining Con A (20vg/ml) (Calbiochem), PHA
{25ug/ml) (DIFCO), P?H (25ul/ml) (GIBCQ) or no mitogen were
-set uap in microplates‘ (Falcon). 'TUﬁi/ml [°? H]Juridine
(NET-367, New England Nuclear) or 7uCi/ml [ ®H}thymidine
(RET-0277, Neu.England Nuclear) was added before harvest at

-

24, 36, 48 or 71 hdours.

Con A was added to a concentration of 20ul/ml in all

] ]
other experiments.

2.1.4 Sterile Conditions

-

To reduce the risk of contamination of cultures by
microorganiéms and to ipactivate ribonuclease from all
materials, normal precautions weéé taken. When éppropriate.
manipulations were carried out in a laminar flow hood (Coan.
Environmental Research and Design Corp.); A1l solutiéhs and
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glassware were sterilised by autoclaving which also

-~

inactivates ribonuclease, or by filtration (Millipore).

S e ——— Y

Cells were harvested by centrifugation and washed once in
isotonic saline. The plasma menbranes weré disrupted by
" suspension for 13min at. room temperature in hoﬁogenisation

buffer (10mM HEPES, 50mM KCl, Su# Mg (CHyCOOH) ; pH 7.8) with
0.005% Triton X-100, Sui polyvinylsulphate per millilitre
(S5igma) and 100ug spermine per millilitre (Calbiochenm).
Nuclei uére\separated from cytoplasm by cenrifugation in a

HB4 rotor and Sorvall RC2-B centrifuge at 2000rpm for 3min

at 0°c.

An equal volume of SDS buffer (0.01M Tris-HCLl, 0.005H
EDTHA, Q.1H Nacl, 0.5% SDS; pH7.4) was added to each sample‘
of cytoplasm which was then extracted twice with 1:1 phenol
chlorofora. Two volumes of ethanol were added to the
agueous phase and RNA wvas precipitated overnight at -20°c.

The precipitate was redissolved in SDS buffer.

2.2.3 Segarat on of polyaden ted RN2A
Polyadenylated RNA was isolated by affinity

chromatography on oligo 4T cellulpse (Collaborﬁtive Research
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itd.). 250mg 01190 dT cellulose was swollen for 90 hduns in
1M NaCl. ~ This solutlon was poured into an upright pasteur
pipette with a glass wool plug in the narrow end. The column
was washed well with ﬁigh salt application buffer (0.4N
NaCl, 20mM Tris-ACL, 0.1%SDS; pH 7.2): before an RNh'sémple
dissolved in application buffer was applied. Onder these
conditions BRNA containing poly{A) reﬁained on the column due
to hybridisatioﬁ between poly(A) and oligo dT. Poly(A} . 'was
eluted from the column with low salt elution buffer (0.002K
EDTA, 20mN TrisHCL,. 0.1% 5SDS; pH 7.2). This eluant was
adjusted to. Oluq‘salt and reapplied to the column. The
second passage \qf poljadenylated BNA was precipitated with
ethanol at -20° C: 10-40ug bovine serum albumin per
millilitre was qdded as a caérier to facilitate

precipitation.

N

‘The volumes of appki:ation and elution buffer nacessary

. \
to clear the coluan ere approximately 20ml and 25ml
respectively. Since theXRNA sanples being fractionated were
radioactive a few drops collected in a sc1nt111at10n v1a1

pr ;\gfd a 51mp1e assay to check if elution vwas complete.

Colsmns were characterised using H-poly(h) (Miles Res ).
100% recovery of cpm applied to the column was normal and
more than 98% of authentic poly(A) was retained on the'

colupn in application buffer.
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Between batches columns'uere vashed w#ith 0.14 NaOH to

remove any remaining RNA then‘satugated with 1% NaCl.

vt
2.3 DETERMINATION OF RADIOACTIVITY IN RKA

2.3.1 Preparation of Eﬂﬁ for scintillation counting

RNA molecules 1arg;r than 15~ nucleotides vere
precipitated by treating samples containing RNAR dissolved in
éﬁs buffer with 5% trichloracetic acid for 30min Qt 0°c.
Samples wvere them passed through GP/C filters (Whatman) and

each filter was washed well with 5% trichloracetic acid.

Radiocactivity of polyadenylated RNA was determined by the
method of Sheldon, Jurale and Kates (1972).. GF/C filters
vere saturated with poly (D) (1mg/ml in Hy 0) {(Miles Res.)
allowed to dry and éubjected to UV irradiation to crosslink
the poly(U) to the filter. Samplgs vere dissolved in Kates
buffer (120mM NacCl, 10mM Tris-HCl; pH7.4) and allowed to
hybridise to the filters under conditioms.as described by
Sheldon et al (1972). The fiitersquere then washed with

Kates buffer and then trichloracetié acid.

Radiocactivity of low molecular weight RNA was astimated”
by solubilising ethanol precipitated RNA im cold 1M NacClj
only the mnolecules smaller than _65‘ disscolve (personal
communication;E.Bard). Non-soluble material was pelleted
and acid precipitable material in the supermatant was

filtered as described above.
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All preparations wvere conducted . in duplicate or
triplicate.

r

2.3.2 Scintillation counting

Filters were alloved to dry before submerging im 10ml
Scintilene (fisher) in plastic scintillatiom wials (Canlab).
Each wvial was counted for 2-20mins om a ®eckman liquid

scintillation counter.

2.4 SEDIMENTATION ANALYSIS OF RNA

0.7m1 samples of BNA were applied to 12ml sucrose
gradients (5 to 25% in 0.01M Tris-HC1, 0.03M FDTA, 0.1M
ﬁacl; pH 7.&{; Sedimentation was carri;d out in a SwW41
rotor and a .Beckman L5-50 centrifuge at 40,000rpm for 6

hours at 4°C.

- The gradients wvere harvested in 0.33ml aliquots and
counted ‘om a Beckman liquid scintillation counter afser

adding 1ml water + 10ml Hydromix'(Fisher}.

Figure 2,2 shows a typical sedimentdtion profile of whole
cytoplasmic RNA. TCRNA and tRNA appear intact but this, of
course, does not exclude degradation of other spécies of

higher molecular weight RNA,
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Fig. 2.2 Sedimentation profile 6m S-25% sucrose gradients
of total cytoplasmic RNA fron cells incubated for 37 hours

with Con A and [3H]uriding.

*
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2.5  TRANSPORT .EXPERIMENTS -

In the tramsport experiments 10uCi of { ~ H]uridine
(NET-36%?HeH England Nuciear) -or [lﬂ]adenine per milliliLre
was addad at varying times before or after stimulation and
to reséing controls, Dublicate or. single 10ml samples vere
taken tmmediatly and at subsequent time intervals. Total
acid l;recipitable radioactivity, polyadenylated RN A
radicactivity and radioactivity in lowv molecular weight RNA
were detefgined ip RNA extracted ﬁ;bm ;ytoplasmic\ cell
fractions as described above, -

Before the first transport experiment a batch 'of cells
labelled with 31? vas prepared: Human peripheral blood
lymphocytes were incubated with Con A for 70 hours then
incubated with 80uCi/ml 3m?for 4 hours. The cells wvere then
harvested, washed, resuspended in 30ml medium. RPMI 1640,
“aivided into aliquots qf 1ml 4in corex tubes and frozen..
samples taken durinmg the first transport experiment were
harvested straight . into these tubes and m;nipulated as
described. They%P radioactivity was constant for each RNA
preparation showiﬁg that any ioss of ;aterial during the RNA
purifibation- procedures is constant and may therefore be

. 2 .

disregarded.



Chapter III

RESULTS

3.1 EFFECT OF PHA, CON A AND PWM ON LYMPHOCYTES
Figure 3.1 shows ‘the incorporation of [3H]uridine at
various times stimulation with mitogens as described in

r

Materials and Methods. Table 3.1 shows the incorporation of

[Aﬂ]fhymidine' after 40 hours contact with mitogens; this

'measuremépt‘vas made to ensure that the nitogens were in
fact stimulating the cultures to blastogenesis. All three
mitogens significantly stimulated uridine incorporation.
PHA  hdd the ‘greatest ﬂ effect on uridine incoép;tation
(Fig.3.i) but thehgkimulation index was lower than that for
Con A (Table 3.1). Cell viability was assayed after after
48 hours incuﬁation and 75% of the ce}ls incubéted with Con
A were still viable. viability with the other mitogens was
somewhat lower; the viability of cells incubated with PHA
vas estimated to be 60% but thesé cells were diffiqylt to

count because of the agglutinating properties of PHA.

The difficulties in cell counting created by

agglutination with PHA, +together with the lower stimulation
index and greater cell mortality, resulted in my selecting

Con A as the most suitable mitogen for future experiments.

’

.
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Fig. 3.1 Time course of response / to \mitogens. Human
peripheral blood lyephocytes were culturedy in microplates:
TuCi/ml ‘[3 Hluridine was added for 2 hours prior to
harvestiang. > Ordinate represents [3 Hiuridine counts- per

minute. Abscissa represents time after addition of- mitogen.
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. Table 3.1

Response of human . peripheral blood lymphocytes to mitogens..
Lymphocytes were cultured in microplates for 48 hours; 7uCi

3H-thymidine per millilitre was added for two hours prior to
harvest. The stimulation index represents thg ratio-of rad%o—

activity in stimulated cells to that in resting cells.

Mitogen Radioactivity incorporated Stimulation
‘ " (counts” per minute) + Index
Con A (20ug/ml) 43,300 +4/- 2,600 . Y
PHA (25ul/ml) 29,700 /- 1,300 28
PWM (25ul/ml) | \ 11,500 /- 1,400 11

Control . 1,000 ¢/~ 170 . -

T
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3.2 SEDIMENTATION PROFILES OF TOTAL CE TQTAL ¥
CELL POLYADENYLATED RNA

Lymphocytes were incubated for 45 hours with Can A. 3uCi/ml
[3 Hluridine was added with the Con. A or 3 hours before
harvest, Cells vwere lysed in SDS buffer inmediately after
' harvest. ®BNA was extracted, peolyadenylated BNA separated
and sedimentation ana%ysis carried out as descriped in

chapter 2,

Figure 3.2A shows the sedimentation profile of total RNA
from cells incubated with Con A and [ * Hjuridine for &5
hours. Figure 3.2B also shows the sedimentation profile
from Héhour Con 1A stimuiated cells but in this case the RNA
was radioactively 1labelled for only the 3 hours prior to
harvest, In figure 3.2B the 45S rRNA precursor constitutes
a greater fraction of tf¢ labelled material; this is to be
expected as it is a, precursor to theY:t:ture rRNAs;I/,fhe
28:18S rRNA ratio is also smaller in-3.2B han in 3.2A§ This
is consistent with the rate. iimiting step in RNRA proc%ssing
* being the produgtion of 28§ CRNE. As mentiomned in chapter 1,
the conversion of the 32S intermediate into 28S TRNA is the

rate limiting step in rRNA processing in mouse L cells.

Figure .5.2C sﬁowé the sedimeqtation profile of ' total
polyadenyiated RNA in cytoplasm of cells incubated with Con
A and [JH]uridine for 45 hours. . Figure 3.2B is the same
exéeét the RNA was radioactively lapelled only for 3 hours

prier to harvest, Both these profiles show typical

. | s
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heterogenous sedimentation of polyademylated RNA. + Both
€
profiles peak near 18S;" there is a slight shift towards

molecules with higher sedimentation coefficients in the

_ﬁulselabelled cells which is, of course, compatible with

RRNA processing,. 4—\\>

3.3  SEPARATION OF NUCLEAR AND CYTOPLASMIC FRACTIONS

(igure 3.3a shows a photomicrograph of a resting small human
's

lymphocyte 'and figure 3.3b shows a clump of blast cells

following 36 hours of iﬁcubation with Con A. .Figure 3.3c
shows the stimulated cells after 13min of incubation in
homogenisation buffer; the los's of integrity of tﬁe cell
membrane has caused loss of mate:iali td the suﬁrounding
ﬁedium but the nuélear membrane is intact, 1‘E'I‘he fact¢that no
precursor TrRNA or HRRNA is observed iﬁ sedimentation
profiles of cytoplaémic RNA also indicates there is no
significant contamination of ;he‘cytoplasnic .fract‘on with
nuggear RNA. Figure 3,34 shows unwashed nuclei fol owing
resuspension after +treatment in the homogenisation buffér;

very little cytoblaSm adhered and this was removed by a

}

This aethod provided a good yield of cytoplasm ® and of
/ ' .
nuclei without significant cross contamination.

‘I
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Fig. 3.2. {(a) Sedimentation profile of total BNA from
cells incubated with Con HA and [3 H]uridine for 45 hours.
ordinate . represents counts per minute in "each qrﬁdieﬁt
fraction, Abscissa represents fraction number. {b) As
(a) but in this case the RNA' was radioactively labelled only
for 3 hours prior to harvest. () Sedimentation profile
of total cytoplasmic polyadenylated RNA from cells incubated
vith Con A and f$H]uridine for 45 hours. Coordinates as in
(a) . ;il/}s (c) but ir this case the RNR vas radibactively

labelled only for 3 hours prior to harvest.-
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/
Fig. 3.3 (A} Resting small lymphocyte. (B} Blast cells
following 36 }yﬁrs of :&cubation vith Con A. (C}) Blast

cells after 13 min. of incubation inm homogemisation buffer.
(D) Unwashed nuclai from blast cells after 13 min. of

incubation in homogenisation buffer.






4y

3.4  ACCUMULATION QF [ HJURIDINE IN TOTAL CELL RNA
FOLLOWING INCUBATION WITH CONA

Figﬁre 3.4 shows the kinetics of appearance of label in
"whole cell RNA,  ie, acid precipitable radioactivity
measﬂgable in cells 1lysed in SDS buffer without geparation
of the nuclear fraction. Curves A and B show the appearance
of labelled RNA in cells which had been incubated for i
hours either with or without Cbn R before the addition of [
> A juridine. These curves .show no significant difference.
Curve C shows the incorporation of label into total RNA of
cells stimulated for 12 hoﬁrs before tﬁe ;ddition of [
BH]uridine. After 30min, incarporation reached a level
significantly higher tham that of the unstimulated cells. It
is interesting that lymphocytes takem from this domnor, and
also from the donor'uhose cells uere.used in_thé experiment
of figur%}ng, invariably incorpo%ated uridine to levels to
levels 3-5 times those of most other donors. Stimulatgd
lymphocytes from these two donérs also characteristically
incorporated thymidine into DNA to a level.hiqhef than that

of the average healthy donor.

The data presented in figure 3.4 are typical of those
obtained in three ‘experiments with cells from -diffecent

donors.

+
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Pig. 3.4 Accunmulation of [3 Hluridine in total <¢ell RNA
following 4 hours and .12 hours of incubation with Con A,
Semilog -graph permits expression of oh;erved [3 H Juridine
counts, minus background [3 A luridine counts per mifute
measured at 0 time, on the ordinate. Abscissa represents

time after addition of 10uCi [~ HJuridine per millilitre.
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3.5 TRANSPORT OF NODCLEAR RNA INTO CYTOPLASM FOLLOWIRNG
STIMULATION . ' -

It is of interest to compare the kinetics of appearance
of labelled cytoplasmic RNA with that of label in whole %11

RNA. :
N
AN : .
A lymphocyte culture was stimulated for 36 hours with Con
A as described inmn chapterqz. [BH]uridine was added and at

different times polyadenylated RNA and nonpclyadenylétqﬁ RNA

were assayed in cytoplasmic fractions.

-

Figure 3.5 shows the time course of appeardnce”of label.

- . i
in these fractions; the semilog format was adopted solely to

be able to include on the omne figure five orders :of

qagnitude of recorded counts. Curve A shows the appearance
of non-polyadenyiated RNA 'in the cytoplase of stimulated
cells; [JH]uridine appeared in this fraction within 10min of.
its addition to the stimulated Cuiture, In contrast, curve B
shows the unstimulated controls, the . first merurable
appearance of non-pclyadenylated RN? in the cytoplasm
requiréd 150nin after pulsing apd the counts vere several
orders of magnitude less than -in the stimulated'“cells.
curve C shows the kinetics of accumulation of polyadeaylated
RN2 in the cytoplasm of stimulated cells. I£ vas first
neasurable in the cytoplasm 30min after addition of isotope
and accumdlated more slovwly and to a considerably lowver
level than did the non-polyadenylated ENA. There was no

significant radiocactivity measurable in polyadenylated RNA

e
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~in the cytoplasm of. the control cells. This experiment was

performed four times with similar results..:
) ) . .

-

-

TQ éstablish- the shortest’. period of stimulation by .
mitog;n wvhich could cause significant transport of labelled
RNA into cytoplasm, I performed experiments identical to
that shown in‘f}gure 3.g but decreased the period of contact

w?kh Con A. ' ) , i

L .
Figure 3.6A . shows that labelleg‘non-polyadenylated RNA

»

was first detectable by 30min following 12 hours of
]préincuyation with nftpgen. The g;netics of aécupﬁlation
were eséentially the same as that following 36 hours and
occu;péd to about the same 1level. The longer lag before
appéarance 5f label in the 12.uouns pre-incubation suggests
that protessiny of thé.nucleéﬁsgﬁahscripts was slover than
afte} 36 -hours in presence of Con A. HOwever, it must be
borne in mind that these cells ;ere obtained ﬁrom differént
donors. Curfé B shows that the appéérance of polyadenylated
RNA is also :delayed-by comparison uith_thét after 36 hours

Y

contact with‘mitogen. ~

I next performed experiments in which '[3H]uridihe vas
added after 74 hours of incubation with Con A and one of
;hese is éhowh‘iﬁ figure 3.7. _ In this experimént non-
polyadenyla%gd RNA appeared in the cytoplase lof stimulated
célls aftér:120min suggesting that an even greater ‘time may

be reqfired’ for processing of nuclear RNA in this case.

~

-

- \
* ' - ’ s .
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B . - . (W
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Thus with the purified prepafations of lymphocytes used in
our laboratory,’ significant synthésis and transport of RNA
were first noted in these experiments after a total of 6
hours of incubation in the presence of mitogeh: (see table
3.2). However, there was no measurable increése in
polyadenylated RNA in iﬁe cytoplasm of stimulated cultures
even éfter 400min of incub;tion with isotope. %he combined °
data of ' the experimenfs shown in figures 3.6 and 3.7 show
that tﬂe first appearance of polyadenylated RNA required 13
" hours of incubation with the mitogen (see table 3.2). In no
'expefiment did i’éver observe significant polyadenylated RNR
iq .the resting controls, irrespective of duration of
incubation. It is unlikely that twuwrnover of the mRNA would
have much effect'on detectable radi;activity. %here is thus
little prbduction of cytoﬁlasnic bblyadenylated mRNA in

-testing human lymphocytes.

-
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Fig. 3.5 Appearance of polyadenylated and non-

polyadenylated RNA in cytoplasm following 36 hours of

-

incubation with Com A. Coordipates as in Fig.3.4.
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Pig. 3.6 - Appearance of polyadenylated . and- non-
polyadenylated RNA in cytoplasm following 12 hours .of

incubation with Con A. Coordinates as in Fig.3.95.
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Fig. 3.7 Appearance of polyadenylated and non-

polyadenylated RNA in cytoplasm following 4 hours of

incubation with Con A. Coordinates as in Pig.3.5.
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3.6 QUANTITATIVE SEPARATION OF NON-POLYRDENYLATED
CYTOPLASMIC RNA :

Figure 3.8 shows the kinetics of aépearance of uridine-
labelled polyadenylated, low molecular weight (LNW) and non-
polyadenylated —.LHH RNA in cytoplasm following 36 hours of
incubation with Con A. The latter ‘céteéory mainly
represents rRNA, Curve A shows that LMW RNA aﬁ%eared in the
cytoplasm of cells stimulated with Con A for 3¢ hours aﬂd
incubated for U4Omin with [3 H]uridine. Curve D shows the
remainder of the non-polyadenylated RNA fraction consisting
of RNA greater than 6S (presumably rRNA) did not begin to
appear until 11Qmin, after which the rate of accumulation+of

.
both mon-polyadenylated RWA fractions was similar. These
data sugggst that the appearance of rRNA in the cytopiafm of
stimulated' cells occurs significantly later . than that of
tRNA. Tt is unlikely that a significant amount of the
radiocactivitly appearing in LMW RNA 1is due to the conversion
of ﬁ'ﬂ]uridine to rsﬁ]cytidine coupled with the turnover of
the terminmal CCA residues on tRNA since we utilised a
re;atively short labelling period. The same conclusion can

be drawn from the data of Kay and Cooper (1969).
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Fig. 3.8 Appearance of wuridine-labelled polyadepylateg,
L.M. W, d non-polyadenylated - L.K.W., BRNA in cytoplasn

following 36 hours of incubation with Com A. Coordinates as’

in Fig.3.5.
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3.7 PRE~INCUBATION WITH ISQTOPE BEFORE STIMULATION RITH

COR 2

Figure 3.9 shows the kinetics of appearance of non
polyadenylated B®NA in cytoplasm of cells incubated uith [
HJjuridine prior to the additiom of Con A. Curve A shows tha£
cells pre-incubated with [3§]uridine exhibit an increase in
cytoplasmic acid-precipitable noﬁ-polyadenylated ‘RNA gfter
only 3 hours of contact with Comn A. This is-a significantly
earlier increase than.that measured uithout prior incubation
with isotope and suggests that a fraction of é nuclear pool
of transcripts, that turns-over rapidly in restiqg cells, is
conserved and t;ansported to cytoplasn - soon after

"%
stipulation with Con A.

3.8  APPEARANCE OF ADENINE-LABELLED BRNA IN CYTOPLASM
‘Figure 3.10 is a combarison of the appearance-of uridine
and adepine labelled non-polyadenylated - _RNA and
polyadenylatad RNA in cytoplasm; isotope was added folloQing
4 hours of incubation with Con A. Curves A,B and C are the
same as described im section 3.6 (Figure 3.7). They are
included here as I felt a direct comparison could only be
made if the cells wused .for each labelling tréatment were
f}om the same batch from the same donor and treated
identical;y. Curve F shows that utilising [3 H Jadenine as
label caused a significant increase in polyadenylated
cytoplasmic RNA to be detectéd less tham 5 hours after

exposure to nitogen. Curve G é;ows lover levels of adenine-

~
S
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labelled bolgadenylaﬁed'RNh were detectable in‘the qytoplasm
of resting cells; ~ as in the case of uridine label the lag
betvween addition "of isétope and cytoplasmic appearance of
labelled molecules was longer than im stimulated cells.
'Pigure 3,10 also‘shows that adenine label appeared in non;.
polyadenylated RNA with a shorter lag period than did
uridine label, The relatiéely high degree of 1labelling of
non-poiyadeny@ated RNA with [3%]adenine label could be due
to CCA turnover in the 3'terminu§lg% tRNA (Slater, Gillespie

and Slater, 1973).

The  data presented 4m figures 3.5,;T;j@ and 10 are

summarised in table 3.2.
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~ Pig. 3.9 Appearance of non-polfadenyléted R¥A in cytopla;m
following 24 hours of incnba;:ion with 10uCi“"[}'H]uridine"per
aillilitre them stimulation with Con A. ordinate as in
Fig.3.5. Abscissa represents time aftef addition of Con A.

v
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)

o
Fig. 3.10 Appearance of uridine and adenine-labelled
polyadenylated and non-polyadenylated RNA in cytoplasm
following 4 hours of lncubation with Con 1. [3H]uridine or
[SH]adenine counts per minqte, ainus backqground measured at

0 time, are expressed on the ordinate. Abscissa represaents

time after addition of 10uCi [3 HJuridine Or [Jﬂ]adenine per

millilitre. . -
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Table 3.2

Time-required for lst increase

-

Total time u.mpz,uk.mn for 1st increase

Label Duration of incubation with
) mitogen before addition of over resting cell levels of label over resing cell levels om HmUoH in
o label (hours). in‘ cytoplasmic RNA (minutes). cytoplasmic RNA Qoﬁ.mu.
“ - L4
H-U 4 o 400
" "R yﬁ ; -../.
.12 / B0 13 \
1 36 ) ) \U 20 \
- ) , ) -
wmlm 1} 50 4,8 - ’ B j
VA o
3H-U 4 110 5.8 |
" 12 ; ; 60 « {
. oo |\
1" 36 ‘ . " 10 ® wn
- . L
-4 4 50 ) 4,8 : !
Prelabel RNA before Con A addition 3
m , . y .
' L g
4 »



Chapter IV

DISCUSSION

In chapter 1 some of the paradoxes of the literature on
RNA metabolism in stiamulated lymphocytes were discussed. 1In

this section I will attempt to resolve some of these

”»~

paradoxes and present a new perspective of the early effects
%/ﬁ>of mitogens on RNA metabolisa, The data presented - 'in this

thesis suggest:that'the principal early effect df mitogeﬂ is

to increase _the fage of processing and transport of. all
’ v

classes of RNA and that there is little or no increase in

the rate of transcription in ‘the first tem hours follbuing

mitogenic stimulation of lymphocytes.
| » ‘>~ . "~ . . '
Som%> of the differences: in work from different

S

-laboratories may be artifactual, T have mentioned some of
the dangers in intefﬁtetation aScriﬁahle to changes in size

of the nucleotide triphosphate pools. It has beenmcla;ﬁed

ﬁiﬁat pool sizes have, in fact, increased in-stimulated\cells'
which exhibit a ﬁarked increase inm pridiﬁe'-kinase act%vityl

AKay _and Handmaker,  1976). A Another proﬁlem /437\“
interpretation of data from - different laboratories is the

l?thora of lymphocyte sources.;and'methods of'pﬁrification.

A ﬁighlyﬂgurified-'culéqre'ﬁhy réspond.gﬁite diffe?entlj to

+

mitogen than a culture coniiin;ng several types of cells.

1;£;§¢ | . ‘- : ‘- S \ . o L
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" Additionally, as' deééribéd iln ' chapter 2, certain
purification steps are traumatié to the ceIls; It remains
possible that the purity qf.ny cultures (ie; kpss of an
accessory cell type) and}br the traumatic ‘:ffectgh of
ceﬁtrifugatiqn“could be responsible for my failure to detegt
RNA synthesis in whole cell extracts before 10 hours; g the
incubation of cultures for at  least 12 hours before
_manipula?ion should ,however, have greatly reduced any
effects of purification trauﬁé. And eveﬁ_ i1f there 1is a
small amount of RNA synthesis durinj the .early period, ay

LY

- i -
data unambiguously show that ‘increased processing | and

1 3

conservqtibn of tfhnscripts:accounts fo}'a'larjé part o }He
;ncrgaséd cytoplasesic RNA pools, " The actual time at whiFﬁ
. RNA synthesis may first be measured is less important than
the bbservaéion that there is a larger increase in labelled

[

cytoplasmic RNA than in vhole cell RNA during the first 10

hog;s=of mitogenic stimulatiom. Another reason for some of
' o

thé ambiguities in the data dealing with high molecular
veight BNA is doubtless the ﬁresence of high concentrations
of nucleases in these cells, 1 suspect this is' why the
characteristic, nmulti-peaked polysome 'profiles observed iﬁ

other growing cells have not been produced from lynphobytqs

(see appendiiz’T\' Many authors seem reluctant to draw:

attention to these special difficulties Wwhich doubtless lead

el b -

to misinterpretation of data. I am also suspicious of some

)

S 60
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of " the " cell fractionation methods describeéd in the

J/‘
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1;terature. Other workers have ' used Triton-X-?éO for

o . -

homogenisation of 1lymphocytes at concentrations up to 0.5%
(e.q. Joﬂnson, Karﬁ aﬁd Allfgey;‘ 1974) . I found that the
detergent at +this concentration c;used leakage .of nuclear
métérial into the cytoplasmic frabtion and that 0.005% was
sufficient to damage the plasma membrane so as to permit
extraction of the cytoplasmic fraction-'vithoug nuclear
contamination. {Clean nuclei couid then bé prepared ‘bz

washing the pellet after this extrac:}on).

e . !
L)

These methodological diffenences may,' in pari, - account
s : .

v

for my results being in conE}ict with much of the literature
i - . a .
reviewed in chapter, 1. I have Eeen able to detect no
. 3 . .
significant increase .in [ HJuridine labeling of total cell
RNA unt111 10h hours after exposure to mitogens (Fig.3.5) .
Hoveveﬁ I can detect.earller increases in labelled RNA in

cytoplaspic cell fractions; a significapt increase in non-

polyadenylated RNA occurs after 6 hours exposure to mitogen

(Fig. ' 3.7) muchk of - this being tRNA (Pig.3.8). - sThe lag

Between addition of. isotope and appeargnce of 1labelled RN A
in cytoplasm was inversely relatéd .to the du?htion o]

incubation of the cells with mitogen.  Fig.3.6 shous the
kinetics g; appearance of cytoplasmic label after 36 hours

1ncubation u1th nltogen, the lag is only a fev minutes; thié’

should be compared with FPig.)3.8. nllftheSe'dataf.sumdarised
in table i,z, suggests that

ort of RNA rather thanm to

induce increased transérigtioq,'

itogen acts to.accelerate the

“\
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I reasoned that: in resting lymphocytes much of the
rapidly synthesised RNA is consﬁantly. turning over with but
little being transported to the cytéplasn. If an initial
\teffect of "mitogem 1is to effect the rapidt processing,
transport to the cytoplasm and thus conservation of such
‘transcripts, then increased accumulation of labelled RNA
should be detectable in the cytoplasm without necessitating
any increase in_transcription rates. I cannot exclude the
possibility that theré is a small .increase in rate of
LY
trénscription which his masked by incorporation 'of 'I
3H]uridiné into the rapidly turning ove; pool of -nuclear FNA
iﬁ resting cells. i have shown that cells incubated with {
*H]Juridine prior to th; addition of Con A exhibit an increasq .
in cytoplasmic acid pre;ipitable RNA within 3 hours.as shown
in Pig.3.10. .This is cdnsistedt‘uith the hYpotﬁesis that a
primary eafly effect of mitogen is to Cause a fraction of a
qyclpar pool of transcripts turning over in restind cells po
be transpotéed to the'cytoplasm soon after stimulation with

Con A. . ' we ' ’
. ‘l- . t

I found that at least if hougs exposure to Con A was
required pefore {'3 H]uridine-;dbelled polyadenylated RNA
appearea in the‘cytop{asn of stimulated-cellg and it ﬁid not
appear in those of resting cells; coapare Fig.3.7 with

‘ , 2
Fig.3.8. = Utilising [3 B Jadenine as label, I de%?éted
]
significant increases in cytoplasmic polyadenylated RNA less
- . ' B . [ ]
« " than 5 hours after exposure to mitogen {(Fig.3.11). Lower

' ’ : -’ ™
. .
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levels of adégﬁne-labelléd polyadenylated RNRA vere
detectablé in the cytoplasm of resting cells; aé in the case
of the uridime label,. the lag between addition of isotope
and 'cytoplasmic appearance of labelled molécules _H;E
considerably longé% than in stimulated cells. Newly
syntheéised polyadenylétedg RN A ltqus to associate with
polysomes close to, or attached to, . the nuclear. membrane so
it is possible that some cytoplasmic polyadénylated RNh‘was .
removed along with the nuclear fracticen from my
preparationsg This .- figure also shous'EPat adenine label
appe;ts #n non~polyadenylated RNA with a shorter lag period
than did uridine label., The very high degree of label could
be due to CCA turhover in the 3'terminus of tRNA. These
data also suggest that the prinLipal early effect of mitogen
‘on geSsenger RNA metabolism is to induce processing,

especially polyadenylation, and transport of transcripts

which are also formed in the unstimulated controls.

4.1 rJOCTUATIONS IN NUCLEOTIDE POQOLS

Radioac;ivity incorporated into RNA*N&QE}Dé any period of
exposure to radioéctive-nucleqside will depénd on the
average specific actdgvity of the nuéleotide-tri-phosphate
(NT?) pool during that period aé well as on the rate pf RNA
sfnthésiéE‘It is not possible to accurately measure UOTP pool
sizes directly and, while the total cell ATP pooi size can

. . ’ \
be determimed by t%ﬁ‘ 1uciferin->ﬂcifer§5e assaY, it camnnot
o ‘ ~. ) )
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be assused that this is related to the pool of ATP available
for RNA synthesis. ATP is compartmentalised wihin the cell
and many reactioms .break?aown ATP at a faster rate than it

is utilised in RNA synthesis,

4;;e_specificﬂ activity of NTP pools depends on the pool
size, the rate of\input of ;sotbpe to the pool and the rate
of flow of isotope from the pool. Peters and Hausen (1971)

have shown that mitogen causes an immediate increase in

‘uridine uptak into bovine lymphocytes and that this

increase is related to the external uridine concentration.

-«

They suggest that uridine is transported across the membrane

- by facilitated d1ffusxon and that mitogens cause an increase

ipxthe number of functlonal carrler Sites of the,pembrape
transport system. .x It seems that the inérease_in: uridine

kinase. activity measured soon after stimdlationi (Lucas,

" 1967; Hausen and Stein, 1968) occurs as a result of the

increase in nridine'incorpor;}ion rather than vice-versa.
While there are discrepancies in the literature .it Seeems
that - at wuridine concentrations nornaliy used, mitogen
stimulation rapidly leads to a twofold increase in thee rate
of uridine incorpora;ion. -Présunably incorporétion of other

[3

nucleosides is also affected by mitogen.

The othe? p@igmeter establlshzng the specific act1v1tles
of NTP pools, the rate of flow of lsotope fronm the pool, is

very complicated. + It could be altered, . for'example, by a
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_change in the rate of RNA ;ynthesis, a change in_the average
stability of newly syntﬁesised RNA or a lowver or higher
efficiency of reutilisation of nucleotides from degraded
RNA. . ' ’

Tt is not possible to arrive at a firm conélusion but it ’
seems quite likely that the increase in_the rate of uridine
incorpo;ation duriné the. stimulation of 1ympbocytes with
mitogen may exaggerate measured inéreases “in rates of ENA

synthesis.

I now wish to consider how this affects interpretation of
the data presented in this thesis. It must be conceded that
part of the increases I measufe could be due to inpreases in
the .spéEific activities of the NTP pools. Howevar bool
effects alone cannot possibly account for my results, ~ Pool
effects cannot be used to 9xplgin_ mny f£inding that there are
earlier increases in labelled cytoplasmic BRNR than in
labelled whole cell RNA or my pre-label experiment (?15.3.9)
which shows that if resting ce1l "RNA is pre-labelled,
‘labelledégﬁg .accumulates in the cjtoylasm sooneg than i€
isotope\gé' added at the same time as mitogen. In  other
experiments the differences 1 have measured are quite simply
tooc big to be totallyv cauéed by a two f9{§ increase in"
‘uridine uptake; consider, .for gxamplé, fiqure 3.5 which
shows that 36 hours in Céh A réduces the__lag between

‘addition.of isotope and appearance of labelled trahscripés

r'd
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in the cytoplasm from 150 to 20 minutes. This difference
cannot be explained by a small increase in pool specific

activity.

"Using the amount of incorporation of radicactive
nucleoside into RNA as a measure of RNA synthesls may lead

to exaggeratiom of the increases in rates of RNA synthesis

.but i§ tpis is kept in mind while interpreting data, the

assay is valid and is widely used. ' 4

r

4.2; SUPPORTING DATA FROM OTHER LABORATORIES

-

Simultaneously with my work, Schaefer and colleagues have
also reported that wvhilé fhe rate of protein synthesis

increases almost ~immpediately ’ éfter, stimulation  of
- : 4

lymphocytes from bovine -lymph nodes, the rate 6f'

transcription deces not change in-the fir®t 6 hours followind
. . ’l'

"addition of Con A (HausSer et al, 1976). Schaefer and

colieagues also . report an_ incfeasgd rate  of  RNA
polyadenylation @uriﬁg the first ?ew hours after addition
onCon'A to lympﬁoéytes from bbvine,lymph nodes, before any
increase in total RK¥A synthesis is detifjable. Like'toope:,
Schaefer et al report an incfease' in the fraction of

polyséyes formed at. the expense‘of ﬁree,ribosomes during tﬂé'

first 90min of protein synthesiéﬁ ' Thej showed that pre-
. / ' :

.exiétin;\nun as well as RNA that was transcribed after Con A

]

additioq could be.found iy~ . the monosomal, and subsequently
in the polysomal fractiom. They suggest that this shows that

- -

AN
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at least part of the increase 1in polysoames is effectéd by a

"real increase in tfe number of ‘translated mRNAs. Shaefer et .

al (1976) describe an increase in the ‘rate of
polyadenylation which 1ea@s to a higher polyadenylated RNA
concentration within the nucleus and postulate . that
following atimulation, pre~existing RNA -aoleculos are
palyadeny;ated This is very comparable to-the situation in
sea urchin eggs which, after fertilisation, will undergo
many diviaions in the presence of actinomycin D; ére-
existing RNA molecules synthesised in the non-proliferative
phase of oogenesis are polyadenylated aftér fertilisation.
(Slater, _ Gillespie and Slatet, 1973); Schaefer and

colleaques also present data suggesting that poly (a)

sequences leave the mucleus at an increased rate after Conm A "

activation  (Schaefer et al (1976) . This  suggésts
| acceleration of the tramsport of polyadeuylated.RNA,from the
ﬂugleus to the cytoplasm folloving addition of Con A. By
results, and those of Schaefer, ate mutuallylsupportive.

However our data do not exclude activatior of mRNA already

present in the cjtoplasm. Wettenhal and London ({97u) have,

‘puhlished evidence for the presence " of n%uh "in the post-
ribosanal cytoplasm of resting sheep'lymphocxtas.' lThey
suggest. that this apparent pool of uncommited mRNi in
restlng lymphocytes may be utlllsed Auténg the early stages
of lymphocyte’ actlvatign and that the ‘mRNAS could' be stored
in forms sisilar to those postulatad,fbévldkhef dormant

N

r



tissues (e.g.Bester, Kennedy and Heywood,1975; Gross et al,

1973). )

-
L

Schaefer and tolleagues have also investigated the in

\

vitro synthesis and stability of RNA in isolated nuclei from
bovine lymph n eé) As 1in their ‘cellular assays, théy

- ‘ . . -
detected no inocfease inm the RNRA synthesising capacity of

isoplated nucleil during the first 6  hours f0 Ning

stimulation., They found the same proportiom, 14-~20%, of all

RNA synthesised :in isolated nuclei from resting and from

30hour stimulatéd cells to contain polLy (A) éequences. Th.e

absolute number -of polyadenylated RNR molecules uasvhighér
in the stimulated éells. They - foupd that considerably_more

non-polyadepylatedfﬁﬁh, mainly rRNR, ." was synthesised in

b

nuclei. from Con h ‘Stimulated cells than :in nuclei from

1 * ] - .
resting - cells, In resting cell nuclei,  50% of

ﬁolyadenylated RNA was degradeq_in' a 30min chase. " This RNA

-

fractign was “stable in nucleiﬂfrom stimulated cells. ’ It 

would seem- that pE9céssipd'oE‘ pbliq&gny}ateq Rﬁﬁ -is rapid

-~

‘with' no accunulation of émalleriféégbfes or’ fragménts,
- C o o » - ' “
shaefer et al. cite unpublished work by Berger wvhich shows
. . . -

that the processing gf p61yadenylated RNA- to. yield.mRNA in -

L] '

human lymph?cytes is rapid and proceeds” to éoﬁpleﬁion
. L . L L

without the accurulation of ié¢ermedia¢es; Polyadehylated
LA e, -~ e R ' -

' RNA was stable during a 30min chase in both,t}pgs of nuclei.
N - N x : ’ A ) -.-
Shaefer and - colleagues also: found that auclei from -

stinulated ~cells synthesised almost double- théfanoupt‘ of -

R Y
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both polyadSnylatéd RNA and non-polyadenylated RNA larger

than 185 than d4id resting cell nuclei.
- . ‘:.(‘) E .
Further évidence for post-transcriptional rather than

tréhscriptidnal control - of garlj protein synthesis 1is its

s

) enhancement by mitogens even in the presence of high

copcénfrétions of actinomycin D (Kay, Leventhal and Cooper,

1 1969) .

4.3 CONCLUSIONS ° .
N .
I feel that there .is no conclusive evidence for any

increase in the rate of transe;iption during the EirsF six
hours of mitogemic stimulation of lymphocytes. fnvestigators
who have reported such an increase generally have worked
with whole cell systems and measured total acid-precipitable
materi;i; in -such s$ystems, changes in the specific activity
of nucleotide pools could well account for:the ificreases
méasured. Investigators -working with isolated nuclei and/or e

cytoplasm, who have eifracied and characterised RUWA,

generally report no increase in uridine incorporation in the

first 6-12 hours fbllouing stimulation. It has always'been'
acqepted' that mobilisation of pre-existing ribosomes- and
accelerated procéssing of TrRN¥A accounts for most of‘ the
early increase in protein synthesis. Recemnt evidence from~
several laboratories and this thesis strongly suggests that
increased rates of maturation of pre-existing transcripts of,

all RNA classes, as well as an increase in the rate of
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translocation of nuclear R®NA .to the cytoplasm, are an
important early effect of mitogenic stimulatién} It 1is
perhaps a£ this level that important regulat;ry dechanisas

exist which coptrol the passage of the ‘lymphocyte from the

. resting'tG the stimulated states.

-

My interpretation of the relative importance of

proce5sing versus extensive new transcription during the °

first hours of stimulation depends on the dbservpd kinetics

of incorporation of labeled precursors imto RNA." No doubt

the exact time at which 3increased transcription becomes '

evident in stimulated cells depends on a variety of
experimental factors such as which Jlabel éne uses and its
specific tédioactivity, Hh}ch mitogen one uses, the type of
cells used ﬁnd how they uére‘ purified, etc. Tt 1is thus
unwise too attach to much significance to the observed time

of onset of increased RNA synthesis. What I feel to be

significant is that within a ;single experimental system my.

data clearly show that iRAcre#sed rates - of processing and

transport of nuclear ranscripts precede by many  hours an

observable increase if ovexall.RNA synthesis.
o
I have developed a model, consistent with my data, of the
changes in BRNA metabolism that occur during the first 10
hours of .mitogen stimulation (Fig.4.1). ' This model diagraas
RNA metabolism in resting and stimulated lymphocytes and
A

suggests that the early effacts of mithen on RNA metabolism

ares.

\ .

-~
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1. an increase in the rate of RNA processings

ke -

esPecialiy increﬁsed pquadenylation of pré-mRNA,
" -~ ! -
. Jr
. 2) an incp€ase in the  number ‘of, RNA moOlecules

transported from nucleus to -cytoplasm . and,

-

possibly, an increase in the rate of transport.

3, a decrease in the amount of degradation of new Rpk

transcripts (Cooper, 1972).

. 4. An increase. in the ratio of ribosomes:tibosomal

subunité (Cooper and Braverman,'1§77).

5., little, or no, increase in transcription.

- - I’
4.4 FOTORE POTENgLLLS OF LYMPHOCYTE MOLECULAR BIOLOGY
. , ¥ ' )
There are many experiments I could not do because of
problems with the system. Some of these are discussed in the

~

appéndices to this thesis. I was ﬁever able Ato~direct1y'

demonstrate that the rate or amount of RNA polyadeqylation}\
increased after mitogen stimulation.. I spéquseveral months
trying_bo show this using a double label technigue; ‘I.hopéd
‘to show that transcripts lahellgg with [3 H]ﬁr{hine became
labelled with f”c]adenine added after stimulation but the
cells never incorpéra£ed enough [‘TC]aqEAine to obtain a
significant amount of!&G radioactivity in the extraéted RNA.
It may -still bé éossible tq demonstrate th;t resting cell

transcripté are polyadenylated after stimulation. The
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.l
experiment will involve labelling resting cell transcripts

. Hlth thlolated 'nucleosides. -After washing the cells, and’
cha51ng the thiolated nucleoszde ultq:cold nucle051ae, the
. cells will be stimulated apq lebelled uith\[rﬂ]adenine. Tte
thiol-labelled | RN A may . be separated by affinity
chromatbgtaphy on Hg;kgarose; if this RNA had'[iﬁ]labelled
poly (R) it - cculd bel unambiguously concluded  that

polyadeeylation'of ppe-existinq transcripts‘ does taks place.
‘after stimulation. p Experiments uith‘ isolated nuclei and
.cytoplasm  could then determine how much of - this
polyadenylation occurs.in the nucleus and how‘much occurs in

the cytoplasm. T hope to do these ex@eriments in

collaboration with Dr. C. Schaefer.’

I heve alteady.'discessed maqy’ of the dlfficulties
encountered in studying molecular biology in the lympﬁecyte
system.  So far, most uork with this system would be better
labelled phenomenologlcal than blochemlcal ‘Lymphomaniacs,
-inclu@ing‘myself, "can't help but feel a little discouraged
%hen ve loéxxat the relative ease uith"‘iﬂich fundamental
gene §§;ucture is lbeing unravelled 'in other ‘eystems.
However, keouledge of gene structure tells us rémarkably
. little about how genes ucfk and how the utilisation of‘a
cells genetlc information is controlled .The lymphocyte has
great potential ac a system for lnvestigating these
prohlene: it is a cell Hﬁich has 'presunahly'eholved toy

facilitate the highest levels of control of gene expression.

o/
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‘No_doubt the ™turn on" of a lymphocyte involves control at:

“all possible levels of gene expression.

.
- . N

1 Advanbés‘in other "systems often'involved the study of a

single’ gene rather than the vhole gene pbpnlation. In

. r
lymphocytes it has. - so far, not been possible “to look at

. single genes._- Messenger RNAs for proteins thch do seelh to
1ncrease 51gnif1cantly after Stimulation, €.9. actln or
et

tubulln, may be the "tools" for lymphocyte molecular biolagy

-

in the future.

The lymphocyte system may not, mnow,  be suitable for

unravelling basic mysteries of the gene but it will almost
. ¥ ‘

certainly be the ideal system on wvhich to apply that basic

-

knowledge.

L]
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Fig. 4,1: Model of RNA metabolism in restinﬁiand 10 hours

stibulated lymphocytes, =~ & =s<essee---=- represents  RNA

seguences being‘produced-in,resting and in stimulated cells.

T represents RNA sequences only ~produced in

stimulated  ‘cells. * The thickness of the arrow lines

represents the relative amount of RNA following each

pathway.
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Appendix A ¥,

EFPECTS OF ACTINOMYCIN D AND OUABAIN OW RNA SYNTHESIS OF
HUMAN PERIPERHAL BLOOD LYMPHOCYTES

- ka1 INTRODUCTION

» 2

I investigatéd the effects of two drugs, actinodypin D
and ouvabain on RNA synthesis 1in human .peripheral blood

lymphocytes,

. AL1.1 Actin&mycin D . B

- - . —r
In nmost cell ¢types 0.05 ug/ml of actinomycin D
,specifiqafly inhibits nﬁcléolar transcription; the drug
inhibits RNA éblymérase by binding to chromatin and appears
to bind preferentially in the nucleolar region. The exact
‘molecular mechaqism is, as yet, unknown, Almost all rRNA i;
" nucleolar in origin while mRNA and tRWA are transcribed from
the nucleoplasmic_regionskof chromatin. In most qﬁll types
nucleélar trahscription may be inhibited by aciinomycin D
iwhile mRNA tranécgiption proceeds normally. Althgugh it has
Seen suggested that RNA processing is affected by
actinomycin D,: the ‘drug has been used in many studies of
mRNA metabolisn. ;I vished to use the drug to facilitate my

studies of the™ changes in mRNA metabolism concomitant with

lymphocyte activationm but found that the often used

s
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concentration of 0.05ug/ml completely inhibited.
transcription of all E;EEE’\of RNA  in lymphocytes.
Experiments in which T attempted to find a concentfation of
actinomycin D that would specifically inhibit ~nucleolar

transcription in lymphocytes are described here.

A.i.z Quabain ' s

Ouabain is a cardiac glycoside which inhibits lymphocyte
stimulation It has ' pultiple effects on the cell; much
research in our laboratory and others has been directed
towards the inhibitory effect of ouabain on the membramne

bound ATP dependent Na/K transport system.”

Kay (1971) reported that some RNA synthesis was resistant\-
to ouabain. He looked at the effect of ouabain on total RNA
synthesis' in resting amd 26 hour PHA stimulated human
peripheral blood lymphocytes and found a smalllpercent;ge of
gNA, to be resistant to treatment with 10—5 M ouabain (a
concentration which inhibits blast transformation). I
vished to determipne what type of BBA synthesis vas ouab&in
resistant and therefore repeated Kays®' experiment (except
for stimulating the cells with Con ‘A). I planned
subsequently t repare the resistant RNA in larger volume
and subiject it t sedimeutation.analysis. Instead, I found
myself guestioning Kay's data: as reported here, T find all

transcription to be ouabain sensitive.

P
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A.2 MATERIALS AND METHO |

=2

A.2.1 Imhi

ition of RNA nthesis with actimomycin D

S e——— —— e e e

:

’50ml cultures vere incubated fbf 35 hours with Con A
before.actinomycin D was added in'a range of concentrations
(0.001-0.05ug/h1) .After 30min further ingubation 10uCi of (
'3H]uridine per millilitre was added to the cultures for 2
hours before harvest. °* Control culture§' ware “incubateg
without actinomycin‘ D. Total acid precipitablé
radioac'tivity was determinéd in  RNA extracted from
cytoplasmic qeli._fractions. ‘The different classes of RHRA
being'pr?duced¢gé5e reéolved by absorbing polyadenylated RNA
to glaséfibre filters s;turated .uith poly(U). aqp by
electrophoresis on 2.7% polyacrylamide gels (Perry and

Kelley, 1968).

!

3.2.2 Inhibitjon of RNA synthesis with Ouabaip
17501 cultures of restfngl and Con R stimulated

lymphocytes wvere inéﬁbated,on migroplates (Falcomn) for 26

hours. jo'sor 1P'hn'ouabain vas added 15min_ before Con A.

10uci of [? HJuridine per millilitre was added 1hour before

harvest.



A.3 RESULTS AND DISCUSSION

—— e

A.3.1 ~Effects of actinomycin D on RNRA synthesis

T obtained highly variable results in 16. experiments

utilising. low concentrations of actinomycin D.  In certain

experiments 0.005ug actinomycin D per millilitre inhibited .

CRNA rsynthesis" by over 80% while - polyadenylated RNA
synthésis uas' not affected (see fiq.A:1). In other
experiﬂfnts:_ﬁouever, 0.002 ug actinomycin D per millilitre
jphibited all Rugrsyn;hesis while in another bxperiment mOre
than 50% of control levels of rRNA synthesis was measurablé
after incubqtion.uith 0.001ug actinomycin D per millilitre.
Thé results from these experiments are éumnarised in table

A.1.

~

L.Loeb (personal communication) has 4informed mé that
agtihomycin D may be actively transported and accumulated by
stimulated lymphocytes, and parzynkiewicz and Ring (1969)
have shown PHA stimulation to induce a marked increase im in
actinomycin D binding to chromatin. Such events might
account for my anomalous results; variations from one
experiment to another may reflect differences in the
capacity of the 1lymphocyte preparation to transporf And

concentrate actinomycin D rather than differences 1in

sensitivity of nucleolar or overall gene transcription.

'In any case, actinomycin D is not a switable drug to use
n studies of lymphocyte activation amnd any data obtained

using it should be treated with caution.

N e ' o -

-
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FPig.. A.1 Cytoplasmic RFA isolated from cells, either with
or without a. 30 nin treatment of O.dOSug actinomycin D pef\
millilitre was seperated by electtophoresis in 2.7%
polyacrylamide gel (Perry and Kglley, 1978) . Ordinate
represents [3H]uridine'counts per minute in each solubilised

gel  fraction. Abcissa represents fraction number. -

~

- 48«.1’
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TABLE .}

Inhibition of polyadenylated and non—polyadeﬁylated
R¥A synthesis by ddfferent concentrations of

;
!
|

-
|
|
actinomycin D o {
. . |
: ’ .
Blood Donor ~ [Act.D] %inhibition [
ug/ml ‘ (A")BRNA  (A*)RNA |
1 0.01 - 59 14 |
0.005 36 . . 0 [
2 0.05 : : 85 59 |
. 0.01 ' © B6 - 49 |
3 - 0.05 L ) 83 , 0 |
0.01 45 0 |
0.005 | 8 . 0 1,
y 0. 005 60 29 -
5 0.0025 19 27 f
0.005 - C 54 ¢ 39 1
0.01 . . 68 42 |
6 0.005 - © 34 - 5% i
. 0.05 - " 53 & -, S8 |
7 0.0025 . 17’ “7
0.005 ; 36 23
0.001 16 25

. .
b A A M sl S e B A RS M MR MR et Sl in oy S D e— b G el S SR TEE mn Y
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A.3.2 Effect of Ouabain on BNA synthesis

Table A.2 shows the results of‘ tvo experiments on the
effect of 107 °m ouabain on RNA synthesis. Ouabainm, at this
concentration, is seen to iﬁhibit éven the hasal.levels'of'
RNA synthesis in resting cells. 10"S H opabain also; éf

course, caused such inhibition.

I therefore suggest that, all RHA synthesis is ouabain

sensitive and must question the validity of Kay's data on

: /
this subject, ] . A

-
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Table A.2 :
Effect of 10"614 ouabain on RNA synthesis.

Acid precipitable cpm _ '

Expt.1 B2
Resting” cells 4,300 - 5,000 ‘
Resting cells + ouabaip 1,300 - 4,200 - ’
: 26h Comn c'ells'_ 12,200 35,900
' 26h ConA cells< cuabain 1,400 2,100
-
A
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Appendix B

. L
PREPARATION OF PCLYSOMES FROM HOU%E SPLENIC LYMPHOCYTES

B.1  INTRODUCTION

Polysome bound RFA is. a good definition of mRNA involyed
in protein synthesis; an assay of polysomal ENA has thus
more meaning than an assay of . total cytoplasmic
polyadenylated RRH. Thé desire to assay ac?urately
‘pélysomal RNA was the reason I .spent seﬁerq; months trying
to isolate mouse splenic lymphocyte polysomes. I'also hoped
to purify polysomal mRNA ﬁﬁd use ; reverse transcriptasa
enzyme ‘to maké complementary DNA (cDNA) copies so that, by
doing cross hybri&igatioﬁ expefiments, I could-establisﬁ if

: . .

- qualitative differences in the messenger population are
measurable folloviné lymphocyte activation. Such a
determination was made by Berke and Feldman (1971} but they
used total cellular DNA and BRNA that had been radiocactively

labelled for 5 hours so it if not surprising that they fcound

no significant differences.

~

With one exceptzgn {Burrone and Algranati ,1977h\§a11 the

lymphocyte polysome profiles I-have been able to fin

;n the

literature havej/shoved degradatioj'of RNA. My aim was to

- - - - - - -‘-,
firnd a combination of detergent /and nuclease Enhlbltors,
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that' could be included in tﬁe isolation buffers, to

[ ]
facilitate isolation of polysomes.’

B.2 MATERIALS AND METHODS

»

B.2.1.- Preparation of cells
- 13 ‘m + .

Two month old mice ("Paris BKgntb;ed") were obtained from
the University of Ottawa animal house. Spleens were removed
under sterile conditions and’ washed in 0.158 NaCl. Each
spleen was inmmediately transfered to PBS +« 10% fetal calf
serum. and cut and pressed gently but thoroughly with

tweezers to vyvield a cell - suspension, The suspension was

layered on 100% fetal calf ser or 15 min +to allow .large

B .
debris to settle; then the cellls in the -10% layer were
relayered on 5S5ml of 100% fetal cal erum and centrifuged -at
400g for 7mins. The pellet was \resuspended in 0.717M ¥WH,Cl

for 2min then repelleted and resuspended in culture medium.

The yield from this preparation was 9-16 x 10% cells per'

spleen. These cells were 95% lymphocytes , 95% viable as

.judged by Trypan B;uehdye‘exclusion.'

Ba2.2 Culture Conditions .

—— . k. il il S S

Cells were cultured in Corning or Falcon'culture'vessels

b
at a density of 2x10 cells/nl in RgﬁiﬁijEfO culture medium

_tFlov Labs) supplemented with S% fetalvcalf serum (Flow

Labs), Penicillin (110/ml) -Streptomycin (100ug/ml) (DIFCO).

Cultures were maintained in a humidified atmosphere of 5% co,

-

in air‘Pt 37°C.
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2ug of Con A per millilitre was added to stimulated

cultures.

Sterile conditions and treatment of ribonuclease .on

glassware vas as described in chapter 2.

-

B.2.3 ° Prepararion of Rat Liver §uperg§tant

(;"//’ Approximately tg of rat liver was added to two volumes

'
Y

0.25% sucrose in TKM (20mM tris-dCL, S50aMm KCl, 2mM HgCl;; pH

7.6y and centrifuged at 10,000rpm in a Sorvall rotor for

—

15min. The supernatant was centrifuged for 3 hours at 37K

in an SW41 rotor and a Beckmanm L5.50 centrifuge and again

for 3 hours aé YOK in a Ti60 rotor and a Beckman 15.50

centrifuge. The high speed supernatant was stored at -70°C.

s

B.2.4 Preparation of  Polysomes

Cells were cultured for 50 hgurs with 2ug/ml Con A; 3uCi

3

{

harvest.

H]Juridine per millilitre was added two hours before

My strategy was to compare the effects of various.
concentrations and combinations of Triton-X-100, Poly vinyl

- sulphate {(Sigma), Spermine, (Calbiochen), diethyl-
pirocarbonate (Sigma) and rat liver supernatant in the
isolation medium for porysomés. I als& tried ihhibiting
protein’ synthesis viih cycloheximi&e (Sigma) S0 'aé to

nfreeze™ . the polysomes before harvestiﬁaﬁ\sfe cells;

t
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cycloheximide was added 10min prior to harvest as indicated

in table B.1.

Cells were collected at harvest by centrifugation then”
vashed in 3a1 PBS (0.B8SM NaCl, 0.02M ¥aH,PO,;  pH7) and
' incubate@ in 0.7m1 1low salt homogenisation buffer (10mM
NaCl, 20mM TrisHC1, 1.4nM MgAcetate; pH 7.4) for 10min at 4
T with: copcentfations of Triton, - poly vinyl sulphate,
spermine; dihetylpyrocarbonate, rat 1liver supernatant and
'cycloheximide fvarying in each experiment as described ’in

table 1.

TABLE 1 ;

Constitution of Homogenisation buffer used in
isolation of polysomes

17 0.005 50 150

o . . e e e n  —————  t e o e b o e

B
|
{
1
]
g

|.
. |
Expt. Tritoa PYS DEP Spermine RLS Cyclo- {
No. . X100 ° heximide i
% ug/ml 1% ug/ml 20% ug/ml . H
1 0.02 50 - 100 + - i
2 0.01 50 - 100 + - |
3 0.005 50 - 100 + - |
4 0.02 - - - + - !
) 0.01 - - - + - 1
6 . 0.005 - - - + - - I
8 0..01 35 - 55 - - |
9 0.005 35 - 55 - |
10 0.02 . 50 - 100 - !
11 0.50. S0 - 100 + - |
12 0.10 - 50 - 100 + - |
13 0.05 50 - 100 + - 1
14 0.005 50 + 100 - - |
15 0.005 50 + 100 - 50 1
16 0.005 50 + 100 - 100 1
+ 100 - i
!




is

‘Afﬁer incubation in the homogenisation buffer the cell
nuclei ﬁere pelleted twice and 0.7ml of éhe supernatant was.
applied o 12ml sucrose gradients {15-45%) . Sedimentation was
carried out in an SW41 rotér and a Beciman L5-50 cantrifuge

at 20.3K for 14 hours at R°C.

B.3  RESULTS AND DISCUSSION - ,

In most experiments the polysome profiles I obtained were
no better Oor Worse than those published by other
researffers; nearly all the material sedimented at B80S or as
ribosomal subunits. In a few expériments I did. obtain a
small fraction of the fotal radiocoactive material seéiméntinq )
at higher density than 80S. lFigure ‘1 shows the profile
obtained in experiment 3. This is ome of the "bést; profiles

I obtained. Exeriments number #4 and 15 resulted in profiles

of similar guality.

A researcher wvorking in our laboratory, Enzo Bard,
carried out the following experiment. He isolated [
'*C]uridine polysomes from Hela cells which sedimented in the
normal profile. Be then incubated these Hela cell polysomes
with a. preparation of [3 H Juridine~labelled :lymphocyte
,?olysomes. The Hela cell pelysomes suffered -extensive
degradation during this treatment and, like the lyﬁphocyte
polysomes, sedimented at lowver density than B80S followving

the treatment.
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We suspect that splenocytes contain exceptionally high
quantities of ribonuclease and thét this is is why ihe
characteristic nultipeakéd polysomé profile§ observed in
other 6911 typeé héve not.been obtained. Progress avaiés
establising ;n extr#ction medium with a combination of

RNAase inhibitors sufficient to arrest this degradation.



Fig. B.1 Distribution of ribosomes 1im mouse

-lymphocytes stimulated for 50 hours with Con A.
: o . . ' -% =3
represents counts per nminute x 10 or. 10 .

represents gradient fraction number.

splenic
Ordinate
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