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and RNA between the fractions. This method was used to prepare large amounts of pure

DNA from three fractions of chromatin: condensed, intermediate and dispersed.

3. Evidence of changes in the distribution of fast, intermediate and slow renaturating
sequences of DNA during liver regeneration was éought by an investigation of the
kinetics of renaturation of normal and regenerating rat liver DNA. Studies of DNA
renaturation kinetics were also used to investigate differences in sequence distribution

in the DNA of the three chromatin fractions from regenerating liver.

4. The buoyant densities of DNAs prepared from fractionated chromatin of both normal
and regenerating rat liver were measured by analytical ultracentrifugation in an

attempt to detect differences in base composition.

5. RNA was transoribed in vitro from templates of unsheared condensed and dispersed
chromatin DNA prepared from normal and regenerating rat liver., This highly labelled
RNA was hybridised with a vast excess of DNA to detect the reiteration frequencies of

sequences in thé DNA of the different chromatin fractions complementary to the RNA,

6. The technique of hybridisation in DNA excess was also used to investigate the
complementarity of DNA sequences in the chromatin fractions with in vivo nuclear

heterogeneous RNA prepared from regenerating rat liver.

. 7. The results are discussed with reference to:-

i)  the transcriptional activity of different fractions of the genome,

ii) changes in sequences transcribed during liver regeneration (as a model of a
developmental process).

iii) the organisation of the mammalian genome,
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INTRODUCIION

7he problems vhich arise in studying the micleic acids of
higher organisms are many times greater than thosge encountered in
bacteria. The bactorial chrormosome consicts of a simple circular
DIIA moleculo not complexzed with protein, and the ways in vhich co=-
ordinated gene expression and repression are achieved are fairly
well understood. The size and complexity of the eukaryotic genome
make its analysis difficult; whereas each genome of the bacterium
E.coli has 2,7 x 109 daltons of DNA, in the rat, each cell micleus
contains 3.6 x 10'2 daltons of DA (Felli et al, 1971) which is
complexed with protein and distributed amongst 42 separate chromo=
somes.

During the process of development and differentiation of
mammalian cells, regulatory functions of a different Xkind from
those common to both prokaryotic and eukaryotic cells must be
effected. However, it is still difficult to account for the 1,000
times greater amount of DFA in eukaryotic cells. The DNA of
higher organisms differs from that of bacteria and viruses in its
kinetic complexity. then eukaryotic DNA is denatured and its
renaturation studied, a proportion of the genome renatures much more
rapidl§ than would be expected upon the basis of the size of the
genome, & second fraction renatures very slovly and some DNA
ronatures at a rate intermediate between these two (Jaring and
Britten, 1966; Britten and Kohne, 1968; Hetmur and Davidson, 1968).

Under the light microscope, each eukaryotic chromosome appears
4o be a relatively featurecless atructure having a centromere and
perhaps a secondary constriction, although some differontiation can

be detected by the use of specialised staining techniques. whilst
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4t ig known that the chromosomes contain most of the information
necessary to dictate structure and function of the organism, attempts
to elucidate the mechanisms of transcription, translation, organisation
and control of differentiation in higher organisms have met with

many difficulties. It is unfortumate that at mitosis wvhen the
chromosomes are most easily observed because they are highly

condensed and stain darkly, they are imactive with respect to DHA

and RNA synthesis.

It is known that there are certain fractions of the mammalian
genome which are not transcribed (such as mouse satellite DNA, Valker,
1971). The distinction between actively transoribed regions and
those which appear to be genetically inert has been a focus of much
attention since this may provide an insight into the mechanism of
regulation of gene action and the processes of development and

differentiation in higher prganiéms.

Cytological observations .
A cell mucleus during interphase contains prominent darkly

staining granules termed ?dh:onﬁtin! granules., At the beginning
of mitosis, these dots‘éan be secen as part of the coﬁdensing
chromosomes., After_dbserving diviegion cycles of the chromosomes
and the chromatin granules of interphase nuclei, Heitz (1928, 1931,
1933, 1934, 1935) defined two classes of chromosomal material:
euchromatin, which underwent a typical cycle of condensation and
‘unravelling and heterochromatin which maintained its compactness
and remained condensed and visible during interphase as large blocks

of Feulgen positive material. Heterochromatin tends to occur in
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similar rogions of the difforont chromocorZes of a species, usually
near the centromere (centric heterbchromntin) at tho ends of
caromosomes and in the vicinity of the nucleolar organiger, It is
frequently a major constituent of the sex chromosomes.

The hetorochromatin of mammalian somatic cells has been divided
into two classes, constitutive and facultative (Brown, 1966; Yaaminech
and Yunis, 1969). The first class, constitutive heterochromatin,
occurs in both maternal and paternal chromogomes at the same locus
during interphase and during condensation of the chromosome during
mitosis; 4it has no known function. Brown (1966) and Lima-de-Faria
(1959, 1968) comsider heterochromatin to be a state of chromatin
rather than a specific substance, because it does not occur at all
stages of development and is thought to have variable expression in
adult tiosues since different types of cell in a mature animal have
different interphase chromatin pgtterns. In contrast with this
view, Lee and Yunis (1971) suggest that constitutive heterochromatin
chould be regarded as a specific substance. Thelr work on
nicrotus asrestic shows that the constitutive heterochromatin is
located in specifiec hdmolbgous chromosomes, can be scen even in
early embryogonesic and is present in the same chromosomes throughout
developnent.

Aetorochromatin is described as facultative or functional when
one chromosome of a houologous pair is condensed and the other
euchromatic; +this is often agssociatod with the turning off of the
genes involved. The most strilcing oxample of facultative hetero—~
chromatin occurs in the X chromosome of female mammels. One of the

tvo X chromosomes becomes heterochromatic in all somatic colls
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except those vhich go to forn the germ cells. In humans wvith multiple
X chromoscnes only one of the X chromosomes is euchromatic; all the
rcmainder become heterochromatic and are visible as multiploc Barr bodies

’——_—"_’_—;_ﬁ_—‘———_‘-\
or sex chromatin granules in interphase (fuclei. Such observations,

together with the cvidence of genetic imaciivity of the X chromosome,
were correlated by Russcl and formulated into a hypothesis by Lyon
(1961). According to the imactive X hypothesis of dosage compensation,
the genes of one or other of the two X chromosomes become insctivated
at an carly stage of cmbryonic dovelopmont.  The choice of vhich

X becomes inactive in each cell is randon, As a result, clones of
cells arise within an individual female, some having the maternslly
derived X, others the paternal X in an active condition. Recently,
Cohen and Rattuzi, (1971) and Hamerton and Gianelli (1971) have made
an impregsive inverse correlation betweon late replication of horse
and donkey X chromosomes and the expression of the X-borne gene

G6PD. The similar cytolozical apéearance of facultative and
constitutive heterochromatiﬁ suggesté that there may also be'a
correlation of genetic inactivity éith the heterochromatic state

in constitutive heferochromatin aithough there is as yet no evidence

for this.

DNA sequence repetition, staining and in situ hybridisation

essociated with heterochromatin

The definition of heterochromatin given earlier vas related
to its behaviour during the cell cycle, and the staining properties
associated with these tightly coiled regions of chromosomes. i7hilst
the facultative heterochromatin appears t0 be associated with the

inactivation of genes, the constitutive heterochromatin is thought
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to consist of material which is genetically inert (Yasmineh and
Yunis 1969, 1970). The association of heterochromatin and
satellite sequences may suggest some similarity of function.
Cooper (1959) sugzested several possible functions of heterochro-
matin mainly concerned with the regulation of gene activity but he
also placed emphasis on the functions of heterochromatin at
centromeres and telomeres, involving such processes as breakage
and rejoining of chromosomes and pairing or association of the
terminal heterochromatic regions.

Although mouse satellite DNA does not seem to code for a
corresponding fraction of RNA in vivo (Flamm, Walker, McCallum, 1969)
i1t was thought that it might be possible to determine chromosomal
locations for sequences of satellite DHNA by hybridising single
stranded satellite DNA to cytological chfomosome preparations which
had been denatured. Jones (1970) and Pardue and Gall (1970)
prepared pure tritium-labelled mouse satellite DNA and complemen-
tary RNA. These groups showed that both the satellite DNA and its
CRNA hybridised in situ to cytological preparations of mouse
metaphase chromosomes bound énly to the centromeric heterochromatin.
During interphase, satellite DRA bound to the chromocentres, dense
chromatin and nucleoli.Pardue and Gall (1970) showed that although
both X and Y chromosomes are heterochromatic at various times
satellite DNA only binds to the centromeric regions of the X
chromosome, not to the Y,and it has therefore been suggested that
there is another class of heterochromatin in the Y chromosone,
distinct from those of constitutive and facultative heterochromatin.

The resolution of the technique of hybridisation in situ to
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cytological preparations has been greatly advanced by studies
using the insect giant salivary gland chromosomes (Hennig, Hennig
and Stein; 1970).

The function of centric heterochromatin and associated
satollite is controversial. Cooper (1959) sugzested that it was a
neutral or genetically inert paterial acting either as an anchorage
or dispensable subatance during processes such as translocation or
centric fusion. Hon-homologous association of the telocentric
chromosomes is known to occur in vertebrates (Ohno, Stonius, Faisst
and Zenges, 1965). During the process of fusion of the centromeres
(Robertsonian transformation, Robertson; 1916) some of the peri-
contromeric DNA may be lost, Mattoccia and Comings (1971) suggest
that 1t would be advantagcous to have genstically inert DNi, or
DNA consisting of highly repeated sequences (which might be
considered relatively expendable) collected msar the centromere.
This view however does not receive universal support. Ualker (1971)
conciders several possible functions for ropeated satellite
sequencies and neterochromatin in the chromosomal housekeeping
functions (Yalker, Flamm and licLaren; 1969)., +the centric hetero-
chromatin may be directly associated with the properties of the
centromeres.themselveg and affects pairing and disjunction
(Toviteki, 1955; Sandler and Wovitald, 1957; Lindley and Hovitsoki,
1958). Chromosomes with a common origin tend to gegregate
together (Michie, 1953; Vallace, 1953) and this is associated with
tho presenco of a special distribution of heterochromatic material
causinz similarities of segregation behaviour. The actual

relationship between heterochroratin and satellite DNA is still




not known. Satelllte DNA itself may be heterochromatic, or
satellite and heterochromatin may be intimately associated because
the chromosomal condensation of heterochromatin involves the
satellite sequences. A third possibility is that satellite sequences
and heterochromatin have a similar chromosomal distribution because

of some association of function.

It was reported by Pardue and Gall (1970) that centromeric
heterochromatin is preferentially stained by Giemsa stain. It
therofore appeared probable that regions staining darkly with
Gicmsa after denaturation and reannealing 4ndicated the presence
of highly reiterated‘DNA. Examinations of human metaphase
preparations were undertaken (Sumner, Evans and Buckland, 19713
Gagné, Tanguay and Larberge, 1971; Yunis, Roldan and Yasmineh, 1971)
and attempts vere made to correlate the dark staining regions with
the established areas of heterochromatin and late replicating DNA
(ohno, Kaplan and Kinosita, 1957; Church, 1965). By analogy
with the in situ hybridisation studies in mouse, it was assumed
that the dark staining centromeric region in man represents a reglion
of highly repeated sequences. However, mouse satellite represents
10; of the genome whereas present studies indicate that human
satellites represent only 2.5, of thse genome (Corneo, Ginelli and
Polli, 1968, 1970). There is however a moderately repetitive
fraction of mainéﬁﬁffjnﬂﬁ which forms 8 (Southern, pers. comm.)
to 155 (Corneo et al, 1970) of the gemome. This still cannot account
for the 50;° of the enome which is observed to gtain darkly. A
further problem is thot the nucleolar organiser rezgion which might

be expected to contain DHA which renatures rapidly (Birnstiel,
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Spiers, Purdom, Jomes and Loening, 1968; Attardi, Hweng and Kabat,
1965; Ritosea and Spoigelran, 1965) is very pale by this technique.
The cytological techniques outlined are of the greatest
importance in clarifyinz the relationship betucen chromosomes and
chromosomal components,  However, there are at prescnt n2ny
unresolved problems, not least of which is the relationship
between the resulis of the cytological investigations and those of

the biophysical and biochemical studies to be described next,

Isolation of chromatin fractions
Cooper (1959); Frenster et al (1963); Grumbach, Horishawa and

Taylor (1963) have suggested that heterochromatin and euchromatin
differ in gene expression and that heterochromatin represents the
part of the genome vhich is repressed. The nature of heterochro-
matin is a problem of great importance, and in order to study its
properties attempts have been nade to separate it physically from
the euchromatic portion-of the genome.

Frenmster, Allfrey and Hirsky (1963) estimated that approximately
8075 of the chromatin in the differentiated 1ympﬁocytes obtained from
calf thymus was visible as condensed Feulgen-positive masses. It
vas postulated (Allfrey and Mirsky, 1962) that much of the inter-
phase lymphocyte DA is-inactive with regard to messenger RNA
syntheéis. The gene inactivation hypothesis of cell differentiation
postulates that as a cell differentiatcs those genes not involved in
this process are inactivated by some form of repression mechanion.
The differentiated state of the cells seemed to correlate with the
amount of heterochromatin observed. Frenster et al therefore

attempted to separate these condensed chromosomal segments of
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hetorochromatin from the more extended cuchromatin fibrile using a
technique of brief sonication of the nuclei followed by diffcrential
contrifugation. Incubation of nucled wvith isotoplic precursors
indicated that the DIIi, RIN.Y and protein aynfhesis of the "hetero~
chromatin” fraction vas decreased with respect to that of the
"euchromatin” fraction.

Yasmineh and Yunis (1969) isolated three chromatin fractions
from mouse liver and brain nuclei by a medification of thc method
of Fremster % al (1963). Caesium chloride density gradient
patterns of the DNA from the "heterochromatin" intermediate and
"euchromatin” fractions indicated that the "heterochromatin” contained
about 70/, of the satellite DNA. Although mouse satellite DNA had
been described several years previdusly and it had been thoroughly
{nvestigated (Kit, 1961; Chun snd Littlefield, 1963; Varing and
Britten, 1966; Flamm, McCallum and Welker, 1967) neither its
function nor its cytological location were known. In mouse,
hoterochromatin appeared to be fﬁlly condensed in brain nuclei,
rather more diffuse in liver and'uncértain in fibroblasts. Hill
and Yunis (1967) and Pfluoger and Yunig (1966) found that condensa-
tion of constitutive heterochromatin was not aluays the same in all
tissues of an organiem, although the late replication of DNA is
thought to be constant in the constitutive heterochromatin of all -
somatic tissues. The unusual features of mouse satellite DA
(nigh AT content, tandenm repétition of sequences and specific
proportions in all mouse cells) suggested that the specific associa~
tion of satellite sequences with the "heterochronatin” fraction might

be peculiar to the mouse. Accordingly, fractionation procedures
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yore atienpted 4o othor aninnls.

Dractiosation oFf ruineca i~ chromatin showed that the
aheterochromatin® fraciion hud a fourfold carichuent of both a heavy
and a lisht satellito coupoment wiilet the vouchronatin® was almoat
dcvoid of satellite. ..n sltermative method of fraetionation was

dovcloped by Letarthy ond Qierkson (1970) who fractionnted chromatin

after shearing in a heooojeniser instead of conicating (ho muecled.
7he pellet fraction of msuse hiepatoma chromatin, aheared by this
cothod, contained an crxichment of eatellite DIAL “he cane
mothod of shcaring was aynlicd to erab DI and it woo fourd (hat the
oroportion of crab sateilito of poly-dnT (about 147 of the fenoRe)
and & orab GC-rich catollite were enriched in the pellot or “hetoro-
ehronobin® froetion. The most extreme oxanple of tho auor pciation
of o satcllite conponont with o donse ohvomatin fraction 1o <hat
~Aven by lasrioas af&i;"ti&tc& (1970) in their studies on tho kantaroe
rat. In this animal, aboud 43. of tho fotal BHA ig pregont as
gatellites =nd uhm can o ioplated with the hotercehsnotin DA
wideh cemprises 60 of the total DI,

| shess Sraetionnidcs procedures xovealod thnt o opoelfie
a:z%;eciatim a_f the ootclidso céﬁpﬁsm\ts and "*hetorochrormatin® seenmcd
to exist., A differcoee wos oLgerved Letween the shetcronbronatin®
frootiens of mouoo & gudmoa pisy, 4m hnt tho lattor conlained a
conpiderable anouns of cadt: band DIS uhich could uot be coparated
fron the “hotorochroratin® freciion cven by vory wicorous conication
(fasmdneh ond Funic, 1063, 1970). 4 comparizon of the fractionatien
of cal? chroralin by roscorehors with different cpitoris for dofindng

¢hoir “hotorochronatin” froctions showa iZat very diffcrent
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separations can be effccted. Tremster, Allfrey and lireky (1963)
vased their fractionation of calf thymus lymphecytos om the
morphology in both light and electron microscopes and by differonces
in isotoplc imcorporation, uhilst the technijue of Yasmineh and Tunis
(1971) for calf liver was adjusted to restrict the amount of satellite
in the "euchromatin" fraction. Uhilst the "heterochromatin" fraction
of Fremstor et al comprised 60-80 of the total DNHA and appeared to
be £lightly conteminated by "cuchromatin” (Jjudged by the clectron
md.croscope studies) the "cuchromatin” (10-30, of the total DNA) was
in a very pure state and shoued an isotopic incorporation three to
fouxfold greater than that of the "heterochromatin" fraction. The
"heterochromatin” of Yasmineh and Yunis contained about 36/ of the
total DNA and nearly all of the heavy and light calf satellite DHAs,
vhilst the "euchromatin® (287 of the total DNA) was almost completely
devoid of satellite. The amount of DNA in the demse fraction differs
widely between the two grouéso Bven though the two tissues nay
differ in the amount of constitutivo'heterochromatin or their response
to the extraction methods, this is sfill not sufficient to explain
the differences.

The presence of satellite DNA in fhe heterochromatin tends to
support the theory that constitutive heterochromatin is composed
at least in part of a specific substance, (Yasmineh and Yunis, 1969,
1970, 1971) rather than being a variable state of chromatin (Brown,
19663 Lima-de-Faria, 1969). (The presence of facultative hetero-
chromatin was excluded by using heterogametic animals). In early
experimenté, attempts were made to isolate chromatin fractions

corresponding both in proportion and activity to cytological
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heterochromatin and euchromatin. No hesitation vas shovn in using
the cytological terns for the separated chromatin preparations.
However, & variety of isolation tochniques have now been used on
different tissues from many species and mummerous modifications of
the isolating solutions, sonication procedures and centrifuzal
gpeeds have been jntroduced. An example of the differenccs which

v occur was given for the fractionmation of calf chromatin and this
shows the way in vhich confusion can arise, for both fractions are
called "heterochromatin”, altbhough they differ vexry significantly
in the proportions and amounts of micleic acids they contain.

In view of the fact there is little if any ecvidence to
assoclate these fractions with the cytological entities it is mig-
leading to attempt to equate the two. A gystem of nomenclature
waich would convey meaningful information about a method of chromatin
fractionation would define the organism and detailed conditions of
isolations, This syétem would be rather cumbersome, but confusion
could be avoided simply by rotaining the terms ouchromatin and
heterochromatin solely as a cytological definition of chromatin,
and using terms such as condonsed and disperscd for igolated fractions.
Further expérimental cvidonce like that described in this thesis will
help to éstablish whether such fractionations are meaningful and
unether the heterogemeity of chromatin in cells corresponds to the

differences found in icolated fractlons.
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The Rolationship betueen Heterochromatin and Late Replicating DNA

Autoradiographic evidenco that the DNA of hetorochromatic regions
io replicated later than that of euchromatin has been provided by
geveral groups. The first experiments were those on the large
heterochronatic X chromosome of the grasshopper and the hotero-

chromatin of Secalo cereale (Lima-de-Faria, 1969). Late replication

of the heterochromatin in root and leaf nuclei of plants has been
oxtensively studied (Darlington and Haque 1966; Evans, 1964;
Kusamagi, 1966) as has that in insects (Lina-de-Faria, 1969;
Barrigozzi et al 1966; Baor, 1965) and mammals (Taylor, 1960;

Heu, 1964; Fraccaro et al, 1965). The most detailed investigations
of the late repiication of heterochromatin have been made in man in
individuals with nmultiple X chromosomes where cytogenetic autoradio-
graphy has shown the nmber of late labelling X chromosomes to be
correlated vith the mumber of Barr bodies (liorichawa, Grumbach and
Taylor, 1962; Rowley et al 1963; Gianelll, 1964; Hsu and Lockhardt,
1964; Lima-de-Faria, 1965).

Uhilst it appears to be a rule that any region of heterochromatin
ig late labelling, it is not true that all regions shﬁwing later DNA
replication are heterochromatic. Recent experiments show that main
band DNA synthesised at thé beginning of S phase has a higher GC
content and buoyand;density than that synthesised at the end of S
phase. This was observed in several different mammalian cell
lines; 4in mouse L cells and HeLa cells by Tobia, Schildkraut and
liaio (1970) in L cells and Chinsse hamster colls by Bostock and
prescott (1971a & b) and in mouse lymphoma cells by Flamm, Be%eim

and Brubaker (1971). The change from synthesis of GC-rich DNA
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early in the oynthetic poriod to AT-rich DIIA later in the S phace
could be explained by tho hypothesis that cuchromatin was GC rich
and hetorochromatin main band DNA (kznovm to replicate late in o
phago) AT-rich.

Tyo groups have attempted to regsolve thisc problem by the
analysio of the buoyant dencity of fractionated chromatin., liattoceia
and Comings (1971) found that mouse liver "cuchromatin” DUA had a
higher buoyant density than that of main band DNA. Uhilst there
uas no difforence betucen the buoyant density of hoserochronatin
and total mainband DII from nuclei, a miclcolar fraction vas found
to have a sligatly lower buoyan: density than total moinband DHA.
Bostock and Prescott (1971) found no difference betueen the fractions
and total mainband DNA of rabbit, chinese hamater and mousc. These
attcapts to show differences in buoyant density between condensed
and dispersed mainband DIA analogous to those betwecen sarly and
late replicating DA have had somewhat inconcluoive results. It
is possible that the baco composition of mainband heterochromatin
and cuchromatin is'very gimilar but that the AT-rich sequences of
the formor replicate late in S phase, In autoradiographic experiments
thic might scem as if the whole of hetérochromatin was replicated
later than euchromatin.

On the other hand, there may be a genuine differcnce in base
composition, but the mothods of fractionation used may have concealed
it. In each case, the condensed fraction was adjusted co that it
contained most of the .atellite, althouzh the object was to detect
differences in the buoyant density of pain band DA,  If the shift

in buoyant dencity is cue to differential replicatiom of euchromatin
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and heterochromatin, a difference might be detected even in an
impure fractionation., It seemed that species differences might be
important in these studies, and in the rat, in vhich no distinct
satellite fraction has been found, differcnces between the buoyant
densities of the condensed and dispersed fractions might be visible.
In this work, the buoyant densities of DNA from dispersed and
condensed chromatin from both normal and regenerating liver were

examined.

Properties of Chromatin
One of the most difficult prdblems is to attempt to reconcile

the eytological observations thaf large regions of the chromosomes
are heterochromatic and the evidence that these regions are genetic-
élly inactive, with any of the current models of chromosome and
chromatin structure. The physical separation of chromatin fractions
nas involved two diffcrent conceptss Frenster (1963) postulated
that heterochromatin was genetically repressed and that the repression
was probably mediated by mclear polycations (Frenster, 1965).
 Yaemineh and Yunis (1969, 1971) thought that heterochromatin was
a specific substance, one component of vhich was satellite DRA,
although no particular method of effecting the heterochromatisation
vas postulafed. |

There is evidence to indicate that the metaphase chromosome
conéists of a tortuously wound fibre (DuPraw, 1968). The dimensions
of such fibres are extremely controversial, as is the interpretation
of the data about the substructure and number of fidbres per

chromatid (Taylor, 1960; Cairms, 19633 Huberman and Riggs, 1966).
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The structurc of chromosomes is an uaresolved problem. The most
commonly obaerved element in chromatin is a 100 { aiameter fibre.
X-ray analyses (/ilkins, Zubay and ilson, 1959; Pardon, ilkins
and Richards, 1967) have indicated that the primary nucleoprotein
fibre has a diameter of 35 R ana it is postulated‘that this has a
helical structure with a repeat distance of 110 2. Biophysical
studies imply that chromatin has a single duplex of DHA running
alonz its axis (B and Ris, 1971).

Frenster (1965) exzamined the ultrastructure of "repressed”
and "active" calf thymus chromatin during the chromatin isolation
procedure when the mucleil were swollen. The condensed masses of
npepressed” chromatin tended to be situated at the periphery of the
nucleus whilst the extended microfibrils of "active" chromatin vere
distributed between these masses in the centre of the nucleus and
were structurally continuous with them, although there was a sharp
transition between the twé. The difference was explained by
Frenster in terms of repression of the heterochromatin by polycations
such as histones and derepression of the euchromatin by polyanions
(phosphoprotoins or REL). IcCarthy and Duerkson (1970) melted both
the pellet and supernatant fractions of mouse hepatoma chromatin
and found that the Tm of the pellet fractions was much higher than
that of the supernatant (euchromatin) fraction. This finding
sugzested that the pelle% fractioﬁ c&ﬁfains the most condensed
portions of the interphase chromosomes in which the DNA and protein
are tishtly bound. (It has been shown that both the amount and
types of protein vhich are associated vith DNA in chromatin cffect

the temperature at vhich the chromatin reveals a hyperchromic effect
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(Donnor ot 21, 1968).

Chromosemes contain approximately equal proportions of DHA and
protein and a smaller amount of RilA, The largest fraction of these
protcins ic the basic histones, although about 20, of the proteins
aro acidic. One pocsible control mechanism in eukaryotes is that
transcription by RUVA polymerase might be controlled by protein
bound to the DNA., The specific magking and unmasking of the DNA
is thought to be the mechanism vhich is responsible for the development
and final differentiation vhich is achleved in oukaryotic cells
(Bomnor and Hvang, 1963; larushige and Bomner, 19663 Paul and
Gilmour, 19663 Bohner, Dahmus, Fambrough, Hvang, Harushige, Tuan, 1968).
It is possidble to transcribe the DNA f£rom chromatin using a bacterial
DNA dependent RNA polymerase. When the proteins are removed from
the DNA, much more of the DNA can be transeribed. This hypothesis
is by no means universallg accepted, and recent work by Clark and
Felsenfold (1971) and Itzéld (1970) suggosto that much more of the
DIA in chromatin may be open to transcription than hes been thought.

, The interpretation of experiments uging DHA 4n chromatin as & template
for bactorial DNA-dependent” RIIA polymerase presents problems.
Restriction of ﬁNA polymerase activity may only require that the
transcriptionai;starting point of each unit should be blocked,

An obvious corollary of any speculations upon transcriptioﬁ involving
the DNA dependent RHA polymerase is that in E.coli the specificity |
of transeription is regulated by factors which interact with the
polymerase core enzyme (Burgess, Travers, Dumand Bautz, 1969;

Bautz and Bauts, 1970). The complexity of the situation im E.coll
indicates that the regulation of transeription in higher organisms

may not only be more complex still, but involve quite different

mechanisns,
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Features of rodents and the rodent genome

In viruses and bacteria, the DNA consisis for the most part of
unique nucleotide sequences, whereas the DIA of higher organisms
is more complex. & large portion of the genome consists of
different families of repeated nucleotide sequences (Britten and
Kohne, 1968). Boltom ot al (1965) suggest that the fanilies of
oucleotide sequences comprising the large repRtitious fractions
have arisen from a many-fold duplication of an oxistinz nucleotide
sequonce. Britten and Xohne (19¢8) consider that a fanily is the
result of a relatively rapidly occuring saltatory replication.
They suggest that this phenomenon of excess replication of particular
gsequences is probably responsible for the divorgonce between species.
In some organisms there are nucleotide sequences whooe base
composition differs from that of most of the DNA so that upon
caosium chloride density gradient centrifugation, aafellitea of the
mainband DNA can ve seen (Kit, 1961). The sub-family Muridae of
the claes Rodentia (Simplici&entata) contains the species Rattus,
Mus, Acomys and Apodemus. Uhilst these animals are closely related
and the buoyant density (GC content) of the mainband DNA is almost
jdentical in all species, none of them have common satellites
(Hennig and Yalker, 1970). This suggests that the satellites have
arisen since these species divergod from each otheor.

In the ra%, there appoars %0 be no fraction comparable to
aouse satellito DA, Steele (1968) purified nucleolar DA from
rat and found in addition to mainband DIl with a buoyant donsity of
1,700 g as=3, o 1ignt satollito of 1.692 @ cu™> and o heavy satellite

at 1.708 g cm's. “hilet the heavy satellite contained 8.. of the
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total mucleolar Diii the proportion of mcleolar DNHA in the total
DI. was only 3 . These rat satelliteo therefore comprise less than

1

1" of the genome, It ip clear that the comsiderable amounts of
nfagt® and "intermediato” fraction DNA in the rat (estimated by
Hennig and Jalker (1970) as 107 and 4. respectively) cannot be
accounted for in texrms of satellite DA and yet arc discrete portions
of the genome with respect to renaturation behaviour. It vas
thorofore of interest to investigate whether an isolated chromatin
fraction in rat would have any enrichment for repeated or rapidly
ronaturing sequcnces.

Tho posaible functions of the tandemly repeated sequonces of
mousc satellite D) have becn the subject of several different
interpretations, Britton and Kohno (1968, & & B) see these seyuences
in an evolutionary context as an end product of certain replicative
evolutionary events vhereas ;alker~(195§3{i§ji§ ouggests that they
may have some functional role as for exzample in the regulatién and
maintainance of chromogomal organication, tho housekeeping functions
of chromosomes. <Southeora's studios on the satellites of guinea
pig (Southern, 1970) and mouse (Carr-Brown, Southern and Jalker
unpublished; quotedAin Coutheorn, 1970) inﬁicéte that the basic
nucleotide sequence of satellite DNA is very shors, but that it has
been subject to random mutations at & rate net 1ood than that of the
remainder of the genoue. Jhis suggests that gradual mulitiplication
vith an acecumulation of mutations is more likely than saltatory
roplication as a method of orizin of satellite Dila, and that the
pequence is not involved in tho satellites function, since it does
not appear subject to conservation or selection.

The fractionations achieved by Yasminsh and Yunis (1969, 1970,
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1971) shoued an agcociation of satellite DNA with the "heterochromatin”
froction and accordinz to their hypothesis, constitutive hetoro-
chroratin ic present in cll animals at all devolopnental stasges.
Houcver Frenster et al (?953) had argued that the hetorochronatin
represents the repregsed portion of the genomo and in o non-differen-
tinted developing coll this fraction chould bo dereprespced. If it
is possible to isolatc & fractlon corrosponding to cytological
hotorochromatin, then it is of particular importanco to sec if the
condenced fraciion io constent throughout development. The use
of male rats ozcludos the prcoence of facultatlve heterochronatin
in the condenazed (chroantin fraction, and the study of regonerating
liver in male rats provides a suitable developmental gystem in which
the nmothod of preparation is relativoly simple and the yield of
material adequate. |

Higgins and Andorson (1932) reported that the removal of two=-
thirds of the liver of rat vas folloved within 24 hours by very
rapid regenoration of the liver. 7ho proliferative response ig
indicatcd by a burst of DIL synthesis vhich can be mecasurcd by the
incorporation of radioactive precurcors into DI, This begins to
occur about 15418 hours after partial ﬁopatectomy and rises to a
peek at 20-24 hours, IHdtotic cctivity follous the DL labelling
by about 6-8 hours (Hazimecss 19523 Géishan 4960, 1962). 1In
regencration (or moro opecificelly, componsatory hyportrophy and
hyPO?plasia) all {he collular clemento are not restored in parallel,
Conopicuous carly chanzeo and cnlargcacnt occur in the parcnchynal
cells vhich constitute 90-85 ) of the total hopatle ccll zess but

only 60-65;5 of the populction, After partial hepatcctcmy, the
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synchronication of the cells is such that approximately 605 of the
cells will enter mitosis together, (Harkness 1957; Daost 1958;
Kostorlitz 1958; Leong et al 1959; Brosvick 1964). Feu systems
with oynchronisation of this magnitude can be achicved in vivo.
The mitotic activity of normal adult rat liver is in the range of
0.005,: to 0,01, of the total parenchymatal cell population, (Biuecs
and Ilarble 1937; Abercrombie and Harkness 1951). Consequently,
these cells have a minimal rato of DNA synthesis.

In contrast to the relatively delayed changes noted in the
synthesis of DHA in rogenerating liver, altorations in the RNA
precursor incorporation are observed as early as 2 hours after
hopatectony (even in normal rat liver, RNA turns over at an
appreciable rate). Therc are several reports of an acceleration
of incorporation between 3-6 hours (Bucher and Swaffield 1969;
Schneider and Potter 1957; Hechit and Potter 1958). The meximum
rate of RNA synthesis is obaserved from 12-30 hours postoperatively
(Ericsson gt al 1951; Hammerston 1951; Nygaard and Ruseh 1955).

Using RHA-DNA hybridisation and competition, Church and
lcCarthy (1967) found that the increase in the level of hybridisation
was consistent with a dramatic increase in the mumber of active
sitos after partial hepatectomy, but that as regeneration proceeds,
tho synthesis of the difforent molecules is gradually diécontinued
at different stages. The new RNA species, synthesised in response
to partial hepatectomy were compared with those formed durlng
embryonic development, and it vas found that embryonic liver RNA
can compete with RNA produced during regeneration. Their conclusion

from these experiments wvas that in adult liver, many genes are
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repressed but that during liver regeneration there is a reactivation

of genes similar to the processa occuring during normal development,
Undér the conditions used in these experiments only RNA complenmentary

to the highly reiterated DNA would hybridise (Melli and Bishop, 1969),
and it is unlikely that specific messenger RNAs involved in regeneration
would be detected.

Paul (1970) reports experiments which demonstrate the marked
alteration of masking of the DNA in the chromatin of regenerating
rat liver and kidney., These experiments show that by measuring
the transeription of RNA in vitro of isolated chromatin fractions,
the DNA appears to remain masked in a way vwhich reflects the
masgking of the same sequences in the animal, These investigations
were performed in conditions in which only the repftitious sequences
were hybridised, but it is possible that the situation which was
observed with regard to these sequences might reflect the behaviour
of some of the non-repeated sequences,

In the absence of a satellite DNA fraction in rat, the question
éf whether a significant chromatin fractionation could be achieved
waa central to the investigation, and an extension of this question
was whether a condensed chromatin fraction would contain an
enrichment of repeated sequences. Mouse gsatellite DRA appears not
to be transcribed in vivo (Flamm, Walker, lHcCallum 1969) and it
was therefore of interest to see whether the condensed chromatin
fraction of rat was transcribed in vivo by doing hybridisation
studies in conditions of DNA excess with cellular RNA.

The existence of a unique fraction of RNA in the mucleus of

eukaryotic cells was demonstrated in duck erythroblasts by Scherrer,
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Narcaud, Lajdela, Loudon and Gross (1966); Attardl, Parmas, Hvong
and Lttordi, (1966) and in Hela cells by iarmer, Soeiro, Birnbolm
and Darnell, (1966), Pemman Smith and Holtzman (1966). The RIA

13 heterozoncous in scdimentatlon behaviour yith S values from
10-200S. It has a Dili=like base composition and hybridises rapidly
Ath cellular DHA (Pexry, Srimvasan and Kelly, 1964; Birnboim, Pene
and Darnell, 1967; Sociro, Birmboim and Darmell, 1966; Yoshikava
Pukede, Pukada and Kevede, 19653 Attardi ot gl 1966). It io
probable that this RIl: is the rapidly turning over RNA whoso presenco
vag inferred by Harris (1963) and uhich hag variously beon referred
%0 ag nuclceoplasmic RIY, giant R, DilA=1iltc=RIJA, and hetcorogeneous
nuclear RNA.

The nuclear heterogeneous RHA (HnRNA) ropresonts a considorable
proportion of the total RIlA produced in a cell. The rapid turnover
of this RNA is indicatcd by the fact that during short periods of
incorporation of radioisotopos it reaches a high specific radioactivity
and constitutes the major part of cellular RNA iabelled during a
chort pulse, From the kinetics of formation and turnover, Attardd
ot al (1966) thougat that EnRNA vas not related to nessenger R,
and according to Penmen, Vesco and Pemman, (3968) the two species
could mnot be reparded as having a precursor product relationship.
Later experiments by Pennan, Rogbach and Penman (1970) used the
drug coxdycepin (BQdeozwadenosine) yhich completely inhibits the
gynthesis of mitochondrial RIEA and mesgenger RNA and causes
prenature tormination and relecose of nascent RNA in the micleolus.
The synthesio of 4S,55 and HnRHA does not sesm to be affectcd by

Cordycepin. Since Penman et al found that Cordycepin had no effect
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on the labellinz of HnRili, they pugzested that messcrnger REA and
OnRIA are synthesised separately.

Ividonce ip mou accwnulating vbich indicatos that messonjzer
7IA mey boe related to ImRIl. 1% iz nou lknown that Cordyccpin
blocks the synthesis of poly A sequencos. Thege gequences arc
thought ¢o be involved either in the moturation of lonz transcriptio-
nal units into their clcavago products (Bdmonds, Vaughan and Haltazato
1971) or im the transport of mRNA from the mucleus (Los, lMondecki and
Bravornan, 1971). Fxperimonts by Uall and Darnall (1971) bave ghoun
that 4in oF 40 transformed mouso 313 cells, SV40 specific RINA is
found both in the Halll\ and cytoplasmic RIA, and that the latter
i dorived f£rom the HniKA procursor. Since the scdimcntation values
of HnRila (from 2003 %o 103) are much greater than thoso of tho
messenger RHA on cytoplaamic polyribosomes, it has been pootulated
that cleavage of the large molecules ocours. (Several RNA species
in ecukaryotic cells are known %o pass through maturation processes
vhich change their slze and properties. Both ribosomal and transfer
RNA arc synthesiced first as large molocules and then undergo o
cleavase proceés, or iﬁ the case of ribogomal RNA peveral successive
degradations vhich yield the %vo £inal ridbosomazl molccules 18S and
285 RNA). ‘The hypotheois thot mRNA mizht be produced by a messenger
precursor is supported by Ryshov and Georglev (1970). Indeed the
theory of geno reculation proposed by Georglev (1969) is dependent
upon the cleavage of a large precursor molecule to yield both a
tpanoceribed but non~conserved portion (vhich is invelved in
regulation and degraded in the nuclous) and messenger A, 1t vag

thercfore of importance to exzamine the hybridisation of HrRNA with
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the fractionated chromatin DA since this would enable me to identify
the fraction of chromatin from which particular sequences in the

HnRUA were transcribed.

Studies on in vivo RNA would only detect differences in the

sequences from vhich that RNA was transoribed. In order to examine
differences in the total sequences of the fractionation, RFNA was
synthesised in vitro with a bacterial DilA-dependent RIIA polymerage
using fractionated chromatin DNA as template. Hybridisation of
the enzymically synthesised in vitro RNA with the condensed and
dispersed DHA fractions in conditions of DNA excess, might reveal
differences in the template DNA and the cRWA transcribed from it.
Both normal and regenerating condensed and dispersed DIIA fractions
wore used as templates for cRNA synthesis in order to detect any

change in the distribution of sequences in regenerating tisoue.
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ABBREVIATIONS

Deoxyribonucleic acid
Ribomucleic acid
Deoxyribonuclease

Ribonuclease from bovine pancreas

Ribonuclease from Aspergillus oryzae

Heterogensous nuclear REA
Transfer RNA

Ribosomal RHNA

tiepgenger RNA
Complementary (enzymic) RNA
Adenosine 5' triphosphate
Cytidine 5' triphosphate
Guanosine 5' triphosphate
Uridine 5' triphosphate
Thymidine 5' triphosphate

‘Inorganic orthophosphate

Inorganic pyrophosphate

Polymer of the deoxynucleotides adenosine and

thymidine

The ratio of the bases G + C to that of the
bases 4 + T in a given nucleic acid

The product of the concentration of nucleotide
soquonces of the renaturing DNA (Co, in moles
per litre) and the time of incubation &, in
scconds) Britten and Xohne (1968)

The Cot at which half the DNA ig rematured

The temperature at which half the DHNA is
denatured.
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EDTA Ethylene diamine tetracetic acid
SLS Sodium lauryl sulphate

&sC Standard Saline citrate

Tris Tris (bydrozymethyl) aminomethane
TCA . Trichloracetic acid

PCA Perchloric acid

EAP Hydroxylapatite (calcium phosphate)
PPO 2-5=Diphenyloxazole

Dimethyl POPOP 1, 4 bis=-2- (4-methyl-5-Fhenyloxagole)-Benzene
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BUFFERS AIID SOLUTIONS

Colunn Buffer

0.3l NaCl; 0.01H Ha acotate pH 5.0, Prepared as a concentrated

311 sodium chloride, O.1H sodiun acotate solution.

Standard Seline Citrate

0.15!1 sodium chloride, 0.015 tri-sodium citrate. Tho pH is

adjusted to either 7.5 or 5.0 vith concentrated HC1.

Pancreatic Rlase

A Sy

Ribonuclease A from bovine pancreas, 5 times crystallised. This
ig dissolved in 2 x SSC pH 4.5 at 10mg/ml and boiled for 5 mimutes
in a boiling water bath to inactivate any contaninating Dliase.

The solution is chilled and the pH adjusted to 7.5 with O,1NaCH.

Tf RNase

Ribomuclease T1 from Aspersillus oryzae in 2 x SSC at a concentration

of either 10,000 or 1,000 units per ml.

Dilage
Deoxyribonuclease 1 from bovine pancreas, electrophoretically
purified 4o freo it from conteminating RWase. This is dissolved

in 0.1H potassium acetate pH 5.0 at a concentration of 2ng/ml.

Poluens-PPO POPOP counting fluid for 32? and 14C

———

Contains 12.5gz PPO (2, S-Diphenylozagole) Scintillation Grade and
750mg dimethyl POPOP (Scintillation Grade) in 2.5 litres of Analar

Toluens.
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Butyl PBD=Toluene—2_ ethoxyethanol counting fluid for 311

8g of Butyl PBD in 1 litre of Analar Toluene, 600ml of Butyl PBD-

toluene + 400ml 2-ethoxyethanol.

74nc Chloride treated Visking Dialysis Tubing

Dialysis tubing placed in a 645 chl2 solution and left for 15'.

The tubing was washed three times with distilled water, three times
with dilute (0.5N) HC1l and three times again with distilled water.
The tubing was then boiled in 0.01¥ EDTA pH 7.0 and washed thoroughly

with distilled water.

Bovine Serum Albumen

Albumen (fraction V) from bovine serum was dissolved at a concentration

of Smg/ml in 100ml distilled water.

1.2 Phosphate Buffer

1.2M NaH,PO, and 1.2 Na, HPO, mixed in equal volumes.

2
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HATERIALS

DNase 1

Pancreatic RNase Sigma Biochem., Inc. London.
T{ RNase

Protease

Tris

Bovine Serum Albumen

HAP (Calcium phosphate) Kodak
Diethyloxidoformate

32p orthophosphate
3H uridine triphosphate Radiochemical Centre, Amersham.
3H thymidine

C adenosine triphosphate

Male albino rats . : Small Animal Breeding Station,
Bush Houge, Edinburgh.

Oxoid Filters

Dulbecco Saline Oxoid Ltd. London
Sephadex Pharmacia
GF/C glassfibre Jhatman

Filtor paper
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MATRIALS (cont.)

Butyl PBD Ciba Ltd

) Packard Ltd.

POPOP (Scintillation)

4th the exception of the materials above, all chemicals were

obtained as 'Apalar’ grade reagents from Britisch Drug Houses Ltd.
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(1) Preparation of luclear DIV}

1.

3.

4.

5.

6.

lale rats, body weight 170 gram (% 15g) were starved overnignt,

and killed by decapitation.

Nuclei were prepared frem the rat livers by o modification of
the method of Chauveau, loule and Roviller (1956). The livers
wore romoved and placed in jece-cold 0.25l1 sucrose; 0.025H KC13
0.05H Tris-HC1l pH 7.5; 4umi MgCla, blotted, woighed and homo-
genised at 4°C in 10 volumes 2.2l sucreso; Jmi I-IgCl2 usinz o

glage teflon homogeniser.

The homogenate was spun for 1 bour at 8% in the 8 x 50 rotor

of the MSE Superspeed 65 Ultracentrifuge at 32,000rpm.

DﬁA was prepared firom the pucled by a modification of the
method of Birmstiel, Vallace and Fischberg (1966) which is
dorived from that of Marmur (1961). The mclei vere lysed in
17 SLS; O.1M NaCl; O.O1H Trie-HC1 pH 7.5 at 20%; 10ml EDTA.
One-tenth volume 3H Tris pH 8.3 and ono quarter volume S5H
NaClO4 were added and the DNA was deproteiniged by shaking

with an equal volume of 1:1 chlbroform: redistilled phenol.

The suspension was cleared by centrifugation and the interphase
and phenol phase re~cxtracted wvith an equal volume of 1l

sodium perchlorate, 0.25M Tris.

The booled aqueous phases vere then extracted with an equal
volume of 1:1 chloroform: phenol and centrifuged at 8,000rpa

in the GSA rotor of the corvall for 10 mimutes.
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T. The aqueous phase was placed in Zn012 treated Visking dialyseis
bags and dialysed against 3 changes of 0.1 x Si3C and then against

2 x S5C.

8.  The dialysed solution was then treated with 50ug/ml of
pancreatic Riase and 4 units/ml of 71 RNase at 37°C for 2 hours.
400ug/ml of Promase were added and the incubation continued

for a further 2 hours.

9. The solution was deproteinised with am equal volume of 1:1
chloroform phenol. Shaken by hand for 10 mimites and
centrifuged at 8,000rpm in the GSA rotor of the Sorval.

The aqueous phase vas re-extracted with an equal volume of 1:1

chloroform: phenol.

10. the aqueous phage vas dialysed exhaustively against 2 x SSC

40 remove nucleotides, chloroform and phenol.

11. The DNA solution was then treated with a second cycle of Rliase

pronase digestion (repeat of steps 8-10).

i2. Thé solution was then dialysed exhaustively against 0.1 = S3C
and the DA concentrated by centrifugation at 32,000rpn for
16 hours in the 8 x 50 rotor of the IISE Superspeed 65 Ultra-
centrifuze. ‘e pellets were resuspended in a gmall volune

of 0.1 x S5C pH 7.0.
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(2) Preparation of ifuclear RHA

1. 5 male rats, body weight 170 gram (i 15g) were starved overnight

and killed by decapitation.

2. The livers were removed and nuclei purified as described in

Section 1 steps 2 end 3.

3, The nuclel vere lysed in 1;c SLS, 0.1H NaCl; 0.01I Tris-HC1 pH 7.5/
10mM1 EDTA and the solution deproteinised by extraction with an
equal volume of chloroforms redistillecd phenol. The solution
wag shaken by hand for 10 minutes and centrifuged at 8,000rpm

in the G331 rotor of the Sorvall.

4, The phenol phase and interphase were re-extracted with O.1H
NaCl, 0,011 Tris-HC1 10mif EDTA. Shaken for 10 minutes and

centrifuged at 8,000rpm.

5. ‘The pooled agueous phages woere re-cxtracted with an equal

volume of 1:1 chloroform: phenol.

6. The mucleic acidsvwere precipitated from the aqucous phase by
the addition of one tenth volume of 2I sodium acetate pi 5.0
and 2 volumes of absolute alcohol. The solution vas placed
at -20°C for a minimum of {1 hour. The nucleic acids vere
polleted by centrifuging at 10,000rpm for 10 minutes in the

Sorvall.

7. The pellet was resuspended in 50mil Tris-HC1 pH 7.5, TmH !gCl,.
50ug/ml of electrophoretically pure DNage was added and the

solution incuvated for 30 minutes at 37°c.
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8. The solution vsas oxtracted with 131 chloroforn: phenol, shaken
for 10 minutes by hand and contrifuged at 10,000rpm for 10
minmutes. Tho aqueous phase was re-—extracted with 121

chloroform: phenol.

9. The RNA was precipitated from the aqueous phase by the addition
of }10 volume 217 sodium acetate pH 5.0 and 2 volunes of

absolute alcohol.

10. The centrifugal pcllet vas disgolved in 2mnl of 0.3l HaCl;
0.0 sodium acotate and passed through & 2.5cm x 45cn (ped
volume 200ml) column of Sepbadex SPe 50 to free the RNA from
nucleotides and oligonucleotides. Fractions were eluted with

0.3 NaCl, 0.01H sodium acetate.

11. The UV absorbancy of each fraction vas examined in the Beckman

DB Spectrophotometer at 260, 280 and 320 nanometers.

12. The peak fractions from the column were precipitated with 2
volumes of absolute alcobol placed at =-20°C for 1 hour and
contrifuged at 10,000rpm for 15 minutes. The pellets were

redisoolved in & small volume of O.1 z 3SC pH 7.0.

(3) Tests Lox purity of DIA

1. Initially, the purity of the DNA was checked by examining its

ultraviolet absorption spectrum in a spectrophotoncter

Eo60/E230 2
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lethod § for radioactively labelled DIli

The DIIA was tested by digestion with DNase and Riagse. Four
aliquots of DNA in 50mll Tris; TmM MgClz vere prepared. To
tuo of these aliquots, 20ug/ml of electrophoretically pure
DNase were added and all the samples were incubated at 37°C

for 20 mimutes.

4 aliquots of the DNA im 2 x SSC vere prepared and the samples
were placed in a boiling water bdbath for 6 minuﬁes~and quenched
jce. Tuo of the gamples were digested with 20ug/ml of
pancreatic RNase and the remaining tubes served as controls.

All the samples were incubated at 3700 for 30 mimtes.

All the samples were precipitated by the addition of 500ug of
Bovine Serum Albumen and them 507 TCA to a final concentration
of 10f. The samples were allowved to stand for 20 minutes and
filtered onto GF/C giassfibre‘filters, each bube vashed 5

times with 55 TCA and filtered. and the filters were dried in

a vacuun oven.

Samples in which the RNA was labelled with °H were digested
with 0.4ml of 0.88 8.z, ammonia for 2 hours and then counted in
10ml Butyl PBD-Toluene-2 @thocyethanol. To samples labelled
vith 32P or 140, 10m1 of Toluene based scintillation fluid were
added. All samples were counted in a Packard Tricarb Liquid

Seintillation Counter 3%320.



B.

Te

10.

37.

As an alternative to RWase and Dinse digestion, 4 aliquots of
the solution were prepared, and 2 were made 0.311 with KOH.,
A1l the samples vere taken to the samo volume and incubated
at 37°C for 1 hour. The samples were then precipitated with

BSA and 7Ci as in Sections 3.4 and 3.5.

For nonpiubtopicallz labelled DNA

The optical density of duplicate samples containing approximately
BOpg/ml of DIt wes measured in the Beckman DB Spectrophotometer

at 260 and 320nm.

One tenth volume of 6N KOH was added to each DIIA sample and %o
the water blanks. ‘The samples were incubated at 37°C for
{ hour. A volume of 70, perchloric acid equal to that of
the KOH was added to each sample. The samples vere nixed and

alloved to stand for 20 minutes in ice.

‘he precipitafe of potassium perchlorate and DA was centrifuged
in the HB4 rotor of the Sorvall at 10,000rpm for 15 minutes.

The .supernatants weré carefully decanted into clean tubes and
the absorption spectrum of the supernatants'at 260rm were

read against that of the water blanks.

Only DNA samples heving negligible contamination by alkali-labile

or cold acid#soluble raterial were used in cxperiments.



38.0

(4) tothods for testinz the coptanination of ML by DIl and

nase sensitivity of RIA

1. ho ultraviolet zbsorption spectxum of the raf liver RIA
golution was examined

Za60 /B280 2.

A. Contamination by alkali - resistant radioactively labelled
material tested by KOH digestion

2. TFour aliquots of the RNA solution vere taken, and two samples
pade with O0.31 with KOE. All the samples were adjusted to

the same volume and incubated at 37°C for 1 hour.

3, After the incubation 500ug of yeast carrier RFA oxr 5002 of
bovine serum albumen wvere added and all the samples were
adjusted to 10,7 TCA with 50> TCa.  The precipitated samples
were allowed to stand for 20 mimutes and vere collected by
£iltering through Jcm oxoid filters or GF/C glassfibre discs
under ggntle rvacuun, Each tube was rinsed 5 times with 5.
TCA and the filters then washed hith 20mls of 5. TCi. Oxoid
filters were dricd with 1:1 alcohol ether, and ether and
glassfidbe discs dried in a vacuum oven for 30 minutes. The

discs were counted as described in Section 3.5.

B. Rllase and Diase digestion of isotopically labelled R\

4, An estimate of the purity of an RiJA preparation and the amount
of RNA in a double stranded state vas gained by pancreatic

Rijagse digestion of the samples with heating and quenching.
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Heating of dodblo stranded RIA denaturcs it and if rapidly
cooled and thon subjected to RNasoe digestion, all the RIA ds
susceptiblo to digestion in contrant with undonatured doublo

stranded RIA wvhich is resistant to pancreatic Rllage.

A solution of the RNA to be tested vad divided into {12 aliquots.
8 aliquots vere adjusted to a calt concentration of 2 x $3C and
4 of these samples were placed in a boiling water bath for 6
mimtes, then quenched in ice. 2 of the boiled samples Uwero
digested with ZOpg/ml of hoat treated pancrcatic Rilase and tho
remaining 2 samples served as treated control tuboes. 2 of

the 4 untrcated tubes were treated with RiFase and the 2
remaining tubes as their controls, 411 samples were incubated

at 37°C for 30 mimutes.

The remaining 4 aliquots were made 7mM with regpect to HgClZ
and 50m with Tris-HC1 pH 7.5 at 30°C. 2 sauples were
tyreated with electrophoretically pure DNase apd the two sanmples

and 2 controls vere incubated at 37°c for 20 minutes.

All the samples vere precipitated uvith BSA and TCA at tho
end of the incubation period as described in Section 3.4 and
prepared for liquid scintillation counting as described in

Seection 3.5,

The presence of TCA precipitable counts in the depaturcd
Riase treated samples indicated contamination of the RIA,
vhilst the proportion of counts in the unboiled RNaso
heated samples as a percentage of the total number of counts

ipdicated the amount of double stranded RNA in the original solution.
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(5) Sonication and Purification of DNA for Renaturation and

bridisation

1. DNA prepered by two cycles of Riase - pronase treatment and
in which there was negligible contamination by alkali-labile
material (ilaterials and Hethods, Sections 1 ard 3) was

suspended at a concentration of SOOpg/ml in 0.1 x SSC.

2. 15ml aliquots of this solution were placed in glass vials,
and the vials placed in ice baths. Each aliquot was sonicated
for pulses of 15 seconds with intervals of 2 minutes between
pulses to a total of 1.5 nimites . sonication with a Dawe

sonicator set at position 8.

3, After sonication, the DNA was precipitated by the addition of
2 volumes of absolute alcohol and 1/10 volume of 211 sodium
acetate pH 5.0 and placed at -20°C for a minimum period of

2 hours.

4, The precipitated DHA was centrifuged at 10,000rpm for 15
mimites in the HB4 rotor of the 3orvall. The pellet of DNA
was taken up in 2ml of column buffer (0.3M NaCl, 0.01M sodium

acetate).

5. 20mg of DNA were loaded onto each 2.5 x 45cm column of Src50
Sephadex. The DA was eluted with column buffer and the
optical density of each 2.5ml fraction'collected was examined
at 260, 280 and 320 nanometers in the Beckman DB Spectro-
éhotometer. the peak fractions were pooied and precipitated

with 2 volumes of absolute alcohol and stored at -20°C.
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Assays for DNA, "NA and Protein in the chromatin fractions

DNA Diphenylamine reaction
DNA was assayed by the diphenylamine reaction derived from

that of Giles and Myers (1965) which in turn is a modification

of the method of Burton 1952; 1956,

RNA _ Orcinol reaction
RNA was assayed by methods of Schneider (1957) and Volkin

and Cohne (1954).

Protein Lowry method for protein determination

The method of Lowry (1951) was used.

Melting Curves of DNA samples (Optical Denaturation)

2.5m1 samples of the DNA solutions containing about SOpg/ml
of DNA (1 0D(260)) of the test DNA in a salt concentration
of 0.1 x SsC (Na+ equivalent = 0,0195M) were placed in

quartz cuvettes with a 10mm light path.

the melting experiments were performed in a Unicam SP800

 spectrophotometer fitted with an SP825 sample changer and

thermostatically controlled heat block. The cuvettes were
placed in the block and the ultraviolet absorption spectrum

of each sample recofded from 320 to 230mm af 30°%., (The
temperature in the block was measured by means of a thermister

placed in the 4th cuvetie containing a solution of 0.1 x SSC).
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“he extinction of each sample at 260mm was recorded on a chart
three times at 5 ﬁinute intervals. After the third reading
the temperature in the block was raised. (The temperature
waa controlled by means of a Julabo Paratherm mercury contact

thermometser). The rise in temperature was 3°C every 15 minutes.

The ultraviolet opectrum 6f each sample at wavelengths from
320-230nm was drawn at 15%C intervals to ensure that there
was no change in the background reading (320mm). In some
cases the whole (melt, of the DNA was measured by recording
the spectra of each DNi instead of measuring the extinction

at 260nm.

The melting curve was plotted by calculating the extinction
at 260m for each temperature as a percentage of the final

denatured E260 value.

Fraotionation of rat liver chromatin by a method modified from

that of Frenster et al (1964)

liale albino rats body weight 170 gfam (+ 15g) were partially
hepatectomised according to the method of Hizgins and

Anderson (1931).

19 hours after hepatectomy, the animals were killed by
decapitation, the livers removed and any necrotic tissue
discarded. fuclei were prepared from the livers by the

method described in materials and methods Section 1.2 and 1.3.
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"ho purificd miclei werc vashed twice with a solution containing
0.251 sucrose 0,00311 UgClz and the nuclei werc pelleted by
centrifugation at 600zg in the SS34 rotor of the Sorvall between

cach wash.

“he nuclel were then vashed three times with a solution
containing 0,1875 sucrose, 0.02l1 glucose, 0.025H Tris-HC1l
pH 7.1, 0.128! NaCl, 0.0033MgC12 and then with two washes of
0,011 Tris pH 7.1, 0.0033M MgCl, and finally 1 wash with

0.011 Tris ph 7.1, 3mi CaClz.

The nuclei were suspended in 0.25H cation fres sucrose and
allowed to swell for 10 minutes. 15ml aliquots were placed
in glass viels and the vials placed in ice baths, and the

nuclei were sonicated with & Dawe sonicator.

After sonication for the required period of time, the solution
was filtered through cheesecloth and then spun at 100xz for

5 mimtos in the Sorvell to pellet whole nuclei and membranes.

Tho supernatant from the 100xz spin was centrifuged at 1,000xg
for 10 mirutes in the SS34 rotor of the Sorvall, The pellet
from this fraction uasAtermed theterochronatin' by Frenster
et al, but in thege experiments it is termed the *'1,000zg

condensed Lraction?.

The supernatant from the 1,000zg spin vas centrifuged at 3,000xg
for 30 minutes. The pellet was the intcrmediate fraction of

chromatin.
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The supornatant £rom the 3,000xg spin was ccntrifuged at 78,0003
in the Spinco liodel L Ultracentrifuge in the 4 30 rotor. The
pellot from this centrifugation wao termed the 78,000xg *digporced’

chromatin .(euchromatin of Fremster).

The supernatant vas made 10mll with respect to either Ca012
or HgClZ, and the particles produced were recovered by

centrifuzing at 1,000xz for 10 minutes.

The pellets of each fractiom werc rosuspended in & mediuva
sultable for the subsequent proccdure, For ezample, 1,5 SIS
0.1l NaCl 0,01l Tris 0.01l1 EDTA for the purification of DIA

fyom the chromatin fractions.

Fractionation of chromatin by a modification of the method of

Yasmineh and Yunis (1362)

For experiments upon normal animals, male rats were starved
overnight and killed by decapitation. Alternatively, in
oxperimento involving regenerating liver, animals wero partially
hepétectomiscd according to the method of Higgins and Anderson

(1931) and killed 19 hours after hepatcctomy.

The livers were removed, placed in 0.25i sucrose, 0.025H KC1,
0.05H Tris-HC1l, 4mll MgCIZ. Nueclel werc then purified from
the livers by the method described in Materials and liethods

Sections 1.2 and 1.3.
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The purified muclel vere vashed threo times uith 0,011l rris
pH 7.1, 0.0015l Ca012 and recoversd by centrifusation at

700rz betueen each vash.

The washed nuclei vere then carefully resuspended in 0,251 cation
¢roo sucrose and allowed to swoll for 10 mimtes. The solution

of swollen nuclei was adjusted to am OD of 1.0 at 425 panomctors.

Tho nucled wore sonicated by placing 15zl aliquots in glass
wialo, waleh verce immorsed in an ice bath to prcovent the
sonicate frem overheating and sonicatinz with o Dave sonicator
gset at position 6 for short pulscs of 15 seconds to a total of

15, 30 or 60 seconds.

he solution was spun at 100zg for 5 minutes in the SS34 rotor

of the Sorvall to pellet any vhole nuclei or clumpo of nuclei.

The supernatant was spun at 3,5002@ for 20 minutes and the
pellet from this fraction constituted the 3,500%g condensed

chromatin fraction.

The supernatant was spun at 78,000xg in the MSE 8 =z 50 rotor
in the Superspesd 65 Ultracentrifuge. The pellet from this

fraction formed the intermediate fraction.

The post 78,000xgz supernatant was precipitated vith 2 volumes
of absolute alcohol. The pellet obtained by centrifuging this

precipitate is the post 78,000xz dispersed chromatin fraction.
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The chromatin pellets were immediately resuspended in a
medium suitable for the subsequent extraction procedure i.e.
0.2, SLS for RNA or 1,’ SLS, 0.1M NaCl, O0.O1M Tris, 0.001H

EDTA for DNA.

The fractionation and specific radioactivity of 32p labelled

REA from regenerating liver

For each experiment, 10 rats were partially hepatectomised

according to the method of Higgins and Andersomn (1931).

18 hours after hepatectomy each rat was injected with 3mCi
of Phosphorus-32 orthophosphate (Radiochemical Centre,

Amersham) at high specific activity in neutralised solution.

The animals were sacrificed 1 hour after the administration
of the isotope, the livers rembved and nuclei purified as

described in sections 1.2 and 1.3 of llaterials and Iiethods.

Fractions of chromatin were prepared from the purified nuclei
either by the method derived from that of Freuster et al
deseribed in Section 8 of llaterials and Hethods, or by the

method based upon that of Yasmineh and Yunis given in Section 9.

Experiments were undertaken in vhich the nuclei were sonicated
for a total of either 5, 15, 30 or 60 seconds in the chromatin

fractionation.

The pellets from each individual fraction (isolated by either

method) were resuspended in 2ml of 0.17> SLS and stirred with a
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glass rod in an ice-bath until suspended,

The solutions were made 7mM with respect to HgCl2 and mixed.
SOpg/ml of electrophoretically pure DNase was added to each

solution, and the solutions incubated at 30°C for 10 minutes.

1/10 volume of 3 Tris pH 8.3 and 1/4 volume of 5H NaCl0,

were added, the solutions mixed and a volume of 1:1 chloroform:
phenol equal to the total volume was added to each fraction.
The miztures were shaken for 5 minutes and centrifuged for

10 mimutes at 10,000rpm in the HB4 rotor of the Sorvall.

The phenol phase and interphase from each fraction were extracted
with an equal volume of 1M NaClO4 and 0.3H Tris. The agueous
phases of each fraction were pooled and extracted with an

equal volume of 1:1 chloroform: phenol.

The RNA from each fraction was precipitated from the aqueous
phase with 2 volumes of absolute alcohol, The solution was

then placed at ~20°C for a minimum of 2 hours.

The RNAs were pelleted by centrifugation and resuspended in 1ml
of column buffer and passed through 1.5 x 30cm colunns of
Jephadex SPe50 at 4°C. ' 0.5ml1 fractions were eluted from each
column, and 10pl aliquots from each fraction were spotted on
Whatman filter paper discs, dried and placed in sml of Toluene
based seintillation fluid and counted in a Packard Tricard

Liquid Scintillation Spectrometer.




12.

13.

14.

(11)

48.

The peak tubes of radioactivity eluted from each column were
pooled and precipitated with 2 volumes of absolute alcchol

and placed at =20°C.

5-30;) sucrose gradients containing 0.1H NaCl and 0,05l Tris

pH 7.5 were prepared. The RNiA was resuspended in iml of O.1H
NaCl, 0.05M Tris pH 7.5 and layered on the top of a 28ml
gradient. The gradients were centrifuged at 24,000rpm for
20 hours in the 25.1 swinging bucket rotor of the Spinco

Nodel L2 Ultracentrifuge.

0.8m1 fractions were collected from each of the gradients.
Aliquots from each fraction were gpotted on Vhatman filter
paper discs and counted as in 12.11. The optical density of
each fraction of the gradients was read at 260, 280 and 320

nanometers in a Beckman DB Spectrophotometer,

Experiments to determine the specifioc radioactivity of rat

liver nuclear Dili {both normal and regeneratiggz labelled

with JH thymidine

Normal rat liver tissue was obtained after starving normal
male albino rats overnight. Regenerating rat liver was
obtained by partially hepatebtomising male rats by the method

of Higzins and inderson.

16 hours after hepatectomy, 2 hepatectomised animals were each

injected intraperitoneally with 100uCi of (Methyl~r) thymidine
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at high specific activity. Normal rats were each injected

with 100,Ci of °H thymidine.

3., 1 hour after the administration of the isotope the animals
were sacrificed and the livers removed. Fuclei were purified
from normal and regemerating liver, and DNA prepared as

described in Haterials and Methods Section 1.2 to 1,12,

(12) Ppreparation of 325 labelled nuclear heterogeneous RNA from

regeneratigg rat liver

1. 6 male albino rats body weight 170 gram were partially

hepatectomised according to the method of Higgins and Anderson,

2. 18 hours after operation, each animal was injected intraperito-
neally with 5mCi of Phosphorus-32 orthophosphate (at a specific

activity of 100 curies per milligram phosphorus).

-3, 2 hours after the administration of the isotope the animals
were sacrificed and the livers removed. Any necrotic tissue
was discarded, and .all isolation procedures were carried out

at 0-4°C. Tuclei were purified as described in Section 1.2 and 1.3.

4. The purified nuclei were resuspended in 20ml of 0.2/ SLS and
allowed to lyse whilét ‘the solution wasstirred gently in an
jce bath for 5 minutes. This solution was made Tm with
respect to Mg =~ and 50ug/ml of electrophoretically pure Diase
was added. The mixture was stirred very gently with a gléss

rod and left for 20 minutes in ice,
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SLS solution was addeﬁ to a final concentration of 1/. and

1/10 volume of 2il codium acetate pH 5.0 was added. To

this solution an equal volume of vater saturated phenol was
addod and the mixturo shaken by hand for 5 minutes. After
centrifuszation at 10,000rpn for 10 minutes in the HB4 rotor

of the Sorvall, thc cqueous phase was removed arnd re-oxtracted

vith an equal volume of vater saturated phenol.

The phenol extraction of the aqueous phase vas repsated tuice
more, and the final aqucous phage was precipitated with 2

volumes of absolute alcohol and placed at -20°%C for 16 hours,

After centrifugation of the precipitate, the RNA pellet was

resuspended in 1ml of column buffer and passed through a 1.5 x 30cm

column of Sephadex G200. The column uas equilibrated at 4%
and the loading elution and collection of fractions was

performed at 4°¢.

Two aliquote of 5 microlitres were removed from cach of the
O;Sml fractions (eluted from the coluﬁn with 0.3H NaCl,

0.011 sodium acetate) and spotted on whatman filfer paper discs.
One disc from each fraction Qas washed five times in 55 TCA
dshydrated with 3 changes of 1:1 aZcohol:other and dried in
ether., All dises were thén placed in 5ml Toluene Seintillation

fluid and counted in a Packard Liquid Sciiatillation Spectrometer.

The tubes containing the peak of TCA precipitable radioactivity
were pooled and the RNA precipitated vith 2 volumes of absolute

alcohol and placed at =20°C.



i0.

1.

12.

i3.

51.

The preocipitased Rl vas centrifuged in the HB4-rotor of the
rorvall at 10,000rpm for 20 minutes and resuspendcd in 3ml

of 0.0051 Tris pH 7.5 at 0°C, 0,011 HaCl, 0,001l EDTA, 1ml
aliquots of this RWA solution were loaded on three 28ml 5-307%
sucrose gradients containing 0.1H NaCl, 0.005H Tris, 00,0011
EDTA and the gradients were centrifuged in the {f 25.1 rotor
of the Beckman Iiodol L2 Ultracentrifuge at 20,000rpm for 10

hours at 0°C.

0.7ml fractions were collected from each gradient and 10ul
aliquots from each fraction pipetted onto Yhatman paper discs
and counted in 5ml toluene based counting fluid in tho Beckman
Liquid Scintilletion Spectromcter. The absorbance of each
fraction was oxcmined at 260, 280 and 320 nanomecters., The
‘pellet' from each tube was recovered by resuspending it in

0.3m1 of 0.1,5 SL3.

‘Having checked from the profiles of optical density and counts

that there was no RNA breakage on the gradients all the RNA
fractions having a sedimentation value greater than 80S were

pooled and precipitated with 2 volumes of alcohol from a

‘solution containing 0.2l sodium acetate and 0.5/ SLS and placed

at -20°C.

The precipitated RINA ﬁas centrifuged at 10,000rpm for 30
minutes in the HB4 rotor of the Sorvall and resuspended in
0.5ml of 0.01} HaCl. The RWA was passed through a small

Sephadex G100 column to desalt it and was eluted with 0.01I laCl.
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14, 2 darop iractions were collected in shallow plastic cups.and
the radioactivity of the fractions monitored. The excluded
peak fractions uere pooled and an aliquot removed and tested
for resistance to RNase and DNase with TCA precipitation of
the digosted samples as described in Materia;s and Methods

Section 4.

(43) Renaturation of DIA

1. DNA vas purified from normal or regonerating rat liver as
described in Section 1, Only DNA in which there was neglipiblo
contamination by cold alkali soluble material (tested as in

Section 3)was used.

2. The DNA was sonicated to a molecular weight of about 100,000
and purified from contamination by heavy metal ioms by passage
through a Sephadex'column (dotadls of this procedure are ziven

4n laterials and Lethods Section 5),

3. Each DNVA was suspended at a coﬁcenﬁr&tian of about.BOmg/ml
in é golution of 1/10 S5C. The concentration of the solution
vas determined both in neu%ral'soiution (0.1 = 83C) to
determine the native valuo (Extinction coofficient Engo fOr
DNA = 20) and in alkaline (0.6NKOE) to determine the fully

denatured value (..lkali denatured extinétion cocfficlent = 27).

4. An aliquot vas removed from each DNA solution at 30D/ml %o
determine the molecular weight of the DNA by alkaline

sedimentation in the Beckman Model E analytical Ultracentrifuge.
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o roraturatisng of cach DIV oo ezomired over o xausc of Cot
valves fron Cot 0.005 to a Cot of 30,000. The rcaetion
pigturcs eontadnad cither 400pg/ml, 10mg/ml or 2Cag/mloof DNA
Uointa were repealed at the samc Cot values but with different
concentrations of DIA incubated for the appropriate period
of time to onsure thut there was no difforences due to the

transition fron onc concentration to another.

Renaturation fron Cots 0,005 to Cot 10 were gemcrally undertakcen
with a DA concontration of 400ug/ml from Cot 3 to a Cot 10,000
at 10ng/ml and £xom Cot 300 to 30,000 at 20mg/Diir por ml.

The exporiunents were carried out in very cmall ;éightly ctoppered
pyrox tubes. Tho calt concentration in each mixture ylelded

o £inn) concontration of either 1 x SuC or 2 z 33C (1 x S5C =
0.157 a0l 0.015H Fa eitrate), The DHA woo dematured by

heating in o bcilizfzg bath for 7 nimutos in low calt (0.1 x 33C).
“he tubco vere tmﬁ}éfe;;ﬁa*ed o a paraffin annecling bath at

65°¢ and aftor SO coconds cquilibration (sero time) the
apprépriate,mmmts of concentrated (20 x 35C ka 5,0) were

added to the renatuvation nixture to ad;juét the calt concentration
to oither § x 53C or 2 x 850, and the contents of ihe tubs

mixed thoroushly., Y“ero tine controls wore taken.

The rematuration z:*eac_%ion #:aa stopned either by placing the
dilute (400ug/nl) sample %ubes in an acetone-ice bath at ~i 5%
or by dilutiny the samplo into a large volume of cold dilute
calt colution mmgh that the final DEA coxneeatrnticn in tho

solution was 50:2/ol (0Dygq = 1) 4n a solution whooe final



onlt concontration vao 0.1 = HiC,.

9, Duplicato sanplos for cach podnd of the roaaturation curve Ucro
cxemdned in o 2yo Usdean P800 lpcotrophotomstor.  The ultro-
violet opoetrun of coeb camplo uag rogorded £ron o vavelensth
of 325 to 220a0 at o tomperature of 5306. The tcoporature
vas thom inercaosd S0 00% and tho opeetra of oll the conples

azain recorded,

10, “ho romaburation of normal end regemorating rat 1ivor DiL could
be followed by measuring the chango im cxtinetion at 260 nano-
meters., At 90°C the DUA is fully dematured cnd above 53°C,
cingle stranded DHA chows little or no hyperchromisa. “he
rige in eztinction at 260m of the sample, betueen 53°C amd
90°C 4a @ue to tho hyperchronicity of the double stranded
DHA and thies is thercforo a Leasuro of the amount of renaturation

vhich has taeken glacé.‘

11. It is thorefors pogcible %o plot

Baso(g0) fi260(53) - 08 a neacure of
R renaturation

*260(90)
Fally denaturcd D4 has 138, of the T,e, of native DA (for
rat liver DHA) i.e. it hes a hyporchromicity of 38.. Trom
the 5260(90) 4% 4o thercfore possible to calculate tho EQGO
native value.

2260 gative = 3260(909) x 100
138

The amount of remoturation vhich haa taken plsoe at o given
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Cot wvalue can thus be expressed as a pervcentage of the total

possible renaturation by:

Renaturation 260(90 ) 260(53 )'
Bogo(g0°) = 100
E (o] had
260(20°) 158
(14) Preparation of Complementary RNA

3.

DNA was purified from both noxmal and regenerating condensed
and dispersed chromatin fractions and from normal and regenerating

liver by the methods given in Sections 1 amd 3.

Since the niiclei had been sonicated during the fractionation
of the chromatin, aliquote of each DNA wer®e taken in order to
do melting profiles of the DNA in the Unicam SP80O (section 7)
t0 see if the melting cuxrve of the DNA was altered by the
presence of single stranded tails. Samples were also taken
to determine tie molecular weight of each tomplate DNA by
alkaline sedimentation in thé Beckman lModel E analytical

ultracentrifuge.

Each DHA, normal condensed, nofmal dispérsed,'regegeratirg

condensed and regenerating disparsed was used as a primer for

tho synthesis of the corresponding cRNA using RNA polymerase

from E.coli strain IRE 600, fThe polymerase was prepared by

the method described by\;gggygfigijjand Bexg(if§§}z:§§§:§§§§?§§d through
a glycerol gradient in low salt. (The RNA polymerase vas a '

gift from D J.0, Bishop).
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Tritivm lobelled UIP was obtainod from the Radicchemical Centre,
Amepsham, 0.0769uY/ml at a specific radioactivity of 13,000.
Bach reaction mixture was prepared so that the incubation
volume was O.iml. An aliquot of 0.15ml of the H UTP uos
placed in the preparation tube and (_Iyophilised. Unlabelled
UTP solution was added. The finnl reaction mixzture contained
0.4md UTP, 0.8xl1 GTP, ATP; OTP; 2.5mH HnCl,; 10md Tris-HC1
(pE 7.5 at 30°C); 1.6mI spermidine, 10ug of DA template and

10ul of ©.coli polymerase.

A 2pl sample vas removed from each mizture at gero time and
spotted on a filter paper disc. The mixzture was incubated
at 32°C for 30 minutes and the reaction stopped by placing the
tube in an ice bath. A second 2ul aliquot was pipetted onto
a filter paper disc for cach reaction mix and the dises were
washed with 5.5 9CA 2 5, 1:1 alcohol:ether x 3 and dried with
ethor. All discs were counted in Toluene based liquid
seintillation f£luid to give an approximate measure of the

incorporation over the 30 ninute poriod.

Each mix was diluted with 0.315ml of 6.01M Tris 0.01H HgCl,
after tho addition of 0.05ml of a 10ugz/ml solution of E.cold
RNA., 5Oug/ml of electrophoretically pure Dilase vas added to
each reaction mixture and the solutions were incubated for 15
mimutes at 37°C. after the DNase treatment 2if sodium acetate
pH 5.0 was added to 0.2 and SLS was added to 0.5,>. An equal
volume of redistilled phenol was added to each mix, and the

solution sheken by hand for 5 mimutes before centrifuging at
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10,000rpm for 10 minutes in the HB4 rotor of the Sorvall.

The aqueous phases were removed and each was re-extracted with
an equsl volume of phenol, shaken for 5 minutes and centrifuged

at 10,000rpm for 10 minutes.

The RN\ in the aquecus phase was precipitated with 2 volumes
of absolute alcohol and resusperded in a small volume of
0.3 NaCl 0.0 so2ium acetate, Fach cRNA was passed through

e 1.5 x 30cm column of Sephadex SPc50.

0.5ml1 fractions were collected from each column and a 2pl
aliquot from each fraction pipetted into Sml of Butyl PBD-2-
ethoxyethanol-Toluene counting fluid., Each peak fraction of

radioactivity was precipitated with 2 volumes of absolute alcohol.

The RNA in each fraction wésupelleted by centrifugation,re-
dissolved in 0.1 x S5C, nnd tested for Riase and DNase
gensitivity and TCA precipitability as described in Materials

and Methods Section 4.

The RNA was stored at ~20°C and used in the hybridisation mixture
for hybridisation with normal and regenerating chromatin DNA

in conditions of excess DNA.

Hybridisation of 3H CcRNA and 32P nuclear heterogeneous RN:A

with fractionated chromatin DNA in conditions of DN.. excess

These experiments utilised either the 32P labelled nuclear

heterogeneous RNA with a sedimentation value greater than 80S
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(uhoso preparation vas deseribed in Seetion 12) or clilup
g
cynthesised fron fractienated chronatin (rimer>Di!L (described

in Section 14).

prA was purdficd (£rom total mommal or regemsrating rat ldver
melei, or froa chrcmatin fractions sropared £ron nornal ond
regenerating rai liver by tho nethod dorived from that of
Yasrinech ond Yunic Goceribed 4n Soction 9) by the cothod
deascribed in secidon 1, tcoted for purity (co described in
Section 3) and conlcated to a colecular veight of cbout 100,000

(followinz the mothod civen in Section 5).

fhe DiAp wore rosuspended in a small volwae of 0.1 x S3C

at o concontration of approziuatoly 30mz/nl and the councentrations
wore checked both in noutral ond alkaline solutions. tach

RN was hybridiced to the different DEAS in vast azcesses of

DA at Cot valuos from 0,005 to 20,000. 4% low Cot valuea

(when tho product of the concentration and tino hed a low

value) this requircd both a short tine of incubation and low

DIJA concentration.

" gach incubation sizturc containcd oither 400p5/mi, 10ms/al or

20mz/nl of DA in 0.1 ® 5S¢, 0.2° to 2. SLS and & (race anount

of tho highly labelled RUA opecies (less than 0.1p2).

iho mizturecs woso pleced in emall tightly ctoppored pyrox $ubes
and heated in o boilinz bath for 7 nmimtes to denature the DKA.
faey were then trancforred to 2 65% paraffin annealing bath

and aftor 30 scconda oquilibration the appropriate anounts of
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sSc solution were added to each mix to adjust the concentration
of oalt to the eguivalent of 2 x SSC (0.39H sodium jon) and

J‘fﬁ%f—/m\_
maintain the pH at 5.5 Zero time controls were taken.

The hybridisation reaction of tho dilute samples, (400pz/m1)
was stopped by immediately transferring the tubes to an acetone
ice bath at -1 SOC, The more concentrated incubation mixtures
(containing 10mgz and 20mg of DNA per ml) which wore incubated
for much longer perlods vere overlaid by a small drop of liquid
paraffin to prevent cvaporation. £liquots vore removed from
these hybridisation mixes at the required times for each Cot
value, immediately diluted into a large volume of 2 x S3C at

4% and placed at -20°%.

From each of the hybridisation samples, four 5ml aliquois were
prepared. To two of these samples, 20pz/ml of pancreatic
RNase were added and the duplicate RNase samples and controls

were incubated at ‘57°C for 30 mimates,

The four aliquots of each sample were trgnaferred to an ice
bath, 500ug of bovine serum albumen were added to each tube

as carrier and all the samples were precipitated by the addition
of 50,. TCA to a final éonnentration of 10>, The samples were
allowed to stand for 20 minutes and then collected by filtration
upon 2.5cm glassfibre (GF/C) dises washing each tube 5 times

with 5. TCA and then washing each filter with 30ml of 5;- TCA.

The glasefibre filters were dried in a vacuum oven for 30

mimates. For hybridisation reactions in which the RHA was
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isotopically labelled with phosphorus-32, 10ml of “oluene
POPOP~PPO counting fluid were added. For tritium labelled

BNA the filters were digested with 0.4ml of specific gravity
0.88 gmmonia for 2 hours, and then 10ml of Butyl PEDgToluene—
2. ethoxyethanol counting fluid were added. All the samples
were then counted in a Packard Tricarb Liquid Secintillation

Spectrometer Model 320.

The extent of hybrid or duplex formation is measured by the
proportion oi' Rllase resistant counts in the duplicate Rilase
treated samples expressed as & percentage of the total counts
in the untreated control samples, and can be plotted against
the product of the initial DNA concentration and the time
(cot). It is usually more convenient to plot the percentage
hybridisation against the logarithm of the Cot according to

the convention suggested by Britten and Kohne (1968).

Analytical caesium chloride equilibrium density centrifugation
of DNA derived from fractionated rat liver chromatin

Chromatin wes fractionated by the derivation of Yasmineh and
Yunis' method (following the procedure described in Section 9).
DNA was purified from each fraction by the method described in
Section | of laterials and Methods and teated for RNA contamina-

tion by the method given in Section 3.

Solid caesium chloride (B.D.H. grade for ultracentrifuge work)

was added to 0.Tml of each DNA solution containing Sug/ml of
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$he fractlionated chromatin DNA with fug of Hicrococeus

lysodickiicus DNA as roference., The donsity was brought o

1,700g/ml and checked with a refractometer (1££t, Voot and

Vinograd, 1961).

The solutions were centrifuged to equilibrium (22 hours) inm

a Beclaman [odel I analytical ultracentrifuge at 44,000rpm

at 25°C° The banding pattexns were recorded photographically
and traced from the photographs with a Joyce-Loebl microdensi-
tometer and the buoyant density of each pzak was calculated

(1endel, Schildkraut and lMarmur, 1968).
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RESULTS

Fractionation of Chromatin

a) Method of Fremster et al (1963)

Frenster, Al1frey and Mirsky (1963) developed their method of
chromatin fractionation using calf thymus lymphocytes. ihen this method
was applied directly to rat liver, the purified nuclei were refractory
to sonication. This was remedied by substituting magnesium for
calcium during the purification of the nuclei. VWashing the nuclel
after purification with small amounts of calcium in the washing
solution (3mM) also affected the fractionation. Ixperimente were
carried out in which nuclei were prepared in the presence of
magnesium, but the final washes of the nuclei before sonication varied
from three washes with magnesium to three calcium washes. The samples
were then sonicated and fractionayed in the usual way. Yashing with
calcium increased the amqunt of material in the condensed fraction and
reduced that in the dispersed fraction. VWith two or three calcium
washes a great deal of materiai could be precipitated by very gentle
centrifugation (100 x g) indicating that the nuclei had been poorly
disrupted.

In a second series of experiments, I investigated the effect of
varying the time of sonication, Typicai results are shown in Table {.
As the sonication time was increased, the amount of material in the
condensed fraction fell and the amounts on the other fractions increased
accordingly. The results obtained by this method were rather variable,
In an attempt to increase reproducibility, I introduced a final calcium

wash before sonicating the nuclei. This treatment had the effect of



The effect of sonication on the fractionation of rat liver chromatin isolated by a method derived from that of

_ Frenster et al (1963), using magnesium washes only

Time of Measurecment Condensed . Intermediate Dispersed Particles
Sonication 1,000 x g ' 3,000 x & 78,000 x 2
5 seconds DNA in g 1,280 720 1,160 1,760
% DHNA 26% 15% 23% 365
RNA in g 290 " 130 170 360
' % RWA 307% 14% 187 38%
Protein in pg 2,005 1,160 2,000 2,94:2
¢ protein " 25% - 14% 25, : 3675
30 seconds DHA in pg 38 900 2,4QO 1,750
% DHNA 7% 174 44" 327
RNA in pg 190 110 440 380
% BNA 17% 10% 395 34%
Protein in ug 780 1,060 3,840 3,780
% Protein 87 1y 4% 407
90 seconds DNA in ug 120 590 3,560 3,280
% DNA 2% 8% 475 43%
RNA in pg - 80 55 380 560
%% RNA 8% 5% 355 52%
Protein in pg 440 920 6,60Q 4,8‘10
% Protein 3% T 525 387%
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eliminating the particle fractions.

Breakage by shearing was inveatigated as a possible alternatiﬁe
to sonication. Even at a high rate of shear and after one hour of
treatment most of the material remained in the condensed chromatin
fraction (Table 2). A long time of treatment is undesirable because
of the degradative changes which occur. The sonication procedure was
therefore adopted despite the variability of the results obtained, and
in succeeding experiments using the Frenster method, a sonication

period of 5 seconds (as described by Frenster) was used.

Specific activities of DNis from chromatin fractionated by Frenster methods

Frenster et al (1963) reported that when isolated calf thymus
lymphocyte muclei were incubated' in vitro with radicactive nucleic aéid
precursors, and chromatin fractionation subsequently carried out, the
"ouchromatin” fraction contained a significantly greater number of
counts in both DNA and RNA than the "heterochromatin" fraction.
Frenster's explanation of this difference is that the "euchromatin"
is the 'active' fraction in contrast to the repressed fraction or
“"heterochromatin".

I examined the specific activities of the condensed and dispersed
chromatin DHA from rab liver prepared by the modification of Fremster's
method to see whether similur marked differences in specific activity
could be obtained. All the experiments reported here used in vivo
labelling of the rat liver DHA and Rlia. Initially, normal rats were
used for study and injected with 32?— orthophosphate in amounts from
1.0 to 3.5 millicuries per rat for varying periods of time. In
normal rats, even vhen labelled with these 1aige amounts of 32P,

specific radioactivities of only 2 to 10 counts per minute per




Isble 2

The effects of sonication and stirrins on the fractionation of rat liver chromatin isolated by a method derived
from that of Frenster et al (1963) using an additional calcium wWash

Time of Measurement 100 x g Condensed Intermediate Dispersed
treatment fraction 1,000 x & 3,000 x g 78,000 z =
Sonication DNA in g 2,875 900 275 87.5
for 5 secs % DNA 69% 22% T3 7
position 6 )

RHA in ug 87 175 100 52

5 RNA T4 165 975 4%

Protein in pg 3,450 1,388 415 220

% Protein 63% 25% 8, &5

Sonication DNA in pg 2,112 1,000 725 550

for 30 secs < DNA 487% 23% 17,5 12%
position 6

' RNA in pg 650 675 140 255

% RNA 387 39% 8% 15%

Protein in pg 2,350 1,900 810 790

% Protein 407 33% 14% 1375

Stirred 1 DNA in g 4,000 331 62.5 62.5

hour (in ice) % DNA 90% 87 % 1%
at 20pamp

RNA in pg 1,187 112 25 25

% RNA . 88% 8% 25 2%

Protein in ug 4,225 650 92.5 102

<t Protein 83% 13% 275 2%
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microgram of DNA were obtained (see Table 3). There were no apparent
differences between the fractions and attempts were therefore made to
resolve this problem by changing certain conditions of the system.
Regenerating liver is much more active in both DilA and RNA
synthesis thaen normal liver. A preliminary investigation of this
system was madg by determining the specific radiocactivity of the

32?— ortho-

regenerating liver DHA 1 to 2 hours after administering
phosphate, The orthophosphate was injected at times varying from

13 to 19 hours after partial hepatectomy. At times up to 17 hours of
regeneration with 1 to 2 millicurie per rat there was rather little
incorporation, but at 19 hours of regeneration, a much greater amount
of incorporation was found if each animal was given 5mCi of 32P

(see Table 4), 100uCi tritiated thymidine (at very high specific
activity) was administered to both normal and hepatectomised animals
to see if sufficiently high specific activities could be reached using
3H as an alternative to the large quantities of 32?. It was found
that the total nuclear DNA extracted frqm normal liver had a specific
activity of only 2.5 counts per minute per microgram and for 19 hour
regenerating liver total nuclear DKA the specific radicactivity was
only 3.5 counts per minute per microgram, thus excluding the use of
tritiated thymidine for this purpose.

The minimum number of hepatectomised animals used in each
fractionation experiment was 6, and the amount of isotope and number
of animals which could be handled were limiting factors in the
cxperiments, Fractionation according %o the method derived from
that of Fremster et al (1963) (Haterials and liethods, Section 8)

yielded a condensed fraction which was the pellet from a 1,000 x g



Table 3

Investigations upon normal rat liver DNA and RNA fractionated by the

Frenster procedure after labelldl

per animal for one hour

with 32? orthophos te 3.5mCi

100 x g | Condensed Int. Dispersed
Measurement fraction | 1,000 x g |3,000 x g | 78,000 x g
DRA Specific activity
“‘1 2.3 2-2 202 2:6
cpm ug
‘s DHA 31.2 32.7 15.2 20.9
RiA Specific activity
‘1 0.8 8 .1 . 10 .
cpm g 9 5 77.9 33
5 RNA 29.3 30.4 18.1 22,2
FROTELN ,
< Protein 31 .1 25,2 21.0 22.7




Iable 4

The incorporation of 32p orthophosphate into DNA of rogenerating rat liver chromatin fractionated according to
the method derived from that of Frenster et al (1963)
Regeneration Label 100 x g Condensed Interm. Dispersed l’easurement
Time 1,000 x g 3,000 x g 78,000 x g

specific activity
Expt. 1 1 hour 0.17 0.23 | 0.27 0.49 cw"1
13-14hrs toCi/rat 44.T75 28.4,; 8.9 18,0 , DN

Specific activity
sxpt. 2 1 hour 2.8 2.4 2.3 2.9 com }¥—1
15-1¢hrs imCi/rat 35.9;5 33.8) 10.2,) 20.1,: ¢ DHA

Specific activity
Expt. 3 2 hours 2.3 2.2 2.4 2.6 cpm;gf'
15-17hrs 1mCi/rat 423 24} 127 22, ;> DHA

. Specific activity

Sxpt. 1 hour, 11.5 10.9 10.0 10.1 CM-1
16~1Thrs 2nCi/rat 59.3;. 20.3,’ 7.6 12.8, +5 DNA

Specific activity
Expt. 1 hour 80.8 94.1 81.6 80.9 CM.1
18-19hrs 5mCi/rat 65.5;" 22,2 5.3 7.0, ;" DNA
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spin and a dispersed chromatin fraetion vhich was the pellet resulting
from 60 mimtes contrifusation at 78,000 = g. Ths values for the
specific radiocactivities of the DHA of the chromatin fractions can be
seon in Table 4. There is very little difference betuesn the specific
activities of the condensed and dispersed chromatin £ractions at any

stago of regensration up to 19 hours.

pecific activity of RIiA from fractiopated chromatin

The specific radioactivity of the RNA associated with each
chromatin fraction was examined., The purity of the RNA preparations
was checked by KoH digestion and all the counts were found tvo be
alkali labile. The specific activities of the RNA of different
fractions can be seen in fable 5. The difference in specific
fadioactivities between the condensed and dispersed fractions vas
negligidble and it was concluded that this Qggggéggqiggnggt

_offectively separate condensed and dispersed chromatin RNA. N

b) The method of Yasmineh and Yunis

Specific activity of DNA Lrom chromatin fractiovated by a modification

of the method of Yasmineh and Yunis §1262)

An alternotive nothod of fractionation ﬂaé attemptedg based upon
that used by Yasmineh and Yunis (1969) described in Haterials and Hethods,
Seection 9. In the initial'ezperiﬁents with this technique, 5mCi of
32? were administered to each animal 18 hours after partial hepatectony,
and a$ 19 hours after operation the livers were removed. The nuclel
were sonlcated for 15 or 30 seconds prior to fractiomation. #ith 15
seconds sonication, there uas a considerable difference betueen the

condensed fraction (3,500 x g fraction, corresponding to the



Table 5

Specific radioactivity of RNA from normal rat liver chromatin
fractionated by the method derivod from Fremster et al (1963)
T s

Heasurement 100 2 & Condenzed Intermediate Digpersed
1,000 z = 3000 % & 78,000 x =2

Specific activity of 204 186 128 199
REA in cpa pgﬂi |

/5 RNA 4in each

7 w e —
fraction 22.3p 45.6) 14,65 17.55

Eaoh animal was injected with SmCi of 2P~ orthophosphate and

sacrificed one hour later,
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nheterochromatin” of Yasmineh and Yunis) and the DHA of the dispersed
fraction (Supernatant from the 78,000 x g centrifugation precipitated
vith alcohol — the'euchromatin” fraction). After 30 geconds
sonication, the differcnce vas even nore markod, and with a sonication
time of 60 seconds, the difference appeared to be increascd slightly.
Tho smounts of DHA in cach fraction and the specific activities of
oacﬁ DMA were measured. ‘The results are shown in Table 6., An
obvicus disadvantage of the sonication procedure is that it couses
degradation of the Dili. There is & compromise state which can be
echieved in chromatin fractionation in vhich the sonication of the
DIA is sufficient to effect separation of the condensed from the
dispersed fractions iithout caueing complete degradation of the
mucleic acids. Obviously in certain conditions of sonication, the
fractionation is only partial. Vith respect to the specific activity
of the DNA, the criterion of froctionation is an observable difference
uvhilot the DNA still remains TCA precipitable. For experiments on
the specific activity of DNA, sonication of the nuclei could be
continued for & total of several nimutes and TCA precipitable DFA

still obtained.

Studies on the RHA from chromatin fractionated by the method derived

__-_—-—_——‘_—_-————————————__-—_

from Yasmineh and Yunis

A A g

Yhen the fractionation of chromatin is considered in terms of the
association of RNA with the fractions, different conditions are required
oince the sonication causes tho breakage of RHA and its dissociation
from the chromatin. The succeeding experiments not only investigated

the specific radioactivity of the RNA associated with each fraction,



Table 6

The incorporation of 32P orthophogphate into DNA of 19 hour regenerating rat liver chromatin fractionated by the

method derived from that of Yasmineh and Yunis (1969). Each animal lsbelled with 5mCi 32p #rom 18-19 hours

after hepatectomy

Time of Sonication Measurement Condensed Int, Dispersed
3,500 x g 78,000 x g Post 78,000 x g
15 seconds Specific activity 74.3 88.5 A 105
(epm pg~1) 4 "
% DNA | 29.2 48.0% 22,8
30 seconds Specific activity ' 66.9 86.5 106
(cpm pg-t) ' ,
/ DNA 22,25 545! 23.3,
30 seconds ~ Specific activity 69.6 _ 100.6 91.1
(com pe-t) :
;3 DNA 26.47 - 47.9.) ‘ 25.7%
60 seconds Specific activity 64.9 98.2 95
(epm pg=t) |

<\ DHA 17.34 : 47.1,. 35,6,
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but also provided information about the sedimentation properties of
tho different opecies of RFVA ascociated with each chromatin fraction.
"he DHA specific activity experiments indicated that the usc of
hepatectomiscd rats labelled with 5mCi of 32? por animal 18 to 19
hours after operation should give sufficient incorporation., The
purified RNA from cach fraction vmo eroamined by centrifuzation on
gsucrose gradients. The amount of RNA and the specific radioactivity
of cach fraction of the gradient vas determined.

In the first experiments, nuclei wore sonicated for 30 seconds
prior to fractionation and purification of the RNA. The profiles

(vboth in 0D and counts) of the gradients from the condensed,

260
intermediate and dispersed chromatin fractions are shown in FPigures 1,
2 and 3,' The condenéed chromatin vas associated with RNA vwhich had
sedimentation characteristics very similar to those obsexrved for
ribosomal RNA, the two major peaks having sedimentation values of
approzimately 283 and 18S. ‘These peaks could not be observed in the
sedimentation profile of the RI* £rom the disporsed chromatin fraction
and it avpeared that a major portién of the radioactivity in this
disperseé fraction was contributed by a species of Rill vhich had a
very high sedimentation value (calculated as greater than 80s).

This is thought to correspond to the nuclear heterogeneous or giant
REA. The specific radioactivities of the gradient from each fraction
of RNA are plotted together in Figure 4 to allow comparisons of the
three fractions to be made. The intermediate fraction appears to be

a mizture of the RIIL species present in the condensed and dispersed

fractions.



Logond to Fisure §

Profile of sucroseo grodient of 32P labelled RNA from the 3,500 % &

cordensed chromatin fraction (ith 30 peconds nuclcar sonication)

6 malo rato wero cach labolled with 5uCi of 2P, 18 hours agter
hopatcetony end sacrlficed 19 hours afécr operation, Chromatin was
fractiopated from tho regenorating rat liver according to the methed
derived from that of Yacumineh and Yunis (1969) as described in
Materials and Hethods Scction 9. The muclel werc sonlecated for 30
scconds prior %0 fractiomation. RNA was purified from the condensed
fraction (sec Materials and llethods Section 10) and cemtrifuged on a
5-307% sucrose gradient in the {£25.1 rotor of the Beckman liodel L2
ultracentrifuge for 20 hours at OOC. 0.8ml fractions wexre collected
and O.4ml of H20 wvag added to each fraction. Radioactivity was
measured by spotting 0.iml aliquots on filter paper discs vhich uvere
TCA washed, dried and counted im a Packard. Tricarb Liquid Scintillation
Spectrometer, Absorption at 260mm waa’réad in a Beckman DB Spectro-

photométer.

- 0——O0 counts per mimute/ml

o . Dye
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Legend to Figure 2

Profile of sucrose gradient of 92P labolled RNA from the 78,000 x g

intormeddate chromatin fraction

(30 seconds nucloar sonicat;gg)

32? labelled 19 hour regencrating

Chromatin was prepared from
rat ldver. RNA vas purificd fxom the intermodiate fraction of
chromatin prepared as described in the legend to Figurs 1. Detadls
of centrifugzation and collection of fractlong were identlcal.

0.1ml aliquots'were spotted on filter paper discs vhich wexre TCA
washed, dried and counted in a Packard Trxicarb Liquid Scintilletion
Spectrometer. Absorption at 200mm was read in a Beckman DB Spactro-

photomeser,

O—0O counts per minute/ml
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Legend to Figure 73

Profile of cucrost pradient ofASaP labolled RWA from the dispersed

chronatin fraction (30 ceoonds muclear gonication)

32? labelled 19 hour rogenorating

Chyonatin was proparcd fron
rat livor. DA vos purdfied fron the disporsed fraction (post
78,000 = z supernatant precipitatcd with alcohol) of chromatin
propared as described in the legend to Figure 1., Details of centri-
fuzation and collection of fractions werc identical.

0.1nl aliguots were ppotied on filter paper discs which were TCA
wached, dried and counted in a Fackard Tricarb Liquid Scintillation

Spectromoter. Absorption at 260pm was read in a Beckman DB Spectro-

photometer.

0O—0O counts per minute per ml
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Legend to Figure 4

Profiles of the sucrose gradients of the 321’ labelled RNA from the

condensed, intermedinte and dispersed chromatinm fractions (30 seconds

puclear somication)

The specific radioactivities (im counts por minute per microgram
of RNA) of each tube of the condensed, intermediate and dispersed
chromatin fractions (whose profiles in counts and 0D260 vere shovm -

individually in Figures 1, 2 and 3) are shown,

o—o condenged fraction RNA
O0O—o0 intermediate fraction RNA

O——0 dispersed fraction RNA
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A further series of experiments increasing the sonication tims
to 60 seconds was performed. The profiles from the gradients of the
three fractions can be seen in Figures 5, 6 and 7. If the profiles
of the fractions separated after 30 seconds sonication are compared
with those of 60 seconmds treated RNA, the breakage effects of tho
greater period of sonication can be seen. there is & small peak in
the 60 second condensed chromatin fraction RNA which may correspond
to the 28S ribosomal R¥A. However, the whole gradient is much more
distorted than that of the 30 second sonicated fractions. The
60 second dispersed fraction, (the 'euchromatin' fraction of Yasmineh
and Yunis), lacks the RNA with a very high sedimentation value which
was seen in the sucrose gradient profile of the 30 second dispersed
fraction. These are effects which are most probably attributable

to degradation with the increased sonication.

Choice of fractionation method

The separation achieved by the two methods was directly compared
by fractionating chromatin fiom the same sample of labelled nuclei,
both by the adaptation of Fronster's method and by_the modification of
Yasmineﬁ's procedure. ~ ‘the results of this experiment can be seen in
Table 7. The specific radioactivity of the DNA from the condensed
and dispersed fractions by Yasmineh'é method show a very clear
fractiomation effect. The specific activity of the condensed
chromatin DNA (64 counts per mimute per microgram) is much lower than
that of the dispersed fraction DNA at 95 cpm pg-1 but the fractionation
by Frenster's method on the same labelled preparation shoved very

1ittle difference between samples; the specific activity of all the



Lezond to Figure 5

Profile of sucrose sradient of 32? labelled RNA from the 3,500 x m
condensod chromntin £raction (with 60 secondsmiclcar gonication)

6 male rats were cach labelled vith 5mCi of 32P 18 hours aftor
hopateetony and oocrificed 19 hogrs oftcr operation., Chrometin was
fractionated by the mcthod of Yasmineh and Yunis with 60 seconds
nuclear sonication prior to fractionation, RNA vas purified from
the condenged chromatin fraétion (Ilaterials and lethods Section 10)
and centrifuged on a 5-30 sucrose gradient in theji 25.1 Hotor of
the Beclman Hodel L2 ultracentrifuge for 20 hours at 0°C. 0.8l
fractions were collected, O.4ml of HZO added to each fraction.
Radicactivity was measured by spotting O.iml aliquots on filter
papér discs vhich were TCA washed, dried and counted in a Packard
Scintillation Spectrometer, Absorption at 260mm was read in a

. Beckman DB Spactrophotometer,

O0—O0O counts per mimte per ml
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L.ezend to Figure 6

Profile of sucrose gradient of 32p 1abelled RIA from the 78,000 x g

60 scconds muiclesr sonication)

3

Chromatin was preparcd from 2P laboelled 19 hour regenerating
rat lﬂ.vef. RIA wag purificd from the intermediate Lfraction, proparcd
as deoscribed in the Legend to Figurc 5. Dotalls of contrifugation
and c¢ollection of fractions were identical.

0.inl aliquots were spotted on filter poper discs tzrhich were TCA
vashed, dried and counted in a Packard Tricarb Liquid Secintillation

‘Spectrometer. Absorption at 260nm wag read in o Beckman DB Spectro-

photometer,
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Legond to Firure 7T
Profile of muerose sradiont of szgggbelled RiIA_£rom the disporsed
chromatin £xaction (60 soconds puclear sonication)

D‘?:'P lobellcd 19 hour regencrating rat

Chromatin vas preparcd {xom
14ver, RIA was purificd from the dispoxsed (post 78,000 x )
supernatant precipitated with alcchol) fraction of chromatin propared
 as describod in the Legend to Figure 5., Detalls of centrifugation
and collection of fractions were identical.

0.1m1 aliquots werc spotted on filter paper discs which were TCA
wached, dried and counfed in a Packard Tricarb Liquid Seintillation
Spectrometer. Absorption at 260nm was read ila & Beckman DB Spectro-

photometer.

o0——o0 counts por mimuto/ml



oounts per minute/ml

6,000-

5,0001

4 ,0007

3,000+

2,000

1,0004

()
o. o-9.

0-0-0

0—0—45_-0—0
43)0\ s ! /'l ¥ N
[}
00005090000 o
e

-y

r0,. 32

+0.16

e L) . M L LJ L) L] L] L) v L
2088 6.8 10, 127 4&8 16 18 (:20 22 ‘94 P4 28 HP. FB NS4 36
'

&y

Tube number

Figure 7

09¢q0




7ne of sonication

30 secondo

60 seconds

Pdme of conication

5 geconds

1. Yasmineh and Yunia® metho

Heasurement Condznocd
5,500 X
S?o act. DHA 69.6
epn pg) -
% DNA 26.4;5
5%. G.c_t. DERA 64‘9
cm pgt)
<% DA 17.35

2. Prenster et Ei-l‘ nethod

lleasurenent 100x ¢ Condonocd
1,00‘0 X 3
Op. act. DIA 0.8 94.1
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75 DilA 65.5, : 22,27

Intorned.
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100.6

47.9,
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5.3

Bignersod
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25,7,
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fractions being about 80 cpm pg'1 of DNA. The Yasmineh and Yunis
method also achieved a significant fractionation of the RNA
associated with the chromatin (see Figures 1 to 4). Inall
subsequent experiments the fractionation method derived from that

of Yasmineh and Yunis was used.

Determination of the buoyant densities of DNA's purified from

fractionated rat liver chromatin

The buoyant densities of both the condensed and dispersed
chromatin DNAs together with those of the total nuclear DNiAs as
controls were determined both for normal liver DNA and for rat liver
19 hours after partial hepatectomy.

Using HMicrococcus lysodiektiocus DNA(with & buoyant density of
1.731 g. cm"s) as a marker, the six DNis, normal total, condensed,
dispersed and regenerating total, condensed and dispersed all banded .
in the same position with reference to the marker DNA, The value for
the buoyant density of rat mainband DNi determined by Steele (1968)
is 1.700 g. cm'3. There was no evidence of any satellite compbnenta
in the condensed fraction of either normal or fegenerating rat liver
chromatin DNA and no deviations from the value of the buoyant density
of mainband DNA from that of the total ruclear DNA were found in

either the condensed or dispersed fractions.

The optical renaturation of nuclear DNAg prepared from normal rat liver

and 19 hour regenerating liver

The renaturation of total nuclear DNA from rat liver and total

muclear DNA from regenerating liver was examined. Data from studies
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of liver resoneration (Swift, 1953; Bollum and Potter, 1959; Looney,
1960; Looney et al 1967; Bucher, 1963;) show that rat liver 19 hours
after partiai hepatectomy is a very active tissue and evidence of
preferential amplification of either the reiterated or unique
sequences was thercfore sought. The time of renaturation was chosen
go that these investigations could be made in parallel with the in vivo
labelling studies of the incorporation of radioisotopes during the S
period prior to the first synchronised mitotic division of the regene~
rating liver cells. The optimum temperature for DNA=-DNA renaturation
and DNA-RNA hybridisation is closcly related to the mean melting
tecmperature (Tm) of the DNA (Marmur and Doty, 1961; Nygaard and Hall,
1964). The optimum temperature for renaturation of T_4 DIA in
2vx S5C is about 25°C below the Tm (Wetmur and Davidson, 1968)i The
T™m of rat liver DNA in 2 = SSC is 96°C and the renaturation exzperiments
were performed at 7000.

The plots of the percentage renaturation against the logarithm
of the Cot values for both normal and regenerating DNAs are shown in
Figure 8, The fast and intermediate fractions are taken as those
which repature athot values less than 100 wﬁilst the slow or 'unigue'
fraction renatures above this Cot. An alternative method of
estinmating the renaturation of_DNA‘utilises a hydroxylapatite column
(BAP) which can separate reassociaﬁed double stranded DNA from single
stranded DNA. Bishop (pers. comm,) estimates that 12%5 of the
apparent optical rematuration is due to single stranded base stacking
and folding., This is probably responsible for the observed differences
between optical renzturation experiments and those with BAP, and for

the apparent renaturation of the gero time samples of the optical




Lezend to Fisure 8

Tho rennturation of total ret liver muclear DA and tobal 19 bour

rezonzrating liver puclonw DI

DA vas purificd from tho nuclel of normal male xot livers znd from
rogerncrating rat liver obtained 19 hours af%er hepatcetoxy (as dcscribed
in ctexials and Hetheds Scetion 1). The Dilh was sonicated and posoed
through Sephadex columng ac described in laterials and lesthods Seetion 5.

The DIA wvas denatured by boiling end alloved to reanncal in &
galt concentration of 2 x 5SC at 8 tempersture of 7O°C9 (for details

see licterials and lethods Secotion 13).

®*o—©O regenerating liver DHA

O——0O normal liver DiTi
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renaturations (Bishop, 1972; Studier, 1969).
The renmaturation curves of normal and regenerating rat liver
DNA appear to be identical. The process of regeneration does not

therefore involve any preferential amplification of repeated or

e

non-repeated scquences which can be detected by this method.

Renaturation of fractionated regenerating rat liver chronatin DUA

The length of time for vhich the nuclei were sonicated prior to
separating the fractions was detormined by the results of the specific
radicactivities of the %N. and DNA., ‘hile increasing amounis of
sonication improved the fractionation wvith regard to DIA specific
radioaotivity; long sonication times had a deleterious eifect on the
chrometin structure. A sonication time of 60 seconds for the
regenerating nuclei was chosen as a compromise. The difficulties
of using regenerating rat liver were much greater than those with
normal liver. At 19 hours after hepatectomy, the mass of the liver
is only 255 = 30> that of a normal liver. Yor fractionated chromatin,
vhere a fraction consists of only 20j of the total DA, purified DNA
must be prepared from 15 hepatectomised rats to yield the amount of
DNA equivalent to that from one normal rat. FPreparative fractionations
yere repeated many times to provide sufficient DHA,

The DNA was sonicated and passed through columns of sephadex to
remove any contaminating heavy metal ions which Melli ot al (1971)
suggest may reduce the rate of renaturation. The optical
renaturations of the purified condenged, intermediate and dispersed
chromatin DNAs were followed over a range of Cot values from 0,005

to 10,000. ‘‘he renaturation at each Cot plotted as a percentage
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against the log Cot can be seen in Figure 9. Using renaturation
conditions of a salt concentration of 1 x SSC and a temperature of
65°C.with DNA prepared by the fractioration method already described,
there was no apparent difforence between the renaturation curves of
DNA from the three fractioms, condensed, intermediate or dispersed
chromatin from regencrating liver.

This would appear to suggest that no fractionation of repeated
or unique sequences has been achieved, but the results of the
hybridisation experiments (described later) indicate that this
conclusion is incorrect, and that optical measurement of renaturation
is not sensitive emough to detect the differences vhich exist. This

will be discussed more fully in a later section.

The theory of hybridisation of DNA with RNA in conditions of vast

DNA excess

Vhen RNA and sonicated denatﬁred DNA are incubated together in
solution, both DNA/DNA rensturation and DNA/RNA hybridisation take
place. Helli gt al (1971) showed that whem similar concentrations
of the DNA and ﬁNA sequences are present, analysis of the reaction is
very coﬁplex, but under conditions of vést DNA ezcess, that is, when
very small amounts of highly labelled RNA and very large concentrations
of DNA are present, the DNA drawn into the DNA/RNA hybrid is negligible
in comparison with the.remaining concentration of DNA. This reaction

may be considered as followé:-

3
DA + DIy ———> duplex (1)

DNA + RNA ——=——> hybrid (2)



Legond to Fimure 9

The rendturation of NN\ prepared fxom fractionated chromatin from

rorenergtinz rat liver

DA was purified from the 3,500 x z (eondensed), the 78,000 x g
{intomediate) and the post 78,000 = g alechol precipitate (disperced)
caronatin fractions. Tnese verc prepared by tho method derived from
that of Yacmineh and Yunis (1969) described im Haterials and Hethods
Seetion 9, with 60 seconds nuclear sonicetion prior to fractiomation.
The proportions of DA in the three fractions weres—

17, in the condensed fraction (3,500 xz g)
50,5 in the intermediate fraction (78,000 x g)
33,' in the dispersed fraction (post 78,000 x g)

The DUA was purified until it contained no alkali labile
contominating material, and was then sonicated (see liaterials and
Hethods Sections 1, 3 and 5). The ﬁﬁﬁ from the three fractions vas
denstured by boliling and alloﬁed %o fengture in a salt concentration
of 1 z 53C at a temperature of GSOCV(as described in Materials and
Mothods Section 13). - The-percentage renaturation at eéch Cot value
was calculated for each fraction and is plotted egainst the logarithum

of the Cot value,

®o—©O condensed fraction DilA
oO——0 intermediate fraction DA

o——0Q dispersed fraction DIA
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there kg

the rate constant for the DNA/RNA hybridisation,

is the rate constant for the DNA/DNA renaturation and 2 s

2
Since the DNA/DNA reaction is independent of the DMA/RUA reaction:-

Rate equation for the DNA reaction (renaturation)

&/ar = 43 0° (3)
vhere D is the concentration of the bases in single stranded sequences
at any time.

Integration equation (3) so that t = 0, D = Co

D/Co = __ 1 (4)
(kg Cot + 1)

Rate equation for the RNA reaction (hybridisation)

/gy = -kg D.R (5)

Where R is the concentration of RNA bases in single stranded sequences.
Using the value of D from equation (4) and integrating equation
(5) with the condition that at t = 0, R = Ro

a ny
(k2 got + 1) 2/k§

R, = 1
Ro

Experiments with a model system of‘a bacterial DNA sheared to
constant size and its homo‘;gous ¢RNA indicated that the rate constant
for the DNA-RNA reaction was lower than that for the DHA-RNA renaturation,
(1elld et al 19713 Bishop, 1972). The amlytical complexity of the
DNA can be estimated from its hybridisation with complenentary RNA
and on the assumption that the ratio kg/kg is the same for the system
under consideration as for the model reaction, the reiteration

frequency of multiple DNA sequences (such as ribosomal DNA) can be
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dcduced by hybridising total Dill with the fraction of 2Ull complementary
{o those scquences.

In experinents using ZnRIA and cRNA, the hybridisation of only

WATYAS

about 50,0 of the 2. ic obsirved. fhore are several poooible reeciions
for the failure of the hybridisation reaction to procecd to 100,5.
Thermal breokage of the cRNA may contribute significantly to the
incompleteness of the reaction, for if the RNA becomesg too small,
the hybridisation reaction will not take place. T“ho thermal scission
offect is likely to be constant for all three fractions since all
hybridisation reactions were performed with the same salt concentration
and tomperature for the same incubation perieds. Part of the hybrid
mey be susceptible to RNase digestion thus reducing the apparcnt value
of hybridisation. Howcver, Bishop (1972) found no correlation
botveon base composition in bacteria of videly differing GC contont
and the ribonuclease resistance of the hybridised cRNis transcribed
from the various bacterial tempiates, although Bishop et al (1972)
have suggested that DNi-RNA duplex from vertebrate nucleic acids may
be partially sensitive to ribonuclease. In any case, this
incompleteness of the reaction is not caused by failure to achieve
the conditions of DHA excess because Bishop (1972) showed that varying
the DNA-RNA ratio over a hundredfold range does not affect the rgsult.
Hybridisation in conditions of excess DNA provides a simple direct
way of measuring the reitcration frequency of DNA sequences with which

the RIIA sequences hybridise.

Hybridisation of 32? labelled nuclear heterogeneous RNA and fractionated
chromatin DNA from regenerating rat liver in conditions of DI\ oxcess

HnRNA was prepared from 6 hepatectomised rats labelled for 2
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hours with 5aCi °27 per rat (as described in Faterials and Methods
scetion 14). Jhus R ves hybridised in conditions of DHA excess vith
5 @ifforent DNAs, condonsed and dispersed fractionated chromatin DIIA
(prepared by the mothed modified from that of Yasminch end Yunis) and
total nuclear DHi. 4ll the DNA was obtained from rat liver 19 hours
after hepatectomy. Aliquots of the same DHA solutions were used
both for the hybridisation of the in vivo HnRHA and the in vitre
cRNA, (the greuatest drawback being that 200 rats had to be hepatecto-
nised and fraotionated to obtain sufficient DNA). The molecular
wveights of the purified sonicated DNAs were determined by Band
Sedimentation in the Beckman Model E amalytical ultracentrifuge and
are given in Table 8.

The final specific radioactivity of the RNA with a,sedimentatiqn

cosfficient greator than 80S was 80,000 cpm/ug.  0.0125.g of //>Kk

regenerating HnRNA werc used for each 100ug of fractiomated or control
DNA, givinz a DNA ; REA ratioc of 8,000 to 1. The percentage
hybridisation at esch Cot was plotted égainst the log Cot., Figure
§0 shows the hybridisation of labelled HoRNA with total muclear DHA
from regenerating rat liver. Very litile hybridisation can be seen
in the ééfy fasf regidn. most being observable in the intermediate
and slow regions. The final velue for the percentage hybridisation
for regenerating total DNA at a Cot of 20,000 is 4675 and this
hybridisation curve has a Cotg of approximately 220 (see Table 9).

The hybridisation of the HnRNA with regencrating condensed
chromatin DNA (Figure 11) shows very marked differences from the total
curve. Whilst at low Cots (Cot 1) very little hybridisation

occurs with either DN:, there is a marked inflexion of the condensed



Table 8

The Holecular Heights of the sonicated fractionated chromatin DIVAs uesed
in hybridisation exporiments determined by allaline analytical

denslt adient centri tion

DHA llolecular {eizht
Hormal condensed 99,900
dispersed 98,000
total 133,000
Regenerating condensed 88,600
dispersed 80,000

total 99 ’ C00



Legend to Figure 10

Hybridisation of 2°P labelled HnRNA with totsl miclear DNA from

regenerating rat liver in conditions of DNA excess

’QP labelled HoRHA from 20 hour regenerating rat liver was

propared as described in laterials and Ilethods Section 12. Purified
RNA with a sedimentation value greater than 80S and a specific radio-
activity of 80,000 cpm/pg was hybridised with total nuclear DNA
prepared from rat liver 19 hours after hepatecfomy. DNA was extracted,
sonicated and purified (Materlals and Methods Sections 1, 3 and 5) and
the molecular weight, as determined by band sedimentation in the
Beckmen Hodel E analytical ultracentrifuge was 99,000,

Hybridisation was performed over a range of Cot values from 0,005
to 20,000 using DNA concentrations of 400ug/ml, 10mg/ml and 20mg/mil.
0.0125ug of RNA vere hybridised with cach 100ug of DNA (the DNA/RNA
ratio was é,OOO : 1) using a salt concentration of 2 x SSC at a
temperature of 65°C. (Details of the hybridisation technique are
‘given in lMaterials and lethods Section 155. The percentage
hybridiaation‘ét-each Cﬁt yas calculated from the RNase resistant
counts in each»sample as a proportion of the total TCA precipatable

counts in that sample.
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‘able 9

Hybridisation of resenerating fractionated chromantin DA with 32?

labolled puclear heteroszensous R from regcnerating liver.

Values of Cot?
——7

DNA REA Cotz
Regenerating Condensed (RC) 32p pnRiA 450
Regenorating Dispersed (RD) . 2P HoRWA 50
Regenerating Total (RT) 32p gormA 220



Legend to Figure 11

Hybridisation of 32p labelled HnRNA with fractiomated condensed

chromatin DNA from regenerating rat liver in conditions of DNA excess

32? labelled HnRH: (as used in the experiment shown in Figure 10)
was hybridised with DN. purified from chromatin from rat liver at 19
hours after hepatectomy, fractionated by the method of Yasmineh and
Yunis (déscribed in Haterials and liethods Section 9). Condensed
(3,500 x g) fraction DNA vas purified until it contained no alkali-
lobile material, sonicated and passed through a column of Sephadex
(deseribed in Materials and Hethods Sections 1, 3 and 5). The
molocular weight of the condenged fraction DNA determined by alkaline
band sedimentation in the Beckman Hodel ¥ analytical ultracentrifuge
vas 88,600.

Hybridisation vas performed as described in the Legend to Figure 10

with a DNA/RNA ratio of 8,000 to 1.
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DNA curve from a Cot of 1 to a Cot of 100, There is a very distinct
component of hybridisation in this region with a Cotg of 15 which is
not found in the dispersed chromatin DNA but can be seen to a lesser
extent in the total. M.S. Campo (pers. comm.) has shown that, in
conditions of hybridisation of excess normal rat liver DNA with
HnREA, this characteristic component can be competed out with

increasing amounts of unlabelled purified 18S and 285 ribosomal RNA,

1

é54ﬁ and is thus greater than that of the total regenerating DNA curve.

[The value for the final percentage hybridisation (Cot = 20,000) is
This increase is due to the amount of hybridisation occurring in the
region of Cots 1 -« 100, since the presence of this distinct component
of hybridisation contributes in an additive manner to the total
hybridisation. The Cotg_of the whole curve of condensed chromatin
DNA has an approximate value of 450 which is much higher than the
Cotz of the total regenerating DNA at 220.

The profile of the hybridisation curve of the dispersed chromatin
DNi with HnRNA (seen in Figure 12) differs very significantly from
both the total and the condenséd chromatin DNA curves. (The combined
curves of the three fractions can be seen in Figure 13). Until a
Cot of one is reached there-is no apparént increase in hybridisation
and the values for all three DllAs are very similar to each other and
to the zero time samples. 4t Cot values greater than 10 the
hybridisation with the different DNAs begins to rise much faster than
the condensed DNA, although this fraction appears to lack the "bump"
sequences. +this agrees with the fact that some of the bump is
ribosomal RNA and ribosomal DNA is probably in heterochromatin.

ilthough the final value reached by the dispersed fraction is only



Legend %o Figure 12

[ybridisation of ~°P labolled HnRNA with fractiomated dispersed

chromatin DNA from regenerating rat liver

92p 1abelled HuRNA (as used in the experiments shown in Figures

10 and 11) was hybridised with DHA purified from 19 hour regenerating
rat liver chromatin fractionnted by the method of Yasmineh and Yunis
(tiaterials and Methods Section 9). The dispersed fraction (alcohol
precipitated post 78,000 xz g fraction) vas purified until it contained
no alkali labile material and passed through a column of Sephadex
(Materials and Methods Sections 1, 3 and 5). The molecular weight
of the dispexrsed fraction DNA determined by band sedimentation in the
Eeckman Hodel E analytical ultracentrifuge was 805000,

Hybridisation was performed as deseribed in the Legend to Figure 10,

with a DNA/RNA ratio of 8,000 %o 1,
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Legend to Fisure 13

32

Hybridisation of “"P labelled EnRNA with condensed and dispersed

chromatin DNA and total nuclear DNA from regenerating liver

The three hybridisation curves shown individually in Figures 10,
11 and 12 are shown together in this figure, for comparison. The
conditions of hybridisation were a salt concentration of 2 x SSC and

an annealing bath temperature of 65°C.

condensed fraction DHA

e e — . — dispersed fraction DNA

total nuclear regenerating
liver DNA
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425 the faster rise between Cot = 10 and Cot = 1,000 indicates an
enrichment of the unique sequences. The value of the Cotg of the
dispersed curve is approximately 50.

Jith respect to their hybridisation with HnRNA, there is a true
fractionation of sequence;bbetween condensed and dispersed regenerating
DNA. The dispersed fraction is emriched for 'slow' sequences (i.e. r

slow transcribed sequences) by a factor of three to four. This is

quite possible in terms of the observed recovery. The condensed ﬁ
——— [
¢

is enriched for 'bump' sequences and depleted of slow sequences.

Hybridisation of cRNA with DNA from fractionated rat liver chromatin
in conditions of DHA excess

3H labelled complementary RNAs (cRNA) were enzymically synthesised
on templates of purified DNA from both normal and 19 hour regenerating
fractionated rat liver chromatin. The DNA primer for the cRENA
synthesis was not sonicated after purification from the fractionated
chromatin, but the nuclei had been sonicated for 60 seconds during
the fractionation procedure. It was feared that the fractionation
method might have partially denatured the DHA or caused single
stranded ende, To examine thié p§s§iﬁility, samples.of each template
DA and controls of unfractionated normal and regenerating nuclear
DA were subjected td increasing temperature in a UV spectrophotometer,
The melting curves of the normal fractions and their control are‘shown
in Figure 14A and those of the regemsrating fractions and their
control DA in Figure 14B. The melts of the fractionmated chromatin
DiA superimpose exactly on the curves of the untreated DHA and have

the same f£inal percentage hyperchromicity, indicating that there is




Legend to Tigure 14

Moltinze curves of fractionated chromatin DHNA used as templates for

GRINA nthosig

142, Normal at liver DA

DNA vas purified from both condensed (3,500 x g) and
dispersedA( post 78,000 x g alcohol precipitate) fractions of chromatin
prepared from normal rat liver by the method of Yasmineh and Yunis
vsing 60 seconds muclear sonication prior to the fractionation procedure.
(See HMaterials and IMethods Section 9) samples of condensed and dispersed
chromatin DNA together with & control sample of purified total nuclear
DNA from rat liver at concentrations of 1.0 OI)26 ml in 0.1 x SSC wvere
subject to thermal denaturation from 40% to 95°C in an ultraviolot
spectrophotometer., The optical melting profiles of the DNA are shown
in Figure 14a. _

o—© ¥ormal condensed (3,‘5.00 x g) fraction DNA

fl—[] Hormal dispersed ( post_‘78y000 % g) fraction DNA

o—e Normal total nuclear DNA.

14b, Regensrating rat liver DHA

Fractionafed chromatin was prepafed as above, but' from
19 hour regenerating rat liver., Samples of purified regenerating
condensed (3,500 x g) fraction DNA and dispersed (post 78,000 x g)
fraction DNA togethor with total nuclear DHA from 19 hour regenerating
rat liver vere thormally denatured as above. Optical melting srofiles
axre shotm in Figure 14b.

o—0 Renonzrating condenced (3,500 = ) £raction DIA

O—g Negoasrating digporoed (post 78,000 = )
£raetion DA

o—0 Regoreveling total maclear DIA
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no significant proportion of single stranded regions in the fractionated
chromatin DNA.

The molecular weisht of a sample of each template DIi: was
neasured by band sedimentation in caesium chloride in an analytical
wltracentrifuge. The molecular weights of these unsheared primer
Diits were found to be approximately half a million so that sonication
during preparation had not broken the DNA into small fragments. “he
system of nomenclature of the cRNAs and DNAs is given in Table 10.

The fractionated chromatin DNis used for hybridisation with the cRNAs
were sonicated and passed through a Sephadex colunn (as described in
taterials and Methods Section 5) and their molecular weights were also
determined by band sedimentation in the Beckman Hodel E. The values
for each DNA are given in Table 8.

Each oRNA species was hybridisea with 3 DNAs: 4its homoiogous
DHA(e.g. ne cRVA and NC DIA) thé DNA from the heterologous chromatin
fraction (e.g. nc cRUA andAND DNA)‘and;also with the total muclear
control DNA (e.g. nc cmm and NT DNA). That is, each of the six
Dllas wis hybridised with the two cRNAs transcribed from either the
normal condensed and dispersed or regenerating condensed and dispersed
chrometin DNA templates, .The results of the hybridisation reactions
over a range of Cot values from 0.005 to 20,000 (plotted on the log
Cot scale) of the cRilAs with ﬁhe fractionated chromatin DNAs are
draun so - that compari:ons can be made (Figures 15-23%), Firstly,
4the hybridisation curves of each DHA witﬁ the two different cRUAs are
plotted. (Thus, in the curves using the same DWA, no differences
can be sttributed to such factors as DNA size since the same DNA is

used for both hybridisation curves and the CcRNA is the only variable).



Tablo 10

preparation of cRNA fxom fractionated chromatin template DNA

Chromatin fraction Preparation of DNA cRNA
chromatin primer  produced
normal condonsed 3,500 = g NC ne

for 20 minutes

noxmal dispersed post 78,000 2 g sn ND nd
alcohol precipitated

Regenerating condensed 3,500 = g RC rc
(19 hour regenerating liver) for 20 minutes

Regenerating dispersed post 78,000 =z g sn RD rd
(19 hour regenmerating liver) alcohol precipitated
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Secondly, the results arc plotted to show the same cRIL hybridised

ith each of the different DNis,

1¢s of the hybridisation experiments using cRNAs made on normal

The hybridisation curves of reactions using normal liver DNA are
ghovn in Figures 15-19. The hybridisation of NC DNA with nc cREA
displays features which are quite distinct from those with nd cRNA
(Figure 15). The reaction with the nc oRNA reaches a much higher
levol over the Cot range {1 to 100 which indicates that NC DNA is
enriched for a reiterated fraction of DNA wvhich ig absent from (or
not tfanscribed from) ND DNA, The Cotz of this reaction is 30.

Yith nd cRNA the reaction is generally slower oxcept Lor the final
points Cots 1,000 to 20,000 and reaches a lower level of hybridisation
(457 hybridisation compared with 53% for NC DNA - nc oRNA), The
Cotz 10 560, The estimated values of the Cotz'. of each hybridisation
reaction with fractionated chromatin DNA and total nuclear DNA from
normal liver can be seen in Table 12.

Figure 16 shous the‘hybridisation of WD DNA with nd and nc cRNAs.
These reactions both'proceéd more slowrly than that of.nc cRNA with
NC DNA, and reach a final value of 460 hybridisation. The CotE of
the NDnd reaction is 200 and that of the NDnc reaction is 400, The
clope of the ND-nd curve ig much steeper over the Cot range from 3
to 100, but that of the HDbnec reéction is faater over the Cot range
£rom 100 to 1,000 indicating a slight enrichment for sequences vhich
renature at these Cotl values.

The hybridisation of total normal DMA (NT) with both cRNAs




Lesend to Pl e 1

Hybridisation of normal condensed chromatin DHNA in conditions of DNA
excess with 3H cRlIAs synthesised on templates of normal condensed and
digpersed DA

SE CRNAs were synthesised using condensed and dispersed DA from
fractionated normal liver chromatin as templates (described in
Materials and Methods Section 14).

The DNA for hybridisation was prepared from rat liver chromatin
also fractionated by the method derived from that of Yasmineh and
Yunis (1969) (Materials and Methods Section 9). The DNA was purified,
sonicated and passcd through a Sephadex column (Materials and Methods
Sections 1, 3 and 5). The Molecular Woight of the condensed (3,500 z g)
fraction DNA determined by band sedimentation in the Beckman HModel E
analytical ultracentrifuge was 99,900.

~ Hybridisation of the cRNAs;wiéh.fhejcondensed fraction DNA was
perforned as described in Materisls and Hothods Section 15 using DNA

concentrations of 400pg/ml, 10mg/nl and 20mz/ml.

*a—©O normal éondensed BH cRiA and normal condensed
DNA (ne - EC)

O——0 normal'dispsrsed 3E.cRNA'and normal condensed
MA (nd - NC)
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Table 11

AT LY M A e

gzbriﬂisation of DN with cRNA in conditiong of DNA oxcess.

Estimated values foxr Cotg; of cach gzbridﬂ.sation reaction

HORMAL RAT LIVER

Normal condensed (NC) nc 30
Hormal condensed (IiC) nd 560
Normal dispersed (IM) ne 400
Normel dispersed (1) nd : 200
Normal Total (NT) ne 350

Normal Total (IT) nd 500




Lezend to Figure 16

Hybridication of normal digpersed chromatin DNA in conditions of DNA

excess ggtg43H cRNAg synthesised on tomplatos of noxmal, condenged

and digporscd DNA

51-1 cRilAs vere synthosised using condensed and dispersed DA £rom
fractionated normel liver chromatin as tomplates (vdescribed in Haterials
and Hethods Section 14).

The DNA for hybridisation was prepared from rat liver chromatin
also fractionmated by the method of Yasminch and Yunis (1969) (iaterials
and Methods Section 9). The DNA was purified, sonicated and passed
through a Sephadex column (sce Materials and Methods Sections ¥, 3 and 5).
The liolecular Yeight of the dispersed (alcohol precipitated post
78,000 = g supernatent) fraction DVA determined by band sedimentation
in the Beckman Hodel E analytical u;.tfacentrifuge vas 98,000,

Hybridisation of the cRlas with the condensed fraction DNA was

performed as described in Naterials and Methods Section 15.

.;—-. . normal disporsed 3H oRNA and normal disperaed
~ DFA (nd - 1D) :

O0—n normal condensed % oRlia and normal dispersed
DNA (nc = ¥D) A
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(choun im Pigure 17) is differcn: from clther of the fraciionms. (In
Pigures 18 and 19, the aybridisations of all three Dilis with the sanme
¢hIA are given for cace of conparison). It will bo seom that both

tith nc oRiA (Figurc 18) and nd cRila (Pigurc 19) the reaction uvith IT

ntermediag} betrcen those with the DNA fractioms. . comparison
of the reac oné'of the three DIAs with nc cRHA indicatcs that the
homologous KC-ne reaction, hao the lowest Cotz (30) vhercas the values
for IiTnc (Cotz = 350) and TDnd (Cot} = 400) are mch higher (see

vable 11). In tho rcactions with nd cRN) the homologous reaction
(1D-nd) again has the lowest Cotg (200) although the differenco

betueon this and NT-nd (Cotg = 500) and }Cnd (CotE,: 560) reactions

is not as pronounced as that observed in the hybridisation of nc ciili

wvith its homologous and heterologous DHNA.

Results of hybridisation eggerimehts using fractionated regenerating

liver chromatin DNA with cRNAs pade on regenersting DHA templates

The data £rom the hybridisation of the fractionanted regenerating
DNA_with the cRlAs are presented in exactly the same vay as those for
normal DPNA and cRRA., The results however are vexry different.

Figure 20 shows the hybridisation of RC DNA with rc and rd cRNis.
Phe peaction with rc cREA, vhile lacking the extremely rapid rise
botucen Cot § and 100 found with NC DNA and nc cREA, is considerably
faster over this rezion than that vith nd eRIA, indicatinz that thexre
is an enrichment for these moderatoly reiterated DFA sequences in thisg
fraction. In contrast, the reaction vith rd cRIIA shous its greatest
rice botwcen Cots 300 and 3,000, The Cotz (800) compared with 150

for the RC re reaction also indicates the differing courses of the



Legend to Figure 17

Hybridisation of normal total nuclear DNA in conditions of DNA excess
yith 3H cRlAs synthesised on templates of normal condensed and
disnerged DNA

BH cRllls were syntbesised using condensed and digpsrsed DNA from
normal liver chromatin fractionated by the method derived from that of
Yasmineh and Yunis (described in Haterials and Methods Sections 9 and 14).

The DNA for hybridisation was prepared from rat liver nuclei and
was puiified, sonicated and passed through a Sephadex column (Materials
and Hethods Sections 1, 3 and 5). The Molecular Weight of the total
nuclear DNA determined by band sedimentation in the Beckman !Model E
ultracentrifuge was 133,000,

Hybridisation of the cRWNAs with the total nmuclear DNA was

performed as described in Haterials and Methods Section 15.

O—O0  normal cbndensed 3H CRVA and normsl total
DHA (nc = HT) '

o—& normal dispersed 58 cRHA and normal total
DNA (nd = NT)
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Legend to Figure 18

Hybridisations of normal condensed and dispersed chromatin DNAs and
total nuclear DNA in conditions of DNA excess with BH cRNA synthesised
on a templete of noxmal condensed DNA

The hybridigation curves of mnc SH CRHA with NC, ND and NI DHA
vhich were seen separately in Figures 15, 16 and 17 are shown together

for ease of comparison.

e—@©o normal condensed cRNA and normal condensed
DNA (nc - NC)

0o—no normal condensed cRNA and normal dispsrsed
. DNA (nc - D)

o—0 normal condensed cRNA and normal total
DNA (ne = NT)
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Leprend to TFigure 19

Hybridisations of normal condenged and disporsed chromatin DiAs and

311 cRIA synthesiged

total nucleax DWA in conditions of DHA excesg with
on a template of normal digpersed DINA

The hybridisation curves of nd ~H GRUA with HC, ID amd NT DA
which were seen scparately in Figures 15, 16 and {17 are chown togsther

for ease of comparison.

oO—0 normal dispersed cRNA and normal condensed
DNA (md = NC)

BE—n normal dispersed ¢RNA and normal dispersed
: pia (nd = HD)

o— normal dispersed ¢RNA and normal total
' p¥A (nd = NT)
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Lerord $o Fisuxre 20

Bybzidlisation of condenged chromaliin DN from regenerating rat liver

3

in conditiong of DI crcess with “EH cWig synthesised on templates

of condcnacd and disvorscd caroratin DI from rogonerating livor

3& cMiis vere gyanthosised using condonsed and disgsersed DA
from fractionated liver chromatin (obtained from rat liver 19 hours
afteor partial hopatectomy) as templates, as described in IHaterials
and Methods Section 4.

The DHA for hybridisation was prepared from rat liver chromatin
from 19 hour regemerating liver also fractionated by the method of
Yesnineh and Yunis (ilaterials and Ilethods Section 9). ihe DNA was
purified, sonicated and passed through a Sephadex column (see
Materials and lethods Sections 1, 3 and 5).

The Molecular .Jeight of the condensed (3,500 x g) fraction
DA determined by band sedimentatién in the Beclman lModel B
ultracentrifuge was 88,600, R

Hybridisation of the cﬁnﬁs with,thé condensed fraction DNA
was performed as described in ["aterials and llethods Section i5.

3

o—© regenexating vondensed “H oRNA and regenerating

condensed DNA (rc - RC)
0O—0 regenerating dispersed 3H cRHA and regensrating

condonsed DHNA (rd - RC)
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reactions (see Table 12).

The reactions of RD DIli with the same cRNAs (shown in Figure 21)
differ less than those of RC DNA (as the reactions of nc and nd cRNA
with ND DNA were closer than those with NC DNA). In this case
hovever, the reaction with rc cRNA is rather more rapid in the early
points, (up to Cot = 300) than that with rd cRNA (the reverse of the
result in the normal cRNA/DIA reaction). This suggests that the
moderately reiterated DNA sequences are almosi completely absent from
rd cRIA, although their presence in RD DNA is indicated by the reaction
with rc cRNA.

The hybridisation of regenerating total DNA (RT) with the two
cRNAs (Figure 22) shows that until a Cot of about 300 is reached,
there is a greater percentage hybridisation at each Cot with the
rc cRINA than with rd cRNA; only at Cot values greater than 300 does
the slope of the rd hybridisation reaction become steeper than the
RTrc reaction. The values of the Cot% of the two reactions
(rc = 200 and rd = 500) indicate the difference between the two
hybridisation curves.

In Figures 23 and 24 where the reactions of all three DNAs with
each cRNA are given, the demonstration that. the hybridisation of
RT DNA with nc and nd cRNAs comes between those of the fractionated
condensed and dispersed DNAs, similar to the effect in the normal
system is again given. ith rc cRNA, the homologous RC-rc¢ reaction
again has a lower Cotg than the RTre and RDrc reactions (Cotz 150,
200 and 250 respectively). Uhilst the RDrd reaction Cotg of 500
is lower than that of the RCrd reaction (Cotg = 800) there ic a

very notable difference between the reactions with rc cRNA and rdciNA.



Tablo 12

Hybridisation of DA with oRWA in conditions of oxcens.

Estimated values for Cotg of each hybridisation reaction
2

REGENERATING RAT LIVER

Regenerating Condensed rc 150
Regenerating Condensed b 800
Regenerating Disporsed bio] 250
Regenerating Dispersed b3 500
Regenerating Total - 200

Regenerating Total - o 500



Legend to Figure 21

Hybridisation of dispersed chromotin DHA from rogemeratinz rat liver

in conditions of DA excess with 3H cRlJAg_synthosised on templates

of condensed and digpersed chromatin DIA from rogenerating liver

SH cRIAs were oynthesised usinz condensed and digpersed DNL from
fractionated liver chromatin (obtained from rat liver 19 hours after
partial hepatectomy) as templates (described in Naterials and Methods
Section 14).

The DNA for hybridisation was prepared from rat liver chromatin
from 19 hour regenerating liver also fractionated by the method of
Yasmineh and Yunis (laterials and lethods Section 9). The DNA was
purified and sonicated (Haterinls and liethods Sections 1, 3 and 5).

The NMolecular Yeight of the dispersed (alcohol procipitated
post 73,000 x g) fraction DNA determined by band sedimentation in
the Beckman Hodel E ultracentrifuge was 98,000. Hybridisation of
the chNAs with the dispersed fraction DNA was performed as described

in laterials and Hethods Section 15.

| p— | 'regénerating dispersed 3H oRNA and regenerating
' dispersed DNA. :

o—a0 regenerating condensed 5% cRNA and regencrating
dispersed DHA
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Legend to Figure 22

Hybridisation of total nuclcar DI\ from regenerating rat liver in
3H

conditions of DilA oxccss uith oRNAs synthesiged on tomplates of

condepped and disporsed chromatin DA from regonerating liver

3H cRilAs were gynthesiecd using condensed and disporged DA fron
liver chromatin (from rat liver 19 hours after hepatectomy fractionated
by the method derived f£rom that of Yasmineh and Yunis) as templates
(see liaterials and lethods Sections 1, 9 and 14).

The DNA for hybridisation was propared from rat liver nuclel
(obtained from regenmerating liver, 19 hours after partial hepatectomy),
purifiod and sonicated as deseribed in Haterials and Hethods Sections
1, 3 and 5. Tho [Molecular eight of the total regensrating nuclear
DNA, determined by band sedimentation in the Beckman lodel E analytical
ultracentrifuge was 99,000.

Hybridisation of the cRlits with fotal nuclear DHA was pefformed

as described in Haterials ard llethods Section 15,

oO—O regenerating condensed cRNA and regenerating
: total D¥A (rc - RT)

©— & regonerabing dispergsed cRVA and regenerating
total DNA (rd - RT)
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Legend to Fipure 25

Hybridigations of condensned and digperscd chromatin DHA and total

muclear DHA fron remenerating rat liver in conditions of DiA excecgs

a

potin DA

prepared from rogenerating rat liver

The hybridisation curves of re H with RC, RD and RT DI which

were seon separately in Figures 20, 21 and 22 aro shoun together for

easc of comparison.

o—@©
o—a
o—0O

regenerating condensed cRNA and regenerating
condensed DNA (re - RC) :

regenorating condensed cRNA and regenerating
dispersed DNA (rc = RD)

regenerating condensed cRNA and regenerating ‘

total DA (re - RT)
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Lerend to Fimurc 24

fiybridisations of condonced and dispersed chronatin DY and total

auclear DNA from romenorating rat liver in conditions of DIA cxeccas

vith 3H o WA syntheoiccd on o tooplate of dioparsed chrom’%ini DITA

prepared from regencrating rat liver

The hybridisation curves of rd 3H ¢RNA with RC, RD aad T DA

vaich werce chown separately in Pigures 20, 21 ard 22 are shoun together

for case of comparison

O —0 regenorating dispersed cRFNA and regenerating
condonoed DHA (rd - RC)

BE—8 regenerating dispersed cRIA and regensrating
dispsrsed DNA (rd - RD)

o—@ regonsrating dispersed cRNA and regenorating
total DHA (rd - RT)
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111 the reactions with rc cRNA proceed much faster i.e, have lower
Cotz % than those with rd cRNA, although all the reactions reach the
same level of hybridisation (about 44,5 at a Cot of 20,000).

The template properties of the DNAs are shown in the hybridisation
of the condensed and dispersed RNAs with total DNA. The hybridisation
of nc and nd cRNAs with normal total DNA indicates that the RNA
transcribed from condensed DNA is enriched for reiterated sequences
when compared with the RNA transcribed from dispersed DNA, but that
there is little or no partition of the highly reiterated sequences.
Hybridisation of rc and rd cRNAs with regeﬁerating total DNAs shows
the same effect.

The partition of sequences in the fractionated chromatin DNAs
can be seen by comparing them with total DNA. Comparigson of the IC
reactions with those of NT indicates that the former contains more
reiterated sequences complemenfary to those in nc than does KT, but
that it contains fewer sequénces complementary to nd cRNA than does NT,
ND has an enrichment of sequences complementary to nd compared with
NT DNA. Reactions with RC DNA differ from those of normal dispersed
DNA in that tﬁe homologous reaction RDrd has a~higher COtz than RDre.
Hybridisation of regenerating condensed DNA is similar to NC DHNA
indicating an enrichment of reiterated sequences in RC.

It appears that there are definite sequence differences between
' the fractions, the dispersed fraction containing the slower sequences
from which some of the HnRNA is transcribed and the condensed chromatin
containing a greater proportion of reiterated sequences. Hybridisation
of in vivo RNA detects only those sequences in the DNA complementary

to that RNA., Hybridisation of the cRNA is expected to show far
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morc of the sequence composition of the DNA. Hovever, the use of

both methods of investigation provides more information than either

m2thod alone.
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DISCUSSION

The Concept of Fractionation

Previous studies of isolated chromatin fractions attempted to
relate the properties of the imolated dispersed and condensed
chromatin to the cytological euchromatin and heterochromatin by
differential labelling and microscopic appearance (Frenster et al, 1963;
Frenster 1965) and by the amounts of satellite DNA contained in the
heterochromatin fraction (Yasmineh and Yunis, 1969, 1971; Yunis and
Yasmineh, 1970). Heterochromatin, originally defined as a
chromosomal material, the condensation of which was out of phase with
the other nuclear material (so that it was heteropycnotic), is now
also considered to be a genetically inert substance. The discovery
that mouse satellite DNA was associated both with cytological hetero-
chromatin and with isolated condensed'chromatin has created a
situation in which the method of ffactibnation is influenced by the
ﬂ;cessity of maintaining this association,

However, the important questions of transcriptional activity or
potential of the fractions snd the differential distribution of
sequences other than satellite DNA have not been ezplored. In this

thesis, the problems under consideration are:—-

a) In the rat, an animal with no significant satellite fraction,
cytological heterochromatin is clearij visible, The initial criterion
for fractiomation was based on Fremster's finding (Frenster et al 1963)
that the dispersed fraction from calf thymus lymphocytes in interphase
incorporated DNA precursors more rapidly than the condensed fraction.
Could such a difference be observed in fractionated rat liver

chromatin?
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v B 2 ETKENG o m s coserTe

b) The differential replication of GC rich and AT rich DNA may be
< SLTUTETTT . 4

correiated with that of euchromatin and heterochromatin.

Is it possible to detect buoyant density differences between
isolated condensed and dispersed chromatin DHA in rat?
c¢) Can sequence differences between the condensed and dispersed
fractions be detected -~

i) by optical renaturation?

ii) by hybridisation of cRNAs transcribed from the DNA of
chromatin fractions?
ii1) If sequence differences are found in normal DHNA by
hybridisation of the cRNAs are these the same in normal
and regenerating fractionated chromatin DNA?
(i.e. Are £here changes in the distribution of DNA
in condensed and digpersed chromatin in regeneration?)
d) 1Is the condensed fraction_transdriptionally inert or less active
than the dispersed fraction? '

i) are these differences iﬁ the RVA associated with each
chromatin fraction and is this RNA transcribed from
the fraction with which it was isolated?

1i) Is there a sipgnificant difference between the hybridi-
sation patterns of condensed and dispersed chromatin

DNA with in vivo HnRNA?

a. Differential labelling of the condensed and disgpersed fractions
Frenster et al (1963) found great differences in the labelling
properties of theterochromatin' and 'euchromatin' prepared from

interphase lymphocytes after incubation with DNA precursors in vitro.
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In the exporiments reported in this thesis, fractionation after in vivo
lsbelling vas first attempted in normal rat liver. No significant
differences in specific radioactivity vere found in this normal tiessus,
but two problems vere associated with these studies; a) normal tissue
has a very low rate of incorporation of precursors so that the
resulting specific activity of the DNA obtained vas very lov in all
the fractions; b) this was a study of a random cell population.
Different specific radioactivities of DHA im the normal systenm would
therefore only disclose differences if the neuly synthesiged DIA were
associated with the dispersed fraction.

Using regenerating liver (which is a tissue in vhich about 60
of the cells are in synchrony at the first mitosis (Brues and Harble,
19373 Cater et al, 19565 Harkness, 19573 Grishem, 19603 Bucher,
1963) fractionation and labelling by Yasmineh and Yunis' method during
the S phase before the first synchronised division showed a much
greater uptake of precursors and a clear differential uptake of 32?
between the condensed and dispsrse& fractions., Two possible
explanations of this phenomenon ares |
I) that the time of labelling and killing selected, coincides with the
time at which dispersed chromatin is being synthesiseds
II) that all the newly synthesised DRA (due to some unvinding process
during replication) is in = dispersed state and is fractionated with
the dispersed chromatin, |

Hypothesis I could be tested by pulse labelling synchronised
cells in culture at different times during S phase and fractionating
chromatin. If this hypothesis is correct, one would find mostly

dispersed chromatin DHA labelled at one time and condensed chromatin
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DNA at another. An experiment to test hypothesis II could be
designed as follows:~ cells in culture could be given a short
radioactive pulse followed by a chase period, Fractionation of
chromatin could be carried out at intervals durinz the chase. If the
hypothesis is correct, initially most of the labelled DUl would be
found in the dispersed fraction, but during the chase period the
amount of label in the condensed fraction would increase at the
expense of that in the dispersed fraction.

In either case, the method of Yasmineh and Yunis does effect a

fractionation which cannot be achieved by Frenster's method.

b. ‘[he buoyant densities of fractionated chromatin DNA

The phenomenon of replication early in S phase of main band DNA
of higher buoyant density (GC rich) and late synthesis of AT rich low
buoyant density material (Tobia, Schildkraut and Maio, 1970; Bostock
and vrescott, 1971; TPlamm, Bernheim and Brubaker, 1971) was thought
possibly to have a relationship with the replication of DNA in
euchromatin and heterochromatin, although there was no evidence about
base composition differences in the cytological chromatin fractions,
Previous investizations were carried out on fraétiona in vhich the
criterion of éurity uae the absence of satellite from the "euchromatin”
and its presence in the "heterochromatin". No fractionation of main
band DNA was demonstrated.

In the present studies, a true fractionation of main band sequences
has been shown by the results of the hybridisation experiments described
on pages 74 -83, and the isotope incorporation experiments described

on pages 65 to 69 Although there is no definite evidence that



the isolated chromatin fractions are related to cytological
cuchromatin and heterochromatin, if any difference in buoyant density
existed it should have been possible to detect it. Houever, the
banding patterns of the DFA extracted from the rat chromatin fractions
shoved no differences betwuecen normal and regenerating systems or
betuecen condensed and dispersed fractions and no rat satellite
fractions were sesn. The buoyant density data presented on page:
69 are in agreement with those of Bostock and Prescott (1971)
and Nattoccia and Comings (1971) in that they found no significant
difference bztween the buoyani density of "heterochromatin" main band
DHA and that of total nuclear main band DNA in mouse, rabbit and
chineze hamster. Howvever, lattoccia and Comings found that mouse
euchromatin DNA had a slightly higher buoyant density than mouse
main band. Bostock and Prescott did not detect such a difference.
Two interpretations of this are possible: Mattoccla and Comings
consider that the Qifference is significanty Bostock and Prescott
suggest that if it is real then it is probably significant only for
the mouse,

The f£indings here for the rat suggest that even if this difference

exists in mouse it is not genexally applicable.

¢. Renaturation studies on the DNA of fractionated chromatin

e e e e e P e e et et U B ity SO A SIS

The hypothesis that the rat genome is-susceptible to fractionation
in & vay similar to thot of mouse, guinea plg and calf (as performed
by Yasmineh and Yunis, 1969, 19713 funis ané Yasmineh, 1970) was
tested by investigating the distribution of reiterated sequences or

sequences with similarities to satellite DHA, A comparison of the
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ontical ronaturation curves of the condensed and dispersed chromatin
Diltg shous no differences betveen the fractions with regard to
rcpeated or non-repeated sequences, It is not possible to state
without qualification that there is no enrichment of repeated
sequences in the condensed chromatin fraction. A small significant
difference may exist between fractions but it could not be detected
under the condiiions used here. This result does not exclude the
possibility that differences may be present at stages of liver
regéneration either earlier or later than those investigated in this
gtudy.

On the basis of the hypothesis that euchromatin is genetically
active it might be expected that the dispersed fraction would confain
a greater proportion of the genes from which messenger RNA is
transcribed. The presence of reiterated DNA in this fraction is not
unexpected if Georglev's hypothesis (Georgiev, 1969) of genetic
control is true. This postulates that portions of repeated sequences
arTe transcribed in a mamnner analogous to that of the bacterial operator
regions, Britten and Kohne (1968) suggest that repeated sequences
occur commonly;ég}gifZ;tural genes. Uith regard to the condensed -
fraction, thé gituation is a 1itt1e.moré complex, The isolation
method was expected to separate nucleoli with the condengsed fraction.
(The preparation of this fraction is very similar to the method used
by Steele (1968) to prepare rat nucleolar DNA). Several estimations
have been made of the number of ribosomal cistroms in the rat.

‘hese vary from those of Quincey and Jilson (1969) who estimated that
the amount of ribosomal DNA was 0.14 x 109 daltons and iohan, Dunn

and Casola (1968) (0.46 x 109 daltons) o that of Steele (1968) of
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0.53 x 107 daltons. The figures for the multiplicity of the
ribosomal cistrons from these results are 280, 950 and 1,100
regpectively. Talkking the size of the rat genome %o be 5.8 x 1012
daltons DNA per cell these figures for the ribosomal RNA mean that
betwesn 0.025 and 0.094,, of the total DNA of the rat cell is involved
in coding for ribosomal RUA. (The discrepancy between estimates may
be explained either by differences in the hybridisation methods and

the interpretation of the data, or the possibility that the.

ribosomal RNWA used in the experiments was not pure).

In addition to the several hundred copies of the cistrons coding
for ribosomal RNA, there are other minor classes of DNA coding for such
short sequences as 4S and 55 RNA. Evidence has recently been presented
for the clustering of the genes for the putative histone messenger
(Redes and Birnstiel, 1971). The DNA represented by these sequences
is probably less than 1% of the whole genome. 'At the level of
discrimination of optical renaturation stud;es, the presence of only
one of these components in only one of the threé fractions could not
be seen.

The next question is Uhether the condensed fraction is expected
to be associated with any satellite seqﬁences.v To date, only
steele (1968) has described satellites in rat. He found satellites
vith & buoyant density of 1.692 g. em™> and 1,708 g. om™> in the
nacleolar DRA. The heavy satellite comprised 0.24% of the total
DNA and the light satellite 0.125 of the totai DNA and thus even
if located exclusively in the condensed fraction it is probable that
they would not be seen in the renaturation curves. In the absence

of a significant satellite fraction in the rat to monitor fractionation,
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and with no apparent differences in sequence distribution by
rensturation studies, it was necessary to look further afield for
methods to demonstrate differences in the sequence distribution

between fractions.

d. Hybridisation of cRHA with fractionated chromatin DNA

‘‘hese hybridisation reactions examine the fractionation which
has been effected in the DNA using a highly labelled trqcer RITA
synthesised on the fractionated chromatin DNA template. Iearest
neighbour an:lysis (eiss and Nakamoto, 1961) showed good agreement /)<
between the c¢RNA and primer DNA, although 'it cannot be assumed from ;
this that all sequences are equally transcribed. The technique of
cRNA transcription from DNA using a bacterial polymerase has been
used very frequently as a method for the evaluation of genomic
differences in higher organisms (Robertson, Chipchase and lan, 1969;
Hennig, Hennig and Stein, 1970; .H‘e'lli’and Bishop, 1969; Paul and
Gilmour, 1968). ‘
i) Normal liver DNA i

The NC~-nc hybridisation has a low value for the th; . Thig is
similar to the value reported by Helli et al for ribosomal.RKA
hybridisation to total rat liver DNA. It thus appears that in the
condensed fraction there is & transcription of DNA which has a
similar reiteration frequency to ribosomal DHA. Steele's experiments
(Steele, 1968) on the isolation of nuoleoli suggest that this DNA
might be found in association with a condensed fraction. |

Leas of the nc RWA hybridises wi;th ND DNA (465 compared with

53,; for NC DNA) and the Co‘ci is much greater. This sugzests that



92.

the ND DNA lacks certain reiterated sequences found in the NC DNA.
Hybridisation between nc cRIVA and IID DNA does indicate that there are
sequences in common between ND and NC DNAs but the high transition
betveen Cots 300 and 1,000 in the ND-nc reaction indicates that those
sequences wvhich both DNAs have in common have only a low degree of
reiteratién in ND DNA compared with that in HC DMNA,

The RNA transcribed from ND DNA hybridises to the same extent
with both ND and NC RNA although the Cotz from the reaction with ND
(200) is lower than that for the reaction with NC DNA. The difference
in the shapes of the curves indicates that NC DNA has more unique
sequences than ND. Sequences with a lov degree of reiteration in
WD and tianscribed from it are also present in NC DNA, but hybridise
at higher Cots (1,000 to 20,000) and are therefore presumably
represented only once., Hormal condensed DNA therefore contains
reiterated sequences which are not detected in ND DNA. This is a
fractionation of sequences in NC and ND DNA which is consistent
with the original expectation that some separation of reiterated
sequences in the condensed fraction of rat (similar to that in
mouse) might be achieved.

ii) Regenerating liver DNA

In normal liver, the proportions of DNA in the condensed;
intermediste and dispersed fractionswere 30: 50: 20 whilst in
regenerating liver chromatin this changed to 20: 50: 30. This
suggested that the distribution of sequences in fractions from
regenerating liver may differ from that in fractions from normal
liver, and was confirmed by the results of the in vitro REA

hybridisation experiments.
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The very fast IC DNA-nc cRNA hybridisation with a Cotg_ of 30
haed no ezact parallel with the DNA-cRUA reaction in regemerating
liver. There is an enrichment of reiterated sequences in normal
condensed DNA which does not appear to be present to the same extent
in the regenerating condensed fraction.

The RIA transcribed from regensrating condensed DNA contains a
high proportion of moderately reiterated sequences. This RNA
hybridises with RD DHA almost as well as with RC DNA (its template).
The RNA transcribed from the dispersed fraction of regenerating
liver chromatin hybridises mainly with the unique sequences of both
RC and RD DNA. The ronaturation of fractions of DNA from regenerating
liver indicates that there were no detectable seyuence differences
between the fractions. These data are not inconsistent with the
hybridisation of regenerating DNA-cRNA where the differenceg between
hybridisation of the two fractionated DNis with the same cRNAs are
only small.

The main difference in the regén@rating.chromatin fraction DNAs
lies in the sequences transcribed by the RNA polymerase. It is
probable that in the memmalian genome there are special sequences

which initiate transcription and it is therefore likely that the

fractionation of such sequences has occurred.

The difference between the normal and regenerating systems may
be due to an uncoiling of condensed chromatin, making more sequences
available for transcription or to a reorganisation of the intermediate
fraction. Certainly the process of regeneration involves changes in
the state of chromatin. Sequences vhich in normal liver amd largely

restricted to condensed or dispersed chromatin, in regenerating liver
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secen to be more uniformly distridbuted (though there is still a higher
proportion of the reiterated sequences in condensed chromatin DHNA{Q.
Such a change is to be expected if regeneration requires an increase
ir total cellular activity and if condensation of chromatin is
agssociated with a reduction in activity. This is therefore
consistent with the considerable differences found between cRNA~DNA

hybridisations from normal and regenerating liver,

e. The transcriptional activity of chromatin fractions

There is a considerable body of evidence to suggest that the DNA
in cytological heterochromatin is not transcribed. Certainly,
facultative heterochromatin appears to be genetically inactive (Lyon,
1961), Constitutive heterochromatin appears identical to facultative
heterochromatin, and the coiling which makes it stain heterochromatically
is thought to be the mechanism which inactivates facultative hetero-
chromatin., Satellite DNA is assoclated with heterochromatin
(Pardue and Gall, 1970; Jones, 1970) and with isolated condensed
chromatin (Yasmineh and Yunis, 1969) and,_at'least in mouse, does not
appear to be transcribed in vive (Flamm, Walker and McCallum, 1969).
Studies on Actinomycin D binding to chromatin are inconclusive
(Ringerts and Bolund, 1969; Carmago and Plaut, 1967; Ebstein, 1967;
Desai and Tencer, 1968) but Sieger, Garweg and Schwarsacher (1971)
showed by studies on 3H—uridine incorporation that the constitutive
heterochromatin of Microtus agrestis is transcriptionally inactive.

It is therefore probable that much of the constitutive hetero-
chromatin is not transcribed in vive. 1Is this true of the isolated

condensed fraction in rat? The labelling studies of the RNA in the
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condensed fraction (discussed in the results pages 66 to 68) indicated
that RNA baving very similar properties to ribosomal RNA was
associated mainly with the condensed fraction and to a lesser extent
with the intermediate fraction. The isolated condensed fraction DNA
also hybridises readily with the in vive nuclear heterogeneous RNA
and the hybridisation curve has a prominent inflexion with a Cotz_of
about 15 which is most probably due to the presence of ribosomal
sequences., The sedimentation value of the largest precursor molecule
for ribosomal RNA is 45S (Girard, Penamzn and Darnell, 1964; Penman,
1966; Scherrer, Latham and Dernell, 1963). It is possible that in
normal mammalian tissues there are precursor molecules or aggregates
of even greater size than 455 and those having a sedimentation value
greater than 805 would be isolated with the HnRNA, Those sequences
in the HnRNA homologous with the ribosomal cistrons in the condensed
DNA would show the characteristic hybridisation at the intermediate
Cot value. |

The method of preparation of the éondensed fraction suggested
that nucleoli would be isolated with thié fraction (Steele, 1968).
Teking the results of the RNA 1abeliing experiments in conjunction with
the presence of the ribosomal *bump? iﬁ fhe hybridisation bf condensed
DNA and cellular RNA indicates that at least the greater portion of
the ribosomal cistrons are located in the»condeﬁsed chromatin fraction.

In the studies of the RNA associated with the chromatin fractions,
most of the HnRNA was found associated with the dispersed fraction.
While it is possible that the nascent HnRNA may be released into the
micleoplasm, and in the fractionation method isolated with the

dispersed fraction, the very significant hybridisation of the HEnRNA
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vith dispersed fraction DIA over the slov (unigque) sequence range of
Cots, suggests that the HnRNA is probably transcribed from the fraction
with vhich it 4s associated. It is in the high Cot range that{ one
would expect to find the classical genes and their mossengers. The
finding that nuclear heterogeneous RNA (which probably includes the
precursor molecules of messenger RWA (Georgicv, 1969; Ryshov and
Georgiev, 1970; HMelli and Pemberton, 1972) hybridises with the slower
sequences in the condensed chromatin fraction indicates that there is a
partition of the slov sequences complementary to HnRNA in the dispersed
fraction. (This finding is complemented by the cRNA hybridisation
experiments which show an enrichment of slow sequences in the dispersed
fraction). This suggeots that the dispersed fraction of chromatin
contains the classical 'structural genes} thoee from which messenger
RNA is transcribed. |
Apart from the ribosomal component of hybridisation of the HnRNA-
with condensed fraction DNA, the only hybridisation with HnRNA occurs
at very high Cots. Yhile it is possible that this RNA is the product
of unique sequences which may form a small fraction of this DNA, it is
equally possible and consistent with current theories that this
hybridisation is the result of some dispersed sequences being isolated
with the condensed fraction. Although it is probable that heterochromatin
is more condensed than euchromatin, it is doubtful whether pure
preparations can be obtained by the mechanical means used here,
Hovever, the fact that ribosomal sequences are found only in the
condensed fraction and that there is an enrichment of unique sequences
in the dispersed fraction indicates that the method used in this work

has achieved some degrce of purity of partition,



97.

COHCLUSION

The total DNA of a cell may be divided into three functional
clagses:~
a) the classical genes, that this, that class of DNA vhich is
transeribed into RNWA at least a part of which is transported to the
cytoplaem there to be involved in the synthesis of protein.
b) structural DNA, which is involved in such functions as
maintainance of the physical integrity of the chromosomes, correct
association of chromosome pairs during meiosis ete.
¢) control DHA. Uhichever current model of differentiation and
development is accepted, some DHA is probably involved in the
gsynthesis of regulatory molecules and more must form the sites upon
Whicﬁ these molecules act.

Speculation about the possible distribution of these classes
of DNA within the genome involves consideration of the degree of
constancy of heterochromatin énd euchromatin. Yunis and Yasmineh
(1971) consider that constitutive heterochromatin is constant
throughout thé deveiopmenm of an organism. The alternative is that
there is progressive inactivation by a process of heterochromatisation
as differentiation continues (Brown, 1966). In the first case, one
would expect to find all thé classical genes in euchromatin, while
in the second, distribution would change during the course of
development, and in the adult one would expect to find a considerable
proportion of the classical genes in the heterochromatin.

The results of the experiments preéented here indicate an
enrichment of the unique sequences in the dispersed fraction and a

depletion in the condensed fraction. it is among these unique
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sequences that one would expect to find the classical genes and it
would therefore appear that there is little heterochromatinisation of
the unique sequences, However, both in the hybridisation with cRHA
and the proportions of material isolated in each fraction, there .ere
differences between normal and regenerating rat liver and this may
tend to support the alternative hypothesis. These differences may
not be due to changes in condensation of chromatin as a result of
differentiation but to other factors such as the state of the nuclei,
which may affect the fractionation process.

It is not particularly profitable to speculate about the
distribution of control DNA because there is little or no evidence.
However, one may find it among reiterated sequences since that part
of HnRNA not exported to the cytoplasm appears to be reiterated, '
and ‘this may be involved in the (regulation  of synthesis of messenger.

Satellite DNA, in organisms which have it (mouse is the best
studied) appears not to be transcribed, and may be an example of
structural DNA., Since satellite is always intimately associated with
heterochromatin it is probable that in those organisms which do not
have satellite (e.g. rat ) at least part of the constitutive
heterochromatin may be involved in these functions. The condensed
fraction which may, or may in part, be homologous with constitutive
heterochromatin was enriched for reiterated sequences which suggests

that one of its function may be analogous to that of satellite.

Possible extensions of this work

These studies have investigated only the nucleic acids of fract-

ionsted chromatin, but it is +
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acids vhich confers on the matefial the characteristics of chromatin.
One of the most important questions to be investigated with regard to
the association of protein and nucleic acids is whether this restricts
the availability of the DNA for transcription or in any wey alters

the pattern between fractions. | There are however several difficulties
involved in the synthesioc of cRNA from a template of fractionated
tchromatin'. The dispersed or 'euchromatin' fraction was obtained
(in the experiments reported here) by alcohol precipitation and is
relatively insoluble in most solutions, The pellets of the condensed
and intermediate fractions are not appreciably soluble in low salt
solutions (such as 0.1 x SSC or dilute phosphate puffer) suitable

for transcriptional experiments involving the use of a DNA

dependent RNA polymerase. To facilitate such studies, an alternative
isolation method would be required, but this would necessitate studies
on the fractionation achieved by the new technique.

The association of RNA with the‘specific fracti&ns might cause
problems. Kanehisa, Fujitani. Sano and Tanaka (1971) showed that a
species of RNA in chick liver which had a sedimentation coefficient
of 7-10S inhibited REA synthesis in a cell free system, They thought
that the RNA had a higher affinity for chromatin isolated from the
same tissue and probably modified its structure with regard to template
properties. The problems of removing the RNA are considerable.

The difficulty involved in the use of RNase is its removal from the
preparation prior to the synthesis of cRNA. Yashing fractionated
chromatin to remove RNA is not without problems, since ‘chromatin'
fractionated after sonication unlike normal chromatin has already been

nbiected to disruptive proceedures. If the RNA was not completely
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removed from the preparation, then it would be isolated in conjunction
with the cRHA and add to the complexity of the hybridisation reaction
in addition to its interference with the actual transcripiion.

lMelting curves of the fractionated chromatin would also be of
great interest to demonstrate the association of different proteins
vith the chromatin.

However, these experiments suffer from the same disadvantages
as those involving the transcription of cRNA, notably the insolubility
in solvents suitable for melting curves.

The relationship of the cytological preparations to the igolated
chromatin fractions could be investigated by the technique of in gitu
hybridisation, This would help to relate the biophysical properties
of isolated fractions with the cytological hybridisation patternms of
cRNA transeribed from chromatin fractioms with interphase cells and
cytological chromosome preparations from the rat,

The method of fractionation reportéd here suggests that it may
be possible to separate a chromatin fraction enriched for seguences
f£rom which messenger RNA is transcribed. One would expect to find
an equal enrichment for protein initiation sequences in this fraction.
Experiments to measure these sequences would provide an independent

gsseasmenx of the validity of the work: described here.



- SUMMARY

1. Two methods of fractionating chromatin were compared by measuring
differences in the specific radioactivities of DNA and RNA extracted
from the condensed and dispersed fractions of chromatin from regenera-

ting rat liver,

2. Only one method of fractionation showed a clear difference in
labelling of the DNA and RNA between the fractions., This method was
used to prepare large amounts of pure DNA from three fractions of

chromatin: condensed, intermediate and dispersed.

3, Evidence of changes in the distribution of fast intermediate and
slow renmaturating sequeﬁces of DNA during liver regeneration was sought
by an investigation of the kinetics of renaturation of normal and
regenerating rat liver DNA, Studies of DNA renaturation kinetics
were alsq used to investigate differences in se@uencé'distribution

in the DNA of the three chromatin fractions from regenerating liver.

4. The buoyant densities of DNAs prepared from fractionated chromatin
of both normal and regenerating rat liver were measured by analytical
ultracentrifugation in an attempt to detect differences in base

composition.

5. RNA was transcribed in yitro from templates of unsheared condensed
and dispersed chromatin DA prepared froﬁ normal and regenerating rat
liver. This highly labelled RNA was hybridised with a vast excess of
DNA to detect the reiteration frequenckes of sequences in the DNA of

the different chromatin fractions complementary to the RNA,



6. The technique of hybridisation in DNA excess was also used to
investigate the complementarity of DNA sequences in the chromatin
fractions with in vivo muclear heterogeneous RNA prepared from

regenerating rat liver,

7. The results are discussed with reference to:-

i) the transcriptional activity of different fractions of the genome.

i1) changes in sequences transcribed during liver regeneration (as a
model of a developmental process).

iii) the organisation of the mammalian genome.
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