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1. Introduction

Although the nucleic acids were recognised by Friedrich Miescher
in 1870, most of the major developments in the elucidation of their
chemistry and biochemistry have been made in the last fifteen years.
In 1953 Watson and Crick put forward their description of the macro-
molecular organisation of DNA from consideration of existing
information and focussed attention in particular on the biological
significance of this physical gtructure. TFollowing on this,
Kornberg et al.in 1956 discovered the enzyme DNA polymerase which
showed +that DNA could be replicated enzymatically. Around 1960,
several groups of workers Weiss (1960), Stevens (1961), Hurwibz
(1.962) and Chamberlin (1962) demonstrated the presence of the
engzyme DNA-dependent RNA polymerase which could account for the
formation of RNA by the transcription of DNA, Cell-free amino acid
incorporating systems have also been developed by Zamecnik, Gros,
Tissisres and others. (Zamecnik (1959) end Tissicres et al.(1960)).

Although until recently all the DNA of a eukaryote cell was
considered 40 be contained in the nucleus, evidence has accumulated
in the last few years that small amounts of DNA (around 5% of the
total) are also present in the cytoplasm localised in the mito~
chondria, centrioles, and in plant cells, in the plastids Granick
and Gibor (1967). Here however mention of DNA will be restricted
to nuclear DNA,

RNA has been shown to exist in several formsg in both the cell



nucleus and cytoplasm, The major part of the cytoplasmic RNA is
found in submicroscopic particles of ribonucleoprotein known ag
ribosomes, while soluble RNA forms a minor portion. A third form
is mRNA which in the cytoplasm is thought to act as a template for
protein synthesis, The synthesis of RNA itself seems largely
restricted to the nucleus, the evidence for this being discussed
later.

Cele Structure of DNA

DNA exists mainly in the cell nucleus in the form of o deoxy-
ribonucleoprotein complex. The molecule itself has been shown to
consist of long unbranched chains of deoxyribonucleotides, which
are in turn composed of phosphate and deoxyribose linked to adenine,
guanine, cytosine or thymine, Fig. A shows a diagram of the poly-
nucleotide structure, with the sugar residues Joined by 3',5' phos-
phodiester linkages.

In 1950, Chargaff pointed out the equivalence of adenine and
thymine and of guanine and cytosine in DNAs from many sources.
Gradually it became clear that the molecule consisted of two poly-
nucleotide chains and that these chains were held in a double
helical configuration in part by the steric arrangement of bases
within each chain and in part by hydrogen bonds between complemen=
tary base pairs. The double helical structure proposed for DNA by
Watson and Crick (1953) and later modified by Wilkins (1956) was

baged mainly on X-ray diffraction data, but alsc explains meny of
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its other physical properties. The constituent polynucleotide
strands are antiparallel and wound round a common axis to form a
rigthhanded double helix with a narrow groove and a wide groove
running along the length of the molecule. There are ten bases

per turn of the helix in the so called 'B configuration', and the
double helical structure is stabilised by hydrogen bonding between
the adenine of one strand and the thymine of the other or by
similar base pairing of cytosine and guanine. The geometry of the
mutual arrangement of DNA molecules has also been studied, In
fibres having the 'B' configuration and in wet gels of DNA (15-60%
DNA) the double helices tend to form hexagonal or near-hexagonal
arrays (Iuzzati, Nicolaieff and Messon (1961)) while gels of nucleo~-
histone appear to have protein crosslinks between the DNA molecules,
keeping them at fixed distances from each other and in regulaxr
arrays (Ttzhaki (1966)).

ii. Replication

The specific pairing of bases in the double helix suggested
that the sequence of bases along any one strand might provide a
template for the synthesis of complementary stfands,and when new
molecules of DNA were formed one strand might be derived from the
parental DNA while the second strand was newly synthesised, The
classic experiments of Meselson and Stahl (1958) using(ﬂléjlabelled
E.coli showed the existence of this semiconservative férm of

replication,
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The enzyme DNA polymerase which has been extracted from both
bacterial and animal cells can carry out the synthesis of new DNA
in vitro (Smellie (1965)). This enzyme requires the presence of
all 4 deoxyribonucleoside triphosphates, Mg2+ ions, and a source of
DNA as primer. Both bacterial and mammalian DNA polymerase prepara-
tions will promote the terminal addition of a deoxyribomucleotide
regidue at the 3'-hydroxyl end of the primer chain if the incubation
is carried out in the presence of only one deoxyribonucleoside-hH!-
triphosphate at a time, This reaction is limited and there does
not seem to be any regtriction exerted by the primer on the nucleo-
tide being incorporated. With calf thymus enzymes the conditions
for this reaction vary significantly from those of the true DNA
polymerase reaction and the two activities may be separated (Keir
and Smith (1963)), (Bollum, Groeniger and Yoneda (1964)). The
physical properties of the product of the DNA polymerase reachion
clogely resemble those of natural DNA and suggest a polymer with
a moleculaxr weight of about 5 million in the form of a double-
stranded rodlike structure which collapses on heating in a manner
similar to native DNA (Lehman (1959)). It has also been shown that
the chemical composition of the reaction product is characteristic
of any given DNA primer (Josse, Kaiser and Kornberg (1961)). A
particularly convincing example of this dependence can he seen in
experiments with poly dA~T as primer where, despite the availability

of all four deoxyribonucleoside 5t-triphosphates, the product conbains
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exclusively deoxyadenosine and deoxythymidine residues. Exact
sequences of nucleotides in DNA have not been worked out but Josse,
Kaiser and Kornberg (1961) have devised a procedure called 'nearest
neighbour freguency analysis! which permits measurement of the
frequency with which any one deoxyribonucleotide occurs adjacent

to any of the four major deoxyribonucleotides in a newly synthesised
gstrand of DNA, In this procedure, four independent reaction
mixtures are prepared, each containing DNA, Mg2+ ions, DNA polymerase
and the four deoxyribonucleoside 5'~triphosphates, one of which is
labelled withf§32jin the a~phosphate. The labelled deoxyribo-
nucleogide 5¥~triphosphate is different in each reaction mixture.
After incubation the product is isolated and degraded with micro-
coceal nuclease (B.Ce 34le4sT.) so that the phosphorus originally
attached to the 5'-hydroxyl of the incorporated nucleoside residue
is released in esﬁer linkage with the 3'=hydroxyl of the adjacent
nucleogide regidue, The deoxyribonucleoside 3'-phosphates so
formed are separated from one another, and their radiocactivity
measured, The results of such experiments are consisbtent with a
mechanism by which the polymerase forms new polydeoxyribonucleotide
strands which are complementary to hoth strands of the DNA primer,
Moreover if the product of a reaction, whose nearest neighbour
fr@quenéy has been determined, is used as a primer in a second
synthetic reaction, the frequencies observed in the second product

match those in the first,.
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There are several interesting topics being pursued at present
in commection with DNA replication e.g. repair mechanisms, initia-
tion of strand replication, and more detailed work on the normal
replicative action (Jehle (1965)).

3e ptructure of RNA

RNA unlike DNA exists, in the cell, in several forms. Chemically
they all consist of unbranched chains of ribonucleotides (see Fig, B)
joined by 3',5'. phosphodiester linkages. In size however they vary
wildely.

ie Ribosomal RNA (rRNA)

The ribosomal RNA from Ischerichia coli has been widely studied

(Littauer and Eisenberg (1959) and Boedtker, MOller and Klemperer
(1962)), It has been shown to consist of two basic components whose
sedimentation coefficients are around 23 and 16 Svedberg Units.
Their respective molecular weights, according to Kurland (1960) are
1.12 x 106 and 0,56 x 106. Intact TO0s ribosomes from E. coli are
known to consist of two subunits 50s and 30s (Tissiéres and Watson
(1958)) and Kurland (1960) showed that each 30s subunit contained
one RNA molecule whose molecular weight was 0.56 x 106 (168 RNA).

Of the 50s subunits, some were found to contain one RNA molecule
each, molecular weight 1.12 x 106 (2%s RNA) while others contained
two RNA molecules each, molecular weight 0.56 x 106. Thus the
original 70s ribosomal particle contains two molecules of RNA (23s +

168) or three 168 molecules., Green and Hall (1961) showed however



The structure of the polyribonucleotide RNA,
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that the 508 paxrticles incorporated into ribosomes each contained a
2%s molecule in nearly every case., The values quoted for ribosomes
prepared from other tissues vary a little e.gs 285 and 18a were
obtained by Hall and Doty (1959) from calf's liver. There has also
recently been found a 5& RNA component of the 50s ribosome (Monier
et 2l.(1967)),

ii, Transfer RNA (tRNA)

Several distinct species of tRNA have been recognised., These
are much smallef structures, than rRNA, having molecular weights in
the range 25,000 to 30,000, corregponding to not more than 80-100
nucleotides (Tissidres (1959), Brown and Zubay (1960) and Cox and
Littaver (1960)). In all biologically active molecules of this RNA,
nucleotides at the 3%“-hydroxyl end are arranged in a characteristic
sequence ~ pCpCpA,

iii. Messenger RNA (mRNA)

The molecular weight of mRNAs have not been accurately
established. Iarly measurements gave values of about 100,000 for
mRNVA from bacterial sources (Nomura, Hall, Spiegelman (1960)), but
much larger molecules have also been described (Monier, Naoro, Hayes,
Hayes, Gros (1962) and Spiegelmen (1961)). It might be expected
that there will be a considerable range of gizes for mRNA molecules.

ive Posgible secondary and tertiary structures of RNA

Unlike DNA which is a continuous, perfectly shaped double

helix, which imparts rigidity to the molecular structure along its
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FIGURE C

A diagrammatic representation of RWA showing the existence

|
.o% areas of base pairing within a single strand.
|




FIGURE C



entire length, RNA is much lesgs rigid and consists of only one
continuous polynucleotide chain, Thus any helical regions in an
RNA chain could arise only as a result of interactions between
bases which are confined to one chain, Helical regions do exist
and while these dissociate on heating this process appears to be
readily reversible. Denaturation of RNA takes place over a far
wlder range of temperatures than is the case with DNA, This
indicates a successive melting of a number of individuwal short
helical regions (Doty, Boedtker, I'resco, Haselkorn and Litt (1959)}
Fresco and Alberts (1960)).. The base pairing in RNA occurs between
adenine and uracil on the one hand, and guanine and cytosine on the
other, and because the helical region arise as a result of the
chain folding back on itself, sections of the helical regions are
antiparallel, Spirin in his book 'Macromolecular Structure of
Ribonucleic Acids'! (1964) stresses.the fluidity of the RNA structure
which may unfold and reform to some more stable conformetion depend—
ing on the prevailing conditions. Whenever these conditions are
altered, the structure will be modified accordingly.

From studies with ribosomal RNA Spirin (196%) suggests that
the loops which occur in the RNA from 30s ribosomes are of the
order of 30 nucleotide units in size with up to 10 units between
the loops. In RNA from 508 ribosomes he guggests that these loops
are larger - around 40 units with up to 12 units between them,

Much more is known about the structure of tRNAs, although



-9 -

even here there is a great deal of speculation, ALl tRNA is
thought to have a clover leaf structure with base pairing across
each segment of the leaf., There would seem to be evidence teo
suggest that such a structure would not remain flat but fold
over on itself in solution (Zachau (1967)).

58 RNA is thought to have a structure akin to that of +RNA
with at least two main regions of base pairing (Monier (1967)).

da The synthesis of RNA (in vivo)

ie Site of synthesis

The hypothesis regarding the nucleus as the site of cellular
RNA synthesis is not new. It postulates the transfer of the RNA
from the nucleus to the cytoplasm and there is considerable
evidence for its support at present. Several groups of workers
(Zalokar, Goldstein) have studied the time course of RNA labelling
with radioactive precursors in intact cells and found consistently
that initial labelling takes place in the nucleus, After a lag
the labelled RNA appears in the cytoplasm. This lag varies from a

minute in Neurospora (Zalokar (1960)) to an hour with humen amnion

cells in culture (Goldstein and Micou (1959)) i.e. the lag varies
with the length of the ceil life cycle. It has been suggested
that the nuclear RNA is degraded and that the fragments migrate to
the cytoplasm where they are rg;used to synthesise cytoplasmic RNA
(Harris &Watts (1962)). This remains a possibility as detailed

kinetic analysis of +the experiments has proved difficult, but it is
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not thought likely that it is the major pathway.

Experiments in which RNA synthegis in Amoeba proteus or

Acetabularia was observed following enucleation or transplantation

of labelled nuclei have also been carried out (Brachet (1955)).
If it can be contrived that there is no subsiduary source of DNA
in the cytpplasm e.8+ in chloroplasts, then RNA production drops
when the nucleus is removed (Prescott (1959)).

Thus it would seem that the major portion of cellular RNA is

synthegsised in the nucleus and must be transferred to the cytoplasm,

ii. Mechanism of RNA production

8o RNA synthegis and actinomycin D

Actinomycin is a bacteriostatic antibiotic which has bheen
found to inhibit the synthesis of nucleic acids in intact bacterial
and mammalian cells and in enzymic preparations. The most widely
used form is actinomycin D, Low concentrations of actinomycin
selectively suppress cellular (Reich, Franklin, Shatkin and Tatum
(1961)) and enzymic RNA synthesis (Hurwitz, Purth, Malemy &Alexander
(1962)), DNA synthesis being affected only at much higher concentra~
tions (Kirk (1960); Keir, Omure and Shepherd (1963)).

The inhibition of RNA synthesls requires the binding of
actinomycin to DNA (Hurwitz, Furth, Malamy and Alexander (1962)).
When DNA is added to solutions of the antibiotic, the maximum value
of the optical density in the visible region (425mu) is reduced and

shifted to a longer wavelength. This effect has been used by
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Kersten to find which constituents of DNA would bind to the inhibitor
(Kersten (1961)). He found that spectral changes could be reproduced
using various purine derivatives in the following order of effective=
ness:=~ deoxyguanosine’> guanosine > adenine =AMP=ATP=adenosine=deoxy-
adenosine, The pyrimidine derivatives were inactive. Xersten
concluded that actinomycin reacts with the deoxyguanosine residues

in DNA,

However since actinomycin does not appear to bind to RNA the
conformation in which the guanine is held must be significant. It
was then found that the maximum binding capacity of single-~-stranded
or heated DNA is less than native DNA with a similar base compogition
(Goldberg, Rabinowitz and Reich (1962) and Kahan, Kahan and Hurwitz
(1963)). Dissociation of the actinomycin-DNA complex begins at the
onset of strand separation when the complex is being heated (Reich
and Goldberg (1964)). However helical DNA which contains no guanine
fails to bind the antibiotic,

Actinomycin is not thought to intercalate between successive
base-pairs in helical DNA (Reich and Goldberg(1964)). A model for
the structure of actinomycin-DNA complexes, based on X-ray diffrasc-
tion date has been proposed (Hamilton, Fuller and Reich (1963)).
According to this model, actinomycin is visualised as bound to
guanine or G-C pairs, in the minor groove of helical DNA,

Many experiments with actinomycin have been performed using

a purified bacterial RNA polymerase in vitro., In such systems the



susceptibility of DNA=directed RNA synthesis depends on the capacity
of the template to bind the antibiotic (Goldberg et al{l962), Kahan
et g&,@963)) Actinomycin does not inhibit the enzyme directly noxr
does it compete with the nucleotide precursors or cofactors,
inhibition only being overcome if increasing amounts of DNA are
added to the system (Goldberg and Rabinowitz (1962))., No inhibition
of polyribonucleotide synthesis occurs if the bacterial polymerase
is supplied with an RNA template.

In vivo it has been found that almost all cellular RNA synthesis
can be stopped in the presence of low levels of actinomycin D (Reich,
Franklin, Shatkin and Tatum (1962), Mach and Tatum (1963), Merits (1963)
and Franklin (1963)). The small residvual incorporation of radioactive
precursors into RNA that is resistant to actinomycin appears to be
caused by terminal group turnover of the pCpCpA sequence in tRNA,
(Bason, Cline and Smellie (1963)).

Not all classes of RNA exhibit the same susceptibility to
actinomycin. Perry (1963) found that the incorporation of tritiated
nucleotides into nucleolar and cytoplasmic RNA was suppressed by
very low concentrations of the drug, whereas the incoxporation into
chromosomal, 'DNA-~like!, RNA was unaffected, The reason for this
varying susceptibility is not certain. Both the basge composition
and length of the individual DNA templates seem critical,

be Hybridisation experiments

Purther information on the source of RNA can be obtained using
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the technique of specific hybridisation, When heat denatured or
single~stranded DNA and RNA are heated together and cooled s}owly,
they will interact to form a hybrid, provided the sequence of bases
in the RNA molecule is complementary to that in regions of the DNA
(Yankofsky and Spiegelman (1962)). Hybrid molecules containing a
strand of DNA and one of RNA form a peak intermediate between
denatured DNA and free RNA when the treated RNA and DNA is run on
CsCl equilibrium gradients. This peak when isolated and freed from
CsCl can be shown to contain RNA but to be resistant to Rlase
digestion which suggests that the RNA is present in a bound form.

This technique has been used to demonstrate a sequence
homology between DNA and TRNA in bacterial (Yankofsky and Spiegelman
(1962b)), plant (Chipchase, Birnstiel (1963)) and enimal cells
(McConkey and Hopkins (1965) and Attardi, Hueng and Kabat (1965)).
The results suggest thalt the rRNA molecules are ecach derived from
distincet sequences of the DNA, These sequences are thought to
account for about 0.3% to 0.4% of the total DNA present (Yenkofsky
and Spiegelman (1962b) and (1963) and Atterdi, Huang and Kabat (1965)).

5s and tRNA have also been shown to form specific hybrids with
their homologous DNAs. Here the proportion of DNA thought to be
involved is 0.1% (Goodmen and Rich (1962), Giacomoni and Spiegelman
(1962) and Monier (1967)).

The property of rapidly labelled RNA to combine with homologous

DNA was first investigated by Hall and Spiegelman (1961) using a
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system of phage infected E. coli. These observations were then
extended to rapidly labelled RNA from uninfected bacterial cells
(Hayashi, Hayashi and Spiegelman (1964)). Perry et al. (1964)
showed that rapidly labelled RNA from L cells in culture can form
hybrids with L cell DNA,

The experiments on hybridisation can be interpreted as
demonstrating that all known classes of RNA may ulitimately be
derived from sequences on DNA,

Ce Asymmetric synthesis

RWA could be formed by transcription bf one or both strands
of DNA., Marmur and Greenspan (1963) demonstrated that in vivo only
one DNA strend is copied. Because of the different buoyant density
of the two DNA strands of bacteriophage SP8, it was possible to
separate the two strands and peﬁform hybridisation experiments
between each of the complementary strands and the new RNA induced

in Bacillus subtilis, in response to infection with the bacteriophage

SP8es They found that the RNA hybridised with the heavy pyrimidine
rich strand of DNA, and therefore had the same base sequence as the
light, purine rich, DNA strand., Similarly it was found that in both
uninfected and T2 phage infected E. coli rapidly labelled RNA could
hybridise to only one half of the homologous DNA (McCarthy, Bolton
(1964) amd Hall, Green, Nygaard and Boezi (1963)). These are all
phage systems however and as yet no evidence has been presented

showing a similar phenomenon occurring in mammalian cells.
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Barly experiments on the synthesis of RNA in vitro showed
that when native double-siranded DNA was employed as a template
both strands were transcribed (Chamberlin and Berg (1962) and
Hurwitz, Purth, Anders and BEvans (1962)). In subsequent experiments,
‘Hayashi, Hayashi and Spiegelman (1964) studied the RNA product
obtained in vitro using DNA from bacteriophage @X174 and the double=
stranded, circular replicative form (BP) of +this DNA that is
synthesised in infected cells. They found that when single-stranded
DNA of ¢X174 was employed the RNA had a composition complementary
to that of the DNA template., On the other hand when intact circles
of the double-~stranded replicative form were wused, the RNA product
was transcribed from one strand only. This RNA had a nucleotide
composition corresponding to that of the mature virus DNA., Since
breakage of the circular replicative form of @X174 DNA resulted in
transcription of bhoth strands of the primer it seemed that the
mechanism of strand selection by the RNA polymerase depended on
the physical integrity of the DNA primer,

Purther experiments have been carried out with phage o in

Bacillus megatherium by Geiduschek et al. (1964). They were also

able to show agymuetric transcription with homologous DNA but found
that this was not dependent on the integrity of the DNA primer as
native degraded DNA produced similar results. It is perhaps
significant that these fragmented portions of DNA are still larger

then the whole of @PX174 DNA but it would seem experimental technique
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will have to be further refined before the exact mechanism of
transcription will be known.

iii. Messenger RNA biosynthesis

Volkin and Astrachan (1956) were the first to demonstrate a
rapidly labelled RNA which resembled DNA in base composition, It
has been possible to show by autoradiography that the earliest
accumulation of RNA precursors occurs on the chromosomes (Pelling
(1959))e A number of facts point to this being mRNA, The RNA
formed on the chromosomes reflects the base composition of the DNA
present as does mRNA., Lerman et al.(1963) have shown that very
low doses of actinomycin D selectively inhibit the synthesis of
ribosomal RNA while RNA synthesised in the presence of small doses
of actinomycin consists exclusively of DNA-like RNA (Reich, Franklin,
Shatkin & Tatum (1962)). In asutoradiographic experiments, similar
doses of actinomycin completely suppress the incorporation of
labelled precursors into nucleolar RNA and inhibit the synthesis of
chromosomal RNA only slightly (Perry (1962)). IEmbryonic cells
having no nucleoli up to the gastruls stage as well as anucleolar
mutants do not synthesise rRNA while DNA-like RNA synthesis proceeds
normally (Brown and Gurdon (1964) and Brown and Littau (1964)). As
will be subsequently discussed the bulk of the cellular RNA poly-
merase is contained in the chromatin fraction of the nucleus.

Newly formed chromosomal DNA-like RNA differs from other cellulaxr

RVA classes in respect to its behaviour during probtein removal,
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DNA must be liberated or the chromatin treated with hot phenol
before this RNA can be extracted (Georgiev (1967)). This is
probably due to a peculiar characteristic of its association with
chromogomal nucleoprotein. Thus the study of the interrelation
between template, enzyme and product during RNA biosynthesis is of
obvious interest.

In lampbrush chromosomes, it is possible to differentiate
chromocenters into areas where deoxyribonucleoprotein (DNP) is
aggregated and areas where so called loops - areas of loosgely
arranged chromatin material -~ occur. Autoradiographic experiments
show that RNA is synthesised solely in the loops (Gall and Callan
(1962)). Frenster et al,(1963) have isolated chromatin and extended
'unwound! chromatin from homogenates of ultrasonically disrupted
lymphocyte nuclei. The major part Qf the newly formed RNA is found
in asgoclation with the extended form of the chromatin but this may
be an artefact of isolation procedures. The exact difference
between these two forms of chromatin seems obscure,

While histones are known to inhibit glycolysis and synthesis
of ATP in muclei (Hnilice and Billen (1964) and McBwen, Allfrey and
Mirsky (1963)), there is also evidence that they influence the
synthesis of DNA and RNA (Huang and Bonner (1962)), Stedman and
Stedman (1947) were the first to postulate a role for histones in
the regulation of RNA production. Experimental evidence for this

was published by Huang and Bonner (1962) and Allfrey, Littau and
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Mirsky (196%). They showed that the removal of histones from
isolated cell nuclei or chromatin stimulates RNA gynthesis. Huang
and Bonner (1962) isélated chromatin from pea seedling nuclel and
showed its limited ability to serve as primer in RNA synthesise.

They then split off the histones (separating the fractions on a
410-CsCl gradient) and found the RNA polymerase activity of the DNP
increased some 20-25 fold. When histone was again added to the
incubation mixture, inhibition of RNA polymerase was noted. Allfrey
treated calf thymus nuclei with trypsin and found a 2=-3% fold increase
in the labelled RNA formed,

It would seem that the histones act not on the RNA polymerase
but on the DNA template since the addition of an excess DNA to the
incubation mixture containing a purified RNA polymersse, DNA and
histone, restores the synthesis of RNA (Bonner and Huang (1963)).
This inhibitory action is not solely duve to the insolubility of the
nucleohistone as soluble preparations of nucleohistone are still
low in priming activity (Huang, Bonner and Murray (1964), Butler
and Chipperfield (1967))s Furthermore chromatin preparations from
which some protein has been removed, by for example, salt extraction,
but which are still insoluble, can function as templates for RNA
synthesis (Georgiev (1966)).

Allfrey, Faulkner and Mirsky (1964) also showed that the
inhibitory effect of histones might be modified by acetylation ox

methylation and postulated a control of histone inhibition during
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RIWA synthesis.

Addition of histone to lampbrush chromosomes causes the loops
to disappear i.e. the DNP condenses (Izawa, Allfrey, Mirsky (1963))
and removal of histone causes disaggregation of +this fraction
(Littau, Burdick, Allfrey and Mirsky (1965)). Thus there would
seem to be two classes of DNP - one histone rich and the other
histone poor. Frenster's analyses of these two types of chromatin
however seem to show no great quantitative difference in histone
level (Frenster (1965)). Thus there is no direct evidence for the
function of histone in chromogomes,

Bommer et al.(1963) using a cell free protein synthesising
system and DNP from various plant tissues were able to show a
variation in the protein produced, About 1.9% of the new protein
formed wsing DNP originating from the cotyledén had the character-
istics of globulin which is actively produced in those cells., If
DNP from the apical bud is used then little globulin is formed,
Thus DNP would seem to contain the factors controlling gene activity
while this has been lost in purified DNA.

Recently the role of the non-histone protein has been tested
by Gilmour and Paul (1967). Using a purified bacterial RNA poly-
merase and calf thymus chromatin as primer, BNA was synthesgised
and hybridised with homologous DNA. Tt was found that a large
percentage of sites on the chromatin were unavailable for transcrip-

tion (Paul and Gilmour (1966)). The chromatin was then further
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fractionated and the nucleoproteins obtained used as primers with
the same polymerase system. The removal of histone showed a 4-6
fold increase in activity, which was reversed on adding back excess
histone, When DNA was recombined with histone alone, no synthesis
of RWA could be obtained but when it was recombined with histone in
the presence of a non~histone chromosomal fraction, the material
showed the same properties as the original chromatine, This would
suggest that the non~histone protein fraction of DNP plays a
significant part in regulation of RNA synthesis.

ive Ribosomal RNA biosynthesis

Data indicating the presence of ribosomal RNA in the nucleolus
have been presented. Incorporation of labelled precursors, followed
by nuclear fractionation has shown 458 RNA associated with the
nucleolar fraction. It is thought this 45s fraction is a precursor
of normal 28s and 18s ribosomal RNA (Pemmen (1966)). A number of
authors have studied the distribution of DNA capable of hybridising
with rRNA between chromatin and nucleolus., Chipchase and Birnstiel
(1963) have shown that in pea seedlings this form of DNA (about 1%
of the total) is scattered throughout the nucleus and not restricted
to the nucleolus. However experiments with HeLa cells have shown a
higher concentration of this DNA in the nucleoli (McConkey and
Hopkins (1964)). Separation of the nucleoli is technically difficult
and so the above resulis may yet be explained. Ritossa and

Spiegelman (1965) attempted to overcome this by studying the DNA



complementary to rRNA in Drogophila larvae having 1, 2, 3 or 4

nucleoli. The quantity of complementary DNA varied in direct
proportion to the number of nucleoli,

Ve Transfer RNA biogynthesis

There would seem to be little known about the detalled
kinetics of tRNAs syntheges in animal cells., Iiike other forms of
RNA they are synthesised in the nucleus, and nucleoli have been
shown to contain considerable amounts (Chipchase and Birnstiel
(1963b))., Birnstiel has shown further that 5,6~dichloro- and 4,5,6~
trichloro-1=(p-D-ribofuranosyl) benzimidazole which inhibits chromo-
gomal but not nucleolar BNA synthesis, does not alter the rate of
incorporation of precursor into tRNA (Sirlin, Jacob &Birnstiel
(1965)).

The synthesis of tRNA is inhibited by the presence of actino-
mycin D but the inhibition is not so great as in the case of mRNA
or rRNA, In rat liver and L cells it has been shown that most of
the resistant label could be accounted for in the terminal - pdepA
nucleotide sequence (Merits (1963) Franklin (1963)). Turnover of
this sequence in vivo has been noted in various tissues (Cannon
(1964), Burny and Chantrenne (1963)).

vie Viral BNA bilogynthesis

This form of RNA is distinct in that it is formed in a hogt
cell under the direction of a viral template. This template is

characteristic of the virus and may be either DNA or RNA, Much
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attention has been paid to the polymerases involved in viral
replication as these would seem to be separate enzymes from those
of the host (Keir and Gold (196%), and Spiegelman and Hayashi
(1963))s The role of virus specific RNA in the replication of DNA
viruses is somewhat similar to that of mammalian mRNA, It is
trangcribed from the viral DNA template by RNA polymerase and
agsociates with ribosomal particles to translate the coding of the
DNA into viral specific proteins,

Bacterial and animal cells infected with an RWA virus develop
RNA~dependent synthesising systems for the production of new viral
RNA, This could occur by the mechanism proposed for the single-
stranded DNA virus @X174. On infection, the viral DNA is converted
to a double~stranded form (Sinsheimer, Starman, Naglor & Guthrie
(1962)). This serves as a template for the synthesis of virus
specific mRNA. It has been shown that the RNA is complementary to
a second or 'minus' strand of the DNA (Hayaehi, Hayashi & Spiegelman
(1963)). Ochoa et al. proposed a similar mechanism as the first
step in the replication of viral RNA (Ochoa, Weissman, Borst,
Burdon.&Billeter (1964)) while Montagnier and Sanders (1963) were
the firgt to describe the formation of double~stranded virus specific
RNA in vivo.

Spiegelman.gﬁ_@l, have produced evidence which seems in con-
flict with the above hypothesis. The double-stranded (RF) RNA can

be found in infected cells but this poses the question of whether
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it is necessary for RNA replication. An enzyme hasg been isolated
from the phages QB and MS2 which can synthesise mature viral RNA

in vitro (Haruna and Spiegelman (1965a)). The RNA produced is
infectious and exhibits the same template properties in the poly-
merase reaction as the original viral BNA, No heat sensitive
ribonuclease-resistant material could be detected during the
reaction. However if the purified QP polymerase was supplied

with fragmented template RNA the reaction was slow and incomplete,
and the product biologically inactive (Haruna and Spiegelman (1965b).,
Here the product was ribonuclease resistant,

This would mean proposing the existence of a polymerase which
could act from a single strand of template to produce not a 'Watson-
Crick' image but an exact replica A for A and G for G.

A further paper by Mills, Pace and Spiegelman (1966) modifies
their earlier views., They report the finding of a non-infectious
complex having a sedimentation coefficient of 15s, It has been
possible by double labelling, to establish that this complex con-
tains one strand of template and another of product. Further, on
heat denaturation the complex gives rise to infectious plus strands
of RNA,

Other groups working with the RNA~containing bacteriophages
R17 and M12 of E. coli (Francke and Hofschneider (1966), Erikson
(1966), Erikson and Franklin (1966), Franklin (1966) and Granboulan

and Tranklin (1966)) have recognised two infectious RNA fractions
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in addition to mature virus BWA in infected cells. One of these
behaves as double-stranded RNA and appears in infected cells prior
to new single~stranded viral ENA. The other species of RNA behaves
as if it were double-stranded RNWA with a tall of single~stranded
RNA attached.

In conclusion it might be said that some evidence has been
obtained for a double~stranded replicative form of RNA in all the
viral systems examined.

5e The synthesis of RNA (in vitro)

ie Polynucleotide phosphorylase

This enzyme was the first to be isolated which could catalyse
the synthesis of ribonucleic acids. The initial work was done by

Grunberg-Manago, Ortiz and Ochoa (1956) using extracts of Azotobacter

vinelandii. Since then this enzyme has been detected in a wide

variety of organisms. Ribonucleoside diphosphates are required as
substrates and are incorporated into polyribonucleotides in the
presence of Mg2+. Incorporation will take place in a reaction
mixture containing one or more of the diphosphates. The requirement
for diphosphate seems aﬁsolute as neither mono-~ nor triphosphates
serve as subgtrates. The crude enzyme preparation is not dependent
on the addition of RNA but purified preparations shbw primer reguire-
ments.

Initially this engyme was thought to be responsible for RNA

biosynthesis in vivo but gradually it was shown that the base
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compogsition of the RNA product reflected merely the base composition
of the ribonucleoside diphosphates in the reaction mixture, rather
than that of the primer (Grunberg-Memago (1963) gives a review).

It seems that the reaction proceeds by the addition of monomer

units to the 3' hydroxyl end of the primer in a chain extension
mechanism (Singer, Heppel and Hilmoe (1957 and 1960)). The reaction
requires a free-0H at the 3' pogition in the primer and stoichio-
netric amounts of inorganic orthophosphate are released,

Although no longer thought to play a major role in the synthesis
of RNA the enzyme has been useful in preparing various artificial
homo~ and hetero-polymers as even without a primer, polymer forma—
tion can occur.

There are comparatively few references in the literature to
polynucleotide phosphorylase being found in memmalian cells. It
has been suggested that this may be due to destruction of the nucleo~
side diphosphates by adenylate kinase and there is an account of the
phosphorylase in rat liver nuclei which contein very little adeny~
late kinase (Siebert, Villabos, Suk Ro, Steele, Lindemayer, Adams
and Busch (1966)),

iie Transfer RNA cytidylyl-adenylyl transferase

Heidelberger §§_§13(1956) first showed that a cytoplasmic
fraction from rat liver could incorporate AMP into RNA, If the
enzyme is first incubated in the absence of RNA, its ability to

incorpoxrate AMP is reduced., This ability can be restored by the
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presence of CTP, The two nucleotides are incorporated in the ratio
of one A to two C but no other nucleotides are incorporated (see
Smellie 1963 for a review).

iii. Homo~-polyribonucleotide formation

There have been several reports of enzyme fractions which
incorporate single ribonucleoside triphosphates into homopolymers.
These systems are characterised by the lack of stimulation when the
other ribonucleoside~5H'-triphosphates are added to the reaction
either singly or together.,

An extract from calf thymus nuclei has been found to bring
about the synthesis of poly A (Edmonds and Abrams (L96C), (1962)), A
system synthesising poly A has also been prepared from chick embrycs
(Chung, Mahler and Enrione (1960)). This enzyme appears to require
Mg and additional RNA as primer. Abrams et al. (1962) have
described the purification of extracts from calf thymus nuclei which
incorporate CMP from CTP into RNA., A significent proporiion of the
CMP units is located in terminal sites of the polyribonucleotide
chain and although this enzyme does not utilise GIP or UTP, it does
catalyse a very limited incorporation of AMP residues from ATP,
mainly into bterminal positions.

The incorporation of uridine nucleotides into RNA by enzyme
systems derived from Ehrlich and Landschutz ascites tumour cells
as well as a number of other animal tissues has been described by

Burdon and Smellie (1960, 196la,b,c) and by Smellie (1962), In
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experiments with[?4G]UTP, 40% of the uridine residues are located
on 3'-0H ends of polyribonucleotide chains, A gimilar system has
been purified from the soluble fraction of rat liver by Klemperer
and Kammen (1962). fhis enzyme incorporates UMP residues into RNA
and the reaction is not stimulated by the addition of ATP, GIP and
CTP.

A number of reports have described particulate fractions from
a wilde variety of cells., An enzyme from i, coli ribosomes catalyses
the RNA-dependent incorporation of ribonucleotides into RNA. The
engyme has been purified and requires Mg2+ and added RNA (August,
Ortiz and Skalka (1962) and August, Ortiz and Hurwitz (1962)),
Extensive polymer synthesis was observed only with ATP although
the other nucleotides were incorporated to a small extent, Cyto-
plasmic ribogome preparations have been shown to support the RNA-
dependent incorporation of nucleotides into RNA (Baltimore and
TFranklin (1963) and Wykes and Smellie (1966)). In the case of the
Landschutz ascites cells the incorporation was predominently berminal.

There is also an enzyme system which incorporates ribonucleo~
side triphosphates into polydeoxyribonucleotides (Krakow, Kemmen
and Canellakis (1961) and Canellekis and Kralkow (1962)). 4Any of
the four ribonucleoside triphosphates are incorporated terminally
into DNA. The enzyme is distinct from DNA polymerase and adds only
one residue onto the ends of the DNA chain. The product will then

act as primer in the rat liver system which incorporates UMP
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regidues into poly U. It has also been demonstrated that under
special conditions, in the presence of Mh2+ DNA polymerase will
incorporate ribonucleoside triphosphates (Berg(1964)),

The biological function of the enzymes described above
remains obscure,

ive. RNA polymerage

This enzyme has been studied in a great variety of organisms.
It was initially discovered in rat liver (Weiss (1960)) but to that
must be added bovine lymphosarcoma (Furth &Ho (1965)), rat testes
(Ballard &Williems~Ashman (1966)) and ascites tumour cells (Burdon
and Smellie (1961b), HEason and Smellie (1964)) among others. In
plants, RNA polymerase hag been found in maize seedlings (Mans and
Novelli (1964)) and in nuclei from pea embryos (Huang, Makeshwan
and Bonner (1960)). Most of the work has in fact been done using
o purified bacterial engzyme from EB. coli (Chamberlin and Berg (1962)),

Micrococcus lysodeikticus (Weiss and Nakamoto (1961 a and b)) or A.

vinelandii (Krakow & Ochoa (1963)). There are also many instances

of experiments involving the engyme from viral sources., For a
review see D, Elgson in the Annual Review: of Biochemistry 1965,

RNA polymerase appears to be found closely attached to
chromatin material and is often in fact in an aggregate form when
isolated. There are a few instances of a soluble mammalian enzyme
e.g. Ballard and Williasms-Ashman (1966) have found one in rat

testes., RNA polymerase activity has also been detected in mito=-
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chondria (Kalf (1964)) and chloroplasts (Kirk (1964)).

The properties of the comparatively crude mammalian prepara-~
tion appear similar, insofar as they may be tested, to those of the
enzyme purified from bacterisl sources. DNA is required as a
template, and incorporation is markedly stimulated by the presence
of all four nucleoside triphosphates. Mn2+ and Mg2+ both stimulate
the enzyme but Mh2+ to a higher level of incorporation, The reaction
is markedly enhanced by the presence of ammonium sulphate but
inhibited by actinomycin D, DNase and RNase.

The product of the DNA-dependent RNA polymerase reaction
satisfies all the normal criteria for RNA and analysis of the
product has shown it to consist of single-stranded polyribonucleo-
tides of high molecular weight containing all four ribonucleoside
residues linked by 35'-phosphodiester bonds (Hurwitz and August
(1963) and Fox and Weiss (1964)).

DNA primers from a variety of sources have been employed.

The base composition of the RNA product clearly reflects that of
the DNA primer, This is best seen by the results obtained with
poly dA-T primer where the product contains only the nucleotides
to be expected if a base-pairing mechanism were concerned. The

results, with single stranded DNA of @X174 also show equivalence
between dA and U, dT and A, dG and C and dC and G. The question
of whether only one or both strands is copied has already been

discussed under asymmetric synthesis in section 4,ii,



- 30 -

In the absence of any added template and after a variable lag
period, RNA polymerase catalyses the formation of poly A and poly U
from ATP and UTP respectively. The reaction appears to require Mh2+
specifically being inhibited if only Mg2+ is present., The homo=-
polymex formation is also inhibited by the presence of any of the
other ribonucleoside triphosphates (Smith, Ratliff, Williams and
Martinez (1967)).

The mammalian RVA polymerase has not yet been purified
significantly but that of BE. coli has been prepared and found to
have a sedimentation coefficient of 208 and a molecular weight of
600,000 (Doexfler, Zillig, Fuchs and Albers (1962)). Treatment by
agents such as streptomycin or detergents causes dissociatbtion of
the enzyme into subunits which may or may not be of regular size
(Colvill et al.(1966)). Tuchs et 2l.(1964) have studied highly
purified preparations of RNA polymerase under an electron microscope
and have shown that there are six subunits, linked side by side in
such a way, that the native enzyme appears as a cylinder with a
height of 953, external diameter of 1253 and internal diameter of
408.

It has been found possible to saturate DNA from T7 bacterio-
phage with RNA polymerase. The amount required suggests that the
saturation value cannot reflect occupation of the entire DNA sunface

with enzyme. Instead there must be a limited number of sites on the

T7 molecule which can bind the enzyme (Richardson (19666). Crawfoxrd
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et al, (1965) and Stayter (1965) have calculated that there probably
are 8 sites of attachment per polyoma DNA molecule.

Bonner_gﬁlgk.(l961) have found that newly synthesised RNA
of pea seedling nuclei is bound to DNA and is resistant to Rl¥ase
action. As judged by thermal dissociation data which showed the
complex to melt atb 50-6000 at any ionic strength investigated, the
authors came to the conclusion that RNA is bound to DNA by a protein
'linker?,

Ixperiments involving actinomycin D have been carried out hy
Goldberg, Reich and Rabinowitu (1963) to examine the relationship
between the binding site of actinomycin on DNA to the surface of
the template on which the RNA polymerase functions. They find that
actinomycin bound to DNA may displace some of the polymerase
suggesting that some part of the actinomycin binding sites is
occupied by the enzyme under normal circumstances., This would mean
the enzyme would lie in the minor groove of the DNA molecule,

The nature of the binding sites remains obscure, bubt may be
specific sequences of nucleotides in the DNA. The sites are likely
to be similar throughout the bacterial world, since asymmetric
synthesis of RNA has been observed in a number of heterologous
enzyme-template systems (Colvill __e_jg 21.(1965)), When the DNA template
is heat denatured, the number of sites available for the initiation
of RNA synthesis, as measured by the number of growing chains of RNA

per DNA molecule, increases greatly (Maitra and Hurwitz (1965)).
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Under these circumstances much shorter RNWA chains are formed, loss
of agymmetric transcription is observed, and it is considered that
the selectivity of the attachment mechanism has been lost.

Fox et al, (1965) have shown that inhibition of RNA synthesis
by tRNA involves the binding of the RNA to the polymerase. Thig
inhibition by RNVA may involve competition with DNA. for the active
site on the molecule of RNA polymerase. There is, however a
separate site for preoduct RNA, as the growing RNVA chaing and template
DNA can remain attached to the polymerase simultaneously (Hayashi
(1965) and Bremer et al.(1966)).

From the kinetics of inhibition of RNA polymerase'by acridines
at varying ooncentrations of DNA and ribonucleoside tiiphosphates
Nicholson and Peacock (1966) concluded, that the inhibitor could
combine reversibly with the polymerase and occupy sites with which
both the free nucleotide bases and the DNA bases normally combine.
There might thus be a case for considering three types of binding
sites on the engyme, one for DNA bases, one for RNA bases and one

for free nucleotide basges.
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Aims of the present work

Several purified systems have been mentioned which catalyse
incorporation of ribonucleoside triphosphates into RNA, The mogt
highly purified preparations have been of bacterial origin where
there appears to be a lower degree of association between DNA and
the RNA polymerase protein, than there is in mammalian cells. The
aim of +this present work was to investigate the possibility of
freeing s mammalian RNA polymerase preparation from DNA, The

magmmalian source used was that of Landschutz ascites tumour cells,



METHODS AND MATERIALS
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METHODS

1. The growth of Landschutbtz ascites tumour cells

The Landschutz ascites tumour was propagated by serial
transplanteation in Porton strain, albino mice from the deparitmental
colony.

Tumour for transplantation was withdravm aseptically by
syringe from mice inoculated seven days previously. 0.3 ml, of
this cell suspension, was inoculated intraperitoneally into young
adult mice and was allowed to grow for seven days when about 4-5 ml,
.of tumnour suspension was present in each mouse,

24 Preparation of the crude polymerase engyme

Mice were killed by cexrvical dislocation, the skin of the
abdomen was swabbed with absolute alcohol and the peritoneal wall
exposed, Tumour was withdrawn with a syringe and transferred to a
chilled 50 ml, conical centrifuge tube containing 10 ml, ice cold
0.9% sodium chloride to prevent clotting. The cells were washed in
0.9% saline to remove ascitic plasma and collected by centrifuging
at 600g for 5 minutes at 0°c, Any erythrocytes contaminating the
cells were removed by suspending the cells in 20 ml. 0.9% saline
and centrifuging at 200g for 5 nmin. at 0°C when the heavier tumour
cells sedimented and the exrythrocytes in suspension could be removed
by a Pasteur pipette. The tumour cells were washed again and the
packed cells exposed to osmotic shock by suspending in 10 volumes

of 0,01M~tris/HCL pH 7.5, 0.02M with respect to 2-mercapbto-ethanol.
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The suspension was allowed to sit  in ice for 10 min, as this was
found to minimise the force necessary to rupture the cells. The
cells were ruptured by gentle homogenising for 1 minute in a pre-
cooled Sireica homogeniser with s tightly fitting pestle, Dig-
ruption of the cells, but not nuclei was confirmed microscopically
after staining with 1% crystal violet in O.lM-citric acid. The
suspension was centrifuged at 600g for 5 min. at 0°C and the super-
natant cellular debris décanted. The pellet was washed in 5 volumes
0.9% saline and recentrifuged at 600g for 5 minutes at OOC. The
resﬁlting pellet was suspended in three volumes 0.01M-tris/HCGL

PH Te5H, 0,02M with respect to 2-mercapto-ethanol and rapidly frozen
by immersion in a bath of industrial spirit containing solid 002.
No more than 4 ml. was used in any 50 ml, tube. The frozen suspen-
sion was rapidly thawed, This was achieved by dipping the tube in

a bath of water at approximately 600, removing it and agitating the
suspension with a vortex mixer, This procedure was repeated until
the suspension thawed, care being taken to expose the thawed nucledl
to the minimum of heat. The freeze/thawing process was repeated two
or three times until microscopic examination of samples stained with
crystal violet showed that the thawed nuclei were disrupted. The
suspension was then centrifuged at 10,000g for 10 min. at 0°, The
supernatant fluid was discarded and the washed pellet routinely
suspended in 4 volumes 0,01M-tris/HCL pH 7.5, 0.02M with respect to

2-mercapto-ethanol and stored in 2 ml. batches at -60°¢ until required.
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It was found that the preparation could be stored in this way for
at least 6 months with less than a 20% drop in RNA polymerase
activity.

5 Iinzyme assays

i, RVA polymerase assays

Polymerase activity was measured by a modification of the
method of Weiss and Nakamoto (19613. The volume of the incubation
mixtures was 0,6 ml. and the tubes,usually 10 ml. round bottomed
centrifuge tubes, were incubated with shaking at 3700. After incuba~
tion the reaction was terminated by freezing the tubes in a mixture
of solid 002 and ethanol. The tubes could then be stored at ~10°
until required. Alternatively 5 ml. of 5% ice cold trichloracetic
acid were added and the samples processed.immediately. All assays

were performed in duplicate,

Prepaxration of samples for scintillation counting,.

The usual procedure consisted of precipitating the RNA with
5% trichloracetic acid, followed by repeated washing of the precipi-
tate to remove unincorporated nucleotides. The level of any residual
unincorporated nucleotides was measured by estimating the radio-
activity in the unincubated samples.

The procedure employed is a modification of that described by
Baltimore and Franklin (1963). All the operations were carried out
at 40. To the frozen tube was added 5 ml. of 5% ice cold trichlor~

acetic acid, 0.2 ml, of ice cold saturated sodium pyrophosphate and
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0,5 mL. (2 mg./ml,) carrier yeast RNA or bovine serum albumin., The
contents of the tube were mixed using a Vortex mixer and allowed to
sit until fully thawed (20 min,). Where incubation mixtures were
not frozen before processing, 0,2 ml, of ice cold saturated sodium
pyrophosphate and 0,5 ml, of bovine serum albumin (2 mg./ml.), as
carrier,were added directly to the samples following the addition
of trichloracetic acid. The samples were mixed, allowed to stand
for 15 min., centrifuged at 600g for 15 min. and the supernsbant
fluid discarded.,

The sediment so obtained was dissolved in 0.2 ml, of 0,5N-NaOH,
then immediately precipitated with 5 ml, of cold trichloracetic acid
and 0,2 ml, sodium pyrophosphate as before. The tubes were mixed and
allowed to stand for 10 min, for equilibration., The precipitates
were collected by centrifugation for 10 min, at 600z, The pellets
were reguspended in 5 ml. of trichloracetic acid and 0,2 ml. of
sodium pyrophosphate and after 10 min. recentrifuged at 600g foxr 10
mine. They were finally washed in 5 ml, of trichloracetic acid and
the subsequent drained pellets suspended in 0,2 ml, 98% formic acid,.
The gamples were heated at 100° in a water bath for 30 min. to
hydrolyse the RNA and to assist solution of the RNA and protein in
the formic acid.

Meagurement of radioactivity

2.9 ml., of absolute alcohol were added to the tritiated samples,

The samples were mixed and added to scintillation wvials containing
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6.8 mle. of toluene based scintillation fluid. This fluid consists
of 4 g. of P.P.0. (2,5 diphenyloxazole) and 200 mg. of P.0.P.0.P.
(1,4€di-[2—(5~phenyloxazoly1i}vbenzene) dissolved in 950 ml. of
AnalaR toluene., The samples were then counted in either a Nuclear
Chicago Model 725 liquid scintillation spectrometer, or a Packard
series 4000 ligquid scintillation spectrometer. The efficiency of
counting was determined by the channels ratio method and ranged
from 15~25% for tritium,

3.11. RNA polymerase agsay - 2nd method of preparation of samples

for scintillation counting.

The precipitated RNA after incubation was sometimes collected
and washed on a teflon coated glass fibre disc (diam. 2.5 cily =
Fiberfilm filter material) clamped in a Millipore filter holder,
The sample treated with 0.2 ml, saturated sodium pyrophosphate and
carrier, as before, was rinsed onto the disc with a further 10 ml,
of cold 5% trichloracetic acid. The material on the disc was washed
with 10 ml. of cold 5% trichloracetic acid containing 4% saturated
sodium pyrophosphate and the disc was finally washed with 10 ml,
absolute alcohol and allowed fto dry. The dry disc was transferred
to a scintillation vial and 0,5 ml. of hyamine hydroxide added.

The vial was incubated at 570 for 20 min. and 10 ml. of the toluene
scintillation fluid added. Radioactivity in the samples was deter-

mined as described above,
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%e.iii. DNA polymerase assay

This was assayed in a similar fashion. The assay volume was
0.25 ml, and the tubes were shaken in a watex bath at 370. The
incubation was terminated by pipetting 0.05 ml, of the sample onto
a Whatman No. 1 paper disc (2,0 cm, ) previously impregnated with
0,05 ml., of (2 mg./ml.) bovine serum albumin and dried, The discs
were washed in ice cold 5% trichloracetic acid containing 4%
saturated sodium pyrophosphate solution, taking about 15 ml. wash—
ing solution/disc‘ The discs were given 4 washes of about 10 min,
and were then washed in alcohol and ether and allowed to dry. The
samples were counted in 10 ml., toluene scintillation fluid as
previously described.

3.1iv. DNase agsay

The method used depends on the degradation of DNA to acid
soluble fragments which are esgtimated spectrophotometrically. The
reaction mixture (0.2 ml.) containing 0.1 ml. calf thymus DNA (0,5
mg,./ml,), 0.02 ml, tris/HCL1 buffer (IM pH 8.5), 0.02 ml. MgCl,, (0.,117)
and 0,06 ml, of the enzyme fraction to be assayed, was incubated at
3700 for 30 min. 0.2 ml, of carrier bovine serum albumin (2 mg,/ml.)
were added and 0,5 ml, of ice cold 1N-perchloric acid to precipitate
nucleic acid and proteins. The sample was cooled at 40 for 5 min.
and ‘the precipitate removed by centrifugation. The supernatant was
diluted with an equal volume of water and the optical density at

260 my measured.,
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3.ve NHNase assay

This method depends on the degradation of yeast RNA to acid
soluble fragments which are assayed spectrophotometrically. A
solution of yeast RNA (2 mg./ml. in 0.9% NaCl) was prepared and
dialysed for 24 hours against a large excess of 0,9% NaCl. The
reaction mixture (1,0 ml,) containing 0,25 ml, of this RNA solution,
0,15 ml. M-tris/HCL buffer pH 8.5 and 0.6 ml., of the enzyme frac-
tion to be assayed, was incubated for 30 min. at 370. 045 ml, of
ice cold 1N-perchloric acid was added to precipitate nucleic -acid
and proteins, which were removed by centrifugation in the colde.

The supernstant fluid was diluted with 5 volumes of distilled water
and the optical density at 260 mp determined.
3eVie

Se Alkaline phosphatase

The assay depends on the estimation of inorganic phosphate
releaged from ribonucleoside triphosphates by phosphatase, The
reaction mixtures (1.0 ml.) contained 1 pmole each of UTP, CTP, ATP
and. GTP, 2 umoles Mgﬁlz, 0.6 ml, of the enzyme fraction to be assayed
and was 0.,1M with respect to tris/HCl buffer pH 7.5, Incubation was
carried out at 37° for 30 min. after which 0.5 ml. 1N-perchloric
acid was added., The precipitated nucleic acids and proteins were
removed by centrifugation., The inorganic phosphate present in the
supernatant fluid was measured by a modification of the method of

Allen (1940) giving an estimate of phosphatase activity.
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De Inorganic phosphate

A sample of the solution to be assayed containing 4-30 pg.
phosphorus was pipetted into a test tube and 0.24 ml, of 10N=
sulphuric acid were added, followed by 0.2 ml. 8.3%-(W/V) solution
of ammonium molybdate and 0.4 ml, 1% (W/v) solution of 2,4~diamino-
phenol hydrochloride (AnalaR) in 20% (W/v) sodium metabisulphite
solution, The volume was made up to 5.0 ml. with water and the
mixture allowed to stand for 10 min., at room temperature before the
optical density was measured at 720 mp against a reagent blank, A
standard phosphorus solubion was prepared by dilution of a stock
phosphate standard (AnalaR -~ 2,193 g. KH2PO4 in 500 ml, water
isee 1 ml, ¥ 1 mg. phos.).

3.vil. Micrococcal nucleage asgsay

The principle of the assay is agein the measurement of optical
density of acid soluble material released from nucleic acid by the
enzyme. The reaction mixture consisted of 0.1 ml, of tris/HCL
buffer (0.1M pH 8,8), 0.1 ml. DNA (2.0 mg./ml.), 0,05 ml. of calcium
chloride (0.,01M) and 0.1 ml. of the engyme fraction., The tubes
were incubated at 370 for 30 min, and the reaction stopped by add~
ing 0,5 ml, 1N-perchloric acid. The tubes were chilled in ice fox
10 min., 2.7 ml. of water were added and the precipitate was
removed by centrifugation. The optical density of the supernatant

samples was measured at 260 my,
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4 Preparation of DNA

DNA was prepared routinely from both calf thymus and Landschutz
ascites tumour by a modification of the method of Kay, Simmons and
Dounce (1952). The freshly excised calf thymus gland was frozen in
solid Coz/ethanol and stored at -60° until required, 50 g. of
frozen thymus, broken into large pileces were blended at 40 with
200 ml, of 0,9% NaCl/0.0lM-sodium citrate in a Waring Blendor., The
homogenate was centrifuged for 15 min, at 600 g and the supernatant
fluid discarded, The sediment was resuspended and the procedure
repeated three times. The pellet from the last extraction was
homogenised at 40 with 1 litre of 0.9% NaCl and the homogenate
allowed to come to room temperature. To it were added with stirring
90 ml. of a 5% solution of sodium lauryl sulphate in 45% (w/v)
ethanol, The mixture was sbtirred vigorougly for 2 hours during
which time the viscogity rose markedly. 55 g. of solid NaCl were
added, bringing the NaCl concentration to 1M. When the NaCl had
completely dissolved the material was centrifuged for 1 hour at
35,000 g+ To the supernatant from this step 2 volumes of ice cold
ethanol were added with stirring. The crude DNA came out of solution
as a gelatinous mass which slowly lost water to form a white fibrous
precipitate which was gathered by winding round & glass gtirring
rod. The precipitate was removed from the glass rod, washed three
times with absolute ethanol, three times with acetone and dried.

The DNA was purified further. The crude preparation was cut
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into small pieces with scissors and added to 700 ml. of 00,0001 M~
NaCl, The suspension was stirred at room temperature until all the
pieces had dissolved, when 63 ml. of 5% sodium lauryl sulphate in
A5% ethanol were added and stirring continued for an hour, 45 g.

of solid Nall were then added, bringing the NaCl concentration to
1M, After complete solution of the NaCl the mixbture was centrifuged
at 35,000g for 30 min. The supernatant was treated as before and
the precipitate dried. This step was repeated until there was no
visible protein precipitated when NaCl added; usually twice.

DNA from ascites tumour cells was prepared in a similaxr
fashion but usually on & smaller scale. The tumour cells were
removed and washed nuclei prepared as already described. These
nuclei were then homogenised in 5 volumes 0,9% NaCl and 9 ml,/100 ml,
suspension, 5% sodium lauryl sulphate added as before. The same
~steps as already described when using calf thymus were then carried
out, scaling down the quantities as required,

5e Measurement 6f the 'melting temperature! of DUA

The sample of DNA to be examined was prepared in 0.01M-tris/
HC1 buffer pH 7.5 and the optical density measured at 260 my against
a blank containing the other constituents of the system in tris/HC1L
esZe MPB and DMS. The sample was diluted to give around»O.S optical
density units/ml, The spectrophotometer usedwas the SP800 (Unicam)
with the temperature controlled cell accessory (SP870), During

heating the temperature was noted on the chart at 2° intervals. The
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tempersture at the mid-point of the increase in absorbancy is the
Tm or 'melting temperature! of the DNA,

6, Preparation of RNA from incubation mixtures

50 ml, of RNA polymerase incubation mixture were prepared and
incubated in a round bottomed flask at 370 in g shaking water bhath
for 30 minutes,

RNA was extracted from this by a modification of the method
described by Penman (1966%. All the samples were chilled in ice
before fractionation.

The solution containing the RNA to be extracted was added to
a chilled tube containing 0.05 ml, of washed 4% bentonite suspension,
The solution was made 1% with respect to sodiui dodecyl sulphate
(sp8) and allowed to sténd for 5 min.. One volume of a 90% agueous
solution of redistilled phenol containing 0.1% 8~hydroxy-quinoline,
was added. The mixture was shaken vigorously at room temperature
for 5 minutes. One volume (with respect to the original RNA solution)
of chloroform containing 1% isoamyl alcohol was then added and ‘the
mixture shaken vigorously for a further 5 minutes.

The solution was then resolved into an agqueous phase and a
phenol~chloroform phase by centrifugation at 1500 x g for 5 minutes.
The phenol-chloroform layer was discarded and any interphase
material retained, and the phenol-chloroform extraction was repeated.
The extraction of the agueous phase was repeated another two itimes,

uging the chloroform-isocamyl alcohol mixture alone,
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The RNA was precipitated with a 1% solution of cetyl~triammonium
-bromide and the precipitate collected by centrifugation at 20,000g
for 15 min.. The precipitate was washed three times with 70% ethanol
containing O0.1M-sodium acetate to convert the RNA into -the sodium
salte

Te Dengity gradient centrifugation

These were carried out in varying concentrations of sucrose
or glycerol, A mixing device (Britten, Roberts (1960)) was used to
deliver 4.5 ml, of a solution of sucrose in water linearly graded
from 40% (w/v) to B%Q(W/Q). 0,5 ml, of enzyme preparation were
layered on the gradient and the tubes were centrifuged in the swing-
ing bucket rotor (SW 39) of a Spinco Model L preparative ultra—
centrifuge for varying times and speeds (e.g. Table 4).

Around 30 fractions were collected from each tube by punctur—
ing the base with a hypodermic needle and allowing the contents to
drip out into the test tubes which contained 0.5 ml, of water. The
optical density of the fractions was measured at 260 and 280 my.

Ixperiments were run using bands of sucrose or glycerol of
graded densities e.g. 1 ml. of 50% sucrose was placed at the foot
of a 5 ml. centrifuge tube, followed by 1 ml. of 40%, then 1 ml. of
%20% and lastly 1 ml. of 20% solution. 0.5 ml, sample would then be
layered on top as before. The tubes were then centrifuged and

fractionated as described in Table 4,
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8. Preparation and use of DEAL celluloge

The cellulose was added with stirring to three times ilts own
volume of 0,5 N-MaOH. The suspension was stirred gently as vigorous
stirring was found to break up otherwise stable agglomerates releas—
ing very fine particles which tend to clog a column. Stirring was
stopped after 30 min, and the cellulose allowed to setble for 10
mine. The supernatant liquid was removed by suction together with
any fine particles that had remained in suspension. The alkali
washing was repeated until the supernatant liquid was colourless.
The cellulose was then suspended in water, stirred and allowed to
settle as before. The supernatant liquid and 'fines' were again
removed by suction. This was repeated until the supernatant liquid
was relatively free of 'fineg', The suspension was then transferred
to a Buchner funnel and washed with water until free of alkali. The
celluloge was resuspended in 0.l N~-HCL which was removed by filtra-
tion and the cellulose washed to pH 7.

Finglly the washed cellulose was suspended in either 1M-K
phosphate buffer pH 7.5 or 0,3M~K phosphate buffer/30% with respect
to glycerol (AnalaR) and allowed to equilibrate at 40 overnight.

Various gimes of column were used. AlLl were poured and run
at 40. Addition of the crude polymerase preparation to the top of
a coiumn in the normal manner was found to reduce the flow rate.
However if the sample to be fractionated on the column (about 4 ml.)

was mixed with the celluloge prior to pouring the column and the
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slurry allowed to sediment under gravity, the flow rate could be
maintained at 1 ml./min.. The colum was then eluted with approxi-
mately ten bed volumes of 0,3M~K phosphate buffer pH 7.5. Various
concentrations (from 0.05M to 1.0M) of XKCl in 0.3M~K phosphate were
then passed through the column., The volume of the fractions collec~
ted varied with the column used. The fractions containing material
absorbing at 280 my were assayed for RNVA polymerase and protein.
Fach column was only used once,

After use the cellulose wag removed from the column and
stored under water saturate& with toluene to inhibit bacterial
growth. When a sufficient quantity had been collected the whole
batch was regenerated by the procedure described above,

Iixperiments were also run using DEAE cellulose in 0,3M-K
phosphate buffer pH 7.5/30% with respect to glycerol. Usually
because of extremely slow flow ratés the polymerase preparabion
was mixed with a small quantity of cellulose (5 ml, packed volume)
and after equilibration the cellulose removed by centrifugation at
600g for 5-10 min., The cellulose would then be resuspended in
fresh buffer and the procedure repeated. The supernatant fractions
were assayed for RNA polymerase and protein,

e Tstimation procedures

e Protein estimation

Protein was estimated by the method of Lowry, Rosebrough,

Parr and Rendall (1951),
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Reagent A contained 2% (W/V) Na,C0, in 0.1N-NaOH. Reagent B

3
contained 0.5% (W/v) Cus0,, 5H,0 in 1% (W/v) sodium potassium
tartrate, Reégent C was an alkaline éoppgr solution {50 ml.
reagent A were mixed with 1 ml, reagent B), Reagent D consisted
of a diluted Folin reagent (Folin-Ciocalteu phenol reagent was
titrated to a phenolphthalein end-point and diluted to make it 1N
in acid).

To 1 ml. of a suitable dilution of the protein solution (50 pg./
ml.) 5 ml, reagent C was added and after 10 min., 0.5 ml. reagent D
was rapidly added. The mixbture wag allowed to stand for at least
30 min. and was read against a reagent blank in a Unicam SP 600
spectrophotometer at 750 mu, A standard solution of bovine serum

albumin (0~500 pg./ml.) was used to calibrate the assay.

Pe FEstimation of DNA

DNA was estimated by the Burton procedure (Burton (1956)).
diphenylamine reagent was prepared by dissolving 1.5 g. of AnalaR
diphenylamine in 100 ml, of glacial acetic acid and adding 1.5 ml,
of concentrated sulphuric acid. JTmmediately before use, 0.1 ml, of
a solution of 16 mg. of redistilled acetaldehyde (b, p. 210) in
1 ml., water was added,

1 nl. of the sample to be assayed containing about 50 pg./ml.,
(in 1N~-perchloric acid) was added to 2 ml, of the diphenylamine
reagent. The sample was mixed and incubated at 500 overnight. The

optical density of the solution was measured at 600 my against a
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reagent blank, A standard solution of DNA (0~200 pg. DNA/ml,)
was used for calibration.
10, DMaterials

Adenine, guanine, cytosine, uracil, thymine, the ribonucleo~
sides, deoxyribonucleosides, ribonucleogide 5% mono- and triphos—
phates and deoxyribonucleogide 5% mono~ and triphosphates were
purchased from Sigma Chemical Coﬁpany or Calbiochem, [?H]ribonucleo-
side 5'-triphosphates were obtained from Schwartz Bioresearch Inc.,
Orangeburg, N.Y.., Crystalline pancreatic ribonuclease and deoxy—
ribonuclease were purchased from the Sigme Chemical Company.
Actinomycin D was a gift from Merck, Sharp and Dohme, Inc.. Phos-
phocreatine kinase, phospho-enol-pyruvate and pyruvate kinase were
purchased from the Sigma Chemical Company. MPB was a gift from
I.CI. (Pharmaceuticals division). Calsolene oil was a gift from
I.C.I. (Dyestuffs Division, Grangemouth). Of the materials used
in scintillation counting, teflon coated glass fibre paper (Fiber-
£ilm material) was purchased from Joymar Scientific Incorp., New
York and Hyflo~Super~Cel, P.P.0, and P.0,P.0.P. from Koch~Light

Laboratories Ltd., Colnbrook, Bucks.
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I. Crude RNA Polymerase preparation

1. Investigation of conditions of assay

Studies by Burdon and Smellie (1962) have demonstrated the
existence in Landschutz ascites tumour cells of BNA«dependent and
DNA-dependent systems for incorporation of ribonucleotides into
RNA, Ixperiments were carried oulbt on a crude nucleaxr preparation
which was shown to possess DNA-dependent RNA polymerase activity.
The system was supplied with equimolar amounts of ribonucleoside
5'=triphosphates, DNA as a template, Mh2+ iong and ammonium sulphate.
Initially an ATP generating system, phosphocreatine and phospho-
creatine kinase was included in the reaction mixture,.

Figs I shows the time course of incorporation of [BH]UMP into
acid insoluble material by the crude enzyme preparation. This was
assuned to represent predominantly RNA polymerase activity. The
rate of incorporation appears to be relatively constant up to 30
min, and incubations were usually carried on for 30 min., or 60 min.
The relationship between activity and protein concentration is shown
in Fig. 2 from which it can be seen thal this is almost linear over
the range 50 pg. to 500 pg./assay.

The requirements of the enzgyme wefe investigated with respect

2 - . .
* and Mg24 ions, in the presence and sabsence of ammonium

to Mn
sulphate. A summary of the results is shown in Fig. 3. 1In the
absence of ammonium sulphate there is a marked reduction in nucleo-

. . . 24 . . .
tide incorporation. IMn~ iong appear to cause a greater stimulation
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| FIGURE 1

! The +time course of the incorporation of [}ﬁ]UMP into

| RNA by the crude ascites enzyme

Al zero to 15 min,

Bl zero o 240 min,

{ The reaction mixture contained 50 pymoles tris-HCL buffer,
pH Te55; 1 umole Mh012; 6 pmoles 2-mercapto-ethanol; 100 mumoles

EDTA; 80 pg. native Landschutz DNA; 240 pmoles (NHA)2304;
100 mpmoles each of ATP, GTP, CTP and UTP; [?ﬁ}UTP (1 x 107 depemne/

p%ole) and 0.1 ml. of enzyme (3 mg. protein/ml.) in a total volume

0? 0.6 ml,
|
|

were added as energy source in the 0.6 ml, reaction mixture.
!

144 pmoles phosphocreatine and 70 ug. phosphocreatine kinase

1 The reaction was carried out at 37°,
|
|
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FIGURE 1.
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IIGURE 2

The effect of enzyme protein concentration on the

incorporation of [}H]UNP into RNA by the crude RNA polymerase

The reaction mixture was identical to that used in Figure 1
cept that the concentration of enzyme protein added, was varied
showm.

The samples were incubated at 370'f0r 30 min.
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ITGURE 3

The effect of various ions on the crude ascites

RNA polymerase preparation

2+

1) The effect of addition of Mn or Mg2+ to the assay, in the

presence and absence of ammonium sulphate.

The reaction mixture of 0.6 ml. contained 50 ymoles tris~HCL

bﬁffer, PH T.5; 6 pmoles 2~mercapto-ethanol; 100 mumoles of EDTA;

QO pg. native Lendschutz DNA; 100 mumoles each of ATP, GTP, CTP

and TrP; [BH]UTP (1 x 107 d.p.m./pmole) and 0.1 ml, of enzyme

43 mg. protein/ml.). Phosphocreatine and phosphocreatine kinase
|

were added as in Figure 1.

@ contained in addition varying amounts of Mn2+ as
|
: showvn, and 240 umoles (NH4)2SO4
, Z& | contained in addition varying amounts of Mg2+ as
|
| shown, and 240 pmoles (NH4)2804
“ -0 == contained in addition varying amounts of Mh?+
as shown
- “ﬂ‘k“ - contained in addition varying amounts of Mg2+
as shown,

The samples were incubated at 570 for 30 min,
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of enzyme activity then mg2+, with an optimum of 3 pmoles/assay.

In the presence of 0.4M~ammonium sulphate, the maximum activity on
addition of Mn2+ ions was about three times that observed with Mg2+
ions, the optimum concentration of Mh2+ occurring at about 1 pmole/
assays. This led to an investigation of incorporation of ribonucleo=-
side 5'~triphosphates into RNA in the presence of varying concentra-
tions of (NH4)2SO4 (Fig. 4) with the Mn?" concentration maintained
at 1 ymole/agsay. The graph shows a maximal incorporation at 240
pmoles (NH4)2SO4/assay. Since it seemed possible that these changes
were caused by alterations in the ilonic strength of the reaction
mixture various substitutes for (NH4)2504 were tested. TFig. 5 shows
that at an ionic strength of 0.4M-ammonium sulphate produced greater
stimulation than Na2 804, or O.SMFNHACI, ~NaCl or -KCl,

The optimum pH of the reaction was examined, using triethanol-~
emine/HCL buffer. As can be seen from Fig. 6 this lies in the
region of pH T.5. The effects of EDTA on this system were also
examined and the activity at various concentrations is shown in
Fige 7Te It can be seen that the maximal activity occurred at a
concentration of 0.1 pmole/assay and this concentration was employed
in subsequent assays. The addition of 2-mercapto-ethanol up to
6 umoles/assay was found to increase the incorporation of ribonucleo-
tides (Pig. 8). 6 pmoles per assay were normally added in subsequent
experiments. Care had to be taken to use freshly prepared solutions

of 2-mercapto-ethanol as it readily became oxidised in dilute
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TIGURE 4

| The effect of various ions on the crude ascites

RNA polymefase preparation

2) The effect of varying concentrations of (NH4)2SO4 in the

pregence of Mn2+.

The reaction mixture contained 50 uymoles tris-HCL buffer,

H 7.5; 1 pmole MnCl,, 6 pmoles 2-mercapto~ethanol, 100 mumoles

e

2’
DTA; 80 pg. native Landschutz DNA; 100 mumoles each of ATP,

=

GIP, CTP and UTP; I?H]UTP (L x 107 d.pem./umole) and 0.1 ml, of
eﬁzyme (3 ng. protein/ml.) in a total volume of 0.6 ml.,. Phospho~
creatine and phosphocreatine kinase were added as in Fig. 1.

Various concentrations of (NH4)2SO4 were added as indicated.

The samples were incubated at 37° for 30 min.
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FIGURE

The effect of various ions on the crude ascites

RNA polymerase preparation

3) Various ions were tested as replacements for (NH4)2804, in the

presence of 1 umole of Mh2+

|
! The reaction mixture contained 50 pmoles tris-~HC1l buffen,
pF 7.5; 1 ymole MnCl,; 6 umoles 2-mercapto-ethanol; 100 mumoles

ﬁMTA; 80 pg. native Lendschutz DNA; 100 mumoles each of ATP, GTP,

|
dTP and UTP; [?H]UTP (1 x 107 d.p.m./pmole); 1.4 ymoles phospho~-
i

i

ﬁreatine and 70 pg. phosphocreatine kinase, and O.i ml, of enzyme

(3 mg. protein/ml.) in a total volume of 0.6 ml.

480 ymoles of KCl, NH CL

! 240 pmoles of (NHA)ZSO A

| 4

or NaCl were added as indicated.

or Na2804;

| The semples were incubated at 37° for 30 min.,

J [ represents (NH4)2804 - -[:]— -  represents NH401
(

‘l represgents Na2804 - —[ﬁ;- - represents NaCl

|

° represents KC1
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? FIGURE 6

i The effect of pH on the crude RNA polymerase activity

|

\
ﬁig. 1 except that the pH of the triethanolamine buffer used was

The reaction mixture was identical with that described in

varied as indicated.

|
] The samples were incubated at 570 for 30 nin,
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| FIGURE T

The effect of wvarying EDTA concentrations on'

the crude ascites BNA polymersse activity -

The reaction mixture was identical with that described in

!

Fig. 1 except that the concentrationsof EDTA were varied as

indicated.

|
! The samples were incubated at 370 for 30 min,
|
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FIGURE 8

The effects of varying the cgncentration of 2-mercapto-ethanol

present on the activity of the crude ascites RNA polymerase

The reaction mixture was identical with that described in

Fﬁg. 1l except that the concentrations of 2—mercapto~ethanol
{
ahded were varied as indicated.

| The semples were incubated at 37° for 30 min,
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solution.

ii. Enzyme ghtability

The specific activity of the enzyme was reduced when the
enzyme was incubated atb 200 or 370 for varying times before agsay.
Fig. 9 shows the time course of incorporation following prior
incubation under the above conditions. There is a small decrease
in activity after incubation at 20° for 30 min., but at 37° the
decrease is much more marked. Kven when stored at 40 the specific
activity was found to decrease appreciably with time (Fig, 10).

In these experiments the incubation time was constant at 30 min.
Activity iS stabilised however when the preparation was stored in
0,02M-2-mercapto-ethanol at -60°C (Fig. 11). Some preparations were
stored for up to six weeks in 30% glycerol at -60°¢ without loss

of activity,

IT, Tractionation of RNA polymerase

In the crude polymerase preparation the active protein is in
aggregate form, This proved a major difficulty during subsequent
fractionation. The activity of the enzmyme in various concentrations
of tris/HCl and potassium phosphate buffers is shown in Table 1.

The preparation be¢omes soluble under conditions of high ionic
strength. 0.3M-K phosphate pH 7.5 was used in a number of subse-
quent experiments.

ie Pancreatic DNase 1

The enzyme appears to be very firmly bound to the DNA in the



FIGURE 9

The effects of a prior incubation of

the crude ascites RNA polymerase

i
t
|
¢
|
I
|

The reaction mixture was identical with that described in
I;‘ig. 1. The samples were given a prior incubation as shown, The
inbonucleoside triphosphates were then added and the time course

of the subsequent incorporation at 370 followed.

Ve e represents control (no prior incubation)
; [ ] represents 30 min. at 20,5°
f &®— represents 15 min, at 570

coolld oo represents 30 min., at 37
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FIGURE 10

A study of storage conditions of the crude RNA polymerasge

The crude preparation was stored for varying times at 4 c,

rior to assay. The reaction mixbure used was identical to that

eacrlbod in Fige 1.

The samples were incubated at 57 for 30 min,



- 52b =

FIGURE 10,

50
Time (hr,)

40

30

20

10

lod

L i ) » A A
a < Q \0 < N
® ) o P > .
— — (@] & Q o

(°20xd ama\mo,hoﬁlav %..5?& Jo uoTjeIodIoour

—




._520._

FIGURE 11

A study of gtorage conditions of the crude RNA polymerase

»)  at -60°C,
The crude preparation was stored for varying times at -6000,
p#ior to assay. The reaction mixture used was identical to that

dFScribed in Tig. 1.
5 The samples were incubated at 370 for 30 min.
|
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TABLE 1.

The effects of various concentrations of tris/HCl and phosphate

buffers at pH 7.5, on the crude RNA polymerase

Incorporation Description
Buffer pH 7,5 mymoles [?H]UMP/mg. prot. of System
tris/HCL 0,01M 1.25 Aggregate material
in suspension,
tris/HCL 0.1M 1.27 Aggregate material
in suspension,
tris/HCL 0.3M 1.51 Rise in viscosity
apparent solution,
tris/HCL 0.5M 1.68 Viscous solution,
tris/HCL 1.0M 1.09 Viscous solution,
phosphate 0,01M 1,32 Aggregate material
in suspension.
phosphate 0,1M 135 Aggregate material
in suspension.
phosphate 0.3M 1.84 Viscous solution,
phosphate 0,5M L.75 Viscous solutbion,
phosphate 1,0M 0.98 Viscous solution,

The crude enzyme pellet was suspended in the sppropriate buffer

to give a protein concentration of 3 mg./ml..

used wasg prepaxred fr

2 4

The phosphate buffexr

om AnalaR KH, PO, and AnalaR KOH,

The treated enzyme was assayed asg in Fig. l.

The samples were incubated at 370 for 30 min,
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preparation, Bxperiments were carried out to determine whether the
DNA could be removed by treatment with DNase without destroying the
polymerase. Various conditions of digestion were investigated.
Usually 100 pyg. DNase were added for each 3 mg. of DNA estimated
to be present, Fig. 12 shows the release of nucleotides with time
at different temperatures. Incubation at 0° reaches meximal
digestion at about 24 hr.. A balance had to be drawn between
optimum conditions for DNase attack and preservation of the poly-
merase activity. Normally 10 min. at 370 was chosen.

Having treated the crude polymerase preparation with DNase
an attempt was made to separate out the DNage, polynucleotide and
active polymerase fractiong. The RNA polymerase was still in an
aggregate form. Initially the products of hydrolysis were filtered
through Whatmen No. 42 filter paper on a ground glass Buchner
funnel to remove large particulate material. Various other filters,
including Millipores of pore size 0.45u 2.5 cm. diam., were tested
but either the filtrate was cloudy or the filter was soon clogged.
The solid material once removed from the filter and suspended in
0,01M~tris pH 7.5/0,02M with respect to 2~mercapbo-ethanol, showed
an increased dependence on DNA but a marked decrease in activity.
This suggested that DNase was being retained on the filter paper.
In order to test the retention of DNase by the preparation a wash-
ing procedure was devised., The crude preparation after treatment

with DNase was centrifuged at 10,000g for 10 min.. The supernatant
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FIGURE 12

The effect of temperature on the action of pancreatic DNasge I,

.

O

using the crude enzyme preparation as substrate

represents
represents
represents

represents

H

!

The reaction mixture containg 100 pg. pancreatic DNase I for
ach % mg., of DNA estimated to be present.
The samples were incubated as shown and the concentration

f nucleotide liberated measured at 260 mu.

incubation carried out at OOC;

inéubaﬁion carried out at 2000.
incubation carried out at 30°C,

incubation carried out at ETOG.
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liquid was decanted and retained. The pellét was resuspended in

5 mle 0,01M-tris/HCL pH 7.5, 0.02M with respect to 2-mercapto-
ethanol, The new suspension was then recentrifuged as before,.

This was repeated severel times. ALl the supernatant and pellet
fractions were assayed for RNA polymerase and DNase activities.
Table 2 shows a summary of these results. There wag little poly-
merasge activity in any of the fractions that had been treated with
DNagse, while a control sample showed a loss of activity as the
experiment proceeded. DNase activity on the other hand was remark—-
ably congtant in the pellet fractions,.

id. Fracfionation on DEARE cellnlose

When the crude enzyme preparation was treated with DNase and
the resultant milky suspension applied to a DEAE cellulose column
in O.3M-phosphate pH 7.5, most of the DNase was eluted in the start-
ing buffer (Fig. 13). Protein was eluted from the column with
increasing concentrations of KC1 in 0,3M-phosgphate buffer pH T.5.
When the enzyme material was not treated with DNase polymerase
activity was found in the 0.1M-KC1/0.3M-phosphate fraction. After
treatment with DNage, the results were variable. In several
experiments extremely active samples were obtained from elution of
the column with 0,1M-KCL/0,3M-phogphate buffer. The loss in
activity from thig fraction may be due to variation in the composi-
tion of the chromatin present or to some residual DNase being

eluted with the active fraction. This latter idea implies an



-~ 548, -

TABLE 2,

Pancreatic DNage - Washing Procedures

|
iA The RNA polymerase samples were assayed as described in

The Diase samples were agsayed as described under 'Methods!
P39 and the results obtained compared with those obtainéd with

known amounts of pancreatic DNase I.

|

]

The samples were incubated at 570 for 30 nin,
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IIGURE 13

The elution of crude RNA polymerase from DEAE cellulose

The sample was applied directly to the DEAE céllulbse.aé
described in text p.46. The column was eluted with inqreas—
ing concentrations of KC1l in 0.3M-phosphate buffer pH 7.5.
The sample was pretreated with 100 pg. pancreéti0~DNase I
per 3 mg. DNA; at 37° for 10 min, before application to

the cellulose.' The column was eluﬁed again with inéreas~

ing concentrations of KCl in 0,3M~phosphate buffer pH 7.5.

- represents total protein

E§ -~ represents pancreabtic DNase
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increagsed sensitivity of the purified fraction to ‘the action of
DNase,

The action of micrococcal nuclease (from Staphlococcus aureus)

on the polymerase preparation was tested. This enzyme has been
showm fto require the presence of O.OOlMFCa2+. It seemed possible
that treatment of the crude RVA polymerase preparation with nuclease,
followed by fractionation on DEAE cellulose might separate the RNA
polymerase from associated DNA and the nuclease, 160 pg. of
micrococcal nuclease were added to an RNA polymerase preparation
containing 100 ug. of DNA, The pH of the preparation had previously
been adjusted to 8,5 with 1,0M-tris/HCl and a calculated volume of
O.OllVI--CaCl2 added. The sample was incubated at 370 for 15 min..
After 15 min, the mixture was chilled in ice and mixed with 20 ml,.
of DEAE cellulose which had previously been equilibrated with O43M-
ﬁhosphate buffer pH 7.5 in 30% glycerol. The mixture was allowed

to stand in ice for 10 min. and centrifuged at 10,000g for 10 min..
The supernatant liquid was decanted and retained., The pellet was
resuspended in 10 ml. of O0,3M-phosphate buffer with glycerol as
above and the new suspension centrifuged again. This procedure

was repeated four times; for the hth and final wash the precipitate
was resuspended in 0,5M~buffer. All the supernatants were assayed
for RWA polymerase and micrococcal nucleage activities. Table 3

shows a summary of these results. There is little polymerase

activity again in any of the fractiong that were treated with
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TABLE 3,

fractionation of crude RNA polymerase on DEAE cellulose

following freatment with micrococcal nucleage

Traction RIVA

olymerase

Micrococcal nucleasge
E260 released

Crude Preparation
Supernatant 1.
Supernatant 2.
Supernatant 3.

Supernatant 4.

*oupernatant 5.

mymoles [ ﬁ]UMP/mg. prote

1.24
0,02
0.04
0.00
0.02

0,00

0,120
0.075
0,051
0,020

0,015

¥Previous supernatants were in 0.3M-phosphate buffer pH 7.5, 30%

with respect 1o glycerol.

Supernatant 5 in O.5M-phosphate buffer pH 7.5, 30% with respect

to glycerol,

RNA polymerase

These samples were assayed as described in Fig, 1.

Micrococcal nucleage

These samples were assayed as described in 'Methods! pe.dl.

The samples were incubated at 370 for 30 min,.
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micrococcal nuclease, The nuclease seems to appear mainly in the
initial supernatant but trace amounts would be sufficient to éask
the presence of the RNA polymerase., The presence of an enzyme such
as DNase or micrococcal nuclease as a conbaminant of the RNA poly=-—
merase preparation could interfere seriously with its assay and

it becomeg difficult therefore to interpret the results obtained.
Moreover since only 70% of +the protein applied to the column was
recovered it is possible that the RNA polymerase is retained on

the column,

iii. Density gradient centrifugation

Attempts were made to fractionate the enzyme preparation using
various types of sucrose and glycerol gradients (Table 4), The
chief difficulties arose from the aggregate nature of the preparas—~
tion at low iomic strengths. In the aggregate form there was a
tendency to pack closely either at the bottom of the tube or at
the interface of two bands. This pellet was difficult to resuspend
for assay. As collection of fractions from these gradients by the
dropwige procedure proved unreliable, the centrifuge tubes contain-
ing a band of highly viscous material were cut at the appropriate
level and the required fraction removed with a Pasteur pipette.

In preparations containing 5% sodium deoxycholate however, il was
possible to harvest the fractions in the normal manner. When the
extinction of these samples was measured at 280 my only one protein

peak was observed, The position of this peak in the gradient can
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TABLE 4a.

Fractionation of the crude RNA polymerase using

dengity gradient centrifugation through sucrose

The sucrose gradients were prepared in two Ways.

A linear gradient of sucrose in water from 40% (w/v) to 5%
(W/v) was formed using the mixing device of Britten and
Robexrts (1960). Any further constituents e.g. O;OlM%tris/

HCL were uwniform throughout the gradient. A 0,5 ml. sample

‘was applied to the surface of the gradient (4.5 ml.) and the

material centrifuged in the SW39 head of the Spinco Model L
ultracentrifuge at 20,000 r.p.m. for 6 hr..A The sample was
fractionated by ﬁuncturing the base of the tube with a
hypodermic needle and allowing the content to drip oute.

An 0,5 ml, sample was centrifuged through a series of layers
of sucrose in tris/HCl, phosphate buffer or 5% DOC ofvincreas-
ing density. Here the material was centrifuged at varying
speeds for 30 min, and the gradient fractionated by means of
cutting the centrifuge tube at the interfaces between
adjacent layers of sucrose. A summary of these experiments

is shown opposite.
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TABLE 4b.

Practionation of the crude RNA polymerage using

density gradient centrifugation through glycerol

The glycerol gradients were prepared and fractionated in the
same way as the sucrose gradients described in Table 4a. A
|

gsummary of these experiments is shown opposite.

1
P
i
!
{
i
|
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be varied with rate and time of centrifugation.

iva Iiffects of detergents on crude RNA polymerase preparations

Several detergents were tested for their ability to aid the
solution of the polymerase aggregate while retaining enzymic
activity. PFor these studies it was desirable that the detergent
should not absorb at 260 or 280 mp, interfere with the method
employed for protein estimation or cause any side reactions with
othexr components of the system,

In the earliest experiments, sodium deoxycholate (DOC) was
tested. A suspension of polymerase containing 0,5% or a higher
concentration of DOC gradually forms a homogeneous gel. Fig. 14
shows the effect of varying concentrations of DOC on the incorpora~
tion of {?H]UMP into RNA by the crude RNA polymerase. After an
initial drop, the activity of the preparation appears 1o increase
as the concentration of deoxycholate increases up to about 10%.
Controls were run for each concentration to ensure that the
incorporation was genuine and not due to adsorption of nucleotides
on the viscous DNA protein. Bubsequent experiments were carried
out using 5% or 10% deoxycholate, Iig. 15 shows a time curve of
incorporation using a polymerase preparation made 10% with respect
to DOC. The rate of incorporation appears to remain constant up
to 60 min.. The spectrum of sodium deoxycholate in water shows a
maximum at 227 my (Fig. 16) and DOC does not appear to interfere

in the estimation of protein by the method of Lowry et al. (1951).
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FIGURE 1

The effect of increasing concentrations of DOC on

the incorporation of ribonucleoside triphosphates

| by the crude RNA polymerase

® represents test samples

ok LI represents control samples

|
|
E
I
|
%est reaction mixture

This was identical to that of Fig. 1. The enzyme was

uspended in varying concentrations of DOC as shown.

|

;

%ontrol reaction mixture

i This was identical to that of Fig. 1 but no Mn2+ or
inlabelled ribonucleotides were added prior to incubation. All

|
the gamples were incubated at 370 for 30 min,
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FIGURE 14.
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| FIGURE 15

The time course of the incorporation of IEH]UMP into

RNA by DOC treated RNA polymerase

| The reaction mixture was identical to that in Fig. 1. The
|
enzyme was dissolved in 10% DOC and the incubation times at 37°

were as indicated,

!



...57'b...

FIGURE 15,
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PIGURE 16

The spectrum of sodium deoxycholate in water.

The spectrum of Triton X-100 in water.

The gpectrum of sodium-l-lauroyl sarcosinate.,
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The polymerase preparation is soluble in a 10% solution of
Triton X~100 in water, IFig. 17 shows the effect of various concen-
trations of the detergent on activity. There is no dramatic rise
in activity as there was with DOC but a slight increase was noted,
The spectrum of Triton X-100 shows an absorption peak around 280 mu
and it was found to interfere with Lowry protein reagents to give
vexry high protein values, The detergent could not be removed even
by extensive dialysis and consequently it was not considered suit-
able for further study.

The enzyme will also dissolve in 10% sodium=N~lauroyl
sarcosinate, Fig. 18 shows the time course of incorporation of
labelled UMP by the crude RNA polymerase in the presence of this
detergent. However sodium-N-lauroyl sarcosinate causes consider-—
able inhibition and although its spectrum (Fig. 16C) shows no
marked absorption in the 260/280 my region and there is no side
reaction when estimating protein, no further experiments were
carried out,

Calsolene oil HS is an amber anionic liquid. The crude
enzyme preparation dissolved in a 10% solution but activity was
almost entirely lost. TFig. 19 shows spectrum of this detergent in
water, Due to its absorption in the 260/280 mu region it seemed
likely it would interfere with protein estimation. The detergent
was not subsequently tested.

Cetyl-trimethyl-ammonium bromide was also examined. The poly-
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TIGURE 17

The effect of increasing concentrations of Triton X-100 on

the incorporation of EH]UMP into RNA by the

crude ascites RNA polymerase

The reaction mixture was identical to that in Fig. 1. The

enzyme was suspended in varying concentrations of Triton X-~100 asg

sﬁown. The semples were incubated at 570 for 30 min,

1

i
1
|
|
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FIGURE 17,
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FIGURE 18

The time curve of the incorporation of l?H]UMP into RNA by

the crude RWA polymerase suspended in

16% sodium~N-lavroyl sarcosinate

The reaction mixture was identical to that in FPig. 1. The

samples were incubated ab 370 for times shown.

[ ] represents untreated RNA poijmerase

-|- Q= - represents RWA polymerase,-l6% with respect to

sodium~-N-lauroyl sarcosinate
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FIGURE 19

The spectrum of 1% calsolene oil in water

The spectrum of 2% cetyl-trimethyl~ammonium bromide in water
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merase was very slowly soluble in a 5% solution of this detergent
and the solution ghows little engymic activity. A spectrum of the
detergent in water at pH 6.5 is shown in Fig., 19, There is a
little absorption in the 260/280 mpu region.

Degpite its disadvantages sodiwn deoxycholate was chosen for
further investigation,

Ve Streptomycin fractionation of deoxycholate treated RNA polymerase

The polymerase in tris/HCl buffer pH 7.5, made 10% with
respect to sodium deoxycholate, was treated in the cold with vary-
ing volumes of 10% streptomycin sulphate, added slowly dropwise
with continuous stirring. The precipitate formed by addition of
streptomycin sulphate to the enzyme in IO%IDOC was removed by
centrifuging the fraction for 5 min. at 600g. This pellet contained
no RNA polymerase activity. The supernatant was removed and
centrifuged at 161,000g to yield a pellet and a supernatant frac-
tion (SSS). Again the RWA polymerase activity was found in the
supernatant fraction,

Fig. 20 shows the effect on incorporation of {?H]UMP into RNA
by the RNA polymerase preparation after treatment with varying
concentrations of streptomycin sulphate., The optimum asctivity in
the SS8S fraction was obtained after treatment with 1% streptomycin
sulphate, The time of centrifugation was examined (Fig. 21) and
enzyme preparations of maximal activity were obtained by centrifuga-

tion at 161,000g for 60 min,. This time was routinely used in
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! FIGURE 20

The effect of increasing concentrations of streptomycin

sulphate on the gpecific activity of the RNA polymerase

’ The reaction mixture was identical to that in Fig. 1., The

i
crude enzyme preparabion was dissolved in 10% DOC and treated with
v%rying concentrations of streptomycin sulphate. The fractions

wére then centrifuged and the supernatants assayed as showvm., The

|

sanples were incubated at 370 foxr 30 min,

f
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FIGURE 20,
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FIGURE 21

The effect of various conditions of centrifugation on the RNA

polyimerase activity of the streptomycin sulphate supernatant

i The reaction mixture was identical to that of Fig. l. The

enzyme was prepared as described in Fig. 20 and centrifuged in the

|

|
50 rotor of a Spinco Model L centrifuge for varying times at

161,000 g. The samples were incubated at 370 for 30 nin,
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subsequent experiments, The ratio of extinction at 280 mp to that
at 260 my, of the DOC extract is 0,68, After treatment with 1%
streptomycin sulphate it iz 0.84., Table 5 shows the yield of
active protein during these procedures., A 51,0% recovery of
activity is obtained which corresponds to a purification factor of
4.3% as compared with the crude polymerase fraction.

III, Streptomycin sulphate supernstant fraction (888)

1le Assay conditions

IPig, 22 shows the time course of incorporation of {3ﬁgUMP
into RNA by the 5SS fraction. It is linear up to 30 min. but falls
off rapidly if incubation is continued, Subsequent assays were
incubated for 30 min.. The relationsghip between activity and
protein concentration is shown in Fig. 23. After an initial lag
up to 75 ug./mle the rate of incorporation appears linear,

The requirements of the system were investigated with respect

2 24+ . .
+ and Mg * ions, in the presence and absence of ammonium

to Mn
sulphate, A summary of the results is shown in Fig, 24, In the
absence of ammonium sulphate there was little incorporation, while
in its presence the optimal Mn2+ concentration was again 1 pmole/
agsay. On the addition of Mh?+ iong much higher levels of enzyme
activity were observed than was the case with Mg2+ ions. When the
effects of vaxrying concentrations of ammonium sulphate on the
activity of the preparation (Fig. 25) were measured, keeping the

24

Mn~™" level at 1 pmole/assay, the graph showed a maximum at 320 uymoles/



- 60a -

*(1867) °Te o Lxmog yo poygem oyy £q pefesse axsh sTeasT urejoxd syuy °T *S1d

UT PeqIIossp S pofesse oIoi SOTLTATLO® asexsufr1od YNY oUT

L » » [ 2 * L] .Psmﬁmaivsm
gev 0°1G G*¢g 6°¢ LAl 88°0 sydng* doxyg
. ‘ uoTaeIed
o 092 0*02¥ 7z 0%Clr | gy | TOREEER
=
ucTaBIBdS
3 . 00T 2°09T 60 0'8lT | 68 A s
*noxd *Jwm .
dWn |He| setowru - B,
| oS S | o] ol ) |
- T TERel fytamoy oryrosds| TOHD |

5reqdins urokwoldezss OUB DO UATA

TUOTJBUOTLOBII 409 JE oSBLomh 00 YNE JO SPISOLA




-~ 60b -

| FIGURE 22

! The time course of the incorporation of ‘?HJUMP into RNA by

the supernatant fraction from 1% streptomycin sulphate

The reaction mixture was identical to that of Iig. l. The

erzyme was prepared as described in Fig, 20, The samples were

incubated at 370 for varying times as indicated.
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FIGURE 23

The effect of protein concentration on the incorporation

of Pu|up into RA by the HVA polymerase from bhe

streptomycin sulphate supernatant fraction

The reaction mixture was identical to that used in Tige. 1,

|

- except that the concentration of enzyme protein added, was varied

as shown, The samples were incubated at 37°'for %0 min,
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IIGURE 2
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I'IGURE 2

The effect of various ions on the

585 RWA polymerase preparation

2+

2

assay, in the

The effect of addition of Mn®' or Me“t to the

presence and absence of ammonium sulphate

The reaction mixtures were those used in Fig.

® represents the presence
|
A represents the presence
-1. - - - represents the presence
|
-l - - - represents the presence

of 12" and
of 1\@2*' and
2+

of Mn

of Mg2"

for 30 min,

5e

NH4)2SO4

(NH4)2804
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FIGURE 2

The effect of various iong on the incorporation of

I?HJUMP by the S58 RUA polymersse preparation

The effect of varying concentrations of (NH#)ZSO4 in the

presence of Mh2+

The reaction mixture was identical to that of I'ig. 4. The

s?mples were incubated at 370 for 30 min,
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assay as compared with 240 umoles/assay required for crude enzyme.

The effect of varying concentrations of EDTA on the system
were seen to be siight (Pig. 26) and in contrast to the crude
preparation it was seen that the concentration of ~SH groups
present in the assay mixture did not appear to affect the incorpora-
tion of nucleoside triphosphates greatly (Fig. 27).

It was not possible to test the activity of the 5SS prepars-
tion in phosphate buffer due to the interaction of DOC with the
buffer., The activity of the preparation at pH values between 6.4
and. 9,0 was tested using triethanolamine/HC1l buffer, The result
is shown in Fig, 28, The optimum occurred at pH 7.0 and there is
a marked drop of activity on either side,

ii. Engyme stability

The gpecific activity of the enzyme was measured after stor-
ing the streptomycin sulphate preparation at 40, -10° and m@Oo for
varying times. Fig. 29 shows the fall in rate of incorporation of
ribonucleotides which resulted, It was noted that on removal fxrom
the centrifuge the 885 fraction was a clear, non-viscous liguid,
After sitting in ice for an hour the liquid became highly viscous
and a white precipitate was formed. This made further operations
with the fraction technically difficult. Samples left for some time
(eegs over 48 hr,) at 40 became so highly viscous that they were
discarded. The fractions which were frozen immediately on removal

from the centrifuge were clear and non-viscous when thawed but they
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‘ FIGURE 26

The effect of varying EDTA concentrations on the ‘incorporation

of I?HJUMP by the S55 RNA polymerage preparation

The reaction mixture was identical to that of Fig. 7. The

1

$amples were incubated at 370 for 30 min,
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I'IGURE 27

The effects of varying the concentration of 2-mercapt6-ethanol

present on the activity of the 58S RNA polymerase

The reaction mixture was identical with that described in

Fige. 1 except that the concentrations of 2-mercapto-ethanol added

were varied as indicated.

The samples were incubated at 370 for 30 min.
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FIGURE 27,
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PIGURE 28

The effect of pH on the 855 RNA polymerase acﬁivity

<The reaction mixture was identical with that described in

Tige 1, except that the pH of the triethanolamine buffer used was

varied as indicated.

|

The samples were incubated at 370 for 30 min,.
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FIGURE 29

A study of storage conditions of the SSS RNA polymerase

The streptomycin sulphate supernatant fraction was stored at

various temperatures prior to assay. The reaction mixture used was

f
|
!
i
i

J‘J_clen“tical to that described in Fig. l.

l The samples were incubated at 570 for 30 min,
|

n represents storage at 400 (for 3 days only)
- -A-— - represents storage at ~10°¢

represents storage at -60°¢
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too became opaque and viscous on standing. When streptomycin
sulphate was added to a DOC solution, as had already been noted,

a white precipitate formed instantly. If this precipitate was
removed by centrifuging at 10,000g for 10 min. and the supernatant
decanted and allowed to stand, a further white precipitate slowly
formed. This could account for the reaction of +the enzyme fraction
described above. When the fresh enzyme preparation was made 30%
with respect to glycerol, formation of the white precipitate wag
greatly delayed as also was the subsequent rige in viscositye
Storage atb m60° in 30% glycerol was investigated but while an
improvement, the specific activity of the enzyme fraction was seen
to be gtill falling, The preparation was judged unsuitable for
storage and fresh batches used in subsequent experiments,

Iv, Properties of the RNA polymerase preparations

The crude enzyme preparstion contained considerable amounts
of DNA (048 mg./mg. protein) and this minimised the effects of
adding DNA or RNA to the system (Table 6), Nevertheless some
slight stimulation of incoxrporation was observed with DNA while
addition of RNA seemed to have little or no effect. Pancreatic
DNase I (30 ug.) end pancreatic Rliase (30 pg.) were found to
reduce incorporation when added to the assay system.

The SSS preparation still contained some DNA (0.12 mg,/ml,)
but there was a marked stimulation when DNA wag added to the assay

system (Table 7)., In contrast to the crude polymerase preparation,
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TABLE 6.

The effects of added DNA, RNA, DNase I and RNase

on the crude RNA polymerase

Addition to Assay In;ﬁ;ﬁii:;ig? ;iogzﬁlump
NIL 1.325
DNA (80 pg.) 1.425
RNA (80 ug.) 1.29
DNase (30 upg.) 0.41.
DNA + DNase 0.645
RNase (30 pg.) 0.143

The reaction mixture contained 50 pymoles tris-HCL buffer,
PH 7«53 1 pmole Mn012; 6 umoles 2-mercapto-ethanol; 100 mumoles
EDTA; 240 pmoles (NH4)2804; 100 mymoles each of ATP, GTP, CIP
and UTP; EEH]UTP (1x 107 depems/umole) and 0,1 ml., of enzyme
(3 mg. protein/ml.) in a total volume of 0.6 ml,. Phosphocreatine
and phosphocreatine kinase were added as in Fig. L.

DNA, RNA, DNase I and RWVase were added to the reaction mixbure
as shown,

The samples were incubated at 370 for 30 min,
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TABLE T

The effects of DNA, RNA, DNage I and RNase on the

streptomycin sulphate supernatant fraction

In%orporation of I %orporation of
Addition to Assay [ﬁlUmP by ‘the ,-IﬂUMP by’th?
purified prep. crude preparation
mumoles/mg, prot. mumoles/mg. prot.
NIL 1.56 1.325
DNA (80 ug.) 2.6 1.425
RNA (80 pg.) 2.5 1.29
DNase (30 ug.) 1.25 0.41
DNA + DNase ' 1.85 0.645
RNase (30 ug.) 0.19 0,143

The reaction mixture contained 50 ymoles tris-HCl buffer,
PH Te5; o3

EDTA; 240 pmoles (NH4)2SO

1 ymole MnCl 6 pmoles 2-mercapbto-ethanol; 100 muymoles

4; 100 mymoles each of ATP, GI'P, CTP and
UTP; {?ﬁ}UTP (1 x 107 d.pein./umole) and 0,1 ml. of enzyme (3 mg.
protein/ml.) in a total volume of 0.6 ml.. Phosphocreatine and
phosphocreatine kinase were added as in Fig. L.

DNA, RNA, DNase I and RNase were added to the reaction

mixture where indicated.

The samples were incubated at 370 for 30 min,



the addition of RNA caused an increase in ‘the activity of this
fraction. The extent of the stimulation with RNA was comparable
‘to that obtained with equimolar amounts of DNA, while pancreatic
DNase I (30 pg.) and pancreatic Riase (30 pg.) were found to
inhibit the reaction. It should be noted that the inhibition by
DNase was much less than that observed with the crude preparation.

Incorporation of each of the ribonucleoside 5!'~triphosphates
was tested in the presence and absence of the other three, Table 8
shows an increased incorporation of any one labelled ribonucleotide
when the other three were also present in the reaction mixture,

In the absence of any other nucleotide there is a high level of
incorporation of [?H]UTP. When this experiment was repeated in

the absence of ammonium sulphate, no marked stimulation of incorpora-~
tion occurred on addition of the other three nucleotideg. Thus the
reaction observed in the absence of ammonium sulphate may represent
merely the formation of homopolymer,

Incorporation of each of the ribonucleoside 5'=~triphosphates
by the 588 preparation was also tested in the presence and absence
of the other three ribonucleotides. Table 9 shows that increased
incorporation of any one labelled triphosphate was obtained when
the other three ribonucleotides were also présen$ in the reaction
mixture, In comparison with the crude preparation there was however
a significant rise in incoxrporation in the presence of only one

added ribonucleogide 5!-triphosphate,
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TABLIE 8.

by the crude ascites RNA polymerase

1
]
|
!
] Ribonucleotide incoxporation into RNA
i
i
|
1 The reaction mixture contained 50 umoles tris-HCL buffer,
|
|

QH Te5; 1 pmole Mn012; 6 pmoles 2-mercapto-ethanol; 100 muymoles

EDTA; 80 pge native Landschutz DNA; 1.4 pmoles phosghocreatine
%nd 70 pg. phosphocreatine kinase and O.1 ml. of enzyme (3 mg.
érotein/ml.) in a total volume of 0.6 ml..

i 100 mymoles (1 x 107 depems/pmole) of labelled ribonucleoside
j‘»trﬁphosphate were added as indicated. Addltlonally where shown
100 mpmoles of unlabelled ribonucleoside 5'~triphosphates were

|
added.

4

|

!

| In table (i) 240 umoles (NH )80, added.
| In table (ii) no (M, ),80, added.

(

The reaction mixtures were incubated at 370 for 30 min,



TABLE 8.

Ribonucleotide incorporation into RNA

by the crude ascites RNA polymerase

Labelled Incorporation of Incorporation of
ribonucleotide[Additions |(1) ribonucleotide |[(ii) ribonucleotide
mymoles/mg. prot. mpmoles/mg. prot.
3 ]
H|ATP None 0.28 0.45
"‘5 . UTP
H|ATP GTP 1.67 0445
— - cTP
-,
5| qrp None 0.23 0.05
‘3‘ ATP
HJGTP UTP 1.73 0.21
- TP
S|P Fone 0.58 0,48
B 7 ATP
H{CTP GTP 1.5 0.52
- TP
B i
LH UTP None 0,70 0.40
% 7 ATP
l_H TP GIP L.22 0444
= cTP
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0,

51

pﬁ T+53 1 pmole MnCl

EDTA; 80 pg. native Landschutz DNA; 240 pmoles (NHA)
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TABLE 9.

Ribonucleotide incorporation into RNA by the

streptomycin sulphate supernatant fraction

The reaction mixture contained 50 pmoles tris-HCl buffer,

o3 6 pmoleé 2-mercapto-ethanol; 100 mumoles

2804;

4 pmoles phosphocreatine and 70 pg. phosphocreatine kinase and

1 ml. enzyme (3 mg. protein/ml.) in a total volume of 0.6 ml.,
100 mumoles (1 x 107 d.p.m./pmole) of labelied ribonucieoside

~triphosphate were added as indicated. Additionally where shown

1$O mpmoles of unlabelled ribonucleoside 5'~triphosphate were

a%ded.

The samples were incubated at 370 for 30 min.
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TABLE 9.

Ribonucleotide incorporation into RNA by the

streptomycin sulphate supernatant fraction

Incorporation of Igcorporati?n of
_ Labelled Additions | ribomucleotide by ggg | Trponucleotide by
ribonucleotide numoles/mg. prot crude preparation
Hm &+ DLOT. mymoles/mg. prot.
?E_ATP None 220 0,28
. UTP
x| pmp QTP 2.80 1.67
- - CTP
?EJGTP None l.4 0.23
. ATP
55| gTp UTP 34,12 1.73
ol CTP
°n) oTp None 1.96 0.58
- - ATP
3ul crp GTP 2,56 1.5
i UTP
Fé]UTP None 2,02 0.70
ATP
F‘H] UTP GTP 2,05 1.22
- CTP
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A series of experiments was carried out with varying
concentrations of actinomycin D (Fig. 30). Initially these were
performed uwsing [?E]UTP. In the absence of ammonium sgulphate only
limited inhibition (40%) was observed, but in the presence of
ammonium sulphate 80% inhibition occurred at an actinomycin D
concentration of 5 ug./assay. Since it seemed likely that in the
absence of ammonium sulphate much of the product was polyuridylate,
the experiments with labelled UTP were repeated with [?H]GTP. It
was found that in the presence of ammoniuvm sulphate 75% inhibition
wags observed at an actinomycin D concentration of 5 pg./assay
while in the absence of ammonium sulphate only 20% inhibition
occurred,

A similar series of experiments was carried out to determine
the effect of actinomycin D on the S88 preparation (Fig., 31). Here
again the initial experiments were performed using ’?HJUTP. In
the presence of ammonium sulphate 20% inhibition occurred at an
actinomycin D concentration of 5 pg./assay. The experiments were
repeated using [?é}GTP but the same level of inhibition was
obtained,

The drop in actinomycin D inhibition wﬁich occurs with - the
crude enzyme in the absence of ammonium sulphate is in agreement
with the suggestion already mentioned that under these conditions
ribonucleotide incorporation is largely into homopolymers. It

would therefore seem probable that the 20% inhibition which occurs
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|
|
E
i FIGURE 30
I
|
|

The effects of addition of varying concentrations éf

aetinomyein D on the activity of the crude RNA polymerasge

The reaction mixture (0.6 ml.) contained 50 umoles +tris/HCL
b@ffer, PH 7.5; 1 umole MhClz; 6 pmoles 2-mercapto~ethanol;

160 nmymoles EDTA; 80 pg. native Landschutz ascites tumour DNA;
100 mpmoles each of ATP, GTP, CTP and UTP; 1.4 pmoles phospho-

creatine and 70 pg. phosphocreatine kinase and 0.1 ml, of enzyme

(3 mg. protein/ml,)

Al contained in addition [3H]UTP (1 x 107 a.p.m./unole)
B,  contained in addition [BH:]GTP (1 x 107 d.p.n./umole)
Virious concentrations of actinomycin D were added as indicated.

The samples were incubated at 570 for 30 min,

() represents 240 umoles (I\TH4)2SO4 present
| .

A no (NH4)2804 present
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IIGURE 31

The effects of addition of varying concentrations of

actinomycin D on the incorporation of [}H]UMP

into RNA, by the 555 RNA polymeragse

| The reaction mixture was identical to that of IPig. 30
ihcluding 240 pmoles of (NH4)2SO .

Al again contained [?H]UTP (1 x 10/ d.epeme/pmole)

B again contained (?HJGTP (1 x 107 depeme/pmole )

V%rying concentrations of actinomycin D were added as indicated

and the samples were incubated at 370 for 30 min,
|
|
|
|
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FIGURE 31,
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with the SSS fraction in the presence of actinomycin D also reflects
an increased homopolymer foxrmation.

The presence of other enzymes in the polymerase preparation
was to be expected and the material was as<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>