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INTRODUCTION

Prior to 1955 the biosynthesis of nucleic acids
was studied by following the rate of incorporation
of radioazctive precursors such as inorganic phosphate-
P32(1), adenine-8-Cl¥(2) and orotic 2cid-cl¥4(3) into
ribonucleic acid (RNA) and deoxyribonucleic acid (DNA).
It was not until 1955 that an enzyme, polynucleotide
phosphorylase, capable of catalyzing the formation of
RNA-like polymers from nucleoside-5'-diphosphates was
discovered (4). Later, however, it became apparent
that the physiological role of this enzyme in living
cells was a degradative role rather than a biosynthetic
role for the following reasons: (z) DNA was not
required as a template for this enzyme and hence this
enzyme could not funetion in the transcription of
genetic information from DNA to BNA (5); (b) the
composition of the product of the reaction catalyzed
by this enzyme varied with the concentration of the
substrates and no template-copying mechanism was
involved (5, 6); (c¢) the equilibrium constant of
the reaction and the high concentration of inorganic
phosphate usually present in cells made it apparent
that in vivo the reaction probably proceeds in the
direction of the phosphorolysis of RNA (7). In ad-
dition the affinity of the nucleoside diphosphates

for this enzyme was very low (Km's 0.02M) (8).



In 1959, Weiss and Gladstone (9) reported an
RNA-synthesizing enzyme in rat liver that required
adenosine-5'-triphosphate (ATP), cytosine-5'-
triohosphate (CTP), uridine-5'-triphosphate (UTP)
and guanosine-5'-triphosphate (GTP), and the presence
of magnesium ions for maximal activity; it was in-
hibited by pyrophosphate but not by orthophosphate,
The product was susceptible to hydrolysis by alkali
or in the presence of pancreatic ribonuclease (RNAase I),
Weiss (9, 10) further showed that deoxyribonuclease
(DNA2se), as well as RNAase, inhibited the reaction
and the ribonucleoside triphosphates were incorporated
internally throughout the polynucleotide chain,
Similar findings were reported by Hurwitz et al (11)
and Stevens (12) for enzyme preparations from cell-
free extracts of E. coli and by Bonner et al (13)
for an enzyme preparation from pea embryos. The
name DNA-dependent RNA polymerase was given to this
enzyme when it was found to lose all activity when
DNA was omitted (14, 15) from the incubation medium
and, when DNA was included in the incubation medium,
to catalyze the synthesis of RNA which resembled DNA
in base composition (14, 15) and nearest-nelighbour
base frequencies (16, 17), even when many types of
DNA, from both mammalian and bacterial gsources, were
used. It was apparent from these experiments that

DNA was acting in the role of a template. This was



confirmed when hybridization experiments (183, 10)
showed the product BNA to have long seguences of
nucleotides complementary to both strands of ite
template DNA, This evidence and the similarity in
the nearest-neighbour bhase freguenciss of the RNA
product and DNA template indicated that both DNA
strands were copled under these in vitro conditions
(17, 18). However, RNA svwnthesized after infection
of bacteris with $x174 bacteriophage (20) or bact-
erionhage oL(21) was found to hybridize with only
one strand of bacteriovhace DNA, indicatirg that
only one strand of DNA was transcribed irnto RNA in
vivo., Later, RNA =svmthecized in the prasence of 2
rartislly-purified preparstion of RMA polymerase
was found to be single stranded whern intact cir-
cular DNA (22) or DNA in its native conformstion
(23) were used as templates. Other evidence irdi-
cated that the nature of the product ENA does not
depend on the state of purification of the enzyme
but rather on the size and secondary structure (24,
25) of the template DNA. Double-strended native
DNA was showed to act catalytically (17, 26).

The concept of messenger RNA (mRNA) was
introduced in 1961 (27). Jaccb and Monod postulated,
from induction-repression experiments with E. coli,

that & specific polyribonucleotide (mRNA), with a

rapid turnover rate, was transcribed from a DNA



template and carried the information for protein
synthesis to the 70 S ribosomes. Their hypothesis
was supported by the experiments of Brenner et al
(28) who showed that phage-induced RNA appeared on
stable, ore-existing ribosomes., A rapidly labeled
BNA fraction, in low concentrations, that differed
in base composition from ribosomal RNA but was
similar in base composition to DNA was isolated from
normal microorganisms (29). Further convincing
support was provided by Nirenberg and Matﬁhaei (30)
who demonstrated a stimulation of protein synthesis
when crude preparations of RNA, presumably contain-
ing mBNA, or even synthetic polyribonucleotidesb
were added to ribosomes pretreated to remove endo-
geneous mRNA, Wood and Berg (31) and Ning et al (32)
showed a stimulation of protein synthesis when
double-stranded native DNA and RNA polymerase were
added to a cell-free system that was capable of
catalyzing protein synthesis. When denatured DNA
replaced native DNA (31) 2 non-functional RNA pro-
duct of low molecular weight was formed which did
not stimuwlate protein synthesis.

Hybridization experiments (33-36) have shown
that all intracellular RNA is probably synthesized
on DNA templates. That intracellular RNA does not
serve as a template for RNA synthesis was demon-

strated by several workers (38-40) studying template




specificity in in vitro systems. These workers
found that synthetic BNA's could serve as templates
to some limited extent (38-40). However, studies

of initisl velocities showed that natural and
gsynthetic polyribonucleotides inhibit transcription
of RNA from DNA in vitro (39, 26, 42) and DNA in-
hibits transcription of RNA from polyribonucleotide
templates (39, 43). Since increasing concentrations
of DNA overcame the inhibition by BNA and vice versa,
it was suggested that BNA and DNA were competing

for the same binding sites on the enzyme and hence
were competitive inhibitors (42, 43, 44)., However,
Gumport, Fox and Weiss in subsequent work (44)
demonstrated that the order of addition of DNA,

BNA and RNA polymerase to the incubation mixture
determined the degree of inhibition. RNA polymerase
was showed to form zn essentially irreversible com-
plex with either DNA or RNA. If the enzyme was
preincubated with DNA and then RNA added, no in-
hibition resulted. If BNA was present along with
DNA and then RNA polymerase was added some inhibition
resulted, whereas if RNA was preincubated with
enzyme, little RNA was synthesized when DNA and
cofecters were added. Since the initial rate of
RNA synthesis was unaffected if RNA was added to

the incubation medium immediately after BRNA syn-

thesis had begun, Fox, Gumport and Weiss concluded



that it was unlikely that the endogeneocus RBNA could
compete with DNA for enzyme-binding sites. However,
they did not exclude the possibility that, in vitro,
failure of the RNA product to dissociate from the
DNA- ciNA-enzyme#compleXx might be related to the de-~
creased rate of RNA synthesis with time with re-
sultant deviations from linear rates. Berg et al
(45) also concluded that RNA polymerase forms a
poorly dissociable complex with DNA since this com-
plex would not serve as a template for replication
by DNA polymerase or as a substrate for exonucleases
I, IT or III. They further concluded that since a
relatively poorly dissociating complex was formed
ipseudo~competitive inhibition® rather than com-
petitive inhibition was occurring between DNA and
RNA for the enzyme. Krakow (46) investigated the
problem further using nuclecside trinhosrhates labeled
with P32 in thed -phosphate group and followed RNA
synthesis from a DNA ftempleate by meessuring the re-
lease of radioactive pyrophosphate. He found that
1f BNAase 1 was added to the incubation mixture
after initial velocitlies were obtained and then fell
of f, RNA synthesis began again and approached
linearity. He interpreted this to indicate that

the BNA product did in fact inhibit the reaction

and postulated that the inhibition resulted from

the BNA chain increasing in length until it occupied

- —— - -

# cRNA-enzyme -~ complementary RNA



two binding sites on the enzyme, an BNA-synthesizing
site and a template DNA binding site, at which point
BRNA synthesis ceased.

Although early reports indicated the presence
in bacterial and plant cells of naturally occurring
DNA-RNA hybrids (47, 48), it was not possible to
isoclate such a complex from RNA polymersse systems
in vitro until in 1964, Bremer and Konrad (49)
showed that such a complex could be isolated if the
incubation mixture containing DNA,RNA polymerase
and RNA product was not deproteinized prior to
sedimentation in sucrose gradients. They postu-
lated that the DNA-RNA complex was held together
by BNA polymerase and showed that the BNA chain
lengthened while on the DNA template.

It was found in all experiments in which the
nature of the tem@late was investigated that the
BRNA product resembled the template in such a way
that a hydrogen-bonding, basse-pairing mechanism
for template copying, similar to that indicated by
Kornberg et 2l (50) for DNA synthesis was indicated.
Support for this came from the work of Kahan and
Hurwitz (51) who substituted base analogues for the
natural substrates and found them to be incorporated
as long as the 6- keto or amino groups, the groups
involved in hydrogen bonding, were left intact.

The fzct that homopolymers were formed when only



one nucleoside triphosphate was included in the
incubation medium (26, 37, 53) was disturbing.
However, Chamberlin and Berg (52) presented good
evidence that homopolymer formation occurred by a
mechanism of reiterative replication in which the
template was a short sequence of one base in DNA
and the product was a growing chaln containing the
complementary base. They reported that homopolymer
formation also requires some denaturation, at least
at the ends, of helical DNA., The presence of very
small concentrations of the other nucleoside tri-
phosphosphates (<2 x 10-6M) inhibited homopolymer
formation.

Since its discovery in 1959 in rat liver (9),
although DNA-dependent BNA polymerase has been
detected in a variety of tissues (11, 13, 53), only
the enzyme from bacteris has been purified and
charscterized extensively (52, 54, 55). In 1964,
two DNA-dependent RNA polymerase activities were
reported to be present in animal tissues (56) and
were thought to represent the activities of a
“soluble™ (57) and an "aggregate® enzyme (44, 58).
The activity of the "aggregate® enzyme of rat liver
nuclei was unmasked when ammonium sulphate or de-
tergents were included in the reaction medium (44,
56, 10, 69). A much greater and more consistent

stimulation of the "aggregate" enzyme was obtained




by increasing the ilonic strength of the reaction
mixture to between 0.7 and 1.l by the addition of
either KCl1 or ammonium sulfate (AmS) (69). On the
other hand, "“soluble" enzyme activity is inhibited
at these high ionic strengths (57, 70) but at least
one preparation of soluble enzyme 1s stimulated by
ionic strengths of between 0.1 and 0.3 (70)

The "soluble" enzyme of rat liver nucleil
catalyzes the synthesis of RNA whose base composi-
tion resembles that of DNA (56, 58), whereas the
aggregate enzyme, in a reaction medium of low ionic
strength, catalyzes the synthesis of ENA of the high
GC-type (ribosomel RNA) but in a reaction medium
of high ionic strength, the product ENA is again
shifted to the DNA-like type in base composition.
There is now, however, good evidence that the
"soluble" and "aggregate® enzymes are in fact two
forms of the one enzyme (58). The socluble enzyme
of E. coll or of rat liver nucleli was showed to be
readily converted into the "“aggregate® form by the
addition of deoxynucleohistones to the reaction
mixture and there was a corresponding change in the
base composition of product RNA from the DNA-like
type to the high GC-type. Furthermore, in reaction
medium of high ionic strength this enzyme-deoxynuc-
lechistone complex catalyzed the formation of

product BNA of the DNA-like type.
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In this thesis studies of the activity of RNA
polymerase of immature red blood cells of regeﬁ-
erating avian bone marrow afe described. The
immature red blood cells were separated by cen-
trifugation in discontinuous dextran gradients,

The fractions obtained contained up to 85%
erythroblasts. Nuclei from thése cells were pre-
pared after homogenization in a French pressure
cell. Initial studies of the intact nuclei indi-
cated.that they contaih both "soluble® and
"aggregate" forms of RNA polymerase. Since several
workers have used detergents to lyse isolated nuclei
and nuclear fractions (59, 69) it was of interest
to prepare sodium dodecyl sulfate extracts of the
erythroblast nuclei and to characterize the RNA
polymerase contained therein. On the basis of
kinetic studies and the effects of activators it is
concluded that the RNA polymerase of the sodium
dodecyl sulfate (SDS) extracts is mainly if not
entirely in the "aggregate™ form. This method of
preparing the "aggregate" enzyme is much less time
consuming and tedious than that outlined by Weliss

(44) and Goldberg (69).
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EXPERIMENTAL PROCEDURE

Materials

Labeled ribonucleoside triphosphates were
obtained from Schwarz BioResearch and unlabeled
ribonucleoside triphosphates from Sigma Chemical
Company. Highly-polymerized calf thymus DNA and
deoxyribonuclease I (ribonuclease-free) and ribo-
nuclease I+A were purchased from Mann Research
Laboratories. Highly-refined dextran (average
molecular weight 80,000) was obtained from either
Mann Research Laboratories or Pharmacia of Canada.
BBOT (2, 5-bis-(2-(5-tert-Butylbenzoxazolyl))-
Thiophene) was purchased from the Packard Instrument
Company. Glass membrane filters (984 H ultrafilters)

were obtained from H. Reeve Angel and Company.

Separation of Erythroblasts

To obtain regenerating bone marrow, white
Leghorn chickens (line 15, East Lansing) were
treated with phenylhydrazine as described previ-
ously (61). The chickens were decapitated and the
bone marrow removed from the leg bones and welghed.
All subsequent operations were carried out at 2°,

The bone marrow was washed with calcium-free Hank's
balanced salt solution and suspended in 4 volumes
of Hank's + 10% chicken serum. The bone marrow cells

were dispersed by forcing the suspension through a
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syringe, then through a stsinless wire gauze (No. 60
mesh) and were then filtered through 2 layers of
cotton gauze. Density gradients were prepared in
50 ml centrifuge tubes.

In the course of the work both continuous
density gradients, linear from 5% to 15% (w/w) dex-
tran and discontinuous density gradients of dextran
dissolved in calcium-free Hank's solution were
prepared. The latter were prepared by the success-
ive layering of 10 ml of 17.5% (w/w) dextran, 10 ml
of 15% (w/w) dextran and 20 ml of 5% (w/w) dextran.
Four ml of the bone marrow suspension were then
layered on top of each gradient and the tubes were
centrifuged in a2 swing-out bucket rotor (HB4) in a
Servall refrigerated centrifuge for 5 minutes at
750 r.pem. (120 X g) and then for 10 minutes at
3000 r.p.m. (1465 x g). Four layers of cells were
visible after centrifugation in linear density
gradients and three layers in the discontinuous
density gradients. The cell composition of these
layers from typical separations are given in
Table I. It is apparent from this Pable that
separation of cells by discontinuous gradients gives
cell fractions containing up to 85% erythroblasts
whereas separation by linear density gradients did
not achieve this purity. In other experiments

separation techniques used by others (62, 63) were
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tried but with limited success and poorer separation
than that reported in Table I.

Thus, in all subsequent experiments the bone
marrow cells were separated by the discontinuous
density gradient technique. After centrifugation
the bottom two layers from the gradients were
asplrated and diluted with several volumes of
calcium-free Hank's solution. The suspension was
centrifuged at 2700 r.p.m. (900 x g) for 10 minutes
at 09 and the pellet was washed once with a large
volume of Hank's solution. The cells were then sus-
pended in 2 volumes of 0.25 M sucrose containing
0.001 M MgCly and 5 m M B-mercaptoethanol and were
precipitated by spinning at 2700 r.p.m. (900 x g)
for 5 minutes.

Although a purity of 85% erythroblasts has been
achieved in our preparations they still contain a
significant number of mature erythrocytes. It has
been reported, however, that nuclei of mature ery-
throcytes contain little or no RNA polymerase
activity (64) and so the presence of these cells in
our preparations will affect the values for specific

activity but not for total activity.

Nuclear Enzyme Preparations

The cell fractions obtained from the dextran
gradients were resuspended in 10 volumes of homo-

genlzing solution (0.25M sucrose containing 0,001M
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Mg“aoetate+0.005 M‘ﬁ—meroaptoethanol) and broken in
a Frénch pressure cell at 800 lbs/inz. The nuclei
were spun down at 900 x g for 5 minutes washed once
with the homogenizing solution and suspended in a
solution of 0.05 M TRIS-HCL pH 7.0 4 0.005 M}B-
mercaptoethanol. The protein concentration was
determined and the volume of the nuclear fraction
ad justed to contain 10 mg protein/ml. Sodium
dodecyl sulphate (SDS) was then added and the prep-
aration allowed to stand for 10 minutes. The
detergent-nuclear fraction was spun at 12,000 x g
for 10 minutes and the supernatant fraction removed
and used as the source of enzyme.

Several experiments were done to determine the
concentration at which greatest solubilization of
the enzyme from intact nuclei was achieved. To
aliquots of the enzyme preparation, equal volumes
of detergent containing graded concentrations of SDS
were added. As can be seen from Table II little
enzyme activity is released until final concentrations
of 0.5mg and 1.0mg of SDS/ml are reached. Beyond
this range a gelatinous solution was obtained that
could not be centrifugated or pipetted. Maximal
recovery of the enzyme activity was 6A4% although the
specific activity was usually increased 3-4 fold. When
nuclei were lysed by freezing overnight and then
treated with SDS, similar results were obtained

(Figure 1). The SDS-enzyme preparation was stored
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at -15°. The activity fell gradually and after
storage for 10 days became negligible.

Some nuclel were prepared by homogenizing the
cells with 6-10 strokes of a Teflon pestle in a
Potter-Elvehjem apparatus. However, nuclei prepared
after homogenization in a French pressure cell were
found to be much cleaner of cytoplasm,.

A method of preparing nuclei by lysing the
cells with saponin as described by Hammel and Bessman
(65) for avian erythrocytes, was also experimented
with., A solution of 1% saponin dissolved in 0.25M
sucrose plus 0.004M MgCl, was added to the cell
preparation in the ratio of 1 ml saponin solution/

1 ml packed cells. The cells were then gently re-
suspended and allowed to sit in the detergent for
5 minutes. Treatment of the cells by this method
resulted in incomplete cell lysis and this method

was not used further,.

Assay of RNA Polymerase Activity

Enzyme activity was assayed by determining the
rate of incorporation of ATP-H3 or AC[‘P-8~C]'LP into acid-
insoluble RNA. The reaction mixture contained the
following in a final volume of 0.25ml; Tris buffer, pH
7.4, 25 pumoles; pyruvate kinase, 2.51g; phosphoenol

pyruvate, 2.5 pmoles; DNA, 25 ug; magnesium acetate,
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1.25 pmoles; UTP, CTP end GTP, 30 mpmoles of each;
/B-meroaptoethanol, 1.25 pmoles; ATP—HB, 25 mumoles
(1.10 x 106 disintegrations per minute, 15.5%
efficiency) or ATP-g_clY (2.22 x 10 disintegrations
per minute, 70% efficiency) and enzyme. The final
pH of the reaction mixture was 7.5. The reaction
was started by the addition of nucleoside triphos-
phates. Unless otherwise stated the incubation
time was 5 minutes at 37° and the reaction was
stopped by the addition of 2 volumes of 10% tri-
chloroacetic acid (TCA, w/w) and carrier albumin

(lmg/ml) to bring the protein concentration per tube

to between 1 and 2 mg. The precivitate was collected

on glzss membrane filters and was washed 10 times
with 5% TCA containing 0.02 M tetrasodium pyro-
vhosphate and once with 95% ethanol. All tests were
run in duplicate along with zero time controls to
which the radiocactive ATP was added just prior to
the addition of TCA. The filters were placed in
viels containing 15 ml of BBOT scintillation
solution¥* and the radiocactivity was measured in a
Packard Tri-carb liquid scintillation spectrometer.
A unit of enzyme activity is defined as that amount
of enzyme that catalyzes the incorporation of 1
ppmole of radioactive ATP into RNA per hour. All
counts of radicactivity were corrected to 100%

-~~~

*4 g of BBOT, 400 ml of methylcellosolve, 80 g of
naphthalene and 600 ml of Xylene.
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efficiency. Specific activity is defined as the
enzyme units/mg of protein. Protein was determined
by the method of Lowry, Rosebrough, Farr and
Randall (66). Glass membrane filters were found

to give better results than Gelman or Millipore
filters. Bovine serum albumin was found to serve
as a better carrier of acid-insoluble BNA than RNA

or RNA plus albumin (Table III).
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RESULTS

Time Relationship

Figure 2 illustrates the time-course of the
reaction when whole nucleil, either fresh or frozen
- overnight, were used és the source of the enzyme
and KC1, AmS and . spermine were omitted from the
incubation medium, ’It is apparent that initial
rates obtain only for the first 5 minutes of
incubation. The time-course of the reaction when -
KC1 and AmS ére included in the incubation medium
is given in PFigure 3. The rate of RNA synthesis is
again linear for the first 5 minutes of incubation
'But, unlike the findings shown in Figure 2, does not
level off at this time but rather another linear
rate i1s established. These data are consistent
with those of Tata (56) for time studies of rat
liver nuclei and indicate that both "soluble" and
tagaregate” forms of RNA polymerase are present in
‘nhuclei of erythroblasts.

The time-course of the reaction when SDS-
extragts were used as the source of the.enzyme
without the addition of KCl, AmS or spermine are
given in Figure 4. Again one enzyme activity is
apparent which reaches a maximum at 8-10 minutes.
When KCl and AmS are included in the incubation

medium (Figure 5) a similar time-course of the
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reaction appears although the high ionic strength
of the reaction medium has stimulated the rate of
RNA synthesis 3-4-fold. The time studies with the
SDS-extracts resemble those found by Weiss (44) and
Goldberg (69) for aggregate enzyme preparations of
rat liver nuclel and Hela cell nucleil, respectively,
in the presence or absence of salts. With the SDS-
extracts, however, after incubation for 10 and 15
minutes enzyme activity decreased markedly and pro-
duct RNA was lost. To see whether bentonite, an
inhibitor of nuclease activity (60) could prevent
this loss of product RBRNA, several concentrations of
bentonite, prepared by the procedure of Singer et
al (67) were included in the reaction mixture. No
significant change in the rate of incorporation was
detected in the presence of bentonite for élthough
total radiocactivity of the product appeared to in-
crease, the radioactivity of the zero time controls
also increased. Moreover, the duplicates were in-
consistent (TableIV). These results might possibly
be explained by the finding of Richmond and Cherry
(68) who reported that bentonite binds some of the
acid-soluble, labeled product, thus producing an
artifact which appears to be an increase in RNA

synthesis, Thus bentonite was not used.
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Activity and Enzyme Concentration

Figure 6 shows that there 1s a linear
relationship between enzyme activity and protein
conicentration up to 240 enzyme units (1.7 mg of
protein) when whole nuclei were used as the source
of the enzyme., When SDS-extracts of these nuclel
were tested the linear relationship, shown in
Figure 7 obtained up to 482 units of enzyme (0.l2mg
of protein), These results are in line with those
of Tsukada aznd Lieberman (59) who reported that
linear rates obtained for a deoxycholate extract of

rat liver nuclei up to 0.11 mg of protein.

Extraction of RBRNA Polvmerase with Sodium Deoxycholate

In some experiments erythroblast nuclel were
treated with graded concentrations of sodium de-
oxycholate (69)., The sodium deoxycholate-extracts(DOC)
obtained after centrifuging at 12,000 x g for 10 min-
utes were then tested for BNA polymerase activity. The
results are given in Table V and show that it is pos-
sible to obtain DOC-preparations in which the specific
activity is increased mofe than 2-fold. However,
higher concentrations of DOC than SDS are required
to achieve this purification. Furthermore, in our
hands, the enzyme activity after DOC extraction was
variable. Thus in all subsequent experiments the

erythroblast nuclel were extracted with SDS and the




properties of the SDS-extracts are described.

Substrates and Inhibitors

The enzyme activity was DNA-dependent for when
DNAase I was included in the reaction mixture, ac-
tivity was greatly reduced (Teble VI). When RNAase
I was included in the reaction mixture there was
again a marked reduction in measurable acid insolu-
ble product. The concentrations of DNAase and
BNAase required to inhibit the activity of the SDS-
extracts are 1/4 to 1/10 that required to inhibit
the activity of liver nuclei (71) or that of de-
oxycholate extracts of rat liver nuclei (59)., On
the other hand they are approximately 8 times those
requlred to inhibit the activity of "soluble™ RBNA
polymerase of rat testis (70).

Actinomycin D, an inhibitor of DNA-dependent
RNA polymerase (72) completely inhibited the activity
of the enzyme from erythroblasts at a final concen-
tration of 0.1 pmolar (Table VI).

As can be seen from Figure 8 the addition of
ribonucleoside triphosphates resulted in little
stimulation of activity and thus a Km could not be
determined. Attempts to remove endogeneous nucleoside
triphosphates by digalysis resulted in the losg of
most of the enzyme activity,

Addition of highly-polymerized calf thymus DNA
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to the incubstion medium resulted in some slight
stimulation of enzyme activity (Table VII). Others
have reported that the aggregate form of RNA poly~
merase of rat liver nuclei is not stimulated by the
addition of DNA to the reaction medium (10, 59) while
the reverse is true for the soluble form of the

enzyme (57).

+2 +2

Activation by Mg and Mn

When magnesium ions, in a final concentration
of 5 mM, were included in the reaction mixture
enzyme activity was increased almost 3-fold (Figure 9).,
Addition of manganese ions resulted in a 2-fold in-
crease 1n enzyme activity with maximel stimulation
at a concentration of 2 mM (Figure 10). Thus magnes-
ium ions caused a greater stimulation of enzyme
activity than did manganese ions. This finding was
verified in several other experiments. Addition of
magnesium and manganese ions together, at optimal
concentrations of each, resulted in inhibition of
enzyme activity. These studies were carried out in
reaction medium lacking KCl, AmS or polyamines.
Lineweaver ~ Burk plots of these data are given
in Figure II. Because of the inhibitory effect

of both Mgt? +2

and Mn at high concentrations, it was
necessary to extrapolate the plots to give the in-
tercepts on the Y-axis. From these data the Michaelis-

Menten dissocistion constants (Kn's) were calculated



by using av values (i.e. initial velocities with
T ) o 1 sy P - a2
Mg present - initial velocitles without Mg™v~)

2
+z end

since the enzyme vpreparations contain some Mg
it was not possible to show an absclute dependence
of enzyme activity on the divalent cetion added To
the incubation mixtu:e° Thus Km values were found
to be 5.0 x 10~3M for megnesium ions and 1.7 x 10-3M
for mengsnese ions. These values can be compared

to those of 4.8 x 10-34 and 2.0 x 10-3M found for

magnesium ions and manganese ions, respectively,

with "soluble” RNA polymerase purified from bacteria

(73)
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Effect of Polvamines and Ionic Strength

Between 2 and 3-fold stimulstion of enzyme
activity was obtained at spermidine concentrations
of 1 mM (Figure 12). Addition of XKCl alone also re-
sulted in 2-fold stimulation of enzyme activity
(Figure 13). At optimal concentrations of XKC1 (0.3M)
both ammonium sulfate or spermine (Table VIII) in-
creased the activity further, AmS caugsing a l.5-fold
and spermine a 3,5-fold increase in activity. When KC1
end AmS were both present in optimal Qoncentrations

the ionic strength of the reaction mixture was 0,973,

pH Optimum

Optimal enzyme activity was found at pH 7,5~
7.6 (Figurs 14), It is rather difficult to compare
this optimum pH with those in the literature since
others have used a variety of pH's and in many ine
stances pH-activity curves were not described, With
purified prevarations of RNA polymerase (soluble
form) from E. coli, Chamberlin and Berg assayed
enzyme activity at pH 7.9 (37), Stevens and Henry,
at pH 8.5 (74), and Hurwitz et al at pH 7.5 (17).
Furthermore, a number of workers (75, 76) assayed
BNA polymerase activity (soluble form) of Micrococcus
lysodeikticus at pH 7.5 whereas Ballard and Williams-
Ashman (70) used a pH of 7.7 to assay the soluble
RNA polymerase of rat testis. When testing the
activity of the aggregate form of the enzyme Welss

(9) used a pH of 8.0 and Tata 2 pH of 8.5 (56).
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More recent findings indicate that the pH optimum
of BNA polymerase will be close to 7.5 when reaction
mixtures of high ionic strength are used but will
be greater than 7.5 when reaction mixtures of low
ionic strength are used (77). Thus in assays of
soluble RBNA polymerase a wide pH opitimum is found
in the range of 6.8 to 7.9 and losses of activity
at the extremes of the optimum pH range only amount
to 20%. Widnell and Tata (56), in assays of aggre-
gate RNA polymerase in a reaction mixture of high
ionic strength, reported that the pH optimum is

close to 7.5,
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DISCUSSION

What may be considered to be one disadvantage
of working with SDS-extracts is the finding that
the time-course of the reaction after it reaches a
plateau falls off quite rapidly after 15 minutes of
incubation whereas when aggregate enzyme preparations
(44,69) are used this decrease is not found. However,
Tsukada and Lieberman (59) and Burdon and Smellie
(78) reported similar activity-time curves when
DOC-extracts of rat liver nuclei and crude prepara-
tions of RBNA polymerase from Ehrlich ascites car-
cinoma cells, respectively, were used. The latter
attributed the observed decrease in enzyme activity
with Time to the action of nucleoside di- and tri-
phosphatases and nucleases. It is not likely that
the phosphatases are causing the observed decrease
in incorporation of radiocactive substrate into RNA
in our studies since saturating amounts of the nuc-
leoside triphosphétes are being used and an ATP-
regenerating system is also included in the reaction
medium. Since our experiments with bentonite were
inconclusive it is not possible to say at this point
whether the product RNA is being lost because of
release of nucleases during the incubation or be-
cause of phosphodiesterases, which are known to be

active in avian bone marrow cells and to be present
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both in the cytoplasmic and nuclear fractions (61).

The concentration of SDS required for optimal
release of the enzyme from erythroblast nuclei is
approximately the same as that reported by Goldberg
to effect optimal stimulation of aggregate enzyme
of Hela cell nuclei when added to the incubation
medium (69). Goldberg (69) postulated that deter-
gents may act to stimulate RNA formation by changing
the physical state of the enzyme-nucleoprotein com=
rlex to a form more suitable for reaction and/or by
stabilization of this system or the product of the
reaction by inhibiting the activity of degradative
enzymes. Although some evidence was cited in favour
of the first hypothesis, the results are still
equivocal and the actual role of detergents in
stimulating BNA synthesis by the aggregate form of
the enzyme 1s not known. However, in our studies,
a more likely role of detergents is probably in
lysing nuclear membranes and releasing aggregate
enzyme while denaturing some of the non-enzyme
protein. It is apparent from our studies that such
lysis is incomplete at the optimal concentrations
of SDS possible and further lysis could not be:
achieved because of the formation of very viscous
gels of deoxyribonucleoprotein.

Since addition of DNA resulted in little

stimulation of the activity of SDS-extracts of
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erythroblast nuclei it is probable that the endo-
genous DNA is present in saturating concentrations,
probably as a result of solubilization of the de=-
oxynucleoprotein by detergent, both in our prepars-
tions and in those studied by Tsukada and Lieberman
(59).

The activity of SDS-extracts of RNA polymerase
was greater in the presence of Mg+2 than Mn+2 in
reaction medium of low ionic strength. In general
Mn+2 has been found to be more effective than Mg+2
in the activation of highly-purified RNA polymerase
of bacteria. However, in initial studies of the
aggregate form of the enzyme of rat liver, Weiss

2 and

found Mg+2 to stimulate activity more than Mn+
our results are in line with those of Welss, indi-
cating the presence of aggregate enzyme in our SDS-
extracts. On the other hand, Goldberg (£2) reported
that Mn™? was about 4 times more effective than Mg™2
in stimulating the activity of the aggregate form

of BNA polymerase of Hela cell nuclei. These dif-=
ferences were later resolved when Widnell and Tata

( 55) reported that in reaction media of low ionic
strength i.e. lacking ammonium sulfate or KC1, Mg+2
was more effective than Mn*?2 in stimulating enzyme
activity of liver nuclei whereas in reaction media
of high ionic strength, Mn+2 is the divalent cation

of choice. These results agree with those reported

by Pogo, Allfrey and Mirsky (71). If, as is
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suggested by the work of Chambon, Ramuz and Doly
(58), the presence of salts in high ionic strength
removes the inhiblitory histones from the DNA-RNA
polymerase -cRNA¥ complex to form the soluble enzyme
form, one would expect that when soluble enzyme

preparations are used then Mn+2

would be a better
activator than Mg*z. This conglusion is borne out

by the findings with highly-purified, soluble RNA
polymerases of bacteria (3741). In addition,

Ballard and Williams-Ashman (70) have reported that
Mnt2 is the better asctivator of soluble RNA polymerase
of rat testicular tissue and similar findings were
reported by PFurth and Ho in studieg of the soluble
enzyme of bovine lymphosarcoma ( 53). Many workers
Sstill, however, routinely add both Mnt2 and Mgt? to
incubation media even if the soluble form of the
enzyme is under study. The rationalefor this is
presumably that in some preparations denatured, or
sheared double~-stranded DNA templetes could be pre-
sent and it is known that with such templates Mn'2
stimulates the incorporation of ribonucleoside
triphosphates whereas Mg+2 is inhibitory. Such
incorporation in the presence of Mn+2 could leed to
some homopolymer formation (79). Moreover it has
been found that Mn'% is a2 better activator of RNA
polymerase in the formation of polyribonucleotides

*cRNA~ complementary RNA
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from RNA templates (42).

The polyamines, spermidine and spermine, have
been found in many tissues, including liver (80, 81)
' and have been shown to have the ability to stimulate
protein (82) and RNA synthesis in vitro (83).
Polyamines are also thought to play a role in sta-
bilizing cellular organelles, membranes, nucleilc
acids, and nucleoprotein particles (84), In re-
generating rat liver there 1s a direct correlation
between the rate of synthesis of RBNA and the con-
centration of polyamines (83). A direct correlation
between the extent of accumulation of polyamines
and the rate of synthesis of nucleic acids hasg also
been reported for the developing chick embryo (85).

All the evidence so far gathered indicates that
polyamines exert their effect on protein and RNA
metabolism mainly by stimulating the activity of RNA
polymerase., The studies of Fox, Gumport and Weiss
(44) with purified enzyme from Micrococcus lyso-
deikticus showed that polyamines either prevent the
inhibition of RNA polymerase by endogeneous RNA by
preventing the binding of the enzyme to BNA or else
cause the release of inhibitory BNA from the DNA-RNA
polymerase complex. Krakow (46), who studied the
properties of a purified RNA polymerase of Azotobacter
vinelandii is in favour of the former view. His re-

sults indicate that product RNA which accumulates
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and causes a decrease in the rate of synthesis of
further BRNA in a medium lacking polyamines, does

not become bound to the DNA-RENA polymerase complex
and does not inhibit the rate of reaction in a
medium containing polyamines. That product RNA in
the presence of polyamines does not become bound to
and inhibit the enzyme complex was showed in experi-
ments in which the release of radioactive pyrophos-
phate from ATP-¥ -p32 was measured in the presence

or absence of polyamine with or without the addition
of pancreatic RNAasse. Pancreatic RNAsse stimulsated
the release of PPJ2 in the absence of polyamine in-
dicating that if inhibiftory product RNA is removed
the reaction can proceed further at initial rates.
Addition of polyemines had an effect similar to that
of RNAase but little added stimulation was found
when RBNAase in addition to polyamines was also in-
cluded in the incubation medium. In addition Fox
and Weiss ( 26) showed that polyamines inhibit
homopolymer formation and the synthesis of RNA-
directed polyribonucleotides (42 ). Since all the
above studies of the effect of polyamines on RNA
polymerase were carried out with soluble enzyme
preparations it is probable that polyamines may have
additional effects on the aggregate form of the
enzyme. In this regard it has been reported that

polyamines reverse the inhibition of RNA polymerase
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by histones (96).

Stimuleation of RNA synthesis by KC1 and AmS
has been reported by & number of workers. Goldberg
(69) reported stimulation of. RNA synthesis by an ag-
gregate enzyme of Hela cell nuclel when KCl was added
at an ionic strength of approximately 0.7 or AmS, a2t
an ionic strength of l.1. He suggested that deter-
gents and high ilonic strength act to stimulate RNA
synthesis by the same mechanism. In our studies
maximal stimulation of activity was obtained at an
ionic strength of 0.93. This value 1sg close to that
found by Goldberg for his preparation of aggregsate
enzyme and more than three times the 0.1 to 0.3 ionic
strengths found to stimulate soluble RNA polymerase
of rat testis (70). The activity of this and other
soluble forms of RNA polymerase are inhibited by
ionic strengths of 0.7 to 1.1 (70).

The mode of action of ammonium sulfate , KCl and
polyamines in stimulating the activity of SDS-extracts
of erythroblast nuclei cannot be deduced from our ex-
periments. Other workers (44, 69) investigating the
effect of polyamines and salts on DNA-dependent BNA
synthesis did not study the combined effects of these
chemicals., Although Lieberman and Tsukada (59), in
their detergent-solubilized preparations included both
KCl and ammonium sulfate in their incubation medium,
they gave no reason for doing so. However, it

does not appear that ammonium sulfate and KCl or
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KCl and polyamines are performing the same function
since ammonium sulfate and spermine increased enzyme
activity further at optimal KC1l concentration. Thus
optimal stimulation was given by KCl at an ionic

T

oote

strength of 0.3 and higher concentrations ware
hikitory., However AmS at an ionic strength of 0.63
(total ionic strength KCl + AmS, 0.93) further in-
creased activity by l.5-fold. The effect of spermine
was even more striking. At an ionic strength of KC1
of 0.3, 0.25mM spermine gave an additional 3.5-fold
increase in enzyme activity. The possibility that
there is some form of cooperative action can not be
excluded. The stimulation mey be a combination of
reduced RNA inhibition and incressed templeste DNA
availability.

Widnell and Tata (56) demonstrated a stimulation
of RENA synthesis by rat liver nuclel by the addition
of Am3. They concluded initislly that AmS was un-
mesking a second enzyme for RNA synthesis. However,
in subsequent work (77) and in experiments by Huang
et al (8 ) and by Chambon, Ramuz and Doly (58) it
was showed that AmS stimulated RNA synthesis by
removing nucleohistones from the DNA-RNA polymerase
compleX. Widnell and Tata presented some arguments
against this postulated mode of action of AmS by
asking "why nuclel which presumsbly were capable of
synthesizing DNA-like RBRNA in the intact cell should

apparently lose this capacity except in the presence
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of ammonium sulfate during the process of isolation®,
There is evidence, however, that repressed or "hetero-
chromatin® (representing as much as 75-80% of the
total DNA of thymus lymphocytes) is inactive in the
synthesis of RNA, whereas extended or "euchromatin”

is active (41). The possibility that histones

enhance the coiling of chromosomes and thereby
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repress their activity cennot be overlooked (87 )
and there is evidence that histones bind chromatin
threads of thymus lymphocytes into dense clumps in
cell-free systems (88 ).

Recently Liau, Hnilica and Hurlbert (89) re-
ported that the synthesis of BNA in vitro by nucleolil
isolated from Novikoff ascites rat tumour cells was
inhibited up to 90% by the addition of calf thymus
histone and the composition of RNA formed in the pre-
sence of the added histone was altered in the dir-
ection of higher GC content. These nucleolil
contained initially 32% histone, the rest of the
protein being of the acidic type. When the nucleolil
were pretreated with trypsin to remove the histones
and other proteins the composition of the RNA
synthesized shifted to approach the composition of
DNA. Again, when histone was added, the ENA syn-
thesized in the presence of the added histone

.approached the composition of ribosomal RNA. These
results, taken in conjunction with those of Ramuz

et al (58 ) and Tata and Widnell (77 ) would indicate
that histones do have a role in determining the type
and amount of RENA that can be synthegized from DNA
tenplates by RENA polymerase in the cell.

Likely candidates for the physiological ‘de-
repressors® of template activity of repressed chro-

matin are the polyamines, (see previously), hormones
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(95) and acidic nuclear proteins ("residual proteins™)
(90). Acidic proteins have been found in histone-
deficient “euchromatin® of calf thymus nuclei (91).
In in vitro systems it is apparent that polyamines,
as well as emmonium sulfate and KCl dissociate the
nucleochistone from the DNA-RNA polymerase complex.
That RNA synthesis catalyzed by DNA-dependent
RNA polymerase occurs in three steps has been in-
dicated by the work of Anthony et g1 (92) who
suggested the following mechanism:
(1) Associstion: DNA + enzyme — (DNA-enzyme)
(2) Initiation: (DNA-enzyme) + purine nucleotide

» (DNA-enzyme-purine nucleotide)

(3) Polymerization: (DNA-enzyme-purine nucleotide) + NTP

(DNA-enzyme-oligoribonucleotide)+ PPi

L4

The formastion of the DNA-enzyme complex of Step 1

can be inhibited in media of high ionic strength, in
fact the purified enzyme itself is dissociated into
subunits in such media (93). After initiation has
occurred, a different enzyme~DNA complex is formed
which is not easily dissociated by 2 high concen-
tration of ions. Hence with soluble enzyme pre-
parations inhibition by ammonium sulfate and KC1 (57, 70)
is probably due to the inhibition of the formation

of the initial DNA-enzyme complex. That purine
nucleotides in the nucleoside triphosphate are the
principal initiators of BNA synthesis has been showed

by Bremer and Konrad (54) and Hurwitz (94),.
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SUMMARY

The isolation of cell fractions containing 85%
erythroblasts from regenerating bone marrow of chickens
is described. Intact nuclei from these cells were
prepared and thelr activity in catalyzing the in-
corporation of radioactive-ATP into acid-insoluble
BNA was studied. Time studies in the absence and
presence of AmS and KC1l indicated that two forms
of RNA pnolymerase (BNA nucleotidyl transferase, E.C.
2.7.7.6.) are present in the intact nuclei. Treatment
of the nucleil with sodium dodecyl sulfate resulted
in the solubilization of the nuclei and release of
about 64% of the enzyme activity into a suvernatant
fraction. The specific activity of this fraction
was three times greater than that of the intact
nuclei. With this fraction linear incorporation of
radioactive ATP into RNA obtained for five minutes
in the presence of up to 0,12 mg of enzyme protein,
The activity was DNA-dependent and little or no RNA
was formed when RNAase I was included in the incubation
medium, Activity was stimulated 3-fold and 2-fold
by the addition of Mg+2 (5mM) or Mn*? (2mM), respec-
tively, to the reaction medium. KCl at an optimal
concentration of 0.3M (ionic strength 0.3) stimulated
the rate of incorporation 2-fold. Further increases
of 1.5-fold and 3.5-fold were found when AmS
(0.21 M, ionic strength 0.63) or spermine (0.25mM),

respectively, were included zlong with KC1
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in the incubation medium. Endogeneous DNA or
nucleoside triphosphates caused little or no stimu-
lation of engzyme activity. In reaction medium of
ionic strength of 0.93, the pH optimum of the
reaction was 7.5-7.6. These studies indicate that
the SDS-supernatant fraction contains a DNA-dependent
BENA polymerase which is mainly, if not entirely, in

the Yaggregate™ form.
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Figure 1l: Effect of sodium dodecyl sulfate on RNA
polymerase of lysed nuclear preparations. The
reaction mixture contained the following in a final
volume of 0.25ml; TRIS buffer, pH 7.4, 25 umoles;
pyruvate Kinase, 2.5ug; phosphoenol pyruvate, 2.5
umoles; DNA, 25ng; magresium acetate, 1.25 umoles;
UTP, CTP and GTP, 30 mumoles of each; B-mercaptoe-
thanol, 1l.25 umoles; ATP—HB, 25 mumoles and enzyme
fraction (0.lmg of protein). Incubation was car-
ried out at 37° for 5 minutes.
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Figure 2: Activity of RBNA polymerase with time in
intact nuclei. The reaction mixture contained the
following in a final volume of 0.25ml; TRIS buffer,

pH 7.4, 25 pmoles; pyruvate kinase, 2.5ug; phosphoenol
pyruvate, 2.5 umoles; DNA, 25ug; magnesium acetate,
1.25 pmoles; UTP, CTP and GTP, 30 mumoles of each;
B-mercaptoethanol, 1.25 umoles; aTp-cl ,» 25 mumoles
and enzyme fraction (0.9mg of protein). Incubation
was carried out at 37°.
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Figure 3: Activity of BNA polymerase with time in
intact nucleili in the presence of salts. The reaction
mixture contained the following in a final volume

of 0.25ml; TRIS buffer, pH 7.4, 25 umoles; pyruvate
kinase, 2.5mg; phosphoenol pyruvate, 2.5 umoles;

DNA, 25pg; magnesium acetate, 1.25 umoles; UTP, CTP
and GITP, 30 mﬁﬂoles of each; B-mercaptoethanol, 1.25
umoles; ATP-C+™, 25 mumoles; KCl, 77 npmoles; AmS,
52.5 pmoles and enzyme fraction (0.9mg of protein).
Incubation was carried out at 37°.
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Figure 4: Activity of RNA polymerase with time in
SDS-solubilized nuclear preparations. The reaction
mixture contained the following in a final volume

of 0.25ml; TRIS buffer, pH 7.4, 25 pumoles; pyruvate
kinase, 2.5ug; phosphoenol pyruvate, 2.5 nmoles;

DNA, 25ug; magnesium acetate, 1.25 umoles; UTP, CTP
and GTP, 30 mumoles of each; B-mercaptoethanol, 1.25
pmoles; ATP-H-, 25 mumoles and enzyme fraction (0.lmg
of protein). Incubation was carried out at 37°,
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Figure 5: Activity of RNA polymerase with time in
SDS-solubilized nuclear preparations in the presence
of salts. The reaction mixture contained the follow-
ing in a final volume of 0.25ml; TRIS buffer, pH 7.4,
25 pmoles; pyruvate kinase, 2.5ng; phosphoenol
pyruvate, 2.5 umoles; DNA, 25ug; maghesium acetate,
1l.25 pmoles; UTP, CTP and GTP, 30 mpmoles of each;
B-mercaptoethanol, 1.25 umoles; ATP—HB, 25 mpmoles;
KCl, 77 mmoles; AmS, 52.5 nmoles and enzyme fraction
(O.lmg of protein). Incubation was carried out at

37%.
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Figure 6: Activity of RNA polymerase in intact
nuclei with enzyme concentration. The reaction
mixture contained the following in a final volume
of 0.25ml; TRIS buffer, pH 7.4, 25 nmoles; pyruvate
kinase, 2.5ug; phosphoenol pyruvate, 2.5 pmoles;
DNA, 25ng; magnesium acetate, 1.25 ymoles; UTP, CTP
and GTP, 30 mumoleslof each; B-mercaptoethanol,
1.25 pmoles; ATP-CL¥, 25 mumoles and enzyme frac-
tion. Incubation was carried out for 5 minutes

at 37°,
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Figure 7: Activity of RNA polymerase with enzyme
concentration in SDS-solubilized nuclear preparations.
The reaction mixture contained the following in a
final volume of 0.25ml; TRIS buffer, pH 7.4, 25
pmoles; pyruvate kinase, 2,5ug; phosphoenol pyruvate,
2.5 pmoles; DNA, 25ung; magnesium acetate, 1.25

pmoles; UTP, CITP and GTP, 30 mumoleg of each; B~
mercaptoethanol, 1.25 umoles; ATP-HB, 25 mpmoles,

KCl, 77 wpwmoles; AmS, 52.5 umoles and enzyme fraction.
Incubation was carried out for 5 minutes at 37°,
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Figure 8: Effect of nucleoside triphosphates on
BNA polymerase activity. The reaction mixture con-
tained the following in a final volume of 0.,25ml;
TRIS buffer, pH 7.4 umoles; pyruvate kinase, 2.5ug;
phosphoenol pyruvate, 2.5 umoles; DNA, 25ug; mag-
nesium acetate, 1.25 umoles; UTP, C%P and GTP; B-
mercaptoethanol, 1.25 umoles; ATP-H-, 25 mumoles
and enzyme fraction (0.lmg of protein). Incuba-
tion was carried out for 5 minutes at 370,
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Pigure 9: Effect of Mgf%oncentration on enzyme
activity. The reaction mixture contained the fol-
lowing in a final volume of 0.25ml; TRIS buffer, pH
7.4, 25 umoles; pyruvate kinase, 2.5ug; phosphoenol
pyruvate, 2.5 umoles; DNA, 25ug; magnesium acetate;
UTP, CTP and GTP, 30 mumoleg of each; B-mercapto-
ethanol, 1.25 umoles, ATP-H”, 25 mpumoles and enzyme
fraction (0.lmg of protein). Incubation was carried
out for 5 minutes at 379,
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S
Figure 10: Effect of Mn concentration on enzyme
activity. The reaction mixture contained the fol-
lowing in a final volume of 0.25ml; TRIS buffer,
pH 7.4, 25 mmoles; pyruvate kinase, 2.5ug; phos-
phoenol pyruvate, 2.5 umoles; DNA, 25ug; lMn acetate;
UTP, CTP and GTP, 30 mumolegs of each; B-mercapto-
ethanol, 1.25 umoles; ATP-H3, 25 mumoles and enzyme
fraction (0.lmg of protein). Incubation was carried
out for 5 minutes at 37°.
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Figure 11: Linegeaver~Burk double reciprocal plots
for Mg+2 and Mnt<e.
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Figure 12: Effect of spermidine on RNA polymerase
activity. The reaction mixture contained the fol-
lowing in a finel volume of 0.,25ml; TRIS buffer, pH
7.4, 25 umoles; pyruvate kinase, 2.5ug; phosphoenol
pyruvate, 2.5 umoles; DNA, 25ug; magnesium acetate,
1.25 pmoles; UTP, CTP and GTP, 30 mumgles of each;
B-mercaptoethanol, 1.25 pmoles; ATP-H-, 25 mumoles;
spermidine, pH 7.0 and enzyme fraction (0.lmg of
protein). Incubation was carried out for 5 minutes

at 3700
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Figure 13: Effect of KCl1 on BNA polymerase activity.
The reaction mixture contained the following in a

final volume of 0.25ml; TRIS buffer, pH 7.4, 25

umoles; pyruvate kinase, 2.5pg; phosphoenol pyruvate,
2.5 pnmoles; DNA, 25ug; magnesium acetate, 1.25 umoles;
UTP, CTP and GTP, %O mumoles of each; B-mercaptoethanol,
1.25 pmoles; ATP-H’, 25 mumoles; KCl and enzyme frac-
tion (0.lmg of protein). Incubation was carried out
for 5 minutes at 37°.
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Figure 1l4: Effect of pH on RNA polymerase activity.
The reaction mixture contained the following in a
final volume of 0.25ml; TRIS buffer, 25 umoles;
pyruvate kinase, 2.5u1g; phosphoenol pyruvate, 2.5
pmoles; DNA, 25ung; magnesium acetate, 1.25 upmoles;
UTP, CTP and GTP, 30 mumoleg of each; B-mercapto-
ethanol, l.25 mmoles; ATP-H3, 25 mpmoles; KC1l, 77
umoles; AmS, 52.5 umoles and enzyme fraction (0.1
mg of protein). Incubation was carried out for

5 minutes at 37°.
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Table 1

Separation of Bone Marrow Cells in Dextran Gradients

Linear Gradient

Total Cell Differential Cell Counts (%)%
raction Count Erythroeyvtes Erythroblasts Leucocytes Lymphocytes
10le bone 8,880,000 66 30 1 2
mnarrow
wwer 1 489,600 56 1 6 37
wer 2 1,188,600 89 7 Ly
ayer 3 3,398,851 75 25 1
ayer U 864,000 50 48 1 1
10le bone
marrow 8,400,000 49 L3 L L
wyer 1 2,050,000 60 34 2 L
ayer 2 L,175,000 60 35
wyer 3 270,000 L5 L4g 2 L
[ Discontinuous Gradient
101le bone
- marrow 20,960,000 40 51 b 5
wver 1
lop) cell debris, erythrocytes, few

erythroblasts, myeloblasts and
white blood cells
wyer 2
1iddle) 5,015,000 36 58 1 5
awyer 3
3ottom) 8,704,000 11 85 2 2

leticulocytes and other immature forms of the red blood cells are.

1cluded in the erythroblast fraction.

e included in the leucocyte counts.

Myeloblasts and similar forms
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Table II

Bffect of SDS on Solubilization of
BNA Polymerase of Intact Nuclei

SDs (mg/ml) CPM/ml /nr* Specific Activity % Recovery

0 5350 200.0 100

0.25 267 209.5 5.0
0.50 2970 311.5 556
1.00 3421 . 675.5 64,0

The reaction mixture contained the following in a
final volume of 0.25ml; TRIS buffer, pH 7.4, 25
umoles; pyruvate kinase, 2.5mg; phosphoenol
pyruvate, 2.5 umoles; DNA, 25ng; magnesium acetate,
1.25 pmoles; UTP, CTP and GTP, 30 mpmoles of each;
~mercaptoethanol, 1.25 umoles; ATP~H39 25 mpmoles
and enzyme fraction. Incubation was carried out for
5 minutes at 370,
#CPM/ml /nr - counts per minute per ml of enzyme
fraction per hour incubation time.
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Table III

Comparison of Carriers

Incorvoration of Radio-

Carrier active precursor into RNA
(CPM/ml /hr)*

0 5220
4540
RNA L4830
5200
Albumin 5470
5290
RNA Albumin 5500
_ 5010

The reaction mixture contained the following in a
final volume of 0,25ml; TRIS buffer, pH 7.4, 25
nmoles; pyruvate kinase, 2.5Mg; phosphoenol
pyruvate, 2.5 pmoles; DNA, 25ug; magnesium acetate,
1.25 pmoles; UTP, CTP and GTP, 30 mumgles of each;
B-mercaptoethanol, 1.25 pymoles; ATP-H3, 25 mpmoles
and enzyme fraction (l.5mg of protein). Incubation
was carried out at 37° for 5 minutes. Carrier,
0.5mg of each, was zdded,

B e T R

*¥CPM/ml/hr - counts per minute per ml of enzyme
fraction per hour incubation time.
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Table IV

Effect of Bentonite

Incorporation of Radio-

Tube Bentonite active precursor into RNA
(mg/ml) (CPM/ml/hr) %
zero time 0 1611
1 0 6500
2 0 8160
zero time 0.5 16090
v 1 0.5 18520
2 0.5 29200

The reaction mixture contained the following in a
final volume of 0.25ml; TRIS buffer, pH 7.4, 25
umoles; pyruvete kinase, 2.5Hg; phosphoenol
pyruvate, 2.5 pmoles; DNA, 25ug; magnesium acetate,
1.25 pmoles; UTP, CTP and GTP, 30 mumoles of each;
_B-mercaptoethanocl, 1.25 umoles; ATP-H3, 25 mumoles;
KCl, 77 pmoles; AmS, 52.5 pmoles; bentonite and
enzyme fraction (0.lmg of protein). Incubation was
carried out at 37° for 5 minutes.

*¥CPM/ml/hr - counts per minute per ml of enzyme
fraction per hour incubation time,
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Table V

Effect of DOC on Solubilization of
BENA Polymerase of Intact Nuclei

Experiment 1 Experiment 2
DOC(mg/ml) Specific Activity  Specific Activity

0 221.0 142,0
1.0 358.5 106.3
2.0 372.0 52.8
4.0 438.1 140.0
740 470.5 99.8

10.0 330.0 375

The reaction mixture contained the following in a
final volume of 0.25ml; TRIS buffer, pH 7.4, 25
ummoles; pyruvate kinase, 2.5ug; phosphoenol
pyruvate, 2.5 pmoles; DNA, 25ug; magnesium acetate,
1.25 pmoles; UTP, CTP and GTP, 30 mumgles of each;
B-mercaptoethanol, 1.25 umoles; ATP—H3, 25 mpmoles
and enzyme fraction (0O.lmg of protein). Incubation
was carried out for 5 minutes at 37°.
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Table VI

Effect of Inhibitors on RNA Polymerase Activity

Reaction Mixture Incorporation of Radio- %
active precursor into BRNA Incorp-
(CPM/ml /hr) % % oration
Complete ¥ 3140 100
DNAase (10ng) 806 25
RNAase (10ug) Llvg 14,0
Actinomycin D (0.1ylM) 0 0

#Phe complete reaction mixture contained the following
in a final volume of 0.25ml; TRIS buffer, »H 7.4,

25 pmoles; pyruvate kinase, 2.5ug; phosphoenol
pyruvate, 2.5 pmoles; magnesium acetate, 1,25

pmoles; UTP, CTP and GTP, 30 mpmoles of each; B-
mercaptoethanol, 1.25 umoles; DNA, 25ug; ATP—H3,

25 mpmoles; and enzyme fraction (0.lmg of protein).
#CPM/ml/hr - counts per minute per ml of enzyme
fraction per hour incubation time.
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Table VII

Effect of DNA on RBNA Polymerase Activity

BReaction DNA Incorporation of Radio-
Mixture (Pg) active precursor into RNA
(CPM/ml/nr) **

Complete® 0 53920
12.5 6270
25 6700
50 3290

* The complete reaction mixture contained the fol-
lowing in a final volume of 0.25ml; TRIS buffer, pH
7.4, 25 umoles; pyruvate kinase, 2+ 518; phosphoenol
pyruvate, 2.5 umoles; magnesium acetate, 1.25 umoles;
UTP, CTP and GTP, 30 mumoles of each; B-mercapto-
ethanol, 1.25 umoles; ATP-H3, 25 mumoles; and enzyme
fraction (0.12mg of protein).

#%CPM/ml/hr ~ counts per minute per ml of enzyme
fraction per hour incubation time.
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Table VIII

Effect of Ammonium Sulfate and Spermine on RNA
Polymerase in the Presence of Optimal
Concentration of Potassium Chloride

Incorporation of Radio-
Reaction Mixture active precursor into RNA
(CPM/ml /hr) %

0.3 M KC1L 0 spermine 4860
0.3 M KC1 0.1mM spermine 13900
0,3 M KC1 0.25 spermine 15600
0.3 M KC1 0.5 spermine 11000
0.3 M KCL 1.0mM spermine 2840
0.3 M KC1 0 AmS 7960
0.3 M KC1 0.07M AmS 11310
0.3 M KC1 0.14M AmS 11310
0.3 M KC1 0.21M AmS lZZlOw_J
0.3 M KC1 0.3 M AmS | 7370

The reaction mixture contained the following in a
final volume of 0.25ml; TRIS buffer, pH 7.4, 25
pmoles; pyruvate kinase, 2.5ung; phosphoenol
pyruvate, 2.5 umoles; magnesium scetate, 1.25
nmoles; UTP, CTP and GTP, 30 mumoles of each:
B-mercaptoethanol, 1.25 umoles; KCl, 77 umoles;
ATP-H3, 25 mumoles, enzyme fraction (0.1mg of
protein) and AmS or spermine.

- D e TEe e G e Toe

*CPM/ml/hr - counts per minute oer ml of enzyme
fraction per hour incubation time.




