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SUMMARY: When isolated nuclei from Walker-256 tumor cells were fractionated
into a nucleoplasmic, acidic protein and DNA-histone complex, all three
fractions showed DNA synthesizing ability. The nucleoplasmic fraction was
stimulated 2 to 3 fold by ATP and was most active with denatured Walker-256

DNA. The acidic protein fraction was independent of ATP and it also preferred
denatured over native Walker-256 DNA. Both the nucleoplasmic and the acidic
protein enzymes were active with the DNA-histone complex as promoter, but

only in the presence of ATP., The DNA-histone complex was active in the presence
of ATP but did not require added DNA for maximum activity.

Eukaryotic cell DNA polymerases have been characterized by their primer
and template requirements. Some show a distinct preference or absolute

1,2,3,4 and because of this dependence, it

requirement for native promoter DNA
has been suggested that these particular polymerases are involved in the
replicative process.

We have investigated the DNA-synthesizing system in isolated nuclei from
Walker-256 carcinosarcoma cells and as shown for HeLa cells by Friedman and
Muellers, the Walker-256 system is active in the absence of added DNA, but for

maximal synthesis, in addition to the four deoxynucleoside-5'-triphosphates,

high levels of ATP are required.

In a further extension of this work we have fractionated the nuclei essentially
by the method of Wang6 into nucleoplasmic, acidic protein and DNA-histone

fractions, 1In this report we describe some of the properties of these three
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fractions in catalyzing DNA-synthesis,

MATERIALS AND METHODS : [3H]-TTP was purchased from Schwarz Bioresearch, Inc.

Unlabeled deoxynucleoside 5'-triphosphates were purchased from Calbiochem.
ATP was obtained from Sigma Chemical Co. Nuclei were isolated from 8-12 day
old Walker-256 tumors by the method reported earlier7. All operations were
carried out at 0-4°C, After two washes with 1 M sucrose containing 1 mM CaClz,
the nuclei were pelleted by centrifugation and were extracted by homogenizing
with 10 volumes of 0.14 M NaCl in 0.05 M Tris-chloride buffer (pH 7.4) containing
1 mM MgClz. After this procedure was repeated three times, the combined extracts
were precipitated by adding solid ammonium sulfate to 807 saturation. The
precipitate was dissolved in 307 glycerol containing 0.05 M Tris, pH 7.4 and
1 mM B-mercaptoethanol (Buffer A) and was dialyzed overnight against the same
buffer, This constituted the nucleoplasmic fraction.

The extracted nuclei were then dispersed by gentle stirring for 2 hours
in 100 volumes of 1 M NaCl, following which the nuclear debris was removed
by centrifugation at 12,000 x g for 30 minutes. The supernatant fluid was
then dialyzed against exactly 6 volumes of cold distilled water for 18 hours.
This allowed the DNA histone complex to precipitate while the non-histone
acidic proteins remained in solution.6 The DNA-histone complex was collected
by centrifugation and was suspended by homogenizing in buffer A. The non-
histone acidic proteins were precipitated from the supernatant by adding solid
ammonium sulfate to 807 saturation. The acidic protein fraction was dissolved
in buffer A and dialyzed overnight against the same buffer,

Assays for DNA synthesis were performed by following the incorporation
of [3H]-TTP into acid-precipitable material in the presence of the other
three deoxynucleoside triphosphates, using the filter paper disc technique
described by Bollums, The assay mixture in 0.25 ml contained Tris-CL, 6.25

pmoles pH 7.4; MgCl_, 0.5 umoles; B-mercaptoethanol, 0.25 umoles each; ATP,

2’
0.5 pmoles; and Walker-256 DNA, 50 ug. 50 pl of enzyme solution were added to

start the reaction which was incubated at 37°, Activities are expressed in
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terms of mumoles of TMP incorporated into acid precipitable material per 30
minutes per mg of protein.

Protein was estimated by the method of Lowry et gl.g, after each fraction
was dialyzed against water for 48 hours.

Walker-256 DNA was isolated by the Kay, Simmons and Dounce10 procedure
followed by a treatment with pronase and fractionation on a Sephadex (G-200)
column.

RESULTS AND DISCUSSION

All three fractions when tested for their ability to catalyze DNA synthesis,
were found to possess the capacity to polymerize deoxynucleoside 5'-triphosphates
However, there were distinct differences in the catalytic properties of these
three fractions. The nucleoplasmic fraction, as .shown in Table I, revealed
negligible incorporation in the absence of added DNA and maximal activity in
the presence of denatured promoter DNA. Incorporation in the presence of native
promoter DNA was about 307% of that with denatured DNA. ATP stimulated these
activities 2 to 3-fold. The nucleoplasmic fraction was also active when the
DNA-histone complex was used as the source of promoter DNA but was almost
totally dependent upon ATP.

The acidic protein fraction also required added DNA for activity, and
denatured DNA was preferred over native DNA (Table I1). 1In contrast to the
nucleoplasmic enzyme the acidic protein fraction was not stimulated by ATP
when either native or denatured Walker-256 DNA served as promoter. In fact,
addition of ATP to the reaction mixture inhibited the incorporation considerably
especially in the presence of native DNA. However, ATP stimulated the
incorporation of ™P about 10 fold when the DNA-histone complex was used as
promoter.

The DNA-histone complex was the most active in the absence of added DNA
and its activity was considerably stimulated by ATP (Table III). However, the
specific activity of this fraction was only about 10% of that of either the

nucleoplasmic or acidic protein fraction. The addition of native DNA to the
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TABLE I

DNA POLYMERASE ACTIVITY OF THE NUCLEOPLASMIC FRACTION

TMP incorporated in 30 min

Additions -ATP JATP
nmoles per mg. protein

None 0.02 0.21
DNA®, native, 50 ug 0.95 2.2
" " ugtH -- 0.16
" " (-dATP, dGTP, dCTP) -- 0.65
DNA, denatured, 50 pg (heated 100° 2.57 6.67

10', cooled)

" " (-M§++) -- 0.18
L " (-dATP, dGTP, dCTP) - 1.0
DNA—Histone Complex, 50 pl 0.130 2.0
" " (Mg -- 0.18
n " (-dATP, dGTP, 4CTP) -- 0.46

Assay mixture contains in pmoles per 0.25 ml: Tris-Cl (pH 7.4), 6.25;
MgClz, 0.5; B-mercaptoethanol, 0.25; ATP, 0.5; and in nmoles [3H]-TTP,

5

(2x10” cpm.) 25 and dATP, dGTP and dCTP, 25 each; reaction was started

by adding 50 ul of enzyme fraction.

%*
all DNA obtained from Walker-256 carcinosarcoma

DNA-histone complex resulted in about 30% inhibition. The activity of the DNA-
histone complex was completely destroyed by treatment with either DNase I or
Pronase,

All three fractions required Mg++ for activity. The dependence on all the

four deoxynucleotides for the incorporation of [3H]-TTP was different with
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TABLE II

DNA POLYMERASE ACTIVITY OF THE ACIDIC PROTEIN FRACTIONS

TP incorporated in 30 min
Additions -ATP HATP
nmoles per mg. protein
None 0.38 0.93
DNA, native, 50 ug 7.60 3.90
" " (g™ - 0.34
" " (-dATP, 4dGTP, dCTP) -- 1.28
DNA, denatured, 50 pg (heated 100° 15.10 9.30
10", cooled)
" " (-ugth) -- 0.58
" " (-dATP, dGTP, dCTP) -~ 2,34
DNA-Histone Complex, 50 ul 1.05 10,50
" " (-dATP, dGTP, dCTP) -- 1.97

Conditions as in Table I.

each fraction. The nucleoplasmic and acidic protein fractions were much more
dependent upon all four deoxynucleoside 5'-triphosphates than the DNA-histone
complex. This result is not easily explained by the presence of terminal
transferase since previous experiments have shown that this enzyme is present
in the cytoplasmic fraction and absent in the nucleus7. Recently it has been
shown that a large proportion of [3H]-thymidine added to HelLa cells in
culture was converted to [3H]-TTP which was not easily dissociated from the
HeLa DNA even after exhaustive dialysis.11 Thus a pool of deoxynucleoside-
5'-triphosphates bound to DNA is suggested, but in our system preincubation

of the DNA-histone complex with ATP and Mg++ did not render it more dependent
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TABLE III

DNA POLYMERASE ACTIVITIES OF THE DNA-HISTONE COMPLEX

TMP incorporated in 30 min
Additions _ATP +ATP
nmoles per mg. protein
None 0.23 0.73
" (-Mg™ -- 0.18
" (-dATP, dGTP, dCTP) -- 0.42
DNA‘ase I, 10 ug -- <0.01
Pronase, 0.50 mg -- < 0.01
DNA, native, 50 ug 0.36 0.46
" wo (Mgt -- 0.10
" " (-dATP, dGTP, dCTP) -- 0.22
DNA, denatured, 50 pug (100° for 0.36 0.65

10* cooled)

" " (Mgt -- 0.17
" " (-dATP, dGTP, dCTP) -- 0.47

Assay conditions as in Table I.

on all four deoxynucleotides, However, when the DNA-histone complex was used

as promoter DNA with either the nucleoplasmic or acidic protein fractioms

(Tables I and II) dependence on all four deoxynucleotides was much more apparent
One possibility to explain these results is that in the DNA-histone complex,
polymerase molecules may be limited and cannot overcome the pool of bound
deoxynucleotides.

Wang3 has studied a DNA polymerase from the acidic protein fraction of

Walker-256 tumor. This enzyme was almost absolutely dependent upon native
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calf thymus DNA for activity. However, the acidic protein fraction obtained
by us showed a preference for heat denatured rather than native Walker-256 DNA.
Wang's acidic protein enzyme showed only slight activity (14%) when reconstituted
with the DNA-histone complex. We also observed this slight activity when the
acidic protein fraction was assayed with the DNMA-histone complex in the absence
of ATP. But in the presence of ATP, the activity was about 60% of that with
denatured DNA, and about 160% of that with native Walker-256 DNA (Table II).

The polymerase activity associated with the DNA-histone complex, even
though considerably lower than the other two fractions, is significant in that
it requires no added promoter DNA. It is possible that the DNA-histone complex
may have to be modified by a reaction involving ATP before it can serve as
template, This view is supported by the fact that the acidic protein fraction
which is ATP independent, is active with DNA-histone complex only in the
presence of ATP, Since both the DNA histone complex and the nucleoplasmic
fraction are stimulated by the addition of ATP to the reaction mixture, we do
not know whether the ATP stimulation in both these fractions is caused by the
same factor(s).

Recently, Smith, Schaller and Bonhoeffer12 demons trated a membrane
associated DNA-replicating system from the DNA polymerase-deficient mutant
of E. coli. Their system was also stimulated by ATP and apparently elaborated
DNA semiconservatively. Experiments are in progress with the Walker-256 system

to investigate more thoroughly the product formed.
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