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SUMMARY

Paracentrotus lividus eggs contain three separable DNA polymerases (deoxy—
nucleoside triphosphate: DNA deoxynucleotidyltransferase, EC 2.7.7.7.). The
two main peaks of activity, designated form I and form II, differ in the follow-
ing features: 1) form I is able to use poly(dA) as primer—template more effi-
ciently than form II, 2) the initial rate of incorporation of dTTP or dCTP in
the absence of other deoxynucleosidetriphosphates (dNTPs) is higher with form I
than with form II when the template is DNA or poly(da,dT); 3) form II is pre—
ferentially inhibited by KCl; 4) the two forms show a different optimal Hne t
concentration for their maximal activity.

DNA polymerase is present in the unfertilized sea urchin egg and its over-
all activity does not change until the pluteus siage (1,2). On the other hand
when the embryos are dissociated into individual cells, and are then cultured
under conditions which prevent their reaggregation, the DNA polymerase activity
undergoes a striking increase (2). 1In the unfertilized eggs the enzyme has
been found to be located in the cytoplasm and, as development proceeds, it
moves to the nucleus and associates with chromatin (1,3). The presence of mul-
tiple forms of DNA polymerase in eukaryotic tissues has been reported by several
authors. lost of these studies were carried out on mammalian cells in which
cytoplasmic, mitochondrial, and nuclear DNA polymerase has been descrilted (4-15).

Little information is available about DNA polymerase in sea urchin embryos.
The purification of an enzyme from embryo nuclei has been reported (17), and the
existence of multiple forms of DNA polymerase has been inferred by other authors
(18). We have found that in extract of unfertilized eggs of Paracentrotus
lividus three forms of DNA polymerase are separated by DEAE-cellulose chromato—
graphy. The two major peaks of activity have been characterized r.. the basis
of their template specificity and cation requirements. This study represents a
necessary prerequisite to an investigation now being carried out on the changes

the various forms of this enzyme undergo in the course of development.

MATERIALS AND METHODS

_ Unlabeled deoxyribonucleoside triphosphates were obtained from Sigma;
{3H]d?TP (15-17 Ci/mmole) and [BH]dCTP (25 ¢i/mmole) from New England Nuclear;
pancreatic DNase I (RNase free) from Worthington Biochemical Corp. or from
Boeringer; DEAE-celiulose (LB-52) from Whatman; synthetic polynucleotides were
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from Miles Laboratories or P.L. Biochemicals Inc. DLNA was prepared from sea ur~
chin sperm by the method of Marmur (19). All other chemicals were reagent grade,
Sea urchin were obtained from the Zoological Station of Naples.

Sea urchin eggs and sperm were collected as previously described (20). Ac-—
tivated DNA was prepared using pancreatic DNase I (21)., DNA was denatured by
heating at 100°C for 10 min followed by rapid cooling in an ice-water bath. Pro-
tein concentration was determined by the procedure of Lowry et al. (23).

Preparation of extracts for column chromatography were carried out at 0-4°C.

Sea urchin eggs were packed by low speed centrifugation, washed twice with fil-
tered sea water and twice with 0.63M NaCl, They were then homogenized in buffer
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Fig. 1 - DBAE~cellulose chromatography of DNA polymerase from unfertilized eggs
of Paracentrotus lividus.
10 ml of the extract containing 160 mg of protein were absorbed on a
2.5 x 25 cm DE-H2 column previously eguilibrated with buffer B. After
washing in buffer until absorbance reached the base line, a 400 ml
gradient from 0 to 0.5 & NaCl in buffer B was applied. 50 pl of each
fraction were assayeu with a reaction mixture containing in 250 pl: 64 mb
phosphiate buffer pH Topy 12 my wglly, | s~ -mercuptoethanol, C.2 nw
WNTPs (specific asctivity of [FHJACTIP 180,000 cpm/nmole), 100 ug of
activated LNA from sea urchin sperm., After 20 min at 37°C the reaction
was ctopped by lhe addition of 0.5 ml of 0.9 u NaCl ana 2 ml of 1 i
TCA containing 0.1 Il NayPp0~. The precipitate was collected on a
fiver—-glass filter (GF/A Whatnan) and washed with 30 ml of 0.1 h TCA
containing 0.01 K NayPy07, and with 10 ml of ethanol-ether (3:1 v/v).
The filters were then dried and counted in toluene omnifluor scintil-
lation fluid. The recovery from the column was higher than 90% of the
initial activity.
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A (20mM Tris-HC1 pH 8.5, 25% glycerol, 1mM EDTA, 1mM 2-mercaptoethanol and 0.3M
NaCl). The homogenate was intermiitently sonicated with a Branson sonicator,
model J-17 A, for 1 min and centrifuged at 27,000xg for 30 min. The supernatant
was centrifuged again at 100,000xg for thr and dialyzed overnight against 40
volumes of buffer B (20mM Tris-HC1l pH 8.5, 25% glycerol, 1mM EDTA, 1mM 2-mercap-—
toethanol). The dialyzed supernatant was diluted with buffer B to a protein con-
centration of 10 mg/ml, and streptomycin sulfate was added to a final concentra-
tion of 0.5 mg/ml. After equilibration for 20 min the precipitate was removed
by centrifugation at 27,000xg for 30 min. The supernatant was fractionated by
ammonium sulfate precipitation; the precipitate between 35-75% saturation was
dissolved in buffer B and dialyzed against a large volume of the same solution.
The extract was further fractionated by DEAE—cellulose chromatography.

RESULTS AND DISCUSSION
Three peaks of activity were separated by DEAE—cellulose chromatography

TABLE I

Template and subsirate requirements of DNA polymerase form I and form II.

pmoles incorporated
Primer-Template Substrate in 20 min,
Form I Form II

None [PH]ATTP + 3 other aNTPs T T
[2HJ4TTP + 3 other dNTPs 46 37

[BH]ATTP + dATP 48 30

"Activated” DNA [u]arTe 40 15
BuldcTP + 3 other dNTPs 48 30

(u)acte 37 14

Native DNA [PH]4TTP + 3 other ANTPs 13 17
Denatured DNA [?H]dTTP + 3 other dNTPs 19 18
PHEJATTP + 3 other dNTPs 18 17

poly(A)oligo(dT), [P JarTe 11 10
f’u]awp 7 6

poly(dn) (uJarre 40 16
[PH]dTTP + daTP 136 120

poly(da,dT) Pr]arTe 114 4%
[uJecTp b 7

The standard assay of fig.l was used with the following modifications:
specific activity of the labeled dNTP was 90,000-100,000 cpm/nmole, the
amount of the synthetic polynucleotides was 50 pg per assay, 50 pe of
protein from peak I or II were used in each assay. The assays carried
out in triplicate showed an error contained within 5.
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from extracts of unfertilized eggs (fig.1). The first peak (form I) was eluted
at 0.075 M NaCl, and the second peak (form II) at 0.15:0.20 M NaCl, The third
peak, eluted at 0.40.M NaCl, was very unstable and therefore no further attempt
was made to characterize 1%.

The activity of DNA polymerase form I and form II with different templates
and substrates are summarized in Table I. With "activated" DNA, both enzymes
displayed comparable levels of activity which were higher than those observed
with denatured and native DNA.

Poly(da,dT) proved to be an even better template for both forms I and II.
The two polymerases showed the same ability to use this copolymer as template
when both dATP and dTTP were provided as substrates., Both forms I and II showed
the same limited ability to use poly(A)oligo(dT) as template. With poly(da),
however, the activity of form I was more than twice that of form II. In the pre-
sence of DNA-template and only one dNTP, the level of activity of form I was
similar to that observed in the presence of all the four dNTPs. On the con-
trary, the activity of form II was reduced to about 1/2 when three dNTPs were

omitted. The same results were obtained when the template used was poly(da.dT).
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Fig. 2 - Kinetics of incorporation of 4 dNTPs (A&——A&)versus | ANTP (& --A) by
DNA polymerase form I from sea urchin eggs.
The reactions were as those of Table I with 100 pg of activated DNA as
template, At 240 min, 50 =3 of new enzyme were added to each reaction
mixture.
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In this case, with form II the incorporation was about 3-fold greater when both
dATP and dTTP were present than when dTTP alone was present. With form I the
extent of incorporation was similar irrespective of whether dATP and 4TTP were
provided as substrates or whether dTTP alone was present.

The high level of incorporation of one dNTP, observed especially with form
I, was not due to the presence of a terminal nucleotidyl transferase. In fact
neither of the two enzymes were able to incorporate dCTP to a significant level
in the presence of poly(dA,dT), thus showing that incorporation was template-
directed. The extent of the reaction with a single dNTP was depencdent on the
duration of incubation (fig.Z). The rate of incorporation of [?H]dTTP alone by
polymerase form I was comparable to that observed in the presence of all four
dANTPs during the first 20 min of incubation. Thereafter the rate of incorpora-
tion began to decline and reached a plateau at 180 min. The reaction could not
be resumed by addition of new enzyme. In contrast, when all four dNTPs were pre-
sent the rate of incorporation was almost linear for 240 min, and then sharply
declined; however, the initial rate was resumed following addition of new enzyme,
At 370 min the extent of incorporation with [3}1]&1“1'? was only 20% of that with
all four dNTPs. This substantial incorporation in the presence of only a single
GNTP has been reported for other eukaryotic DﬁA polymerases (7).

DNA polymerase forms I and II were differently affected by KC1 (fig.2).
Form I was little affected by 200mil KC1l and not affected by lower concentration.
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Fig. 3 - Inhibitory effect of KC1 on DNA polymerase form I (A—M)and form II

(m—8). The reactions were carried out as described in the legend of
Table I in the presence of the indicated concentrations of KCl.
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On the other hand, form II showed a 40% inhibition at 40mM XCl and 70% at 200mM
KCl., An even more siriking difference between the two forms was observed when
the reaction was carried out in the presence of " ions and poly(dA,dr) (Tig.4).
At low concentration of Mn2+ (0.4-0.8 mM), form II displayed no activity; the
enzyme gradually became activated by rising the concentration from 1.0 to 2.0 mi.
Form II was fully active in the whole range of Mn2+ concentrations used in the
assay. The optimal Mg2+ concentration was between 6 and 12mM for both forms I
and II.

These results suggest that the itwo peaks of activity present in the extracts
of unfertilized sea urchin eggs are in fact distinct enzymes. The presence of
multiple forms of DNA polymerases in sea urchin eggs raises, once again, the
question of their biological role in the processes of DNA replication. It is
possible that, as in other eukaryotic systems, the three forms found in sea
urchin eggs have different intracellular localization. DNA polymerases from
eukaryotes have been recently classified with the Greek letters O , B and Yy (23).
The{l enzyme corresponds to the high molecular weight DNA polymerase, while the-
B enzyme is the low moLecular weight DNA polymerase found exclusively in the
nuclei. Due to the lack of information on the molecular weights of forms I and

1I, we have preferred, for the moment, not to follow this classification. How=-
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Fig. 4 - Effect of 1 ions on DNA polymerases form I (&—aA) and form II (m—M).
The conditions of the reaction were those described in Table I, with
50 pg of poly(da,dT) as template and the indicated concentrations of
MnClp instead of lgCly.
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ever, on the basis of their behaviour on DkAE-cellulose, we might tentatively
identify the more basic form I as a B -like DNA polymerase and the more acidic
form II as a DNA polymeraseQl. Preliminary results, obtained in our labora~
tory, indicate that nuclei from embryos contain a single DNA polymerase activity
that on DEAE-cellulose behaves as form I from eggs. Studies are in progress to
further characterize the DNA polymerases found in sea urchin eggs and to esta-

blish their intracellular localization.
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