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Immunoglobulins anti-endonuclease 32 kDa inhibit DNA synthesis. We observed
that low concentrations of IgGs (about 50 ug IgG per 1 x 10° cell nuclei) temporary
inhibit DNA synthesis. This inhibition concerns only the synthesis of DNA bound to
the nuclear matrix (associated with isolated nuclear matrix). Preincubation of cell
nuclei of White bush with IgG generates longer DNA fragments than in controls.
Involvement of the 32 kDa endonuclease or an endonuclease-65 kDa protein complex
from the nuclear matrix in replication or structural organisation of replication is

considered.

Nuclear matrix is known to play an important
role not only in structural organisation of DNA
[1, 2] but also in transcription, processing and
transport of RNA [3, 4]. Evidence has been
obtained that origins of replicons are sites of
attachment of the DNA to the nuclear matrix
and the chromosomal scaffold. The latter is
another important nuclear structure, which is
formed by a reorganisation of part of the nu-
clear matrix [5].

QOur previous data indicate the presence of a
32 kDa endonuclease-18 kDa inhibitor complex
in the nuclei of White bush seedlings [6]. This
18 kDa inhibitor was found later to be a cleav-
age product of actin (Szopa & Fahrni, unpub-
lished). We have demonstrated that, in
phytohormone-treated cells, the nuclear
enzyme-inhibitor complex dissociates: inhibi-
tor remains in the nucleoplasm, and endonu-
clease binds tightly to the nuclear matrix, what

suggests a dynamic role of the endonuclease in
cellular metabolism of intensively growing
cells. We have also reported that, the nuclease-
inhibitor complex in cell nuclei is accompanied
by a 65 kDa protein 7, 8]. We have found that
the nuclear matrix displays highly specific en-
donuclease activity. The endonuclease associ-
ated with the nuclear matrix is able to introduce
only a single nick into the superhelical plasmid
PBR 322 DNA form. The enzyme loses its high
specificity when it is purified but reveals its
activity towards DNA when is associated with
the 65 kDa protein [9]. We have also demon-
strated that IgG anti-endonuclease inhibits
DNA synthesis in vitro [8]. Our latest results
revealed that the plant nuclear matrix-associ-
ated endonuclease or the isolated endonu-
clease 32 kDa-protein 65 kDa complex showed
a preference for recognising and digesting the
plasmid containing the SAR DNA element [10].

1 Abbreviations: SDS, sodium dodecyl sulphate; SAR, scaffold attached region; MAR, matrix attached region;
ARS, autonomously replicating sequence; bp, base pair; PBS, phosphate buffered saline; TBE, Tris/bora-

te/EDTA
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It seems that there are some functional simi-
larities between our 32 kDa endonuclease (or
the complex nuclease-protein 65 kDa) and the
endonuclease purified from Crithidia fasciculata
[11] which has been suggested to play a role in
replication of kinetoplast DNA, and seems to
be able to recognise specifically the ARS se-
quences from yeast.

In the following paper we tried to evaluate
whether 32 kDa endonuclease is involved in
DNA synthesis.

MATERIALS AND METHODS

Plant material. White bush seeds (Cucurbita
pepo var. patissonina) were surface sterilised in
1% H,0, solution, soaked in water for 2-3 h,
sown in a moist germinating-bed and then
allowed to germinate for 7 days in the dark at
20-24°C.

Isolation of cell nuclei and nuclear matrices.
Preparation and purification of the cell nuclei
was performed as described previously [6]. The
nuclear matrices were isolated from purified
White bush cell nuclei by the method of [12].

DNA electrophoresis. Electrophoresis of DNA
in native conditions was carried according to
[13] using a linear gradient of acrylamide from
3.5% to 8% in TBE buffer (Tris/borate/ EDTA).

Preparations of IgG anti-endonuclease 32
kDa. IgGs anti-endonuclease were prepared by
immunisation of a rabbit with four portions of
32 kDa endonuclease (150 pg of protein each)
at two week intervals. The isolated IgG, recog-
nised in Western blots only the 32 kDa endonu-
clease (1:3000 dilution) [9, 10]. Control IgGs,
were prepared from the rabbit directly before
immunisation.

DNA synthesis in vitro. For the assay of DNA
synthesis in vitro the procedure of [14] was
used. The DNA synthesis in the presence of IgG
was preceded by preincubation of nuclear ex-
tract or cell nuclei with 10 ml of phosphate
buffered saline (PBS) containing IgG for 5 min
at 30°C.

Preparation of samples of DNA to loading on
polyacrylamide gels, When DNA synthesis
was completed the samples were chilled in an
ice bath, then SDS, EDTA and proteinase K
were added to the final concentration of 0.5%,
10mM, 50 pg/ ml, respectively, and the samples
were incubated for 2 h at 50°C. After extraction

twice with phenol, twice with phenol/chloro-
form mixture and once with chloroform, DNA
was precipitated with ethanol and dissolved in
the gel loading buffer (20 mM Tris/HCI, pH 8,
0.5 mM EDTA, 30%, v/v, glycerol, 0.1% bromo-
phenol blue, 0.1% xylene cyanol).

Synthesis of DNA on endogenous nuclear
DNA and separation of the products by gra-
dient polyacrylamide %el electrophoresis. Soni-
cated cell nuclei (8 x 10° ) were preincubated for
5 min with IgG anti-endonuclease (400 pg) or
with control IgG (400 pg). Then cofactors for
DNA synthesis were added and the incubation
was continued for 20 min at 30°C. Next, the
samples were incubated for 2 h at 50°C with
proteinase K, extracted twice with phenol,
twice with phenol-chloroform mixture and
once with chloroform. After precipitation with
ethanol, DNA was dissolved in the gel-loading
buffer and resolved by electrophoresis (3.5%—
8% acrylamide gradient). After electrophoresis
the gel was cutinto pieces (0.5 cm) and radioac-
tivity was counted in BETAmatic. The radioac-
tivity of each piece was expressed as a percen-
tage of the total radioactivity of the lane.

RESULTS

We have reported previously that [gG anti-en-
donuclease inhibits DNA synthesis in vitro and
nicking activity of the nuclear matrix [7]. Since
for the latter activity our 32 kDa endonuclease
is responsible [8] it was interesting to examine
the effect of IgG anti-endonuclease on synthesis
of “total” DNA and DNA bound to the nuclear
matrix.

Generally, literature data are in agreement
that replication origins are located in the se-
quence of bases occupying 30 nm of chromatin
fibres bound to nuclear matrix [1}]. In conse-
quence replication should begin at DNA se-
quences bound to the nuclear matrix and
proceed along chromatin fibers extended from
the nuclear matrix. To check this possibility we
led the reaction of DNA synthe51s in isolated
nuclei of White bush using [PHITTP. After dif-
ferent periods of incubation the amount of
PH]TMP 1nc0rp0rated into DNA was
measured directly in the nuclei or after isola-
tion of nuclear matrix. The direct measure-
ments — so called “total” DNA synthesis —
represents replication of the bulk nuclear DNA,
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while measurements of the incorporation into
DNA bound to the nuclear matrix represents
replication of the DNA which remained associ-
ated with the nuclear matrix after its isolation
[15]. Asshown inFig. 1inthe flrst four minutes
of incubation, incorporation of [ H]JTMP into
“total” DNA and DNA-bound to the nuclear
matrix was the same, After this period, incor-
poration of [ H]TMP into “total” DNA in-
creased with the time of incubation, whereas
incorporation into matrix DNA remained al-
most the same. These results strongly support
the hypothesis that the first regions of repli-
cated DNA are the DNAs bound to nuclear
matrix.,

To investigate the effect of IgG on synthesis of
the “total” DNA and nuclear matrix-bound
DNA we have chosen a suboptimal amount of
IgG anti-endonuclease (50 pg IgG per 1 x 10°
cell nuclei) which does not inhibit significantly
DNA synthesis [8].

As shown in Fig. 2, incorporation of H]TMP
into “total” DNA and matrix-bound DNA in
the presence of IgG anti-endonuclease is the
same in the first four minutes of the reaction but
by about 50% lower than incorporation into the
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Fig. 1. Time dependence of a synthesis of a “total”

DNA and DNA bound to the nuclear matrix.

DNA synthesis was assayed as incorporation of PHITMP
into acid insoluble (5% trlchloroacehc acid) product ac-
cording [14]. Cell nuclei (3 x 10°) were incubated at 30°C.
Empty circles present the incorporation of the PHJTMP
into the “total” DNA (whole nuclear DNA). Black circles
present the incorporation of the ["H]TMP into nuclear
matrix-bound DNA (DNA associated with nuclear matrix
after its isolation). Each data point represents the average
of a minimum of two determinations, each done in tripli-
cate. The standard error of the mean for each data point
was less than 3%.
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Fig. 2. Effect of IgG anti-endonuclease on synthesis
of the “total” DNA and the DNA bound to the
nuclear matrix,
DNA synthesis was assayed as incorporation of PHITMP
into acid insoluble (5% trxchloroacehc acid) product. Soni-
cated cell nuclei (8 x 10%) were preincubated for 5 min at
30°C with IgG (400 ug) anti-endonuclease {black circles
and triangles) or with control IgG (400 pg) (empty circles)
and then cofactors for DNA synthesis were added fol-
lowed by incubation at 30°C for indicated tlme Empty
and black circles present the incorporation of the PHITMP
into the “total” DNA (whole nuclear DNA). Black trian-
gles present the incorporation of the [PHITMP into nuclear
matrix bound DNA (DNA associated with nuclear matrix
afterits isolation). Each data point represents the average
of a minimum of three determinations, each done in tri-
plicate. The standard error of the mean for each data point
was less than 5%.

“total” DNA in the presence of control IgG. At
]onger periods of incubation, incorporation of
[ H]TMP into the “total” DNA in the presence
of IgG anti-endonuclease as well as control IgG
is the same and increases with the incubation
time, whereas incorporation of the [3I-I]TMP
into nuclear matrix DNA in the presence of IgG
anti-endonuclease remains stable or even
slightly diminished. This suggests, that IgG
anti- endonuclease in such an amount (50 pg
IgG per 1 x 108 cell nuclei) is able to inhibit
temporarily DNA synthesis, and that the pro-
cess of this inhibition is localised in nuclear
matrix or nuclear matrix-bound DNA. It
should be pointed out that the hlgher amounts
of IgG (> 150 pg IgG per 1 x 10° cell nuclei)
irreversibly diminished DNA synthesis both in
the “total” DN A and the DN A bound to nuclear
matrix [8].
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IgG anti-endonuclease influence the size of new-
ly synthesised DNA fragments

To evaluate whether IgG anti-endonuclease
has any effect on the size of newly synthesised
DNA fragments we carried out the following
experiments. Cell nuclei were premcubated
with IgG anti-endonuclease (50 pg per 1 x 10°
cell nuclei) or with control IgG and then all
cofactors for DNA synthesis were added and
the reaction was carried out for 20 min at 30°C.
Then we analysed the products of the DNA
synthesis by polyacrylamide gradient gel elec-
trophoresis under native conditions.

As shown in Fig. 3, in the control experiments
the highest radioactivity was found in the piece
of the gel laying at 4.5 cm from the start. This
distance represents the migration of the DNA
of about 200 bp what would suggest that the
radioactivity come from the Okazaki frag-
ments. Treatment of the cell nuclei with IgG
anti-endonuclease resulted in generation of
DNA fragments with higher molecular weight
than that from the control nuclei and the high-
est radioactivity corresponds to the size of
about 450 bp.

In Fig. 4 we show the results of a similar
experiment. The only difference was that plas-
mid pBR 322 DNA was added to the preincu-
bation mixture. Also in this case we observed
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Fig. 3. Polyacrylamide gel electrophoresis (3.5%-
8% acrylamide gradient) of products of DNA syn-

thesis on endogenous nuclear DNA.

Sonicated cell nuclei (8 x 10°) were preincubated for 5min
with IgG anti-endonuclease (400 pg) (black bars) or with
control IgG (400 pg) (white bars). Then cofactors for DNA
synthesis were added followed by incubation for 20 min
at 30°C. Further procedure as described in Materials and
Methods. Each data point represents two determinations,
each done in triplicate. The standard error of each data
point is less than 5%.
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Fig. 4. Polyacrylamide gel electrophoresis (3.5%—
8% acrylamide gradient) of products of DNA syn-
thesis in sonicated cell nuclei with plasmid pBR 322
DNA.

Sonicated cell nuclei (8 x 10°) were preincubated for 5 min
with IgG anti-nuclease (400 pg) (black bars} or with con-
trol IgG (400 pg) (white bars) in the presence of 5 ug DNA
PBR 322. Further procedure as described in Materials and
Methods. Each data point represents two determinations
each done in triplicate. The standard error of each data
point is less than 5%.

generation of longer DNA fragments when cell
nuclei were incubated with IgG anti-endonu-
clease. The highest peak of radioactivity in Fig,
4 corresponds to the length of pBR 322 DNA in
the gel.

DISCUSSION

We reported previously that, in phytohor-
mone-treated cells, nuclear matrices were en-
riched in 32 kDa endonuclease [6, 7] and that
this enzyme in complex with 65 kDa protein
was responsible for specific nicking activity of
the nuclear matrix [8, 3]. We also demonstrated
that IgG anti-endonuclease inhibited DN A syn-
thesis in vitro [8].

Recent literature data suggest, that DNA frag-
ments bound to nuclear matrix (especially SAR
or MAR DNA) have at least a structural func-
tion in organisation of DNA; some authors also
suggest a very important role of DNA frag-
ments bound to nuclear matrix in the replica-
tion origin and regulation of DNA expression
[1, 2]. In the present study we evaluated
whether endonuclease itself or complexed (viz

" 65 kDa protein) with nuclear matrix takes part

in the process of DNA synthesis. The effect of
temporary inhibition of DNA synthesis by the
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low amount of IgG anti-endonuclease (50 pg
IgG per1x 10° cell nuclei) and the fact that this
inhibitory effect concerns only synthesis of the
matrix DNA (DNA bound to the nuclear matrix
after its isolation) strongly support our hypo-
thesis. The latter seems to be supported also by
generation of longer DNA fragments by IgG
anti-nuclease in comparison to control IgG. It
should be pointed out that at higher amounts
of IgG anti-32 kDa endonuclease (150 pg per 1
x 10° cell nuclei) we observed that the DNA
synthesis was irreversibly diminished.

Our hypothesis is based on the fact that 32
kDa endonuclease is tightly associated with
nuclear matrix via 65 kDa protein [8, 9] and is
able to recognise and bind to the SAR DNA [10,
16]. In this model 32 kDa endonuclease
together with 65 kDa protein may be a compo-
nent of a larger protein complex bound to the
DNA and fixing DNA (chromatin) loops in nu-
clear matrix skeleton structure by interactions
with SAR or MAR sequences of the DNA. The
sequences of the replication origins are located
in nuclear matrix-associated DNA (which re-
mained associated with nuclear matrix after its
isolation) and replication complexes are also
associated with nuclear matrix just behind the
bases of the DNA loops fixed on the nuclear
matrix. Therefore, we suggest that IgG anti-32
kDa endonuclease covering protein complex
fastening of the DNA loops in the nuclear ma-
trix disturb a movement of the replication fork
or a movement of the DNA through the repli-
cation complex. This disturbance disappears
when the DNA localised in the DNA (chro-
matin} loops undergoes the replication process.
This hypothesis is under further investigation
in our laboratory.
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