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THE PHYSIOLOGICAL SIGNIFICANCE
OF NUCLEAR DNA STRUCTURAL DOMAIN DISINTEGRATION:
EVIDENCE FOR NON-RANDOM DNA DOMAIN CLEAVAGE

We examined the pattern of ordered high molecular weight DNA cleavage in plant
tissues showing diverse proliferative status or differentintion level, as well as fhat in
human cultured lymphoblastoma cells during serum starvaotion. It was demonsirated
that in quiescent or differentiated tissues there occur increased high molecular weight
DNA cleavage, with the cleaved DNA domains being distinet from non-cleaved ones by
the genome scquence composition. Lymphoblastoid cell culturing in serum-free medium
was shown fo be accompanied by progressive accumulation of high moleculer weight
DNA [Jragments which is rapidly decreased afler serum addition. Transient increase
in high moleculor weight DNA fragmentation was found to accompany by temporal
changes in C-myc sequence localization within cleaved DNA  domains. The resulis
oblained suggest that ordered disintegration of nuclear DNA inio high molecular weight
DNA fragmenis may present the specific genome reaction accompanying the physiolo-
gical changes in the cells gnd may be presumably implicated to reprogramming of gene
expression.

Introduction. Previously we showed that the treatment of agarose-em-
bedded nuclear DNA preparations with protein denaturants resulted in
appearance of two main types of nuclear DNA fragments sized about
50—100 and 250—300 kb, which proved to be unityped for various euka-
ryote representatives [1]. Consistent with our early data as well as tho-
se of other investigators the DNA fragment observed may be ascribed
to the nuclear DNA loop domains cleaved by topoisomerase II [1—3].
Recently the similar pattern of high molecular weight (HMW) DNA
fragmentation was demonstirated at the early steps of apoptosis [4—7]
and upon stress influences (Solov'yan and Andreev, previous communi-
cation), thus suggesting that enhanced cleavage of nuclear DNA struc-
tural domain may be of physiological value.

In the present report we demonstrate that the pattern of ordered
HMW/DNA cleavage depends on the tissue proliferative activity and
(or) diiferentiation level, and provide evidence suggesting the non-ran-
dom DNA structural domain cleavage.

Material and methods. Cell lines and culture conditi-
ons. Maize seedlings, intact plants and cultured cells of Rauwolfia ser-
pentina and haman lymphoblastoma cultured cells (line CEM) were used
for these investigations. CEM cultured cells were routinely incubated in
RPMI 1640 medium supplemented with 10 % fetal calf serumn (FCS) in
an atmosphere of 95 % air, 5 % CO. to give a final suspension of (2—
5) - 106 cells/ml.

Preparation of DNA samples to FIGE fractiona-
tion., Nuclei from plant tissues were prepared according to the proce-
dure by Smith and Berezney ![11] with modifications as follows. The
pellet of nuclei was obiained by homogenization of tissues in cold-ice
isolation buffer (50 mM Tris-HCl, pH 8.0, 10 mM EDTA, 0.3 M manni-
tol, 0.1 % BSA (pental fraction), 4 mM 2-mercaptoethanol}.

After filtration and cenirifugation (1000Xg for 15 min) the pel-
let was resuspended in the same buffer and layered on 2.2 M sucrose
prepared in isolation buifer. After the nexf centrifugation (80.000Xg
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for 2 h)) the pellet of purified nuclei was washed in isolaiion buffer
followed by addition of equal volume of 19% low-meliing agarose, The
suspension of nuclei was placed in inserts of 2 mm tihickness, cooled up
to gelation and equal volume of 1 % sarcosyl or SDS was laycred fol-
lowed by incubation for 1—24 h at 35 °C, .

200 pl suspension of cultured CEM cells (2:10° cells/ml) were pla-
ced into the well of cell culture platle followed by addilion of equal vo-
lume of 1Y% low-melting agarose prepared on TEN-buffer (10 mM Tris-

Fig. 1. The  patlern of high
molecular weilt DNA  frag-
meitation in plant lissues sho-
wing diverse proliferation sta-
lus or  diifercntiation  Jevel:
A — The palern of ordered
nuctear DNA cleavage in Zew
mays seedlings (/ — apical rool
meristematic  tissues; 2 — the
rool lissnes  withont  meri-
stem); B — The paltern of

ordered nielear DNA cleavage
in Crepis  caepitluris  (1—7-
days old scedlings, 2 — meso-
phyll leaves;; € — The patiern
of ordercd nuclear DNA clea-
vage in Rouwolfia  serpenting
(f--leaves of intact piants;
2 —cultnred cells)

HCI, pH 7.5, I mM EDTA, 150 mM NaCl). After gelation the equal volu-
me of lysing buffer (TEN41 % SDS) was layered followed by incuba-
tion for 1 h at 37°C. Agarose plugs containing the lysed nuclei or cells
were used for analysis by agarose gel electrophoresis.

Gel electrophoresis. Lysed cell preparations were fractio-
nated either by conventional or field inversion gel electrophoresis
(FIGE) to detect the pattern of nuclear DNA cleavage. Conventional gel
electrophoresis was carried out in 1 % agarose at 50 V for 4—5 h using
0.5XTBE buffer (0.089 M Tris, 0.089 M boric gcid, 0.002 M EDTA,
pH 8—8.5). FIGE was performed in 1 % agarose at 8 V in 0.5XTRE
buffer under constant pulses of electric field (24 s «forward» and 8 s
«backward») allowing to monotonous resolution of DNA molecules si-
zed up to 500 kb [12]. After electrophoresis the gel was stained with
1 pg/ml ethidium bromide for 10 min, viewed using an UV transillumi-
nator and photographed using Mikrat 300 film,

Blothybridization analysis. After fraclionation of aga-
rose-embedded nuclear and cellular preparations by gel-electrophoresis
DNA was transferred to nylon membrane by Southern capillary transier
technique, and hybridized with 3%P-labelled probes as described by Ma-
niatis et al. [13}. After hybridization membranes were incubated iwice
with 2XXS8S8C containing 0.1 % SDS at 65°C for 30 min followed by in-
cubation with 0.2XS8S8C at 65°C for 10 min (IXXSSC: 150 mM NacCl,
15 mM Na; citrate), Air dried membranes were wrapped in Saran Wrap
and autoradiographed at 30 °C for 1—7 days.

Results and Discussion. The data presented in Fig. 1 demonstrate
the pattern of ordered HMW-DNA cleavage in plant tissues showing
various proliferative activities or differentiation level. As evidenced from
the data in all cases under study there is a tendency {o enhanced HMW-
DNA fragmentation in quiescent or terminally differentiated tissues re-
vealed as a changed proportion between the two types of DNA {ragments
towards 50—100 kb fragments increase, These data suggest that the pat-
tern of HMW-DNA cleavage depends on physiological status of tissues
and may be associated with the processes of cell growth and deve-
lopment.
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Data presented in Fig. 2 show that the «cleaved» DNA domains in
plant tissues seem to differ from «uncleaved» DNA by the content of so-
me genomic sequences. Thus, notwithslanding that both lypes of «clea-
ved» DNA fragments sized 50—100 and 250—300 kb as well as «non-
cleaveds DNA to be left on the slari share common genomic sequences,
rDNA sequences in lhe genome of cullured plant cells are preferentially
localized within the noncleaved DNA and in 250—300' kb fragments, and
entirely absent within 50—100 kb fragments (Fig. 2, B). In the intact

Fig. 2. Nou-random high mole-
cular weight DNA  cleavapge in
plaut lissues. Agarose embedded
nuclear preparations of R, serpen-
{ing cultured cells (f) and intact
olant leaves (2) were treated with
SDS and fractionated by FIGE.
Agarose plugs containing nonclea-
ved DNA lIcit on the start were
melted and DNA was isolated by
slandard procedure: A — The pal-
lern of nuclear DNA  cleavage;
8 — the hybridization of cleaved
DNA  domains (top panels} and
isulated noncleaved DNA  with
“2Polabelled rfDNA; € — The saunle
hybridization  with  *¥P-labelled
total DNA

plant genome, however, the above sequences disappear from the «non-
cleaveds DNA and are localized within fragments of 50—100 kb
(Fig. 2, B).

As evidenced from the daia presenied in Fig. 3, the incubation of hu-
man lymphoblastoma cullured cells (line CEM) in serum free medium

W enu

Fig. 3. Temporal re-localization of
c-miye sequences  within  cleaved
DNA  domains in culiured CEM
cells during  seruin starvation.
Cedls  were incubated in serum
free medium (=) for the time
i) indicated at the top of figure.
After 24 h of incubation serum
was added followed by incubation
in seruni soupplemented  nledium
{34 for the time indicated in the
figure. Following ineubation cells
were ciibedded into aparose, irea-
led with SD% and fractionated hy
convenlional gel-clecirophoresis:
A — The {ime course of nuclear
DNA cleavage; B — The hybridi-
- zation of cleaved DNA with 32P-
i labelled c-mge ‘sequences

s accompanied by the progressive formation of HMW-DNA Iragments
to be rapidly declining following serum addition. Besides, fransient en-
hancement of HMW-DNA cleavage during serum starvation is accom-
panied by the temporal changes in ¢-myc sequence localization between
«cleaved» and «noncleaved» DNA. Thus, with serum present and during
the early sleps of serum starvation c-myc sequences were detected within
the «cleaved» DNA domains despite that the relalive proportion of {hese
domains appeared 1o be negligible. As lhe slarvation proceeded the pro-
portion of «cleaved» domains rose, however, ¢-mye sequences proved un-
detectable in these domains. Finally, upon serum addition the partial
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reduction in «cleaveds DNA took place with the sequences lesied being
re-localized within «cleaveds domains.

The data presented so far show that the formation of HMW-DNA
fragments depends on the physiological status of the tissues, occurs in
cells subjected to the stress challenge, and seems to be of non-random
occurrence. This allows us fo interpret the ordered disintegration of nuc-
lear DNA as the specific genomic reaction reflecting physiological chan-
ges in the cells.

The data reported recently [4—7] demonsirated that the process of
programmed cell death is accompanied by the formation of HMW-.DNA
fragments sized 30—50 kb or more, which precedes apoplosis-specific
internucleosomal DNA fragmentation. In previous communication we
showed that enhanced HMW-DNA cleavage occurs in apoptotic cells
and in those subjected to stress challenges (Solov'yan and Andreev, Bio-
polymers and Cell, previous communication).

In this study we showed that ordered cleavage of nuclear DNA inlo
high molecular weight fragments naturally occurs in normal tissues with
the pattern of fragmentation to be correlating with the physiological
status of the cells. In addition, we showed that enhanced HMW-DNA
cleavage accompanies the physiological changes in cells during serum
starvation and may be of transient nature. These observations suggest
that ordered disintegration of nuclear DNA seems {o accompany the va-
rious cell programmes, including apoptosis, siress response, and may be
implicated to the processes of cell growth and development.

Our interpretation of ordered HMW-DNA cleavage is based on pre-
viously obtained data showing that nuclear DNA structural domains are
involved in functioning topoisomerase II/DNA complex with its ability
{o mediate the cleavage/religation equilibrium reactions [14]. In lerms
of functioning DNA/topoisomerase complex the ordered disintegra-
tion of nuclear DNA may be inferpreted as DNA structural domain
fransition from noncleavable to cleavable state mediated by {opo-
isomerase 11. _

Our results indicate that the «cleaved» nuclear DNA demains may
differ from «uncleaved» DNA by content of some genomic sequences. Mo-
reover, we showed that the transient formation of HMW-DNA fragments
during serum starvation is accompanied by the temporal changes in lo-
calization of c-myc sequences between «cleaveds» and «noncleaved»
DNAs. These data may imply that during various physiological events
there may occur differential cleavage of DNA domains. In other words
in response to the particular type of challenge not speradic but the spe-
cific set of DNA struciural domains mayv be involved in turnover bet-
ween «cleaved» and <«noncleaved» state. In this connection the guesiion
arises: what is implication for presumable differential cleavage of nuc-
lear DNA domains?

C-myc sequences as is well documented represenl the family of so-
called immediately early response genes capable for reprogramming fhe-
ir expression under the effect of a wide variety of influences including
serum starvation (for references see [8]). One can neol exclude, there-
fore, that transieni changes in localization of these sequences within
«cleaved» domains may reflect the cell genome response to serum defi-
ciency, associaled with reprogramming of c-myc gene expression.

To summarize above stated one may conclude that the changes in
the integrity of nuclear DNA detectable as an altered pattern of ordered
HMW-DNA cleavage are of physiological value and may present speci-
fie cell reaction associated presumably wilh reprogramming of genome
expression.

This study was supporied in part by Grant of Fund «Fundamental
Research» of State Commitiee of Science and Technology, project 5.3/140.
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B. T. Conoa'sn, {. Q. Audpece

®I3IOJIOTMHE 3HAYEHHS JE3IHTECPAILLIT
CTPYKTYPOBUX HOMEHIB AAEPHOT JHK:
CBIJYEHHSA HEBHITALKGBOTCO PO3IUEIVIEHHA JOMEHIB JHK

Pesome

B poGori zoeainxysann xapaktep KpynroGaounol dparMentamii y TKaHMHaX DOCAMH 3
pianum nposidrepaTHBHHM CTATYCOM i cTyMeHeM JAM(bepeHR{lOBAHHA, 8 TAKOX ¥ KyabTypl
niMdpobracToiAHHX KAITHR MOAERA ¥ BiacyrHocTi cupobaThH. Floxasawo, o fAA TKaHEH
¥y ¢Tani cnokew a6o AndepeHnifoBaHHX TKAHUE XapakTepPHO NOCHAeHe (OPMYBAHHA BeaH-
KHX parmerris. Ilpn nnhomy paswennedi xoMenu saepol JHK nigpisusiorses Big ne-
po3nlenfennx 3a CKNAAOM TFeHOMHUX nocaigosnoctedi. Kyasrtupyeanua nimdobaracTolpannx
KAiTHH ¥ cepesobHuli Ge3 CHPOBATKH CYNPOBOAIKYETBCH NPOTPECHBHHM 3POCTAHHAM Kpyol-
nofnourel $parMentanii, mxka UIBRAKO 3MEHWYETHCH B 3aJeXHOCT] BiA AONABaRHA CHPO-
BaTkH. Kpim Toro, TpaHsuTHe DOCWIeHHA KpynHoOaquuo! dparMenTanii BHKAHKAE 3MiRy
nokanizanii nocaixopmocTell vy PoIMIERJIeBHX TOMEHaX.

OTpumani pesyNbTATH BK23VIOTH Ha Te, Mo MoZadixkauia HatHpHocT aoMenis maep-
noi JIHK, smxa nposmBameTsCy y pisHoMY xapakrtepi KpynHOGaounol dparmenTanil, mMome
ABIATH cobolo cnenHdiuHy reHOMHY peakuio, 1Mo CYRPORORAXYEThCA disloforinHaMe ami-
Hamu, Aki BinbyesawTecs y KJAiTHHAX, i MaTH BiAHOIIEHHA A0 NEPEUPOrpaMyBaHHA IeHOM-
Hoi excripecit, : '
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