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ABSTRACT. Thedependence of themobility of threedifferent sDNA oligomer s(Citruslimon, Poncirustrifoliata
and Musmusculus) on temper aturein PAAG hasbeen investigated. The dependence of mouse stDNA dimer’sK-
factor on temperaturehaschair-likeform. First it decreasesin 5-25°C interval, reaches aplateau at the 25-35°C
interval, and finally decreasesat 45°C. Themonomersof lemon and P. trifoliata are splitting into two components
at 5°C (181 and 186 bp). In the case of P. trifoliata they are presented in equal amount; in the case of lemon —the
fast moving component islessthan half. The same process occur sin the case of mouse ssDNA monomer at 45-55°C
(234 and 240 bp). Theamount of retarded component isabout 10%. It wasshown for thefirst timethat in certain
conditions stDNA moleculesin solution may exist simultaneously in two - bent and straight forms. © 2007 Bull.

Georg. Natl. Acad. <ci.
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Satellite DNAS(stDNA) represent tandemly arranged
repeating sequences of nuclear DNA. This fraction of-
ten gives a separate peak in the CsCl density gradient
[1,2]. It was shown by in situ hybridization that satellite
sequences are located in the centromeric heterochroma-
tin of chromosomes. StDNAs of different organismsdif-
fer by thelength and GC-content of repeating sequences.
They are not expressed by forming of RNA and protein.

Repeating units (monomers) of stDNA usually con-
tain bends, which are provoked by the long adenine
stretchesin molecules[2]. Thefirst experimental proof of
anomalous gel migration of bent stDNA was obtained for
490 bp long DNA fragment of Leishmania tarentolae[3].
ThisDNA fragment migrated anomal ously slowly in poly-
acrylamide (PAAG) gel at low temperature. In agarose
gel this DNA-fragment migrated according to its actual
length. Thetreatment of mammalian cellsby AT-specific
drugs (Hoechst 33258 or DistamycinA), which straight-
ens the curvature, causes the decondensation of centro-
meric heterochromatin [4]. At theincreasing of PAAG
temperature up to 60°C the bent molecules migrate ac-

cording to their actual length [5]. Anomalous migration
ischaracteristic of several animal SDNA [6]. It wasdem-
onstrated that 16 AT-rich centromeric DNA of yeast (Sac-
charomyces cerevisiae) also display retarded electro-
phoretic mobility [7]. The bends were observed also in
GC-richstDNA oligomersof Citrusspecies[8-10].

The presence of the bends in monomers of SDNA
support the formation of solenoid-liketertiary structurein
long sDNA molecules[11-13]. Thisstructurewastermed
ascoiled double helix - CDH-form[8]. It was assumed that
CDH-form provides the basic function of stDNA - con-
densation of constitutive heterochromatin [1,8,9].

The aim of the present study was to determine the
character of bendsin mouse (Mus musculus) AT-rich and
Citrinae plant (Poncirus trifoliata, Citrus limon) GC-
rich stDNA. The comparison of the migration anomaly
as afunction of temperature was carried out.

Mouse stDNA is one of the most thoroughly stud-
ied molecule. It represents 9% of the nuclear genome.
234 bp long monomer consists of 12 A-rich tracts (n=5-
6). The GC-content of these moleculesis36% [14].

© 2007 Bull. Georg. Natl. Acad. Sci.
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Citrinae plants are also very suitable models for
study of stDNA. In these plants stDNA represent ap-
proximately 20% of the genome. Most monomersare 181
bp long and contain five A-rich tracts. GC-content of
these DNA molecules varies between 60-68%, which is
significantly higher than the average GC-content of the
Citrinae genome [10].

DNA isolation and restriction analysis. Theisola-
tion of nuclear DNA from mouse liver and young leaves
of Citrinae plants was performed according to Beridze
[15]. Liver and leaves were homogenized in 0.5 M su-
crose, 0.005M EDTA, 0.05M Tris-HCI pH 8.0. Homoge-
nate was centrifuged at 1000g for 20 mintoyield nuclei.
The nuclear pellet wasdissolvedin 0.15M NaCl, 0.1 M
EDTA, 0.2% SDS (Sodium dodecyl sulphate), pH 8.0,
incubated at 60°C 10 min. Further procedure of DNA
isolation was described in detail earlier [15].

To obtain SDNA oligomers DNA samples were par-
tially hydrolyzed by restriction endonucleases. Mouseliver
nuclear DNA was hydrolyzed by Sau96 | restriction endo-
nuclease (BioL abs). 10 units of enzyme were added to 5ig
DNA and incubated at 37°C for 30 min. Citrinae plant’s
nuclear DNA was partidly hydrolyzed by Sy | restriction
endonuclease (Promega). 1.6 units of enzyme were added
to5ig DNA andincubated at 37°C for 30 min.

SDNA analysis on agarose and polyacrylamide
(PAAG) gels. Agarose gel-€lectrophoresis was carried
out on ahorizonta plate (10 x 20 x 0.3 sm) of 2% agarose
at room temperature in standard Tris-acetate buffer, pH
8.3[16]. Gelswere stained by 1 i g/ml of ethidium bro-
midesolutionfor 10minand photographed with Chroma
43transilluminator (Helling).

5% PAAG electrophoresiswasperformedinalLKB
apparatus at different temperaturein aTris-borate buffer,
pH 8.3 at 135V. Theduration of electrophoresisvaried
according to the gel temperature.

The molecular weight of DNA fragments was deter-
mined according to Southern [17]. The deviation from
standard mobility - K-factor was determined astheratio
of apparent length to the actual length. The value of K-
factor for normally migrating fragmentsis one; for re-
tarded fragments - more than one. The experimental error
of K-factor determination was+0.01.

Computation of sDNA tertiary structure. Consen-
sus sequences of lemon and P. trifoliata SsDNA mono-
merswere cal culated by averaging the sequences of each
of 11 monomer clones[10]. The computation of two-di-
mensional projection of mouse and citric plant SsDNA
tertiary structure was performed by computer program
“DNACurve’ [18].

Resultsand Discussion

For theidentification of sDNA oligomersthedigests
of mouse and Citrinae plant DNA were subjected to
electrophoresis in 2% agarose gel at room temperature.

Bull. Georg. Natl. Acad. Sci. Vol. 175, Nol, 2007

Fig.1. Electrophoresis of mouse, lemon and P. trifoliata sStDNA
oligomers in 2% agarose gel. a - P. trifoliata; b - lemon; ¢
- 100 bp DNA ladder (Promega); the 500 bp band is
present at triple intensity; d - mouse.

Fig.1 representsthe distribution patterns of satellite DNA
oligomersin the agarose gel.

Determination of DNA fragments (oligomers) length
and its K-factor value shows that each DNA fragment
migratesin agarose gel in accordanceto itsactual length.
In particular, the monomers of lemon and P. trifoliata
migrate as 182 bp long molecule (K=1.0) and thedimers
as 363 bp (K=1.0). The length of mouse monomer was
detected as 237 bp long fragment (K=1.01) and the length
of dimer - 470 bp (K=1.01).

Themobility of mouse sDNA monomer (234 bp) and
dimer (468 bp) in a5% PAAG at different temperature (5-
55°C) wasinvestigated. Fig. 2 represents the migration
pattern of mouse tDNA monomer at 5°and 45°C in a5%
PAAG where the obviousretardation of the monomer at
5°C in comparison to 45°C isobserved.

Dependence of K-factor on temperature has achair-
likeform. Fig. 3 showsthat K-factor’svalue decreasesin
the 50-25°C temperature interval, remains amost un-
changed intheinterval of 250-35°C and decreasesto the
final value of 1.02 at 45°C.

Fig. 2. Electrophoresis of mouse stDNA monomer in 5%
PAAG. 1 - 5°C; 2 - 45°C. a — mouse stDNA monomer;
b - 100 bp DNA ladder (Promega).
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Fig. 3. The temperature dependence of K-factor’s value of
mouse stDNA dimer.

The temperature dependence of K-factor of mouse
stDNA monomer practically coincides with dimer curves.

During electrophoresis of mouse stDNA oligomers
intermediate thin lines (retarded) above each of the main
DNA oligomer ladder were observed at elevated tempera-
ture (above 45°C). The amount of the retarded compo-
~ nent is approximately 10% of the main component.

For a detailed examination of this phenomenon the
study of mobility at 2°C temperature increment intervals
from45°to 55 °C was carried out. It was observed that at
the temperature interval 0of45° - 55°C mouse stDNA mono-
mer splits into two components. At 45°C the distance be-
tween the monomer’s thin (retarded) and thick lines are
increased with elevation of temperature by each centigrade.
The maximal distance between them was observed at 55°C.
At 45°C the fast moving component (thick line) migrated
as a 245 bp long molecule (K=1.05). The retarded compo-
nent (thin line) migrated as a 256bp long molecule and its
K=1.09. At 55°C the K-factors of fast moving and retarded
fragments is 1.02 and 1.08 respectively - (Fig. 4).

a b

Fig. 4. The monomers of mouse stDNA in 5% PAAG at 55°C.
a - 100 bp DNA ladder (Promega), b — mouse stDNA
dimer.

It can be proposed that at elevated temperatures oli-
gomers of mouse stDNA may exist simultaneously in two
- straight and bent (retarded) - forms.

Like the mouse stDNA the anomalous gel migration
was also detected for the lemon and P. trifoliata satellite
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sequences. But there are specific differences between
them. In the case of both plants the monomers were
splitted into two components at low temperature (5°C)
(Table 1, Fig. 5). In the case of P. trifoliata they are repre-
sented in equal amount; in the case of lemon — the fast
moving component is less than half. The length of re-
tarded fragments of lemon and P. trifoliata are 184 and
186 bp respectively. The length of fast moving compo-
nents in both plants is 181bp, which coincides with the
monomers mobility in agarose gel. At an elevated tem-
perature the retarded components disappear. The retarded
component of lemon disappears at 25°C, and in the case
of Ptrifoliata - at 45°C. At this temperature the mono-
mers are migrated as normal 18 1bp fragments.

1 2

Fig. 5. The monomers of P. trifoliata (1) and lemon (2)

StDNA in 5% PAAG at 5°C.

It can be proposed that satellite sequences of mouse
and Citrinae plants have same properties and in some
conditions in solution they simultaneously may exist in
bent and straight forms. Principal differences between
them is the following: the bent and straight forms of plant
GC-rich monomers can be observed at low temperature
(5°- 25°C for lemon; 5°- 45°C for P.trifoliata); the bent
mouse AT-rich stDNA oligomers are more stable and their
straightening begins only at elevated temperature (45°-
55°C). At these temperatures the full straightening of
mouse stDNA oligomers cannot be observed. This phe-
nomenon can be explained by nucleotide sequence of
the investigated molecules — the plant stDNA oligomers
are less bent than mouse oligomers.

The dependence of stDNA oligomer’s electro-
phoretic mobility on temperature can be explained by
analysis of the tertiary structure of these molecules.
Wheeler’s computer program - “DNACurve”, which is
based on Ulanowski-Trifonov’s wedge model [18,19], was
used to construct two-dimensional projections of tertiary
structure of mouse and Citrinae stDNA oligomers (Fig.7
and 8). The consensus sequence of stDNA monomer of
lemon and P. trifoliata was received by averaging each
of 11 clones sequenced by Fann et al [10] (Fig.6). The
length of monomers is 181 bp. The stDNA monomer of
lemon contains four adenine rich stretches. There are

Table 1
The length of stDNA monomers in 5% PAAG at different temperatures
Temperature Mouse P. trifoliata Lemon
5°C 282 186/181 184/181
45°C 256/245 181 181
55°C 253/239 181 181

Bull. Georg. Natl. Acad. Sci. Vol. 175, Nol, 2007
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a
cttggtgggtggcgtgggcgaagttcgtccgecgggactcggaatggeccccagacttggecgageggcectcece

78 107
gtgtgccaaaaataggccacgggcacagccgcgcecccaaaaatcagecceccgaaggtcecggggtecccaagac
161
cccccagcggé%]aaatggccaaaaaacgggtgggctatagc

b
cttggtgggggggtggggcgaagttggtccgccggactcggaatggggcgcaactttgecgageggectece

107 136
gtgtgcccgagggatgccccgggecacagccgecgcccaaaaacgagcgeccgaaggcecceecgteccaaaa

151 160
ccccccagcggaaaagggccaaaacagggggtgggcectatage

C
20 27 37 45 66
ggacctggaatatggcgagaaaactgaaaatcacggaaaatgagaaatacacactttaggacgtgaaata

78 85 95 103 136
tggcgagaaaactgaaaaaggtggaaaattagaaatgtccactgtaggacgtggaatatggcaagaaaac

143 153 161 182 192 200
tgaaaatcatggaaaatgagaaacatccacttgacgacttgaaaaatgacgaaatcactaaaaaacgtyg

210 219

aaaaatgagaaatgcacactgaa

Fig. 6. Consensus sequences of lemon (a), P. trifoliata (b) and mouse (c) stDNA monomers.

Fig. 7. Two-dimensional projection of Citrinae plant stDNA
tertiary structure. 1 - Monomer of lemon stDNA. 2 -
Monomer of P. trifoliata stDNA.

five adenine residues at the position 78, 107 and 151 po-
sitions and six adenines at the position 161. The stDNA
monomer of P. trifoliata contains four adenine-rich sites.
There are four adenine residues at the position 136,151
and 160. The position 107 contains five adenines.

In Fig. 6 the 234 bp long sequences of mouse stDNA
monomer are also presented [14]. This sequence con-
tains six sites with three adenine residues (45, 66, 103,
161,192,219), 8 sites with four adenines (20,27,37,78, 95,
136, 143, 153), three sites with five adenines (85, 182,210)
and one site with six adenines (position 200).

The chair-like curves of the temperature depen-
dence of electrophoretic mobility of oligomers can be
explained by analyzing the two-dimensional projections
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Fig. 8. Two-dimensional projection of mouse stDNA monomer
tertiary structure.

of their tertiary structure. In the case of all three organ
isms two essential bends in the monomer can be ob:
served. It can be proposed that the increase of tempera
ture up to 20°C partially straightens bent molecules (pos:
sibly one of the bend is straightening) and retardatior
in PAAG decreases. Further elevation of the tempera:
ture to 35°C does not change the molecular structure
At 45°C the full straightening of molecules occurs anc
the molecules migrate in accordance with the actua
length.

This is the first report of a simultaneous existence o
stDNA oligomers in two forms - straight and bent. Con-
formational isomers of curved pBR222 restriction frag:
ments by PAAG were described earlier [20].



80 Tengiz Beridze, la Pipia

aomjoaob

6°Q°Q'35332’° Boéago@)ﬁﬁ) QGB-'ao
). 68&)083*, 0. (BO(BOO**

339 oo 0, b. ododols domJodools @5 dom memmaool o 0 0, mdoevolo
* J QJH b (7314) b Qgﬁg dodols 4 dools @ 4 A9, b 008 b 51}(_@ & 4 I b
S, Q?Uﬁ)aogndol) Bomjoanolw @9 5nmé(f]j5m,q7maoolj ogbénégéo, m&og}olm

aah%gogob Lsdo 3.)51553&33&2]Q0 Boéago&gﬁ)o Qsa—o'ls (Citrus limon, Poncirus trifoliata ©o Mus
musculus) mggoamaatf‘)a&ols 6360;30)601& Qoamdogga&z]ggaabb (5333360(5‘363%3 3mg200 dﬁoQéaoQoB 339’2’30. 0).)83015
B&—Qsa—tﬂs mgoamaaﬁabtﬂs K—t‘r}sﬂémf)ob éaﬂSaﬁ)o&ﬁﬁo‘ba ;\oaﬂm anabz]Qabo'ls 363@[5 .);]315 B%&ﬁ)dgobaaﬁm
t{;mﬁaé. K-tg)ﬂ@mﬁol& BOQOQ;] 3(306Q3256 5-25°C-ols 06(53636@'30, '838"\’36 -)Qoso'aﬁa&s 3;{)0&(') 25-35°C-ols
05(5363.5;3'80 Q5 '333;\030030 '333(30(‘)33.) 4-5°C—153. Qoamﬁols.) Q5 P. trifoliata-1 B&—Qsa—ols 3(*)500335)0 5°C—%3
0gmaepd 2] dm33m535®0;\\: (181 5 186 936) P. trifoliata-1 '33300153330'30 dsoo 5)-)(');235(')30 Qéébggmabom
36535609, 'bmgmm Qoﬂm&)'ls '333mb3330'30 BVﬁ)a(‘r}s;\o 3(*)86.)30 dm33m635®o'ls 5).)(*);335(*)6.) 5.51‘)330(4)%3 Eoégaboo.
053300 b-g63-0b mberdgthol ot grd3mbgbor ogmgs (234 s 240 §f) brgds 45°C-bg. Bgss9dmmo
Ja(‘m;gmbo’ls 35(*)53 dm33m535®0b ﬁ)omQaﬁmbo mﬁ)o&] 3(03300636&015 :xoa‘aﬁm ﬁ)am;t\)asm%ols Qb.)’bgmabom 10%-b
'33.)Q33615. 306339{2.&;\\: 0550 5.)5335330, Aeod 15&-;\\:53-015 3(')9'236'3;:2360 3"663339:’ 306@333’30, bLbséHdo

REFERENCES

1. T. Beridze. Satellite DNA, Springer Verlag. 1986.

2. V. Hemleben, T.G Beridze, L. Bachmann, A. Kovarik, R. Torres. Russian Advances in Biochemistry, 43, 267-306, 2003.
3. J.C. Marini, SD. Levene, D.M. Crothers, P.T. Englund. Proc. Nat. Acad. Sci. USA, 79, 7664-7668, 1982.

4. M.Z. Radic, K. Lundgren, B. Hamkalo. Cell, 50, 1101-1108, 1987.

5. S Dieckmann. In: Nucleic Acids and Mol.Biology, (F.Eckstein, D.J.M.Lilley eds) Springer, 1, 138-156, 1987.

6. D.J. Fitzgerald, GL. Dryden, E.C. Bronson, J.S. Wiliams, J.N. Anderson. J. Biol. Chem., 269, 21303-21314, 1994.

7. T. Bechert, S. Heck, U. Fleig, S. Dieckmann, J.H. Hagemann. Nucleic Acids Res., 27, 1444-1449, 1999.

8. T. Beridze, N. Tsirekidze, M.A.Roytberg. Biochemie, 74, 167-194, 1992.

9. T. Beridze, N.I. Tsirekidze, M.S. Turishcheva. FEBS Letters, 338, 179-182, 1994.

10. J-Y. Fann, A. Kovarik, V. Hemleben, N.I. Tsirekidze, T.G. Beridze. Theor. Appl. Genet., 103, 1068-1073, 2001.

11. T.G Beridze, M.S. Turishcheva, GN. Kokonashvili, M.V. Masyukov. Abstracts of 14" International Congress of Biochemis-
try, FR, 136, 1988.

12. R. Benfante, N. Landsberger, G Tubiello, G. Badaracco. Nucleic Acids Res., 17, 8273-8282, 1979.

13. M. Plohl, B. Borstnik, D. Ugarkovic, V. Gamulin. Biochemie, 72, 665-670, 1990.

14. W. Horz, W. Altenburger. Nucl. Acids Res., 9, 683-696, 1981.

15. T. Beridze. Plant Sci.Lett., 19, 325-338, 1980.

16. T. Maniatis, E.F. Fritsch, J. Sambrook. Molecular cloning: A laboratory manual, Cold Spring Harbor Laboratory. 160-162, 1982.

17. E. Southern. Anal. Biochem., 100, 319-323, 1979.

18. http://courses.mbl.edu/Medical _Informatics/2000/wheel er.htm

19. L.E. Ulanovsky, E.N. Trifonov. Nature, 326, 720-722, 1987.

20. N.C. Sellwagen. Electrophoresis, 21, 2327-2334, 2000.

Received February, 2007

Bull. Georg. Natl. Acad. Sci. Vol. 175, Nol, 2007



	82-103-n.pdf
	82-84.pdf
	85-90.pdf
	91-97.pdf
	97-103.pdf

	150-160-n.pdf
	150-152.pdf
	153-155.pdf
	156-160.pdf

	168-172.pdf
	168-170.pdf
	171.pdf
	172.pdf

	175-dan.pdf
	175-178.pdf
	175.pdf
	176-179.pdf

	179.pdf
	180-209-n.pdf
	180-185.pdf
	186-194.pdf
	195-198.pdf
	203.pdf
	204-209.pdf





