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In single-cell gel electrophoresis (the comet assay) the DNA of lysed cells, the nucleoids, extends towards the

anode in a track resembling a comet tail. The aim of this work was to investigate the effects of changes in DNA to-

pology on this process. Methods. We used the kinetic approach, proposed earlier by us, to measure a relative

amount of DNA in the comet tails as a function of time in the presence of different concentrations of chloroquine,

a widely used intercalator. Results. We have shown that, at given small concentrations, intercalation of chlo-

roquine strongly facilitates the comet tail formation. At the same time, some part of DNA (about 8 %) in the nuc-

leoids exits very fast independently on chloroquine, while the largest part of DNA (about three quarters) does not

exit at all. At high concentrations the intercalator increases the fraction of DNA, which cannot exit. Conclu-

sions. Our results imply that the loop domains, which contain about one to several hundreds kilobases, represent

only a small part (about a quarter) of DNA in the nucleus. The intercalation induces detachment of these loops

from the nuclear matrix.
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Introduction. Single-cell gel electrophoresis (the co-

met assay) is a widely used sensitive technique to evalu-

ate the rate of DNA damages and their repair kinetics in

individual cells [1–4]. To perform the assay cells are em-

bedded in a thin layer of agarose on a microscope slide

and then lysed to produce nucleoids – negatively super-

coiled DNA loop domains attached to the nuclear mat-

rix [3, 5]. It is very often assumed that all the DNA in

the nucleus is organized in such loops containing from

a half to several hundreds kilobases. Under electric field

the DNA migrates towards the anode forming an elect-

rophoretic track, which resembles a comet tail and can

be visualized by fluorescent microscopy.

Although the comet assay is usually considered to

be eminently suitable for estimation of DNA damages,

for a long time there was no consensus on nature of DNA

that forms the comet tail [6]. In numerous experiments

DNA exit from nucleoids was significantly facilitated

when cells were exposed to DNA damaging agents. The-

se observations led to the conclusions that, upon single

strand breaks accumulation, the comet tail can be for-

med whether by linear DNA fragments or relaxed DNA

loops attached to the nuclear matrix [1, 4, 6]. We have

shown in our previous studies that both possibilities

may be realized depending on the damage level and elect-

rophoresis conditions [7, 8]. In particular, in our experi-

ments on the kinetics of the comet formation in intact

(undamaged) cells the comet tail was effectively for-

med after long electrophoresis duration. In this case the

tail clearly contains nothing but supercoiled DNA loops,

which are extended to the anode. This interpretation

was confirmed by observation that DNA exit is rever-

sible after switching off electrophoresis [7, 8].

Moreover, an alteration of DNA supercoiling by

ethidium bromide (EtBr) intercalation essentially influ-

enced the rate of DNA exit in intact cells. At the appro-

priate concentration of EtBr (0.05 µg/ml) the DNA exit

was observed to be facilitated significantly due to un-

winding of the double helix and, respectively, removal

of the negative DNA torsional constraint. After further
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increase in EtBr concentration the exit was again ham-

pered, presumably due to the accumulation of positive

supercoiling in the loop domains [8]. It was suggested

that the comet assay performed in the presence of an in-

tercalator gives a possibility to estimate the level of DNA

supercoiling in nuclei.

We investigated the influence of another intercalator,

chloroquine, on the kinetics of DNA exit in the comet

assay. In contrast to our previous studies where the

fraction of cells with the tails was measured, here we used

the relative amount of DNA in the tails, the parameter

which is more straightforward. Since, in comparison with

EtBr, the affinity of chloroquine to DNA is considerably

lower this intercalator appears to be more sensitive to

detect the DNA supercoiling level. In addition, measuring

the relative amount of DNA in the tails allowed us to

observe three kinds of the loop domains: (i) loops that exit

very fast independently on the chloroquine concentration;

(ii) loops that are sensitive to chloroquine, the exit of

which is facilitated at low concentrations and hampered at

high concentrations of the intercalator; and (iii) loops that

do not exit at all. We discuss an insight, which is provided

by our results into the problem of topological organi-

zation of chromatin in the cell nucleus.

Materials and methods. Sample preparation. Hu-

man peripheral blood was collected into heparinized

medical syringe from healthy donors by finger-pri-

cking. Lymphocytes were separated by centrifugation

in a density gradient («Granum», Ukraine) and then wa-

shed in 0.15 M NaCl twice. 50 µl of the suspension ob-

tained was mixed with 100 µl of 1 % low melting point

agarose («Sigma», USA) at 37 oC. Aliquots of 25 µl of

the mixture were placed on microscope slides, which

were preliminarily covered with thin layer of 1% high-

melting point agarose («Chemapol», Czech Republic).

After 5 min of agarose polymerization at 4 oC, slides

were immersed in ice-cold lysis solution (2.5 M NaCl,

100 mM EDTA, 10 mM Tris-HCl (pH 8.0), and 1 % Tri-

ton X-100 («Ferak», Germany), which was added just

before use) for 3 h [2, 9].

The comet assay. Electrophoresis was conducted in

TBE buffer (89 mM Tris-borat, 2 mM EDTA, pH 7.5)

at 4 oC (1 V/cm, 300 mA). The comet assay was usually

performed in the presence of chloroquine («Sigma»),

which was added to the electrophoresis buffer at dif-

ferent concentrations. In all experiments we measured

the kinetics of comet formation: several slides, which

were simultaneously prepared in the same way, were

placed into the electrophoresis tank, and then they were

taken out for further analysis with interval of 10 min.

Comet scoring and analysis. Slides were stained

with 1.3 µg/ml of DAPI (4',6-diamidino-2-phenylin-

dole, «Sigma») and immediately analyzed with a fluo-

rescent microscope («LOMO», Russian Federation) con-

nected with a camera Canon EOS 1000 D. A total 100–

200 randomly chosen cells on each slide were examined

using image analysis software CometScore («TriTec»,

USA) to determine the relative amount of DNA in the

tails defined as the ratio of the tail fluorescence intensi-

ty to the total intensity of the comet.

Binding of chloroquine to DNA was measured from

changes in chloroquine absorption spectrum [10].

High-molecular-weight salmon testes DNA («Sigma»)

in TBE buffer was titrated by chloroquine stock solu-

tion in the same buffer and the optical density at 343 nm

was measured with a spectrophotometer (SF-46, «LO-

MO»). Initial DNA concentration was measured spec-

trophotometrically taking the extinction coefficient

13,200 M (bp)–1 cm–1 at 260 nm. The extinction coeffi-

cient of chloroquine free in solution at 343 nm was

found to be �f = 14,000 M–1 cm–1. The extinction coef-

ficient of totally bound chloroquine measured in the

presence of a large excess of DNA was estimated to be

�b = 4,100 M–1 cm–1. The fraction � of bound ligand is

given by:

� � � �� � �( ) / ( ) ,
f f b
C A C C

where C is the total concentration of chloroquine; A is

the optical density measured. Only data points corres-

ponding to � between 0.2 and 0.8 were taken into ac-

count. With CDNA being the total concentration of DNA

in solution, free chloroquine concentration is L = (1 –�)C,

while chloroquine binding density (number of ligand

molecules bound per base pair) is � � �C/CDNA Accor-

ding to the model for non-cooperative excluded site bin-

ding derived by McGhee and von Hippel [11], the equa-

tion for the binding isotherm can be written as:
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where K is the binding constant; n is the size of the bin-

ding site (the number of base pairs excluded to another li-



gand by each bound molecule). To estimate the parame-

ters this equation was fitted to the experimental data

using a standard non-linear least-squares fitting routine.

Results and discussion. Fig. 1, a, shows the kinetics

of DNA exit from intact non-damaged lymphocytes as

it was observed at neutral pH without intercalators. An

example of comets is presented in Fig. 1, b: in all our ex-

periments, practically independently on electrophore-

sis duration, there were no changes in the comet mor-

phology. In particular, the average length of the comet

tail was approximately equal to 50 µm, which corres-

ponds to the contour length of an extended loop to be not

more than about 300 kb.

The kinetic plot in Fig. 1, a, clearly has a two-step

shape. The first step reflects some small part of DNA

(the relative amount of DNA in the comet tails does not

exceed 0.08 up to 30th min), which exits very rapidly (the

first plateau is reached in about 10 min). The existence

of the first step was implied by our previous results [7,

8], but now, when the amount of DNA in the tails is

measured instead of the fraction of cells with the tails,

this effect is much more pronounced. The second step

is sigmoid: the exit of a larger part of DNA (about 0.14)

is observed between 30th and 50th min. Then the relative

amount of DNA in the tails (0.08 + 0.14 = 0.22) re-

mains constant up to 80th min. Thus, the DNA exit during

the comet assay is stepwise: a rapid component forms

the lower plateau and a slow component additionally

contributes to the higher plateau.

Our previous works confirmed the idea that the co-

met tail is formed by extended DNA loops, the exit of

which is considerably facilitated when they are relaxed

[8]. Thereby, it is possible to postulate that the lower

plateau in Fig. 1, a, is formed by a small amount of «ra-

pid loops» with single-strand breaks, which naturally

occur in terminally differentiated cells. Since such loops

are relaxed they have to exit rapidly. When the electric

force is applied for a longer time an extension of intact

(and, respectively, supercoiled) DNA loops occurs. On

their way towards the anode, these loops have to overco-

me, except agarose resistance, their own torsional const-

raint: the negative torsion deformations appear in the

loops when they are stretched by the electric force.

Thus, the negatively supercoiled «slow loops» give the

main contribution to the higher plateau on the kinetic

plot in Fig. 1, a.

If the «slow loops» would be relaxed their exit would

be facilitated. The relaxation can be achieved due to par-

tial DNA unwinding upon binding of an intercalator. In

total accordance with our previous results obtained with

EtBr [7, 8], an essential acceleration of DNA exit was

observed in the presence of some concentrations of chlo-

roquine (Fig. 2). The acceleration begins already at ve-

ry low chloroquine concentration (5 µg/ml), and then it

becomes more pronounced at the concentrations 10 (not

shown), 25 and 50 µg/ml. The two-step kinetics, des-

cribed above for the case when the intercalator is ab-

sent, disappears and the relative amount in the tail rea-

ches the higher plateau in one step (in about 10 min):

the rapid and slow components mentioned above beco-

me indistinguishable. In other words, the supercoiled

loops, which are relaxed in the presence of chloroqui-

ne, exit as fast as the loops with single strand breaks do

(clearly, the loops with the breaks are relaxed already

and should not be sensitive to the topological changes

introduced by intercalation).

Further gradual increase in the chloroquine concen-

tration (and respectively in the binding density of the li-

gand) is accompanied by two effects: a slowdown in the

DNA exit and a decrease in the saturation level (Fig. 2).

The same effect was observed earlier with EtBr [7, 8].

It is interesting that at very high concentrations (500

and 1000 µg/ml) the two-step behavior appears again.

Fig. 3 shows another representation of the dependen-

ce of the rate of DNA exit upon chloroquine concentra-

tion: the relative amount of DNA in the tails after 10 min

of electrophoresis. The chloroquine concentrations in the

ranges from about 20 to 50 µg/ml appear to be the most
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Fig. 1. The relative amount of DNA in the comet tails as a function of

electrophoresis duration in the absence of chloroquine (a) and a typical

example of the comet appearance (b), the nucleoids without (1) and

with the tails (2, 3) are indicated. In part (a) and in figures below each

point represents an average for 3 to 7 independent experiments, con-

tinuous curve is a result of an interpolation



effective in the acceleration of DNA exit. It should be

noticed that the two plots in Fig. 2 for 25 and 50 µg/ml

are practically identical while the chloroquine concentra-

tions differ about twofold. Perhaps, it reflects a heteroge-

neity in the level of DNA supercoiling for the chromatin

loops in the nucleus.

With the purpose to get quantitative information

about the supercoiling level compensated by such chloro-

quine concentrations, we have obtained the isotherm for

chloroquine binding to high-molecular-weight DNA in

the conditions of the comet assay (see «Materials and me-

thods»). It was found after analysis of the isotherm (not

shown) that in TBE buffer the binding constant K = (2.4 ±

	 0.4) · 103 M–1 and the apparent size of the binding site

n = 4.4 ± 0.4 bp.

The binding site of chloroquine is larger than that

of EtBr (~ 2.5 bp [12]) presumably because of higher

charge (+ 2 for chloroquine against + 1 for EtBr at neut-

ral pH). The binding constant is about two orders lower

for chloroquine in comparison with EtBr [8, 12], which

explains that the most effective EtBr concentration to ac-

celerate the DNA exit is about 100 times lower [8] than

the chloroquine concentrations mentioned above. That

makes chloroquine more sensitive to resolve the DNA

supercoiling level.

Using the parameters of chloroquine to DNA binding

it is possible to estimate the chloroquine binding densi-

ty for different concentrations used in the comet assay.

To describe the chloroquine binding to circular DNA

(which is equivalent to the loop domain) Eq. 1 should

be re-written [13]:

�
�

� �
� ��

�

� �
�

�
KL

n

n
A

n

n

( )

( )
exp( ( )) ,

1

1
2

1 0
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where the free chloroquine concentration L is equal to

its total concentration in the electrophoresis buffer in

our experiments; A 
 5 [12, 13] is the modified super-

coiling force constant; �0 = –360° �0/(�h) is the binding

density corresponding to the total relaxation of the initial

negative supercoiling. In the last relation �0 is the initial

(before an addition of the intercalator) supercoiling den-

sity in the loop, � 
 17° is the chloroquine unwinding

angle [14], and h 
 10.5 bp per turn is the DNA helical

periodicity. At � = �0 the exponential term turns into

unity and the equation becomes equivalent to Eq. 1 that

describes binding to linear DNA.

Since the chloroquine concentrations 25 to 50 µg/ml

correspond to the relaxation (when the binding density

� 
 �0 and the net supercoiling density � 
 0), then ac-

cording to Eq. 1 using the values of K and n mentioned

above the binding density can be estimated to be 0.07 to

0.09. It means that the corresponding initial supercoi-

ling density �0 = –�0�h/360° is in the ranges from about

– 0.035 to – 0.045. These values are quite expected for

the loops after removal of nucleosomes.

Taking the average �0 
 –0.04, we can estimate the

net supercoiling density in the loops at different chloro-

quine concentrations � = �0 + �Å, where �Å = ��h/360°

is the supercoiling density introduced by the interca-

lator and � obeys Eq. 2. The result is presented in Fig.

3. Note, that the absolute value of positive supercoiling

density at the highest chloroquine concentrations is ap-

proximately the same as that of the initial negative su-
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Fig. 2. The kinetics of DNA

exit in the presence of chloro-

quine, the chloroquine concen-

trations are indicated: 1 – 5; 2 –

25; 3 – 50; 4 –75; 5 – 250; 6 –

500; 7 – 1000 µg/ml. The hea-

vy curve is the continuous curve

in the absence of chloroquine

from Fig. 1, a
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Fig. 3. The relative amount of DNA in the tails after 10 min of electro-

phoresis and the net supercoiling density � in the loops (see text for de-

tails) as functions of chloroquine concentration



percoiling density. Hence, the slowdown in the DNA

exit, which occurs when the chloroquine concentration

increases beyond 50 µg/ml, can be explained by the ac-

cumulation of positive supercoiling due to intercala-

tion: the rate of the exit at the highest concentrations of

chloroquine is about the same as in the absence of the

intercalator (Fig. 2, 3).

At the same time, the main effect of the high con-

centrations of chloroquine is the gradual decrease in the

maximum amount of DNA in the tails that can be rea-

ched after long time of electrophoresis (Fig. 2). This ef-

fect cannot be explained by an increase in positive su-

percoiling, since, in comparison with the case without

the intercalator, the supercoiling increases up to the sa-

me absolute values but the saturation level becomes much

lower (Fig. 2). Some additional contributions into the

hampering of the DNA exit may come from the chan-

ges in charge, contour length and stiffness of DNA upon

binding of intercalators [15, 16].

More probably, however, all this factors (taking

into account that according to our estimations the

binding density of chloroquine equals to ~ 0.16 at 1000

µg/ml) have to contribute into delay of the exit, not

into the hampering.

In our opinion, the most attractive explanation of the

hampering of the exit in the presence of high concent-

rations of chloroquine is related to a non-trivial observa-

tion, which was not discussed yet. Our experiments

allow us to discriminate between the two kinds of the

loops referred to as the rapid and slow components. But

there is obviously a third component: the loops that do

not exit ever. In all our experiments with intact cells the

maximum relative amount of DNA in the tails did not

exceed 0.25 (rarely in some samples it reached 0.3).

This means that the comet tail composed of the DNA

loops (relaxed or not), represents only small part (not

more than a quarter) of DNA in the nucleus.

Only for heavily damaged cells, as it is well known,

the relative amount in the tail may reach 0.7 to 0.8 or even

1 [17–19]. But in this case the tail contains linear DNA

fragments attached to or/and detached from the nuclear

matrix [8].

The loops, which cannot exit during electrophoresis,

are, more probably, simply the loops, which are too lar-

ge. Then the hampering of the DNA exit by an interca-

lator at high concentrations would mean an increase in

the length of such loops due to decrease in the number

of loops that may exit. In other words, the local interca-

lation (which is accompanied by the double helix un-

winding) around the sites of the attachment of DNA to

the matrix may probably break the interaction with the

matrix.

This effect may have something in common with

our earlier observation that the total DNA unwinding

caused by NaOH makes it absolutely impossible to

form the comet tail, probably because of detachment of

the loops from the nuclear matrix [8, 20]. In the case of

chloroquine we apparently deal with «gentler» deta-

ching of DNA loops from the matrix due to local unwin-

ding of the double helix in the attachment sites. This de-

taching, in turn, enlarges the size of the loop domains

and, respectively, causes impossibility for them to exit.

Gradual increase in the chloroquine concentration in-

creases the probability of the detaching for growing

number of the DNA loops.

Conclusions. The results and notions of this work

can be summarized as follows.

1) In neutral comet assay a relaxation of DNA ne-

gative supercoiling in nucleoids due to intercalation

strongly facilitates the comet tail formation. When the

intercalation dependent relaxation is complete (at a gi-

ven concentration of an intercalator) the facilitation

reaches a maximum; at higher concentrations the in-

tercalator creates a hindrance for the tail formation, so

that the maximum level of DNA in the tails becomes

inaccessible.

(2) The kinetics of the comet tail formation in the

presence of an intercalator can be used to estimate the

topological state (the supercoiling level) of DNA in nuc-

lei of different cells in different functional states. Chlo-

roquin may be considered as one of the most suitable in-

tercalators for this purpose.

(3) Our results imply that the loop domains, which

contain about one to several hundreds kilobases and

can exit from the nucleoids during the comet assay, re-

present only a small part (about a quarter) of DNA in the

nucleus. The process of intercalation induces deta-

chment of these loops and, doing so, increases the frac-

tion of very large loops that cannot move during elect-

rophoresis.
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Ì. Î. Çàæèöüêà, Ê. Ñ. Àôàíàñüºâà, Ì. ². ×îïåé, Ì. À. Âèõðºâà,

À. Â. Ñèâîëîá

Âïëèâ õëîðîê³íó íà ê³íåòèêó åëåêòðîôîðåçó ³çîëüîâàíèõ êë³òèí

Ðåçþìå

Ïðè åëåêòðîôîðåç³ ³çîëüîâàíèõ êë³òèí (êîìåòíîìó åëåêòðîôî-

ðåç³) ÄÍÊ âèõîäèòü ç ë³çîâàíèõ êë³òèí (íóêëåî¿ä³â) ó íàïðÿìêó äî

àíîäó, óòâîðþþ÷è òðåê, ùî íàãàäóº õâ³ñò êîìåòè. Ìåòà ðîáîòè

ïîëÿãàëà ó âèâ÷åíí³ âïëèâó òîïîëîã³÷íèõ çì³í ó ÄÍÊ íà öåé ïðîöåñ.

Ìåòîäè. Âèêîðèñòàíî çàïðîïîíîâàíèé íàìè ðàí³øå ê³íåòè÷íèé

ï³äõ³ä äëÿ âèì³ðþâàííÿ â³äíîñíîãî âì³ñòó ÄÍÊ ó õâîñòàõ êîìåò

çàëåæíî â³ä ÷àñó çà ïðèñóòíîñò³ ð³çíèõ êîíöåíòðàö³é õëîðîê³íó –

îäíîãî ç â³äîìèõ ³íòåðêàëÿòîð³â. Ðåçóëüòàòè. Ïîêàçàíî, ùî çà

ïåâíèõ íèçüêèõ êîíöåíòðàö³é ³íòåðêàëÿö³ÿ õëîðîê³íó ñóòòºâî

ïðèñêîðþº ôîðìóâàííÿ õâîñò³â êîìåò. Ç ³íøîãî áîêó, íåâåëèêà

ê³ëüê³ñòü ÄÍÊ íóêëåî¿ä³â (áëèçüêî 8 %) âèõîäèòü äóæå øâèäêî íå-

çàëåæíî â³ä õëîðîê³íó, òîä³ ÿê á³ëüøà ÷àñòèíà (ïðèáëèçíî òðè

÷âåðò³) – íå âèõîäèòü âçàãàë³. Çà âèñîêèõ êîíöåíòðàö³é ³íòåðêà-

ëÿòîðà çðîñòàº öÿ íåçäàòíà äî âèõîäó ÷àñòèíà ÄÍÊ. Âèñíîâêè.

Îäåðæàí³ ðåçóëüòàòè âêàçóþòü íà òå, ùî ïåòåëüí³ äîìåíè, ÿê³

ì³ñòÿòü â³ä îäí³º¿ äî ê³ëüêîõ ñîòåíü ïàð îñíîâ, ïðåäñòàâëÿþòü

ëèøå ìàëó ÷àñòèíó (áëèçüêî ÷âåðò³) óñ³º¿ ÄÍÊ íóêëåî¿äà. ²íòåðêà-

ëÿö³ÿ ñïðè÷èíÿº â³ä’ºäíàííÿ öèõ ïåòåëü â³ä ÿäåðíîãî ìàòðèêñó.

Êëþ÷îâ³ ñëîâà: êîìåòíèé åëåêòðîôîðåç, õëîðîê³í, ³íòåðêà-

ëÿö³ÿ, ïåòë³ ÄÍÊ, íàäñï³ðàë³çàö³ÿ.

Ì. Î. Çàæèöêàÿ, Ê. Ñ. Àôàíàñüåâà, Ì. È. ×îïåé, Ì. À. Âèõðåâà,

À. Â. Ñèâîëîá

Âëèÿíèå õëîðîêèíà íà êèíåòèêó ýëåêòðîôîðåçà èçîëèðîâàííûõ

êëåòîê

Ðåçþìå

Ïðè ýëåêòðîôîðåçå èçîëèðîâàííûõ êëåòîê (êîìåòíîì ýëåêòðî-

ôîðåçå) ÄÍÊ âûõîäèò èç ëèçèðîâàííûõ êëåòîê (íóêëåîèäîâ) â íà-

ïðàâëåíèè àíîäà, ôîðìèðóÿ òðåê, íàïîìèíàþùèé õâîñò êîìåòû.

Öåëü ðàáîòû ñîñòîÿëà â èçó÷åíèè âëèÿíèÿ òîïîëîãè÷åñêèõ èçìå-

íåíèé â ÄÍÊ íà ýòîò ïðîöåññ. Ìåòîäû. Èñïîëüçîâàí ïðåäëîæåí-

íûé íàìè ðàíåå êèíåòè÷åñêèé ïîäõîä äëÿ èçìåðåíèÿ îòíîñè-

òåëüíîãî ñîäåðæàíèÿ ÄÍÊ â õâîñòàõ êîìåò â çàâèñèìîñòè îò

âðåìåíè â ïðèñóòñòâèè ðàçëè÷íûõ êîíöåíòðàöèé õëîðîêèíà – îä-

íîãî èç èçâåñòíûõ èíòåðêàëÿòîðîâ. Ðåçóëüòàòû. Ïîêàçàíî, ÷òî

ïðè îïðåäåëåííûõ íèçêèõ êîíöåíòðàöèÿõ èíòåðêàëÿöèÿ õëîðîêè-

íà ñóùåñòâåííî óñêîðÿåò ôîðìèðîâàíèå õâîñòîâ êîìåò. Ñ äðó-

ãîé ñòîðîíû, íåáîëüøîå êîëè÷åñòâî ÄÍÊ íóêëåîèäîâ (îêîëî 8 %)

âûõîäèò î÷åíü áûñòðî íåçàâèñèìî îò õëîðîêèíà, òîãäà êàê áîëü-

øàÿ ÷àñòü (ïðèáëèçèòåëüíî òðè ÷åòâåðòè) – íå âûõîäèò âîîáùå.

Ïðè âûñîêèõ êîíöåíòðàöèÿõ èíòåðêàëÿòîðà óâåëè÷èâàåòñÿ ýòà

íåñïîñîáíàÿ ê âûõîäó ÷àñòü ÄÍÊ. Âûâîäû. Íàøè ðåçóëüòàòû

óêàçûâàþò íà òî, ÷òî ïåòåëüíûå äîìåíû, ñîäåðæàùèå îò îäíîé

äî íåñêîëüêèõ ñîòåí ïàð íóêëåîòèäîâ, ñîñòàâëÿþò òîëüêî ìà-

ëóþ ÷àñòü (îêîëî ÷åòâåðòè) âñåé ÄÍÊ íóêëåîèäà. Èíòåðêàëÿöèÿ

âûçûâàåò îòñîåäèíåíèå ýòèõ ïåòåëü îò ÿäåðíîãî ìàòðèêñà.

Êëþ÷åâûå ñëîâà: êîìåòíûé ýëåêòðîôîðåç, õëîðîêèí, èíòåð-

êàëÿöèÿ, ïåòëè ÄÍÊ, ñâåðõñïèðàëèçàöèÿ.
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