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the previously described method [5] with modifi-
cations. DiOC6 (3,3 dihexylocarbocyanine iodine,
Sigma) was stored as a 1 mM stock in DMSO
(dimethyl sulfoxide; Aldrich). The volume of 2 //I
ethanol diluted stock of DiOC6 (to the concen-
tration of l?0 /uM) was added to 2xlO5 cells
resuspended in 0.5 ml PBS (Gibco). Incubation (15
min) at 37°C in the dark, was followed by the
addition of 10 /J.1 PI (propidium iodine, 500 fig/ml;
Sigma). Cells were immediately analysed. Two-
-colour flow cytometric analysis performed on
FACSCalibur instrument (Becton Dickinson) with
the use of CellQUEST™ software (Becton Dickin-
son) consisted in creating a gate for optimal debris
exclusion on forward scatter (FSC) versus side
scatter (SSC) dot plot. Then the DiOC6-events
were gated on a FL1 histogram plot. A second FL2
histogram plot showing DiOC6-cells was created to
exclude the Plbright (necrotic) events in the DiOC6-
-population. The DiOC6-/PI-events were regarded
as a apoptotic cells. Fig. shows an example of the
Table 1. Percentages of viable, apoptotic and necrotic cells in LY

cell populations pre-cultured in BS or FCS-supplement-
ed Fischer's medium and HT-treated (42°C, 30 min).

Cells

LY-R

viable

apoptotic

necrotic

LY-S

viable

apoptotic

necrotic

B S -

Oh

80.8

3.6

15.6

Oh

95.5

0.8

3.7

PBS

3h

13.7

79.9

6.4

3h

14.4

71.9

13.7

FCS -• PBS

Oh

99.4

0.3

0.4

Oh

99.7

0.1

0.2

2h

92.7

6.1

1.2

2h

97.2

1.7

1.1

20 h

97.0

2.3

0.7

20 h

94.3

5.7

0.01

above-described cytometric measurement of apop-
tosis. The percentages of apoptotic cells thus iden-
tified are presented in Table 1. Table 2 shows that
the effect of incubation of control cells in PBS is

negligible. These results indicate that pre-HT cul-
turing in the medium with bovine serum allows the
Table 2. Percentages of viable, apoptotic and necrotic cells in LY

cell populations pre-cultured in BS or FCS-supplement-
ed Fischer's medium and placed in PBS for 3 h.

Cells

viable

apoptotic

necrotic

BS -» PBS

LY-R

78.0

4.0

18.0

FCS -» PBS

99.4

0.26

0.6

LY-S

viable

apoptotic

necrotic

89.6

3.3

7.1

99.0

0.3

0.7

development of apoptosis during the subsequent
incubation in PBS. In contrast, pre-HT culturing in
the fetal calf serum-supplemented medium pre-
vents the onset of apoptosis for at least 20 h. The
latter can be expected to contain survival factors at
higher concentrations or some additional survival
factors, which delay the onset of apoptosis or pre-
vent it completely. The proneness to HT-induced
apoptosis in LY sublines is similar under all condit-
ions; hence, the response to survival factors con-
tained in FCS is equal in both LY sublines, when
the end-point considered is the HT-induced apop-
tosis.
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X-IRRADIATION OF Gl CHO CELLS INDUCES BOTH TRUE AND FALSE SCE
IN BrdU-SUBSTITUTED CELLS BUT ONLY FALSE SCE

IN BIOTIN-dUTP-SUBSTITUTED CELLS
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Sister chromatid exchanges (SCE) are regarded as a
result of DNA repair by homologous recombina-
tion. In linear chromosomes SCE can only be reco-
gnised if the two sister chromatids of metaphase
chromosomes are differentially labelled. This was
first achieved by incorporation of tritiated thymi-
dine and later on by substitution of thymidine with
5-bromodeoxyuridine (BrdU) [1]. A major disad-
vantage of tritium is that it induces SCE through its
radioactive decay [2]. However, also the radica-
lisation of BrdU may lead to SCE [3]. Despite
numerous studies, the exact contribution of BrdU
to "spontaneous" and "induced" frequencies of SCE
in linear chromosomes remains a matter of debate

[3]. DNA lesions leading to SCE in BrdU-sub-
stituted DNA could be produced by debromination
and radical reactions which can give rise to alkali
labile sites and strand breaks and this is augmented
by X-rays [4].

It is generally assumed that SCE are formed
from DNA lesions during the S-phase of the cell
cycle [5]. This applies to S-phase dependent agents.
In contrast, S-phase independend agents which
directly produce DNA double strand breaks (dsb)
such as restriction endonucleases, bleomycin, neo-
carcinostatin, DNasel and ionising radiation, can
lead to SCE when unifilarily BrdU-labelled cells are
exposed in Gl-phase [6]. The question regarding
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the DNA lesions responsible for SCE formation by
X-rays and other S-phase independent agents in the
Gl phase remains open.

Because the SCE-test is widely used in genetic
toxicology [7] the knowledge of the contribution of
BrdU to the formation of spontaneous SCE and
SCE induced by DNA damaging agents is of great
importance. The present study was undertaken to
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Fig. Spontaneous SCE and SCE induced by X-rays in Gl cells

unifilarly labelled with biotin-dUTP or BrdU.

adress this question. Spontaneous and radiation
induced SCE frequency was studied in cells pre-
labelled with BrdU or biotin-deoxyuridine triphos-
phate (dUTP). Biotin-dUTP has been recently suc-
cessfully applied to differentiate sister chromatids
in CHO cells [8]. Its advantage over BrdU is that it
does not give rise to radicals. It can thus be assumed
that it will not interact with ionising radiation in

inducing SCE. Both nucleotide analogs were de-
tected with the help of monoclonal antibodies
conjugated with fluorochromes. The analysis was
performed with the help of a fluorescent micro-
scope.

The results show that following radiation nearly
twice as many SCE were found in BrdU- than in
biotin-dUTP-labelled cells (Fig.). This clearly
points towards radiation damage in BrdU-moieties
as the source of DNA lesions leading to SCE.
Whether the same mechanism is responsible for
SCE induced by other S-phase independent agents
is not known. However, our results clearly show
that caution must be applied when interpreting
results obtained in experiments in which BrdU is
used to visualise SCE.
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DETERMINATION OF DNA DOUBLE STRAND BREAK REPAIR
IN HUMAN LYMPHOCYTES BY THE COMET ASSAY

Maria Wojew6dzka, Iwona Buraczewska, Iwona Grqdzka

Microgel electrophoresis of lysed cells, often called
comet assay, usually is applied for DNA damage
examination at alkaline pH. Then the DNA migra-
tion behavior is determined by the presence of
single (SSB) and double (DSB) breaks directly in-
flicted by the tested damaging agent, as well as by
nicks introduced by excision repair enzymes. After
exposure of isolated human lymphocytes to X-rays
DNA damage inflicted by 0.2 Gy has been suc-
cessfully determined in our Laboratory.

For quantification of DSB the comet assay is less
sensitive. This is due to a lower frequency of DSB
induction by X-radiation: 1 Gy generates 1000 SSB
per cell and only 40 DSB. Also, the non-denaturing
conditions of the assay preserve DNA-protein
interactions which affect the DNA migration be-
havior. Although the neutral comet assay has been
applied by a few authors [1, 2] it seems necessary to
adapt the lysis conditions as well as the electropho-
retic parameters for each cell type. For quantifica-
tion of DSB in human lymphocytes we applied lysis
at pH 9.5 (other conditions according to [3]) and
the electrophoresis buffer of pH 8.3 (other condi-
tions according to [4]).

Phytohaemagglutinin-stimulated lymphocytes in
culture (from full blood taken from 3 different do-
nors in 5 separate experiments) were X-irradiated
24 h after stimulation. The dose was 10 Gy (at a
dose rate of 1.1 Gy/min) and irradiation was carried
out at 37°C. Samples were taken from the cultures
incubated at 37°C in a CO2 incubator at intervals
indicated in Fig.l. After lysis and electrophoresis,
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Fig.l. Mean tail moment (100 nucleoids scored per data point), a

measure of DNA damage, decreases with time of post-ir-
radiation incubation, reflecting DSB repair in human lym-
phocytes after X-irradiation with 10 Gy.


