




obtained for the samples investigated with the values
that can be read from the line it was possible to estimate
the number of breaks in the control samples that were
not irradiated as well as in those that were irradiated. It
can be seen that the level of SSBs is in fact lower than
the amount of relaxed molecules detected by AGE (see
Fig. 4). Such an observation would indicate that some of
the molecules, which in the nonirradiated sample create
the relaxed band, are in the closed-circle form lacking
both supercoils and SSBs.

It is necessary to correct for the level of the signal that
will come from the probe that was attached to the 39-
hydroxyl ends of the linear DNA molecules, i.e. a DSB.
If such a correction is not made, the values obtained
from the assay will correspond to the total amount of
damage, with a double signal from a DSB, compared to
an SSB, which would then be incorrectly interpreted as
two SSBs. To correct for such behavior, a signal that
comes from two SSBs was multiplied by the number of
linear DNA molecules that were present in the sample
based on AGE analysis and subtracted from the total
signal obtained. The differences between the total signal
and signal with the linear molecules subtracted are
presented in Fig. 4, which demonstrates the fact that
AGE analysis only gives one SSB per relaxed DNA
molecule compared with multiple SSBs as quantified by
ELISA. Analysis of the results obtained for the VUV-
irradiated samples showed a significant increase in the
number of SSBs determined with ELISA compared to
AGE. As seen in Fig. 4, the actual amount of SSBs
present in the relaxed and linear molecules that were
irradiated is greater in all cases than that assumed from
AGE (1 SSB per molecule in the relaxed band). The
assay was set to measure up to six SSBs per molecule
(see the calibration line from Fig. 3). Therefore, data
obtained for doses of 30 and 35 Gy should be seen more

as an indication of the total damage than as a
quantitative measurement since at higher doses the
damage increases rapidly and more than 6 SSBs per
molecule may occur. The numbers of SSBs obtained
were also recalculated with respect to the total number
of molecules, 8.063 1010 ± 0.2%, that were present in
the irradiated samples. Figure 5 shows the total number
of SSBs created in the irradiated samples obtained from
both methods as a function of radiation dose. It can be
seen that total number of breaks in the samples
irradiated at high doses is in fact an order of magnitude
higher than that estimated using the traditional AGE
approach.

FIG. 3. Calibration line obtained with TUNEL/ELISA; solid line
represents a linear fit to the experimental data points. Error bars are
± 1 SD.

FIG. 4. The average amount of breaks obtained for the irradiated
samples per damaged DNA molecule obtained with TUNEL/ELISA
and AGE; the contribution from end labeling of linearized molecules
is shown as well as the damage assumed from gel electrophoresis.
Error bars are ± 1 SD.

FIG. 5. Comparison of the total amounts of SSBs in irradiated
samples obtained with TUNEL/ELISA and AGE. The total number
of irradiated molecules in all cases was 8.063 010 ± 0.2%; the number
of SSBs assessed from AGE is simply the number of relaxed
molecules detected on the gel. Error bars are± 1 SD.
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