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INTRODUCTION 

In events such as radiological terrorism, accidents involving radioactive materials and occupational 

exposures, there is a great need to identify exposures to relatively low radiation levels.  In many situations, 

the evaluation of radiation doses is not possible using physical dosimeters as they are not worn, and it is 

desirable to achieve this based on sensitive biomarkers 
(1, 2, 3)

. 

 

DNA Topoisomerase-I (Topo-I) is an essential nuclear enzyme that is responsible for the topological state of 

the DNA. The enzyme is involved in a variety of DNA transactions, including replication, transcription, 

recombination and DNA repair 
(4,5)

. The aim of the present work was to investigate the influence of X-ray 

radiation on the catalytic activity of this enzyme, and to evaluate its applicability as a biological dosimeter.  

 

 

RESULTS 

Osteoblast-like cell line MG-63 were cultured for 2 days, then harvested to six 50ml sterile tubes. The tubes 

containing the cells were irradiated using a X-ray source with a dose rate of 1Gy/min for different periods of 

time. The X-ray source used was an RS-2000 Biological system manufactured by RAD SOURCE company. 

It produces x-rays with an average energy of about 50keV. After irradiation, the cells were transferred back 

to the incubator for 2 hours, and then the nuclear protein was extracted from the cells using a common 

method described in the literature
 (6)

. 

 

The Topo-I catalytic activity was measured using a specific Topo-I reaction mixture which includes 

supercoiled plasmid as the substrate and nuclear protein extracts as the source of Topo-I 
(7)

. Topo-I relax 

supercoiled DNA provides topoisomers which are seen by the agarose gel as a ladder of DNA molecules 

which differ in their topological structure. Equivalent amounts (50 ng) of nuclear proteins were added to a 

specific Topo-I reaction mixture and the reaction was stopped after 10 min (the reaction activity was 

calibrated prior to the addition of the nuclear proteins so that the control sample, which was not irradiated, 

could relax the majority of the supercoiled plasmids).  

 

Figure 1 shows the Topo-I activity assay results of samples exposed to different levels of x-ray radiation, 

which reveal significant differences in the activity levels between the six samples tested. 

 

 

 

 
Figure 1:  Topoisomerase-I assay results for nuclear extracts of MG-63 cells exposed to different doses of X-

ray radiation. 

 

Band intensities were quantified by densitometric scans using EZ-Quant-Gel image processing and analysis 

software (Figure 2). The inhibition was found to be linear up to a dose of about 1Gy (r
2
≈1). For exposures 
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higher then 1Gy there is a significant deviation from linearity, but still, inhibition of the enzyme's catalytic 

activity can be seen. 

 

 
Figure 2:  Densitometry results of supercoiled plasmid obtained from Fig. 1 

 

The amount of supercoiled plasmid left after the reaction (see figure 1) was compared to the activity level of 

the un-irradiated control (0 Gy), that was taken as 100% activity. Figure 3 shows the comparison of the 

relative activities. 

 

 
 

Figure 3:  Inhibition of Topoisomerase-I activity after exposure of MG-63 cells to different doses of X-ray 

radiation. 

For purposes of quality control, in order to verify that equivalent amounts of Topo-I were used in 
the Topo-I assay, the nuclear protein was analyzed by western blot(8) and reacted with specific 
anti-topo I and anti β-actin antibodies. Band intensities were quantified by densitometric scans 
using EZQyant-Gel image processing and analysis software. The relative level of Topo-I protein 

was calculated using the equation: [(Topo-I)/-actin)] x 100. The results show no significant 
differences between the levels of the proteins, leading to the conclusion that topoisomerase-1 
activity is inhibited by X-Rays. 
 
CONCLUSIONS 

In the present work it was found that exposing MG-63 cells to X-ray irradiation resulted in a significant 

inhibition of DNA-Topoisomerase-I catalytic activity. The inhibition was found to function in the range of 

up to at least 4Gy, and up to 1Gy the inhibition was found to be linear with dose. As equal DNA-

Topoisomerase-I were used, it is suggested that the cellular mechanism of Topo-I inhibition can be attributed 

to posttranslational modifications. The reduction in Topo-I activity after exposure to X-ray may be 

applicable as a biological dosimeter (biomarker) mainly in the range of 0-1 Gy. Further studies are needed to 

elucidate the limit of detection (LOD) of the dose that can be detected by the enzymes inhibition's activity. 
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