
Introduction
The choice to examine DNA seems obvious, since DNA is a
sensitive cellular target to irradiation and the changes in DNA are
responsible for many effects observed in irradiated foods, such
as the inactivation of microorganisms, elimination of insects,
inhibition of sprouting in bulbs and tubers and delay of ripening
in several fruits1. Therefore, these changes in DNA should be
discernible in microbial or insect DNA or in the nucleic acids in
the food itself. If DNA changes were specific to irradiation, a
detection method could be designed that would have wide
applicability, since most foods are derived from living organisms
and obviously they contain DNA. Such a method could almost
be the universal method for detecting the radiation treatment of
foods. Radiation-induced changes in DNA can be analysed by a
variety of analytical techniques1-2 that have mostly been employed
on pure DNA or on DNA in living cells in radiation biology research.
Whether or not some of these techniques can be utilized to detect
irradiated food, has recently been very briefly discussed3-5. In
oxic cells, the contribution of free radicals to the lethal action and
DNA damage by ionising radiation amounts to around 70%6-7.
Hydroxyl radical produces a number of lesions in DNA and
nucleoprotein such as base lesions, sugar lesions, single-strand
breaks, double-strand breaks, abasic sites and DNA-protein
cross-links by a variety of mechanisms4-5. Gamma radiation
generates a lot of base products such as Fapy Guanine, 8-OHdG,

2-hydroxyadenine, 5-hydroxy cytosine, 5,6-dihydroxycytosine,
5-hydroxy uracil etc.5.

Thus, when DNA is exposed to gamma radiation, a number of
chemical changes occur in the DNA molecule, e.g., change or
loss of base through deamination, breakage of hydrogen bonds
between strands, single or double strand breakage, cross linking
with proteins and formation of hydroxy derivatives like
8-hydroxydeoxyguanosine by the oxidation of guanine base5.
Measurement of oxidized guanine base can be utilized for the
detection of irradiated food, which is an important criterion for
the trade of irradiated food. This study is concerned with the
nature of DNA base composition for detection of gamma radiation
induced oxidation.

Materials and Methods
Subculture
Chinese hamster (Cricetulus griseus) ovary cells (CHO-K1) were
obtained from American Type Culture Collection (Rockville, MD)
and routinely grown in 5% CO2 at 37°C in Dulbecco’s modified
Eagle’s medium supplemented with penicillin (100 IU/ml),
streptomycin (100 μg/ml), and 10% foetal calf serum. During the
subculture, TE buffer (containing 7.5% Tris base and 1.8% EDTA)
was used to detach the cell from the plate surface and kept at
37°C for 1 min followed by addition of fresh medium and
transferring partly to the new nutrient plate. Escherichia coli and
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Deinococcus radiodurans were grown in nutrient broth and
approximate 106 cells were taken for DNA extraction as described
in the users instruction of QIAZEN kit.

DNA extraction
Total DNA extraction was carried out using QIAGEN DNeasy
tissue kit8-10. RNase (4 μl of 100 mg/ml concentration) was added
to a cell suspension of 5 x 106 in PBS and incubated for 2 min at
room temperature followed by addition of 20 μl proteinase-K and
200 μl lysis buffer (Qiazen AL), and incubated at 70°C for 10 min.
Ethanol (200 μl of 99%) was added to the suspension, mixed
thoroughly by vortexing. The mixture was applied to the DNeasy
spin column sitting in a 2 ml collection tube and centrifuged at
6,000x g for 1 min. The flow-through was discarded and the column
was placed in a new 2 ml collection tube and washed twice with
500 μl buffer AW1 and AW2 followed by centrifugation for 1 and
3 min respectively at 6000x g. In these steps the flow through was
discarded. After the washing, 100 μl millique water was loaded on
the column and incubated for 1 min at room temperature followed
by centrifugation at 8,000x g for 1 min. The elute was collected as
the purified DNA preparation. For beef and chicken, 1 g sample
was homogenised in a mortar and pestle and 4 μl RNase was
added followed by the steps as described above.

Determination of DNA concentration
The concentration of DNA solutions was determined with Gene
Quant (Amersham Biosciences). The concentration of 50 μg/ml
was taken as one unit of optical absorption for double-helical
DNA at 260 nm with optical path of 1 cm.

Enzyme-linked immunosorbent assay (ELISA)
ABTS (2,2'-azino-di 3-ethylbenzthiazoline-6-sulfonate) substrate,
monoclonal antibody (anti-mouse IgG), horseradish  peroxidase
labelled-secondary antibody (goat anti-mouse)  were purchased
from Kirkegard & Perry Laboratories, Inc (KPL), USA. Protamine
sulphate was purchased from Nacalai Tesque Chemical Co Ltd,
Japan. ELISA was carried out by using KPL Protein Detector
ELISA kit with horseradish peroxidase (HRP), the ABTS
system11-13 . The DNA samples were denatured in water bath
for 10 min and cooled on ice for 5 min. Aliquots of 100 ng DNA
was mixed with primary antibody (anti-mouse) and inoculated
to the protamine (1%) coated wells of immunoassay plates
(Costar, USA) and incubated for 3 h at room temperature14,
followed by washing and adding secondary antibody. The
microplate was washed and the substrate solution of ABTS was
incubated for 30 min. A stop solution was mixed to stop the
reaction of horseradish peroxidase, which converts ABTS, by
oxidation with the heme group of HRP to produce a green
coloured product. This coloured product is actually a relatively
stable cationic free radical designated as ABTS•+. Finally the
intensity of antigen-antibody complex was measured at 405 nm

Figure 2 shows the production of the 8-OHdG in the bacterial
(Deinococcus radiodurans) DNA at different doses of gamma
radiation. It was found that the amount of 8-OHdG increased with
the increase of radiation from 0 to 5 kGy and, thereafter, it declined
gradually with the increase of radiation dose. These results are
contradictory with the DNA of CHO-K1 cell line (Figure 1). The
G-C content of CHO-K1 cell line content is about 30% whereas that
of Deinococcus radiodurans DNA is about 70%16. With the higher
G-C content, the production of  the 8-OHdG is higher in the DNA.
But the higher production of the 8-OHdG may change the native
structure of the DNA that presumably makes it more vulnerable for
strand breakage due to the chain reaction of radiation.

using immuno reader (Ultrospec: Visible Plate Reader, Anthos
Labtec Instruments, Austria).

Results and Discussion
Gamma radiation produces different base products like
fapyguanine, 8-hydroxydeoxyguanine, 5-hydroxyhydantoin,
thymine glycol, hydroxyadenine, hydroxycytosine, hydroxyuracil,
etc. when DNA is exposed to radiation15. Among these oxidized
base products, 8-hydroxydeoxyguanine (8-OHdG) is the second
largest (23 molecules/105 DNA base) in quantity15. Considering
the relatively higher production of guanine oxidized base product,
an attempt was made to measure the 8-OHdG as a marker for DNA
damage. A dose-response curve for the formation of 8-OHdG in
gamma irradiated-DNA of Chinese hamster cell (CHO-K1) is shown
in Figure 1. The amount of the 8-OHdG formed in DNA upon
gamma irradiation is linearly dependent on the dose in case of
this mammalian DNA. This allows the dose-dependent formation
of the 8-OHdG in gamma irradiated DNA to be used as a convenient
reference standard for the detemination of the 8-OHdG. ELISA
revealed that the 8-OHdG was formed in DNA on irradiation. Its
accumulation in DNA depends on dose.

Figure 1. Detection of the 8-hydroxydeoxyguanine (8-OHdG)
in irradiated-DNA of Chinese hamster ovary cell line (CHOK1)
using monoclonal antibody.
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It is also observed that in case of animal cells like CHO-K1, bovine
and chicken, the 8-OHdG could be detectable up to 12 kGy of the
radiation dose (Figure 3). But the maximum doses for the 8-OHdG
detection in E. coli and D. radiodurans were 6 and 5 kGy
respectively. The GC content of CHO-K1, bovine and chicken is
about 30%, whereas that of E. coli and D. radiodurans is 51 and
70% respectively16. This clearly indicates that when GC content
of DNA increases, the maximum dose for the 8-OHdG detection
decreases. Figure 4 shows the inverse relation between the GC
content and the dose limit for the detection of gamma radiation-
induced oxidation.

Theoretically, the 8-OHdG production increases with the increase
of GC content but larger production of the 8-OHdG from guanine
base makes the native structure of DNA more fragile, and as the
strands breakdown to smaller pieces, it might be washed out in
the washing steps of ELISA. Large size DNA could bind to the
polystyrene of ELISA plates strongly but small molecules
produced by the radiation-induced oxidation could not bind
strongly and might washed out from the plates. It is possible that
the 8-OHdG produced could not bind to the monoclonal antibody,
secondary antibody, substrate, etc. From this study it could be
assume that the detection of gamma radiation-induced oxidation
depends on the nature of DNA base composition and the detection
of 8-OHdG could be considered as a potential method of detection
of irradiated food.
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Figure 2. Detection of the 8-hydroxydeoxyguanine (8-OHdG)
in irradiated-DNA of Deinococcus radiodurans using
monoclonal antibody.

Figure 3. Detection of gamma radiation-induced DNA damage
(8-hydroxydeoxyguanine) in DNA samples from various
sources. CHO-K1 = Chinese hamster ovary cell line

Figure 4. Guanine-cytosine (G-C) content (%) vs. maximum dose
of detection for measuring 8-hydroxydeoxyguanine (8-OHdG)
in the DNA of irradiated samples.
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