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Abstract. Together with their advantages, the availability of synthetic organic chemicals also caused many adverse
effects to the environment due to the fact that they do not seem to be completely bio-degraded in nature. The residues
of these synthetic organic compounds, such as polychlorinated biphenyl (PCBs), acridine orange (AO) and other
aromatics, as well as their degraded intermediates, may become carcinogens or mutagens, which severely affect
human health. In the cell, these organic compounds can intercalate into the major grooves and interstices between the
base pair of DNA double helix, resulting in several diseases and cancers. In other words, DNA can be utilized as the
most efficient bio-adsorbent of such toxic agents. For this purpose, DNA must be in water-insoluble state. Recently,
radiation has been proven to be one of the effective methods of introducing the crosslinking network in the polymer
matrix. Though DNA is easily broken by radiation, it can crosslink in the presence of suitable crosslinkers, or be
immobilized onto the crosslinking gels. In this study, we have successfully prepared DNA/BSA complex gels from
aqueous mixtures of DNA with BSA by gamma irradiation. Their gelation behaviors were characterized for
utilization as adsorbents for AO. The results indicated that the adsorption was a time-dependent process and the
adsorption capacity of AO increased with DNA amount in the DNA/BSA gels.
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1. INTRODUCTION
Nowadays, synthetic organic compounds have been
widely used in various fields ranging from agriculture
(plant protectors, preservative agents in foods),
industry (lubricants, detergents, dyes) to medicine
(antibiotics, drugs) due to their advantages compared
with the same natural products. However, the abuse of
synthetic organic compounds seriously contaminates
the environment and causes critically health risks to
people, because they seem not to be bio-degraded in
nature after disposal and their residues easily penetrate
and endanger living organisms [1]. At the body level,
these cell deaths may increase the mutations and
cancer risks by altering metabolism or damaging
normal tissue. As a result, many organic aromatic
compounds such as PCB, dioxin and dyes have been
considered as mutagens or carcinogens [2-5].
Among those is acridine orange (AO), a cation dye
that has been widely used in many areas. After it
uptakes to the cell, it interacts with DNA and RNA
molecules by intercalation or electrostatic attraction,
modifies the DNA configuration and helix structure.
Fortunately, this phenomenon can be applied in the
other direction, to develop the absorbent materials for
the carcinogen, because DNA can also attack and
*
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permanently entrap the carcinogen like aflatoxin, AO
or other aromatics [6].
As mentioned in the previous report [7], DNA is an
abundant polymer from agro-wastes or by-products of
food processing. For example, there are 7% DNA in
4000 tons of salmon sperm, which were annually
discarded from Japan salmon industry; namely, about
300 tons of DNA can be extracted and reused [8].
According to the forecast, Vietnam's fish and seafood
processing industry will produce about 50,000 tons of
fish bones and waste in 2020 [9]; correspondingly, 3-5
tons of DNA can be utilized for several applications.
Therefore, the utilization of the bio-based material is
expected not only to reduce their undesired impacts to
environment, but also to contribute to economic
development [10-12].
In normal physiological state, DNA is not suitable
for use as absorbent due to its water solubility.
Therefore, DNA should be immobilized in the insoluble
gels, which can be used as sensors or adsorbents of
carcinogens [8,13,14]. DNA immobilization may be
obtained by chemical and radiation crosslinking,
gelation or complexation with metal salts. Gamma
radiation has been proven to be an effective tool to
introduce the crosslinking networks in polymer matrix
for a long time. Even several degradation-type

polymers can crosslink by gamma irradiation in the
presence of crosslinking agents such as trimethylallyl
isocyanurate (TMAIC), triallyl isocyanurate (TAIC),
epichlorohydrin (ECH) [15, 16].
Because DNA is easily damaged or broken to the
DNA fragments by radiation at low radiation dose [4],
and then the DNA gels could not be formed by
radiation crosslinking. However, the DNA complex gels
were prepared by gamma radiation in the presence of
N,N'-methylenebisacrylamide (MBAA) [17]. DNA can
also immobilize the crosslinking networks of polymers
without using crosslinker [18].
In this study, the bovine serum albumin (BSA) and
DNA/BSA complex gels were prepared by gamma
irradiation of different DNA containing BSA solutions.
Gel behaviors of the resulting gels were investigated by
radiation dose and DNA content. The DNA/BSA
complex gels were also studied as adsorbent for AO, a
model carcinogen. Adsorption kinetics of the complex
gels were investigated with time and their adsorption
capacity at equilibrium were determined.

2. EXPERIMENTAL
2.1. Materials
Bovine serum albumin (BSA) with a molecular
weight of 66 kDA and salmon DNA of about 10 kbp,
corresponding to a molecular weight of 6 MDa were
purchased from ICN Biomedicals Inc. and Nippon
Chemical Feeds Co., Ltd. Acridine Orange (AO) and
other chemicals were bought from Wako Pure
Chemicals.
2.2. Preparation of DNA/BSA complex gels
BSA was dissolved in distilled water, then various
amounts of DNA were added to prepare the mixture
solutions containing 10% BSA and 0.2 to 2.0 wt.%
DNA, respectively. 1 mL of each solution was
transferred to 2.0 mL microcentrigugal tube,
centrifuged at 10.000 rpm for 15 min, degassed and
irradiated at room temperature in order to prepare the
BSA/DNA complex gels. BSA solution was also
irradiated for prepare the BSA gel as control. Gels were
obtained by gamma irradiation with dose of 10-160
kGy at the same dose rate of 10 kGy per hour. Resulting
gels were washed, immersed in MilliQ water for 48 h to
remove soluble non-crosslinking components and the
crosslinking gels were freeze-dried, weighted and
stored for further experiments

The dried crosslinking gel was immersed in distilled
water to reach the equilibrium swelling, and its
swelling degree was determined as follows:

Ds =

Ws − W g
Wg

(2)

where Wg and Ws are the weights of the dried gels
before and after swelling, respectively.

2.4. Measurement of AO adsorption
The AO solutions of different concentrations were
prepared in the distilled water and their absorbance
(ABS) was measured at 495 nm at room temperature
(25°C) using a UV-Vis spectrophotometer (Shimadzu,
Japan) for making a calibration curve.
0.05 g of the dried gel was immersed in 10 mL of a
15 µg/mL AO solution for adsorption. After a certain
periods of adsorption, about 3.5 mL of the adsorbed
solution was transferred to a quartz cell for ABS
measurement and AO concentration (CAO) was
calculated from the AO calibration curve. AO
adsorption capacities of the gels were determined as
differences in AO concentrations before (C0) and after
(CAO) immerging the gel in the initial AO solution at
each time.
To estimate the adsorption capacity at equilibrium,
the gel was submersed in AO solution for 4 days to
reach the equilibrium, ABS of the adsorbed solution
was measured, and then weight of AO adsorbed on the
gel at equilibrium adsorption (QAO) was estimated as
follows:
V
(3)
QAO = (C0 − C AO ) AO
m
Here, QAO is the weight (g) of AO adsorbed on 1 g dried
gel at equilibrium. C0 and CAO are the concentrations of
AO initially and in equilibrium, respectively. VAO is the
volume of AO in mL, and m is the weight of the gel
when dried.

3. RESULTS AND DISCUSSIONS
3.1. Characteristics of the DNA/BSA complex gels

2.3. Gel behavior
In this experiment, the BSA/DNA gels obtained by
radiation crosslinking were analyzed by DNA content
and radiation dose. Their gel fractions were measured
by the following equation:
Gf =

Wg
Wi

× 100

(1)

where Wg is the dried weight of the crosslinking gel and
Wi is the total weight of BSA and DNA in the initial
solution.
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Figure1. Gel fraction of the BSA and DNA/BSA samples as
functions of radiation dose

As can be observed from Figure 1, the insoluble
crosslinking gels are created by gamma irradiation, and
gel fraction increased with radiation dose regardless of
presence or absence of DNA. However, the gelation
dose was reduced by adding 0.25% DNA. This may be
due to the fact that BSA is a radiation crosslinking-type
protein, and DNA can intercalate to the crosslinking
network [18]. In addition, the complex gels can be
formed by electrostatic interaction between positively
charged BSA and negatively charged DNA [21].
In fact, DNA has been complexed to protein as
reported by Kaya et al [22]. Large polyelectrolyte DNA
was protected in the crosslinking network of small
globular BSA protein, formed by gamma radiation. The
structure of the complex gels did not further induce
DNA breaks.
Fig. 1 also indicates that gel fraction seemed to
saturate at doses higher than 100 kGy, and maximum
values of gel fraction were about 80-90% since a part of
the polymers could not be crosslinked. This result
suggests that 100 kGy is the optimal dose for the
preparation of the DNA/BSA complex gel by gamma
irradiation.

Figure 3. Swelling of the complex gel with radiation dose

The DNA/BSA complex gels were characterized by
their swelling behaviors and the results were presented
in the Figures 3 and 4. Similar to other radiation
crosslinking gels, the swelling of the complex gels
prepared from the same DNA/BSA mixture quickly
reduced with the increase of radiation dose. The higher
the radiation dose, the larger the number of radicals
produced. As a result, the crosslinking networks
become stronger, hindering the mobility of water or
other solutes. The results also suggested that the
presence of DNA in the complex gels greatly reduced
their swelling degree. And the swelling degrees of both
BSA and DNA/BSA complex gels prepared by
irradiation with doses higher than 120 kGy are the
same. However, the swelling degree of the complex gels
prepared at the same radiation dose increased with
DNA content; namely, that DNA may affect the
crosslinking of proteins though it will not be broken by
gamma irradiation as mentioned somewhere [23].

Figure 4. Swelling of the complex gels with DNA content
Figure 2. Gel fraction of the DNA/BSA complex gels by
radiation versus DNA concentration

The gelation or radiation crosslinking also
depended on DNA content in initial DNA/BSA mixture
(see Fig. 2). With gamma radiation at 40 kGy,
maximum gel fraction was obtained with the mixtures
containing DNA of about 0.25-0.5%. Gel fraction
increased together with DNA content at doses higher
than 50 kGy. The results also confirmed that gel
fraction increased with radiation dose and the
maximum values of gel fraction obtained by gamma
irradiation at 100 kGy.

The swelling of the complex gels prepared by
gamma irradiation at 100 kGy was also investigated in
relation to time to estimate the swelling degree at
equilibrium. It is clear that swelling is a timedependent process. At the same time, the swelling
degree of the gel increased with DNA content, and the
time to reach the equilibrium swelling was longer by
adding and increasing DNA content.

Figure 5. Swelling degree of the gels prepared by irradiation at
100 kGy with time.
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3.2. Adsorption measurement
Absorbances of the AO solutions with concentration
ranging from 5 to 20 µg/mL were measured. The data
were fitted to a straight line equation as presented in
Fig. 6. From the calibration curve, AO concentration in
µg/mL (CAO) can be calculated from its absorbance as
follow:

C AO = 13.64 × ABS

The time required for adsorbate-adsorbent system
reach adsorption equilibrium depends on the rate and
characteristics of adsorbate and adsorbent. In this
experiment, the gel was submerged in AO solution for a
week to reach equilibrium and adsorption capacity of
AO on the DNA/BSA complex gel was described as a
function of time.

(4)

Figure 8. Dependence of AO adsorption on DNA content in
the complex gels
Figure 6. Calibration curve of acridine orange

AO was adsorbed to the DNA/BSA complex gels by
its interaction with DNA and BSA. The AO adsorption
of DNA/BSA gel was time-dependent. Figure 7 shows
the AO adsorption of the complex gels obtained by
gamma irradiation at 100 kGy with adsorption time. It
is obvious that AO adsorption increased with
adsorption time. These results also indicate the
concentration of AO that adsorbed to the gels increased
with DNA content at the same adsorption time.

Influence of DNA on the adsorption process has
been investigated with the DNA/BSA complex gels
obtained by gamma irradiation at 100 kGy. Figure 8
showed dependence of the adsorbed AO on DNA
amount in the gels. The results revealed that the weight
of AO adsorbed on the gel (QAO) was rapidly increased
by the presence of DNA and it also increased with DNA
concentration.

4. CONCLUSION

Figure 7. Time-dependent adsorption of AO to the complex
gel prepared by gamma irradiation at 100 kGy

AO adsorptions were tried to fit by single or doubleexponential models. Using the systematic errors, the
data seemed to fit in double exponential formula,
which has been applied to describe the two-step
adsorption process of rapidly and slowly adsorbed
fractions [18, 20] as following:
C
1 −  AO
 C0



 −t  
 − t 
 = a1 − exp   + b1 − exp   (5)

 

τ
 1  
 τ 2 



Here, t is adsorption time; τ1, τ2 are the time
constants of each fraction; and a, b are the exponential
factors.
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DNA/BSA complex gels were successfully prepared
from 10% BSA solution in the absence and presence of
different concentrations of DNA by gamma irradiation.
And the gels were characterized by gel behavior for
utilization as absorbent for AO. Gel fraction of the
complex gel seemed not to depend on the DNA content,
but it increased with radiation dose. The presence of
DNA greatly reduced the gelation dose. Gel fraction of
the DNA/BSA complex gel becomes saturated at doses
higher than 100 kGy, whereas its swelling degree
reduces. The swelling of the complex gels obtained by
gamma irradiation at 100 kGy is a time-dependent
process, and the swelling degree and the time required
to reach the equilibrium swelling increased with DNA
content.
The complex gels can be used as absorbent for AO,
and the adsorption capacity of AO to the DNA/BSA
gels increased with time and DNA content. At the same
radiation dose of 100 kGy, the weight of AO adsorbed
to the complex gel also increased with DNA content.
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