
RESEARCH ARTICLE e-ISSN: 2249-622X 

 

 

*Corresponding author: Dr. Rizwan Ahmad| Department of Biochemistry, Oman Medical College, PO Box 231, PC 321, Al-Tareef, 
Sohar, Sultanate of Oman| Email: ahmadriz.biochem@gmail.com 

P
ag

e2
3

 
P

ag
e2

3
 

 
Biochemical Studies of In Vitro Glycation of Human DNA 

Adil Wani1, Shaheena Mushtaq1, Haseeb Ahsan2 and Rizwan Ahmad1,3* 

1Department of Biochemistry, SBS Post Graduate Institute of Biomedical Sciences, Dehradun, India. 
2Department of Biochemistry, Faculty of Dentistry, Jamia Millia Islamia (A Central University), New Delhi. 

3Department of Biochemistry, Oman Medical College, Sohar, Oman. 
 

.                                    

 
 
 
 

ABSTRACT 
Glucose can covalently bind to DNA by non-enzymatic process often termed 
as glycation. Glycation of DNA is of special interest due to its possible 
influence on the functionality of DNA and overall effect on gene expression. 
Glycation of DNA leads to formation of advanced glycation end products 
(AGEs). These AGEs may accumulate with time, overwhelming the enzymatic 
defense against glycation leading to loss of viability and gradually to cellular 
aging.  In our study, different concentrations of glucose were incubated with 
human DNA for varying time periods. The reaction product was characterized 
by UV spectroscopy, nitroblue tetrazolium (NBT) reduction assay, melting 
temperature and electrophoretic study. Oxidation induced by glycation of 
DNA was also analyzed by scavenging studies. It was found that ultraviolet 
(UV) spectroscopic analysis of Glycated DNA shows hypochromicity, indicates 
the formation of advance glycated end products. Amadori product content 
was found high in glycated samples. Thermal denaturation of glycated DNA 
shows increase in Tm value by 4 oC and change in banding pattern of native 
and glycated adduct on agarose gel electrophoresis. The quenching effect of 
glutathione (GSH) provides clue for generation of free radicals during 
glycation. The DNA modified with D-glucose may be one of the etiological 
pathogenic factors for diabetes mellitus. 
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1. INTRODUCTION 
Advanced glycated end products (AGEs) are molecules 
formed from the non-enzymatic reaction of reducing sugar 
with free amino group of proteins, lipids and nucleic acids 
[1]. DNA is subjected to continuous damage by oxidation 
and various other processes. DNA modification by 
glycation has been generally overlooked in these 
processes. This is, perhaps, an oversight since oxidative 
stress that gives rise to oxidative damage of DNA [2] is 
associated with accumulation of cellular glycating agents 
that also increase the glycation of DNA. Glycation of DNA 
gives rise to characteristics nucleotide adducts some of 
which have been found to increase in oxidative stress [3]. 
This is not surprising since glucose and other saccharide 
derivative fragments to form glyoxal and methyl glyoxal in 
the early stages of glycation reaction [4]. The presences of 
nucleotide AGEs are associated with increased mutation 

frequency, DNA strand breaks and cytotoxicity. The effect 
of AGEs formation on DNA reported to date is the 
induction of unusual rearrangements [5]. In mammalian 
cell evidences has been found that AGEs formation on 
DNA may be responsible for insertion containing repetitive 
sequences of Alu family that has been found to disrupt 
human gene [6]. The cellular protection against oxidative 
damage to DNA is achieved by enzymatic and non-
enzymatic antioxidants [7] that neutralize or detoxify 
reactive oxygen species. Nucleotide glycation and related 
effects are expected to be the most marked in disease 
associated with accumulation of glycating agents to high 
concentration in diabetes and uremia [4]. The decline in 
DNA repair mechanism and persistence of lesion in DNA 
with increased age [8] may also exacerbate the effect of 
nucleotide glycation. 
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2. MATERIALS AND METHODS  
Agarose gel electrophoretic unit and Rocker shaker 100 
were from GENIE, India. The 5415R centrifuge was from 
Eppendorf, Germany and UV-1700 spectrophotometer 
was from Shimadzu Co., Japan. Gel documenting system 
was from Uvitech, India. D-glucose was purchased from 
Heinz, India and agarose from SRL, India. All other 
chemical used in protocol were of analytic grade. 
2.1. Isolation of Human DNA 
Blood was collected from healthy voluntary donors from 
the OPD of SBS PGI College, Dehradun following approval 
by the ethical committee. Genomic DNA was isolated by 
the Proteinase K- Buffer method [9] from human blood. 
2.2. Glycation of DNA 
For the preparation of glycated products, DNA (100µg/ml) 
was incubated at 37oC with D-glucoseat different 
concentrations (50 mM, 100 mM, 150 mM and 200 mM) 
under sterile conditions for 0-30 days.  
2.3. Determination of Amadori Products in DNA 
Amadori products (fructosamine) in DNA were determined 
by the Nitroblue tetarazolium reduction assay [10] after 
some modification. The DNA sample (100µg/ml) was 
mixed with 100 mM sodium carbonate buffer (pH 10.8) 
containing 0.25 mM NBT and incubated for 5 hr at 37oC. 
Absorbance was read at 525 nm and the contents of 
Amadori products were determined using an extinction 
coefficient of 12640 cm-1m-1 for monoformazan 
(considering that 1 mole monoformazan is formed upon 
the reduction of NBT by 1 mole of fructosamine). 
2.4. UV Spectroscopic Studies  
UV spectra were recorded on a UV-240 
spectrophotometer (Shimadzu, Japan). The UV spectra 
were taken between 200-400nm. The decrease in 
absorbance was calculated by using the following 
equation: 

%  
 
 
Thermal Denaturation Studies 
Thermal denaturation of native and glycated DNA under 
identical conditions was evaluated by a temperature scan 
from 30°C to 95°C at an increment of 1°C/min on a 
Shimadzu UV-240 spectrophotometer equipped with a 
temperature programmer and controller assembly. The 
change in absorbance at 260 nm was recorded and 
melting temperature (Tm) of the samples calculated [11]. 
2.5. Agarose Gel Electrophoresis 
The change in electrophoretic pattern of native DNA and 
glycated DNA was observed on 1% agarose gel at 40 mA in 
TAE buffer (40 mM Tris acetate, 2mM EDTA, pH 8.0). The 

gels were stained with ethidium bromide (1mg/ml) and 
visualized under UV light. 
2.6. Treatment of Glycated DNA with Scavengers 
Free Radical scavengers such as catalase (20μg/ml), GSH 
(10 mM) and mannitol (10 mM) were added to glycated 
DNA of 100 mM glucose concentration incubated for 0- 30 
days. Samples were modified as described above and 
absorbance was measured at 260 nm. 
3. RESULTS 
3.1. AGEs modification of DNA 
DNA was isolated from human blood and its purity was 
found to be pure (A260/A280=1.7). The characterization of 
native and glycated DNA has been shown in Table 1 

Parameters Native DNA Glycated DNA 

 
A260/280 

 
1.7 

 
1.32 

 
Melting 

Temperature (Tm) 

 
81oC 

 
85oC 

 
% Hypochromicity 

 
- 

 
51% 

 
Amadori products 
(nmol/mg DNA) 

 
3 

 
8.6 

TABLE 1: Characterization of Native and Glycated DNA (100 mM) 

The isolated DNA was then modified with different 
glucose concentrations to form glycated DNA. The changes 
induced in DNA by modification were analyzed by UV 
spectrophotometer. UV spectra analysis of 100 mM 
glucose concentration showed change in DNA spectra as a 
result of glycation. The marked hypochromicity of 51% 
and peak shift of 5 nm were exhibited in modified 100 mM 
glycated DNA as evident from UV spectral analysis (Fig.1). 

 
Figure 1: UV absorption of Native DNA (-), DNA incubated with 50 mM 

(-), 100 mM (-), 150 mM (-) and 200 mM (-) glucose. 

Hypochromicity = (Absorbance of native sample - 

Absorbance of glycated sample)/ Absorbance of  

native sample x100 
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3.2. Assay of Glycated DNA 
For the measurement of early glycated products in DNA, 
we performed the NBT reduction assay. It is a simple 
method and with some modifications proved to be 
relevant for analysis of glycated DNA. Glycation proceedes 
in two main stages, the first one including the formation of 
aldimines (schiff’s base), which are then transformed in 
the second stage into more stable Amadori products. The 
adducts irreversibly bound to DNA are designated as 
advanced glycated end products. Amadori product 
content of native DNA is 3 nmol /mg DNA while as that of 
glycated DNA on increasing the incubation time content 
increases , but after two weeks content remains almost 
same which is 8.6 nmole/mg DNA. 

 
Figure 2: Formation of Amadori products during incubation of 

glycated DNA with NBT for two days (1), four days (2), one week (3), 
two weeks (4), three weeks (5) and four weeks (6) 

3.4. Thermal Melting profile 
The denaturation of DNA takes place due to disruption of 
hydrogen bonds between the complementary nitrogenous 
base in the two strands.  Melting profile of native and 
glycated DNA was analyzed between 30oC and 95oC. Tm of 
native DNA was found to be 81oC while that of glycated 
DNA was found to be 85oC.Increase of 4 oC in the Tm 
coupled with the late onset of melting in case of glycated 
DNA signifies the greater thermal stability, as compared to 
their native analogue (Fig. 3). The late onset of melting in 
the case of glycated DNA is indicative of an unstable helix 
as a consequence of modification  

 
Figure 3: Thermal denaturation profile of native DNA (-) and glycated 

DNA (-). 

3.5. Agarose gel electrophoresis 
Electrophoretic pattern of native and glycated DNA was 
studied on a 1% agarose gel (Fig. 5). The band of native 
DNA was found to be more distinct and intense as 
compared to that of glycated DNA. A diminished or less 
intense band of glycated DNA indicates cross-linking of 
glucose moieties in the double stranded helix which 
results in the formation of heavily glycated products. 
3.6. Treatment with free radical scavengers 
Treatment of glycated DNA with scavengers like GSH, 
catalase and mannitol causes quenching of free radicals 
generated during glycation. Since oxygen radicals which 
may be superoxide or hydroxyl radicals are generated 
during glycation of DNA. GSH and catalase provides 
cellular protection against oxidative damage to DNA. GSH 
and catalase are known scavenger of superoxide radical. 
Mannitol a specific quencher for hydroxyl radical had no 
effect on radical generation.   GSH shows maximum 
scavenging effect in our study (Fig. 4). 

 

 
Figure 4: Agarose gel electrophoresis of native DNA (lane 1) and 

glycated DNA (lane 2). 

 

 
Figure 5: Effect of various free radical scavengers on glycated DNA. 
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4. DISCUSSION  
Glycation is the non-enzymatic addition or insertion of 
sugar molecules into DNA, protein and lipids that occur in 
biological molecules. The glycation of DNA give rise to 
characteristic nucleotide adducts, some of which have 
been found to increase in oxidative stress [3]. The 
glycation causes damage to DNA which is associated with 
mutagenesis, carcinogenesis and is also considered to be a 
pathogenic factor for diabetes mellitus [12]. The isolated 
DNA was incubated with different concentrations of 
glucose for various time intervals showing marked 
hypochromicity of 51% and shift in λmax as evident from 
UV spectral analysis. Previously, it was suggested that 
glycation of DNA resulting in the form of nucleotide AGEs 
is associated with increase in mutation frequency and 
cytotoxicity [13]. DNA glycation may contribute to the 
toxicity of several clinical cytotoxic anti tumor agents and 
over expression of enzymatic anti-glycation defense is 
associated with multi drug resistance in major classes of 
tumors [13]. Improved understanding of DNA glycation 
may give guidance on decreasing the risk of tumor 
associated with dietary factors [13]. 
For the measurement of early glycated products in DNA, 
we have performed NBT reduction assay, originally 
developed for quantification of fructosamine in serum 
glycosyl proteins [10]. This assay is applicable to nucleic 
acid as per se are devoid of reducing functionality. 
However, in addition to glycation, reducing moieties are 
likely to appear in the cellular DNA by other chemical or 
enzymatic reactions. Aldehydicapurinic/apirimidinidic (AP) 
sites can be directly induced in DNA by reactive oxygen 
species [14] or caused by glycosylase enzymes upon 
removal of oxidized bases [15]. Previous groups have 
reported that Amadori product formation in glycated 
samples is higher than in native [10]. We have also 
measured Amadori products of native and glycated 
samples. Our data substantiates the earlier findings. The 

hydrogen peroxide so produced during glycation may be 
converted to highly reactive hydroxyl radical via Fenton 
reaction. Oxygen radicals are generated in the process of 
auto oxidation of sugar [16, 17]. The cellular protection 
against the oxidative damage in DNA is achieved by 
enzymatic and non enzymatic antioxidants [18]. The 
presence of superoxide was detected by reduction of NBT 
[19]. The increase in absorbance of glycated DNA at 560 
nm suggests the presence of superoxide radical. The 
superoxide formation is suggested to be involved in the 
Millard reaction of DNA with sugar [20]. Treatment of 
glycated DNA with scavengers like GSH, catalase and 
mannitol causes quenching of radicals generated during 
glycation. GSH showed maximum scavenging effect in our 
study which is in accordance to the previous findings that 
the depletion of cellular antioxidant GSH led to increased 
binding of glucose derivatives to DNA [21]. Glycation 
damage to DNA is associated with mutagenesis and 
carcinogenesis, although cellular protection against 
glycation is functioning, the mutagenic potential is low. 
DNA glycation is covalent modification of DNA and will 
damage the function of DNA (replication and 
transcription) as well as many alkylating agents. In 
addition it would be expected that glycated contributes to 
site specific radical DNA damage [22]. Improved 
understanding of DNA glycation may give guidance on 
decreasing the risk of tumors associated with dietary 
factors. 
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