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Abstract
The glass surface modification with 3-(mercaptopropyl) trimethoxysilane (MPTS), gold nano-particles (GN) 
and guanine rich single strand DNA (ss-DNA) was utilized as a novel and efficient platform for sensing trace 
concentration of methylene blue (MB) by an inexpensive spectrophotometric method. Methylene Blue (MB) 
can interact with the guanine base of single strand DNA and absorbed onto glass surface and its absorbance 
can be determined at λmax of MB. Increase in methylene blue absorbance was linear with an increase in MB 
concentration and can be viewed by the naked eye and detected by spectrophotometric method. The linear 
range of the developed biosensor for determination of MB was from 10 to 100 nmol L-1 with a detection 
limit of 4 nmol L-1. The fabricated spectrophotometric MB biosensor possessed excellent selectivity and good 
sensitivity.

Keywords: Glass Surface; Gold nano-particles; Guanine; Methylene blue; Optical DNA biosensor; 
                    Single strand DNA.

INTRODUCTION
Methylene Blue (MB), (3, 7-bis(dimethylamino) 

phenothiazin-5-ium chloride trihydrate) has found 
many applications in microbiology, surgery and in 
the diagnostic field [1, 2]. MB is an example of a 
redox active non-metal molecule characterized 
by having a high affinity for nucleic acids. Recent 
research suggests that MB, toluidine blue, and 
other 3, 7-diaminophenothiazinium-based redox 
cyclers induce selective cancer cell apoptosis 
by NADPH: Quinone oxidoreductase (NQO1)-
dependent bio-reductive generation of cellular 
oxidative stress [3]. Although MB is not regulated 
for use with edible aquatic animals, sometimes 
be used as a chemotherapeutic agent in the 
aquaculture industry [4]. In humans, it activates 
a normally dormant reductase enzyme system 
which reduces MB to leucomethylene blue, 
which in turn is able to reduce methaemoglobin 
to hemoglobin. The release of azo dyes such 
as MB into the environment is a concern due to 

coloration of natural waters and due to the toxicity, 
mutagenicity and carcinogenicity of the dyes and 
their biotransformation products [5]. MB is one of 
the most commonly used substances for dyeing 
cotton, wood, and silk. Though methylene blue is 
not strongly hazardous, it can cause some harmful 
effects where acute exposure to methylene blue 
may cause increased heart rate, vomiting, shock, 
cyanosis, jaundice and quadriplegia and tissue 
necrosis in human [6].

Because MB is used as a replacement for other 
antifungal dyes in aquaculture nowadays, Japan 
has established a maximum residue limit (MRL) of 
10 mg/kg for aquatic products. It is important to 
have a practical method to monitor MB in edible 
aquatic product tissues. Numerous approaches 
have been reported for the determination of MB’s 
concentration, such as spectrophotometry [7], 
ion-exchange chromatography [8], reductimetric 
titration [9], polarography [10] and potentiometric 
titration [11] and so on [12-17]. Unfortunately, 
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most of these methods are either time consuming, 
involving multiple sample manipulations, or too 
expensive for most analytical laboratories. On the 
other hand, the as described spectrophotometric 
or potentiometeric methods suffer from poor 
sensitivity or selectivity.

DNA biosensors can theoretically be used for 
medical diagnostics, forensic science, agriculture, 
or even environmental clean-up efforts. The DNA 
immobilization procedure is a very important 
aspect since it influences the characterization 
of the DNA probe, the sensor response and its 
performance [18]. Thus, a key issue with a DNA 
biosensor is the accessibility and molecular 
orientation of the probe DNA, which requires a 
high degree of control over the immobilization of 
the probe oligonucleotides. 

 Self-assembled monolayers (SAMs) of alkane 
thiols modified DNA, which have shown to provide 
molecular level control over the immobilization 
of several types of biomolecules, have been 
used as active films on which DNA segments can 
be attached using covalent linkers  for example 
gold nano-particles [19, 20]. Gold nano-particles 
(GNPs) are the most extensively investigated 
nano-materials, due to their distinct physical 
and chemical attributes, that have encouraged 
researchers to explore novel sensing strategies 
with improved sensitivity, stability and selectivity 
[21-23]. 

In previous works [24-30] well-known 
interaction between the MB and the free guanine 
bases in the single stranded DNA has been utilized 
in many electrochemical biosensor applications 
[30]. However, in spite of high absorption of MB 
in the visible region and its strong and selective 
interaction with the guanine base of ss-DNA, to our 
knowledge, there is no report on the use of single 
strand DNA for the spectrophotometric sensing 
of MB. In our previous work [31], we immobilized 
S-H labeled ss-DNA onto a glass surface that had 
been modified with MPTS and gold nano-particles 
for construction a mercuric biosensor based on 
different interaction of MB with ss and ds-DNA and 
we observed that ss-DNA concentration can affect 
dramatically on MB absorption that emphasized 
the interaction of MB with ss-DNA. The described 
work in ref [31] used from hybridization of the two 
oligonucleotides through T–Hg2+–T coordination 
chemistry for constructing a mercuric biosensor. 
In the present work we used a guanine rich 
oligonucleotide for design a DNA biosensor for 

determination trace amount of MB concentration 
based on specific interaction between guanine 
bases of immobilized DNA and methylene blue 
molecules. As a consequence, the detection 
strategy and optimization of some parameter of 
the present biosensor is different from ref. 31. 
Accordingly, the present work is not similar to ref 
31 and can be regarded as a new work.

Based on above description, in this paper, we 
demonstrated a novel optical DNA biosensor 
based on a guanine rich ss-DNA immobilized 
onto modified glass surface for sensing trace 
concentration of MB. Firstly, glass surface 
was functionalized with MPTS and then gold 
nano-particles was attached to a S-H group of 
MTPS through Au-S covalent binding and then 
thiolated probe DNA, was immobilized onto gold 
nano-particles. MB can be absorbed through 
intercalative and electrostatic ways onto the free 
guanine base of probe DNA and approximately a 
large absorption peak for MB can be observed. 
The experimental conditions for determining 
of MB such as probe DNA concentration, pH 
of MB solution, accumulation time, and NaCl 
concentration were optimized. Under the 
optimum experimental conditions, the molar 
absorptivity of MB was 5.80 × 106 L mol-1 cm-1. 
Calibration graph was linear in the range from 10 
to 100 nmol L-1 with a detection limit of 4 nmol L-1. 
The interfering effects of some organic dyes were 
also studied. Finally, the proposed biosensor was 
successfully applied for the determination of MB 
in some water samples. 

EXPERIMENTAL
Reagents and materials

Analytical reagent grade chemicals and double 
distilled water (DDW) were used for preparing all 
aqueous solutions. Hydrogen tetracholoroaurate 
(HAuCl4·3H2O), trisodium citrate, potassium 
monohydrogen phosphate, potassium dihydrogen 
phosphate, citric acid, hydrogen peroxide, sodium 
chloride, methylene blue (MB), Erio chrome Black 
T (ECBT), Congo Red (CoR), Methyl Orange (MO), 
Thymol Blue (TB), Phenol Phetalein (PP), Cresol 
Red (CrR), Phenol Red (PR), and Bromothymol 
Blue (BTB) were obtained from Merck (Germany). 
Mercaptohexanol (MCH) and 3-(mercaptopropyl)
trimethoxysilane (MPTS) were purchased from 
Sigma (USA).

S-H labeled poly-G oligonucleotide (5’-S-H-
GGGGGGGGGGGGGGG-3’) was purchased from 

http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=qIjuL2Jo3Pj5NM&tbnid=4-7cThnb9cPSuM:&ved=0CAYQjhw&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEriochrome_Black_T&ei=Rp6kUoiHIsa5rgfi94DgCg&psig=AFQjCNHMOJoPYp4FLovS0uUvChuxBZYpBA&ust=1386606534660941
http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=qIjuL2Jo3Pj5NM&tbnid=4-7cThnb9cPSuM:&ved=0CAYQjhw&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEriochrome_Black_T&ei=Rp6kUoiHIsa5rgfi94DgCg&psig=AFQjCNHMOJoPYp4FLovS0uUvChuxBZYpBA&ust=1386606534660941
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the Aminsan Company (Iran) and oligonucleotide 
stock solution was prepared in phosphate-citrate 
buffer solution (pH 3.5).

Apparatus and instrumentations
The pH values were controlled by a pH/mV meter 

(Metrohm-827, Switzerland), UV–Vis absorption 
spectrums were recorded using a double-beam 
in-time Lambda 25 UV-Vis spectrophotometer 
(Perkin Elemer, Netherlands). Scanning electron 
microscopy (SEM) and transmittance electron 
microscopy (TEM) experiments were carried out 
with a TESCAN scanning electron microscope and 
Hitachi H-8100 transmission electron microscope 
respectively.

Preparation of gold nano-particles
Colloidal gold nano-particles (GNPs) were 

prepared according to the literature [32] briefly by 
adding 1.5 mL of 1% (w/v) sodium citrate solution 
to 25 mL of 0.01% (w/v) HAuCl4·3H2O at 80°C. The 
final mixture of red color was boiled for 15 min. 
The prepared gold nanoparticles were stored in 
dark glass bottles at 4°C.

Biosensor fabrication
A commercially available glass slide (50× 24 

mm, Citoglass) was used as the template for 
constructing MB biosensor. After cleaning glass 
surfaces with a piranha solution (7 : 3 mixtures 
of concentrated sulfuric acid and 30% hydrogen 
peroxide) and a diluted alkaline detergent, the 
glass surface was washed with DDW three times. 
Then, the cleaned glass substrate was immersed 
in a solution of 290 mmol L-1 solution of MPTS 
in toluene for 5 min, rinsed five times in ethanol 
with sonication for 5 min, and was rinsed two 
times in water for 5 min. Both sides of the glass 
slide were coated with an organization using this 
procedure and named Glass/MPTS. The prepared 
Glass/MPTS surfaces were rinsed with DDW and 
were immersed in a colloidal gold suspension to 
fabricate gold nano-particle layers on both sides 
of the substrate for 3 h. In this step, gold nano-
particles interacted covalently with S-H groups 
of MPTS and were introduced onto glass surface. 
Afterward, the glass slide was washed gently with 
DDW and named Glass/MPTS/GN.

For Glass/MPTS/GN/S-H-DNA construction, 
Glass/MPTS/GN was immersed in a 10 nmol L-1 
phosphate-citrate buffer solution of S-H-DNA (pH 
3.5) for 6h. Then, the glass surface was incubated 

in the MCH solution for 30 min for producing a 
self-assembly well-aligned monolayer (SAM) of 
thiolated oligonucleotide. Finally the glass surface 
was rinsed thoroughly with DDW to remove 
physically adsorbed S-H-DNA to obtain a modified 
glass surface denoted as Glass/MPTS/GN/S-H-
DNA and was stored in DDW until the SEM or UV-
Vis measurement carried out.

Spectrophotometric determination of MB
All modified glass slides were stored in DDW 

until the SEM or UV-Vis measurement carried 
out. For spectrophotometric characterization of 
gold nano-particles, colloidal gold nano-particles 
were poured in a spectrophotometer cell and 
absorption spectra were obtained against distilled 
water as reference. For gain calibration curve, 
Glass/MPTS/GN/S-H-DNA was immersed in 
solutions with different concentrations of MB and 
10 mmol L-1 of NaCl for 10 min with mild stirring 
and after washing with DDW its absorbance versus 
Glass/MPTS/GN/S-H-DNA as blank was recorded 
by spectrophotometer.    

RESULT AND DISCUSSION
Characterization of prepared gold nano-particles

GNPs was synthesized by the above method 
yielded spherical particles with an average 
diameter of 39±3 nm by the particle size 
analysis. The surface plasmon resonance peak 
of unmodified gold nano-particles is centered on 
525 nm (Fig. 1a) as reported earlier indicating 
that the nanoparticles were not aggregated but 
well dispersed as individual particles. The results 
were further confirmed by TEM imaging. The 
generation of spherical nano-particles with nearly 
identical sizes was substantiated from the TEM 
image shown in Fig. 1b.

Characterization of different modification on the 
glass surface

As our previous work [31], electronic 
characterization of step by step modification of 
glass surface was investigated by scanning electron 
microscopy (SEM). Functionalization of the glass 
surface with MPTS led to occasional hemispherical 
features of about 100 nm diameter that were not 
self-associating (Fig. 2a). After introducing gold 
nano-particles onto MPTS functionalized glass 
surface, accumulation of spherical gold nano-
particles onto MPTS surface was observed (Fig. 
2b), whereas immobilization of guanine rich ss-
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DNA, produced a non-uniform coverage onto glass 
surface (Fig. 2c). Finally, incubation of Glass/MPTS/
GN/S-H-DNA with 50 nmol L-1 MB (Fig. 2d) resulted 
in a more dense and homogeneous coverage. 

Preliminary studies
The optical MB biosensor was prepared with the 

step by step modifying of glass surface by MPTS, 
gold nano-particles and S-H-labeled guanine rich 
ss-DNA. The whole biosensor fabrication process 
was schematically demonstrated in Fig. 3.

Preliminary studies were carried out in order to 
select the optimum conditions for the detection of 
MB at Glass/MPTS/GN/S-H-DNA. Best results were 
obtained with these conditions: concentration of 
MPTS and gold nano-particles were 290 mmol 
L-1 and 0.58 nmol L-1, respectively and optimum 
immersion time of MPTS and gold nano-particles 
were 5 min and 3 h respectively. These results were 
in complete agreement with [33] and hence next 
experiments were done with these concentrations 
and immersion times.

Fig. 1: Absorption spectra (a) and TEM image (b) of the synthesized gold nano-particles. 
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Fig. 2: SEM images of Glass/MPTS (a), Glass/MPTS/GN (b), Glass/MPTS/GN/S-H-DNA (c) and 

Glass/MPTS/GN/S-H-DNA-MB (d). 

  

Fig. 2: SEM images of Glass/MPTS (a), Glass/MPTS/GN (b), Glass/MPTS/GN/S-H-DNA (c) and Glass/MPTS/GN/S-H-DNA-MB (d).
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The effect of probe concentration based on 
absorption peaks of MB was also explored in 
different probe concentrations from 1 to 100 nmol 
L-1 (Fig. 4a) and constant value of MB. This figure 
illustrates the absorption peak of MB vs. different 
concentration of guanine rich DNA probe. As 
shown, the absorption peak rapidly increases 
with the probe DNA concentration from 1 to 10 
nmol L-1, then reaches to the maximum value at 10 
nmol L-1. Therefore, 10 nmol L-1 of probe DNA was 
chosen as an optimum value in order to obtain a 
high sensitivity in the subsequent experiment.

In general, pH is one of the variables which 
commonly and strongly influence the response 
of the biosensor. It is important to investigate the 
effects of pH on the proposed spectrophotometric 
biosensor. The absorption responses for 50 nmol 
L-1 of MB were examined in phosphate-citrate 
buffers (pH 2.5-8). The absorption peak of MB was 
found to be markedly dependent on the pH. As can 
be seen from (Fig. 4b), when the pH of MB solution 
was increased, the absorption of MB increased, 
and it achieved a maximum at about pH 3.5, then 
decreased. With respect to guanine pKa (pKa=3.3) 
at very low pH (pH < 3.0), the phosophodiester 
backbone of DNA can be hydrolyzed and some 
guanine base can be expected to be protonated. 
On the other hand, with respect to the pKa of 
MB (pKa=3.8), at a pH higher than 3.8 MB is in its 
anionic form. Therefore, at pH between 3.3 and 

3.8, MB can be observed in positive and DNA must 
be in their negative forms and highest electrostatic 
interaction between ss- DNA and MB can be 
observed. However, at pH above 3.8, MB was in its 
anionic form and less electrostatic interaction with 
DNA was occurred. Therefore, pH 3.5 was selected 
as optimum value of pH for construction of DNA 
sensor.

Accumulation time was varied between 1 and 
40 min (Fig. 4c) and a higher absorbance for MB 
was obtained for 10 min, which was chosen as 
accumulation time for further measurements. The 
decrease observed in accumulation times higher 
than 10 min indicates that this is the interval of 
time necessary to reach the saturation of the 
binding sites on the guanine base of ss-DNA. 

The effect of NaCl concentration in the MB 
solution onto the biosensor response was also 
studied (data not shown). The absorption peak of 
MB was observed to augment with the increase 
in NaCl concentration until a concentration 
of 10 mmol L-1 was reached; for higher salt 
concentrations (up to 0.2 mmol L-1) no further 
variations were recorded. This result seems 
to indicate that the electrostatic or weak base 
interaction contributions were present and 
important at NaCl concentrations lower than 10 
mmol L-1. For NaCl concentrations higher than 
this value the MB response leveled off becoming 
more or less constant; this is consistent with the 

Fig. 3: Schematic illustration of the fabrication steps of the MB biosensor.
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presence of a second contribution, independent 
of the electrostatic properties of the DNA. This 
contribution can be associated with the presence 
of the free guanine bases in the DNA sequence. 
Notably a residual electrostatic contribution 
can be still identified even at very high NaCl 
concentrations.

Analytical data
The prepared DNA biosensor system was 

sensitive for determination trace concentration 
of MB. Three different mechanisms of MB-DNA 
interaction have been recognized: (i) electrostatic 
interaction with the negatively charged DNA 
backbone [34], (ii) intercalation within the DNA 
double helix [35] and (iii) preferential binding to 
free guanine bases present in single stranded DNA 
(ss DNA) [24]. In this work, MB can bind into the 
free guanine bases of ss-DNA and electrostatically 
absorbed onto the DNA at pH 3.5. The ranges of 
linearity (Table 1) of absorbance as a function of 
MB concentration, obeys the Beer’s law, provide 
a satisfactory measure of the sensitivity of the 

method (Fig. 5a). Under the optimum conditions 
the absorbance of the MB obeys Beer’s law in 
concentration range of 10-100 nmol L-1 (Fig. 5b). 
The molar absorptivity value is 5.80×106 Lmol-1 
cm-1 in mentioned condition that indicates high 
sensitivity of method. Limit of detection, limit 
of quantification, standard deviation (S.D), and 
the correlation coefficient were also calculated 
and summarized in Table 1. It was found that the 
proposed MB DNA biosensor was applicable for 
the spectrophotometric determination of MB as 
a sensitive, simple and accurate method.  Large 
amounts of MB can be absorbed onto the glass 
surface through its electrostatic and specific 
interaction with immobilized DNA and respect to 
high absorption of MB in the visible region, high 
sensitivity for biosensor was achieved. On the 
other hands, self-assembly of colloidal gold onto 
the modified glass surface because of their high 
surface-to-volume ratio and excellent biological 
compatibility, enlarged the glass surface area and 
enhanced greatly the amount of immobilized ss-
DNA and hence the sensitivity of MB biosensor.

Fig. 4: Absorption peak of 50 nmol L-1 MB at λMax measured in (a) Various concentration of DNA immobilized onto the surface 
of Glass/MPTS/GN at pH 3.5. DNA concentrations are 1, 5, 10, 25, and 50 nmol L-1 respectively. (b) Various pH from 2.5 to 8 
at Glass/MPTS/GN/S-H DNA and 10 nmol L-1 DNA. (c) Various accumulation time of MB from 1 to 40 min at Glass/MPTS/
GN/S-H DNA where DNA concentration was 10 nmol L-1. Error bars show the standard deviations of the measurements taken 

from three independent experiments.
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Selectivity
The specificity of the biosensor was also 

evaluated by substituting 50 nmol L-1 MB in 
the buffer with various anionic organic dyes 
such as Erio chrome Black T (ECBT), Congo 
Red (CoR), Methyl Orange (MO), Thymol Blue 
(TB) and cationic dyes such as Phenolphetalein 
(PP), Cresol Red (CrR), Phenol Red (PR) 
and Bromothymol Blue (BTB) at 1 µmol L-1 
concentration, respectively. As shown in Fig. 6, 
the biosensor exhibits a remarkable response to 
MB, but hardly responds to other organic dyes. 

As it is evident, most of the anionic organic 
dyes have a weak absorption peak in biosensor 
surface and respond to cationic dyes are 
very less than MB response. The response of 
biosensor to cationic dyes is greater than anionic 
dyes because cationic dyes can be absorbed on 
biosensor surfaces by electrostatic interaction. 
However, their absorption peak is less than the 
absorption peak of MB, because MB possesses 

both electrostatic and intercalative interaction 
with the immobilized ss-DNA. On the other 
hand, anionic dyes that absorbed neither via 
electrostatic interaction nor interacted with 
a guanine base of ss-DNA do not absorb on 
biosensor surface and mostly a weak absorption 
peak for them has been seen. Likewise, the 
sensor’s response to MB (25 nmol L-1, Fig. 6a) 
is not significantly affected by the presence 
of mixed Interferential organic dyes (all at 1 
µmol L-1, Fig. 6b), which indicates an excellent 
selectivity for MB detection. 

Analytical application
From the preceding observation, it is apparent 

that the proposed method possesses a high 
sensitivity, selectivity, and a very good detection 
limit for the determination of MB in an ideal 
laboratory sample. 

To evaluate possible matrix effects, we tested 
the proposed biosensor with water samples using 

Fig. 5: (a) The UV–Vis spectrums measured by proposed biosensor upon addition of different concentrations of MB at optimum 
conditions. MB concentrations are 10, 25, 50, 75, and 100 nmol L-1 respectively. (b) Absorption of MB against different 

concentration of MB (Beer’s law plot).

Table 1: Optical parameters for the determination of MB with proposed DNA biosensor.
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lab tap water and spring water without sample 
pretreatment or time-consuming extraction or 
evaporation steps prior to analysis of the MB. 
These water samples were spiked with MB from its 
stock solutions at concentrations of 25, 50 and 75 
nmol L-1, followed by measuring the MB content 
as described above. The results of analysis are 
listed in Table 2. The recovery percentage values 
are about 97.6-104.8% indicated good accuracy of 
results.

Comparative study
For comparative purposes, Table 3 lists the 

linear range and detection limit of some previously 
published MB sensors [37-39, 13-14] against the 
proposed sensor. It is noteworthy that the limit 
of detection and linear range of the proposed 
sensor are also considerably improved with 
respect to most of the reported MB sensors and is 
comparable with ref [39] that utilizes an expensive 
ultra-performance liquid chromatography and 
mass spectrometry system.

Fig. 6: The biosensor responses to 50 nmol L-1 of MB and some anionic and cationic organic dyes with 1μmol L-1 
concentration. Response of biosensor to 25 nmol L-1 MB (a) and a solution containing 25 nmol L-1 MB and 1 μmol L-1 

mixture of other organic dyes (b). All measurements carried out at optimum conditions.

Table 2: Detection results of water spiked with MB.
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Table 2: Detection results of water spiked with MB. 

Origin a MB added to the samples 
(nmol L-1) 

MB determined by biosensor 
(nmol L-1) b Recovery (%) 

Lab tap water 
25 25.5 (±0.2) 102.0 
50 49.2 (±0.1) 99.2 
75 74.1 (±0.2) 98.9 

Spring water 
25 26.3 (±0.3) 104.8 
50 50.6 (±0.2) 101.2 
75 73.2 (±0.3) 97.6 

 

a All samples were collected and analyzed on 8th June 2016 and the initial concentration of MB in these water 
samples was undetectable (<4 nmol L-1), b Values in parentheses are SDs based on four replicate analyses. 
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Table 3: Comparison of the proposed methylene blue DNA biosensor with the previously reported sensor. 

Ref no. Detection method Linear range Detection limit 

37 Spectrophotometric determination after ion-pair extraction 0.3-28µM - 

38 Potentiometric sensor based on methylene blue–silicotungstate ion association 1µm-1 mM 0.7 µM 

14 Potentiometric sensor using Methylene Blue-Phosphotungstate as Electroactive Material 1µm-1 mM 0.7 µM 

13 Liquid chromatography tandem mass spectrometry 13-62 nM 6 nM 

39 
solid-phase extraction 

and ultra-performance liquid chromatographytandem 
mass spectrometry: 

3-15 0.3 nM 

This work Spectrophotometric method using DNA biosensor strategy 10-100 nM 4 nM 
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concentration. Response of biosensor to 25 nmol L-1 MB (a) and a solution containing 25 nmol L-1 MB and 1 µmol 

L-1 mixture of other organic dyes (b). All measurements carried out at optimum conditions. 
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CONCLUSIONS
In this paper, we used electrostatic and specific 

interaction of guanine bases of immobilized ss-
DNA onto modified glass surface with MB for 
constructing a highly sensitive and selective 
novel spectrophotometric DNA biosensor 
for determination trace amount of MB. The 
proposed biosensor developed in this paper 
has been demonstrated an efficient way for 
MB determination. The proposed method 
for determination of MB does not require 
costly equipment and sophisticated sample 
pretreatment, and had many salient advantages 
such as simple, cost-effective and rapid. The 
results from validation indicate that the proposed 
method successfully used for the determination 
of MB in some water samples. However, it is 
inevitable to design more sensitive and selective 
sensors based on this strategy to monitor MB and 
the promising performance of the developed DNA 
spectrophotometric MB biosensor makes this 
methodological study and application attractive in 
the analysis of the other organic dyes.
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