Chapter 7

Electrochemical DNA Biosensors: Protocols
for Intercalator-Based Detection of Hybridization
in Solution and at the Surface

Kagan Kerman, Mun’delanji Vestergaard, and Eiichi Tamiya

Summary

An electrochemical DNA biosensor is a device that utilizes the inherent ability of two complementary
strands of nucleic acids to form a double helix. The specificity of this reaction, namely hybridization,
is used in the detection of target DNA sequences with a view toward developing point-of-care devices.
Since the early 1990s, great progress has been made in this field, but there are still numerous challenges
to overcome. This chapter describes the components of an electrochemical DNA biosensor for research-
ers new to the field, paying particular attention to intercalator-based DNA biosensors. We will use a
well-defined electro-active DNA intercalator Hoechst 33258, as our running example. Two of the most
classic DNA sensing methods: solution-based and surface-immobilized methods are discussed, along
with guiding notes that would help identify and overcome possible problems in a typical electrochemical
DNA biosensor experiment.

Key words: Biosensor, Electrochemical, DNA, Intercalator, Hybridization, Hoechst 33258, Screen-
printed electrode (SPE), Probe-modified electrode, Self-assembled DNA monolayer.

1. Introduction

A biosensor is a device that combines a biological component (2
recognition layer) and a physico-chemical detector component (2
transducer). The transduction unit can be electrochemical, opti-
cal, piezoelectric, magnetic, or calorimetric (). Two groups of
recognition molecules form the majority of biosensors: affinity-
based and catalytic-based biosensors. Affinity-based biosensors
are used to bind molecular species of interest, irreversibly and
noncatalytically. Examples include antibodies, nucleic acids, and
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hormone receptors. Catalytic-based sensors such as enzymes and
microbiological cells recognize and bind a molecule of interest,
followed by a catalyzed chemical conversion of that molecule to
a product that is then detected.

Electrochemical biosensors enable fast, simple, and low-cost
detection, mainly because there is no need for expensive signal
transduction equipment since they give electronic signals directly.
They exploit both catalytic and noncatalytic-based molecules for
the recognition layer. The most popular examples of these two
types of molecular recognition elements are enzymes and DNA.
In this chapter, we will confine our attention to DNA-based bio-
sensors. DNA is particularly well-suited for biosensing applica-
tions, because there is a robust and specific interaction of the base
pairs between complementary strands. DNA biosensors convert
the Watson—Crick base-pair recognition event into a readable
analytical signal (2—4).

A DNA biosensor is mainly designed in such a way that a dis-
tinction can be made between single-stranded DNA (ssDNA),
double-stranded DNA (dsDNA), and rarely three-stranded DNA
(triplexes), providing the basis for electrochemical detection of DNA
hybridization. In this chapter, we will restrict our discussions to
the most common forms (dsDNA and ssDNA). There are basically
four different analytical techniques for electrochemical detection of
DNA hybridization: monitoring of (a) electrochemical oxidation/
reduction signals of metal nanoparticle-tagged oligonucleotides,
(b) oxidation peak current of the electro-active DNA bases such as
guanine and /or adenine, (c) enzymatically amplified electrochemi-
cal signal ofa substrate in the presence of the enzyme-tagged hybrid,
and (d) electrochemical signal of a label, which selectively binds
with dsDNA/ssDNA (2, 5). In electrochemistry, DNA labeling has
been exploited widely, from indirect detection platforms that use
chemical mediators such as polypyridyl complexes of Ru(II) and
Os(II), through use of redox-active reporter molecules (ferrocene,
gold nanoparticles, semiconductor nanostructures (quantum dots:
CdS, ZnS, PbS), to DNA-mediated charge transport mechanisms
that utilize redox-active electrostatic (Ru(NH,),**) and intercala-
tive (Co(phen),**) probe molecules (5-12).

The interaction of DNA and a ligand, which can bind to
DNA to form a larger complex, plays a major role in biological
processes such as gene transcription and DNA replication. Inten-
sive research on natural and synthetic ligands has revealed inter-
calative or nonintercalative mechanisms (13-16). A large class of
molecules intercalates in the space between two adjacent base
pairs of dsDNA. These molecules mostly have a polycyclic aromatic
ring with a planar structure, and are often known as nucleic acid
stains. Electro-active DNA intercalators include ethidium bro-
mide, methylene blue, and benzo[a]pyrene (17, 18). Figure 1
displays the chemical drawings of the representative intercalators
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Fig. 1. Chemical drawings of the most-commonly used intercalators in the development of electrochemical DNA biosen-
sors; (1) Cobalt(ll)-Tris-(1,10-phenanthroline), (2) Ruthenium(ll)-Tris-(1,10-bipyridine), (3) Methylene blue, (4) Meldola
blue, (5) Ethidium bromide.

that have been commonly applied in electrochemical DNA bio-
sensors. The fitting of an intercalator between DNA base pairs
requires a separation of over 0.3 nm, inducing some local struc-
tural changes to the DNA strand such as unwinding of the dou-
ble helix and lengthening of the DNA strand (18). The small
molecules, which noncovalently interact with DNA, are stabilized
in binding to DNA through a series of weak interactions. They
include m-stacking interactions associated with intercalation of
aromatic heterocyclic groups between the base pairs, and hydro-
gen-bonding and van der Waals interactions of functionalities
bound along the groove of the DNA helix. It would be valuable
to understand quantitatively the contributions from the differ-
ent modes to the stabilization of the bound complex at a certain
DNA site. These structural modifications lead to the functional
changes in DNA, often to the inhibition of transcription and rep-
lication processes. Therefore, the intercalators are also known as
potent mutagens.
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Fig. 2. Chemical drawing of Hoechst 33258.

In this chapter, we will use a DNA intercalator, Hoechst 33258
(2’-(4-hydroxyphenyl)-5-(4-methyl-1-piperazinyl)-2,5"-bi(1H-
benzimidazole), Fig. 2) as our running example. Hoechst 33258
has an electrochemical oxidation potential at ~0.6V (vs. Ag/
AgCl) (19-22). Its interaction with DNA results in the forma-
tion of aggregates, easily detected using atomic force microscopy
(AEM) (21, 22). Excess concentration of Hoechst 33258 induces
DNA condensation. DNA can be analyzed either in solution
and/or as an adsorbent on an electrode surface. We will provide
protocols for both analytical situations.

For DNA detection process on the surface, basically, a single-
stranded oligonucleotide (probe) is immobilized onto a trans-
ducer surface to recognize its complementary (target) DNA
sequence, via hybridization, to form a DNA duplex (hybrid) on
the electrode surface. This event is then converted into an ana-
lytical signal by a transducer. The immobilization of DNA probes
on or near the electrode surface provides a suitable platform for
highly integrated systems. However, an elegant surface chemistry
is required for the preparation of probe modified electrodes.

For electrostatic immobilization of nucleic acids on the sur-
face of a carbon electrode, an electrochemical pretreatment of
the surface is required. For example, a carbon paste electrode
(CPE) is activated by applying +1.7V (vs. Ag/AgCl) for 1 min
in 0.05M phosphate buffer solution (pH 7.4) without stirring
(see Note 1). Then, DNA is immobilized on the pretreated CPE
by applying a potential of +0.5V for 5min in DNA containing
20mM Tris-HCI (pH 7.0) with 200 rpm stirring (see Note 2).
The positively-charged electrode surface attracts the negatively-
charged phosphate backbone of DNA and loads them electro-
statically onto the surface (Fig. 3 A, B). The electrode is then
rinsed with a blank buffer solution (20 mM Tris—-HCI) for 10s. A
similar procedure as above can be used for the immobilization of
oligonucleotides on the surface of a carbon electrode.

The formation of self-assembled monolayer (SAM) of the
thiolated nucleic acids on gold provides a very useful platform for
the development of DNA sensors (10, 11). However, researchers
should pay particular attention to the pretreatment and clean-
ing of gold electrodes to avoid defects in the SAM. First, the
gold electrodes must be sequentially polished using 6 and 1-um
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Fig. 3. (A) The electrochemical detection of hybridization on carbon electrode surface. Probe oligonucleotides are immo-
bilized on the carbon surface with electrostatic attraction (A1), noncomplementary oligonucleotides are incubated with
the probe-modified electrode (A2), no hybridization takes place between these two strands (A3), Hoechst 33258 is
incubated with the probe-modified-electrode (A4), since the redox label cannot intercalate with the single-strand probe
oligonucleotides on the surface, a small linear sweep voltammetric (LSV) current response is obtained (AS5). The cur-
rent intensity at the peak potential (~0.6V) is recorded relative to the background response of the blank buffer solution
(dashed grey line). (B) The electrochemical detection of hybridization on a carbon electrode surface. Probe oligonu-
cleotides are negatively charged due to their phosphate backbone and are attracted onto the positively-charged carbon
electrode surface (B1), target oligonucleotides are incubated with the probe-modified electrode (B2), hybridization takes
place between the complementary strands resulting in the formation of a hybrid-modified electrode (B3), the intercalator,
Hoechst 33258, is incubated with the hybrid-modified-electrode (B4), since Hoechst 33258 intercalates into the double-
stranded hybrids on the surface, a high LSV current response is obtained (B5). The current intensity at the peak potential
(~0.6V) is recorded relative to the background response of the blank buffer solution (dashed grey line).

diamond pastes and 0.05-um alumina on a polishing pad. After
thorough rinsing, the electrodes are ultrasonically cleaned in dis-
tilled water for 1 min. The electrodes are then subjected to an
electrochemical pretreatment step: cyclic voltammetry is applied
ina 0.5M H,SO, solution from 0 to 1.7V (vs. Ag/AgCl), until a
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stable redox wave of Au oxidation (~1.2 V) and reduction (~0.8 V)
is observed. Afterwards, the electrodes are rinsed with distilled
water and immersed in the solution of the thiolated oligonu-
cleotide for ~12h at 4°C (see Note 3). Under these conditions,
the sulfide-containing oligonucleotides are adsorbed to the gold
surface involving a stable Au-S linkage. The electrodes are then
washed with distilled water or preferably, a solution containing
detergents (sodium dodecyl sulfate, Tween 20, PEG derivatives,
etc.) to remove any nonspecifically adsorbed oligonucleotides.

As for the hybridization reactions on the surface, the elec-
trode modified with the DNA probe is immersed in a hybridiza-
tion buffer (se¢ Note 4) containing the target oligonucleotide,
which is complementary to the probe, for 1h with moderate
shaking or stirring (see Note 5), forming hybrids on the electrode
surface. Afterwards, the intercalator (Hoechst 33258) is exposed
to the electrode surface and incubated with the hybrids on the
surface for 5min. Following the incubation step, the electrode is
washed to remove the excess intercalator, and an electrochemical
measurement is taken using a suitable technique, such as linear
sweep voltammetry (LSV), cyclic voltammetry (CV), and /or dif-
ferential pulse voltammetry (DPV). The difference between the
peak current responses obtained from the intercalator after its
interaction with dsDNA and ssDNA provides the basis of this
electrochemical detection system (Fig. 3A, B).

If the probes are not immobilized on the surface, the prepa-
ration procedure becomes greatly simplified. However, the need
for a suitable reaction chamber appears to be a drawback to the
development of this system. A recent design, called a DNA stick,
has been used in our laboratory for detecting DNA hybridiza-
tion in solution with Hoechst 33258. Hoechst 33258 aggregates
with the PCR amplified DNA in solution. These changes in the
anodic current signal of Hoechst 33258 at ~0.6V are monitored
in the presence and absence of solution-phase DNA using a bare
electrode. The mass transfer to the electrode surface is reduced
with formation of the DNA-Hoechst 33258 aggregates, result-
ing in the reduced peak current intensity. Free Hoechst 33258
molecules can be transferred to the electrode surface more rap-
idly, and result in a high peak current intensity. Similar to the
on-surface detection principle, the difference between the peak
current signals obtained from the aggregated and free forms of
Hoechst 33258 provides the basis of this detection system. The
aggregation of DNA—-Hoechst 33258 complex leads to a decrease
in the voltammetric signal in proportion to the quantity of PCR-
amplified DNA (19-21).

Over the past decade, great progress has been made in the
field of electrochemical DNA biosensors, but there are still
numerous challenges to overcome. Here we describe the com-
ponents of electrochemical DNA biosensors and the important
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steps in their application for the detection of hybridization, using
an intercalator, for researchers new to the field.

2. Materials

2.1. Screen-Printed Planar screen-printed electrodes (SPEs) were obtained from Biode-
Electrode vice Technology, Co. Japan. They are used once and discarded after
each measurement. SPE consists of a carbon working electrode, a
carbon counter electrode, and Ag/AgCl reference electrode (Fig.
4 A). Total length of the SPE is 11 mm, and the geometric work-
ing area is 2.64 mm?. The SPEs should be kept in their plastic pack-
ages provided by the supplier, Biodevice Technology, Co. at room
temperate, and cut away from their sheet when required. The SPEs
are stable, unless they are damaged or used.
Instead of the SPEs, other commercially available electrodes
can be used, for example a glassy carbon electrode (3.0mm i.d.,

Fig. 4. (A) Photograph of screen-printed gold and carbon electrode with the three-electrode system including a carbon-
based counter electrode and Ag/AgCl-based inner reference electrode. (B) Photograph of a typical electrochemical set-
up with a computer-controlled potentiostat connected to a screen-printed electrode (SPE).
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2.2. Electrochemistry

2.3. Spectrophotometry

2.4. Hoechst 33258

2.5. Deoxyribonucleic

Acid

2.6. Preparation
of the Probe Solution

product # MF-2012, Bioanalytical System, Inc.), a gold electrode
(1.6mm 1i.d., product # MF-2014, Bioanalytical System, Inc.),
and a carbon paste electrode (3.0 mm i.d., Teflon electrode body
product # MF-2010, Bioanalytical System, Inc.). Ag/AgCl-based
reference electrode can be used (Product # MF-2052, RE-5B,
Bioanalytical System, Inc.). The auxiliary (counter) electrode can
be made of platinum wire (6 cm, product # MW-4130, Bioana-
lytical System, Inc.). We would recommend VC-2 voltammetry
cell with Teflon electrode holder (Product # MF-1052, Bioana-
lytical System, Inc.) in connection with the conventional electro-
chemical set-up.

Electrochemical measurements were performed using a poten-
tiostat, for example Autolab PGSTAT 12 electrochemical analysis
system (Eco Chemie, The Netherlands) in connection with Gen-
eral Purpose Electrochemical System (GPES) software, or CH
Instruments 660 Electrochemical Workstation (Austin, TX). The
electrochemical set-up consisted of a SPE system is as shown in
Fig. 4b.

UV-VIS DNA-protein analyzer (Shimadzu, Japan).

Hoechst33258(2’-(4-hydroxyphenyl)-5-(4-methyl-1-piperazinyl)
-2,5”-bi (1H-benzimidazole) trihydrochloride, 2-[2-(4-Hydro-
xyphenyl)-6-benzimidazoyl ]-6-(1-methyl-4-piperazyl) benzimidazole
trihydrochloride, H33258) was purchased from Fluka BioChemika
(Product # 14530). A stock solution is prepared by directly dissolving
it in high purity water (p = 18.3MQ cm, Millipore, Bedford, MA,
USA) and kept at 2-8°C in the dark (see Note 6). Hoechst 33258
solution (100uM) is prepared in 50mM phosphate buffer solution
(PBS) including 100mM NaCl (Sigma-Aldrich, Product # 71376)
(pH 7.4). PBS is prepared by mixing 0.04mol K,HPO, (Sigma-
Aldrich, Product # 60353) and 0.01 mol KH,PO, (Sigma-Aldrich,
Product # 60218).

Deoxyribonucleic acid sodium salt from salmon testes (sSDNA)
was purchased from Sigma (Product # D1626). Solution of natu-
ral fish sperm DNA prepared in MilliQ water gives UV absorbance
ratios of ~1.8-1.9 at 260 and 280nm (A, /A,,,), respectively,
which indicates that DNA is sufficiently free of protein. Stock
fsSDNA is stored at 0—4°C and should be used within three days
of preparation (see Notes 7-9).

Incubate the probe/dithiothreitol (DTT; 0.1 M DTT in water)
solution (purchased from Sigma-Aldrich, Product # 43816) at
room temperature for 30 min, followed by removal of the DTT
using a standard ethanol precipitation procedure. Determine the
concentration of DNA solution and adjust it to 25uM (make the
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final buffer composition as 50 mM PBS at pH 7.4), and use it as
the probe solution.

Hybridization buffer contains 20 mM Tris—HCI (Sigma-Aldrich,
Product # T5941) and 500 mM NaCl (pH 7.0).

Washing solution contains 20 mM Tris—HCI with 300 mM NaCl
and 0.1% sodium dodecyl sulphate (Sigma-Aldrich, Product #
71725) (pH 7.0).

3. Methods

3.1. Detection in Solu-
tion

3.2. Detection at the
Electrode Surface

Mix fsDNA solution and H33258 at a final concentration of 1 uM
in 50mM PBS and pipet an aliquot (20uL) of this mixture on
the gold or carbon SPE surface. Measure immediately using linear
sweep voltammetry (LSV) after an equilibration time of 10s, with
a sample interval of 1 mV, and a scan rate of 0.1V /s from 0 to
1V (Fig. 5). Alternatively, cyclic voltammetry (CV) can be applied
with a scan range between 0 and 1V at a sweep rate of 0.1V /s. For
differential pulse voltammetry (DPV) measurements, the potential
is scanned from 0 to 0.90V with a step potential of 4mV, pulse
amplitude of 50mV, and a pulse period of 0.20s at a scan rate
of 10mV /s. The current height is recorded at the peak potential
(~0.6V) for analytical evaluation of the measurements. All meas-
urements should be carried out at room temperature.

Schematic representation of the hybridization detection using an
electrochemical DNA biosensor using a SPE with a gold working
electrode is shown in Fig 6A, B.

1. Probe immobilization. Pipet an aliquot (20uL) of the probe
solution onto the surface of gold SPE and spread it uniformly
over the area of the three-electrode system. Incubate the SPE
for about ~12h at room temperature (Fig. 6Al, Bl) and
then flush with copious amounts of water to remove any non-
specifically adsorbed DNA probes. At the end of this step, a
probe-modified electrode is obtained.

2. Hybridization. Prepare the oligonucleotide (the target or non-
complementary) solutions of 20uM in hybridization buftfer.
For each hybridization experiment, apply 20 uL of the sample
to the probe-modified electrode surface (Fig. 6A2, B2). After
1h of incubation at room temperature, rinse the electrode
sequentially with the washing solution for 5 s and blank hybrid-
ization buffer for 5s to remove any nonspecifically bound
species. At the end of this washing step, a hybrid-modified
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Fig. 5. The electrochemical detection of hybridization in solution. (A) Probe oligonucleotides do not hybridize with the
noncomplementary ones and thus, the addition of the intercalator, Hoechst 33258, does not result in the formation of an
aggregate. In the presence of single-stranded oligonucleotides, Hoechst 33258 can diffuse to the electrode surface and
cause the formation of a high current response; (B) Probe oligonucleotides hybridizes with the complementary target
oligonucleotide. An aggregate of hybrid duplexes together with the intercalator forms and prevents the access of the
intercalator to the electrode surface. A small current response indicates the aggregation of hybrid duplexes with Hoechst
33258. The current intensity at the peak potential (~0.6V) is recorded relative to the background response of the blank
buffer solution (dashed grey line).

electrode is obtained (Fig. 6B3), but no hybridization would
take place in the presence of noncomplementary oligonucle-
otides (Fig. 6A3).

3. Intercalator binding. Put an aliquot (20uL) of the interca-
lator solution onto the SPE surface (Fig. 6A4, B4). Then,
incubate for 5min at room temperature. Wash off the excess
intercalator with blank PBS.

4. Electrochemical measurement. Measure the anodic peak current
of the bound intercalator using LSV (Fig. 6A5, B5) after an
equilibration time of 10s, with a sample interval of 1mV, and a
scan rate of 0.1V /s from 0 to 1V (see Note 10). Alternatively,
CV or DPV can be applied for the measurement as described
in Subheading 3.1. The current height is recorded at the peak
potential (~0.6V) for analytical evaluation of the measurements.

»
»

Fig. 6. (continued) incubated with the probe-modified electrode (B2), hybridization takes place between the complemen-
tary strands resulting in the formation of a hybrid-modified electrode (B3), Hoechst 33258, is incubated with the hybrid-
modified-electrode (B4), since Hoechst 33258 intercalates into the double-stranded hybrids on the surface, a high
electrochemical current response is obtained (B5). The peak current intensity at the peak potential (~0.6V) is recorded
relative to the background response of the blank buffer solution (dashed grey line).
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Fig. 6. (A) The electrochemical detection of hybridization on Au electrode surface. Probe oligonucleotides with 5°-thiol
are incubated on the Au surface for 12h. Strong covalent bond between thiols and Au surface results in the formation
of the probe-modified electrode (A1), noncomplementary oligonucleotides are incubated with the probe-modified elec-
trode (A2); however, no hybridization takes place between these two strands (A3), the redox label, Hoechst 33258, is
incubated with the probe-modified-electrode (A4), since the redox label cannot intercalate with the single-strand probe
oligonucleotides on the surface, a small electrochemical current response is obtained (A5). The current intensity at the
peak potential (~0.6V) is recorded relative to the background response of the blank buffer solution (dashed grey line).
(B) The electrochemical detection of hybridization on Au electrode surface. Probe oligonucleotides with 5’-thiol are incu-
bated on the Au surface for ~12h for the preparation of the probe-modified electrode (B1), target oligonucleotides are
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4, Notes

. The electrochemical pretreatment of a carbon paste electrode

can be performed by applying high positive bias from +1.25
to +1.75V for a short period of time. Time periods longer
than 1 min are not usually recommended. As for glassy carbon
electrodes, the application of a lower bias from 0.5 to 1V for
1-3 min is recommended.

. Electrostatic DNA immobilization on electrode surface may

require longer accumulation time periods than 5 min. Adjust-
ment of accumulation time periods according to the concen-
tration of DNA sample and electrode surface is recommended.
For example, the immobilization of a trace amount of DNA
onto a carbon paste electrode with a large surface area would
certainly require a long accumulation time, while stirring the
DNA containing solution.

. The formation of a SAM on gold electrode surface may take

longer than 12h due to the surface roughness and the con-
centration of the thiolated oligonucleotides. In certain cases,
incubation periods of 5 days for the immobilization of 1 uM
23-mer oligonucleotides on 10 um gold microelectrodes (i.d.)
have been found as the optimum period.

. Our vecommended hybridization buffers are as follows. 30 mM

sodium citrate including 300 mM NaCl (pH 7.0) and 20 mM
Tris~HCl including 500 mM NaCl (pH 7.0).

. The hybridization reaction may take longer than 1 h according

to the surface area, the concentration of the oligonucleotides
immobilized on the surface, and the concentration of the tar-
get strand in solution. For the detection of trace amounts of
target DNA, a mass transport boost using a shaker or a stirrer
is highly recommended.

. Hoechst 33258 is a hazardous chemical and should be han-

dled with care. During the experiments, personal preventive
equipment should be worn with a breathing apparatus (a
mask), safety goggles, and gloves to prevent contact with skin
and eyes. If swallowed, mouth should be washed out with
water. In case of skin contact, flush with copious amounts of
water for at least 15 min and the contaminated clothing and
shoes should be removed.

. Sperm cells from salmon testes are a good source of non-mam-

malian DNA. The species of salmon used is Oncerhyncus keta.
The %G-C content is ~41.2%. The melting temperature (7))
is 87.5°Cin 0.015 sodium citrate including 0.15 M NaCl. The
lyophilized form can be stored at 2—-8°C. The lyophilized DNA

is assigned a shelf life of 5 years. DNA should be dissolved in
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autoclaved or molecular biology grade MilliQ water (nuclease-
free). The solution will need to be stirred for at least 2—4 h, at
room temperature, to dissolve the DNA. The aliquots of the
dissolved DNA solution should be kept at -20°C. Repeating
cycles of freeze /thaw should be avoided. We recommend pre-
paring aliquots and storing these.

. Purity of DNA or RNA may be determined by measuring
the A, /A, ratio. Buffered solutions may provide more
accurate and reliable A, /A, ratios than water. TE buffer
(10mM Tris including 1mM EDTA, pH 8) is highly rec-
ommended for the preparation of stock solutions. A, /A,
ratios can be affected by pH and ionic strength. A lower pH
will result in lower A, /A, ratios and reduced sensitivity to
protein contamination. A,, /A,  measurements are expected
to be 1.7-2.0 to indicate pure DNA or RNA. (Please note,
the A,, /A, ratio may not be an accurate measure of nucleic
acid purity. This ratio was first used to detect nucleic acid con-
tamination in protein preparations and as such, can be a poor
indicator of nucleic acid quality. Alternatively, quality can be
assessed by simply analyzing the DNA or RNA by agarose gel
electrophoresis or by evaluating performance (for example, by
PCR amplification) ). Gently vortex DNA samples for 5s and
sonicate for 5s. Prepare dilution tubes by adding 980uL TE
buffer to 1.5 mL Eppendorf tubes. Remove 20 ul. DNA from
each sample (gently pipet up and down two or three times
before removing sample to mix) and mix with TE bufter to
make a total volume of 1,000uL, giving a 1:50 dilution. To
prepare blank solution, take blank 1,000uL TE buffer. Vor-
tex all dilutions for 5s and sonicate for 5s. Set spectropho-
tometer program according to your machine. Rinse a clean,
quartz cuvette twice with TE buffer, tap on bench paper to
blot, and wipe with a tissue paper. Pipet blank solution into
cuvette and read absorbances at 320, (background), 280,
and 260nm. Rinse cuvette twice. Pipet the first sample into
the cuvette and read absorbances at 320, 280 and 260 nm.
Continue by rinsing the cuvette twice and reading additional
samples at 320, 280 and 260 nm. To calculate DNA concen-
tration of each sample: (4,,~A4,,,) x 50 (DNA extinction
coefficient) x dilution factor (i.e., 1,000,/20) x final sample
volume = DNA yield in ug.

. For the ethanol precipitation procedure, mix one volume of
the probe /DTT solution thoroughly with 0.1 volume of 3M
sodium acetate (pH 5.6) and 3 volumes of ice-cold absolute
ethanol. Keep at —-80°C for 30 min and centrifuge at 14,000 x
g for 15 min. Wash the DNA pellet with 1 mL of 95% ethanol,
centrifuge again, dry, and resuspend in water.
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10. The blank buffer solution for the measurement of the elec-
trochemical responses should cover all three electrodes on
the screen-printed electrode. An aliquot of 20-30uL is usu-
ally enough for covering all three electrodes, but if there is a
demand for working with less volume of solutions, a careful
pipetting of 10 uL. may also be successtul.
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