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Abstract

Rifampicin (RIF) is an antibiotic widely used against tuberculosis and a DNA intercalator. The interaction of RIF with double-stranded (ds)
and single-stranded (ss) calf thymus DNA was studied in solution as well as at the electrode surface by means of transfer voltammetry using
differential pulse as stripping mode with carbon paste electrode (CPE) at 0.2 M acetate buffer at pH 5.0 and at 0.2 M phosphate buffer pH 7.4.
Differentiations in the above-mentioned interaction at different pH values are presented and compared in order to optimize the detection of
Rifampicin (RIF).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Rifampicin along with isoniazid, ethambutol and pyrazi-
namide has been classified as afirstline drug characterized a
highly effective, orally administered, well tolerated and non-
toxic. Analytical techniques including high-performance lig-
uid chromatography (HPLC), spectrophotometry UV-vis, Cn,
thermospray and electrospray mass spectrometry and ga
chromatography have been used for the detection of RIF or HyC
the simultaneous detection of RIF and the other antitubercu-
losis drugg1-6].
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Chemical Structure of Rifampicin
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sion using DNA chips. The development of efficient methods
[7] for immobilizing DNA on a solid support is essential for 20
generating DNA-array based instruments.

Under this perspective, there has been a growing inter--19
est in the development of a simple, rapid and user-friendly
method for routine, centralized testing of DNA to allow early
and precise diagnosis of infectious agents in various environ-
mental matricef8] and for detecting the presence of genesor 10
mutant genes associated with inherited human dis¢@kes E(V) / vs Ag/AGCI

Recent trends in nucleic acid electrochemistry are fo- 290_50 025 -0.00 0.25 0.50 0.75 1.00
cused on the development of electrochemical biodetectors
or biosensors based on specific DNA interactions, including Fig. 1. Cyclic voltammogram of Rifampicin (34 10-° M, pH 5.0, precon-
DNA hybridization[10-13] DNA interactions with drugs or ~ centration step at +0.2V for 180s).
carcinogen$14-19] and DNA damag¢20]. These investi-
gations are usually carried out with solid electrodes, which 2.2. Apparatus
are more practical and easier to handle compared to mercury
electrodes, which are more sensitive for small changes or
damage in DNA structurg21].

In this paper, the interaction between DNA and Ri-

0 1

Differential pulse voltammetric measurements were per-
formed with a Metrohm 647 VA-Stand controlled by a 646
VA-Processor. The working electrode was a carbon paste
electrode of 6 mm diameter, the reference electrode was a

fampicin, a known antibiotic used against tuberculosis, is wrated Ad/AC! and th ter electrod lati
studied by applying transfer voltammetry with differential saturated AgiAgLland the counter electrode was a piatinum
wire electrode. The carbon paste was prepared in the usual

pulse as stripping mode with a carbon paste electrode (CPE) . . L
in solution and at the electrode surface at pH 5.0 and pH 7.4 way by hand-mixing graphite powder and nujol oil. The ra-

The objective of this work is to apply DNA sensors for the de- tio of graphite powQer to ,nu]OI oil was 75:25. The re_sultmg
tection of Rifampicin due to its affinity for DNA and examine paste was packed tlght_ly Into a_Teron sleeve. Electrical con-
the parameters (pH, interaction time, potential) influencing tact was established with a stainless steel screw. The surface

their interaction was polished to a smooth finish before use. The electrode was
Furthermore, a quantitative understanding of such factors pretreated by applying a potential at +1.7 V for 1 min without

that determine recognition of DNA sites would be valuable stirring prior to the accumulation step. The electrochemical
in the rational design of new DNA targeted molecules for pretreatment produces a more hydrophilic surface state and

application in chemotherapy and in the development of tools a CX”SVOaT;gr:JE?;g;@t?;SOJV%?Zi;ﬁﬁfﬂ .by autoclaving for
for biotechnology based on DNA hybridizati . ) . . .
%y y 22] 20 min. The electrochemical cells were cleaned with diluted

nitric acid, rinsed with water and sterilized for 20 min. Ul-
trapure nitrogen was used to deaerate the solutions for 5 min
2. Experimental before each experiment.
2.1. Reagents 2.2.1. Procedur(_a§4—27] _ . .
2.2.1.1. Interaction of surface-confined DNA with Ri-

Double-stranded calf thymus DNA (Catalog No. D-1501, fampicin. The procedure consists of DNA immobilization,
highly polymerized) and Rifampicin (R-3501), 95% p.a., interaction of RIF with |mn_10b|I_|zed DNA and transductm_n
were purchased from Sigma. The supporting electrolyte by transfer v_oltammetry with differential pulse.mode. Prior
of differential pulse voltammetric experiments was acetate (© €ach medium exchange, the electrode was rinsed carefully
buffer solution 0.2M (pH 5.0) and 0.2 M phosphate buffer with water for 5 s. After the pretreatment of the electrode, the

(pH 7.4).

Single-stranded DNA was prepared by boiling a solution 12%¢ !

The effect of interaction time between the immobilized dsDNA (0.1 g/L) and

of double-stranded DNA (1 g/L) for 15 minand left at@ for a constant concentration of RIF {510-12M) into the solution at a potential

10 min. The stock solution of dsDNA (1 g/L) was prepared of+0.2V at pH 7.4

with a solution of 10 mM Tris—HCl and 1 mM EDTA at pH  |nteraction I(nA) dSDNA peak I(NA) dsDNA peak

8.0. time (s) at +0.918V at+1.195V
Rifampicin was purchased from Sigma. Stock solutions ™ 1290 2000

of RIF (0.01 M) were prepared with water, while dilute so- 120 17966 23913

lutions were prepared by successive dilutions just before 240 22017 29307

use. The water used was doubly distilled and sterilized. 300 1994 22384

Trichloroacetic acid (TCA) 20% was purchased from Fluka, 600 igi? fg;;g

while bovine serum was purchased from Sigma.
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Fig. 2. Dependence of peak current of oxidation of: (1) guanine residues in dsDNA immobilized on the electrode surface on increasing condeRtFations o
at pH 7.4 (the interaction time prior to each scan was 120s at +0.2 V) and (2) adenine residues in dsDNA immobilized on the electrode surface@n increasin
concentrations of RIF under the above conditions.

nucleic acid was subsequently immobilized onto the elec- mixing the two components, followed by accumulation and
trode surface by adsorptive accumulation for 5 min at +0.2 V. transduction by transfer voltammetry with differential pulse
The dsDNA-coated electrode was transferred to the stirredmode. The electrode was rinsed with water for 5s prior to
sample solution (analyte plus buffer solution) for the opti- each medium exchange. Stock DNA (1 g/L) and RIF solu-
mal interaction time, while holding a potential of +0.2 V. The tions were added to 0.2 M acetate buffer or 0.2 M phosphate
transduction was performed in the blank acetate buffer or the buffer to produce the required concentrations and the mixture
blank phosphate buffer solution. The same procedure waswas left to stand for the optimal time. A freshly polished car-
followed for the immobilization of ssDNA and the study of bon paste electrode was first pretreated as described above
the ssDNA-sensor interaction with RIF. and subsequently immersed into the mixture solution. The
accumulation of the mixture was performed by applying a
2.2.1.2. Interaction of solution-phase DNA with Rifampicin. potential of +0.2V for 5 min. The transduction was carried
The analysis of solution-phase DNA with RIF consisted of out in the blank acetate buffer or the blank phosphate buffer
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Fig. 3. Dependence of peak current of oxidation of: (1) guanine residues in dsDNA immobilized on the electrode surface on increasing condeRtFations o

at pH 7.4 (the interaction time prior to each scan was 420 s min at +0.2 V) and (2) adenine residues in dsDNA immobilised on increasing concenlifations of R
under the above conditions. Dependence of the characteristic peak current probably due to the amount of RIF in excess on increasing condelirations of
under the above conditions.
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Fig. 4. Differential pulse voltammogram of: (1) dsDNA (0.1 g/L) immobilized on the CPE surface at pH 7.4 and (2) surface confined dsDNA (0.1 g/L) and RIF
(5 x 10712 M) in solution, where a new peak at +0.7 VV appears, probably due to the formation of a complex, (3) RIEX34M) at pH 7.4 (preconcentration
step: at +0.2 V for 240s).

solution, with an initial potential of +0.1 V and a scan rate of Rifampicin produces a well-developed peak at +0.75V

50mV/s. with a preconcentration step at +0.2V for 180s at pH
5.0 as presented irFig. 1 Linearity is observed in

2.2.1.3. Interaction of surface-confined analyte with DNA. the range (0-360) 10-°M (y=0.17&+0.5, sensitivity

Rifampicin was first accumulated at the surface of CPE and 0.178 nA/nM,r =0.99). At pH 7.4, RIF yields an oxidation

then the resulting RIF-coated electrode was immersed intopeak at +0.65V with a preconcentration step at +0.2V for

the stirred sample solution containing DNA plus 0.2 M ac- 240s. Linearity is observed in the range (20-30a)0° M

etate buffer solution pH 5.0 or 0.2 M phosphate buffer solu- (y=0.531%+55.154, sensitivity 0.5312 nA/nM=0.97).

tion pH 7.4. The surface of the electrode was renewed prior

to each assay. All the experiments were conducted at room3.2. Interaction of surface-confined DNA with

temperature (20C). Rifampicin in solution

2.2.1.4. Preparation of sample&n amount of 1.5mL of The DNA-modified electrode was prepared by immersing

TCA was added to 1 ml of bovine serum and the mixture was the CPE in a solution of dsSDNA at a concentration of 0.1 g/L

subsequently centrifuged for 5min in 3000 rpm. Theu0 in 0.2 M acetate buffer (pH 5.0) for 2 min at +0.5 V. Inthe case

of the supernatant was added into the electrochemical cell,of 0.2 M sodium phosphate buffer pH 7.4, the electrode was

which contained 10 ml of 0.2 M acetate buffer solution pH washed and immersed in RIF solutions of different concen-

5.0. The solution was dearated for 5min before each mea-trations between 0 and 2210-12M. In the case of 0.2M

surement. sodium acetate buffer pH 5.0, the electrode was immersed
in RIF solutions of very low concentrations in the range of
5x 10718 M, where the peak of dsDNA disappeared imme-

3. Results and discussion diately. The interaction time was selected according to the
potential changes caused to the characteristic oxidation peak

3.1. Transfer voltammetry using differential pulse mode of DNA and the appearance of a new peak declaring the for-

of Rifampicin and DNA at carbon paste electrodes mation of a complexTable lindicates the changes at the
peak current of the guanine residues at pH 7.4, while the

For our studies we used 0.2 M sodium acetate (pH 5.0)

or 0.2 M sodium phosphate (pH 7.4) buffer as a background Table 2 _ o

electrolyte. Native double-stranded (ds) DNA yielded a pos- The effgct of mcubangn tlme between quDNA (0.1 ¢/L) and a constant con-

L . . centration of RIF (10 M) into the solution at pH 5.0

itive peak at +0.99V at pH 5.0 due to the oxidation of gua- _

nine residues, and two positive peaks at pH 7.4 due to thencubation I(nA) dSDNA peak I(nA) dSDNA peak

. . . . . time (min) at+1.035V at+1.195V
oxidation of guanine and adenine residues. Thermally de-

natured (single-stranded) DNA, yielded two higher peaks at 2 9333 gigl
both buffer solutions, a higher peak at +1.016 V due to the ox- 12 6151
idation of adenine residues and another fable one at +0.86 V 5o 095 4967
due to the oxidation of guanine residues. The nature of these 80 085 4551
peaks at the above conditions and the optimal accumulation25 Q65 5094

conditions (potential and time) were studied elesew[&dp The incubated mixture was immobilized on the CPE as previously described.
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Table 3 3.3. Interaction of Rifampicin and DNA in solution
The effect of incubation time between dsDNA (0.1 g/L) and a constant con-

tration of RIF (107 M) into the solution at pH 7.4 . S . .
centration of RIF (10° M) into the solution at p The incubation time of the two components is a very im-

Incubation 1(nA) dsDNA peak  I(nA) dsDNA peak | (nA) peak portant factor affecting the DPV respon3able 2shows the

time (min) _ at+0.952v a+l.231v at+0.677v peak current response at pH 5.0 of the immobilized mixture
5 30087 47109 27387 after incubation of DNA with a constant concentration of RIF
ég ﬂg? 4229 171%2 equal to 107 M. The incubation times selected were 5min
50 188 . 5602 and 10min, since the characteristic oxidation peak of ds-
80 366 - 3443 DNA disappears and a new one appears at +0.798Me 3
125 7.08 - 199 presents the peak current response at pH 7.4 of the immo-

The incubated mixture was immobilized on the CPE as previously described. bilized mixture under the same conditions as previously de-
scribed. The incubation time selected was 10 min, since a new
peak appears at +0.677[80,31]

concentration of RIF was stable and equal te 5012 M. Double-stranded DNA solution of 0.1 g/L (final concen-
The interaction times selected were 120 s at +0.2 V and 420 Stration) was left to react for 5 min with different concentra-
at +0.2 V[29]. tions of RIF from O until 1.795< 106 M at pH 5.0. The peak

The interaction at pH 5.0 is very strong and the character- cyrrent due to the oxidation of guanine residues disappears
istic peak of dsDNA disappears, while at pH 7.4 the charac- and a new peak at+0.799 V appears as showgns, which
teristic peaks of dsDNA are gradually decreased. The effectincreases and then decreases gradually. In addiion,6
of the interaction time is shown iRigs. 2 and 3where the  shows the dependence of the characteristic peak current of
two oxidation peaks of dsDNA decrease in both cases, butpNA on the increasing amounts of RIF after incubation for
at an interaction time of 420 s a new peak appears at +0.7 V10 min in solution, where the characteristic peak of dsDNA
declaring the intercalated RIFig. 4). decreases and the new peak at +0.77 V appears. At pH 7.4, the

A decrease was also observed in the case of the use obehavior is different; the two characteristic peaks of dsDNA
thermally denatured (single-stranded) DNA at pH 5.0, where decrease, while a peak at +0.675V appefig. 7 presents
the characteristic peak current due to the oxidation of ade-the dependence of the peak current of the three peaks in re-

nine residues disappears at a RIF concentration equal tojation to increasing concentrations of RIF into the incubated
5 x 10~18 M and the peak current due to the oxidation of gua- mixture.

nine residues fluctuates. The same interaction was studied at The same experimenta| procedure was performed by us-
pH 7.4 which resulted in a fluctuation of the peak current val- |r'|g Sing]e_stranded DNATable 4presents the peak current
ues of the two characteristic oxidation peakS. This different response at pH 5.0 of the immobilized mixture after incuba-
behavior between ssDNA and RIF can be used as a criteriontion of ssDNA with a constant concentration of RIF equal
for the characterization of the intercalation phenomenon. o 10-7 in relation to different incubation periodgig. 8de-
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Fig. 5. (1) Dependence of peak current of oxidation of guanine residues in dsDNA on increasing concentrations of RIF after incubation of stocklusDNA wi
the drug to 0.2 M acetate buffer pH 5.0 for 5 min. (2) Dependence of the characteristic oxidation potential at +0.799 V in relation to increasiragiooscent
of RIF under the above conditions.
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Fig. 6. (1) Dependence of peak current of oxidation of guanine residues in dsDNA on increasing concentrations of RIF after incubation of stocklusDNA wi
the drug to 0.2 M acetate buffer pH 5.0 for 10 min. (2) Dependence of the characteristic peak current probably due to the amount of RIF in excessgon increas
concentrations of RIF under the above conditions.

picts the dependence of the peak current after the incubationTable 4
of ssDNA with RIF in relation to increasing concentrations The effect of incubation time between ssDNA (0.1 g/L) and a constant con-
of RIE into the incubated solution centration of RIF (107 M) into the solution at pH 5.0

Incubation 1(nA) ssDNA peak I(nA) peak at
. . time (min) at+1.035V +0.713V
3.4. Detection of RIF in serum samples
5 20596 25127
) 15 2058 20418
The two different electrodes, carbon paste and dsDNA- 3q 176 14887
modified carbon paste, were applied in order to detect RIF in 50 085 1116
bovine serum samples. The measurements were performed80 Q75 8148

at pH 5.0. The electrochemical behavior of the blank was 12° 63 617

also examined in order to compare any differentiations of the The incubated mixture was immobilized on the CPE as previously described.

baseline before and after the addition of the sample into the

buffer solution. was performed. The detection limit obtained equals the con-
In the first case, the CPE was first pretreated as describeccentration of 0.25 10~/ M. In the second case, the dsDNA-

previously, was subsequently immersed into the buffer solu- modified electrode was prepared as already described and

tion containing the sample and differential pulse voltammetry was immersed into the buffer solution containing the sam-
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Fig. 7. (1) Dependence of the characteristic peak current probably due to the amount of RIF in excess on increasing concentrations of RIF @fiter incubat

of stock dsDNA with the drug to 0.2 M phosphate buffer pH 7.4 for 10 min. (2) Dependence of peak current of oxidation of: guanine residues in dsDNA on
increasing concentrations of RIF under the above conditions and (3) adenine residues in dsDNA on increasing concentrations of RIF under tiéiain®ve con
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Fig. 8. Dependence of peak current of oxidation of: (1) guanine residues in ssSDNA on increasing concentrations of RIF after incubation of stodkhissDNA w
the drug to 0.2 M acetate buffer pH 5.0 for 5min and (2) adenine residues in ssDNA on increasing concentrations of RIF under the above conditions.

ple and differential pulse voltammetry was performed. The in the context of the joint research and development project
detection limit equals the concentration ok80~15 M. of bilateral cooperation between Greece and Turkey.

As shown by the above values, the modified electrode is
more sensitive and thus suitable for the detection of smaller

amounts of RIF32]. Ref
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