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ELECTROCHEMICAL STUDY ON BEHAVIOR OF EuMo, COMPLEX
AND ITS INTERACTION WITH DNA

Zhifeng Li o  School of life Science and Chemistry, Tianshui Normal University,
Tianshui, PR. China

Jingwan Kang and Xiaoquan Lu o Department of Chemistry, Northwest Normal
University, Lanzhou, PR. China

o The electrochemical behavior of complex EuMo, (Mo = Morin, 2,3,4 5, 7-pentahydroxyflavone)
and s interactions with calf thymus DNA were studied using cyclic voltammetry (CV) and double
potential step chronocoulometry (DPSCC) at glass carbon electrode (GCE) and DNA modified GCE,
respectively. Information such as diffusion coefficient (D), rate constant (k,) of EuMoy and intrinsic
binding constant (K), binding numbers (n) of bound species per DNA (bp) were obtained. EuMo,
can bind to DNA, and the binding mode is intercalation. By nonlinear fitting with Langmuir
equation, a K of 1.02 x 10° M~! and an n of 1 were obtained.

Keyword EuMo, complex; Calf thymus DNA; Intercalation mode; DNA modified
electrode

1. INTRODUCTION

Nucleic acids offer the analytical chemist a powerful tool in the recog-
nition and monitoring of many important compounds. The interaction
of DNA with other molecules is an important fundamental issue in life
sciences. Investigations based on DNA interactions with small molecular
compounds have great importance in understanding the mechanisms of ac-
tion of some antitumor and antiviral drugs and origins of some diseases and
to design new DNA-targeted drugs and also to screen these drugs in vitro.
The interactions of some anticancer drugs with DNA have been studied by
a variety of techniques.!!=®! In recent years, there is a growing interest in
the electrochemical investigations of interactions between anticancer drugs
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and other DNA targeted molecules and DNA.!-8! Recently, a modified
layer of DNA biopolymer immobilized on the electrode surface has been
successfully used for the accumulation of trace analytes including drugs
and potential pollutants, the recognition of specific base sequences of DNA
and the elucidation of the mechanism of drugs action.[*~!8] DNA-modified
electrodes have been suggested a sensor for the detection of damage to
double stranded DNA (dsDNA). DNA biosensor technologies are currently
under intense investigation owing to their great promise for rapid and
low-cost detection of specific DNA sequences in human, viral and bacterial
nucleic acid.!!?!

Flavonoids are nonnutritive compounds of plants that recently have
aroused considerable interest due to their broad pharmacological activity,
such as antiviral, antiallergic, antiplatelet, anti-inflammatory, antitumor
activities, and possibly even protective effects against chronic diseases.!29-2%]
However, the literature on the electrochemical investigation of flavonoids is
limited.[?>-26] Morin is an important kind of flavonoid. Flavonoids complex-
ate with metal cations to form stable complexes, which have demonstrated
antibacterial properties and antitumor activities and have been used in the
spectral analysis of metal ions.!*581930.31] Rare earth elements have been
found to be physiologically active, and also to have decreased toxicity after
coordinating with a ligand.?”! A study of the interaction between EuMoy
complexes and DNA is important to further understand the pharmacology
of Morin and Europium. In this paper, the electrochemical methods of CV
and DPSCC, spectral methods of UV-vis and fluorescence are employed.
Some electrochemical information was also obtained using surface electro-
chemical methods.

2. EXPERIMENTAL
2.1. Reagents

Morin was obtained from Chemical Reagent Co. of the Chinese
Academy of Sciences, (Lanzhou, China). It was dissolved in ethanol and
doubly distilled water to give stock solution. EusOg was purchased from
The Gansu Rare Earth Co. (Gansu, China). The stock solution of Eu®*
was prepared by dissolving EusOs3 in a minimum amount of perchloric acid
and diluting with doubly distilled water. Calf thymus DNA was purchased
from The Sino-American Biotechnology Co. (Beijing China) and used as
received. Native double-stranded DNA (dsDNA) was dissolved in doubly dis-
tilled water. Its stock solutions were stored at 4°C. Ratios of UV absorbance
of DNA at 260 and 280 nm, Agg/Asgy, of 1.8-1.9, indicate that the DNA
was sufficiently free of protein. Other reagents were of analytical grade.
Experiments were conducted in 0.1 M HOAc-NaOAc buffer solution at pH
6.4 containing 50 mM KCIL
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2.2. Instrumentation

CHI-832 electrochemical Analyzer (CH Instruments, Ltd. Co., Austin,
TX, USA) with a three-electrode system, including working electrode (bare
glass carbon, a dsDNA modified glass carbon or a platinum disk), a counter
electrode of platinum wire and a saturated calomel reference electrode
(SCE). The bare glass carbon electrode areais 1.37 x 10~2 cm?. Branson 200
Ultrasonic cleaner UV-vis spectra were obtained with an Agilent-8453 Spec-
trophotometer (USA). RF-540 spectrofluorophometer (Hitachi, Japan).
Experiments were carried out at the laboratory temperature (25°C).

2.3. Preparation of dsDNA-Modified Glass Carbon Electrode
(dsDNA-GCE)

The preparation methods for dsDNA-GCE followed the literature.[?%) A
glass carbon electrode was first polished successively with 0.1 and 0.05 um
alpha alumina powder and then cleaned ultrasonically in water and acetone
respectively for 5 minutes. The freshly-pretreated glass carbon electrode
was modified by transferring a drop of 1 mg mL~! dsDNA solution onto
its surface, followed by air-drying overnight. Then, it was soaked in double
distilled water for more than 4 hours to remove unabsorbed dsDNA and a
dsDNA-GCE was obtained.

2.4. Procedure

In 0.1 M HOAc-NaOAc (pH 6.4) buffer solution containing Eu®*
and Morin was added to the volume cell, deoxygenated with nitrogen
for 5 minutes then the CV and DPSCC detections were carried out. The
formation of the EuMos complex was conducted by keeping concentration
of Eu®* constant and varying concentration of Morin using a platinum disk
as the working electrode, and other experiments were carried out using a
bare GCE or a dsDNA-modified GCE as the working electrode.

DPSCC measurements were performed after a dsSDNA-GCE was soaked
in test solution for 2-3 minutes to ensured equilibration between DNA on
the electrode surface and test species in solution.

The UV-visible titration of Morin with Eu*" was conducted by keeping
the concentration of Morin constant and varying Eu®" concentration.

3. RESULTS AND DISCUSSION
3.1. Interaction of Morin with Eu3*

The cyclic voltammogram of 3.0 x 10~* M Eu®* has a pair of quasi-
reversible redox peaks at —0.481 V (Ep.) and —0.393 V (E,,), respectively,
with AE (Epa-Epe) = 90 mV in the 0.1 M HOAc-NaOAc (pH 6.4) buffer
solution for bare glass carbon electrode (Figure la). After addition of



09: 24 26 January 2011

Downl oaded At:

12 Z. Lietal

Current/uA

Potential/V(vs.SCE)

FIGURE 1 Cyclic voltammograms of 1.0 x 107 M Eu®* (a) and 1.0 x 107* M Eu®* + 2.0 x 107* M
Morin (b) in 0.1 M HOAc-NaOAc, pH 6.0, buffer containing 50 mM KClI at bare glass carbon electrode;
scan rate, 830 mVs~!.

1.0 x 10~* M Morin to 3.0 x 10~* Eu®*, the redox peak currents decrease
markedly and Ep. and Ep, shift to more negative values to —0.531 V and
—0.398 V (Figure 1b). AE (Ep,-E,c) = 133 mV shows that the process
became irreversible. These electrochemical behaviors show that there is
strong interaction between Eu®* and Morin and they can form a EuMo,
complex on the glassy carbon electrode.

According to the literature,[? it is assumed that the interaction of
Morin with Eu*" only produces a single complex EuMo,,:

Eu*™ + nMo = Eu — Mo, (1)

The equilibrium constant is as follows:
And the following equations can be deduced:

, Eu— Mo,
B [[Eu3+][Mo]]n @)
Alpax = K G oo+ (3)
Al = K[Eu— Mo] (4)
[Ew**] + [Eu— Mo,] = Gy (5)

Alax — AI = K[EW®] (6)
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FIGURE 2 Relationship between Ig[Al/ (Al ma-AI)] and Ig[Mo], Eu®*, 1.0 x 1074 M.

Introducing Equations (4) and (6) into Equation (2), leads to

AT

lg——— =g K + nlg[ M, 7
S AL Al B + nlg[Mo] (7)

If interaction of Eu®t with Morin forms a single complex, according
to the Equation (7), the plot of IgAI/(Alyax-Al) vs. 1g[ Mo] would show
a linear line with a slope of n. Figure 2 indicates a linear relationship,
which implies that Eu®* can form single complex with Mo in different
concentrations of Morin. The value of n = 1.977 can be obtained showing
that single complex EuMos is formed. Also, the UV-vis absorbance spectrum
of 5.0 x 1073 M Morin and titration of it with different concentrations of
Eu®" in a 0.1 M HOAc-NaOAc (pH 6.4) buffer solution is investigated.
The UV-vis spectrum of Morin shows an intense absorbance at 388 nm
(Band I) and at 263 nm (Band II). Band I is related to ring B (cinnamoyl
system) and Band II to ring A (benzoyl system) (Scheme 1).!3!:32] When
2.0 x 107*M Eu®" added to the solution, Band I gradually shifts to 404 nm
and shows a lower intense absorbance and band II was unaltered (figures
not shown). The results indicated that Morin could form a complex with
Eu®". The results show that the framework of Band I is not changed and
Band I has red shifts by ca. 16 nm suggesting that Eu>™ have bonded in
ring B. It can be explained by a bond of Eu*" with the 3-OH group of
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HO.

SCHEME 1 Structure of Morin.

Morin to bring electronic redistribution between the Morin molecule and
Eu®" resulting in an extended 7 bond system. Electron transition of Morin
changed from n—7* transition to w—* transition and energy of the electron
transition decreased. Morin can attract the 7 bond electron cloud resulting
in a polarization that leads to a decreasing difference of 7—7* energy level
and absorbance bond red shift.

3.2. Electrochemical Behavior of EuMo2

3.2.1. Electrochemical Behavior of EuMo;
As shown in Figure 3, on the bare GCE, the cyclic voltammogram
of EuMoy demonstrated an irreversible oxidation current peak (Ep. =

Current/uA

\ H 30 T T T T T T
-12 4 . 015 020 025 030 035 040 04§

-1172
‘,1/2(\/5 )

T T T T T T T T T T T
0.75 0.60 0.45 0.30 0.15 0.00 -0.15
Potential/V(vs.SCE)
FIGURE 3 Main panel: Cyclic voltammograms of 1.0 x 10™* M Morin + 2 x 10~* M Eu®** in Tris-HCI
(pH6.4) buffer solution at the GCE at different scan rate. Scan rate: 30, 60, 90, 120, 150 mVs ™! (from

inside to outside). The dot line represents the elimination current. The inserts show: relationship
between IpC and square roots of scan rates, reference scan rate: 60mVs~!. Rest time: 2 seconds.
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0.578 V). Moreover, plots of peak current (/p,) against the square roots
of scan rate are linear over the range from 30 mV s~! to 150 mV s~! with
a correlation coefficient of 0.9985. It shows that the electrode reaction is
controlled by the diffusion of EuMo2. Meanwhile, according to the method
of Dracka et al.,l%?73 a voltammogram that eliminates the charging and
kinetic currents with conservation of the diffusion current was obtained. As
can be seen from the voltammogram of elimination, the elimination current
peak is a single peak, suggesting that the electrode processes is controlled
by diffusion.[35:36]

3.2.2. Electrochemical Parameters of EuMo,

The relationship between E,, and Inv, over the range of 0.3-0.5 V will be
discussed as follows. For an irreversible electrode reaction process, we may
use Equation (8):136]

E, = £+ 210780 405 225V 1k (8)
pa = anf | P TR TR

where « is the electron transfer coefficient, ks is the standard rate constant of
surface reaction and E° is the formal potential. According to Equation (8),
the curve of £}, versus Inv should be linear (Figure 4a). ks can be calculated
from the intercept, if the values of E° and D are known. The value of E°
can be obtained from the intercept of Ep, versus v plot on the ordinate
by extrapolating the line to v = 0. The diffusion coefficient D of EuMosy is
determined by chronocoulomeric method. According to the formula given
by Anson:[37-3%]

9nFAC(Dt)'/?
Q = 71/2 + %l (9)

0.584
0.6
0.57

0.56 0.5+

> J Q
Z, 055 2 04
& S
X 0.54
0.3
0.53
0.52 0.2
T T T T T T T T T T
-1.35 -1.20 -1.05 -0.90 -0.75 -0.60 02 03 0.4 0.5 06 0.7 08
-1 172
a) IHV(V/VS ) b) t

FIGURE 4 Semilogarithmic dependence of the peak potential Ep, on the potential scan rate Inv (a)
and chronocoulometric dependence of charge on the square roots of time (b) for 2.0 x 10~* M EuMos
at the GC electrode.
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where Qg is the double-layer charge (integration of charging current).
From the slope of the linear relationship between Q and ¢'/2, D can be
determined if C (concentration), A (surface area of the electrode), and n
(electron transfer number) are known. From the slope of plot between Q
and ¢'/? (Fig.4b), D was calculated as 2.02936 x 1075 cm? s~!. Thus, the rate

constant ks was calculated as 2.71 x 1073 ecm s~ 1.

3.3. Interaction of dsDNA with EuMo,

Figure 5 shows the cyclic voltammograms of 5 mM Fe(CN)g>~/4~ 40.1
M KCI supporting electrolyte at a bare GCE (curve a). It can be seen that a
pair of redox peaks appear at 0.135 V (Epc) and 0.229 V (E,,), and the peak
to peak (AE) separation is 99 mV can be obtained at the bare glass carbon
electrode. However, at dsDNA modified glass carbon (curve b), the current
of Fe(CN)®~/*~ is dramatically decreased and the AE is enhanced sharply
by 83 mV. This result indicated that dsDNA is modified on the electrode and
demonstrates the existence of coulomb repulsion between the Fe (CN)63-
/4- and dsDNA phosphate framework.

3.3.2. Investigation with Electrochemical Methods

Figure 6 is the CV curve for EuMoy complex at the bare glassy carbon
electrode and at the dsDNA-GCE. An oxidation peak of EuMos complex
appears at 0.650 V at bare GCE (curve a). However, at dsDNA-GCE, the

150 7
a
100 A
50 A
<
=
+~
S o
St
jo=]
Q
50 4
-100 H
-130 T T T T T T T T T
0.8 0.6 0.4 0.2 0.0
Potential/ V(vs.SCE)

FIGURE 5 Cyclic voltammogram of 5 mM Fe(CN)¢3~/4~ containing 0.1 M KCI supporting electrolyte

at bare glass carbon electrode (a) and at DNA-modified glass carbon (b); scan rate, 100 mVs~!.
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1.5 1
0.0—-
15
-3.0—-

4.5

Current/p A

-6.0 4

-7.54
b a

9.0+ T T T T T T T T T T T T T
0.91 0.84 0.77 0.70 0.63 0.56 0.49
Potential/V(vs.SCE)

FIGURE 6 Cyclic voltammograms of 2.0 x 107* M Mo and 4.0 x 10~* M Eu®* in 0.1 M Tris-HCI (pH
6.4) buffer containing 50 mM KCI at bare GCE (a) and DNA modified GCE (b); scan rate: 100 mVs~!.

peak have a considerably positive shifts and the peak current is decreased
in a 0.1 M HOAc-NaOAc buffer solution (pH 6.4) (curve b). The reason
for this might be that 2',4-adjacent dihydroxy substituent on the planar
aromatic B-ring of Morin, the electrochemical active site, can intercalate
between the adjacent base pairs of DNA. Peak currents decrease and E,
shifts in a positive direction because the electrochemical active site of the
EuMoy complex intercalates dsDNA.

The relationship between the coulometric charge (Q) for the EuMoy
bound to a dsDNA-GCE and the solution concentration (C) of EuMog
is presented in Figure 7. It can be seen that the data are well described
by the Langmuir model.l*4% To further quantify the complex binding
activities on dsDNA-GCE, we determined the binding constants of EuMoy
with DNA based on the Langmuir model. This classical model assumes
that every binding site is equivalent and that the ability of a molecule to
bind is independent of the occupation of nearby sites. Non-linearized and
linearized forms of the Langmuir isotherm in terms of the redox species
concentration, C, the accumulated charge at the electrode surface, Q, and
the saturated charge, Q,, are given by Equation (10), respectively.

QuKC
= 10
Q 1+ KC (10)
and its derivative of Equation (11)
c_¢ + ! (11)
Q  Qa KQu
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y=0.99405x+853688 46284
R2=0.99986

Charge/uC

100 120
i [Eu*"-Mo]

[}
wn

T T T T T T T T
0 20 40 60 80 100
Concention/uM

FIGURE 7 Coulometric charge: Q vs EuMog concentration dsDNA modified GCE. Insert: Relationship
between [EuMog]/Q and [EuMog] at dsDNA modified GCE. Solid lines are fit to the Langmuir model.

The curve fitting give a saturation charge of Qg = 1.14 x 107% C,
corresponding to a surface binding constant of K = 1.02 x 10° M~L.
In general, the binding affinities of metal complexes with DNA are the
order of intercalation (K > 108 M_1)>hydrophobic interaction (K >10°
M) >electrostatic interaction (K > 10° M~1).['l] The K of EuMos with
DNA is mainly characteristic of intercalation behavior. A saturation coverage
value (T5) of 2.51 x 107! mol cm™2 for EuMos at dsDNA-GCE could
also be obtained from the fit curve. The oxidation charge (Q) of the
dsDNA on the dsDNA modified electrode was 2.08 x 107% C, from which
a surface coverage value I'qpna of 2.89 x 1071 mol cm™2 (in base pairs)
could be determined assuming transfer of 5.45 electrons per base pair.[‘m
Combining this with the value of I'y of 2.51 x 10719 mol cm™2 for EuMos at
dsDNA-GCE, the ratio of EuMog to base pairs of dsDNA on the surface was
determined to be 1.16. That is to say, one base pair can bind one molecule of
EuMOQ.

3.3.3. The Effect of EuMo; on the Emission Spectra of the DNA-EB System

Further support for the interaction modes of EuMoy binding to DNA
is given through the emission quenching experiment. Here, EB was also
employed as a probe. The experiment was carried out in a 3 ml solution of
2.7 x 10"° M EB, 8 x 1075 M DNA (at saturating binding levels*?}) titrated
with 4 x 1075 M EuMoy solution. Figure 8 shows the emission spectra of
the DNA-EB system in the presence of EuMos. The emission intensity of
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430.0 500.0 650.0

FIGURE 8 Emission spectra (excited at 427 nm): DNA-EB system (2.7 x 107 M EB, 8.0 x 107> M
DNA) in the absence (dotted line) and presence (solid line) of increasing amounts of 1.0 x 1074 M
EuMog (20 ml per scan).

the DNA-EB system decreased as the concentration of EuMoy increased.

The changes observed here are often characteristic of intercalation.!*3! This

phenomenon indicated that EuMoy replaced EB from the DNA-EB system

leading to the emission decrease of the DNA-EB system. The shift was caused

by EB changing from a hydrophobic environment into the water solution.
According to the classical Stern-Volmer equation: 4]

R/F=1+k[Q],

where Fy/F represents the ratio of emission intensity in the absence and
presence of quencher, k4 is the quenching constant, [Q] is the concentra-
tion of quencher. Static or dynamic quenching process plots of F,/F versus
[Q] appear linear and kq depends on temperature.[**! The shape of the
Stern-Volmer plots can be used to characterize the quenching as being
predominantly dynamic or static. The emission quenching of EuMoy to
DNA-EB system at 25°C is shown in Figure 9. Plotting Fj /F versus [EuMog]
appears approximately linear. These changes may suggest that only one kind
of quenching process is involved and that EuMoy binds to DNA mainly by
one mode.
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FIGURE 9 Fluoresence quenching of DNA-EB system by [EuMog].

4. CONCLUSION

In this article, we studied the interaction between Eu®t and Morin,

which can form EuMo2 complexes. Also, the electrochemical behavior of
EuMoy and its interaction with calf thymus have been studied. EuMos can
bind to DNA mainly by intercalation attraction. In addition, the diffusion
coefficient (D = 2.02936 x 107% cm? s7!), rate constant (k, = 2.71 x 1073
cm s7!') and the binding constant (K = 1.02 x 10° M~!), binding numbers
(n = 1) of complex per DNA (bp) were obtained. The results provide new
insight into rational drug design and would lead us to further understanding
of the interaction mechanism between antitumor drug and DNA.
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