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Synthesis, characterization, and DNA binding of two copper
(II) complexes as DNA fluorescent probes
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Two copper(II) complexes, [Cu(DAPT)2Cl]Cl·H2O and [Cu(DBM)(DAPT)Cl] [DAPT = 2,4-dia-
mine-6-(pyrazin-2-yl)-1,3,5-triazine], were synthesized and characterized. The complexes interact
with ct-DNA through classical intercalation. Fluorescence intensity changes of 1 and 2 in the
absence and presence of ct-DNA have been investigated for quantitative determination of ct-DNA
with the limit of detection of 3.8 and 7.7 ng mL−1.

[Cu(DAPT)2Cl]Cl·H2O and [Cu(DBM)(DAPT)Cl] [DAPT = 2,4-diamine-6-(pyrazin-2-yl)-1,3,5-tri-
azine] were synthesized and characterized by IR and UV spectroscopy, elemental analysis, TG–
DTA, molar conductivity, and LC–MS. The interaction with calf thymus DNA (ct-DNA) of the two
complexes has been studied using UV spectra, fluorescent spectra, cyclic voltammetry, and viscosity
measurements. The complexes interact with ct-DNA through classical intercalation. Fluorescence
intensity changes of 1 and 2 in the absence and presence of ct-DNA have been investigated for
quantitative determination of ct-DNA with the limit of detection of 3.8 and 7.7 ng mL−1, respec-
tively. From the result, the two complexes are potentially sensitive DNA fluorescent probes.
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Introduction

The interaction of small molecules with DNA is playing a significant role in the study of
anticancer medicine, antibacterial pesticides, and DNA fluorescent probes [1–4]. There are
three main interactions, covalent binding, cleavage binding, and non-covalent binding
which involves electrostatic binding, groove binding, and intercalation binding. DNA
molecular fluorescent probes are important in bioinorganic chemistry with the further devel-
opment of genomics research [5, 6]. More and more small organic molecules or complexes
interaction with DNA have been applied to detection of DNA, which makes the high per-
formance fluorescent probes screened, especially with high sensitivity [7]. For example,
Zhang et al. studied the taurine–salicylaldehyde Schiff base copper(II) complex and the
limit of detection (LOD) was 7 ng mL−1 for calf thymus DNA (ct-DNA), 3 ng mL−1 for
yeast DNA and 3 ng mL−1 for sm-DNA [8]. Yegorova et al. prepared a water-soluble ter-
bium(III) complex that was highly luminescent and did not require luminescence enhancers
for determination of DNA [9]. Metal complexes used as DNA fluorescent or optical probes
provide important practical and critical value for exploring DNA structure and genetic infor-
mation, especially the DNA of lesions. They showed potential application prospects in gene
therapies and antitumor drugs [10, 11].

2,4-Diamine-6-(pyridine-2-yl)-1,3,5-triazine (DAPT) and its derivatives are pharmaceuti-
cal intermediates due to their anticancer and anti-angiogenic activity [12–15]. DAPT has
many nitrogens, potential hydrogen-bond acceptors or donors, forming H-bond patterns
[16]. If these potential H-bond donors or acceptors occupied the site against DNA base pairs,
high sequence-specific non-covalent interactions will exist between DAPT and the DNA
grooves [17]. So DAPT performs primarily in identifying and detecting DNA molecules
through bonding with DNA. Slinchenko et al. have reported that the structure of
4,6-diamino-1,3,5-triazine could recognize the A–T base pairs of ds-DNA [18]. Many substi-
tuted-s-triazine compounds have displayed comparable antibacterial activity against Bacillus
sphaericus and other tested organisms significantly with reference to streptomycin [19].

Dibenzoylmethane (DBM) and its complexes have been widely considered as fluorescent
materials and anticancer drugs in biotechnology and pharmaceuticals although DBM is a
common β-diketone. For example, Jackson provided new insights into how DBM regulated
the androgen receptor (AR) function and cell growth, as well as providing promising evi-
dence to support DBM as a chemotherapeutic agent for prostate cancer through suppression
of the function of AR [20]. Thimmulappa et al. also indicated that DBM mediated the
induction of phase II enzymes by Nrf2 activation and inhibits benzo[a]pyrene-induced
DNA adducts by enhancing its detoxification in lungs [21].

DAPT reflects favorable DNA binding and recognition performance, DBM shows desir-
able luminescence properties and biological activities; if they are used as ligands for coordi-
nation compounds, owing to the coordination synergistic effect, more sensitive and higher
biological active DNA fluorescence probes could be obtained.

In the present work, two new copper(II) complexes with DBM and DAPT were prepared
and characterized. Their ct-DNA binding attributions were investigated. The two complexes
combined with ct-DNA by intercalation into base pairs to form a stable complex, which
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was confirmed by electronic absorption spectrum, fluorescent spectrum, cyclic voltammetry
(CV), and viscosity measurements. They are potential-sensitive DNA fluorescent probes of
ct-DNA and quantitative determination reagents.

Experimental

Apparatus and reagents

ct-DNA, ethidium bromide (EB), and Hoechst 32588 were obtained from Sigma Chemicals
Co. (USA). Other reagents and solvents of analytical grade were purchased in China. All
experiments on interaction with ct-DNA were performed in trishydroxymethylaminome-
thane (Tris)–HCl buffer which was obtained by mixing 50 mM NaCl with 5 mM Tris in
double distilled water and adjusted to pH 7.2 with hydrochloric acid. All ct-DNA solutions
were obtained by dissolving to a certain concentration with Tris–HCl buffer to get a ratio of
UV absorbance of about 1.8–1.9 at 260 and 280 nm, which indicates no protein and the
concentration of ct-DNA was determined according to the molar absorption coefficient
6600 cm−1 at 260 nm [22–24]. The complex solutions interacting with ct-DNA were pre-
pared in a mixed solvent of 1% DMF and 99% Tris–HCl buffer.

Elemental analysis (CHN) was performed via an Elemental Vario EL analyzer. The infra-
red spectrum was obtained through a ACATAR 360 FT-IR spectrophotometer from Nicolet
Co. The UV spectrum was carried out on a UV–Vis 2550 spectrophotometer from
Shimadzu Co. in Japan. Fluorescence spectra were recorded on a fluorescence photometer
(RF-5301PC) of Shimadzu. CV was measured on CHI660E electrochemical workstation.
Thermogravimetric analysis was studied on a Shimazdu TG–DTA. ESI-MS was performed
on Agilent 6430 M.

Physical measurement

Synthesis of DAPT. DAPT was prepared according to the literature [25] and recrystallized
from ethanol. The synthetic reaction is shown in figure 1.

Synthesis of the complexes. Complex 1. DAPT (0.376 g, 2 mM) was dissolved in ethanol
and then CuCl2 (0.24 g, 1 mM) was added with stirring. Green precipitate was produced
when the pH was adjusted to 2.5 with NaOH. The deposit was filtered after 2 h stirring and
green crystals were obtained from the filtered solution in two weeks. Yield: 64%.

Figure 1. The synthesis of DAPT.

Copper(II) DNA fluorescent probes 2767
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Anal. Calcd for CuC16H18N12OCl2 (%): C, 36.34; H, 3.43; N, 31.78. Found: C, 36.35; H,
3.51; N, 31.41. Λm (in CH3OH): 103.6 S cm2 mol−1. TG (weight loss, %): Calcd for H2O,
3.31; Cl, 13.36; DAPT, 69.82. Found: H2O, 3.41; Cl, 13.43; DAPT, 71.21. IR (cm−1):
3344(masNH2

); 3176(msNH2
); 1382, 1401(ν–C=N); 1585(νC=C), 1573(νC=C). UV: 280 nm.

ESI-MS (m/z): 474.1 ([Cu(DAPT)2Cl]
+).

Complex 2. DAPT (0.188 g, 1 mM) and DBM (0.2242 g, 1 mM) were dissolved in ethanol
then CuCl2 (0.24 g, 1 mM) was added with continuous stirring. Precipitate was produced
after the pH was adjusted to 3. After filtration green crystals were separated from the
mother liquor after two days. Yield: 71%. Anal. Calcd for CuC23H19O2N6Cl (%): C, 54.12;
H, 3.75; N, 16.46. Found: C, 54.01; H, 3.94; N, 16.43. Λm (in CH3OH): 27.7 S cm2 mol−1.
TG (weight loss, %): Calcd for Cl, 6.94; DBM, 43.33; DAPT, 36.82. Found: Cl, 6.93;
DBM, 43.75; DAPT, 36.71. IR (cm−1): 3333(masNH2

), 3160(msNH2
), 1678, 1654(νC=O), 1595

(νC=C), 1450(νC–H), 1370(νC=N). ESI-MS (m/z): 474.2 ([Cu(DBM)(DAPT)]+).

DNA binding experiments

UV spectra were recorded by keeping the concentration of the complexes constant when
varying the concentration of ct-DNA from 200 to 500 nm ([DNA]/[complex 1] = 0–3.5,
[DNA]/[complex 2] = 0–0.6). The complex/DNA system was equilibrated for 15 min after
the addition of DNA at 25 °C.

Thermal denaturation experiments of ct-DNA were carried out with increasing tempera-
ture from 40 to 90 °C at a rate of 1 °C min−1 and the UV absorbance was continuously
monitored at 260 nm. The data were depicted through relative absorbance versus tempera-
ture at 260 nm.

The fluorescence intensity of competitive binding experiments was performed by keeping
the concentration of ct-DNA (10 μM) and EB (5 μM) fixed while the complexes were grad-
ually added (0–10 μM). The changes in fluorescence intensity were monitored after each
addition of the complexes with 15 min equilibration.

Viscosity measurements were carried out on an Ubbelohde viscometer in a thermostatic
water bath with constant temperature 29.0 ± 0.1 °C. The complex was added gradually to
the solution of ct-DNA (50 μM). The viscosity of the mixed complex/DNA system was
measured after 2 h.

In CV, glassy carbon electrode modified by carbon nanotubes as a working electrode,
saturated calomel electrode as reference electrode, and counter electrode of platinum
electrode constitute the three electrode systems. The ct-DNA was added to the complex
solution. The CV curve was recorded after 10 min equilibration. The time of pulse was
0.05 s, the initial potential was −1 V, the termination potential was 1 V, and scanning
speed was 50 mV s−1.

The determination of ct-DNA

Four testing conditions, viz. pH of Tris–HCl, concentration of the complex, reaction time,
and ionic strength, in DNA determination are discussed. The pH of Tris–HCl was varied
from 3 to 13 with fixed concentration ratio of the complex to ct-DNA ([com-
plex] = 10 μg mL−1, [DNA] = 5 μg mL−1). The concentration of DNA was constant
([DNA] = 5 μg mL−1) when the gradual addition of 1 and 2 ranged from 0 to 8 and
0 to 15 μg mL−1, respectively. Effects of ionic strength were measured by the changes in
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fluorescence intensity with addition of NaCl ranging from 0 to 70 mM L−1 in the complex/
DNA systems under the obtained optimization conditions.

The fluorescence emission spectra were recorded through gradual addition of ct-DNA to
the complex solutions ([complex 1] = 4 μg mL−1, [complex 2] = 6 μg mL−1). The concen-
trations of 1 and 2 were varied in the range of 0–12 and 0–16 μg mL−1, respectively. Tests
for coexisting interference substances were performed by fluorescence intensity changes in
the absence and presence of interference substances in the system of the complexes
(10 μg mL−1) and DNA (5 μg mL−1).

Results and discussion

Structural characterization of the complexes

UV–vis spectra. The two complex solutions used for UV–vis spectra were obtained by dis-
solving them in CH3OH. The absorbances at 210 and 271 nm are assigned to π → π* tran-
sitions of the aromatic ring in DAPT, while 251 and 348 nm are due to the π → π*
transition of the benzene ring and n → π* transition of the carbonyl of DBM, respectively.
Compared with DAPT and DBM, the absorption peaks of 1 are at 213 and 280 nm and for
2 at 273 and 354 nm, which showed a red shift. The weak and broad d–d* transition of 1
and 2 at 742 and 630 nm correspond to 2B1g ← 2A1g(dx2−y2 ← dz2) ν1 transitions and the
spectra are typical of Cu(II) complexes with an elongated tetragonal structure [26, 27].

IR spectra. The band around 3350–3100 cm−1 of both complexes was assigned to vibra-
tion of the amino groups masNH2

and msNH2
: The bands at 1382 and 1401 cm−1 for 1 and

1370 cm−1 for 2 can be attributed to vibration of the cyano group (ν–C=N). The carbonyl
stretching vibration of free DBM is at 1597 cm−1, divided into two peaks at 1591 and
1551 cm−1, which characterize the enolate anion of DBM with coordination [28–30]. Weak
peaks at 460 and 522 cm−1 were assigned to Cu–N and Cu–O [30–32]. Compared with the
ligands, the peaks of the complexes had a shift in wavenumber and changes in absorption
strength, which also showed coordination of the ligands to copper(II).

Thermal analysis. Thermal decomposition of the complexes was investigated by TG–
DTA. For 1(a), weight losses could be observed from DTA curves. The first was due to loss
of crystal water at 57 °C (Calcd = 3.41%, TG = 3.31%) and one chlorine atom at 70 °C
(Calcd = 6.70%; TG = 6.83%), from which we deduce that H2O and one chloride are in the
outer sphere. The second weight loss was from loss of coordinated chlorine at 158 °C
(Calcd = 6.70%; TG = 6.83%) The third loss-weight peak was at 490 °C when DAPT
decomposed (Calcd = 71.21%; TG = 69.82%). For 2(b), the first mass loss is from one
chlorine atom (Calcd = 6.93%, TG = 6.94%) at 146 °C. The last two loss-weight peaks are
due to decomposition of DAPT (Calcd = 36.71%, TG = 36.82%) at 500 °C and DBM
(Calcd = 43.75%, TG = 43.33%) at 300 °C. The thermal analysis is consistent with the ele-
mental analysis (EA).

Copper(II) DNA fluorescent probes 2769
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LC–MS analysis. Since the measurement conditions was at the mode of ESI-positive ions,
complexes in the cationic form were stable under the measurement condition; all the com-
pounds were ionized and the obtained m/z results were added a hydrogen. For 1, hydrogen
in the amino was easily lost when heating after protonation of the amino group. Thus, the
ion fragment of m/z 474.1 is assigned to [Cu(DAPT)2Cl]

+ and the mass of 476.1 may be an
isotope of 1. Signals at m/z 475.1 and 477.1 for [Cu(DAPT)2Cl]

+ + H+ also exist. For 2,
m/z 474.2, 476.2 (M−Cl) may be assigned to primary and isotopic peaks of [Cu(DBM)
(DAPT)]+ in the MS of 2.

The molar conductivity in CH3OH of 1 and 2 was 103.6 cm2 mol−1 and 27.7 S cm2 mol−1,
respectively, and showed that 1 was a type of 1 : 1 electrolyte, while 2 was a non-electrolyte
[33].

Based on the results of EA, UV, IR, TG-DSA, LC–MS, and molar conductivity, the prob-
able configurations of the two complexes are depicted in figure 2.

Figure 2. Suggested configuration of 1 (a) and 2 (b).

2770 R.-R. Duan et al.
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DNA binding studies

UV spectra. UV absorption titration is a common characterization method in testing the
interaction of complexes with DNA through the changes in absorbance and shift in wave-
length. It usually shows a certain extent of hypochromism and red shift when a complex
binds to DNA through intercalation due to the π–π stacking interaction between the aro-
matic chromophore and the base pairs of DNA. In this method the DNA binding constant
Kb could be calculated by equation (1) [34],

½DNA�=ðea � ef Þ ¼ ½DNA�=ðeb � ef Þ þ 1=Kbðeb � ef Þ (1)

where εa is the apparent absorption coefficient Aobsd/[Cu], εf and εb are the extinction
coefficients of the free complex and the complex bound to DNA fully, respectively.

Figure 3 shows the absorption spectra of 1(a) and 2(b) in the absence and presence of
ct-DNA. It is clear that with increasing concentration of DNA, 1 and 2 have a distinct

Figure 3. UV spectra of 1 (a) and 2 (b) in Tris–HCl buffer in the presence of increasing amounts of ct-DNA. The
arrow indicates the absorbance change upon increasing DNA concentration. c(complex) = 25 μM; [DNA]/[complex 1] = 0,
0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5; [DNA]/[complex 2] = 0, 0.10, 0.20, 0.30, 0.40, 0.50, 0.6. The insets: the plots of
(εa − εf)/(εb − εf) vs. [DNA]/[complex] for the titration of DNA to 1 and 2.

Copper(II) DNA fluorescent probes 2771
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hypochromism of 8.82%, 30.37% with a red shift of 2 and 5 nm, respectively, which indi-
cates both complexes interact with DNA mainly by intercalation. To compare the DNA
binding affinity quantitatively, the binding constants Kb of 1 and 2 were calculated to be
1.1 × 104 and 2 × 104 L mol−1, respectively. DNA affinity of 2 is a little larger than for 1,
mainly due to the second planar ligand DBM.

Thermal denaturation. Thermal denaturation experiments can reflect the configuration
change of ct-DNA with increasing temperature and indicate the binding mode of the com-
plexes with DNA. In general, with increasing temperature, the H-bond interaction between
DNA base pairs was gradually weakened and ds-DNA dissociated into single strands. The
absorbance of purine bases and thymine bases would gradually enhance at 260 nm in the
process of chain dissociation [35–37]. The absorbance at 260 nm will steadily increase with
temperature when the absorption intensity reached saturation when ds-DNA completely dis-
integrated into a single strand. Thus, the melting point of DNA (Tm), at which half of ds-
DNA dissociated, can reflect the changes in the configuration stability of ct-DNA. The Tm
will increase to stabilize the double helix structure of DNA because of the π → π* accumu-
lation effect when the complexes bind to DNA by intercalation.

The Tm curves of ct-DNA before and after addition of 1 or 2 are given in figure 4. Tm of
ct-DNA is changed from 68 to 73 or to 76 °C with addition of 1 and 2, respectively. How-
ever, the ΔTm (Tm,1 − Tm = 5 °C, Tm,2 − Tm = 8 °C) is comparable to some intercalators
but smaller than EB (13 °C) [38]. The increase in Tm indicated that the main interaction of
DNA with 1 and 2 is classical intercalation; moreover, 2 has a relatively stronger binding
than 1.

The competitive binding experiments. EB is a conjugated planar molecule with weak
fluorescence itself. It can be inserted into the internal base pairs of DNA double helix with

Figure 4. Tm curves of ct-DNA in the absence and presence of 1 or 2. [DNA] = 70 μM, [complex] = 30 μM.
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fluorescence enhancement. If the complex that would compete with EB for the DNA-bind-
ing site is added into DNA solution, EB will be set free from the double helix of DNA and
the fluorescence will reduce significantly, even be quenched [39]. The fluorescence quench-
ing constant Ksq, which can be estimated from the extent of intercalation of the complex
into DNA, can be obtained quantitatively from equation (2) [38, 40],

I0=I ¼ I þ Ksqr (2)

where I0 and I are the fluorescence intensity of the complex/DNA system in the absence
and presence of 1 and 2, respectively, and r is the concentration ratio of the complex
and DNA. Ksq can be obtained from plots of I0/I versus [complex]/[DNA]. As depicted
in figure 5, the fluorescence was significantly quenched at the emission peak of 583 nm
with addition of 1 and 2 with Ksq of 1.73 × 104 and 9.20 × 104, respectively. Complex

Figure 5. The emission spectra of EB binding to DNA with the presence of 1 (a) and 2 (b) in Tris–HCl buffer
solution. [DNA] = 10 μM, [complex] = 0–10 μM.

Copper(II) DNA fluorescent probes 2773
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2 has a stronger quenching constant than 1, which may be explained by the larger
aromatic plane of DBM.

Viscosity measurement. The change in viscosity of ct-DNA solution can reflect the DNA-
binding mode after complex addition. A part intercalation of the complex into DNA leads
to reduction of the viscosity of the DNA solution [41]. However, a classical intercalation
results in lengthening adjacent distance of DNA base pairs to accommodate the inserted
ligand and lead the longer DNA double helix to adjust to the ligand intercalation, so that
the viscosity will correspondingly increase. In addition, the viscosity of the DNA solution
has no obvious change if the complexes interact with DNA by electrostatic or groove
binding [42–44].

Figure 6 indicates the effect of EB, Hoechst 33258, and the two complexes on the rela-
tive viscosity of ct-DNA. EB, a well-known DNA intercalator, could strongly insert into the
internal of DNA and cause the relative viscosity of DNA to increase. Hoechst 33258 is well
known as DNA groove agent that could bind to the minor groove of ds-DNA [45]. Differ-
ent from Hoechst 33258, the effect of 1 and 2 on the viscosity of ct-DNA was similar with
that of EB. It can thus be deduced that both the complexes bind to DNA by intercalation.
According to the changing trends of relative viscosity of DNA with compound addition, the
DNA intercalating potential followed the order EB > 2 > 1.

CV measurement. Electrochemical methods play an important role in the study of medical
molecules interacting with DNA. Because a biological system is usually full of electrolyte
solution, a series of processes of pharmacological activities (redox properties) are associated
closely to electron transfer in the body. CV is one of the effective means of DNA research
because of its sensitivity and high selectivity. The electrolyte binding to the DNA of the
complex resulted in negative shift of the redox peak; however, intercalation leads to positive

Figure 6. The effect of increasing amounts of EB, 1, 2 and Hoechst 33258 (from top to bottom, respectively) on
the relative viscosity of ct-DNA at 25 °C. [DNA] = 0.1 mM.
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shift [46]. Figure 7 shows the CV curves for 1 and 2 in Tris–HCl buffer solution (pH 7.2)
without and with increasing concentrations of ct-DNA.

The voltammetric behavior of both complexes is mainly reduction peaks. The reduction
peak potential of 1 was 0.1523 and −0.0363 V; however, the reduction peak of 2 was
−0.683 V. The CV curve reveals that the current value decreased for both complexes with a
positive shift, which can indicate that the complexes interact with DNA mainly by classical
intercalation [47]. This conclusion is consistent with the results obtained above.

Determination of DNA

Optimization of measurement conditions. The preliminary result above indicated that the
fluorescence intensity of the complexes enhanced with addition of ct-DNA. The measure-
ment conditions, the pH of buffer solution [figure 8(a)] and the concentration of complexes

Figure 7. CV curves of 1 (a) and 2 (b) (50 μM) in Tris–HCl buffer solution in the presence of ct-DNA (5, 10, 20,
30, 40, 50 μM); scan rate: 50 mV s−1.
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[figure 8(b)], were investigated. For pH, it was found that pH ranges of 5–8 and 3–9 for 1
and 2, respectively, were suitable and 7.2 was used in the experiment in consideration of
the simulation of the DNA existent environment. Figure 8(b) gives the changes in fluores-
cent intensity with increasing concentration of the complexes in DNA solution, and the
optimal concentration is 4 and 6 μg mL−1 for 1 and 2, respectively. The reaction time of
the complexes with DNA was also considered at room temperature and 5 min was adequate
to establish equilibrium.

Effect of the ionic strength in solution. The fluorescence change of the complex/DNA
system is shown in figure 8(c) for addition of NaCl. Generally, the fluorescence intensity
will weaken with increasing concentration of Na+ when the complexes interact with DNA
through outside binding via electrostatic interaction [45, 48]. Since cations such as Na+ can

Figure 8. Effects and optimization of measurement conditions. (a) Effects of buffer pH of 1 and 2. (b) Effects of
the complexes concentration, [DNA] = 5 μg mL−1. (c) Effects of [NaCl] on the fluorescence intensities of the com-
plex/ct-DNA systems. [Complex 1] = 4 μg mL−1, [complex 2] = 6 μg mL−1; [ct-DNA] = 5 μg mL−1.
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bind with negatively charged phosphate groups of DNA through electrostatic interaction,
the complex-DNA system will present a degree of fluorescence quenching due to competi-
tion with complexes of increasing Na+ if the complexes interacted with DNA through exter-
nal electrostatic interaction.

From figure 8(c) the effect of ionic strength on the two complex/DNA systems was dif-
ferent. For 1, there was no obvious impact, whereas for 2, the fluorescence had a little
enhancement with gradual addition of NaCl. The fluorescence was not quenched with the
presence of Na+ and the outside electrostatic interaction between the complexes and DNA
was excluded.

Calibration curves for DNA. The fluorescence spectra of 1 and 2 with different amounts
of ct-DNA are given in figure 9. The fluorescence intensity was significantly enhanced

Figure 8. (Continued).
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when [DNA] increased, exhibiting a good linear relationship between [DNA] and variation
of the fluorescence intensity. LOD of 1 and 2 was calculated with equation (3),

LOD ¼ 3Sb=s (3)

where Sb is the standard deviation of the blank measurement (n = 8) and s is the calibration
curves’ sensitivity. The linear range in this method was 2–12 and 2–14 μg mL−1 for 1 and
2, respectively. The LOD of 1 and 2 were 3.8 and 7.7 ng mL−1, respectively. The sensitivity
of our method was higher than many probes. Comparison of selected luminescence probes
for nucleic acid determination is listed in table 1.

Figure 8. (Continued).
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Figure 9. The fluorescence emission spectra of the complex/DNA system at different ct-DNA concentrations.
[DNA] = 0, 2, 4, 6, 8, 12, 14 μg mL−1. (a) [Complex 1] = 4 μg mL−1; (b) [complex 2] = 6 μg mL−1; (c) and (d)
the calibration curves for ct-DNA.
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Table 1. Comparison of fluorescent probes for DNA detection.

Probe Linear range (μg mL−1) LOD (ng mL−1) References

EB – 10 [49]
Eu-benzoylacetone-TAM 0.003–1 0.33, 0.99 [50]
Tb(III)-phenanthroline 0.4–15 100 [51]
Cu-TSSB 0.03–9.03 7 [52]
m-BPO 1.5–15 3.6 [53]
Hoechst 33258 0.25–2 10 [54]
YOYO 0.0005–0.1 0.5 [55]
1 2–12 3.8 This article
2 2–14 7.7 This article

Table 2. Tests for coexisting interference substances in the complexes (10 μM L−1)
with DNA (10 μM L−1).

Coexisting substances Concentration (μM L−1)

Changes of
fluorescent intensity

(%)

1 2

K+ 10 1.67 1.22
Ca2+ 10 3.33 3.09
NH4

+ 10 4.21 3.65
Cr3+ 10 0.75 2.61
Mn2+ 10 2.08 2.15
Co2+ 10 8.89 0.83
Ni2+ 10 2.56 1.50
Glucose 15 1.77 0.68
Arginine 15 1.16 0.58
Citrate 15 2.39 0.095

Figure 9. (Continued).
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Interference of foreign substances. In the DNA detecting environment, there are many
coexisting substances. The change of fluorescence intensity was tested with the addition of
coexisting substances, such as some common ions, glucose, citrate and amino acid, into the
complexes/DNA systems. The effect of coexisting substance on the fluorescent intensity is
shown in table 2.

Conclusion

Two new copper(II) complexes including DAPT were synthesized and used as DNA fluo-
rescent probes. The ct-DNA interaction mechanism of the complexes was studied via vari-
ous methods. The results suggest that the two complexes interact with ct-DNA by classical
intercalation, and the DNA affinity of 1 is a little higher than 2. The two complexes can be
used for the detection of ct-DNA with high sensitivity. The LODs of 1 and 2 are 3.84 and
7.7 ng mL−1, respectively. This work will greatly help to understand the mechanism of the
complex interaction with DNA and find new fluorescence probes for detecting DNA.
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