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Abstract

Based on the strong enhancement effect of nucleic acids on resonance light scattering of dequalinium chloride, the
determination method for micro amounts of nucleic acids has been developed. Under the experimental conditions
(5.0×10−5 mol l−1 dequalinium, pH 7.0, at room temperature) the linear range of this assay is 0.04–10.0 �g ml−1

for calf thymus DNA and fish sperm DNA, and 0.04–35.0 �g ml−1 for yeast RNA. The detection limits (3�) are 6.2
ng ml−1 for calf thymus DNA, 7.4 ng ml−1 for fish sperm DNA, and 7.0 ng ml−1 for yeast RNA, respectively.
Almost no interference can be observed from ionic strength, proteins, nucleoside, and most of the metal ions. Six
synthetic samples were determined satisfactorily. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The quantitative analysis for micro amounts of
nucleic acids is required in many fields such as
molecular biology, biotechnology, and medical
diagnostics. Generally, the conventional spec-
trophotometric method based on ultraviolet ab-
sorption at 260 nm is performed routinely in the
laboratory for determination of DNA concentra-
tion. However, direct use of the intrinsic ultravio-
let absorption of nucleic acids for their

determination has been limited severely by the
low sensitivity and serious interference [1,2]. A
number of organic reagents, which can react with
nucleic acid components-phosphorus [3,4], bases
[5,6], and sugar [7–11], have been developed for
spectrophotometric methods of nucleic acids.
These determinations are precise and reliable [7],
but they are time-consuming and not yet sensitive
enough to determine micro amounts of nucleic
acids.

The fluorometric methods, based on the en-
hancement of the fluorescence of various interca-
lating dyes, can detect nucleic acids at nanogram
levels [12–18]. The most widely used fluorometric* Corresponding author. Tel./fax: +86-10-6275-1408.
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dye is ethidium bromide [12], but it has been
considered as a strong carcinogenic compound.
For many years, researchers have made great
efforts to develop good fluorometric dyes for de-
termination of nucleic acids. Some dimeric dyes,
such as ethidium homodimer (EthD) [19], thiazole
orange homodimer (TOTO) [20], and oxazole yel-
low homodimer (YOYO) [21], offer high sensitiv-
ity compared to ethidium bromide and have
replaced it for many purposes. However, the
widespread use of these methods are restricted by
the high cost of the dyes.

Recently, a series of new determination meth-
ods for nucleic acids have been exploited by using
resonance light scattering (RLS) technique. The
basis for the methods are the strong enhancement
of nucleic acids on RLS signal of the complex of
Co(II)/4-[5-chloro-2-pyridyl]azo]-1,3-diaminoben-
zene[22], �,�,�,�-tetrakis[4-(trimethylammonium-
yl) phenyl] porphine [23], and safranine T [24].
The RLS methods are very attractive because
high sensitivity can be obtained with a common
spectrofluorimeter by using inexpensive and safe
reagents, but these determinations encounter with
the disadvantages of serious interference with
ionic strength and narrow linear range.

Dequalinium chloride (DQC, see Fig. 1) is an
antibiotic drug. When dequalinium chloride com-
bines with nucleic acid molecules, its RLS inten-
sity is enhanced greatly. The enhanced light
scattering is proportional to the concentration of
nucleic acids in a wide range. Moreover, almost
no interference can be observed from ionic
strength, proteins, nucleoside, and most of the
metal ions. On this basis, the present investigation
describes a new RLS method which can determine
nucleic acids at nanogram levels. In this contribu-
tion, our focus is to show the RLS method is
simple, sensitive, and practical.

2. Experimental

2.1. Reagent

Stock solutions of nucleic acids (100 �g ml−1)
were prepared at 0–4 °C by dissolving calf thy-
mus DNA and fish sperm DNA (Baitai Biochem-
ical Co., Chinese Academy of Sciences, Beijing,
China) in double deionized water, and dissolving
yeast RNA (Shanghai Institute of Biochemistry,
Chinese Academy of Sciences, Shanghai, China)
in 0.5% NaCl aqueous solution. Working stan-
dard solutions were obtained by appropriate dilu-
tion of the stock solutions. A 1.0×10−3 mol l−1

DQC solution was prepared by dissolving 0.0530
g of DQC (Sigma Chemical. Co.) in 80 ml hot
ethanol, and diluting it to 100 ml with ethanol
after cooling to room temperature.

All other reagents were of analytical reagent
grade without further purification. Doubly deion-
ized water was used throughout.

2.2. Apparatus

The light scattering spectra were obtained by a
Hitachi Model F-4500 spectrofluorometer (Kyoto,
Japan), the intensity of light scattering was mea-
sured by a Shimadzu Model RF-540 spec-
trofluorometer (Kyoto, Japan). In both
instruments a high-pressure Xenon lamp and a
quartz cell (1×1 cm2) were used. The absorption
spectrum was measured and recorded by a Shi-
madzu Model UV-2501PC spectrophotometer
(Kyoto, Japan). The pH values were measured
with a Model 821 digital pH meter (Zhong Shan
University, China).

2.3. Standard procedure

A known volume of standard nucleic acids or
sample solution, 1.0 ml KH2PO4–NaOH buffer
(0.2 mol l−1, pH 7.0) were transferred into a 10
ml standard flask, and approximately diluted to
8.5 ml with water. Then 0.5 ml DQC solution
(1.0×10−3 mol l−1) was added. The mixture was
diluted with water to the mark and then mixed
thoroughly. The light scattering intensity was
measured at 362.0 nm with slit width at 10.0 nmFig. 1. Molecular structure of dequalinium.
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Fig. 2. Light scattering spectra: (a) 2.0 �g ml−1 calf thymus
DNA; (b) 5×10−5 mol l−1 DQC; (c) the mixture of 2.0 �g
ml−1 calf thymus DNA and 5×10−5 mol l−1 DQC.

3. Results and discussion

3.1. Spectral characteristics

Fig. 2 shows the light scattering spectrum of
DQC with two scattering peaks located at 272.2
and 350.0 nm, respectively. Compared with the
absorption spectrum of DQC (shown in Fig. 3),
where two absorption peaks are located at 240.0
and 328.8 nm, respectively, it is found that the
light scattering intensity becomes quite large when
the incident wavelength is near the absorption
band of DQC, and the light scattering maximum
is displaced slightly to the long wavelength side of
the absorption maximum. According to the the-
ory of Miller [25] and Anglister and Steinberg
[26,27], the light scattering of DQC at two peaks
can be judged as resonance light scattering.

It can also be seen from Fig. 2 that the light
scattering intensity of DQC can be enhanced
strongly by calf thymus DNA, and the scattering
peaks are moved to longer wavelength located at
280.2 and 362.0 nm, respectively. Because the
light scattering intensity at 362.0 nm is much
stronger than that at 280.2 nm, the former is
chosen as the optimum wavelength for light scat-
tering measurements of nucleic acids in order to
obtain high sensitivity.

The strong enhancement of resonance light
scattering for DQC by fish sperm DNA and yeast
RNA is also observed, and the pattern of the light
scattering spectra is the same as that of calf
thymus DNA. However, the light scattering inten-
sity slightly differs for different nucleic acids at
the same concentration. The experiments show
the intensity order of light scattering as follows:
calf thymus DNA�yeast RNA�fish sperm
DNA.

3.2. Influence of pH

Fig. 4 shows the influence of pH on the en-
hanced light scattering intensity by calf thymus
DNA. Britton-Robinson and KH2PO4–NaOH
buffer were used to adjust the pH. As shown in
Fig. 4, the enhanced light scattering intensity in
KH2PO4–NaOH buffer is higher than that in
Britton-Robinson buffer, and reaches its maxi-

Fig. 3. Ultraviolet absorption spectrum of 5×10−5 mol l−1

DQC.

for the excitation and emission. The light scatter-
ing spectrum was obtained by scanning simulta-
neously with the same excitation and emission
wavelengths. The enhanced light scattering inten-
sity of DQC by nucleic acids reported in the paper
are net intensity of light scattering in arbitrary
units of the instruments, in which the background
light scattering signal of DQC in the absence of
the nucleic acids has been subtracted for each
value except for the light scattering spectrum.
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mum at pH 7.0. In addition, the effect of concen-
tration of KH2PO4–NaOH buffer on the en-
hanced light scattering intensity was also
investigated. The results indicate that almost no
change of the enhanced light scattering intensity
can be observed when the concentration of the
KH2PO4–NaOH buffer ranges from 0.01 to 0.1
mol l−1. Therefore, 0.02 mol l−1 KH2PO4–
NaOH buffer (pH 7.0) was chosen as the control
pH for subsequent work.

3.3. Optimization of DQC concentration

The optimization curve for DQC concentration
is shown in Fig. 5. As DQC concentration in-
creases, the enhanced light scattering intensity by
calf thymus DNA increases when DQC concen-
tration is less than 5×10−5 mol l−1, and de-
creases when DQC concentration is greater than
5×10−5 mol l−1, which results from the molecu-
lar absorption of DQC for light scattering. So
5×10−5 mol l−1 of DQC is selected as optimum
concentration for determination of nucleic acids.

3.4. Effect of ionic strength and incubation time

The effect of ionic strength on the light scatter-
ing intensity enhanced by calf thymus DNA was
studied by the addition of NaCl. The results
indicate that the enhanced light scattering inten-
sity changes by less than 5.0% for 1.0 �g ml−1

calf thymus DNA ranging from 0 to 1.0% NaCl.
It is obvious that ionic strength has no effect on
the light scattering, which proves that the interac-
tion of DQC with DNA is very strong.

The influence of incubation time on the light
scattering intensity enhanced by calf thymus
DNA was investigated in a 120 min period imme-
diately after mixing the calf thymus DNA and
DQC in 0.02 mol l−1 KH2PO4–NaOH buffer
(pH 7.0). The experiment shows that maximum
intensity of light scattering is reached immediately
when the solutions are mixed, and remains con-
stant for 50 min. However, when the incubation
time is longer than 50 min, the light scattering
intensity begins to decrease slowly. The results
express that the stability of the light scattering
signal is practical for determination of nucleic
acids.

3.5. Interference study

In order to study the potential interference of
various substances with the resonance light scat-
tering determination of nucleic acids, the standard
solution containing 1.0 �g ml−1 calf thymus
DNA is premixed with foreign substances, then
the intensity of light scattering is detected accord-
ing to the standard procedure and compared with

Fig. 4. Effect of pH on the light scattering enhanced by 1.0 �g
ml−1 calf thymus DNA: (a) in Britton-Robinson buffer; and
(b) in KH2PO4–NaOH buffer.

Fig. 5. Effect of DQC concentration on the light scattering
enhanced by 1.0 �g ml−1 calf thymus DNA in 0.02 mol l−1

KH2PO4–NaOH buffer (pH 7.0).
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Table 1
Tolerance concentration of coexisting substances

SubstanceSubstance Change of Ia (%)Change of Ia (%)

−3.110 �g ml−1 BSA 1×10−5 mol l−1 Cd(II)chloride 0.29
1×10−5 mol l−1 Mn(II)sulfate1.1 0.1510 �g ml−1 HSA
1×10−5 mol l−1 Cu (II)sulfate10 �g ml−1 �-G 7.69.7
1×10−6 mol l−1 Cu (II)sulfate5.4 1.35.0 �g ml−1 �-G
1×10−5 mol l−1 Co(II)chloride −4.710 �g ml−1 AMP 1.8
1×10−5 mol l−1 Ni(II)nitrate−2.1 0.2810 �g ml−1 GMP

−1.910 �g ml−1 CMP 1×10−5 mol l−1 Pb(II)nitrate 29.4
−1.210 �g ml−1 TMP 1×10−6 mol l−1 Pb(II)nitrate 5.0

1×10−5 mol l−1 Fe(II)sulfate−0.72 1.610 �g ml−1 UMP
−1.610 �g ml−1 dAMP 1×10−5 mol l−1 Fe(III)chloride 18.9

1×10−6 mol l−1 Fe(III)chloride−2.2 5.610 �g ml−1 dCMP
1×10−5 mol l−1 Al(III)sulfate10 �g ml−1 dGMP 18.91.1
1×10−6 mol l−1 Al(III)sulfate−3.3 2.71×10−4 mol l−1 Ca(II)chloride

1×10−4 mol l−1 Mg(II)sulfate 1×10−5 mol l−1 Hg(II)nitrate−3.8 −50.6
1×10−6 mol l−1 Hg(II)nitrate−1.3 −24.81×10−5 mol l−1 Zn(II)chloride
1×10−7 mol l−1 Hg(II)nitrate −4.71×10−5 mol l−1 Cr(III)nitrate −2.2

Average value from three measurements.
a I is the light scattering intensity.

Table 2
Analytical parameters for nucleic acid determination

Linear rangeNucleic acids Linear regression equation RDetection limit
(3�, ng ml−1)(C, �g ml−1)(�g ml−1)

I=1.08+42.1C 6.2 0.9982Calf thymus DNA 0.04–10.0
I=2.10+39.0C 7.40.04–10.0 0.9989Fish sperm DNA

Yeast RNA I=2.88+40.2C0.04–35.0 7.0 0.9985

that of the standard solution itself. The tolerance
concentrations of proteins, nucleotides, and sev-
eral metal ions for the light scattering determina-
tion are summarized in Table 1.

From Table 1, it can be seen that proteins and
nucleotides do not interfere with the resonance
light scattering determination for the DNA. Most
of metal ions can be tolerated at very high con-
centration except Fe(III), Al(III), Pb(II), and
Hg(II). Fe(III), Al(III), and Pb(II) have a positive
effect on the light scattering intensity of the deter-
mination system because Fe(III)and Al(III) can be
hydrolyzed at pH 7.0 to form Fe(OH)3 and
Al(OH)3 particles, respectively, and Pb(II) can
form PbCl2 particles with Cl− of DQC, which can
result in light scattering. Hg(II) has a negative

effect on the light scattering intensity possibly as a
result of that Hg(II) can hinder the interaction of
DQC with DNA because the electrostatic forces
of Hg(II) binding on DNA is very strong. How-
ever, the tolerated concentrations of Fe(III),
Al(III), Pb(II), and Hg(II) are generally greater
than that in biological samples.

3.6. Calibration cur�es and analysis of synthetic
samples

According to above standard procedure, the
calibration curves for the light scattering determi-
nation for nucleic acids were constructed under
the optimal conditions. All the analytical parame-
ters are presented in Table 2. As shown in Table
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Table 3
The results of determinations in synthetic samples

Conc.Nucleic acid Main additivesa Found RSDRecovery
(%, n=5)(%, n=5)(�g ml−1)(�g ml−1)

BSA, Fe(III), Ca(II), Mg(II) 1.97 97.2–102.1 1.9Calf thymus DNA 2.00
AMP, GMP, CMP, TMP, UMP 1.942.00 96.5–105.2Calf thymus DNA 3.2

2.00Fish sperm DNA HAS Cu(II), Co(II), Ni(II) 1.95 95.6–102.5 2.4
2.00Fish sperm DNA AMP, GMP, CMP, TMP, UMP 1.98 95.1–104.3 3.3

�-G, Zn(II), Cd(II), Hg(II) 2.462.50 94.7–105.3Yeast RNA 4.0
AMP, GMP, CMP, TMP, UMP 2.64 101.9–108.8 2.7Yeast RNA 2.50

a The concentration of additives is as follows: BSA, HAS, 10 �g ml−1; �-G, 5.0 �g ml−1; AMP, GMP, CMP, TMP, UMP, 2.5
�g ml−1; Fe(III), Cu(II), 1×10−6 M; Ca(II), Mg(II), 1×10−4 M; Zn(II), Cd(II), Co(II), Ni(II), 1×10−5 mol l−1; Hg(II), 1×10−7

mol l−1, respectively.

2, there are good linear relationships between the
enhanced light scattering intensity and the con-
centration of nucleic acids in a wide range.

With the calibration curves, six synthetic sam-
ples constructed on the basis of the interference of
foreign substances were determined simulta-
neously under the same conditions. The determi-
nation results are listed in Table 3. As Table 3
shows, all the results are satisfactory.

4. Conclusions

The proposed method has high sensitivity,
which can be comparable to that of classical
fluorescence method with ethidium bromide [12].
Most importantly, it can be characterized with
obvious advantages in aspects of: (1) accuracy
and precision; (2) avoidance of toxic dyes; (3)
simple operation by using a common spec-
trofluorometer and short incubation time (�1
min at room temperature); and (4) tolerance of
most interfering substances. Because proteins and
nucleotides do not interfere with the light scatter-
ing determination for DNA, we assume that this
method can offer a convenient means of quantita-
tive analysis for polymerase chain reaction and
other biotechnology.
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