
INTRODUCTION

In recent years, the mechanism of the binding of small

molecules, such as drug1-6, organic dyes7-11 to DNA has been

an active area. It is a subject that exists at the interface of

pharmaceutical chemistry and biology. The intracellular

target for the majority of anticancer and antibiotic drugs is

DNA12. So, the study on the interaction of drug and DNA plays

a key role in pharmacology and it is of great significance for

designing and synthesizing the new drugs targeted to DNA

and their effectiveness depends on the mode and affinity of

the binding. Cefoperazone and acheomycin (Fig. 1) are common

antibiotic drug, the interest is aroused to study the relationship

of drugs (cefoperazone and acheomycin) with DNA. The fluore-

scence quantum yield of DNA is about 10-4 to 10-5 at room

temperature13,14 and the intrinsic fluorescence from DNA is of

little practical usefulness. The utility of fluorescence probes

can obtain the information of the structure and quantitative of

DNA. The probes for nucleic acids reported include organic

dyes, such as neutral red (NR) (Fig. 2), ethidium bromide

(EB)15-17, bisimidazole (Hoechst 33258)18, metal complex19 and

photosensitive agent20. Neutral red was used to probe the

interaction of drugs (cefoperazone and acheomycin) with DNA

in this work. DNA binding with drugs (cefoperazone and

acheomycin) cannot be found by fluorescence method without

the probe neutral red, but it is clearly seen that the fluorescence

and resonance light scattering of DNA-neutral red system can

be quenched by drugs. The fluorescence and resonance light

scattering change of DNA-neutral red in the presence of drugs
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suggests that there is a strong interaction between the drugs

and DNA.
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Fig. 1. Structure of cefoperazone and acheomycin

N

H

N

H2N N

Cl
-

+

Fig. 2. Structure of neutral red

EXPERIMENTAL

A Perkin Elmer LS55 fluorescence spectrometer (United

Kingdom) with a quartz cell of 1 cm path length is used to

measure the fluorescence and resonance light scattering

spectra; Elix10 + MilliQ pure water system (USA); protein-

DNA analysis instrument.

Deoxyribonucleic acid from the liver of white mouse is

purchased from Sigma Chem. Co. and its stock solution is

prepared by dissolving appropriate solid DNA into pure water

overnight and its concentration is determined by absorption

spectrometry, using the molar absorptivity ε260 = 6600 mol-1



cm-1. Stock solution of 3.0 × 10-5 mol L-1 DNA and 1.0 × 10-6

mol L-1 should be stored at 4 ºC in the dark for about a week

only. The ratio of the absorbance at 260 nm to that of 280 nm

is checked with protein-DNA analysis instrument to monitor

the purity of DNA. The solution gave a ratio of > 1.8 at A260/

A280, indicating that DNA is sufficiently free from protein21,

neutral red is obtained from Chemical Reagent Co. of Tianjin

and the concentration of stock solution of neutral red is 1 ×

10-6 mol L-1. Cefoperazone and acheomycin from China Drug

Biological Products Qualifying Institute is prepared into 1.0

× 10-6 mol L-1 water stock solutions. DNA in this work is double

stranded DNA unless it is especially noted clearly. All reagents

are of analytical reagent grade and the pure water is used all

along. The fluorescence spectra and resonance light scattering

of a fixed amount of DNA in pH 7.25 tris-HCl buffer are

measured in the absence and in the presence of neutral red.

Neutral red binding with DNA: The fluorescence

spectra of a fixed amount of DNA in pH 7.25 tris-HCl buffer

are measured in the absence and in the presence of neutral

red. The excitation wavelength and emission wavelength are

at 310 and 624 nm. The slits width of the excitation is 10 nm

and emission is 15 nm. The fluorescence spectrum is scanned

from 593 to 648 nm.

The resonance light scattering spectra of a fixed amount

of DNA in pH 7.25 tris-HCl buffer are measured in absence

and in presence of neutral red. The excitation wavelength and

emission wavelength are all 310 nm. The slits width of the

excitation is 10nm and emission is15 nm. The resonance light

scattering spectrum is scanned from 270 to 600 nm.

Drugs binding with DNA: The fluorescence and reso-

nance light scattering spectra of a series of solutions with various

volume of cefoperazone are measured in DNA-neutral red

complex system. Before measurements, the tubes should be

shaken up and placed into the thermostat water bath for 5 min.

Then the assay solutions are transferred into the quartz cell

with a micro-stirrer and the fluorescence and resonance light

scattering measurements are performed.

RESULTS AND DISCUSSION

Fluorescence spectra: The nature of the interaction of

neutral red with nucleic acids was studied by many research

reports22-24, the interaction fluorescence spectra DNA and

neutral red are showed in Fig. 3.

Fig. 3 shows that neutral red has very strong fluorescence

in water solution (λex = 310 nm,λem = 593.7-648.4 nm). The

curve 1 is the fluorescence intensity of neutral red without

DNA, with the DNA added in the neutral red solution, the

change of fluorescence intensity is obvious. When R (the mole

ratio of DNA to neutral red) = 0.3 (2, 3, 4 in Fig. 3), the fluo-

rescence intensity has enhancement and R≈ 0.1125 (the curve

2 in Fig. 3), the fluorescence intensity is strongest. When R >

0.3, the fluorescence intensity decrease (the curve 5, 6, 7, 8 in

Fig. 3).

The reason may be:

(1) The nucleic acid has phosphorus acid radical, as a

result negative charge existence. Neutral red solution has the

positive charge, when the DNA was added to the neutral red

solution, binding occurs between DNA and neutral red by static

electricity function linkage, the binding constant is big. It is

equal that the small dye molecular piles up on the nucleic acid

molecular. It causes the probability, which the excited state of

neutral red occurs outer shifts to reduce, therefore fluorescence

intensity enhancement.

(2) The phenazine plane of neutral red intercalates into

the DNA base pairs, which causes the probability of excited

state of neutral red and the solvent collision reduces, as a result

the probability of outer shift reduces, so fluorescence intensity

enhancement.

(3) It is between both of above referred, the groove inter-

action, which causes too the probability which the excited state

of neutral red occurs outer shifts to reduce, therefore fluore-

scence intensity enhancement25.

Fig. 3. Fluorescence emission spectra of NR-DNA system V(NR) = 2 mL,

c(DNA) = 3.0 × 10-5 mol L-1, corresponding to 1→8 (DNA volume

added to NR solution): 0, 7.5, 15, 20, 30, 40, 50, 60 µL. (λex = 310

nm; Ex slit =10 nm; Em slit =15nm)

The reason of fluorescence decrease is that when the

reaction of neutral red with DNA finished, the excessive DNA

causes the probability of outer shift enhancement, so the

fluorescence intensity decrease.

Drugs are added to the neutral red-DNA system (neutral

red 2 mL, DNA 15 µL), Fig. 4 are the relative fluorescence

intensity of the NR-DNA system as a function of the drug

volume.
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Fig. 4. Relative fluorescence intensity of the neutral red-DNA system as a

function of the drug volume, c(drug) = 10-6 mol L

Fig. 4 shows that the interaction of drug and DNA is very

complex, in general, with the drug volume rising, the extent
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of neutral red-DNA fluorescence intensity rising is bigger than

the intensity of decreasing, the acheomycin is more obvious

than the cefoperazone. Jiang et al.22 reported that the neutral

red may also combine with DNA ribose or phosphate ingredient

by the electrostatic attraction way under neutral condition, it

can change the micro environment, for example the water

molecular reduction around the DNA and causes spiral struc-

ture of DNA more stable. Wang et al.23 reported that the binding

mode of neutral red and DNA can transform between interca-

lation interaction and electrostatic attraction under the different

condition. According to the results of experiment, it is concluded

that the binding mode may simultaneously be several basic

functions when the reaction of drugs and DNA occur can be

obtained and the binding mode of acheomycin to DNA is more

complex than the cefoperazone to DNA. The interaction of

acheomycin and DNA is strong than the cefoperazone.

Resonance light scattering spectra: The nucleic acid

molecular has phosphorus acid radical, as a result the negative

charge existence. The small organic dye molecular with positive

charge can bind with DNA by the electrostatic attraction and

the binding constant is very big. It is same that the small dye

molecular piles up on the surface of DNA and cause the

enhancement of resonance light scattering26. The enhancement

of resonance light scattering is caused by the excitation of

electron isolated in the super spiral structure of DNA. The

resonance light scattering signal of DNA itself is very weak,

neutral red has the resonance light scattering signal in the range

of 380-400 nm and the resonance light scattering signal will

be enhancement when DNA is added to the neutral red solution.

The biggest signal intensity is in 390 nm and the variety is

very sensitive.

Fig. 5 is the resonance light scattering spectra of neutral

red-DNA system. It shows that the resonance light scattering

intensity enhance when DNA is added to the neutral red solution.

Fig. 5. Resonance light scattering spectra of neutral red-DNA system

c(neutral red) = 1.0 × 10-6 mol L-1, V(neutral red) = 2 mL; c(DNA)

= 1.0 × 10-6 mol L-1, corresponding to a→h (DNA volume added to

neutral red solution) 0, 50, 100, 150, 200, 250, 300, 500 µL λex =

310 nm; Ex slit =10 nm; Em slit =15 nm)

The literature indicates that the reaction of neutral red

and DNA involves in H accumulation. This H accumulation

can cause the high resonance scattering signal and the signal

may be quenched by ethidium bromide, namely intercalation

function affect the H accumulation reaction, so the conclusion

that H accumulation reaction does not involve in the reaction

of intercalation and grooving can be obtained. The resonance

light scattering enhancement function of DNA to neutral red

is because the long distance assembly of neutral red molecular

on DNA molecular surface27,28. The DNA induces neutral red

molecular accumulation on DNA surface, the action mainly

depends on the static electricity function of neutral red and

phosphodiesters in DNA structure, possibly also involves in

the hydrophobic interaction of the intermolecular. The super-

ficial accumulation is broken when the drugs are added to

neutral red-DNA system, the reaction of the drug and DNA

causes the depolymerizing of neutral red on the DNA surface

and the neutral red molecular dissociate from the neutral red-

DNA system. It causes the particle size of neutral red-DNA

union small and the intensity decrease of resonance light scat-

tering. The other possibility may be that the interaction of drugs

molecular and DNA obviously change the structure of DNA

double strand and affect the interaction of neutral red and DNA.

Figs. 6 and 7 are the resonance light scattering spectra of

neutral red-DNA-drugs system, the results shows that the

change of resonance light scattering is very obvious when

drugs are added to the neutral red-DNA system. The drugs

can obviously quench the resonance light scattering of neutral

red-DNA system and the intensity of resonance light scattering

decrease rapidly with the volume of drugs in 380 nm. The

difference of resonance light scattering change, which is caused

by two drugs is obvious and the rule of the intensity decrease

which is caused by cefoperazone is simple, however the rule

of the intensity decrease, which is caused by acheomycin is

complex. It indicates that the binding mode of cefoperazone

and DNA may be single and it may is static electricity attraction

mode or hydrophobic interaction mode; however the binding

mode of acheomycin to DNA is complicated, so it is difficult

to confirm the binding mode and it perhaps has several modes.

Regardless of which binding way, they can all affect the long

distance assembly of neutral red obviously in the DNA surface.

Fig. 6. Resonance light scattering spectra of DNA-neutral red-cefoperazone

system c(neutral red) = 1 × 10-6 mol L-1, V(neutral red) = 2 mL;

c(DNA) = 1 × 10-6 mol L-1, V(DNA) = 500 µL; c(cefoperazone) = 1

× 10-6 mol L-1, corresponding to b → h (cefoperazone volume added

to neutral red-DNA system) 0, 100, 200, 300, 400, 500, 600 µL a:

The resonance light scattering spectra of neutral red 2 mL; b: The

resonance light scattering spectra of neutral red-DNA system (500

µL DNA added to 2 mL neutral red solution) λex = 310 nm; Ex slit

=10 nm; Em slit =15nm)
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Fig. 7. The RLS spectra of DNA-neutral red-acheomycin system; c(neutral

red) = 1 × 10-6 mol L-1, V(neutral red) = 2 mL; c(DNA) = 1 × 10-6

mol L-1, V(DNA) = 500 µL; c(acheomycin) = 1 × 10-6 mol L-1,

corresponding to b→h (acheomycin volume added to neutral red-

DNA system) 0, 100, 200, 300, 400, 500, 600 µL; (a) The RLS

spectra of neutral red 2 mL; (b) The RLS spectra of neutral red-

DNA system (500 µL DNA added to 2 mL neutral red solution);

(λex = 310 nm ; Ex slit =10 nm; Em slit = 15 nm; 1 % attenuation)

Conclusion

Detailed analyses of the interaction of drugs (cefoperazone

and acheomycin) with DNA by fluorescence, resonance light

scattering spectroscopic techniques are carried out in this work.

All the evidences show that cefoperazone and acheomycin

both can affect the fluorescence of neutral red-DNA system,

the influence of acheomycin is more obvious than acheomycin.

Cefoperazone and acheomycin obviously can quench the

resonance light scattering spectrum of neutral red-DNA

system, it indicates that the drugs can combing with DNA and

damage the long distance assembly of neutral red in the DNA

surface. The results show that the quenching mode of

acheomycin is more complicated than cefoperazone. It

indicates that the binding mode of acheomycin is complicated

than cefoperazone. So the interaction of acheomycin and DNA

is more complicated and obvious than the cefoperazone. The

study of drugs(cefoperazone and acheomycin) and DNA will

provide necessary information on the mechanism of anticancer

drugs binding with DNA and they will benefit the designing

of new drugs.
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