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ABSTRACT

Theinteraction of 12b-hydroxy-des-D-Garcigerin (GA) with DNA was stud-
ied by using acridine orange (AO) as a probe. The results indicated that
there wasacomplex of GA and DNA, which has been confirmed by absorp-
tion and fluorescence spectra. The influence of salt effect and temperature
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ontheinteraction of GA with DNA was studied. The results suggested that
the intercalation and electrostatic binding should be the two major modes

for interaction between GA and DNA.
© 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Deoxyribonucleicacid (DNA) isanimportant ge-
netic substancein organism. Theareaof DNA involved
invital processes such as geneexpression, genetran-
scription, mutagenesis, carcinogenesisand cell degth,
etc., areof particular interest astargetsfor awiderange
of anticancer and antibiotic drugs® So, the study on
the interaction of drug and DNA playsakey rolein
pharmacol ogy andit isof great significancefor design-
ing and synthesi zing the new drugstargeted to DNA
and their effectivenessdepends on themode and affin-
ity of thebinding. Theinteraction of DNA with drugs
has been studied by varioustechniquesincluding fluo-
rescenceld, UVE, luminescence e ectrophoresis?,
NMRI®, quartz crystal microgravimetry” and elec-
troanalytica methodg®.

Thefluorescencequantumyield of DNA isabout
10*to 10° at room temperaturd® and theintrinsic fluo-
rescencefrom DNA isof littlepractical usefulness. The

utility of fluorescence probes can obtaintheinforma-
tion of the structure and quantitative of DNA. Many
organic dyes have already proven sensitive probes of
DNA, such asethidium bromide (EB)™%, acridineor-
ange (AO)Y, oxazide yellow homodimerg®Z, nile
blue™®, diphenylamine blue™¥ and neutral red™!, and
so on. In this study, AO (ain SCHEME 1) was se-
lected as a probe to investigate the interactions of
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SCHEME 1: Thestructureof acridineorange(a) and 2b-
hydroxy-des-D-Gar cigerin (b)
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xanthoneswith DNA by spectrometric methods.

In principle, there arethree modesfor reversible
binding of moleculeswith double-hdical DNA: (i) eec-
trogtati c attractionswith the anionic sugar-phosphate
backbone of DNA, (ii) interactions with the DNA
groove, (iii) intercal ation between base pairsviathe
DNA groove. Depending on structura featuresof both
themoleculeand DNA, many mol ecules show more
than asingleinteraction modewith DNARS,

The natura xanthonesfrom high plantshave been
obtained mainly from about 150 plantsassociated with
four families: Gulttiferae, Gentianaceae, Moraceae
and Polygal aceae*”, having many pharmacological
effectssuchasMAQ inhibition, anti-tumor activity, cy-
totoxicity, antibacterid activity, antifungd activity, anti-
inflammatory properties, antioxidant activity and
tubercul oatatic activity!*®. Dueto their strong bioac-
tivities, someherba medicinesin Polygalaceaefamily
containing xanthones have been used asanti-inflamma-
tory, anti-bacterial and anti-rheumatism agents in
clinic®. In the present work, 12b-hydroxy-des-D-
Garcigerin ((bin Scheme 1)) was sel ected asaprobe
toinvestigatetheinteractions of xanthoneswith DNA
by spectrometric methods. Studiesof theeffect of ionic
strength, the measurements of viscosity, melting tem-
peratures, etc., were carried out to probethe binding
mechanism.

EXPERIMENTAL

Apparatus

All fluorescence measurementswere madewith a
Hitachi F-2500 spectrofluorimeter (Tokyo, Japan)
equipped withal cmquartz cell and athermostat bath.
A UV-757CRT visible ultraviol et spectrophotometer
(Shanghai Precisionand Scientific Instrument Co.,Ltd.,
China) equipped with 1.0 cm quartz cellswas used for
scanning the UV spectrum. All pH measurementswere
madewithapHs-3digital pH-meter (Shanghai Lei Ci
DeviceWorks, Shanghal, China) withacombined glass
electrode. An dectronic thermostat water-bath (Tianjin
Taistelnstrument Company, Tianjin, Chind) wasused
for controlling thetemperature. Theviscosity determi-
nation was carried out using NDJ-79 viscosity meter
(Yinhuan Flowmeter Co. Ltd., Zhgjiang, China).

—= Fyll Paper
Reagents

All starting materid swereanaytical reagent grade
and double distilled water was used for al the mea-
surements. Calf ThymusdsDNA (Sigma) wasdirectly
dissolved inwater to prepare stock solutionsand then
stored at 4°C, and its concentration was determined to
be2.45x10“ mol L by absorption spectrometry, us-
ing the absorptivity €, = 6600 mol™* cm. Purity of
DNA was checked by monitoring theratio of the ab-
sorbanceat 260 to that at 280 nm. Thesolution gavea
ratioof A, /A, > 1.8, indicating that DNA was suffi-
ciently free from protein®. AO is purchased from
Chemica Regents Co (Shanghai). A stock solution of
AO (5.00x10° mol L) was prepared by dissolving an
appropriate amount of AO inwater andwas stored in
cool and dark place. GA wasisolated from Garcinia
xanthochymus and its spectroscopic datawasin good
agreement with literature values?!. 1.22x10°mol L
stock solution of GA wasdirectly prepared in metha-
nol. A tris-HCl buffer (pH 7.4) was used to control the
pH of thereaction system. NaCl wasused to adjust the
ionic strength of thesolution.

Procedures
UV-Visspectrometry

A 3.0mL solutionin1.0cmquartz cdls, containing
appropriate concentration of GA, wastitrated by suc-
cessive additions of a2.45x10* mol L* stock solution
of DNA; anda3.0mL solutionin 1.0 cm quartz cells,
containing appropriate concentration of DNA or GA-
DNA, was titrated by successive additions of a
5.00x10° mol L stock solution of AO. Titration was
donemanualy by using micro-injector. Thealiquot of
eachinjectionis10uL to avoid the change of thevol-
ume. Appropriate blanks corresponding to the buffer
were used asthereference. The UV-Visspectraor the
absorption were measured after shaking for 5min.

Fluor escence spectrometry

A 3.0mL solutionin1.0cmquartz cdls, containing
appropriate concentration of AO-DNA, wastitrated
by successive additions of a1.22x10° mol L stock
solution of GA. Titration wasdonemanually by using
micro-injector. Thealiquot of eachinjectionis10ulL to
avoid thechange of thevolume. Thewidthsof both the
excitation dit andtheemission dlit wereset to 5.0nm
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with anomind resolution of 0.5 nm. Theexcitewave-
length was set at 514 nm. Appropriate blanks corre-
sponding to the buffer were subtracted to correct back-
ground of fluorescence. After 5 min the fluorescence
Spectrawere measured.

Mdtingtemperatureof DNA, DNA-AQO or DNA-
GA wasdetermined, by monitoring themaximum fluo-
rescence of the system as afunction of temperature
ranged from 25to 100°C at interval of 5°C.

In the study the Binding of GA with DNA inthe
presence of AO, the fluorescence measurementswere
carried out in 3 ml pH 7.4 tris-HCI buffers by adding
an appropriate amount of DNA and GA to get four
seriesof solutionswith various concentrationsof GA
and aconstant concentration of DNA. Then each se-
ries of solutionswastitrated by five successive addi-
tionsof a5.00x10®* mol L* stock solutionof AO. Be-
foremeasurements, thetubeswere shaken up and placed
into athermostat water bath for 5 min. Then the assay
solutionsweretransferred into aquartz cell and fluo-
rescence measurementswereperformed. At abovefluo-
rescence measurements two groups with or without
addition of NaCl were done as contrast to study the
sdt ontheinteraction of GA with DNA.

Viscosity measur ements

A seriesof solutionscontaining aconstant amount
of DNA and various concentrationsof GA or AO were
made, and the viscosity measurement was performed
at 25°C.

RESULTSAND DISCUSSION

UV-visabsor ption spectra
Binding propertiesof GA with DNA

UV-visabsorption spectrawere obtained by titra-
tionof a1.62x10°mol L™ GA solutionwithincreasing
concentration of DNA (Figurel). Inthe absence of
DNA, the GA (Curvea) hastwo peaksat 317nm and
412 nm. With the addition of DNA, the absorbance
intengity of both 317nm and 412 nmincreased dightly,
and themaximum absorption pesk isnot changed (curve
2-6). Generdly, bathochromicand hypochromic effects
are observed in the absorption spectraof small mol-
eculesif they intercal atewith DNA?A, Theexperiment
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Figure1l: Theabsorption spectraof theDNAtoGAina

trisHCI buffer (pH =7.4). C_,=1.62x10°mol/L; C_, ,=

2.45x10* mol/L (10L per scan), 1~6: 0~60 pL
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Figure 2: The absorption spectra of: (a) DNA (C_, .=

DNA™

6.00x10°mol/L), (b) AO (C,,=2.10x10°mol/L ), (c) AO-
DNA (C,,,,=6.00x10°mol/L; C, =2.10x10°mol/L) and
(d)AO-DNA(C,,,=6.00x10°moal/L; C, =4.20x10° mol/
L)inatrissHCI buffer (pH =7.4)

results show that there exist someinteraction between
GA and DNA.

Binding propertiesof DNA in presenceof AO

Figure 2 isthe absorption spectraof DNA inpres-
enceof AO. It can be seen that the absorption peaks of
DNA areat 260 nm (curved), and the absorption peaks
of AO are at 269 and 492 nm. Thereisaso asmall
absorption peak at about 287 nm for AO (curve b).
Withtheaddition of AO tothefixed DNA, the pesk of
DNA at 260 nm disappeared with anew peak at 265
nm appeared. It indicated that anew complex between
DNA and AQisformed. Meanwhile, the peak at 492
nm of AO shiftsto 495 nm (curve cand d). The change
of the absorbance of both AO and DNA confirmsthat
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Figure 3: The absor ption spectra of: (a) AO (C,,=2.10x
10°mol/L), (b) GA-DNA (C_,=1.40x10° mal/L, C_ =
6.00x10° moal/L ), (c) GA-DNA-AO (C_,=1.40x10°moal/L,
Cppa=6.00x10°mol/L, C, ;=2.10x10°mol/L ) and (d) GA-
DNA-AO (C_,=1.40x10° mol/L, C_ ,=6.00x10° mol/L,

C,,=4.20x10°moal/L ) inatrisHCl buffer (pH =7.4).
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Figure4: Theplot of F /Fvs. C_, for thequenching of GA
with DNA-AQ at 25°C

AQ interact with DNA and formsaDNA-GA com-
plex. The rt electrons of AO dye combinewiththen
electronsof DNA’s bases, and the empty n* orbital of
the AO dye couplewith ther orbital of the bases. This
facilitatesadecreaseintheenergy of the-t* eectron
trangition, whichisreflected inthe observed red shift.

Binding propertiesof GA with DNA in presence
of AO

Figure 3istheabsorption spectraof GA-DNA in
presence of AO. It can seen that the two absorption
pesksof GA-DNA area 264nm (A __ (DNA)), 317nm
(A, (GA)) and412nm (A (GA)) (curveb), andthe
absorption peaksof AO areat 269 nm, 287 nmand

—— Fyll Peper

492 nm (curved). Withincreasing A O concentration,
peak intengity gradually increasesand adight red shift
occurs from 264 nm (_, (DNA)) to 266 nm. Mean-
while, the pesk at 492 nm of AO shiftsto495 nm (curve
candd). Thechange of the absorption spectraof GA-
DNA in presence of AO issimilar asthat of the ab-
sorption spectra of DNA in presence of AO, which
indicated that GA intercaatesinto the DNA baseslike
asAO.

Fluor escence spectrometry
Fluor escence quenching

When GA isadded into the solution of DNA-AO
complex, thefluorescenceintensity of DNA-AQO com-
plex decreased with theincreasing concentration of GA.
Quenching can occur by different mechanisms, which
usually classified as dynamic quenching and static
guenching. In order to confirm thispoint, the proce-
dure was assumed to be dynamic quenching. The
guenching equationispresented by

F/F=1+K 7 [Q] =1+K [Q] 1

where F and F are the fluorescence intensities with and with-
out quencher£~K is the quenching rate constant of the
biomolecule, K, isthe Stern-Volmer quenching constant, 7, is
the average lifetime of the biomol ecule without quencher, [Q]

is the concentration of quencher. Obvioudly,
K=K/, @)
The possi ble quenching mechanism can beinter-
preted by thefluorescence quenching spectraof DNA-
AO and the F /FC (Stern-Volmer) curves of DNA-
AOwith GA at 303K asshowninfigure4. Theresult
of linear regressions of figure4is: F /F=0.87786 +
0.06297 [ GA]. Becausethefluorescencelifetimeof the
biopolymer t,is10® s 14, the corresponding Stern-
Volmer gquenching constant, K o was obtained to be
6.297x10" at 303 K. However, the maximum scatter
collision quenching constant K q of variousquenchers
with the biopolymer is2x10% L mol - s124, Obvioudly,
the rate constant of DNA-AO quenching procedure
initiated by GA isgreater than Kq of the scatter proce-
dure. Theseresultsindicatethat the probable quench-
ing mechanism of fluorescenceof DNA-AOby GA is
not adynamic quenching procedure but astatic quench-
ing procedure, andthat confirmsagain GA interactswith
DNA andformsaGA-DNA complex.
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Figure5: Influenceof GA on thescatchard polt of DNA-
AO system (A) with NaCl and (B) without NacCl.
C\=6.75x10°moal/L; C, ,=5.00x10° mol/L ; C, ;= 4.00

x10*mol/L (10uL per scan); R=C_, /C_,,; & R=0.00; b.
R,=0.20; c. R =0.40; d. R,=0.60

TABLE 1: Binding parameter sfor thebinding of GAtoAO-
DNA at PH 7.4 measur ed by scatchard procedure

Curve Cen/Cpona Na/CI / Scatchard equation K/(:q](_)?; n
a 0 5.00 4.33x03-1.65x105r 1.65 0.0¢
0 4.76x103-1.60x105r 1.60 0.L
b 0.20  5.00 8.36x103-2.50x105r 2.50 0.2
0 8.55x103-2.91x105r 291 0.2
c 0.40 5.00 6.58x103-1.51x105r 1.51 0.3
0 5.89x103-1.44x105r 1.44 0.2
d 0.60 5.00 8.54x103-2.23x105r 2.23 0.3
0 9.28x103-2.07x105r 2.07 0.3t

Cgy = 6.75%10° mol/L; C,,, = 5.00x10° mol/L; C, = 4.00x10* mol/
L (10uL per scan); R = Cg, / Cpyi & R, = 0.00; b. R, =0.20; ¢. R =
0.40; d. R, = 0.60.

Scatchard’sprocedure

The binding mode between small moleculeswith
DNA can be determined using the Scatchard’s proce-
dure®!, Thismethod isbased onthe general equation:

ric=Kn-rc 3
wherer isinmolesof AO bound per moleof DNA, cis
themolar concentration of freeAO, nishinding site
multiplicity per classof binding sitesand K istheasso-
ciaion binding constant of AO with DNA. If GA inter-
actswith DNA by intercalation mode, thevalue of n
keeps constant and that of K changesin Scatchard plot.
If GA interactswith DNA by interca aion modeor eec-
trostaticinteractions, bothvaluesof nandK changein
Scatchard plot?. Collect thefluorescencevdueof fixed
concentration of GA-DNA after interacted with differ-
ent concentration of AO. In order toinvestigatethe ef-
fectsof ionic strength on theinteraction between GA
and DNA, two groups of bufferswith or without add-
ing NaCl used asacontrast. For NaCl, whichisnot an
anionic gquencher of DNA, itsinfluence on the GA-
AO-DNA comesonly fromionic strength. Asshownin
figure5, acalibration curve was prepared which re-
lated the value of r/C to the value of r. From the
Scatachard plot, we can get thevalue of K andn. The
resultswereshownin TABLE 1. Fromfigure5ait can
be seen that both values of n and K change with the
different concentration of AO. Theresult provesthat
GA interactswith DNA by intercalation modeor elec-
trostatic interactions. Comparing figure 5Sb with figure
53, the value of n become smaller with adding NaCl,
which confirmsthat GA interactswith DNA by some
electrogaticinteractions.

Melting studies

Heat and dkali can destroy thedouble helix struc-
ture of DNA and changeit into asingle helix at the
meltingtemperature(T ). Interaction of small molecules
withthedsDNA caninfluenceT . Intercaaion binding
cangtabilized thedoublehdix structureand Tmincreases
by about 5-8°C, but thenon-interca ation binding causes
no obviousincreasein T %, Thevaluesof T_for
DNA,AO-DNA and GA-AO-DNA weredetermined,
by monitoring the maximum fluorescence of the sys-
temsasafunction of temperatureranged from 25 to
100°C. For each monitored transition, the T of the
assay solution was determined asthetransition mid-
point of themdting curve. Themdting curvesareshown
infigure6. Thevalueof T_for DNA is75°C under the
experimentd conditions. Theobserved mdtingtempera
turesof DNA-AQO intheabsence of andin presence of
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Figure6: Melting curvesof DNA (a), DNA-AO (b), and

DNA-AO-GA (0).C_,=1.40x10°moal/L, C_ ,=6.00x10°
mol/L, C,,=2.10x10° mol/L
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Figure7: Effect of increasingamountsof AO (a) and GA
(b) on the relative viscosities of DNA at 25°C. C_, =
2.45x10* mol/L

GA are85°C and 90°C, respectively. Thechangesin
T, of DNA-AO &fter the addition of GA revedl that the
binding modesof GA with DNA areintercalated.

Viscosity measur ements

Thebinding mode of GA with DNA wasfurther
investigated by viscosity measurements. A classical in-
tercalation model resultsinlengtheningthe DNA hdlix,
asbase pairsarle separated to accommodate the bind-
ing ligand, leading to theincrease of DNA viscosity.
However, apartia and/or non-classical intercalation of
ligand may bend (or kink) DNA hdlix, resultinginthe
decrease of itseffectivelength and, concomitantly, its
viscosity!?. Theeffectsof GA and AO ontheviscosity
of DNA were shown in figure 7. For GA or AO, as
increasing itsconcentration, theviscosity of DNA in-

—— Fyll Peper

creased steadily, and their trendlineissimilar. Theex-
perimentd resultssuggested that GA and AO could bind
DNA insmilar mode- interca ative mode.

CONCLUSIONS

Thebinding of 12b-hydroxy-des-D-Garcigerinto
Calf ThymusdsDNA inaqueous solution was studied
by fluorescence and UV-Vis spectroscopic methods.
By usngAOasaDNA probe, thefluorescence quench-
ing was observed in the system of GA-DNA-AO and
theresultsshow that GA hasastrong ability to quench
the DNA-AO fluorescence mainly through a static
guench procedure. By taking account of the absorp-
tion spectra, ionic strength effects, themdting tempera-
ture determinations, and the viscosity measurements,
theresultsreveal ed that theintercal ation and el ectro-
static binding should bethe two maor modesfor inter-
action between GA and DNA. Thebindingmodeand
binding constant of GA and DNA will provide neces-
sary information on the mechanism of anti-tumor drugs
bindingwithDNA, and they will benefit thedesigning
of new drugs.
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