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SUMMARY

Time immtcnactiomi of acnidine omange (AO) with calf thmynmus DNA was studied by time
ordinary amid difference absorption spectra methods. Time spectral cimanges of AO produced

with DNA were foundl to be due to binding of AO withu time deoxyadenosine and deoxy-
guanosine moieties of I)NA. It was also found timat time commtribution of interaction with
the deoxycytidine and deoxythymidine moieties to time above spectral changes was less
remarkable. A comparative study was mad omu a typical mmmetachmromatic system of AO
andl heparin.

INTRODUCTION

Previous iimvestigators hmave obtained

mucim information about tue binding of

acm’idimme orange (AO) \vithu DNA. Arm-
strong and Niveum (1) reported tlmat AO
formed a green fluorescent complex with
DNA of tissues and bacterial cells and a
red phosphorescent conmplex withm RNA.
Detailed speetrophotometric studies in time
visible and ultraviolet regions were reported

by Steiner and Beers (2) and Bradley and
Wolf (3). From data on viscosity, sedimen-

tation, and the patterns of X-ray diffrac-

tion, Lermmman (4) proposed a mo(lel immwimi(hm

an AO molecule was intercalated I)ctwecim

adjacemmt nucleotide-pair layers of DNA.
Another possibility, onigimmally sumggested by
Bradley and Wolf, is that the dye mole-

cules are associated withm time phosphate
groups on time outsldie of the dloul)le imelix

of DNA. This mo(lcl was recently mefimmed

by Mason and! McCaffcmy (5), wimo meas-

uredi time optical motation of stneaimming solu-
tions. Iii time fonmmmer model, extemnal

attacimmemmt of time dye mmmolecules, as in time

latter model, is also possible. Fmoni timermmial

denaturation experiments and free energy
calculations, Gersch and Jordan (6) sup-

pomted time former imiodel. Neville and

Davies (7) carried out X-ray diffraction
and optical investigations and reported
timat although their results were well con-
sistent witim time intercalation model, a

fraction of AO was bound on the outside

of the DNA chain and the size of this frac-
tion depended omu the experimental condi-
tions. More recently, Peacocke et at. (8, 9)
measured the viscosity and optical rotatory
dispersion of amino acridines bound to
DNA amid correlated timeir results with the

two types of binding, stacking and inter-
calation.

The present paper has a twofold objec-
tive: (a) to confirm the mode of binding

of AU withm DNA by the difference ab-
som’l)t�omm spectra ummetimod which has not

hitherto i)een applied to AU-DNA sys-
temmms aumd (b) to elucidate time nature of

bimmding of AU w’itim DNA from a compari-
somu withm metachironmasy of AO-imeparin

systemums.

MATERIALS AND METHODS

AU was a reagent gmade commmpound put-

ehmasec! from E. Merck Co. and was re-

crystallized befom’e measurement. DNA was

a imigimly polynmerized preparation isolated
from calf thiymmius, purchmased from Sigma
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Chemical Co. Deoxyadenosine (AdR),

deoxyguanosine (GdR), and deoxytimymi-
dine (TdR) wem’e purcimased frommim Sigmmma

Chemical Co. Deoxycytidimme (CdR) was

purclmased from Tokyo Kasei Immdustries.
Heparin was pumchmased from Wako Pure

Chemicals.
All DNA concentration was expressed in

molarity with respect to DNA phmospimorus

(DNA-P). All imepam’in concentration was

expressed in percentage. Absorption spectra
in the visible region were obtaimmed with a
Hitachi recording spectrophotometer. All
measurements were carried out at 23.0#{176}.

RESULTS AND DISCUSSION

Difference Absorption Spectra of

AO-DNA Systems

Figure 1 simows time ordinary absorption
spectra in the visible region of the AO-
DNA systems at pH 7.0. In the case of AO
:mlone, the a-band at 492 rnji. was quite

clear while the a-band at 465 mmi� appeared
only as a simouldier. This indicates that the

equilibrium is dlisplaced largely to time
mimonomer side under time present experi-

nmental conditions.

When increasing aniounts of DNA were
added to the solution, time ab..om’ption
spectra varied from curve b to e, as shown

L)
z

Fin. 1. Ordinary absorption spectra of the AO-

DNA systems

The concentration of A0 was 125 X 10� am in

pH 7.0 phosphate buffer of 10� am. The concen-
tration of DNA was varied as follows: (a) A0
alone, no DNA; (b) DNA 1.11 X 10� M; (c)
DNA 1.11 x 10’ as; (d) DNA 1.11 X 10’ M; (e)
DNA 1.11 >( 10’ am.

in Fig. 1. At concentrations of DNA-P
lower than 1.11 X 10� M, that is, in the

megiomm of AO/DNA-P ratio close to 1.0,

timere was a marked decrease in time a-band
which was accompanied by the appearance

of time /3-band. This apparently corresponds
to a change due to the formation of time
complex I of Steiner and Beers (2). These

autimom’s thought that in this case almost

all time binding sites of DNA were occu-
pied by dye molecules, and interactions

between adjacent dye molecules occurred.
Iim this (I) region, time mmiecimanism of bind-
immg of AU to DNA is considered to be

that of stacking or self-association of AO
ummolecules along the DNA helix.

At concentratiomms of DNA-P imigimen thman
1.11 )( 10-i M, that is, in the region of AOl
DNA-P � 1, tiiere occurred an apparent
incm’ease in intensity of time a-band, but time

peak shifted to 502 m�. This corresponds
to a chmange due to the formation of the

eonmplex II of Steiner and Beers. In this
(II) region, a red shift occurred, indi-

cating a strong interaction between AO

and DNA, and time mechanism of binding
is considered to be thiat of intercalation of

AO molecules inside the DNA helix.

Figure 2 shows the difference absorption
spectra of the sammme systems as in Fig. 1. In

t.imese spectra time above-mentioned effects
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Fin. 2. Difference absorption spectra of the AO-

DNA systems

The concentration of A0 was 1.25 X 10’ am
in both the sample and reference cell. Time con-

centration of DNA in time sample cell was varied
as follows: (a) DNA 1.11 x 10’ am; (b) DNA
1.11 X 10’M; (c) DNA 1.11 X 104M; (d) DNA

1.11 x 10’am.
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of DNA upon AO are more distinctive. In
the (I) region, the /3-band as well as the

a-band were weaker but simowed no red
shifts. In the (II) region, on the other
hand, a red shift of the a-band was more

clearly observed, wimose peak was at 510
m�. These results indicate timat there is an

essential difference in nature between the
mode of binding of AO to DNA in the (I)
region and that in the (II) region.

Difference Absorption Spectra of AO-AdR,

AO-GdR, and AO-CdR Systems

Figures 3 and 4 show time difference ab-

sorption spectra of the AO-AdR and AO-

GdR systems, respectively. It is interesting

that the same spectral changes of AO de-

pending on time concentration of AdR or
GdR were observed for these systems as

9(1
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Fin. 3. Difference absorption spectra of the AO-

AdR systems

The concentration of AO was 125 X 10’ as in

pH 7.0 phosphate buffer of 102 M. The concen-

tration of AdR was varied as follows: (a) AdR
625 x 10’ ax; (b) AdR 125 X 10’ ax; (c) AdR

2.5 x 10’ ax; (d) AdR 5.0 x 10’ ax.

for time AU-DNA systems, timoughm time con-

centm’ation of pum’imme nucleosidles mmecessary
to pmoduce time spectral chmammges was much

imighmer in time formmmen systemmms. In time (I)
region of AO/punimme nucleoside iatio

greaten thman 1.0 X 102, the /3-band as well

as the a-band were weaker but showed no

mccl shmifts. 1mmtime (II) region of AO/puriime
nucleosidle ratio less than 0.5 X 102, a red

shift of time a-bammd was clearly observed,

whose peak w’as at 506-508 mmm�. However,

imo remmmankablc spectral changes weme ob-

served for time AU-TdR and AU-CdR svs-
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Fia. 4. Difference absorption spectra of the AO-

GdR systems

Time concentration of AO was 1.25 x 10’ ax in

pH 7.0 phosphate buffer of 10’ ax. The concen-

tration of GdR was varied as follows: (a) GdR
6.25 X 10’ ax; (b) GdR 1.25 x 10’ as; (c) GdR
2.5 X 10’as; (d) GdR 5.0 x 10’ as.

tems, as shown in Fig. 5. Themefore, it is

concluded that the spectral changes of AO

shown in Fig. 2 were mainly the result of

binding with the AdR and GdR moieties
of DNA. For such a binding to be stabi-
lized, it may be necessary for AU molecules

to face time molecular planes of the AdR
and GdR moieties of DNA.

Thus the present differential spectra of

the AO-purine nucleoside systems provide
.L� convincing data about time intercalation

mechanism of AO-DNA in the (II) region.

The physical chemical principles behind

this observation is that of the hydrophobic-
stacking interaction of the purine bases, as
reported by Ts’o et at. (10-13). This as-

sociation process did not proceed simply to
the dimer stage, but continued to form
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Fia. 5. Difference absorption spectra of the AO-

CdR systems

The concentration of AO was 125 x 10’ ax in

pH 7.0 phosphate buffer of 102 ax. The concen-

tration of CdR was varied as follows: (a) C(lR
6.25 x 10’ ax; (b) CdR 5 X 10’ as.
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higher polymers. Because of this type of

interaction, AU molecules associated with

the purine nucleosides by stacking. Pyni-
midine nucleosides associated much less

than purine nucleosides in water, thus the

stacking of AO molecules with pyrimidine
nucleosides was much reduced.

A Comparison of the Metachromasy of

AO-DNA with That of AO-Heparin

Figure 6 shows the ordinary absorption

spectra of the AO-heparin systems. As was

extensively studied by Appei and Zanker

(14), these systems showed no batho-

chromic shifts. Therefore, it seems likely

440 460 480
WAVELENGTH (rnp)

Fia. 6. Ordinary absorption spectra of the AO-
heparin systems

The concentration of AO was 1.25 X 10’ as

and that of heparin was 0.002%. Time concen-

tration of pH 7.0 phosphate buffer was varied as
follows: (a) AO alone, no buffer and no heparin;

(b) buffer 2.5 x 10’ as; (c) buffer 5.0 x 10’ as;

(d) buffer 1.25 X 10’as; (e) buffer 2.5 x 10’�i.

that the nature of time spectral changes or
rnetachromasy observed for time AU-hepamin

(or other acid polysaccharides) systems is

not essentially different from that for time
above-mentioned AO-DNA systems in time

(I) region. That is, the mechanism of

binding of AU to heparin is considemed to

be stacking or self-association. However,

tlmere ate some quantitative differences in
metachromatic effect betweeim hmeparimm and
DNA. As pointed out by many investi-

gators (15-18), the metachrommmatic activity

of heparin is higher than t.hmat of DNA in

the (I) region. This is thought to be due to

a more regular arrangement of AU mole-

cules on a heparin molecule, because of

stronger interaction with the sulfonate

groups of heparin.
For time occurrence of metacimromasy, it

is important that the molecular weight of

acid polysaccharides is high and therefore

degradation of the macromolecule does not
produce metachromasy. It is also important

that the addition of inorganic salts re-
verses the above metachromasy (salt

Fic. 7. Ordinary absorption spectra of the AO-

DNA systems

The concentration of AO was 1.25 X 10’ as
and that of DNA was 1.11 x 10’ as. The concen-

tration of pH 7.0 phosplmate buffer was varied as
follows: (a) AO alone, no DNA; (b) buffer 5 X

10’ as; (c) buffer 1.25 x 10’ar; (d) buffer 2.5 x
10’ as.

effect), as shown in Fig. 6. On time other

hand, metachmromasy for AU-DNA systems

was produced with eithmer DNA or its basic

components of low molecular weight, and
this metacimromasy was unaffected by addi-

tion of inorganic salts, as shown in Fig. 7.
These quammtitative differeimces in spectra

are thought to correspond to timose in

character of binding sites on imeparin and

DNA.
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