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Abstract : The interaction between heparin and acridine orange(AQO) was studied by ci-

rcular dichroism

(CD), absorption and fluorescence spectra measurements. The strength

of the dye-dye interaction (stacking tendency) between acridine orange cations bound to

neighboring sites on the heparin was measured in terms of a stacking coefficient (K) and
other method ( 8/ a) derived from the spectrum of the bound dye. As the P/D molar
ratio was increased, a band of AO at 492nm was decreased while 8 band at 470nm and
y band at 450nm were increased. The most stacking of AO was obtained at the P/D
molar ratio of 25. An extrinsic optical activity was induced in the region corresponding
to the absorption bands of AO when the dye became bound to the heparin. The ma-
gnitude of the molar ellipticity of heparin-AO complex was dependent on the P/D ratios,

The conformational change of heparin occurred by forming complex with acridine orange,
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Fig. 1. Diagram of dye stacking on polymer.
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Fig. 2. Absorption spectra of heparin-AO complex
as a functlon of P/D ratio at pH=6.98.[AO]
—=2X107°M.
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Fig. 3. Induced CD spectra of heparin-AO com-
plex as a function of P/D ratio at pH=
6.98.[A0]=2X10"M.
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Fig. 4. Fluorescence spectra of heparin-AQO complex
as a function of P/D,[AO}:2X10_5M,
excited at "450nm,
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Table 1. Stacking Coefficient of AO for the Heparin—
AO Complex

P/D 1 4 10 25 50
Method

K 1.000 1.142 3.881

B/ a 1.020 1.034 1.042

76.892 4516
1.051 1.049

K14 P/DO-Fiyp)-1
Fi/9(14+F-Fy/3)

(Fraction of unstacked dye molecules)

B/a
a : molar extinction coefficient of a band
(492 nm)
/3 : molar extinction coefficient of 4 band
(470 nm)
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Fig. 5. CD spectra of heparin-AQ complex at
pH=6.98. [heparin]=5x10"*M.

FAgoln 53] P/D-a 9 #& (1-D/P)* v
E9 plotg Al&std 9ttty Hoj
Uehd whelte] P/Drt Z7bgtoll whe} stacking
coefficientS YeEll & K, /a BH%E Z7}3lo
P/D=259A Hoigts Jellitizt 1 o] Aol 4
© OAl sk Fig2d] z9d E4LAmEd
o Fig3el ICDR 3 AX3Hg ¢ 4 sk
Heparin-AO =&Hx{|0f|A] Heparin®] J7X 3} :
Fig.5= pH 6.980] 4] heparin ©% 7} heparinol
YEE H/F22A heparin®t g9 o]eAF
of ¢1& heparin®] FZW3E CD2 ey}
AP EE ZHE heparinol]l H87F Hrrg oz A
210nm9] peak7} Z7}eln, A8r gL wol A
7he Adefell 4 230nm Yito] A2 § peakit U
B 2% mvte 0339—] stack1ng0] heparin 2
] %“iﬁ}"w]?'

_>L
j=a
[¢]
kel
<]
=.
=]
~
3
®
JL
=
=
]
=]
@
o
=
=1
@®
0(
o
.3‘_:.

o
o

—
ﬁl'
o
=
32

g E

heparin-AQ E&H4 & CD, UV, g§g2337|=2
ZA3% Ay gy B FES dAnh
Z2|0f A1l A23 1987 49

1. P/D7} 571848 AQ09 492nm 9]  a-band
23" 470nm o)
A-band (dimeric AO)9} 450nm<] y —band (ag-
gregated AO)= 2} blueshiftdld P/D=250)
A 7HE BE Y H 9 stackingo] Yojyg o £
ARen 1 o)4o] heparino] Hrtg ef o) A

= AO2] &< spectrumo] T}A] a-band2 3}

(monomeric AQ)7} Az} 7}

ja o]
>
S
oy
i
2
x
fr
[«]
e
o=+
8
B
-]
2]
od
<
g

. g ztA] oo}
CDol A #&5%] ¢bd Zo] heparin®} 2§}
I ICD) Ewhcﬂ ol 2
Egt 181 st-
acking coefficient o] 4 “5}04 HEp b9} o] A0S
stacking®ll 9}ste] ICD7 YElES & 4 99
=3

3. Heparinol| ZA3tel A02| stackingo.z ¢la}od
AO2] @340l quenching¥]o] @xj3] i HY
oo 2 @42 P/D=25dA 7} FE3isgc).
4. Heparin®l| AO7} Z$3%2 2 heparin® 2R}
Z7F U5 A Wz

lo

ikl

b

Ho
o

1. L. Stryer and E. Blout, J. Amer. Chem. Soc.,
83, 1441(1961).

2. E. Blout and L. Stryer, Proc. Nat. Acad. Sci.
U. S., 45, 1591(1959).

3. D. M. Neville, Jr, and D. F. Bradley, Bi-
ochim. Biophys. Acta, 50, 397(1961).

4. A, Blake and A. R. Peacocke, Biopolymers,
5, 871(1967).

5. H. Yamamoto, A, Nakazawa, and T. Ha-
yakawa, J. Polym. Sci, Polym. Lett. Ed., 21,
131(1983),

6. H. Yamamoto and A. Nakazawa, Chem. Lett,
47(1983).

7. H. Yamamoto, Makromol. Chem., 184, 1479(1983).

8. H. Yamamoto and A. Nakazawa, Bull. Chem.
Soc. Jpn., 56, 2535(1983).

125



9.

10.
11.

12,

13.

14,

15.

126

M. Hatano, M. Yoneyama, and Y. Sato, Bi-
opolymers, 12, 895(1973).

T. Imae and S. Ikeda, /bid., 15, 1655(1976).
J. Beaumais, J. C. Fenyo, and G. Mauller,
J. Polym. Sci., Polym. Chem. Ed., 18,1367(1980),
K. Nishida, Y. Ando, and H. Kodama, Colloid
Polym. Sci., 258, 447(1980).

M. Hatano, M. Yoneyama, and Y. Sato, Bi-
opolymers, 12, 2423(1973).

D. F. Bradley and M. K. Wolf, Proc. Nat,
Acad. Sci. U. S., 45, 944(1959).

D. F. Bradley and S. Lifson, “Molecular As-

16.

17.

18.

19.

20.

21,

sociation in Biology”, B. Pullman, Ed., Ac-
ademic Press, New York, N. Y., 1968. p.261.
STHEBER, EMEFEE 21k, 1019(1965).

L. B. Jaques, Science, 206, 528(1979).

M. K. Pal, M. Schubert, and J. Histochem
Cytochem., 9, 673(1961).

M. Shirai, T. Nagatsuka, and M. Tanaka,
J. Polym, Sci., Polym. Chem. Ed., 15,2083(1977).
Jd. W, Park and B. Chakrabarti, Biochem.
and Biophy. Reser. Comm., 718(1977).

A. L. Stone, Fed. Proc., 36, 101(1977),

s

Polymer(Korea) Vol. 11, No. 2, April 1987



