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BINDING INTERACTION BETWEEN
CHONDROITIN SULFATE AND
METHYLENE BLUE BY
SPECTROPHOTOMETRY

S. G. Zhou, Q. C. Jiao,* L. Chen, and Q. Liu

Pharmaceutic Biotechnology Key Laboratory,
College of Life Science, Nanjing University, 210093
Nanjing, People’s Republic of China

ABSTRACT

Chondroitin sulfate (CS) has a variety of biological activities,
most of them due to chondroitin sulfate’s sulfonic acid groups
and carboxyl groups as well. To gain insight into the mechanism
of interaction between the spectroscopic probe and chondroitin
sulfate, we have used Methylene Blue (MB), one cationic dye,
by a spectrophotometric method. This paper developed a new
experimental method for determining the maximum binding
number Ne, which expresses the binding ability of this dye with
CS. Meanwhile, By using an interaction theory model we
have established, the maximum binding number Nc can be
calculated from the linear regression equation. The research
results show that the Ne value is in agreement with that of Nc.
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INTRODUCTION

Chondroitin sulfate (CS), one of the main components of connective
tissues of mammals, belonging to glycosaminoglycan (GAG) family, is
widely distributed among gristle, sinew, ligament, blood vessel wall and so
on. There are different types of CS such as CS-A, CS-B, CS-C due to their
differences in glycuronic acid of which they are made up and in the location
of sulfonic acid group on glycosamine. Generally, CS refers to the mixture
of different CS.

CS has a variety of biological activities, including anti-coagulant, anti-
tumor, anti-arthritis and anti-HIV activities etc' . CS is applied in treating
atherosclerosis, angina, miocardial infarction, hyperlipemia and hypercho-
lesterolemia because of its activity of bringing down blood lipids*. CS has
prosperous prospects as an immune modulation agent in immunotherapy>-*.
In addition, CS is also widely used as auxiliary materials in medicament
and cosmetics™. Sulfonic acid group and/or carboxyl group play an im-
portant role in affecting biological activities of CS*. The structure of CS is
shown in Fig. 17.

However, no systematic investigation on binding interaction between
CS and spectroscopic probes has been found in the literature. Jiao et al.*~!!
suggested that such negatively charged polysaccharides may interact with
cationic dyes like Azur A, Alcian Blue and Methylene Blue. It is inferred
that cationic dyes interact with CS by electrostatic binding force'". A change

OR
' CHOR,
€O, O A4
—t—o0 0 o—t—
o)
HO 1A1,3 NH
OH
L Ac —1nr

CS-A R;=SO;H, R,=H CS-C R,=H, R,=SO,H

Figure 1. Structure of chondroitin sulfate.
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in spectrum of dyes is expected and the mechanism is thought to be a
conformation change caused by the interaction between the positive charge
of dye and the negative charges of CS. It can be used in studying the
characterization of interaction between CS and spectroscopic probes by a
spectrophotometric method.

In order to understand deeply the characterization of binding inter-
action between polysaccharides or GAGs and spectroscopic probes, and to
establish a model to advance studies on these substances, we have been
carrying out a serial of investigations. The cationic spectroscopic probe
used in this paper is Methylene Blue(MB). Fig. 2 shows its chemical
structure:

N

X

o s N(CHy),CI™

Figure 2. Structure of MB.

In this study, we describe the binding characterization between CS and
MB by a spectrophotometric method, which is more rapid and simple than
usual methods based on physicochemical properties of CS'*7'3.

EXPERIMENTAL
Apparatus

A Hitachi U-3000 spectrophotometer (Tokyo, Japan) is used for
recording absorption spectra. A Kontron Uvikon 860 is used for measuring
the absorbance at a given wavelength, using lcm path length.

Reagents

CS, sodium salt, was obtained from Shandong Freda Fine Chemicals
Co. Ltd. Further purification was processed. CS contains 50 ~ 70 repeating
disaccharide units, and its molecular weight ranges from 10,000 to 30,000.
So all calculations reported by CS were in terms of a molecular weight
of 20,000. The CS stock solution (2.5x107° mol/L) was prepared by
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dissolving 50.0mg CS reagent in 100 mL deionised water. And the oper-
ating solution of CS (2.5x 10_7m01/L) was prepared by pipetting 1 mL
stock solution into a 100mL volumetric flask, and then diluting to the
mark with water. This stock solution is stable for several weeks when kept
in the dark at 4°C.

The MB was purchased from Shanghai, China. The MB stock solution
(1.34 x 10_3m01/L) was prepared by dissolving 50.0mg dye in 100mL
deionised water, and the operating solution (2.23 x 10™* mol/L) of MB was
prepared by diluting 5SmL stock solution with water into 30mL. Due to
light sensitivity of the dyes, the dye stock solution must be stored in the
dark.

All other reagents used were of analytical or guaranteed reagent grade.

Methods

MB operating solution was transferred into a series of 12 x 100 mm
test tubes, then CS operating solution was added to each test tube in dif-
ferent amounts. The mixtures were diluted to a certain volume of 6 mL with
water and mixed by vortexing. After Smin and before 2 hr, spectra or ab-
sorbances of these solutions were measured with reference to water. All runs
were thermostated at 20 °C are performed in triplicate.

RESULTS AND DISCUSSION
MB-CS Spectra

Figure 3 shows the absorption spectra of MB and MB-CS complexes
from 400 to 800 nm. MB operating solution constants at 1.86 x 10~ mol /L,
pH 8.0. CS concentrations are 0.0, 4.16, 8.33, 12.50, 16.67 and 20.83 x
10~® mol /L from top to bottom at 664 nm. They were obtained by keeping
the pH and dye concentration constant and changing the CS concentration.
With an increase in CS concentration in the mixture of CS and MB, the
absorption peak at 664 nm decrease, while a new absorption peak at 570 nm
appears. This new peak, attributable to the MB-CS complexes, is apparently
different from the absorption peak of MB because the wavelengths corre-
sponding to both absorbance maxima are different. The decrease in absor-
bance at 664 nm and the increase in absorbance at 570 nm are in proportion
to CS concentration. The results also show that assays at 664 nm are much
more sensitive than those at 570 nm.
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Figure 3. Absorption spectra of MB-CS mixtures.

Effect of Dye/CS Molar Ratio on Absorption Spectra

A certain amount of CS is transferred into a series of tubes, then MB is
added in increasing amount. The mixtures are diluted to a total volume of
6 mL with water and mixed by vortexing. Absorption spectra of these so-
lutions are measured with reference to water. Results are shown in Fig. 4.
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Figure 4. Absorption spectra of MB-CS complexes in the different MB
concentrations.
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MB usage are: 1.49, 2.97, 3.72, 5.58, 7.43, 11.15, 14.87, 18.58,
20.44 x 10 ®mol L™! from bottom to top. To understand the experimental
phenomenon in Fig. 4, we draw other graphs as shown in Fig. 5a and
Fig. 5b. If Cp represents the dye concentration, and Ccg refers to CS
concentration. Define the dye/CS molar ratio as:

m = CD / CCS ( 1 )
008 008
007 ——AA,, {007
006 4 ——AA, o
AA 0054 . {005 AAm
004 4 J oo
003 4 400
002 4 Joe
001 4 {001
000 4 400
001 4 4001
00 Y ; . . . Y ' 002

10 2 0 40 0

3 8-

Figure 5a. The relation between m and AAs;g, m and AAggs.

Figure 5b. The relation between m and A.
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As79 is the absorbance of the MB-CS complex at 570 nm, and AAgg4 is the
absorbance at 664nm. AAs;y is determined by the subtraction of two
neighboring absorbances at 570 nm and AAgg4 is obtained the same way. Let

= AAs70/AAges (2)

The relation between m and AAs;9, m and AAggy, m and B are pre-
sented in Fig. 5. The experimental phenomena in Fig. 4 can be explained in
such a way. When m is low, the positively charged dye molecules are at-
tracted by the negative charges of CS, but are sparsely spread on the long
chain of CS molecule according to the principle of minimum energy. Hy-
drophobicity interaction between dye molecules is too weak to aggregate.
Due to dye molecules are so far away from each other, therefore, the new
absorption peaks at 570 nm is not generated.

The increases of absorbance at 570 and 664 nm are due to the increase
of MB. With dye concentration increases, dye molecules bound on CS
molecules become more and are close enough to aggregate to induce
hypochromism and hypsochromism. So the absorption peaks at 570 nm
appear. We conclude that whether hypochromism and hypsochromism will
occur depends on not only the electrostatic interaction between dye mole-
cules and CS but also the concentration of dye binding on CS.

Determination of Maximum Binding Number Ne

From Figs. 5a and 5b, we know that when m is less than 27(a point), B
increases sharply with the rapid increase of AAs;o and decrease of AAggy.
This indicates that nearly all the dye molecules binds with CS. With m
increasing, binding sites on CS are fewer, and only part of dye molecules
added bind with CS, so the value of B decreases. When m is up to about 65(b
point), B reaches the lowest point. This means no more interaction between
CS and MB takes place because no binding sites on CS are left, so AAs7
and AAgg remains constant. We conclude that the maximum binding
number Ne of MB with CS is about 65.

Calculation of Maximum Binding Number Nc

One theoretical model for calculating the maximum binding number Nc of
spectroscopic probes and polysaccharides was established by Jiao etc” ', It is:

AA = Ag(1 + KDp)K — AeN(DrAg/AA — 1)Cp (3)
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Table 1. Data from MB-CS Assay Used for Linear Regressions

CCS (mol/L) AA (DTAS/AA—I)CCS
6.25%x 1077 0.240 1.917
8.33x 1077 0.312 1.773

10.42x 1077 0.411 1.432

12.50 x 1077 0.498 1.200

14.58 x 1077 0.577 1.008

16.67x 1077 0.683 0.715

18.75x 1077 0.758 0.539

20.83x 1077 0.803 0.449

22.92x1077 0.831 0.400

pH 8.0, D1=1.86x 10> mol L™}, Ae=5.24 x 10* at 664 nm, AA . =0.976.

AA = A — epDr; Ae = ¢ — gp; Dt is dye concentration, e and ep refer to
the molar absorptivity of free and bound dyes respectively. Cp is the con-
centration of polysaccharide, and K is a constant.

Absorbances of MB-CS complexes at 664 nm are used to calculate the
maximum binding numbers of MB with CS because of its high sensitivity.
Data are listed in Table 1.

From these data, using the linear regression equation, we obtain the
regression equation that is:

AA = 0.966 — 0.380 x 107(DrAe/AA — 1)Ccs, R = —0.998

The maximum binding number Nc =73 is obtained.
The value of Nc we got by calculating accords with that of Ne
obtained from Fig. 5.

CONCLUSIONS

This method is useful and convenient for investigation of binding
interaction between CS and spectroscopic probes. The maximum binding
number of MB with CS can be determined easily. The results got by
experiment and by calculating are in well agreement. The linear regression
equation is helpful in studying characterization of binding interaction
between spectroscopic probes and GAGs.

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. m
270 Madison Avenue, New York, New York 10016 o



03: 09 30 January 2011

Downl oaded At:

ORDER | _=*_[Il REPRINTS

CHONDROITIN SULFATE AND METHYLENE BLUE 29

PN W

9.
10.
11.
12.
13.

REFERENCES

Maruyama, T.; Toida, T.; Imanari, T. Carbohydrate Research 1998,
306, 35.

Ronca, F.; Palmieri, L.; Panicucci, P.; Ronca, G. Osteoarthritis and
Cartilage. Suppl. A 1998, 6, 14.

Nishinura, M.; Yan, W.; Mukudai, Y. Biochimica et Biophysica Acta
1998, 7380, 1.

Huang, F.; Meng, Y.W. Natural Product Research and Development
1998, /1, 90.

Yao, K.D.; Shen, F. China Engineering Science 2000, 2, 16.

Volpi, N. Biomaterials 1999, 20, 1359.

lozzo, R.V. Proteoglycans, Marcel Dekker Inc. 2000, p. 6.

Jiao, Q.C.; Liu, Q. Spectrochimica Acta, Part A 1999, 55, 1667.

Jiao, Q.C.; Liu, Q.; Sun, C.; He, H. Talanta 1999, 48, 1095.

Jiao, Q. C.; Liu, Q. Analytical Letters 1998, 3/, 1311.

Liu, Q.; Jiao, Q.C.; Liu, Z.L.; Chen, H. Spectro. Lett. 2001, 34, 25.
Dodgson, K. S.; Price, R. G. Biochem. J. 1962, 84, 106.

Van Damme, M-P. 1.; Blackwell, S.T.; Murphy, W.H. Anal. Biochem.
1992, 204, 250.

Received July 14, 2001
Accepted October 14, 2001

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



Downl oaded At: 03:09 30 January 2011

Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at

http://www.dekker.com/serviet/product/DOI/101081SL. 120013130


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=SL&title=BINDING+INTERACTION+BETWEEN+CHONDROITIN+SULFATE+AND+METHYLENE+BLUE+BY+SPECTROPHOTOMETRY&offerIDValue=18&volumeNum=35&startPage=21&isn=0038-7010&chapterNum=&publicationDate=03%2F04%2F2002&endPage=29&contentID=10.1081%2FSL-120013130&issueNum=1&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+11%3A29%3A03&publisherName=dekker&orderBeanReset=true&author=S.++G.+Zhou%2C+Q.++C.+Jiao%2C+L.+Chen%2C+Q.+Liu&mac=OX9VPISb9Zrls1YpBI1f$g--

