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Using gel Electrophoresis Found the Interaction between Heparin and Dyes
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ABSTRACT Objective: To investigate the relationship between heparin and 23 kinds of dyes. Methods: Starch agarose gel
electrophoresis and polyacrylamide gel electrophoresis were used to detect the changes of electrophoresis behavior after dye plus heparin.
Results: Most electrophoresis results were slower than before after plus heparin, there were some stay in origin, also had moved forward,
backward by starch agarose gel electrophoresis. The electrophoresis speed of dichlorofluorescein, fluorescent red, fluorescein, cresol red,
aniline blue, bromophenol blue, the Sin purple S, carmine, light green, amido black 10B, Ponceau G, eosin, aniline black, chlorophenol
red after plus heparin became slower. Methylene blue, brilliant cresyl blue, methyl violet after plus heparin electrophoresis stay at the
origin. The electrophoresis of congo red, magenta after plus heparin did not change significantly. There were no electrophoresis
fluorescence for tetrachloro-fluorescein, nitro tetrazolium blue after plus heparin. In polyacrylamide gel electrophoresis of bromophenol
blue after adding heparin electrophoresis speed slowed down than before obviously, with the amount of heparin increased bromophenol
blue electrophoresis speed up. Results of bromophenol blue were consistent with the starch agarose gel electrophoresis but its
electrophoresis results are more obvious. Conclusion: The study of 23 kinds of dyes, almost can interact with heparin.
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Fig. 1-A Directly after the first batch of dye electrophoresis photographic

results
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Fig. 1-B shows the UV lamp (transmission) camera
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Fig. 1-C shows the photographic results of the UV light (reflection)
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Fig. 1 Note: Electrophoresis of the top is negative, below the positive. 20
lane, from left to right singular dyes, double the number of dye plus
heparin. Lane 12 is four iodine fluorescein, dichlorofluorescein in 34,
fluorescent red in 56, 78 for fluorescein, 910 methylene blue, methyl green
in 1112, cresol red in 1314, Congo red in 1516, 1718, aniline blue,

bromophenol blue in 1920
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Fig. 2-A Direct photographic results for the second batch of dye after

electrophoresis
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Fig. 2-B UV lamp (transmission) photographic results
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) ) 2% left to right, bromophenol blue, 135, 246, bromophenol Langa heparin
) 12 S 34 5 (lane 2 heparin amount of bromophenol blue, equal, lane 4 heparin
6 73 10B 910 112 13 14 G doubling, lane 6 heparinincreased twice as much)
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2526 13, :
Fig. 2 Note: Electrophoresis of the top is negative, below the positive.Left
to right 26 lanes, a single number for the dye, double the number of dye uv
plus heparin. Alizarin red S Lane 1 2 3 4 Carmine, 56 bright green, 78
Amido Black 10B, 9 10 magenta, 1112 Brilliant Cresyl Blue, 1314 uv 6-7
Ponceau G 15 16 bromophenol blue? , 1718 eosin, 1920 aniline black,
2122 Methyl Violet, 2324 Chlorophenol Red, 2526 nitro blue tetrazolium, o
a total of 13 kinds uv 3-4
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Fig. 3-A Polyacrylamide gel electrophoresis, electrophoresis in progress (References)

[1] Capila L, linhard RJ. Heparin-protein interactions[J]. Angew Chem Int

3 Ed Engl,2002,14(3):391-412
[2] Coombe DR, Kettle WC. Heparin sulfate-protein interactions:therape-
utic potential through structure-function insights [J]. Cell mol life sci,

2005,62(2):410-424

o [3] Kreuger J, Spillmann D. Interactions between heparan sulfate and
proteins:the concept of specificity[J]. J. cell biol,2006,174(3):323-327
[4] Ding S, Cui YL. Heparin for growth factor deivery systems [J].

(791

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



+ 5264 -

www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.27 SEP.2012

Progress in chemistry,2008,20(12):1998-2011

[5] Ori A, Free PC. Identification of Heparin-binding Sites in Proteins by
Selective Labeling[J]. Mol. Cell Proteomics,2009,8(10):2256-2265

[6] Xiao SJ, Hu PP. Spectra characterization of the conformational chan-
ges of humancellular prion protein induced by heparin [J]. Acta
chimica sinica,2010,68(10):1032-1036

[7] Nandinia R, Vishalakshib B. A spectroscopic study of interaction of
cationic dyes with heparin[J]. Orbital,2009,1(4):255-272

[8] Sun W, Ding YQ, Jiao K. Electrochemical studies on the interaction of
heparin with crystal violet and its analytical application[J]. J Analyt-
ical Chemistry,2006,61(4):359-364

[9] Hui N, Sun W, Ding YQ, et al. Electrochemical Studies on the Intera-
ction of Heparin with Phenosafranine and Its Analytical Application
[J]. Journal of the Chinese Chemical Society,2009,56:271-278

[10] Su'Y, Shao G, Gai L, et al. RBC electrophoresis with discontinuous
power supply-a newly established hemoglobin release test [J]. Electr-
ophoresis,2009,30:3041-3043

[11] Su'Y, Gao LJ, Ma Q, et al. Interactions of hemoglobin in lived red
blood cells measured by the electrophoesis release test [J]. Electroph-
oresis,2010,31:2913-2920

[12] s R . [J].

, 1999,19(5):4-13

Gao Ning-guo, Cheng Xiu-lan, Yang Jing, et al. Heparin structure and
function of research progress[J]. Progress of bioengineering,1999,19(
5):4-13

[13] Mulloy B, Forste MJ. Conformation and dynamics of heparin and
heparan sulfate[J]. Glycobiology,2000,10(11):1147-1156

[14] s . NN [
,2008,20(7):1136-1142

Sun Zi-cai, Wei Zheng, Wei Ke-mei. Heparan sulfate structure,
function, modification and synthesis [J]. Progress in Chemistry,2008,
20(7):1136-1142

[15] Seki Y, Mizukura M, Ichimiya T, et al. O-sulfate groups of heparin
are critical for inhibition of ecotropic murine leukemia virus infection
by heparin[J]. Virology,2012,424(1):56-66

[16] Hung SC, Lu XA, Lee JC, et al. Synthesis of heparin oligosaccharides
and their interaction with eosinophil-derived neurotoxin [J]. Org Bio-
mol Chem,2012,10(4):760-772

[17] Krauel K, Hackbarth C, Fu rll B, et al. Heparin-induced thrombocy-
topenia: in vitro studies on the interaction of dabigatran, rivaroxaban,
and low-sulfated heparin, with platelet factor 4 and anti-PF4/heparin
antibodies[J]. Blood,2012 ,119(5):1248-1255

[18] Bhaskar U, Sterner E, Hickey AM, et al. Engineering of routes to
heparin and related polysaccharides [J]. Appl Microbiol Biotechnol,
2012,93(1):1-16

[19] Rajabi M, Struble E, Zhou Z, et al. Potentiation of Cl-esterase
inhibitor by heparin and interactions with Cls protease as assessed by
surface plasmon resonance [J]. Biochim Biophys Acta,2012,1820(1):
56-63

[20] Sankhala RS, Damai RS, Anbazhagan V, et al. Biophysical
investigations on the interaction of the major bovine seminal plasma
protein, PDC-109, with heparin [J]. J Phys Chem B,2011,115 (44):
12954-12962

5321
(8] ,
2007:30-31
Zhu Lei, Niu Shan-fu. Mechanical ventilation (2nd edition) [M].
Shanghai:Shanghai Science and Technology Press, 2007:30-31

M) ,

[9] Bruge P, Jabre P, Dru M, et al. An observational study of noninvasive
positive pressure ventilation in an out-of-hospital setting [J]. Am J
Emerg Med,2008,26(2):165-167

[10] Martinez-Garcia MA, Perpina-Tordera M, Roman-Sanchez P, et al.
Inhaled steroids improve quality of life in patients with steady-state
bronchiectasis[J].Respir Med,2006,100:1623-1632

[11] Brusasco V, Hodder R, Miravitlles M, et al. Health outcomes follow-
ing treatment for six months with once-daily tiotropium compared
with twice daily salmeterol in patients with COPD[J].Thorax,2003,58
(5):399-404

[12] Pinto-Plata VM, Cote C, Cabral H, et al. The 6-min walk distance:
change over time and value as a predictor of survival in severe COPD
[J]. Eur Respir J,2004,23(1):28-33

[13] Casaburi R, Mahler DA, Jones PW, et al. A long-term evaluation of
oncedaily inhaled tiotropium in chronic obstructive pulmonary
disease[J]. Eur Respir J,2002,19(2):217-224

[14] s . /

[J].
,2012,19(3):73-74

He Hui-jie, Zhang Dong, Wang Hui-min, et al. The therapy observa-
tion of combination Tiotropium inhalation capsules and Salmete-
rol/Fluticasone in patients with moderate-severe chronic obstructive
pulmonary disease at stable stage[J].China Modern Medicine,2012,19
(3):73-74

[15] . [M].
1111-1130

,2003:

Yu Sen-yang. Modern respiratory therapy science[M].Beijing:Science
and Technology Literature Press,2003:1111-1130

[16] Koumist SS. Tiotropium bromide:a new long-acting bronchodilator
for the treatment of chronic obstructive pulmonary disease [J]. Clin
Ther,2005,27:377-392

[17] Coulson FR, Fryer AD. Muscarinic acetylcholine receptors and air 2
way diseases[J].Pharmacol Ther,2003, 98(1):5926

[18] Oostenbrink JB, Molken R, Noord JA, et al. One year cost effective-
ness of tiotropium versus ipratropium to treat chronic obstructive
pulmonary disease[J].Eur Respir J,2004,23(2):241-249

[19] Sang WU, Chul GY,Young WK. The combination of tiotropium and
budesonide in the treatment of chronic obstructive pulmonary disease

[J]. J Korean Med Sci,2007,22(5):839-845



