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Hyaluronates:
composed of D-glucuronate

 
+ GlcNAc

 linkage is β(1, 3) 



Dermatan sulfates:
composed of L-iduronate

 
(many are sulfated)

 + GalNAc-4-sulfate
 linkages is α(1, 3) 



Chondroitin 4- and 6-sulfates :
composed of D-glucuronate

 and GalNAc-4-
 

or 6-sulfate
 linkage is β(1, 3)

 (the figure contains GalNAc
 

4-sulfate) 



Heparin and Heparan sulfates:
composed of iduronate-2-sulfate (D-glucuronate-2-sulfate)

 and N-sulfo-D-glucosamine-6-sulfate
 linkage is α(1, 4)

 (heparans
 

have less sulfate
 

than heparins) 



Keratan sulfates:
composed of galactose

 
+ GlcNAc-6-sulfate

 linkage is β(1, 4) 



H2 0

Urine 

DMB 
Color reagent

Dual wavelength  580/690 nm measurement

TOTAL GAG METHODTOTAL GAG METHOD
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300 ug/mL GAG containing urine is 
target concentration  for CPC  

precipitation 

http://www.tanyalcin.com/Data/P-208.pdf

Birmingham 2012 SSIEM



pH = 5.0

BaAc = 1M
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MPS VI 

MPS VI 

MPS II 

Decrease  Voltage 

_+



ERNDIM 26 MPS I

ERNDIM  24 MPS IVA 

ERNDIM 15 MPS IVA 

32.56  (34.3)  ref 8-14 

16.72 (13.6)  ref 1-7 

P  MPS I / MPS II 

1-Decrease  Voltage

2-Increase  time  
of electrophoresis
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1 D electrophoresis
 

High Resolution  
Discontinuous electrophoresis 
= electrophorese multiple times  

•0.025 M  BaAc cellulose acetate  plates
•No pH adjustment ; pH ~

 
7.0  

• %15  EtOH +  BaAc 
•% 50 EtOH + BaAc 
•DMB staining 
•Densitometric interpretation

Modified  Hopwood &Harrison 1982 Anal Biochem & 
Nor Azimah et al.2010 Malaysian J Pathol 
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ERNDIM MPS 18 –MP I
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123 mg/mmol creat

8-20 (2y)

70 mg/mmol creat
6-13    (7y)
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BaAc 0,05  M pH = 5.0

BaAc 0,025  M 
Buffer 1  pH = 7.3

Soaked in very COLD   Buffer 2 
BaAc 0.025 M, 15% ethanol

Soaked in very COLD   Buffer 3 
BaAc 0.025 M, 50% ethanol

DS2

DS1

CS

HS
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Cathode

+Anode 

CS

Voltage 130V 



aliminium
 

plate 20X30 cm

6 peltiers
 

/ 30 watt
supported by the 380 watt
power supply

8 -
 

10 degree °
 

C
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ERNDIM SAMPLES 
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YOU make our own rules 

For optimisation  for  the GAGE (GAG electrophoresis) 

1-Accurate  measurement  of total GAG 

2-Try to be realistic with the real life samples
Small   volume  of urine samples 
Standardisation  CPC – GAG   precipitation
300 ug/mL  GAG  – 1000 uL CPC 

3- Buffer  molarity , pH , Voltage , Temperature  must be 
optimised according to the  system used : COLD medium for 
Keratan Sulfate  better separation 

4-Make accurate interpretation of lab results (less false 
positives and  NO!!! false negatives) 

CONCLUSION
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