
Learning Objectives

1. understand the basic structure of GAG’s

2. sites and mechanism of synthesis

3. basic functions

4. understand the cause(s) of 
mucopolysaccharidosis

5. understand the mechanism of GAG’s effect 
on bone regeneration and remodeling

Glycosaminoglycans and 
Proteoglycans

1. long to very long unbranched polysaccharide 
composed of repeating disaccharide units

2. small proportion of a protein component

3. very highly negatively charged

Glycosaminoglycans Are Anionic 
Polysaccharide Chains Made of Repeating 

Disaccharide Units

Always
Usually
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Composition of GAG’s

Glycosaminoglycans are usually 
attached to proteins to form 

proteoglycans
1. contain a core protein (as 

little as 5% by weight)

2. synthesized within ER and 
Golgi 

3. GAG chains are also 
sulfated in the Golgi (adds 
additional negative charges)

Functions of GAGs and 
Proteoglycans

1. GAGs form lubricating and/or shock 
absorbing gels (e.g. Hyaluronan)

2. regulate the activity of  signaling molecules 
(e.g. Perlecan)

• affect the rates of diffusion

• affect receptor on/off rates

• regulate effective concentration

3. function in cell-cell adhesion and are a 
component of the extracellular matrix
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1. EXCEPT Hyaluranon: does not contain 
a core protein

2. is not sulfated and includes ~25,000 
disaccharide repeats

3. not made within golgi or ER: synthesized at 
the outside surface of the plasma 
membrane (by transmembrane enzymes)

Glycosaminoglycans are usually 
attached to proteins to form 

proteoglycans

Site of Synthesis of GAGs part 1

Hyaluronon

Proteoglycans
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Biopolymers,  A. Steinbuchel, ed.  Wiley VCH 2004 

GAG’s are typically synthesized by 
a  single step process

e.g. Hyaluronan synthase

UDP-glucose-6-dehydrogenase 
oxidizes UDP-glucose to UDP-

glucuronic acid

Uronosyl 5-epimerase
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Site of Synthesis of GAGs part 2

Hyaluronon

Proteoglycans

5 steps in Proteoglycan 
biosynthesis

1. translation of the protein into the ER.

2. recognition and addition of Xylose to Serine 
side chain by xylosyltransferase.

3. GAG chain elongation by glycosyl-
transferases.

4. epimerization of glucuronate to iduronate 
by uronosyl epimerase.

5. sulfation of GAG (and protein) by 
sulfotransferases

5 steps in Proteoglycan 
biosynthesisStep 1
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Xylosyltransferase

Xylosyl transferase adds xylose to core 
serine sidechain: tetrasaccharide sequence 

is shared by diverse GAG chains.Step 2

specific glycosyl transferases distinguish 
different link tetrasaccharides by recognition of 
flanking protein sequence (e.g. Ser-Gly-any-Gly)

Glycosyl transferases

Glycosyl transferases add each individual 
sugar moeity to the growing chain

Step 3
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Each sugar is added 
separately, and by a specific 
glycosyl-transerfase family 

member

Copyright ©2009 by The Consortium of Glycobiology Editors, La Jolla, California

Uronosyl 5-epimerase

Uronosyl-5-epimerase converts glucuronic 
acid to iduronate after chain formationStep 4

The resulting GAG chain can be 
sulfated  by sulfotransferases

Step 5

sulfotransferase
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Genetic disorders affecting GAG degradation in 
lysosomes are common and debilitating

Vogler et al.,  A. Journal of Med. Gen. Suppl. 3:243-255 (1987)

mucopolysaccharidosis
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GAG’s / proteoglycans in molecular 
medicine
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25,000

Hyaluronan

Copyright: Craig W. Wiesenhutter, M.D.
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Takashi Saku (Niigata University School of Dentistry)

Perlecan proteoglycan regulates tissue 
development and differentiation

DeCarlo and Whitelock, 2006

Perlecan can raise the effective local 
concentration of signalling molecules
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1. contrast both structure and function of 
GAGs and glycoproteins

2. synthesis of N-linked vs O-linked 
glycoproteins

3. roles for N-linked oligosaccharides

4. roles for O-linked oligosaccharides 

Learning Objectives

Glycoproteins

Proteoglycans vs. 
Glycoproteins

1. long unbranched chain

2. O-linked glycosidic 
bonds

3. chains formed of di-
saccharide repeats

4. carbohydrates 
dominate the mass of 
the average 
proteoglycan

1. short, often branched

2. O and N-linked 
glycosidic bonds

3. no disaccharide repeats

4. protein dominates the 
mass of the average 
glycoprotein

5. additional functions
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Galactose
N-acetylglucosamine
N-acetylgalactosamine
N-acetylneuraminic acid
Glucosamine
Galactosamine
Glucuronic acid
Iduronic acid

Glucose
Fucose
Mannose
Galactose
N-acetylglucosamine
N-acetylgalactosamine
N-acetylneuraminic acid
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1. Effectors and regulators of cell signaling

2. Structural component of Extracellular 
Matrix

3. Can act as a receptor for a variety of ligands

Shared functions with 
Proteoglycans

1. Regulate solubility of proteins

2. Protection against proteolysis

3. Participate in protein folding and quality 
control

4. Can function as a ‘zip code’ for shipping 
certain proteins to other organelles (e.g. 
Lysosome)

Additional Specialized 
Functions

Additional Specialized 
Functions

1. Regulate solubility of proteins

2. Protection against proteolysis

3. Participate in protein folding and quality 
control

4. Can function as a ‘zip code’ for shipping 
certain proteins to other organelles (e.g. 
Lysosome)
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1. N-linked Glycosylation (Asn)

(A) prefabricated ‘sugar tree’ added en bloc

a. Complex

b. High Mannose

(B) Added in ER and modified in Golgi

2. O-linked Glycosylation (Ser/Thr)

(A) Lots of variation, often a single sugar, and 
no common core

(B) Occurs in Golgi only **

The Golgi  contains the 
enzymes to generate complex 

oligosaccharides from high-
mannose oligosaccharides

High-mannose oligosaccharides 
are first added to proteins in 
the endoplasmic reticulum
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oligosaccharyl 
transferase

glucose is 
removed from 
the tree before 
passage to the 

Golgi by a 
glucosidase

Oligosaccharyl transferase 
recognizes the sequence {Asn-

any residue-Ser/Thre} and 
attaches the oligosaccharide 

complex to the terminal amine 
of Asn side chain
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1. Regulate solubility of proteins

2. Protection against proteolysis

3. Participate in protein folding and quality 
control

4. Can function as a ‘zip code’ for shipping 
certain proteins to other organelles (e.g. 
Lysosome)

Additional Specialized 
Functions

1. Regulate solubility of proteins

2. Protection against proteolysis

3. Participate in protein folding and quality 
control

4. Can function as a ‘zip code’ for shipping 
certain proteins to other organelles (e.g. 
Lysosome)

Additional Specialized 
Functions
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P

mannose-6-phosphate

phosphotransferase
(Golgi)

high-mannose

(acid hydrolases)

Van Den Steen et al.
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O-linked glycosylation can regulate 
Ser/Thr phosphorylation
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Vogler et al.,  A. Journal of Med. Gen. Suppl. 3:243-255 (1987)
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