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Synthesis of Glycosaminoglycans

GAGs are synthesized in the endoplasmic reticulum and the Golgi

The polysaccharide chains are elongated by the sequential addition
of alternating acidic and amino sugars, donated by their UDP-
derivatives

The last step in synthesis is sulfation of some of the amino sugars.
The source of the sulfate is 3’- phosphoadenosyl-5’-phosphosulfate.
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Mucopolysaccharidosis

Glycosaminoglycans are degraded by lysosomal hydrolases. They
are first broken down to oligosaccharides, which are degraded
sequentially from the non-reducing end of each chain

A deficiency of one of the hydrolases results in a mucopoly-
saccharidosis.

These are hereditary disorders in which glycosaminoglycans
accumulate in tissues, causing symptoms such as skeletal and
extracellular matrix deformities, and mental retardation

Examples of these genetlc diseases include Hunter and Hurler
syndromes
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Glycoproteins

Glycoproteins are proteins to which oligosaccharides are covalently
attached.

They differ from the proteoglycans in that the length of the
glycoprotein’s carbohydrate chain is relatively short (usually two
to ten sugar residues long, although they can be longer)

The carbohydrates of glycoproteins do not have serial repeats as
do glycosaminoglycans.
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Function of glycoproteins

Membrane-bound glycoproteins participate in a broad range of
cellular phenomena, including:

Cell surface recognition (by other cells, hormones, viruses)
Cell surface antigenicity (such as the blood group antigens)

As components of the extracellular matrix and of the mucins of
the gastrointestinal and urogenital tracts, where they act as
protective biologic lubricants.

Almost all of the globular proteins present in human plasma are
glycoproteins.
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Synthesis of Glycoproteins

Glycoproteins are synthesized in the endoplasmic reticulum and
the Golgi.

The precursors of the carbohydrate components of glycoproteins
are sugar nucleotides.

O-linked glycoproteins are synthesized by the sequential transfer of
sugars from their nucleotide carriers to the protein

N-linked glycoproteins contain varying amounts of mannose. They
are synthesized by the transfer of a pre-formed oligosaccharide from
its membrane lipid carrier, dolichol, to the protein

They also require dolichol, an intermediate carrier of the growing
oligosaccharide chain.
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specific order, without using a template as is required for DNA,
RNA, and protein synthesis (see Unit VI of this text), but rather by
recognizing the actual structure of the growing oligosaccharide as
the appropriate substrate.

3. Synthesis of the N-linked glycosides

The synthesis of N-linked glycosides also occurs in the lumen of the
ER and in the Golgi. However, these structures undergo additional
processing steps, and require the participation of a lipid (delichol) and
its phosphorylated derivative, dolichol pyrophosphate (Figure 14.16).

1. Synthesis of dolichol-linked oligosaccharide: First, as with the O-
linked glycosides, protein is synthesized on the RER and enters
its lumen. The protein itself does not become glycosylated with
individual sugars at this stage of glycoprotein synthesis, but rather
a lipid-linked oligosaccharide is first constructed. This consists of
dolichol (an ER membrane lipid 80 to 100 carbons long) attached
through a pyrophosphate linkage to an oligosaccharide containing
N-acetylglucosamine, mannose, and glucose. The sugars to be
added to the dolichol by the membrane-bound glycosyitrans-
ferases are first N-acetylglucosamine, followed by mannose and
glucose (see Figure 14.16). The oligosaccharide is transferred
from the dolichol to an asparagine side group of the protein by a
protein-oligosaccharide transferase present in the endoplasmic
reticulum.

2. Final processing of N-linked oligosaccharides: After incorpora-
tion into the protein, the N-linked oligosaccharide is processed by
the removal of specific mannosyl and glucosyl residues as the
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Synthesis of N-linked glycoproteins.
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Lysosomal degradation of glycoproteins

A deficiency in the phosphorylation of mannose residues in N-
linked glycoprotein pre-enzymes destined for the lysosomes results
in I-cell disease

Glycoproteins are degraded in lysosomes by acid hydrolases

A deficiency of one of these enzymes results in a glycoprotein
storage disease (oligosaccharidosis), resulting in accumulation of
partially degraded structures in the lysosome
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@ Caused by a deficiency of the ability
to phosphorylate mannose.

® Characterized by skeletal
abnormalities, restricted joint
movement, coarse facial features,
and severe psychomotor impairment.

@ Death usually occurs by age
eight years.
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