SPHINGOLIPIDS AND MYELIN
STRUCTURE
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OBJECTIVES

By the end of this lecture, the students should be able to:

Recognize the Sphingolipids class of lipids as regard their chemical
structure, tissue distribution and functions.

Be familiar with the biochemical structure and function of myelin.
Learn the basics of biosynthesis of sphingolipids.

Be introduced to Sphingolipidosis.



SPHINGOLIPIDS: BACKGROUND

Essential component of membranes.
Abundant In nervous tissue.
Also exist extra-nervous tissue:
e.g. Receptors for:
Cholera toxins
Diphtheria toxins

VIruses.



SPHINGOLIPIDS: BACKGROUND

Regulation of growth and development.
Very antigenic:
Blood group antigen
Embryonic antigen
Tumor antigen

Cell transformation.



KEY PRINCIPLES

Chemical structure of Sphingolipids.
Types:
Glycosphingolipids (Glycolipids).
Sphingophospholipids, e.g. Sphingomyelin.
Myelin structure and function.

Sphingolipidosis.



SPHINGOLIPIDS:
STRUCTURE AND TYPES



SPHINGOSINE

CH, (CH,)), CH CH CH CH CH,OH
OH NH,

Long chain, unsaturated amino alcohol



CERAMIDE

Ceramide = Sphingosine + Fatty acid
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Long chain fatty acid



SPHINGOMYELIN

Sphingomyelin = Ceramide + Phosphorylcholine

CH; (CHy),, CH CH CH CH CH,0 Phosphorylcholine

OH NH
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Long chain fatty acid



CEREBROSIDES

Cerebrosides = Ceramide + Monosaccharides

e.g. Galactocerebroside.

O-Glycosidic bond

OCHQCCCC
NHOHH
0-C

Galactose Ceramide
(polar head) (hydrophobic tail)



GANGLIOSIDES

CERAMIDE
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Gangliosides = Ceramide oligosaccharides GH-OH
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Glucose

e.d. Gyp-

N-Acetylneuraminic acid (NANA)




SPHINGOLIPIDS’ SYNTHESIS

, , Ceramide
Phosphatidylcholine

UDP-glucose Two or more UDP-sugars

Diacylglycerol UDP-galactose

Globoside

CMP-NANA

Sphingomyelin Galactocerebroside
(sphingophospholipid)
PAPS CMP

Sulfatide Glucocerebroside Ganglioside
Glycosphingolipids




MYELIN STRUCTURE

Myelin is a specialized cell membrane that ensheathes an axon to
form a myelinated nerve fiber.

Myelin is produced by:
Periphral nerves.
CNS.
Myelin composition:
Lipids (80%): Main component: Cerebrosides

Other component: Sphingomyelin

Proteins (20%): e.g. Myelin basic protein



MYELIN STRUCTURE

Fatty acid of Sphingomyelin:

Myelin sheath:
Very long chain fatty acids
Lignoceric 24:0
Nervonic 24:1(15)



MYELIN STRUCTURE AND
FUNCTION

Myelin sheath insulates the nerve axon to avoid signal leakage
and greatly speeds up the transmission of impulses along axons.

Direction of nerve impulse

*

Multiple sclerosis:

Neuro-degenerative, auto-immune disease.
Breakdown of myelin sheath (demyelination).

Defective transmission of nerve impulses.



SPHINGOLIPIDOSES

Synthesis (Normal); Degradation (Defective).
Substrate accumulates in organs..
Progressive, early death.

Phenotypic and genotypic variability.
Autosomal recessive (mostly).

Rare, Except in Ashkenazi Jewish.



SPHINGOLIPIDOSES

Diagnosis:
Measure enzyme activity:
Cultured fibroblasts or peripheral leukocytes.
Cultured amniocytes (prenatal).
Histologic examination.
DNA analysis.
Treatment:
Replacement Therapy: e.g. Recombinant human enzyme.

Bone marrow transplantation: e.g. Gaucher disease.
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(TAY-SACHS DISEASE | NANA Gy GANGLIOSIDOSIS

« Accumulation of gangliosides
(Gpn4) and keratan sulfate
» Neurologic deterioration

» Accumulation of
gangliosides (Gy.)
« Rapid, progressive, and

fatal neurodegeneration

« Blindness

+ Cherry-red macula

* Muscular weakness

* Seizures

« Deficiency of activator
protein (G, activator)
in some cases

GAUCHER DISEASE

« Accumulation of gluco-
cerebrosides

* Most common lysosomal
storage disease

* Hepatosplenomegaly

» Osteoporosis of long bones

* CNS involvement in rare
infantile and juvenile forms

« Enzyme replacement therapy

METACHROMATIC
LEUKODYSTROPHY

« Accumulation of sulfatides

« Cognitive deterioration

« Demyelination

* Progressive paralysis and
dementia in infantile form

« Nerves stain yellow-brown
with cresyl violet

« Deficiency of activator protein
(saposin B) in some cases

%
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(Sulfatide)
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Arylsulfatase A
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PB-Galactosidase
« Hepatosplenomegaly

Gal « Skeletal deformities

« Cherry-red macula in infantile form
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B-Hexosaminidase A
(e subunit) A (8 subunif)

GalNAc GalNAc and B

NANA-Gal-Glc-Cer J (Gpa) Gal-Gal-Glc-Cer

NANA

Gal

Neuraminidase a-Galactosidase

Gal-Glc-Cer (lactosyl Cer)

p-Galactosidase

p-Glucosidase

p-Galactosidase (glucocerebrosidase)
(galactocerebro- X
s:dase) Choline-P

Ceramide

LEUKODYSTROPHY)

» Blindness and deafness
» Near-total loss of myelin

KRABBE DISEASE (GLOBOID CELL

« Accumulation of galactocerebrosides
macrophages) in white matter of braln

» Mental and motor deterioration

« Globoid bodies (glycolipid-laden

Sphingomyelinase
Ceraminidase
Fatty acid

Sphingosine

GalNAc-Gal-Gal-Glc-Cer (globoside)

p-Hexosaminidase

SANDHOFF DISEASE

» Accumulation of Gy,
and globosides

» Same neurologic symptoms
as Tay-Sachs (including
red macula) but visceral
involvement as well

FABRY DISEASE (X linked)

» Accumulation of globosides

» Red-purple skin rash

» Kidney and heart failure

« Burning pain in lower
extremities

» Enzyme replacement
therapy

[NIEMANN-PICK DISEASE]
(A +B)
= Accumulation of sphingo-
myelin
« Hepatosplenomegaly
» Neurodegenerative course

(Type A)
&;Cherry-red macula

Phosphorylicholine-Cer
(sphingomyelin)

FARBER DISEASE

* Accumulation of ceramide

» Painful and progressive
joint deformity

» Subcutaneous nodules of
lipid-laden cells

» Hoarse cry

« Tissues show granulomas




NIEMANN-PICK DISEASE

NIEMANN-PICK DISEASE

e Sphingomyelinase deficiency

e Enlarged liver and
spleen filled with lipid

e Severe intellectual disability
and neurodegeneration (Type A)

e Death in early childhood
(Type A)

Ceramide
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Ceramidase + Phosphorylcholine

CH3(CH,),-C :
L } Fatty acid




GAUCHER DISEASE

The "crumpled tissue paper"
appearance of the cytoplasm
of Gaucher cells is caused by
enlarged, elongated lysosomes
filled with glucocerebroside.
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TAKE HOME MESSAGES

Sphingolipids are complex lipids that includes sphingo-
phospholipids and glycolipids.

Ceramide Is the precursor of all sphingolipids.

Sphingolipids are present mainly in nerve tissue, but they are
also found extra-neural.

Myelin sheath insulates the nerve axon to avoid signal leakage
and speed up impulse transmission.

Sphingolipidosis are rare genetic diseases due to defective
degeneration of sphingolipids.
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