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Lipid Metabolism
 First Lecture: Fatty Acids
 Lipid chemistry:
 Naturally occurring water insoluble organic compounds.
 Diverse group of compounds are related to them.
 Major source of energy.
 Source for fat soluble vitamins.
 Biosynthesis of cell membrane.
 There are essential fatty acids. That's why there are no 100% fat free diets.
 Some are transported in blood associated with special proteins.
 Definition of fatty acids:
 Naturally occurring, water insoluble, long chained hydrocarbons that are found
 often unbranched and occur mainly as esters (Alcohol+Acids)
 1. Short chain fatty acids are water soluble.
 2. Most fatty acids have even number of carbon.
 Short chain FA< Medium chain FA(10,11,12,…) < Long chain FA (more
 than 16)
 3. Short and unsaturated fatty acids are liquid in room temperature.
 Fatty acids are monocarboxylic and mostly even numbered.
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Structure: CH3―(CH2)14―COOH 16:0
 Number of carbon atoms Number of double bonds
 CH3: terminal methyl group
 Example: 18: 1∆9 CH3―(CH2)7―CH=CH―(CH2)7―COOH
 The double bond at C9 starting from –COOH.
 Example: 18:2∆9,12
 CH3―(CH2)4―CH=CH―CH2 ― CH=CH―(
 CH2)7―COOH
 Double bonds should be 3 carbons away from each other stability wise.
 Examples: 18:3∆6.9,12
 18:4∆6,9,12,15
 Fatty Acids
 Saturated Unsaturated
 Monosaturated Polysaturated
 Non-essentialEssential
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ω (omega) number : indicates the position of the first double bond from the methyl
 end. It is like a family name for fatty acids because ∆ number can change with the
 addition of carbons .
 Addition occurs at the carboxylic end that's why ω number is constant.
 ω number can be found by the subtracting the farthest double bond from the
 total number of carbon. o Example: 18:3∆
 9,12,15 ω=18-15=3
 α carbon is the carbon right next to carboxylic group.
 β carbon is the second nearest to the carboxylic group.
 o Example: R―CH2―CH2―COOH
 o α carbon β carbon
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Second and Third Lecture: Fatty Acid Oxidation
 Oxidation of fatty acids is of 3 types, α, β and ω.
 β Oxidation
 It is the process through which fatty acids in the form of Acyl-CoA (active form)
 are broken down in the mitochondria in order to give energy. It takes place in the
 mitochondrial matrix.
 A fatty acid has to be activated (requires 1 ATP converted to AMP(2 ATP
 equivalent)) in order to undergo oxidation. The enzyme fatty Acyl CoA Synthetase
 activates fatty acids in the cytosol. The activated fatty acid cannot enter the matrix
 of the mitochondria directly; Carnitine shuttle is used for the transportation of the
 fatty acid into the matrix. Carnitine is formed of:
 1) Carnitine acyl transferase 1 (found in outer membrane of the mitochondria):
 Transfers acyl from acyl CoA to carnitine, leading to the production of acyl
 carnitine and free CoA. This enzyme is inhibited by malonyl CoA.
 2) Carnitine-acylcarnitine translocase (inner membrane of the mitochondria):
 Transports Acylcarnitine across the mitochondrial membrane into the matrix
 in exchange for free carnitine
 3) Carnitine acyl transferse 2 (inner mitochondrial membrane): transports acyl
 from carnitine to CoA inside the matrix, thus producing Acyl CoA and free
 carnitine.
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Once Acyl CoA is in the matrix β oxidation starts.
 Steps of β oxidation
 β oxidation produces energy by the oxidation of the β (3rd
 carbon from the
 carboxyl group of the fatty acid) of the fatty acid. Each cycle of oxidation of
 a saturated even fatty acid produces one FADH2, one NADH and 1 Acteyl
 CoA. β oxidation is of four steps, the first step is an oxidation that gives
 FADH2, the second step involves hydration, the third step involves a second
 oxidation which gives NADH and the final step involves thiolysis(cleavage).
 Each cycle of the βoxidation releases 2 carbons in the form of acetyl CoA, in
 even fatty acids the final cleavage gives 2 acteyl CoA.
 E
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Energy yield of β oxidation of an even numbered saturated fatty acid:
 For each cycle 5 ATP molecules are given in the form of reduced Co-
 enzymes (FADH2 and NADH) and 12 ATP in the form of acetyl CoA. To
 find out the number of cycles for an even fatty acid divide the total number
 of carbons by 2 then subtract by 1. To determine the number of Acteyl CoA
 produced from an even number fatty acid divide the total number of carbons
 by 2.
 The Total number of ATP produced by the oxidation of an even number saturated
 fatty acid.
 𝑁
 2 − 1 𝑋 5 +
 𝑁
 2 𝑋 12 − 2
 OR ( = )
 17𝑁 − 10
 2 − 2
 OR ( = )
 8.5𝑁 − 7
 Where in the first equation:
 N = total number of C
 5 = ATP given by FADH2 and NADH/ cycle
 12 = ATP obtained from acetyl CoA
 N.B. all three equation have the same results, it’s just been simplified.
 β Oxidation Of Unsaturated Fatty acids
 It gives less energy than the oxidation of saturated fatty acids since less
 reducing equivalents are formed.
 In monounsaturated it requires an additional enzyme : 3,2 enoyl CoA
 isomerase
 In polyunsaturated fatty acids it requires 3,2 enoyl CoA isomerase as well
 as 2,4-dienoyl CoA reductase.
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Q: Which of the following molecules produces the highest amount of energy : (
 try answering without calculations to save time ) :
 16:1 No.7
 18:0 No.3
 18:1 No.4
 18:2 No.5
 18:3 No.6
 20:3 No.1 (Highest Energy Production)
 20:4 No.2
 The highest number of Carbons in a F.A. produces the highest amount of energy
 regardless of the number of double bonds .
 If the the number of Cs in the same molecule are the same then the F.A with the
 lowest number of double bonds will produce the highest amount of energy .
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Oxidation of Odd number F.A.s
 Chains with an odd-number of carbons are oxidized in the same manner as even-
 numbered chains, but the final products are propionyl-CoA (3 carbon molecule )
 and acetyl-CoA ( 2 carbon molecule).
 Propionyl-CoA is converted to methylomalonyl-CoA by using CO2 from
 bicarbonate, in a reaction that involves a biotin co-factor, ATP, and the
 enzyme propionyl-CoA carboxylase. The bicarbonate ion's carbon is added to the
 middle carbon of propionyl-CoA, forming a D-methylmalonyl-CoA. However, the
 D conformation is enzymatically converted into the L conformation by
 methylmalonyl-CoA racemase, then it undergoes intramolecular rearrangement,
 which is catalyzed by methylmalonyl-CoA mutase(requires coenzyme-B12 as its
 coenzyme) to form succinyl-CoA. The succinyl-CoA formed can then enter the
 citric acid cycle.
 Example :
 17:0
 After 6 cycles of B-oxidation ( Shortening by Acytl CoA per cycle (2Cs)
 We end up with
 5 Carbon molecule it divides into are propionyl-CoA (3 carbon molecule )
 and acetyl-CoA ( 2 carbon molecule).
 The Actly CoA enters the citric acid cyle directly while propionyl-CoA enters the
 citric acid cycle indirectly as succinyl-CoA.
 http://en.wikipedia.org/wiki/Carbon
 http://en.wikipedia.org/wiki/Propionyl-CoA
 http://en.wikipedia.org/wiki/Acetyl-CoA
 http://en.wikipedia.org/wiki/Biotin
 http://en.wikipedia.org/wiki/Cofactor_(biochemistry)
 http://en.wikipedia.org/wiki/Propionyl-CoA_carboxylase
 http://en.wikipedia.org/wiki/Methylmalonyl-CoA_mutase
 http://en.wikipedia.org/wiki/Propionyl-CoA
 http://en.wikipedia.org/wiki/Acetyl-CoA
 http://en.wikipedia.org/wiki/Propionyl-CoA
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Alapha- oxidation
 Most fatty acids have long chains , but there are some branched fatty acids such as
 phytanic acid .
 Phytanic acid mainly accumulate s in nervous tissue , to get rid of it we need
 alpha oxidation .
 Refsum disease:
 Accumulation of phytanic acid due to impaired alpha oxidation
 Alpha oxidation of phytanic acid :
 In alpha oxidation we are shortening by one Carbon atom but in beta we are
 shortening by two carbons. This oxidation process continues until we end up with
 4 Carbon molecule that will be modified to succinate.
 N.B. α-oxidation is not an energetic process (because the product is
 CO2), and it’s preparatory for β-oxidation.
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Fourth Lecture: Ketone Bodies
 Ketone Bodies are the major source for energy during starvation when oxaloacetate
 is directed toward gluconeogenesis pathway (glycolysis and TCA are inhibited).
 If oxaloacetate is shorted in the body due to lack of glucose (increase rate of
 gluconeogenesis), the body use ketone bodies as a source of energy.
 Under long starvation, the body use gluconeogenesis to provide energy for the
 brain and RBC's (they depend on glucose for energy) while the rest of the body use
 the energy in form of fat.
 TG (fat) give 3 FA acetyl coA (by β oxidation).
 So, we have another source of acetyl coA.
 There are three types of K.B:
 1- Acetoacetic acid (the major type).
 2-β-(OH) butyric acid.
 3-Acetone.
 N.B. 1 and 2 are real ketone bodies used for energy production, while acetone is
 volatile (evaporate) and is released with breath.
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Formation:
 (They are formed in the mitochondria of liver cells)
 See page 194 (figure 16.22)
 Notes about the formation:
 1- Enzymatic reaction ( conversion of Acetoacetic acid to β-(OH) bentynic
 acid) needs low reactant concentration while non-enzymatic reaction
 (conversion of Acetoacetic acid to Acetone) need high concentration of
 reactant.
 2- Acetoacetic acid accumulate in diabetes and long starvation.
 3- High concentration of Acetoacetic acid leads to conversion to acetone
 (volatile) loss of the ketone body. To prevent this lose Acetoacetic acid is
 converted to β-(OH) bentynic acid (balance).
 4- The reaction of Acetoacetic acid to acetone is spontaneous (non-ezymatic
 reaction that occur in the prescence of high levels of Acetoacetic acid). 5- when the rate of formation ketone bodies is greater than the rate of thier use
 ketonemia and ketouria occur (ketoacidosis).
 6- ketouria lead to:
 (1)Dehydration
 (2)Electolyte disturbance : (mainly positive Ca+2 and Mg+2) due to
 the loss af the negative acids in urine.
 Use of K.B by the peripheral tissue:
 Mechanism (figure 16.23 page 195)
 Notes:
 1- It occur in tissue cells which has mitochondria ( not in RBC's)
 2- The liver can't use K.B as a fuel due to lack of thiophorase
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Excessive production of K.B in diabetes mellitus or in fasting:
 High degradation of fatty acids leads to increase concentration of acetyl coA and
 NADHinhibit the TCA cycle excessive production of K.B
 Increase the rate of production of K.B(when formation is greater than use)
 increase it's concentration in the blood ketonemia(90 mg/dl while normal in 3
 mg/dl) and ketouria
 Accumulation of Acetoacetic acid increase formation of acetone fruity odor
 (smell)
 Increase K.B concentration in the bloodlower PH acidemia ketoacidosis
 Ketoacidosis commonly occur in uncontrolled type 1 (insulin-dependent) diabetes
 mellitus
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2 Acetyl CoA
 Acetoacetyl CoA
 β-hydroxy- β-Methylglutaryl CoA
 (HMG CoA)
 Acetoacetate
 β-hydroxybutyrate
 Thiolase
 CoA
 Thiolase
 CoA
 HMG CoA Synthase
 Acetyl CoA
 CoA
 HMG CoA Lyase
 Acetyl CoA
 NADH + H+
 β-hydroxybutyrate
 dehydrogenase
 NAD+
 NADH + H+
 β-hydroxybutyrate
 dehydrogenase
 NAD+
 Succinate
 Succinyl CoA
 Thiophorase
 (Acetoacetate succinyl-CoA
 transferase)
 Acetone
 CO2
 Legend:
 Ketogenesis
 Ketolysis
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Fifth: Synthesis of Fatty Acids
 The substrate for building fatty acids is pyruvate. Fatty acid synthesis occurs in the
 cytosol of:
 (i) Liver Cells
 (ii) Lactating mammary glands
 (iii) Adipose tissue
 Mitochondrial acetyl CoA is produced by oxidation of pyruvate or by the
 catabolism of fatty acid/ ketone bodies/ amino acids.
 1) Acetyl CoA cannot cross the inner mitochondrial membrane, therefore it
 passes by using the citrate shuttle.
 glycolysis
 pyruvate
 Acetyl CoA
 TCA Ketone Body (alternative energy source) Fatty Acid Synthesis Cholesterol Synthesis
 Synthesis
 High Energy State
 High Citrate
 Low Energy State
 NOTE: High ATP inhibits isocitrate dehydrogenase, therefore inhibiting the TCA cycle. This causes citrate and
 isocitrate (high energy signals) to accumulate in the mitochondria and initiate fatty acid synthesis.
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Note: Acetyl CoA cannot pass across the inner membrane of the mitochondrion.
 Therefore, it passes using the citrate shuttle.
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2) Now, cytosolic acetyl CoA is carboxylated to form malonyl CoA using CO2
 as a carbon source and ATP for energy. This is the rate limiting step of fatty
 acid synthesis.
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Regulation of acetyl CoA carboxylase:
 Two ways:
 -Short-term
 -Long-term
 Short-term regulation:
 (i) The inactive form of ACC is a protomer (dimer). Polymerization of the
 dimers activates the enzyme. This polymerization is influenced by
 allosteric effectors (see above).
 (ii) Phosphorylation/ dephosphorylation
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Long-term Regulation:
 -Prolonged consumption of a diet containing high calories/ high carbohydrates
 leads to increase in Acetyl CoA synthesis which leads to increase in fatty acid
 synthesis.
 -Low calorie diet or high fat diet causes a reduction in fatty acid synthesis by
 decreasing synthesis of Acetyl CoA.
 Requirements of fatty acid synthesis:
 1. Carbon Source
 2. Acetyl CoA Carboxylase (for malonyl CoA)
 3. Fatty Acid synthase
 4. Reducing nucleotide (NADPH)
 Features of Fatty acid Synthase:
 1. Multifunctional enzyme (7 enzymic activities)
 2. Identical dimers (made up of 2 identical subunits)
 3. Consist of Fatty acid monomer linked to ACP (Acyl Carrier
 protein)
 4. Mature product is palmitic acid (16:0) [never forms more than 16
 C fatty acid]
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The result of these seven steps is production of a four-carbon
 compound (butyryl) whose three terminal carbons are fully
 saturated, and which remains attached to the ACP.
 [1] A molecule of acetate is transferred from acetyl CoA to the -SH
 group of the ACP. Domain: Acetyl CoA-ACP acetyltransacylase.
 [2] Next, this two-carbon fragment is transferred to a temporary
 holding site, the thiol group of a cysteine residue on the enzyme.
 [3] The now-vacant ACP accepts a three-carbon malonate unit from
 malonyl CoA. Domain: Malonyl CoA-ACP transacylase.
 [4] The acetyl group on the cysteine residue condenses with the
 malonyl group on ACP as the CO2 originally added by acetyl CoA
 carboxylase is released. The result is a four-carbon unit attached to
 the ACP domain. The loss of free energy from the decarboxylation
 drives the reaction. Domain: 3-Ketoacyl-ACP synthase.
 The next three reactions convert the 3-ketoacyl group to the
 corresponding saturated acyl group by a pair of reductions
 requiring NADPH and a dehydration step.
 [5] The keto group is reduced to an alcohol. Domain: 3-Ketoacyl-
 ACP reductase.
 [6] A molecule of water is removed to introduce a double bond
 between carbons 2 and 3 (the α- and β-carbons). Domain: 3-
 Hydroxyacyl-ACP dehydratase.
 [7] The double bond is reduced. Domain: Enoyl-ACP reductase
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These seven steps are repeated, beginning with the transfer of the
 butyryl chain from the ACP to the Cys residue [2*], the attachment of a
 molecule of malonate to the ACP [3*], and the condensation of the two
 molecules liberating CO2 [4*]. The carbonyl group at the β -carbon
 (carbon 3—the third carbon from the sulfur) is then reduced [5*],
 dehydrated [6*], and reduced [7
 *], generating hexanoyl-ACP. This
 cycle of reactions is repeated five more times, each time incorporating
 a two-carbon unit (derived from malonyl CoA) into the growing fatty
 acid chain at the carboxyl end. When the fatty acid reaches a length of
 16 carbons, the synthetic process is terminated
 with palmitoyl-S-ACP. [Note: Shorter-length
 fatty acids are important endproducts in the
 lactating mammary gland.] Palmitoyl thioesterase
 cleaves the thioester bond, releasing a fully
 saturated molecule of palmitate (16:0). [Note: All
 the carbons in palmitic acid have passed through
 malonyl CoA except the two donated by the
 original acetyl CoA, which are found at the
 methyl-group (ω) end of the fatty acid.
 Sources of NADPH:
 (a) Hexose Monophosphate Pathway
 (b) Oxidation and decarboxylation of malate to pyruvate
 by NADP+ dependent malate dehydrogenase in the
 cytosol.
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Sixth Lecture Phospholipids
 Definition:
 Phospholipids are polar, ionic compounds composed of an alcohol that is
 attached by a phosphodiester bridge to either a diacylglycerol or
 sphingosine. Phospholipids like fatty acids are amphipathic (have
 hydrophobic and hydrophilic parts).
 Structure:
 Phospholipids are either:
 Glycerphospholipids (the alcohol is glycerol)
 Sphingophospholipids (the alcohol is sphingosine)
 Glycerphospholipids Sphingophospholipids
 Alcohol
 Glycerol
 Sphingosine
 Parent
 Compound
 Phosphatidic acid
 Which is formed of:
 Glycerol
 Saturated fatty acid at
 C1
 Unsaturated fatty acid
 at C2
 Phosphoric acid at C3
 Ceramide
 Which is formed of:
 Sphingosine
 Fatty acid
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Types of glycerphospholipids (Posphoglycerides):
 1- Phosphatidylcholine (lecithin):
 Phosphatidic acid+ choline
 2- Phosphatidylserine:
 Phosphatidic acid +Serine
 3- Phosphatidylethanolamine (cephaline):
 Phosphatidic acid+ ethanolamine
 4- Phosphatidylinositol:
 Phosphatidic acid + inositol
 5- Phosphatidylglycerol:
 Phosphatidic acid + glycerol
 6- Cardiolipin (diphoshatidylglycerol):
 2 phosphatidic acids linked by glycerol.
 7- Plasmalogen:
 C1 of glycerol contains an unsaturated alohol instead of a saturated fatty
 acid.

Page 25
                        

Synthesis of Phophatidic acid:
 Two molecules of acyl-CoA are esterified to glycerol-3-phosphate to yield
 phosphatidic acid (1,2-diacylglycerol phosphate)
 Synthesis of Glycerphospholipids:
 Glycerophospholipids are synthesized by the addition of an alcohol (e.g. choline,
 ethanolamine, or serine) to phosphatidic acid or 1,2-diacylglycerol.
 This occurs by one of two mechanisms:
 1- Activation of the alcohol to CDP alcohol then Binding of CDP alcohol to 1,2
 diacyl glycerol releasing CMP
 (Activation of the alcohol occurs by Phosphorylation followed by coupling to CDP
 to form CDP alcohol).
 2- Activation of phosphatidic acid to CDP–diacylglycerol by CTP followed by
 binding of CDP–diacylglycerol to an inactive alcohol with release of CMP.
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1- Synthesis of Phosphatidylcholine (PC):
 Phosphatidyl choline contains mainly, palmitic or stearic acid at C1 and oleic,
 linoleic or linolenic acid at C2 of glycerol.
 PC is synthesized from choline and 1,2-diacylglycerol: Choline is activated to
 CDP-choline first by phosphorylation and then by coupling to CDP, then CDP-
 choline binds to diacylglycerol.
 nPC is also synthesized from Phosphatidylserine (PS) by decarboxylation of PS to
 Phosphatidylethanolamine (PE) followed by 3 methylation reactions using 3
 molecules of S-adenosyl methionine (SAM).
 Importance of lecithin:
 1- Enters in the structure of membranes.
 2- Acts as a methyl donor because it has 3 methyl groups
 3- Dipalmitoyl lecithin (lung or pulmonary surfactant).
 Is the major (80%) phospholipid found in the extra cellular lipid layer lining
 the pulmonary alveoli
 It decreases the surface tension of this layer, thus preventing collapse of
 alveoli
 Deficiency of Dipalmitoyl lecithin in premature infants result in Respiratory
 distress syndrome and 15% of neonatal deaths.
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2- Synthesis of phosphatidylethanolamine (PE):
 PE contains palmitic or stearic acid on C1 and a long chain unsaturated fatty acid
 on C 2 of glycerol.
 Synthesis of PE can occur by two pathways:
 The first is from ethanolamine and 1,2-diacylglycerol: ethanolamine is
 activated to CDP-ethanolamine by phosphorylation followed by coupling to
 CDP, then CDP-ethanolamine binds to diacylglycerol.
 The second involves decarboxylation of phosphatidylserine (PS) to
 Phosphatidylethanolamine.
 3- Synthesis of phosphatidylserine (PS):
 Synthesis of PS involves an exchange reaction of free serine for ethanolamine in
 PE. This exchange occurs when PE is in the lipid bilayer of the a membrane. The
 reaction is reversible, but primarily produce PS.
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4- Synthesis of Phosphatidylinositol (PI):
 PI contains mainly, stearic acid at C1 and arachidonic acid at C 2 of glycerol,
 arachidonic acid is a precursor of prostaglandins.
 The synthesis of PI involves condensation of CDP-1,2-diacylglycerol with myo-
 inositol.
 Phosphorylations of the hydroxyl groups of inositol of the membrane-bound
 phosphatidylinositol, produce polyphosphoinositides
 e.g., phosphatidylinositol 4,5-bisphosphate (PIP2) whichan important membrane
 phospholipid involved in the transmission of signals for cell growth and
 differentiation from outside the cell to inside.
 Several enzymes are covalently bound to PI in membrane through carbohydrate
 bridge e.g. alkaline phosphatase, lipoprotein lipase and acetyl choline esterase.
 5- Synthesis of Phosphatidylglycerol (PG) and cardiolipin:
 PG is synthesized by the condensation of CDP-diacylglycerol and glycerol-3-
 phosphate. PG is the precursor for the synthesis of diphosphatidylglycerols (DPGs)
 e.g. cardiolipin.
 Cardiolipin is synthesized by the condensation of CDP-diacylglycerol and
 phosphatidylglycerol with release of CMP.
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Degradation of Glycerphospholipids:
 Occurs by the action of 4 types of phospholipases: phospholipase A1, A2, C and D
 Phospholipase A1 is present in many tissues.
 Phospholipase A2 is present in many tissues, in pancreatic juice, in snake &
 bee venoms.
 Phospholipase C is found in liver lysosomes and in α-toxin of clostridia and
 other bacilli.
 Phospholipase D is found in plants.
 Each enzyme cleaves phospholipids at a specific site.
 Phospholipase A1 and phospholipase A2 are used for remodeling (changing) of
 acyl groups in membrane-bound phospholipids. This mechanism is used for
 synthesis of dipalmitoyl lecithin (lung surfactant) and to insure that fatty acid at C2
 of PI is arachidonic acid.
 Phospholipase A2 also acts on membrane-bound PI releasing arachidonic acid,
 which is the precursor of prostaglandins.
 Removal of fatty acid from C1 or C2 of phosphoglycerides by phospholipase A1 or
 A2 respectively produce lysophoglycerides which are acted upon by
 lysopholipases.
 Membrane-bound phoppholipase C is activated by PIP2 system and thus play a
 role in producing second messengers.
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Sphingophospholipids:
 There are 2 types of sphingophospholipids:
 Sphingomyelin
 Glycosphingolipids (glycolipids):
 There are 4 major classes of glycosphingolipids: cerebrosides, sulfatides,
 globosides and gangliosides:
 Cerebrosides: contain a single monosaccharide (galactose or glucose).
 Galactocerebrosides are found mainly in neuron cell membrane
 Sulfatides: sulfuric acid esters of galactocerebrosides. Synthesized from
 galactocerebrosides and activated sulfate, 3'-phosphoadenosine 5'-
 phosphosulfate (PAPS)
 Globosides: cerebrosides that contain more carbohydrates, mainly galactose,
 glucose or GalNAcl. Lactosyl ceramide; globoside found in erythrocyte
 plasma membrane.
 Gangliosides: similar to globosides but contain sialic acid.
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Sphingosine is formed from palmitoyl CoA & serine
 Palmitoyl CoA + serine = Sphingosine
 Addition of fatty acid to the amino group of sphingosine produces ceramide
 Sphingosine + fatty acid = Ceramide
 Addition of phosphorylcholine (from phosphatidylcholine) to ceramide (at carbon
 1 of sphingosine) produces sphingomyelin
 Ceramide + P-choline = sphingomyelin
 Addition of carbohydrate (monosaccharide or oligosaccharide) to ceramide (at
 carbon 1 of sphingosine) produces glycosphingolipids (glycolipids)
 Ceramide + carbohydrate = Glycosphingolipids
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Degradation of Sphingolipids:
 Sphingolipids are degraded in the lysosomes by the lysosomal enzymes
 Sphingomyelin is degraded by:
 1- Sphingomyelinase which removes phosphorylcholine leaving ceramide, then
 2- Ceramidase cleaves ceramide into sphingosine and fatty acid
 Sphingolipidosis:
 Sphingolipidosis is the accumulation of sphingolipids due to the deficiency of the
 lysosomal hydrolytic enzymes responsible for their degradation.
 Niemann-Pick disease: deficiency of sphingomyelinase leading to
 accumulation of sphingomyelin in liver & spleen.
 Gaucher’s disease; accumulation of glucocerebrosides.
 Tay-sachs disease; accumulation of gangliosides.
 Fabry disease accumulation of globosides mainly in kidney.
 Metachromatic leukodystrophy; accumulation of sulfatides.
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