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Lipid metabolism

Page 2
                        

TTYP
 • What is the purpose of lipid metabolism?– Fatty acid synthesis– Fatty acid oxidation
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In 70 kg man
 10 kg fat 93,000 Kcalglycogen 500-800 Kcalprotein ~ 18,000 Kcal
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Free Fatty Acids
 Most FFA arise from TG breakdown in adipose tissue
 Some from intestinal absorption Short and some medium chain FA Long chain will be TG
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Lipid mobilization and Fatty Acid degradation
 • Three major steps– Lipolysis and release from adipose tissue– Activation and transport into mitochondria– β-oxidation

Page 6
                        

Lipid mobilizationAdipose is major tissue that releases FAs into blood stream
 Other tissues (liver, kidney, muscle) contain TG but they do not release FAs to any extent
 In adipose TG are continuously being hydrolyzed to FAs and glycerol
 A net release of FAs from adipose occurs when lipolysis exceeds resynthesis of TG
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Control of Lipolysis
 1. Sympathetic nervous system– Major stimulator of FA mobilization
 when there is a sudden demand for energy such as in:a. Exercise
 b. Exposure to cold
 c. Frightening or stressful situations
 – Rapid effect but of short duration
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2. Lipolytic Hormones
 a. Fast-acting hormones
 Epinephrine, Norepinephrine, ACTH, Thyroid stimulating hormone (TSH), glucagon
 Act rapidly and their effect is of short duration
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Mechanism of action
 1. Involves hormone interacting at the membrane to activate adenyl cyclase
 2. Adenyl cyclase stimulates c-AMP production from ATP
 3. c-AMP activates a protein Kinase
 4. Protein Kinase activates hormone sensitive lipase
 Action of these hormones on lipolysis is not affected by blocking RNA or protein synthesis
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b. Slow-Acting hormones
 Growth Hormone, Glucocorticoids
 Time lag of 1-2 hours after administration but stimulatory effect on lipolysis lasts for several hours
 Action is blocked by inhibiting RNA or protein synthesis
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3. Inhibitory Hormones
 • Insulin– Acts on phosphodiesterase
 • Prostaglandins E2 and E1
 – Blocks effects of norepinephrine and epinephrine on cAMP
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4. Dietary effects
 a. Fasting - lack of glucose for glycerol 3-P
 - shortage of ATP for activation of FA
 b. High CHO diet
 c. High fat diet/low CHO - may increase release of FA due to lack
 of glucose
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TTYP
 • Why would free fatty acids decrease in the blood after you eat?
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Fate of FFA
 Liver produces
 Acetyl CoA
 TCA cycle
 FFA
 If too much Acetyl CoA then ketone bodies are produced by liver
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FA entry into the cell• FA primarily enter a cell via fatty acid
 protein transporters on the cell surface – fatty acid translocase (FAT/CD36),
 – tissue specific fatty acid transport proteins (FATP),
 – plasma membrane bound fatty acid binding protein (FABPpm)
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Cellular transport to mitochondria
 Fatty acid-binding proteins (FABP)• low molecular weight proteins
 • Facilitate the transfer of fatty acids between plasma membrane and intracellular membranes
 • Bind to FA and transport them through the cytoplasm

Page 19
                        

FABP’s
 • Roles of FABPs– Promote cellular uptake of FA– Facilitate targeted transport of FA to specific
 metabolic pathways– Serve as a pool for solubilized FA– Protect enzymes against detergent effects of FA
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Regardless of the pathway by which FAs are metabolized, they are first activated by esterification to coenzyme A
 Fatty Acids are primarily activated outside of the mitochondria (70%) but some activation of short and medium chain FAs occur in the mitochondria
 II. Activation

Page 21
                        

Activation
 RCOOH + ATP + CoASH
 O
 R-C-S-CoA + AMP + PPi
 Acyl CoA synthetize enzyme
 Fatty acids must be esterified to Coenzyme A before they can undergo oxidative degradation, be utilized for synthesis of complex lipids (e.g., triacylglycerols or membrane lipids), or be attached to proteins as lipid anchors.
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1. Acetyl CoA synthetase
 Activates acetate and some other low molecular weigh carboxylic acids
 Present in the mitochondrial matrix and in the cytosal (except in muscle)
 Acetate
 Acetyl-CoA
 TCA cycle
 Ketone bodies synthesis

Page 23
                        

2. Butyryl CoA Synthetase
 Activates FA containing from 4 – 11 carbons in liver mitochondria
 Med chain FA portal blood
 Liver
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3. Acyl – CoA synthetase
 activates FA containing from 6 to 20 carbons
 found in microsomes and on the outer mitrochondrial membrane
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III. Entry of long chain FAs into Mitochondria
 In outer mitochondria membrane
 Carnitine + Fatty acyl CoA Acylcarnitine + CoACAT ICPT I
 CAT I – Carnitine Acyl transferase ICPT I – Carnitine Palmitoyl transferase I
 Inner surface of membrane
 Acylcarnitine + CoA Acyl CoA + carnitine
 CPT IICAT II
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1. Activation via Acyl CoA synthetase (make Fatty Acyl CoA)2. Carnitine Fatty acyl transfer via CAT I and CPT I3. Acyl carnitine is transported across mito membrane4. Acyl carnitine is converted to Acyl CoA + carnitine by
 CATII/CPTII (in the inner surface of the membrane)
 Movement of long chain FA across mitochondrial membrane
 FA Acyl CoA synthetase (FACS)Carnitine translocase (CAT)Carnitine palmitoyltransferase (CPT)fatty acyl-CoA synthase (FACS)

Page 27
                        

IV. - oxidation
 Occurs in Mitochondria
 Acyl Dehydrogenase – FAD FADH oxidation 2 ATPEnoyl Hydrase – unsaturated acyl CoA is hydrated
 Hydroxyacyl Dehydrogenase – NAD NADHoxidation 3 ATP
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-Ketoacyl Thiolase – cleavage of the-Keto acyl CoA to yield acetyl CoA and a fatty acyl CoA two carbons shorter than starting FA Acyl CoA will re-enter the cycle until the FA chain has been degraded
 Even chain FAs yield only acetyl CoA
 Odd chain FAs are oxidized down to propionyl CoA succinyl CoA
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B oxidation of saturated FA
 1. oxidation
 2. hydration3. oxidation
 4. thiolysis
 The Four Steps Are Repeated to Yield acetyl-CoA + FADH2 + NADH + H+
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Mitochondrial respiratory chainThe NADH+H+ and FADH2 produced are oxidized further by the mitochondrial respiratory chain to establish an electrochemical gradient of protons, which is finally used by the F1F0-ATP synthase (complex V) to produce ATP, the only form of energy used by the cell.
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B oxidation of PUFAs18-carbon linoleate (has a cis-Δ9,cis-Δ12 configuration).
 Goes through standard B oxidation until cis - double bond is reached
 Requiresenoyl-CoA isomerase (moves double bond)2,4-dienoyl-CoA reductase (converts from cis to trans)
 reentry into the normal β-oxidation pathway
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TTYP
 • Describe the process by which lipid mobilization ultimately results in the production of energy
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For acetyl CoA to be oxidized OAA must be available
 Acetyl CoA formed can go to acetoacetyl CoA
 • High levels of acetyl-CoA favor the thiolase condensation reaction that forms acetoacetyl-CoA, rather than the thiolase cleavage reaction that produces additional acetyl-CoA
 TCA or ketone bodies?
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V. Ketone Body Formation
 Formation occurs in liver mitochondria 2 acetyl CoA acetoacetyl CoA
 -hydroxybutyrate acetoacetate acetone
 Blood Blood
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Formation of ketone bodies

Page 36
                        

Ketone oxidation
 • The utilization of ketone bodies requires– b-ketoacyl-CoA transferase
 • Lack of this enzyme in the liver prevents the futile cycle of synthesis and breakdown of acetoacetate.
 • Starvation causes the brain and some other tissues to increase the synthesis of b ketoacyl-CoA transferase, and therefore to increase their ability to use these compounds for energy.
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Ketone oxidationOxidized in mitochondria of aerobic tissues such as muscle, heart, kidney, intestine, brain
 -hyroxybutyrate + NAD Acetoacetate + NADH + H+
 Acetoacetate + Succinyl CoA Acetoacetyl CoA + Succinate
 2 Acetyl CoA
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Ketone oxidationIn peripheral tissues, the ketone body acetoacetate is activated, and converted back to acetyl CoA.
 5. b-hydroxybutyrate dehydrogenase6. b-ketoacyl CoA transferase7. Thiolase
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TTYP
 • Why does the body produce ketone bodies?
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One is the reversal of the other
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Fatty Acid SynthesisOccurs in cytosalIn most species most of the acetyl CoA is
 produced in mitochondriaMitochondria membrane is impermeable to
 acetyl CoA
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I. Acetyl CoA Translocation
 Translocation of Acetyl CoA involves citrate “Citrate Shuttle”
 Mito Acetyl CoA + OAA Citrate
 CytosalADP+OAA+Acetyl CoA Citrate+CoA+ATP
 ATP citrate Lyase

Page 43
                        

OAA+NADH+H+ Malate+NAD
 Malate+NADP Pyruvate+CO2+NADPH
 Pyruvate+ATP OAA+ADP Mito
 Malate Dehydrogenase
 Malic Enzyme
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II. Site of Fatty Acid SynthesisSynthesized primarily in liver or adipose
 Some synthesis occurs in intestinal mucosa and in mammary gland
 Tissue site of FA synthesis varies because of need for gluconeogenesis
 Fatty acid synthesis and gluconeogenesis compete for carbon, ATP and reducing equivalents
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III. Sources of Carbon for FattyAcid Synthesis
 Major Carbon Source
 Chick Glucose
 Human Glucose
 Rat Glucose
 Pig Glucose
 Ruminant Acetate
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IV. Carboxylation of Acetyl CoA
 First step in FA synthesis
 Acetate Acetyl CoA Carboxylase
 AA Acetyl CoA+ATP+HCO3 Malonyl CoA+ADP
 Glycolysis
 CH3COSCoA COO-CH2-COSCoA
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Control of Fatty Acid Synthesis
 Control via enzymes
 Acetyl CoA Carboxylase
 More limiting than citrate lyase or fatty acid synthetase
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Regulation of FA synthesis: Acetyl CoA Carboxylase
 • Allosteric regulation– stimulated by citrate
 • feed forward activation
 – inhibited by palmitoyl CoA• hi B-oxidation (fasted state)
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Regulation of FA synthesis: Acetyl CoA Carboxylase
 • Covalent regulation– Induced by insulin– Repressed by glucagon

Page 50
                        

All carbon for FA synthesis originates from malonyl CoA except for primer carbon unit
 Primer unit is either acetyl CoA (even chain)propionyl-CoA (odd chain)
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V. Fatty Acid Synthetase
 Multi enzyme complex7 enzymatic actvities
 As fatty acids get longer they tend to be less water soluble so it is beneficial for the enzymes to be a complex
 Fatty acid synthase can synthesize only saturated fatty acyl chains of up to 16-C chain length
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FA synthesisReaction 1 : priming reaction
 a. acetyl-transacylase
 b. malonyl-transacylase
 Reaction 2: Condensation
 c. 3-ketoacyl synthase
 Reaction 3: Reduction 1
 d. 3-ketoacyl reductase
 Reaction 4: Dehydration
 e. 3-Hydroxyacyl dehydrase
 Reaction 5: Reduction 2
 f. Enoyl reductase
 result acetyl CoA has been lengthened by addition of 2-C unit
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Cycle then repeats with 2 additional carbons being added from malonyl CoA
 Sequence is terminated by thioesterase and the enzyme is relatively specific for FAs longer than 14 carbons
 Most FAs released by FA synthetase contain 16 carbons
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8 Acetyl CoA + 7 ATP 7 Malonyl CoA + 7 ADP
 Palmitate + 14 NADP+ + 8 CoA + 6 H2O + 7 ADP + 7 Pi
 elongation desaturation
 14 NA
 HPH
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TTYP
 • List and describe the actions of enzymes that are important in FA synthesis
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VI. Sources of NADPH
 a. Monophosphate Shunt cycle
 Glucose-6-P+NADP 6-P-Gluconate+NADPH
 Ribulose 5-P
 b. Malate + NADP Pyruvate + NADPH
 NADP
 NADPH
 Malate enzyme
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c. NADP Isocitrate Dehydrogenase (cytosal)
 Isocitrate + NADP Ketoglutarate + NADPH
 Mito Cytosal
 Citrate Citrate
 Isocitrate
 KG KG
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What is the significance of adult ruminants having:
 1. Little ATP citrate lyase
 2. Low amounts of NADP Malic Enzyme
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Coordinate Regulation of Fatty Acid Oxidation and Fatty Acid Synthesis by Allosteric Effectors
 • Feeding– CAT-1 allosterically
 inhibited by malonyl-CoA
 – ACC allosterically activated by citrate
 – net effect: FA synthesis
 • Starvation– ACC inhibited by FA-CoA
 – no malonyl-CoA to inhibit CAT-1
 – net effect: FA oxidation
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Describe how excess CHO intake results in weight gain?

Page 61
                        

Triglyceride Synthesis
 • Synthesis of fatty acids is only half of the process of making triglycerides
 • Most tissues backbone for TG is from glycerol
 • Adipocytes use dihydroxyacetone phosphate (DHAP)– adipocytes must have glucose to oxidize in
 order to store fatty acids in the form of TAGs.
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Phosphatidic acid Synthesis Triglyceride Synthesis
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