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Lipid Metabolism الفريق الطبي األكاديمي
 لكــية الطب البرشي
 البلقاء التطبيقية / املركز
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Page 1
 Lipid metabolism و من أحياها
 2016/2022
 From the last lecture
 *even number of fatty acids will produce acetyl CoA
 Eg. Palmatic acid which contain 16 carbons will produce 8 molecules of
 acetyl CoA
 Citric acid will produce 9 molecules of acetyl CoA
 *odd number of fatty acids will produce propionyl CoA which will enter in
 the succinyl CoA (citric acid cycle intermediate) ,so the odd number of fatty
 acids will produce less energy than the even numbered ones
 *The unsaturated fatty acids needs isomerase and oxidase enzymes
 *ketone bodies are synthesized when there is excess intake of lipids and
 less amount of carbohydrates
 *fats are burned in the flame of carbohydrates
 *ketone bodies are : acetone ,acetoacetate, β-hydroxybuterate are
 synthesized in the liver and being used by muscles and brain and heart but
 not by the liver(does not have the enzyme)so the liver synthesis ketone
 bodies but does not use them
 *ketone bodies are produced during exercise, diabetes (control it),
 starvation and strenuous exercise (heavy exercise) will cause degradation
 of lipids excess acetyl CoA and low level of oxaloacetate
 *acetoacetate and β-hydroxybuterateare source of energy
 *acetone is volatile and it will leave the body with the breathing of the
 diabetic patient (indication of the diabetes control)
 *RBC's can't use ketone bodies because they don’t have mitochondria
 *CoA transferase is the enzyme that the liver doesn't have so it can't use
 the ketone bodies
 Utilization of Acetoacetate as a Fuel. Acetoacetate can be converted into
 two molecules of acetyl CoA,
 which then enter the citric acid cycle.
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Page 2
 Lipid metabolism و من أحياها
 2016/2022
 Fatty Acid Biosynthesis
 Biosynthesis is not the
 exact reversal of oxidation
 Biosynthetic reactions
 occur in the cytosol
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Page 3
 Lipid metabolism و من أحياها
 2016/2022
 *fatty acid biosynthesis happens (mainly) in the cytosol like
 glycogen synthesis and gluconeogenesis
 *why cytosol?
 Because it can store the products
 *what is the fatty acids precursor (starting material for synthesis)?
 Acetyl CoA and we get it from the mitochondrial matrix and it needs
 a carrier
 *the first step of fatty acid synthesis is carboxylation of acetyl CoA
 by CoA carboxylase
 *anth that needs carboxylation, needs biotin and biotin needs
 manganese
 Anabolic reactions take place in the cytosol
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Page 4
 Lipid metabolism و من أحياها
 2016/2022
 Synthesis of Fatty Acids
 • Carboxylation of acetyl-CoA in the cytosol
 – catalyzed by acetyl-CoA carboxylase
 – biotin is the carrier of the carboxyl group
 – Malonyl-CoA is key intermediate that is produced
 Step 1: priming of the system by acetyl-CoA
 ACP= acyl carrier protein
 Fatty acid synthesis بتصر على اش اسمهswinging arm هاي بكون فهاACP و
 بصر التفاعل مثل ما هو موضع باألعلى
 Step 2: ACP-malonyltransferase reaction
 CH3 C-SCoA
 Acetyl-CoA
 + HCO3-
 ATP ADP + Pi
 CH2 C-SCoA
 O
 Biotin, Mn 2+COO-
 Malonyl-CoA
 O
 CH3 C-SCoA + HS-ACP CH3 C-S-ACP + HS-CoA
 O
 Acetyl-CoA Acetyl-ACP
 CH3 C-S-ACP
 O
 Acetyl-ACP
 + HS-Synthase CH3 C-S-Synthase
 O
 Acetyl-Synthase
 + HS-ACP
 + HS-Synthase CH3 C-S-Synthase
 O
 Acetyl-Synthase
 + HS-CoA
 O
 CH3 C-SCoA
 Acetyl-CoA
 O
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Page 5
 Lipid metabolism و من أحياها
 2016/2022
 و المركبن مع بعض Malonyl-ACPبدنا نكون مركب Acetyle-Synthaseبعد ما تكون عنا
 بنستخدمهم بالخطوة الثالثة
 Step 3: condensation reaction
 • (CO2 is lost from malonyl ACP as it combines with acetyl Synthase.)
 Step 4: the first reduction
 الل بنحصل عله من NADPHو هذا حتاج عامل مساعد و هو reductionحدث
 pentose phosphate pathway هو و اله مصدر آخرdecarboxylation of Malate رح
 نذكر بالسالدات القادمة
 CH2 C-SCoA
 COO-
 Malonyl-CoA
 + HS-ACP CH2 C-S-ACP
 COO-
 Malonyl-ACP
 + HS-CoA
 O O
 HS-Synthase
 CH3 C-S-Synthase
 Acetyl-Synthase
 + CH2 C-ACP
 COO-
 Malonyl-ACP
 CH3 C-CH2 - C-S- ACP
 O
 Acetoacetyl-ACP
 + CO2 +
 O
 OO
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Page 6
 Lipid metabolism و من أحياها
 2016/2022
 Step 5: dehydration
 Step 6: the second reduction
 D--Hydroxybutyryl-ACP
 OH
 C C
 C-S-ACP
 H3 C H
 + H2 O
 Crotonyl-ACP
 C
 OH
 CH2 -C- S- ACPHH3 C
 O
 CH3 -CH2- CH2 -C- S- ACP
 O
 Butyryl-ACP
 + NADPH + H+
 O
 H
 C C
 C-S-ACP
 H3 C H
 Crotonyl-ACP
 + NADP+
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Page 7
 Lipid metabolism و من أحياها
 2016/2022
 ACP and coenzyme A both have phosphopantetheine group which contain
 (Vitamin B5 & β-alanine)
 ف هذا المكان carrierبحث رتبط ال HS(sulfur group)موجود على نهاته
 • The cycle now repeats on butyryl-ACP
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Page 8
 Lipid metabolism و من أحياها
 2016/2022
 Fatty acid contain :-
 1- methyl group (CH3)
 2- carboxyl group
 3- CH2 groups between them
 مثل ما حكنا قبل HSمن الطرف الموجود عله ACPو هدول الل رح رتبطوا بال
 In fatty acid synthesis every time we add 2 units of carbon atoms to the
 chain
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Page 9
 Lipid metabolism و من أحياها
 2016/2022
 بحث كل مرة بنضاف ذرتن cycle of fatty acid synthesisبالرسمة هون عبارة عن اكثر من
 ACPبحث نفصل عن hydrolysisكربون زادة عالسلسلة و اخر اش بصر
 تكون عكس هذه الخطوات و كل مرة بنحذف ذرتن كربون fatty acidو عملة تحطم ال
 Fatty acid synthesis :- swinging arm
 Fatty acid degradation :- spiral degradation (oxidation)
 Sources of NADPH for Fatty Acid Synthesis
 First, oxaloacetate is reduced to malate by NADH. This reaction is
 catalyzed by a malate dehydrogenase in the cytosol.
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Page 10
 Lipid metabolism و من أحياها
 2016/2022
 Second, malate is oxidatively decarboxylated by an NADP+ -linked malate
 enzyme (also called malic enzyme).
 This is the main source of NADPH
 Remember when Malate is converted to oxaloacetate in CAC we get NADH
 not NADPH
 One molecule of NADPH is generated for each molecule of acetyl CoA that
 is transferred from mitochondria to the cytosol. Hence, eight molecules of
 NADPH are formed when eight molecules of acetyl CoA are transferred to
 the cytosol for the synthesis of palmitate.
 The additional six molecules of NADPH required for this process come from
 the pentose phosphate pathway
 The importance of PPP as we took before is to produce NADPH and ribose-
 5-phosphate
 Requirements of fatty acid synthesis :-
 1- Energy (ATP)
 2- Bicarbonate (source of CO2)
 3- NADPH
 4- Malonyl CoA
 Synthesis of Fatty Acids
 • Repeated turns of this series of reactions occurs to lengthen the
 growing fatty acid chain.
 • Hexanoyl ACP returns to condense with malonyl ACP during the third
 turn of this cycle.
 • Longer products also return to condense with malonyl CoA until the
 chain has grown to its appropriate length (most often C16).
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Page 11
 Lipid metabolism و من أحياها
 2016/2022
 **Palmitic acid 16 Carbon atoms
 **Steric acid 18 C atoms
 Fatty Acid Metabolism
 synthesis and degradation of fatty acidsالجدول التال مهم لمعرفة الفرق بن
 Fatty Acid Synthase Inhibitors May Be Useful Drugs
 • Mice treated with inhibitors of the condensing enzyme showed
 remarkable weight loss due to inhibition of feeding.
 • The results of additional studies revealed that this inhibition is due,
 at least in part, to the accumulation of malonyl CoA.
 • Thus, fatty acid synthase inhibitors are exciting candidates both as
 antitumor and as antiobesity drugs.
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 Lipid metabolism و من أحياها
 2016/2022
 Metabolism of Fatty Acids
 Essential fatty acids
 Mammals lack the enzymes to introduce double bonds at carbon atoms
 beyond C-9 in the fatty acid chain. Hence,mammals cannot synthesize
 linoleate (18:2) and linolenate (18:3). Linoleate and linolenate are the
 two essential fatty acids.
 **The body can synthesis only 1 double bond beyond C-9
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 Lipid metabolism و من أحياها
 2016/2022
 ω-3 means that there is a double bond between carbon-3 and 4 from the
 methyl end of the fatty acid
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