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BI/CH 422OUTLINE:
Introduction and review
Transport
Glycogenolysis
Glycolysis
Other sugars
Pasteur:  Anaerobic vs Aerobic

Fermentations
Pyruvate
Krebs’ Cycle
Oxidative Phosphorylation

Electron transport
Chemiosmotic theory:  Phosphorylation

Exam-1 material

Exam-2 material

Exam-3 materialFat Catabolism
Fatty acid Catabolism

Mobilization from tissues (mostly adipose)
Activation of fatty acids
Transport; carnitine
Oxidation: b-oxidation, 4 steps:  

Protein Catabolism
Amino-Acid Degradation

Dealing with the nitrogen; Urea Cycle
Dealing with the carbon; Seven Families

Nucleic Acid & Nucleotide Degradation
ANABOLISM I:  PHOTOSYNTHESIS:
Overview and Key experiments:
Light Reactions

energy in a photon/pigments
Reaction center &Photosystems (PSII & PSI)

Proton Motive Force – ATP 
Carbon Assimilation – Calvin Cycle

Rubisco/Oxygenase (Glycolate cycle)
remaking Ru 1,5P2

Overview and regulation
C4 versus C3 plants
Kornberg cycle - glyoxylate
Carbohydrate Biosynthesis in Animals

precursors/Cori cycle
Gluconeogenesis

reversible steps
irreversible steps – four

Glycogen Synthesis
UDP-Glc/Glycogen synthase/branching

Pentose-Phosphate Pathway
oxidative-NADPH
non-oxidative-Ribose 5-P

Regulation of Carbohydrate MetabolismAnaplerotic reactions

Exam-4 material

Biosynthesis of Fatty Acids
contrasts
location & transport
synthesis

ACC
FAS; ACP priming; 4 steps
Control

Diversification of fatty acids
elongation
desaturation
Eicosanoids

Prostaglandins and Thromboxane

ANABOLISM II:
Biosynthesis of Fatty Acids and Lipids

Fatty Acids
Triacylglycerides
Membrane lipids

Glycerophospholipids
Sphingolipids
Isoprene lipids:  Cholesterol

Ketone body synthesis
Mevalonate
Cholesterol

bile acids
steroids
metabolism
control of cholesterol biosynthesis

ANABOLISM III:
Biosynthesis of Amino Acids and Nucleotides

Nitrogen fixation
nitrogenase

Nitrogen assimilation
Amino-acid Biosynthesis
Nucleotide Biosynthesis
Biosynthesis of secondary products of amino acids

Exam-5 material

ANABOLISM II:  Biosynthesis 
of Fatty Acids & Lipids

Fat 
Catabolism

Fatty Acid 
Degradation

Ketone body 
Utilization

Fatty Acid 
Synthesis

Lipid
Biosynthesis
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ANABOLISM II:  Biosynthesis 
of Fatty Acids & Lipids

1. Biosynthesis of fatty acids
2. Regulation of fatty acid degradation and synthesis
3. Diversification of fatty acids

a. Elongation/desaturation
b. Eicosanoids (Prostaglandins and Thromboxane)

4. Assembly of fatty acids into triacylglycerol and 
phospholipids

5. Metabolism of isoprenes
a. Ketone bodies and Isoprene biosynthesis
b. Isoprene polymerization

i. Cholesterol
ii. Steroids & other molecules
iii. Regulation
iv. Role of cholesterol in human disease

Exam-4 material

Fatty Acid Biosynthesis

Cytosol for animals                                     Chloroplast for plants
Fatty Acid Synthesis

Both of these compartments are where there are ample Sources of NADPH:
pentose phosphate pathway, malic enzyme, and photosynthesis
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Lipid Biosynthesis
Fat (Triacylglycerol) and Phospholipids in Animals, 
Plants, and Bacteria have a common intermediate: 

Phosphatidic Acid Lysophosphatidate

Phosphatidate

• Animals and plants store fat for fuel.
– plants: in seeds, nuts
– typical 70-kg human has ~15 kg fat

• enough to last 12 weeks
• compare with 12 hours worth of glycogen in liver and muscle

• All organisms make glycerophospholipids for 
membranes.

• Both molecules contain glycerol from Glycerol 3-P
• Most Glycerol 3-P comes from dihydroxyacetone 

phosphate (DHAP) via gluconeogenesis/glycolysis.
– via glycerol 3-phosphate dehydrogenase 

• Minor amount from glycerol (liver and kidney).
– via glycerol kinase

• Phosphatidic acid is the precursor to fat and 
glycerophospholipids.
– fatty acids attached by acyl transferases
– releases CoA

Usually unsaturated FA

Usually saturated FA

1,2 Diacylglycerol

Triacylglycerol

Biosynthesis of Triacylglycerol-FAT

Lipid Biosynthesis
Regulation of Triacylglycerol Synthesis by Insulin

Fatty Acid Synthase

Fat

Fatty Acids

▲

b-oxidation

Diabetics prone to 
metabolic ketosis 
and acidosis

•Secretion of Insulin results in 
stimulation of triacylglycerol 
synthesis.

• Lack of insulin results in:
–increased lipolysis
–increased fatty acid oxidation
• And when citric acid cycle 

intermediates (oxaloacetate) are 
depleted (as in diabetes when 
glucose cannot get in), acetyl-CoA 
builds up and ketones bodies are 
made

–Repression of fatty acid synthase
(no Protein Phosphatase 2A)

–ACC is not active (remains 
phosphorylated)

–No malonyl-CoA means b-
oxidation is active

–No Fru2,6P2 so no glycolysis and
gluconeogenesis stimulated
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Biosynthesis of Membrane Phospholipds

• Begin with phosphatidic acid
(microorganisms) or 1,2 Diacylglycerol
(mammals)

• Both activate precursors using CTP
• Bacteria attach alcohol group to C-3 

phosphate of phosphatidic acid 
– Make CDP-diacylglycerol from CTP and 

phosphatidic acid
• Mammals use CDP-alcohol and attach 

head group to diacylglycerol
– Make CDP-alcohol from CTP and choline or 

ethanolamine

Glycerophospholipid Biosynthesis requires 
Activation by CTP

Lipid Biosynthesis

bacteriamammals

Example:

Attach head group by condensation here:
Phosphatidic acid

Lipid 
Biosynthesis

• For Phosphatidylserine and 
phosphatidylinositol, the free 
alcohol does a nucleophilic attack on 
the CDP-activated phosphatidate.

Glycerophospholipid
Synthesis in E. coli

• Phosphatidylserine is decarboxylated to 
phosphatidylethanolamine.
• enzyme is phosphatidylserine 

decarboxylase

• Phosphatidylethanolamine acted on by 
S-adenosylmethionine (SAM) adds 
three methyl groups to amino group à
phopshatidylcholine (lecithin).
• catalyzed by methyltransferase

•Cardilipin is from the condensation of 
two phosphatidyl glycerols, which are 
formed from glycerol 3-phosphate.
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Biosynthesis of Membrane Phospholipds

• Begin with phosphatidic acid
(microorganisms) or 1,2 Diacylglycerol
(mammals)

• Both activate precursors using CTP
• Bacteria use phosphatidate and attach 

head group to C-3 phosphate group
– Make CDP-diacylglycerol from CTP and 

phosphatidic acid
• Mammals use CDP-alcohol and attach 

head group to diacylglycerol
– Make CDP-alcohol from CTP and choline or 

ethanolamine

Glycerophospholipid Biosynthesis requires 
Activation by CTP

Lipid Biosynthesis

bacteriamammals

Example:

Attach head group by condensation here:

Lipid 
Biosynthesis

• Phosphatidyl-serine is made “backwards” from 
phosphatidyl-ethanolamine or phosphatidyl-choline via 
head-group exchange reactions.
• catalyzed by specific synthases
• pathway “salvages” the choline

Synthesis of Phosphatidyl-
choline, -ethanolamine, and -

serine and in Mammals

Mammals use 
CDP-alcohol

• Alcohols are activated 
(phosphorlyation) then 
attached to CMP.

• CDP-alcohol is used 
to couple this to 
diacylglycerol

Phosphatidate

Lipin
Diacylglycerol

Eugene P. Kennedy
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Lipid Biosynthesis
Synthesis of Phosphatidyl-choline, -ethanolamine, -serine, 

-inositol, and -diglycerol in Yeast
“Bacterial” pathways

“Mammalian” 
pathways

Head-group 
exchange reactions 
that interconvert PE, 
PS, & PC in 
mammals are not 
shown.

dihydroceramide
desaturase 1

O2

2H2O • Sphingosine comes from amino acids + fatty 
acids; serine + palmitate
• Condensation of palmitoyl-CoA and serine, 

forms β-ketosphinganine
• Reduction, acylation, oxidase yields N-acyl-

sphinganine (a ceramide).

Synthesis of Sphingolipids
Lipid Biosynthesis



7

ANABOLISM II:  
Biosynthesis of 
Fatty Acids & 

Lipids

ANABOLISM II:  Biosynthesis 
of Fatty Acids & Lipids

Fat 
Catabolism

Fatty Acid 
Degradation

Ketone body 
Utilization

Fatty Acid 
Synthesis

Lipid
Biosynthesis

Isoprene
Biosynthesis
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ANABOLISM II:  Biosynthesis 
of Fatty Acids & Lipids

1. Biosynthesis of fatty acids
2. Regulation of fatty acid degradation and synthesis
3. Diversification of fatty acids

a. Elongation/desaturation
b. Eicosanoids (Prostaglandins and Thromboxane)

4. Assembly of fatty acids into triacylglycerol and 
phospholipids

5. Metabolism of isoprenes
a. Ketone bodies and Isoprene biosynthesis
b. Isoprene polymerization

i. Cholesterol
ii. Steroids & other molecules
iii. Regulation
iv. Role of cholesterol in human disease

Cholesterol and Steroid Biosynthesis
Fates of Acetyl CoA

Amino acids
Amino 
acid (L)

(HMG-CoA)

1. Oxidation to CO2
2. Lipid metabolism
3. Amino acid metabolism

1. Oxidation to CO2
2. Lipid metabolism

1. Fatty acids
2. Ketone bodies & cholesterol

3. Amino acid metabolism

③

②
①

③
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Cholesterol and Steroid Biosynthesis
“Fat burns in the flame of sugar”

Pyruvate

CO2

NADH

Fatty Acids

NADH FADH2Acetyl-CoA
Ketone 
Bodies

Pyruvate

Citrate

Oxaloacetate

Malate

Fumarate

Succinate

Succinyl-CoA

a-Ketoglutarate

Isocitrate

Ketone Body Biosynthesis
Cholesterol and Steroid Biosynthesis

• The first step is reverse of the last 
step in the b oxidation: thiolase
reaction joins two acetate units.
• A third acetyl-CoA is incorporated in 

the second step.
• Together, two CoASH are freed from 

three acetyl-CoA.
• In the liver, this synthesis occurs 

regardless of excess acetyl-CoA
• Also synthesized from Leucine
• HMG-CoA is a metabolic junction
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Ketone Body Biosynthesis
Cholesterol and Steroid Biosynthesis

• In order to traffic to other tissues, CoA 
must be removed. This is done by 
removing as acetyl-CoA leaving 
Acetoacetate.  This along with Acetone
and b-hydroxybutyrate can then travel 
through the blood to other tissues for 
energy (catabolism).
Ø In the mitochondria

• Acetone is removed as a gas and 
exhaled (although some species or 
tissues can metabolize acetone), but 
acetoacetate and b-hydroxybutyrate can 
traffic to the heart, kidney, muscle, and 
adapted brain for use in energy 
production.

Cholesterol and Steroid Biosynthesis
Liver as a fuel 

source: Ketone 
Bodies & Glucose

In mitochondria 
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Ketone Body Biosynthesis
Cholesterol and Steroid Biosynthesis

HMG-CoA & ketone bodies:  

From HMG-CoA
4.5’

Cholesterol and Steroid Biosynthesis
Liver as a fuel 

source: Ketone 
Bodies & Glucose

In mitochondria 



12

Cholesterol and Steroid Biosynthesis
Fates of Acetyl CoA

Amino acids
Amino 
acid (L)

(HMG-CoA)

• Nearly all the remaining 
lipids have a chemical 
relationship, and their 
biosynthesis are built on, 
the 5-carbon isoprene unit

• Isoprene is made through the 
intermediate, mevalonate, which 
is derived from HMG-CoA

1912-2000
Nobel Prize 1964

Konrad Bloch

1. Oxidation to CO2
2. Lipid metabolism

1.Fatty acids
2.Ketone bodies & cholesterol

3. Amino acid metabolism

Cholesterol and Steroid Biosynthesis
Cholesterol:  what is it, and what does it do?  Do we need to be afraid?

5’
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Cholesterol and Steroid Biosynthesis
Formation of 
Mevalonate 

from HMG-CoA
•HMG-CoA (from 3 
acetyl-CoAs) is 
reduced to form 
mevalonate.

•HMG-CoA reductase
is a common target of 
cholesterol-lowering 
drugs; called Statins

IN THE CYTOSOL


