
X  =  H     Phosphatidic Acid

X  =  sugar     Glycolipid

1.)  Energy storage (FAs) - our 
 primary reserve

2.)  Biological Membranes
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O
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O
O

R1
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O

O
O

Roles of Lipids

See slides on how we 
acquire lipids from diet or 
how we manufacture 
them (e.g., in the liver). 
We store them in adipose 
tissue.

Fats

R2

O
O

O
O

R1

O

X

Fatty Acid 
Arms

Phosphate

O
R3

or a Phospholipid (Membrane Lipid)

Complex Lipid 
e.g., Triacylglyceride

Fat is stored this way 
(for later use in energy 
generation)

glycerol 
backbone

3.) Signaling (e.g., steroid 
 hormones)

HO

OH

Estradiol

-- Lipids  =  Small hydrocarbons 
 (often amphiphilic)

-- So far in 5.07 - carbohydrate 
 metabolism

-- Get 36-38 ATPs

-- Lipids:  Sometimes made of Fatty 
 Acids (FA)

Stages of FA Catabolism Stages (continued)

1.)  FA  FAcyl CoA (cytoplasm)

2.)   FAcyl CoA  Mitochondrion 
 (site of β-oxidation)

3.)  β-oxidation  to Acetyl CoA

4.)  Special Endings of FA Catabolism
a.)  Odd chain numbered FAs

b.)  Unsaturated FA (getting double 
bond in the right place for oxidation) 
- tricky because most unsaturated
FA have cis-double bonds

O
O Much 

More ATP
(more reduced)Fatty Acid

(16:0) = Palmitate

O
OH

OH

OH
HO

OH 6 CO2

e 1/2 O2 + 2 H

H2O

1.) Formation of FAcyl CoAs
Need to make thio-ester for FA to be oxidizable 

(same principle as AcS CoA)

FAcyl CoA Synthetase

R CH2 C

O

O
R CH2 C

O

O

+ ATP

R CH2 C
SCoA

O

AMP +

(or ligase)
*

Synthetases involve a nucleotide

Energy 
Investment

= inorganic pyro-

HSCoA

AMP

IP

H2O
2 Pi

FAcyl CoA

IP

note that you break a 
second high energy 

bond here!

phosphorylase; 
makes the reaction 

irreversible

- Thioester
- pKa favorable

for chemistry!
Good Leaving 
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C C C
SCoA

O

2. Entry of FAcyl CoA into Mitochondrion

N

CH2

HC O

CH2

CO2

Carnitine

C

H

FA goes 
here

Cytoplasm IMS

FAcyl CoA 
synthetase

FAcyl CoA

HSCoA

C OH

OH

C O R
O

FA
CAT-I

Regulation of 
FA Catabolism

Carnitine Acyl 
Transferase

CAT-II

*

Fatty Acid Oxidation 
(and TCA) happens 

here

Activities of CAT-I 
and CAT-II regulate 

FA metabolism

MatrixOM IM

HSCoA

FAcyl 
CoA

IMS

Matrix

I
II

III

ETFP

...

...

3. β-Oxidation (Mitochondrial Matrix Reactions)

Palmitate Default
(16:0) FA

R C C C

O

SCoAH H

HH

ETFP

B
FAD FADH2

FAcyl 
CoA DH

QH2Q ETC
contains FAD 
and an [FeS]

in Mitochondrial 
Inner Membrane

H

R

H

R C C C

O

SCoA
H

H

B
H OH

Enoyl CoA 
Hydratase

t-Δ2-enoyl CoA

R C
H
C C

O

SCoAH

H

3-OH FAcyl
CoA DH

NAD
NADH

OH
B

R C
H
C C

O

SCoAH

O

3-Hydroxyl FAcyl CoA 3-ketoAcyl CoA

β-Keto 
Thiolase

C
O

SCoA
H3C

Acetyl CoA

SCR

O

SH
B

βKT

With this written out -- look at the TCA cycle 
reactions, starting with:
Succinate                  OA  same chemistry!

HSCoA

VERY reversible

β-KT 
regenerated

+ R C

O

SCoA

FAcyl CoA 
(n-2 units)

Next 
cycle

When we talk about ketone body formation, 
come back and look at this step

O
SCoA

7 rounds
8 AcCoA  (12 x 8 = 96 ATP)
7 FADH2   (14 ATP)
7 NADH   (21 ATP)

131 ATP (minus the 2 ATP at

-- mitochondrion is the site of β-oxidation

βKT

FAcylCoA Synthase)

β-Keto 
Thiolase

SCR

O
βKT

HS
βKT
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