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Constituent AH((kJ - ¢ ! dry weight)
Carbohydrate 16

Fat 37
Protein 17




of lipids

1-Palmitoyl-2,3-dioleoyl-glycerol

hn Wiley & Son:

sterols

R, =OH Cholic acid Chenodeoxycholic acid

Ry, =NH—CH,— COOH Glycocholicacid Glycochenodeoxycholic acid
Ry =NH—CH;—CH;—SO03H Taurocholicacid Taurochenodeoxycholic acid
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drolyzed before they are
s are responsible for the
y acid ester bonds in

fatty acids and glycerol
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1-Palmitoyl-2,3-dioleoyl-glycerol



colytic intermediate,
phate (DHAP)

CH,OH ATP ADP CH,OH NAD" NADH + H' CH,0H

| | |
HO—C—H \\ / » HO—C—H \\ / - C=0

| glycerol | i glycerol-3- | 5|

CH2OH kinase CH2— O —PO3 phosphate CH2_ O —PO3

dehydrogenase
L-Glycerol L-Glycerol- Dihydroxy-
3-phosphate acetone

phosphate






Catalytic triad

The catalytic
mechanism

Of lephollpdu Az

Tetrahedral
intermediate
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Intestinal fatty acid-binding
protein in complex with
palmitate

Facilitates the absorption
of lipids by cells lining
the small intestine (intestinal
mucosa)




by the blood as lipoproteins.

es of lipid and protein. They are
consisting of a non-polar core of
lesterol esters surrounded by an
protein, phospholipid and cholesterol.
five classes of lipoproteins.

Cholesteryl ester

Phospholipid
Unesterified cholesterol
Apolipoprotein B-100
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; Diagram of low
4 | density lipoproteins (LDL), the
& | major cholesterol carrier in
the blood




_ Characteristics of the Major Classes of Lipoproteins in Human Plasma

Chylomicrons VLDL IDL LDL HDL
Density (g - cam™d) <0.95 <1.006 1.006-1.019 1.019-1.063 1.063-1.210
Particle diameter (A) 750-12,000 300-800 250-350 180-250 50-120
Particle mass (kD) 400,000 10,000-80,000 5000-10,000 2300 175-360
% Protein“ 1.5-25 5-10 15-20 20-25 40-55
% Phospholipids” 7-9 15-20 22 15-20 20-35
% Free cholesterol” 1-3 5-10 8 7-10 3-4
% Triacylglycerols® 84-89 50-65 22 7-10 3-5
% Cholesteryl esters® 3-5 10-15 30 35-40 12
Major apolipoproteins A-l, A-ll, B-48, C-l, B-100, C-l, C-ll, B-100, C-1, C-ll, B-100 A-l, A-ll, C-l, C-lI,
C-ll, Cll, E C-lll, E c-lil, E C-lll, D E

“Surface components
bCore lipids.
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lipoprotein surfaces.

Structure of human
apolipoprotein A-I|
(apoA-l,
homotetramer)

Helical wheel projection
of the amphipathic o helix
constituting residues 148 to
164 of apoA-I




Intestinal mucosal cells convert dietary fatty acids to
triacylglycerols and package them into lipoproteins called
chylomicrons, Chylomicrons are released into the
intestinal lymph and from there are transported to large
veins. The blood then delivers chylomicrons throughout
the body.

VLDLs, IDLs and LDLs are synthesized by the /iver to
transport endogenous triacylglycerols from liver to
tissues. HDLs transport lipids from the tissues
back to the liver,



Dietary fat
Endogenous
cholesterol

Liver

Plasma
triacylglycerol
and
cholesterol
transport
in humans

Large <
lipid
droplets

Small Cholesterol-

intestine fich ]
chylomicron

remnants

Triacylglycerol wreeaf
Micelles

Intestinal

Muscle cells

vessel —> Exogenous pathway
—> Endogenous pathway

Intestinal
lymph

Fatty acids
Chylomicrons
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adipocytes are mobilized by the
lipase. The free fatty acids are
am, where they bind to albumin.

X-Ray structure of
human serum
albumin in
complex with 7
molecules of
palmitic acid



acids

g that fatty acids are
t their 3-carbon atom

Fatty acid fed Breakdown product Excretion product
! | 2
@—CH;—(CH,CHZ),,—CHZ —c// @ 7 _ @— I —NH —CH, — COOH_
\ R o
R (n+1)C, Glycme residue
0dd-chain fatty acid Benzoic acid Hippuric acid
! | i
<©>—cuz—cu2 — (CH,CH,),— —c ﬁ_' @ —c @— —C—NH —CH, — COOH
°"' (n+1)C, Glycmevreﬂdue
Even-chain fatty acid Phenylacetic acid Phenylaceturic acid
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0- R—C—SCoA

Fatty acid ﬁ fl) Acyl-CoA
5 T» R—C—(\O—I'i'-—-o—Adenosine +
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2P;
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Reaction occurs in the ER or outer mitochondrial membrane




itk 1
+
(CH3)sN—CH,—CH—CH,—COO0~ 4+ R—C—SCoA

Carnitine (4-trimethylamino-
3-hydroxybutyrate)

L carnitine palmitoyl transferase

4 |
(CH3)sN—CH;—CH—CH,—CO0~ +  H—SCoA

Acyl-carnitine

©2008 John Wiley & Sons, Inc. All rights reserved.

> mitochondria:
a fatty acyl carnitine



mitochondrion

Matrix

Inner
mitochondrial
membrane

Cytosol

(o) (o)
R-C-SCoA Carnitine < Carnitine R-C-SCoA
carnitine Carnitine carnitine
1] palmitoyl carrier protein palmitoyl 3
transferase | . transferase ll
H=5CoA R-C-Carnitine R-C-Carnitine H=5CoA
(0] o
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Fatty acyl-CoA

FAD
acyl-CoA
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('>CH3 —(CH2)p— (I:B—' (l:a— C—SCoA

ETFred
1 ol 5
dehydrogenase (AD)
ETFox

FADH,
H O

H
trans-A2-Enoyl-CoA

2 H20

(o)

Il
CH3z— (CHo)p— f— CH;—C—

OH
3-L-Hydroxyacyl-CoA
NAD*

3

NADH +
0 o
Il I

CH3— (CHy)p—C—CH;—C—

B-Ketoacyl-CoA

enoyl-CoA hydratase (EH)

[
CH3—(CHalp— € =C —C—SCoA

SCoA

3-L-hydroxyacyl-CoA
dehydrogenase (HAD)

Ht

SCoA

4} CoAsH
B-ketoacyl-CoA thiolase (KT)

o

o

I I
\— CH3—(CHg)y—C—SCoA + CH3—C—SCoA

Fatty acyl-CoA
(2 C atoms shorter)
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Acetyl-CoA

ETF: ubiquinone

oxidoreductasegy QH; Mitochondrial
6 7 8 electron

ETF: ubiqui transport

TF: ubiquinone Q hale

lo
oxidoreductaseeq 7N SR
2ADP 2ATP
+ 2P;

Catabolism of an even-numbered
oA in the

saturated fatty acyl-

matrix of the mitochondrion:

four core reactio
p-oxidation

of
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u I:-cuz— C— SCoA «—> CHy=C— SCO;I
)
I
H3C—C—SCoA
Acetyl-CoA

)
S—C—O

3

Enzyme—thloester intermediate

]kms —H

TN

S—C—O'

4

E|3H+ + R— C—SCoA Acyl-CoA
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Mechanism of action
of p-ketoacyl-CoA
thiolase



Fatty acid oxidation is exergonic.

Example: C,, fatty acid (palmitic acid): involves seven
rounds of 3-oxidation, yielding 7 FADH,, 7 NADH, and 8
acetyl CoAs. Oxidation of the 8 acetyl CoAs yields 8 GTP,
24 NADH, and 8 FADH,. Ox/Phos of the 31 NADH
gives 77.5 ATP, and 22.5 ATP are generated from the 15
FADH,.

2 ATP equivalents are subtracted for fatty
acyl-CoA formation.

Thus, the complete oxidation of palmitic acid gives a
net yield of 106 ATP.



acids

Oleic acid
(9-cis-octadecenoic acid)

Linoleic acid
(9,12-cis-octadecadienoic acid)
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are needed to



Linoleic acid
2NAD™ + 2FAD + 2CoA-SH
2NADH + 2FADH, + 2acetyl-CoA

8 5

AN AN

FAD

2 rounds of B oxidation

[0}
Il

SCoA

acyl-CoA dehydrogenase

FADH,

i
/\/\/A/%/s\{c\sc A

2,5,8-Trienoyl-CoA

NAD" + CoASH completion of 3,2-aMoyl Co
S p—oxldation round Bomersse

Problem 1:

B,y double bond c
\\SCoA

enoyl-CoA isomerase

SCoA
ANNTTENNAN S
T

one round of B oxidation
+ the first oxidation of
the next round

NAD* + FAD + CoASH
NADH + FADH, + Acetyl-CoA

Problem 2:
A% double bond

—

L — NADPH + H*
— NaDP*

2,4-dienoyl-CoA
reductase
(mammalian)
2,4-dienoyl- ?

CoA reductase /\/\/\/3\/ % +
(E. coli) g

2 SCoA 3 rounds
3,2-enoyl-CoA of B-oxidation
isomerase (mammalian)

o
3 ¢
N /\/\/\4/\2/ Nscod

Continuation of B oxidation
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2NADH + 2FADH2
+ 2Acetyl-CoA

2NADY + 2FAD

Problem 3:
Isomerization

3 ||
/’\~/‘\v/”_‘\/’_“\z/“\¢/ \‘SCoA
3,5,8-Trienoyl-CoA
?,5—2,4—dienoyl-(oA
isomerase
[o]
5 3 ﬂ
\/\/\_/\/\‘/\/ \SCOA
A2, A4, As-Trlonoyl-CoA

"
NADPH +H™ —~ > 4-dienoyl-CoA
NADP*<— reductase

— s C\SCoA

3,2-enoyl-CoA
isomerase
2CoA

\/\/\_/\@t"/j:'/

Biological oxidation
of linoleic acid



o
CH3—CH2—!! —SCoA
Propionyl-CoA
ATP + CO,
propionyl-CoA carboxylase
ADP + Pj

1
'Ozc—?—C—SCoA

CH3
(S)-Methylmalonyl-CoA

' methylmalonyl-CoA racemase

H O
CH3—é—g—SCoA
do;
(R)-Methylmalonyl-CoA
' methylmalonyl-CoA mutase
o
'02C—CH2—CH2—ICI—SC0A
Succinyl-CoA
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Oxidation of odd-carbon
saturated fatty acids



Biotinyl-enzyme
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methylmalonyl-

H
| CoA mutase
?_H <
H

c—? —C Carbon

& skeleton

(R)-Methylmalonyl-CoA
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Succinyl-CoA

o

5’-Deoxyadenosylcobalamin

oMyt N0 (coenzyme B13)
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COy” Ht +
| NADPT NADPH

HO—C—H LJ

C
o0Z Yo"
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Pyruvate

In order for succinyl CoA to undergo net oxidation by the
TCA cycle, it must first be converted to pyruvate and thence
to acetyl CoA.



Ketone bodies are produced by the liver as a means of
distributing acetyl CoA to other tissues in the body. Ketone
body formation is commonly associated with starvation
conditions, where glycogen stores in the body have been
depleted, and fats become the major fuel source. Under these
conditions, brain cells convert to ketone bodies as their fuel
source (normally, only glucose is used by these cells).

(o) o (0
V4 |
H3C—C—CH,—C H3C—C—CHj3
.
o
Acetoacetate Acetone Examples Of
oH ketone bodies
o
H3C—C—CH2—C//
| \0_

H
D-B-Hydroxybutyrate



I I
CH3—C—SCoA +
Acetyl-CoA

1 .
thiolase
H—SCoA -‘i (acetyl-CoA acetyltransferase)

o) (o)
Il Il

CH3—C—SCoA
Acetyl-CoA

CH3—C—CH;—C—SCoA
Acetoacetyl-CoA

Il
H20 & Eag=G—Steh ? hydroxymethylglutaryl-CoA synthase
H—SCoA <— (HMG-CoA synthase)

y
o
'OZC—CHz—?—CHz—C—SCoA

CH3
B-Hydroxy-B-methylglutaryl-CoA (HMG-CoA)

3 hydroxymethylglutaryl-CoA lyase
(HMG-CoA lyase)
o
. Il Il
0,C—CH;—C—CH3 + CH3—C—SCoA
Acetoacetate Acetyl-CoA
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The reactions
of ketogenesis

Acetoacetate can be
reduced by NAD*-linked
B-hydroxybutyrate
dehydrogenase to give
D-B-hydroxybutyrate.

Acetone is produced in
vivo from acetoacetate
by non-enzymic
decarboxylation.



(I)H
CH3— (I: —CHy;—COy™

H
D-B-Hydroxybutyrate

NAD*
B-hydroxybutyrate dehydrogenase

NADH + H*

I
CH3—C—CHy;—COy™
Acetoacetate o

I
"02C—CH;—CHy;—C—SCoA
Succinyl-CoA
3-ketoacyl-CoA transferase

"0,C—CHy;—CH;—CO05
Succinate

Mo
CH3—C—CH;—C—SCoA
Acetoacetyl-CoA

H—SCoA
thiolase

0

Il
2 CH3—C—SCoA
Acetyl-CoA
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Metabolic conversion
of ketone bodies to
acetyl CoA in the
peripheral tissues



—Fatty acyl-CoA (Cp 42)

FAD
FADHzD
Enoyl-CoA
H20 —

3-.-Hydroxyacyl-CoA

NAD?
NADH +H*

A

B-Ketoacyl-CoA

CoA
Acetyl-CoA
\—— Fatty acyl-CoA (Cp)

B Oxidation

Occurs in mitochondrion

© 2008 John Wiley & Sons, Inc. All rights reserved.

CoAis acyl
group carrier

FAD is electron
acceptor

L-B-Hydroxyacyl
group

NAD% is electron
acceptor

C> unit product
is acetyl-CoA

Biosynthesis

and biosynthesis

Occurs in cytoplasm

ACPis acyl
group carrier

NADPH is
electron donor

p-B-Hydroxyacyl 3.p-Hydroxyacyl-ACP

group

NADPH is
electron donor

C2 unit donor
is malonyl-CoA

Fatty acyl-ACP (Cp, +2) —

,— NADP*
N— NADPH +H*

Enoyl-ACP

,—~ NADP*
N— NADPH +H'

B-Ketoacyl-ACP

|~ CoA +CO,
N— Malonyl-CoA

Fatty acyl-ACP (C;) ~——




Mitochondrion

Cytosol

Inner (o0

(I:oz_ mitochondrial membrane (:_.Hz
CH, 9 Q HO—C—COy~

HO—C—COy” Citrafe m:;':::g: L2, Citrate CH,

%Hz system (I:oz-

Coy~ | — ATP + H—SCoA

ATP-citrate lyase

citr:te— s?:\::ase AR CI_-I = eten

co,

CH3— g —SCoA J Oxaloacetate (|:= o

Acetyl CoA

=
?= & Oxaloacetate
i
COx~

ADP + Pj

pyruvate carboxylase

HCO3™+ ATP

COy™

|
C

it
CO,

- NADH + H*
malate dehydrogenase

NAD*

co,

Malate HO—C—H
Hy

lox-

NADP*
malic enzyme

NADPH +COy

=
=0

| =0 pyruvate
CH3

=
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Pyruvate [
CH3

acety

Transport of
mitochondrial
| CoA into the
cytosol for fatty
acid synthesis:
The tricarboxylic
acid transport
system
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0 co; O
CH3—C—SCoA + H—SACP CHz—C—SCoA + H—SACP

A«tyl-ColI\ i ; Malonyl-CoA
malonyl/acetyl- -CoA-
H—5CoA~| Con ACP 7T s ::Li:!:,llaacsee?nln:# Ac
fIJtransacylase (MAT) "505 ﬁ
CH3 —C—SACP CH—C—SACP
Acetyl-ACP Malonyl-ACP
H—S—E h

2a

H—SACP

| B-ketoacyl-ACP
synthase (KS)

i
, CHs— E

H
2b
CO; + H—S—E

-

I 1
CH3— C— CHy— C— SACP
Acetoacetyl-ACP

H* + NADPH
D B-ketoacyl-ACP reductase (KR)
NADP*

w

CH3— % - cuz—g —SACP
B
D-B-Hydroxybutyryl-ACP
Hs0 ‘_4/1 B-hydroxyacyl-ACP dehydrase (DH)
15
CH3—C=C—C—SACP

H
a,B-trans-Butenoyl-ACP

H* + NADPH

5] enoyl-ACP reductase (ER)

NADP*

o
Il
CH3—CHy—CH—C—SACP
Butyryl-ACP
recyle Reactions

2a-5
six more times

after 7 reaction cycles

CH3CHy—(CHa)y3— C— SACP
Palmitoyl-ACP
H,0 41 palmitoyl thioesterase (TE)
0

CH3CH2—(CH2)13—g—O' + H—SACP
Palmitate
© 2008 John Wiley & Sons, Inc. All rights reserved.

Summary of the
reactions in the
biosynthesis of
the C,, saturated
fatty acid,
palmitic acid



CoA carboxylase catalyzes
acid biosynthesis and one of its
ling steps.

1
CH3; —C—SCoA

HCO3™ +ATP ADP +P; Acetyl-CoA o
E —biotin \4} > E—biotin—CO3~ A > ‘ozc—cuz—lcl—SCoA + E— biotin
Biotinyl- Carboxybiotinyl-enzyme Malonyl-CoA

enzyme

© 2008 John Wiley & Sons, Inc. All rights reserved.

The mammalian enzyme is subject to allosteric
and hormonal control.




a cytosolic multifunctional
Ical polypeptide chains;
reactions of FA biosynthesis

atty acid is anchored to acyl-carrier protein (ACP),
COA, contains a phosphopantetheine group that forms
a thioester with an acyl group.

H H OH CH3

I I || II
Hs—cuz—cuz—N—c—cuz—cuz—N—ﬁ—?—cl—cuz—o—|I> O—CH—Ser—ACP
> Il 3
Cysteamine O O H CH3 o

Phosphopantetheine prosthetic group of ACP

H H OH CH3 o
I I || II I

HS —CHy—CHy—N— C—CH;—CH;—N—C—C—C—CH;—0—P—0—P—0—CH; _O__Adenine
1 | I I

Cysteamme o O H CH; o~ o ) H H !

Phosphopantetheine group of CoA “203P0  OH

© 2008 John Wiley & Sons, Inc. All rights reserved.




Mammalian FA synthase: Order of enzymatic activities along the
polypeptide chain of a monomer: KS = f-ketoacyl-ACP synthase; MAT =
malonyl/acetyl-CoA-ACP transacylase; DH = -hydroxyacyl-ACP
dehydratase; ER = enoyl-ACP reductase; KR = 3-ketoacyl-ACP reductase;
TE = palmitoyl thioesterase

fys - SH

SH
Pantetheine

N - KS DH

a>

Dimerization - KR L TE —C

© 2008 John Wiley & Sons, Inc. All rights reserved.

X-ray structure
of porcine FA synthase



human FAS dimer as
s 2-fold axis




0 co; O
CH3—C—SCoA + H—SACP CHz—C—SCoA + H—SACP

A«tyl-ColI\ i ; Malonyl-CoA
malonyl/acetyl- -CoA-
H—5CoA~| Con ACP 7T s ::Li:!:,llaacsee?nln:# Ac
fIJtransacylase (MAT) "505 ﬁ
CH3 —C—SACP CH—C—SACP
Acetyl-ACP Malonyl-ACP
H—S—E h

2a

H—SACP

| B-ketoacyl-ACP
synthase (KS)

i
, CHs— E

H
2b
CO; + H—S—E

-

I 1
CH3— C— CHy— C— SACP
Acetoacetyl-ACP

H* + NADPH
D B-ketoacyl-ACP reductase (KR)
NADP*

w

CH3— % - cuz—g —SACP
B
D-B-Hydroxybutyryl-ACP
Hs0 ‘_4/1 B-hydroxyacyl-ACP dehydrase (DH)
15
CH3—C=C—C—SACP

H
a,B-trans-Butenoyl-ACP

H* + NADPH

5] enoyl-ACP reductase (ER)

NADP*

o
Il
CH3—CHy—CH—C—SACP
Butyryl-ACP
recyle Reactions

2a-5
six more times

after 7 reaction cycles

CH3CHy—(CHa)y3— C— SACP
Palmitoyl-ACP
H,0 41 palmitoyl thioesterase (TE)
0

CH3CH2—(CH2)13—g—O' + H—SACP
Palmitate
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Summary of the
reactions in the
biosynthesis of
the C,, saturated
fatty acid,
palmitic acid



o
O .
L CH - C—S—AcP

Malonyl-ACP

CcOo, 4

— o-

I
CHy=C—S—ACP
0

CH;—C—S—ACP

— B

H3C—C—S—Cys—KS &
IR H

(o)

HS —Cys—KS

(o)

I
H3C—IC—CH2—C—S—ACP
Acetoacetyl-ACP
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The mechanism of carbon-carbon
bond formation in fatty acid
biosynthesis; decarboxylation of
a f-keto thioester



co; O

B-ketoacyl-ACP

i  synthase (KS)

Il
CH3—C—S—E

Wt
2b
CO2 + H—S—E

-

I} Il
CH3— C—CHy—C—SACP
Acetoacetyl-ACP
H* + NADPH

5 3) B-ketoacyl-ACP reductase (KR)
NADP

e
CHy—C—CHy—C—SACP
E
D-B-Hydroxybutyryl-ACP
Hy0 4_51 B-hydroxyacyl-ACP dehydrase (DH)
18
CHz—C=C—C—SACP

H
a,B-trans-Butenoyl-ACP

H* + NADPH

. 5] enoyl-ACP reductase (ER)
NADP

o
]
CH3—CHy—CHy— C— SACP
Butyryl-ACP
recyle Reactions

2a-5
sixmore times | after 7 reaction cycles

i
CH3CHy;—(CH3)13—C—SACP
Palmitoyl-ACP
Hzox‘l palmitoyl thioesterase (TE)
0

CH3CH2—(CH2)13—2—O_ + H-—SACP
Palmitate
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Il
CH3—C—SCoA + H—SACP CHy;—C—SCoA + H—SACP

transacylase (MAT)

Acetyl-CoA Malonyl-CoA
1a | malonyl/acetyl- 1 -CoA-
e CoA-AZP ty R b | malonyl/acetyl-CoA-ACP
ﬁtramsa«:ylase (MAT) co; O
CH3 —C—SACP CHy—C—SACP
Acetyl-ACP Malonyl-ACP
H—S—E A
2a
H—SACP

The fatty acid synthase
reaction cycle

Note that fatty acid biosynthesis
occurs from the methyl terminus to
the carboxyl terminus (opposite
to the direction of B-oxidation)



Palmitic acid (C,,, saturated) is the major fatty acid produced
by cytosolic fatty acid synthase. This product is elongated by
elongases which are present in mitochondria and the ER.

Mitochondrial elongation: occurs by successive addition
and reduction of acetyl units in a reversal of $-oxidation

ER elongation: occurs by successive condensations of
malonyl CoA with acyl CoA (similar to the FA synthase route)



Il Il
R—CH;—C—SCoA + CH3—C—SCoA
Acyl-CoA (C,) Acetyl-CoA

H—SCoA thiolase
o}
Il Il
R—CHy;—C—CHy;—C—SCoA
B-Ketoacyl-CoA

H™ + NADH 3-L-hydroxyacyl-CoA MH‘OChOﬂdrial fa*w aCid
NAD* <] dehydrogenase elonga*‘on

H (0]
R—CHz—clz—CHz—Icl—SCoA
o This process is the reverse
L-B-Hydroxyacyl-CoA of B-oxidation except for
Hz°‘/1m°v'-C°A hydratase the final reaction which employs
H oo NADPH rather than FADH,.
R—CHz—?=C—C—SCoA

H
o,B-trans-Enoyl-CoA

H* + NADPH
enoyl-CoA reductase

NADP*

N R Oy CHy — CHy—C—SCo
Acyl-CoA (C,,, 5)
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Unsaturated fatty acids are produced by terminal desaturases. In
mammalian systems, there are four terminal desaturases of broad
chain-length specificities designated A%, A%-, AS-, and A%-fatty
acyl-CoA desaturases.

H H (0

|| |
CH3—(CH2)X—c|:—c|:—(CH2)y—c—SCoA + NADH + H* +0,

General reaction

H H
1 catalyzed by
ﬁ terminal
CH3—(CH2)X—?=(|Z—(CH2)y—C—SCoA +2H,0 + NAD desaturases
H H

© 2008 John Wiley & Sons, Inc. All rights reserved.

X is at least five and (CH.), can contain one or more double bonds;
the (CH,), portion of the substrate is always saturated.



ediated by the A°-

ase complex

Stearyl-CoA + 2H"' + O, desaturase,.q 2cyt by (0x) E-FADH, NAD
18:0-CoA) 7

NADH-—-cytochrome

bs reductase

Oleyl-CoA + 2H,0O desaturase,, 2cyt b5 (red) E-FAD NADH + H*
(A%-18:1-CoA) 2Fe3+




Palmitate biosynthesis

Reactants: 1 acetyl CoA + 7 malonyl CoA + 14 NADPH + 7 H*
Products: 1 palmitate + 7 CO, + 14 NADP* + 8 CoA + 6 H,O

To generate 7 malonyl CoA: 7 acetyl CoA +7 CO, + 7 ATP
give 7 malonyl CoA+ 7 ADP +7 P, + 7 H*

Overall:

8 acetyl CoA + 14 NADPH + 7 ATP gives 1 palmitate +
14 NADP+ + 8 CoA+ 6 H,O + 7ADP + 7 P,



dihydroxyacetone

Il
CH,—OH phosphate CHy;—O0—C—R
é=o acyltransferase ‘|:= o
| |
CH;—0—PO3>~ ] N CH;—0—PO32"
Dihydroxyacetone R—C—SCoA H—SCoA Acyl-dihydroxyacetone
phosphate phosphate
NADH + Ht NADPH + Ht
lycerol-3-phosphate acyl-dihydroxyacetone
geyhy;roge‘:nas:p phosphate reductase
+
i NADP
it
CH,—OH glycerol-3-phosphate $H2—o— C—R
Ot i acyltransferase HO—? —H
tH—0—po>- N CH;—0—PO32-
Glycerol-3- R—C—SCoA HTSCoA Lysophosphatidicacid
phosphate o

1]
R'—C—SCoA
1-acylglycerol-3-phosphate
acyltransferase
H—SCoA

i
0 CH;—O0—C—R

Phospholipids R'—C—o—f —H
CH;—0—PO032"
Phosphatidic acid
phosphatidic acid
phosphatase
Pj
0
o CH,—OH 2-monoacylglycerol o CHy—0—C—R
sl oLy acyltransferase Gl b
| or G T
CH,—OH I} HWSC a CH,—OH
2-Monoacylglycerol B=SG3Coh = Diacylglycerol
(from intestinal digestion) ﬁ
R"—C—SCoA
diacylglycerol acyltransferase
H— SCoA
i
tl) CH;—0—C—R
R'—C—0—C—H I(I)
Triacylglycerol CH;—O0—C—R’
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Enzyme reactions that
convert fatty acids to
triacylglycerols

These reactions occur
in mitochondria, the ER, or
peroxisomes.



Triacylglycerols

L

Membrane lipids <:I Fatty acids
, AN I
fatty acid synthesis B oxidation

- EED Summary of
"~ @D lipid metabolism

e

Cholesterol Acetyl-CoA Ketone bodies

S

oxidative phosphorylation
citric - MA,
acid §>
cycle - da
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@® Activation

Fatty acid biosynthesis I

@ Inhibition
—» Under long-term
regulation
Inhibited by AMP- and Citrate ™
cAMP-dependent
phosphorylation Acetyl-CoA
- // | Acetyl-CoA
Activated by carboxylase
insulin-dependent =
dephosphorylation Malonyl-CoA —
fatty acid
synthase
Palmitate
Y
Palmitate
Smooth St ¢
ER earate
// Oleate

Triacylglycerol

Triacylglycerol

transport Very low density

lipoprotein (VLDL)

Fatty acid oxidation

Hepatocyte (liver cell)

Mitochondrion

Ketone
bodies

Acetyl-CoA

Fatty acyl-CoA

Fatty acyl-CoA

Fatty acid

Fatty acid
transport

Fatty acid
albumi‘n complex

Fat storage

Adipocyte
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Triacylglycerols

Fatty acid release
from adipocytes
into bloodstream

sensitive"
lipase

Activated by
cAMP-dependent
phosphorylation

Sites of
regulation
of fatty acid
metabolism

Long term regulation
(hours/days) involves
altering the amount
of enzyme present,
either through
changes in the rates
of protein synthesis
and/or breakdown.



f other lipids

Cholesterol and prostaglandins



CH3

CHy=C—CH=CH> c—C—C—C

Isoprene An isoprene unit
(2-methyl-1,3-butadiene)
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0 0
| I

CH;—C—SCoA + CH3—C—SCoA

Acetyl-CoA Acetyl-CoA
1 .
thiolase
Wl ‘ (acetyl-CoA acetyltransferase)

o) 0
I Il

CH3—C—CHy;—C—SCoA
Acetoacetyl-CoA

|
H20 + CH3—C—SCoA 2 | hydroxymethylglutaryl-CoA synthase

(HMG-CoA synthase)

H—SCoA <—

/

OH (I'I)

I
~0,C— CHz—CII—CHz—C—SCoA

CH3
B-Hydroxy-B-methylglutaryl-CoA (HMG-CoA)

3 hydroxymethylglutaryl-CoA lyase
(HMG-CoA lyase)

o (o)
Il

Il
"05C—CH;—C—CH3 + CH3—C—SCoA

Acetoacetate Acetyl-CoA
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HMG-CoA is a
key cholesterol
precursor; it is an
infermediate in
ketone body
formation.



HO  C
/
\C

H,olz/ \Cﬂz—ﬁ—SCoA
C
07 o
HMG-CoA
2 NADPH

H3

HMG-CoA (1
reductase 2 NADP*

CoA

HO_  CH;

C
Hzi/ \cuz—cuz—orl

s i )

Mevalonate

ATP
mevalonate-5- (5
phosphotransferase ADP

SN

Phosphomevalonate

phosphomevalonate (3 e
kinase ADP

HO_ CH;
= T
Ha cuz—cuz—o—i—o—i—o
! . _
)

5-Pyrophosphomevalonate

pyrophospho- ATP
mevalonate | 4

decarboxylase ADP +P;j+CO,
g

(o] (o]

< I

7 =
Hy? CHy—CH;—0—P—0—P—0

Isopentenyl pyrophosphate
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Formation of
isopentenyl
pyrophosphate from

HMG-CoA



pyrophospho-

mevalonate
I Il _ decarboxylase Il I
3—CH,—CH,—0—P—0—P—0 w > CH,=C—CH,—CH,—0—P—0—P—0
o~ o~ CH, o~ o~

CcO,

H>C

Isopentenyl pyrophosphate

isopentenyl
pyrophosphate
isomerase

Dimethylallyl pyrophosphate
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Isopentenyl
pyrophosphate

Mechanism of isopentenyl
pyrophosphate isomerase



)\/\o—ca—@ + /k/\o—ce—@

Dimethylallyl Isopentenyl

pyrophosphate pyrophosphate
prenyltransferase
(head to tail)

Wf’—@ °

Geranyl pyrophosphate

prenyltransferase
(head to tail)

Farnesyl pyrophosphate

NADPH ®—@— R
squalene syntha@f—
(head to head)

NADP* + 2 PP;

Farnesyl pyrophosphate

Squalene
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Formation of
squalene from
isopentenyl
pyrophosphate and
dimethylallyl
pyrophosphate



Scheme |
lonization—condensation—elimination

Sn1

M()@@L &}A
|

O—

H+

Scheme ||
Condensation—elimination

Sn2

_®®4L,

Two possible
mechanisms for
the
prenyltransferase
reaction



Action of
squalene

synthase

Presqualene
pyrophosphate

NADP* + PP,




NADPH NADP*

+0, \/

squalene
epoxidase

Squalene 2,3-Oxidosqualene
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The oxidosqualene
cyclase reaction

Lanosterol is converted
to cholesterol via a 19-step
process in the ER membrane.

Lanosterol



