Chem 352 - Lecture 10
Lipid, Amino Acid, and

Nucleotide Metabolism

Part I: Lipid Metabolism



Introduction

In Lecture 10 we will add some of the
peripheral pathways in metabolism
that lead to synthesis and degradation
three important classes of

biomolecules:
e Lipids
« Amino acids
e Nucleotides
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Introduction

Lipids play many important cellular

roles
» Membrane components (phospholipids, et al.
and cholesterol)
e Fuels (Triacylglycerides)
» Meet long term energy needs in mammals
 Requlators (steroids, eicosanoids)

We will focus on just a couple of key
metabolic pathways.
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Introduction

We will focus on the following

sections from Chapter 16
e 16.1: Fatty Acid Synthesis

¢ 16.6: Synthesis of Cholesterol
e 16.7: Fatty Acid Oxidation

e 16.9: Lipid Metabolism is Regulated by Hormones in
Mammals

 16.10: Absorption and Mobilization of Fuel Lipids in
Mammals

e 16.11: Ketone Bodies Are Fuel Molecules
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Fatty Acid Synthesis

Fatty acids are synthesized by the
repetitive addition of 2 carbon units to
a growing chain.
e Acetyl-CoA is the source of the 2 carbon
units.

* The Acetyl groups are activated by
carboxylating them fo Malonyl groups
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Fatty Acid Synthesis

Fattyv acids are svynthesized by the
0
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Fatty Acid Synthesis
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Fatty Acid Synthesis

In eukaryotes, both the growing chain,
the acetyl group, and the malonyl
group are attached fo an acyl carrier

Phosphopantetheine
group

\\\\\

The Acyl Carrier
Protein resembles
CoA-SH

Acyl carrier protein Coenzyme A
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Fatty Acid Synthesis

In eukaryotes, both the growing chain,
the acetyl group, and the malonyl
group are aHached to an acyl carrler
proi ] ]

©00C—CH,—C—5-CoA H;C —C—S-CoA
Malonyl CoA Acetyl CoA
Malonyl CoA:ACP HS'ACP Acetyl CoA:ACP HS ACP y[ Carrier
transacylase HS-CoA transacylase CHS -CoA| resembles
o) A-SH
| II
S00Cc—CH,—C—S-ACP H;C—C—S-ACP
Malonyl ACP Acetyl ACP
Acyl carrier protein Coenzyme A
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Fatty Acid Synthesis

The ligation of an acetyl group to the
growing chain is coupled to the

decarboxylation of the malonyl group.

CO,
Acetyl CoA (C,) LN Malonyl CoA (C3)
4

4
J
Bacteria/ l l

\ Acetyl ACP (C,) Malonyl ACP (C3)
Sl '\\ Eukaryotes &
( co,

Acetoacetyl ACP (C,)
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Fatty Acid Synthesis

The ligation of an acetyl group to the
growing chain is coupled fo the
decarboxylation of the malonyl group.

O O,
& @ G |
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Fatty Acid Synthesis

The ligation of an acetyl group to the
growing chain is coupled fo the
decarboxylation of the malonyl group.

(—> 3-Ketoacyl ACP (C,)

(C,+2) l Reduction

CO, l Dehydration

Malonyl ACP l Reduction
(C2)

Acyl ACP (C,,)




Fatty Acid Synthesis

The reduction/dehydration/reduction
steps similar to a series of reactions
found in the citric acid cycle, but in
reverse order.

] T |
R1_C_CH2—R2 — R1—(I:_CH2_R2 > R1 CI C Rz — R1—CH2_CH2—R2
H H

Reduction Dehydration Reduction
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Fatty Acid Synthesis
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Fatty Acid Synthesis

The elongation continues until

reaching 16 carbons (palmitic acid).

» The palmitoyl group is cleaved from the ACP
by a thioesterase.

H,O
S

Thioesterase

Palmitoyl-ACP Palmitate (C,;) + HS-ACP

Chem 352, Lecture 10, Part I: Lipid Metabolism 9



Fatty Acid Synthesis

The elongation continues until

reaching 16 carbons (palmitic acid).

» The palmitoyl group is cleaved from the ACP
by a thioesterase.

H,O
S

Thioesterase

Palmitoyl-ACP

Palmitate (C,) + HS-ACP

Acetyl CoA + 7 Malonyl CoA + 14 NADPH + 14 H® —
Palmitate+ 7 CO, + 14 NADP® + 8 HS-CoA + 6 H,0
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AT -
MT -
CE -
DH -
ER -
KR -
TE -

Fatty Acid Synthesis

In eukaryotes, all of the active sites
for fatty acid synthesis are located on
a single polypeptide.

MT
DH ER KR ACP
CE
acetyl transferase
malonyl transferase Cys
condensing enzyme J/
dehydratase H5 SH
enoyl reductase Translocation
B-ketoacyl reductase Ha SH
thioesterase /

Cys

Reduction Condensation

RGP KR « FR: = DH

Palmitate
release Substrate
entry
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Fatty Acid Synthesis

In eukaryotes, all of the active sites

for fatty acid synthesis are located on
a single

AT - acetyl transferase
MT - malonyl transferase
CE - condensing enzyme
DH - dehydratase

ER - enoyl reductase

KR - B-ketoacyl reductase
TE - thioesterase

i T
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Fatty Acid Synthesis

After palmitic acid is synthesized it is
elongated and desaturated to form
other fatty acids

Chem 352, Lecture 10, Part I: Lipid Metabolism 11



Fatty Acid Synthesis

In eukaryotes, the acetyl-CoA for
fatty acid synthesis in the cytosol

comes from the mitochonrial matrix.

 The citrate/pyruvate shuttle is one of the

systems used to move acetyl-CoA out into the
cytosol.
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Fatty Acid Synthesis
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Cholesterol Synthesis

Cholesterols is used to modulate the
physical properties of membranes in

animals

It is also the starting point for the synthesis
of all other steroid molecules

Acetate (C,) —— Isoprenoid (C;) — Squalene (C3) — Cholesterol (Cy7)

e
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Cholesterol Synthesis

Acetate to Isoprenoid

o o
H3C—ﬂ —S-CoA H3C—C—5S-CoA
Acetyl CoA Acetyl CoA
e P §
Acetoacetyl CoA
thiolase
o o o
| | I
CoA-S—C—CH3 H3C—C—CH,—C—S-CoA
Acetyl CoA Acetoacetyl CoA
ol
H,0
HMG - CoA synthase
H* + HS-CoA

OH ﬁ

I
©ooc —CHZ—T—CHz—C—S-CoA

CH,4
3-Hydroxy-3-methylglutaryl CoA (HMG CoA)
2NADPH + 2H®

HMG-CoA @
reductase 2NADP
HS-CoA
OH ATP ADP

CH; kinase

Mevalonate

©00c — CH,—C —CH,—CH,—0—P—0—P —0®

I I |
G-)OOC —CH,—C—CH;—CH,—OH A—L) G)OOC —CH;,—C—CH,—CH,—O0—P —O(9
| Mevalonate

o) o
RN I I
/C—CHZ—CHZ—O— P—O0—P—O

| |

Isopentenyl diphosphate

@
ADP +P; HeO3
Mevalonate-5-diphosphate
ATP decarboxylase

OH o) o)
| | I

| I |
CHs o® o°

Mevalonate-5-diphosphate

ADP Phosphomevalonate
ATP kinase
OH (0]

CH;
Mevalonate-5-phosphate
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Cholesterol Synthesis

Acetyl-CoA —® 3.hydroxy-3-methylglutaryl-CoA

. (HMG-CoA)
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fcetoacetyl-CoA Mevalonic acid “ ‘
0 0) ATP
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H3C—C—S-CoA H3C—C—5S-CoA
Acetyl CoA Acetyl CoA Mevalonate-5-phosphate
,k J Phosphomevalonaie kinase
Acetoacetyl CoA
thiolase H, Mevalonate-5-pyrophosphate
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, od
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HMG -CoA synthase HISPH()SPH()NAH S

B s
o bl ol Geranyl PP
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OOC—CHz—f—CHz—C—S CoA BISPHOSPHONATES
- ©ooc -
3 Geranylgeranyl-PP 4——— Farnesyl-PP
3-Hydroxy-3-methylglutaryl CoA (HMG CoA) Geranylgeranyl- 4 Squalene synthase
2NADPH + 2 H@ PP synthase Squa]er;e ' ’
HMG-CoA
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Cholesterol Synthesis

Statin (anticholesterol) drugs.

HO HO o
coo® Coo
H5C - o
j HO
> coo®|
Z CH, BH
NH o
o) CH3
NH CH; CH;
° O
H3C OH H3C
HsC Atorvastatin Lovastatin
0 (Lipitor®) (Mevacor®)
|
3’-ADP
HMG CoA
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Cholesterol Synthesis

Isoprenoid to Squalene
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H1C
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K Prenyl transferase J
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)
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Cholesterol Synthesis

Squalene to Cholesterol

) X
| Squalene |
| N
N
l
l
N
/Q:95VY Lanosterol
HO
i
|
/O;Sj:?\/\( Cholesterol
HO
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Cholesterol Synthesis

Cholesterol to other steroids

Acetyl CoA
l Quinones, and phytol side
ST opentayt — chainal chorophy
metabolites RYepHospiate
) l T Vitamins A, E, K
OH
Cholesteryl l
acters < Cholesterol
/ \ o
Bile salts |
HO X
OH 1,25-Dihydroxyvitamin D3
OH
(o)
Testosterone )
B-Estradiol
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Fatty acid oxidation

The catabolism of fatty acids takes

place in the mitochondria

e The fatty acid must first be activated to an
acyl-CoA

R—C00©+ HS-CoA
Fatty acid

ATP
QyI-CoA synthatase

AMP + PP,

A 4

]
R—C—S-CoA
Acyl CoA
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Fatty acid oxidation

The catabolism of fatty acids takes

l B o |l
R—CH,—CH,—CH,— C — S-CoA
3 2 1
d Fatty acyl CoA
0 o]
I I
CH3;—C—5-CoA R—CH,—C—S-CoA ®
Acetyl CoA Fattyacyl CoA -, FAD FADH, Fe-S QH,
3-Ketoacyl-CoA shortened by two carbons *+_ Acyl-CoA e ETFaibicuiioni
thiolase = dehydrogenase oxidoreductase
(4) Thiolysis Oxidation (1) ®
HS-CoA FADH, FAD Fe-S Q
(o) (o) (o)
I | H Il
R—CH,—C—CH,—C—S-CoA R—CHz—C=ﬁ—C—S-CoA
3-Ketoacyl CoA 2
trans-A°-Enoyl CoA
®
NARE £ (3) Oxidation Hydration (2) /v H0
L-3-Hydroxyacyl-CoA
dehydrogenase 2-Enoyl-CoA
H 0 hydratase
NAD® | T
R —C|-|2—c| — CH,—C —S-CoA
OH
L-3-Hydroxyacyl CoA




Fatty acid oxidation

q
)
|

CH;—C —S-CoA

B a I

Pl R CHy— =l T~ ¢ — 5~ Col

Fatty acyl CoA

o)
|

R—CH,—C—S-CoA

Acetyl CoA _~~ Fatty acyl CoA

FAD FADH,

dehydrogenase

DHAP

1 (1)
FADH, FAD
(o]
l
=(C—C—S-CoA
H

A’-Enoyl CoA

2-Enoyl-CoA
. hydratase

D)
Fe-S

Fe

Acyl-CoA ETE ETF:ubiquin
dehydrogenase oxidoreduc
@

-S

The catabolism of fatty acids takes
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Fatty acid oxidation
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Fatty acid oxidation
The catabolism of fatty acids takes

Pl 5 o | Differences between
R—CH,—CH,—CH,—C—S-CoA
3727 Fatty acid oxidation
Fatty acyl CoA .
« and synthesis:
o 0
I I
CH;—C—5-CoA R—CH,—C—S-CoA
Acetyl CoA Fattyacyl CoA "~ FADH, a3
3-Ketoacyl-CoA shortened by two carbons *+_ Acyl-CoA ETFaibicuiioni
thiolase = dehydrogenase oxidoreductase
(4) Thiolysis Oxidation (1) ®
HS-CoA FADH, Fe-S Q
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I | H Il
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Fatty acid oxidation
The catabolism of fatty acids takes

P l g o« | CoA-SH used  Differences between
R—CH,—CH,—CH,—C—5-CoA as carrier
3% 2% __ instead of  Fafty acid oxidation
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Fatty acid oxidation

The catabolism of fatty acids takes

place in the mitochondria

e The fatty acid must first be activated to an
acyl-CoA

R—C00©+ HS-CoA
Fatty acid

ATP
QyI-CoA synthatase

AMP + PP,

A 4

]
R—C—S-CoA
Acyl CoA
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Fatty acid oxidation

In many respects it is the reverse of
fatty acid synthesis.

Fatty acid synthesis B-oxidation
Acyl ACP (C,, +>) Acyl CoA (C, + 1)
NADP® - Q
Reduction Oxidation
NADPH + H® > aH,
trans-A%-Enoyl ACP (C,, + 5) trans-A%-Enoyl CoA (C,, + 5)
IDehydration Hydration
D-3-Hydroxylacyl ACP (C,, + ) L-3-Hydroxylacyl CoA (C,, + 5)
NADP® NAD®
Reduction Oxidation
NADPH + H® NADH + H®
3-Ketoacyl ACP (C,, + ) 3-Ketoacyl CoA (C,, ;)
Malonyl CoA o Hs-CoA
Condensation Thiolysis
Hs-CoA + CO, Acetyl CoA
Acyl ACP (C,) Acyl CoA (C,)
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Fatty acid oxidation

In many respects it is the reverse of
fatty acid synthesis.

Fatty acid synthesis B-oxidation
AHIACP (€ 2 ACyl CoR (€, 1 Synthesis = Oxidation
NADP® Q
Reduction Oxidation
NADPH + H® QH,
trans-A-Enoyl ACP (C, 4 5) trans-A-Enoyl CoA (C, 4 3) Cytosol Mitochondria
IDehydration Hydration ‘
NADPH NAD* and Q
D-3-Hydroxylacyl ACP (C,, ;) L-3-Hydroxylacyl CoA (C,, + 5)
NADP® NAD®
Reduction Oxidation
NADPH + H® NADH + H® Acyl-ACP Acyl-CoA
3-Ketoacyl ACP (C,, ;) 3-Ketoacyl CoA (C, ;)
Malonyl CoA hiolvsi Hs-CoA
C d ti 101ysIsS pi& ] A | - _J i
Hs-CoA + CO, R Acetyl CoA D-3 Hyd g8 s L-3 Hyd [ty
Acyl ACP (C,) Acyl CoA (C,)
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Fatty acid oxidation

Fatty acids enter the mitochondria by
way of the carnitine shuttle.

(o)
I
R—C—S-CoA HS-CoA
Fatty acyl
CoA
Carnitine
acyltransferase
Tooe . Tooe
il 0
HO—(ll—H R—C—O—T—H
Cle THz
@N(CH;); ®N(CHs);
L-Carnitine Acylcarnitine

L-Carnitine Acylcarnitin MEMBRANE

5 >< MATRIX
[ acyltransferase

R—C—S-CoA | HS-CoA
Fatty acyl CoA

H H INTERMEMBRANE SPACE
[ TRANSLOCASE ] INNER MITOCHONDRIAL
e
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ATP Generation

ATP generation of the the complete
oxidation of stearic acid (18:0)

Stearoyl-CoA + 8 CoA-SH + 8 Q + 8 NAD* — 9 Acetyl-CoA + 8 QH2 + 8 NADH + 8 H*
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ATP Generation

ATP generation of the the complete
oxidation of stearic acid (18:0)

Stearoyl-CoA + 8 CoA-SH + 8 Q + 8 NAD* — 9 Acetyl-CoA + 8 QH2 + 8 NADH + 8 H*

Source ATPS
8 QH: 12
8 NADH 20
9 Acetyl-CoA 90
Activation of 5
Stearate
Total 120
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ATP Generation

ATP generation of the the complete
oxidation of stearic acid (18:0)

R —CO0©+ HS-CoA
Stearoyl-CoA + 8 CoA-SH . 8 QH2 + 8 NADH + 8 H*
Fatty acid
ATP
QyI-CoA synthatase
I ~AMP + PP;
(o)
|
R—C—S-CoA
Acyl CoA
Activation of 5
Stearate
Total 120
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ATP Generation

ATP generation of the the complete
oxidation of stearic acid (18:0)

Stearoyl-CoA + 8 CoA-SH + 8 Q + 8 NAD* — 9 Acetyl-CoA + 8 QH2 + 8 NADH + 8 H*

Source ATPS
8 QH: 12
8 NADH 20
9 Acetyl-CoA 90
Activation of 5
Stearate
Total 120
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ATP Generation

ATP generation of the the complete

oxidation of steric acid (18:0)
« Compared to Glucose (on a per C basis)
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ATP Generation

ATP generation of the the complete

oxidation of steric acid (18:0)
« Compared to Glucose (on a per C basis)

Source ATPS

3 X Glucose | 3 x32 =96

Stearate 120
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ATP Generation

ATP generation of the the complete

oxidation of stearic acid (18:0)
« Compared to Fatty Acid Synthesis
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ATP Generation

ATP generation of the the complete

oxidation of stearic acid (18:0)
« Compared to Fatty Acid Synthesis

Source ATPs
8 Acetyl-CoA — 3
8 Malonyl-CoA
8 Rounds
16 NADPH it
2 AcetylJCON Mg Sty ss
(Calvin cycle)
Total 201
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ATP Generation

ATP generation of the the complete

oxidation of stearic acid (18:0)
« Compared to Fatty Acid Synthesis

Source ATPs
8 Acetyl-CoA — 3
8 Malonyl-CoA
8 Rounds
16 NADPH it
2 AcetylJCON Mg Sty ss
(Calvin cycle)
Total 201

Yield = 120/201 = 60%
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ATP Generation
Requlation of Lipid Metabolism

» Involves same hormones as carbohydrate
metabolism
» Glucogon (fasting state)
» Epinephrin (excited state)
» Insulin (fed state)
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ATP Generation

R

Glucagon &
Epinephrine

Insulin

Activate lipases in adipose
tissues

Activate formation and storage
of triacylglycerides

Inactivates acetyl-CoA
carboxylase

Acetyl-CoA inhibits pyruvate
dehydrogenase

Activate acetyl-CoA carboxylase

Malonyl-CoA inhibits
Carnitine acyltransferase |
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ATP Generation

R

Gly 1
R—C—S-CoA HS-CoA
. Fatty acyl
Epli Coh
Carnitine
?ooe acyltral:sferase CIOOe
i e
_ _ HO —C —H R—C—O0—C—H
Activate I Iy L nd storage
2 2 .
| | ides
@N(CH;); @N(CH3);
L-Carnitine Acylcarnitine
INTERMEMBRANE SPACE
Inactiva
_ TRANSLOGRSE 4 INNER MITOCHONDRIAL
Ca L-Carnitine Acylcarnitine MEMBRANE arbOXY| ase
e MATRIX -
—_ [0} Carnitine
Acetyl-Co/ : >y,tf< hibits
deht R—C—S-CoA ' HS-CoA sferase |
Fatty acyl CoA
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ATP Generation

R

Glucagon &
Epinephrine

Insulin

Activate lipases in adipose
tissues

Activate formation and storage
of triacylglycerides

Inactivates acetyl-CoA
carboxylase

Acetyl-CoA inhibits pyruvate
dehydrogenase

Activate acetyl-CoA carboxylase

Malonyl-CoA inhibits
Carnitine acyltransferase |
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Transport of lipds in Blood

Lipids are transported by lipoprotein

complexes

» Chylomicrons

« VLDH (Very Low Density Lipoproteins)

o IDH (Intermediate Density Lipoproteins)
e LDL (Low Density Lipoproteins)

« HDL (High Density Lipoproteins)
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Transport of lipds in Blood

Lipids are transported by lipoprotein
complexes

Phospholipids

Cholesterol

Core containing
triacylglycerols

and cholesteryl
esters R

Lipoproteins
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Transport of lipds in Blood

Lipids are transported by lipoprotein

complexes

» Chylomicrons

« VLDH (Very Low Density Lipoproteins)
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e LDL (Low Density Lipoproteins)

« HDL (High Density Lipoproteins)
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Transport of lipds in Blood

Lipids are transported by lipoprotein

COM[  INTESTINE
A Ch Dietary lipids
V71|
e ID
2 LD Chylomicrons
e HC

N

LIVER

-

Triacylglycerols

—> Cholesterol <—
Cholesteryl esters \

VLDLs

_/

Chylomicron

C

7

IDLs LDLS\ HDLs
remnants
y )
. Cholesterol
s Triacylglycerols

Cholesteryl
esters

PERIPHERAL TISSUES

Chem 352, Lecture 10, Part I: Lipid Metabolism 27



Transport of lipds in Blood

Lipids are transported by lipoprotein

complexes

» Chylomicrons

« VLDH (Very Low Density Lipoproteins)

o IDH (Intermediate Density Lipoproteins)
e LDL (Low Density Lipoproteins)

« HDL (High Density Lipoproteins)
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Ketone Bodies

Ketone bodies are formed from
acetyl-CoA as a soluble circulating

source of fat-derived energy.
e Produce under conditions of long-term fasting
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Ketone Bodies

Ketone b
acetyl-Cc

source of
e Produce

OH

|
Sooc— CHy—C — CH;

B-Hydroxybutyrate |
I
©00c— CH,— C —CH;
Acetoacetate

o
|

H;C —C —CH;,
Acetone
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Ketone Bodies

2 Acetyl CoA

Acetoacetyl CoA
thiolase

Acetoacetyl CoA

Hzo +
A | A
cetyl CoA N | mG-con
HS-CoA synthase
+ H®

OH (")

|
©ooc —CHz—Cl — CH,— C—S-CoA
CH;

3-Hydroxy-3-methylglutaryl CoA (HMG CoA)

o
HMG-CoA F I
Iyase H3C — C —S-CoA
Acetyl CoA
o
|

©00c —CH,—C —CH;

H®
Acetoacetate ;
nonenzymatlc
® co

NADHER B-Hydroxybutyrate 2
NAD @ dehydrogenase o
|

OH H3C QR C T C H3

|
©00¢ — CH,—C —CH; Acetone

H
B-Hydroxybutyrate

tbutyrate
O
|
S C I C H3
cetate

ne
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Ketone Bodies

2 Acetyl CoA
Acetoacetyl CoA o H b
thiolase I l I '
Acetoacetyl CoA o) o)
l
H,0 + H:C—C —S-CoA H3C—C—S-CoA .
3 o 3
Acetyl CoAY AcetyiCoR.  AEBINCGA Cholesterol synthesis
HS-CoA _/ synthase \ J
+ H@ \ Acetoacetyl CoA
thiol o (0]
OH 0 10lase H2C ” ”
| Il e T T N¢ — CHy—CHy—0—P—0— P —0°
©00¢ —CH,— € —CH,— C —S5-CoA : " " / L | |
2 2 o CoA-S—C—CH3 H3C—C—CH,—C—S-CoA H,(C o o
| Acetyl CoA Acetoacetyl CoA O 0
CH; L ) Isopentenyl diphosphate
3-Hydroxy-3-methylglutaryl CoA (HMG CoA) H20 HCOP
o HMG - CoA synthase ADP +P; J— A
- L evalonate-5-diphosphate
HMGI-COA G E, o R - i +:S Con ATP decarboxylase
yase 3
Acetyl CoA | |
5 y ©00c — CH,— C —CH,— C —S-CoA ?” ﬁ ﬁ
I CH, eOOC—CHZ—Cl—CHz—CHz—O—Il’—O—Fl’—O@
=)
00C—CH,—C—CH;3; ~ 3-Hydroxy-3-methylglutaryl CoA (HMG CoA) CH; o® o®
Acetoacetate 2NADPH + 2H® Mevalonate-5-diphosphate
HMG-CoA
NADH +H @ reductase 2NADP® ADP < phosphomevalonate
B-Hydroxybutyrate kinase
@ dehydrogenase HS=Cot ATE
NAD ?H ATP ADP ?H ﬁ
OH HC — eOOC—CHz—?—CHz—CHz—OH M eOOC—CHz—Cl—CHz—CHz—O—Il’—Oe
I e\{a onate
k ©
©00¢ —CH,—C —CH; AS CH; inase CH3 o
Mevalonate Mevalonate-5-phosphate

H
B-Hydroxybutyrate
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Ketone Bodies

OH
Ketone by | m
] I
ace H;C — C — CH,— c00® ©00¢c — CH,— CH,—C —$-CoA
Acetoacetate Succinyl CoA
SO U Succinyl-CoA ‘ .
e P transferase Only found in non- 'ng

hepatic tissue
o) o)
[ [ s 5
H,C—C—CH,—C—5-CoA O00C—CH,—CH,—CO0O
Acetoacetyl CoA Succinate

HS-CoA \il’hiolase
. D

0 o
| |

H;C—C—S-CoA H;C—C—S-CoA
Acetyl CoA Acetyl CoA

Acetone
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Ketone Bodies

Ketone b
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e Produce
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|
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Lipid Metabolism
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Lipid Metabolism

Question:

Draw a general pathway for converting carbohydrates to fatty
acids in a liver cell, and indicate which processes occur in the
cytosol and which occur in mitochondria.

Chem 352, Lecture 10, Part I: Lipid Metabolism 29



Lipid Metabolism
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Next Up

Lecture 10 - Part II, Amino acid
metabolism (Moran et al., Chapter 17)
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