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Processing of dietary lipids

[

Fats ingested ( )

=R

Myocyte or adipocyte

_ Storage
e o Fatty acids are
Qe oxidized as fuel
? CO, or reesterified
Gallbladder for storage.
T ATP

Fatty acids enter cells.

o Bile salts

emulsify dietary
fats in the small
intestine, forming °
mixed micelles.

Lipoprotein lipase

Intestinal
" mucosa Lipoprotein lipase, activated
‘ by apoC-ll in the capillary,
converts triacylglycerols to
fatty acids and glycerol.

|

0 Intestinal lipases

degrade triacyl- Chylomicrons move through

glycerols. ' Chy;;h\ cron the lymphatic sysrtem and
Fatty acids and other break- bloodstream to tissues.
down products are taken up O Triacylglycerols are incorporated,
by the intestinal mucosa and with cholesterol and apolipoproteins,
converted into triacylglycerols. into chylomicrons.




Lipid and cholesterol transport

Liver
™ Reverse

_ \ cholesterol
" Jtransport

HDL*®

Intestine

Extrahepatic
tissues

, VLDL

remnants () (IDL) 9@
(5

Chylomicrons
P
O

HDL precursors
(from liver and
intestine)

lipoprotein Iiﬁése
Free fatty acids
Mammary, muscle, or adipose tissue




Major classes of human plasma lipoproteins

Phospholipid
monolayer

ApoB-100

Triacylglycerols Free (unesterified)

cholesterol LDL (X180,000) HDL (X 180,000)
Cholesteryl esters
(a) Y (b)

TABLE 21-2 Maijor Classes of Human Plasma Lipoproteins: Some Properties

Composition (wt %)

Lipoprotein Density (g/mL) Protein Phospholipids Free cholesterol Cholesteryl esters Triacylglycerols
Chylomicrons <1.006 2 9 1 3
VLDL 0.95-1.006 10 18 7 g

LDL 1.006-1.063 23 20 8 10

HDL 1.063-1.210 24 2 15 4




Mobilization of triacylglycerols

Glucagon Adenylyl
cyclase
Receptor @ @\
— —
cAMP

@

PK

>

ATGL
Hormone-
sensitive
lipase
Per|I|p|n ’L;,“ _®
Triacylglycerol o (@\/ r /® HSL

Dlacylglycerol

Lipid droplet
T - ©

Monoacylglycerol ®

Ov Adipocyte

Fatty acids

b <;<)<{////////}'
° ff
A

O = O —>

Fatty acid
transporter

©

10

B oxidation,
citric acid cycle,

m Cpiratory chain

} >>atp
co,

Serum

/albumin

Myocyte

Bloodstream




Entry of glycerol into glycolysis

CH,OH
HO—C—H Glycerol
CH,OH
glycerol ATP
kinase ADP
(IZHon
HO—CI—H (IT L-Glycerol
CH, —O—P—O0"~ 3-phosphate
o-
glycerol 3-phosphate NAD*
dehydrogenase NADH + H*
CIHZOH
0=(|1 ﬁ Dihydroxyacetone
CHy—O0—P—O" phosphate
i o~
triose phosphate
isomerase
H o
\ 7

p-Glyceraldehyde
I 3-phosphate

Glycolysis

About 95% of the biologically available
energy of triacylglycerols resides in their
three long-chain fatty acids; only 5% is
contributed by the glycerol moiety.




Activation of fatty acids

(o) (o) o
] kN ,
O—IT—O—IT—O—IT—O-— Adenosine
o~ O~ ( O~ ATP
o-
R—C Fatty acid
(o) The carboxylate ion is adenyl-
ylated by ATP, to form a fatty
b S i (1) acyl-adenylate and PP;. The PP; is
synthetase
immediately hydrolyzed to two
(o) molecules of P;.
[
ﬁ (ﬁ C(l) P—O— Adenosine
_O—II’—O—P—O_ + R—C \ (I) Fatty acyl-adenylate
o- o- f (enzyme-bound)
Pyrophosphate CoA-SH The thiol group of coenzyme A
Fati R @ attacks the acyl-adenylate (a
inorganic S = p mixed anhydride), displacing
synthetase AM
pyrophosphatase AMP and forming the thioester
/O fatty acyl-CoA.
2P; R—C Fatty acyl-CoA
‘. i & S-CoA P

AG'° = —19 kJ/mol

AG'° = —15 kJ/mol

(for the two-step process)




Fatty acid entry into mitochondrion

Outer mitochondrial Inner mitochondrial
membrane membrane
Cytosol Intermembrane Matrix
space Carnitine
acyltransferasell
0
Y
R—C i
S-CoA Carnitine \S-CoA
o Y\ Carnitine
R C/
—_ —_—
\ A= 7
Carnitine R—C CoA-SH
NS
CoA-SH \ Carnitine
Carnitine Transporter

acyltransferase |

CH,

CH3—I\II+—CH2—C|H—CH2—COO"
CH, OH
Carnitine




Stages of fatty acid oxidation

Stage 1 Stage 2

CH3
\CH

2

/¢ 2’;‘.{; BOxidation

12
CH,
\CH
e, 2
< cH;
-

/“‘}‘S»Hz

CHa
/m,ﬁ”z Citric

C{iz acid cycle
2
CH,
\

CH,
/?H“; 16C0,

\
I

i

Stage 3

> |8 Acetyl-CoA

NADH, FADH,

e
b4 2H+ + %02
Respiratory

(electron-transfer)
chain \

7 N

ADP + P; ATP

Figure 17-7
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company




Reactions of B-oxidation

(a) B «
(C16) R—CHy —CH ; —CH; —C—S-CoA

C"> Palmitoyl-CoA

acyl-CoA FAD
dehydrogenase FADH,
|
R—CH;—C=C—C—S-CoA
I-Il g trans -A*-
Enoyl-CoA
enoyl-CoA
hydratase
OH
R—C Hz—C—CHz —C—S CoA
L-B-Hydroxy-
acyl-CoA
+
B-hydroxyacyl-CoA NAD
dehydrogenase NADH + H*

R—C Hz—C—CHz —C—S CoA

B-Ketoacyl-CoA
acyl-CoA | - CoA-SH
acetyltransferase

(thiolase)

(C14) R—CHz—C—S -CoA + CH3—C—S -CoA

o o
(C14) Acyl-CoA

(myristoyl-CoA) Acetyl -CoA

(b)

Cia —> Acetyl -CoA
Cia — Acetyl -CoA
Cio —> Acetyl -CoA
Cs — Acetyl -CoA
Cs —> Acetyl -CoA
Cs —> Acetyl -CoA
Acetyl -CoA




ATP yield of palmitoyl-CoA oxidation

palmitoyl-CoA + 23 O, + 108 P, + 108 ADP - CoA + 108 ATP + 16 CO, + 23 H,0

Number of NADH or Number of ATP
Enzyme catalyzing the oxidation step FADH, formed ultimately formed*
Acyl-CoA dehydrogenase 7 FADH, 10.5
B-Hydroxyacyl-CoA dehydrogenase 7 NADH 17.5
Isocitrate dehydrogenase 8 NADH 20
a-Ketoglutarate dehydrogenase 8 NADH 20
Succinyl-CoA synthetase 8t
Succinate dehydrogenase 8 FADH, 12
Malate dehydrogenase 8 NADH 20
Total 108

*These calculations assume that mitochondrial oxidative phosphorylation produces 1.5 ATP per FADH, oxidized and 2.5
ATP per NADH oxidized.

TGTP produced directly in this step yields ATP in the reaction catalyzed by nucleoside diphosphate kinase (p.510).

The energetic cost of activating a fatty acid is equivalent to two ATP, and the net gain
per molecule of palmitate is 106 ATP.




Oxidation of polyunsaturated fatty acids

_12 _9 1c /O
/\/\/_v_\/></></></ ~
\i S-CoA
B oxidation Linoleoyl-CoA
(three cycles) [ >3 Acetyl-CoA cis-A®,cis-A"?
6 4 3(B) /O
=\ ==\ i <
4 5 2 S-CoA cis-A>, cis-A®

A3, A’>-enoyl-CoA
isomerase

@
=\ 4 2@ s-CoA
/\/\/_\/\/\c/
12 5  3(B) N, 2 i A6
L (o} trans -A* cis-A
B oxidation

(onecycle, and W
first oxidation Acetyl-CoA

of second cycle) |

5

o trans -A?, cis-A*
2,4-dienoyl-CoA | P\NADPH_+ H*

reductase
5 & A C/o
IONNNANTN
10 4/ 2 S-CoA trans -A3
enoyl-CoA
isomerase
s 4 C/o
NN TN TN
10 2 \2 S-CoA trans -A?
B oxidation
(four cycles)

5 Acetyl-CoA




Oxidation of odd-number fatty acids

)
H—CI—H
H—C— ;

| Propionyl-CoA
C
7R
CoAs O

propionyl-CoA
carboxylase | biotin

|
-0 H—(IZ —H
\C —C—H
of | p-Methylmalonyl-CoA
/N
CoA-S (o]
methylmalonyl-CoA
epimerase
H o H
| coenzyme N\ |
H—C—H B,, /C —C—H
0% ———— CoA-S |
N
JC—C—H methyl- H—C—H
CoA-S | malonyl-CoA c|
N\ mutase \
% 0/ N by " 0/ %
L-Methylmalonyl-CoA Succinyl-CoA
Figure 17-11

Lehninger Principles of Biochemistry, Fifth Edition
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Comparison of fatty acid oxidation and synthesis

FATTY ACID
DEGRADATION

Activated acyl group

Oxidation

= FADH?2

@)

\/\/\S/R,

H
lHydration

0

HO, 5 |

R /C\C e -
Ho Ho

\/

leidation

—p NADH
o 0

lCIeavage

O O
| I

C & R’
C/ \S/ H3C/ \S/

H> +
Activated acyl group Activated acetyl group
(shortened by
two carbon atoms)

R

FATTY ACID
SYNTHESIS

C16 = palmitate
Hs Ho ACP
Activated acyl group

(lengthened by
two carbon atoms)

Palmitate Deacylase (PD)

NADPH =——p |Reduction  Enoyl Reductase (ER)
O
e b L&
N XN N
H», H
hydroxyoacyl
H0 < [Dehyd’a“o” dehydratase (HD)
HQ
R \c’H ﬂ R"
\C/ \C/ \S/
H> Hy

NADPH =—> ]Reduction ketoacyl reductase (KR)

O O
I I

R\/\/\/R”

A

C C S
H2 H2
co, +— [Condensatlon ketoacyl synthetase (KS)
(0]
| o
R T I L W ACP
H»> + H2

Activated acyl group Activated malonyl group




Synthesis of malonyl-CoA:
Acetyl-CoA carboxylase reaction

o] (o) 0
/
o CH3—C< >c—cuz—c<
i (I? - S-CoA -0 S-CoA
s A'I( yP + P, i —c{ AcetyI-\CoA Malonyl-CoA
+ HCO3 _— > aT < +
biotin transcarboxylase
carboxylase S
Biotin
=C
“NH
Lys
side arm

Biotin
carboxylase

carrier

(o) NH
\c/ é
protein
0=C\ Transcarboxylase
by
0
cn;-c{
S-CoA
Acetyl-CoA
o 0

/ B
\C_CHB_(( Malonyl-CoA
-0 S-CoA

Biotin
carrier
protein




Figure 21-3
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H.Freeman and Company

Enoyl-ACP
reductase

B-Ketoacyl-ACP
reductase
B-Hydroxyacyl-ACP
dehydratase

B-Ketoacyl-ACP HsS
synthase

Malonyl/acetyl-CoA-
ACP transferase




4'-phosphopantetheine group of ACP and Co-A

H H OH CH, 0)

| | [ I
HS — CH,— CH,—N—C — CH,—CH, —N—C — (I:'—(:l' — CH,— O— P— O—CH, — Ser— ACP
| |l |
0 O H CH, 0"

Phosphopantetheine group of ACP

H H OH CH, O O

HS —CH, —CH, —N—C —CH,—CH, —N —C —(l'—(l' —CH,—0—P— 00— P—Q~—CH; 0 Adenine
I I | | / \4
0O O H CH, 0" 0} H H /
H H

Phosphopantetheine group of coenzyme A LO_;PO OH

17




Enoyl-ACP

reductase p-xetoacyi-ncp
a o \| reductase
B-Hydroxyacyl-ACP h

dehydratase I S

B-Ketoacyl-ACP ys
synthase

Malonyl/acetyl-CoA-
ACP transferase

®

Recharging of

with an acetyl and
—_amalonyl group

Condensation (KS) f‘ €0,
Gl
| KR yS—C—CH; —C—CH;
| DH I
~ ACP

B-Ketobutyryl-ACP

o
®@ S = cn,—cIH —cu,—cu—s

Reduction of + OH

B-keto group (KR) il

ACP with another
malonyl group (MAT)
o
— — — ﬂ_
Fatty acid synthase CHy ™ CHa"ERES 5 Ss
complex charged

Mechanism of fatty acids
synthesis

Translocation of

butyryl group to Cys

on B-ketoacyl-ACP

synthase (KS)
CH3—CHy;— CH;—C—S

Butyryl-ACP
NADP* @
Reduction
NADPH + H* of double
bond (ER)

J

Dehydratlon (DH)

B-Hydroxybutyryl-ACP




Acetyl|-CoA transport to cytosol

Inner Outer
membrane  membrane

—

I
J
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I
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Citrate
transporter
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Glucose
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I
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dehydrogenase
L |

Oxaloacetate
NADH" + H*
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Sources of cytosolic NADPH

CIOO’ NADP* NADPH @ + H* CIZOO‘
CIHOH \_/ C=0

: , > | + CO,

CH, malic enzyme CH;

|

CO0O™
Malate Pyruvate

NADP* NADP*
NADPH NADPH

Glucose Ribulose

> —> >
6-phosphate  pentose phosphate pathway ~ 3-phosphate

Cytosolic coenzyme NADPH/NADP* ~75

levels in hepatocytes: NADH/NAD"* ~8x10




Synthesis of unsaturated fatty acids

O3 + 2H* + /0
CH3—(CH2)n_CH2_CH2_(CHz)m_c\
Saturated 3-CoA 2 Cyt b, Cyt b, reductase NADPH
fatty acyl-CoA (Fe?*) (FAD)
fatty acyl- + H*
CoA desaturase
2 Cyt b Cyt b, reductase NADP*
2H,0 + /O (Fe3*) (FADH,)
CH3;—(CH z)n—CH=CH—(CH2)m—C\
Monounsaturated S-CoA

fatty acyl-CoA

21




Elongation of fatty acids

S-CoA
J-ketothiolase + |
S-CoA [ @ C=0

| |
‘C=O @ = (I:Hz
i %

CO0 S-CoA (CH7) 4
Malonyl-CoA

|

<':=O Palmitoyl-CoA @ CH,
{ (I:H; )14

CH; [3-hydroxyacyl-CoA
dehydrogenase

CH; Enoyl-CoA CH;
reductase

S-CoA

C=0 Similar mechanisms exist

(lDH for two-carbon elongation Final result
o c=0
(CHahs |C P
CH, :
g two-carbon
Stearoyl-CoA addiion

Palmitate
16:0

elongation

v

&e‘saturation

Palmitoleate
16:1(A?)

Stearate
18:0

desaturation

v
Oleate

‘{Irngation

Longer saturated
fatty acids

18:1(A%)

desaturation l
(in plants
only)

Linoleate
18:2(A912)

desaturation
(in plants
only)

/

a-Linolenate
18:3(A9212,15)

|

Other polyunsaturated
fatty acids

desaturation

v-Linolenate
18:3(A6:9:12)

elongation

Eicosatrienoate
20:3(A811,14)
desaturation

Arachidonate
20:4(A5:811,14)
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Regulation of acetyl-CoA Carboxylas

S Citrate

citrate @ " insulin triggers
lyase activation

Acetyl-CoA

\\
> @
AMPK

ac;.tyl-ICOA ® < - - glucagon,
carboxylase epinephrine

- ® trigger phosphorylation/
Malonyl -CoA inactivation

’--__N

’--__-—-

*~-Palmi OF @ =
~ SR A
-Palmitoyl-CoA e T Y




Coordinated regulation of fatty acid
synthesis and breakdown

Dietary High blood Low blood i
carbohydrate gclsfose glucose Fatty Fatty acyl- CoASH
I [ ! carnitine
¥ ¥ : acyl-CoA N
1 Insulin 1 Glucagon ! carnitine
O, G & | Dy Camitine
@ @ : //’ h 4
Inactive ' (@), Fatty
e o
P; - /z E "FADH
e % @ /,, :
Glucose > Acetyl-CoA MannyI-CoA" : B oxiion"
glycolysis, 1 NADH
pyruvate lmultistep ; i\l
dehydrogenase |
complex Fatty acids | v
E Acetyl-CoA
Fatty acid | Fatty acid Mitochandrion

synthesis |3 oxidation




Transcriptional regulation

Change in gene expression Pathway
Increased expression

Hexokinase Il Glycolysis
Hexokinase IV Glycolysis
Phosphofructokinase-1 (PFK-1) Glycolysis
Pyruvate kinase Glycolysis

PFK-2/FBPase-2

Glucose 6-phosphate dehydrogenase
6-Phosphogluconate dehydrogenase
Pyruvate dehydrogenase

Acetyl-CoA carboxylase

Malic enzyme

ATP-citrate lyase

Fatty acid synthase complex
Stearoyl-CoA dehydrogenase
Acyl-CoA-glycerol transferases
Decreased expression

PEP carboxykinase

Glucose 6-phosphatase (catalytic subunit)

Regulation of glycolysis/gluconeogenesis
Pentose phosphate pathway (NADPH)
Pentose phosphate pathway (NADPH)
Fatty acid synthesis

Fatty acid synthesis

Fatty acid synthesis (NADPH)

Fatty acid synthesis (provides acetyl-CoA)
Fatty acid synthesis

Fatty acid desaturation

Triacylglycerol synthesis

Gluconeogenesis
Glucose release to blood

Table 15-5
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Transcriptional regulation

Glucose Plasma
, -/GLUTZ /membrane
il Cytosol
Glucose
hexokinase IV
(glucokinase)

Glu;'ose
6-phoiphate

4
¥ ® (P

Xylulose
S-phoslphate i
‘\-»@ PP2AN, p

® Nucleus
Xylulose
5-phosphate ChREBP
I
\
~->(A)Pr2a P

@a» & /&
& IRVAVA'S

(o)
ChoRE

Figure 15-21
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Transcriptional regulation

ACC

a Basal state b Activated state FAS

Co-repressors Co-activators GLUT4
CYP450

Oxysterols
or synthetic | ABCA1
ligands s IDOL

* ABCG5
* ABCG8
* APOE

Nature Reviews | Drug Discovery




Transcriptional regulation

Ligand

U

Plasma
membrane

i
Cytosol l i.;;f ﬁ g

\-

Nuclear (
envelope
N
" DNA |
WAV AVAVAVA
: Regulated gene

Response element (DNA sequence
that regulates transcription in
response to PPAR ligand L)

Figure 23-41
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company

PPAR o
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Complex lipids

Storage M "
; e embrane lipids (polar
lipids pids:{perce)
(neutral)
Phospholipids Glycolipids
1 i
[ ] | 1
Triacylglycerols | | | Glycerophospholipids Sphingolipids Sphingolipids Galactolipids (sulfolipids)
— Fatty acid —1 Fatty acid v @ —i Fatty acid
E E E
_8>_« — Fatty acid E; —{ Fatty acid 2 Fatty acid 2h Fatty acid g Fatty acid
(V) O = = o
= a = Mono- or Mono- or
— Fatty acid — PO4 - Alcohol M PO4 I~ Choline v oligosaccharide ldica: charidel (SO4)
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Synthesis of phosphatidic acid and triacylglycerols

C|H20H

HO—(IZ—H (")
CHz—O—II’—O'

o
L-Glycerol 3-phosphate

R'—C00"
CoA-SH
ATP
acyl-CoA
(o) synthetase
R‘—C/ AMP
4 N + PP,
acyl transferase S-CoA i
\ CoA-SH
R2—C00"
CoA-SH
ATP
acyl-CoA
(o] synthetase
/ RZ—C< AMP
acyl transferase S-CoA + PP
\‘ CoA-SH

I
" CIHz —0—C—R"
—C—O—CI—H (")
CH;—0—P—0"~

Phosphatidicacid 0O~

Figure 21-17 part 2
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company

I
CH,—O0—C—R

I
CH —0—C—R? Phosphatidic acid
1
CH;—0—P—0"
&
phosphatidic acid attachment of
phosphatase/ \ head group
(serine, choline,
ethanolamine, etc.)

CH 2—0—C—R‘
II

CH —0—C—R? CHZ—OJ—R‘
CH,OH | C"’
1,2-Diacylglycerol CH —O0—C—R?2
(o)
7 | |
R*—C CH,—0—P—0 | Head
acyl / \S- Col 2 | group
transferase \ (o}
CoA-SH Glycerophospholipid
A 4

.
CH, —0—C—R

I
CH —0—C—R? Triacylglycerol
| T
CH, —O0—C—R

Figure 21-18
Lehninger Principles of Biochemistry, Fifth Edition
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Production of glycerol-3-phosphate

Glucose
"
glycolysis !
CI"'zOH (IZHZOH
<|3=0 <") CIHOH
CH>;—0—P—0~ CH,0OH
Dihydroxyacetone - Glycerol
phosphate
NADH + H ATP
glycerol 3-phosphat\ g!ycerol
dehydrogena%_} kmasDeP

HO—C | —H (l?
CHz—O—II’— (0

0-
L -Glycerol 3-phosphate

Figure 21-17 part 1
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company




Glyceroneogenesis

Pyruvate
l pyruvate carboxylase

Oxaloacetate

Phosphoenolpyruvate

multistep

A 4

Dihydroxyacetone phosphate
glycerol 3-phosphate

dshyelrooeras
CH,OH
CHOH ©
{H,—0—P—0-

(l)_

Glycerol 3-phosphate

Triacylglycerol synthesis

Figure 21-21
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Effect of glucocorticoids on
glyceroneogenesis

Adipose tissue Blood
Lipoprotein
Glycerol lipase ~ yyGlycerol
Fatty

Triacylglycerol

acid
‘:s /' Fatty
&
“~~“-—k acid

Glycerol Fuel for
3-phosphate tissues
glycero
neogene5|5I
Pyruvate
St
DNARVK | 1 !

Gluclocorticoids

g

Liver

Triacylglycerol

Glycerol
3-phosphate

T

Pyruvate

PEPCK

RNA

h g




Effect of thiazolidinediones on glyceroneogenesis

Adipose tissue Blood Liver
Glycerol ﬂGlycerol
o"‘—. ..~~~s
e .
Triacylglycerol Faactitdy Triacylglycerol
> 7a
‘/ Fatty 7
""'-W--- acid %
)
Glycerol Fuel for Glycerol
3-phosphate tissues | 3-phosphate
glycero-§ pEpek —
neogenesis
Pyruvate
e ——
@® |
DNA XVA !

Thiazollidinediones




Complex lipids

Strategy 1 Strategy 2
Diacylglycerol Head group
activated with CDP activated with CDP
i i
CH;—0—C—R' CH;—O0—C—R
(0] o)
- 1,
CH —O0—C—R CH —O—C—R
|| 1
.S  Ho— :r?u‘:) CH,—OH o g :r?u":,
Go - P4 1,2-Diacylglycerol Go
I I
o=|i-_o' 0=Ii'—0'
(0] (0]
l I
Rib Rib
I I
Cytosine . Cytosine
(0]
|
CH —0—C—R?
Glycerophospholipid (II
CH,—0—p—0-—rces
group -




Sphingolipids

N
C—(CH,)13—CH3 Palmitoyl-CoA

CoA-S "
Serine
CoA-SH, CO>
O\C/(CH2)14—CH3
+ | -Ketosphinganine
H3N—CI—H B phing
CH,—OH
NADPH + H*
NADP*
HO—CH—(CH )14 —CHs
H3|-<-|—2CI—H Sphinganine
1
CH,—OH

Fatty acyl-CoA

CoA-SH

o HO—CIH—(CH 2)14a—CH3
R—C—NH—?—H N-acylsphinganine
CH,—OH

Figure 21-31 part 1
Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company
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Sphingolipids

c") HO—(IZH—(CH2)14—CH3

R—C—NH—(IZ—H N-acylsphinganine
CH, —OH
mixed-function
oxidase
(animals)

0 HO—CH—CH=CH—(CH,);>—CH3 UDP-GIc UDP 0 HO—CH—CH=CH—(CH;),2—CHj;
I N

R—C—NH—C—H > R—C—NH—C—H
I | Sphingosine
CH 2 —O0OH CHz —0— Glc Ho—‘T-l —CH=CH— (CH;)1,—CH; Fatty acid
: e Sphingolipid 9
e pcone g Cerebroside g S AAAAAAAAAAN
sphingosine H
. = 'CH,—0—X
head-group Phosphatidylcholine
attac h ment Name of sphingolipid Name of X—O Formula of X
Diacylglycerol —— — r
0 HO—CH—CH=CH—(CH3)12 —CH3
" Sphingomyelin Phosphocholine  — T—O— (‘.H,—CM,—FJ(CH,)3
R—C—NH—(IZ—H <|? i
+
CHZ—O'—P‘—‘O—'CHz —CHZ—N(CH 3)3 CHzO:
. . I - Neutral glycolipids H/ 4
Sph 1 ngomyell n o Glucosylcerebroside Glucose H H 1
Figure 21-31 part 2 A=
Lehninger Principles of Biochemistry, Fifth Edition
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Lactosylceramide Di-, tri-, or —‘—Q
(a globoside) tetrasaccharide
Ganglioside GM2 i::i"g‘z:::charide

Figure 10-13
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




