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The surface of a soap bubble is a bilayer formed
by detergent molecules

Chapter 26 Biochemistry 5th edition
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Fatty acids
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Sphingolipids




Phospholipids are synthesized in
the ER

Glycerol 3-phosphate Lysophosphatidate

® The first step involves the synthesis of
phosphatidate

® Glycerol 3-phosphate is acylated by acyl-CoA to
form lysophophatidate, and acylated again by
acyl-CoA to form phasphatidate

1) Phosphatidate can form
triacylglycerol via triacylglycerol
synthetase on the ER membrane

Ry

- R R O
o “CH, HO P ¢ CH,  RCO—CoA Cor P ch,

R O/Q__é,ﬂ 0 M Ro 0/0_?_“ AL R 0/0——{:*
2 i 2 = i . i

(o]
C ! [ 2 » ! - _
Hy R Hy A
§ B oo 4 “on 0 g ™
Phosphatidate Diacylglycerol Triacylglycerol
(DAG)

Ry

2) Phosphatidate can instead form
phospholipids
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® The synthesis of phospholipids requires an
activated intermediate (in this case, CTP is key).

® Many different alcohol-bearing compounds can
react with CDP-diacylglycerol to form different
types of phospholipids.
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Phospholipid
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B hEO® CDP-ALCOHOL
=C-0-C-H CDP-Choline
H,C-OH CDP-Ethanolamine
Diacylglycerol
Phosphatidyl serine

Serine phosphatidylserine Ethanolamine

(cephalin)

Choline phosphatidylcholine (lecithin)
Inositol phosphatidylinositol

Glycerol phosphatidylglycerol

® The activation of either the
phosphatidate or the alcohol
partner by CTP represents the
committed /rate-limiting step in
phospholipid synthesis

Once again, the hydrolysis of PPi
to inorganic phosphate makes
the activation of these
components irreversible.

Phosphatidyl ethanolamine




1 Hormone binds a-Subunit of Gg Active phospholipase C Calcium and
to a specific protein dissociates cleaves phosphatidyl- diacylglycerol
receptor. and activates inositol 4,5-bisphospate activate protein
if C. to inositol trisphosphate kinase C.
(IP3) and di:

Phospholipase C

Gq protein releases Inositol 1,4,5-

q trisphosphate (IP;
receptor GDP and binds GTP. BrotP (1Ps)
interacts
with G,
protein.

IP; binds to a specific receptor
on the endoplasmic reticulum,
causing release of sequestered Ca2+.

L\Misa { Protein kinase C
ENDOPLASMIC catalyzes phosphorylation
RETICULUM of cellular proteins that
mediate cellular response
to the hormone.

Copyright © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins

Site of cleavage by

9 phospholipase C

C-O-CH,
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Phosphatidylinositol 4,5-bisphosphate
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The backbone of sphingolipids is
sphingosine rather than glycerol
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Dihydro-
sphingosine
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In all sphingolipids, the amino
group of sphingosine is acylated:
Ceramides - -cu

"CHy
"’"'"“’""“f“VOH ——+ Gangliosides
O A

(CHM ()1
"CHy CHs
‘Sphingosine Ceramide

(CHz
"CH;
Cerebroside

Ceramide

Two or more UDP-sugars
S — DP-galactose UDP-G‘HCQ‘\ 19
Globoside
UDP uoP CMP-NANA
l PAPS oMp

Sulfatide Glucocerebroside Ganglioside
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galactose
glucose

choline\\; il

4 Glc, Gal,
GalNAc, NAN




Eicosanoids are derived from long-
chain fatty acids

® Eicosanoids are specialized signaling molecules
derived from polyunsaturated fatty acids with

twenty carbons: e.g. arachidonate (from
linoleate)

They are not secreted by a gland and do not
circulate. Rather, they act locally at or near their
site of synthesis.

® Prostaglandins
e Thromboxanes

® Leukotrienes

Seoht

Dietary linoleic acid
18:2(9,12)

Arachidonic acid
20:4 (5,8,11,14)
20,

Cyclooxygenase
(cox)

Prostaglandins

® Generated by COX1 (constitutive) and mediates
gastric function, renal homeostasis, and platelet

aggregation

COX2 (inducible) mediates pain, swelling,

inflamation and fever.

Aspirin is an irreversible inhibitor of both COX1
and COX2, while celecoxib (Celebrex or Vioxx)
only inhibits COX2.




Prostaglandin Hz synthase-1 (COX1)

Arachidonate

20;

& OH
Prostaglandin G,

Prostaglandin M,

Aspirin’s effects on prostaglandin
H2 synthase-1 (COX-1)

COX-1  Ser530 Arachidonate

vf

Aspitin
{Acetylsalicyclic acid)
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Phospholipid
(component of cell membrane)

Phospholipase A;
Corticosteroids i
(for example, cortisol) Lysophospholipid

Arachidonic acid 3
5-Lipoxygenase
Cyclooxygenase 1 Cyclooxygenase.
(COX-1, constitutive) (COX-2, nonconstitutive)

Cytokines, endotoxin,

(© growth factors, tumor

5HPETE moton

(5-Hydroperoxyeicosatetraenoic acid) ]
many others

@ selective COX-2 inhibitors

(for example, colecoxib)
LTA, (Leukotriene A)
« Produced in leukocytes, platelets, PG,
‘mast cells, and heart and lung
vascular tissues i Peroxidase, GSH.

PGH, T
l C TXA, (Thromboxane A;)

imarily by platelets
« Promotes platelet aggregation
« Vasoconstriction
 Mobilizes intracellular calcium
 Contraction of smooth muscle
LTC, - LTD, - LTE, Note
opposing
« Contraction of smooth muscle effects | PG, (Prostacyclin)
« Bronchoconstriction
« Vasoconstriction « Produced primarily by endothelium
« Increased vascular permeability of vessels.
« Components of slow-reacting « Vasodilation
substance of anaphylaxis (SRS-A) « Inhibits platelet aggregation

LTB, (Leukotriene B,)

« Increased chemotaxis of PGF, (Prostaglandin Fy,)

lymorphonuciear leukocytes P "
« Release of lysosomal enzymes produced by mast €asues
« Adhesion of white blood cells

« Contraction of smooth muscle
« Stimulates uterine contractions

PGE (Prostaglandin E;)
« Produced by most tissues,

especially kidney

« Vasodilation

« Relaxes smooth muscle
« Used 1o induce labor

Copyright © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins

Cholesterol (chapter 18)

Cholesterol is synthesized by all tissues in
humans, although liver, intestine, adrenal
cortex, and reproductive tissues make the most.

All the carbon atoms in cholesterol come from
acetate, with reducing equivalents from NADPH.

Energy for synthesis comes from hydrolysis of
thioester bonds of acetyl CoA and terminal
phosphate bond of ATP.

Synthesis occurs in the cytoplasm, with some
enzymes found in the membrane of the ER.

Major sources of liver cholesterol
—

Cholesterol
Dietary synthesized
cholesterol ||in extrahepatic

tissues

Chylomicron
remnants HDL

De novo
synthesis
in the liver

Liver
Cholesterol

Free cholesterol
secreted in the bile
Secretion of Conversion
VLDL to bile
acids/salts

E=—S

Major routes by which
cholesterol leaves the liver




cholesterol structure

most plasma cholesterol is in Hydrocarbon "tai”
oo Ty

the esterified form (not found

in cells or membranes)

Steroid
A N nucleus
cholesterol functions in all
membranes (drives formation of

lipid microdomains)

cholesterol is the precursor for
steroid hormones &o
% Cholesteryl ester
note 4 fused rings, single dbl

bond, single hydroxyl, acyl

chain at C17

plant sterol margarines (Benecol, sitosterol) lower LDL
cholesterol by inhibiting intestinal absorption of cholesterol
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Cholesterol synthesis initially
follows that of ketone bodies

o
2 CHy-C-CoA
2 Acetyl CoA
Thiolase
CoA
3 cytoplasmic acetyl o o
CoA molecules are CHy- G- CH,~ C-CoA

sequen tial Iy Acetoacetyl CoA

[e]
condensed to form f}cmc‘_m
HMG-CoA synthase

HMG CoA (6 carbons)

CoA

O_ CH; OH O
N u , it

C

AN /c\ /c\
"0 'CH, CH, CoA

3-Hydroxy-3-methylglutaryl CoA (6C)
(HMG CoA)




The rate-limiting step of de novo
cholesterol biosynthesis is
catalyzed by HMG CoA reductase

¢ The reduction of HMG CoA by
HMG CoA reductase results in
the oxidation of two NADPH
and results in mevalonate.

HMG CoA reductase is a
membrane protein of the ER:
catalytic domain projects into
the cytoplasm.

¢ Target of statin drugs

Expression is
inhibited by
cholesterol

O,

. CHs OH ©

_ ol c.
O CH, CH, CoA
HMG CoA (6C)

2 NADPH + 2 H*
HMG CoA reductase

CoA 2 NADP*

O CHz OH

N w3,

O, C{ ~CH,0H
0 Ch, CH,

Mevalonic acid  (6C)

L

- ¢ CH,OH
0-C. &
~ch, cft,

oHsG_ OH
& o cHo-®-®
ADP AP 0-C__ 0-®~
ATP ATP ~ch, “cfi,

Kinases
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€0, prp ADP ® C}é: Cé°”2°'®'®
,C-CH,

H,C

Mevalonic acid
(6C)

acid
(6C)

11 j\

21 pyrophosphate (IPP)

(5C)

The of P in
subsequent structures help keep these water-insoluble compounds in solution.

GHy CH,0-®-®
GHy s G=CC

CHy Sty ol Gy %
cx=c_ ¢, H

CHy Qb O<C,
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®-® e

Transterase

[5]

“H

chy, H CH; H

Farnesyl pyrophosphate (FPP)
(15C

FPP

®-®

Geranyl pyrophosphate (GPP)
(10C)

Isomerase

OHy £H,0-®-®

®-® pp

Transferase
4] 3,3-Dimethylallyl
pyrophosphate (DPP)
(5C)

Pyrophosphate is released in each of these four
condensation steps, making the reactions irreversible.

RADE N
i Squalene
synthase

Beginning with squalene, the intermediates in
i are

NADP* and are so

hydrophobic that they require an

intracellular sterol carrier protein to keep them

soluble.

®-®

02

Squalene
H20 ronoxygenase

—
NQ:E" NADP*

Squalene n

(30C)

Lanosterol
(30C; first sterol)

Cholesterol
(27¢)
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Portions of the statins (shown in
blue) clearly resemble HMG-CoA.

CYTOSOL

Phosp|
H,0 _ protel
phosphal

HMG Co.

A ]
nduf:hso (inactive)
P ; AMPK]

“
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——|Regulation of HMG CoA reductase
1. regulation of gene expression by SREBP

2. phosphorylation state

3.

4. inhibition by statin drugs

regulation by hormones (insulin, glucagon)




Degradation of Cholesterol

® The ring structure of cholesterol cannot be
metabolized to COz and H20 in humans.

® The sterol ring nucleus is eliminated from the
body by conversion to bile acids and bile salts.

Degradation of Cholesterol

Cogieas

® The theme is for cholesterol to be converted to a
relatively soluble amphipathic molecule.

® As a bonus, these molecules are used as
emulsifying agents during digestion.




