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Metabolism of phospholipids

and cholesterol
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DPPC = lung surfactant. - 30@‘ ‘U.CK -
Sphingomyelin = myelin sheath.
Cardiolipin = inner mitochondrial membrane. 8 (aneem A\ s O“?
Pl = arachidonic acid reservoir + signaling. ﬂ 6

COX-1 = gastric/kidney/platelets.
COX-2 = inflammation.

Cortisol inhibits phospholipase A..
NSAIDs inhibit COX. 4 +9

HMG-CoA reductase = rate-limiting enzyme of

1.
2.
3.
4.
5.
6.
7.
8.
9.

cholesterol synthesis.

—
©

Cholesterol 7a-hydroxylase = rate-limiting enzyme of bile
acid synthesis. ¢ 0nly liveC &




Phospholipids

ale ohdl  bacK bone (9yced/ sphingosine) o @ glouP

» Are polar, ionic compounds composed of an alcohol that is attached

by a phosphodiester bridge to either diacylglycerol or sphingosine
(amphipathic) i

» Phospholipids are the predominant lipids of cell membranes that

function as alféservoirforintracellularmessengers and for some
proteins, they serve as anchors to cell membranes.

» Nonmembrane-bound phospholipids serve additional functions in the

body, as components of lung surfactant and essential components
of bile that aid in the solubilization of cholesterol

Two of the most widely recognized second messenger systems are:

.‘y lpid metadsm + The calcium/j idylinosi
. . o Qe et ‘phosphatidylinositol system .
/l— (esevoil Yo( intracellulal messenae(s » R —— A ) e g2 4
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non
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membrane

1. Anchot ‘e cell membrane

fokio of ATP. AMP
grospHatdal| + lnositol P
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prospho glacel
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Function of phospholipids: except:

3- Componenl-s op lw\g W(Pac].m]. I;Jlng surfactant
ile
q. csscnl-,’al Camfoncnl- of bile —s ( phowhdipids ) Anchor cell membrane
— chdestecl Intercellular massengers

5- soiubilizal-.‘on op c[«,ales}-c(o‘ bilicubin (exctetion) Cell cell recognition (wlg=Jl)



Phospholipids

(a) Phosphoglycerides Head group
H
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.choling
- ethanolamine
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Hydrophobic tail o | _H
ewm\ ! : : O LS
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Phospholipids

Exam point:

Cardiolipin is required for normal

Yunckion & tesponsible for the cytocome eazgmes
(' o} oxidative Phospho(g\o.\— ion

\',o ¢t
Cardiolipin: cardiolipin is virtually @xclusive to the'inner
mitochondriallmembrane; where it is required for the

maintenance of certain respiratory complexes

ethec L
Plasmalogens: when an

mitochondrial oxidative phosphorylation

is produced. phosphatidal (abundant in‘nerve
tissue, phosphatidal > (abundant in heart muscle) is the
other quantitatively significant ether lipid in mammals.

Platelet-activating factor (PAF): is an unusual‘ether
glycerophospholipid, with a alkyl group in anfether

link to carbon 1 and an acetyl residue at carbon 2
catbon 4 —» sa\-u{al.ed 0|K9| g(ouP
calbon 2 —» acetyl group

It binds to surface receptors, triggering potent thrombotic and
acute inflammatory events. PAF activates inflammatory cells
and mediates hypersensitivity, acute inflammatory, and
anaphylactic reactions. It causes platelets to aggregate and
degranulate, and neutrophils and alveolar macrophages to
generate superoxide radicals

alkyl group attached by
an‘ether linkage to the core glycerol molecule, a plasmalogen

/ Fatty acids —>
2
H

CH -®-CH,- c CH>-(P-CH,

Polar > o|-|

head
Cardiolipin

Unsaturated

Ether linkage /
=\

O CHyO-CH=CH
et~ CH 0

== cH2 @) P OCH20H2NH3
Acyl =
group O

Glycerol backbone

Phosphatidalethanolamine

Saturated

Ether linkage /
N

(”) cH2 O_CHZ_CHz
CHsC-O - CH 0

e CH2 ©= P OCHchzNH?,
Acetyl O‘
group

Glycerol backbone

Platelet-activating factor




Functions

PAF is a powerful inflammatory mediator.

e Causes platelet aggregation.
e Causes platelet degranulation.

e Activates neutrophils and macrophages.

e Stimulates production of superoxide radicals.

e Mediates:

e Acute inflammation
e Hypersensitivity reactions

e Anaphylaxis

Compound

Cardiolipin

Plasmalogens

PAF

Location/Function

Inner mitochondrial
membrane; oxidative

phosphorylation

Ether phospholipids in
nerve tissue and heart

muscle

Potent inflammatory
mediator; platelet
aggregation and

anaphylaxis




Which phospholipid is found almost exclusively in the inner
mitochondrial membrane and is required for oxidative
phosphorylation?

A. Phosphatidylcholine
B. Cardiolipin
C. Sphingomyelin

D. Platelet-activating factor

Answer: B. Cardiolipin



Sphingophospholipids
Sph | ngOmyeI | N (myelin sheath & newves)

P(ohgchan

» The backbone of sphingomyelin is the amino alcohol sphingosine,

rather than glycerol . (inic)
)

»| A long-chain fatty acid is attached to the amino group of sphingosine
through an amide linkage, producing a ceramide, which can also serve
as ‘a precursor of glycolipids. The alcohol group at carbon 1 of
sphingosine is esterified to phosphorylcholine, producing

sphingomyelin, the only significant sphingophospholipid in humans.

__ J

Ceramide + Phosphorylcholine = Sphingomyelin

.......Ceramide caibon 1 e
« » Sphingomyelin is an important constituent of CHQ—Q—CHzcs/wlv*
+ the myelin of nerve fibers that insulates and g_NH_(‘:H ErCH,
@otects neuronal fibers of the central nervous | E.t.: L
system : EhiSOHY
L:o‘_),‘ Sphingosine
e o

Fatty acids
dementia y



3. The only significant sphingophospholipid in humans is:

A. Cerebroside
B. Ganglioside
C. Ceramide

D. Sphingomyelin

Answer: D. Sphingomyelin
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Biosynthesis of membrane phospholipids

—

» | Synthesis of membrane lipids requires in general :

» Synthesis of backbone molecule (glycerol or sphingosine)

» Attachment of F.A to the backbone by|ester or amide linkage.

» Addition of hydrophilic head group through phosphodiester
linkage.

» Alteration or exchange of head group to yield final phospholipids.

=

——

» PL Synthesis occur in smooth endoplasmic reticulum then goes
to Golgi apparatus and then to membranes of organelles or the
plasma membrane, or are secreted from the cell by exocytosis

2> Al cells ‘@xcept mature'RBC can synthesize phospholipid



onans s s DY NENESIS Of PE @nd PC

abliRdantRPINeIasses. Head group
has no net charge

» PC and PE are the most abundant phospholipids in
most'eukaryotic cells. Choline and ethanolamine are
obtained either from the diet or from the turnover of
the body's phospholipids.

»Synthesis fromxisting choline and

| ethanolamine: by phosphorylation of choline or
ethanolamine by kinases, followed by conversion to the
activated form, CDP-choline or CDP-ethanolamine. Then,
choline-phosphate or ethanolamine-phosphate is
transferred from the nucleotide (CMP) to a molecule of
diacylglycerol

vhtal Bl

» The reutilization of choline is important because, as
humans can synthesize choline de novo, the amount
made is insufficient for our needs. o

O

"
HG=0=C ALCOHOL
==ost +  Glycerol
O H.C-O-CDP Inositol
CDP-Diacylglycerol
}’CMP
e
H,C-0-C
OB
O H,C-(P)-Alcohol
Phospholipid
cMP
2
§ HeGrO-C M cop-aLconoL
et CDP-Choline
H,C-OH CDP-Ethanolamine

Diacylglycerol

» dipalmitoylphosphatidylcholine (DPPC) made and secreted by Type |l

In , «—{-pneumocytes, IS the major lipid component of lung surfactant. Surfactant
14 serves to decrease the surface tension of this fluid layer, reducing the pressure

before delivery.

-

needed to reinflate alveoli, thereby preventing alveolar collapse. Lung
maturation can be accelerated by giving gthe mother_ shortly



synthesis of PE and PC
|-€hosphoﬁo‘0“l'00 b!o Kinases

2- Ackivation by, COP

3. VeansPer Som CMP bo Aiacglglgcelol (DAG)

\",4?”’ suget octivakion UDP
A\ fhosplqol.pid activation CDP

FansPer RNA
Patby acids ackivation CoA

SV . .
L./\9"" amino acids activation

How are PE and PC synthesized?

Step 1: Phosphorylation
Choline or ethanolamine is phosphorylated by kinases.

e Choline - Phosphocholine

e Ethanolamine - Phosphoethanolamine

Step 2: Activation
They are activated by binding to CDP.

* Phosphocholine - CDP-choline

* Phosphoethanolamine - CDP-ethanolamine

Think:

CDP = activated form ready for membrane synthesis.

Step 3: Transfer to diacylglycerol (DAG)

Activated groups are transferred to diacylglycerol (DAG).

e CDP-choline + DAG -> Phosphatidylcholine (PC)
e CDP-ethanolamine + DAG >
Phosphatidylethanolamine (PE)

Which of the following doesn’t match :
Galactose: UDP
Amino acid :tRNA
Ethanolamino :CDP

Inositol:CDP (wle=Jl)






itamin

“Synthesis of PE, PC and PS

S - PE €C
+ 3 methyls choline seane
» Synthesis of PC from PS in the liver: To provide

the needed PC (secreted in bile), PS is
decarboxylated to PE by PS decarboxylase, an
enzyme requiring pyridoxal phosphate as a
cofactor. PE then undergoes three methylation
steps to produce PC ( mel) mebyl donal

» Phosphatidylserine (PS): provided by the base
exchange reaction, in which the ethanolamine of PE
IS exchanged for free serine to produce the@

required for membrane synthesis

All aminotransferases require the coenzyme pyridoxal phosphate 2 enzymes

Vikamin B€ - S
9lycogen ohn osphoylase
Shortening of the chains: (ohe limiking anzgme
a(1-4) is cleaved by glycogeniphosphorylase until four - amMnNo tcans ‘8(&58
glycosyl units remain on each chain before branch point
The enzyme utilizelpyridoxaliphosphate which is required as
coenzyme Nl bamin 84)" - S Aecalbo Xtd‘aﬁe

pyridoxal phosphate as a coenzyme /! Cl.ow Jb uLo.J)JS| ol Cul>

-
C-O-CH,

+
9 ; NH
C-0-CH NH; CH,

CH,-®-CH,CH CH,
COo0™ OH
Phosphatidylserine Ethanolamine
Phosphatidyl- Phosphatidyl-
serine ethanolamine-
decarboxylase serine
transferase
(base exchange
reactlon
c o- CH2 NH3
a8 HO-CH,CH
C ©= CH c00™
CHy -®-CH,CH,NH,§
Phosphatidylethanolamine Serine
¢Hs
Adenosine- g*
1
CH
Gt
HCNH,
COO™
S-Adenosyl-
methionine
Adenosine-g N-Methyltransferases
CH,
CH,
HCNH3
COO
S-Adenosyl-
homocysteine
.
C-O-CH,
o | CH,
C-O-(.:)H

I
CH2 '®'CH20H2N+—' CH3
I

CH,

Phosphatidylcholine
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Synthesis of P|phssphatidslifiositol

-stetic acid €.

. . . . - atachidonic acia‘ Cz
Pl is synthesized from free inositol and CDP- e 3L, el 4
diacylglycerol oyl phoprease Az

U, iohibito( M, )

Pl is an unusual phospholipid in that it often contains ... .|
stearic acid on carbon 1 and arachidonic acid on ) (cotbisol )
carbon 2 of the glycerol

Site of cleavage by
phospholipase C

P| serves as a reservoir of arachidonic acid in o L' | ame
membranes and, thus, provides the substrate for RN
prostaglandin'synthesis when require o] s

—6- T/H INO a\ip\/\ﬂx'i"
Phosphatidylglycerol is a precursor of cardiolipin. It T\,:—O/ Nok aueric
is synthesized by a two-step reaction from CDP- 0-p-0-
diacylglycerol and glycerol 3-phosphate. >

Phosphatidylinositol 4,5-bisphosphate

Cardiolipin is synthesized by the transfer of
diacylglycerophosphate from CDP-diacylglycerol to a

preexisting molecule of phosphatidylglycerol.




Role of PI

» Pl in signal transmission

» Pl in membrane protein anchoring
across membranes

EXTRACELLULAR SPACE
' sy | Anchored
b protein
|
Hormone binds to a n o-Subunit of G, [ Active phospholipase C 7 Ca2+ and 0=C
specific G protein— protein dissociates cleaves phosphatidyl- DAG activate |
coupled receptor. andact inositol 4,5-bisphosphate protein NH
(PIP5) to IP3 and DAG. kinase C.

|
Ethanolamine - (5}
® < Hormone

= e

- |
Ethanolamine - (P) - Oligosaccharide
|

.................‘...T..........QQA{ ‘9...?'?'."... ‘W l" ‘
0000000000060008 I'........Q"

S (GleN)
X 200000000000000000000000000” ‘ '
E 1) 0% YRR .ﬁ. Y Diac(ylgléc):erol ; o]
S ' H
kinase C
Activated/ . e E— )+ | °
receptor G il H OH
/Y x Phospholipase C
GTP GDP oé ©

CH, - CH- CH; —()

. ) Inositol 1,4,5- 0o O

Occupied )’A trisphosphate (IP5) Phosphorylated proteins Akl OH OH
receptor G, protein releases 0=C 0=C

interacts GDP and binds GTP.JlIR\5/ - I A S A [ D
with Gg S VY

protein.

|

INTRACELLULAR
EFFECTS

IP; binds to a specific receptor
on the endoplasmic reticulum,

causing release of sequestered
Ca2+from IP3-gated channels.

I

MU L
ALL AL

Protein kinase C
catalyzes phosphorylation |
of cellular proteins that

mediate cellular response
to the hormone.

\Q\Va @ .
ENDOPLASMIC [
RETICULUM hosphatidylinositol are
!nsenta into the lipid core

of the cell membrane.

CYTOPLASM




Synthesis of sphingomyelin

002 OA R

2 B =T A
CH,(CH,),,~C-CoA <+ H,N-(.:-H CHLCH,),~C H_.-"&-._-(.:—?-CHZQQ-{ —
CH,0H OH NH,
Palmitoyl CoA Serine  MNADPH+H*  NADP* Sihbdene)
- condensing - fequied
(e
amph:pa(—hac FAD CH,(CH. "--E-COA
> Sphlngosme -based phospholipid, is a major e ] CMF'“V”V'W
Basloonc “structural lipid in the membranes of nerve tissue. :
H H
. . . ) ReCHe( ”'(:3-¢-CH20H} Sphingosine
» The synthesis of sphingomyelin: ‘palmitoyl CoA OHNH
condenses with serine, as CoA and the carboxyl Foa
group (as CO?2) of serine are lostt requires &N,
pyridoxal phosphate as a coenzyme Ceramide
|Phoophaﬂdytchollm
» The product is reduced in an NADPH-requiring Diacylglycerol
reaction to sphinganine, which is acylated at the | O |
: ith f o o] Bai A=CHeCH-C~C-CH,0-P-OCHCHN'(CH,)y
amino group with one of a variety of long-chain S O ;
fatty acids, and then desaturated to produce a co Choline
ceramide (GHa)
(9 2 I8
$phin30$\‘f\e t ‘a“’g aciA Sphingomyelin [ncalonS\ |
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D.

Which phospholipid acts as the primary donor of the polar head group during the
conversion of a ceramide into sphingomyelin?

Phosphatidylcholine

Phosphatidylethanolamine

Phosphatidylinositol

CDP-choline



Degradation of phosphoglycerides

phospholipase C beak DAG  Siom inosi ol

>

>

performed by phospholipases found in all tissues and pancreatic juice

Some toxins and venoms have phospholipase activity, and several
pathogenic bacteria produce phospholipases that dissolve cell
membranes and allow the spread of infection.

Phospholipases hydrolyze the phosphodiester bonds of
phosphoglycerides, with each enzyme cleaving the phospholipid at a
specific site.

producks

Phospholipases release molecules that can serve as messengers (DAG
and IP3), or that are the substrates for synthesis of messengers
(arachidonic acid).

€\« (’b(ea}(Cz (dease amachigonic aoiA

phospholipases A1 and A2 remove specific fatty acids from membrane-
bound phospholipids; these can be replaced with alternative tatty acids
using fatty acyl CoA transferase. This mechanism is used as one way to
create the wnique'lung surfactant;)DPPC and to insure that carbon 2 of PI
(and sometimes of PC) is bound to arachidonic acid




Degradation of phosphoglycerides

PHOSPHOLIPASE A,

® Phospholipase A, is present in many
and
Itis also present in snake and bee vcnoma.

Phospholipase A, acting on phosphatidyl-
inositol, releases arachidonic acid (the
precursor of the prostaglandins). /

® Pancreatic secretions are especially rich
in the phospholipase A, proenzyme,
which is activated by trypsin and
requires bile salts for activity.

® Phospholipase A s inhibited by
glucocorticoids (for example, cortisol).

in many m

PHOSPHOLIPASE Ay
3 pnosphoupne A, is present
alian tissues,

PHOSPHOLIPASE©)

® Phospholipase D is found
primarily in plant tissue.

PHOSPHOLIPASE €

® Phospholipase Cis found in liver

lysosomes and the «<toxin of
clostridia and other bacilli.

® Membrane-bound phospho-
lipase Cis activated by the PIP,
system and, thus, plays a role in
producing second messengers.
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Degradation of sphingomyelin

» Sphingomyelin is degraded by the lysosomal sphingomyelinase.

niemann-picK disease W oy

»( Ceramides appear to be involved in the response to stress, and

sphingosine inhibits protein kinase C

5phin30m 90/.'/1

Aacc um(lal'l'Oﬂ

[ NIEMANN-PICK DISEASE

® Sphingomyelinase deficiency
e Enlarged liver and
spleen filled with lipid
e Severe mental retardation
and neurodegeneration
¢ Death in early childhood
(Type A)

Sphingomyelinase
Ceramide
N - -
"R 0 :
CH,(C H_‘;,l 12’CH =CH ‘9-9 'CHE"O P'mH2CH2 N(CH3’3
OH NH 2
\’W/
Ceramidase _+_ Phosphorylicholine

CH4(CH,),=C | :
2 2 |?Fatty acid

g
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Synthesis of PGH,

The first step in the synthesis of prostaglandins isthe oxidative
cyclization of free arachidonic acid to yield PGH, by prostaglandin
endoperoxide synthase (PGH synthase).

This enzyme is an endoplasmic reticulum membrane-bound protein
that has two catalytic activities:

» fatty acid cyclooxygenase (COX), which requires two molecules
of O,, and

» peroxidase, which is dependent on reduced glutathione

PGH, is converted to a variety of prostaglandins and thromboxanes,
by cell-specific synthases. 7. Arachidonic Acid Pathviay

(Extremely High Yield)

COX Pathway




cox-1

Isozymes of PGH synthase < ,-,y.9

» Two isozymes of the synthase are known.

» COX-1 is made constitutively in most tissues, and is
required for maintenance of healthy gastric tissue, renal
homeostasis, and platelet aggregation.

&

in(‘-\amm a\—ion
re\aved

» COX-2 is inducible in a I|m|ted number of tlssues in

» The increase in prostaglandin synthesis subsequent
to the induction of COX-2 mediates the pain, heat,
redness, and swelling of inflammation, and the fever
of infection.

COX-2 makes prostaglandins, which cause inflammation (pain, heat, redness, swelling)

and fever.

/
/
J
¢

Dietary linoleic acid
18:2(9,12)

Elongation
Desaturation

A ,CO0
/ \/

\\\ .‘\, : \ ‘*.\,/"

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

20,
Cyclooxypenase
(COX)
O

"\ ‘/\\
NAT] o — ey
\\'-"‘-\.’,f \ ,/' \
O OOH
PGG,
Peroxidase 2 G-SH
GS-SG
O
e = ~ 7\ '"-.\\
COOD"™
N .
\,/,,/ \/ -
O OH







Inhibition of prostaglandin synthesis

» The synthesis of prostaglandins can be inhibited by a number of
unrelated compounds. For example, cortisol (a steroidal anti-
inflammatory agent) inhibits phospholipase A, activity and so, the

precursor of the prostaglandins is not available. (a4}
atachidonic acid

» (Aspirin, indomethacin, and phenylbutazone (all nonsteroidal anti-
inflammatory agents [NSAIDS]) inhibit both COX-1 and COX-2 and so,
prevent the synthesis of the parent prostaglandin, PGH,. #e goa! fo sy

on emphy stemach can cause:
NSAID-RELATED ULCERS: (Due to innbit i .
inhibition of COX=1, prostaglandin-
endoperoxide synthase).

» |Aspirin's toxicity | is due to the systemic inhibition of COX-1, leading to
damage to the stomach and the kidneys, and impaired clotting of
blood.

» Inhibitors specific for COX-2 (e.g. celecoxib) were designed to reduce

pathologic inflammatory processes while maintaining the physiologic
functions of COX-1 ( has goed Sunckions)
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Question 4 / 56 i

A person who was on a fat-free diet for several weeks may suffer severe deficiency in the ability to syn”‘ b
E 2=
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S. Prostaglandins
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NSAIDS]) inhibit both COX-1and COX-2
Aspirin's inhibition of COX-1 only /

NSAIDS]) prevent the synthesis of the parent prostaglandin, PGH2

Inhibition of prostaglandin synthesis

The synthesis of prostaglandins can be inhibited by a number of
unrelated compounds. For example, cortisol (a steroidal anti-
inflammatory agent) inhibits phospholipase A2 activity and so, the
precursor of the prostaglandins is not available.

Aspirin, indomethacin, and phenylbutazone (all nonsteroidal anti-
inflammatory agents [NSAIDS]) inhibit both COX-1 and COX-2 and so,
prevent the synthesis of the parent prostaglandin, PGH2.

Aspirin's toxicity is due to the systemic inhibition of COX-1, leading
to damage to the stomach and the kidneys, and impaired clotting of
blood.

Inhibitors specific for COX-2 (e.g. celecoxib) were designed to reduce
pathologic inflammatory processes while maintaining the physiologic




O
P >, Lipoxygenases are not affected by NSAIDS. Leukotrienes are

Leukotrienes

» Leukotrienes are linear molecules produced by the lipoxygenase

pathway from arachidonic acid

> (Neutrephils contain S=lipoxygenase, which converts arachidonic

acid to 5-hydroxy-6,8,11,14 eicosatetraenoic acid (5-HPETE) which

IS converted to a series of leukotrienes.

mediators of allergic response and inflammation.

*, Inhibitors of[5-lipoxygenase

and

leukotriene receptor antagonists

are used in the treatment of asthma




Cholesterol

» cholesterol is a structural component of all cell
membranes, modulating their fluidity,

» In specialized tissues, cholesterol is a‘precursor of
bile acids, steroid hormones, and vitamin D

» Cholesterol is a very hydrophobic compound. It
consists of four fused hydrocarbon rings (A, B, C,
and D, called the “steroid'nucleus”), and it has an
eight-carbon, branched hydrocarbon chain attached
to C-17 of the D ring. Ring A has a hydroxyl group at
C-3, and ring B has a double bond between C-5 and
C-6

-~ ——

c - 24 <
3 21 . ,‘A__ :0-\ .
~ S o
a |20 23 125

e 1
e Steroid

9
1 ) ol
2 A 14 5 )
/LA 0g e J nucleus

Cholesteryl ester



Cholesterol synthesis

C @l—op\asm

Cholesterol is@ynthesized by all'tissuesiinthumans;
although liver, intestine, adrenal cortex, and
reproductive tissues, including ovaries, testes, and
placenta, make the largest contributions to the
body's cholesterol pool.

Synthesis occurs inithe cytoplasm, with enzymes in
both the cytosol and the membrane of the
endoplasmic reticulum.

The first two reactions in the cholesterol synthetic
pathway are similar to those in the pathway that
produces ketone bodies. They resultin the
production of HMG CoA

Liver parenchymal cells contain two isoenzymes of
HM A synth

0
2CHy-C-CoA

2 Acetyl CoA (2C)

Thiolase
CoA

0 o)
CHy- C-CH,- C-CoA

Acetoacetyl CoA (4C)

O CH; OH O
G 3 6
O CH, CH, CoA

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




/9036 ngme On‘ﬂ ,fl/(fr’
HMG - (educkase

e tsses  Cholesterol synthesis

» The next step, the reduction of HMG CoA to

mevalonic acid, is catalyzed by HMG CoA HMG-Coh =5 mevalonate

reductase, and is the rate-limiting and key regulated
step in cholesterol synthesis.

» It occurs in the cytosol, uses two molecules of
o ¢ .~ NADPH as the reducing agent, and releases CoA,
daibal making the reaction irreversible

> HMG CoA reductaselis an intrinsic membrane

protein of the endoplasmic reticulum (ER), with the
enzyme's catalytic domain projecting into the cytosol

-

il Expression is |
| inhibited by
cholesterol |

-
/

| / O CH;OH ©

I\n | \,C\ /C\ /c'\
\ | O CH, CH, CoA
\l
}\ HMG CoA (6C)
A itrevecsible
S

2 NADPH + 2 H*
Y TMGfoAradldm
ke |imi ing +
Cn‘tgme CoA 2 NADP

O CHy OH

C c\ CH,OH
‘0 CH, CH,

Mevalonic acid  (6C)




need
ATP oHsQ . OH oH:R OH
(Fed shabe) | O fOn M arp ADP o MDP 0-C_ O, HOO-Cco,,p ap® th HMO-B-O
CH, CH, CH, CH A L-ChH,
+ % . j - } H;C'
Mevalonic acid ‘ Kinases 5-Pyrophosphomevalonic acid Decarboxytase Isopentenyl!
NADPH i 11 s (2 pyrophosphate (1PP)
' . A (5C)
The phosphorylation of mevalonate and presence of pyrophosphate in
subsequent structures help keep these water-insoluble compounds in solution,
[3] lsormerase
CHy CH,0-(P)-(@)
GHa R C=C. GHy CHO-(®)-®) , / 5o
C=C,_ CH, C+C, ~(P)-
q?:ch‘csz H ®-® 1pp ?ésch%/ H ®-@ pp z&s:c\/ e
C H ¢ ﬁ Z H ¢ 5 / H
9 Transterase % Transleraso
Farnesyi pyrophosphate (FPP) [5]) Geranyl pyrophosphate (GPP) 4] 3,3-Dimethyfally!
(15C) (B\\ (10C) pyrophosphate (OPP)
FPP (5C)
J‘ Pyrophosphato is reloased in each of these four
®'® (61 condensation steps, making the reactions irreversible.
HARYE:S m}s«m Beginning with squalene, the intermediates in
synihase cholesterol biesynthesis are nonphosphorylated
NADP* and are so hydrophobic that they require an
intracellular sterol carrier protein to keep them
®® ‘/ soluble.
Y
| £3 HO MONCIYPVIESE
%-e-» s SRS,
o (8]
ADPH NADP* I
Squalene 7] Lanosterol Cholesterol
(30C) (30C: tirst sterol) (27€C)




Regulation of cholesterol synthesis

Ackivated By -insulin nhibikion : cbuss |
Yed skate - low cholestecol levels « AMPK phosphatylation ( inackive)

»( HMG CoA reductase, the rate-limiting enzyme, and is subject to different
metabolic control.

> Sterol-dependent regulation of gene expression: Expression of the HMG
CoA reductase gene is controlled by the transcription factor, SREBP (sterol
regulatory element-binding protein that is bound to ER membrane) that
binds DNA at the cis-acting sterol regulatory element (SRE) of the reductase
gene. SREBP is associates with a second ER membrane protein SCAP
(SREBP cleavage—activating protein).

» When sterol levels in the cell are low, the SREBP-SCAP complex is sent out
of the ER to the Golgi. Where it generates a soluble fragment that enters the
nucleus and functions as a transcription factor. This results in increased
synthesis of HMG CoA reductase and cholesterol synthesis. If sterols are
abundant, it results in the retention of the SCAP-SREBP in the ER, leading
to down-regulation of cholesterol synthesis.

> Sterol-accelerated enzyme degradation: The reductase itself is an integral
protein of the ER membrane. When sterol levels in the cell are high, the
reductase binds to insig proteins. This binding leads to ubiquitination and
proteasomal degradation of the reductase. aabrebon

labeling G5 dai
Sor ploteins that
need to be A:gmdd




Sterol level

Low sterol

High sterol

High sterol

What happens?

SREBP-SCAP moves ER = Golgi

- Nucleus

SREBP-SCAP retained in ER

HMG-CoA reductase binds Insig =

degradation

Effect on cholesterol

synthesis

T Cholesterol synthesis

JV Cholesterol synthesis

JV Cholesterol synthesis



Regulation of cholesterol synthesis

jnach

7 st

» Sterol-independent phosphorylation/dephosphorylation: HMG

CoA reductase activity is controlled covalently through the actions of
AMP—activated protein kinase (AMPK). and & phosphoprotein

m. The phosphorylated form of the enzyme Is inactive, so
cholesterol synthesis, is decreased when ATP availability is decreased.

» Hormonal regulation: The amount and the activity of HMG CoA
reductase is up-regulated by insulin and down-regulated by glucagon.
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Drug Inhibitors of cholesterol synthesis

» The statin drugs (atorvastatin, fluvastatin, lovastatin, pravastatin,
rosuvastatin, and simvastatin) are structural analogs of HMG CoA,

and are (or are metabolized to) reversible, GoMpelitivElRRBIcSIED

HMG CoA reductase.

» They are used to decrease plasma cholesterol levels in patients with

hypercholesterolemia

\07iC

blue) clearly resemble HMG-CoA.
However, the bulky hydrophobic
groups of the inhibitors differ from
the CoA moiety of the substrate,

o |
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CH,4
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Simvastatin

Portions of the statins (shown in
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Which is incorrect about de novo synthesis of cholesterol:
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3. The precursor for cholesterol synthesis 1s acetyl coA \

4. The rate limiting step is catalyzed by HMG coA reductase enzyme that'is SCHNSISE

nthesis and so used to treat hypercholesterolemis
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Degradation of Cholesterol

» The ring structure of cholesterol €annot be metabolized to CO, and

( ‘H,O in humans but the intact sterol nucleus is eliminated from the
body by conversion to bile acids and bile salts, which are excreted Iin
the feces, and by secretion of cholesterol into the bile, which
transports it to the intestine for elimination.

wate

» Some of the cholesterol in the intestine isimodified by bacteria
before excretion. The primary compounds made are the isomers
coprostanol and cholestanol, which are reduced derivatives of
cholesterol.

- cop(03kand)
- choléstanol
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seconda(tg bile acids ' . . h
(imaWy bile acids:
- deoxycholic act d (DCA) '”/B( down P ﬂ | oc

(aviong . .
- ucsodeoxychelic acid (UDCA) (egu " cholic acid

Synthesis of Bile acids &=

» Bile acids are synthesized in the liver by a multistep,
multiorganelle pathway in which hydroxyl groups
are inserted at specific positions on the steroia
structure, the double bond of the cholesterol B ring
IS reduced and the hydrocarbon chain is shortened

2> « by three carbons introducing a carboxyl group at
159, the end of the chain |Y\/\<

» The most common resulting compounds,‘cholic acid {\/\ T

(a triol) and chenodeoxycholic acid (a diol), are g c.,o..,m,o.
called “primary” bile acids.

g,+° Cholesterol Cholic acid
> The rate-limiting step in bile acid synthesis is the O L) Clotestaco!
introduction of a hydroxyl group at @EfSeRES of the "1 Ho SrSeees
steroid nucleus by cholesterol-7-a-hydroxylase, an PN
ER-associated cytochrome P450 (CYP) enzyme P
found only in liver

* ChOIBS"Cm' —> cholic aaA 50 B b < o
H
» The enzyme is down-regulated by cholic acid and @

up-regulated by cholesterol



Enterohepatic circulation of bile salts

Bile salts secreted into the intestine are efficiently reabsorbed (greater than
95%) and reused. The mixture of primary and secondary bile acids and bile
salts is absorbed primarily’in the lleum. They are aclively fransported from
the intestinal mucosal cells into the portal blood, and are efficiently removed
by the liver parenchymal cells.

Bile acids are carried in blood by albumin as a noncovalent complex

The liver converts both primary and secondary bile acids into bile salts by
conjugation with glycine or taurine, and secretes them into the bile to the

duodenum where some are converted to bile acids, and their subsequent
return to the liver as a mixture of bile acids and salts

‘;d}\‘ >\51 Acug
Bile acid sequestrants, such as cholestyramine, and dietary fibers bind bile
acids in the gut, prevent their reabsorption, and so promote th]eir excretion.

- Bind bile salks | " '
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DUODENUM

Cholesterol

v

Primary bile acids
(0.5 g/day)

Secondary

4 Glycine ’
bile salts Taudod F.'nmary
bile salts
Primary and secondary Secondary ?chine ‘
conjugated bile salts BILE DUCT bile salts aurm
Primary
Glycine bile salts

Taurine /

Secondary
bile salts

PORTAL VEIN

Fecal excretion of primary
and secondary bile salts
(0.5 g/day)

sssmm BILE
(15-30 g bile salts/day)

mssmm PORTAL CIRCULATION |

(15-30 g bile salts and acids/day)




» Phospholipids are the predominant lipids of cell membranes that
function as a& and for some

proteins, they serve as anchors to cell membranes.

» Nonmembrane-bound phospholipids serve additional functions in the

body, as components of lung surfactant and essential components
of bile that *

Yunchion g @sponsible foithe cytocome enzgmes ' ete
of oxidakive phosphorylakion \',2

> Cardiolipin: cardiolipin is virtually @xclusive to'thelinner
.q_PP where it is required for the
maintenance of certain respiratory complexes
ethec PL

> Plasmalogens: when an @RSatlfated alkyl group attached by
an ether linkage to the core glycerol molecule, a plasmalogen

is produced. hor%p_hatida abundant in‘nerve
tissue, phosphatidal abundant in heart muscle) is the -
other quantitatively significant ether lipid in mammals.

> Platelet-activating factor

PAF): is an unusual‘ether
glycerophospholipid, with abalkyl group in antether

link to carbon 1 and an acetyl residue at carbon 2
catbon 4 —» satucaled alkyl ocoup
cabon 2 —» acetyl goup

PL Synthesis occur in smooth endoplasmic reticulum then goes
to Golgi apparatus and then to membranes of organelles or the
plasma membrane, or are secreted from the cell by exocytosis

> dipalmitoylphosphatidylcholine (DPPC) made and secreted by T¥Pe 1
pneumocytes, is the major lipid component of lung surfactant. Surfactant

a ceramide, which can also serve
as a precursor of glycolipids

« » Sphingomyelin is an important constituent of
+ the'myelin'of nerve fibers that insulates and
protects neuronal fibers of the central nervous
system
) L

dementia



