Lipid Metabolism

By Inga Borchgrevink

study



Outline 1

. TAG synthesis

. Cholesterol

study



@)
. . —O—g - Fatty acid 1
Types of lipids 8 ¢ |
g—0=C - Fatty acid 2
S
[0} )
—o—g—o- Head group
I

Build from .

Fatty acids

Acylglyserol Glyserol + FA o 4 ﬁ
Phosphoacylglyserol Glyserol + FA + P B N—-C— Fatty acid
Sphingolipids Sphingosine g ﬁ

Steroids Steroid nucleus = ‘O‘Z‘O‘ Choline

Backbone .
21 H 1
‘® FN=-C—— Fatty acid
i
D=0 Carbohydrate

Glyserol Spingosine

Glycolipid



Sphingosine

Sphingolipids

Single sugar residue

A

HO OH

o. 9 o. O
Sphingosine backbone X S
e, P P<
/ Yo /"o
(®] (0]
NH H NH H
(0] ) + O=—— = Hewmn
:< OH ¢t :< OH  pn o
R I R —_
E — Phosphoethanolamine
Fatty acid Phosphocholine group
residue group
A Ceramide A Sphingomyelin A Sphingomyelin A Cerebroside

Oligosaccharide residue

A Ganglioside

study




Q: Which of the following is needed for the
synthesis of all three compounds:
triacylglycerol, phosohatidyl and sphingomyelin

a) Diacylglycerol 3¢

b) Phosphatidic acid 3¢

c) Phosphocholine $¢

d) Glycerol-3-phosphate 3¢
)

e) Acyl-CoA

Idyl = glyserol + 2FA
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Fatty acid synthesis (de novo) @, °

NOTE:

- Citrate shuttle!

- Citrate is an energy marker

« Acetyl-CoA carboxylase = rate limiting
step

Synthesis

Fatty acid synthesis
(palmitate. a 16C FA)
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Glucagon —=(—)= carboxylase CO, (biotin)
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Fat synthesis (de novo)

« ACP = acyl carrier protein
e FAS-I = Enzyme
. Malonyl CoA as building block "] |

« Use 2 NADPH per round h
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DE NOVD SYNTHESIS OF #As
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Transfer Fatty acid into mitochondria
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° ° ° Degradation
Fatty acid + CoA
Fatty acyl-CoA
synthetase
Fatty acyl-CoA
Carnitine
palmitoyl
transferase |

Carnitine
shuttle

 Oxidate two carbons per round
* Produce 1 FADH,, and 1 Acetyl CoA per round “mw ,
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FADH, = 1,5 ATP

NADH = 2,5 ATP
Acetyl — CoA = 10 ATP

Cc-2
Number of rounds =T

16C = 7 rounds of b-oxidation
« 7FADH, - 10,5 ATP

« 7NADH, - 17,5 ATP

« 8 Acetyl — CoA - 80 ATP

« > 108 ATP

« 108 ATP - 2 ATP (for activation)
« —> 106 ATP netto

Energy output
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<>FADH2

14C
FarTY Acid Acetyr -Co A
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Balace between synthesis and degradation of FA

Synthesis Degradation
Fatty acid synthesis
[palmitate. a 16C FA)
T Fatty acid + CoA
Malonyl-CoA
: $ Fatty acyl-CoA
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Ketone TCA
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What about 0dd Chain "7,
Fatty Acids? ez

TCA cycle ]O
’ Odd-chain fatty acids,
- ketoglutarate isoleucine, valine, methionine,
& / threonine, py rimidines
nate Succinyl-CoA « Methyimalonyl-CoA « . Propionyl-CoA
D El:
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« B-oxidation until propionyl CoA (3C)

« Vit B12 deficiency causes buildup of
Methylmalonyl-CoA

« End product Succinyl-CoA - TCA cycle

study




TAG synthesis/Lipogenesis

* Glyserol-3-Phosphate - TAG
« Adipose tissue lack
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Synthesis of ketone
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When are Ketones produced?

Prolonged starvation & Diabetic
Ketoacidosis = oxaloacetate
depleted (TCA)

Chronic alcohol overuse = NADH
excess

Both of the above processes
lead to acetyl-CoA buildup
which is shunted to ketone
synthesis

v

Acetyl CoA

TCA
cycle

NADH
FAD(2H)

GO,
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Oxidation of ketones
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Acetyl CoAD  Cholesterol synteses 77/,

HIVIG-CoA » Start from Acetyl CoA
REDUCTASE + Use NADPH and ATP
NADPH
NADP* = Rate Limiting Step
Mevalonate  Inhibited by statin drugs and cholesterol + mevalonate
" sd b buildup
Isoprene units . Insulin Induces
‘ Glucagon Inhibits
Squalene

Irriversible prosess!!
Cholesterol can NOT be broken down for
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HO

CHj

Cholesterol

ACA’

Cholesterol ester

TISSUES

Membrane structure
Production of steroid hormones

Production of vit D
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Don’t mix these up!

HMG-CoA Lyase = Ketone production

- HMG-CoA synthesis

IMPORTANT
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Fasting: Where are you? Fed:

Inhibits Stimulate

§ Insulin cymes T Insulin ensymes

Stimulate

1 Glugacon s J Glugacon e

Ketone synthesis Liver cell mitochondria Fasting
Cholesterol synthesis Liver cytosol Fed
TAG synthesis Adipose + liver, ER Fed
FA synthesis Cytoplasm Fed
FA degradation Cytosol = Mitochondria (3-oxidation spiral) Fasting
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Outline 2

7
. Lipoproteins l
¢

Apolipoproteins

Eicosanoids

Naming Lipids
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TAG

Cholesterol

What are lipoproteins?

Fp,q
. /"e .
f/OOO' < bo,/é/b/e
O a/p 0/77/}7//70'8

Lipoproteins = transporters for hydrophobic lipids in the blood

Chylomicrons

Very low-density lipoproteins (VLDL)

Intermediate-density lipoprotein (IDL)

Low density lipoproteins (LDL)

High density lipoprotein (HDL) (lowest

, high

DF . .
Cholesterol & ospholipid

F‘er pr- .:_rd |/
Spoprotein //

Vionolayer of manly
amphipathic lpids

Core of mainly
nonpolar ipids

Apoprotein B-100

N
I

“good cholesterol”
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Fat transport

~ 80% HDL Released from
Dietairy fat » ‘ ) % :',‘,'tigﬁﬂg (T ac", 3
y LDL : . ]
.'”wm', z (B-100) ‘ Chylomicrons: Bind exogenous
B iadl iy LCAT dietary fat.
[ | C-Il activates LP lipase
.0 £ fonanc B-48 for unique identification
[ 8 | _ E for entry to liver
Chylomicrons A l .
E, C-ll, B-48) |Remnant VLDL DL <, » :
: : (g"‘gj’gf (E, C-lI, B-100) | (E, B-100) ) l lefho.'eswm' eeternen VeLn%%glgﬁgjlg *?,}/]gwfesﬁggs from
liver to tissues.

Deliver cholesterol
to liver and steroidogenic

tissues via SR-B1 LDL: Cholesterol to tissues

LP Lipase ‘ LP Lipase - B-100 binds LDL receptor
(Fetty acx) (balty ekl LCAT = lecithin cholesterol acyltransferase
‘ ‘ CETP = cholesterol ester transfer protein HDL: C h oleste rol f rom tissues to
Adipose tissue and muscle Adipose tissue and muscle | SR-B1 = scavenger receptor B1 live r

Figure I-15-5. Overview of Lipoprotein Metabolism
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Apolipoproteins

Only on
chylomicrons

%

L

Apo B-48 «guide» chylomicrons
_ Apo ClII Activates LPL (TAG - glyserol + FA)
Deliverd by
HDL Apo E Entry into liver
Apo B100 Entry into liver and other tissue (LDL-Receptors)
Apo Al Activates LCAT (Ch >ChE)
Only on HDL study *




Table I-15-1. Classes of Lipoproteins and Important Apoproteins

Lipoprotein Functions Apoproteins Functions
Chylomicrons Transport dietary triglyceride and apoB-48 Secreted by intestine
cholesterol from intestine to tissues apoC-ll Activates lipoprotein lipase
apoE Uptake of remnants by the liver
VLDL Transports triglyceride from liver apoB-100 Secreted by liver
to tissues apoC-ll Activates lipoprotein lipase
apoE Uptake of remnants (IDL) by liver
IDL Picks up cholesterol from HDL to apok Uptake by liver
(VLDL remnants) become LDL apoB-100

Picked up by liver

LDL Delivers cholesterol into cells apoB-100 Uptake by liver and other tissues
via LDL receptor (apoB-100
receptor)

HDL Picks up cholesterol accumulating apoA-1 Activates lecithin cholesterol

in blood vessels acyltransferase (LCAT) to pro-

Delivers cholesterol to liver and duce cholesterol esters

steroidogenic tissues via scavenger
receptor (SR-B1)

Shuttles apoC-ll and apoE in blood > d *




Diseases

. Type 1 hyperlipoproteinemia - Familial hypercholesteremia
Mutation of apoCll (activates LPL) Mutation of LDL-receptor
LP I_ ‘x LDL-Receptor
Glyserol + Apo-B100
7AG = 2 >

> Increased TAG in serum 2 Increased LDL in serum

XS
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Lipoprotein lipase (LPL)

On capillary endothelial cells, OUTSIDE adipose and muscle cells

TAG - glyserol + 3FFA
» Chylomicrones - chylomicrone remnent Muscle LPL

« VLDL - IDL v
Adipose LPL has HIGHER Km than muscle LPL

ONLY adipose LPL

Vmax
Lymph \
Chylomicrons . 2
Blood Capillary
walls
Chylomicrons Chylomicrons /
Intestinal \
epithelial cell
Chy! L

P
2 +
Lysosomes Ci
Muscle
E dO yt / ‘/g
Chylon
/ 1111111 Gl - [Glu]
e X
Cho I t ol \\’ \_ FA —» TG Stores
Amino acids ; .
Glycerol Adipose tissue S+ U I g




Eicosanoids

« 20 carbon FA

Prostaglandins, thromboxanes,
and leukotrienes

« Cell signaling
* |Inflammatory response
Precursor = Arachidonic acid

Eicosanoids

signaling molecules
made by oxidation of fatty acids

Inflammator @
n 4 sssm) B Phospholipase A, }— COrﬁcosremim]
(annexin A1)

stimuli

Cyt P450

Epoxygenase

Epoxyeicosatrienoic acids
(EETs)

‘ YO0
i @ \"
A}

Arachidonic acid esterified
in membrane phospholipid

aspirin

(inducible)

Prostanoids
Prostaglandins
rostacylin 2
Thromboxane (TXA,)

LOX }— Zileuton

monteluka
HETEs X \( zafirlukast
Leukotrienes
Lipoxins
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Where does Arachidonic Acid come from?

Q
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Diet — B W T o G S00A
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AR-Desaturase
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— —
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« Elongation + Desaturation of I
LinOleiC ac.id leads tO y-Linolenoyl CoA [4%*2_pctadecatrienoyl CoA)
Arachidonic Acid production

Malonyl CoA —
Elongation

"1
BN TN TN
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Il
[ J [ ] [ ] I::l
° L'| 1] 0 le] C aC] d CO m es fro m Dihomo-y-linolenoyl CoA (AR 4 gicosatrienoy] Cof)
d i et ! ! P2+ NADR + _\i As-Desaturass
2 Ho0 &+ NAD™ =

Hoon 8 E 1
E‘.ﬂuf“d":'"xf:‘u’:ﬁ:‘v“w'l‘l SCoA\
Arachidonyl Cof (A5 M gicosatetrasnayl Cof) ‘I' U d g




Membrane
phospholipid is
cleaved by
Phospholipase A4,
to extract
Arachidonic acid

Steroids inhibit all

products
(LT, TX, PG)

NSAIDs only

Inhibit PG and TX

formation
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Naming fatty acids

Number of double bonds

‘ Starting

carbon

of

double
l bonds
Number of Number of double bonds and their location
carbons

Start counting C
from CH; end

Start counting C
from COO™ end

Arachidonic acid studyaid S8
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