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Exam-1 material

Exam-2 material

Exam-3 material

Lipid Degradation (Catabolism)
FOUR stages in the catabolism of lipids:
Mobilization from adipose tissues
Activation of fatty acids
Transport

Oxidation
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tissues

 Fat as a fuel; ingestion of the “chunks”
» How fats are mobilized and transported in animal

+ COMPARTMENTATION

o How fats are oxidized in mitochondria
— Glycerol
— Saturated Fatty Acids
— Un-saturated Fatty Acids
— Odd-chain Fatty Acids

o Blocks to oxidation in mitochondria: How “ketone
bodies” are utilized

o Fatty-acid metabolism in other organelles
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Dietary Fatty Acids Are Absorbed in
the Vertebrate Small Intestine
*Used by muscle,

liver, heart
3Stored by adipose

Myocyte or adipocyte

2 Storage
Fatty acids are

0 ¢ ooxidized as fuel
1 co, or reesterified

for storage.
ATP

o Bile salts

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

9 Intestinal lipases
degrade triacyl-
glycerols.

Fatty acids and other break-
down products are taken up
by the intestinal mucosa and
converted into triacylglycerols.

Fatty acids enter cells.

Lipoprotein lipase

0 Lipoprotein lipase, activated
by apoC-llin the capillary,
converts triacylglycerols to
fatty acids and glycerol.

]

the lymphatic system and

bloodstream to tissues.
acylglycerols are incorporated,

with cholesterol and apolipoproteins,

into chylomicrons.




Chylomicrons

Apolipoproteins Triacylglycerols and
cholesteryl esters

\ Cholesterol
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* Fuel Storage of Fat is efficient

* The advantage of fats over

polysaccharides:
— Fatty acids carry more energy per carbon
because they are more reduced.
— Fatty acids complex or carry less water
because they are nonpolar.

+ Glucose and glycogen are for short-term
energy needs and quick delivery.
= c{.m ) Cugl:oo:y; 'o\ ’o (b) “o\ ,o
* Fats are for long-term :ﬁ;_ $ 3
(months) energy needs, .
storage, and have slow **‘ﬁ"&" s
chain

delivery.

L sremeyt 2msteont spmnmaver, ALY @CIdS come in all types: +

- How are fat stores accessed? . doublebonds, long & short, odd &
even, etc.




+ Fatty Acid Oxidation is a Major
Energy Source

* About one-third of human energy
needs comes from dietary
triacylglycerols (fat).

* There are differences in tissue
utilization. About 80% of energy
needs of mammalian heart and liver
are met by oxidation of fatty acids.

* Many hibernating animals, such as
grizzly bears, rely almost exclusively
on fats as their source of energy.

There are
catabolism of fatty acids:
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Mobilization from tissues
(mostly adipose)

Activation of fatty acids
Transport
Oxidation
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Mobilization

« Stored Triacylglycerides are
released in response to
Hormone signals

* Hormones trigger a mobilization
“cascade” that activates lipases

» Lipases are activated by
hormones glucagon and
epinephrine. @ 000

* In the case of glucagon, Protein
Kinase A (PKA) is activated, o
which leads to the progressi\’ae
activation of 3 lipases, one for
each position on glycerol. ©G6®

* Fats are degraded into fatty
acids and glycerol in the
cytoplasm of adipocytes. 60

* Fatty acids are transported to
other tissues through the blood.
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Mobilization

« Stored Triacylglycerides are
released in response to
Hormone signals

* Hormones trigger a mobilization
“cascade” that activates lipases

* Lipases are activated by
hormones glucagon and

epinephrine. @ 000

rayaad  * IN the case of glucagon, Protein
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Kinase A (PKA) is activated,
which leads to the progressive
activation of 3 lipases, one for
each position on glycerol. ©0©

* Fats are degraded into fatty
acids and glycerol in the
cytoplasm of adipocytes. 60

» Fatty acids are transported to
other tissues through the blood.

+Glycerol is a sugar alcohol and

is converted to a glycolytic
intermediate

+Glycerol kinase activates

glycerol at the expense of ATP.

*Subsequent reactions recover

more than enough ATP to cover

this cost.

+Allows limited anaerobic
catabolism of fats

A redox reaction is required to

convert the alcohol to a ketone.

Done by glycerol-3-phosphate
dehydrogenase

*We’'ll see this reaction again in

lipid synthesis

CH,OH
HO—C—H Glycerol
CH,OH

ATP

ADP

glycerol
kinase

CH,OH

HO—C—H L-Glycerol

3-phosphate

Same cytosolic
enzyme as used by
the Glycerol-3-
Phosphate Shuttle




+Glycerol is a sugar alcohol and

CH,0H

is converted to a glycolytic Ho=€—H Glycerol
intermediate CH,OH
+Glycerol kinase activates glycerol |~ ATP
glycerol at the expense of ATP. kinase \\ ppp
*Subsequent reactions recover CH,0H
more than enough ATP to cover HO—C—H 0 -Glycerol
this cost. CHZ—O—Ill—O’ 3-phosphate
Allows limited anaerobic L
CatabO'lSlTl Of fatS g]y(er0| 3_ph05phate NAD+ Same CyIOSO“Cd b
. . . dehydrogenase | \NADH + H* ?hn;grec:follg? y
+A redox reaction is required to Phospyhate e
convert the alcohol to a ketone. CH,0H
Done by glycerol-3-phosphate 0=C 0 Dihydroxyacetone
dehydrogenase 01— phosphate
*We'll see this reaction again in (|)_
lipid synthesis
Activation

« Like the activation of sugars by phosphorylation, fatty acids must also be activated.
* Not having any alcohol groups, esterification of the carboxylate is the only chemistry

available.

» A thio-ester is a higher energy bond than a simple ester: use Coenzyme A.
» Conversion to Fatty Acyl-CoA targe(t)s thgse gnolecules for oxidation
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The carb ionis y
by ATP, to form a fatty acyl-
adenylate and PP,. The PP, is
immediately hydrolyzed to two
molecules of P;.
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CoA
tase

Similar to TCA-
enzyme succinyl-CoA
synthetase in reverse

The thiol group of yme A
attacks the acyl-adenylate (a
mixed anhydride), displacing
AMP and forming the thioester

o, fatty acyl-CoA.
Ncon Fattyacyl-CoA |t e are doing catabolism, we

CoA
tase
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AG" = —19 kJ/mol

AG" = —15 kJ/mol
(for the two-step process)

have to get Fatty-acyl CoA into
the mitochondria.




Transport

COMPARTMENTATION: Mitochondria

Acyl-Carnitine/Carnitine Transport cu,_p:aLcn,—cl:u—cuz—coo‘
CH; OH

« Boxidation of fatty acids occurs in mitochondria. Carnitine

+ Fatty acyl-CoAs are transported via acyl-carnitine/carnitine transporter (anti-porter).

Outer mitochondrial Inner mitochondrial
membrane membrane
Cytosol .~ Intermembrane | Matrix Carnitine

space acyltransferase 2

0
2E! r—c/
Carnitine S Carritine S-CoA
A LECHEN /€
C\cirnitiné /?%_\ r—c” CoA-SH
/ ‘ : Carnitine
~—" Carnitine Transporter
acyltransferase 1 —
Transport

Acyl-Carnitine/Carnitine Transport - Small (< 12 carbons) free fatty acids
diffuse freely across membranes.

= Carnitine uptake Larger fatty acids are transported via
Membrane transporter fatty acid transporters on the plasma
Cytosol membrane. CH,
CH3;—N*CH,—CH—CH,—CO00]
Fatty Acid | |
Fatty acyl-CoA CH; OH
Synthetase Carnitine J;
( ) acyltransferase 1 1 Carnitine
F20 l

CoASH « Fatty-acyl-CoA Synthetase is
attached to the OUTER
mitochondrial membrane.

» Recent evidence shows that
its associated with an

. integral membrane

Camitine Acylcarnitine Camitine transporter: Fatty-acyl

Transporter Protein |

P, i . Togethgr, they are indicated
Spiral on the figure as AS.

AS
v <
#

Acylcarnitine Camitine
Acyl-CoA Carnitine

inner acyltransferase 2

Carnitine/acylcarnitine
transporter
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There are FOUR stages in ther>
catabolism of lipids: —=(NAD®)
1) Mobilization from tissues
(mostly adipose)

2) Activation of fatty acids
3) Transport ‘
4) Oxidation
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Krebs' Cycle

N

Phosphorylation %Vr;r:%

Oxidation




Oxidation

+ Fatty Acid Oxidation consists of oxidative
conversion of two-carbon units into acetyl-
CoA at the g carbon of the fatty acid with
concomitant generation of NADH and

FADHo. N -
—involves oxidation of 5 carbon to thioester of oL T
fatty acyl-CoA e -
—Concept of thiolysis; similar to phosphorolysis - e
for polysaccharides 2
» The acetyl-CoA is converted into CO, via "™~ = =
citric acid cycle with concomitant oy

generation NADH and FADH,. The NADH
and FADH, are re-oxidized via the

electron transport down the respiratory
chain, and conversion into ATP.

+ CONVERGENT PATHWAY with GLUCOSE.

acetic acid (Cy)
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B Oxidation Citric acid cycle H H
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-Oxidation: Acyl-CoA Dehydrogenase

FAD FADH,
(0] o]

R\/\/U\S/COA Acy-Co R\/\ S/COA

Dehydrogenase
Acyl-CoA trans-A%-Enoyl-CoA

The Citric Acid Cycle: Succinate Dehydrogenase

« Catalyzed by isoforms of acyl-CoA Mechandsm g% 7o
dehydrogenase (AD) on the inner- e SR
mitochondrial membrane

— very-long-chain AD (12—18 carbons)*
— medium-chain AD (4—14 carbons)
— short-chain AD (4-8 carbons)

* Results in trans double bond, different
from naturally occurring unsaturated
fatty acids

« Mechanism same as succinate
d e hyd I‘Og enase *Adrenoleukodystrophy (ALD)
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B OX|dat|on AcyI -CoA Dehydrogenase

+ Analogous to succinate dehydrogenase
reaction in the citric acid cycle
— electrons from bound FAD transferred
Different isozymes bind directly to the electron- transport chain via
to same ETF electron-transferring flavoprotein (ETF)

Long-chaiyf fatty acids
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