2) Fatty acid oxidation

o Hormone sensitive lipase releases fatty acids from
intracellular TAG stores

o Lipoprotein lipases releases fatty acids from lipoproteins
into blood stream

o Fatty acids enter blood stream, kept soluble by binding to
albumin, ~10-°M -> 2mM

o But analbuminemia is not lethal

o Intracellular catabolism of fatty acids to produce energy
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Franz Knoop's classic experiment indicating
that fatty acids are metabolically oxidized
at their f-carbon atom

o Phenyl-labeled even- or odd-numbered fatty acids
o Feed to dogs -» what product appears in urine ?

Fatty acid fed Breakdown product Excretion product
~ | | P y )
<(3>—CH2—(CH2CH2I"—CH1—C\ B W @c\ @c——m-l—cu,—coon
|V —
OH  (n+1)C3 OH Glycine residue
0dd-chain fatty add Benzoic adid Hippuric acdd

(o] a (0]
£\ | | 4 4 /_y I
(\(j/ CHa— CHy— (CHaCHalp—CHy—§ ——y— (D CHp—C — (j CHy— € —NH—CHz— COOH

OH (n+1)C, OH Glycine residue

Even-chain fatty acid Phenylacetic acid Phenylaceturic acid

A) Fatty acid activation catalyzed
by acyl-CoA synthetase

* Fatty acids need almost always be activated fo
Acyl-CoAs for subsequent enzymatic reaction

* Activation by acyl-CoA synthetases via
acyladenylate intermediate
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fr\

Mechanism of fatty acid « ¢« + o p 0 P 0 P 0 Adenosine

| ’

activation catalyzed by o o o o
acyl-CoA synthetase rayacia  arp
inorganic
N PP, Eyﬁ]]_u:ﬁph:mmv* 5P
1) Activation of acyl chains to I H,0
acyl-CoAs in cytosol 2
Ly _
2) Requires ATP -> acyl- h/" 0 T—O—Adenos.ne
adenylate infermediated Pl 0
/ Acyladenylate

3) Transesterification to CoA mixed anhydride

4) Driven by inorganic st
pyrophosphatase PP, -> H,O \
+2P, i i
R C—-8SCoA + O P-—0—Adenosine
5) 80-labels AMP and Acyl-CoA o
Acyl-CoA AMP

Scanned by CamScanner



Acylation of carnitine catalyzed by

carnitine palmitoyltransferase

2nd step: preparation for mitochondrial import
- Transesterification of acyl-CoA to carnitine
(no AMP intermediate !)
- catalyzed by CPTI (equilibrium close to 1)

P 1
(CH3)3N+—CH2—CH—CH2— coo” + R—C—SCoA
Carnitine (4-trimethylamino-

3-hydroxybutyrate)

” carnitine palmitoyl transferase

0
I
R—C —(I)
+
[CH3}3N— CH,—CH —CHz—COO_ + H—SCoA

Acyl-carnitine
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C) B-oxidation

cO, CO, N
"7 FAD  FADH, 2 jo GO

(|‘li:_, \j . (“‘—H \ HO—C—H

na |

CH, succinate H—C fumarase CH.
|  dehydrogenase | |
CO3 Co;, Co,
Succinate Fumarate L-Malate
NAD™
malate /
dehydrogenase \NADH
) ) . +H"
* Chemically resembles the cytric acid
cycle: Decarboxylation of succinate €03
via fumarate and malate to oxaloacetate C=0
r"]i_.
|
cO;
Oxaloacetate
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= CHy— (CHy),— [l‘,.—i‘—f'i(‘nA
H H
Fatty neyl-CoA
., ETF: ulug e
FAD = v ETF xidoredurt s » - QI Mitochondrin - H50
ncyl-CoA y f electran
[k-h_\':imm-n:mvIJ‘\T‘H:_5 \8 - \7 |8 transport [
¢+ = FADH TR S i Q= wfchain
H O a
[
CH;—{CH,), — = C — C—8Cal 2ADI
¢ 2P
H
trans-A%-Enoyl-CoA

novl-CoA hydratase (EH)
L]

I pathway of fatty

CH,—(CH,), —  — CH,— C—SCaA

acyl-CoA

J-L-Hydroxvacyl-CoA

o The B-oxidation

NADT
] (it pioed Long chain versions of EH, HAD and KTs in
NADH + H a4f4 ocatmeric protein, mitochondrial
i (8] - . - -
WSS [ SR trifunctional protein -> channeling, no
B-Ketoacyl-CoA detectable inftermediates
4 - \SH
-ketoncyl-CoA thiolase (KT
1
il (IF
I
CHy—(CH,),—( ol + CHy— C—SCoA
Fatty ancyl-CoA Acetyl-CoA

(2 C atoms shorter)
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fr'mm-ﬁ“"-Enu_vl-( oA
g [ H0

enoyl-CoA hydratase (EH)

0
I
CH,— C— SCoA

CH,— (CH3),
OH
.‘l-l,-ll:.'drnxytw_vl-(fm\
NAD"
3 :i-|.-hyrlrnx}':w_\'l-('n.»\
’ l‘fl'h}'llFlJ}Il'!‘Lll:-‘PTH.-'\]“
™ NADH + HT
0 ]
I
CH,;—(CHy), CH,— C— SCoA
ﬁ-Kutum-yl-(.‘uA

s
l'--l-n-hl.-wj.'l-l‘f_r.-\ thiolase (KT}

O
i
CH;— C — SCoA
Acetyl-CoA

CH,—(CHy),— € +
Fatty acyl-CoA
(2 C atoms shorter)
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TTTT ot vwew v pTuXIQATION produces:

1 NADH -> 3 ATP
1 FADH2 -> 2 ATP

1 acetyl-CoA -> TCA (1 6TP, 3 NA D, 1
FADH2) (respiration only 1)

OVERALL NET YIELD: 106 ATP per (1

C1l6
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D) Oxidation of unsaturated fatty acids

Structures of two common unsaturated fatty acids,
Usually, cis double bond at €9

Additional double bond in C3 intervals, i.e. next at C12
-» odd, even numbered C atoms

Problems for p-oxidation® 2 1C on

Oleic acid
(9-cis-Octadecenoic acid)

12 9 10
18 OH

Linoleic acid
(9,12-cis-Octadecadienoic acid)
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Pr‘Oblem 1 FAD
Generation of q g, "y #
double bond

__ / \ .
‘ = SN
2.58-TrienoylCoA

NAD™ + CoASH

' completion nf vk Coh
NADH + ne Bivi-CoA - [boxidhtion \ {

NN - PP t|| N
No substrate for hydroxylase S b o
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F) Peroxisomal B oxidation

» B-oxidation occurs both in mitochondria and in peroxisomes

* Peroxisomes: Shortening of very-long chain fatty acids
(VLCFA) for subsequent transport and oxidation in
mitochondria

- ALD protein to transport VLCFA into peroxisomes, no
carnitine required, VLCFA-CoA synthetase

- X-adrenoleukodystrophy caused by defects in ALD, lethal
in young boys, 13% reduced efficiency of lignoceric acid
(C24:0) to lignoceryl-CoA conversion

* first step in perox. oxid. Acyl-CoA oxidase generates
H,O, (peroxide) -> name ! Catalase

* carnitine for transport of chain shortened FAs out of
peroxisomes and into mito.
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