Lipid metabolism



Fatty acids
Saturation of fatty acids

Fatty acid chains (with no double bonds or one or more double
bonds that are always in the cis configuration) and this causes fatty
acid to Iﬂglk at that position  (__} 2, fu”j acdd o toxiz

Addition of double bondfdecreases the melting temperature (T,) of
a fatty acid, whereas fincreasing the chain length increases the T,
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Chain length of fatty acids

oE@ﬁ
d The number before the colon indicates the
number of carbons in the chain, and those
after the colon indicate the numbers and
positions of double bonds

rI'-'atty acids with chain lengths of
four to ten carbons are found in
significant qantities in milk

Structural lipids and triacylglycerols
contain primarily fatty acids of at
least sixteen carbons.

COMMON
NAME

STRUCTURE

O For example, arachidonic acid, 20:4(5, 8, 11,

Formic acid

14), is 20 carbons long ana double bonds Aceticacid 2¢ L 20 . L/ 1/
(between carbons 5-6, 8-9, 11-12, and 14- Propionic acid | 30 c
15). The carbon to which the carboxyl group Butyric acid 40
IS attached (carbon 2) called the a-carbon, Capric acid 100

carbon 3 is the B-carbon. The carbon of the Palmitic acid 16:0 X7 \ooolion
*rava<terminal methyl group is called w-carbon Palmitoleic acid | 16:1(9) ...
= - regardless of the chain length ..ot g- jozp iy | Stearcacd | 180 1,

3\>~5_§5 Oleic acid 18:1(9)

=2 Linoleic acid 18:2(9,12)
[ Arachidonic acid is referred to as an w-6 -Linolenic acid | 18:3(9,12,15)
while linolenic acid, 18:3(9,12,15), is an w-3 Arachidonic acid| 20:4(5,8,11,14
fatty acid. Lignoceric acid | 24:0
Nervonic acid 24:1(15)

[Precursor of prostaglandins

- Essential fatty acids
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Arachidonic acid, 20:4(5, 8, 11, 14) is an w-6 fatty acid = [20 minus 14=6].
a-linolenic acid, 18:3(9,12,15), is an w-3 fatty acid = [18 minus 15=3].

O

- — — — w-6 fatty acid
HO Arachidonic acid

w-3 fatty acid

HO c-Linolenic acid



~ Essential fatty acids
/"<> o< IMoleic aua\

O Two fatty acids are dietary essentials in humans:

which is thedprecursor of arachidonic acid, the
substrate for prostaglandin synthesis

o iv\ﬂp.mmml“’ff) mio] ik

O Linolenic acid, the precursor of other w -3 fatty acids important
for growth development

O A deficiency of linolenic acid rest decreased vision and altered

learnin haviors

d Arachidonic acid becomes essential if linoleic acid is deficient in
the diet. s 2/
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O\ In humans, fatty acid synthesis occurs primarily in the and 7
and, to a&.

O The process incorporates carbons from acetyl CoA into the growing
fatty acid chain, using and reduced nicotinamide adenine

dinucleotide phosphate ( —> iy wcioh <3}, acely|-con e Vs

Mitochondrial matrix

QProduction of cytosolic acetyl COA —in wikochondri ORA~ - Ace Cok
dFirst acetate units is transferred from mitochondrial c,,,a,“ymmF

aCEti| CoA to the cytosol. Mitochondrial’acetyl'CoAs

CoA

dThe oxidation of pyruvate
dThe catabolism of fatty acids
UKetone bodies —2 Otcebl CoA
dCertain amino acids

Citrate

of acetyl CoA cannot cross i

d

ATP

the mitochondrial membrane and only the acetyl Cok

ATP citrate lyase

ADP + P,
Acetyl CoA

portion is transported to the cytosol. It does so in the
form of citrate produced by the condensation of
oxaloacetate (OAA) and acetyl CoA

Oxaloacetate



1. translocation of citrate from the:
.. mitochonderion to the cytosol

O The translocation ofcitrate from the mitochonderion to the ¢ytosol,
where it is cleaved by ATP-citrate lyase to produce cytosolic acetyl
CoA and OAA; occurs when the mitochondrial substrate concentration

IS high. Deel
ce \ COA -\'N-P)

Y\C’eoQ \o‘ﬁﬁe aw\ount o£ NADPR ( ?\5’%\’9
dThis is observc_ed'wh.en isocitrate Acetvl-CoA
dehydrogenase is inhibited by the
presence of large amounts of ATP. Oxaloacetate Citrate
causing citrate and isocitrate to .
accumulate. — . - Malate Isocitrate- 0 enas:

cHtossl fal\-\g ociof ” S }»Cozd hydrog
QA large amount of ATP is needed for =~ Fumarate geetog I ate
fatty acid synthesis 0 ~/~eo,
Succinate Succinyl CoA

UThe increase in both ATP and citrate .

enhances this pathway. — folly ocid procluce



The glycolytic pathway produces Mitochondrial oxaloacetate Acetyl CoA is produced
Ll pyruvate, which is the primary | | B2 (OAA) is produced by the first | | B82) in the mitochondria and

source of the mitochondrial step in the gluconeogenic condenses with OAA to

acetyl CoA to be used for ‘ pathway. form citrate, the first step

fatty acid synthesis. It also . in the tricarboxylic acid

uces cytosolic reducing cle.
equivalents of NADH. Pyruvate
°m 'M mmomb. B .. TR e e e e A e b sl e v ie S DoV
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4 Citrate leaves the mitochondria
and is cleaved In the cytosol to
produce cytosolic acetyl CoA.

5 Cytosolic reducing equivalents (NADH) The carbons of cytosolic acetyl CoA are

produced during glycolysis contribute to used to synthesize paimitate, with
the reduction of NADP+ to NADPH NADPH as the source of reducing
needed for palmitoyl CoA synthesis. equivalents for the pathway.




octiyolion
‘ tl The carboxylatlon of acetyl CoA to form
malonyl CoA is catalyzed by acetyl CoA
carboxylase and requires HCO3- and ATP
and biotin coenzyme.
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= (active polymer)
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O This carboxylation is both the rate-limiting and the
regulated step in fatty acid synthesis

O The acetyl CoA carboxylase is a dimer. Which is
allosterically activated by citrate by polymerizing it.

U The enzyme can be allosterically inactivated by

U Long-chain fatty acyl CoA (the @nd product of the
pathway), which causes its depolymerization.

U Reversible phosphorylation in the presence of
epinephrine and glucagon

O In the presence of insulin, Acetyl CoA carboxylase is
dephosphorylated and, so activated.

(- B insuiin |

Protein phosphatase
P

Acetyl CoA
carboxylase- P
(inactive)

Acetyl CoA
carboxylase
(active)

AMP-activated protein
kinase (AMPK)

AMPK kinases AMP
(covalent) (allosteric)

Glucagon
Epinephrine
(covalent)

UProlonged consumption of high-calorie, high-carbohydrate diets causes
an increase in acetyl CoA carboxylase synthesis, thus increasing fatty acid

synthesis.

O Conversely, a low-calorie diet or fasting causes a reduction in fatty acid
synthesis by decreasing the synthesis of acetyl CoA carboxylase.




Fatty-acidisynthase -~

(@ochiof

d The remaining series of reactions of fatty acid synthesis is catalyzed
by the multifunctional, dimeric enzyme, fatty acid synthase.

1 Eachfatty acid'synthase monomer is a multicatalytic polypeptide with
seven different enzymatlc activities plus a domain that covalently binds

a molecule of 4’-phosphopantetheine, carries'acetyl andacyl units on
its terminal thiol (-SH group) during fatty acid synthesis
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reductase

(Dehydration) =Wl ¢35 3-Hydroxyacyl-ACP
dehydratase
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Steps of fatty acid synthesis

1] A molecule of acetate is transferred from acetyl CoA to the -SH group

of the ACP. Domain: Acetyl CoA-ACP acetyltransacylase

2] This two-carbon fragment is transferred to the holding site, the thiol

group of a cysteine residue on the enzyme.

3] The now-vacant ACP accepts a three-carbon malonate from malonyl

CoA. Domain: Malonyl CoA-ACP-transacylase

4] The malonyl group loses the HCO, originally added by CoA

carboxlyase, facilitating its nucleophilic attack of thioester bond linking
the acetyl group to the cysteine residue The result is a four-carbon unit
attached to the ACP

5] The keto aroup is reduced to an alcohol. Domain: 3-Ketoacyl ACP

reductase.

6] A molecule of water is removed to introduce a double bond. Domain:

3-Hydroxyacyl-ACP dehydratase.

7] A second reduction step occurs. Domain: Enoyl-ACP reductase

At the end, Palmitoyl thioesterase cleaves the thioester bond,
producing a fully saturated molecule of palmitate (16:0).



Domain: Acetyl CoA-ACP Domain: Malonvl CoA-
acetyltransacylase ' sy ACP-transacylase

(.

Acyl carrler proteln domain with
4-phosphopantetheine (ACP-SH)

Domain: 3-Hydroxyacyl- Domain: 3-Ketoacy|
{ACP dehydratase. B CP reductase.

P, ]
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Domain: Enoyl-ACP 3

Reductive synthesis of >
| fatty acids, steroids, sterols|

: ochrome P450 system '_

Detoxification of reactive
(oxyge intermediates Jii




O Palmitate can be further elongated by the addition of two-carbon units

in the Endoplasmic reticulum(ER) and the'mitochondria. These

organelles use separate enzymatic processes.

O The brain has additional elongation capabilities allowing it to produce
the very-long-chain fatty acids (HpHER24M€) that are required for
synthesis of brain lipids.

0 Enzymes present in the ER are responsible for desaturating fatty acids

(that is, adding cis double bonds). Termed mixed-function oxidases,

the desaturation reactions require NADH andO5.
Fa“\*) acil C:'g ;U’\*‘ “-\L’\.} L-s)“P%UU«»J Cals
O We must have the polyunsaturated linoleic and linolenic acids provided

in the diet. &
Fdl unsatuailed 2 Jaate o \




O Mono-, di-, and triacyiglycerols consist of one,

two, or three molecules of fatty acids areesterified 4 ot
to a molecule of glycerol through their carboxyl H - on
groups, resulting in a loss of negative charge and Mo
formation of ‘neutral fat” 4
; ; Glycerol component

O Fatty acid at C1 is usually saturated ot Wacyaivoirol

O Fatty acid at C2 is usually unsaturated 6l )ch ﬁc P

0 Fatty acid at C3 can be either (soh@kd ,\msuhﬁzjrc,cﬂ !

O—

O If a species of acylglycerol is solid at room
temperature, it is called a “fat’, if liquid, it is called

an “oil”




Q TAGs are slightly soluble in water and cannot form stable micelles
so they coalescg_yvit\mf adipocytes to form oily droplets that are

nearly anhy%gt\,\lg. 3 =2
U They act as the major energy reserve of the body.

O Production of glycerol 3P




O Synthesis of glycerol phosphate from glucose during
glycolysis in liver and adipose tissue

O Conversion of a free FA f0)its activated form (CoA)
0 TAG is synthesized b fed- coh

d _
TAG is stored in the cytosol of the
ceIIs In a nearly anhydrous form.

most are exported, packaged with
cholesteryl esters, cholesterol, phospholipid, and
protein (apolipoprotein B-100) t
particles called very low density lipoproteins (VLDL).
VLDL are secreted into the blood where they mature
and function to deliver the endogenously-derived
lipids to the peripheral tissues.

d
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Glycerol 3-phosphate

1
CoA-C=R,
Acy®rantieracs
CoA

1
GHy-0-C-R,
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Lysophesphatidic acid
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°
O CH,-0- -C-R,
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o
Phosphatidic acid (DAG phosphate)




d Release of fatty acids from TAG /_>o(ejmunoﬂ TAG o 3\23“{5‘ onod FA

O This process is initiated b , Which
removes a fatty acid from carbon 1 and/or carbon 3 of the
TAG.

a * for diacylglycerol or
monoacylglycerol remove the remaining fatty acids. ol ca(‘Bon 2




Mobilization of stored fat

. This
enzyme Is activated when phosphorylated by a 3,5

‘-cyclic AMP-dependent protein kinase in the

and activation of adenylate cyclase

O The process is similar to that of the activation of
glycogen phosphorylase
O Because acetyl CoA carboxylase is inhibited
upon phosphorylatlon when the cCAMP-

mediated cascad . fatty acid
s;mgs_ls_tmnﬁd_oﬂwhen TAG degradation
is turned on

d In the
, HSL Is dephosphorylate
Inactive

Y

Insulin

o e — (HRARE

3 ATP CAMP + PP,

Hormone-sensitive

v
ATP ©

Phosphatase Active protein kinase

\O ADP

TRIACYLGLYCEROL
Hormone-smsihva

lipase
fctive)
Fatty acid

DIACYLGLYCEROL




DHAP J &)l B gll osls

Mobilization of stored fat

It cannot be metabolized by adipocytes because they lack glycerol
kinase. Rather, glycerol is transported through the blood to the liver,
where it can be phosphorylated, which can be used to form TAG in
the liver; or can be converted to DHAP that can participate in

glycolysis or gluconeogenesis. Koﬂi“jo‘@jmalme le‘oholb
Fate of fatty acids:

The free fatty acids move through the cell membrane of the adipocyte,
and immediately bind to albumin in the plasma, enter cells, get
activated to their CoA derivatives, and are oxidized for energy.

Active transEort of fatt‘ acids across membranes is mediated by a
m F which
ave no mitochondria, or by the ecause of the impermeable

BBB




The major pathway for catabolism of saturated fatty acids is a
mitochondrial pathway called&B oxidation, in whichtwo=carbon
fragments are successivelyremoved from the carboxyl end of the
fatty acyl CoA, producing h- and

After LCFA enters a cell, it is converted to the CoA derivative by
long-chain fatty acyl CoA synthetase (thiokinase) in the cytosol.

Because B-oxidation occurs , the fatty acid

in the mitochondria matrix
must be transported from the cytosol across the mitochondrial inner
membrane



1. An acyl group is transferred from the cytosolic CoA to carnitine by

), an enzyme associated with
the outer mitochondrial membrane, to form acylcarnitine, and
regenerates free CoA

2. The acylcarnitine is transported into the mitochondrion in exchange

for free carnitine By'Carnitine=acylcarnitine translocase:
3. Carnitine palmitoyltransferase Il (CPT=l) catalyzes the transfer of the

acyl group from carnitine to CoA in the mitochondria matrix, thus
regenerating free carnitine.



O Malonyl CoA inhibits CPT, thus preventing the entry of long-chain

acyl groups into the mitochondrial matrix.

O When fatty acid synthesis is occurring in the cytosol (as indicated by
the presence of malonyl CoA), the newly made palmitate cannot be
transferred into the mitochondria and degraded

outside to the inside of mitochondria

o DRIAL MEMBRAN
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0 Sources: M N rals =

Q from the diet (meat, diary products, nuts), synthesized from the
amino acids lysine and methionine by an enzymatic pathway

found in the liver and kidney but not in skeletal or heart muscle.
> skelekol , heart mamscle

0 these tissues are totally dependent on carnitine provided by
hepatocytes or the diet, and distributed by the blood.

O The carnitine system also allows the export from the
mitochondria of branched-chain acyl groups (such as those
produced during the catabolism of the branched-chain amino
acids).

29
O The carnitine system is involved in the trapping and excretion via

the kidney of acyl groups that cannot be metabolized by the
body.



4 result in a decreased ability of tissues to use LCFA as a metabolic
fuel, can also cause the accumulation of toxic amounts of free fatty
acids and branched-chain acyl groups in cells.

1) in patients with liver disease causmg decreased synthesis of

carnitine S eom
2) individuals suffering from malnutrition or those on strictly vegetarian
diets —2,be Slie u\-zojswl

3) in those with an increased requirement for carnitine as in
pregnancy, severe infections, burns, or trauma

4) in those undergoing hemodialysis, which removes carnitine from
the blood cAS fws
td=c
d Congenital deficiencies in one of the components of the carnitine
palmatoyltransferase system, in tubular reabsorption of carnitine, or

a deficiency in carnitine uptake by cells, can also cause carnitine
deficiency.
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0
Qacid oxidation and gluconeogenesis.

F.A breakdown

It consists of a sequence of four reactions
that result in shortening the fatty acid
chain by two carbons.

oxidation that produces FADH2
hydration step + H:0
a second oxidation that produces NADH

Thiolytic cleavage that releases a
molecule of acetyl CoA.

These four steps are repeated for
saturated fatty acids of even numbered
carbon chains (n16),

qacetyl group plustone
NADH and one"FADH2

The final thiolytic cleavage produces two

acetyl groups.

pyruvate carboxylase, thus, lin Ing atty

fw)mo\h —= OAA

D <)

\

B-Carbon (carbon 3)
¢ q
CHg- (CHz)x-?Hz-?Hz-(;;- S-CoA
Fatty acyl CoA

Acyl CoA | ~ FAD

dehydrogenases
(a family of chain-
length-specific
enzymes)

FADH,
1
CH3- (CH,),~CH=CH-C-S-CoA
Enoyl CoA

Enoyl CoA H,0

hydratase

s
CH3-(CH,),~CH-CH,-C-S-CoA
3-Hydroxyacyl CoA

NAD*
3-Hydroxyacyl CoA
dehydrogenase

NADH H *

-~
CHj-(CH,),~C-CH,-C-S-CoA
3-Ktoacyl CoA

p-Ketoacyl-CoA CoA
thiolase

n n
CH4(CH,),~€-S-CoA +CH3 C-S-CoA
Fatty acyl CoA Acetyl CoA

Palmitoyl CoA

Domain: Enoyl-ACP
reductase

Domain: 3-Hydroxyacyl-
ACP dehydratase.

Domain: 3-Ketoacyl
ACP reductase.

malonyl CoA + Acetyl CoA

F.A synthesis



F.A breakdown

Produce
energy

B-Carbon (carbon 3)

"
CHay~ (CHy),~CH~CH,~C- S~ CoA

Fatty acyl CoA
Acyl CoA FAD
dehydrogenases
(a family of chai‘l‘\-c
length-speci
enzymes) FADH,

CH,- (CH,),-CH=CH-C- S~ CoA

Enoyl CoA
Enoyi CoA | ~H,0
hydratase
N
CHg~(CH,),CH-CH,-C-S-CoA
3-Hydroxyacyl CoA
NAD*
3-Hydroxyacyl CoA
dehydrogenase
NADH # *

CHy- (CHy),-C-CHy~C- S- CoA
3-Moacyl CoA

B-Ketoacyl-CoA CoA
thiolase

CHy~(CH,),~C-S-CoA + CHy~C-S-CoA
Fatty acyl CoA Acetyl CoA

Palmitoyl CoA

Domain: Enoyl-ACP
reductase

Requires
energy

Domain: 3-Hydroxyacyl-
ACP dehydratase.

Domain: 3-Ketoacyl
ACP reductase.

malonyl CoA + Acetyl CoA

F.A synthesis



O The energy yield from the oxidation pathway is high.

d For example, the oxidation of a molecule of palmitoyl CoA to CO,

and H,0 yields ISINATR

7 FADH,, each of which |

7 NADH, each of which Each acetyl CoA

Numb‘: o:'l“l’::m provides 2 ATP when provides 3 ATP when provides 12 ATP

contained in oxidized by CoQ of the | oxidized by Complex lof || when converted to

Sntormecuie electron transport chain: | the electron transport €O, and H,0 by the
Yield = 14 ATP chain: TCA cycle:

Yield = 21 ATP Yield = 96 ATP

s ccccceccceccceccceccecce ’ _ ‘
, E‘ NADH
c4 ccccccccccecces + CcC
[—-7;»;\:»4, 12ATP
¥ NADH J
(9 3 cccegcec +cc
FADH, e 12ATP
Cio cccccgecececc +cc S ATh
oot ]
Cs cciecccecc +cC— : i
3 T NADH -
Al fociech -8 cccceccec +cc
cr_,.c::,mscu FADH, 12ATP
Cs R-GHecH-E-5-Cor cccc +cc .
t'—uao FADH, 12ATP
oH NADH
c,_ nwcn,Ssm ’°° 12 ATP
d o / / e TN T WA
R -C=-CH,-C-5-CoA Ac M
R ! 14 ATP 21 ATP 96 ATP
R-C-5-CoA + CHy-C~S-CoA " >
Acetyl CoA 131 ATP -2 ATP* = 129 ATP




O In mitochondria, there are four fatty acyl CoA dehydrogenase
species, each of which has a specificity for either short-, medium-,
long-, or very-long-chain fatty acids.

. . - \ )
O an autosomal, recessive disorder 2 sy
[ one of the most common inborn errors of metabolism.

0 causes a decrease in fatty acid oxidation and severe

hypoglycemia (no full energetic benefit from fatty acids and so
must now rely on glucose).

O Treated by a carbohydrate-rich diet.

O Infants are particularly affected by MCAD deficiency, because they
rely for their nourishment on milk, which contains primarily MCADS

O MCAD dehydrogenase deficiency has been identified as the cause

of sudden infant death syndrome (SIDS) or Reye’s syndrome
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O It oxidizes bons roducing acetyl
CoA) until the last three carbons (propionyl CoA).

O (Propionyl CoA is also produced during the
metabolism of certain amino acids)

O This compound is carboxylated to methylmalonyl
CoA by propionyl CoA carboxylase (requires biotin),
which is then converted to succinyl CoA by
methylmalonyl CoA mutase (requires vitamin B12).

(Succinyl CoA can enter TCA cycle)
V4 yS &y

d
causes methylmalonic acidemia and

aciduria in addition to developmental retardation

52 ufﬁ\n)

O
CH4CH,C- CoA
Propionyl CoA
CO,

Propionyl CoA ATP

carboxylase Biotin

ADP + P

coo~
H- (:)- CHy
('.l‘.- CoA
0
D- Methylmalonyl CoA
Methyimalony! CoAl

racemase

1
H3C"(.:"H
(‘.:«- CoA

L-Methylmalonyl CoA

Coenzyme form
Methyimalony! CoA
mutase

of vitamin B,,

(Deoxyadenosyl
cobalamin)

(.300'
Hz?'CHz
(5- CoA

Succinyl CoA
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O The oxidation of unsaturated fatty acids provides less energy than

that of saturated fatty acids because they aredess highly reduced
and, therefore, fewer reducing equivalents can be produced from

theserstructures. — |, yaDA

O Oxidation of monounsaturated fatty acids, such as £8:1(9) (cleic
acid) requires one additional enzyme,

(converts the 3-cis derivative obtained after thfeerounds of p-

oxidation to the 2-trans derivative that can serve as a substrate for

the hydratase)

17
Oleoyl-CoA

g - "S-CoA cis-A*-Dodecenoyl-CoA
A% A —enoyl-CoA
isomeryase P xChange
H 0 Jnfo
e & 5 e 8 3 .,
/\\/\\/\\/\Q)%\\‘HI\S,COA trans-A2-Dodecenoyl-CoA
12 10 8 6 ¢
H

5 cycles of
[j-oxidation

6 Acetyl CoA

a2



J
undergo a preliminar

, twenty carbons long or longer,
. The shortened

fatty acid is then transferred to a mitochondrion for further oxidation.

1 In contrast to mitochondrial

B-oxidation, the initial dehydrogenation
in ﬁeroxisomes is catalyzed by anﬂ

d The FADH, produced is oxi
reduced to H,0.,.

N 43\\\5<\

drenoleukodystrophy |

activation of VLCFA)Uead to accu
In the blood and tissues.

Judl 2=

dThe genetic defects _
( (a defect in
eroxisomal biogenesis in all tissues) and X-linked

a defect in peroxisomal

dized bi molecular oxiien, which is

mulation of VLCFA




PEROXISOMAL DISORDERS

Zellweger Syndrome Cerebro-hepato-renal syndrome
Clinical signs

Typical and easily recognized dysmorphic facies.

* Progressive degeneration of Brain/Liver/Kidney, with
death ~6 mo after onset.

Hypotonic, seizures and poor feeding

The genetic defects

Zellweger * Distinctive facies.
(cerebrohepatorenal) * Retinal dystrophy,
syndrome (a defect in * hearing loss, severe DD
peroxisomal biogenesis in all
tissues) Diagnosis
» Biochemical, serum Very Long Chain Fatty Acids- VLCFAs
dand X-linked » Gene test

adrenoleukodystrophy (a
defect in peroxisomal
activation of VLCFA) lead to
accumulation of VLCFA in
the blood and tissues.

Adrenoleukodystrophy
|  damages the

~ white matter of the
brain and impairs the
adrenal glands




O The branched-chain fatty acid *) IS not a
substrate for acyl CoA dehydrogenase due to the methyl
group on its third carbon

Q Instead, it is hydroxylated at the a-carbon by fatty acid o -
hydroxylase.

O The product is decarboxylated and then activated to its CoA

derivative, which is a substrate for the enzymes of 3-oxidation.

0 Refsum disease s a rare, autosomal recessive disorder
caused by a deficiency of a-hydroxylase. Leading to the
accumulation of phytanic acid in the plasma and tissues.

d The symptoms are primarily neurologic, that treated by dietary
restriction to halt disease progression

C-OH

CH,

~CHj

‘CH3

CH,



_COOH phytanic acid

o

ATP, CoASH

|
acvl-CoA synthetase
ADP. PP, « ’ ’
-
| |
: L _LCO-S5-CoA phytanoyl-CoA
05, 2-oxoglutarate
N . phytanovl-CoA hvdroxylase |4 Defect in Refsum's Discase
CO 5, succinate o - - - :
-
G g s O0-8-CoA 2-hydroxyphytanoyl-CoA
!
OH
|
formyl-CoA <
\ 4
formic acid 2-hvdroxyphytanoyvi-CoA lyase
v
CO>
L 4 rdoMad!
| | T
\ sall Spadia s olasile
I 0 pristanal {
B oAg B-Oxidation dpalall Al plasdl | EBlall sy 20
H Oxidation of odd-chain | 358 sas oles Propionyl-CoA - z=
1 + Succinyl-CoA
NAD(P) ! ‘
] Unsaturated oxidation | daia s slas| Sl by 81 280
/ aldehvde dehvdrogenase ‘ ‘ | ) ;
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Ketone bodies

Liver mitochondria can convert acetyl CoA derived from fatty acid
oxidation into the ketone bodies, acetoacetate and 3-hydroxy-
butyrate.

Peripheral tissues possessing mitochondria can oxidize 3-
hydroxybutyrate to acetoacetate, which can be reconverted to acetyl
CoA, thus producing energy for the cell.

Unlike fatty acids, ketone bodies can be utilized by the brain and,
therefore, are important fuels during a fast.

The liver lacks the ability to degrade ketone bodies, and so
synthesizes them specifically for the peripheral tissues.



Synthesis of ketone bodies by the liver
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Synthesis of ketone bodies by the liver
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Ketoacidosis

Ketoacidosis occurs when the rate of formation of
ketone bodies is greater than their rate of use, as
seen in cases of uncontrolled, type 1 (insulin-
dependent) diabetes mellitus.

' - ca . Insuli Gl
their levels begin to rise in the blood (ketonemia) nsulin [ Glucagon
and eventually in the urine (ketonuria). !

Lipolysis

In such individuals, high fatty acid degradation |} ‘
produces excessive amounts of acetyl CoA. Free fatty acids

in plasma

A 4

It also depletes the NAD* pool and increases the Hepatic output
NADH pool, which slows the TCA cycle O Asione B

A 4

[ Ketoacidosis




