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* Traveni, aktivace a transport tukd
» Oxidace mastnych kyselin
» Ketonové latky



Uvod

Oxidace MK je centralni cestou vyroby energie mnoha organismu
Napf. u savcl pokryva 80% energie potfebné pro srdce a jatra
Odebrané elektrony vstupuji do dychaciho fetézce

vznikly acetylCoA muze byt kompletné oxidovan v citratovém cyklu,
v nékterych tkanich ma vsak jiny osud (tvorba ketonovych latek v
jatrech, biosyntéza u vyssSich rostlin)
Na stejnou hmotnost v porovnani s cukry skryvaji vice nez dvakrat
vice energie
Triacylglyceroly extrémne nerozpustné ve vodé — nezvysuji
osmolaritu, relativne chemicky inertni, ale nutno aktivovat pro
zprlstupnenl rozpustnym enzymdm (emuIS|f|kace)

— Aktivace pfipojenim koenzymu A

Probereme pouze prvni fazi procesu kompletni oxidace MK, a to
oxidaci dlouhych MK na dvouuhlikové stépy (acetylCoA)
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Traveni

Tfi zdroje tuku pro burky:
— Tuky obsazeneé v potrave
— Tuky ulozené ve formé kapiCek v zasobni tkani
— Tuky syntetizované v jednom organu pro transport do jiného

V prumyslove vyspelych zemich pokryvaji potravni tuky
40% E naroku organismu, nektere organy vyuzivaji jako
zdroj E vice nez z 50% (jatra, srdce, kosterni svaly bez

namahy)

Tuk jedinym zdrojem E pro hibernanty

Biologicke detergenty — zluCove sole disperguji tuky,
vznikaji smesne micely pfistupne ve vode rozpustnym
enzymum ve strevu

95% vyuzitelné E z tuku ukryto v MK, 5% pfipada na
glycerol (glykolyza)



Fats ingested
in diet

Fatty acids are oxidized
as fuel or reesterified
for storage.
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adipocyte
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(@ Fatty acids enter cells.
@ Bile salts emulsify '
dietary fats in the
small intestine, forming
mixed micelles.

—— Lipoprotein lipase

- (® Lipoprotein lipase,
' activated by
apoC-II in the capillary,
converts triacylglycerols

Capillar
S to fatty acids and glycerol.

@ Intestinal lipases

degrade triacylglycerols.
Intestinal

mucosa @ Chylomicrons move

through the lymphatic

system and

bloodstream

@ Fatty acids and other breakdown . tisEes.
products are taken up by the Chylomicron

intestinal mucosa and converted ﬁ'

into triacylglycerols. @ Triacylglycerols are incorporated,

with cholesterol and apolipoproteins,
into chylomicrons.



Traveni |l

« Strevni lipasy premeni
triacylglyceroly na
monoacyl a
diacylglyceroly, volné MK
a glycerol, tyto produkty
difunduji do epitelialnich
bunek, zde znovu vznikaji
triacylglyceroly a ty jsou
sbaleny do
chylomikront
(lipoproteinoveé agregaty)

Apolipoproteins

Cholesterol Phospholipids

Triacylglycerols and
cholesteryl esters



Transport

« Apolipoproteiny — proteiny
vazici lipidy, dle ruzného
poméru vznikaji ¢astice ruzné
hustoty (VLDL, VHDL)

* Chylomikrony putuji lymfatickym
a krevnim recistem, jejich vstup
do bunky fizen receptory
rozeznavajicimi apoliporoteiny

(b)



Osud glycerolu vzniklého akci lipas
na triacylglyceroly
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Hormonalni regulace mobilizace
zasobni tukove tkane

* Adipocyty — tukove
bunky, skladujici
kapiCky neutralnich
tuku

* Perilipiny — proteiny
tvorici povrch
kapiCky, chrani pred
nerizenou
mobilizaci
ulozeného tuku
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Aktivace a transport do
mitochondrii

V zivoc€isnych burikach probiha (3-oxidace v mitochondrialni matrix

12 C a mensi MK volna difuze, vétsi musi pfes karnitinové kyvadlo:
Transport fizeny karnitinem je fidicim a regulovanym krokem oxidace MK
Na vnejSi mitochondrialni membrané je acyl-CoA syntetaza (isoenzymy s
ruznou specifitou pro ruzné dlouhé MK)

MK + CoA + ATP«+- acyl-CoA + AMP + PP

Karnitin acyltransferasa | — transesterifikace za vzniku acyl-karnitinu
Rizena diflize pomoci transportéru do matrix

Karnitin acyltransferasa Il — pfenos na vnitfni CoA

Dvé odliSné zasobarny CoA a acylCoA (cytoplasma, mitochondrie) s ruznou
funkci

— CoA v mitoch. pouzit pfi oxidativni degradaci pyruvatu, MKs, AKs

— CoA v cytopl. hlavné pro biosyntézy MK

— MK v cytoplasmé pro syntézu membranovych lipidud

— MK v mitochondrii odbourana
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Oxidace MK - prehled

Saturovaneé MK se sudym poctem uhliku
Nesaturovane MK

MK s lichym pocCtem uhliku

Regulace [3-oxidace

a a w oxidace



Oxidace MK |

* 4 zakladni kroky [3-oxidace nasycenych MK se
sudym poctem uhliku

— Dehydrogenace acyl-CoA za vzniku dvojné vazby
(trans-enoyl-CoA); acyl-CoA dehydrogenasa (zas
specificka pro ruzné dlouhé MK, vSechny maji FAD)

— Hydratace dvojné vazby, vznika
B3-hydroxyacyl-CoA; enoyl-CoA hydratasa

— Dehydrogenace, vznika (3-ketoacyl-CoA,; B-
hydroxyacyl-CoA dehydrogenasa (NAD)

— Acyl-CoA acetyltransferasa, prenese volny

koenzymA a rozpadne se zeslabena vazba akci
thiolové skupiny koenzymu A (thiolasa)



(a) B B
(C 16) R—CH> —CH; —€Hs =—C=—S-CoA

(I; Palmitoyl-CoA

acyl-CoA FAD

dehydrogenase FADH,

|
R—CH;—C=C—C—S-CoA
I-II g trans -A>-
Enoyl-CoA
enoyl-CoA H20
hydratase
OH
R—C Hz—C—CHz —C—S-CoA
L-B-Hydroxy-
acyl-CoA
+
B-hydroxyacyl-CoA NAD
dehydrogenase NADH + H*

R—C Hz—C—CHz —C—S CoA

B-Ketoacyl-CoA
acyl-CoA | - CoA-SH
acetyltransferase

(thiolase)

(Cq4) R—cuz—c—s -CoA + CH3—C—S -CoA

0 O
(C 1 4) AcyI'COA

(myristoyl-CoA) Acetyl -CoA

(b)

Cia — Acetyl -CoA
Ci2 — Acetyl -CoA
Cio — Acetyl -CoA
Cs —> Acetyl -CoA
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Celkova bilance B-oxidace

Kazda FADH2 da vzniknout 1,5
ATP

Kazda NADH2 da vzniknout 2,5
ATP

Na kazdeé dva uhliky 4 ATP,
vznika VODA

Medved, drzi vysoko svou teplotu i
pfi hibernaci, spotfebuje cca 25
000 kJ/den, v leté zere 38 000
kd/den, pred zimou 84 000 kJ/den
(20 hodin denné)

Palmitoyl-CoA + CoA + FAD + NAD" + H,O —
myristoyl-CoA + acetyl-CoA +FADH, + NADH + H

Palmitoyl-CoA + 7CoA + 7FAD + 7TNAD™ + TH,0 —s
8 acetyl-CoA + TFADH, + 7TNADH + 7TH™

NADH + H* + 10, — NAD* + H,0

Palmitoyl-CoA + 7CoA + 70, + 28P; + 28ADP —
8 acetyl-CoA + 28ATP + TH,0

8 Acetyl-CoA + 160; + 80P; + 80ADP —
8CoA + BOATP + 16CO; + 16H;0

88 Palmitoyl-CoA + 230, + 108P, + 108ADP ——

CoA + 10BATP + 16C0O; + 23H;0



Sumarne vytezek degradace
degradace n-uhlikaté mastne kyseliny (n je sude)

aktivace - 2 ATP

1. dehydrogenace + FADH> *n/2 -1
2. dehydrogenace + NADH *n/2 -1
Ac-SCoA (v citr. cyklu) +12 ATP *n/2

celkem 5*(n/2 — 1) + 12*(n/2) — 2



[3-oxidace nenasycenych MK

* VVyzaduje dve reakce navic

* Vetsina zvirecich i rostlinnych
triacylglycerolu obsahuje nenasycené MK
(cis vazby, nepristupneé akci enoyl-CoA
hydratasy)

* V podstate normalni 3-oxidace, jen v
Kritickych mistech zasahuji nové enzymy

 Enoyl-CoA isomerasa (cis — trans)
* Polynenasycene MK potrebuji | reduktasu
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3-oxidace MK s lichym poctem

* Vyzaduje tri reakce

navic

uhliku

* U rostlin a morskych

Zivocichu (jinak
neobvyklé)

 Normalni 3-oxidace,
finalnim produktem je

propionyl-CoA




Regulace [-oxidace

» Ridicim krokem je transport do mitochondrie
pomoci karnitinoveho kyvadla

« Karnitin acyltransferasa | inhibovana malonyl-
CoA (prvni meziprodukt pri cytosolické
biosynteze MK) 0

- O0C—CH,—C—5-CoA
Malonyl-CoA

B-hydroxyacyl-CoA dehydrogenasa inhibovana
pri vysokem pomeru [NADH]/[NAD"]

* thiolasa inhibovana vysokou koncentraci
acetyl-CoA



Dietary High blood Low blood
carbohydrate glucose glucose
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pyruvate .
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complex
Fatty acids

Fatty acid
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FIGURE 17-12 Coordinated regulation of fatty acid synthesis and
breakdown. When the diet provides a ready source of carbohydrate
as fuel, B oxidation of fatty acids is unnecessary and is therefore down-
regulated. Two enzymes are key to the coordination of fatty acid
metabolism: acetyl-Col carboxylase (ACC), the first enzyme in the
synthesis of fatty acids (see Fig. 21-1), and carnitine acyl transferase |,
which limits the transport of fatty acids into the mitochondrial matrix
for B oxidation (see Fig. 17-6). Ingestion of a high-carbohydrate meal
raises the blood glucose level and thus @triggers the release of in-
sulin, @ Insulin-dependent protein phosphatase dephosphorylates
ACC, activating it. @ ACC catalyzes the formation of malonyl-CoA

Fatty acyl- CoASH
Fatty - -
acyl—C T, carnitine ~
carnitine
I- "
/.@ tagnsferase I Carnitine
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a
Ry ‘ Fatty acyl- e C}-; A
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’ FADH
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7 oxidation

NADH

r

v
Acetyl-CoA

ﬁI :;:i}lz;it{i::] Mitochondrion
(the first intermediate of fatty acid synthesis), and @ malonyl-CoA in-
hibits carnitine acyltransferase |, thereby preventing fatty acid entry
into the mitochondrial matrix.

When blood glucose levels drop between meals, @ glucagon re-
lease activates cAMP-dependent protein kinase (PKA), which (8) phos-
phorylates and inactivates ACC. The concentration of malonyl-Cod
falls, the inhibition of fatty acid entry into mitochondria is relieved,
and G’)fatt},.r acids enter the mitochondrial matrix and become the
major fuel. Because glucagon also triggers the mobilization of fatty
acids in adipose tissue, a supply of fatty acids begins arriving in the
blood.



Peroxisomy, glyoxysomy

B-oxidace probihaijinde, v
rostlinach hlavné v
peroxisomech

V savcCich bunkach se liSi
specifitou pro acyl-CoA, v
jaternich peroxisomech
extrémné dlouhé MK (26C),
nejsou tam ovsem enzymy
citratoveho cyklu, takze se MK
zkrati a pak transportuje do
mitochondrie

Glyoxysomy pucicich semen,
triacylglyceroly zdrojem
biosyntetickych prekursoru, ne
E

Mitochondrion
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Seed triacylglycerols

lipases

Fatty acids

[3 oxidation

Acetyl-CoA

glyoxylate cycle

Oxaloacetate

gluconeogenesis

Glucose
Sucrose, . Metabolic
polysaccharides intermediates
Amino acids Nucleotides

Energy



a a w oxidace

- /D
. . CHy—(CHp) ;p—C
e @-oxidace v peroxisomech, v |
pripadech, kdy je B-uhlik j
4 NADP™
methylovan
HO—CH,— (CH,) lo—c/_

* Ww-oxidace v
endoplazmatickém retikulu \j
obratlovcU (oxidace NADH ]
nejvzdalengjsiho uhliku od °\>C_[CH2]W_<O

karboxyskupiny) "

NAD
« Normalné& minimalni produkce, \j
dul. hlavné pfi poruchach - o, g
oxidace o TN
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Suiccinate Adipate (adipic acid)



Ketonove latky

Aceton, acetoacetat, 3-hydroxybutyrat,
vznikaji z acetyl-CoA v jatrech Clovéka a
nékterych dalSich savcu

Aceton vydychan, vznika ho méné

acetoacetat, 3-hydroxybutyrat
transportovany do dalsSich tkani jako
palivo, preménéné zpéet na acetyl-CoA a
oxidovan citratovym cyklem

Srdecni svalstvo, kosterni svalstvo,
mozek pfi nedostatku glukosy

Ketolatky produkovany pfi hladoveni Ci
poruchach metabolismu sacharidu
(cukrovka)
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p-3-Hydroxybutyrate



Lipid droplets

Hepatocyte

Acetoacetate,
D-B-hydroxybutyrate,
acetone

Co A\‘ :(etone.body
( ormation

—AcCetyl-COA

3 oxidation

Fatty
acids

citric
acid
cycle

Oxaloacetate

gluconeogenesis

Glucose

K

Acetoacetate and
D-S3-hydroxybutyrate
exported as energy
source for heart,
skeletal muscle,
kidney, and brain

Glucose exported

b

—y as fuel for brain
and other tissues
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