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LIPIDY

Zasobarna energie
Hlavni slozka bunecnych membran

Pigmenty (retinal, karoten), kofaktory (vitamin
K), detergenty (zluCoveé sole), transportéry,
normony, messengery

Biosyntéza E naroCna, spotreba ATP a NADPH

Probereme biosyntézu

— MK a eikosanoidu

— triacylglycerolu

— Membranovych fosfolipidu

— Cholesterolu, steroidu a isoprenoidu




Biosynteza MK

Degradace a syntéza se velmi lisi

— jiné enzymy

— jiné kompartmenty (oxidace v mitochondriich,
biosyntéza v cytosolu)

— jiné koenzymy (NAD, FAD pri oxidaci, NADPH pri
syntéze)

— hlavni rozdil

« Vv oxidaci se stépi vazba Ca-C[3, vznika acetylCoA a acyl
kratsi, AGO’ je blizko nule, |ze i opacne (tvorba ketonovych
latek)

. Eioskyntéza pohanéna sprazenou hydrolyzou ATP, ma dva

roky
— ATP dependentni karboxylace acetylCoA => malonylCoA

— exergonicka dekarboxylace malonylove skupiny v kondenzacni
reakci katalyzované synthasou MK



biosyntéza probiha kondenzaci 2C jednotek az
do palmitatu, ten opousti cyklus
biosyntéza vyzaduje 3C intermediat malonyl-CoA

— zakladni stavebni kamen

— regulator metabolismu MK (blokuje prenos MK do
mitochondrie a tim jejich degradaci)

— vznika nevratnou reakci z acetyl-CoA

« acetyl-CoA karboxylasa, kofaktorem biotin
syntéza probiha v cyklech, kazdy ma 4 kroky,
vsechny kroky katalyzovany jedinym
multienzymovym komplexem syntazou MK
u vSech organismu v podstaté stejnée



O O

N\ Vi
>C —CH>;—C <
0 S-CoA

Malonyl-CoA



AcetylCoA karboxylasa — vznik malonylCoA
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Transport acetylCoA

acetyl-CoA v mitochondrii vznika
— oxidacni dekarboxylaci pyruvatu
— Beta oxidaci mastnych kyselin

je-li potfeba ATP nizka, je oxidace acetyl-CoA v CC
nizka, mitochondrialni acetylCoA se uklada jako tuk

biosyntéza MK ale probiha v cytosolu a mitochondrialni
membrana je pro acetylCoA nepropustna => vstupuje
do cytosolu jako citrat

— 1. mitochondrialni acetyl-CoA reaguje s oxalacetatem za vzniku
citratu (citratsynthasa)

— 2. prostup citratu pfes mitochondrialni membranu do cytosolu
— 3. zpétné Stépeni citratu na acetyl-CoA a oxalacetat (citratlyasa)

— 4. redukce oxalacetatu na malat (pro oxalacetat neni v
membrané prenasec) (malatdehydrogenasa)

— 9. presun malatu pres mitochondrialni membranu zpet do matrix
mitochondrie (malat-oxoglutaratovy pfenasec)

— 6. reoxidace malatu zpét na oxalacetat (malatdehydrogenasa)
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FIGURE 21-10 Shuttle for transfer of acetyl groups from mitochon-
dria to the cytosol. The mitochondrial outer membrane is freely per-
meable to all these compounds. Pyruvate derived from amino acid
catabolism in the mitachondrial matrix, or from glucose by glycalysis
in the cytosol, is converted to acetyl-CoA in the matrix. Acetyl groups
pass out of the mitochondrion as citrate; in the cytosol they are de-
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duced returns to the mitochondrial matrix.



Reakce synthesy MK

1. aktivace enzymového komplexu navazanim acetyl-CoA na SH skupinu
enzymu B-ketoacyl-ACPsynthasa

— acetyl-CoA-ACPtransacetylasa (transferasa)
2. navazani malonyl-CoA (aktivovaného acetyl-CoA) na SH skupinu ACP
— malonyl-CoA-ACPtransferasa (transferasa)
3. kondenzace navazaného acetylu a malonylu za vzniku acetoaetyl-ACP a
uvolnéni CO, (atom C puvodné pfipojeny na malonyl-CoA)
— B-ketoacyl-ACPsynthasa (transferasa)
4. redukce karbonylové skupiny na C-3 a vznik D-B-hydroxyacyl-ACP
— ketoacyl-ACPreduktasa (oxidoreduktasa)

5. dehydratace a tvorba dvojné vazby mezi C-2 a C-3, vznik trans-A2-acyl-
ACP

— B-hydroxyacyl-ACPdehydratasa (oxidoreduktasa)
6. redukce dvojné vazby za vzniku acyl-ACP
— enoyl-ACPreduktasa (oxidoreduktasa)

7. pfenos narustajiciho acylového zbytku na SH skupinu enzymu [3-ketoacyl-
ACPsynthasa

8. cyklus se vraci zpét do reakce C. 2
9. po sedmi cyklech dojde k uvolnéni 16-uhlikaté mastné kyseliny — palmitatu

10. pripadné dalSi prodluzovani palmitatu probiha v hladkém
endoplasmatickém retikulu pfipojovanim molekul acetyl-CoA podobnym
systémem enzymd
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FIGURE 21-3 The overall process of palmitate synthesis. The fatty acyl chain grows
by two-carbon units donated by activated malonate, with loss of CO; at each step.
The initial acetyl group is shaded yellow, C-1 and C-2 of malonate are shaded pink,
and the carbon released as COy is shaded green. After each two-carbon addition,
reductions convert the growing chain to a saturated fatty acid of four, then six, then
eight carbons, and so on. The final product is palmitate (16:0).
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TABLE 21-1 Proteins of the Fatty Acid Synthase Complex of E. coli

Component Function
Acyl carrier protein (ACP) Carries acyl groups in thioester linkage
Acetyl-CoA-ACP transacetylase (AT) Transfers acyl group from CoA to Cys residue of KS
B-Ketoacyl-ACP synthase (KS) Condenses acyl and malonyl groups (KS has at least three isozymes)
Malonyl-CoA-ACP transferase (MT) Transfers malonyl group from CoA to ACP
B-Ketoacyl-ACP reductase (KR) Reduces B-keto group to B-hydroxyl group
B-Hydroxyacyl-ACP dehydratase (HD) Removes H,0 from B-hydroxyacyl-ACE creating double bond
Enoyl-ACP reductase (ER) Reduces double bond, forming saturated acyl-ACP
B-Ketoacyl-ACP Malonyl-CoA—
synthase ACP transferase

Acetyl-CoA-ACP
transacetylase

B-Ketoacyl-ACP
reductase
Enoyl-ACP  3-Hydroxyacyl-ACP
reductase dehydratase




FIGURE 21-5 Sequence of events during synthesis of a
fatty acid. The fatty acid synthase complex is shown
schematically. Each segment of the disk represents one of
the six enzymatic activities of the complex. At the center is
acyl carrier protein (ACP), with its phosphopantetheine arm
ending in an —SH. The enzyme shown in blue is the one
that will act in the next step. As in Figure 21-3, the initial
acetyl group is shaded yellow, C-1 and C-2 of malonate
are shaded pink, and the carbon released as CO; is
shacled green. Steps (_‘D to (4) are described in the text.
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Bacteria, Plants

Seven activities
in seven separate
polypeptides

Yeast

Seven activities
in two separate

polypeptides
acyl-CoA:malonyl-CoA C-
Vertebrates acyltransferase
Seven activities (decarboxylating, oxoacyl-
in one large and enoyl-reducing and

polypeptide thioester-hydrolysing)




Celkova bilance pro palmitat

tvorba 7 malonyl-CoA:
7acetyl-CoA + 7C0O2 + 7ATP — 7malonyl-CoA + 7TADP + 7Pi

kondenzacni a redukcni cykly:
acetyl-CoA + 7malonyl-CoA + 14NADPH + 14H* — palmitat + 7CO, +
8C0ASH + 14NADP* + 6H,0

celkova bilance:
8acetyl-CoA + 7ATP + 14NADPH + 14H+ — palmitat + 8CoASH + 7ADP + 7Pi +
14NADP* + 6H,0



Tvorba NADPH

u vetsiny eukaryot probiha v
cytosolu

Cytosol vysoky pomér
[INADPH]/[NADP] a nizky
pomér [NADH/NAD], v mitoch.
matrix je to obraceneée

NADPH je vytvareno
pentosovym cyklem a
jableCnym enzymem

U fotosyntetickych bunék
rostlin probiha syntéza téz v
chloroplastech (NADPH
produkovano fotosyntézou)

CcOO- NADP NADPH +H* COO~

CHOH C=0
| = =3 + CO,
ﬁsz malic enzyme CH,
CO0~
Malate Pyruvate
(a)
NADP* NADP*
k NATDIFH k MNATYFH
Glucose A . P . Ribulose
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Kompartmentace metabolismu lipidu

Animal cells, yeast cells Plant cells

Mitochondria

* No fatty acid =
oxidation

* Fatty acid oxidation

¢ Acetyl-CoA production
* Ketone body synthesis
* Fatty acid elongation

Endoplasmic reticulum

* Phospholipid synthesis

* Sterol synthesis (late stages)
* Fatty acid elongation

* Fatty acid desaturation

Cytosol

Chloroplasts Peroxisomes
* NADPH production (pentose phosphate * NADPH, ATP ¢ Fatty acid
pathway; malic enzyme) production oxidation
* [INADPHJ[NADP*] high * [INADPHJ[NADP"] (—— H50;)
* Isoprenoid and sterol synthesis high * Catalase,
{early stages)

* Fatty acid peroxidase:
* Fatty acid synthesis synthesia H,0, ——=H,0
FIGURE 21-8 Subcellular localization of lipid metabolism. Yeast and
vertebrate cells differ from higher plant cells in the compartmentation

of lipid metabolism. Fatty acid synthesis takes place in the compart-

ment in which NADPH is available for reductive synthesis (i.e., where

the [NADPH]/[NADP*] ratio is high). Processes in red type are cov-
ered in this chapter.



Regulace biosyntézy

opét velmi peclive regulovano

« V pripadé prebytku E spustena
biosyntéza a MK ulozeny jako
zasobni lipidy

« Kilicovou reakci katalyzuje

acetyl-CoA karboxylasa
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MK s dlouhym retezcem tvoreny z
palmitatu

* Elongacni system MK, v 160
endoplasmatickém retikulu TR it

Stearate

a v mitochondrii \

Longer saturated

* Mechanismus stejny, ne o Tty acids

desaturation

ACP, ale koenzymA jako T
carrier, jiné enzymy -m;g;?ml

* Desaturasa vytvari

desaturation deaatu ration

nenasycene MK, dulezite
/ 18:3(A82,12)

p rO fI u i d itu m e m b ré n a-Linolenate ll ngation

153 AR12,15)

Eicosatrienoate
203 A8, 11,14)
desaturation
Cither polvansaturated Arachidonate

fatty acida 2040 A5.B,11,14)



Phospholipid containing arachidonate

phospholipase A I\ | ysophospholipid

COO0™
Arachidonate,

20:4( A5,8,1 1,14)

cyclooxgenase 20,
activity of COX ® < - - - aspirin, ibuprofen
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prostaglandins Thromboxanes

Cyklooxygenasa

-Zodpovedna za tvorbu
prostanoidu

-Prostanoidy jsou biologické
mediatory vzniku zanétu a
anafylaktickych reakci

Farmakologicka inhibice
COX vede ke zmirnéni
symptomu horecCky a
bolesti
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Biosyntéza triacylglycerolu

Vetsina MK prijatych v potrave

— Inkorporovana do triacylglycerolt pro ulozeni metabolické E
— Inkorporovana do fosfolipidid membran

zalezi na potfebach organismu, napr. pfi rustu vétsi
potreba membran

Produkce esteru MK glycerolu

Clovék muzZe uloZit pouze né&kolik set gramu glykogenu,
coz pokryje naklady max. na 12 hodin, zatimco 85 kg
clovek ma cca 20 kg tuku, coz mu stacCi na bazalni
metabolismus po dobu 13 tydnu !

Rostliny rovnez ukladaji v semenech, plodech
Glycerol-3-fosfat + acyl-CoA



Biosyntéza triacylglycerolu

1. tvorba L-glycerol-3-fosfatu je mozna hlavne z
dihydroxyacetonfosfatu (meziprodukt glykolysy) nebo
fosforylaci glycerolu (v jatrech Ci ledvinach)

— glycerol-3-fosfatdehydrogenasa (oxidoreduktasa) resp.
glycerolkinasa (transferasa)

2. acylace dvou hydroxy-skupin glycerol-3-fosfatu a
vznik diacylglycerol-3-fosfatu (fosfatidova kyselina)
— acyltransferasa (transferasa)

3. hydrolysa fosfatidové kyseliny za vzniku 1,2-
diacylglycerol

— diacylglycerol-3-fosfatfosfatasa (hydrolasa)

4. transesterifikace poslednim acyl-CoA

— acyltransferasa (transferasa)
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Regulace biosyntezy
triacylglycerolu

Zalezi na aktualnich
pOtrebaCh Orgamsmu, Adipose tissue Blood Liver
mnozstvi tuku zustava Lipoprotein

priblizne konstantni Giyceral 7 Glyceral
Hormonalné rizeno (napr. A

|nSU | I n) y 75% M K Triacylglyveerol F:g:; Triacylglveeral

uvolnenych lipolyzou \v J/ \”F(
reesterifikovano na acid

Glveerol Fuel for Glyveerol

trl a Cyl g che rO Iy m I Sto A-phosphate tigsnes A-phosphate

pOUZItI Jako pallva_ FIGURE 21-20 The triacvlglycerol cycle. | |5, triacylglycerol
trl aCng che rOIOVy Cykl US molecules are |:|D‘k;n"c‘l-:m:;;tllr:e-st|'|‘;|:-E5|I;::|alll-l11l::lliwi.llzxci:leal:f-

d UVOd neznamy mczna cle during starvation. Some of the fatty acids released by lipolysis of
J . .

triacylglycerol in adipose tissue pass into the bloodstream, and the re-

pOhOtOVOStn I ZaIOha V mainder are used for resynthesis of triacylglycerol. Some of the fatty

krVI acids released into the blood are used for energy (in muscle, for ex-
ample), and some are taken up by the liver and used in triacylglyc-
erol synthesis. The triacylglycerol formed in the liver is transported in
the blood back to adipose tissue, where the fatty acid is released by
extracel lular lipoprotein lipase, taken up by adipocytes, and reesteri-
fied into triacylglycerol.



Glyceroneogenese

Tukove tkane produkuji glycerol-
3-fosfat glyceroneogenesi

Zkracena verze glukoneogenese

Rizeno glukokortikoidnimi
hormony

Ruzna fce

— V tukoveé tkani s reesterifikaci ridi
uvolnéni MK do krve

— V hnédé tukoveé tkani fidi uvolnéni
MK do mitochondrii pro tvorbu tepla

Pvruvate

pyruvate carboxylase
Oxaloacetate

PEP carboxykinase
Phosphoenolpyruvate

multistep

Dihydroxvacetone phosphate

glyroerol 3-phoaphate
III'I'I:-\--II'I-'_;'-'|'|.;|.-\..-
1|?-Hg'DH
1|:‘.HDH ‘I:I}
EI—IQ—D—'_Il:'—'D_
o-
Glveerol 3-phosphate

Triacvlglycerol evnthesis



Biosyntéza membranovych
fosfolipidu

« Dveé zakladni skupiny membranovych fosfolipidu:
glycerofosfolipidy a sfingolipidy

* Mnoho ruznych fosfolipidu vznika ruznou kombinaci MK
a polarnich hlavic s glycerolem nebo sfingosinem

* Biosynteticke vzorce jsou v zasade stejné
— Syntéza paterni molekuly (glycerol, sfingosin)
— Pripojeni mastné kyseliny esterovou nebo amidovou vazbou
— Pridavek hydrofilni hlavice fosfodiesterovou vazbou
— Modifikace nebo vyména hlavicové skupiny (neni nutno)

CoA OH OH

s o) CO, ANHgtHE

0 Z\ OH H+  CoA 3 NADPH NADP+ FAD FADH,
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+ H2N|--- N - o LL} N S »
OH

gCH2)12
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Palmitoyl CoA Serine Dehydrosphingosine Dihydrosphingosine Sphinogsine
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Biosynthesa cholesterolu,
steroidu a isoprenoidu

1. kondenzace tfi ,acetatovych jednotek” za
vzniku mevalonatu

2. premena mevalonatu na ,aktivovany isopren’

3. polymerace sesti ,isoprenovych jednotek” za
vzniku 30-uhlikatého squalenu

4. cyklizace squalenu za vzniku steroidniho
jadra a nasledneé zmeny produkujici cholesterol
(oxidace, transfer methylovych skupin apod.)
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TABLE 21-2 Major Classes of Human Plasma Lipoproteins: Some Properties

Composition (wt %)

Lipoprotein Density (8/mL) Protein Phospholipids Free cholesterol Cholesteryl esters Triacylglycerols
Chylomicrons <1.006 2 9 1 3 85
VLDL 0.95-1.006 10 18 7 12 50
LDL 1.006-1.063 23 20 8 3 10
HDL 1.063-1.210 55 24 2 15 4

Source: Modified from Kritchevsky, D. (1986) Atherosclerosis and nutrition. Nutr. Int. 2, 290-297.
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