Metabolismus lipidu

Tnacylglyceroly — 90 % potravnich lipidu a
zaroven hlavni zasobarnou energie — organovy
tuk

Dvojnasobn¢ mnozstvi energie
CH, - CHOH
Jako hydrofobni latky nejsou hydratovany

Nejsou pohotovym zdrojem energie, spise
vhodné pro skladovani.



METABOLISMUS LIPIDU

Lipasy - hydrolasy - karboxylesterasy

triacylglycerol + H,0 — glycerol + mastne kyseliny



Fosfolipasy




e salts emulsify
fats in the

Iglycerols arc
by lipases.

3. Fatty acids from lipase action
are taken up by the intestinal mocosa

and resynthesized into wiacylglyeerols.



Cholesteryl ester

Triacylglycerol

Free cholesternd

Phosphaolipid






Odbouravani mastnych kyselin

fj oxidace
F.KNOOP 1909
F.LYNEN 1951
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phidana mastna degradacni produkty exkrecni
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Odbouravani mastnych kyselin

fj oxidace
F.KNOOP 1909
F.LYNEN 1951

Aktivace - mastn¢ kyseliny malo reaktivni — AcylCoA
Lokalizace — zdroje AcylCoA v cytoplasmé — B — oxidace mitochondrie
Nenasycené mastné kyseliny

Mastné kyseliny s lichym poctem C atomi
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B. Transport RCOSCoA - karnitinovy ¢lunek
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B. Transport RCOSCoA - karnitinovy ¢lunek
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C. p oxidace
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Acyl-CoA DH

nedostatek
syndrom nshlého détského imrti (sudden infant death syndrome, SIDS)
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Bilance ﬁ oxidace :

l.cyklus - 1FADH,(2 ATP) + 1 NADH (3 ATP)- S ATP
acetylCoA (citratovy cyklus) -12ATP

maCy - 7xPoxidace + § x citratovy cyklus - aktivace

(Tx3) + (8 x12) - 2ATP = 129 ATP
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SNAD* + 3FAD + 3CoA-SH
SNADH + 3FADH ., + 3Acetyl-CoA
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Odbouravani mastnvch selin s lichvm poétem C atomu
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Glycogen

()

Glucose 1-phosphate
L
Glucose Glucose 6-phosphate
|
Pyruvale

L
Acetyl CoA Dhietary fatty acids

COWCTE Y

. metabalism
Fatty acids Citric acid
l cycle
Trniacylglvcerols ATP production by

oxidative phosphorvlation



Ketonové latlk
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koncentrace latek v krevni plazmé (mM)

»

ketonové latky

glukoza

mastné kyseliny

1 % r =

0 o 4 6 8 10

délka hladovéni (dny)
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Ketonové latkwv
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Metabolismus glvcerolu
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Metabolismus versus biosynteza MK
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Biosynteza mastnych kyselin

Aktivace - AcylCoA na MaCoA

Vlastni synthesa — multienzymovy komplex synthasta mastnych kyselin -16 C
Uvolnéni a aktivace k.palmitoveé — sythesa lipida

Prodluzovani fetézce mastné kyseliny

Synthesa nenasycené mastné kyseliny

Lokalizace zdrojii AcetylCoA v mitochondriich — transport do cytosolu



Regulace Acetyl-CoA karboxylasy

PTOtOMET (peisem) <— POIYIDET (aiprvmi)

it




Svnthasa mastnvch kvselin
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B. Syntéza palmitove kyseliny
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C. Dalst premeny palmitove kyseliny

F r

o prodluzovani retézee - elongace - elongasy
¢ ehydrogenace - desaturece - desaturasy
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Desaturace
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Bilance biosvntezy mastuvch kvselin :
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Regulace metabolismu triacxlglztcerolﬁ

| OXIDACE MASTNYCH
KYSELIN

BIOSYNTEZA MASTNYCH
® aktivace KYSELIN > e
jaterni bunka

@ inhibice =

+ INZUIEE — fovhedots

ketonove latky

citrat
o
cet‘:ﬁ -CoA

acetyl-CoAs

acyl-CoA

palmitat o

palmitst
hladke ER ;
stearat acy[_coA

/ el om mastn‘é:
";{ kysealina

triacylglycerol

transport

transport triacylglyceroli
¥ TR — Icomplex’ i lstnych
lipoprotein o velmi alburminu ky selin
nizke hustate (VLDL) s mastnou
f Kyselinau
| Echwmaodal _ a
uvolnéni
mastnyvch kyselin
z tukovvch bunék

uskladnéni tuku do krevniho obéhu

volné mastneé + glukagon
kyseliny ™
aktvace
cAMP-zdavislou
- fosforylaci
triacylghyceroly
iNavh - inzulin

bunka



Regulace metabolismu triaczlglztcerolﬁ
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Biosynteza cholesterolu
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Biosynteza cholesterolu
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Metabolismus bilkovin

* Tuky, sacharidy — zasobarna energie, mohou
se vzajemn¢ zastupovat.

* Bilkoviny — tvorba télnich bilkovin, jsou
jedinym zdrojem N pro heterotrofy

* V organismu neexistuje skladisté bilkovin

» U sachardidu (glykolyza, pentozovy cyklus) a
lipidu (P oxidace) jednotny metabolismus,
AMK individualni metabolismus



Metabolismus bilkovin

 AMK jsou prekurzory v ruznych
metabolickych drahach (puriny, pyrimidiny,
protoporfiryny atd.)

* Biosyntéza bilkovin je geneticky fizena -
proteosynteza



METABOLISMUS BILKOVIN

endopeptidasy
Proteasy / karboxypeptidasy

empeptidasy\

aminopeptidasy



SerTnOVe
(ysteinove
mefaloproteasy

kvsele - aspartatove
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Aktivace zvmogenu

Zaludek pepsinogen — pepsin

I

pH

slinivka brism enterokinasa

|

trypsinogen — trypsin

T w

chymotrypsinogen — chymotrypsin

Y

proelastasa — elastasa




W

1. Zaludecni proteasy
* pepsin

o chymosin (renin, syridlo)

2. Pankreaticke proteasy

o {rypsin
¢ chymotrypsin
o elastasa

o karboxypeptidasa A,B



3. Proteasy strevni st'avy

e aminopeptidasy

e dipeptidasy

4. Bunécné proteasy
e Zivocichové - kathepsiny B,D, L, H, M,Sa T

e rostliny - papain

e bakterie - subtilisin, pronasa



v Proteasy s jinou funket

o enterokinasa - aktivace zymogen

Py f

v trombin - srazen krve



Ubikvitinace

Ubikvitin (76 AMK) NC 2004

AMP E1 | E2 |
———
Ty
Aktivaéni e. proteasomal
degradation

Konjugacni e.

Ligacni e.
Proteasom 26S



Hotovost - pool aminokyselin
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METABOLISMUS AMINOKYSELIN

transaminace

AV ; N/

®-HC_ _OH + R-("—CUU = -0/
NH

- 2 [ AN Y y

N, NT CH, pieména

postr. ietézce

‘M‘ 'TI
R1—c|-—C100'
NH

5

dekarboxvlace

AOH  , R—CH-NH,



Intracellular protein tumover Dictary protein

\/

Free amino acids

Deamination (uswally by transamination)

Glucose -——— |o-Keto acids NH_; —||Biosynthesis
1

Urea cycle
Citric acid cycle and excretion

F CDI
Respiration

_ /J?K

e + 1205 + ADP + P, H-O + ATP




Transaminace

aminokyselina,+0-oxokyselina; <>aminokyselina,+ o-oxokyselina,

0 0
1 1
HO Jj( R HDJ-\’ R
0 NH;
Transaminase
+ '_h +
0 8]
b 2
o )k( R o )\rr R
MNH; O
AMK1

Glu

AMKn



Dekarboxvlace

aminokyselina & amin + CO,

Biogenni aminy

cystein

cystamin

CoA

k.asparagova

B alanin

3

tyrosin tyramin tkanovy hormon

DOPA dopamin

histidin histamin
hydroxytryptofan serotonin

bl

k.glutamov4

k. y-aminomaselna

neuromodulator

serin

ethanolamin

fostolipidy

methionin

spermin, spermidin

Sperma
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Degradace uhlikovvch koster aminokvselin

1. Glukogenni aminokyseliny - prekurzory sacharidu

pyruvat - Ser, Ala, Cys, Gly, Thr, Met,

2-oxoglutarat Glu, Gln, Arg, Pro, His

oxalacetat - Asp, Asn
fumarat - @@

sukcinyl-CoA Val, Ile, Met, Thr

2. Ketogenni aminokyvseliny - prekurzory mastnych kyselin

acetoacetat - Leu @@ }-'s

acetyl-CoA - Leu, Ile
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cystain
glycin
SaTin
threorin . .
tryptofan mh »
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tryptofam
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glukosa 1.
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sukcinyl-CoA Z-oxoglutarat
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isolewcin glutamat
E— histicin
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Nelecena Fenylketonurie - PKU

Pfiznaky nelécené Fenylketonurie - PKU:
mentalni postizeni, kfece, torpidni ekzém,
typicke svétlé vlasy, rasy a obodi
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Metabolismus amoniaku

Amino acid a-Ketoglutarate NADH + H* + NH;

aminoiransferase glutamate dehydrogenase

a-Keto acid Glutamate NAD® + H,0



Glutamin synthethasa

O pe
CHy—C! CHy—C/

O ATP ADP NH,
CH» CH,
CH-NH3 » CH-NH3
COO~ COO"~

NH4 Pi

Glutamate Glutamine



Alaninovy-glukosovy cyklus

jatra Krev sval
glykogen glykogen
glukdza -+ glukdza » Jlukoza
mocovina glykolyza
glukoneogeneze
'\ moc. cykius

1

i OA'IL‘P

catiho cyklus
[aldat

degradace aminokyselin

—

—1 laktat

vat
pyru v\\



Metabolismus amoniaku

biosyntéza dusikatych latek - AMK, puriny, pyrimidiny

detoxikace

NHY

(¢) Ammonium ion

Zivocichove - amonotelni - NH; - vodni zivocichove o X
.| = ; |

' r W r ' r :_,,L\ e :".}_“
- urikotelni - k.mocova - vejcorodi s 1)
H
(b) Uric acid
- ureotelni - mocovina - placentalové 0
H,N A NH

Rostliny - nevylucuji NH, i



Tvorba mocoviny - oruitimovy evklus

H. KREBS, K. HENSELEIT - 193]

HC0; + NH4+ + N - BN~

:_NHz 1 2H20



MOCOVINOVY CYKLUS

AMP + P,







GDH

2-oxoglutarat

1
H 2:\'"" E_ NH 3
mocovina ornithin 5
I
: HoN—C=0POZ"
H;0 MOCOVINOVY 2 '
CYKLUS karbamoylfosfat
arginin P

citrullin '
4]

arginino-
sukeinat

AMP + PP.

“00C—CH;—CH—CO00™
-sp:irtit

H
'OﬂC—C-E—Eﬂﬂ'

fumarat

T
OH
|

“00C—CHy,—CH=—C00"~
malat

CITRATOVY CYKLUS

(-'- 2-oxoglutarat
3

\\'— glutamat
AST

R—?H—CDD'

NHJ
aminokyselina

R— f.l‘.ll—ﬂﬂﬂ_

0
a-oxokyselina

-4 ATP + 3 ATP

R—CH—CQO

aminokyseclina




Biosyntéza aminokvselin

esencialni

aminokyseliny

\neesenciﬁlni

Rostliny - vsechny NH,, NH,", NO;, NO,", N,

vsechny
+ - -
Mikroorganismy NH,, NH,", NO;*, NO;', N,

esencialni a neesencialni

Zivocichove - esencialni a neesencialni NH,



Biosvntéza aminokvselin

Uhlikové Kkostry pochazeji z meziproduktu glykolyzy, pentézového
a citratového cyklu

Biosyntéza vychazi ze spole¢nych prekurzoru a probiha
pres spolené meziprodukty — jen 6 drah

Dalsi AMK se tvori prestavbou jinych AMK

Neesencialni AMK jsou syntetizovany jednodussi cestou

Biosyntéza esencialnich AMK je komplikovanéjsi



Biosvntéza aminokvselin

Alanine Valine Leucine

Methionine Threonine
: !
Cysteine Isoleucine

Glutamate

Glutamine Proline  Arginine Phenylalanine T | Cysteine

Tyrosine
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Biogenni prvky - COHN
H,0
O,

PO, HPO,>, H,PO,

Co, 0=C=0 (400 kJ/mol)

N, N= (945 kJ/mol)






NADPH

{ﬁ:rmdnxin}"d (Fe-protein) | tl'«’lﬂla:prnlr:m;rmj 0@

fotosyntéza
‘ mbnmﬂdam

nitrogenasa

transport elektronl

(ferredoxin) | (Fe-protein) 4 | *(MoFe-protein)

k &

o + H-;




Anaerobiosa (deaktivace nitrogenasy)

* Sinice — heterocyty
* Symbiosa boboviy¢ rostliny a bakterie - leghemoglobin

MITOCHONDRIE



INKORPORACE  NH, U PROKARYQT

i
u,u-gu
H
+ synth-.{‘q.:a
ﬂT‘ q@) coo
=0

H'"‘E: tu,
'Hl coD
2 2-oxoglutarat
,huamr - NADPH+ H*
cob
(pisgn
CH
¢Hy
C00"
:}rutarnnf

Eukaryota - GDH



A)

B)

ATP ADP + Pi1
NH3
GS

glutamate glutamine

NADP NADPH,

glutamate 2-oxoglutarate

GDH

glutamate W 2-oxoglutarate
NH->

NADP NADPH,



AMK jako prekurzory

acetylCoA + formiat + COO™ + CO,

Bioactive Product Biological Function Amino Acid Precursor(s)
Alkaloids Nitrogen bases in plants Ornithine, Asp, Lys, Tyr, Trp, Phe, His
Ly-Aminobutyric acid (GABA) Inhibitory neurotransmitter Gly
Auxin Plant growth hormone Tp
Catecholamines Neurotransmitters, hormones Tyr, Phe
_Glutathione Redoy tripsptide @Gy, Cys
| Histamine Allergic cesponce stomach acid secretion | His
Melanin Skin pigments Tyr, Phe
Melatonin Requlates sleep cycles Trp
Nitric oxide Cell messenger Arg
Phosphocreatine Energy molecule in musdle Gly Arg, Met
Porphyrin Heme and chiorophyll
[Purine bases RNA, DNA, cofactors @ Gly @D
Pynimidine Dases RNA, DNA, cofaciors
Serotonin Neurotansmitier (normone)
[SpEmine Spermidine DNA patkaging | & ornithine
lyroxing Hormone Tyr
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CITRATOVY

CYKIUS
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Biosyntéza hemu

mitochondgrie

ferrochel:

NI,

brifyrinogenoxidasa

porfobilinogen (PBG)

hemoglobin, myoglobin
cytechromy, peroxidasa
katalqsa

chlofofyl

uroporiyrinogon-
synihasa

uroory
rinogcn-111
synthasa

Yroportyrinogerd-
jckarboxwvlasa

orfyrinosen [

sytthasa

rifvrinosen [L

Koproporfyrinogen-
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Degradace hemu
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Biosyntéza pyrimidinovych bazi

& - b "-ll EI-:I-H“'I‘_ a IIH“ n
glutaminovy — N, % C-+— aspartal NJ\/IL
amid OJ\N 3
00,~C* | Y .
i 1 ' orotovia kyselina
, l-‘--' H "-.-.f {'llrucil-ih-kl:rtnll;;'ft::ri k



Cytosol Biosyntéza pyrimidinovych bazi

@ HCOj3 J + HY

1 | karbamoylfos{an-
SADP + GElutamit ——| synthetasa II

4+ F

@ s orotatfosforibosyl-

| | transferasa

aspartatirans-
karbamovylasa

chinol
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Biosyntéza purinovych bazi
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Degradace pyrimidinovych bazi
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Degradace purinovych bazi

NH, 0

dsjehe il o <IN e

| HyO0 NH?
Rb—P ° Rab—@ Rlb-® mhm@}
H
AMP IMP XMP GMP
1,0 H.0 oo H.0 H.0
nukleotidasa =, nukleotidasa nukleotidasa nukleotidasa
P, P. P P
! adenosin- - ! ! :
deaminasa NG n
adenosin /, \’ " inosin xanthosin guanosin
1 ¢ _ P P-
NH{ Fieay ‘Ir_"-’f;ﬂﬂ“[ﬂﬂ'f'?’giip} . Furf[nnuklcm#:rt ur;mitllklm:s;;;; 3
CElorylasa osforylasa (PNP) osforylasa ( i
ribosa-1 P"“/ ribosa-1-2 i ribosa- | P‘/ .
xanthin- l guanin-
. v = oxidasa i deaminasa L I
ypoxanthin in guanin
/— _'\‘ '//_ \
0, + H.0 H.0, NHf H0
0. + HLO
D xanthinoxidasa
H;0,
0 H
H\_‘ ; NI'
N /\Fr 1 \\_-_ "
> s e e
) w "*;l
H H
mocova Kyselina




Degradace purinovych bazi
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Metabolismus NK
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Hlavni drahy energetickeho metabolismu
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Pentosovy cyklus
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Metabolismus triacylglycerolu
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Citratovy cyklus
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