Metabolismus lipidu

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

Dvojndsobné mnozstvi energie
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
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Iglycerols arc
by lipases.

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

and resynthesized into wiacylglyeerols.
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Phosphaolipid






Odbouravani mastnych kyselin

fj oxidace
F.KNOOP 1909
F.LYNEN 1951
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Odbouravani mastnych kyselin

fj oxidace
F.KNOOP 1909
F.LYNEN 1951

A. Aktivace mastuych kyselin

RCOO™ + ATP - RCOO-AMP + P~P
RCOO-AMP + HSCoA — RCOSCoA + AMP
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B. Transport RCOSCoA - karnitinovy ¢lunek
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Acyl-CoA DH

nedostatek
syndrom nihlého détského Gmrti (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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koncentrace latek v krevni plazmé (mM)
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Metabolismus versus biosyntéza MK
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Biosynteza mastnvch kyselin
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C. Dalst premeny palmitove kyseliny
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+ glukagon



Regulace metabolismu triaglglﬂcerolﬁ
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Biosynteza cholesterolu

acetdl — isopprenoidni intermedidt -» skvalen
- produkt cyklizace - cholesterol



Biosynteza cholesterolu

acetyl-Col,
HMG-C o
l HM G- ColA-reduktasa

mavalonst

‘
.

mevalonatdifosfat

]

isopentenyldifosfat —=  dirmethyialhl

o, RO difﬁt

geranyldn‘ osfat

—— farmneswyldifosfat -

f::hubstarnl dulhhnl
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CH,OH
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Dimethviallyl pyrophosphate Isopenteny] pyrophosphate
PF;
i s |
HgC—C='I:l:—CH;—CH;——C=(!:—CH2—D—1T—O-—*}T—D_
H H O O
Geranyl pyrophosphate
i g
HyC=—iC——CH; c:[-h—ﬂ—lﬁ'—n—ﬁ'—ﬂ_
L8
P
Isopentenyl pyrophosphate
i o i .
H3C_C=(IZ—CH3 —CH;—C={'1:—CH3-—CH1—C=!'|:—CH2 —O—"ﬁ —O—ﬁ—ﬂ_
H H H L9 ] O

Farnesyl pyrophosphate

farmesyl pyrophosphate + MADPH
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Metabolismus bilkovin

* Tuky, sacharidy — zasobarna energie, mohou
se vzajemn¢ zastupovat. Bilkoviny — tvorba
télnich bilkovin, jsou zdrojem N pro
heterotrofy

* V organismu neexistuje skladisté bilkovin

U sachardidu (glykolyza, pentozovy cyklus) a
lipidu (B oxidace) jednotny metabolismus,
AMK 1ndividualni metabolismus



Metabolismus bilkovin

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

* Biosynteza 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



Hotovost - pool aminokyselin

POTRAVA

1/3 \
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/ 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,
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=

Intracellular protein tumover Dictary protein

\/

Free amino acids

Deamination (uswally by transamination)

Glucose -——— o-Keto acids HHI —=  Biosynthesis

Urea cycle
Citric acid cycle and excretion

FC‘:}I
Respiration

/;‘_K

/20, + ADP + P, H,O + ATP




Transaminace

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

Oxidacni deaminace
savcl
glutamat + NAD" + H,0 < 2-oxoglutarat+ NH; + NADH+H’
vejcorodi
aminokyselina + FAD + H,0 & o-oxokyselina + NH; + FADH,

FADH, + 0, & FAD + H,0,



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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| CH;—C—C00 o e i
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T00C—CH;— CHz:— CH,— NH3

4-aminomaselna kys. (GABA)

'

@CH,— CH,— NHZ
N
H

H
HO I
—CHs— (I-I_-:_ COO™
| NHj
N
H
S-hydroxytryptofan
PLP-dependentni

dekarboxylasa

aromatickych CO,

aminokyselin
HO
|' CH,~ CH,— NHj3

N
H
serotonin



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 »
‘1‘ threonin
tryptofam
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glukosa 1.
leucin
= =l
oxalacetit citrat
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sukcinyl-CoA Z-oxoglutarat
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isolewcin glutamat
E— histicin

pralin
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Qoo G n o1

0, H,0
NH; ,  Hy NH;

Phenylalanine Fenylketonurie Tyrosine

lﬂminmmn:‘-fﬂuﬁﬂ

0

Fumarate H I
+  — '00C—ﬁ=C—ﬁ—CHgﬂtﬁ—CHg—COD' HDO—CH;—-C—C
Acetoacetate 0 0 p-Hydroxyphenylpyruvate
4-Fumarylacetoacetate
00C— =G0 —CH—C—CH—000™ < %
0 0 oxidase
CH,—CO0

4-Maleylacetoacetate Homogentisate



Fenylketonurie

i
CHe—C— CO0O-

Phenylpyruvate

CHy—CH— CO0~
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Metabolismus amoniaku
biosyntéza dusikatych latek - AMK, puriny, pyrimidiny
NH;

detoxikace

i

III II| |I

, + 4
Aming acid =, (t-Ketoglutarate » NADH + H" + NH,
Vi Noff

aminoiransferase ‘ glutamate dehydrogenase

| |
.'I ll' Ill III‘,II
/ 7 4
tt-Keto acid + \“ Glutamate ! NAD' + H,0



Glutamin syntethasa

O 0
CHy—C! CHy—C/

O ATP ADP NH,
CH» CH,
CH-NHY » CH-NH7
COO~ COO"~

NH4 Pi

Glutamate Glutamine



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,







R—CH—COO™
H::N'_ C— NHJ

mocovina ornithin _ .
aminokyselina

0 ’
H M’—E:-DPG -

g : ' utamit — (=000

MOCOVINOVY i “ 5 st R % C00

CYKLUS karbamoylfosfit 0
@ [NAD(P)H| NAD(P)* a-oxokyseli

arginino-
sukcinat

2-oxoglutarat

H,0

arginin

H
'Dﬂc—c-ﬁ_mﬂ'

1 ~00C—CHy— CH—C00™ )
fumarit OH n!rrtit T EH:- e
~00C—CH,— éH—COU' " Z-oxoglutarat ami :Iuﬂkrsalinn
malat 3 3
\“"— glutamat R=C=COO0"
CITRATOVY CYKLUS r!lrn
Hy—C—C00™ a-oxokyselina

-4 ATP +3 ATP




Biosyntéza aminokvselin

esencialni

aminokyseliny

\neesenciﬁlni

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

vsechny
* . + - -
Mikroorganismy NH,, NH,+, NO3’, NOy, N,

esencialni a neesencialni

Zivocichove - esencialni a neesencialni NH,



Biosvntéza aminokvselin

Alanine Valine Leucine

Methionine Threonine
: !
Cysteine Isoleucine

Glutamate

Glutamine Proline  Arginine Phenylalanine T | Cysteine

Tyrosine
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Fixace N,
Chemickd syntéza - Haber Bosch (300 °C, 300 atm, kat - Fe)
N;+3H, - 2NH;
Biosyntéza - sinice, bakterie - Rhizobium, Azotobacter
N+ SH +8¢+16 ATP - 2 NH,+ Hy+ 16 ADP + 16 P,

Nitrogenasa : 1. profein Fe
2, protein Moke






EH + 2 EH + 2 2H++ ¢
! N H
!
N=N H—N=N—H h.. ]fn.T INH,

diimin h_’ﬂ‘lrﬂ:in

9ADP + 2P,

i
(ferredoxin) ,  (Fe-protein) {Mu["ﬁ'pml:in} o Ny+ 8H*

fotosyntéza
nebo oxidacni
transport elektronil X A
(MoFe-protein) |

(ferredoxin),,  (Fe-protein) 4 ZNHz+ H,

\ v____)

Bx
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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 - GluDH



AMK jako prekurzory

Bioactive Product Biological Function Amino Acid Precursor(s)
Alkaloids Nitrogen bases in plants Ornithine, Asp, Lys, Tyr, Trp, Phe, His
y-Aminobutyric acid (GABA) Inhibitory neurotransmitter Glu

Auxin Plant growth hormone Tp

Catecholamines Neurotransmitters, hormones Tyr, Phe

Glutathione Redox tripeptide @Gy, Cys

Histamine Allergic response, stomach acid secretion His

Melanin Skin pigments Ty, Phe

Melatonin Requlates sleep cycles Trp

Nitric oxide Cell messenger Arg

Phosphocreatine Energy molecule in muscle Gly Arg, Met

Porphyrin Heme and chiorophyll |

[Purine bases RNA, DNA, cofactors @ Gly @D

Pyrimidine bases RNA, DRA, cofaciors |

Serotonin Neurotransmitter (hormone)

Spermine, spermidine DNA packaging é ornithine

Thyroxine Hormone Tyr

acetylCoA + formiat + COO- + CO,
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Biosyntéza hemu
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Degradace hemu

N E O M v M P P N M L'
M——Il\ i /L——M LJ .
’ D/N—Ple—N\B | Fe®* + cCo + B | C I D A
p— k v 5
Cawns AP

C biliverdin

P M
hem

NADPH + H*
e

— - UDPglukuronyl- UDP- g lukuroniat +
cCoo (ale s’ 'z luku
H o_0—C=0 H 0, _0o—Cc=0 bilirubin- S~ naDP
] transferasa
OH CH, OH CH; (éatra)
HO H | HO H

o SR DS SO, SO O
O ™ C ™ N O O ™ N N
H H H

N N
H H H H i H H H
bilirubinglukuronid bilirubin
mz_ym_y BH=
(tluste stievo) i kroha
HO glukuron:it EnZymy
M M E

M E M Ii'-" IF

el s
™ C N
H Hy, H

bili
A urobilinogen

enzEymy - |
(tluste {ledvina) .
stirevo)

2K~

M E M P P M M E M E M P P M M E
H H | | | ] H-] L-H
e Le el 5]« IoNoPofNo!
O N [ ™ ™ o N O O N C N N C N o
H H, H H: H H H, H H, H

sterkobilin urabilin




Biosyntéza pyrimidinovych bazi

¥ 5.'«1.1 . oo i
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amid o”l\n ¢
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. 1 ' orotova kyselina
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Biosyntéza pyrimidinovych bazi

2ATP + HCOD,; + glutamin + H,O

1 | karbamoylfos{an-
sADP + &lutamit synthetasa 11

+ F
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Biosyntéza purinovych bazi
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Biosyntéza purinovych bazi
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Degradace pyrimidinovych bazi

NH, (8]
H
NF | ~N ! (CH,)
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Degradace purinovych bazi
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Degradace purinovych bazi
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Metabolismus NK
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Organova specializace
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