METABOLISMUS LIPIDU

Lipasy - hydrolasy - karboxylesterasy
triacylglycerol + HyO — glycerol + mastne kyseliny
travici - potravni lipidy

Lipasy

organove - organove lipidy
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Odbouravani mastnych kyselin
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F.KNOOP 1909
F.LYNEN 1951

A. Aktivace mastuych kyselin
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RCOO-AMP + HSCoA — RCOSCoA + AMP
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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



Odhouravani nenasveenvch mastnveh kvselin

0 0
Ll ot
ll (1 UL L% i 'r_,-'l:_
A Y
ANV g
i ™ H OH B
i enoyl-CoA- i
SOmEerasa Enz



13 ) [ Lw] =

three cycles of B-oxidation E

SCosA

7 i 4 3
cnoyl-Cos isomeeriase [
O
v\_/’\-/l'\/J\
T r z SCoM
complete B-oxidation cycle 1.5
Cy

\/'\_./\.,/JJ\

3 a SCoM

acyl-Cos, dehydnogenases l

SCoA

lfru.:;- 1-Caov soemerase
2 BCoA
\/\-/\‘/\n/
O

3!!.& cycles of
B ichaa

SCoA

\n/‘

L&

- S S S ear e ma S S S T T -



SNAD* + 3FAD + 3CoA-SH
SNADH + 3FADH ., + 3Acetyl-CoA

Problém 1:

4

B.y-dvojni vazrba i _ﬁ
W“\_ ,,-‘—'—\v/
o

o
T
C

e TS

i obratky
B-oxidace

©
i
Cls
SCoa

1 enoyl-CoA-isomerasa

NAD  + FAD 4+ CoASH

SCoMA
—
C
1]
L ]

/

jedna obritka B-oxidace
a prvni oxidace dalsi

NADH + FADH., + Acetyl-Cof QR ———
Problém 2:
dvajna varba /\,m\/,s—_-i\/%«._\_ 1 _-SCos
na A9 ~ = s ‘;I:
O»

L — NADPH 4+ H ™ —
e MNADP" -]

w

2 d-dienoyl-CoA
reduktasa (F. ceoli)

g::h—a.eo

W!""\

2 4-dienoyl-Cos
reduktasa (sawv<ci)

L ]
u
c

SCai

3. 2-enoyl-CoA-isomoerasa
(sawvci)

AN

oxidace



I

Odbouravani mastnvch selin s lichvm poétem C atomu

O
Il
CH.— CHa— C— SCoA
propionyl-CoA

ATP + CO,
ropionyl-CoA-Karboxylasa

ADP + P;
H O
T 0IC —{F:——i“—sr‘-n-‘-.
CH,

(S)-methyimalonyl-CoA
l:rnt:l hylmalonyl-CoA-racemasa

Frg
I I

CHy;— {E‘: —_—C— SCoA
COs

(R)y-methyvimalonyl-CoA
J'mc! hylmalonyvil-CoA-mutasa

1
:
T, C—CHa— CHy— C— SCoA

sukcinyl-CoA



o-oxidace

i
CH;{t CH—CH,— CH;— CH., 7 C— CH — CH;OH
fytol
v
CH - CH O
0 ] ) a )
CH.— CH CHo— CH CHa— s CH—CH:—C
fyetanowva HD—
kyselima
fvianit-ou-
hydroxylasa
CH CH O
I .
CH;+CH—CH,— CH,— CH 3 CH — -:I:H —r
O > 3§
CO, J Iy ranat-c-oxidasa
CH. CH O
i B : i
CH;—4 CH—CH,— CH;— CH345— CH — <
o

pristanovia kyselinn

ATEP 4 Codf
acy]-CloM-—synthasa
AMFP + PF;

CH > CHy O

. I I

CH,—— r_'.H—r_:Hgg CHo— CH-, <= CH — C— SCoA
e | |

l Scsl obralck

P-oxidace

CH,; 1O (I?- ]
| hl
CHz— CH— T — SCoi + 3BCH; — C—SCofAA + 3ICH,— CH—TC—SCoA
Z-mycthyl- acetyl-CoM propionyl-CoA

propiony - CoMA



Ketonové latlk

e i

ﬂ-
acetoacetat aceton
OH O
| ¥
H EC_ {[:_ E:HE_ G\I.
H 0

h-3-hydroxybutyrit






Ketonoveé latkw

O 8
CH;y— Ll'l.‘.-—— SCoA - cﬂ_j—:j—gcog_
acetyl-CoA acetyl-CoA
: 1] (acetyl-CoA-
H— SCoA acetyltransferasa)
O O

I [
CH;— C—CH;— C—SCoA
acetoacetyl-CoA

O
I
Hy0O + CH;— C— 8CoA 1 hyvdroxymethylglutaryl-

H— SCok 2 CoA-synthasa

\
OT 1|:|1-

T 0.C—CH,— ti'. — CHps— C— SCaoA
CHj

3-hydroxy-3-methylglutaryl-CoA

= hydroxymethylglutaryl-
CoM-lyasa

Q) Cr
4 I
 DeC—CH,—C—CHyg + CH,;— C— 3SCoA

acetoacetat acetyl-CoA




Ketonové latlk

+
?HH h't H;
NADH  NAD' ?
f|:=U . o HO-~(C=H
\ J |
LH, CH,
| Fhydroxybutyrit- L)
CO;  dehydrogenasa (0,
acetoacetat D-3-hydroxybutyrit




Ketonové latkwv

OH
I s
CHﬂ;_ (I__: T CHE_ CGZ
H

D-3-hydroxybutyrat

NADT

F-hydroxybutyrat-
dehwvdrogenasa
NADH + H~

-!ﬁ.l
CH,— C— CH,— CO
ancetosacetint O
- |
OgC— CHa;— CH;—C — SCoA
sukcinyl-CoA

Joxoacy ] -Clao -

transfcrasa
T O C— CH,— CH,—CO,

sukcimnat

W It

CH . o — CHE— O — ST o

acetoacetyl-CosA
H— SCoA

thiolasa

W
2CH;— C — SCoA
acetyl-CoA



Metabolismus glvcerolu

glukoneogenese
odbouravani |
fosfoacylglycerolu
A Z0 + + l
g ATP| ADP [C? CHpOH |NADH+H* | NAD CHOH
| H] | i HJ b : / |
El.HOH CHOH +——=[c=0] tl:HOH
T | - el
CHo0H CHa0Po3 CH,0P0% CH,0P0%
glyceraldehyd glyceraldehyd-3-fosfat dihydroxyacetonfosfat  glycerol-3 - fosfat
NADH+ H* ADP
NAD® ATP
el CH O
CHOH glykolysa CHOH
:
CH,0H CHoOH
glycerol glycerol
odbouravani odbouravani

acylglycerold

acylglycerold



Glycogen

()

Glucose 1-phosphate

|

Glucﬂsﬁdlumﬁe 6-phosphate
Pyruvate

Acetyl CoA ———— Dietary fatty acids

encrgy
S metabolism
Fauy acids Citric acid
l cycle
Triacylglvcerols ATP production by

oxidative phosphorvlation



Metabolismus versus biosynteza MK

B-OXIDACE (MITOCHONDRIE)
CoA je
k prenasecem
— acyl-CoA (C ) acylovych
_ skupin
FAD FAD je
FADH . akceptorem
. elektrond
enoyl-CoA
H,O
3--hydroxyacyl-CoA  L-f-hydroxyacylovi '
skupina
NAD" NAD" je
_ ot akceptorem
NADH + H elektroni
f-oxoacyl-CoA
CoA vytvofena Cy-
oo jednotka je
Acetyl-CoA acetyl-CoA
LN acyl-CoA(C o)

e e 3R NADPH jo

< = T/~ jemalonyl-CoA
e au—

S i,
S — —

BIOSYNTEZA (CYTOPLASMA)

ACP je
prenasecem
acylovych
skupin
NADPH je
donorem
elektronu

acyl-ACP(C_,,) —\

NADP™
NADPH + H®

enoyl-ACP

k—"HgD

n-f-hydroxyacylova 3-p-hydroxyacyl-ACP
skupina

NADP*

donorem NADPH + H'

elektront

e == p-oxoacyl-ACP

— ——
= CoA + €O,

Malony] -CoA

acyl-ACP(C) <~—

vychozi donor
C,-jednotky

y —
K —

—
) /



T o DR |
—C—C—Clﬁ—O—P--O—Fl’—O—CHz 0
0

| |
HS—CH;—CHQ—N—(ﬁ—CH;—CH;—N—(lf & i
0 0 H CHy 0 ¢ H H
Phosphopantetheine group of CoASH i H
0,60 OH
H H OH CH; 0 g
| | | | | Agk
HS—CH,—CH;—N—C—CH;—CH;—N—C—C—C—CH,—0—P-+0—CH,—Serine } camier
| P b protein
0 0 H CH, 0

Phosphopantetheine prosthetic group of ACP



Biosynteza mastnvch kyselin

A. Syntéza malonylCoA

1
K — biotin 0,C—CH;—C—SCoA + E—biotin
biotinyl-enzym malonyl-CoA
HCO, 0
+ATP |
CH;—C—SCoA
ADP+ P, acetyl-CoA

E—biotin — C0;
karboxybiotinyl-enzym



Regulace Acetyl-CoA karboxylasy

PTOtOMET (peisem) <— POIYIDET (aiprvmi)

it




Svnthasa mastnvch kvselin

/ prenatet
malonyl-CoA-ACP- / js— mﬂ
E&dm A
acetyl-CoA-ACP-
transacetylasa
e P-
reduktasa
hydroxyacyl-ACP
E;hrlhllu
ydroxyacyl-ACP
acetyl-CoA-ACP-
p-oxcacyl-ACP- transacetylasa
reduktasa

malonyl-CoA-ACP-
transacetylasa



B. Syntéza palmitove kyseliny

0 COy O
I | I
CHy3— C—8CoA + H—SACP CH;—C—8CoA + H—SACP
acetyl-CoA malenyl-CoA
1 | acetyl-CoA-ACP- malonyl-CoA-
H—SCoA transacylasa H—8CoA '_/1 ACP-t}:ansacylasa
0 Lf) 2
|
CHy—C—8ACP CHQ (3 —SACP
acetyl-ACP malonyl-ACP
=
H—5—E
2a
H—SACP
o |3 -oxoacyl- ACP-synthasa
I " (kondenzalni enzym)
3
COy+ H—S—E
0 o e

I Il
CHy— C—CH;— C—SACP
acetoacetyl-ACP

secioacetyl-ACP



| gl <3
CH3y— C — CHa— C— SACP
acetoacetyl- ACP

HY + NADPH
4 P-oxoacyl- ACP-reduktasa

NADP®
OH {?
i I
CH;— C —CH,— C — SACP
E
H

D-F-hydroxybutyry ] - ACP
5 = - - =
H,O B-hydroacyl-ACP-dehydratasa

H L
CHa—C = 'L'I" — 'll:l.":— =ACE
H
o, B-rrans-butenoyl-ACP
HY + NMADPH

6 enoyl-ACP-reduktasa

NADP'

O
Il
hutyril- CP

opakovani reakci 2-6
¥ | sestkrat

C
CH3;CHz;—(CHg)y,— (E_‘I:— sSACP
palmitoyl-ACHF
HO 3 palmitoyvlthioesterasa
O
CH;;CHE———¢C1—12:-=__1—I!!:—{')‘ - H— SACP

palmitat



Svnthasa mastnvch kvselin

CH,
I
CI'O(J 2 C=0
CH- CH- CH:
(; e B =10 C=0
i | I
HSCoA s = C:J; HS s
| ;
Cws pant _______,___.4._______ C\-ls |m|nt
COO- 3 <2
CH.COSCuA /
CH, PR CP"" PT"“ ci-'f" (
1 ]
C=-0 s s s SH 4
| I 1 1
EJ'» C=0 C=-0 =0
Cws CH- CH CH
COO =m0
I
pli].nt Cys CH
HS s
HSCoA !
= Cc-0
l
CH'COSCoA [, oy,
]
/
Cys At
pant Cys
| |
HS SH CH,
't.\ CH,
b (CH:) s
H K '
C'], : | o 1 = CH;
CH- 9 H O CI‘ O C|‘H
1 =
(CH:)15 . & CE, L&
e | | ] CH
COOH Cy's pant CH. ae
palmitic CH: I
I HS 5
pant Cys (] — |
| | S SH Cys pant
s SH i
| d C;a!s palnt
C=O ; -
[ opakowdind *____7_,,_.—-—‘ pant Cys
(CH2Ma reakci 2-7 | |
CI.“ % Sestkran pant Cys SI SH
Kk I -
CH3 HS S s
] -
= C H-
I CH.
CH.
CHa
CH.

CH,

CH,
PH + H™ I
H(_'I‘ - OH
MNADPY CH.
I
Bl
1
e
Cy's peung
pant Cys
s SH

NADPT

NADPH + H™
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Regulace metabolismu triaczlglztcerolﬁ
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Biosynteza cholesterolu
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- produkt cyklizace - cholesterol
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METABOLISMUS BILKOVIN

endopeptidasy
Proteasy / karboxypeptidasy

empeptidasy\

aminopeptidasy



SerTnOVe
(ysteinove
mefaloproteasy

kvsele - aspartatove
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1. Zaludecni proteasy
* pepsin

o chymosin (renin, syridlo)

2. Pankreaticke proteasy

o {rypsin
¢ chymotrypsin
o elastasa

o karboxypeptidasa A,B
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Aktivace zvmogenu

Zaludek pepsinogen — pepsin

I

pH

slinivka brism enterokinasa

|

trypsinogen — trypsin

T w

chymotrypsinogen — chymotrypsin

Y

proelastasa — elastasa




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

TKANE

POOL

BIOSYNTEZA
DUSIKATYCH LATEK

/ AMINOKYSELIN
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METABOLISMUS
AMINOKYSELIN

N

N\

C 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




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,



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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4-aminomaselna kys. (GABA)
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@CH,— CH,— NHZ
N
H
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HO I
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| 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, Trp
2-oxoglutarat - Glu, Gln, Arg, Pro, His
oxalacetat - Asp, Asn

fumarat - Phe, Tyr

Val, Ile, Met, Thr

sukcinyl-CoA

2. Ketogenni aminokyvseliny - prekurzory mastnych kyselin

acetoacetat - Leu, Phe, Tyr, Lys, Trp
acetyl-CoA - Leu, Ile, Trp
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sukcinyl-CoA Z-oxoglutarat
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isolewcin glutamat
E— histicin
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]|'I NADH phenylalanine Iii
Q'CHE—E'—C 00~ *_\ hydroxylase HO CH;—?—CUO
H
NH; 0, 0 NH;
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laminmrunst'um:
0
Fumarate H |
+ P -Oﬂc_ﬁ=c_ﬁ_mi—ﬁ_cni_m- HGQCHE—C—
Acetoacetate 0 0 p-Hydroxyphenylpyruvate
4-Fumarylacetoacetate
“00C— E=C —C—CH,—C—CH;—C00"™ 4hﬂmng¢nli5.u:r: OH
H (|:|) i|:!" oxidase
CH,—C00™

4-Maleylacetoacetate

Homogentisate
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Fenylketonurie

i
CHe—C— CO0O-

Phenylpyruvate

CHy—CH— CO0~




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



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,
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mocovina ornithin 2-oxoglutarit
3
w—c- 0POE” HCO; + NH utamt
MOCOVINOVY e d
CYKLUS k-rl:nmny[fnﬂit
(2ATP] [NAD(PH] NAD(P)*

i
“ﬂ. " l:ill‘llllln ' F
sukcinat
AMP + PP
H s
NC=o ’_\ ~00C—CH;—CH—C00" i
fumarat OH aspartat " ?H—Gﬂﬂ
: ! . Lo okl \Hy
00C—CHy,—CH=—CO00 " oglutara aminokyselina
malit NAD' 3 3
—— glutamét R=C=COO0"
CITRATOVY CYKLUS At 9 0
“00C—CHg—C—C00" a-oxokyselina




Biosvntéza aminokvselin

esencialni

aminokys elin}'<
neesencialni

Rostliny - viechny
vsechny
Mikroorganismy

esencialni a neesencialni

Zivocichove - esencialni a neesencialni



Biosvntéza aminokvselin

Alanine Valine Leucine

Methionine Threonine
: !
Cysteine Isoleucine

Glutamate

Glutamine Proline  Arginine Phenylalanine T | Cysteine

Tyrosine







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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AMK jako prekurzory

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

Auxin Plant growth hormone Tp

Catecholamines Neurotransmitters, hormones Ty, Phe

Glutathione Redox tripeptide Gly, Glu, Cys

Histamine Allergic response, stomach acid secretion His

Melanin Skin pigments Ty, Phe

Melatonin Requlates sleep cycles Tp

Nitric oxide Cell messenger Arg

Phosphocreatine Energy molecule in muscle Gly, Arg, Met

Parphyrin Heme and chiorophyll Gly

Purine bases RNA, DNA, cofactors Asp, Gly, Gln

Pyrimidine bases RNA, DNA, cofactors Asp

Serotonin Neurotransmitter (hormone) Tp

Spermine, spermidine DNA packaging Met, omithine

Thyroxine Hormone Tyr
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Biosyntéza hemu
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Degradace hemu
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Biosyntéza pyrimidinovych bazi
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Biosyntéza pyrimidinovych bazi
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Biosyntéza purinovych bazi

CO,
| glycin " :
"4 i !
. """a{;m — HN I~ \:_‘ : > hypoxanthin
aspartitovy — N, sCT T\ -
amin -, a0 ~=— formidt
~ g ik 3
formidt —=C__ 3 _( ~N
N !
-9 A H
2 |ULAMIOVY OH OH

amid inosinmonofosfat (IMP)



Biosyntéza purinovych bazi

TEO,P—O— CH2z I
i EH e
| = O EL
O OEL
- -ribosa-S-fosTat
SR ribosafosfat-
b diFos folcimasa

LW L B By
— Oy, P— O — CHz
“» (]
B = o i A
R o — Oy —— P —— Oy
I
C»El C»EL Pt P
S _Fosforibosyl-x-difosfat (PTIRIDDP)
g lutarmin = O — sl Foxrils il
glutamnat + P transfforasa
T Oy P— O — Tl T ET
I i L
H H

Lol N
B-S-fosforibosy lammin

= Bycira - T
e = GAaR -synithhetasa

CHe— N
oy === P
T RO, P — O CHz DNET
B = |
B =

OETL OEL
lycinamidriboticd (G AT

NV oy l-THE

-
THF
o
Lo OER
]
| il
s L)
T INTHL

rilbosa-S5-fosf@har
Formmylglycimamidribhotid (G RS
AT = aarmary + E
+ Elutarmir 2 = G AM-synthctasa
A0V 4+ glutanar = 52
=
Sl

I
O

= o

[ | =
T Ed
|
ribosa-5S-fosfat
Formylglycinamidribogid (FCG ATl
%
il (=3 AR -synmthetasa

ADP + Py

ribwosa-S—-FosFan
S_arminoirmidarzolribotic (AaTB)

COa - AT -karbosy lasa
T O — e ._""‘-:‘t\
2 TOEL
L o~

rikbeosa-S—fosFat
e beoos y s i moimaidaseolriboeic (Ol

aspartdis - ATTEP ~
= SACATR -synthweasos
AT + B
OOy ‘I:I.
EEC— P —— O —— N
o« R,
CEE = Il - [
i I -
Oy Tl oI 2

ribosa-3 - fosER

S amrani s el am ol -4 - (N -sulccimyl
karboxamidodrilb»otid (S8 AT

e __% Aavdeny lsubkcinally asa
L

]
Eapa—— O o ?‘-%ﬁ
CEL

. O e
ribosa-S-fosfae

S _mrminoimidasol -3 - oo boascamdid e botid
{ACATED)

F R e -"T"ELIF
= e i e A ATR -transformn wlas
L

BRI —

ribosa-5S-fosfat
S-Fformarminoimidarsol-d-karboxamid-
rmibvotid (FADC S TE)Y
HoO 18 IMIP-cyklohydrolasa

O FEL O ELD
imosinoryromofosfsEe 0Dy



Degradace pyrimidinovych bazi
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Degradace purinovych bazi
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