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Rovnovaha
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2. termodynamicky zakon

,Spontanni (samovolné) procesy vzdy sméruji ve sméru
vzrUstajici ENTROPIE.”

ENTROPIE = mira neusporadanosti systému
nizka entropie systému = vysoka energie systému
vysoka entropie = nizka az minimalni energie systému
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2. termodynamicky zakon

o | KTERA SOUSTAVA MA VYSSi ENTROPII?

Ll';
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2. termodynamicky zakon
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Termodynamicka rovnovaha

Surrounding temperature
(25 °C)

Water temperature
(25 °C)
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Entropie a zive systémy

bazalni metabolismus muze ve véku

30 let (80 kg, 180 cm) je cca 2000
kalorii/den (jen k zachovani vitalnich
funkci!!l!)

7

!’ .

Co SE STANE, KDYZ ORGANISMUS NEPRIJIMA ZADNOU VYUZITELNOU ENERGII?
MAJI ZIVE ORGANISMY VELKOU NEBO MALOU ENTROPII?
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Entropie a zive systémy

zivé systémy neustale bojuji s entropii a aktivné se snazi byt co
nejvzdalenéjsi termodynamické rovnovaze
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Chemicka rovnovaha

REAKTANTY =— == PRODUKTY

produkty dopredna |

reakce

dosazena
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© chemicka .
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S rovhovaha 2 dosasena
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S reaktanty = | chemlclka

= | rovnhovaha
|

0 cas 0 ¢as

chemicka rovnovaha = stav, kdy je koncentrace reaktantl a
produktd chemické reakce konstantni v ase (,,reakce skoncila®)
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Chemicka rovnovaha
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Chemicka rovnovaha

Moznost naruseni chemické rovnovahy

* zménou koncentrace produktu Ci reaktantu
* zmeéenou teploty

* zmeéenou tlaku

— Systém, ktery je v rovnovaze, reaguje na kazdou zmeénu
(teploty, tlaku, koncentrace, atd.) tak, aby tuto zménu potlacil =
Le Chateliertv princip
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Chemicka rovnovaha




Metabolismus

Co mAli
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Metabolismus
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Metabolismus
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Metabolismus

= premena latek a energii v zivych soustavach

= soubor vsech enzymovych reakci, pfi
kterych dochazi k preméné latek a energii
v zivych organismech
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Metabolicke drahy
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Metabolicke drahy

Enzym 1 Enzym 2 Enzym 3 Enzym 4
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E ROVNOVAHY
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Metabolicke drahy

Katabolické (,,rozkladné“)

* slozitéjsi latky jsou Stépeny (oxidovany)
na latky jednodussi
* energie se uvoliuje (déj exergonicky)

Anabolické (,,skladné, syntetické“)

* jednodussi latky jsou preménovany
(spojovany) v latky slozitéjsi

* energie se spotrebovava (déj
endergonicky)
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Metabolicke drahy

anabolicky d&j katabolicky déj

N N

latka A stavebni jednotky latka B

~_

katabolicky déj anabolicky déj

VNOVAHY, POKROKYV BIOLOGII 2022



Metabolicke drahy

e

m

food - molecule
. molecule — needed by cell
f_J !
energetically - - energetically
favorable unfavorable
reaction — reaction
® ENERGY ;»[ )
\':‘:'.‘;} &7
oxidized food activated carrier molecule
molecule molecule available in cell
CATABOLISM ANABOLISM
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Enzymaticke reakce

Enzymy
* = biokatalyzatory

Katalyzator
* |atka vstupujici do chemické reakce a vystupujici z ni nezménéna
e urychluje dosazeni chemické rovnovahy
* rovnovahu vsak nikam neposouva!

* napr. enzymy, platina, med, jodid draselny, ... ,#
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Enzymaticke reakce

. Enzym cCastecné meéni tvar
Substrat béhem vazby substratu

{ Aktivni misto

=

rodukty A
"

= =

Substrat vstupuje Enzym/substrat Enzym/produkty Produkty opousti
do aktivniho mista complex complex aktivni misto enzymu
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Enzymaticke reakce

Katalytické pusobeni
* snizeni aktivacni energie — zvyseni reakcni rychlosti
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Enzymaticke reakce

energie

c‘

katalytické pusobeni enzymu

s s Ea> EaEgs) + EaEg+p)
L o WY
v al e, Ea = aktivaéni energie
EA \\\\
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Enzymaticke reakce

NEKATALYZOVANA REAKCE (BEZ ENZYMU)

Reaktanty
(suché Zabky)

Vyssi energeticka
bariéra

Y

Produkty
(mokré Zabky)

(ENZYMATICKY) KATALYZOVANA REAKCE

Nizsi energeticka
bariéra

D]

B & coas

(suché Zabky) Produkty
(mokré Zabky)

Reakce probihd pomalou rychlosti (pokud vibec),
protozZe aktivacni energie je (velmi) vysoka.

Reakce probiha vyrazné vyssi rychlosti, protoze
aktivaéni energie je snizena.
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Enzymaticke reakce

EXERGONICKA REAKCE ENDERGONICKA REAKCE

A A
E, bez enzymu

bez enzymu

bez enzymu _ s enzymem
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S enzymem
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: .g enzymu
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<>D ¥ g 7 v 4
Produkty Reaktanty
Priibéh exergonické reakce — Pribéh exergonické reakce —
Obvykle katabolické drahy Obvykle anabolické drahy
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Enzymaticke reakce

X
Il
o})

Rychlost reakce

*

Zvysujici se koncentrace
substratu (reaktantu)
nezplsobuje narudst v reakeni
rychlosti

Koncentrace substratu

e | PrROC?
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Enzymaticke reakce

Regulace enzymatickych reakci

Dostupnost (mnoistvi) enzymu

substrat

[substrat] << [enzym] [substrat] >> [enzym]
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Enzymaticke reakce

Regulace enzymatickych reakci

Allostericka regulace

Active Site

= —

/

Inhibitor <«— Activator

‘OFF’ ENZYME ‘ON’
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Enzymaticke reakce

Regulace enzymatickych reakci

Inhibice enzymatické reakce

NORMALNI ENZYMATICKA REAKCE
O m produkty

97— 9P—4

enzym substrat enzym-substratovy enzym
komplex .
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Enzymaticke reakce

Regulace enzymatickych reakci

Inhibice enzymatické reakce

KOMPETITIVNI INHIBITOR

vazba inhibitoru do
aktivniho mista
Y V- —9—
enzym substrat  inhibitor enzym-inhibitorovy primy blok
L komplex aktivniho mista |
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Enzymaticke reakce

Regulace enzymatickych reakci

Inhibice enzymatické reakce

NEKOMPETITIVNI INHIBITOR

vazba inhibitoru do
allosterického mista

' @"—'3—'

enzym substrat  inhibitor enzym-inhibitorovy zmena tvaru
komplex aktivniho mista |
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Enzymaticke reakce

Princip negativni zpétné vazby

télesna teplota télesna teplota
klesa roste
< L
S5
aktivace | aktivace
zahtivacich ‘ ochlazovacich
mechanismu mechanism
(svalovy ties) (poceni)
(oo 2 L < — Aot
i ¢ o | N o ' 4
I , A . B : .
télesna teplota télesna teplota
roste klesa
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Enzymaticke reakce

Regulace enzymatickych reakci

Princip inhibice konecnym produktem

@ negativni zpétnd vazba

y;

e | PROC FINALNi PRODUKT INHIBUJE PRVNi ENZYM?
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Enzymaticke reakce

Regulace enzymatickych reakci

Kovalentni modifikace (fosforylace)

Phosphatase Kinase
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Homeostaza

HOMEOSTAZA = schopnost udrZovat stabilni vnitini prostiedi, i kdyz
se okolni podminky meéni
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Homeostaza

Input sent via Control Output sent via
afferent pathway Centre efferent pathway
| Receptor I | Effector I
dc’:aZtgij Response

Alat to change

Imbalance ’
’ y -
(stimulus) / Homeostasis

A

\
\

\.\
’ Imbalance

corrected
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Homeostasis does not involve keeping conditions static

It involves keeping conditions within tightly regulated
physiological tolerance limits
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Pokroky v biologii 2022

Od glukozy k energii




Stejny cukr, ale jiny ...

Zapalim cukr vs. zmetabolizuji cukr
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Souhrnna rovnice

™

C.H,,0 + 6 H,0+60,

4=} et d A
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Kam ulozit energ

ATP (adenosintrifosfat) N—(

/
« ,univerzélni energetické platidlo” ¢ Q Q / \
O— IlD —0— IlD —0— P 0]
_ @)
@) N
Slouéenina G, GO OH OH
kJ/mol kcal/mol

o T o T - - - T s0 & Phosphoenolpyruvate
Fosfoenolpyruvat -61,9 -14.8 / _
Karbamoyifosfat 51,4 -12,3 e
1,3-bisfosfoglycerat (pfi preméné na -49,3 11,8 . 0" g5, Phosphocreatine
3-fosfoglycerat) E P

: , A ) 43 1 1 . —40 &= “High-energy”
ATP_ADP 4P 30 5 - 9"@ % phosphate compounds
ADP AMP + P 276 " 6.6 £ -30 i U
Difosfat (PPi) -27,6 - 6,6 2 e
Glukosa-1-fosfat, -20,9 - 50 5 20 @ ()
Fruktosa-6-fosfat 15,9 - 38 S o
AMP _14’2 ) 3‘4 10 \ ucose-6-phosphate
Glukosa-6-fosfat -13,8 -33 Glycerol-3-phosphate
Glycerol-3-fosfat - 92 - 2.2 0=
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ATP (adenosintrifosfat)
* ,univerzalni energetické platidlo”

| H i 1B

mm ! P

P NYSE - SCTERR “““ W e
I.‘( 4 r

7

e /| BUNKA JAKO BANKA NEBO BURZA ENERGIE?
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Kam ulozit energ

ATP (adenosintrifosfat)
* ,univerzalni energetické platidlo”

NYSE ¥

zasadni jsou pomeéry (,,balanc”) ATP/ADP ¢i ATP/AMP, nikoliv absolutni

hodnoty mnozstvi ATP
(v bunce je prakticky konstantni soucet koncentrace ATP a ADP)
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Kam ulozit energ

NAD (nikotinamidadenindinukleotid)

r < ~ o 7o 7 . O
* prenasec elektronu, , nabijeci baterie”
o Xy NH;,
O=P—0 N
O
ADP ADP
+
| ANQ Reduction | | OH OH NH
NP o 0 N §
Oxidation <{ ‘ N
H NH- H H NH, O=P—0 N Nj)
& 0

NAD" + H + 2= ——> NADH

OH OH
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Katabolické drahy

Hlavni katabolické drahy =

by —
H Pramein \ e v P .-
| / L e ! E :
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Katabolické drahy

Hlavni katabolické drahy
* GLYKOLYZA

— cytoplazma

pove
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Katabolické drahy

Hlavni katabolické drahy
* GLYKOLYZA

pove

— cytoplazma AT 3N 5
* KREBSUV CYKLUS =
— matrix mitochondrii 5 s

{9

o
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Katabolické drahy

Hlavni katabolické drahy
* GLYKOLYZA

— cytoplazma
« KREBSUV CYKLUS

— matrix mitochondrii
« OXIDATIVNiI FOSFORYLACE
— membrana mitochondrii

METABOLICKE ROVNOVAHY, POKROKY-V BIOLOGII 2022

pove




Glykolyza

Glucose

n Hexokinase ATP
ADP

Glucose 6-phosphate

4

n Phosphoglucose
isomerase

Fructose 6-phosphate

ﬂ Phosphofructo-
kinase-1

Y

ATP
ADP

Fructose 1,6-bisphosphate

n AldolaseJ{
[r Triose |

phosphate Glyceraldehyde

Dihydroxyacetone isomerase _

3-phosphate
phosphate (2 molecules )
Glyceraldehyde |}- 2 NAD* + 2P,
6] 3-phosphate [l 5> NADH + 2H"

dehydro enase

Bisphosphoglycerate
(2 molecules)
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1,3-Bisphosphoglycerate
(2 molecv es)

Phosphoglycerate 2ADP

n Phosphoglycero-

kinase 2 ATP

3-Phosphoglycerate
(2 mo!emles)

mutase

y
2-Phosphoglycerate
(2 mo!omlos)

Enolase

>2H,0

Phosphoenolpyruvate
(2 molecules)

Pyruvate |~ 2ADP
kinase 2 ATP

Pyruvate
(2 molecules)




Glykolyza

Vysledna bilance (z 1 molekuly glukdzy):
« 2x ATP
= vyuzitelny zdroj energie
* zx NADH Glucose

.. 0 dal$im osudu za chvilku @ Hexokanasek are

ADP
1,3-Bisphosphoglycerate

o 2% pyruva't Glucose 6-phosphate . et ot A
v ’ Phosphoglucose Phosphoglycerate |- 2ADP
.. 0 dal$im osudu zahy = m“ G e
Fructose 6-phosphate (;::oguyl‘e:;u °
B Phosphofructo- |- ' ATP n Phosphoglycero-
kinase-1 [  ADP mutase
2-Phosphoglycerate

Fructose 1,6-bisphosphate (2 molecules)

ﬂ Aldolase
n Enolase
Triose

[E hosphate
Dihydroxyacetone St G?_:;:::;t!:’

2H,0
Phosphoenolpyruvate

2 molecules
phosphate (2 molecules ) { )
Glyceraldehyde|l- 2 NAD* + 2P, m Pyruvate i~ 2ADP
u 3-phosph s kinase [ 2 ATP
WL oin ate |is. 2 NADH + 2 H
ehydrogenase ruvate
l,3-8?sphos hoglycerate hy

(2 molecules)

(2 molecules)
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0\ /o‘ CoA-SH PP +
C NAD" jinoate, NADH o S-Co
N
c|=o \_ FaD J %
| pyruvate dehydrogenase |
CH; complex (E, + E, + E;) CH;

Pyruvate Acetyl-CoA
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Krebsuv cyklus

Owverview of the complete dtric acid cycle.
The two carbons from acetyl Codl that
enter this turn of the cycle (shadowed in
red|) will be converted to CO; in
subsequent turns of the cycle: it is the two
carbons shadowed in blue that are
converted to CO; in this cycle.

H5-CoaA
next cycle {EDD H,0
C=0 (I:CI'D_
|
+ C_|.' CH'J
m =H 'EI:DG_ HO fl: -C':I'D_
. Step 1 kT Step 2
NAD Eoo~  oxaloacetate (4C) CH, :
‘:3 =0 too™ HOO
_ Step B CH, cltrate (5C) CH, Isocitrate (6C)
E00 L | )
| CO0 HIIZ - CO0
H l; OH oxaloacetate (4C) _|D_,:%H
‘%": malate (40) Ty COO™
COO CITRIC ACID CYCLE NAD*
H.O \-.__./ Step 2
goo™ naDH U
fumarate (40) a-ketoglutarate (50)

oo~ i co,

(IZH succinyl Cod (40) CH;

i succinate (40 - Step 4 L_

_ COo0 C=0

CH Step 6 €00 HaO

;o 5 ] _

oo ||:|—|.J Step 5 I':|:H"

CH, Ik
2 —
[FADH,| oo =0 HS-CoA
FAD Gop S—CoA
| GTP
H5—CoA P CO;
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Owverview of the complete dtric acid cycle.
The two carbons from acetyl Codl that
enter this turn of the cycle (shadowed in
red|) will be converted to CO; in
subsequent turns of the cycle: it is the two
carbons shadowed in blue that are

§
€H,0- 5—CoA

converted to CO; in this cycle.

H5-CoA
next cycle {EDD H,0
C=0 (IZCI-D_
|
=H {IZDD_ HO Ifl: COO™
. Step 1 -k Step 2
NAD 'II;,D- oxaloacetate (4C) '~:TH3 :
=0 CoO™ noo
_ Step 8 CHy ditrate (60 EH, Isocitrate (6C)
(I:DCI- COO™ HC —CO0
H-fg-0H oxaloacetate (4C) HO=CH
. : |
COO™ CITRIC ACID CYCLE NAD*
H.O \-.__./ Step 2
goo™ | NADH BN
fumarate (40) a-ketoglutarate (50)
Step 7 Eo0™ E:s co,
succinyl CoA (40) b

':|:H succinate (40)

‘I:H Step b6 (I:GD_ B

CoO £+,

CH,
FADH,| e OO H5—CoA
H5—CoA
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Krebsuv cyklus

Vysledna bilance (z 1 molekuly glukosy):

« 2x GTP

Ve 7 . .
= VVUZItE|ny Zd rOJ energle NAD™ m+H' coenzyme A
g, u S N S \g-— HS-CoA
oo™
¢ 6X NAD H pyruvate 0, 0 acetyl CoA  (20)
EH,C-5—CoA
’ 7 7
... stale se nam hromadi ... N S, o
next cycie I -0 (I:GD_
+ CH, CH,
* Zx FADHZ : ma too™ Stap 1 HO- C-E00™
+ NAD I|ZDD_ oxaloacetate (4C) ,"sz
... analog NADH+H foor
Boo- Step B fT_H_r ) citrate (60
H ¢ OH nxaloai?tg@ (4C)
(E—h malate (40} N
CoO™ CITRIC ACID CYCLE
L

H,O

Step 7 Eo0

|
(IZH succinate (4C) succlnylég;t:l() Step 4
e Step 6 Eoo” H,O
Co0™ ||:|—|., Step 5 (|:H3

CH, ok

[FADH, | celen =0
FAD coo m GDP -—CoA
+
H5-CoA Ri o,

(kfizovatka katabolismu a anabolismu)

METABOLICKE ROVNOVAHY, POKROKY-V BIOLOGII 2022

fumarate (40)

a-ketoglutarate (5C) L H

Owverview of the complete ditric acid cycle.
The two carbons from acetyl CoA that
enter this turn of the cycle (shadowed in
red ) will be converted to CO; in
subsequent turns of the oyde: it is the two
carbons shadowed in blue that are
converted to CO; in this cycle.

Step 2
coo
(IZH _ Isocltrate (6C)
oz
HIIZ -Co0o™
-|O—(|ZH
Coo™
NAD*
Step 3
go | naDH B
eH: co,
CH,
1
C

H5-CoA



Inner
=——Membrane

Intermembrane 2H*
space (p side) f

X IS BBEDEDBOBE -
1) ‘J".J gref \ }
LAt IR 14 Q T 111
e ﬂ'|\‘r)' Q(
i | ‘J, ')

LYy AtnvlY) A A

@ CYYY 208000

10,+2H H,0

m +Ht NAD*? Succinate  Fumarate
Matrix (N side)
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) Oxidativni fosforylace

ATP syntaza

g Cytosolic half-channel

Matrix half-channel

Subunit ¢ Subunit a

3 H* na pootoceni + 1 H* na transport — 1 ATP
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o B (44
o
B p catalytic
5 hexamer
V1, F1
s
o stalk
Vo, Fo } a proton
pathway

@ /| STACi OTOCIT SMER A JSOU Z NICH PROTONOVE PUMPY. KDE SE TO HODI?
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Oxidativni fosforylace

Vysledna bilance (z 1 molekuly glukosy):
* prepocet:

1 NADH - 2,5 ATP

1 FADH, = 1,5 ATP

* dosud ziskano:
10x NADH

2x FADH,

° . k' Phosphate ATP Adenine Uncoupling
ZIS ° Intermembrane space translocase synthase nucleotide protein (UCP)
(symporter) translocase
(antiporter)
28 AI P P H' HgPO3 H' g
4H° 2 App3- ATP
= o £ 8 |
» ik}
i i |
U i
1 y
s
NADH+H* NAD Succinate  Fumarate

Matrix
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POCET MOLEKUL ATP

AEROBNE

GLYKOLYZA 2x ATP 2

2x NADH 5
AEROBNIi ZPRACOVANi 2x NADH 5
PYRUVATU
KREBSUV CYKLUS 2x GTP 2

2x FADH, 3

6x NADH 15
CELKOVY ZISK Z 1 GLUKOzZY 32
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Intermembrane

space (p side)

NADH + H*

Matrix (N side)

s

e | CO SE STANE, KDYZ NENI K DISPOZICI KYSLIK?
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10,1200 H,0

Vo



Hlavni katabolické drahy
* GLYKOLYZA
— cytoplazma
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e GLYKOLYZA Glucose
n Hexokinasek :;:

Glucose 6-phosphate
; .

n Phosphoglucose
isomerase

Fructose 6-phosphate

B Phosphofructo- ATP
kinase-1 g ADP

A4
Fructose 1,6-bisphosphate

n AldolaseJ{
[r Triose |

. phosphate - Glyceraldehyde
Dihydroxyacetone isomerase _ 3-phosphate

phosphate L (2 molecules )

u Glyceraldehyde ||- 2 NAD* + 2P,

3-phosphate |Is. 5 NADH + 2H*
dehydro?enase

1,3-Bisphosphoglycerate
(2 molecules)

{ i
n Phosphoglycerate 2ADP
kinase | 2 AP

3-Phosphoglycerate
(2 molecules)

y
ﬂ Phosphoglycero-
mutase

4
2-Phosphoglycerate

(2 mo!owlos)

n Enolase
;’*2 H,0

Phosphoenolpyruvate
(2 molecules)

m Pyruvate |~ 2ADP
kinase 2 ATP
Y
Pyruvate

(2 molecules)
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Vysledna bilance GLYKOLYZY (z 1 molekuly glukézy):

« 2x ATP
= vyuzitelny zdroj energie

 2x NADH

... hromadi se (elektron-transportni retézec je vypnuty)

e 2x pyruvat
... hromadi se (Krebs(v cyklus ho neodebira)

Costim£;
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Odpovédi je , kvaseni (anaerobni metabolismus)

O\\C /O
%A |
\C (|3=O Pyruvate
|
(|3=O Pyruvate CHj3
CH, pyruvate TPF, Mg”
+ decarboxylase
_— NADH + H Co,
lactate
dehydrogenase } . NAD* O\\\\ /H
- (IJ Acetaldehyde
O\ C/ 0 CHa
4
HO é B Lactat alcohol NADH+H
= | T BeaLe dehydrogenase :
CH, NAD
(.i)H
AG'°= —25.1 kd/mol (|3H2 Ethanol
?

e
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POCET MOLEKUL ATP

ANAEROBNE AEROBNE

GLYKOLYZA 2x ATP 2 2

2x NADH - 5
AEROBNIi ZPRACOVANi 2x NADH - 5
PYRUVATU
KREBSUV CYKLUS 2x GTP i 2

2x FADH, ; 3

6x NADH _ 15
CELKOVY ZISK Z 1 GLUKOSY 2 32

16x vice!
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Pokroky v biologii 2022

Dalsi zajimave momenty,

N\

e 1“8'\
) B
’ W

i

it~

"H”’r'

A
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Vsimli jste si nekdy v glykolyze

Glucose
n Hexokinase [~ | ATP
ADP
Glucose 6-phosphate
. o ‘ g
n Phosphoglucose n Phosphoglycerate ||~ 2 ADP
isomerase kinase ;*2ATP

3-Phosphoglycerate

Fructose 6-phosphate (2 moleculeﬂ

a Phosphofructo- |- | ATP n PhOSPhOQ'yCEfO-
kinase-1 ADP mutase
4
Fructose 1,6-bisphosphate 2-Phosphoglycerate
(2 molecules)

n Aldolase /
n Enolase
Triose |

n hosphate
Dihydroxyacetone ‘I)SO m‘e)ra se Glg_:ﬁ::::;t!:‘

phosphate 8 (2 molecules )

Glyceraldehyde ||- 2 NAD* + 2P,
6] 3-phosphate i, 5 NADH + 2H*

;sz H,0

Phosphoenolpyruvate
(2 molecules)

m Pyruvate |~ 2ADP
kinase 2 ATP

dehydro enase Pyruvate
Bisphosphoglycerate y

(2 molecules)

(2 molecules)
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Vsimli jste si nekdy v glykolyze

1. reakce = idedlni na regulaci
celé drahy

nejdUlezitéjsi regulacni reakce
nejvice regulator

posledni reakce
citlivost na hladinu ADP / ATP

Giycolysis
Glucose

fosfat znemozni glukdze opustit
bunku (bez fosfatazy)

nexokinase @ P

T =<~ Glucose-Bphosphate

phosphoghucose lsomerase 1

s Fructose-6-phosphate

phosphofructokinase

NH? adenylat kinazy
i 2 ADP — AMP + ATP
(zesileni glykolyzy)

SALE Fructose-1,6-bisphosphate
1
1
PEP

ATP
pyruvate kinase
ADP

.-~ Pyruvate

e

ADP

1A

NADH |
[ NAD® |

pyfuvate dehyorogenase Ca®™

. -

Acetyl-CoA
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Vsimli jste si nekdy v glykolyze

Co maji spolecného?

» daleko od rovnovahy
(rychlost neni citliva k
malym zménam
koncentrace)

 zacatek Ci konec drahy
(aby draha neprobihala
zbytecné)

AG®
Glycolysis Enzyme/Reaction kJ/mol
Hexokinase -20.9
Phosphoglucose Isomerase +2.2
Phosphofructokinase -17.2
Aldolase +22.8
Triosephosphate Isomerase +7.9
Glyceraldehyde-3-P Dehydrogenase | -16.7
& Phosphoglycerate Kinase
Phosphoglycerate Mutase +4.7
Enolase -3.2
Pyruvate Kinase -23.0

AG
kJ/mol

-27.2
-1.4
-25.9
-5.9
negative

-1.1

-0.6
2.4
-13.9

*Values in this table from D. Voet & I. G. Voet (2004) Biochemistry, 3% Edition. John

Wiley & Sons, New York, p. 613.

AG? ... standardni volna energie
AG ... nameéreno v bunkach
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Glukoneogeneze

* spada mezi ,ostatni drahy“ sacharidu

* necukerné latky — glukdza (pripadné dale dalsi sacharidy)

e zpUsob jak regulovat hladinu glukozy

* nejvice probiha v jatrech

* ruzné prekurzory: Glycerol
v laktat &6 & Triglyceride
v aminokyseliny [/

v’ triacylglyceroly (pouze glycerol)
VoL

Mastné kyseliny nelze vyuzit, protoze na to
nemame prislusné enzymy (rostliny, houby
a bakterie je maji). : _,
Katabolismus MK viak produkuje velké u%}‘:'s ] N "’Eus
mnozstvi ATP, které je pro glukoneogenezi T giratty geids
zasadni.
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Glukoneogeneze

(

/_\
hexokinase hglucose 6-phosphatase I , (
T o 3 nutné ,by-passy

phosphohexose isomerase J l ] f phosphohexose isomerase
Fructose 6-phosphate | =—_
shosphofruclokinase-1 fructose Glucose
phosphofructokinase I ) 1,6-bisphosphatase
—

Fructose 1,6-bisphosphate

aldolase 1[ atdotase 2 i
= Gluconeogenesis
Dihydroxyacetone | & Dihydroxyacetone U)
phosphate phosphate q,
=—m A :
< triose phosphate X / triose phosphate :
isomerase gl Ml e (¢b] Oxaloacetate
0 Glyceraldehyde 3-phosphate (2) m @ pyruvate
ST 2 = o a4 > qQ
o glyceraldehyde phosphale glyceraldehyde phosphate o 4 carboxylase
dehydrogenase dehydrogenase ((b] i
— 2 : : Pyruvate
< 1,2-b:sph_osp?o}glycerate (2 i pyruvate
m phosphoglycerate H phosphoglycerate o A > ® dehydrogenase
kinase kinase o T4 complex CO2
[=—==1] \
m 3-phosphoglycerate (2) =3 B e S R e Acetyl-CoA
phosphoglycerate phosphoglycerate Sh—
mulase mutase 0

| 2-phosphoglycerate (2) I

enolase ﬂ ﬂ enolase — .
Citric acid cycle

Phosphoenolpyruvate (2) PEP carboxykinase

pyruvate kinase

Oxaloacetate (2)

Ener;
Fyruvale:2) pyruvate carboxylase &y
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VeV

Krebsuv cyklus = vyznamna k

Krizovatka katabolismu a anabolismu

Leucine 2 Arginine
Lysine “{'___ / Glutamine
Phenylalanine ke F " i Histidine
Tryptophan * M. Proline
Tyrosine Y =
| \ —
Isocitrate | a-Ketoglutarate Isoleucine
: A Methionine
A 4 Threonine
A 3 e = - o ' e Valine
Acetoacetyl-CoA . Citrie h
Citrate acid Succinyl-CoA
: A, cycle
=Y -y‘
Acetyl-CoA Succinate
= W Fumarate gl?en}flalanlne*
— = yrosine Y
£ Malate 4=
Pyruvate
Alanine
Cysteine
Isoleucine ¥ Glycine
Leucine Serine Asparagine
Tryptophan | Tryptophanyy| Aspartate
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Proc se syntetizuji polysacharic

SKROB
, - GLYKOGEN
Amyloza Amylopektin
Zdroj rostliny rostliny ZivocCichové
Jednotka a-glukdza a-glukdza a-glukdza
Vazba 1-4 1-431-6 1-4a1-6
ano ano

Vétveni ne _ ) _ )
(cca po 20 jednotkach) (cca po 10 jednotkach)

Diagram

Tvar
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Proc se syntetizuji polysacharic

Jako zasobarna energie

7

e /| NA TO NEJSOU POLYSACHARIDY NUTNE. MOHLO BY POSLOUZIT | NECO JINEHO.
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Nejsou osmoticky aktivni

OSMOSIS DIFFUSION
‘v A €9 A A‘ L3 . . .
AL A —a A ® ® ® ©
CE N S ¥ — (—A: . .:.:. ® ©
a Py - je—a & ..:. ® © ©
& &8 Fa a a '.. @ ® ©
' 4 @ P

high low

semipermeable concentration concentration

membrane
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Vazané podjednotky (glukéza) pak nejsou substratem
glykolyzy

METABOLICKE ROVNOVAHY, POKROKY-V BIOLOGII 2022



Proc se syntetizuji polysacharic

Jejich syntéza a rozklad se daji regulovat

tukové bunky beta buriky pakreatu
vychytdvaji glukézu uvolnuji inzulin
{ %— - "\f-.'__\vw-/‘ J’i
y inzulin

- J
- Y] \-b‘)}kx«x A X IT

vzestup hladiny
cukru v krvi

pokles hladiny (
CVICENI cukru v krvi

/,/-f > »‘..,v_\r‘\ ..

< R glukagon

\{_{}j‘*—l.l.,\ ANT

alfa bunky pakreatu jatra Stépi glykogen na
uvolnuji glukagon glukézu

D
=’
N

JEDENI
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Proc se syntetizuji polysacharic

Glycogen

glycogen phosphorylase _ glycogen syntase
debranching enzyme glycogen breakdown glycogen synthesis branching enzyme

pentose phosphate pathway

Glucose Glucose-6-phosphate |:> Ribose-5-phosphate
glycuysisﬂ Hglucuneugenesis
Pyruvate

Amino acids Lactate

Acetyl-CoA

|

citric acid cycle
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Jak je to s mastnymi kyselinan:

FAD H H O nutna aktivace MK
H ° .
EADH; R_C_I_l _ﬂ_S_COA (investice ATP)
Ho|
Acyl-CoA H H
Dehydrogenase  Fatty Acyl-CoA  Repeat
H O \
- |l 0
R—L—(F0g ~E—5—CoA H “
H ||4 R—C—C—S—CoA
trans-A2 -Enoyl-CoA Beta oxidation F';'ny Acyl-CoA
s WwWill proceed unit only (shortened by 2 Carbons) H 0

2 carbon Units remain.

H—C3 —C—S5—CoA

H H O )
e l | ” Acetyle-CoA
R—C—C(i—C3 -C—S5—CoA
; Hé kli CoA-SH
(-B-Hydroxylacyl-CoA 7 ’ ﬁ T ﬁ

B-Ketoacyl-CoA

NADH + H*
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Jak je to s mastnymi kyselinan:

C14 — 2 ACGtYl -CoA Yield of ATP during Oxidation of One Molecule of Palmitoyl-CoA
to CO, and H,0

ClZ — Acetyl -CoA Enzyme catalyzing the Number of NADH Number of ATP
oxidation step or FADH, formed ultimately formed*

ClO — Acetyl -CoA Acyl-CoA dehydrogenase 7 FADH, 10.5
B-Hydroxyacyl-CoA dehydrogenase 7 NADH 17.5
Isocitrate dehydrogenase 8 NADH 20

CS Acetyl -COA c-Ketoglutarate dehydrogenase 8 NADH 20
Succinyl-CoA synthetase 8!

C6 —_ Acetyl -COA Succinate dehydrogenase 8 FADH, 12
Malate dehydrogenase 8 NADH 20

Cy — Acetyl -CoA L

*These calculations assume that mitochondrial oxidative phosphorylation produces 1.5 ATP per
FADH; oxidized and 2.5 ATP per NADH oxidized.

Acetyl 'COA 'GTP produced directly in this step yields ATP in the reaction catalyzed by nucleoside
diphosphate kinase (p. 578).

glukéza anaerobné ... 2 ATP 54x vice!
glukdza aerobné ... 32 ATP 3,4X VI'CE!
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Jak je to s mastnymi kyselinan:

* lokalizace ... mitochondrie
*  prenasec acyll ... koenzym A (acetyl-CoA)

* akceptor elektron( ... v prvni oxidaci FAD, ve druhé NAD*

*  3-L-B-hydroxyacylova skupina
*  hydratace

*  postupné odstépovany 2C podjednotky (jako acyl-CoA)

P Oxidation

Occurs in mitochondrion

CoA is acyl

/—r- Fatty acyl-CoA (C,,,2) group carrier
FAD FAD is electron
FADH, acceptor
Enoyl-CoA
Hz-:)\i
3-L-Hydroxyacyl-CoA : “3 ITT\(IUJ\\;L( vyl
NAD' NAD' is electron
NADH + H' acceptar
B-Ketoacyl-CoA
CoA C, unit produc
Acetyl-CoA 5 mI\,ch:\

— Fatty acyl-CoA (C,)
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lokalizace ... cytoplazma

prenasec acyll (prodluzujiciho se fetézce) ... protein ACP
(acyl carrier protein)

donor elektrond ... v obou redukcich NADPH
3-D-B-hydroxyacylova skupina

dehydratace

postupné pripojovani 2C podjednotek (z malonyl-CoA)

Biosynthesis

Occurs in cytoplasm

ACP is acyl Fatty acyl-ACP (C, ,y) ———

group carrier e

NADPH is NADP'

electron donor NADPH + H'
Enoyl-ACP

k H,0

D-B-Hydroxyacyl 3.1, Hydroxyacyl-ACP

group J
NADP'

NADPH is C

electron donor NADPH + H'

B-Ketoacyl-ACP
A

C, unit donor ,— CoA + CO,

s malonyl-CoA ~— Malonyl-CoA

Fatty acyl-ACP (C,) —




Pokroky v biologii 2022

Filozofovani o zivote

S hafzaver
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Narocna prace bunky

signalizace okolnim bunkam

hospodareni s energii koncentracni gradienty

kontrola integrity utoky patogent

regulace enzym osmotické jevy

genova exprese signalizace (nervy, hormony)

acidobazické rovnovahy specifické funkce

prijem Zivin gradienty naboj(i

vylouceni zplodin bunécny cyklus

integrace funkci organel
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Bunéecne pristupy k praci

efektivita
kombinatorika
optimalizace
koordinace prace

integrace informaci

mnohastupnova regulace

robustnost systému
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vot ma mnoho , pater
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yJen’ samotna bunka ...
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Pokroky v biologii 2022

Metabolicke rovhovahy

i
A PRIRODOVEDECKA *
J FAKULTA .

Univerzita Karlova

...aneb vyladéno miliony let praxe
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