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METABOLISMUS

wor

o rust

* rozmnoZovani

+ vyvoj a diferenciace
o drizdivost

* pohyb

Latkov premeéna - intermedidlni metabolismus

Funkee - zajiStovani energie

- zajistovini stavebniho materidlu
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degradace
\

S ATP

—~— -

% jednoduché produkty




snimek 4

snimek 5

snimek 6

Rozdéleni organismi podle metabolismu

A.Podle zdroje piijimané energie
fototrofy - slunecni energie
chemotrofy - oxidace chemickych litek
B. Podle zdroje stavebniho materidlu
autotrofy - anorganické ltky

heterotrofy - organické latky

C. Podle donoru elektrony
organotrofy - organické litky

itotrofy - anorganicke latky

D. Podle koneéného akeeptoru elektrond
aeroby - 0,
anaeroby - NOy, S0,

fermentace - elektrony jsou preddvany na jiné organické litky
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Light energy
(photosynthetic

organisms only)

—— Biopolymers

Food
7. Synthesis Cellular Degradation
///'/ (anabolism) ~ work  (catabolism)
8 A
Autotrophs ! Heterotroph

Mbe
Al

Food Building

(COy

blocks <——

- Wastes

I —— . Synthetic work (anabolism)
Lactate
o — “~— Concentration work (transporth
Ethanol + CO T Electrical work
Oxidizable g
substrate ADP + | P,

() Anaerobic metabolism

€Os + HO PR — . Synthetic work (anabolism)
~~— Concentration work (transporth
B
~— Electrical work
xidizable
subsirate

Mechanical work

ADP P,

(b) Acrobic metabolism

Metabolismus
H. KREBS - tii fize metabolismu

Catatotism

Eey Procucton Sytesis o
o Actve!
Prosen
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Katabolismus - degradacni fize metabolismu - Konvergentni
Funkee - produkee energie
poskytuje prekurzory

poskytuje NADPH

1. Fize - slozité molekuly tépeny nia stavebni jednotky
2, Fize - stavebni jednotky prevedeny na C;a C, litky

3. Fize - citratovy eyklus + dfchaci Fetézec

Katabolismus

|.faze

II.faze

ll.faze

Anabolismus - biosynteticka faze metabolismus - divergentni

Funkee - zajiStovani stavebniho materidlu pro funkei a rust

LFize - citritovy cyklus poskytuje prekurzory
2.Fize - zprekurzoru jsou syntetizoviny stavebni jednotky
3.Fize - zestavebnich jednotek jsou syntetizoviny

biopolymery
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Bioenergetika

1. Chemickd energie

2. Mechanickd - pohybovi energie
3. Osmotickd - transportni energie
4. Elektrickd energie

3. Strukturni energie

6. Regulacni energie

7. Tepelnd energie

8. Sviételnd energie
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Cheickd energie - energie vazeb a strukturniho usporadani

ickich doncenin

Enthalyie H - veakéni teplopii Konstantuiim tlaku
AH<0- reakee exogenni

AH >0~ reakee endogenni

snimek 15

Gibbsova energie G - ména energie pii konstantnim tlaku a

teploté
AG=AH-TAS

AG'=RTInK
AG’=-nF AE’
AG'= AH'-TAS"
DG =26 roauii - 26" \yeho, Litk
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AG <0 - reakce exergonické

AG >0 - reakee endergonické

Spiazeni reakci

A+BoC+D AG;20
D+E6F+G AG,<0
AG =AG, + AG,

Mlakroergicke slouceniny - makroergickd vazba

uchovanou energii ot a predat

ATP - univerzilni prenase¢ energie

LIPMANN a KALCKAR 1941
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ATP+H0 - ADP + P+ H 4G=-33 Kl/mol

ATP + 20,0 - AMP + 2P, + 2 AG=- 66 kJ/mol
ATP + H,0 5 AMP + PP+ H AG=-33kl/mol
PP+HO - B+ AG=- 33 kJ/mol

ATP - univerzilni prenase¢ energie

LIPMANN a KALCKAR 1941

Tvorba ATP
1. Substritovd fosforylace
M-P + ADP - M + ATP
MX +P + ADP - M + X + ATP

L. Fosforylace spiaena s tokem elektronit

+ oxidacni fosforylace

+ fotofosforylace
3, Adenyldtkinasovon reakct

ATP + AMP > ADP
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Spoticha ATP

« Biosyntetické reakee

« Potatecni stadia odbouravini Zivi

« Fyziologické procesy

* Vzijemné premény nukleotidi

ATP + NDP — ADP + NTP

Dalii makroergické slouceniny
ENOYLFOSFATY

R-ci=¢-C00 io R—Cyz—?—coo'

0

+ B 86kl

ACYLFOSFATY

HO0

Keol R0+ y

f (40-50) K/mol

hydrolyza ¢—o.

tautomerace c—0—H

pyruvit (enol-forma)

€00
A TRl G0 B+ RO,
5%
coo™
c=0
H—C—H

H
pyruvit (eto-forma)

CHy—C

acetylfostit

OH o

0,POCH;— CH— C~

12-bisfosfogly
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GUANIDIUMFOSFATY
ﬂﬂf 1o M,
RONECNE® o RONECN, - By B0kl
NUKLEQTIDY
Vo0 B0 <33kl
o-0-0 0y ® :0-® -33kImol
®-® "y Bkl
HN Y *0
)~ ~N
c-L Mpl\ P—0"
| |
N—X 0
R
B=CH,—CO; ; X=CH fosfokreatin
NHj

R =CH,—CH,

CH;—CH—CO; ; X=H

fosfoarginin

ACYLTHIORSTERY

FOSFOMONOESTERY

[
BOCO0H <R

- 30 KJmol

L10-20) Kol
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A
Ko, ot
[EP TP ———
Sosnery
AS” Sroe Tarsi

Phosphorylated Compounds [ 3 Foera
Phosphoenolpyruvate -85 e
1,3-Biphosphoglycerate -a3
Phosphocreatine -as
ATP -85
ADP -35
Glucose 1-phosphate: -Bs
Gluose E-phosphate -u2 :
Glycerol 1-phosphate - 92 Lowes

“These values are for hydrolyss reactions e Sansier ol f De ety guen AL

fosfoenolpyruvat

=60 =
1,3-bisfosfoglycerat
=50 = = fosfokreatin
B
&5
= —40 -
2 makroergické®
= fosfaty
= _30 T
&= ATP] nizkoenergetické

fostéty

&
=

glukosa-6-fosfat

glycerol-3-fosfat
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DYCHACI RETEZEC A OXIDACNI FOSFORYLACE

dychaci Fetézec

- pienos elektronu
Respirace < }—) Sprazeni
oxidacni fosforylace - tvorba ATP

Aerobni respirace

W— 2R
~ le\ 1,0
~ 7

10— 0"

Mitochondrie

i
membrina g

isty A

it J
membrana ¥ U

mezimembrinowy
prostor

matix l

@

Mitochondrie

®
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Succinate— FAD —* Fe-$—
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NADH dehycrogenase g
Al o 8
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Lokalizace

Mitachondrion region in
animation

cytoplasm intermembrane
space
Komplex komplex Il Komplex IV
mezimembranovy @
prostor A
\ &
\
A
/ |
il /
mitochondriaini ol # |
membrina L/
“(V/‘
makrx NAD
1
A
Komplex |

INTERMEMBRANE

MATRIX
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Komplex Il

INTERMEMBRANE
SPACE

Complex I

LIPID Y}

RIASER g‘( FTN

' 4 b1
Fe-S
RN /

FAD.
NADH
+H* o> S8
3
Succinate N
MATRIX o
FamaceCas

Komplex Il a IV

INTERMEMBRANE
SPACE

Complex 1
A=
LIPID \Ei
Bn_ux:\m7 ; @
o
R
NADH Complex It >
MATRIX

Chemiosmoticka teorie
Mitchell 1961

INTERMEMBRANE
SPACE

§ Lipp
|BILAYER | PN
s

NADH + H' NAD®

MATRIX
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Rozpojovace

oytosol
niské i

ATPasa

Fiunit

FIFOATP sytse

i,
]

INTERMEMBRANE
SPACE
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jednoduchi sowlavi
(o) redowni (b) redoxnich
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_-(7 animation
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Transport elektrond

MNADH HyO H,0

ATPasa

@59@%%9 +%®® +®®ﬁ?€$®

A
i Y
app  APF oynnase

Metabolické drahy
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Metabolické drahy

CITRATOVY CYKLUS
H.Krebs (1937) - Krebsuv cyklus, cyklus trikarboxylovych kyselin

)
Glycogen Triglycavlde‘ | Protein
]

Giycogenolysis Lipolysis Prot

Y

Free faty acid Amino acids

/

poxidation

/
Y ‘Deamination and
oxidation

CITRATOVY CYKLUS

ebsuv cyklus, cvklus t

arboxylovych kyselin
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CoASH
| 'CfanA‘ ¥
\ [ o H0 e
= | CH,
7| Ho—c—coo [ s j
4 \ Ho—C—C00
CHy
' &
L coo- _J
Enzyme-bound €00
citroyl-SCoA Citrate
CITRATE SYNTHASE
w0 | 000
[ o
0 i ‘ B )
2| (=000 T (000
|
HC HO=C~H
[ |
{ (00 00
cisAconitate Isocirate

ACONITASE
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NAD' NADH + W

[ 000
kel
‘CHy
|

0,

'C00°

'CHy
|

000" == h—C-000" | == (hy

(=0 =0
1 éOO (‘IOO
1o Oxalosuceinate akatoglutarate
ISOCITRATE DEHYDROGENASE
‘000
O
CokSH o0,
Cy \
=0
€00
a-Ketoglutarate i i
a-KETOGLUTARATE DEHYDROGENASE
‘00 609+ o
.CH‘ /
o —_—
c=0
§=CoA
Suceinyl CoA

SUCCINYL CoA SYNTHETASE
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50 00C H
FADH \ //
CH [+
et |
CH C
/ \\
co0 H €00
Sucrate Fumarate
SUCCINATE DEHYDROGENASE
DOC\ /H €00
\ o |
¢ CH,
;" \ ‘
N |
H  CO0 Co0
Fumarate L-Malate
FUMARASE
C00 €00
* NADH+ H'

HOCH y oy (=0
CH, R it e T CH
€00 Co0

L-Malate Oxaloacatate

MALATE DEHYDROGENASE
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acetyl-CoA

u\uk:wutﬁ&

7 malitdebydrogenasa citrat

malit

CITRATOVY
CYKLUS

isocitrdt

isocitrat

fumarat

ADH sukeinatde dehydrogenasa
\ ivdrogenasa /

sukeindt 5 oyoelutardt- 2-oxoglutarit

dehydre sa

//
[ sukeinyl\CoA
GTP GOP

Bilance cyklu :
Acetyl-CoA + 3INAD' + FAD + GDP + Pi + 3H,0

5
INADH + 3H' + FADH2 + GTP + CoA +2(0,
3NADH Jx3ATP 9ATP
1FADH, 1x2ATP 1ATP
1GTP Ix1ATP LATP

CELKEM 12 ATP/AcetylCoA

Regulace

pyruvat
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Odbouravani jinych zivin

co, pyruvat
kyseliny Acetyicoa
9Iukosa  oxalgcetsl T~
maiat
/
tumarat
sukcinat
N /
h 7
sukeinyl-Coa. 2-oxogiitars

aminokyseliny

Amfibolicka povaha cyklu

TN (

Onaloacetate Citrae

METABOLISMUS SACHARIDU

s polysucharidi

A Stspent sacharidi p¥

i potravy

o~ amylasa sliny, Skrob Dextriny,
Sankreas maltosa,
L lukosa
amyloglikosidada | stieva glykogen maltosa
maltasa " maltosa glukosa
Iaktasa I W laktosa | glukosa,
galaktosa
sacharasa w sacharosa glukosa
fruktosa
celulasy houby, celulosa glukosa
bakterie
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B. Stépeni rezervnich polysacharidii

‘fosfnr_\ lasa jatra glykogen ‘ glukosa-1-P

‘ B - amylasa rostliny 3krob ‘ maltosa

Glukosa-6-fosfit - Klicovy metabolit

+ Fosforylaci glukosy z potravy

o Izomeraci glukosa-1-fostitu z tkifiového glykogenu

reservni potysachardy

siykogen

biosynihesa

fostorolytické Btépeni

hexakinase mtesa
slukosa Slukosa-8 -fostét slukosa- - fostét
Gerev)

katobolismus  biosynthesa

1

Cellulargiycogen L

]

Glucose 1-phosphate = —— Glucos ————— Glucose I-phosphate

Fructone e Fruces

Fructose 16

Frucaose 1-p

= Giyceraldehyde -phosphate

Gigeerol lycerol 3 phosphate

1

Pyruvate
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METABOLISMUS SACHARIDU

NADH
FADH

GLYKOLYZA

CeHpOg » 2CH;COCOOH + 4[H]

Historie: - 19.stol. ~Paster - kvasinky
Buchner - kvasnicni extrakt
1905-1910  Harden, Young
1940 Embden, Meyerhof, Parnas

GLYKOLYZA
-

S

2 lakear 6CO. + 6H20 2C0; + 2 ethanol
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2x
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Hexokinasa -glukokinasa

CHOH
HA—0 | Wi
/H H
—_—
O H + AP =— OH H i
HO i/ OH iexokingsa HO H
H OH Me H
glukosa alukosa-6-fosfit (GOP

Glukosafosfatisomerasa

“0;POCH

H oK
glukosa-6-fosfit fruktosa-6-fosfat
(G6P) (FeP
Fosfofruktokinasa
- 0,P0CH o 'CH,0RC
3 .[' \_/‘ i) (

fruktosa-1,6-bisfosfiit
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Aldolsa

Triosafosfatisomerasa

<
IV |
' F u
i
< H >
T
CH ,OPO! CH,OPOE
TN 3

Glyceraldehyd-3-fosfat-
dehydrogenasa

lyceraldehyd-Mosfat 1, Bhisosfolycerdt

(GAP)
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Fosfoglyceratkinasa

0, 0po 0.0
i (
1 My
H=C—=0H + ADP —_— H=C~0H + AT
OH,0p0 fosfoglyeritinass . opg
1, -bisfosfoglycert Mosfoglycerdt
Fosfoglyceratmutasa
0 (4] 0 (8]
o (
i
H—C—OH losfoglyceritmutasa | C—0PO3
H—C;-OPO ) H—C;-O0H
H H
3-fosfoglycerit 2-fosfoglycerat
Enolasa
o o o S
i3 C
,_ cnolasa | px
H—tliz—OPOa e (”f—Ul’Og + Hy0
H—C3-0H H—C
I
H H

2-fosfoglycerat fosfoenolpyruvat
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Pyruvatkinasa
0% /0' (k./()
(o nyruvilkinss “
(S0 ) P — 0=0 + ATP
\
(Hy

CHy

fosfoenolpyruvat pyruvit

Bilance glvkolizy

glukosa + 2NAD" + 24DP + 2P
5

Tpyrwvit + 2ATP +2NADH + 2H + 2H,0

(GLUKOSA|

v
PYRUVAT

ANAEROBNE .~ AEROBNI \Qmomi

v
mléné kvaSeni  oxidaini dekarboxylace  alkoholové kvaseni

faktad hcetylCoA| ethanol

v
CITRATOVY CYKLUS
v

€0, + 110
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Aerobni odbourivini

Oxidacni dekarboxylace :
pyruvit + NAD® + CoA - ncetylCoA + NADH + H' + €O,

Pyruvate Acetyl CoA

Pyruvatdehydrogenasa

Pyruvatdehydrogenasa

hydroxyethyl- TDP

acetyl-CoA




snimek 94

snimek 95

snimek 96

Aerobni odbourivini

Oxidacni dekarboxylace :
pyruvit + NAD® + CoA - ncetylCoA + NADH + H' + €O,

Bilance aerobni glykolfzy :
CH,0, + 60, - 6C0, + 6 H,0

Glykolyza 1ATP + 1NADH (4-1) ATP
Oxidacni dekarboxylace 1NADH 3ATP
Citritovy cyklus 1ATP  3NAD + FADH, 12 ATP

CELKEM 18 ATP/ triosu tj. 36 ATP/ glukosu tj. 40 %

G-3-P DH ¢lunek

NAD* NADH + H*
CYTOPLASM y 5

Glyeerol 3-phosphate
CH,OH \
CHOH

MITOCHONDRIAL MATRIX

Mlécné kvaSeni

e o)

pyruvit ASADI) ¢ I > lktit 54D

N N

pyruvar ~NADE
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2 Pyruvate =

Mlécné kvaseni

Glucose

2 1,3-Bisphosphoglycerate

2 Phosphoenolpyruvate

snimek 98 _
Coriho cyklus
jdtra sval
e R P +ADP —_|
glukoneogeneze glykogenolyza |
a glykolyza |
ATP + GTP ATP =
HLDH 1L L'DH
,
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Miééné kvaseni
pyruvit «6{1)\9 + H - laktat «6719\

Miééné kvaseni

CELKEM

Bilance mlécného kvaseni

1 ATP/ triosu tj.

1ATP + I NADH
- INADH

CgHpOg + 2ADP + 2Pi — 2laktit + 2 ATP

2 ATP/ glukosu tj. 2%
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Alkoholové i

Pyruvit = acetaldehyd + CO,

( NADH ~ NAD"
0 ) 1 0
| 1 2
CHy—C—( d——p CHy—( sy CH
o pymuvit H alkob
dekarboxylasa dehydrogenasa
pyruvat acetaldehyd

H

ethanol

Alkoholové kvaSeni

Pyruvit - acetaldehyd + €O,
Acetaldehyd +§A@ + H" - ethanol ﬂ@g\\
N N

Bilance alkoholového kvaseni :

CeHy,0 + 2ADP + 2Pi = 2 ethanol + 2 ATP + 2CO,

Glykolyza 1ATP + 1 NADH
Alkoholové kvaseni - 1NADH

CELKEM 1 ATP/triosutj. 2 ATP/glukosutj. 2%

o Miééné - Lactobacterium
glukosa — laktit
o Propionové - Propionibacterium
glukosa — k. propionov
o Miselné - Clostridium
glukosa — k. masclnou
o Octové - Acetobacter

glukosa — k. octovi

Citronové - Aspergillus

glukosa — k. citronovi
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Pentosovy cyklus

e @ : , H=C-0
CHOP} \\m’ CHOPO T
f L

T LI .
Hp—oon {,) Hif0 v
i = B Nep ey H-C=0H
nuw Huw H=C~OH
HoOf i CHON) CHOP0;
kool Glosloghn- P Tk
Y Slktn b sy St
gukonit Rush)
|
n_t—on
H,0PO] . n H,0PO
ey it { g, - |
.
v i
ol e | . -
H—C —OH H=C=OH ——2 & 4 _c—on e
~Lioro RS
e D s

ot (GAP)
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o1, 0P0¢ : 3

G-fsfoglakon-8-lakton NADPH
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6-fosfoglukonat NADP' Bovovintermediat RusP
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Regeneralni faze

~~~~~~

snimek 108
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6) Cs +Cs === Cr + G
(€] Cr + C == Cg + Cy
@) Cs + Cs == Cs+ Cs
ceclkem 3Cs = 2Cs + C3

6Glu-6-P + 12NADP™ + 6 Hy0
-

§Glu-6P +6C0, + 12NADPH + 12 ' + Pi

glykolfza - JoATP
pentosovf cyklus - 36 ATP

Fruktosa
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manos mannosa-6-foslat

Ho H
Truktosa-6-fosfit

Galaktosa

Glykogen
Hydrolytic cleavage catalyzed by amylase

(glucose), + H,0 == glucose ==

Phosphorolytic cleavage catal

(glucose), + P, =
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Glykogen

CH,OH
o u

"H H
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BIOSYNTEZA SACHARIDU
¢ Glukoneogenese

+ Fotosyntéza

snimek 117 Clikoneogenese

1. Vanik fosfoenolpyruvinu
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Glyceraldehyde 3-phos

P, + NAD' —

H* + NADH =
138

£ GLUCONEOGENESIS

,@\é{iffﬂ ok @

MITOCHONDRIAL Pyruvate
MATRIX

2, Hydvolytcke reakce
A fruktosabisfosfatasa
fruktosa-1,6-bisfostat + HyO - fruktosa-1-fosfat + Pi
B. glukosafosfatasa

glukosa-§-fosfit + Hy0 - glukosa + Pi

.
Fructose 1.6-bisphosphate
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Bilance gluboneogenese

Ipyruvit + 2ATP + 2GIP + 2ATP+ INADH + 4K + 61,0
-

liosa + 44DP + 26D 4 2NAD" 4+ i
glikolysa (8 ATP) - ukoneogenese (2 ATP) = -4 ATP
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¥ -pyruvit a mezip
cykiu

y - glycerol a acetylCoA

Glyoxyldtony cyklus:
Glyoxylitovf cyklus:

st
\

e S

Ho ¥ CH,0H CH,OH
H o I‘i Hl—oH
0 o N N
LH) OH HA\AOH BN
IC 0—P—0—P—0—"Uridine + HO T | e §
H OH H OH
0. 0.
UDP-ghucose a
(nresidues)
) CHOH  CHOH
[ H| oH Y 9
X \ + “0—P—0—P—0—Uridisg
0" \H B/ N0 — oramingent
[ 0. o
H OH
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BIOSYNTEZA SACHARIDU

FOTOSYNTEZY

Vimam:
o zachyceni sluneéni energie a syntéza glukosy 2 (0;a H,0
o produkee 0

b
6C0y + 12H,0 - CHy0; + 60,0 + 60,

Svételna a temna faze
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prokaryontni - sinice a bakterie

Folos\‘ntezu'iciorganismv<

eukaryontni - vyssi rostliny a fasy

prokaryontni - chromatofory

Intracelulirni lokalizace <
eukaryontni - chloroplasty

Chloroplast

Chlorofyly
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Pomocna barviva

snimek 134 )

chlorofyl b sluneéni spektrum
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Svételnd fize

+ proces zachyceni zieni

o cyklicky tok elektromi - cyklicka fotofosforylace - ATP

o necyklicky tok elektron - necyklicka fotofosforylace - ATP,
NADP

o fotoljza vody-H,0 - 20 + 2¢ + 1,0,

o spiazeni transportu elektronu se syntézou ATP
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Proces zachyceni zareni
kvantosomy

g
> ==
pfenos excitonu
A
i 2
excitovane stavy
@ .
. zakladni stavy
S
chorofyl
molekuly anténovych barviv reaktniho
certra

Cyklicky tok- produkce ATP
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Necyklicky tok- produkce NADPH
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Spiazeni toku elektront a fotofosforvlace
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Bt i anion
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Svételna a temna faze

12 HyC

(Occurs in membr:

>
12 NADP*
2 NADPH + H*
18 ADP + 18 P
BATP

Light Dark

s of grana)

(Occurs in chloroplast stroma)

M.CALVIN

-3

G rostliny

Temni fize

O

S

[

- vétSina rostlin a Fas
- akeeptor CO, ribulosa-5-P
- produkt 3-P-glycerat

<"upw§
)
IRy g NADPH NADF'+ P
P ADP = - .
ATP HA f 0 o 00 14 o, oMk
1.7 [H=C=00 @ \j2 Y ¢ o
- i o ===p | A i
=" -c-o o H-C—0l - P i—on
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Rubisco

CHy0-P-0"

RUBISCO
2 podjednotky (1 katalytickd)

(00
HH  + AP ——m Tl

CHOROE™

} Hln\;\‘ Oglycerate
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(=00

CHOH  +NADMH+H === CHOH +NADP'+P

CHORO; he

Calvindy evihus

penosnf erklus
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S5 Ca 3 Cs
Curostliny - rychlerostouci tropické rostliny

- akeeptor €O, fosfaenolpyruvit
- nrodukt oxalacetit

vaduch
o, Karbonitdehydratssa
Meer e Lu,  NADPH NaDE o
i ¢=o e /. woon
B malic

o o; &o;

foat 2 dechydrogenssa g
dikinasa  fostoenolpyruvit oxslacetst Malate

s o)

o J

I
COT+ NADPH  NADP"

Catviniv eyklus

builka poohy

CAM rostliny - tuénolisté
- pidjem CO, probilid v noci

Fotorespirace

CH,OPOZ
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