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Latkova premeéna - intermedialni metabolismus

Funkce - zajistovani energie

- 7ajistovani stavebniho materialu

Procesy - rozkladneé - katabolické - disimilacni

- biosyntetické - anabolicke - asimilacni

- amfibolické - oboji
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Rozdéleni 01'ganismﬁ podle metabolismu

A.Podle zdroje prijimané energie
fototrofy - slunecni energie

chemotrofy - oxidace chemickych latek

B. Podle zdroje stavebniho materialu

autotrofy - anorganicke latky

heterotrofy - organické latky




C.Podle donoru elektronu

organotrofy - organicke latky

litotrofy - anorganicke latky

D. Podle konecného akeeptoru elektronu

aeroby - 0,

anaeroby - NO;, S0,

fermentace - elektrony jsou predavany na jiné organicke latky
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Metabolismus
H. KREBS - tri faze metabolismu




Katabolismus - degradacni faze metabolismu - konvergentni

Funkce - produkee energie

1. Faze - slozité molekuly stépeny na stavebni jednotky
.
3.

- poskytuje prekurzory

- poskytuje NADPH

dze - stavebni jednotky prevedeny na C, a C, latky

dze - citratovy cyklus + dychaci retézec

0 % energie

30 % energie

70 % energie



Katabolismus




Anabolismus - biosynteticka faze metabolismus - divergentni

(X1

Funkee - zajistovani stavebniho materialu pro funkci a rust

I.Faze - citratovy cyklus poskytuje prekurzory
2. Faze - zprekurzoru jsou syntetizovany stavebni jednotky
3. Faze - zestavebnich jednotek jsou syntetizovany

biopolymery



Bioenergetika

1. Chemickd energie

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

). Strukturni energie

6. Regulacni energie

J. Tepelni energie

8. Svételnd energie



Chemicka energie - energie vazeb a strukturniho usporadani

chemickych sloucenin

Enthalpre H - veakeni teplo pii konstantnim tlaku
AH <0 - reakce exogenni

AH >0 - reakce endogenni



Gibbsova energie G - Zména energie pri konstantnim tlaku a

teplote

AG=AH- TAS

AG'=-RTIh K
AG’=-nF AE’
AG'= AH’ - TAS’
AG’ =26 producti. - 26 yyeton Litek



AG <) - reakce exergonicke

AG >0 - reakce endergonicke

Sprazeni reakci

A+Be (C+D AG; 20
D+tElF+G AG, <)
AG =AG, + AG,



VMakroeraicke slouceniny - makroersicka vazha

L. pri procesech uvolniovani energie jsou schopny cast této energie
zachytit a uchovat
1. pri procesech vyzadujicich energii mobou svym rozkladem tuto

uchovanou energii uvolnit a predat



ATP - univerzilni prenasec energie

LIPMANN a KALCKAR 1941
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ATP + 1,0 5 ADP + P, + I AG=- 33 kl/mal

ATP + 2H,0 = AMP + 2P, + 2 AG =- 66 kJ/mol



ATP - univerzilni prenasec energie

LIPMANN a KALCKAR 1941

uloieni energie tvorbou ATP
EXErgoniCke reckos

energie

AG»0

ADP + P. i AYP
nizéi obsah cthemické vyS5i cbsah chemické
energie energie

energie

endergonické reckce
vyuliti energie rozStépenim ATP



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

2. Fosforylace spiaZena s tokem elektronii

o oxidacni fosforylace

¢ fotofosforylace
3. Adenylitkinasovou reake

ATP + AMP > ADP



Spotireba ATP

¢ Biosyntetické reakce

¢ Pocatecni stadia odbouravani zivi
e Fyziologickeé procesy

¢ Vzijemné premény nukleotidu

ATP + NDP — ADP + NTP
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Dalsi makroergicke slouceniny
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ACYLTHIOESTERY

139 R0 + IS R, - 30 kJ/mol

FOSFOMONOESTERY
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DYCHACI RETEZEC A OXIDACNI FOSFORYLACE

Respirace <

dychaci retézec -
Sprazeni

oxidacni fosforylace -

) - >0,
prenos elektronu — NO.-,
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tvorba ATP
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DYCHACI RETEZEC A OXIDACNI FOSFORYLACE

dychacifetézec - prenos elektronu
Respirace < Sprazeni

oxidacni fosforylace - tvorba ATP

‘ Aerobni respirace
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; & e il
SUCCIMELe-CO

-
-

Rg—cyte— cyta—> ety —0;

- 110, +2H*




Mobilni Mobilni
o v« | | Complexil e . .
pfenasec pfenasec

Succinate:ubiquinane (Q)
Oudoreductase



_— ADP + P,
0.2, 1 r rotenon
| =-----nebo
-H"“n___ Iyl al
(+0.030 V) _ kompjlex I1 -
sukcinat _"'l:'_'.._ = IFADH - — i ':'-I;‘_I +0 045 v
i | | =
i Y _——ADP + P,
TV komplex 111
y | -~ - - - .ambhimyCcin A
A" -H“uh__
.2 - AlPF
cytochrom o (+0.235 V)
L | . [ SR T
komplex IV — ADP + P
FADH, = —
e KCN
0.6 |— \“‘“—ﬂ[ ATP
0.8 S0 S H 0 (+0.815

AG = —nFAE°? AE°=E,* — E,* — 0,18V ~ + 35 kJ /mol



Komplex |




Komplex Il

=}

g
H m__ S i
[ ] ol g

-

.H..._ "_.-ﬂ_n ..r




Komplex Il a IV




Chemiosmoticka teorie
Mitchell 1961
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Jednoducha sousav
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CITRATOVY CYKLUS
H.Krebs (1937) - Krebsuv cyklus, cyklus trikarboxylovych kyselin




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

Acetyl-CoA + 3NAD™ + FAD + GDP + Pi + 31,0

4
INADH + 3H + FADH2 + GTP + CoA + 2 (0,
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1 GIP Ix1ATP [ ATP

CELKEM 12 ATP/AcetylCoA
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Amfibolicka povaha cyklu

Pyruvate

PYruvaie - : .
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Loldl A ¥ I
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Anapleroticke reakce

Table 16.5
Anaplerotic reactions to replenish the citric acid cycle intermediates oxaloacetate and malate
Enzyme Reaction Comments
Pyruvate carboxylase = Pyruvate + CO, + ATP + H,O —— oxaloacetate + ADP + P;| Also the starting point for
gluconeogenesis
PEP carboxykinase Phosphoenolpyruvate + CO, + GDP —— oxaloacetate + GTP  The reverse reaction is
important in gluconeogenesis
PEP carboxylase Phosphoenolpyruvate + CO, —— oxaloacetate + P; Found in higher plants
and bacteria
NAD-malate enzyme Pyruvate + CO, + NADH + HY —— malate + NAD* Found in plants and
microorganisms

Table 16-5 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
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METABOLISMUS SACHARIDU

Stépeni oligosacharidu a polyvsacharidua

A. ftépem’ sacharidit pFi traveni potravy Hyd rolyticky
o —amylasa sliny, Skrob Dextriny,
maltosa,
pankreas

glukosa

amyloglukosidasa stifeva glykogen maltosa

maltasa " maltosa glukosa
laktasa " laktosa glukosa,
galaktosa

sacharasa " sacharosa glukosa
fruktosa

celulasy houby, celulosa glukosa

bakterie




B. Stépent rezervnich polysacharidu

Fosforyloticky

Hydrolyticky
fosforylasa jatra slykogen glukosa-1-P
B — amylasa rostliny Skrob maltosa




Glukosa-6-fosfat - klicovy metabolit

¢ Fosforylaci glukosy z potravy

¢ Izomeraci glukosa-1-fosfatu z tkanového glykogenu

e Izomeracemi a epimeracemi jinych monosacharidu
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METABOLISMUS SACHARIDU
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Historie :

GLYKOLYZA

CoH20¢ - 2 CH,COCO0H + 4[H]

19, stol.  Paster - kvasinky

Buchner - kvasnicni extrakt
1905-1910  Harden, Young
1940 Embden, Meyerhof, Parnas
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(GAP



Fosfoglyceratkinasa

0, 0P0; 0. .0
4 , ! 104
g Mg
H=C—=0H + ADP e H=C=0H + ATP
.|.| . Pl :
,ICHL-!UP{).}; IuhlL‘rgi}'wl'a'likllhu-'u L‘Hf{)l}{)_:.:

| 3-hisfosfoglycerat Mosfoglycerit



Fosfoglyceratmutasa

0. 0 o R ¢
f ¢4 Gl

| S |
H—C— OH losfoglyceratmutasa  H—(C— Opo?2

N

..:."__ a3

H—C—O0PO~ H—C—OH

4 |

H H

I-fosfoglycerat 2-fosfoglycerat



Enolasa




Pyruvatkinasa

ik B A
¥/ N
C nyruvalkinasa (IJ
|l }
lﬁ—UPtlﬂ* d ADP4 i F.=U $ ATP
CHE CH&

fosfoenolpyruvat pyruvil



Bilance olvkolvzy

olukosa + 2NAD" + 2 ADP + 2Pi
_>

2pyruvit + 2ATP +2NADH + 21 4 21,0




GLUKOSA

i

PYRUVAT

ANAEROBNI AEROBNI ANAEROBNI

v
mlécné kvaseni oxidacni dekarboxvlace alkoholové kvasSeni

i i l

laktat acetyK?oA ethanol

'

CITRATOVY CYKLUS

'

CO, + H,0




Aerobni odbouravani

Oxidacni dekarboxylace :

pyruvat + NAD" + CoA — acetylCoA + NADH + H + CO,

i TPP, |
CO0™ CoASH NADT Wi ¥ NADH+ H* SCoA
(=0 FAD b .
r —Teeer SR

CH'{ I'Ei T E.v: - Ej| CHT.
Pyruvate Acetyl CoA



Pyruvatdehydrogenasa

Pyruvate

FAD
=g
E-
FAD
E,
S o 5 CoASH
(4 S
— i o
- I
!L Ex E_z\ CH;—C—SCoA
TPP "FAD Acetyl CoA




i § Fal ] P
¢ CH,—~C—TDP e

Pyruvatdehydrogenasa

[ FADH,  Nap?

[ dihydrolipoyl- Ma .. .

OH S— | debydrogenasa | NADH 4
— FAD

_‘.-‘ .'..‘ .. F by

N\, / hydroxyethyl. TDPY  / R .

" ' lipoamid

[ Pvmlhrﬁr 3 L-.llz:'r'L]rL'I.i[:1L'li'. :‘I

. 1S —
l-i‘t.'-!'l:h’l.lii‘f:l_L'|1rlN.'. ITANSAac '-..r_-..'.?'\-.| | 1
d
i F
M - : 3 0}
~0p~ \
0 CH 3 b “

15— acetyl-CoA

acetyldihydrolipoamid



Aerobni odbouravani

Oxidacni dekarboxvlace :

pyruvat + NAD" + CoA — acetylCoA + NADH + H + CO,

Bilance aerobni glykolyzy :

C:H,06 + 60, > 6CO, + 6 H,0

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

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



G-3-P DH C¢lunek

NAD™ & NADH + H™*

CYTOPLASM

MITOCHONDRIAL MATRIX



pyruvat +

-+
-

»
i -

Mlécne kvaseni

+ H" - laktit
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™ . W
= ¥ - I HE
s |
e 1 = A
" I
|

M™% IR

iaktatdoehw«clros s oo s

B >
1 T
B — 2 =
il o e |
E<
Pl o I
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Mlécné kvaseni

Glucose

Wl

reactions |

of glycolysas

2 Glyceraldehyde

.
2 Lactate 3-phosphate
b Gl =
2MNADH + 2 H = |
I 2 1,3-Bisphosphoglycerate
reacbons U
of glveolyses
1
2 Pyruvate = - 2 Phosphoenolpyruvalte

rcaction 14)
0ol 1_:|-,.'|._'1_:-|~.'-'.|-».



Coriho cyklus

ADP + GDP + P, =—_ |

glukoneogeneze :

ATP + GTP

Jatra Krev sval
| L - - R R
. |
|
; P + ADP —-\\
| glykogenolyza
j a glivkolyza
s ATP *’I\;‘:
H LDH

Y

| T ——

.DH



MIlécné kvaseni

pyruvit + + H - laktat +

Bilance mlécneho kvaseni :

C¢H;;06 + 2ADP + 2 Pi — 2laktat + 2 ATP

Glykolyza 1 ATP + 1NADH
Mlécné kvaseni - 1NADH

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



Alkoholové kvaseni

Pyruvat — acetaldehyd + CO,

Acetaldehyd + + H" — ethanol

.. €0, NADH  NAD'
0 0 1 A ‘ OH
| ¢ 1] ' N L
(H,—(—C s (§,~( =L (H,~C=H
o Pyt o alkobol "
dekarboxylasa dehydrogenasa

pyruvit acetaldehyd ethanol



Alkoholové kvaseni

Pyruvat — acetaldehyd + CO,

Acetaldehyd -|- + H" — ethanol

Bilance alkoholoveho kvaseni :

Cs¢H1205 + 2 ADP + 2 Pi - 2 ethanol + 2 ATP + 2 CO,

Glykolyza 1 ATP + 1NADH
Alkoholové kvaseni - 1NADH

CELKEM 1 ATP/ triosu tj. 2 ATP/ glukosutj. 2%



Mlécné

Propionoveé

Maselné

Octove

Citronoveé

Dalsi druhv kvaseni

Lactobacterium

glukosa — laktat
Propionibacterium

glukosa — k. propionova
Clostridium

glukosa — k. maselnou___
Acetobacter 0O, B
glukosa — K. octova
Aspergillus Co,

glukosa — k. citronova

—

prave

neprave



Degradace — oxidace - ATP — NADH
Biosyntéza — redukce - NADPH
Lokalizace NADH — mitochondrie,

NADPH - cytosol
Specifita enzymu



NADH + NADP* NADPH + NAD*

» Heterotrofy — pentozovy cyklus
 Autotrofy - fotosynteza



Pentosovy cyklus

NADPH+H

i O e O v g, Ch0m;
lukosa-f-fosfit ung-
; (G6P Blakton bloo ribulosa-Sfosi

IH



H—C —OH
CH,OPO}

glyceraldehyd-3-
fosfit (GAP)

(H:0H
C =0
HO—C —H

H—C —OH

H—C —OH

CH,OP0O3}

fruktosa-6-fosfat
(F6P)

CH;OH

C—0
BO==CSEH
H—C — OH
- e P OH
H —fi'. — OH
CH,OPOY
sedoheptulosa-7-
fosfat (S7TP)

transaldolasa

O H
\C/

|
H—{l.‘ —OH
H—C —OH
!
CH,OPO%

erythrosa-4-
fosfiat (E4P)

H—C —OH
transketolasa |

H—C —0OH
[

H—C—CH

(R5P)

¢ H.OH
rf C=0
HO—C — H

H—C — OH

CH.OPO

(XuSP)
CH,OH
C=0

HO—C —H

e - 14

» H—C —OH
I

H—C —OH
CH,OPO}

fruktosa-6-fosfit
(F6P)

transketolasa

CH.OPO?
ribosa-5-fosfat

-

5

)

-

ribulosa-S-fosfat-

cpimerasa

xylulosa-5-fosfat

0\{ H
+ H—gl —OH
CH,OPO7

glyceraldehyd-3
-fosfit (GAP)






| H
H—C—V
Hgiému i%|
H-C~0H %
H—C—0H R
(|:H20P0§'
6-fosfoglukonit NADP'

fosfoglukonat-
“NH, dehydrogenasa

+*

3

NADPH + H'

0y

H-t::?-on i co, ?HEOH
il et o
H_?_OH H—IIIHOH
H_(l;_oﬂ H—(l?—OH
CH,0P0; ™ CH,0P0;~

hﬂ.om-ininrmeﬁit RusP



Regeneracni faze

(o )

|
H—C—OH
|
C=0
|

H—C—0H
H—C—OH
CH,0POS
K Rusp /
ribulosa-5-fosfat- _.  Nbulosa-S-fosfat-
epimerasa V4 \\ ISOmeTas3
2N P

BNk

H—C—OH C

ﬁ—u" C—0
!
Cc—OH H—C—OH

|
H—?—OH H—C—O0H

cﬂgmwﬁ‘z CH,O0POS

2,3-endiolatovy 1,2-endiolatovy
intermediat intermediat

[ T
Y e

||—C—OH 3

b

) H —OH
c=0 1
| Y — 0

HO—C—H
| O

H—C—OH S
| . CH.OPOS
CH,OPO; =

K XusP ) K R3P )




4 )

0%[‘/H

H—C —OH +

CH,OPO}

glyceraldehyd-3-
fosfat (GAP)

- J

-

CH,OH
HO—C —H

H—C:I' —OH

H—C —OH

I
L H:OPO%

fruktosa-6-fosfat

- )

CH,OH
cC—0
-
HO —C —H
H—C —OH
H—C —OH
H—C —O0OH
CH,0POY
sedoheptulosa-7-

K (F6P) )

\_ fostit (STP)

T
transaldolasa

H—C 0

H—C—0
|

\ (RSP)

H
H

H—C—0OH
CH,OPO?
ribosa-5-fosfat

%

e

HO—C — H

CH,OP

(XusP)

C =0
HO—C —H

H—C —OH
|

H—C —OH
|
CH.OPO?%

erythrosa-4-
fosfit (E4P)

- J

= H—C —0OH
H—C —OH
|
CH,OPO?%
fruktosa-6-fosfit

\ (F6P) )

¢ H.OH
C—=0

H—C— OH
O}

xylulosa-5-fosfit

= _/

k- H—C —OH

<

-y

=4

W Ee
bulosa- fos =1

CpImerasa

C H,OPO?

glyceraldehyd-3
-foslat (GAP)
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RuSP

pentosovy cyklus

X5P

—_——— e ——— e —— —— —— — — e — — -

G6P

RSP |

T
G3P F&P
F6P
G3P DlP—FtE--‘ FeP
R
(577 | Ee Pl Fop
G3P FEP

Calviniy cyklus




(6) Cs + Cs == C7 + Cs

L) Cyr + C3 == + Cg
2x—=(8) Cs + Cy == + Cs

cclkem 3Cs s 2 + Cs

—

C3+C3(—)®



6 Glu-6:P + 12NADP" + 6 H,0
-

§Glu-6-P + 6C0, + 12NADPH + 12 H + Pi

alykolyza - JOATP
pentosovy cyklus - 36 ATP

CYT



Fruktosa

HOCH, CH,OH
A0

Ku HO J
H N OH

HO H
fruktosa

GLYKOLYZA | e



Galaktosa

(‘:HEOH
H o H
H (l_) o
OH H | I Il
HO O—P_O_E’—Cl—undm
|
H OH Qo O

UDP-glukosa

CH,OH ATP ADP CH,OH
HO O H HO &) H
H \\ 1 _/‘ ¥ H 2
H < el OH g:xlal-;takinasa— H gt 4 OPO3~ alaktosa-1-
- . oslit-uridylyl-
H OH H OH

transferasa
galaktosa galaktos: 1 fosfit

HE o8 o o
UDP-galaktosa
4

NAD"® UDP-galaktosa-4-epimerasa

lukosa- __uridin

asfht-
H OH isomerasa H OH H OH o o

glukosa-6-fostit glukosa-1-fosfiat UDP-glukosa




"
CH,0H A ADP CH,0PO; _

i ! 0, H \ 1 ,s HA—0H g T'OPOCH, 5 CH,OH
OH HO | ' : H HO

HO OH lhexokinasa  HO OH mannosafostitisomerasa | OH
HoH H o H HO H

ainosi mannosa=b-fosfat (ruktosa-6-fosfat



Glykogen

Hydrolytic cleavage catalyzed by amylase:

ATP
(glucose), + HyO = glucose =— glucose 6-phosphate

Phosphorolytic cleavage catalvzed by phosphorvlase:

(glucose), + P, == glucose 1-phosphate == glucose 6-phosphate



Glykogen

CH-OH CH-,OH CH-O=
HA—OH B=H OH HA OBnR

P 4 : T, 1 .
7 H ' H [ " H ‘
\\OH H ,}m OH H\G/(\GH P
i

::;Smducmg HO i (] . O — woscducing end
H OH H OH H OH
Glycogen or starch (m resadses)
i
T O—P—0OH R
[ \ ;h'.".-ﬁ—. vl
O . :
P
CH-OH
|
H A—0O H
L/ H o

NOH B N0 p_o- +

HO —— |

H OH O_ H OH H OH

new nonredncing cnd
Glucose 1-phosphate
Glycogen or starch (n — 1 resadues)



Dietary glycogen and starch

Cellular glycogen

glycozen

swnthase

slyoogen
phosphorylase

“;:':1:}' lase

Glucose

Glucose 1-phosphate

hexokinagse
Fructose _—t—
i rllus-cle
il
5 e m
fructokinase Lhwﬂ.

Fructose 1-phosphate

phosphoglucomutase

Glucose 6-phosphate

Fructose 6-phosphate

Fructose 1.6-bisphosphate

|

e

=
phosphoglucomutase

Glucose |-phosphate

UDP-glucose
pyvrophosphory lase
r
UDP-glucose
[ - ”
UDP-palaciose-4-
epimerase

r

UDP-galactose

Iructose

| -phosphate aldolase

Dihydroxyacetone phosphate

A

—= Glyceraldehyde 3-phosphate

Glyceraldehyde =

ghy cerol 3-P

dehydrosenase

Glycerol

glveera] kKinase

al|vcerald

chyde kinase

Glygerol 3-phosphate

1 salactose 1-phosphate
uridyl transferase

Galactose 1-phosphate

aalactokinase

1 Galactose

!
I
I
I

Pyruvate




BIOSYNTEZA SACHARIDU
¢ (slukoneogenese

¢ Fotosyntéza



Glukoneogenese

1. Vznik fosfoenolpyruvitu



Green identifies reactions wnigqus

Glyceraldehyde 3-phosphate =  Dabwdroxvacetone
i phosphate

Red identifies reac

3
1,3-Bisphosphoglycerate =

ADP = ADP
phosphoglveerase kKinase B
ATP —1 | : ATP 7
3-Phosphoglvcerate E

phosphoglvoerate mutase
| g
2-Phosphoglycerate g
-
ATP ADP l T enolase GDP + €O, GTP =
T‘E’u‘:‘lﬂe Ph 2 o - m:i
as L W
Piiivai = kinase usp-hn:zc olpyru S carboxykinase
CYTOPLASM t-""'.""."--""""fit-----..

e
- MITOCHONDRIAL
MATRIX

1 ] Fo S NI OO
_:_‘....- 'l..".a‘_

ATP+CO, +H,0 ADP+P.+2H"
Pyruvate \\‘ j = Oxaloacetate
pyruvale carboxylase




2. Hydrolyticke reakce
A, fruktosabisfosfatasa
fruktosa-1,6-bisfosfat + H,0 = fruktosa-1-fosfat + Pi

B. glukosafosfatasa
olukosa-6-fostat + Hy0 — glukosa + Pi



Glucose

ATP - f,/ 5 P
Imu&inarD glucose 6-phosphatace
AP\, Y O—HO

=

Glucose 6-phosphate
Fructose 6-phosphate

ATP \—~P
phosphofructokinase \ fruciose 1.6-esphospharase
ADP="\_ =
Fructose 1.6-bisphosphate



bilance glukonogenese
Jpvrwvit + 2ATP + 2GTP + JATP+ INADH + 41 + 6H,0

-

dlifosa + 4ADP + 26DP + INAD" + 6P

olykolysa (8 ALP) - olukoneogenese (12 ATP) = -4 ALP



CY T OPL.ASN
Oreher
Disaccharides monosacceharndes

/m
sy rilhase

Glucose 1-phosphate P — Glycogen
I I_ phosphorylase
Gilucose O-phosphate - Glucaoses
- hexaokinase -

Il

Fructose -phosphate
rhosphofmuectokinase <- ) fructose— 1 G-bisphasphatases

Fructose 1 ..6-bisphosphate

I
I

Gllyceraldehwyvde 2-phosphate

]
I
Il

Phosphocnolpyrowvale

FEF carbox }-kinaﬁ::/
Orxaloacerate Py rewvate Kinsse

PV ale S v |i’.lf=‘-:.\\
Frwrow ake: L.aciate



Biosyntéza glukosy z dalSich prekurzoru

¢ glukogenni aminokyseliny -pyruvat a meziprodukty citratového

alarvm

Cy s e

giycim E s
S eEerim

threomim
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e rrase ram T
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e
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Z—oxoglutarat
L
-
/ argimin
= il g luta mat
S o alurtarmim
Ristidimn
P rodir



Biosvntéza glukosy z dalSich prekurzoru

¢ lipidy - glycerol a acetylCoA
Glyoxylatovy cyklus:

Glyoxylitovy cyklus:
CadsH Cri—C00" HO—GH—C00"
Fﬂ—(l:—ﬂxi“ — l‘{:H—CﬂG’ isocitrot
CH—C0—SCo CHe—CO0™ CHy—CO0 Shyowylat
H0 cilrat f'_" D—[i-'"mj_
H
LX) Chy~C00"
Y EHEU:I cxolocehot subecindt EH—{IJ&' )
e : FhOs, | - CHEOSCoA
s HO—CH—C00" z o N
l Y fumantt bt
SNAD Chg~C00 OOC—CH




CFL WO Y SOME
Avcety]l Cos

i

Oxaloacetate: Cir.:zu;:x
(i:lH (I:‘H;g —COO ™
H—C—COO H—(EI—C(}D_
SO — CH o HO—_CH CO ™
L-Malale Isocitrate
Malate
; swvnthase
o e ‘;FHO Isocitrate
OO Iryransas
CHx— C—SC o Gilvoz oy Late
Aoty Cos
(FHZ—CD()—
CH,—— OO0
Succinate

it A i A S b S S B A R A A L B R T Al L e A S i e e A e e S i S A b b b
. _ : . o

CY TOPLASM

Phosphoenolpyruvate —s—— Oxalomootate L-MMalate

|

l (G I CO N EeOE S nesis )

SGlucose



Biosyntéza oligo- a polysacharidﬁ

nonteducing
end
(CH-,OH l CH,OH CH,0H
H |l _pH
K
0 0 — 10 reducing end
H OH
UDP-glucose elycogen (Gilycogen
rvi:';llhh'.-J.\c (n msidu&s]
CH,OH CH-OH CH,0H gt
H _{]KT\ H 0 H H 0 H “ “
'H i + "0—P—0—P—0—Uri
LE‘"’H H/ OH H 0 OH H O = toreducing end |
HO 0. 0.
H OH H OH H OH
Glycogen uDp

(n + 1 residues)



BIOSYNTEZA SACHARIDU

fkrol, glykogan

glukoz=g

disacnharidy

jina

mnosacharidy

I 2 tricsafosfaty -E—-

2 ADP

2
Colvindvy cyklus

|

2 'lﬂsfnglycgf&#]

|"..—.---2 HAD®
S Z[NADHH")

ribulozo-15~ - A
~bisfocfal 1
2 GTP 2 GOopP
\ j 2 fostoernclt -
—pyruvdt
2c0,
2 axoloceiat
bictin. COD™ f ﬁ
r ‘-‘ Byruvot

2ATP sz/J

2 laktat

C 2 MAD® .
ZINADH = H")

glukogenmi
aminoakysal iny

bilkaviny sacharidy

f" & ADP
S~z aTP
glyoxylotovy
cyklus
Z2-glycaral mastng
Hyseliny

/

Lipidy



FOTOSYNTEZA

Vyznam ;

o zachyceni slunecni energie a syntéza glukosy z C0,a H;0
o produkce 0,

hy
6 C0Oy + 1210 - CH;04 + 01,0 + 60,



Svételna a temna faze

P i B

H > e
[agzht reaciioams
+
e AT —
A -+ | A T

BT e S L

{fearb-omn—TRxime resSctsfoaes )

G lucoses amdd e
Other Carbbobhydrates



prokaryontni - sinice a hakterie

Fotosyntezujicl organismy

eukaryontni - vyssi rostliny a Fasy

prokaryontni - chromatofory
Intracelularni lokalizace

eukaryontni - chloroplasty



Chloroplast




Chlorofyly

23 HLC
B 3
chlorofyl « — i CH=—=CHxs — i
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Pomocha barviva

CH- CH-

CH; CH CHs CH- 2



absorpce

”'%'_.-- chlorotyl b

»-'""nﬁ{..- karotenoidy

| | / '.\I / fykoerythrin

sluneéni spektrum

vinova delka (nm)



Svételna faze

o proces Zachyceni zareni

o cyklicky tok elektront - cyklicka fotofosforylace - ATP

o necyklicky tok elektronu - necyklicka fotofosforylace — ATP,
NADP

o fotoljzavody-1,0 = 21 + 2¢ + 1/3 0,

o sprazeni transportu elektronu se syntézou ATP



Proces zachyceni zareni
kvantosomy
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A
g
hv
g

pfenos excitonu

- Foppar-= ST - il
1/ 4 |
excitované stavy \
zakladni stavy
= Iy el e TG, eSO
v " chorofyl
molekuly anténovych barviv reaiiniho
Y cartra



Reduction polential (V)

—{L.3

=
L

+1.0

+1.5 -

Cyklicky tok- produkce ATP

Photosystem [I*

||-|||-|-|| TR

{no NADP

produced )

(no O, produced)



Standard reduction potential; £ (V)

+00.5 «
1

Necyklicky tok- produkce NADPH

0

+ 1.0

L

2 H4O

Photosystem [1

Water-splitting

complex
-9

=y
“ .

J1|!11 woEXCitation

— P55

\\\,_. ® Fermedo

e

wdoxin—NADT

—NADP

'

o xomtinn

- Flow of electrons

the ATE sypthase—catalyzed producuon of ATP from ADP + P



R.Emerson Schéma fotosvstému I a 11

Psll
06 - cyklicka
' draha
0.4 |-
0.2 [—
0
£V i
e T 8H '/ [4Fe-48)
{ (thylakoid) eytf
D4 - 2
| cytochrom P10
06 - | bg-f
] -y Mn—l:tomplel
0.8 9



Sprazeni toku elektronu a fotofosforylace

o =

He-translokujici dutina
ATP-synthasa thylakoidu



Svételna a temna faze

Light
reactions

12 HyO

',,ﬂaz NADP* =

e . 12 NADPH + HT

Ce.
\ |18 ADP + I8 P,

l\'* 18 ATP

T
6 O,

(Occurs in membranes of grana)

Dark
reactrons

Calvin
cvele

(Occurs in chloroplast stroma)



Temna faze

M.CALVIN
6Cy + 6CO, > 121C;
10 G,
Csrostliny - veétsina rostlin a ras

- akceptor CO, ribulosa-3-P
- produkt 3-P-glycerat
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C, rostliny - rychlerostouci tropické rostliny
- akceptor CO, fosfoenolpyruvat

- produkt oxalacetat
co,

_ vzduch

Calvintv cyklus




CAM rostliny - tucnoliste

- prijem CO, probiha v noci
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