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BIOENERGETIKA
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BIOENERGETIKA
* jak organismy
o ziskavaji,
o premenuji,
° ukladaji
° a vyuzivaji

energii
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TERMODYNAMIKA
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e vziajemné pfemény ruznych druht energie

e sméfovani fyzikalnich a chemickych pochod
metitko samovolnosti (uskutecnitelnosti déjti)
®* rovnovazne stavy
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e vziajemné pfemény ruznych druht energie

e sméfovani fyzikalnich a chemickych pochod
metitko samovolnosti (uskutecnitelnosti déjti)
®* rovnovazne stavy



Bioenergetika Slide 2d

e vziajemné pfemény ruznych druht energie

e sméfovani fyzikalnich a chemickych pochod
metitko samovolnosti (uskutecnitelnosti déjti)
®* rovnovazne stavy

e systém (soustava) — libovolnd ¢ast prostoru uvazovanda oddé-
lené€ od okoli
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e vzajemné premény ruznych druhti energie

e sméfovani tyzikdlnich a chemickych pochodt
metitko samovolnosti (uskutecnitelnosti déjti)

®* rovnovazne stavy

e systém (soustava) — libovolnd ¢ast prostoru uvazovanda oddé-
lené€ od okoli

* izolovany —nevymeénuje s okolim hmotu ani energii
* uzavieny — vymeénuje s okolim jen energii, nikoli hmotu
* otevieny — vyménuje s okolim hmotu i energii
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e vzajemné premény ruznych druhti energie

e sméfovani tyzikdlnich a chemickych pochodt
metitko samovolnosti (uskutecnitelnosti déjti)

®* rovnovazne stavy

e systém (soustava) — libovolnd ¢ast prostoru uvazovanda oddé-
lené€ od okoli

* izolovany —nevymeénuje s okolim hmotu ani energii
* uzavieny — vymeénuje s okolim jen energii, nikoli hmotu
* otevieny — vyménuje s okolim hmotu i energii
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e vziajemné pfemény ruznych druht energie

e sméfovani fyzikalnich a chemickych pochod
metitko samovolnosti (uskutecnitelnosti déjti)
®* rovnovazne stavy

e systém (soustava) — libovolnd ¢ast prostoru uvazovanda oddé-
lené€ od okoli

* izolovany —nevymeénuje s okolim hmotu ani energii
* uzavieny — vymeénuje s okolim jen energii, nikoli hmotu
* otevieny — vyménuje s okolim hmotu i energii

e okoli - zbytek vesmiru



Bioenergetika Slide 3a

PRVNI VETA TERMODYNAMIKY
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PRVNI VETA TERMODYNAMIKY
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PRVNI VETA TERMODYNAMIKY

U — vnitfni energie soustavy
Q — teplo pfijaté soustavou od okoli
W — prace vykonana soustavou na okoli
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PRVNI VETA TERMODYNAMIKY

U — vnitfni energie soustavy
Q — teplo pfijaté soustavou od okoli
W — prace vykonana soustavou na okoli

* jzobaricky déj (p = konst.)
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PRVNI VETA TERMODYNAMIKY

U — vnitfni energie soustavy
Q — teplo pfijaté soustavou od okoli
W — prace vykonana soustavou na okoli

* jzobaricky déj (p = konst.)
AU = Q, — AlpV)
U+pV =
U

p — tlak, V — objem,
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DRUHA VETA TERMODYNAMIKY
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DRUHA VETA TERMODYNAMIKY
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DRUHA VETA TERMODYNAMIKY
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DRUHA VETA TERMODYNAMIKY
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DRUHA VETA TERMODYNAMIKY

* entropie

AS =

~ O
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DRUHA VETA TERMODYNAMIKY

* entropie

AS = =

S=k-InP
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DRUHA VETA TERMODYNAMIKY

* entropie
Q
AS = —
T
S=k-InP

e ukazatel samovolnosti déje v adiabaticky izolovanych soustavach
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DRUHA VETA TERMODYNAMIKY

* entropie
Q
AS = —
T
S=k-InP

e ukazatel samovolnosti déje v adiabaticky izolovanych soustavach

ASsoustava + ASokoli — ASVesmir > ()
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GIBBSOVA (VOLNA) ENERGIE

G=H-TS = AG =AH - TAS = Q, — TAS
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GIBBSOVA (VOLNA) ENERGIE

G=H-TS = AG =AH - TAS = Q, — TAS

* Kkoné-li systém praci, je AG = Q, — TAS + W’
TAS2Q, = AG< W
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GIBBSOVA (VOLNA) ENERGIE

G=H-TS = AG =AH - TAS = Q, — TAS

* Kkoné-li systém praci, je AG = Q, — TAS + W’
TAS2Q, = AG< W

* vbiol. systému objemova prace zanedbatelna = AG = max. price
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G=H-TS = AG =AH - TAS = Q, — TAS

* Kkona-li systém préaci, je AG = Q, — TAS + W’
TAS2Q, = AG< W

e vbiol. systému objemova prace zanedbatelnd = AG = max. price

e readlny d€j neni nikdy reversibilni = AG < -W' =
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G=H-TS = AG =AH -TAS = Q,— TAS

* Kkona-li systém préaci, je AG = Q, — TAS + W’
TAS2Q, = AG< W

e vbiol. systému objemova prace zanedbatelnd = AG = max. price

e readlny d€j neni nikdy reversibilni = AG < -W' =

e Ubytek G je roven maximéalni préci, kterou mtiZe sys-
tém odevzdat pfiizotermicko-izobarickém déji do okoli.
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G=H-TS = AG =AH -TAS = Q,— TAS

* Kkona-li systém préaci, je AG = Q, — TAS + W’
TAS2Q, = AG< W

e vbiol. systému objemova prace zanedbatelnd = AG = max. price

e readlny d€j neni nikdy reversibilni = AG < -W' =

e Ubytek G je roven maximéalni préci, kterou mtiZe sys-
tém odevzdat pfiizotermicko-izobarickém déji do okoli.

e rovnovaha: AG =0
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G=H-TS = AG =AH -TAS = Q,— TAS

* Kkona-li systém préaci, je AG = Q, — TAS + W’
TAS2Q, = AG< W

e vbiol. systému objemova prace zanedbatelnd = AG = max. price

e readlny d€j neni nikdy reversibilni = AG < -W' =

e Ubytek G je roven maximéalni préci, kterou mtiZe sys-
tém odevzdat pfiizotermicko-izobarickém déji do okoli.

e rovnovaha: AG =0
e samovolny (exergonicky) déj: AG < 0 (mutze konat praci)
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G=H-TS = AG =AH —TAS = Q, — TAS

* Kkona-li systém préaci, je AG = Q, — TAS + W’
TAS2Q, = AG< W

e vbiol. systému objemova prace zanedbatelnd = AG = max. price

e readlny d€j neni nikdy reversibilni = AG < -W' =

e Ubytek G je roven maximéalni préci, kterou mtiZe sys-
tém odevzdat pfiizotermicko-izobarickém déji do okoli.

e rovnovaha: AG =0
e samovolny (exergonicky) déj: AG < 0 (mutze konat praci)

e endergonicky déj: AG >0
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(GIBBSOVA ENERGIE
* jeden z tzv. termodynamickych potencialti
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(GIBBSOVA ENERGIE
* jeden z tzv. termodynamickych potencialti

e zadna informace o rychlosti — ta ddna mechanismem
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(GIBBSOVA ENERGIE
* jeden z tzv. termodynamickych potencialti

e zadna informace o rychlosti — ta ddna mechanismem

* (ne)moznost déje dana jen pocatecnim a kone¢nym stavem
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GIBBSOVA ENERGIE
* jeden z tzv. termodynamickych potencialti
e zadna informace o rychlosti — ta ddna mechanismem
* (ne)moznost déje dana jen pocatecnim a kone¢nym stavem

e katalyzator (enzym) muze urychlit dosazeni rovnovahy, ale ne zménit
jeji stav
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(GIBBSOVA ENERGIE

* jeden z tzv. termodynamickych potencialti
e zadna informace o rychlosti — ta ddna mechanismem
* (ne)moznost déje dana jen pocatecnim a kone¢nym stavem
e katalyzator (enzym) muze urychlit dosazeni rovnovahy, ale ne zménit
jeji stav
* = moznost sprazeni
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* jeden z tzv. termodynamickych potencialti
e zadna informace o rychlosti — ta ddna mechanismem
* (ne)moznost déje dana jen pocatecnim a kone¢nym stavem
e katalyzator (enzym) muize urychlit dosazeni rovnovahy, ale ne zménit
jeji stav
* = moznost sprazeni

e zavisina teploté: rovnovéaha: T = 42



Bioenergetika

* jeden z tzv. termodynamickych potencialt

e zadna informace o rychlosti — ta ddna mechanismem

Slide 6g

* (ne)moznost déje dana jen pocatecnim a kone¢nym stavem

e katalyzator (enzym) muize urychlit dosazeni rovnovahy, ale ne zménit

jeji stav

* = moznost sprazeni

e z4avisi na teploté: rovnovaha: T =

AH
AS

Alr — AN — T AN

The reaction i both enthalpically favored
(exothermic) and entropically favored.

It is spontaneows {exergonic ) at all
temperatures.

The reaction i enthalpically favored but
entropically opposed. It i spontaneouws
only at temperatures below T = AFAVAS.

The reaction i enthalpically opposed
(endothermic) but entropically favored.
It is spontaneous only at kemperatures
above T = AMIAS.

The reaction i both enthalpically and
entropically opposed. It B wrspontanecus
(endergonic) at all temperatures
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e proreakciaA +bB ~ cC+dD
[CI'[D*
[A]’[B]°

AGY ... standardni zména G dané reakce

AG = AGY + RT In
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e proreakciaA +bB ~ cC+dD
[CI'[D*
[A]’[B]°

AGY ... standardni zména G dané reakce

AG = AGY + RT In

e konstantni ¢len — zavisi jen na konkrétni reakci
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e proreakciaA +bB ~ cC+dD
[CI'[D*
[A]’[B]°

AGY ... standardni zména G dané reakce

AG = AGY + RT In

e konstantni ¢len — zavisi jen na konkrétni reakci

e proménny clen — zavisi na teploté a koncentracich reaktantti
a produktu
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e proreakciaA +bB ~ cC+dD
[CI'[D*
[A]’[B]°

AGY ... standardni zména G dané reakce

AG = AGY + RT In

e konstantni ¢len — zavisi jen na konkrétni reakci

e proménny clen — zavisi na teploté a koncentracich reaktantti
a produktu

e rovnovédha: AG =0 = AG" = —RT In K4

C d 0
K, = [CHDY _
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e proreakciaA +bB ~ cC+dD
[CI'[D*
[A]’[B]°

AGY ... standardni zména G dané reakce

AG = AGY + RT In

e konstantni ¢len — zavisi jen na konkrétni reakci

e proménny clen — zavisi na teploté a koncentracich reaktantti
a produktu

e rovnovédha: AG =0 = AG" = —RT In K4

C d 0
K, = [CHDY _

¢ AG’ a Keq v ptimém vztahu
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e proreakciaA +bB ~ cC+dD

[C][D]
[A]’[B]’

AGY ... standardni zména G dané reakce

AG = AG’ + RT In

e konstantni clen — zavisi jen na konkrétni reakci

e promenny Clen — zavisi na teploté a koncentracich reaktantti
a produktu

e rovnovaha: AG = 0 = AG” = —RT In K¢q
~ [CI[D]*
[A]°[B]°

¢ AG’ a Kq v pfimém vztahu

Keq

* 10ndsobnd zména Keq zméni AG’ 0 5.7 kJ/mol
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AG' = Z AG{(products) — Z AG(reactants)
AGY ... AGY syntézy z prvki
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AG' = Z AG{(products) — Z AG(reactants)
AGY ... AGY syntézy z prvki

H,lg]
H, 0 £)
Isocitrate”

Ay (kI - maod 1)
Acetaldehyde
Aceiate .
. a-Ketoglutarate”
Acetyl-CoA -

) - Lactate
cIr-Aconiiate -

L-Malate®
oH

Oxaloacetate®

~y
Likip]
Cedag)
HCO,

- Phosphoe nolpyrovate’
Crtrate? 3 P

2-Phosphozlyveerate”

Dihydroxyacetone”

3-Phosphozlyeerate”
Ethanol

Fyruvate

Froctose o -
Swccinate”

Fructosc-6-phosphate?

S Succinyl-CoA
Fructose- | 6-bisphosphate®
Famairaie? “For [ormation from free clements + free Cod (cozmeyme A).
Svarce: Metzler, [LE., Biochericiry, The Chemica' Reactions of Living

a-D-Glucose Ceils (2nd ed. ), pp. 794291, Harcourt/ Academic Press (2001)

Ghicose-4-phosphate®
Glyceraldehyde-3-phosphate’
H*




Bioenergetika Slide 9a

e standardni stav
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e standardni stav
e aktivita1l mol/l
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e standardni stav
e aktivita1l mol/l

o 25°C
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e standardni stav
e aktivita 1 mol/1
o 25°C
e ] atm
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e standardni stav
e aktivita 1 mol/l
o 25°C
e ] atm
* biochemicky standardni stav
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e standardni stav
e aktivita 1 mol/l
o 25°C
e ] atm
* biochemicky standardni stav

e aktivita vody =1
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e standardni stav
e aktivita 1 mol/l
o 25°C
e ] atm
* biochemicky standardni stav

e aktivita vody =1
e pH=7
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e standardni stav
e aktivita 1 mol/l
o 25°C
e ] atm
* biochemicky standardni stav

e aktivita vody =1
e pH=7

e Jatky podléhajici acidobazické disociaci: ¢ = celkova ¢ vSech
forem pfi pH =7
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SPRAZENE REAKCE
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A+B—=C+D AG1
D+E<~F+G AGr
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A+B—=C+D AG1
D+E<~F+G AGr

A+B+E—C+F+G AGs = AG1 + AGyr < 0
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A+B~—C+D
D+E~F+G

AGq
AG;

A+B+E—~C+F+G

Endergonicka reakce: glukosa + P;
Exergonicka reakce: ATP + H,O

Sprazena reakce: glukosa + ATP =

AGs = AG1 + AGyr < 0

AG’” (kJ.mol™)
glukosa-6-fosfat + H,O +13,8
ADP + P; -30,5

glukosa-6-fosfat + ADP -16,7
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REDOXNI POTENCIAL
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REDOXNI POTENCIAL

n—+
AOX

Bred

Slide 11b

—\
—

Ared

n—+
BOX
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[Aveal B2
[A{}j{ ] [Bred]

AG = AG’ + RT In
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[Ared] [Bg;r
[A{}j{ ] [Bred]
AG = —nF AE

AG = AG’ + RT In




Bioenergetika
[Areal B
AG = AG’ + RT In
[AS[Bredl
AG = —nF AE

B RT |red ] _ RT
R AE = AE’~ ——.In
J J T n [ox] — Al J T

Slide 11f

[Ared] [B5]

[An+] [Bred]
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e [ jako energeticka Skala

| —
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®
| S—

E jako energeticka skéla

Redukovand forma E” (V) --
acetaldehyd m

_—
glyceraldehyd-3-fosfat + HsPO,
cytochromb(Fe*) eytochromb (Fe¥) [ 0,00

cytochrom c (Fe*") cytochrom c (Fe*)

M)
N
plab}
FUFU
>
=S
ol |.©
= | =
g | S
Ol | op
o
o}
o |5
S HE=
Y| o
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e E = 0V pro standardni vodikovy poloc¢lanek (elek-
trodu)
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e E = 0V pro standardni vodikovy poloc¢lanek (elek-
trodu)

e H™ pfi pH 0, 25 °C, 1 atm v rovnovaze s elektrodou z Pt cerni
sycenou Hj
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e E = 0V pro standardni vodikovy poloc¢lanek (elek-
trodu)

e H™ pfi pH 0, 25 °C, 1 atm v rovnovaze s elektrodou z Pt cerni
sycenou Hj

e pH=7= E¥ =-0.421V
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NIKOTINAMIDADENINDINUKLEOTID(FOSFAT)
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NIKOTINAMIDADENINDINUKLEOTID(FOSFAT)

hicotinamide hicotinamide with extra H
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* jejich hydrolyza pohani endergonické reakce
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* jejich hydrolyza pohani endergonické reakce

* obsahuji ,makroergickou vazbu”
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* jejich hydrolyza pohani endergonické reakce
* obsahuji ,makroergickou vazbu”

e centralnirole (univerzalni, energeticka ména “ buriky)
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jejich hydrolyza pohani endergonické reakce

obsahuji ,, makroergickou vazbu”

centrdlnirole (univerzalni , energetickd ména “ bunky)

3 fostatové skupiny vazané 1 fostoesterovou a 2 fosfo-
anhydridovymi vazbami
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jejich hydrolyza pohani endergonické reakce

Slide 15e

obsahuiji ,makroergickou vazbu”

centralni role (univerzalni , energetickd ména “ bunky)

3 fostatové skupiny vazané 1 fostoesterovou a 2 fosfo-

anhydridovymi vazbami

bond

"heaphoanhydrdo

Fhiosphoester T"E

i
i

H}» OH |
h 1

Adenosine




Bioenergetika Slide 16a

¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

reakce prenosu fosforylu — obrovsky metabolicky vyznam
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

reakce prenosu fosforylu — obrovsky metabolicky vyznam

o ATP + H,O — ADP + P; AG® = -30,5 kJ-mol™!
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

reakce prenosu fosforylu — obrovsky metabolicky vyznam
e ATP + H) O — ADP + P; AG' = -30,5 kJ-mol™
ATP + H,O — AMP + PP;
PP; + H,O — 2 P; AG = —45.6 k]-mol™!
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

reakce prenosu fosforylu — obrovsky metabolicky vyznam
e ATP + H) O — ADP + P; AG' = -30,5 kJ-mol™
ATP + H,O — AMP + PP;
PP; + H,O — 2 P; AG = —45.6 k]-mol™!

e kineticka stabilita, termodynamicka nestabilita (vy-
soké AGY)
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP
reakce prenosu fosforylu — obrovsky metabolicky vyznam
e ATP + H,O — ADP + P; AG® = -30,5 kJ-mol™!
ATP + H,O — AMP + PP;
PP; + H,O — 2 P; AG = —45.6 k]-mol™!
e kineticka stabilita, termodynamicka nestabilita (vy-
soké AGY)
e energeticky naboj bunky (obvykle 0,8-0,95)

[ATP] + 5[ADP]
[ATP] + [ADP] + [AMP]
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP
reakce prenosu fosforylu — obrovsky metabolicky vyznam
e ATP + H,O — ADP + P; AG® = -30,5 kJ-mol™!
ATP + H,O — AMP + PP;
PP; + H,O — 2 P; AG = —45.6 k]-mol™!
e kineticka stabilita, termodynamicka nestabilita (vy-
soké AGY)
e energeticky naboj bunky (obvykle 0,8-0,95)

[ATP] + 5[ADP]
[ATP] + [ADP] + [AMP]

* adenylatkinasa
ATP + AMP — 2 ADP
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Ri—O—P + R,—OH «~ R{—O—H + R,—OP

reakce prenosu fosforylu — obrovsky metabolicky vyznam
ATP + H,O — ADP + P; AG® = -30,5 kJ-mol™!
ATP + H)O — AMP + PP;

PP, + H,O — 2 P; AG® = —45.6 k] -mol™
kineticka stabilita, termodynamicka nestabilita (vy-
soké AGY)
energeticky naboj bunky (obvykle 0,8-0,95)

[ATP] + 5[ADP]
[ATP] + [ADP] + [AMP]

adenylatkinasa

ATP + AMP < 2 ADP
ATP se obnovuje za pomoci jesteé exergonictéjsich re-
akci
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e A—B AGY = +4 kcal /mol
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e A—B AGY = +4 kcal /mol

B G0
_A]] = Keq = €1% = 1,15x 107
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e A—B AGY = +4 kcal /mol

B G0
A]] = Keq = €1% = 1,15x 107

e A+ ATP +H,O<~B+ ADP+P; + H*
AGY = -3 3 kcal /mol
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e A—B AGY = +4 kcal /mol

B G0
A]] = Keq = €1% = 1,15x 107

e A+ ATP +H,O<~B+ ADP+P; + H*
AGY = -3 3 kcal /mol

B] [ADP]|P;] 2
K. =% _2 67x1
177A]  [ATD] 6710
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e A—B AGY = +4 kcal /mol

B G0
A]] = Keq = €1% = 1,15x 107

e A+ ATP +H,O<~B+ ADP+P; + H*
AGY = -3 3 kcal /mol

B] [ADP][P] ,
Koy =1 —2,67x1
17 [A]  [ATP] 6710

® VvV rovnovaze: ,
B |ATP]

[A] - ““[ADP][P]
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e A—B AGY = +4 kcal/mol

B G0
A]] = Keq = €1% = 1,15x 107

e A+ ATP +H,O<~B+ ADP+P; + H*
AGY = -3 3 kcal /mol

B] [ADP]|P;] 2
K. =% _2 67x1
177A]  [ATD] 6710

® VvV rovnovaze: ,
B] |ATP]

[A] - ““[ADP][P]

=2 67 x10* %500 = 1,34 x 10°

r1r ) |
D>‘cu
e | —
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e A—B AGY = +4 kcal/mol

B G0
A]] = Keq = €1% = 1,15x 107

e A+ ATP +H,O<~B+ ADP+P; + H*
AGY = -3 3 kcal /mol

B] [ADP][P;] 2
Keg = — - =2,67 %10
177A]  [ATD] 07
® VvV rovnovaze: ,
iﬂ _K |ATP]
A] [ADP][P;]
’B]

=2 67 x10* %500 = 1,34 x 10°

[A]

/

e rovnovazny pomér B/ A je 10°krat vyssi!
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e A—B AGY = +4 kcal/mol

B G0
A]] = Keq = €1% = 1,15x 107

e A+ ATP +H,O<~B+ ADP+P; + H*
AGY = -3 3 kcal /mol

B] [ADP][P;] >
Koy = — - =267 %1
177A]  [ATD] 6710
® VvV rovnovaze: ,
[B] _ X [ATP]
Al ADP][Py]
i]] =2 67 x10* %500 = 1,34 x 10°

e rovnovazny pomér B/ A je 10°krat vyssi!

e hydrolyza n molekul ATP — pomér 10"kréat vyssi!



Bioenergetika Slide 18a




Bioenergetika Slide 18b

e  nizkoenergetické” fostorylované slouceniny
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e  nizkoenergetické” fostorylované slouceniny

e vzajemné premeny N1P
e tvorba CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP
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e  nizkoenergetické” fostorylované slouceniny

e vzajemné premeny N1P
e tvorba CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

e nukleosiddifosfatkinasa
ATP + NDP « ADP + NTP
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e  nizkoenergetické” fostorylované slouceniny

e vzajemné premeny N1P
e tvorba CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

e nukleosiddifosfatkinasa
ATP + NDP « ADP + NTP

* déje zalozené na konformacnich zménach proteint
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e  nizkoenergetické” fostorylované slouceniny

e vzajemné premeny N1P
e tvorba CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

e nukleosiddifosfatkinasa
ATP + NDP « ADP + NTP

* déje zalozené na konformacnich zménach proteint

e skladani (folding) proteinti
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e  nizkoenergetické” fostorylované slouceniny

e vzajemné premeny N1P
e tvorba CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

e nukleosiddifosfatkinasa
ATP + NDP « ADP + NTP

* déje zalozené na konformacnich zménach proteint

e skladani (folding) proteinti

o aktivni transport
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e  nizkoenergetické” fostorylované slouceniny

e vzajemné premeny N1P
e tvorba CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

e nukleosiddifosfatkinasa
ATP + NDP « ADP + NTP

* déje zalozené na konformacnich zménach proteint

e skladani (folding) proteinti

o aktivni transport

e pohyby
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e substratova fostorylace
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e substratova fostorylace

e oxidacni fostorylace (fotofosforylace)
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e substratova fostorylace

e oxidacni fostorylace (fotofosforylace)
e adenylatkinasova reakce
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e substratova fostorylace

e oxidacni fostorylace (fotofosforylace)
e adenylatkinasova reakce

e fostageny
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e substratova fostorylace

e oxidacni fostorylace (fotofosforylace)
e adenylatkinasova reakce

e fostageny
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e substratova fostorylace

e oxidacni fostorylace (fotofosforylace)
e adenylatkinasova reakce

e fostageny

e prumeérny dospély jedinec v klidu
kolem 3 mol/h (1,5 kg/h), tj. kolem 40 kg/den
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e substratova fostorylace

e oxidacni fostorylace (fotofosforylace)
e adenylatkinasova reakce

e fostageny

e prumeérny dospély jedinec v klidu
kolem 3 mol/h (1,5 kg/h), tj. kolem 40 kg/den

* intenzivni namaha —az 0,5 kg/min
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e fostoanhydridy
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e fostoanhydridy

e rezonandcni stabilizace
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e fostoanhydridy

e rezonancni stabilizace
o elektrostatickd repulze
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e fostoanhydridy

e rezonancni stabilizace
o elektrostatickd repulze
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e fostoanhydridy

e rezonancni stabilizace
o elektrostatickd repulze

e vySSsi solvatacni energie produkta hydrolyzy
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e fostoanhydridy

e rezonancni stabilizace
o elektrostatickd repulze

e vySSsi solvatacni energie produkta hydrolyzy

e ostatni anhydridy
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e fostoanhydridy

e rezonancni stabilizace
o elektrostatickd repulze

e vySSsi solvatacni energie produkta hydrolyzy
e ostatni anhydridy
o fostosulfaty, acyltostaty
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e fostoanhydridy

e rezonancni stabilizace
o elektrostatickd repulze

e vySSsi solvatacni energie produkta hydrolyzy
e ostatni anhydridy
o fostosulfaty, acyltostaty

e karbamoylfosfat
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e fostoanhydridy

e rezonancni stabilizace
o elektrostatickd repulze

e vySSsi solvatacni energie produkta hydrolyzy
e ostatni anhydridy
o fostosulfaty, acyltostaty

e karbamoylfosfat

e fostoguanidiny (fostageny —fosfokreatin, fosfoarginin)
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e fostoanhydridy

e rezonancni stabilizace
o elektrostatickd repulze

e vySSsi solvatacni energie produkta hydrolyzy
e ostatni anhydridy
o fostosulfaty, acyltostaty

e karbamoylfosfat
e fostoguanidiny (fostageny —fosfokreatin, fosfoarginin)
* enolfosfaty
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e fostoanhydridy

e rezonancni stabilizace
o elektrostatickd repulze

e vySSsi solvatacni energie produkta hydrolyzy
e ostatni anhydridy
o fostosulfaty, acyltostaty

e karbamoylfosfat
e fostoguanidiny (fostageny —fosfokreatin, fosfoarginin)
* enolfosfaty

* thioestery
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HO OH
Adenosintrifosfat (ATP)

NH,

HO OH
Adenosindifosfat (ADP)

I
O-

Acetylfosfat
(Acylfosfaty)

0

W ..

o-

Fosfoenolpyruvat
(Enolfosfaty)

Slide 21a

Fosfokreatin
(Fosfamidy)

COA-S~COCH3

Acetylkoenzym A
(Thicestery)
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Rozdéleni organismu podle zpiisobu vyzivy (trofiky)

Zdroj energie Z.droj uhliku
CO; Organicke latky

Svétlo FOTOLITOTROFNI F OTOORGANOTROFNI

zelené a purpurove sirné purpuroveé nesirne bakterie,

bakterie, rasy, sinice, zelene autotrofni prvoci (krasnoocko)
rostliny
Oxidace substratt CHEMOLITOTROFNI CHEMOORGANOTROFNI

(anorganické substraty) (organicke substraty)
sirné, zelezité, nitrifikacni bakterie, houby, prvoci,
bakterie ZivocCichové
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SCHEMA ENERGETICKEHO METABOLISMU

aminokyseliny mastné kyseliny

B-oxidace

<

citratovy cyklus

It tivni -
> ddhy T laktat

NADH NAD' ethanol

propionat
u butyrat

glykolyza

o butanol
fermentacni formiat

NADH regenerace H )
NAD" NADH CO»

Y

@ sukcinat

acetat
2,3-butandiol

oxidacni

dekarboxylace

i

\/

respiracni
retézec

oxidacni
fosforylace

CO,

Calvintv cyklus

Y

NADPH NADP"

\\/ h
fotosynteticky NS\P Y

elektrontransportni

retézec ADP
fotofosforylace
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BIOENERGETIKA
* jak organismy
o ziskavaji,
. premenuji,
. ukladaji
° a vyuzivaji

energii



Bioenergetika Slide 2

TERMODYNAMIKA

e vzajemné pfemény ruznych druht energie

e sméfovani tyzikdlnich a chemickych pochodt
metitko samovolnosti (uskutecnitelnosti d€jti)
® rovnovazne stavy

Z AKLADNI POJMY

e systém (soustava) — libovolna ¢ast prostoru uvazovana oddé-
len€ od okoli

* jizolovany — nevymeénuje s okolim hmotu ani energii
* uzavieny — vymeénuje s okolim jen energii, nikoli hmotu
* otevieny — vyménuje s okolim hmotu i energii

ZIVE SYSTEMY JSOU VZDY OTEVRENE!

e okoli — zbytek vesmiru
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PRVNI VETA TERMODYNAMIKY

* Energii nelze vytvofit ani znicit.

AU = Ukoneéné — Upoééteéni — Q - W

U — vnitfni energie soustavy
Q — teplo pfijaté soustavou od okoli
W — prace vykonana soustavou na okoli

* jzobaricky déj (p = konst.)
AU = Q, — AlpV)
U+pV =H

J
AH=A(U+]9V) = Qp

p — tlak, V — objem, H — enthalpie
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DRUHA VETA TERMODYNAMIKY

* Nelze sestrojit periodicky pracujici tepelny stroj, ktery
by dodéval okoli praci na ukor tepla odebiraného je-
dinému tepelnému rezervodaru.

e Teplo nemtize pfi styku dvou téles rtiznych teplot sa-
movolné pfechazet z télesa chladnéjsiho na téleso tep-

lejsi.
j[ Q
T
* entropie
2§ =2
T
S=k-InP

e ukazatel samovolnosti déje v adiabaticky izolovanych soustavach

ASsoustava + ASokoli = ASvesmir > ()
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GIBBSOVA (VOLNA) ENERGIE

G=H-TS = AG =AH - TAS = Q, — TAS

e Kkona-li systém préaci, je AG = Q, — TAS + W’
/
TAS2Q, =>AG<W
e vbiol. systému objemova prace zanedbatelnd = AG = max. price
e readlny d€j neni nikdy reversibilni = AG < -W' =
Praci vlozenou do systému nelze celou ziskat zpét.
e Ubytek G je roven maximéalni préci, kterou mtiZe sys-
tém odevzdat pfiizotermicko-izobarickém déji do okoli.

e rovnovaha: AG =0
e samovolny (exergonicky) déj: AG < 0 (mtze konat praci)

e endergonicky déj: AG >0
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(GIBBSOVA ENERGIE
* jeden z tzv. termodynamickych potencialti

e zadna informace o rychlosti — ta ddana mechanismem
* (ne)moznost dé€je dana jen pocatecnim a konecnym stavem

e katalyzator (enzym) muze urychlit dosazeni rovnovahy, ale ne zménit
jeji stav
* = moznost sprazeni

e zavisina teploté: rovnovéaha: T = 42

AF A% Alr = AN — T AN

: The reaction i both enthalpically favored
(exothermic) and entropically favored.
It is spontaneows {exergonic ) at all
temperatures.

The reaction i enthalpically favored but
entropically opposed. It i spontaneouws
only at temperatures below T = AFAVAS.

: The reaction i enthalpically opposed
(endothermic) but entropically favored.
It is spontaneous only at kemperatures
above T = AHVAS.
The reaction i both enthalpically and
entropically opposed. It B wrspontanecus
(endergonic) at all temperatures
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CHEMICKE ROVNOVAHY

e pro reakci aA +bB <~ ¢cC +dD
[CI[D)"
[AJ[B]’

AGY ... standardni zmé&na G dané reakce

AG = AG + RT In

e konstantni ¢len — zavisi jen na konkrétni reakci

e proménny clen — zavisi na teploté a koncentracich reaktantti
a produktu

e rovnovaha: AG = 0= AG” = —RT InK¢q

e AG’ a Kq v pfimém vztahu

* 10ndsobnd zména Keq zméni AG’ 0 5.7 kJ/mol
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ZMENA (GIBBSOVY ENERGIE

AG' = Z AG{(products) — Z AG{(reactants)
AGY ... AGY syntézy z prvki

Compound —AGT (kI - mol-) H,l(g) 0.0
FAT “F
Acetaldehyde 139.7 "':':fifl _ 1372
Acetates WG 7 Isocitrate” | 1500
A cetvl-CoA 174.1° ﬂ']‘:.EIZI:IElUI.:Ir.II:E: TOR.O
EEEE— I Lactate Slb.6
cir-Aconitate’ C0.9
CO:(g) 1944 L-Malate® 2451
E r
COuiag) 386.2 — 1 1573
HOO 5871 Oixaloacetate® T97.2
Citz. ; ; I ll'.:rl:i-.E- Phasphosnolpyrovate’ | 3605
ale . -
Dihydroxyacetone’ 1 293.2 e | 285.6
Ethanol : IEI'; 3-Phosphoglycerate” 1515.7
Fl ano I;llj.li Pyruvale iy
moctose . -

Suwccinate® 6002
Fructosc-6-phosphate? | 758.3 Socinvl-CaA 586,72
Fructose- | 6-bisphosphate® 26008 - ' .
Fumarate” Gid. 7 “For [ormation from free clements + free Cod (cozmeyme A).

Svarce: Metzler, [LE., Biochericiry, The Chemica' Reactions of Living

Bl . il Cefls (2nd o ), pp. 290-291, Harcourt/ Academic Press 2001
Ghucose-G-phosphate | Thi3

Ghlyoeraldehyde-3-phosphate” | 285.6
H* o
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ZMENA GIBBSOVY ENERGIE

e standardni stav
e aktivita 1 mol/l
o 25°(
e ] atm
* biochemicky standardni stav

e aktivita vody =1
e pH=7

e latky podléhajici acidobazické disociaci: ¢ = celkova ¢ vSech
forem pfi pH =7
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SPRAZENE REAKCE

A+B<—=C+D AG1

D+E<—F+G AG,

A+B+E<—~C+F+G AGs = AG1 + AGsy < 0

AG"” (kJ.mol™)

Endergonicka reakce: glukosa + P; & glukosa-6-fosfat + H,O +13,8
Exergonicka reakce: ATP+H,O = ADP+P; -30,5

Sprazena reakce: glukosa + ATP = glukosa-6-fosfat + ADP -16,7
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REDOXNI POTENCIAL

Ag: Bred — Arec‘l BI(};_

AU
O

[Ared][Box

AG = AG’ + RT In oX

[ADF][Bred]

AG = —nF AE

o RT . [red] | + RT | [A,.4q][BY
F = £ . — AE = AEY n R4 Tox
S e ™ ) S N [
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| S—

REDOXNIi POTENCIAL

E jako energeticka skala

Redukovana forma Oxidovana forma E” (V) AG”
acetaldehyd acetat -0,60 | —hodnoty | VySSi

H, 2H" -0,42 | (reduktans)

isocitrat 2-oxoglutarat + CO, -0,38 A A A
glutathion-SH glutathion-SS -0,34

NADH + H' NAD' 0,32 -
glyceraldehyd-3-fosfat + HsPO, 1,3-bisfosfoglycerat -0,28 %; %;
FADH, FAD -0,20 g |2
laktét pyruvat 019], 1| . 5|
malat oxalacetat -0,17 % 'q'é
cytochrom b (Fe*") cytochrom b (Fe®") 0,00 N
sukcinat fumarat +0,03

dihydroubichinon ubichinon +0,10

cytochrom c (Fe*") cytochrom c (Fe’") +0,26 v v
H,0; O +0,29| + hodnoty

H,O 15 O, +0,82| (oxidans) | nizsi
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REDOXNIi POTENCIAL

e £ = 0V pro standardni vodikovy poloc¢lanek (elek-
trodu)

e H" pfipH 0, 25 °C, 1 atm v rovnovaze s elektrodou z Pt ¢erni
sycenou H

e pH=7= E¥ =-0.421V
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NAD(P)*

NIKOTINAMIDADENINDINUKLEOTID(FOSFAT)

o 0
I | "
O=P—0 N 0=P—0 NS
o) o)
o o)
OH OH OH OH
o= P— f\) O=P— f\)
O \Wi;;;;% C) \\k;;:;%
OH OH OH O
0=p—0
o

RepoxNi REAKCE NAD(P)" +—— NADP)H + H”

H
ﬁ o)
N
N N

hicotinamide hicotinamide with extra H
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MAKROERGICKE SLOUCENINY

* jejich hydrolyza pohani endergonické reakce
* obsahuji ,makroergickou vazbu”

ATP
e centrdlnirole (univerzalni , energeticka ména “ bunky)

e 3 fostatové skupiny vazané 1 fostoesterovou a 2 fostfo-
anhydridovymi vazbami

H OH

|
i
AMP :
i
]
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ATP
Ri—O—P + Rb—OH «~ R{—O—H + R,—OP
reakce prenosu fosforylu — obrovsky metabolicky vyznam
ATP + H,O — ADP + P; AG® = -30,5 kJ-mol™!
ATP + H)O — AMP + PP;

PP; + H,O — 2 P; AG® = —45.6 k] -mol™
kineticka stabilita, termodynamicka nestabilita (vy-
soké AGY)
energeticky naboj bunky (obvykle 0,8-0,95)

[ATP] + 5[ADP]
[ATP] + [ADP] + [AMP]

adenylatkinasa

ATP + AMP < 2 ADP
ATP se obnovuje za pomoci jesteé exergonictéjsich re-
akci
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SPRAZENE REAKCE
e A—B AGY = +4 kcal/mol
B G0
A]] = Keq = e1% =1,15x 107

e A+ ATP +H,O<~=B+ ADP+P; + H*
AGY = -3 3 kcal /mol

B] [ADP][P;] 2
Keg = — - =2,67 %1
177A]  [ATD] 6710
® VvV rovnovaze: ,
iﬂ _K |ATP]
A] [ADP][P;]
'B]

=2 67 x10°%x500 = 1,34 x 10°

[A]
e rovnovazny pomér B/ A je 10°krat vyssi!

e hydrolyza n molekul ATP — pomér 10"kréat vyssi!
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SPOTREBA ATP
/ . yari / A% .
e  nizkoenergetické” fostorylované slouceniny

e vzajemné premeny N1P
e tvorba CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

e nukleosiddifosfatkinasa
ATP + NDP « ADP + NTP

* déje zalozené na konformacnich zménach proteint

e skladani (folding) proteinti

e aktivni transport

e pohyby
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VzNIK ATP

e substratova fostforylace
e oxida¢ni fosforylace (fotofosforylace)
e adenylatkinasova reakce

e fostageny

METABOLICKY OBRAT ATP
e prumérny dospély jedinec v klidu
kolem 3 mol/h (1,5 kg/h), tj. kolem 40 kg /den

* intenzivni ndmaha —az 0,5 kg/min
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,MAKROERGICKA VAZBA"

e fostoanhydridy

e rezonancni stabilizace
o elektrostatickd repulze

i i f [ 7T

R ~P. — A, P L S
HO™ | "D HO™ /' "0 HO™ | ™D HOF [ "0 RO™ O
o 0 0 0 o 0o

e vySsisolvatacni energie produktti hydrolyzy
e ostatni anhydridy
o fosftosulfaty, acyltostaty

e karbamoylfosfat
e fostoguanidiny (fostageny —fostokreatin, fosfoarginin)
e enolfosfaty

e thioestery
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Rozdéleni organismu podle zpusobu vyzivy (trofiky)

Z.droj energie Zdroj uhliku
CO; Organicke latky

Svétlo F OTOLITOTROFNI F OTOORGANOTROFNI
zelené a purpurove sirné purpuroveé nesirne bakterie,
bakterie, rasy, sinice, zelene autotrofni prvoci (krasnoocko)
rostliny

Oxidace substratu CHEMOLITOTROFNIi CHEMOORGANOTROFNI
(anorganické substraty) (organicke substraty)
sirné, zelezité, nitrifikacni bakterie, houby, prvoci,
bakterie zivocichove
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SCHEMA ENERGETICKEHO METABOLISMU

. . - . alternativni
aminokyseliny mastné kyseliny .@ —> dréhy N
NADH NAD"

laktat

ethanol

propionat
l u butyrat
butanol
, fermentacni formiat
| glykolyza % NADH D regenerace Ho
B-oxidace NAD' RADH -

¢ acetat

"l‘ Cpyruvit ) cokcindt
/A'A L
" oxidacni

dekarboxylace

citratovy cyklus Calvintv cyklus
<

‘ CO,
NADH NAD™" NADPH NADP™"
\_/ \/ hv
ADP respiracni fatosynteticky D] .o
Yatdzec elektrontransportni
0 Fetézec ADP
DT fotofosforylace
ATP fosforylace H,O y ATP
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BIOENERGETICS
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BIOENERGETICS

* how organisms

- gain,

o transform,
store

J and utilize

energy
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THERMODYNAMICS
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* mutual conversions of different energy types

e directions of physical and chemical processes
measure of spontaneity (possibility) of processes

e equilibrium states
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—

* mutual conversions of different energy types

e directions of physical and chemical processes
measure of spontaneity (possibility) of processes

e equilibrium states
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* mutual conversions of different energy types

e directions of physical and chemical processes
measure of spontaneity (possibility) of processes

e equilibrium states

e system —an arbitrary part of space considered apart of its sur-
roundings
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L

* mutual conversions of different energy types

e directions of physical and chemical processes
measure of spontaneity (possibility) of processes

e equilibrium states

e system —an arbitrary part of space considered apart of its sur-
roundings

* jsolated — cannot exchange neither matter nor energy with the sur-
roundings

e closed — exchanges only energy, not matter
* jsolated —exchanges both energy and matter
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* mutual conversions of different energy types

e directions of physical and chemical processes
measure of spontaneity (possibility) of processes

e equilibrium states

e system —an arbitrary part of space considered apart of its sur-
roundings

* jsolated — cannot exchange neither matter nor energy with the sur-
roundings

e closed — exchanges only energy, not matter
* jsolated —exchanges both energy and matter
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 mutual conversions of different energy types

e directions of physical and chemical processes
measure of spontaneity (possibility) of processes

e equilibrium states

e system —an arbitrary part of space considered apart of its sur-
roundings

* jsolated — cannot exchange neither matter nor energy with the sur-
roundings

e closed — exchanges only energy, not matter
* jsolated —exchanges both energy and matter

e surroundings — the rest of the universe
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FIRST LAW OF THERMODYNAMICS
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FIRST LAW OF THERMODYNAMICS
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L

FIRST LAW OF THERMODYNAMICS

U — the system energy
Q — the heat absorbed by the system from the surroundings
W — work done by the system on the surroundings
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FIRST LAW OF THERMODYNAMICS

U — the system energy
Q — the heat absorbed by the system from the surroundings
W — work done by the system on the surroundings

* jsobaric process (p = const.)
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L

FIRST LAW OF THERMODYNAMICS

U — the system energy
Q — the heat absorbed by the system from the surroundings
W — work done by the system on the surroundings

* jsobaric process (p = const.)
U+pV =
U

p — pressure, V — volume,
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SECOND LAW OF THERMODYNAMICS




Bioenergetics Slide 4b

SECOND LAW OF THERMODYNAMICS
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SECOND LAW OF THERMODYNAMICS
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SECOND LAW OF THERMODYNAMICS
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SECOND LAW OF THERMODYNAMICS

* entropy
AS =

~ O
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SECOND LAW OF THERMODYNAMICS

* entropy
AS = —

S=k- -InP
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SECOND LAW OF THERMODYNAMICS

* entropy
AS = 2
T
S=k-InP

e an indicator of process spontaneity only in adiabatically isolated sys-
tems
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SECOND LAW OF THERMODYNAMICS

* entropy
As = 2
T
S=k-InP
e an indicator of process spontaneity only in adiabatically isolated sys-
tems

ASsystem + ASsurroundings = ASuniverse > 0
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(GIBBS FREE ENERGY

G=H-T5 = AG=AH -TAS =Q, - TAS
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(GIBBS FREE ENERGY

G=H-TS = AG =AH -TAS = Q,— TAS

* the system does a work, then AG = Q, — TAS + W'
TAS 2 Q, = AG<W
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-

G=H-TS = AG =AH -TAS = Q,— TAS

* the system does a work, then AG = Q, — TAS + W'
TAS 2 Q, = AG<W

* in a biol. system, pV-work unimportant = AG = max. work
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G=H-TS = AG =AH -TAS = Q,— TAS

* the system does a work, then AG = Q, — TAS + W'
TAS 2 Q, = AG<W

* in a biol. system, pV-work unimportant = AG = max. work

* a real process is never reversible = AG < -W' =
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G=H-TS = AG =AH -TAS = Q,— TAS

* the system does a work, then AG = Q, — TAS + W'
TAS 2 Q, = AG<W

* in a biol. system, pV-work unimportant = AG = max. work

* a real process is never reversible = AG < -W' =

* G decrease in a biological process represents its max-
imum recoverable work.
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G=H-TS = AG =AH -TAS = Q,— TAS

* the system does a work, then AG = Q, — TAS + W'
TAS 2 Q, = AG<W

* in a biol. system, pV-work unimportant = AG = max. work

* a real process is never reversible = AG < -W' =

* G decrease in a biological process represents its max-
imum recoverable work.

e equilibrium: AG =0



Bioenergetics Slide 5g

G=H-TS = AG =AH -TAS = Q,— TAS

* the system does a work, then AG = Q, — TAS + W'
TAS 2 Q, = AG<W

* in a biol. system, pV-work unimportant = AG = max. work

* a real process is never reversible = AG < -W' =

* G decrease in a biological process represents its max-
imum recoverable work.

e equilibrium: AG =0

* spontaneous (exergonic) process: AG < 0 (it can do work)
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G=H-TS = AG =AH -TAS = Q,— TAS

* the system does a work, then AG = Q, — TAS + W'
TAS 2 Q, = AG<W

* in a biol. system, pV-work unimportant = AG = max. work

* a real process is never reversible = AG < -W' =

* G decrease in a biological process represents its max-
imum recoverable work.

e equilibrium: AG =0
* spontaneous (exergonic) process: AG < 0 (it can do work)

* endergonic process: AG >0
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FREE ENERGY
* one of the "thermodynamic potentials”
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FREE ENERGY
* one of the "thermodynamic potentials”

* no information about the rate — it is given by the mechanism
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FREE ENERGY
* one of the "thermodynamic potentials”

* no information about the rate — it is given by the mechanism

* (non-)possibility of a process given only by the initial and fi-
nal states
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FREE ENERGY
* one of the "thermodynamic potentials”

* no information about the rate — it is given by the mechanism

* (non-)possibility of a process given only by the initial and fi-
nal states

* a catalyst (enzyme) can only accelerate equilibrium attainment, not
change its state
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FREE ENERGY
* one of the "thermodynamic potentials”

* no information about the rate — it is given by the mechanism

* (non-)possibility of a process given only by the initial and fi-
nal states

* a catalyst (enzyme) can only accelerate equilibrium attainment, not
change its state

* = coupling is possible
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* one of the "thermodynamic potentials”

* no information about the rate — it is given by the mechanism

* (non-)possibility of a process given only by the initial and fi-
nal states

* a catalyst (enzyme) can only accelerate equilibrium attainment, not
change its state

* = coupling is possible

AH

* depends on temperature: equilibrium: T = %=



Bioenergetics

* one of the "thermodynamic potentials”

Slide 6g

* no information about the rate — it is given by the mechanism

* (non-)possibility of a process given only by the initial and fi-

nal states

* a catalyst (enzyme) can only accelerate equilibrium attainment, not

change its state
* = coupling is possible

* depends on temperature: equilibrium: T =

Alr = A — T AN

The reaction i both enthalpically favored
(exothermic) and entropically favored.

It is spontaneows {exergonic ) at all
temperatures

The reaction i enthalpically favored but
entropically opposed. It i spontaneouws
only at temperatures below T = AAVAS.

The reaction i enthalpically opposed
(endothermic) but entropically favored.
It is spontaneows only at temperatures
above T = AHVAS.

The reaction i both enthalpically and
entropically opposed. It b erspontanecus
(endergonic) at all temperatures

AH
AS
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e for areaction aA + bB = ¢cC +dD
[C][D]“
[A]*[B]”

AG' ... standard G change of the reaction

AG = AGY + RT In
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e for areaction aA + bB = ¢cC +dD
[C][D]“
[A]*[B]”

AG' ... standard G change of the reaction

AG = AGY + RT In

e constant term — depends only on the reaction
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e for areaction aA + bB = ¢cC +dD
[C][D]“
[A]*[B]”

AG' ... standard G change of the reaction

AG = AGY + RT In

e constant term — depends only on the reaction

e variable term — depends on temperature and concentratins
of reactants and products
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e for areaction aA + bB = ¢cC +dD
[C][D]“
[A]*[B]”

AG' ... standard G change of the reaction

AG = AGY + RT In

e constant term — depends only on the reaction

e variable term — depends on temperature and concentratins
of reactants and products

o equilibrium: AG =0 = AG"” = —RT In K¢q

[CF[DF

Rea = [AFBr ="
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e for areaction aA + bB = ¢cC +dD
[C][D]“
[A]*[B]”

AG' ... standard G change of the reaction

AG = AGY + RT In

e constant term — depends only on the reaction

e variable term — depends on temperature and concentratins
of reactants and products

o equilibrium: AG =0 = AG"” = —RT In K¢q

C[CFIDY
I~ [AFIBP

e AG’ and K4 directly related

K
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e for areaction aA + bB = ¢cC +dD
[C][D]“
[A]*[B]”

AG ... standard G change of the reaction

AG = AG’ + RT In

e constant term — depends only on the reaction

e variable term — depends on temperature and concentratins
of reactants and products

e equilibrium: AG =0 = AG” = —RT InK¢q

[CFIDF _
[AI[BF

e AG’ and K4 directly related
¢ 10-fold change in K¢q changes AG" by 5.7 k] /mol

Keq =
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AG’ =Y AG{(products) — } ' AG{(reactants)

AGY ... AGY of formation
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AG’ =Y AG{(products) — } ' AG{(reactants)

AGY ... AGY of formation

H,(g]
H, 0 £)
Isccitrate”

AGT (k) - mod 1)
Acetaldehyde 130.7
Acetate 34602 _ _
Acety-CoA 374.1° a-Ketoghuarate’
civ-Aconitate’ o209
Cilig) 394.4
Cili ag) i86.2
HOO T |

Citrate? | 156.6

Lactate
I-Malate®
OH

Dxaloacetats”

Phasphoenolpyrovate”

2-Phasphoslveerate”

Dihydroxyacetone’ 1 293.2
Ethanol 181.5
Fructose o154
Fructose-6-phosphate® | 758.3
Fructose- | 6-bisphosphate® 260008

Fumarate’ o

3-Phasphowlveerate”
Fyruvate
Suwccinate®
Suocinyl-CoA
“lor formation from free demenis + free CoA (cosmryme A).

Sowrce: Metrler, ILE., Biocheaminry, The Chemical Reactkons of Living

a-D-Gilucose Ceils (2nd ed ), pp. 290-291, Harcowt/Academic Press (2001)

Ghicose-§-phosphate”
Ghlyceraldebyde-3-phosphate’
H*
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e standard state
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e standard state
e activity 1 mol/I
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e standard state
e activity 1 mol/I

o 25°C
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e standard state
e activity 1 mol/I
o 25°C
e ] atm
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e standard state
e activity 1 mol/I
e 25°C
e ] atm
e biochemical standard state
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e standard state
e activity 1 mol/I
o 25°C
e ] atm

e biochemical standard state
e water activity = 1
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e standard state
e activity 1 mol/I
o 25°C
e ] atm

e biochemical standard state
e water activity = 1

e pH=7
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e standard state
e activity 1 mol/I
e 25°C
e ] atm
e biochemical standard state
e water activity = 1
e pH=7

* substances undergoing acidobasic dissociation: ¢ = total ¢ ot
all species at pH =7
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COUPLED REACTIONS
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A+B<—=C+D AG1
D+E<~F+G AG»
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A+B<—=C+D AG1
D+E<~F+G AG»

A+B+E—C+F+G AGs = AG1 + AGyr < (0
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A+B—=C+D AG1
D+E<~F+G AG»

A+B+E—~C+F+G AGs = AG1 + AGy; < 0

AG’” (kJ.mol™)
Endergonic reaction: glucose + P; = glucose-6-phosphate + H,O +13,8
Exergonic reaction: ATP+H,O = ADP+P; -30,5

Coupled reaction: glucose + ATP = glucose-6-phosphate + ADP 16,7
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REDOX POTENTIAL
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N+ N+
A, +Bied = Areq + By
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Sait
bndge
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N

[Aeal[B2*
AG = AGY + RT In B¢
[lA‘Iol>J<r ] [Bred]
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N

| A ed[Bg(I_

AG = AG’ + RT In
[lA‘Iol>J<r ] [Bred]

AG = -W' = —W,, = —nF AE
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TAreal B2

AG = AG' + RT In
[A ][Bred]
AG = -W'=—-W = -nF AE
- ] RT j ' re
E=p— Nl AE - AR RT i e Box

nk  lox] [AM][Byed]
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| —

E as an energy scale
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| —

E as an energy scale

Reducedform  |Oxidizedfom | E"(V) [AG” |
acetaldehyde ~ Jacetate  |-0,60]
isocitrate

glutathione-SH glutathione-SS
NADH + H”
glyceraldehyde-3-phosphate + H;PO,|1,3-bisphosphoglycerate | -0,28
FADH, FA

lactate pyruvate

1 1
=R
L | Qo
N B

w
I
=
N
-,

malate oxalacetate

1

=
—_
~

exergonic reaction
endergonic reaction

cytochrome b (Fe*") cytochrome b (Fe’")

succinate fumarate

lactate  lpymvae |09

+ | +
k=
o |®

dihydroubiquinone ubiquinone

+
@)
No
@)

cytochrome c (Fe*) cytochrome c (Fe®")

H,0; + values
H,O 14 (oxidant)

&
&
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e EY = 0V for standard hydrogen half-reaction (elec-
trode)
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e EY = 0V for standard hydrogen half-reaction (elec-
trode)

e H"atpHO,25°C, 1 atm in equilibrium with Pt-black electrode
saturated with H»
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e EY = 0V for standard hydrogen half-reaction (elec-
trode)

e H"atpHO,25°C, 1 atm in equilibrium with Pt-black electrode
saturated with H»

e pH=7= E¥ =—0.421V
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NICOTINAMIDE ADENINE DINUCLEOTIDE (PHOSPHATE)
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NICOTINAMIDE ADENINE DINUCLEOTIDE (PHOSPHATE)

hicotinamide hicotinamide with extra H
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* hydrolyzed to drive endergonic reactions
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* hydrolyzed to drive endergonic reactions

e contain “high-energy bond”
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* hydrolyzed to drive endergonic reactions
e contain “high-energy bond”

* acentral role (universal “energy currency” of the cell)
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hydrolyzed to drive endergonic reactions

contain “high-energy bond”

a central role (universal “energy currency” of the cell)

3 phosphoryl groups bound by one phosphoester and
two phosphoanhydride bonds
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hydrolyzed to drive endergonic reactions

contain “high-energy bond”

Slide 15e

a central role (universal “energy currency” of the cell)

3 phosphoryl groups bound by one phosphoester and
two phosphoanhydride bonds

bond

"heaphoanhydrdo

Fhiosphoester T"E

i

i

H}» OH |
h 1

Adenosine
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

ghosghoryl transfer reaction — enormous metabolic signifi-
anc
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

hosghoryl transfer reaction — enormous metabolic signifi-
anc

e ATP + H,O — ADP+P;  AG° =-30.5 k]-mol™
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

ghosghoryl transfer reaction — enormous metabolic signifi-
anc

e ATP + H,O — ADP+P;  AG° =-30.5 k]-mol™

ATP + H,O — AMP + PP;
PPi HQO — 2 Pi AGO = —-45.6 k]'IIIOl_l
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

ghosghoryl transfer reaction — enormous metabolic signifi-
anc

e ATP + H,O — ADP+P;  AG° =-30.5 k]-mol™

ATP + H,O — AMP + PP;
PPi HQO — 2 Pi AGO = —-45.6 k]'IIIOl_l

e kinetic stability, thermodynamic instability (high AG")
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

ghosghoryl transfer reaction — enormous metabolic signifi-
anc

e ATP + H,O — ADP+P;  AG° =-30.5 k]-mol™

ATP + H,O — AMP + PP;
PPi HQO — 2 Pi AGO = —-45.6 k]'IIIOl_l

e kinetic stability, thermodynamic instability (high AG")

e cell energy charge (usually 0.8-0.95)

[ATP] + 5[ADP]
[ATP] + [ADP] + [AMP]
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

ghosghoryl transfer reaction — enormous metabolic signifi-
an

C

ATP + H, O — ADP + P; AGY = -30.5 kJ]-mol™!
ATP + H,O — AMP + PP;

PP; + H,O — 2

Pi AGO = —45.6 k]'IIIOl_l

kinetic stability, thermodynamic instability (high AG")

cell energy charge (usually 0.8-0.95)

[ATP] + 5[ADP]

[ATP] + [ADP] + [AMP]

adenylate kinase
ATP + AMP — 2 ADP
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¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

ghosghoryl transfer reaction — enormous metabolic signifi-
anc

e ATP + H,O — ADP+P;  AG° =-30.5 k]-mol™

ATP + H,O — AMP + PP;
PPi HQO — 2 Pi AGO = —-45.6 k]'IIIOl_l

e kinetic stability, thermodynamic instability (high AG")

e cell energy charge (usually 0.8-0.95)

[ATP] + 5[ADP]
[ATP] + [ADP] + [AMP]

* adenylate kinase

ATP + AMP — 2 ADP
e ATP is formed using more exergonic reactions
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e A—B AGY = +4 kcal /mol
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e A—B AGY = +4 kcal /mol

3] DeL 3
ﬁ - Keq =¢136 =1.15%x 10
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e A—B AGY = +4 kcal /mol

- »
’T]] = Keg = €% = 1.15% 107

e A+ ATP +H,O<~ B+ ADP + P, + H*

AGY = —3.3 kcal /mol
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e A—B AGY = +4 kcal /mol

- »
’T]] = Keg = €% = 1.15% 107

e A+ ATP +H,O<~ B+ ADP + P, + H*

AGY = —3.3 kcal /mol

B] [ADP]|P;] )
Ke —_— : . =2. 7 1
1=[a] [atp] M




Bioenergetics Slide 17e

e A—B AGY = +4 kcal /mol

- »
’T]] = Keg = €% = 1.15% 107

e A+ ATP +H,O<~ B+ ADP + P, + H*
AGY” = —3.3 kcal /mol

~ [B] [ADP][P;] >
Keq = Al [ATP] 2.67 x 10
e atequilibrium:
[B] _ % |ATP]
Al [ADP][P|]
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e A—B AGY = +4 kcal /mol

B ~AGY
X]]—Keq—ewcé - 1.15x 1073

e A+ ATP +H,O<~ B+ ADP + P, + H*
AGY” = —3.3 kcal /mol

~ [B] [ADP][P;] >
Keq = Al [ATP] 2.67 x 10
e atequilibrium:
[B] _ % |ATP]
Al [ADP][P|]

[B]

N —2.67 x 10> %500 = 1.34 x 10°
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e A—B AGY = +4 kcal /mol

B ~AGY
X]]—Keq—ewcé =1.15% 1072

e A+ ATP +H,O<~ B+ ADP + P, + H*
AGY” = —3.3 kcal /mol

B] [ADP]|Pi] >

Ke — : . — 2. 7 1
177A] [ATP] 6710
e atequilibrium:

[B] ” [ATP]

Al [ ADP][Py]
B
A]] —2.67 x10* %500 = 1.34 x 10°

¢ the equilibrium B/ A ratio is 10%times higher!
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e A—B AGY = +4 kcal /mol

B ~AGY
X]]—Keq—ewcé =1.15% 1072

e A+ ATP +H,O<~ B+ ADP + P, + H*
AGY” = —3.3 kcal /mol

B] [ADP]|Pi] >

Ke — : . — 2. 7 1
177A] [ATP] 6710
e atequilibrium:

[B] ” [ATP]

Al [ ADP][Py]
B
A]] —2.67 x10* %500 = 1.34 x 10°

¢ the equilibrium B/ A ratio is 10%times higher!
e 1 ATP molecules hydrolyzed — the ratio 10"times higher!
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e “low-energy” phosphorylated compounds
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e “low-energy” phosphorylated compounds

e NTP interconversions
e formation of CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP
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e “low-energy” phosphorylated compounds

e NTP interconversions
e formation of CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

* nucleoside diphosphate kinase
ATP + NDP — ADP + NTP
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e “low-energy” phosphorylated compounds

e NTP interconversions
e formation of CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

* nucleoside diphosphate kinase
ATP + NDP — ADP + NTP

* processes based on protein conformational changes
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e “low-energy” phosphorylated compounds

e NTP interconversions
e formation of CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

* nucleoside diphosphate kinase
ATP + NDP — ADP + NTP

* processes based on protein conformational changes
e protein folding
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e “low-energy” phosphorylated compounds

e NTP interconversions
e formation of CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

* nucleoside diphosphate kinase
ATP + NDP — ADP + NTP

* processes based on protein conformational changes
e protein folding

® active transport
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e “low-energy” phosphorylated compounds

e NTP interconversions
e formation of CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

* nucleoside diphosphate kinase
ATP + NDP — ADP + NTP

* processes based on protein conformational changes
e protein folding

® active transport

® movements
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e substrate-level phosphorylation
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e substrate-level phosphorylation

e oxidative phosphorylation (photophosphorylation)
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e substrate-level phosphorylation
e oxidative phosphorylation (photophosphorylation)
e adenylate kinase reaction
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substrate-level phosphorylation

oxidative phosphorylation (photophosphorylation)
adenylate kinase reaction

phosphagens
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substrate-level phosphorylation

oxidative phosphorylation (photophosphorylation)
adenylate kinase reaction

phosphagens
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e substrate-level phosphorylation

e oxidative phosphorylation (photophosphorylation)
e adenylate kinase reaction

* phosphagens

e average adult resting person
about 3 mol/h (1.5 kg/h), i.e. about 40 kg /day
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e substrate-level phosphorylation

e oxidative phosphorylation (photophosphorylation)
e adenylate kinase reaction

* phosphagens

e average adult resting person
about 3 mol/h (1.5 kg/h), i.e. about 40 kg /day

* strenuous activity — up to 0.5 kg/minute
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* phosphoanhydrides
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* phosphoanhydrides

e resonance stabilization
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* phosphoanhydrides

* resonance stabilization
* electrostatic repulsion
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* phosphoanhydrides

* resonance stabilization
* electrostatic repulsion
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* phosphoanhydrides

* resonance stabilization
* electrostatic repulsion

e higher solvation energy of the hydrolysis products
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* phosphoanhydrides

* resonance stabilization
* electrostatic repulsion

e higher solvation energy of the hydrolysis products
e other anhydrides
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* phosphoanhydrides

* resonance stabilization
* electrostatic repulsion

e higher solvation energy of the hydrolysis products

e other anhydrides
* phosphosulphates, acylphosphates
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* phosphoanhydrides

* resonance stabilization
* electrostatic repulsion

e higher solvation energy of the hydrolysis products

e other anhydrides

* phosphosulphates, acylphosphates
e carbamoylphosphate
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* phosphoanhydrides

* resonance stabilization
* electrostatic repulsion

e higher solvation energy of the hydrolysis products

e other anhydrides
* phosphosulphates, acylphosphates
e carbamoylphosphate

* phosphoguanidines (phosphagens —phosphocreatine,
phosphoarginine)
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* phosphoanhydrides

* resonance stabilization
* electrostatic repulsion

e higher solvation energy of the hydrolysis products

e other anhydrides

* phosphosulphates, acylphosphates
e carbamoylphosphate

* phosphoguanidines (phosphagens —phosphocreatine,
phosphoarginine)

* enol phosphates
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* phosphoanhydrides

* resonance stabilization
* electrostatic repulsion

e higher solvation energy of the hydrolysis products

e other anhydrides

* phosphosulphates, acylphosphates
e carbamoylphosphate

* phosphoguanidines (phosphagens —phosphocreatine,
phosphoarginine)

* enol phosphates
* thioesters
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Fosfokreatin
(Fosfamidy)

COA-S~COCH3

Acetylkoenzym A
(Thicestery)
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Organisms according to the metabolism type (trophics)

Energy source Carbon source
CO; Organic compounds
Light PHOTOLITOTROPHIC PHOTOORGANOTROPHIC

green and purple sulphur purple non-sulphur bacteria,

bacteria, cyanobacteria, algae, photototrophic protists (Euglena)
green plants
Substrate CHEMOLITOTROPHIC CHEMOORGANOTROPHIC
oxidation

(inorganic substrates) (organic substrates)
sulphur, ferric, nitrifying bacteria, fungi, protists, animals
bacteria
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ENERGY METABOLISM SCHEME

. . alternative 1
NADH NAD" ethanol
propionate
u butyrate
: butanol
fermentative formate

R glycolysis NADH iy
B-oxidation regeneration o,
¢ acetate

"l‘ @ shecinate
" oxidative |
decarboxylation

citric acid

CO,

Calvin cycle

-

NADPH

\/

respiratory photosynthetic
chain electron transport

chain

oxidative .
phosphorylation photophosphorylation
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BIOENERGETICS

* how organisms

° gain,

° transform,
store

° and utilize

energy
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THERMODYNAMICS

 mutual conversions of different energy types

e directions of physical and chemical processes
measure of spontaneity (possibility) of processes

e equilibrium states

BASIC CONCEPTS

e system —an arbitrary part of space considered apart of its sur-
roundings

e jsolated — cannot exchange neither matter nor energy with the sur-
roundings

* closed — exchanges only energy, not matter
* jsolated — exchanges both energy and matter

LIVING SYSTEMS ARE ALWAYS OPEN!

e surroundings — the rest of the universe



Bioenergetics Slide 3

FIRST LAW OF THERMODYNAMICS

 Energy can neither be created nor destroyed.

AU = Hfinal — uinitial = Q - W

U — the system energy
Q — the heat absorbed by the system from the surroundings
W — work done by the system on the surroundings

® jsobaric process (p = const.)
U+pV =H

U
AH = A(U + pV) = Q,

p — pressure, V — volume, H — enthalpy
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SECOND LAW OF THERMODYNAMICS

* No process is possible in which the sole result is the
absorption of heat from a reservoir and its complete
conversion into work.

* No process is possible whose sole result is the transfer
of heat from a body of lower temperature to a body ot
higher temperature.

d
7{ € )
T
* entropy

As = 2

T
S=k-InP

e an indicator of process spontaneity only in adiabatically isolated sys-
tems

ASsystem + ASsurroundings = ASuniverse > 0
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(GIBBS FREE ENERGY

G=H-T5 = AG=AH -TAS =Q, - TAS

* the system does a work, then AG = Q, — TAS + W'
TAS 2 Q, = AG<W

* in a biol. system, pV-work unimportant = AG = max. work

* a real process is never reversible = AG < —-W' = The work
put into any system can never be fully recovered

* G decrease in a biological process represents its max-
imum recoverable work.

e equilibrium: AG =0
e spontaneous (exergonic) process: AG < 0 (it can do work)

* endergonic process: AG >0
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FREE ENERGY
* one of the "thermodynamic potentials”

* no information about the rate — it is given by the mechanism

* (non-)possibility of a process given only by the initial and fi-

nal states

* a catalyst (enzyme) can only accelerate equilibrium attainment, not

change its state
* = coupling is possible

* depends on temperature: equilibrium: T =

AFT

A%

Alr = AFf — T AN

The reaction i both enthalpically favored
(exothermic) and entropically favored.

It is spontaneows {exergonic ) at all
temperatures

The reaction i enthalpically favored but
entropically opposed. It i spontaneouws
only at temperatures below T = AAVAS.
The reaction i enthalpically opposed
(endothermic) but entropically favored.
It is spontaneows only at temperatures
above T = AHVAS.

The reaction i both enthalpically and
entropically opposed. It b erspontanecus
(endergonic) at all temperatures

AH
AS
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CHEMICAL EQUILIBRIA

e for areaction aA +bB = ¢cC +dD
[C][D]“
[A]*[B]”

AG ... standard G change of the reaction

AG = AGY + RT In

e constant term — depends only on the reaction

e variable term — depends on temperature and concentratins
of reactants and products

¢ equilibrium: AG = 0 = AG” = —RT InK¢q

[CFDY e
“ea T TAF[BF ~ ¢

e AG’ and K, directly related
¢ 10-fold change in K¢q changes AG" by 5.7 k] /mol




Bioenergetics Slide 8

FREE ENERGY CHANGES

AG’ =Y AG{(products) — } ' AG{(reactants)

AGY ... AG® of formation

Compouwnd —AGT (KD - mod 1) H,lg) 0
T F
Acetaldehyde 139.7 "':':f'ffl _ 2372
A cetnle U0 T Izocitrate 1 15000
Acetvl-CoA 174.1° u-]'i'.zl:l:-.glul.ar.al:z:' TR0
i .ﬂu.-:-anit:-nr" L Lactate 516.6
CIv-
CiOd 3044 L-Malate® g45.1
|:1::r1|:EJ ) 1867 OH 1573
a W
qu 71 Oxaloacetate® 7973
I:iu:;::' I lIE-I::i-.E- Phasphoenolpyrovate” | 3605
Dihydroxyacetone’ 1 293.2 E'Phl:li-phl:-gl}'-.‘fmtuj | 255.6
El|1;|1|:-| 181.5 3-Phosphoglycerate” 15157
Fi .;-]5.4 Pyruvate 474.5
ractose . :

Suwccinate’ G003
Fructose-6-phosphate® | 758.3 Smocinvl-CoA 486, 7=
Fructose- | 6-bisphosphate® 260008 - ' -
Fumarate” G, 7 “For [ormation from free cements + free Cod (cosmeyme A).

-Gl o172 Sowrce; Metzler, ILE., Biochawinry, The Chemical Reactions of Living

- - T Cefls (2nd ed_), pp. 3H-291, Harcouwrt'Amdemic Press (2001}
Ghucose-S-phosphate | Téih3

Ghlyceraldebyde-3-phosphate’ | 285.6
H" LA



Bioenergetics Slide 9

FREE ENERGY CHANGES

e standard state
e activity 1 mol/I
o 25°C
e ] atm
e biochemical standard state
e water activity =1
e pH=7

* substances undergoing acidobasic dissociation: ¢ = total ¢ ot
all species at pH =7
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COUPLED REACTIONS

A+B<—=C+D AG1
D+E<~F+G AGor

A+B+E—~C+F+G AGs = AG1 + AGy; < 0

AG’” (kJ.mol™)
Endergonic reaction: glucose + P; = glucose-6-phosphate + H,O +13,8
Exergonic reaction: ATP+H,O = ADP+P; -30,5

Coupled reaction: glucose + ATP = glucose-6-phosphate + ADP  —16,7
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REDOX POTENTIAL

{:___E'l.l-l.—l- Cu* 40

i =
[Ared][Box
AG = AG’ + RT In
[ ][Bred]
AG =-W'"=-W =-nF AE
E=p— N el AF - AR RT i el Box

nk  ox] [A][Byed]
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®
| S—

REDOX POTENTIAL

E as an energy scale
Reduced form Oxidized form E”(V) AG”
acetaldehyde acetate -0,60 | _ yalues [higher
H, 2H" -0,42 | (reductant)
isocitrate 2-oxoglutarate + CO, | -0,38 A A A
glutathione-SH glutathione-SS -0,34
NADH + H” NAD" -0,32 5 .g
glyceraldehyde-3-phosphate + H3PO4|1,3-bisphosphoglycerate | -0,28 ?é %
FADH, FAD -0,20 =S
lactate pyruvate -0,19 tnel Lne- §3 ‘CED
malate oxalacetate -0,17 § %
cytochrome b (Fe*") cytochrome b (Fe®") 0,00 “l |
succinate fumarate +0,03
dihydroubiquinone ubiquinone +0,10
cytochrome c (Fe*") cytochrome c (Fe’") +0,26 v \ 4
H,0, O, +0,29| + values
H,0 15 O, +0,82| (oxidant) | lower
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REDOX POTENTIAL

e EY = 0V for standard hydrogen half-reaction (elec-
trode)

e H"atpHO0,25°C, 1atmin equilibrium with Pt-black electrode
saturated with H»

e pH=7= E” =—-0421V
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NAD(P)*

NI1CcOTINAMIDE ADENINE DINUCLEOTIDE (PHOSPHATE)

O @

| | .
O=P—0 N 0=P—0 NS
0 0
o 0o
OH OH OH OH
OH OH OH O
0=p—0
o

Repox rReactioN NAD(P)" +—— NADP)H + H”

H
ﬁ o)
N
N N

hicotinamide hicotinamide with extra H
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HIGH-ENERGY COMPOUNDS

hydrolyzed to drive endergonic reactions

contain “high-energy bond”

ATP
a central role (universal “energy currency” of the cell)

3 phosphoryl groups bound by one phosphoester and
two phosphoanhydride bonds

: I
. I

H H -
HO} OH I

L 1
Adenosine I

ey

|
1
I
!
]
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ATP
¢ R—O—P + R,—OH «~ R{—O—H + R,—OP

ghosghoryl transfer reaction — enormous metabolic signifi-
anc

e ATP + H,O — ADP+P;  AG° =-30.5 k]-mol™

ATP + H,O — AMP + PP;
PPi HQO — 2 Pi AGO =—-45.6 k]'IIIOl_l

e kinetic stability, thermodynamic instability (high AG")

e cell energy charge (usually 0.8-0.95)

[ATP] + 5[ADP]
[ATP] + [ADP] + [AMP]

* adenylate kinase

ATP + AMP < 2 ADP
e ATP is formed using more exergonic reactions
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COUPLED REACTIONS
e A—B AGY = +4 kcal/mol

B ~AGY
X]]—Keq—ewcé - 1.15x 1073

e A+ ATP +H,O<~= B+ ADP + P; + H*
AGY” = —3.3 kcal /mol

B] [ADP]|Pi] >

Kog = — - =267 x1
17[A] [ATP] <10
e atequilibrium:

[B] Y [ATP]

Al " ADP][Py]
B
A]] —2.67 x10* %500 = 1.34 x 10°

e the equilibrium B/ A ratio is 10%times higher!
e 1 ATP molecules hydrolyzed — the ratio 10"times higher!
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ATP coNsSUMPTION
e “low-energy” phosphorylated compounds

e NTP interconversions
e formation of CTP, GTP, UTP, dATP, dCTP, dGTP, dTTP

* nucleoside diphosphate kinase
ATP + NDP — ADP + NTP

* processes based on protein conformational changes
e protein folding

® active transport

® movements
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ATP FORMATION

e substrate-level phosphorylation
e oxidative phosphorylation (photophosphorylation)
e adenylate kinase reaction

* phosphagens

ATP TURNOVER

e average adult resting person
about 3 mol/h (1.5 kg/h), i.e. about 40 kg/day

e strenuous activity — up to 0.5 kg/minute
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“HiGH-ENERGY BONDS”

phosphoanhydrides

* resonance stabilization
o electrostatic repulsion

f i f [ 7T

R I R

HO™ | O HO™ W O HO™ | D ‘HOF | o RO |0 ,-'_
O 0 o O O O

e higher solvation energy of the hydrolysis products
other anhydrides

e phosphosulphates, acylphosphates
e carbamoylphosphate

phosphoguanidines (phosphagens —phosphocreatine,
phosphoarginine)

enol phosphates
thioesters
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Organisms according to the metabolism type (trophics)

Energy source Carbon source
CO; Organic compounds
Light PHOTOLITOTROPHIC PHOTOORGANOTROPHIC
green and purple sulphur purple non-sulphur bacteria,
bacteria, cyanobacteria, algae, photototrophic protists (Euglena)
green plants
Substrate CHEMOLITOTROPHIC CHEMOORGANOTROPHIC
oxidation
(inorganic substrates) (organic substrates)
sulphur, ferric, nitrifying bacteria, fungi, protists, animals
bacteria




Bioenergetics Slide 23

ENERGY METABOLISM SCHEME

] . alternative
amino acids SUGATSD — > pathways
NADH NAD"

lactate
ethanol

propionate
u butyrate
. ati butanol
: ermentative
glycolysis ~\/>NADH NADH g);mate
B-OXidaﬂOn 4 NAD* regeneration cOy
¢ acetate
2,3-butandiol
‘A oxidative
decarboxylation
citric acid i Calvin cycle
cycle -
Co,
/—\ N N

NADH NAD NADPH NADP"

\/ \—/hv

ADP respiratory photosynthetic N
ATP

chain 0, electron transport ADP
chain

oxidative < .

phosphorylation H,0 photophosphorylation

ATP
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