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Introduction

-Metabolism is the sum fotal of all of
the reactions that take place in a

living cell.
+ Made up of
' metabolites

' enzyme catalzyed reactions
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Introduction

‘Metabolism is divided info two
complimentary sets of reactions.

* Anabolic reactions (anabolism)
» The synthetic reactions, which usually
require an input in free energy.

*+ Catabolic reaction (catabolism)
» The degradative reactions, which usually
lead to a release of free energy.

Chem 352, Lecture 7, Introduction to Metabolism 3
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Introduction

.
!

Start

Classification of organisms
based on their source of
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Metabolic Pathways

Common themes in metabolism:

Chem 352, Lecture 7, Introduction to Metabolism 5



Metabolic Pathways

Common themes in metabolism:

e Organisms or cells maintain specific internal
concentrations of inorganic ions, metabolites, and
enzymes. Cell membranes provide the physical barrier
that segregates cell components from the
environment.
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Metabolic Pathways

Common themes in metabolism:

e Organisms extract energy from external sources fo
drive energy-consuming reactions. Photosyntheftic
organisms derive energy from the conversion of solar
energy to chemical energy. Other organisms obtain

energy from the ingestion and catabolism of energy-
yielding compounds
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Metabolic Pathways

Common themes in metabolism:

® The metabolic pathways in each organism are
specified by the genes it contains in its genome.
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Metabolic Pathways

Common themes in metabolism:

® Organisms and cells inferact with their environment.
The activities of cells must be geared to the
availability of energy. Organisms grow and reproduce
when the supply of energy from the environment is
plentiful. When the supply of energy from the
environment is limited, energy demands can be
temporarily met by using internal stores or by slowing
metabolic rates as in hibernation, sporulation, or seed
formation. If the shortage is prolonged, organisms die.
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Metabolic Pathways

Common themes in metabolism:

® The cells of organisms are not static assemblies of
molecules. Many cell components are continually
synthesized and degraded, that is, they undergo
turnover, even though their concentrations may
remain virtually constant. The concentrations of other
compounds change in response to changes in external
or internal conditions.
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Metabolic Pathways

The enzymes arrange the metabolites
info pathways.

Chem 352, Lecture 7, Introduction to Metabolism 6
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Metabolic Pathways

The enzymes arrange the metabolites
info pathways.
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Metabolic Pathways

The enzymes arranqae the metabolites
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Metabolic Pathways

The enzymes arrange the metabolites
info pathways.
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Metabolic Pathways

The enzymes arrange the metabolites
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Metabolic Pathways

The enzymes arrange the metabolites
info pathways.
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Metabolic Pathways

Why pathways are broken down into
little steps.

+ Enzyme specificity allows only for breakage
or formation of a few bonds at a time.

+ Using pathways allows for multiple entry and
exit points for metabolites.

+ Pathways allow for finer control of energy
input and output.

+ Reactions are thermodynamically more
efficient if carried out near equilibrium.
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Me’rabollc Pa’rhways

Why p

little s

+ Enzy
or fc
+ Using
exit
+ Path
input
+ Reac
effici

Glucose + 60,

~/

Impossible | | Multistep
one-stop pathway
synthesis

\— Energy

Energy =

\— Energy

\— Energy

\— Energy
6 CO, + 6 H,0
Anabolism

(Biosynthesis)

Glucose + 6 O,

int
Multistep r' n O

Uncontrolled x
combustion pathway |
\> Energy |
akage
!
Energy </ \> Energy 'ry and
er
\> Energy | gy
\> Energy
/ )
n.
6 CO, + 6 H,0
Catabolism

B e e '

Chem 352, Lecture 7, Introduction to Metabolism

v



Metabolic Pathways

Why pathways are broken down into
little steps.

+ Enzyme specificity allows only for breakage
or formation of a few bonds at a time.

+ Using pathways allows for multiple entry and
exit points for metabolites.

+ Pathways allow for finer control of energy
input and output.

+ Reactions are thermodynamically more
efficient if carried out near equilibrium.
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Metabolic Pathways

-‘Pathways are regulated

+ To control the flow of metabolites through a
pathway

E, E, E; E, E:
A—B—C——D—™E — P}
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Metabolic Pathways

-‘Pathways are regulated

+ To control the flow of metabolites through a
pathway

E, E, E; E, E:
A—8B—C—D—E—™—FP

Feedback
Inhibition
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Metabolic Pathways

-‘Pathways are regulated

+ To control the flow of metabolites through a
pathway

E, E, E; E, E:
A—B—C——D—™E — P}

Chem 352, Lecture 7, Introduction to Metabolism 8



Metabolic Pathways

-‘Pathways are regulated

+ To control the flow of metabolites through a
pathway

1 2 E3 E4 E5
A—B—(C—D—7E—7—P

Feed-forward
Activation
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Metabolic Pathways

-‘Pathways are regulated

+ To control the flow of metabolites through a
pathway

E, E, E; E, E:
A—B—C——D—™E — P}
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Metabolic Pathways

Pathways are regulated
+ Allosteric regulation responds to immediate
conditions within the cell,
» And have short tferm response times.

+ Reversible covalent modifications typically
respond to extracellular signals,
» And have longer term response times.

Chem 352, Lecture 7, Introduction to Metabolism 9



Metabolic Pathways

Pathways are regulated

+ A Initial signal e
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Metabolic Pathways

Pathways are regulated
+ Allosteric regulation responds to immediate
conditions within the cell,
» And have short tferm response times.

+ Reversible covalent modifications typically
respond to extracellular signals,
» And have longer term response times.
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Metabolic Pathways

Metabolic pathways represent the

frontline for evolution.

+ Genetic changes affect enzyme activities,
which in turn, affect the flow of material
through metabolic pathways.

Chem 352, Lecture 7, Introduction to Metabolism 10



Metabolic Pathways

Metabolic pathways represent the
frontline for evolution.

antigen Type O
Fuc o-(1-2) riantigen Type

\

Gal B-(1—3)- GIcNAc B...

A enzyme / \ B enzyme

Fuc a-(1-2) Fuc a-(1-2)

Gal B-(1—3)- GIcNAcB... Gal B-(1-3)- GIcNAc B...
GalNAc a-(1-3) Gal a-(1-3)
A antigen Type A B antigen Type B
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Metabolic Pathways

Metabolic pathways represent the

frontline for evolution.

+ Genetic changes affect enzyme activities,
which in turn, affect the flow of material
through metabolic pathways.
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Metabolic Pathways

Metabolic pathways represent the

frontline for evolu’rlon

+ Genetic chai=
which in tu 1 ”‘

activities,
f material

Andi Stempniak
Jennifer Czubakowski holds a picture of her brother,
Tommy along with her parents Theresa and Ron in the
living room of their Eau Claire home. Jenny Czubakowski
held a picture of her late brother, Tommy, at the rural Eau
Claire home she shares with their parents, Theresa and
Ron. The family is trying to help people be aware of
ornithine transcarbamylase deficiency, or OTC, which
Tommy had.
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Metabolic Pathways

Metabolic pathways represent the

frontline for evolution.

+ Genetic changes affect enzyme activities,
which in turn, affect the flow of material
through metabolic pathways.

Chem 352, Lecture 7, Introduction to Metabolism 10



Major Metabolic Pathways
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Major Metabolic Pathways

DNA
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Major Metabolic Pathways

+ In many organisms, the various pathways are
regulated through compartmentalization.

Golgi apparatus P
(end-on view)
sorting and secretion
of some proteins

Mitochondria:

citric acid cycle,
electron transport +
ATP synthesis, fatty
acid degradation

Lysosome:
degradation of proteins,
lipids, etc.

Plasma membrane

© 2012 Pearson Education, Inc.

Cytosol:

fatty acid synthesis,
glycolysis, most
gluconeogme:s reaction
pentose phosphase
pathwwary

Nucleus:
nucleic acid synthesis

Endoplasmic reticulum:
delivery of proteins and
synthesis of lipids for
membranes

Nuclear membranes

Chem 352, Lecture 7, Introduction to Metabolism |
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Spontaneity of Metabolic Reactions

-The spontaneity (favorability) of a
chemical reaction can be determined

from its Gibbs Free Energy (A G)

 [products]
|reactants|

AG=AG" +RTIn

Chem 352, Lecture 7, Introduction to Metabolism 14



Spontaneity of Metabolic Reactions

Under conditions of constant
temperature and pressure there are two

contributions to the free energy change
+ Enthalpy, H
+ Entropy, S

AG=AH-TAS

Chem 352, Lecture 7, Introduction to Metabolism 15



Spontaneity of Metabolic Reactions

Under conditions of constant
temperature and pressure there are two

contributions to the free energy change
+ Enthalpy, H
+ Entropy, S

AG=AH-TAS

W

Change in heat content
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Spontaneity of Metabolic Reactions

Under conditions of constant
temperature and pressure there are two

contributions to the free energy change
+ Enthalpy, H
+ Entropy, S

AG=AH-TAS

e 7

Change in heat content Change in disorder
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Spontaneity of Metabolic Reactions

‘The actual conditions within the cell
must be considered when determining

a AG value.

AG=AG° +RTIn

Q =| ——— | is the mass action ratio

Chem 352, Lecture 7, Introduction to Metabolism 16



Spontaneity of Metabolic Reactions

‘When Q = Keq a reaction is
reversible.

‘When Q < Keq a reaction is
spontaneous and irreversible.

‘When Q > Keq a reaction is non-
spontaneous and irreversible

Chem 352, Lecture 7, Introduction to Metabolism 17



ATP

Adenosine Triphosphate (ATP) is one of
the molecules used by a cell to store
chemical energy.

+ This energy is released by the hydrolysis of
the two phosphate anhydride bonds.

+ ATP is one of the ways that the energy
released from catabolism is used to meet the
energy requirements of anabolism

Chem 352, Lecture 7, Introduction to Metabolism 18
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ATP

Adenosine Triphosphate (ATP) is one of
the molecules used by a cell to store
chemical energy.

+ This energy is released by the hydrolysis of
the two phosphate anhydride bonds.

+ ATP is one of the ways that the energy
released from catabolism is used to meet the
energy requirements of anabolism

Chem 352, Lecture 7, Introduction to Metabolism 18



ATP

CP OH OH

Adenosine 5’-triphosphate (ATP)

y H,0 H,0
H® /(1) 2\ 4@
o o) o
o g I, o I,
4 o— |I> —0— ||> — O —Adenosine o0— ||> — O —Adenosine
o® o® o®

Adenosine 5'-diphosphate(ADP &) Adenosine 5’-monophosphate (AMP ®,

+ +
(o) (o) (o)
HO—E—OG HO—ﬂ—O—ﬂ—O@
cIJ@ (I,e (l,e
Inorganic phosphate (P;) Inorganic pyrophosphate (PP;)
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| TABLE 10.1 Standard Gibbs free energies of hydrolysis for ATP, AMP, and

pyrophosphate.
AG® hydrolysis!

Reactants and products (k] ot D)
ATP + HzO—)ADP s Pi i H@ D
ATDP F HzO-—)AMP o PPI i H® &
AMP + H,;O — Adenosine + P; i

| P; (inorganic phosphate) = HPO,>~

PP; (pyrophosphate) = HP,0;>~

Y\ Ll e -

I I I
0© 0® 0©

Inorganic phosphate (P;) Inorganic pyrophosphate (PP;)
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Adenosine Triphosphate (ATP) is one of
the molecules used by a cell to store
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+ This energy is released by the hydrolysis of
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ATP

-Adenosine Triphosphate (ATP) is just
one of the molecules used by a cell
to store chemical energy.

+ The other ribonucleotide triphosphates are
also used for this same purpose.

» Guanosine triphosphate (GTP)
» Cytidine triphosphate (CTP)
» Uridine triphosphate (UTP

Chem 352, Lecture 7, Introduction to Metabolism 19



ATP

Question:

In a rat hapatocyte, the concentrations ATP, ADP and Pi are
3.4 mM, 1.3 mM and 4.8 mM, respectively. Calculate the Gibbs
free energy for the hydrolysis of ATP in this cell. How does
this compare to the standard free energy change?
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ATP

Question:

In a rat hapatocyte, the concentrations ATP, ADP and Pi are
3.4 mM, 1.3 mM and 4.8 mM, respectively. Calculate the Gibbs
free energy for the hydrolysis of ATP in this cell. How does
this compare to the standard free energy change?

TABLE 10.1 Standard Gibbs free energies of hydrolysis for ATP, AMP, and
pyrophosphate.
AG® ,hydrolysisl
Reactants and products (kJ mol™ )
ATP + H,0 — ADP + P, + H® —-32
ATP + H,0 — AMP + PP; + H® —45
AMP + H,O — Adenosine + P; =]l2:
PPi‘f‘HzO—)zPi —29
P; (inorganic phosphate) = HPO,>~
PP; (pyrophosphate) = HP,0~

Chem 352, Lecture 7, Introduction to Metabolism
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ATP

-Adenosine Triphosphate (ATP) is just
one of the molecules used by a cell
to store chemical energy.

+ The other ribonucleotide triphosphates are
also used for this same purpose.

» Guanosine triphosphate (GTP)
» Cytidine triphosphate (CTP)
» Uridine triphosphate (UTP
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ATP

-The hydrolysis of ATP can be used
to drive unfavorable reactions

coo®

@

H;N—C—H

CH, AQZ
CH, ‘\>
y -y ADP
/4

o 0%

Glutamate

coo® coo®
@ @
H;N—C—H H;N—C—H
CHZ/’ :Nt I
CH, ‘1> CH,
C 2 P; C
S 7°\
o) O_T_O o NH,
o® Glutamine

v-Glutamyl phosphate
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ATP

-‘Phosphoryl-group-transfer potential

TABLE 10.3 Standard Gibbs free en-
ergies of hydrolysis for common

metabolites

Metabolite

A (o'
AG hydrolysis

(kJ mol 1)

Phosphoenolpyruvate
[,3-Bisphosphoglycerate
ATP to AMP + PP;
Phosphocreatine
Phosphoarginine

Acetyl CoA

ATP to ADP + P,
Pyrophosphate

Glucose [-phosphate
Glucose 6-phosphate

Glycerol 3-phosphate

—62
—49
—45
—43
-32
—32
-32

Chem 352, Lecture 7, Introduction to Metabolism
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ATP
-‘Phosphoryl-group-transfer potential

TABLE 10.3 Standard Gibbs free en-
ergies of hydrolysis for common
metabolites

A
Metabolite (kJ mol 1)
Phosphoenolpyruvate =062
[,3-Bisphosphoglycerate —49
ATP to AMP + PP; —45
Phosphocreatine —43
Phosphoarginine =32
Acetyl CoA =352
ATP to ADP + P; =32
Pyrophosphate =29
Glucose [-phosphate =21
Glucose 6-phosphate —14
Glycerol 3-phosphate 4
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ATP

Group-transfer potential (kJ mol~—1)

70—

60 -

50-

40 -

30 -

20 -

10 -

Phosphoenolpyruvate

\

g High-energy

compounds
Phosphocreatine
//
________________ ATP- - - o227
T )
l Low-energy
Glucose 6-phosphate ; compounds

)
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ATP
-‘Phosphoryl-group-transfer potential

TABLE 10.3 Standard Gibbs free en-
ergies of hydrolysis for common

metabolites
c00® o ADP  ATP coo® coo®
o )
C—o0—p—0° \ C—OH =0
I — —
C o® Pyruvate kinase C H—C—H
H N 7/ N\
H H H H H
Phosphoenolpyruvate Enolpyruvate Pyruvate
ATP to ADP + P; =12
Pyrophosphate =29
Glucose 1-phosphate =21
Glucose 6-phosphate —14
Glycerol 3-phosphate
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ATP

‘Nucleotidyl group transfer

+ Used to activate substrates in ligase
reactions
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ATP

‘Nucleotidyl group transfer
+ Used to activate substrates in ligase

Acetate O
H3c—|c|—o@
(o) (0] (0]
e0— E—O— ﬂ—O—H—O—Adenosine ﬂ)

\J |

| |
o® o® o®
ATP

o (3)
I
H3C—C — S-CoA

Acetyl CoA AMP

©
Gl

H3;C—C—O0—P—0— Adenosine

(o) (o) H,0
< T 2
H3;C—C—O0—P—O0—Adenosine| + PP, >
| o Pyrophosphatase
(o)
H Ds CoA

Enzyme-bound
acetyl-adenylate
intermediate

(z)}. H®

| |
s-CoA 0°
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ATP

‘Nucleotidyl group transfer

+ Used to activate substrates in ligase
reactions
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Thioesters as High Energy Compounds

‘The thioester group also has a high
energy for hydrolysis

" H,O0 HS-CoA "
H,C —C —S-CoA 7 H.C —C—0® + H®
Acetyl CoA Acetate

Chem 352, Lecture 7, Introduction to Metabolism 23



Thioesters as High Energy Compounds

‘The thio
energy f

]
H,C —C —S-CoA
Acetyl CoA

TABLE 10.3 Standard Gibbs free en-

ergies of hydrolysis for common
metabolites

/ o/
AG hydrolysis

Metabolite (kJ mol™!)
Phosphoenolpyruvate =62
1,3-Bisphosphoglycerate —49
ATP to AMP + PP, —45
Phosphocreatine —43
Phosphoarginine =52
Acetyl CoA =37
ATP to ADP + P; —3)
Pyrophosphate =29
Glucose 1-phosphate =21
Glucose 6-phosphate —14
Glycerol 3-phosphate =

as a high

o
|

—Cc—0° + H®

Acetate
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Thioesters as High Energy Compounds

‘The thioester group also has a high
energy for hydrolysis

clzoo@ cI:oo@

CHZ CH2 @
+ GDP + P, —— + GTP + HS-CoAl

CH, CH,

C=0 coo®

S-CoA Succinate

Succinyl CoA

Chem 352, Lecture 7, Introduction to Metabolism 23
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energy for hydrolysis
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Reduced Coenzymes

‘Reduced coenzymes (NAD, NADP,
FAD, FMN, ubiquinone) provide
another way to store chemical
energy.

+ They can be used to store the free energy
that is released in oxidation reactions.

+ The electrons released in these reactions
are transferred to the coenzyme, usually in
the form of a hydride (H:") ion.
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Reduced Coenzymes

‘Reduction potentials can be used to
measure the ability of a molecule to
serve as a reducing agent in an
oxidation/reduction reaction

Poxidized + Breduced — Preduced + Boxidized

(B is the reducing agent in this reaction)

Chem 352, Lecture 7, Introduction to Metabolism 26



Reduced Coenzymes

Reduction potentials can be measured

with an electrochemical cell.
+ The oxidation and reduction are separated by

a wire.
The reduction of Cu2* by Zn Someter
© --> i\ i —— iy 20
Zn + Cu®* & Zn* + Cu e,/( We\
| |
| . Y
AG =-n7 AE (Nernst Equation) - E/a\% ot

AE = potential measured by the voltmeter S ! { o 5 \ \
n = number of electrons transferred

F = Faraday's constant (96,586 JV 'mol™)

Zn@ Cu®

504@D 504@
\_ J \\ J
In — Zn@ +2e@ Cu@+2e@ —> Cu

T =———=——=—~y——~y
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Reduced Coenzymes

The change in the reduction potential
for an oxidation/reduction reaction

(AE®) can be used to determine the

change in Free energy for the
reaction.

B =10

electron donor

AE° = E°

electron acceptor
AG° =-n7 AE°

n = number of electrons transferred

F = Faraday's constant (96,586 JV 'mol™")
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Reduced Coenzymes

Standard reduction potentials, Eo’, are usually
measured with respect to the reduction

potential for of 2 H*(aq) — Ha(qg)

TABLE 10.4 Standard reduction potentials of some important biological TABLE 10.4 Standard reduction potentials of some important biological
half-reactions half-reactions
Reduction half-reaction E°’' (V) Reduction half-reaction E°’ (V)
! (&) ) & .
Acetyl CoA + CO, + H® + 2¢© — Pyruvate + CoA —0.48 Cytochrome b5 (microsomal), Fe~ + e~ — Fe 0.02
Ferredoxin (spinach), Fe@ TS ST Fe@ —043 Fumarate + 2 H® + 2¢© — Succinate 0.03
2 H® + 2¢© — H, (at pH 7.0) —0.42 Ubiquinone (Q) + 2 H® + 2¢© — QH, 0.04
a-Ketoglutarate + CO, + 2 H® + 2¢© — Isocitrate —0.38 Cytochrome b (mitochondrial), Fe@ + ¢© —>Fe 0.08
b} < « 2 — -~ . < .~

, ® | 0P
Lipoyl dehydrogenase (FAD) + 2 H® + 2¢© — Lipoyl dehydrogenase (FADH,) ~ —0.34 Cytochrome of, Fe i €= 2 Fé L
NADP® + 2 H® + 2¢© — NADPH + H® —032 Cytochrome c, Fe@ + ¢© —>Fe 0.23

tochr @ —+ @ [ F@ "
NAD® + 2 H® 4+ 2¢© — NADH + H® —032 Cytochrome a, Fe e e 0.29
= T
Lipoic acid + 2 H® + 2¢© — Dihydrolipoic acid -0.29 Cytochrome f, Fe™ + ¢~ —>Fe 0.36
R
Glutathione (oxidized) + 2 H® + 2¢© — 2 Glutathione (reduced) —0.23 SR (L0 0 O 0.37
FAD + 2H® + 2¢© — FADH, —0.22 NOF® +2H® +2¢© —>NOP + H0 L2
FMN -+ 2 H® + 2¢© — FMNH, —022 Photosystem I (P700) 0.43
. : : i D | OB

Acetaldehyde + 2 H® + 2¢© — Ethanol =020 | Fe g 0.77

1/ 5
Pyruvate + 2 H® + 2¢© — Lactate —0.18 1,0, + 2H® + 2¢°© —H,0 0.82
Oxaloacetate + 2 H® + 2¢© — Malate {51 Photosystem II (P680) 1.1

Chem 352, Lecture 7, Introduction to Metabolism 29
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Reduced Coenzymes

‘Like A G, the observed change in
the reduction potential for a
reaction, (AE), can be determined
relative to the change in the
standard reduction potential, (A E°):

A 1B 1)
AE = AE° adl In| : OX]: Lo
n(9f7_ \ _Aredd [Boxd )
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Reduced Coenzymes

Problem:

Determine the standard free energy change for the oxidation
of NADH + H* by O..

1/20, + NADH + H* — H,O + NADt

Chem 352, Lecture 7, Introduction to Metabolism
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Reduced Coenzymes

Pr

De
of

TABLE 10.4 Standard reduction potentials of some important biological

half-reactions

Reduction half-reaction E°’ (V)
Cytochrome b5 (microsomal), Fe@ + e© — Fe2+ 0.02
Fumarate + 2 H® + 2¢© — Succinate 0.03
Ubiquinone (Q) + 2 H® + 2¢© — QH, 0.04
Cytochrome b (mitochondrial), Fe@ + e© > Fe 0.08
Cytochrome cy, Fe@ +¢© — Fe@ 0.22
Cytochrome c, Fe@ + e© — Fe@ 0.23
Cytochrome a, Fe@ + €9 — Fe@ 0.29 :
Cytochrome f f2 1 & »F 0.36
Plastocyanin, Cu>™ + ¢© — Cu? 0.37
NOL + 2H® + 2¢© - NO,° + H,0 0.42
Photosystem I (P700) 0.43
PO+ 0> r 0.77
1,0, + 2H® + 2¢°© - H,0 0.82

Photosystem II (P680)

1.1
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Reduced Coenzymes

Pr

De
of

TABLE 10.4 Standard reduction potentials of some important biological
half-reactions

Reduction half-reaction EC (V)
Acetyl CoA + CO, + H® + 2¢© — Pyruvate + CoA —0.48
Ferredoxin (spinach), Fe@ + O > Fe@ =013
2 H® + 2¢9 — H, (at pH 7.0) —0.42
a-Ketoglutarate + CO, + 2 H® + 2¢© — Isocitrate —0.38

Lipoyl dehydrogenase (FAD) + 2 H® + 2¢© — Lipoyl dehydrogenase (FADH,)  —0.34

NADP® + 2 H® + 2¢°© —NADPH + H® —0.32
NAD® + 2 H® + 2¢© —NADH + H® —0.32
Lipoic acid + 2 H® + 209 — Dihydrolipoic acid =29
Glutathione (oxidized) + 2 H® + 2¢© — 2 Glutathione (reduced) =023
FAD + 2 H® + 2¢© — FADH, —022
FMN + 2 H® + 2¢© — FMNH, —022
Acetaldehyde + 2 H® + 2¢© — Ethanol =020
Pyruvate + 2 H® + 2¢© — Lactate =019
Oxaloacetate + 2 H® + 2¢© — Malate =0.17
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Reduced Coenzymes

Problem:

Determine the standard free energy change for the oxidation
of NADH + H* by O..

1/20, + NADH + H* — H,O + NADt
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Reduced Coenzymes

‘Like A G, the observed change in
the reduction potential for a
reaction, (AE), can be determined
relative to the change in the
standard reduction potential, (A E°):

A 1B 1)
AE = AE° adl In| : OX]: Lo
n(9f7_ \ _Aredd [Boxd )
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Reduced Coenzymes

Problem:

Determine the maximum number of ATPS that could be
synthesized from ADP and P; if coupled to the oxidation of

NADH + H* by O..

1/20, + NADH + H — H:O0 + NAD*

ADP + P — ATP + H20

Chem 352, Lecture 7, Introduction to Metabolism



Reduced Coenzymes

: : andard Gibbs free en-
Problem TABLE 10.3 Standard Gibbs f
: ergies of hydrolysis for common
De’rerml.ne the maj e e Pe
synthesized from A . ation of
+ AG hydrolysis
NADH + H* by O.. : -
Metabolite (kJ mol™)
Phosphoenolpyruvate =62
1 /2 O, + N 1,3-Bisphosphoglycerate —49
ATP to AMP + PP; —45
Phosphocreatine —43
Phosphoarginine =52
Acetyl CoA =52
ATP to ADP + P; =32
Pyrophosphate =29
Glucose [-phosphate =21
Glucose 6-phosphate —14
Glycerol 3-phosphate =9
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Reduced Coenzymes

Problem:

Determine the maximum number of ATPS that could be
synthesized from ADP and P; if coupled to the oxidation of

NADH + H* by O..

1/20, + NADH + H — H:O0 + NAD*

ADP + P — ATP + H20
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Next Up

‘Lecture 8 - Carbohydrate

Metabolism
+ Part I: Glycolysis (Moran et al., Chapter 11)
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