Chem 352 - Lecture 7
Introduction to Metabolism

Introduction

‘Metabolism is the sum total 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.
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Introduction
Classification of organisms
based on their source of

carbon and energy.
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Metabolic Pathways

Common themes in metabolism:
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Metabolic Pathways

Common themes in metabolism:

® 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:

® Organisms extract energy from external sources to
drive energy-consuming reactions. Photosynthetic
organisms derive energy from the conversion of solar
energy fo 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 interact 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
into pathways.
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Metabolic Pathways

The enzvmes arranae the metabolites
into patl 3-Phosphoglycerate

A 3-Phosphohydroxypyruvate ’

3-Phosphoserine
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Pathway .
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Metabolic Pathways

The enzymes arrange the metabolites
into pathways.
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Metabolic Pathways

The enzymes arranae the metabolites
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Metabolic Pathways

The enzymes arrange the metabolites
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Metabolic Pathways

The enzymes arrange the metabolites
into 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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Metabolic 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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Metabolic Pathways
‘Pathways are regulated
+ To control the flow of metabolites through a
pathway
E E E E E
A—bB—>-c—>D—HE—>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—bB—>3C—>D—5E—=p
- ? Feedback g
I Inhibition !
kR R S ————— »f;
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Metabolic Pathways

‘Pathways are regulated
+ To control the flow of metabolites through a
pathway
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Metabolic Pathways

‘Pathways are regulated
+ To control the flow of metabolites through a
pathway

E E E; _ E E
A—bB—-C—D—E—P

Feed-forward
Activation
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Metabolic Pathways

‘Pathways are regulated
+ To control the flow of metabolites through a
pathway

E1 E2 E3 E4 Es

E P
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Metabolic Pathways

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

+ Reversible covalent modifications typically

respond to extracellular signals,
» And have longer term response times.
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Metabolic Pathways

Pathways are regulated
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Metabolic Pathways
Pathways are regulated
+ Allosteric regulation responds to immediate
conditions within the cell,
» And have short term response times.
+ Reversible covalent modifications typically
respond to extracellular signals,
» And have longer ferm 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
10-2

Metabolic Pathways

Metabolic pathways represent the
frontline for evolution.

i T o
Fuc o(12) H antigen 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 o-(1->3)
Aantigen 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

activities,
f material
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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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Major Metabolic Pathways
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Major Metabolic Pathways
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Major Metabolic Pathways

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

_ Cytosol

fatty acid synthesis,
glycolysis, most

. _ gluconeogme:s reaction
Golgi apparatus P— pentose phosphase
(end-on view) pathwwary

sorting and secretion

of some proteins

Nudleus
Mitochondria: < . nucleic acid synthesis
citric acid (yde\

electron transport +
ATP synthesis, fatty
acid degradation

~Endoplasmic reticulum:
delivery of proteins and
synthesis of lipids for
Lysosome: membranes
degradation of proteins, Hiudearmeimbranes
lipids, etc.

Plasma membrane—
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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)

AG = AGY + AT In| Products]
[reactants]
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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
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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

Change in heat”confent
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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

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[[C][D]J

[Al[B]

] is the mass action ratio

Chem 352, Lecture 7, Introduction to Metabolism 16

16

Spontaneity of Metabolic Reactions

‘When Q = Keq a reaction is
reversible.

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

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

Chem 352, Lecture 7, Introduction to Metabolism 17

17



ATP

Adenosine Triphosphate (ATP) is one of
the molecules used by a cell fo 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
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ATP

Adenosine Triphosphate (ATP) is one of
the molecules used by a cell fo 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
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Ac

TABLE 10.1 Standard Gibbs free energies of hydrolysis for ATP, AMP, and
pyrophosphate.

AG®'hydrotysis!
Reactants and products (kJ mol 1)

ATP + H,0 — ADP + P; + H®
ATP + H,0 — AMP + PP, + H®
AMP + H,0 — Adenosine + P;
PP; + H,0—>2P;

P; (inorganic phosphate) = HPO,?

PP; (pyrophosphate) = HP,0;"
HO—pP—0° Ho—il;—o—i;—ae
|
o® 0© o®

Py) i (PP}
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ATP

Adenosine Triphosphate (ATP) is one of
the molecules used by a cell fo 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
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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
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ATP

Kheérosine Triphosphate (ATP) is just
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+ 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
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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

c00® 00®
o | @
H;N—f—H HsN_f_H
= T i
CH, ﬁ’ CHy
| |
c ADP c
7'\ o 7\
o o o NH,
Glutamate Glutamine
v-Glutamyl phosphate
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-Phosphoryl-group-transfer potential
TABLE 10.3  Standard Gibbs free en-
ergies of hydrolysis for common
metabolites
AG hyarotysis

Metabolite (kI mol™")
Phosphoenolpyruvate -62
1.3-Bisphosphogl —49
Phosphocre 43
Phosphoarg 32
Acetyl CoA 2
ATP to ADP + P, 32
Glucose 6-phosphate 14
Glycerol 3-phosphate 9
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Phosphoryl-group-transfer potential
TABLE 10.3 Standard Gibbs free en-
ergies of hydrolysis for common
metabolites
AG® hydrotysis

Metabolite (kI mol™")
Phosphoenolpyruvate -62
1,3-Bisphosphoglycerate 49
ATP 1o AMP + PP; 45
Phosphocreatine 43
Acetyl CoA
\TP to ADP + P;
Pyrophosphate
Glucose 6-phosphate. -14
Glycerol 3-phosphate -9
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704
60 Phosphoenolpyruvate
504 \ High-energy

Phosphocreatine

Glucose 6-phosphate

Group-transfer potential (k) mol~1)

compounds

Low-energy
compounds
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ATP
-Phosphoryl-group-transfer potential

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

metabolites
cloo@ 0 ADP  ATP TOOO C|':>0O
—o0—pP—0° C—OH c=o0
C—O0—P—O0
I | i [ - |
c o® Pyruvate kinase C H—C—H
7N\ VRN |
H H H H H
Phosphoenolpyruvate Enolpyruvate Pyruvate
weyTes =5z
Pyrophosphate =)

phosphate 21

~14
=)

phosphate

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 0
Hyc—C—0®

o o o o o H0
o 11\ W P
— P —0—P—0 P —0— Adenusne HyC—C—0—P—0—Adenosine| + PP, ——>— 2p,
Pyrophosphatase
®  o® T o® o®
TP S icoA
U
Enzyme-bound

acetyl-adenylate
intermediate

(z)j&ne

(3) o o
[ & N
H3C—C —5S-CoA ch—T—O—P—O—Adenasine
Acetyl CoA AMP 5-con 0©
22
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ATP

‘Nucleotidyl group transfer
+ Used to activate substrates in ligase
reactions

Chem 352, Lecture 7, Introduction to Metabolism 22
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Thioesters as High Energy Compounds

‘The thioester group also has a high
energy for hydrolysis

ﬁ H,0 HS-CoA (")
H;C —C —S-CoA N 7, H,c—C—0° + H®
Acetyl CoA Acetate

Chem 352, Lecture 7, Introduction to Metabolism 23
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Thioesters as High Energy Compounds

‘The thioester group also has a high
energy for hydrolysis

coo® coo®

| |

CH, CH, ®
Hy | + GDP + P, —— | + GTP + HS-CoAl

i i

T=o coo®

S-CoA Succinate

Succinyl CoA
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Thioesters as High Energy Compounds
‘The thioester aroup alse has a high
energy fi e of meass for common
metabolites
AG hyarotyis
o Metabolite (kT mol ") o)
" Phosphoenolpyruvate —-62 "
H3C — C —S-COA 13-Risphosphoglycerate 49 —C —oe % H®
ATP to AMP + PP, —45
Acetyl COA | riognoceaine a Acetate
Phosphoarginine -32
Acetyl CoA =32
ATP 0 ADP + P; 32
Pyrophosphate -29
Glucose I-phosphate 21
Glucose 6-phosphate —14
Glycerol 3-phosphate -9
Chem 352, Lecture 7, Introduction to Metabolism 23
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Thioesters as High Energy Compounds
‘The thioester group also has a high
energy for hydrolysis
t"> H,0 HS-CoA ﬁ
H;C —C —S-CoA H,c—C—0° + H®
Acetyl CoA Acetate
Chem 352, Lecture 7, Introduction to Metabolism 23
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Thioesters as High Energy Compounds

‘The thioester group also has a high
energy for hydrolysis

ﬁ H,0 HS-CoA (")
H;C —C —S-CoA N 7, H,c—C—0° + H®
Acetyl CoA Acetate
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Chem 352 - Lecture 7
Introduction to Metabolism
2. April, 2014

Question for the Day: How is metabolism like a river?

24

Reduced Coenzymes

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

+ They can be used tfo 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.

Chem 352, Lecture 7, Introduction to Metabolism 25
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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

Aoxidized + Breduced — Areduced + Boxidized

(B is the reducing agent in this reaction)

Chem 352, Lecture 7, Introduction to Metabolism 26
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Reduced Coenzymes

Reduction potentials can be measured

with an electrochemical cell.
+ The oxidation and reduction are separated by
a wire.
The reduction of Cu? by Zn Voltmeter
Zn + Cu¥* o Zn* + Cu -
AG =-n7 AE (Nemst Equation)
AE' = potential measured by the voltmeter

n=number of electrons transferred
F = Faraday's constant (96,586 JV 'mol"")

z® w®
' s0® s0®
zn —> 2@ +282 a®+282 — cu
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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.

—_E°

electron donor

AE® =E L:Iemron acceptor
AG® =-n7 AE®

n = number of electrons transferred

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

Chem 352, Lecture 7, Introduction to Metabolism 28
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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(g)

duction potentials of some important biclogical TABLE 10.4 Standard reduction potentials of some important biological
h

B
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Reduced Coenzymes

‘Like AG, 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°):

Chem 352, Lecture 7, Introduction to Metabolism 30
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Reduced Coenzymes

Problem:
retk@inMGsthhe ebseryed.ghangeiddion
fherédudfion potential for a

reactiéf: (A'EY! ¢al be d8terfithed
relative fo the change in the
standard reduction potential, (A E©):

AE = AE n‘7| [[A,ed][BDX ]

30-2
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Reduced Coenzymes
Problem:
Hetk@inASsthne e seRy edh@hangeiddion
NADH + H* by,0s. .
fhe Téductivn potential for a
66 A be détermifr
reactiéf: (A'EY! ¢afl be d8térfithed
relative to the change in the
AF;“ = -n.7AE’, . OI .

standard reduction potential, (A E°):

RT [ [As][Brs]

' d
AE = AE® — ——|n| 24—
N7 [Awg][Box
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Reduced Coenzymes
Pr| TABLE 10.4 Standard reduction potentials of some important biological
half-reactions
Reduction half-reaction E" (V)

F Cytochrome bs (microsomal), Fe ) 0.02
Fumarate + 2 H® + 2¢O — Succinate 0.03

€@ Uniquinone (Q) + 2 H 004
Cytochrome b (mitochondrial), T 0.08

€ Cyioctromec, B+ @ 022
Cytochrome ¢, R 023 ’

1 A p).
Cylochrome a, Fe~ 1 €' 029 VA
Plastocyanin, Cu®™ 037
NOE + 2H® + 268 > NOZ + H0 0.42
Photosystem I (P700) 0.43
&+ O K 077
140, + 2HE + 262 > H,0 0.82
Photosystem TT (P680) Lt
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Reduced Coenzymes
Prl| TABLE 10.4 Standard reduction potentials of some important biological
half-reactions
n
Reduction hall-reaction E (V)

F Acetyl CoA + €O + H® + 269 — Pyruvate + CoA —0.48

€ 250 ¢ 20 w0 o
a-Keloglutarale + €O, + 2H® + 2¢O — Isocitrate 038

€ Lipoyl dehydrogenase (FAD) + 2 H® © — Lipoyl dehydrogenase (FADH,)  —034

1, —-0.32 3’ .

—0.32 L

—0.29
Glutathione (oxidized) + 2 H® + 262 — 2 Glutathione (reduced) 0.23
FAD + 2H® + 2¢° — FADH, —022
FMN +2 + 2¢© — FMNH, -0.22
Acelaldehyde + 2 H® = 265 — Ethanol —020

2H® O — Lactate ~0.18 [
Oxaloacetate + 2 H® + 2¢© — Malate -0.17
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Reduced Coenzymes

Problem:

retk@inMGsthhe ebseryed.ghangeiddion
fherédudfion potential for a
reactiéf: (A'EY! ¢al be d8terfithed

relative fo the change in the
standard reducfion” potential, (A E°):

AE = AE®' -7| [MJ

[Ae][B
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Reduced Coenzymes

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

AE = AE® _7| [%J
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Reduced Coenzymes

Problem:

Determine the maximum number of ATPS that could be
synthesized from ADP and P; if coupled fo the oxidation of
NADH + H* by O2.

1/20. + NADH + H* — H0 + NAD*

ADP + Pi — ATP + H0

N [%J
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Reduced Coenzymes

Problem: TABLE 10.3  Standard Gibbs free en-
Determine the may 9% o hydrolsistorcommon 1y 1,
synthesized from A oo ation of
. hycrolysis
NADH + H' by Oz |\t bl (kT mol 1)
Phosphoenolpyruvate -62
1/2 0, + N !3Bisphosphoglycerate —49
ALP to AMP + PP; —45
Phosphocreatine 43
Phosphoarginine -32
Acetyl CoA -32
ATP 10 ADP + P, -3
AE = / Pyrophosphate -29
Glucose 1-phosphate 21
Glucose 6-phosphate —14
Glycerol 3-phosphate -9

Chem 352, Lecture 7, Introduction to Metabolism 31

31-2



Reduced Coenzymes

Problem:

Determine the maximum number of ATPS that could be
synthesized from ADP and P; if coupled fo the oxidation of
NADH + H* by O2.

/202 + NADH + H* — H0 + NAD*

ADP + P — ATP + H0

k)

. AT
AE=AE" - =
[Ared][BDX]

In
nos
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Next Up

‘Lecture 8 - Carbohydrate
Metabolism
+ Part I: Glycolysis (Moran et al., Chapter 11)
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