Metabolic steps (reactions)
Oxidation: a source of energy

The metabolic reactions

The study of metabolism has shown, with some exceptions, that most
metabolic steps in vivo involve one, or a combination, of 5 principal types of
simple chemical simple reactions

Major processes :

Oxidation / reduction
Hydrolysis / condensation
Synthesis / braking of C-skeleton

Minor processes:

Cetoenolic tautomery
Hydration / dehydration

(1) The major processes involved in a metabolism can be predicted by looking to
the substrate and the final product.
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Respiratory chain add more
ATP to the energetic yield
REDOX coenzymes
regeneration produce ATP:
1 NADH => 1 NAD+ + 3 ATP
1 FADH2 = 1 FAD + 2 ATP
Respiratory chain
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REDOX
(Oxidation/reduction)

Structure of an organic compound
Organic function – Degree of function (DF)

The chemical properties of a molecule are the additions of
the properties of their chemical functions;
Comparison of DF allows the identification of REDOX reactions
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Oxidation-reduction
Oxidation : Liberation of 2 e- (increase of DF)
Reduction : Recovery of 2 e- (decrease of DF)
Who gives or recovers the electrons ? >>>> Coenzymes (cofactors)
Classic coenzymes used to equilibrate redox reactions :
NAD+ (classic for oxidation, equivalent to 2 e- H+)
FAD
(classic for oxidation of alkane to alkene)
NADPH (classic for reduction 2 e- 2H+)

Reading the reaction of oxidation / reduction

1) Identify the reaction : from DF
2) Assign the enzyme: DH
3) Assign the coenzyme: NAD+ , FAD or NADPH
4) Assign energetics (reversible or irreversible reaction)
Redox reactions are reversible unless coupled

Nicotinamide Adenine Dinucleotide: NAD+/NADH
Site of oxido-reduction

Nicotinamide nucleotide

Adenine

AMP

nucleotide

(Adenine mono phosphate)
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Nicotinamide Adenine Dinucleotide: NAD+ / NADH
H
N
R

CONH2
H+ + 2 e

NAD+ + H+ + 2eCatalyzed reactions:

H

H

N
R

CONH2

NADH + H+
Redox Potential : - 0,32 V

 Oxidation of primary and secondary alcohols
 Oxidation des aldehydes

 Transformation of primary amines in ketones

Flavine Adenine Dinucleotide: FAD/FADH2
dimethylisoalloxazine

Adenine

FMN: Flavine Mononucleotide
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Flavine Adenine Dinucleotide: FAD/FADH2

FAD + 2H+ + 2eCatalyzed reactions:

 Alkane to alkene

FADH2

Redox potential : -

0,2 - 0 V.

(C-C to C=C)

 Oxidation of a reduced substrate: AH2

 Hydrogen captor for reduced nicotinic coenzymes

Coenzymes

Coenzymes are small organic molecules and are
often derived from vitamins making them crucial
components in biological reactions.
Enzymes that use the same coenzyme perform similar
catalysis mechanisms.
Holoenzyme: enzyme + coenzyme
.
Coenzyme: non covalently bound to the enzyme
(considered as a substrate)
Prosthetic group: is a coenzyme covalently linked to the
enzyme
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Main Red-Ox coenzymes
 Nicotinic coenzymes
NAD+/NADH

 Flaviniques

FAD/FADH2

and

NADP+/NADPH

coenzymes

 Quinoniques

and

FMN/FMNH2

coenzymes

Coenzyme Q (quinone);

 Cytochrome c

CoQ/CoQH2

Cyt c Fe3+ / Cyt c Fe2+

Coenzyme Q

Involved in e- transfer in respiratory chain

Detail of e- transfer:

CoQ + 2H+ + 2e-

CoQH2

Redox potential : 0 V
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Involved in

e-

Cytochrome C

transfer in respiratory chain

This protein associates a
heme group (cofactor able to
complexate a metal (Fe)
(metalloprotein)
Cyt c Fe3+ + e  Cyt c Fe2+

Redox potential : 0,3 V

NADH
-0,32
CH2-0,42
NADPH
in vivo

Oxidant capacity of red-ox
coenzymes

-0,2

FAD/FMN

CoQ
0

Cyt c

02/H20

0,3

0,82

-0,25
NAD+

E'° (V)
E in vivo

in vivo

 Cell media is a medium of potential between - 0,5 et 0 V

 In vivo, NAD is accumulated in the form of NAD+ (oxidated coenzyme)

In vivo, NADP is accumulated in the form of NADPH (reduced coenzyme)
 NADPH is better reductor than NADH
 NAD+, is better oxidant than NADP+
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Oxidation of organic substrats

NADP + /NADPH
in vivo

NAD + /NADH
NADP + /NADPH
Conditions standards

FAD/FADH
FMN/FMNH

2
2

NAD + /NADH
in vivo

• A substrate is oxidable only by a coenzyme of a potential of same or
higher potential.
Conséquences ?

• If the potential is similar between the oxidant and reductor the reaction
will be reversible.
•If the coenzyme potential is higher than that of the substrate the reaction
is irreversible , la reaction sera reversible.

NB : if coupled irreversible reactions can be reversible or not

NADP + /NADPH
in vivo

NAD + /NADH
NADP + /NADPH
Conditions standards

FAD/FADH
FMN/FMNH

2
2

NAD + /NADH
in vivo
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Some Redox coenzymes
Coenzyme
and abbreviation

Related
vitamin or
other
compound

Main functions

COENZYMES for OXYDOREDUCTASES
a

b

Nicotinamide-adeninedinucleotide (NAD)
Nicotinamide-adeninedinucleotidephosphate (NADP)

Flavine-mononucletide
(FMN)
Flavine-adeninedinucleotide (FAD)

c

Prosthetic groups in
cytochromes

d

Quinonic coenzymes
(ubiquinons) (CoQ)

e

Tetrahydrobiopterine

Tryptophane,
nicotinamide
Vitamine B2 or
riboflavine

Oxydoreduction
(deshydrogenase, transporters
of the respiraty chain)

Hydroxylation Phe, Tyr, Trp

OTHER COENZYMES NON REDOX

f

Carboxylations,
Decarboxylations :
1. Biotin
2. Thiamine
pyrophosphate (TPP)
3. Lipoïc acid

Transferts of
monocarbonic radicals
g

h

1. Methylcobalamine
2. S-adenosylmethionine
3. Tetrahydrofolate
(THF)
Transfert of acyl
Coenzyme A (CoA-SH)

1.

β-carboxylation

1. Biotin
2. Decarboxylation of
2. Vitamine B1 ou
α–ceto acids
thiamine
3. Oxidative decarboxylation
3. Acide lipoïque

α–ceto acids

1. Vitamin B12
(cobalamine)
2. Methionine
3. Folic acid

1. Methyl Transfert
2. Methyl Transfert
3. Monocarbonic radicals
transfert

Pantothenic acid
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Cellular Strategies for
oxydo/reduction

How to go from an alkane into an aldehyde or ketone

DPG1

Classic sequence involved in several pathways :

C C
H H

DH
FAD FADH2

C C

déshydratase
H2O

DH
C C
C C
O H
O H
NAD+ NADH
H

• Two oxidations and one hydration (introduction of water) are needed
Always the same sequence:
– Oxidation of alkane in alkene by FAD (DH)
– Hydration of alkene into alcohol (deshydratase)
– Oxidation of alcohol into aldehyde or ketone by NAD+ (DH)

•

This sequence is found in several metabolisms
(Krebs, lynen, aminoacids catabolism and anabolism..)

However : the oxidation of C-C into C=C is possible only if C-C bond is
destabilized (polarized) (cf : use of HSCoA to polarize compounds)
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Diapositive 22
DPG1

D PG; 14/09/2016

Oxidation of C-C to C=C: Coenzyme A is the
activator allowing this reaction
•

•

•

Coenzyme A structure:

Coenzyme A in an
activator coenzyme

O

O OH

H-S-CH2-CH2-NH-C-CH2-CH2-NH-C-CH

C(CH3)2

O CH2
O
Rib-Ad CH2 O P O P O
O
O

Its thioester function is condensed on carboxylate functions in
substrates C-C-COOH (this C-C cannot be oxidized into C=C)

• HSCoA allows an inductor effect increasing C-H and C-C
bound polarization in neighboring C-C (C-C-COSCoA).
• C-C in the vicinity of -COsCoA are fragile and easy to
oxidize C-C-COSCoA (this C-C can be oxidized into C=C)

Reduction of carboxylates
•NADPH is a strong reductor coenzyme. However it cannot reduce
carboxylates into aldehydes :
–COO- + NADPH  – CHO + NADP+

is endergonic (DG’°>0)

• A coupled reaction is required (in general of phosphate) for
reduction by NADPH or NADH
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Carboxylate reduction into aldehyde
is resumed as
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