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Exercice 1 : Bilan énergétique de la synthèse du glucose

La néoglucogenèse permet la synthèse dans le foie de glucose. Néanmoins, les molécules à l’origine
de la synthèse du glucose peuvent provenir du muscle :

— Le cycle de Cori permet l’utilisation du lactate issu de la fermentation du glucose dans le
muscle par le foie pour la synthèse de glucose

— Le cycle alanine-glucose permet d’utiliser les acides aminés musculaires dans le foie pour la
synthèse de glucose

Question 1

A partir des figures ci-dessous et des connaissances de votre cours, écrivez les voies complètes
permettant la synthèse de glucose à partir d’alanine et de lactate.

Question 2

Faites le bilan énergétique de ces voies de biosynthèse.

C. The Cori Cycle

Muscle contraction is powered by hydrolysis of ATP,
which is then regenerated through oxidative phosphoryla-
tion in the mitochondria of slow-twitch (red) muscle fibers
and by glycolysis yielding lactate in fast-twitch (white)
muscle fibers. Slow-twitch fibers also produce lactate
when ATP demand exceeds oxidative flux. The lactate is
transferred, via the bloodstream, to the liver, where it is re-
converted to pyruvate by lactate dehydrogenase and then
to glucose by gluconeogenesis. Thus, through the interme-
diacy of the bloodstream, liver and muscle participate in a
metabolic cycle known as the Cori cycle (Fig. 23-10) in
honor of Carl and Gerty Cori, who first described it.This is
the same ATP-consuming glycolysis/gluconeogenesis “fu-
tile cycle” we discussed above. Here, however, instead of
occurring in the same cell, the two pathways occur in dif-
ferent organs. Liver ATP is used to resynthesize glucose
from lactate produced in muscle. The resynthesized glu-
cose is returned to the muscle, where it is stored as glyco-
gen and used, on demand, to generate ATP for muscle
contraction. The ATP utilized by the liver for this process
is regenerated by oxidative phosphorylation. After vigor-
ous exertion, it often takes at least 30 min for all of the lac-
tate so produced to be converted to glycogen and the oxy-
gen consumption rate to return to its resting level, a
phenomenon known as oxygen debt.

2 THE GLYOXYLATE CYCLE

Plants, but not animals, possess enzymes that mediate the
net conversion of acetyl-CoA to succinate, which is then
converted, via malate, to oxaloacetate.This is accomplished
via the glyoxylate cycle (Fig. 23-11), a pathway involving
enzymes of the glyoxysome (a membranous plant or-
ganelle; Section 1-2Ad). The glyoxylate cycle involves five
enzymes, three of which also participate in the citric acid cy-
cle: citrate synthase, aconitase, and malate dehydrogenase.

The two other enzymes, isocitrate lyase and malate syn-
thase, are unique to the cycle.

The glyoxalate cycle consists of five reactions (Fig. 23-11):

Reactions 1 and 2. Glyoxysomal oxaloacetate is con-
densed with acetyl-CoA to form citrate, which is isomer-
ized to isocitrate as in the citric acid cycle. Since the gly-
oxysome contains no aconitase, Reaction 2 presumably
takes place in the cytosol.

Reaction 3. Glyoxysomal isocitrate lyase cleaves the
isocitrate to succinate and glyoxylate (hence the cycle’s
name).

Reaction 4. Malate synthase, a glyoxysomal enzyme,
condenses glyoxylate with a second molecule of acetyl-
CoA to form malate.

Reaction 5. Glyoxysomal malate dehydrogenase cat-
alyzes the oxidation of malate to oxaloacetate by NAD!,
thereby completing the cycle.

The glyoxylate cycle therefore results in the net conversion
of two acetyl-CoA to succinate instead of to four molecules
of CO2, as would occur in the citric acid cycle. The succinate
produced in Reaction 3 is transported to the mitochon-
drion, where it enters the citric acid cycle and is converted
to malate, which has two alternative fates: (1) It can be con-
verted to oxaloacetate in the mitochondrion, continuing
the citric acid cycle and thereby making the glyoxylate
pathway an anaplerotic process (Section 21-5b); or (2) it
can be transported to the cytosol, where it is converted to
oxaloacetate for entry into gluconeogenesis.

The overall reaction of the glyoxylate cycle can be con-
sidered to be the formation of oxaloacetate from two mol-
ecules of acetyl-CoA.

Isocitrate lyase and malate synthase, the only enzymes of
the glyoxylate pathway unique to plants, enable germinat-
ing seeds to convert their stored triacylglycerols, through
acetyl-CoA, to glucose. It had long been assumed that this
was a requirement of germination. However, a mutant of
Arabidopsis thaliana (an oilseed plant) lacking isocitrate
lyase, and hence unable to convert lipids to carbohydrate,
nevertheless germinated. This process was only inhibited
when the mutant plants were subjected to low light condi-
tions. It therefore appears that the glyoxylate cycle’s im-
portance in seedling growth is its anaplerotic function in
providing 4-carbon units to the citric acid cycle, which can
then oxidize the triacylglycerol-derived acetyl-CoA.

3 BIOSYNTHESIS OF
OLIGOSACCHARIDES AND
GLYCOPROTEINS

Oligosaccharides consist of monosaccharide units joined
together by glycosidic bonds (linkages between C1, the
anomeric carbon, of one unit and an OH group of a second

oxaloacetate ! 2CoA ! 2NADH ! FADH2 ! 2H!

2 Acetyl-CoA ! 2NAD! ! FAD ¡
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Figure 23-10 The Cori cycle. Lactate produced by muscle
glycolysis is transported by the bloodstream to the liver, where it
is converted to glucose by gluconeogenesis. The bloodstream
carries the glucose back to the muscles, where it may be stored as
glycogen. See the Animated Figures
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b. Stage I: Conversion of an Amino Acid 
to an !-Keto Acid

Step 1. The amino acid’s nucleophilic amino group
attacks the enzyme–PLP Schiff base carbon atom in a tran-
simination (trans-Schiffization) reaction to form an amino
acid–PLP Schiff base (aldimine), with concomitant release
of the enzyme’s Lys amino group. This Lys is then free to
act as a general base at the active site.

Step 2. The amino acid–PLP Schiff base tautomerizes
to an !-keto acid–PMP Schiff base by the active site
Lys–catalyzed removal of the amino acid ! hydrogen and
protonation of PLP atom C4¿ via a resonance-stabilized
carbanion intermediate. This resonance stabilization facili-
tates the cleavage of the C!¬H bond.

Step 3. The !-keto acid–PMP Schiff base is hydrolyzed
to PMP and an !-keto acid.

c. Stage II: Conversion of an !-Keto Acid 
to an Amino Acid
To complete the aminotransferase’s catalytic cycle,

the coenzyme must be converted from PMP back to the
enzyme–PLP Schiff base. This involves the same three
steps as above, but in reverse order:

Step 3!. PMP reacts with an !-keto acid to form a
Schiff base.

Step 2!. The !-keto acid–PMP Schiff base tautomer-
izes to form an amino acid–PLP Schiff base.

Step 1!. The ε-amino group of the active site Lys
residue attacks the amino acid–PLP Schiff base in a trans-
imination reaction to regenerate the active enzyme–PLP
Schiff base, with release of the newly formed amino acid.

The reaction’s overall stoichiometry therefore is

Examination of the amino acid–PLP Schiff base’s struc-
ture (Fig. 26-2, Step 1) reveals why this system is called “an
electron-pusher’s delight.” Cleavage of any of the amino
acid C! atom’s three bonds (labeled a, b, and c) produces a
resonance-stabilized C! carbanion whose electrons are

!-keto acid 1 " amino acid 2
Amino acid 1 " !-keto acid 2 ∆

delocalized all the way to the coenzyme’s protonated pyri-
dinium nitrogen atom; that is, PLP functions as an electron
sink. For transamination reactions, this electron-withdrawing
capacity facilitates removal of the ! proton (a bond cleav-
age) in the tautomerization of the Schiff base. PLP-
dependent reactions involving b bond cleavage (amino acid
decarboxylation) and c bond labilization are discussed in
Section 26-4B and in Sections 26-3Bb and 26-3G,respectively.

Aminotransferases differ in their specificity for amino
acid substrates in the first stage of the transamination reac-
tion, thereby producing the correspondingly different 
!-keto acid products. Most aminotransferases, however,
accept only !-ketoglutarate or (to a lesser extent) oxalo-
acetate as the !-keto acid substrate in the second stage of
the reaction, thereby yielding glutamate or aspartate as
their only amino acid products. The amino groups of most
amino acids are consequently funneled into the formation of
glutamate or aspartate, which are themselves interconverted
by glutamate–aspartate aminotransferase:

Oxidative deamination of glutamate (Section 26-1B) yields
ammonia and regenerates !-ketoglutarate for another
round of transamination reactions.Ammonia and aspartate
are the two amino group donors in the synthesis of urea.

d. The Glucose–Alanine Cycle Transports Nitrogen 
to the Liver
An important exception to the foregoing is a group of

muscle aminotransferases that accept pyruvate as their
!-keto acid substrate. The product amino acid, alanine, is
released into the bloodstream and transported to the liver,
where it undergoes transamination to yield pyruvate for
use in gluconeogenesis (Section 23-1A). The resulting glu-
cose is returned to the muscles, where it is glycolytically
degraded to pyruvate. This is the glucose–alanine cycle
(Fig. 26-3). The amino group ends up in either ammonium
ion or aspartate for urea biosynthesis. Evidently, the 
glucose–alanine cycle functions to transport nitrogen from
muscle to liver.

During starvation the glucose formed in the liver by this
route is also used by the other peripheral tissues,breaking the

!-ketoglutarate " aspartate
Glutamate " oxaloacetate ∆
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Figure 26-3 The glucose–alanine cycle. See the Animated Figures
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TABLE 1.1 – Les Acides Gras saturés
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Exercice 2 : Biosynthèse d’acides gras

En période post-prendial, l’organisme stocke d’abord les sucres sous forme de glycogène puis sous
forme d’acides gras. Écrivez la voie qui permet cette biosynthèse en tenant compte dans vos choix
des molécules énergétiques nécessaires à la biosynthèse.
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