Chem 352 - Lecture &
Carbohydrate Metabolism
Part I. Glycolysis



Introduction

Carbohydrate metabolism
involves a collection of

pathways.
+ Glycolysis
» Hexoses — 3-Carbon molecules
+ Gluconeogenesis
» 3-Carbon molecules — Hexoses

+ Fermentation (anaerobic)
+ Citric Acid Cycle (aerobic)

» Oxidation all the way to CO; + H;0
+ Pentose-Phosphate pathway

» Hexose — Pentose
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The Glycolytic Reactions

‘There are 10 reactions, which lead

from glucose to pyruvate.

+ These reactions couple the lysis (splitting)
and oxidation of hexose to the synthesis of
2 ATPs from ADP and P..

Glucose + 2 NAD* + 2ADP + 2P, ——>»

2 Pyruvate + 2 NADH + H* + 2 ATP + 2 H,O
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TABLE 10.1 Standard Gibbs free energies of hydrolysis for ATP, AMP, and

pyrophosphate.

AG° ,hydrolysisl
Reactants and products (kJ mol ™)
ATP + H,O0 — ADP + P, + H® —-32
ATP + H,0 — AMP + PP, + H® —45
AMP + H,O — Adenosine + P; — 113
PPi zlz H20—>2PI —29

P; (inorganic phosphate) = HPO4*~
PP; (pyrophosphate) = HP,0,%~
I
HO—P—O
o©

Inorganic phosphate (P;)

l |
HO—P—0—P—0®

| |
o® 0®

Inorganic pyrophosphate (PP;)
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The Glycolytic Reactions

Oxidized form Reduced form

Nicotinamide
mononucleotide
(NMN)

Adenosine
monophosphate

(AMP)

zl
. OH OH (opo3®) OH OH (opo_,@)

NAD® (NADP®) NADH (NADPH)
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The Glycolytic Reactions

=

H

T 1N L i | |

Oxidized form

Reduced form
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TABLE 10.4 Standard reduction potentials of some important biological

half-reactions

Reduction half-reaction E°’ (V)
Acetyl CoA + CO, + H® + 20 — Pyruvate + CoA —0.48
Ferredoxin (spinach), Fe@ + ¢© > Fe —0.43
2H® + 2¢© — H, (at pH 7.0) —0.42
a-Ketoglutarate + CO, + 2 H® + 2¢© — Isocitrate =038
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® + 260 — Dihydrolipoic acid =029
Glutathione (oxidized) + 2 H® + 2¢© — 2 Glutathione (reduced) =023
FAD + 2 H® + 2¢© — FADH, -0.22
FMN + 2 H® + 2¢© — FMNH, =027
Acetaldehyde + 2 H® + 2¢© — Ethanol =020
Pyruvate + 2 H® + 2¢© — Lactate 018
Oxaloacetate + 2 H® + 2¢© — Malate =01

C

TABLE 10.4 Standard reduction potentials of some important biological

half-reactions

Reduction half-reaction (V)

3 )
Cytochrome b5 (microsomal), Few + e© — Fe

Fumarate + 2 H® + 2¢© — Succinate
Ubiquinone (Q) + 2 H® + 2¢° — QH,
Cytochrome b (mitochondrial), Fé@ + ¢© —>Fe

®

Cytochrome ¢y, Fe@ + ¢© > Fe

®

Cytochrome c, Fe@ + ¢© > Fe
Cytochrome a, Fe@ +e© — Fe@
Cytochrome f, Fe@ + 9 — Fc@
Plastocyanin, Cu®™ + ¢© — Cu*

NOL + 2H® + 2.2 - NO° + H,0
Photosystem I (P700)

pe® + O — Fe@

150, + 2H® + 2¢© > H,0

Photosystem II (P680)

0.02
0.03
0.04
0.08
0.22
0.23
0.29
0.36
0.37
0.42
0.43
0.77
0.82

151

(NADP®)

NADH (NADPH)
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The Glycolytic Reactions

TABLE 11.1 The reactions and enzymes of glycolysis

I. Glucose + ATP — Glucose 6-phosphate + ADP + H® Hexokinase, glucokinase

2. Glucose 6-phosphate —— Fructose 6-phosphate Glucose-6-phosphate isomerase
3. Fructose 6-phosphate + ATP —— Fructose 1,6-biphosphate + ADP + H® Phosphofructokinase-1

4. Fructose 1,6-bisphosphate == Dihydroxyacetone phosphate + Glyceraldehyde 3-phosphate Aldolase

5. Dihydroxyacetone phosphate —— Glyceraldehyde 3-phosphate Triose phosphate isomerase

6. Glyceraldehyde 3-phosphate + NAD® + P, =— 13-B isphosphoglycerate + NADH + H® Glyceraldehyde 3-phosphate dehydrogenase
7. 1,3-Bisphosphoglycerate + ADP —— 3-Phosphoglycerate + ATP Phosphoglycerate kinase

8. 3-Phosphoglycerate —— 2-Phosphoglycerate Phosphoglycerate mutase

9. 2-Phosphoglycerate == Phosphoenolpyruvate + H,O Enolase

10. Phosphoenolpyruvate + ADP + H® — Pyruvate + ATP Pyruvate kinase

Glucose + 2 NAD* + 2ADP + 2P, ——>

2 Pyruvate + 2 NADH + H* + 2ATP + 2 H,O
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The Glycolytic Reactions
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The Glycolytic Reactions

‘Reaction 1: Hexokinase

@ @
@O .-Mg Oe Oe eo ,,Mg\oe
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©0—p —0—P—0-"P—0— Adenosine ©0—-Pp —0-2p—0— Adenosine
<|| VI I I I
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5, MgATP @ MgADP®©

Hexokinase

H OH H OH
Glucose Glucose 6-phosphate
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The Glycolytic Reactions

Clicker Questions:

There are four different hexokinase enzymes (I - IV) with
differing Km values:

Hexokinase Km
1L, 1 10-4-10°M
IV 102M
Hexokinase 1V, also known as glucokinase, is found in the liver.

When the different tissues line up to take glucose from the
blood, where is the liver in this lineup?

A. First in line

B. Last in line

C. Somewhere in the middle

Chem 352, Lecture 8, Part I: Glycolysis 7



The Glycolytic Reactions

‘Reaction 1: Hexokinase

* Different tissues have different isoforms of
hexokinase.

» The liver hexokinase, also called
glucokinase, has the highest Km, which
reflects this organs role in regulating blood
glucose levels

+ This reaction has a high negative AG.

+ Except for the liver, once phosphorylated,
glucose cannot leave the cell.

Chem 352, Lecture 8, Part I: Glycolysis 8
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The Glycolytic Reactions

‘Reaction 1: Hexokinase
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The Glycolytic Reactions

3

Problem:

What is the standard free energy change, AG*’, for the
hexokinase reaction?
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The Glycolytic Reactions

o a_ _a

Problem:

hexokinase reaction?

What is the standard free energy change, AG*’, for the

TABLE 10.3 Standard Gibbs free en-

ergies of hydrolysis for common
metabolites

!
AG® hydrolysis

Metabolite (kJ mol™!)
Phosphoenolpyruvate =62
1,3-Bisphosphoglycerate —49
ATP to AMP + PP; —45
Phosphocreatine —43
Phosphoarginine =)
Acetyl CoA =37
ATP to ADP + P; i
Pyrophosphate =29
Glucose 1-phosphate =21
Glucose 6-phosphate —14
Glycerol 3-phosphate 42

Chem 352, Lecture 8, Part I: Glycolysis

9


http://www.uwec.edu/

The Glycolytic Reactions

‘Reaction 1: Hexokinase
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The Glycolytic Reactions

‘Reaction 2: Glucose 6-Phosphate
Isomerase

H (o]
\ 7
1? 1cI H,OH
Glucose
H—C—OH =
2? € 6-phosphate 2C| 2
HO—C—H isomerase  HO —C —H
—_— | —> |
H—,C —OH H—C—OH
I I
H—C—OH H—C—OH
I I
CHzoPog9 6CH20P03®
Glucose 6-phosphate Glucose 6-phosphate Fructose 6-phosphate Fructose 6-phosphate

(a-D-glucopyranose form) (open-chain form) (open-chain form)

Chem 352, Lecture 8, Part I: Glycolysis
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The Glycolytic Reactions

‘Reaction 2: Glucose 6-Phosphate

Isomerase

+ In the cell, this reaction occurs near
equilibrium

Chem 352, Lecture 8, Part I: Glycolysis 11



The Glycolytic Reactions

Clicker Questions:

If a reaction occurs near equilibrium, what does this say
about the actual AG for the reaction?

A. AG>0
B. AG=0
C. AG«O

Chem 352, Lecture 8, Part I: Glycolysis 11



The Glycolytic Reactions

‘Reaction 3: Phosphofructokinase 1

6 6
®03P0CH2 o OH ®03P0CH2 0 OH
H (11H20H \ j q H $H20P03
4 3 . 4 3
OH H Phosphofructokinase-1 OH H

Fructose 1,6-bisphosphate

—

Fructose 6-phosphate
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The Glycolytic Reactions

‘Reaction 3: Phosphofructokinase 1
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The Glycolytic Reactions

‘Reaction 3: Phosphofructokinase 1

+ This enzyme catalyzes the first committed
step in glycolysis.

+ PFK-1 is regulated by numerous allosteric
effectors.

Chem 352, Lecture 8, Part I: Glycolysis 13
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The Glycolytic Reactions

‘Reaction 4: Aldolase

1CH20P03®
,C=0 - H_ P
HO —C—H
3 Aldolase ‘”Cl H20P03 ‘4’C|
H—,C —OH < - (z,cl =0 + HE)(IZ — OH
H—C —OH (3)CH20H (G)CHzopo_,,@
£ H20P03®
Fructose 1,6- Dihydroxyacetone Glyceraldehyde
bisphosphate phosphate 3-phosphate
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The Glycolytic Reactions

‘Reaction 4: Aldolase

(”cuzopo§3
|

(z)T =0

3CH20H

Dihydroxyacetone
phosphate

J

&
~

(4)T

H —(5)(|: — OH

@
CH20P03

Glyceraldehyde
3-phosphate
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The Glycolytic Reactions

‘Reaction 4: Aldolase

1CH20P03®
,C=0 - H_ P
HO —C—H
3 Aldolase ‘”Cl H20P03 ‘4’C|
H—,C —OH < - (z,cl =0 + HE)(IZ — OH
H—C —OH (3)CH20H (G)CHzopo_,,@
£ H20P03®
Fructose 1,6- Dihydroxyacetone Glyceraldehyde
bisphosphate phosphate 3-phosphate

Chem 352, Lecture 8, Part I: Glycolysis 15



The Glycolytic Reactions

‘Reaction 5: Triose-Phosphate

Isomerase
Triose H\ //o

CH,OH phosphate C

| isomerase |

CI =0 - > H— c|: — OH
CH20P03® CHzopo_,,@

Dihydroxyacetone Glyceraldehyde
phosphate 3-phosphate
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The Glycolytic Reactions

‘Reaction 5: Triose-Phosphate

Isomerase

+ This reaction also occurs near equlibrium
+ The reaction mechanism involves an endiol
intermediate.

Chem 352, Lecture 8, Part I: Glycolysis 17



Chemical Modes of Enzymatic Catalysis
-Acid/Base catalysis

+ Triose phosphate isomerase illustrates both
general acid and bases catalysis.

H O
1 Triose \ 7
CH,OH phosphate C
| isomerase |
2<|: =0 = > H— (IZ — OH
3CH20P03@ CH20P03@
Dihydroxyacetone D-Glyceraldehyde
phosphate (DHAP) 3-phosphate
(G3P)

Chem 352, Lecture 4 - Part II, Enzyme Catalysis



Chemical Modes of Enzymatic Catalysis

merase illustrates both
es catalysis.

D-Glyceraldehyde
3-phosphate
(G3P)

3cH,0p0 D

Glu-165 Enediol intermediate

Chem 352, Lecture 4 - Part II, Enzyme Catalysis



Chemical Modes of Enzymatic Catalysis

merase illustrates both
es catalysis.
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Glu-165 Enediolate intermediate

I
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His-95 Glu-165 Enediolate intermediate
5
H 4 2
OH o} ,—(
\1C/ \H‘“QN:'G':N.
[ AN
’?—OH
3CH,OPO3®

Glu-165

Enediol intermediate

Glu-165




The Glycolytic Reactions
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The Glycolytic Reactions

‘Reaction 5: Triose-Phosphate
Isomerase

. H o)
Triose \ 7
(3)C H,OH phosphate (3)C
H\ //0 Cl 6 isomerase ' é i
Ne 1CH20P03® @ | —
&)
I | mC H20P03 (1)CH20P03
H —2C —OH 2c =0 .
I | Dihydroxyacetone Glyceraldehyde
—C— —iC— 3-phosphate
HO 3CI H HO 3CI H Aldolase phosphate phosp
H —4C — OH H _Z;C — OH :
l | ” "
H—Scl—ou H—5c|—0H %
<CHO0H «C Hzopo_,,@ o a
Glucose F.ructose > H E)CI —OH
1,6-bisphosphate CHa OPO@
Glyceraldehyde
3-phosphate
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The Glycolytic Reactions
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The Glycolytic Reactions
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The Glycolytic Reactions

‘Reaction 6: Glyceraldehyde
3-Phosphate Dehydrogenase

Glyceraldehyde ®
02N A 3-phosphate O ,©F0s
c dehydrogenase €
H—C—OH + NAD® +pP. < > H—C—OH + NADH + H®
CH20P03® CH20P03®
Glyceraldehyde 1,3-Bisphosphoglycerate

3-phosphate
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The Glycolytic Reactions

‘Reaction 6: Glyceraldehyde
3-Phosphate Dehydrogenase

+ This reaction also takes place near
equilibrium because the 1,3-
bisphosphoglycerate is rapidly depleated.

+ NAD* levels in the cell are typically low, so
regeneration of NAD*, is critical for this
step in glycolysis.

Chem 352, Lecture 8, Part I: Glycolysis 23



The Glycolytic Reactions

‘Reaction 7: Phosphoglycerate Kinase

o. orod®
N’ coo®
ADP ATP
H—C—OH H C OH
® e ®
CH,O0PO3 Phosphoglycerate CH,O0PO3
kinase

3-Phosphoglycerate

1,3-Bisphosphoglycerate

——
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The Glycolytic Reactions

Group-transfer potential (kJ mol~—1)
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Glucose 6-phosphate

! High-energy

compounds

Low-energy
compounds
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The Glycolytic Reactions
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TABLE 10.3 Standard Gibbs free en-

ergies of hydrolysis for common
metabolites

o/
AG hydrolysis

Metabolite (kJ mol™!)
Phosphoenolpyruvate =062
1,3-Bisphosphoglycerate —49
ATP to AMP + PP, —45
Phosphocreatine —43
Phosphoarginine =52
Acetyl CoA =)
ATP to ADP + P, =32
Pyrophosphate =29
Glucose 1-phosphate =21
Glucose 6-phosphate —14

Glycerol 3-phosphate

! High-energy

compounds

Low-energy
compounds
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The Glycolytic Reactions

‘Reaction 7: Phosphoglycerate Kinase
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The Glycolytic Reactions
‘Reaction 7: Phosphoglycerate Kinase

+ This enzyme is named for the reverse
reaction.

* This reaction is an example of substrate-
level phosphorylation.
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The Glycolytic Reactions
‘Reaction 8: Phosphoglycerate Mutase

coo® Phosphoglycerate coo®

| mutase | @
H—C—OH < >  H—C—OPO3

L |

CH,OPO3 CH,OH

3-Phosphoglycerate

2-Phosphoglycerate
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The Glycolytic Reactions
‘Reaction 8: Phosphoglycerate Mutase

coo® Phosphoglycerate coo®

| mutase | @
H—C—OH < >  H—C—OPO3

L |

CH,OPO3 CH,OH

3-Phosphoglycerate

2-Phosphoglycerate
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The Glycolytic Reactions

‘Reaction 8: Phosphoglycerate Mutase

Clicker Questions:

What class of reaction is the phosphoglycerate mutase

reaction?
A. Transferase

B. Lyase

C. Isomerase

D. Ligase

E. Oxidoreductase




The Glycolytic Reactions

‘Reaction 9: Enolase

coo®

H—C—opPo®

H—C—OH

H

2-Phosphoglycerate

Enolase,
Mg@

H,O

coo®
J

<€

N cl—opo3@
Hzo CHZ

Phosphoenolpyruvate
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The Glycolytic Reactions

‘Reaction 10: Pyruvate Kinase

coo®

|
ﬁ—opo_,,@
CH,

Phosphoenolpyruvate

ADP+H®\ ADP + H®
Pyruvate kinase
ATP é-/V ATP

coo®© |

|
C —OH

|
CH,

Enolpyruvate

l

coo®©

|
€=0

|
CH;

Pyruvate

Chem 352, Lecture 8, Part I: Glycolysis 29



The Glycolytic Reactions

‘Reaction 10: Pyruvate Kinase

Group-transfer potential (kJ mol—1)

70—

60 -

50-

40

30 -

20 -

Phosphoenolpyruvate

lT

Glucose 6-phosphate

N

, High-energy |
compounds
Phosphocreatine

> Low-energy
compounds

Pyruvate
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The Glycolytic Reactions

‘Reaction 10: Pyruvate Kinase

Group-transfer potential (kJ mol—1)

70—

60 -

50-

40 -

30 -

20 -

10 -

Phosph

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

o/
AG hydrolysis

! High-energy |

Metabolite (kJ mol™!)
Phosphoenolpyruvate =62
1,3-Bisphosphoglycerate —49
ATP to AMP + PP, —45
Phosphocreatine —43
Phosphoarginine =
Acetyl CoA =22
ATP to ADP + P; =37
Pyrophosphate =29
Glucose 1-phosphate =21
Glucose 6-phosphate —14
Glycerol 3-phosphate )

myravartc
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The Glycolytic Reactions

‘Reaction 10: Pyruvate Kinase

Group-transfer potential (kJ mol—1)

70—

60 -

50-

40

30 -
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Phosphoenolpyruvate

lT

Glucose 6-phosphate

N

, High-energy |
compounds
Phosphocreatine

> Low-energy
compounds

Pyruvate
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The Glycolytic Reactions

‘Reaction 10: Pyruvate Kinase

coo®

|
ﬁ—opo_,,@
CH,

Phosphoenolpyruvate

ADP+H®\ ADP + H®
Pyruvate kinase
ATP é-/V ATP

coo®© |

|
C —OH

|
CH,

Enolpyruvate

l

coo®©

|
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|
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The Glycolytic Reactions

‘Reaction 10: Pyruvate Kinase

coo®

I

ﬁ — opo_,,®

CH,
Phosphoenolpyruvate

AD P + H @ \ t A D P + H @ Protein Structure - Pyruvate Kinase (1PKM)

Pyruvate kinase
ATP ATP

C—OH

|
| CH; o
Enolpyruvate

l

coo®©

|
€=0

I
CH;

Pyruvate
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The Glycolytic Reactions

‘Reaction 10: Pyruvate Kinase

+ Like phospglycerate kinase, this enzyme is
named for the reverse reaction.

+ This reaction is another example of
substrate-level phosphorylation.
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The Fates of Pyruvate

-Pyruvate represents one of the
major infersections in metabolism.

coo® l
c|=o co, ¢€0o®

T W
CH, (b) |

|
coo®

Oxaloacetate

Acetyl CoA

co,
% CH3
() Ethanol

CH,OH

CHs
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The Fates of Pyruvate

-‘Pyruvate represents one of the
major infersections in metabolism.

CH,OH
H O H
H
OH H
HO OH
H OH
Glucose
l Fermentation
Glycolysis
c00® | CH,OH
| 00® P2, H
Cc=0 CO, | % 3
| (_L C=0 () Ethanol
CH, (b) |
o CH; m coo®
coo Pyruvate |
Oxaloacetate H(|ZOH
(a)
}\. co, CH;
S-CoA Lactate
Citric Acid c|=o
|
Cycle CH, ot
~— Acetyl CoA ——
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The Fates of Pyruvate

-‘Fermenatation is used to regenerate
oxidized NAD* when O; cannot be
utilized to do this.

CH,OH
H O H
H
OH H
HO OH
H OH
Glucose
l Fermentation
Glycolysis
| o €O |
I (_L C=0 (c) Ethanol
CH, (b) |
coo Pyruvate |
Oxaloacetate HC|0H
(a)
}\ co, CH;
S-CoA Lactate
I
=
CHs
Acetyl CoA Chem 352, Lecture 8, Part I: Glycolysis 32




The Fates of Pyruy

‘Fermenatation is use
oxidized NAD* when (
utilized to do this.

N7
|
H— CI —OH
CH,0P0 D
Glyceraldehyde 3-phosphate

P
Glyceraldehyde e
3-phosphate NAD®
dehyd
ehydrogenase NADI&; H®—\
o OPO
Nt
C
|
= C| — OH
CH 20PO3@D
1,3-Bisphosphoglycerate
)
\
\’

J
coo®

I
[
CH,

Pyruvate

Glycolysis

Pyruvate H®
decarboxyl:lse 802
N

C

|
CH;

Acetaldehyde

Alcohol [/—NADH + HO—/
dehydrogenase N AD@

H

|
H—C—OH

C|H . Ethanol

Alcohol Fermentation




The Fates of Pyruy

‘Fermenatation is use
oxidized NAD* when ¢

utilized to do this.

coo®

|
C=0

|
CH,

Pyruvate

NADH, H® nNAD®

U

Lactate dehydrogenase

Lactate Fermentation

coo®

|

HO —C—H
|
CH,

L-Lactate

o) H
N7
|
H— C| —OH
CH,0P0 D
Glyceraldehyde 3-phosphate

P.
Glyceraldehyde oo ®
3-phosphate NAD

dehyd
ehydrogenase NADI&; H®—\
o OoPO
N ©
]
H— C| — OH
CH20PO3@9
1,3-Bisphosphoglycerate
\’

l

J
coo®

CH,
Pyruvate

Glycolysis

Pyruvate H®
decarboxylase co,
H 0]

N
C

|
CH;

Acetaldehyde

Alcohol [/—NADH + HO—/
dehydrogenase N AD@

H

|
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Coenzymes and Vitamins (Chapter 7.7)

‘Pyruvate decarboxylase uses the
coenzyme thiamine pyrophosphate

(TPP).

+ thiamine pyrophosphate is synthesized from
vitamin B; (thiamine)
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<

TABLE 7.2 Major coenzymes
Coenzyme

Adenosine triphosphate (ATP)
S-Adenosylmethionine
Uridine diphosphate glucose

Nicotinamide adenine dinucleotide (NAD®)
and nicotinamide adenine dinucleotide
phosphate (NADP®)

Flavin mononucleotide (FMN) and flavin
adenine dinucleotide (FAD)

Vitamin source

Niacin

Riboflavin (B,)

Major metabolic roles

Transfer of phosphoryl or nucleotidyl groups
Transfer of methyl groups
Transfer of glycosyl groups

Oxidation-reduction reactions involving
two-electron transfers

Oxidation-reduction reactions involving
one- and two-electron transfers

Mechanistic role

Cosubstrate
Cosubstrate
Cosubstrate

Cosubstrate

Prosthetic group

Cosubstrate

Coenzyme A (CoA)

T .
____Thiamine pyrophosphate (TPP)

Pantothenate (R?)

Thiamine (By)

Transfer of acvl sroups

Transfer of two-carbon fragments

Prosthetic group

Pyridoxal phosphate (PLP)

Biotin

Tetrahydrofolate

Adenosylcobalamin

Methylcobalamin

Lipoamide

Retinal

Vitamin K
Ubiquinone (Q)

Pyridoxine (Bg)

Biotin

Folate

Cobalamin (B),)

Cobalamin (B,)

Vitamin A

Vitamin K

containing a carhonyl group
Transfer of groups to and from amino acids

ATP-dependent carboxylation of substrates
or carboxyl-group transfer between substrates

Transfer of one-carbon substituents, especially

formyl and hydroxymethyl groups: provides the

methyl group for thymine in DNA
Intramolecular rearrangements
Transfer of methyl groups

Oxidation of a hydroxyalkyl group from TPP
and subsequent transfer as an acyl group

Vision
Carboxylation of some glutamate residues

Lipid-soluble electron carrier

Chem 352, Lecture 8, Part I: Glycolysis
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Prosthetic group

Cosubstrate

Prosthetic group
Prosthetic group

Prosthetic group

Prosthetic group
Prosthetic group

Cosubstrate
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Coenzymes and Vitamins (Chapter 7.7)

‘Pyruvate decarboxylase uses the
coenzyme thiamine pyrophosphate

(TPP).

+ thiamine pyrophosphate is synthesized from
vitamin B; (thiamine)
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Coenzymes and Vitamins (Chapter 7.7)

-Pyruvate decarboxylase uses the
COE (a)

‘|

(b)

CHZ_ CHZ_ OH

(Tp —Niz/‘s Thiazolium
Pyrlmldme ring
+ {ring J\ rom

Thiamine (vitamin B,)

o) O
[
T (I,e (l)e

Thiamine pyrophosphate
(TPP)
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Coenzymes and Vitamins (Chapter 7.7)

‘Pyruvate decarboxylase uses the
coenzyme thiamine pyrophosphate

(TPP).

+ thiamine pyrophosphate is synthesized from
vitamin B; (thiamine)
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Coenzymes and Vitamins (Chapter 7.7)

-‘Thiamine pyrophosphate is used in

many decarboxylation reactions,
+ Including pyruvate decarboxylase
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Coenzymes and Vitamins (Chapter 7.7)

-‘Thiamine pyrophosphate is used in

many decarboxylation reactions,
+ Including pyruvate decarboxylase
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Free Energy Changes in Glycolysis

‘The overall free energy change is
negative.

T
3 O_Q~~ pp"‘qs~
£ B B BN Standard free-energy
2 L %y changes
g —50-
o
c
©
<
S/
P
e
@
c
v 0 - )
o
&= | Actual free energy changes
S _50- [ AG = —72.3 K mol-T
= PGP~
g \ J
§ —100-

1 2 3 4 6 7 8 9 10

Reactions of glycolysis
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Free Energy Changes in Glycolysis

‘The overall free energy change is

negative.

Cumulative free-energy changes (kJ mol™")

o
|

I
Ul
T

o
|

I
U
T

—100-

1

‘R i
---Q~ o’ b_.--O' 'Q\

Standard free-energy
%y changes

Sites of
Regulation

! Actual free energy changes
AG = —72.3 ki mol™

+*++\
S

2 3 4 6 7 8 9 10
Reactions of glycolysis
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Requlation of Glycolysis

‘The enzymes that catalyze the
iIrreversible reactions are the
primary sites of allosteric regulation.
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Requlation of Glycolysis

‘The
Irre
prin

Fructose 2,6-bisphosphate - - - - - - - - -

Glucose

Hexokinase

A 4 J

Glucose 6-phosphate -“

| tion.

Fructose 6-phosphate

Phosphofructokinase-1
AMP --=-====-- >

Pyruvate kinase

M -
+

-

Phosphoenolpyruvate

l PR RN, ATP

Pyruvate
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Requlation of Glycolysis
-Thq Glucose

Hexokinase | ¢ ==== ===
irre Feedback inhibition
"Things are backing up
further down the line”

prin \, tion.

Fructose 6-phosphate

Glucose 6-phosphate -“

Phosphofructokinase-1

AMP -------- > | m—————- ATP
Fructose 2,6-bisphosphate - - - - - - - - } - Citrate

W BN BN NN BN BN BN BN BN BN B B e .y
£
~

-

Pyruvate
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Requlation of Glycolysis

‘The
Irre
prin

Feed-forward activation
“Cell needs more ATP”

AMP
Fructose 2,6-bisphosphate

-

hosphofructokinase-1

Glucose

Hexokinase | ¢ ==== === &

A\ 4 J

Glucose 6-phosphate -“

A 4

Fructose 6-phosphate

-------- ol b ot ATP
-------- 2 | o i Citrate

Pyruvate
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Requlation of Glycolysis
-Thq Glucose

ITre Glucose 6-phosphate -*

Prl n v Feedback inhibition
Fructose 6-phosphate | Cells ATP needs are met”

Phosphofructokinase-1

AMP --=-====- ol B -
Fructose 2,6-bisphosphate - - - - - - - - O] -

Hexokinase | ¢ ==== === &

!

Feedback inhibition
M “Cells ATP needs are met”
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£
~

-

Pyruvate
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Requlation of Glycolysis

‘The
Irre
prin

Glucose

PFK-1 reaction rate

—--
b
—
—

Hmk-meA_.T

AMP added

e
e e am mm omw mm

2 3 4 5
[ATP] [
(mmol I™")  physiological ATP

concentration

Pyruvate

!

Feedback inhibition
“Cells ATP needs are met”

Feedback inhibition
“Cells ATP needs are met”
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Requlation of Glycolysis
-Thq Glucose

ITre Glucose 6-phosphate -*

Prl n v Feedback inhibition
Fructose 6-phosphate | Cells ATP needs are met”

Phosphofructokinase-1

AMP --=-====- ol B -
Fructose 2,6-bisphosphate - - - - - - - - O] -

Hexokinase | ¢ ==== === &

!

Feedback inhibition
M “Cells ATP needs are met”
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Requlation of Glycolysis

‘The
Irre
prin

Hexokinase

Phosphofructokinase-1
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Feedback inhibition _
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Requlation of Glycolysis

‘The
Irre
prin

Glucose

Hexokinase | ¢ ==== === &

A\ 4 J

Glucose 6-phosphate -“

| tion.

Fructose 6-phosphate

Phosphofructokinase-1

AMP -------- »> |- ATP
Fructose 2,6-bisphosphate - - - - - - - - } - Citrate

In the Liver:

"The hormone glucagon is not
signaling a need to push

glucose out into the blood.”
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Requlation of Glycolysis

‘The
Irre
prin

Fructose 2,6-bisphosphate - - - - - - - - -

Glucose

Hexokinase
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Fructose 6-phosphate
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Pyruvate kinase
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Requlation of Glycolysis

-In the liver, glucokinase, which is
livers form of hexokinase, is also
regulated by a requlatory protein
that binds to glucokinase when
fructose 6-phosphate levels are high.
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Requlation of Glycolysis

-In the 1S
livers o
regula in
that by, .

With .
FI"UCfO / regulatory hlgh.

protein
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Requlation of Glycolysis

-In the liver, glucokinase, which is
livers form of hexokinase, is also
regulated by a requlatory protein
that binds to glucokinase when
fructose 6-phosphate levels are high.
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Requlation of Glycolysis

‘The liver is the only organ that is
able o release glucose back into the

blood

+ It does so to satisfy the glucose need of
other tissues, particularly the brain.
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Requlation of Glycolysis

‘The liver is the only organ that is
able o release glucose back into the

blood

+ It does so to satisfy the glucose need of

Pyruvate

-+

+
NADPH

Pentose

Ribose 5-phosphate Phosphate
pathway

Diet

b

Glucose

. (Rapid) | Hexokinases
ATP Glycolysis / Gluconeogenesis

Glucose 6-phosphate «—— Glucose 1-phosphate

6-phosphatase Glycogen

Glucose for
export to blood
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Requlation of Glycolysis

‘The liver is the only organ that is
able o release glucose back into the

blood

+ It does so to satisfy the glucose need of
other tissues, particularly the brain.
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Requlation of Glycolysis

The liver is the only organ that is able

to release glucose back into the blood
+ Under low blood glucose levels, the hormone
glucagon signals the liver to halt glycolysis.
» It does this using a signal transduction
pathway.
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Transduction of Extracellular Signals

-G-Proteins

Stimulatory

O hormone

\

Protein
kinase A
(inactive)

|

Protein
kinase A
(active)

Inhibitory
hormone

Adenylyl
/cyclase /

cAMP

5'-AMP

)

Phosphodiesterase

Protein— OH — Protein ~vvs Cellular response
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Requlation of Glycolysis

‘The liver is the only organ that is
able o release glucose back into the

blood

+ Under low blood glucose levels, the hormone
glucagon signals the liver to halt glycolysis.

» It does this using a signal transduction
pathway.
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Requlation of Glycolysis

'T Glucose
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Requlation of Glycolysis

‘The liver is the only organ that is
able o release glucose back into the

blood

+ Under low blood glucose levels, the hormone
glucagon signals the liver to halt glycolysis.

» It does this using a signal transduction
pathway.
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Requlation of Glycolysis

‘Regulation of Pyruvate Kinase

+ Pyruvate Kinase is also regulated in
response to glucagon.
» Phosphorylation by Protein Kinase A in
response to glucagon, lowers ifs activity.
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Requlation of Glycolysis

‘Regulation of Pyruvate Kinase
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Requlation of Glycolysis
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Requlation of Glycolysis

‘Regulation of Pyruvate Kinase
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Requlation of Glycolysis

Regulation of Pyruvate Kinase

+ In addition to being allosterically inhibited by
ATP, Pyruvate Kinase is also allosterically
activated by frucose 6-phosphate.
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Requlation of Glycolysis

Regulation of Pyruvate Kinase
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Requlation of Glycolysis
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Requlation of Glycolysis

Regulation of Pyruvate Kinase
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Other Points
Skip Section 11.6

+ Entry of other sugars into glycolysis

Skip Section 11.7

+ Entner-Doudoroff Pathway in Bacteria, which
lack PFK-1
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Review of Glycolysis

Questions:

What is the metabolic purpose behind the glycolytic pathway?
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Review of Glycolysis

Questions:

The "-lysis” part of glycolysis means “to split”. Using structural
formulas, draw the chemical equation for the reaction in
which a 6-carbon molecule is split into two 3-carbon
molecules.
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Review of Glycolysis

Questions:

Even though the glycolytic pathway can be used in the
absence of oxygen, there is one reaction in which and
oxidation occurs.

A. Using structural formulas, draw the chemical equation for
this reaction.

B. What oxidizing reagent is used in this reaction?
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Review of Glycolysis

Questions:

When oxygen is available and can be used, the oxidizing agent §
using in the previously described reaction is reoxidized by the
electron transport chain.

A. Using structural formulas, show the reaction or
combination or reactions that is used to reoxizide this
agent when oxygen cannot be utilized.

B. What is the name of the pathway you drew?
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Next Up

‘Lecture 8 - Carbohydrate

Metabolism

+ Part II: Gluconeogenesis, Pentose Phosphate
Pathway, and Glycogen Metabolism (Moran
et al., Chapter 12)
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