Chem 352 - Lecture 8
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 Pi.

Glucose + 2NAD* + 2ADP + 2P; ——»

2 Pyruvate + 2 NADH + H* + 2ATP + 2H,0
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TABLE 10.1 Standard Gibbs free energies of hydrolysis for ATP, AMP, and
pyrophosphate.
AG®' hydrolysis!
Reactants and products (kJ mol 1)
ATP + H,0 — ADP + P; + H® 32
ATP + H,0 — AMP + PP; + H® —45
AMP + H,0 — Adenosine + P; 13
PP, + H,0—> 2P, -29
P; (inorganic phosphate) = HPO,>™
PP; (pyrophosphate) = HP,0;

I
Ho—P—0°

|

0©
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i 0
HO—II’—O—P—OG
0© o®
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The Glycolytic Reactions

‘There are 10 reactions, which lead

from glucose to pyruvate.
+ These reactions couple the lysis (splitting)
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The Glycolytic Reactions

+Thore are 10 roartiance wihich load
Oxidized form Reduced form
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The Glycolytic Reactions

Oxidized form Reduced form
r H o H H O
TABLE 104 Standard reduction potentials of some important biological FABLE 10.4 Standiard reuction potentials of some important biological
half-reactions ]’ half-reactions
Ew B

Reduction half-eaction

Acey Coa + €O, + B

017 P Poeesysen oo

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

‘There are 10 reactions, which lead

from glucose to pyruvate.
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The Glycolytic Reactions

TABLE 11.1  The reactions and enzymes of glycolysis

1. Glucose + ATP — Glucose 6-phosphate + ADP + HE Hexokinase,

2. Glucose 6-phosphate. == Fructose 6-phosphite Glucose-6-phosphate isomerase
3. Fructose 6-phosphate + ATP ——> Fructose [ 6-biphosphite + ADP + HE Phospholuctokinase-1

4. Fructose 1.6-Diphospl phosphate + € e 3-phosphite Aldolase

5. Dibydroxyacetone phosphate Giyceraldehyde 3-phosphate Triose phosphate isomeruse

6. Glyceraldehyde 3-phosphate + NAD® + P; == 1.3-Biphosphoglyceraie + NADH + H®

7. 1.3 Bphosphoglycerate + ADP == 3-Phosphogly

Glyceraldehyde 3-phosphate dehydrogenase

Phosphoglycerate kinase

8.3-Phosphoglycerate 2 Phosphoglycerate Phosphoglycerate mutase
9.2 Phosphoglyceratle == Phosphoenolpyrusate + H,0 Enolase
10. Phosphocnolpyruvate + ADP + H® — Pyruvate + ATP Pyruvie kinase

Glucose + 2NAD* + 2ADP + 2P, ——»

2 Pyruvate + 2NADH + H* + 2ATP + 2H,0
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The Glycolytic Reactions

TABLE 11.1  The reactions and enzymes of glycolysis

1. Glucose + ATP — Glucose 6-phosphate + ADP + HE Hexakinase, ghucokinase
2. Glucose 6 phosphate. == Fructose 6 phosphate Glucose 6 phosphate isomerase

3. Fructose 6 phosphate = ATP — Fructose 16 biphosphate + ADP + HE Phosphofructokinase |

4 Fructose 1.6 biphosphate Dihydroxyacetone phosphate + Glyceraldehyde 3 phosphte Aldotase

5. Dibydroxyacetone phosphte Glyceraldehyde 3 phosphate Triose phosphate isomerase

6. Glyceraldehyde 3-phosphate + NAD® + P, === 1 3-Bisphosphoglycerate + NADH + HP Glyceraldehyde 3-phosphate dehydrogenase
713 conte + ADP = 3 + TP Phosphoglycerate kinase

8. 3-Phosphoglycerate 2-Phosphoglycerate: Phosphoglycerate mutase

9. 2-Phosphoglycerie == Phosphocnolpyruvate + H,0 Enolase

10, Phosphocnolpyruvate + ADP + HE — Pyruvate + ATP Pyruvate kinase

Glucose + 2NAD* + 2ADP + 2P, ——>

2 Pyruvate + 2NADH + H* + 2ATP + 2H,0
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The Glycolytic Reactions

| 8. 3-Phosph

TABLE 11.1  The reactions and enzymes of glycolysis

1G> ATP — Glucose 6 phosphate + ADP + HO Hesokioas,gucokinase
2 Glucose & phospite == Fructose 6 phospie Glucose-6 phospte somerase
3. Fuctose - phosphte + ATP —> Fructose 6 bsphosht + ADP + HE Prosphotiuctokinse-1

4. Fructose 16 biphospl i phosphate + Giyceraldehyde 3-phosphate Aldotas

5. Ditydrossaceionsphosphate. — Gt -phosphate Tricss phosphate omerase

dehyde 3-phosphate +QADE + == 133 ephosphosiycerte Glyceraldehyde 3-phosphate dehydroge
7 1 sphosposcente 1 @DPY— 3-Phosphoghycere 1) o

= 2Phosphoglyc: Phosphog

9. 2-Phosphoglycerae = _Phosphocnolpyruvate 0 Faolase
0. Prosphoenotpyruvate +@DE) 1O —wvate + ATE Pyruvate Kinase

0 kinase
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The Glycolytic Reactions

‘Reaction 1: Hexokinase
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The Glycolytic Reactions

Clicker Questions:

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

Hexokinase Kwm
LILm 104-10°M
v 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
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The Glycolytic Reactions

‘Reaction 1: Hexokinase
*+ Different tissues have different isoforms of
hexokinase.

» The liver hexokinase, also called
glucokinase, has the highest Ku, 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.
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The Glycolytic Reactions

‘Reaction 1: Hexokinase
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The Glycolytic Reactions

eaetion 1: Hexokinase

What is the standard free energy change, AG®, for the

hexokinas@ reaction? e
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The Glycolytic Reactions

eaetion 1: HexoKinase

What is the standard free energy change, AG*, for the
®
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The Glycolytic Reactions

‘Reaction 1: Hexokinase
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The Glycolytic Reactions

‘Reaction 2: Glucose 6-Phosphate
Isomerase

©oypolH, Glucose . ,
g = . 6-phosphate @o,pocH, o CHy0H
n [l Jtomarase
OH H — —
o on
T o H—g—oH H—g—on
Lnsoro® Tnsoro®
(o-D-glucopyranoseform)  (open-chain form) (open-chainform)  (a-D-fructofuranose form)
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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

Heactiennd: Glucose 6-Phosphate
I"Sbmé‘easce.\rs near equilibrium, what does this say

about the actual AG for the reaction?
+ In the cell, this reaction occurs near
A.eqailibrium
B. AG=%0

C. AG«<O
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The Glycolytic Reactions

‘Reaction 3: Phosphofructokinase 1
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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.
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The Glycolytic Reactions

‘Reaction 4: Aldolase
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The Glycolytic Reactions
‘Reaction 4: Aldolase
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The Glycolytic Reactions

‘Reaction 4: Aldolase
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The Glycolytic Reactions

‘Reaction 4: Aldolase

1C|H 20P03®
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The Glycolytic Reactions

‘Reaction 4: Aldolase
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The Glycolytic Reactions

‘Reaction 4: Aldolase
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The Glycolytic Reactions

‘Reaction 5: Triose-Phosphate

Isomerase
Triose H\ //o
CH,0H phosphate C
| isomerase
<|: =0 ——— H—C—OH
CHz°P03® 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
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Chemical Modes of Enzymatic Catalysis
-Acid/Base catalysis
+ Triose phosphate isomerase illustrates both
general acid and bases catalysis.
H 0
i \ 7
"CHIOH  phosphate ¢
=0 isomerase PP S
P
’CH10P03® CH,0p0 @
Dihydroxyacetone D-Glyceraldehyde
phosphate (DHAP) 3-phosphate
(G3P)
Chem 352, Lecture 4 - Part 1I, Enzyme Catalysis
. . . 18-2
Chemical Modes of Enzymatic Catalysis
is
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ses catalysis.
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Chem 352, Lecture 4 - Part 11, Enzyme Catalysis
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The Glycolytic Reactions
‘Reaction 5: Triose-Phosphate

Isomerase

CH,OH
I

Cc=0

Triose
phosphate
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N\ 7
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| I
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3
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The Glycolytic Reactions

‘Reaction 5: Triose-Phosphate
Isomerase
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The Glycolytic Reactions

‘Reaction 5: Triose-Phosphate
Isomerase

Triose H N\ //0
phosphate C
isomerase

P —
—

C|H20H

I
| H—C—OH
CH20P03® CH20P03®
Glyceraldehyde
3-phosphate

cC=0

Dihydroxyacetone
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.
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Chemical Modes of Enzymatic Catalysis
-Acid/Base catalysis

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

H (o]
1 Triose N\ 7
CH,O0H phosphate S
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Z‘I: =0 P — H—C—OH
3CH20P03@3 CH20P03®
Dihydroxyacetone D-Glyceraldehyde
phosphate (DHAP) 3-phosphate
(G3P)
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Chemical Modes of Enzymatic Catalysis
is
merase illustrates both
ses catalysis.
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Chem 352, Lecture 4 - Part 1I, Enzyme Catalysis
. . . 21-3
Chemical Modes of Enzymatic Catalysis
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The Glycolytic Reactions

‘Reaction 6: Glyceraldehyde
3-Phosphate Dehydrogenase

Glyceraldehyde ®
O A 3-phosphate Oy ,©FOs
CI dehydrogenase CI
H—C—OH + NAD® +p, ———— H—C—OH + NADH + H®
C|H10PO3® chyor0®
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

23

The Glycolytic Reactions

Group-transfer potential (kJ mol—1)

n R TABLE 10.3  Standard Gibbs free en- R 1s°
70+ ergies of hydrolysis for common
metabolites
Phospl AG® hyarolysis
60 Metabolite (kJ mol™")
Phosphoenolpyruvate —-62 -
50+ High-energy
ATP to AMP + PP, —45 . compounds
204 Phosphocreatine £ reatine
Phosphourginine -3
Acetyl CoA -3
30+-------- ATP to ADP + P; -2 be----
Pyrophosphate -29
Glucose I-phosphate 21
20+ Glucose 6-phosphate -14 Low-energy
@ Glyeerol 3-phosphate -9 compounds
10
0 -
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The Glycolytic Reactions
‘Reaction 7: Phosphoglycerate Kinase
()
oy ,0F0s o
T ADP ATP 0
H— c| —OH S Z H— cI —OH
CH 20P°3® Phosphoglycerate c H2°P°3®
i
1,3-Bisphosphoglycerate fnase 3-Phosphoglycerate
Chem 352, Lecture 8, Part I: Glycolysis 24
. . 24-2
The Glycolytic Reactions
n A -2 [aY) 1 1 L 12
70
= 604 Phosphoenolpyruvate
5 \
g 50 High-energy
=2 compounds
E 0 Phosphocreatine
g Z
: -~
8 304 -ccccena ATP- e
$ 1
S 20 J
= Low-energy
s Glucose 6-phosphate compounds
3 104
I
o
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The Glycolytic Reactions

n 1 .Y
70+

N V3

60 Phosphoenolpyruvate

\

50 High-energy
compounds

Phosphocreatine
40

7T ATP- o

204 J
Low-energy
Glucose 6-phosphate compounds

Group-transfer potential (k) mol 1)

Chem 352, Lecture 8, Part I: Glycolysis 24

24-4

The Glycolytic Reactions
‘Reaction 7: Phosphoglycerate Kinase

o, oro®
7 coo®
| ADP ATP

|
H—cl—ou \_J H—CI—OH

CH20P°3® Phosphoglycerate CH2°P°3®
kinase

1,3-Bisphosphoglycerate 3-Phosphoglycerate
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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.

Chem 352, Lecture 8, Part I: Glycolysis 25
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The Glycolytic Reactions
‘Reaction 8: Phosphoglycerate Mutase

coo® Phosphoglycerate coo®
mutase ®
H—C—OH b — H—C—OPO;
CHZOPo_,,@ CH,OH
3-Phosphoglycerate 2-Phosphoglycerate
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The Glycolytic Reactions
‘Reaction 8: Phosphoglycerate Mutase

coo® Phosphoglycerate coo®

mutase ®
H—C—OH b — H—C—OPO;
CHZOPO_a,@3 CH,0H

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

reactigf n© Phosphoglycerate coo®

A. ‘lransferuse mutase
H—C—OH b e—

B. lyase
. ICHF%0P0369 CH,OH
. lsomerase

2-Phosphoglycerate

H—c—oro®

3-Phosphoglycerate

D. Ligase

E. Oxidoreductase
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The Glycolytic Reactions

‘Reaction 9: Enolase

coo®

H—g—opro®  Enolase M0 500
T m®
H—C—OH c—0P03®
| N I
H H,0 CH,
Phosphoenolpyruvate

2-Phosphoglycerate
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The Glycolytic Reactions

-Reaction 10: Pyruvate Kinase

c00®

Phosphoenolpyruvate

ADP + H® ADP + H®
Pyruvate kinase
ATP ATP

cloo@
C—oH
Il

CH,

Enolpyruvate

co0®

<=0
|

CHy
Pyruvate
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The Glycolytic Reactions

-Reaction 10: Pyruvate Kinase

704
= 604 Phosphoenolpyruvate
1
e \
E 50 High-energy
2 compounds
= Phosphocreatine
= 40
5 Z
8 304---eemeneenee ATP- oo
3 l
S 204
s Low-energy
'g. 10 Glucose 6-phosphate compounds
3 i
]
o-

Pyruvate
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The Glycolytic Reactions

‘Reaction 10: Pyruvate Kinase

704 TABLE 103 Standard Gibbs free en-
ergies of hydrolysis for common
= 60 PhospHl metabolites
5 AG® hyartpis
£ 50 Metabolite (kI mol™") High-energy
=2 compounds
osphocnolpyruvate -6
= Phosphoenolp 62 b
»',;‘: 40 1,3-Bisphosphoglycerate —19
9 ATP to AMP + PP; —45
2 304 Phosphocreatine 3
% Phosphoarginine -3
2 50 Acetyl CoA -3
£ ATP 10 ADP + P, -32 Low-energy
g 104 Pyrophosphate 2 compounds
o -
o Glucose I-phosphate 21
v P Glucose 6-phosphate -14
- Glycerol 3-phosphate -9

I ok |
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The Glycolytic Reactions

‘Reaction 10: Pyruvate Kinase

704
~ 604 Phosphoenolpyruvate
!
3 \
€ 504 High-energy
2 compounds
] Phosphocreatine
2 40
g Z
8 304 -cceeieaa- ATP- -
4 1
£ 20
£ Low-energy
:'n,. 10 Glucose 6-phosphate compounds
H 4
(]
0

Pyruvate
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The Glycolytic Reactions

-Reaction 10: Pyruvate Kinase

c00®

Phosphoenolpyruvate

ADP +H®. ADP + H®
Pyruvate kinase

ATP ATP

cloue
C—oH
Il

CH,

Enolpyruvate

co0®

c=0

CHy
Pyruvate
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The Glycolytic Reactions

-Reaction 10: Pyruvate Kinase

c00®

Phosphoenolpyruvate

ADP +H® ADP + H®
Pyruvate kinase
ATP

ATP

clooe
C—OH
Il

CH,

Enolpyruvate

c00®
c=o0

CHy
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 intersections in metabolism.

CH,0H
H O H
OH M,
HO on
Glucose
Glycolysis
I eolysi CH0H
c=o0 co, 00® j:x/' ‘l-"x
=l Z Ethanol
H ®
o " B o0
ruvate
Oxaloacetate Py NC‘ON
(@
o, cH,
S-con Lactate
|
<=0
|
CHy
Acetyl CoA
31
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The Fates of Pyruvate

‘Pyruvate represents one of the
major intersections in metabolism.

CH,0H

H oM
Glucose
| Fermentation
Glycolysis
00® o o
lo co, c00® )'/ cHy
| — l,o (0 Ethanol
CHy ® |
loo® o N o
ruvate
Oxaloacetate e HCOH

@
0 cHy
S con Lactate
Citric Acid =0
Cycle N
s Fat
“—— Acetyl CoA —

Chem 352, Lecture 8, Part I: Glycolysis

31




The Fates of Pyruvate

‘Fermenatation is used to regenerate
oxidized NAD* when O: cannot be

utilized to do this.

CH,0H

H o
"
OH M
HO on
H oW
Glucose
| Fermentation
Glycolysis
00® Sron
co,
lo o co0® /ﬂ/ CHy
| — i,u (@ Ethanol
CHy ® |
] QSN ©00°
c00® Py @ I
yruvate
Oxaloacetate HCOH
@
<o, CHy
$con Lactate
c=0
|
CH,
Acetyl CoA
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The Fates of Pyruy *
n—g—on
-Fermenatation is use c.yw,.aehyfe;;’-ﬁmsphm e
" O porptote | NAD®
oxidized NAD* when (“==[uos o~
- ) oy S
utilized to do this. ol
dn,0r0®
o .
H
& s
uon g
Ly, ethanal s 32
32-3
The Fates of Pyruy ¢
o g
‘Fermenatation is use]svemmsspame 2
. . nap®.
oxidized NAD* when o 40—
- . oy, S
utilized to do this. s
cH0p0®
s mmemespee .
4 -
i H
4 >
c00® [c}
?ooe NADH,H® NAD® clooe "\/goz 2
c=0 HO—C—H %
éH : Lactate dehydrogenase CH, %
Pyruvate Lactate Fermentation | } actate H_E_w 28
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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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TABLE7.2 Major coenzymes

Adel
A

ahydrofolate

Coenzyme Vitamin source Major metabolic roles Mechanistic role
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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
coga H3C CH,— CH,—OH

NH, ® o) . i
(TP byrimidine CHi=NG, 18 Tr::;mhum

N7
+ |ring Hcknl ) rom
3

Thiamine (vitamin B,)

(b) o o
H3C, cu,—cu,—o—ﬂ—o—ﬂ—oe
I CH. —N"_s‘s © ée
NS

NP
JNp !
H3C N H
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.

°
1

B
b

T

] . i L

E o, L @, " Standard free-energy
2 g “ changes

g —50-]

&

g

§

2

5

=

2

]

g

5 o

1

- 1 Actual free energy changes|
£ —s04 [ AG = ~72.3 K mol~!
k]

H

S —100-]

3

12 3 46 7 8 9 10
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Free Energy Changes in Glycolysis

‘The overall free energy change is
negative.

35-2

T_o o0-a, BB
£ oo, “o@Q " standard free-energy
2 1 "o changes
% —50-
% Sites of
S Regulation
8
H]
i o
&
£ Actual free energy changes|
2 50 J AG = —72.3 K mol-!
3 —100+
v 1234678910
ions of .
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Regulation of Glycolysis
‘The enzymes that catalyze the
irreversible reactions are the
primary sites of allosteric regulation.
Chem 352, Lecture 8, Part I: Glycolysis 36
. . 36-2
Regulation of Glycolysis
Glucose
.Thj Hexokinase [« =====-= 5
irr Glucose 6-phosphate -
prin | ation.
Fructose 6-phosphate
Phosphofructokinase-1
AMP - - - - -~ P ReCREEEE ATP
Fructose 2,6-bisphosphate - - - - - - - } e Citrate
-~ Fructose 1,6-bisphosphate
: I
i |
' 1
! 1
[ |
: 1
Phosphoenolpyruvate
| Pyruvate kinase
---------- ;»lt------- ATP
Pyruvate
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Regulation of Glycolysis
Glucose
.Thj Hexokinase [« == ===~ %
il"r Glucose 6-phosphate -
MK .
prin ation.
Fructose 6-phosphate
Phosphofructokinase-1 ‘
-------- +|€=-=----- ATP
Fructose 2,6-bisphosphate - - - - - - - - E» e Citrate
, -~ Fructose 1,6-bisphosphate
i 1
0 !
i |
: 1l
] 1
[ 1
! Phosphoenolpyruvate
! Pyruvate kinase
---------- ;»lt------- ATP
Pyruvate
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Regulation of Glycolysis

*Th¢

irrefr.

prin

rward active

Fructose 2,6-bisphosphate - - -

ell needs more AT

Glucose

Hexokinase [« ==-==-= %

Glucose 6-phosphate -~

ation.

Fructose 6-phosphate

hosphofructokinase-1
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-- ATP
- - Citrate

- e
e

, -~ Fructose 1,6-bisphosphate

B

Phosphoenolpyruvate
Pyruvate kinase l

!
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'
'
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'
'
'
'
'
'
\
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Pyruvate
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Regulation of Glycolysis

*Th
irr
prin

Fructose 2,6-bisphosphate - - -

Glucose

Hexokinase |« -

\

}
Glucose 6-phosphate -

l FedifabORition
Fructose "Cell’s ATP needs are met”

Phosphofructokinase-1
AMP - - -

- Fructose 1,6-bisphosphate

i 1
i i
i 1
i 1
'
| i Feedback inhibition
. ‘Cells ATP needs are met”
'
| Pyruvate kinase //
S A [ ATP
e
Pyruvate
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Regulation of Glycolysis

Th
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Glucose
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Regulation of Glycolysis

Th
irr
prin

Fructose 2,6-bisphosphate - - -

Glucose

Hexokinase | «------- %

'
Glucose 6-phosphate -*

l FedifabOTRkition
Fructose 6-phosph. “Cells TP needs are met”

Phosphofructokinase-1 o
N -ale -- ATP
== il - - Citrate

, -~ Fructose 1,6-bisphosphate

1 1
H |
H 1
1 )
] 4 —
H 1 dback inhibition
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| Pyruvate kinase 4
- PS 14- ------- ATP
Tle
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Regulation of Glycolysis

Glucose
'Thj I -
irr

prin

Glucose 6-phosphate -~

Fructose 6-phosphate
Phosphofructokinase-1
MP

Fructose 2,6-bisphosphate - - - - - - - - | e

, -~ Fructose 1,6-bisphosphate

B

Pyruvate

ATP
Citrate

ation.

Fe
“Citri

dback inhibition
Acid Cycle’ needs

for qnabolic pathways
are met”
Phosphoenolpyruvate
| Pyruvate kinase
---------- #|e------- AP
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Regulation of Glycolysis

- \

Glucose
.
Thj Hexokinase [ =======_
1T

prin
Fructose 6-phosphate
Phosphofructokinase-1

AMP
Fructose 2,6-bisphosphate - - - - - - - - - S

- Fructose 1,6-bisphosphate
i

n the Liver:
“The horfnone glucagon is not
signaling a need to push
glucose jout into the blood.”

R

Phosphoenolpyruvate
|, Pyruvate kinase l

Pyruvate

}
Glucose 6-phosphate -

ATP
Citrate

ation.
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Regulation of Glycolysis

'Thj Glucose

Hexokinase |- =-==-= %
1T

prin

Glucose 6-phosphate -*

Fructose 6-phosphate
Phosphofructokinase-1 ‘

AMP
Fructose 2,6-bisphosphate - - - - - - - - 5
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'
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Phosphoenolpyruvate

ATP
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! Pyruvate kinase

---------- +l<—------- ATP
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Regulation of Glycolysis

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

*In the nis
livers _.-"" s0
regula l gin
//
that biv, N
I .

fructo /I, regulatory € h|gh

i protein

0 5 10 15
[Glucose]
(mM)
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Regulation of Glycolysis

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

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

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

Chem 352, Lecture 8, Part I: Glycolysis 38

38-1

Regulation of Glycolysis

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

+ It does so to satisfy the glucose need of

Diet

Glucose
+ " N
Wy’i’ (Ripld)l Hexokinases Gluconeogenesis
ATP —
| lucose 1

tase Glycogen

Pentose Glucose
Ribose 5-phosphate Phosphate 6-phospha
+ pathway

Glucose for
exporttoblood
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Regulation of Glycolysis

*The liver is the only organ that is
able to release glucose back into the
blood

+ It does so to satisfy the glucose need of
other tissues, particularly the brain.
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Regulation 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 Tnhibitory
(@) hormone Adenylyl hormone

\ / cyclase

+) (]
Y Gsgop G':“,( G ’6:"’ snp:‘ e X

GDP ATP -

cAMP

Protein
kinase A 5-AMP
(inactive)

R Phosphodiesterase
Protein

kinase A
(active)

Protein— OH - Protein —) ~ww» Cellular response
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Regulation 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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Regulation of Glycolysis
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Regulation 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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Regulation 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 its activity.
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Regulation of Glycolysis
‘Regulation of Pyruvate Kinase
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Regulation of Glycolysis
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Regulation of Glycolysis

-Regulation of Pyruvate Kinase
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Regulation of Glycolysis

Regulation of Pyruvate Kinase
+ In addition fo being allosterically inhibited by
ATP, Pyruvate Kinase is also allosterically
activated by frucose 6-phosphate.
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Regulation of Glycolysis
Regulation of Pyruvate Kinase
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Regulation of Glycolysis
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Regulation of Glycolysis
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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:
Wiedl-lyst$iepaettatfolity polssis enbahinttd Ise il cobiiy satiohayd
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:
T — Sty i iamdhisarticispbiisedhit
6 bespll gére ¢themdcis toat i ithehrizkctiod in

watidttianéecauban molecule is split into two 3-carbon

molecules.

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:

i Py é e tessibedrbent Kanitisersatidivediby the
eibiiteondeaaepant robleicule is split into two 3-carbon
molecules.

AA. Ussivggs$ toad turad | £6 stioaw thee refettioraloequation for
cbimbinedadioor reactions that is used to reoxizide this

agent when oxygen cannot be utilized.
B. What oxidizing reagent is used in this reaction?
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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