Part II: Gluconeogenesis, Pentose Phosphate
Pathway & Glycogen Metabolism

Chem 352 - Lecture 8
Carbohydrate Metabolism

Review

Questions:

A. What is the net reaction equation for glycolysis?
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Review

Questions:

A. What is the net reaction equation for glycolysis?

B. What is the metabolic purpose for glycolysis?

C. Under anaerobic conditions, what are the options for
reoxidizing the reduced NADH + H*?
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Introduction

-So far we have focused on glycolysis.
+ Glycolysis is a catabolic pathway that coverts
glucose to pyruvate.
+ The pathway also produces a net of 2 ATPS
from ADP and P;, plus it reduces 2 NAD* to
NADH + H*.

Glucose + 2NAD* + 2ADP + 2P, ——»
2 Pyruvate + 2NADH + H* + 2ATP + 2H,0

+ We have also considered some of
the fates for pyruvate.
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Introduction

-So far we have focused on glycolysis.
+ Glycolysis is a catabolic pathway that coverts
glucose to pyruvate.
+ The pathway also produces a net of 2 ATPS
from ADP and P;, plus it reduces 2 NAD* to
NADH + H*.

Glucose + 2NAD* + 2ADP + 2P, ——»

2 Pyruvate + 2NADH + H* + 2ATP + 2H,0

+ We have also considered some of
the fates for pyruvate.
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‘Next we will look at an anabolic
pathway that is used to synthesize
glucose from smaller molecules.

+ We will also look at the various fates for
glucose.

» Release into the bloodstream

» Conversion to pentoses along with the
production of reduced NADPH + H* for
biosynthetic pathways

» Storage as glycogen or starch
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‘Next we will look at an anabolic
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glucose from smaller molecules.
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Introduction

*These various pathways have competing
purposes and therefore must be
regulated.

+ Catabolism versus Anabolism

+ Regulation of the flow of material is crucial
in order to prevent “futile cycling”
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Introduction

*These various pathways have competing
purposes and therefore must be
regulated.

+ Catabolism versus Anabolism

+ Regulation of the flow of material is crucial
in order to prevent “futile cycling”
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Introduction

*These various pathways have competing
purposes and therefore must be
regulated.
+ Catabolism versus Anabolism
+ Regulation of the flow of material is crucial
in order to prevent “futile cycling”
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Gluconeogenesis

-Gluconeogenesis means “new glucose”

+ Many, but not all of the reactions used in
glycolysis are also used in gluconeogenesis.
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Gluconeogenesis

-Gluconeogenesis means “new glucose”
9 9

+ Many, but not all of the reactions used in
glycolysis are also used in gluconeogenesis.

[Table 11.1 The reactions and enzymes of glycolysis

1. Glucose + ATP —> Glucose 6-phosphate + ADP + H® Hexokinase, glucokinase
2. Glucose 6-phosphate == Fructose 6-phosphate

3. Fructose 6-phosphate -+ ATP —> Fructose 1,6-bisphosphate -+ ADP + H®

Glucose-6-phosphate isomerase
Phosphofructokinase-1

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

5. Dihydroxyacetone phosphate = Glyceraldehyde 3-phosphate

6. Glyceraldehyde 3-phosphate + NAD® + P, == 1, + NADH + H®

Triose phosphate isomerase

phosp!
7.1, +ADP = 3 + ATP Phosphoglycerate kinase

8. 3-Phosphoglycerate

2-Phosphoglycerate Phosphoglycerate mutase
Phosphoenolpyruvate + H,0 Enolase

9. 2-Phosphoglycerate

10. Phosphoenolpyruvate + ADP + HE® —> Pyrwvate + ATP Pyrwvate Kinase
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Gluconeogenesis

-Gluconeogenesis means “new glucose”

+ Many, but not all of the reactions used in
glycolysis are also used in gluconeogenesis.

Free Glycolysis
[Table 1.1 The reactions an| Energy
1. Glucose + ATP — Gl 0 okinase
2. Glucose 6-phosphate = hate isomerase:
3. Fructose 6-phosphate +| nase-1
4. Fructose 1,6-bisphosph
5. Dihydroxyacetone phos| — 50 isomerase

6. Glyceraldehyde 3-phosy [3-phosphate dehydrogenase
7.1,3-Bisphosphoglyceratd e kinase
8. 3-Phosphoglycerate

9. 2-Phosphoglycerate

10. Phosphoenolpyruvate +| 1 2 3 4 6 7 8 9 10

e mutase

Reactions of glycolysis
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Gluconeogenesis

-Gluconeogenesis means “new glucose”

+ Many, but not all of the reactions used in
glycolysis are also used in gluconeogenesis.

Gluconeogenesis Free

[Table 11.1 The reactions an| Energy

1. Glucose + ATP — G} 0 okinase

2. Glucose 6-phosphate hate isomerase

3. Fructose 6-phosphate +| nase-1

4. Fructose 1,6-bisphosphd

5. Dihydroxyacetone phos 02 — Fisomerase

6. Glyceraldehyde 3-phosy I3-phosphate dehydrogenase

7.1,3-Bisphosphoglyceratd e kinase

8. 3-Phosphoglycerate =| e mutase
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Gluconeogenesis

-Gluconeogenesis means “new glucose”

+ Many, but not all of the reactions used in
glycolysis are also used in gluconeogenesis.

[Table 11.1 The reactions and enzymes of glycalysis
1. Glucose + ATP —> Glucose 6-phosphate + ADP + HE
2. Glucose 6-phosphate == Fructose 6-phosphate
3. Fructose 6-phosphate + ATP —» Fructose 1,6-bisphosphate + ADP + H®

Hexokinase, glucokinase
Glucose-6-phosphate isomerase
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, == 1, - NADH + HE 3-phospl
7., AP = 3 + ATP
8. 3-Phosphogiycerate

Phosphoglycerate kinase
2-Phosphoglycerate Phosphoglycerate mutase
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9. 2-Phosphoglycerate === Phosphoenolpyruvate + H;0
10. Phosphoenolpyruvate + ADP + HO —> Pyruvate + ATP

Enolase

Pyruvate kinase
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Gluconeogenesis

-Glycolysis contains 7 reversible and
3 irreversible reactions.
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Gluconeogenesis

-Glycolysis contains 7 reversible and
3 irreversible reactions.
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Gluconeogenesis

-Glycolysis contains 7 reversible and
3 irreversible reactions.
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Gluconeogenesis

-Glycolysis contains 7 reversible and
3 irreversible reactions.

+ Alternative pathways must be found for the
3 irreversible reactions

Change in free energy for each step of glycolysis'”
= a6/
(k/mol) | (ki/mol)

glucose + ATP* — glucose & phosphate? + ADP® + H* 167 -
glucose-6-phosphats?” — fructose-6-phosphale® 167 29
ructose-6-phosphate?” + ATP* — fructose-1,&bisphosphate® + ADP + H* a2 9
fructose-1, * phosphate? +
phosphate®

Step. Reaction

29 023

o 2z 756 24
+PZ 4+ NAD' = 1 + NADH + H' 6.30 129
1,3 bisphosphoglycerate® + ADP® — 3-phosphoglycerate® + ATP* 189 009
3 phosphoglycerate® — 2.phosphoglycerate®
2:phosphoglycerate® — phosphoenol 4 HO 18 11
0 phosphoenolpyruvate® + ADP® + H' — pyruvate’ + ATP* 317 230
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Gluconeogenesis

-Glycolysis contains 7 reversible and
3 irreversible reactions.

+ Alternative pathways must be found for the
3 irreversible reactions

Change in free energy for each step of glycolysis'”
267/ a6/
i Foscton (kifmol) | (klfmol)
1 |glucose + ATP* — glucose-6-phosphate?” + ADP% + H* 167 2t
2 glucose-6-phosphate? — fructose-6-phosphate? 167 29
3 fuctose-&phosphate? + ATP* — fructose-1,6-isphosphale® + ADPY + H' 42 0
e e 2 om
5 2 - = 7.56 24
6 +PZ + NAD* — 1, * + NADH + H* 6.30 -1.29
7 1,3-bisphosphoglycerate® + ADPY — 3-phosphoglycerate® + ATP* -18.9 0.09
8 3phosphoglycerate® — 2phosphoglycerate® 44 083
9 |2phosphoglycerate® — phosphoenolpyruvate® + H,0 18 11
10 |phosphoenolpyruvate® + ADP® + H* — pyruvate + ATP* 817
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Gluconeogenesis

-Glycolysis contains 7 reversible and
3 irreversible reactions.

+ Alfernative pathways must be found for the
3 irreversible reactions

Change in froe eneray for each stop of glycolysis”
i Roacton (:ua.::n mﬂn
1 lglucose + ATP* — glucose-6-phosphate® + ADPY + H' 167 =
2 glucose-6-phosphate? — fructose-6-phosphate? 1.67 29
3 fructose& phosphate? + ATP* — fructose-1,6 bisphosphate® + ADPS + HY 142
s Lm;«;sh:‘ie L Fo phosphate? + ) e
5 = 756 24
6 +PE 4 NAD* 1,  + NADH + H' 630 a2
7 +ADPS TP 189 009
8 3phosphoglycerate® — 2 phosphoglycerate® ) 083
9 2-phosphoglycerate® — phosphoenolpyruvate® + Hx0 18 11
10 phosphosnolpyruvate® + ADPY + H* -+ pyruvate’ + ATP a7
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Gluconeogenesis

-Glycolysis contains 7 reversible and
3 irreversible reactions.

+ Alternative pathways must be found for the
3 irreversible reactions

Change i free energy for each step of glycolysis!”
i Reacton (ime ey
1 gucose + ATP* — glucose &phosphate? + ADP® + H' 67
2 glucoso-6 phosphate® — fructose-G phosphato® 167 29
3 fructose-G-phosphate? + ATP* — fructose-1,6 bisphosphate® + ADP® + H* 142
. -
= o w e
5 s 756 2
. 7 4 PE +NAD' = 1, +NADH + ' 630 129
7 +ADPY >« ATPH 189 008
8 3 phosphoglycerate” — 2phosphoglycerate® m 08
9 2pnosphoglycerato® — phosphosnolpyruvate® + H,0 18 11
10 | phosphoenolpyruvate® + ADP® + H' = pyruvate” + ATP* a7
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Gluconeogenesis

-Glycolysis contains 7 reversible and
3 irreversible reactions.

+ Alternative pathways must be found for the
3 irreversible reactions

Chem 352, Lecture 8, Part I1: Gluconeogenesis, Pentose Phosphate & Glycogen

9-1



Glucone

-Glycoly
3 irreve

+ Altern
3 irrey

o
2

Glucose Glycolysis,
i TP
Glucose Hexokinase
&phosphatase
Phsseh -ADP.

Glucose 6-phosphate

Fructose 6-phosphate

aTP
Fr Phosphofructokinase-1
1.6-bisphosphatase
ADP
Fructose 1,6-bisphosphate

Dihydroxyacetone __, Glyceraldehyd:
phosphate  —  3-phosphate

NAD® 4p,
NADH + H O,

1,3-Bisphosphoglycerate
aDP ADP

NADO 45,
NADH +H®

TP ATP
3-Phosphoglycerate
2-Phosphoglycerate

Phosphoenolpyruvate

(ADP) GDP"

Phosphoenolpyruvate.
borinie ABE:

(ATP) GTP-
Oxaloacetate Pyruvate

ADP + P;. i
Pyruvate AT
aarbogisse
Gluconeogenesis  ATP— “pyruvate

sible and

found for the

te

[tose Phosphate & Glycogen

9

Glucone

-Glycoly
3 irreve

+ Altern
3 irrey

Glucose Glycolysis
P
Glucose Wexokinase
ophosphatate
Fhomial ADP
Glucose 6-phosphate . b l d
Fructose 6-phosphate
ate
Phosphofructolinase-1
1-bisphosphatase
aDP
Fructose 1,6-bisphosphate

Dihydroxyacetone __, Glyceraldehyde
phosphate  —  3-phosphate

NAD® e, NAD® 4+,
NADH +H O

NADH +R®
1,3-Bisphosphoglycerate

found for the

9-3

Glycolysis
TR GTP— o
‘Oxaloacetate Pyrwvata
B Gluconeogenesis  ATP. Pyruvate ose Phosphate & Glycog °
Glucone .
.
Glycoly sible and
3 irreve

+ Altern
3 irrey

I}

Gluconeogenesis

Fructose 1,6-bisphosphate

Dihydroxyacetone __, Glyceraldehyde
sphate  ~  3-phosphate

NAD® +p, NAD® 4P,

2-Phosphoglycerate

(pp) GppPhosPhoenolpyruvate

Phosphoenolpyruvate.

rhowyiinase ADP
(ATP) GTP-

Oxaloacetate Pyruats

Pyruvate TP
h carboxyiase
Gluconeogenesis  ATP— Pyruvate

Glycolysis

found for the

lfose Phosphate & Glycogen 9

Glucone

-Glycoly
3 irreve

+ Altern
3 irrey

Gluconeogenesis

Phosphoenolpyruv:
arbonyi

Glucose Glycolysis,
P atp
Hexokinase
ADP.
Glucose 6-phosphate

Glucose
&phosphatase

Fructose 6-phosphate
d TP

Fruc
1,6-bisphosphatase

Dihydroxyacetone __, Glyceraldehyde
phosphate  ~  3-phosphate

NAD® 4p,
NADH + H O

1.3-Bisphosphoglycerate

NADO +p,
NADH +R®

Glycolysis
are ||\ are

3-Phosphoglycerate

2-Phosphoglycerate

e gnolpyruvate

) GDPP"es
ey

Oxaloacetate
ADP + P,

Phosphofructokinase-1

sible and

found for the

lfose Phosphate & Glycogen 9

9-5



Glucose Glycolysis,

Glucone Y )Q::::;.ﬂu

6-phosphatase
phese AP

Glucose 6-phosphate

-Glycoly
3 irreve
+ Altern

3irrey Dihydroryacetane __, Glyceradehyde
phosphate 3-phosphate

NaD® i, NAD® 4P,
NADH + H©®- NADH +R®
1,3-Bisphosphoglycerate
ADP|| - ADP
Glycolysis
Gluconeogenesis -
3-Phosphoglycerate

2-Phosphoglycerate
ADP

Pyruvate
Kinaze

aTP

sible and

found for the

ltose Phosphate & Glycogen 9

Glucone X

-Glycoly
3 irreve
+ Altern

3irrey Dinydroxyacetons __, Giyceraldehyde
phosphate  —  3-phosphate

NAD® e, NAD® 4+,
NADH +H ©. NADH +H®
1,3-Bisphosphoglycerate

ApP AoP

i Glycolysis
Gluconeogenesis . K o

3-Phosphoglycerate

2-Phosphoglycerate

Pho:
(ADP) GDP"
Phosphoenolpyruvate.
carboykdnase
(ATP)

sible and

found for the

[tose Phosphate & Glycogen 9

9-7

Gluconeogenesis

-Starting at pyruvate

+ The pyruvate kinase reaction is replaced

with two reactions
» Pyruvate carboxylase

» Phosphoenolpyruvate carboxykinase
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Gluconeogenesis

Pyruvate carboxylase

coo®
Pyruvate carboxylase
c=0 + HcoP

CH3 Bicarbonate ATP  ADP +P;

Pyruvate

Oxaloacetate

coo®
C=0 + H,0
CH,

coo®

Chem 352, Lecture 8, Part II: Gluconeogenesis, Pentose Phosphate & Glycogen 11




TABLE7.2 Major coenzymes

Coenzyme Vitamin source Major metabolic roles Mechanistic role
Adenosine wiphosphate (ATP) = Transfer of phosphory! or nucleoridyl groups Cosubsirate
$-Adenosylmethionine = Transfer of methy] groups Cosubsirate

Uridine diphosphate slucose - Transfer

Cosubsirate

Nice
and

Niacin Oxidation-reduction reactions involving Cosubsirate
two-electron transfers

pho
Flayin mononucleotide (FMIN) and flavin Riboflavin (By) Oxidation-reduction reactions involving Prosthetic group
adenine dinuelcortide (FAD) one-and two-electron transfers

Coenzyme A (CoA) Pantothente (B3) Transfer of i

Cosubsirate

Thiamine pyrophosphate (TPP) Thiamine (B,) Transfer of

arbon Tragments Prostheic group
containing  carbonyl

Pyridosal phosphate (PLP) Pyridoxine (1) Lrasfer of groups to and gs Prostheic group
o Bioiin ATP-dependent carboxy ation of substrates Prosthetic group
Tetrahydrofolate Folute Cosubsirate
Adenosslcobalamin Cotalamin (By2) Intramolecular rearmangements Prosthetic group
Methylcobalamin Cobalamin (By2) Transfer of methy! groups Prosthetic group
Lipoamide - Oxidation of a hydrosyal i from TPP Prosthetic group
and subsequent transfer a ¢
Retinal Vitamin A Vision Prosthetic group
Vitamin K Vitamin K Carborylation of some glutamate residucs Prosthetic group
Ubiquinane (Q) Lipid:soluble electron carrer Cosubstrate
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Gluconeogenesis

‘Pyruvate carboxylase

Biotin Lysine

n=o0

PN Chapter 7.10, p. 211

HN7  3NH E
HC —CH o NH

Il €

HaC _ CH— CHy— CHy— CHp— CHp— C — N—CHy— CHy— cuz—cuz—clu

s

Enzyme-bound biotin §
(Biocytin)

€=0
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Gluconeogenesis

coo® coo®
Pyruvate carboxylase |
c=0 + HcoP c|=o + H,0

CH, Bicarbonate ADP +P; CH,

Pyruvate coo®
Oxaloacetate

Enol pyruvate Oxaloacetate
c00® c00®
cto® c=o

o ADP o

\,
>c—c® + nn‘)km« ©9~ EN, NH NN.)LNH

o G =¥
Bicarbonate s

Enz S’ Enz S’
Biotin C: ioti Biotin

Enz
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Gluconeogenesis

Pyruvate carboxylase

+ The oxaloacetate that is produced in this
reaction is a citric acid cycle intermediate.

» This reaction is also used to increase the
quantity of citric acid cycle intermediates

+ Pyruvate carboxylase is stimulated by high
Acetyl-CoA levels.

» High Acetyl-CoA levels signal a need for
citric acid cycle intermedates.

Chem 352, Lecture 8, Part I1: Gluconeogenesis, Pentose Phosphate & Glycogen
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Gluconeogenesis

‘Phosphoenolpyruvate carboxykinase
+ This is a decarboxylation reaction.

» Decarboxylations have a high negative
free energy change (AG << 0)

(ATP) (ADP)

oiooe GTP  GDP Tooe

c=o0 c— opog@

| Phosphoenolpyruvate I

CH 2 carboxykinase (PEPEI:)) CH;

c00® 2 Phosphoenolpyruvate
(PEP)

Oxaloacetate
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Gluconeogenesis

*The remaining two irreversible
reactions from glycolysis which must
be circumvented are the two kinase
reactions near the beginning of the
glycolytic pathway
+ Both are bypassed using phosphatase
reactions, which hydrolyze phosphate esters.
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|
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Q 304f----meeana- ATP- oo
3
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£ 20
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a Glucose 6-phosphate compounds
3 104
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0
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TABLE 10.3 Standard Gibbs free en-
70+ ergies of hydrolysis for common
metabolites
=, Phos —
T 60 AGE oty
3 Metabolite (kJ mol™")
E 504 Phosphoenolpyruvat —62 High-energy
g osphoenolpyruvate 2 compounds
= 13-Bisphosphoglycerate —49 ne
8
g 40+ ATP to AMP + PP, -5
% Phosphocreatine 43
e 30+------- Phosphoarginine -32 --
=
% Acetyl CoA -32
E 204 ATP to ADP + P; 32
= Pyrophosphate -29 Low-energy
g 104 Glucose 1-phosphate —21 compounds
°
5 Glucose 6-phosphate 14
° Glycerol 3-phosphate -9
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Gluconeogenesis

*The remaining two irreversible
reactions from glycolysis which must
be circumvented are the two kinase
reactions near the beginning of the
glycolytic pathway
+ Both are bypassed using phosphatase
reactions, which hydrolyze phosphate esters.

Chem 352, Lecture 8, Part II: Gluconeogenesis, Pentose Phosphate & Glycogen 14

14-4

Gluconeogenesis

‘Fructose 1,6-bisphosphatase

®o,pocH, 0. CH,0p0® ®0,POCH, _o. CH,OH
Fructose
H HO 1,6-bisphosphatase H HO
H OH T~ H OH
OH H H;0 P; OH H
Fructose 1,6-bisphosphate Fructose 6-phosphate
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Gluconeogenesis

-Glucose 6-phosphatase

cH,oro® CH,OH
o o
H H H Glucose 6-phosphatase H H H
OH H 7 N OH H
HO OH HO OH
H,0 P;
H OH H OH
Glucose 6-phosphate Glucose
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TABLE 10.3 Standard Gibbs free en-
.GIUCOSJ ergies of hydrolysis for common
metabolites
G AG®'nyarotysis
CH,0PO055 yeanoite (kJ mol™") CH,0H
H o Phosphoenolpyruvate —62 o H
H 1.3-Bisphosphoglycerate —49 H
OH H ATP to AMP + PP; —45 OH H
HO Phosphocreatine 43 OH
e Y3
H OH| Phosphoarginine 32 H OH
Acetyl CoA -3
Glucose 6-phos xp A i b, - Glucose
Pyrophosphate -29
Glucose 1-phosphate —21
Glucose 6-phosphate 14
Glycerol 3-phosphate -9
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Gluconeogenesis

-Glucose 6-phosphatase

cH,0p0®
H O H
H Glucose 6-phosphatase
OH H 7T>
HO OH HO
H,0 P
H OH H OH
Glucose 6-phosphate Glucose
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Gluconeogenesis

*Glucose 6-phosphatase

+ Only the liver, the kidneys and small
intestine are capable of carrying out this
reaction, for the purpose of increasing the
blood glucose levels

Chem 352, Lecture 8, Part II: Gluconeogenesis, Pentose Phosphate & Glycogen 17
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Gluconeogenesis

Glucose s-phosphate

Fructose 6-phosphate
P e
Phosphalrucokinase !

a0
Fructose 16-bisphosphate

a0, NAD® 4p,
waon+10 A naDH +rO

1.3-Bisphosphoglycerate

AP || - ADP
s |\ are

3-Phosphoglycerate

2-Phosphoglycerat
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Gluconeogenesis

1,3-Bisphosphoglycerate

ADP ADP
ATP ATP

3-Phosphoglycerate

13 Bphosphoslycrate ’
A 2-Phosphoglycerate

s e
s Prosphagicarte
(a0p) Gpp?hosPhoenolpyruvate
SR Phosphoenolpyruvate

carboxykinase ADP

(ATP) GTP P

Oxaloacetate yruvate

ADP + P, ldnase

Pyruvate ATP

. Gluconeogenesis  ATP Pyruvate
yrovad
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Gluconeogenesis

P—
Glucose Glycolysis

P ATP
Glucose Hexokinase.

6-phosphatase
ADP

Glucose 6-phosphate

Fructose 6-phosphate
P;

ATP
Fructose Phosphofructokinase-1
1,6-bisphosphatase
ADP
13 iphasphogiycerate .
Aop|| - ADP Fructose 1,6-bisphosphate
i o

3-Phosphoglycerate

- mem phosphate = 3-phosphate

NAD® +p, NAD® +p;
NADH +H © NADH +AQ

1,3-Bisphosphoglycerate

pyruvard
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Gluconeogenesis

‘Other molecules can serve as
starting material for gluconeogenesis.
+ Amino Acids

» Transamination of aspartic acid produces
oxaloacetate
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21

Gluconeogenesis

‘Other molecules can serve as
starting material for gluconeogenesis.
+ Amino Acids

» Transamination of alanine produces
pyruvate

coo® Glutamate coo®

I . ® |
T =0 tKetoglutarate HN— clH

CH, CH,
Pyruvate Transamination Alanine
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Gluconeogenesis
‘Other molecules can serve as
starting material for gluconeogenesis

+ Fats are broken down fo produce Acetyl-CoA
and glycerol.

» Glycerol can be converted fo
dihydroxyacetone phosphate

» Acetyl-CoA in some bacteria, plants an
fungi (but not humans) can convert
acetyl-CoA into oxaloacetate
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Gluconeogenesis

Glucose
Gluconeogenesis|
Dihydroxyacetone

Glycerol phosphate
ATP NADHH @ Cytosolic
glycerol

Elyceml ® 3-phosphate
inase NAD dehydrogenase
ADP

Glycerol 3-phosphate

CYTOSOL

INNER
MITOCHONDRIAL

MEMBRANE

Glycerol 3-phosphate
dehydrogenase
complex

OCOCOCOOCOCOOCO0X
MITOCHONDRIAL MATRIX
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Gluconeogenesis

Other molecules can serve as
starting material for gluconeogenesis

+ Fats are broken down to produce Acetyl-CoA
and glycerol.

» Glycerol can be converted to
dihydroxyacetone phosphate

» Acetyl-CoA in some bacteria, plants an

fungi (but not humans) can convert
acetyl-CoA into oxaloacetate
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Gluconeogenesis

24-1
LIVER

The Cori Cycle

MUSCLE

//Fatty acids Glucose i B

—]—" Glucose
; 1
| Gluconeo- y
! . genesis /’ Glycolysis
| /
| >
\
\

CO, + H,0 Lactate

Lactate
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Gluconeogenesis

24-2
LIVER

The Cori Cycle

MUSCLE

/ Fattyauds Glucose T

| Glucose
/
? Gluconeo- y
! &‘. genesis / Glycolysis
| )y
|
\
\

CO, +H,0 Lact te

Lactate
/"/;
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Gluconeogenesis

LIVER  The Cori Cycle MUSCLE

Fatty acids Glucose Glucose

Gluconeo- ‘m
&‘J genesis Glycolysis
CO, +H,0 Lactate Lactate
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Gluconeogenesis

‘Regulation of Gluconeogenesis

Glycolysis
Glucose + 2NAD* + 2ADP + 2P, —>
2 Pyruvate + 2 NADH + H* + 2ATP + 2H,0
Gluconeogenesis
2 Pyruvate + 2 NADH + H* + 6 ATP + 6 H,O
—_—

Glucose + 2 NAD* + 6 ADP + 6P;

Net Reaction
4ATP + 4HO0 ——» 4ADP + 4P
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G lu C o ne o e S e Glycolysis

Glucose Hexolinase.
phosphatase aop

‘Regulati i esis
L] ATP
Glycolysis Fructose Phosphofructokinase

Losipporpmaie -
Glucose + 2 NAD" Fructose 1,6-bisphosphate

Dihydroxyacetone lyceraldehyde 2 ATP + 2 H,0
Thesphte T hosphate
o ) o0um o /- AD@ ap,
uconeogenesis waon w9/ uAoH +#O
2 Pyruvate + 2 NA[| 1,3-Bisphosphoglycerate
we |\ e
>Phosphoglycerate + 6P

Net Reaction
Phosphoenolpyruvate

4A] (a0P) 6P 4P

s
e Scontpnei B Ny e v & o 25
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Gluconeogenesis

‘Regulation of Gluconeogenesis

Glycolysis
Glucose + 2 NAD* + 2ADP + 2P, —»
2 Pyruvate + 2 NADH + H* + 2ATP + 2 H,0

Gluconeogenesis
2 Pyruvate + 2 NADH + H* + 6 ATP + 6 H,0
—_—

Glucose + 2NAD* + 6ADP + 6P;

Net Reaction
4ATP + 4HO0 ——=»  4ADP + 4P;
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Gluconeogenesis

-Regulation of Gluconeogenesis

Glucose
Fru u(lose
6-phosphate <---- Citrate
AmP Fructose === ATP
Fructoseat } e esphatase Phosphofructokinase-1 S e
b 2 <= Fructose 2,6-
bisphosphate Fructose i bisphosphate
1,64 blsphosphate
Gluconeogenesis Tl Glycolysis
Phosphoenol-
carboxykinase pyruvate ATP
Onallacetate Pyruvate Phosphorylation catalyzed
kinase by protein kinase A
Acetyl CoA —-—- 5 Pyruvate <;--- Fructose 1,6-bisphosphate
7 carboxylase Pyruvate
Lactate
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Gluconeogenesis

ClICEﬁ Question: g

gluconeogenesis. The buildup of’ this this metabolite is signals
which of the following states?

Fuctose

6-phosphate
b Thexe) isudosbuildup of glycolytic infermediates 5.,,"“{
Fructose 2,6- v’awh 5+F€msphause osphofructokinase-

Fructose 2,6-bisphosphate cgi:rc ?le'm'rely regulates glycolysis and

te

bisphosphate < tose 2,6
Phosh) P :'“:::ehm & bisphosphate
B. Blood glucose levels afe '[’rf i
Gluconeogenesis Glycolysis
C. There is a buildup of cWrﬂclacnd cycle intermediates.
osphoenol-
)
pyruvate «--- ATP
D. ATP levels ‘d"é"’f&gg@ e Pyruvate | <--- Phosphorylation catalyzed
kinase by protein kinase
E. "m%ﬁ”gtuco se‘mm&\“_\e I*Jr’ ish 4;--- Fructose 1,6-bisphosphate
ite

Lactate
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I
LIVER CELL Glucagon
EXTRACELLULAR SPACE
Fruc cyTosoL and
glucg Fructose als
whic 6-phosphate
|-~ Citrate
iande. T4 f-aTP
Fructose 2,6- a - AMA
bisphosghate ~ Frucfose 2,6-
. bisphosphate
B. B ictose Protein
g 2,6-bisphosphate Kinase A
C. T
D. A lation c4talyzed
H . inase A
“. .. Fructose i
E/8 6-phosphate
1PFK-1
Fructose i
1,6-bi: Glycolysis /& Glycogen 26
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Gluconeogenesis

Clicl uestion:

gluconeogenesis. The buildup of' this this metfabolite is signals
which of the following states?

ructose

6-phosphate
ndp. Thes 'ys.,a.,Quildup{ glycolytic in &mss‘djgj‘%"aﬁg

Fructose 2,6-bisphosphate Cg??ﬁufely regulates glycolysis and

te

Fructosg 2,6- his sphatase
bisphosphate s G 0se 2,6-
e : '”;'::ehm bisphosphate
B. Blood glucose levels are'f P

Glutaneagenexls Glycolysis
C. There is a bulldup of c#rHacnd cycle intermediates.
Phosphoenol-
pyruvate «
D. ATP levels ‘ll"’é"’fWW Pyruvate Phosphorylation cgtalyzed

‘Oxaloacetate H
kinase by protein kinase A

E. ‘HUW‘QMCOSEJH""L;\;LE'MSAE «.--- Fructose 1,
Tl

Lactate
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Gluconeogenesis

-Regulation of Gluconeogenesis

Glucose

1l
Tl

Fructose

bisphosphate

6-phosphate
AMP ---- | Fructose inase.
Fructose 26oman - } B s Phosphofructokinase-1

Fructose

1,6-bisphosphate

- Fructose 2,6-
bisphosphate

Gluconeogenesis Tl Glycolysis

pep _Phosphoenal-
carboxykinase pyruvate

Oxaloacetate

Acetyl CoA —--- Pyruvate
" carboxylase Pyruvate

Lactate

kinase

by protein kinase A
4=~ Fructose 1,6-bisphosphate

«--- ATP
Pyruvate | «<--- Phosphorylation catalyzed
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Fates for Glucose 6-Phosphate

Diet

Glucose

+

Giycolysis [Rapid]lﬁexﬂkinaszs
LI \ /

Gluconeogenesis

entose
Ribose 5-phosphate  phosphate
+ pathway

Glucose \ \

6-phosphatase Glycogen

Glucose for
export to blood

<«—Glucose 1
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Pentose Phosphate Pathway

*This pathway has two purposes
* Produce pentoses for nucleotide biosynthesis

* Produce reducing power, in the form of
reduced NADPH + H*, for biosynthetic

reactions.

‘There are two stages to this pathway
* Oxidative, which produces the pentose and

the reduced NADPH * H*.

* Non-oxidative, which converts the pentoses
back into glycolytic intermediates.
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Pentose Phosphate Pathway

*This pathway has two purposes

Oxidized form
H o

Nicotinamide &
mononucleotide T
(NMN)
So—p=0 |/n H
| H H
3 &
Fou |
P
o

Adenosine

monophosphate
(AMP) W W
H H
a

NAD® (nADP®)

Reduced form
H HO
B NH,
5 .}
T—CHZ o}
So—p=0 KH n
| H H
! 3 i
| OH OH NH,
o
o—pP=0 N N
| T )
: J
0——CH, o N">y
H H
H H
2
oH oH(oPo®)
NADH (NADPH)
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@ Glucose b-phasphate
| NADP®
gho
Pento e .
&-Phosphogluconalacons
H:0
. a.x.n.-.(.....uk s o
o Oxidative
.
This errpenese
a0p®
A.uh:::b-m b)  6C(3) d form
al Loy o
sc(3) \,
| " ‘ NH;
Nicotinamide Sea sch &
mononucleotide ;
Yylolose Ribose
(NMN) Sohosphats Sshosghete 7eah sem "\l
H
Tans 4
saiien | on
2
Sadohopteloss  Glyceraidohyde on:
T-phosphate  3-phosphate SR gz rem N
" stage [ J
Adenosine N
monophosphate
(AMP) H
Erythrose H
phosphate 4
oH (0P0 D)
Transhetolase
INADPH )
Glycoraldehyde  Froctose  Fractose
3-phosphate  6-phosphate  6-phosphate 5l
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Pentose Phosphate Pathway

-This pathway has two purposes
* Produce pentoses for nucleotide biosynthesis

* Produce reducing power, in the form of
reduced NADPH + H*, for biosynthetic
reactions.

‘There are two stages to this pathway

+ Oxidative, which produces the pentose and
the reduced NADPH * H*.

* Non-oxidative, which converts the pentoses
back into glycolytic intermediates.
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Pentose Phosphate Pathway
-Oxidative Stage:

cH,0p0®D
H O H
H
OH H
HO OH
H OH

Glucose 6-phosphate

Glucose ®
G-phosphatek NADP

dehydrogenase N> NADPH + H @
cH,0p0D
" o
OH H =0
HO
H OH

6-Phosphogluconolactone
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Pentose Phosphate Pathway
-Oxidative Stage:

cH,0p0® cH0p0 D
0,
oA O H wA o
OH H
OH H HO
HO OH o
H OH 6-Phosphogluconolactone
Glucose 6-phosphate Gluconolactonase [~ H2°
Glucose | _ napp® HO
6-phosphate S
dehydrogenase [™> NADPH + H @ N?
|
CH;OPO;(a H~f~on
H o, HO—C—H
H |
OH H o H—C—OH
HO —c—ou
H OH cH,0p0 @
6-Phosphogl |
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Pentose Phosphate Pathway
-Oxidative Stage:

29-3

cH,0P0 P cH0p0® e"\c/’
H LN AT o n—%—on
OH H w4 Ho—¢—n
HO OH " OH N—T—on
H OH 6-Phosphogluconolactone H—C—OH
®
Glucose 6-phosphate Gluconolactonase [~ 2% s.p...,,p..:;f,‘::::.,
hGIu:‘ose NADP @ H® Aop®
6-phosphate ) ¥ lucon:
dehydrogenase N> NADPH + H ® °\/° e sonase. | NADPH
® I o,
CH,0PO;> H—C—OH CHy0H
H 0, HO—%—H <‘=°
OH H =0 H—C—OH H—d—on
HO H—C—OH n—c‘—on
H OH clu,opo,® :‘N,OPO,®
6-Phosphogl I Ribulose 5-phosphate
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Pentose Phosphate Pathway
‘Oxidative Stage:

+ This is the only stage that is used if the
cell requires both pentoses and biosynthetic
reducing power.

» Such is the cases when cells are rapidly
growing and dividing.
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Pentose Phosphate Pathway

‘Nonoxidative Stage:
+ This stage is used when the cell requires

only pentoses or reducing power, but not
both.

Ep
(b 6C(3)
0E
5C(3)
5C(2)  sc(n)
or-
axkdtive
age
LUET)
Eryhrose
#ilasine ac 6cn
Clycrsldohyde  Froctose _ Frotose 3¢ 6cm
Thesphare . Gphorphate 6 phosphate J
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Pentose Phosphate Pathway

‘Nonoxidative Stage:

+ This staae is used when the cell reauires
CH,0H CH,OH " +
ﬁ —0® c=o0 no
N C—OH == HO—C—H
Ribulose
5-phosphate | ¢ —on H—C—OH
3-epimerase
CH,0H / cH0p0® CH,0p0 D
=0 2,3-Enediol Xylulose
L intermediate | 5-phosphate
H—C—OH
H—C—OH r |
H OH H 0
N \ 7
cH,0p0® ‘ﬁ‘ c c
Ribulose 5-phosphate ﬂ —o® e c' —on
5-phosphate isomerase
H—C—OH == H—C—OH
H—C—OH H—C—OH
cH,0p0®@ cH,0p0D
1,2-Enediol Ribose
L intermediate | 5-phosphate  [hate & Glycogen

31
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Pentose Phosphate Pathway

‘Nonoxidative Stage:
+ This stage is used when the cell requires

only pentoses or reducing power, but not
both.

b)) 6c(3)

@)
5¢(3)

Xyvlose
Sphosphate

5¢(2)  sc(m)

7¢(1) 3¢

Erptheose
abosphate

acn 6 (1)

3¢ 6

o J
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Pentose Phosphate Pathway

‘Nonoxidative Stage:
+ This stage is used when the cell requires
only pentoses or reducing power, but not

both.
[ T T
CH,0H
c=o0
o H
N/
CH0H C HO—C—H
<=0 H—C—OH 0\\ /H H—C—OH
HO—C—H + H—C—OH _— (4 + H—C—OH
Transketolase |
H—C—OH H—C—OH H—C—OH H—C—OH
cHyop0®D cH0p0® cHpopo® cnlopo@
Xylulose Ribose Gly:
5-phosphate 5-phosphate 3-phosphate 7-phosphate
clye do Fructose Icmsem

iphate
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Pentose Phosphate Pathway

‘Nonoxidative Stage:
+ This stage is used when the cell requires
only pentoses or reducing power, but not

both.

Slycoraldohyde  Fructoss _ Fructose
Y phosphare

Erythrose
#phosphate

Gphorphate_6-phosphate

(b)  6C(3)

@)
5¢3)

5¢2)  sc(m)

7C(1) 3¢

ac(n) 6c (1)

3¢(1) 6C(1)
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Pentose Phosphate Pathway

‘Nonoxidative Stage:
+ This stage is used when the cell requires

only pentoses or reducing power, but not

both.
[ E—
CH,0H
c=o0 c‘u,ou
HO—C—H o c=o0
N/ |
H—C—OH (4 HO—C—H
LN i
H—C—OH + C ——= H—C—oOH + H—C—OH
| Transaldolase |
H—C—OH H—cl—ou H—T—OH H—C‘—DH
cH,0p0 D cH,0p0® CH,0P0 D CH,0P0®
doh Gly Erythrose Fructose
7-phosphate 3-phosphate 4-pk h, 6-pt k
FCT6CTT

ot i, et ]
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Pentose Phosphate Pathway

‘Nonoxidative Stage:
+ This stage is used when the cell requires

only pentoses or reducing power, but not
both.

(b)  6C(3)

@)

Xyvlose e

Sphosphate

5¢(2)  sc(m)

7¢(1) 3¢

acn 6 (1)

Frurose 3¢ 6
ate_é-phosphate
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Pentose Phosphate Pathway

‘Nonoxidative Stage:
+ This stage is used when the cell requires

only pentoses or reducing power, but not
both.
I

= I
clulou
CH,0H o H c=o0
| N/ |
c=o0 C HO—C—H
| N M |
HO—C—H + H—C—OH ——"] 4 + H—C—OH
Transketolase | |
H—C—OH H—C—OH H—C—OH H—C—OH
|
cHop0®D cH,0p0 @ cHy0p0 D cHy0p0®
Xylulose Erythrose Glyceraldehyde Fructose
5-5hosph 4-phosoh 3.0hosph 6-phosoh

IO 6CTTT

Glycratdohyde frudtose Frutioss
Sphosphate_sphosphate_-phosphate
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Pentose Phosphate Pathway

‘Nonoxidative Stage:
+ This stage is used when the cell requires

only pentoses or reducing power, but not
both.

=
(b)  6C(3)
@)
5¢3)
5¢2)  sc(m)
Non-
exidative
stugo

7C(1) 3¢

Erythrose
#phosphate

ac(n) 6c (1)

3¢(1) 6C(1)

Slycoraldohyde  Fructoss _ Fructose
Yphosphate . Gphosphate _6-phosphate
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Pentose Phosphate Pathway

Mode 1| _ Glucose
6-phosphate

Fructose

&-phosphate

—— [ Ribose |
spesee] (%2 4 uom 2 o

Fructose
1,6-bisphosphate

Dihydroxyacetone « s Gyceraldehyde
phosphate =% 3-phosphate

6-phosphate Y
t o,
Fructose
6-phosphate
t

Fructose
W,E—b\sphtiphale /

2NADP* 2 NADPH
Mode3 | Glucose Ribulose Glucose

Ribulose
6-phosphate 5-phosphate
co, ’

" Ribose ‘
| 5-phosphate

Mode 4

5-phosphate &-phosphate
¥ €0,

ructose
6-phosphate =

4
Fructose
1,6-bisphosphate /

o

Ribose
5-phosphate

2 NADP* 2 NADPH

Ribose
5-phosphate

Ribulose
5-phosphate

phosphate  © 3-phosphate

phosphate ~=> 3-phosphate

l\w\w

[Pyruvate
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Pentose Phosphate Pathway

Mode 1] Glucose
0% L 6-phosphate
Fructose
Rib
ophosphate sopose ]} [0 ] 2 o 2 woen
5 Glucose Ribulose
ructose 6-phosphate 5-phosphate
1,6-bisphosphate &,
Dlhydmxya(einneAcly(eva\dehyde ‘ Ribose |
hosphate == "3.phosphate | 5-phosphate
Mode 4
2NADP* 2 NADPH 2NADP* 2NADPH
Mode3 | Glucose Ribulose Glucose Ribulose
6-phosphate &. 5-phosphate 6-phosphate 5-phosphate
co, 4 o,
Fructose Ribose Fructose Ribose
6-phosphate < 5-phosphate 6-phosphate += 5-phosphate
Fructose Fructose
V,srb\sphiphale / 1,6-bisphosphate /
2>« AN o
phosphate 3-phosphate phosphate == 3-phosphate
,\‘ 2ATP
[Pyruvate|
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Pentose Phosphate Pathway

Glucose

[ Modal | ¢ chosphate

bose
E-phosphate 5 phosphate | [Matez] ,
N —_/ Glucose Ribulose
Fructose 6-phosphate 5-phosphate
1,6-bisphosphate b
Dihydroxyacetone + s Glyceraldehyde ‘ Ribose |
— 3-phosphate | 5-phosphate )
| Mode 4
2NADP* 2 NADPH E— 2NADP' 2 NADPH
Mode3 | Glucose Ribulose Glucose Ribulose
6-phosphate 5-phosphate 6-phosphate 5-phosphate
o, | o,
Fructose Ribose Fructose Ribose
6-phosphate 5-phosphate 6-phosphate 5-phosphate

Fructose Fructose
V,Erb\sphciphale / 1,6-bisphosphate /

a
—> 3-phosphate

bu\w

[Pyruvate|

o
phosphate  © 3-phosphate phosphate
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Pentose Phosphate Pathway

Mode 1] Glucose
lode 1 | ¢ phosphate

Fructose
6-phosphate Mode2 | oo @
Glucose Ribulose
6-phosphate '5-phosphate

1,6-bisphosphate o,

D'rhydmxyaceloneAclyceva\dehyde ‘ Ribose |
phosphate == 3-phosphate | 5-phosphate

Mode 4

6-phosphate 5-phosphate 6-phosphate 5-phosphate
co, | co,
Fructose Ribose Fructose Ribose
B—phuspthzts —— 5-phosphate 6-phosphate <= 5-phosphate

Fructose Fructose
1,6-bisphosphate / 1,6-bisphosphate /
A v A, o

.
phosphate  * 3-phosphate phosphate

—=> 3phosphate

b?ATP

Pyruvate.
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Pentose Phosphate Pathway

Mode 1| _ Glucose
6-phosphate

|
Fructose f 7
Rib
Erphc‘sphate 5-phosphate e

ucose Ribulose
6-phosphate 5-phosphate
1,6-bisphosphate b,

DlhydmxyaceloneAclycera\dehyde | R
phosphate ~=* 3-phosphate | 5-phosphate

Mode 4
Mode3 | Glucose Ribulose Glucose ul

lose
6-phosphate 5-phosphate 6-phosphate 5-phosphate
4 o,
Fructose Ribose
6-phosphate == 5-phosphate

Fructose Ribose
5-ph0>pthate T S-phosphate

Fructose Fructose
I,E—b\sphiphale / 1,6-bisphosphate /

.
—=> 3phosphate

phosphate  — 3-phosphate phosphate

[Pyruvate
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Pentose Phosphate Pathway
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Chem 352 - Lecture 8
Carbohydrate Metabolism
Part II: Gluconeogenesis, Pentose Phosphate
Pathway & Glycogen Metabolism
9. April, 2014

Question for the Day: How is the storage of glucose as glycogen in
the liver tied to the blood glucose levels?

33

Glycogen Metabolism

Glycogen is a storage form of glucose.
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Glycogen Metabolism

Glycogen is a storage form of glucose.

+ It is stored in muscles as a readily available
energy resource for future activity.

+ It is stored in the liver as a resource for
regulating blood glucose levels.
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Glycogen Metabolism
Glycogen is synthesized from glucos
6-phosphate.
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Glycogen Metabolism
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Glycogen Metabolism
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Glycogen Metabolism
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Glycogen Metabolism

35-5
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Glycogen Metabolism
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Glycogen Metabolism

Glycogen is synthesized from glucose
6-phosphate.
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Glycogen Metabolism

Glycogen is synthesized from glucose
6-pho
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Glycogen Metabolism

Glycogen is synthesized from glucose
6-pho
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Glycogen Metabolism

Glycogen is synthesized from glucose
6-pho
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Glycogen Metabolism

Glycogen degradation is catalyzed with

phosphorylases instead of hydrolases
+ This leaves the glucose units that are
removed with a phosphate attached.
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Glycogen Metabolism
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Glycoaen Metabolism
Catalytic site

Glyq ith

phot / ‘ s
+ T ¢ (u% <
r Glycogen-
Allosteric “ 7 . binding site
site \

Chem 352, Lecture 8, Part II: Gluconeogenesis, Pentose Phosphate & Glycogen 36

36-4

Glycoaen Metabolism
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Glycogen Metabolism
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Glycogen Metabolism

Glycogen degradation is catalyzed with

phosphorylases instead of hydrolases
+ This leaves the glucose units that are
removed with a phosphate attached.
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Glycogen Metabolism

Glycogen degradation is catalyzed with

phosphorylases instead of hydrolases
+ This leaves the glucose units that are
removed with a phosphate attached.
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Glycogen Metabolism

-Regulation of glycogen synthesis and

degradation are coordinated.
+ As we saw with glycolysis and
gluconeogenesis, this is done fo prevent
substrate (futile) cycling.

*Insulin, glucagon and epinephrine
(adrenaline) are the hormones that
regulate glycogen metabolism.
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Glycogen Metabolism

Question: . .
wiseaulation,af, glycogen syathesis and
degradation are coordinated.
+ As we saw with glycolysis and
gluconeogenesis, this is done fo prevent
substrate (futile) cycling.

-Insulin, glucagon and epinephrine
(adrenaline) are the hormones that
regulate glycogen metabolism.
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Glycogen Metabolism
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Glycogen Metabolism

-Regulation of glycogen synthesis and

degradation are coordinated.
+ As we saw with glycolysis and
gluconeogenesis, this is done to prevent
substrate (futile) cycling.

*Insulin, glucagon and epinephrine
(adrenaline) are the hormones that
regulate glycogen metabolism.
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Regulation of Glycogen Metabolism

Glycogen metabolism is strictly
regulated.

+ Allosterically

+ Hormonally
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Reaulation of Glvcoaen Metaholism
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Regulation of Glycogen Metabolism

Glycogen metabolism is strictly
regulated.

+ Allosterically

+ Hormonally
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Glycogen Metabolism

Insulin
+ Is a protein containing 51 amino acids

+ Secreted by the pancreas in response to high
blood glucose levels

+ Stimulates the uptake of glucose by tissues

+ Stimulates glycogen synthesis in the liver
through a signal transduction pathway that
leads to dephosphorylation of glycogen
synthetase and glycogen phosphorylase
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Glycogen Metabolism

Insulin

+ Is a protein containing 51 amino acids
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Glycogen Metabolism

Insulin
+ Is a protein containing 51 amino acids

+ Secreted by the pancreas in response to high
blood glucose levels

+ Stimulates the uptake of glucose by tissues

+ Stimulates glycogen synthesis in the liver
through a signal transduction pathway that
leads to dephosphorylation of glycogen
synthetase and glycogen phosphorylase

Chem 352, Lecture 8, Part II: Gluconeogenesis, Pentose Phosphate & Glycogen 40

40-3



Glycogen Metabolism

Insulin
+ Is a protein containing 51 amino acids

+ Secreted by the pancreas in response to high
Active Inactive

form (a) form (b)

Glycogen synthase

4
HE

Glycogen phosphorylase —@)
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Glycogen Metabolism

Insulin
+ Is a protein containing 51 amino acids

+ Secreted by the pancreas in response to high
blood glucose levels

+ Stimulates the uptake of glucose by tissues

+ Stimulates glycogen synthesis in the liver
through a signal transduction pathway that
leads to dephosphorylation of glycogen
synthetase and glycogen phosphorylase
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Glycogen Metabolism

-Insulin binds to a tyrosine kinase
type receptor. (Chapter 9.12, Section
D)
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Glycogen Metabolism
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Glycogen Metabolism
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Glycogen Metabolism

-Insulin binds fo a tyrosine Kinase
type receptor. (Chapter 9.12, Section

Chem 352, Lecture 8, Part I1: Gluconeogenesis, Pentose Phosphate & Glycogen

41-4

Glycogen Metabolism

-Insulin binds to a tyrosine kinase
type receptor. (Chapter 9.12, Section

Protein kinases
wss |, .P!
kinase
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EXTERIOR
IRS = Insulin receptor
Insulin PIP, substrate
receptor PI = phosphotidylinositide
(protein —> kinase
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kinase) PIP; inositol 4,5-bisphosphate
PIP; = phosphotidyl
l bk inositol 3,4,5-
trisphosphate
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Glycogen
*Glucagon

acids

Metabolism

+ Is a peptide hormone containing 29 amino

+ Secreted by the « cells in the pancreas in
response to low blood glucose levels

+ Stimulates glycogen degradation in the liver
through a signal transduction pathway that
leads to phosphorylation of glycogen
synthetase and glycogen phosphorylase
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Glycogen Metabolism

-Glucagon
+ Is a peptide hormone containing 29 amino
acids

+ Secreted by the « cells in the pancreas in
Active Inactive
form (a) form (b)

Glycogen synthase —OH @

Glycogen phosphorylase |—P) —OH
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Glycogen Metabolism

*Glucagon
+ Is a peptide hormone containing 29 amino
acids

+ Secreted by the « cells in the pancreas in
response to low blood glucose levels

+ Stimulates glycogen degradation in the liver
through a signal transduction pathway that
leads to phosphorylation of glycogen
synthetase and glycogen phosphorylase
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Glycogen Metabolism

‘Epinephrine

+ Is a catacholamine that is derived from
tyrosine.

+ Released by the adrenal glands by a neural
signal that is triggered by the “Fight-or-
Flight” response.

+ Stimulates the breakdown of glycogen

+ Binds to adrenergic receptors in the muscle
(B) and the liver (x1).

» Signal transduction pathway leads to
activation of protein kinase A (8) and C (cu).
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Glycogen Metabolism

‘Epinephrine
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Glycogen Metabolism

‘Epinephrine

+ Is a catacholamine that is derived from
tyrosine.

+ Released by the adrenal glands by a neural
signal that is triggered by the “Fight-or-
Flight” response.

+ Stimulates the breakdown of glycogen

+ Binds to adrenergic receptors in the muscle
(B) and the liver (a1).

» Signal transduction pathway leads to
activation of protein kinase A (8) and C (a).
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Glycogen Metabolism

Glucagon Epinephrine Epinephrine Tnsulin
a,-Adrenergic Insulin
receptor
receptor

\1/ | |

Protein kinase A l Glycogen synthesis
l @ )
Glycogen degradation Eroteigiinaseg

Both activate glycogen
degradation by phosphorylating
Glycogen synthase (inactive)
and Glycogen phosphorylase (active)
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Both inhibit the action of insulin
by phosphorylating
the insulin receptor
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Glycogen Metabolism
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Both activate glycogen Both inhibit the action of insulin
degradation by phosphorylating by phosphorylating
Glycogen synthase (inactive) the insulin receptor
and Glycogen phosphorylase (active)
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Glycogen Metabolism

Glucagon Epinephrine Epinephrine Tnsulin

| |

a,-Adrenergic
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\1/ | |

Insulin
receptor

il l Glycogen synthesis
Glycogen degradation A PrateT Iunasf([
Both activate glycogen Both inhibit the action of insulin

degradation by phosphorylating
Glycogen synthase (inactive)
and Glycogen phosphorylase (active)
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Glycogen Metabolism
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Glycogen Metabolism
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Glycogen Metabolism
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Glycogen Metabolism
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Glycogen Metabolism
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Glycogen Metabolism
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Glycogen Metabolism
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+ 40 days in the desert after eating a sugary
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Carbohydrate Metabolism

Question:

Tumor cells often lack an extensive capillary network and must
function under conditions of limited oxygen supply. Explain why
these cancer cells take up far more glucose than other tissues
and may overproduce some of the glycolytic enzymes?
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Carbohydrate Metabolism

Question:

Rapid glycolysis during strenuous exercise provides the ATP
needed for muscle contraction.

A. Since the lactate dehydrogenase reaction does not produce
any ATP, would glycolysis be more efficient if pyruvate rather
than lactate were the end product?

B.What is the fate of the lactate that is produced in the
muscles during strenuous exercise?
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Carbohydrate Metabolism

Question:

Rapid glycolysis during strenuous exercise provides the ATP
needed for muscle contraction.

A. Since the lactate dehydrogenase reaction does not produce
any ATP, would glycolysis be more efficient if pyruvate rather
than lactate were the end product?

B.What is the fate of the lactate that is produced in the
muscles during strenuous exercise?
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Question:

Rapid glycolysis during strenuous exercise provides the ATP
needed for muscle contraction.

A. Since the lactate dehydrogenase reaction does not produce
any ATP, would glycolysis be more efficient if pyruvate rather
than lactate were the end product?

B.What is the fate of the lactate that is produced in the
muscles during strenuous exercise?
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Carbohydrate Metabolism

Question:

Epinephrine promotes the utilization of stored glycogen for
glycolysis and ATP production in muscles. How does epinephrine
promote the use of liver glycogen stores for the generating the
energy needed by contracting muscles?
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Carbohydrate Metabolism

Question: ‘
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Carbohydrate Metabolism

Question:

Epinephrine promotes the utilization of stored glycogen for
glycolysis and ATP production in muscles. How does epinephrine
promote the use of liver glycogen stores for the generating the
energy needed by contracting muscles?
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Carbohydrate Metabolism

Question:

The polypeptide hormone glucagon is released from the pancreas
in response to low blood glucose levels. In liver cells, glucagon
plays a major role in regulating the rates of the opposing
glycolysis and gluconeogenesis pathways by influencing the
concentrations of fructose 2,6-bisphosphate.

A. If glucagon causes a decrease in the concentrations of
fructose 2,6-bisphosphate, how does this result in an increase
in blood glucose levels?
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Question:

The polypeptide hormone glucagon is released from the pancreas
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Question:

The polypeptide hormone glucagon is released from the pancreas
in response to low blood glucose levels. In liver cells, glucagon
plays a major role in regulating the rates of the opposing
glycolysis and gluconeogenesis pathways by influencing the
concentrations of fructose 2,6-bisphosphate.

A. If glucagon causes a decrease in the concentrations of
fructose 2,6-bisphosphate, how does this result in an increase
in blood glucose levels?
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Carbohydrate Metabolism

Question:

The pentose phosphate pathway and the glycolytic pathway are
interdependent, since they have in common several metabolites
whose concentrations affect the rates of enzymes in both
pathways.

A. Which metabolites are common to both pathways?
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