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Carbohydrate metabolism II.
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Structure of glycogen
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Glycogen breakdown

Nonreducing ends

(1—6)
mg ><_3< é ><_3< 2; linkage

Glycogen

phosphorylase

L 2 XL X & 2%)3%
L 2 & X & 4 *
Glucose 1-phosphate

molecules .
transferase O|IgO ((11—)6) to (al_)4)

activity of glucan-transferase
debranching

enzyme )(':'><

(1—6)
glucosidase
activity of

debranching Glucose
enzyme O

O-0-0-0-0-0-0-0-0-0-

Unbranched (a1—4) polymer;
substrate for further phosphorylase action

glycogen ]




Glycogen breakdown
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Glycogen breakdown
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Glucose 6-phosphatase
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Glycogen synthesis

Muscle, liver:
glucose + ATP — glucose-6-phosphate + ADP (hexokinase, glucokinase)

Erythrocyte, liver:
glucose — lactate — glucose-6-phosphate

glucose-6-phosphate —glucose-1-phosphate (phosphoglucomutase)

glucose-1-phosphate + UTP — UDP-glucose + PP; (UDP-glucose

pyrophosphorylase)
CH,OH CHZOH
0
Oh g & T .C‘> 0”0 00 o
HO o / I N N HO »
N0 _p p P idine — \ / g idi PP,
P~ ¥ «___-undine Suridine +
OH 7 No N o
0 0 O o o o

Glucose 1-phosphate UTP UDP-glucose




Structure of UDP-glucose
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Glycogen synthesis
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Glycogen synthesis
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Glycogen synthesis
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Regulation of muscle glycogen phosphorylase
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Cascade mechanism of
epinephrine and glucagon action
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Glycogen phosphorylase of liver
as a glucose sensor
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Regulation of glycogen synthase

Insulin
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Regulation of carbohydrate metabolism
In the hepatocyte ™™™

1 Insulin GLUT2
1 Insulin-sensitive 1 PKB Synthesis of
protein kinase hexokinase Il,
PFK-1, pyruvate
kinase
PR ¥ GSK-3 1 [Glucosel;gige
{ Phosphorylase 1 Glycogen
kinase synthase
{ Glycogen
phosphorylase
{ Glycogen 1 Glycogen 1 Gl .
colysis
breakdown synthesis daield
1 Glycogen | Glycogen 1 Glycolysi
breakdown synthesis ycolysis
1) 1 T 1
1 Glycogen | Glycogen | PFK-1
phosphorylase synthase
A
| F26BP
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T PKA
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Low blood glucose




Changes In the expression of some
Insulin-regulated genes

TABLE 15-3 Some of the Genes Regulated by Insulin

Change in gene expression Pathway
Increased expression

Hexokinase |l Glycolysis
Hexokinase IV Glycolysis
Phosphofructokinase-1 (PFK-1) Glycolysis
Pyruvate kinase Glycolysis

PFK-2/FBPase-2

Glucose 6-phosphate dehydrogenase
6-Phosphogluconate dehydrogenase
Pyruvate dehydrogenase

Acetyl-CoA carboxylase

Malic enzyme

ATP-citrate lyase

Fatty acid synthase complex
Stearoyl-CoA dehydrogenase
Acyl-CoA-glycerol transferases

Decreased expression
PEP carboxykinase
Glucose 6-phosphatase (catalytic subunit)

Regulation of glycolysis/gluconeogenesis
Pentose phosphate pathway (NADPH)
Pentose phosphate pathway (NADPH)
Fatty acid synthesis

Fatty acid synthesis

Fatty acid synthesis (NADPH)

Fatty acid synthesis (provides acetyl-CoA)
Fatty acid synthesis

Fatty acid desaturation

Triacylglycerol synthesis

Gluconeogenesis
Glucose release to blood




Regulation of carbohydrate metabolism
In liver and muscle

Epinephrine
Glucagon l l
Liver Muscle
Glycogen Glycogen
‘L 4 Glycogenolysis 4 i
Blood <« Glucose Glucose
glucose 6-phosphate 6-phosphate
T ¥ Glycolysis 4 ¢
4 Gluconeogenesis

Pyruvate Pyruvate




Pentose phosphate pathway

Nonoxidative Oxidative
phase phase
I 11 |
Glucose 6-phosphate

¥ NADP? 2 GSH
K glutathione
reductase
NADPH GSSG

transketolase, * Fatty acids,
transaldolase 6-Phosphogluconate sterols, etc.

reductive
CO, « NADPH biosynthesis

v

ibulose 5-phosphate

Precursors

v

Ribose 5-phosphate

Nucleotides, coenzymes,
DNA, RNA




TABLE 20.2 Pathways requiring
NADPH

Synthesis

Fatty acid biosynthesis
Cholesterol biosynthesis
Neurotransmitter biosynthesis
Nucleotide biosynthesis

Detoxification
Reduction of oxidized glutathione

Cytochrome P450 monooxygenases
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TABLE 20.4 Tissues with active pentose phosphate pathways

Adipose tissue
Ovary

Mammary gland
Red blood cells

Tissue Function

Adrenal gland Steroid synthesis

Liver Fatty acid and cholesterol synthesis
Testes Steroid synthesis

Fatty acid synthesis

Steroid synthesis

Fatty acid synthesis

Maintenance of reduced glutathione




Reactions of the pentose phosphate pathway

HCOH
HCOH
HOCH
HCOH
B

(0

Glucose
6-phosphate

CH,0PO3"

/- NADP *
glucose 6-phosphate |[ 1.2+
dehydrogenase |\ 3
NADPH + H*

6-Phospho-
| glucono-é-lactone




Reactions of the pentose phosphate pathway

6-Phospho-
| glucono-6-lactone
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Reactions of the pentose phosphate pathway

(0] o)
N/
I
H(IZOH
HOCH 6-Phospho-
| gluconate
H(IZOH
HCOH
CH,O0PO3"

/- NADP*
6-phosphogluconate Mg2*

dehydrogenase NADPH + H*

HCOH p-Ribulose
HCOH 5-phosphate




Reactions of the pentose phosphate pathway
CH,OH
C=0
HCOH p-Ribulose
HCOH 5-phosphate
CH,O0PO3~
phosphopentose
isomerase “
CHO
HCOH
pD-Ribose
HCOH 5-phosphate
HCOH

CH,OPO3~




Reactions of the pentose phosphate pathway

CH,OH CH,OH
cC=0 cC=0
H—C—OH . > HO—C—H
ribulose 5-
H—C—OH phosphate H—C—OH
CH,0PO2~  epimerase CH,O0PO2"
Ribulose Xylulose 5-phosphate

5-phosphate




Reactions of the pentose phosphate pathway

oxidative reactions of
pentose phosphate pathway

__—————__-
—

Pl TS ~
” ~
B// \\\~
Ribose Sedoheptulose Fructose Glucose
5-phosphate 7-phosphate 6-phosphate ) 6-phosphate

isomerase 11«

phosphohexose
epimerase 1L transketolase transaldolase somerase
Xylulose Glyceraldehyde Erythrose Fructose
5-phosphate 3-phosphate 4-phosphate 6-phosphate

fructose 1,6-
bisphosphatase

aldolase
transketolase T triose phosphate
Xylulose isomerase

5-phosphate  Glyceraldehyde
3-phosphate

Figure 14-22a
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Reactions of the pentose phosphate pathway
CIHZOH C|Hon
C=0 H TPP . H ¢€=0
| +O0\ N/ + ]
CHOH C transketolase C CHOH
I:L 1 R|2 A 1 R|2
Ketose Aldose
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it c|:H2°"'
C=0
(0] H
\ I
C|H20H \Cl/ HO —(|Z —H
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| | N\ / |
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| + | = | + |
H—Cl—-OH H_(l:_OH transketolase H_CI—OH H_CI_OH
CH,O0PO3 CH,OPO3 CH,0PO3 CH,OPO3
Xylulose Ribose Glyceraldehyde  Sedoheptulose

5-phosphate

Figure 14-24b

5-phosphate

Lehninger Principles of Biochemistry, Seventh Edition

© 2017 W. H. Freeman and Company

3-phosphate
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Reactions of the pentose phosphate pathway

ClHZOH
.
Ho—clz—H
H—C—OH
o H
| \_/
H—C —OH C
| % |
H—Cl—OH H—Cl—OH
CH,OPO3~ CH,OPO3~

Sedoheptulose  Glyceraldehyde
7-phosphate 3-phosphate

Figure 14-25
Lehninger Principles of Biochemistry, Seventh Edition
© 2017 W. H. Freeman and Company
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Regulation of
penthose phosphate pathway
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Glucose > ATP
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Four possible fates of G-6-P
|. Ribose 5-phosphate iIs needed

Mode 1| Glucose
6-phosphate

\ 4
Fructose | Pibege
6-phosphate (V | 5-phosphate
{ ,,
Fructose

1,6-bisphosphate

Dihydroxyacetone N Glyceraldehyde oxidative phase is
phosphate == 3-phosphate not active.




Four possible fates of G-6-P
I1. Ribose5-phosphate and NADPH are needed

Mode 2
2 NADP+ 2 NADPH
Glucose . Z | Ribulose
6-phosphate N\ | 5-phosphate
CO, '

Ribose
5-phosphate

Only the oxidative
phase is active




Four possible fates of G-6-P
[11. NADPH iIs needed

2 NADP+ 2 NADPH

Mode3 |  (ycose Ribulose
6-phosphate e 5-phosphate
N )
CO, !
Fructose Ribose
6-phosphate 5-phosphate
4
Fructose
1,6-bisphosphate
Pentose phosphate
,. / pathway acts as a cycle
Dihydroxyacetone _ Glyceraldehyde

phosphate 3-phosphate




Four possible fates of G-6-P
IV. NADPH and ATP are needed

Mode 4 2 NADP* 2 NADPH

Glucose , Z Ribulose
‘ 5-phosphate

6-phosphate \

co, |

Fructose I Ribose
6-phosphate 5-phosphate

¥

Fructose

1,6-bisphosphate /

Dihydroxyacetone 4/ \ Glyceraldehyde
phosphate w==p 3-phosphate

‘\ 2 ATP
Both phases work

simultaneously.

Figure 20-24 part 4
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company




Role of NADPH and glutathione In
protecting cells against ROS

0,
Mitochondrial respiration, ionizing
radiation, sulfa drugs, herbicides,

Superoxide antimalarials, divicine
® _
0,

radical

glutathione peroxidase

Hydrogen H,0,

> 2H,0
peroxide / 2
+
H jr_

2GSH GSSG

Hydroxyl <oy ’
free radical /"
"f
reductase
Oxidative damage to NADP* NADPH + H*

lipids, proteins, DNA \ /
Glucose » 6-Phospho-

6-phosphate  9/Ucose  glycono-s-lactone
6-phosphate

dehydrogenase (G6PD)




