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A core protein of glycogenin is surrounded by branches of glucose units.
The entire globular complex may contain approximately 30,000 glucose units.

Dr. Diala Abu-Hassan



Sources of Blood Glucose

* Diet

— Starch, mono and disaccharides, glucose

— Sporadic, depend on diet
* Glycogen

— Storage form of glucose

— Rapid response

— Limited amount

— Important energy source for exercising muscle
* Gluconeogenesis

— Sustained synthesis

— Slow in responding to falling blood glucose level
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Glycogen Structure

*Extensively branched
homopolysaccharide

*One molecule
consists of hundreds of
thousands of glucose
units



Glycogen synthesis & degradation

Glycogen

UDP-Glucose

/

Glucose 1-P

V1

Glucose 6-P 5 Glucose

» Liver glycogen stores
Increase during the well-

fed state and are depleted

during fasting

* Muscle glycogen is not
affected by short
periods of fasting (a few
days) and is only
moderately decreased
in prolonged fasting
(weeks).

Glycogen

Glucose 6-P

BLOOD
GLUCOSE

MUSCLE

Fates of Glucose that results from glycogen degradation

Glycogen
Liver

Glucose 1-phosphate

H

Glucose 6-phosphate
\(ilucose 6-phosphatase

Glucose —ﬁ

Blood
glucose

Gluconeo-
genesis

Muscle

Glycogen

Glucose 1-phosphate

Glucose 6-phosphate
Glycolysis
ATP Lactate

cO,



Direction of Glycogen Degradation
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® Glycogen chain

Glycogen phosphorylase
Y

HO o
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Glucose 1-P

+
H H H
®) O o O o
HONOH O - OH OH 559
OH OH OH

Remaining glycogen

Degradation of

glycogen
(Glycogenolysis)
Degradation of glycogen

One glucose unit is
removed at a time

Starts from the non-
reducing ends

Released in the form of
glucose 1-phosphate



GLYCOGEN DEGRADATION Glycogen Deg I’adatIOn

J a-1.6 linkage
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(Eight glucose 1-phosphates reteased)
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G-1-P is converted in the cytosol to G-6-P by phosphoglucomutase



Lysosomal degradation of glycogen

* A small amount (1-3%) of glycogen is
degraded by the lysosomal enzyme,
a(1-4)-glucosidase (acid maltase).

* The purpose of this pathway is
unknown.

* A deficiency of this enzyme causes
accumulation of glycogen in vacuoles

In the lysosomes (Type Il: Pompe
disease)



Glycogen Synthesis (glycogenesis)




Glycogenesis-Glycogen synthesis

Glycogen is synthesized by adding glucose one by one
UDP-Glucose is the active donor of glucose units

Uracil
0
HOCH, HOCH, 4
O 0 Phosphate HN™ “CH
H/H H 4 H/H H 5 o Lo
I I 1 O0=C_  _CH
HO\OH H O-F:—O' + UTP = HO\OH H o-flr’-o-llv—o-CH2 . N + PP,
Ho OH °© UDP-glucose M ©f = Ribose
Glucose 1-phosphate pyrophosphorylase H\H H/H
HO OH

Uridine diphosphate glucose
(UDP-glucose)

Formation of UDP-Glucose



Glycogen Synthesis

Glucose 6-phosphate
Tyrosine
¢TP"°SP"°9'"C°"’"‘359 Glycogen fragment
UTP + Glucose 1-phosphate or
UDP-glucose __Primer
pyrophosphoryiase s, (ypp-glucose HO- enzyme
(UDP-® ) G p
PP, lycogenin
H,0 Pyrophosphatase UbDP
0-0-0
UDP-glucose o(1-+6) bond
2P (UDP-® ) Glycogen /
synthase 0
upP e
o(1—4) bonds . | ."b . /
. #r ‘041 c © 9-0
onml|l kK |J I h gt e d 5@\"'{9"_..‘-.
0-0-0-0-0-0-0-0-0-0-0-0- : ‘ h.\;d,.-o—O
o~ Elongation hsferase @-@- , ,
e 8 Further elongation at the nonreducing ends
N by glycogen synthase, making «(1—4) bonds.
\\\‘\}.\_ Y
B o Further branching,
™ NONREDUCING — making ¢(1-6) bonds.

ENDS Y
GLYCOGEN




Energy needed for glycogen synthesis

Glucose + ATP > Glchte + ADP
Glchate :>Glu/case/1<rﬂﬁphate

GIucoWe UTP —> UDP-Glucese PP~
PP—+ H,0 > 2P,

UDP-Glu + Glycogen,, ——UDP + Glycogen

Glc. + ATP+ UTP+ Glycogen,,, —s ADP + UDP +Glycogen,,,



Glycogen Storage Diseases

Genetic diseases

Defect in an enzyme required for synthesis or
degradation =»

Accumulation of excessive amount of
abnormal glycogen (synthesis) or normal
glycogen (degradation)

In one or more tissue
Severity: FATAL in Infancy....... Mild disorder



Glycogen Storage Diseases

* | Glucose-6-phosphatase (von Gierke disease)

TYPE la: VON GIERKE DISEASE
(GLUCOSE 6-PHOSPHATASE DEFICIENCY)

Type Ib: GLUCOSE 6-PHOSPHATE
TRANSLOCASE DEFICIENCY

® Affects liver, kidney, and intestine
Fasting hypoglycemia—severe
Fatty liver, hepatomegaly
Progressive renal disease

Growth retardation and delayed pube!

glycogen stored

L ]
of glucose or regular administration
of uncooked cornstarch

Liver, kidney and intestine.
Severe fasting hypoglycemia
Hepatomegaly fatty liver.
Normal glycogen structure.
Progressive renal disease.
Growth retardation.

Hyperlacticacidemia and hyperuricemi
Normal glycogen structure; increased

Treatment: Nocturnal gastric infusions

(Figure 11.8 continued)
lmpm steps
GLUCOSE 1-P + GLUCOSE (Ratio ~8:1)

GLUCOSE



Glycogen Storage Diseases

* V  Muscle glycogen phosphorylase (McArdle syndrome)

» Skeletal muscle glycogen phosphorylase deficiency
— Only muscle is affected;

— Weakness and cramping of muscle after exercise
— noincrease in [lactate] during exercise

Normal Skeletal Muscle Contraction

McArdle's Disease Muscle Contraction

6 Musde failure

w injury

S
_l

N“

if3
Nl
o

3
{ . 0 glyx '4%
' &/ “~“ metaboli 9
;' v A
> f 4 - o
Yo 74 y .
pr—
£ ',‘ <,
- .
gt

Motor proteins

o

fiih

lack ATP needed for

ovement




Glycogen Storage Diseases

Il Lysosomes a (1->4)
glucosidase = POMPE Eating issues

Disease

Hearing impairment

Breathing problems

Degradation of glycogen in
the lysosomes

= 3% of glycogen is degraded
in the lysosomes

Muscle weakness

Affects liver, heart and
muscle

Excessive glycogen in abnormal vacuoles in the lysosomes
Massive cardiomegaly
Normal blood sugar, normal glycogen structure

Early death from heart failure.
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Allosteric Regulation of

Glycogen
Glucose 6-P > O < Glycogen Metabolism
ATP wmd> G Glucqie 6-P
hgsly%gf?gse Glycggen Allosteric activator
o SR in well-fed state
Glucose > © Rapid response to cell’s needs
| Glucose 1-phosphate Available substrate and ATP=>
[E) muscLE synthesis
Glycogen
Glucose 6-Puun)
e e O<«wv |, | Glucose and VATP -)
Giycoghn  Glytogen Glycogenolysis

phosphorylase  synthase
Ca** [+
AMP [+

Glucose 1-phosphate




Hormonal Regulation of Glycogen Metabolism

Epinephrine
©  (MUSCLE and LIVER)
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GLYCOGEN
_ IS
AP CAMP (o) —osphodiesterase DEGRADED

cAMP-dependent
protein kinase A

phosphorylase a
ADP =) ADP (active) %
A
Glycogen * S

P
phosphorylase kinase a e talesilt
(active) i+
N H,0 AR oo
Inhibitor phasphoryiase b

(LI~ Frotein phosphatase 1 £ €Arnv Insulin =5 Insulin



Glucagon Epinephrine

(l_._'!.lﬂ) (MUSCLE and LIVER)
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cAMP dependent h
protein kinase A * V

Regulation of Glycogen Synthesis

Phosphorylation at several sites

Inhibition is proportional to the
degree of phosphorylation

GLYCOGEN SYNTHESIS
IS INHIBITED



Hormonal Regulation of Glycogen Metabolism

a-Agonist
receptor
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' Epinephrine
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Ca*? -Calmodulin Com

Endoplasmic
e

Ca?* is released from the
endoplasmic reticulum
in response to hormones
or neurotransmitters
binding to cell-surface
receptors.

—
m

nlex Function

The transient increase
in the intracellular Ca?*
concentration favors the
formation of the
calmodulin-Ca?*complex

Active enzyme




(Ca2+-calmodulin activates
dephosphorylated

 Phosphorylase kinase

Nerve impulse
Sarcoplasmic
reticulum 032+
Ca*t tein kinase A
(i ATP \°
( [Myosn Caz"
@\ ! ATPase -calmodulm
. / (ADP
S Adenylate Phosphorylase
Muscle kinase kinase

contraction AMP “
\° /\-" ®




