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lycogenlis a readily mobilized storage form of glucose in
animals and humap Cow pevecl bo Wre St ave s Nane. s\ma&mm X
Ferm) IS"a-homoglycan or-homopolysaccharide consists of glucose ?)\“CQSQ,
subunits most of them are linked byho‘\ﬂ,mwm‘f&lt\
* Glycogen is a highly branched polymer with brangh paints
occurring very 8—14jesiduesﬁ created by\o-1,6-glycosidic bonds
* Glycogen consists of only one reducing end consisting of free

5:‘ l-)" WW\ = ﬂu :
e Vs T= Vo ¥ om
20~ 50nm :
§ ‘L 0:Glucose
HOH
N H a-14/1,6
Linkages

CH

{
H1 N
H OH 4] mf
6
<
' { p H

1

\ u
0 0
¢ CH CHOH 2 CHON
W k H >‘ k H >§ Y<n j
1] H
%@o @ o4 d
H H S oM

s}
OH o H O H

CamScanner = g d>guadll



UiyLugcH vielduolism F/ et
® S G g

» Mainly found in s1 =29, of
muscle mass) and liver*ells<(tp to 10% of liver

mass). It is found in the cytosol as granules rangind.
In diameter from 10-40 nm as ove] Misswes

* Other tissues particularly the brain require a
constant supply of blood glucose for survival
' Glycoger_1 i __sy)q;hesized (glycogenesis) when blood
lucose-isthigh and glycogen is degraded
(9lycogenolysis) releasing glucose into the blood "
stream when blood glucose i€ ow(nofmal biood %\"‘@?ﬁm
glucose level is 80-100 mg/diy=canmtad Yy v~ QL She
* This balance between the need and availability is
called@etabolic homeostasis \
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Glucose Transporter Protein
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| Glucose transperters{GLUTs) are transmembrane proteins

which facilitate the transpo cose across plasma
n T1acilitate , 0SS plasme
membrane

;f:{'}f;f  _To date, 12 GLUTs genes have been identified in human
. | genome which are expressed in various tissues

* For example,iGLUTéle found primarily in adipose@issues

and striated muscles (skeletal and cardiac muscles). Itis
regulated-by insulin: insulin binds  Consw\in — =g

i iNniti - o @insu'in
its rece nd_ _ates slucose O° s A e
downstream si cascade oom3 1\ newsOa
1 i O/ ;\‘ gnl‘JCgrStir-d i
| which allows the influx of - .f’; *;tw_“a_%_“ ‘L(F][gscglé?or Dcger-
& | _ glucose and consequently ~—NW Ly Symasty
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Glucose Transporter Protein

» GLUT3 expressed mostly in neurons

» GLUT2 is a bidirect
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liver and pancre
facilitated diffusion (glucose uptake)

ional transporter expressed mainly in

q_ . . .
atic B-cells. It does not relay on insulin for
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High levels of glucose
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Glycogen Metabolism

In liver, glycogen synthesis and degradation processes are
controlled to maintain blood-glucose level within the normal
range in order@o meet the energetic needs of the organism

as whole ) —A =
synthesis and degradation processes

=R
In muscle, glycogen
are regulated to meet WM%
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* Glycogenesis is the process of glycogen synthesis in which
glucose molecules are added to chains of glycogen for
storage. It occurs in the cytosol of the cell.

* This process is stimulated by the insulin hormone, a peptide :

hormone secreted by beta cells in the pancreas :‘_;:’X;'Q;;\Q\%\gc\g fggm‘:\}

Glycogenesis takes place when blood glucose level is

sufficientlyhigh (e.g. after a CHO-rich meal) to_allow excess

lucose to be stored in liver and muscle cells

. Thg glycogenesis requires ané_g_ti«iea;te,d_f_qtm_c).f_g@
—uridine Qiphosphiaﬁte glucose or UDP-glucose” generated by
the reaction of UTP with gmphate. UDP-glucose

Is a substrate for glycogen biosynthesis [(glycogen synthase)
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Glycogenesis @
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* Glycogenesis pathway consists of three phases:

N = . . cg_\:\
(1. Biosynthesis of UDP-glucose

@The glycogen synthase reaction and the formation of
glycag rimer (the first 8 glucose residues in the core
_ chain) + Q\Q‘(\Of\\r‘)?'ﬂ g\@(}
3. Formation of branches

< Biosynthesis of UDP-glucosa: this pathway consists of

three steps
* Step 1: the intracellular glucose is phosphorylated by hexokinase

(glucokinase in liver and pancreas)to produce dlucose-6-phosphate

———
o
H,0H 0=p-0°
) o
i Hexokinase °
+ OH
HO OH —_— * ADP
OH HO OH
OH
Glucose Glucose-6-phosphate
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CH,0
Phosphoglucomutase : oH

. OH
HO OH 9
' ok HO 0-P=0"
G| OH |-
ucose-6-phosphate Glucose-1-phosphate

Step 3: an Important inter

UDP-_glucose Which is synthesizeg( from G1P in a reversible
reaction catalyzed by the enzyme UDP-glucose

Mmediate in glycogen synthesis is

Ryrophospharylase which transfer an UMP to G1P releasing
pyrophosphate (PP)) )
‘E’am UTP
Y
ecome.
ubDP
Glycogenesis @
A4 n
« The reaction is drawn to the e
right by the rapid enzymatic U

2P; catalyzed by pyrophosphatase .
(hydrolysis rxn) o-t-o-t-g3o

* The activated gluwmts yDPgluc ;ase |ph
(UDP-glucose) are now_ready monomers

to be added to the polymeric glycogen ero-t=

cleavage of PP, to orthophosphate ¢,o" & \

5
Gy

¢}
(substrate for glycogen e —_—
— OH o o | /"t P)Tophosphal'e
synthase enzyme) (R (diphosphate) )

o-
2 -o—ﬁ—OH
o]
(Zpi) inorganic phosphate )
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Glycogenesis el

oo The G
lycogen Synthase reaction (the second phaseg
° UDP_ .
residugelggcs(jj units are the | iate donors of glucosyl
s added to the non-reducing end of either: GAE)/JSH»\
1. Pri
rimer or glycogen core (8 Glu residues)yiegiv e ncti

2. Glycogen branch consists of at least 4 glucose upits-intengtirtm=-5
. ;Jr:n,:f—e:rcgsidic bond is foLmedbeMee@ ?hggm \3;?*\;;&
\sferred glucosyl moiety and (C4 pf the terminal glucose

residue of the elongated chain (non-reducing €
(/)/;‘/1 %

Glycogenesis

SCH,0H
5 -

0
) ]
0P —0—P—0"

o

Nonreducing end of

aglycogen chain .
with nresidues 0‘ (\6{9 L\
n>4) P
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Elongated glycogen
with n + 1 residues

glycogen
synthase

New
nonreducing CH’O:;
end H/y H
s on u A
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St . . . ﬁh:’.mn-lyf;: UDP gluense 0\;’\: %\N\Q
P 2: glycogenin forms a tight l@“‘*‘
Complex with QlYCOgen synthass

—=lUEd Dy
Up.1o 7 glucose

atalyzed by glycogenin
itself (a-1,4-glycosidic ond\ 5\ Y, e
* Step 4: at this point, glycogen

residues autoc

- UDP

k'ﬁni’fﬂum
#lyeogemn B (Mgt
synthase dissociates and starts to R

extend the en_chain
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* Step 5: the combined action of

dlycagen synthase and branching

enzyme completes the glycogen

_@ﬂ].de !y,;!\:.gv:n UDP-glucsse
* Step 6: glycogen synthase dissociates g (O -
from the newly synthesized glycogen e\ S

AR

molecule while the glycogenin remains
\

covalently attached to % “\9

Each chain has \ o
12to 14 glucose ‘ 5 e
residues = ! -

Glycogen Branch Point

** Formation of branches (the third phase)

« Step 1: the (a4_) bonds found at the branch points of

glycogen are formed by glycogen branching enzyme which
Catalyzes the transfer of small fragment Y6- syl

residues] the non-reducing end of a branch having@
least eleven residues. S i sl iake ware e

e S WL e Seawe ‘o@uc“{
Step 2: further glucosyl residues may be added to the new ~®wen
branch by glycogen synthase ~—

SY™ Qnwal

J
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o core 2 ‘
Nom:::dng {a1—aq) glycogen-branching o
) enxyme

Nonreducing
end w0 {a1-56) Branch

point
Nonreducin TR,
wd =D
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* Glycogenolysis occurs in the cytosol of the cells . "“‘Zf“
primarily in liver (and any glycogen contalnlng J%

orel
tissues like muscles ) A cexdore A\ \iss e =9 BV
Glycogenolysis or glycogen mobilization is the \N\\ O
breakdown of glycogen, into usable energy-ts Neean b
sequential phosphorolﬂC/EIEéVéges of (0_4) o 9\~°~¥= ey

glycosidic bonds catalyzed by glycagen —key ﬁbC g
phosphoarylase. Each time, this enzyme cleaves N ‘5

single bond starting from the non-reducing ends of

branches releasing one G1P)un|t while leaving
glycogen,.4y polymer k\

)
W«‘&W\\‘ S Q‘Ybol-x s

@’?— %\U\Cq cGQN\ Q\\ o3 @\M V“\D‘”
enzimne 1
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Glycogenolysis (5

phosphorylase enzyme catalyzes the phosphorolysns step

“the cleavage of the bond by the addition of inorganic
Phosphate P -

Althaugh this cleavage reaction is sllghtl\ym;ed under
Standard-conditions

I Nonreducing end |

b )

ut 't-pLQCBeClS_m " CH,0H cu,ou cu ou
tbi&du;ectuon due M
relativel f@:j{m o ou A
lntracellular racellular levels  * R = i

glucose

Of InOrganlC PhosphOl’Olvsli g:,y,:ho rylase
Phosp Eﬂ = i) g 'onndudngcndm]

“cHion L onon 1 o
Q\\?&\-—% x"\s\“'“ﬂ ] :'m H ) | i i | 0" H
\V Gl Cese W\':j .2, H  OH

Glucose 1-phosphate Glycogen shortened

e cruse d&?m& w
by one residue

6?—— ,—ﬁ_ \\Q\‘\\re\/“ Eﬁ"l/ X‘ (glucose),_,
f—\w‘?\;\o‘\\m
=0 peyy Glycogenolysis @
F-UCY.

 Asecond enzyme calle debranching. enzyme removes the
branch points in two steps:

a First “the.transferase activity”: the enzyme removes intact
trisaccharide moiety (3 glucose units) and transfers it to the

end of some other oute nch
) Second =the (GJ:L)@C_OSEBSS activity”: the enzyme
_removes-the last glucose unit attached to the chain by
(04_) glycosidic bond

. The end result of this debranching process is the release of
one glucose moiety each time

. Therefore, the end products of glycogen
major product) and glucose

olysis are G1P (the
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Debranching enzyme

% Asdouah @ trajsferase actvity—
: | LA

> {\/Ogg}c Yﬁ%‘ Debranching enzyme @28

.' 0(;1_g) glucosidase activity
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Glycogenolysis
\)cwnwiz_&\';) A_.@_h
@, is reversibly converted via phosphoglucomutase to
P) G6P can then be converted to IucoseGly

by glucose-6-phosphatase which is Fa
found in liver but absent from—— —Shegen /icwmgm phosphonase

wd brain tissues Glucose 1-phosphate
. Glucose released into blood from i‘m‘,mglmm
liver_is_distributed to other tissues - .
. Glucase 6-phosphate
in_need for energy . ranost
. . # Muscle, ) By p
. |n muscles and brm@ CYCOUSES rin ‘g"i’csh N\
. -phosphatase
joi glycolysis for energy  pyete Ribose + NADPH
productipn”_ A~TP — 4
Lactate €O, +H,0 Glucose
Sa R\ @Q’V‘\V“’\ Blood for use by

other tissues
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