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Glycogen O|&t?

1) Glucosel H&H (2t 250 N&)

2) NIEZZ 0l A&

3) a-1,4, a-1,6glycosidic bond=
OlI2HA YO =gtHAl

4) g AL s=2&

CH,0OH CH,OH

o) o
OH OH
.0 0 .0 0
HO CH; CH,OH HO CH,
o o o
OH OH OH
.0 o) o) O...
OH OH .4, OH




HO
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ey
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GLP-1
GLP-1 receptor
DP-IV

Glucagon receptor
G co?:n
pr?osp rylase

Giucose-6-
phosphatase

ructose-1,6-
isphosphatase

Obesity targets:

+ Appetite
4 Energy expenditure|

0

N

Insulin receptor, PTP-1B, ==
other negative regulators

of insulin-receptor signalling
(SHIP2, GSK-3, IxB kinase, PKCH)




=c| 222 E0oll (Glycogenolysis)

Glycogen ----> glucose

1) Glycogen phosphorylase

2) Glucan transferase

3) a-1,6-glucosidase

4) Phosphoglucomutase

5) Glucose 6-phosphatase
glucose 6-p + H,O ----> glucose + Pi
Ol 2a4= 2t AEN Eel X
2= &0l X otKl &=




=c| 222 Edll (Glycogenolysis)

H2dd SHUHMHFEH ZE=EE =olietl}

ol

ol

Glycogen




DAL Z0l (Glycogenolysis)

(Glucose), + HO—P—O"

Glycogen
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O
| Glycogen phosphorylase
——— (Glucose),_,

O-

Remainder

Phosphate ion of glycogen

+

Glucose-1-phosphate

p.488a



22 =0l (Glycogenolysis)

OH

H OH
Glucose-6-phosphate

Glucose-1-phosphate
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HO

Outer glycogen chains
(after phosphorylase action)

Glycogen
debranching
enzyme

e Glucan transferase

Available for

I/O O e
« a-1,6-glucosidase

B0, %L AL 3 DRI IR
FHERILOAK IK ALK 2K I s
ne N/

Available for further
phosphorylase action



1) Glycogen synthase
UDP-glucose= 22|24 &&= st

2) Branching enzyme ( a-1,6-linkages)
& branching?l & 1}:




CH,0H

H
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OH

H
HN
0 ‘
H H %l\
H 0 0 0 N H
OH H l | , ,
HO 0—Pp—0—P—0—CH, .0
| | = o
| H

0 0

Uridine disphosphate glucose

(UDPG)

Glycogen




O

OH OH
) .Oxonlum. UDP-glucose
ion intermediate &
Unp
CH,OH T, * Glycogen synthase
HO——. @@y < CH,OH
iS5 O v
HO OH CHo,OH
HO OH
O
CH,OH
HO OH O
O
Glycogen (n residues)
(
HO O Y
95
CHyOH
HO OH O
O
CH,OH
HO OH O
O
Glycogen (n + 1 residues) HO OH

© 2006 Brooks/Cole - Thomson F|g 18-3, p491



=c| 22 =&

JXI Bt=Jl-branching enzyme

JHXID oLt 442 THOHCH | &8l d 20| otLt =0

o)
(o)
T
)
o)
()CO

2 : O 3
HO C C C C C C C C O C C g
Z [

ll&mnrhing enzym

cHCE

Fig. 18-4, p.492
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221322 2EHEE X 5

>

» Glycogen phosphorylase
- covalent modification (= Z & & H¥)
phosphorylase a (2! &Fat )
phosphorylase b (£ 2l &Her )

0g!

- allosteric control (CIE X2l H A T &)
ATP, AMP, glucose




Glycogen phosphorylasel| £ &

|

T form

2ATP

Phosphorylase
kinase

2 ADP

(inactive)

R form
(active)

Phosphorylase 5
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Phosphoprotein
phosphatase

2 H,0

Phosphorylase a

Fig. 18-5, p.492



Glycogen phosphorylasel £ &

LY =2 20l =X ot= phosphorylase a2
SIHMIOI Y SASE T AENZ BHECH

ATP, AMP, Glucose-6-p= == phosphorylase
b2| allosteric effectors Of Ct.

2=0| ATPE 20t AMPJ} & =06tH
phosphorylase b& R &'t 2 BF=LL.

ATP, G6PJ} &2 ™A phosphorylase b= T2 2 &2
X st}

— -




=c|2d gdill ol & ===

1) Glucagon
2) Epinephrine

glycogen phosphorylase €
glycogen synthase &4

24 =%
o} 5f
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Glycogen loading

* Glycogen depletion 3 days via high protein diet
and extreme exercise

« High carbohydrate diet and resting

« Watch out!
- glycogen stored in heart muscle, which

causes stress to heart muscle
- high protein diet leads to mineral imbalance
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Gluconeogenesis (Z4IM)

1) HIE2 S 222 2H glucosel M4
Pyruvate - glucose
2) ol &2 HotsS2 OfLICH
3) 20 == E0LIH A EUWAE SHEL
HEHSA= HEEN UA2H
pyruvate carboxylaseBt O|EZ2 2| 0H0ll =




Gluconeogenesis (& 41 24)

O O
y —0" P Mg i' — 0
| ++® H,O ‘ | +ADP + P, + 2H'
C=0 acetyl-CoA C=0
l‘ ) biotin | T
. pyruvate A
CH, carboxylase CH,
Pyruvate @

Oxaloacetate

@ 2006 Brooks/Cole - Thomson

DIEZ2ECI0HIA 01T

p.495



Pyruvate

<
Pyruvate

Oxaloacetate

“~”
Malate

\hhlc

k\»\DH
7

Oxaloacetate

\!’

Gluconeogenesis
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OAAE OIEE

oot HE S

St
=

1>

Malate S ENZ W& LIDF CHA| OAAZE

PEPJI &1 &

o

AN RS

A=

stC

Fig. 18-9, p.498



This reaction occurs in the ER

Glucose ®
| ‘ Glucose-6-phosphatase
ADP Glucose-6-P H,0

)

ADP

/

ATP : : Fructose-6-P
Fructose-1,6-bisP”

Fructose-1,6-bisphosphatase

5

Glyceraldehyde-3-P g

Mhydrmyaccmnul’

NAD® ~| 5,' NAD® 1

1,3-bisphosphoglycerate Glycerol

ADP \

NP
v N

ADP

ATP

3-Phosphoglycerate

I

2.Phosphoglycerate

ADP PEP

© 2006 Brooks/Cole - Thomson

PEP carboxykinase
GTP

€O, Oxaloacette g

ATP Pyruvate ADP + (B) matrix
ATP carboxylase i
J r Am%,d
] aci
g

\. Mitochondri

Fig. 18-6, p.496



Gluconeogenesis (& &1 24)

O O
| | 1
112(:—0—1|)—o- 112(:—0—r|>—o-
O~ TI) OT
O._H,C—0—P—0" O  CH,0H (“)
H OH 1,6-bisphosphatase H OH (|)_
OH H OH H
Fructose-1,6-bisphosphate Fructose-6-phosphate

© 2006 Brooks/Cole - Thomson
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Gluconeogenesis (& 4!

&)

O
|
Ph(:——()——ﬁ’——()‘

% B

H OH

Glucose-6-phosphate

® 2006 Brooks/Cole - Thomson

2+

Mg

Glucose-6-phosphatase

¥

CH,OH

Glucose

+

O
l
Ho—T—O'

O-

p.499



=AM H O] stoichiometry

« 2Pyruvate + 4 ATP + 2 GTP + 2 NADH + 2 H,0
----- > glucose + 4 ADP + 2GDP + 6 Pi + 2 NAD+

« 6 X2 NUUKX StEtE A=
AG®=-37.7 kj/mol




SOAENE2 SRS

1) HE A2 HHEZ= ATP MAHS S of
glucoseE ZRZ &L}

2) J|10F Al glucosedt D Z &l E_HI%V%
=& Z82H glucoseE Aot :
S22 HMEZN Ol XRE =8t




2) F-1,6-BP = AMP, F-2,6-BP0il 25l &t 5l
citrate0fl 2lof &AH3I=C}

3) Pyruvate carboxylase= ADPOI 2| ol £ oH
acetyl CoA0l 2loll e4 3t




SAlEnE ol S

= D

W32 X0l S

1) Hexokinase <--->
glucose-6-p phosphatase

2) FP1K <--->F-1,6-BP
phosphatase

3) Pyruvate kinase <--->
pyruvate carboxylase

PEP carboxykinase

' Glucose |
I\l
GLYCOLYSIS GLUCONEOGENESIS
 Fructose 6-phosphate |
F-2,6-BP (*
AMP (+ (O F-2,6-8p
ATP ( : ;l AMP
Citrate +) Citr

* Fructose 1,6-bisphosphate \
Several steps

. Phosphoenolpyruvate |

( App

F-1,6-BP (+
AP O

‘ 4 Oxaloacetate
Alanine ( 5,

—>'  Pyvate

(=) ADP




LHAES] & &

Allosteric control

ﬁo ] =l
S el o e e

Substrate cycles
Oil) ol & 1t &4l 2K

Genetic control




CHALS] & &

Mechanisms of Metabolic Control

Type of Control Mode of Operation Examples

Allosteric Effectors (substrates, products, or coenzymes) of a pathway ATCase (Section 7.2); phosphofructokinase
inhibit or activate an enzyme. (Responds rapidly to (Section 17.2)
(o external stimuli.)

Covalent modification  Inhibition or activation of enzyme depends on formation Sodium-potassium pump (Section 8.6);
or breaking of a bond, frequently by phosphorylation or glycogen phosphorylase, glycogen synthase
dephosphorylation. (Responds rapidly to external stimuli.) (Section 18.1)

Substrate cycles Two opposing reactions, such as formation and breakdown Glycolysis (Chapter 17) and gluconeogenesis
of a given substance, are catalyzed by different enzymes, (Section 18.2)

which can be activated or inhibited separately. (Responds
rapidly to external stimuli.)
Genetic control The amount of enzyme present is increased by protein Induction of B-galactosidase (Section 11.2)
synthesis. (Longer-term control than the other mechanisms
listed here.)

€ 2006 Brooks/Cole - Thomson
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Gluconeogenesis (Z4IM)

HEYEH 222 2H glucosel M4
lactate----> pyruvate

glycerol-----> DHAP

alanine ----- > pyruvate
aspartate-----> OAA ----- > pyruvate




Cori cycle

1)

2)

220 M S8 lactic acidE 22 &
SW0A glucosez & &t}

2= AR 228 2122 MIEHH




Cori cycle
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Gluconeogenesis

>

Liver
. [NADY]
(hlgh [NADI] )

NADT «

Muscle
[NAD*]
( [NADH] )

iy
10

18-12, p.502



HEZEH & Z5H glucose?2| M4
lactate----> pyruvate

glycerol----- > DHAP
alanine ----- > pyruvate
aspartate----- > OAA —-—--- > pyruvate

Glucose-Alanine Cycle

Urea —BAT Nzamw
]
| (2) Pyruvate « = (2} Lactate

=49
(2) Pyruvate
_ e Shtamute
-
ALTY
T g

13} -NM,
\
(2) Alanine

T aNtaae ..

JALT
a-ketoglutaane —

(2) Alanine

~

Liver Muscle
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Pentose phosphate pathway (PPP)

« Hexose monophosphate pathway
* Pentose shunt
 Phosphogluconate oxidative pathway




PPP2| J|s

1) NADPH M A

2) Ribose-5-phosphate M A
- ATP, CoA, RNA, DNA € 24




PPP2| BHS

1) Oxidative reaction
Glucose-6-phosphate + 2 NADP* + H,O
---> Ribose-5-phosphate + 2 NADPH + 2H* + CO,

2) Nonoxidative reaction
- MEHE ABY, QBY, SBY, HEESO ASHES
Z0HetCh
- occurs in cytosol
- 20K CO,22H §8 45 FELDI 0 20




NADPH

Niacinamide
adenine
dinucleotide
phosphate

CONH,

O N
|

—O_ P _()_(:sz

OH O
I

=P =)
|
O
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PPP2| Bt

=2
S

Reducrtive anabolic

pahways
NAI)I’M/ \
0 +

NADPH
+@ g
O [e}
Il II
C—H c—0~ H
| NADP* | NADP*
H—(IZ—OH “ H—C—OH n—(‘:—ou
HO = C=—H ‘\K_ , HO—C—H k A_) 'l. 2 CwmO)
L -
H—C—OH H—C—OH H—C—OH
| | |
u—(I:-ou n—(I:-on H=—C=—O0H
|
HE—O0— HC—0—B) HC—O0—B)
Glucose 8- 6-Phospho- Ribulose-5-
phosphate Kluconate phosphate
Nucheic acid H
biosynt hesis |
T H—C—OH
|
(8] =0
(l‘.—ll HO—C—H O
H= C=—0H H=—C—0H C—11
| |
H—C—OH H—C—OH H—C—OH
| | |
H—C—OH H—C—OH H—C—OH
H | | |
HL—o—@ HE—0 —(B) nL—0 -8
e C=OH
=0 / Another
Ribase-3- ulose- Erythrose4- Xylulose-3-
H = G O phosphate 7-phosphate phosphate phosphate
H—C—OH \ l-ll
o g o o | oy )
H—~C—OH C==0
Ribulose-3- ComO (l’ HO—C—H
phosphate
HO—C—H C—H H—C—OH C—H
H= G=—0H H=—C~—OH H—C—0OH H—(I:—ou
| | |
ng—o—®  ug—o—® = ugo-®  ue—o—®
Xylulose-5- Gly hy Fructose-6- Glyceraldehyde-
phosphate Sphosphate phosphate S-phosphate
Glyolytic intermediaes
Fig. 18-15, p.505
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O
En
Hes (l’l—()H
HO — (IJ— H
Hes (IJ—OH
He= (II—OH
Hz(lj—() —®
Glucose-6-
phosphate

o VY S Nl S P | POt

PPP2| Bt

AL

7
NADPH J

A

NADP*

>

Reductive anabolic

pathways
NADPH j
+ |
. A
O
|
C—0x H
| NADP* |
H—C—=C5 H—=C—0
| oy |
HO—€C€—H y C=0
| > |
H— C—OH H— G—0H
| |
He= €= H=C=0OH
| |
HC—0 @ H,C—0—®
6-Phospho- Ribulose-5-
gluconate phosphate

Fig. 18-15a, p.505



H

H—C—OH
¢=o
H— (l‘—' OH
H— (]‘— OH
H.Z(I: —o0—@
Ribulose-5-
phosphate
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-
N

Nucleic acid
biosynthesis

I

C—H

H— C—OH

H— é—ou

H— (II—OH
H2(|1—0—®

Ribose-5-
phosphate

H a4

|
H— C—OH
|

 G—

HO—C—H
I
H—C—OH
I
H2C_O_®

Xylulose-5-
phosphate

H
I
H— C—OH
I
C=0
HO—C—H
I
H— C—OH
I
H—C—OH
I
H— C—OH
I
HE—O0—B
Sedoheptulose-
7-phosphate
I
C—H
I
H— C—OH
I
HL—O—(®)
Glyceraldehyde-
3-phosphate

O
|
C—H
|
H=<G—~0OH
I
H—C—OH
I
HE—0—®
Another
Erythrose4- Xylulose-5-
phosphate phosphate
H
|
H—C—OH ©
I
HO—C—H C")
|
H—C—OH (|3—' H
I
H—C—OH H—C—OH
I |
HE—O—®  HE—O0—®
Fructose-6- Glyceraldehyde-
phosphate 3-phosphate

Glycolytic intermediates

Fig. 18-15b, p.505



PPP2l

=
0[0

Group-Transfer Reactions in the Pentose Phosphate Pathway

Reactant Enzyme Products
Transketolase
Two-carbon shift C; + G = C, + Cq
Transaldolase
Three-carbon shift (OTI o O = Gt
Transketolase
Two-carbon shift C: + G = Ce + Gy
Net reaction 3G = 2C; + G4

® 2006 Brooks/Cole - Thomson

Table 18-2, p.506



PPP 2t ol & 2]

/\|'_L,|-/\‘|

‘ Pentose phosphate pathwayf‘

Glucose-6-phosphate + 2 NADP* —3» Ribulose-5-phosphate + COy+ 2 NADPH

A

Glucose-6-phosphate
isomerase

Y

Fructose-6-phosphate

A

Fructose-
Phosphofructokinase 1,6-bisphosphate
phosphatase

\J

Fructose-1,6-bisphosphate

Fructose bisphosphate
aldolase
Dihydroxyacetone phosphate ¢
Triose phosphate
isomerase

Glycolysis

© 2006 Brooks/Cole - Thomson

Phosphopentose
isomerase

Y

Ribose-5-phosphate

A

1. Transketolase
2. Transaldolase
3. Transketolase

\J

Glyceraldehyde-3-phosphate

\J

Pyruvate

Fig. 18-16, p.507



Glucose-6-phosphate2| &3

8= 0|F0 U= W

(1 NADPHZZ} ribose-5-p2| & 2 20|
Glucose-6-p + 2NADP+ + H,0
> Ribose-5-p + 2 NADPH +2H+ + CO,

2 NADPHEZC} ribose-5-pJt 20| 2 & [H
5 Glucose-6-P + ATP ----> 6 Ribose-5-P + ADP + Pi

F

3@ Ribose-5-P 2 Ct NADPHJI 0| 22 [ (W=
M A= ribose-5-p= YU E 2| SUH=EZ ME

O -

_12lJ ChAl glucose= M=2t %1 CO,= &tatetlt.
(transketolase, transaldolase)




PPPO| & J|H

D NADP+2 =&
NADP*/NADPH = 0.014
NAD*/NADH= 500-1000

@ glucose-6-phosphate
dehydrogenase (22 &




NADPHS| 0| &

@ X|gt A8 0f 0]
- et M PPPE= 2 UHMEL
KNEER0A Q=0 SE2otll

Ja

g nm'

|29 HJIZZEotES 2XGHA
KIot=0l JIH8tCE (& AtSHD | 5)

SHls o’

@

O
=
S




(a) |
COO~

*H,N —CH
(CH,),

c=0
1\|'H
HS—(:HZ—(IIH
(|:=<)
N
(|:n2

COO~
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Reduced glutathione
(y-glutamylcysteinylglycine)

-Gl

Cys

Gly

(b)

(c)

¥-Glu — Cys —Gly .
| i Glutathione
reductase

= 2 7-Glu—Cys —Gly
|
| SH

¥-Glu —Cys —Gly

T + NADPH + H*
S

2 yGlu—Cys —Gly + R—S—S—R ——

SH

¥Glu —Cys —Gly
S
| 4
S

¥Glu—Cys —Gly

p.508



NADPHS S 24

0l A NADPHE & dot=

o U
T
rIr
I
g
iy

M 20| 4 NADPH= glutathione=s &t & &
/\I-EHE TI'Xl OHjc |'

3. &tstEl glutathione > &3 & GSH
NADPH, glutathione reductase




NADPH2| SR &

4. &= glutathione2 ol 2==2 811 CHE HHEHAC
cysteine &J|E &3S = EMHotH oH=Ch

5. & & glutathione2 HE A2 MERELE HACRE
S XISHA StCh

6. & & glutathionel s=J1 Z0LA®H H&E 2}
&35t &L

7. Rl & glutathione2 hydrogen peroxideS 1t
ot ol =& =0l 2O Stlt
GSH + ROOH ---> GS-SG + H,O + ROH >

H S
;O
<2



Wernicke-Korsakoff syndrome

@ Thiamine Z & 0fl 2| st
transketolase & & & X
(+ alcohol abuse)

@ Brain damage

@ ABHLUEM, =2

12 i

2| Encyeenmen =

Fommon early manisfestations




» =Ml 40%

e Glucose-6-Cl A0 LIOHE &= /U= 40t A]
(HAIE 2= 252 220112
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