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Glycogen
(1—4 and 1—-6 glucosyl units),

A:vhing enzyme |

(1-»4 Glucosyl units),

Insulin
2 ©
Glycogen _ _(:) ______ @ —_ Glycogen
synthase | € CAMP = | phosphorylase
Glycogen *
primer | (—D
|
Glucagon
epinephrine Glucan *
. transferase
Glycogenin Debranching
Uridine eNZyIme)
disphosphate
/' glucose (UDPGic)
To uronic acid Free glucose from
pathway debranching
T— UDPGIc pyrophosphorylase | enzyme
pyrophosphatase PP;
2P
Y ' Uridine
UDP triphosphate (UTP) Glucose 1-phosphate
g+
Glucose 6-phosphate —» To glycolysis and pentose
phosphate pathway

Nucleoside H0 ADP
diphospho- Gl 6- -

ATP - ADP cenes Mg?*

kinase phosphatase g
P; ATP

Glucose
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O—0O 1-4- Glucosidic bond

O Unlabeled glucose residue
O+O 1-6- Glucosidic bond

O '“C-labeled glucose residue ,

[
2l
Ca-g:juec(;)se X New 1—6- bond \
l > >
Glycogen Branching
synthase enzyme

7t |Edm A (Branching enzyme) 7t 1—4 AF&2| UL Z|E

16 2L IH50f 712| 27142 A
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Prosnonese || aease | | “ontyme”
- ZATZE T FEO[A
=227 (Phosphoglucomutase)
HFS1 1-4 733F 7104 B l |
T ATEZolA (Phosphorylase)
1_O|_}|\_I-—'TT[——I':—EOI- I 6-0|_A|_|-_Ti[__I|:_I:o|- T L I:C)I-
HFQ D Za| 3l 2HH
=227 FEEHAI[1E1|0|A l e 1 . )
(Ho|& A, Glucan transferase)  ZAAf&Q| AtEICE Cho|7} (EG?_i " -6 hn Ef'?|°| )
ZALA = ucose- osphatase
HF2 3 1—6 Z4T} 2{|A FAMER 0|3 Phosp
L O 2 g l

7t2|2|74 & A (Debranching enzyme)
= 1,6-22|ZA|H[o|A (1,6-glycosidase)



Adetel 19% 21270 chit

22|20 /g2t #o= n2|AMP7L EEA e 2 2Tt

—

chAle| 24: T 2B o3 FA0| QlAtEH/ENRIAIGE 2
|

_
- 22| FH T A TRl [0|AL| OlAIG}: THA

- 22|37 Alefo| Ao Qlitel: T 7hA

of| Z|f| =2l (Epinephrine),
g22 LoIy=Zal (Norepinephrine),
=272 (Glucagon)
!
otg|Ll D2|EtFE A L ARO[ AE{E|o| A
(Adenylyl cyclase, AC) (Phosphodiesterase)

l
ATP l » CAMP . AMP
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Epinephrine
B Receptor
Inactive Active
adenylyl adenylyl
cyclase cyclase
Glycogen,
® ;
I T — Glycogen,,, s, Glucose 1-phosphate
ATP » cAMP > 5-AMP
: Active Pi
Inactive 5. | CAMP-dependent
CAMP-dependent | protein kinase
protein kinase ADP Phosphorylase a
active
e _—
Inhibitor-1 iyl el
(inactive) ATP / \
Phosphorylase kinase b Phosphorylase kinase a < G6P < Insulin ot
(inactive) Ca ) (active) phowiites1
ATP \/ A
\ -Ca2+ @
® ATP 3
Phosphorylase b
ADP g (inactive)
Pi Protein HO
phosphatase-1
Y

Inhibitor-1-phosphate

PAC

(active)
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Epinephrine

(liver,muscle) ____ 5 AMP ———> 5-AMP

Glucagon
(liver)

[ Phosphodiesterase |

Glycogen
synthase b \

Inhibitor-1 =————>

”~
Ve
/
/
/
Protein CAMP-
. dependent
phosphatase-1 protein kinase
A \
\
\
© AN
Sa 2w
Glycogen
synthase a
T
i al
/ ycogen
/
/
Glycogen Phosphorylase
UDPGIc cycle a

Glucose (liver)

Inhibitor-1

phosphate

Phosphorylase
kinase b

Protein
phosphatase-1

Phosphorylase
kinase a

Phosptll)orylase

\

Glucose 1-phosphate

/1IN

Glucose  Lactate (muscle)

\ A
\ /
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AN 7/
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Protein
phosphatase-1
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Epinephrine

| CHAL

=

B Receptor @

Inactive Active
adenylyl adenylyl
cyclase cyclase

I Phosphodiesterase |
ATP » cAMP » 5-AMP

@ Phosphorylase
kinase @
Inactive Active

cAMP-dependent » | cAMP-dependent
protein kinase protein kinase

=3

Calmodulin-dependent
protein kinase

C a2+

ATP Glycogen,, 1

Inhibitor-1
(inactive)

ATP Glycogen synthase @T Glyoogenasynthase

@ (inactive) ca** (active)

Insulin —>» G6P
/ ® ®
ADP
\

Protein
phosphatase al
cogen,
H0 —~—— P;  Uopa”

+

y

Inhibitor-1-phosphate Protein
(active) @ phosphatase-1

Y
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6-ZLAIE|o|A (Glucose 6-phosphate)
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Phosphorylase I Glucan Debranching
transferase enzyme
__Lal 3 A| EJ\E%E‘—'—‘I‘I’H'O' A
=T Phosphoglucomutase
I:II_P%’I 1—4 7=I'GI- 7|.O|J\ .5H l (l pnog )
T ATERo|A (Phosphorylase)
1_O|_}|\_I-—'TT[——I':—EOI- I 6-0|_A|_|-_Ti[__I|:_I:o|- T L I:C)I-
Hr32 =2| 27 2HH 1
=57 EfATHE|o|A !
= —1
(Ho|& A, Glucan transferase)  ZAAf&Q| AtEICE Cho|7} =532 A-6-LAIE|O|A
i ZAMAE ol (Glucose-6-phosphatase)
Ht33 1—6 AT A[A 1

7t2|2|74 & A (Debranching enzyme)
= 1,6-22|ZA|H[o|A (1,6-glycosidase)
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GDP + CO,
/’ Pho;?g%ex;%@‘warst.{vate ‘\A Pyruvate Lactate Cnfate
\GTP NADH + H* NAD* £
O:aloacetate * Pyrx/ate Uéﬂ deh';ydrrg;aet:ase <‘JLlMNW\M?/;‘"Acety!CoA |
% NADH + H* '/ CO, + ATP

| Pyruvate carboxylase ]

k’ NAD*

ADP + Pj ®

NADH + Ht

V')'Oxalo!cetate

Malate Citrate

\ 7

Fumarate Succinyl-CoA

L

Y
Malate <€

Citric acid cycle

=

o-Ketoglutarate 4—‘
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EL P88 2 TESH, A EEL B2
2 7}2{o| H7}z| HISE ofo)c}
‘I'7 - z7 |_I- o2 AA
O 5 - 1-O|AtX CC} —L 7
CoA — SH A CO, + H,O :
cyl-CoA 2% 02 Propionyl-CoA
?Hs synthetase ?Ha carboxylase ?Hs
CH, = » CH, »H—C—CO0~
| Mg I Biotin |
COO~ CO—S—CoA CO—S—CoA
Propionate ATP AMP + PP; Propionyl-CoA ATP ARFEE) D-Methyl-
malonyl-CoA
Methylmalonyl-CoA
racemase
COO~
Methylmalonyl-
(l}H CoA mutase ?Ha
Intermediates 2 -
of citric acid cycle > | < »00C—C—H
CH, B,, coenzyme |
| CO—S—CoA
CO—S—CoA
L-Methyl-
Succinyl-CoA malonyl-CoA
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Activity in
Carbohydrate Fasting and
Feeding Diabetes Inducer Repressor Activator Inhibitor
Glycogenolysis, glycolysis, and pyruvate oxidation
Glycogen synthase T d Insulin, glucose Glucagon
6-phosphate
Hexokinase Glucose
6-phosphate
Glucokinase i} l Insulin Glucagon
Phosphofructokinase-1 il ! Insulin Glucagon 5' AMP, fructose Citrate, ATP,
6-phosphate, glucagon
fructose 2,6-
bisphosphate, P,
Pyruvate kinase T d Insulin, Glucagon Fructose 1,6- ATP, alanine,
fructose bisphosphate, glucagon,
insulin norepinephrine
Pyruvate i) d CoA, NAD?, Acetyl CoA, NADH,
dehydrogenase insulin, ADP, ATP (fatty acids,
pyruvate ketone bodies)
Gluconeogenesis
Pyruvate carboxylase d T Glucocorticoids, Insulin Acetyl CoA ADP
glucagon,
epinephrine
Phosphoenolpyruvate d i) Glucocorticoids, Insulin Glucagon?
carboxykinase glucagon,
epinephrine
Glucose 6-phosphatase d T Glucocorticoids, Insulin
glucagon,
epinephrine
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- 32 — cAMP A4 — cAMP-2|Z HA Fhod|o| A b4
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L.
-HRE R B @s X0 45-55 mmol/L £ F3
-7.2mmol/L, & 3.3-3.9mmol/L
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35 1000|5t | 1100|5} | 1000|sk | 1400]2
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AlE 18005t | 1400J5t | 1800]4
2x|7+ (140) | (120)

asas | 2001 100~140[ 20008 | 400l
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LS4 #2197 - S 22 (growth hormone, GH)
(Anterior pituitary gland) - ACTH (§AIZ|Azt2 5 22, Adrenocorticotropin, ZE|TZE 2 )
HAl @] - F2 I FE|FO|E (YA FE2E[FO|E, Glucocorticoid,
(Adrenal cortex) 11-ZA|AE[Z0|E): ofn| At — I & TFIAEA
HA| AZ|
A AL - ofm| Z3I: cAMP A4 — 22|27 L

(Adrenal medulla)




& (glucosuria)

[ [ O
N o AN — O L-
Grho| Ml tofA] T o[ 2| F4 &= Y2 Holld ™
- 2l £ 5 2mmol/min
- 24005 >10mmol/L (=&% =5, renal threshold)
2% =Y ks HETE= 22 . 2% 3y
2 CiHE x|y ZTeoh | 2, EEh of0|Al | 2(9%), TEEH0H|A100%), | S, EHE, XY, Z=E,
ofn|Al 27| @7, 24| 27| AR, 94 27| %R, 24(50%) ofo|icAt $7| @7, 24

m=zr=o
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A1 &S Z4AL (oral glucose tolerance test, OGTT)
- B2 oS 2Tete 71 BESkn QIzigt At
- 2 &8 AP @S 245t B 22| 52 T
- M2 308147 3 2|02 gEft T oY
-7t 3% >126mg/dL, o]~
PHSE 2AIZH & >200mg/dL 5 >~
or 2 >200mg/dL il ~ —
ohh R e —

— pormal
— pre-diabetic
— diabetic



- ZECHAMA: ool Al A 5 — meT, Fa| 3 gy
-l 5 B 7t wheg 5lots Yo 2 oo
72 1 (8Fs 10): Zfo|FBAF 7r=43 0] 4, Slafqlizato|F 847t
o[|o] A
72 2 (WS 3): ZHEA 1,6-H| AL ATE[O[A
+2 3 (8 1): 2524 6-LATME0|A
= = = A
-EE2 220 o 242 (Yed, 277




