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ADA : American Diabetes Association

IR : Insulin receptor
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SREBP-1c : Sterol regulatory element-binding protein- 1c



BSA : Bovine serum albumin

SDS : Sodium dodecyl sulfate

APS © Ammonium persulfate

TEMED : N,N,N’,N’-tetramethyl ethylenediamine
PBS : Phosphate-Buffer Saline

PBS/Tween 20 : Phosphate-Buffer Saline-Tween 20
EDTA : Ethylenediaminetetraacetic acid

EGTA : ethylene glycol tetraacetic acid

PMSF : Phenylmethylsulfonyl fluorid

HEPES : N-[2-Hydroxyethyl]piperazine-N’-[2-ethanesulfonic acid]
NayP,07 @ Sodium pyrophosphate

Na;VO, : Sodium orthovandate

NaF @ Sodium fluoride

NP-40 : Ninidet P-40



IR

4 % (Biotin) > BHEHMAY Ren— fB> AHMAREE T 3o ¥
ToP RN BHEARY F SR TS c AP R AT OE T FR 4
PEEBRFHN G IROETESS LIPS F 23 0n KK
TR o U SR O N R LR e AR S R S
IRS-1/2 ~ IRS-1/2 ¢ PI 3-kinase if % ~ GLUT4 14 27 =4 - 64 = 7
dn 81 PKC (& PKB(AKkt) %2 # #eved § Fapcni@ iy £0Ed %5
2 & e GLUTA 4% 3 Mo e e ® % K2 & wmie $1§ § o cra B 3
% ¢ PKB(AK)EZ A FPE & = ~pEFATE (5% 4p B o FIp AT 5 4R - HHF
At A A8 3§ GLUTA 4] A F f5d PKC ( & PKB(Akt)
BT I PR FER Y 55 % 1% 1 PKC ( ~ PKB(Akt) Thr308 & Serd73
PEINBE T Y FOA R RS TR T o Y 4
FHEAF 2 Apopat KK o 872 ke e D 432k (0
mg/kg/day)~3mg £ ~6mg 2 {5 > Frw £ 4 W %S (4U/100g regular insulin)
A RA L, R RELSP T RS AR S ST
wmre e mre ied PKC ( ehd-v 4 &6 %~ 2, » PKB(AkY)

Thr308 £ Ser473 4 & 3R =REFL 1 chF-v F 4 R

XI



FAR AT o AR R, R T e [T e Y
PKC { #B BN $ 2R L e gFF 28 Lo a %5 4 1k
o e Y PKCLAREZ AP A Lo A 302 @ Kl v WP
o34 38R o X %% & & TlPF - PKB(AkY) Ser 473 23 &3R8 gk
o dd ALK A R G EAOPR RN G R F L SR
EBETE ¢ F R ] R i ek R - PKB(Akt) Thr 308 3 &
IR Foo WRRET RS > PR FI A PR R G ARSI
s P X 5] PDK-1 B B enfe R > < % 6 & Tlicts > KK AR R
8 ) 9 PKB(Akt) Ser 473 #2 Thr 308 3 &% = ghpt v 30 H 4 | > 3P
o BT A 4 4% 2 (8 PKB(Akt) Ser 473 3 & F toiei A
B~ % ehi®* gk o @ PKB(Akt)Thr 308 2 &8 =7 5t ] & 27 7% 4p
By s It ERE A ARERD od m%e W PKC( £ RE &
BE e E kLR PKC (s e 2 PKB(Akt) Thr308 ~ Serd73 3 &
FRFERL T Fow Wend R HETR S 4 $ % 3mg v ¥ S H 4 GLUTY =
#enier Emd PKCL A &ih; 3 4 4% 6mg 822X PKCE =4 7
e BEES (L (R BN 0 dhs (e B me T endev B A AP P AR S 4o o
fmie 3 PKCY v BT %% 6 & Tlcchd ok 4 > Fpt s 5 3

4 GLUT4 = # eni®® > w B 4|7 s B 7 8- HIF o

XII



95 ¢ PKB(Akt) Thr308 &7 Serd73 3 & 3% (=ghps I Jov e -
B o0 LT %G & flgeehz 29 PKB(AKL) Serd73 # & 3% i pbps b v B
FIMEBEMPI AL 25 FA L2 18 0§ L PF PKB(Akt) Serd73 = g% 1
R A S BT 1 o PKB(Akt) Thr308 33 & 2% ape i 3¢
A6 oo fri_omg Eh Mo 3mg et > 2B REEF > F o AoT
7 gt pF PKB(Akt) Thr308 3 & 38 i AARE (4 0 & G BIL T Ry A
Fehi 4 o e law P A E PlEE R R FIAIL KR s 6mg oG
%, & % 110 PKB(Akt) Thr308 # & 38 (= ghft * Fov 4 ¢ B F =00
R EN R HRTRFIZEFEA > FREF9 e g g
75 3mg fe 3 PR B ARE B o T AR E R ARG TIRER e

b gt

5 ¥ 4o Y PKB(AKDB 3 & BB A7 4 6% S5 eh s w0

i

& & enfe® R 4e s 2 F] PKB(AkD) Thr308 3 & 2% 1= & 4 % ghpk it

PR R P 0T RS R T e 30 A AR 0SB TR TR S SRS o

M4EF © % 2 A B2 ¥ % ~Protein kinase C { (PKC ()~ Protein kinase

B(PKB)

X1



Abstract

Biotin is one kind of B vitamins that is a cofactor of many enzymes in
body. It plays an important role in metabolism of carbohydrate, protein, lipid,
nucleic acid, especially in glucose homeostasis and metabolism. Our
previous study has demonstrated that biotin supplement may lower the
impaired fasting glucose and insulin resistance, and IRS-1/2, IRS-1/2
associated with PI 3-Kinase protein expression and GLUT4 protein
translocation in skeletal muscle cells.

Some studies point out PKC { and PKB(Akt) involved in skeletal
muscle glucose uptake by regulating GLUT4 translocation stimulated by
insulin. In liver, PKB(Akt) is associated with glycogenesis and
gluconeogenesis. Thus this study want to evaluate the effects of biotin on
regulating GLUT4 translocation by PKC { or PKB(Akt) pathway in skeletal
muscle and in liver cells. KK diabetic mice were given different dosage of
biotin per day for four weeks, and before sacrificed, were separated into two
groups by with or without insulin stimulation. After sacrified, PKC { protein
expression in cytosol and membrane in skeletal muscles cells and PKB(Akt)
protein expression in skeletal muscles and livers cells were analyzed by
immunoblotting.

The results showed that without insulin stimulated, biotin may
increase both PKC ( protein expression in cytosol and membrane of skeletal
muscle cells. PKC { protein expression increase in cytosol but decrease in
membrane when insulin stimulated. In no insulin treated group, PKB(Akt)
Ser473 phosphorylation protein expression increased. These results
suggested that in fasting condition skeletal muscles try to increase glycogen
synthesis, so peripheral tissues make use of blood sugar to lower blood sugar
levels, especially in 3mg biotin group. PKB (Akt) Thr308 phosphorylation
protein expression is in turn decrease. The reason may contribute to that
PKB(Akt) the protein is not activated or isn’t stimulated by PDK-1. After
stimulated by insulin, PKB(Akt) Ser473 phosphorylation protein also
increased, but PKB(Akt) Thr308 phosphorylation protein decreased. We
presumed biotin supplement may longer the action of PKB(Akt) Ser473
phosphorylation than PKB(Akt) Thr308. By evaluating PKC( protein
expression in membrane fraction, we supposed the increase of GLUT4
translocation in 3mg group possibly through the PKC ( pathway, not
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PKB(Akt).

In liver cells, in the results of the PKB(Akt) Ser473 and Thr 308
phosphorylation protein expression without insulin stimulated, We supposed
that PKB(Akt) Ser473 had already activated by upper molecules but not in
PKB(Akt) Thr308.When insulin stimulated, by observing the protein
expression, we find that PKB(Akt) Thr308 was activated in 3mg group. As
result in this study, gluconeogenesis in liver may be diminished and
glycogenesis may be enhenced. Because of PKB(Akt) Thr308 has faster
dephosphorylation time, so the action may decline in 30 minutes.

Key word : type 2 diabetes ~biotin ~ Protein kinase C { (PKC () ~Protein kinase
B(PKB)
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II. &% "Ha iff:fﬁ 2 (fasting plasma glucose, FGP)=110mg/dL * <

[
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126mg/dL P¥ > % % i B 0 AL 5w AR R R I S BER

(impaired fasting glucose, IGF) °

ETTRS

L § % 2] B v PRtk 25 @ = 140mg/dL + & <200mg/dL P¥ » fL2.

i # P #% (impaired glucose toletance ; IGT)

220 AR E T R R e e

Table 2.1 Diagosis of diabetes mellitus and glucose intolerance

Condition Diagnostic criteria(mmole/L) Diagnositic criteria (mg/dL)
Normal fasting plasma glucose Below 6.1 Below 110
Impaired fasting glucose(IGF) Equal or above 6.1 but below 7.0 Equal or above 110 but below 126
Plasma glucose 2 h after 75 g load Plasma glucose 2 h after 75 g load

Impaired glucose tolerance(IGT)
7.8 or above but below 11.1 140 or above but below 200

Diabetes mellitus™
Radom plasma glucose 200 or above ™™

Criterion] Random plasma glucose 11.1 or above™*

Fasting plasma glucose 126 or above
Criterion2 Fasting plasma glucose 7.0 or above

2 h value during OGTT 200 or above
Criterion3 2 h value during OGTT 11.1 or above

*If one of the criteria is fulfilled, diagnosis is provisional. The diagnosis needs to be confirmed next day using a different criterion.
**If accompanied by symptoms(polyuria, polydypsia, unexplained weight loss). These are the criteria proposed by the American

Diabetes Association in 1997
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Table 2.2. Classification of diabetes mellitus

Syndrome Comments
Type 1 Autoimmune destruction of B-cells
Type 2 B-cells failure and insulin resistance
Genetic defects of B-cells (e.g. mutations of glucokinase gene). Rare insulin resistance syndromes.
Diseases of exocrine pancreas. Endocrine diseases (acromegaly, Cushing’s syndrome). Drugs and
Other types
chemical-induced diabetes. Infections (e.g.mumps). Rare syndromes with the presence of antireceptor
antibodies. Diabetes accompanying other genetic disease (e.g. Down syndrome)
Gestational diabetes Any degree of glucose intolerance diagnosed in pregnancy
2230 5 LARARE 5 2 AR A R
Table 2.3 Comparison of Type 1 DM and Type 2 DM
Type 1 Type 2
Onset Usually below 20 years of age Usually over 40 years of age
Preserved : conbination of impaired
Insulin synthesis Absent : immune destruction ofp-cells
B-cells function and insulin
Plasma insulin concentration Low or absent Low, normal or high

Genetic susceptibility

Yes, inheritance associated with HLA | Not associated with HLA, important

antigens polygenic inheritance
Islet cell antibodies at diagnosis Yes No
Obesity Uncommon Common
Ketoacidosis Yes Possible after major stress
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Wi F 2% A ¥ A2 kB ¥ % 4= & (Granberry and Fonseca, 1999;

Cummings and Schwartz, 2003) °
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=
e
T2
‘.
i}
=
i
&
ﬁ
o
)
\\"'_‘t
=

BRI Y SR NITT o hoRf 4o SR 5
43 (F ras o) TSR AF G (B L B) P A B P TR E R
B2 H A (o REGRA S o

F 2 AW B PR e R R RO 5 R AR R
oS ARG FHE FROTT fo 8P 4 TR FlA WL E 2
Pt o REICESL R TIFAB F 0L R Rehe sk L 205

FEdd B4 it A FRIUE 4 R | B e buendls & XA R o

Table |. Metabolic sites of insulin resistance.

Activator Inhibitar
A Irsulin receptor
B. Insulin signal transduction
Insulin receptor Irsulin
Froximal (downstream IR signalling event Insulin Fatty acid, TMF + Glucose
GLUT 4 vesicle crafficking, docking, fusion Insulin (Fatty acid)
. Carbohydrate metabalism
|. Glycopen synthesis versus glycogenolysis:
Glycogen synthase {1 Ins{Gluc or epi) { } Ins/Gluc or epi)
Glycogen phosphorylase (1 Ins{Glucor epi) (1 Ing'Gluc or epi)
1. Glycolysis
Glucokinse Insulin Glucagon
Phasphafructokinase t+ F-15-P } FL&-P
(1 Ins/Gluc or epi) () Ins/Gluc or epi)
Pyruvate kinase {1 Ins{Gluc or epi) (| Ins/Gluc or epi)
3. Gluconeogenesis
Pyruvate carboxylase AcCaoh, (FA OX)
PEPCK. {} Ins{Gluc or epi) (1 Ins/guc or epi)

Glucocorticoids
D. Lipid metabalism
Hormaone sensitive lipase () Ins{Glucor epi) ( + Ins/Gluc or epi)
Lipoprotein lipase Insulin

IR, insulin receptor; Ins, insulin; Gluc, glucagon; epi, epinephring; AcCoA, acetyl coenzyme A; FAOX,
fatty acid oxidation; F-1,6-F, fructose 1, é-diphosphate; PECK, phosphoenolpyruvate carboxykinase;
GLUTH, glucose transporter 4.

'Hypergliyliéaernia «can promote serine phosphorylation of the insulin receptor via a protein kinse C

pathway.

{

B12.1 ~ %% & & bt B2 5548 1% 38(M.Haque and A. J. Sanyal, 2002)

Fig 2.1 Insulin resistance in metabolism
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ny

2® 5 % 7 A @lﬁ»%ﬁ:q
%5 L BAIR)AE i r & 4l (heterotetramer) » # & I &7~ g

SR E R me P o IR 70 e vt enfie R & R 2 e R in

—i

e dicfid jgcfi (tyrosine kinase) % 3 o % % 2 R X Blwie b otz &
2t B Ib R p L R B R R p BB 1 (autophosphorylation)
% g S B F(IRS)1~4 ~ IRS-5/DOK4 ~ IRS-6/DOKS % fiz. viefis
FRfa v o ipu X TR T € 314X T PF30E 3 P oeh L v BT Pl
3-Kinase pathway -~ Cbl associated protein (CAP)/Casstas B-lineage
lymphoma (Cb1)/TC10 pathway » Mitogen-activated protein kinase (MAPK)

dependent pathway(Pirola et al., 2004; Saltiel and Kahn, 2001) -

INSULIN RECEPTOR

BI2.2 ~ % § 2 4 @i /& (Mlinar et al. 2007)

Fig 2.2 Insulin signalling pathway
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PI 3-Kinase iz f& % I+ ch & 44~ (isoform) ¥ 4 5 3+ 7% » 233 &% §
FEr i iy > ¥ Classladrsn s £ B 5 R LF g0 °
§ #54 A 2 PIP2& PIP3 % j# it PKB(Akt) ~ aPKC » PKB(Akt) shgipik i
fe ¢ @ GSK-37 &1t » 4 €% AFFASA T~ % T 3 &PEPCK # 7]
P A FA R E R AFGLUT4 245 I w2 5+ (Pirola et al., 2004; Saltiel
and Kahn, 2001) -

GLUT4 3o F o p A& X% 2R R BEH FHDLE 3
oo BARRRRE R L AEDREZ - > WFEF S ¢ GLUT4 F-9 <
LSRG RSN RR O RET FRAFTLRY R F
VoA o B RS L 0 AE RN A SR RE R LR
GLUT4 -0 Fehic 4 o & L Fin g % & % GLUT4 A Flend 3 f5 0

e TR R
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iZ. ~ Protein kinase C (PKC)z_ /i &
- ~ PKC 2%
PKC¥ & 5 3 @ df% > & %5
A. @ %7 (conventional type) :a~BI ~BI ~y
B. %%%Ei‘] (novel type) : d~e~n~0~p
C. & A (atypical type) : L~ A~ 1

catalvtic domain
regulatory domain | |

' vnrwz c2 W3 €3 v4 C4 Vs

E:E:EH

cysteine-rich ATP binding site

m nPKCs | Pl ] V] o
F i

m aPKCs :E‘m‘:% 1 [jﬂ

Fig. 1. The stucture of PECs.

®2.3 ~ PKC 3% » %5 &2 B4 (Liu et al., 2006)
Fig 2.3 PKC family

cPKCrhi 45 ? » Nip # & %5 (Cl~ C2) » CxpRl§ it %3

o

(C3+~C4) Cl¥ 4rPMA/DAG% & » Wit feimie Wil & o C2p)
B B E(EC L) nPKCE FClRE - #4C2%
B 97 & 3RS 2 PMA/DAG @ 222 Ca”' i it o aPKC#s £ Ca” ac g

FIC2% & 0 » 3 frPMA/DAGR & > A X i A A ppa it 5% en
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Bk "g B cofactor I B & 1t o

b High glucose

Positive Regulation ——= Megative Regulation -—-—=

Bl 2.4 ~ aPKC AfEsf 3 2w cni= % (Liu et al, 2006)

Fig 2.4 aPKC action in carbohydrate metabolism

17



= ~ PKC (e it
F G ATl 50 56 % £ B amre it IR pidf o {1 IRS 3
v e IRFLERFL 1Y 0 3 88 T 50 PI 3-Kinase 2 & - PI 3-Kinase ¥7 fit V&4
e it e IRS B & 2 15 » € 2 2 3’-phosphoinositides > H ¢ 7 PIP2 #& %
S PIP3 - & 2 3515 -3 & @if% - PDK-1 1 'w% %> ¥ ¢ b PRER
it aPKC (Atypical protein kinase C)(Brazil and Hemmings, 2001; Kotani et

al., 1998) o

RTK
- F'IF'3 FIP3 plasma mambrane

x P85

phosphorylation
Iil::reraltiuln ffﬂm I by PDK1 |'J1 10
autoinhibition T410 p autophosphorylation ?
PI3K TA10 T560
Yy )
completely
active PKCZ

inactive
PKC £

B 2.5 ~ PKC 7= i* #4] (Takaaki and Kazuhiro, 2003)

Fig 2.5 PKC ( activation mechanism
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=z ~aPKC L »# &iﬁ“%"ﬂ%iﬁﬁ]ﬁﬂ%% y LU R

¥ A o aPKCs % § %34 8 HGLUTAR = 3] m e 90~ 8§ §
Ve E T b 3 iF £ & ek & (Watson et al., 2004) - § & iF 1 & 0k
£ %2 4 B yERL S kB GLUTA i =2 § § 4 eha B~ & (1) IRS-PI
3-Kinase~(2) Cbl-TC10> @ aPKCsR| #_i& 7 i &5 7 25 % % fad Kanzaki
et al., 2004) - IRS-PI 3-Kinasept /= £ % § 4 H i 2 mie 5t (nRE &
i E i IReB-=k B o~ T IRS v B enfis /el g e 1 > 18 1 IRSH; &2
PI 3-Kinase#p :# %:(Corvera and Czech, 1998)¢ 7% it {3 7Pl 3-Kinasei& @ #4
fa i PIP2 2 4 PIP3 » F pFvx 51 PDK-1 % Xm % %t (Stokoe et al., 1998;
Stephens et al., 1997) - aPKCsi% i /& 1 % crifk =il 410/40204 f2 (k&
PDK-1. £ (Chou et al., 1998; Le Good et al., 1998) s Cbl-TC 108 /< f'] &_4%
% 2 IR% & 2 15 > 14 Cblft"ept A& A 7t * (Ribon and Saltiel,

1997) » i&— # #87T #TCI10 ~ aPKCse4 3. (Kanzaki et al., 2004) -
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2 ~ aPKC § » # 5"5?%@*&1'—1’1%5 y LY R =Wl

Y- 236+ A7 aPKCH» % g 2 L @i ict 55 v
AP o 4 & BUF R w2 (Fao cells ~ NIH-3T3IR cells)® - %% § 2
¢ B f¥ (transiently) 3 ¢ IRSeft e i ik i > *% IXIRS-1£PI 3-Kinases
p85=x ¥ i3 & chiw 4 o § % PI 3-Kinase=dr#|#|(Wortmannin){é »
Fodrdlnoh g F L B PR T 0 i 5 APKC (F @ ¢ #r|IRS-1¢05
i > P IRS-1#7PI 3-Kinasesid & » 2@ f w4474 |PKC ( (Liu et al.,
2001; Ravichandran et al., 2001) - %8 #} 252 @ 22 % PKC (% iBIRS .5k it
Br v 17 % (4 Serine 570) %k 3 Z| e 47 4] IRS-1/PI 3-Kinase 7 &
(Sommerfeld et al., 2004) ¥ “b > PKC {~ ¢ Bifik it IRS-1:7Ser318 1> ¥ fe
#1IRS* PTB R EIRYE & it ¥ » &g % o' MIRZZIRS-1 et 4 3 %
% % 3% EIRS-1pe "= mifis i (Moeschel et al., 2004) - F]}* > aPKC ¢ #ifis
{*IRS-1% 2 Ser/Thr % & » 3% £ 7 PI 3-Kinase3 &aPKCe? "% § 224 5

FAEAPOf w AT o
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$£ - Protein kinase B(PKB ; Akt)Z_ /i %
- ~  PKB (Akt) 2%

PKB ~ % Akt ¥ B Lk B b fLoepk fofis (tyrosine kinase) 1
.55 Rk /R Ve f4 ¥ fiw (serine/threonine kinase) » H 4 + & 5 60 kDa(Kroo
et al., 1998) - PKB(Akt) &2 & 7N 5 pleckstrin homology(PH) ¥ & -
m F] LY E B2 PKA~PKC &;Hﬁ% B AP o g&* & RAC(related to A and

C) o

_ PH domain

oz hydrophobic motif

L] kinase domain

] 2.6 ~ Protein kinase B & #4 < i ¥%=f% (Ser) ¥ f=i%ps (Thr)is i %

Fig 2.6 Ser and Thr activated site in PKB isoforms
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High expression levels Low/ moderate expression level

Akt ] Brain, heart, testis, thymus Kidney, liver, spleen
Akt 2 Brown fat, cerebellum (Purkinje cells), heart, Brain, kidney, lung spleen, testis
skeletal muscle
A3 Brain, testis Heart, kidney, liver lung, skelefal muscle, spleen

B 2.7~ PKB £ 447 & & R 7 chd 525 (Zdychova and Komers,

2005)
Fig 2.7 PKB in tissues expression

Isoform Function

FPEBce Akt Flacental developrment and anirmal groneth
Adipogenesis

FEBS /S Akt2 Glucose metabolismm

Adipogenesis and maintenance
Animal growth
FEB) SAakt3 Fostnatal brain growth

1 2.8 ~ PKB B 47 st i

Fig 2.8 Functions in PKB isoforms
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=~ PKB(Akt):HE v

PKB(Akt)i% i fit "% jgcfie 2 X B (tyrosine kinase receptors): & @ /%

b dedh B R4 TS g R B - PKB(AKt)# AR 5 4_PI 3-Kinase

T PR 0 BRARFpEEL 9IRS € 27 PI 3-Kinase ¥ 7 SH2 % # e
pS A =tH & apiBit B ig e PI3-Kinase» H pl10 i =x ¥
= P € BEp& i fo e WO+ o phosphatidylinositol (addition of phosphate) > 2
4 3’-phosphoinositides » H # 7 PIP2 % = PIP3 - PKB(Akt):" pleckstrin

homology (PH) % 3 £ PIP3 } i%ihii{r+ » it PKB(Akt) =4 5| kw22

75+ (Bellacosa et al., 1998; Bottomley et al., 1998) - “,’TT g2 b PIP3 ¢ =

5l % - 2 4@ i’i-}j’ : PDK-1(Brazil and Hemmings, 2001)~PDK-2 (Kotani

et al., 1998) % Mm% " » ¥ f B A W] gifk v PKB(Akt) & f* & it

308(Thr308)(Alessi et al., 1997) ~ 3i3%p& 473(Ser473)( Bellacosa et al.,

1998) ; PKB(Akt)= T308 #ific i $+ PKB(Akt)eis it B fad 5 eh s 2%

@ Serd73 mifk it » ¢ i@ PKB(Akt) /& (24 4v 3| & <~ (Downward, 1998) -
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Insulin receptor 1
— _| PI(4,5)P |—| PI(3‘4.5)P3|

Inactivation via /
phosphatases +
Akt antagonists TTTe———

PT308 & %
PH KD RD '

Active Akt

B 2.9 ~ % & % 11 PKB 7% it 9§ 45 (Zdychova, Komers, 2005)

Fig 2.9 Insulin stimulated PKB activated pathway
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=~ PKB(AKOS § § 4 &~
E3 ' ER R S AR AR L T AR
FH ez B2 (830 @ PKB(AK) %% & 3 chd B8 i g & & 0
g & ¢ > F]PLPKB(Akt) s 4 @R & B AR F b & B (Zdychova and
Komers, 2005) o 5 # 9= 3 3 Pl 3-Kinase §* 8% § % 11 #ccHGLUT4d
wie B¢ o] g 4% 3|0 re s+ (Frevert et al., 1998; Okada et al., 1994) » 42
B 5 6 % lgcts > PKB(AKD %2 ¥ 5 #Beh s #1135 8 PKB(AKY) 2 &
GLUT4i=# ¥ * (Kohn et al., 1996; Hajduch et al., 1998)> ¢t = #% T % ¢ ii_

ERF AR -

F_&

L %% & % TP PKB(AKY) & 23t fm % 7 (cytoplasma) ¥ > § %
T 5 % Tl T > PKB(Akt) ¥ ic € £ ‘%z 5 b PIP2 ~ PIP3 %
(Vanhaesebroeck and Alessi, 2000; Kohn et al.,1996) > % i ¢ 22PDK-1 -
PDK-2% e =3t smfe -+ > ¥ ¢ /& W] i@ PKB(Akt)FThr308 ~ Ser473i%
BALBAGINETFGFL A B o

¥ ¢k » PKB(Akt)» ¢ %18 S8 eplmific it 2 7 % i GSK-3 &k 88 4%
& = (glycogen synthesis)(Cross et al., 1995; Lawrence and Roach, 1997)~ -
v B & = (protein synthesis) ~ 5 B 2 & = (lipogenesis) % Fr | 3 F 5% Fopd B

#7124 1% (hepatic gluconeogenesis) °
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B EITE T 0 PKB(AK)shE 2 B E T o B ARIT 0 IR

IRS-1 ~ IRS-2 ~ PI 3-Kinase &_j% it e o

Tnsuilin Gilucose

Il
I Prdlns(4.5)0; w2k F"tdlﬂiﬁii]PE

i .
FoKD  (FDIZ
| ==

‘..-
1

K179 THE 8473
IRz

=]/
PEE ]

110
[110] k
i
PEE L |

Crher cebiilar

fargets
GEE3 I :-:

l PidIng(3,4.50F,

t_/ PI3K
Glyeagen synthaze

B 2.10 ~ PKB(AK)2 5 5 #& 1% e Bd 14

FIK

LT

Fig 2.10 PKB(Akt) and glucose metabolism
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¥
Pl
N

4 $ % (Biotin)

"

=

Bl 2.11 ~ 2 F & chigdy

Fig 2.11 Structure of biotin

4 P2 *’}#’“ 1936 # A fEsn > » 1943 # A7 %3P A E = o
WRRRTERENY 2 5 w2 FR (d-biotin) 4 G a2 2
Moo 4 BT ALK AR i~ o~ 3 & 0 o - AFRT 4 4
ZEAMF AT NG LR Rk T FER K P ARAST S A € AREIE -
i f % 3d (avidin) £.4 3F 7 - @R TR BA SR RE
BN AP S A RAILS A F R AR o

2 % % 7 08 B %k K % ¢ ureido-group %2 F A& D
tetrahydrothiophene » I 7 ~ & (valeric acid) Rl 4& - F] & 7 3 &t s

(Thiophene)inig 7k » “TH P E 5 F 5 ~ kAR5 - 2 ##
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R N EE(* LRI L S valeric acid) Rl4&enzs B B pF o6 B ehd vRpL
(lysine) + &-"=4k (e-amino group) ' fig?%
BHAA S 2 %2 # (biocytin)

AP EFUMEDZTER LY TN B OERY > AR
GANRECEE AR R RS g TR AN
R ESFEF AR RAY c AR Rihe HERIFEET A BT B
£y a . A4 R iﬂgiﬁ% ‘g*fgxﬁf}}%\?%\éﬁf\,J\.’:’LUq—J‘j}.i’/ﬁ_

Boo RS E T TH AREARLG 4L AT E

I’k

g3 T

Bkt g L HRMS PP SRS Fg gRURT B RBEGE Y

A e WF AP E Ok PRI ERRFEL FR AR 91 £ BT AR
A Y % % #P~ %% & (Dietary Reference Intake; DRIS)II » 16 #k 12 F et
B A

& % 8 43 #P~ £ (Adequate Intake; AI) 5 30 pg °

28



_I‘iﬂﬁ*ﬂﬂ\&ﬁﬁﬁﬁ‘ﬁﬁ\ﬁ?‘ﬁ?%ﬁ‘
R )

IR BRI

ﬁH—
RaN

Frendlstie b a5 0 AR
F-0 pF2 2 4 % p% % (biotinidase) » f# - N % o A A M)
T o ¥R 4 biocytin ¥ B AR T 0 £ SHP 4 “1‘3 71 biotinidase 4 f# 1} 4
PE o SRR AR SR RN AR L

L B B A 0 AR R RINA S R SR

!

VRN
0
H(|— (|3H ? NH + H3
i | C
Biocytin Biotinidase
0 pH=>7 l‘[
Il
C
AN
HN H
IIC‘-"—"CU

NH

2
|

“\ / —(CHy)~C HN—(CHy)~ ¢ oo
m Lysine

Biotinyl biotinidase

Fig. 3. Cleavage of biccytin (bictin-e-lysine) by biotinidase leads to the formation of a biotinyl-thicester intermediate (cysteine-bound biotin: bictinyl
biotinidase) at or near the active site of biotinidase [74].

B 2.12 ~ 2 % O8N X3 (Rodriguez-Melendez and Zempleni, 2003)

Fig 2.12 Biotin in metabolism
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X ARend FF L PFH A (free form)v B 4 v ehAN 3 A HY 9
B 0B Ik R RV EASRRE c BERTAFRRTETE
AR fREE A R A E 1% > ¥ b biotinidase » AAILE S22
n ’jj'i‘“ AP EFORE 2 FAR A ERR T B T ST
3% & (Marks,1979;Kopinski and Leibholz » 1985) o # 3= & vz {s 4 # 3t

.:L'E/ AE[ Q\qu ‘E’pr , ‘F' P BI-F —fr?‘&ﬁ —E:ﬁy‘rg o Vﬁ’;fbfrq;}'fa-— ﬂl“] e Kﬁ_ ﬁ;’i

PN

P B T MR B - ]I SRR e o i B P A7)
A SRR A Ll & Uk #9 (Mcormick - Olson »
1984 ) -
FREPEs P AR T A A R YR
B-oxidation » # # bisnorbiotin - tetranorbiotinZ 4p B i\ B+ & 4+ (Zempleni
et al., 2001 ; McCormick and Wright , 1971 ; Kazarinoff et al., 1972; Lee et
al., 1972; Zempleni et al., 1997) ; % heterocyclin ring #¢ ¥ i* (sulfur
oxidation) ° 4 biotin-l-sulfoxide ~ biotin-d-sulfoxide - biotin sulfone
(McCormick and Wright, 1971 ; Kazarinoff et al., 1972) - 3 # 3 &7 » 2
PEORBP AAFIAR I T 73 B2 5 R p0iEd s TS AL

A EDAEHT St méf#éﬁ 2 47 (ureido protein portion ~

thiophane protion) > % IR ¢ 3 4 A F] 4 4 ) [L-2 2 IL-2 receptor
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v(Rodriguez-Melendez and Zempleni, 2003) ° iz 2 3 % i 34 5] 5 S

MR R R e S A AMPR A PEE A g AT 04 R 25

iLpriE & > 1€ 2 fs B 5 (Knowles et al., 1989) o
RGP ZV B R TREN > g2 R d BER

bisnorbiotin methyl ketone ~ biotin sulfone % — #* X 4% 4 fZ crbiocytin ©

(CH) 4—COOH

tflﬁm \‘

i i

~C~ ~C
HN NH HN NH
g 2

Bisnorbiotin | .. ..
Biotin sulfoxide

(0]
Il I
PN O
HN NH HN NH
Z_Sﬁ—coon Z_Sﬁ—(CHg)c;—COOH
.. /A ..
Tetranorbiotin Of \0 Biotin sulfone

Fig. 6. Pathways of biotin catabolism.
B 2.13 ~ 2 3 % X #HF  (Rocio Rodriguez-Melendez, Janos Zempleni, 2003)

Fig 2.13 Biotin metabolite
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= FEHp YRR AW

A E LRENF SRR R ]S o APESE P v TP
RPBHEARY FHELELR T o« A idp P AP F S B wmiep e A5
fi (carboxylase) #1 L1t ek Jix ¢ ¢ fE W s A # it fF (acetyl CoA
carboxylase ; a ~ B form) - [3 ff fi& # it f=(pyruvate carboxylase) ~ [3 fiEdi
f* A ¢ it f=(propionyl CoA carboxylase) ~ B-7 A7 fgyf v A = it fis
(B-methylcrotonyl CoA  carboxylase ; = #L 3-methylcrotonyl CoA
carboxylase) (Zempleni et al.,2001)% - PN ix ¥ ATP e Mg2+;‘,%§r‘}f~ o H¥ 3
A e 22 1Y B% ~ (3 R Y A S VPR 2 B-T AT R ARB AR A BT R R
VLR 0 C FRA PR A 2 BER] AN RORA S e e BT e Bl iR R S LT R
BEPETATE ~pp b & SRR A E R EhE LN H . T A
CO, HEH ZIT* o

BPEAE Y o AR fosln s o £ = B BR(TCA
cycle)his § & A L GH L BART o 2 R 1T S RS 1 pE e e o
it 3 Ak ik (pyruvic acid)® it 4 = R Ape fE o O R F LAy pE L 5
ofk N FAMEC LSRR RMBREA T o

DR EL O R EE A SR IS R RN s F ok

£ A8 £ ekapF o> i B0 fRdf 9% A(acetyl Co-A)E 2 F = il A
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(malonyl Co-A) > @ [5 sl fix A 2 it fs el s > » 25 B "q Pk B-3
e G s o A A B E C IR S B e A S B B
ARBEIREAAERIEY P o S KT (dro AR E B9 iR
R L) 5 K epi(ornithine)&r CO, %k & = Fi 7 (urea) s » ¥ it A1) = )N efil
(citrulline) % #a® R 38 B ;2 ¥ iy 54 &4 (purine) £ eiteg(pyrimidine)
B o T A pd By B A S RARBIR e & 3 E R

AcE R T* > L F fEIRARRES %S (Mcdowell, 1989 ) -
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T~ BERTFIEET
A T FHERB
AP ET B FAFIEE S F F (G R - GKEER &
L AR e RETTRY A ML T B R B Y 2
TR ET o g S EAE L WL MR B TRT g F T R
w BERAR T T W P o GK G it $fEeany - BRERE > R T §
WS O-BRFL R § MR 0 G FE PR BN L o Tl MFREPGK
R BRETAY FHEFLL EY o
Dakshinamurti % £ H 1968 & 5 W2 f FHAFFH L R
N F F 4N Fend 28 (Dakshinamurti et al., 1968) dpdid P& Lk
HE G R dd PR Lnc’lF Rt 557 a0
F %] 5 i = R Y GKeE (4% 14 (Dakshinamurti and Cheah-Tan, 1968) -
B ER 0 4 bd e L chehd BUTRY GKevie B K7 40-45% 0
A A 42 (50 € wip i F E(Dakshinamurti and Cheah-Tan, 1968) o @
I i 42 PR dk £ ehk B LA F % 0+ € 3 4 GKerRNA ~ mRNA
% F-v F & = (Dakshinamurti and Litvak, 1970) o % WP & B L 2
$ % & 374195 ¢ PEPCK ¢hmRNA AP 3 52 4] 58 5 1 15% 4 T

(Dakshinamurti, 1994) -
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4% % L g K5 GK F P & # i (Dakshinamurti and

Cheah-Tan, 1968) > X @ & ¥ & & ch+ B 2 4k & 4 $ % o~ B &2 H

Ik

4 2 % % GK % ¢ (Dakshinamurti and Cheah-Tan, 1968;
Dakshinamurti et al., 1970; Editorial, 1970; Chauhan and Dakshinamurti,
1991; Hsieh and Mistry, 1992)

A EE T § T G R 2559 GK 4 IR(expression) > A3 5%
§ % ¥ 1k B it % (Romero-Navarro et al., 1999) ¢} » 4 3%F5£92 ‘w5
7 (hepatoblastoma)HuH7 ‘m?2 ¥ > IR %45 (S (posttranscriptional lever)
< g4 4 %578 & (De la Vega and Stockert, 2000) > iz iF* 4 7 &

cGMP 2 & @y ens it o

B. 2% A Rig A5 L fF 2 220 R L 2 s
B LR RIEA R BR I AP F R LT A g3 S w2
% j & (Dakshinamurti et al., 1985 ; Manthey et al., 2002) ~ & % # it X

1f’(Rabin, 1983; Ba'ez-Saldan™a et al., 1998)% 7 2% & £ % (Petrelli et al.,
1981;Watanabe, 1983; Watanabe et al.,, 1995; Zempleni and Mock ,
2000) °
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AP E RAEA R T AR R s A Btend B
# Z#(Zempleni et al., 2001) - 37 5 < }EJ%«‘:;] I AT A P F kg A
SR RH UL ST NGRS A nRE o L R P A S
SPE G VERE S TR ViR 2 A e mRNAB SRS 2 E MR LS S (TR B
BEdrdlelk > §85 253242 (8 FRp G PR e &
(Rodriguez-Melendez and Zempleni, 2001)° - 4 #F F3FE5 mz R ¥ & 5 4p
e e7vzF IR (Solorzano-Vargas and Pacheco-Alvarez, 2002). o
G ATP4f 4]k d o £ Pl 25 e & SFFeniEl > 2 503 ¢
¥ 4 > o (v FF P 3R R e e A % (Dakshinamurti, 1994) - &
holocarboxylase®# f%t: » ¢ A& # biotinyl peptides » iz 3 *x ¢ { i&— H #
d biotinidase X % I 4 F F > @ 4 P FF UL X E A RTeD
holocarboxylase(Wolf et al., 1985) o ¥4 #giFigimiz 32 % &7 73 2 4 %
3 1535 A TURER S ¢ I AFAZE 1 FR( AR £ 3 et )
5 A AL (R R B ey VAR A R e § )i e
ey 4] 2% K 7 20%(Solorzano-Vargas and Pacheco-Alvarez, 2002) o
Solorzano-Vargas % % '%,*” Rles 22 0L fr & = fs R oo & BRRLIT €

BELFES S L PR RIRA S AR
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I~ 2FF8F% 2ABRRBOM G

SRAFFOR LB R AL ARR LI MM FF R
f1* 5 B (Deodhar and Mistry, 1970; Dakshimamurti et al., 1968) o d #£3:
B2 AR L A 4 E R (status) 0 R RN 603 BB R R R
#1] %24 (Maebashi et al., 1993) -

2% Fiof KK -] 502 Otsuka Long-Evans Tokushima Fatty (OLETF)
SEETY ORI AR ERR LR BERE L Y AR
er4% & (Reddi et al., 1988 ; Zhang et al., 1996) - p # 05 '*F,*” Fitd e
52 AR b s R B R ABRR K ¢ 3 A kA
i o 18 L R F A T RO mg e FoF - B0 215 0 7 Ak
& %' ™ 45%(Maebashi et al., 1993); ¥ *t %5 % 2 A5 B PR T A & X
I15mg 244 28 X7~ 3 "% 1§ §HEI%E % kR % (Cristina

Fernandez-Mejia et al. 2003) ; "4t 2 ¢t » &3 & "B AT R A I 18 3| §

«—a«

(pharmacological doses)sh2 4= % » € :xd H v JRF F A7t <X 8%k 5 *

(Koustikos et al., 1966)
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P~ r2RHRETADOES
- s /AR PFFHEARL BT

pat
S
bt
A%
*4.
N
g
o+
-

PR BRR KK L R EAR A2 550
JF)F - 4@k s 3mg e sbmg BT e BIERT LT REFLR o

GRS A 28 0 3mg BRI G T el (L B R B L RIS

P

EP st R E LR o ARA omg BEA LA HFE R0 )Rk E R
Y #EF AT ehlEA5(132.8422. 2mg/dl 5 172.2452.2me/dl 5 p<0.05) ©

KK | B4 o4t 2% 4% > 3mg lefebmg ez 4 19 Lk wipit 7 g
& HBAR B E T (147.4240.6mg/d] 5 135.1£30.6mg/dl ; p<0.05) 5 ke P 5
AT R 6mg 2P 2 S 40 o A A A0 ) o ¢ T
BRI Z O i 4B B ek % (135.1430.6me/dl ;172,752 2mg/dl ;

P<0.05):3mg # $ % 2w fit & 2 ¥k 4 1k 1s > B A R R R S

=

ms

¥

POl e

'ﬁézlj ,A;_L_‘p ﬁ’&ﬁ%ﬁ—_ﬂ °
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224~ 2 RREDISFFMAH LA L 024 F122 7K

B
Table 2.4 The fasting blood glucose value in three biotin treatment

groups at 0,2,4 weeks'

Fasting blood glucose (mg/dl)

Time
Group Owk 2wk 4wk
Control 169.2429.1 | 157.0+23.4 174.8+46.8"
3mg & 172.5437.0 | 145.8+47.0 147.4+40.6°
6mg i 172.7+£52.2 | 132.8422.2* | 135.1430.6%*

'Each value represents mean+S.D. Values with different letter in the same

column are significantly different (p<0.05).
* mean is significantly different from 0 wk(p<0.05).
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2~ A

2 HOMA 2 %35 418 § % re fuld aodic i (Matthews et al., 1985) ;
R oA LY P E 212 150 3mg e 6mg B 4 T8k B Ap it g G
T R DA B FE o AT LA P E 458 0 3mg e fr bmg e
23R Aprh Ry TR 0 DA Pl b anBE F (p<0.05) - 3mg A 4 F A
AT BB (03P 0 4 OB F " K(p<0.05) ; 6mg B X F

FEINAF Y PREFLE d N RRET A LA S

R
b I

-
R
Ja
i
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2252 RBETA S FH LB A 02 4F 2 E F 8

Fupp s !
Table 2.5 Insulin resistance in three biotin treatment groups at 0,2,4
week'
Time Insulin resistance
Group Owk 2wk 4wk

Control 0.059+0.039 | 0.048+0.015 |0.056+0.020 *
3mg = 0.056+0.023 | 0.040+0.017 | 0.038+0.010*
6bmg & 0.051£0.017 | 0.044+0.018 |0.039+0.011°

'Each value represents mean+S.D. Values with different letter in the same
column are significantly different(p<0.05).
* mean is significantly different from Owk(p<0.05).
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AP FEE Re? IRS-1 39 F 4 R PI 3-Kinase
el B2

LFHFTH R il d % b & DT o 4 ok e s, IRS-1
B0 FAMEME A AL F 4 3mg & 6mg 2(p<0.05) @ & 3mg
9 6mg 2 BB ARG ¥ L R i b4 6mg w4 IRS-]
ZMET B0 3mg merdBE o bk § & Tleis 0 4 Ik e IRS-D B
v FAREREFMOM AL P E Jmg & 6mg 20 P A L4 H % 6mg H
@ IRS-1 3-v 14 T8 B % 3 > 3mg 2.(p<0.05) > * 4 2 4 4 % 6mg ¥
B 4e % § % 1T 4 IRS-1 tnARE -

f IRS-1 FAREpLaifE (¢ (76 4 ] IRS-1)indsd B 4 A2 0 4 T Az
PR FR AR L ENFY FAREE 3mg - 6mg B2 Bl G A F
£ B > 3mg ek FF A omg £(p<0.05) c % & F fgcis 0 A IB R B
0 FAREHF M 3mg ~ 6mg 2 (p<0.05) > & 3mg ¥ 6mg 2 L
4 RER L L AR A B 6mg 5% 5 & TlT o B IRS-1 e

BB V255 cndetd WA B F B30 223 % g 3 ol o
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FIH* TR E B A E & BRI LR D] & IRS-1 £ PI 3-Kinase =i %
P G R b FAE N 6mg BAEFF 3 3mg &0 T
3mg B 3t 4 32k 2 (p<0.05) 5 &% & % {lgcts » IRS-1 ¥ PI 3-Kinase
gl ke FARBERF LG ZT PSSR P2 E R EE

3mg B AL F Pkl > BEB TR LT Eé"%%ﬁﬂfﬁrmﬁj‘& °
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2~ 2P 7 EHe? IRS2 hFk-v FARE PI
3-Kinase g 3

EHAET NS 0 b2 % h F g 0 20k e IRS2 $0

% F B F 3 3mg 2(p<0.05)° @ 3mg 24 & E 43 6mg 2 (p<0.05);

wiL G F gt o IRS-2 F9 FARE S 002 LA 3mg &

(p<0.05) > 3mg & X 6mg 2(p<0.05) > F PF 6mg ‘£, IRS-2 F-v
F B P B B TP B (p<0.05) o

B IRS-2 it Ve ik 1+ (35 1+ 3] IRS-2)hd-v & WM 3 B iz
F 5% 5 & TP > 8 TRS-2 FROREEARRL V25N chded FALE 1L 6mg e
B% 3mg k2@ 4 Im-k e i (p<0.05)° it B & Tligz 15 4 IRS-2
iR pepe 1t A58 gy HAIRE ™ L omg A B 3mg ez @ 4 I
K e B 14 (p<0.05) ©

A% B Uk E B LB & BEE LR T B IRS-2 £2 Pl 3-Kinase g %
Pl % g TR 0 4 320k 2 en Pl 3-Kinase 3v WA E 4 oK
@K 3mg B2 6mg o PF6mg Eehg FAREEER Y dmg e
(p<0.05) * % § % Tl ™ » 2 -k % Pl 3-Kinase F—v § % T2 7 % 1<

P

P

3 %4 F % 6mg 2(p<0.05) > K LAt A IR EF D95 L E T

7

RS

3-Kinase e3-v B 4 JLE B se chi®* o
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T o~ 4

$ % #F8ed GLUT4 3% T4 2 28 s 4

AT EADEEET AL FE 42 SR Y 0 AAH
T a g

3mg 2 GLUT4 30 FAREH FR 2T L

$ 6mg % > fe Gmg e friist 4 Lok e o bk h % {lcts 0 GLUTA 3¢
B PM 384 e lﬂi‘%’ﬁ”ﬁ H 4e > 6mg

2% (p<0.05); @ GLUT4 & PM/(PM+LDM)3-v & 4 Jent 6] » gt %
H%7 GLUTS &4 chfij > Bg 5% & & T T > 3mg 2 6mg ¢ 4 12k

AP ERG AR F 1% (p<0.05) -

E’ Lé‘ﬂt#ﬁ./? ’4*”%7?3'w4-3:19’ = ﬁg&%‘%‘*/}f’ i%%\i

GLUT4 &« J\’J#—m%\ & GLUTS e~ 43 it % o
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AEEEAD L ER BTN 24 om KK ] BAF L2 5
i VREFFE DA FERAAL N, R Tg
Hi 4c & Az eimee @ IRS-1/25IRS-1/2 22 PI 3-kinase 48 i 52 F-v % R~
GLUT4 i BB & /7)o Flpt 27 3 it - HFH LT 2 b HE
2y R E R 2 AR KK ) B e igmre ¢ 50 GLUT4
A A 3 R (1)PKCE fedm e Jr82 fmme wichid od AT ©35 5 4
/% it #0iA) 5 (2)PKB(AKY) fe Ser473 22 Thr308 34 & 3% affit it Fov Feh
ZR o K N R e ¢ PKCE 2 PKB(AKY) Serd73 £

Thr308 34 & 38 xaapk it Fo F o igend ¢ o
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Frd pie

R TR
T RRPFAEERE
1. 36 P H 5

poa ﬁﬁfj\)ﬁaﬁv#h—;\ B> 2183 ¢ i,’{dﬁ‘*)’%ﬂ%ﬂj’]{ .
MR EREE B PR RS AT
KK/H1J 25 % 2 308 Fop ez #E Fom | B> 20 1944 & 4 KL
Kondo #f7 & éif & ko Bl 5 — Mg A v ) 5 2 A4
b o Hzeld | RLESG F § 47 @ (glucose intolerance) ~
%, & % o (hyperinsulinemia) 22 %% § 2 [E4ifim § % o B2 3
LE 22 g A EME o - S R NN E & i 4 21 A A
g A o

PP KK RFECAugRELIFEC LIRS

B Fos A Ap iz e sk (Tkeda, 1994 5 Lubec et al., 1997) © 8
T L g NIRE 2 FMERoEL A KK ] BUg G P A
g0 S AT LB FRTEAAF DS Y B

%

s
[

Vi 50 voo AT ELET B 17mmol/L » 227 R PR

§ 47 i 1200pg/mL e 1 A dpE 5 & BB A %G F ok
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# B The Jackson Laboratory)36 & 8 it + enzz 4 KK/HIJ /] & >
A48 £ %) 30 2 5. 2L 12 Formulab Diet 5008(H = i» 41T The
Jackson Laboratory #1i& * 2_42# LabDiet SK52) % H if & 2 i >
L g pTagaasRAGHE NS 2 M pompEk o £
cd TR RS 140mg/dl 2 EEFL L P B BR Y 0N
ST A BE o
AEP PR LB RRRN G Y MFF A AR H L

AEg1aiE e

2 4P

#4 % Beta Chip & ~ #41(# K Northeaston Products Corp
W) ¥ & L FE- SRR - 45 £ MILab Diet(£ ® PMI
MR BB g AL o ARLERIR 1S 3 4C kY o BAR S PR
FIEP* » T me i s i o

QR R P AR UL P AT -
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3. AL A A

% 4.1 ~ Formulab Diet 5008

Nutrients Amount
Protein 23.5%
Fat 6.5%
Fiber 3.8%
Ash 6.8%
Physiological fuel value(Kcal/gm) 3.50
Biotin(ppm) 0.20

5008 44 & ¢ 483.55Kcal/100g product

342~ %78 2B (7 35.5% Lard) 2 &5 2 4 4o 1%

Nutrients Amount
Protein 20.4%
Fat 37.2%
Fiber 4.5%
Ash 6.3%
Physiological fuel value(Kcal/gm) 5.03
Biotin (ppm) 0.20

243 - B R el FRIEZ A F R F 2005

Calories provided by

Protein(%) 16.3%
Fat(%) 66.6%
Carbohydrate(%) 17.1%

Total Calories=16.241x4466.629x9+17.133x4
=733.157 Kcal/100g product




4, AR HBIEE

IR TTRBIE R 2282°C IR R 60£5% k) taTR & 12 0]

SRl R gy g
AR TR chd Fx A9 d ok Rk g f eh d-Biotin 0 %3
ERERARHREZ AL IBE LT o
45 F g LV E R4 R E A 09% 04 12§ H# ok
(saline)?s » B 12 BE A3 bben S NS o) BB 0 F ik X
58w iFoControl 28 %4 EMHE® 2 2245 F509%2 25

;oL THRE -
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C R
d-Biotin (Tanabe seipaku co., LTD, Japan)

Human Insulin ; HumulinRR (Lilly France S.A., F67640 Fegersheim,

France)

Anti-PKC( (Upstate Biotechnology)
Anti-phospho-Akt1/PKBa (Thr 308) (Upstate Biotechnology)
Anti-phospho-Aktl/PKBa (Ser 473) (Upstate Biotechnology)

B actin antibody (Chemicon ; Abcam)

HRP-Labeled Anti-Mouse IgG(Goat) (PerkinElmer ™ Life Sciences,
Inc)

HRP-Labeled Anti-Rabbit IgG(Goat) (PerkinElmer ™ Life Sciences,
Inc)

Western ~ Lightning™ ~ Chemiluminescence  Reagent  Plus
(PerkinElmer ™ Life Sciences, Inc)
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FAMC FFENT 2AMAARL ) R BB RPRHE DL S F A
Z 243 -ke 0mgkgofbody weight (£ 32-Ke)~3mg 4 # Z 4 v e
3 mg/kg of body weight (3 mg )~ 6mg 2 3 % 4 L % 6 mg/kg of body
weight (6mg £)o ¥z FA LH R > A BEFI gl ;0 d
PORLE F e ) Bl 30 A4 %S FLpid st 4U/100g regular
insulin i& 7% § % 34 S > 2290 5 F (ke bR F R B % 5 R

LT

44~ APEKEJIE S NE L E

LA RA AL Insulin (-) Insulin(+)
(mg/kg of body weight)
0(23@-R¥E)n=12 43@-k%¥ (-)n=6 478k (+H)n=06
33 mg)n=12 3mg ¥2(-)n=26 3mg ®2(+)n=6
6 (6 mg %£)n=12 6mg ¥ (-)n=26 6 mg ¥ (+)n=06




0%t
4

PR AR
-~ HHERRS

KK/HIJ & % % 2 218 fop | &

% 2
Az e
i{:’% ':3 naﬁ—j#i(37%)é&% FF’B;A:\ Eﬁjﬁrﬁ'fbifﬁ] F":,%J‘?E—Li%'% 4%

|
| I ]

41k e(12 1) 3mg (12 &) 6mg (12 &)

'

v ' v ’ v }

Insulin (-)  Insulin (+)  Insulin (-) Insulin (+) Insulin (-) Insulin (+)
6 %) 6 %) 6 %) 6 %) 6 %) 6 %)

B PDmko BOLREF A
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=~ E R m PKCG A 5

I e S 52 % 12 50mg / 500pl BufferA iR £

'

& 4°CT > 12 12000rpm & 20 A 48

'

Pt ik (e )
STk 4 #F &2 100ulBufferA( % 0.59 Triton X-100):% &

'

% 4°CT™ > 12 12000rpm &< 20 4~ 45

'

Bt j.?‘ % (e )

l
%3

& B2
2. e
% 4.5~ 2% % Buffer A
% kR
Tris (pH7.4) 20 mM
EDTA 10 mM
EGTA 2 mM
B-glycerophosphate 100 nM
Leupeptin I mg/ml
Aprotinin 0.1 mg/ml
Ovalbumin 0.1 mg/ml
PMSF 50pg




= % #ered PKB(AkD) A 47
1. B

o e sk 239 E R 10 50mg / 500l BufferB iR &

'

AACTF 1P

'

& 4°CT > 12 12000g s 10 A 48

’

Bt it

v

& LR B
2. Fe

% 4.6~ $2%%  Buffer B

0 kR
HEPES 50 mM
NaCl 150 mM
Na,P,0, 10 mM
Na;VO, 2 mM
NaF 10 mM
EDTA 2 mM
PMSF 2 nM
Leupeptin 5 ng/ml
NP-40 1 %
Glycerol 10%
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v~ FEY PKC A {4
1. B

SRR R 2 30 % 1) 50mg / 500l BufferC 2 &

'

& 4°CT > 11 100000g &< 30 A 4

'

B i (e )
ik 4 #e F 1 200ulBufferC(% 196 NP-40):r &

'

2 4CTF B30~ 4

.

& 4°CT > 11 100000g &< 30 A 4

2. fie

# 4.7~ 2% % Buffer C

A E R
Tris-HCl 20 mM
EDTA 2mM
EGTA 2mM
Leupeptin 20 pg/ml
B-mercaptoethanol 6 mM
Aprotinin 4 pg/ml




4

2. fe

957 PKB(Akt) A 47

SRR LS 82 52 % 11 50mg / 500pl BufferD i® £

'

G ACTF 1l

'

& 4°CT > 11 14000g s 30 A 48

% 4.8~ 35  Buffer D

SN kR
Na,P,04 10 mM
Na;VO, 2 mM

NaF 100 mM

EDTA 5 mM
PMSF 1 mM
Leupeptin 10 pg/ml
NP-40 1%
Tris (pH7.4) 20 mM
Aprotinin 10 pg/ml




A0 39 PR

1049 39 FRESE LY

JE B (ug /ml)
0 2 4 6 8 10
S
1 mg / ml BSA (ul) 0 2 4 6 8 10
DD H,0 (ul) 800 | 798 | 796 | 794 | 792 | 790
Dye reagent % | 200ul
BAEA 1000ul

1. MBSAG F-vd FiRdE & k@Rt & W ivio FiRERS

2. BB drendy FHRERSY S X LR 5k E(OD)
500 nmip] Z_E F-v FAHREAR Sk T e

3. 3N FTERERTAM DR TR > T RO A AR5
R*i&
% R7{E % /. =0.991 + chiff B

4. P~10 pl sample + 790 ul ddH20 + 200 pl dye reagent

5. x4kl RRIFOD. EH - F ~ARF S AT o TR
2 s samplek &

6. 3 AR T L F % sampleik &
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= ~  SDS-PAGE

% 4.10 ~ ¥ 58 a—r@]s}/@&:—r@]sg@g

TREBA0%) | AR (4 %)
Acrylamide / Bis (37.5 : 1) 2.475 ml 0.503 ml
Running gel buffer
1.5 M Tris-HCl pH =8.8 2.5 ml *
Stacking gel buffer
0.5 M Tris-HCl pH = 6.8 : 1:25 ml
10 % SDS 0.1 ml 50 ul
dd H,O 4.925 ml 3.167 ml
10 % APS 50 ul 50 ul
TEMED 5ul 5ul

PR A RARET RSSO

'

Bt ) B2 xR A4, > e » Running buffer

'

marker(5 pl) ~ positive control(15 pl) ~ sample+sample
buffer(16 ul) 12 95C 4 5 4 48

|

#-4v #4F e marker ~ positive control ~ sample+tsample
buffer 4r » t& &1 ¢

'

MR ER50VEE30 24 E LR RIS0VEE 1 ) FF40 ~ 45



% 4.11 ~ 4x sample buffer

s BEER kR A (u)
Tris-HCI 0.0625 M 0.5M 125
Glycerol 10 % 100 % 100

SDS 2 % 10 % 200

2-Mercaptoethanol 5% 100 % 50
Bromophenol blue 0.05 % 1 % (W/v) 50

4vddH,O 2 1000ul

# 4.12 ~ Running gel buffer ; Stacking gel buffer

Running gel buffer Stacking gel buffer
Tris-base 2723 g Tris-base 6¢g
ddH,0 80 ml ddH,0O 60 ml

7 6NHCI# % pH88 | ™ 6 NHCL# # 1 pH 6.8

‘v ddH,O 2 150 ml 4v ddH,O 2 100 ml

% 4.13 ~ 10x Running buffer

= A £E(g)
Tris-base 30.3
glycine 144.0
SDS 10.0

A% 1 pH 83

4v ddH,O 2 1000 ml
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N

& * 8% (WESTERN BLOT)

'

#- transfer buffer & » » 7 7 & 100V
T3P 30 4 48

|
i3 4 e PVDF %e* 5 % 7 2 4 (33 > 0.1 % PBS/Tween 20 # )

'

* PBS/Tween?20:% 3= » & =t 5 A 45
|

4o~ 3§ § 91 F (overnight)

|

* PBS/Tween?20 % 3= » & =X 5 A 45
|

e rif g 2 R

|

* PBS/Tween20 % 3 =x » & =t 5 » 48

'
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% 4.14 ~ Transfer Buffer

# 4.15 ~ PBS

™ A ¥
Tris 3.03¢g
Glycine 14.4¢
Methanol 200ml

sv ddH,O 2 1000 ml

A £E(g
NaCl 8.00
Na,HPO, - 12H,0 1.44
KCl 0.20
KH,PO, 0.24
4v ddH,O 2 1000 ml
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#9352 >t commassie brilliant blue R-250% | ¢

|

LA T is e 2 AL B

|

LB zee 42 Y glycerolhﬁ? 8

|

FRVP S

F_L

RS TR

% 4.16 ~ commassie brilliant blue R-250 % | ; & 2 |

commassie brilliant blue R-250 % | 3 A H|
CBR I15¢g Acetic acid 210 ml
methanol 250 ml methanol 300 ml
Acetic acid 50 ml ddH,O 4490 ml
ddH,O 250 ml

2417~ # 45 i

=~ A REER | AER Lk
Glycerol 2% 100 % | 0.40 ml
95 % ethanol 30 % 95 % 6.31 ml
100 % acetic acid 10 % 100 % 2 .00ml

$vddH,O0 2 20 ml




Lo s
“T Hhik % 3912 MeantS.D.4 7+ » ¥ 12 % 2 4 45 (ANOVA/Duncan) &
Student t-test & T fi/adl > 02 B 7 iR gk Tl F LR o
“73 #cdyp 4 SAS it g8 (SAS for windows, version 8.1)i& 7 ki3t &

15 0 11 p<0.05 % 7% F Bk b BT E A o
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B 2FAHTRE R L) ARL OB
PKC( th3-v 4 RE il
-« m% Y BPKC( v thi RE
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B PKC § 30 F 4R
(p<0.05) » B2 7X 2 @ Rl py 3mg 22 LG BFOL R > B w2 $ 3
3mg H ¥ #ervim e HenPKC L v FAMETF 3302 ok madgd o &
% 5 & gz (80 B B W PKC 30 FARES Fio4
K kg F MO L A P F omg 2 (p<0.05) F A L 4 & 3mg H F fiv
e FHPKCE 39 TAMEF F A Rocdfd o ¥ob s 232k

gt F R LR F T B4 % b E Tlgeis PKC( 3oy B ehd . o

65



A. IB : B-actin

_

B. IB: PKC¢
A
N

+

total PKC { expression
(% of control Insulin (-))

—_
\O o
Q1 o

)

'L-_-_-

Biotin (mg) 0 0 3
Insulin - + i

N e
3 6
+ -

BISI-Z22 kA2 P 2 L4308 LAHPESNSE DT bt 7
v 4% B-actin ~ PKCC F-v 4 M E o A P-actin L& & B2 % % « B:PKC{ A&
L. BL% et % o C: 12 Alpha Innotech Corporation Chemilmager ™™ 440 % 8 ¢ % 'o
Fig 5.1 Cytosolic PKC ( protein expression in skeletal muscle on basal or insuin-induced
condition after 4 weeks with 0,3,6 mg biotin / kg of body weight supplementation. A :
Immunoblot of B-actin protein. B : Immunoblot of PKC { protein. C : Quantification of
protein expression by Alpha Innotec Corporation Chemilmager™ 440",

! Each value represents mean +.S.D. Values with different letter in insulin(-) or (+) group

are significantly different(p<0.05).
* mean is significantly different from their insulin(-) group (p<0.05).
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v e B PKCE v th2 E

1

AT R 0 iR G F TR )P Aok e e

Bl S PKCC 39 B4 & 8 ¥ 47 3mg 2% 6mg 2 » I ¥ 6mg
PR F R 3mg £(p<0.05) - KA L E F {2 18 0 A IR e nimie
S PKC C 3% F 4 A4 F 087 ¥ % *° 3mg % 6mg & > ¥ ¥ 6mg &
B 490 3mg w(p<0.05) e ¥ > A HEEF LA A B Eau A 0 bk
§ & el T 0 4 38k s 3mg 2 s 6mg Echim e W PKC (R0 4

E vk gy oy oA ;
mg.yé'—;’i’/;p’géb%

B

PPt 4 85 % ch 4 B (p<0.05) -
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A. IB : B-actin

B. IB: PKC¢

Ib II
N .

T e
0
Biotin (mg) 0 0 3 3 6 6
Insulin - R - + - +
W32 203 b MRS H A A ARTERARE S04 F g F tirimis
v 4% B-actin ~ PKCC F-v 4 M E o A P-actin L& & B2 % % « B:PKC{ A&
L. BL% et % o C: 12 Alpha Innotech Corporation Chemilmager ™™ 440 % 8 ¢ % 'o

140 +

—_

@

(e}
1

—_

N

e}
1

—_

—_

o
1

—_

(e}

o
1

\O
(e}
1

total PKC { expression
(% of control Insulin (-))

o
o
(

Fig 5.2 Membrane PKC ( protein expression in skeletal muscle on basal or
insuin-induced condition after 4 weeks with 0,3,6 mg biotin / kg of body weight
supplementation. A : Immunoblot of B-actin protein. B : Immunoblot of PKC ( protein.
C : Quantification of protein expression by Alpha Innotec Corporation Chemilmager ™
4401".

! Each value represents mean +.S.D. Values with different letter in insulin(-) or (+) group
are significantly different (p<0.05).

* mean is significantly different from their insulin(-) group (p<0.05).



« PKC{ 3-v & v 3

N

I

#- PKC { # & = ¥ Wik 2 wbe chp A v [(Gofe B b2 B+ e
)x100%] 7 gL 5] PKC (felmee F e o4 Flime st hfe & > & 7%
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Fig 5.3 PKC { protein expression ration between cytosol and membrane in skeletal
muscle on basal or insuin-induced condition after 4 weeks with 0,3,6 mg biotin / kg of
body weight supplementation’.

! Each value represents mean +.S.D.

* mean is significantly different from their insulin(-) group (p<0.05).

1 mean is significantly different from their Biotin (Omg) group (p<0.05).
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Fig 5.4 PKB(Akt) Ser473 phosphorylation protein expression in skeletal muscle on basal
or insuin-induced condition after 4 weeks with 0,3,6 mg biotin / kg of body weight
supplementation. A : Immunoblot of B-actin protein. B : Immunoblot of PKB(Akt) Ser473
phosphorylation protein. C : Quantification of protein expression by Alpha Innotec
Corporation Chemilmager ™ 440",

! Each value represents mean +.S.D. Values with different letter in insulin(-) or (+) group
are significantly different (p<0.05).

* mean is significantly different from their insulin(-) group (p<0.05).
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Fig 5.5 PKB(Akt) Ser473 phosphorylation protein expression in skeletal muscle on basal
or insuin-induced condition after 4 weeks with 0,3,6 mg biotin / kg of body weight
supplementation. A : Immunoblot of B-actin protein. B : Immunoblot of PKB(Akt) Thr308
phosphorylation protein. C : Quantification of protein expression by Alpha Innotec
Corporation Chemilmager ™ 440",

"Each value represents mean +.S.D. Values with different letter in insulin(-) or (+) group
are significantly different (p<0.05).

* mean is significantly different from their insulin(-) group (p<0.05).
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Fig 5.6 Cytosolic PKC { protein expression in liver on basal or insuin-induced condition

after 4 weeks with 0,3,6 mg biotin / kg of body weight supplementation. A : Immunoblot

of B-actin protein. B : Immunoblot of PKC { protein. C : Quantification of protein

expression by Alpha Innotec Corporation Chemilmager ™ 440",

! Each value represents mean +.S.D. Values with different letter in insulin(-) or (+) group
are significantly different(p<0.05).

* mean is significantly different from their insulin(-) group (p<0.05).
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Fig 5.7 Membrane PKC ( protein expression in liver on basal or insuin-induced condition
after 4 weeks with 0,3,6 mg biotin / kg of body weight supplementation. A : Immunoblot
of B-actin protein. B : Immunoblot of PKC { protein. C : Quantification of protein
expression by Alpha Innotec Corporation Chemilmager™ 440",

! Each value represents mean +.S.D. Values with different letter in insulin(-) or (+)

group are significantly different (p<0.05).
* mean is significantly different from their insulin(-) group (p<0.05).
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Fig 5.8 PKC ( protein expression ration between cytosol and membrane in liver on basal
or insuin-induced condition after 4 weeks with 0,3,6 mg biotin / kg of body weight

supplementation'.

' Each value represents mean +.S.D. Values with different letter in insulin(-) or (+)

group are significantly different (p<0.05).
* mean is significantly different from their insulin(-) group (p<0.05).
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Fig 5.9 PKB(Akt) Serd473 phosphorylation protein expression in liver on basal or
insuin-induced condition after 4 weeks with 0,3,6 mg biotin / kg of body weight
supplementation. A : Immunoblot of B-actin protein. B : Immunoblot of PKB(Akt) Ser473
phosphorylation protein. C : Quantification of protein expression by Alpha Innotec
Corporation Chemilmager ™ 440",
! Each value represents mean +.S.D. Values with different letter in insulin(-) or (+) group
are significantly different (p<0.05).
* mean is significantly different from their insulin(-) group (p<0.05).
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Fig 5.10 PKB(Akt) Thr308 phosphorylation protein expression in liver on basal or
insuin-induced condition after 4 weeks with 0,3,6 mg biotin / kg of body weight
supplementation. A : Immunoblot of B-actin protein. B : Immunoblot of PKB(Akt) Thr308

phosphorylation protein. C : Quantification of protein expression by Alpha Innotec

Corporation Chemilmager ™ 440",
! Each value represents mean +.S.D. Values with different letter in insulin(-) or (+) group

are significantly different (p<0.05).
* mean is significantly different from their insulin(-) group (p<0.05).
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B AFAHFRIE RV LL AL BhR
PKC( g § 4 BE P
2R o B B L G R IR A 4 end & T2 R FIARGR
B AL G F ATy FERE R g2 Y > @ PKC R4 580
%E R Bon b B i (Heydrick et al., 1991 ; Considine and Caro,
1993 ; Shmueli et al., 1993) » 7 # 7 3g &1 » PKC R 4~ B # ¢ "% 1194 §
FRLEBoNLBE 2 3 P K7 0 aPKC 72%¢ > PKC (& PKCA
Foavs gL G F A DY 5 E(KOTANI et al, 1998) - # ¢
FLh ETpts o PKCC gaE » F 2 i@ it o pF e ddid
#AEP » € 22 GLUT4 4pif £ (Braiman et al.,2001) > %22 % § % 3 %0
GLUT4 =4 2 § § #& i 0t » fr f » 3 & (Liu et al., 2006) -
PKCC Z 2L AT en- B AR5 AT RAEH § AP aL
% ¥% P g &£ & (4 ¢ (Bandyopadhyay et al.,, 1997 ; Standaert et al.,
1999) - 35 4 < fedp & PKCC e & 2 AR R E AR ¢ R IRE
¢ 7 *% (Kim et al., 2003 ; Vollenweider et al.,2002) - % "534 & ¢ & *& &
K 4 RRe? s 5 B # (i gcen Pl 3-Kinse(4r IRS-1 4p i 4) -
PKB(Akt)2 ~ aPKC Eip > @ @ Fag et S 4f 0 b pFe €% i

-t GLUT4 en3-9 &k & (Yaspelkis et al,, 2001; Singh et al., 2003;
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Tremblay et al., 2001; Krisan et al., 2004; Yasplkis et al., 2004)

FI* % o #% g L5325 (euglycemic/hyperinsulinemic clamp) 3 3 -
527 #%/T\}?a}ﬁa A g8 aPKCeig it F42 4 cn(Kim et al., 2003; Beeson et
al, 2003); # ¢ aPKCH 2% ¥ i & cha | » & %238 fopm F 4239 PKCC
F-0 F 5 7 35-40%(Kim et al., 2003; Beeson et al., 2003) » = mRNA

8 P AW e cr(Beeson et al., 2003) > @ ® aPKC 3o it > 3 7 % 4 %

e}

M H %% iE 12 (Beeson et al., 2003) o 5 7§ 1 A UK E BLET] 5 23]
B P & #2e¢ aPKCs 2 PIP3 i 5 & i < 4 (Beeson et al.,, 2003) » 7]
ptaPKCH#E i 8% X457 203 = B & F]: (1)IRS-1/PIBKE it 8% 45 £ ~(2)
aPKCHPIP3F = 45 ~ (3) PKC C#-v & & > o PKC C&IGT¥ % 27)
BARRm LY 4 BG4 e b LR PKC GE 1 e i
% A4 ¥ e(Beeson et al, 2003) o & A X I GWE R A e ie
# PKC Cédk & 301 ¥ §fF B0 b 5 eniE i 4 > 4oIRS-1/PI 3-Kinasei# i*
e W ﬁ_ﬁ%}f\}‘% ek By T 3 PIP3 ek B E_A Ko P T PIP3HPI
3-Kinase/PDK-14 # 7 #38 » ¥ B 421 PKC (g i 278 130 & £ 4 -
%27 %f%/;];:f}%(}otokakizaki ratstt B @ "“(soleus muscle):im 7z %o
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(Avignon et al., 1996) -
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PKB(AKD 3¢ T4 & o 25
¥ 5 e m PKB(AKb)UL @ihenis 4 & 4 B 1% § Fredd(F
2 AIMEF R fh A 3L i) (Zdychova and Komers, 2005) » # # =x )2
PKB(AKR2) % 3 & &  PKB(AKL2)-/-| B % B J42 B 1% s 4% § 5 4
FowtE A E R R W I BR ) R AT
<3 (Choetal, 2001) > ¥ *ti 2 hpm g @ » 2 G0 § F & LA R4
T Azvez H b @S (In vitro) “TELR I nig & 30 3 = IR oo do B AR R 4
vUp g2 9 9k ¢ gk i PKB(Akt) eh# iv 8% 3F (Krook et al., 1998;
Rondinone et al., 1999) » & ¥ ¢t e g @ frdp di o G g & 2 AR F
L@ e o PI 3-Kinase 7#+7 "% - e & PKB(Akt) & 2 4rit 5 < 4
(Kim et al., 1999) ° iz 7 dwPg b 7 3 5 $8 4 7 Pl 3-Kinase ¢ % 2 iF
* & PKB(AKD)® -+ &b fjmm ¢ M} PKB(AKY)ZELE + = B LR -
BRI A 2w gg sl 8 & OB i (Zdychova and Komers,
2005) o 7 ABeE_ > A FER R BB dp e FR T B R Tﬁ_fﬁ'
e PKB(AKt) § 4% § %75 1 » 2@ 475§ PKB a(Aktl) a8 o o
7 ’%'JF‘,‘ VL2 Fi#‘?ub‘_ﬁﬁs)ﬁa Aaep ¢ o @ A% L (Brozinick et al., 2003)

AP 5 hind 9% h & TP » PKB(AKkE) Ser 473 2 & 2% 1
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T oig b ROPRRRE 1Y 2 2 {8 ehd BRpL I eniT o PKB(Akt) Thr 308 3 & 3%
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o 0 3 PDK-1 R ene B o 9% 5 & Tlpets - KK fop | &
i 71 PKB(Akt) Ser 473 3% &3R8 i mape it 3 F+ & 3mg 2k 5 > 2
-k g 6mg ik B =t 2 ; PKB(Akt) Thr 308 3# & 3% gifk it v &
e R R FE o o ERT A AT S %S 2% 2 18 PKB(AKt)
Ser 473 4 & 3R 24 & F Ry F F AP cni® ¥ k£ > PKB(Akt)
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RER " -
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PKB(Akt)# @ 4 Fofn = BUP BTS00 0 d jof @ L MEAR TGS > £ 9% g
% f]# 7 & PKB(Akt) kinase 4 I 7+ % ¢k #& (Datta SR. et al.

1999) « f 2z iy 2
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Fig 6.1 Insulin signaling pathway in skeletal muscle and other
regulated factor

& FF S 4n PKB(AKY)F e & @R mak 4 o ik f A
¥ PKB(Akt)ez v is % v 8 1 § ¢ho Kim % (Kim et al, 1999)#
Storgaard # (Storgaard et al., 2001)5 ¥ B.% 7 &% 2 AMRHB LT §
pedt B A A s B Reyun § £ 4 B IRS & Pl 3-Kinase #_% 4f <7
© PKB(AK)& it 6% fr i & o it 0§ de R $309% § & el e

v B F H s cjpefs ¢ 5 1 PKB(Akt) » aPKC » %2 7 123 #2(Zdychova
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and Komers, 2005) - Meyer % & # (Meyer et al.,, 2002)~ % % % 2 A4

Fp® A F 2 MR AL B ¥ L BT R

%Mo B2 3 (relatives) sn i A B (T R0 R 5 & T
1 PKB(AKt) &g (v ¢ 1 1 p5en IR UL @ifa 3 324 £ 8 o

PKB(Akt) t. Serd73 ¢ Thr308 3 & 3R i=gips i Vg B A7 e
Toker and Newton % # 4¢ ¢ g < gt o PKB(Ak) i % B i< 3
Fgreniv® ' M@ ¥ PDK-1 % % gapei- 2 Thr 308 » i¢ ¥ PKB(Akt) %
3 Bt ey 4 > pF 4 PKB(Akt) Serd73 3 & 3% i+ <1 hydrophobic
phosphorylation motif(HM) p #8#4p4 i (Toker and Newton, 1999) ;
Scheid and Woodgett & JFT r¥ A oAp K m—g % 0% Tt Pl 3-Kinase
A2 7 PIP3> ¢ 51 PDK-1 £ e lw¥e B & &1 5 PKB(Akt) I o ¥e %>
PKB(Akt):h HM € p 48 #ps i 2 % Serd73 kinase #ifiz i* > 482 ¥ &

7 PDK-1» & # ¥ % it PKB(Akt) Thr308 # &3¢ =2 #£ 27 PKB(Akt)
SEE %3 0 & 5 = 2 eE b fs(Scheid and Woodgett, 2003) o Fe e
Voo TS § & T 30 4 4818 > PKB(Akt) Thr308 3 & 3% g fis i g
BT b s e Serd73 ¢ & 3R pafk it AL s AR RS %
#2227 Toker and Newton #73d#h et % 4p i+ & »» #HF PKB(Akt)#L s i
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Fig 6.2 Muscle and adipose tissues affected by insulinstimulated.
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B R A HTRERY L L AR L LR
PKCC e3¢ § % B o 4
FALAN 0 F 2 A REE AR PKC R 4 Tliges 5
(Considine ef al., 1995) « & F &M - {ligr PKC & (i 4 3 4o o 7
% P 9ksfe 2 H X3t (Verkest et al., 1988; Khan et al., 1992) - f3F % &0~
17 R R g R TR aPKC U L BIRRZANTE S % ]
SREBP-1c th# 3 o A f705F8% % B & = g % ¢ » SREBP-1c % ff % 9
# & F]5 o Shimomura % £ K dp i - % & & € 3 +e STZ 3 0k
~ B¢ SREBP-1c 2 mRNA 3 4c (Shimomura et al., 1999) ; ¥ ¢ »
% #wil(ob/ob)/| HE RPN A& F%E 2 EREORE? > IRS2
mRNA ¢ ' 235 § 5 4 SREBP-1c mRNA 23> P& E 3 % § &
FEFld 83 8 B 2 SR fh A5 (Shimomura et al., 2000) o
WS ehe prdgd o 3B 5 h PKC IR g 2% 5 R hatE B 0 R PE
LEEFH APy B2 41 w4 (lipid availability )(Considine et al. 1995,
Qu et al. 1999, Itani et al. 2000) © i& B 5/ € 3 4 d g F 72 5 ks 3
-9 F > 4c diacylglycerol (DAG)s¢ ceramide » & i+ 7 PKC 72%

(Schmitz-Peiffer 2000) -
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BH R M e 2 g 52 § 4EAT2 (Oakes et al., 1997) - &
1999 &« 3 FF# R M pE #F S b4 R GoPase g A it

e1 o (Nordlie et al., 1999 ; Chou and Mansfield,1999)
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(transcriptional) 7 F¢ £ (O’Brien and Granner, 1996, Hanson and
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Schmoll et al., 2000) - Farese % % & 2005 # T BT 0 S TRR A
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T FEE P SR A f2 2 pE ET AT (8 * (Farese et al., 2005) -
PKB(Akt)Z#* 1 & & 5 3 B %% > Thr308 i & i % % » Serd73
AIE_f 3 & % 3 o PKB(Akt) Thr308 3 &38 i~ ¢ < 3%+ PDK-1 «9%°
Ba gt o i T 5 3 dov F > PKB(Akt) Serd73 3 &38R E_§
23] PDK-2 it > A& 1 B e 32 el ko 27 %E%P
X3 %5 ZF ez 2 PKB(Akt) Serd73 34 &3R8 iaspk it 39 F L ME
1 3mg Eh o k= E_bmg et Mok P RES A5 FAH L2
t6 > 7 "L pF PKB(Akt) Serd73 34 &-3n =2 55 & 1 250+ Fv F & h

% 7> H ¢ 11 3mg ek BT 6mg B 4 8K e ik =t =t 2 - PKB(Akt)

98
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2 ¥ F 0 22(Schmoll et al. 2000)F wc £7 € % X » F iP5 & pEAE
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Fig 6.3 Liver tissues affected by insulin stimulated.
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