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Abstract

Our previous study has demonstrated that biotin supplement action may
improve impaired fasting glucose and insulin resistance in type 2 diabetes
KK mice and may increase GLUT4 protein expression and translocation in
skeletal muscle cells to investigate whether biotin supplementation may
increase insulin receptor substrate-1 (IRS-1), insulin receptor substrate-2
(IRS-2),IRS-1 tyrosine phosphorylation, IRS-2 tyrosine phosphorylation and
their association with phosphatidylinosital 3-kinase (PI 3-kinase) in skeletal
muscle cells of type 2 diabetic syndromes and then were given 0 mg (control
group), 3mg or 6mg biotin/kg of body wt per day 4 weeks. Before sacrificed,
some mice were injected insulin for acute insulin stimulation study. The mice
were sacrificed and skeletal muscles were isolated to analysis IRS-1, IRS-2
and IRS-1(or IRS-2) tyrosine phosphorylation, IRS-1(or IRS-2) associated PI
3-kinase protein expression by immunoprecipitation and/or immunoblotting.

There was a significant upregulation in basal or insulin-induced IRS-1,
IRS-2, IRS-2 tyrosine phosphorylation and IRS-1-associated PI 3-kinase
protein expression in both two biotin supplementation groups. Only 6mg
biotin supplementation group has significant higher IRS-2-associated PI
3-kinase protein expression than control group. These data support the
hypothesis that biotin supplementations enhance basal and insulin induced
protein expressions of IRS-1, IRS-2, IRS-1 tyrosine phosphorylation, IRS-2
tyrosine phosphorylation and their association with PI 3-kinase in skeletal

muscle.
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dFEOF L DL FL RN BRI E b
Lo AR F R W BAE o o B R R~ R frRE AOR TS @ A e o
HRAAia 2o fgq\;ﬁﬁﬁ;ﬂ,mvmﬁ,d«“Faﬁg e 22 AR S el
o F e a2 EE > @ T e RAEOR DS S L g3 4 (Ledwing et
al.,, 2002)° 2 Tk o A Boi® & LA 1R R 93 & (TR iEL F
Nt AT ERRBERAF AT R 2 AR R 9

Foops * Beeh 90-95% o Fpt 0 AP E LALH BE o 3 F RfRA S E .

B R 2AMARFDRFEEL N FR o B d Pk
BT RE R K (Maebashietal., 1993 ) & 7 d 2F 3 FH 2 § 0 R %5
B 2§ PR ¥ @ 41 * (Cristina, 2005) o #1137
EReESELEY 8T AP AT SR E S
i 3 Ea Xt (Koustikos et al., 1966; Coggeshall et al., 1985; Maebashi et
al., 1993) « e WP &4 LF7 3 FH 2 F #0052 AR popat e &

C 5 R AR
R ool 5



G A AU S $ 2 AR NL & B B BRL S B RS
RFIGes (op gines) o YRR S FF v T
(TaB AT SEPFFSRFA S o S A 52 AEAop L

+ B ¥ % § % 1yt (Delemarre, 2003) ©

AEERTAERRA GERAFFHNE S 2 AR iE
o DFRA LA PRV L F 2ARRBERLEFE L KO TR
FHAEEELE R s B-HFR AL FFTH A F
PEHE 3o 4 (GLUT4) »ocp e chd E 2 =& 25 0 Flpt > A f8
THAFA A R AE d PR AT G A LR e -

BB 35 TR



i R

A
WA BT G A B g FRLEG R g R
T 4 N A YL DERT oA A
S P MR L oS AR hR T U AR TR
A S S HR e g o
BAEL TR 35 S b MERE 7 6 S 5iE
BAril4 i o B ek § B2 £ 240 HE AR F o L
FEAORHLERF 0 E1EW ¢ 5 frpiaL ok (ketoacidosis) ¥ 2Lk
% % B4 iz (nonketotic hyperosmolar syndrome ) °
EW AR E I e 1 AR R0 T ERAP TR ES
ERTHRD GGHGREA G LT k% p M TRY
FERSIE S RRZA R FIrRSRAD R EE  F L
PRERA e B T E Rl B R RS g 4 X
T ooos FHERF L BRIow s A FE ¥ IR % (American Diabetes

Association, 2004 ) -



= BRI
i ¥ # I the American Dietetic Association ( ADA ) s 374 55 &1
(ADA,2004) » # i & A 5 11T S78457)
(1) % 1AEAp: B A ¥ g% Fehd o7
R TR AN A p R
() % 23] Wk 5 %] 5 %% & % re =+ (Insulin resistance ) °
i#‘@»@; XA~ awsi:—%z o
(I) 2 £k -
(A) Blmke chik Flix 15
(B) 5§ % (v% ik Fl4 1
(C) W3R A e I
(D) P &g s
(E) & & FHi5l4
(F) %
(G) 7 ¥ LH L AR & I
(H) # & ATk 3 i fms 4

(IV) x4 fp (GDM) -



W ERP AR AL A FE 4 = (FriEd § o 2004)
A2 E 2 AR 9 AR R ¢ B 90-95% 1 1 o 3t B Y 4R G
AL TR fiﬁff%f]l)ﬁiﬁ‘ﬁé 75 @Ei\g%cﬁﬂi@%‘n v TR s A R AR

HEE MRS E ffaAm s o



= WA R

— ke M A 9 B 90mg/d]l £ AR s el 2 e R
CAZHE 140mg/d] o MR T T A fEAR L -~ E R A R
i 200mg/dl = 5 ¥R op S SR CMETHEIERIREPE TSR
AR T IRE FhEA R E% (OGTT) s = ~ 27 8/ Friu i & > 126
mg/dl > A X PErEEI NS T (X 2-1)-
vORE B oM B sk (OGTT) ¥ * »vpe &4k > e &2 H by ivdp
R B LD ) PRl o> 200 mg/dl o i) vOIRE FAEW R Ek

(OGTT) » B 5 T A 4&p = vk 250-300 £ 2 75 25§ F #3072

o

Ple TR E LD an (W7 o) w%&FZE~304 604 ~90

~ 120 45500 42 (ADA, 2004) -



3 271 ~ MR e ¥R 28 (ADA, 2004 )

Table 2-1.Criteria for the diagnosis of diabetes mellitus

- Mmook Ak s 4R D S s b HET R 0
iz - PFRVEEPIFIZR JJ% ¥ % #k & (Random plasma glucose) =
200 mg/dl (= 11.1 mmol/1) T He& Bl € % Ha M v IRF § HBaf

£ HRIE (TRERD o

= . %7 8] B} i #E(Fasting plasma glucose) = 126 mg/dl (=

7.0 mmol/1) F* R pRELEEF NS (AR X )o

vOIRF § et &5 (0GTT) 6= /) Prsdg = 200 mg/dl (= 11.1
mnol/1) ¢k % 7 e (Frrin( i by Fhth) -



Yo% 7 P XY 126 mg/dl > B3 100 mg/1 0 B R T RO ERF
(IFG); & v RRattEE% (OGTT) 6 -] o 4 4 3 140-199mg/dl » B
LS ¥ a2+ (impaired glucose tolerance, IGT) (& % 2-2) o

FAGZRLERAN LG AR A o TR KB E L F R S
o REMFIEERLFE S N (ilEd ~ Arh g AR R ) kg E
AR -

% 2-2~ ¥y ma A A% (ADA, 2004)

Table 2-2.Classification of glucose tolerance

IR F R E% (OGTT)

R B
55 ) P g
L S <100 mg/dl (<5.6 mmol/l) |[& ¥ : <140 mg/dl (<7.8 mmol/l)
LITILE e
=100 mg/dl ( =5.6 mmol/l ) =140 mg/dl  ( =7.8 mmol/l)

I <126 mg/dl (<7.0 mmol/l)

BN

<200 mg/dl  (<11.1 mmol/1)

B Fop © =126 mg/dl ( =7.0 mmol/l) B A ¢ =200 mg/dl (=11.1 mmol/1)




B % 2 ARSI G F I pu

TR OAEACR Y 0 % 2 3REAOR K T 90-95% 0 i3 ARAL G 2% & i
#f Al sk ks (non-insulin-dependent diabetes ) & & & 4| % Fk s
(adult-onset diabetes ) (ADA » 1997) > B #rip enq B 485 5% § & 124t
(insulin resistance ) I ¥ % F AP ¥HL¥L & F44 2 o A T PR OR
BURTEIF e FEE R A 45 KO HMEBE ST BB REL R 0 TR
EHAEGFFAFFTELS 2AMpROEL o 5 2ABIRBEDE S
F]3 4o & (ADA, 2004 ) -

%2-3~ %23 ¥E Mo 5 e F1F (ADA, 2004)

Table 2-3.Risk factors for type 2 diabetes

Age =45 years

Overweight (BMI 225 kg/m**)

Family history of diabetes (i.e., parents or siblings with diabetes)

Habitual physical inactivity

RLIL'L‘/L"[hlllL"ll}_" (e.g., African-Americans, Hisp:miu—Anwrw;uu, Native Americans, Asian-
Americans, and Pacific Islanders)

Previously identified IFG or IGT

History of GDM or delivery of a baby weighing =9 Ibs

Hypertension (=140/90 mmHg in adults)

HDL cholesterol =35 mg/dl (0.90 mmol/l) and/or a triglyceride level =250 mg/dl
(2.82 mmol/l)

Polycystic ovary syndrome

History of vascular disease

*May not be correct for all ethnic groups.



P 2 AR e & R oty B BTG R AR T
o Flm ®3R% § Z eduidt (insulin resistance ) SR PR R fE 0 4 €8
B = #Jg:ff\)ga ( Alzaid, 1996; Gerich, 1999; kitt and gerald, 2002; Balabolkin
and Klebanova, 2003; Hellman, 2003 ) o & -I" %75 1% 2 3] W Pk A ?;’K*ﬁ
AT s B R gt o B ok § LA Hijﬁ (Renders et al., 2003 ) o
FAL LG IR B B A fol B 4 T R
( Schmitz-Peiffer, 1997 ) > % # w ¢ § FAEER 8 30 § hde > @ ot pF
g NILE FAE s KRB ARF 0 A0 4 kol R
VL EERBE A A2 3% E % & g (hyperinsulinemia)e 23 @ ¥
f29v (skeletal muscle) £ 7535 E%l%‘« (adipose tissue ) ¥ 1 B &7 E %
TR d 3 B anfkenle *i‘« ( Cortright et al., 2000 ) o F]yt > * 3 f& % f

R AT a4 AR e B R M
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¥

A% g F0 4 @ % (Insulin signaling pathway )

MR E G 2 RGP A ket o 2 fE e A b e TR
RPN BERABIE G BRORN A > Ak R RO 5 B
mie Ak Blmie it A A s F 0 £p e ik

FAF T UL R2025H avh b R 0 R > RAERK &P -

7

R =3

AR Fend S {eRE Y o it HEeHI A AR G Ak 1T

pa

NEPERE R Btz b BV N B i 3R ICAFARE o
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S NFERLBERET

Fe it b % F % 45X B (insulin receptor, IR) % & » e 3% § % ¥ L5
B dmie Y o35 2 X B insulin receptor (IR ) #_ >t ligand-activated
receptor tyrosine kinases (RTKs) #2%:¢- f (LE etal,2002) & 5 p
% (intrinsic ) fi%"%f& jfcfs (tyrosine kinase) et o aigiE b £d = B
bz thben o X H m{ed B F % (transmembrane ) 75 =t B v Rt
( disulfide bound ) 4% ST ( Kahn and White, 1988Yarden and Ullrich,
1988; Van, 1994) - 5 % & % pt e+ (ligand) £+ %5 2 £ X B (IR)
cho = H fs o G RHEAEA] 0 B T BN H i G VR ps s
Mooom B R A HE =Y B hp et ( tyrosine
autophosphorylation ) @ = & it 4] ;% (Baron et al., 1990, 1992; Kaliman et
al., 1992; Lebrun et al., 1993; Van, 1994) - B w ¢ 5 3% 5 7 7 &7 » IR 7
Pldiefih s A AR P HE A e S £ £ (Yarden

and Ullrich, 1988; Van, 1994 ) -
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F IR pRMBHE® A [

Qs

|8 X Frerz2 qpsgds» ¥ 5 -
4 3 HEF9 (docking protein) A 2 - F|ptig & - g g 0 LB R
( Gregory et al., 2004 ) - & ® %’ﬁé PR TS ER AL T BT D
4 Bk JT (signaling pathway ) o F]pt iE it A0 IR € 531 X FApid >

FRABEL  AREFE §

(1) IRS (insulin receptor substrate ) * § % &< BX 7 : i - A8 K%

(hydrophilic) 3¢ & » # % SRS S (amino terminus ) 3 i
3 T * ehpleckstrin homology (PH) domain> # ® #84% % phosphotyrosine
binding ( PTB ) domain ( Sun et al., 1991; Dhe-Paganon et al., 1999; Klaus et
al., 2004;) o forf SLEEH RPN IR 4 4802 b IRSs family = B o 4

e15 IRS-1 ~ IRS-2 ~ IRS-3 % IRS-4 ( Tatsup etal., 2003 ) -

(2)Shc(Src homology collagen):Shc 3 = 8- # # » + & & 5 46KDa -
52KDa % 66KDa - = if* %= d NH, %5 PTB domain ~ *» ¥ ¥k §-v

(collagen) #al chain 4p i 2 § % 4 "%pk (glycine) /% "&fs (proline)

% ~ 11 % COOH 4 e SH2 domain #7 % = o

(3 ))APS[ adaptor protein with a PH ( pleckstrin homology ) and SH2 ( Src

13



homology 2) domain ] : & — %] eh&4% F-¢ (adaptor protein ) » I ®

H & T# 7z PH ~ SH2 domain ( Marchand-Brustel et al., 2003 ) -

T Y FREER (S > T T AR T Mg 4+ (effector

molecules ) > @ & v F b 9T 25§ ;¢ (Marchand-Brustel et al., 2003 ) -

B G FET L RRIFEE A R AR A SE
Z 7 s it BT 0 # 35 (1) RAS/MAP kinase Pathway : %%.E; st d
# F-v B> ¢ 3 I RAS - MAPkinase & > i@ 3 4v F & pEAE & HpEF o
A FIE B2 wre cnd £ 5 (2) T10 Pathway 134547 7 40 31 0 LB ST 12
it 7 F B c4EiF o (3) PI 3-kinase Pathway © %% § 2% 15§ § #E# 8 {oiF
e = eni®® BT Asde RUEd R R G FREE (IR) g8 o
®_# IR & tyrosine residue 7 p JRERRL i* @ (S4B Y » Bt en IR £ 254
h A2 BLF (IRSs) B & > ¢ IRSs s tyrosine residue AL it @ 12
&1t e F 1 en RS & PI 3-kinase ##fik it #2 > PI 3-kinase i& @ {jprimbe ¥
R FHBEF R 4 (GLUT4) ) & (visicle) U ig =45 I fmbe W
b g Ao m e 3 O B oA P22 41 % (White and Yenush, 1998;

Withers and White, 2000 ) - #7172 PI 3-kinase Pathway % % & % ¥ $E3 &
e & RS o
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PM

\/

Cell growth/gene expression| | Glucose transport | (Glycogen synthesis

B 2-1 %% 5 %2 4 @& (Marchand-Brustel et al., 2003)

Fig 2-1. Insulin signalling pathway
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= ~ Pl 3-kinase pathway =% § % 3 4, @ L8815

# 5 7 7 B o1 > Pl 3-Kinase pathway # 33 & pE g X Ffrimie 4 £ &2 4L
FARE > TFERYHERF }@Eﬁ‘fr)%}ixiﬁfﬁgm’ ed H pﬁrfmfé;'
RIfes 2 A RmAp B > S0 A R EARSR S T A T R AR ORI e R

37 2 (Lewis, 2002) o 10 4 B LT — il Fev B o

A ~ IRS proteins % § 3 &% BX T

IRS proteins A £33 &> 4P » P o e PP R L NI A
IRS-1~4  IRS-1+ i & A # 4% v fed Revin®e ¢ ; [RS-2 7 B LA
SN 0 (e A & A H S F KL iR IRS-3 4 mRNA #4 R4 L35 7y

Vp 4k

.

SAERE SRS P~ WERE B E ) IRS4 7 mRNA g
AT 5~ H!T‘\ e e & (Lavanetal., 1997; Giorgio et al.,

2001 ) -

% PI 3-kinase pathway * - F & > &% § % enfl™ > IR o

L @ ¢ IRS protein =it ¥t 2% 2 (tyrosine residues ) FAf& v » & ¥ 5]
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¥ % ¢ 7 SH2 domain protein ( Src-homology 2 domain protein ) ¥ 2_ 4p i
£ & 3 PI 3-kinase ( phosphatidylinositol 3-kinase ) ~ Grb2 ( growth factor
bound-2 ) (Holgado et al., 1996 ) ~ SHPTP2 ~ Nck % > :&—- # B3 7 § §
WA BB IFFE S & o d 3T IRS-1 &2 IRS-2 ¢ 33 F fyvme b > 1 ¥
fRACL AL E £ IT B ,ELT%‘« ( DeFronzo et al., 1981; James et al.,
1986 ) #rr2 IRS-1 ¥2 IRS-2 AL i 'k fesvimre ¥ g% § &30 4, @i

AL & ehk d (Takehide et al., 1997 ) o

I poepipipl - (tyrosine phosphorylation ) 3 3¢ £
IRS-1 #7 IRS-2 35 7 4 £ % £ 3 4pid & e PI 3-kinase i 2.7 % - ¥ 4%
* kML & by 4 2 3 (Solletal, 19755 Saad et al., 1992, 1993 ;

Buren et al., 2002 ) -

PR FR drd Grb 14 chzefd ) B{e®r 4 Jjpt > Vit L F §F
¥EE TR F A T B I A4 L Grb 14 thie ] EUFREY
e ieplmifs i 438 e IRS-1 2 &2 H 4pig B 0 Pl 3-kinase v B % I E 7
B ant A ff Rered o R L IRS-1 pRIREREERE U A5 chden A
T B FH A o3 {i’tiﬂ”:ﬁtiﬁ'lé%i Grb 14 snze | &7 34 § § ok

B F TG OH 40 FRORBPHRE 1 ]38 0 IRS-1 £ E A i 2 ¢ (Gregory
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etal., 2004 ) -

A B8ES% P o PR Metformin &2 Rosiglitazone #* & & e PR T PRV
B EF 2 AR A S F AT RBIELE Z ML BEY IRS-1
FeVRFL DL 1 4| N s 72 82 IRS-1 i % ¢h PI 3-kinase 754287 Akt

Ser'™ srwlpi it o 115 2 L 5 4k # 44 ¢ ¥ 4541 (Hakan et al., 2005 )-

gLk s 2F S BB B ERE R P > IRS-1 H % & serine/threonine
phosphorylation #-Fr#1] tyrosine phosphorylation » & m FE %73 § % 2 4, &0
@ 3f (Kellerer et al., 1998; Liu et al., 2001; Qiao et al., 1999; Ravichandran
etal., 2001 )o F]pt 2¥ % 77 7 #5314 IRS-1 % Jewsiserine phosphorylation £_F
€ R G Freduang 4 o Klaus & 4 (2004) % 3 > protein kinase C-
#-3% ¢ IRS-1 serine’'® phosphorylation @ /& 35 7 IRS-1 7 tyrosine
phosphorylation > % B2 %8 IR ¥ IRS-1 2. fF ¢t % o Guilherme % A B3t

2004 & > 1 E 3 ;8@ Wistar < RN pLw peumk 0 218 F 6 /) BF

>

B - X 2mgkg kPR A M H R FF2 X 0 BEFR LS
KA pL G > #2179 ke 3 IRS-1 ¢ serine™’ phosphorylation § T "

I > & ¥ IR ~ IRS-1 ~ IRS-1 feiepemips v 3] 5% ehjd-v H 2 22 IRS-1

18



ipid % 49 PI3-kinase fr# Tk Apit > F5 T RE T KRR SRS 0 ]
SAiR] > FHS T & CRPR) iSRRGl RRB R 0 T AT g

Prow g3k Havd § & reduid (Guilherme et al., 2004 ) o
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Insulin receptor

Ras complex

Pl 3-kinase Rgf- 1
l
PKI:(Akt) MAIP KK
| MAP Kinase
GiK3 pp7056k e
Glycogen synthesis Cell growth

BI2-2~% & %2 4, @yE P IRS-14 & 42734 /% (Holman and Kasuga, 1997 )
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B ~ PI 3-kinase ( phosphatidylinositol 3-kinase )

205 & & Tlem & 1Y e Pl 3-kinase £ § § B0l BN B
(endocytosis ) % ¥z &c ¥ % (pinocytosis ) ~ & Flen# & frim Pz (i 78 5
i (Cheatham, 1994; Jhun, 1994; Joly, 1994; Kotani, 1995 ) - PI 3-kinase 3
— 1% heterodimer » H S 4¢ + & — i 85-kDa s & =X H = (p85) &2 -
110-kDa g =t B i=(pl10)*7 % B =x ¥ = d SH2 (Src-homology
2) ¥2 iSH2 (inter-SH2 domain) &% - m p85 X ¥ =7+ 2 SH2 domain
B b AR REL pERL - ] S e IRS 4pad % (Stuart et al., 1996) > @ i@ 5% §

%%‘%,é)tﬁ}lﬁ,—ré g

PI 3-kinase ¢ i * §_# ‘m %2 % } 40 inositides £ fié v ¥ 3
phosphoinositide-dependent kinase (PDK) %t » @ PDKs * ¢ 3 ]
% #8 e84 viefie /iR 1 i (serine-threonine kinases ) # 327 p70™ + Akt
(2 PKB) % = i# PKC isoform > PKC; f= PKC, (Bandyopadhyay, 1997;

Calera, 1998; Cong, 1997; Kotani, 1998 ) p* ¢} » PI 3-kinase » ¢ £ p21™ »

Rac fv Rab4 % GTP-binding protein & & & 1§ is 7 ei5 4 - p21™ ~ Rac
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fo Rabd &2 'mfe 2 £ ~ A fpieds v (actin) chigp 2 e p e & i@
i¥ 3% B (Cheatham and Cormont, 1995; Cormont et al., 1996; Tolias et al.,

1995) -

p 0 @ 4v Pl 3-kinase ¢/ i $+ 3 § #3#& v 4 (GLUT4) hiz#
H_% Z &7 (Czech and Corvera, 1999; Calera et al., 1998 ) » GLUT4 = # 3|
WPE A VR AR B FE > e h g B iE @ B &0 4% o Stuart ¥
A (1996 ) 3R B g bk mPe ® 5Pl 3-kinase e77% i £ L &_{ ¥ # & GLUT4
SF% 0 F iwP? ¢ 4e » Pl 3-kinase sh#ri|&| wortmannin > € & ¥ *F <
GLUT4 jiim®s iz 314 0e ko 5 F B cfimiB | v A 2 25 8 2
T AR A njﬁ d /& it T % Akt/protein kinase B f= PKC '/ A >
m i8¢ 73 GLUT4 &) £ 7 1 x4 3 %% % (Kohn et al, 1996;

Maleppillil et al., 2005) -

¥- 26+ 3732 Pl3-kinase ¥ ii& 7 GLUT4 o] f & &
i F-v ¥t (docking) frfg & (fusion)  F]m i#i# 7 GLUT4 /| % 9
TR > @ H D e Pé’;g:jiﬁég%% o iEm A S ey § oA E

(Holman and Kasuga, 1997 )
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SNAP NSF t-SNARE (syntaxin 4)

Docking and fusion

v-SNAREs
(synaptobrevin 2, cellubrevin)

20 kDa G-Protein

Budding and fission

B 2-3~PI 3-kinase 3 & GLUT4 % ;¢ e7¢} $ i£ % (Holman and Kasuga, 1997)

Fig.2-3. Regulation of GLUT4 vesicle exocytosis by PI 3-kinase.
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AL E AL RE A e

FEFRIFAT PR 2L L e enhl % o 38
IR AHEL ANL G E e R R 5% g R E &
= %1% (Fernandaetal., 2001 ) % § Z e 5 2 4 Hﬁff\f,% & enfF

Moo m W% g Rl 2 ehR Tl £d e (L8 S e

N

Fo aD FEE AERT > LG R AL §EF i 4 vk o
Reho ST R AT T A PR R R F e > F IRV mie ) §F M
A ik s M LS G RS R AR EE S e

A

LR R A R T A dove AT S B LA A

—

St o P UAEARRd GE TN SRR EER il § 20k (serine kinase cascade)
fOERY G B arh h 2R BT (IRS-1) H pereph cmipe i 5
s e F ¢ 7 IRS-1 4pid % 0PI 3-kinase /#1£F ' o ARm iput o BIS S

S 6 % P BT PR e B K -

T HfRT oG R DR i L RS FE O &

e €5l - g B kiRGEmre N § F BFE 2 3 (Braunwald
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etal., 2001; Morris etal., 1994) - A1 ¥ 59¥& 5 2 kAT » 4ok % Fiko

ETINS
P
\iiq.

KL G FRFAEF B > g R A
Fr #mlﬁggjarfj ' B R ,‘{ﬁid WAk g 2 o Rg A 1'% o i

AT FE-BEFFLE ¢RI FBRMIE  FRENBLE X

aw

BRERM ERLE FIEFMN A RS ERLE L R a gt 10
YoE A o TRk s 2 AR M F e B am e R

&% F P A% 4 (Braunwald et al., 2001; DeFronzo et al., 1992 ) o

S FAETIRN EEFTHT >R F Bk gY IR 1T iy
FARE v * vgpih ) Z1efid 2 (Fernanda et al., 2001 ) » % §
R L BRI A e Y TR - RN R R R
G F e 4 B iE Y BT ER 6 o Tt E A @ B @R A Rap o R

536 5 F BBl > SFT e R § RISk re g s R Y
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5~ 2Pk

L LEX S

AFF o A-ofkpiehad WA T R - AR E

F1s H 520 F & (carboxylation) fv3 2 £ & (decarboxylation) ¥ f%
% «hyf 71+ (Diana et al., 2002; Alfonso, 2005 ) - FiEiFi (& > E 24 4

FTeAd LA FEoand T RAEBASRELEER

C

3
2

AFOF R Rt R 2Rz AT SO A RSB

e

PRRE > rf Frd RN B A - 4R e L biotincycle 0 @ 4 P & £
%3 »xef|*  (Diana et al., 2002; Alfonso, 2005 ) °
biotincycle : 2 & d 3 /7 fpehd-v Ford IR o

(1) &3 w2 7 > biotincycle % - T 2 & 5 sodium-dependent
multivitamin transporter > H § 7 i& ﬁis?l 4P E T mre o

(2) % = # 3 d holocarboxylase synthetase (HCS) #7iglit » H § F 4
biotin ##$% = biotinyl-5’-ATP (B-AMP ) -

(3) & tsd biotinidase f 7 #-biotin @ biocytin (biotin-lysine ) &
biotinylated peptide # 1! ( Wolf, 2001; Pacheco et al., 2002; Stanley et al.,

2002; Baur et al., 2002 ) -
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DIETARY BIOTIN

INTESTINAL ABSORPTION

l Protein
A\ |
*XCRETION HN NH H NH
EXCRETION ¢ N N—(CH —(!H
HG —GH ~(CH)~CH-C
A cH oo c=0
S (CH,),,—&"-UH Protein
BIOTIN APOCARBOXYLASES
\
HN
N 7
0 HC —CH Protein
i, NH ch NH
N A H
“9_% S"(CH)- C—ON- N—(CH,)~CH— CH
CH /‘|C ?l} HOLOCARBOXYLASES ?_ 0
S (CH)-C—OH Protein
BIOTIN
BIOTINIDASE
/0\
PROTEQLYSIS

; ‘%
0 NH

(CH) c- N—(CH)—CH COOH

BIOTIN-LYSINE
(BIOCYTIN)

Bl 2-4~vf o878 R 2 4 % %k (Dianaetal, 2002 )

Fig 2-4. Biotin cycle in mammals.
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4 P& it B35 CoHigOsN,S» 2 4 & enfs § 24 1940 & 4
Kogl 2 du Vigneaud e FF37 ) » B4 75 = B3 SRR T 0 Flot 3
ANBEEFRES > HP 74 d(+) -biotin A RAY A2 EG AR
o d ALY EBind £ )58 2 Fov B % & ¢ biocytin (inactive
form )> # % biotin fv lysine #7.% & 03] ;%> R4 biocytin ¥ E AL T

£ 'S HN 2% biotinidase A fATE A4 4% o ] B X fr i B 20 im AT

—i

Lo g R 2 S A R e e B 3G EaE 0 R RA R
WL MAHBFI > Axfc o P gL P F ot FF ol
(bioavailability ) 7 f27 % » 2 EHE ¢ 2 FF I * Fid L o B
ﬂk%ﬁgg‘_4#%$ak g##jﬁ’%&wﬁ%%ﬁ%n

)
= o

1
HN™ “NH H
He ¢H H: &2 o
s eS8 |
2 \S/ ﬁz H2 OH

B 25~ 2 4% i

Fig 2-5. The structure of biotin.
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b4 % chd 4% Z(bioavilability) ™ & 1993 # Frigg % * (Frigg
etal., 1993) M 12 & - kx| 25 pAir L 20mg2 % > S4B
o HME T HT I F L 48% o L B 1997 E ¢ %‘f?‘fffﬁ*’d%
APREP O ERAF P P RETDT P NESERET A A
AP Fad v At FERF FEFEG A 18 1 1999 £ A RS 0 6

EXLFFF XEP IR 05mg ~ 2mg 20 mg & F RIS 5 mg 0

2yl

d2 2 AME S FRTELT AL RG> ApFend prlr F i
¥ i£ 100 % (Janos and Donald , 1999 ) « B& 7k 2 % § #7 4 4p &1 4 4+ % e
P74 35 24-58 % ( Bitsch et al., 1989 ; Clevidence et al.,1988 ) » e
THWS FAMRFHL P F o TES TERF LTS
( Janos and Donald, 1999 ) -

a4 $ % ahd 4 g (half-life )* & - Bitsch & 4 (Bitschetal., 1989)
B 1989 &£ A RS Y 0 X A T PR 300 pg/day 2 e F (RGP
45323 F > £ v JRI00 pg/day chd FE - i B ’]\»“ P+
% i elimination half life 5 — /] pFx 50 & 4& - Frigg & % Pl M| £ chd

% X3 9% 5-18 -] p(Friggetal,, 1993 ) o #2005 & § £ § 2 ip| £

4y

R X ;é—‘ﬁ PRt ¥ biotin/creatinine ratio » ¥R 4 $ & L 4 H > F I
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H =t v PR biotin 2 elimination half life 5 30-40 -] ¥ > @ xiﬁfu‘x’i ¢ oengt

EHF 70 A RBAER -

B Bl - 254 LR B 97 2002500 pg * Fend
PHEGIEPAN) B A 2B EHa s s Lo B2 A PIEp s
B o5 3.8 forep R R ARERE S R E LS. %frg/a\:}’\l!ﬁ»ﬂ;;:gd‘,ﬁ—‘%%ﬁ’

frE & 33 B 6 H R -

A9 & 7wt B8 T hR A s ¥ £ % 2% #&P-£ (DRI,
Dietary Reference Intakes ) » » $tiE & e L 2% 2 $ % LS9 #EP £ (Al
Adequate Intakes) % 30 g/day ( 7rcfaiE? ¥ 2 2002) - 4 —-ﬁ et 4

AP ER LA FL A S ERELGFANEFEES Y o dokF S TE

AF - FEAEIEFREE ORGSR E L R0 SRR Y A
RF M2 P FA §E3RL 2P FH/ITIF L RERRY 2P
ZIERCEG USRS R o RES LRI IEL R LR

AFRELEN 2 RA ST  FLEFF HA RRRE 8 %
HOR . € ERY FHOEHE Y (Bhagaranetal., 1965) - B 22

Pl 2 EBERE PORNAFRFIMELFZ 34140
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BN Lt

444 iv* 5%t F & (carboxylation reaction) ¥ f%¥ % il ¥+
(cofactor) > % §8 ¢ ?I*u*ﬁ 5% & 4 % hzp i fF (carboxylase) : H
# propinyl-CoA carboxylase (PCC )~ 3 - methylcrotonyl - CoA carboxylase
(MC) ~ pyruvate carboxylase (PC) =" !m%e %, H &3 48 7] i 7 acetyl
-CoA carboxylase (ACC) R 13 ** 4> 5 e BT o ip i £ 4 & 0L b
F e HEFETATE ~ ra B BHo R R R M IEr o TP > 4 E A

AN HE T Y E L 4e ¢ (Dianaetal, 2002) e

FIF LN AL AP R PR o e B e R

S5 hbede &R A MESRISE N0 LA P d € I R R

4

¥oore I%‘P_T%‘« P PgimpL enje s (Kramer et al., 1984; Mock et al.,
1988) « 4k & & B4k L 4 4 F indoft 4 1518 > o B Pq el i &
TR ALBFRE TS fo( P pEE R spe (free fatty acids, FFASs)
ik 22 (Mock etal, 1988) 5 @ s ¥ #5ass hpk e /& 1 2§
G R AT kenl § R BHiT* (Bodenetal, 2001 )0 8- ¥ 3 7 F

o A5 100mg 2 £ % 30 A 4mis ¥ AR F ' M P B ( Steigerwal and

Bohele etal., 1960) » ¥ ¥4 5 <o F 3 *g 5 JE S AEp SmgAiE o
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FH 4% p|¥'E M E " A% L & (Dukusova and Krivoruchenko, 1972) -

GEER T G 5

it

o
St

St E 6 LSRR e o

-

3

=%

a2 % A-D-~C ¢ BE% § % h4 i (Norman, 1980; Carlberg, 1999;
Paolisso, 1994; Driscoll, 1997; Wu-Wong et al., 2004; Hinds et al.,2004 ) - ?X
Mot Rk Ry B W B4 2 (#3Bl1-B2-~B6-BI2-
PR~ A ERAs %) ¢ 0 03 44 % (Biotin) £ A F L
w5 % & eni®* (Hideyuki, 2000 ) e
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\\\

\n

FHEHWHTFRBAITATIE ¢

TR AR RAR S ST 3 BT 0 Vitamin 3 & B e EF Adr A 7
4 T (Carlberg C, 1999 ; Dakshinamurti and Chauhan, 1994 ; ). #
P22 HATAE G DL E G 1 M $EeTF] S (insulin
insulin receptor ~ pancreatic and hepatic glucokinase ) » I ¢ *% i< 3+
phosphoenolpyruvate carboxylase (PEPCK ) ¢4 3 > PEPCK 7 # 5 A74

BT MRS R 0 g TIEOTRA L T E R -

1)

5 71968 £ © F I % ¢ B EPELE X 3Bf » ™ biotin-deficient rat

A X o 2SR~

m&t
g

TR T S REE R R T E S
FraRAIFZFHITFERHAITATE e R FE S % (Rodriguez
et al., 2001; Solorzano et al., 2002; Rodriguez and Zempleni, 2003 ) :
1. biotin ¢ 3 4r hepatic glucokinase gene /&4 (transcription)
2. biotin # Z € % ™ pancreatic glucokinase 7/ £ fr mRNA g o
3. biotin ¢ #* & insulin receptor e7 J3% 15 KT B
( posttranscriptional level )> & iz 48 1% * % cGMP signal cascade 7

TL 1’1;717]:111 o
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4. biotin ¥ *% 43¢ PEPCK 4 L& -

5. biotin F1# % carboxylase e 7k > #TIL ¥ F s & - - FEE D
&1 0 blde (1) pyruvate carboxylase (PC) @ o & #& 5 A7
Wit % (2) acetyl-Co A carboxylase 1 and2 (ACC1~ACC2):
PR EEET A G AR e Sy oo

6. biotin 58 pyruvate carboxylase ** posttranscriptional level » 82 5%
ACC 1 ~ ACC 2 ** mRNA level -

3 FIATAN AP AT - B A RBA TSR R F

45 E 7V BB F Eforg st #1225 % (Rodriguez et al., 2002; Cristina,

2005) -

34



IR P A LU LSRR Ry TR

FI AR sk Kg MM AP F Ak 0o ARE £ E
e R R FHERIPFFARRTE X ARBRBIRE S
b AW B4 $E Wi e o Maebashi & 4 (1993) #FI0 % 2 Al
Fp kg o B2 kRPHEREE e (Coggeshall etal,
1985 ; Maebashietal., 1993 ) & 2 3 &7 34t > & 52 2o S &
ER - R E PR (Coggeshall etal., 1985) o b #k » 357 4 4= & © 4230

AR SR S I -tk Ui

)‘I A

S R RFF e

( Dakshinamurti et al., 1968 ; Deodar and Mistry, 1970 ) °

AP ERETIRIET - BLFATHER Gl &S Fv FF
WA PFFar R B AR (A LE S ¢ B 2 ERVEPR A P

% e+ Bk B (Masaru, 1993) ¢ 2@ » 3 @;}%,}% Ao BL B E L uTE M
3 PpFat LA B 5d B 4 5 E (Imgkgofwt) (867 PP A L34 §
% ¢h4 i3 (Furukawa, 1995) © % 2 o ~ Rird & %45 £ oh+ U
peEERE B F 1R % 4P 2 e (Hideyuki et al., 2000 ) o 2 {5 &~ 9 3

B 2AMERB R B A R kA G B g (Saldana et al,
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2004) - ALy F i g R F 2 AR A L R T F AL GO A
FRRR TR T AP R R AHT RS > R apEy

RFERAPFE G H %G F A gi®r (Masaru, 1993) 0 d 4 4 %
GER A E BTN R ARG P B LR il FR
RRATE L FF BT F OApB L Flh e B HRG A SRV e
FE gL & A it (Sone et al., 2000) - Reddi % + (1988)
dpd A L X M o KK % 10 i¥ 2mg/kg of body wt &% 4mg/kg
of body wten2 $»% > ¥ 0" MH B (S w fEE ~ B4 § § AL HE R

ENEACH I S DAl e

i 4% & (Coggeshall, 1985) « ¥ — Mz A1 %S % 1 AR ¢ sk
A€ (lémg/day) 4 % 1:i¥18 > A1 v 11 "% o 4 nﬁf’:" H FAE
R B AEREEECE (Masaru, 1993) § B K450 FHE D
2P A (& X0 R3mg = ) v d ¥ 2 A AR R R F L R
#1 (McCarty, 1999) « ¥ - F 3 4p 8 > % 2 A fp A 5 p v IRL P 3

Omg/day — B * - RI*E 17 4A5%Z AR R HERE o L AL 0 B
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2 AMERE R A F P IR $ & 15Smg/day 28 X 0 T R M B B o
% %k & (Cristina et al., 2003 ) - Lymphocyte * propinyl-CoA carboxylase
(PCC) thi bt vk ¢ PCCRM L i fh/EF 2 4 4 ik i
B R Y 0 %4 15mglday 02 B E 0 RELF G MR TR

frid 3 ¥ A ehm 4 0 e lymphocyte # PC ~ PCC ~ ACC # 1Een £ £ o
BT e B R FIMIGE 28 X s 18 0 s 2 3 IR biotin H# 4r 7 PCC ~
ACC #1254 100% » 8 4 PC #1249 200% = i &4 K ¥ > F 4 9
Afeidd ek 2 B 23 Bg¥ 4 B ¢ (Baezetal,2004) A/ p o [

PSR RS AR B 2 AR A T E T 0 A
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B APy EAT B

- A A FEEA LS BB

A~Z %R

AT R 20T EEET AR LA E (0 1) B HE
(T4 L) 3mg fr bmg B Mie BERT B F LR o & KK
DR AP F S F > 3mg BEEARG TR BB e LG
R A E LR R bmg BEA A FET (0F) ot E 2
M M B E TR ehiEA; (132.8422.2mg/dl; 172.7452.2mg/dl 5 p<0.05)
KK | B a4 F w2 & 3mgfromg 22 ¥/ ejpit 3
WA B E T (147.4440.6mg/dl 5 135.1£30.6mg/dl) » p<0.05 ; ke F 3¢
B Oomg 2 FE 2N 4FR  fea LA E 0 (0F) 4prt > i
BEE M T E e e % (135.1430.6mg/dl 5 172.7+52.2mg/dl ;5 p
<0.05):3mg 4 FEA L a2k frd ks o B 0T PEAP I BERS

T g o 2 TR AHE -
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224 B FRABE A FER LD AR 02 452 T At

oo 1
B

Table 2-4.The fasting blood glucose value in three biotin treatment groups at
0,2, 4 weeks '

[ Time Fasting blood glucose (mg/dl)
Group Owk 2wk 4wk
Control® 169.2429.1 157.0+23.4 174.8+46.8°
3mg’ 172.5437.0 145.8+47.0 147.4440.6°
6mg” 172.7452.2 132.8422.2% 135.1430.6"*

'Each value represents mean + SD.Values with different letter in the same column are
significantly different (p<0.05).
*Control : 0 mg Biotin/kg of body weight.
33mg : 3 mg Biotin /kg of body weight.
46mg : 6 mg Biotin /kg of body weight.
*mean is significantly different from 0 wk (p<0.05).
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N 5—3 TE%MA' ey

AT A R 5 ) AL R Bl
FoHBE -3 mgifro mgEh it FH (0%) = wehf §

#%wilﬁgéa%?%—% ’lf_}-‘-g- fﬁ;/ﬁlwg&%jﬁ‘%‘ﬁ%fiﬂ ° ﬁ‘iaﬁ’%j{:‘b

Fz i3 mglrB A @ -Lapit 5% 30 % 60 445 0 Ha dEET
TOEARE o 3o EIIAF L P F LR 6mg hiE% F 60
00~ 120 A 4887 4 1@ -k wmApit H & 45§ B E X (p<0.05) iz 3 mg
Ffromg EAPV R HEEFEALR of b2 FA L ¥ 1 3mg

@ 4225k % 0306090~ 120 4 4547 4 T0-K o 4p b 30k & i< (p
<0.05); 6mg B 4 78k il BEE EK (p<0.05)° d Bl B 5

Wi it w2 $ 270 KK ) KF hg pgats (2 80 % W F 54

=

it MRS P o BB g o
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225 282 BRI R A P EA LM A 2 TR F AR

#E 2% % (ipGTT) !

Table 2-5. Intraperitoneal glucose tolerance tests in three biotin treatment

groups at 4 weeks '

ipGTT
Group/Time Omin 30min 60min 90min 120min

Control®> 174.8446.8° 327.7+124.6°  401.7+100.6° 533.2482.0° 538.5+101.8"
3 147.4+40.6°  240.3+80.7°  405.3+118.9° 471.5+139.8° 454.3+143.3°

3mg
4 135.1430.6°  270.3+111.4°  350.4+117.8° 403.3+130.7° 427.8+135.3°

6mg

'Each value represents mean + SD.
>3 %Same as in table 5-1.
Values with different letter in the same column are significantly different

(p<0.05).
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C i g ZrEfld

PR R AL R 2wk % 0 0 HOMA 258 3 di5% § 2 el
fic e (Matthews etal., 1985); F 4% &7 L2 HE2 a3 F2 15 > 3mg
e 6 mg e TRk gt e g T 0 e BB R E o AF A
A ZriF2 {8 3 mgEfromg B4 gL e dpt *‘]5'3”;5 LI BERRE &1

ozt b m& %‘T. (p <005) 3 mg 44”"%%@‘_&»1 TS B4 L (OS&) 222

1 (B 2-6) -
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226282 FHMMENEFFH LB A L 0~24F 2% 5 0

s !

: : : : _ 1
Fig. 2-6. Insulin resistance in three biotin treatment groups at 0,2,4 week

Time Insulin Resistance
Owk 2wk 4wk
Group
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"
6mg” 0.051+0.017 0.044+0.018 0.039+0.011°

1 : : .
Each value represents mean + SD.Values with different letter in the

same column are significantly different (p<0.05).

2,34

Same as in table 5-1

*mean is significantly different from 0 wk (p<0.05).

43




S A FEEFRIYY GLUTA 39 FARZ 28 hfs i

P
it
o+
bl
{w
£
3
i

NEERET O LAFF e 2 B FRvmee 5 A
AT o BB 3mg 2 GLUTS 39 AR EMF R0 4R
22 6mg 2(p<0.05) & 6mg ‘e fr i<t 4 1ok wo i § & f1cts » GLUT4
Fo F A PM8A i E R A4 0 6mg o i PM ek B B F R
Paed (p<0.05) (% 2-7); @ GLUT4 & PM/(PM+LDM)3-v # 4 3th

W) gt k 8T GLUT4 =45 énfia) > 3 % 5 % f1k™ > 3mg 5 6mg

BOHR R G FEFRE (P<0.05) drk 2-8 47T o

d g ?*#&/? ’ J“*"'%%?)UD‘L&I@ ’ f;‘_E’ g%%%ﬂ/ﬁi’f; ’ ?i%ﬁj"\i

GLUT4 ]\“Lm%\ s 2 GLUT4 eniz 45 iv% (4 2-8) e
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22Tz RARA R R L b e A T

GLUT4 é3-v FARE |
Table 2-7. GLUT4 protein expression in the plasma membrane (PM) from

red gastrocnemius muscle cell of three biotin treatment groups at 4 weeks'

Control? 3mg’ 6mg”
Insulin (-) 0.91+0.041 1.2640.25* 0.8140.15"
Insulin (+) 0.89+0.21 1.04+0.19 1.29+0.29%"

1
Each value represents mean + SD.

2,3,4 .
Same as in table 5-1.

*mean is significantly different from control group (p<0.05).

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

"mean is significantly different from 3 mg group (p<0.05).
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#2827 FREAFEAM LB AMN L F (S F Feyiwiz ¢ GLUT4

Table 2-8. GLUT4 expression ratio of plasma membrane (PM) to low density
microsome (LDM) fraction from red gastrocnemius muscle after 4 weeks of
biotin supplementation '

Control’ 3mg’ 6mg”
PM/(PM+LDM)
Insulin (-) 0.42+0.07 0.56+0.05* 0.43+0.05"
Insulin (+) 0.42+0.03 0.65+0.05%" 0.72+0.03*"

1
Each value represents mean = SD.

23 Same as in table 5-1.

*mean is significantly different from control group (p<0.05).
“mean is significantly different from insulin (-) group (p<0.05).
“mean is significantly different from 3 mg group (p<0.05).
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¥ = TP

A

AFLEATSETER ST F 2ABRBEKK L R FFe &
o VHEFSRIATHES B JEBALE NG b g

Faeivimre 7 GLUT4 (h2 I E 2 43, o Flpt A7 ie- # 1 f2
BA A RAME DL R HE 2 A op KK | 8 Ries Bk g oL
BeEF pFRe T ? (1) IRS-1~IRS-2 eni v H £ R 5 (2) fhimfamific
v 4] ;4 9 IRS-1IRS-2 3-v B 4 3:(3 )% IRS-1~IRS-2 it % 11 PI 3-kinase
Bv OFARF F D L REREE - %0 R £ 00 & GLUT4S

b SR g B2 AR Aok b A RO A 3 R B s -
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i NRRBPFOEERE

3Bk B B

1957 # p jk%‘l’—‘ﬁ Kondo & 4 >0 p & ] % E I & KK & %] &>
VS R 2 AR L 2 @& e 0t (Kondo et al, 1957) < ¢t 48
e KK &% (L2 5 § 5873 &g (glucose intolerance ) ~ % %% § 2
w J& (hyperinsulinemia ) ~ &2 % § % e il cnd ficfoid @3 o 22
KK /&2 2 gFlxit,»7d gELaFEE 28 5% 2358
fll}?a A #p b2 ege e (Tkeda, 1994; Lubec et al., 1997 ) o F]pt » 224 KK
I EELTE S R F 2 A R 206§ F IR B B h e b b s

EypEE AR TAEL BN NTES R BRI RRERD

N\

SRR CEES U A R E S S SR
RATUR LR R L DA EIRE 0 F L F E S R
o5 4 B30 I E % 9 4 i 24236 13 mM (230 +10 mg /dI)

FE o % 4 A5 F R R (1 e 0 2006) ¢
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AR el d BN U P A2 (LEMA 2R
The Jackson Laboratory ) 36 & ~ i < gzef+ KK/HIJ /| & » 4248 £ 4
30 = 5. » %12 Formulab Diet 5008 ( # = 4 #&3iT The Jackson Laboratory
w01k 2 4k & 4L LabDiet SK52) # H B 2k > R BB BB

ek s EAE MR 2AR RS £ 5d F R AEF 2 140 me/dl

Z BT I R BR R SR A B o

AELFELB P REN PR NFEFI RS L0 62
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= s mp g

#4L 5 Beta Chip A 4 #8 ( % K Northeaston Products Corp %% )
&3 { ¥ ?ﬁ‘/;~ =X o B Pg &Rl §_MILab Diet ( # & PMI 9% 9 5% & 4 &
AL ) o AL PEIF R H R 4 C ke BRSFL M ERY > it

Fofim o td A FERGF AP NPT o

=oAL

a) BhmaEE (% 355%Lard) 2 &5 & S ded 4-1 17 » T35 H

FRI B AH A E2 b drk 420

i
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oAl BB AR RS A

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

0.20
Biotin ( ppm)

242 -3 REePL ez

Calrles Provided by

Protein 16.3%
Fat 66.6%
Carbohydrates 17.1%

Total Calories=16.241x4+66.629x9+17.

133x4

=733.157 Kcal/100g product
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N IS Y R

7

I ~ ::Lf}',ﬂ‘% ﬁjﬁ:‘b
AT TR Y end b L8 4ok Ak 2 8o d-Biotin ( Tanabe

seipaku co., LTD, Japan ) » ¥ Z & pF 2 BRI LR34 aBH LG * o

i, W —

dFFat L N E AR B E A 09%54 1S Bk (saline)

G
-

P UEVEE B AN I

|- BREPN > & iF 2 X L ¥z it - Control

f

ﬁm

T
4

A

>
=
=k
(=t
>
N

> A2 509% 2 BEHE Y ITHRBE -

52



FoERRPaLE

AL B NS 2 AR M A S 2 o 2 R LT R
Tend PpEo L u 5 ()4 @k % 0mgkgof body weight ( control ) ;
(2)3mg 4 24 L2 5 3 mgkgofbody weight (3 mg biotin); (3)
6mg # 4 F4f L i 5 6 mglkg of body weight (6 mg biotin) » 4 %] &
KR R S TR OE BRI R AR R
# (intraperitoneal glucose tolerence test, ipGTT ) frw 7% § & Ik & Pl T -
N F e AP BACERE] R BB HT BE A A o Aues
FoH P - e h o] BURPET 304 45 P EiE 544 U/100 g regular insulin
BEELFAERR T - BRI ALEREZTIHR T LG 2 A
EOLS & s ded 43 5 o

43 AREBRIIED B L B

4 3 F AT L HE - i
L ¥ A £ Insulin (-) Insulin (+)

(mg/kg of body weight/day )

0 (control) n=12 Control (-) n=6 Control (+) n=6
3 (3mg Biotin) n=12 | 3 mg Biotin (-) n=6 |3 mg Biotin (+) n=6

6 (6mg Biotin) n=12 | 6 mg Biotin (-) n=6 |6 mg Biotin (+) n=6
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b R ] BUR (S A B J0F 49 (skeletal muscle) > i&
(7 8] %% #230¢ % TRS-1 ~ IRS-2 ; IRS-1 ~ IRS-2 fit. 5 Feafific it 4] 3

2 {rd fpid g e Pl 3-kinase v F 4 ME o
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$ ~ BRI

36 & % 2 A fop At KKHI &) B s § #8404 (37%fat) > p o i& @ &
2Lk B RS ERIFE AR AT AHE S 2 ABILR
|
ARz AR AR RHE AR FERE S HREEE (37%Mt) &S
o MEPIER AT AR LGRS S e L B GRS A ER

CB (12 &) MB (12 &) HB (12 &)
(0 mg/Kg BW) (3 mg/kg BW ) (6 mg/Kg BW )
| | |

{

g dis o Rles s g S5 Linsulin (£) & #4425 30 A 473 6% § £ ]
| [ [ [ [ |
insulin (-) insulin (+) insulin (-) insulin (+) insulin (-) insulin (+)

(6 %) (6 %) (68) (6 &) (6 &) (6 %)
| | | | | |

A HLB A F e

'

iﬁ—jf?ﬁ’

v

PR UGS B2 B & BEE P IRS-1 > IRS-2 frH FRARpLpEpL 1 A 5N g Fr
# T35 0 2 & w22 IRS-1 > IRS-2 4p i % PI 3-kinase ehd-v F % IR
!
£ B Mz A 5B I B e

Bl 4-1- ~8F Rskine

Fig 4-1. The experiment flow chart of this study.
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BlEm - A K] Rt A RAEZ S 12-14 ) FF2 {8 > 5
7k E p k¥ B &% > J1* standard glucose oxidas & 32 (Reddi et al.,
1988) 14 5 &2+ Glucometer Elite® B2 #% & (Bayer, Japan ) > * & #7ip]

T R R T S T LA MR o

SR R

AR F R ERERE T AR Rt d > R A2 G 12-14
+%$’@%&%dzwﬁ%iﬁ’wiiﬁﬁgﬁka’@g@ﬁ@

4§ % %% (1.0 g glucose/kg of body weight )» 2_{é &% 0~30 »

N

PERR

6o&oano¢gMii%§5%%§o
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ZoRFnbRIER

JRES 12-14 J P2 {5 50 BT EMRE L R 0 b 4T T g

[

2 p)ity

—
Ik

3000 rpm 10 A 48 > B~} i T Feadna o 3or R o g @K
2001 #EHB0CTRE G > FEAPTREFREEN %L I 24
Bl * #F& 2 2 (Roche Elecsys 1010/2010/Modular Analytics E170) i 35

electrochemiluminescence immunoassay ( ECLIA ) =17 j% jp] Z_e

N B St el

% & % redutd (insulin resistance, IR) & J5 F 7] = 42;% (Matthews
etal., 1985) * wmiFiz
Insulin resistance (HOMA IR )

= [ Fasting insulin ( ¢ IU/1) x fasting glucose (mmol/l)] /22.5
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I ~FHyed 8 IRS1SIRS2; IRS 1~ IRS2 pe i mhps 1 )

2 g g e Pl 3-kinase 2 3% A RE

A~ E el m it AR

-~

JORERAEE > B BB R R R B A IR
-70°C o » 7 pEFEB~ 0.5g e ep 22w > T 4e ~ 4 ml buffer A (250 mM
sucrose, 20 mM hepes, 1 mM EDTA ) » # * 32754 Polytron PT20 17 & -
AT 30 fy 0 RS 4CT #s 15000 g 0 20min o B~ bR de »
KCl # 2ok £ 0.8 mM » & 17 200000 g 428 i s — B L. pF s 2 (5
P #iesk # (pellet) w2 >+ 100 1 1 buffer B(20 mM hepes, 1 mM EDTA )»

I Ry FORR B RS 0 B HM-T70°Co B FA 4

B~ 3v FkRR T
2 BSA (Bovine serum albumin) 3 F-v B3 5.5 @ (TR E SRR
¥ A > 72 Bio-Rad 2 @ e Dye reagent % &% & > £ 4 O.D 590 nm =

ki Al A KR ShRed kR o
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(1) 39 FiRE sk Eafir:

12 BSA (Bovine serum albumin) 3 #-v F &8 & 2R £ 4-4 G T

B FARE SRS -

£ o#pe i ongee FRE 24 5% 4 kb & 3+ (Hitachi U-2000

Spectrophotometer ) > % O.D 590nm P| 2 % #-v B kg2 1o

2

L
1B

B oy FHREEALELEERFZIFESRESR > T RLNAEF M

#2582 RiE-(REXFER099 W 2 Brp R Z €78 ITHRE )

F 44~ Foo TR AR S0 A

o EE CogmD) g o s | 6 | 8 | 10
1 mg/ml BSA ( ¢1) 0 2 4 6 8 10
DDW (1) | 800 798 796 794 792 790
Dye reagent % #| (u1) 200
AHA T 5 100021 (1ml)
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(2) femdv TR
B B SR 20 1 155 5 L 4R 15 e RSl S8 795 ] s
ok E > £ 4~ 200 11 e Dye reagent 4 #| (Bio-Rad, Protein Assay,
US) iR 3 SA&f kT r # £ R & 0.D590 nm P 2 H =k

B oo Mk Rk kT ID0E SO ABRARS A2 RIT L E R RS2

kR
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Cr¥®#77 IRS1I-IRS2%{ %9 F4RE

-

BB R G TR AER 6 B F AR R LR BB i

7 IRS-1 ~1RS-2 3 F-9 F £ I E Fup| T o L& 5 BZ 5 5?*‘ sa i

D~ ¥ 429v? |RS1 IRS2 erRphmaps (458 ehiy F 4 Rp 2

#6 i R AR RS T ET
anti-phosphotyrosine (4G10) - Fi& (7 f f k2 > Ry piefais
fe (v A3V ehdd BTk (s 0 £ % IRS-1~IRS-2 endrl:e 7 L& & 82

LR R A gesed IRS-1 s IRS-2 FerRpipipe i Al engd FARE -

E- ¥#9vd 2 IRS1-IRS24pid % Pl 3-kinase F-v 4 Hip| &
72 TBS 3 8 6 ¥ kvt 7o ¢ 2 5 5 % 8 ehtotal IRS-1 2 IRS-2
Fo B d LR & EE TR £ A4 B2 IRS-1VIRS-2 s 5 d f i
2iF #-97% IRS-1~IRS-2 ehd-v Fiwskis » £ 1% PI3-kinase cfady it
7o B oBEi2 1R R F #25vd g8 IRS-1IRS-2 #pid 4% < PI 3-kinase 3-v

BRI o
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F~ fR ki

Bt B AR R o Bk 4o » TBS @ H B 5 500ul £ 0 £ 4
~ if § e— 3o (IRS-1,IRS-2,4G10) » *>* 4°C ™ £ J& over night > 2_{s
dv » & B J¥ i 5 Protein A beads Slurry ( Upstate Biotechnology ) ** 4°C &
B2 ] BFe2 1512 10000 g »30sec g o3 “%TT F i o £ 021000 ul TBS
3= {8 0 4r o~ 30 ul 02 xLaemmli sample buffer ( 3 100 mM DTT ) »
3 100°C ™ & 10 4 48 > ¢ Protein A frdilll ri&chd-v FA 3L 2 (5L

1210000 g 75 A gmdes o B b iR o L RFLR BB
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(1) %% % A (SDS-PAGE)
£ fe @ 8% SDS-PAGE 77 & # (Separation gel ) =+ & % ( Stacking
gel)» MR T KRB ER L A BAMA G LR
Rz Vi X930~ FRMAT ®HEBAM - - SRR
FEBICBRBRAMIFIARFDRMY o B F e R
wells T4 o £2FH 3044+ B ARSI ES{InF > Fuz =k
o] ;&»;;tﬁ,jxﬁ N iEj“ﬁ,i@%f’% 5 E ;;g;_%ﬁ;gﬁsa}ﬂ;;:» PR fg AR 2PN B4
Running Buffer 500 ml - Running Buffer 7 /2% p # 2 ¢t {2 £ F 2 B 5
Te ETH 20 £R o kAN F L% Running Buffer * 2 ¥ 5 5 i@ o
FERFE U 2 T BT RAR G F @ o Bk A X &Y
frie (Sample Buffer) 2 & 15 (BfF - 5 3: 1) K45 #95C 544 -
4x Sample Buffer e @l 4% 4-9 » fie @ 47 ¢ Sample buffer &% 15> 4°C %
* o B 5yl A S B EE 5 (MagicMark™ XP Western Protein Standard )
fepefll4F ik d 22 LA B AR SR Y o AT s S E RS
& (marker) P2 S - Fufp R & VEE S RS E A FL K AT
EdBRPETIR LT E R0 T F o B3 2 &SP 1Y

100V » 120 4 48 5% 150 4 4832 7 7 4 -



% 4-5~ 48 T A 8% SDS-PAGE ™ k& # 4t K ¥ 1 &

KR T k% + k%

(8% Separation gel ) | (4% Stacking gel )

(a) Acrylamide/Bis (37.5:1) 2ml 0.503ml

(b) Running gel buffer 2.5ml X
1.5M Tris-HCl pH=8.8

(¢) Stacking gel buffer X 1.25ml
0.5M Tris-HCI1 pH=6.8

(d) 10% SDS 100 1 50ul

( Sodium dodecyl sulfate )

(e) ddH,O 5.35ml 3.167ml

(f) TEMED 501 5ul

(g) 10% APS 50l 50ul

(ammonium persulfite )

Total 10ml Sml
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#. 4-6 ~ 10x Running Buffer fic %

ok £2 (g)

Tris 30.3
Glycine 144

SDS 10

4t DDW 3] 1L

% 4-7 ~ 4x Sample Buffer ( SDS Reducing Buffer) fie %l

=R ul
0.5M Tris-HCI pH=6.8 125
Glycerol 100

10% (w/v) SDS 200
2-Mercaptoethanol 50

0.5% (w/v) bromophenol blue 50
DDW 475

B 1ml
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(2) & > g-% ;2 ( Western Blotting )

Lo

R F AP FLLIHP TR FAGRPZEH G

ME;H.
5?“

( Transfer Buffer) {3t H + » T iz B A/ 5 F 3t 3M jgiA ~

F_‘k

SDS-PAGE gel ~ PVDF # % % (£ % 100% 7 @B R )~ 3M g » & (s
B - PGP A T EFA (AP F2h 3 50 ) A28
=P n K g o
Bl g Ao RAH Y s kg T AR ¥ Rk ((Transfer
Buffer) o »* & A4 ¢k Bl ~ K 4gefrkd > & BBk AL iR3F R R B o Y
100V > 3 ] pF 5 RAGE® > 217 Feo FTHG 3 i"fi%i@-@‘}% B 59%
Bigdm (3% 0.1%TBS/Tween (TBST) © ] i&{7 blocking # 2% » ™ %
B PSRRI o B s o TBST ik 5 A 4k 2 =t -
TBS fie @4 4-10 > fe 45tk 350 4°C » 2 ABH T pH=T.4 & * o e »
— % #48 ( Alpha Diagnostic International )> 72 4°C /& I I & o[ = 12 TBST
‘}7"3'-7}’6 2K > &S5 Ads e 2 fé4e » Sml ez &3kl (PerkinElmer Life
Sciences, Inc) 1 TBST ## > 2§ T #HF &7 1] FF > & (52 TBST

,%‘/74132:);’\‘ ’—/i:';’\‘sln\fﬁ_c
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#. 4-8 ~ 1x Transfer Buffer fic %

o £% (g)
Tris 3.03
Glycine 14.4

I 4v » methanol 200 1> £ 4 DDW 3] 1L

% 4-9 - TBS el

R ¥ (g)
NaCl 1.37M
Tris base 200mM




2. g

- il
Anti-IRS1; Anti-IRS2; Anti-Phosphotyrosine, clone 4G10; Anti-PI3-Kinase
p85, N-SH2, cline UB93-3 ( Upstate Biotechnology )

Buffer : TBS 7 1% % 7g4%
Western Blotting p= ¢ * )k & : IRS-1 5 1 g g/ml
IRS-2 5 1 500

PI 3-kinase = 1 : 200

= B PRy

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

Membrance Immunoassays : 1:5000

Western Blotting pF i * 1= ;4 5 1 1 = 32 + 10ml TBS + 1%% 75 4%
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3RS HAE I (FHEPEE)

#-4 F %% e >t ECL (PerkinElmer Life Sciences, Inc) #4282 &
R (FFEBS00ul B HIRE) P F B2 A& AT BT e K
AT G Py RS+ ® (Cassette) poo £ * WA FHZAF o 1Y
Kodak #t 2 7R ¥ > R AR xE I WY Lag Lz @gRLe  Tio
)20 mdh e R SR BRARRERERH I L kiRt
AR FRPESEPE Lokt R Y SR AT
# %% ( Alpha Innotech Corporation, Multilmage™ Light Cabinet) i {7 8% f§
A5 e fisd F %A 4308 (Alpha Innotech Corporation, Multiimage™

Light Cabinet) 2 & 3#-v F o
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H -~ SDS-PAGE gel thif i

R R AnEF =P (SDS-PAGE gel) /% % % Coomassie
brilliant blue R-250 ¥ % ¢ 10 4 4&° # 12 Destaining solution & {7 3 % 1-2
% » Coomassie brilliant blue R-250 fiz @l 4% 4-11 » Destaining solution
fetllicd 4-12 fe@ldFRE S 2B " o 2 2 (59 ¥ 11 295 Glycerol

S = q T A N Lo 2| IR = L1 A J.L_;‘ € Fe =
AR ERR LA BB RIMAGEFIHY O Fagis TV g oo
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% 4-10 ~ Coomassie brilliant blue R-250 fiz %

Rt £ ¥ (gorml)
CBR sigma B-0149 1.5
Methanol 250
Acetic acid 50
DDW 250

% 4-11 ~ Destaining solution ( SDS-PAGE 4 % #|) fe @l

e %% (ml)
Methanol 300
Acetic acid 210

‘v DDW 3] 3L
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ERRN A A

AT 9Ty hig % 390 meantSD £ 7 0 v SAS et B X gk (SAS
for windows, version 8.1 ) i& {7 33t A 47
11 % 2 4~ 47 (ANOVA/ Duncan ) ~ Student’s t test # %_% f& /@ > 3¢

A R RRBETI R AT LR 0 1 p<005 A A f AP en
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;jr‘;
=4
el
k1
*=

S F R RS L AL B R AR TAREL PP

- V4 IRS-1 3v FARE

AFPTEERRT o B R NEDERT (T AERET)
4 1@ keaitotal IRS-1 2B E MM L4 2 3mg 2 6mg 2
(p<0.05)c & &+ 3mg % 6mglez FF > sl BgF LR » i s e
% 6mg H total IRS-1 2 RE 5 % ¥ 3mg df$ - Ra &3 % § F
Tlgrz. ™ » 2 3@k mentotal IRS-1 2 B F M L4452 3mg % 6
mg e F P LE % 6mg H total IRS-1 2B & F 5> 3mg &
(p<0.05) c Z 4 4 3% 6mg =¥ 34 3% & % 17 > total IRS-1 F-v

freni mE (W 5-1)-
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Total IRS-1 protein expression

(A) IB: IRS-1

(B)
250 1

200 - b
150 -~ ; T

total IRS-1 expression (% of control Ins(-) )

) T
100 |-
50
0
Biotin(mg) O 0 3 3 6 6
Insulin - + - = -

BlS-1-Ze2 b ®MEAL ZH w430 AAARERE, 21T Ficmie?
% IRS-1 3-v 5;-"* 2IE A LA EEZE %% o B 12 Alpha Innotech Coraration
Chemilmager™ 440 % £ 1% % ' - Fig. 5-1. Total IRS-1 protein expression in skeletal
muscle cells on basal or insulin-induced condition after 4 weeks with 0,3,6 mg biotin/kg
of BW supplementation. A : Immunoblot of total IRS-1 protein . B : Quantification of
protein expression by Alpha Innotech Coraration Chemilmager™ 440" . ' The values are
calculated by percentage of control, ins (-), and expressed as mean + SD. 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 #IRS2 ks FARE
AETERMT 0 GRS F D EOFRT (T AAERET)
4@ kEditotal IRS-2 # IR EP M H L4 %2 3mg %2 6mg &> I

? 6mg A FF 3 3mg 2(p<0.05)° Ad tF L F et T 0 4

=1

Bk editotal IRS-2 2L EHF M L4+ % 3mg % 6mg 2 I
6 mg 4 % 4 L e ehtotal IRS-2 £ ¥ 8 ¥ % >t 3 mg 2 (p<0.05) - 4F
4% 6mg et b & flgcis o H total IRS-2 eh3-v F 4 EKF S

A

AL F % G & DR (p<0.05) (Bl 5-2)
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Total IRS-2 protein expression

(A) I1B: IRS-2 . - e e -

B
() 500 *

400 - °
300 b =

total IRS-2 expresson (% of control Ing(-))

200 :
100 -
0
Biotin(mg) O 0 3 3 6

Insulin -

BlS2 222 pAEA 2 L 48 A AARERNEE 2 T Ficme?
B IRS-2 39 FARE - A LA 5B k% o Bt 12 Alpha Innotech Coraration
Chemilmager™ 440 % 1% % ' Fig. 5-2. Total IRS-2 protein expression in skeletal
muscle cells on basal or insulin-induced condition after 4 weeks with 0,3,6 mg biotin/kg
of BW supplementation. A : Immunoblot of total IRS-2 protein . B : Quantification of
protein expression by Alpha Innotech Coraration Chemilmager™ 440" . ' The values are
calculated by percentage of control, ins (-), and expressed as mean + SD. 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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= ~ IRS-1 per=pemifs it A5V eh3e FAIRE

FI* LB E LA R B2 0 VR AR FRARR
# IRS-1 feriephphfit i 04 F875 4] IRS-1 ended F A AT o Bil G %
b T T (5 AR T ) 0 238k e eh RS- fRARRLBRRL
AN ehkee TAIRE A Bfoif L4 F % 3mg Efromg 2 il BE
A8 5 w4 % 3mg et 6mg 2 F (p<0.05)c K@ L g E
chflgrz. T 0 4 JEoR e [RS-1 R L 1L A N ks B A AR
¥FEAHE L4 $ & 3mg 2 6mg e (p<0.05) 0 e d 4 FoE w2 BT A
FAR oA S E omg et g & DT o H IRS-1 friefipbps it

Wb endd FAREHF B AAMK AL T (p<0.05) (F5-3) -
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IRS-1 tyrosine phosphorylation protein expression

(A)IP : pY

IB : IRS1

(B) 200 a a

I
IS

150 b

100

I
—

50 -

0

IRS-1-P expresson (% of control Ing(-))

Biotin(mg) O 0 3 3 6

Insulin

BlS3 222k HEAFEM L AT AAFPRNSE ZTET b ivme?
IRS-1 fie e s 1 AN o FARE A £ 5 B2 0% % - B 12 Alpha
Innotech Coraration Chemilmager' ™ 440 %_ ¢ % ' o Fig. 5-3. IRS-1 tyrosine
phosphorylation protein expression in skeletal muscle cells on basal or insulin-induced
condition after 4 weeks with 0,3,6 mg biotin/kg of BW supplementation. A : Immunoblot
of IRS-1 tyrosine phosphorylation protein. B : Quantification of protein expression by
Alpha Innotech Coraration Chemilmager' ™ 440" . ' The values are calculated by
percentage of control, ins (-), and expressed as mean + SD. Values with different letter in

insulin (-) or (+) group are significantly different (p<0.05).
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v~ IRS-2 fit e gl fis v A 5 chdes T4 RE

Pl LR fe A R BB VW RE AR R TER
el ™ > # IRS-2 fRRELEREL 1Y 0 8 1 ) IRS-2 ehdew B & RAEA)
B %E R QIR (S AR T ) 0 B OIRS-2 RORpLBRpL
AN ko LTS 6mg 2B B ~3mg ez @ 4 Tk e K
(P<0.05)° #2 @ 9% § % {lgcis » 2 IRS-2 feiephphps 41N ehdes H 4

MBS LA AL P2 6meg b ~dmg ez @ 4 ok w g i (p<0.05)
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IRS-2 tyrosine phosphorylation protein expression

(A)IP: pY —

IB : IRS-2

(B)

300
250 |- b

200 -

150 + C

100 +

50

IRS-2-P expression (% of control Ins(-))

Biotin(mg) O 0 3 3 6 6

Insulin - k. 2

BS54~ pREAFEA CA4FCERABPENELE Z1ET > Ffivme
IRS-2 peiepfemipe * Al chdvd FAME - A LA 5 B2 % B 1 Alpha
Innotech Coraration ChemilmagerTM 440 % £ ¢ % ! o Fig. 5-4. IRS-2 tyrosine
phosphorylation protein expression in skeletal muscle cells on basal or insulin-induced
condition after 4 weeks with 0,3,6 mg biotin/kg of BW supplementation. A : Immunoblot
of IRS-2 tyrosine phosphorylation protein. B : Quantification of protein expression by
Alpha Innotech Coraration ChemilmagerTM 440" . ' The values are calculated by
percentage of control, ins (-), and expressed as mean £ SD. Values with different letter in

insulin (-) or (+) group are significantly different (p<0.05).
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IRS-1 associated Pl 3-kinase protein expression
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BSS5 222 kHEAFE2 L AT AAFPRNSE E DT Fiivmie?
22 IRS-1:# % c0PI 3-kinase 3¢ H % T cA: L & & 82 0% % °B: 12 Alpha Innotech
Coraration ChemiImagerTM 440 Z & % Lo Fig. 5-5. IRS-1 associated PI 3-kinase
protein expression in skeletal muscle cells on basal or insulin-induced condition after 4
weeks with 0,3,6 mg biotin/kg of BW supplementation. A : Immunoblot of IRS-1
associated PI 3-kinase protein . B : Quantification of protein expression by Alpha
Innotech Coraration Chemilmager ™ 440" . ' The values are calculated by percentage of
control, ins (-), and expressed as mean + SD. 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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IRS-2 associated Pl 3-kinase protein expression
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BlS-6-Z 22 pHEAFEH LAFEARAFRAENSE 20T Fiocme?
£2 IRS-2:4 % cHPI 3-kinase 3¢ B & & A1 L& & B2 0% % -B: 12 Alpha Innotech
Coraration Chemilmager'™ 440 % £ 1% % ' o Fig. 5-6. IRS-2 associated PI 3-kinase
protein expression in skeletal muscle cells on basal or insulin-induced condition after 4
weeks with 0,3,6 mg biotin/kg of BW supplementation. A : Immunoblot of IRS-2
associated PI 3-kinase protein . B : Quantification of protein expression by Alpha
Innotech Coraration Chemilmager™™ 440" . ' The values are calculated by percentage of
control, ins (-), and expressed as mean + SD. 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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BT 0 IRS-1 3 * R B AR S forep B s f
g B @i > @ IRS-2 A & BRI e # (Bruning et al., 1998 ;

Kulkarni et al., 1999 ; Tamemoto et al., 1994) -
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pF 272 % src homology 2(SH2): 5L -9 = 3 (7% o SH2 M ELF-v & 42
adaptor molecular Grb-2 4= PI 3-kinase =734 & ¥ = (P85)% (Skolnik et al.,

1993; Cheatam and kahn, 1995; Sugumoto et al., 1994) -
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Y- 7 4 iR B A Frd]H tyrosine phosphorylation o & 5% & % 21

A B yE R j2 2. Pl 3-kinase pathway # ;2 "Ef]:8{7 > @ ¥ it FR%E F 10

Ful -

# 6-1~ 22 IRS-1 gipa it 4p B crjgepis 2 2 4 IRS-1 & /84 5% § Z 0 4 8L

Table 6-1.Kinases implicated in IRS-1 phosphorylation and the effect on
IRS-1 and/or insulin signalling

Phosphorylated residue

Kinase

Effect of phosphorylation on IRS-1/insulin

Ser612

Peptide including Ser612
Human Ser636, Ser639
(=rat Ser632, Ser635)
Serine/threonine Ser318

Unknown PMA-activated kinase
ERK2
Rapamycin-sensitive kinase(s)

PKCE

signalling
Ser302 S6K Decreased InR-IRS-1 interaction
Ser302, Ser307 JNK? Decreased InR-IRS-1 interaction
Ser307 JNK Decreased IRS-1 P-tyrosine
Decreased IRS-1-associated PI3K
Human Ser307, Ser323, Ser574 PKCS Decreased IRS-1 P-tyrosine
(=rat Ser302, Ser318, Ser570)
Ser307 and others IKK1, IKK2 Unclear
Ser307 ? Increased IRS-1 degradation
Ser789 SIK2 Unclear
Ser789 AMPK Increased IRS-1-associated PI3K activity
Serine? GSK3 InR RTK inhibited
Human Ser1101 (=rat Ser1000) PKCh ?

Decreased IRS-1 P-tyrosine by PMA
Decreased IRS-1-PI3K interaction
Correlates with insulin resistance

Decreased IRS-1-associated P-tyrosine and
interaction with the InR
Decreased IRS-1-associated PI3K activity
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