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2-2. 3
Acrylamide
Acetic acid
Agarose S
2-Amino-2-hydroxymethyl-1,3-propanediol (Tris)
Ammonium persulfate (APS)
Bio-Rad Protein Assay
Block Ace
Boc-Arg-Val-Arg-Arg-MCA
Bovine serum albumin, low endotoxin, fatty acid free (BSA)
2-Bromopalmitic acid (2-BA)
Bromophenol blue
Calcium chloride dihydrate (CaCl, « 2H,0)
Calf serum

Chloroform (CHCI5)
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Bio-Rad Laboratories. Inc.
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Sigma-Aldrich
Sigma-Aldrich
FrofAfiE TRt
TR TRt
ICN Biomedicals
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DEPC-Treated Water

Disodium hydrogenphosphate 12-water (Na,HPO, + 12H,0)

Diprotin A

Dulbecco's modified eagle's medium (DMEM)

Ethanol

Ethidium bromide solution (10 mg/mL EtBr)

Ambion

FEHIRE TS
T TF BWEFERT

H K R A 4L
FEHIRE T3NS 1
FroemiE T3k U th

Ethylenediamine-N,N,N’,N -tetraacetic acid, disodium salt, dehydrate (EDTA -+ 2Na)

Fetal bovine serum (FBS)
Glucose

L-Glutamine

Glycerol

Glycine

HEPES

KR62436

Leupeptin

Lipopolysaccharide (LPS)

Magnesium chloride hexahydrate (MgCl, + 6H,0)

2-Mercaptoethanol (2-ME)
Methanol

N-acetyl-L-cysteine
p-Nitrophenyl phosphate (p-NPP)
Penicillin G potassium

Phenylmethylsulfonyl fluoride (PMSF)

Piperazine-1,4-bis(2-ethanesulfonic acid) (PIPES)

A AL IE AT
Biowest
FEHIZE T MRS
Froemli T3kl th
FEHIZRE T MRS
Froemli T3kl th
[F AL IEAT
Sigma-Aldrich

Tl T3epklath
FOCHisE TRMA S
Tl TRepkalath
FOCHisE TR
Tl T3epklath
Sigma-Aldrich
Sigma-Aldrich
AR A
Sigma-Aldrich
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Ponceau S

Potassium chloride (KCI)

Potassium dihydrogenphosphate (KH,PO,)
Precision Plus Protein Standard
2-Propanol

RNAiso Plus

Sodium acetate

Sodium chloride (NaCl)

Sodium dihydrogenphosphate dehydrate (NaH,PO, + 2H,0)
Sodium dodecylsulfate (SDS)

Sodium fluoride (NaF)

Sodium hydrogen carbonate (NaHCO3)
Sodium hydroxide (NaOH)

Sodium oleate

Sodium orthovanadate (NasVOy,)

Sodium palmitate

Streptomycin sulfate
N,N,N’,N’-Tetramethylenediamine (TEMED)
Tris (hydroxymethyl) aminomethane
Triton X-100

Trypsin

Tween 20

Sigma-Aldrich
FEHISE TNt
FroEmiE T3k U th
Bio-Rad Laboratories. Inc.
FEHIRE TSt
BT T 34 RS
FEHISE TSt
Froemli T2kl th
FEHIZE T MRS
FEHIZE T MRS
Froemli T3kl th
FEHIZRE T MRS
Froemli T3kl th
Sigma-Aldrich
Sigma-Aldrich

CHEM SERVICE
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Tl TRepkalath
FOCHisE TR
Tl T3epklath
Invitrogen
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2-3. HW

Thapsigargin FtHiRE TR At

Forskolin TG TR A

Isobutylmethylxanthine (IBMX) FEMisE T tt
24, F5Av—

18S rRNA*

Forward : 5’-TTG ACG GAA GGG CAC CAC CAG-3’

Reverse : 5’-GCA CCA CCACCCACG GAATCG-3°

Pcskl (PC1/3)%
Forward : 5>-~ACA TGG GGA GAATCC TGT AGG C-3’

Reverse : 5’-CAT GGC CTT TGAAGGAGTTCCTTG T-3’

CHOP*
Forward : 5>-CCAACA GAG GTC ACA CGC AC-3’

Reverse : 5’-TGA CTG GAATCT GGA GAG CGA-3’

Bip*
Forward : 5>-GCT TCG TGT CTC CTC CTG AC-3’

Reverse : 5°-TAG GAG TCC AGC AAC AGG CT-3’

XBP1%

Forward : 5-ACC TGA GCC CGG AGG AGA AA-3’



Reverse : 5°-GTC CAG AAT GCC CAAAAG GA-3’

GAPDH
Forward : 5>-~ACC ACA GTC CAT GCCATC AC-3’

Reverse : 5>-TCCACCACCCTGTTG CTG TA-3’

Gcg (Proglucagon)
Forward : 5°>-TTC GCA GCT CAG GCT CAC A-3’

Reverse : 5’-GCT GCC TTG CAC CAG CAT TA-3’

2-5. Pk
Goat anti-actin (1-19) polyclonal antibody
Mouse anti-GLP-1 (HYB 147-12) monoclonal antibody
Rabbit anti-PC1/3 polyclonal antibody

Phospho-PERK (Thr980) monoclonal antibody

26. ¥k
PrimeScript® RT Master Mix
SYBR® Premix EX Tag™ 1I (Tli RNaseH Plus), Bulk
TaKaRa Ex Taq®
Western Lightning® Plus-ECL

L & 2® GLP-1 (Active)

MAett 772w

57T A RS

Santa Cruz Biotechnology
Santa Cruz Biotechnology
Abcam

Cell Signaling Biotecnology

B 5 T 34 TR
25T 34 TR
25T A F A
Perkin Elmer

S A
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3. REDOHRR

3-1.  AMfo ks 2 B E R o R

DMEM
DMEM 4.75 g
NaHCO; 075 g
L-Glutamine 0292 ¢
Penicillin G potassium 9 mg
Streptomycin sulfate 25 mg
MilliQ water 500 mL

DMEM 7% MilliQ water (Z¥&f#E L7-% . = EZARSIE (121°C. 15 ) L.

fhDFRILZ N 2 T, pore size 0.22 um @ membrane filter CTUEIEBLE L 7=,

FBS XU CS
56°C T 30 HyHIFELALIEEIT > 7%, 1,000xg T 20 srfEOL L, £ L

& e,

10 x Phosphate-buffered saline (10 x PBS)

NaCl 40 g
Na,HPO, * 12H,0 145 g
KH,PO, 1 g
KCl 1 g



MilliQ water 500 mL

%, 121°C T 15 o). mEZRSUREEALEE LTz,

PBS
10 x PBS % MilliQwater © 10 f%# R L. FFE 121°C T 15 M. @EASI

L7=8%ICERA LT,

2% EDTA (pH 7.4)
EDTA - 2Na « 2H,0 2 g
MilliQ water 100 mL

NaOH T pH 7.4 (Zif#%. 121°C T 15 5[, @ EARKRE LE L=,

0.25% Trypsin, 0.02% EDTA &4 PBS

2.5% Trypsin 5 mL
2% EDTA (pH 7.4) 0.5 mL
PBS 44.5 mL

Glucose free Krebs-Ringer buffer

NaCl 7.012 g
KCI 372.0 mg
CaCl, - 2H,0 294.0 mg
MgCl, + 6H,0 203.0 mg
NaHCO; 1.88 g
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MilliQ water 1000

FH#U4% . pore size 0.22 um @ membrane filter TIEIEBE L 7=,

10 x PIPES buffer (pH 7.2)

NaCl 34.81
KCI 1.865
MgCl; - 6H,0 0.405
PIPES 37.8
NaOH 8

mL

g

g

MilliQ water {Z¥A/*L NaOH T pH 7.2 |[ZFR¥&%. 500mL (ZA AT v 7L,

pore size 0.22 um @ membrane filter TIEBEIKRA L 7=,

100 mM Diprotin A

Diprotin A 5 mg

MilliQ water 139 uL
1.5 mM Thapsigargin

Thapsigargin 1 mg

Ethanol 976 uL

50% Ethanol solution (v/v)

Ethanol (Z MilliQ %Il 50% ethanol solution & L 7=,
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100 mM Sodium oleate
Sodium oleate 152 mg

50% Ethanol solution (v/v) 5 mL

100 mM Sodium palmitate
Sodium palmitate 139 mg

50% Ethanol solution (v/v) 5 mL

3-2. Real-time polymerase chain reaction (PCR) R st o 7
75% Ethanol
Ethanol 375 mL

DEPC-treated water 15 mL

1 M Tris (pH 8.0)

Tris 6.06 g

i.e. water [Z¥72>L HCl T pH8.0 IZFAFE L7, 50mL [ZA AT v LT,

0.5 M EDTA (pH 8.0)

EDTA - 2Na -+ 2H,0 9.31 g

i.e. water (287> L NaOH T pH8.0 (ZFHEE L7=1%, 50mL I[ZA AT v Liz,

12



100 mM Tris, 10 mM EDTA (10 x TE. pH 8.0)

1M Tris (pH 8.0) 10 mL
0.5 M EDTA (pH 8.0) 2 mL
i.e. water 88 mL

SR% . 121°CT 15 5. EERKIE Lz, ie water T 10 fFA I LT,

Real-time PCR S ik

SYBR® Premix EXTag™ 1 (Tli RNaseH Plus), Bulk 10 vol
PCR Forward Primer (10 uM) 0.8 vol
PCR Reverse Primer (10 uM) 0.8 vol
MilliQ water 6.8 vol

1 %7 b= 184 ul A LT-,

3-3. PC1/3 TH ML 12 Ba i K oD Al
1 M Acetic acid
Acetic acid 30 mL

MilliQ water 470 mL

1 M Sodium acetate
Sodium acetate 41 g

MilliQ water 500 mL

13



Stop solution (1M acetate buffer, pH 4.8)

1M @ sodium acetate (ZkF LT, 1M O aceticacid Z/J1x T pH4.8 I[ZFHE L=,

4 mM Boc-Arg-Val-Arg-Arg-MCA (PC1/3 56 5E)
Boc-Arg-Val-Arg-Arg-MCA 5.4 mg

MilliQ water 1.6 mL

3-4. Western blot ¥ERSEEER5KE o> 3

Lysis buffer
HEPES 2.383 g
Triton X-100 5 mL
Glycerol 50 mL
EDTA - 2Na 0.186 g
MilliQ water 500 mL

i FHIELATIZ, lysis buffer 1 mL (Z%F L C NaF (1 M in MilliQ water) 50 uL. p-NPP
(250 mM in MilliQ water) 10 uL. NazgVO, (0.1 M in MilliQ water) 10 uL, PMSF

(1 mg/mL in isopropanol) 10 uL. leupeptin (10 mg/mL in MilliQ water) 1 uL %/l 2 7=,

30% (w/v) acrylamide 77k

Acrylamide 29.2 g

14



BIS 0.8 g

MilliQ water 100 mL

5yBfE7 VF buffer (pH 8.8)
Tris 90.86 g

SDS 2 g

MilliQ water |2¥7>L HCI T pH 8.8 IC7§%4% 500mL IZ A A7 v 7 L=,

A7V buffer (pH 6.8)
Tris 30.3 g

SDS 2 g

MilliQ water {Z¥87>L HCl T pH6.8 I[ZFH%&# 500mL (2 A A7 7 Lz,

APS (200 mg/mL)
APS 0.2 g
MilliQ water 1 mL

10 x Running buffer

Tris 30 g
Glycine 142.5 g
SDS 10 g
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MilliQ water 1000 mL

MilliQ water T 10 5 R I L7,

5 x Transfer buffer

Tris 15.14 g
Glycine 72.07 g
MilliQ water 1000 mL

1 x Transfer buffer

5 x Transfer buffer 500 mL
i.e. water 1500 mL
Methanol 500 mL

10 x Tris-buffered saline (TBS)
Tris 96.6 g
NaCl 350.6 g

MiiliQ water {Z¥57>L . HCI T pH 7.5 (Zi%&#% 2000 mL ([ A AT v 7 L7z,

TTBS
10 x TBS 80 mL
MilliQ water 720 mL

16



Tween 20

10 x Ponceau S &Ik
Ponceau S
Acetic acid

MilliQ water T 10 f5A R L CTHEM L 7=,

5 x Sample buffer
IRAE7 VA buffer
SDS
Glycerol
2-Mercaptoethanol (2-ME)

Bromophenol blue

ABC-HRP &k
1% BSA-TTBS
Vectastain ABC-HRP kit A %

Vectastain ABC-HRP kit B &

3-5. RT-PCR jERSHFRIE DL
50 x TAE buffer

Tris

0.8

100

7.8

3.0

10

15

30

121

mL

mL

mL
mg
mL
mL

mg

mL
i
T
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Acetic acid 29 mL

0.5 M EDTA (pH 8.0) 50 mL

MilliQ water 500 mL
3.5% Agarose gel

Agarose S 1.05 g

1 x TAE 30 mL
2% Agarose gel

Agarose S 0.6 g

1 x TAE 30 mL

0.5 png/mL EtBr &
10 mg/mL EtBr solution 12.5 pL
IEW 250 mL
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4. FEBRITIE

4-1. ~ U RER
4-1-1. ~ U RAAE

5 JEkBOLEME CS7TBLIEN ~ 7 A (SLC BExth) % SPF BREE . 12 Ref o BRE A
W TERE Lz, BREETIZEWT, SRRV X =2 5E05 46% 0= hra—
U (STD) £721%. 60% OFE A (HFD) #45-%2 8 HMfAE L, 1M I &1,

4 FFHERZOMBHERS LORELZHELT=2 V) 7 LT,

4-1-2. 7NV a—AfRIZ LD GLP-1 B A Y 53 ilE

4-1-1. [ZRR L= HETHEE Lz~ U 2 & 120 R# A% .20 mg/kg @ KR62436 (DPP-4
PLEER) 2@ O#h Lz, £ 30 k., ~7 AOFEND 100 ul D% haema-
tokrit-kapillaren® (2 TEIIX L. 1 mM @ diporotin A (DPP-4 [FHE#)% 10 ul AN THW
72 15mL F=—7IZBL 0 gV vE Lz, 0%, 15gky O/ va—R%
&G L, 20 15 55tk 0 2OF 7L ERBRICY 7 ADFREN B Mg 2 B L
7o B L7z 20 L7z DB, ELISA {12 X - T, active GLP-1 B8 LU &

U i i R 2 JE L7,

4-1-3. & ORI
4-1-1. [T LTI FETHE LI~ 2% 12 e, B e SoaE Ly 2

cm BIDRGE & L=,

4-2. MR OREEEF L OSEY L]

4-2-1. GLUTag #MAEMES
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GLUTag #iflu% 10% FBS &4 DMEM (Z#%# L C. 100 mm K5# dish (Becton,
Dickinson) [Z#EFf L. 37°C. filfid, 5% CO, fF/E FThi# L=, MifE» dish %% 80-90%
HH D E T LIz & 2 A THE RIEXERE . PBS CTHlfla% 2 BIEE L7z, 37<I2. 1
mL > 0.25% trypsin, 0.02% EDTA &4 PBS % dish (2%, 37°C, 5% CO2 f#{£ F T
1 EA ¥ a— LTIl A FES Yo, 7272612 dish NoMaiiER %~ 1
mL @ CS Z A7 IZEIN L7z, & 52, 8mL @ PBS T dish #¥E\2
ZiZ R Uit 2B Uiz, 15 b /o flilarziEik 2 300 X g T 3 rffEl Lok,
Z0O REERE GO HdEZ DMEM (R L7-, £ Om &4 H Ly 100 mm 13
# dish IFFRE L., 1mL @ FBS BLXOEEN 10mL (2725 K 512 DMEM %z T

37°C. fiE. 5% CO, 1#(F F CE:#E L7,

4-2-2 Plate ~OMIfEOREFE

4-2-1. \ZFE L 72 BT b o MRV ek O R 8cA | I ERGH R 2 -V CHRE L,
25 X 10° H L<IX 5.0 X 10° cellssmL &72% X 512 10% FBS &4 DMEM CHiifa
R = &R L=, Z#Z, 12-well plate (Becton, Dickinson) @4 well {2 1mL, L
< 1% 24-well plate (Becton, Dickinson) ™4 well {2 500 uL #F#E L, 37°C, fiafie, 5% CO,

FIE R T 24 REERGEE LTz,

4-2-3.  FiE O IYALER IS K OHIITG
4-2-2. IZE LT FETEEER LA, 37°C [TiRD 7 PBS T 3 [HIPEE L7-%., 4%
FRIE R DI & de 10% FBS &4 DMEM TILEOEEEHNK L7~ ZOR, £ ToORE

THM D vehicle DIEEE 0.1% (272D L 52 Lz,

4-2-4. RO RERAEELE
4-2-2. [CE LT HIETEEE LA . 37°C [CiEs7- PBS T 3 [HIEEis L7-1%. 5
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Witk % &te 10% FBS & DMEM TLEORMIMITN L=, AEIEEIL, fatty acid free
BSA % 10% FBS A DMEM 2 2% [ZR 5 X5 I LI-0b, NIV F UiEET-
IF VA VEBRAEEOREICRD L)z, D%, 45C T 5 A ¥ a2

— 3L BSA LENiEEAHESSE-0L, 37C IR LI-BICAE LT,

4-3. Real-time PCR £
4-3-1. Total RNA Dt

24-well plate (ZHERE LR ORFRIALE L= #ifnz ok L7z PBS T 3 [EI¥EH L7=14.
500 uL @ RNAiso Plus % well (ZNz 72 Uk, MfaaEfifiz 1.5 mL F =—72[q
WL, =T 5 2EE L7z, CHCl; % 50puL Nz L <#\H L%, 12,000 X g T
4°C., 15 syiE L L, EEAEH7-72 1.5mL F 2 — 7 (ZEUL L7z, 2-Propanol % 500 pL
Nz, IR T 10 REE L=, 12,000 X g T 4°C. 10 sfEo L EE 2R,
75% Ethanol % 500 pL A%, 7,500 X g T 4°C. 10 &L, vhBZ 7% LT B
ZRN T, K9 10 43ELE S, 1 X DEPC treated water 7% 50 pL Nz 0Bk 2 ¥ fif S

7=, B 57~ total RNA [T -80°C TIRAFE L 7=,

4-3-2. Reverse transcription (RT)

AHVEIL PrimeScript® RT Master Mix (Perfect Real Time) Z WD~ 1 k22—
JVICHEL THT o 72, 4-3-1. THEH L7z total RNA &K DO FE % NanoDrop® spectropho-
tometer ND-2000 (Thermo Fisher Scientific) # N CHIE L7z, 500 ng ([Z/H¥4 3% total
RNA &% PCRtube (V I Y »#&4k) (2 & Y RNase Free dH,0 #/x C4&&% 8
UL (2 L7-#. 5 X PrimeScript® RT Master Mix (Perfect Real Time) % 2 uL iz C4&&
Z 10uL & L7z, AE &7 4%, PCR Thermal Cycler Dice® Gradient (% 7 7 /31 A #k
Katt) Z T RT ISE{To72, 56472 cDNA #&#k|% DEPC-treated water T
20 fEAIRL721% -20C THRAF L7z, RT RUSEKHFIZLLTOMEY ThH D,
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37°C 85°C 4C

15 min 5 sec ©o

4-3-3. Real-time PCR

AHEIX SYBR® Premix EX Tag™ 1I (Tli RNaseH Plus), Bulk % HW T En 71 k
a—)LIZHE L TITo 70, XU OIZ PCR NEIRZ T L, PCR tube (HAY = 17 4
7 ARRASAE) 12 18ul T LT, £ 2T, 4-3-2. THEHAL/Z cDNA &i% 2 ul
Mz, A&7 4% Thermal Cycler DiceTM Real Time System (& 7 7 /3 A Ak )

Z T PCR tn%1T->7-, PCR JSSMIFLA T Dm@Y) TH 5,

Hold 2 Step PCR Dissociation
95°C 95C 60°C 95C 60°C 95°C
3 min 5sec 60 sec 15 sec 30 sec 15 sec
40 cycles
4-3-4.  fiEHT

K47 v threshold cycle (Ct) fii% 2nd derivative maximum ¥5i2 L 0 B H L, Fxf
AR B & VR L TR 70 PCR HAIRZNRAY 100% (2T 2 L 2l L7k, 4

ACt JEIC X W RNA FENHEICHAE LT,

4-4. PCL/3 I&EMEMIEE
4-4-1. M@ OEIY
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LUF OBMEIIOK ETITo 72, 24-well plate [Z#EFE L{TE ORFFLE L7-#ilnz 4°C
® PBS T 3 [HI¥i Liz#. 1 mM CaCl, 44 1 x PIPES buffer 200 uL %4 well (20
Z. BNVAZ L—R—=THIL, 15mL F2—7 (X&ttAF - 477 4 H) (2B L
7. Y =% —< =3 > (Handy Sonic Tomy) %47V>, 15,000 xg T 10 4rffliE L L7272 1.5

mL F=—71Z B{EZ BN LT,

4-4-2. Bradford JEIC X DX LR REDUE

Bradford reagent % M/ E &V ie water T5 &R L. I (GE ~V AT T A
A A = ARASHE) T L7z, £70, 4-3-1 THLALMEY 7L e water
TIEREORERTHM U7, 10 b OFFERREE standard BSA %3 K O R L 72 #llfa -
7% 96-well plate ((E A ~_—72 T 4 MESHE) 1A 72, S 6124 well (2 200
uL @ 5 %77 Bradford reagent % % 72, 595 nm (2351 2 Wt % microplate reader

iMarkTM (Bio-Rad) (= & 0 #illiE L, Mt 7o & X7 R EE 2R E Lz,

4-4-3. PCL/3 IEMEDRE

4-4-2. THOLNEH T ANE, —EROHX X7 2 EF it 7 Vw2 1.5mL 5
a—7ZE o, BT, MY EEHET 180 ub 72 % L 912 0.1% BSA-1
mM CaCl, &# 1 x PIPES buffer 2/l x7-, = ZIZ 20 uL ® 4 mM ¢ E
(Boc-Arg-Val-Arg-Arg-MCA) Zhlx., 37°C TG SH7z, 30 571412 800 ub D&
1E# (1M acetate buffer pH 4.8) Z W1z, Yo 7% 10 mm A O A HEEI/VIZED |
emission 460 nm/excitation 380 nm @ 3% £ C fluorescence spectrophometer F-2000 (1 #1

HSZEUERT) & I CaOtsREs 2 HIE L7z,

4-5. Western blot 7%

4-5-1. Total cell lysate @ FHHL
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LLUF OFEITOK ETITo 72, 12-well plate (ZHEHE U(EE OFFFEIALE L 72/l %z 4C
® PBS T 3 [A¥EiE L7t lysis buffer 2 75 uL Nz, |/ R 7 L— X—CHllE % 3
L. 15mL Fa2—7ZE LIz, Y=/ — 3 %47V, 15000 x g T 10 4rfHiE L
L 60uL o EEZH-72 15mL F=—7IZmIL L=, % ZIZ 5 x sample buffer % 15

puL iz, 95C T 5 MBS LY 7% -20C ThRiFLT,

4-5-2.  Western blot

4-5-1, THROLNTEY > TNV ELEORED polyacrylamide gel (2 15 uL ¥>7 7' Z
A L., 125V OFEEETK 90 /7 MESKIKEN 21T o 72, vkEhf& 714, gel % transfer buffer
IR LTUEER L, B R 744 blotting 2@ (Bio-Rad) # HWTZ/L—#%472 0 150
mA OEEFT 1 KFfi] PVDF &, F7-1X= koL a—XEZ blotting L7z, PVDF
D54 . methanol (24 10 43fEliR L. & 5T transfer buffer (212 L TA5 blotting (2
7z, Blotting #& T I28<% Block Ace (2 1 FEfLL LR LT blocking #1T7- 7214,
TTBS Ty L. 1 RHUARIZIE LT 4°C. over night TG S 7=, UGS T, TTBS
T 10 /T 4 [\ L, 2 RURE LT e T ALBiR D D\ E HRP AZRRBL AR
ZHWT, 4C T 3~6 KEliE LKL S W7z, RIGK T, TTBS T 10 Z3f#7> 4 [A]
Ve L7c, 2 kbtik & LTedF oAbk iz 86, ABC-HRP IikIZIZ L TR
T 30 yMEEL S L, TTBS T 10 /¥ > 4 P L7t . Western Lightning®
Plus-ECL Z#E & L bRt 74 b¥ ¥ 7F ¥ — AE-6960 A (7 h—fkAS
) THIHI L7z, 2 kUL LT HRP Bk ILAE V725613, TTBS Wikl

Western Lightning® Plus-ECL T3¢ &8 L7z,

4-6. ELISA £
4-6-1. FHAEOEIY
LT OEAEIIK | T1T - 72, 24-well plate |2 #5FE LAEE ORRIALE L 7= filag 4C o
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PBS T 3 [EI¥E#H L7-#. 0.5% BSA-0.1 mM diprotin A % glucose free Krebs-Ringer
buffer %2 250 uL % well |2z BV A7 L— X—=THIL, 15mL F=—7 2L L7,
Y= —va Ty, 15000xg T 10 SpflE L L, BiEEHZR 15mL Fa—T

R Uz, oY 7L -80°C TIRTE LT,

4-6-2. Bradford JEIC LB Z X7 EEDORIE
4-4-2. |[ZHETS S, 4-6-1. THONIZY 7 VA W Bradford 21TV, 56072

YU TIND L NI R RE LT,

4-6-3. GLP-1ELISA
AEREIZ L B 2% GLP-1 (Active) Z W CHRIBO 7 1 ka2 —/Lc#E L CTfT- 7=, 4-5-1.

THLNTZY o TIVE, F v MEBOREER 2 T 100 AR L TRIE L7z,

4-6-4. A > AV > ELISA
ABEII~T AL A VHIES y hEHWTCHEO Y v ha— LI TITo 7=,

P TAT, EHF Y MY R ORRER 2 IO TRR L7,

4-7. RT-PCR 4
4-7-1. PCR )i

AHRIEIL, TaKaRa Ex Taq® ZHWTHBO 7 1 b a2 — LIZHE L TIT - 72, ROGIRIE.
18 uL 1Tk LT, 4-3-2. THEH A7z cDNA &% 2 ul 72012, PCR #1772, PCR
DGR, LT DY) Th D,

GAPDH

94°C 94°C 57°C 72°C 72°C 4C
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3 min 0.5 min 0.5 min 1 min 7 min oo

24 cycles
XBP-1
94°C 94°C 60°C 72°C 72°C 4°C
3 min 0.5 min 0.5 min 1 min 7 min oo
30 cycles

4-7-2. THO—=ATNVEKSKEZ L D PCR EM ORI

4-7-1. THBHNZ PCR ML 6 x loading buffer % 5:1 OEETRAEL., &2&%
XBP-1 ¥ 7 /L1 3.5% (w/v) agarose gel, GAPDH > 7 /L% 2% (w/v) agarose gel (Z
774 L~—7%— (lkb plus DNA Ladder) & & $1Z 100 V OEEGR T ERHER
Pk L 7=, vkHEh#% . agarose gel % 50 pg/mL EtBr IAKICIR L, B9 RS T cDNA @

splicing il L7z,

4-8. HEEHALER

2 BEIOA BZAREIL Student’s ttest TYTV Y, 3 #EMLL EiX Bonferroni/Dunnett post

hoc test T17->7-,
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5. FEBukER

5-1. ~URBENDD GLP-1 WK 2 BB RARIC K 28
5-1-1. HIEMRAMICL2KE - fbEHE - 1 R Y U RWA~DF

5 B OMEME~ 7 2 CBWT, 8=y Fr— LR ELEEEIR AR S, K
HB L OMPEEOE ., 7o b ITHEAMIZE DA VAU U3 UNT DWW TN LTz, 20
fEd, 8 WM OEEMEANIX, vV AKRELHINS 72 (Fig. 1A), F7=. 12 Fefi
BHB L 15 glkg O 7L a—2ALER% 15 SI2BWTEIEEAR~ 7 2B\ T

MFEE (Fig. 1B) 3L O > 2 U I HEE (Fig. 1C) ez = L7z,
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Figure 1. Mice were increased body weight and impaired glucose homeostasis by
HFD treatment.

A, changes in the body weights of mice fed a high fat diet (HFD) or normal diet (STD) were
monitored for 8 weeks. Blood glucose levels (B) and insulin levels in the plasma (C) were de-
termined before (0 min) and 15 min after the 1.5 g/kg glucose treatment in mice fed HFD (n =
8) or STD (n = 7) for 8 weeks by oral gavage. All data shows the mean + S.E.M. and statistical
significance; * p <0.05, ** p < 0.01, *** p < 0.001 vs. STD mice at the corresponding times. ##

p <0.01, ### p < 0.001 vs. the corresponding 0 min group.
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5-1-2. FEAEMBARICBIT S GLP-1 R - BEAE~DHE

8 WH ORI BRAMEIC, 12 FFffERE 7 /Lo — 2 LEL, mHo GLP-1 R
ZJE L, GLP-1 ZpMREDZAb 2 Mt L7z, £ OfER, 12 Kl &% o HIRE T,
MO GLP-1 WEEIXMAIZI W TEALRN 2o To iy, Zha—2fk Nk s 15 5
BWTHLLD GLP-1 RED EHIEL, SmiEEAN~ U Ak W Tifl =7z (Fig.
2A), =2 T, BEZEILL, GLP-1 OHIEXATH 5 proglucagon DiE(x1-58 814 fife
LTz E A, BERIZHBW T, proglucagon mMRNA OB Z TR O L2~ 7= (Fig.

2B),

2.0

N
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1

a2 NN
o O
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Relative expression of Gecg
(normalized to 18s rRNA)

in the plasma (pg/ml)

Active GLP-1 levels
(=) [4)]
@

STD HFD STD HFD STD HED
0 min 15 min

Figure 2. GLP-1 secretion was impaired in HFD-fed mice.

A, active GLP-1 levels in the plasma was determined before (0 min) and 15 min after the 1.5
0/kg glucose treatment in mice fed HFD (n = 8) or STD (n = 7) for 8 weeks by oral gavage. B,
the expression of MRNA for proglucagon in the intestines of mice fed HFD and STD for 8
weeks was detected with real-time PCR. The ratio of each mRNA level to 18s rRNA was calcu-
lated and the values of STD mice were set to 1.0. All data shows the mean + S.E.M. and statis-
tical significance; * p < 0.05 vs. STD mice at the corresponding times. ### p < 0.001 vs. the

corresponding O min group.
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5-1-3. ®EAEMEARIC L 5BE Co/MIEA L RADOFHEE

EAE AL, IS/ NaEA N LA EZFEST L ENALNTWD, 2T, K
(Z GLP-1 WA 13/ MEEA B U ARFERE S NIAERTII RV EE X, BEICBY
T, /MafEA L A~—h—ThH % CHOP O#fs B AR L, TOME, BE
IZBWT, RIEAANIZL>T, CHOP OB THRENFEINTND Z L AR

=i 7= (Fig. 3),

w
o
1

N
(63}
1

Chop
N
o

=
a1
1

o
al
1

Relative expression of
(normalized to 18s rRNA)
=
o

o
I

STD HFD

Figure 3. HFD induced ER stress in the intestine.

The expression of mMRNA for CHOP in the intestines of mice fed HFD and STD for 8 weeks
was detected with real-time PCR. The ratio of each mRNA level to 18s rRNA was calculated
and the values of STD mice were set to 1.0. All data shows the mean £ S.E.M. (n =7 - 8) and

significance; * p < 0.05 vs. the STD-fed group.
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5-2. GLUTag MEfRIZRT B fERGER DE
5-2-1. HERAERALEIC X B/MafER b LR DOFHE

KIZ, /M L MRk TH S GLUTag MR BaFIfEIIEE TH 55V I F U E 7213,
NEAFNENIEE T D A LA I a JLE L/NERA N U ADRFFEI N D )R LTz, £D
FEER. 27UV F UL, GLUTag #ICERBWT 12 BL O 24 K UVT CHOP @
R TR ZFE Lz (Fig. 4A), 72, 24 BEIZBWT BiP OG- RELFHE L
7z (Fig. 4C), F7=. 24 FFIZBNT, » VLI FUmALEIL, PERK O U VL% T
ST (Fig. 4E), L)L, A LA VBTN G ORITFEI N2 o7 (Fig. 4B,

4D, 4E),
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0.5 mM Palmitate 0.5 mM Oleate
5+ 5.
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Figure 4. Palmitate induced ER stress in GLUTag cells.

GLUTag cells were treated for the indicated periods with 0.5 mM palmitate (A and C) or oleate
(B and D). The expression of mRNA for CHOP and BiP were detected with real-time PCR. The
ratio of CHOP and BiP mRNA levels to 18s rRNA was calculated and the value of time 0 was
set to 1.0. E, GLUTag cells were treated with 0.5 mM palmitate or oleate for 24 h. PERK phos-
phorylation and actin were detected with western blot. ~ All data shows the mean + S.E.M. (n =

3) and significance; * p < 0.05 vs. time 0.
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5-2-2. FERAEBALEBIZ X % PCL3 BERIEME~DE

~ U ADOKFNG, FIRRAWICE Y GLP-1 oD R S 23, GLP-1
DB FRBUNIBER 2o T2 2 &nh . GLP-1 EANELZZITTND EE R,
GLP-1 PEAREFE THDH PCU3 IZEH LTHEBRZIT-72, 0.5 MM OV FUgET
T4 VA VA 24 FEHRK L PCL3 OEEETEMEZIIE Lz, ~L I F VIR I &

> T PCU3 DOEEFRIEMENBA Lz, — T, LA VERTIZZOREILRD S/

-7z (Fig. 5),
A B
N.S.

© 1.0 Q'IO"
O O
o o
] IS
= =
= =
T 0.5 ©0.54
[0 ©
] ]
= =
8 T
[] [}
4 x

0-! 0-

0 0.5 1 0 0.5 1
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Figure 5. PC1/3 activity was impaired by palmitate, but not oleate.
GLUTag cells were treated with 0.5 and 1 mM of palmitate (A) or oleate (B) for 24 h. PC1/3
activity was determined in the cells as described in the Methods. All data shows the mean +

S.E.M. (n = 3) and significance; *** p < 0.001 vs control.
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5-2-3.  PCLI3mMRNA HBLER L ¥ /37 LV A~DEHEBBLE DR

RIT, PCLI3 DEERTENMEDIAD DRI Z B 52T 572, 0.5mM D730 I F U
FTA VA VR 24 BERIFPE L. PCL3 X L X7 LUV ERET LTz, & OFER,
2V R F UBRALEIC I T, PCL3 DX LRy FgHRN D LTz (Fig. 6A), —J7. PC1/3
MRNA L L Z R LT & & A A F UL 5 272 7= (Fig.
6C), AL A VERIZ.PCL3 D& /X7 & B IOEEFHRIUTITEZE L 2h» 72 (Fig.

6B, 6D).

34
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Figure 6. PC1/3 protein level was decreased by palmitate, but not oleate, without
affecting the mRNA expression.

GLUTag cells were treated with 0.5 mM palmitate (A and C) or oleate (B and D) for 24 h (A
and B) or the indicated periods (C and D). PC1/3 and actin protein levels (A and B), and the
expression of MRNA for PC1/3 (C and D) were detected. The ratios of PC1/3 levels to actin,
and of each mRNA level to 18s rRNA were calculated and the values of the control were set to

1.0. All data shows the mean + S.E.M. (n = 3) and significance; *** p < 0.001 vs. control.
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5-3. GLUTag MEfRIZIIT 5 LPS AEIZ L HHE
5-3-1. LPS &2 L3 PCL3 iEE~DFE

2V F BRI, toll-like receptor 4 (TLR4) Hli+ o Z Lo Tnsd, £2 T
WIZ, TLR4 OFHIETH 5 LPS TULE L PCL3 BERIGMEDE L% g8 Lz, T Ok
. 05 BLO 1 pg/mL @ LPS T 24 HFfFH L TH PCL3 FEATEMEIIA BEIZITK

T L7772 (Fig. 7).

N.S.
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& 1.04
[=]
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2 o5
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o- 0 0.5 1
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Figure 7. LPS did not influence PC1/3 activity.
GLUTag cells were treated with LPS at the indicated concentrations for 24 h. All data shows the

mean = S.E.M. (n = 3).
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5-3-2. LPS A&zt % PCL3mMRNA REEBLIVF /37 LL~DE
Wiz, LPS #li#iz X% PC1/3 @ mRNA REER L OX X7 LL DAL & iR
L7z, 1 pg/mL @ LPS C 24 WHIE L7-354TH,. PCL3 mRNA FELEE L O¥

PR LLTEL BB Lo 72 (Fig. 8),

A B
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PCTS |l <
= A
] Actin
o
kS
» — 1.0
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€ B o5 £
o= 8
=9 =
s E O
ce Q- 0.5
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Figure 8. LPS did not influence PC1/3 mRNA and protein levels.

GLUTag cells were treated with LPS at the 1 pg/ml for 24 h. The expression of mRNA for
proglucagon or PC1/3 (A) and the protein levels of PC1/3 and actin (B) were determined. The
ratio of each mRNA level to GAPDH was calculated and the value of the control was set to 1.0.

All data shows the mean £ S.E.M. (n = 3).
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5-3-3. LPS AAEIZ LD GLP-1 b ~DEE
WIZ, LPS MLEIZ LD GLP-1 3D bz fi#r L=, GLUTag #lifi% forskolin,
IBMX, 3 X O glucose T 2 HRRHINT D & GLP-1 /bR I ALz, 2 O3

1pg/mL @ LPS T 24 FEf#IE L7 b THREBEEZZ T2 -7 (Fig. 9).
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Figure 9. LPS did not affect GLP-1 secretion.
GLUTag cells were treated with LPS at 1 pg/ml for 24 h. Glucose, IBMX, and for-
skolin-induced secretion of active GLP-1 during 2 h was determined. All data shows the mean £

S.EM. (n=3).
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5-4. GLUTag #ifRICIIT HIEMEEERTE (reactive oxygen species, ROS) DFLEE
5-4-1. >V I FUERE 2-bromohexadecanoic acid (2-BA) o HL#g

SNUIFUBRIT I P R T TOMREIT LT ROS & BA- S LA ML 2%
FHET L ENMOLNTND, £ T, ROS @ GLP-1 A & WM HIT 5 F B % fif
PFridee 90 I Far R TIZBNTRE SRRV LI F UBROFER 2-BA &
MWTHES L7z, 05 mM O/ b I FUiRETZIT 2-BA % 24 BfHLE L, PCL3 @
WERIEMEZJE L, TORE, 7L FUBBL W 2-BA & HICHEFEEAZET S

72N HEH ORI EITAE C - 7= (Fig. 10),
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Figure 10. PC1/3 activity was decreased by 2-BA as well as palmitate.
GLUTag cells were treated with 0.5 mM of palmitate or 2-bromohexadecanoic acid (2-BA) for
24 h. PC1/3 activity was determined. All data shows the mean = S.E.M. (n = 3) and signifi-

cance; ** p < 0.01, *** p < 0.001 vs. the control.
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5-4-2. HiER(LANZ LD PCL/3 BERIEME~DE
Wiz, B kA TH 5 n-acetyleysteine ZH\WT, 7L I FUMRIC L S PCL3 BERIE
MR TICERIT D ROS OF G4 at Lz, IR D n-acetylcysteine % 24 IRF[HATALE
LZD% 05 mM D 3L I F gl 24 BRFRIFERQLE L7z, £ OfR,

n-acetylcysteine Z#5-L T% PCL/3 DOEERTEMAR N IXEIE Lzd> 72 (Fig. 11),

1.2

1.0

0.8+

0.6+

0.4+

0.2+

Relative activity of PC1/3

0
Palmitate (0.5mM) - + + + +
N-acetylcysteine(mM) 0 0 1.0 3.0 10

Figure 11. N-acetylcysteine did not cancel palmitate-induced decreasing of PC1/3
activity.

GLUTag cells were pre-incubated for 24 h with n-acetylcysteine indicated concentrations and
then treated for 24 h with 0.5 mM palmitate. PC1/3 activity was determined. All data shows

the mean = S.E.M. (n = 3).
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5-5. GLUTag MiIZBIT B F VA VERE NN F U BRRIRLE D
55-1. 7V IF VBRI D/NEKRR FLRITHT DA VA CEROEIR

POV F VBRI X B/NARA B LRI A LA VR E DRIFFLEIC L - T T 5 2
EVHBILTWD, £ T, REBRRICEBNTSH, NI FUBIZLD/MafER Lz
DA VA VTS T 20 E I EMEt Lic, SVIFUiE A LA V% [RIRFALE L |
12 W% D CHOP OER T RBLZMNT LI & Z A, 7L FUERIZE %D CHOP mRNA
DRBBI RN A LA VEEOFFEFIC LD 2> b — L L~ L ECET L (Fig.
12A), F£7-. WhN 24 BFEHZICIF SV I FURRIZE Y XBP-1 DR T T4 2 TREE
NEN, ZNHF LA VEROPEEIHEAF L TEE L, /MUEA ML ABEM LTS Z

L SR SN 7= (Fig. 12B),

A B
Q 61
2
< z
8 z
34 spliced XBP1>
£a GAPDH X & =
X o -
€ _g 21 Palmitate (mM) 0 0 0.5 0.5 0.5 0.5
25 1 ## s  Oeae(mM) O 05 0 01 03 05
w £
2

0

Palmitate(mM) 0 0 05 05 05 05
Oleate(mM) 0 05 0 0.1 03 05

Figure 12. Oleate blocked palmitate-induced ER stress.

GLUTag cells were treated with 0.5 mM palmitate in the presence or absence of the indicated
concentration oleate for 12 h (A) or 24 h (B). The levels of mMRNA for CHOP (A) and splicing
of XBP1 mRNA (B) were determined. The ratio of each mRNA level to 18s rRNA was calcu-
lated and the values of the control were set to 1.0. All data shows the mean + S.E.M. (n = 3).

Significance; ** p < 0.01, *** p < 0.001 vs. the untreated group, and ### p < 0.001 vs. 0.5 mM
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palmitate alone.
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5-5-2. JVUVIFUERICE D PCL3 & U B ROEHIETICHT 5411 L BO
R

WIT. 7OV FURBIZ L D PCU3 &Z o _ U b R OVEMAR Tk 242t L
Teo ZORER., 7NV FURRIZED PCU3 OEERIEMIL LOZ X7 LYULOIK T
A LA CEEOWINC XY EE L7 (Fig. 13),

#iH
A © B
© 1,04
4. = PC1/3 | s
o *%
>
E Actin A ———..
O
o 2] Palmitate (mM) 0 05 0 05
2 Oleate (mM) 0 0 0.5 0.5
O
a
x

0_
Palmitate (mM) 0 05 0 05
Oleate (mM) 0 0 05 05

Figure 13. Oleate blocked palmitate-induced the impairment in PC1/3 activity.

GLUTag cells were treated with 0.5 mM palmitate in the presence or absence of 0.5 mM oleate
for 24 h. The PC1/3 activity (A), and protein levels of PC1/3 and actin (B) were determined. All
data shows the mean + S.E.M. (n = 3). Significance; ** p < 0.01 vs. the untreated group, and

### p < 0.001 vs. 0.5 mM palmitate alone.
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5-5-3. UL I FUERIZ X B proglucagon # L RZIZxT BERA~DZ VA VEROR)
R

GLP-1 AR FE CTH D PCLU3 DX R BLOEWESHA L T2 &hvb
GLP-1 o7 a{&T&h 5 proglucagon DX /37 L)L &fER LTz, 0.5mM DL 2 F
VEERITR 48 WRRiITZ TlX. proglucagon DX /X7 LAV ER UTC, £, LA v
fig & OFRIFFHKIZ L W Z @ proglucagon D% > /37 L~yLdD EFiTar ba—p L

JVE TR L2 (Fig. 14),

Proglucagon e

ACHN | — . — —

0.5 0 0.5
0 0.5 0.5

Palmitate (mM)

0
Oleate (mM) 0

Figure 14. Oleate cancelled palmitate-induced increasing of proglucagon protein.
GLUTag cells were treated with 0.5 mM palmitate in the presence or absence of 0.5 mM oleate
for 48 h. The levels of proglucagon and actin were determined. All data shows the mean +

S.EM. (n=3).
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5-5-4. VI FUBRIZL D GLP-1 BT AER~DZ LA VBROZER

WIZ, 7V FURRICE D GLP-1 UK D ERI DA LA U BROZN R 2 Bt L
72 Forskolin 3 L T8 IBMX, glucose THIIIE L7-FRD GLP-1 43¥siE, 0.5 mM D 3L
T U 24 FEREIATLE T S KT L2, 05mM DA LA UEEHIT 24 IFEL
BELTHOALNRN-T, DI, AL A VL LI F UBORILEZITo7- & 2

Ay 2V FUBBIZE D GLP-1 SO 3A EICEIE LT (Fig. 15),

25004 -
£ 20001
o
w2
0 £ 1500-
0 >
—_ 0
T
o £ 10001
oo
13
¢ = 500-
=0
<<
O_
Palmitate (mM) 0 0 05 0 05
Oleate (mM) 0 0 0 05 05
Glucose (25 mM) - + + + +
IBMX (20 uM) - + + + +
Forskolin (10 uM) - + + + +

Figure 15. Oleate cancelled palmitate-induced reduction of GLP-1 secretion.

GLUTag cells were treated with 0.5 mM palmitate in the presence or absence of 0.5 mM oleate
for 24 h. After incubation, cells were stimulated with glucose, IBMX and forskolin for 2 h and
active GLP-1 released were determined (n = 3). Significance; ** p < 0.01, *** p < 0.001 vs. the

untreated group, and # p < 0.05 vs. 0.5 mM palmitate alone.
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5-6. GLUTag MIfIZIIT B/ fafER b L AFHEEIK thapsigargin DFE
5-6-1. Thapsigargin O/NEKRZ kL X~DZhE

2V FUBBRDONFEDPIERA R U RAIZEES L Z & E I DICHERT A 70D, /K
A N U AHEIRTH D thapsigargin & AV CTHiET L7=, Thapsigargin % 1, 3, B XL O
10 nM T GLUTag #Mifld% 12 Fefj#IE L, CHOP B XN BiP OBEnF-HBL & ffEad L
77 ZOFER, 1 BELW 3nM @ thapsigargin TiZ. CHOP & BiP OFRHLIZZ kI 7
o7, 10nM @ thapsigargin 1 K > THlERFDIEHLA EA L7 (Fig. 16Aand B).
512, 10nM @ thapsigargin T 4,12, 33 XU 24 WFREIHIE UMK FIE 2 B L=,
Z DfEF,CHOP B LU BiP DU FHEIUIRIME 4 R o BA LTV D Z &3k
X7z (Fig. 16C and D), F7=. thapsigargin H¥ 24 B§#IZH1F25 PERK DV g
fbEBEL7Z& 2 A, 10nM @ thapsigargin (23T PERK DU gk ho—

JZHRT ER LT (Fig.16E),
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Relative mRNA levels of Chop

(normalized to 18s rRNA)
Relative mRNA levels of Bip
(normalized to 18s rRNA)

0 1 3 10 0 1 3 10
Thapsigargin (nM) Thapsigargin (nM)

Relative mRNA levels of Chop

(normalized to 18s rRNA)
Relative mRNA levels of Bip
(normalized to 18s rRNA)

0 4 12 24 0 4 12 24
Incubation time (h) Incubation time (h)

p-PERK | g™ gy ¢ g

ACHN | —® S—

Thapsigargin (nM) 0 1 10
Figure 16. Thapsigargin induced ER stress in GLUTag cells.
GLUTag cells were treated for 12 h with the indicated concentrations of thapsigargin (A and B)
or the indicated period with 10 nM thapsigargin (C and D). The mRNA levels of CHOP (A and
C) and BiP (B and D) were determined with quantitative real-time PCR. The ratio of each
MRNA level to 18s rRNA was calculated and the value of the control was set to 1.0. E, GLUTag

cells were treated with 1 or 10 nM thapsigargin for 24 h. PERK phosphorylation and actin were
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detected by western blot. All data shows the mean + S.E.M. (n = 3). Significance; *** p <

0.001 vs. the control.
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5-6-2. Thapsigargin @ PC1/3 BEREME~DZIR

Wiz, 1,3, BELO 10 nM @ thapsigargin T 24 FE#E L PCL/3 DEEHRIEM: % e
WLz, TORE, MAEA NV AZFELRDPSTRETHS 1 IETIC 3 nM D
thapsigargin Ti&, PCl/3 OEEEIEMEIIIK T Lrdro7c, LaaL, /MafkA L X %55

L7 10nM 1BV T PCL/3 DEEEIEMEIME T L= (Fig. 17),

1.24
1.04
0.84
0.64
0.4

0.2-

Relative activity of PC1/3

0 1 3 10
Thapsigargin (nM)

Figure 17. Thapsigargin reduced the activity of PC1/3.
GLUTag cells were treated for 24 h with the indicated concentrations of thapsigargin. PC1/3
activity was determined. All data shows the mean + S.E.M. (n = 3) and significance; ** p < 0.01

vs. the control.
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5-6-3. Thapsigargin ® PC1/3 mRNA EEHEB L OZ L R7 L_A~DFER
Thasigargin 1% 10 nM TDO A PCU3TEMHZIK T S22 006, RIZ, 1,3, BXLTD 10
nM @ thapsigargin T 24 Bif#IE& L PC1/3 OEfnREBLOH L R7 LUL & T
Wi, ZORER, MMIEA NV ZAEZFE LR SRETHD 1 WIZ 3 nM D
thapsigargin Ti%, PC1/3 mRNA LU B L7ed, — 5T, X237 LoyUZidsE
B2 72 o7, LU, /NMEAEA ML AZFFE L7 10nM (128 Tk PCLU/3 mRNA

SOV BT, H T LUV LTz (Fig. 18),

PUTIS | i —.

2.0 .
ACHN | —————

@ Jedk
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o &-1'5' Thapsigargin
° =
»
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Figure 18. Thapsigargin reduced PC1/3 protein levels.

GLUTag cells were treated for 12 h (A) or 24 h (B) with the indicated concentrations of
thapsigargin. The protein levels of PC1/3 proglucagon and actin (B) and the expression levels of
MRNA for PC1/3 (A) were determined. The ratios of PC1/3 levels to actin and of each mRNA
level to 18s rRNA of the control (A) were calculated, and the values of the control were set to

1.0. All data shows the mean + S.E.M. (n = 3) and significance; ** p < 0.01 vs. the control.
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5-6-4. Thapsigargin @ proglucagon % > /X7 L~XUL~DZhHE

Thasigargin 10 nM (2 & % PC1/3 OiEM:DAX T A3 proglucagon O 73 i 2 555 L T\
LZEIMERLMNITH2DIT, 1,3, BLO 10nM @ thapsigargin T 24 B[
L7=%. proglucagon D% > /37 LVl Lz, EOREE., /IMaiRA LA &2
L7z, PCL3 ®X /X7 LYK F &E72 10nM (28T proglucagon &% 737

LLs B U7z (Fig.19),

proglucagon T —

ACHN | —— e — ——
Control 1nM 3 nM 10nM
Thapsigargin

Relative protein levels of proglucagon
T

0 1 3 10
Thapsigargin (nM)

Figure 19. Thapsigargin increased proglucagon protein levels.

GLUTag cells were treated for 24 h with the indicated concentrations of thapsigargin. The pro-
tein levels of proglucagon and actin were determined. The ratio of proglucagon levels to actin
was calculated, and the values of the control were set to 1.0. All data shows the mean + S.E.M.

(n = 3) and significance; *** p < 0.01 vs. the control.
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5-6-5. Thapsigargin @ GLP-1 43ih~D%hE

GLP-1 FEA DR TN DM EDIL TIZORBH0E D DEERT A0, 1 BXIW
10 nM @ thapsigargin T 24 FEREIHIIBLL7-1%. GLP-1 O W AR Lz, £ DOfE%R
forskolin, IBMX, glucose (2 & > THWwsS415 GLP-1 1., /NMaEEA N L AZFHE L)
STRETH D LnM O thapsigargin TORTALE TIHK T Lo 7z, UL, /Mafk

AR L AEFE LT 10nM ORI CIE GLP-1 O WHME T L7 (Fig.20),

2000

*hkKk

*kk

1500 A
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Figure 20. Thapsigargin reduced secretion of active GLP-1.

GLUTag cells were treated for 24 h with the indicated concentrations of thapsigargin. Cells
were stimulated with glucose, IBMX, and forskolin for 2 h and active GLP-1 released was de-
termined. All data shows the mean + S.E.M. (n = 3) and significance; ** p < 0.01, *** p < 0.001

vs. the control and # p < 0.05 vs. the non-treated group.
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6. BLE

AHFFETIEL, =V AZBWTEIENTEARIZELY GLP-1 MR T 425 Z L 27w
ZlTz, £ L U CEREORIFINENIEE T/ NG L M MafEA S L 2 Z23F8 L
PC1/3 DX /37 L~ L7p b NCERTEMEZ IR T &8 GLP-1 FEAZ D S ¥ 52 &,
ZORER E LT GLP-1 pE D &85 2 EAVRB Sz,

~ UV AZEEREAW T D L, EA A VIIE &7 0 IS E S O%, K
B MO HRZ A LT 2 BBERIFB L 2B L EZ LN TWS 3 SEOKBRFHICBNT D,
8 WM ORIEMEAMICEID ~ T ADEENEMT 2 & & biT, 12 Kty &
glucose %05 15 0% O MAEHE (Fig. 1A, 1B), BLIMHF DA 2 Y Al L5
LTHY (Fig.1C) . A » AU VEFIABFE SN, @A VAU VIJEICE>TNDHZ &
DIRIB STz, ZORED, GLP-1 Z3isid, 12 BRI R % O I R I 21T e o 7203,
glucose 5D GLP-1 WA EICIKTT5Z L2 RWE L (Fig. 2A), A A Y
VMWD TTHE L TV AIZH 05T GLP-1 O WME N L72Z &, miEARA
FHE E B MR LY 2647 LM L MW THERBAEZHEL TS EE X6
b, —J7. GLP-1 OBIETTH5H Geg DHBLEMR LI- L ZAEBIRARIZE -
T L TWiedo Tz (Fig. 2B), ZORERND, GLP-1 2 WEOMK FiX, GLP-1 DHi
BX{ARTd % proglucagon DB TFHBDME T L7272 TlEZe < GLP-1 O &R E 721357
WREIHI S TWD Z ENRE ST, @ RAMIL, BREFEEOEmET L& L
THHENTEY, [FEREZ ST IERMONA TS 28 S5, miERAN
1. IS B A 72 Sl MR R B L AZFEST S Z L bMbh T D W, RBFET
H, R EAN~ U AIZB W TMBICEB W TMIEAR L A~ —J1—ThH % CHOP
DBETHBN EF L TNWD Z LRI (Fig. 3), ZDZ &b, EIENEARN

CRDIREREE D/ NHIZBOT/IMIEA N AEZFHFEL T D ATEEME D R <RIBS 1
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72

BN EAMIZ L D GLP-1 MR T 2 S BIZFEICAIT T 572012, =7 A/
I L etk Ccdh b GLUTag Mz AV TRt L7, GLUTag #Milaix. glucose #illFkic
K% GLP-1 ZpbREAHMERF L CWDMIMEE CToH W GLP-1 ZpFSEIZ L STV 55
JatkTH 5, ftho~ v A[fEETH 2D STC-1 MfRIZlE T, EEICHb LIzl TH
0 AR X OSEE R S WMEEME IS LV A ST T v M MRER R G R o
B EFHTS Z EAAETH D P, X512, GLP-1 iz 5. glucose O
U= I T v R, HES ORI FRE NS — v~ U AGEOEEE L
M & FEF LTV A %, b o Z i, GLUTag MRS T 2 RGiE~ 7 A 15

IZBWTCHFEBROICHER IS Z LRI TE D, EBRICZILE TOMFEIC

BUWT GLUTag #MMa L A5 L MAICH O CRBED SAER STV 5,

sV TFUBRIT, IRFEE 16 ORIFIAENIE TH D /NNUEA N LA EFHET 5 Z L3
HEINTWb, AfilaTh, CHOP BLW BiP OB FHL, 8L PERK OV
AL DSFHE S AL DA A R L ARFFEI L TWD Z LRI (Fig. 4A, 4C, 4E),
— 5T, —MMOREIFHEER CTH DA LA VEETIEZ ORISR E L oTz, ZOfER
XL oMk TOME L EET D, AR A NV AEZFET L —D0DA = AL E L
T, 2V TFUBRIT, MAEREO U RS ORI EE & A EFIAEIEE O IR A b S
FHZEnmbENTWD Y, &BHIT, 2O EORFIIEIIEE & REaFIiEIIEE O LRI,
ANEAFINENIE 2 [RIRFALE T 5 2 IRV EBEESND Z L A BTN D, /NaAE E o
U BB OFREIEE 72 & NI A BRI ORER 2 M54 2 2 & 12X Y GLUTag
HPIZ BT D/ A A N L AFERA D = X LDOITICHER TH D L& 2 NS %R
TAREIFETH D,

SOV FUBRIT, MERD Ca¥t TRA AL VAT BE 525 2 ERRESATY
%, Proglucagon 7% GLP-1 ZUJ0 HI#E TH D PCL3 1% Ca™* {KIFMEDOBE R TH

0V B PCL3 DIEFIEMICEES L L EZ Sz, AT, 7L F UEEIZ PCLU3 @
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B RBNITE L 5 2 7o 7228 (Fig. 6C), PCLI3 DX 237 L~ULE L O
IEEOIK T 2358 L7z (Fig. 5A, 6A), 1 B MifiCis W Tix, PC3 (2L > T proinsuilin
25 insulin ~E AR EN5iEREE Cd® XL —X— L VHET S & proinsulin ¥
VR BB L insulin EANRADT D EWES R TWD BE RIFETH, LR
FUALEIZ LD PCU3 JEMEDMET L7226 T T, GLP-1 DOHIE{ATH % proglucagon
H Ry ENEEINT D L DSHER S, GLP-1 OFEAMETLTWD Z EAVRIE S
oo TNUHOFERIT, GLP-1 /pbEN A LizZ & (Fig. 15) 76 b Shiz, ik
DX HiZ, 7OV F UEEE GLUTag MBICE W T/RMERA ML A2 FET 52 L
PCL3 DX /X BHIKT & GLP-1 OFEAZIHITHZ LI2X Y GLP-1 O43ihE
FRTEED ZENRR SN,

WIZ, 7V FURRICE D GLP-1 PEAK T AVMEE R F L RAZFELIHERTH D
MESIE ZHMICHRF Lz, 7OV I FUEEE, MaRA R L ALSMZ TLRA 1T
A LRIERISAFET L 2 ERMOHATVD O F7-< 7 2238 T, ethyl palmitate
ZIMHIRED 05 mM IZ722 K O ITFRHEEA L72FRICR W T, i B MifRizisnT
TLR4 %A Lo RIERIEA R SN THY | SEOKREHIHNTWD LI FUBIck
WTHIAEKIC TLR4 20 LB ® 2 alREMEN B 2 Bz . L L. GLUTag #
iz LPS THRE L7-3HATH.PCL3 DX R0 L-yLE L OWREEOK T (Fig. 7,
8) . BLW GLP-1 DK FIFFRD bR o7 (Fig. 9), 2B DFERMNL, L
LFUREIZ L D GLP- 1 FEAMRICIE TLRA ORI OFTFHIT/NS W I E AR Sz,
W LRz OMIfaIE, AR TH D RKBGEIC LD LPS IZHIFS HINTND, £DTD,
TLR4 O 7 FNVIZEETH % interleukin-1 receptor-associated kinase 1 DFEELA W/ L
THEY, LPS o6 L TEZMEMET LTS ®, GLUTag Ml M5 E ofiiaTH
D, LPS IZH LTSEMEFTLTEY, »LIFUBIZ K DR PMMRNATREMED 2
b o,

SVIFUBRIE, R b RUTIZENWT B BEic k> T ROS ZEAT S, Wl
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IRREMIERIC X > TREA SIS ROS 1, FEIRFICEWNT, A A U ARG Do AL
KACZFHFES 2 2 ENBE SN TND P, SHic, BRZRIEEIZE D ROS I2k-T
GLUTag MfEIZIBWTT AR b= ZAMEI L, GLP-1 WK T T2 2 & bR
TW5 % Linl, 7L FURICED GLP-1 FEAMBINEN bar RUT 24 L
7= B BRfLIC X % ROS 12X 2 AlHEMEIL 2-BA 35 KUY n-acetyleysteine % V7= Fia 7
LEGEMENEEZ NS, 2-BA I T/UL I FUBHERTHY . BE-LE S IFT, /8
VR FUEED K D 72 ROS PEANTE S Y E 72 n-acetyleysteine [ ZHTER{LAI &
LT ROS OFEMZMHIT 2, 2-BA & 7L I F U EFERKIC PCL3 OBEFRTEME AL T
S/ &, F72. n-acetyleysteine LV I FUBRIZ KD PCL3 OEEFRIEMAL T % [H
BEERPSTZENS, 2SI F UKD GLP-1 FEADOK TFIX, ROS I2X5 1
DTN EDRREBI T,

GLUTag #fifidid, GPRA0 <> GPR120 Z#FHL L TV *, /LI FUEBOEMN,
O DI RZRIZ L LS ZE X biIvd, AEIORFHIBWT, 7L I F UiEx
S HIFIZ, 2% D BSA fFH{EF TEREZT->TWVD, ZbD, BB AE~D
VBRI, ERPOREIEE SN L 7o T D, 2% @ BSA fFE FCIE, R
ilgIL BSA LA LTS EEX BN GPR Y7 A OBEI RN E RIS,

FUA VBT VI TF U ERIRREICE D SV I TFURIC K DN ER N LR E
T2 ENHLNTWD, AFRICENTH, LA VBRIT VI TF URRICE D/
Jafk 2 b L AOFEZIEI L7z (Fig. 12), D& &, »ULIFURIZE S PCLU3 DX
PR LAV EB L OEREEOER T b EET S5 2 & (Fig. 13), AiBRATH S proglu-
cagon DX X7 BO EF BT HHEND Z & (Fig. 14, 15) MRS iz, b DfE
ENG, 7SV FURRIZE DN ERA B L AR BN GLP-1 EEAMRIER I VTN
F oA BT SIS Z ERB B NIRRT,

BT, MO/ MEEA R L AFFEIRIZ L 5> TH GLP-1 OFEANMETT 25 2 & &R

L7z, Thapsigargin /%, sarco/endoplasmic reticulum Ca**-ATPase (SERCA) % [l % 5
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H/NEE A L AFEIETH S P, GLUTag M2V TH, 10nM o thapsigargin
%, CHOP X X ® BiP DiE{xF3H. (Fig. 16) 72 5N PERK @ U Vb L7 %5
HL, /MUEARA R LVARFEINTWD Z ERHER SN, ZOFRET TR, 2T
Uk & RIBRIC, PCL3 DEERIEMEE Z L7 L~ULDILF (Fig. 18). proglucagon %
PRI LoV D B (Fig. 19), GLP-1 O WEDIK T 235580 biviz (Fig. 20), L7223
ST, NVIFURRIZE D GLP-1 OEAMGHERIZ, MMIEA ML 2 2FEET S
thapsigargin IC L > THHEINTZZ LD, /MUEAR R LA PCL3 D& 237 EiK
TIZHEGLTWD LD EEZX LN, 7V FUfRIZ K D proglucagon % /37 & 5.
TERIZ, 48 B & 9 ALEREER S B 72 > 7= D% L, thapsigargin Tl 24 BFCTH
o7z (Fig. 13, 19), Z O /VV I F Uk & ORI 2T/ NMEE A b L R Z§FHE T 5
ICBWTHATE 2 LEAbNS, T70bb, CHOP X BiP OBIa 53BN/ LI F
VEATCIE 24 HERIE E ML EE 2 DIZXT L, thapsigargin 13 4 EEf &) BB W T T
AR A R LA EFHE LTS (Fig. 16C and D), ZHE TOWEICB VTS, L
IF VBRI K D/MREA B L RAIBERRIERICL Db DO THD LARENRTND Y, ©
NHEOZENG, /MMAEA NV ZADOFFEORS , HEDZEDS proglucagon DX /37 L
~NLE PR ESELHHOETHLEEZLND,

LEDFEREZF LD AH L (1) GLUTag M@l nT, »L I FUmIT/Maik A v
A%xFHEE L, PCUZDZ /37 LR T EE, GLP-1 OEAZK T SEDL 2 L2, (2
REAFEIIE CThd o A4 LA VERIT/ MR A F L A% GLP-1 PEAMR FIEM b RS20
ZELB) UL FURRIC L AERIZ.TLRA R ROS MEAZN LG TIER W &
(4) /AR A b L AFHEITH S thapsigargin 12X > ThH UL I F U &R U RS e
WINTZE, 61T B) AvA UBEFRRLEST D Z Ik > UMUK ML 2%
R 5 &I F URRIZ K DRI T 5 Z BN o7, 2D ORERN
5 B 22 A FIAR RS I AR R S L A &S LT PCU3 DX Ry LAV EIRT S,
FERTEMEZ TIT 2 2 & T GLP-1 PEAZA SH 2 Z &M R S v, Mk k
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LAIZED GLP-1 OWEIR TR RGN, 2L GLP-1 FEADIK T ORERTH S
EEBEZBNDN, SHBIGE DB OB IH STV D REME S EE TE P A% OmE
HETH D, ZIHD invitro OIFFEFER D | RIEMIRAN~ U AIZHB1F 5 GLP-1 4
WK T ICHEIARRIC X B/MAR A R L AREES L TWAH EEZBND,

b MZHEWTH, PCL3 DIEMENKIAT 5 BEA BRI L0 EHCHER#H B EEIND
TEDHEEN TS B, &5, PCL3 gene DU 7 ME, IOV A2 LIE
OFBENRSH 5 Z &b INTND > Fio, IBHIEL GLP-1 (i & A OB #
HEERTWs 28 ZnbnZ b, AEOBRIIIERED & MBI 5 GLP-1 4y
WK T O—2DHHZRRT HERTHY | o B E 22 G LRFEICE - T
MG L HIRIC B W T/MEEA L ARE LT, PCU3 # X7 i &4 LT GLP-1 FE
e PSR UL BERRIF O U A7 BRI S AaEME 2~ L7 (Fig. 21A), 7=, 4
[~ D 2DOE 5, 8 BMHOEEHEAMIZLY GLP-1 WA LTz, Lo
L, fHDA A PRET, ZEERERS LY glucose #% N HEGRFIZIBWT, =2 b —
JVEREZHARTHINL TRV B MIOBD DG E DRl & /NMEIZ I W TAR A )
S TWDHATREVEN R ST, Z OREIRIT, BERIEDIIE A I = X LIZBWT GLP-1
ST RN Z 0 . R, B B MR/ A b L A RERER 238 LT
WD RREMENRE X HivDd  (Fig. 21B),

AIFTEDND . ZIVE TORERIFDOFRIE A B =X LTI ZTH21Z, GLP-1 FEADIK
TEITT DPERIEOFEIE A T = X LD AREMED RE S FU70, ABFFEIT K 0 BEFRIEFEIE A
7 = R LOfRMANRHES, L0 BRRIEFIE DML K OT LT RIS T 5,
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Figure 21. Effects of ER stress on GLP-1 production.
A, scheme illustrating the effects of ER stress on GLP-1 secretion. B, scheme illustrating of the

model pathogenic mechanism of type 2 diabetes.
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