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Abstract

Diabetes becomes a global health issue as a result of the shifting of dietary habits.
Previously, the population of patients was seen mainly in the middle-aged and elderly,
but it is getting more frequently among young people. Glucose serves as energy source
for most cells. Blood sugar rises after a meal and is mainly absorbed by skeletal muscles
and adipose tissues. Glucose transporter 4 (GLUT4), the downstream effector of insulin,
takes an important role in glucose uptake. Insulin resistance would cause defective
insulin response in target cells, leading to hyperglycemia. However, approaches in
measuring glucose uptake are considered to be time consuming, expensive and not easy
to operate. Also, the results may be affected by other metabolic pathways in cells, and is
incompatible with the actual physiological environments. According to these
disadvantages, we attempted to establish a more rapid and intuitive method to measure
glucose uptake through the construction of a cell platform. Based on this reason, we
transfected a recombinant plasmid into CHO-K1 to produce GLUT4-eGFP recombinant
protein. Antibiotics selection was carried out to exclude the non-transfected cells. The
fluorescence intensity was analyzed to estimate the stability and expression efficiency
of this fusion protein. In addition, the GLUT4-eGFP recombinant protein is responsive
upon insulin stimulation, and the fluorescence was detected by Total internal reflection

fluorescent microscope (TIRFM) afterwards. The result shows that our detection
iv
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method is correlated to glucose uptake and is more efficient than the traditional

methods, indicating that this cell platform can be applied to screen potential compounds

with the ability to increase cellular glucose uptake.

Keywords: Diabetes, glucose uptake, recombinant protein, cell platform, TIRFM
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Pk T KRR A W2 2 R 72 5 (World Health Organization,
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AR 2 R E A B B AT P RS S 7 - 0 ¢ IDF e
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H AR 2 F D ehT B AT ARG R (4 > 90cem; ~ 12 > 80
cm) ~ i B (JeiER = 130 mmHg ~ &5 > 85 mmHg) ~ B F A v v
R (94 < 40mg/dl s+ < 50mg/dl) ~ % e A% E (= 100 mg/dl)
2 TG (= 150mg/dl) % > § =35 &0 00 Azt > T2 2 5 RBPbR g > F 3 2
- EH R G AEEEER AR E(FELAATIINVR A EE §, 2016) -

doi:10.6342/NTU201703098



2
R S R

W s & %R eh B S *% (Pancreatic B-cell) % 2 4 jwi% § % (Insulin) 2% §
%

SAVEAG P AR B B F AR AR G ER S

N

R ECHEUEE YL SV T L P R -

% % (American Diabetes, 2015) -

=~ AR
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P FR T o BT iz % (HbALC) ~ # 5 & #&(Fasting plasma glucose, FPG) ~
v PR H § M@t % ;8% (Oral glucose tolerance test, OGTT) 1 2 S5 a4k & ik
Rls® R TAF R BRR > FReMTEY -0 B OR S 2mstk o T
¥ %1 5 #% Fop (American Diabetes, 2015) -

1. # i ¢ % (HbALC) = 6.5%

2. #ax $(FPG) > 126 mg/dL (7.0 mmol/L)

3. OGTT Bz 2 | P15 & #k A (2-h PG) = 200 mg/dL (11.1 mmol/L)

4. g > 200 mg/dL (11.1 mmol/L)

T o~ DIRPE T EF

WL E R BRSO GRS 5 D AR - AR
Pt s (Chronic metabolic disorder) » # & F1& g ¥ A 513 & ~ 2 B5h B0 2 2
FAlEE G B oo ¥ rhd 2 Ee A T e > TR A RS E R ERF R B P
AFCHE-E R A B R E R 6 H 4 F ol iy # (Olokoba et al., 2012) - 12
B TpERAET 0 P 2T 3T RAOBRBRE 0 T A 2030 £ BB
B #-iE 1] 552 fg 4 (Fang etal., 2016) - o PF 5% = ZA o € H e b e & 2
T EH Bk R PlAes L B A :@-(Cardiovascular diseases, CVD) ~ % & BHr?
b % (Adeniyi et al., 2012; Oggioni et al., 2014) » & * % = ?‘;H%fﬁf}% e B g R T
PR W L ACIe R R o M H R RS o o FREF D

% #r(Premature death) (Olokoba et al., 2012) -

;,_r ~ ‘/‘é‘,,‘)l%‘";w ;\A
o BE SR T E ¢ R A F 7 N et "E 1 4% F (Olokoba et al.,
2012) > p = ie R A TR SHEEF T A 5D ¥ E Z W a#|(Insulin sensitizers) ~ i

¥ § % 4 0| (Insulin secretagogues) fra-# 4 #& H s 3 L4 (a-glucosidase
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inhibitors) o & < >0 EEELH T a0 § A2 BIF* > ¢ Mu - FRPFw
#¢ 4f 1 (Idiosyncratic liver cell injury) ~ 5* &« Jz (Lactic acidosis) ~ X A .4 57
iv % 4 (Permanent neurological deficit) ~ i it 2 2 ~ g7 frpz B & o
r2 Metformin(Met) = & > v E_B % J5 5 3 "eh— 4% 4~ (First line
medication) > & ** Biguanides e & - ¥ @ £ B L E FRE R BB
I E%f*ﬁr} 7% 143587 AMP-activated protein kinase (AMPK) » *% i<
SFEEP B AT2 (Gluconeogenesis) T * o fed 3t Met ¥ iy ERFE A g 0 ¥
Met 1 & §.3%5:F T %8 g 1 # 9 (Lipska et al., 2011) » F]ot F &% # i 7 2
(Renal impairment) 4 2 %A i * Met F B|Z 4 %]/1 % (Lipska et al., 2011;
Olokoba et al., 2012) -
W A ILT 2 R in Ak Ao £ i (Olokobaetal., 2012) » i ¥ if

Kt T2D SupIL A JWEFTL o 5l - BEATEAR S R blelE B A
3475 1 (Glucagon-like peptide 1 analogoues) ~ #r#4 40 — § 5§ 42> b 18 Fv 2
(Sodium-glucose cotransporter 2) ~ # % #&#cf= % i #|(Glucokinase activators) %
(Olokoba etal., 2012) » & =] ¥ & M AF57 fE AT 4 (Armstrong et al., 2016) ~ *% i<
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¥ AT 3
dv oo B R %% 5 & ok £+ (Hajiaghaalipour et al., 2015; Rutter, 2004; Schnell et
NI % 7% T

LB Fd RS tmre o 0 TV F & R Pl g
HWEET 4

R R b Lty
i R g e ¢ GLUT4 i i@ (translocation) » 3 e §
BAERED o X F MOTERY BEFATA hiTh > R L TR
Saltiel, 2012) -

k-~ (Leto and
=L R
RPN D% § & red(Insulin resistance) pE o i A BB 0L § & E G A%
fljgorep forg ke e F 48> BRI pETATL chit 4 4 ¢
oL B R By B ) RSB E A ER T S
(Tateya et al., 2013) - 2 % B & &) »
oo Tl R gL G &

Az e T2D %—ﬁm&‘i"*pf*fl YRR ]

R E R N By e T2D i & R F)
(Johnson and Olefsky, 2013) - & 2%

d 3R e

BEAR P iR A R 2R e FRL G F e
#Bodenetal., 2015) » 3T & k © § 5 K ¥ prdp 59 gk § R e i o
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B & 17 9% e B¢ 4 % Monocyte Chemoattractant Protein-1 (MCP-1) 11 ¥ %
AR S FFAEF o BRESAHE - 1T o I ehE e € ok it
14+ %]+ (Pro-inflammatory cytokines) » 4= Tumor necrosis factor (TNF) ~ Interleukin-
6 (IL-6) * - c-Jun N-terminal kinase (JNK) 4= IkB kinase (IKK) % TNF-a /& it
6 € %ﬁﬂ Bifs i IRS 2 ehserine kFrd] IR &3 4, i@ vf(Tateya et al., 2013) -

# Donath % A &= 11%“’ FI MM REFIF o F F oY AL €
FHIL B~ o9k Rl G Sl E_%« Eg A R4 ERE U F)F 4e Interleukin-
1B (IL-1B) & TNF e 3c o ¥ ¢ » d B w?% & 4 71L-1 receptor antagonist (IL-
IRA) » € " > #HARIZ o IL-1p 2 TNF #34 H 4% fwre B § 7 Raesk §
F @95 § & AR Menie 0 3 (Donath and Shoelson, 2011)

W 4 Fy i e S (White adipose tissue, WAT) ¢ » E v tn b % B
(Infiltration) | WAT i ¥ 3% 73 %5 4 fZ(Lipolysis) =3 4r (Xu et al., 2003) > i&m
i 75 Y TG h§ = frfg 5L (Fatty acid, FA) g it i€ * (Esterification) * = o
B pE 0 Bt of Eehig i e R § GEITRRY ShEEFATE o A SFR FA
S 4o M- R o B AR A (Acetyl-CoA) 7 &3 4 o Acetyl-CoA ¥ 12751 [ fir
fiz #¢ it f¥ (Pyruvate carboxylase) » B H b it 2 F F 4> & B o B2 3
(Samuel and Shulman, 2016) o pt #F » s § g5 o Jovtgh ait e » 5 4R
4 + 2 % (Boden et al., 2015; Tangvarasittichai, 2015)» ¥ it ¥ &% § % [
F B e

ALY A s W B R R 4 B T DR TR 8
T ROL G R DRATRE K~ LGB RA R B AT BERTRTA B S AR

1% ¢ % % (Johnson and Olefsky, 2013; Tateya et al., 2013) o

N LR
H TS § R P LA 0 R B lwe s G E iR 12(Cerf, 2013) -

g i
S R E Bane § R AL S AL G A B L R @ Bl
8
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RED RSB BT O BERAS B A A e k-
(Hajiaghaalipour et al., 2015; Miriam Cnop, 2005) » B ‘oz cnfic & & 2343 T1D

2 T2D b 42 %1% (Lo etal,, 2013) ©
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Foroa § § AT R
-~ FRE@A

AR 2PMDL R T AR B Pl > ¥ B B
(Secondary active transport) ¢ ig_i& {4+ 547 (Facilitative diffusion) 1= ;Vig » '
e oo ik H @ﬁi%]" ;¢ ¥ & % Sodium-driven sugar cotransporters (SGLTS) £ § % #&
# 3% F-v (Glucose transporters, GLUTS) (Augustin, 2010) - # # SGLTs 4 f# &%
PR 0 f F PN F § bt £ v jz(Reabsorption) o @ B8R ek 3R
PR RET Y ipd GLUTs RaEP-i § 48 0 bldo Mo ~ P95 Mo T o
P2 7g % sk & (Wood and Trayhurn, 2003) » & »t B B L ehs i &k B askd o
Flet RN §F BE2 B i T #7(Glucose hemeostasis) i & §_i% 8 GLUTs *#4r

(Mueckler and Thorens, 2013) -

C oL

GLUTs & - #gihaido > B> f&@ﬁ%fiﬁv@ﬁiﬁ}é I oL IS 7
GLUTs £ 3 12 @ g% 7 £ (Transmembrane segments) » izt 3 B w2 5 F e
= — 1B & n¥e B 3% 0% 3 (Cytoplasmic linker domain) o B v @ 4438 3R
GLUTs =3 + = &> &3 A 7)2 4p 12 & (Sequence similarity) f= 78 B4+ £ 2

(Substrate specificity) ¥ » % = ~ #g(Cura and Carruthers, 2012; Mueckler and

Thorens, 2013) -

% - #f(Class I) GLUTs % S5 A ¥ M b Bi£A7 ] - ¥ 0 ¢ 32
GLUT1-4 v GLUT14 > & & § % # 5 #53%5 o 5 - #(Class Il) GLUTs ¢ 4z
GLUTS ~ GLUT7 ~ GLUTY 4r GLUT11 > iz- #«nGLUTS k7 #1383 § 4%
g 4 0 BT AR L BT SEEFESRHE - % = 5 (Class 1) GLUTs gl #
# GLUT6 ~ GLUT8 ~ GLUT10 ~ GLUT12 4= HMIT (H*/myo-inositiol
symporter) » U i dF BE R F R AR A il T AR G Bt

10
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7 % GLUTSs (Augustin, 2010; Cura and Carruthers, 2012) - % — #f 22 % = % e A&
it 12 4% (N-linked glycosylation) i**% 1 Eif £+ (Exofacial loop) - B % R+
+ @ % = % GLUTs &7 N-linked glycosylation B/ &_i=*t% 5 g &4 +
(Mueckler and Thorens, 2013) » (£ 2 Bl = © i&= #f GLUTS 2 BF eh& i g8 v
e % s R R (Tissue-specific expression) (Cura and Carruthers, 2012;
Mueckler and Thorens, 2013) - & & GLUT &4 # 52 (Tissue distribution) 344
Hiew Ao 34 & 7 4p I (Augustin, 2010; M Lehnen, 2013) - Glucose
transporter 1 (GLUT1) 3 » i & & £ GLUT(Wood and Trayhurn, 2003) -
GLUTA 2% & A 5l@iii /i? § ###a 31 & -9 (Leto and Saltiel,

2012) > 12T #-¥ GLUTL &8 GLUTY & 738 men /i 5 o

1. GLUTI1

GLUT1 5 &% A4 33 it ovd 38 39 (Membrane transporters) »
AHE Y 55 REALOGLUT > ¢ i &t 2 & 5 i e @ (Mueckler and
Thorens, 2013) » H ¥ 4 & & {3tz w 3f ~ witimbe ~ T stimiz ~ n F 2
o % B I (Blood-brain barrier) » 12 % FER ~ B9 B E ﬁﬁa ¢oo f B

o HBERES LR ERES 7B E GLUTL & x> % > &

GLUTI 2 & &.d & § i & 3 (Azide) &% % & ~ 424 IR % (Glucose
deprivation) % & ;% it (Hajiaghaalipour et al., 2015) - %] GLUT1 & - B¥#
FHEF BRI DT FHEERS 0 B BB LG F N DEiRT
T F Uk (Kim et al,, 2007) » i 2 f F AP AT 5%
B~ (Basal glucose uptake) (Mueckler and Thorens, 2013) °
2. GLUT4

GLUT4 5 &8 p #7 v )&% 9 GLUT (M Lehnen, 2013) » 3 & 4 fF &
P ipimie A Rvfos ieimie ¢ G- 80§ Z & 2 (Insulin-responsive)
IFFMEEFFY R FLIHE IR 2 AN F B HE R

11
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(Dose-dependent manner) (Govers et al., 2004) - — & fn™ > GLUT4 &% 53t

-

it 13 £.,2 (GLUTA4 storage vesicles, GSVs) # - fit & {8 pEag ¢ A i %]
L E RS B LS P St TR R Y 0 R
SIS VN LEPAPL A A S A %ﬁ“é R FLE R B Ppin e e
R & B 7 (Leto and Saltiel, 2012) » £2 fm@e %t % § & 3% % F (Insulin
receptor, IR) % & » j& i B = T > 852 GSVs 438 (Translocate) I i
W o A e GRS TR MR BETATA DT o RPN &
BEFARL FRT o F iR L H R 2 A R T U
GLUT4 z_ 4 .8 fr GSVs 38 1 iz 52 #ic £ (Govers et al., 2004; Kishi,
1998; M Lehnen, 2013) -

A GLUTA £ 2 38 ) iwre Wb enig 4 206 § & 1manfe ¥ = A% op
4= 8 4 (Leto and Saltiel, 2012) - H # ¥ ¥ ¢ (Cytoskeleton) ~ ji&
(Microtubules)fo#v 3 (Actin) % GLUT4 2 & + £ % ¥ & & ehrb iy o
4eBRde F-0 (Kinesin) f 7 3= GSVs 7 3| iwfe WiriT » #ode Fov Sk F b
MYOI1C #%#:% GSVs 16 » & H i lmre p fL 2k 45 & 3 22 o Rk s o i
GLUT4 4 » km®z 3> 88§ § ##&P~ (Glucose uptake) & {8 - "L ¥ % §
# B GE  mie T GLUTA hw fie® B4 > GLUTA ‘i B 5 < 4 15

EXrw P GSVs ¢ o I BE T o Fl L 2% GLUTA i b

=%

£+ B 5 B ¥ ehdE & [ (Lanzerstorfer et al., 2014) -
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=B R RE A B
i - ¥ @ x s GLUT 34~ 3832 & ¥ & % insulin-dependent £
insulin-independent = f& » A m iT#& ks 3 A7 FIREFEH VT UK iR R
GLUT4 ek 3> 12 2 3@ $ 12 7 3 4o insulin sensitivity (M Lehnen, 2013; Ojuka et
al., 2012) » 127 #-3 & 4 % & insulin-dependent iR T > A GLUTA #:i&
FAEL T o F Py hfoiip dmie X AL f & eh e pE 0 1 B 15183 % PISK/AKt &
CAP/Cb1/TC10 iz if e i ® F-v Ferwiphis > € e P cnGLUTA #i& 5w
"z 7y” + (Hajiaghaalipour et al., 2015; Leto and Saltiel, 2012) » » ™ #-& %] 4 5 iz
ERE R B Y it 3w %‘r o
1. PI3K/Akt § i
5 2287 IR {8 > @ Insulin receptor substrate (IRS) stz s
(Tyrosine, Tyr) &ifis it > #% & % #.2L(Docking site) 4 PI3K(Phosphoinositide
3-kinase) 34 & = 4 (Regulatory subunit) p85 » 4t /% i e PISK 3% &
Phosphatidylinositol-4,5-bisphosphate (PIP2) # it =
Phosphatidylinositol-3,4,5-trisphosphate (PIP3) (Leto and Saltiel, 2012) » PIP3
% g % v Phosphoinositide-dependent protein kinase 1 (PDK1) ~ Protein kinase
B(AK) 2 T 53 F > @ GLUTA #i8 F| w5t 11ie (7 § § A 4B -

H

7~

\\\?{r

i pet Fov F e fri s heit Ble 9757 (Hajiaghaalipour et al.,
2015) -
2. CAP/Cbl/TC10 #. /%

ot gL S Y o FE i IR g5l (Recruits) # 4% 3¢ (adapter
protein) APS 3| IR = subunit *+ » ¥ gif& it Cbl £ Cbl associated
protein (CAP) » & CrKIl & & & % & 3| C3G + » it TC10 7 GDP #&
v GTP > &f¢ GLUTA #:iF{riRie i § 45 > 2 S 2042 3o

Foit Ir ik S 4ot Bl I #7or (Hajiaghaalipour et al., 2015) -

14
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PN RER NS o PR

Wik 205 6 F R T o 428 90%  GLUTS 3t vz 1% % i % &
(Perinuclear regions) 1 GSVs g p §2(Endosomes) ¢ o 47T 7 GLUT4 3 — 87
fimie O E A TR T o A wer R GLUTA ¢ (S8 A S8 id
& > & F A GSVs p o F £ A7 I w22 5 F (Hou and Pessin, 2007; Leto and
Saltiel, 2012) o &yt & ™ F 3 % 5% e GLUTA =3t mre ir b > B B2
PER O NRBRHE TG e pr L 2 kR 2 5 GSVs #iF I e sen
W g e B PR TR R0 L pE e L S GLUTA BB b AR

LA o s NEEW D MBS i p chGLUTA £ % v 4R

sy

AN
TI

¥ 1 T #=(Govers et al., 2004; Hou and Pessin, 2007) -

15
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24

I 9§ 5 REER

F e ¢ chik g ie

\
“*““'G

TEMELE N wmiefs € 5d BEfRIT* im0 f2 > 224 5 & 1 Bwre |
oo m ARSI e KA AL BE T BAEEY A
GLUTL fr GLUTA % S tevvp fovg e o cnd B4 & i Jod o 4ow 47
o GLUTL § # 4% A » 0§ § #&#%2(Yamamoto and Ashida, 2012) -
GLUTA &% § & P Fead 5™ 0 ¥ S 4o vop fm i oy W o %o i § 4 chdleB o
A5 MR i T2 £ R R I ik ac(Facilitated diffusion)
= Nmd GLUTA & x v mie > @ H o iod GLUTA s JcFvep e chi §
HE X 5 90% (Leto and Saltiel, 2012) » #5355 %2 X 5 5 - 10% (Samuel and Shulman,
2016) » § F 4> vep fmre forn vk imie ) 4 W ¥ 02 L4k R (Glycogen) & TG )
NRET 0 @ PRk YRR G0 £ B T §7(Body energy homeostasis) frigc# 4 i
(Hormones secretion) » 43t 5 3ep ~ MFEEfr X g2 twoie F]3 P Ae F E & o &

i % (Leto and Saltiel, 2012; M Lehnen, 2013) -

=~ B R B AP 2

1. 2-DG

2-Deoxyglucose (2-DG) & - f&§ § #pcrsg g » KOG RB - ¥ (F el B
BE T EmtAdnin > FUt T APEEIET § - B3 o Hexokinase gifik
it = 2-deoxy-D-glucose-6-phosphate (2-DG6P) » e d 3+ 2-DG6P 7 it i&— #
Sk dm e (N0 @ Bt im e ¢ (Stoltzman et al., 2008) o ]t ot & RlE R
75 4l* 2-DG6P § i & 4 chNADPH » 5B R 7 e 7 » o ipl 2 ¥
kg R AR EE o F R F- ¥ & L PicoProbe # 5,5-dithio-bis-(2-
nitrobenzoic acid) (DNTB) = #& - PicoProbe 4% NADPH # R ¢ & 2 ¥

% o 57 500nm Rl H ¥ kR - @ DTNB RIF & L5 d NADPH 2

16
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v4 Glutathione reductase & #* » ¢ Glutathione j&.F 1 it #3238 R fg p& >
e pFde DTNB #4224 § 4 ¢H TNB > ¥ 3 412nm ™ i p|H e £ @& o

£ 2-DG hif IR el R % & e P NADPH » & &
glutathione reductase =c o @ ‘e B p 7 NADPH i & 4 Pentose
Phosphate Pathway # # » FlH e p 2 5% LB R (Fr ¢ B3 7 3 o0
& 4 - ¥z 1 7 (Proliferation) ~ 3 & & = (Lipid biosynthesis) » 14 2 w7z J&
R E s 7 & NADPH 422 (Lewis et al., 2014) - F]p* > ;%ﬁ“é NADPH
foik & e i FMEMER- T A B - BIRfE s 2 o
2. 2-NBDG

2-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)-amino)-2-deoxy-d-glucose (2-
NBDG) £ 6-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-6-deoxy-d-glucose
FAF M 3 ¥ 2 AROF B 0S o HE- 5T P £ R
H ¢ 2 2-NBDG 't #& % * (Joseph et al., 2014; Kanwal et al., 2012) - o *tv
P72 5 BPEfRIE® P Almie (R PA Jf e P o FIPH A 4 ke
ey B OEHER- S Do > w0 kB A B U 5 P iR 4 P (Yamamoto
etal., 2015) - @ 2-NBDG # il b & 3 — &4 > GildoH F LWL -

#rRER 1 E A a4 BB S (Yamamoto and Ashida, 2012) -
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I S N Y Y

P F BTk B picak (Total Internal Reflection Fluorescence Microscopy,
TIRFM) fif& kg s ddd 1 - BEL D1 B > § W3- LB AYE
kst > TIRFM i 59 35 8 M enjpesd e O T ey L5 o 3 RIZ 5 )% kam
R G A FE N CEERAF > § 2 o~ & & £ 3tgRR & (Critical angle, 6,) PFATA 2

> F B % 0 $24% Snell’s law :
n, sinf; = n,sinéb,

Hongn, 2 AF 1R AT 2247645 50, 5 » 4 >0, &k iret
KRz Fend b o352 0 FFL 2F SRR KM ¢ 2 37
kMG E M2 Bink kS8 40 70, =90°0 d P T AES 4R ER
At 2P E Sk 8 E > RfRR 4 5

.. (n2
6. = sin 1<H>

BN B4R ¢ AL F ) 44 (Evanescent wave) hE 4 0 A5 - R
i)' # % 7 (Evanescent field) » H =B &% A 5 ~100 nm *fif » &2 Hag & €%
TS EEH T 4y ol B (Taittetal, 2016) » £ F & X F et RRP - BF £
DR A g e A4 ¥FEmEL > A TIRFM & 241 % 3 40 (7 5 e kiR o
Ft g T me Ak G hin B {4 F » £ FIjcw (Fang, 2015; Guggenheim et al.,
2017) o % TIRFM b — =& it » 7 12 & — 1 5P| 5]l e WM T end K28k o

o Baep e 3 mie N s R o
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y- & R P
i@ R G EER 2RE R P N2 SR X
TR PR LR PP e 23R o @ GLUTA & i § 4k i~

tEREgELR LT o AP HP i iEYd GLUTA £ 2 dky » f1* A 71 f2en
i

A
W
Iy
|4
:4;
=
\ =

@ enimte L L 0 E T e GLUTA i

i
MRS i Rl AL e BT O A S I E R

¥
K3
=5
é!!

ST R B EHEPY GLUTA # erdp b 2 > B B se L BB R % 2k o
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>
>

g F et
[ & ot

T 2t B Bioshop Cemical Co.

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)

Agar
Glycerol
Tryptone

Yeast extract

T 2 2Pt i Geneaid Biotech Ltd.
50x TAE buffer
Geneaid™ Midi Plasmid Kit (P1025)

Presto™ Mini Plasmid Kit (PDH100, PDH300)

1T L # = epd g Mallinckrodt Baker, Inc. (J.T. Baker)
Potassium dihydrogen phosphate (KH2PO4)

Potassium chloride (KCI)

T B 2 e pt g Merk Cemical Co.
Calcium chloride (CaCl2-2H20)
Dimethyl sulfoxid (DMSO)
Ethylenediaminetetraacetic acid (EDTA)
Isopropanol

Methanol
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Potassium phosphate (KH2PO4)
Sodium bicarbonate (NaHCQO3)
Sodium chloride (NaCl)

Tris base Ultrapure

T LB e g Sigma-Aldrich Chemical Co.

Ethanol (absolute, > 99.8%)
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
Glucose Uptake Colorimetric Assay Kit (MAKO083)

Insulin

Magnesium sulfate (MgSOa4)

Paraformaldehyde

Sodium phosphate (NasPQOs)

e gz e i Thermo Fisher Scientific Inc.

0.4% Trypan blue solution

0.5% Trypsin

2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl) amino)-2-Deoxyglucose (2-NBDG)
Calf serum

Dulbecco's Modified Eagle Medium (DMEM)

Fetal bovine serum (FBS)

Halt Protease and Phosphatase Inhibitor Cocktail, EDTA-free (100x)

Ham's F-12

Lipofectamine 3000

Penicillin/Streptomycin (P/S)
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10.

Bovine serum albumin (BSA) pip Bionovas Biotechnology Co., Ltd.
Buffer 2.1 pp NEW ENGLAND Biolabs® Inc.

KAPA SYBR® FAST qPCR kit pp Kapa Biosystems

Passive lysis buffer, 5x pEp Promega

Primer & = p P 2 45 Ao &

SMART™ MMLYV Reverse Transcriptase F&p Clonetech Laboratories, Inc.

Tripure Isolation Reagent F#p Roche Diagnostics Indianapolis, US

[ R

Anti-Myc antibody (ab9106) ptp Abcam

Alexa Fluor 594 Goat anti-Rabbit 1gG secondary antibody (A11037) Fp
Thermo Fisher Scientific Inc.

Restriction enzyme: EcoRI, Notl &5 NEW ENGLAND Biolabs® Inc.

% e
3T3-L1 % p & 51 ¥4 B § “(BCRC No. 60159)

CHO-K1 %k p & &1 ¥#EFL T EHEZ o< F 8 BP 7 E 97
Hr T HRR R

L6 pp ATCC® (CRL-1458™)

TRy
PcDNA3-mycG4eGFP % p % R 4: {45 £ I; -+ Diabetes and Metabolism

Research Institute » ' 3% Debbie C. Thurmond, Ph.D # &
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EN

=

10.

11.

12.

13.

14.

ELISA reader (Multiskan® FC Microplate Photometer, Thermo Fisher Scientific
Instruments Co. Ltd.)

Nanodrop 1000 Spectrophotometer (Thermo Fisher Scientific Instruments Co.
Ltd.)

pH meter (6173 pH, Jenco Electronics, Ltd.)

StepOne™ Real-Time PCR Systems (Life Technologies)

Z % i3 % 48 (SCA-165PS, ASTEC Co.)

2 5% 2417 (TBH-420)

> F B Sk B Hc4t (Carl Zeiss Laser TIRF 3)

X 9 & B pesr (Zeiss LSM 780 Confocal)

<8 s # (KUBOTA 3500)

Ak SR BB AR A 7 4 Sv (UVP CPQ 8478, Ultra-Violet Prodects Ltd,
Cambridge UK.)

ot 38 fmPe & 37 % (Cytomics FC 500, Beckman Coulter )

i3] = 3%k 5 kst (CKX41, Olympus)

% % & (Fluoroskan Ascent Microplate Fluorometer, Thermo Fisher Scientific
Instruments Co. Ltd.)

. (KUBOTA 2100)
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>
»

Iy

g FeS 2
Frw g 2rsn
Competent cell % #
(1) #F#Ex

i. CMI1: 10 mM KOAc pH 6.2, 50 mM MnCl, 5 mM NaCl

i. CM2:10mM KOAc pH 6.2, 5% glycerol, 70 mM CacCl,, 5 mM MnCl,
(2 Fa&>i:

#+iE E. coli (DHS o) ¥ - Fis 4485 3mLLBbroth ¢ » *+37°C
A2 PR B2 15mL Fig L 324 3] 250 mL LB broth » 12 4p e iE
3% 16 /] pF > 20 4°C T2 5000 xg A 5 A4 0 # “fi R FME
skE4e» 50MLCML & AR EATRIFE k% 20 2480 4°C T 1
Pl g g £ dg b o e r 10MLCM2 2 @ AR EATRIE > R
AFFlAEAEIMEYR S - F FHMO5 100 uL > MR & F 4 Fris -

80°C 5 o

2
(1) #HEF -

%= ~E.coli( DHS a) 3 % fpe

LB broth LB agar
Yeast extract 25¢ 25¢9
Tryptone 5¢ 59
NaCl 50 5¢g
Agar 7549
ddH20 500 mL 500 mL
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(2) F&> =

J€-80°C P~d13f L @l i « competent cells »x ferk + 327k > 4e > 1ng 7
f2 2% ligation A& ¥ ¥| = >i¥/kecompetentcells ¢ » 3tk FacE 15 & 4518
11 42°C K4 90 50w kb 2 A e 40~ 800 uL LB broth -+t 37
°C Rx% 1P > 53 %% & LB agar plate (100 pg/mL Ampicillin)

oo E AR Y RICIEREITCHE A A EE B A 16 ) BF o

Plasmid DNA mini-preparation
L F&>i2

B~ 3mL LB broth 4c 3] 15mL 2. 'g: ® 5 4e x 3 ul Ampicillin > $43E
¥ - FiE#40 LB/Ampbroth @ » & s 44 > 2 37°C T % 16
| FE > 125,000 xg A 54 0 L FiR 0 b~ 200 lLPDL 0 R
AMEATRFEH T 15mL g F o 4o r 200 L PD2 > b T iE| B e Bk
> L 4ex 200 uL PD3 > fe R b T E B Ao F Bt 0 16,000 xg s 10
> 48 0 g 1 FiR 3] spincolumn ¢ s 4 » 600 uL wash buffer » 4 16,000 g
ool A4 MApRIERHC 3 4 % 7 % e wash buffer » g {3 3=
spin column # F|#7Tehgs g > 4e » 35 ul elution buffer » # ¥ 5 4~ 452 1

16,000 g & 3 A 4812 B~ DNA o

L pErr F R
(1) #F%>i2

L4 f= (Restriction enzyme) ¥ 735 DNA } edF T R 7| I 38 (7 47 &
(Digestion) » # F c* 4|55 5 & % fe ek BTRH 0 @ lug HDNA F & 3-
Sunit FIFFEF o 2 UFIAE 2 REAE A T AZERF A 1/10 - FRg

RAIpeenit* fe= dok = 97 > R BB 3R L1230 37°C g Fgivs 2]

26
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PF > 12 65°C -kip 10 4 48 > i@ "I pF 4 F {8 frif £ <1 6x DNA loading dye
B3 3 1% 3 g 429 (agarose gel) i {77 A& o

32 FRES I E e

pcDNA3-mycG4egfp (500 ng/uL) 1L
Buffer 2.1 2 ulL
EcoRI/Notl 0.5uL
ddH20 16.5 uL
R 20 uL

FEB~3f € 3 g bk (agarose) 4v 3= & 48755 0 I 4e » 1x TAE buffer
T~ ek Vg B A Se A 0 #F agarose B R B A ’%?’f’ Bk de g 0 BT 3
) L E o L4 W FRiE agarose Bt IEZ i 0 R LR
‘)ﬁ‘?n’i’fgl VARG Acfim s o F2 A485 A P2 2 @ 2 R {6V 2
ERHE DR St FFALFET UL RPRF A RI G20 REHEE
FERRE = A o AT Y AT T A 18 40 » 1x TAE buffer » 2~ 500 ng DNA ¢
loading dye & 3 # ;3 »~ %442 > 2 100V {7 7 /% > @& * Ethidium bromide
(EtBr) #t & is %>~ UV 447 4p & > & - DNA ladder marker +* ¥+ DNA #

B ko) o

NCBI BLAST
FRELP w2 pHEF U7 TR 0 A % %2 NCBI (National
Center for Biotechnology Information) 73 & :& {7 BLAST (Basic Local

Alignment Search Tool) > +* ¥+ 5 88 30 > s B8 /s o
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- e T LgE
1. CHO-KI
(1) #HEF -

i. Ham’sF-12 : B-

& Ham’s F-12 # & w3 > 800 mL 2 &+ -k

® 5 4er 118 gNaHCO; » % 273 24 1 NHCI # ¥ 1 pH

745 04 33k E 1L (5iBh o

2 7=
CHO-K1

4 S50 & #4
mPz 1A 3 F

34w o B 2 37°C ~ 5% COp 2 4w

PP 1/10 B FMAR g > B2 33X AaAEE

B3 e Ham’s F-12 > 12 PBS /B % ' {2 45

"e"i‘* %

10% FBS % 1x P/S #iHam’s F-12 32 % ** 10 cm

Pogmed ERAEE DA
I A BMAEALY *‘,f

"$ » & F 4r » 1mL 0.05%

Trypsin e im®e > 35 Trypsin #05 £ 3 » 33 & 8 2 4 48 0 112 lwie B 4%

i » 12 Ham’s F-12 #-‘mPe §= 7 & w47 >

Ham’sF-12 2. 10cm & % x 7

FERTE O

2. it E2Z il
1) Fee> i

B kAh e 1/10 # 3 %4 8mL

EEESS 723 LSRR Rt L

fmre P B o Plenfid % L Geneticin (G418) 0 * 3t EE & 4 A

W2 itk o mi fh b 2434 4 0

2 4

EImAES0% i As

%] ¥ 3 = 400 ~ 500 ~ 600 ~ 700 ~ 800 ~ 900 ~ 1,000 ng/mL G418 & 7 2

G418 2 15 % # » wmre s

N
= F e

@ d > Ham’s F-12 #7% 2. %

it 22 8% 4 IE—‘m”EZg"‘]p

AR EHEN68 TRV e K

28

33 B4
s

AiRd i AT R

?'%ﬁpﬂ&ﬁﬁ%i;ﬁ-,:kg

X

- N — - 22
LR M S o & X BB g

T2 gnd FRR TG EGEER -
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Jit

#& 4 (Transfection)
(1) #HEs e

i. Lipofectamine 3000: p % Lipofectamine 3000 £ P3000 reagent °
(2) F&> =

Lipofectamine™ 3000 3 — % #& 4 »c% ~ M imbe F 42 B 5 wie i 4 3%
Al o dmre AT 18 1 24 [ P £ 245 K0 > R m bR T 2 3 K
BRZET 90% % 0 TR 30 A da { #ATHS & A - Lipofectamine
3000 reagent £ 7 7 w2 Ham’s F-12 24 5484 & 25l > frag e
P3000 reagent 12 1pug:2pul 2z v 58 £ {8 1 3 3 o 552 Ham’s F-12
WEHAEL 250l B FREENFRFE LS A4 e Tlwie o i
Py EABmyRE S NIC BAHREE 21U ) FERZELFRE H

AT o

RLER A QEST AR

(1) ##EAH

i. P~50mgMTT w;%* 10 mLPBS fiz = stock solution » #¥ £ ¥ i

#34°C > # % s Ham’s F-12 1810 & 4% -

(2) F&> =

MTT - 73 kg 4 & g o 74 mie RO SR &
(Succinate-tetrazolium reductase, SDH) :B j = %% ¢ cnFormazan 3§ o m
Flmie 3L B R MTT hie 4 > Bt v Jpd S k@ kit 5 dmie 5% 5 o
Mz F MTT evHam’s F-12 * 37°C % 1 /| i $ i%%f&ﬁ%% » 11 PBS
Bik— i 41* DMSO & fmre 5ph ) > 7% f2 Formazan % & 0 B {8 1Y

ELISA reader # 2~H > 570nm & £ T ez kg o
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z ~BSA v FaE

(1) @##aEw

i. P50mgBSA ;3#&* 50mL 2 #3 -k > €+ 1 mg/mLBSA 3

o A ET REF-200C -

(2) 7>

F RS A LR 2] Fod FEBRA~ 96 VB P o BF N
Img/mL ¢ BSA fied s)k& 5 0~05-1-2-4-~6-8-~10pg/mL =ik
Wrs 25 2ul 3 96 LY IFL B A o 4~ 200 uL 1x Bio-red
protein assay buffer » %k & & 10 4~ 4&fs » i@ * ELISA reader »>* ;& & 595
nm TREHRESEKE > R LEREIRESRDER > UEE BHRS

Hgd TR o

TR EREMRSF
(1) @#HEAF -
i.  75% & [ i 12 DEPC k- 99.8% ¢ i o

ii. PCR-grade water: 12 Minisart® Syringe Filter (16534-K) g2

2 F%&>2:
i. RNA ZB
Wt l0cm BEx B EI 2E 0 2 “{fi%%&i’»‘c ~ 1mL
Tripure Isolation Reagent » ** 7k} & Ji& 5 4 4815 S B~FIHcE 4w F

P F4rr 100uLBCP o AR F I 2 2R3 > R KE 10 &

4 o > 4°C T 12 12,000 Xg 1‘3}-}5’_\» 15 &4 MV —”'Jﬁ P %Eg—ﬁ,g}

10 ~ 48 > # "%j i o 4v 1mL75% o fg e pellet » =4 ¢ g {8
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3 F BT b g pellet 0 3 opellet %% P 8 2 30 uL DEPC -k > 3%
65°C Tizis 3 4 4b 0 Fx@_pellet w3 {8 12 Nanodrop 1000 % & >
RNA 7k*-80°C F 3 eV 87 F ko
Il. & #&4&x1¥* (Reverse transcription, RT)

12 5000 ng RNA it {7 & #4% > 12 DEPC -k FRF# 2 9uL > &
£ 2.5 pL Random hexamer primer “#c 2 PCR tube > &< {3~ PCR
machine 1 % 7 52 {7 F f4k > ¥ 3 4°C pF4c » 8.5 uL RT buffer
premix > % 42°C F & 60 min {& = = o

# 2 ~ RT buffer premix fic =

5x First-strand buffer 4 ulL
10 mM dNTP 2 uL
100 MM DTT 2 uL
SMART MMLYV Reverse transcriptase 0.5 uL
BAEA 8.5 uL

%7 ~RT ¥% 5

Reverse transcription Time
70 °C 3 min
4 °C Hold
42 °C 60 min
8 °C 99 min

iii. TpF e § B &pFd 4 5 & (Real-time quantitative polymerase chain
reaction, RT-qPCR)
cDNA i< 12 PCR-grade water ##f# 1 #7 % ik & {6 » 12 PCR-

grade water = 8 f# 4% 1 4.6 uL > &R 4 = 12 KAPASYBR® FAST
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gPCR kit fiz %l SYBR premix » 22 cDNA & & 23 {4 %> StepOne™
Real-Time PCR Systems i& {7 rpF 2 & » M AACT Eipt e g -

# = ~ RT-qPCR SYBR premix f =

SYBR premix

10 uM Forward primer 0.2 uL.
10 uM Reverse primer 0.2 uL
2X KAPA SYBR® FAST gPCR Master Mix2 SuL

BEFR 5.4 uL

% = ~ Primer F 7|

Primer B 7]

5’ : TCC CAG TAA GTG CGG GTC ATA A

18S
3’ : AGG GCC TCA CTA AACCAT CCA A
5" : GAA GGT CAC CAT CCT GGA GC
GLUT1
3":CCTTCT CGAAGATGC TCG CT
57 : GCT GTG CCATCT TGA TGA CGG
GLUT4

3’ : TGAAGAAGC CAA GCAGGA GGAC

= ~2-DG ¥ § s
(1) #wMEE

i.  KRPH buffer: 20 mM HEPES, 5 mM KH>PO4, | mM MgSO4, 1| mM
CaCly, 136 mM NaCl, 4.7 mM KCl, 2% (w/v) BSA » # # pH %
7.4 -

ii.  Glucose uptake colorimetric assay kit (MAKO083): p 7 Extraction
buffer, Neutralization buffer, 2-Deoxyglucose (10 mM), Assay buffer,
Enzyme mix, Recycling mix, 2-DG6P standard, Glutathione reductase,

Substrate-DNTB
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ili. Reaction mix A: P~ 2 uL Enzyme mix ¥ 8 pL Assay buffer ;2 & -
iIv. Reaction mix B: 2~ 20 pL Glutathione reductase ~ 16 uL Substrate-
DNTB # 2 uL Recycling mix & & -
(2 Faw>iz:
I AR
#-96 v ¢ hiwe sy &AM 0 1 200 LPBS Bk % - & F
A= B well ¢ 4~ 100 uL serum-free DMEM » »tm?2 32 % §4 ¢ 32 % 6
[ FEfS > 12 200 uL PBS %S =t 0 12 100 L KRPH (Krebs-Ringer-
Phosphate-HEPES) buffer 3 % 40 4 4% -
ii. 2-DG #%
I PBS Bikis o e r A RERZEEFAEFRFREE 20 A4
g 3= well ¢ 4er 10uL 10 mMM 2-DG > #32 % 20 » 48 o 12
200 uL PBS %= =x {& » 4 » 80 uL Extraction buffer » 2% 1x § & i#
Aok ts o 5 85°C & 40 A4 T E AR 5 A4 RS 4~
10 pL Neutralization buffer » 3= fm*e Z fj2/% # % 3. ¢ ¢ > 112 13,000
xg dpes o BB Sul b ik 3 AT 06 JU 5 {8 1 45 il Assay buffer &
(710 B4R ¥ “b 12 2-DG6P pe @l = 0.0l mM 2 4% 2 5 & % B
0~2-4-~6-~8~10puL > 2 Assay buffer 4 1 + 50 uL - >+ B well

? 4 » 10 uL Reactionmix A » #5-5& @ B &1 mie 2| {22353 R & » Bk

g

R A wkE X 1 ) PS> S~ 90 uL Extraction Buffer » I 17 4%
FHA BRI 06 H >3 90°C BAR 40 A4 BNk S A o Bfs e
» 12 pL Neutralization buffer = 38 pL Reaction mix B » *+ 37 °C # %

40 A48 > AL E 412nm TRl H ek E o

= ~2-NBDG § § #h#r-i25

(1) @wH Wy
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i. 2-NBDG:5mg 2. 2-NBDG # % 17 146 uL 3 3+ kw3 » &2 %
It M A F T3 -200C o
(2) F&>
#-24well ¢ iz £ AH K,éf » 11 KRPH jEA A =t » B3 % E % 5\
Hv P53t KRPH &2 20 448 0 #% 2 KRPH B > 4o » fie § 30
KRPH #7100 uM 2-NBDG - *+ 37°C 3 % 30 4 451 » ™k PBS Bitd =X
3 “f A A dmPe 3oz e 2-NBDG {6 0 4 » 1x Passive lysis buffer >+ 4°C &

7 % o BB A% 3 #ro F 30 20,000 xg 4 4°C T e 10 A4k 0 B

i
! -
t
A
fon
©

6 3tdF > >+ 538nm TR[FR A E 0 ¥ 02 BSA v Bt

NN A T
(1) #=#dw .
i.  Mounting buffer: 20 mM Tris (pH 8.0), 90% glycerol (w/v)
ii. 4% (w/v) Paraformaldehyde: B~ 4 g Paraformaldehyde I 80 mL
PBS > "kKip4c#t3 55-60°C> A& pH 3 74> % 23 f%(8 11
PBS 4 1 100 mL -
2 F%&>2:
AN
r2 Confocal & TIRFM g%z fme Z R 23 F 5+ > F0 ¥
Atcig g w w &L 759 e e o ¥ UV RE 30 A4b o w
2 AL RRIE IR PR AT BRI we o FH
AL 12 PBS Bed X fs e B H ko de 4% (WIV)
Paraformaldehyde # /k® fg>tik F 87 FH 220 » 48 0 12 PBS /Eied
oo 3rfigh B 4o - o] JF mounting buffer o 2z b F gt B pEG dm e -

T AR B ALREFARY KRS
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. AAEFRZLS

dmPe B2 t5 1 PBS Bk > 4v » 30—50 pL - B Fut 3 e PR e
-—m o ERTERL PP 2 PBS Bz = m%—i AP L
P e r TR D B N F R TR B ) (S 1Y
PBS Btz =t{s » 35 & § 223 PBS %73 > I & P08 L ks

’Tﬁ%ﬁ;o

1 N RE S E

(1) F=%>

fmre 12 Trypsin Bk {s > 2 PBS = we v T T B DR A 'g: ¢
71500 xg A 5 A4 s b Fir A xﬁ; R4 2 PBS ¥ EFTR W
e 6 e ARIE LA o g bR R 1 2 100 UL kT R dnee £ AT
ey otk F#E5 A4 0 4o IMLPBS fs3pe s £ RS kLT
& > & {6 12 200 uL PBS € 37/ 5w ¥ (5 » 4c 5] FALCON® 5 mL
Polystyrene round-bottom tube & {7iE g > B~ & £ 4r » 400 uL PBS % %%,

2 600 uL -

FoHRBEBEF T EEHEREL F R 3 2/ £ £ 2 Student’s t-test &
vt @ e boenfiedy 1 One-way ANOVA # 2 t5 12 Tukey’s test & 7 +4
Poo RS PERFLR LY A AT (p<005) -t s A7 (p<

0.001) ~ *** A gttt %7 (p<0.0001) -
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A5 = L kg 2 L =)
FIF B5EESR

- ~CHO-K1 T S =
1. pcDNA3-mycG4eGFP 48 ch+ /| & B 5 f2 3l
PCDNA3-mycG4eGFP 548 < | % 7949 bp » 4*d Bl ~ #77r - o H 4R
¥ 3 GLUT4 {ri ¢ ¥ k 3 (Enhanced Green Fluorescent Protein, eGFP) i
T

3% GLUT4-eGFP » ¥ & GLUT4 N =4 4 —  myc-tag e % 1

&

A2 B FENE > 1 'T4IFF ECORI e Notl *: 37°C B % faF 52 /]
P I T ARERR o Bk ARl S AT 0 B ARSE EcoRI - Notl X e 3 27
{6 ¢ 25= 5373 bp &2 2576 bp 7 > H P 2576 bp % F 7 GLUT4-eGFP
e

FHEERIP TAP PR I EF LA 2 51+ 57 CMV
promoter } 15 & (GAGCTCTCTGGCTAACTA) - H T B % % 4@ = #7
7+ 0 &0 NCBIBLAST #3122 2 3 & v= & e0JL F] 5 Rattus norvegicus

solute carrier family 2 member 4 (slc2a4) -
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M E N ENU

8kb —
3kb —

Bl= ~41* DNA T A rx:s pcDNA3-mycG4eGFP 748 ~ -]

11 '] fF EcoRI = Notl /3 pcDNA3-mycG4eGFP 48 {5 » *+ 1% agarose
TR TR~ 5 7949bp » 0 UFIpE T 7 158 8 e B 5 5373 bp £ 2576
bp (M :1kbladder; E: 12 EcoRl % *» ; N : 2 Notl % ; E/N: 2 EcoRl
2 Notl T s U: ARG AFgadr) o

Figure 2. Confirmation the size of pcDNA3-mycG4eGFP plasmid by gel
electrophoresis

The plasmid was digested with restriction enzyme EcoRI and Notl, and then separate
in a 1% agarose gel. The molecular size of the plasmid was 7949 bp, and cut into
5373 bp and 2576 bp by the indicated restriction enzymes. (M: 1 kb ladder; E:
digested with EcoRI; N: digested with Notl; E/N: digested with both EcoRI and Notl,;

U: without digestion)
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Rattus norvegicus solute carrier family 2 member 4 (Slc2a4), mRNA
Sequence ID: NM_012751.1 Length: 2506 Number of Matches: 2

» See 1 more title(s)

Range 1: 339 to 747 GenBank Graphics

¥ Next Match

Score Expect Identities Gaps Strand
750 bits(406) 0.0 408/409(99%) 0/409(0%) Plus/Plus
Query 442 GGGGGACCGGACTCCATCCCACAAGGCACCCTCACTACCCTTTGGGCTCTCTCCGTGGCC 501
corer =20 LU TN RN
Query 582 ATCTTCTCTGTGGGTGGCATGATTTCCTCCTTTCTCATTGGCATCATTTCTCAATGGTTG 561
i iititii ottt iiopiidhiiiige
Query 562 GGAAGGAAAAGGGCTATGCTGGCCAACAATGTCTTGGCTGTGCTGGGGGGCGCCCTCATG 621
corer aso WML M <o
Query 622 GGCCTAGCCAATGCCGCGGCCTCCTATGAGATACTCATTCTCGGACGGTTCCTCATTGGC 681
coser =19 WML AHIINIHIIHL <
Query 682 GCCTACTCAGGGCTAACATCAGGGTTGGTGCCTATGTATGTGGGAGAAATCGCCCCCATT 741
iyttt i
Query 742 CATCTTCGGGGTGCCTTGGGAACACTCAACCAATTGGCCATCGTCATTGGCATTCTGGTT 801
oy iimiitinitismtimithiiinidiitie
Query 802 GCCCAGGTGTTGGGTTTGGAGTCTATGCTGGGCACAGCTACCCTGTGGE 858

corer esn WAL LRI

Range 2: 1 to 337 GenBank Graphics A Previous Match 4 First Match
Score Expect Identities Gaps Strand
623 bits(337) 3e-174 337/337(100%) 0/337(0%) Plus/Plus
Query 62 CTTGGGTTGTGGCAGTGAGTCCCACCAGACCCGCCCTTTGCACACCACTTCCGAAGGCCG 121
coser 1 LHOL L I )
Query 122 GGGTCTTCTGCCCGCCAGGCCGGGACACTATACCCTATTCATELEtttATTGCAGTGCCT 181
aorer o1 RO o
Query 182 GAG TGCCGTCGGGTTTCCAGCAGATCGGCTCTGAAGATGGGG 241
oot -
Query 242 CCCCTCAGCAGCGAGTGACTGGGACACTGGTCCTTGCTGTATTCTCAGCTGTGCTTG 301
corer 101 MM AL e
Query 3082 GCTCCCTTCAGTTTGGCTATAACATTGGAGTCATCAACGCCCCACAGAAAGTGATTGAAC 361
corer 21 UL AL e
Query 362 AGAGCTACAATGCAACTTGGCTGGGTAGGCAGGGTCC 398

corer 201 AHILHUCHIT I <.,

Bl = ~ pcDNA3-mycG4eGFP 2. z_A %

F1#* NCBIBLAST it {7 ¥ > & 2 B B v> & 2 [ F| 5 Rattus norvegicus

solute carrier family 2 (facilitated glucose transporter), member 4 (slc2a4) -

Figure 3. The sequencing result of pcDNA3-mycG4eGFP plasmid

NCBI BLAST of the sequencing resul shows that the plasmid sequence is highly

conserved with Rattus norvegicus solute carrier family 2 (facilitated glucose

transporter), member 4 (slc2a4).
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pcDNA3-mycG4eGFP 48 # B2 fx3d

FAL TR ¥ G % ¥ % F5 eGFP - # * Lipofectamine
3000 #4 %]#& 2 pcDNA3-mycG4eGFP % L6 ~ 3T3-L1 22 CHO-K1 = tk'm
20 24 ] PR B AB8 M oAbk R TN H RS 0 ¥ 5 ilwie &
W d ¥k BRAcBw AT o

GLUT4 :HIp 3 B AL F F BB hRd > Fo - L AKRPIY 545
#P~ g B PF > L6 (Tahaetal., 1997; Yap etal., 2007) 2 3T3-L1 (Limetal.,
2015) 2 ¥ * enimietk o F A U P A Bk p LR ke ey LR L oE
ginvitro ;% (Yamamoto et al., 2015) - @ CHO-K1 % % # % &7 L eh %
Tag s 2 ¥ %204 A PR Fe9 hiw e $k(Wurm, 2004; Wurm and Hacker,
2011; Xu et al., 2015) -

KRle chE & v REERD %I §F L > F g2 GLUT4-eGFP £ % 3-v
s — inframe e * B> @ ® VUL L6 2 3T3-L1 g 4 s 7 Ag M3t
CHO-K1 - ¥ * » 7 e RT-QPCR & % A5 » GLUTL ¢ha 33 m &gt
GLUT4 % > %7+ GLUT4 # £ CHO-K1 ¥ 41 & 23 en§ § B E Fv o
d AR B aE - BT LR R GLUTA i chimre T 5 o B
BE A AEA thime cha E > 12 2 % %2 GLUT4-eGFP £ 2 3 A ik
i P mre WoeniE A2 ¢ € 22 endogenous GLUTA 4 % %)% - A PiEH

CHO-K1 1% T 4 et & o
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Bright field eGFP

L6

3T3-L1

CHO-K1

Blz ~ L6~ 3T3-L1 2 CHO-K1 2 ## % sz

fm¥z 11 Lipofectamine 3000 #& % 24 /| P2 FAEA T o v ) = 5 200 pm ©
Figure 4. The transfection efficieny of L6, 3T3-L1 and CHO-K1

The cells were transfected by using Lipofectamine 3000, and observed after 24 hours.

Scale bar represents 200 um.
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40+

30+

Relative mRNA expression (fold)
S

o e e, kk sk
10- s = =
0 - """ "
Ly
\9‘\
(€)

BlZ -~ CHO-KI1 GLUTI ¥ GLUT4 2. mRNA # &

7 RT-gPCR # B GLUT1 ¥ GLUT4 amRNA # L& > ¥ 18S RNA ' fieis
FEARHE c FHRFE N THEHERE L Aror 0 F 1% Student’s t-test Mt f L
Boomurr Lop st EREF L B (p<0.0001)

Figure 5. The relative mMRNA expression of GLUT1 and GLUT4 in CHO-K1

The expression GLUT1, GLUT4 and GLUT12 was measured by RT-gPCR. Relative
expression is calculated by normalizing with 18S RNA. Results presented as mean +
SD and analyzed by Student’s t-test. Statistical significance with is indicating with

**% (< 0.0001).
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CHO-K1 ¥ § 2 Z At R an®ip

m Selvi % 4 mv/,?cv’ ipdi > CHO-K1 $t§ § 4P~ ¢ <55 & A eh
bk R ST 48 (Selvi etal, 2010) » 5% B A 4 25 mM 2 S
mM [ ORfe RS YRR A2 R FABER TR A A ¥ T L
CHO-K1 #E5 ¥ 5§ #% > & #5 £ et 2 ¢ GLUT4 e =3 B o 4 4 3
¥ e ql* e GLUT4 {5 50 CHO-KI1 R (5 §f § #4247 § i) 5
(Lanzerstorfer et al., 2014; Zhang et al., 2012) » 2 i3 X 2 & ZE P 2 e
GLUT4-eGFP € 3t ¥ X% 5 A A F R EE T wie e > ¥ 7 /gl
GLUT4 & =2 3 § #P~2 B ep M | -

F A% L 24 CHOKL § 5 P f 9% AR
pcDNA3-mycG4eGFP 48 <7 CHO-K1 &7 » 2 f|* 2-NBDG 43t %
523%™ > CHO-KI § 5 ##EP- g * £ o & Berenguer % 4 e }gier‘
Bap o £ F 7 F BPIT3-L1 we ¢ GLUTA & - fo § & 0TS
TP B R B o FRPEZEFG AL R et Yo a g
GLUT4 i = > e pre 3 40 e 3 b s GLUTI © 8 97 D endbsh £ %
TR E B EB A S RY TG 3 F B GLUT4A R & > T X
fo A5 B i dY 423 i % (Berenguer et al., 2010) o

Fp R T R 7 TEZE € R FECHO-KL#&2§ 5 # > &2 {7 2-NBDG
NG B RAAL B FHEFF T LFN 77 10%FBS 2
Ham’s F-12 » & 1t 5% § % $+ 5 5 4835 0@ 8 o & % 4oFl= #77 » CHO-
K1 & 1 uMinsulin g% 7 > &7 7 fFanie s @ § iP5 4 1.30

2 > ¥ &7 0uM insulin A2 e b v i P iE AR E

d“f
z&f‘
&~
-

Bor o

23

i

D EBED RS oA BT o Fenmu e o
Beo AT L6 & 3T3-L1 &P § 5 &P zgk » 1 uM insulin 4 %]
R4 X 175 % (Laietal, 2012) £ 6.2 & (Van Epps-Fung et al., 1997)

S E AR AP TS ¥ L6 & 3T3-L1 IEL G R 5 REE
42

doi:10.6342/NTU201703098



FRSECEk o ¥ P BB A 2 100nM % E E AR 30 A 4BiE 0 F §
PP o W 4 117 B (4R 2013) & 2 & (3% ~2015) o RV e AL
CHO-K1 endogenous GLUT4 =& mE &> » & & CHO-K1 #% § % %
RV ERAATER o
BTORAPAY 2 kR 295§ & ¥ 4 pcDNA3-mycG4eGFP 1
1 CHO-K1 m%e » ¥ 4% £ §= £ & ficdi (Confocal Microsopy) 4p #& sz e
g ik MERAD RERZLE 24 EY > GLUTS ftwre p s
B o B%deRl - HRBIA ST o dme 4 w02 0~ 1~ 17 uM insulin i {7
#F% L4 Ham’sF-12 32 % 30 4 45 > 12 4% Paraformaldehyde
FoOVEAIFE A UM 2 17 pMinsulin (A ET 0 B F L & R E bl
oG oo m R UL FAEPERPRT SRR EF L o BT U
BIGLUTS & o3y WLl 2 e g% AP % o oy CHO-KL
% insulin sensitive thim®zth o A B B A AT Y 5 EERE o 2 R
& p >t endogenous GLUT4 ##:& 3| fm ¥z 5+ cnfic® B 4o 973k > & 7 5y 44
WOLUTL 2 v § EBE@E iy chi mE T2 > F BN AL 7
FE M 5% o ¥ gl pcDNA3-mycG4eGFP Fregt £ 5 <« &
GLUT4 &% ¢ ¥ 3k 39 eGFP » GLUT4-eGFP #A3% 5 % g ™ i gt
eI g 0 R @ K _2-NBDG g% dp o AT L6 22 3T3-L1 » CHO-K1

$k G # AR L
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0 1M insulin
—_ E3 1 ¢ Minsulin

&
=

Relative fold of 2-NBDG uptake

Bl ~ % F AJLiE 2% CHO-KI #EP~§ § 4l 58

11 2-NBDG =% s iF 4§ § sl 40« o5 T HELE R L rr
#41* Student’s t-test +t g2 3 iﬁf FEZE > > 273 E3HFALAR D
nl (p <0.05) -

Figure 6. The effects of different treatments on glucose uptake in CHO-K1

Glucose uptake was measured by 2-NBDG. The results presented as mean + SD and
were analyzed by Student’s t-test. Statistical significance was marked with * (p <

0.05).
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eGFP Bright field Merge

0 uM insulin

1 uM insulin

17 uM insulin

B= ~ 2% kB % E # AJT 5 CHOKI #7585 i

CHO-K1 # % pcDNA3-mycG4eGFP 24 /| p¥{s » & %% (A) 0 uM (B) 1 uM (C)
17 uM insulin > # & confocal ™ fpffEchim™e 7 o B if o

Figure 7. Cross-section image of CHO-K1 under various insulin concentration

After the transfection of pcDNA3-mycG4eGFP for 24 hours, cells were treated with
(A) O uM (B) 1 uM (C) 17 uM insulin respectively. Cross-section images were

captured by confocal microscopy.
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G418 ¥ CHO-K1 2. F 4 p[#

50w T 5 48 T 4 T pcDNA3-mycG4eGFP 5 11 2 3% 3 18
FHRefE e R e B R > & CHO-K1 # 4 pcDNA3-mycG4eGFP & 4| #
Fid % G418 3 87 F F FHhiwrz o d 22 F R+ 4§ #4 Neomycin &0
A F]FE > *2 CHO-K1 ‘wPe 4 G418 7 £ fufd » f# pt g v 5+ G418
AR GEER S TR TR e TV $HH G418 3 A F i im e
A g F B KA BT S H A etk

Flpt g LRI - R T CHO-KL # G418 2 @f = |4 » fmve 2t 24 3¢
FavgRiED 80% PF o & %A fmre 400 ~ 500 ~ 600 ~ 700 ~ 800 ~ 900 ~
1,000 ng/mL G418 e Ham’s F-12 > 11 2 (25 4c » G418 2 ke » B
[ fr- AT A A 0 BRI G418 AUT A e * #cis CHO-KL iz &
F o CHO-K1 11 G418 @ & ey i F 4r ]l ~ 557 » 5 % Bom 11 400
ng/mL G418 fJZ = % {$ %% Mm% 3% > % 2 600 ng/mL ~ 800 ng/mL
1,000 ng/mL G418 &2 % ¥ 3t = X (s #-fmie = 2B 0 £ (8 3E £.800
ng/mL G418 g2~ X 5 g 15 i o

dnve L RRE 24 ) BEIS U f@ﬁ—ﬁﬂ:@mégmg M e Pl G418 B
TEE > e A EFET X (5 ¢ B4 H - B jE(colony)  Bf7E % R pE
A R EHCETIRT o B S # @ T scolony o PHiE T 96 dL ¢
B L For kRSPl we BN T 245495 12304 5 Fpk s 3

10cm & (444 %% > - & & * 800ng/mL G418 < Ham’s F-12

3

4
AR
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1 day 5 days 7days

800 ng/ml G418 400 ng/ml G418 Control

1000 ng/ml G418

BN~ % kR 2 G418 A2 7 b % #ic1s ¥ CHO-K1 3 Moo

2 (A) A e~ G418 z_ 44 % (B) 400 ng/ml (C) 800 ng/ml (D) 1,000 ng/ml G418
g2 CHO-K1 - % ~ 7 22 = 22 %% ot 52 5 200 um ©

Figure 8. Evaluation of the cytotoxicity of G418 at different concentration and
different time points

(A) A control group without G418 treatment (B) 400 ng/ml (C) 800 ng/ml (D) 1,000
ng/ml G418 were treated to CHO-K1 for 1 day, 5 days and 7 days. Scale bar

represents 200 um.
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pcDNA3-mycG4eGFP ** CHO-K1 ¢ # Isc s b fix

% G418 chiEFE T 5 B fs XM PeEhclone £ 12 o A H & LG
clonel,2,5/6,7.. 14 d > gdid 2 HE S bwe p €5 F ki i
s 0 L7 RT PARESLE 12 RT-QPCR # GLUT4 mRNA & (7 %

B
B

H &% 4oBl 4 #rr o 78 pcDNA3-mycG4eGFP {s thim?z $h2. GLUT4
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Figure 9. Expression of GLUT4 mRNA relative to CHO-K1

Total RNA was extracted and GLUT4 expression of each clone was measured by RT-
gPCR. Relative expression is calculated by normalizing with 18S RNA and compared
to CHO-K1. Data presented as mean + SD. Results were analyzed by Student’s t-test.

Statistical significance is indicating with *** (p < 0.0001).
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Figure 10. Fluorescence intensity of CHO-K1 clone under the detection of 525 nm
The results of flow cytometry were presented as mean + SD of each sample, analyzed

by Student’s t-test. Statistical significance is indicating with *** (p < 0.0001).
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Figure 11. Fluorescence performance of pcDNA3-mycG4eGFP expression with

different clones

Fluorescence intensity of (A) CHO-K1 (B) clonel (C) clone2 (D) clone5, under the

detection of 525 nm. Each graph represents 10,000 cells.
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Figure 12. Images of CHO-K1 cell and clone 5 under bright field and excited with
different laser respectively

The cells were selected with G418 and after the day of transfection. The stable clone
expresses pcDNA3-mycG4eGFP with green fluorescence. Cells were incubated with
primary anti-Myc antibody (1:500) followed by Alexa Fluor 594 Goat anti-Rabbit
IgG secondary antibody (1:300). (A) CHO-K1 cells. (B) Clone 5. Scale bar represents

200 pm.
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Figure 13. Images of CHO-K1 clone 5 under various insulin concentration

Clone 5 were treated with (A) 0 uM (B) 0.1 uM (C) 1 uM insulin respectively. Images
were captured after fixation and immunofluorescence staining. Cells were incubated
with primary anti-Myc antibody (1:500) followed by Alexa Fluor 594 Goat anti-
Rabbit IgG secondary antibody (1:300). Scale bar represents 10 um.
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Figure 14. Fluorescence distribution ratio

The fluorescence area of TIRF and Myc were analyzed with Zen. The results
represented the relative ratio of TIRF/eGFP and Myc/eGFP, showed in mean + SD,
and were analyzed by One-way ANOVA followed by Tukey’s test. Statistical
significance with TIRF - 0 uM is indicating with ** (p < 0.001), or Myc - 0 uM

indicating with ### (p < 0.0001).
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Figure 15. The effects of different treatments on glucose uptake in clone 5
Glucose uptake was measured with 2-DG assay. The results presented as mean + SD
of each treatment and were analyzed by One-way ANOVA followed by Tukey’s test.
Statistical significance is indicating with * (p < 0.05) or ** (p <0.001) compared to 0
uM insulin. Statistical significance is indicating with ## (p < 0.001) or ### (p <

0.0001) compared to wortmannin (+).
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Figure 16. The effects on cell viability of RSV and COE

Using MTT to Evulate the effects on cell viability of (A) RSV or (B) COE under

different concentration with 6 hours and 24 hours.
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Figure 17. Images of CHO-K1 clone 5 after the pretreatment of RSV and COE

Clone 5 were pretreated with (A) 50 uM RSV and (B) 200 pg/mL COE respectively.
Images were captured after fixation and immunofluorescence staining. Cells were
incubated with primary anti-Myc antibody (1:500) followed by Alexa Fluor 594 Goat

anti-Rabbit IgG secondary antibody (1:300). Scale bar represents 10 um.
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Figure 18. The effects on fluorescence performance of pcDNA3-mycG4eGFP
expression at different passage number

Fluorescence intensity of (A) clone 5 (B) clone 8 (C) clone 11 at pn+5, pn+10 and
pn+20 under the detection of 525 nm. The results were presented as mean = SD of
each sample, analyzed by One-way ANOVA followed by Tukey’s test. Statistical

significance is indicating with *** (p < 0.0001).
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Figure 19. The effect of freeze/thaw cycles on the stability of the fluorescence
performance of pcDNA3-mycG4eGFP

Fluorescence intensity of clone 5 after freeze/thaw cycles by (A) once (B) twice (C)
third times (D) fourth times. Each graph represents 10,000 cells under the detection of

525 nm.
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