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tf, B A E Loluw ZFIEE Jjulo g SAA oA TL(GWAS) A
FA7] HAFFERMR)Z B vHBMD o] A#dA] foAed AAAS Hole
FHAA DNAJC6S “Z3+9tt. DNAJC6 72 Wol7r 217 g4 A3t

(1) #Ao] Qi HAAAEE F /3= LEPR promotore}e] 7
A ALo]  zol MRS FAAZIW, DNAJC6ZY ¢4E38E  auxilino]
transferrin, GLUT4 % endocytosis 7] 5< oAst= A7 wgEd nf
ATk a2 oA 7MA DNAJC6Y A=A & zbo] 7} adipogenesis <
A AF7F o] FolA A @ Uu
kA Aol B 3T3-L1 AWATFAE DNAJCE f34E5 3
& (over-expression, Tg+ ) &2 JA(siRNA, Tg- A u A WAE
of AYeA 71de] WstE gelste Aol

DNAJC6 FAA= e 3o oA 3  3T3-L1  preadipocyte®
adipocyte &3t #ZolA e el 7ds gty A AF #4& 9

&

&ttt 3T3-L1 Aol DNAJC6 +325 FddsAYy A o A+

rol
N

thermogenesis®l "] x|+ < gko] 3

1%

= A %9 transfection reagent TEE AASH7] Y8 AEZHYES
A58 o RT-PCR¥ western blotting analysis® DNAJCE 4=}

s gl Jd 54 92 Ax 9 &4 A =(DAPI/BODIPY
staining, Oil Red O staining), #| 2 3 (TG/free glycerol excretion), #| &

st 2w B @ A, adipocytokines ¢1A}, insulin-GLUT4 cascade



signals ¢l 2H(Western blotting analysis), "]JEZ=g]o} 7]|% (mitochondria
stress test) & A4 71HdS dxza v A48

3T3-L1 M XA DNAJC6 x5 #F2d & o 3} 8YU Aol A
DAPI/BODIPY staining®} Oil Red O stainingol 4] A8+ A2o] = x| ¢
Sk, adipogenesis €1 Al PPARy , C/EBPa, aP2 W&o jx+ #3} 8¢
2 tiH] Tg+ w38} 8L Aol Al 78.18%, 89.76%, 99.52% oA o=z 74
©w  preadipocyte S1AFQ1 Pref-1 @& o] 245v] Fo o= F7FstAct ®
3l lipolysis 1Al pHSL(Ser563), HSL &lo] tixa #3} 88Uzt din]
T+ %3 8A ol A 7353%, 88.10% ol How Zaston AE uo
Bl A TGS} free glycerol & %=7F 72.19%, 90.84% 7Astth. A HF Al
o A HH]sl= oft]EAO]E I}l LEPR, leptin, adiponectin ®r& o] o]z
T w3F 8YAF thH] Tg+ w3} 8YU kel 98.55%, 79.83%, 99.94% o] o=
sttt AdEd-GLUT4 214419 insulin receptor B, pIRS(Ser307),
pAkt(Thr308), AS160, GLUT4¢] Tdo] FAado= AUt AE U
g x AR AeelA Akt ©E downstream¢! mTOR & o] Tg+ AE
oA iz thH] A=Y autophagy A LC3M TdAe] fFol4oz &
7hebe 2AEAER] des st mEZE=ol e vpolmtF <l
PGCla®} UCP1 3 o 8Y A} diH] 7831%, 31.99% FrAskslow,
nEZEglole] Aba Au g ATP AAibgo] dixte vl feoldo=

ra
o
=
PN

3T3-L1 AXxANA DNAJC6 FAAE oA & u F3} 4A=}oA
DAPI/BODIPY stainingol Al A|®-7F oz w8 ZshAl A=A
. Oil Red O stainingol Al F3% gkol dlx<to Hl38] 1.18d] =dt 1

O

3 #3} 8L Ao A leptin, insulin receptor B, GLUT4 & o] oz}
Fol A Zpol7F vpA] ok}, mEZ=gol 7|5 ARl UCPlI 4= A



WAERS 3 Aol iz v
=oobe] HU o FFH dHaFE&Fol e i 4897%, 243.28% -9l

Hom gastqt

r
o
T

['Bl_';
o]
2
>
>,

o

Bt 28y mEZ

AEZXH o2 DNAJC6 +AaA7F ddrdAd 3T3-L1 AEXs AW 3437
&, olt]ZALolEFFQl wd, AEdUA-GLUTY AZ A A7} A nEZ:
[e3]

e

X xR vt E3 Fubie] =& XH A S Holil adipocyte

d-GLUT4 AAE Kol UCPl €4% tixa¥

o
J
¢
¢
1L

A= DNAJCO6 +3A2S FEdsAY g 3T3-L1 Alx= 29
S AAsAT. DNAJCE 77 A ade 31 TR (23 44927 H
S7FSEel whel A Al Y] tiAbE wEA UEhd Aeoln®
og FrhAge]l Hastth EW DNAJCE wAdA #Td 52 A
transgenic mice® WEoZ 71¥ 3 57| AE FHE davt sk 29
U 2 Ay duAedds ddd 1290 DNAJCE Ed e el7t A
A2 HAE X
g HRta el #E® A4 Gn vivo) 2 A (clinies) A TE g 71E

ARZ ol §d 4 Ae Aol

FF oA Pl



=T e
I . A B o 1
Lo ] HEAD BLH G 2] Zp ceeveesemeesssseesssssnssssse s 1
2. DnaJ family group and DNAJCE gene weesssessssssssssssssssssnnns 3
3. 3T3-L1 A WA T A E] adipogenesis THA - 6
31, AdIDOGENESIS ++rereererersesssmmmssessessssssssssssssssssssssesssssss s 6
3-2. Insulin—-GLUTA cascade SYSUEIm «seresmsssmserssssssssessssesssssreee 7
3-3. AdIDOCTLOKINES «++++rererrerreessssssssssessssssssssssissssssssssssssssssssssssssssssssss s ]
4 T E S G0} 7] % cooiimmmmmmmmsssssssssssesessssssss st 10
5. Q1 TJEEL ] ettt 11
. AE B HFE e 12
1. 3T3-L1 A EHISE H BB e 12
2. MEEAT 7} (Cell Viability assay) -esseseeeeesssssessssssssesssssssse 13
3. B A Z 0] (TransSfection) - resssressssrssssessssssssssssssssssssssssssssssssses 13
3-1. THEFE (OVEreXPreSSion) «rressssssssssssssssssssssssssssssssssssssseee 13
3-2. O A (INRIDIHON) reesereesseresssresssmsssssssssnessssnssssssssssssssssssssessssssssssesssss 14
4. DAPI/BODIPY SEAINING weeesseeeeeeeeesessssssesssesssssssssssssssssssssssssssssssssssssses 14
5. Oil Red O StAININgG «reeeeeeeeessssssssssessesssssssssmssssssssssssssssssssssssssssssssssssssese 15
6. Free glycerol @ triglyceride 27 - 16

_iv_



6—1 Free glycerol %——Xé ............................................................................... 16

6-2. THGlyCEride 27 e 17
7 RT-PCR. w+ererereeesresesesseraessessssesssnessisesssessssesssessssesssesssssssssessssesssesssssssnessenns 17
8. Western BIOTHNG ANAlySis «esesssssssssssmssmmmmmsesssssesssssssssssessssssssssssssssssses 18
9. MitoChondrial FUNCHON HESE « - rrssrrsrressreessmeressmessssmessesnessssessesesssssessssnees 21

9-1. AtaivFs S8 MEIZ=gol 2EH A FA A e 21

9-2. A1 B HFH] coorreerrerveessssese st 21
10, STALISHCA] ANALYSES weeeesesssssssssmmmmsssssssssssissssnessesssssss s 24

I TR TR I 25
1. DNAJC6 transfection®] Qb Sl (M AT E) e 25
2. DNAJC6 gene overexpression % inhibition Q] e, 27
3. DAPI/BODIPY  SEAINING w++-eveeeeeeeeeeeeeeessssssssssssssssssssssssssssssssssssssssssssssssson 29
4. AT A (O] Red O & A wovmmmmsmmmmneeeeessssssssssssssssseeessssssssssssssssseeee 31
5. A&/ (Adipogenesis) R AW&3] (Lipolysis) ## @z g
........................................................................................................................................ 33
6. Tg- & Tg+ AL TG 2 free glycerol FH] . 35
7. A B A Alo]EFFSl (Adipocytokines) MFE] . 37
8. TnSUlin-GLUTA A B Al] ] cooreereeeeressmsmsssssssssseeessssssssssssssssssesssssssssssssssseeee 39

8-1. DNAJCE TFHFE O] O BF coovmmsmmsisnisssssiisnnssssssssssssssssssss s 39

8-2. DNAJCE 1A A] Leptin- Q1€ & -GLUTA A A| oo 41

8-3. DNAJCE T8 50 Oz Al Autophagy -sssessssssesssssesee A1
0. MVEtOCHONATIAL FUNCHIOL +++eesreeesseersressreeseressenesssesssesssnessssesssnesssesssessssssenns 44

9-1. PGC-1a8F UCPL HFE] coorrerrrrrrmmmemsssiinnseesessssssssssssssssssseesssssssssssssns 44



9-2. /:\_]_—i_/l’:]j]%]: 1;1_4 ATP /Kg}\c-)] ..................................................................

V. _QLQ]:gl @% ................................................................................................

References

Abstract(JEXZ)

_Vi_



List of Table

Table 1 ObeSlty related DnaJ protein' ............................................................ 4

Table 2. Types and functions of adipocytokines secreted by adipocytes.

.................................................................................................................................... 9
Table 3 Calculation formula Of free glycerOL ............................................. 16
Table 4. Primer sequencing and cycle by RT-PCR. «eeeeeerveemennmnecinnnn 18

Table 5. 1% antibodies and 2™ antibodies used in western blotting assay.

Table 6. Seahorse XF Cell Mito Stress Test Parameter Equations. -+ 23
Table 7. Stock solutions and Compound preparation for loading to XFe24

sensor CartridgeS. ..................................................................................................... 24

- vii -



List of Figure

Figure 1. Domain structures of Hsp70 and Hsp40 family protein. -+ 3
Figure 2. Overview of 3T3-L1 preadipocyte maturation and expression
Of AdiDOGENESIS PrOLEIN. wwreetsseressesessentesmsssstssiti ittt s 6
Figure 3. Schematic of the Insulin signaling pathway for GLUT4
expression to uptake Of GIUCOSE, sttt 8
Figure 4. 3T3-L1 cell culture procedure, i 12
Figure 5. Agilent Seahorse XF Cell Mito Stress Test assay parameters
and kil’letiC proﬁle and Electron Tral’lSpOft Chain .......................................... 22
Figure 6. Cell viability of 3T3-L1 preadipocyte after various levels of
antibiotics and reagents used in the transfection process were treated to
deCide the ConcentratiOn fOf Safety. ................................................................... 26
Figure 7. Expression of DNAJC6 overexpression and inhibition compared
to the COHtrOl. ........................................................................................................... 28
Figure 8. Differentiation of DAPI/BODIPY staining on O-day, 4-days, and

Sfdays. ........................................................................................................................ 30
Figure 9. Oil Red O staining of Control, Tg-, and Tg+ cells at 0, 4, and
8 days' ........................................................................................................................ 32

Figure 10. Protein expression related to adipogenesis and lipolysis in the
CONLTOl and TG+ GrOUPS. s+ weseresrersrssesssssstssststistsistisisti st 34

Figure 11. TG & free glycerol concentration in medium cultured with
control, Tg—, and Tg+ cells at 0, 2, 4, 6, and 8 days. =-=rererreemeeereeneee 36

Figure 12. Adipocytokine factors protein expression of control and Tg+

- vili -



Figure 13. Protein expression related to the insulin cascade signals for
GLUT4 SyntheSiS. .................................................................................................... 40
Flgure 14. Protein expression related to leptin—insulin-GLUT4 system in
Tg- and Tg+ cells compared to the CONLrol, s wwesmmmsmmsessissisisiiisisies 42
Figure 15. Protein expression related to autophagy in Tg— and Tg+ cells
Compared tO the COHtrOl. ........................................................................................ 43
Figure 16. Protein expression related to mitochondrial function factors in
the control, Tg—, and T+ Cells. «eereerrerrerresessesmsmnsisisisisiii e 45
Figure 17. OCR graphs normalized by cell numbers of preadipocyte and

adipocytes according to time-differences in the control, Tg—, and Tg+ cells.

Figure 18. Oxygen consumption, ATP production and supplementary data

came from Seahorse XF cell Mito Stress test in the control, Tg-, and Tg+

_iX_



GWAS
RMR
BMR
BMI
PAI-1
WAT
BAT

FCCP

Pref-1
PPARy
C/EBPa
abP2

HSL
LEPR
IRS

Akt
AS160
GLUT4
mTOR
LC3
PGCla
UCP1
OCR
Tg- cell
Tg+ cell

ABBREVIATIONS

Genome-Wide Association Study
Resting Metabolic Rate

Basal metabolic Rate

Body Mass Index

plasminogen activator inhibitor—1
White Adipose Tissue

Brown Adipose Tissue

Carbonyl cyanide—4 (trifluoromethoxy)
phenylhydrazone

Preadipocyte Factor 1

Peroxisome proliferator—activated receptor gamma
CCAAT/enhancer binding protein alpha

adipocyte protein 2

Hormone-sensative lipase

Leptin Receptor

Insulin Receptor Substrate

Protein Kinase B

Akt substrate 160kDa

Glucose Transporter type 4

mammalian target of rapamycin
Microtubule-associated protein 1A/1B-light chain 3
PPARY coativator 1 alpha

Uncoupling Protein-1

O, Consumption ratio

DNAJC6 inhibition in 3T3-L1

DNAJC6 overexpression in 3T3-L1



+3A

°

7

2009 5.1%°ll 4 20199 11.1%%

=

il A

[

‘(H

o

=

ARk o

-
T

o
L

HE

[e)

o
Fek[2] = ol A

[<]

o A}

i

A TE[1] Wk

S

7}

=

U v RF ¥ E2 20099 31.3%° 4 20191 33.8%= °F 2.5%
6.0% <

ok

=

~
fite)

o
50

Do

e

1o

Aol Ad HREe] 54.7% o] ol

alg

A7} o] Fof

= 54 (spontaneous naturally oc
A S29 oyA L= F7H 5249

Ef® Ao}
= ot #evh aqhE,

=
=
P
T

=

1A

ui

a7

1

0]
yul

(B-3 adrenergic receptor, UCP 1,2,3, PPARy,, Lepti

), A ol%

=
o

}ol

7

g5, 6] ol 2

HA A

), Aba
n receptor, IRS-1

curring),

°

B

7
Nlo

—_

0
o

N

i

el

ol



-
m (
ofl
ol
ol
O
2
ot
o
e
2
o%
ol
[>
o
rﬂ
2
ol
oy
)
X0,
o
a1
r |
o)
N
2

Q
-
N
N

3] oA AHl9 ¢ Basal metabolic rate (BMR)S *¥3% 3t Resting Met
abolic Rate (RMR)7} 70% & *AstH Fd/do] Zgk A2 Hiwke] oY
A By #g FAA A2 AAsirh[11] webA 2 AT A= T

o

Eo FEF3 Lol MR ETEE &8t Genome-wide association studies
(GWAS)71&S o]83] RMR¥} Body Mass Index(BMI) 7+ f-2] A<l 43
e Hole FoAQ FARZE MAPZ2K6¥ DNAJC6S %=Z3F3th.[12]
MAP2K6 gene in vitro, in vivo, SlAo|Al HIwtzte] #E XS S35
om E AF= DNAJCEO in vitro A3 S tlxpdgh Aolrth[13. 14, 15]
H E 2 d3Ade] AF43%20 RMR 33 §32 (MAP2K6) ¢F A &
T8 nnkte] #AIE WA, MAPZK6SY DNAJC6 734 715 4
Agro] w9 2 ofg Y dUA EdHe IFS F= A vv
A AR S Fe AR (ALY 5 T) AT AEFHo ok
goh, whEka] Aol A =EE MAPZK6SE DNAJCE 773 o] €lel = Aol
F71E olyA EdPel #-ets FAAY] ' w opyet el 2 Ed

HEE dgelut AmE @ 4 gl ATt Bas



2. Dna] family group and DNAJC6 gene

Heat shock proteine F9, UVHA, AAAfF ZAAQAEAH 5 2ET
o= Rom(16], ¢ AS ctAsta ALY AlE

Ao o3 &4 dWMAdS A JPozN A E V)5S TS [17]

>

2
v
2L

71 5 DnaJ/Hsp40 protein 7] & 39 A5 28-S <A slslo] Hsp709 A

TPase &4 & =3 @ d Ay HI, &9, do], 73l 59 7l+= 2
+UH[18] DnaJ protein®] C-gd 99 o|FA o] #AstH, o] FA F=x

7F AFEE & dasty] Wil AlxE AT 4 g AxE 3A
of oy3kt} [19] DnaJ+= Hsp70 N-terminaldl Z3%3}+= J-domaing %+
9l o, Gly/Phe-rich region®]lt} cysteine W& EAo] wg} I, O, M
Hgog BFd 4 dvh(Figure 1.).[18, 20, 21] +&8 IS E. coli DnaJ$

=

Aeta, 38 OIE 2647 F3olM, +#38 1, I+ non-native substrates

Substrate recognition

ATPase domain domain
(I-[I)SnpaT';?) N — ~ 450 amino acids
el n(Ctomain | S5 |20 (om0, 22000
ot e m W —{ sdomain | S ]
Ry (domain ) e -

Figure 1. Domain structures of Hsp70 and Hsp40 family protein.
The type of Hsp40 i1s divided into the presence or absence of
glycine/phenylalanine (G/F)-rich region, a zinc—finger motif and C-terminal

client-binding domain (CBD).[21]
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[18] Dna]J proteine F ol wal ZH oA Eoldoz AdaEm E<AMol
7b et A ey AR v AN E et [20] Dna] proteing
g A g 9l o=

ble 1.).[22, 23, 24]

Table 1. Obesity related Dna] protein.

Subject
Gene Result and Conclusions Reference
to Study
DNAJB3 Human e Decrease expression in obese cases
¢ Regulating gene uplift with regular [22]
exercise

DNAJBY | In vitro ¢ Gene inhibition : Inhibition of glycolysis
and mitochondria oxidative

phosphorylation in 3T3-L1 cells

In vivo ¢ Gene inhibition : leads to obesity

e Gene overexpression : leads to [23]
improves insulin sensitivity and lowers
plasma glucose levels

¢ Gene recrudescence : significant

reduced weight, liver size, and obesity

DNAJC27 | Human * Non-diabetic group :

Increased expression in obese cases 241
24
e Type 2 diabetes group :

No significant difference in expression




DnaJ family®l 43t= DNAJC6 gene< Hsp40/C6, auxilin, PARKI19 &
o] olHo]l gitt. DNAJC6= clathrin "i7} endocytosiso] A Eo]d o &2 7]
58tE auxiling 93 313} a1, clathrin uncoatingoll A 83 9&& 39, ¢
lathrin® & &S 23S Falist7] 913 Hsc70 7155 ALgrh[25, 27]

DNAJCO= 27 Soldeolm AA Hee] FHskal, AlWs Ax &g o

ot

< @ 4 UTh(28, 291 DNAJCE6 EAa®ole= Aof FZl&Holy A E

dFel s FHErh[29, 30] EE J-Domainol E<dWolE 7kzl Auxilin

2 Hsc703} A4 435280l E7153+9] transferriny GLUT4 5 endocyt

osis 7|5S At A7 Wi H vl QQuk[25] DNAJC6 gene <9<

A& DNAJC63 AAAEE &3k LEPR 1p31.3 99 ZA<Eo] 74 of

AN Z7] wwro] WA TE A E Arh[26] L2y DNAJCE gene
o]

A= 714 A= glenz 34



3. 3T3-L1 AW ATFAE9 adipogenesis FH 3

3-1. Adipogenesis
3T3-L1 A WAFA¥EE mouse HjoldlA IAJ= o At A,

)

)
=

T &8l Ak Aksh browning A Aol FEA AREHI A= Al
R o]t} [31]

3T3-L1 preadipocyte® 100% confluence ©]3 cell arrest’} Yojiiof A
WAERZ 232 & 4 Joi(Figure 2.). Confluence ¥4l Pref-1°] 2

3l AW FAHeE Tk AAEe AATHI32] A ATAEE £3tekr] A

5!

Cell arrest A Efoll Al £3} %7] 3-Isobutyl-1-methylxanthine, Dexamethas

—
(

one, insulin (MDI) treat A|] Pref-1¢] 23 7433 C/EBPB, C/EBPS§2]
o] FrlkekH, kA 3 @A o] whlo] F7hgte] wel PPARy$ C/E
BPa9 HAE 2t} [32, 33] w3 $7]ddl+= adipokines, aP2, FASS -
A7) Eolx o g wadstn A Eo] A t7F A E T [34]

Post-
Growth confluent Clonal Growth Terminal
arrest mitoses expansion arrest differentiation
-///_,_f./_—
/ Fat droplet formation
5
e Adipocyte-specific
-
/_77 gene expression:
Lipogenic enzymes
— crerp o & / FA-binding proteins
S N Q Vs Secreted factors
Pref-1 “ceees N[/ & Qlbery
1 | [ 1 | | | |
L] 1 1 1 ] L] L] L] ] 1] 1
5l :
1BMX Insulin
& Dexamethasone 4
I Insulin I I
Confluence 0 d2 d3 i3

Figure 2. Overview of 3T3-L1 preadipocyte maturation and

expression of adipogenesis protein. [32]
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3T3-L1 cellsel A TG7F =49 H, =3 A =42 A9 AXxdoA A

FE ANTE ZHoR ofeAA AW & (lipolysis)E ¥ o21th[35] A

W B3 = HSLo 9] =A% ™, HSLS Protein kinase A (PKA)o] 2|3}
gt} [35] AW QA U E5AR dyA|holnz oA g S
A A4 AW F& A=E AT Zart Ark[36, 37]

3-2. Insulin-GLUT cascade system

3T3-L1 cellsell &S HAH AWxANELGe] I FRES F
AN, i TedS AW FAdst=d AHE o 1 tH(Figure 3.). <!
EdL& A xo] 9+ insulin receptor a-subunit® A3 B-subunite ty
rosine kinase domaing A}7}¢14bateln] A3 A71h[38] Q& H AFo 7
g 3te 27 ststs =7 @Al Serine 307 Insulin receptor substrat
e (IRS)9] #&A 3= oA Phosphatidylinositol-3-kinase (PI-3K)ol %t
#h[39] PI-3K+= PIP2, PIP3& <14Fs}ste] PISK/PDK1 &4 <Ql4tsts
&3l Threonine 308 AktE & }A71t}.[40, 411 Akt &/d3t=2 Akt substr
ate 160 (AS160)¢] A4FstE #FZ13ko] Glucose transporter type 4 (GLUT
4)7} endocytosis #ES & F AEF MExdy Asts] =S AXE 4
2o Al ®eh38] A A E A
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Insulin

Glucose

©
GLUT4

Figure 3. Schematic of the Insulin signaling pathway for GLUT4
expression to uptake of glucose. The phosphorylated receptor recruits
and phosphorylates the insulin receptor substrate-1(IRS-1) on tyrosine
residues and activate Akt. AS160 and RablO activation plays critical role
in tracking of GLUT4 storage vesicles (GSVs) to the plasma membrane
for influx of glucose.[39, 40, 41, 44]

3-3. Adipocytokines

3T3-L1 cellsel A TG7H A= AL Balsw A Lol fahd AL
& 9w Ao Eskele] Rl o] obt]E7el (adipokine)ol e
SRATHU5] b LAY Bule wlw, GAEFE, S, W wgy 3
Aol Q7] el oA Age] B A

AZAA Aol HJo R

=4
o, e ¥ AGSFE FEAo FEsto] A&s A3k, PISK 4



R DDA AtolET7HIS A s FEA TG, 47] ofH £ 2 Az

Aol w@ BulEs A8oq TERoR U oftEAACE AMP

Uz asta dds5A ol E71Q12 F7H8H[46, 49] (Table 2.)

Table 2. Types and functions of adipocytokines secreted by
adipocytes. [49]

Adipocytokine | Inflammatory effect Functions

- Partially mimics the action of insulin in the
liver, adipose tissue, and muscle.

- Overcoming insulin resistance, diabetes,
hyperlipidemia, and fatty liver when leptin is
administered in a mouse model that lacks

Leptin Pro-inflammatory

adipose tissue.

- Fat TNF-a and plasma TNF-a increase in
obesity and insulin resistance.

- However, high production of TNF-a in
TNF-a Pro-inflammatory accumulated adipose tissue is the cause of
obesity-related insulin resistance.

- Insulin signaling is weakens by TNF-a
treatment in adipocytes.

- High plasma concentrations in insulin

Resistin Pro-inflammatory . .
resistant obese mice.
- Increased in abdominal visceral fat when
. bese.
PAI-1 Pro-inflammatory opese

- Associated with type 2 diabetes and
hypertriglyceridemia—-expressed in adipocytes.

- Decreased expression level when obese.

- Inhibition of adipocyte differentiation through
Adiponectin Anti-inflammatory COX-2 pathway.

- Up-regulation of PPARY expression in
3T3-L1 cells.[47]
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1. 3T3-L1 A Euje 2 23

MEE w92 vjo} 3T3-L1 (ATCC, Manassas, VA, USA)E FFnto}
AFE3L9 Y. preadipocytesE 10% bovine calf serum (BCS) (Thermo
Fisher Scientific, 26170043, USA), 1% penicillin/streptomycin (P/S)
(Welgene, 1.5202-02, Korea)©] %% Dulbeco’'s Modified Eagle Medium
(DMEM) (Welgene, LM001-05, Korea) 2% 37T, 5% CO2°l| A wl¢FaF3itt,
Post-confluent ©]% (Day 0), cellsE 10% fetal bovine serum (FBS)
(Capricorn Scientific GmbH, Ebscorfergrund, Germany), 1% P/Seo] %
DMEM?¢l| 0.5mM 3-Isobutyl-1-methylxanthine (IBMX) (Sigma-Aldrich,
St. Louis, MO, USA), 1uM dexamethasone (Sigma-Aldrich, St. Louis,
MO, USA), 10ug/mL insulin (Sigma-Aldrich, St. Louis, MO, USA)& %
7}sto] differentiations 523k 48A17F wiFstal, 10% FBS, 1% P/Seo]
st DMEMoOl 10ug/mL insuline % 7}ste] differentiations %] 3}
A8 FbsqE v ¥ttt (Day 2). A< Aol 4843wttt 10% FBS, 1%
pP/So] ¥ DMEMOo=Z AR (Days 4-8); 91 AAS F3
preadipocytes’} WAT cells®} A AEQ XHo] =24 ¥ adipocytes =
13l 9 th(Figure 4.).

Adipocyte Adipocyte

Preadipocyte Flost-Confiiency differentiation muturation

Day -4 | Day-3 | Day-2 | Day-1 | Dayo | Day1 | Day2 | Day3 | Day4 | Day5 | Day6 | Day7 | Days

10% BCS, 1% P/S 10% FBS, 1% P/S
DMEM DMEM
MDI Insulin
New New New New New New Harvest
media media media media media media arves

Figure 4. 3T3-L1 cell culture procedure.
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2. AIXEEXH 7} (Cell viability assay)

ME=SYH 7= 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium
bromide (MTT) (Duchefa, Haarlem, Netherlands) & & A}-g3to] =435}
2ttt 3T3-L1 cellsZ 96 well platee] 5.0x10* cells/100uL platingdll 724] 7
b WFAIZ v, A FUS shal 2447 o] F AF AT wiAE A
Astax MTTE dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St.Louis,
MO, USA)o &A1 Al Z3F 0.5mg/mL MTT solutione welld 100uL*]
Ho] 2A2kE]t  incubatoroll Al HE-SAI AT MTT  solutiong Al A3
DMSOE welld 100uL® Yo 30859 shakerdt F spectrometer
(Thermofisher, Waltham, MA, USA) 7|72 570nm, 630nm F3 =& =74
SEA T A4S 570nm-630nm3t #S A3t AL, Control w2 100%= Al

A wel %E s,

3. 824 F9Y (Transfection)

3-1. #2&d (Overexpression)

Lipofectamine™3000 Reagent (Invitrogen, Waltham, MA, USA)S A}&
sto]l 3T3-L1 cell®] DNAJC6 gene (Dnajc6 Mouse Tagged ORF Clone;
ORIGENE, Rockville, MD, USA)< #&dstAvt. 3T3-L1 cell Wi 5 &

=

AT 282 =917] 98] serum free DMEM2. & 1lhour fasting 3}$3t}.
1A % Opti-MEM (Thermofisher, Waltham, MA, USA), DNAJC6

gene DNA 2500ng, P3000 reagent, lipofectamine 3000 reagentE < 3 3}¢]

_13_



DNA master mixE& At 1583 oA WA Zth. DNA master
mixZ 6 well plateo] 250uL, 96 well plated] 10yl #F3 3 4A| 75t
incubatoroll A HF-S A F T} o] % A A G418 (Thermofisher, Waltham,
MA, USA)< 500ug/mL ¥== 84& 10% BCS, 1% P/S DMEM< A+

S 2447 M F AFL ABAA

3-2. 9 A (Inhibition)

siRNA Reagent System (santacruz, Dallas, TX, USA)E A}-&3}o]
3T3-L1 cell®] DNAJC6 gene (siDNAJC6; santacruz, Dallas, TX, USA)2]
B S A ST Transfection 45+ # solution A (siDNAJC6 duplex +
siRNA Transfection Medium (santacruz, Dallas, TX, USA))¢} solution B
(siRNA Transfection Reagent (santacruz, Dallas, TX, USA) + siRNA
Transfection Medium)< Zt2f Alxstal stz 3 & ARoA 453t
g Al 71Tk, 3T3-L1 cell Wi £ viA & A A3tal serum free DMEM S &2
cell& A& 3 F solution AB 200ul (10uL)¢} siRNA Transfection
Medium 800ul. (40uL)S 6 well plate (96 well plate)o] #|38F1L 54 7Hs

ob incubatorell A HHEAI AT} ©] % 10% BCS, 1% P/S DMEM< # &3
2477 MEF T AP ABE A

4. DAPI/BODIPY staining

/b]—

DAPI/BODIPY stainingeS 53] A¥X W 3 AutS JAs5te] )

Are AW FALS Fasgr. AEZe wAEZ AAs 1X PBS

by
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(Welgene, Gyeongsan, Korea)® 2W A %3 5 49 paraformaldehyde® 1
AZbst AlEE aAARAT 4ol 2ud 1A AE A s 1X PBSE
shaker 914 5&7F 3 A2 g F 1X PBSel 1:20002.2 3|4 % BODIPY
S MXEol AFste] 1583t shaker 9lolA AxX U AWS AMAHTH
BODIPY &Aool £4yW BODIPY € 9d4& AASA 1X PBSZ shaker 9l
A 5#7F 39 A A g $ 1X PBSOl 1:50002. 2 8]4 % DAPIE Aol A&
ato] 303t shaker flellA Alx & AMAZ T DAPI 4ol £uid
DAPI &9d& AAstE 1X PBSZ shaker 9lolA 533 3H Az &
fluorescent mounting medium (Vector Laboratories, Newark, CA, USA)=
wet mountE 751 4CoA overnight3tth, o RE AL b2 A
AP sttl, Mounting &9 2 Confocal Laser Scanning Microscope

(Carl Zeiss, Overkohen, Germany)S %3 oM<& <13k}

5. Oil Red O staining

ME W AW F4 AE=E SAHs7] fs] Oil Red O (Sigma-Aldrich,
St.Louis, MO, USA) & M3ttt 23 A isopropanole]l Oil Red O%
8|4 sto] 05% stock solutiong A z3ch AxES wAE AAs}L 1X
PBSZ 29 AN &gt & 49% paraformaldehyde® 1A]17F &9t AMXEXES L AHAZ
. A3 A Oil red O stock solution¥} 1X PBSE 4622 439 Oil red
O working solutiong %HE3 0.22um filter unit (Millipore, Burlington, VT,
USA)S = filtering¥tth. iAol EuyH nZHNS A AL 1X PBSE 29
A E & Oil red O working solutions Ao ImL¥ ®EFdo] 1A%

oF A2 W] AWE A AT o]F Oil Red O working solutionS A A s}
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3H AHs & 200 & A HAnFO=Z
G AeE #zsta AL ZYGstAn. 948 Oil Red O FE3517] 93
1X PBSE A A3 100% isopropanols 1mlL #+F3F & shaker ¥olA 10

B FE35A0. FE0] EvH e-tubeo] %74 ol spindownl ® B E

AEo AW Ee AxE =487 8] AE mediumol A free glycerol

9 triglycerideE =4 311t}
6-1. Free glycerol &3

Free glycerol2 Free Glycerol Reagent (Sigma-Aldrich, St.Louis, MO,
USA)E AF&3] =A3th. Free glycerol reagentS e-tubed] 320ul ¥ L
3%} F 54, standard, sampleS Z+7F 40ulL® ¥ 3l vortexdFt}. 37ColA 5
17131 96 well plateo] 100ulL® 53 $ spectrometer 7]7] %

540nm 3 =5 =435t AAF2 2 Table 3.9 #t}

i
[
[JE
oo

>

Table 3. Calculation formula of free glycerol.

sample §3% % - blank $3%
Free glycerol = x 0.26mg x 100 / dL
standard &3%% - blank %%
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6-2. Triglyceride &3

Triglyceride™ S8 AW ZA4&A94 (ASAN PHARM.CO.LTD., Seoul,
Korea)s& A}&3 SAHsAY. A FE NS e-tubeol 750ul 931,
sampleS bulL® Y2 % vortex$tth, 37ColA 10&3F WES-A| 7131 96 well
platee] 100uL® #53% $ spectrometer 7]7]Z 550nm 3 =& SA3IA
t}. Triglyceride 5%

st

+= triglyceride standard curve FAAS ZFAEte] A

7. RT-PCR

DNAJC6 gene®l Td JEE g3ty sl 9dAE4 PCR (Reverse
transcription polymerase chain reaction; RT-PCR)S &3ttt Cell i
A& AAsta 1X PBSZ A& 3 & TRIzol reagent (Invitrogen, Waltham,
MA, USA)E AFE3t celle &ol®2 % chloroform 200ul.E 713k
vortexsF A tF. 13,000rpmol 4] 107 YA EE SR 1L, Tk A A=
& e-tubedl &A ©H2 T %9 isopropanole 2o ZFHA 4l FAth
Ao 1087 WXk 13,000rpmel A 1087 94283 & gdS8 A
73] RNA pellet?t tubeo] A gth. RNA pellet2 75% ethanol® 2W¥ A

233 13,000rpmeoll A 10+37F 44 # 2

rob

5 g9 AA ethaolS ZFH
3] A 73t Rnase free water® pelletS 23] Holal 65Co|A 10&7F
7FE3k ¥ Nanodrop spectrophotometer (Thermofisher, Waltham, MA,

USA)E o] &ste] A st
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ReverTra Ace™ gPCR RT Kit (toyobo, Osaka, Japan)E Al-&3] cDNAZ
A skt 5X RT, enzyme, primer, RNase free water® 1X RNA master
mixE A %3ta, sample RNA 500ng¥} RNase free waterE £33}
cDNAES dAstAtt. cDNA @A Al 37T 156%, 98T H&R- oz 7Fdsta
ACAA FA38AE. AccuPower PCR PreMix (Bioneer, K-2016, Korea)Z
AFE3] primer setE A| %3t AccuPower PCR PreMix PCR tube©l] A
%3t Primer set 19uL¢} 343t ¢cDNA 1uLE up and down mixing3t}.
AF8-3F primer (GenoTech Corp., Daejeon, Korea)?l sequencing® cycle<
Table 4.3 %t} Agarose gel 2%%E 4587 100VolA A7) %
(Mupid-2plus; Takara, Shiga, Japan)dt%1 3, Chemidoc Imaging System
(Bio-Rad, Hercules, CA, USA)S 53 @d x5 A3 A}

Table 4. Primer sequencing and cycle by RT-PCR.

Gene Primer

Forward: GTG TAC GGT GGG AGG TCT AT
Reverse: CCG CCT TTC ACC ATG TCA AA
DNAJC6 Cycle: 94C 15mins — (94T 15sec — 59.8C 20sec

— 72T 20sec)*40cycles —72C 10mins — 4C oo
Forward: CGT GCC GCC TGG AGA AAC C
Reverse: TGG AAG AGT GGG AGT TGC TGT TG
GAPDH | cyele: 94T 15mins — (94°C 15sec — 62.7°C 20sec

— 72T 20sec)x40cycles —72C 10mins — 4C oo

8. Western blotting analysis

1X Trypsin-EDTA Solution (Welgene, LS015-01, Korea)E A}-& 3}
cellZ wWojW i, 13,000rpmol A 10+ 7F centrifugedte] cell pelletS E T}
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Cell pelletell protease inhibitor (GenDEPOT, Katy, TX, USA),
phosphatase inhibitor (GenDEPOT, Katy, TX, USA), lysis buffer (CST,
Danvers, MA, USA)Z mixing3d}o] iceold 10%# 3¥H vortexd} S L,
13,000rpmoll A 10% 7} centrifugedtal A= utk e-tubeo] %7 proteinS 3
=3 At

Western blot sample bradford assay® A @3}% 3, Lasemmli sample
buffer (Bio—Rad, Hercules, CA, USA) ¢} 2-mercaptoethanol
(Sigma-Aldrich, St. Louis, MO, USA)=Z mixings}¢] A %3}

SDS-PAGE gel& AZ3F4 120VelAl 903 A 719 31 a1, 280mAdl
A1 90+ %t nitrocellulose membrane (GE healthcare, 10600003, USA)Z} poly
vinylidene fluoride membrane (GE healthcare, 10600023, USA)°. 2 protein
< transferdt$th. Membrane< 1X Tris-buffered saline with 0.1%
Tween-20 (TBST)oll =2 3% BSA°|A 1A 7F5¢t blocking3stith. 1xF 3
AE 3% BSACl 1:50071:20000.2 3] 431931, membraneo] 4TolA 164
b RESAI A Y, HESo] EywW 1x FAE AASt TBSTZ 1024 39
Akl en, 224 A E 3% BSAl 1:5000& =2 3|48 oA 1At
oF WkSA AT A}83 A= Table 5.0 AAFodth. ECL substrate
(Bio—Rad, Hercules, CA, USA)°| 3#3%F WF3Al7l ¥ Chemidoc Imaging
System< & 7343t 2, Image lab software (Bio-Rad, Laboratories,

USA)IE ol §3ke] #43h5iut.
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Table 5. 1% antibodies and 2™ antibodies used in western blotting

assay.
1%* antibody Company Cat. #
DNAJC6 Invitrogen PA5-26981
Pref-1 santa cruz sc—-376755
PPARY CST” 2435
C/EBPa CST 8178
abP2 santa cruz sc—271529
pHSL (Ser563) CST 4139
HSL CST 4107
LEPR abcam ab5593
Leptin biolegend 675002
Adiponectin CST 2789
Insulin receptor 8 CST 3025
pIRS1 (Ser307) CST 2381
IRS1 CST 2382
pAkt (Thr308) CST 9275
Akt CST 9272
AS160 CST 2670
GLUTH4 CST 2213
mTOR CST 2972
LC3 A/B CST 12741
UCP1 CST 14670
PGCla Boster MO00236
GAPDH EnoGene E11-12057
Vinculin CST 4650
2" antibody Company Cat. #
anti-mouse CellNest CNG004-0005
anti-rabbit CellNest CNG005-0005

* CST; Cell Signaling Technology
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9. Mitochondrial function test

9-1. A 2HFES &3 EZ=del 2EH 2 S 9

Mol mEZE=gol -9 AAaAd g B4 98] Seahorse XF Cell
mito Stress Test Kit (Agilent Technologies, Santa Clara, CA, USA)E A}
&3t live cell®] nioloduxe] 7B W3tE AAOE FHA L, 7]
23F, AUy & vMEIZE=FHol 85S xTe AAAREE (Oxygen
Consumption Rate; OCR) @ ATP AAE 5 ¥4 test 5SS A A 0}

(Figure 5. & Table 6.).

9-2. 4% %

23S 9 cells XF Cell Culture Microplateo]l 5.0x10% cells/100uL
seeding s A1 tF. Mito stress =74 24A17F Aol 7E-] A 9] utility plateo] 3
b FHTFE ImL® ¥, XF calibrant £ 94S 50mL tubeo] %ol 37C
non-CQO» incubatore] o< 2 hydration 39t XF analyzers 238 Al %}
& AAZE Aol Ao I A

AE 3 utility plated] 4 U9 3% SFFE A A3 XF calibrant
S HE welld ImLY 2o 37C non-CO, incubationst$ith. 7FE R x| ¥
S drug compound®E &3 tH(Table 7.). Drug”’} A% sensor
cartridge®} utility plateE 37C non-CO.°l 4 incubation 3}ttt CO2
incubation®] ¢+ XF Cell Culture PlateE 7AW A XF Running Media® 2
3] AlE % welld XF Running MediaZ® 525uL ¥ 30760%7F 37T

non-CO»°ll A incubation 3}$1tt. XF analyzer softwareo] A A& tjzpele
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(A) Seahorse XF Cell Mito Stress Test Profile

Mitochondrial Respiration

Oligomycin FCCP Rotenone &
| | antimycin A
360 1

d Maximal

' Respiration .

[pmol/min)

Oxygen Consumption Rate (OCR]

0 10 20 30 40 50 &0 70 80 90 100 110
TIME [minutes)

(B)

Intermembrane
ce

Spa

Mitochondrial
matrix

H+

<app > AP

Figure 5. Agilent Seahorse XF Cell Mito Stress Test assay
parameters and kinetic profile(A), and Electron Transport Chain
(B). [53] Oligomycin inhibits ATP synthase (complex V), and impacts
or decrease electron flow through the Electron Transport Chain (ETC),
resulting a reduction in mitochondrial respiration or OCR. FCCP is an
uncoupling agent that collapses the proton gradient and disrupts the
mitochondrial membrane potential, and electron flow through the ETC is
uninhibited, and consumption by complexIV reaches the maximum.
Rotenone inhibits complex I, and antimycin A inhibits complexIIl.
This combination shuts down mitochondrial respiration and enables the

calculation of nonmitochondrial respiration.
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Table 6. Seahorse XF Cell Mito Stress Test Parameter Equations.
[53]

Parameter Value Equation

Non-mitochondrial Minimum rate measurement after Rotenone / antimycin

Oxygen Consumption | A injection

.. (Last rate measurement before first injection)
Basal Respiration . . L
- (Non-Mitochondrial Respiration)

. o (Maximum rate measurement after FCCP injection)
Maximal Respiration ) . L
- (Non-Mitochondrial Respiration)

(Maximum rate measurement after Oligomycin injection)
H+ (Proton) Leak . ) L
- (Non—-Mitochondrial Respiration)

. (Last rate measurement before Oligomycin injection) -
ATP Production o ] o
(Minimum rate measurement after Oligomycin injection)

Spare Respiratory . L. ..
. (Maximal Respiration) - (Basal Respiration)
Capacity

Coupling Effeciency (ATP Production Rate) / Basal Respiration Rate) x 100

3tar, drugZt A YA sensor cartridge®} utility plate® XF analyzer E 9]
ol =3 1583t calibration 3} Th. Calibration©] & & %™ utility plate®
cell culture plate® XA &}3 equlibration A & ZF F7FH 2 35 mix, 2
i wait, 33 measures 3W WHESte] OCRE A3t RlEZ =g o) 7]
55 =A&a 72+ 77k AALS Table 7., Figure 5.0 wa} AAkstgdc =
ol #d ¥ trypsin-EDTAZ AXE Hoxu AX F&E FAH3

normalizationS %l &) &} t}.
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Table 7. Stock solutions and Compound preparation for loading to
XFe24 sensor cartridges.

Stock solutions

Volume of assay medium Stock concentration
Oligomycin 630 uL 100 uM
FCCP 720 uL 100 uM
Rot/AA 540 uL 50 uM
Compound preparation for loading to XFe24 sensor cartridges
Final well Stock solution | Media Volume Volume added
Port (uM)
(uM) volume (uL) (uL) to prot (uL)
Port A
) ) 15 360 2,640 8X, 15 75
Oligomycin
Port B
05 135 2,865 9X, 5 75
FCCP
Port C
05 300 2,700 10X, 5 75
Rot/AA

10. Statistical analysis

2 ATy BE A2 HA 39E 89 A, Statistical Package for
the Social Science software ver 25.0 (SPSS Inc, Chicago, IL, USA) &4
Z2ads T B4y 25 23 = meantSDE YEFH T Sample

b #ol= =YX E TAA (independent two sample t-test)d < uj =&

>

A

-

e
e

MEA (one-way ANOVA)S T8 FoAdS sy, ddnfx

1%
2
>~
>~

Wil

}5 #H7} =5 % Duncan’s multiple range testZ AM£3Fth &2

| £42 p<05 FEAAM FoldS HTeAT

of
_M
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m. 23 2 3z

1. DNAJC6 transfection® <tAA 3o (AE HEE)
3T3-L1 preadipocyte A|XZE o] 83 DNAJC6 transfection} A ol A4 A}
gote FAAY FAAAAG S5 2 AAFseE AAs7] 95k

AZAEES 7o r 54 9 ddAd HAEE A8 th(Figure 6.).
Aol A& DNAJC6 DNA vectorel= AL ool 438 F FAA
& Fostod vector7l AdE AExEE AdeHow wiYgd + Qv 3T3-L1
2 M X9 DNAJCE transfection (Tg+) A Eo A AA Al ekl (G418
FAAS AAZ A3} 500ug/mLe] F= oMzt 86.22+7.77%, 74.50+8.35%
AE BEES Bole Zom gyl v Tg- AlE (siRNA A A]

Lo

3t DNAJC6 knock down 2ol A4 siRNA Transfection reagent®] & %7}
AZAEE A= GeFoll= 2 AFol7F AU

ANE AES AA 292 89l o8 DNAJCE transfection A ka2
of AF&E A wrve 5% AE AEE Kol 500ug/mL, siRNA 2

ki

o

o Al&3 SiRNA Transfection reagent &%=+ Sul/mL=Z 27334
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3T3-L1 MTT Assay

150+ p<.001
:; f f cdef
\\;100_ S def bede abc bed abe
E
8
; 50
[}
(&)
0 100 200 300 400 500 600 700 800 900
G418 concentration(pg/mL)
DNAJCG6 overexpression 3T3-L1 MTT Assay
150+ p<.001
S
2
3 a
©
S
3
o
0 100 200 300 400 500 600 700 800 900
G418 concentration(pg/mL)
DNAJCG inhibition 3T3-L1 MTT Assay
150+ p<.001
d cd c
S abc be abc apc ap
3,100-
E
8
; 50+
Q
o
0

1
0 2 4 6 8 10 12 14 16 18
Transfection reagent concentration (uL/mL)

Figure 6. Cell wviability of 3T3-L1 preadipocyte after wvarious
levels of antibiotics and reagents used in the transfection process
were treated to decide the concentration for safety. Data were
assessed by one-way ANOVA with Duncan’s test (x p<.05, ** p<.0l,
x+% p<001). Superscript letters (a, b, ¢, d, e, and f) indicate significant

differences between groups at p<.05.

_26_



2. DNAJC6 gene overexpression % inhibition &<l

DNAJC6 transfections &<13t7] st &3 0€A, 8 Ao RT-PCR
I B3 0dA, 44 A, 8L A o] western blottingS 43§ 5} % v} (Figure 7.).
Tg+ AlxAA DNAJC62] mRNA 2 &z 2d preadipocyte ((=3F 0
ANk adipocyte (3} 89A) EF dxatel Hlal] 1.388), 1.788) F 713k
H(Figure 7-A & -B.). ©, preadipocyte ™ H| adipocyted] ] Tg+ Al 2]
DNAJC6 @ do] fojHor v, Tg- AEe DNAJCE G
o] R e Fo] A<l Aol 7k glo] siRNAA inhibition &&& 29
at7] Al w3 4dAE F7F Adstdd. 2 At 23 4D A DNAJCE
o] Tg- MEANA ool vl oF 6547% A AsR o™, Tgr AlE
Al izl vls] oF 1.374) F 718k o (Figure 7-C.).

—_

¢
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) DNAJCE [ et W e S |

GAPDH [mes w? e e S e |
Tg C - + c 5 +

Preadipocyte Adipocyte

DNAJCG
24 p<.001

DNAJCG6 | GAPDH ratio

Preadipocyte Adipocyte

g C = + C = +
Preadipocyte Adipocyte
DNAJCE
100+ p=.001
—
o b
cx 80+ b
20
wo 60
s 40\
58
5
2<
®=
o Q
14
Tg ¢ - + € - +
Preadipocyte Adipocyte
(C)

DNAJCE | gy s S

Vinculin | W — —

Tg C . +
DNAJC6
(Day 4 of Differentiation)
2.0+ p<.001
2
g c
£ 1.59
3
b
c
S 1.04
©
3 0.5 a
2
E [
0.0-
Tg C - +

Figure 7. Expression of DNAJC6

overexpression and inhibition

compared to the control. (A) mRNA expression of DNAJC6. (B)

Protein expression of DNAJC6. (C) Protein expression of DNAJC6 at

day 4. Data were assessed by one-way ANOVA with Duncan’s test

(x p<.05, *x p<O0l, **x p<001). Superscript letters (a, b, and c)

indicate significant differences between

TgC; Control group, Tg—; DNAJC6 inhibition group,
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3. DAPI/BODIPY staining

Transfection § AMAIZoA 9 Ad FAAAAA ME 3 43} A
A 22 AEE Fed7] 93] DAPI/BODIPY stainingsS 33ttt
(Figure 8). DAPI @4 A Alx 3o &4 e mefo] S FA A
AU, o Az 244 AAY, 3 Fel gEA MANE Red W 3
&4o] Bt et [54] w23 0Y, 4Y, 8Y BT 8 &4
S HolA ¢ral &3t 8ol AEF F9o] A Ho] FAHHJY. Tg- A=
T 30, 4%, 8d BT & &4S Holx gon 4UA ] izl H
3] BODIPY @4io] ZstAl € A st 8d Aol A=xd F9je A
dol AHAY tx
w3t 0, 4ol 3 EAFo] Holm 3} 8AAol] ML Foo] A

ol A &
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(A) (B)

DAPI BODIPY Merge DAPI BODIPY Merge
Day 0 Day 4
TgC TgC
Day 0 Day 4
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Figure 8. Differentiation of DAPI/BODIPI staining on 0-day (A),
4-days (B), and 8-days (C). The scale of the picture is 20X.

TgC; Control group, Tg-; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group




4. A P4 (O0il Red O E4)

A WA o A DNAJCE transfection®©] AW+ Ao o3l kS w) X
=X #23t7] 918t Oil Red O Moz AWFE AN AT 44 &
dArjder AHsdS W 2, Teg- AE= 23 8ol A7+ A
G H5A @9 AYTE AR oy Tgr AEe #3h 8deol dAd
AtE Fgold 4 Y t(Figure 9-A.). 94 E AW+ S isopropanol &
FZE350] 492nmolA STHEE SAH Ay 2T Tg- AXsE 23 09
2ol mla) FF= ghol W3k AdAfol A oF 2.41u), 2.299, &3} 8U XA
oF 359w, 3.82u & F7Fetth. Tg+ M Tgk 0dAk iy £3F 4, 84+
ol A o 1.10WH, 1.348) F7Fstdovt tixa AlEe] &3 4, 8dx F3 %

(o4

FZrrtk oF 42.09, 52.88% A X vk tH(Figure 9-B.). A& 1 o2 DNAJC62
b e A FAS JA|st=E vhH, DNAJCES A= AT dA 3
Aol AAoz HAYs+= AE FlstArt.
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Figure 9. Oil Red O staining of Control, Tg-, and Tg+ cells at
0, 4, and 8 days. (A) Pictures of Oil Red O staining. (B) OD value
of Oil Red O staining. Data were assessed by one-way ANOVA
with Duncan’s test (* p<.05, ** p<0l, =*=xx p<.001). Superscript

alphabet letters indicate significant differences between groups at

p<.05.

TgC; Control group, Tg—; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group
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5. AW &4 (Adipogenesis) ¥ X W &3] (Lipolysis) ##

R RO

oAt FFS A=A A fAste] AR
T2 gestg th(Figure 10.). AWATFAEZ v}
(Preadipocyte marker)= ¢# 4 ) &[32] Pref-12 thxa +£3F 8&A 0
AR} oF 3437% #HAdAoY Tgr AEE 23 8dA ] 0dA R 89
Wl F7tete]l DNAJCE  #EdE L adipogenesis A S A5
preadipocyte A HIE FX 3= AS EASFAL. o= gz M XA &3}
LA A ¥4 (adipogenesis) ¥¥ wlA <l PPARy, C/EBPa, aP27} 7t
7y 349, 1234, 4118) F7Fstl oy Tg+ AlZoA & WerE eS8
o1} 4 oF.(Figure 10-A.)

v dd 2 A

A el w9l HSL, pHSL(Ser563)> thxwrol A 3 04 Bt &+
st 8 Aol 4.0u], 2691 FT7Fstlou Tg+ AlEolA= o4 #strE gl

-

ATHFigure 10-B.). $1¢ 23 Tg+ MEAA AW A3 A9 a7 ¢
oJubA] 23 FAlA E3 UA | X AF MEE FA T}
BRSNS

[e)

o

0]
S

R
o
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Figure 10. Protein expression
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+

Adipocyte
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e
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+

Preadipocyte

related to adipogenesis (A) and

c
Adipocyte

p<.01

+

lipolysis (B) in the control and Tg+ groups.
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PPARy
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Tg C + (o +
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aP2
800+ p<.001
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HSL/ GAPDH ratio

Tg C + [ +
Preadipocyte  Adipocyte

HSL
40 p<.001

Tg C + c +
Preadipocyte  Adipocyte

Data were assessed by

one-way ANOVA with Duncan’s test (x p<.05, #x p<.01, #xx p<.001).

Superscript letters (a, b, and c¢) indicate significant differences between

groups at p<.0b.

TgC; Control group, Tg-; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group

_34_



6. Tg- & Tg+ AXEANAEY TG ¥ free glycerol #H]

2z thu] Tg- 2 Tg+ ALAEdAM ] Aupte] B gelslry] 9
& cell medium W triglycerides (TG), free glycerol ¥%=2 =43t
(Figure 11.). w2 &3p7F JFDdg5 23 0L 2ol vla &3} 8L a7}
TG 4.729), free glycerol 24918} ZF7}stal, Tg-v% w37 AP 55 i+
st 04l W& ¥3 8AA7F TG 558°, free glycerol 52.73v] 5713k
o 28y Tg+ MES] mediume TG 1484, triglyceride 2.66¥] < 7}3
T7F Fo] dlzdely Tg- AXRT Frh =3 Tg+ AE 23 83Ul
ol E TGS free glycerol> thx WlH] °F 72.19%, 90.84% Y& =&
ZERTE 919 A Tg+ AxoA s 3 Ald= AW A Zaf7b o] F

oAA A = Aom HAlY,
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(A) Triglyceride in cell medium

Hkk

80- — Ea Tg Control
b
b =3 Tg-
b D B
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404

20+
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Day 0 Day 2 Day 4 Day 6 Day 8
(B) . :
Free glycerol concentration in cell medium
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—_ b ¢C
§l 8- 1 = = Tg-
(=)} m +
£ b H Tg
= -
o 1
[ c
24 :
m *kk "
o 21
< 1 b ¢ s
T8 c b a a a
: .
Day 0 Day 2 Day 4 Day 6 Day 8

Figure 11. TG (A) & free glycerol (B) concentration in medium
cultured with control, Tg-, and Tg+ cells at 0, 2, 4, 6, and 8
days. Data were assessed by one-way ANOVA with Duncan’s test
(x p<0b, *=x p<01, **x p<001). Superscript letters (a, b, and c)

indicate significant differences between groups at p<.0b.

TgC; Control group, Tg—; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group
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7. (| A E BH Alo]EJFS (Adipocytokines) ¥ &

DNAJC6 Frdo] AWbA| oA At Ao Hlgsle] EH|shHA

A A Ee} 7eF AE 7F A

—_—

TG &Ae] 7]ost=  adipocytokines?]
leptin % adiponectin 59 W& wA &= FFS &5 AH(Figure 12.).
LEPR % leptin &d& iz &3} 84 atel Hlate] Tg+ AlE &3} 844t
of Z+zt 98.56%, 79.83% ZrAstSlal, o= DNAJCE ko] A Al 9
AT A3LE leptin BHIE FARAIATAL E G Qdth o2l leptin
receptor LA E J&S W X% K3 preadipocytest AFSH ZdEfo] %l
. Tg+ HMIENMHE ddFAx &S =  adiponectin I

leptin/adiponectin ratio®] 2] %<l ®H3}= AT}
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Figure 12. Adipocytokine factors protein expression of control
and Tg+ cells. Data were assessed by one-way ANOVA with
Duncan’s test (x p<.05, ** p<0l, #=x* p<.001). Superscript letters (a

and b) indicate significant differences between groups at p<.05.

TgC; Control group, Tg—; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group
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8. Insulin - GLUT4 A 3 A A
8-1. DNAJC6 #2289 43

AWM EANA DNAJCE & o] insulin signalsdl W& XE= HAdA|
(GLUT4)$t4 % insulin-GLUT4 cascade A v &= d&FS 32A3}17]
st dd dald vy HeE &2l v.(Figure 13.) Insulin receptor
B Edae dxat 3t 0dAET 23F 38U Aol A 3.3v) Emou Tg+ Al
= g Zel7k Itk IRS1S tHEd #3F 8dAtel A E3F 0L AR
Z¥ F¥ES ®eolu pIRS1(Ser307)0] S7hstdA &Ado] S7bgHS gelst
Atk 2y Tg+ AEE B3 F IRSI Ao F242A Aol7F A &%
t}. 1RS¢ downstream$! Akte} pAkt (Thr308)2] ratiox= WxE+ £3F 0¥
AR T 23 8UAfel Al 33w Ekoy Tg+ Al 31 0, 8 A718] F9
3 zFol 7t gl th. Akt downstream?l AS160 ¥ GLUT4 @i &= oz
o 238 8L A Al ZhzE 2.0ul, 9.8¥] Egkow Tg+r AX= 3 0, 8 Ao
M= 7o Zol7F gl vk (Figure 13-A).

w2 ] glucose ol wa} GLUT4 2@l zkol7F &% &As7] 93]
LA A w Ao 2= FHS 28] (9,000mg/L)E F7F3F T vl %] o
YEgs 20 7S W V1€ (4500mg/L)2 Wil Al GLUT4 & ol
Hrae FoHorn Frtstdoy Tgr AEE FoAQ zeol7t fldvt
(Figure 13-B). o] Tg+ AXEAA ujX|e] X EgFaFo] F7lslo] = XA
ERe] YA GLUTA 345 A%

AEed we Ae o & vk

ru
r,
fols
2
)
N
N
o,
ox
ax
lo
fr

s
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Figure 13. Protein expression related to the insulin cascade
signals for GLUT4 synthesis. Data were assessed by one-way
ANOVA with Duncan’s test (x p<05, =*x p<O0l, =xx p<001).
Superscript letters (a, b, and c¢) indicate significant differences between

groups at p<.05.

TgC; Control group, Tg—; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group
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8-2. DNAJC6 A A Al Leptin-¢1€d-GLUT4 A A

AWM EANA  DNAJCE6 genes siRNA transfection (Tg- cells)A]
adipokine¥} insulin signals®l] "X+ JFS &<2ldl7] 934 Figure 12.,
13.914 <3 ¢lzkel Leptin, insulin receptor B, GLUT4¢ & &S 7
¢l 4 th(Figure 14.). Adipocytedl Al Tg- Al E2] Z} protein levelS o
I Fosk zpolzb gllew, Tg+ A Eo| H]3} leptin, insulin receptor B,
GLUT4e] T ko] 3.5u), 4.2¥, 808 S7tste] DNAJCE AR A4k
22l #U-GLUT4 AAE FA At

8-3. DNAJC6 I}&d =& YA A Autophagy

Akte] Y& downstream? mTOR A A+ preadipocyte®} adipocyte &
T oUlETHEY Tgr AMEA 9F 51.42%, 21.39% Stk th(Figure 15.).
mTOR®] 2do] JAEMH autophagy’} Lojdtt= HuvE oz
DNAJC6 #}+3 Al (Tg+) autophagy factor$l LC3(I¢] II A3h)eo 43S
stol & ¢dth.[55] Preadipocyte’} adipocyte?} 2 wl thxw+3 Tg- Al E oA
LC3 /1 =d=Fo] ¢F 52.99%, 76.73% #HAstH ov; Tg+ AEZANA = oF
1518} =718t det. A8 A o7 Tg+ AFEAA insulin signals JAE E=
g el o FoAXA o, AE W olvA AP FdEHelA mTOR &4

o)

o] oJAE Y autophagy’} Z7}8= AR Lol Q&L o 2= 9t}
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Figure 14. Protein expression related to insulin-GLUT4 system
in Tg- and Tg+ cells compared to the control. Data were
assessed by one-way ANOVA with Duncan’s test (x p<.05, ** p<0l,
% p<001). Superscript letters (a, b, ¢ and d) indicate significant

differences between groups at p<.05.

TgC; Control group, Tg—; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group
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Figure 15. Protein expression related to autophagy in Tg- and
Tg+ cells compared to the control. Data were assessed by
one-way ANOVA with Duncan’s test (x p<.05, #*x p<.0l, #*xx p<.001).
Superscript letters (a, b, ¢ and d) indicate significant differences

between groups at p<.05.

TgC; Control group, Tg—; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group
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9. Mitochondrial function

9-1. PGC-1a% UCP1 % &

DNAJC6 gene 1A 9 FA7|thAF(RMR) S A &l7F Aofv|RES of7]
e AMd S E AT 23R EEd AR vE AAAdUAE A
e nEEZ=gole V)5S st v PGClays MEZ=gof
UCP1

rlr
rlo

£ Z7FAl 7]+ master regulatore|™ PGCla @Wd oz FEF

r{r

HXE]O

_—

thermogenesis W7 & W EZ=golo] AAAQ 7|5 HES
t}.[56, 57]

Hze] PGClaTd S 23 0dA Y 3} Aol of A% 9]
SHAl =dkoy, Tg+ AEE Y3 2ol 7t gl (Figure 16.). PGClag 2
Ao FARSHA HELH Tg- AlFEs E3F 04ART &3t 8dAbel A
UCP1 ®rdel zbz 1.39, 159 S7ketslov, Tgr AlxEs #F9% Ze]7h
AAT. e A3} DNAJC6 gene= 3T3-L1 A X overexpression
transfection Al M EZ=gol F7 =717 A HY, ol mEZE= o}

thermogenesis marker?] UCP1 @dolx A& S vlx&= oz KAL)

A

FL
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Figure 16. Protein expression related to mitochondrial function
factors in the control, Tg-, and Tg+ cells. Data were assessed by
one-way ANOVA with Duncan’s test (x p<.05, #*x p<0l, #xx p<.001).
Superscript letters (a and b) indicate significant differences between

groups at p<.0b.

TgC; Control group, Tg—; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group
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9-2. AaLiHF 2 ATP B4

i
r

3T3-L1< adipocyte® +3}¥ ol wet PPARy, PGClae] W&o = w
zelol Aol fFE HAXLH[58] vEZE=g o= A U

A AL ARAYAY A Bge T APRFel Lew

it

ATPE ABAst=d[59], 9 2823 Tg+ AEZAA insulin-GLUT4 25 A
A7 A AE U 22T F9o] & o]FojAA LSS AT F 3
Atk wakA 3T3-L1 M XA DNAJC6S a7y oA S wo A
240 FE F45to nEZE=gote] YAME R WslE g2t DNAJCE

o= & Aol gl B3 84 OCR graph+= 2 ZF¥ 1
I Reko] Aol7k glo] mEFZ =g ol 7]5S Table 6.5 Frarshe] wjsia
T e Tkt (Figure 18.).

317} 1 adipocyted] A i E2Te Ho 52 198pmol/minl & 7]
A ZgHel 143pmol/min® .t} ¢F 1.8¥] F7Fstdth Tg- AXe Hd 35

2 10lpmol/min® & 7] A 3 & %2 179pmol/minX .t} ¢F 43.53% A3}

32

o

o, Tg+ Axe Hu ZTFHFS 5S0pmol/mineZ VAT EH
23pmol/min®.t} oF 2.19u] F7Fsld . 283l Tg+ MEE HU S Sl
7|z F el dxwd Tg- MERT

2017014 mlEFZ=golo] Aol Q& W MEZE=golY] TFS HEsH]
Al Aol EFoE AL SHFS Fve AT Z2AE EHESACIE0] o A

3 Tg+ HEE oln Ay L£Foz Axr 535S 3

(o}

a
W, MEZE=gole 58 Bt S As & F v HAdEF



NAZEFFE FEoz AT £ dv dUEZFEFES Tg- AE -
78pmol/min Z (58pmol/min)el Y Tg+ Al3E (27pmol/min) E.t}

JHoR e A% HAY & gtk MEIZSeor tAE AT 75

o
fu
=

A7l sl 2EH S o] A&EH O A
To] Skt mEFZE=2obe] o H 5 E & ol
u Foaivhl6l] 91 A3 Tg- Al EAM A=
W AW 3 2 FH0= A 2EHs FFo] ST mEZE=Eole] 9
H &8 7150 43S vz Aoz gle.

ATP A& tx+°] 8pmol/min, Tg- A Z7} 110pmol/min, Tg+ A%
7} 18pmol/min® & Tg- Al¥Eo|A thx++, Tg+ AXEd wa] 2z} 1.294),
6.0109) Fo)Hozw =gt AR FEFLS UET°] 58pmol/min, Tg- Al X
7} 68pmol/min, Tg+ A ¥*7} 4pmol/min®. & Tg+ AlXENA 2T, Tg- Al
o nls] oF 92.74%, 93.82% St} Coupling effciency= ATP 4=
EH =Y AFEEHE A HEE2 2T 60%, Tg- MY 62%, Tg+ Al
82% = Tg+ M¥E7F dlxzo3} Tg- Mol #l&] 1.364), 1.328 Foldo=
7kttt ol Tg+ AEolA ATP Aito] A= o] FolA il YA o
H, figure 16.914 UCPl &% HAstgorng 7| Z2iAb&e Aot= 4t
Mo v vEbd o g wWelth Hd AX FA I ke 4hshA
dikstel mEZE ol AEY &85 S7HAN7I=HI62], Tegr MEE AE

o OaEo] wou AAh S Horng AXE FAo Y 37t AR 4

o
>

pol
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Figure

17.
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OCR graphs normalized by cell numbers of

preadipocyte (A) and adipocyte (B) according to time-differences

in the control, Tg—-, and Tg+ cells.

TgC; Control group, Tg-; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group
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Figure 18. Oxygen consumption, ATP production and
supplementary data came from Seahorse XF cell Mito Stess test
in the control, Tg-, and Tg+ cells. Basal respiration is the oxygen
consumption that meets the cellular ATP damand. Maximum respiration is the
oxygen used to oxidize the substrate to solve metabolic problems rapidly.
Spare respiratory capacity indicates the ability of cells to respond to energy
demand and how close they are to their theoretical maximum. ATP
production is produced in mitochondria, which contributes to cells’ energy
needs. Proton leak is the amount of oxygen respiration induced while
inhibiting ATP synthesis. Coupling efficiency is the respiratory rate used in
ATP synthesis. Data were assessed by one-way ANOVA with Duncan’s test
(* p<05, *=x p<01, =*x p<001) or t-test (* p<.05, =*x p<.0l, *+* p<.001).
Superscript letters (a, b, and c) indicate significant differences between groups

at p<.05.

TgC; Control group, Tg-; DNAJC6 inhibition group, Tg+; DNAJC6 overexpression group
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atoich HWE @A #A glE Dnal proteinZb 9lew, DNAJC67}F <5 st
3k quxilin®] transferrin, GLUT4 % endocytosis 7]s< A3ttt = AF7)
e v ot HRkolut thermogenesisel ta 71 A7-7F o] Fo] A A
i ATk wEkA B A9 542 3T3-L1 AWAFAMEANAN DNAJC6
FHAAE 33 (over-expression, Tg+t) 2 oA (siRNA, Tg-)3t9 <
w2 2 e wd a3y ol Aol EgRSl Ey, Qe

-GLUT4 ANz dg AA, vEZ=2g o} 7] (thermogenesis ¥3) 55 <l
ForN DNAJCE A7 AgAEe] s 7dol WA= 4TS ¢

dat Aok AT HAe ¥ ARFE ¥ AqAnE gen 2

1) DNAJC6 +H A% transfectionsh= Ao A A}

ofo
ol
20
uls
D
N
—
0¢)
ot
0
2

¢} transfection reagent %7} 3T3-L1 AXESA vA= JgFS A
Ay AEE 5% To5 Holn ZAo] gle FE< G418 500ug/mL,

transfection reagent S8ul/mL= ZAAQ3Att. L3 DNAJC6S dd 2 <o
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A transfection 232 mRNA(PCR) ¥ Wl & (western blotting) =<l A
77y AFskdnh dxzw 3 vus DNAJCE B8 38 Tg- AXddA 3
Aokelal, Tgr AEANAM S7kstd oy Tg+ AlE= &3 8AATMA EAA
El7F A WbH Tg- Al ZolA & &3 443717 A g237F YERS T

2) 2T dul Tge & Tg- ARAEAA] A2 FATHAANA o

FE MR &Y ARE F1E7] fstel DAPI/BODIPY GAAdES X3

>

e

At Tg- Axs 23 443N z=adhiy =
7 AR, Tgr AEE= 23} 049 Aol A2 3 E4Fo] Holw 3} 8
Aol ATE FAE 5 AT Oil Red O A o2 AT =&

shelet A7 Tg+ AEE tiZToly Tg- AXRT A o] A

48 AWTE FQd

o

rr
)

3) A3 (PPARy, C/EBPa, aP2) ¥ w9 a3 (western blotting) <]
Zpol 5 Folsk Ayt x|l H]slo] adipocyte Tg+ Al EoA XA 3
HodeEdo]l fFeojFow ZAsiAt. ofed AWHATAHME wird
Pref-1& adipocyte Tg+ A FENAE Fo& oz FX5% o] preadipocyte A
Bl Ae o ¢ ATk v A E e (HSL) v @3l e 243k A
& HSLe] 283 A9 Aol gl7] wolth. wMiAl e TG $%=+ Tg-
ME7F B3 4D 2o A control ETF F7Feg o Tg+ A ELoAs B3}
7F A& E = Bk ZAasA T WA 9 free glycerol 5% T3 Tg- A X7}
T3 AYEE ¢ gERTREY 22 5, Tgr AlXe diz2dwo o

O A= o
e i = =

4) W+ hH] Tg+ A Eo|A e  ofr] Aol EFe (leptin, LEPR,

_5']_



mlo
=
El
ol

RaL, 2 Ay Tg+r ME E38F 8U oAl ofr
o7 ZrAastnh o= 3) Ao =E3 Tg+
Aol Akt PJA AR ol LAl E T}l |

adiponectin) 2 &l

ARl E71Q1 1 o

Ho
1o
ax

Ll
N
o
>,
2y
k)
bl
il
+

o]
A

5) DNAJC6 393 (Tg+ Al¥) A] Insulin- GLUT4 Az A A< #HEw

okl 2 1k (insulin receptor B, IRS1, Akt, AS160, GLUT4)& A o=
R QA FH AT Tg+ Aol wigde] glucoses 2W = F7HAF S 7 F-of

T GLUT4 @¥d e F7ketA] eFobA] insulin influxel] &A1& ©F7]st
= Aoz BAT wH DNAJC6 S A(Tg- MEIA tixT2 {2935k Aol
7F lom) Tg+ AlXHT Fodow w2 WddHFS Holn FA4H
A-GLUT4 AA= 3ttt

o
o

2~
s

mTOR A A9} autophagy @& S 13k A3} Tg+r AEX U 29 FHol
AAH AefolA mTOR &4 A

o] autophagy =4 %8S 32139

R <2
offt
>
=
=
@)
w
=

e
el
of\
N
utl
—
0
1
=
=]

7) AAE] mEZE=gol 7e s &l7] $13te] mitochondria-stress
tests A3 A, Tg+ MEolA PGClast UCP19 o] E3} 8YUztd
A gzt vlE JAE e, UCP1S =+ Tg- MEAA &3t 0o
ARk 8Y Ad W FosA Sk AT, AR 54 A, dEza
il Tg+ AEANA AT EFZ, ANSEFL, ATP B4, F4A FEo] L
st o, Tg- AlEZA 7IHEFF, ATP Aol T7tsta HANEFH, 4
o ko]l gt AS dlstdth. a3 Tg-AEl vlete] DNAJCE
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W AEs ANTE FA4sA XFeEN mEIZ=gotdd A ATPAA

, A= A4 (ATP) 2 theromogenesis ¥4 o] vl-$-

AEH S E DNAJCE A7 #dd s 3T3-L1 Alxes A% A% &
3, olt] EAFo]E 7}l #d | <& A-GLUT4 A AA7F A=Y nEZ=
glol S 2 V)5 Tol JAHAL. DNAJCE 345 JATAS we
2ol Hjske] H3} FHkRo] =2 Xu A S Holil adipocyte AE) ol
A AFE dEd-GLUT4A AAS Kol UCPl A% thx3 =3
7 FFE BAt @, DNAJC6 FaA A &3+ 8 SRR 4
AxhH-E Frhekel wel ARAEe] Azl mEA YEd Zoln® IS
o|F V|FoR F/AYe] Hasit e DNAJCE FdA d 58 o

fdew 7@ 2k A3l ds AHE 2.7 v

2
—+
=
Q)
j=)
2]
i)e]
(@)
B
@)
3
(@)
D
il

gy B AFdE ouAEFE I ddEE F-Ax DNAJCE A e A
o7} AWAMEZe tALE =
o wWE vA e} AHdE AYd(in vivo) E A (clinics) A TE 4

3 7 2AFE ol&E F JS A

date 71AS Fgslgong, FIL ox =
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ABSTRACT

Effects of DNAJC6 overexpression and inhibition
on lipid metabolism and insulin signaling in 3T3-L1

cells.

Dajeong Son
Department of Food & Nutrition
Graduate School of

Sungshin Women’s University

The prevalence of obesity in Korea is increasing every year. In
particular, obesity in children and adolescents is at high risk of
developing early-onset adult diseases, so prevention and management of
obesity are essential. The cause of obesity is known as an imbalance in
energy intake and consumption, but few studies have been conducted on
gene tracking and mechanism identification related to energy imbalance.
In this lab, we derive gene DNAJC6 that shows a significant correlation
between resting metabolic rate(RMR) and obesity(BMI) in genomic
studies(GWAS) based on childhood obesity cohort. Studies have been
published that DNAJC6 gene mutation is related to neurodegenerative
diseases(Parkinson’s disease), gene deficits with LEPR promoters that

share transcription sites cause childhood obesity, and auxilin encoded by
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DNAJC6 inhibits endocytosis functions such as transferrin and GLUTA4.
However, no mechanical studies have been conducted on the effect of
gene expression differences in DNAJC6 on adipogenesis or
thermogenesis. Therefore, this study aims to confirm the change in the
physiological mechanism of adipocytes when the DNAJC6 gene i1s
overexpressed(Tg+) or inhibited(Tg-) in 3T3-L1 preadipocyte cells.

The experiment conducted an experimental analysis to confirm the
physiological mechanism in the adipocyte differentiation process of
3T3-L1 preadipocyte in which DNAJC6 was overexpressed or inhibited.
Cell survival rates were confirmed to determine the antibiotic and
transfection reagent concentration in 3T3-L1 cells was confirmed when
DNAJC6 was overexpressed and inhibited, and DNAJC6 gene
expression was confirmed at the level of mRNA and protein.
Physiological mechanisms such as lipid accumulation and cell nuclear
damage(DAPI/BODIPY staining, Oil Red O staining), lipid
degradation(TG/free glycerol extraction), adipogenesis and lipolysis,
adipocytokines, insulin-GLUT4 signals related protein expression(western
blotting analysis), mitochondrial function(mitochondria stress test) were
compared and analyzed with the control group.

When the DNAJC6 gene was overexpressed in 3T3-L1 cells, lipid
staining was not stained in DAPI/BODIPY staining and Oil Red O
staining at day 8 of differentiation, and the expression of PPARy, C/EBP
a, and aP2 of the adipogenesis factors was significantly reduced by
78.18%, 89.76%, and 99.52% on the day 8 of Tg+ compared to day 8 of

control. Futhermore, Pref-1 expression of the preadipocyte factor was
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significantly increased by 2.4btimes. in addition, the expression of
pHSL(Ser563) and HSL of lipolysis factors was significantly reduced by
73.53% and 88.10% on day 8 of Tg+ compared to day 8 of control, and
TG and free glycerol concentrations in cell culture medium were
decreased by 72.19% and 90.84%. The expression of LEPR, leptin, and
adiponectin of adipocytokines was significantly reduced by 98.55%,
79.83%, and 99.94% on day 8 of Tg+ compared to day 8 of control. The
expression of insulin-GLUT4 signaling systems(insulin receptor @,
pIRS1(Ser307), pAkt(Thr308), AS160, and GLUT4) was sequentially
suppressed. In the state of intracellular energy deficiency, it was
confirmed that the mTOR activity, another downstream of Akt, was
suppressed on the Tg+ cells compared to the control, and there was a
regulatory action that significantly increased the expression of LC31I, an
autophagy factor. The expression of PGCla and UCP1, which are
mitochondrial functional biomarkers, decreased 78.31%6 and 31.99% on day
8 of Tg+ compared to day 8 of control, and the oxygen consumption and
ATP production of mitochondria were significantly lower than of the
control group.

When inhibiting the DNAJC6 gene in 3T3-L1 cells, adipocytes were
stained strongly in DAPI/BODIPY staining at day 4 of differentiation,
and absorbance values in Oil Red O staining were 1.18 times higher
than the control. And on day &8 of differentiation, there was no
significant difference in leptin, insulin receptor 3, and GLUT4 expression
compared to the control. The UCP1 activity also showed a similar

expression to the control group when differentiated into adipocytes.
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However, mitochondria’s maximal respiratory and spare respiratory
capacity was significantly reduced by 48.97% and 243.28% compared to
the control group.

In conclusion, overexpression of the DNAJC6 gene in 3T3-L1 cells
inhibited glucose inflow into 3T3-L1 cells, inhibiting adipogenesis and
degradation, adipocytokines expression, insulin-GLUT4 signaling system,
and mitochondrial proliferation and function at day 8 of differentiation.
Inhibition of the DNAJC6 gene showed higher adipogenesis than the
control group in the middle of differentiation. In addition, Tg- on day 8
of differentiation, the normal insulin-GLUT4 system was shown, and the
UCP1 activity was similar to the control group.

This study experimented with 3T3-L1 cells that overexpressed or
inhibited the DNAJC6 gene. As the DNAJC6E gene inhibition effect
increases from the middle of differentiation(day 4 of differentiation), the
metabolism of fat cells will appear quickly, so additional experiments are
needed based on this in the future. In addition, it is necessary to identify
inter-organizational mechanisms targeting DNAJC6 gene overexpression
or Inhibition transgenics. However, since this study identified the
mechanism by which differences in DNAJC6 gene expression, a gene
related to energy imbalance, control the metabolism of fat cells, it can be
used as basic data for in vivo and clinical studies related to obesity

studies.
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