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}o] A== Salt-inducible kinase(SIK)$2] o] Adx] F
Mz z2 oA RAEHE SIK2E E3}Z7|DANA oz daeg B
A A QFS v H . A AT A 3T3-L1 AHAES &
A £2FE 3x] A SIK2 ¥ adipogenesis 3## ¢ A (PPARy %
CEBP ¢)7} BEF F71stgich. webA] SIK29 A7 A delA AAF =
A 712 (post-transcritptional modification site)E WA sd =] HHA
¥ 9] adipogenesis WA7} W3ldc= A ES AASE). B AT =
AL &7 Az Al SIK2e 98 adipogenesis 71 A& #H3sI2A SIK2
9] 4] € 3} (ubiquitylation) 2} I+ A== Hol A7
3T3-L1(SIK2 mutagenic) A X & °] &35 t}.

3T3-LIMEANA &7 MEZAHAAFMTT assay)d ZAste] 2|

i

off

EE 50mM=E 3}9t}. Lonzas o] 83 electroporation Wi o s 2
5 SIK2 ubiquitylation-mutagenic 3T3-L1(K536Q, K702Q)
SIK2 KO cell(negative control)S w59 t}. 3T3-L1 ¥ SIK2

a)



KO cell& Y242 % 23 *x A SIK2 mutagenic cells (K536Q,
K702Q)°lA AE#F3} AE(0il red O staining), SIK2 o3 2 Fg
adipogenesis biomarkers(PPARy, C/EBPa) & #9alsg}. o
235 ¥lges® 3T3-L1, K536Q, K702Q, SIK2 KO celldlA]
mRNA microarray £4<& Aqse] E29 Fd FAASE THE
real-time PCR¥& %3] SIK2 mutagenic 3T3-L13 adipogenesis
4 AR AR S Fdsg.

3T3-L1(H &), K536Q, K702Q, SIK2 KO celld A2 SIK2 %
adipogenesis U#te] THES U3 A3} K536Q2 K702Q cellollA
PPARy %@ C/EBPca '#do] ZZstgich. whd SIK2 #dE K702Q
A= W37l ¢ K536QeA SIK2 KO FFo= 723t
3T3-L1°] H]ste] K536Q, K702Q, SIK2 KO celldA x|WAlEx &
3tol #HR 2P fold changer} 2H] o] Aol7} Y FAAE EF
gk, &9 444 F SIK2 KO¢ +52ez 2dd FAAE A9
8t t}¥ Leucine-rich repeat-containing protein 8C(Lrrc8c),
SMAD Family Member 6(Smad6), Nuclear Receptor Subfamily
4 Group A(NR4A2), Nudix Hydrolase 7(NUDT7), Bardet-Biedl
syndrome 9(Bbs9), C-terminal-binding protein 1(CTBP1),
Kruppel-like factor 4(KLF4), Mediator Complex Subunit
1(MED1), Eukaryotic translation initiation factor 2-alpha
kinase 3(Eif2ak3) &2 %7l #+4A=E Peroxisomal Biogenesis
Factor 11 Alpha(PEX11A), Nipped-B-like protein (Nipbl),
Transmembrane Protein 120A(Tmem120a), Early B Cell
Factor 2(Ebf2), CCAAT/enhancer-binding protein alpha(CEBP

@), Transmembrane Protein 120B(Tmem120b) & 743 §4
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2 AW s 9. Metabolic pathwayS FA3le] SIK2 7| A3 o)
9+ #AAE Smad6, NR4A2, CTBP1, MEDI1, Bscl2, Eif2ak3%
ks, K536Q, K702Q, SIK2 KO celld] &F& XA SIK2,
Smad6, NR4A2, CTBP1, MEDI1, Bscl2, Eif2ak3 f8# 2% 9z
ol ulste] Rdo] Frtstget. 53], K702Q9 &£5& XA NR4A2,
MED1, Bscl2, Eif2ak3 §AAE 2% x5z %S wel v wste
wdo] Fyhetglct. o]gtE W E Smad6 2 CTBP1S 23S x84
< o fFRA L] xFg.

2 23S 53 SIK27F W33 K536Q% K702QAIE FolA SIK2
FAo] gt AL (K702Q)oqt 2 =] A adipogenesis & §A 2}

I
1)

SIK2 mutagenic 3T3-L1°4 mRNA microarray ZA°o=
adipogenesis I8 FAAE FAAczr ©F39}. B]E SIK2 KO
celle] dYxFeoz AL oy} SIK2¢9 IAHFFE A=Y
ubiquitylation Z#]E °©]$39%7] wl&el Wnt signaling pathway,
cAMP signaling pathway, TGF-/3 signaling pathway, ER
stress 53 #HF HFAA7} adipogenesis #FH FAAZ EFHo =

5. FF ol FAAE 78 2 A= metabolic pathway
M eR APAYol S FAAE EE8 B8 A Fo] adit). o]& ¥
glo] A3, AF7d, Aol v} o IAAAZTY TSI W
w°ll ®"k phenotypes®| cthAd< st ¢ Zasjc. 53] £ o
T7F &5 AFHel 9 vubdAe] 7|AE Fsted 72ARE AHEEH 7
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ABBREVIATIONS

Aacs Acetoacetyl-CoA Synthetase

Adig Armidale Diocesan Investment Group

Adig adipogenin

Adipoq adiponectin

Aldh6al Aldehyde Dehydrogenase 6 Family Member Al

Apls2 AP-1 complex subunit sigma-2

Atf5 Activating Transcription Factor 5

Bbs?2 Bardet-Biedl Syndrome 2

Bbs9 Bardet-Biedl syndrome 9

Bnip3 BCL2 Interacting Protein 3

Bscl2 Berardinelli-Seip congenital lipodystrophy type 2

Ccndl Cyclin D1

Cebpa CCAAT/enhancer-binding protein alpha

Cebpb CCAAT/enhancer-binding protein beta

Cebpd CCAAT/enhancer-binding protein delta

Ctbpl C-terminal-binding protein 1

Ebf2 Early B Cell Factor 2

Eif2ak3 E}lrlliaasrgo?)tic translation initiation factor 2-alpha

Eroll Endoplasmic reticulum oxidoreductin-1-like
protein

Fabp4 fatty acid binding protein 4

Fbxo09 F-Box Protein 9

Ffar?2 Free fatty acid receptor 2

Fgfl10 Fibroblast growth factor 10

Grk5 G protein-coupled receptor kinase 5

Hmga? High-mobility group AT-hook 2

Itga6 Integrin alpha-6

Kl1f4 Kruppel-like factor 4

Lpinl lipin 1

Lrrc8c Leucine-rich repeat-containing protein 8C
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Med1 Mediator Complex Subunit 1

Mrap melanocortin-2 receptor accessory protein
Nipbl Nipped-B-like protein

Nr4al Nuclear Receptor Subfamily 4 Group A Member 1
Nr4a?2 Nuclear Receptor Subfamily 4 Group A Member 2
Nudt7 Nudix Hydrolase 7

Osbpl8 Oxysterol-binding protein-related protein 8
Per2 Period Circadian Regulator 2

Pexlla Peroxisomal Biogenesis Factor 11 Alpha
Plac8 Placenta specific 8

Pparg g:rrnorﬁ;some proliferator-activated receptor
Psmb8 Proteasome subunit beta type-8

Rarres?2 Retinoic Acid Receptor Responder 2

Retn resistin

Rgs?2 Regulator of G-protein signaling 2

Runx1tl RUNX1 Translocation Partner 1

Scdl Stearoyl-CoA desaturase-1

Selenbpl Selenium Binding Protein 1

Sh2b2 SH2B Adaptor Protein 2

Slc2a4 Solute Carrier Family 2 Member 4

Smad6 SMAD Family Member 6

Socsl Suppressor of cytokine signaling 1

Srebfl Sterol regulatory element-binding protein 1
Steap4 STEAP family member 4

Thllx Transducin (beta)-like 1X-linked

Tcf712 Transcription factor 7-like 2

Tmeml120a Transmembrane Protein 120A
Tmem120b Transmembrane Protein 120B
Wifdc21 WAP four-disulfide core domain 21
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2FE AW FAl 5AA FAZ A4S FHlA Al F58 &
T UYEFEY 94 o]2or RIHA.(1) 23 AYe AFG FA, A
A % $£% 59 F23 92L A.(2) F ATl w29 20109
AA 2F AL 3.95 (95% CI: 3.89-4.01)g/dayel™ I3+ 5.00
(95% CI: 4.85-5.16)g/day22 ©] =ch.(3) &3S & ookx¢}
g2A AF AAle] FHE ARG 2 £2= AAE T o Joree 2F
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2. H|gk
2-1. vute] A9

Hl Rk oz A H = U] LwFe] EFe] A7IstEo] AW
Aol ¢kol FodA FHHO = AdHeoldh.(7) digku|ukEtF el A
2003l w®luk A 7]FEFE BMI(Body Mass Index)el wiel FAAL
18.5~22.9kg/m2, FAF L 23.0~24.9kg/m2, WlmL 25.0kg/m? o]
Boz REHAG.(8) FANFH wwe] FYe AAFH AL £ATNA
e £E2 b vh.(9) 2016 IRAZFAC w=2d $vet ¢
o] Hlmt SHMEL 19989 olF xZA o7 Zrlsto] 20169 40%2 %
Sehsl, ol AL 19984 o] F 23~28%F FA T ek wwe AAA
g Al 28 2 (T2DM) %2 €9 84S F7HX717] W&ol (10) u)gk
2 Aol F83 FF EA EAR ARG (11)

2-2. A A xe] £3 2 At

ABAZE g =223 AsEA Az 93 £3171 AP = =
E3tel] W& Az JeH wste ARAEY] AALAY] E 2 24
of &gk Ao|r}.(12) Figure 13 Zo] AWAHEE= very early, early,
intermediate, late® F 494AE ®3r7t APAct. Ax) kA E7}
confluent =4 AEF7]2] G1/S7]oA A3S WEd. AlE7 FA 64
23}e 947l 2 ), collagen type VI, Pref-1¢9 2% 5 very early

A8 el ewtA 9] FHe] dFE Frh.(13) 3T3-L1 cells] A+



MDI (dexamethasone, 3-isobutyl-methyxanthine, insulin)& 3
AstA 37 A F=EY. MDIE  Axg¢ 1A7 FHE nuclear
protooncogenes?l c-fas, c-myc, c-jun ¥ C/EBP ¢ C/EBP 67}
W E, 231 AA F vx|9d dA|Q terminal differentiation® 5~7
22| Azto] zulHr}t, o] Aol ARAEE Aot Ee] FejolA =%

T Reko g WMYPE]1, PPARy % C/EBP 9 '%3o] Z7}3kc}. (13)



very early early intermediate late
1 I | 1
I | | I
Growth arrest

Post-confluent mitosis
(DNA replication)

Clonal expansion
(cell doubling)

Growth arrest
Gp

c-mycy

fat droplet formation

c-fos . .

type VI collagen adipocyte-specific

gene expression

R triglyceride accumulation
T : ! I I ! T T

I | ?_| | |
Confluence Induction Commitment Terminal differentiation
MIX

DEX ———-= 1 day
insulin

Fig 1. Progression of 3T3-L1 preadipocyte differentiation.



3. SIK (Salt Inducible Kinase)

3-1. SIK family

SIK (Salt Inducible Kinase) family+ serine/threonine kinase
o] AMPK(AMP-activated protein kinase) % 34z AAl2] oy
2l datel] Fa3d 9L gl (14) SIKE IYUEF 2ol E = Fo ¥
Ao A ez EAEA}.(15) SIKE 37129 o] AA7 9=d SIK1
2 HA BolAd mZolI, AW SolFe SIK2¢ RHAH (ubiquitously)

o2 w5 = SIK37F 9}t (16)

SIK2+& #9 AMxA A A5 BA=S L, 222 o)A 713 F5-3
th.(16) SIK2+= WA BEA A @o] THHL £31 =7] DA T8
g 9E Ich.(17) SIK2+E oyz] A 2 =283 JFLel g vt
so® A BE A dFE v|Fh.(18) AFAEY 3 A F
9l [RS-1°] 93 FHE= AL EYE SIK27} insulin-signaling
pathwayst Qo] k= o] we At 3T3-L1 A Eel A SIK2
7} Ser 798¢4 IRS-1< <AASIAIA R4 A Adgd AIAAS F
TN EHF L. (17) 2R A ENAHE dede A5 5T
SIK2 Ser587¢14 9] A3t FT7HAA SIK29 o] FAFHI o=
g3 CRTC29] €943l F7F=o] thermogenesis®] #lo] 2w}l
PGC-1a 8 UCP1e| upregulate ®c}.(19) =3}, SIK2+= &= vk
Sdte] 7re] TERFAAAAL Ao A mLolct. AP AT wEw
9l#¥eo] phosphoinositide 3-kinase signaling®] Ser358 <l4t3}e]
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FEE T3 SIK2E 243/t w3 oh(20)

AAE sk F¢ SIK27F CRTC2E A3 A7|1 2 el Ao A=A A
92 ZAshtt. SIK2: Ser 89414 CRTC29 Zolaess Z2A3:
histone acetyl-transferase?l p300% SR & ) A

CRTC2-CBP/p3009] #&x&&S Wagtc}. SIK2e] 2 Ser 89°l4
p300¢] 4k3lE= ChREBP AL &35 7&AA 247k A9 #AEE
A%}, (21) =3, SIK2E Ser 171614 TORC2E < AHshA 7] 2
14-3-3 @A) BF5A8S F3 AEA #EA ste] CREB &
A FRAA] AAE A (22)

3-3. SIK2 mutant

Ubiquitin lysine #7]e] ZH3ste] EF3SE post-translational
modification®® &3 FL GAs AP E g 34
47}, Ubiquitylatione ©]2] 8 ubiquiting oh2 %% dwde] ¥
A 71= HFAoltk. Ubiquiting AAH LR lysines EF3ta 97
Fo §AA A9 F lysineo] ZFsle] degradations Qo7 A ol
A Ao zAAE 9L 3}, T monoubiquitine] clekd A E o
nAae] 9iz)et FAe 2HARE Aol #@s . s o] A9 ubiquitin
A4 Abge]l  $49F o ®x 9] FAHW I A
poly—-ubiquitylated ¥tttz 3k}, v ubiquitin @ &o] &
poly peptideg} 233 5 U= o] Tdstr] wiwel o2 U3 ot
g A4S =W ¥ F dde RS gndd.(23) AR €Y A,
ubiquitine] Z3¥3E AS & F A WS #8A Ad F KE Q

2 WYAF)E Rl (24)



Figure 2+ SIK29 post-translational modification siteE Y€t
W IHo|}. B AFex = 3719 SIK2 mutageinc 3T3-L1& @&
o] A4d& A3}, Ubiquitylation sitedl 5363 7029 KE Q=
H3AZHY, SIK2 inhibitordd HG-9-91-01% ©o]$&3le] SIK2

silencing®] &3% £ 4 9 & mutant® THERc}.
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Fig 2. Post-translational modification sites of SIK?Z2.



32 vgtdt 253 AR W A7 2ol AAFHIL YAk o}z
=3 x|} @l B AFAA 2,163 8, 9A] ol U
APt PSS T3l L2 &5 AASE S W, vge =7 St
gt A S BRI} (25) 3x|g, &5 AFH A = E vk 7 A
g A& AT, AHAFNA LR &5 AHFH #E SIK2 ¥
adipogenesis ¥ <lx}e] Wdo] Frlsts A S s}, o] wl,
SIK?2 mutagenic 3T3-L1 A5 o]£3}9 adipogenesis WA}g}e] o
A& FJAR A %l SIK2 FHA Ad F 5o AAFAE
(post-translational modification) & W& 3sld adipogenesis WA}t
W3l Fojgts /MAE AR /S 8 A7 EFLE £258 A
218t S W] SIK29] 93t adipogenesis 7|AS 9 3s2A SIK29 &
H A stet AAR x5 HPYAZ 3T3-L1 A E7} adipogenesisel v
25 el Wl Lolr = Aol



I.As % By

1. 3T3-L1 A=W} 2 &3}

3T3-L1 A A v A = American Type Culture
Collection(ATCC, Manassas, Virginia, USA)olA #Fito}l A1-8-3}
gk, 3T3-L1 AABMEE 37C, 5% CO, AifHolE A
Dulbecco’ s modified Eagle’ s medium (DMEM) (Welgene,
Daegu, Korea)el 10% BCS(Welgene), 1%

penicillin-streptomycin(Welgene)el 37C, 5% CO, #uje¥ Z7ej

W ke 49 B¢ AAPAE FUE 0GR F, 2HE FED
93 MDI (1 uM dexamethasone, 0.5 mM
3-isobutyl-methyxanthine, 10 ug/ml insulin), 10%

FBS(Welgne), 1% penicillin-streptomycine] ¥3% DMEMOo=®
W eFatgict. 31 45 294 10% FBSE 10xg/ml insulin ¥} o2

AN YT, WAL o] Bo] F W4 TAFUA 8 5

2. A E=A A2 (Cell viability assay)

Cell viability= 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide(MTT) (Duchefa, Haarlem, Netherlands)
reagents Atg&3e] SAsGY. ALAEES 96-well plateel

plating(2.5x10* cells/mL)3tgt}. 24X7F ZFo wjx]|E A|AZ F,

_'IO_



i‘)'

e SEEE A st 2447 T AR s WA E A AL Smg/
n, MTT solution 1045 Z+ well(0.1mg/ml) 22 FHEE o] 3A 7
FoF wokslgdtt. MTT solutions AASZ Z+ welldd 100x0
dimethyl sulfoxide(DMSO, Sigma-Aldrich Co.)& Yo] A4S =
o] 3, microplate reader(Bio-Rad, Hercules, CA, USA)E o] &3}
570nm, 630nmelA FIFEE FAsPdh. 3FH L2 background F
215 AAZ}e 570nm-630nme FIE FS FIl ZIAE <9

Oil red O stocking solution® 0.5g9] Oil Red O 3%t ()ei
100m¢9] isopropanols o] o] Agkd He] Y31 FE3] S5 w7A
stirringdte] A&o] BAstgdct. #3} ¢#5% 6-well plated] #Wiz S Al
Vakis z, 1X PBS(Welgene) & 23] N A= 4%
paraformaldehyde® 1m¢ 23 ¢A A2 A LA 1A FF 1AA
Zt}t. ParaformaldehydeE AAE F, 1X PBS(Welgene)E 5% 2
3] Al ct. Whatmane® Z €3 Oil red O stocking solution3}
1X PBSE 6:4% 4] Oil red O working solutiong ®&%t}. Oil
red O working solution 1m& 6 well plated Z+ wellel FY3t2
A&eA 147 Ft dAs . Oil red O working solutions |7
g F, 1X PBSE 13 AlA &g, 1X PBSE 1mt ¥ AdlelA plate
= 2SI du|F e FFAS AR S ZYsHid.

i

3. Transfection method(Electroporation)

3T3-L1 cell¥ harvest3 &, cell countingdle] 283 ulF ] cell
2 1.5ml tube°] A o} A4 90xg®E 10%7F centrifugestal A

Zd& AAsFYl. Cell pellete]l 4D-Nucleofector solutions 4

_'I'I_



resuspend3d}li plasmid DNA ¥+ pmasGFP vector, nulcofector
solution, supplementE 4l°o] mastermix® wWEYd. A=
mastermixs nucleocuvettee] Y3 4D-nucleofectorXunitel]4]
CM-137 programelA] 71Ale] A= o] = 3T3-L1S #FFAZA}. 7]
A shde] “100%” & FAIFW nucleocuvetteo] 1= AEE plateel

seeding 3} transfectionS 83} t}.

4, Western Blotting analysis

3T3-L1 adipocytest 50mM salts ]2 3le] wjokslgict. &3}
AEZE 1X PBSE AU trypsin-EDTAE Az ste] FHAZ &
AL s AZEE FAH3S L. @olA A Ee 1X lysis bufferE 7}
3o iceell RA3bHA 10&Evict vortexdt= A S o 83 W5 3Isic).
I F, 4TeA 12,000rpmeE 10%7 LA EEsY A3AS Fsta
Ao dwAS AFsgch. AL Bradford WEo® A#Fsly 4X
Lasemmli Sample Buffer(Bio Rad, USA)¢2 2-mercaptoethanol
£ 4°] sampled WESh.(Sigma-Aldrich, USA).(26)

Western blot sample2 10% SDS-PAGE Gel% o] %39 100VE
30%, 120V  60% ¢ AV]dE} F, transfer blot
module (Bio-Rad Laboratories, Hercules, CA, USA)S A}-$3}¢
280mAe°] 90+ &< nitrocellulose membranel.® Tl A Z o] F A
Aok, @A 13 A= SIK2(1:1000, Milipore, MA, USA),
PPAR y (1:1,000, Santa Cruz Biotechnology, Santa Cruz, CA,
USA), C/EBP« (1:500, Novus biologicals, Littleton, CO, USA)
L4314 et 23} A = PPAR 7 ¢} C/EBP o=

i
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anti—-mouse(1:5,000, Cell Signaling Technology, Beverly, MA,
USA) & A}-8-3}5 o). Membrane& ECL solution A,
B(Sigma-Aldrich, RPN2232, USA)el ¥rg-A71 t}&, Chemidoc
Imaging System(Bio-Rad Laboratories, Hercules, CA, USA)o=
g9}, p-actin(1:1,000, Santa Cruz Biotechnology, Santa
Cruz, CA, USA)& 7oz 9d Hd3¢S wastgdct.

5. Realtime-PCR

RT-PCR¥ #Z2 o=z cell))] RNAE lysisstgd. FAx#9
mRNA $£F& EA437] 984 quantitative real-time PCRY S o]
£3t9tt. DNTP(Takara Bio, Inc., Shiga, Japan) 1x¢, random
primer(Invitrogen, San Diego, CA, USA) 1, RNA, SH5+5 4
o] %% 13ug wE F, T100™ Thermal Cycler(Bio-rad
Laboratories, USA)E A}-83te] 65ColA 5% wk-SA Al 5X First
Strand buffer(Invitrogen, San Diego, CA, USA) 4w, 0.1M
DTT (Invitrogen, San Diego, CA, USA) 1u, Superscript I
Reverse Transcriptase(Invitrogen, San Diego, CA, USA) 1x, 3
2t FWF 1utE sample 7|FabE "whEo] 7% RNA tubeel Yol F
20p0% wHEdh. cDNA FA<= 938l 25TelA 5& WA F, 50T
A 60%, 70TelA 15%, 4TCoA o W& EF 235t cDNA
¥4 F nano drop= AHE3te] %<& &3} . THUNDERBIRD™
SYBR qPCR Mix(TOYOBO, Osaka, Japan) 10ux¢, forward
primer8} reverse primerEs 7z} 0.5ul, FFF 4uUE &5t vk

d 154 wE9tl. Primere sequencex Table 13 #Zt}. A3
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cDNAE Hard-Shell PCR Plates 96-Well WHT/CLR(Bio-rad
Laboratories, USA)ell 5 Y3l 2EolF 43 15us Yol T%F 20
wWE w3E9el. CFX  connect™ Real-Time system(Bio-rad
Laboratories, USA)< ©]83e] 95Tl 3% HHEA7 F, 95TelA
10%, 60TelA 20&, 72TCelA 20T 132 RS @3] 39cycle
S g AZ T o] F 95TelA 10% Fet WA

& F 235 #Fdsg.

curve melting&

rl
o
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Table 1. Primers sequences used for quantification of gene

expression by real-time PCR.

Gene Primers (F: Forward, R: Reverse)
F : GGGTGGGGTTCTACGACATC
SIK2
R : GGTTCTGCCTCCACCGTTAT
F : GGACAAAACAAGAAAGACGCACT
Smad6
R : AAGAGAAGGAGGAAGGAGAAGGAA
F : CCACCCAAGCTGGCTACCAA
NR4A?2
R : CGTCGCGTTCGGTGTATTTG
F : GGTCCTGAACGAGGCTGTG
CTBP1
R : AACCGTCACCAAAACTGTTGT
F : GTGTGGTAATGGATGTGCAGGAC
MED1
R : CTCCCGATAAGCCTCCTTTCGA
F : GCTCTGGGTGTCTGTCTTCC
Bscl2
R : ATGGCGCAGTGGAATCTCGA
F : TCCGTTGCTGATTGGAAGGTC
Eif2ak3
R : CAATGTGTCGGTCGCTTCTTC
F : CGTGCCGCCTGGAGAAACC
GAPDH
R : TGGAAGAGTGGGAGTTGCTGTTG
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6. mRNA microarray

Trizol& #H83te] FE3 RNAS A& RNA Nano Chip(Agilent
Technologies, Amstelveen, The Netherlands)S ©]&3}9
Agilent 2100 bioanalyzer® %7}393, RNA AL ND-2000
Spectrophotometer(Thermo Inc., DE, USA)E ©o]£3%t}. RNA9
libraryE 9E7] 93 QuantSeq 3’ mRNA-Seq Library Prep
Kit(Lexogen, Inc., Austria)S Ab-&3le] A ZxAte] Awo] 23 P}
g}, 500nge RNAE $£8]35te 5 ¢ Zebo] Illumina-compatible A
d& EdshE oligo-dT primerE RNAel Z3AA gAA 33t
RNA  templated &3 F, 2719 3IH4L 5’ ko]
I1lumina-compatible linker /9% 7}4 random primer®l] 23] 7l
A= Rk, o]F 7tg librarys BEE W8 AES AASZ] A4 AA
beadsE AH&3te] AA sttt Librarye S@28 AAQS 9 Zegh
¢4AdE adapter AL F7Hs7] A FFHAL. SAE librarye
PCR 784228 ¥ AHAEHYIL NextSeq 500(I1lumina, Inc, USA)
< o] g&3le g Y 7579 sequencingle® =2 AYFET FHIY
t}. QuantSeq 3’ mRNA-Seq #A4< Bowtie2(Langmead and
Salzber, 2012)& A+&stgich. Bowtie2 A $& Ax 234 A9 =&
Ax 2 AAAE AE3}r] 9T d2Fd A4 Ad=2FE AAAH I A
4 Bd 2 7 5E AYsta, TEFE FASAL, FAAY] ApEA FES
AEsts W A&HAY. AEH s BhE A4 Bedtools(Quinlan
AR, 2010)9 A& HAE AH&3lq 2L 2 oF ALY AF+E 243
9tt. RT(Read Count) dl°]Ee+= Bioconductor(Gentleman et al.,
2004)% AF83ted R(R development Core Team, 2016) <]
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EdgeR< AH83t= quantile A3t W< 7oz A%, 44
5+ DAVID(http://david.abcc.ncifcrf.gov/) 2} Medline d] o] € H|
o] 2 (http://www.ncbi.nlm.nih.gov/)7} 433 AWML 7|bte g 3%

ot.

7. Pathway 53

Microarray Z23Z Gene Ontology(GO)E o] &3l e8] S A
AstRr. 2" {FAAEY pathwaysE: 4359 mutantEe] 2ol &
&9l 3}7] 9] 8l 4] Kyoto Encyclopedia of Genes and

Genomes(KEGG Mapper) & 483l pathways £4 st}

8. €4 &4

2 A7 EE AP 3Eez SIYspgen, JFLIEAXL

¥ ZAF}E= Statistical Package

E)
(@)
[oS)
=)
I+
0p)
=
e
it
KN
)
o
L
o
=
¥2
I
wx

for the Social Science(SPSS) software version 22(SPSS Inc.,
Chicago, IL, USA)E o|&3toq #A3c. w58 F94 FH
t-test2} ANOVA testE o]£€3}9 3, p-valueFte] 0.05 vj2td w], &

ARz foHQl 3ol7}t & Aoz HA 5.
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1. AEZHAA

3T3-L1 celld] £3F& Ax37] g3 FAS 279 55 27| 9
A AESAHAAHMTT assay)E AP ste] 1 AL figure 3(b)ol e}
Wik, 3T3-L1 cell? pre-adipocyte A€lol4 5M NaCl& 0, 5,
10, 20, 40, 80, 100, 150, 200, 400mM=E 3] A sle] x|}, 24
A7 Fd 2FE AT A} 0omMelA 80mMe] FEZAA = viability
7} S7Fskel 100mMel A 32393 150mM HE = 333 cell death
b 2R e ¢ 5 ok 99 2AE v e R 0, 25, 50, 100mMe]
4742 FER ARSI oA AESARAE AP, 0mMelA
50mM7}#] viability7} S7Fstc} 100mMel A € 7H2:38} o},

3T3-L1 cell?] adipocyte AejolA &F& 2255 S w =)
PJAHE AEE Fdadlr] Y& 0il red O stainings 3+g ). Figure
3(a)st Zeo] &= HAsH AEE A F, £3k8 8¥UAte] Oil
red O stainings %1338 Z#AEF figure 3(c)ol Yehdi il xe] 0,
25, 50mMe] 245 Zolx Y 100mMES AAsl9 S vl 434 A%
7} 7435tg . MTT assay®t Oil red O staining® ZIE unig o
2 279 FEE 50mM=E slo] AP S AP,

100mMe] &A= AlEe] AEF] FFL3a Ao FASMA &
oJE= F o= Ho} cello] &7 F4o] A cell death7} ¢4
2 Rad. 100mM £F9 AHx] == AAE DMEM mediacl £33
75mMe] &=5& F7hste] 175mMe] &% sE7 Aok A RS 2

i

sl Ao



7 FE7} 134~145mMe]EBE 1756mME ZF5FE2¥ &3 &F
A Adew 2ZYH AUT ST Aow Bag.(27) WA A
=)

o] WAz AL AW FAo] FTUkstE S50mMe] EFoE
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(a)

MDI Insulin
Salt  Salt  Salt  Salt  Assay

Day 0 Day 2 Day4 Day 6 Day 8

(b)
150 - l
N
g LINM L
2 100- I l
E
o
>
ﬁ 50—
) Ill
0 o
MDDl = = = = = = = = = =
Salt (Mm) _ 5 10 20 40 80 100 150 200 400
150
-
§‘I[’!O T T
2
e}
o
>
— 50
7]
(&)
0
MDI
Salt (Mm) . 25 50 100
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Fig 3. Viability on salt of pre-adipocyte and adipocyte
3T3-L1.

Schedule of 3T3-L1 adipocyte differentiation(a). Cell
viability of salt in pre-adipocyte 3T3-L1 cell by MTT
assay(b) ORO staining of adipocyte 3T3-L1 cell(c). MTT
assay data are shown as mean = SD (x; p<0.05, ==*; p<0.01,
xx%5 p<0.0001).
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2. SIK2 mutant western blot

3T3-L1 AlE(HED)e 37FA1¢] SIK2 mutagenic 3T3-L1 AEE
(K536Q, K702Q, KO)9 SIK2 % adipogenesis & <zl
PPAR7y 8 C/EBPc 9 %3 AEE western blotting analysis® %
3 A3, SIK29 RIAEE K702Q9 AS, 28F Aol & el

7] 93 A western blot analysisEs %133}, Figure 4°]4 &glst

J= 9lXo] SIK29 AT K702Q9 AS =2 n s S w A3}
7} 9132, K536Q= KOS} v|=3t 307 K702Q° nld] FAo] 74

L

3 AS #Faldgdl. Adipogenesis ¢21Ael PPAR7y ¢ C/EBPe+= W%
el ¥3] SIK2 mutagenic 3T3-L1 EFolA 2RI st a3},
K536Q¢% K702Q% v23g < v K536Q2 SIK2¢ A L7} Fx)qt
adipogenesis7} ZA3 AL & F 93, o]t HIYIE KT702Q%
SIK2¢] & X7t AX| 9 adipogenesis ¥ QAo B Es} Y AL
g3 4 A

SIK2 knock out(KO) in vivoelA adipogenesis 21#%]l PPAR 7y
o] @ s o} lipogenesis ¢4A9 FAS ACC1, SREBP1¢}
9% TNFa, IL-1beta & F7lst= AFE 2ot &, A3x7
o] SIK27} 91 W adiponectin®] ¥u]7} £ o] HA F5E o A
ZA o) 9Fur-3& 227 macrophager} Rolx]7] wFo|c}.(28) &
AT E K536Q Al £l SIK29] Wdoe] SIK2 KO 5207 Uy
PPARy % C/EBPca7} ¥7b3te A3< R AL} 22 SIK29
FE$ B9 K702Q MEE PPARy % C/EBPe7l Z&ste AFS B
g}, Park JY er al®] A+ 2ol jn vivo RelA AWERA I} 7k 23

7re] A3 A Lo 9= ANEAdFor SIK2¢ adipogenesis 7F A3 z&
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°l ubiquitylationo] ®|x]& 7] AF7F B&3tch. APAFeNA SIK2
o2 isoformq SIK19 Held  #AA AL Al we
ubiquitylation®] AXEe] ze]7} ek s Fch.(29) =3I A
ubiquitylation site”’} ©}¢¥3F signaling pathwayel] E3te] o] 917]
W2 (30) AAES] T X ztol7t LAt 7 4 it
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SIK2 o woems S,
PPAR? GGy ——— —

C/BEPq ‘s SEy o —
B-actin w
MDI - + + +
Salt(50mM) ) ) ) )
3T3L1 SIK2 SIK2  SIK2
K536Q K702Q KO
2_
p<0.05(*)
£
$ & b a
o o — =
Alar|
&
ab
MDI + + + +
al m . ) ) )
a0 3T3L1 SIK2 SIK2 S5IK2
K536Q K702Q KO
Fig 4, The expression of

0.39 b pclJ.OSl:*:l
c
= 0.2
[&]
% abs
& -
x o ab
3 0.1 T .
0.0 I I
MDI + - + +
Salt(50mM) i i )
3T SIKZ SIK2 SIK2
K536Q K702Q KO
0.00017(***
0.8- p< ***
b
£ 0.6+
Q b
o
S 0.4+
o a
w
o 0.2
a
0.0 1
MDI  + + + 3
Sak(50mM) 2 E i
aran SIK2 SIK2 SIK2
K5360Q K702Q KO
SIK?2 and adipogenesis

biomarkers(PPARy, C/EBPc«¢) in 3T3-L1 and SIK2 mutagenic

3T3-L1 cells. Values are expressed as mean = SD (*; p<0.05,

#xx3 p<0.0001).
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3. mRNA microarrray analysis

3T3-L1, Kb536Q, K702Q, KO 4%7F9 AEE mRNA
w384 FlA Gene
OntologyE E3] fat cell differentiation® FH=F FAAS AH39
o, $AH ez, gdxFH vusg S #W SIK2 mutagenic 3T3-L1 A
¥ 59 fold changerl 2d, 39, 4 W] FAA EF55 sl
5% &3l fold changer} 3w ¥ 4w zlo]7} & AS FoHo=w
Bus FAAe] 71 FHo] 3FH 2% fold changert 28] ApoluhE=
A BEFor ARE AYsrlz AAsYG. 2EH {FAAES scatter
plote 2 Yed Zo] figure 5°|t}. H2ML up-regulations YeY
gt

microarray analysis® Z3d3sgct. AA =53

l

3 2FME down-regulationg 2v|sta FAML BHo] 9SE

t}. Table 2& scatter plot?] ZIFAE ZE2 Yeld Ao, HS

=
flo

=
o
—

up-regulations el FENL down-regulations ¢|n| 3l
o ARAFE o =AY 32 TIELS v dE2EF} v 2dy
K536Q+= 437, K702Q+= 187, SIK2 KO+ 4177} F938 #4A
A2 Jepgo. K536Q ¥ K702Qel Yehd fAz B= F SIK2 KO
9} TEHoE ey FAASS SIK2¢9 A3 [FAHAI) oly7] wlFel
o] T A3t K536Q, K702Q7 238 fAASS Adste Ads
735 ck(table 3). Table 3ell yehd 73} Ze] K536Q cellollA=
Leucine-rich repeat-containing protein 8C(Lrrc8c), SMAD
Family Member 6(Smad6), Nuclear Receptor Subfamily 4
Group A(NR4A2), Nudix Hydrolase 7(NUDT7), Bardet-Biedl
syndrome 9(Bbs9), C-terminal-binding protein 1(CTBP1),
Kruppel-like factor 4(KLF4), Mediator Complex Subunit

_25_



1(MED1)°] up-regulate®$l3 Peroxisomal Biogenesis Factor
11 Alpha(PEX11A), Nipped-B-like protein (Nipbl),
Transmembrane Protein 120A(Tmem120a), Early B Cell
Factor 2(Ebf2), CCAAT/enhancer-binding protein alpha(CEBP
a), Transmembrane Protein 120B(Tmem120b)7}
down-regulate¥ 9 c}. K702Q celld|A+= SMAD Family Member
6(Smad6), FEukaryotic translation initiation factor 2-alpha
kinase 3(Eif2ak3)”} up-regulate %3, down-regulate® 2=}

L olol
BA XA

T
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K536Q/3T311 K702Q/3T311 empty/3T3L1

Par2
Rg=2
Qsbpl8
Hmga?2
Brebil
Sle2as
Widc21
M
Lpinl
AldnGat
Fagf10
Eroll
EbizZ
Hipkl
Hrdal
Socsl
Cabpd
Adipog
Mrap
Pamb
Bscl2
Sl
Tof7l2
Grks
Hrda2

I toat
Adig
Cabph
Fabpd
Salanbpl
Runx1t1
Kli4
Steapd
Ctopt
Plach
Lrrcc
Trem120b
Aacs
Tmem120a
sh2h2
Rarres?
Eif2ak3
Pparg
Ffar2
Cebpa
Atfh
Pexlla
Bnipd
Cend1
Retn
Bhs2
Mudt 7
Bbs9
Smadi
Fhxo@
Thlix
Apis2

Fig 5. Scatter plot of mRNA microarray analysis significant
gene lists comparing SIK2 mutagenic cells to 3T3-L1 cell on
the standard of 2 folds. (green; up-regulation, red;

down-regulation, black; no expression)
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Table 2.

Significant gene selections of SIK2 mutagenic

3T3-L1 cell in fat cell differentiation category.

K536Q K702Q SIK2 KO
Gene Fold Gene Fold Gene Fold
symbol change symbol change symbol change
Hmga?
Cendl
Loresc
Smads
Nrda2
Runxlt]
Faf10
Nudt?
Socs1
Bbs9
Medi
Ttgat
Tcf712 0.109
Aacs Rgs2
Psmb8 Wfdc21
Nipbl Srebfl
Tmem120a Eroll
Ebf2 Steap4
Tbllx Adipogq
Rgs2 Plac8
Bscl2 Osbpl8
Cebpa Aacs
Sh2b2 Bbs2
Bnip3 Lpinl
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Lpinl
Fabp4
Tmem120b
Wfdc21
Rarres?2
Adipoq
Aldh6al
Slc2a4
Adig
Retn
Mrap
Selenbpl
Ffar2
Scdl

1) Red means up-regulation and blue means down-regulation.

Rarres?2

Mrap

Ffar?2

Retn

Adig

Slc2a4

Nr4al

Fabp4

Selenbpl

Pparg

Aldh6al

Scdl

Darker color means higher expression level.

_29_




Table 3. Significant gene list of SIK2 K536Q and SIK2
K702Q.

Mutant Gene fold change

SIK?2
K536Q

Tmem120b

SIK?2
K702Q

1) Red means up-regulation and blue means down-regulation.

Darker color means higher expression level.
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4., Pathway 3 A3

KEGG Mapperg Hl222 FA2E 7+ #™o] 9+ pathwayss F
A3t A5 figure 6°] YeEFd}. mRNA microarray analysis 234%
Hlge g2 ®35%  FAAESe] adipogenesisg AFHE  metabolic
pathways #Ae]ste] cAMP signaling pathway, TGF- /4 signaling
pathway, ER stress® o] A3SE 2339},

cAMP signaling pathway+ protein kinase AS A Zo & SIK2,
CREB regulated transcription coactivator 2(CRTC2), cAMP
Response Element Binding protein(CREB)& %3] adipogenesis
Q1#}el C/EBP e Z §3t}. CREBE adipogenesis® FAAZchal 9s
A9 .(31) =3, KEGG mapper ¥4& %3] MED1¥% NR4A27}
cAMP signaling pathwayst QA= [FAALS E%L, o+
adipogenesise} dA=}.

TGF- 3 signaling  pathway  Smad 2/3% &3 (32)
adipogenesis 7] A2 C/EBPS/6 T &3¢}, b9 71He] Smad
62} CTBP1& TGF- 5 signaling pathway”} adipogenesisg} 35
o] A& A& T FHA .

vk 2 z2 o4 ER  stress® #%8}h.(33) ER - stress+e
PKR-like ER kinase(PERK), Eif2ak3, activating transcription
factor 4(ATF4)% 2|4 adipogenesis #¥ Axl7} F713ctsE AS &
A3tsict. Bscl2E ER stressgt d3te] ke AS A d75 F3
& 5 Ach.(34)

AP A S A metabolic pathwaye] WH3E =37] 9l mRNA

microarray analysisE Z133}9t}.(35) SIK2+= =2 £33} oofief uk
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i
(
[o
ol

FA4 1

o

EAS} =

23] g 7R AE AL AR}

&2 A Y} (16) KEGG mappers &3 metabolic pathway%s i

3

Mo
>

rok

Aol 4 cAMP signaling pathway, TGF-p3 signaling pathway,
ER stress 52 metabolic pathway”} B]23} adipogenesisel FF3

9 TT wHw A4 L AN A% 4T 22¥dy w4

t}.(36)
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+ cAMP signaling pathway (SIK2 / NR4A2 / MED1)
PKA —] SIK2 —— CRTC2 —> C(CREB — C/EBPB —— C/EBPa
+p /

MED1 — NR4A2

« TGF-B signaling pathway (Smad6 / CTBP1) CTBP1

1

TGF-B == activin =/ Smad 2/3 —— C/EBPB/S

T Smad 4

Smad 6
ER stress(Bscl2 / Eif2ak3)

C/EBPax

ER stress — PERK — Eif2ak3 —— ATF4 ——
PPARy

Bscl2

Fig 6. Related metabolic pathways of genes of mRNA

microarray analysis.
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5. Real-time PCR

mRNA microarray 23 =53 F3AE9 gene ontology & fat
cell differentiation®} FHFA [FHAES 4839 real-time PCR<
AYstget. 4579 cellel &FF X33+ 9 adipogenesis ¥+
Azte] RHEL Apo]E LolH e},

NR4A2E #3tE 98 AAzAA|L =34 75 B, &

%, 25 APl = FAACld. EEA 3T3-L1dAE &5
AA9E W NR4A2¢ 2I 57 F71skglch. K536Q% Wl &Fo] H|
BHAE7E of 20 AR Aot WA TS ARG S W AXFHA %S
e} wlwate] A3, K702Q9 Af £5S AP E W 2I=
7} ¢F 29 frelH o R F7ege}. SIK2 KOOAE &3S x9S w
BHE7 FolH e FUhstes o= vl (fig 7a)

MED12 24k, EZolAIYAE, A=A diAreh A=-e] 93 A=w}
de] =48 9 opxdsiel dAte] gidk. 3T3-L1E &<
A AFE 75 A=V ARG K536QE dHEFel vld < 2u)
7} MEDI1e] 2ol Zrhsgix|nt &g o3 =5 FH&3}gd
K702Q% &35 AA39 S W o] o 209 {94 S5 U3t
St SIK2 KOZelAE &85 AX3}S o 2o {FoHer F
gt}t.(fig 7b)

Smad6& AEHI7], AAEE7 9 48E = FAAelth 3T3-L1
Az sE s W FIEV 25 ST K536QE dETl

s o F&sdd. K702Qe0A4=

2as AAE}EE W 2=t A9, o] Smad67t BMP %

TGF- 4 signaling pathways == fFA3#le]7] Wi K702Q A|3xej

-

l~>~

Jo



A& adipogenesis7t BAsHTE & ¢ F drh. SIK2 KOdA =
&uE AAF}E Wl NR4A29 A= Frhske A& &9 & U4
t}.(fig 7¢)

CTBP1Z AA AR AlS

|
1o
oN
>
w
2
o
S
xS
e
Jo
2
2
fe
o
e

et Adge] FIEs o %

CTBP19 2deo] &g, K702Q04 = £5< MA3}< o 2d
=7t #2439, Smad6gt wpEsRl2 BMP % TGF- 4 signaling
pathwayS 2= fF3Ao]7] W Fo K702Q Al X4+ adipogenesis
7} st E S ¢ F 9. SIK2 KOE 23 A9 o #

=
Aoz Frtshe AFE RYoh.(fig 7d)

o,
3‘-‘4
2
£
~
al
w
(@)
o
¢
P
|l
o
3
ot

Bscl2& A|AE #3te] 5 A AdA A Ao|H oyz]
Aol 2" 2 ER stressgt dddo] 9= FAAo|}. 3T3-L1S &2FF A
25t & Wl Bscl29] #do] A3, K536Q% WETel wls '

SellE Bt FAFg.
K702Q¢% SIK2 KOE &5<5 AHA}GS o FdHe=r Srhsle A%
& B9t (fig 7e)

Eif2ak3+ ER stressgt 3ol I+ FAAR nEZET ol Fdg}
71%5& AosE 9L 3. 3T3-L1S &2FS x| Al F71st5id.
K536Qc dlZ&Fel vl FA =7} 3] 71F Skt ov 259 XA

ot= dAFAe] 9. K702Q% &5S %S 9 Eif2ak3e ¢
oz 2d F718 A& &g} SIK2 KOA =3 &7
= W 2IEI ¥ er Stk (fig 71)

Adipogenesis®] negative regulation® Yel= FF A2 Samd6
¢} CTBP1E AY3F BE FAAY} K702Q0A 2do] aA Fr}stgict.

(e 4o
i

)

Jo
2 1o
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SIK2 KO AZAAE &5 HXs9S W 7 FHAS] Ede] Frsh
Ao 7 Kol SIK2 o]9 9] t}2 metabolic pathwaye} d3Ae] 9l
o2 B K536QA < &7 AA #Fe oE FAAe] Edo
A zto]E Rolz| ¢ki=t}. Ubiquitylation sitest 93" F {33
7t e AFS Edde A AYATE Sl U3} .(29)

Real-time PCR< %3 SIK27F Wig3 K536Q, K702Q AX F
SIK29 &Aool E& 7%9d K702Q° £F& HAAs9S o
adipogenesis #¥ FA A9 Ldo

= ] PR
Wl 2 STK 298] 4] Adidez 2 94 K536Q° &7< A3}

2
N
1o
-3
rek
L
ofN

¢ u adipogenesis I3 & 7}elA] Gt AE 3
t}. B AFoA SIK2¢ 24

A 455 FA =4 ubiquitylationz}
FH8 FAA A-E ol &9 W

o] Wnt signaling pathway,

M

cAMP signaling pathway, TGF-p3 signaling pathway, ER
stress &3 ##WIA FAA7} adipogenesis FH FAHAAZ E3EH o =
3% ZAe® XAt} (35) ¥FF metabolic pathway ¥4<S %

o] ¥2 FAAE EEd WIE AHS WY ofF}.
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(a)

(b)

NR4A2/GAPDH
N
1

p<0.0001(***)

ok

1_
0
MDI + + + + + + +
Salt (50mM) . 4+ w R a
SIK2 SIK2 SIK2
3T3L1 K536Q K702Q
KO
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I 3_ KK
0 |
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Q 2-
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= 1-
0
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(c)

p<0.0001(***)
2_0— o ek
L 1.5+ i
o T 1
o
S 1L
> 1.0
T
£
»n 0.5
.0
MDI + + + + + + +
Salt (50mM) - 4 = + -+ 5
SIK2 SIK2
37311 K536Q K702Q Sll('éz
(d)
p<0.0001(***)
2.0
I 1.5 —
(m]
5 LL o I
<
QO 1.0
~
o
@
© 0.5
0.0
MDI + + + + + + +
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SIK2 SIK2
3T3L1 K536Q K702Q Sll('éz
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(e)

ik p<0.0001(***)

*

I

+ + +
- + -
SIK2 SIK2

K702Q KO

wx  P<0.0001(**%)

*k

[

2.5-
2.0- I
5 Il
< 1.5"‘
2
S 1.0
[72]
o
0.5
0.0
MDI + + + +
Salt (50mM) _ 4 I
3T3L1 K336Q
(f)
4-
T .. I I
x 3
o
o
& 27
-
(3]
N
i 17
0
MDI + + + +
salt (50mM) - 4 - o+
3T3L1 Kgl’,"(GZQ

|

+ + +
D - +
SIK2 SIK2

K702Q KO

Fig 7. Real-time PCR of genes of mRNA microarray result.

Values are expressed as mean =*

#xx3 p<0.0001).
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V. g 5 2&

2o 9 dto] MAH = salt-inducible kinase(SIK)2 o] Al F
AR R zA A BHE = SIK2: E3t&7| A A oy dAet A
AR BExAH JFFS v Ao wEkA SIK29 FAA AdelA AA
% zA A (post-translational modification)S W3 3shd ) HIA| £ 9
adipogenesis WAl7} WEdc= JMAAS v AZS AP, E A
T2 AL 2w ARHIE o SIK2e 23 adipogenesis 71A<=
T A SIK29 f8]F €3} (ubiquitylation) 8 FEE xS W3 A
71 SIK2 mutagenic 3T3-L1A4®7} adipogenesisel] v]x]= ¢ 3ko] o
A Lol E Holrt.
3T3-L1 preadipocyte A"olA MEZSAAZAAMTT assay)sS %3
3o 279 AAFEE 50mME A3t 0, 25, 50, 100mMe] X%
2 83}9 3T3-L1 AlE9 oil Red O staining® A3}3 A3 50mM
A 7 Aol Wel A7 AL FAF}ch. Lonza 7|AIE °] &%
electroporation W o g 2 79 SIK 2
ubiquitylation-mutagenic 3T3-L1(K536Q, K702Q)3 SIK2 KO
cell(negative control)= %E<d. 3T3-L1, K536Q, K702Q,
SIK2 KO M= SIK2 23 % adipogenesis &3 <lxel PPAR7y,
C/EBP e 9 #d& western blotting analysisg &8 &3, $
o] A% H®e® 3T3-L1, K536Q, K702Q, SIK2 KO cellelA
mRNA microarray £4& 28se £33 #d §AASS FAow
real-time PCR& %3] SIK2 mutagenic 3T3-L13 adipogenesis
AR AR S Fds g
3T3-L1(H &), K536Q, K702Q, SIK2 KO cello]4 2 SIK2

_40_



2 adipogenesis A9 HA S A3 A K536Q2 K702Q cellel
4 PPARy % C/EBPae 2do] Z&3}gc. W SIK2 2d2
K702Q A= W37l 9932 K536QeA SIK2 KO F£Fo & 74349
t}. 3T3-L1°] vl K536Q, K702Q, SIK2 KO cellolA =]HA X
w3tet #¥E 299 fold changer} 2] o] Folrt Y= FAAE
=39, 539 FA2 F SIK2 KOgt 35w 138 FAAS A
9]

x

bt

3t t}& Leucine-rich repeat-containing protein 8C(Lrrc8c),
SMAD Family Member 6(Smad6), Nuclear Receptor Subfamily
4 Group A(NR4A2), Nudix Hydrolase 7(NUDT7), Bardet-Biedl
syndrome 9(Bbs9), C-terminal-binding protein 1(CTBP1),
Kruppel-like factor 4(KLF4), Mediator Complex Subunit
1(MED1), Eukaryotic translation initiation factor 2-alpha
kinase 3(Eif2ak3) 2 %713t FAAZE Peroxisomal Biogenesis
Factor 11 Alpha(PEX11A), Nipped-B-like protein (Nipbl),
Transmembrane Protein 120A(Tmem120a), Early B Cell
Factor 2(Ebf2), CCAAT/enhancer-binding protein alpha(CEBP
@), Transmembrane Protein 120B(Tmem120b) <& 743 A
A2 A5 gct. Metabolic pathwayS F33te] SIK2 7]|A 3 Ao
= FAAE Smad6, NR4A2, CTBP1, MEDI1, Bscl2, Eif2ak3%
walddcl. K536Q, K702Q, SIK2 KO celldl 23S Az A
Smad6, NR4A2, CTBP1, MEDI1, Bscl2, Eif2ak3 #3AA EF 4%
o)l wldte] RdHo] Frlstger. 53], K702Q0 &S A A SIK2,
NR4A2, MED1, Bscl2, Eif2ak3 F3 A= BF x| &k we}
Hl L3t} doe] Frhstsch. o9k Wb E Smad6 ¥ CTBP1S &£9%

AR e W fAA 2ol Fastgct.
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2 A38E& 59 SIK27F H3E K536Q8 K702QHE FolA SIK2
FAo] gt AL (K702Q)oqt 2 =] A adipogenesis & §A =z}
o] o] Frlstes RS s

SIK2 mutagenic 3T3-L1°4 mRNA microarray “X°o%
adipogenesis I FAAE FAHoE =E3}9c. ¥]F SIK2 KO
celle] d"lxyes A&Hgeoy SIK29 ZARFE S e
ubiquitylation #2]E °] &34 7] w&°] Wnt signaling pathway,
cAMP signaling pathway, TGF-p/4 signaling pathway, ER
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=59t FF o8 FAAE 7E ¥ A= metabolic pathway
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ABSTRACT

A study on the effect of sodium on

adipogenesis using SIK2 mutagenic 3T3-L1

Sung So Young
Department of Food & Nutrition
Graduate School of

Sungshin University

Obesity, an imbalance between energy intake and
expenditure, is a risk factor of various metabolic diseases.
Being obese starts with the increase of number of body fat and
leads to the adipocyte hypertrophy. Malfunction of adipose
tissue results in increased insulin resistance and metabolic
functions. Numerous studies have shown that high-salt intake
is associated with obesity, insulin resistance, type 2 diabetes,
and cardiovascular disease. However, further studies to figure
out metabolic pathway related to salt is needed. Salt-inducible
kinases(SIKs), serine/threonine Kkinase, are one of the
AMP-activated protein kinase(AMPK) family. Recently, its
diverse functions were known to regulate salt homeostasis and
metabolism among many tissues. SIK?2 is abundantly expressed

in adipocytes and its role is crucial. Here, it is to find what
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SIK2 mutagenic 3T3-L1 cell affects on adipogenesis when salt
is treated. 3T3-L1 cells were cultured throughout this study.
MTT assay was done to figure out cell viability on salt in
pre—-adipocyte. Furthermore, oil Red O staining was
administrated in adipocyte. Salt concentration was determined
to be 50mM through two experiments. Ubiquitin is a small
protein found in almost all tissues of eukaryotes, acting as a
post-translational modification. Ubiquitylation is the process of
attaching ubiquitin to other target proteins. As ubiquitin has
its own lysine, it binds well to lysine residues in the gene
sequence and causes degradation or acts as a regulator of
protein activity. In order to exclude the effect of ubiquitin, K
should be changed to Q in gene sequence. In this study, K
positions of 536 and 702 of the SIKZ2 gene sequence were
transformed to Q. SIK2 mutagenic 3T3-L1 cells were
transfected by electroporation method using Lonza. Four cells
were set up; 3T3-L1(control), SIK2 K536Q, SIK2 K702Q, SIK2
KO(negative control). Western blotting analysis was used to
figure out the expression level of SIK2 and adipogenesis
related factors, PPARy and C/EBPa«. The expression level of
SIK?2 in K702Q was not changed when compared to the control.
K536Q was similar to KO and the activity was decreased
compared to K702Q. Adipogenesis factors were decreased in
expression compared to the control. In comparison with SIK2

mutagenic 3T3-L1, K536Q exhibits low expression of SIK2 but
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high in adipogenesis factors, however, K702Q expressed
opposite results. mRNA microarray analysis were done on four
cells. By using gene ontology of cell differentiation, each genes
were categorized. The categorized genes were then selected on
the standard of fold change comparing to control. Genes were
analyzed by using KEGG mapper to figure out each metabolic
pathways. Real-time PCR were used to compare expression
level on each cells when salt is treated or not treated.
Particularly in K702Q cell, cAMP signaling pathway related
genes, NR4A2, MEDI1, increased when salt is treated. Moreover,
expression of ER stress related genes, Bscl2 and Eif2ak3,
increased when high in salt. However, negative regulator of
TGF- 5 signaling pathway, Smad6 and CTBP1, decreased when
salt is treated. This study showed that K702Q, SIK?2 activated
cell, is related to adipogenesis when salt is treated. However,
K536Q, SIK?2 less activated cell, does not have correlation with
adipogenesis when salt is treated. As the standard of SIK2
mutagenic cells was ubiquitylation, there were various genes
related to different metabolic pathways. As obesity occurs from
various environmental factors, race, and sex, it is necessary to
confirm diverse obesity phenotype. In particular, it is expected
that this study will be used as a basis for the study of the

mechanism of obesity induced by salt intake.
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