
 

 

 
2  

 

 

 

 

 

 

 

 
 

 

3 3  

 

 

 



 

 

 
2  

 

 

 

 
 

 

 

 

 

 

 

3 3  

 

 

 
 



 
 

......................................................................................................................................................... 2  

......................................................................................................................................................... 4  

......................................................................................................................................................... 7  

     1.  2 ...................................................................................... 7 

     2.  2 .................................................................................. 8 

     3.  .......................................................................... 10 

     4.  ARID ........................................................................ 12 

     5.  2 ............................................................................................ 14 

     6.  2 .....................................17 

     7.  .............................................................................................................................. 17 

Arid5b ARID5B .... 18 

.................................................................................................................................... 18 

 ....................................................................................................................... 21 

1.  Arid5b KO .......................................................................................................... 21 

2.  PCR............................................................................................................................... 22 

3.  ....................................................... 23 

4.  ................................................................................................................... 26 

             4-1.   .............................................................................................. 26 

             4-2.  ....................................................................................................... 26 

5.  ................................................................ 27 

6.  ................................................................................................ 27 

7.  ............................................................ 28 

8.  ................................................................................................ 28 

9.  ........................................................................ 29 

10.  GLUT4 ....................................................................... 29 

11.  .......................................................................................................................... 30 

12.  .................................................................................................................................. 30 

 

1.  Arid5b KO  ............................................................ 31 

        2.  Arid5b KO ..................................................................... 31 

        3.  Arid5b KO  

             ............................................................................................................................................ 32         

4.  ............................................................................ 32 

        5. ..................................... 33 



6.  GLUT4 ................................ 33 

................................................. .................................................................................. 50 

GDE5 ................................................................. 55 

.................................................................................................................................... 55 

........................................................................................................................ 59 

1.  ........................................................................................................................................... 59 

2.  ........................................... 59 

        3.  LC-MS/MS ....................................................................................................................... 60 

4.  ....................................................... 60 

5.  Oil Red O .......................................................................................................................... 61 

6.  PCR............................................................................................................................... 61 

7.  Bromodeoxyuridine .................................................................................. 62 

8.  DNA ..................................................................................................... 62 

9.  ....................................................................................... 63 

10.  ................................................................................................................................. 63 

.................................................................................................................................... 64 

1.  3T3-L1 GDE5 ......................................................... 64 

2.  GDE5 choline ...................................................... 64 

        3.  GDE5  

            .................................................................................... 64 

4.  GDE5 MCE ................................................................. 65 

5.  DNA ............................. 66 

6.  GDE5 ..............................................  66 

7.  GDE5 ................................................................... 67 

.................................................................................................................................,. 81 

.............................................................................................................................................. 83 

.............................................................................................................................................. 88 

..................................................................................................................................................... 101 

  

 

 



 
 

aP2                       :  adipocyte protein 2  

ALL                     :  acute lymphoblastic leukemia 

AMPK                 :  AMP-activated protein kinase 

ARID                   :  AT-rich interactive domain 

AUC                    :  area under the curve 

BMI                     :  body mass index 

BrdU                   :  bromodeoxyuridine 

BSA                    :  bovine serum albumin 

CaMKK               :  Ca2+/calmodulin-dependent protein kinase kinase 

CCT                     :  CTP: phosphocholine cytidylyltransferase 

C/EBP                  :  CCAAT- enhancer-binding protein  

CEPT                   :  choline/ethanolamine phosphotransferase  

CHOP10              :  C/EBP homologous protein-10 

CHT1                   :  choline transporter 1 

CK                       :  choline kinase 

Col2a1                 :  collagen type II alpha 1 chain 

COX-1                 :  cyclooxygenase-1 

CS                        :  citrate synthase 

CSF                      :  cerebrospinal fluid 

2-DG                    :  2-deoxyglucose  

DAPI                    :  4',6-diamidino-2-phenylindole 

DRP1                   :  dynamin-related protein 1 

DTT                     :  dithiothreitol  

EDL                     :  extensor digitorum longus 

Esrra                    :  estrogen-related receptor alpha 

ETC                     :  electron transport chain 

ECM                    :  extracellular matrix 

FFA                      :  free fatty acid 

FAS                      :  fatty acid synthase 

FGF21                  :  fibroblast growth factor 21 

FNDC5                 :  fibronectin type III domain containing 5 

Gabpa                   :  GA binding protein transcription factor subunit alpha 

GAPs                    :  Rab-GTPase-activating proteins 

GC                        :  gastrocnemius muscle ( ) 

GDE                     :  glycerophosphodiester phosphodiesterase 

GLUT1                 :  glucose transporter 1 

GLUT4                 :  glucose transporter 4 

G6P                      :  glucose-6-phosphate 



G6Pase                :  glucose-6-phosphatase  

GPs                      :  glycerophosphodiesters 

GPC                     :  glycerophosphocholine 

GPCRs                 :  G-protein-coupled receptors 

GPI                      :  glycerophosphoinositol 

GPI4P                  :  glycerophosphoinositol-4-phosphate 

G3P                      :  glycerol-3-phosphate 

GEF                     :  guanine-nucleotide exchange factor 

GYS1                   :  glycogen synthase 1 

H3K9Me2            :  dimethylated lysine 9 on histone 3 

HSP70                  :  heat shock protein 70 

HSP90                  :  heat shock protein 90 

IACUC                 :  An Institutional Animal Care and Use Committee,  

IBMX                   :  3-isobutyl-1-methylxanthine 

IDF                       :  International Diabetes Federation  

Igf1r                     :  insulin-like growth factor-1 receptor  

IL-6                      :  interleukine-6 

IP-GTT                :  intraperitoneal glucose tolerance test 

IRS                       :  insulin responsive substrate 

Isnr                       :  insulin receptor 

JARID                  :  Jumonji AT-rich interactive domain  

JmjN                     :  Jumonji N 

JmjC                     :  Jumonji C 

KHB                     :  Krebs-Henseleit Bicarbonate  

LD                        :  lipid droplets 

LDH                     :  lactate dehydrogenase 

MCE                    :  mitotic clonal expansion 

MEFs                   :  mouse embryonic fibroblasts  

MFN1                  :  mitofusin 1 

MFN2                  :  mitofusin 2 

MIGIRKO           :  muscle-specific double knockout of insulin-like growth factor and insulin receptor 

M-IE                    :  major immediate early 

MSC                    :  mesenchymal stem cell 

mTORC2             :  mammalian target of rapamycin complex 2 

MYH                   :  myosin heavy chain 

NaF                      :  sodium fluoride 

Nrf-1                    :  nuclear respiratory factor-1 

OPA1                   :  optic atrophy 1  

OXPHOS             :  oxidative phosphorylation 

PBS                      :  phosphate buffered saline 

PC                         :  phosphatidylcholine  



P-choline              :  phosphocholine 

PE                         :  phosphatidylethanolamine  

PEMT                   :  phosphatidylethanolamine N-methyltransferase 

Pepck                    :  phosphoenolpyruvate carboxykinase 

PGC-1α                :  peroxisome proliferator-activated receptor gamma coactivator-1 alpha 

PGI2                      :  prostaglandin I2 

PGK                      :  3-phosphoglycerate kinase 

PHF2                     :  plant homeodomain (PHD) finger 2  

PI3K                      :  phosphatidylinositol-3-phosphate kinase 

PKA                      :  protein kinase A 

PMSF                    :  phenylmethylsulfonyl fluoride 

PPARγ                   :  peroxisome proliferator-activated receptor γ  

PRC2                     :  polycomb repressive complex 2 

QC                         :  quadriceps ( ) 

QOL                      :  quality of life 

Rab                        :  Ras-associated binding protein 

Rpl13a                   :  ribosomal protein L13a  

SAM                      :  S-adenosylmethionine 

SCs                        :  satellite cells  

SDS                       :  sodium dodecyl sulfate  

SGK-3                   :  serum/glucocorticoid regulated kinase-3 

SIRT3                    :  Sirtuin 3 

SoL                        :  soleus ( ) 

SLC6A9                :  solute carrier family 6 member 9 

SOX9                    :  SRY-box transcription factor 9  

TAG                      :  triacylglycerol 

TBC1D1               :  TBC1 domain family member 1 

TBC1D4               :  TBC1 domain family member 4  

TBS                       :  Tris-buffered saline 

TFAM                   :  mitochondrial transcription factor A  

TNF-α                   :  tumor necrosis factor- α 

TNS                      :  Tris-NaCl-Sucrose  

TRPM2                 :  transient receptor potential melastatin 2 

UCP1                    :  uncoupling protein 1 

 

 



 
 

1.  2  

2

 [1, 2] 20 30%

20%  (Body Mass Index [BMI] 25 kg/m2)  [3]

10  [3]

 (quality of life, QOL)

 

1 2 1 β β

 [4] 2

β

 [5–7]

 [8]

 [9, 10]  

(International Diabetes Federation, IDF) 2019

4.6 2045 7 90 2

 [11] 2  [12]

 2

 [13–15]

 

 

 

 



2.  2  

30-40%

 [16]

 [7, 17]

 [18]

75-80%  [6, 19, 20] 2

 [7]  

insulin responsive substrate (IRS) phosphatidylinositol-3-phosphate kinase (PI3K)

mechanistic target of rapamycin complex 2 (mTORC2) AKT

 ( 1) [21, 22] glucose transporter 4 

(GLUT4) GLUT4 AKT

 ( 1) [23] GLUT4

GULT4  Ras-associated binding protein (Rab)

 ( 1) Rab GTP Rab ( Rab) GDP

Rab ( Rab)  (guanine-nucleotide 

exchange factor, GEF) GTP GDP  [24] GLUT4 Rab

Rab GTPase  (GTPase-activating proteins, GAPs)

TBC1 domain family member 1 (TBC1D1) TBC1 domain family member 4 (TBC1D4) Rab

GTP Rab Rab

GLUT4  ( 1) [23] TBC1D1 Rab8A

Rab14 TBC1D4 RAb8A Rab13 Rab14

 [25–27] AKT TBC1D1

TBC1D4 GLUT4  Rab

GLUT4  ( 1) [23]  

2 IRS

AKT GLUT4

 [6]

2

 [28–30] 2

 [17, 31]

 [32–34]  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1.  GLUT4  

 

 (Trends Endocrinol Metab. 2017 Aug; 28 (8): 597-611 ) 

 

Insulin 

IRS 
P 

PI3K 
P 

AKT 
P 

mTORC2 

GLUT4 

glucose 

P 

TBC1D1 TBC1D4 

P 

Rab13 

Rab14 

Rab8A 

GLUT4 

Rab13 

GDP 

GLUT4 

Rab8A 

GTP 

GLUT4 
Rab14 

GTP 

GLUT4 
Rab14 

GDP 



3.   

4  

(Type I Type IIA Type IIX Type IIB)  [35, 36] 1

Type II Type I

 

Type I - 

MYH7 Type IIA - MYH2 Type IIX - MYH1 Type IIB - MYH4  [35, 36]

Type I Type IIA

Type 

IIX Type IIB  [35, 36]

Type IIX Type IIB

Type I

Type IIA

mitophagy

 [37]

 [38, 39]

Type I Type IIA

Type IIX Type IIB

 [39]

2

Type I  [40, 41]

 [17, 42, 43] 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 I  ( ) II  ( ) 

 Type I Type IIA Type IIX Type IIB 

     

     

 MYH7 MYH2 MYH1 MYH4 

     

     

1.    

Wiley Interdiscip Rev Dev Biol 2016 Jul;5 (4):518-34 )  



4.  ARID  

AT-rich interactive domain (ARID) 

 [44–46] ARID ARID

DNA

 [44–46] ARID

ARID1 ARID5 Jumonji N (JmjN) Jumonji C (JmjC)

Jumonji ARID (JARID)1 JARID2 7  (

2) [44] ARID ARID1A ARID2 ARID5B JARID1D

ARID1A ARID2

 [47] ARID1A

 [48, 49] ARID2

 [50] ARID5B

 [51–53] JARID1D

 [54] ARID1B JARID3C

X  [55–57]  

ARID3A-C ARID4A-B ARID5A-B

ARID3A-C B  [58–60] ARID4A-B

 [61, 62] ARID5A

 [63, 64] JARID1A-B

 [46] JARID2 polycomb 

repressive complex 2 (PRC2)

 [65, 66]  

ARID5B

 [67–69] Arid5b

 (Arid5b KO )  

[70]  ( ) ARID5B

Arid5b KO

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.  ARID  ( )  
          (Genomics 86 (2005) 242 – 251 ) 



5.  2  

 (triacylglycerol, 

TAG) TAG  (lipid droplets, LD)

TAG  

(free fatty acid, FFA)

 [71, 72]

 [73]

2  [1, 

2, 74]  (hyperplasia)

 (hypertrophy)  [75–77]

TAG LD  [78]

tumor necrosis factor- α (TNF-α) interleukine-6 (IL-6)

 [79–81]

2

 [1, 2] 2

 [1, 80]  

LD TAG

LD  [82]

LD

 [82] LD

TAG  LD LD

 ( 3) [82]   

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
3.  LD  

          (Annu. Rev. Cell Dev. Biol. 2017. 33:491–510 ) 
 

TAG  

TAG 

TAG 

TAG 



in vitro LD

LD 3T3-L1

 (mouse embryonic fibroblasts, MEFs)

peroxisome proliferator-activated receptor γ (PPARγ)

Krüpple-like factor 5  PPARγ PPARγ

 [83]

CCAAT- enhancer-binding protein β (C/EBPβ) CCAAT- 

enhancer-binding protein δ (C/EBPδ) PPARγ  [83]  CCAAT- 

enhancer-binding protein α (C/EBPα)

adipocyte protein 2 (aP2) fatty acid 

synthase (FAS)  [84–86] 3T3-L1

mitotic clonal expansion (MCE)

 [83, 87–89] MCE

3T3-L1 1-2

3-isobutyl-1-methylxanthine (IBMX) dexametazone

 [88]  

LD

LD

 (phosphatidylcholine, PC) PC

 [90–93]

glycerophosphodiester phosphodiesterase 5 (GDE5)

 (glycerophosphocholine, GPC)  (choline)

choline PC  [94]

3T3-L1 in vitro

LD GDE5

 

 

 

 

 

 

 

 



6.    2  

 [95]

TAG FFA

 [34]

TAG

FFA

 [34, 96] 2

TAG

FFA  [74, 97]

 [34, 98]  

FFA  [99–102]

 [74, 79, 80, 103]

 [74, 104–106] 2

FFA

 [107, 108] 2

 [34, 98]  

 

7.     

2

2

Arid5b KO KO

ARID5B 2

choline

GDE5

 



Arid5b          

                 ARID5B  
 

 

 

 

 [16] 2

 [109]

 [110]

2  [11] 2

 [12]  2

ARID

ARID5B ARID5B

ARID5B

in vitro

ARID5B  

ARID5B Tera-2 cytomegalovirus

major immediate early (M-IE)  [6]

Tera-2 ARID5B DNA M-IE

ARID5B ARID5B

5’- AATA(T/C) -3’ ARID5B

 [111]

ARID5B RNAi

Arid5b mRNA 3T3-L1 Arid5b KO MEFs

C/EBP C/EBP homologous protein-10 

(CHOP10) TAG

 [9] SRY-box transcription 

factor 9 (SOX9) collagen type II alpha 1 

chain (Col2a1)  aggrecan ARID5B

ARID5B plant homeodomain (PHD) finger 2 (PHF2)

 [11] PHF2

H3 9  (H3K9Me2)

Col2a1  aggrecan  

[11] ( 5) Arid5b  

-1 (cyclooxygenase-1, COX-1) I2 (prostaglandin I2, PGI2)



PGI2 PGI2

 [69] PGI2

 [112, 113]

ARID5B  

ARID5B Arid5b KO

Arid5b KO

 [13] Arid5b 

KO Arid5b 

KO  ( )

Arid5b KO

 (2-deoxyglucose, 2-DG)  ( )

2

 [6] Arid5b KO

ARID5B

ARID5B HepG2 

ARID5B

 A (protein kinase A, PKA) PHF2  [8]

 

(phosphoenolpyruvate carboxy kinase, Pepck) -6-  (glucose-6-

phosphatase, G6Pase) ARID5B ARID5B

PHF2 H3K9Me2

 [8] (  4)  

ARID5B 2

in vitro

Arid5b KO

ARID5B

 2

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.  ARID5B ARID5B  
          PHF2  
              

Col2a1 ACAN 

PHF2 

H3K9Me2 

CATAT 

ARID5B 

Pepck G6Pase 

PKA 

ARID5B 

PHF2 P 

H3K9Me2 

GTATT 

Glucagon 



 

 

City of Hope National Medical Center  

(An Institutional Animal Care and Use Committee, IACUC)

 (#2001)  

 

1.   Arid5b KO  

Arid5b KO PGK (3-phosphoglycerate kinase)

Arid5b 5-7

 ( 5) [70] genomic DNA

forward reverse PCR

Forward primer (neo): 5’- CGCTTGGGTGGAGAGGCTATTCG -3’, Reverse primer (neo): 5’- 

CGGCAGGAGCAAGGTGAGATGAC -3’ [70].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12  ( 6AM-6PM) 

10-21 

11AM-2PM  ( )

Beckman Research Institute (Duarte, 

mouse 
 Arid5b 

1       2         3         4      5       6       7    8     9                10    

DNA  

 

mouse 
Arid5b 

1       2         3        4       5        6 9                10  

 



California) the Comprehensive Metabolic Phenotyping Core TSE PhenoMaster V5.9.3 

(2016-5420) 

16

48 30  

 

2. PCR 

 (GC) 30 mg GC

700 L QIAzol® Lysis Reagent POLYTRON ® homogenizer (Kinematica, 

#PT2100) RNA  miRNeasy Mini Kit (Qiagen) 

 0.75 g RNA iScriptTM cDNA synthesis kit (Bio-Rad)

 iQTM SYBR Green Supermix (Bio-Rad) 

CFX96TM Real-Time System . ribosomal protein 

L13a (Rpl13a) 

 2  

 

 

 2.  PCR  

Gene symbol Forward (5’ – 3’) Reverse (5’ – 3’) 

Arid5b AGAAAAACGCCCATCGACC CTCCCAGGATTACCACCTAAC 

Rpl13a TGCTGCTCTCAAGGTTGTTC TTTCCTTCCGTTTCTCCTCC 

Myh1 TTGACTTTGGGATGGACCTG TCTTGAAGGAGGTGTCTGTC 

Myh2 AGGACCAAATCATCAGTGCC TGTCAGCAGATGCCAGTTTC 

Myh4 TTGATGACCAGGAAGAGCTG ATAATGCATCACAGCGCCTG 

Myh7 TGGAGAATGACAAGCAGCAG TTGCTCATCCTCAATCCTGG 

Tbc1d1 TACCTCATCAGTCCTGACAC AGTGGTCCACATGTCTGATG 

Tbc1d4 

Rab8a 

Rab14 

TCTTTGCCTCTCAGTTTCCC 

AGTCCTTTGACAACATCCGG 

ACACGGAGCTACTATAGAGG 

CTCAGTAAGCTGAGAGCAAC 

TTGGACACCTGTCTCTTGTC 

ATTCCTTGCGTCTGTCAACC 

 

 

 

 



3.   

200 L Tris-NaCl-Sucrose (TNS) 10 mg

GC Q700 sonicater (QSONICA)

 [114]  amplitude 35

1 6 1

Triton X-100 4°C 1 4°C

10,000 x g  

PierceTM BCA assay kit (Thermo Fisher Scientific, #23225) 1 10-60 

ug SDS-PAGE SDS-PAGE CriterionTM TGXTM precast stain-free gels 

(Bio-Rad)  Trans-Blot Turbo System 

(Bio-Rad) PVDF membranes (0.45 um, Bio-Rad, #174275)

RIPA lysis buffer 4°C 12,000 rpm 15

3

4  



3.  

 

  

Tris-NaCl-Sucrose (TNS)  

 

 

RIPA lysis buffer  

 

 

Protease/phosphatase inhibitors  

 

(TNS RIPA lysis

NaF TNS

) 

20 mM Tris-HCl (pH7.4), 50 mM NaCl, 250 mM 

sucrose 

 

50 mM Tris-HCL, 150 mM NaCl, 0.25% deoxycholic 

acid, 1% NP-40, 1 mM EDTA, 0.1% SDS (pH 7.4) 

 

20 mM sodium fluoride (NaF), 1 mM 

phenylmethylsulfonyl fluoride (PMSF), 1x Halt® 

Protease and Phosphatase Inhibitor Cocktail (100 x, 

Thermo Fisher Scientific, #78420), 1 mM dithiothreitol 

(DTT) 

4 x Laemmli  62.5 mM Tris-HCl (pH 6.8), 2% SDS, 25% glycerol, 

0.01% Bromophenol blue, 5% 2-mercaptoethanol  

 

SDS-PAGE  25 mM Tris-HCl (pH8.3), 192 mM glycine, 0.1% SDS 

  

 25 mM Tris-HCl (pH8.3), 192 mM glycine, 20% 

methanol  

 

Tris-buffered saline (TBS)/Tween-20 buffer 

(TBST) 

2 mM Tris, 50 mM NaCl (pH7.4), 0.1% Tween-20 

 

 

 

 

 

 

 



4.   

 No.  

pAMPK (Thr172) 

AMPK 

PGC-1  

2535 

2603 

ab54481 

Cell Signaling 

Cell Signaling 

Abcam 

myosin heavy chain 7 (MYH7) M8421 Sigma 

myosin heavy chain 1 (MYH1) PA5-31466 Thermo Fisher Scientific 

GLUT4 2213 Cell Signaling 

TBC1D1 4629 Cell Signaling 

TBC1D4 2670 Cell Signaling 

MFN  ab126575 Abcam 

MFN2 9482 Cell Signaling 

OPA1 ab42364 Abcam 

DRP1 5391 Cell Signaling 

Total OXPHOS ab110413 Abcam 

pAKT (Ser473) 4060 Cell Signaling 

AKT 9272 Cell Signaling 

HSP70 4872 Cell Signaling 

HSP90 4877 Cell Signaling 

vinculin 13901 Cell Signaling 

 

 

GLUT4 TBC1D1 TBC1D4 pAKT (Ser473)

Western BLoT Immuno Booster (Takara, #T7111A) 

5% non-fat milk/TBST 5% BSA/TBST

IgG (H+L)-HRP  (BioRad, #1706516)

IgG (H+L)-HRP  (BioRad, #1706515) 3% non-fat 

milk/TBST TBST  PVDF 5

3  Amersham ECL Prime (GE 

Healthcare) HyGLOTM Chemiluminescent detection reagent (Denville Scientific Inc.)  

Prosignal Dura ECL Reagent (Prometheus, #84-834)  

 



4.   

 Arid5b KO  

(soleus, SoL)  (extensor digitorum longus, EDL)

 

 

4-1.  

SoL EDL Krebs-Henseleit Bicarbonate (KHB) 1

37°C 40 KHB

116 mM NaCl/ 4.6 mM KCl/ 1.16 mM KH2PO4/ 25.3 mM NaHCO3/ 2.5 mM CaCl2/ 1.16 

mM MgSO4  2 mM glucose 38 mM mannitol 2% fatty-acid free 

bovine serum albumin (BSA)  (

) KHB  1 Ci/mL 

50 M glucose D- [14C] (uniformly labeled, American Radiolabeled 

Chemicals, Inc., #ARC0122E, 1 mCi/mL) 50 mM glucose D- [14C] 

500 uL KHB

 (Research Products International Corp, #121000CA)

14CO2 200 L benzethonium hydroxide 

(Sigma, #B2156) 0.5 mL  1.5 

mL  

 (Kimble Chase, #882310-0000)

37°C 5% CO2 1

100 L 60% perchloric acid (Sigma. 

#311413) KHB

4°C benzethonium 

hydroxide 0.5 mL 10 mL  EcoscintTM A (National Diagnostics, #LS-273)

[14C]  

Beckman Liquid Scintillation Counter™ (#LS6500)  

 

4-2.  

SoL EDL  KHB 1

37°C 30 KHB

116 mM NaCl/ 4.6 mM KCl/ 1.16 mM KH2PO4/ 25.3 mM NaHCO3/ 2.5 

mM CaCl2/ 1.16 mM MgSO4  10 mM HEPES 5 mM glucose  

4% fatty-acid free BSA  ( )

- [9, 10-3H]-BSA 1.6 x 10-6 mol 

- [9, 10-3H] (Moravek, Inc., MT-845) 4 mol non-label 3 mol  



KOH - [9, 10-3H]

25% BSA 1.6 x 10-6 mM - [9, 10-3H] 4 mol 

non-label - [9, 10-3H]-BSA  ( -BSA

) 1 mL  (12x75mm, #110428, 

Globe Scientific Inc.) 50 L -BSA

37°C 5% CO2

400 L  15 mL tube - [9, 10-3H] 3H2O

2 mL  -  (2:1, vol/vol) 15 mL

10 3,000 x g 

0.8 mL 2 M KCl-2 M HCl 10

3,000 x g 5 10 mL  EcoscintTM A 

0.5 mL [3H] Beckman Liquid 

Scintillation Counter™ (LS6500) 5

60°C

20−24 [14C] [3H]

 

 

5.   (citrate synthase, CS)  

GC

FFA Lactate Colorimetric Assay (Biovision, #K607-100)

Pyruvate Colorimetric/Fluorometric assay kit (Biovision, #K609-100) Glycogen Colorimetric Assay 

(Biovision, #K648-100) Lactate Colorimetric assay kit II (Biovision, #K627-100) Free Fatty Acid 

Quantification Colorimetric/Fluorometric Kit (Biovision, #K612-100) GC CS

Citrate Synthase Activity Colorimetric Assay (Biovision, #K318-100)

10 - 

20 mg GC

 (Q700 sonicator QSONICA)  

amplitude 35 1

6 10,000 x g  4°C 10

10 µL BCA

 

 

6.   

GC ATP ADP AMP GC 10-

15 mg GC 3% /PBS

 (Q700 sonicator  QSONICA)

amplitude 35 30 1 6



12,000 x g  4°C 5  1.5 mL

1 M KOH pH

5% sodium dodecyl sulfate (SDS)/ 0.1 N NaOH 

 (BCA ) City of Hope Analytical Pharmacology Core (Duarte CA) UV-

HPLC ATP ADP AMP UV-HPLC

 

 

7.   (intraperitoneal glucose tolerance test, IP-GTT)    

       

7-8 IP-GTT  (2 mg D-glucose/g

)  (0 ) 10  20  30 60 120

Clarity Diagnostics BG1000

 (area under the curve, AUC) IP-GTT

1,000 x g 10

 ( ) EIA  (Cayman Chemical, #589501)

IP-GTT

 (1 ng/mL) Cayman

 (ELISADouble)

 (1 ng/mL, dupulicate)

  

 

8.   

 [115] 7-8 SoL EDL 24

1mL KHB  ( KHB )

30°C 40 KHB 4.7 mM KCl/ 1.2 mM 

KH2PO4/ 118 mM NaCl/ 1.2 mM MgSO4/ 2.5 mM CaCl2/ 15 mM NaHCO3/ 1% fatty acid free BSA/ 

10 mM HEPES/ 1 mM glucose 2 mL KHB 1 mM

2-DG- [3H] (1.5 Ci/mL)  (Gibco, #12585-014)  (150 nM)

30°C 20   

[115] 1 mM 1 mL KHB

PBS

100 L 1 M KOH 70°C 15

4°C 10,000 x g 5

10 mL EcoscintTM A 40 L

[3H] Beckman Liquid Scintillation Counter™ (LS6500)

5  



9.   

 [69] 5

2 4  

 

5.  

 

 

10.  GLUT4  

4 GLUT4

Llanos  [116] PBS

2 0.5 mg/mL sulfo-NHS biotin (Thermo scientific, #21217) 1

1 100 mM glycine PBS 2

  (140 mM NaCl, 1% Triton X-100, 1 mM EDTA, 1 mM 

EGTA, and 20 mM Tris-HCl, pH 7.5, 1 x Halt protease and phosphatase inhibitor)

30

4°C 3,000 x g 30 BCA

NeutrAvidin plus ultralink resin (Thermo Scientific,  

#53151)  4°C 4°C 14,000 rpm 15

2  1x Sample buffer

65°C 30 14,000 rpm 2

 ( )  ( )

GLUT4  

 

 

  

 40% DMEM (Dulbecco’s modified medium, high-glucose), 40% Ham’s 

F-10, 20%  (fetal bovine serum, FBS), 2.5 ng/mL

 (basic-fibroblast growth factor, bFGF), penicillin 

(100 units/mL), streptmycin (100 g/mL) 

 

 DMEM, 5%  (horse serum, HS), penicillin (100 units/mL), 

streptmycin (100 g/mL) 



11.   

 (2cm x 2cm)

10 10 m

Tissue Path Superfrost Plus Gold microscope slides (Fisher Scientific)

4% /PBS 0.15% Triton-X 100 (Fisher 

Scientific)/PBS GLUT4  (#MA5-17176, 1:500, Thermo Fisher 

Scientific)  (#ab15277, 1:400, Abcam)

2 PBS 3 2 GLUT4

Alexa Fluor 488  (Thermo Fisher Scientific)

Alexa Fluor 555  (Thermo Fisher Scientific)  1:500

2 45 PBS

3 ProLong Glass Antifade Mountant (Thermo Fisher Scientific)

Zeiss LSM 880 inverted confocal microscope (Carl Zeiss, Inc.)

GLUT4

Zen Black software (Carl Zeiss, Inc.)

Pearson  

 

12.  

 ±  Arid5b KO

Student’s t  (unpaired, two tailed) P 0.05

 

 

 



 

 

1.   Arid5b KO  

Arid5b KO GC total RNA Arid5b

 ( 6-8)  (  2 )

Arid5b mRNA PCR Arid5b KO

Arid5b mRNA Arid5b  (  

6A) Arid5b KO

 [70]  ( 6B-D)

Arid5b KO GC  QC  SoL

EDL  (  6E-F)

Arid5b KO Arid5b KO

 ( 6G-H) Arid5b 

KO  ( 6I-J)  

 

2.  Arid5b KO  

Arid5b KO

Arid5b KO

 ( 7A-B)

Arid5b KO  ( 7C) Arid5b KO

 Arid5b 

KO

SoL EDL

FFA

Arid5b KO SoL EDL

 ( 7D) FFA

 ( 7E)

GC Arid5b KO GC

 ( 7F) GC

Arid5b KO  ( 7G-H)

Arid5b KO

ATP 15

Arid5b KO GC ATP ADP AMP

Arid5b KO GC ATP  ( 7I)

ADP AMP AMP/ATP  ( 7I)



Arid5b KO

 

 

3. Arid5b KO  

      

Arid5b KO GC

PGC-1  [117–119]

 (electron transport chain, ETC)

DNA mitochondrial transcription factor A 

(TFAM)  [120, 121] PGC-1

estrogen-related receptor alpha (Esrra) GA binding protein 

transcription factor subunit alpha (Gabpa) nuclear respiratory factor-1 (Nrf-1) Tfam mRNA

 [119, 122]

CS  [20] Arid5b KO GC PGC-1

 ( 8A)

Esrra  Gabpa Nrf-1 Tfam mRNA

 ( 8B) CS ETC

Arid5b KO GC

  ( 8C-D) Arid5b KO GC

Arid5b KO

Arid5b KO

 [38] GC

 [123]

mitofusin 1 (MFN1) mitofusin 2 (MFN2) optic atrophy protein 1 (OPA1)

 dynamin-related protein 1 (DRP1)   [123]

Arid5b KO

 ( 8E)  

  

4.  (Myh)  

Type II Type I

 [35, 36] ATP

Sirtuin 3 (SIRT3) transient receptor potential melastatin 2 

(TRPM2)

 [124, 125] GC Myh  Myh7 Myh2 Myh1



Myh4 mRNA Type I Type II

Arid5b KO GC Myh1 mRNA

Myh mRNA

 ( 9A) MYH1 MYH7

MYH1 MYH7 Arid5b KO

  ( 9B) Arid5b KO GC

 

 

5.   

Arid5b KO

Arid5b KO

Arid5b KO

 ( 10A-B)

Arid5b KO SoL

 ( 10C)

SoL

Arid5b KO SoL

 ( 10C) Arid5b KO

SoL

 [126] GC

Arid5b KO GC  (

10D) Arid5b KO

 

 

6. GLUT4  

Arid5b KO

GLUT4 AKT

AKT mTORC2 473 Ser

 [21, 22] Arid5b KO GC  AKT (pAKT-S473)  

AKT Arid5b KO

 ( 11A) AMP  (AMP-activated protein kinase, AMPK)

AKT TBC1D1

 [127, 128] AMPK Thr172

 [129] GC AMPK (pAMPK 1/2-Thr172)

AMPK Arid5b KO

 ( 11B) Arid5b KO



 

GLUT4 Rab-GTPase TBC1D1 TBC1D4

 [23, 130] TBC1D

 [25, 131, 132] TBC1D1 TBC1D4 mRNA

Arid5b KO GC TBC1D4

TBC1D1  ( 12A-B)

TBC1D1 TBC1D1

Bmal1

GLUT4  [115, 131, 

132] Arid5b KO GLUT4 GLUT1

 ( 12C-D) Arid5b 

KO

GC GLUT4

GLUT4

GLUT4

Pearson  [133] Arid5b KO GC

13A Arid5b KO

Pearson  ( 13B) Arid5b KO

GLUT4

 

Arid5b KO GLUT4

Arid5b KO  [69] 

GLUT4

TBC1D1 GLUT4 GLUT1

Arid5b KO Arid5b KO

GLUT4 GLUT1 TBC1D1

 ( 14A) Tbc1d1 mRNA Arid5b KO

Arid5b KO  

Tbc1d1 mRNA  ( 14B) 

GLUT4 sulfo-NHS

 [116]  (

)  ( ) GLUT4

 GLUT4

Arid5b KO  (

14C) Arid5b KO GLUT4  



Arid5b KO

TBC1D1 GLUT4
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 6.   Arid5b KO  

(A) QC PCR  Arid5b mRNA  ( : n=7 Arid5b 

KO : n=3) (B)  ( : n=19 Arid5b KO : n=10) (C) 

 (D)  ( )  ( : 

n=19 Arid5b KO : n=10)  (E, F) (G, H)  ( ) 

GC QC (n=18) Arid5b KO  (n=9)  SoL

EDL  (n=3) Arid5b KO  (n=4) (I)  (12h/

) 24  (n=5) (J)  (12h/ ) 24

 ( )  (n=5) *, P < 0.05; **, p < 0.01 (

); ***, P < 0.001 ( t )  
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7.  Arid5b KO  

(A)  (B) (C)  (A-C:  

n=5) (D) (E)  (

: n=13-15 Arid5b KO : n=5-6) (F) GC (G)

 ( : n=11 Arid5b KO : n=6) (H) 

 (n=8) (I) GC ATP ADP AMP AMP/ATP

 ( : n=10 Arid5b KO : n=5) ns: *, P < 0.05; **, 

P < 0.01 ( t ) 
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8.  Arid5b KO    

          

(A) GC PGC-1α  ( : n=7 Arid5b KO

: n=5) PGC-1α HSP90 (B) GC

Esrra Gapba Nrf-1 Tfam mRNA mRNA

Rpl13a mRNA  ( : n=10 Arid5b KO : n=6) (C) 

CS  ( : n=13-15  Arid5b KO : n=5-6) (D) ETC

HSP90

CI: NADH: Ubiquinone oxidoreductase subunit B8 (NDUFB8) CII: succinate 

dehydrogenase complex iron sulfur subunit B (SDHB) CIII: ubiquinol-cytochrome C reductase 

core protein 2 (UQCRC2) CIV: mitochondrially encoded cytochrome C oxidase I (MTCO1)

CV: ATP synthase, H+ transporting, mitochondrial F1 complex, alpha subunit 1 (ATP5A1)

n=6 (E) GC MFN1 MFN2 OPA1 DRP1

 ( : n=7 Arid5b KO : n=5 n=6)

HSP70 Vinculin  ns: 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.  Myh  

(A) GC 4 Myh mRNA mRNA

Rpl13a mRNA  (n=5-7) (B) GC MYH1

MYH7  MYH HSP90

 ( : n=7 Arid5b KO : n=5)  ns: **, P < 0.01 (

t ) 
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10.  

(A) 

0 10 20 30 60 120  

( n=9) AUC  ( n=9) (B) 

 ( n=5-6) (C) SoL  (

: n=11-13 Arid5b KO : n=8) 150 nM (D) GC

 ( : n=10 Arid5b KO : n=5) *, P  <0.05 

( t ); #, P  <0.05 (

t )  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11.  AKT AMPK  

 (A) GC AKT AKT (pAKT-S473)

HSP90  (n=6) pAKT-S473 
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12.  GLUT4  

(A) TBC1D1 (B) TBC1D4 mRNA (C) GLUT4  

(D) GLUT1 HSP70 vinculin

HSP90  (n=6) mRNA Rpl13a mRNA

 ( : n=7 Arid5b KO : n=5) ns: 

***, P < 0.001 ( t ) 
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13. GLUT4  

 (A) GC GLUT4 ( )  ( )

 (B) Pearson’s correlation 

coefficient GLUT4

 (n=3) *, P < 0.05 ( t ) 
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14. GLUT4  

(A) 4 TBC1D1 GLUT4 GLUT1

HSP90  (

n=3) (B) 4 Tbc1d1 mRNA  ( n=4)  

(C) 4  (biotinylated)  (non-

biotinylated) GLUT4 sulfo-NHS

#:

ns: *, P  <0.05; **, P < 0.01 ( t ) 
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Arid5b KO

Arid5b KO

GLUT4 GLUT4

TBC1D1

Arid5b KO TBC1D1

 ( 15)  

 

 

 

 

 

 

 

 

 

 

 

 

TBC1D1

 

TBC1D1 GLUT4 L6

 [25] Akt2

 [134–136]

Rab-GTPase TBC1D1 GLUT4 Rab

GTPase GTP Rab ( ) GDP Rab ( )

GLUT4  [23] TBC1D1 

AKT AMPK Ca2+/calmodulin-dependent 

protein kinase kinase (CaMKK) TBC1D1

GLUT4 Rab GLUT4

 [23, 134–136] GLUT4

TBC1D1 Arid5b KO

TBC1D1 pAKT-S473

pAMPK-Thr172 Arid5b KO

GLUT4 AKT AMPK TBC1D1 

Arid5b KO

15.   
              

Arid5b  

TBC1D1  
 

 
GLUT4  

 

 
 

 



L6 RNAi TBC1D1

GLUT4  [25] TBC1D1

GLUT1  [137]

Arid5b KO GLUT1

 

 ARID5B

 [68, 138] Arid5b KO

TBC1D1 Arid5b Tbc1d1

Arid5b KO

Tbc1d1 mRNA

Arid5b KO Tbc1d1 mRNA

ARID5B Tbc1d1 mRNA

ARID5B

ARID5B PHF2

 H3K9Me2 PHF2  

 [68, 138]

ARID5B PHF2 Tbc1d1

 

 

 

TBC1D1

 

L6 C2C12

TBC1D1 GLUT4

 

[25, 135, 139, 140] Arid5b KO TBC1D1

GLUT4

Arid5b KO

TBC1D1 Tbc1d1 

 (Tbc1d1 KO )

TBC1D1

 ( 6) TBC1D1

Bmal1  (Bmal1 KO) Tbc1d1 KO

GLUT4  

 [115, 131, 141]

-1  (insulin-like growth factor-1 receptor, Igf1r)  (insulin 



receptor, Isnr)  (MIGIRKO )

TBC1D1 GLUT4

 [132]

Arid5b KO TBC1D1

 

 

6.  TBC1D1 GLUT4  

  

 

 

TBC1D1

2 16

Arid5b KO

Arid5b KO

 (glycogen synthase 1, GYS1)

-6-  (glucose-6-phosphate, G6P)

GSK-3β

G6P GS

 [142, 143] Arid5b KO

G6P G6P

GYS1 Arid5b 

KO

Arid5b KO GYS1

 

 

KO  
TBC1D1

 

GLUT4

 
 

( ) 

 

( ) 

Tbc1d1 ( )     

Bmal1 

( ) 
    

Arid5b ( )     

Igf1r/Insr 

( ) 
    



 ( 16) TCA ETC

 ( 16) Arid5b KO

Arid5b KO

Arid5b KO

Arid5b KO

Arid5b KO

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fibroblast growth factor 21 (FGF21) 

AMPK TBC1D1

 [144] FGF21 PKCζ

 [145] Arid5b KO AMPK

Arid5b KO

FGF21 Arid5b KO

16.  
           

 
 

 
 

 

 

 

 

 
 



Arid5b Arid5b

Arid5b KO TBC1D1

 

 

 

 

Arid5b KO Arid5b KO

TBC1D1

 [146] Arid5b KO

TBC1D1

 

FGF21 fibronectin type III domain containing 5  (FNDC5)

 [147, 148]

FFA

 [147] FGF21 ATF4

 [147] FNDC5 PGC-1α  [149] Arid5b 

KO PGC-1α FNDC5

 [46, 47] Arid5b KO

FGF21

Arid5b KO

PGC-1α uncoupling protein 1 (UCP1) Arid5b KO

 

Arid5b KO TBC1D1

ARID5B 2  



GDE5  
 

 

 

2

FFA

 [34, 74, 95, 97] 2

ARID5B

 

 [75–77] TAG

LD  [78] LD PC LD

PC CTP: α 

(CTP: phosphocholine cytidylyltransferase α, CCTα) LD PC

 [92] PC

LD  [90–93] PC

  

PC 2  (  17) [150]

choline PC CDP-choline (Kennedy)

-N-  (phosphatidylethanolamine N-

methyltransferase, PEMT)

 (phosphatidylethanolamine, PE) PC PE  [94]

CDP-choline  CCTα PE S-

 (S-adenosylmethionine, SAM) choline

SAM choline PC

choline

choline choline

GPC  

[151–153] CHT1 (choline transporter 1) choline

3T3-L1 choline

choline

GDE5 GPC choline

choline GPC

choline  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GPC  (glycerophosphodiesters, GPs)  A1

A2  [154, 155]

GDE GDE GPs

 [156, 157] GDE  

(glycerophosphoinositol, GPI) GPC GPs -3-  (glycerol-3-

phosphate, G3P)

 [158] GPs 

GPI MC3T3-E1

 [159, 160] GPI

-4-  (glycerophosphoinositol-4-phosphate, GPI4P) GTPase Rac Rho

 membrane ruffle

 [161] GPC Na

GPs  [155] GPC choline  (phosphocholine, 

P-choline)  (cerebrospinal fluid, CSF)

GPC CSF

GPC  [162]

GDEs GPs

17.  PC  

CK: choline kinase, CEPT:  choline/ethanolamine phosphotransferase 

(Curr Opin Gastroenterol. 2012 March; 28(2): 159–165k ) 

Choline 

P-choline 

CDP-choline PC 

PEMT  
 

CK 

CEPT 

CCT 

PE 

PEMT  

CDP - choline  



 

[157, 163–165]  

GDE two-hybrid GDE1

differential display GDE3 7 GDEs (GDE1-7)

 ( 18) [156] GPs GDE1 GDE3 GPI

GDE2 GDE5 GPC  [164, 166, 167] GDE1 G

RGS16 G  (G-protein-coupled receptors, 

GPCRs) GPCRs GPI

 [168] GDE3 GPI MC3T3-E1

GPI

 [160] GDE2 Na

GPC GPC

 [167] GDE2

 [169]

 [170] GPC

 

in vitro GDE5 GPC

 [164] GDE5 GDEs

 ( 18) GDE5 N

 [164] GDE5

GDE5

GDE5 mRNA

 [164] GDE5 C

 (GDE5∆C471) C2C12  

[164]  

(GDE5∆C471 Tg)

GDE5

 [171] GDE5 GPC

PKCα  

 [172] GDE5 GDE5

 

GDE5 choline PC

LD

3T3-L1 in vitro

LD

GDE5 2



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18. GDE  
(Biosci. Biotechnol. Biochem, 71 (8), 1811–1818, 2007 ) 



 

 

 1.   

3T3-L1 NIH-3T3

DMEM (high-glucose) FBS Invitrogen GPC choline P-

choline Sigma  

 

2.   

3T3-L1 NIH-3T3 37°C 5% CO2

3T3-L1

3T3-L1 2

2 7

Stealth siRNA invitrogen

siRNA 8 20 nM siRNA LipofectAMINE RNAimax 

(Invitrogen) 3T3-L1 NIH-3T3 siRNA

2 10,000

Sceptor (Miliipore)  

 

7.  

  

  

 

 

 

 

 

 

DMEM, 10% FBS, penicillin (100 units/ml), streptmycin (100 

µg/ml) 

 (MDI)  

0.5 mM 3-isobutyl-1-methylxanthine (Sigma) 

 5 µg/ml insulin (Sigma) 

 1 µM dexametazone 

5 µg/ml insulin (Sigma)  

 

 

8.  siRNA  

 siRNA  

GDE5 - sense 

GDE5 - antisense 

CCTβ - sense 

CCTβ - antisense 

5’ -CAGUGUGUUGUGGAAAGCAGUGAUU -3’ 

5’ -AAUCACUGCUUUCCACAACACACUG- 3’ 

5’ -AAACUCUGGAGUAAGAGUCCAUGGC -3’ 

5’ -GCCAUGGACUCUUACUCCAGAGUUU -3’ 

 



3. LC-MS/MS  

3T3-L1 1:4 (vol/vol)

400 µL

/ /  (1:4:2)

1 160 µL

1 vortex 1,800 x g 5

UPLC-MS UPLC-MS Acquity TQD

 (ESI) Acquity UPLC BEH HILIC

0.4 mL/min (A) 80% /5 mM  (pH 3.0)

(B) 5% /5 mM  (pH 3.0) 2

0-0.1 A 100% 0.1–2.75 B 0% 0.1–2.75

B 100% ESI  (positive mode) choline m/z 104 GPC

m/z 258 P-choline  m/z 184.5

ESI UPLC-MS BEH C18

0.4 mL/min (A) 40% /10 mM  (pH 5.0)

(B) /  (1:9, vol/vol)/10 mM  (pH 5.0) 2

0-3 B 20% B 100%

3–4 B 100% 40°C ESI  (positive 

mode) PC (16:0/18:2) m/z 758.7 m/z 184.2

 

 

4.  

GDE5 GDE5 1-163

siRNA GDE5 siRNA C2C12

 [164] 3T3-L1

PBS

15 3 10,000 x g 30

Detergent compatible Protein Assay Reagent Kit (Bio Rad ) 10 

µg SDS-PAGE SDS-PAGE Immobilon P 

filter (Millipore) 5% nonfat dried milk/PBS 4°C 18

GDE5  (1:1,000) β-  (clone 2F3 Wako) α-

tubulin  (clone MAS077) 4°C 18 2 HRP

IgG  (GE Healthcare)

9  

 

 



9.   

 

  

 40 mM Tris-HCl, pH 7.5, 15 mM 

benzamidine, 5 _µg/ml pepstatin A, and 5 _µg/ml leupeptin 

50 mM Tris-HCL, 150 mM NaCl, 0.25% deoxycholic acid, 

1% NP-40, 1 mM EDTA, 0.1% SDS (pH 7.4) 

 

 (10%) 30% , 1M Tris‐HCl (pH 8.8), 10% SDS, 

10% ammonium peroxodisulpahate (APS), 

tetramethylethylenediamine (TEMED) 

 

 30% , 0.5M Tris‐HCl (pH.6.8), 10% SDS, 

10% APS, TEMED 

 

 

5.  Oil Red O  

3T3-L1 10% 5 60%

60% 1.8 mg/mL Oil 

Red O (Sigma) 37°C 30 60%

Oil Red O

520 nm

 

 

6. PCR 

cDNA 1 µg RNA ReverTra Ace (TOYOBO)

random hexamers (Takara) PCR

THUNDERBIRD SYBR qPCR Mix (TOYOBO) StepOnePlus (Applied Biosystems)

20 µL  

95°C 2    (95°C 15   60°C 1 ) x 40  

PCR 10

60S ribosomal protein L19 (L19) mRNA  

 

 

 

 

 

 



 10.  PCR  

 

 

7.  Bromodeoxyuridine (BrdU)  

3T3-L1 6-well plate

18 50 µM BrdU (Sigma) 2

10 1.5 N HCl

0.1 M  (pH 8.5) 4°C ImmunoBlock ( )

PBS BrdU  (DAKO) 2

PBS IgG- cyanine 3 (Cy3, GE Healthcare) 1

DAPI (4',6-diamidino-2-phenylindole)

PBS/glycerol (1:1) 3

1 6 Cy3 DAPI

 

 

8.  DNA  

Total RNA RNeasy lipid tissue kit (Qiagen Sciences)

DNA cDNA DNA

44K whole-mouse genome 60-mer oligo microarray (Agilent Technologies)

 [173]  (Cyanine 3-CTP Cyanine 5-CTP)

Gene Forward (5’ – 3’) Reverse (5’ – 3’) 

Gde5 TTTGATGTCCACCTTTCAAAGGAC CTCCATCCCTGTGTTGGCAAATCC 

L19 

Cebpa 

Pparg 

ap2 

Fas 

CTCCATCCCTGTGTTGGCAAATCC 

TGGACAAGAACAGCAACGAG 

ATCAGCTCCTGTGGAGCCTCTC 

AGCGTAAATGGGGATTTGGT 

TGGGTTCTAGCCAGCAGAGT 

GGATGTGGTCCCATGAGGATGC- 

CCTTGACCAAGGAGCTCTCA 

GATGCTTTAATCCCCACAGAC  

TCGACTTTCCATCCCTCTTC 

ACCACCAGAGACCGTTATGC 

Cctα GCCAGCTCCTTTTTTCTGATG TCATCACATGAAGCCCTTG 

Cctβ TGCCATGGGAGTTACTAGGG GTGCAAGGCTCTTTGAGGAC 

Ckα GCCATTCTTGCAGAGAGGTC GGATCTTGTGCAGTTGGTGA 

Cept TTCAGTTACCGACACCACCA AATGAAAGGCCACAAGCAC 

UT-B (Slc14a1) GAAGGAATGGAAGCAGCAAC TGAGTGTGGCAGTGGAAAAC 

Osteoglycin 

Decorin 

Epiphycan 

Lumican 

Slc6a9 

GACCTGGAATCTGTGTGCCTCC 

TGAGCTTCAACAGCATCACC 

AAGAGCTGGTGGTTCTGGGTGAC 

TGCAGTGGCTCATTCTTGAC 

CTGTCTGGCAACCTGTCTCA 

GTTTGGATGCTTTCCCAGAG 

AAGTCATTTTGCCCAACTGC 

TAGAGGGATGTGGTCCAAGC 

GCAGCTTGCTCATCATGATTG 

GAAGACAACCACCCAGGAGA 



DyeSwap 2

Agilent Feature Extraction software ratio term

ratio term

Agilent Feature 

Extraction Program (version 9.5) National Center 

for Biotechnology Information Gene Expression Onmibus database  (accession no. 

GSE83644, https://www.ncbi.nlm.nih.gov/geo)  

 

9.  

3T3-L1 PBS 2 500 µL 15

5,000 rpm 3

JLC-500/V2 (JEOL)  

 

10.   

 ± one-way ANOVA Duncan

 (multiple-range test) Student t  ( t ) P

0.05  

 

 



 

 

1.  3T3-L1 GDE5  

Sf9 GDE5

GDE5 GPC  

[164] 3T3-L1 GDE5

GDE5 mRNA 3 9

GDE5  ( 19A-B) GDE5 in vitro GPC

3T3-L1 GPC

3 GPC  ( 19C)

GPC GDE5  

 

2.  GDE5 choline  

3T3-L1 GDE5 GPC RNAi

GDE5 3T3-L1 2

5 luciferase siRNA 

(siLuc) GDE5 siRNA (siGDE5) 2

9 siGDE5 GDE5

PCR GDE5 GPC

P-choline choline siLuc 3T3-L1

 ( 20) 3T3-L1 20 choline

GPC P-choline choline

GDE5 GPC  ( 21)

GDE5 GPC

 

 

3.  GDE5  

       

3T3-L1 GDE5 GDE5

siLuc siGDE5 3T3-

L1

9 Nile Red 3T3-

L1 GDE5

 ( 22A) Oil 

Red O  ( 22B) 6

siGDE5 3T3-L1



siLuc  ( 22C) GDE5

3T3-L1

C/EBPα PPARγ aP2

FAS mRNA  ( 22D)

GDE5

  

   

4.  GDE5 MCE  

MCE  [83, 87, 88]

MCE 3T3-L1  24

C/EBPβ C/EBPα PPARγ  [83, 88, 89] PC

PC

PC  [174] 3T3-L1 MCE

PC MCE 3T3-L1

 [175]

PC 3T3-

L1  (pre) 3 3T3-L1  (d)

CDP-choline (Kennedy)  ( 23A) mRNA  

( 23B-F) CTP:phosphocholine cytidylyltransferase β 

(CCTβ) mRNA  ( 23E) CCTα 3T3-L1

PC [176] MCE

3T3-L1 PC CCTβ

 ( 23D-E)  

siGDE5 CCTβ siRNA (siCCTβ) 3T3-L1

GDE5 CCTβ MCE

siRNA 18

BrdU MCE

GDE5 CCTβ BrdU

 ( 24)  DAPI GDE5

GDE5  BrdU

 ( 24)

choline CCTβ PC

 ( 25C) CCTβ PC

MCE GDE5

PC  choline

GPC  ( 25A-B) GDE5



MCE PC  

 

5.  DNA  

GDE5 MCE 3T3-L1

RNA DNA GDE5

3T3-L1 GDE5

GDE5

NIH-3T3 GDE5 3T3-L1 NIH-

3T3 GDE5 NIH-

3T3 PPARγ  [177, 

178] 3T3-L1 NIH-3T3

siGDE5 GDE5 siGDE5

GDE5 mRNA GPC  (

26A-B) NIH-3T3 total RNA DNA

GDE5  (  27A) GDE5

3T3-L1 NIH-3T3

2 54

 (  27B 11) 2 2

33  ( )  

 

6.  GDE5  

3T3-L1 NIH-3T3 GDE5

proteoglycan  

( 11)  osteoglycin decorin epiphycan lumican mRNA PCR

GDE5 3T3-L1 NIH-3T3

mRNA  

( 26C) proteoglycan

osteoglycin decorin epiphycan lumican

 (extracellular matrix, ECM)  [179]

Na GPC 

GPC

 [180–182] glycine

slc6a9 (solute carrier family 6 member 9) mRNA GDE5

3T3-L1 glycine  SLC6A9

UT-B  ( 28) glycine



GDE5  ( 28) GPC 

GDE5

MCE GDE5

3T3-L1 GPC  ( 21) siRNA

GPC 3T3-L1 GPC BrdU

GPC GDE5 BrdU

GDE5 MCE

 ( 29A) GDE5 GPC

MCE  

 

7.  GDE5  

GDE5 3T3-L1 

 (lactate dehydrogenase, LDH) LDH

GDE5

3T3-L1 LDH

GDE5  (

29B)  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

19.  GDE5 GPC 

               

(A) 0 3 9  GDE5 mRNA

(B) 0 3 9  GDE5

(C) GPC  (n=4) *, P < 0.05 ( t ) 
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20.  GDE5 3T3-L1 choline  

3T3-L1 MDI 2

5 siLuc siGDE5 2

9 GDE5 mRNA GDE5

GPC P-choline choline  (n=5) *, P < 0.05; **, P < 0.01 ( t

) 
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21.  GDE5 3T3-L1 choline  

              

20 choline (Cho) 9  

(n=5) choline choline

siLuc siGDE5

5.50 µL 5.55 µL  

siLuc (control) 

GPC

GDE5
P-Cho 
767 µM

Cho 
266 µM

1.31 mM

P-Cho

Cho

siGDE5

GPC

GDE5P-Cho 
297 µM

Cho 
253 µM

7.25 mM

P-Cho
Cho
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22.  GDE5  

     

 (A, B) 3T3-L1 siLuc siGDE5

9 (A) Nile Red (NR) 

DAPI (B) Oil Red O

OD520

 ( n=5) (C) 6

3T3-L1 siLuc siGDE5

9 Oil Red O

OD520

 (n=5)  (D) 3T3-L1  2  

total RNA PCR  (n=5)

20 µm *, P < 0.05; **, P < 0.01 ( t ) 
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23.  GDE5 PC  

(A) CDP-choline (Kennedy) (B-F) 3T3-L1  (pre)

3  (d) total RNA

CKα: choline kinase α CKβ: choline kinase β CCTα: CTP:phosphocholine 

cytidylyltransferase α CCTβ: CTP:phosphocholine cytidylyltransferase β Cept: 

choline/ethanolamine phosphotransferase *, P < 0.05; **, P < 0.01 ( t ) 
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26.  NIH-3T3 GDE5 GPC  
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27.  GDE5  proteoglycan  
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 11. GDE5 3T3-L1 NIH-3T3  
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28.  GDE5  
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29.  GPC BrdU LDH 
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