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HE

HAER

EATEREEHNSZENRERENIER, EHRABRRENRE LA, BTH
EBATHEFER R EIARE, D2 MaEEUH M =EHE R ES B Hm
L, RIUVACHE. HATAEM 3 EEE F AR A B EHYRTIRT, gy
RRERA. BEXEETHZE5ZMRNEER, TRZTZHERMITIE. EEH
FERE AT UES G A BB R IEVRITIERE . SRAREIT 4 (brown adipose
tissue, BAT) AT ANERIMMKEHEN, A& KRELNME, HPE/KFRIM7
BEREOSHEHB=RMEEEERE, FiREREalE Tt T it
BHEEZ L.

Tribbles homolog 1 (Tribi1) J&TF Tribbles B ZK ik, 7EihIE &AM ENE4 A
WA PRI RIEH . £REFL M ITERR Trib] RS MK TFEEHR, 8 Tribl 5
FE 7 R AR (B B 5% R R AN B A

INEEDRAE R G B E (Coptis chinensis Franch.) F1 4 BB 2K B vEW AT, AR
25 3R F R I/ BERR AT DABR (A /N ER R AN A, o8 5 ML AR SE A8 AR 4 RE R
RIFE S RIS, (REFARITBIERERENRE, RIBTRMIEEAY. B
FLRI/NEERL AT LUE T 3R J /N RATAE LDLR #1 TRIB1 MIEARIA, MM R
I3E H i =Fe/KF, B/ EEIRIE BAT SR BRI T HIERRT S Trib]l AXRNFRA.

BFLEE

AR BN SR TTERST Trib] MAREREWAREERGKREER, FE
B/NEERR IR B AR e T AN DO REVR T RERE I S T LA, R ARBHEBOR IR T iR LRI
FHAE

T &

1. 3 1. 6 #0112 B#ESHY db/db /NROALA LR 3T RNA-Sequencing, I fig {5 =
BRELETWNIERERERFHITHEAT L. XA RT-PCR WE Tribl 7E
C57BL/6) /NREHELEEER 3T3-L1 AERFAMA R 5 10B B I RIEKTF
CS7BL/6) /NREFIEIEN A S Bs- B LIRE ZEEN7 (1 mg/kg), KA HE 36,
Western blot 1 RT-PCR #&JU/NR Tribl FIF=H X EH RERRIEKT.

2. XF CRISPR/Cas® HAR Tribl HEERRNFBITES, SHHEERBHITE
Fo AR, AR HE Jft, ELISA MR RSEETIERN Tribl
FREESNBARE ., MBEFIFE MBI . Trib] RS/ RIS ST A S BB LIRE

1
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ZAREENF (I mg/kg), KRG, HLma s, syt REMEs
AR IR Trib] BRI /N BRAR GG BT 4 2R AR K iRm0

@it RAZ R TRIB1-GST @& EAMITEOREIE AL (Pull down
assay), FEXT Tribl FiFR/NRFVE A TN BRI H AT R ANF (RNA-
Sequencing), il Tribl VHIEFR RN THRERI 4R > T KA Westernblot, RT-
PCR, Z¥iikE AYIREEERIRFEM ATP KPRIRFEIRA Tribl R
XA E 1 7 AR LA P IR B RO R o i — 2P R AR FURLAE 3T3-L1 BEr4afE Fid
RIE Tribl, FKF RNA-Sequencing, ML G4ts, Mitotracker Lkt tan
Seahorse AEEACEMYIGIUE Trib1 HIESEE BT ThRE R EE S FTHLH .

ob/ob /NRIE B 44 5/1N8ERR (100 mg/kg) 8 )G, RABS R &L, KRR
A AR AT He R0 ELISA AR/ BRI AR /N RAAE . M ARFN RRE RIS . it
IR T RS, TEAHBEAENE, RT-PCR F1 Western blot 57 7 /NEERRNT
RERE/NRERERR I =R . #—5 KM siRNA (K Tribl, @it RT-PCR,
Western blot, Bodipy 4+ #1 Seahorse BEELEHMUN Tribl REKRT/NEET =
REEAR I B8

BRER

L.

4,

BRI RY, 1E db/db AROVAL T, FEEDRIERRBEBRERE vl
RIEBETWE. 7E C57BL/6) MRAZAIEN+, Trib]l HERRXKEEERT
HAhHER . RPN B:-B LR RZHESNFTIRER R TR MBI A,
Trib] HIREKTPRE BT, LR, BEE 3T3-L1 BERAMIER &R
W, Tribl RIEZHEIK, RY Tivl BEESSREHEZRE.

KA Tribl Bir/NRIEREGHTIE, SERER Tribl PR /DRILIEKF BE
B, AR ARG KR RO E H UCP1 RIARE RS, HEEEE
RS R, 7R Tribl MR AN A ETIRE RERTER. #t—EB R A ps-
& LR RZREENFIEE Trib] RR/ANR, SRER Trib] BB EREMRNT
Fe AR A= PAThRE, /N RARCARII ARG, SRR RS IREIR .
MK L, 83 RNA-Sequencing F1 Pull Down SE36 K I, Tribl ribridid i
WA B, PR IR B VMR T Rk 712288, T SECE A5G f s B AR
ThESRERS . ARFFELE 3T3-L1 BUARAT M I RIE Tribl X HHTRAIE . HobsE
R RF Y Trib] KT RIERBMRERMARBIKTE, TIMAINHFE Bibl $1E
R R

/NEERR (100 mg/kg) HAR4EE oblob B AMEARRE/NR 8 AT LLE RS/ MR K

2
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REFMMAKTE, HI2E obob NRARERREI T Trib] MERRIAIER 58 E 541,
AN 2235 7K T, SN ER A3 DUEAN 28 hr A Fig T PR AL M 6 2 IR i 634 7K F
"eim T IERE N RAR AR AR ThRE. 78 3T3-L1 ARRA4EME A siRNA F
W Tribl BIRIESG, NEERRIR D F5 7 AN 38 0 40 B R R A M R B 0 52 B30

-

Trib] FERRFT AN RARCREA =8y, H SRR R 3 — e
Trib] FFR AR T R B SRS, SBERRIER G AR R, B
RELARE RGN RACH DIRERERT . fRSNTRIAE Tribl T LASRD IR & AR,
HWIMAKRAE S E, RASTARAFRAEKT. ERFEBETIA siRNA Fit
Trib] WIRIESG, /NBEuBIH /> A T AN 4 B R W (B O BE /1 2 2030 . R BA Tribl
W/ RE AR B RERT A TIRE, A B BOVIRIT R ARILAE . AR T AT AL 4E
RERBR T E .

KA. EBE: Tribl: tRGRERG: B REENM: RTFHEEE: KRAEshh¥
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Abstract

Background

Due to changes in lifestyle and diet and the role of genetic factors, the prevalence of
obesity is increasing year by year. Due to the long-term imbalance of energy intake and
consumption by the body, excess energy is stored in white fat cells in the form of
triglycerides, which manifests as obesity. At present, obesity is mainly treated by surgery
or drugs to reduce the body's energy intake. But this has many side effects associated with
it, and proven methods are still lacking. Therefore, it has been proposed that obesity can
be treated by increasing energy expenditure. Brown adipose tissue (BAT) is a beneficial
fat located in the scapula of the human body, and contains a large number of mitochondria,
in which high levels of uncoupling proteins consume triglycerides and glucose to generate
heat, so regulating brown fat function is of great significance for the treatment of obesity.
Significance.

Tribbles homolog 1 (7ribI) belongs to the Tribbles pseudokinase family and plays a
key role in tumorigenesis and macrophage polarization. Genome-wide analysis showed
that 7ribl expression was highly correlated with blood lipid levels, but the relationship
between Tribl and adipose tissue metabolism was unclear. Therefore, this project used
CRISPR/Cas9 technology to establish 7#ib] knockout mice to explore the effect of 7rib!
on energy metabolism in brown adipose tissue.

Berberine is an isoquinoline alkaloid isolated from the traditional Chinese medicine
Coptis chinensis Franch. Modern pharmacological studies have found that berberine can
reduce the body weight and blood lipids of obese mice, and improve the inflammatory
response and insulin resistance caused by hyperlipidemia. , promoting the browning of
white fat and increasing energy expenditure, is a potential drug for the treatment of obesity.
Some studies have found that berberine can reduce the serum triglyceride level in mice by
increasing the protein expression of LDLR and TRIBI in the liver of mice, but the effect

of berberine on the energy metabolism of TRIB1 and BAT in obesity models is still unclear.

Aim

This project explored the regulatory effect of Tribl on energy metabolism in brown
adipose tissue from both in vitro and in vivo, and clarifies the molecular mechanism of
berberine to improve brown fat metabolism in the treatment of obesity, so as to provide a

scientific basis for the treatment of metabolic diseases.
4
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Methods

1.

Perform RNA-Sequencing on myocardial tissue of db/db mice aged 1, 6 and 12 months
to detect common differential genes in the development of dyslipidemia and conduct
target screening. RT-PCR was used to determine the expression levels of Trib! in
various tissues and organs of C57BL/6J mice and in different differentiation stages of
3T3-L1 adipocytes. C57BL/6]J mice were intraperitoneally injected with (-
adrenoceptor agonist (1 mg/kg), and the expression levels of 7+ib1 and thermogenesis-
related proteins and genes were detected by HE staining, Western blot and RT-PCR.

Use CRISPR/Cas9 technology to establish 7rib! knockout mice for breeding and
identify their genotypes. Body fat meter, tissue HE staining, ELISA and animal
metabolism analysis system were used to detect the effects of 7rib! knockout on body
weight, blood lipids and heat production in mice. T¥ibl knockout mice were
intraperitoneally injected with Ps-adrenoceptor agonist (I mg/kg). Effects of brown

adipose tissue metabolic levels.

. The TRIB1-GST fusion protein was constructed by prokaryotic plasmids for protein

binding in vitro (Pull down assay), and RNA-Sequencing was performed on the brown
adipose tissue of 7¥ib1 knockout mice and wild-type mice to detect the key molecules
that 7rib 1 regulates brown fat function. Western blot, RT-PCR, mitochondrial complex
enzyme activity detection kit and ATP level detection kit were used to explore the effect
of Tribl knockout on brown fat mitochondrial respiratory chain. Tribl was further
overexpressed on 3T3-L1 adipocytes by eukaryotic plasmids, and the targets and
mechanisms of 7#ib1 regulating brown fat function were verified by RNA-Sequencing,
cell oil red staining, Mitotracker mitochondrial staining and Seahorse energy
metabolism instrument.

After 8 weeks of oral administration of berberine (100 mg/kg) to ob/ob mice, the effect
of berberine on body weight and blood lipids of obese mice was detected by insulin
tolerance test, body fat meter, tissue oil red staining and ELISA. and inflammatory
effects. The effects of berberine on brown fat thermogenesis in obese mice were
investigated by animal metabolic analysis system, temperature measurement in cold
environment, RT-PCR and Western blot. 7#ib! was further knocked down by siRNA,
and the effect of 7ribI knockdown on the regulation of energy metabolism by berberine
was detected by RT-PCR, Western blot, Bodipy staining and Seahorse energy

metabolism analyzer.
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Results

1.

In vivo experiments showed that in the myocardial tissue of db/db mice, the expression
of Tribl was significantly down-regulated with the progress of lipid metabolism
disorders in mice. The gene expression level of Tribl was significantly higher in
brown fat of C57BL/6J mice than in other tissues. In a model in which cold stimulation
and Ps-adrenergic agonists enhanced brown fat function, the expression level of Trib1
was significantly increased. In vitro experiments showed that with the increase of lipid
droplet accumulation in 3T3-L1 adipocytes, the expression of Trib/ gradually
decreased, indicating that 7rib] is directly involved in adipose tissue metabolism.
TribI knockout mice were used to determine their phenotype. The results showed that
Trib1 knockout mice significantly increased blood lipid levels, increased lipid droplets
in brown adipocytes, and significantly decreased the expression of the key protein
UCP1, which was accompanied by leptin and insulin. resistance, suggesting that Trib/
has a regulatory effect on brown fat metabolism. 7#ib1 knockout mice were further
treated with Ps-adrenoceptor agonists, and the results showed that 7rib! knockout
impairs the lipid metabolism and thermogenesis of brown fat, swells the brown fat
mitochondria in mice, and destroys the mitochondrial membrane structure.

At the animal level, through RNA-Sequencing and Pull Down experiments, it was
found that 7ribl knockout disrupted mitochondrial dynamic homeostasis by affecting
the activity of the electronic respiratory chain, resulting in structural damage and lipid
metabolism dysfunction. In this study, 7rib/ was overexpressed in 3T3-L1
preadipocytes to validate it. The results of in vitro experiments showed that the
overexpression of Tribl increased the basal metabolic level of cells, and the effect of
Tribl was inhibited after adding the inhibitor.

Berberine treatment of ob/ob spontaneously obese mice for 8 weeks can reduce mouse
body weight and blood lipid level, and increase the expression of Tribl and
mitochondrial respiratory chain complexes I, Il and III in brown fat of ob/ob mice
increased mitochondrial copy number and expression levels of mitochondrial fatty
acid oxidation-related genes, and enhanced mitochondrial function in brown fat in
obese mice. The ability of berberine to reduce lipid droplets and increase cellular
respiratory metabolism was inhibited after adding siRNA to interfere with the

expression of Tribl in 3T3-L1 adipocytes. These findings suggest that berberine
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inhibits obesity by increasing the expression of 7¥ib/ and promoting brown adipocyte

metabolism.

Conclusions

Trib1 knockout disrupts brown fat thermogenesis and induces hyperlipidemia and
obesity in mice. It was further demonstrated that Trib] knockdown reduced mitochondrial
respiratory chain complex activity, resulting in an imbalance of mitochondrial fusion and
fission, which subsequently led to mitochondrial structural damage and lipid metabolism
dysfunction. Overexpression of 7#ibl in vitro can reduce lipid droplet accumulation,
increase mitochondrial number, and enhance the level of respiratory metabolism in
adipocytes. The ability of berberine to reduce lipid droplets and increase cellular
respiratory metabolism was inhibited after adding siRNA to interfere with the expression
of Trib1 in adipocytes. It is shown that 7¥ib] regulates the function of mitochondria and
brown adipocytes in mice, and is expected to be a new target for the treatment of metabolic

diseases such as hyperlipidemia, fatty liver and obesity.

Keywords: obesity; 7ribl; brown fat; berberine; electron transport chain; mitochondrial

dynamics
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ACC Acetyl-CoA carboxylase LB A SR LB

ACS Acyl-CoA synthase MW A &1

ALP Alkaline phosphatase Bl 1 B BR B

ALT Alanine aminotransferase AEREE LB

AMP Adenosine 5‘-monophosphate FREM IR B R

AMPK AMP-activated protein kinase AMP 4 i B

AST Aspartic acid transferase RINEAREER BT

ATGL Adipose Triglyceride Lipase Re Wi H i = Be K i By

BAT brown adipose tissue tREAE TR

BCAAs branched-chain amino acids XEER AR

C/EBP-a CCAAT enhancer-binding protein alpha CCAAT R FEEEH o

ChREBP  carbohydrate response element binding KW AR TGS S
protein #H

COPI constitutive photomorphogenesis protein 1 AR AEAREEA 1

CRP C-reactive protein C RMEH

Ctbps C-terminal binding proteins CRm&GEER

DEX dexamethasone HhZE KA

DIO2 iodothyronine deiodinase 11 B PR i T o B AR 1T

DMEM Dulbecco's modified Eagle’s medium MG R Eagle 35755

DRP1 dynamic related protein 1 FEMEFREA I

ECAR extracellular acidification rate S R 2

ERK extracellular signal-regulated kinase AR AME SR AT

ETC Electron transfer chain P T R IR

eWAT epididymal white adipose tissue B2 B AR H R

FAS Fatty acid synthase REWTER & K

FBS fetal bovine serum fa 4 MLiE
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FIS1 fusion protein 1 REER1
FGF21 Fibroblast growth factor 21 B 4 A K 7 21

GLP-1 glucagon-like peptide-1

GST glutathione-S-transferase
HDL high-density lipoprotein
HSL hormone-sensitive lipase
IBMX 3-isobutyl-1-methylxanthine
IRS2 insulin receptor substrate 2
iWAT inguinal white adipose tissue

LCAD long-chain acetyl-CoA dehydrogenase

LDL low-density lipoprotein
LPL lipoprteinlipase
MAPK mitogen-activated protein kinase

MCAD medium-chain acetyl-CoA dehydrogenase

MEK1 MAP kinase kinase 1

Minl mitofusin 1

NPY Neuropeptide Y

OCR oxygen consumption rate

OPA1l optic atrophy 1

OXPHOS  Oxidative phosphorylation

PBS phosphate-buffered saline
PTEN phosphatase and tensin homolog

PINK1 PTEN-induced kinase 1

PPAR Perixisome proliferation-activated receptor

PGC-la PPARY coactivator-1a
PRDMI16  Positive regulatory domain containing 16

RT-PCR real-time polymerase chain reaction
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SCD stearoyl-CoAdesaturase

SREBP-1¢ Sterol regulatory element binding protein-1¢

T3 triiodothyronine

TC total cholesterol

TCA Tricarboxylic acid cycle
TEM transmission electron microscopy
TG triglyceride

TNF-a Tumour necrosis factor-a
Tribl Tribbles homolog 1

UCPI uncoupling protein 1

VLDL very low density lipoprotein
VCO; carbon dioxide production
VO, oxygen consumption
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35

HFAEFRREEEN B mEERENIER, BRABEEZRSE LA, G144
REERA K AT REEEAN, SRMERYRSEN AR M=BEEERNA
R, X — i PR B B G T 40 B A 38 B 431 R B IR i A 1 2 e SR B A AR K
RASBEHALEE. BERHSREOWMERRK . FERRIEESEEEERR
PBRXAR, TmEAEEANMEE. LA ALY HEEBN LEE R IR, BF
BN MR SR, BREE S AU R T2 B 4 A R L At 4 7% 4 B IR Vi P
LIS RRINFERI MR AT AR, 7= A 28R S R-S). ot S 0 IR TR R 0k O A A R
H—PERNAR D FIEI R, 73F 7 REIEARRETIRRE., 18R AR
R E R AR AR B, IRIEE B4 S0 5 B TR &) T 18 b7 40 iy
FEKEEST, BUERENTH LR R FMAH B RIS, IRIAE BT HAR ThReEas ). i
H AR EANAIER, ERMARPFEIEREFHEMNRIE, RESBEIHEN
HEELE,

AR R ERES FARBAGIAIT, DR AGRERA. BIERTHRIT
FERERIZ5H) 538, ERT%E FDA ##ERKAAZHBERNZYUF Orlistat (R
F|FMh ). Liraglutide (FIF&AK). Lorcaserin (F-EEHM) F1 Qsymia (ZH4F8H/4Ent
BeE HERE ) AP HA Orlistat 28 fe I BT, @it b &4+ Rl f
R BIERER B, KBEHASEREEEEERMEHZ0, Lirglutide A%
E¥EERERR-1 (glucagon-like peptide-1, GLP-1) 4, & (RIAEM S ERER K
IR, BB — S FI BRI FRBAE A2, Lorcaserin fEFAF 5-HT2C 24N
WA AR R, LR/ BER, (B E A A A v 7 100 A BB R R RE XU RS
13,14, Qsymia APIRMHERBMALE, HH L. KRR, ERMMZZERERIS 0,
1B B RTH THRITTIERNGADTFERE, ZENBDEREBRANWTERITER,
FEETHZ25ZMRNBIERD. EIGNEEHEECRNEITIEREN —FE X
R

ARSI EER W AREE, RIAEREE B B AR 120 2R (white adipose tissue,
WAT) FIFERERIEF AR 4HZY (brown adipose tissue, BAT) U311, H.dh WAT W44k
ZRMBEER N AT =R SRR S, RIARIEKIER, MHEL.
WAT B FHEFSHMEAR, 2AETEEEHES (inguinal white adipose tissue,
iWAT) FIRERE AR 4HER (epididymal white adipose tissue, eWAT ). T BAT A&
N RIAZE/DIER . BAT BF KELNE, EPE/KPFHEERER |

(Uncoupling protein 1, UCP1) £ DAIESRSE M= #0077 iH #6 H il = FR F1 81 &) 58 =
AHRER, i, £ WAT FRI T BE=MERMARIAM, FRKEiiamm,
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‘5 BAT Mfl, BA®/KFH UCPl. HARTHGRKEIIHR, EEfFR
BT MyfsSfl Pax7 i IR 2 AH ARG, 5E ¥4 0RA H R HkIRE 2],

AR AN R B ER, BT DR T AR S ERBEA P9 B K R R
R, REEREAERAH P05, HIRREN. B B-Aib. =RBRHE
TG, R EAELRAET, LA E RN T 4RER G Thaef
PR RERSH LT/, KHAEFZEEM, SR AFMER Py 5 i (R
BRBRIF, AR SRR B BRI AR T B B I IR AL RN R AR . Sk B BWRE
EPERAS IR 4> BB =R ERIEFR (Tricarboxylic acid cycle, TCA) FIfgHiEE B-E AL
FEL BN BE AW B F, B MBI IR "R = 1% B B (Nicotinamide adenine
dinucleotide, NAD)A13 & IRE S % F BR(Flavin adenine dinucleotide, FADYEZ &,
F#16} NADH 1 FADH2. Bf/5 NADH 1 FADH, ¥ B F % 845 28 bt B F PR
#%(Electron transfer chain, ETC), ZHHNBEFLKEE S 2| VIEE. YHFE
% ETC 110, B EBEHATHEESY I UM IV AR R+ AR ERERE
KR REE S, ATEERFRUEEE. RTFEREEYV (ATP 68 AEHK
FERREY B Horbdad R R F IR B U Be B T AR AL ATPRS 21, kR € AR I
iRk UCPL A B LR SRR I F AL ZRRE R /7, AT (LB ER 1k
FRIBET= A AEPY, R R — N EESNNAREE, QFEEASFNEBRET
RENE. KHAREMINGENERSLNES /1% (BEEHRERE. SRME
B FYIARCY. BRI, TERRREAFERACRE N R R Ae i A 4R p R 8 R
1N 1R, SACBERRAL KT PRI G R R AR BT Th s e AR 2,

REFEMAGAREHHARMIEBEFENEEINGBAEEEZR, HEMHHEIERIE
BB RRRREL, FIEHLRS W RBE MR, gFtRRHE, &
PitE AR AR, KRERBERENMRMEIN FEHERRTF. RWIBELERN
miRNA $28(0343¢), H it S MBI BIE 24 o (Perixisome proliferation-
activated receptor alpha, PPAR-a.) . PPARy JL#/E ¥ 1o (PPARY coactivator-1a, PGC-
la). PR &3 H 16 (Positive regulatory domain containing 16, PRDM16). miR-
196a 1 miR-193b-365 #FIEIMEREARNTI LR, RE=AERRE, FHRHLR 1
A REMEBANF /P, BB ATXEE S EADITFRANFE ENT2ER, 23F
FHRFAFFRE R

Tribbles FIYE4) 1(Tribbles homolog 1, Trib 1)=& Tribbles BB K EHI R A, B
FERWEHREE LR TP HRIM, AT A 8q24 vk b, 5 MYC FREERE
PL T [E—EFE R 38, 8924 FFEETE LB AERB AT, ES5EMBENRXR
CHEHREPY, FRARY Tl 2538 LR. EEEMFRIBESESH
ERERI R BU44 (Figure 1A) . FBJS Takashi Satoh FIPA BRI Tribl Gk FECFEEM
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Figure 1 The role of Tribl in immunity and tumor. (A) Differential expression of
TRIBI between tumor tissue and adjacent normal tissuc in all TCGA tumors. Distributions
The statistical significance

)5. 7P <0.01.

of gene expression levels are displayed using box plots.
computed by the Wilcoxon test is annotated by the number of stars (P < 0.(
P < 0.001). Users can identify genes that are up-regulated or down-regulated in the
tumors compared to normal tissues for each cancer type. as displayed in gray columns
when normal data arc available. (B) Correlation of 7rib I expression with levels of immunc
mfiltration in different cancer types. scatter plot showing the relationship between

estimated infiltration and gene expression. Data source hitp:/timer.comp-genomics.org/.
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R, NEER AT LLAT PGC-1a, (R B BRI HLSZ B, REBHESARE
REKF, BIGITIEREMEGAZGYOSS), BELE, AR/ USSR
/N AFAE LDLR A1 TRIB1 B HRIE, FEE/S B MG Hih =EeKFe0, HEE
WAL BAT ge B IER R RS TRIB1 HRITRIRA

42 b, ARFERUE AR SMERY, IR Trib] VR 2A5 G BRI ShES I HI HERE A 2 F
MLl FIF CRISPR/Cas9 HiAREE. Tribl ZEFREFR/NR, ST HABRBIITIE,
W Trib] AL BEIRTEM. #H—FRH p-TF LRERZEEHFRE
Trib] FERR /N RAZ IS TR Th S, RA Trib] M3t/ R B By e il e B AR 1
FIVEF . @i R R 2 TRIBI-GST 88428 31T Pull down SZ38, X} Tribl
i R/ AN EF AR AL/ R BR R R 4H 41 3E 47 RNA-Sequencing, W Tribl SRR A8
THREIS BN T H— BB ERFRAE 3T3-L1 g4l L3Rk Tribl, *t
Trib] IEER A Th AR 1T RAE . JFBiL siRNA RUR Tribl, TE/NEERRALERMAERT
Y b, BRI Tribl RUEXS/NERORE R E W AIRm .
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W BEE R B AR BRI A B 8 LR 3

F—E W db/ab B BB RAH 2R RIS
P 51 i 7 4R PP R IR B AL ST

HARTEMERG T, B 1975 F£F 2016 F, SIREEHBREBYMT FHEE, ™
FEEREMAR D ELERE —. ERESR S CRIME RR . P RR RS
etk BRI R RS E B ATIEREE TR SRR T B R, RFEFIRFE
Y REE o

db/db B ZHEAERE/N AR E R Z AR ER RN, 5 /DR, db/db
74 B EDILE A b, SmigfmEAERE EAMRBRIE, RAREKBRENE
FEARUNREL, FRTBRABR/NROEEENRERIE, BFRELOHEKXY 50%-70%H]
BeE KIS EREAL P B, 7 db/db FERE/N BB R, [RERIE. RAMRE
i TR R BN FEA S ES CUFEEER MM ERBZ IR 9,
HAOHFRIAR S SR, ERERE/N RO A ThRERRAG RS R B EH

FEAZEFEIIRAAFE R EE db/db B RPEIERE/N REETIF, ik db/db AE
RENRIERBIRILABEETHNAFEZRER, 0z REE TN M7 4+
MARALEEAT I, DI TT RERESEAE T 20 T 1 BT R v T #E A

F—F BRANERRKBIEFTHXRAZRER

BT EFEREEH R MASEERNEN, ERMEENASRPRE L. 8
BRI FHAERESRNAGYN+2ER, SFIFRFOEWARESR. B, &7
STANE H 1) db/db B R MEAERENREEAT I, A3 CARIE T FRAS B ARG OB 2L

g g

1.1 Lz

4 B dbidb MR () WFIAERXRGREMBEERAR, SKIES:
201816182, FIEEMSLREFYHEFEEZRERIEEHHNEERNWICESR R
23k (SLXD-20180706).

1.2 KRR
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HEEEERERE bR A F R LR

B I ®"e
TRIZOL Thermo Scientific 23 &) 15596018
RAEE E £ AL AR ERAH 80109218
=8 Hk EAEANZEEFERAF 10006818
DEPC 7k HEREVFEAFRA ] R0022
1.3 SRR
B I e
FB A IKAX 2 [H Merck Millipore A 7 Advantage A10
M RKF METTLER TOLEDO AL104-1C
&RBE O Eppendorf 2 5] Centrifuge 5427 R
RIRVKEE HRE/RBROERAA BCD-318WSL
2 SERH¥R

2.1 db/db /MR O R 4 BEEUH

db/db /NRIRFRT R B EER RS BT, HAFAEER22C, EE 60%HIEH
B, fRiE 12 h BEBEH e 5% @EmemK. B 1. 6 12 H B db/db MR,
BAREKER, WE/DNR AR, BSELLIENR . EEERDNR, YOREEH
NRONERE FAmo i 28ER, THREDREGRE.

2.2 db/db /MR E RNA $EL

FREVHR A B LR AR N 1 mL Trizol, ¥HLHEIRFE . HH0 0.2 mL &5, El
ZUEEN 15s, EZETHE Smin, FF7E 12000 rpm M 4CFEL 15 min. R EE
FEWHKEFMASEXNRRERE, SEES, EZETHE 10min, 7E 12000 rpm F
4CTEL 10mine 3 b3, A 75%KERHEITER IXFHFTE 12000 rpm A1 4CF
O Smin. FEBBRHTEETE, MAEENZB/KEBERITE. FAMES
YR RBRIRE S, iR 260/280 F1 260/230 #ETE 2.0+0.2 B, EREHAT
T

2.3 RNA-Sequencing il

N EIEFEARBEABEROGERATRIT. ERRNARE, WEBRANE
RAXFE, A lllumina HiSeq FEBTXIRNF. REFITERRES . £
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R R e I e LN ISR I Bt

79 Br. Kyoto Encyclopedia of Genes and Genomes (KEGG) 7-H fILE 1 T WIAT A1 H]

iR 4000 GC 75 HH(GC content), Q20 A Q30 VA MY ki i . K1
DG ER BT Ty (RS VR FE S e SEVE R GTE, (R B e e A i AT
Fr A I TR i 0 -

3 g R

3.1 AE H#E db/db /MR E SR AL FE ZE 7 2D

B 47 db/db /s Rl A TP [, TR M A e s (R I A T AERL TN
(P I AL or 2 T BRI B ALAL IR E AL IR QiR
L IE TN AE AU db/db S RUBER T BRI RPN £ BRI
Co LA AR AU Wi A S P IRl (v &Y Be) Gtk Ly, RNA-Sequencing 4 db/db /)
B C LA £y B3 dbrdb RIS ROBR I ACIG) 28 GLALE B Jo Rl 28 5 LA

15106 FUI2 JTHENY db/db AN B DTS S AU AT ) T RE (R AP RO ILE 2>
b 3170 55T L1661 AN 2 A QT (e RN ORI A 25 ALk e oL R
‘%ﬁb”F{UHP'U“WLFMv e WAL (L 6 B 12 TR db/db /)

BCCIERE A 40 AN IR s S e DA CRigure T-TAD o B s A Faoe 1, 32 Mk
[N Aah ks U CUWUBH )
A B
20T
1
M1 vs. Control l-l ] 34
0 |J
M6 vs. Control
8
bl 1621
M12 vs. Control ] 32

M1 vs. Control
M6 vs. Control ODown =mU
M12 vs. Control

Figure 1-1 Transeriptome common differential genes of db/db mice of different
months of age. (A) Venn diagram of the same differential genes between db/db mice and

W I mice at different months ot age. The overlapping part of the circle represents the same
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differential genes between db/db mice of different months of age. (B) The number of the
same differential genes up-regulated and down-regulated in the transcriptome of db/db

mice of different months of age.

3.2 Tribl 1E db/db /RO R 284

RL 20 AR AR LA QU AS T 88 db/db /N BB s A3 ] 22 S SE M A
i1 xlﬂkf&u Tribl [l 23 15 2 Rp 5800 S AR K V- 450 =70 Trib 1 17 db/db
ANEL LS 6 R 12 FIRSHR RS N (Figure 1-2) 5 DARERE < JRAT D6 Trib 7 784G
R E A PR

Trib 1(Tribbles homolog 1, Tirib 1)}t Tribbles Bk At I 1 51 -0l A hEIMAL
SHRIT W B, Trib 1 SAGHA MG AV ORI JE DR uEsis, Tribd (15
SCHER LT &R, JESE 2 =l CTriglyceride, TG) K1, kN
B s T AR IR SR 0s A/ ARG B8 1= Trib 1 (G )IFIDE IR TR AU i
MRESE, AR R CSTBL/G) /NEUAT 3T3-L1 S Wi R4, M Tribl 1441k K
Sy W Tribd AR X AR RO WA i R Ak

Trib1

M M1. vs Control
B M6. vs Control
[ M12. vs Control

log2FoldChange

-1.35 -1.35 -1.12
-1.5-

Figure 1-2 Expression levels of 7ribl between db/db mice and WT mice at different
months of age. 7rib/ expression levels in db/db mice at 1, 6 and 12 months of age

compared to wild controls.

4 /NG5

AN FIHAST VST db/db 1A EREIE AN B IIREASES Py, 981504
PR R e R [ R G ) i S D LA o ) 3 e SRt 40 AN M) v S KR ERTIEA 7 375 0k
KB Trib 1 Wiy 2315 2 Fh 40 W AN K- EI17, ) db/db /N 1.6 R 12 )

1[—/\|

SRl WU, BERIRATTRS Trib 1 O AR a4 B SR 9
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PEHBEER RS LRI R

RL-BER R BB

B3 Tribl Z£ C57BL/6J /NR B HER R FRIE L RSt E

B R HE B

7E db/db JERE N RAFE B BFEERN LR ZRER T, Trib] RN 2520 KX
N AN AR KR, (B Tribl ERRFAR P RFRIEKT, UREREMENAE
BRETFIF R P RIREEFIF A, I 1ET RT-PCR ME Tribl 7

C57BL/6] /DR EZHLR R E FHIRIEKTF
1 SeIewkt
1.1 LRI 540

8 R CSTBL/6) /INRR () W TIe R4 i@ R e LR H ARG R AT, SHEIE
Z: 110011211107569245. FrEshsLif2F 5t E E R F I Z A E 5B

hYMC R R &t (SLXD-20180706).

1.2 SR

E4 I #S
TRIZOL Thermo Scientific 2 &] 15596018
PrimeScript™ RT Master Mix ~ EHEEWHARERAR RRO36A
TB Green® Premix Ex Taq™™ Il  EHEAYRARERAE RR820A
B b RRE 2B Sigma A #] C5976
SDS-PAGE B RZH & RAME - WAMLEMRBFERAR CW0022
LUK R RAMEEYREFRAF] CW0045S
R MR RAM L ENRHA R A F CW0044
TBST AR LEMRIFLERA A CW0043
eECL Western Blot Kit AL E R F R A F] CW0049S
| A B 0I5 AL EDRIEE IR AF CW22008
| A BERR R 77 RAEEDREEHRA F CW2383S
#T UCPI #i4k Abcam A A ab10983
1 PGC-1a Hifh Abcam 2 &) ab54481
L TRIBI Hifk Santa Cruz 2\ &) sc-393536
#1 GAPDH #ifk Abcam 7 H] ab9485
HRP RHiR =5l ME B AR HRA R BE0107-100
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FEEEERER R NEER 1 - BF 92 2 S 3

HRP E41 8 31 TR G ARBEFHR A A BE0105-100
1.3 SREALAR
LR E e
WE S IIEE T Thermo Scientific 2 7] Nanodrop 2000
PCR 1% Eppendorf 2 ] Mastercycler® X50
Rt E PCR X Roche A ] LightCycler96
BRE O Eppendorf A 7] Centrifuge 5427 R
4l Merck Millipore /A &] Advantage A10
I B HIKAX AR DYCZ-24DN
PG TREE 7R NTAXERT WD-9405F
it £ Bio-RAD /A ] ChemiDOCTM XRS+
KERD AL Leica A ] CM1900
ok /BB AR Leica A E) F$1000
2 LA

2.1 C57BL/6J /N R Bl B St 4 R 43 BE BUAA

K10 R 8 JERRHE) C5TBL/6Y /N RIAFFERIR 22°C, 1EE 60%KIFAEE. fRIE 12h
WIOLEE R Bf 5 @R MK, BN—RAE, B8 —%, WE/PBRAN
B, BRIHEALZE/N R . RV B/, PRIEBTEU/D BUB A MBR . fE BT 424X (Brown
adipose tissue, BAT) MM BEEH4ZR (Inguinal white adipose tissue,
iWAT), RSP AEIEKRAL (Epididymal white adipose tissue, eWAT). AF
A BRAEANE A, MRS OBt FERIRGAR AR ANZHER . B REAE T AR ic i i 22 B8
A, TWREPPREERS.

2.2 C57BL/6J /) BH KRB R RIE K3 €
2.2.1 C57BL/6J /PREBRBHLRE RNA BH

BB TR RIS LA RN | mL Trizol, WAL SIHE . w0 0.2 mL &5, Bl
FI®BH 15s, FEEETEH#HE 5Smin, FH7E 12000 rpm F1 4°C FEL» 15 min. WE_EZ
FERKEFMAZENRANE, FERES, EZEETHE 10min, 7£ 12000 rpm
4CTF &L 10min. 3 L, A 75%HEREERITIE B IKIEZE 12000 rpm 1 4C T B
O Smin. FERERFZLEETE, MANEENEB/KEBRZRITE. FRABES
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EEEREE bR PR EE SR R R AP

SR B IR G, RS AL BRVE R IZ N : 400ng/mL, BEITREE
R, ERRRHER 02 mL KEEN, REREREBR, RNARINT:

Component Volume (uL)
Sample RNA 2.5
5xPrimeScript RT Master 2

RNase-free H20 5.5

Total 10

B R AR RS IRS], BT PCRANHY, B RMNERF: 37C 15min, 85°C Ss,
4°C 5min, R¥EFN cDNA HEA, FFFERAHISEE, I 30 uL £EE/KIEBS].

2.2.2 RT-PCR Bl & AR A BB RIEK P
PR PETR 2I B0 cDNA FEAE VEHFE AR E RN, RNARRIT -

Component Volume (uL)
TB Green Premix Ex Taq I 6.25
cDNA 3
Primer 0.5
RNase-free H20 2.75
Total 12.5
¥ R RAE RIERIES), BT REEE PCRUF, ®ERPMNETF, RMEFWT:
Program Step Cycle Acq.Mode
Preincubation 95C for30s 1 None
95°C for10s None
3 Step Amplification 55°C for30s 45 None
72°C for15s Single
95C for10s None
Melting 65°C for60s 1 None
97°C forls Continuous

AT AT R BHT Forward primer 1 Reverse primer S5 LLIR &0 Sx &, 5l
YFFInT

Gene Forward sequence (5°-3°) Reverse sequence (3°-5)

Tribl AGAACCCAGCTTAGACTGGA AAAAGCGTATAGAGCATCA

A CCC
25




HEEZRER R LRI AR 3
Uepl AGGCTTCCAGTACCATTAGG CTGAGTGAGGCAAAGCTGA
T TTT
Prdml6 CCAAGGCAAGGGCGAAGAA AGTCTGGTGGGATTGGAATG
T
Cidea TGACATTCATGGGATTGCAG GGCCAGTTGTGATGACTAAG
AC AC
DiO2 AATTATGCCTCGGAGAAGAC GGCAGTTGCCTAGTGAAAG
CG GT
Cox5b TTCAAGGTTACTTCGCGGAG CGGGACTTAGATTAGGGTCT
T TCC
Cox7a GCTCTGGTCCGGTCTTTTAGC GTACTGGGAGGTCATTGTCG
G
PPAR-y TCGCTGATGCACTGCCTATG GAGAGGTCCACAGAGCTGA
TT
Adipoq  TGTTCCTCTTAATCCTGCCCA CCAACCTGCACAAGTTCCCC
TT
C/EBP-oc.  CAAGAACAGCAACGAGTAC GTCACTGGTCAACTCCAGCA
CG C
Leptin GAGACCCCTGTGTCGGTTC CTGCGTGTGTGAAATGTCAT
TG
GAPDH AGGTCGGTGTGAACGGATTIT TGTAGACCATGTAGTTGAG
G GTCA

2.3 B LIRERES C57BL/6J PRAA
B FRRERZAREENF (CL316243) HIECE: FRAEHEEKE CL316243 BLE AN

5 mg/mL BIBEEW, BEX-20'CUKFEMRIF. CL316243 TAERE ) 1 mg/mL,

¥ C57BL/6) /NRAAIZEIERIR 22°C, &EE 60%MFFE. {RIE 12 h FIXREEHF A

S 5EBEARATEREK. BN—AE, BREILS =4
(1) C57BL/6J H (FXFRB4H);
(2) CSTBL/6I+ARBEH (47T);
(3) C57BL/6J+CL316243 4.
C57BL/6J /NRBE RIS CL316243 (1 mg/kg) BRARE (TR 4C) 14 K.

B — B0 YR/ B I L LRE , R STHE AR BB /N BR o AR VA 35/ B PRI BT BN B BAT
iWAT Fl eWAT. ¥ OHARE TRiciFE RPFBE RS, HAEAER TR
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FRIEBEN, THREPRERE.

2.4 C57BL/6J /NR AR S HE et

FEiHRAE L RPBEPEEM R, AAMEEREaEi . APk,
RIS E ) ZEERUKIESE 5 mine YIAEHFRRRRHRE Smin REHEZ, H
IKFHE, AT KB 30-60 BiR K, SRJEH KBTI A 5-10 7340 . AR
et 2-5 min ROOMR, ABEZERR, A-FRELEHE, PHERKREH.
R EMEMRREET AR L.

2.5 Western blot il TRIB1 R=#E B K85
2.5.1 AR

HTREHAL RS ER, 10mg MNRAZGREALSIMA 50 uL FIAKHREAR
fRREW (CEARMK: HOBMMHIF . #SEEMFIF =1000: 10: 100 « 7EHKK
REY TS BB BHLRAG, MEESERK 2 min (IE: 70%, BFE3s, &
7s) . BEfG 4C%&MTF 12000 rpm B0 30 min, #@F EEERAKEEZEENR, HEA
L& 1% SDS-PAGE Loading Buffer 5 A A& 1: 4B%, /KB E 10min, f#
EBATMH, BRAHE, 20CHRAE.

2.5.2 R

REENEENTEABRIBRRE, BANERARESERMAER, =
BEPE 45 min FOBBEEE . KERBRESIMHER, N—UBARF, BAK
AR, BHRTERHE. HTRESIERLEHAE | om KEE, FREEATEX
Ro BRERHE 40 min FHIRAEBEEE, F RIKBREKRRRTF.

2.5.3 Bk

R BAR A BIKRE T, MR 1 X BIKREHR (REFERR R
AR, WRRETRE, TEERKLREF AN - JHERTE, Z28InA
FE S A0 Marker, EREMNSFESNR, RFEEEXENNE. RBERRSFEEHNER
i P 2 1

2.54 EIR

BCH IR RIRR, EREEMR (10X HBRR: PR K=1:2:7) K&
FRCE Y, 4% A 452 BB 0 S T - 4 - R 4K - R A -N C IR DB 40K -8 43 - B AR 41 €2 S T L 7K

27



P EEERER T MES R T8 AT A A3

B. mERRES NC BEERMETSEE, BEAERRRNRTE TREET.
KHBREEE TIOKREYTD, ERNSER, ERIER 300 Z2L2EREIE,
¥ HE 50 min.

2.5.5 HHA

7£ 100 mL ] 1 X TBST S SMA 5 g Biisdk, BAEEH . ML
JEZES I NC B, BTFHHART. EKFREL, FEHA 2 N,
2.5.6 FilkIBE

W R B E 4D AR E — . %8 Marker IHRMEAS FEH#ITH
FEAXRHFZY, FEETE TN —HiH, 4sCHEIR. BEENHESK
7, TBST ¥E# 3 K, FHK 15 min. HILPIRHRBRERE —H, BEAFHBRN—I
MR ZHY, ZEREE 1.5 /D, BEEERHEDRT, TBSTHIE3I K, &
R 15 min.

257 BB

B TBST PR EEW, BEREEIFHERCRT TERBE NC KL, &
HIEE S min. K& B FERRBEA>ITEABREAAE.
2.6 G

1 Fl ¥4 GraphPad Prism 5.0 347 45114347, SEIR AR I KA mean+SD FIiR.
BT 5 EZF R, EFAERE, RAXE T &% (Two-tailed Student’s t-test) ;
ZHEERABRERTEMT (One-Way ANOVA) , FEAHMERERITERNERK
F Turkey TR B ELEL, 24 P<<0.05 AN ZER BB HKIHTHHEEN.

3 LR

3.1 Trib1 ££ CS7TBL/6J PRZHRABBEHHRIEKTF

@it PT-PCR i Tribl 7% 8 A C57BL/6) MR E AL B E FHIREK
o R BN Trib] EOIE BEARRRT S 2 AR DT ZRIL. 5 iWAT ML, Tribl
FERRRE. ERE. RBRAIM D REBUR, ERRWARPRER R, HP Trib] 7 BAT
MREBEFTTHMHLS.

28



L E BT R LS PRI B - A 8 5

5_
-
o A

44
1=
kel
?
o 34
2
a
3 .
w
o
2 24
K
[}
14

H i

0- T

SRS 0\:\ \° @o”
S =

Figure 1-3 The mRNA level of Tribl in a variety of organs and tissues of normal

P <0.001

XS

C57BL/6J mice. The data were expressed as the mean + SD. n=8. "/ < 0.05.
vs. IWAT group.

A RIS FRRES IE# CSTBL/6J /NS I LH 21 i B2

I Trib I (VAR AR T RIS RIS i Chil JEIA L)
4°C) MBs-1F Tl 402 R 8 CCL316243) A S/ Bl I, 3T Tn)J]H}‘jf/llzﬁlllJ/ﬁéﬁco
AP M\J',la',f/ll.)r‘llu:, ')!é?’MJIJmMH CL316243 4L PEHBHEALILE BAT RILIWAT PRI
TR, IR AN i 81 LA T 25 Yl il ol e A il oM CL316243 £ i /N B
A C It ITE.

A Contol 4 _  CL316243

BAT

iWAT
B 2 BAT 20007 IWAT
-I-
_ 150 = (i 1500
: 100 ~ 10004
o
<
504 5004
0 T - 0 T . 2
Control 4° CL316243 Control 4° CL316243

Figure 1-4 Effects of cold stimulation and epinephrine on adipose tissue in CS7BL/6J
mice. (A) H&-stained and (B) lipid droplet arca statistics of BAT and iWAT sections
obtained from the CS7BL/6J mice treated with cold exposure or CL316243 (-
adrenoceptor agonist). Scale bar: 100 um. The data were expressed as the mean + SDon- 8.
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X T

P <0.001 vs. control group.

R EIREXT Trib1 FO7=$EE B 10

FHIAFE IR CL316243 #2 w7/ BAT Dhfg)s, ApFsifaid RT-PCR i
BAT P*ﬂﬁﬁfcﬁlﬁ (Figure 1-5A) . &M HEH (Figure 1-5B) H Tribl (Figure 1-
SC) FREKT LR BRI IAU L, JEA MR CL316243 AbFLHE =/ B ™
HAHIHE N UCP 1. T 02 W IR IT (D102 553 (R K R 3k A1y BRA IR D 4>
oo B RFEK C/EBP-o FRIA Ko BHAE BAT H1p B SR THE, Tribl 13K
TR KA B R T ey

A B — C Trib1
: o 20 -
. CLoie2d
e
“ % 2 s
w
§ 3 I
] € o
g ;. '
of £ & o] —===
H a 2
2 LR 4 : =
& E 5 o5
; I i ’ l I i &
I | sl D L 0.0-——
ucm Prdm16  Cide: Di02 Cox5b Cox7a PPAR-y Adipog CIEBP-a CIEBP-p Leptin Control 4° CL316243

Thermogenic-associated genes Adipogenic-associated genes

Figure 1-5 Effects of cold exposure and epinephrine on 7rib/ and thermogenic genes.
After CL316243 treatment, the mRNA levels of thermogenesis-related genes (A),
adipogenic-related genes (B) and 7rib! (C) in BAT. The data were expressed as the mean
+SD.n=8. P <0.05, P <0.01,

wok

P <0.001 vs. control group.

ARIEAE ERE TRIB1 F=#E A Hm

SEFH Western blot ¥l 56 A Il CL316243 ARFHS 773tk 1A TRIB 1 Y 8200
g5 R G XHIRMLL, FEA AN CL316243 4bFH L1 T /R BAT A e gl i
[ UCP1 Ml PGC-1a M &IE/KT-, BEEATAZ O A DI BERIHE &, BAT ' TRIBI
A TR A K 52 £ e o
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A

UCP1 G —— e — G S— S 33kDa

allE L. 2 F T T 1T Ty

TRIB1 - o W e S e S 41kDa
GAPDH | e s snee ames e s s b e 36 kDa
Control 4 CL316243
B
ucP1 PGC-1a TRIB1

Integrated optical density (a. u.)
Integrated optical density (a. u.)
2
Integrated optical density (a. u.)

Control 4° CL316243

Control 4° CL316243

Control a° CL316243

Figurce 1-6 After CL316243 trcatment, TRIB1 and thermogenic protcin in BAT.
Lxpression levels (A) and statistics (B) of thermogenic proteins after cold stimulation and

. . ~ - * ok .
epinephrine treatment. The data were expressed as the mean £ SD.n=8. /> <0.01, P <

0.001 vs. control group.
4 N

X T PR TR RT-PCR L Tribl (1 CSTBLI6T /NG ALAL R r ) &0k

AoV R Trib T (Fo IR BAT g &0k i el B R T g P
C57B1./6) /J\i?x:t I'I'\J BAT ACI i, JEME 1 Teib il (1 CSTBLION N (U AL
1Y il kT WSS B AT BAT 7R IERT L Trib 1 0 S VAR I 45 T

v AR AT T g R GG I AV g



hEEER 2R LR AEER

HERREFARX

=7 3T3-L1 I s 41 S o4XT Tribl RIAKIE M

WA ARSI, R Tribl 35 CSTBL/6) /NRAFE IS AR EIThAE . AR5
it 3T3-L1 RRFTATE4HME, W5E Trib]l TR AP RIFRIA KT, TR bl 508

i AR AR B AR IR 2R

1 SR
1.1 SLIO9HAR

3T3-L1 40fi 8 b R FEE 2B (1101IMOU-PUMCO00155).

12 SR
2R I H"e
TRIZOL Thermo Scientific 2 #] 15596018
PrimeScript™ RT Master FEHEEYRARERAF] RRO36A
Mix
TB Green® Premix Ex Tag™ EHESYHEARFTRAF] RR820A
|
A B E 25 & A R A A PR A F] 80109218
=& Hb H 2 B =R AR A F) 10006818
DEPC 7k BEREWHEARFRAH R0022
THELEW Sigma 2 5] 01391
DMEM ¥ s 5 Thermo Scientific 2\ 7] C11995500BT
0.25 % Thermo Scientific 2 &) 25200-056
ERE Sigma 2 A 15500
Dexamethasone Sigma /A #] D4902
3-isobutyl-1-methylxanthine ~ Sigma /A ] 15879
Triiodothyronine Sigma A #] T2877
DMSO EERERHARAA D8371
PBS S EVHEARERAR ZL1-9062
4%% B F ERERPHBRAH P1110

1.3 SCI N 3%
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FEEZREE R NEER BB AL FART

ZFR S BE

ME R T Thermo Scientific 2 7] Nanodrop 2000
PCR 1% Eppendorf 23 ) Mastercycler® X50
%I & PCR X Roche 2 1] LightCycler96

58 B Nikon A #] ECLIPSE Ts2
GO Eppendorf 23 7] Centrifuge 5427 R

2 LW

2.1 3T3-L1 RR 41 M5 940 K Fa i h 4L Be
2.1.1 3T3-L1 R0 S 2k

3T3-L1 40 & F 10%A64- MiEH) DMEM =R 7R, £ 37°C, 5 % CO;
FISAEs A 3R, B RERFEERE. LEGFEET] 80-90 %, HHufs
R £ 6 FLBRPEEFF 3T3-L1 MM ER SR 100%, FHFEES MIEH DMEM &l
BEFREEIE IR, AR . B REEHREH 500 u M3-F T HE-1-FHEHER (3-
isobutyl-1-methylxanthine, IBMX). 0.25mM H1ZEK#s (Dexamethasone, DEX) #1
8 pg/mL BER BN FE IR, MMEF 4 K. EHRETE 0.1nM ZBERIRFER
(Triiodothyronine, T3) 5 pg/mL RS RMMLIEFRE, MHEFI R, AIRLE
A5 R B s 2 P 40 T

2.1.2 FRRF4IMI AR

ISR Eh 42 P kK (Phosphate buffered saline, PBS) EM4H—IK, 3 PBS.
fF4CTRHEREHREEMM 30 4L, FEEHFBER, PBS KRRMMBIX.
AR O B CHLLER: K =3:2) i, R THL TIERRaH
30 min. FFME T/EM, PBS WIRMM=IK, £ EME THEMM.

2.2 RT-PCR B RS RN [ Bt 3T3-L1 ARt Tribl EEFIE

2.2.1 RBURFEIN A B4k 4 8 RNA

3T3-L1 41Hi% S or il v, 5078 2. 4. 6 F18 K, F & 6 fLARANEEFR A,
J PBS PRI ANML, M 1 mL Trizol J Y L FARIC LK 28 1.5 mL BN, -20°CIUKFH
{815 o TR I i) S5 AL S SR T, IS MRVETZ IR &, NN 0.2 mL (/2L RNA,
PR VLA TS TR Tk 202,
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2.2.2 RT-PCR By B HAREA D Trinl AT ZE

il AT T SRER T 2.2,

2.3 it

AT GraphPad Prism 5.0 JE{7 4801704, SRS 2 K] mean £ SD A<
L7y 23 VR R, e ALng, ) X)U{T/f 5 (Two-tailed Student’s t-test) ;
LA KNI K T2 580 (One-Way ANOVA) , (VAL 7 seATE V05 3L K
H Turkey JEA7 N EEEL, 41 P<<0.05 NN ZE LA 743017k X

3 SLIREER
3.1 Tribl 1E 3T3-L1 g5 40 AN [Bl A B B o 2RIk 7K F

B AN SIS, AHIEFCIM R I RO 3T3-L 1 IR AN LT i S ot . ARl
AR 20 40 6 A0 8 A AISCEAA. il al 2o AR AT e 10, 4
REL A/ 3T3-L1 RIS 3 01] (MO g s e, (234 ilim] CoM) 4]
Ha TR 12 5% £ o (A IE IS PT-PCR Ml Tribd 1F 3T3-L1 GITTAWIAS ] 20 AL B |
(b Ao EE ML, Trib 1 BHATIN T AN IR o3 A & 28 KL 8T PR AIG, £ 23 1R )]
[P A TR /KT bl AT 3 0

; 7 : ; . £ ” T o ok
A 2.Day e 4Day 6bay © %% J“, J,‘v
QR s b ‘ 12 A 3 Q'L“:
T N 3 v b \ LA i ,a ‘6 ° rgc
« ; a b S o
5 P ‘ﬁc’" O sy
7 : :’ > £ ) k- whded ‘fﬁﬂ
i T i T o b‘: ol e
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1 1 1
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2
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Figure 1-7 Expression levels of Tribl in different differentiation stages of 3T3-L1

adipocytes. Lipid drop oil red staining (A) and mRNA level of 7ribl in 3T3-L1 cells
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during adipogenesis (B). Scale bar: 100 pm. The data were expressed as the mean + SD.

EE 2]

P <0.001 vs. control group.

4 /NG

FIF RT-PCR U5 Tribl 1£ 3T3-L1 Wi 40 e A F 3 LB BRI 3R 1B K F o 4
FYEEMR S URAISEY L, Trib]l NERIAEZ FRIK, XBERRH Trib] 85
P& i 40 AR BR AR 8T Th BE

e

AHR AT A A #H db/db JEREDN RGRITIF, RAEEBERSHEIL LB IR
REGER R AR, UFRITFERETI S EHLRF, BRAIXT 14 B EfEE
db/db B/ BREBEAT AR R, . AREI4E R B7R db/db /NRB SR B R RERTIE 2, #R
B AN, BELUFRXSEEENF . @B ECER, K db/db DMROERR S
MEEEE R, BEUUBERBETE ATP IR OV DAL . ZRAEHT B
FRE. FOMELRESFBREYIERGEE, KRR p-SLENFERE
SeE), db/db FERE/NRBEE ARSI K, RIMHEARMLEEE, HOMARBRINHE
YRR A, BEAVERF RS SR ER Y, RE A B LA R R ENFRER
R EEL R BRIV, VENTRE MG IT RE AN P RE A

B E B & BRI AT I, ik 3t F 22 7 2K B SC#RS, Tribbles
FEHIFEYEYI 1 (Tribbles homolog 1, Tribl) HIRIAZALEB4FHI%IE. Tribbles &
—IMBHEEARBERE, RAXCEF/ESAEZKBHEEOBE YR KEE

(Calcium/calmodulin-dependent protein kinases, CaMK) #4%, H=ARIEFF.
Tribbles ZREH B LRI AN RI, BT CUTE SR8 R AR 72 B8 18] 18 =19 o iR 2 4R AR
W AERU 21, BEJE T A Tribbles FREEEE 5 &M H 447 K I, Tribbles FK ik
FEOEESAKE: hREEBEME, B REEE C KRG N Riggswg.
TP REBHELEHERE ATP ME SN FELZOERF, EARELFEE
(221, [ErY Tribbles KIERE A C Kiftl 45872 & E3 &M COP1 S mE AR,
ERD FHEMRALHMFEFLEAMUEEE SEE 2,

Trib1 7 Tribbles RMEE QBB F KRN — R KA AR Tribl &5 LK #E.
FUAE . AR, RUFUARME . FURAEAN S BN (M A £ PR T B R R 125281,
BHEH 2013 F, HFAEFRE TRIB1 EiL4 S COP1 47 C/EBPa HAKF, #M
i % 28 B AP M2 BRI EREEMAATIRE). BERMBFFRRIN Tribl TLAMER T %
HRETMESEE, H3 B AMIIEE, T MRELANARKIEE. bl &
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B RBEFRRERER T AR, £EHAMRE S BB L.

L AR BT EK S SR ER, BRNESFREARE TS
42 B AR AN LA G A IR VE B BT R AR, PR M SO IR B . 1R T S RN
R AR REE AR OAFIERY), SRERBMLESIE. RO L ERRESFHRENE
TREE . {8 2 1 BN AL I 35 42 2 AR B AR ORI, 2 S5 B4 B R RCREAR R
RO TR MR B EWEGE MR — B L BRI R B GIRL, — R M1 R M2
&, Hd Ml EERAREL S UMEREAREFRBLETFS 5 RERRN, £
BrfaER . M2 B ENRAN M o b 0 40 MU K7 1L-10 3K TGF-B F25H R K
R, EHRRRGIEE. MERERRBIRPREEEEH. FRRKMREERAME
RIEBARHE M2 E MR 531 B 254 BT LI G o 28 READ AR Rk 06 & B 6 R RER 320,
EHAXEME TRIBI EEHTUMERNELED, EdE5HARBAREREED 1

(constitutive photomorphogenesis protein 1, COP1) #HEAEFA £S5 C/EBPo EHI[E
f#, M52 TRIB1 SRFEHF/NRES IS B 8. PRAE. ffniepragi-h M2 2
BRI, BRT M2 BEREAIAESE, TRIBL tRE0H IL-2. TNF-o Z40ME T
HIFRIEE3, Trib ] 16 M2 BY B REAR AR AN SO R B VER, 1RSSR BATIR A Tribl
Sspi HR MRS R

SRR KRBT R EAE, BT 175 MEREA A S EEEIR MR K TR
Ko RP RZHERERHBXT —FEFMIER, T—2ER, 10 Trib!l M Fadsl 5
B B3R I B /K AR SS05 361, 3k —IBRR FTIESE, Tribl HIERIATTLLF 1§ ChREBP

(BRI EYMRBTHEEED, —MEERBRS T, 25FER4E) ¥ mRNA
FNE B /KT T 2 ma B RE BT 42 AR08 RIRG, FFRESERAE Tribl BR/DBILE TG
N TC KFFHR. B Tribl BIREBREAFAE C/EBPa EEAREF &, MRS B 7EAT
o0 i B A R A B AR,

BATME T Tribl 7L BRER CSTBL/6) MREARBEFHRIEKF. HR
R Tribl 75 BAT FIRIEKFEER THMAL. HARKN, FHTFaEENH
M, $REMRNARESBRIIFEREMELBRIEE, BAARBEREEEY
Fiz—0B7, BAT & KB&HE, HPE/KTFH UCP1 EAES AIESSEE =R
REREVEBREE, WERATRENGEEEF. Trbl 7£ BAT PRIEREIR
AREATAH R RFTIRT

IEERKXFARAEI TR R ARG — LR, WwEARE. p-BFLIRER
FHSRLIRE BAT FER A BHATF=#EE /15840, (R ERAIT CSTBL/6T /R B R IE s+
5 CL316243 BARIE 14 K. CL316243 2EAAMERME B-'F LIRE Z B0,
AR IR R AR = AR, (REERRIT AR . &R EIR CL316243
FARIEA S SR MRS B 48, HRE T RAEXEOMERNRIEKTE, R
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B 8 B AP A ThREIR B . ZERA BAT RBITIASIE, RATEWEE] Trib] (1
B B FRE A T BT .

L HOR R RATG T MASFIRTAERS AL, Trib] TS S S RSHT AR, B0
KBS AR NS R ACIBEE 7. 1B Tvibl ZERERTALAGG BAKTHRE R A, 5 F—
SHRBERA.

G

FIF B RN . C57BL/6) /N AT 3T3-L1 BEIFAMLUERE Tribl B T 520
MASFIFHEAG T AE RS, EE S 5 RRIHRIITNEE. Trib]l 75 BAT R IE/KF
EEBTHMALR, BIEANEMN CL316243 % S5 BAT I/ NRBR
Trib] (RIEKF EF. 1B Tribl Xt R H7 Thae i A Bk B2 R RS, fidt—
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E_F Tribl RERX /RSB IE T AR N TR RIME
LDV

WIS X EFFMAER, BEREMN A BT HL (white adipose tissue,
WAT) FIEERERIEE BRI 4R (brown adipose tissue , BAT). FL 7 WAT ¥k % &
MRS B AH M= EEART, EARERERIFPRMLSELZRAAERIT
TR, T BAT &8 £ ERMES MR, 2 ETRET AN FEER
g2, e AR, FRE—MAREERE, SRR HMIETER™ .
Hrh BAT 25 i3 BREE M= KT 28 B0 2 1 TR TR g B 4 B - 1) Bs-'B LR
FREZIAMBIER,

BAT FZ# I RE Sy B EiAZRA UCP1 EERENFM. UCP1 BT 4R
KB E ) BAT $5 2HE A, nHEABEBRAHEMEEL, S ATP HREM= RGN,
BRI R BAT S AN T ERERIE. BAT 7= #HATBIE 2 IR 677 19 H
SEEMASIRR AR, MR R AEILARIEY. BRTEENTHF N FEER
4h, BAT RS E54VEAHELMZEEIER, BFEFE. B8N, BE. PRHERFEMN
TR, Uit 4 g R E T

A RERHEPOET ELIER T Tribl £ BAT FHIRRIL, TS 5EHANA
Ihfe, B BAT RIAREEE S, (H Tribl X RERTARTIs M R AEE. Eit
AEIIZR Tribl mBR/NR, WA Trib] B /DREE, IAS. MR, IF
WITLE 5 Tribl REiFR/NER CL316243 AbH, 2% BAT IhRE, WA Tribl Xt /MR
A £ B 7 A AR K T e

B Tribl B DRKHBREETERE

AFFFIELT CRISPR/Cas9 HAR, HIL Trib] £5HB/NRETEEY 8. W
AN RETEL R, BBV R DNA B AR sk S B R A, B R R B AL A Trib]
FBR/IN REAT X TR SE
1 SRR
1.1 £
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CRISPR/Cas9 M58 Tribl EFFG/DRBABVEDRBEERAT LR, &
IES: 32004300000904. FTA Sh4SLIGFE 18 P E E R AL R AR 2 B sh
Ve E RLitHE (SLXD-20180706).

1.2 SEHE5T
ZFKR &K ®E
&1L EEFFRFIERAT 10019762
EDTA E 2 £ R FRFHRA A H2241926
Tris-HCl RERZBHARAA T8230
iR VE Biowest 2 & 111860
50 X TAE ERAARHFIRA A top0751
MightyAmp™ Genotyping Kit EHEAMFE ARG R AT RO74A
e ER I REFRARFIRA A BF07001
DNA Marker HREAEEAFRAT BDIT0040
1.3 SEIO{¢ %
B I e
BEERERER N WD-2110A
PCR {X Eppendorf A &] Mastercycler® X50
TR BEKAX Bio Rad A 7 1645050
K HMIHTX HMRIRIGEEHIERBRAT  GL-3120
& INE L Eppendorf A &) Centrifuge 5427 R
2 SR
2.1 Trib1 WiR/D BRI

Cas9 F1 sgRNA L EEH B2+, AF=ERRR/DR.
sgRNA 754035 : sgRNA1(5' -TTGCGAGGTCGGCATGGG-3’ )H1 sgRNA2
(5 -GCATAGGTTTGGTAACCCGAGG-3' ).

B A LT 51 9 8 PCR =4 AT , 1515/ IR R BAFAE Tribl mil :
Tribl-sense (5' -GCTTGGTTGGCAGAGATAAG-3' ) #1 Tribl-antisense (5' -
GTGCTAACTTCGGGTCCTCAGC-3' ). Tribl ERFERR/NRSEFAER CS5TBL/6 /N
B, RBRET Tribl MR REBRENRILED=ZMR, UIRE Tribl £
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st B3 /N Bl AT/ R e

2.2 PCR £ 8 /MREXEY
2.2.1 /MR DNA

S T2 mm s 1 7-12 R0 ECHE S, 0 DAl i LS mL A% I - A 75
al. kR RN 50 @0 0.5 mol/L 11 EDTA 20 ml, A 1L B0 AGH 2. 4
haift 100°C A 40 min ISR TY I 75 pl P RGA CTris-HCH By A 315.2¢, il
AL PG 2], plES.0), (57 G 1500 250 2min, B 1L 5 ALy DNA
FEA

2.2.2 B &

b s mb Jo TN T I IR SR

Component Volume (pl.)
Sample DNA 1.25
2xMighty Buffer 12.5

ddH:0 9.75

Enzyme (.5

Primer (I'1R) 1.0 €0.5+0.5)
Total 25.0

o Primer R 90 M REFTR2, 14 41t N

gRNA region
o 3

-
R2
» “
1 2 3

F1 R1

Legends - Exon of mouse Tribl

Knockout region

CTTGGAGCAACTGGCAAGCTCTTTGCGCGAGGCTCGCGGC--del 2989 bp--CGAGGGTTAAGCAATGGCAGGCTGACGTTATTCCTGTAGC

--------------------------------------------------------------------------------

PCR Primers] (Annealing Temperature 60.0 °C):
F1: 5-GCTTGGGTTTGGCAGAGCAGATAAG-3"
R1: 5°-TGCTGGCTACAGGAATAACGTCAGC-3’
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Product size: 530 bp

PCR Primers2 (Annealing Temperature 60.0 °C):

F1: 5’-GCTTGGGTTTGGCAGAGCAGATAAG-3’

R2: 5°-AGACCGGCCATCCTGTATCTAGTTG-3’

Product size: 600 bp

Homozygotes: 530 bp

Heterozygotes: 530 bp/600 bp

Wildtype allele: 600 bp

KRB RERIRS, BT PCRAXY, WERMEF, RNMEFWNT:

Program Step Cycle

Stage 1 94°C for 180 s 1
94°C for30s

Stage 2 60°C for30s 30
72°C for90s

68°C for 600 s
4°C for o
FEIFER GRS, BEMA 6.125 pL #J Loading Dye VB%J .

Stage 3

2.2.3 BEFRBER A&

TR N HERRFR & 0.9 g IBEHE, A 90mL B 1 X TAE ¥, B T
HRKN# 2 43 30 M EEIFWME . NOBUBEE, A 10 pL BIZER LR IR 5] .
BINHERF AT, KEHE 20 min SRR .

2.2.4 ZEREEIKAEI

7E LKA BN R B B R A, DN I X TAE % B2 1 em, [A]
FREHRTF . RPN 1S pL SR F IR, AEREMA 10 pL BB Marker. %
AR IE SR, mEEE 130 (RAEXBE BXES, 24-27 min 542 1Lk, /MO EH B
JEE T 5 TR



BRI g e U N EE LW il

3 spigsE R
3.1 Tribl 7/ D RIS E

LA R R Sl /N BB . Mo R BIPE, R2 PR W BE/1 R (Wildtype,
WT) : RIBHYE, R2BIPE 2473 (Heterozyeotes, HE) : RIBITE, R2 I Hyiik
SR (Knockout, KO) -

W b iy ey W VD W o s oo Ly

BB & e e il R Sy o
KO HE WT

Figure 2-1 ldentification of Tribl knockout mice. Representative pictures of genotype

identification of heterozygous paired parental newborn mice.

3.2 Trib ] Fal /) B 2% 22 DX B 1 A 36 J 1 31 B )

ADIETEAS A T AT 0 A 264 LB E /N PRSI RGOV T 2] &5 A8 S M
PE 36 LU MEPE 128 LU PRSI LE I EEVEMEYE Ty 1.0625 0 BEYE WT 11715 /J 31.62 %,
HE 140 58.09 %, KO LAy 10.29 % MiEVE WT V1% 24.22 %, HE (I
NN 67.97 %, KO VEAN 7.81 %. A WT HV/E50 28.03 %, HE HV A4y
62.88 %, KO {1714 0y 9.09 %, /N Bt IC ] i st Lo 1
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Figure 2-2 Birth rate and sex ratio of each genotype in Trib/ knockout mice. Statistical

map of sex and genotype of heterozygous paired parental newborn mice.
4 /NgE

R 2 15 RS AR A /N BV RS TRI R A7 48 11 25 UL LSl A /N B KO
H A% 9.09 %;JLKJ TR LA AT SCERARITE Trib 1 2075 B/ LA T
PSR RO, X SR KO /N RUATE AR AR R JER o BFA IS o, N R
o 4Ry 200 WL L,
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B Tribl WRRA/NRAR. AR AR

EHE—EMHAPCDKIUEN T Tribl £ BAT P& RIS, AHe2 5IRIHLRT)
ft, {8 Tribl SRRHTA LR IRER BRI ANE R . FILXS Trib] bR/ R T2 R
MEEE, EREZHEERN Tibl bR/ RNEARE, 5. MMAESAERA
WHREL, WK Trib] RERX AR R RERIRE A

1 LA

1.1 SEzhY)

CRISPR/Cas9 /' §H Tribl ERFM/ MR B VEVRBEERAR L=, &
ES: 32004300000904. ATH Zh¥sLI0FR A1 i A [ E 2222 B AL 5 i Fl EE 22 B 3
I ZE A2t (SLXD-20180706).

1.2 LR

SRSt R EREH A BFI%.
2 HR i ®"s
LDL-C U&7 & AL EMRE RS F R A E] 20162400518
HDL-C #ll & {7 & A LB YRR 6 PR A A 20152400950
TG &7 & hAE AR R B F RA ] 20142401132
CHO Ml A& AL A YRR A PR A F] 20142401126
Mouse Leptin ELISA LIV AR ERA DG30235M
Mouse Insulin ELISA Raybiotech /A &) ELM-Insulin
Mouse Adiponectin ELISA £ EKIEMAEMFHEFRAF DG30529M
*E0E HEEUREFRA A L87671
1.3 SEIO{ A%

SRR EE RN B,
£ I e
B REAX Bruker 2 & LF50/90
HRB D T RS Panlab 2 | Oxylet Pro
B, FF FIEHTREARATF XY300C
EEFRIX Tecan 2 &] Infinite M1000

TKE R AL Leika A #) CM1900
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th HBE AR AT R F B LR AR 3

EAEEIEX AN Beckman Coulter 2 ] AU480

2 SEWTTHE

2.1 Trib1 WFR /N BB R 5 B B

B 8 R BT AR NRAERR DR, BE—K HREERDREBE. KENRK
PRI A, 20U AL T/ R o TERETH B /DN R, TEDK EARE BTN BRI BAT. iWAT,
eWAT. AT, MRATFIOAE, IHREICRARER. BIENHEARMAT TR AR —%
ETF 4% RFBTEE, 5 —(EFHRIREFNEBEA, FREPIRESS. b
R = EBHER MRS ER, 3000 r B0 15 min Yo L EmER T E.

2.2 BERRACRIRE Trib1 RefR/I Bl HR HLZ

R — RIFHUKERBEAT IO, IR i T (XSS R TT AU E . # /D RE T
EEREF IR RM, E/0REEEBEBS. HMNREHENRAEOCR, FAZEE
X FARIRRAKBATA T E, BN ERNRIEN . B R EAr &
E{EO

2.3 Trib1 Wil /D RIBRT AR AR HE $efa

[Fl58 — B 58 =9 SE 08 777 2.2,

2.4 Trib] WiFR/D RATIEA R MGt

FFAEHARTE 4 %2 RPEFEEHEK, HEAMESE OTC GIEFIRKALR, BT
20°CHAR, TKEVIRVL5-10um Y1l . YIF 60 %R RERRIE 1 min, ML O %
W CHAFER: /K =3:2) 3 8min, BB 60%RAEFHMb. BIEEERBA
HAR RGP R QA% 1-2 min, PBS Wk, VI TREHHARH R, AEME
RO S A AR 2R 4L

2.5 AR Triv1 B/ RMLARZKF

i Beckman AU480 £ B 1AL, B &3 B Bl iR L Ag fEdr &
EHEEXEIEEA (High density lipoprotein, HDL) , KFEFEH (Low density
lipoprotein, LDL) FLERHEEE (Total cholesterol, TC)
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FEEFRAER A BMEER LR AEFEALRX

2.6 ELISA ¥R Tribl Rt/ DRILIEER. BEEHRBREKF

IR GV A5, AR AR IE AR SN ENFE T ER. RSEM
ARER R BRIA KT

2.7 WM RGN Tribl bR/ BB AR K

RTMENRIEMBEEE (VO M _EBAERE (VCO) , RT3
43§ B 45 (LE 405 Gas Analyzer, Panlab) . /)N B B TR 1% (Oxylet Pro, Panlab)
dr, W BHIREEWARIK, HRREMR 12/12 MBI R, 3N ROER 24 /b
. EMNERE, B/RTIERENREEA VO M VCO2, EF /M /NR A
TR, WKBAESE, E8NE 24 P EER.

2.8 BAMEPRAES

EREBIRIERRE T RKE, WRDRWGIE. B RERET 4CH5
FirFRE s GBS/ R BERZmAER) , 8 HRBEYRIK. Bt
RALE, ELENE 8 /I,

2.9 GitFEMT

{8 B GraphPad Prism 5.0 T4 115347, LI H 5K A mean+ SD FiR.
BART  ZFHERR, AR, RAXRE TRE (Two-tailed Student’s t-test) ;
L AR B EEF Z 0 (One-Way ANOVA) , EHMERFHITHENEEX
F Turkey BHITREFLLE, X P<0.05 FHAKRNZERBEBH ST FE X,

3 LIGER

3.1 Tribl B D BRARE . A RERIE S REBIR N

NTHIE Tribl {EABRARBHEIER, AHFFMEH CRISPR/Casd HARI;KME T
Tribl BE/NBR, JFIUE 8 AR NRAE .. MIERAHNERENEL. GRERBRIE
WAV A BRI Trib )l RIS BRI 44 8 Rl D7 85 BV A9 1k 3 % 2 (Figure 2-3A B).
PR BRI SE 7% Tribl BRI RARBE RAC T- B 4L RN B (Figure 2-3C) , {H Trib ] i
B /N BT BB T34 (Figure 2-3D) , XHREATEEIRMI K AR, R
W1 Trib1 3t /I5 BRI BRAR W A7 LE T .
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Figure 2-3 Effects of Tribl knockout on body weight, body fat and organ coefficients
in mice. Representative adipose tissue image (A) and weight (B) of 73ib1 KO and W'T
mice. Body composition (C) and tissue weight ratio to bodyweight (D) of 7»ib! KO and
WT mice. n=5."P < 0.05 vs. Trib! WT mice.

3.2 Trib] Rt ML A FO g B 257 B 52 el

W FOENN T B TR g2 IR I 7=, w3l o 8k R L fE et 4. (o
IS STAARN T T i 2 S AR ROV EBRAG, 0 5 AT 22 4 & T s KL i
TR AL NIRRT TR -1, B HUIA M S BB R, D R 57y b3l
AU AR I8 AR 58 300l 5L T IR e L IR 2 RUIRUE /K B8l Trib 1
ARWACHRA T o 25 848 Trib 1 3& DR /N BT [ TC ATLDL THis, HDL /K
PERAG (Figure 2-4A B C) o b DS ULTL i, il 4 MBS 8 AP b3 1T,
IRIK 25 K01 b & B8 (Figure 2-4D EF)  KBUHUE £ ARHUPES K0T, 1x sy YL
PEATRAS Trib 1 R0 /N BUIRAC N 200
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Figure 2-4 Effects of Tribl knockout on blood lipids and adipokines. Serum TC (A).
HDL (B). LDL (C). leptin (D). insulin (E) and adiponectin (F) levels in 7rib ] KO and WT
mice. n=5. P < 0.05. 7P <0.01.7 P <0.001 vy. Trib! WT mice.

3.3 Trib1 FEFRXT /N BT 2H ZR 12 v

NI ETE A I, Trib 1 g gz IS I Te e s i, JR Al H&E FIplgrije(n
WS Trib 1w BRA S B FIEA LA, H&E ”“Lf’u N IR NI I N

SN A IR e (0, 20 UL A AR IS NIRRT TS 44, 114 8 )
WU/ RRI Twib il B o) N 5 75 s
_H&E ...Q".Be.d .

WT

KO

Figure 2-5 FEffects of Tribl knockout on mouse liver tissue. Representative H&L
staining and oil red O staining image and red staining arca of liver tissue from 7rih ] KO

and W mice. Scale bar: 100 um. n 5.7 < 0.05 vs. control group.,

3.4 Trib 1 FlEXE /NG T A2

A TEI R TE& L A (0 R G e ARG Tl Trib T g i AL S R AT A &
S URTTNE ﬂial!%‘fll)‘; ALATOLAT IWAT FEeWATT I ANN AN e AL CFigure

2-4AD) o EBAT RTIGANB N i 15 A Cligure 2-4B) o T UCPT KLl agit
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Figure 2-6 Effects of Tribl knockout on adipose tissue in mice. Representative
hematoxylin and eosin (H&E) staining and immunohistochemical image (A) and adipocyte
area (B-E) of BAT, iWAT and eWAT from 7rib/ KO and WT mice. Scale bar: 100 um.
n=5."P <0.05 vs. Trib] WT mice.

3.5 Tribl R/ BRI AR U R B )

LEAfAA Trib ] GG IR0 BAT AUAE M A1 UCP1 &0k )5, AW 580 ok s 4y
BT R G005 7 /NIRRT o 45 AW Trib ] G5 B3R & (VO Al
FAL A T (VCO) MR Y88, S AT 8 )17 b 2 BTG

VO VCO
20+ 2 15+ 2 xxx —_—
*kk *kk
154
Z 2%
E 4o =
g £
£ T 5
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Figure 2-7 Effects of 7ribl knockout on respiratory metabolism in mice. Energy

expenditure was evaluated by measurement of oxygen consumption (A) and carbon

dioxide release (B) in Trib] KO and WT mice. n=5. P < 0.001 vs. Trib] WT mice.
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3.6 Tribl FEFEXT/IN AR A RS A& N M=

i 7 197 M, BAT 22T 11 1 i By 6 7= #4 LA R R o AT 50 0 46 /)
EAAE ACHIER 8 NN IELHE L HATHEL, PPN 1 Tribl X BAT 77 A09 5200 . 4
ﬁuzw, e T A4Cl, ANRIGETERRAC. {1 Tribd w8/ RO IR, B - 0 A
s AW Tribl bR/ BAT 7SR AE R AR 8 A8 BN G, JRacdA]
Trib 1 B A /NG BAT DIfg s (1],

40+
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o
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o
g
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Figure 2-8 Effects of Tribl knockout on adaptive thermogenesis in cold environment
in mice. After 8 hours of cold exposure, the rectal temperature of 7rib/ KO and W'T mice.

n=5."P <0.05.7"P <0.00! vs. Trib1 WT mice.

L]

4 /NG

AT L CRISPR/cas9 4 A KL 17 Tib 1 WEDEBR/N G, 1AL G AR { )
s MR RILL, 8 MW Trib 1 J\'[' T ALAUI AT e b # Ak, TN
U AL AR i D N AT AR TR DR 1RO AT A RS 441K
pr. il 'Jl/‘l'lUfiJl"')‘i,‘nmj‘J':’/ll!L'UJJ';‘X‘J'/J\i?1=‘uJJHJJM~‘II}HJ AL lu Mg, £EULN g Tribl
B3N S BATT ARS8 A A UCPT &k BRAC . Bt i SR A it 0 4m A it or By S 45
RIS A ABINNlE o V0 Trib RN BAT mww it if,'.'i‘u’ A3 Trib 1 bR
AnEBAT ACH A I GERFAC, B AT 7rib 1 AL BAT A e LA 1 71
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FEESHER ETHMEZR

B R AR

BN B LRRLEX Tribl BER/DRAIF G HSHK

P HI5

R RUEH Trib] wbR/DRRIH EmE . BRSRIPIANE RMHIFICH
NEREREIRAE, H BAT P IgEREAIS, KW Trib] X BAT Rt #IhaERE A
WYER . B Trib] @EBR/NR BAT THEERERM R EAIE R, FUERTTRAZHAN
Bs ¥ FRR &£ ZRBEIF] (CL316243) ALFE Tribl REER/DH, HE/NE BAT KL

FEIRTNRE, BRIT Tribl RER/DR BAT F=RIhae AR R .
1 SEiephk
1.1 L85

CRISPR/Cas9 /3 Tribl BHmkR/N R EBLVAEMBIHARAG AL, &
iES: 32004300000904. FiAsh¥ysLiofe 18 hp EE 2 B2EB AL R Tl E 2B 50

YR R aHNE (SLXD-20180706).

1.2 LA
ST R B H A A%
£ E w5
B H IR RS2SR Sigma /A &] C5976
- ALT Wik & A b EA YRR H R A H 20142401158
AST ik F & A b AR R A R AT 20142401157
ALP JU 2 ik & AR R G E R AR 20142401128
P [ JE VR TG IREMR AR A G1102
1.3 SEHAX AR
SRR ER W A%,
LR I e
EHRTERME Has e -Frkiatt JEM-1400plus

28X Beckman Coulter A 5] AU480
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I EEEERERR BRI B R RS Ao

2 LHOTER

2.1 B LRRRE 53 E

B IR TS5 (CL316243) MECLE: fFAEIEEKYE CL316243 BLE N
5 mg/mL HIE&W, BYE-20'CIUKFEMRE. CL316243 T/EMWE N 1| mg/mL. H 8
PR O EF AR B /N RANRR R /N BR, BRRBEIETESY CL316243 (1 mg/kg) 14 K.
2.2 Tribl R/ RARHT H R 73 BB R e A bl &%

HY CL316243 40 14 RIEFAERUMR ARG/ NR, B, HELF/DRE
H. s/ NRABLIEE, BTN R . BEAHIEAAS, EEEEDNR,
FEVK EHOEBTIUN R BAT REILRAREE, Ff/5LENENSr 2 — PR A
AR BB RE R T EE . R E R AR YUE, VORI, BERSER
AP REEE, BEARBER. ARIMBESREEAEE ZWERFE2.1.
2.3 {RRBAXMISE Tribl PR/ WAAHE LR

FIAZE - FWLRBHE22.

2.4 Trib1 BRR/D RARFI MR R HE Jefs
FE—EH =HELRHIE 2.2,

2.5 Tribl R/ B ARH R4 Gefa
)4 & 58 = ¥ LI i 2.4,

2.6 S4BT Tripl R/ B0 AEF FFR 457K 7

INRIFRGHEXIEFRAERNTLAEBREEL B (Aspartic acid transferase,
AST) , AEBEEHEEE (Alanine aminotransferase, ALT) , T %M EREE (Alkaline
phosphatase;, ALP) . f#H] Beckman 4 B34 (U BIRF E S AP#HITRN. K
KBS REAEE LR TIE 2.5,

2.7 SR T RG] Trivl BEER /S R IPRAR K

A 25 LW ITiE 2.7,
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2.8 FERIE/DRAARAN

DA ZE S N i) 2.8,

2.9 RT-PCR & Tribl FIF=HIEFHKIFIE

e

R R o N R DD 1V I &
[ o = iy SIS i) 2.2,

2.10 FEFTREWW Triv ! R/ RASHT HRLRR L1

FH PBS 5 LaR =k, R4 30min. 1% S RIE S E Th, SR)rkik.
U s e TRV NN O O Y RO B B T 5 VN 12 o N 6 XL 7 D S R/ ACH (A
ffi 1] JEOL JEM-1400Plus i 5 il 7 & im ik 17 A0 4%

2.11 BT

i FH &1 GmphPad Prism 5.0 #7481 ¥, SE88 BB 9K H mean+SD %7~
bt 17 77 75 VR BG, (E AL, /T\}” WE T K545 (Two-tailed Student’s t-test) s
EZCNPS VS ﬁé PHT (One-Way ANOVA) , fEZ[E1Z it 58 U E %
I Turkey #EITIM M ELEL, 1 P<<0.05 IR ZE S I/ T 405400 3.

3 SREGEER

3.1 MRAEE. AT REEIR

RTHT Trib] ®EFRIG BAT =8 b AR L ARBTFRAEH CL316243 HlisE 4
TR Trib w5/ NE By BAT AR I8 Dhig, IR0 /N R E L (RS FIAL
LEEIE. ERERTEMM ikl s/ REER AR E£Z5 (Figure 2-
9A) , AR Trib] bR/ RARNG R S FEF L BN (Figure 2-9B) IH]N ﬁzﬂ A %3 3]
TONBAFIE T B E ) (Figure 2-9C) o S a7 I D@5 25 UL~ X PRI
FEENG IR e 2 HERL, LY R 22 pRsah s s gl Tvib 1 u&F /N BRIV
IE W OURR Rk g

A B C 5.0
25+ - W
0.20 A 48 2
ns £
20+ *
—T— £ 0.15 -
G e T ]
= A% R E H as i
= g o & 10
B € 0.10 &
o 104 = = 508
= uw %‘ 2 06
5 @ 0.05 T o4
-~ @
X 0.2
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Ko WT KO BAT iWAT eWAT Heart Liver Spleen TA
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Figure 2-9 Effects of CL316243 treatment on body weight, body fat and organ
cocfficient of Trib! knockout mice. Body weight (A). composition (B) and tissue weight
ratio to bodyweight (C) of Trib I KO and WT mice treated with CL316243. n=4." P < 0.05.

ook

TP <0.01.7TP<0.001 vs. Tribl WT mice.
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Figure 2-10 Effects of CL316243 treatment on blood lipids and liver injury levels in
Trib ! knockout mice. Scrum TG (A). LD (B). TC (C). ALT (D). AST (I2) and ALP (1)
levels in 7ribl KO and WT mice treated with CL316243. n=4. "/ < 0.05. 7P < 0.01 vy
Trib 1 WT mice.
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Figure 2-11 Effects of CL316243 treatment on liver tissue of Tribl knockout mice.
Representative H&E staining and oil red O staining image and red staining area of liver
tissue from Trib! KO and WT mice treated with CL316243. Scale bar: 100 pm. n=4. "™ P
<0.001 vs. control group.

3.4 /MR AERT AL BRI

AT H&E (4Gl CL316243 AMFEX; Trib 1 i k37N RUIG T 2H 43152
H&E Jetf it 3 CL316243 AL PR EF RN iIWAT ) |,/|.<J£z/J\ MOTIREEAL N Z I,
LR ACT KOG DI AR (AR TE S, iy Trib 1 G285/ BT (ORI T8 BE W s
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— ...
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Figure 2-12 Effects of CLL316243 treatment on adipose tissue in 7rib/ knockout mice.
Representative hematoxylin and eosin (H&E) staining image (A) and adipocyte area (B)

of BAT, iWAT and eWAT from 7¥ib! KO and WT mice treated with CLL316243. Scale bar;
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100 um. n=4."P < 0.05. 7P < 0.001 vs. Trib] WT mice.

3.5 /N RIEIR AR AR

(1-:CL316243 B AT T W Trib 15/ B BAT 23 i R I 9 E S B
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Figure 2-13 Effects of CL316243 trecatment on respiratory metabolism in 7ribl
knockout mice. Lnergy expenditure was cvaluated by measurement of oxygen
consumption (A) and carbon dioxide release (B) in 7rih/ KO and WT mice treated with
CL3T6243. n=4. 7P < 0.01. 7P <0.001 vs. Trib] W mice.

ok ok

3.6 /)N BTESE VS PRI rh g I 1 R R

AHIETELS CLIT6243 AL FENF /1WA Trib 1 BN B P LU oy M,
{7 BAT HRG N AOROT L USR] Trib 1G5/ B BAT p A8 A T UL
VUFAE RN R, B dRATT Trib 1 R N B BAT 7 48 Dy BRAIG

40
- WT

38 - KO

36
344

324

30+

Rectal temperature (° C)

28 T T T T T T T T
0 1 2 3 4 5 6 7 8 9

Cold-induced time (hour)

Figure 2-14 Effects of CL316243 treatment on adaptive thermogenesis in Tribl
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knockout mice in a cold environment. After 8 hours of cold exposure, the rectal
temperature of 7rib7 KO and WT mice treated with CL316243. n=4."P < 0.05. P < 0.01.
vs. Trib] WT mice.

3.7 /B R R AR

AWFFL WL, RT-PCR A Tribl &5z /N B BAT 5% #AH 1R S [N A AT R oL
g YL L], CL316243 ALy ¢ B8N B LN 0k . {1 CL316243 AbH]
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Figure 2-15 Effects of CL316243 treatment on thermogenic genes in 7ribl knockout
mice. The mRNA level of thermogenesis related genes in BAT from 7ribl KO and WT
mice treated with CL316243. n=4. " P < 0.01 vs. Tribl WT mice; *P < 0.01, #*P < 0.001
vs. Tribl WT mice treated with CL316243.

3.8 /N BAT £R0744 45 ¥ iy B2

(AT AT 0N T Trib 1 il /NG BAT (I WA A Sy i B 111 12k
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SR/NE BAT SR AR ZE R E 1762 45 U DRI 7R RN L BAT 2R R AR 6 4 4%

A E o 1 CL316243 AFIE Trib 1 WM BAT 28R, £k 44 w*w‘éui"l%\o
IXLLL LR WL, Tribl JEIRIROR ¢ B SR AR EE /40160, 1013 BAT MR FEAC I A~
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Figure 2-16 Effects of CL316243 treatment on mitochondrial structure of BAT in
Tribl knockout mice. After 8 hours of cold exposure, the rectal temperature of 7rib /1 KO

and W mice. Scale bar: 0.5 pm. n=4.

4 /NGt

AT L AL Trib 1 BRI TS CLI16243 AR PR BAT (4G Al
SRt IR RN BEAL AL 2R YL 0 CLIT6243 A Ay 1 Trib 1 B/ UG K
| JEDE IR (IR 25 B AN B ATV 0y dx e YL KW CL3 16243 i

3 fll Trib ] B il BAT WM e PEC, (LRI (T EIDE S A5 i
{il BN AT L A g] 03 B g Rl i Ve d8 00 Hiey AW Trib 1B Bl BAT
PRI EEEAG ,@,VJ'”J’Ll T BAT 2ER AT AL GE, 45 ULhL 8 CL316243 AR P
Trib 1 GBS G BAT 28R ARG, 2R A2 R A S E S AL L], Toibl WPkl ik
Bar S LR R AR A R 0L D5, A0 BATT (IR G A SR DTE Y I AT

BN

I FIRINC < G158 DS AL o 9 T IR DAL 1= QR 1 e fobe OCREA11)
U T T ORI A R R0 i (T S LR CT PR e
R RN EUR IR N SR f} ELE 1 L (o K ol BT B A LT Ve PTG |
PR EN RN ATl o PFEIT I MEF I A (B ] S BRI AT
(ULIRIUE A S LD "r'kft’F‘J/IJv NI A AN T AR J'U:!‘é‘f’l S

61




FEHEZEMER JLRBPME SR R S AR
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TERI AR & TR R RIPEE Trib] kR, 8 AR/ MR BAGE SEERMET
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MiEERMNRSRKFRE . XERRIRA Tribl SRR FAREHEER.

£ 20 40 60 FFAX, BAT HIRBRR A —FHS BB ERNTHEET, FESE
Bl EERER M = A 02 KHIRASK, AT BAT RFETHEILLAE. B, 8
X. HEFE. WA SEL. B 2009 4, BEELHRTREKERE-iHEH
WiEaR (PET-CT) BIRH, A3 T ANTX BRASRERRITR T #1151, BAT 75 5%
ANSZRFE T RARTE T RE DR, BoESR el LUH RN A 2 RINEEE O B
PUARBHEZR P SERE . FIRATET s B LR R ARSI Trib] B/
%5 BAT TWRESIE, WIF Tribl X%f BAT BEERTRT/ER . ,

LI B BB AL B4R € R8T 4 FLAD-B BE L ZE LR UR T MyfS*. Pax7 R4 ff,
5 BB IR AR 52 3R AL 4 B IS BT 40 B A B A AH [E ) R B ARS8, BAT KRE LA
. PR UCP1 EEE MR BLRE BRI Z B5 IEME . H P mi/K P UCP1 RE L
RLA AR IR BT F AL AR B0 RE T, MR S B R LR R = A A E D0,
e UCP1 #KH M= BT AT BAT ThEEREE . PRDMI16 & BAT LR
KEHEH. PRDM16 5L M xETHRFEME THELIEA, 8% C/EBP-B. C Kin
44 A (C-terminal binding proteins, Ctbps )+ PPARy 1 PGC-1a.. 5 5 PRDM16/Ctbps
B ABERR B R i R E R R 93K, T PRDMI16/P GC-1o, 7] LAFN I (A €8 i B 45 57
MERMRIL, NMES Myfs*, Pax7* 54440 H A% € R6 5 4B 4L U8, FERATH
Lkt CL316243 4b 3 B R 5 7 ¥R/ UCP1 A1 PRDMI6 HIRE, HHESE
T Trib] @i/ R . RO REFIE R EF= R LIF, Tribl B
IR AR K R IR e R 68 JT BRI TEFAE AL, UL Tribl RFRfE/0N B BAT P=# b
FEf%.

ERERENR, AP AELEFWE T CL316243 B K TINE T i8R E Tribl
RN AR RN . FEDVEMIBE A, CL316243 B4 MK B T LIREAEZ A
B5¥ (Bs-adrenergic receptor, B3AR), BB w2 fEM=HAER . 7F B:AR
WEiE, —HHSBEdEEEE A (Proteinkinase, APKA) 5 SR SUsit H i =F5
R R B3 NE W A3 . 59— T TH 2548 Pgela LME#E RXR B4k, 855 PPAR
SR ZHMEIER, UINE5E BAT &bk UCP1 £ RER, HAENEM RIS~ 4&
#HEPRY, B B-F HARKRL(E S AT LA Ppary 5 AR AEMAZ AR, #4LJ9KE
i 7 4 R PR e s S I R A= (Figure 2-17). HHILTT W, CL316243 5 S HE By 43 f =
A= B AR T B 2 BAT FK 68y 4 B P O BB IR R - (BZEBRATMSLB0 , WA
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fuJ CL316243 4L FES 8 VRS (v Trib 1 By GUH T 25 8, J'XJ}'E/J;TEUI‘J'7|’x'fv'j|'l"Ji)‘J§:~

SRR A0 BAT SFERI, NIl 1 I D W IR ER 5 1 &5 R, &) Trib )
R B0 0N B BAT 0 IRV (A RS HE B BReAt

S AL | M T A T A AR (AT R T ST, AT R
WL N R RRR IR U IR TR IR UE N 2R R A B HAL I,
Rl A LN CRIRAGIAINTE . I LR PO LA IR A S 4% O L iy, A
WFTOMLLE R U EE RS Trib 1 il 8 BAT JE 7 e, R A J-J?r"r-‘.)w VR
FIIA T 2R AR AL, G s Bl BAT ZRREIRINIG, 2R R M6 R IR, 420k AUt
7RI G T B B0 T2 Y GG 0] Trib | v B3/ B BAT IR A TE Bt
i, zﬁ-:hrf'fa‘;%uwﬂmg B

R BAT JaD 2 15 0 A B A WA (0 DHRTE i TRE D g9 4540 o

AR, A I/LmuJ CL316243 ANl 950k 7 Trib 1 @B AN i BAT ) ,Mk
LT D) 3ty R T O AN R 1 W R A S e X

Adrenaline

p38a MAPK—"
- \

Lipolysis
ch-la ~

®9-.. /

— Free Faty Acidf

% & ' %
, = !
4 < 0

Adipose browning

Figure 2-17 Schematic diagram of $;-AR on brown and beige adipose.
4510

FINT Trib ool /s Sl ) QM1 s, 25 Wb Trib 1w s B AR 1
Ty BAT AN b BT UCPT &8 BRAC,  JEATRG 590 A RS 441800, Sl k]
Trib 1 A BAT IITESATU Y0 L E DRI CL316243 AP Trib 1 i B3 /s bl 2 UL
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B7R Tribl BiHRE BAT BIE R F =4 Thee, XZ&HTF Tribl RFRME/N R BAT
SRRAIK, SR ESERTEITR SR
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B=F Tribl FEPRIFCRITHARBEERBRS T
PLHIBF I

E—EWAKI Trib] B/ BARARIT P REM K RGN, MRk
RUUEHRES O, SFRHRBEN. B B-Eih. =REMBER (Tricarboxylic
acid cycle, TCA) 1 OXPHOS, #RAEFELRA&HN, FHit Tribl BN RERIH
FERFIRIThRERR R . RhithS 52 FPRNRBIThEE, TTARBLIEIRMRF
WRIIEREIRAR, AEREFIRR S RICHT AR HA B,

AR 8 B Trib] R/ RBIH =LA RS RPN RIS
NRIVRETRE, 1 s & FIRRZHEEIFIAEE, RTME T RRFRE/ SR
HEFR . IXR Tribl RERR{E/NR BAT SREMPAK, SRIABEEMBEL SBE. ~i—
R Trib]l B/ R g M5 R R, 24115 B RNA U7 A0 TRIB1-GST
BAX Trib] fEFSESHITRA .

FE—% FIFH RNA-Sequencing ¥{¥} Trib1 HE KRBT

HITE R R RIN Tribl mifafE BAT FERAE MG, 2 SEHEHHRBITh
HePEMK . 1B Tribl REBRAEIN LR RAR SRS AN A S 2, R RATE T RNA
MFFFI TRIB1-GST A ST Tribl YE RS S#ITIR A .

iy

1.1 SEREY

CRISPR/Cas9 /51 Tribl ZEHERFR/NREBVEYREEFRAT L, 6K
WES: 32004300000904. FTA shSLiefE it EE 2R 2R AL I A E 2B sh
e R RS (SLXD-20180706),

1.2 SERAF)
St Rl E R W T EHEZ,
£ % a2

Tribl JRIZRIEF R SREMRE RO B RA S VB180515
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P EEZREE LR R A X
TaKaRa MiniBEST Agarose % HEAMHF KRG R & 9762
Gel DNA Extraction Kit
GeneArt™ L2270 [Zf14H%  Thermo Scientific 2 H] A13288
RA&
R EE O R Oxoid A ] LP0042
i BEE BV Oxoid 2 7] LP0021
HEpE Sigma A 7] D9434
FALEH H 25 & A F iR A R A A 10019308
ERE — S E 25 £ R FRFIERAA 10017690
Fh e EH #5E FMb E R E R A F 10001590
TR — 2L E £ A F X E R A A 20040818
o-FLbE [ 25 R R AN A R A H 63008060
R E AL F KA F R A 20025118
$1 UQCRC2 #itk Abcam A 7] ab203832
1.3 SCIO a8
SRS BRI REFI2,
BFR &K Be
AL R FEARRAAERR A SZ-130002
fHIR R IR WA ARAT  ZWYR-200D
fH IR AE IR AE LR R B HIR AR HWS-65L150B
pH it FH RO SR AERAR  PHS-25
HIVKHL Sanyo 7\ &] SIM-F124
2 LR A

2.1 Tribl W /D RAR AR BT AR 5 BB R A &

RS — 88 AT sE vk 2.0,

2.2 Tribl Rl /P RAZ IS RNA IREUS RNA-Sequencing £ #l

2.2.1 REUREFERI B RNA
[ 20 - R A AT A 2.1.2,
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2.2.2 RNA-Sequencing il

M 8 FRESEF /AL Tribl i B3/ BT BAT P RNA T ORI 7L RS,
)y []lL1[j}?:i{f)ﬁj&‘{}ﬂ{*#&)]“ (AT IR A U o KRN A A T = ARSI NSl
Vs, {IiA] Humina HiSeq 1~ 7 JEAT A T« e )i EAT 28 5 A IL M 120840 7%

¥, Kyoto Encyclopedia of Genes and Genomes (KEGG) 3 # FIUAL 1 HGEAT 1A 14 8%
HLTE

2.3 Tribl JRRIE AR EFM TRIB1-GST FEHREKE
2.3.1 BHZEREFBRIRE

M GenBank A PRSI T RUEI9E 41, 1 VectorNTT Ak 1y 147 1A
AR

(5872) Bsu36l EcoNI (268)

MscI (465)
6000!
BstBI (655)
A Swal (685)
tac promoter

(5229) EcoRV Pasl (941)
(5190) BssHII BamHI (945)
Sacll (1001)
RsrIl (1002)
Accl (1010)
PaeR7I - Pstl ThI - XhoI (1109)
BbvCI (115

Eco53kI (1 01)

Sacl (1203)

BlpI (1249)

EcoRI (1311)

Styl (1400)

(4960) BStEII

(4779) Mlul

Y0013869-2

6080 bp
(4462) BStAPI

d broe|
W0
e

{4361) PHMI

Bsml (1855)
BmgBI (1868)
BglII (1942)

Notl (2071)
pfol (2147)

PfIFI - Tth1111 (2250)

(3275) Ahdl Bsal (3209)

Figure 3-1 7rib I-CDS Plasmid Map
M CUT PrimeSTAR 419 |1 1F) &AL,

IR AN AT b
Component Volume (nl)
5 XPrimeSTAR Buffer 10
dNTP Mixture 4
Primer | |
Primer 2 1

PrimeSTAR HS DNA Polymerase 0.5
LA DNA
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rEBER R LR R 2ERR L BFFEAE 218 3

RNase-free H2O 13.5
Total 50
50 pL MR R REARAT K BB, Hit 50 uL BRA . #EFE DNA FHER:
N4 DNA 5ng-200 ng, KT EZEEE 100 pg-100ng, Fiki DNA 10 pg-1ng.
¥R RERIES, BT PCRAVY, WERIMERF, RNEFIT:

Program Step Cycle
98°C for10s
3 Step 55°C for 15s 30

97°C for 1 min/kb

PCR =it AT BR AR MR SR AL sR vk A U 8 ROR s FFIE B RO & I 2 70 B Big HE R i
R JE AR A Y AR TR AL o

2.3.2 SMEREDEHIHE

FI BRI B xS s ER B AT EEY), BEUIRMAKRIY: AL 2 pg, 10xR
Buffer 5 pL, FREIMEAVIEES | pL, FZKENE 50 pL, T 37°CAKBHPIFE 2h
Lo EEVIFEYATIRAE PEEE A PR R BR V)RR, S B Bk & MBR RS BRI
Bk AR EI T3k, F TaKaRa MiniBEST Agarose Gel DNA Extraction Kit i [F]
.

2.3.3 HRERWBALELRERE

¥ B RER A BRAR M ALE8A DB REE 3:1 nBE P TEEREN, RN
RRINT:

Component Volume (pL)
Tribl #] cDNA K B 1

AL B A 2

5X T4 DNA EBEMK 0.5

T4 DNA E#BS 0.5

T4 v 2T 5

BEEIE 16 CERER, B 10 pL REBAEFEBZR4MF .

2.3.4 BREHMEL

ER 1 pL AERBI BRI 50 uL I K7 3 DHSo B2 A, B8RS, K
#30min. 2CERB LR 0s, AERNHOF, SLEFBAIKF, KB 2 min.
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HREZRFRE R HREFR R - BF Fu A 22 A0 IR 3

A 0.5 mL LB k5%, BERS, 37C, 200 rpm, FEHE 1h. BETEL
Fl, 2000 rpm B.0» 2 min, FM5r LiF. BRIEWITHES, B 20 ul BFEB, &
AT PREEFEE. FEBRTRE, BIBNRT 37CEFATERESh L.

2.3.5 B PCR X EfA:#4LTF

MEEFEFAPEUH AR, BAEUER AT ERT 10 pL 3535, B 1 pL fE R 3
ITHIY PCR %5 . FIARBIEHSE 5 mL LB BiEEFEENRE . 37°C, 180 rpm
HREEFF 12 he

2.3.6 TRIB1-GST B HEX

RENREFHEOEMS, I ImL BERMA 1L MENESERER. AR
R, BEFEREN 100 pg/mL. ¥IEFEE TR, 37°C, 180 rpm ¥55F 24 h. X
RSB TEOEAN, 4°C, 13000 rpm B0 25 min, 3 EiE. FUEMA 15mL
1 PBS k5], HEBIFMEOLEN. BABBIKKEEYEBEMF, &7 20 min
WHEE K. 4°C, 13000 rpm 20> 25 min, Y& EiE.

2.4 Tribl BERR/DBAREAEEF Pull Down LR MR K

2.4.1 Pull Down 3£

F PBS ~F4f GST E#r#E, 2mL/5 K. ¥ U&E R TRIB1-GST & H LB LA 40 -
50 /e R E T GST EAriE. A PBS MEIRENTHE, 10 mL /5 K. BUH GST
BEER, O CSTBL/6) /MR BT BAT/FFIE R ORI P (HAAEHIAHIRE, RIS
B ACHERE, AERBTHELIR. BEEEERLFLE, B PBS Bl
BRABIFS K o ANODIR FF RIS 235 B A S5 » TI\IE & /] loading buffer 2213, 100°C
ERBBINH S min, ¥EH-20'CERE,

2.4.2 EOERERERTNEREH

# L3R Pull Down S B £ 4L B AL T B Bk B, #1T Western blot H,
KK HRE-—FEF= 23, HIKERBEHEERER, BIANEDHEREHR, 630
min. K GG ER#EGEE.
243 BABRE (LC-MS/MS) XeERER

VIR SRR R ERRNEREW, BMARICEFN 1L.5mL BOEF, FHE
Ak = IRARAE . 8 25 mmol/LNH4HCO: #1 50% 7. FEHC B ik, Ei ik
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P R = IR B o 8 F 50 mmol/L TCEP 1 25 mmol/L NHsHCOs I8V 2468 —Fi 4, 56°C
% Lhe /] 100mmol/LIAA, 25mmol/L NH:HCO; ¥, BEALFE 0.5h, 5%
Eprsib. 1 pg/ul BIBEE AR 25 mmol/L NHsHCO: FifR % 20pg/ul, 37°CKE
HUE R FEEVEBRE MR LE S, [ S%TFA, 50% ZFE B AR EUH K,
KRB RRIMET, RN =&, A PR (LC-MS/MS) £ EEH,
4347 K F Proteome Discoverer 1.4 #A4-4LFE,

2.4.4 Western Blot RiFEHE S

RS PR S R EREH, 2 P ER Pull Down S256 & 4L EH
5 GST EAX BRI AERERR XTHR4H, A Western Blot $: R R G HATE H . H
KR A E P RERE —EH =7 23,

2.5 it

15 AR FF 5 1) GC & 8(GC content), Q20 1 Q30 iHEMIFHBERE. FHK
SRR BB (RY) WM PR BIE S ALY, EBERESKREHT
E R FIAFER 7%

3 KSR

3.1 Tribl W2 /D BRAR B HRRIFH AR IXE & KEGG 7t

FERTTHIIAE FERATRIN Trib ] RiBR/IN B BAT R biikRhfiK, ZRbrik e Fmiin,
T Trib! s/ RN AEHHREER, FHATEFAERM Tribl W%
/NI BAT BATHIF, VMRE Tribl BERFRSERAThREIR .. A LR
Trib] FERFRR/NRF, BILAE 11042 F1 11002 NEF HIRIEKFEEL DB AT H
& (Figure 3-2A) o KWE R 660 NMEEE L, 405 NMERTIH. BT S5%0 44
BE&Y. Stk N R RRIEE A S WAHR K R4 2 F TR 4+ (Figure 3-2C) ,
BRI TFERETEBER 19 NTRER, B AtpSe. Prkag2 F1 Cox8a %. It
bb, SEALBERRAL . FiE R A AN B & K UBE AR G 2 Rl 4 T (Figure 3-2D-
G) . XK, Tribl HEHRER 5] EAILRB LM S BRI T RS,
T SRR FAR B S
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Figure 3-2 Differential genes and KEGG analysis of brown adipose tissue in Tribl
knockout mice. (A) The venn diagram of RNA-seq indicated the number of differentially
expressed genes between 7rib/-knockout and wildtype mice, respectively. n=3. (B) The
volcano plot of RNA-seq showing up and downregulated genes between 7#ib/-knockout
and wildtype mice. (C) Gene Ontology analysis of down regulated genes in brown adipose
tissue of 7rib1 knockout mice. Heat map of thermogenesis (D), oxidative phosphorylation
(E). fatty acid metabolism (F) and insulin signaling pathway (G) gene clusters in 7ribl-
knockout and wildtype mice. Red and blue represent upregulation and downregulation

expression, respectively.

3.2 Trib] TR BB H R B RE ST

AWEAFNN] TRIBI-GST il 75 8 A58 TRIBIT {1 H]H e GST, = F% glutathione-
S-transferase, W 7L HIK-S-4L R8540, DB FIASIDEITIK (Glutathione, GSH) £4
L. AT GSH SEUIBE SR &k GSH BB K, BEWEAG 17T GST AR%E11
TRIBI-GST i3t C e, "R PAE e ) TRIBL B A7 VLA AR bk
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R T R S s o et CI ROl A B RO

T SRl s L RIS AL S e D g 1 72 (2 LB RE B (Figure 3-3A0) . 445 e
PE it Dl LC-MS/MS WG58, B #5355 Jy O IR ER 1T AT AL A T, JBLL Y
WAL 10 45 755 DL LR 10Ef T Western Blot 5y i, 45 W s TRIBT nf LT 28k
AT B 82 7 Wl A UQCRC2 £54% (Figure 3-3B)

&
>,
A & B
NN b-‘\\\%
ORI UIN
Liver [e]€ BAT
Nowasod — e
170 kDa e UQCRC2-IP G
130kDa s
100 kDa [ Ispecific band 1 PR,
70 kDa - UQCRC2 o—c
55kDa  — — " Ispecific band 2 a
40kDa = -
35 kDa GAPDH | -
25kDa
15 kDa
10kDa

Figure 3-3 Trib! regulates key molecules in brown adipose tissue. (A) The final elution
samples were analyzed by Western blot and stained with Coomassie brilliant blue. The
specific bands were used for mass spectrometry analysis. (B) The final clution samples

were analyzed by Western blot and incubated with ugere2 primary antibody.

/NG

AT RITIFEWAL Trib 1 B3N B BAT JEF M 45 U 2R R AR L 4 A
QL e LR Y AT I 0 4TS R AN 7 L X AT ST R N U S R T QORI 5
RSN l\‘ .l LA TURE Pull Down S0 AT LC-MS/MS %02 TRIBI 45
fr i Western Blot A AR St I a8 0l 285 4l 2 TRIBT of DL 2R K
RN SUNEOY NAUSY

e
11

1=

eI il 8 {\Mnmww UQCRC2 #5705 - J&E A Trib 1 3 &I A b
feleeih by 2R B AR B {5 0

73
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BT Tribl REREXNTER €08 B Sb 42 R 2 T B i

E—ATHERAUES TRIB1 7] LS b A hp IR 58 2 S YIS0 UQCRC2 44,
{H TRIB1 F1 UQCRC2 X £ ¥ 44 25 4 A0 Th B ) 1 55 LA T3 AS B A o

LR EMDIGENER SLRAE 1% (BIELRERE. 2RNEW) &
PIRAREL, Ghiihah %2 ek AR a N N E RS, KNk s DB &
FEEARZASMEALEH 1 (dynaminrelated protein 1, DRP1) 1433 EH 1 (fission
1L,FISD. &hitkgt B RN EEEQRERFR-EER 1 M 2 (mitofusin 1 and
2, MFN1, MFN2) FI¥#4£2%45 1 (optic atrophy 1, OPA1). A MFN1 1 MFN2 %
AR A SMNERL A, T OPA1 Zkitk A ERL &1 4,

& 7 2 8Lf) PINK 1-Parkin 3842 2 1 GTPases Wi Rl &> R 5 A R L& R A 5]
F1EANS O, B R K IREALBEE1L (Oxidative phosphorylation, OXPHOS) 5£&%
kB R R EY] . Shiikah 48 A OPA1 A MFN2 FI RS AT LA FER 40 A AL B
BRAKFDE, i — Bt AR IR R R B O BRRR AT DU IR S & 1, 11
OV HEEED, HER, SR E T UEmAEN ks 1%, FHAKR
OXPHOS o] LAYE R 14 1) 85 SR KA SME R A, T AR M IR ) A5 19, OXPHOS 7]
PAEIT B2 OPAL R F/Kf#, A% OPAL {RE &R (&, %7 100kDa) FIIE{E
R (JE, 2985kDa) LU, FIFER, fRSMNRIIFERESR &4 11, 10, 1V B ATP
A8 (HEY V) BHIHIF & BB &b ik A R 510, SRR LK FRIZ
KRN 715 A] A ELAE Rk T RE, WS TV [ A 2R A

FERTTE AN TRIB1 7] A5 R R TR 8 5 & WL #2467 UQCRC2 44,
S5 SR AT R BRIV R B R SR IEK T, BREHERELS ATP KFHHTIE,
R9L TRIB1 F1 UQCRC2 S M £ KL 44 45 A4 FI T RE AU AL o

1 SEBA

1.1 LY

CRISPR/Cas9 /™3 Tribl HEFFR/DRBEFEVEMRHEERAT L, &
IES: 32004300000904. FTF YL Fryy i o E BE 2R B A A1 E 22 B 5h
MR R SR (SLXD-20180706).

1.2 SERAH
SEHSERM R B R B0 AR,
B & )
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PEBE SRR BN AEE B TR 2E A

RRRIPRER S 1T BEFREERAA BC0515

P 2 R

LRAIPRESASE N TE BEEREFRAH BC3245

=X F &

RRRIPIREE SEIVEE  RBEIRHEARALA BC0945

ol el

HERE ATP RAFE  BZREDBAERAF S0027

Hi OXPHOS #itk Abcam 2 7 ab110413

Hi OPA1 Fifk Abcam 2 ] 27733-1-AP

# mtTFA #iiE Abcam /A F] ab47517

. MFN2 itk BN =AY ARFRA A 12186-1-AP

$i DRP1 Hiik RN ZEEMPARFRAA 12957-1-AP
1.3 SEH{Y 3%

SRR E T A T 5%,
2 KRR

2.1 Trib1 R/ AR IR B R 2 BB R A &
FRE—ZEF _HELRHE 2.1,

2.2 Western blot Rrilj £ A Ieik #F13h /12 & 5 KIRE
FE—FFE =L HE 2.3,

2.3 RT-PCR IR ARk s 3h %A RABREERRE
FE—EHE LR 23. 5IWFIWT:

Gene Forward sequence (5’-3°) Reverse sequence (3°-5)
Tribl AGAACCCAGCTTAGACTGGA AAAAGCGTATAGAGCATCA
A CcCC

Ndufa9  ACTGTGTTTGGGGCTACAGG GATTGATGACCACGTTGCTG

SDHA ACACAGACCTGGTGGAGAC GCACAGTCAGCCTCATTCAA
C

Uqgerc2  ATCAAAAGGGGCAACAACA CACTCAGGAAGCCCTCTGA
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C C

COX1 ATTCGAGCAGAATTAGGTCA CTCCGTTATTAGTGGGACA

APT5a AGGCCTATCCTGGTGATGTG CTTCATGGTACCTGCCACCT

OPAl CGACTTTGCCGAGGATAGCT CGTTGTGAACACACTGCTCT
T TG

MFNI1 ATGGCAGAAACGGTATCTCC CTCGGATGCTATTCGATCAA
A GTT

DNMIL CAGGAATTGTTACGGTTCCC CCTGAATTAACTTGTCCCGT
TAA GA

FIS1 TGTCCAAGAGCACGCAATTIT CCTCGCACATACTTTAGAGC
G CTT

mtDNA  CGAAAGGACAAGAGAAATA GAACAAGGTTTTAAGTCTTA
GAG CGCA

TFAM ATTCCGAAGTGTTTTTCCAG TCTGAAAGTTTTGCATCTGG
CA GT

CPTla GCTGGATGGCTTTGGT GCTTGGCGGATGTGGTTC

LCAD GGCACAAAAGAACAGATCG TGGCTATGGCACCGATACA
AGAA C

MCAD  GCAGAGAAGAAGGGTGACG TCCCCCGTTGGTTATCCA
AGTAT

2.4 BNAEESYEEEERN

AR SR AT E . EREEAR, MASRHERMORIE, RASRES

ST UK 5%, 4°C, 600g B4 10 min. B EBEBRBER—BLEH, 4T,

11000g B0 15 min. FEVTIE P MARRK, BEWWER, AT EE SRS

mill, FEATEASENZ.

25 IR BRI AR ATP KPR
HANARAMETNE. REEEAS, MARNERENERE, SRBR

Y. 4°C, 12000 g B0 Smin, REX_E1E. Bl ATP bRk LR A IR E . T ATP
B TAE, &FL 100 pL I AR 96 FLIRY, #E 5 min. BILIMA 20 pL FfH

BbR A, FERRCE .«

76



U PR AL AU FIE R ERRUEE R AT

2.6 FiHFAh

AR GraphPad Prism 5.0 32E47 45011 70 B, 92490 B0l 2581 mean + SD &5,
B A Ty 75 S VARG BG (e ALn], SR HIAUE T #5256 (Two-tailed Student’s t-test) -
ZUMER TR #0T5 250000 (One-Way ANOVA) (4L 25 {80500 UG %
NI Turkey BEAFMMLESE, ™ 2<<0.05 IN A Y S LLAT45 0|2 3L

3 SLIEER

3.1 Trib 1 RN /N Bl A €0 6 7 Sl A4k v o 4 B 5 AL BE RV FR B )

UQCRC2 JEZL R ARUTFINLEY L5 H) 1 (9l - (i i 98 ke 1A TRIBI

UQCRC2 4 7y JAPEAIRAT A TE TRIBL AFZRRARITIL R 5200 Western blot £

RI-qPCR Z5 UL Ss Trib 1 B3N B BAT 2R AR B ’zz 74‘%1\ A1V Y
C1IE (Figure 3-4A B)Y MEIAL (Figure 3-4C) & IA AL [FHF7 /N E

A CV-ATP5A 55 kDa "' —
CIlI-UQCRC2 48 kDa —— - —
CIV-MTCO1 40 kDa ‘ ' G S WS
CII-SDHB 30 kDa
C ) -NDUFB8 20 kDa
WT KO
B ’ OXPHOS Complexes —_— C - S
250+ = 3 KO
- §
Z ? 1.04
2 @
8 8
1 3
3 ww
3 2
2 5 054
2 ©
5\7 o
0.0- T T T
q‘,v. Ndufag SOHA Uqerc2z  COXT APTS5a
A
X

Figure 3-4 Effects of Tribl knockout on mitochondrial respiratory chain proteins and
genes in mouse brown fat. (AL B) Western blots of mitochondrial electron transport chain
complexes (complexes I V) in brown adipose of 7ribl-knockout and wildtype mice, and
the results of optical density analyses. (C) The mRNA level of brown adipose respiratory
chain complex in 7rib I-knockout and wildtvpe mice. n 4.2 = 0,052 < 0.01.77"p <
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0.001 vs. Trib] W'T mice.

3.2 Tribl FEFRA/NEARCHERT ATP K- RIFEIR 5 B & VIR ML I
M

AHTE A RN 2R R A 8815 Ml i G PEAS I LA £ AL ATP RSl sl - D e
Trib 1 iR I BEA B o 2% U S Trib 1 S5 /N B BAT I B 44 41 LT (14T
PEAC WP A NG . 28 CL316243 ARFL)G, Tribl BN A A2 ) T 3PS £ 1 1

» AR T8 (Figure 3-5A) « BRIE.Z AN, Trib 1 B/ BAT 11 ATP K
UJ MLEJ B2 (Figure 3-5B) , UEW] Trib 1 B0 " 28 KR 3L W00 218 Rl 1
fEnsi .

100

-1 1.5+
>
EA 80 %
S =

o - a

; 5 607 # a 1.0
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3 E’ 404 ¥ ®
[oRp=) < 0.5
5= =
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Figure 3-5 Effects of TribI knockout on brown fat ATP levels and respiratory chain
complex III enzymatic activity in mice. (A) Mitochondrial complex III activity of
brown adipose in 7Trib/ KO and WT mice treated with CL316243 or not. (B) ATP level of
brown adipose in 7rib/-knockout and wildtype mice. n=4. "2 < 0.05, P < 0.01 vs. Trib1
WT mice; #P <0.01 vs. Trib1 WT mice treated with CL316243.

3.3 Tribl RiXT/NRAER BRI 2k Ak 5h 77 22 B 3 A2 K] A s i

LRRAREL A WO T B RARNTIR 32, 411 lsJ“FWuM"A%lI\ NI IV 8V {134
7 11 AL L5 VO R A SR S 23 1 ORE s A I 75 FR 03 2210 DCHEZR 1 OPALL
AR B RN Trib 1 5/ BT BAT 11, OPAL nq%ak‘l‘lﬁéﬁﬂko Ak, Tribl
/N ELE mtTFAL MEN2 M1 DRPI (1 &IEACHIC U/ R RN IX e R i &1,
EL R ARNT R AT (R B A 2R R A& )y S5, O S SR R AR £l Ky 4 1) -
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MFN2 86 kDa — J

DRP178 kDa i ]

mtTFA 28 kDa }m e j

GAPDH 36 kDa [ O — W
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Figure 3-6 Effects of Tribl knockout on mitochondrial dynamics proteins and gences
in mouse brown fat. (A. B) Expression of mitochondrial fusion and fission proteins in
brown adipose tissue of 7ribl-knockout and wildtype mice. and the results of optical
density analyses. (C) Mitochondrial fusion and fission gene mRNA level in 7rib /-

knockout and wildtype mice. n=4. "2 <0.01. 77" P < 0.001 vs. 7rib] WT mice.

3.4 Trib 1 RBRX/IN WA R T 22 RLA 75 1 H0m s B A B O R

AFTCE SRR IR B- U HDIE IR 408 RT=qPCR Sass (6 Trib 1 4
PR B3N e LCBE IR A T U8 O ong-chain acy]-CoA dehyvdrogenases . LCAD)
FITEE 1Al A H‘}ﬁ’/,'»LI'WJ'(Mcdium-chain acy1-CoA dehvdrogenases. MCAD)IT ik
S ISPRPARUEES % AT Ny R R = R i L SO E | IS R SRS I AR P D RV IR A S S K
(2 P g HE DR AN B AU N g FO I 00
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Figure 3-7 Effects of Tirih! knockout on mitochondrial copy number and lipid
metabolism genes in brown fat in mice. Mitochondrial copy number and fatty acid
oxidation gene mRNA level of brown adipose in 7rih /-knockout and wildtype mice. n=4.

P <0.05.7P<0.01 vs. Tirib! WT mice.

4 INGE
M)-'ﬁ;ﬂﬁﬁ PT-PCR fil Western Blot X’\J’”T‘W}(-’D’I iiﬁjf//}ééik /JGFJJIZ%I“;M‘,EO R

WirERT ATP /JH PR HP R 5l — 205 5\,/)@5&, fcn}i@ﬂ Lb’?iﬂ 1‘WU?WL§>3£5”MTZ&;
FIARZH 0, EULLLR Trib] BN BAT 41 OPAL. DRP1 [ FTRIAE M % ik
ACTBEAG . SEAMITIT82 B- L ARG DR 1 46 K1 12 0 A P HF 0 e i ST
Trib] SHRM B - IR B L A T AR S g A A, ) S LR M
WRINEHIRANY BT a G,
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=% RiX Tribl Xt 3T3-L1 4 HFERACE K FE B

B8 Trib] AR R TR BRI R EE AN S, AR R BURLAE 3T3-L1
MH ELRIAE Tribl, XA T AOEE ORI EATIRAE AR A -

Ry p St

1.1 KIS A
3T3-L1 40 M0 B o [ B o R o B kil B8 2 BT 50 B 36 5 B 0 40 s 35 U o O
(1101MOU-PUMCO00155).

1.2 2B
BT A Bl E E 5 A E Y H .

BT I ®"e
LIPOFECTAMINE 3000 Thermo Scientific /A ] L3000015
HiPure Plasmid MiniPrep ~ £RXEEMHEARBH AR A F EM111-01
Kit
Mitotracker Cell Signaling Technology 7] 9082S
Hoechst 33342 Cell Signaling Technology ‘A ] 4082S
Lhiik s AN & Agilent 2 7] 103015-100
1.3 klefi 4%
LTSt AR BRI A FHYIE.
£ J & Be
Seahorse {{HX Agilent A ] Seahorse XFe24
2 SERTT

2.1 Tribl ERFRIEF AR 1
2.1.1 Tribl EBREFRNIAR

RAZEFE LR A 2.3,
M GenBank £ H FIZEE UL E - FEERIF 5, A VectorNTI 3441317 51 #15
it
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RSV promoter
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Ampicillin

cPPT

i

EF1A

SV40 early pA . Ko7l

AU3/3' LTR {

~mTrib1[NM_144549 4]

Figure 3-8 Plasmid Map

2.1.2 Tribl BAZFRIE FURLIREX

FARF & UL AT HEUC . A ATE RNase A JIEA RB T, i 100 mL /K L1574
WB 1. B (5 JR I, 12000 g #2450 2 min, 5% e MIAJCA) RB R
e i BVF A, BEAATAE A N LB, BRI EREC TS 4-6 WK, DL A4 7800 240
JE IR W5 (03B SR, A FEAN TS S mine BN NB i, AT 2] 5-6 WG 1L
M 0 ”{%ﬁ;?ilj{, SmERE 2min. 12000 g 250 15min, BCERTIIAE
KR, T SENE 8000 g 250 2 min, SR MIAN SmL (¥ TB G, <5initE
10 min, 8000 g &.0s 2 min, FHLH. M 5 mL (1) WB BN I, 8000 ¢ (250 2
min, FEALHIA. 8000 g 5.0 Smin, fACJ: R WB IR, EitiFE 10min, (L LK
PR BAE B TR IN, AT AR EB EJC' LA K, A B
Smin (EB R /KA 22, BEQURN A EAC, AT 70°C HiAA) . 8000 g &9
O 2 min, WP -20°C 1441 -

2.2 ILFRIE Trib1 FIIERT 400 RNA $2EHU K RNA-Sequencing
2.2.1 JERTHIRRERIE Tribl

{06 FLBO T T 54T 10%)G7E 355114 DMEM (i bs 78 ke B2 8 3T3-L1 4, {F
37°C, 5% CO» MAMET IR R FE TR 100 %o BB 6775 1000 7 DMEM
W FRAEEE IR, A R A i) - /f)xfuus’arr 6 ul Lipo3000 NI 0.2 mL ML
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ORISR RE R B B E

WA ol rie L

() DMEM fokihs 7 45, A3 5 mine 6 SLECTGEALAE 10 wb 8 7rib ] Wik
GRIZE 250 ng/ud) A 0.2 mL LT DMEM gy Bl 7S 1 Lipo3000 Fr 73k
oNGE 30 mine 6 - UUHLJI]\ 0.4 mbL B R E SRR LTI TR AN

1{T{f L],//‘J i
SIS W TERANINAS S o A R LS G i) 2.3,

[.6 mL I

2.2.2 S FRIE Trib] FERF M RNA-Sequencing Al

LGSR Trib (PR AN 20 (T, BCUEANNI RNA FEAS, [ Aoy - 45

Jridi2.2.
3-L1 fRAFZ4EREEE T 0 tb K e i AL e &

[ 55— F s AT ik 25

2.4 Mitotracker £S04 Ju Bk JU A B 40 U 28 b 142 B

*% Mitotracker 1o L5 7 78 ERC YIRS 2350 nmolil. 19 1 {Fd, ke 37°C T

o Rl Pk T T DO IRIFAN A 0, N PBS it S BELIIA 500 pl
ml]] Mitotracker T {Eif, WL 37°CHY (N 30 min. BESLIIA TN 1133342 4% (117

S00 pd. BEY 37°CH (0 15 min. PBS DEI% 210 ¢ G pEE it

AAAAA

2.5 Seahorse BEEAR MR JU AR i 40 B PR IR AR K~
2.5.1 ZHBRBE SR KA BRE

i RPN U S I Y SN e TR DR L A S ( iR BN I T A
B T T A, N E AR KB MR AR Sy S
X0T Ambs (1 XE24 AT R Fidil 4 '“"dL (70 20 4 1 Sl
N TS0 ud Sy W}H\ ERERCST B A (O IETT s L I 100 pd 4l
it 75 St UAS I T OntctAs . 0% XE24 AT 70T 1 37°C 5 % COL AN ST
JERT IR SR, Wi B

Induction Differentiation
Medium IM Medium DM Seahorse
t | ' ’ | ' | | f -
Trib1-OF The cells vyel‘e digested
with trypsin and counted
Corning 6 well plate Seahorse 24 well plate

50000 cells per well

Figure 3-9 Cell culture process

AACERE s (BRI 0 b il 4 D sl Al (L i A Tl bk
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FZMW, R ERE LRSI, BERERE T 37°C, T COz M5 55 kit
"o

SR ERE: FRONEMERE (REEEE. HHRY. SEEH.
MEREH) MBS TIEERE, SHEAEB 2 mmol/L. B &iHE 10 mmol/L FH
FAER®Y | mmol/L (50 mL 73 AT &Rl FREE A 14.615 mg BEBEE, 90.08 mg H &
FEAN 5.502 mg NEERSEN) » IREIE/KIG 37°C, RIS 4k K83 pH A 7.40. 4°C
REET T AR SR &, (ERAT 37°CT#.

2.5.2 ZHRRIFRACETIE

IR : M ZIHMLIRFE P GEE ) XF24 AR UATRARI AT TAES:
FREEYEH 20 NMIMFLFIR: WFF 200 pl & MEREFE, WEEMA | mL 47 T/ERE
FrEE, I | mL 4 TAERESREE, MO | mL 047 T/ES g2k, WRAEFTERFHE,
TE 24 FLF (BRI WHEEMA 500 pl 2007 TR SR, HiI B RIRIE 34
FL, 8 e R E B R A A M B R R R

2 PR VP IR AX ST 58 - XF24 4P 3E 77 4R 58 BUE e i TAESS =& )5, N 37°C,
T CO, Hy3%57RME, P4 1 he FRTEUHEA KM A, BRI CE, A FA 630 pl
ST TAESEFREE, B HI0A 720 pl 4047 TAESEFREE, C HINA 540 pl 487 TR F#
EREVISIAGWENR. TIEREREAMELFAN A, B M C TIERIKRER:
A ¥ 1 umol/L, B ¥ 4 umol/L 1 C #% 0.5 umol/L, RKARBHRBEESHS. EHER
B, T AFLIA A T/EHB 50 pl, B FLIIA B TAEWK 62 ul, C FLINA C T1EW 69
ple BURERE SO ERER ST, BNUESTE, 2430 min. HEMRFlREE, ¥
B R B RAR B e XF24 A SEMR, JFARMIE, #HEElE 3 /M.

2.6 GLirEAT

{3 FH¥K 4 GraphPad Prism 5.0 #4741 5047, SEI EHR Y mean+SD FR.
BEST HF EFHRE, AN, RANE T K (Two-tailed Student’s t-test) :
ZHRRARRRHEZSHT (One-Way ANOVA) , HEHRERERITHELEFR
F Turkey BEATHPIELES, 24 P<0.05 FHAANER BB RITFE L.

3 SLREER

3.1 3R Trib1 % 3T3-L1 FERT 400 AR T R AR

AT RISEIREE RR Y, Trib] WFRFEVDNR BAT bk ThRerers, /bR
FEAZTRMAET & . AT RER B XTIV RS 2T R B T A S A 3
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JA% FAN - AL A a2l O He(n bh g il &0 Trib 1 (PR R AN H 15 3 &
Wy JXERASIRAT Trib 1 nf DLk /D I e I R A ey 5 B
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Figure 3-10 Effects of Tribl overexpression on lipid droplet formation in 3T3-L1
adipocytes. After overexpression of 7rib 1. 3T3-11 cells were stained with oil red staining
and lipid droplets under natural light. Oil red scale bar: 400 pm: Lipid droplets under

natural light scale bar: 1000 wm /400 pum.

2 WNFIE Tribl BRI 40L& KEGG ¥

B SD AT DO RNA WRTT Trib 1 ARIGAIRI 2 2505 g A LA
Lo L &R Trib 1 2600 &I AT SEIATECE R0 Dy 11027 A AL TTH64
KNP a3 4398 D OIEIN TR, 401S DIEIA NI AR R R IR T AT OGN
WEINE Db 1 L QIR L T AR AT G IEIM B o )
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Figure 3-11 Adipocyte differential genes overexpressing 7ribl and KEGG analysis.
(A) The venn diagram of RNA-seq indicated the number of differentially expressed genes
between 3T3-L1 cells control group and 7rib] overexpressing group, respectively. n = 3.
(B) The volcano plot of RNA-seq showing up and downregulated genes between 3T3-L1
cells control group and Trib 1 overexpressing group. (C) Heat map of thermogenesis gene
clusters in 3T3-L1 cells control group and 7ribl overexpressing group. Red and blue
represent upregulation and downregulation expression, respectively. (D) Kyoto
Encyclopedia of Genes and Genomes analysis of upregulated pathway in 3T3-L1 cells

control group and 7¥ib] overexpressing group.

3.3 EFKIE Tribl Xt 3T3-L1 Aai g 2R kAR50 H g2

AHIF 52 H MitoTracker (0 M 8GR IA Tribl 18R FIIAEL A R4, 45 4 88
MR Tribl M Ugere2 W28 RSB0 EIE I, AN LR RLARIFIRBE 3875 % 1 410l 7
Wia ZRRAREH BN AR AL w0, JX B IRATT Trib 1 WP R AR A R AP ) i
Y
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Merge

Figure 3-12 Effects of overexpression of Tribl on mitochondrial numbers in 3T3-L1

adipocytes. Cells were stained with mitotracker and Hoechst 33342, Scale bar: 200 .

4 tEFRIE Tribl 5+ 3T3-L1 87 40 O PRI AR i 7K 7 882 ma

MU Trib ] 3l 4R AL ERRARIGEM Y (42 m), A9 i Seahorse WL
JZZ‘}UI'J'/t‘i’llllJMEﬂ’i’%‘i COCR)Y MMM L% (ECAR) AT f' 7111 Llutwv AL AR

R e YN Trin 1 L KGR AT AT w044 0 & oA, S R4 Tvib 1
I;I' LR AT ACI R Trib 1 R KA EE OCR Al K OCR - CHIEA
FCCP ARSI T gy AL DU A ZERASE P TIUAIR FiU R a0 A gk
Trib L VA 1 3 6E - XS UL AW Tiib 1on] DL R IR TITE T i
BN GE, X Db 1 VIR BRERAC BAT 748 4 U -5
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Figure 3-13 Effects of overexpression of Tribl on the level of respiratory metabolism
in 3T3-L1 adipocytes. Scahorse XI224 mitochondrial stress analyses for OCR (A) and
FCAR (B in 313-11 cells treated by ()vcrcxprcssion ol Tribl (1rib1-Ol12). Ugycre?2
(Cgere2-OF) and inhibitor (73 1-O1: ). One-way ANOVA multiple comparisons with

Tukeyv'stest, 72 0.01.77P - 0.01 v control group.
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4 /phgE

AR AN P RIE Tribl, WAF Trib] WS AN ERER. 4R E
A RIE Tribl J5REWTARMH BRI, SRR E M. WFSREx =5
FEABEBR AR R AR R RIE . BIT Seahorse FE BN B H M & 41 LRI )
REKF, GRER Tribl HIERIE S 2 32 540 RO FLAE P IR A B AP i KR
B, TSN EIF G HTh AE s . XL R Triv] IR ALRIET)
RESE am i, RAERAEI RN ERLS,

i

FALET TRIB1-GST & EOEA/MRA TRIBL fEHEH, 4R &7 TRIBI
R RA S AMIME R UQCRC2 44 . BT UQCRC2 & HTEL iAW ERIX,
AT TRIB1 & E7E 3T3-L1 BERTAMRA K A EATIR . AT R T AR
PR aRmRES. REQMEHAEBIT Western Blot 25, Z5RKIMAER
HANSEOREREVBLT, WMAOEMNE] TRIB1 EH. FFR, Sébastien
Soubeyrand % A7E HEK293T. HeLa fZfk-FiE A =F4M R+, WxI@ED
Western Blot oAt #l| 2] TRIB1 2 H . F|H TRIB1 EHEH K3 TRIB1 FEE B FA
RNA K EEEAaE. HiESHKEABEATIGEKI TRIBl ZEENAREKRKE
R BAITREZ BT RIB B2, Elizabeth E Ha & AR, 1T %K A Bk 30 7
MG132 b3, WL EER TRIB1 &EH, R 3T3-L1 4fed TRIB! Afa
&5 E A B R POE A R,

BN Tribl %/ BAR AT 1T RNA-Sequencing, BATRIEG T S5&hiik
SERIAHRMI AR ZE R T RSN, PR EBERRG. AR TR AR R B R A K
MEEFE B T A, BHARNERKEE TR ARG R, T
FEORAE R BRI AN, KT IR e 7 BR AN BT RE A E AL AR Z TR A, HEA
LRRIVE = R ERTEIME LRI AABEL, X I T RAAIFIRER S RT3, A
T 5 B4 i 9 VR L B Sl bR TE M E R AR B =Y, EEBTH
FOPRES A 1 A0 1 BRUS. MeRbiad Eint, HERPEHEERE KA HHEE
WIS EEEERR, HTE SRS IERN KE. T8 L & KR E AP
WANFERERRIY, XUE5ATWES] Trib] FFR/DREI B RAESRIK
P—H.

YERR BB AR ES, SRk AT 8 B H LUE N 40 B 7% R+
R ERAR, ERRIBTARSATREN, PRWHEREE L ME R AD)
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7%, REBLRERTES. FEMEE RO R =R, Rhiks) /¥
ehitkm A, SRMENE, AR PEhAERELNAREN. AU RIER
RRERTHLRE ATP KPRAR S ERR 5D )7 2 B S0, Sk fhah )2 AR (i 2k
FLATHREREAR, SO MR &, FIURERI R AR AL 7 A0 A Bl
AR F I A 020, BT AR I Trib]l MFRII/NRRRA RS9 1. I A1 V
(I FRIE K B, RETT SN 20 M B0 EAL BERR LA ATP JKF, IXMIRRBATTH Trib!
RN R B SR PR AL A R A B IT IR . R R E R BB F] &R,
BHE—ANZH, HAEERSRAEN RSB S, ik B AT R & 215
(I LR AR () S5 M SRR IR R A TR 7. TR LT 7 AR s B DL B 4H 25 44 32 4
Moy, SEAFTRBARZRI 0 EREAHER, JFREIERERAT IEH Th BRI ZRHL
122, FERRATHI LI ORI Trib] R IE LR B 7 WP R B G PR ROR T Zokiik 3 /)
FARA, S BORLE R AR A T REFEAG . (BLRKITR ) HERRAG AN LR R4 5]
EFRRRXRVETFZARNEE, UifFE— P HOLRRT.

TERATMISLI T A T B39 A Leb A Zh RERIIRIR ALK Y, J8id Seahorse
BE B ARBOUIMAAS [ 20 B IROR 1T, A TR B AR IR . ATP SRERFPIR. &K
MEIR . % FHRPIR GE ) LA R AERRIARIE R . SEE R (oligomycin) A ATP & ESHIHIH]
i, BTLURE R i) HYROBE IS4, A6 ATP B4l Bk, #TLhEd s
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Figure 4-1 Pharmacological effects of berberine in liver and brown adipose tissue.
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PENMAERAL, FERE A BRI AR K, #RFT/NEERXT ob/ob AERE/ BUE
R R R MR

1 SERA R

1.1 KR

6 A ob/ob FIXtEE ob/ob Y /N, (i) W TIL AR 25 AR A IR A,
HIIES : 202016589, FTE S I8 e 3 el v [ BB 28 22 b A S Bh AN IE 22 B sh i
WHERLSHAE (SLXD-20180706).

1.2 SR
ST Eiett B EE B0 AN E 5.

LR JIE: "5

fE BB SW ARENEL BB AR AR 21804212

INBET, Sigma A H] B3251

WER Sigma A 7] M5250

/NRIVEARERAF a LB A R A TR A A DG30048M
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4 H AL Beckman Coulter A 7] AU480
2 SLWHR
2.1 ob/ob NRAEHMLEZ

NEERRRIERE: F 05%MRFREAFERWERE NERMKEE R 10
mg/mL FIFIE &R, 4CHKBHRT. NEERIB A ZHFIEINN 100 mg/kg.

MEBRMEE: R 0SRURFREAFLEZNAREREEMKREN 10
mg/mL BIFE &R, BB 4 CIKFERT. RERBREATIENH 100 mg/kg.

¥4 oblob NERIAFRAEEIR 22°C, EF 60%MIFRE. {RiFE 12 h KLREIEHFRHL S
E@ERAT K. EEN—ARE, K/ REEVL AIUA.:

(1) oblob ¥ ¢ (XtHBH);

(2) ob/ob H (HEAIA);

(3) ob/ob+1BB FEH;

(2) ob/ob+/NEEFRLA

BRINREBASHY, SALENELEMEE, SE4E8A.

2.2 ob/ob /) IR B REUS R & R AT

RS ERRIERN A+, DR 6h, WEEMMFEEREBE TS 0.75Ukg
FIBERE. EESE 30, 60. 90 F1 120 min, {#/H8 BaHIMEELSAE T ob/ob /) R A ML
YR, BEAENRKEZRERITEHE RN ERN, DMRESR 120, JE MR
VEEFEBAT 2 ghke MEBIETE. EAZE 30, 60, 90 1 120 784, FEHBEBNM
FEACEE I ob/ob /N BRI L pE /K.

2.3 IR {XHISE ob/ob /N RAERE L
FE_EE - FERBHE 22,

2.4 ob/ob /NRA R 5> BB Be e A b &
BEZEF _PWELRAE 2.1,

2.5 ob/ob /MR ERBFRIFF R4 HE $efa

A58 — 85 LW ITi% 2.3.
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2.6 ob/ob /MR FEFH S A Y

R &5 A SEI Ak 2.4,

2.7 A4S T ob/ob /) R IMLAE R R 5K
R =SBk 2.6.

2.8 ELISA 3488 ob/ob NRILFEER. BRERMBERRAKTE
R &8 = WL 2.6.

2.9 ELISA R ob/ob /BRI 4 5 HFK R

REGIERT WA, 158 F Bl K S B IR Bt i 2 X 57 & U £ 1 375 e P IR SR BE Al 1
o(Tumour necrosis factor-a, TNF-0). C KM H (C-reactive protein, CRP). IL-10
M IL-1B BIFRIEIKF .

2.10 #iHFEDHT

{3 4k GraphPad Prism 5.0 #1740 1H 2047, SEIRIE IR A mean+ SD FIR.
AT HEFERE, ERWAN, RAXNE TR (Two-tailed Student’s t-test) ;
LZHERABERFTZHHT (One-Way ANOVA) , FEAAERALHFEER
F Turkey #ATHFLLE, 4 P<0.05 HAAZRAEFSRITEEX.

3 SERER

3.1 /NEERRXT ob/ob NRARE . IR REIE M

6 FAREH) ob/ob NRAE 5/NEERIETT 8 B, BRBRNEKAKE. 53R
Lt ob/ob NRUKEBEINAE, S/NERIRIT 4 AERERE. T 8 AG, S5HE
/N AR L, ZNBERRYE T 1 ob/ob /N B Bk B A0k i 2R B 3 F¥ 1K (Figure 4-2AB D),
B /INEERREE 25 40 3 B B vk 0 e R ZE FFRE A MBS (Figure 4-2C) &
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Figure 4-2 Effects of berberine on body weight, body fat and organ coefficients in
ob/ob mice. The bodyweight curve (A) and body weight in the last week (B) during the 8
weeks of treatment. Body composition (C) and fat mass-to-body weight ratio (D). Data are
presented as mean £ SD (n=8). P <0.001 vs. the Control group; "7 <0.05. 7P <0.001

vs. the ob/ob group.
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W (Glucose tolerance test, GTT) RIS 8000 (3 b4 Cinsulin tolerance test, 1TT).
UL Y 8 T, ANBE A ob/ob /N BT A BIRN HE ST SO (Figure 4-

SABY (LR 7 ob/ob ANEUMER) K HUKPE (Figure 4-3C D) &
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Figure 4-3 Effects of berberine on insulin sensitivity and glucose tolerance in ob/ob
mice. The oral glucose tolerance test (OGTT) was performed in various groups. and (A)
the values of the area under the curve (B). Insulin tolerance test (ITT) was performed in
various groups, and (C) the values of the area under the curve (D). Data are presented as
mean £ SD (n=8). #P <0.01, P <0.001 vs. the Control group: ~"P <0.01 vs. the ob/ob

group.
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Figure 4-4 Effects of berberine on adipose tissue in ob/ob mice. (A) Representative
images of H&E staining of mouse BAT. iWAT. and eWAT. (B) Representative images of

UCPT immunohistochemical staining of mice BAT. Scale bar: 200 um.
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Figure 4-5 Effects of berberine on liver tissue of ob/ob mice. Representative images of

H&E and oil red staining of mice liver tissue. Scale bar: 200 um.
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Figure 4-6 Effects of berberine on blood lipids and liver injury levels in ob/ob mice.
Serum TC (A). TG (B) and LDL (C) levels in ob/ob mice. The levels of AST (D), ALT (E)
and ALP (F) in serum of ob/ob mice with acute liver injury. Data are presented as

mean + SD (n=8). P <0.001 vs. the Control group; "P<0.05. P <0.01, P <0.001

EETY

vs. the ob/ob group.
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Figure 4-7 Effects of berberine on serum leptin, insulin and adiponectin in ob/ob mice.
Obesity-related serum leptin (A), insulin (B), and adiponectin (C) expression levels in mice.
Data are presented as mean+ SD (n=28). “*P <0.001 vs. the Control group; "P <0.05.

P <0.001 vs. the ob/ob group.
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Figurc 4-8 Effects of berberine on serum inflammatory factors in ob/ob mice.
Inflammation-related serum TNFEF-a (A). CRP (B). interlcukin-10 (C) and interleukin-1f3
(D) expression levels in mice. Data are presented as mean = SD (n = 8). PP <0.00] vs. the

- ok

Control group: "2 <0.05. 7" < 0.001 vs. the ob/ob group.
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2.3 RT-PCR 23l B BYZ A )51
FE— R _WERTIE 22. IIWFEFIINT:
Gene Forward sequence (5°-3°) Reverse sequence (3°-5’)
Tribl AGAACCCAGCTTAGACTGGA AAAAGCGTATAGAGCATCA
A CCC
GAPDH AGGTCGGTGTGAACGGATTT TGTAGACCATGTAGTTGAG
G GTCA

2.4 Western blot 13 B 15 HRIE

[R5 —HHE =KL 2.3,

2.5 GitH2EaT

1 F ¥4 GraphPad Prism 5.0 #F1T7 8814347, SER H 45 £ K A mean + SD &IR.
BIEHAT T ESF R, EWAR, FAXNE Tk (Two-tailed Student’s t-test) ;
LA ERABREFZ5H (One-Way ANOVA) , EHAZERBLITHENEX
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Figure 4-9 Effects of berberine on respiratory metabolism in ob/ob mice. Energy
expenditure was evaluated by measuring oxygen consumption (A, B) and carbon dioxide
release (C, D) in the control and ob/ob mice treated with berberine. Data are presented as

mean + SD (n=15). ¥ P <0.001 vs. the Control group; *"P <0.001 vs. the ob/ob group.
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Figure 4-10 Effects of berberine on adaptive thermogenesis in ob/ob mice in a cold
environment. After 5 h of cold exposure, the rectal temperature of the mice was measured.

Data are presented as mean+ SD (n=8). “*P <0.001 vs. the Control group; " <0.01,
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P <0.001 vs. the ob/ob group.
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Figure 4-11 Effects of berberine on thermogenic proteins in ob/ob mice. Expression
levels and statistics of BAT thermogenic protein in ob/ob mice. Data are presented as
mean = SD (n=8). “P<0.05 vs. the Control group: "2 <0.05. 7P <0.01 vs. the ob/ob

group.
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Figure 4-12 Effects of berberine on fat metabolism genes in ob/ob mice. (A, B) After 8
weeks of treatment, the expression levels of the mitochondrial fatty acid oxidation gene in
mice. Data are presented as mean+SD (n=38). P <0.01, **P<0.001 vs. the Control

group; "P<0.05, P <0.01. " P<0.001 vs. the ob/ob group.
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Figure 4-13 Effects of berberine on Trib/ and mitochondrial function genes in ob/ob
mice. After berberine treatment for 8 weeks. (A) expression levels of 7ribl and
mitochondrial respiratory chain genes in brown adipose tissue. (B) Expression levels of
mitochondrial copy number and mitochondrial dynamics-related genes in BAT. Data are
presented as mean = SD (n=8). *P <0.01. **P <0.001 vs. the Control group: " <0.05.

P <0.01, 7P <0.001 vs. the ob/ob group.
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Figure 4-14 Effects of berberine on TRIB1 and mitochondrial functional proteins in
ob/ob mice. TRIBI. respiratory chain complex, mitochondrial  dynamics, and
mitochondrial functional gene and protein levels in brown adipose tissue after berberine
treatment. Data are presented as mean+SD (n=8). "2 <0.05 vs. the Control group:

P <0.05. 7P <0.01 vs. the ob/ob group.
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Figure 4-15 Effects of Tribl knockdown on lipid droplets in berberine-treated
adipocytes. After berberine treatment and induced differentiation of 313-1.1 cells, the

[133342 and BODIPY lipid droplet staining results were obtained. Scale bar: 200 pm.
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Figure 4-16 Effects of Trib! knockdown on respiratory metabolic levels in berberine-
treated adipocytes. Measurement of cell respiratory metabolism level. Data are presented

as mean = SD (n = 8). “*P <0.001 vs. the Control group; ***P <0.001 vs. the ob/ob group.
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Figure 4-17 Effects of Tribl knockdown on berberine-treated adipocytes exhaled
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lipolysis. Expression of genes related to lipolysis and lipo-metabolism. Data are presented
as mean+ SD (n=8). *P<0.05, #P <0.01 vs. the Control group; "P <0.05, P <0.01,
***P <0.001 vs. the ob/ob group.
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A.

B2, KFLEREY Trib] REH/ BRI MIL A =Rk T fg
MEB S, WA/ BRI N T AR ROBTHLE], A R
R G FFR BB 5 R AR 0 8 A7 B 5
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GEERYE

A AF AR B B ZHERERE/NR . CSTBL/6) /NRAT 3T3-L1 AgRr4mAa,
it RNA-Sequencing l RT-PCR R Tribl HIZFRILEN, HUH Tribl TERR I 71k
MR P ER. SREMN, Tribl BT AWM, T A ERES
ERemiHSshee, fmfemi AR RERARuEE . BATE—BEIL Tribl B R
FatERFTIE, ERER Trib] mBr/NRIMARAE EF, SREGAE 0728 e
HKA UCP1 RIAPEK, FFAEMERE RN R, R bl XEREAENT
ThEe BB EEER. FIA B-B LIREZHEENFIALE Tribl mibR/R, SERERH
Trib] REFBRIR ERR AN I RE BRI R = IhEE, X2 Tribl iR/ N RAZ B2k
AR AR, RFLABEEMEIAF IR .

NE B Tribl FEBRE/DBRERE MG RE, A6 R R R &
TRIB1-GST @& R B HAT Pull down 3£, FHXT Tribl R/ RAEF LR/ PNREZE
RE T4 4334T RNA-Sequencing, &l Trib] ISR GRERI DhRERI R TF. EREK
B Tribl BT PR EEE SRR AR TR . IRATLE 3T3-L1 BTARRI MR XY Tribl
BOSHHATIRAE . @I EFRRLE 3T3-L1 BRI bt RiE Trinl, FIH RNA-
Sequencing, ML G4EA, Mitotracker ZRAI A GL AN Seahorse BB A (AL I
iE Trib1 ARG R I ThRE 1O 58 S AN

FERASE Tribl BTN RERBNRAKEHABRMIIGSE, FAMABTEESRS
ob/ob /NR/NEERR, FFIFA siRNA 7E 3T3-L1 BERT4RAR R T3 Tribl HIRIE, MER
AN S TH BAE /N BB IR AR G AR BT Th RE VA IT RERE RO - FALSI . 45 SRR B/ NBER AL 3
AT LI & ob/ob /NRARERERT P Tribl FIRHIRMFRER A 1, [ AHIRIRIEAK
S, HEANER KA TSR R A AR BT BR E AR R B B RIE K, -5 T ERNR
RO LR RRThAE. TE 3T3-L1 AERTAMP IIA siRNA T Tribl HIRIESS,
/NEERRUR /D AR AN AN AR AR PR AR I BE D 2B H . X LR AL R RIA, /NEE
BILIR R Tribl FIRIE(RFAT GRS 5 40 R AR B H i AT A

AREMNEN SRR Tribl XIREREGHSARERSRREER, HFE
B/NBETRAR B AR BRI DO REVETT AERE R 4 oL, AR MR VR T IR LR AR
.

EARRNEE—EARRZL, BRED Pull down SERTEARSMAE T TRIBI
58K AR AT E UQCRC2 &4, B EANESRIEMEL I EM LR, Xt
TRIB1 1 UQCRC2 W& & ATt — IR . o, BRI 3T3-L1 fei4H
FRT Trib] BATIERERIE T Trib] IR AERTHMPFRARBAIER, B Trib] X176
Fi B €2 S 7= $008 % AN AR B R 7 43w R mand B 7E AR e e R A /DR BT .
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1. FEFFBIEEA S ZMIEENESE T Trib RS RER AR R REER, N
BITRMLAR . AEREAIRE 7 S A R R At T BT A

2« AB AL A Trib IR BRIE I 2 B T PP IR BERE PR T b3 88, i
- B RAR EE MR (G AN D) RERERS o 1] B Trib RS B S5 R R TS RE OB A

3. HUGER T/ BERAI R 5 R BT AR Db I AN B B AR A R B R Rk, i/ g
JFRF) B AR 4R e 20 P PO P IR AR 7K
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MRERIR—

TRIB1 ZERRACEH BIYER . IER 238 B%

WE.

Tribbles homolog 1 (Tribl) #2 Tribbles RE A BBEFKIRN MR, [TRZRETE
FRAR S, FlanEEE. UL FFAE. ORERARITE L. Tribl AT1ERS T T
YRR, (R AN AIGTE, MR T ik, SRR R Trib]
5 imRg/KFEYIAER. Tribl 7] LUBE R M AEK T RIERMA)LRB RIS S
S5REMEFRIRE. £T Tribl WEEEYRINEE, E£58ERRHFRERE
M. BEith, AXEBT Trib] HAKER, BEREEERASERBPHE
A
R4 TRIBI, REEEK, SHMEROMIR, O0EKRK

Abstract:  Tribbles homolog 1 (7ribI) is a member of the Tribbles pseudoprotein kinase
family and is widely expressed in various tissues, such as bone marrow, skeletal muscle,
liver, heart and adipose tissue. 7rib] can act as a molecular scaffold to interfere with the
cell cycle, promote tumor cell proliferation, and inhibit apoptosis. Recently, genome-wide
association analysis found that 7+ib1 was associated with all circulating lipid levels. Tribl
can participate in the development of metabolic diseases by regulating blood lipid levels,
inflammatory response and catecholamine resistance. Given the important biological
functions of Trib1, the reviews published to date are not comprehensive enough. Therefore,
this article reviews the progress of Tribl research, aiming to explore its role in fat
metabolism diseases.

Keywords: Tribl, pseudokinase family, acute myeloid leukemia, prostate cancer, tumor

drug resistance, cardiovascular disease

SERMANTIESL, W FREBRESOEREEBRAY. EARKEBASYH
B 0% BB RS L FEER, a2 REEE". Val-Ala-lle-Lys (VAIK) £
BWEEUZOERF, BEBEARK—ANEZMELEF, BREFAEFHERNER
RABEEHED . BREBEDESHARTIEFEECREM. BT As R
BEIhRE X B AIUKES, (1) MG . FREEIVRM LA L IE M a5 R 4
REAPELFEE. (2) ZTEEMHF. RERZEMET, BULUEENAEES
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YA PUE B, SRE R AZRIOKESE#RL. Q) BEARESYA
o FXEE. ENEARMAEERE, BRETUEEQRESWER R, R
MEREE, HATRCEHRARARBFIHNEAREMLSE. (4) BAFTXx.
B F T DME AR B BRI, Flinz 240, BEERIbEKME, XAT LU
MR BE S TR D)k .

Tribbles & — /MR E B EEEFRE, £ AR CAMK VKK #EE (Ca’'/calmodulin-
activated protein kinase ) #]4r XX , H = FVRE H/575), €45 TRIB1. TRIB2 1 TRIB312,
HFFIHKFEE, TRIB2 2FEF5) & Tribbles KR FEIEHF5. TRIB2 HH
RFENEH T LLEM RIR & Z AN, (il laah4f#e4s, W TRIB1 #1 TRIB3 B
REEYWIR T EREEEER. BREQRIFENEAR, {2 Tribbles EH
FIEE B =ML EMEA R, — N8 & PEST FHIMAEEML N SR, —
A RAR ST RBEE S A IAT — A C RIHE'). Tribbles ZMRABMIH C RIFF &&
COP1 Z REHR, ERDTFXLE C/EBP BMIZ AR =08 41, i3
JBIFHRFE R R F C/EBPs Bz RALREAEIY, B 72 Hbit, Tribbles |/ A FEL SH4H
PHRFFEFIRF, AWENTRAT MAPK f1 AKT £ESBRNES, S58E. &
iE. R FME 2o mEl,

N2 Trib]l EEMNT 8 Sk 24 XK, EERFIEERY, EARDRZ
B F 5 [EYRMEIL 97.5% . TRIBl EAESZ B EHR WO, AR B, B A-EEET
IrERk, HEEEEWRTIRE. Trib] EEM MYC BERRER M FR—EEE,
8q24 E I BEELFRERE Y, E5ZMBENXREHEHRE, HARN
Trib] B RIX BTN MEK1/ERK &M, (R aBtamRE. £=H
HEFLIRE S, Tribl BIRIRAE NF-xB /&M AKT1 BIBEBRICSZR)M&], N
AT E S RBUREN, ZEEEREF, Tribl BidBIE FAK/Sre F1 ERK 18 B2 3t
MAEBAMREDS, Bk 4b, Tribl 3BT C/EBPs. FOXP3 & A 520 5 M40 o fn
VT T 40880 ThREDS,

ZHETEH HERRT Tribbles RIREMBMAEZEFHM LB B LR, BAMKT
TRIB] EEERAE, O ME BRI IRRE 7 H SRR R HHIRATR B
¢ Trib] LR ARBHEIHE, FBEHR TR R B SR TR EY
2R, NIRRT R ALH FIREE

1. Tribl 5 M AEHE

1.1 &F R H KBRS T
i 8000 B4R A&EEARETHT (Genome-wide association analysis,
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GWAS) EAZIEL 8, fEid ka4, #it 175 MEEM S5 IME TG. CHO.
LDL #1 HDL /K FE YA, HAR RS HERFERAX T —MEm Mg 5, m—&
BE, f0 Sugpl, Zprl, Tribl, Herpudl | Fadsl 5Ff# MAR/KFAR<I). 7E 2013
E— BT, A SEEEMEH ER S B FEFRE T 188577 HIAMAR,
MAHET 157 NS5 mAEKFHERIER E, HA{TE Cetp, Tribl, Fadsl 1 Apoal
DA EE R B 55 B A RE R R A OG, BEEIXUANZERE EE, RAMWA Tribl F1 Apoal
B (K 2 5 S R BN KRR A K

BT MFRSREESL, GWAS KIL Tribl 3H REE 5HBA R, ALTRARIME
MmeTFE PR, BEECR R AR WA H -, R A FBULK
1R B R EAER . 3 — 5 0P R O A4 BB R 5 AR RE 17 & ER4AFN i A 7K 251k
AR, FERERENAKIEREREIL RO RS20, BT A S0 KN Tribl ARG 4E R HERER /DR
R RBENE, NRBREKFAS, LEBREEK. B Tribl ETEERER
fW, 5RMNEABKIEAETRERD, BINEEF RN, DNRIFEF Trib]
FE R AR S S EBUTREAS I MM ALT A ERY, XERFFTIESE T GWAS $iiE S
YRR RSB, 1B Tribl 82 M AR FINL IR i P 33— 204K 8

1.2 BT

ERMAREN, BERTERILBBGZERTERERMN/DRENHHH=FMIE
EEARBINEE, HFRBNERA, EREMRBILGEEIE, XLH KR AEIRISSER
BABHETHREZEERD 0, BR bl MR PERNH BRI EMERTS, B
BRI, ERERIREE Trib] MRAMERRSHKEERE TEEMNER. 4
RS EELS IR PCSKY/LDL Z4kiE¥H, AFAT BMAL1 TR ERZE NS
MEER R, BRREBNFH Dbl ERETMLMRE M3 PCSK9 /KF, 3N LDL %
REBARE, FKEHRST BMAL] AFAERH P E R /0 R LR B E R AR, AR
R COP1 R—MEFRTH E3 TR EEE, WEARZNMBBRRZEFR. £
P, COPl EALZeteh], RILHHFREITEPY, AT 5 TRIB1 EH C Rimr]
& COPl ZERERR, EAFTFIRSSEANATR., MEWANYT, Trib]
A UERL e SHE Y COP1 AL HiRI% . Tribl BT AR COP1 MRS FRAEIER
SREEMT COP1 Mz Hiee. XTTRE S Trib] IREERTES, AWEBRWEREIHR
ME MASGEAE S, BRERDFERA.

2. Tribl 5IRIGFF
FEREAE AR BT H AR RE T T & SRR REREF 4L R B, FRARAE R 4R SR B0 R
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fETFEe ). HIRRTHLUA BIEIFARIR AT, R T 4%t BE B BR m0 BB A 102>, i
ENFEENRED HBKRGEEREE, FEUEm=81%ERIEE
TR A AR 36, FE MR AR GWAS 45 Tribl 5FiE g TatRl %
J&, AT FALRIFE A PR UE X FP ek o B IRR B E /N RAT I AS B et %98 Trib 1,
R BRI RIK Trib] Fil2RBEEBER TG KFRRK, FHE/ AT IRIRS EREEA

(very low density lipoprotein, VLDL) K& gA43 B, EAERD, £ NEARAFAM G
FRBR Trib] WIS BUH M =Fe35 B A APOB (RIAMfK. APOB EH £ VLDL
LDL W EEHAEEE MRS, Trib] @i/ B s & G o 1E &2 it fg
K38,

BRUCZAb, Tribl TERFREREMT I KE R KL AEYIRMNTHEEEA
(carbohydrate response element binding protein, ChREBP)Z — & & ¥R D>F, &
SRRERE. Tribl B1iERIER LU A ChREBP 1 mRNA F15& (5 7K M 8205 Big iy
AP 55, FEERE BRI Tribl W/NBATRER ISR & RERFR AN, S
FFRERE B M AR A en A& . B Tribl FrESS R EEER /N R C/EBPo EH
FIE T, TR G 5 75 B 40 B B AR Rl 2R, 380 VLDL 4 k. HEAERRIRE,
B IRREITRIA C/EBPo JRITHIEF A B /N R8I0 T AF AR AS B B M Sk 26 B F B B
M, BEfIMIERTEAKTEHRA RO, FEik Tibl T8 i g i F T a2
ST C/EBPa B2 IR A BT, Tribl Bomal il Ag FINLE 5t — B R 7o

3. Tribl 5ERE

3.1 ERE40 B 58 5 I BE

Trib] FEEWMMRRN A RIRERHCHRE. FFRRI Tribl EidHESE COPI
RERERM, /T C/EBPo MMM, MR M2 BB LA, Tribl B8
5 TOLL M2 4N SFHERAEMES S, BB Y. "5k, il @
i JAK/STAT 15 S @B A% M1 F1 M2 B B 40 MR AL 43, (B (E 15 E B AU £ , Takashi
Satoh ¢ NiB¥ Tribl 7 M2 B E BRI F FERT BRI AR G4
Rk Tribl B/ BT R M2 B E g pa sl /b , CEBEE AR S5UR BR D
REMG 7> A, HRIMEE TG MEMR S EHSL, FRF{ERMMRETFHME, RE
P BRI R S5 52 R AEBE AU CFAE, B 5T R DU WG 4 g A% e B (R 3 M2 S
R 25%), W ARG B R AEANAERE 92 & H R IENSS), BAE CHRIRIE, Trib]
HIFIETE /MR WAT B SIERIS M SO B AE e L8, Tribl MIRR SRR AER
FERTAR P MRE FERRE, HBEEEHRXEESHER. XS RIRTR
Trib]l W REIE Fome E R MR RE R S S ek, (B3R AT Rt —
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SR

3.2 JLERBY BRI

AEFERE T B B ARSI AR AW X 2 BERYL, BT E RS RRTHh, A
FAMERBIERE B H T ARZ RBP4 R EFIRSS, R LB ARG,
3 F BB LIRRRZUHTRMERGARPRIE, K B FLREMZE (B
adrenergic receptor, P3AR) 7E A ZEFI/N BR A #F R I HH 130 AR 04 R 7 43 A0 = s e S,
C/EBPa M4 BT T2 B:AR EH MR AT E 7Y Bt AR, Tribl
BT C/EBPa BIFEAR, MIMFEEAEII M B:AR MRE, HSF)LEB K.
R4, ERIERF TNF-o 7] LLEE EPAC/RAP2A/PI-PLC (exchange protein directly
activated by cAMP/Ras-related protein/phosphoinositide-phospholipase C) 15 5 i# B
5 BAR FA T, BB ZERES Tribl RIEINRE )L AE RN & P,

WMEFARI, Tribl RR/NRI B3 F LR REZ BB SO~ AmRNER, §L
BRER A B R340 7 A8 R AE /N AR A 3ERABY. 7E Tribl mBR/DRPE LR EL
BEHE T BERE MR, {8 Tribl BiMRE S 00kR GURE I 42 RLAK Th a8 R AR5 /)N B Ae Jo U AR
RESIBRAR, SETIONE T Re BT ERFAE R RALHERRGY, IXERF A, Tribl S5 IR
JUREMEIRDT, B Tribl X5 ERREAS S M 1E R BV E RL i 7E AT AE B e I 4 e 1k
RN R i — MR

4. Tribl 5shEKWFTELL

SHBKERERE L E B R —F AR AR R BRI, & 2 FO M 8 5% . 30k
SREREIL IR T I R ThAERERS, BE/ERFTNER L. ERAER . VIR4H MR B
3. WEAMIIEES SR AEMBEFRELEFR=ENBER, BEEZ
M BRI EA, B RIEREEREL S A ER AR IR
A, REL MM EBIHRO253.GWAS BE T Tribl ER 5 Hil =8KFH MK,
A & H M= EK P 70 8RR SRR, BRikz 4h, bk reiEi
FIR B, M2 BIE VAR R di gt M1 B 5t ERR AR ARER A, 1 Tribl BIRRR S
it ifE M2 RER MRS mO MERRAREY., BRItz 4, EBUR%MN
T, MAPK S5RMEEFHSHNE FENABREBAGEMR. Tibl BIEE
MAPKK ¥iF% MAPK REXRIIEHEI. BRI R RI Trib] & MAPKK4 7E LE
FHEUAERF INK B ST7), v LAk 2 1 R B9 R fh 64 ) 8 S i VLR GE 8
g A6,

VL EBRFRULBA Tribl (93RIE AT DABRAR H v = BE /K P = 2R A O I8 9500 LR
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AFRALMOTBEE R M2 ZERAAREI 2L, ) R E-F RO E A,
H AT DAHER Trib 1 7T AR O B P P B — A RIBE & . (EH BRI, Johnston IM
SEHTEI IR R, BRI Trib] R 2406 5150 B S RER 1L 1 %
B, T Trib] ¥ %7K PRGNS M RSN KB RERE AL B R 2 . BFFURIL Trib] 3N E
AR RE BT AR R K2 Ik RIA, (R E EIEEANBRBUF R E & R
KRR AR, X SR A — B S R R R TR E RS Tribl
RIEMZIRTT, FIRER BRI A R HIRA

5. B ERE

TR, BT HEALGME R 18R JCRE A AR A RS B K R 132
BINATHRE . MEABRBIERERS, Trib]l AR RTRRZERRRAEERN. A
i Tribl &2 5EBAMRIHRIL, MARKFFEERRAE RN, BT IERRA
P AEEEENEM. BEXRARET BRISCRAIHEN, Thibl MR KAEM
o 0L BRI 2 B O Bk R A 3 — 2B RO 9T
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WE:

B E SRR AR BN R E 2 B N RE BT BEIEITIEFEER 25K £
THRHEMERHEE; Fitk, &EBIEEFR. Eit, FLEIKREFFR. ELEHN
BEREZSY). MAHZ5EEi&E (Coptis chinensis Franch.) 435 H 95 RUR S /N BERR 72 14
NGRS BEBUREAE R . /NEER T @ /D IS BT A R TR T A AL 1R 1#EH
ERRIALEAE . NGB HFEAR =R S R BURMESRIBITICE . B/ NEERRR
T IRRERTEEZ Y, BHEAERMPUEI M RIRA DT KGR ST T /NET I HLAC R
HI4E RIS ANIE PRAF 78 00 AR L B B TS Fiva 7 R it e s XL
R NEER, BURERE, MERTERL, BGMEMtRE, REREURE

Abstract: The prevalence of individuals who are overweight or obese is rising rapidly
globally. Currently, majority of drugs used to treat obesity are ineffective or are
accompanied by obvious side effects; hence, the options are very limited. Therefore, it is
necessary to find more effective and safer anti-obesity drugs. It has been proven in vivo
and in vitro that the active ingredient notoginsenosides isolated from traditional Chinese
medicine Coptis chinensis Franch. exhibits anti-obesity effects. Berberine can treat obesity
by reducing lipid synthesis, inhibiting adipogenesis, promoting white adipose tissue
browning, increasing energy consumption, and improving insulin sensitivity. Although
berberine are potential drugs for the treatment of obesity, their effects and mechanisms
have not been analyzed in depth. In this review, the anti-obesity potential and mechanism
of action of berberine were analyzed; thus laying emphasis on the timely prevention and
treatment of obesity.

Keywords: Berberine, anti-obesity, adipogenesis, white fat browning, insulin sensitivity

AREREQSERWHERAABEFRR., R DAEHRRH, FEERE
¥ (Body mass index, BMI) &TF kT 25 it ABE; KTHET 30 it AR, Wi
1975 SF 2 2016 #F 6], &FRAEHERBJLFEMT B, FRE 18 F AL ERRE
ANFE 13%RAEHE. BAEREEFSRE O MERR. FERFEFRE S IE4E R &R
M BRI, EEEAMEE. BARATATUE T E R RN W AE BT
HEBEEREHATIER, SRRENBHN, BKIREEEXREMNRERE
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RESSBICRPFXREEN, Fit, FE3IFIREERIMEMART, T
BREBERTAEHN. EMNERTHRITIEHNAY 2GR, BaiE FDA #it
#ER] K HAEE A B A 2R Orlistat( BUF &) 4t ) | Liraglutide (F|#; & Bk ) Lorcaserin
(A M Qsymia GHRFI/FEMES E 7808 7D . H A 85 =) 2 s s
Pl RmIR, E N H M =EEK . B R RS SR ERM E . H
ZAMM KA SERIBAEEEE RN, DL B BEThsEEELR I, Liraglutide
9 GLP-1 2804, AR Sk BRAR R RS, BB — RS I AR K B
. Lorcaserin {fER T 5-BAIEZE (5-HT2C), AW RHPLERZGY), W LI/
B, (B IACHAE A W 7E A O JE JR SRS AR RE XU 5. Qsymia J9HH AR AR 2508
JEZG, tEALRE. RIR. EHMIZ2ERERGCT, A, TEESMBEIESYEN
EAMBEIERBRE, . FERKE GOIER)D. FRER (HEEMEE). 54
B (RER, BOtMITEE). FISEHPE CEW R, MARMER, BRXRE) %8,
T & %2 BRI H A HUE A RF R RKE X KEFF A

/NEERRAEFZIBETE (Coptis chinensis Franch) H4r S 13 2| F R EWAE DI, R4
AT EITIRED. BEEREARKRE, FIRIARYE, HLEHAMIREDFER
XNBEWOHAT T RGN R BRTIRE, WMENTFARE, DEERTTHTHE
BATHESR . B . BIBKERERE L. B MLAEFD 2 BN RARE 2 AR lo- N, /NEERS,
R—MHEBE AR, BEHKEER BERKMEYFREZEY, REn, 7F
RESNER A /NBER I B A E RIF AR . W98 R EL/NEERR AT LU T B
AMPK JEH, MBI RERSMBEGEEFESMIGETERER. FEEENE, &
RZHEH AFIERRE P /N ERE S HIRFEHED Y, XEXRRFERARSE, X
FFHRARR PSR

W50 R I/ BEBRTE AR 48 S A S8 o vh B bR /NEERR AT DA 1R
KB IME R AKCED), FE38 GLP-1. 848KE A FI NPY WRE LR, B /DMR
M EBRAEFIRED, FERREMRIRI/NRA, ANEERR I B R AR B A SRk
FEEE . PR EY) (B35 PGC-la. Cidea f UCP1) FIkFGfshiiEtE, _E™~
PAPHIEREDT: RERIRR, ANBERR T DLRIBAE v B B RE T A SR Bk, =
WREWHIRIE U RERARED KA, Fohh, NEEWATLURT R E] . EeE
W T SEAT AN AT E B FLs], FRREENMASKF, Rk sh, /NBEGR
EEFHEMEIEE, Bis. R, SIREER. B, DERBEAARZIBITR
WHRARERORRT=Y L —. ERXREFERT, RNTEEHEE T /NEER LR
WIT RSB SR RMIEREER . /D BERMARBMERRIG TR RIEMR R, 44
FRMERMARBEENENSEER.
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1 JERGTE B

TR BARE RN E KRS, d2MREUHH=RIEAFHER
2 8 5 4 R 201, 3 — 3 R 8 55 AU A I 400 R 1 8 5 40 T AT R 5 £ 7 38 25 7 SR B 4
MAEKR, BRASBUBHAELSERA, RIUDYERE. A SIME+, PPARY
A C/EBPs # A A & A8 B T AL 2S48 B A 1 45 77224, 1] SREBP1, CREB % W[ LAi#
T iE S MM PPAR v VAT Be I L AR B2, BRikz 4h, 4 REEERIEED

(Glucose transporter type 4, GLUT4), REEEEliE§ (lipoprteinlipase, LPL), ##fg

sl A =M AES (stearoyl-CoAdesaturase, SCD ) G I ER & BF (Fatty acid synthase,
FAS) %A 5 5 B8 M M B i B g 7128,

AR R, /NBERS AT LLIE IT f2{ik PPARy #1 C/EBPa HIEEE A F/KF,
% 3T3-L1 feRr4nMpy s o1k, /R4S B MBI R ER, AmiLE|
TR E RO, et NEERE AR It S BE A 1T u 458 | 8 1 (Sterol regulatory
element binding protein-1c, SREBP-1c), ZBtiiEF A R1LEF (Acetyl-CoA carboxylase,
ACC), ErX4HEs A &8 (Acyl-CoA synthase, ACS) S E A W/b BN B E BEH) &
AP0, AR R, NEERR T PR S AR R IR B P R BT A AR R BRI R 1A, B
% ACC F1 FASBY, 534h, AMPK @M AR BALRER A RIFTTS, 7T LA
BHRBNEYRE, MRAE, MREENS B, BRI AMPK 5 58
4 B RE °T A IR B B v R IR R R B AR AN AR P2 34, N BERR AT LLad g
BE AMPK 8 IRIE 5 R S R BUR M MBI IERE R R A1) BRitkz Sh, /NBERRUE I
FRAR R PLAEEESE R (galectin-3, Gal-3) B30T i&ME, M| AE LT 4HM AT 7 (b F0 38 5E
36, jxugt R, /NBEGNT LU IRIRE T AR, BRI,

2 Ehp A RBR e

2.1 REtEmiRaL

WALEADA AR EEA BT, BIAE AR B IR I A R RNRERE A AR AR B
. T WAT YA L RIGEEF MOV E M =MREEFMEEHMRT, T BATBE
RELRE, HhsKFR UCP1 EASUARMRMES R N LY s BUR 6t
B, DR ANFREMREHAE Y. Bk, £ WAT PRI T B =MERIA A0
M, KGRV, €548 RGOREHMERMAL, RE8KTH ucpPIr. &
HARE, AYREERE, TLUES WAT S KEREMAERKNENREL, T
mLES, KAEHNREMERRRZETZRE. ANk, @EdisEmg
BETFEFESAREREMM, W LURY /N R %52 S AR 2 B AR AN R & E I
AT LA Rt i ae BV AR BB E AL . BOEMBTIERE T KBS AR
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BRI EEHFZATETF, ©3 PPARs, PGClo 1 PRDM16 Zit. 41,

/NEERRE AT T B WAT AR R B FIET AR 78 3T3-L1 0, NEER
83t SP1/MYC-c130rf25-miR-92a-RBM4a i@ %, i #5 PRDM 16 {& 3t WAT £ 451431,
AR 5 F B RERE/NR P, ANEERR AT LS TS e B 5 BB #% AMPK/SIRT1 4,
PAXE N PPARY 25 ZLBEAL KT, MTTIERE WAT AR AL = #EE 3 UCP1 HRE
18, AR IESHETRMBER T, #iTiES FGF21/SIRT1/PRDMI6 15 S8, &
HRAEEREERRIE, HFH AAIEHERERERERE. BRikZ4, HH
FRIVNEREEIT B R AMPK 1 PGC-1a MIMLEIEI WAT 15 48RS i 40 g
UCPl FIHARF=REFNRIE, BIFEERBEMTIEFHEE, H88, %
FRRIUPNEETAL M S db/db /MR T ERIFPE AMPK 3&ME. /NEERUE H A AR
AMPK BiE 704, B 7TIE B IS AMPK AT LAY 0 BAT FK & G B 15 Sh A0 B BV
¥6, BB AMPK T] 58 A V67T AERERE FAR DS BR B VR 17 7 71546, (R, /NEERRT
AMPK R RIZBIERAERH#—PRA, BIEETZEYLERFEHTHSRE 2
BEAEASISRE.

2.1 REIFERI TR

Br TS WAT f2fadk, /NEERUL REEBHR S BAT i1, BRI/ R
 BAT BRI =P RIEER . TE db/db NRF, DB LURDIERRE,
#ine B EHEFE. I ERTRSMERMENLEINGSHE BAT FHNE
FTHRABEEEFEOBIUEM, X5 BAT F&k4&EM=HE QN>
71, /NBERIA eV B M I RO 38 0 C3H10-T1/2 488 UCP1 1 PRDM16 IFKiA,
FiEt PRDMI16 it 451t kb (i 13k % 68T i P 40 B R0 1) 78 J3 AL 40 i A 8BS B A6 A
T2 = 4 B PRI AR KR, S 40, ANBERRIEIE N B AMPKo R EBERRAL, HI¥
AR IR 7 S M R R AT 4 B A K R T 21 (Fibroblast growth factor 21, FGF21), M
A0 BAT 728, [EEEEMAE, 7 C3HIO-T12 AT, FEERE Bmall HEHE
REAE T /NBERR S S 10 FGF21 RiE, iXR Y Bmall £/MEERIREE FGF21 M BAT ME
EH ", Bmall RITEARERFEYTERAVEN, HHA 5L MAEBEEEE X
O, 1 AF Bmall 257 FGF21 RARET, BEF FGF21 KA TIHLE 4
RVEEB . Ht4F, Bmall 1 AMPK {55 RER7E/NERIAT FGF21 RiEFHI{ER
MLEE T — P A .

2.3 NGRTER
BRI RRRM DI OMILE. I MRRR AL S R TE, U
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ARG BT AL A LTI BR B R AR MR R 2 (R R S SRR E AP &R R
IEVERA, 762 BUBEIRAG, ACREFIAR B RIRBIM AR ARG, LRETIRe £ K
A FIFESLS, Rl R RN AR EEIREE A ATP, I HRERRE,
BAFEEHM=FRIEE R, HREMBIREN, XEBRERKREE. LIk, m
MNFARE, G RREE, SREMKE R DM S i F RS @ 1 n 4
IR A B UCPI SRINE e E AR, JEREFACHME B B AR G D7 40 M 42 hr
PR Th AL RS SRR A BT BR B LA EE B FEI D, XUt R R KL i T REFE DAL A R A1
F (541,

BERE/N AR RRF R 1) ROS &4, LRE mDNA, MFIREARLR

ERE, RIMBLRRTRERERLS, A RM/DERAH G, W T ELTELE

(tert-butyl hydroperoxide, t-BHP) 551 ROS R L N B B 24| . /NBERR AL EE
Al LB & PIBK/AKT/mTOR {5 5@ BT M LAk 5, KB LR A FVERE {48
ThEEP, 7E db/db /NR A, /NEERRGEIT 1Y PGC-1a {REENA Y& BTSN fe
B, MM db/db NREE R ROS ML EAR . LRI ThREFEAF M AS ITER &
L BRFEEe, ERERRNE, 7€ KGN NINEBREMM AT, DA EA] LIFIE
WEER (12 uM. 25 uM F1 50 uMD I8 INZHEAEA ROS 7K FIZRH (A I T2 38 BE AR 26
FFHFE. Hoh, NEERET (R SIRT3 Z RRMEH KGN 41 1) 5 &5 #E AL
FMELRATHEE, 3 HTREE T EIE AMPK @RS KRB H 4 g b,

MR REH, NSRRI REME R ERRARR . PERCH AN
£ AMPK #iEFIPY, AMPK fJ LM Rk L& . LREiiale, FHEmeE
FHEREEANRENER AR EELY . Fik/NEERRT LUAE AMPK BE[H 25K
PRSRFHUACRE, BE M BT AN R Rl & 2 MR IR - B/ BRI R AR RS ER R T &R,
MRS ERMERAT, NERAESIELRETIRE, 535 KA EEERE
R AR o0 o1 621, TR RERE SRR T, N EERALIE T LA F AMPK {2
BHERRIAThEY, R EFEE AR AR 40 A A AL E AR KT 1847, X SRR
TRERERBTAHYABRETRREMBEEERAURBERTNFE—PHAA.

3 WBRSREBE

3.1 B RIEG

CHERR, AERES|AS RS IF L4 BHERS eI S R B AP B B E R RS K
O, PRSI IER T BRI E B TR N S SR 2RE, Mg R
B S EGURIESS 66, BT RN/ NEERR AT LS R 408 R B b 5 R BT
BI/NETRA IR AR T 2 B SRR K BUR 28 I LB A0 s R 80 K, /N BERRE T
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HEEFERERE Jai KR LB 15

BEAMEE C LRRRERZEFRE, MNT RS RGURMES, thh, NERENET
Ael 4B, WVE 4RO R B R 1k, /DEEIAE (8 3T3-L1 ARAT4HAR
L6 NIE4NME+ AMPK RYBERRAL, 1IN GLUT4 W%%ia, Fruk/HE i 4n e i g
BRI B RS ), MR, ANEERIET LUBEL R 5 B X R
(branched-chain amino acids, BCAAs) RIEE SRR/ DR AES EHT. DNEER
LB B0 S B o- BRI S8 5 WK (Bt /) BRFF R0 B 52 5 £ B8 i 41 47
H BCAA IR, FHRiEr=4 BCAA M4IE FMXTEEIY, KRt
BR/NBER AT LAMEF T2 M MBS B OB R S £ L.

Besh, BB BE AR B R SRR R S R FERAER
B, /NEERRFTEA3R & BALB/c /NREVMLIE R B KT TERIMERIF, /NEERRAT LA
FUBARBME R HE HIT-T15 SRR SR . NERBEN SRR EZHRY
2 (insulin receptor substrate 2, IRS2) KIE{E/R S FE/ER F-H N Min6 MM EEHE
RIS R WA A 572, NEERUE INEERIE B R F S RB K RIES E 50,
FREREAER R p RN E. BEIEARMEREERL,

3.1 B

FRAT ARSI EFEMEBRRETHEGFERERSTHYAEEEEFEM. B
FHEAEBEE 1R B BRI BE RS R E 5 BB RK, %5 S BB H
RIBHE G E MR, 7EE G RPN ERE S E MBI T:, SRR
MR PEFIZEE GLUTA MK PRSI K& IpE", #msiEE e, REM
PR J5 PR % 38 e g 276 77,

WAL, PNEEFHRFEEERNOERME. NERIEL AMPK BREZ2EE
GLUTI & H, #i03T3-L1 R4 M &sEamie), Am Ry, NEEmal
B EERRENASHEERSRIREREMTm . DNEEREILEE AMPK/p38
MAPK 15 5B BRI BE SRR, XRAEAV/NERAT R A B S EMNH R T
A SRR AT, Rz s, NEERAT LUSE ML T AMPK RIR B EIEREEE
RSB A PER . 7F HepG2 FFHHARAN C2C12 VBB D, /NEEDRIM G L4 R
WEEE S L, AT RIS B (R it B AR, 5 AMPK B EREY, MRk
W, LALRIFREETEEGR GRS ST 2 2R RR AR R R RS, Fih/h
BERRN 2R L1k B & R BARAE B R ANMRE B R & .

4 iR
/NBERR B T AR A W0 PR 5 EL R B2 I B B R A T B, AR
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W, BEEECHIEEE/NERIERE. BAERRRIN, SRERFESESE
Hh B 348 o 2= A R 98 JR B (Nitroreductases, NRs) 40 B (9 L FI3E 0, AT 3850/ BE
BRAE BEFESH 4 (¥ A A F R

AR, NEERALET LURT RS B AR L R, SINRATE
J& (Allobaculum). ¥ T H B (Bacteroides) #i57 KB B (Blautia). BRERTE B
(Butyricoccus) MHEHFTHEJE (Phascolarctobacterium) Er=EFIFERGWIEE (short
chain fatty acids, SCFA) RIBBELLG], IR F BRI R RAKEES, thsh, NEER
REFET] LU R A TR B R IR CSTBL/6) /NRIGIEE R [T (Bacteroidetes) LT
1] (Firmicutes) BRI, VRS 20RO PRI, FHEE P AERSIT R 2hr
R BB AR E R RIEN), ZERBEE X Z & (Farnesoid X receptor, FXR)Z AT E
R, 4EiFIBT BRI — 2. ANEERE I BUE A E FXR (5 5@, A
TR E M E YK BRI T BR B Be S RIEHBEIRER . EFHAKI, NSRRI A
P R- - E TR RRR eI RNARBEEL . EERRT LR K REE M
BRI Z REME, IRE T M GLP-1 FIEERE A KF, FHELT NPY KF

(16]

sEEERE

BT, REFHREsIIRERENLNE, EHCEMFRTEERNRT. B
Giit, SIEMEARRIRERA, OMERRUKEES, FIENEENEMHEET 4-
7 88, HATRIT RO ZAN SRS, KEH W B HEIERSTER BT R
TIAERES R MR ETW, SERMARE, BMERE, BIThaeEs, AR
RS, RARGAESERNSSRERLER, FRBKNBITEAANS. i
M ST RE B K FF . HIRERRAAThRE B R A A0 1k B R 14 2 R] (9 3R s (R 82 901,
TR ThRE PRI RIS R R BT SRS RE AR BR IR 0 4R, X Jd SR 7T B
—sBIBIRS AR AR BIRRS, 4R AEMBER RMMELY,

AR SR /NEERRAE A #1254, EidiH#% AMPK. SIRT1. LDLR. PPAR. NF-xB
AT HEMEYEERE, EERA. B JEEEERR AT s Bk RE
L SR P B RIFREITER . (BB ESEEO A SERKEE
EiRE&E. BRI ERS T NEBNEBERALEARITRR, ERETD
BERR A 1K T A Am Bk BB ANE B 302, (B/NEEREE R B 5T B AT B A
AMPK 5@ 2 MIRBL R ARG, B/NSERESRIMARTHAEZER, WE
KT /INEEBR Y B B R A AT IR AT

INEETRTE PR AR B R B B MR TIER, (R WAT tRELF AN EER
& BAT F=#h. HFEMRKRM, DEBSERMENES B MALR) iWAT 2614

137



BRI bR AR R [ e VA7 D'

=R, XTREREERAL ) eWAT REF FHIERIT. Brikz 4b, /NEERE AL TS AT
ML PRDMI6 FIFRIK, e Hh (2 3547 €2 517 i i 40 B A 18] 78 SRAR 40 i P BOAR € 8
iR, R =R AR KR, Hf, PRDMI6 218 BAT FERAIxEE
H. PRDMI16 5L MR A FAMBEFHIIEM, AMde MyfS R8T &40
43467718 . PRDMI6 #id 5 PPAR-y 456 i H 5 R Th Re R ol ks e g B A o
SRZ PRDM16 FIAREIETRIAH R E RS AR ERE RS BRI
HFEFA R, hsh, PRDMI6 FIK AR #0528 S B Th A B S A i A v SR AL
B IWAT 723D, RIVHE T eWAT FIRHELY . /NEERE AR (. JiE 7 Al 14 40 M 3R (/)
FFFHMRII S AE AR B, X LT 7R B/ NBERE XS i B 40 B A A Sk e 35
BHRF—SHEE.

H et EL#4T 1 JLI PRI R A 5o/ BERRAE 1 ST AN BHERE R . B/
BERIRYT 12 ARIAERE AR 2R E HMIE TC A1 TG 4 BIFRIR T 12.2%%0 23%, {AE
BEREP. J—HIEKRFFT R, EA/NERIEIT 12 AAEE T PPARy.
C/EBPuo. REXEFIE T BIRAERINGI AR T 7 I B R S RRURMELS), Rtk 41,
— TG PRAF R R B, /INEERIE T 1 I BAT S54RI SR 2 B NAFLD B ik
FEHREESERREEY, R, BWHARNAGFE—LEZENDRE. &5,
NEERRAE N AR B4 FHLEI MR B2 R BRI E LB SEES XK, OF
MNMEGFRRIFBBRESE, (Ex AR RIS SRR S RER. REBEFFA
HIGIRFT AR IR BBR FIIGARM A . Hik, REKXSHIERT TR/ NERIE
FRMME HERER, BINFEEFIMIKEINERIRLE R F 1T Hh i /DT A &
Kz, o, EX/DNEEFRIEH ORAEDFIRE, SRAZFEHNHSEERAY)
.

HAl, @i SRR ET B R RRAEIRE B ENBIT IR .. BAR/NEERM
BT ROEFE R —PHIE, DARIRTT ERERI N B ik — 5 8 B, (B/NBERR
RIVBEZFIRE L HABAEREAITRE, AT 0 I S AR AT IR 6L T 3 B ER
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AcsmS -1.06 1.17 0.86
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Plxna2 -1.14 -1.06 -0.55
Secl4ll -0.79 -1.15 -0.60
Snrk -1.01 -0.76 -0.69
Adamis9 -1.29 -1.06 -0.75
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Siah2 -0.87 -1.58 -0.77
Z1fp366 -0.81 -2.12 -0.78
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Plodl -0.78 -1.14 -0.88
Fgfr3 -1.15 -1.67 -0.89
Coql0b -1.64 -0.87 -0.91
Irf2bp2 -0.60 -135 -0.95
Cerl2 -1.09 -0.86 -1.00
Cntfr -1.35 -1.76 -1.01
Plekhg2 -0.72 -1.21 -1.05
Tribl -1.35 -1.35 -1.12
181001 1010Ri1k -0.88 -2.26 -1.13
Mylk4 -1.28 -2.29 -1.18
Tinagll -1.14 -1.18 -1.19
Ppargcla -1.85 -1.42 -1.19
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Banp -1.18 -1.58 -1.27
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Rgcee -1.20 -1.40 -1.36
Per2 -3.78 -1.41 -1.39
Cysl -1.32 -1.42 -1.42
Rin3 -1.55 -1.36 -1.42
Slc25a33 ~1.69 -1.48 -1.78
Eno3 -0.63 -1.82 -1.97
Nr4a3 -4.02 -2.08 -2.35
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Figure 5-2 Serum inflammatory factor levels in wild-type mice and Tribl knockout
mice. Inflammation-related serum CRP (A), interleukin-1p (B), TNF-a (C) and
interleukin-10 (D) expression levels in mice. Data are presented as mean + SD (n=5). """ P
<0.001 vs. Trib1 WT mice.

3.3 8 WS Trib1 W/ AR 1

IR B T T 2 SZ A A AR BT A RN SR Trib 1 st s BROTIDE 3 TR
AUl ok SR, Tribd w5 B TR SN 22 s Bt CUlR T R D5 Db
1, IER] 538 A,

154



P REERD ALy DB KR e DAl

7

= |

21
6

'|l|'m|[IIII|H|HHH|I|H|HH! il
20

18 19
~
TTTTTTTTI

2 3

(AT

Figure 5-3 Organ anatomy of CL316243-treated Trib/ knockout mice. Anatomical

diagram of adipose tissue and major organs of CL316243-treated 7rib ] knockout mice.
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tolerance in mice. The oral glucose tolerance test (OGTT) was performed in various
groups, and the values of the area under the curve (A). Insulin tolerance test (ITT) was
performed in various groups. andthe values of the area under the curve (B). Data are

presented as mean = SD (n = 6). ns > 0.05 vs. control group.
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Figure 5-5 Effects of Tribl heterozygous knockout on body fat, lean and free fluid in
mice. ['al mass-to-body weight ratio (A). lcan -to-body weight ratio (B) and free fluid -to-

body weight ratio (C). Data are presented as mean = SD (n = 6). ns > 0.05 vs. control group.
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Figure 5-6 Effects of Tribl heterozygous knockout on body weight and food intake in
mice treated with high-fat diet. Body weight curves (A) and food intake (B) in 7rib/

heterozygous knockout mice fed high-fat for 12 weeks. ns > 0.05 vs. control group.
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Figure 5-7 Effects of Tribl heterozygous knockout on insulin sensitivity and glucose
tolerance in mice treated with high-fat diet. The oral glucose tolerance test (OGTT) was
performed in various groups, and the values of the area under the curve (A, B). Insulin
tolerance test (ITT) was performed in various groups. andthe values of the area under the

curve (C. D). Data are presented as mean = SD (n = 6). 15 > 0.05 vs. control group.
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