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Proteomic analysis of brown adipose tissue in diet-induced obese female mice
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Abstract: Objective To investigate the effects of high-fat diet (HFD) on the proteomics of brown adipose tissue
(BAT) in female mice. Methods The obese mice models were established with HFD ( HFP group). Mice in the con-
trol group were fed with normal diet, while those in the experimental group were fed with HFD. Both groups were fed
for 21 weeks and body weight were detected weekly. Body composition was measured with small animal body composi-
tion analyzer. The glucose tolerance and insulin tolerance were measured with intraperitoneal glucose tolerance test
(IPGTT) and insulin tolerance test (ITT) respectively. After the mice were sacrificed, BAT was quickly collected into
liquid nitrogen, and then 4 samples from either group were analyzed with liquid chromatography-tandem mass spectrom-
etry (LC-MS) and proteomics. Results Compared with the control group, the HFD group had significantly increased
body weight and fat content, but impaired glucose tolerance and insulin tolerance. Differential proteins were screened

with FC>1.5 or <0.67 and P<0.05. Cluster heatmap revealed an increased Ucpl level in HFD mice, and Western blot-
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ting further confirmed higher Ucpl expression in HFD mice. Subcellular localization analysis indicated that mitochondria

were the organelles containing the largest number of differential proteins. Gene ontology (GO) and Kyoto Encyclopedia

of Genes and Genomes ( KEGG) analyses showed that the down-regulated proteins in the HFD group were mainly

involved with muscle contraction and calcium signaling pathway, while the up-regulated proteins with lipid catabolism,

lipid oxidation process, thermogenesis, oxidative phosphorylation and other pathways. Protein interaction analysis

suggested that the central proteins of the network were associated with lipid synthesis and fatty acid B oxidation.

Conclusion The thermogenic pathway of BAT was enhanced in obese female mice, accompanied with increased oxida-

tion of fatty acid B and decreased fat synthesis.
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HFD induced obesity, impaired glucose tolerance and insulin tolerance in mice
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Figure 1

SrHes DN AR BUR  E B R BRIV T 3 L V\]HEHEHE}ﬁ

*P<0.01, *"P<0.001, ****P<0.000 1 vs X}HEZH)

A The change of body weight; B: The composition of fat mass and lean mass; C: The percentage of fat mass and lean
mass; D: The weight of subcutaneous inguinal white adipose tissue (iWAT) ; E. The percentage of subcutaneous ingui-
nal white adipose tissue (iWAT) ; F. The weight of epididymal white adipose tissue (eWAT); G: The percentage of
epididymal white adipose tissue (eWAT) ; H: The weight of brown adipose tissue (BAT) ; I. The percentage of brown

adipose tissue (BAT); J. Curve of intraperitoneal glucose tolerance test (IPGTT) ;
M: Area under curve of ITT ( "P<0.05, ""P<0.01, """P<0.001, """"P<

L: Curve of insulin tolerance test (ITT)
0.000 1 vs control groups).
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Table 1 Representative proteins that were significantly different in HFD and control groups
HH AR H P B e AL P
Q8BVZ1 Perilipin-5 Plin5 3.968 <0.001
Q8BWNS8 Peroxisomal succinyl-coenzyme A thioesterase Acot4 2.885 <0.001
P56198 Cell death activator CIDE-3 Cidec 2.770 <0.001
Q922G0 Solute carrier family 25 member 36 Slc25a36 2.750 0.002
Q9CQI1 NADH dehydrogenase [ ubiquinone] 1 alpha subcomplex subunit 3 Ndufa3 2.692 0.019
P00397 Cytochrome c oxidase subunit 1 Mtcol 2.597 0.012
035459 Delta(3,5) -Delta(2,4) -dienoyl-CoA isomerase, mitochondrial Echl 2.457 <0.001
035678 Monoglyceride lipase Mgll 2.135 7.096
P12242 Mitochondrial brown fat uncoupling protein 1 Ucpl 2.076 2.988
Q9QYRI Acyl-coenzyme A thioesterase 2, mitochondrial Acot2 2.045 0.001
QICPX8 Cytochrome b-c1 complex subunit 10 Uqerl1 1.997 0.023
Q99J39 Malonyl-CoA decarboxylase, mitochondrial Mlycd 1.973 <0.001
070579 Peroxisomal membrane protein PMP34 Slc25a17 1.920 <0.001
P11930 Acyl-coenzyme A diphosphatase NUDT19 Nudt19 1.917 0.001
QIWV68 Peroxisomal 2 ,4-dienoyl-CoA reductase [ (3E) -enoyl-CoA-producing ] Decr2 1.852 0.004
Q8ROYS Mitochondrial coenzyme A transporter SLC25A42 Slc25a42 1.845 3.165
035488 Very long-chain acyl-CoA synthetase Slc27a2 1.824 <0.001
P97742 Carnitine O-palmitoyltransferase 1, liver isoform Cptla 1.824 <0.001
Q9DBM2 Peroxisomal bifunctional enzyme Ehhadh 1.735 0.001
Q61285 ATP-binding cassette sub-family D member 2 Abcd2 1.725 <0.001
P11404 Fatty acid-binding protein, heart Fabp3 1.716 0.002
P03911 NADH-ubiquinone oxidoreductase chain 4 Mitnd4 1.668 0.002
Q8VHQ9 Acyl-coenzyme A thioesterase 11 Acotl1 1.636 <0.001
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088587 Catechol O-methyltransferase Comt 1.604 0.017
P51660 Peroxisomal multifunctional enzyme type 2 Hsd17b4 1.601 <0.001
P03893 NADH-ubiquinone oxidoreductase chain 2 Mitnd2 1.585 0.007
Q8BJO3 Cytochrome ¢ oxidase assembly protein COX15 homolog Cox15 1.556 0.003
P03899 NADH-ubiquinone oxidoreductase chain 3 Mitnd3 1.535 0.010
P03921 NADH-ubiquinone oxidoreductase chain 5 Mtnd5 1.529 0.002
P00848 ATP synthase subunit a Mtatpb 1.519 0.005
Q97276 Mitochondrial carnitine/acylcarnitine carrier protein Slc25a20 1.504 <0.001
Q5SWU9 Acetyl-CoA carboxylase 1 Acaca 0.660 0.017
P48453 Serine/ threonine-protein phosphatase 2B catalytic subunit beta isoform Ppp3cb 0.621 0.027
Q02789 Voltage-dependent L-type calcium channel subunit alpha-1S Cacnals 0.556 0.009
Q9QXG4 Acetyl-coenzyme A synthetase, cytoplasmic Acss2 0.494 <0.001
Q91V92 ATP-citrate synthase Acly 0.449 0.001
P51830 Adenylate cyclase type 9 Adcy9 0.419 0.004
P13516 Acyl-CoA desaturase 1 Scdl 0.407 0.002
009165 Calsequestrin-1 Casql 0.356 0.027
Q8R429 Sarcoplasmic/endoplasmic reticulum calcium ATPase 1 Atp2al 0.343 0.042
P68181 cAMP-dependent protein kinase catalytic subunit beta Prkacb 0.218 0.007
009161 Calsequestrin-2 Casq2 0.184 <0.001
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Figure 2 Differential protein quantitative analysis, subcellular localization, and cluster analysis
A: Quantitative analysis of differential proteins; B. Cluster analysis of differential proteins; C. The expression level of
Ucpl; D: Subcellular localization of differential proteins.
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Figure 3 Differential protein GO enrichment and KEGG pathway enrichment
A Up-regulated differential protein GO enrichment analysis; B: Enrichment analysis of upregulated differential protein
KEGG pathway; C: Down-regulated differential protein GO enrichment analysis; D: Enrichment analysis of down-regu-

lated differential protein KEGG pathway.
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Figure 4 Protein-protein interaction ( PPI) network
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triphosphate, ATP) AL BEAE &7 ) A5
WA E A I EE R R AR R R R A RE 2R E
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WAL P R R R A 32 3] T 1 2 ap iy HAR
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feid B2z B, 500 PR e A% R 9 45 SR AR L,
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FHOGHE 1 B 5 35 P, =8 260 4 i £ 475 3 3 A 9
T EE S F 3 B (0 B (L, WL/ N A ATP i
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L-750 B, R AR 85 25 F 38 18 1S WP ( Cacnals) ; [A]
Bf s & B A 7 1R 4+ BUAH OC 2 11 Fabp3 7K °F- 19 7
1o E I T e A R BIE 5 AN [ A 2, AR 5 &
PUAENE e e BRL ¥ BAT o, 7= #4  SARB 2 16 DL )
It 7 T A8 Ak A O B 1 9 2 38 R R Y, B EE 7 A
FIFEHE A Ucpl A1 Cidec, LA B 28 b 44 W W% 4 481k
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(Mtcol) \ATP A 1§ o W3 ( Mtatp6 ) \NADH-iZ fif}
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AW (Comt) K- AHXT T, 457 78 A0 Bk ok LA
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