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WE. a4 K45 E MM 4048 (brown adipose tissue, BAT) ¥ Y &% @ 3( Y-box binding protein 3, YBX3) /k-F
SR AR E RO AR, Fik FDRET 4 CEHRFBAES SRS %, )ﬂf?;f%éﬁy{é%*’]%:i
Ak YBX3 S A& 47H YBX3 KA A b E R MMM F, M eg AR A T345 2 ooy KAk o
R BAT 24 YBX3 494> F 4k RNA (small interfering RNA, siRNA ) #3474 s & BAT ¥ YBX3 ﬁ:i é‘] 7}%&”
Al Reg O, HAZR FE CO, Bk Zfett FIHAHE F R T4 D R ZKHH L, KA qRT-PCR, Western
blotting | %, J& 3¢ & F¢ & ik A i) it B AL 4 B4R 38 2 4 3 7 4K vy 3£380F B F 1o ( peroxisome proliferator-activated
receptor gamma coactivator la, PGC-1a) | f##4& %% & 1(uncoupling protein 1, UCP1)#= YBX3 X H ¢y & ik KA
IRAAE APk F E b BAT FIs W aa Bl 8 K1, RN RNA & 4% @ SR iR 2S5 YBX3 47 ri%{;aﬁ
mRNA, KA RN G 7 &% 2 mRNA, RARXRKAXEREAE L2540 YBX3 5 8 6 55 &850
R ERDMHETHARD K BAT F YBX3 #9 R A 2 F 3 m(P<0.05), LA YBX3 d9A & E %/ﬁéﬂ/\ém
Mo % 54 R AAR &R B fm IS T AR = # K B PGC-1a F» UCP1 #) &34 (P<0.05) , #74] YBX3 %uié’a/\m
B R ot L B 5 R AR & I B 4 R U VT VA4 ) PGC-1a A= UCP1 # %3k (P<0.05) %7 %) & # 1tk BAL 5
L (P<0.05), 5B LAAa ) SOEH si-Yba3 X5 H AL R FEIK(P<0.05) , /£ A FRFEXE VA éfi;}#ﬁ&m(k
0.05) , & # I B & ik Ak R F 474 (P<0.01) ,BAT sl B Rg i X B F 38 m (P<0.05) , 5 /£ 25 CAaKt, 4 C
FRE AT BAT P YBX3 f8 20 ot b 89 A ik 2 % 3 4 (P<0.05) ., YBX3 #6454 F- 4 3b 55 PGC-lamRNA 3'3E
FIFRSF AL EADL A (P<0.05), YBX3 ft 4545 F b5 PGC-1a ## UCP1 & 2 F R %484 4 (P<0.05),
%% BATY YBX3 445 i@ it 832 PGC-1a A= UCPI #) & ik % /= A A 2R,
KER.Y-E2Z8 3, PG REHEEFEBF AR BBEES 1
HE 5SS R574 MR SRS A

YBX3 regulates thermogenesis and energy expenditure by
regulating UCP1 in brown adipose tissue

WANG Wengin, GAO Xianlong, GONG Yongfeng, FENG Ke
( Department of Physiology, School of Basic Medicine, Binzhou Medical University, Yantai 264003, Shandong, China)

Abstract: Objective To observe the effects and mechanisms of Y-box protein 3 ( YBX3) deletion in brown adipose
tissue (BAT) on thermogenesis and energy consumption in mice. Methods The mice were placed in a 4 C environ-
ment as a cold stimulation method. Lentiviral infection assay was used to construct a human stromal vascular fraction
cell line that overexpresses YBX3 or inhibits YBX3 expression. Oxygen consumption rate was used to assess mitochon-
drial function. Mouse BAT was injected with YBX3 siRNA (si-Ybx3) to inhibit YBX3 expression in BAT. The oxygen
consumption rate, CO, release rate and energy consumption rate of mice were detected to evaluate the energy metabo-
lism of mice. qRT-PCR, Western blotting, and immunofluorescence staining assays were used to detect peroxisome pro-
liferator-activated receptor gamma coactivator la (PGC-1a) , uncoupling protein 1 (UCP1) and YBX3 expression. HE

staining was used to detect the size of lipid droplets of adipocytes in BAT. RNA-binding protein immunoprecipitation
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was used to extract the mRNA bindsing specifically to YBX3. Next-generation sequencing assay was used to identify
mRNA. Dual-luciferase reporter gene systems were used to detect the binding of YBX3 to the target sequence.
Results
YBX3 promoted the expression of the thermogenic gene PGC-1a and UCP1 after human stromal vascular fraction cell

YBX3expression in BAT of wild-type mice was induced by cold stimulation ( P<0.05). Overexpressing

line cells being induced into mature brown adipocytes ( P<0.05). Silencing YBX3 in human stromal vascular fraction cell
line cells inhibited the expression of PGC-1a and UCP1 ( P<0.05) and mitochondrial oxidative phosphorylation after being
induced into mature brown adipocytes ( P<0.05). Compared with the control group, mice injected with si-Ybx3 had signif-
icantly lower energy consumption ( P<0.05), lower body temperature in a cold environment ( P<0.05), and lower ex-
pression levels of thermogenic genes (P<0.05). The size of lipid droplets in adipocytes increased significantly ( P<
0.05). Compared with at 25 C, the expression of YBX3 in the nucleus of brown adipocytes significantly increased from
mice kept at 4 C (P<0.05). YBX3 specifically bound to the target sequence in the 3’ untranslated region of PGC-1a
mRNA (P<0.05). YBX3 specifically bound to PGC-1a and UCP1 promoter regions ( P<0.05). Conclusion YBX3 in
BAT can affect thermogenesis and energy metabolism by regulating the expressions of PGC-1a and UCP1.
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A BRI T ARFNE Wy ia T ok 18 I ARE TS B
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FEMIIAG' PRI 2 T BOaE T AR D 2
RERE, FiRE i 2141 (brown adipose tissue, BAT)
PR KR G 38 5 B A AT 3R T FE
ZARM I AERFRE T R AR BR I A
et H P f# (B M 1 (uncoupling protein,
UCP1 ) Filiek 484k W Tl A 3 58 00 950G 32 A4 y SR 005
Al ¥ 1a ( peroxisome proliferator-activated receptor
gamma coactivator la, PGC-la, J& 145 BAT ;= #4
(IICEREEIN ) A BAT 7638 5 4 25 B8 A IS AR
WS R R R A SR iR S T T R R
BEAEHIN BRI B A 22 1 T 9 4 v A e T
BAT Zfg iy AZERE R ACHT 307 NE M R PR 45
TR ST B AR P2 ARG o i 7= 4R L i
AH N 38 ST i AN THAE

Y-8 HE AKX G DNA/RNA S84 EH, BT &
AR ES B A BRI B8 =AU,
5 Y &8 H 1(Y-box binding protein 1, YBX1) .Y
& 2( Y-box binding protein 2, YBX2) #1 Y &
5 1 3( Y-box binding protein 3, YBX3) , & Krish
P SR W) 2 7 4 T 119 48 R 38 25 1 (cold shock pro-
tein, CSP) " A BLAY , Hrfr— 48 CSP [N & 58 SR [
R S, LU shak vk s st M4 E1A
R B IRTEGEAIAELS & RNA 5 DNA J7 T #2 ff
SEY IX T CSP AL 4E 2 5 X1V 1 801 3 1o P s
TENZ FIRE ' . 7 BAT b YBX1 1 YBX2
1o BE B A WA G U7 A R 7 R R 4 2 DG B 11 A
TAEMUT ) HE YBX3 78 BAT 1R T i A i

A ABGESTH YBX3 if FEik s vk ny =,
MR YBX3 2 75 5 1 4 7= $0 S Bl AL PR 3 35 A HH o6
PE SRR BAT 1= IIIRE 52 BE = THFE , 55
YBX3 Uaf 845 7= 440 3¢ 43+ UCP1 1 PGC-1a 1Y
B, R BAT F= AR RE ARt i 8 1 A3 19
TF 5% SEL RS
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1.1.1  SE5eshdy)

6~8 JH I IEME CSTBL/6 BFAEAL/INEL 41 H, &
Jri 21 ~24 g, W 7 A6 458 A A S S Y B R A
FRA T GE PR SR 2 J 5 AT JG 22525, AWFSE
JIFA Bl S 18 S it 1) 28 b M B2 2 B sl W (e B2
GLox it e H L 1 2020-20,
1.1.2 #if 5 ks

A RE B 4 2k U5 145 356 53 4H 43 ( human
brown adipose tissue-derived stromal vascular frac-
tion, hBAT-SVF) FI A AR B 4 il 293 ( human em-
bryonic kidney 293 cells, HEK293) 4 Jfil iy [ 5
ATCC /AT ; pCMV6-Ctrl, pCMV6-Ybx3 JF KL [ 35
Origene BHZ /3 A
113 FEEGH S5

DMEM B8 770 | 7 55 3% 5 55 KI5 PBS
Sz W N HORGE 56 & A W BOR AT BR A 7] ; DEPC
(diethyl pyrocarbonate , f2fik iR — iR ) \3-5 T J&-1-
FH JL 3% IE2 1% ( 3-1sobutyl-1-methylxanthine, IBMX) |
LR AR R 2R (3,5, 3-triiodothyronine, T3)
FEKNN T HEHIER i 55 2 5| e 3 Magna RIP ®
RNA Z56 8 1 BT DURE R & 9 A SE [ Sigma
N ) RIPA 2 T — %00 KL IR B4 — 5% TN s 1k g

('sodium dodecyl sulfate-polyacrylamide gel electro-
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phoresis, SDS-PAGE ) #E i e il i) & | 40 i A% 25
P WO ) &L G W ¥ A b Sangon
Biotech /3 &) ; Trizol {7 H 3¢ [E Ambion 23 ] ; 25
H B B il ) & RO SR N & | H R
Takara 23 F) ; XA Z AR 15 J PR U500 50 A
i A KA E AR WS BT ; EndoFree /) 5k 32 7]
& 1 [ A6 RAR A YR A PR 7] 5 Seahorse XF
4t i 2 r A e 7 ) e B S8 R R A
PR\ 7] ;SYBR Green Pro Taq HS iR qPCR iR 7l
S E W R A ) TR PR | BT YBX3 I
H 3¢ [E Thermo /> ] F13€ [ Bethyl /A &l ; $it UCPI |
Pt PGC-lo, Bt T vy E-3-k 12 i &0 [ ( glyceralde-
hyde-3-phosphate dehydrogenase, GAPDH) . $it Jl 5l
5 H (beta-actin, B-ACTIN) Iy B I & 4= A Y)
BH A FRA F] s FT3400 s AR AE F e 5 R 2R 3C
AR AT BR S R 5 06 R AR I R I B i ] 4%
H N 96 E B PCR YW A 35 [ Thermo 23 ) ; Hi,
VKA HL KA B AU [ 22 [ Bio-Rad /A 7l ; Sea-
horse 4 Al & 4T [ 35 B ZRERFHE A
PR/ ; CLAMS /N3l e A e D R 4 0 1 258
[ Columbus {X#F 22 H]
12 Ak
1.2.1 2R pHe

HRAESCHR[ 197, 53 BIF 7 pLVX-Ybx3 il sh-Ybx3
JFoREL, % BB Bk & pLVX-Ctrl H1 sh-Ctrl , 5 k4 4 1)
ki e 3| HEK293 Affd b, AT FE AU 48 h
JE SR BE , B H M 45 R 200 pL, J& Y hBAT-SVF
Y 24 h JE N ARERS R 2R HEA T 0k | 38 A 3k B AT
BRFE RIS R, B pLVX-Ctrl 411 pLVX-
Ybx3 2H , sh-Ctrl ZHFl sh-Ybx3 2H .
1.2.2 ZHdsE SR Mifs 5ok

# hBAT-SVF 40l 4% T & A 10% g 245 .7

1% %% % -5 5 R I W DMEM =5 8 15 55 5
BT 37 T 5% CO, HiFAfh g%, Rraiiir
G E 80%HT AT Tk, i F R RSP A 0.5
mmol/L IBMX 62.5 umol/L F5|WE3E37 2 we/mL b 3E
KA 1 wmol/L [ 2 1 nmol/L T3 1 1 wmol/L %
FE BV , % 22 3 d I, o Ak ds 3R 3, o e i
FHAFEH 1 pmol/L B ZE . 1 nmol/L T3 Fl
1 wmol/ LA FEHIER , LR 7 d J5 BN T i is i
2L, HEK293 A1 3% 4 hBAT-SVF, fEZ0 K 8
J T IR AL, A0 AR A T e 2556

1.2.3  shsiml Ko 2

OF W AA R AR K 16 H 8~10 HK
C57BL/6 HA RI/NFBEHL /A 25 Tl (n=8) Al
4 CH (n=8),M 3 7d,

@ siRNA Ab FEAEL AL, o 17 H 8 ~ 10 A 1Y
C57BL/6 $F A= B/ R B AL 434 si-Curl 4 (n=8) Fi
si-Ybx3 4 (n=9) , 535 F/NRUE M BAT 4k £ 557
{77 5T si-Ctrl/si-Ybx3 (3 nmol/50 pL PBS) , % 4 K
TSR, S 2 e, B FEHLE 3 2 AR
FErR IS 24 h /9 CO, BEHLH % O, TH#EH I GE
HIHAEHR SR H AL /N RUBCA 4 CEREE I AT
Bl ek, 7 d JRIE SR,

1.2.4 R qPCR 45l Ucpl \ Ybx3 il Pge-la %&
K mRNA kK

K HH Trizol P44 s A FE 4 24 e, A =
SR 2R e, BOR 35 2R R B S T R T
JE RNA, 75% £, B P8 % UL UE 5 Byt T, F§ DEPC % fift
RNA Ff46 I e B2 | {fi | Takara 336 %5 %85 & & W
cDNA, J5 # 17 52 i} %¢ )% % & PCR ( quantitative
real-time PCR, gqRT-PCR), Fr 5% ¥ %% 1
v

® 1 HIEERGIYFY]

Table 1 Primers of target genes
B A B Em(5'—3") J ) (5'—3")
Mouse-Ucpl AGGCTTCCAGTACCATTAGGT CTGAGTGAGGCAAAGCTGATTT
Mouse-Ybx3 GCAGTGAAGGATTTGAGCCC GGATGGGGAAAGACCCGTG
Mouse-Pgc-la TATGGAGTGACATAGAGTGTGCT CCACTTCAATCCACCCAGAAAG
Mouse-B-actin ATGGAGGGGAATACAGCCC TTCTTTGCAGCTCCTTCGTT
Human-Ucpl AGGATCGGCCTCTACGACAC GCCCAATGAATACTGCCACTC
Human-Ybx3 ACGTCGCAGGAAACCCC CAAGGACTTTGGTGGCGAGA
Human-Pgc-la GCTTTCTGGGTGGACTCAAGT GAGGGCAATCCGTCTTCATCC
Human-B-actin CTGGAACGGTGAAGGTGACA AAGGGACTTCCTGTAACAATGCA

1.2.5 XJ Western blotting 348 1ll UCP1 il PGC-
la FFHFRIAIKF

fifi FH RIPA 25 11 24 A I 4 B2 2k 440 it v 1) 2

P BT, Fc 20 A B 1 o 4 Bt ) s D W 1 4R AR 42

B 25 CLHM 4 C 4/l BAT B9 4H %5 ; i 1] Takara

P O ) 5 T R TV R A
JiiE4T SDS-PAGE HLIK , fHE 106 V #1 1 h;5% i
BRI 1 h S5 A —$T YBX3(1:1000) ,UCP1
(1:1000) PGC-1a(1:1000) .GAPDH (1:2000) .
B-ACTIN(1:2000)4 CHFAE IR VR 3 K, IMA



TSCHE, YB3 1T UCP K43k IR (I 2R B G

41

PL(1:5000) FHIFF 1 h, YEEE EIATERDE
1.2.6  HPBESOCYERI YBX3 FEP 41

X 25 T 4 CTHH/NEL BAT, PBS ik, PJ Ak
2] 4 mmx4 mmx2 mm BJ/NEE 1% £ 58 i
2 20 min; 10% fifi 4= L35 (2 0.2% Tween 20) % it
£} 90 min; YBX3 —#1(1:100)4 T H 147K, PBS
THUE 3 3 /DR P (1:100) R EEHEF 1 h,PBS
BV 3 ;i 47, 6-— Pk F&-2- 4 H W5k (47, 6-dia-
midino-2-phenylindole, DAPI) % i &G H 5 min,
PBS ¥k 3 i J5 fif PO SR A8 W A I YBX3 K&
34
1.2.7 RNA % U%E (RNA Immunoprecipitation,

RIP) £l UCP1 Fll PGC-1a 3 [H ik B

AR I R G 10 Y A3 B R 8 LB A AL/ R
BAT 4211 YBX3/IgG 45 &1 RNA J2i4eid —
R B 7 =0 K iR RNA RBR2Z 5, Bt S
YBX3 F M5 A 1T mRNA JP5 803500
5% cDNA, 430 1gG 41 YBX3 41,
1.2.8  Seahorse 4l AR 2175 53 H7 4SS I 240 i 1) €

4% (optical character recognition, OCR)

TE Seahorse & FH i) 1% 77 M P 175 3 434k hBAT-
SVF 2 G2 ) B 10 40 B, 41 FH Seahorse 24 M3 12 20
BATHTGIATZARAR e 7 0 il e 02 1Y)
OCR J& , 54 100 wmol/L S8 3, 5 —YUES
100 wmol/L FRFIEF -4 ( = F H & L) K7 (trifluoro-
methoxy carbonylcyanide phenylhydrazone, FCCP) ,
IRJE S =R TEST 50 pmol/L faBEER MPL T £ A 1
TRA W) JE XAHB Y OCR 4T 53HT

1.2.9 RHBAMEALI Y47 (hematoxylin-eosin stai-
ning, HE Y6) RrR R An A PRI )N

BNRER RN 4% 2 1 P € J5 A
I YT 10 wm A9 R, R A HE e a, 6
ST N s A P s RN
1.2.10  WUZEHE HE P 2R G kil o 6 28 il s

P % 5 Pge-1a 36 A Y 37 F 4% A% X (un-
translational region, UTR [X ) F1 Pgc-la F& [A Y
3'UTREZAK X (M B3 Y-& 2 FH I 9 41, Y-box
protein recognition sequence, YRS,[ UAC][ CA]CA
[UC] C[ACU]) iy psiCHECK-2 Jii ki, ¥ H 5
pCMV6-Ybx3 5, pCMV6-Crrl L5 |

YBX3 fEf%i i3 53 [ mRNA A 3'UTR X
# YRS([UAC][CA]JCA[UC]C[ACU]) ¥
S5 5 ) 6 Ny 3 R R a8 3R L 0 BT Pge-la
mRNA il Ucpl mRNA [ 3’ UTR X ¥4, &
UCP1 9 3’ UTR X %A X} W ) YRS, PGC-la )
3'UTRIX AT 3 801 MA& 5, Hot YRS 47 9 1M)F 41,
# PGC-la. mRNA 3'UTR 430 3 R B A B 1
(F1) Bt 2(F2) F R B 3(F3), X i iy 3 514 A
e 1 iR, RIPE YBX3 5 PGC-1a Y 3'UTR X
BB RIS A iR T HE R 0 SR A R 2 Y
54N, 43 & TCCATCC ({£ F1) , TACACCT
(7£ F2) .CACATCT ( 7£ F2) ,CCCATCA (£ F3) .
CCCATCA(TE F3), N THiZE YBX3 ERfE 51X
SOOI ) 255 s 25 A, T 23X L R 8 o S I R
PEATRUE, R0 A F1O4H  Fl-del 4 \F2 44 F2-dell
20 F2-del2 # .F3 4 F3-dell ZH#1 F3-del2 41,
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Figure 1
M & B2 Pge-la Ml Ucepl WG 8 F X 741
4390 e B ) oK RO 3R 4 A Bk R R pGL3-
Basic I, A0 24 19 JiokL  pGL4. 74 (¥ 'B 986 %
i %of IR 544 ) Bl pCMV6-Ybx3 5, pCMV6-Crrl 5
W W R ( polyethyleneimine, PEI ) Jt #% v %
HEK293 4 ffi 1, 43 & pCMV6-Ybx3 2 fil pCMV6-
Crrl 4, 24 h JE HRAE U 3R T 15 2 DA I 1055
AU BIETEAE,
1.3 SritssbiE
K H GraphPad Prism 8 # {4, XJ ¥ 17 1E 45
PERLES A5 1RSI AT B DL x5 7R 2 22 []
FEBCRH ¢ K 30, = 4 1) 22 S5 LU R B R R 5 22

F2

2022-2798% Kk
2682-3467HH Kk

F3

Pgc-1la mRNA 3'UTR H B 1(F1) HBE2(F2) flA B 3(F3) m
Schematic diagram of Pgc-la mRNA 3’UTR fragment 1 (F1), fragment 2 (F2), and fragment 3 (F3)

AT, P 2 T L3R Tukey's #2536, P<0.05 K
EZRAGIFEENL,
2 # R
2.1 BAT # YBX3 H5Ri%x 5 UCP1 THHEHE—F
525 C4HAEIL ,4 T4 BAT 1 YBX3 ) mRNA
Ak A TR 438 0 (P<0.05) , PGC-1ac 1 UCP1 1)
mRNA FIE KA (P<0.05) , EA13RE N
b —E (K 2A B)
5 pLVX-Ctrl 2 #H Ht, pLVX-Ybx3 #H 41 ifg
YBX3 1 mRNA ¥ T 3.8 15, 5 1 22 35 K84
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T 7%, M}, PGC-1a F1 UCP1 B3k LI, W F1UCPL (s dsz 23], & 2E~G(P<0.05) ,
2C-D(P<0.05), sh-Ybx3 d4iffirf, YBX3 K35  sh-Ybx3 4140/ OCR KT sh-ctrl 41 ( P<0.05) ,
T mRNA FIEE K39 il X5, PGC-1a

A o B
20 |E=25°C4 . 5 - 25 CH
— o * M1 _25°CHl_4CHl S I >
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¢ D O&?@*%/
81 [e=3pLvx-cn \)4*’4‘"" 30r [= prvxcmk
== pLVX- Va3l M/l Q Q\) == pLVX-1hx34l *
. Of 5.5x10° =] YBX3 1 T
I . 9 90l
;J?i % 4.6x10? El B-actin W
* — *
= 4r 10.2x10° =] PGC-1a i
R~ * . i L
& ot 4.6x10° El B-actin e 10 "
|-'=| |-'=| ﬂ lll 3.3x103 E] UCP1 ﬂ
0 1 1 L ) 0 =0 [ T =
Ybx3  Pge-la  Ucpl 4.6%10° [==] p-actin YBX3 PGC-lo, UCPI
E F & B
25F == sh-Ctrl4l Q\&\/ be
== sh-75x341 M1 Y 151 | =sh-cuidll
El Vo3l
20F 5.5%x10° YBX3 == sh-Vhx3
i b
Ho15p 4.6x10° El B-actin -*é Lok
z : PGC-1 =
-1a
Lo} 10.2x10 E| %
g 3 -actin L *
ost | = 1] - 4.6<10° [@m] 5 ostll
|1| 5 . 33x10 E=] Ucet |l| .
0 1 1 IN——1 )
Ybx3 Pge-la Ucpl 4.6%10° El B-actin 0 1 | 1
YBX3 PGC-lo UCPI
G
e sh-Ctrl4l
T 800 sh- Y348 =~  1500F |e=ash-cuif
7'1 « X x % == sh-YAx34l
= 600F 5
E £ 1000F
g 400 | 5
g g 500
& kK £ -
g 200 > .
S S GRS S 8 g [ N i
0 20 40 60 80 100

\ FERHITI NI
A 6] /min

K2 @R YBX3 #5355 UCPL #yBfLia#—2
A~B: 4 CHH 25 C4HF YBX3 .PGC-la F1 UCP1 ) mRNA( A) FIFEH Fi (B) £ik/K¥F;C~D; pLVX-Ctrl 45 pLVX-
Ybx3 41 YBX3 PGC-1a Al UCP1 ) mRNA(C) Fl#E H 5 (D) KiA/KF;E~G: sh-Ctrl 415 sh-Yba3 41 YBX3 PGC-1a fil
UCP1 #Y mRNA(E) 8 H 51 (F) #ik7KF £ OCR(G) . P<0.05,
Figure 2 ' YBX3 expression in brown fat positively correlated with UCP1
A-B: The mRNA(A) and protein(B) expressions of YBX3, PGC-1a and UCPI in the 4 C group and 25 C group;
C-D: mRNA (C) and protein (D) expressions of YBX3, PGC-la and UCP1 in pLVX-Ctrl group and pLVX-Ybx3
group; E-G; The mRNA (E) and protein (F) expressions of YBX3, PGC-1a, and UCPI1, as well as the oxygen con-
sumption rate (OCR, G) of BAT in sh-Ctrl group and sh-Ybx3 group. “P<0.05.
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Figure 3 Deletion of YBX3 in mouse BAT resulted in impaired thermogenesis

A-C: In the si-Ctrl group and the si-Ybx3 group, CO, release rate (A), O, consumption rate (B) and energy expenditure
rate (C) during a 24-h light—dark cycle; D-G: Rectal temperature (D), mRNA (E) and protein (F) expression levels
of YBX3, PGC-la, and UCPI1, and HE staining (G) with lipid droplet size quantification (H) in the si-Ctrl group and

the si-Ybx3 group. Magnification; 400x. * P<0.05.
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Figure 4 Cold stimuli can affect the YBX3 entry nucleus

A-B: Wild-type mice kept at 25 C or 4 C for 7 days, detection of the subcellular localization of YBX3 in adipocytes iso-
lated from BAT at the protein ( A) level, with GAPDH ( cytosolic fraction marker) and Histone H3 ( nuclear fraction
marker) serving as controls and immunofluorescence staining (B) of YBX3 in BAT. Magnification: 400x, * P<0.05.



FOCEE 4 YBX3 it

JE1Y UCP1 BB IR 2 A3 @R ™ AR RE 1 TH A 45

2.4 YBX3 L RNA ZEEAFEEREFHIHMH

42 PGC-1a 71 UCP1 YR i%

RIP ¥ 2% SR 28 B, YBX3 Al L)L 5 UCP1 4% &
PGS A TR {5 B AN SA iR, 5 1gG 4
I, YBX3 HEEW 5 Ucpl A1 Pgc-la mRNA 4
SPELS A (K 5B-C) (P<0.05) . WEGH S RESE
Kol 4% B R B 5 pCMV6-Ctrl 41 4 [, pCMV6-
Ybx3 A8 2 7+ 3 A v B iy 9O R M (K

5D) (P<0.05) ., MMIBE YRS ZJ5, 5 XF B4 #H
e, &% B F1-del 40 (Kl 5E) \F2-del2 2014 (& 5F)
DA M F3-del2 21 (Bl 5G) #¢ )t 2 il 16 PE BRI (P <
0.05) ,F2-dell 20 F1 F3-dell 45 % M4 AH 1k 22 =
TGt E = L,

5 pCMV6-Ctrl 41 #H b, pCMV6-Ybx3 4 Ucpl
Hl Pge-la Jii 3l F B9 2 6 3 i 5 V£ 7+ & (Bl 5HAT)
(P<0.05) ,

A VTR ¥ Pl S P SRR
ENSMUSG00000031710:
IP_WT_vs_In_WT ENSMUSG00000031710
K 207 203.1443 | 3.87E-50 8:83290351- (Ucp1)
—pear_ 83298452:+:6569
B C D E
= pCMV6-Ctrl4]
6r Sr 4r =3 pCMV6-Ybx341 L2
] iz
i : 2 Se 3t Za
®o4f ® S . B 10
£ e
” S 3t = oz
& & #E 2 . sy .
g g 2L Pk Rk
- 2| s R KR o3l
=5} — IS .
) & 0 & & O 2 F3 0 NS
W W WP W W 0
§ & s & NN
N N N ‘S;Q Q\
F G H I
Pge-la 4 Ucpl
127 |—|* 127 I—I* [
H 4t ’ e :
i ) 2 %= T
#E 10t Xa 0t W= 5l RE
%ﬁ; WE R 5 3R
R R R’ X
bR 08} 23R 0.8+ XX g g f
i A fEL 1 =
0 g B B A
Q&% e\\w% 8»'% “%% @\\@, > 46’0‘\ o° Qb’o‘ b“ﬁ
¥ 3 3 S L
AR SR o Q&“ & o

K5 YBX3 L RNA 456 8 a8 sk 719 B 3 J84% PGC-1a F1 UCPT HYZA
A UCPI [HIE{ETER:; B~ C.: 18id qPCR 4347 1gG ZH A1 YBX3 HI5E K YBX3 5 ucpl(B) Fl pge-1a( C) mRNA Y HK
D: pCMV6-Ctrl 4151 pCMV6-Ybx3 41 1) i ¥ 5¢ 't /8 K B¢ e AR X B E ~ G: 78 HEK293 4 Ml vh e e & A
Pgc-1la mRNA 3'UTR F1(E) \F2(F) (F3 (G ) BH AR Nk 2k 58 728 1A 20 i 00 45 ) 18 1 2¢Ol 38/ K U RARR A
H~1: pCMV6-Ctrl 21 H1 pCMV6-Ybx3 211 90 R/# K MPOER MM A, * P<0.05,
Figure 5 YBX3 regulated PGC-1a and UCPI1 expression as an RNA-binding protein or transcription factor
A'; Peak annotation of UCP1; B-C: Association of YBX3 with Ucpl (B) and Pgc-la (C) mRNA as measured by RIP-
qPCR analysis using either an anti-YBX3 antibody or control IgG; D Renilla/firefly luciferase activity ratios measured in
HEK?293 cells transfected with luciferase reporter vector containing Pgc-1a mRNA 3’UTR F1, F2 or F3 and pCMV6-Ctrl
or pPCMV6-Ybx3; E-G: Renilla/firefly luciferase activity ratio measured in HEK293 cells transfected with constructs con-
taining either Pgc-lao mRNA 3'UTR F1 (E), F2 (F), F3 (G) or their corresponding deletion mutants; H-I. Firefly/re-
nilla luciferase activity ratios in the pCMV6-Ctrl group and the pCMV6-Ybx3 group. “P<0.05.
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