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HE . [ B ARE SR H RIS INZE 15 R0 A 35 R A Y L S M e B s i, [ ik ] LA g B b LA
IS EEAUEAT 180 H 280 H ik 2 B ARG, BEML A3 A%, 3 41 - % BRZH (Con ) 1RIMEBERI RN , PRI IR BE Ry (24£2) °C 5 34
P (HS ) 3T % FREE (At [ B RAERF I 6 h DAL FRBEIRRE J9 (34+2) °C ; B R (HS+CUR) & 7E RN 3£ 1y
Al b AR SERE R AN 150 mg- ke ZEE R MR E A A 4 AN EE BN ER 15 A0, REFIGIFNEHS AR TMT
(tandem mass tags) £ [ 2= H AR T XS IFRE AR A B 25 52 3008 [ G55 150986 i PCR 453 s  $AN 3 S5 00 2]
AR LEATIE SODI 1 GPX 1 (IZEIAM B 5 FEAK (P<0.01) , CAT 3235 7K - M FRAR (P<0.05) 5 MR 252 8 2% T AR B 35484 hn 1P e
SODI 1 GPX1 FE35/K-(P<0.01) , BEIEHN CAT F23K7KF-(P<0.05) . TMT & A2/ A 3] 5 039 NE M, Hid 4 235
MEAEEEE, ZFRAIEA FBES 5N TR SRR Sk AR RE RIS A RAE N S AR YR RS 51
WA PPAR {558 S AL G N8B A P450 A= r& BLL R IR I 40 PR 115 3 B 4. TR 15 S B3
TR E AT IERUK T L RRAIE , 85 BRI K E A 22 A 45 R — 80, [ 58 14 02 0 3 nT DAGR A 20 Fh B
TS A4 AT S A R 8 L R S5 SR A A D AR i AR

SRERIA  F R A X TN AT 5 AT 0 ; i o £ s
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Effects of curcumin on the antioxidative properties of the liver
of heat-stressed laying hens based on TMT proteomics

YANG Mingxuan, LIU Mengjie, WANG Jin, YU Debing "

(College of Animal Science and Technology, Nanjing Agricultural University , Nanjing 210095, China)

Abstract ; [ Objectives ] The purpose of this experiment was to investigate the effect of dietary curcumin supplementation on the damage
of liver antioxidant properties in laying hens caused by heat stress. [ Methods]One hundred and eighty 280-day-old Hylan laying hens
provided by the Nanjing Panchu Mechanized Chicken Farm were taken as the research objects,and they were randomly divided into 3
groups. The control group( Con)was fed a basal diet and the ambient temperature was(24+2) °C ;the heat stress group( HS) was based
on the control group and maintained heat stress for more than 6 hours a day,the ambient temperature was(34+2)°C ;curcumin group
(HS+CUR) was based on the heat stress group and was fed basal diet supplemented with 150 mg- kg™ curcumin;4 repetitions per
group, 15 chickens per replicate. In order to explore the protective effect of curcumin on the liver of heat-stressed laying hens, TMT
(tandem mass tags ) proteomics technology was used to analyze the differential expression of liver proteins in laying hens. [ Results]The
results of real-time fluorescence quantitative PCR showed that the expressions levels of SODI and GPXI in the liver of the heat stress
group were significantly lower than those of the control group(P<0.01),and the expression level of CAT significantly reduced ( P<
0.05) ;after adding curcumin, the expression levels of SODI and GPX1 in the liver significantly increased ( P<0.01) ,and the expression
level of CAT significantly increased (P<0.05). A total of 5 039 proteins were detected by TMT proteomic analysis,of which 4 235 had
quantitative information. The results of TMT showed that the differentially expressed proteins were mainly involved in lipid and glucose
metabolism, oxidative stress, mitochondrial dysfunction, and inflammation. The KEGG enrichment analysis showed that the PPAR
signaling pathway, peroxidase Body, lipid metabolism, cytochrome P450, biosynthesis and adipocytokine signaling pathways were
significantly enriched among groups. Fifteen differentially expressed proteins were selected for gene level verification,and the results
showed that the gene level was consistent with the proteomics results. [ Conclusions ] Curcumin supplementation could alleviate heat
stress-induced hepatic oxidative stress and biological processes related to lipid metabolism in laying hens.

Keywords : curcumin ; laying hens ;heat stress;liver;oxidative stress;lipid metabolism
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T e L o 2 ) BRI 23 Bl ) (4 ORI 42 52 W) sl ) 5 o A BER S , TS0 )
P rerERE T L PR B R AR B IR A DT O I B R 2 L5 O LS R G RE R
W R IMAE AU AL 2 RGN E R RO ™A W NI R G A -THIL RS e R G
W RA B R G AR T B ) ST R A s S BN I BE T R N, TRDRE R LA X B 1 7 A
RG22 AR, @ IR IR IR A EE A 5 R SR A LE, 15 O (LWG ) FARH {4 (FCR)
GrAREAR T 14.6% F1 14.39% ) D5 IH 2% i BB A ] 3 3o o 1 R TR B 2 5 A 74 i e 14 7 2 ) A
Z—s
FEARE A NI — SEAR AR O, AT R P BRI 2 W SR XS A 7 T R I — R R AR N EOT
o LHER (curcumin) BL WP I EZY , LR HA ZEY PR, AR TURAL HTR MBS B
S YU TR PR BUMOR RIS R B R AET BRI A B2 B KT LA A B A ep R
TR ROS G ALY 1 AL S FR ik [t 5 ) 3B I AL RO — & PR L S il e
W], PR TR S A& PEHLAE, [F]Fad ol LUES 21 28 iR A QR a0 (i B , 4 i A2 = PR RE SR AR T . WG
PEAETOTRIESY R I, HORR P AN N 22 B 2 A8 W A R ALY 1 H R ERR £, FRATORE R L, B R (R R S
A R ) A A S R T L R S B ER R SR L A LAR, 2 BB B AT LG A DA X 7 SR AR R A A
ISEIHORNE , ELPRAE B9 705 AL AR 1 AN 2

H H 2 2 ( proteomics ) BASERE 8 F AL A BT ST X G, A6 5 1 50192 Wi, TS 60 M 0 1 0 1) &
JEh R B ECEE MMM B AT AT RE BN Y, HKE AU TR ) mRNA KF
1] FLE B T BRI . B, B S S RO R R A ) R o I B R
BB AR I (tandem mass tags, TMT) 94387 7 1 E 4 A 8 U S 1 £ 7, TMT J&—Fh k2 pr
i, AT T A A U K R A AR B R a1 L T (Al 2 25 ) R AR T, (B 3%
TEATR BRI TR 2R, e BUd B kA 7 AR TP 9005 B, RINHRAT 1 A=W 001 i i | 3%
{5753 TMT S o5 3 e RAE SNIB AR 11 A BEAR T R P 2 B O W R R R 1 ST T RE R
M B R 2 AR B USRS TR I TR A OV S LA K RS B 5, t
FHT VPR A 3 D AR R 0 R, AR 15 7 R B 11 2 2 B R e 5 AR DG 1 S A 43
BRICH , T A 7 B K V- i e S B3RO0 X RN 3k 14 G A A FH B (AL R B

1 #MR57E=E

1.1 R R it

IS BN VTS5 R ST e SR L IR A 4 44 . R 180 H 280 H AN A — By i = R
XSRENLT AL 3 41, B 4 DR BAEE 15 B, XA ( Con) 1R MEFERIFML , AT R (24£2) °C
PN (HS) Je ik T X IR B BEmE 1B RAEFRF PN 6 h DL b PR B (34+2) °C; 2 B0 R 41 (HS+
CUR ) 1] MRAE SR AR R 8 0 22 2 3R A a0 T M, PRI L ] AN VB

IR HG K RAIE F R BRI ROK T E DGR E] S 16 h, A SRE X, BB 2 d W26 1 Ik, S EATLR
FZRTEE , Z MR M AER A 150 mg-kg ",
1.2 REHE
1.2.1 TMT #Ri2 A 3 ZHEEXG TP BEHLIE I 9 DEAH]I T EAHAME , PRI 150 mg JFPIELHZURE R R ]
A 2R G PR IO RO R I BCA R & e Wk 3 #5251 A T LG Dl 20 21 I AR, 72
37 CIHERIREE T B 4 h, JHEEG B i () BK B A Strata X C18 ( Phenomenex ) [ 5 f5 B 25 % %k 108, DA
0.5 mol-L™" TEAB ¥ fif KBt , 2 J5 4 IR & U WA 5 00 IR BEFEAT TMT ARic , ] SR QR < i inlon i ok
I OGRS IKRBAR A IR EIRFE 2 h, beic 5 I IKBOR & BREh, a5 U T8 . #hnicid 19 &2 ik
B, 64T HPLC 73Uk B , X R AE S 2B A T €38 - B 5 (LC-MS/MS) 2347, LC-MS/MS {1 HA%
MFES P Biancotto 25 T HE . g TR MR Maxquant v1.5.2.8 #E17K: %R, 5 22 4 Gallus gallus
(3£ 30 252 %&/7%1) . FIH InterProScan v.5.14-53.0 X% RN 2 FE AT GO R, 45 3 4~
Y AR (BP) (A0 43 (CC) FIArFIIHE(MF) s #IH KEGG Mapper V2.5 B4 % 22 5 8 H 1T KEGG
TH R A Wolfpsort v.0.2 SR H7 25 57 88 FU AU E A7 ; I Perl module v.1.31 #4722 R & H B D6
BAEAMT
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1.2.2 LB EE PCR 547 F Trizol 7 (Invitrogen /A & ) #EHUFAELH LA RNA, f#H PrimeScript™
RT Master Mix Reagent jif|# ( TaKaRa, Ki%) , #id ¥ 7% 5% & B cDNA, 255 NCBI i#E E , AR 415 GenBank
HOC G A G mRNA 741, H Primer 5.0 2RPFBHH5 140, 51 0P 90 L3R 1, SER645 R A BRAE IEH (4
JEH 3 ANEE WY ¢, E, it WS FE B-actin AL IEJG , FH 278340 T 6 R B L,

x1 EE3IMF

Table 1 Primer sequences of the target genes

H B 5L H GIE7hoss2dl 2l ke PPN/ bp
Target genes Primer pairs sequences(5'—3") Sequence No. Product size
B-actin F:AGTACCCCATTGAACACGGT/R: ATACATGGCTGGGGTGTTGA NM_205518.1 224
DNAJB1 F:AGGGTGTCCTTGGAGGAGAT/R : TGATTTTGGTGCCTTCCTTC XM_025145813 151
HSP70 F:CAATGGCAAAGAGCTGAACA/R: GGTGGGAATGGTGGTGTTAC NM_001006685 205
SOD1 F:ATTACCGGCTTGTCTGATGG/R : CCTCCCTTTGCAGTCACATT NM_205064 173
CAT F:CTCATTCCAGTGGGCAAGCT/R: GTAGGGGCAATTCACCAGGA NM_001031215 210
GPX1 F:AYGYYCGAGAAGYGCGAGGT/R:AGTTCCAGGAGACGTCGTTG NM_001277853 160
PPARGCIB F:TTGGTGATGACTGACTCCCC/R ;: CCGTTCTCACACCTGTACCT XM_015297138.2 209
CARF F:AAGTCCCTGAGAAATGGCGA/R : TTGGTGATGACTGACTCCCC XM_015289503.2 189
NRK F:CGCTTTGTCACAGAACCACA/R :CCCATCTGGTACTCTCGTCC NM_001031126.2 151
IKBKB F:TACTTGGCTCCAGATGCACA/R : TCCAGCTCACTCTTCTGTCG NM_001031397.1 210
MAP3K19 F:TTGTTGCTCTTCCAAACGCA/R : TGCTGTCCCATCTGTAACGT XM_025152332.1 226
UGP2 F:AGGCCACGGAGACATCTATG/R : AGTCCCACCCTTCACATCTG NM_204111.2 153
ASNS F:CGGTATCTGGGCCTTGTTTG/R : TCTCCATTGTAGCACAGCCA NM_001030977.1 218
NEO1 F:AGTTCGTGGGGCATCTGTTA/R : TCTGCTTACAATGCTCCCCA XM_015279053.2 153
ZFP36L1 F:CTGCCACTTCATCCACAACG/R: CTGGAGAAGGTGAAGGGGTT NM_001319031.1 182
APOAI F:AGATCCGTGAGAAGGGCATC/R : AGGAAGGAGATCAAGCGGTT XM_015297971.2 180
SQSTM1 F:GGAACACGGAGGACAGAGAA/R : GCAACAGTGTTTACGACCGT XM_004944953.3 247
NCOR2 F:ACATGGGGTTGGAGGCAATA/R : CTCGTTTCGTCCATCAGCAG XM_015275621.2 188
TP5313 F.TGTGCTGCCGTATTTCTCTG/R : GGGTGTTTTCACTGGCATT XM_419987.5 249

1 :B-actin B—Hﬂjjjﬁ [SE-S| B-actin gene; DNAJBI ; Dna] N A= S HSP40) Jif, 51 B1 Z£[A DnaJ heat shock protein family ( HSP40)
member Bl gene;HSP70;ﬂ{/[\‘ﬁE|'] 70 3:[H Heat shock protein 70 gene ;SOD1 EEY LG 1 LR Superoxide dismutase 1 gene;CAT':
AL E LR Catalase gene; GPX 1 A H K /LW 1 ZEH Glutathione peroxidase 1 gene; PPARGCIB  PPARG 4G A+ 18 JEH
PPARG coactivator 1 beta gene ; CARF ;5 [ v % 5 Rl 73 A Calcium responsive transcription factor gene ; NRK ; Nik FHS&AHEFEH Nik related
kinase gene;/IKBKB %% AT «B #HHT 3 B #HI K FFEA Inhibitor of nuclear factor kappa B kinase subunit beta gene; MAP3K19 .45 2447 %¢
JETEAR R U LA B 19 IR Mitogen-activated protein kinase kinase kinase 19 gene; UGP2; UDP -4 %54 A2 W R (L i 2 3£ X UDP-
glucose pyrophosphorylase 2 gene ; ASNS ; KA FEIE A RUHF (4 & BEH KA ) 3£ Asparagine synthetase ( glutamine-hydrolyzing) gene ; NEOI ;
A 1 R Neogenin 1 gene; ZFP36L1 : ZFP36 T4 EAR 1 KW ZFP36 ring finger protein like 1 gene;APOAI;ﬁEHEﬁEI A-1 F A
Apolipoprotein A-1 gene ; SQSTM 1 . EA 14 1 3£ Sequestosome 1 gene ; NCOR2  A%3Z A4 FHE Y 2 3£ [H Nuclear receptor corepressor 2 gene;
TP5313 . Rt p53 BSREN 3 P Tumor protein p53 inducible protein 3 gene.

1.3 HESiT o
BRI ZE R 2D EE 3 R, IR BRI GraphPad Prism 5.0 SRS TS0 Hr M2, 45 5 H S
YI{E AR UETR (x£SE) FerR , R ST REAS ¢ 06 19547 25 55 S B PR 40T

2 GRESH

21 E=EFRMANHBGHAENALERRZNM = L5r [0 Con; O HS; E HS+CUR
L N I R R sops % 2 weas ex mew

M GPXI )ik (P<0.01), B ZEMH CAT ik (P< fé%; 1oF

0.05) , MANHCIRE M 72 82 AL Sop1 2 5 2

FI CAT 3K S48 AU L4 B I 35.66% (P< 2 £ |

0.01) 1 79.54% ( P<0.05) , GPX1 FHK VRSl F 2 )

[ 14.26 £ ( P<0.01) , 4 3 W4 N 0% 5 46 0 T AE SoD! %;;e GPX1

A : LTSS

ff“éiﬁﬁﬁ%?ﬁﬁﬁiii?ﬁ%ﬁ%z_%%” B1 EEE AR

R . 5 AL B A O R

SR TMT 3 2L 53 AR 58 T S0 JHF O 17 25
P15 P | 8 R i 2645 81 313 208 5K g, AT
FIFA OGS R 66 217, i BRI %K 21.1%,, #Eid
TR i 4 o B 36 789 4% KB, H PR S v IR B ol
34 549, LKA 5 039 N, HA 4 235 N EAERE
FEL N T HEIMNRASE R AR A 245, 05

Fig.1 The effect of curcumin on the expression
of antioxidant genes in the liver of
heat-stressed laying hens

Con; X B8 4 Control group; HS: #4 Ji7 i 21 Heat stress
group; HS+CUR ; 2 ¥ Z 4 Curcumin group. * P<0.05,*" P<
0.01. T[] The same as follows.
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Table 2 Differentially expressed protein statistics

4 Comparison i (>1.2)Up F#(<1/1.2) Down

2.3 AEHEFIEER GO ZRaH
MIE 2 A% #E HS+CUR vs Con Al HS+CUR vs HS 1,

N w o N TN HS vs Con 246 289
ERREREASGHAEYELEBP) EEARIEE  sacur v con 249 70
HS+CUR vs HS 206 317

(metabolic process) , H.—/E4id F2 ( single-organism process)
FIYNAEEFE (cellular process) %5 GO 25 H ; DEG FEAMMELH 43 (CC) H FEZA MM (cell) HHAE AR (organelle) |
J5 ( membrane ) . K5+ F & &%) (macromolecular complex) 5§ GO 25 H ; £/ T IIHE (MF) b 32 2 24 Ak 16
(catalytic activity) F1Z5 4 (binding) %% GO 55 H .

A Rt Metabolic process | - INNEG_—_— 64
YA JEFE Cellular process] | INGG_G_ 116
H—E )5 #2 Single-organism process] I ENG_—__ 109 E
50 Localization] NI 39 g g
IEW S Biological regulation] 36 E, E]E
S35 R Response to stimulus] M 23 S|
A2 Cellular component organization... I 22 4
5% Signaling i
g Al Other L7
b 2 Cell{ I o |
§ Yiiffu %% Organelle| NG 64 g
) Ji£ Membrane | [N 50 % S
D?E[ Ko T4 Macromolecular complex I 45 é g
&% 4 [fuh X 45, Extracellular region] [Hl12 E IS
8 HiAb Other{ W6 g
I T4 Supramolecular complex{ 6
4547 Binding{ I 2 72
fiEfLif 1 Catalytic activity{ [ I NRERGEGEGG 79 E
B PTG Transporter activity 1 [l 22 é‘ 3>
L5443 FiE M Structural molecule activity] 17 2 :tH
ST HIREVETT Molecular function regulator] 14 g =
I TR IRER 15 Molecular transducer acivity W12 g
HAlh Other s
0 100 200 300
HIEE
Number of proteins
B ARIHE FE Metabolic process{ [ NEGTEINEGG 42
AR Cellular process! | INEG_G_—_ 121
/L) B Single-organism process]  INEG_—— 115 g
A% Biological regulation] NN 41 Iz g
SEN Localization] NI 34 {4
; . A
J13% 2 i Response to stimulus . 30 3|
%2 Signaling] M8 &
I/ 2H 2 Cellular component organization... 7
Fefis Other MU
g At ot 77
: 4% Organelle: NN 42 g
g K4 FE A Macromolecular complex I 39 E &
o fif Membrane{ I 37 gag &
E(I?:[ 4R ffufh X 5%, Extracellular region] Il 23 E 1
& HiAb Other{ 13 g
8 HBI> T 4% Supramolecular complex] 05
%54 Binding] N 2 |
ARG Catalytic activity] [ NG |62
AFIHETET Molecular function regulator] [l 23 OE
BB 1% M Transporter activity] Nl 19 g EE
2y 53 Fi% 1 Structural molecule activity] [l 16 e
I3 AL RGP Molecular transducer activity 4 g B
F 5 G ARG P Signal transducer activity Mo g
TR S, 757 5% Nucleic acid binding transcrip... mio
3 Other 13
0 100 200
lidEEien

Number of proteins

2 GO ZHFEBRMASHE
Fig. 2 Statistical distribution chart of GO category(2nd level )
A. HS+CUR group vs Con group;B. HS+CUR group vs HS group.
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2.4 AREAHN LB KEGG BEELS T

X2 R IR E A AT KEGG 18 B & £ 0 (] 3) A BL: HS+CUR 41 Con 41 HL B A AL Yy g {4
(peroxisome ) \PPAR {551 1% ( PPAR signaling pathway ) . Ji§ 17 41 ffd Rl ¥ 5 i % ( adipocytokine signaling
pathway) 2515 -4 Bl (4 2 P450( drug metabolism-cytochrome P450) | H il Ag 8 ( glycerophospholipid
metabolism ) . i 22 Ll (tyrosine metabolism ) 553 P& BY 1) 3 & 4 ( P<0.05) ; HS+CUR 411 HS 20 A
PR B A= 41 A  ( biosynthesis of amino acids) \ 24544 - AW ( drug metabolism-other enzymes) \ H 22 , 22
Z R M Z BRI (glycine , serine and threonine metabolism ) | 2 i1 75 Fff 431 ( CAM) | 25 9408 - 4 it (5 &R
P450( drug metabolism-cytochrome P450) .PPAR {551 i ( PPAR signaling pathway ) 55 J 8 # 8 3& &

(P<0.01),
A N
2K [E B 945 i Steroid biosynthesis< o
RN R Phenylalanine metabolism A Y
fit 2 2 Tyrosine metabolism )
R 494 B Steroid hormone biosynthesis - o
M2 4= 9145 i Folate biosynthesis- ) EEhiE
AR P45 L Arginine biosynthesis< ° Protein number
HhwENG A Glycerophospholipid metabolism o : 3(5]
AN ARSI R A 42 )4 B Biosynthesis of unsaturated fatty acids< o P 16.0
P23 P A 2 PR A 5/ F Neuroactive ligand-receptor interaction ® Qs
25 (.2 P450 Drug metabolism-cytochrome P450+ o
B AR5 58 Adipocytokine signaling pathway+ [ ] Ilj%alue
WERR . REERMNA AR Alanine, aspartate and glutamate metabolism- (] 0.08
H it Glycerolipid metabolism- ) 0.06
S A 2 i £ 2 Pentose and blucuronate interconversions [ J 0.04
PPAR{H 51l }% PPAR signaling pathway 1 [ ) 0.02
{0 BRI Tryptophan metabolismq @
A (6, 2 P450/: P44 Metabolism of cytochrome P4501 @
H&EmR . Z2Z M ERCH Glycine, serine and threonine metabolism @
A Peroxisome 1@
2 e 2R AT H A U2 1 18F Cysteine and methionine metabolism+ @

12 16 2.0
B HEA5HL log, (Fold enrichment)

Z R Nitrogen metabolism - Y
AR Histidine metabolism 4 )
KR YA I Arginine biosynthesis - )
NEIR . REEFRMA R Alanine, aspartate and blutamate metabolism - [ )

I -2 4.3 P450 Drug metabolism-cytochrome P450 [ ) Pl
AN BRI T-(CAM) Cell adhesion molecules(CAMs) A O P-value
. 2ZRAIRE R Glycine, serine and threonine metabolism O 0.05
Q

P0G PR —SZ PR A E A F Neuroactive ligand-receptor interaction 0.04
ZE[E R A9 A K Steroid hormone biosynthesis L 0.03
254 -HA B Drug metabolism-other enzymes QO gg?
FCHEFI ] 2 BHIR G H.7E Pentose and blucuronate interconversions L
IR 415 ) Biosynthesis of amino acids | [ ) B U

PPAR{ i % PPAR signaling pathway 1 ( } Protein number
il e i Glycerophospholipid metabolism o @50
A 5 Z P4504= )21l Metabolism of cytochrome P450 ( J @75
REWTANAEAE =l Adipocytokine signaling pathway T [ @ 100
AR . e R TR ST E 2 RN f# Valine, leucine and isoleucine degradation o
A H KA Glutathione metabolism | ( J
PSS E Y Herpes simplex infection | @
[ W-Z1%) Autophagy-animal 1.

10 15 20 25 30
W HEAEEL log, (Fold enrichment)

3 ERREEAEKEGG BRHREENHRIEE
Fig. 3 KEGG pathway enrichment bubble plot of differentially expressed proteins
A. HS+CUR group vs Con group;B. HS+CUR group vs HS group.
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2.5 ERBEEBARIEZNE mRNA RiZH LB S
AP I S R AR AR 5 B AE i, mRNA 2 PR 358 AT, 2 0K P 2 SR D RE I AT 4
R 25 5 TR B 1 0 200 M AS (] %) 2 7, BE4R 43 76 40 A% 20 B B R A i A 15 Fp 25 57 8 3 R R 1 o
#AT RT-qPCR 4347, LA UERR IS5 R B AT HEPE . 25 Rk 3 FEl 4 Frs, 15 A A B e 2 K OF A
A 5EAALSR DAL
3 BHARSTHENERELEEER

Table 3 Differential expression significant protein selected by proteome

4341 Group
Sl HS vs Con HS+CUR vs HS
Protein e g EE t1 e

RS P 2R PAH RS el PfH

Ratio Regulated type P-value Ratio Regulated type P-value
PPARG #iii% K+ 1 PPARG coactivator 1 beta 0.792 T4 Down <0.001 1.439 A Up 0.001
46 J57 )i %% 5 Al F- Calcium responsive transcription factor 1.631 [-94 Up <0.001 0.513 T Down <0.001
Nik #HEH M Nik-related protein kinase 0.697 74 Down <0.001 1.361 i Up <0.001
¥ «B BB B 4] AT - -
Inhibitor of nuclear factor kappa B kinase subunit beta 0.77 R Down 0-011 1309 £ Up 0.038

YA BT T 3 o Y6 i i . .
ﬁ#ﬁmﬁ(ﬁ{ﬁﬂﬁﬁﬁﬁiﬁﬁ(ﬁ{ﬁ% %9 0.522 T4 Down <0.001 2.763 i Up <0.001
Mitogen-activated protein kinase kinase kinase 19
UDP-ij E BRAR IR AL 2 0.702 T4 Down 0.002 1.287 I-34 Up 0.002
UDP-glucose pyrophosphorylase 2
KABEME A B Asparagine synthetase 1.413 8 Up <0.001 0.595 15 Down <0.001
B2 1 Neogenin 1 0.317 94 Down <0.001 3.075 i Up <0.001
ZFP36 AR HE R 1 . .
Gallus gallus ZFP36 ring finger protein like 1 1.868 LA Up <0.001 0.492 3 Down <0.001
ST - - = & -
RIREA A-TCRIEES A-D 1.342 38 up <0.001 0.829 T8 Down <0.001
Apolipoprotein A-1( proapolipoprotein A-1)
FAE Sequestosome 1 1.348 s Up <0.001 0.633 T4 Down <0.001
W52 PR HBHIB Y 2 Nuclear receptor corepressor 2 1.298 L8 Up 0.002 0.732 T8 Down 0.008
Jei >

BRI pS3 T 3 0.536 i Down 0.014 2229 iR Up <0.001

Tumor protein p53 inducible protein 3
PURTEFEF 70 Heat shock protein 70 2.562 4 Up <0.001 0.471 T8 Down <0.001

Dna] RS 5K (HSP40) 151 B1
Dna] heat shock protein family ( HSP40) member B1

3 WS

SHYIINA B XTSI AR BEALH] , LRI R AR A D RE . 4% i B XT3k ol -5 A0 SR 5 45 0 F) oz
FBUREE AN ], 00 A S S A QORI = PR B 2 PN 1Y) 2 SRR B, A ] IS ) 32 A0 SR i
VP2 R I R, BT O RS RN T BRI A P 2 FERIIAR A T | © 2R W I ZH 2
R A= U PRI B A, SRSETFAAT PR T =) (B R 5 S T A AN A o] 76 2 1 K P B3
M) PP AEE 2% o A PR R, AEASIT ST AT A IS0 BRELAR LU, FRN S 4 S XS I E T SE AL 48 B8 SODI [ CAT FI
GPX1 mRNA BIZIRIKF 35 A, R (3422) CHRLE N AEM KA T, 28R A8 —Fh i 52
By, B BT pTae IR B AL SRR, AR TRATT BT 58 R BN I 22 3 3R 0 3 0 el A8 |
B SODI CAT 1 GPXT WREARIKF- . Hadhist, 2 32Kl Ui i k> ROS 17 A= F i i SR AR 4 Rk
RLVRTIRE , B 1R A ALY ARG 2(SOD2) A I H RS S AL EE 1 (GPXT) TS PEREAR ™, A BFSIE
A, 2285 2 0T LG 2 R BT B A I PR IR I T ) X S AR SRR B a5 SR — 80, L, B8 R T
DA 3G i ph s it 5 ) RS BN

N T AR F K T % B0 SRS BN G AR 0L, BT TR TMT 3 3 445
AL T IELL LU P i 15 31 5 BN B G 22 SRR B B, R — 2D AT A A5 B o . ARBIEFE Bk
B T AR AR E A2 FY) 15 > 30h 25 1922 57 8 H #E4T RT-qPCR Bk, 13 3 92 UK 45 R S A 42
OIMTES RO — B IR R P AL A AR A R SR

2.007 i Up <0.001 0.54 T4 Down <0.001
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Setting the data in the control group to 1.0, the resulting value is the x+SE(n=3)in each group. * P<0.05, ** P<0.01.
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HHIFER . ARBEFE T, DnalB1 HI HSP70 25 1122 5K 157K F B35 T, #h 52 % B R 5 DnaJB1 FI HSP70
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