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HE—20 T it STEAP4 7 45157 240 M N 52 25 F 15 J7 T
AR FBLEL,  STEAP4 1R 8 i I PR 16 7 40
AR AR .

1 #RlE7FE

1.1 R

I AN AP A0 R HepG2 ;i 56 B A . K
W kF T DH-50; 3% 50 J5t k7. 284K Bt K. pecDNAS. 1
(+).pcDNA-mSteapd., VL iR 41K R 24 B
12 HRIEFHREESR

DAREFE, AN R HepG2 $EF1 T 24
LA, & fL A 500 pL & A 10% B 4E T
DMEM @B 35 5E, T 37 C.5% CO, 8 A G 57
Z 0 i 9 R AR B 80 U6 B, iE AT AN B G, 4% 5% A (]
R 5 40 A DR 25 AN [R) T 52 5 LA 400 b 2 B Sy o

DY . B2 ANEEAT 50 pL Opti-MEM 1 37 3t
) EP &AM 1 pg BURLAT 1 p L BB AR . i 2
R, HIRFHENE 5 min 5,9 2 4 EP & 1k
HIRA KA G ZIRFE T 20 min, JFUR-E A

BEYIRA IR 400 pL Opti-MEM #5 3# # J5
JA 24 fLti . F 37 °C 5% CO 4R FRA B 5% .
e 6 h T, SR A I AR A SR IR AR SR 1G5 24 h
SRR
13 HRKEERETE

FEA 127 R B RE S AR IS, L Trizol 15
FEHC B RNALE 0.5 L RNA ] SMA 4000 {ill
F RNA #k ., R TAKARA M-MuL.V ¥l %
M U0 W] B 30 pL BN AR R B S A
cDNA MR A2 (19 RNA ¥k B i 45 445 of B RNA
35 3 000 ng. J DEPC /KANFIR R & 17 pL, filA
3 pL T18 J5 72 “C/K¥E 5 min, JKi 5 min, 7EVK L
R & A 5 pL B SRR buffer.3 pL 1
dNTPs.0.5 pL By M-MuLV ¥ % 5¢ . 0.5 pL Y
RNase inhibitor, 42 ‘C ;2 W 1 h, 90 ‘C K & 10
min, ¥H STEAP4 Fl { WEAH G, it 2 &
Sl (E DR EMAS 0.5 pL i cDNA #i#.0.5
pmol/LEY E RS9 .4 pL 19 ddH,O A 5 pL 1y
TaKaRa & & PCR Mix 19 10 pL KW i& %, RH
CFX 96 TM Real-time System(Bio-Rad, USA) i

x1 BEXEESW
Table 1 The primers for real-time PCR
EIE EAON D FrBeR/N/bp B AE 515 (513 GenBank #5315
Primer name (Homo) Size Forward andreverse primer(5'-3") sequence Accession number
. F:GGCTTGAGTGAACTTCTG
ATGS5 133 NM_004849
R:CATTGTAGGCTTGACTTACC
. F:CCAGGAGATTCAACCAGAG
ATG7 240 NM_006395
R:CGGGAAGGACATTATCAAAC
. F: TACCGACTTGTTCCTTACG .
BCN-1 215 NM_003766
R:CTCCACATCCATCCTGTAG
F:CCGAGAAGCAGAAACACGACG
AMPKal 171 NM_006251
R:CTACCACATCAAGGCTCCGAATC
F:CAATCGTTCTGTCGCCACTCTC
AMPKa2 151 NM_006252
R:GACGTTAGCATCATAGGAAGGGTCT
F:GTGGAGGACCAGATGATGC
AKT 279 NM_001014431
R: TGCCCCTGCTATGTGTAAG
F:GGCTGTATTCCCCTCCATCG
B-ACTIN 153 NM_007393
R:CCAGTTGGTAACAATGCCATGT
. F:GCAATGCAGTCAACTGGAGAGA
STEAP4 153 NM_001205315.1

R:AAGGAATGATAAGCCCTAACACG

1T real time-PCR #&1M , 52 B 25145 :95 °C 3 min T
AR SR L FE IR 95 °C 10 5,60 °C 10 5,72 °C 10 s Lk
1745 MES )5 72 °C ZEM 3 min,
14 BFEKFEERETHKEN

I BB A AR 56 IS . i A 5 X loading buffer, i 7K
% 20 min, % SDS-PAGE Bt (M4 8 5%, 4%
BIE 12000 MR 4 B (1 3R GA B 8 s RE R . TR I

BB 80 VE R - BB Be ] 120 V., UK
A8 A X 43 B2 K /IN U WO I 2% . AR 4 B8 Jie 2%
WAR/NLETH 2 R IEAR A 1 5k PVDF B (75 H B
M 15 o) s HOR L FUE AR B (PVDF JEE U8 4% A9 7 il
BTHBAEE, HE 200 mA, AR & R/
SRR A, RS O 5% B IR Wik B 2 h,
TBST ¥ ¥k PVDF &, —Hii¥ 8T PVDF .4 C,K
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85 R AT TBST ¥ 5 K, 8K 6 min, —Hi%E
W H PVDF B, KFREIK 2 h, &5 . Ul PVDF
. TBST %% 5 K, 4K 6 min, ¥ PVDF JEjik T
AW P L BOER N 2 min, #J5 . % PVDF i T
A BAR SO AR N S5 B
15 BREMNRAFEERANF

H AL A U P 2 o b W 3K B WD 1 L
AT 2HE BT A AR P B 6 B i — B0 HL A T &
FHIE B /N B BERL 2 B 2 41, %k IR 41/ Bk 3 m
R 3% L 5 i 2/ BV IR D12492 5 i BURL (60 % B
i), R AR 1 a, WIRWLE G kX
HERI AL B2 /N SRR 12 b S ki) o B B f6F 1) A 1 41
2V A R R I 3 AN T 3 S AR M R A BR 4 B AT
B SR A0 Y B BN AT

16 HESZITSHM

WA 3 WK, R BE L B (E £ bR i 227
R R MEGA , Origin BC2E 20 A, % I8 41 Finib 2
Mz lE w25k e K g 4y B, = AR P <<0.05,
x x f0F P<C0.01, » * = LF P<<0.001,

2 ZER55MH

STEAP4 I R 55 BE TR & 51 2 M AL 44 X 16 32 L

2 D12492 HIRRURMEFREWH AR 1 a /5. /R
o S N I L BORE I BRE SR R D 22 S L RS
A I R B G X R AT A SRk A )
J7 25 SR AT B R AT, W L TR . KRR
M 5 ol A5 /DN BRATL AR o i o2 R AR 3R L g o o 41k 46
LA A5 13 55 22 ol oA TR A0 O AR LA TR AR e A T

2.1

BB 4T Statistics of pathway enrichment

p53{E 5
p53 signaling pathwayf-
ERBRH
Tryptophan metabolism[~
HORMREA
Thyroid hormone synthesisf
SRR B S8
Proteoglycans in cancer[
Pentose phosphate pathway[-
2 F R Melanogenesisk
Hedgehog(& 5 il i
Hedgehog signaling pathway-
HIF- 155 il i
HIF-1signaling pathway
AW AR
Glutathione metabolism[”

2 - 2 3P4 50
Drug metabolism-cytochrome P450
A 5EE 2% TR B
Complement and coagulation cascadesf
SBBRAE S i

T

Cholinergic synapsel. .

SRR P B B

Choline metabolism in cancerf

e TR G L o)

Chagas disease (American trypanosomiasis)l-

FAIR B Y G
Biosynthesis of amino acids|
HE AN g8

Basal cell carcinomal-
TR G L 400
Bacterial invasion of epithelial cells|-
AE A DY IR A
Arachidonic acid metabolismf
Hippofs 53 %

Hippo signaling pathway-
Wntf3 5 il b
Whntsignaling pathway[

Eesk

Gene_number

© 1.00
® 1.25
@® 1.50

Q.55
@200

g 18 g-value

I 1.00

0.75
0.50

0.25
L)

10 15 20
‘HHEKF Rich factor

AN #LR R — A KEGG 3 G A8 67 3735 38 44 BR L 1 AL AR 3R 8 A TR 5 4 DR 0K, 3608 2 57 36 35 ik DR 70 32388 8% b 19 8 K
TR, BT GRS g-value, g-value #R/NERIR 25 5 38 35 56 PR 7R 1208 8% P 9 4R 3 R R TT TR AN /N 6 0 I op AR Y S
PRUVBC, TR 5 4K, R R FE N #Z& ., Each dot represents a KEGG pathway. The longitudinal coordinate shows the name of the pathway,and

the horizontal coordinate represents the enrichment factor.The greater enrichment factor indicates the more significant enrichment level

of the differential expression genes in that pathway.Dot color indicates the g-value. And the smaller g-value, the more reliable. The dot

size means the number of genes enriched in the pathway.The larger the dot,the more genes.

1
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Plot KEGG enrichment of differentiation expressed genes
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* k% P<<0.05, " P< 0.05.
B2 NMNEEEEFEXN Steaps BFKEH T
Fig.2 The effect of high fat diet on the transcriptional

expression of mMSTEAP4 in vivo
2.2 STEAP4 E [H 4 %h 8 48 Ut bk &

DARY# STEAP4 Wt iE W 3 A2
AT HRAL . EEON CRURLAM AR R & (R
O MR FH] (K 3 A) cDNA F51 (& 3 B) fil &
FIBUF 5 (B 3 C)3 A2 TH AT X L, LR 4
A% kK EH W (MEGAS5. 05 Neighbor joining boot-
strap method 1000), M 3 AT LLE H X 3 12
5 AR STEAP 4 MM BEA 281k 4 F M
oI f 3l s RN BRURDIE A AR G . /D BRUOFD N A R I )2
T A A L P e S K T N ER 1K T B A
TS R v ) N O TR 7/ L o o S G =
B SE RN RS K- 1 22 AR M AR T IR Y ) b ]
Z5 . WU M STEAPA J¥ 5 A1 UL % A F W X
Z 1A,

2) N Z Bl f BE X AN [R) Fl @ iFIE STEAP 4 i#47
P, sk 2 Fron AR WF5E N NCBI 408 2 3K 45 A
A F & 18] B AF A R BFIE mRNA H X 2% 35 &
STEAP4 FERTE Y ik T & L 19 4h 8T %K
A SRR E H B K/NE TR . N B SRR

BAEM AR FIE STEAPA mRNA A%} 2835 1 #6575
10 ZE A7 (A0 33 B 43 B4 1 A 4R, /s BRI JIE 2% 34 &
K AEA & 1, A R 2 . AR, 78 LA
Wt STEAP1.STEAP2 fl STEAP4 & /VAF1E
LA AE Gt fk | =% B4R B )& STEAP3 Huph
TERAh—k etk . N STEAPA et 4k 17T
Al L T R AR b, AR B BOR STEAPA &
KNG H A FA AR 3 Wk 50k 1 R 3 R
TR N B SR A R K ST R B v L A R 1R K O
ZFHERK,
2.3 /R Steap4 EE7E HepG2 4 il fh #B K ik 4%
BUgE AT

R 50 SR A0 M K OF 5 R R R A W O i FE
HepG2 240 il th 5% 4 pcDNA-mSTEAP4 J5 , # il
i frh STEAPA % 5% oK 7 Fl ## 13 K F 1 3R 3k
A, SFIRFEIR Steapd B9 HepG2 4l i 4H 78 %
SR KOV A 3T X B2 A AR 3 R (IR 4 A
A+, STEAP4 & 1 £ ik K F W &K
(K 4B) .45 3 % ] mSTEAP4 # 2 1k 40 i £ 84
4 2 T

24 INER STEAP4 ®B 3R iE 3t HepG2 40 i B & #Y
220

28 S A B PCR Jy 20K I 1 v 3 f 1 Ui A+ 26
HH (AKT .Beclin 1, AMPK1.AMPK?2.PI3K Fl
ULK1) cDNA % ik fil B B F Ui 5 K (ATG7 #n
ATGS) By K Rk F L, R i 5 A iR,
mSTEAPA X [ W5 I i AH G 3L [ 1) cDNA Rk A
B E WL B mSTEAPA A GE M A 2E [ W AH G 3 A
et SR A ) L 43 it 2 A Dy TR A B A S e, DA RH
PRSI mSTEAPA XF 4 i [ W A 56 2 (1 £ A
BOEY LEE AT LA (8 5 B) . H WA 8 e A
PRS- 5 454k . AMPK il Beclinl 7£ F W
PR IE B AR [ e KR, T K38 STEAPY J5
AMPK A8 4 8 1R 1k /K SF- 38 S 8 2R F KPR Gk
T, U HGEBERR K T AR R B3, Beclinl
PH7E 2R KPRk & F RS R e, ElE
ik mSTEAP4 B HepG2 41 g v, LC3 1E K A Mk
R A R 79 TS S N S S v O i A A A
(5B, VA Eg5 R FEIH mSTEAP4 78 A W5 T HE 40
LR RS A0 HepG2 B A WK P, JF H 32 276 #H
PEIK P R HEVER]
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Ovis aries NC 019461.2

Sus scrofaNC 010451.4

|H0m0 sapiens NC _000007.14

|Mus musculus NC_000071.6

Bos taurus XM _002686859.5

Ovis aries XM_004007963.3

Sus scrofa NM 001166489

-Homo sapiens NM 001205315.1

Mus musculus NM 054098

Bos taurus XP 002686905.1

Ovisaries XP 004008012

Sus scrofa NP 001159961

Homo sapiens NP 001192244.1

Mus musculus NP 473439

—Bos taurus NC 037331
100 -
100
A
0.1
0l
100
97
B
0.02
—
100
53]
C
0.02 |

AR FpE A9 DNA 3RS 3 B AR YA a5 cDNA F 50 i s C: A R 4 Fh e 69 & B F 5 89 L3, A The comparation of
STEAP 4 DNA sequences in different species; B: The comparation of STEAP4 ¢cDNA sequences in different species;C: The comparation

of STEAP4 protein sequences in different species.

B 3 M DNA.cDNA.ZBHEFF 3 M AREKEILL STEAP4 EE

Fig.3 The comparation of the STEA

P4 genes among different species

K2 AEMEN STEAPA EEEEM LR

Table 2 Comparation of STEAP4 gene information in different species

i )m mRNA £k (IFED Ye o (R A VINTARL i HH KN/ aa

Species mRNA level (liver) Location Exon count Protein size
N Homo sapiens 7.612 + 2.418 chr7q21.12 (88 273 380~88 309 962) 6 459
/INEL Mus musculus 15.948 chr5qA1 (7 958 298~7 984 387) 5 470
¥ Sus scrofa 7.938 + 2.066 chr9(68 547 021~68 572 471) 5 470
4 Bos taurus — chrd (72 372 488~72 410 442) 5 470
F Owis aries 13.258 + 3.959 chrd (72 358 147~72 383 841) 5 470

3 W # T 40 At P AR A A R A 2 U2 AL AR W g A T

STEAP4 Ay 4% iE AR 5 3%+ 5 3% 1 i) —
AN SR T PR X T 4 A 20 M PN AR ST i A
(97 L. fEHR S STEAPL Thfg kB rp, &
STEAP4 X T 4 M A8 8 35 iR 2 J7 1l 5 13w x)

T STEAP4 %t [ W38 55 76 FH 35 9%

CATSR G STEAP4 7C 8 Bk 55 A g 5 41
ZUR ApoE™'~ / LDLR ™™ BB IR /N Bl b 323k W 3%

A A R TE R AN BB AP R A 7 4

HRe B ATRAERIEESR 1 a R A



90 LS S NI %38 &

1.4¢ e B
1.2}
1.0f pcDNA3.1(+) pcDNA-mSteap4

0.8f
). [ - - D - s
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- e i e [ACTIN
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Relative mRNA expression
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i) Group
AR GESR 24 h AN Fe SRk STEAP 4 Rk 0L, B:AMEHEHL)R 24 h #IIF/K V- STEAP4 RkfG oL, KB EHE 3 I, » » U
P<C0.01, A:Expression of STEAP4 was detected at transcribed level 24 h after transfection.B: Expression of STEAP4 was checked at
the level of translation 24 h after transfection.All experiments results were from at least three separate experiments.Data were represented
as mean®=SEM((n=3)." " P<{0.01.
B 4 /NER Steap4 EETE HepG2 20 A8 BB R 1%

Fig.4 The overexpression of mSteap4 gene in HepG2 cells
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w

Relative mRNA expression
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“AKT AMPK\ AMPK2 ATGS ATGT Beclinl PI3K SIRIT ULKI
H I # A G SE ) Autophagy related genes
| COpcDNA3.1(+)

pcDNA3.1(+) pcDNA-mSteap4 é > PcDNA-mSteap4 o
S e e [p-AMPK ?@ %
|------|AMPK ﬁg
[ — ———— | ACTIN B2 E; g
o
B1 |--— - Beclinl Eg

| e |LC 3 é 0
|— -— e es» emp e | ACTIN p-AMPK AMPK Beclinl LC3
[ g6 5 A0 2K 1 Autophagy related protein

A:HepG2 43R5 mSTEAP4 24 h & Sl A WEAH 5C 5 K 5% oKk PR A 65 0L s B: HepG2 HEME %R 1K mSTEAP4 24 hJ5 Kl A
AH DG R () B 198 7K O 36 3K 8 4k (BL) » B 8 1 4l X g K B2 AR IR (B2) . IR E & 3 3K, x x {3k P<<0.01, * x x f{3& P<C0.001,
A': After overexpression of mSTEAP4 in HepG2 cells for 24 h,the expression of autophagy genes was detected at transcribed level. B: The expres-
sion of autophagy-related genes was checked at the level of translation after transfection,and the corresponding gray scale quantization map. All ex-

periments results were from at least three separate experiments.Data were represented as mean+SEM (n=3).* * P<(0.01, * * * P<C0.001.
5 mSTEAP4 Xt HepG2 4H i B Mk 48 3% 3@ % B9 18 5 1
Fig.5 The regulation of mMSTEAP4 overexpression on autophagy related pathway in HepG2 cells

SR 107 LR S 2L P b K B Sreapd 22k A NS S NI AL, R AR R &5 R MR Lok A 3K
PE A, R S 2 Y 45 2R R Hippo. Wnt 58 L A 52 I R 80 AR 0 et 401 46 22 O Tl i 451
ZAEURESEEEOE S (B D, BYERAER  STEAPA W & s MR, RikE o kA B EH LA
WKL 2 a e HAE B IR BEAT S IR AR, 2l (8 2) . Kk, STEAPA AT RE XS AL A A 21 358 72 25
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HEEHTEN.

i N NCBI BffE e 3 0 STEAP 4 KR
BEAT X & B, fE b I STEAP 4 3 A J2& #H XF
RSP IR, NEL X R EANRK STEAP4 51K
U5 Steapd TAHIE (E 3), XILDY R STEAP4
#85 STEAP1 M STEAP2 (%&b 1 A% DL 7E [a] —
3 QRN S g bR VAT LS S N SN
AR R AL M., MixE R STEAP3 AR
e ik b, STEAP3 &AL b8 15 28 7 10 i
F AL IR 5, STEAP 2 220k K A0 B 1 1 1k
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— e B — P R R, AW O E W
STEAP 4 TE3F Ak ik A8 v (% %8 037 4544 5 Ty fig 1) 22 4k
5 B — 25 T .

it P E B e A — A R 2 AL
NI STEAP 4 7E 5K 2 T L5 51 48 b AR % H At
WA STEAPA T 2%, oAb 4 /% 5k 1%k
b 5 ARJE NS B FER 6, A UR AR 1 nORS A7
HoAth 4 Y STEAPA 3 H AR 470 aa 2T,
AN STEAP4 # 1 2 A 459 aa, AN STEAP4
S RAES CERY B SR
it AR 2 5 T AR OC , H 2 B M R R AT e
AR Al 1) 4y A AE AL TR 0 T R TR 2 D) RE .

HETC A MR E AU STEAP4 & M i 4544
P UR L IR AT oK i R R FE T RE AT DL = R AK
M e . BUE 2 = BRI X Z D 6e,
M4 i STEAP4 & Rk ML R MEHS . X —
S5 5 A= B T RE B UG B BUUR STEAPY 5 A U8
STEAP4 [FAHIHE:

A 538 3 S 05 2R 5 1 07 sUAE HepG2 41 il v
IR mSteapd FEH ,E LN, Steapd FF HE
P HepG2 40 B W (& 5) . Hxb A mE g | &
BT BIPE K OF . p-AMPK |, Beclinl , LC3 48 [ I
FH G AR A2 21 i 25 M il (& 5B) L T 78 5% 5k K P 3F
WA WEME(E 5A), A B HIE S mSTEAP4 A L
Wt £ p) AMPK Fl AKT %42 9# HepG2 40
JL 13w L (LR 8 AL A R i — P AT W
R 1 A A R I 1 B G R R R AR 5T
mSTEAP4 (7EH .

M2 ARWFSEIEM T mSTEAP4 723 ] HepG2

JH 240 L 1 2 4R 200 A PN R 2SO T R A AR
M., FE8 TEREAEANR AT P #E— P HRE
STEAP4 5 HBEZ ] 1Y 6 &, W Af 4 1 fi# STEAP4
TEA0 M i 5E A7 38 98 STEAPA 5 [ W A8 1 i %6
R, STEAPA 1E R #7 9 1 PRIG 7 48 5 R0 30 4 1) 5
e AU A 7 0 R R T 2 g AR A
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Impact of mice STEAP4 on autophagy in HepGZ cells

ZHU Lin CHEN Xiaodong

College of Veterinary Medicine/Key Laboratory of Agricultural Animal Genetics ,
Breeding and Reproduction sMinistry of Education s Huazhong Agricultural University .
Wuhan 430070,China

Abstract  In order to study the regulation mechanism of homeostasis in vivo,Steap4 gene,which
was upregulated specifically, was obtained by screening the transcriptome data of high-fat-feeding mice.
Polymorphism of STEAP4 among different species was compared,and the changes of autophagy related
genes at transcription and translation levels were detected 24 hours after transfection in HepG2 cells. The
results showed that STEAP 4 was conservative among different species, their gene polymorphism mainly
changed at the protein level,and the similarity of STEAP4 between mouse and human was the highest.
The results of fluorescence quantitative PCR showed that mSTEAP4 had no significant effect on autoph-
agy genes in HepG2 cells,and the results of Western blot showed that mSTEAP4 could reduce the ex-
pression of autophagy related proteins,suggesting that mSTEAP4 inhibits the autophagy at the protein
level in HepG2 cells.STEAP4 could inhibit autophagy in homeostasis,reduce material and energy metab-
olism,and keep cells in the resting state.

Keywords mSTEAP4; autophagy; homeostasis; protein translation level; HepG2 cells
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