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7 20 R ER IR 154, B 3.2%; H4 A 24CxxC. 2AHXDA3IANHxxHAR 5 X 3k, 18 i SWISS-
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Molecular Cloning, Expression, and Anti-Cancer Activity
of SBP1 Gene in Whitetip Reef Shark

HE Manwen*, GUAN Zhaoying, YU Zhanwang, LUO Guosheng
(Department of Applied Biology, Shenzhen Institute of Technology, Shenzhen 518116, China)

Abstract SBP1 (selenium-binding protein 1) plays a key role in a variety of cancers. At present, most re-
searches have focused on model organisms, while few studies have explored the SBP1 of unknown genome species.
In the early stage of this study, based on the discovery of the high selenium content and the SBP1 peptide signal in
the whitetip shark, the SBP/ cDNA sequence of the whitetip reef shark was first cloned and sequenced. The full-
length cDNA of the whitetip reef shark SBPI gene is 3 064 bp and contains a 1 419 bp open reading frame that
encodes 472 amino acids. There are 15 histidine residues within its protein sequence, accounting for 3.2%. It con-
tains two CxxC, two HxD and three HxxH conserved regions. The three-dimensional structural model of SBP1 was
constructed by SWISS-MODEL, and it was deduced that the 56th serine (Ser56) located at the junction between
the B-sheet and structural loop was the selenium binding site. Phylogenetic tree analysis shows that whitetip shark

and elephant shark have the highest SBP1 homology. After transfecting the recombinant MY C-SBP1 and the empty
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vector pcDNA3.1-MYC into HL-7702, HepG2 and HeLa cells respectively, Cell Counting Kit-8 and CFDA SE cell

proliferation tracer fluorescent probe were used to investigate the anti-cancer function of shark SBP1. It was found

that whether or not Na,SeO; was added in medium, the expression of the recombinant protein SBP1 in HelLa and

HepG2 cancer cells would significantly inhibit cell proliferation. In contrast, the SBP1 expression group promotes

the proliferation of normal HL-7702 cells. This study speculates that the chemopreventive effect of selenium is

highly related to the function of SBP1. To some extent, it may be SBP1 protein rather than selenium plays a more

critical role in cancer prevention.
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Table 1 The content of selenium in different fishes

HIN Bt i  th Bt A =R HA R i oy REE
Tissue Shark liver Shark cartilage Shark meat Red shirt Grass Carp meat Grass carp  Carp Bar-
fish meat carp meat bone bone racuda
bone
Se/ 450.00+15.32  120.00+10.64 57.02+8.31 48.30+8.02  6.66+1.36  15.38+3.84 / / /
(ng/100 g)

“PERINAR M BIRTCR .

“/” means selenium is not detected.
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W74 R Gel Extraction KitiEfiR =15 A1 Plasmid
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1.2 RT-PCR
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PR CDNA 1uL, b RIF514042 nL(10 pmol/L), 10%
SN 2.5 uL, NTP 1 pL(10 mmol/L), Ex Taq
DNAE A H0.25 uL(5 U/uL)A1ddH,0 16 pL. NVAE
F¥: 94 °CHIAE T min; 94 °CAEE30 s, 50 °CIB k30 s,
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1.3 RACE

MR A SR A3 ISBP I TR o (8] Jr BT 41, 44 HERE
S B SR, 4y ) v EFSBP1-F2 AR Ui
31 %) GSP1/GSP2(3% 2), K H RACEH R K3k 15 SBP1

SR 3 S K 75 (K 1). 3" RACER MAK &
25 pL: H#3k 5190 I 7% 5 () cDNARL AR 1uL, SBP1-
F2/3' RACES|#%§ %51 pL(10 pmol/L), 10x JZ 5 2%
2.5 uL, dNTP 1 pL(10 mmol/L), Ex Taq DNAX &
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i 4% 1 min; 94 °C4% 1430 s, 58 °CiE k30 s, 72 °C
SEAHT min, 30MEH; % f572 °CIEH10 min. HI T
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RNAH 2 FRmRNASME T 454, 1 FHT4 RNAZE$:
il 45" RACES: k&£ FImRNA ) 5", Ho A% 175/
Full RACEWRF & Ui W] 5ok 1E . 456 HUPCREL
A, i H5¥%F5" RACE outer primer/GSP 1 4% #
cDNABHTH— 2541, S8 )5 A — R B~ 4 HR L
2 pLAE N e RIAEAR 34T 38 — kA 3 (6 51 0kt
5' RACE inner primer/GSP2). P {XPCRY" 3 jz B 2
AN R : 94 °CHilAE 143 min; 94 °CAEE30 s, 58 °Cilk
k30's, 72 °CHEMH30 s, 20/ MEIACEE —IRY 125/ MG
R, B a 72 °CIEMH10 min. FH0.8%35 g H st i Ha ik
0 5 B R ACEF= 4, 3%+ Z2pMDI18-T# Ak, #51k
2 RIAFHE. coli DHSa, HEEXZPCRAS I ) BH 14 H
o FEEAEI T o
1.4 55

W3 186 BT 43 ISBPIFE IR ) Hp 1) B B0 37
A5 5 7 5145 1S FHDNAStarf 2F HEAT HE2 2047, 3K
13 A8 & SBPIFE R A K J7 9o T30 ) S AE 3 o 7 2
F£J7 ORF Finder(http://www.ncbi.nlm.nih.gov/orffinder/)
BEAT A AT B AR ) 4> T E A L R SR AL S A
IS 7 22 7 ProtParam(https://web.expasy.org/prot-

=2 AWRFAANSI

Table 2 Primer sequences used in this study

514 SIMIFI(S—3)

Primers Sequences (5'—3")

AR
Application

3" adaptor primer

GCT GTC AAC GAT ACG CTA CGT AAC GGC ATG ACA GTG TTT TTT TTT  Reverse transcription

TITTTTT

SBP1-F1 AAR ACC CCH CTG GAY GCM ATG AA Fragment amplification
SBP1-R1 CCR TGM AGC CAGTTR CTRAAG T Fragment amplification
SBP1-F2 AGG TCATCG CTG TGC CGAACAAG 3'RACE

3" RACE primer CGC TAC GTAACG GCATGA CAG TG 3'RACE

5" RACE outer primer ~ CAT GGC TAC ATG CTG ACA GCC TA 5"RACE

GSP1 GTC GGT GAA TAA CCT GGG AGT AG 5"RACE

5"RACE inner primer ~ CGC GGA TCC ACA GCC TAC TGA TGA TCA GTC GAT G 5"RACE

GSP2 CTG GCT TCT CAATGT TGG TGT TC 5"RACE

MYC-F1 CGC GGA TCC ATG GCG AAG TGT GGA GAATGT GG Constructing expression vector

MYC-R1

GCT CTA GAC TAC AGC CAAATATCG GAACTG C

Constructing expression vector
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—

N —— ]
5
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GSP2  <+—
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Conserved region 2 .
3" RACE primer

Ell BEE&SBPIEEZKDNARERREE
Fig.1 Schematic diagram of full-length cDNA cloning of SBPI gene from whitetip reef shark
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Ji 1%, FER FH 5 T SBPIR 57 X 38 cDNA F Bt 15 11 1)
fai 3 51 ¥ 5 . A FIRT-PCR 7 V£ B Sh 37 1 H K
5956 bpHIRE Rt v B, it 5" RACEH :UPCRH
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fI3'UTRF 51K 1 490 bp(/&3). A 1iE % SBPI3:
K7 5113248 & GenBank ¥4 )77 , 3RAF3E A R 515 N
IN646104.
2.2 SBPIZEBXEMEREST

X & SBP 1AL T 4140 M, T L A X 43
F 58 52.56 kDa, Bt 5 HL AL (p) N 6.03, 73T A
Ca359H3627N 63506868220 #1FH SABLE T. H 73 Hr L — 2%
gER, RILCUTCHINAS M (68.43%) v, HIKIEFH B
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RN, ZEARARAE X, & —Fh i gy n] ik
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(R 5 56/ 22 I (Ser56) Al 45 & 7 15 (&]5).
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T ENCBIM 3 HBlasti £4F 5t 5 51 32 47 [R5 ASE
%, RYLAEE ESBP1E (15 H A4 Fl (ISBP12E A
80 v AR AL, b 5 4 2R 6 (Sinocyclocheilus gra-
hami) B 55 A 5 (Lepisosteus oculatus) BT Ey fi(Danio

rerio) ML Bt (Scleropages formosus)~ XA
(Charadrius vociferus)f % % (Callorhinchus milii)[]
FRABLRE 374 80.25% 79.83%- 79.83%-. 79.24%-
79.24%#178.39%(&l 6). &% SBP14E [ 741 H 4
FRIRILIL 154, dH3.2%; HAH 24 CxxC 24
HxDA13 4N HxxHAR 5 [X 35 o

N T P RAE A6 B SBP 1 H AR [F YR
HEZ ALK R, FHMEGAT.0% MK H NJ
AR T RGO (B 7). WERTETLIEH, A
&% 5% % (Callorhinchus milii)f¥] SBP13E i — 32,
1%k — 20 520t (Lates calcarifer). YV .
(Scleropages formosus)F W% 7 [% 1 % & 4 (Paramor-
myrops kingsleyae) 5l — 3¢ -
24 SBPIZEEHMFRIEAREE

McDNABLHR 47 8 SBP1IORF /1 B, I 7F
B vty 5] N BamH TR1Xba 1 V)47 £, 40 EISAFTR,
PCR45SAE1 000 bp~2 000 bp [AIFR1G— & 5211,
sy VIR RIS, %42 28 CAAH [F) B (BamH 1H1.Xba 1)
fiff U] 6) pcDNA3.1-MYC#i 4, #4# MYC-SBP1E 4]
JRURE o KR A A FH T 5 B 140 R VPCR A6 52 (I8 B)
Je M FE, e AE UV AL U 81 Z 18] SBP1IFIORF
41, HR/NIESF 1 419 bp, 5 BA7E B # 21
JORL RV B, ddk— i 1 BB 0 IE A 1

76 N IE % P40 JRHL-7702  FFJ& 40 fl Hep G211
B 2000 A i HeLa = #R 200 i 2% v 73 S0l I I 4% MY C-
SBP1HEL A5 ¥i, 48 hJg YA A I JF R U R . A
FH Western blotf Il H 25 2H & [ SBP13Y 5E 7 —#k 4l

bp

=2 000

-1 000
— 750
=500
—250
— 100

VKB 1: SBPIFER DR SY X438 18, JkiE2: 5" RACEY 174, JKiE3: 3' RACEY H/™4)), ¥kiEM: DNAFRE#HDL2000.
Lane 1: conserved region amplification of SBPI gene, lane 2: product of 5' RACE PCR, lane 3: product of 3’ RACE PCR, lane M: DNA marker

DL2000.

E2 BHE&ESBPIEFE 2K DNAFFIRELER
Fig.2 Cloning results of full-length cDNA sequences of SBPI gene from whitetip reef shark
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1 g ¢ agttytytyt grygrgty gtcte g g gty gLCtetetet gotoggttct 120
¥ A K [ G E c G P G Y R T P L D A ¥ K G A R E E I

121 ¢ ¢ agaagy atg gcy aag tgt gga gaa tgt ggyg CCC gga tac agy act ccy Cty gat goc atg aaa ggy gcy cga gag gaa atc 231
v Y v P C I Y R N T N I E K P D Y L A T v D I N P K 3 T N Y S Q v I H

232 gtc tac gty cCy tygt atc tac Cgy aac acc aac att gag aag cca gac tac Cty gt acy gtt gac atc aat CCC aag tca aca aac tac tee cag gtt att cac 336
R L P b4 P N L R D E L H H $§ G W N A c B 5 C H G D T T K T R N R L I L

337 cga ctc cca atg ccg aat Ctc Cgy gac gag cta cac cat teC gyt tgyg aac gcc tgc agc agc tgc cac gga gac acc acc aaa acc Cyc aac cgt Cty atc ctc 44l
P 5 L I s S R I Y Vv Vv D v G T D P R A P R N F K I vV E P T D v F W K ¢

442 ccc tee ctc atc tca tCC agy atc tac gty gty gat gty ggy act gat cca Cgy gca CCC CYC atg tLC aag att gty gaa CCC act gac gty ttc tgy aag tgt 546
N L A N P H T A H C L A B G E v 1 I S T M G D P B G N G K G G F I L L

547 aac ctg gcc aat ccy cac acy goy cac tgt Ctg goc agc ggc gag gtc atg att agc acy aty ggy gac CCC tcC gga aac ggy aaa gyt ggc ttc atc cty cty 651
D ¢ E T F E ¥ K G N W E K D G H A A P F G Y D F W Y Q P R H N V H I 5

652 gat ggc gag acy ttt gag gta aay gygy aac tgy gag aag gac gga cac gcoc gea CcC LTt ggc tat gac tLc tgy tat cag CCC CYC cat aac gtc aty atc age 756
T E W G T P K A L 5 Y G F N I E D v K A G H Y G H B I H vV w D Ww A K H

757 acy gaa tgg gga acc CCC aag ¢gcc Ctg agec tac gga ttc aac att gaa gat gtc aaa gct ggt cac tat gga cac agc atc cac gtc tgy gac tgy gec aaa cac 861
T R v Q T I D L G Q E G A I P L E I R F L H N P A A T E G " v G c A L

862 acy cgy gta cag acc atc gat Cty gygc cag gaa ggy gcoc atc Ccy tLy gaa atc Cge tLC CLC cac aac CCC get goc ace gag ggy aty gtc ggy tgt goc ctc 966
G 8 S v F R F Y K T K G G D W A A E K V I A Vv P N K K V E G W L L P E

967 ggc agc tct gtc ttc Ccyc ttC tac aag acc aay gygc ggy gac tygy ¢gcy ¢gcy gag aag gtc atc gct gty CCy aac aag aag gty gaa ¢ggc tyyg ctyg ctyg ccyg gag 1071
I P G L I T D I L I B L D D R F L Y F S N W L H G D L R Q Y D I 5 D T

1072 ata cca ggt Ctg atc acy gac att ctyg atc tCC Cty gac gat Ccygc TtLTt CTC tac ttc agt aac tgy Tty cac ¢ggyg gac Cty Cygy cag tac gac atc agc gac acc 1176
R K P R Hn V G Q v F I G G [ F Vv K G G P V K V L E D Q E L Q 5 Q P E P

1177 cgc aaa ccC aga atg gtc gga cag gtt ttC atc gga ¢ggg tygc ttt gty aag gga gga cca gty aag gtt Ctt gag gac cag gag ctyg cag agt cag ccc gag ccc 1281
c I v Q G K K I G G G P Q u I Q L B L D G K R L Y v T T 5§ L Y S G W D

1282 tgc att gtt cag ¢ggy aag aag atc ¢ggy gyt gga CCy cag atg atc cag Cty agc tty gac ggyg aag cyc CtC tac gtc acy acc tey Cty tac agc ggy tygy gat 1386
K 0 F Y P E I I K E G S vV L Q I D v D T E K G G L T vV N K N F L Vv D

1387 aag cag ttt tac ccy gag atc atc aag gaa gga tCy gty atg ttg cag att gat gty gac acc gag aag ggc gygc Cty aca gtt aac aag aat ttc Cty gty gac 1491

F G K E P D G P A L A H E V R Y P G G D C 5 5 D I w L *

1492 ttc gygc aag gaa CCy gac ggy CCY gCC CLC gCC cac gag gtc gy tac CCy ggc gga gac tgc agt tcc gat att tgy Cty tag gtggggtcga tgaaggagge 1595

1596 t ct c g gct aattctygctt gttttttttc 1715

1716 gay gatty gcy grag gc gcgcagaa gg 1835

1836 g agacty g g g gc g gg 1955

1956 tggacyctyy ggacagttty gcatyy ¢ cctgcacatc attgtaccct agggaggcaa tctageatgy ccattccatc tgaccttcaa tggtggatty 2075

2076 g ga attgtccctt ggty grtgagtyggy ttgggttgat g gagtty gy ¢ gggttgggta ggttaggtcy attggccyty ctaaattytc 2195

2196 gty ggt ggattggrat g toty gacyg gtgcagy g9y ta tg 2315

2316 g gty gag g9 g totgectett tggtgtgact 2435

2436 ccagtttaaa g gty g g aa g cce ga g tt g gcag 2555

2556 gect t g agcagtag g gtct g 2675

2676 tCct ctctetttye g g aaagtrtrac g g o g gCy: gy Ty tgaay g 2795

2796 g gag: g a gty gt gergey gagggrregy g gy 2915

2916 ttagagatat ttatacatca g a taag g tyc atatcaacta tattcttaaa 3035

3036 taaacttgat ttggtaaaaa aaaaaaaaaa 3065

FEBILAS =377 i) S, 5 R IR PP 51 SR AEA% B IR 7 91 7 o TAGES I35 A0 7L

The sequences were displayed in the 5'—3" direction and the deduced amino acid sequence was shown above the nucleotide sequence.

codon was highlighted by an asterisk.

| ==Y

EERHEER,

The TAG stop

E3 BEELSBPIEKcDNAKHER RHESHIEEBLF5(GenBanki3R 5 IN646104)
Fig.3 Full-length cDNA nucleotide and the deduced amino acid sequence of SBPI from
whitetip reef shark (GenBank accession number: JN646104)

Jf R IA(EI8C), K 7 #r 3% B B F RIS B AE &1k
411t P G I 3 1 2 (I8 D, P>0.05).
2.5 SBPIRYIEIEME 4
BASINATE BRI E (< 1 pmol/L) P IEH A AT
Y AHL-77021) 4 K 504 535 200, T =2 pmol/Lik
T 22 BRI 4H R I AAE 22(P<0.05, P<0.01, 5 A
Tl 2 LA, BEI9AY . BNl 76 Ry (=15 pmol/Lak,
= 60 umol/L) T X ¥ 41 il HepG2 A1 2 41 it HeLa
(AR A S AR (B 9BFIEI9C). TEIEH 1)
N 40 I HL-7702+H 3% 74 5 2H 2% FISBP1, 7] {41 Jig

(A5 R W R 42 = (19D, A4, 152.7% vs 100%,
P<0.01, n=6). M110.25 umol/L#fi, & %SBP141 i 4
JLAF 3% 2R v T X R 4 (118.4% vs 93.5%, P<0.05,
n=6). M7 NI HepG2 614 B 41 55 ASBPI,
S L A7 8 SR B (I 9E, R INlAL, 65.3%
vs 100%, P<0.01, n=6). 437 i10.25.0.5F11 pmol/LAif,
15 SBP 1A 4 A7 2473 2 321K T 0 B 2H (67.4%
Vs 96.5%, 54.7% vs 93.2%, 62.1% vs 91.5%, P<0.015%,
P<0.05, n=6). £ N E 34 fuHeLar &k B 41 &
FISBP1, 21 A7 3% 3 5 % HE 20 T 1 5 AR 1h(EI9F, &

AN
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Il Il N EEE TS I T EEEE §

301 - —~ . - - - - - - 400
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— e -
401 T T T T T T —472
VITSLYSGWDKQFYPEIIKEGSVMLQIDVDTEKGGLTVNKNFLVDFGKEPDGPALAHEVRYPGGDCSSDIWL
. — \4
R R R B R e | e confidence level of prediction
— ——_ e ] .
v v v
a and other helices B-strand or bridge Random coil

El4 {ERSABLERTUNSBP1E B — R L5
Fig.4 Prediction of amino acid secondary structure of SBP1 with SABLE

R AL EFOR, B S T R RN, 5HAB A MAIE IR KRR 5601 22 KR (Ser56) Ml REAL T K (AL BR Ak o
The o helices were shown in red, the B-pleated sheets were shown in yellow, the loops connecting with other structure were shown in gray. The Ser56
might be located at the gray solid balls.

[El5 £ MASWISS-MODEL#X {41352 SBP1E B 3D A
Fig.5 Construction of amino acid 3D models of SBP1 with SWISS-MODEL

TOAT 4H). T 0 R EE AT (100 umol/LAT150 umol/L), M4 IR gh 8, 2 Ak BRI 100 pmol/LA ik &
FILSBPIAL A IAEIE K B EM T X IR (44% vs  SKiE— PG IF 6 % SBP 1T D Re . FH AT RN
82.5%, 13.5% vs 42.8%, P<0.05F1P<0.01, n=6). AbFE FA %1% SBP1 AR A Y HL-7702. HepG2£1 HeLa 4f|
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sinocycloc : -STRS! SRNRL R GS 171
Danio : -sTRS 8 8 168, n
Scleropage : MAKSR: N | GS 172
Paramormyr : MAKSE £ SR LG} 172
Lates : ass H B I 172
Lepisosteu : -THSG: 5 ) BEE i
Charadrius : MAKRG. N ) - [e) 172
Calidris : MAKSG. & £ - ) 172
a co : MAKSG 8RN B - LGS 172
Q ba : MAKSG. &Rl B LS 172
: G N ssi TRu 1 172
Callorhinc : MAKSG: L S RN ;) ERAPR I A 8 8 172
< LH| RAP: HHTsH
— AL —_
iod 320

sinocycloc : KB ARER 343
Danio H KN W BN 343
Scleropage : KR 1 344
Paramormyr : K| B 344
Lates Rl B ER 344
Lepisosteu Ry el 343
Charadrius T e 343
Calidris T A ER 343
Tauraco [T B 343
SRy e 343

: TR AR 344

Callorhinc : R 344

>
>

420
Sinocycloc :
Danio E
Scleropage :
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Calidris
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dedaddddcmed

HHEPAE G
fi-fi-fa 6666 e 66 6
-
5
N

D:
D:
D
E:
i@
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O el

4o
Q:
Qi
Q:
E’

Callorhinc : WUISaFHES
6 GQUF gGs

B @M FF 515K H GenBank B[22 . % FF 8180 500 R : &4ARE(XP_016132063.1). BE D (XP_005158264.1) A2t (KPP73163.1) %
T G R (XP_023657255.1) ARMEF(XP_018534299.1). B £l HE(XP_006641819.2) XATfE(XP_009894086.1). it 77A5(XP_014816335.1).
21 R FE RS (XP_009976395.1) JEAS(XP_021136064.1). [ % (AEQ33586.1). %% (XP_007883260.1). 2 7 5] b X Hh B €6 HE [X 45 4 {4 5F [X o
LRI XA CxxCEE R, ZLHEATEIAE S5 ) RN (4 <6 J 465 5 A2 mi HXDAMHxxH. - 1 % SBP1FF 51 th FL A 21 2R ) B (e = A TR (A FR
All amino acid sequences were obtained from the GenBank database. The accession numbers were listed as follows: Sinocyclocheilus grahami
(XP_016132063.1), Danio rerio (XP_005158264.1), Scleropages formosus (KPP73163.1), Paramormyrops kingsleyae (XP_023657255.1), Lates calca-
rifer (XP_018534299.1), Lepisosteus oculatus (XP_006641819.2), Charadrius vociferous (XP_009894086.1), Calidris pugnax (XP_014816335.1), Tau-
raco erythrolophus (XP_009976395.1), Columba livia (XP_021136064.1), Triaenodon obesus (AEQ33586.1), Callorhinchus milii (XP_007883260.1).
Black shaded boxes represented the conserved amino acids of SBP1. The putative CxxC sequence motifs were underlined and the putative metal-

LK WEOY KR 7 B L vDF LA 2. g
Gp6 V oD EL QP P 6 G4 6 G POM6QLSLDG4RLYv3 SLSS WDKQFYP 664eGSVM Q6DVIT GG6 6N FLVDFG EPAGP LAHEGRYPGGDC3SDIWG

binding sites HxD and HxxH were boxed in red and blue respectively. Additional H residues in the SBP1 sequence of Triaenodon obesus were marked
with arrowheads (A).
Ele HEEESBP1ERARFY|SHMIFMENZ FFIEERT

Fig.6 Alignment of multiple sequences of whitetip reef shark (Triaenodon obesus) SBP1 protein and other species

Scleropages formosus
100

76 Paramormyrops kingsleyae

100 Lates calcarifer

A Triaenodom obesus

87

4 Callorhinchus milii

Columba livia

Charadrius vociferus

Tauraco erythrolophus

39

69 ————————— Lepisosteus oculatus

100

Sinocyclocheilus grahami

96

Danio rerio

Calidris pugnax

—_

0.03
ARG BM b A g TN B B O = AIEAR .
The location of Triaenodon obesus in the phylogenetic tree is marked with a arrowhead.
E7 EFMEGARE(7.0MAN)EE B EELSBP1FF 5 H A YFHSBPIH RS & B
Fig.7 Phylogenetic analysis of whitetip reef shark (Triaenodon obesus) SBP1 with SBP1 of other species
constructed by MEGA (version 7.0)
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A: IcDNABUAR 4 1 SBPIFIORF / Bto Jkii 1: 3 F RS 5 4 51 A MY C-F /R IR A3 IUPCR™= 4. JkiEM: DNAb#EFDL2000. B: 45 ki
MY C-SBP1{{] 4 % PCRE TE o ViKiE 1~4: N T BN %E . KIEM: DNASREHDL2000. C: Western bloths I # 24 & MY C-SBP17E iE T 4
M RHL-7702. &5 #5041 0 3R HeLaF T8 41 il R HepG2HH [f) 15 . GAPDHAE AN 2. D: & &4 HTMYC-SBP1H 41 & 1 7EHL-7702. HeLafl
HepG24M i At RIAR A 357K BUE N = O SL S8 1) P I bR 22K R . =R R Z M R BB A RIA M R V= R
(P>0.05).

A: amplification of SBPI ORF fragment from cDNA template. Lane 1: PCR product using specific primers of MYC-F1 and MYC-R1. Lane M: DNA
marker DL2000. B: colony PCR identification of recombinant plasmid MYC-SBP1. Lane 1-4: identification of inserted fragments. Lane M: DNA
marker DL2000. C: Western blot identification of recombinant MYC-SBP1 protein expressed in HL-7702, Hela, and HepG?2 cells. GAPDH serves as
a loading control. D: quantitative analysis of relative MYC-SBP1 protein expression in HL-7702, HeLa, and HepG2 cells. Values are presented as X+s
from three independent experiments. No significant differences were observed among the three cell lines (P>0.05).

El8 ELHFRHKMYC-SBP1HI#E K& SBP1ZE H7EHL-7702. HeLaFHepG24Afrh a3k
Fig.8 Construction of recombinant plasmid MYC-SBP1 and analysis of SBP1 expression in HL-7702, HeLa and HepG2 cells

Ji, 38 E CFDA SEZH i 4 5 51 56 43 At 41 i 1) 3% 5 17
W(F3). ML T XFHRZH, 75 1E % HL-770240 i 2 1k

SBP1ZH 75 3 40 f Fh $ | 4 A 35 5, R A 11.3%IHeLa
A HE NS DUAR(0 pmol/LAR), T Xt FEZH4H27.2%. 1E

SBP1ZH/EOFI8 pmol/LAMK 52 T 20 M 3 5 15 25 23 ) 3G
B 7 0.66411.37(7.41 vs 8.07, 3.82 vs 5.19, P<0.05), 1
JH 928 £ B Hep G2t # 3A SBP1 4L AEOFN8 pumol/LAf K Ji
TSRS B TR T 0.37810.17(4.48 vs 4.11,
3.43 vs 3.26). E U 4 fdHeLafE 100 pmol/L =y il ¥4
FE T A A A B E T £(4.00 vs 3.34, 5.55 vs 4.26,
P<0.05). WLE %20 i 7 ZLAHUE L, RIASBP1HLE
1E HHL-77024H i Hh 2 i2F 240 o 38 58, 4520.0%4H il
HENZE/SARA124(0 pmol/LAT), T Xt HE 2 I 75 3.84% 4]
MRENZE /SR M INS umol/L fifii, #iASBP1
HA17.5%A M3k N EE AR, TR 2 N5.77%; K2
BT 2L 20 P 15 A A 55 AR(84.9% vs 48.6%). Fik

100 wmol/Li= ik B T, 3218 SBP14L R H 12.1%[1]
HeLaZH g i2E N 55 DUAR, 15 R 24145 40.5%, X Hgh
5CCK-845 J-—F,

3 iTig

Bt R A S 0 S s —, FEA
YL BT AT 45 HE 20 v HEA 518 (5 [X 410617, SBPI
TE A HE Bk A o P o 7 P AR SF 0N, A 5 AR T
BRI SE T 168 % SBPIfmRNAJT 4], (148 %2
SBP1-— 4% 45 1y 5 1) 15 o A £ (4 2R BUE 5 0t
FIBE T £ 26)E5 FEMIALL. % 4HOEBE D $1SBP1F 1) 15
WFLEIYI N B, ZFZESBPLF AR AL, BE D
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CCK-8A& A A it 2235 SBP 1AL FR ) 1F AT MIHL-7702 A 41 i Hep G2 A1 55 251 41 i He La I 4N MO A7 35 3R o« A~C: = Fh 4 i 28 B Im i 4 B4 £
SIS A, LUAIA AL 31 ) 4 L A2 A 0 2 L (100%); D~F: = b 52 R A SBP 1L K BERIASBP 1 SN A 2R A At I AAIE A X TR AN
MY C-SBP 144643 il 55 4 1 %3 3 kipeDNA3. 1-MY CHI S 41 i REMY C-SBP 1AM . LAA VAN Ak 7 ) 36F LA 4T A7 26 9 2 L (100%). %K
B F =00 S S (R B AR HE IR 22 KRR . #P<0.05, **+P<0.01, S5XTHRZL L

CCK-8 analysis of the cell viability in Se-treated and SBP1-overexpressing normal hepatocytes HL-7702, hepatoma cells HepG2 and cervical cancer
cells HeLa. A-C: the cell viability of the three cell lines treated with only selenium. The cell viability of Se-untreated group was set as 100%; D-F: the
cell viability of the three cell lines treated with only SBP1-overexpressing and both expressing SBP1 and adding selenium. Control vs MYC-SBP1
groups were the cells which were transfected with empty pcDNA3.1-MYC plasmid and recombinant plasmid MYC-SBP1, respectively. The cell viabil-
ity of Se-untreated control group was set as 100% and the other groups compared to this criterion. All data are shown as the ¥+s. *P<0.05, **P<0.01
vs control group. The experiment was repeated three times.

E9 FRIHS M T RIAELHEBSBPIXT AR E RN

Fig.9 Influence of recombinant SBP1 expression to cell viability under Se stress

fISBP11 3R IE 54 W M ¢, & — P 7E (0 A= M) b
HW. SBP1F IR fR~F (1) CSSCEE T (Kl 6) 2 5
H 25808 R A2 1) — DN EZAHFE. & CSSC
B 1 E N AR IR R SR A ). CSSCIF 4]
B 3T O 5 16 2H S R TR 2k 5 4 8 45 A 45 M S HXD R
HxxH AR 57 (1 2H S R 5% 525 #4811 Re 48 10 A0 5 7E 11 285
B B, (g SBP1F A 4R I % 4L HxxHIX
I (His222. His225MIHis228) 1] fg A H A4 (o R .
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FRAR S 750 5 N AR B A A E ST
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ot HXTEARE ARG EE/EH Y, X AgE
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R ICRMI NREFERCEE, fEa i
f8(250~300 pg/ ) FA U RCRP . 2 I 5 A4k
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PIAE A 22 T 55 751 e A 250U 1 20 i Jo B R0 e 4 i
PE T, FE BN A4 A1 e 20 i X D #8 AR 28, B
DNAR Ak AR 40 AR S 56 SR BH, VA R AN S 7
A 355 e e 401 Bt Hep G2 A1 'S5 25188 411 i He La ) 47
R T, X580 AN FHMTTIRA I ) 25 FARLL, T
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Table 3 Cell proliferation index of SBP1 expression group and control group under Se stress
HL-7702 HepG2 HeLa
Fe5) I UEN
Types Cell line 0 pmol/L 8 umol/L 0 umol/L 8 pmol/L 0 umol/L 100 pmol/L
Ctrl Exp Ctrl Exp Ctrl Exp Ctrl Exp Ctrl Exp Ctrl Exp
Parent 1.43% 1.69% 4.10% 1.16% 098%  0.67% O 0.87% 1.08%  2.66%  0.25% 0.62%
Generation 2 0.72% 0 0 2.40% 8.11% 12.10% 17.00% 20.90% 10.90% 17.40% 2.22% 0
Generation 3 14.60% 19.90% 84.90% 48.60% 47.40% 53.60% 82.40% 76.60% 60.20% 68.40% 43.30%  85.20%
Generation 4 30.60% 42.70% 3.63%  28.90% 43.30% 33.50% O 1.19%  27.20% 11.30% 40.50%  12.10%
Generation 5 47.90% 13.80% 5.77%  17.50% 0 0 0 0 0.18% 0 11.65%  0.32%
Generation 6 3.84%  20.00% 1.22% 095% 0 0 0 0 0 0 0 0
Proliferation index 7.41 8.07 3.82 5.19 4.48 4.11 343 3.26 4.00 3.34 5.55 4.26

“0 pmol/L” s R AER; TR FE A8 I LAl B4, 8 pumol/L” e n fE S 7 3L h 7R N8 pumol/L I Wl iR4H . n=3.

“0 umol/L” means sodium selenite is not added to the medium, “8 umol/L” means 8 umol/L of sodium selenite is added to the medium. n=3.

K, BUAMINR xF 1E # B 40 RHL-770218 77 36 R 52 1
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SBP I —AN g il K], G e 400 o e R 40
6 ) I A ok, R T S R B PR B 7 % R A it
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Ko BRIV A 92 5475 5 (F Hep G2 AT He Laji 41 i 4 1=
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b 2215 SBP 1A AR () B Ak 3 0 ¢ B 22 155 (<8 pmol/L
<100 pmol/L), 14 BH & SBP17E KA PiseE IAEH,
A B8 & A (MSBP1 5 &5 1l 45 & 75 K3 b 1F
o 5 200 40 B HeLa bt - 40 i Hep G2 A1 1E 5 JH-4H
MIHL-7702 545 56 & @)l i 52 P . CCK-852 546 & H
FE100 pmol/L = AT < FE 7 K6 73 HeLaZll i L T2,
M CFDA SE%H7 i 75 7F 1% % F '~ HeL a4l fY (1) 384
BECH L AR AR 4 vy o 38 BB S 4l I A,
R I3 IR SBP12H 5 41 i 7E100 pwmol/L i il ¢ JE R
CAR [ HLASD OBy 1o (R, FRATT R It i 1
B AT e S A D38 N HeLadll J8 (0 4FAE . ASHIF 78 R R
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& % SBP 125 (A Il T I i R T o
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A0 UK (1888 % SBP1 [{IcDNA A (34T T 5%
BESHT, MBI T 65 W SBP1 B 45 K R
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