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Fig.1 The cDNA and deduced amino acid sequence of HISBP1 gene from

CACAAGAAAGTTTTGAGATGACCCCTGGATTCAGTCAGCACGTTTGAATGAAAAGGTCAA 60
GGCGACTCTCTAGGCTGGCTCGGCTCGTACGTCATTCAGTAGGAAACAGCACGatgacgg 120
M T E3
aacaggctgaacaacgactgcagcagetccagacagtgttacgacatggcaatggeggag 180
Q AEQ RLQQLQTVLIRHGNSGG G G23
gcaacatacagacacatgtgacatcagaatgctgcaaggggeeggggtatgecacgeeee 240
NIQTHV I SECCKTGTPG AT P L 43
tggaggctatgaaaggccccagggagaagatcgtctatatcccctgcattat?!étgaga 300
EAMKGPRET KTITVYTU®PCTITIPE KB63
aggatcgtccegactgectatctacagtegacgtggacectgaatcgecaacatattgee 360
D R P D L VD V D P E P T C Q83
aggtgatccaccgtctatatatg€cctacgttgetgatgaacttcatcactetggetgga 420
VIHRLYMPYV A[DETLHH|S G W NIO03
acgettgetccagttgetgtgacgacggecagtaaacggeggaaceggatggtgetteeet 480
A C S C D D G (f) K RRNRMV L P C123
gcatcaatagtgacagagtgtacatagttgacacaggcaccgatccgaggaggecatcee 540
/I N SDRVY T VDT GTDZPTRTRP L 143
ttcacacgatagtgcagccctctgaggttcaé!écaagaccggtcttggtgctccccaca 600
HTTIV QP E V H <;) K T G L G A P H_T163
caacccattgcctggggtcagggceacatcatgatcagetgecattggecaaccagaacggag 660
T H ¢ L ¢S G H I MTSCTITGNAG QNG DI18
atggaaatagtgggttcttcctgttggacgggtecaactteegggtecteggecaagtggg 720
G NSGFFLULDGSNFRVLGZK W EZ203
agaattccccegetectgagtatggetgegacttetggtatcagecgagacacaacgtaa 780
NS PAPETYG D F WY QPR HN V M223
tgctcagttcecgagtggggtgetecgaatgettggagaaatggattcaacccegageacg 840
L S EWGAPNAWRNGTFNPE H V243
tgaaacaaggtctgtacggtcacagtattcacgtgtgggactggacaacacacgagegta 900
K Q G LY GHSTHUVWDWTTHERTZ263
tccagacccttgacctgggagatgagggaetgattcccctcgagatEGggttcctccata 960
Q. T LDLGDETGTLTTPTLETRTFTLH N283
acccggacacgaccgagggct tgtggggtgegegetecagetcaacagtattecagattet 1020
PDTTEG VGG A4 LSS TV F R F F303
tcaaacttccgaatggaagatgggacifsgagaaggtgatcactatacctaacaagacgg 1080

K L P NGURWD EK VvV ITTITPNEK KT V32
tagagggattcgegettccagagetgectggtetgatcactgacatcatteteteettgg 1140
EGFALPETLWPGTLTITTDTITITL L D 343
atgaccgatacctctacttcagcaactggetccacggagacatccgacagtacgacatca 1200
DRYLYFSNWILHGDTR R QYDTIT363
ccgacagaagcaaccctaaactggttggacaggtgtttcteggegggatgatatgecaaag 1260
DRSNPIKLVGQVFLGGMTI CK G383
gtggggacatcactgtcacgcacgacccggaaggacagggtcagectgatecggtgttta 1320
¢D I TV T HDPEG G QG QPDPV F T403
tccgctCcaagaggctggagggaggaccccagatgttgcagcttagtctagatgggactc 1380
R SKRLEGGPQMLA QLS SULDGT RA423
geetttacgttacaacgtcacttttcagegectgggacaaacagttetaccccaatatga 1440
LYV TTSTLF (i) A WDIKQF P N M T 443
tcaaatctggatcaatgttcctgatgattgacgtegatacagtcaacggaggactgaaac 1500
K S GSMFLMTIDVDTVNSGGTL K LA463
tgaacccagactttgcagtcgactacgggetggaacctgeaggaccagtgttegeccacg 1560
NPDFAVDYGLEZPAGTPVF A H EA483
aaattcggtacccaggeggggattgeacgteegatatetggetgtaaTATCCCATCCGTT 1620
I RYPGGDOCTSDTI WL * 497
GATCGTGATATTATAACAACGCTCCTACGGTCGAAAACCAGATTCATCACAGTTCGTTAT 1680

TTACACAGACGTTGTTATGTTCATGTATCTGTGACACATTGATATATGTAAGCTTGATTA 1740
CGGTGCGATCATGGAACAGTCTTATTCAATTAACAGCTTTAGATAATGGAAAAGCCTTAG 1800
ATTCCGAATCCTAACAAAAGCGTAACAATTCACACCCGAAGGTGTAATACTTATATAGTA 1860
CTTACATACATATTAACAATATCATACAAAACGGATACGCACACTGTCATCACTTTTTAT 1920
TTGGACATGTATATTATTCGTTACTTCATGTTCCAAACTAATGGTTTGTGCATGGAGTTA 1980
TGCTTTACGCAAGGACTATAACTTAAAGCTTTGTTGTACTTAAGTTTACACTGCCTCACG 2040
AACGCTTTGTGAATCTTAACACGGACAATGCACACATTTACAACAGCTTTCTCTTGCAAT 2100
GGCAGAACATACTCGTCAATATATAGTGATTCAGTTGTTTTTACATATGTAACATGATGT 2160
TTATTGATCAGTGAACGACCTGAAGAAAATCATGCCACATGTTTTCGGGACCATATCGGA 2220
TTTTCATGTCAATAAAGTTAAATACCAAAAAAAAAAAAAAAAAAAAAAA 2269

1 HdSBP1 cDNA

s ; s HdSBP1
; atg( ) taa ( ) ;
7 37
(HTTH, HIM, HNVM, HSIHVWDWTTH, HGD and MFLM)
; CXXC

H. diversicolor



458 46
HdSBP-1
, 497 ,
B- -
, SBP-1
SBP-1
SBP-1 93%,
67% S HdJSBP-1
: CXXC

2 HdSBP1

Fig.2 The predicted three-dimensional space structure of

HdSBP1

Chlamys farreri

Homo sapiens

Danio rerio

Drosophila melanogaster
Caenorhabditis elegans
Haliotis discus hannai
Haliotis diversicolor
Clustal Consensus

Chiamys farreri
Homo sapiens
Danio rerio

al
Drosophila melanogaster

Caenorhabditis elegans
Haliotis discus hannai
Haliotis diversicolor
Clustal Consensus

Chlamys farreri

Homo sapiens

Danio rerio

Drosophila melanogaster
Caernorhabditis elegans
Haliotis discus hannai
Haliotis diversicolor
Clustal Consensus

Chiamys farreri

Homo sapiens

Danio rerio

Drosophila melanogaster
Caenorhabditis elegans
Haliotis discus hannai
Haliotis diversicolor
Clustal Consensus

Chiamys farrerf

Homo sapiens

Danio rerio

Drosophila melanogaster
Caenorhabditis elegans
Haliotis discus hannai
Haliotis diversicolor
Clustal Consensus

Chiamys farreri

Homo sapiens

Danio rerio

Drosophila melanogaster
Caenorhabditis elegans
Haliotis discus hannai
Haliotis diversicolor
Clustal Consensus

Chiamys farrerf

Homo sapiens

Danio rerio

Drosophila melanogaster
Caenorhabditis efegans
Haliotis discus hannai
Haliotis diversicolor
Clustal Consensus

Fig.3

10 20 30 40 50 60 70 80
N

L

L

L [YR-NTDIGK|

L KTRC] VRN RS OUOKLLNTV TVO VLDEPH(]

1 ; OOBVL. FV TAPNA———ADG

1

1

1 *kkk 1k Ik L H
90 100 110120 130 140 150 160

i

204
206
206

210 SE 1L YN

204 i G | TFEQDSKKY] QTDL Al T'LEiRFLHﬁT FYGC
230 ( ml ;ﬁ\u
230 LYGERIHYWDWT THE@IQTLDLGEN VGC
101 s * .0 L S -

*krErRRRkoR
370

380

281
282
283 K|
288
283
307
307

DDRNLYFSNWLHGD1RQYD I'TDRENPKL

136 HE
ol
358 Rs- Kol sk Bosfar (TG
359 GP (B1:0(B 11 [0 PP VAl QLS
360 GP SOETHRIL
368 1PN | K IBBK BB 1 -RgPARY ¥
361 SN GEK— DIEALYY
384 SD TTYTI IEGQGSEzFIR
384 GD ITYTHAMECAGAIDEVFIRS]
HEE . HH

490 500 510520
437 YDFG v RYPGGDCTSDIWLESEIIIGAN
438 S
423
448

163

209 k% FE LRk LRk Dk

3
Multiple alignment of the SBP1 amino acid sequence

b

CXXC



(Haliotis diversicolor)

459

§2 Homo sapiens
EBOS taurus
Equus caballus

_|——Rattus norvegicus
100

Mus musculus

Taeniopygia guttata
W‘—:Gallus gallus
100

Anser anser
Xenopus tropicalis
100 Xenopus laevis
—|: Danio rerio
98 Salmo salar
Chlamys farreri
— Haliotis discus hannai

100 —— @ Haliotis diversicolor

100

67

94

—
0.05

4 HASBP1

Fig.4 Phylogenetic tree of the SBP1 amino acid sequences
between H. diversicolor and other species
GenBank Homo sapiens,

AAH09084; Bos taurus, NP_001039513;

XP_001492277; Rattus norvegicus, AAH74008;

Mus musculus, NP_033176; Taeniopygia guttata,

XP 002192181, Gallus gallus, XP_423397; Anser anser,

ABP24366; Xenopus tropicalis, AAH92556;

Xenopus laevis, AAH94129; Danio rerio, AAH56590;
Salmo salar, NP_001133645; Chlamys farreri,

AAX39709; Haliotis discus hannai, ACZ65578.1,

Haliotis diversicolor, KI459335 ( )

Equus caballus,

4.5
4.0
35
3.0
25
2.0
1.5
1.0
0.5

0

=SB0
XY9RA

HASBP17ES2hHIzRIAS

— 24 %
HREBSHNE t (h)

4

2.5

*

= K8948
XYPREA

|
LA

4 24 96 192
DBREEAEGRORTE ¢ (h)

=
==}

2.0

1.5

1.0

4R PHISBP 189K IA

0.5

iz}
it

I

6 HdSBP1

HASBP18I18X1 &L

5 HdSBP1
Fig.5 Distribution pattern of HISBP1 in different tissues of H.
diversicolor
, D. , Hp.
C.
(Chivers et al, 1997; Fomenko et al, 2003)

CXXC

Gi. ,K. ,Mu , He. R

(Jamba et al, 1997; Liu et al,
( HXXH
HdSBP-1 ,

1997) ,
HXD )

(She et al, 2003; Urvoas et al, 2003)

- Soa0R
SR

- -
o ;]

HASBP17E83 heNRIAS
o
o

4
=8

3
DIRALHEZ NI

= SCH04R
XY9RLE

HASBP1EEEchIFRIASE

Fig.6 The change of HdSBP1 expression in gills after various types of stresses

6b

:1: 28°C, 2: 31°C (0 h), 3: 31°C (4 h), 4: 31°C (24 h), 5: 31°C (96 h), 6: 31°C (192 h)

*

(P<0.05)



460 46
25+ a 6 b
u SCI8Y L gﬂigﬁgﬁ
;T_:nggg * 51 N XyiRA
W 20r
g I o
5 15F 8
[ 2l
p 8
849 I
@ 10r g
§ T % 2+
. CH
0.5 T /L
- T T
0 1 1 0 j: 1 ’ 1 1 L 1 T
4 24 96 192 1 2 3 4 5 6
REIFIEE ¢ (h) SRALHE TS
25 2Te  usmm
“fd = SLR4R XYFRA
XYGRE :
* 2.0F
" 2. 5 .
| ® .
& 5 :
: o]
2" . g
5 T
= . =R
4‘\_41 ) % 1.0}
o St
2 T :
T T
0.5F
- N | e - E
; 1L !
0 ) 4 ) 24 l 96 l 192 0 3 I 6 l 12 l 24 l
BRHBEKESRIZNE ¢ (h) SESIGETIE ¢ (h)
7 HdSBP1
Fig.7 The change of HdISBP1 expression in haemocytes after various types of stresses
7b 6b * (P<0.05)
R HdSBP-1 5
R HdSBP-1
(Porat , Song  (2006)
et al, 2000; Teo et al, 2001) H,0, , SBP
SBP1 PCR R
> ( >
) (Chang et al, 1997, HdSBP-1 s
Yang et al, 1998) HdSBP-1 24 h
. HdSBP-1 , >
> , 192 h
> , , HdSBP-1

, HASBP-1



(Haliotis diversicolor)

1 461

> >

, HASBP-1

HdSBP-1

HdSBP-1

, HdJSBP-1 1

B

HdSBP-1

HdSBP-1

, 192 h

HdSBP-1

, HdSBP-1 Oh 4h 24h

, HdASBP-1

, HdSBP-1

( , 2005),

HdSBP-1

HdSBP-1

cDNA

HdSBP-1
PCR , HdSBP-1

, 2003. cDNA
. ,38(6): 9—13

, 2006. . ,
2(2): 64—67

, 2005, G

s

,31—34
s , , 2014. 14-3-3&
, 38(4): 491—501
s , , 2006.
, 03:

54—59

Bansal M P, Cook R G, Danielson K G et al, 1989. A
14-kilodalton selenium-binding protein in mouse liver is
fatty acid-binding protein. Journal of Biological Chemistry,
264: 13780—13784

Bevan M, Bancroft I, Bent E et al/, 1998. Analysis of 1.9 Mb of
contiguous sequence from chromosome 4 of Arabidopsis
thaliana. Nature, 391: 485—488

Chang P W, Tsui S K, Liew C C et al, 1997. Isolation,
characterization, and chromosomal mapping of a novel
cDNA clone encoding human selenium binding protein.
Journal of Cellular Biochemistry, 64: 217—224

Chivers P T, Prehoda K E, Raines R T, 1997. The CXXC motif: a
rheostat in the active site. Biochemistry, 36: 4061—4066

Fomenko D E, Gladyshev V N, 2003. Identity and functions of
CXXC-derived motifs. Biochemistry, 42: 11214—11225

Hassan M, Stohs S, Murray W, 1983. Comparative ability of
TCDD to induce lipid peroxidation in rats, Guinea pigs, and
Syrian golden hamsters. Bulletin of Environmental
Contamination and Toxicology, 31: 649—657

Huey R B, Ward P D, 2005. Hypoxia, global warming, and
terrestrial Late Permian extinctions. Science, 308: 398—401

Ishii Y, Hatsumura M, Ishida T et al, 1996. A coplanar PCB
induces a selenium binding protein as a major cytosolic
protein in rat liver. Chemosphere, 32: 509—515

Jamba L, Nehru B, Bansal M, 1997. Redox modulation of
selenium binding proteins by cadmium exposures in mice.
Molecular and Cellular Biochemistry, 177: 169—175

Liu S Y, Stadtman T C, 1997. Heparin-binding properties of
selenium-containing thioredoxin reductase from HeLa cells
and human lung adenocarcinoma cells. Proceedings of the
National Academy of Sciences, 94: 6138—6141

Morrison D G, Dishart M K, Medina D, 1988. Intracellular 58-kD
selenoprotein levels correlate with inhibition of DNA
synthesis in mammary epithelial cells. Carcinogenesis, 9:
1801—1810

Portner H, 2001. Climate change and temperature-dependent
biogeography: oxygen limitation of thermal tolerance in
animals. Naturwissenschaften, 88: 137—146

Porat A, Sagiv Y, Elazar Z, 2000. A 56-kDa selenium-binding
protein participates in intra-Golgi protein transport. Journal
of Biological Chemistry, 275: 14457—14465



462 46

She Y M, Narindrasorasak S, Yang S et al/, 2003. Identification of metal-binding selectivity of the metallochaperone CopZ
metal-binding proteins in human hepatoma lines by immobilized from Enterococcus hirae by electrospray ionization mass
metal affinity chromatography and mass spectrometry. Molecular spectrometry. Rapid Communications in Mass Spectrometry,
and Cellular Proteomics, 2: 1306—1318 17: 1889—1896

Song L, Zou H, Chang Y et al, 2006. The cDNA cloning and Yang M, Sytkowski A J, 1998. Differential expression and
mRNA expression of a potential selenium-binding protein androgen regulation of the human selenium-binding protein
gene in the scallop Chlamys farreri. Developmental and gene hSP56 in prostate cancer cells. Cancer Research, 58:
Comparative Immunology, 30: 265—273 3150—3153

Teo M, Tan L, Lim L ef al, 2001. The tyrosine kinase ACKI1 Zhang W, Wu C, Mai K et al, 2011. Molecular cloning,
associates with clathrin-coated vesicles through a binding characterization and expression analysis of heat shock
motif shared by arrestin and other adaptors. Journal of protein 90 from Pacific abalone, Haliotis discus hannai Ino
Biological Chemistry, 276: 18392—18398 in response to dietary selenium. Fish and Shellfish

Urvoas A, Amekraz B, Moulin C et al, 2003. Analysis of the Immunology, 30: 280—286

MOLECULAR CLONING AND EXPRESSION OF SELENIUM-BINDING PROTEIN
1IN HALIOTIS DIVERSICOLOR UNDER STRESSES

ZHANG Xin, CAI Xiu-Hong, HUANG Yi-Tao, ZHANG Zi-Ping,
WANG Guo-Dong, ZOU Zhi-Hua, WANG Shu-Hong, WANG Yi-Lei

(Key Laboratory of Healthy Mariculture for East China Sea, Ministry of Agriculture, Fisheries College, Jimei University, Xiamen
361021, China)

Abstract Selenium-binding protein 1 (SBP1) is a highly conserved protein which is widely involved in multiple
physical and chemical processes. We cloned a full-length cDNA of SBP1 from Haliotis diversicolor for the first time and
named it HISBP1. The full-length cDNA sequence is 2269 bp, with an open reading frame of 1494 bp encoding a protein
of 497 amino acids. The real-time quantitative PCR results showed that ubiquitous expression of HISBP1 in all examined
tissues, with highest expression in gills and kidney. HdSBP1 transcripts were compared under normoxia, and environ-
mental stresses (hypoxia, heat, and Vibrio) in the gills and haemocytes of the abalone. Under hypoxia, the expression of
HAdSBP1 mRNA in gills and haemocytes was significantly increased at 24 h and 192 h respectively (P<0.05). Under
thermal stress, it was significantly up-regulated in gills at the first phase (when temperature reached 28°C) and the third
phase (3 h post thermal stress), so did in haemocytes at the third phase (P<0.05). Under thermal plus hypoxia stress, it was
significantly up-regulated in gills at 192 h (P<0.05), and in haemocytes, the expression was significantly up-regulated at 0,
4, and 24 h. After Vibrio parahaemolyticus injection, the expression was significantly up-regulated in gills at 6 h and 24 h
and so did in haemocytes at all phases (P<0.05). All these results indicate that HASBP1 may play important roles in
immunoreaction of H. diversicolor.

Key words Haliotis diversicolor; SBP1 gene; thermal stress; hypoxia stress; thermal & hypoxia stress;

Vibrio parahaemolyticus
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