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cDNA (RACE) cDNA Synthesis Kit , cDNA ,
cDNA , PCR -207C
1.2.3 PDI cDNA
, PDI RNA , 5'-Full RACE Kit(TaKaRa)
PDI , 5! cDNA 5!
cDNA ,  PDISR
5" RACE Primer , 5
1 1 94°C 3min; 94°C 30s, 57°C
1.1 30s, 72°C 2min, 32 ; 72°C 10min;
1.1.1 4°C PCR pMD19-T(TaKaRa)
, , , DH5a , AMP
6.2—8.8cm, 150—420g LB 14h, )
1.1.2 TRIzol® Reagent Total RNA Isola- ~ AMP LB ,37C , PCR
tion Reagent (Invitrogen); RevertAid"™ First Strand cDNA PDI
Synthesis Kit (Fermentas); SMART™ RACE c¢DNA c¢cDNA
Application Kit (Clontech); DNase I RNase LA 1.2.4 PDI cDNA ORF
Taq® dNTPs pMDI9-T DNA Marker (TaKaKa); Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html)
E.ZN.A (Omega) PDI
. SABC Protparam (http://www.expasy.org/tools/protparam.
html) ; SignalP 3.0 server
1.2 (http://www.cbs.dtu.dk/services/SignalP)
1.2.1 GenBank ; Protscal (http://www.expasy.ch/tools/protscale.
PDI cDNA 5>' RACE html) ; ClustalX ~ MEGA
PDI5R, PDI 5 ( ,
1), cDNA (neighbor-joining, N-J)
cDNA , PDIF 1.2.5 PDI
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1.2.2 RNA cDNA qRT-PCR 20pL: 2><SYBR® Premix Ex
( Tag™ 10uL, cDNA 1uL, 0.5uL
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(1991) Invitrogen Trizol B-actin F B-actin R( 1) :95C
RNA 30s;94C 10s, 55°C 30s,72°C 40s,
RNA Ing 42 (Melting curve) R
RNA, Fermentas  RevertAid™ First Strand PCR
*1 5I1¥F5
Tab.1 Primer sequences
(5'-3"
5'RACE PDISR ATCCAATTCCCGGCCACCATTATATGAA
RACE 5'RACEPrimer CATGGCTACATGCTGACAGCCTA
PDIF AACTATTGGCGTAACCGTATCCTC
PDIR CACTGGCTTGTCTCCTGCGA
B-actin B-actinF GAGCGAGAAATCGTTCGTGAC

B-actinR

GGAAGGAAGGCTGGAAGAGAG
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ACGCGG
GGACTCACGGGCCTCACCTCCTCTTGCTTCCTGGCCGGCATTTAAACCGTAGACACTTCTCGT GCCGGGTTGCAGTCATACACCGCGGAC
ATGACCATCAAGCTGCTGTTACTTCTGCTGGGGTTGGTTGCGGGTTGTGCTGTGGCTGACGAT GTGCTGCAGTTAAACGATGCGGACTTT
M TTIIXKLLTLTLTLLTGLVAGCAVYADTDV VLA QLNDATDTF
GACAGTAAAACAGCGAGTCACGACACAGTGCTGGTTATGTTCTTCGCCCCGTGGTGTGGACAT TGTAAGAGACTGAAGCCAGAGTTTGAA
DSKTASHDTVLVMFTFAPWCGHTCI KT RTLTIEKTPETFE
AAGGCTGCTTCCACCTTGAAAAGCAACGATCCTCCTGTCATCCTTGCAAAGGTTGACTGCACAGAGGATGGAAAGGACACATGCAGTAGG
KAASTLIEKSNDPPVILAKYD CTEDGT KDTTCS SR
TTCCAGGTGTCAGGCTACCCAACCCTCAAGATATTCAAGGGAGGTGAACTGTCCACAGACTATAATGGTCCACGAGAAGCCAATGGCATT
FQVsGGYPTLZEKTITFZKGGETLSTUDYNGPREANGTI
GTCAAATACATGAGATCACAGGTTGGGCCGGCCTCTAAGGAGTTGACCTCCATTGAAGTAGCT GAGGCCTTCCTTGCAGCACCAGAAGTC
VXKYMRSQVGPASKETLTZ STIEVAEAFLAAPTE/V
AGTGTTGTCTACTTTGGAGAGGACTCAAAGCTGAAAGATGCATTCCTGCAGGCAGCTGACAAGCTTCGTGAGACAGTGAGGTTCGCCCAC
S vVVvVYyYFGEDSZE KLI KDAFLAG QAADIKTLT RETVRFAH
TCTGTCGAGGCTGAGGTGGATGAAAAATTTGGACACAAGAATGTGATTGTGCTTTACCGTCCCAAGCATCTTGACAACAAGTTTGAGCCA
S Ve AEVDEIKFOGHE KNVIVLYRPIKIHLTDNIKTFTEP
TCCTCTGTGGTCTATGATGGATTGGGGGATAAGACTGCCATCCAGGCCTTCATCAAGAAGAACTACTTTGGTCTGGTGGGGCACCGCACC
SSsSVvVVvVYDGLGDTZ KTATIO QAFTIZKTI KNYTFGLYVY GHRT
CAAGATGCTGCTGGGGAGTTTGTGCCTCCCCTGGTTGTTGGTTATTACAATGTGGATTATGTGAAGAATCCCAAGGGCACCAACTATTGG
Q DAAGEFVPPLVVGYYNVYDYVKNPEKSGTNYW
CGTAACCGTATCCTCAAGGTTGCCGAGAACTTTGAGGACTTCAACTTTGGCATCTCCAACAAAGATGACTTCCAACACGAGCTCAATGAA
R NRIULIKVAENTFEDFNFG GTISNI KDDTFAQHETLNE
TTTGGTCTTGATTTTGTCGCAGGAGACAAGCCAGTGGTCTGTGCACGCGATATTAAGTCTCAGAAGTTTGTCATGAAGGATGAGTTTACA
F GGLDFVAGDI KPVVCARDTIIKS SA QKT FVMKTDETFT
ATGGAGAACTTGGAGACTTTCCTGACGCAGCTTTCTGCTGGGGAGCTTGAGCCATACCTCAAATCAGAGCCAGTTCCCACTCAGGATGGC
MENLETTFLTAQLSAGETLEZPYLIKSEPVPTA QDG
CCTGTTACTGTTGCTGTTGCCAAGAACTTTGAAGAAGTTGTTACAAACTCTGAGAAAGATGTCTTGATAGAGTTCTATGCTCCTTGGTGT
PVTVAVAKNFEEVVTNSETZKTDVLTIETFYAPWC
GGCCATTGCAAGAAATTGGCCCCAACCTACGATGAGTTGGGCGAGGCGATGAAGAATGAGAAT GTTGCCATTGTGAAAATGGATGCAACT
GHCEKZ KLAPTYDELGEAMEKNENVATIVEKMDAT

GCCAATGACGTTCCACCATCCTTCAATGTGAGAGGATTCCCTACAATTTTCTGGAAGCCAGCT GGAGGTTCCCCAGTTTCATATAATGGT

ANDVPPSFNVRGFPTTIFWEKPAGGSZPVSYNSG
GGCCGGGAATTGGATGACTTCATCAAATATATTGCCAAAGAGGCCACTACGGAGCTCAAGGGATGGGACCGCAAGGGCAAGGCCAGGAAA
GRELDUDTFTIIKYTIAZKEATTETLI KT GWDR RIEKTGZE KATRK
GTGGAGCTGTGAGGTGCAGGGCTAGCAGACTGTGTGAGAGTGAGAGAGAAGGGAACAATAGCT GGTCCAAAGTTTGAAGTCCAATCTTGT

V E L =*
AAGTTAAGTAGCTGATGAAAAATTAACTAGTACAGCAAATAGGAGAACGAATAGCCCCTGTAT TCAACAACCTAAAAACAACCTTGAATC

AGTATTGTAGGAAGGATGAGCAGGGTGTGGCTGACTTGAGCAGTGGTTGATAAGGTATAGGTGCCTGGATGCAAGAGTGAGTGAGTGAGT
GAGCAAGCAAGCAAGGAACTAGTAGATGTAGGGTTATGAATGAATGTTTTCAATCAATAAAATGTTTGTTGTTAAAGTCTTTGTGAGGAT
GAATTCTTGCTGATTGTTTTTCCCTACAATCACTATACTGCAGTGTCTCTTCTTGGATGAATGCACAAGTTTCTGATACCATCTTTCAGT

TAATAAATTTTGTAACATAAAAAAAAAAA
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BLASTP(http://blast.ncbi.nlm.nih.gov/blast.cgi) pl  5.24, 162 (A I L
(Specific hits) (Non-specific) F W V), 102 (N C Q S T
(hits) PDI 4 Y), 58 (K R), 72
R PDI a PDIR(21—124) PDI b ERp57 (D E) (Instability
(131 — 232) PDI b’ ERp72 _ERp57(236 — 342) index) 26.17, 40, R
PDI a PDI a' C(361—461), C 1h
C- KVEL( 2) PDI a PDIR PDI a PDI SingnlaP 3.0 PDI,
a’ C (Signal peptide probability) 100%,
-CGHC-, (Max cleavage site probability)
ProtParam , PDI A19—D20 , PDI N-
464 , 5188.6Da, Asp(D)
1 75 150 225 300 375 450 483
Query seq. L L L L L
catalytic residues AA A
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2 PDI
Fig.2 Conserved domain of PDI in S. paramamosain
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98 Drosophila melanogaster 94.1% C-
76 Lepeophtheirus salmonis (ER Membrane Retention Sig-
31 { Danio rerio nals) RKVE
99 Mus musculus
46 Schistosoma mansoni 2.2 PDI
100 | Xenopus laevis PDI cDNA
1001 Homo sapiens
Caenorhabditis elegans ClustalX ,
Gallus gallus
97 Aedes aegypti PDI
4|j80ylla paramamosain PDI (27'6%)
100 Ixodes scapularis (31.0%) (28.9%)
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0.1 10 y':laema};/)hysalis Iong?cornis (29.8 A)) (25.8 A))’
PDI
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Fig.3 Phylogram based on Neighbor-joining method 61.0%
Scylla paramamosain: (ACD44938.1); Schistosoma mansoni: ’
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(ABU41061.1); Aedes aegypti: (XP_001659196.1);
Amblyomma variegatum: (ABD16189.1); Haemaphysalis longicornis: > Mega

(ABS50238.1); Ixodes scapularis:

(AAY66973.1)



1516 44
2.3 PDI 1.2
2.3.1 PDI 10F
PDI ¢cDNA PDIF W 08
PDIR, gRT-PCR PDI ﬁ ‘
, PDI R 06
2
11 ( 2 o4t
)
0.2}
00 L 1 L L
€4 | I I \% \Y
2.3.2 PDI S ESEE
PDI ’ 5 PDI
Fig.5 Expression of PDI mRNA at different ovarian develop-
RNA gRT-PCR , PDI ment stages of S. paramamosain
( ) ( ) , ' o C ’
, C )
Q) 3
2.3.3 PDI ,
PDI PDI
( 6) RACE PDI ¢cDNA s
1. 2015bp (GenBank : EU679503.1),
1452bp ORF, 483 R
1.0t
PDI
e
ﬁ 0.8 ,
R 06 27.6% 31.0% 28.9% 29.8% 25.8%
an
Q 04} PDI
02l , 22.8%—62.0%,
(62%) (
0.0 ) DI ’
AR 40% 39% 22.8% PDI 5
4 PDI PDI
Fig.4 Expression of PDI mRNA in adult tissues of qRT-PCR PDI
S. paramamosain
1. :2. ;3. ;4. ;5. ;6. ) PDI
;7. ; 8. ;9. ; 10. ; 11, 11 (
—
N\
40 um y , = 100 um
a o b —
"4
6 PDI

Fig.6 PDI immunoreactivity in the oocytes of S. paramamosain
a. ;b



6 : (Scylla paramamosain)

ERNSFRESRIESHT 1517

> PDI

, 1991) ,
( , 2012)
PDI ,
PDI , PDI
(Wang et al, 1993;
Novia, 1994; Puig et al, 1994; Luz et al, 1996; Gilbert,

1998) , PDI ,
PDI ,
PDI
PDI cDNA
PDI ,
, , , 1991,
, 15(2): 96—103
, , , 2009. PDI
( ), 48(6): 894—
899
. , , 2007.
(Seylla) ,31(2): 211—219
, , , 2012.
, 36(8): 1201—1208
, , 2005. . , Sl
176—179

Cai H, Wang C C, Tsou C L, 1994. Chaperone-like activity of
protein disulfide isomerase in the refolding of a protein with
no disulfide bonds. The Journal of Biological Chemistry,
269(40): 24550—24552

Darby N J, Morin P E, Talbo G et al, 1995. Refolding of bovine
pancreatic trypsin inhibitor via non-native disulfide inter-
mediates. The Journal of Molecular Biology, 249(2): 463—477

Edmen J C, Ellis L, Blacher R W et al, 1985. Sequence of protein
disulfide isomerase and impacatiines of its relationship to
thioredozin. Nature, 317: 267—272

Freedman R B, Hirst T R, Tuite M F, 1994. Protein disulphide-
isomerase: Building bridges in protein folding. Trends in
Biochemical Sciences, 19(8): 331—336

Gilbert H F, 1998. Protein disulfide isomerase. Methods Enzymes,
290: 26—50

Liao M, Boldbaatar D, Gong H et al, 2008. Functional analysis of
protein disulfide isomerase in blood feeding, viability and
oocyte development in haemaphysalis longicornis ticks. In-
sect Biochemistry and Molecular Biology, 38(3): 285—295

Noiva R, 1994. Enzymatic catalysis of disulfide formation. Pro-
tein Expression and Purification, 5(1): 1—13

Noiva R, Lennarz W J, 1992. Protein disulfide isomerase: A mul-
tifunctional protein resident in the lumen of the endoplasmic
reticulum. The Journal of Biological Chemistry, 267(6):
3553—3556

Pihlajaniemi T, Helaakoski T, Tasanen K et a/, 1987. Molecular
cloning of the [3-subunit of human polyl4-hydroxylase:
this subunit and protein disulphide isomerase are products of
the same gene. The Journal of Europe Molecular Biology
Organization, 6(3): 643—649

Puig A, Gilbert H F, 1994. Protein disulfide isomerase exhibits
chaperone and anti-chaperone activity in the oxidative re-
folding of lysozyme. The Journal of Biological Chemistry,
269: 7764—7771

Rahfeld J U, Rucknagel K P, Schelbert B et al, 1994. Conforma-
tion of the existence of a third family among peptidy-prolyl
cis/trans isomerases. Amino acid sequence and recombinant
production of parvulin. The Journal of the Federation of
European Biochemical Societies, 352(2): 180—184

Shimoni Y, Zhu X Z, Levanony H et al, 1995. Purification, char-
acterization, and intracellular localization of glycosylated
protein disulfide isomerase from Wheat grains. Plant Physi-
ology, 108(1): 327—335

Song J L, Wang C C, 1995. Chaperone-like activity of protein
disulfide isomerase in the refolding of rhodanese. European
Journal of Biochemistry, 231(2): 312—316

Wang C C, Tsou C L, 1993. Protein disulfide isomerase is both an
enzyme and a chaperone. The Journal of the Federation of
American Societies for Experimental Biology, 7(15): 1515—
1517

Wilkinson B, Gilbert H F, 2004. Protein disulfide isomerase.
Biochimica et Biophysica Acta, 1699(1): 35—44



1518 44

MOLECULAR CLONING AND EXPRESSION ANALYSIS OF PROTEIN DISULFIDE
ISOMERASE GENE IN THE MUD CRAB (SCYLLA PARAMAMOSAIN)

ZENG Xiang-Lan, LIU Yuan-Jing, ZENG Hui, HUANG Hui-Yang,

YE Hai-Hui, WANG Gui-Zhong
(College of Ocean and Earth Sciences, Xiamen University, Xiamen, 361005)

Abstract Protein disulfide isomerase (PDI) is a multifunctional protein in all eukaryotic cells for assisting many pro-
tein maturation processes within the endoplasmic reticulum (ER). We cloned and characterized PDI gene from mud crab
Scylla paramamosain, and studied its localization and developmental expression. The full length of cDNA was 2016bp
long with an ORF of 1452bp encoding a putative peptide of 483 amino acids (aa). The deduced aa sequence of Sp-PDI
showed high similarity to related sequences of other species. Molecular analysis was carried out by examining gene ex-
pression via real-time quantitative RT-PCR. In the crabs of same developmental stage and size, Sp-PDI transcripts occurred
in all the various tissues, including ovary, hepatopancreas, hemocyte, muscle, heart, thoracic ganglia, cerebral ganglia,
stomach, gill, eyestalk, and epidermis. In the ovaries of different stages, Sp-PDI expression increased gradually until it
become matured and then decreased at last. By means of immunochemistry, PDI reactivity was found in the oocyte of S.
paramamosain. These results suggest that Sp-PDI is implicated during the growth and ovarian development.

Key words protein disulfide isomerase; Scylla paramamosain; ovarian development; real-time quantitative
RT-PCR; immunochemistry



