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PDIA3 (Scophthalmus (Anti-6xHis rabbit polyclonal antibody) (HRP-
maximus) , conjugated Goat Anti-Rabbit IgG) PCR
) C )
) 1.3
( , 1.3.1 7d
2006; , 2011) 4 (14°C) 1(20°C)
, SNP 2(25°C) 3(28°C) Ndong
, (2007), : 14+0.5°C 6h
( ,2014; 1°C 20°C 1, 12h
, 2015) SmPDIA3 1°C 25°C 2, 24h
cDNA , 1°C 28°C 3
, 3 , 15
4 6h
) 3 , ;
1 , RNA
1.1 1.3.2 RNA cDNA
RNA RNA R
, , RNA , 1%
(250+12.2)g, RNA ,
, , RNA,
, 14+0.5°C RACE 35
5 , , PCR RACE , —20°C
1 1.3.3
1.2 PDIA3 ,
RNA (RNAprep pure Primer Premier5.0
Tissue Kit) DNA (TIANgel PDIA3-F  PDIA3-R( 1), PDIA3
Midi Purification Kit) ( ) PCR : 94°C Smin;
; pET28a (+) 94°C 30s, 52°C 30s, 72°C 30s, 35 ; 72°C Smin,
BamH 1 Hind 111 LA-taq RACE 4°C PCR 1% )
(SMARTer™ RACE cDNA Amplification Kit) , DNA
( ) ; pEASY-TI , 1uL 4uL pEASY-
Trans1-T1 Phage Resistant E. coil Tl 25°C 10min, 50uL
transettea(DE3) Trans1-T1 Phage Resistant , 250pL
(TransScript One-Step gDNA LB 37°C 200r/min lh,  200uL
Removal and ¢cDNA Synthesis SuperMix) LB (Amp"), 37°C
(TransStart Top Green qPCR SuperMix) ImL LB
; E.Z.N.A Plasmid 6h, PCR
Mini kit I OMEGA ,
; MD?25 (8000—14000D) ( )
PEG 20000 BCA DAB 1.3.4 3' RACE 5" RACE
; PDIA3 cDNA 3" 5" RACE
(LZM) ; ( 1 1.3.2 c¢cDNA ,
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UPM(long) 3" 5" RACE 1 PCR 72°C, 3min; 5 94°C, 30s;
1 PCR : 10xPCR Buffer 2.0uL,  68°C, 30s; 72°C, 3min; 25 4°C
dNTP Mixture (10mmol/L) 3.2uL, PDIA3-F1/PDIA3- 1 PCR 10 2 PCR :
R1 (10pmol/L) 0.8uL, UPM (long) 0.8uL, LA Taq UPM(short) UPM(long), PDIA3-F2/PDIA3-R2
0.4uL, cDNA 0.4pL,  ddH,0  20uL (10umol/L)  PDIA3-F1/PDIA3-R1 (10umol/L),
94°C, 5min; 94°C, 30s; 72°C, 3min; , ,
5 94°C, 30s; 70°C, 30s; 133

x1 KBHETARSIYFS

Tab.1 Sequences of primers used in experiment

(5'—=3"
PDIA3-F AGTGGCTACCCAACCCT
PDIA3-R TCACTTCACGACCACCCTC
PDIA3-F1 GCTATCTCAAATCCGAGCCCAT 3 RACE-PCR
PDIA3-F2 TTGCCAAGATGGACGCCACAGC
PDIA3-R1 TCTTCGCCACCTTCATCACC 5 RACE.PCR
PDIA3-R2 AACCCAACAACACTTGCGTC
UPM(long) CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
UPM(short) CTAATACGACTCACTATAGGGC
PDIA3-RTF GGAACATTCACCAGCATCAAGATCAAG
PDIA3-RTR GTCAACGTCATAATAAGCCACCAACAG
B-actin F GTAGGTGATGAAGCCCAGAGCA RIPCR
B-actin R CTGGGTCATCTTCTCCCTGT
ORF(F) GGTGTGCGATGTTGAGAC
ORF(R) TGGCTTCAGAGCATTCGG
MP(F) AATGGGTCGCGGATCCAGTGATGTGCTGGAGTACACGG
MP(R) GTGCGGCCGCAAGCTTTTATAGCTCAATCCTCTTCTTTTTC
1.3.5 SmPDIA3 ORF PDIA3-RTF  PDIA3-RTR( 1), B-actin
Finder (http://www.ncbi.nlm.nih.gov/ projects/ , ABI7300 PCR
gorf/orfig.cgi) , EditSeq PDIA3 20uL,
) ExPASy (http://web. : 10uL TransStart® Top Green qPCR SuperMix(2x),
expasy.org/compute_pi/) , 0.4uL PDIA3-RTF (10umol/L), 0.4uL PDIA3-RTR
SignalP 4.1 Server (http://www.cbs.dtu.dk/ (10pmol/L), 0.4uL ROX Reference Dyel(50%), 1.0pL
services/SignalP/) ’ SOPMA  €DNA, 7.8uL ddH,0  94°C 30s; 94°C 5,
(https://prabi.ibcp.fr/htm/site/web/home) , 60°C30s, 40 ;95°C 155, 60°C 1min, 95°C 155
SWISS-MODEL  (https://www. A PDIA3 :
swissmodel.expasy.org/) s SPSS 11.0
DNAMAN , GenBank 1.3.7 SmPDIA3 ORF
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) SmPDIA3 , ORF Finder
PDIA3 R MAGE 6.0 ORF R
NJ ORF 1609bp PCR s 1
1.3.6 PCR PCR 20uL, : 2x SeqAmp PCR Buffer
10pL, SeqAmp DNA Polymerase 0.4uL, 7uL,
RNA( 3 ) ORF(F/R) 0.8uL/0.8uL, cDNA 1uL PCR

cDNA, -20°C PDIA3 ORF : 94°C 5min; 94°C 30s, 50°C 30s, 72°C 30s, 35
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; 72°C 5min, 4°C 1% E. coil transettea(DE3) ,
, DNA 25min, 42°C 30s, ;
, pEASY-TI 25°C 10min 50uL LB (Kan"),
Trans5a s 37°C R
, PCR 2mL LB (Kan™) ,37°C 200r/min
«C ) 8h,
, SmL LB pET-28a DE3 ,
( Amp) , OMEGA
1.3.8 1.3.12 pET-28a-PDIA3
pET-28a SmPDIA3 ORF 100uL SmL LB
, (Kan+), 28°C 150r/min ODg¢0onm
MP(F/R)( 1), 1.3.7 0.6 , ImL ,
PCR , 1% , IPTG 0.5mmol/L,
DNA (PCR 6h ImL, 5000r/min
1.3.7) 10min , 320uL  PBS
1.3.9 pET-28a , ;
pET-28a , 50uL, 10xQuickCut , ,
Green Buffer S5ulL, pET-28a 20ulL, BamH 1/ Hind 111 4°C  12000r/min Smin,
1uL, ddH,0 23puL BamH1  Hind 111 ( ) pET-28a
R 1uL BamH 1, , IPTG
, 30°C 15min; luL Hind  gpS-PAGE pET-28a-PDIA3
111, ,37°C 15min ,  SuL
SuL ; 1.3.13 SDS-PAGE
’ ’ ( PBS )
1.3.10 pET-28a 40pL, 10uL 5xSDS Loading Buffer, 99°C
; pET-282a 10min, 3000r/min ; 20l
, 10pL, : 5X In-Fusion HD Enzyme 10uL Marker, ,
Premix 2pL, DNA fragment 0.5uL, pET-28a 2uL, : 120V 20min, 180V
ddH,O 5.5uL , PCR 40min; , 0.25%
, 50°C 15min, 2.5uL 2—4h; ,
50uL Trans5a , : ,
25min; 42°C 30s, 2min;
250uL LB ( ) 1.3.14
37°C 200r/min 1h; 200uL 200mL, 28°C
LB (Kant+) ,37°C 150r/min IPTG 0.5mmol/L
) LB (Kant) 6h 1.3.12 ,
37°C  200r/min 6h; , T7 0.22pum
T7ter PCR,
, , 4 , 4°C
, ) 30min,
pET-28a-PDIA3, -20°C 30mL 10mmol/L  20mmol/L
1.3.11 ) 30mL 30mmol/L s
pET-28a-PDIA3 1uL 100puL s
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1.3.15 37°C 120r/min 4h, 10pL
8000—14000Da , 3 100uL, 37°C 2h,
10cm , 10mm NaHCO; 1mm EDTA 1; 10pL 40pL 10mmol/L
s 30min s GSSG 20uL 10mmol/L  GSH 10uL Imol/L  PBS
, , 20uL  H,O, 37°C 2h, 2;
, PBS , 2  20uL H,O 20uL.  SmPDIA3
4°C , 12h , 3; 10pL 20mg/mL
6—7 , , 100 , 37°C 6h
PEG 20000 , 20uL, (LZM)
30min PEG 20000, 530nm , ,
3—4AmL, 0.22um s
, BCA
. 562nm , 2
, 2.1 SmPDIA3 cDNA
1.3.16 Western blot 20uL PDIA3 cDNA 2083bp,
1.3.14 , 1.3.13 1479bp, 5' (UTR) 3’
SDS-PAGE , , ( 85bp  519bp 3'UTR
) , AATAAA polyA ( 1)
, ORF 492 ,
PVDF PVDF 54.92kDa, 5.40,
, 17
, , PVDF WCGHCK NCBI,
, , GenBank : MG765516
, 2.2 SmPDIA3
, , 15V Ih SOPMA :
, , SmPDIA3 , 36.79% «
2h , 1:5000 (Alpha helix) 19.51% B (Extended strand)
, 4°C 38.62% (Random coil) 5.08% P
s 25mL PBST , (beta turn) 2 R
5min, 4 , 1: 10000 o B p
) 1h, 2 SWISS ,
DAB , SmPDIA3 ( 3
> , 37°C 10min , 2.3
DNAMAN SmPDIA3
1.3.17 (2013)
fi  PDIA3 ,
89.54% 88.73%;
SmPDIA3 R 71.49% 71.68% 72.11%
, , 71.12%; , 47.40%( 4)
, MEGAG6.0 (Neighbor-joining)
(2007) (1998) SmPDIA3 ) :
20pL 20mg/mL 30uL Imol/L >
DTT 130uL 8mol/L 20uL 1mol/L  PBS Q)
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CACATCGTACTACGTTTTTTTTGTT
TTTCCTTCTGTTATAGCAGAAAGTGAAGGAGGCTTTTTTTTTAAGTTAACGCGGTGTGCG
EICH 16AGACTGATCTTCTTGGCCOCOCTCRCCO06TGCACCCOGECCAGTGATCTGCTG
MLRLIFLAALAGCTRASD 1|
GAGTACACGGATGACGATTTCGAAAGCAAGATCGGAGTCCACGATCTCATTCTTGTGGAA
EYTDDDTFESEKTIGYVYVHDLTITLVE
TTCTTTGOCCCATGGTGTGGCCACTGTAAGCGGCTAGCACCTGAGTATGAGGCGGCCGCC
FF APWMCIGHNGNE R L A PEYEAAA
ACACGGCTGAAAGGCATCGTCCCTATAGCCAAGGTTGACTGCACTTCCAGCAGCAACGTA
TRLEKGIVPIAKVDCTSSSNYV
TGCAGCAAATACGGTGTTAGTGGCTACCCAACCCTGAAGATCTTCAGGGACGGAGAAGAC
CSKYGVSGYPTLEKTIFRDGED
TCTGGACCCTACGATGGACCCAGAACAGCAGACGGGATTGTCAGCTTCCTAAAGAAGCAG
SGPYDGPRTADGIVSFLEKEKDQ
GCTGGOCCAGCTTCTGTGGAGCTCAAGGCTGAGGCAGACTTTGACAAGTATGTTGCTGAA
A GPASVYVELEKAEADTFDEKTYVAE
CAAGACGCAAGTGTTGTTGGGTTCTTTGCTCCTGACGAGAGCACATCACAGGCAGAGTTC
QDASVYVYGFFAPDESTSG QATETF
CTGAAGGCAGCCAGCGCCCTGAGGGACAACTATCGCTTCGCCCACACCAACTCCGAGGCG
LKAASALRDNYREFAHRTNSEHA
CTCCTCCAGAGCCAAGGCATCGACGGAGAAGGAGTCGTCCTGTTCCGCCCACCACGCCTT
LLQSQGIDGEGVVLFRPPR RL
AACAACAAGTTTGAAGACAGCTCCGTCAAATACACAGAGGGAACATTCACCAGCATCAAG
NNKFEDSSVEKYTEGTTFTSTIEK
ATCAAGAAGTTCATTCAGGATAACATCTTTGGGATTTGCCCCCACATGACAGACGACAAC
I KKFIQDNTIFGTICPHMTDDN
AAAGACCAGCTGAAGAGCAAAGACCTGTTGGTGGCTTATTATGACGT TGACTACAACAAA
KDQLKSEKDLLVAYYDVDYNEK
AACCCCAAGGGCTCAAACTACTGGAGGAACAGGGTGATGAAGGTGGCGAAGAGTTTTCTG
NPEKGSNYWRNRYMEKVAKSFEL
GATCAGGGAAAGAAGCTGAACTTCGCCGTGGCCAACAAGAACATGTTCAGCCACGACGTG
DQGKKLNFAVANEKNDMEFSHDYVY
TCOGAGTTCGGCCTGGACGGCAGCTCGGGEGAGTTGCCCCTGGTGGCCATCOGCACCACE
SEFGLDGSSGETLPLVATILIRTT
AAGGGAGACAAATACGTCATGGCCGAGGAATTCTCTCGTGATGGAAAAACTCTGGAGCGT
K GDKYVMAEETFSRDGEKTTLER
TTOCTGCAGGACTACTTTGATGGCACGTTGAAGCGCTATCTCAAATCCGAGCCCATCCCA
FLQDYFDGTLEKRYLEKSETPTIP
GAGGACAACGACGGACCTGTCAAGGTCTTGGTGGCAGAGAACTTCGACTCCATCGTCAAC
EDNDGPVEKVLVAENFDSTIVN
GACGACAGCAAAGATGTACTGATCGAGTTTTACGCCCCGTGGTGCGGACACTGCAAGAGC
DDSKDVLTIETFVYAP
CTGGAGCCCAAATACAACGAGCTGGGAGAGAAGCTGGOCGATGATCCCAACATTGTCATT
LEPEKYNELGETEKTLADDTPNTIVI

GCCAAGATGGACGCCACAGCCAACGATGTGCCATCTCCATATGAAGTCAGCGGATTCCCC
AXKMDATANDVPSPYEVSGFP
ACAATCTTCTTCTCCCCTGCTGGACGTAAGATGAACCCAAAGAAATACGAGGGTGGTCGT
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441 T I FFSPAGRIEKMNPIEKTE KTYETGS® GR
GAAGTGAGCGACTTCCTCTCCTACCTGAAGAGAGAGGCCTCCAACCCCGTGGTGGTGCAG 1525

461 EVSDFLSYLIKREASNPVVVAQ
GAGGAGGCCAAGAAGAAAAAGAAGAGGATTGAGCTA pMAGCACCAAACAGGAACTCTA 1585

481 EEAKIKZEKZI KI KT RTIETL *
CATCCCCCCCATTGGACAGGAGGAGGTTTGGGGAAATCCATGCAGAGAAAGAACTAAATT 1645
ATATTCCACTTTCTTAGTGAACTACCGAATGCTCTGAAGCCAAGTCAAAAAGACGCGGCC 1705
CCCCCCTTAGGTCCTCCGCCGCTCTGGGGAAACTGTGGAAGGTGGAGAGGTGGTGGCCAG 1765
GGCCTGCCTCATGTTTAAAAACAAAAACAAATTTTTAGGGAAGTGGGGACAGCTTTTTGA 1825
AATATTGAGATTTTTATTTCCCCTTGGTTTGATATCTACACCTCAGGCTGATGCACTTTG 1885
GCTTTGGTTTGTCACCAGTCATCTGTCGCTTTGGTTTTTGTTGTTGTCGTCACGGGATAA 1945

TGGTAATGGTGAATTCCTTTTTCTTTTTCTTTTTTTTTTCCTGTTTTTGTAACACGTTTT 2005
TGTTTTTGTACATTTGGAAGGATTATGAAATAAATGGCCCACAAAACCAAAAAAAAAAAA 2065
AAAAAAAAAAAAAAAAAA 2083

1 SmPDIA3 cDNA

Fig.1 The ¢cDNA and deduced amino acids sequence of SmPDIA3
ATG TAA , WCGHCK AATAAA R

bl el el
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'E"""'"'““""l""
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Fig.2 The secondary structure of SmPDIA3 subunit protein

( 6), , PDIA3
(P<0.05), s
2.5 SmPDIA3
, SmPDIA3
, 25°C
, 28°C «C 7
2.6 SDS-PAGE Western blot
8 , pET-28a-PDIA3
DE3 IPTG , 44.3—
66.4kDa R
3 SmPDIA3 (56kDa),
Fig.3 The deduced tertiary structure of SmPDIA3 subunit ; ,
protein
, Western blot s
24 SmPDIA3 pIgR-ED anti His-tag IgG
RT-PCR SmPDIA3
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Fig.4 Amino acid sequence alignment of turbot SmPDIA3 in comparison against those of other species
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Fig.5 The NJ tree based on SmPDIA3 gene amino acid sequences
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EXPRESSION ANALYSIS AND FUNCTIONAL VERIFICATION OF PROTEIN
DISULFIDE ISOMERASE SMPDIA3 IN TURBOT SCOPHTHALMUS MAXIMUS

TANG Qi-Zheng" >3, SUN Zhi-Bin"?, WANG Xin-An">, MA Ai-Jun"?,
YANG Shuang-Shuang'-?, HUANG Zhi-Hui"*

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Shandong Key Laboratory of Marine Fisheries
Biotechnology and Genetic Breeding; Qingdao Key Laboratory for Marine Fish Breeding and Biotechnology, Qingdao 266071, China; 2.
College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 3. Laboratory for Marine Biology and
Biotechnology, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China)

Abstract We cloned the SmPDIA3 gene of turbot Scophthalmus maximus using the SMART-RACE technique. The
cDNA sequence of SmPDIA3 is 2083bp in length and includes a 1479bp open reading frame encoding a 492 amino acid
signal peptide containing 17 amino acids. The predicted molecular weight is 54.92kDa, the theoretical isoelectric point is
5.40, and GenBank accession number is MG765516. Tissue expression analysis showed that SmPDIA3 gene was expressed
in intestinal, iliac, liver, and other tissues, with the highest expression in the liver and the lowest in the brain. In addition,
we studied the expression of SmPDIA3 gene in the intestine and liver tissues after a thermal stress. We found that the
relative expression of SmPDIA3 gene increased with the increase of temperature, and reached the maximum at 28°C. Using
prokaryotic expression technology, the pET-28a-PDIA3 prokaryotic expression vector was constructed and the target
protein was successfully expressed in the supernatant. Finally, the refolding experiment of denatured lysozyme was
designed to verify the function of the SmPDIA3 protein. We found that SmPDIA3 protein can assist the correct folding of
denatured proteins, and has obvious molecular chaperone function.

Key words turbot Scophthalmus maximus; RACE; SmPDIA3; prokaryotic expression; molecular chaperone



