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(Feder et al, 1999) (Hirayoshi et al, 1991) Hsp47 (ER)
, , s (  Hsp60, Hsp70
, Hsp90) (Niwa et al, 2012) ,
S Hsp47 s
( , 2014) , Hsp47
: Hsp110 :
Hsp90 Hsp70 Hsp60 HSP (Hsp47, Hsp27, , ( s
Hsp22 ) ( , 2020) 2020) Hsp47
Hsp47 (serine proteinase , Hsp47
* : , CARS-47-G01 , 2019LZGCO013
“ ” , 2017ASTCP-0OS04 s
2020TD25 ; , 20603022021009 ; s
2018ZDCX021 s , E-mail: zhuchunyue1995@163.com

: s s s , E-mail: maaj@ysfri.ac.cn; , E-mail: sunzb@ysfri.ac.cn
:2020-12-12, :2021-02-19



972 52
, 20 °C 25 °C
(decorin) (fibromodulin) 3 s 15
(lumican) (Ishikawa et al, 25 °C 6h 3
2018), KDEL 2(KDELR2) ) )
(van Dijk et al, 2020) )
Hsp47 , mRNA

Hsp47 (Lele et al, 1997a; Murtha et al, 1.2.2 RNA cDNA
2003) f#f(Hirayama et al, 2006) (Hori et al, ( ) RNA
2010) (Narum et al, 2013) (Wang et al, (RNAprep pure Tissue Kit) ,
2016) (Stefanovic et al, 2016) i Thermo NanoDrop 2000

(Mahanty et al, 2017) (Lietal,2018)

Hsp47 ,
Hsp47 (Scophthalmus
maximus) ,
s (Yang et al, 2020;
, 2021) SmHsp47 cDNA
s SmHsp47
mRNA
, His-pull down ,
SmHsp47 >
SmHsp47 ,
1
1.1
(100.0+12.3) g
(14.0+0.5) °C
9:00
, 10:00 1,
1.2
1.2.1 1
, 2 (14 °C)
(25 °0O) Ndong  (2007),
6h 1°C 14 °C

20 °C, 12 h 1°C

RNA , 1%
RNA
(TransGen Biotech)
(TransScript One-Step gDNA Removal and cDNA

Synthesis SuperMix) cDNA, -20 °C
RNA,
( ) RACE (SMARTer™ RACE
cDNA Amplification Kit) 35
PCR RACE ,—20°C
1.2.3 SmHsp47 cDNA
Hsp47 , Primer
Premier5.0 Hsp47-F
Hsp47-R (1), SmHsp47
(ORF) , ORF
3'RACE 5'RACE D, 3’
5 , , SmHsp47
cDNA
1.2.4 SmHsp47
ORF Finder EditSeq  ExPASy

(compute_pi) SignalP SOPMA SWISS-MODEL

/ (
, 2019); DNAMAN
, GenBank (https://blast.ncbi.nlm.nih.gov/Blast.
cgi) Hsp47 R
MAGE 7.0 NJ
1.2.5 PCR SmHsp47
cDNA Hsp47-RTF  Hsp47-RTR (1),
B-actin s ABI StepOnePlus
PCR SmHsp47
:94°C305s;94°C5s5s,60°C30s,40
;95°C 155,60 °C 1 min, 95°C 15 s 2Aact
SmHsp47 s SPSS 19
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Fz1 5B ERFT
Tab.1 The primer name and the sequence
(5—3)
Hsp47-F AACACACTCAGCACCAGGAC
Hsp47-R GTAATTTCACAACGCTAAGCC
UPM(long) CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
UPM(short) CTAATACGACTCACTATAGGGC
RACE-F GATTACGCCAAGCTTCCACGACGGGGGAGATGAGGATGTT RACE
RACE-R GTGAAGCCCAAGGGAGACAAGATGCG
MPF CGCGGATCCATGGAGGACAGGAAGCTGAG
MPR CCCAAGCTTTAGCTCGTCGCGCATCTTGT
Hsp47-RTF ACAAGGAGAACCGCATCTTCGTG
Hsp47-RTR GCCAAGTGTCCACCTGCTTCC
B-actF GTGGAGCGATTTGTCTGGTT
B-actR CTCAATCTCGTGTGGCTGAA P-action
1.2.6 SmHsp47 20mL ,
SmHsp47 50 mL , 4°C
pET-28a , , 4°C 12000 r/min
BamH 1  Hind 111 MPF 20 min, ) 0.22 um
MPR ( 1), 1.3.3 PCR
BamH1  Hind 11 , 4°C 30 min,
pET-28a , 30 mL 20 30
Trans5a 100 pg/mL 50 mmol/L s 10 mL
LB S 250 mmol/L S
PCR , SDS-PAGE
, -20 °C )
, pET-28a-Hsp47 1 pL pET-28a-Hsp47
50 uL E. coil I, 4 °C s
transettea (DE3) s 100 12h , 12 h ,
pg/mL LB , VII
37 °C , , VII
PCR , , ,
1.2.7 SmHsp47 4°C 12 000 r/min 20 min, S
100 pg/mL SmHsp47 ,
LB , 1: 100, BCA
37 °C 200 r/min ODgg9 0.6 , 1.2.8 100 mg
0.5 mm IPTG, 37 °C 200 r/min ,
, 5 000 r/min , 1xPBS, 4°C
10 min, , 30 mL 3 000 r/min 3 min, ,
) 1 mL ,
4 °C 12 000 r/min 30 min, 30—50
10 s, 20 min,
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3—5
10 min
1.2.9 His-pull down
SmHsp47
: I mg

4°C 30 min,

SDS-PAGE

21

41

61

81
101
121
141
161
181
201
221
241
261
281
301
321
341
361
381

401

v

4°C 12 000 r/min
, R Thermo Q Exactive -
-80 °C, R
2
1 mg
4°C 30 min, 2.1 SmHsp47 cDNA
, SmHsp47 , GenBank : MW115941
cDNA 1 927 bp, 1218 bp
, 5 143 bp, 3’
566 bp ( 1) SmHsp47 ORF

ACATGGGGTCTCGCACAGGATAT 23
AAAGAGCAGGCGAGAGGGGTCACATGAACACACTCAGCACCAGGACACAGCTCAACAGAG 83
GGAAAACCCCCCAGTGGATCTATCGCCAGGCTGCTACAGCTGCGTCGGGAGACGGACAGG 143
ATGCGGGCGACCCACGTCOCGGCTCTTTGCCTGCTGGCCCTCGTGGCCTCTGCGGAGGAC 203
M RATHVAALCLTLALVYASA ED
AGGAAGCTGAGCAGCCACGCCATCGCGCTGGCCGACAACAGCGCCAACCTGGCCTTCAGC 263
RKLSSHATIALADNSANTLATFS
CTCTACCACAACATGGCCAAGGCCAAGGAGACGGAGAACATCCTCATCTCCCCCGTCGTG 323
L YHNMAKAKETENTILTISPVY
GTGGCCTCCTCCCTGGGGATGOTGGCGCTCRGCGGGAAGGCCTCCACCGCCTCCCAGGTC 383
VASSLGMY ALGGEKASTASRQV
AAGGCCGTCCTGAGCGCGGACAGACTGCAGGACGAGCATCTGCACGCGGGACTGTCTGAG 443
KAVLSADRLQDEHLHAGTLSE
CTGCTCTCCOAGGTGAGCGACGCCAAGACGCGCAACACCACCTGGAAGATCAGCAGCCGC 503
LLSEVSDAKTRNTTWEKTISSR
CTCTACGGCCCGAGCTCCGTCTCCTTCGCCGACGACTTTGTGAAGAGCAGCAAGCGGCAC 563
LYGPSSVSFADDEFUVKSSEKTRH
TACAACTACGACCACTCCAAGGTGAACATCCGGGACAAGCGGAGCGCGGTGAACGCCATC 623
Y NYDHSKVNTITIRDE KT RSAVNATI
AACGAGTGGGCGGCCAAGTCGACGGGCGGCAAGCTGCCCGAGGTCACCAAGGACGTGCAG 683
NEWAAKSTGGKLPEVTEKDVAQ
AACGCGGACGGCGCCACCATCGTCAACGCCATGTTCTTCAAGCCTCACTGGGAGGAGAAG 743
NADGATTIVNAMEFTFTEKTPHWEEK
TTTCACGAGAAAATGGTGGACAGCCGCGCTTTCCTGGTCACGCGCTCGTTCACCGTGGCG 803
FHEKMVYDSRAFLVTRSTFTVA
GTTCCCATGATGCATCGGACGGGTCTGTACGACTTCTACGAGGACAAGGAGAACCGCATC 863
VPMMHIRTGLYDFYEDEKENTR RI
TTCGTGCTGAGCATGCCCCTGGGCCAGAAGCAGGCGTCCATGGTCCTCATCATGCCCTAC 923
FVLSMPLG QK QASMYLTIMEPY
CACCTGGAGTCCCTGGAGCGCCTGGAGAAGCTCCTGACCCGGAAGCAGGTGGACACTTGG 983
HLESLERLEEKLLTREK QVDTHW
CTCGCCAGGGCGGAGAACAGAGCCGTGGCCATCTCCCTTCCCAAGATCTCGCTGGAGGTC 1043
LARAENRAVAISLPEKTISTLES/V
AGCCACAATCTGCAGAAACACCTGGCCGAGCTCGGCCTGACCGAGGCCGTGGACAAGGCC 1103
SHNLQKHLAETLGTLTEAVDEKA
AAGGCCGACCTGTCCAACATCTCGGGCAAGAAGGACCTCTACCTCTCCAACGTGTTCCAC 1183
K ADLSNTISGEKEKDTLTYTLSNVFH
GCGTCCGCCCTGGAGCTGGACGTGGAGGGCAACCCGTACGACACGTCCATCTTCGGCACG 1223
ASALELDVEGNPYDTSTIFGT
GAGAGGCTGAGGAACCCGCAGCTGTTCTACGTGGACCACCCCTTCGTCTTCCTGGTGAAG 1283
ERLRNPQLTFYVDHPFVFLVEK
GACAACCGCACCAACTCCGTCCTCTACATCGGCCGGGTGGTGAAGCCCAAGGGAGACAAG 1343
DNRTNSVLYTGRVVKTPEKTE GTDEK
ATGCGCGACGAGCTATAATGTTGATGTCTGCGTCGGCTTAGCGTTGTGAAATTACGTCAG 1403
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GATTCTTGTGTTTGTGTGTGTGTGTGTGGGGTTTTTTTTTTTGGGGGGGGGCGCGCGGTTGGG 1463
GCTGTTACCTCATGAGCACATTCCAATAAACAATCTGGGGACTGAATATCCGAGCTTGAC 1523
TGTTTTTCATCAAACCTTCCCAGGGAACGATGGCGTCATTCTGCCCGTAAACAAACAGCT 1583
GTTGGCATCCCAAACAGCATGCTTATATTAAGTATGATCTCTTTTTTCTTCCCCCACCCC 1643
ACTTTTTTCTTCCCCAGGGTCCCCCCGGGGGGGCTGTTTAAAAAAAAAAAAAAAATTTTT 1703
GCGCGCGCGCGTTTTTTTTTTTGCCCCCCACTCCCCCCCCCCCCTTTCTTTTCCCCCCCC 1763
TCCTGCTCTCCGCAGAAGGGGGGGAAAAAACTGAGCCCCCTTTTTATTTTTTGGGGCCCC 1823
CCCCCCAAACCCCCCCCGCCCTTTTTTTTTTCCTCCCGGGGTTTTTTTTTTCCAAAAAAC 1883
AGGTGGGGGATTTGGGGGAATAAAAAAAAGTGTTTTTTTTTTTCAAAAAAAAAAAAAAAA 1943

AAAAAAAAAAAAAAAAAA 1961
1 SmHsp47 cDNA
Fig.1 The cDNA and deduced amino acids sequence of SmHsp47 from S. maximus
ATG TAA , (RCL)
405 R 43.50 >
kDa, 8.72, SmHsp47 R 3
18 R (RDEL) DNAMAN SmHsp47
2.2 SmHsp47 )
SOPMA , SmHsp47 Hsp47 ,
5 o (alpha helix) 44.44%, P 89.54% 85.43%; Hsp47
(extended strand) 17.28%, (random 76.73% MEGAT7.0 (Neighbor-Joining)
coil) 38.27% 2 , o R SmHsp47 , ,
B , SmHsp47 Hsp47
SWISS-MODEL
\!IH\H\HIl1\H\HIHH"HIHHW""ﬂ' e l\!)'"'|||!I\!ﬂ""I\HII\\IIH"'"""\HUWW'”1M\\\"'ll|Il\lw""'"""ﬂﬂ""'I|ﬂlﬂ"||l"'ﬂl||"""ﬂm'"'1\HIH\IIMIHHUHII""H L Vl|MH\)""'HWHIH "ﬂNVllM"'i<'"'IINI'”'“W"""' i
100 150 300 400
2 SmHsp47

Fig.2 The secondary structure of SmHsp47 protein

4
( 95), , SmHsp47 4
(P<0.05), ,
25 °C 6 h
SmHsp47 ( 06,
(14°C) 164.23+£70.19 (P<0.05)
2.4 SmHsp47
pET-28a
, pET-28a-SmHsp47
3 SmHsp47 ITPG
Fig.3 The deduced tertiary structure of SmHsp47 subunit > 4 5 5
protein , SmHsp47
2.3 SmHsp47 5 «C 7
SmHsp47 ,

PCR SmHsp47 , ,
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e e B

Myripristis murdjan

12 Scophthalmus maximus

 — Oryzias melastigma
13
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89
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4 NJ Hsp47
Fig.4 The phylogenetic tree of Hsp47 constructed using the Neighbor-Joining method
: Oreochromis niloticus: ; Oreochromis aureus: ; Maylandia zebra: ;s Archocentrus centrarchus:
; Mastacembelus armatus: s Morone saxatilis: ; Labrus bergylta: ; Monopterus albus: ;
Scophthalmus maximus: ; Hippoglossus stenolepis; ;s Myripristis murdjan: ; Cynoglossus semilaevis: ;
Salarias fasciatus: #il; Oryzias melastigma: il ; Amphiprion ocellaris:
20 a
ﬂ]‘ﬂ)H T ‘ B B
15} \ , BCA
1R
B
i',\E 10 \
3 \ 0.38 mg/mL
% 5f \ b
%) c c
0 \ m Mas e A kDa
FFAE BRRR %) &8 100
RESREAR 70 §
50
5 SmHsp47 ;
Fig.5 The expression of the SmHsp47 gene in different tissues 40 |
30 |
250
i 200} 25§
H% i3
E150F n
@
'2\; 100+
2)
% 50+
2 9 ” = 7  SmHsp47 SDS-PAGE
B (°C) Fig.7 SDS-PAGE result of SmHsp47 protein expression
- M. Marker; 1. (pET-28a, ); 2.
6 SmHsp47 25 °C 6h (pET-28a-Hsp47, ); 3. (pET-28a-Hsp47, ); 4.
(pET-28a-Hsp47, ); 5.
Fig.6 The expression of SmHsp47 gene in the skin after thermal (PET-282-Hsp47, ) SmHsp47
stress for 6 h
20 30 50 250 mmol/L (  8) 2.5 SmHsp47 His-pull down
20 mmol/L BCA

, 250 mmol/L 3 mg/mL 1 mg
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kDa kDa
' 120
120 100
100 70
70 50
50 40
30
40
25
30
25 | 14
14
9 His-pull down SDS-PAGE
8 SmHsp47 SDS-PAGE Fig.9 The SDS-PAGE result of His-pull down experiment
Fig.8 SDS-PAGE result of SmHsp47 protein after imidazole T M. maker; 1. ;2. SmHsp47 ;3.
gradient elution His-pull down ; SmHsp47
: M. Marker; 1. ;2. 20 mmol/L ;
3. 30 mmol/L ;4. 50 mmol/L ;
5. 250 mmol/L ; SmHsp47
Hsp47
2.6 SmHsp47
SmHsp47 1 mg , 25 ,
his-Hsp47- , 31 , 2
250 mmol/L COG
SmHsp47 , , COG
250 mmol/L his ( 10) , ,
, SDS-PAGE : , :
9 2 3,
1 ,
®2 KEH SmHsp47T HEMERRAERLELER
Tab.2 Identification of interactive candidate proteins with SmHsp47
A0A2U9B8D8 Putative ADP/ATP translocase 2-like 1 1 2.89
A0A2U9BY38 Putative keratin type II cytoskeletal 8-like 3 2 10.92
AO0A2U9BGS9 Putative intermediate filament protein ON3-like 2 1 7.02
AO0A6A4TFVO Uncharacterized protein 15 5 110.20
AO0A6A4S4TO Voltage-dependent anion-selective channel protein 2 1 1 2.43
AOA6A4RQE9 Uncharacterized protein 1 1 0.00
AO0A6A4SK40 ATP synthase lipid-binding protein 1 1 3.83
A0A2U9B608 Collagen-binding protein 11 11 41.85
AOA6A4SWR2 EGF-like domain-containing protein 2 1 8.03
AOA6A4TST9 Integrase_ H2C2 domain-containing protein 1 1 1.91
AO0A6A4SKG7 PKS_ER domain-containing protein 1 1 0.00
A0A2U9B6J0 Histone H4 1 1 2.48
AO0A6A4SXDO Voltage-dependent anion-selective channel protein 1 1 1 4.35
AOA6A4S5Y4 60kDa chaperonin 1 1 1.69
AOA2UIBWC3 Putative membrane-associated guanylate kinase WW and 1 1 341

PDZ domain-containing protein 2-like
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A0A2U9C388 Fetuin B 11 1 65.69
AO0A2U9CW74 Putative mitogen-activated protein kinase kinase kinase 8 1 1 0.00
AOAG6A4RNZT Elongation factor 1-alpha 1 1 2.23
AOA2U9CHTS Enoyl-CoA hydratase 1 1 0.00
AO0A2U9CS5S5 Putative alpha-2-HS-glycoprotein-like 4 4 11.98
AOAO068F5KS Hemopexin 2 2 5.34
A0A2U9BRXS5 Putative keratin type I cytoskeletal 14-like 2 2 5.05
AOA6A4TKCS Uncharacterized protein 4 3 7.83
AO0A6A4TD61 Glyceraldehyde-3-phosphate dehydrogenase 1 1 0.00
AO0A2U9AVES ATP synthase subunit beta 1 1 2.34
AOA6A4TGX0 Uncharacterized protein 1 1 0.00
AO0A2U9CED1 Putative histone H1.5-like 1 1 1.60
AO0A2U9CV00 Heat shock protein HSP 90-alpha 1 1 1 1.79
AOA6A4RMV6 SERPIN domain-containing protein 2 2 1.97
AO0A2U9CRBY Alpha-type globin isoform 2 1 1 1.85

al 4
n
£
5]
°
f; C: Energy production and conversion (3)
2 D: Cell cycle control, cell division, chromosome partitioning (1)
% 2 2 2 F: Nucleotide transport and metabolism (1)
£ ] e G: Carbohydrate transport and metabolism (1)
kS I: Lipid transport and metabolism (2)
g J: Translation, ribosomal structure and biogenesis (1)
= O: Posttranslational modification, protein turnover, chaperones (4)
3 1 1 1 1 1 1 P: Inorganic ion transport and metabolism (1)
Q: Secondary metabolites biosynthesis, transport and catabolism (1)
R: General function prediction only (2)
T: Signal transduction mechanisms (1)
V: Defense mechanisms (2)
Z: Cytoskeleton (1)
CDFGI JOPQRTV Z
Function class
10 COG
Fig.10 The COG database annotation results
(MW) (Score)
(Peptides) (Unique Peptides) , 3
F3 KEH SmHspd7 HEMERAEREEERBMIE
Tab.3 The re-screened result of proteins interacted with SmHsp47
(kDa)
AOA6A4TFVO Uncharacterized protein 73.9 15 5 110.20
A0A2U9C388 Fetuin B 45.8 11 1 65.69
AO0A2U9B608 Collagen-binding protein 54.4 11 11 41.85

> >
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3 29 (Soderhill et al, 2007) Hsp47
ER , pH
’ SmHsp47 ER- (ERGIC) ,
4 ’ 14 =C RDEL ER(Satoh et al, 1996)
SmHsp47 ,25°C 6 h Hsp47 Gly-Xaa-Arg
14 °C 150, (Koide ef al, 2002, 2006),
( ) / (Thomson et al, 2000)
’ Hsp47
> Hsp47 , 1
’ , I
Hsp70 ’ Hspd7
> ER s
(Forsyth et al, 1997; Eddie et al, 2004) Hspd7

Hsp47
s Hsp47

Hsp47
S Hsp47
s (Pearson et al,
1996; Krone et al, 1997, Lele et al, 1997a, 1997b),
(Murtha et al, 2003)
(Wang et al, 2016)
¥ (Hirayama et al, 2006)

Hsp47
(Ojima et al, 2005)
(Hori et al,

2010) (Narum et al, 2013) (Stefanovic
et al,2016) fil!(Mahanty et al, 2017) (Li
et al, 2018)
, SmHsp47
SmHsp47
IPTG
( )’ 2
368 370 ( D,

(Sillence et al, 1979; Thomson et al, 2005;
Drogemiiller et al, 2009) Hsp47
, Hsp47

) Hsp47

s Hsp47

(Bhadra et al, 2015), Hsp47

(fetuin) -A (Fetuin-A) (
: AHSG/FETUA) -B (Fetuin-B)
(FETUB), (HRG)
(KNG), ( )
3 (Lee et al, 2009; Jahnen-Dechent
et al, 2011) 3
(Abrahamson, 1994) -A
1944 |
“ ”(Pedersen, 1944) 2000
, -B , “
” -A (Olivier et al, 2000)
Fetuin-B 50—60 kDa,
(Olivier et al, 2000; Denecke et al, 2003),
Fetuin-B
(Hsu et al, 2004),
Fetuin-B
(Dietzel et al, 2013), ,
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IDENTIFICATION OF PROTEINS INTERACTION WITH SCOPHTHALMUS MAXIMUS
HEAT SHOCK PROTEIN SmHsp47 BY HIS-PULL DOWN COMBINED WITH MASS
SPECTROMETRY

ZHU Chun-Yue"?*?, ~SUN Zhi-Bin*®, MA Ai-Jun*?, LIU Zhi-Feng*>,
YANG Jing-Kun®?, ZHAO Ting-Ting" *?

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of
Agriculture and Rural Affairs; Shandong Key Laboratory of Marine Fisheries Biotechnology and Genetic Breeding; Qingdao Key
Laboratory for Marine Fish Breeding and Biotechnology, Qingdao 266071, China; 3. Laboratory for Marine Biology and Biotechnology,
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China)

Abstract We cloned the SmHsp47 gene of turbot Scophthalmus maximus using the RACE technique. The cDNA
sequence of SmHsp47 is 1 927 bp in length and includes a 1 218 bp open reading frame encoding a 405 amino acid. The
results show that SmHsp47 gene was expressed in liver, skin, intestines, and gills, with the highest expression in liver and
the lowest in gill. The relative expression of SmHsp47 was increased by 150 times in 25 °C treatment group for 6 h. Using
prokaryotic expression technology, the His tag fusion protein of SmHsp47 was expressed. The interactive proteins of
SmHsp47 were captured in the His-pull down technology. By LC-MS/MS analysis, 31 candidate proteins were identified
and most of them were involved in the modification after translation, protein conversion, and molecular partner, and also
energy production and conversion, lipid transport and metabolism, carbohydrate transport and metabolism, defense
mechanism, and cytoskeleton proteins. Three high-scored proteins were screened, i.e., uncharacterized protein
(AOA6A4TFVO0), Fetuin B (AOA2U9C388), and collagen-binding protein (AOA2U9B608), providing a reference for future
studies in this regard.

Key words Scophthalmus maximus; SmHsp47; protein interaction; His-pull down technology



