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, TF-A TF-B  TR( 1) ,
TF-A TR TRS-A
cDNA ( 550bp); TF-B
1 TR TRS-B  cDNA (
1.1 500bp)
(Siniperca chuatsi), 500g, TRS-A TRS-B  c¢cDNA
) , 3’-RACE
RNA GSPF-A GSPF-B 5'-RACE
1.2 GSPR-A  GSPR-B( 1); 5'-RACE CDS Primer
Trizol Reagent  Invitrogen ; PCR A SMART II"™ A Oligonucleotide 5'-UPM 3’-RACE
; CDS Primer A 3-UPM  SMART'™ RACE
, GSPF-A  3'-UPM
BD ; Bio-Rad ; TRS-A  3'- ( 530bp);
ReverTra Ace RNA RNAse Inhibitor GSPF-B 3’-UPM
TOYOBO ; Taq E. coli DH 5a TRS-B 3'- ( 580bp);
pBS-T 5'-UPM  GSPR-A TRS-A  5'-
; DNA marker TaKaRa( ) ; ( 350bp); 5'-UPM
Gold View™ GSPR-B TRS-B 5'-
; SMARTTM RACE CLOTECH ( 300bp)
; PCR Invitrogen( ) 133 cDNA
1.3 RT-PCR TRS-A  TRS-B
1.3.1 RNA cDNA (20ul): RNA 1.5ul,
0.1g 1.5ml 3'-RACE CDS Primer A 2ul, 5xRT PCR Buffer 4pul,
’ 1ml Trizol 1—2min, dNTP Mixture glpmol/L) 2ul, ReverTra Ace (100U/pul)
. . 1ul, RNase Inhibitor (40U/ul) 0.5ul, DEPC H,0 9ul
Smin 4 , 120009 10min .
0.2ml , 42 30min PCR (50u):
. . (cDNA) 2.0ul, TF-A/TF-B (10pmol/ul)
15s, 3min 4 , 120009 10min .
2.0ul, TR(10pmol/ul) 2.0ul, dNTP Mixture (10mol/L)
? 4.0ul, 10xEx Taq buffer 5.0ul, Ex Tag  0.25pl,
15s, 10min, 4 , 120009 10min 34.75u1 . 94 Smin . 94
: Iml75%  (DEPC 40s, 53 30s, 72 90s, 35 ,
) 4, 75009 Smin : 30ul 79 7min PCR 1.0%
DEPC H,0O )
RNA (Azs0/Azg0 ) >
cDNA %1 PCRY¥1E8FEREQL cDNA FTA54
Tab.1 Primers used in PCR amplification for trypsin cDNAs of
1.3.2 S. chuatsi
N- (Lu et al, 2008),
NCBI BLAST , TF-A 5"-ATGA(G/T) GCCTCTGGTCTTCTT-3'
( ) ( ) TF-B 5-ATCGT(C/T)\GGAGG(A/G)TATGAGTG(C/T)-3'
GeneDoc R TR 5-AGGTATCCAGC(A/G)CAGAACAT-3’
GSPF-A  5-ACATCATGCTGATCAAGCTGA-3'
, N- ’ ’ GSPF-B  5-TTCAACCGCTACACCCTTGAG-3'
Primer Pre- GSPR-A  5-TCAGTTTGAGCAGCATGATGT-3’
mier 5 DNAstar ’ GSPR-B  5-AGGGTGTAGCGGTTGAAGGA-3'
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1.34 3’-RACE cDNA  3'- LB , PCR ,
cDNA Invitrogen( )
1.3.3 Nested-PCR 1.3.7 DNAStar
cDNA  3'- ,TRS-A  3'-RACE (ORF)
cDNA s TF-A ; NCBI (http://www.ncbi.nlm.nih.gov) BLAST
3’-UPM PCR (Tw=57 ), ( ,
Nested-PCR , 2008); Signal P3.0 server (http://
GSPF-A/3'-UPM Nest-PCR PCR www.cbs.dtu.dk/service/SignalP);
1.3.3 ; TRS-B  3'-RACE GeneDoc Clustal W (http://www.ebi.ac.uk/
cDNA , TF-B/3'-UPM clustalw/index.html) ; MEGA 4.1
PCR (Tw=57 ), Nested- (Larsen et al,
PCR , GSPF-B/3'-UPM 2008);
PCR 1.3.3 ProtParam(http://www.expasy.ch/tools/ protparam.html)
135 5".RACE cDNA  5'- ( , 2006); GOR IV(http:// npsa-pbil.
¢DNA 5".RACE ibcp.fr/cgi-bin/secpred  gord.pl)
CLOTECH SMARTTM RACE ; Swiss PdbViewer S Project
1 (10ul) RNA 1.5l Mode, SWISS-MODEL
5'-RACE CDS Primer A (12umol/L) 2ul, SMART 1I™ (Larsen et al, 2008),
A Oligonucleotide (12umol/L) 2ul, DEPC  4.5ul; , PyMol
2 (10ul) 5><RT PCR Buffer 4ul, dNTP
Mixture (10mol/L) 2ul, ReverTra Ace (100U/ul) 1pl, 2
RNase Inhibitor (40U/ul) 0.5ul, DEPC  2.5ul
1 70 30min 2min; 2.1 cDNA
1 2 , 42 211 cDNA
90min, 5’-RACE cDNA RNA
Nested-PCR cDNA 5'- 3000ng/ul, Azsonm/Az80nm=1.88, RNA
,TRS-A  5'-RACE cDNA , RT-PCR RNA
5'-UPM/TR (Ty=63 ), 3'-RACE CDS Primer A
Nested-PCR , cDNA TF-A/TR  TF-B/TR
5'-UPM/GSPR-A Nest-PCR (T,=55 ) TRS-A TRS-B ¢cDNA
PCR 1.3.3 ; TRS-B  5-RACE ; 550bp  500bp DNA
cDNA , 5'-UPM/TR ( D T-
(To=63 ), ,TRS-A TRS-B cDNA
Nested-PCR , 5'-UPM/GSPR-B 554bp  494bp,
Nest-PCR (T,=55 ) PCR 212 ¢cDNA ¥
133 3’-RACE cDNA , RACE
13.6 PCR RT-PCR GSPF-A/3'-UPM GSPF-B/3'-UPM TRS-A
3RACE  5-RACE 1.0% TRS-B 3" ; 500—600bp
, PCR 500—750bp DNA ( 2
DNA T- , TRS-A
T pBS-T , TRS-B  3'- 536bp  577bp,
DH5a, 4ul IPTG( 200mg/ml)
40p1 X-gal( 20mg/ml)  100mg/L 2.1.3 cDNA 5
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1 TRS-A(A) TRS-B(B)
RT-PCR (1.0%)
Fig.1 Agarose gel (1.0%) electropho-

resis analysis of RT-PCR products of
TRS-A (B) and TRS-B (B)
: M1: 100bp DNA Ladder; 1A: RT-
PCR product of TRS-A; M2: 100bp
DNA Ladder; 1B: RT-PCR

5'-RACE
cDNA ,
RACE 50-
UPM/GSPR-A
5'-UPM/GSPR-B
5-RACE
TRS-A TRS-B
5'- ,

300—
400bp 250 —
500bp DNA
(3
T-
, TRS-

A TRS-B 5'-

product of TRS-B 354bp  304bp,
2.2
cDNA
RT-
PCR 3'-RACE
5'-RACE
TRS-A
2 TRS-A(A) TRS-B(B) TRS-B
3'-RACE (1.0%) ¢DNA
GenBank
Fig.2 Agarose gel (1.0%)
electrophoresis analysis of 3'-RACE >
products of TRS-A (A) and TRS-B (B) EU688996
: M1: 100bp DNA Ladder; 1A:
3’-RACE product of TRS-A; M2: DNA EU688997,
Marker DL2000; 1B: 3’-RACE product
of TRS-B ACD 70339
ACD70340 , TRS-A cDNA
869bp, 23bp 5! (Untranslated
Region, UTR) 729bp 242
) 117bp 3 (  polyA 15
AATAAA), TRS-B cDNA

885bp, 23bp

5'-UTR, 729bp

M1 1A M2 1B

2000
1000

600

500

40Q
bp

242 )
133bp 3’
( polyA
15

AAT- AAA)

(http:// www.cbs.dtu.
dk/se-rvices/Signal
P/)

3 TRS-A(A) TRS-B(B) , ,
5'-RACE (1.0%) N
Fig.3 Agarose gel (1.0%) electro- a
phoresis analysis of 5-RACE products —15 ),
of TRS-A (A) and TRS-B (B) TRS-A
: M1: 100bp DNA Ladder; 1A: MRS-LVFVLLIG
5'-RACE product of TRS-A; M2: DNA
Marker DL2000; 1B: 5-RACE product AFA, TRS-B
of TRS-B MRPLVFFLLIGA
AFA, 729bp
(Pretrypsinogen),
( 227
)
N- (Lu et al, 2008)
, TRS-A  N- 21—30
N- TRS-B N-
21—27 N- 7
cDNA (
, 2006) R 5
( TEDDK),
TRS-A  TRS-B 222
2.3
TRS-A  TRS-B
(2 , TRS-A  TRS-B
85%; TRS-A
81%—90% (
) 60%—64%; TRS-B
76%—81% (
) 60%—64%
MEGA 4.1
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*2 HeREQMHEERES GenBank P HERIRIRE QRS EDLF S AU L
Tab.2 The amino acid sequence alignments of trypsinogens from S. chuatsi and some other organisms
GenBank TRS-A % TRS-B %
Siniperca chuatsi TRS-A ACD70339 100 85
Siniperca chuatsi TRS-B ACD70340 85 100
Salmo salar trypsin IA CAA49676 90 81
Paralichthys olivaceus trypsinogen 1 BAARg2362 87 78
Paranotothenia magellanica trypsin CAA57701 86 78
Sparus aurata trypsinogen II ABE68639 86 78
Pseudopleuronectes americanus trypsinogen 2 AAC32752 85 76
Engraulis japonicus trypsinogen BAB40329 83 76
Engraulis japonicus trypsinogen II BAB40330 81 76
Mus musculus trypsinogen 7 AAB69044 64 63
Rattus norvegicus trypsin II P00763 64 64
Canis lupus familiaris Anionic trypsin P06872 64 63
Homo sapiens trypsinogen AAA61232 61 61
Gallus gallus trypsinogen AAAT9913 61 60
Bos taurus anionic trypsin NP_777115 60 60
( 4 Winter flounder-III
{ Winter flounder- I
(Bacteria) Atlantic cod
*TRS-A
TRS-A N _|: Atlantic salmon-]
(Atlantic salmon) Atlantic salmon-II
> TRS-B Japanese flounder
’ Antarctic fish
Winter flounder- 11
2.4 Japanese anchovy-I
ProtParam (222
Japanese anchovy-1I
) : TRS-A ATRS-B
24.1kDa, 5.96, 20h,
Dog-1I
40.51, ; TRS-B
24.2kDa, 5.75, 20h, Human
41.64, GOR 1V Bovine
(222 ) Rat-I
O (Alpha helix) (Extended strand) Rat-11
(Random coil) , , TRS-A Chicken-IIT
4.05% 32.43%  63.51%; TRS-B 9.01% Rat-Ill
34.23% 56.76% Dog-1
Chicken-1
> (222 ) Bacteria
R (PDB) BLAST 5
4 (NJ )
’ Fig.4 Rooted NJ tree based on the amino acid sequences of the
(PDB 1HGS) 90%(TRS-A) trypsins from different organisms
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81%(TRS-B) Swiss PdbViewer
SWISS-MODEL
1HGS ,
TRS-A TRS-B 5
( S5SA 5B)
( 50 , ,
(Leiros et al, 2001),

TRS-B

TRS-A
His40 Asp84  Serl76
; 6
Cys7 Cysl36 Cys25 Cys4l
Cysl1l6  Cysl182 Cysl47

Cysl96  ( 5A  5B)

Cys109
Cys209 Cysl61

Cys172
3
() ,

, (Emi et al, 1986)
et al, 1990) (Pinsky et al, 1985)
(Atlantic Cod)(Spilliaert et al, 1999)
(winter flounder)(Douglas et al, 1998)
(Atlantic salmon)(Rune et al, 1995)

()
GenBank s ()

(Huerou

(Lu et al, 2008) ,
N- 10 ,
RACE(Rapid Amplification of cDNA
cDNA ,
cDNA R

Ends)

5 1HGS (©)

N-
, RT-PCR 3'-RACE 5'-RACE
TRS-A TRS-B
cDNA , 729bp
242 , N- 15
5
, , 222
TRS-A  TRS-B  c¢DNA
88%, 85%,
TRS-A  TRS-B
, , (Bacteria)
; TRS-A
(Atlantic salmon) trypsin IA , ;
TRS-B >
TRS-A
24.1kDa 5.96; TRS-B  24.2kDa
5.75
TRS-A  TRS-B (
)
, N-
R TRS-A N-
10 N-
;  TRS-B N- 7

TRS-A(A) TRS-B(B)

Fig.5 The predicted three-dimensional structures of TRS-A (A) and TRS-B (B) from S. chuatsi using SWISS-MODEL and 1HG8 as
template (C)
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N- TRS-A
21.5kDa
24.1kDa TRS-A
GDSGGP C-
199
TRS-A C- NHPGVYAKVCL-
FNEWLESTMASY, 2.65kDa,
TRS-A 21.45kDa,
21.5kDa

(Lu et al, 2008)

B

( » 2009), 9
, 7.94,
TRS-A  TRS-B
67%  66%, TRS-A  TRS-B
5 , 5.96
5.75 ,
(Rune
etal, 1995; Lu et al, 2008)
( , 2006)
( )
30% ,
30%, ,
SWISS-
MODEL (Arnold et
al, 2006) )
1HGS (  TRS-A
TRS-B 90% 81%),
, X- )
His55 Asp99  Serl91
; 6

Cys22 Cysl56 Cys42  Cys58 Cysl27  Cys232
Cys136 Cys201 Cysl168 Cysl82 Cysl191
Cys220 (Leiros et al, 2001)( 50),
12 ,
, , , 2002. ( ).
,423
, , , 2009. (Siniperca chuatsi)[3-
cDNA 5
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> s , 2002.
, 24(4): 369—370
, 2006. :
,223—296
, 2009.
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R R , 2008. (Siniperca)
) ,39(4): 354—361
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. ,30(2): 200—213
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CLONING AND BIOINFORMATIC ANALYSIS OF TWO TRYPSIN GENES FROM
MANDARIN FISH SINIPERCA CHUATSI

DU Cui-Hong, SU Wen-Jin, LU Bao-Ju, LIU Guang-Ming, QIU Xiao-Yan, CAO Min-Jie

(College of Biological Engineering, the Key Laboratory of Science and Technology for Aquaculture and Food Safety,
Jimei University, Xiamen, 361021)

Abstract The cDNAs of two isoforms of trypsins, designated as TRS-A and TRS-B, were isolated from the pyloric
caeca of mandarin fish Siniperca chuatsi through RT-PCR, 3'-RACE and 5'-RACE. Sequence analysis indicated that both
trypsin cDNAs had an open reading frame of 729bp encoding 242 amino acid residues. The two sequences had been de-
posited into GenBank under accession number of ACD70339 and ACD70340. Alignment of two amino acid sequences for
fish trypsinogens and construction of the corresponding phylogenetic trees were performed based on amino acid sequences
of the prepro-forms (pretrpsinogens). The results suggested that TRS-A was more closely related to trypsin IA from Atlan-
tic salmon (Salmo salar) while TRS-B was more closely related to trypsins from vertebrates lives on land. Some physical
and chemical parameters and three-dimensional structures of the two trypsins were predicted by bioinformatics. The results
indicated that: (1) both the amino acid sequences of the prepro-forms of TRS-A and TRS-B were composed of a signal
peptide (15 residues), a propeptide (5 residues) and a trpsin moiety (222 residues); (2) TRS-A had a molecular mass of
24.1kDa and its theoretical pI was 5.96. TRS-B had a molecular mass of 24.2kDa and its theoretical pl was 5.75; (3) the
three-dimensional structures of TRS-A and TRS-B were constructed by homology modeling to predict their active sites and
disulfide bonds formed by twelve cysteine residues. This study provides an insight into the relationship between structure
and function of fish trypsins and established a foundation for further research in fish trypsins using site-directed
mutagenesis.

Key words Siniperca chuatsi, Trypsin, Gene cloning, Bioinformatics



