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Molecular cloning of a myofibril-bound serine proteinase (MBSP)
from common carp ( Cyprinus carpio) muscle
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Abstract: Myofibril-bound serine proteinase ( MBSP) is a recently identified serine proteinase, which is
responsible for myofibrillar protein degradation and gel softening in the preparation of fish cakes. However, the
full-length sequence of MBSP has never been reported. In the present study, degenerate primers were designed
according to the N-terminal amino acid sequence of carp MBSP and well-conserved active site motif of serine
proteinases. Based on RT-PCR and PCR amplification of the cDNA fragment from N-terminal to active site motif
and rapid amplification of cDNA end (RACE) of the 3’- and 5'- regions, the full-length cDNA of MBSP was
confirmed. Analysis of the nucleotide sequence of carp MBSP revealed that the cDNA clone has an open reading
frame of 732 bp encoding a protein of 243 amino acid residues and a signal peptide of 21 amino acid residues.
Three residues (His61, Aspl07 and Ser197) forming the typical catalytic triad of serine proteinases for functional
activity were conserved in the polypeptide sequence. Mature MBSP contains 222 amino acid residues with an
estimated molecular weight of about 24.5 ku, which is smaller than that of its native protein (30 ku). The
estimated pl of mature MBSP is 10.43. Sequence alignment showed that carp MBSP has identity of 80.6% to
crucian carp MBSP, 55.8% to porcine trypsin, 55.3% to bovine trypsin, 53.9% to flounder trypsin and 39.
2% to a chymotrypsin type serine proteinase mekratin, which is from the skeletal muscle of hamster. The high
content (11.93% ) of Lys residue distinguished carp MBSP from other serine proteinases and this may account for
its myofibril-binding characteristic.
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. a broad range of physiological processes. They are
1 Imntroduction . . .
characterized by their similar proteolytic cleavage

Many biological processes which require specific specificities and the presence of a serine residue in the
and limited proteolysis are mediated by the serine active site. Processing serine proteinases are
protease family produced in different tissues and cell represented by yeast Kex2, a Ca’*-dependent
types[l] . Serine proteases are a group of enzymes that subtilisin-like serine protease[2'3] and its mammalian

hydrolyze peptide bonds in proteins and participate in counterpart, which includes furin, PC1 and PC3 (4],
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as well as later found member of the family LPC/
PC7/PC8/SPCT"),  etc.
studied both enzymatically and genetically[s]. The

They were extensively

tissue-specific distributions of some of these enzymes
were also investigated by Northern blot and in situ
hybridization[“]. Investigation of cleavage specificity
of these enzymes indicated that the Kex2 family serine
proteases correctly processed protein precursors into
their mature forms by cleaving mainly at the carboxyl
side of dibasic pairs on Lys-Arg and Arg-Arg, as well
as between the dibasic pairs or the monobasic sites.
Processing serine proteinases had also been partially or
completely purified from bovine adrenal chromaffin

]

granule membranes'®!, rat liverl”), porcine intestinal

mucosal®

1, and mouse!®!. Because the region around
the catalytic site is known to have well-conserved
structural homologies!'®, serine proteinases are
supposed to have evolved from a same ancestral gene.

Compared with research progress of serine
proteases from mammals and yeast cells, only few
studies have been performed on serine proteinases
from fish''- 131,

myofibril-bound serine proteinase ( MBSP ) from

In a previous paper, a novel

common carp ( Cyprinus carpio ) muscle was purified
to homogeneity!™!. MBSP was assumed to be
responsible for the modori phenomenon (thermal gel
degradation of fish jelly products) for it optimally
hydrolyzed myosin heavy chain and other myofibrillar
proteins such as e-actinin, actin and tropomyosin at
55 1?15, The cleavage specificity of carp MBSP
toward both dibasic and monobasic fluorescent MCA-
substrates and peptides were also investigated and its
N-terminal amino acid sequence (40 amino acid
residues) was determined!'®!. As a myofibril binding
type serine proteinase, MBSP was also supposed to be
a processing enzyme physiologically. Though MBSP
is a unique serine proteinase both in its cleavage
specificity and binding characteristic, till now, very
few information concerning its full-length primary
sequence are available. In order to elucidate the
binding characteristic and enzymatic properties of
MBSP, it is necessary to obtain its full-length primary

amino acid sequence for comparative study. In the

present study, the cDNA sequence and deduced amino
acid sequence of carp MBSP were determined. Our
findings may be helpful in revealing more properties

of such myofibril-bound serine proteinase(s) .
2 Materials and methods

2.1 Fish

Cultured common carp with body weight of
about 500 g was obtained alive from the market of
Jimei, Xiamen. The fish was sacrificed and skeletal
muscle was immediately collected and frozen in liquid
nitrogen for total RNA extraction.

MBSP
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carp MBSP 1020 bp

Fig.1 Strategy and relative positions of forward
and reverse primers in molecular cloning of carp MBSP
Primers DPF and DPR are degenerate primers SPF and

SPR are gene-specific primers

2.2 Total RNA extraction and cDNA cloning
Total RNA was extracted from skeletal muscle
with TRIzol reagent (Invitrogen). Approximately 1
1:g of RNA was obtained from 1 g of muscle. Using
total RNA, first-strand cDNA was synthesized by
reverse transcriptase (Invitrogen) to transcribe poly
(A) RNA with oligo-d(T)4 as primer. Based on the
N-terminal amino acid sequence of the purified
enzyme'®!, two degenerate primers (DPF1, DPF2)
were designed for forward primer. From the well-

conserved peptide motif GDSGGP in serine protease
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family, a degenerate reverse primer (DPR1) was also
designed. The strategy for molecular cloning carp
MBSP was summarized in Fig.1 while primers used
in this study were shown in Tab. 1. The DNA
encoding fragment of MBSP was first amplified by
PCR using primers DPF1 and DPRI1 followed by
nested-PCR with primers DPF2 and DPR1. PCR was
carried out in 20 pL of reaction mixture composed of
1 pL cDNA or DNA as template, 10 pmol-L~! of
each primer, 0.25 pmol-L~' dNTPs, 1.5 U Taq
DNA polymerase ( Promega) and 2 pL 10 x PCR
buffer containing 2.5 mmol - L™' MgCl, under the
following conditions: 35 cycles of denaturation at 94
T for 45 s, 48 T for 45 s and 72 C for 2 min,
followed by an extension reaction at 72 C for 7 min.
The PCR product was purified from agarose gel and
cloned into a pUcm-T easy vector (Sango, Shanghai)
and the DNA sequence was determined by ABI 377
DNA sequencer using MI13 forward and reverse
primers.
2.3 5'-RACE and 3'-RACE

Based on the sequence of cDNA fragment
obtained using degenerate primers, specific primers
SPF1 and SPF2 (Tab.1) were designed and used as
sense primers. 3’-RACE was performed according to
the manufacturer’ s instructions ( Clontech, USA)
with some modification. Briefly, reverse transcription
was carried out using 3’ RACE CDS Primer A to
synthesize cDNA. In the first round PCR reaction,
SPF1 and NUP Primer (supplied by Clontech) were
used. Nested-PCR was carried out using SPF2 and

NUP Primers. PCR was catried out in 20 uL of
reaction mixture composed of 1 pL. cDNA or DNA,
10 pmol - L™! of each primer, 0.25 pmol - L™!
dNTPs, 1.5 U Taq DNA polymerase and 2 L 10 x
PCR buffer containing 2.5 mmol - L™! MgCl, under
the following conditions: 35 cycles of denaturation at
94 T for 45 s, 55 C for 45 s and 72 C for 2 min,
followed by an extension reaction at 72 C for 7 min.
The PCR product was cloned into pUcm-T easy vector
and the sequence was determined as described above.

According to the sequence of cDNA fragment,
three additional specific antisense primers SPR1,
SPR2 and SPR3 were designed (Tab.1) and used in
5'RACE, which was carried out according to the
manufacturer’ s instructions of 5'RACE kit ( Clontech,
USA) with some modifications. The primer SPR1
was used as gene specific primer in reverse
cDNA synthesis. First PCR

amplification and Nested — PCR were performed using

transcription  for

SPR2 and SPR3 as reverse primers together with sense
primers of UPM and NUP provided in the 5' RACE
kit. PCR was cartried out in 20 pL of reaction mixture
composed of 2 pL. cDNA or DNA as template, 10
pmol-L~! of each primer, 0.25 pmol-L~' dNTPs,
1.5 U Taq DNA polymerase and 2 pL 10 x PCR
buffer containing 2.5 mmol - L™' MgCl, under the
following conditions: 30 cycles of denaturation at 94
T for 45 s, 54 T for 45 s and 72 C for 2 min,
followed by an extension reaction at 72 C for 7 min.
The PCR product from 5’ RACE was also
subjected to DNA sequencing as described above.

Tab.1 Primers used in cloning of carp MBSP gene

primers primer sequences

DPF1 5'-CC(A/T)CA(C/T)AG(C/T)CA(A/G)CC(A/T)TGGCA-3'

DPF2 5'-CT(A/T/C/G)AT(A/T/C)AA(C/T)AA(C/T)CG(A/T/C/G) TGGGT-3’
DPR1 5'-AC(A/T/C/G)GG(C/T)TC(C/T)TC(A/T/C/G)GA(A/G)TC(C/T)TC-3'

3'RACE CDS Primer A 5'-AAGCAGTGGTATCAACGCAGAGTAC(T)30N-1N-3'

SPF1 5'-TGAAGCCAATCCGTCTGCC-3’

SPF2 5'-AGTGCTTGGTTTCTGGATGG-3’

SPR1 5'-CACTACAGGGCCACCTGAAT-3

SPR2 5'-GTTTTTTCAGCTTGATCAGCATGAT-3

SPR3 5'-CTTTGATCTTCTGCTCTG-3’

UPM 5'-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3’

mixed with 5'-CTAATACGACTCACTATAGGGC-3’

NUP 5'-AAGCAGTGGTATCAACGCAGAGT-3'
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3 Results

Using RT-PCR and degenerate primers designed
on the basis of the N-terminal amino acid sequence of
purified carp MBSP and the serine protease active site
motif-GDSGGP, we first cloned a DNA fragment of
MBSP gene of about 500 bp in length. DNA
sequencing analysis of the resulting DNA fragment
revealed higher similarity to serine proteinases from
other species in GenBank database. This fragment
sequence set a solid base for the designation of gene-
specific primers, which were subsequently used in 5'
and 3’ RACE.

By nested-PCR in 3'RACE, a DNA fragment of
about 600 bp was obtained (Fig.2-A) while the
product of nested-PCR in 5'-RACE was 300 bp in
length (Fig.2-B). The full-length cDNA sequence of
carp MBSP was
overlapping the three cDNA fragments.

consequently determined by

1 000 bp

500 bp

B. 5" RACE

A. 3" RACE

Fig.2 Result of nested-PCR
M :DNA ladder;1:PCR product of 3'RACE;
2:PCR product of 5'RACE

The complete cDNA sequence and the deduced
amino acid sequence of carp MBSP were shown in
Fig.3. The full-length cDNA of MBSP was 1020 bp
including the start codon ATG at positions of 34 — 36,
the stop codon TAA at positions 763 — 765 and a poly
A tail. The open reading frame of carp MBSP is 732
bp and the predicted protein consists of 243 amino
acid residues (Fig.3). Combining the present DNA
sequence with the information of the N-terminal amino
acid sequence of native carp MBSP!®! | it is obvious

that carp MBSP was processed to the mature form of

222 amino acid residues by cleaving a signal peptide
of 21 amino acid residues at Lys21 — Ile22. The
deduced pI of mature MBSP is 10.43, which is quite
alkaline. The molecular weight of MBSP is 24.5 ku
as calculated, which is relatively smaller than that of
its native form (30 ku)'**). However, except cysteine
residue, the N-terminal sequence (40 amino acid
residues) of the deduced mature MBSP revealed 95%
identity with Japanese common carp MBSP as
determined by protein sequencing™®’, further
confirming our present data is correct. A homology
search in GenBank databases revealed that mature
common carp MBSP shares relatively high homology
to other serine proteinases especially in the conserved
regions (Fig.4). It has 80.6% identity to crucian
carp MBSP ( GenBank accession No. DQ872434 ) ;
55.8% to porcine trypsin’'; 55.3% to bovine
trypsint*®! ; 53.9% to flounder trypsin'*®! and 39.2%
to mekratin, a chymotrypsin-type serine proteinase

from the skeletal muscle of hamster!2]

. By analyzing
the sequence, the characteristic of MBSP as a serine
proteinase is very clear. It comprises an activated
serine (Ser-197) assisted by a proton relay (His-61),
which acts as a general base. The imidazole of the
active-site histidine is stabilized by hydrogen bonds to
an aspartic acid ( Asp-107) (Fig.3). These three
residues, brought together by protein folding in a
motif known as catalytic triad are well conserved in

common carp MBSP.
4  Discussion

Serine proteinases are a group of enzymes that
hydrolyze peptide bonds specifically at the carboxyl
side of arginine and lysine residues and participate in a
broad range of physiological processes. They are
present in all forms of living organisms and have been
extensively studied because of their biological
Though the myofibril-bound

proteinse of common carp has been purified and its N-

importance. serine

terminal amino acid sequence was determined in

previous works!4-16]

, no information concerning the
full-length sequence of the proteinase was available.

Searching databases in NCBI, SwissProt and DDBJ,
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except crucian carp MBSP, no gene with high
homology to common carp MBSP was identified.
Thus, we believe MBSP is a new member of the
serine proteinase family. Interestingly, mature MBSP
molecule contains 29 Lys residues in the 222 residues
of the mature protein, which accounts for 11.93% in
molecular ratio of the total protein. Such a high
content of Lys residues is quite rare among known
proteins. As carp MBSP is a myofibril-bound serine
proteinase and Lys is a hydrophilic amino acid, the

high content of Lys may suggest that the binding
mode of carp MBSP to myofibril is an ionic
interaction. This speculation seems in agreement with
the disassociation method of carp MBSP from
myofibril during purification in the presence of 0.6
mol- L~ KCl, pH 4.0 . However, the possibility
of other binding mechanism should not be excluded,
because mature carp MBSP molecule as a whole is
neutral hydrophilic and contains several hydrophobic

domains.
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491
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541
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661
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CAACAGATGTGCTCTCTCCTCTCCTCAGTTGCAATGAAGACCACTGTGTTCATCATTCTA
M XKTTT FTITITL

CTGGTTGCGGTTGTGGCTTTCAGCTCAGGAGATAAAATCATTGGAGGTTATGAATGTAAG

L VAV YV AFDDGTDZEK|I I 6GGY E CK
preproregion ‘l—> mature form

CCCCACTCCCAGCCCTGGCAAGCTTACCTTGTCGATAATAAATTTTCATGTGGAGGATCT
PHS QP WQAYLVDNI KT FSCGG S

TTGATTAATAATAGATGGGTTGTGTCTGCTGCTCAATGCACATTCTCACGTAATAAACTC

LI NNZRWVV S AAHT CTT FSIZ RNIKL
A

AGCGTCCACCTGGGAAGGCACAATTTGCAAACTAATGAAAACACAGGGCAGAAGATCAAA

S vVHLGRHNLIQTNENTGAQ K I K

GTGGAGAAGATCATTCCTTTCCCGAAATACAATGATAGGCCTCATAACAATGATATCATG
vV EKITIZPFUPI KTYNIDT RZPIHNN R I M

CTGATCAAGCTGAAAAAACCTGTCACCTTCAACAAGTATGTGAAGCCAATCCGTCTCATG
LI KLZ XJ K®PVTT FNI KYVKZPTIT RTLTFP

AAAAAATGCCCCTCTGTAGGGGAGAAGTGCTTGGTTTCTGGATGGGGCAGAACTGCAGCC
K XK ¢ P S VGEI KU CLV S GWG6GRT A A

GGCTCTGCTTCTGTCCTGCAGTGTTTGAATTTGCCTGTACTCTCACAAAGGACGTGTAAG
G S ASVLQCLNLZPVLSQRTTCK

CGTGCGTATAAAAAAATAATAACTAAAAACATGTTCTGCGCTGGATTCATTAAGGGAGGG
R A Y KK I 1T TI KNMTPFTZCAGTFTIZIKTGSG

AAAGACTCATGCCAGGGGGATTCAGGTGGCCCTCTAGTGTGCGGAGGGCAACTGAAAGGT
K DS CQ G D i G G P VYV CGGQL K G

GTTGTTTCCTTTGGCAATGGCTGTGCTAAACCAAAATATCCTGGGGTTTATACTGAGGTG
vVVSFGNGCAIKPI KYZ?PGV YTEYV

TGCCGCTACACTAAATGGATCAAATCCACCATAGCTAAAAACTAACTGTTTATTCAATCT
C RYTZXKXWI1IKSTTIAZ KN *

ATTTGAATGAGGAAACATCAAATTCTATAGCAACCAAAGCTTCTAACAGCAGCTGCTGTG
ATGCAATGACTTGAACAATTAGTGATTGTCTCTTTTATTTAGAAAGCAGGACTATTCATT

TTCCTTTTTCTATTTTCTTTTGCATTTTTGGGTGCACCATCTTTGTATATCTTAATCTTT

GAATTAAATTCACTCTGAAATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Fig.3 Full length cDNA and deduced amino acid sequence of carp MBSP
A ; catalytic triad
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Fig.4 Comparison of the amino acid sequence of common carp MBSP and other serine proteinases

1. common carp MBSP;2. crucian carp MBSP;3. porcine trypsin;4.bovine trypsin;5 . mekratin;6. flounder trypsin

The molecular weight of carp MBSP as estimated
which is
approximately 5.5 ku smaller than that as judged from
SDS-PAGE and gel-filtration!*]. Though the
molecular weight estimated by SDS-PAGE and gel-

from nucleotide sequence is 24. 5 ku,

filtration may not correctly show the size as the
protein movement under electrophoresis could be
affected by various factors such as the characteristic of
gel and protein concentration, the possibility that
common carp MBSP is a glycosylated protein should
also be considered. However, we could not find any
potential glycosylation site from the deduced amino
acid sequence from Fig.3. Thus, whether MBSP is a
glycosylated enzyme or not needs to be further

clarified. This is the first report concerning the full-
length sequence of a trypsin-type serine proteinase
from fish myofibril. We believe our findings will help
researchers in the study of similar proteinases both

biochemically and genetically in the future.
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