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1. Introduction

Proteases are the largest and one of more important group. Proteases are
currently classified into four major classes : serine proteases, cysteine
proteases, aspartate proteases, and metalloproteases. Proteases are involved
in numerous important physiological processes including protein turnover,
digestion, blood coagulation and wound healing, fertilization, cell
differentiation and growth, cell signaling, the-immune response, and

apoptosis.(Barrett et al.,1998, James al.,2002)

Serine proteases are one of the most thoroughly understood enzyme
families, and all serine proteases contain an active site termed the catalytic
triad, which consists of His, Asp and Ser amino acid residues. They are
found ubiquitously in both eukaryotes and prokaryotes. The serine residue at
the active site participates in the formation of ‘a transient acyl-enzyme
intermediate between the substrate and the protease.(Perona et al., 1995, Piao

et al.,2007, Kraut et al.,1977)

Serine proteases fall into two broad categories based on their structure:
chymotrypsin-like or subtilisin-like. Chymotrypsin-like serine proteases are
characterised by a distinctive structure, consisting of two beta-barrel

domains that converge at the catalytic active site. These enzymes can be



further categorised based on their substrate specificity as either trypsin-like,

chymotrypsin-like or elastase-like.(Ovaere et al.,2009)

Serine protease cascades amplify signals from physiological or
pathological responses in the extracellular milieu of vertebrate and
invertebrates(Piao et al.,2005) In mammals, a complex cascade of
coagulation factors, most of which are serine proteases, is triggered upon
tissue injury to prevent bleeding, and the complement system also employs
similar protease cascades in response to microbial infection .( O’Brien et al.,

1993)

Elastase-like proteases have a much smaller S1 cleft than either trypsin-
or chymotrypsin-like proteases. Consequently, residues such as alanine,

glycine and valine tend to be preferred.

However olive flounder(Paralichthys olivaceus) elastase-like serine
protease has not been completely characterized with regard to its enzymatic
properties and physiological functions. In this study, we described the
cDNA cloning, tissue-typic expression, and enzymatic characterization of

the recombinant elastase-like Serine protease protein in the olive flounder.



2. Materials and methods

2.1. cDNA synthesis from olive flounder and rapid amplification of

c¢DNA ends (RACE)

The total RNA was isolated from olive flounder using the TRIzol®
(Invitrogen) according to the manufacturer’s instructions and cDNA was
synthesized from this isolated mRNA wusing the Transcriptor First Strand
cDNA Synthesis Kit (Roche) and then used as the template for amplification.
In an effort to identify the elastase-like serine protease of the olive flounder,
regions around the highly conserved region of elastase-like serine protease
(sense primer, pro-ESp F, Table 1; antisense primer, pro-ESp R, Table 1)
were utilized in the amplification of cDNAs from a olive flounder cDNA
mixture. Rapid amplification of ¢cDNA ends (RACE) was used to clon
cDNA containing 5'- and 3’-end of elastase-like serine protease from a
cDNA mixture which was prepared from total RNA of olive flounder using
a SMART™ RACE c¢DNA amplification kit (Clontech). The 5’-end of the
elastase-like Serine protease was obtained by 5° RACE-PCR using the
specific primer POESp-GSP-R1 with Universal Primer Mix (UPM) for first
round-PCR and the second specific primer PoESp -GSP-R2 with Nested

Universal Primer (NUP) for second nested PCR, respectively. The two
3



primer sets used for 3' RACE-PCR were PoESp -3’F1 with UPM and
PoESp -3’F2 with NUP (Table 1) for obtaining 3’-end region. After
amplification, the RACE products were subcloned into a pGEM T-Easy
vector (Promega) and then transformed into E. col/i DH5a competent cells
according to the manufacturer’s instructions. The E. coli clones containing
the recombinants were overlaid with 100 pg/ml of ampicillin, 0.4 mM
isopropyl-B-thiogalactopyranoside (IPTG) and 40.ug/ml 5-bromo-4-chloro-
3-indoly-B-D-galactoranoside (X-Gal) in the Luria-Bertani (LB) agar plate.
White colonies were randomly chosen, cultivated and used for extraction of
plasmid DNA. Plasmid DNA was prepared from E. coli using a LaboPass™
Plasmid Mini Purification Kit (COSMO GENETECH). DNA sequencing

was conducted using a T7 promoter/ SP6 primers in the SolGent co, Ltd.

2.2. Sequence and phylogenetic analysis

Nucleotide and predicted amino acid sequences were analyzed using
DNAsis for Windows version 2.5 (Hitachi software engineering), BioEdit
Sequence Alignment Editor (Hall, 1999) and BLAST programs in the
National Center for Biotechnology Information (http://www.ncbi.nlm.
nih.gov/BLAST/). The signal sequence and putative cleavage site of PoESp

was identified using the SignalP 4.0 (http://www.cbs.dtu.dk/services
4



/SignalP). Predictions of the pro-region cleavage sites and active sites were
based on alignment of the elastase-like serine protease protein sequences
with the vertebrate orthologues. Multiple sequence alignments were
constructed using CLUSTAL W version 1.9 (Thompson et al., 1994) and
adjusted with the BioEdit Sequence Alignment Editor. The phylogenetic
tree was constructed using the Neighbor-Joining Method and plotted with

MEGA version 4.1 (Kumar-et al., 2008).

2.3. LPS-injected espression study by a quantitative method

In order to visualize the patterns of the POESp, interleukin-1f In an effort
to assess the tissue expression of POESp mRNA, quantitative real-time PCR
was conducted using brain, eye, gill, heart, gullet, liver, spleen, pyloric ceca,
intestine, kidney and muscle obtained from healthy specimens of P.
olivaceus. The total RNA was isolated using TRIzol® (Invitrogen) in
accordance with the manufacturer's instructions, and the purified RNA was
quantified via optical density at 260 nm using a UV spectrophotometer
(Ultrospec 6300 pro, Amersham Biosciences). Two micrograms of total
RNA from the P. olivaceus tissues was reverse-transcribed with
Transcriptor First Strand cDNA Synthesis Kit (Roche). The specific primers

for olive flounder elastase-like serine protease were PoESp-RT-For and
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PoESp-RT-Rev (Table 1). P. olivaceus B actin was utilized as the internal
control (Po-Bactin-real-F and Po-Pactin-real-R for the flounder Pactin,Table
1). (IL-1B, AB070835), IL-6 (DQ267937) and IL-8 (AF216646) expressions
in the Brain, Gill, Spleen, Muscle and Kidney tissue tissues, expression of
these genes were assessed following stimulation with lipopolysaccharide
(sigma). It was intraperitoneally injection fot each animal with 500 ul LPS
(500ug/ml). Three fish (average mass: 50 g) were sacrificed after 1, 3, 6 and
24 h post-injection. Total RNA isolation, reverse transcription, PCR
reaction, and direct DNA sequencing were performed as described above.
B-actin was utilized as the internal control for the housekeeping gene, and
the IL-B (PoIL1B-F and PoIL1B-R for the flounder IL-1B), IL-6 (PoIL6-F
and PoIL6-R for the flounder.IL-6) and IL-8 (PoIL8-F and PoIL8-R for the
flounder IL-8) genes were utilized as internal controls for inducible gene

expression (Table 1).

2.4 Expression studies by RT-PCR & Quantitative real-time PCR.

The specific primers for olive flounder elastase-like serine protease. olive
flounder B-actin were utilized as the internal controls (Pobactin-F and Po-
bactin-R, for the olive flounder). All of the PCR was run as follows: 94 °C

for 5 min, 30 cycles of 94 °C for 30 s, 58 °C for 20 s and 72 °C 30 s, and a
6



final 7 min of elongation at 72 °C. The resultant PCR products were
separated on 1.2% agarose/TAE gels containing ethidium bromide and
visualized with a Gel Doc image analysis system (Bio-Rad). The PCR
products were purified via agarose gel extraction (QIAquick® Gel
Extraction kit) and sequenced (SolGent co, Ltd., DNA Sequencing Service)
Quantitative PCR was conducted using SYBR 480 Real-Time PCR (Roche)
with SYBR Green (Roche applied science). factin was utilized as the
internal control for the housekeeping gene in the analysis of the tissue
samples (Table 1). Each reaction contained the following: 10 pL of the
Power SYBR® Green PCR Master Mix (Roche applied science), 0.2
uMprimer sets, 0.5 pL. cDNA (300 ng), and water to a final volume of 20 pL.
The PCR parameters were as-follows: iitial denaturation at 95 °C for 5 min
to activate DNA. polymerase. The melting curve cycles were conducted
under the following conditiens: followed by 40 cycles of 10 s at 95 °C, 10 s
at 60 °C, and 10 s at 72 °C . All of the data were gathered from triplicate
experiments and were expressed as fluorescence relative to Pactin. The
relative fold change in gene expression as compared to the controls was
determined by the 2—AACt method as described previously (Giulietti et al.,

2001).



2.5. Expression and purification of recombinant pro-PoESp in E. coli

To prepare an expression vector suitable for production of recombinant
olive flounder elastase-like serine protease in E. coli, a 759bp DNA
fragment containing the coding sequence for the Paralichthys olivaceus pro
elastase-like Serine protease (pro-PoESp) was generated by PCR
amplification. The primers (BamHI-pro-PoESp-F, 5-
GCGAGGATCCCTGCGGCACCCCATCCATTGA-3’; HindIII-pro-PoESp
-R,5’-GCGAAAGCTTGTTGTTCATCATAACCATGT-3?) harbor BamH/
HidIIl restriction sites (underlined), allowing for the cloning of the
amplified DNA in a predicted orientation into pET32a (Novagen).
Recombinant plasmid (pro-PoESp/pET32a) was transformed into E. coli
strain BL21(DE3). Transformed cells were grown in LB broth (100 ml)
containing 100 mg/ml ampicillin at 37°C for approximately 16 hr, diluted
1/100 with the same medium,-and grown to-an Aeo of 0.6. Next, isopropyl-
B-D-thiogalactopyranoside (IPTG) was added to a final concentration of 0.4
mM, and the incubation was continued for 3 hr. Cells were collected by
centrifugation, washed, and resuspended in 0.2 volumes of phosphate
buffered saline, lysed by using a Sonication cell and centrifuged at 20,000 x
g for 20 min at 4°C. Expression of pro-PoELp/pET32a gene in E.coli strain
BL2I1(DE3) resulted in a recombinant protein of approximately 47kDa.
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Purified pro-PoELp protein was used for SDS-PAGE, western blotting and

enzyme activity assay.

2.6. SDS-PAGE, western blotting and zymography

Purified pro-PoELp enzyme was analyzed by 12% SDS-PAGE. All
samples were denatured in a buffer containing 60 mM Tris/pH 6.8, 25%
glycerol, 2% SDS, 14.4 mM 2-mercaptoethanol and 0.1% bromophenol blue,
boiled for 5 min, and separated by 10% SDS-PAGE (Bio-Rad). Stained
molecular weight markers (GE) were run as standards on each gel. After
electrophoresis, the gel was stained with Coomassie brilliant blue R-250.
Western blotting was performed using mouse monoclonal anti-His-tagged
antibody (1: 2000, Santa Cruz Biotechnology). The substrate zymography
was performed by a-modified procedure using gels with gelatin (Sigma) as
described earlier (Heussen and Dowdle, 1980) with slight modifications. To
prepare the zymography, 30 ul of a protease sample was mixed with 10 ul of
4x SDS-sample buffer (0.5 M Tris/pH 6.8, 10% SDS, 20% glycerol and
0.02% bromophenol blue) without reducing the agent and without boiling.
The sample was then applied to the gel and electrophoresed using a Bio-Rad
Mini-Protean system (Bio-Rad) with a constant current of 12 mA per gel at

4°C. After electrophoresis, the gels were immersed in 100 ml of 2.5% (v/v)
9



Triton X-100 for 1 h to remove SDS and were washed once with incubation
buffer (0.1 M Tris/pH 8.0, containing 1 mM DTT). Next, the gels were
immersed in the incubation buffer for 18 hr at 37°C. Subsequently, the gels
were washed with water and stained in 5% methanol/10% acetic acid/water
containing 0.1% Coommassie Brilliant Blue R-250. Protease bands

appeared as clear zones on a blue background.

2.7. Enzyme activity assays

The Serine proteases activity was assayed according to the modified
method of Barret and Kirschke (1981). The optimum pH for enzymatic
activity was determined using a sodium acetate buffer in pH ranges of 3-10
with Z-Phe-Arg-7-amido-4-methylcoumarin hydrochloride (Z-FR-AMC;
Sigma) as substrates. Briefly, 10 of recombinant POESp enzyme in 85 of 0.1
M Tris/pH 7.5, containing 1 mM DTT were preincubated at 37°C for 2 hr,

and the enzyme reaction was initiated by adding 5 1l of 1 mM Z-FR-AMC

at 37°C for 10 min. The 7-amido-4-methylcoumarin (AMC) was measured
using a Microplate Fluorometer (Packard Co. USA) at an excitation
wavelength of 380 nm and an emission wavelength of 460 nm. Substrate

specificities were investigated using Z-Gly-Pro-Arg-AMC (Sigma), Ala-

10



Ala-Phe-AMC (Sigma), Z-Phe-Arg-Glu-AMC (Sigma), Z-Arg-Arg-AMC,
Suc-Leu-Leu-Val-Tyr-AMC and Z-Arg-Ala-Phe-AMC with 0.1 M Tris/pH
8.0, containing 1 mM DTT, respectively. Substrates were added to a final

concentration of 100 uM.

2.8. Effect of enzyme inhibitors, metal ions and detergents

The effects of enzyme inhibitors on protease activity were studied using Z-
Phe-Arg-AMC" as the fluorogenic substrate. The following known
proteinase inhibitors were tested: trans-Epoxysuccinyl-L-leucyl-amido (4-
guanidino) butane (E-64; Sigma), and Leupeptin (USB Co., USA) for
cysteine protease inhibitor; Antipain (Sigma), N-ethylmaleimide (NEM;
Sigma), Phenylmethylsulphonyl fluoride (PMSF; Sigma), Chymostatin
(Sigma), and Aprotinin (Sigma) for serine protease inhibitor; Ethylene
diamine tetraacetic acid (EDTA; Sigma), Ethylene glycol-bis(beta-
aminoethyl ether)-N,N,N',N'-tetraacetic acid (EGTA; Sigma) and 1,10-
Phenanthroline (Sigma) for metalloproteinase inhibitor; Pepstatin A (Sigma)
for aspartic protease inhibitor. The effect of various metal ions (1 and 5 mM)
on enzyme activity was investigated using ZnSOs4, CuSQO4, CoCly, KCl,
MgSO,, CaCl, and HgClL. The effects of some surfactants (Brij 35, Triton

X-100, Tween 20 and SDS) on enzyme stability were also examined. The
11



effects of enzyme inhibitors, metal ions and detergents (0.01 and 0.05%) on
the activity of pro-PoESp protease were studied at pH 7.5 and 37°C. All the
experiments were replicated three times. The values shown in tables and
graphical data represent the mean of three assays (+standard deviation). All
the analyses were performed using Microsoft Excel and SigmaPlot software

package.

12



3. Results & Discussion

3.1 Cloning and sequence analysis of A. pectinifera cathepsin L cDNA

Full-length of Paralichthys olivaceus elastase-like serine protease (PoESp)
cDNA was obtained by combining DNA sequences of cDNA library clones
and 5' SMART™ RACE cDNA Amplification PCR product. The full-length
cDNA yielded a 978 bp sequence comprised a 110 bp 5 -untranslated
region(5'-UTR) and-a 810 bp coding region including a stop codon(TAA),
followed by a'58 bp 3’-untranslated region (3°-UTR), including the run of
poly (A) sequences presumably derived from the poly (A)-rich tail of the
mRNA (Proudfoot and Brownlee, 1976) (Fig. 1). The nucleotide sequence
of PoESp was predicted to encode for a preproprotein of 269 amino acids,
which contained a 16 residue putative signal peptide analyzed with signallP

(Martoglio and Dobberstein;1998) (Fig. 1).

3.2. Tissue distribution of PoESp

Distribution of PoESp mRNA transcripts in different organs was examined
by RT-PCR using PoESp -specific primers (Table 1). As shown in Fig. 4
expression of PoESp was observed in all of the tissues. The expression

pattern of PoESp was revealed in high levels in the liver.
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3.3. Enzymatic characterization of recombinant Pro-PoESp

In order to assess the functional and enzymatic characteristics of POESp the
cDNA encoding for Pro-PoESp was expressed in E. coli as a fusion protein
with His-tag. The recombinant Pro-PoESp /pET32a was overexpressed in E.
coli BL21(DE3) as a 47 kDa fusion protein. The overproduced soluble HIS-
tag fusion protein (Pro-PoESp) was then applied to His bind column
chromatography, and the Pro-PoESp fusion protein band had a high purity

and the correct size by SDS-PAGE and Western blot analysis (Fig. 6).

The purified Pro-PoESp activity was quantified by measuring the cleavage

of a synthetic fluorogenic peptide substrate, Z-FR-AMC

As can be seen in Fig. 7 the Pro-PoESp protein. was demonstrated to
evidence a high level of:activity at 40°C. Also proteolytic activity of

recombinant Pro-PoESp was determined by gelatin zymography. The
purified Pro-PoESp was capable of hydrolyzing 0.1% gelatin at pH 7.5 (Fig.
9). Interestingly, using the synthetic substrate, Z-FR-AMC the recombinant
Pro-PoESp displayed activity over a wide range of pH (pH 7.0to 10) with
optimal activity occurring at pH 7.5 (Fig. 8).

We also compared Pro-PoESp activity on various substrates conjugated

14



with aminomethylcoumarin as the fluorescent chromophore (Table 2). The
highest levels of AMC release activity were seen from Z-FR-AMC, Z-RR-

AMC, and Z-GPR-AMC.

15



Table 1

Oligonucleotide primers used for PoESp amplification and expression
studies.
Primer name 5°-3" sequence Information
Universal

UPLong  CTAATACGACTCACTATAGGGCAAGCAGTGG
Universal Primer .
TATC primers for 5’
A Mix (UPM)
Upshort AACGCAGAGTCTAATACGACTCACTATAGGGC g 3° RACE
Nested Universal
. AAGCAGTGGTATCAACGCAGAGT
pro-ESp F CAAGCTCTCCTACAGGGTGT
pro-ESp R CATGATEAGCCACAGGCATC _
Universal
PoESp -GSP-R1 CCATCCGGTGATGTAGCAGG . :
primers for 5
PoESp -GSP-R2
GAGCAATGTCGTTTCCGAGG ond 3 RACE
PoESp -3°F1 CAGETGCACACTGCATCAAC
PoESp -3'F2
OESp GGTTACTCAAAGTCACAGGC

Po-18s rRNA-real-F

Po-18s rRNA-real-R

Po-bactin-real-F

Po-bactin-real-R

PoESp-RT-For

PoESp -RT-Rev

GTTGGTGGAGCGATTTGTCTGG

CATCTAAGGGCATCACAGACCTG

FGACATGGAGAAGATCTGGCA

ATGTCCTGCTCGAAGTCCAG

CATGAATTCCCGTGTGGTCA

CACGAAGATGGAGTTCCATTTCTC

16
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POIL1B-F GGTGCTACCAGACCTTCAACATCCAG

POILIB-R CAAAGTCTTTCCAGCAGACAGTGGTG
PolL6-F CAGCACTTTCCACAGGAAGATGACG
PolL6-R AGAGGGATGGATGGGTGGAATAATTC
PolLS-F GGGTCAGAAGCCGTTTAAAGACAACTC
PolLS-R GTTAGTTCCCTTCAAACAAGCACAGGC
Ser-start-Bam GCGAGGATCCCATGATCCCCATTGTGCTGGC Primers for
Ser-pro-Bam GCGAGGATCCCTGCGGCACCCCATCCATTGA _
Recombinant
Ser-start-Sac GCGAGAGCTCATGATCCCCATTGTGCTGGC
Ser-start-Sac GCGAGAGCTCTGCGGCACCCCATCCATTGA protein
Table 2
Substrate specificity of pro-PoESp
Concentration Activity
Substrates o
(rM) (%)
Z-Phe-Arg-AMC(FR) 50 100.00 £ 0.52
Z-Arg-Arg-AMC (RR) 50 90.55 +0.45
Z-Gly-Pro-Arg-AMC (GPR) 50 54.26 +0.36
Z-Ala-Ala-Phe-AMC (AAF) 50 9.67 +0.18
Z-Arg-Gly-Phe-Pro-Pro (RGFPP) 50 1.95 +0.34
Suc-Leu-Leu-Val-Tyr-AMC 50 1.59 +£0.67

(LLVY)

17



Table 3

Effect of various protease inhibitors on the enzymatic activity of the pro-
PoESp. The purified pro-PoESp was pre-incubated with the indicated
inhibitors and assayed for residual activity using Z-Phe-Arg-AMC as the

fluorogenic substrate.

Inhibitiors Specificity C““i:‘ﬁ;‘ﬁ““ Inhibition (%)
Control i = 0
E-64 2lbeysteine 0.1 33.8+3.38
proteinases
Antipain S 0.1 66.8 +9.54
proteinases
Chymostatin Chemotrypsin 0.1 13.5+2.33
Cysteine/trypsin-like
Leupeptin o ] ryp‘ 0.1 32.840.67
Serine proteinases
NEM Serine proteinases 0.1 41.3+4.17
PMSF Serine proteinases 0.1 40.1 £0.53
Aprotinin Serine proteinases 01 24.6 +1.44
EDTA Metallo proteinases 0.1 23+2.01
EGTA Metallo proteinases 0.1 25.8+0.89
1,10- .
phenanthroline Metallo proteinases 0.1 37.8+0.212
Pepstatin A Aspartic proteinases 0.1 0+2.89

18



Table 4

Effect of metal ions and various detergents on pro-PoESp activity.

Relative activity (%)

Agent

1mM SmM
Control 100.00 100.00
CoCI2 254.97 £ 14.70 218.60 £ 12.40
CaCl2 11436 £ 0.55 78.99 +£2.37
MgSO4 104.13 +2.37 91.23 £0.57
KCl 94.19 £9.48 84.19.+4.35
ZnSO4 91.84 +2.84 82.23+5.53
CuSO4 80.17 £2.29 53,74+ 2153
HgCl12 66.48 + 8.85 65.08 £ 0.08

0.01% 0.05%
SDS 34.531 I 94.25+0.97
Brij-35 96.31+2.37 70.95 + 1.83
TritonX-100 9263 £5:69 69.11 + 2.66
Tween20 86.54 £13.83 74.92 £2.00
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5" AAGCAGTGGTATCAACGCAGAGTACGGGGGGAAGCAGTGGTATCAACGCAGAGTACGCGG 60
GAAGCAGTGGTATCAACGCAGAGTACGCGGGAGCAGAAGCATCAATCAAH 120

GG GEOBOAGTGOTCATOGDTAGOBO0OTIGRA  CUCCCACCCCATCAT TGS 160
CGTPSTE
CCATGAATTCCCGTIGTGGTCAATGGAGTCGATGCCAAGCCCCACAGCTGGCCCTGGCAGA 240
P M N RV VNGVDAKPHTZ SWPWAQ

TCTCCCTGCAGTATGAGAGGGACGGTCAATGGAGGCACACGTGTGGGGGATCTCTGATTG 300
I SLQYERDGQWARHTU CGGS S LI

CTGCCAACTGGGTCATGACAGCTGCACACTGCATCAACACCAAGCTCTCCTACAGGGTGT 360
AANWVMTAAHTCI NTKLSYRY

TTGTGGGCAAACACAACGTGTTGGAGGAGGAGCCTGCCTCTCAGGCCATCCTGCCTGAGA 420
FVGKHAN]LERB6EEF PPALE 0 AL P E

AGATGATTGTCCATGAGAAATGGAACTCCATCTTCGTGGCCCTCGGAAACGACATTGCTC 480
K M I/VosHR<E“K WNS I FV AL GNDMNA

TGATCAAGCTGTCAGAGCCTGTGACTTTGAGT AACCAGGT GCAGCTGGCATGTATCCCTG 540
L I/K%F 6 E SV ARNESS NS Gl A 'Ch 1. A

CTGCCGGCACTCTTCTCCCCAACCTATACCCCTGCTACATCACCGGATGGGGCAGGCTGT 600
A Al GgT IL L EEE NNIERY PEEEEENT NG W G (8L

ACACTGGAGGCCCCATCGETGATAAGCTGCAGCAAGCTCTGATGCCTGTGGCTGATCATG 660
Y TG*G P | AN KL O NP V/A O H

CCACCTGCTCCCAGCCTGACTGGTGGGGTT TTGCTGTCAGGGACAGCATGGTGTGTGCCG 720
ATC 3 QLD-WWGFfAVRD.S VAsC A

GCGGGGATGGAATCETGAGTGGATGCAACGBAGACTCTBB0BGCCOCCTTAACTGCAAGA 780
GGDG I V6. &I NGIO[SFeEsP L NCK

ACAGCCAGGGAGCCTGGGAAGTCCACGGCATTGCCAGTTTCGTCTCCGGCCTTGGCTGCA 840
NS QGAWEVHGI ASFVSGLSGSEC

ACTACGTGAAGAAACCCACTGTCTTCACCCGTGTCTCTGCTTTCAACGACTGGATCGACA 900
NYVKKPTVFTRVSAFNDWWID

TGGTTATGATGAACAACTAAAGAAGATGAAGGCACAAGAAAAAGAGAGACACAAAAAAAA 960
M VMMNN =

AAAAAAAAAAAAAAAAAA 978

Fig. 1. Nucleotide and deduced amino acid sequence of Paralichthys

olivaceus elastase-like serine proteases(PoESp).
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PoESp 59
ScESp 59
ALESp 59
PmESp 59
HsESp 59
Hschymotrypsin 44
PoESp 118
ScESp 118
ALESp 118
PmESp 118
HsESp 118
Hschymotrypsin 103
PoESp 178
ScESp 178
ALESp 178
PmESp 178
HsESp 178
Hschymotrypsin 162
PoESp GI'HSF 238
ScESp 1 (MNYY 238
ALESp (ﬂHEV'HGIHSF 238
PmESp 2 GIHSF 238
HsESp ’ 238
Hschymotrypsin 222
PoESp

ScESp

ALESp

PmESp 1KKPHVFTRVSA“ 269

HsESp [KPEVF TRVS! 269

Hschymotrypsin P ’VTRVS f IQL- 252

Fig. 2. Multiple amino acid sequence alignment ‘of Paralichthys olivaceus
elastase-like serine protease(PoESp) between different species of serine

protease and human serine protease.
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1000 chymotrypsin-like elastase family member 2A precursor [Gallus gallus]
1000 chymotrypsin-like el: family ber 2A-like [\ is gallopavo]
I 2A [Taeniopygia guttata]

1000 Ela2l protein [Danio rerio]
[ Elastase 2 like [Danio rerio]

chymotrypsin-like elastase family member 2a [Ictalurus furcatus]
1000 E chymotrypsin-like elastase family member 2a precursor [Ictalurus punctatus]

506

474

1000 unnamed protein product [Tetraodon nigroviridis]
ﬂ’_D chymotrypsin-C-like [Takifugu rubripes]
423
I 3p ichthys olivaceus]

or [P y
996

chymotrypsin-like elastase family member 2A-like [Oreochromis niloticus]

3 [Epinephelus coioides]

769

689

430

997

969

2 precursor [Danio rerio]
920  chymotrypsin-C [Pan troglodytes]
1000 | L chymotrypsin-C [Pan paniscus]

chymotrypsin-C preproprotein [Homo sapiens]
chymotrypsin-C-[Callithrix jacchus]
chymotrypsin-C [Saimiri boliviensis boliviensis]
chymotrypsin-C [Macaca mulatta]
chymotrypsin-C [Otolemur garnettii]
chymotrypsin C precursor [Sus scrofa]
chymotrypsin-C-like [Oryctolagus cuniculus]

chymotrypsin-C precursor [Bos taurus]
chymotrypsin-C isoform 2 [Canis lupus familiaris]
653 chymotrypsin-C-like [Ailuropoda melanoleuca]

agn chymotrypsin-C [Felis catus]

chymotrypsin-C precursor [Rattus norvegicus]
chymotrypsin-C [Sarcophilus harrisii]

chymotrypsin-C-like, partial [Omithorhynchus anatinus]

1000 chymotrypsin C (caldecrin) precursor [Xenopus laevis]
l: chymotrypsin C (caldecrin) precursor [Xenopus (Silurana) tropicalis]

979

chymotrypsin-C [Gallus gallus]
41!300': chymotrypsin-C-like [Meleagris gallopavo]
1000 I A [Danio rerio]
7 [Ci don idella]

par p P

859 last. like serine p [Spondyliosoma cantharus]
1000 F elastase-like serine protease [Acanthopagrus latus]

elastase-like serine protease [Pagrus major]

475 chymotrypsin-like elastase family member 2A-like [Oreochromis niloticus]

475 elastase-like serine protease [Epinephelus coioides]
1000 L elastase-like serine protease [Epinephelus bruneus]

elastase-like serine protease [Paralichthys olivaceus]| |

chymotrypsin-like elastase family member 2A-like [Takifugu rubripes]

A precursor [Gadus morhua]

partial [Sardinops melanostictus]

Elastase-2A precursor [Osmerus mordax]

1000 : elastase 3B precursor [Xenopus (Silurana) tropicalis]
chymotrypsin-like elastase family, member 3B precursor [Xenopus laevis]

0.05

927 proproteinase E isoform 1 [Canis lupus familiaris]
381 ﬁ‘Echymorrypsin—like elastase family member 3B [Felis catus].
1000

proproteinase E-like [Ailuropoda melanoleuca]

sl proproteinase E-like [Loxodonta africana]
4

chymotrypsin-like elastase family member 3B-like [Monodelphis domestica]
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Fig. 3. Phylogenetic relationships of PoESp among representative
mammalian and fish groups based on the elastase-like serine protease genes.
In this neighbor-joining phylogram, all individuals are represented and the
branches are based on the number of inferred substitutions as indicated by

the bar.
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M1 23456 78 910 1112

Fig. 4. Tissue distribution of the Pro-form elastase-like serine protease
mRNA. Total RNA was isolated from various Paralichthys olivaceus, and
0.5ng was subjected to RT-PCR analysis using the amplimers for the

p.olivaceus Pro-form elastase-like serine protease, 3-actin, and 18sRNA.



Expression pattern in the Brain

100

M Oh 1h 3h 6h 24h

80
B-actin

60

IL-1b
40
IL-6
20 4
IL-8
: - 0 -
PoESp OH H 3H 6H 24H
Expression pattern in the Gill b
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60 1
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Expression pattern in the Kidney
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Expression pattern in the Spleen
100

M  0Oh lh  3h  6h 24h

o - e T
20 4
0

OH 1H 3H 6H 24H

Expression pattern in the Muscle
100

M  Oh lh '3h  6h 24h

80
B-actin

60
IL-1b

IL-6 o]

IL-8 20 4

PoESp

Fig. 5. Tissue distribution of POESp ge )
was isolated from various Paralichthys olivaceus, and 0.51g was subjected
to RT-PCR analysis using the amplimers for the p.olivaceus Pro-form
elastase-like serine protease, B-actin, and 18sRNA. Real-time PCR alyses
after LPS injection between 0, 1, 3, 6, and 24 h from brain, kidney, spleen,
muscle and gill tissues. The relative expression of pro ELSp was obtained

relative to B-actin gene expression.
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45kDa

30kDa

14.5kD

Fig.6. Expression of reconbinant Pro-form elastase-like serine protease.
Purification of recombinant POESp form overexpression in E.coli.
A. Coomassie blue staining after SDS-PAGE. The lanes were labeled as

follows: M, standard size marker; 1, non-induced PoESp ; 2. overexpressed

PoESp (377C) ; 3. His tag affinity column purified PoESp

B. Western blot analysis. M: prestained protein size marker, lane 1: non-
induced PoESp (negative control), lane 2: overexpressed PoESp (37 C) lane
3: His tag affinity column puried PoESp
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100 A
—o— ZFR-AMC

80 1

60

activity

40 A

20 A

0 T T T T T T T T
4°C 10°C 20°C 30°C 3C 40°C 50°C 60°C

temperature

Fig. 7. temperature dependency of pro-PoESp. Proteolytic activity was
assayed against.Z-Phe-Arg-AMC and was expessed.in terms of arbitraty
fluorescence units per tine (dF/dT). The points and bars show the average

values and S.D. of 3independent experiments; respectively.
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2500

—8— ZFR-AMC

2000 -

1500 A

1000 A

500 4

D 1 I T 1 ¥ 1 I T ] 1 I 1 1 I 1

3.0 35 /40 45 50 55 60 65 70 75 80 85 9.0 9.5 100
pH

Fig. 8. pH dependency of pro-PoESp. Proteolytic activity was assayed
against Z-Phe-Arg-AMC and was expessed in terms of arbitraty
fluorescence units per tine (dF/dT). The points and bars show the average

values and S.D. of 3independent experiments, respectively.
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50kDa

37kDa

25kDa

NGRS
Fig. 9. Gelatin zymography of pﬁiﬁeﬂ’ﬁr_o_- PoESp. The purified enzyme
was subjected to electro phoresis on a 10% polyacrylamide gel containing
0.1%gelatin. The gel was incubated overnight in 0.1 M tris/pH 8.0,
containing 1mM DTT at 37 C. After staining with 0.1% commassie brilliant
blue R-250. Areas ofproteolysis appear as clear regions within the gel. Lane

1, purified POESp protein.
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ABSTRACT

Molecular cloning, expression and characterization of

serine protease from the olive flounder

Jin Woo Han

Department of Biotechnology, The Graduate School,

Pukyong National University

Abstract

We have cloned a cDNA encoding a Elastase-like serine protease (ELSp ) from the olive
flounder, Paralichthys elivaceus. The ELSp gene was.determined to consist of the 807 bp
nucleotide sequence which encodes-for a 269-amino acid polypeptide. The tissue-specific
pattern of ELSp was examined by RT-PCR. The results of RT-PCR analysis revealed liver,
kidney and spleen the entirety of the flounder tissues, and the expression of the ELSrP
gene was also examined in brain, gill, kidney, spleen, and muscle at 0,1,3,6, and 24H after
induction of an artificial bacterial infection (lipopolysaccharide, LPS). The cDNA encoding
enzyme of ELSp was expressed in Escherichia coli using the pET32a vector systems. The
activity of ELSp was detected by gelatin zymography and cleaving synthetic fluorogenic Z-

Phe-Arg-AMC, a substrate commonly used for functional characterization of serine
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protease. The optimal pH for the protease activity was 7.5
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