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1. Introduction

Proteolytic enzymes are classified into four groups ; serine proteases,
cysteine proteases, aspartic proteases, and metallo-proteases (Turk et al.,
2000). The cysteine proteases, including the papain superfamily, which
called lysosomal cathepsins, are function in intracellular protein degradation,
and a universal group of proteolytic enzyme that catalyze the hydrolysis of
many different proteins. Cysteine proteases are found in viruses, bacteria,
plants, invertebrates, and vertebrates (Lecaille et al., 2002, Berti et al., 1995,
Barrett and Storer, 2001).

Cathepsin L is a member of cysteine protease, which is important protease
in the initiation of protein degradation (Turk et al., 2000) and able to
degrade extracellular matrix proteins such as fibronectin, myosin, actin,
elastin, cytosolic protein, and collagen (Karrer et al., 1993, Kominami et al.,
1991). According to sequence-analysis, cathepsin L has cysteine, histidine,
and asparagine as. catalytic triad residues. Cysteine proteases including
cathepsin L contain ERF/WNIN motif in the propeptide region. Cathepsin L
performs many biological function related tissue degeneration, bone
resorbtion, parasitic infection and immune system disease (Lecaille et al.,
2002, Lindeman et al., 2004, Li et al., 2010).

Cathepsin L has been reported from lots of marine organisms such as mud



loach (Misgurnus mizolepis; Ahn et al., 2010), pearl oyster (Pinctada
fucata; Ma et al., 2010), norway lobster (Nephrops norvegicus; Le Boulay et
al., 1995), mitten crab (Eriocheir sinensism; Li et al., 2010), sea cucumber
(Stichopus japonicas; Zhu et al., 2008), sea urchin (7Tetrapygus niger; Morin
et al., 2008). However, starfish cathepsin L has not been completely
characterized with regard to its enzymatic properties and physiological
functions. In this study, we describe the cDNA cloning, tissue-typic
expression, and enzymatic characterization of the recombinant cathepsin L

protein in the starfish.



2. Materials and methods
2.1. ¢cDNA synthesis from starfish and rapid amplification of cDNA ends
(RACE)

The total RNA was isolated from starfish using the TRIzol® (Invitrogen)
according to the manufacturer’s instructions and cDNA was synthesized
from this isolated mRNA using the Transcriptor First Strand cDNA
Synthesis Kit (Roche) and then used as the template for amplification. In an
effort to identify the cathepsin L of the starfish, degenerate oligonucleotides,
designed to target regions-around the highly conserved region of cathepsin L
(sense primer, CtL-F, Table 1; antisense primer, CtL-R, Table 1) were
utilized in the amplification of cDNAs froma starfish cDNA mixture. Rapid
amplification of cDNA ends (RACE) was used to clon cDNA containing 5'-
and 3’-end of cathepsin L from a cDNA mixture which was prepared from
total RNA of starfish using a. SMART™ RACE cDNA amplification kit
(Clontech). The 5’-end of the cathepsin L was obtained by 5° RACE-PCR
using the specific primer ApCtL-GSP-R1 -with Universal Primer Mix
(UPM) for first round-PCR and the second specific primer ApCtL-GSP-R2
with Nested Universal Primer (NUP) for second nested PCR, respectively.
The two primer sets used for 3' RACE-PCR were ApCtL-3’F2 with UPM

and ApCtL-3’F3 with NUP (see 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-p-thiogalactopyranoside (IPTG) and 40 pg/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 COSMO co, Ltd.

(Seoul, Korea).

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/BLASTY/). The signal sequence and putative cleavage site of ApCtL
was identified using the SignalP 3.0 (http://www.cbs.dtu.dk/services

/SignalP). Predictions of the pro-region cleavage sites and active sites were



based on alignment of the cathepsin L protein sequences with the vertebrate
orthologues. Multiple sequence alignments were constructed using
CLUSTAL W version 1.8 (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 3.0

(Kumar et al., 2004).

2.3. Expression studies by RT-PCR

In order to analyze the tissue expression of the ApCtL mRNA, RT-PCR
was conducted using muscle, gonad, tubefeet, liver, stomach and body-rind
tissues from' healthy A. pectinifera specimens. Total RNA was isolated
using TRIzol® (Invitrogen) in accordance with the manufacturer's
instructions, and purified RNA was quantified by optical density at 260 nm
using a UV spectrophotometer (Ultrospec 6300 pro, Amersham
Biosciences). Two.micrograms of total RNA from the 4. pectinifera tissues
were reverse-transcribed with Transcriptor First Strand cDNA Synthesis Kit
(Roche), in accordance with the manufacturer's instructions. The specific
primers for starfish cathepsin L were ApCtL-RT-For and ApCtL-RT-Rev
(Table 1). Starfish GAPDH and B-actin were utilized as the internal controls

(Ap-GAPDH-real-F and Ap-GAPDH-real-R, Ap-bactin-F and Ap-bactin-R,



for the starfish, Table 1). All of the PCR was run as follows: 94 °C for 5 min,
25 cycles of 94 °C for 30 s, 55 °C for 30 s and 72 °C 30 s, and a final 7 min
of elongation at 72 °C. The resultant PCR products were separated on 1.5%
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

(COSMO co, Ltd., DNA Sequencing Service, Seoul, Korea).

2.4. Expression and purification of recombinant proApCtL in E. coli

To prepare an expression vector suitable for production of recombinant
starfish cathepsin L in E. ¢oli, a 939 bp DNA fragment containing the
coding sequence for the A. pectinifera procathepsin L (proApCtL) was
generated by PCR amplification. The primers (EcoRI-proApCtL-F, 5’-CCG
GAATTCGCCAGCCCTGACCTGGACCAAGAA-3’; Xhol-proApCtL-R,
5’-GCCGCTCGAGTTAGACGAGCGGGTAGCTGGCGTT-3’) harbor
EcoRl/Xhol restriction sites (underlined), allowing for the cloning of the
amplified DNA in a predicted orientation into pGEX-4T-1 (Amersham
Pharmacia Biotech). Recombinant plasmid (prodApCtL/pGEX) was
transformed into E. coli strain DH5a. 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 Agy of 0.6.
Next, isopropyl-p-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 (PBS), lysed by using a sonicator (Vibra cell,
Sonics & materials Inc, USA) at a setting of 40%, and centrifuged at 20,000
x g for 20 min at 4 °C. The soluble supernatant was subjected to
glutathione-Sepharose 4B column (Pharmacia Biotech Co., USA) that had
been equilibrated with PBS. After washing the column with equilibration
buffer, the protein was eluted in elution buffer with 50 mM Tris/pH 8.0, 10
mM reduced glutathione (Sigma). The fractions containing sufficient
amounts of active enzymes were pooled, and then dialyzed and concentrated
using centricon 10 concentrators (Amicon). Purified proApCtL protein was

used for SDS-PAGE, western blotting and enzyme activity assay.

2.5. SDS-PAGE, western blotting and zymography

Purified proApCtL enzyme was analyzed by 10% 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, USA) 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-GST
antibody (1: 2000, Santa Cruz Biotechnology). The substrate zymography
was performed by a modified procedure using gels with gelatin (Sigma),
azocasein (Sigma), fibrinogen (Sigma), and bovine serum albumin (BSA)
(Sigma) (0.1% w/v) 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) 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.



2.6. Enzyme activity assays

The cathepsin L 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-T7-amido-4-methylcoumarin hydrochloride (Z-FR-AMC; Sigma) as
substrates. Briefly, 10 ul of recombinant proApCtL enzyme in 85 ul of 0.1
M Tris/ pH 8.0, containing 1 mM DTT were preincubated at 37°C for 2 hr,
and the enzyme reaction was initiated by adding 5 ul 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), Z-Gly-Gly-Arg-AMC (Sigma), Z-Arg-Arg-AMC (Sigma), Ala-
Ala-Phe-AMC (Sigma), Suc-Leu-Tyr-AMC, Z-Leu-Leu-Glu-AMC (Sigma),
Suc-Ile-Ala-AMC;. Suc-Leu-Leu-Val-Tyr-AMC and: Z-Val-Val-Arg-AMC
with 0.1 M Tris/ pH 8.0, containing 1 mM DTT, respectively. Substrates

were added to a final concentration of 100 pM.

2.7. 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), Antipain (Sigma), and Leupeptin (USB
Co., USA) for cysteine protease inhibitor; 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 ZnSQ4, CuSO4, CoCly, KCl, MgSO,4, CaCl, and HgCl.
The effects of some surfactants (Brij 35, Triton X-100, Tween 20 and SDS)
on enzyme stability were also.examined. The effects of enzyme inhibitors,
metal ions and detergents (0.01 and 0.05%) on the activity of proApCtL
protease were studied at pH 8 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.
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3. Results & Discussion
3.1 Cloning and sequence analysis of A. pectinifera cathepsin L cDNA

The complete sequence of starfish cathepsin L (4pCtL) cDNA was
obtained by combining DNA sequence of the initial cDNA clone, and 5° and
3’-RACE cDNA amplification PCR products. The full-length cDNA yielded
a 1,693 bp sequence comprised a 98-bp 5’-untranslated region (5’-UTR) and
a 984-bp coding region including a stop codon (TAA), followed by a 613-bp
3’-UTR containing one potential poly-adenylation signal, AATAAA
(underlined in the Fig. 1). The nucleotide sequence of ApCtL was predicted
to encode for a preproprotein of 327 amino acids, which. contained a 15-
residue putative signal peptide analyzed with signallP (Martoglio and
Dobberstein, 1998), a 94-residue propeptide and the 218-residue mature
enzyme (Fig. 1). The propeptide of mammalian cathepsins has been shown
to be crucial for proper enzyme folding, for the stabilization of its structure
upon exposure to pH changes, and for microsomal and lysosomal targeting
(Turk et al., 2000). Many members of the papain family harbor a proline (P)
residue at position 2 in the mature enzyme. This is also observed in ApCtL.
The proline may serve to prevent unwanted N-terminal proteolysis
(Rawlings and Barret, 1994). All cysteine proteases harbor a conserved

active site consisting of cysteine, histidine, and asparagine residues. The
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cysteine residue (Cys25 based on mature ApCtL numbering) was embedded
within a highly conserved peptide sequence, CGSCWAFS. The histidine
residue (His166; ApCtL numbering) was adjacent to small amino acid
residue, glycine. Asparagine (Asnl86; ApCtL numbering) was a component
of the Asn-Ser-Trp (NSW) motif.

Fig. 2 shows an alignment of ApCtL with the sequences of other
cathepsins. The amino acid sequence of ApCtL harbors the ERF/WNIN
motif (ERWNIN; ApCtL), which is highly conserved in the cathepsin L
family. In addition, ApCtL also contains the GNED motif in its proregion,
which is generally conserved in most of the cysteine proteases of the papain
superfamily (Vernet et al., 1995; Turk et al.,2000). The presence of the
ERWNIN/GNFD motif in the pro-region of ApCtL clearly indicates that this
protein is related to the cathepsin L group and is apart from the cathepsin B
subfamily. A comparison of.the amino acid sequence of ApCtL with
different species of cathepsin L showed 46-54%. identities and 44-51%
identities with Homo sapiens-cathepsin L group (L, V, S and K). However,
ApCtL did not exhibit a high degree of identities with cathepsin B-like (B, C
and X, 16-18%), cathepein A (5%) and cathepisn D (8%). In order to
determine the evolutionary relationship of ApCtL with other cathepsin

families, a phylogenetic tree was constructed. Phylogenetic analysis was

12



conducted with the amino acid sequences of other cathepsinLs and human
cathepsins obtained from GenBank using neighbor-joining methods (Fig. 3).
On the basis of a comprehensive phylogenetic analysis, the enzymes of the
Family CI1 peptidases (i.e. the papain superfamily of cysteine proteases)
could be divided into two primary evolutionary branches, branches A and B.
Branch A includes cathepsins B, C and W. Branch B includes the cathepsin
L-like enzymes, a group including papain, cathepsin L, cathepsin V,
cathepsin S, cathepsin K, cathepsin H, cathepsin W and cathepsin F
(Santamaria et al.,1999; Tingaud-Sequeira and Cerda, 2007; Dacks et al.,
2008). ApCtL was more closely related to the cathepsin L subfamily (L, V,

S, K, H, W and F) than to the cathepsin B, X, A, C, and D subfamilies.

3.2. Tissue-typic expression of ApCtL

Distribution of 4pCtL mRNA. transcripts in different organs was examined
by RT-PCR using A4pCtL-specific primers _(Table 1). Relative gene
expression levels were normalized using the GAPDH and B-actin genes. As
shown in Fig. 4 expression of ApCtL was observed in all of the tissues. The
expression pattern of ApCtL was revealed in high levels in the muscle, liver,
stomach. Existence of cathepsin L was involved in parasite-host interaction.

Additional many expression of cathespsin L was related with immune

13



system to protect from outer molecules (Rao et al., 2007). Owing to direct
water exposure, cathepsin L in stomach of starfish was expressed high level.
Whereas cathepsin K was highly expressed kidney in goldfish and
osteoclasts in human (Inaoka et al., 1995; Harikrishnan et al., 2010).
Expression of cathepsin S was higher spleen and lung in human (Shi et al.,

1994).

3.3. Enzymatic characterization of recombinant proApCtL

In order to assess the functional and enzymatic-characteristics of ApCtL,
the ¢cDNA encoding for proApCtL was expressed in E.-coli as a fusion
protein  with glutathione  S-transferase. (GST). = The 'recombinant

proApCtL/pGEX was overexpressed in E. coli DH5a as a fusion protein.

The overproduced soluble GST-fusion protein (proApCtL) was then applied
to glutathione-Sepharose 4B column chromatography. The proApCtL fusion
protein band had a high purity and the correct size was 61 kDa by SDS-
PAGE and Western blot analysis(Fig.-5).

The purified proApCtL activity was quantified by measuring the cleavage
of a synthetic fluorogenic peptide substrate, Z-FR-AMC. In previous reports,
Z-FR-AMC derivatives were shown to be efficiently hydrolyzed by both
cathepsin B and L, whereas Z-RR-AMC derivatives were found to be

14



efficiently hydrolyzed by only cathepsin B (Barrett and Kirschke, 1981)
although to a lower degree compared with Z-FR-AMC hydrolysis. Chemical
properties of protease S, pocket is regarded to prefer like Z-RR-AMC
substrate. Cathepsin L has alanine at P, position which cannot donate
arginine binding, whereas cathepsin B proteases has acidic group at this
position and stabilizes hydrophilic guanadino group of arginine (Sajid and
Mckerrow, 2002).

As can be seen in Fig. 6, the proApCtL protein was demonstrated to
evidence a high level of activity at pH 8. Also proteolytic activity of
proApCtL protein was determined by gelatin zymography. The purified
proApCtL was capable of hydrolyzing 0.1% gelatin at pH 8 (Fig. 7) but was
not able to hydrolyze protein substrates such as azocasein, fibrinogen, and
BSA (data not shown). Interestingly, using the synthetic substrate, Z-FR-
AMC, the proApCtL protein displayed activity over a wide range of pH (pH
6.5 to 10) with optimal activity occurring at pH 8 (Fig. 6), but the activity
was profoundly reduced at pH values of 6-(lysosomal pH) and below.
Mammalian lysosomal cysteine proteases are unstable at neutral pH, but the
proApCtL protein was stable for neutral and alkaline pH.

We also compared proApCtL activity on various substrates conjugated

with aminomethylcoumarin as the fluorescent chromophore (Table 2). The

15



highest levels of AMC release activity were seen from Z-FR-AMC, Z-GGR-
AMC, Z-GPR-AMC, and Z-VVR-AMC. The Z-FR-AMC substrate was
hydrolyzed 4-fold more efficiently than the Z-RR-AMC substrate.

To identify of proApCtL as a cysteine protease was performed via inhibitor
assay. Inhibitors for serine, aspartic and metallo-proteases show no
influence for proApCtL activity (Table 3). The enzymatic activity of
proApCtL was reduced significantly or blocked completely by the two
tested cysteine protease inhibitors, antipain and leupeptin. Additionally,
many metal ions and detergents have been shown no influence the activity
of proApCtL (Table 4). The proApCtL enzyme was inactivated by ZnSOQOy,

CuS0s4, HgCl, and CoCl,, and SDS.

16



Table 1

Oligonucleotide primers used for ApCtL amplification and expression

studies.

Primer name

5°-3’ sequence

Information

CtL-F

CtL-R

CABTGGVANCWVTGGAAGAA

CCRCAGTGRTTGTKYCKGTCYTTKGCCAT

-GT

Primers used to
obtain initial

fragments

ApCtL-GSP-R1
ApCtL-GSP-R2

ApCtL-3'F2

ApCtL-3'F3

Universal UP-Long

Primer A Mix

TGCGGCCCTGAGTAGACAGGATGTAC

TGGAAGGACTCGTGACTGGCGTCGAT

TTCCAGTACGTCCACGACAACATG

ATGGACGAAAAGGCACTCCA

CTAATACGACTCACTATAGGGCAAGCAGT

-GGTATCAACGCAGAGT

Specific primers
for 5> and 3’

RACE

Universal

(UPM) UP-Short CTAATACGACTCACTATAGGGC primers for 5’
Nested Universal and 3° RACE
AAGCAGTGGTATCAACGCAGAGT
Primer A (NUP)
Ap-GAPDH-real-E TGGGATAACCGAGGGACTGATGA
Ap-GAPDH-real-R CCAGTGGATGCTGGGATGATGT
Primers for

Ap-bactin-real-F
Ap-bactin-real-R
ApCtL-RT-For

ApCtL-RT-Rev

GGTCATCACCATCGGCAACG

ACGGATCTCCACGTCGCACT

AGCACAACCAGCGATTCG

TCTTGACACCAGTGACCCAT C

expression

studies

17



Table 2

Substrate specificity of proApCtL.

Substrates Concentration Activity
(uM) (Y0)
Z-Phe-Arg-AMC (FR) 50 100.00
Z-Gly-Pro-Arg-AMC (GPR) 50 93.04 + 8.10
Z-Gly-Gly-Arg-AMC (GGR) 50 97.02 + 10.50
Z-Arg-Arg-AMC (RR) 50 27.95+1.89
Ala-Ala-Phe-AMC (AAF) 50 1.67 £ 0.05
Suc-Leu-Tyr-AMC (LY) 50 0.17 £0.08
Z-Leu-Leu-Glu-AMC (LLE) 50 4.69 +0.51
Suc-Ile-Ala-AMC (IA) 50 0.18+0.12
S“C'Le“‘L(eL“L‘xi{l;Tyr'AMC 50 572+ 0.19
Z-Val-Val-Arg-AMC (VVR) 50 83.26 +4.77

18



Table 3

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

fluorogenic substrate.

e - Concentration e g
Inhibitiors Specificity (mM) Inhibition (%)
Control - - 0
0.1 33.58 +7.82
E-64 All cysteine 0.2 38.46 £9.28
proteinases 0.3 42.09 £091
0.5 51.98 +1.27
Antipain N A 0.1 88.44 = 0.56
proteinases
Chymostatin perine/cysteing 0.1 76.98 + 3.09
proteinases
Leupefiim® / CYSIGHIF NSy 0.1 89.32 = 1.08
Serine proteinases
NEM Serine proteinases 0.1 2.87+3.91
PMSF Serine proteinases 0.1 0+6.15
Aprotinin Serine proteinases 0.1 70.50 +2.41
EDTA Metallo proteinases 0.1 3.48+£6.78
EGTA Metallo proteinases 0.1 3.40 £4.52
1,10- .
’ +
phenanthroline Metallo proteinases 0.1 10.30£5.73
Pepstatin A Aspartic proteinases 0.1 0

19



Table 4

Effect of metal ions and various detergents on proApCtL activity.

Relative activity (%)

Agent
ImM SmM
Control 100.00 100.00
ZnS0, 83.59 +2.16 79.36 + 0.70
CuSO, 89.83 + 1.21 81.71 £0.07
MgSO,4 101.77 + 1.67 114.45 +0.51
HgCl, 89.75 +0.78 19.61 +0.99
CaCl, 102.35+0.67 102.71 + 0.40
KCl 100.73 + 0.76 102.61 + 0.48
CoCl 89.89 + 1.62 58.88.+0.11
0.01% 0.05%
Triton X-100 101.79 + 1.31 95.96 % 0.47
Tween 20 99.65 + 0.18 81.63 +1.99
SDS 21.28 +0.32 6.53 + 0.35
Brij 35 99.56 + 0.86 97.03 +.1.26
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5' AAG CAG TGG TAT CAA CGC AGA GTA CGC GGG GAC TTG TCA GGC GAA CGC AGC TCA 54
AGT AAC CTA ATC TTC TCA CTC AAA CTC AAT TGA GCA CCC ACC ATG AAG TTC CTG 110
ATC CTT GCC CTG TGC GTG GCA GCG GCT CTA GCC GCC AGC GCT GAG CTG GAC CAA 162
[ 'L AL ¢V A AATL A[A S P D L D Q]
GAA TGG CAG ATG TGG AAG GAC AAC AAC CAG AGG AAG TAC GGA GCT GAG GAG GAG 216
[E W o M W K D N N Q R K Y G A E E E|
GAC TTC CGT CGA TTT GIC TGG GAG TAC AAC TAC AAG ATG GTG ACC GAG CAC AAC 270
[DF R R F V W E Y N Y KMV T E H NJ
CAG CGA TTC GCC CTG GGC CAC ACC ACC TAC ACC ATG GCC ATG AAC GAG TTC GCC 324
[0 R F AL GHTT Y T MAMNE F A
GAC CTG AGA TCA GGG GAG TTC ACC AAG AAA ATG AAC GGC TTT GTG ATG GAC AAA 378
[D L T s A E F T K KMNGTF V M D K|
GTG CCG CCA AAG CCA GTC AAC ACC TTC ACA GAT GTC AGC GAC CTT CCA ACC ACC 432
[V P K PV NTFTDUV SODL®PTT
GTA GAT TGG CGT ACC AAG GGA TGG GTC ACT GGT GTC AAG AAT CAG ATG CAA TGC 486

V.0 W R T K G W V T GV K NOQMOQC
GGT TCA TGC TGG GCC CTC AGT GCT ACG GGA TCC CTT GAA GGA CAA ACC TTC AAC 540
6 S[c]w AL S A TGS L EGOQTFN
AAG ACG GGC AAA CTG CCG GAC ATC AGC GAG CAG AAC CTA GTA GAC TGC GCC ATG 594
K T G K L P D I S E Q N LV D C A M
AAG CCC TCC TAC AAC TGC CAC GGC TGC GAA GGA GGC ACC ATG AAC GGT GCC TTC 648
K P S Y NCHGTC CETGTGT MNGAF
CAG TAC GTC CAC GAC AAC ATG GGA ATC-GAT-TCC GAG TCG TCC TAT CCA TAC CAA 702
Q@ Y V H D NeM Gy |'D S/E-S™s._Y P Y Q
GCA GAG GAT AAG.AAA TGC CGT TTC AAT CCA GCC AAC GTA GTG GCC-ACT GAC AAG 756
A E DKok cRER B ®Np  ASN R YV 4F IS) K
ACG CAC ACA CTC CTT CCC GCC ATG GAC GAA AAG GCA CTC_ CAG ATG GCC GTG'GCA 810
T W' T L LP A MDE K AL Q-M A V A
ATG.GTT GGA CCA ATC AGC GTG GCG ATC GAC GCC AGT CAC GAG TCC-TTC CAG ATG ., 864
W Moy B | S Ve _lomll mhaeS cHe E S fy 0 g
TAC CAC AAA GGT GTT TAT“GAT GAG CCT ATG TGT AGC'CAG ACG ATG CTT GAT CAC ~ 918
Y H k' vy o E P M G S QT M L 0[H
GGT GTG CTT GCC GTT GGC TAC GGC ATG GAA GAG GAC AAA GCT TAT TGG CTG:GIC 972
GV L AY G 'Y G M E D' D K A Y W LIV
AAG AAC AGT TGG GGC AAG AAG TGG GGC ATG AAG'GGC TAC ATC ATG ATG TCT CGC - 1026
KIN]'s w 6 K K W 6 M K @ Y | M m s R
TTC AAC AAC AAC CAG TGC GGC ATC GCG ACG AAC GCC AGC TAC CCG CTC GTC TAA 1080
FeNL NN Q6 G 1 A TIONERARRSEY (P L V) o#
GGT GCT AAA GGG ATG AGA.GCG CCC CCT CTG ATG GCA TAT ATT ACA AAT GCA GTC 1134
ACG CCA TCC ‘CTT TCA GTA TTA ATG TTG TAT GAC CAA AGG TCG CCC TCT ATT GAC 1188
TAA GTA GTA CAT. CCT GTC TAC*TCA GGG CCG CAC TTT CGG TAC ATA TTT TTT AAT 1242
CAAAGT CAT AGA.ACC CAT CTG TGC AAA CCA ATG AAC ACT TTT CAT-AGT TTC AGT 1296
AMA AGC_GCC CCC ACG GGG CAG CAT ATT GGG CAA TAT AAT CCA-ACT-AAALTGT CAA™ 1350
TTA CTA GAT AAC'CAT CAG CGC ACT CTA ATG CTA CCT CGA TAG ATT.GTG AGC-CAG 1404
ACT AAT CAT TAC TAA TCG.AGT TAG GAG-GTC.AAT TAT/TCA CTG TAA OCA.CAC CAA 1458
AAA TGA TAA CTC TTA TTCTCAA-ACG TCC ATT TTA TCT GGT-TAT ATA-GCT TGA GAC 1512
CAT GAA TTA ATT TTG CAA-TAG ATT CTT TCA TTT TGT TGT.T6C GTT TAA TTT GGA 1566
ATT AAT TTC AAT GAA CTT GAA GCA ACT TTT-ATA GAG TTT CTT ATA TAT TGA CCA 1620
AGA GGC TGT ACA TTT ATT GAA TCT TCT CTG ATA AAA AAA ATT AAT AAA AGA TAG 1674
ATA TTA CAT AAT ATT CAT CAA AAA AAA AAA AAA AAA AMA AA 3 1715

Fig. 1. Nucleotide and deduced amino acid sequence of starfish cathepsin L
cDNA (4pCtL). The shaded box and the open box in the amino acid

sequences indicate the putative signal peptide (pre) and the propeptides of
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ApCtL, respectively. The active site triad residues Cys25, Hisl66, and

Asnl86 are indicated in the thickly underlined and shaded boxes. The

asterisk (*) at the end of the amino acid sequences shows the stop codon.

The polyadenylation consensus sequences (AATAAA) are double

underlined.
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v
ApCtL mﬂILALCVAAALAESE——--DmQWQ 48
AjCtL MLESAVFLACVAGALCFTIIDKGFDDT 52
LvCtL cvvmvﬂsp————sx.n a9
PECLL AAT.CV ATPVERAELDQE 52
DrCtL —LVTLY ISAVER SIDIQLDDHEA):IJ SQHGK: 52
MmCtL LAVLCLGT! EK.E'DQTE‘SAE*H STH W A 53
GgCtL ILSLCLGU\.&PRV‘DEDLDSH‘Q 68
HsCtL T LTFDHSL T 53
HSCEB  ————— o 28
ApPCtL 115
AjCEL 121
LvCtL 117
PECtL 120
DrCtL 121
MmCtL 120
GgCtL 138
HsCtL 120
HsCtB 90
ApPCtL SVIZO o AMKP'S YNCHESE N 183
AjCtL PVK‘ eqcsscwus T SI#SEQNLVDC SHEEERGNIGCI x 187
LvCtL K -QCGSCWAFS T SIISEQNLVDC Sy i 183
PfCtL v'rpvx r‘u:-..r‘ -Ee 186
DrCtL PVK, Qﬁgcssc RP-—Qe 3 187
MmCtL '1253:)?%‘9 EOCGSCHWAFSH - 186
GgCtL Kle VTvasQ-eQCuscwars TGHALEGD .m -Eeio! 204
HsCtL PVK QEOCGSCWAFSINTGILEGOE FlalaT P - -t A 186
HsCtB ] IAEDIALT@ICGS - -MCGD 158
ApCtL d SYPY SAIXDES S A 228
AjCtL ) GheD! > -rw'!m% A 232
LvCtL 3 A ; 0 K 228
PECEL 232
DrCtL 233
MmCtL 230
GgCtL 250
HsCtL 230
HsCtB 228
ApCtL 288
AjCtL 293
LvCtL 289
PECEL 292
DrCtL 297
MmCtL ) 1 K2 294
GgCtL YHE-PSSlﬁDHG\rL!‘ﬂ“Y 314
HsCtL ] ] LE} MERPDEEEEDM):e S kviier (e FESTESDNNK 2G4
HsCtB ; K 292
ApCtL
AJCLtL
LwvCtL
PECEL
DrCtL
MmC+tL
GgCtL
HsCtL AK
HsCtB A EFESEVVAGIPRTDQYWEKI

Fig. 2. Multiple amino acid sequence alignment of starfish (Asterina
pectinifera) cathepsin L between different species of cathepsin L and human

cathepsin L. Identical amino acid residues are darkly shaded, similar amino
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acids are lightly shaded, unrelated residue have a white background, and
amino acid numbers are shown on the right. The cysteine proteinase

catalytic triad residues (C, H, and N) are shown in the stars (% ). Conserved

inter-spaced motifs in the pro-region, ERFNIN and GNFD are indicated in
box. GenBank accession numbers are as follows: A4jCtL, Apostichopus
Jjaponicas cathepsin L (ABW98676); PfCtL1, Pinctada fucata cathepsin L
(ADC52430); PfCtL2, Pinctada fucata cathepsin L (ADC52431); DrCtL,
Danio rerio cathepsin L (CAA69623); LvCtL, Litopenaeus vannamei
cathepsin L (CAA68060); GgCtL, Gallus—.gallus cathepsin L
(NP_001161481); MmCtL, Mus musculus cathepsin L (AAD32137); HsCtL,
Homo sapiens cathepsin L(CAA75029); HsCtB, Homo sapiens cathepsin B

(AAH10240).
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Fig. 3. Phylogenetic

mammalian groups based on the cathepsin 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. GenBank accession
numbers are as follows: LbCrtL2, Lubomirskia baicalensis cathepsin L2

(CAI91575); DrCtL1b, Danio rerio cathepsin L1b (NP_571273); DrCtLl1a,

relationships = of © ApCtL ~among representative
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Danio rerio cathepsin Lla (NP_997749); XICtL2, Xenopus laevis
(NP_001087489); GgCtL1, Gallus gallus (NP_001161481); HsCtL2, Homo
sapiens cathepsin L2 (CAA75029); HsCtV, Homo sapiens cathepsin V
(BAA25909); HsCtL1, Homo sapiens cathepsin L1 (AB463468.1); HsCtS,
Homo sapiens cathepsin S (NP_004070); HsCtK, Homo sapiens cathepsin
K (NP_000387); HsCtH, Homo sapiens cathepsin H (NP_004070); HsCtW,
Homo sapiens cathepsin W (NP_001326); HsCtF, Homo sapiens cathepsin
F (NP_003784); HsCtO, Homo sapiens cathepsin O (NP _001325); HsCtA,
Homo sapiens cathepsin-A (P10619); HsCtD, Homo sapiens cathepsin D
(AAP35556); HsCtX, Homo sapiens cathepsin. X (AAA95998); HsCtC,
Homo sapiens cathepsin C (AAQ08887); HsCtB, Homo sapiens cathepsin B

(AAH10240).
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Fig. 4. Tissue-typic expression of the ApCtL mRNA. Total RNA was
isolated from various Asterina pectinifera tissues, and 0.5 ug was subjected
to RT-PCR analysis using the amplimers for the A. pectinifera cathepsin
L,GAPDH and B-actin.
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Fig. 5. Expression of recor-rﬁ)_i_rfeﬁl’t_proxpftf.---l;uriﬁcation of recombinant
proApCtL cysteine protease fused with glutathione S-transferase (GST)
from overexpression in E. coli.

(A) Coomassie blue staining after SDS-PAGE. The asterisk (*) indicates
GST-fused proApCtL. The lanes were labeled as follows: M, standard size

marker; 1, overexpressed GST protein; 2, non-induced GST-fused
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proApCtL; 3, overexpressed GST-fused proApCtL (37 °C); 4, glutathione-
Sepharose 4B affinity column purified proApCtL.

(B) Western blot analysis. M: prestained protein size marker, lane 1:
expressed GST protein (37 °C) reacted with monoclonal anti-GST antibody
(positive control), lane 2: non-inducedproApCtL protein (negative control),
lane 3, overexpressed GST-fusedApCtL (37 °C); lane 4, glutathione-
Sepharose 4B affinity column purified proApCtL.
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Fig. 6. pH dependency of proApCtL. Proteolytic activity was assayed
against Z-Phe-Arg-AMC and was| expressed in terms. of arbitrary
fluorescence units. per time (dF/dt). The points and bars show the average

values and S.D. of 3 independent experiments, respectively.
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20

Fig. 7. Gelatin zymography of purified proApCtL. The purified enzyme was
subjected to electrophoresis on-a 10% polyacrylamide gel containing 0.1%
gelatin. The gel was incubated overnight in 0.1 M Tris/ pH 8.0, containing 1
mM DTT at 37 °C . After staiming with 0.1% Coommassie Brilliant Blue R-
250, the gel was destained with destaining solution (40% methanol and 7%
acetic acid). Areas of proteolysis appear as clear regions within the gel.

Lane 1, purified proApCtL protein.
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ABSTRACT

Molecular cloning, expression, characterization and
enzymatic analysis of cathepsin L from starfish

(Asterina pectinifera)

A Ram Lee
Department of Biotechnology, The Graduate School,
Pukyong National University

Abstract

Cathepsin L is a member of'cysteine protease, which is important protease in the initiation
of protein degradation. In this study,.the cDNA of starfish (4sterina pectinifera) cathepsin
L (4pCtL) was cloned by the combination' of homology.-molecular cloning and rapid
amplification of cDNA ends. (RACE). The full-length-of 4pCtL gene contains an open
reading frame of 984bp encoding 327 amino acids. The presence of ERF/WNIN motif
which is conserved in the propeptide region of cathepsin L clearly reveals that ApCtL is
cathepsin L group. Phylogenetic comparisons of ApCtL to other cathepsin groups have
shown ApCtL in the early lineage of the cathepsin L group. The results of RT-PCR analysis

show expression pattern of ApCtL observed in all of the tissues. The pro-mature enzyme of
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ApCtL (proApCtL) was overexpressed in E.coli DH5a as a fusion protein with glutathione
S-transferase in pGEX-4T-1vector. The molecular weight of recombinant proApCtL was a
61 kDa. The activity of proApCtL was detected by gelatin zymography and cleaving

synthetic fluorogenic peptide substrates, Z-Phe-Arg-AMC. The optimal pH for the protease

activity was 8.0.
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