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ABSTRACT

A protease from sandworms (Perinereis nuntia) was purified by using a
combination of ammonium sulfate precipitation, DEAE cellulose and Superdex-200,
respectively. The enriched preparation had a specific activity of 355.74 U/mg proteins
and a yield of 18.5% total protein. The molecular weight of this protease was
estimated to be 37.4 kDa by SDS-15% (w/v) PAGE. The pH stability of this protease
is between pH 7-8, and it is stable up to 40 °C. The activity of the enzyme was
inhibited by Cu?* and Co?*, but was enhanced by Ca** and Mg?* ions. Furthermore,

protease activity was potently inhibited by EDTA.
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FULL TEXT

1. Introduction

Blood clots are formed by the conversion of fibrinogen into fibrin via the
proteolytic action of thrombin [1] and subsequently, the formation of insoluble fibrin
clots. These fibrin clots are dissolved by the hydrolysis of plasmin, which is activated
from plasminogen by tissue plasminogen activator [2]. The hydrolysis of fibrin is also
known as fibrinolysis. Fibrin clot formation and fibrinolysis are normally well
balanced in biological systems. However, when fibrin is not hydrolyzed due to some
disorder, thromboses can occur. Myocardial infarction is the most common of these
thromboses. The fibrinolytic agents available today for clinical use are mostly
plasminogen activators such as tissue type plasminogen activator (t-PA), 1 a
urokinase-type plasminogen activator, and the bacterial plasminogen activator
streptokinase. Despite their widespread use, all these agents have undesired side
effects, exhibit low specificity for fibrin, and are also relatively expensive. Therefore,
the searches for other fibrinolytic enzymes from various sources are being continued.
Recently, an investigation was conducted involving the isolation of fibrinolytic
enzyme from natural extracts, as the fibrinolytic proteases used in thrombolytic
therapy exhibit high specificity for fibrin, and are relatively inexpensive.

Many organisms are important sources of thrombolytic agents. Effective
thrombolytic agents have been identified and characterized from snake venoms [3-6],
vampire bat [7-9], insects [10-14], earthworm [15-19], leech [20], marine green alga
[21-23], and microorganisms [24-27]. These developments started a new era in the
early treatment of heart attack. Sandworms (Perinereis nuntia) of the class Polychaeta
play an important role in nutrient cycling and in maintaining and sustaining the
benthic environment [28, 29]. The head-down deep deposit-feeding polychaetes are
known for having strong effects on bioturbation and nutrient mineralization both by
sediment reworking during non-selective feeding and by burrow irrigation [30]. In
addition, it is a natural phenomenon that sandworm releases its coelomic fluid when
being cut. Therefore, we hypothesized that there is a balance between the cuticle
collagen and its coelomic fluid, and the latter is likely to have an activity of
proteolysis. To verify our hypothesis, we successfully identified a novel protease from
the coelomic fluid of sandworms.

2. Material and method
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2.1 Animals

Sandworms (P. nuntia) were obtained from Bangphra beach, Chonburi
province, Thailand.
2.2 Chemicals

4-amidino phenyl-methane sulfonyl fluoride (APMSF), ammonium sulfate,
acrylamide, bis-acrylamide, 1-chloro-3-tosylamido-7-amino-L-s-heptanone (TLCK),
hydrochloric acid, mercaptoethanol, sodium acetate, Tetramethylethylenediamine
(TEMED), Tris (hydroxymethyl) aminomethane, the divalent metal salts and
Ethylenediaminetetraacetic acid (EDTA) were purchased from Merck group,
Germany. Ammonium persulfate, coomassie Blue G-250, glacial acetic acid,
methanol, sodium chloride (NaCl), sodium hydroxide and sodium dodecylsulfate
(SDS) were from BDH. Azocasein, diethylaminoethyl-cellulose (DEAE-cellulose),
phenylmethylsulfonyl fluoride (PMSF), Superdex-200, N-a-tosyl-Lphenylalanine
chloromethyl ketone, (TPCK) and trichloroacetic acid (TCA) were purchased from
Sigma-Aldrich Co. Ltd, USA. All chemicals used were of analytical grade.
2.3 Protease assay

Protease activity was determined by measuring the release of acid-soluble
material from azocasein. The enzyme sample (100 pl) was mixed with 400 pl of 1%
(w/v) azocasein in 20 mM sodium phosphate buffer (pH 7.2). Following incubation at
37 °C for 30 min, 500 ul of ice-cold 10% (w/v) TCA was added to the mixture and
immediately vortexed. The mixture was placed on ice for 10 min and centrifuged at
15,000xg for 10 min. Absorbance of the supernatant was measured at 340 nm. One
unit (U) of protease activity was defined as the amount of the enzyme that causes an
increase in absorbance of 0.001 /min.
2.4 Purification procedure

Step 1 Ammonium sulfate precipitation and filtration 1.5 kg of washed
sandworms were homogenized in 5 | of 20 mM sodium phosphate buffer (pH 7.2)
containing 0.15 M NaCl in a blender and then was left at 4 °C overnight with
continuously stirring. The suspension was then filtered through double-layered cheese
cloth followed by centrifugation at 15,000xg for 30 min. Clear supernatant (crude
homogenate) was harvested and proper amount of ammonium sulfate was added, with
stirring, to 80% saturation followed by continuous stirring at 4 °C overnight. The

precipitate was collected from the suspension by centrifugation at 15,000xg for 30
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min. The pellet obtained was then re-dissolved in 20 mM sodium phosphate buffer
(pH 7.2), dialyzed (using 3,500 MWCO dialysis tube) against 3 changes of 5 | of
water at 4 °C and then freeze dried. This will be referred to as the ammonium sulphate
cut fraction.

Step 2 lon exchange chromatography The ammonium sulphate cut fraction
was resolvated in 20 mM phosphate buffer (pH 7.2) and loaded (10 ml at 25 mg/ml
total protein) into a DEAE-cellulose column (1.6 cm i.d.x15 cm length) pre-
equilibrated with at least five column-volumes of 20 mM phosphate buffer (pH 7.2),
and then eluted from the column using 20 mM phosphate buffer (pH 7.2) with a linear
gradient of 0-1.0 M NaCl at a flow rate of 1.0 ml/min. Each collected fraction (10 ml)
was screened for protein content as well as protease activities. The fractions
containing corresponding activity were pooled, dialyzed, and concentrated by freeze
dry to 50 mg/ml for further purification by gel filtration chromatography and analysis.
This fraction is subsequently referred to as the “post-DEAE-cellulose protease
fraction”.

Step 3 Gel filtration chromatography The post-DEAE-cellulose protease
fraction was applied (2 ml at 50 mg/ml) to a pre-equilibrated (20 mM sodium
phosphate buffer (pH 7.2)/200 mM NaCl) Superdex-200 column (1.6 cmx60 cm) and
then eluted with the same buffer at a flow rate of 0.5 ml/min. Fractions of 5.0 ml were
collected and assayed for protease activity, and contiguous protease positive fractions
(from the same peak) were pooled and dialyzed against an excess of same buffer prior
to further analysis. This final preparation is referred to as the “enriched protease
protein fraction”.

2.5 Determination of the protein content

The protein concentration was determined by the standard Bradford assay
[31], with dilutions of a known concentration of bovine serum albumin as the
standard. The absorbance at 595 nm was monitored with a microplate reader (BioTek
Instruments, Inc., Winooski, VT, USA). During the column chromatographic
separations, proteins of the elution profiles were determined by measuring the
absorbance at 280 nm.

2.6 Determination of the protein pattern by native-PAGE
The protein from each step of the purification procedure was analyzed for its

native protein pattern according to the method of Bollag [32], using a 7.5% (w/v)
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acrylamide separating gel and a 5.0% (w/v) acrylamide stacking gel. Tris-glycine
buffer pH 8.3 was used as the electrode buffer, and gels were run at a constant current
of 20 mA per slab at room temperature in a Mini-Gel Electrophoresis unit. After
electrophoresis, proteins in the gel were stained by coomassie Blue R-250 staining
(0.1% (w/v) coomassie Blue R-250 in 10% (v/v) acetic acid and 45% (v/v) methanol)
followed by several changes of destaining solution (10% (v/v) acetic acid and 45%
(v/v) methanol) until the background was clear.
2.7 Molecular weight determination by SDS-PAGE

Discontinuous reducing SDS-PAGE gels were prepared with 0.1% (w/v) SDS
in 15% and 5% (w/v) acrylamide separating and stacking gels, respectively, with Tris-
glycine buffer pH 8.3 containing 0.1% (w/v) SDS as the electrode buffer, according to
the procedure of Laemmli [33]. Samples to be analyzed were treated with reducing
sample buffer and boiled for five min prior to application to the gel. Electrophoresis
was performed at a constant current of 20 mA per slab at room temperature in a Mini-
Gel Electrophoresis unit. Molecular weight standards were co-resolved in each gel
alongside the samples to determine the subunit molecular weight of the purified
protein(s). After electrophoresis, proteins in the gel were stained with Coomassie blue
R-250 staining.
2.8 Effect of temperature on the protease activity

The effect of temperature on the protease activity was determined by
incubating the enriched protease containing fractions in 20 mM sodium phosphate
buffer (pH 7.2) at various temperatures (4-90 °C at 5 °C intervals) for 30 min. The
samples were cooled to 4 °C and then assayed for residual protease activity with
100% and 0% activity controls.
2.9 The pH-dependence of the protease activity

Incubation of the enriched protease fractions in buffers of broadly similar
salinity levels, but varying pH from 2-14 was performed to assess the pH stability of
the protease. The buffers used were 20 mM glycine-HCI (pH 2-4), 20 mM sodium
acetate (pH 4-6), 20 mM potassium phosphate (pH 6-8), 20 mM Tris-HCI (pH 8-10)
and 20 mM glycine-NaOH (pH 10-12). The enriched protease fraction was mixed in
each of the different buffer-pH compositions, or 20 mM sodium phosphate buffer (pH
7.2) for the control, and then left for 1 h at room temperature. Next, the samples were

adjusted back to 20 mM sodium phosphate buffer (pH 7.2), and assayed for protease
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activity. The activities attained were compared with the control which was set as
100% activity.
2.10 The effects of metal ions and protease inhibitors on the enzyme activity

The effects of metal ions on enzyme activity were investigated using MgCl,,
ZnCl,, CoCl,, FeCl,, CaCly,, and CuSO,. The purified enzymes were pre-incubated
both in the absence and the presence of bivalent cations including Mg, Ca?*, Co*",
Cu?*, Zn**, and Fe®* with a final concentration of 1.0 mM in 20 mM sodium
phosphate buffer (pH 7.2) for 1 h at 37 °C. After 1 h of incubation at room
temperature, the residual protease activity was measured with 0.1% azocasein. The
effects of the protease inhibitors were also assessed using 5.0 mM EDTA, 2.0 mM
PMSF, 0.5 mM TLCK, 0.5 mM TPCK, and 0.5 mM APMSF. The enzyme was pre-
incubated with the protease inhibitors for 1 h at 37 °C, and the effects were assessed
with 0.1% azocasein.
3. Results and discussion
3.1 Enrichment of the protease from sandworms

The occurrence of a protease in the crude extracts of sandworms is reported
for the first time in this work. The initial ammonium sulfate precipitation reduced the
total protein amount by some 55.7%, compared to 30% loss of protease activity for a
1.58-fold purification (Table 1). This ammonium sulfate cut fraction was then further
fractionated by DEAE-cellulose ion exchange chromatography with monitoring of all
eluted fractions for protease activity. The protease activity remained in the bound
fraction, and eluted from the column as a main peak corresponding to ~530-580 mM
NaCl (Figure 1), just after a minor peak (shoulder in Figure 1A) and before the other
main protein peak (~650-730 mM NaCl). The post-DEAE-cellulose protease fraction,
after dialysis, had a specific protease activity of 276.2 U/mg protein, representing a
43.3-fold purification (Table 2). Note that as well as the loss of ~98.8% of the total
protein from the ammonium sulfate cut fraction, this ion exchange chromatography
step was also very effective in eliminating pigments, because most of them did not
bind to the cellulose matrix. However, other proteins were clearly still abundantly
visible on the native PAGE (Figure 2A), and so further enrichment was required.

Based upon the fact that the contaminating proteins may differ in size, and
especially may be larger, then Superdex-200 gel filtration chromatography was

utilized after the DEAE-cellulose ion exchange chromatography. The post-DEAE-
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cellulose protease fraction was concentrated to 50 mg/ml and subjected (5 ml loading
at a time) to Superdex-200 gel filtration chromatography. The proteins were then
eluted from the column, revealing one major peak (Figure 1B). Harvesting the
fractions with positive protease activity from the first peak leads to an apparently
almost homogenous protein preparation (Figure 2), with purification fold of 55.75 at a
recovery yield of 18.5% and a specific protease activity of 355.71 U/mg of protein
(Table 1).
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Figure 1 (A) DEAE-cellulose ion exchange chromatography of the ammonium sulfate cut
fraction solubilized in 20 mM sodium phosphate buffer (pH 7.2), and eluted in the same
buffer but with a linear gradient of 0-1.0 M NaCl at a flow rate of 1 ml/min. (o) Absorbance
at 280 nm, (e) protease activity.(B) Superdex-200 gel chromatography of the post-DEAE-
cellulose protease fraction. Fractions (5 ml) were eluted with 20 mM sodium phosphate buffer
(pH 7.2) / 100 mM NaCl at a flow rate of 0.5 ml/min. (o) absorbance at 280 nm, (e) protease

activity.
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Table 1 Purified protease enzyme activity yields from sandworms

o Total Total activity Specific activity Yield Purification
Purification step )
protein (mg) (9)] (U/mgq) (%) (fold)
Crude extract 295.40 1,885.00 6.38 100.00 1.00
80% (NH,),SO, cut 130.60 1,320.00 10.11 70.03 1.58
DEAE-cellulose 1.64 452.60 275.98 24.01 43.26
Superdex-200 0.98 348.60 355.71 18.49 55.75

Note. Protease activity was measured by using the azocasein assay, as described under
Materials and methods. The enzyme assay for protease was carried out with 1% azocasein
solution at 37 °C for 20 min. The reaction was discontinued by mixing with 10%
trichloroacetic acid, and being allowed to stand for 10 min in ice, followed by centrifugation
at 15,000 x g for 10 min. The absorbance of the reaction mixture was measured at 340 nm.
An enzyme unit was defined as the amount of enzyme-releasing acid-soluble material from
azocasein, to yield an absorbance at 340 nm.

3.2 Verification of the protease purity and molecular weight determination

The selected fractions from each step of the protease enrichment process were
analyzed for their apparent purity and protein pattern by native-PAGE, where the
enriched protease fraction preparation (after Superdex-200 gel filtration
chromatography) revealed a single main protein band on the native-PAGE gel (Figure
2A), but only a single band on the denaturing SDS-PAGE gel (Figure 2B). Thus, the
enriched protease fraction obtained after Superdex-200 column chromatography
should be relatively pure. SDS-PAGE resolution of the purified protease preparations
under discontinuous and reducing conditions, revealed an apparent MW of a single
protein band of 37.4 kDa (Figure 2B).
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Figure 2 (A) Coomassie blue stained native-PAGE analysis of the sandworms protease
fractions from each step of the enrichment and stained for protein by coomassie blue (Lanes
1-4). Lane 1, crude enzyme (20 ng of protein); Lane 2, ammonium sulfate cut fraction (20 ug
of protein); Lane 3, post-DEAE-cellulose protease fraction (15 ug of protein); Lanes 4 and 5,
enriched protease fraction (post-Superdex-200) (10 ug of protein). (B) Reducing SDS-PAGE
analysis, after coomassie blue staining, of the enriched protease fraction (post-Superdex-200)
from sandworms: Lane 1, Low molecular weight protein markers; Lane 2, enriched protease
fraction (5 ug of protein). Gels shown in (A) and (B) are representative of 3 separate

enrichments.
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3.3 pH and temperature resistance determination

The pH sensitivity profile of the protease activity of the enriched protease
protein fraction exhibited pH stability between pH 7.0-8.0 following a 60 min
pretreatment at each pH. The activity, however, declined rapidly with increasing
acidity, and less markedly with increasing alkalinity, such that less than 40% protease
activity remained at pH 6 and 10, respectively, and no detectable protease activity at
pH 2.0-4.0 and 11.0-12.0 (Figure 3A). Note that where different buffers overlapped in
the pH only a minor buffer-dependent effect was noted, suggesting that the variations
seen are indeed largely due to the different pH values and not the effects from using
different buffer. No significant changes in the inhibition activity of the enriched
protease fraction was seen when pretreated for 30 min within the temperature range of
4-40 °C, onwards protease activity was decreased with increasing incubation
temperature, with essentially no activity being detected after pretreatment at 60 °C or
higher (Figure 3B).
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Figure 3 (A) The effect of pH pretreatment on the protease activity of the enriched protease
fraction. The following buffer systems were used: (m) 20 mM glycine-HCI (pH 2.0-4.0), (o)
20 mM sodium acetate (pH 4.0 - 6.0), (o) 20 mM potassium phosphate (pH 6.0 - 8.0), (o) 20
mM Tris-HCI (pH 8.0 - 1 0.0) and (A ) 20 mM glycine-NaOH (pH 10.0 - 12.0). (B) Effect of
pretreatment temperature on the protease activity of the enriched protease. For both panels the

data are shown as the mean +1 SD and are derived from three experiments.
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3.4 Effect of metal ions and protease inhibitors on the protease activity

Enzyme activity was inhibited by Cu?* and Co®*, but was enhanced by the
addition of Ca”* and Mg ions. Furthermore, protease activity was remarkably
inhibited by EDTA, thus EDTA functions as an inhibitor of the activity. These results

indicate that sandworm protease is a metalloprotease.

Table 2 Effect of metal ions and protease inhibitors on the activity of the protease

enzyme was from sandworm

Metal ions and protease inhibitors | Residual activity (%)
Control 100
cu* 80.16 + 0.88
Co™* 70.95 + 0.55
Ca® 118.35 + 0.48
Zn?* 85.16 + 0.84
Mg?* 102.56 + 0.66
Fe** 87.95 + 0.27
PMSF 80.18 + 0.95
APMSF 90.14 +0.11
EDTA 48.56 + 0.85
TLCK 80.58 + 0.48
TPCK 75.82 £ 0.12

4. Conclusion

The potent protease activity purified from the sandworms (P. nuntia) was
described. Therefore, it is strongly suggested that the P. nuntia protease enzyme can
be a potential source for developing therapeutic agents for thrombosis. For medicinal
application, further studies to elucidate molecular biological characteristics are

ongoing.
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APPENDICES

APPENDIX A

Preparation for non-denaturing polyacrylamide gel electrophoresis
(Native-PAGE)
1. Stock solutions

2 M Tris-HCI (pH 8.8)
Tris (hydroxymethyl)-aminomethane 24.2 ¢
Adjusted pH to 8.8 with 1 M HCI and adjusted volume to 100 ml with
distilled water

1 M Tris-HCI (pH 6.8)
Tris (hydroxymethyl)-aminomethane 121 g
Adjusted pH to 6.8 with 1 M HCI and adjusted volume to 100 ml with
distilled water.

1% Bromophenol blue (w/v)
Bromophenol blue 100 mg
Brought to 10 ml with distilled water and stirred until dissolved.
Filtration will remove aggregated dye.

2. Working solution

Solution A (30% (w/v) acrylamide, 0.8% (w/v) bis-acrylamide)
Acrylamide 29.2 ¢
N,N,-methylene-bis-acrylamide 08 ¢
Adjust volume to 100 ml with distilled water

Solution B (1.5 M Tris-HCI pH 8.8)

2 M Tris-HCI (pH 8.8) 75 mL

Distilled water 25 mL
Solution C (0.5 M Tris-HCI pH 6.8)

1 M Tris-HCI (pH 6.8) 50 mL

Distilled water 50 mL

10% Ammonium persulfate
Ammonium persulfate 05 ¢
Distilled water 50 mL



Electrophoresis buffer (25 mM Tris, 192 mM glycine)
Tris (hydroxymethyl)-aminomethane 3 0
Glycine 144 ¢
Dissolved in distilled water to 1 litre without pH adjustment
(final pH should be 8.3)

5x sample buffer

(312.5 mM Tris-HCI pH 6.8, 50% glycerol, 1% bromophenol blue)

1 M Tris-HCI (pH 6.8) 0.6 mL
Glycerol 5 mL
1% Bromophenol blue 0.5 mL
Distilled water 1.4 mL
3. Native-PAGE
7.5% Separating gel
Solution A 25 mL
Solution B 25 mL
Distilled water 5 mL
10% Ammonium persulfate 50 pL
TEMED 5 uL
5.0% Stacking gel
Solution A 0.67 mL
Solution B 1 mL
Distilled water 2.3 mL
10% Ammonium persulfate 30 uL
TEMED 5 L
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APPENDIX B

Preparation for denaturing polyacrylamide gel electrophoresis
1. Stock solutions
2 M Tris-HCI (pH 8.8)
Tris (hydroxymethyl)-aminomethane 24.2 ¢
Adjusted pH to 8.8 with 1 M HCI and adjusted volume to 100 ml with
distilled water
1 M Tris-HCI (pH 6.8)
Tris (hydroxymethyl)-aminomethane 121 g
Adjusted pH to 6.8 with 1 M HCI and adjusted volume to 100 ml with distilled

water.
10% SDS (w/v)

Sodium dodecyl sulfate (SDS) 10 g
50% Glycerol (w/v)

100% Glycerol 50 ml

Added 50 ml of distilled water

1% Bromophenol blue (w/v)
Bromophenol blue 100 mg
Brought to 10 ml with distilled water and stirred until dissolved.
Filtration will remove aggregated dye.

2. Working solution

Solution A (30% (w/v) acrylamide, 0.8% (w/v) bis-acrylamide)
Acrylamide 29.2 ¢
N,N,-methylene-bis-acrylamide 08 g
Adjust volume to 100 ml with distilled water

Solution B (1.5 M Tris-HCI pH 8.8, 0.4% SDS)

2 M Tris-HCI (pH 8.8) 75 mL

10% SDS 4 mL

Distilled water 21 mL
Solution C (0.5 M Tris-HCI pH 6.8, 0.4% SDS)

1 M Tris-HCI (pH 6.8) 50 mL

10% SDS 4 mL
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Distilled water 46 mL
10% Ammonium persulfate

Ammonium persulfate 05 ¢

Distilled water 5 mL
Electrophoresis buffer (25 mM Tris, 192 mM glycine, 0.1% SDS)

Tris (hydroxymethyl)-aminomethane 39

Glycine 144 g

SDS 19

Dissolved in distilled water to 1 litre without pH adjustment

(final pH should be 8.3)
5x sample buffer
(60 mM Tris-HCI pH 6.8, 25% glycerol, 2% SDS, 0.1% bromophenol blue,
14.4 mM 2-mercaptoethanol)

1 M Tris-HCI (pH 6.8) 0.6 mL
Glycerol 5 mL
10% SDS 2 mL
1% Bromophenol blue 1 mL
2-mercaptoethanol 0.5 mL
Distilled water 0.9 mL
3. SDS-PAGE
12.5% Separating gel
Solution A 4.2 mL
Solution B 2.5 mL
Distilled water 3.3 mL
10% Ammonium persulfate 50 pL
TEMED 5 L
5.0% Stacking gel
Solution A 0.67 mL
Solution B 1 mL
Distilled water 2.3 mL
10% Ammonium persulfate 30 puL

TEMED 5 b
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