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Abstract

Enzymatic digests prepared from Styela plicata by treatment with various
proteases including Protamex, Kojizyme, Neutrase, Flavourzyme, Alcalase,
Trypsin, a-Chymotrypsin, Protease, Pepsin and Papain, and their the
angiotensin I-converting enzyme (ACE) inhibitory activities were investigated.
Under the same concentration, the Protamex digest had the highest ACE
inhibitory activity (72.21% at 2.5 mg/ml) compared to the other digests. The
Protamex digest was performed optimum conditions assay for production of
ACE inhibition peptides from S. plicata. 'The Protamex digest had the highest
ACE inhibitory activity by conditions of enzyme concentrations of 10% for
48 h compared to the other conditions. We attempted to isolate ACE
inhibitory peptides from Protamex digest of S. plcata using ultra—filtration and
ACE inhibitory activity was measured. Below 5 kDa molecular weight
fraction showed the highest ACE inhibitory activity (ICs) value 0.828 mg/ml).
Next, below 5 kDa molecular weight fraction was separated on Sephadex
G-25 gel filtration chromatography and ACE inhibitory activity was measured.
The F2 peak showed the highest ACE inhibitory activity (ICso value 0.319
mg/ml). The F2 peak was separated on reverse-phase column by high
performance liquid chromatography (HPLC) and ACE inhibitory activity was
measured. F2-B peak showed the highest ACE inhibitory activity (ICsy value
0.076 mg/ml). The F2-B-1 from F2-B was divided into single peaks on
RP-HPLC. The ICsy value of purified ACE inhibitory peptide was 0.014
mg/ml. The results of this study suggested that peptides derived from
enzymatic digests of S. plicata would be useful new antihypertension
compounds in functional food. However, further work is being carried out to

confirm 1its in vivo physiological effects in blood pressure regulation.



1. Introduction

Recently, hypertension is major problem threatening human health in the
world. It was estimated that there is about 20% of the world’s adult
population (Alper et al, 2001). Hypertension kind of a chronic disease causes
problems of the circulatory organ as well as acts as the dangerous factor
such as arteriosclerosis, stroke and myocardial infarction. In case hypertension
develops the complication with cerebral hemorrhage, heart disease and
nephropathy, the lethality can be very high (Unger et al, 2002; Je et al.,
2005). Hypertension has been mainly explained as the physiological and
chemical mechanism by renin-angiotensin system (RAS) and substance that
can inhibit the activation of angiotensin I converting enzyme is focused to
directly inhibit hypertension.

Angiotensin I converting enzyme (ACE, EC 3. 4. 15. 1) discovered in
vascular, heart, lung and brain tissue plays the important role as dicarboxy
peptidase (Lapointe and Rouleau, 2002) in renin-angiotensin system (RAS)
and XKkallikrein-kinin system (KKS) (Fig. 1). ACE converts angiotensin I
(Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu) activated from angiotensinogen
by renin in RAS into angiotensin II (Asp-Arg-Val-Tyr-Ile-His-Pro-Phe) that
continuously acts in various kinds of AT receptor existing in adrenal, kidney
and heart. AT receptor causes the contraction of vascular, the release of both
aldosterone and wvasopressin, the reduction of blood flow in the kidney and
the renal tubule to absorb sodium and these lead to various diseases in the
heart vascular (Unger, 2002). The ACE is a zinc-containing exopeptidase
enzyme located in the endothelial lining of the vasculature of the lung and
cleaves dipeptides at the C-terminus of oligopeptides (Jung et al., 2006). In
particular, ACE involves cleaving histidyl-leucine of angiotensin I forming

angiotensin II, and degrades bradykinin (vasodepressor) to inactive peptides
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angiotensin II, and degrades bradykinin (vasodepressor) to inactive peptides

(Dzau, 2001). These activities of ACE in RAS and KKS cause various
problems in relation of the heart’s blood, therefore, ACE inhibitor can
effectively reduce hypertension as well as nephropathy, arteriosclerosis and
heart attack (Thurman et al., 2003; Bakris, 2001).

To help prevent and treat hypertension, inhibition of ACE has been a widely
using therapeutic strategy and the literature on ACE inhibitory compound is
quite extensive.

Since the discovery of ACE inhibitor, snake venom (Ondetti et al., 1971),
many studied have been directed the attempted synthesis of ACE inhibitors
have been used extensively in the treatment of essential hypertension and
heart failure in humans, such as alacepril, captopril, benazepril, enalapril,
fosinopril, ramipril and zofenopril. However, these synthesis compounds are
believed to have certain side effects, such as cough, taste disturbances and
skin rashes (Kato and Suzuki, 1971; Sawayama et al, 1990, Ondetti MA.,
1977). Therefore a search for ACE inhibitors from natural products has
become a major area of research.

Many ACE inhibitory peptide have been isolated from various protein digests
such as canola (Jianping et al., 2008), peanut (Wang et al., 2008), bovine
casein (Contreras et al., 2009), porcine muscle (Miguel and Fidel, 2007), egg
white (Miguel et al., 2007), yak milk casein (Maoa et al, 2007), sheep milk
yoghurt (Papadimitriou et al., 2007) and soybean (Chen et al., 2002). Also
various ACE inhibitory peptides have been isolated from marine resources
protein such as oyster (Wang et al., 2007), sardinelle (Ali et al., 2008), hard
clam (Tsai et al., 2008), Alaska pollak (Byun and Kim, 2001).

S. plicata used for this study, a marine resource, inhabits in Korea and the
Far East Asia. Aquaculture of S. plicata also has been made only in Korea

and used for food. Studies on bio active from S. plicata such as anticoagulant



Fig. 2. The photograhof Styela plicata.



activity (Joana et al., 2008), antioxidant and anticancer activity (Kim et al.,
2005) have been performed before.

The purpose of the work reported here was to isolate ACE inhibitory
peptides derived from enzymatic digests of S. plicata and the characterization
of the isolated peptides with respect to their inhibitory effects on ACE
(Fig. 3).
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Fig. 3. Flow chart for the separation of ACE inhibitory peptide from Styela

plicata.



2. Materials and Methods

2. 1. Materials

Styela plicata was collected along the coast of Masan in Korea, during the
period from August to October 2008. Salt, sand and epiphytes were removed
using tap water. Finally, the S. plicata were rinsed carefully in freshwater
and stored at -20C for further experiments. The frozen sample was
lyophilized and homogenized with a grinder before extraction. Ten proteases
including Protamex, Kojizyme 500 MG, Neutrase 0.8L, Flavourzyme 500MG,
Alcalase 24I. FG were obtained from Novo Co. (Novozyme Nordisk,
Bagsvaerd) and Trypsin, a-Chymotrypsin, Protase, Pepsin, Papain were
obtained from Sigma chemical Co. (St. Louis, Mo, USA). The optimum pH,
optimal temperature and characters of those enzymes were summarized Iin
Table 1-1. N-Hippuryl-His-Leu tetrahydrate (HHL) and Angiotensin I
Converting Enzyme (from rabbit lung) were obtained from Sigma chemical
Co. (St. Louis, Mo, USA). The other chemicals and reagents used were of

analytical grade.

2. 2. Approximate chemical composition of dried S. plicata

Approximate chemical composition of dried S. plicata was determined
according to AOAC method (1990). Crude carbohydrate was determined by
phenol-sulfuric acid reaction (absorbance at 480 nm, using glucose as the
calibration standard), crude lipid was performed by Soxhlet method and crude
ash was prepared at 550C in the dry-type furnace. The moisture was
determined keeping in a dry oven at 105C for 24 h and the crude protein

was determined by Kjeldahl method.

2. 3. Preparation of enzymatic digests from S. plicata



The enzymatic digests from S. plicata were obtained according to the
method used by Jung et al (2006) and Heo et al (2002). Ten enzymes
(Protamex, Kojizyme, Neutrase, Flavourzyme, Alcalase, Trypsin,
a-Chymotrypsin, Protease, Pepsin and Papain) were used to treated to the
powder of S. plicata under optimal conditions (Table 1) for 24 h. One gram
of the ground dried S. plicata powder was homogenized with water (100 ml),
and then 10 mg or 100 x¢ enzyme was added. The pHs of the homogenate
were adjusted to its optimal ph value before the digestion. The enzymatic
reactions were performed for 24 h to achieve optimum degree of the digest.
As soon as the enzymatic reaction is complete, the digests were boiled for 10
min at 100C to inactive the enzyme. Each enzymatic digest was clarified by
centrifugation (3500 rpm, for 20 min at 4C) to remove the residue (Fig. 4).

All the enzymatic digests were kept —20C for further experiments.

2. 4. Measurement of enzymatic digestion yield
Yield of the enzymatic digests of S. plicata were calculated by dividing the
dry weight of extracts filtrate over dry weight of the S. plicata enzymatic

digest used.

2. 5. Determination of protein content
The amount of crude protein was determined by the Lowry method,
absorbance at 540 nm using bovine serum albumin as the calibration standard

(Lowry et al., 1951).

2. 6. Optimum-conditions assay for the active digestion
Active digestion was performed optimum conditions assay for ACE inhibition
digest from S. plicata. One gram of the ground dried S. plicata powder was

homogenized with water (100 ml), and then various enzyme rate ( 0.2, 1, 5



Table 1. Optimal conditions of proteases.

Enzyme Sources Optimal
pH Temperature(C)

Protamex Bacilus sp. 6.0 40
Kojizyme A. oryzae 6.0 40
Netrase Bacillus amyloliquefaciens 6.0 50
Flavourzyme A. oryzae 7.0 50
Alcalase Bacillus sp. 8.0 50
Pepsin Porcine gastric mucosa 2.0 37
Protease A. oryzae 2.8 37
Trypsin Bovine pancreases 7.6 25
a-Chymotrypsin  Bovine pancreases 7.8 25
Papain Papaya latex 6.2 25
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and 10%) was added. The pHs of the homogenate were adjusted to its
optimal ph value before the digestion of S. plicata. The enzymatic reactions
were performed for various times from 6, 12, 24 and 48 h. Yield, protein
contents and ACE inhibitory activities of the active digest formed at different

enzyme rate and incubation times upon digestion were measured.

2. 7. ACE inhibitory activity

For each assay, 50 0 of the sample solution with 50 ¢ of ACE solution
(25 mU/ml) was pre-incubated at 37C for 10 min, and then incubated with
100 8 of substrate (25 mM hippuryl-His-Leu in 50 mM sodium borate buffer
containing 500 mM NaCl at pH 8.3) at 37C for 60 min. The reaction stopped
by adding 250 @ of 1 N HCI. Hippuric acid was extracted with 500 gl of
ethyl acetate. Then a 200 ¢ aliquot of the extract was removed by
evaporation in an dry-oven at 80C. The residue was dissolved in 1 ml
distilled water and its UV spectra density was measured at 228 nm. The ICs
value was defined as the concentration of inhibitor required to inhibit 50% of
ACE inhibitory activity.
The extent of inhibition was calculated as follows:
Inhibition %=(Ac-As)/(Ac-Ab)
Ac=Absorbance of control sample
As=Absorbance of sample solution

Ab=Absorbance of blank solution

2. 8. Purification of ACE inhibitory peptide

2. 8. 1. Molecular weight fractionation of active enzymatic digest
In all the tested enzymatic digests for ACE inhibitory activity of enzymatic
digests, one enzymatic digest from S. plicata subjected to molecular weight

fractionation to obtain the peptide with molecular weight of above 10 kDa,



5-10 kDa and below 5 kDa. Enzymatic digest was passed through
ultra—filtration membranes (5 and 10 kDa) using Millipore’s Labscale TFF
system (Millipore Corporation, Bedford, Massachusetts, USA) at 4C (Fig. 5).
The resultant, fractions were then collected according to molecular weights
(above 10 kDa, 5-10 kDa and below 5 kDa) were lyophilized and stored at

-20C for use in further experiments.

2. 8. 2. Gel filtration chromatography

The most active fraction by Ultra—filtrated digest was again filtered and
applied to a column (& 25 x 75 cm) saturated in Sephadex G-25 resin
which was previously equilibrated with distilled water. The flow rate was
1.5 ml/min, and elution peaks were monitored at 215 nm. The peaks were
collected at 5 min intervals with a peak collector, and peaks showing
ACE inhibitory activity were pooled and lyophilized. The active ACE

inhibition peak was applied onto the RP-HPLC for further purification.

2. 8. 3. Isolation of peptide by reversed-phase HPLC (RP-HPLC)

The fraction with the highest ACE inhibitory activity was dissolved in
distilled water, and separated by reversed-phase high performance liquid
chromatography (HPLC) on a symmetry Grom-sil 120 ODS-5 ST column
(Alltech, Cis, @10 x 250 mm). For RP-HPLC analysis, mobile phases used in
the gradient elution consisted of eluant A consisting of 0.1%6 trifluoroacetic
acid (TFA) in distilled water (v/v); eluent B of 0.1% trifluoroacetic acid
(TFA) in acetonitrile. The separation was performed with a linear gradient
from 0 to 25% eluent B at a flow rate of 2.0 ml/min. The UV absorbance of
the eluent was monitored at 215 nm. The fractions showing ACE inhibitory

activity were pooled and lyophilized.
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Fig. 5. Ultra—filtration membrane system for fraction of S. plicata enzymatic
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3. Results and Discussion

3. 1. Approximate chemical composition

Approximate chemical compositions S. plicata was shown in Table 2. The
major chemical component of S. plicata tested was found to be carbohydrate
whose content occupied over 40% of the total dry weight. Protein contents
determined from S. plicata was 33.12%. Ash content determined from S.
plicata was 10.779. Moisture and lipid content determined from S. plicata

was 9.34 and 4.25%.

3. 2. Enzymatic digestion yield

The yield of enzymatic digests were determined by subtracting the dried
weight of residue from one gram of S. plicata sample dried and was
expressed as a percentage (Heo et al., 2005). The Enzymatic digestion yield
from S. plicata was shown in Table 3. The each enzymatic digests were
showed different yield and almost enzymatic digests showed relatively higher
vield compared with the aqueous extract. But, Pepsin digest was showed
lower yield compared with the aqueous extract. The highest yield (36.8%)
was recorded in the Neutrase digest from S. plicata, whereas the lowest yield

(18.7%6) was shown the by Pepsin digest from S. plicata.

3. 3. Protein content

All enzymatic digests were subjected to Lowry method (1951) to determine
their protein contents. The protein contents of each of the enzymatic digests
are shown in the Table 4. The each enzymatic digests were showed different
vield and almost enzymatic digests showed relatively higher yield compared
with the aqueous extract. But, Kojizyme digest was showed lower protein

content compared with the aqueous extract. The proteases can work primarily



by macerating the tissues and breaking down the cell walls and complex
interior storage materials (Siriwardhana et al., 2008). Therefore, enzymatic
digests have higher yield and protein content than aqueous extract. The
highest protein content (435.8 mg/g) was recorded in the Protamex digest
from S. plicata, whereas the lowest protein content (171.61 mg/g) was shown

the by Kojizyme digest from S. plicata.

3. 4. ACE inhibitory activity

The ACE inhibitory activity was assayed by measuring the concentration of
hippuric acid liberated from hippuryl-His-Leu by the method of Cushman and
Cheung (1970). The result of the ACE inhibitory activities of different enzyme
digests of ten proteases (Protamex, Kojizyme, Neutrase, Flavourzyme,
Alcalase, Trypsin, a-Chymotrypsin, Protease, Pepsin and Papain) and aqueous
extract are shown in Fig. 6. All enzymatic digests of S. plicata showed more
than 50% ACE inhibitory activities and dose-dependant activity over ACE
inhibition. Specially, Protamex digest showed higher activities (65.25%) than
that other digests. ACE inhibitory activity of Protamex digest from S. plicata
increased gradually with the increased concentrations and were 37.24, 45.38,
5894 and 65.25%. Compared to enzymatic digests, aqueous extract showed
the lowest ACE inhibition (17.24%) for ACE inhibitory assay. Also, ACE
inhibitory activity was dose-dependently increased with protein content.
Previous reports have shown that ACE inhibitory activity is affected by
hydrolysis of protein. However, the reduction in the ACE inhibitory activity is
assumed to be mainly due to aggregation of the protein caused by the high
temperature treatment (Youshie-Stark et al., 2006). Therefore, the Protamex

digest was selected for use in further experiments.



Table 2. Chemical compositions of S. plicata.

Chemical composition

Content (%)

Moisture
Ash
Protein
Carbohydrate
Lipid

9.34+0.2°
10.77+0.3
33.12+0.2
42.52+0.4
4.25+0.4

“The values are averages of triplicate determinations.



Table 3. Yield of enzymatic digests from S. plicata.

Enzymatic digests

Yield (%)

Neutrase
Alcalse
Flavourzyme
Protamex
Kojizyme
Protase
a-chymotrypsin
Trypsin
Papain
Pepsin

Aqueous

36.8+0.2°
29.3£0.3
25.3+0.1
29.7+0.2
20.8+0.2
25.2+0.2
34.3+0.2
25.7+0.3
23.3£0.1
18.7+0.2
19.8+0.1

“The values are averages of triplicate determinations.



Table 4. Protein contents of enzymatic

digests from S. plicata

Enzymatic digests

Protein contents (mg/g)

Neutrase
Alcalse
Flavourzyme
Protamex
Kojizyme
Protase
a-chimotrypsin
Trypsin
Papain
Pepsin

Aqueous

421.61+4.46"
349.84+3.35
361.67+2.23
435.80+2.23
171.61+1.12
343.71+3.11
369.41+2.11
312.89+4.33
299.33+1.99
201.49+1.93
183.22+3.39

“The values are averages of triplicate determinations.
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Fig. 6. ACE inhibitory activity of enzymatic digests from S. plicata. A,
Neutrase;, B, Alcalase; C, Flavourzyme; D, Protamex; E, Kojizyme; F, Protase;
G, a-chimotrypsin;, H, Trypsin; I, Papain; J, Pepsin, K, Aqueous.

Mean+SE of determinations was made in triplicate experiments.
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3. b. Optimum-conditions for the production of ACE inhibitory activity
digest by Protamex
3. 5. 1. Yield
The vyield of Protamex digests were determined by subtracting the dried
weight of residue from one gram of S. plicata sample dried and was
expressed as a percentage (Heo et al., 2005). The optimal digestion
conditions for production of ACE inhibitory activity digest from S. plicata
were investigated in the wvarious enzyme rate (0.2, 1, 5 and 10%) and
digestion times from 6, 12, 24 and 48 h. As the enzyme rate and digestion
time were increased, the yield of Protamex digests was increased (Table 5).
The highest yield of the Protamex digest (40.5%) of S. plicata was
obtained when the digestion was performed at 109 for 48 h, whereas the

lowest yield (11.5%) was shown the by Protamex digest at 0.2% for 6 h.

3. 5. 2. Protein contents

All Protamex digests were subjected to Lowry method (1951) to determine
their protein contents. The optimal digestion conditions for production of
ACE inhibitory activity digest from S. plicata were investigated in the
various enzyme rate (0.2, 1, 5 and 10%) and digestion times from 6, 12,
24 and 48 h. As the enzyme rate of 0.2% and digestion time was
increased, the of Protamex digests was increased (Table 6). The highest
protein content of Protamex digest (43559 mg/g) of S. plicata was obtained
when the digestion was performed at 10% for 48 h, whereas the lowest
protein content (182.99 mg/g) was shown the by Protamex digest at 0.2%
for 6 h.

3. 5. 3. ACE inhibitory activity

The ACE inhibitory activity was assayed by measuring the concentration

of hippuric acid liberated from hippuryl-His-Leu by the method of Cushman
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and Cheung (1970). The ACE inhibitory activity of all Protamex digests
were measured. The optimal digestion conditions for production of ACE
inhibitory activity digest from S. plicata were investigated in the various
enzyme rate (0.2, 1, 5 and 10%) and digestion times from 6, 12, 24 and 48
h. The enzyme rate of 0.2% and as the digestion time were increased, the
ACE inhibitory activity of Protamex digests was increased (Fig. 7). The
highest ACE inhibitory activity of Protamex digest (54.26%) of S. plicata
was obtained when the digestion was performed for 48 h, whereas the
lowest yield (30.25) was shown the by Protamex digest for 6 h. And, the
enzyme rate of 1% and as the digestion time were increased, the ACE
inhibitory activity of Protamex digests was increased (Fig. 8). The highest
ACE inhibitory activity of Protamex digest (58.77%) of S. plicata was
obtained when the digestion was performed for 48 h, whereas the lowest
yield (39.44%6) was shown the by Protamex digest for 6 h. Also, the enzyme
rate of 5% and as the digestion time were increased, the ACE inhibitory
activity of Protamex digests was increased (Fig. 9). The highest ACE
inhibitory activity of Protamex digest (68.08%) of S. plicata was obtained
when the digestion was performed for 48 h, whereas the lowest yield
(45.24%) was shown the by Protamex digest for 6 h. Finaly, the enzyme
rate of 1096 and as the digestion time were increased, the ACE inhibitory
activity of Protamex digests was increased (Fig. 10). The highest ACE
inhibitory activity of Protamex digest (72.21%) of S. plicata was obtained
when the digestion was performed for 48 h, whereas the lowest yield
(46.43%) was shown the by Protamex digest for 6 h. The ICs value of All
Protamex digests shown in Table 5. The result, As the digestion time was
increased, the yield, protein content and ACE inhibitory activity of the
Protamex digest was increased. Previous reports have shown that the ACE
inhibitory activity of digests was increased when the digestion time was

increased (Lee et al., 2004).
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Table 5. Yield of various conditions of Protamex digest from S. plicata

Enzyme Incubation time (h)
concentrations”
(%) 6 12 24 48
0.2 11.2+0.1° 20.3+0.1° 22.1£0.2 27.5£0.1
1 13.2+0.1 24.2£0.1 26.5£0.3 37.5£0.1
5 19.4+0.2 26.5£0.1 29.7£0.3 38.3£0.2
10 20.6£0.3 33.210.2 39.5+0.1 40.5£0.1

“The extent of enzyme concentration was calculated as follows:

Enzyme concentration %=(Enzyme/Substrate)x100

"The values are averages of triplicate determinations.

‘Unit: %
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Table 6. Protein contents of various conditions of protamex digest from S.

plicata.
Enzyme Incubation time (h)
concentrations”
(%) 6 12 24 48

0.2 182.99+1.88" 220.33£2.11°¢ 2067.66+£4.22 301.32£1.55

1 196.36+£0.95 242.67+1.08 295.12+1.23 331.34+2.23

5 200.18+3.31 277.97+0.9 331.11+3.45 383.32+2.91

10 200.14+3.33 312.39£1.89 415.22+1.39 435.59+3.23

“The extent of enzyme concentration was calculated as follows:
Enzyme concentration %=(Enzyme/Substrate)x100

"The values are averages of triplicate determinations.

‘Unit: mg/g
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Fig. 7. The 0.2% ratio of enzyme to substrate on ACE inhibitory
activity of Protamex digest from S. plicata. The Digestion times for

ACE inhibitory assay were 6, 12, 24 and 48 h.

MeantSE of determinations was made in triplicate experiments.
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Fig. 8. The 1% ratio of enzyme to substrate on ACE inhibitory
activity of Protamex digest from S. plicata. The Digestion times for
ACE inhibitory assay were 6, 12, 24 and 48 h.

MeantSE of determinations was made in triplicate experiments.
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Fig. 9. The 5% ratio of enzyme to substrate on ACE inhibitory activity of
Protamex digest from S. plicata. The digestion times for ACE
inhibitory assay were 6, 12, 24 and 48 h.

MeantSE of determinations was made in triplicate experiments.
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Fig. 10. The 10% ratio of enzyme to substrate on ACE inhibitory activity of
Protamex digest from S. plicata. The Digestion times for ACE
inhibitory assay were 6, 12, 24 and 48 h.

Mean+SE of determinations was made in triplicate experiments.
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Table 7. IC5) value of Protamex digests from S. plicata

Enzyme ICs0 values (mg/ml)
concentration® Incubation time (h)
(%) 6 12 24 48
0.2 2< 2.499 2.233 2.333
1 < 2.498 2.367 1.916
5 28 2.313 2.126 1.245
10 < 2.399 2.065 1.171

“The extent of enzyme concentration was calculated as follows:

Enzyme concentration %=(Enzyme/Substrate)x100
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3. 6. Purification and characterization of ACE inhibition peptides

3. 6. 1. ACE inhibitory activity of Molecular weight fractions

The fractionation different molecular weights of the digests is the use of a
membrane reactor using ultra—filtration (UF) membranes with different pore
size (Byun and Kim, 2001). The molecular weight of the hydrolyzed
protein 1s important factors in producing protein hydrolysates with desired
functional materials. The UF system has the major advantage that the
molecular weight distribution of the desired digests can be controlled by
adoption of an appropriate UF membrane (Jeon et al., 2000). In this study,
the fractionation of enzymatic digest of S. plicata using UF membranes is
described. The characterization of the separated fractions having functional
peptides such as ACE inhibitory activity was carried out.

Protamex digest was separated by using tow kinds of UF membranes (10
kDa and 5 kDa MWCO membranes) according to molecular size and three
kinds of permeates (above 10 kDa, 5-10 kDa and below 5 kDa digests)
were obtained. Thus, individual fractions were assayed for ACE inhibitory
activity. The result of this study is shown in Fig. 11. Below 5 kDa
molecular weight fraction showed highest ACE inhibitory activity (ICsy value
0.828 mg/ml) (Table 6). And at the same concentration, below 5 kDa
molecular weight fraction showed higher ACE inhibitory activity than the
above 10 and 5-10 kDa molecular weight fractions. In addition, the ACE
inhibitory activity of those molecular weight fractions increased with
increasing concentrations from 0.3125 mg/ml to 2.5 mg/ml. This observation
suggests that continuous enzymatic digest with different fractionation of
resulting digests using different UF membranes produced small
molecular weight digests having ACE inhibitory activity.

Previous reports have shown that yellowfin frame protein hydrolysate was

fractionated of high and low molecular weight by UF membranes. The low
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Fig. 11. ACE inhibitory activity of molecular weight fractions of Protamex
digest.

Mean+SE of determinations was made in triplicate experiments.
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Table 8. IC5y value of molecular weight fractions of Protamex digest.

Fractions ICs0 value (mg/ml)

Original 1.171
Above 10 kDa 2.209

5-10 kDa 1.023
Below 5 kDa 0.828
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molecular weight fraction had more potent ACE inhibitory activity than that
fractionated of high and low molecular weight by UF membranes. The low
molecular weight fraction had more potent ACE inhibitory activity than that
of the high molecular weight (Jung and Kim, 2006). Zhao et al (2007)
reported that, with respect to sea cucumber gelatin hydrolysate, ACE
inhibitory activity markedly increased with increasing proteolysis. In this
study, Protamex contributed to a high degree of digest due to their different
enzymatic actions, and the UF was an successful method to enhance its ACE
inhibitory activity of enzymatic digest from S. plicata. Therefore, the was
selected Bellow 5 kDa molecular weight fractionfor wuse in further

experiments.

3. 6. 2. Size exclusion chromatography

For the purification of ACE inhibitory activity peptide, the most activity
fraction was filtered through a UF membrane (molecular weight cut-off; 5
kDa) by UF system. The below 5 kDa molecular weight fraction was
lyophilized and concentrated in distilled water. It was load on a Sephadex
G-25 column, and then selected four peaks (Fig. 12) that were measured
to have ACE inhibitory activity. The ACE inhibitory activity of
fractions from F2 were investigated in the wvarious concentrations (0.3125,
0625, 125 and 25 mg/ml). All peaks as the concentration were
increased, the ACE inhibitory activity of fractions were increased. The ACE
inhibitory activity is shown in Fig. 13. But, not all peaks showed ACE
inhibitory activity. Specially, 2nd-fraction (F2) showed higher activities (ICs
value 0.319 mg/ml) (Table 6) than that other fractions. ACE inhibitory
activity of F2 from below 5 kDa molecular fraction increased gradually with
the increased concentrations and were 43.75, 65.25, 80.69 and 88.65%.
Compared to fractions, 4th-peak (F4) showed the lowest ACE inhibition
(20.28, 27.82, 2857 and 35.33%) for ACE inhibitory assay.
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Fig. 12. Gel filtration chromatography of below 5 kDa molecular weight
fraction from Protamex digest on Sephadex G-25 column. Separation was
performed with 1.5 ml/min and collected at a peak volume (7.5ml). The peaks
1solated by Sephadex G-25 gel column were designated F1-F4. Elution was

monitored at 215 nm.
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Fig. 13. ACE inhibitory activity of peaks on gel filtration chromatography
from below 5 kDa molecular weight fraction.

MeantSE of determinations was made in triplicate experiments.
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Table 9. ICsy value of peaks of gel filtration chromatography from below

5 kDa fraction.

Peaks ICso value (mg/ml)
F1 1.15
F2 0.39
F3 2.035
F4 2.5<
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3. 6. 3. Purification of peptide by reverse-phase HPLC

The F2 (Fig.12), identified as the most active peak by gel filtration
chromatography, was performed reverse-phase column by high performance
liquid chromatography (HPLC) on Grom-sil 120 ODS-5 ST column, and then
eluted with acetonitrile under linear gradient elution condition of 0-25%, in
order to improve the separation of the peptide. The F2 was divided into
three major peaks on RP-HPLC (Fig. 14), all of which were collected,
concentrated and the ACE inhibitory activity was measured. The ACE
inhibitory activity of peaks from F2 were investigated in the various
concentrations (0.0781, 0.1563, 0.3125, 0.625, 125 and 25 mg/ml). All
peaks as the concentration were increased, the ACE inhibitory activity of
peaks was increased. The ACE inhibitory activity is shown in Fig. 15. But,
not all fractions showed ACE inhibitory activity. Specially, 2nd-peak (F2-B)
showed higher activities (ICs value 0.076 mg/ml) (Table 7) than that other
peaks. ACE inhibitory activity of F2-B from F2 increased gradually with the
increased concentrations and were 46.62, 53.12, 60.78, 71.67 and 79.02%.
Compared to peaks, lst-fraction (F2-A) showed the lowest ACE inhibition
(568, 12,57, 19.43, 31.78 and 37.38 mg/ml) for ACE inhibitory assay. The
active peak F2-B was subjected to re-chromatography on the same
column using eluted with acetonitrile under linear gradient elution condition
of 0-100%, in order to improve the separation of the peptide. The F2-B was
divided into four major peaks on RP-HPLC (Fig. 16), all of which were
collected, concentrated and the ACE inhibitory activity was measured.
Specially, 1st-peak (F2-B-I) showed higher activities (ICsy value 0.015
mg/ml) (Table 8). ACE inhibitory activity of F2-B-I from F2-B increased
gradually with the increased concentrations (0.0125, 0.025, 0.05 and 0.1
mg/ml) and were 43.25, 6328, 7747 and 89.25%. Compared to peaks,
3th-peak (F2-A-III) showed the lowest ACE inhibition (4.35, 17.45, 36.22 and
51.34%]1) for ACE inhibitory assay (Fig. 17). The active peak F2-B-1 was
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subjected to re—chromatography on the same column using a linear isocratic
of 20% acetonitrile for 50 min, at flow rate 1 ml/min. The F2-B-1 was
divided into single peaks on RP-HPLC (Fig. 18). Based on this result, the
ICs value of the purified inhibitor was 0.014 mg/ml. Table 12 summarizes
the results of purification of the ACE inhibitor from S. plicata. The ACE
inhibitor was purified 83.64-fold from S. plicata using a four-step

purification procedure.
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Fig. 14. RP-HPLC chromatogram of potent ACE inhibitory peak (F2) isolated
from Sephadex G-25. Separation was performed with linear gradient of
acetonitrile from 0% to 25% in 30 min at a flow rate of 1.0 ml/min. The
fractions isolated by RP-HPLC were designated A-C. Elution was monitored
at 215 nm.
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Fig. 15. ACE inhibitory activity of peaks on RP-HPLC from active peak (F2)
by gel filtration chromatography.

MeantSE of determinations was made in triplicate experiments.
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Fig. 16. RP-HPLC re-chromatogram of potent ACE inhibitory peak (F2-B)
1solated from RP-HPLC. Separation was performed with linear gradient of
acetonitrile from 0% to 100% in 50 min at a flow rate of 1.0 ml/min. The
peaks isolated by RP-HPLC were designated I-V. Elution was monitored at
215 nm.
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Fig. 17. ACE inhibitory activity of peaks on re-chromatography from active
peak (F2-B) by RP-HPLC.

MeantSE of determinations was made in triplicate experiments.
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Table 11. IC5y value of peaks of RP-HPLC from F2-B peak.

Peaks ICso value (mg/ml)
F2-B-1 0.015
F2-B-1I 0.086
F2-B-III 0.091
F2-B-V 0.08
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Fig. 18. RP-HPLC re-chromatogram of potent ACE inhibitory fraction

(F2-B-I) isolated from RP-HPLC. Separation was performed with linear

isocratic of 20% acetonitrile for 50 min at flow rate 1.0 ml/min. Elution was

monitored at 215 nm.
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Table 12. Purification of ACE inhibitory peptides from S. plicata enzymatic

digest.

ICs0 value (mg/ml)

Purification (Fold)

Purification step
Enzymatic digest (S. plicata) 1.171 1.00
Ultra-filtration (below 5 kDa) 0.823 1.42
Gel filtration chromatography 0.390 3.00

(Sephadex G-25)

1st RP-HPLC 0.076 15.41
(ODS reverse phase)
0.014 83.64

2nd RP-HPLC
(ODS reverse phase)
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4. Conclusion

S. plicata, a solitary ascidian, 1s a popular seafood in Korea. In this study,
we looked at ACE inhibitory activity peptide purified from S. plicata protein
digest obtained by enzymatic digest. The Protamex digest had the highest
ACE inhibitory activity compared to the other digests. We attempted to
1solate ACE inhibitory peptides from Protamex prepared S. plcata digest using
ultra filtration, gel permeation chromatography on a Shepadex G-25 column
and RP-HPLC on an ODS column. The F2-B-1 was divided into single peaks
on RP-HPLC. The ICsy value of purified ACE inhibitory peptide was 0.014
mg/ml. Based on the results of this study, it appears that this peptide may
be beneficial to the nutraceutical and pharmaceutical industries. However,
further work is being carried out to confirm its in vivo physiological effects

in blood pressure regulation.
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