Biotechnology and Bioprocess Engineering 2004, 9: 400-404 ©KSBB

= The Relationshi]P between ACE Inhibitory Activity and
Degradations of Sulfur Containing Materials in Dolsan
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Abstract This study was carried out to investigate the relationship ACE inhibitory activity and
degradations of sulfur containing materials in Dolsan leaf mustard juice (DLMJ). The changes of
_ sulfur containing materials which were treated with autolysis, myrosinase, ascorbate and papain
were studied, as well as the changes of ACE inhibitory activity in DLMJ. At 37°C, sulfur contain-
ing materials by autolysis decreased most rapidly from 0.43% to 0.13% in the second day. Con-
versely, ACE inhibitory activity increased most from 66% to 87%, in the second day at 37°C. As
myrosinase concentrations increased more, sulfur containing materials in DLMJ decreased more.
The ACE inhibitory activities at 0, 0.5, 1, 2, and 4 Units of myrosinase for 240 min later were 70,
74, 75, 82, and 85%, respectively. At 1 mM ascorbate, concentrations of sulfur containing mate-
rials in DLMJ decreased more significantly on the second day than on the other days. At 1 mM
ascorbate for 6 days, ACE inhibitory activity reached a maximum of about 92%. And, an increase
of papain concentration was noted in accordance with a decreased sulfur containing materials.
The maximum rate of ACE inhibitory activity at control, 3, 6, and 12 Units of papains treatments
was shown as 70, 70, 75, and 78% at 60 min, respectively. These results suggested that the deg-
radation of sulfur containing materials led to the increase of ACE inhibitory activity. Conse-
quently, it was suggested that ACE inhibiting was significantly related to the degradatives of sul-

fur containing materials.
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INTRODUCTION

Recently, many of physiological effects of cruciferae
have been reported. During the past decade, there has
been continuous interest in studies of physiological ef-
fects of cruciferae (Brassicaceae), as these are suspected
to play a role as anticancer agents, antimutagenics, anti-
oxidants, and have antimicrobial properties. These plants
are represented in the family cruciferae (Brassicaceae)
which includes such vegetables as leaf mustard, broccoli,
cabbage, cauliflower and radish. Leaf mustard (Brassica
juncea Coss. var. integrifolia) is famous in Dolsan, Yeosu,
Korea. Leaf mustard is the richest source of glucosi-
nolates, ascorbic acid, B-carotene, chlorophyll, dietary
fiber and flavonoides which are known to be physiological
compounds [1,2]. Among these physiological compounds,
glucosinolates, sinigrin and its major degradation prod-
ucts in cruciferae are known as major physiological com-
pounds [3,4]. Glucosinolates are anionic B-D-S-gluco-
sides that differ by their aglycon. Glucosinolates may
contain at least 120 different aglycones that can be
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grouped into at least ten structural classes [5]. Glucosi-
nolates are plant secondary products (B-thioglucoside N-
hydroxysulfates) [6] which are responsible for its unique
flavor and taste. Currently, many of plant secondary me-
tabolites are isolated by solvent extraction from the natu-
rally grown whole plants [7]. Glucosinolates are derived
from many of the same amino acids as the cyanogens,
Aalthough some amino acids serve a precursor for one
group but not for the other. Glucosinolates that corre-
spond to alanine, valine, leucine, isoleucine, phenylalnine,
tyrosine, and tryptophane are known [8]. The degrada-
tion of glucosinolates, sulfur containing compounds in
cruciferous plants, is catalyzed by plant and gut bacterial
myrosinase [6]. The use of these enzymes is considerable
importance for bioconversion to useful physiological
compounds in biotechnology [9]. Myrosinase are re-
leased when the cells in plants are damaged. The myrosi-
nase-mediated degradation of glucosinolates give rise to
an unstable thiohydroximate o-sulfonates which, on re-
lease of sulphate, can result in the production of isothio-
cyanates, thiocyanates, nitriles and elementary sulfur,
depending on the pH or other factors [10]. And, these
hydrolysis are increased by the addition of ascorbic acid
[11,12]. These hydrolysis products of glucosinolates are
known to have mutagenic, antimicrobial agent [3], and
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anticarcinogenic properties [13]. In our further studies
[14], antioxidative and ACE inhibitory activity in Dolsan
leaf mustard Kimchi (DLMK) increased until the time of
optimum tipening period. It might be that the production
of naturally occurring isothiocyanates, on release of sul-
fate, which are known to physiological compounds by
degradation of glucosinolates.

The cause of anticancer and antioxidative active com-
pounds in leaf mustard is partly known. However, anti-
hypertensive active compounds in leaf mustard remain
unknown. Antihypertensive activities can be determined
as angiotensin [-converting enzyme (ACE) inhibitory ac-
tivity. ACE, a zinc containing enzyme, catalyzes the for-
mation of the potent vasopressor angiotensin II from an-
giotensin | and inactivates bradykinin which has a vasodi-
lating action [15,16]. ACE is also known as kininase 11
which is involved in the breakdown of kinins, potent
vasodilators [17]. Recently, ACE inhibitors have been
screened from natural sources. Because, synthetic drugs
such as captopril and enalapril are thought to contribute
to side effects, cough, taste disturbances, and skin rash
[18]. ACE inhibitors from dried bonoto [19], sardine
muscle [20], tuna [21], soy sauce, and miso were iso-
lated. Some of ACE inhibitors were réported to have a
bitter taste and fishy odor [22]. Hence, much attention
has been focused on a new active compound found in

edible plants and exhibiting potent ACE inhibitory activity.

This study was carried out investigate the relationship
of ACE inhibitory activity and degradations of sulfur con-
taining materials in DLM]. And, the useful treating
method among autolysis, ascorbate, papain and myrosi-
nase were suggested to increase the antihypertensive ac-
tivities in DLM]J.

MATERIALS AND METHODS
Material

The leaf mustard was obtained from Dolsan, Yeosu,
Korea. The other ingredients such as garlic, ginger, red
pepper powder and green onion were purchased from a
local market in Yeosu, Korea. Myrosinase, papain, angio-
tensin converting enzyme (EC 3.4.15.1, 3.2 Unit/mg
solid), HHL (Hippuryl-His-Leu), ascorbate and lead
acetate were obtained from Sigma Chemical Co.

Preparation of Dolsan Leaf Mustard Juice (DLMJ)

5.00 kg of DLM were blended by a blender (Hanil,
HMF-340, Seoul, Korea) and filtered with sterilized
gauze. The filtrates were centrifuged at 1,500 rpm for 10
min. 3.96 kg of supernatants were filtered with a

Whatman No. 2 paper and then stored at -20°C. And

DLM] were autolysis during 10 days at 4, 10, 20, and
37°C.

Enzyme Treatment

DLM]J were autoclaved and centrifuged at 1,500 rpm
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for 15 min. The supernants were adjusted with 0.1 N
NaOH to pH 6.2 and 7.0. Papain (EC 3.4.22.2) was dis-
solved at 3, 6, and 12 Unit in 1 mL of DLMJ (pH, 6.2).
Myrosinase (EC 3.2.3.1) was dissolved in 0.5, 1, 2, and 4
Unit in 1 mL of DLM] (pH 7.0). The DLM]J-papain and
DLM]J-myrosinase mixture were agitated and incubated
at 25°C and 37°C during 240 min, respectively. The en-
zyme reaction was stopped in boiling water bath for 10
min.

Analysis of Organic Sulfur Concentration

The organic sulfur in DLM] was autolysed and treated
with ascorbate, protease, and myrosinase and analysed
with elemental analyzer (EA-1120, CE Instrument, Ro-
danomilan, Italy). DLMJ was adjusted with 0.1 N NaOH
or HCl to pH 6.0. And then 0.15 M lead acetate was
added to DLM] for removing of inorganic sulfur released
from glucosinolates. And the mixture was agitated using a
vortex mixer for 30 min. After precipitating, the sample
was centrifuged at 12,000 rpm for 15 min and super-
natants were filtered with 0.45 pm syringe. And the sam-
ple was dried at 105°C for 2 days. Analysis of sulfur with
elemental analyzer was performed on GC columns and
TCD (thermal conductive detector) with helium gas, at
an oven temperature of 60°C and a flow rate of 120
mL/min. '

Analysis of ACE Inhibitory Activity

The ACE (peptidyldipeptide hydrolase, EC 3.4.15.1)
inhibitory activity was assayed by the method described
by Cushman and Cheung with slight modification [13].
100 pL of 25 mM Hip-His-Leu solution was mixed with
50 uL. DLM] and then preincubated at 37°C for 10 min.
The reaction was initiated by adding 150 pL of ACE dis-
solved in a sodium borate buffer (pH 8.3), and the mix-
ture was incubated at 37°C for 60 min. The reaction was
stopped by adding 250 pl. of 1 N HCI. The hippuric acid
was extracted with 1.5 mL of ethyl acetate. The extracts
were centrifuged at 2,500 rpm for 10 min. The super-
natant was dried and dissolved in 3 mL of 1 M NaCl. The
absorbance level at 228 nm was measured to evaluate the
degree of inhibition in the ACE activity. The extent of
inhibitory ratio was calculated as follows: inhibitory ratio
(%) = ((C-8)/(C-8))x100, where S is the absorbance of
the sample, §' is the absorbance of a control sample and
C is the absorbance without a sample.

RESULTS AND DISCUSSION
Autolysis of DLMJ

Changes of sulfur containing materials according to
various temperatures were shown in Fig. 1. Sulfur con-
taining materials at 37°C decreased most rapidly from
0.43% to 0.13% in the second day. Myrosinase are re-
leased when the cells in plants are damaged. Since break-
down of cells in DLM after sample (DLM)was treated by
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Fig. 1. Changes of sulfur containing materials in DLM]J accord-
ing to autolysis.

95
—— O,

:\o\ 90 4°C
Z
2
)
©
&
2
S
L
£
1]
(87
<

60 L L 1 L 1

0 2 4 6 8 10 12

Time (day)

Fig. 2. Changes of ACE inhibitory activity in DLM] according
to autolysis.

blender, autolysis could be occurred in DLM] by myrosi-
nase. And also, at optimal temperature of myrosinase,
reported as 37°C [23], hence sulfur containing materials
decreased most rapidly. Subsequently, there was 0.01~
0.04% sulfur containing materials persisting until the
10th day.

Changes of ACE inhibitory activity increased most
from 66% to 87% in the second day (Fig. 2). The maxi-
mum ACE inhibitory activities at 4, 10, 20, and 37°C
were 82, 83, 87, and 89%, respectively. In addition, the
higher temperature of autolysis in DLM] was reached
maximum ACE inhibitory activities in a short time. Thus,
as sulfur containing materials decreased, ACE inhibitory
activities increased. This tendency was the same at all
temperatures. The degradation of sulfur containing com-
pounds (glucosinolates) in DLM] by autolysis, on release
of sulfate, could be result in the production of isothiocy-
anates, thiocyanates and nitriles. These hydrolysis prod-
ucts of glucosinolates are known to have physiological
activity [3,10]. It suggested that ACE inhibitor in DLM]
was closely related with the reduction of sulfur containing
materials.
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Fig. 3. Changes of sulfur containing materials in DLM] accord-
ing to myrosinase hydrolysis.
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Fig. 4. Changes of ACE inhibitory activity in DLM]J according
to myrosinase hydrolysis.

Effect of Myrosinase

The changes of sulfur containing materials in DLM]
according to myrosinase treatment are shown in Fig. 3.
When DLMJ was treated with myrosinase at the early
stage, concentration of sulfur containing materials were
all about 0.9%. The concentration of sulfur containing
materials at 0.5, 1, 2, and 4 Units for 240 min later were
0.39, 0.29, 0.25, and 0.19%, respectively. As myrosinase
was treated to DLM]J, sulfur containing materials de-
creased rapidly than that of autolysis.

The changes of ACE inhibitory activity in DLMJ ac
cording to myrosinase treatment are shown in Fig. 4. At 4
Units myrosinase treatment, ACE inhibitory activity was
at its highest value, at 92% for 4 days. The ACE inhibi-
tory activities at 0, 0.5, 1, 2, and 4 Units for 240 min
later were 70, 74, 75, 82 and 85%, respectively.

Myrosianse catalyzed the hydrolysis of sulfur contain-
ing materials in DLM] to give D-glucose and an aglycon,
which then rearranges to give sulfate and isothiocyanates.
And, an increase in myrosianse concentration led to the
increase of ACE inhibitory activity. Consequently, it was
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Fig. 5. Changes of sulfur containing materials in DLM] accord-
ing to ascorbate.
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Fig.-6. Changes of ACE inhibitory activity in DLM] according
to ascorbate.

suggested that ACE inhibitor was significantly related to
the degradation of sulfur containing materials. Although
ACE inhibitors previously reported are classified in two
groups, peptide and flavonoid inhibitors, mainly [24],
this study suggested that isothiocyanates should also be
ACE inhibitor.

Effect of Ascorbate

Myrosinase (S-glycosidase) hydrolyzes plant anionic 1-
thio-B-D-glucosides (glucosinolate) and is considered
part of the plant defense system. Ohtsuru and Hata [12]
reported that myrosinase is activated by ascorbic acid.
Hence, we observed the relationship between sulfur con-
taining materials and ACE inhibitory activity in DLM]J
according to ascorbate treatment.

The changes of sulfur containing materials in DLMJ
according to ascorbate treatment are shown in Fig. 5. At
1 mM ascorbate, concentrations of sulfur containing ma-
terials in DLM] decreased more significantly by the sec-
ond day than on any other day. Ohtsuru et al. [12] re-
ported that the rate of hydrolysis of sinigrin, catalyzed by
the mustard enzyme, is increased more than 25-fold by
the addition of 1 mM ascorbic acid. In our study, at a
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Fig. 7. Changes of sulfur containing materials in DLM] accord-
ing to papain hydrolysis.

concentration of 1 mM ascorbate the effect was maxi-
mized. But, at 2 mM of ascorbate, although high concen-
tration of ascorbate, the rate of hydrolysis was not in-
creased over that of 1 mM ascorbate. These results sug-
gested that high concentrations of ascorbates begin to
competitively inhibit the myrosinase reaction [3,4]. The
changes of ACE inhibitory activity in DLMJ according to
ascorbate treatment are shown in Fig. 6. At a concentra-
tion of 1 mM ascorbate, the hydrolysis rate of sulfur con-
taining materials was the most increased and ACE inhibi-
tory activity was maximized at about 92% for 6 days.

These results suggest that the ACE inhibitor in DLM]
is related to sulfur containing materials and it could be
myrosinase hydrolysis products from sulfur containing
materials by specifically activated ascorbate.

Effect of Papain

The changes of sulfur containing materials in DLM]
according to papain treatment are shown in Fig. 7. Pa-
pains were administered to DLLM] at early stage (0 min),
concentrations of sulfur containing materials of all sam-
ples were about 0.66%. And, control, 3, 6, and 12 Units
of papains were treated to DLM] 240 min later, concen-
tration of sulfur containing materials were 0.64, 0.62,
0.54, and 0.39%, respectively. Thus, increase of papain
concentrations were in accordance with a decreased in
sulfur containing materials. It suggested that protease like
papain could affect the reduction of sulfur containing
materials in DLM]. L-amino acids such as alanine, valine,
leucine, isoleucine, phenylalanine, tyrosine, and trypto-
phane are precursors for glucosinolates. And, also, sulfur
containing materials (glucosinolates) may also occurred
in association with proteins in plants [24]. Hence, sulfur
containing materials which were adducted with protein in
DLM] could be extricated by papain treatments.

The ACE inhibitory activity in DLM] corresponding to
papain treatments are shown in Fig. 8. The maximum
rate of ACE inhibitory activity at control (0), 3, 6, and 12
Units of papains treatments were shown as 70, 70, 75,
and 78%, respectively 60 min later. Yuk et al. [24] re-
ported that ACE inhibitory effect of the pronase treated
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Fig. 8. Changes of ACE inhibitory activity in DLM]J according
to papain hydrolysis.

sample from Sinapis alba L. extracts decreased compared
with that of the untreated sample. In our research, the
digetion of protein by papain treatment was affected to
ACE inhibitory activity. These results suggest that sulfur
containing materials in DLMJ was adducted with protein.
These protein hydrolysis by papain resulted to the reduc-
tion of sulfate in DLM]J. And, the production of isothio-
cyanates gave rise to ACE inhibitory activity.
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