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Abstract

An angiotensin converting enzyme (ACE) inhibitory substance was isolated and purified from Lycium chinense
Miller. A crude water extract of Lycium chinense Miller was prepared by adding it to water shaking at 25°C
for 1 hr, followed by centrifugation at 8000 X g for 30 min. The crude extract was then filtered using YM-3
and YM-1 membranes. An ACE inhibitor was isolated using censecutive chromatographic methods including:
ion exchange chromatography, gel permeation chromatography, and FPLC. The inhibitor was identified
to have a molecular mass of 862 daltons by mass spectrometry.
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INTRODUCTION

Angiotensin converting enzyme (ACE, peptidyldipe-
ptide hydrolase, EC3.4.15.1) converts angiotensin I into
angiotensin II by cleaving the C-terminal dipeptide (His-
Leu) of angiotensin I. ACE also inactivates bradykinin,
a potent vasodilative peptide with hypotensive effects.
The first ACE inhibitor was reported as a natural peptide
isolated from a Brazilian snake’s venom (1,2). Using this
peptide as a model system, specific ACE inhibitors such
as captopril and enalapril have been synthesized and
commercially used in the treatment of hypertension and
for the prevention of chronic heart failure. However,
these synthetic drugs have side effects such as cough,
taste disturbances, and skin rash. Therefore, various food
sources that are generally recognized as safe (GRAS)
were screened for ACE inhibitory activity (3-10). Extract
of Lycium chinense Miller is traditionally used in oriental
medicine. To assess the efficacy of Lycium chinense
Miller for the treatment of hypertension, extract of Lyc-
ium chinense Miller was prepared and its ACE inhibitory
activity was measured. We report here the isolation of
an ACE inhibitory substance from Lycium chinense
Miller.

MATERIALS AND METHODS

Materials
Lycium chinense Miller, which was harvested in Au-
gust, 2002, was obtained in Cheongyang, Korea.
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Preparation of crude extracts

A crude water extract of Lycium chinense Miller (100
g) was obtained by shaking in water (600 mL) at 25°C
for 1 hr, followed by centrifugation at 8,000 X g for 30
min.

Isolation of an ACE inhibitor

Crude water extract was filtered using a series of
YM-3 (Mw 3000 cut-off) and YM-1 (Mw 1000 cut-off)
membranes. The membrane-filtered solution was loaded
on a Q-Sepharose ion exchange column (40 X 150 mm,
Amersham Pharmacia Co., Uppsala, Sweden). The col-
umn was equilibrated with 10 mM Tris-HCI buffer (pH
8.0) and eluted with a linear gradient of NaCl in the
buffer from 0 to 0.5 M at a flow rate of 1.5 mL/min.
The eluate was monitored by measuring the absorbance
at 254 nm. The highest inhibitory fraction was further
purified using a Sephadex G-15 column (1.5 X 100 cm,
Sigma Chemical Co., St. Louis, MO, USA) pre-equil-
ibrated with 10 mM phosphate buffer (pH 7.0). The high-
est inhibitory fraction was further purified using FPLC
with an anion exchange column (Mono Q, Amersham
Pharmacia Co., Uppsala, Sweden). The column was
equilibrated with 10 mM Tris-HCI buffer (pH 8.0) and
eluted with a linear gradient of NaCl in the buffer from
0 to 1 M at a flow rate of 1 mL/min. Finally, to further
purify an ACE inhibitor, the highest inhibitory fraction
from the ion exchange chromatography was loaded onto
the FPLC with a gel permeation column (Superdex GPC,
Amersham Pharmacia Co., Uppsala, Sweden) pre-equil-
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ibrated with 10 mM phosphate buffer (pH 7.0).

ACE assay

ACE inhibitory activity was measured by the method
of Cushman and Cheung (11) with modifications estab-
lished in our lab (7,10). The reaction mixture contained
150 pL. of 5 mM Hip-His-Leu as a substrate, 50 uL of
- rabbit lung ACE powder (5 munit, Sigma Chemical Co.,
St. Louis, MO, USA) in a 50 mM sodium borate buffer
(pH 8.3), and 50 uL of the sample solution. The reaction
was carried out at 37°C for 30 min, and terminated by
the addition of 250 pL. of 1 N HCI and 1 mL of ethyl-
acetate. After centrifugation, the absorbances of the su-
pernatants were measured at 228 nm.

Mass spectrometry

The molecular mass of the purified ACE inhibitor was
determined using an ESI mass spectrometer (JMS HX-
110A, JEOL, Tokyo, Japan).

RESULTS AND DISCUSSION

A crude water extracts of Lycium chinense Miller was
obtained and filtered using a series of YM-3 (Mw 3000
cut-off) and YM-1 (Mw 1000 cut-off) membranes. Pre-
vious studies showed that most ACE inhibitory sub-
stances have molecular weights below or around 1000
daltons (3,12). Therefore, the filtrate from YM-1 mem-
brane of crude extract was concentrated and loaded onto
Q-Sepharose ion exchange column, and resolved into 5
fractions (Fig. 1). During washing of the column, un-
bound fractions did not exhibit ACE inhibition. Among
the bound fractions, the F2 fraction exerted the highest
inhibitory activity of 47.8%. The F2 fraction was pooled
and loaded onto a Sephadex G-15 column for further
purification. There were two major peaks eluted from
the column (Fig. 2). The F22 fraction, having the highest
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Fig. 1. Elution profile of a Q-Sepharose column chromatog-
raphy using Lycium chinense Miller crude extract. ACE in-
hibition (%) of each fraction: F1, 4.2; F2, 47.8; F3, 31.5; F4,
0, F5, O.
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Fig. 2. Elution profile of gel permeation chromatography using
F2 in Fig. 1. ACE inhibition (%) of each fraction: F21, 21.6;
F22, 53.5.

inhibitory activity (53.5%), was pooled and subjected to
anion exchange chromatography with Mono Q column.
The F223 fraction, having the highest inhibitory activity
(58.4%), from the column was then pooled (Fig. 3) and
further purified. Final purification of the ACE inhibitor
utilized FPLC with a Superdex GPC column, from which
a single peak was obtained (Fig. 4). The ACE inhibitory
substance was identified by ESI mass spectrometry. The
molecular weight of the ACE inhibitory substance was
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Fig. 3. Elution profile of anion exchange chromatography
using F22 in Fig. 2. ACE inhibition (%) of each fraction: F221,
8.0; F222, 5.1, F223, 58.4; F224, 3.0.
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Fig. 4. Elution profile of FPLC using F223 in Fig. 3.
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Fig. 5. Mass spectrum of the purified ACE inhibitor.

determined to be 862 daltons (Fig. 5) and had an ICso
of 40.9 pg. An additional NMR study is needed to iden-
tify the inhibitor. This is the first report of the isolation
of an ACE inhibitor from Lycium chinense Miller. Al-
though the chemical nature of the inhibitor should be
further characterized, this small molecular weight inhi-
bitor is promising in terms of manufacturing a functional
food product.

REFERENCES

1. Ferreira SH, Bartelt DC, Greene LJ. 1970. Isolation of
bradykinin potentiating peptides from Bothrops jararaca
venom. Biochemistry 9: 2583-2593.

2. Ondetti MA, Williams NJ, Sabo EF, Pluscec J, Weaver
ER, Kocy D. 1971. Angiotensin converting enzyme inhi-
bitors from the venom of Bothrops jararaca. Biochemistry
10: 4033-4039.

3. Ariyoshi Y. 1993. Angiotensin converting enzyme inhibi-
tors derived from food proteins. Trend Food Sci & Technol
4: 139-144.

4. Miyoshi S, Ishikawa H, Kaneko T, Fukui F, Tanaka H,
Maruyama S. 1991, Structures and activity of angiotensin-
converting enzyme inhibitors in an alpha-zein hydrolysate.
Agric Biol Chem 55: 1313-1318.

5. Yokoyama K, Chiba H, Yoshikawa M. 1992. Peptide inhi-
bitors for angiotensin I converting enzyme from ther-

862 Jpo4

B3 9048

|
4
|

{

i

TR &Wé‘x‘@%&#i z;www%ﬁf:ﬁ%é&&ﬁ ;
Mass (m/z)

10.

11.

i2.

molysine digest of dried bonito. Biosci Biotech Biochem
56: 1541-1545.

. Matusi T, Matsufuji H, Seki E, Osajima K, Nakashima

M, Osajima Y. 1993. Inhibition of angiotensin I-converting
enzyme by Bacillus licheniformis alkaline protease hydro-
lyzates derived from sardine muscle. Biosci Biotech Bio-
chem 57: 922-925.

. Kim JY, Lee SH, Sun NK, Choung DH, Kim WK, Lee

S, Song KB. 2003. Isolation of an angiotensin converting
enzyme inhibitory substance from Chrysanthemum bore-
ale Makino. J Food Sci 68: 816-819.

. Park EH, Won M, Lee H, Song KB. 1996. Angiotensin

converting enzyme inhibitory pentapeptide isolated from
supernatant of pig plasma treated by trichloroacetic acid.
Biotech Tech 10: 479-480.

. Park EH, Song KB. 1998. Partial purification of ACE in-

hibitory peptide isolated from supernatant of bovine plas-
ma treated by trichloroacetic acid. J Food Sci Nutr 3:
379-381.

Kim JY, Jung HY, Song KB. 2002. Isolation of angioten-
sin converting enzyme inhibitors from compositae plants.
Nutraceut Food 7: 157-161.

Cushman DW, Cheung HS. 1971. Spectrophotometric as-
say and properties of the angiotensin converting enzyme
of rabbit lung. Biochem Pharmacol 20: 1637-1648.
Noh H, Song KB. 2001. Isolation of an angiotensin con-
verting enzyme inhibitor form Oenanthe javanica. Agric
Chem Biotechnol 44: 98-99.

(Received January 8, 2004; Accepted February 23, 2004)



