720 J. Agric. Food Chem. 1997, 45, 720-724

Prolyl Endopeptidase Inhibitors in Sake and Its Byproducts
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The purification of the inhibitory peptide for prolyl endopeptidase from sake (alcohol beverage in
Japan) and its byproduct was studied. Prolyl endopeptidase resolves the antidiuretic hormone
vasopressin, which is also involved in the maintenance of memory. After confirming the inhibitory
activities in pepsin hydrolysate of sake cake (byproduct of sake) and sake concentrate, we separated
them with several chromatographic procedures. Three inhibitory peptides were obtained from sake
cake, and another three inhibitory peptides were obtained from sake. These peptides inhibit prolyl
endopeptidase in vitro. These sequences exist in rice glutelin.
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INTRODUCTION

Recent research reports that the food functions con-
cerned with human health increase daily. In the field
of alcoholic beverages, Marmot et al. (1981) reported
that the mortality rate was lower in men reporting
moderate alcohol intake than in either non-drinkers or
heavy drinkers, and several investigators have noted
the antioxidative effects of phenolic compounds present
in wine (Renaud and de Lorgeril, 1992; Criqui and
Ringel, 1994; Frankel et al., 1995).

We also have been studying the new functions of sake
and its byproducts, rice bran and sake cake (lees of sake
mash). Sake is a traditional and general alcoholic
beverage in Japan. Sake is brewed from rice, shows an
alcohol concentration of about 15%, has a characteristic
fragrance, is slightly acidic, and has a sweet taste.
There are two byproducts in the sake brewing process.
The one is rice barn, and the other is sake cake. Rice
grains are polished up to a weight loss of 30—60% to
remove fats, proteins, and inorganic components present
in large amounts in the outer layers of the grains before
brewing. At the end of fermentation, matured mash is
transferred to a filter cloth and sake is squeezed out
from the sake cake, which is the lees of the sake mash.
It has been an ecological problem that these byproducts
have increased every year for the purpose of improve-
ment of sake quality. So it is important to develop new
uses of these byproducts.

In one of our previous studies, antihypertensive
angiotensin | converting enzyme inhibitors from sake
and its byproducts were isolated and identified as novel
inhibitory peptides that had two to five amino acid
residues (Saito et al., 1992, 1994a). We had reported
that systolic blood pressure decreased significantly when
these peptides were orally administered to spontane-
ously hypertensive rats as the hydrolysate of sake cake
and concentrate of sake (Saito et al., 1994b).

Prolyl endopeptidase (PEP) exists in the hippocampus
of the cerebrum and cuts off the peptide bond at the
carboxyl site of proline residue (Yoshimoto et al., 1983).
It is known that memory impediment or deterioration
of learning occurs when the activity of PEP is in excess.
In other words, the capacity of memory and learning is
diminished when excess PEP inactivates bioactive pep-
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tides such as vasopressin and substance-P which are
involved in memory and neural communication (Aoyagi
et al., 1990; Atack et al., 1991; Yoshimoto et al., 1987).
Indeed, it was confirmed that the PEP activity of
amnestic patients was very high and vasopressin of
these patients was unusually decomposed (De Wied et
al., 1984). So it was expected that the prevention or
treatment of amnesia and dementia may be possible by
inhibition of PEP (Tsuru and Yoshimoto, 1987). In the
field of medicine, a PEP inhibitor such as prolinal
derivative (Tsuru and Yoshimoto, 1987; Yoshimoto et
al., 1987) and thiazolidine family (Tsuru et al., 1988)
has been investigated for practical use in anti-amnesia.
Moreover in the field of foodstuffs, PEP inhibitor has
been noticed as having a new function (Asano et al.,
1991; Maruyama et al., 1992).

We studied the inhibitory activity to PEP of sake and
its byproducts and confirmed significant inhibitory
suppression. So we purified and identified the active
component from sake and its byprocucts, and we de-
scribe the results in this paper.

MATERIALS AND METHODS

Samples. We used sake brewed in our factory [Be, +3.0;
Alc, 19.4 (viv %); TA, 1.80 (mL), AA, 1.87 (mL)] and lyophilized
sake cake from the process (Imayasu et al., 1989) using a
liquefied product of rice slurry as the raw material (water
content, 5%; crude protein, 81%; sugars, 12%; others, 2%).

Measurement of PEP Inhibitory Activity. Two methods
of Yoshimoto et al. (1979) were used with some modifications.
One is as follows (Figure 1a): 50 uL of sample solution with
100 uL of PEP (Flavobacterium sp. Seikagaku kogyo, Tokyo,
Japan) solution (100 munits/mL in buffer solution) and 200
uL of phosphate buffer solution (pH 7.0, 100 mM) were
preheated and incubated at 30 °C for 10 min with 100 uL of
substrate solution [500 uM N-Cbz-glycyl-L-proline-p-nitro-
anilide (BACHEM Feinchemikalien, Bubendorf, Switzerland)
in 40% dioxane]. The other is as follows (Figure 1b): 50 uL of
sample solution with 50 uL of PEP solution (10 munits/mL in
buffer solution) and 350 uL of Tris-HCI buffer solution (pH
7.0, 50 mM) were pre-heated and incubated at 30 °C for 10
min with 50 uL of substrate solution [50 mM N-Cbz-glycyl-L-
proline-7-amido-4-methylcoumarin (BACHEM Feinchemi-
kalien, Bubendorf, Switzerland) in distilled water]. We used
the former for crude sample and the latter for the refined one.
These assay procedures yield a linear relationship between
activity and enzyme amount. PEP inhibitory activity was
shown as the minimum sample amount that could inhibit 50%
of the PEP activity.

Preparation of PEP Inhibitors. PEP Inhibitory Activi-
ties of the Crude Sample. The crude sample for PEP inhibitor
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(a) Method for Crude Sample.
Phosphate buffer (100 mM, pH 7.0) 200 uL

< PEP(0.1 U/mL) in same buffer 100 uL
Sample solution 50 puL

— 30 °C, 5 min.

100 uL 0.5 mM Z-Gly-Pro-pNA

in 40% dioxane

— 30 °C 10 min.

1N HCI 500 nL

Absorbance at 410 nm
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(b) Method for Refined Sample.
Tris-HCI buffer (50 mM, pH 7.0) 350 uL

< PEP(0.01 U/mL) in same buffer 50 uL
< Sample solution 50 pL

— 30 °C, 5 min.

r+ 50 uM Z-Gly-Pro-MCA in water 50 pL
— 30 °C, 10 min.

I+ Cold MeOH 500 pL

— excitation at 370 nm

Emission at 440 nm

Figure 1. Measurement of PEP inhibitory activity for crude (a) and refined (b) samples.

(a) Procedure for Sake Cake. (b) Procedure for Sake.
Sake Cake Sake
L— digested with pepsin TFA(final conc. 0.1 %)
Chromatorex ODS Chromatorex ODS
Nova Pak HR C,, Capcell Pak C,;
Asahi Pak GS 320 Puresil C,q
— u Bondasphere C, Asahi Pak GS 320
— Capcell Pak C,, Delta Pak C,
— u Bondasphere C,
PEP inhibitory peptides D, E, F

PEP inhibitory peptides A, B, C

Figure 2. Purification procedure for PEP inhibitor for sake
cake (a) and for sake (b).

was prepared as follows: lyophilized sake cake was added to
water, adjusted to pH 1.5, and digested with pepsin (p7012,
Sigma Chemical, St. Louis, MO) at 40 °C for 1 h. After
neutralization, the reaction was terminated in boiling water
and the mixture was centrifuged to obtain a clear solution.
Hydrolysis was conducted under the condition that the sub-
strate concentration was 5% in water (w/v) and the enzyme
concentration was 0.5% of the substrate (w/w). Sake was
condensed to one-tenth of the volume under reduced pressure.
The inhibitory activities of these crude samples was then
determined.

Preparation of PEP Inhibitors from Sake Cake. Lyophilized
pepsin digestate of sake cake was dissolved with buffer
solution (20% acetonitrile, 0.1% trifluoroacetic acid; TFA),
adsorbed to Chromatorex ODS (DM1020T, Fuji Silysia Chemi-
cal, Osaka, Japan), and washed with the same buffer solution
(Figure 2a). The adsorbed fraction was then eluted with 60%
of acetonitrile, and the non-adsorbed fraction was discarded.

The adsorbed fraction was fractionated with Prep Nova-Pak
HR C.s (Waters, Milford, MA) (eluting conditions: 0.1% TFA,
acetonitrile 20—35% 20 min, 5 mL/min). Second, active
fractions were separated with Asahipak GS 320 (Shodex,
Tokyo, Japan) (eluting conditions: distilled water, 5 mL/min).
Active fractions were separated further with x4 Bondasphere
C, (Waters, Milford, MA) (eluting conditions: 0.1% TFA,
acetonitrile 30—45%/20 min, 5 mL/min) and Capcell Pak C;g
AG 120 A (Shiseido, Tokyo, Japan) [eluting conditions: 10 mM
(NH4)2COs3, acetonitrile 11-29%/20 min, 5 mL/min]. Finally,
PEP inhibitory peptides were purified with x Bondasphere C,4
(eluting conditions: 0.02% TFA, acetonitrile 40—45%/20 min,
5 mL/min).

Preparation of PEP Inhibitors from Sake. After TFA was
added for a final concentration up to 0.1%, the sake was
adsorbed directly to Chromatorex ODS and washed with 60%
methanol (Figure 2b). The adsorbed fraction was then eluted
with absolute methanol, and the non-adsorbed fraction was
discarded.

The adsorbed fraction was fractionated with Capcell Pak
Cis, AG 120 A [eluting conditions: 10 mM (NH,).CO3, aceto-
nitrile 11—-29%/20 min, 5 mL/min]. Second, active fractions
were separated with Puresil C;5 (Waters, Milford, MA) (eluting
conditions: 0.1% TFA, acetonitrile 20—35%/20 min, 5 mL/min).
Active fractions were further separated with Asahipak GS 320
(eluting conditions: distilled water, 5 mL/min). Finally, PEP

Table 1. PEP Inhibitory Activity of Sake Cake and Sake

sample I1Csp (ug/L)
sake cake hydrolysate 74
sake concentrate 900

inhibitory peptides were purified with Delta Pak C, (eluting
conditions: 0.02% TFA, acetonitrile 30—60%/20 min, 5 mL/
min).

Deblocking of the N-Terminus Blocking Peptide. We tried
three methods to deblock N-terminus blocking peptide accord-
ing to the strategy of Hirano et al. (1992). (a) Deblocking of
the N-formyl residue: Purified PEP inhibitory peptides from
sake were incubated with 0.6 N HCI solution at 25 °C for 24
h. (b) Deblocking of the N-acetyl residue: These peptides were
incubated 37 °C for 24 h with the reaction mixture [0.1 mM
ditiothreitol; DTT, 50 milliunits of acylamino-acid-releasing
enzyme (Takara Syuzo, Kyoto, Japan), 10 mM phosphate
buffer, pH 7.2]. (c) Deblocking of N-pyrglutamyl residue:
Inhibitory peptides were incubated with pyroglutamate ami-
nopeptidase (Takara Syuzo, Kyoto, Japan) at 37 °C for 24 h
with the reaction mixture (56 mM DTT, 10 mM EDTA, 0.5
milliunits of pyroglutamate aminopeptidase, 100 mM phos-
phate buffer pH 7.0). After the reaction mixture was lyoph-
ilized, N-terminus deblocked peptides were separated by
reverse-phase HPLC, and then the sequences of the peptides
were analyzed.

Analysis of Peptides. The purity of each peptide was
confirmed by analytical HPLC using Purecil C;5 (eluting con-
ditions: 0.1% TFA, acetonitrile 10—60%/40 min, 1 mL/min).
The amino acid composition of each peptide was analyzed with
an L-8500 amino acid analyzer (Hitachi, Tokyo, Japan) after
hydrolysis with 6 N HCI (containing 5% mercaptoacetic acid)
at 110 °C for 24 h under reduced pressure. The molecular
weight of N-terminus blocked peptides was confirmed from
their matrix-assisted laser desorption ionization time-of-flight
mass spectrum (MALDI TOF-MS) obtained with a Shimazu-
Krotos Kompact MALDI 111 (Shimazu, Kyoto, Japan). The
sequence of the peptide was analyzed with a protein sequencer
(470A; Perkin Elmer, Foster City, CA).

Peptide Synthesis. Solid-phase peptide synthesis was
done with a peptide synthesizer (Pepticoupler 2200; Vega,
Tucson, AZ).

RESULTS

PEP Inhibitory Activities of the Crude Sample.
Concerning the hydrolysis of sake cake, we finally
concluded that pepsin, an asparatic protease, was the
most effective to obtain PEP inhibitor after we had
compared the inhibitory activities with hydrolysate from
serine protease, cysteine protease, asparatic proteinase,
and metalloproteinase at various conditions (data not
shown). Table 1 shows the PEP inhibitory activities of
pepsin hydrolysate of sake cake and concentrate of sake.
Inhibitory activities of sake cake hydrolysate was
superior to that of sake concentrate. As significant
inhibitory activities were observed from these samples,
we tried to separate the pure active fraction from them.
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Figure 3. Reverse-phase HPLC of PEP inhibitory peptides
in sake cake. Details are shown in Results (“Preparation of
PEP Inhibitors from Sake Cake”) and Table 2.
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Figure 4. Reverse-phase HPLC of PEP inhibitory peptides
in sake. Details are shown in Results (“Preparation of PEP
Inhibitors from Sake”) and Table 3.

Table 2. Amino Acid Sequences and ICso Values of PEP
Inhibitors from Sake Cake

sequence 1Cs0 (uM)
A: Ser-Pro-Phe-Trp-Asn-lle-Asn-Ala 42.8
B: Leu-Ser-Pro-Phe-Trp-Asn-lle-Asn-Ala 29.0
C: Leu-Leu-Ser-Pro-Phe-Trp-Asn-lle-Asn-Ala 24.3

Preparation of PEP Inhibitors from Sake Cake.
We obtained 2.5 g of adsorbed and 23.2 g of non-
adsorbed fractions, both by lyophilized weight, from 25
g of dried sake cake by pepsin treatment. We purified
three PEP inhibitory peptides from pepsin hydrolysate
of sake cake with a combination of four kinds of reverse-
phase and gel filtration HPLC. Three components (A,
B, and C) obtained here were examined for purity by
analytical reverse-phase HPLC (Figure 3). These peaks
were single and pure, and their retention times were
10.5, 12.7, and 15.3 min, respectively. The amino acid
sequences of these peptides were determined by se-
guencing analysis. Table 2 shows the inhibitory activi-
ties and sequences of these peptides.

Preparation of PEP Inhibitors from Sake. We
obtained 1.98 g of adsorbed and 68.4 g of non-adsorbed

Saito et al.

fractions from 5 L of sake by treatment with Chroma-
torex ODS. We purified another three PEP inhibitory
peptides, all lyophilized weight, from this fraction by
the series of HPLC. The purity of these three compo-
nents (D, E, and F) obtained from sake was also
confirmed by analytical HPLC (Figure 4). Retention
times of these components were 10.2, 11.3, and 11.8 min,
respectively, but we could not determine these se-
guences. We could not detect any peak on HPLC after
performing the Edman degradation, ensuring adequate
sample volume. So we concluded that N-terminus of
these peptides were blocked with fatty acid, acyl, or
alkyl residue.

Deblocking of N-Terminus Blocking Peptide.
We then tried to deblock these peptides by three
methods, deblocking N-formyl, N-acetyl, and N-pyro-
glutamyl residue, but only deblocking of N-pyroglutamyl
residue was effective.

We examined the retention times of these peptides
before and after this treatment. Retention times of
peptides D, E, and F changed after enzyme treatment.
After separation of deblocked peptides (D', E', and F',
respectively), the amino acid sequences of these peptides
were determined by sequencing analysis as follows: D',
Leu-Phe-Asn-Pro-Ser-Thr-Asn-Pro-Trp-His-Ser-Pro; E',
Leu-Phe-Asn-Pro-Ser-Thr-Asn-Pro-Trp-His-Ser-Pro-
Arg; F', Leu-Phe-Gly-Pro-Asn-Val-Asn-Pro-Trp-His-Asn-
Pro-Arg.

The [M + H]* of peptides D, E, and F appeared at
m/z 1507, 1664, and 1661 in the MALDI-TOF-MS,
respectively. The molecular weight of peptide D agreed
with the sum of the molecular weight of peptide D' and
111, the molecular weight of pyroglutamate residue.
These relations are applicable between E and E' and
between F and F', respectively. So we have determined
the amino acid sequences of these peptides from these
results. Table 3 shows the inhibitory activities and
sequences of these peptides.

DISCUSSION

PEP inhibitors from sake and its byproducts were
isolated, and we identified six new inhibitory peptides
which have 8—14 amino acid residues.

We isolated peptides A, B, and C from sake cake.
When one or two leucine residues were cleaved from
N-terminus of peptide C, inhibitory activity gradually
became weaker. These peptide sequences existed in rice
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Figure 5. Amino acid sequences of PEP inhibitory peptides in glutelin: pREE77 (a); ARG 21 (b); pREE K1 (c). The shaded boxes
show the PEP inhibitory peptide. The arrowhead indicates the cleavage site of signal peptide, and the short arrow indicates the
cleavage site between the acidic and basic subunits. ldentical amino acids are omitted.
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Table 3. Amino Acid Sequences and ICsp Value of PEP Inhibitors from Sake

sequence 1Cso (M)
D: pGlu-Leu-Phe-Asn-Pro-Ser-Thr-Asn-Pro-Trp-His-Ser-Pro 24.3
E: pGlu-Leu-Phe-Asn-Pro-Ser-Thr-Asn-Pro-Trp-His-Ser-Pro-Arg 141
F: pGlu-Leu-Phe-Gly-Pro-Asn-Val-Asn-Pro-Trp-His-Asn-Pro-Arg 11.8

protein. Protein sequences of pre-proglutelin, the prin-
cipal protein of rice, are shown in Figure 5. Our peptide
C corresponds to the sequence of amino acid residues
contained in pre-proglutelin, indicated by the hatched
box in Figure 5 (Takaiwa et al., 1986, 1987; Okita et
al., 1989). Moreover, the Phe-Trp-Asn sequences in our
PEP inhibitory peptide were already isolated and iden-
tified by us as ACE inhibitory peptides (Saito et al.,
1992). So these peptides have been expected to be
multifunctional peptides which have not only anti-
hypertensive but also anti-amnestic effects.

We isolated peptides D, E, and F from sake. These
peptides could not be sequenced directly by Edman
degradation. In those cases the amino acid of the
N-terminus happened to be blocked. So we tried to
deblock these peptides by three methods. After treat-
ment with pyroglutamate aminopeptidase, the amino
acid sequences of these peptides could be determined.
From the results of enzyme treatment, MALDI-TOF-
MS, and sequencing analysis, we finally determined the
amino acid sequences of these peptides as described in
Table 3. Inhibitory activities of these peptides are
stronger than those of peptides from sake cake.

These peptide sequences also exist in rice protein (pre-
proglutelin); namely, our peptide E is equal to the amino
acid residues of pre-proglutelin, indicated by the box in
the Figure 5 (Takaiwa et al., 1989), and peptide D is
shorter by one amino acid residue from the C-terminus
than peptide E. Peptide F was also equal to the amino
acid residue of another type of pre-proglutelin, indicated
by black box in the Figure 5 (Masumura et al., 1989).
Rice protein (Pre-proglutelin) is so microheterogeneous
that at least four types of polypeptides exist (Masumura
and Tanaka, 1993). There are two types which poly-
merize to high molecular weight glutelin (Types | and
I1), one type which remains a heterodimer (Table I11),
and another type which does not split into two subunits
(Type 1V). We believe that peptides A, B, and C
remained in sake cake because they exist as Type |
glutelin; on the other hand, peptides D and E dissolved
in the sake because they exist as Type 111 glutelin, which
does not polymerize and has a low molecular weight.
We believe that peptide F also originates from sake, like
peptides D and E, although it exists as Type Il glutelin
because peptide F is the N-terminus of mature glutelins
such as peptides D and E.

There is some inconsistency between the sequences
of preproglutelin and our inhibitory peptide. The N-
termini of peptides D, E, and F are pyroglutamate, but
amino acid residues of pre-proglutelin, which corre-
sponds to our peptide, are glutamine. Mature glutelin
is made from pre-proglutelin after the signal peptide is
cleaved and divided into acidic and basic subunits,
which then combine with each other. The signal peptide
of glutelin is formed by residues 1—24 of pre-proglutelin,
so amino acid residue 25, the N-terminus of peptides
D, E, and F, is the N-terminus of mature glutelin. It
generally happens that the glutamine residue at the
N-terminus of peptide easily encircles itself and becomes
pyroglutamate residue. The rate of pyroglutamate
formation depends on the amino acid sequences and
increases when leucine, asparagine, or glycine is the
C-terminus end of glutamine (Orlowska et al., 1987).

Takaiwa et al. (1986) and Okita et al. (1989) stated that
the N-terminus amino acid of mature glutelin acidic
subunit was glutamine and that glutamine cyclized to
pyroglutamate.

Recently many pyroglutamyl peptides, such as THR
and LH-RH, were found in the neuro system and
attention is being drawn to their roles. These Pyr-
peptides are comparatively stable in the living body
because they are resistant to aminopeptidase. So our
peptides also have been expected for the PEP inhibitory
effect in vivo. PEP inhibitory peptides from g-casein,
zein, and proline-rich protein of soy are known to be
derived from foodstuffs (Asano et al., 1991; Maruyama
et al., 1992), but the constructions of our peptides are
different from these peptides. In the future we intend
to study relationships between structures and activities
of these peptides and anti-amnestic effects on living
bodies.
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