


H3.6
D
2
1 kg
4
5ml 5 5 ml
(Pierce Co.,Ltd.) 6 N HCI
110 20
ACP AP $
Aspergillus oryzae RIB128 70
“ ACP % AP



60 10 min (pore size 1.0 Advantec

Toyo Co. Ltd.) SP-TOYOPERL, Tosoh Co.,Ltd.

60

H8.0 37 4

pore size 0.45 pu 30,000

Superdex Peptide HR10/30 (Pharmacia Co.
Ltd.)

TNBS(2,4,6-trinitrobenzene-

sulfonic acid) ®

(a-b)/(c-b)
a: (mM
b: (mv)
c: TNBS ©® N (mm)
ACP ACP
(Fig. 1) ?
ACP
7

(Fig- 1)



i a5
- 2000 e

12 3.0

<
S
g
D
= o
= 10 =1500 £
& o
=8 5
S 2
= 41000 >
E 6 s
- Wakitsuki o]
2 4} l 3
& q500 &
o <<
s 2F
S
@ 0 1 1 0
= 0 5 10
Time (d)
FIG. 1. Courses of pH ( , ), ACP activity (A, ), peptide content (® ,° ),

and free amino acid content (® .0 ) in sokujo-moto with yeast (solid symbols), or
in microorganism-free sokujo-moto (open symbols). The free amino acid content
was assayed using an amino acid analyzer (Hitachi Co. Ltd.). The peptide content
was determined from the difference in amino acid content between before and
after acid hydrolysis. The wakitsuki of this sokujo-moto was determined to be on
the 7 ™" day of mashing. Wakitsuki is the time when the multiplication of the yeast
and the fermentation increase dramatically.
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FIG. 2. Hydrolysis of the peptides fractionated from sokujo-moto by the ACP of
rice-koji. The peptides fractionated from sokujo-moto were subjected to
hydrolysis by the ACP and the amount of free amino acids liberated was measured
(® ). The tryptic digest of rice protein (¢ ) and Cbz-Glu-Tyr (A ) were subjected
to hydrolysis as control. Each substrates (20 mg) were dissolved in 9 ml of
sodium lactate buffer (100 mM, pH 3.6), and hydrolyzed at 15 by 20,000 units
of ACP purified fromrice-koji.
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FIG. 3. Molecular size distribution of the peptides in sokujo-moto . Gel filtration
chromatography on a Superdex Peptide HR 10/30 column (Pharmacia Co. Ltd.)
was performed to ascertain the molecular size distribution of the peptides.
Sokujo-moto was centrifuged, and the supernatant was filtered through a
membrane filter (pore size 0.45 um, Advantec Toyo Co. Ltd.). 25 pl of the filtrate
was charged onto the column. Sodium acetate buffer (20 mM, pH 5.0)
containing 0.2 M NaCl was used as the eluent. The molecular sizes were
estimated by reference to those of the following standard peptides: cytochrome C,
12,400; aprotinin, 6,500; (Gly)s, 360; (Gly)s, 189; Gly, 75. The chain lengths of
the peptides were estimated from the mean molecular size of the amino acids
comprisinag the peptides in sokuio-moto, 125.
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FIG. 4. Course of the mean chain length of the peptides in sokujo-moto. The
mean chain length of the peptides in sokujo-moto was assayed by
method (6).
ACP ACP
Table 1
Bradykinin Angiotensin a - Cbz
Cbz-Glu-Tyr Cbz-Ala-Glu
13
Arg-Arg-Leu-lle-Glu-Asp-Ala-Glu-Tyr-Ala-Ala-Arg-Gly
ACP C
Arg-Arg-Leu 7-10
ACP
1 Aspergills saitoi R-3813 ACP

ACP

TABLE 1.

, pH 3.6 after 24 h

Peptides(450 uM)

Amino acid liberated

(WM)
Gly -Gly 0
Gly-Leu 0
Gly -Phe 0
Glu-Glu 0
His-Leu 0
Gly -Gly-Gly 0
Leu-Gly-Gly 0
Bradykinin (RPPGFSPFR) 271
Angiotensin (DRVYIHPFHL) 290
Cbz-Glu-Tyr 346
Chz-Ala-Glu 146

Liberation of amino acid from various synthetic peptides
by ACP purified from rice-koji , at 15



TABLE 2. Liberation of amino acids from the peptide,
Argl—Argz—Leu3—||e4—GluS—Aspe—A|a7—G|uS—Tyrg—AIalo—Alall—ArglZ—GIy13,

by ACP purified from rice-koji , at 15 , pH 3.6
Reaction time
6 h 24 h 48 h 72h 96 h
Ctermind  Gly™ 26 67 92 104 100
Arg” 18 56 78 84 85
Ala™ (8) (52) (89) (93) (102)
Ala'® (8) (52) (89) (93) (102)
Tyr® 6 a7 60 o1 109
Glu® (4) (32) (73) (82) (84)
Ald’ (8) (52) (89) (93) (102)
Asp® 6 49 87 93 99
Glu® (4) (32) (73) (82) (84)
Ine* 0 17 49 45 52
Leu 0 0 0 0 0
Py
Arg 0 0 0 0 0
N- terminal __ Arg" 0 0 0 0 0

The concentration of GIy13 after 96 h was assumed to be 100, and the
relative values are indicated.

Alanine and glutamic acid comprise three or two residues in the peptide
chain, so the concentrations of these amino acids liberated from the peptide
were divided by the number of their residues and indicated in ( ).

Arginine liberated from the peptide was presumed to be Arglz, since Leu®
was not liberated at all, on the other hand, Ala, Tyrg, Glu and Asp6 were
liberated in sianificant quantities.
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FIG. 5. Liberation of peptides and free amino acids from rice protein at 15 ,
pH 3.6, by the AP and ACP purified from rice-koji. Rice protein (500 mg) was
suspended in sodium lactate buffer (100 mM, pH 3.6, 100 ml) containing 600
units/ml of AP and 17 units/ml of ACP (Fig. 5A), or 600 units/ml of AP and 1,600
units/ml of ACP (Fig. 5B). (The enzyme activity levels of AP and ACP in the
supernatant of sokujo-moto are approximately 600 units/ml and 1,600 units/ml,
respectively.) The reaction mixture was incubated at 15 for 48 h, centrifuged at
18,000% g for 10 min, and gel filtration chromatography on a Superdex Peptide
HR 10/30 column (Pharmacia Co. Ltd.) was performed to ascertain the molecular
size distribution of the peptides liberated into the supernatant. Their molecular
sizes were estimated as the legend of Fig. 3. Arrow 1 indicates sodium lactate
contained in the reaction mixture. Free amino acid content was assayed using an
amino acid analyzer (Hitachi Co. Ltd.), and the peptide content was determined
from the difference in amino acid content between before and after acid
hydrolysis.
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FIG. 1. Courses of pH, content of free amino acids and content of peptides in the
supernatant of kimoto. (A) pH. (B) Content of free amino acids (¢ ), TCA-soluble peptides ()
and TCA-insoluble peptides ( ). (C) SDS-PAGE analysis of the supernatant. Wakitsuki is the
point in time when the multiplication of yeast and the fermentation by yeast become marked.
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FIG. 2. Molecular size distribution of peptides in the supernatant of kimoto (a) and
sokujo-moto (b). Gel filtration chromatography using TSKgel G2000swx!| (Tosoh Co.) packed in
a7.8 mm |I.D.x 30 cm column was performed to ascertain the molecular size distribution of
peptides. Kimoto (on the 9th day of mashing) and sokujo-moto (on the 3rd day of mashing) were
centrifuged, and the supernatants were filtered with a membrane filter (pore size 0.45 pum,
Advantec Toyo Co. Ltd.). Twenty five pl of the filtrate was charged onto the column and 45%
acetonitrile containing 0.1% TFA (trifluoroacetic acid) was used as the eluent. Arrow indicates
the main peak of TCA-insoluble peptides. Their molecular sizes were estimated on the bases of
those of the following standard peptides: bovine serum albumin, 67,000; chymotrypsinogen A,
25,000; ribonuclease A, 13,700; aprotinin, 6500; bradykinin, 1060; and (Gly)s, 360.
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FIG. 3. Digestion test of TCA-insoluble peptides fractionated from the supernatant of kimoto

with crude enzyme extracted from rice-koji. A solution of TCA-insoluble peptides fractionated
from the supernatant of kimoto (0.5 mg-nitrogen/ml solution dissolved in 20 mM sodium lactate
buffer, pH 4.0, containing 25% glucose) was incubated with crude enzyme extracted from
rice-koji (1600 units/ml as ACP) at 15°C for 4 d. The reaction mixture was analyzed for the
contents of TCA -insoluble peptides, TCA-soluble peptides and free amino acids. The course of
the composition (%) of TCA-insoluble peptides (Il), TCA -soluble peptides ([J) and free amino

acids (@) is indicated.
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FIG. 4. Digestion test of rice protein. Rice protein (0.1 g) and 5 ml of 100 mM sodium

lactate buffer (pH 4.5) were incubated with 1.0 ml of crude enzyme extracted from rice-koji, in
the absence or presence of glucose (25%), at 37°C for 20 h with shaking. The reaction mixture
was filtered with filter paper (Advantec, no. 5C). The filtrate was analyzed by SDS-PAGE.
Lanes: 1, molecular size marker; 2, supernatant of kimoto on the 9th day of mashing; 3, in the
presence of glucose (25%) with enzyme; 4, in the absence of glucose with enzyme; 5, in the
presence of glucose (25%) without enzyme; 6, in the absence of glucose without enzyme.
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FIG. 5. SDS-PAGE analysis of purified enzyme liberating TCA -insoluble peptides from rice

protein.
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FIG. 6. Effects of concentration of glucose on the liberation of TCA-insoluble peptides from
rice protein. (A) Amounts of TCA -insoluble peptides (HHll), TCA -soluble peptides ([J) and free
amino acids () liberated from rice protein. (B) Molecular size distribution of peptides. Rice
protein (0.1 g), 5 ml of 100 mM sodium lactate buffer (pH 4.5), and 1.0 ml of purified enzyme
(3600 units/ml as AP) were incubated with glucose (0-50%), at 37°C for 20 h with shaking. The
reaction mixture was filtered with filter paper (Advantec, no. 5C). The filtrate was determined
for the contents of TCA -insoluble peptides, TCA -soluble peptides and free amino acids. The
molecular size distribution of peptides in the filtrate was assayed by gel filtration
chromatography as described in the legend of FIG. 2. Arrow indicates the main peak of
TCA -insoluble peptides.
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FIG. 7. Effects of sugars on the liberation of TCA-insoluble peptides from rice protein.
Rice protein (0.1 g), 5 ml of 100 mM sodium lactate buffer (pH 4.5), and 1.0 ml of purified
enzyme (3600 units/ml as AP) were incubated with 1 M of sugars, at 37°C for 20 h with shaking.
The reaction mixture was filtered with filter paper (Advantec, no. 5C). The filtrate was
determined for the contents of TCA -insoluble peptides (), TCA-soluble peptides ([3J) and free
amino acids ().
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FIG. 8. Effects of pH on the liberation of TCA-insoluble peptides from rice protein. (A)
Amounts of TCA -insoluble peptides (), TCA -soluble peptides ([J) and free amino acids (H)
liberated from rice protein. (B) Molecular size distribution of peptides. Rice protein (0.1 g) and
sodium lactate buffer (pH 3.5-6.0, 100 mM, 5 ml) were incubated with 1.0 ml of purified
enzyme (3600 units/ml as AP) in the presence of glucose (25%) at 37°C for 20 h with shaking.
The reaction mixture was filtered with filter paper (Advantec, no. 5C). The filtrate was analyzed
as described in the legend of FIG. 6.
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cerevisiae Km601

1 kg
Table 1
18,000x g 15
4.9
Table 1

Tablel. Proportion of materials for sake mashing

moto® soe naka tome

Rice (g) 70 140 280 510
for steaming 47 101 218 406
for koji 23 39 62 104

Water (ml) 70 133 336 811

& moto (kimoto and sokujo-moto) were made on
an industrial scale in our factory following the
conventiona procedure. The temperature of mash
was 15°C at soe and naka, and 9°C at tome.
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Saccharomyces

133 ml
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(Table 2) 1
19
7 45,000 units
Table 2
Table2. Amino acid composition of the amino acid mixture and
the peptide preparation from rice protein
Amino acid mixture Peptide preparation from rice
protein

Free amino acid Free amino acid Peptide

mole % mole %
Asx 10.7 0.6 11.5
Thr 3.8 0.0 45
Ser 7.0 0.0 7.6
Glx 15.6 0.1 16.7
Pro 5.9 0.0 55
Gly 8.6 0.3 10.2
Ala 8.3 0.3 6.7
Cys 0.7 0.0 0.9
vd 5.6 0.0 5.9
Met 1.3 0.0 1.2
lle 2.6 0.0 2.6
Leu 7.2 0.0 55
Tyr 3.5 0.0 3.8
Phe 4.2 0.0 3.3
Lys 4.3 1.9 1.8
His 2.3 0.0 1.1
Arg 8.5 6.0 2.1
Total 100 9.2 90.8

10
2x 107
pH 5.6 50 mM
200 pl 20% 100 pl 30 30
200 pl 30 10

9)



18,000x g 15

TNBS(2,4,6-trinitrobenze-

nesulufonic acid)

Fig. 1(A) Table 3

Table 3. Amino acid content and peptide content in seed
mashes, kimoto and sokujo-moto.

Seed mash @ Amino acid (mM) Peptide (mMM)
kimoto 54 43
sokujo-moto 13 67

& Seed mashes (kimoto and sokujo-moto) were made on industrial
scale in our factory following the conventional procedure. The
amino acid content was assayed on amino acid analyzer (Hitachi
Co,, Ltd.), and the peptide content was determined by the acid
hydrolysis method.
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FIG. 1. Time courses of amino acid content (® ,° ) and peptide content (® O ) in the
main mash (A), and in the microorganism -free main mash (B), seeded with kimoto (solid
symbols) or with sokujo-moto (open symbols). For producing microorganism-free main
mash, kimoto and sokujo-moto (133 g, respectively) were centrifuged at 18,000 g for 15
min to remove yeast cells. Each supernatant was supplemented with 4 g of sodium azide
in order to arrest the growth of microorganisms, and was used in place of seed mashes.
Other operations were carried out according to Table 1. The amino acid content was
assayed using an amino acid analyzer (Hitachi Co. Ltd.), and the peptide content was
determined by the acid hydrolysis method.
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FIG. 2. Time courses of amino acid concentration (open symbols) and Gly-Leu
concentration (solid symbols) in the culture medium. Yeast cells (107) were inoculated to
10 ml of Wickerham's minimal medium (9) with the nitrogen source replaced with 2 mM
(o ,# ), 10mM ( ,A), or 27 mM( , ) of amino acid mixture (Table 2) containing 1
mM of Gly-Leu. The culture was carried out at 15°C for 96 h.
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FIG. 3. Amino acid uptake and peptide uptake abilities of yeast cells. Yeast cells
were cultured at 15°C for 96 h in Wickerham’s minimal medium with the nitrogen
source replaced with 26 mM of amino acid mixture, A (M), 7.8 mM of peptides
prepared from rice protein, B (), and the mixture of A and B at 1:1 (H),
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