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Molecular Cloning of a Thermostable Raw Starch Digesting Amylase
Gene from a Streptomyces sp.

Takahiro KANEKO

Institute for Food and Brewing (ARIF), Akita Prefectural Agriculture, Forestry and Fisheries
Research Center, 4-26 Sanuki, Arayamachi, Akita 010-1623, Japan

Raw starch digesting amylase (RSA) from Streptomyces sp. E-2248 is a thermostable
enzyme with a large potential for starch liquefaction and saccharification. The gene encoding
this unique enzyme was cloned by a simple two-step PCR method, and expressed in
Escherichia coli. A single open reading frame consisting of 1374 base pairs (67.47 mol% of
G+C content) that encoded a polypeptide composed of 458 amino acid residues (Mr 49,386)
was found. The E. coli transformant carrying the gene overproduced the recombinant RSA
and the enzyme was successfully expressed under the transcriptional control of the tac-
promoter. The purified recombinant enzyme was indistinguishable from that of the authentic
enzyme, in terms of molecular weight and products, temperature, and pH profiles. The

relationships between the structure and properties of the enzymes are also discussed.

Keywords: Streptomyces; amylase; raw starch; cloning; gene

1. Introduction

Starch is the major storage carbohydrate of
many plants, and enzymes digesting starch are
widely distributed in nature [1]. The substrate is
completely hydrolyzed to glucose through the
combined actions of enzymes including -
amylase, -amylase, glucoamylase, and
debranching enzymes such as pullulanase.
These amylolytic enzymes have been isolated
and their biochemical properties have been
studied for many years. Numerous amylolytic
enzymes have been cloned, with some
produced in heterologous expression systems
[2-4], and the three-dimensional structures of
several of them have been solved [5, 6].

The major application of amylases in the
food industry is the saccharification of starch in
the manufacture of diverse starch-derived
products. Gelatinization and liquefaction of
starch slurry, a required pretreatment, are
catalyzed by -amylase at 70°C and 95°C,

The GenBank/EMBL/DDBJ  accession
number of the nucleotide sequence reported is
AB253790.

E-mail address: kaneko@arif.pref.akita.jp

Abbreviations: RSA, Raw starch digesting
amylase; PCR, polymerase chain reaction; ORF,
open reading frame; LEP, Lysyl Endopeptidase;
PAGE, polyacrylamide gel electrophoresis

respectively [7]. Therefore, amylases capable of
digesting raw starch (e.g., raw starch digesting
amylases (RSA)) have drawn the attention of
researchers as a possible replacement for this
energy-consuming and economically costly
step [8]. Certain fungi and bacteria are known
to produce RSA, and some of these amylases
have been purified and characterized [9-11].

I have previously isolated a raw starch-
utilizing microbe from mud in a milling factory
[12]. The 16S ribosomal DNA sequencing and
morphological properties of the strain indicated
that it belongs to the genus Streptomyces, and
the strain was named Strepfomyces sp. E-2248.
A potent raw starch digesting amylase (RSA)
was purified from the culture supernatant of the
strain and characterized [12].

To further investigate this enzyme, I have
now cloned and sequenced the RSA gene of the
Streptomyces sp. E-2248, and expressed,
purified, and characterized it in Escherichia
coli.

2. Materials and Methods

2.1. Bacterial strains and plasmids
Streptomyces sp. E-2248 was isolated in my
laboratory and used for the enzyme preparation
and as a donor strain of its chromosomal DNA.
E. coli HB101 was used as a host strain for
plasmid harboring and expression of the cloned
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gene. Plasmid pGEM-T (Promega, Madison,
WI, USA) was used for cloning and sequencing
of DNA fragments. Plasmid pUK 223-3, which
was constructed by Oda et al. [13], was used
for expression of the gene. This 2.9 kbp
plasmid derived from a 1.4 kbp Sphl (blunt-
ended)-Pvul fragment containing a tac-
promoter, a rrnB-terminator, and a multi-
cloning site of pKK223-3 (Amersham
Pharmacia Biotech, Bucks, UK) and a 1.5 kbp
Pvull-Pvul fragment containing a replication
origin of pUC18.

2.2. Culture conditions and media for the
enzyme preparations

The strain E-2248 was cultivated
aerobically at 30 °C for five days in a liquid
medium containing 1% corn starch (sterilized
separately by dry heating), 0.5% polypeptone,
0.5% yeast extract, 0.1% K,;HPO,4, and 0.02%
MgSO,4 + 7H,0 in tap water. The culture
supernatant was prepared by centrifugation
(10,000 x g, 10 min, 4 °C) of the broth.

E. coli harboring the recombinant plasmid
was grown in LB medium [14] containing
50ug/ml of ampicillin at 37 °C on a rotary
shaker. After 16 h, IPTG was added to the
medium to make 100 uM and the medium was
further incubated at 37 °C for 8 h on a rotary
shaker. The culture broth was sonicated and
centrifuged.

2.3. Purification of the enzyme

The raw starch digesting amylase was
prepared as previously described [12]. About
3 % (W/V) of corn starch was added to the
supernatant  described above, and the

suspension was gently stirred at 4 °C for 30 min.

Crude enzyme that adsorbed the starch was
harvested by centrifugation and eluted by
washing the precipitate with 10 mM acetate
buffer (pH 5.0) containing 1 % of B-CD. After
dialysis of the eluent against tap water, the raw
starch digesting amylase was purified by
chromatography on a DEAE-Toyopearl 650S
(Tosoh Co., Tokyo, Japan) column (26.4 x 450
mm) with a continuous linear gradient of NaCl
(0 to 0.5 M) at a flow rate of 1.5 ml/min, and a
Toyopearl HW-55S gel filtration column (15 x
1000 mm) at a flow rate of 0.15 ml/min with 10
mM acetate buffer (pH 5.0). The purified
enzyme preparation had a single protein band
on SDS-PAGE [15] stained with Coomassie
brilliant blue.

2.4. Enzyme and protein assays

Enzyme and protein assays were followed
as described before [12]. For simplicity,
enzyme activity was measured by the reducing
sugar formed, as follows. In the standard
condition, a reaction mixture was composed of
0.5 ml of 1% raw corn starch suspension
containing 10 mM of acetate buffer (pH 5.0)
and 5 mM of CaCl,, and 0.05 ml of enzyme
solution in a 15 x 105 mm test tube. Incubation
was carried out at 37 °C for 30 min with
shaking. Adding 0.5 ml of Somogyi reagent
stopped the reaction, and the amount of
reducing sugar formed was determined by the
Somogyi-Nelson method [16]. One pmole of
glucosidic bond cleavage per min was
expressed as one unit of enzyme activity. The
enzyme activity was also measured using a
substrate mixture containing 1% soluble or
gelatinized starch, as above.

The protein contents of the enzyme
preparations were measured by the method of
Bradford [17] using Bio-Rad Protein Reagent
(Bio-Rad, Richmond, CA, USA). A280 was
used to monitor the protein in the column
effluents.

2.5. Analysis of N-terminal and internal amino
acid sequence

Approximately 25 upg of the purified
enzyme from Streptomyces sp. E-2248 was
electrophoresed by SDS-PAGE and blotted
onto a polyvinylidene difluoride (PVDF)
membrane, and the N-terminal amino acid
sequence was determined with a Shimadzu
protein sequencer, model PPSQ-10 (Shimadzu
Co., Kyoto, Japan).

For the internal amino acid sequence
analysis, about 25 pg of the purified protein in
10 pl of 5 mM Tris-HCI1 (pH 9.0) containing
0.1% SDS was boiled for 3 min. 10 ng of lysyl
endopeptidase (LEP, Wako Pure Chemical
Industries, LTD., Osaka, Japan) was added to
the solution and kept at 37 °C for 16 h. The
preparation  was  electrophoresed  (15%
polyacriylamide gel) and blotted, and N-
terminal amino acid sequences of peptide
fragments on the PVDF membrane were
analyzed as described above.

2.6. PCR cloning

DNA amplifications for cloning of RSA
gene were done by polymerase chain reaction
(PCR) as follows. Each 20 pl reaction mixture
containing chromosomal DNA (1 pg) as a
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template and sense and anti-sense primers (20
pmole each), was prepared by the protocol
supplied with Tag polymerase (Ex-Tag, Takara
Biomedicals, Kyoto, Japan). The sequences of
the sense and anti-sense primers for the first
inner PCR step were based on the N-terminal
and internal amino acid sequence determined in
this study as follows: sense primer (1-F), 5°-
ACC AAG GAC GTC ACC GCS GAC CTC
TTC GAG-3’; and anti-sense primer (1-R), 5°-
GGC CAG CAT GAA GAC GTT CGC SAG
GGT GTA-3’ (‘S’ means ‘G or C’, see Fig. 2
and 4). The sense and anti-sense primers for the
second inverse PCR step were designated based
on the sequence of the amplified fragment at
the first inner PCR step, as follows: sense
primer (2-F), 5’-AGC GCA ACG GCA GCA
CGC TGA ACT ACA AGA-3’; and anti-sense
primer (2-R), 5’-GCA CTC CTT GGC CAC
CGA GGC GTA GTT CCA-3’ (see Fig. 2 and
4). The temperature program for each cycle was
94 °C for 1 min, 37 °C for 1 min, and 72 °C for
2 min (or, in the case of the second inverse
PCR step, 5 min). After 5 min at 94 °C for DNA
denaturing, 25 cycles were run.

2.7. DNA sequencing

The cloned fragments were sequenced in
both orientations by the dideoxy chain
termination method [18] using a dye terminator
cyclic sequencing kit (Perkin-Elmer Co., Foster
City, CA, USA) and an automated DNA
sequencer (Model 3100, Applied Biosystems,
Foster City, CA, USA). Computer analyses of
the sequence were done with GENETYX ver. 7
software (Genetyx Co, Tokyo, Japan).

2.8. Construction of RSA expression plasmid

For expression of the RSA gene in E. coli,
two primers containing EcoRI or HindlIII sites
were designed as follows: sense primer, 5°-
GGA AGA ATT CAT GGC ACG CAG AAC
CCT CCC-3’; anti-sense primer, 5’- AGA CAA
GCT TTC AGC AGC TCG ACT TGC CGG-3’
and PCR was done with chromosomal DNA
from the strain E-2248 as a template. The
temperature program for each cycle was 94 °C
for 1 min, 61 °C for 1 min, and 72 °C for 2 min.
After 5 min at 94 °C for DNA denaturing, 25
cycles were run. The amplified 1.4 kbp
fragment was digested with EcoRI and HindIIl
and subcloned into the site of plasmid pUK223-
3. The resulting RSA-positive plasmid was
designated pPRSAE-2248, and this pPRSAE-2248
was introduced into E. coli HB101.

2.9. Product profile from raw corn starch

One percent of raw corn starch suspension
containing 10 mM acetate (pH 5.0) and 5 mM
CaCl, was incubated with the enzyme (7 U/g
starch) at 50 °C. Aliquots were withdrawn,
centrifuged, and diluted to 100 times. 100 pl of
the dilutions were analyzed using the HPAEC
system with a Carbopac PA-1 column (4 x 250
mm, Dionex, Osaka, Japan) and a pulsed
amperometric detector (model ED-40, Dionex).
The temperature of the column was ambient.
The mobile phase of the column was a gradient
of 0.5 M sodium acetate in 0.1 M NaOH at a
flow rate of 1.0 ml/min.

2.10. Chemicals and others

Synthesized oligonucleotides for PCR
primer were purchased from Promega Japan
(Tokyo). High-amylose corn starch was
provided by Nihon Shokuhin Kako Co., Ltd.
(Tokyo). The series of maltooligosaccharides
used as external standards in the HPAEC
analysis were purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). All
other chemicals used were of guaranteed grade.
All other DNA manipulations were as described
by Maniatis ef al. [19] and all other analyses for
characterization of the enzyme were done as
described previously [12], unless otherwise
stated.

3. Results

3.1. N-terminal and internal amino acid
sequences

The N-terminal amino acid sequence of the
intact enzyme from Streptomyces sp. E-2248
was analyzed as described in Materials and
Methods, and determined as Ser-Pro-Pro-Gly-
Thr-Lys-Asp-Val-Thr-Ala-Asp-Leu-Phe-Glu-
Trp-. The internal amino acid sequence was
determined as Ser-Gly-Ala-Asp-Tyr-Thr-Leu-
Ala-Asn-Val-Phe-Met-Leu-Ala-, according to
the N-terminal analysis of the 16 kDa peptide
formed by the LEP treatment with the enzyme
as described in Materials and Methods (Fig. 1).

3.2. Cloning and sequencing of the RSA gene
by two-step PCR method

The two-step PCR method [20] used to
clone the RSA gene is summarized in Fig. 2.
The first inner PCR step was done to amplify a
part of the RSA gene with chromosomal DNA
from the strain E-2248 as a template, and the
sense and anti-sense primers as described in
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Fig.1. SDS-PAGE of intact and LEP treated RSA.

LEP treatment, electrophoresis and blotting were done as
described in “Materials and Methods”. Lane M, molecular
mass standards, phosphorylase b (97,400), bovine serum
albumin (66,700), ovalbumin (45,000), carbonic anhydrase
(31,000), soybean trypsin inhibitor (21,500), lysozyme
(14,400). Lane 1, intact RSA purified from the E-2248 strain.
Lane 2, LEP-treated RSA. Arrowed fragment was sequenced.

First Inner PCR

( Genomic DNA

>
ﬂ Inner PCR

{

Sequencing

Product of first inner
PCR (FIP fragment)

Second Inverse PCR

Kpn Kpn

Genomic

ﬂ Kpnl digestion/self ligation

Kpn

ﬂ Inverse PCR

Sequencing

Fig.2. The strategy for cloning of the RSA gene by PCR.
The first inner PCR and the second inverse PCR were

Fig.3. Agarose gel electrophoresis of cloned fragments by the
two PCR steps.

The reaction mixture of the first inner PCR step (A) and
second inverse PCR step (B) were electrophoresed on 2 % of
agarose. Lane M: molecular weight marker, A-HindIII (23130,
9416, 6557, 4361, 2322, 2027, 564, 125bp) and ¢x174-Haelll
(1353, 1078, 872, 603, 310, 281, 271, 234, 194, 118, 72bp).

Materials and Methods. In the resulting reaction
mixture, a single 0.9 kbp band was found by
agarose gel electrophoresis (Fig. 3). This
amplified DNA fragment was subcloned into
the plasmid pGEM-T and sequenced. By the
DNA sequence, the fragment was comprised of
879 bp and showed a strong similarity to DNA
sequences from other Streptomyces amylases
[21-27]. This PCR product was designated as
the FIP (first inner PCR) fragment. To ascertain
the DNA sequence, I sequenced five
independent FIP fragments.

In the DNA sequence analyzed above, there
were no recognition sites for Kpnl in this FIP
fragment, so chromosomal DNA from the strain
E-2248 was digested with Kpnl and self-ligated.
The second inverse PCR step was then done to
clone the entire sequence of the RSA gene with
the cyclic DNA mixture as the template (Fig. 2).
An amplified single DNA fragment was found
in the PCR reaction mixture, and was estimated
to be 7.0 kbp long by agarose gel
electrophoresis, as shown in Fig. 3. The results
of subcloning and sequencing of the 7.0 kbp

done as described in “Materials and Methods”. A single open
reading fragment was found from the nucleotide sequences of
these two PCR fragments.
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GGGCGCAAGACCGGCGGCCCCCGGGCTTCCACGCTGAAGCTTGTACCGGGCCGCGCTGCGCGCGCGCCGGCGCCCACCCGGACCTCGGCG
CGGGGGAGGCGGTGGAGTGGCTGCGGGCGCCCGAGGGCGTCCTGGCCTTCCGGCGCGGTGACTTCGTGTGCGTCGCGAACACCACGGGCG
AGTCGGTGACGACCCCGTCGTACGGCCGCGTCCTGCTCACCAGCGGTGAGGTGACCGAGGCGGACGGCGAGACCAAGGTGCCCGCCGACA
CCACGGTCTGGTGGACGACGACGGACTGACCGCCGGAGGCGGGGCCGGTCCTGAGGCCCCGTCTGAAAGTTCTTGCATCAAGTTCACACC
GGCCCOGCTGCGCTTCGGCCAGCGGGCCTTTAACATCTGCGTCACCGCAAGCTTGCTGAAATATTTCAGCAAGCCTTCAGCGGTCCCGTCG
CCTTCAACGTCGAAGGAACCCCACATGGCACGCAGAACCCTCCCCACGGCGGTCGCCCTCACAGCCGCCGCTCTGGTTGGCATGACCCCG
MARRTLPTAVALTAAALVGEGMTP
1-F 2-R
ACGGCCGCCGAGGCCTCCCCGCCCGGCACCAAGGACGT CACCGCCGACCTCTTCGAGTGGAACTACGCCTCGGTGGCCAAGGAGTGCACC
TAAEASPPGTKDVTADLFEWNYASVAKET CT
ACCGCCCTCGGCCCCGCCGGCTACGGATACGTCCAGGTCTCCCCGCCCGCCGAGCACATACAGGGGGCGCAGTGGTGGACGTCGTACCAG
TALGPAGYGYVQ@VSPPAEHIQGAQWWTSYOQ
CCCGTGTCCTACAAGATCGCGGGCCGCCTCGGCGACCGCACGGCCTTCCGGAACATGGTGAACACCTGTCACGCGGCCGGTGTGAAGGTC
PVSYKI AGRLGDRTAFRNMVNTCOGCHAAGVKYV
GTCGTGGACACCGTGATCAACCACATGTCGGCGGGCAGCGGCACCGGCACCGGCGGCTCGTCGTACACGAAGTACGACTACCCGGGCCTG
VVDTVINHMSAGS GTGTGGSSYTKYDYFPGL
TACTCGGTCTACGACTTCGACGACTGCACCTCCCAGGTGTCGAACTACTCCGACCGCTGGAACGTGCAGCACTGCGAACTCGTCGGCCTC
YSVYDFDDCTSQ@VSNYSDRWNYVQ@HOCETLVGL
GCCGACCTCGACACCGGCGAGGAGTACGTCCGCAAGACCATCGCCGGGTACATGAACGACCTCCTCACCCTCGGCGTCGACGGCTTCCGC
ADLDTGEEYVRKTIAGYMNDLLTLGVDSGTFR
ATCGACGCGGCCAAGCACATCCCGGCCGGTGAGCTGGCGAACATCAAGAGCCGCCTGACCAATCCGTCCGCCTACTGGAAGCAGGAGGTC
I DAAKHI PAGDLANIKSRLTNPSAYWKA GQGEV
ATCTACGGCGCGGGAGAGGCCGTCCAGCCCTCCGAGTACACCGGCAACGGAGACGTCCAGGAGTTCCGTTACGCCTACGACCTCAAGCGC
Il YGAGEAVQPSEYTGNGDVQEFRYAYDLKTR
GTCTTCACCAGCGAGAAGCTCGCCTACCTCACCAACTACGGCGAGGGCTGGGGCTATCTGAACAGCTCGGTCGCGGGCGTCTTCGTCGAC
VFTSEKLAYLTNYGEGWGYLNSSVAGVFVD
2-F 1-R
AACCACGACACCGAGCGCAACGGCAGCACGCTGAACTACAAGAGCGGCGCCGACTACACCCTGGCGAACGTCTTCATGCTGGCCTGGCCC
NHDTERNGSTLNYZKSGADYTLANVFMLAWP
TACGGCGCCCCCGACGTCAACTCCGGCTACGAGTGGTCGGACGCCGACGCCGGCCCGCCCAACGGCGGCCAGGTGAACGCCTGCTGGCAG
YGAPDVNSGYEWSDADAGPPNGG QVNACWOQ
GACGGCTGGAAGTGCCAGCACGCCTGGCCGGAGATCAAGTCCATGGTCGCCTTCCGCAACGCGACCCGCGGACAGGCGGTCGCCAACTGG
DGWEKCQHAWPETIIKSMVAFRNATRGQAVANW
TGGGACAACGGCAACAACGCGATCGCGTTCGGCCGGGGCACCAAGGGCTACGTGGCGATCAATCACGAGTCCTCGTCCCTGACCCGCACC
WDNGNNAI AFGRGTKGYVAINHESSSLTRT
TACCAGACGTCCCTCCCGGCCGGGACGTACTGCAACGTCCAGAACAACACCCCGGTGACGGTGAACTCCAGCGGGCAGTCCACCGCCACG
YeTnrsLPAGTYCNVA@NNTPVITVNSSGQESTAT
CTCGGCTCGAACACGGCCCTCGCGCTCTAGGCCGGCAAGTCGAGCTGCTGAGCCCACGTCTGACGGAGCGTGAAACCTCTTGCGGGAGGT
LGS NTALALYAGKST SSC *
TTCACGCCCCTTGCCGCAAAACCCCAGCAACTCCCGCAAGGAGTCCTCACCTGTGATACCGAGATGGCCGGCGCCGCGCAGGCGCCGTAG
CCCCGCACCGTCGACGGGCCGCGGCCGTCACCGCCGCCGCCCTCGCCGCCGCGCTGCTCCAGCCGCTGGCCGCCCACGCGGCCGGCCCGE
CCGCGCCCCCCTCGGACGCGAAGCTCGCCGCCGTACCCGCCCGGCACGACGCCACCCGCGAGCAGTTCTACTTCGTCCTGCCGGACCGCT
TCGCCAACGGGGACCCCTCCAACGACAGGGGCGGTCTGACCGGCTCCCGCCTGTCCACCGGGTACGACCCCACCGACAAGGGCTTCTACC
AGGGCGGCGACCTCAAGGGCCTGACGAAGCGGCTGGACTACATCAAGGGGCTCGGCACCACGGCCATCTGGCTGGCGCCGATCTTCAAGA
ACCGGCCCGTGCAGGGCACCGGCAGCAACGCCTCGGCCGGCTACCACGGCTACTGGATCACCGACTTCACCCAGGTCGACCCGACTTCGG

Fig.4. Nucleotide and deduced amino acid sequences of the RSA gene.

The deduced amino acid sequence of the RSA gene is described below the nucleotide sequence by a one-letter notation. The
primers for the first inner PCR step (1-F and 1-R) and the second inverse PCR step (2-F and 2-R) are shown underlined.

PCR fragment showed that the DNA sequences
of both termini of this inverse PCR product
overlapped with those of the FIP fragment.

Putative regions of the ribosome-binding
sitt. GAAGGAA [24], initiation ATG codon,
and termination TGA codon were also found in
this PCR fragment. To ascertain this DNA
sequence, I sequenced five independent isolates
of inverse PCR.

From the sequencing data of these two

fragments, a single open reading frame (ORF)
of 1374 bp that could encode a polypeptide of
458 amino acids was found. The G+C content
of this structural gene was 67.47 mol%. Fig. 4
shows the entire nucleotide sequence and
deduced amino acid sequence of the RSA gene.
The nucleotide sequence analyzed here was
submitted to the DDBJ/GenBank/EMBL DNA
databases and given the accession number
AB253790.
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3.3. Expression, purification and
characterization of RSA

The transformant harboring the plasmid
pRSAE-2248 was cultured in one liter of LB
medium as described in Materials and Methods,
and the RSA was extracted by sonication. The
crude extract had a strong activity, 0.16 U per
ml of culture broth, and this was 2.3-fold that of
the enzyme productivity from Streptomyces sp.
E-2248. The RSA was purified from the extract
by chromatographic procedures as described in
Materials and Methods. The final preparation
showed 67.7% activity recovery. The purified
enzyme preparation had single protein band on
SDS-PAGE and a relative molecular mass of 49
kDa was estimated from the migration
distances in relation to reference proteins (Fig.
5).

To determine the effects of temperature and
pH on enzyme activity, the reaction mixture
described in Materials and Methods was
incubated at various temperatures (at pH 5.0) or
at various pH (at 37 °C) for 30 min and the
reducing power formed was measured. The
maximum activity of the RSA from E. coli was
observed around 50 to 60 °C and pH 6,
respectively.

The effect of temperature on the stability of
the enzyme was then measured. After
incubation of the enzyme solution (pH 5.0) at
various temperatures for 30 min, the remaining
activity was measured. There was no loss of
enzyme activity below 50 °C in the presence of
5 mM CaCl, and even after heating at 60 °C,
about 50% of the activity remained.

To determine the effect of pH on the
enzyme stability, the enzyme solution was
incubated at various pH at 50 °C for one hour in
the presence of 5 mM CaCl,, and the remaining
activity was measured. There was no loss of
enzyme activity at pH 6.0 and about 18% loss
at pH 5.0. Even after incubation at pH 7.0,
about 60% of the activity remained.

The products profile from raw corn starch
by the enzyme digestion was investigated. The
dominant product was maltose and other
maltooligosaccharides were also found. After
48 h incubation, the percentages of glucose,
maltose, maltotriose, maltotetraose, and
maltopentaose to the total carbohydrates, were
19.6, 56.3, 9.3, 2.8, and 5.6, respectively.

These results were the same as the
properties of the authentic enzyme from
Streptomyces sp. E-2248 described previously
[12].

1 2 3 4 M

Fig.5. SDS-PAGE of RSA expressed in E.coli.

Purification procedures were described in “Materials and
Methods”. Whole cell extract (lane 1), and the effluents from
starch adsorption (lane 2), DEAE-(lane 3), and Toyopearl
HWS55s (lane 4) column are shown. Approximately 10pg of
proteins were put on each lane. Lane M: Molecular mass
standards are: phosphorylase b (97,400), bovine serum
albumin (66,700), ovalbumin (45,000), carbonic anhydrase
(31,000), soybean trypsin inhibitor (21,500), lysozyme
(14,400).

4. Discussion

Previously, [ isolated a RSA-producing
streptomycete from mud in a milling factory
[12]. The enzyme is an endo-type, strongly
starch-adsorbable amylase with a molecular
weight of 47,000. In the present study, I cloned
the RSA gene from Streptomyces sp. E-2248
using a two-step PCR method.

For internal amino acid sequence analysis,
the purified RSA was pretreated with SDS and
boiled, and partially digested by LEP. I tried
several pretreatments in this partial digestion,
and found suitable conditions as described in
Materials and Methods. Four fragments were
found after electrophoresis of the partially
digested preparation. The N-terminal amino
acid sequences of the four fragments were as
follows:  Ser-Gly-Ala-Asp-Tyr-Thr-Leu-Ala-
Asn-Val-Phe-Met-Leu-Ala- (the 16 kDa
fragment in Fig. 1), Glu-Cys-Thr-Thr-Ala-Leu-
Gly-Pro-Ala-Gly-Tyr-Gly-Tyr-Val-Gln-Val- (21
kDa), Tyr-Asp-Tyr-Pro-Gly-Leu-Tyr-Ser-Val-
Tyr-Asp-Phe-Asp-Asp- (25 kDa), and Ile-Ala-
Gly-Arg-Leu-Gly-Asp-Arg-Thr-Ala-Phe-Arg-
Asn-Met-Val- (34 kDa). I designed four anti-
sense primers based on those internal amino
acid sequences and the second and third letters
of the triplets were substituted for G or C,



RSA: 1 —m—mmm e SPPGTKDVTADLFEWNYASVAKECTTALGPA 31

TAA: 1 ATPADWRSQSIYFLLTDRFARTDGSTTATCNTADRKYCGGTWQGIIDKLDYIQGMGFTAI 60

RSA: 32 GYGYVRVSHPAEHIQGAQWWTSYIQPVSYKIAGRLGDRTAFRNMVNT I 91

TAA: 61 WITHVITAQLPQTTAYGDAYHG DIYSLNENY(GTADDLKALSS 120
RSA: 92 5-AlGSBTGTGESSYTKYDY PGLY SVYDFDDCTSQVSNY QHCE LDT 150
TAA: 121 Ygghgssvny PFSSQDYFHPFCLIQNYEDQTQ GDN-- LDT| 178
RSA: 151 GEE TIAG T-1LG 1D I PAGDLANIKSRLTNPS T 209
TAA: 179 TKD WYDWVGSLVSNYST ID QKDFWPGYN---KAAGVYCIGEVLDGD 235
RSA: 210 GEAVQESEYTG EFRY - ITSEKLA - -MLTNYGEGWGYLNS|SV. 265
TAA: 236 PAYTCPYQ -VLNYPI N. SMDD INTVKSDCPDS[TL 294
RSA: 266 [NHDT LNYKSGADYTLANVFMLAWPY] VN, SDADAGPPNGGQ 325
TAA: 295 NHDN - — —YTNDIALAKNVAAFIILNDGIPIIY. --~QHYAGGNDP 349
RSA: 326 CQ-HAWPHIKSMVAIFRN- - - - - RGQAV. -NGNN FGREﬂgE-— iixw 376
TAA: 350 PTDSELYKI|T TRNYAT SKDTGFVTYKNWPIYKDDT GTDGSQIMIIL 409
RSA: 377 HESSSLTRTYQTSIPAGTY] NjEE —————— ITevT STATLGSNT GKSS 430
TAA: 410 SNKGASGDSYTLSLSGAGYTAGUQLTEVIGCITVT PVPMAGGLPR TEKL 469
RSA: 431 C------—- 431
TAA: 470 AGSKICSSS 478

Fig.6. Comparison of the amino acid sequence of the RSA with those of the a-amylase from Aspergillus oryzae.
RSA: raw starch digesting amylase from the strain E-2248(this study); TAA: a-amylase from Asp. oryzae (Taka-amylase). The
signal peptide regions are replaced. Identical amino acid residues are boxed.

where possible. The first inner PCRs were
performed with a sense primer designed from
the N-terminal amino acid sequence of the
intact RSA and an anti-sense primer designed
above, and 0.9 kbp, none, 350 bp, less than 300
bp, of DNA fragments were formed in each
PCR. The largest 0.9 kbp fragment was
sequenced, followed by the second inverse PCR
was done as described in Materials and
Methods.

By this two-step PCR method, I have
cloned and sequenced the RSA gene from the
strain E-2248. The sequence of the N-terminal
15 amino acids of the extracellular RSA from
the Streptomyces was determined with a peptide
sequencer. This amino acid sequence was
identical to that deduced from the DNA
sequence (see Fig. 4). This result suggests that
the first 27 amino acid residues, from the
initiator Met to the Ala, represent a signal
peptide that was removed during secretion of
the RSA. Thus, according to the nucleotide
sequence, mature RSA is comprised of 431
amino acids and has a Mr of 46748.51. Toda et
al [28] showed that the a-amylase from Asp.

oryzae (Taka-amylase, which is one of the
smallest a-amylase) comprises 478 amino acids.
The RSA is comprised of 431 amino acids, and
so is smaller than Taka-amylase.

Fig. 6 shows the alignment between these
two sequences. Computer analysis showed
67.9% similarity and 22.4% identity. Four
regions of consensus sequence inferred to be
the active and/or substrate-binding site of a-
amylase were also found (DTVINH from 88th
amino acid residue in RSA, GFRIDAAKH
from 173th, EVIY from 204th, and FVDNHD
from 263th). [ have no information about X-ray
diffraction studies of the enzyme, but I presume
that RSA is folded in three domains, a (B/a)s-
barrel catalytic domain, a small domain
protruding out from the barrel in the place of
the loop 3, and a C-terminal eight-stranded
anti-parallel B-sandwich domain, similar to
Taka-amylase and a number of a-amylases. The
enzyme has no extra domains that bind to raw
starch, on either its C- or N-terminus. Raw
starch binding ability of the enzyme would
depend on a few amino acid substitution of the
active and/or substrate-binding site.
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REE . SR, B —2 GKEREMNKERE - BE)

RERFPE 2007 FF A ARABM TESFRKRE

& H EHET 2007 £ 8 A 1 B, TEBERY CREAHTEX)

[EEA - Ml pE 3 L RERMiEAE (Building of customer experiences in local
industries)

BEE =B B KHEEREMWKESINE 2 — REeRMITIEAT)

7) BEFS  HARELRTZESE SHIKRES

FFEH YA 2007 4E8 A3 H  EATE RS CRBRIMWRH )
EEA - A OEIRE S OIENE T X —X L Lo o—RfiE & o%bis
RERE . EE B FBISORT, RBEERI FKILERE. #ilkd

(FK T ARE, RS Bt



8) HRFx : 2007 FEAAREMF T
FEH LG 2007 9 A 7 B, FREEKRS (8 EAE )
EEY - mROBLE KB T 7 AF v —DH R

FERA  KEERA, PGk, AN —. Fii—8 (KRRENKERE - i)

9) RERFS  AMBIETERE 54 BIRE
FFH - GPT 200749 A 8 B, HATREIKTE (R &R )
HEL - BYHERL = U EWEIZHOWT
WEE . BBORk. EukEsE, PNEREGE, BRBAl B EF. B —Z.
EREHR (HBENRKERSE - i)

10) RFE : BARLRIF LTS 2007 FFIRRE
FFHEGPT 200749 A 8 B FRIAEREIAS: ([ B Am [ 1)
THEA © SRR X OVRINH SRRV ORI TAMBIR O L A v ¥ —EeE i
5z %
FERA . WERL T, BAM—, RRREQ BKILERE
(BK HH 2K B B F)

11) BRER : BMBERCEVIERF 7 MENRES
FER A AT 2001 4E 9 A 9 B, HEIRY: CRUABRF )
L A e P L= 2 WEHEWE R ) —= 0 TROMEEE
A - WD, EOkEE, NEREE, ReBRL B 2, BREH
CRK R = AROK PES T - MR

12) ¥RF= FE3IE D-7 I BHES
KA - 5P 2001429 A 14 B, iKY ((EERMEET)
FREL RS AE K D-7 AT XU R RXTFHX—ED
Ju—=7
FRA  AERE. ALRASE, IRFHIT (RS - AR SERRR (KRR
MOKEES & - Rt

13) F&FF4 : 13" European Congress on Biotechnology
FAEH L YPT 0 2007 429 A 17 H. Barcelona, Spain
&4, . Simultaneous saccharification and bioethanol production from powder of

Japanese cedar(Cryptomeria japonica)
#3274 . Sho Shindo, Yoko Sato, Arata Ito, Susumu Hioki

14) ERFR  F 9B AREYTERIRS
FRE LA 2007 49 A 26 B, KR (KR RHL &)
FREA © A N LV RABRIZ K % BB (Aspergillus oryzae) s 7 > ARV 2 Crawler Dz
B2 & mRNA 437 Fl D2 B
FFRA 0 NER EE, MBI B O BfE . Tk BC
("FKHREE RN - BERAEY ., 2 R - i, °BAERPERE - &
Wy PE R RK)



15) FFKZZL : 5th General Meeting of theaetnationd Poteolysis Society
FAEH - P 0 2007 4F 10 A 23 H. University of Patras (Patras, Greece)
[#/&4, : Cloning of novel D-aspartyl endopeptidase, paenidase, from prokaryote.
7323 : Satoru Nirasawa, Hotomitsu Kitaoka, Hideyuki Kibayashi, and Saori Takahashi
('National Food Res. Inst., 2Inst. Food & Brewing, *Akita Pref. Agric. Forest.
& Fisher. Res. Cent.)

16) FFKZE : 8 55 B LA v P—FHws \ "
FRB LA 200711 A1 B @RKF (AG)IRESR)
FREA « EIR R i ORI E & LA v O — RV & ORISR |
RRE s L B)IDUY, REBR] KIIER, Milirkd

(BRI R TR, * R A R et

17) BRZFR B TERRES FERFE 2L T 7 LR
FRHA EHET 0 2007 4 11 A 16 B, HAUREE GRURH SR X)
{4 - B (Aspergillus oryzae)DNA 7 2 AR Y Crawler DYEFETENE & mRNA
D FFEZEENC RIET A b L AL D
FRE - NER OBET MBS R RS SiE B, ik Bl
(KRR AT - BERMAY. 2 AR - b, P HRAEREER - &
YIREZERIRR)

18) FFZEZ : ICOFF 2007, International Conference on Food Factors for Health Promotion.
FERH - GET 2007 4 11 H 30 B, mAREER =Y CRal s sl i)
[#/&4, . Renin Inhibitor in Legumes.
%354 : Saori Takahashi, Kazuyuki Hori, Masanori Kumagai, and Saburou Wakabayashi
(Akita Pref. Agric. Forest. & Fisher. Res. Cent.)

19) FEFERFEL : ICoFF 2007
FFKH EBGEFT 2007 4F 11 H 30 B, sUAREERSEE GUEfmm)
[i&4, : Effects of lupeol on visceral fat weights and serum lipoprotein profiles in
high-fat diet fed mice
%6554+ OHiroki Sasaki', Satoru Kawarasaki', Mikiko Sugawara', Keishi Hata®
('Skylight Biotech Inc., *Akita Research Institute for Food & Brewing)

20) ERZF= : 5H 30 B ARG FEMFES - # 80 B A AL ZEE RS
FEFRHA - ST 2007 412 A 13 | - "7 ¢ kil (Fho) AR IR 1)
[# &4, : Primary structure of novel D-aspartyl endopeptidase, paenidase,
from prokaryote.
%6554 : Satoru Nirasawa', Hotomitsu Kitaoka', Hideyuki Kobayashi', Saori Takahashi’
("National Food Res. Inst., *Inst. Food & Brewing, Akita Pref. Agric. Forest. &
Fisher. Res. Cent.)



21) BRFE 530 Bl HARSFAEWMFS - 5 80 Bl H RAELFEERE
FFEH « HPT 2007 4E 12 A 13 H « /N7 ¢ affiil (A1 RARR )
[#/&E4 : Expression of recombinant active human renin in Sf-9 cells.
J§ K3 1 Saori Takahashi!, Keishi Hata', Kazuyuki Hori!, Toshihiro Sugiyama®
Ken-Ichi Kikuchi®, and Takeshi Gotoh® (Inst. Food & Brewing, Akita
Pref. Agric. Forest. & Fisher. Res. Cent., “Dept. Biochem. Akita Univ.
School of Med., “Dept. Material Process Eng. & Appl. Chem. Environ.)

22) RRZFEE 8530 B A ARG FAEWFES - F 80 Bl HARLENMZEEKRE
FEFEH - HPT 2007 4E 12 A 14 BH - 23U 7 ¢ il ()1 RARET)
T4 COX-2 M OBZENSZ 2544 PPAR ~D 5288 2 FE45 2 L 7= At it O K RE M 2 FAh
HEL RHEHET HPEET W2t BERE. HEmE ((RR
AR - BRBERAE, TR IBEMOKERS T - R

23) BRFE  BRMLFETFESE 138
FR A LGP 0 2008 4E3 H 17 B, FRiARKT LFE (R Riaa )
BAEA "X 2o UA NV AERERMEIC LD e L= BB LY
L = AR D EEE)
WRF D EZRIRTY, % . FHE— (BKHEK - TFER) .
iRk (BKHIREMKERE Y - &)

24) FRFEEK : HF 89 Bl ABKFERE
HFH LT 0 200843 A 18 H, HAEER (HEHD)
HEEA « FIRICEIT D GABA FLEFE o f I o 54l
HRE  OfFEx KiE— - Fi—E "'« KKHEE® - 5 ° FKHEEEER, !
H R RN, R (KR, ° bR

25) RRFE : 2008 REAARABEZMFERE
R H LT 0 2008 4F 3 H 28 H, AMiKE (M4 =)
A - RSB D-7 ART X U px s R_XT7'F X —F(Paenidase) D
— RIS
FRA AR, LA, BT RN - &R SiEik Bk R
JEMKFER T - AW

26) BEFE 1 2008 [ HAREFERE
FEFH LT 2008 £ 3 H 28 H. &¥iKT (FmE4 HEH)
B4 HEERHBR L =V HEMEIZ OV T
HRFE . BB, H—2. BBRER BHHRERE BB IREMAKER Y - i)



BERFR 2007 FEHARBRZMFERSRE

KA EHPT 200743 H 25 B, HAUEERY EH)

WA, MO BN A e A0 D OWATEREAC L B3 =X ) — VA JE

A R B, R U B BE Y BKERR AR KR IRNKR D)

(B8] M7 EORERAA A~ AL, "AFTF 7 —AOFEHE LTHER ST
%o FELIE L U CHRERIZ K 2 MK BEEN & 2 BixlE OB I TESLEL 257
HAXM@EMAELE D, £ 2T, WAIIBOIEARE 2 FUEE . U CTRESE L BEREIC X 20017
R L DA F B ) —VEFEICOW TR 21T 2O THET 5,

(] RERAA A~ 2L UTHKHAZOREM 2 vz, ikd, &EE D AamioR
Bt s oy AR RS 2 L& O TR ORIES 20 u m OB A 1T, =X ) —
JVREBEI RS & BERE A W AT REEIC L 0 1T o T2,

[#5R] AR E AL A~ 2AOREEREEHEI L, AMET7—BLAIBLT—EBEH
FRICEH S E D Z LICE D~y ) —RETT I N—ADEFEEN LR T2 Z LV LT,
FELSIFIL p HE.5 23 il Chh o 7o, FKHE OB LKL, 7va—RA < ) —ATEED
80%x HHTEY, ZhoDfio=% ) — NV EEZHIE LTS cereviseae % I\ CIiAT
BREEEITV 5.9%VNVIDT X ) — VAT, ZHICE D 1t OREKEEL S 230L O/ A
FTH )= VEEETED,

BRFE 2007 FEHARBRZMFEERE
KA EHPT 200743 H 25 B, HaUEERY (EH)
RS - BRI L VK E R L = U BREWE IO T
FRE BB, DNEFRG, EOMsE, RREEAI. BENBD. 2

(BK HEMKPEEEE - Fa B
[A] L=, L=r - ToXFT vy s 7 R 2T 1 R RASIC & 4 I E ik
MW TSRS & U CERERAE Ao TWVWD, ZAE T, RAS ZHI#ICE LTI,
TEMERIE DS D7 X AT o VEBRER A AR Z O EYE OB T T
X2, L Lans, L=V AEME ORRIIRESE OBBECIEHRENEMETH D Z L 72
EMMBIRETOIL TR, AF KBE THEBE LI h TR L= 0BEREL EEDIE
ML ERET o & L bic, MRl FL=CFRAWEEREOA S )V —=v T
EHEE LT,
[HiEEHR]l e hTrL=rc FAL RSV U@MA XY X7 E1X, RIBETEAKRE L
TBEIRHE LT, BONTEHARESBREOEBR 7 =V TRk L, 7AFXF=0 R/
HIEMER Z P L CRER LA ZIRE LT, Bbhe7nlb =% ) 7o TEML
L. A7 V—=v 7R E LTHWZ, L=AR L, 7o 47 v v TARRE S R
IR L7e, ARV =2 7R HOTEDHKO L = THEWE 2RI Lok, W
ICZEOREFEEE A L., 72, WEOAEMEIZIKEHREKTH D Z LRI,



RRFE P 68 IO bLERRE
FFEH LYT 2007 455 H 19 B, FHEE KT (85T
O 4 ARSI B4 KO K ST A
% &K FH . (JERXEKRT) OFHA - B)IEE - thERE GKEBRE) KER| - &
&1 - e BRI
[#E] KARICHEET 23KOKEZH LT T 572012, ERNE-OL K%K
FIEEE LTt L, BRI 2 A A 94l L 7o RIC >\ T3 5.
[328%] 2005 FICRKHEEPNBEKICOWTEEAKE®R (J1K) 25T 16 s FKHET X
Vbl 8 L, Bl 8 HiE) % 2,5,8,11 HD 4 [EIZ4T T 60 SEHRIR L, 1A 4 fhik
XA A4 r7ua~ 757 4—T, COD (Jil~ > HUBELECRE L. AT 4 v 7544
TITIhELE NV =T EAT T AEZHOCTCKERITMN 21T o772, 72k, KEFE
ERGICTHIEODY AT NI, AREETHBLIEZ DO THD.
[(#ER] NV V=T XA T 7T 2EIC KD KEMITFERD S AKORIEBI O 5A7ILT VA
U AR BRI O BRI 2o T K 2 A T 37.5%, IRWT, TV U HREIE R ERIE A o A
KALFRIKE A TD 31.3%, 77V IEREBEIOWK S A 708 31.3% Tho7o. s
I, 7Tl U IREBHERI O T K2 A 7 OEKITRD Sz hodz. —RHR AR
DOHITAK & b U TR Tk & A F OEIG D Ie o Tz, WNEERRDIZHEK X A 7 EK
DIFTEL, F1z, BUK - bk % A TEAKOKERZ TR RALEICFEE L Tz, COD fi
DIYFE 0.1ppm LLF 743 65.0%, 0.1~0.2ppm A% 21.7% & 72 0 KEB53(86.7%) 75 & ALK T
BboTz3, 1.0ppm LA EZIRIVEAN 1 @EIAELL. B TPy =0 LA T
TR SN o Tz, BRI, KEN B (pH6.1~72) OOk (FEE @ 7.6~
68.0ppm) ThHoTo. AT 4 v T EAT T HEICED L, R—HEOKEIRITE AL EELL
BFPFLELTEY, NI V=T XA T 77 L20OFRKIZIFER —-ThHhoTm. ~7 317 LA
Fr eV T LA G OERBEITHIN DI B G/ NS o T2, WHRA A L igg
AT DOEFERIIEENKE o7z, EROEAKIL, MEOEKE B LT, COD fi&
R IXIZIERER Th ~ 7228, AR TR Y A T OKRNB D72, Bk AbfakZ A4 7R
KA A TRENORFREETHD Z LR ghoT-.

RBRFE . BARMOEFSTR 19 FEFES

FFRHAELGAT 200746 A 19 H, KHE =2—F7 /v (BKHTH)

M 4 KEOHITTK - EAKROKE RO

%£§;§:Cﬁ%§ EHI* KE WI*, &E 2, HEAEE KRR AN, EE
KT

[BEM] BRofE B THWO D FEEHHKITR G ORKWEICSE KB E L5 25
WZH b bT, BRRNOKEIICE L COIEEHAK L L TOKERMEZEET 272D D%
AR, FRIL N E THEETH 72, £ 2T TARIFZETIX, BRANAHOH FK - 5K
OFFEHHAK E U TOKERMEZ 2T L, TR 2 & & blc, ThbzT —ZX—2{k
THZ LI CTEMUSIIEHSE 2B E L,

(5] FRk 17462 A, 5 AL 8 AL 11 ACEKHEIEN 16 » A b FK - K EZEREL .
FHER BEA A, eE, 72 b N FIBRIEE &ECOD) A HIE Lz, £72, B\ LW
KZFHRT D720 DHEE [ Oindex = (Ca+K+Si0,) /(Mg+S0,) = 2.0 | 2% &3 iz
1To72e — . R UVWIRE Y — N X 2N E SA-402 (Ao TV V=
rerH—Tr sav—) BRI,

[FER] NV V=T XA T 7T MK DKEREOHITORE R, FKEOKIZT VAU 5
RERYERL, Tk VIEREEER, T L CZNOOFRMABICHEIND Z ERNRENT, %
Bl IR NS — N LD FHmIZRB W TIE, ek b S STV EE & o RSN
ZC, BENEI NV V=T HAT 7T LK D58E OBENREINDH 72 mABED
7=, COD 72 5 ONZ O index 75, KA DKIZEN W TEBW LWWKDOZWZ & LRz,



BRPE CF2EFFU - F Y URTT L

FFRH - BT 200747 A 28 H, M EREESES (RS T)

A - VT VAT I VbR LUV R U A — B E OB R E
GlcNAc 2-=E AT —8 (L=UfEEH v /X7 E) OIEMEREEIZOWNT

R . EEDREE. B —Z2 GKRREMOKER Y - i)

[BEY] L= B2 o 0B, FEREL = OWNENILES V7 EThD. AR
VNI D, GleNAc & ManNAc & OFH A ZA#LZ i3 % GleNAc 2-— B A 7 —BiEMEZFF> 2
EDRENTND., THET, AEESEOIEMENEIZIIRISED OFEMR(L & HPLC (2 XL 547
EEY U< 1L, DIONEX ftEOBESHEEE 2 ERHANSGNTE -, LavL, RIEROMEME S 0%
HricRIFMZ 295 2 Lnh, BERISMERIEEDOBRB N L EN T, RIFETIE, N7V
NF Y I UEREEESE (N-acyl hexosamine oxidase, AHOX) D JE R BMEA S F 2, AHOX &
AILFF LB =Y L DI N OE 7R GleNAce 2-— B A 5 —PiEMHIEE % B
FLI-OTHRET S.

[J5#: L RS ]AHOX 1%, Horiuchi V' 28 B N B A 7 U —=2 7 CTHAS L7= 6 DT, Sigma
DA U7 BFEFEE 2 IV C AHOX OSSERF M 2 st L7z & 2 A, AHOX X GIcNAc,
GalNAc, D-Glucosamine, N, N'-Diacetylchitobiose 7% ENZIEIGET 5 & @ O ManNAc X°
D-Mannosamine (2134 < UGS LARWZ EVEI L7, £ 2C, ManNAc 258 & L THWT,
GlcNAc 2-=E' A T —F L O THE Uz GleNAc 2 AHOX & ~UvA o7 —8 L ok i s
FWCHIES 2 5152 B% Uiz, AIEMEIEEOBIFRIC X 0 # 2 B CHHRRIROIE MR E
HHEE 7o T,

1) Horiuchi, T., Agric. Biol. Chem. 53, 361-368 (1989)

HRFE 2007 R H AR T FRFERRS
FFHEYGET 20078 H 1 H, LFPeRy CGRARERHETEX)
(EEA - Ml e 2 L R BRifiE A& (Building of customer experiences in local industries)
BEE EE B GKHEEEMWKESNE ¥ — BRERMUFZEHT)
[E9]

Hm e SE IR BRI A E 2 B AT A Z Lok, WEAFE - 7F a3 - &fIE - R
ElRE ] L, #lgpE¥E = F L, ENRFA—D—mEER, SAEREL & o 2R
L., 520 BEF@miad il s, S0 H D HIRPEEDRLEIZ DR B HEFNZONT, &
BRAMAERE &V O BLED B RRGT LT,

[ 5ik]

Hilak PE 22 F 1 2 R BRAMAE A1 1E DA

~EEEICBIT HREBEDOA— 7 v a VIRFEET L~
WK RKBEEOERE (L) 2340 (1 8L) TEICEHWHITENRKL, hiadA
—Jvart b, A—7 v ar TR FEREFEOHEBO T TIThiL, BN D -4
EZETHLW, BMATLHLOENRWVERPBIEDLEHEDID

TAATERRSE ] + Th=Jvav) + DPRgh 0720k
= EVEED “BIR (ZoR)” (K5 = TREERmEAIE]
CEES!

BREBMMEAEZBEANT ALV AT LE2MNTHZLICLY, thohFELDENMEEZXKSD Z

EMARETH Y | MIKPEEDIRBLZ SN D LB 2 6D,



RBRFE . BARGHTIFESE 8EIKRE
FFHEEAT 200748 H 3 B BEAVE RS (KRB A )
WO 4 Fx OEREHOEE T A —4 L Lt o U—REE & Otk
R R HEE B RSN, EBRERL FKILER, MLk s

(FK B TR AT, RS AR
[EfA] RO BEBRES DT 7 AT v — RO A ERFHINIC L VA LN TN D,
ARFFED BB, ERARAESOEEEEEO b bS5 AREHEME & daR st & o
HYEAH SNZTHZETHD.
[FiE] BRI & 7 7 AT ¥ — % KRBT 5 HGE & OBMRDBH O 72 ko 272 5 11 fE
HoOBRRES (bW, 7vd—, TFEHE, BV —, <bA, B/, v avn,
HBOEGT, XY, KR, KOMAE) 2EFIRICEE Lz, © NEE (B34, Ltk?2
4) THMEATEBROISE, v— MREe V29 LIS DA HIE > A7 A TRl - i L
7o, FTo, JTRERBRE A O TSR O B GGER & EAERER D SIS 2 JE L.
[#ER] DDV, 2L HATEROHEBIS N KRE R —27 28b, 7 vF—(3HEO R
WSRO NBIE SN, v v a~aR OIS EA/ NS L, FIE oM
XRFEC R E R LTz, BV DOIEMEIG NN 0, TS ) KIS O 48 &
FREE T, MO THMSMDEI A RO, 72 DA, 7 vF—, HDLUODOLI 7%
S S OIHERFITE - 7203, S 2WE SO FIZIX~Y 2~ a0 L 5 (CIHER
NEL DD H 7. FRB OS] &I 1 IR TOIRELIAFTRETS - 7273,
ARy, BEEE, LS HAD L I ITEPEBRNSEEN S BN L H o7

RBRFEE 2007 EFEHARGBETES

HFEH EWGAT 20079 H 7 B, FAEEEIRS: (R85 6 R [ )

A - KO B(LE KT 7 AF ¥ —DK R

HRE  KEEBA, PR, BAM—, F—8 GKHIEEMWKERE - R

[BAY)] ERKEBII < TR N0 diiE &b, T E CTHEE SITERICET S
I EATV, Bk 2R ILAI TH D HREET Y U AR CHRER L2858 KT 7 AT+
—NWREEINDZ &, WRITRERCEH T2 X 0RO T 52 8 SEELNIC
LC&E 1, SFET, &KbozE e . Mz OWEZHET L TRERZITVD., 52K KR
TIATF v —NEOLITEDLDDONEFN, KERT 7 AF ¥ — ORI OV TRgt
T 77,

[73E] BEHT, kI Lo k2 vz, £37, 10mM OFfi 2 ORI K ZIRTE L,
Z DIRIZIEI Z B LT SDS-PAGE %17V, SHEEWIRIERFD X /)7 B OEHIZ DN T
TRTz, KERT 7 AF X —OREIL, FEx OERAE KK LT L6 fFEMATHRERL, 7
Ty =TT o Tz, INERERBEEE 01, KICS SR 22T 1 KefERIE%Z. 80°C
T 5 MBAL TR OB 2 U TR, £72, k&2 o7 Eohiiig & &g
R % s S/ 7%, SDS-PAGE ZATWEFEIRIK & K& VRV ENED L DKL T D00 %
AT,

[#EF]) HERifeT Y otV UBAKFE 2 MU oA (DSHP) iR, RIERO X X
BOWHMNE -1z, 22T, Hifiifg) N Y 7 A, DSHP 72 & OKFERIK CHRERZ1T - 72,
HifiEE T NV U L X NI ED SS FEE E AT DIERIT KD N T v AE A RS
T A UEERS DSHP EHRIZ AN TV AEDOEALN/ NS roTz, £, #ifiEET U U A
B X URTEOSS FEA A AT D RIT, MBRELBEEE > b S E, T hbn
EMD. SS FEA AT D 2 L DSINEER KRR D BB S B AN S, R R
BRIZENEL 20, KEBNKOMNL D, SHERILT-,

1) Ohno, T. and Ohisa, N. Food Sci. Technol. Res. 11, 385-389 (2005) .
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RRFE REBETLFERXE 4 BRE

FERA - GET 0 200749 H 8 B, HAMFEIRT: (R RAE R 1)

FEA  BWH L = U HEYEIZONT

HEE - WEDRk, ok, PNEREE, ERBRL & EFEL B —2. BRER
Rk R PER ' - e iT)

[BRY] L=, HERICERMEOEWT ANV T 4 v 7 7 aT 7 —8 T, BlgomRER
AL CAEGRR SN O L = U BERINICITRE ST\ 5, BERIN L = 03, & Ffg
R ikt s, 7o XFT oy )= T X F T v TADEERT S,
AT AL, 7oA T o v U EREER (ACENZL D T o470y I (AIDE2RY
EPRERE 2 R 5, AT IR E RN BRI Z/EH L Tl 2 G <& ¢, IE EA-Z25 &# 2
T, BIBICER LTV RAT ey OpiaRE L, KNOF U o AEEEE5 L TR
WESEMT 52 & ChHilE 25 &3, 2nE TIEHENENRES 2 LD ACE
A=y NE LT BYARDILEDERENE S ITON TRz, LrLens, L=
VERZ—Fy b E LIRS ST Wiy, F 2T, AIIZETIL. L= HEYE
DAY ) —=2 T REBE LI,

[HiEEHER] 7 2Bl =%, Takahashi 5O HEICL VBRI LD, Lz R e L
=UF. KIBECERBALEZFAL R s Fu b= B AKESEEDOT VX = b
FUETEMERIZ W TEREEIRL, N 7Y TEMEE LR 2 Wz, b= iE iR, 7
VXFT UV )= ERBLE LT, ELTEALETUAA L) T v BEAIZTCER LT,
KM DA K ) —)L 5 ALMIE OB %2 AV C L = R ERE 2 3l L 7=,
ZOFEFR . R KR T D L = U IEE L EYE OFEENHER Sz,

FERFE  BARBRFELESR 2007 FRKE

WFH LA 200749 A 8 B kPR (@ B U 4= il o)

O 4 SRR X OISV SERE D ORI TABIEO LA u O —REic 5 2 5
B

B R E BB TR BAT—, BB LR BKEEKE TR

[Bi] TAB O - BRI 2 2 RIFHIRISEY O BEZH LT 52 L& H

&L, AINEISEOTIT L2 TR LT Lo LA e O—FEIC OV TR

L7z,

[FiE] BBt LChuERasyTAW, 77 =T, NEINZIIENLE Y —RWE %

GyBfE U T SRS AR 2 FA S SRR ) & L CHIWV 2. RVA L0 S L= 28 D 5\ i

S SRR IR AW & T ARANCIEA LT, SCTHRIELT. TABMZ LD 1 %

FISREAEI LA A — & — 2 CRIE L7z, £72, ML RICEREEE JORE Y 2 3 L 7=

AoV THLRF L.

[FE5H] 0.3% 27— H LIS/ B S B2 TAK OREEE EFIREE T, %R & el L CH 3°C

R L, INEME E— 7 $EEE 1IN L7e. 1% 00 SRR E W 2 W8N L 7= 7 v ORI IS 1% 7

T—HAEMLELOLY L ESIEVETH 7=



RREFE  RGERCFEHAESE 7 HFIHES

FEFEH - BET 2007 £ 9 H 9 B, REKY GBI RLERTH)

EA e FL = B WELEDE R 7 ) — = 7R OREE

FRE - EIEDR. L, DNEREE, BRERl i 2. BRER
(KA LMK ER T - A

[H]  v=23, ERICEOBWT AT VT ¢ v 7 7T a7 7 —E8 T, EICBHO
FERERIRAIIL TSR SN TR Y e gl chficitisng, mho b =3 E8
ThHHTrXAT 2 )= (ATNGQ)D C RIgmbT AT F ROT »F 4T 1
ADZWEHET 5, £ LT ALIX, 7o X477 v o EHERACENC LV C Kk 2 AN
R, 7oxF AT oM ERY MEEREGIEE T, ZHE T, ACE ZERIRER
L LT, FHERMNDZDOHFEWEOEERMTONTEY, ZOWELZS L&A FED
BRFEMTORTWD, L=id, b= - TUF AT Vv R MERE Clafsmsi s L
THEREE ZHS> TVWDICHEDL LT, MEOAFORBECIEMIEDBMES 2 80D,
BEHRILVEWEORFKIZATORL TV, €2 T, AETHE, & 7R L=0OKE
HCTORAREMET DL L HIC, TOBESRLEMERF L, £, B LEE P L
=r a2 AW THEEEM otk EZ MO TIEMEORRE 21T -7,

[5#] v FL=> cDNA!V & pET32a X7 #— (Novagen) b &L T, Yol =
YO N-REHCTF AV FF VBInFEEA L, FALVRFI 2 - T b= @a s o
7 B HE B~ 2 —pETHRN1 Z##% L7-, pETHRN1 % KI5 H BL21 (DE3)IZHE s L |
IPTGIZ K V@G Z 7 B amRIEER Llc, L ™7 BITE AR LTz, BAK
AM W7 7 =V TRIMEE., @IREOT VX =2 L RimiEHANC K L TENT L, &
HIZ. BHTIC L D ERE, T = R & FUEIE TR ORE 2 (RS &, ey 78
DEERLEToI, BONTMEZ "IV EE N 7o o TEEE L, FREHREREIC
Mnie, L= SR, 72 NS RKR L7 ATNG 2 5B & LTAELT Al 2T Y
AA LT vEAICTER L, 2

[F5R]  BHAKRE LTRIELC@ME Y o\ EO—IE RO TEIRLAEZY
FU TN V=82 8Bl Lz, BB L L =EMIEhie ML =ohikTne
(2 OIEVENPRE Sz, —J5, e, SO 2K/ MEM RO R 2 VT L= 14E
PEPRERE A WE LA 3. BRI IC L = U IE M ENRD bz, S 51T, R
MBI ZBRE LT 2 A, KEICL= UIEMERERH L Z 2 R LT,

[B4] KBECTHIELZE hTrb=iF, b7 TOERMELRICEED N R
B SN2 Z L b IEH LD RE(LRIFZBETT 2 0ERH D, 4%, KRuBkL =
VIHEWEORR AT MEEEREEZH LN LT TETH D,

[ 3CHk] 1. Inoue, H.., et al. J. Biochem., 111, 407-412 (1990), 2. Murakami, K., et al. Biomed.
Res., 1,392-399 (1980), 3. Takahashi, S., et al. Biosci. Biotechnol. Biochem., 70,2913-2918 (2006).
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[Br] ZivE T, —EOMEOMBEBIZ DAY I VBBOFIET D2 ENHMLI TV, EFED
ST FEOHESRIC LD HFHOEBNIC G ERO DR I VIR DT I Ve afa T o8 v
NIBOFHET D ERRHBINTWD, BT, ZRHO DR I Rk~ 725k ik & B4
HTEDRBINTND, FRZ, D-TART X UBPER SN TEBY, 7iaA RBE U RIE
TIEXT ANT XU EED D BIBENT InA REURIVEORELZ ISR I T LR S
nCTnb,

S O 1E. BT A RIS E Suc-[D-Asp]-pNA ZHWT D HLT 2 ) iR & B BB+ 2 T F 4
— DRI ) == THEITN D-T ARG X U RXTF X —BEPERE (Paenibacillus sp.
B38 kk) ZoyBEd % 2 LITHE L7z (S. Takahashi et al., J. Biochem. 139,197-202,2006), % 7=,
HEPET HBEFE % paenidase Lfnd L, TOMWEHAH 5T LTz, AEIF 4 1%, paenidase EisF
DI a—=2T%4TH T LI L 5T paenidase DT X/ RV Z 3% & & $1Z, paenidase
BAEERER &2 N B OB 21T 27,

[ 51 ] Paenibacillus sp. B38 £k & 0 Biff L 72 K9X paenidase I O N K87 X/ BRELAHI T 21TV,
ZTORERE L LI Mix 794 ~—%A/K LIz, ZvE MW, Paenibacillus sp. B38 77/ 2 DNA
ZEFIZ PCR 21TV, 554072 DNA Wil OSIEES 2R E LTz, DWW T, PE L7 R
5%, & 1T thermal asymmetric interlaced (TAIL)-PCR VA2 LV, Eiiid L OV IR O AR FES 2 R
E LT, 72,7 X/ BRSO AR FIMEARITIE BLAST % X754 —+F 7 7 I U —D43%HI% MEROPS
T —H_X=2ZAH N TITo 7,

[#EFIB L OBEE] £9°. KK paenidase I OELHIGHT 21TV, 68 FH £ TOT I/ WEELH| % Ik
E LTz, DT, &FEPCRIZE VDS 7- DNA Wi O IEES| 2 E L. 2L Y paenidase 1
DET X R EHEE LT-, T ORER, B paenidase 113 322 7 X J BRFRIEN S5 Z & R
AGEIR D N RSN 7 2 BN FAET D Z E R LN o T, Fio, BEEIKDO T X/ BEELS
1L Bl O REX paenidase T DELHNSHTHESR & —F L7, EAIZ & IZHN paenidase | D5y 1 &%
R D L 34,980 L7220 | K4 paenidase T O MALDI-TOF/MS D& H (34, 748) &L MiEZ R L
7= (Takahashi et al. 2006),

DX, T X BES OFERIVEZ fEHT L= & 2 A flix @ B -lactamase, penicillin-binding protein,
D-Ala-D-Ala carboxypeptidase & 35—39% DFREMENH D Z E N BN/ -T2, S bz, X7
FH =BT 7 IV —SI2IIHEEIND T ENfEESNT, XTTFH—ET 7 IV —S121%, &
ERALIC Ser, Lys, Tyr fE#Ez b otV 7077 —EO—#ETHY ., Ser-Xaa-Thr-Lys 3L
Tyr-Xaa-Asn DEF—7 ZFf>, 215 DETF— 7L paenidase | IZB VT HREFIN T, £
72.S12 1213 Streptomyces R61 D-Ala-D-Ala carboxypeptidase, D-Stereospecific aminopeptidase DmpB,
alkaline D-peptidase 72 & D D AT I BZ G T 5T F X4 —ENJE LTIV | paenidase DIt
FEREAEBE 2 M7 9 2 B CRZBLETR VY,
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{4 . Simultaneous saccharification and bioethanol production from powder of Japanese
cedar(Cryptomeria japonica)

%33 : Sho Shindo, Yoko Sato, Arata Ito, Susumu Hioki

Bioethanol is an ideal fuel for transportation use since it is easily transported, charged to
vehicles, and carried on board. The conversion of biomass into energy and useful chemicals has
gained considerable attention in recent years, due in part to the depletion of fossil fuel resources.
We used the Japanese cedar as a material for bioethanol production in this investigation. The
Japanese cedar were treated as follows; firstly, Japanese cedar were crushed until 20 micron of
particle size using Cogwheel Mill in order to degrade the lignin. Secondary, the powder of
Japanese cedar were saccharified by various saccharification enzymes. To confirm the sugar
production ability from Japanese cedar powder by enzyme treatment, various commercial cellulases
were tested. When 1g of dry powder of Japanese cedar was treated with Meicellase (Meiji Seika
Co., Ltd) and Hemicellulase A (Amano Enzyme Inc.), 0.36g of glucose, 0.19g of mannose, 0.049¢g of
galactose, 0.016g of arabinose, and 0.09g of xylose were produced under the optimum pH condition
(pHS5.5). The quantity of hexsose that was included glucose, mannose, and galactose were 0.566g.
The rate of total hexsose was 86% in total sugars that was obtained from Japanese cedar. ~So, it was
considered that the bioethanol conversion is easily occurred by Saccharomyces cerevisiae. When
bioethanol production from 120g/L of Japanese cedar suspension was carried out by simultaneous
saccharification and fermentation (SSF) using S. sereviseae and commercial cellulase, a bioethanol
concentration of 26 g/L was produced after 1 day. The yield (Ye/s ethanol yield[g of ethanol per g
of Japanese cedar] was 0.22. Next, bioethanol production from Japanese cedar was carried out by
the fed batch fermentation method. Firstly, 120g/L of Japanese cedar suspension was used for
bioethanol production by SSF, a bioethanol concentration of 23 g/L. was produced after 1 day and
then 60g of Japanese cedar powder added to same reactor after 1 day. More 16g/L of bioethanol
was produced and a bioethanol concentration was 39g/L after 2 days. Furthermore, 60g of
Japanese cedar powder added to same reactor after 2 days. More 5g/L of bioethanol was produced
and final concentration reaching 44g/L after 3 days. However, after 4 days the bioethanol
production rate was decreased and hydrolyzed sugars were remained in the reactor. The yield was
0.18 in this fed batch bioethanol production method. This yield was lower than that produced by
batch fermentation method. It was considered that the Japanese cedar contained any inhibitor for
bioethanol production activity of yeast cells.

In conclusion, it was found that the 270L of bioethanol was produced from 1.0 ton of

Japanese cedar by SSF using S. sereviseae and commercial cellulase.
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[BHY] A. oryzae OSI1013 £k L W B2 SN 7215 DNA 7 ARV Crawler %,
RS D3 ERD B AL 72 Wl BS54 F Tl transposase ORF N T splicing <° poly(A)f+
MK E THY | Crawler BT HITHEE D mRNA 75 FFEDER LTV D Z ERBnE
IpoleV, 2 2 C RIS D transposon BRFETE I K 2 HI SRS O fREA 2 B RIS 2
DIEMALSRMC BT D Crawler 55 FEWM DFRNT 21T > 1=,

[k ERER] B EEL | S 27 Cu v A b L ALFHZ O34 K D total RNA
ZHH L, & RT-PCR 2LV CrawlermRNA 73 FREOMBZRE Lz, ZORER, #a
BAEPEDTED 5315 50 CLL LD SRAE X D534 1 CTliZ, splicing S#L7-mRNA (ZiF & A
ERt sz oz, CulBEKIZIBWTH A R L ABRED EFIZE splicing X poly(A)
N X 2R84 mRNA 3 FHEITEA L, A % 7 M2k mRNA O FHREL RN &
K72o TS Z L3RR bivlz, 0SI1013 ¥k & [l U < {EMERY Crawler %49 % RIB128 #%
B LV AOKIZY BRICK W T H FIRROBLIR DB i, A b L RHEIZ L 5 mRNA 7)1
DEED Crawler DEBILHEIT D72 N D O EHEE Sz,

D/NVER - fl, RERSZER, p190(2007)
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4 . Cloning of novel D-aspartyl endopeptidase, paenidase, from prokaryote.

733 : Satoru Nirasawa, Hotomitsu Kitaoka, Hideyuki Kibayashi, and Saori Takahashi
(‘National Food Res. Inst., 2Inst. Food & Brewing, “Akita Pref. Agric. Forest. & Fisher.
Res. Cent.)

Paenidase is the first D-aspartyl endopeptidase from a microorganism that specifically recognizes an
internal D-Asp residue to cleave [D-Asp]-X peptide bonds (S. Takahashi et al, J. Biochem.
139,197-202, 2006). Two forms of paenidases (I and II) are isolated from the culture filtrate of
Penibacillus sp. B38. Paenidase II is a mutant deleted 5 amino acid residues from the N-terminal of
paenidase 1. These enzymes specifically hydrolyze succinyl-D-aspartic acid « -(p-nitroanilide) and
succinyl-D-aspartic acid o« -(4-methylcoumaryl-7-amide) to generate p-nitroaniline and
7-amino-4-methylcoumarin, and internally cleaved a synthetic peptide (D-A-E-F-R-H-[D-Asp]
-G-S-Y) of the [D-Asp]” amyloid S (A B) protein between [D-Asp]’-G*. In this study, cloning and
nucleotide sequence of paenidase are reported. And, it makes known the primary structure and
related proteins of paenidase.

N-terminal amino acid sequence up to the 68th residue of native paenidase I was
determined by Edman degradation. In order to clone the DNA encoding a partial sequence of
paenidase I, two degenerate primers were prepared on the basis of the amino acid sequence of the
enzyme. The PCR was conducted using genomic DNA isolated from Penibacillus sp. B38, and the
amplified fragment was subjected to nucleotide sequencing. To obtain the unknown sequences of 5'-
and 3'-ends of paenidase gene, thermal asymmetric interlaced PCR (TAIL-PCR) was conducted
using several specific primers prepared on the basis of the partial nucleotide sequence of paenidase
gene and arbitrary degenerate primers. As results of nucleotide sequencing of the amplified
fragments, it was revealed that mature paenidase consisted of 322 amino acid residues and that a
propeptide was bound to the N-terminus of mature region. The amino acid sequence deduced form
the nucleotide sequence of paenidase gene was identified with that of native enzyme determined by
Edman degradation described above. The molecular mass calculated on the basis of amino acid
residues of the mature region (34,980) was very close to that of the native paenidase 1 (34,748)
measured by MALDI-TOF/MS as reported previously (Takahashi et al. 2006). Amino acid sequence
similarity was found between paenidase and several -lactamases, penicillin-binding proteins with
35-39% match by retrieving BLAST database. In addition, it was estimated that paenidase was
classified peptidase family S12 by retrieving MEROPS database. The family S12 contains
serine-type D-Ala-D-Ala carboxypeptidases which have three active site residues, Ser, Lys and Tyr,
in the motifs Ser-Xaa-Thr-Lys and Tyr-Xaa-Asn. These motifs were conserved in the amino acid

sequence of paenidase.



F=HLE E B E LA USRS
FHELGAT 12007411 H 1 H &RKT (A)IR4ART)
A A BRSO TR & LA m O — e & O BItR
F F . EfE W RIS, BERER, RILERE, Milrks”

(K H 2R air, *2urss it
[ H/] MR O ERIR B DOT 7 AT v —RE DA N AERFHINIC L VAL TV .
AWFZEO BE9IE, ERRESOEHEEO v FFAEICH T 2 AR EHIE & B2 EHE & o
HEEZHA LN THZETHSD.
[7iE] SRR D 11 BIEEOERREN (bbb, 7 vX—, ZTFufE, BvV—, =<
bh, BN, vva~vn, BOBEHS, FEXFE KR, KoAa®) ZEGRICKEL,
b hEH (k2 4, B3 L) ICBTAHEEN 2SS — e a2t Lzis sy
MPE S AT L CTEM LT, TTHERBRIEIC X 5 J1 R A & IR 2> & R D 7 g X 5
A —H L OBHEIZ OV T,
[FE5R] FBMIEONTZHROBIRCIEIENS, 4 ROCDENAREEEZ N, K
W92 TO I T HFE 2 OFETGRE S OEM IS 1T, JERERR IS & ORISR TEED
Ronizbon, Ry, < b, BEEOILIIIRFERN LB O LH D, B
7RI E CINFAPH 2 B DT 7 AF ¥ — % RETHOIFTH LW Z & 2oRB LT,

i
J&
{5
¥&

BRFE B TERRERFEMFE = T 7 LR

R A EYPT 0 2007 45 11 A 16 B, HRKRY: (BEHLSTRX)

B W (Aspergillus oryzae DNA k7 > ARV Crawler D¥ETEME & mRNA 5y
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[BRI] A. oryzae OSI1013 #E L W B2 S 7218 DNA 7 > AR Crawler %,
HRRE a8 6D B LR\ Vil T B 45 T Tl transposase ORF PN T? splicing <° poly(A)ff
MR XTEY | Crawler 81517 5 I35 D mRNA 75 FFENR AR LTV 5 2 E R 5 0
LipotzV, 22T, BIEICEIT D transposon HEETE M B HI AR O fEH 2 B A
Flix DA N VAFMHTICEB T DEEBIENEE Crawler mRNA 23 FFEER OBV OV TR
MraetT -7,

[k ERER] BB EELF | ZE 2T Cu OEmEA ML A% O3 LV total RNA
ZHH L., % RT-PCR 12X Y Crawler mRNA 53RO/ ZHIE LTz, T O, s
BIEENRO b5 Cu MHRXRLERAHEX O 541 TiE, A NV RABEO EFIZHEN
splicing <° poly(A)fF N & A R5e47emRNA 0 FHTEAD L, 4 %7 722 EmRNA
Do FRELENE LS 2o TNDHZ ENBO LN, F2, BEEMIZIEWSEEC L0 0b b
THBIEVELDMED LR BV VR, miRidt, HeO2, BIRUVICEDHA ML AT
34 2 7 bR mRNA O FRELLROENITRD Hivigino7z, 512, 0SI1013 £k
LR U IEMA Crawler %% =2 ¥ — CH T 5 RIB128 #15 L TV AOK139 £\ T4 Cu
BLOEIRA N U AL T TIEFEBROBSARBD Hiv, A L ALEC X D5 mRNA 77 FE
DB Crawler DEEBIEHEIZ SN D H O EHEE ST,

D/NAETR - 4, FRAEKRSEE, p190(2007)
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[#{#4, : Renin Inhibitor in Legumes.

%754 Saori Takahashi, Kazuyuki Hori, Masanori Kumagai, and Saburou Wakabayashi
(Akita Pref. Agric. Forest. & Fisher. Res. Cent.)

The RAS plays an essential role in blood pressure control in animals. ACE has been used as a target
enzyme in RAS for screening inhibitors because of its simple assay method; however, renin is a
rate-limiting enzyme in RAS, so it was not used because the measurement is very complicated.
Recently, we expressed recombinant (rh) human renin in Escherichia coli cells, refolded and
activated by trypsin. Using rh-renin as a target enzyme, we screened the renin inhibitory activity in
fermented soybean paste (miso) and found that soybean, the major ingredient of miso, had renin
inhibitory activity. In the present study, the effects of minor legume extracts on human renin activity
were investigated. All minor legume extracts showed renin inhibitory activity in this study. Minor
legumes can be divided into two groups, high renin inhibitory (Group 1) and low renin inhibitory
(Group 2) groups. Group 1 minor legumes include Vigna angularis, V. anguiculata subsp.
sesquipendalis, and Phascolus vulgaris. Group 2 minor legumes include P. coccineus var. albus, P.
coccineus, Lablab purpureus, Canavalia gladiata, Vicia faba, and Pisum sativum. This is the first
demonstration of renin inhibitory activity in minor legumes.
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i & 4 : Effects of lupeol on visceral fat weights and serum lipoprotein profiles in
high-fat diet fed mice

¢ #& # : OHiroki Sasakil, Satoru Kawarasakil, Mikiko Sugawaral, Keishi Hata®
('Skylight Biotech Inc., “Akita Research Institute for Food & Brewing)

Lupeol is widely distributed in plant kingdom, and the biological activities of lupeol

have attracted a great deal of attention. In the present study, we investigated the effects

of lupeol on lipid metabolisms in high-fat diet (HFD) fed mice.

The control and lupeol group was orally administered with saline and lupeol
(30mg/kg/day), respectively. No significant differences in the weights of body, liver and
epididymal adipose tissue in the mice of both groups were detected. However, the
mesenteric adipose tissue weights in lupeol group were significantly decreased when
compared with the control group. Serum triglyceride levels of total, VLDL, LDL and
cholesterol level in VLDL in lupeol group were markedly decreased when compared
with the control group. These results suggested that lupeol seems to be an effective
agent against metabolic syndrome by suppressing the increases in visceral adipose
tissue and serum VLDL level induced by HFD.
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[##H4, . Primary structure of novel D-aspartyl endopeptidase, paenidase,
from prokaryote.
K& : Satoru Nirasawal, Hotomitsu Kitaokal, Hideyuki Kobayashil, Saori Takahashi’
('National Food Res. Inst., *Inst. Food & Brewing, Akita Pref. Agric. Forest. & Fisher. Res.

Cent.)

IIET, —EOMBE OB DT XV BEOGFIET D 2 ENHMBLILTW M, I
A OARNICHEREO DT X VDT XV BEEA T DX X BT
ETHZENRHEINTND, EfEOIEL, FBlEMIEE Suc—[D-Asp]-pNA % T D-
TANT XU RRTTF X —VBAPER (Paenibacillus sp. B38HK) Z /BT 5 &
BT EFET HEFE A paenidase & L. EOME AL N L Vo AT~ 1.
paenidase O— WM& ZfEH L7, £, K%K paenidase | ODEE@J’WWMTD\ 68 & H
ETOT I BB ZRE LTz, DT, 45 PCRIZ X V15 54072 DNA B i O3 F A 1)
I L. paenidase ] 27 I JREAZHEE LT, EDOFER. #h paenidase I I
322 7 X VRN D Z & BEVEIR D N RN 7 a BlA D FTET D 2 E RS
Pl olz, DT, "ERY—HV—F & L7-EZ A, Fix D B -lactamase,
penicillin-binding protein & 35v~39960>$ﬁrﬂé£b§§>%> L RTIFHX—ET 7Y
—S12 (MEROPS) T3 I D Z & 3B & 2l &otoit\% EEAL D E T — 7
(Ser—Xaa—-Thr-Lys 3 £ O Tyr-Xaa—Asn) [¥fRfFFSN TV, 77 I U —S12 (21X D &
T BERERT AT TF A —ENELTEY ., paenidase @*%ﬁf%%ﬁ%ﬁ‘ﬁ%sﬁ%ﬁﬁﬁﬂﬁ"é
TR LR,

1) S. Takahashi ef al., J. Biochem. 139,197-202, 2006
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1#E4 : Expression of recombinant active human renin in Sf-9 cells.

FE £ ¢ Saori Takahashi!, Keishi Hata', Kazuyuki Hori!, Toshihiro Sugiyama® Ken—Ichi
Kikuchi®, and Takeshi Gotoh® (*Inst. Food & Brewing, Akita Pref. Agric. Forest.
& Fisher. Res. Cent., ZDept. Biochem. Akita Univ. School of Med., °*Dept.
Material Process Eng. & Appl. Chem. Environ.)

Renin [EC 3. 4. 23. 15] is a highly specific aspartic proteinase mainly synthesized in juxtaglomerular
cells in the kidney. The enzyme catalyzes the release of angiotensin I from angiotensinogen. This
conversion is the rate-limiting step in the renin-angiotensin- aldosterone cascade. Angiotensin I is an
inactive peptide activated by angiotensin converting enzyme. The produced angiotensin II directly
acts on arterial smooth muscle cells to maintain blood pressure and stimulate the synthesis and
release of aldosterone. The expression of rh-prorenin was first demonstrated in Escherichia coli cells.
The expressed rh-prorenin makes inclusion bodies and is hard to refold. Recently, we expressed
rh-prorenin in E. coli cells as a fusion protein with thioredoxin. The expressed rh-prorenin was
refolded by systematic dialysis and activated by trypsin. On the other hand, the expression of
rh-prorenin or —renin in mammalian and insect cells has also been reported. In these cases, major
secreted protein was inactive prorenin, and trypsin treatment was essential for the activation of
prorenin. In the present study, we expressed rh-renin in Sf9 cells and found that mature active renin
was accumulated in the late stage of cultivation. The rh-renin was purified after 5-day culture by two
steps of column chromatography. Approximately 0.61 mg of pure rh-renin was obtained from 200 ml
of culture medium with a yield of 35.3%. The concentration of mature renin in the medium was thus
estimated to be 8.7 mg/l. The k., and K, values of rh-renin for the synthetic substrate [ N-methy-
lanthranyl-Ile-His-Pro-Phe-His-Leu*Val-1le-Thr-His- Lys-2,4 d1n1tr0phenyl -D-Arg-D-Arg-NH, (*,
scissile peptide bond)]at pH 6.5 and at 37 °C were 833 5™ and 35.7 uM™, respectively. The ke and
calculated kclat/K values, 23.3 s uM™, were similar to those of CHO- expressed rh-renin (1550 s™
35.8 s uM™). Our paper demonstrates the potential for producing large quantities of mature rh- ren1n
in Sf-9 insect cells.
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B LTzt%, Brifkssh A X 512NZ T1X10° cells/ml & L, 28°C TR Lf:o

HT) 7rL=UB IO = RBUISDS-PAGE L U= A X7 ay ML oL
7oo L= U ARMERNE I3 E eV e A V-methy lanthrany 1 (Nma)—Ile—Hls—Pro—Phe—Hls—Leu*
Val-Ile-Thr-His-Lys—2, 4dinitrophenyl (Dnp) -D-Arg-D-Arg-NH2 % H\ > (% ; X7 F RfES
GIWrERAZ), 50 mM Y o ERFEMEE (pH 6.5), 0.1 M NaCl, 0.02% Tween 20, 0.02% NaN3 725
% % B SR BOS TR IR 2 37°C T30 434 & = X— b L7et%, bt &340 nm, JIE B K440 nm
CHOEIEE 2 RE L,

[R5 5 & B22] wIc, MOT =1, 10 pfu/cell THBZ NFan v A LA EEYeS L
& OMNE LR L OVEFAROZFE 2 MET L7z, MOI =1 pfu/cell OIGE, K% 2 HEET
ARSI L CTRE—EIZ2 D, 3 HELOAEFEMET LIZUH, MOI =10 pfu/
cell ITIRBWTIE, BIEMALE FEIFARNAS, EFERIT T A NV ARMEZ G T LG, 5 H
HIZ26%LA F & nTe, MEIC, vmRAZ T ay MZLA7r L =Bl L= 045K
FEERFI LI, EHHOMI ICBWTHER?2 HEAXL Y r L= 0NN, &
FRN 30%A T L2083 5 HEWQIZ B L= REaillk L L= BN LT, B
P DL = AR ON T, EH L OIS RICE O THEFEMET LIED HEND
L= UGN ERT DA R 5525, MOL =1 pfu/cell ([ZBIFHE#E 5 HEHDOL =
JEPEIE MOI =10pfu/cell IZHARTIFICRE LS ooz, THUE, BEMILEEOEWIZ X
HHbDEEZOBND, BUE, L= ERICE ST DB (PPE) OIEH A 1 = X AIZOW TR
FHTH D,



FRFERK  H 89 BIHARKFRRS
K E EHPT 2008453 A 18 A, HAUER (HAUHR)
W B FRRICIIT D GABA BUKEFEWE o Rl B i o> FEAM
WRE L Oex Ri— - FA—F ' KKHEE * - 508 ° kR Ee, ol R
TR, CRKmERRE (KK, ° AL
e
[BM] EERMOADHFIHEO—2 L L TR Z AW -y -7 X/ B S (GABA) DAEFE
HNEBEIN-S2oH Y, ZOAPEWE TA U2 EREOCH IR FELRD STV
%o NTIE GABA DIFWHEEFEM 2 ENHEINTEY , FX—k L D GABA M fFT 5
GABA HLEFE X, MBhAIE & L CEOBBEMAZTEHTE 2 iR L H D, Lo T, AilBR
TR, B A JROEE & 25 GABA RO 2 IR~ X ORISR 5 L. 2 Ofik}
MfEZ 735 2 & & L,
[H1E]  ARBRICTHWZ GABA BERKRIE DO — oL, K5y 2. 2%, HEAE 24. 4%,
RN 31.2%, MLMEHE 4.3%, HLJK% 8.1% & Y NFE29.8% T Y . GABA & A &I
14mg/g (1. 4%) Th o7, R [ GEHEG) K E U<, 4 EBERL L 72 = Jo 2 HERK (LWD)
EB QA AWz, RBRXIL, RO KBS &R 2 465 L 72 %P X (4 BH) K& O GABA
TEFRS % T IEC A A RN R U CHE B TR 15% (13. 6~16. 2%) UG 5 L 72 15%[X (4 §8)
D2 E Lz, ARERWIFIX, 2B (29.5 75 43.5 Hifip) & L7z, HERRRIE, aRBRII R A i
FURFEICCTHA L-, BBRT (BEHGS)  RBRKIE, filko RS R 2/ 5 LX)
FRIX, GABA #3EFRME 156% MUY 30% R 5K (16% X, 30%X) D 3 X & L7z, &K 4L
L, BB 15HEME1IHZ 1/ E LC 280/ CRIZE L7c, REBRWIIEL, 6 B (50. 1765 92. 1
i) & Lz, BB KO TIZEWT, RE, —HHEEEDC), fEHERE, fBiERE,
1fiLHY GABA R 2 A L 72,
[FEHR]  HBRI T 15%XKI%, KE, DG, FRHERE &K O R ITV T b kR X
LRI%ETHY, BIFRREE R LT, £o, BBRI O 15%XI%, 3ABR1 LRk, B4R
HHEHERLE, L, 30%XI%, RFRXIZHRT D6 BAHEREIZIKT L (P0.05), #BR#& T
R TIRRE DD IRWMEIANZ & o 7o, SIEHEERRIL, KETEITAONRN-T2h, 30% K
OETEHERRIL, TR LN 15% KIZHA_TH 2 MEIZ S o 7, 1 GABA JREEIX, RFF
SR 15% S Y 30% & ¥EINT 214 - T EH-9 28203 /L Hav, 30% X Ifi.H GABA Ji £ 1%,
KRR E721F 15% KIS T, AREICEL 2272 (P<0.05), LLEX Y, GABA BLiEFEIC X
HREENENGE ., FEHERERD I O FIROFEER T 2 < ATRMED & 5 2%, GABA
TEREOMERET EITE . 5% INUEHEG CIIRERBEE Cho72 2 &nh, GABA H
EEREOBKAEEIEM & L CoOFMMENRB I, 5%I%. &6 T 5 GABA DL
REMEDRRFT BTV, BIRAEEHZ 1T 5 GABA BUEFRIE ORI L% LT 5,



HRFE 2008 FE A ARE/LFEERE

FFH LT 0 2008 423 H 28 H. AIRKT (B4 A ET)

A - MK D-7 AT X U v RXTF 4 —F (Paenidase) D — K i

TR AERNE. ALRIAE, IRFBIT RO - BR0E) SiEHk GBK IR EMOKE
ot - et

[B60] 4, WO ARNICHEED DALY I Ve DRIT X Ve EHT 24 5
BOFETHZENRHEIN TS, @fEbIx, FillA RIS Suc-[D-Aspl-pNA % T
D-7ANRTG X U RXTF X —BAPER (Paenibacillus sp. B38 1) % /B4 2% & &
HIZ EPET D% % paenidase &g L, EOMWEZH 50 L7z (Takahashi etal, J.
Biochem. 139(2), 197-202, 2006), 4 [aF % 1X, paenidase O — A& & fiF#] L7z,

[FiEB LO%ER] & PCR 12X V1554072 DNA Wl O HEY| % P E L, paenidase
[ OET X BESNEHEE LTz, ZOfE5., i paenidase [ 13 322 7 3 / Rk D 72
52 L RAGEEO N KGNS 7 e BB FET D 2 LB LN o7z, DEIC, RE
nY—H—F% Lzl A, fix D Blactamase & 35~39% DMHFEMENRH D Z &, X
FH =77 IV —812 (MEROPS) 23 SND Z LW LNIR-T, 77 I —S12
WX DMWY XV BERHT 5T T X —ENE L TH Y, paenidase DAEEEREFH B % fiF
B4 % L TRAEBBRZRV,

HRFE 2008 FE A ARE/LFEERE

FFH LA 20084 3 A 28 H. AWK (M4 HET)

A - MEGERCR L = VEWEIC OV T

TR EERR. 2. RRRBHI. AR BKEIREMOKER - B

[H] L=3, L= - TUFFT vy - 70 RAT 1 o RRASICET 2 L
b, FEEER & L TEOKREIZH TS, ZHvE T, RAS OFfiZz B L CIEMERIED
RGBT o XAT v VEMRER X — Sy b & LTe R MRS E OBRE 13 T T
El, L LAanb, Wikl = HEMEOBRRKRICE L TR, Fx ORTELHIEH K
L= U IHEWE OMFFELISN, Fh EHEITE, £ 2T, ARUFIE TIIREREAEAZ RS /D
FRTY RUR TR RO L = U LEWEIC OV TR LT,

[FiEE#ER] A7V —=v7Hobe FL=uiF, KGR CTRBELEEZRELEZE, MUY
UK ORI L A BEFE A W, =I5 L. Nma-lle-His-Pro-Phe-
His-Leu-Val-Ile-Thr-His-Lys-(Dnp)-NHs 2 58 & U728 GHEGEIC X D HIE Lz, MEEIE
I, KK L72%, A— M Lb—TWRBE L, 2% I — Tk - i L, =
O EEZBEI Uz, BiEZ ODS U 7 MMIWAE L, A &% 7 — Vsl oy & [LERE IV,
AE 1 SFEEOM TR EHWTE ML= 5O EEZREFT LT, ZORE, Hniz
MR O R TICHE 2RO, o, BEFRENSHUBIZ2HICRIISD Z L
BRESNT,
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