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11. The Pacific Rim Summit On Industry and Bioenergy
2008 9 10 Vancouver, Canada
Production of bioethanol with novel two-step fermentation system using
Saccharomyces cerevisiae and Pichia stipitis from cellulosic biomass.
Sho Shindo

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.
Lignocellulosic biomass sources, such as agricultural and forestry residues, the major portion of
municipal solid waste, and ultimately energy crops, have the potential to act feedstock for the
sustainable production of organic liquid fuels. 7.6 million ton of forest residues were generated
every year in Japan. It is thus environmentally and economically significant to consider the
production of ethanol using forest residues. If forest residues could be efficiently used as raw
materials for the production of bioethanol, a considerable reduction in costs would be possible. In
addition, little fossil energy would be required in the overall cycle of cellulosics production,
bioethanol manufacture, and ethanol consumption, and limited, if any, net release of carbon
dioxide would result. Although the discovery of xylose-fermenting yeasts has enhanced interest
in the microbial conversion of renewable lignocellulosic resources to ethanol, various problems
occurred in the development of an efficient fermentation: the main problem is that these yeast
strains exhibit low ethanol-tolerance and low ethanol productivities from xylose, compared to
those obtained from D-glucose with other microorganism. We reported that the novel bioethanol
production system using immobilized Saccharomyces cerevisiae and Pichia stipitis from spent
grain. However, it was difficult to produce the high concentration of ethanol because of low
ethanol-tolerance of Pichia stipitis. To improve the efficiency of xylose fermentation, it is
necessary to remove the ethanol from fermentation broth. = We developed the novel ethanol
production system using S. cerevisiae and P. stipitis from a mixture of glucose and xylose. Firstly,
mixture of glucose and xylose was fermented by S. cerevisiae. When glucose was converted
ethanol completely, the fermented broth was treated by gas-stripping method using CO; gas in
order to remove the ethanol. Secondly, the treated broth was fermented by P. Stipitis. When
two-step fermentation system was cried out using a mixture of 13 g/ L of glucose and 6 g/L of
xylose, 6.1 g/L of ethanol was produced from glucose by S. cerevisiae. In this case, theoretical
yield was 92%. Furthermore, 2.4g/L of ethanol was produced from xylose by P. Stipitis. In this
case, theoretical yield was 72%. Finally, 8.5 g/ L of bioethanol was obtained from a mixture of
13 g/ L of glucose and 6 g/L of xylose. Furthermore, 2g of bioethanol was obtained from 35g of
bagasse when the bioethanol production was done using two-step bioethanol production system
from bagasse hydrolysate.
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Processing of recombinant human prorenin expressed in Sf-9 cells

Saori_Takahashi®, Hirono Awa? Satoru Nirasawa®, Kazuyuki Hiwatashi?,
Ken-Ichi Kikuchi’, and Takeshi Gotoh* (*Institute for Food and Brewing, Akita
Prefectural Agriculture, Forestry, and Fisheries Research Center, 4-26 Sanuki,
Arayamachi, Akita, 010-1623 Japan, “Department of Materials-Process Engineering
and Applied Chemistry for Environments, Akita University, 1-1 Tegata Gakuen-Cho,
Akita, 010-8502, Japan, *National Food Research Institute, 2-1-12, Kannondai, Tsukuba,
Ibaraki, 305-8642 Japan, ‘Department of Engineering in Applied Chemistry, Akita
University, 1-1 Tegata Gakuen-Cho, Akita, 010-8502, Japan)

Renin-angiotensin system (RAS) is one of the most important blood control system in
mammals. Renin is a highly specific aspartic proteinase mainly synthesized juxtaglomerular cells
in the kidney cortex and released into the circulation by several stimuli. Renin catalyzes the
liberation of decapitide angiotensin | from plasma substrate angiotensinogen. The produced
angiotensin | is an inactive peptide and activated by angiotensin converting enzyme. The enzyme
cleaves C-terminus dipeptide from angiotensin | to produce active octapeptide peptide angiotensin
I1. The produced angiotensin 11 raises blood pressure by vasoconstriction as well as stimulation of
the synthesis and release of aldosterone. Thus, renin is a key enzyme of RAS.

The expression of recombinant human (rh) renin 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,
expressions of rh-prorenin in mammalian cells have also been reported. In these cases, major
secreted protein was inactive prorenin and trypsin activation was essential for mature renin.

In the present study, we expressed rh-renin in insect Sf-9 cells by baculovirus system and
found that active renin was accumulated in the very late stage of cultivation. The rh-renin was
purified by 3-step column chromatographies including pepstatin-amino hexyl Sepharose column.
The purified preparation showed a single protein band on SDS-PAGE with the apparent molecular
of 40,000. The N-terminal sequence of the purified rh-renin (L-G-X-T-T-S-S-V-1-L-) was agreed
with the N-terminal sequence from +3 to +12 of mature human renin. These data indicate that
baculovirus infected Sf-9 cells contain unidentified prorenin processing enzyme (PPE). To
monitor the PPE activity, we synthesized novel fluorogenic quenching substrate for PPE
[Nma-L-T*L- G-N-K(Dnp)rr-NH2 (*, scissile peptide bond; r, D-Arg)] from the cleavage site of
rh-prorenin expressed in Sf-9 cells. PPE activity appeared in the culture medium concomitant
with the appearance of active renin. The PPE activity was inhibited by cysteine protease inhibitor
such as NEM, leupeptin, and E-64. These results indicate that rh-prorenin expressed in Sf-9 cells
processes to mature renin by novel cysteine proteinase PPE.
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Human renin inhibitory activity in miso, soybean, and minor legumes.
o Saori Takahashi!, Kazuyuki Hori', Hironobu Ogasawara', Masanori
Kumagai®, Takayuki Watanabe®, and Takeshi Gotoh? (*Institute for Food and
Brewing, Akita Prefectural Agriculture, Forestry, and Fisheries Research Center,
’Department of Engineering in Applied Chemistry, Akita University)

Renin catalyzes the liberation of angiotensin |1 (Al) from angiotensinogen. Angiotensin
converting enzyme (ACE) cleaves C-terminus dipeptide from Al to produce active peptide
angiotensin 11 (All). All raises blood pressure by vasoconstriction as well as stimulation of the
synthesis and release of aldosterone. Thus, renin is a key enzyme of RAS. ACE has been used as a
target enzyme in RAS for screening inhibitors 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. In
the present study, we expressed recombinant human renin in Escherichia coli cells, refolded and
activated by trypsin. Using the recombinant human 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. Moreover, the effects of minor legume (legumes
except soybean and peanut) extracts on human renin activity were investigated. We used 15 minor
legumes including 6 genera and found that they had renin inhibitory activity. Partial clustering
analysis of the inhibitory data showed that minor legumes could be classified into two groups
according to their renin inhibitory activity.
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EFFECTS OF LUPEOL ON MELANOMA IN VITRO AND IN VIVO
Keishi Hata Kikumi Oglhara Saori Takahashi', Takeshi Tsuka®, Saburo
Minami®, #°, Yoshiharu Okamoto®
1Instltute for Food & Brewmg Akita Prefectural Agrlcultural Forestry, and Fisheries Research
Center, “Department of Pathology, Azabu University, *Department of Veterinary Clinical
Medicine, School of Veterinary Medicine, Faculty of Agriculture, Tottori University

Lupeol, a lupane triterpene, is widely distributed in plant kingdom, and recently found to
suppress the tumor progressions in vitro and in vivo. We previously demonstrated that lupeol
induced mouse melanoma cell differentiation. In the present study, we evaluated the inhibitory
effect of lupeol on melanoma cell migration in vitro, and examined the clinical effects of lupeol
on dogs with spontaneous melanoma.

Lupeol induced the dendrite formations of B16 2F2 mouse melanoma cells by disruption of
stress fiber assembly. It has been reported that disruptions in actin fiber assembly are involved in
cancer cell motility and invasion. Therefore, we investigated the effect of lupeol on B16 2F2 cell
motility in a cell migration assay. As the results, lupeol markedly inhibited the haptotaxis of B16
2F2 cells to fibronectin in a dose-dependent manner. Additionally, lupeol strongly inhibited the
migration of human melanoma and neuroblastoma cells, and weakly suppressed the migration of
lung adenocarcinoma cells. These results suggested that lupeol selectively suppressed the
migration of melanoma and neuroblastoma cells. Furthermore, we examined the clinical effects of
lupeol on the dogs with spontaneous melanoma. The repeat treatments with lupeol took some
actions on 6 cases of 7 dogs with malignant melanomas. Especially, lupeol seemed to be more
effective against the melanomas metastasizing to mandibular lymph nodes than those at primary
sites
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Analysis of lipoprotein profiles in culture medium of hepatoma cells by
LlpoSEARCH® in vitro system for screenlng anti- hyperllpldemlc drug
Mizuho Itoh!, Yukie Abe’, Yuka Iwama Fumiko Klmura I\/Iayuml Satho?,
I\/Iayuml Shoji*, Junichiro Takahashl Gen Toshima®, Hiroki Sasaki’, Keishi
Hata®
Skylight Biotech Inc., %Institute for Food & Brewing, Akita Prefectural Agricultural,
Forestry, and Fisheries Research Center

The determinations of serum triglyceride (TG) and cholesterol levels are important in the study and cure
of hyperlipidemia. We previously developed the determination system of serum TG and cholesterol
concentrations after the separation into major and/or minor classes of lipoproteins by HPLC system
(LipoSEARCH®). In the present study, we examined the lipoprotein profiles in culture medium of HepG2
human hepatoma cells, and the effects of anti-hyperlipidemic drugs on the lipid biosynthesis of the cells.

Lipoptoteins (VLDL, LDL and HDL) in the culture media were separated on a gel permeation HPLC
system, and the effluents were continuously monitored after an online enzymatic reaction for TG and for
cholesterol. TG and cholesterol concentrations in lipoproteins were calculated using our own computer
program.

Total TG contents in culture medium of HepG2 cells increased approximately 2.2 folds for 4 days;
however the levels of cholesterol were constant. We studied the effects of anti-hyperlipidemia drugs, on
the TG and cholesterol releases from HepG2 cells. Simvastatin, selectively inhibited the cholesterol
release from cells. Fenofibrate, which is known to suppress the TG and cholesterol synthesis in vivo,
reduced TG and cholesterol levels in the culture medium of HepG2 cells. These findings revealed that and
TG and cholesterol in 3 major classes of lipoproteins from HepG2 cells were determinable by
LipoSEARCH®, and this system is useful tool for screening the anti-hyperlipidemic compound.
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Functional expression of bacterial D-aspartyl endopeptidase (paenidase)
in Escherichia coli
o Satoru Nirasawa’, Mika Saito’, Motomitsu Kitaoka', Saori Takahashi?
'National Food Research Institute, Tsukuba, *Institute for Food and Brewing,
Akita Prefectural Agriculture, Forestry, and Fisheries Research Center

Paenidase is the first microorganism-derived D-aspartyl endopeptidase that specifically recognizes an
internal D-Asp residue to cleave [D-Asp]-X peptide bondsY. In this study, the whole gene of paenidase
precursor was cloned by PCR and expressed in E. coli to investigate the structure and function of the
enzyme. The unknown sequence of the paenidase precursor gene was obtained by thermal asymmetric
interlaced PCR (TAIL-PCR). Nucleotide sequencing of the amplified fragments revealed that the
paenidase precursor was consisted of 322 amino acid residues of the mature region and 197 amino acid
residues of the N-terminal extension peptide. Although amino acid sequence similarity was confirmed
between the mature region of paenidase and several penicillin binding proteins (PBP), no sequence
similarity was found in the N-terminal extension peptide based on a BLAST database search. E. coli
transformed by plasmid coding the paenidase precursor or mature paenidase produced the proteins as
soluble form and the suc-[D-Asp]-MCA-hydrolysis activity was detected. In addition, obtained enzymes
also hydrolyzed suc-[D-Asp]-pNA but not suc-[D-Ala]-pNA, suc-[D-Leu]-pNA and suc-[D-Glu]-pNA.
Moreover, several mutants for the putative active site redidues (Ser, Lys and Tyr) of the paenidase were
constructed and expressed in E. coli cells, whereas they showed no peptidase activity. CD and
fluorescence spectra of the mutants were identical with those of the wild type. These results indicate that
these residues of the paenidase are essential for the enzyme activity. 1) S. Takahashi et al., J. Biochem.
139,197-202, 2006.
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Prorenin processmg enzyme in baculowrus infected Sf-9 cells.
o Hirono AWA', Takeshi GOTOH Ken-Ichi KIKUCHI?, Satoru NIRASAWA?,
and Saori TAKAHASHI* Department of Materials-Process Englneerlng and
Applied Chemistry for Environments, Akita Unlver5|ty ’Department of
Englneerlng in Applied Chemistry, Akita University, *National Food Research
Institute, “Institue for Food and Brewing, Akita Prefectural Agricultural,
Forestry, and Fisheries

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 | from
angiotensinogen, which is important for the regulation of blood pressure and electrolyte balance.
We have reported that inactive recombinant human (rh) prorenin was expressed and intrinsically
processed to mature active rh-renin in the very late stage of cultivation, when Sf-9 cells were
infected with recombinant baculovirus (vhpR) that has human preprorenin cDNA fused into the
polyhedrin gene®. In the present study, we examined a prorenin processing enzyme (PPE) that
would be respon5|ble for the processing by using a novel fluorescence-quenching substrate,
Nma-Leu-Thr*Leu-Gly- Asn-Lys(Dnp)-[D-Arg]-[D-Arg]-NH- (*, scissile peptide band), that was
designed on the basis of the N-terminal amino acid sequence of the purified rh-renin. In
vhpR-infected Sf-9 cultures at MOls of 1 and 10 pfu/cell, the PPE activity that was negligible in
the early-to-late stage of the cultivation began to increase at 4 days post infection (dpi) and
reached the maximum at 5 dpi, coinciding with the generation of active rh-renin that was
determined by Western blot analysis and renin assay. The PPE activity was inhibited by luepeptin
and E-64. On the other hand, pepstatin A, DFP and EDTA had no effect on PPE activity. These
results indicate that PPE is classified into the cysteine protease family. The purification and
characterization of PPE are now in progress.

1) S. Takahashi et al., Biosci. Biotechnol. Biochem., 71 (10), 2610-2613, 2007.
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Effects of stress stimuli on transposability and post-transcriptional
modifications of mMRNAs from DNA transposon Crawler in Aspergillus
oryzae.
leonobu Ogasawara’, Yoji Hata?, Saori Takahashi', and Katsuya Gomi®
! Institute for Food and Brewing, Akita Pref. Agric. Forest. and Fish. Res.
Center, Aklta Japan. 2 Research Institute, Gekkeikan Sake Co. Ltd., Kyoto,
Japan. ® Graduate School of Agricultural Science, Tohoku Unlversny Sendai,
Japan.

An active DNA transposon Crawler isolated from the genome of industrially important fungus
Aspergillus oryzae transposes under extreme stress conditions. The mRNA analysis of Crawler
in the conidia revealed that cryptic splicing and premature polyadenylation of the mRNA occurred
in the normal culture condition. In the present study, we analyzed the relationship between
transposition events and proportional change in post-transcriptional modifications of the Crawler
MRNA by RT-qPCR under various stress stimuli. These results suggested that
post-transcriptional regulation for Crawler tends to be inhibited by stress treatment of CuSQO4
and heat shock, which stimulated the transposition events in conidia allowing the full-length and
actlve transposase to be produced. Even extreme stress such as UV, H,O, or metal ions except
Cu?* could not lead to the transposition of Crawler resulting from insufficient changes for mature
MRNA molecules. Moreover the effects of stress stimuli inducing the transposition events of
Crawler on the splicing for several genes responsible for metabolism, cellular structure or RNA
processing were also examined to understand the control mechanism against the active
transposon.
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Lupane triterpenes with a carbonyl group at C-20 induce cancer cell
apoptosis.
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Effects of lupeol on visceral fat weight and serum lipoprotein profile in
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Inhibitory effects of lupeol on 3T3-L1 preadipocyte differentiation.
Keishi Hata, Kazuyuki Hiwatashi, Mizuho Itoh, Nao Suzuki, Takayuki
Watanabe, Junichiro Takahashi, and Hiroki Sasaki
Phytochemistry Letters, 1(4), 191-194, 2008
2008 11 24

Isolation of human renin inhibitor from soybean: Soyasaponin 1 is
the novel human renin inhibitor in soybean.
Saori Takahashi, Kazuyuki Hori, Mamoru Shinbo, Kazuyuki
Hiwatashi, Takeshi Gotoh, and Seihan Yamada
Biosci. Biotechnol. Biochem., 72(12), 3232-3236, 2008
2008 12 23

Expression and in situ processing of human prorenin to active renin
in baculovirus-infected Sf-9 insect cell cultures under several
infective conditions.

Takeshi Gotoh, Hirono Awa, Ken-Ichi Kikuchi, and Saori Takahashi

Biochemical Engineering Journal, 43, 216-220, 2009
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3. Effects of lupeol on visceral fat weight and serum lipoprotein profile
in high-fat diet fed mice.
Hiroki Sasaki, Satoru Kawarasaki, Mikiko Sugawara, and Keishi Hata
J. Clin. Biochem. Nutr., 43 Suppl. 1, 422-424, 2008
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(N-Acetyl-D-glucosamine 2-epimerase: Effects of nucleotides
on the structure and enzyme activity)

Chitin and Chitosan Research, 14(2), 45-53, 2008
2008 8 1

N-Acetyl-D-glucosamine 2-epimerase (GIcNAc 2-EP) catalyzes the conversion
between GIcNAc and N-acetyl-D-monoamine. The enzyme has long been studied as
the endogenous renin inhibitor, renin binding protein (RnBP). Recently, RnBP was
identified as the enzyme GIcNAc 2-EP. In this review describes the effects of
nucleotides on the function of GIcNAc 2-EP and the interaction of renin with GIcNAc
2-EP, RnBP.
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Watanabe, Junichiro Takahashi, and Hiroki Sasaki
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8. Isolation of human renin inhibitor from soybean: Soyasaponin | is
the novel human renin inhibitor in soybean.
Saori Takahashi, Kazuyuki Hori, Mamoru Shinbo, Kazuyuki Hiwatashi,
Takeshi Gotoh, and Seihan Yamada
Biosci. Biotechnol. Biochem., 72(12), 3232-3236, 2008
2008 12 23

We found human renin inhibitory activity in soybean and isolated the active
compound, soybean renin inhibitor (SRI). Physico-chemical data on the isolated SRI
were identical with those of soyasaponin 1. SRI showed significant inhibition against
recombinant human renin, with an ICsy value of 30 pg/ml. Kinetic studies with SRI
indicated partial noncompetitive inhibition, with a K;value of 37.5 uM. On the other
hand, SRI weakly inhibited pepsin, papain, and bromeline activities and did not inhibit
other proteinase such as trypsin, kallikrein, angiotensin converting enzyme, and
aminopeptidase M. Moreover, a significant (p<0.05) decrease in systolic blood
pressure of spontaneously hypertensive rats was observed when partially purified SRI
was orally administrated at 40 mg/ kg/day for 7 weeks. This is the first demonstration
of renin inhibitor from soybean, soyasaponin I.



0. Expression and in situ processing of human prorenin to active renin
in baculovirus-infected Sf-9 insect cell cultures under several
infective conditions.

Takeshi Gotoh, Hirono Awa, Ken-Ichi Kikuchi, and Saori Takahashi
Biochemical Engineering Journal, 43, 216-220, 2009
Online publication, 2008 12 23

In the baculovirus expression vector system, intrinsic proteases concomitantly
produced by infected insect cells have been generally regarded as a defect, because they
sometimes degrade expressed recombinant proteins and decrease the productivity. The
present study successfully used the proteolysis to generate active recombinant human-
(rh) renin after the expression of inactive rh-prorenin. Sf-9 insect cells were infected
with recombinant baculoviruses having human preprorenin cDNA in the site of
polyhedron gene at several MOls. At any MOIs, rh-prorenin was expressed in a late
phase of infective cultures and processed to active rh-renin in a very late phase. The
maximum volumetric yield of active rh-renin was obtained at a MOI of 1 pfu/cell. The
protease activity was examined with an internally-quenched fluorogenic substrate newly
designed for the processing. The generation of rh-renin was coincided with a
considerable increase in a protease activity that was classified into the cystein protease
family, and significantly suppressed by supplementing the culture medium with
leupeptin, a cystein protease inhibitor. This suggested that the cystein protease was
responsible to the processing of rh-prorenin to rh-renin.
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