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Abstract Hydrolysis of isoflavone glycosides by Bacillus
subtilis natto NTU-18 in black soymilk is reported. At the
concentration of 3-5% (w/v), black soymilk in flask
cultures, the isoflavones, daidzin, and genistin were highly
deglycosylated within 24 h. Deglycosylation of isoflavones
was further carried out in a 7-1 fermenter with 5% black
soymilk. During the fermentation, viable cells increased
from 10° to 10° CFU ml™' in 15 h, and the activity of
[3-glucosidase appeared at 8 h after inoculation and reached
a maximum (3.3 U/ml) at 12 h, then decreased rapidly.
Deglycosylation of isoflavone glycosides was observed at
the same period, the deglycosylation rate of daidzin and
genistin at 24 h was 100 and 75%, respectively. It is
significantly higher than the previous reports of fermenta-
tion with lactic acid bacteria. In accordance with the
deglycosylation of isoflavone glycosides, the estrogenic
activity of the 24 h fermented black soymilk for ERf3
estrogen receptor increased to threefold; meanwhile, the
fermented broth activated ER« estrogen receptor to a less
extent than ER(3. These results suggest that this fermenta-
tion effectively hydrolyzed the glycosides from isoflavone
in black soymilk and the fermented black soymilk has the
potential to be applied to selective estrogen receptor
modulator products.
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Introduction

Among the foods consumed by humans, soybeans contain
the highest concentration of isoflavones. These soy iso-
flavones (e.g., daidzein and genistein) are implicated in some
health-enhancing properties such as the prevention of certain
cancers (Cappelletti et al. 2000; Miura et al. 2002;
Ravindranath et al. 2004), lowering the risk of cardiovascu-
lar diseases (Anthony et al. 1996; Goodman-Gruen and
Kritz-Silverstein 2001), and an improvement of bone health
(Cotter and Cashman 2003; Weaver and Cheong 2005).
Black soybean [Glycine max (L.) Merrill], a variety type of
soybean with a black seed coat, has been widely utilized as
a tonic food and material in oriental medicine for hundreds
of years. The black pigmentation is due to accumulation of
anthocyanins in the seed coat (Choung et al. 2001) and leads
to various black soybean pharmaceutical effects. Black
soybeans also have a stronger inhibitory effect against
LDL oxidation than yellow soybeans and this effect is
dependent on the total polyphenol content in its seed coat
(Takahashi et al. 2005). Reported biological functions of
black soybean include antiviral (Yamai et al. 2003),
antitumor (Liao et al. 2001), and radical-scavenging activity
(Takahata et al. 2001).

Numerous studies have revealed that the biological
effects of isoflavone are not due to the glycosides form
but instead are mainly from their aglycones, such as
daidzein and genistein (Kawakami et al. 2005; Hendrich
2002). However, most of isoflavones in nature food
materials existed as a glycosylated form and cannot be
easily absorbed in the intestines (Kawakami et al. 2005;
Izumi et al. 2000). It has been demonstrated that in human,
isoflavone aglycones are absorbed faster and in greater
amounts than their glycosides (Izumi et al. 2000) because
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when soy foods are consumed, the soy isoflavones are
converted to their aglycones by enteric bacteria (Xu et al.
1995). It has also been revealed that isoflavone aglycones
are abundant in fermented soy products such as miso, natto,
and tempeh, and they are produced by Saccharomyces
rouxii, Bacillus subtilis natto (Ibe et al. 2001; Toda et al.
1999), and Rhizopus oligosporus, respectively. Ibe et al.
(2001) proved that B. subtilis natto possesses [3-glucosidase
with the ability to hydrolyze isoflavone glucoside in flask
cultures. To establish a microbial process for deglycosyla-
tion of isoflavones is thought to be an effective pathway for
supply of isoflavone aglycones. To promote the utilization
of black soybean, B. subtilis natto NTU-18 possesses high
[3-glucosidase activity screened by our lab was used to
ferment with this material. Deglycosylation of isoflavone
glycosides by B. subtilis natto NTU-18 in black soymilk is
performed in jar-fermenter cultures and the changes of
estrogenic activity of the fermented black soymilk are
reported.

Materials and methods
Chemicals

Genistein, daidzein, genistin, daidzin, p-nitrophenol, p-
nitrophenyl phosphate, L-homoarginine, diethanolamine,
and p-nitrophenyl-f3-D-glucoside were purchased from
Sigma Chemical (St. Louis, MO, USA). Liquid chroma-
tography (LC) grade acetonitrile was purchased from
Merck (Darmstadt, Germany). Nutrient broth (NB) and
Bacto-agar were purchased from Difco (Detroit, MI, USA).
Reagent grade absolute alcohol was purchased from Merck
(Darmstadt, Germany).

Microorganism

A high (-glucosidase activity strain, B. subtilis natto NTU-
18, was isolated from the commercial product for hydroly-
sis of isoflavone glycosides study. The strain is maintained
and subcultured on NB slant at 4 °C.

Hydrolysis of isoflavone glycosides by fermentation

The black soybeans [Glycine max (L.) Merr.] (Tainan
NO.3) were purchased from Shiuejia artel (Tainan, Taiwan).
The black soybeans were milled with a grinder (CP-75 S,
Ladyship, Kaohsiung, Taiwan) and the meal was used for
black soymilk preparation. Seed culture of B. subtilis natto
NTU-18 was prepared by transferring a loop of bacteria from
the NB slant into a 500-ml Hinton flask containing 100 ml of
NB medium. It was then cultured in shaker at 37 °C, 125 rpm
for 12 h. After that, the broth was transferred for further

cultures. Scale-up cultures were performed in a 7-1 fermenter
(BioFlo 110 Modular Benchtop Fermentor, New Brunswick
Scientific, NJ, USA) and the initial working volume was 5 1
of 5% (w/v) black soymilk (250 g of black soybean powder
in 5 1 H,O). The aeration rate was 1.0 v.v.m., agitation
speed was 800 rpm and the temperature was 37 °C. The
deglycosylation rate of the four isoflavone glycosides was
defined as, (increased molarity of the isoflavone aglycone/
the initial molarity of the corresponding isoflavone glyco-
nes) x100%.

Extraction of isoflavones

The extraction of isoflavones was based on the work of
Rostagno et al. (2003). Briefly, 1.0 ml of 50% EtOH was
added to the lyophilized powder of 1.0 ml fermented broth
and then incubated in an ultrasonic bath at 60 °C for
30 min. After that, the mixture was centrifuged at 15,000xg
for 5 min, and the supernatant was filtered through a 0.45-
um filter for the quantification of isoflavones using high-
performance liquid chromatography (HPLC).

Analysis of isoflavones

HPLC analysis of isoflavones was based on the work of
Wang and Murphy (1994). The HPLC system was
consisted of a Shimadzu SCL-10Avp system controller,
two Shimadzu LC-10ATvp liquid chromatograph pumps,
and a Shimadzu SPD-M10Avp photodiode array detector.
A Develosil ODS-5 column, 250 mm with 4.6 mm packing,
was used. A linear HPLC gradient was composed of 0.1%
(v/v) glacial acetic acid in H,O (solvent A) and 80% (v/v)
acetonitrile in 0.1% (v/v) glacial acetic acid water solution
(solvent B). After the injection of 20 pl sample, solvent B
was increased from 15 to 35% more than 30 min, and then
returned to 15% for 10 min. The solvent flow rate was
1.0 ml min~". Elution was monitored by UV absorbance at
262 nm, and the spectral data from 190-800 nm were
recorded over the time of the run on all samples. Peak areas
were integrated for quantification. Isoflavones (daidzin,
genistin, daidzein, and genistein) were identified by
comparison of the HPLC retention time and the UV spectra
of the authentic compounds. The isoflavone concentration
of the samples was calculated by interpolation of the
calibration curves prepared by various concentrations of the
isoflavone standards.

Assay of 3-glucosidase activity
The (-glucosidase activity was monitored throughout the
fermentation process. The assay of {3-glucosidase activity

was modified from Choi et al. (2002). One milliliter of
culture broth was centrifuged at 15,000xg for 5 min, then
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the supernatant was discarded and the cell pellet was
washed with sodium phosphate buffer (pH 7.0). The cell
pellet was resuspended in 0.5 ml of sodium phosphate
buffer (pH 7.0) containing 5 mM p-nitrophenyl-{3-D-
glucoside (PNPQG) and incubated at 37 °C for 20 min. The
reaction was stopped by addition of 0.5 ml 2 M Na,CO;
and centrifuged at 15,000xg for 5 min. This reaction
supernatant was measured for the absorption at 405 nm.
The standard curve was prepared by measuring Ajos of
various concentrations of p-nitrophenol, and the amount of
p-nitrophenol produced in the reaction was calculated by
interpolation A4ys to the standard curve. A unit of enzyme
activity was defined as the amount of enzyme that would
liberate 1 pmol p-nitrophenol per minute.

Estrogenic activity assay

The transcriptional activation on estrogen receptor of the
fermented black soymilk was examined by a transactivation
assay in which a chimeric vectors carrying a chimeric
receptor (with the ligand binding domain of the ER and the
DNA-binding domain of the yeast transcription factor Gal4)
construct and a Gal4-regulated reporter gene consisting of
an alkaline phosphatase gene regulated by a basal promoter
and four tandem Gal4 response elements construct. These
were transiently cotransfected into CHO-K1 cells. CHO-K 1
cells (American Type Culture Collection, Rockville, MD,
USA) were grown at 37 °C in a 5% CO, atmosphere in
Ham’s F-12 medium supplemented with 10% fetal bovine
serum (Gibco BRL, Rockville, MD, USA). At near
confluence, cells were removed with trypsin-EDTA, seeded
at a density of 2.5x10% cells/well into 96-well plates, and
were then incubated at 37 °C for 24 h, 5% CO,. The
chimeric receptor constructs were pBK-CMV-Gal4-hER -
ligand-binding domain (Gal4-hERxLBD) and the
pBK-CMV-Gal4-hER f3-ligand-binding domain (Gal4-
hERBLBD), respectively. The vectors containing reporter
gene was pBK-CMV-(UAS),-tk-alkaline phosphatase (AP)
obtained from Dr. J.-A. Gustaffson, Department of Medical
Nutrition, Karolinska Institute, Huddinge, Sweden. The
correct in-frame fusions were confirmed by DNA sequencing.
Using Lipofectamine 2000 (Gibco BRL) according to the
manufacturer’s instruction, CHO-K1 cells were transfected
with 0.3 pg of the chimeric receptor construct pPBK-CMV-
Gal4-hER« (or 3), and pPBK-CMV-(UAS)4-tk-alkaline phos-
phatase (AP) (4:1 or 5:1) in 100 pl serum-free medium
OPTI-MEM (Gibco BRL) containing 1 pl lipofectamine
per well. After 5 h, the medium was changed to Ham’s F-12
medium containing 10% serum replacement and vehicle
(ethanol or DMSO), 1 nM 173-estradiol (E,) or appropriate
concentration of samples. The procedure of transactivation
was based on the report of Chao and Huang (2003). One
milliliter of fermented black soymilk sampled from jar-

@ Springer

fermenter cultures at set intervals was extracted with 1 ml
of 95% ethanol. After vacuum dried and then dissolved in a
minimal amount of 50% ethanol solution, the samples were
diluted to an appropriate concentration with Ham’s F-12
medium containing 10% serum replacement (TCM, Celox,
St. Paul, MN, USA) immediately before use. Finally, 1 ml
of the prepared sample contained 10 ng the vacuum dried.
The procedure of the SEAP assay has been described
previously (Durocher et al. 2000). After 48 h of transiently
transfected cells, culture medium, 50 pl, was transferred to
a new 96-well plate and mixed with an equal volume of
SEAP assay solution containing 20 mM p-nitrophenyl
phosphate (pNPP), 1 mM MgCl,, 10 mM L-homoarginine,
and 1 M diethanolamine, pH 9.8. Absorbance was read at
405 nm in 15 min. Folds of activation was calculated by
taking the AP activity of vehicle-treated cells as 1 (Bowers
et al. 2000). Cell viability was monitored using the MTT
method (Durocher et al. 2000). Experiments were repeated
at least three times in triplicate. Statistical analysis was
carried out utilizing SAS 8.0 for Windows.

Results
Isoflavones in black soybean

The black soybeans were extracted with 50% ethanol and
analyzed with HPLC for isoflavone quantification. The
retention time of daidzin, genistin, daidzein, and genistein
was 11.3, 14.4, 19.9, and 24.4 min, respectively. The
absorption spectrum of daidzin, genistin, daidzein, and
genistein within 190—-800 nm was also investigated (data
not shown). The maximum absorption of daidzin, genistin,
daidzein, and genistein was 249, 259, 248, and 259 nm,
respectively. Our results indicate that 1.0 g of the black
soybean contained 636 pg of daidzin, 715 pg of genistin,
144 pg of daidzein, and 284 pg of genistein. Black
soybeans contained the similar level of isoflavones in
soybeans (Yen and Lai 2003), but black soybeans had
higher level of isoflavone aglycones.

Hydrolysis of isoflavone glycosides in flask cultures
of black soymilk

Deglycosylation of isoflavone glycosides by liquid cultures
of B. subtilis natto NTU-18 in black soymilk was
investigated. Deglycosylation efficiency of genistin and
daidzin in different concentrations of black soymilk was
shown in Fig. 1. After 24 h of being cultivated in 1, 3, and
5% black soymilk, the deglycosylation rate of daidzin and
genistin was 51 and 73%, 111 and 79%, 113 and 80%,
respectively. No residual genistin and daidzin were ob-
served in the fermented broth after 24 h fermentation;
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however, lower amount of genistein and daidzein than their
theoretical value were produced in 1% of black soymilk.
Surprisingly, the hydrolysis of isoflavone glycosides in the
7% black soymilk was almost completely inhibited during
the period we investigated although the viable cells in the
concentrations of black soymilk tested in the experiments
achieved the same level (more than 10° cfu mI™).
Deglycosylation of isoflavone glycosides in 5% black
soymilk flask cultures was time coursed analyzed. As
shown in Fig. 2, the [3-glucosidase activity was started
detectable at 8 h after inoculation and raised to the
maximum (3.3 U ml™") at 12 h, then the B-glucosidase
activity dramatically decreased to 0.3 U ml™' in 3 h. In
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Fig. 3 Hydrolysis of isoflavone glycosides in fermenter cultures of B.
subtilis natto NTU-18 in 5% black soymilk. a The profile of viable
cells (m), pH (O), and dissolved oxygen (A). b The concentration
change of daidzein (@), genistein (V), daidzin (O), and genistin
(V). The culture conditions were 37 °C, 800 rpm of agitation
speed, and 1 v.v.m. of aeration rate

accordance to the appearance of (-glucosidase activity,
isoflavone glycosides were hydrolyzed to their aglycones.
Within 12 h, daidzin decreased from 76.5 to 25.9 uM and
genistin decreased from 82.7 to 1.5 pM. Meanwhile,
daidzein increased from 28.5 to 97.4 uM and genistein
increased from 54.0 to 120.3 uM. Daidzin and genistin were
almost completely deglycosylated in 24 h by B. subtilis natto
NTU-18 in 5% black soymilk flask cultures.

Hydrolysis of isoflavone glycosides in a 7-1 jar fermenter

Hydrolysis of isoflavone glycosides was further investigat-
ed in a 7-1 fermenter with a working volume of 5 1 5%
black soymilk. As shown in Fig. 3, in 3 h of lag phase, the
viable cell number, pH, and isoflavone glycosides did not
change significantly. After this, 4x10° CFU ml ' viable
cells increased rapidly to 107 CFU ml™"' during 36 h, and
entered a stationary phase during 613 h. Then, a second
biomass accumulation during 12—-15 h, viable cells in-
creased from 107 to 10° CFU ml!, was observed. The
medium’s pH decreased from 6.9 to 5.9 during 4-8 h after
inoculation and then increased to 9.5 during 824 h. The
dissolved oxygen was sustained at high saturation through
the culture by a high agitation speed and aeration rate.
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Regarding the hydrolysis of isoflavone glycosides, daidzin
and genistin was started, hydrolyzed to daidzein and
genistein at 8 h after inoculation, and 100% daidzin and
75% genistin was deglycosylated after 24 h of fermentation.
The final concentration of daidzein and genistein in
cultured broth at 24 h after inoculation achieved 141.3
and 105.4 uM, respectively (Fig. 3b).

Estrogenic activity of fermented black soymilk

Fermented black soymilk was sampled at set intervals and
was extracted by ethanol for the measurement of their
estrogenic activity. CHO-K1 cells were transiently trans-
fected with expression vectors for ERx or ERf3, an UAS-
alkaline phosphatase reporter, and treated with estrogenic
activity determining samples (Fig. 4). Our data reveal that
18 h fermented black soymilk activated ER[3 estrogenic
receptor (p<0.05) to twofold that of vehicle treatment but
did not activate ERo estrogenic receptor (p>0.05). For
estrogenic activity assay of 21 and 24 h fermented black
soymilk, they further increased to threefold and fourfold of
ERp estrogenic activity, respectively, and the ERx estro-
genic activity both just slightly induced. At the same time,
1 nM of 17(3-estradiol (E2) induced a fourfold ERo and a
fivefold of AP activity. No ERx or ERf3 estrogenic activity
was detected in samples from 6 h fermented broth or
nonfermented black soymilk. These data reveal that, after
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fermented with B. subtilis natto NTU-18 black soymilk
exhibited a higher estrogenic activity toward ER3 and a
lower ER« estrogenic activity.

Discussion

There are some reports indicating the deglycosylation of
isoflavone glycosides with fermentation by lactic acid
bacteria (Choi et al. 2002), R. oryzae, and basidiomycetes
(Miura et al. 2002) through their 3-glucosidase activities.
B. subtilis natto was chosen to be used in this study because
of their safety, grow rapidly and easy to be scale-up for
mass cultures. In this study, B. subtilis natto NTU-18
hydrolyzed daidzin and genistin to daidzein and genistein,
respectively, in 1-7% of black soymilk. There were no
obvious peaks, as described by Toda et al. (1999), being
formed in the HPLC analysis equipped with photodiode
array (data not shown). B. subtilis natto NTU-18 showed
higher deglycosylation efficiency of isoflavone glycosides
at the initial concentration of 3—5% black soymilk than at
the concentration of 1 and 7%. We also analyzed the
distribution of (3-glucosidase in B. subtilis natto NTU-18,
including culture broth and intracellular and cell debris
fraction of the strain. It was found that the cell debris
fraction had the highest (-glucosidase activity. This
suggests that the enzyme was cell-associated, agreed to
the results reported by Ibe et al. (2001) and those using
lactic acid bacteria (Choi et al. 2002; Matsuda et al. 1994).

Setlow et al. (2004) reported that B. subtilis possessed
more than one kind of (3-glucosidases. As shown in Fig. 2,
the yield of daidzein was higher than the reduction of
daidzin within 12 h of black soymilk fermentation. It
suggests that not only daidzin and genistin, but also other
isoflavone conjugates such as isoflavone 7-O-glucosides
and isoflavone 7-O-glucoside-6"-O-malonates contained in
soya might also serve as pools for the release of free
aglycones.

B. subtilis natto NTU-18 showed two stages of growth
when cultivated with 5% black soymilk in a jar fermenter
(Fig. 3). In the first stage, the cells entered the exponential
growth phase after 3 h of lag phase and accompanied with a
decrease in pH, and no deglycosylation of isoflavone
glycosides were observed in this period. This phenomenon
suggests that in this stage, the cells took use of available
carbon(s) other than isoflavone glycosides from the black
soymilk. This might account for the observation that the
deglycosylation of isoflavone glycosides was inhibited or
postponed in a higher concentration (7%) of black soymilk
that may provide more available carbon source other than
isoflavone glycosides. When the more available carbon was
exhausted, the growth of the cells entered the stationary
phase of the first stage, and began to hydrolyze the
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isoflavone glycosides to aglycones to obtain the free sugars.
Then, the growth of the cells entered the second stage;
therefore, the viable cells increased almost 100-fold and
reached the maximum of 10° CFU ml™' during 10-15 h
after inoculation. Meanwhile, the dissolved oxygen of the
fermented broth decreased to a minimal value in the whole
fermentation. It is speculated that B. subtilis natto NTU-18
utilized glucose as its carbon and energy source via
deglycosylation of isoflavone glycosides during the second
stage. Ibe et al. (2001) have reported that B. subtilis natto
has the ability of (3-glucosidase to hydrolyze isoflavone
glycosides. We further find initial concentration of black
soymilk is an important factor for high efficiency of
hydrolysis of isoflavone glycosides and carried out hydro-
lysis of black soymilk isoflavone glycosides in a jar
fermenter. Choi et al. (2002) examined the hydrolysis
of soybean isoflavone glycosides by lactic acid bacteria,
and found that 70-80% of genistin was converted to
genistein and 25-40% of daidzin to daidzein after
fermentation. B. subtilis NTU-18 used in this study
showed higher deglucosylation efficiency in jar-fermen-
ter cultures than lactic acid bacteria examined by
Matsuda et al. (1994) and Choi et al. (2002).
Isoflavones are most well-known phytoestrogen. It is
well accepted that the estrogenic activities of soy isofla-
vones play an important role in their health-enhancing
properties. The physiological responses to estrogen are
known to be mediated within specific tissues by at least two
estrogen receptors (ERs), ERx and ERf3. The ERf3 is more
effective than ER« in transactivation of the electrophile/
antioxidant response element and therefore is a better
inducer of antioxidant enzymes such as quinine reductase
and glutathione S-transferase (GST) (Montano et al. 2000;
Montano and Katzenellenbogen 1997). The estrogen
receptor, ERf3, refers to clinically important issues such as
bone stability and cardiovascular health (Enmark et al.
1997; Onoe et al. 1997). The ER«x is highly expressed in
breast and uterine tissue; thus, the induction of high ER«
activity may enhance the growth of hormone-dependent
cancer cells (Speirs et al. 1999). Selected estrogen receptor
modulators (SERM) that are highly selective for ERf3 is
therefore highly anticipated. Various in vitro estrogenic
activity assays such as competitive ligand-binding assays
(Mroito et al. 2001), cell proliferation assays (Kayisli et al.
2002), or recombinant receptor/reporter gene assays
(Legner et al. 1999; Saito et al. 2000; Klinge et al. 2003;
Mclnerney et al. 1998) and yeast-base screens (Bovee et al.
2004) have been reported. These assay systems are based
on the molecular mechanisms involved in the classical
estrogen action. More recently, genetically modified yeast
cells and human cell lines are being used for estrogenic
activity measurement by transcription activation of reporter
genes. These systems can be used to identify ER antago-

nists by giving them in combination with a nearly maximal
effective dose of E2. Using human cell lines is more
sensitive than yeast and may be able to identify estrogenic
compounds that require cellular metabolism for activation
into their estrogenic state (Legner et al. 1999).

Chimeric receptor—reporter gene constructs have proven
utility in screening compound for estrogenic activity
(Zacharewski et al. 1995). We used a chimeric receptor—
reporter assay system to determine the estrogenic activity of
fermented black soymilk. In Figs. 3 and 4, when isoflavone
glycosides were not converted into isoflavone aglycones in
the first growth stage, no significant ERx or ERf
estrogenic activity was detected in the first 6 h fermenta-
tion. While daidzin and genistin began to be hydrolyzed to
daidzein and genistein, respectively, in the later stage, the
black soymilk showed a higher ER[3 estrogenic activity.
Our results agree to the previous reports that isoflavone
glycosides bound poorly to both ERx and ERf, and
induced transcription poorly (Mroito et al. 2001), and the
isoflavone aglycones generally bind to and induce tran-
scription of hERf3 to a higher extent than of hERx (Mroito
et al. 2001; Kuiper et al. 1996). From the view of extension
of utilization of black soybean, this fermented black
soymilk with estrogenic activity, relatively selective to
ERf3, might be beneficial to postmenopause syndrome
through positive estrogenic effects mainly in tissues
expressing ERf3, such as the induction of antioxidant
enzymes, the prevention of osteoporosis, and the reduction
of cardiovascular disease risk. In summary of the results of
above, this fermented black soymilk may be further applied
to selective estrogen receptor modulator (SERM) products.

Acknowledgement This work was supported by a grant, 94 Agri-
5.1.2-Herd-U1, from the Council of Agriculture, Executive Yuan, ROC.

References

Anthony MS, Clarkson TB, Hughes CL Jr, Morgan TM, Burke GL
(1996) Soybean isoflavones improve cardiovascular risk factors
without affecting the reproductive system of peripubertal rhesus
monkeys. J Nutr 126:43-50

Bovee TFH, Helsdingen RJR, Koks PD, Kuiper HA, Hoogenboom
RLAP, Keijer J (2004) Development of a rapid yeast estrogen
bioassay, based on the expression of green fluorescent protein.
Gene 325:187-200

Bowers JL, Tyulmenkov VYV, Jernigan SC, Klinge CM (2000)
Resveratrol acts as a mixed agonist/antagonist for estrogen
receptors o and [3*. Endocrinology 141:3657-3667

Cappelletti V, Fioravanti L, Miodini P, Di Fronzo G (2000) Genistein
blocks breast cancer cells in the G(2)M phase of the cell cycle.
J Cell Biochem 14:594-600

Chao CY, Huang CJ (2003) Bitter gourd (Momordica charantia)
extract activates PPAR and up-regulates the expression of acyl
CoA oxidase gene in H4IIEC3 hepatoma cells. J Biomed Sci
10:782-791

Choi YB, Kim KS, Rhee JS (2002) Hydrolysis of soybean isoflavone
glucosides by lactic acid bacteria. Biotechnol Lett 24:2113-2116

@ Springer



320

Appl Microbiol Biotechnol (2006) 73:314-320

Choung MG, Baek 1Y, Kang ST, Han WY, Shin DC, Moon HP, Kang
KH (2001) Isolation and determination of anthocyanins in seed
coats of black soybean (Glycine max (L.) Merr.). J Agric Food
Chem 49:5848-5851

Cotter A, Cashman KD (2003) Genistein appears to prevent early
postmenopausal bone loss as effectively as hormone replacement
therapy. Nutr Rev 61:346-351

Durocher Y, Perret S, Thibaudeau E, Gaumond MH, Kamen A, Stocco
R, Abramovitz M (2000) A reporter gene assay for high-
throughput screening of G-protein-coupled receptors stably or
transiently expressed in HEK293 EBNA cells grown in suspen-
sion culture. Anal Biochem 284:316-326

Enmark E, Pelto-Huikko M, Grandien K, Lagercrantz S, Lagercrantz
J, Fried G, Nordenskjold M, Gustafsson JA (1997) Human
estrogen receptor beta-gene structure, chromosomal localization,
and expression pattern. J Clin Endocrinol Metab 82:4258-4265

Goodman-Gruen D, Kiritz-Silverstein D (2001) Usual dietary iso-
flavone intake is associated with cardiovascular disease risk
factors in postmenopausal women. J Nutr 131:1202-1206

Hendrich S (2002) Bioavailability of isoflavones. J Chromatogr B
Analyt Technol Biomed Life Sci 777:203-210

Ibe S, Kumada K, Yoshiba M, Onga T (2001) Production of natto
which contains a high level of isoflavone aglycons. Nippon
Shofuhin Kagaku Kogaku Kaishi 48:27-34

Izumi T, Piskula MK, Osawa S, Obata A, Tobe K, Saito M, Kataoka
S, Kubota Y, Kikuchi M (2000) Soy isoflavone aglycones are
absorbed faster and in higher amounts than their glucosides in
humans. J Nutr 130:1695-1699

Kawakami Y, Tsurugasaki W, Nakamura S, Osada K (2005)
Comparison of regulative functions between dietary soy iso-
flavones aglycone and glucoside on lipid metabolism in rats fed
cholesterol. J Nutr Biochem 16:205-212

Kayisli UA, Aksu CA, Berkkanoglu M, Arici A (2002) Estrogenicity
of isoflavones on human endometrial stromal and glandular cells.
J Clin Endocrinol Metab 87:5537-5544

Klinge CM, Risinger KE, Watts MB, Beck V, Eder R, Jungbauer A
(2003) Estrogenic activity in white and red wine extracts. J Agric
Food Chem 51:1850-1857

Kuiper GG, Enmark E, Pelto-Huikko M, Nilsson S, Gustafsson JA.
(1996) Cloning of a novel receptor expressed in rate prostate and
ovary. Proc Natl Acad Sci USA 93:5925-5930

Legner J, Van den Brink CE, Brouwer A, Murk AJ, Van der Saag PT,
Vethaak AD, van der Burg B (1999) Development of a stably
transfected estrogen receptor-mediated luciferase reporter gene
assay in the human T47D breast cancer cell line. Toxicol Sci
48:55-66

Liao HF, Chou CJ, Wu SH, Khoo KH, Chen CF, Wang SY (2001)
Isolation and characterization of an active compound from black
soybean [Glycine max (L.) Merr.] and its effect on proliferation
and differentiation of human leukemic U937 cells. Anticancer
Drugs 12:841-846

Matsuda S, Norimoto F, Matsumoto Y, Ohba R, Teramoto Y, Ohta N,
Ueda S (1994) Solubilization of a novel isoflavone glycoside-
hydrolyzing B-glucosidase from Lactobacillus casei subsp.
rhamnosus. J Ferment Bioeng 77:439—441

MclInerney EM, Weis KE, Sun J, Mosselman S, Katzenellenbogen BS
(1998) Transcription activation by the human estrogen receptor
subtype (3 (ER) studied with ER3 and ER«x receptor chimeras.
Endocrinology 139:4513—4522

Miura T, Yuan L, Sun B, Fujii H, Yoshida M, Wakame K, Kosuna K
(2002) Isoflavone aglycon produced by culture of soybean

@ Springer

extracts with basidiomycetes and its anti-angiogenic activity.
Biosci Biotechnol Biochem 66:2626-2631

Montano MM, Katzenellenbogen BS (1997) The quinone reductase
gene: A unique estrogen receptor-regulated gene that is activated
by antiestrogens. Proc Natl Acad Sci USA 94:2581-2586

Montano MM, Wittmann BM, Bianco NR (2000) Identification and
characterization of a novel factor that regulates quinone reductase
gene transcriptional activity. J Biol Chem 275:34306-34313

Mroito K, Hitose T, Kinjo J, Hirakawa T, Okawa M, Nohara T, Ogawa
S, Inoue S, Muramatsu M, Masamune Y (2001) Interaction of
phytoestrogens with estrogen receptors « and 3. Biol Pharm Bull
24:351-356

Onoe Y, Miyaura C, Ohta H, Nozawa S, Suda T (1997) Expression of
estrogen receptor 3 in rat bone. Endocrinology 138:4509—4512

Ravindranath MH, Muthugounder S, Presser N, Viswanathan S (2004)
Anticancer therapeutic potential of soy isoflavone, genistein. Adv
Exp Med Biol 546:121-165

Rostagno MA, Palma M, Barroso CG (2003) Ultrasound-assisted
extraction of soy isoflavones. J Chromatogr A 1012:119-128

Saito K, Tomigahara Y, Ohe N, Isobe N, Nakatsuka I, Kaneko H
(2000) Lack of significant estrogenic or antiestrogenic activity of
pyrethroid insecticides in three in vitro assays based on classic
estrogen receptor o-mediated mechanisms. Toxicol Sci 57:54-60

Setlow B, Cabrera-Hernandez A, Cabrera-Martinez RM, Setlow P
(2004) Identification of aryl-phospho-(3-D-glucosidases in Bacillus
subtilis. Arch Microbiol 181:60—67

Speirs V, Parkes AT, Kerin MJ, Walton DS, Carleton PJ, Fox JN,
Atkin SL (1999) Coexpression of estrogen receptor « and f3:
poor prognostic factor in human breast cancer? Cancer Res
59:525-528

Takahashi R, Ohmori R, Kiyose C, Momiyama Y, Ohsuzu F, Kondo K
(2005) Antioxidant activities of black and yellow soybeans
against low density lipoprotein oxidation. J Agric Food Chem
53:4578-4582

Takahata Y, Ohnishi-Kameyama M, Furuta S, Takahashi M, Suda I
(2001) Highly polymerized procyanidins in brown soybean seed
coat with a high radical-scavenging activity. J Agric Food Chem
49:5843-5847

Toda T, Uesugi T, Hirai K, Nukaya H, Tauji K, Ishida H (1999) New
6-O-acyl isoflavone glycosides from soybeans fermented with
Bacillus subtilis (natto). 1. 6-O-succinylated isoflavone glyco-
sides and their preventive effects on bone loss in ovariectomized
rats fed a calcium-deficient diet. Biol Pharm Bull 22:1193-1201

Wang HJ, Murphy PA (1994) Isoflavone content in commercial
soybean foods. J Agric Food Chem 42:1666—1673

Weaver CM, Cheong JM (2005) Soy isoflavones and bone health: the
relationship is still unclear. J Nutr 135:1243-1247

Xu X, Hariss KS, Wang HJ, Murphy PA, Hendrich S (1995)
Bioavailability of soybean isoflavones depends upon gut micro-
flora in women. J Nutr 125:2307-2315

Yamai M, Tsumura K, Kimura M, Fukuda S, Murakami T, Kimura Y
(2003) Antiviral activity of a hot water extract of black soybean
against a human respiratory illness virus. Biosci Biotechnol
Biochem 67:1071-1079

Yen GC, Lai HH (2003) Inhibition of reactive nitrogen species effects
in vitro and in vivo by isoflavones and soy-base food extracts.
J Agric Food Chem 51:7892-7900

Zacharewski TR, Berhane K, Gillesby BE (1995) Detection of
estrogen- and Dioxin-like activity in pulp and paper mill black
liquor and effluent using in vitro recombinant receptor/reporter
gene assays. Environ Sci Technol 29:2140-2146



	Hydrolysis of black soybean isoflavone glycosides �by Bacillus subtilis natto
	Abstract
	Introduction
	Materials and methods
	Chemicals
	Microorganism
	Hydrolysis of isoflavone glycosides by fermentation
	Extraction of isoflavones
	Analysis of isoflavones
	Assay of β-glucosidase activity
	Estrogenic activity assay

	Results
	Isoflavones in black soybean
	Hydrolysis of isoflavone glycosides in flask cultures �of black soymilk
	Hydrolysis of isoflavone glycosides in a 7-l jar fermenter

	Estrogenic activity of fermented black soymilk
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


