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Screening and Optimal Extraction of a New Antidementia Secretase Inhibitor-

Containing Mushroom
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To produce a potent antidementia Ssecretase inhibitor from a mushroom, the Ssecretase inhibitory activities of various
mushroom extracts were determined. Methanol extracts of Lentinula edodes exhibited the highest inhibitory activity (40.1%).
The inhibitor was maximally extracted when a fruiting body of L. edodes was treated with 50% methanol at 40°C for 24 h.
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Dementia is thought to result from /S-secretase-mediated
precipitation of famyloid in the brain. Senile plaque S
amyloid is termed S-amyloid precursor protein (SAPP)
(Haass and Selkoe, 1993). The amyloid precursor protein
(APP) is processed into many different forms through a
combination of cellular protease activities (o~, (-, and
secretase). [Secretase is an aspartic protease also known
as BACEI (the Ssite APP-cleaving enzyme). Its activity
is the rate-limiting step in Af peptide production in vivo
(Vassar et al., 1999). (Secretase has maximal activity at
an acidic pH, as agents that disrupt intracellular pH also
inhibit Ssecretase activity (Knops er al., 1995). f-Secre-
tase is insensitive to pepstatin, an inhibitor of many types
of aspartic protease (Sinha ef al., 1999).

Many groups have attempted to identify [-secretase
inhibitors using high-throughput screening of natural prod-
uct extracts. Peptidic [secretase (aspartic protease
memapsin-2) inhibitor, OM 99-1, and other aspartic pro-
tease inhibitors such as OM99-2 and OM99-3 were devel-
oped from these efforts (Dorrel, 2000). In addition, non-
peptidomimetic derivatives have been synthesized to opti-
mize BACE]1 inhibition (Garino et al., 2006). Recently,
small-sized synthetic inhibitors containing a tetrazole ring
and acidic heterocycle bioisosteres such as KMI-570,
KMI-684, KMI-420, and KMI-429 were synthesized (Kimura
et al., 2006). In contrast, efforts to discover naturally
occurring BACEL1 inhibitors have been comparatively lim-
ited. Several hydroxyl-containing inhibitors have been
reported (Stachel et al., 2004). Catechins from green tea
(Jeon et al., 2003), ellagic acid and punicalagin from
pomegranate (Kwak et al., 2005), hispidin from mycelial
cultures of Phellinus linteus (Park et al., 2004), octapep-
tide from Saccharomyces cerevisiae (Lee et al., 2007),
and several compounds isolated from Sanguisorbae radix

*Corresponding author <E-mail : biotech8@pcu.ac.kr>

195

(Lee et al., 2005) have all been studied as BACET1 inhibi-
tors. Although the treatment of Alzheimer’s disease has
been intensively studied, efficacious antidementia drugs or
nutraceuticals lacking side effects have yet to be devel-
oped.

Mushrooms are nutraceuticals with health-stimulating
properties and medical effects (Jeong et al., 2004; Kweon
et al., 2002; Lee et al., 2003; Park et al., 2003; Yang et
al., 2004). Lentinula edodes can be found in Korea,
Japan, and China. Few studies have been done regarding
the pharmaceutical effects of L. edodes, except for those
concerning the cholesterol-lowering effect of eritademine
(Kweon et al., 2002), antitumor activity of lentinan (Chung,
1982), and fibrinolytic effect of lentinacin (Chibada et al.,
1969). Some commercial blood circulation enhancers as
well as a number of antibiotics and immune-stimulating
compounds that contain L. edodes have also been devel-
oped. The present study was performed to screen variet-
ies of mushroom for a potent antidementia [-secretase
inhibitor and to optimize the extraction protocol of the
compound, with the aim of developing a novel antide-
mentia fsecretase inhibitor that can be utilized as a drug
or in functional foods.

The mushrooms used in this study were obtained from
the National Institutes of Agriculture Science and Tech-
nology (Suwon, Korea) and the Korea National Agricul-
tural College (Hwasung, Korea). Unless otherwise specified,
all chemicals and solvents were of analytical grade. The
recombinant human BACE1 assay kit was purchased
from PanVera (Madison, WI, USA). Dried fruiting bodies
(5 g) of mushrooms were pulverized and extracted with
200 ml each of water and methanol at 30°C for 12 h. The
extracts were centrifuged at 10,000 xg for 20 min and fil-
tered through Whatman No. 41 filter paper. Each superna-
tant was lyophilized for analysis.

The BACEI inhibitory activity assay was carried out
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according to the manufacturers protocol with previously
described modifications (Byun ez al., 2005; Kwak et al.,
2005; Vassar et al., 1999). A mixture of 10 2/ assay buffer
(50 mM sodium acetate, pH 4.5), 10 z/ BACE1 (1.0 U/
ml), 10 gl substrate (750 nM Rh-EVNLDAEFK-Quencher
in 50 mM ammonium bicarbonate), and 10 g/ of sample
dissolved in the assay buffer was incubated for 60 min at
25°C in darkness. The mixture was illuminated at an exci-
tation wavelength of 530 nm and light emitted at 590 nm
was collected. The percent inhibition was determined by
the following equation:

[1- {(S — S0)(C — C0)}] x 100

where C denotes the fluorescence of a control (enzyme,
assay buffer, and substrate) after 60 min of incubation, CO
is the fluorescence of the control at zero time, S is the flu-
orescence of the tested samples (enzyme, sample solu-
tion, and substrate) after 60 min of incubation, and SO is
the fluorescence of the tested samples at zero time. To
check the quenching effect of the samples, the sample
solution was added to the reaction mixture C, and any
reduction in fluorescence by the sample was determined.
The IC,, value was defined as the concentration of the
BACEI!l inhibitor required to reduce 50% of BACEI1
activity. All data represent mean values of triplicate exper-
iments.

To select the most potent BACE1 inhibitor-containing
mushroom, various extracts from 80 species of mush-
room fruiting bodies were tested for their BACE1 inhibi-
tory activities (Table 1). Generally, methanol extracts
showed higher BACEI inhibitory activities compared to
water extracts. Among the mushrooms tested, methanol
extracts of the Lentinula edodes fruiting body showed the
highest BACE1 inhibitory activity of 40.1%, and so was
selected for further study. L. edodes has long been con-
sumed because of its good rheological properties and
nutrition. It also produces fibrinolyltic agents (Chibada et
al., 1969) and anticancer compounds (Chung, 1982). The
present paper is the first to demonstrate that L. edodes
produces a potent antidementia BACE1 inhibitor that may
be useful medicinally and as a food supplement.

The effects of temperature on the extraction of the

Table 1. ASecretase inhibitory activities of various extracts from
fruiting body of the second-selected mushrooms
(unit:%)

Strains Water extract MeOH extract
Auricularia auricula-judae 1.5 not detected
Pleurotus eryngii 13.3 33.7
Flammulina velutipes 13.0 223
Lentinula edodes 18.3 40.1
Pleurotus ostreatus not detected 16.6
Agaricus bisporus 8.7 183
Umbilicaria esculenta not detected 11.4
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Fig. 1. Effect of extraction time on extraction of BACEI
inhibitor form Lentinula edodes by methanol at 40°C.
BM: 80% methanol extraction, 4 50% methanol
extraction.

BACE] inhibitor was investigated. Maximal extraction of
the inhibitor was obtained at 40°C, with a BACEI inhibi-
tory activity of 39.5% evident at this temperature. Addi-
tionally, the BACE1 inhibitor was also extracted amply at
50°C and 70°C, with B-secretase inhibitory activities of
29.0% and 23.0%, respectively, evident. However, at tem-
peratures below 30°C extraction was below 20% (data not
shown). The optimum extraction temperature in the meth-
anol-based procedure is lower than that methanol-based
extraction of a platelet aggregation inhibitor from /nono-
tus obliquus (80°C) (Hyun et al., 2006) but higher than
that of Pholiota adiposa HMG-CoA reductase inhibitor
(30°C) (Yu et al., 2007).

The time course of the BACEI inhibitor extraction was
determined using 50% and 80% methanol. Inhibitor
extraction increased as the extraction time increased. The
maximal BACE] inhibitor extraction levels was obtained
by extraction after 24 h (Fig. 1).

The present results show that the optimal extraction
condition for extraction of L. edodes BACEI inhibitor is
50% methanol at 40°C with an extraction time of 24 h.
Under these conditions BACET1 inhibitory activity is 48.5%.

References

Byun, H. G, Kim, Y. T., Park, P. J., Lin, X. and Kim, S. K. 2005.
Chitooligosaccharides as a novel f-secretase inhibitor. Carbo-
hydrate polymers. 61:198-202.

Chibada, 1., Okumura, K., Takeyama, S. and Kotera, A. 1969.
Lentinacin, a new hypocholesterolemic substance in Leninus
edodes. Experientia 25:1237-1242.

Chung, K. S. 1982. Studies on the constituents and culture of the
higher fungi of Korea (II: The antitumor components and cul-
ture of Lentinus edodes). Kor. J. Mycol. 10:33-39.

Dorrel, S. 2000. Untangling Alzheimer’s disease with beta-secre-
tase inhibitors. Drug. Discov. Today 5:316-317.

Garino, C., Pietrancosta, N., Laras, Y., Moret, V., Rolland, A. and
Quelever, G. 2006. BACE1 inhibitory activities of new substi-



Screening and Optimal Extraction of a New Antidementia f-Secretase Inhibitor-Containing Mushroom 197

tuted phenylpiperazine coupled to various heterocycles: chromene,
coumarin and quinoline. Bioorg. Med. Chem. Lett. 16:1995-
1999.

Haass, C. and Selkoe, D. J. 1993. Cellular processing of f-amy-
loid precursor protein and the genesis of amyloid Speptide.
Cell 75:1039-1042.

Hyun, K. W, Jeong, S. K., Lee, D. H., Park, J. S. and Lee, J. S.
2006. Isolation and characterization of a novel platelet aggre-
gation inhibitory peptide from the medicinal mushroom, /nono-
tus obliquus. Peptide 27:1173-1178.

Jeon, S. Y., Bae, K. H., Seong, Y. H. and Song, K. S. 2003.
Green tea catechins as a BACE1 (fsecretase) inhibitor. Bioorg.
Med. Chem. Lett. 13:3905-3908.

Jeong, S. C., Cho, S. P, Yang, B. K., Jeong, Y. T, Ra, K. S. and
Song, C. H. 2004. Immunomodulating activity of the exopoly-
mer from submerged mycelial culture of Phellinus pini. J.
Microbiol. Biotechnol. 14:15-21.

Kimura, T., Hamada, Y., Stochaj, M., Ikari, H., Nagamine, A. and
Abdel-Rahman, H. 2006. Design and synthesis of potent S~
secretase (BACEL) inhibitors with carboxylic acid bioisos-
teres. Bioorg. Med. Chem. Lett. 16:2380-2386.

Knops, J., Suomensaari, S., Lee, M., McConlogue, L., Seubert, P.
and Sinha, S. 1995. Cell-type and amyloid precursor protein-
type specific inhibition of Ab release by bafilomycin Al, a
selective inhibitor of vacuolar ATPases. J. Biol. Chem.
270:2419-2422.

Kwak, H. M., Jeon, S. Y., Sohng, B. H., Kim, J. G, Lee, J. M.
and Lee, K. B. 2005. ASecretase (BACEI) inhibitors from
Pomegranate (Punica granatum) husk. Arch. Pharm. Res.
28:1328-1332.

Kweon, M. H., Kwon, S. T., Kwon S. H., Ma, M. S. and Park,
Y. L. 2002. Lowering effects in plasma cholesterol and body
weight by mycelia extracts of two mushroom; Agaricus blazai
and Lentinus edodes. Kor. J. Microbiol. Biotechnol. 4:402-4009.

Lee, D. H., Lee, D. H. and Lee, J. S. 2007. Characterization of a
new antidementia S-secretase inhibitory peptide from Saccha-
romyces cerevisiae. Enzyme Microbiol. Technol. 42:83-88.

Lee, D. H,, Kim, J. H., Cheang, J. C., Gong, W. S., Yoo, Y. B,,
Park, J. J., Yoo, C. H. and Lee, J. S. 2003. Screening of mush-
rooms having antihypertensive angiotensin I-converting enzyme
inhibitor. Kor. J. Mycol. 3:148-154.

Lee, H. J.,, Seong, Y. H., Bae, K. H., Kwon, S. H., Kwak, H. M.
and Nho, S. K. 2005. beta-secretase (BACE1) inhibitors from
Sanguisorbae radix. Arch. Pharm. Res. 28:799-803.

Park, 1. H., Jeon, S. Y., Lee, H. J., Kim, S. 1. and Song, K. S.
2004. A p-secretase (BACE1) inhibitor hispidin from the
mycelial cultures of Phellinus linteus. Planta. Med. 70:143-
146.

Park, J. S., Hyun, K. W., Seo, S. B., Cho, S. M., Yoo, C. H. and
Lee, J. S. 2003. Detection of platelet aggregation inhibitors and
fibrinolytic substances from mushrooms. Kor J. Mycol.
31:114-116.

Sinha, S., Anderson, J. P., Barbour, R., Basi, G. S., Caccavello, R.
and Davis, D. 1999. Purification and cloning of amyloid pre-
cursor protein beta-secretase from human brain. Nature
402:537-540.

Stachel, S. J., Coburn, C. A., Steele, T. G., Jones, K. G., Loutzen-
hiser, E. F. and Gregro, A. R. 2004. Structure-based design of
potent and selective cell-permeable inhibitors of human /-
secretase (BACE-1). J. Med. Chem. Lett. 47:6447-6450.

Vassar, R., Bennett, B. D., Babu-Khan, S., Kahn, S., Mendiaz,
E. A. and Denis, P. 1999. Beta-secretase cleavage of Alzhe-
imer’s amyloid precursor protein by the transmembrane aspar-
tic protease BACE1. Science 286:735-741.

Yu, H. E., Lee, D. H., Seo, G S., Cho, S. H. and Lee, J. S. 2007.
Characterization of a novel fhydroxy-/methyl glutaryl coen-
zyme A reductase-inhibitor from the mushroom, Pholiota adi-
posa. Biotechnol. Biopro. Engin. 12:619-624.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


