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Natural anti-diabetic semipurified ethyl acetate fraction was isolated from the submerged-liquid cul-
ture of Agaricus blaze Murill (AB) in a medium containing soybean flakes. Hot-water extract of AB
(HEAB) was prepared by extraction at 121C for 60 min, followed by filtering through a filter presser
filled with diatomate. The (-glucan-free HEAB, which was a supernatant fraction from HEAB by
precipitation in an 80% ethanol solution, was fractionated into hexane, chloroform, ethyl acetate, and
butanol fractions. The inhibition of the a-glucosidase activity by fractions was 59.0, 17.0, 61.6, and
37.9%, respectively, suggesting that ethyl acetate fraction was the most active. A subfraction having
a strong a-glucosidase inhibitory activity (80.4%) was isolated from the ethyl acetate fraction. This
subfraction contained isoflavones (genistin and daidzin) and their conjugates with sugars as potent
inhibiters of a-glucosidase activity. These results suggest that the ethyl acetate fraction or HEAB con-
taining isoflavones and their sugars conjugates could be useful sources for controlling blood sugar

levels in humans.

Key words : Agaricus blazei Murill (AB), a-glucosidase, isoflavone, isoflavone conjugates with sugars
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zone AlA|, a-glucosidase A3NA o] AT}33]. 53], A2
Gt AZAZ a-glucosidase A 3| Al {1 acarbose, voglibose
9 BAFEGASA L AT o] &H T AN o] 3 kA
E2 38HoE By M 59 943 F2Eo] U
Ea e AAelg31]. Hode FFEo] sHEe &
EXE 9o A%AF 5 5 8BS FAYEHE FA 5
1A} e o] glo] AAEoY A FoERE I3
st &S stz ste dArE e g HI Sl
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[12,18,24].
AEAY HAREAE A5717te] Ao dEFHe] A
o]7] wiel ujF7|7he] g, diFgFu] ko] &ol3tH, 53

2T UFOE VY 5 9E FHL A WATA
pui

st 71574 &AWL Bo] F&HI A FAkt

3 A% S YEhE Ao® g1 ¢rH820.2137. =
GA U F7F e v Aol A Bl FSABTARA o] e &
2 Al g3 AANd HE AFE 7 3
AATE FA A =4 IRAE A FUTH23]. ABFAHA 9]
Aufkoll e 71 2H 02 AMgste AT YA, o] 7]

e FL& WHol 2 £ S Aot
B Ao tiFukEe &l A A A Fg ABTEARA
YEZHE glucans A AF fractionol A & e a-glucosi-

dase A3 &40l U+ 3T o] AWAFAE= genistin?}
daidzins Z 33t isoflavones¥} ©]E genistein? daidzein]
sugar conjugate®] 7|13+ T}
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ABTF = dFRTAL 550 @ 535 HHK nfo] L8
(Jinju, Korea)ol A &% wro} A&-3ttt. tiFube gk
(Seoul, Korea), ¥ -2 A YA (Seoul, Korea), proline, xy-
lose, KH,PO4, MgSOs-7H,O= ShinyoAH(Osaka, Japan)ell A1
TF93tAth. p-Nitrophenyl-a-D-glucopyranoside, a-glucosi-

dase, daidzin, genistein, genistin< SigmaAk(St. Louis, MO.
U.S.A)Oﬂ A, ethanol, methanol, hexane, chloroform, ethyl
acetate, butanol, acetonitrile J.T.BakerAH(Phillipsurg. NJ,
US.A)ell A HPLC grade® T-3FSAth. Silica gel 60 (230~400
mesh ASTM)Z} TLC plate (Silica 60 F-254 plate, 2020 cm,
0.25 mm, glass)© MerckAHGermany) 258 T+93tdth 1
9] AME-H AJ%F2 reagent grade ©]/¢o] At}

AB OHX| HHQF

Protease= &3l &t t)F12H100 ml/1)ol $¥F 20 g, proline
10 g, xylose 10 g, MgSOs7H,0O 05 g KH,PO, 05 g& #7138}
o A&k~ 300 mIEFsA 121CAlA 3087 1t
T 5 AA AR AFESFGITE AB WAlE S AL shak-
ing incubator (120 rpm, 25C)l| A} 747t vl st 3 50 1 fer-
menter (KoBioTech, Incheon, Korea)Z 3¥ 7+ 1] %F(120 rpm,
25C, 1 v/v/m)3t ¥t

Sample ZH|

HH Fd AB TAH Wi ¥=S 121TAM 6083 dF53=
st A2 (HEAB) 50 1 ultra-membrane filter 2 0:]»}:} of ol &
&% 7)(BUCHI, Swiss)E ©] 4314 75Coll A Brix 5022 7t
F53tal ¥4 1% (lshin, Gyeonggi-do, Korea)3} At} &2
AZE AR 50 goll TF5(150 ml)¢} 95% ethanol (800 ml)<
A7reka Egste] 4T WAILAA &FF WAT F e
(10,000 rpm, 30 min)3te] 5 HF HHES F23HATHIH
HHEY, 559 45 9 (B-glucan-free HEAB)S =49 we}

hexane, chloroform, ethyl acetate (EA), butanol =22 §-¥
9 stieh. £l AHEE Sul= 42 1.0 1901, 33 HHE

FZa9h

a-Glucosidase &4 =%

A& a-glucosidase B4 352 Watanabe 5[34]<]
ol et S48t 5, AEs ixEdE AT acar-
bose= SFF €4 =7t HA &l F 47402 pm
filter, Millipore)ate] AH&-3}%th. a-Glucosidase (0.7 U/ml)
50 pl¢} acarbose &9 = A|EE9 10 ulE 96-well plated]
7}k %, microplate reader (Model 550, Biorad, USA)E AH-&-
3t ODysE S48k 5% Fo 7128 H (5 mM p-nitro-

phenyl-a-D-glucopyranoside/0.1 M phosphate buffer, pH
70) 50 plE H7bskar A-2olA 523t §HEAI £, ThAl ODs
g 245e] FRE WHLVE LAAHBHL AVIGT

a-Glucosidase *slix| &2
Open-column chromatographic analysis
A& 3 g% silica gel (50 g)2 %3 $ open glass column

(5 cm, LD)9l chloroform:methanol$ gradient(1:0-0:1, v/v)
13} #2fetint. a-Glucosidase #3243 °] 4stAl Uehd Fr.v
(chloroform:methanol, 8:1, v/v), Fr.V (chloroform:methanol,
5:1, v/v)& &AM thAl open column (2 cm, LD.)l silica
gel (50 g)= %3 & % acetonitrile:HO (121, v/v)E AH&-3}
of Bttt #E& 5 1 drop/secE 300 drops?
tiond} St}

TLC analysis

A& E silica gel plateE A&l 2ottt A7
butanol:ethanol:H,O (5:3:3, v/v/v)E /\}ﬁ‘é}ﬂ\/} acetoni-
trileH,0 (1211, v/v)E AHE3EATH 3H3HE9] &1L diphe-
nylamine aridine phosphate (DAP) £+ 10% HSO40.2 %
AAHOH, UV 3§ &9317] $8)A4= UV lamp (short
wave)Z FAF3I .

collec-

UV/Vis spectrophotometeric analysis

A8 UV FFEE A EE methanolol] £38]A]7 UV/Vis
$4 patterns Beckman DU-650 model UV/Vis spectropho-
tometer (Brea, California, US.A)E ©]&3}o] 220~400 nm
scand} T}

HPLC analysis

A &% Dionex HPLC system (Sunnyvale, California,
US.A)E o] &3t 439t Columne 3.9x300 mm p-
Bondapak Cis column (Waters, Milford, MA)S A}-8-3t9 31
mobile phasex methanol:1 mM ammonium acetate (1:3, v/v)
< isocratic®. 2 AHE-3+ . Flow rate= 1 ml/min, peak]
detection> UV/VIS wavelength 254 nmol| 4 34351 th.

2
=

el

B-Glucan-free HEAB &E&=9|
of st

HEAB %5 % o Brix 50)%] 5232 A& 50 go 80%
ethanol 3 A &E(B-glucan, <F7te] T2 b x3 ) 104
g A% U A 445 AE hexane, chlorofrom, EA, butanol
Toz Byt 7tz 1Y E 0.6, 48, 79, 121 g} 84
38 I¥E 142 g& AAH(Table 1). ©]E B-glucan-free
HEAB &7 &8 & 9] a-glucosidase A3l &4 EA ¥ 10
mg/ml % oA 61.6%Z 7} Z8tA A8 =3, hexane

a-glucosidase &AM

=
A=
x3



Table 1. Amount of principal fractions of freeze-dried materials
of B-glucan-free HEAB!

Fraction Amotzmt Composition

©® (%)

Precipitate’ in 80% ethanol 104 208
Hexane 0.6 12
Chloroform 438 9.6
Ethyl acetate 79 158
Butanol 121 242
Others (water soluble fraction) 14.2 284
Total 50 100

'B-glucan-free HEAB (50 g dry weight) was used for
fractionation.

*Average of three independent experiments.

*B-Glucan is a major constituent.

Table 2. Inhibition of a-glucosidase activity by fractions from
B-glucan-free HEAB

. Amount used  Inhibition

Fraction
for test (mg) (%) :
. 25 22.7+0.9*
Acarbose 50 39.5+0,9°
Precipitate in 80% ethanol 10 14.9+0.4"
Crude extract 10 32.9£1.0°
Ethyl acetate 10 61.6+0.5"
Hexane 10 50.0+0.8°
Butanol 10 37.9+1.3¢
Chloroform 10 17.0£0.3%

!Acarbose was used as a positive control.

*MeanSD of triplication. Means with same superscript small
letters represent significantly different at 7<0.05 by Duncan'’s
multiple range test.

£4(59.0%), butanol ¥ (37.9%), chloroform ¥ (17.0%) =
© 2 a-glucosidase®] &AJo] A3 Utt. HEAB %E¢]

crude sample?} 80% ethanol 3 4=9] a-glucosidase /3 ]
e 247 32.9% 9 14.9% 4t} B-Glucan-free HEAB A
1 ¥E(crude)d a-glucosidase A3 32.9%=F chloro-
form ¥ 3%, 80% ethanol I A& Rt} =%t} Acarbosed a-
glucosidase (5 mg/ml) A3 &4 395% 2 EbRtTE et
Y& F EA £39] a-glucosidase B35 71 73lAl A3l

3SAT.

a-Glucosidase EEXMHEH2| 22

a-Glucosidase A3} BAo] 714 =9td EA Egogn
B 24E54S 258 thFig. 1). EA ¥32 silica gel col-
umn chromatography (chloroform:methanol, gradient)E
o] &3l B2 8/ £ F a-glucosidase A3 0] =
% Fr.lV, Fr.VE @4 Tl acetonitrile:H0 (12:1, v/v)E
A7l 23t silica gel column chromatography 2 2]
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EA fraction

Silicagel C.C
Chloroform:methanol gradient

D

Fr. 1 Fr. I Fr1l FrlV FrV Fr. VI  Fr VI FrVI

—

Silicagel C.C
Acetonitrile:H,0 (12:1)

HENNERREEN

Fr.1 Fr.2 Fr3 Fr4 FrS Fr6 Fr7 Fr8 Fr9 Frl0 Frll

v

Fig. 1. A flow diagram for the fractionation of active component
from EA fraction by silica gel column chromatography.

Inhibition (%)
—
=

N AR S S RS A

1 2 3 4 5 6 7 8 9 10
EA subfraction

11 Acarbose

Fig. 2. Inhibition of a-glucosidase activity by EA subfraction

shown in Fig. 1.

3l 3 11719 EA subfractione 4t} °]E 7} subfraction
5 mg/ml FZo]A a-glucosidase &4 A &S 4 4
7} acarbose (5 mg/ml)7F 31.5%<1 Aol HI3te] 1~3H sub-
fraction®] 27+ 30.8%, 80.4%, 41.1%% 1, 53] 29 sub-
fraction®] 80.4%Z acarbose (31.5%)XE.t} 2.58) ©]/’¢<e] &4
A &S e At (Fig. 2). a-Glucosidase #3j&©

A 1~39 subfraction®] UV/Vis & #&S &
267~268 nmoA Hdf FFe dEhHlen,
flavone 5 genistein, genistin®] &FW9 9} FL3 AT
(Fig. 4). 1 A a-glucosidase &4 Adl&o] 713 =9k
S 29 subfractione 086792 71 =& 3 =& YEehY
Qor, 18(05439), 3(04343) #=0llck. E3 o] 5
subfraction 1, 2 ¥ 3W& TLCE o] &3t &

E A7 A3 go] e AR el H
utebA EA 28 EAA a-glucosidase E44S A 33|

O S o o>
fr
o

=
< isoflavone WBAZ FAE & AU, 7P BYE o
glucosidase A3 &A& 2= EA subfraction 2-& Cyg re-

versed-HPLC column® 2 #4159 th(Fig. 5). EA sub-
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O UV lamp detect

0 0

EA subfraction

Fig. 3. TLC pattern of EA subfraction shown in Fig. 1. A mixture
of acetonitrile: HO (121, v/v) was used to separate
EA subfractions. Spots were visulalized with DAP and
detected under UV light.

fraction 2 ol = genistin® daidzino] 50 A, =
g olg Hop 54 & 8250 ta drHol AT 54
o] &3 o]5 EHL TAHHA &AW, TLC EANAM 7
o] oI aL(Fig. 3), UV FF =0l A isoflavoned}
ASE Ao g #Ho]l olge o 1soflavone-\4- con-
jugation® isoflavone Hl ”Xﬂi A, o] 52 genistin©]
U daidzinkt} 84 #z] §E53 7] isoflavonoided]
glucose7} st A ® v A7} ofvet AB7} W FH = %
oA EaRESO os] FHdE EAEFO] genistino]
daidzin 2t} £ glycoside 2% isoflavone WlFAHZ F7
o

EA 2&E9| g-glucosidase EAIAs] S2

Isoflavone§] genistein, genistin (genistein®] glycoside)Z}
daidzin (daidzein®] glycoside) (77} 0.5 mg/ml), 2|1 EA
subfraction 29} a-glucosidase &4 A3 &S A 2 vl
FA 7} ol genistein®] Bl A Q! daidzin, genistin®.t} 3}

404 & s S k
FBe 3 G Major
208 4 | S comp ound
.': | L ../ ’
10§ T ¥~~~ Daidzin
H s H (RT: 10.878)
& 14 £ oo
E I A
°d-_ | g Genistin
2 ;" s (RT: 18.577)
00+
w.f} 0 125 150 175 ,'0 0 30
Tiane (mmin)

Fig. 5. HPLC chromatogram of EA subfraction 2 in Fig. 3. Cis
reversed HPLC-column was applied for separation of the
constituents of the EA subfraction 2 and isoflavonoids.
Mobile phase was a mixture of methanol:1 mM ammo-
nium acetate (1:3, v/v).

90

30 |
& 70 b
=
=1 60 |
S 50
£ 40
% 30
g 20

10

0

Acarbose Daidzin Genistein Genistin
subfractlon 2
Treatment

Fig. 6. The inhibition of a-glucosidase activity by EA subfraction

2 and isoflavones (daidzin, genistein and genistin). The
amount of acarbose and EA subfraction 2 for the assay
was 5 mg, and other isoflavonoids was 0.5 mg.

&) =4 Yelgth(Fig. 6). 0.5 mg/ml genistein 78.5% <]
A &S 2ol 5 mg/ml 59 acarbose (27.2%)E.t} oF 2.8

EA subfraction

Fig. 4. UV spectra of EA subfraction 1, 2 and 3 in methanol shown in Fig. 1 and 2.



v o] 4+e] a-glucosidase &4 A3l&S UeERAT 1t
EA subfraction®] r¥ isoflavone HJZA| 2 genistin}
daidzin®] Z4-& A& o2 =4 &%A % EA subfraction
2 (5 mg/ml)= °F 80%9] Aa) &S GER AT o]} &
ZAI}= EA subfraction o ¥ genistin?} daidzin ¥ ©]&
9 conjugate®] A B FAHHETH

fzk

B-Glucan #&& A|Ag AHHATARA 4 A uf FA(B-
glucan-free HEAB)©. 2 %-¥] acarbose Rt} a-glucosidase 7
f &Ago] A3 EA 82 EYstidt o] £39 fE=d
< isoflavone (genistin} daidzin)¥} isoflavone@} F<] con-
jugate H Edo| gf= o] ATt Genistin? daidzine o
FEEYH FAH 0L, B conjugate H EFLS AFHAT
AHA] B A ) G o A genisteinT} daldzem E= genistin
% daidzin. Z5E AAHE Aoz FHH

a-Glucosidase™= /\ﬂ«] 2T A E LH”Loﬂ A3k /\1
amylase®] °J3} A€
djstol AU F FFE ES’Jr SR
ot whebd B Sk A% 93 S]] el
A] acarboset} voglibose®} 22 a-glucosidase A3 A S =&
gt} ey ol A7ET AetAe A71EE A BF, A4l
BERAH 5o Fzgo] TA[BIste H sy
(Euonymus alatus)[15], 223U [19], 22[25] 59 HAE

ZXE a-glucosidase &/ A3} 717} 71 HLE]“E]-.

WA Bglucand At dFAXE FEHE
e SR 2R FAE SEFAAM], AFHA A
e AN Y FHF e Ado] HE LDL-Z8
2HE $&E ‘;l'—ir% w29
H2HE sEv %7]'/‘]%15}[14]. A A ol glel e FaH
R FA[36], :

(Phellinus linteu9[9] 59 ATl oo
2 a-glucosidase Z/3 A3l A7} 72 %

EaT
S Eoled 98&

[e]
p83

ofe i,

22 o EE ade ASHQ TR 2471 A
2k B-glucans A AT AR WA FAA A A G
NSt a-glucosidase 84 AsjaAles d8FFo| 7ts &
Aol

B-Glucan-free HEAB #3% & ¢] a-glucosidase (10 mg/ml)
S As S EA £3o] 616%2 7HF 3t en,
hexane & 3%(59.0%), butanoli#|(37.9%), crude¥(32.9%),
chloroform® ¥ (17.0%), 80% ethanol A E(149%) T©oZ
A = ek, o] oF 22 A= AK(Paconia lactiflora) F A+
EA #8o] 95.8%2]A ™ Aol vls| tha wgkeh. 18} EA
3 & silica gel column chromatographyZ 2|3 EA

subfraction 2% 5 mg/ml FXZ A acarbose’} 31.5%%
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Aol Hls) 80.4%2 254 oFe} £& A &= Bof 4
ko] EA #83} frAlatglal, FuUES] EA £ 36.3%9] A
S&[10]E e 28] o ¥ FAN ol L A= B
-glucan-free HEABO) &-f-¥ isoflavone®} glycoside 239
isoflavonetl GA ol 93 Az} A Folt},

Isoflavone 2 EA o] E9l= A=A FE] WEAZ
A gnd, A88dd Sues, 1AE8F o Fosit
[29]. 58] tFe A% A F71E FutetA gt I
oy 2 AZEFAV}E QoH13]. Tl FiEHol e iso-
flavone- glycoside @} ¢l genistin¥} daldzm ] F 96~98%
E FE o7 low[3], TEAF FF TEFAYIAN
aglycone“ﬁl’»ﬂ«] genistein, daidzein O_QE AHE 5], 18

31 genistein ¥ ¢+ a-glucosidase &/ A3 Al 2t H i H
vl SltH1e]. 12y £ A drutEsEs 7R A R
of AFMATAAE W g il FEYoll e FaXFHe 2
g glycoside FE] 9] isoflavone®] HF-F0]%1 1, aglycon FHE|
] isoflavone?] - S THFig. 5). L83l Fig. 594 gly-
coside 2] isoflavonet| GA Z FA =+ peak”} A4 = of
o] 0] 23 a-glucosidase A& Adlste AoE FHH

3ok

~

g5, Ad Baaihk 59
TH7,26]. E=5F AA ] FS &
wtet v A o *év‘i—% ek 715488 2t EEE A
B8 & 4 A

(di-, triglycoside 53)% Aol 222,
7V 3R, a-glucosidase &4 A3 &7} 3(}%31 §g)ro1

I
tjste] obf FA Ao ¥ 7‘4 A vk gl #H2 9k, 1E
4 nAEF 5o Ewol flu AAAE AR F5 T
A= YA F(Apics americana Medlk)fli—r H FHE524 &

Abet  genistein®] WA S genistein-7-O-genitiobioside
(isoflavone diglycoside)’} M2 A2 ¥ = on, &
2bal Zado] lol BaEQlTh6,22]. whekA & Aol 3
& a-glucosidase A3AQ] isoflavone®] glycoside FHENZ
conjugate® EZL AHMATAA JAuEFol  trans-
glycosidase[35] 2§02 FAHAE Floltt. HATAMA
A% 89 A e AoldF S TAA Ol
d 3, 295 59 a-glucosidased] tigt #3|&A4e] 2
FABISH A FASHA B AFolA EA subfraction?]
a—gluC051dase AN e = MGG ANAM A diFat
w3l & o genistin, daidzin®} ©]5¢] glycoside HE|E
conjugate®d =2 g EFZHA &z FAHHA
AEHOE HFE 7I2HAR & AT v FE
o] EA #3202 HH a-glucosidase EAJA3]= isoflavone

(glycoside &)} glycoside 2] isoflavone HiBA| ] Al
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A @3l 7108 A o]t} Isoflavoned] glycoside &2 glyco-

side FET 4 a-glucosdiase A3 &/4¢] Qv Ao F4

5

=

10.

11.

12.

13.

Aok L3 EA £Fo] g5 B-glucan-free HEAB= EF
22 1A &89 F S Aot
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