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An isoflavone glucosidase that catalyzes the hydrolysis of isoflavone glucosides into glucose and corre-
sponding aglycones was purified from Candida fermentati SI. The N-terminal sequence was determined to
be GLNCDYCN. We designed degenerate primers on the basis of these amino acid sequences and success-
fully cloned the full structural gene sequence of the isoflavone glucosidase using inverse PCR. The exo-3-
(1,3)-glucanase gene consists of 1227 base-pair nucleotides, encoding a 408-amino-acid sequence that shares
41-96% amino acid homology with other yeast exo-f-(1,3)-glucanases belonging to glycoside hydrolase fam-
ily 5. The recombinant exo-f-(1,3)-glucanase was expressed in Pichia pastoris X-33, using a pPICZA vector
system, and further characterized. The molecular mass of the purified exo-$-(1,3)-glucanase was estimated
by SDS-PAGE to be 47 kDa. The optimal pH and temperature were pH 4.5 and 40°C, respectively. The K,
values of the purified exo--(1,3)-glucanase for daidzin and genistin were 0.12 mM and 0.14 mM, respec-
tively. The V. values of the purified isoflavone glucosidase were 945.03 U/mg for daidzin and 835.92 U/mg
and for genistin.

Keywords: Isoflavone, Candida fermentati, exo-3-(1,3)-glucanase, isoflavone glucosidase

Isoflavone?| 7= IA 4714 B2 &77F 7hsdd ©
A, aglycone & E]2l daidzien, genistein, glycitein¥} ©]&
9] v FA & 2l daidzin, genistin ¥ glycitin®] A2
B o]l acetyld} malonylo] 22+ 233t e 5 2F 12F
o] EA2trH11]. thFoll EA k= isoflavone aglycone?] 2]
AAQ 8ol o7t 9], F4EHT], 3 SdHo] 2-&[1]
o] RuE glon, o]59] 354 F271 o4 hormone
2l estrogend} f+AFSE7] W&ol phytoestrogen® 2 A 2] 7t
HAQ adte] ot F FLA8, 91, F BN [12]
of thgt A= BuEy ot tfFoll= o] 23 isoflavone
27 02 5% % o 15-25% A= Bl 908, 0|5
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Isoflavone< lignan$9f §7 A& A ¥4 =+E phyto-
estrogen® 2 E| estrogend} H|L3H A S-S ZHAY A
WSl s Aelggdo] Z3tE = phytochemicalo]t.
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[11]. o]l ®]sto] viFA| Fef Hoh Aef@Ao] thofstal &
2 7154& 2= aglycone FE|Ql daidzein, genistein T
o 77o) WiEA9] oF 10-3080] 10] BaHe A2 o
A k1], A o] &E A= aglycone?! genistein
2 4T A9} RPA genisting AAT Ao |5

O AW At £=9] Zo|7t AdFEL AAAHAA 53]
genistein®] T ] F4E= A4S B aglyconeo] A
o] §Eo] ol dHA U2, 3, 8, 9, 14]. wHA
isoflavone HZAE aglycone FE| 2 HAZA|7]= 5Fo] &
73 #39 Adol asty, 283 FYo| LT A3
C. fermentati SIS B2 HE £ B3k vt ot [5]. &
ATl A= o] 37} BAtsh= isoflavone H{FA]| 7HE3
a0 Ao Bost= FHAAE ZEYSHY 7 AEE
92l F P. pastoris X-33°] FAAEstA A2 T
45 S £3) isoflavone aglycone?] 8221 AR A|E=3}
AL, HZF isoflavone 7hi3 A0 aA%HY EAAS
ZAFSEA T

ERTETE

5o A 9 A5 plasmid

Aol A& C. fermentati STe 5 Ao A 3T
A A gAY g FFEA, HEAH 1
isoflavone glucosidaseS AJALst= 52 o] L¢3 F30]
t}. Escherichia coli TOP10F'= plasmid®] 2} 2& 9
222 93te] AFRE e, P pastoris X-332 A Z3 o
Wz o] 1 Bd-S Y3t hostZ A ARSI L) P. pastoris X-
33 o] &% A2 DAY 1 HEH-E Y3 plasmid 2 A
pPICZA plasmid (Invitrogen, USA)E A3} T}

DNA 37149 & clulicit Heo] 24

C. fermentati SIZHE ZAE AL 31=7] 2 3}8HX]
AP L] = 5te] N-Ter] ofu Al 47]) HAL 2
3%, DNA 7] A 99 A7 BioneerAt(Korea)o] ¢
gsto] AT 2AE 9GHE o] &5to] n|R9 H7|A
g8 27] Ya A inverse PCRS 53 primer walking ¥
< AHESHT. E714go] 2% E DNA ©H o] Atz HE
2t A7 EE 7122 FEF primers A ASES
™, inverse PCRo| &%t 3¢ A7IMEY £42
BioneerAt(Korea)ol] 9 2|sto] ZA45kich G714 €2 19
)3t open reading frames (ORFs)9] A2 National
Center for Biotechnology Information (NCBI)A] 2% 3}+=
ORF finder (http:/www.ncbi.nlm. nih.gov/gorf.html)S A}
$5te] ZArshelch DNAS @719 B4 8 wha of
o] = A A F o] AsA 9 HAL BLAST (http://www.nchbi.
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nlm.nih.gov. BLAST)E ©o]|-&3}l 4t}

Pichia pastoris X-332] A A&

P. pastoris X-339] FAAZL 3 competent cell
YPD iAol A ODgoo = 1.3-1.57} & wj7bA] v A
g HAE 0CE Y4d i SHFFE 2 2k AFE
0CE ¥Zre 1M sorbitol ThA] 3H Al &gt &, A4 A+t
3} 0]Z 1M sorbitol o] @ESIe] P. pastoris X-332]
competent cellZ AFE-3l4th £H|H competent cell & C.
fermentati SI2] exo-P-1,3-glucanase gene®| AY=E o] =
plasmid®} 412 & electroporator (Bio-Rad, Gene pulser
X-cell)& 0|83} electroporatione A A|SHE T

Funze B 4 f=

FAAL = P pastoris X-332 HHS 9J5te] WA
BMGY HjA]o|| exo-1,3-B-glucanase X A7} 4d® P.
pastoris X-33% 4F F 30ToIA 24A7F viFst 7 €4 &
gsto], FAE FT T Q2L BMMY iR o @35t
1 & 24A]17+atet methanol& 0.5%7F HA A7lste] a4
o AR F=stth =9 A2y dild o FAl= Ni-NTA
Agarose resin(Qiagen, Germany)< ©| &35t A| ALY &

A ol w2 A AT

il AF A719%

gzl o] AHTFL UV spectrophotometerS ©]-&3}o]
Bradford '] Z3to] 245ttt 9] 2= AR L
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)«= Laemmli [6]9] % o] F38fo] 42§}t
SDS-PAGE ZollA &% &3S S 2% dud=¢s
pageruler'™ prestained protein ladder (Fermentas, USA)

g Aot

A a0 EA

FAE 540 EHE dotr 7] 93te] 100 mM citrate
phosphate buffer (pH 4.5) 2.7 mlo] &4 100 wet
10 mM p-nitrophenyl-p-D-glycosides £3F2] Z+ 7|d&
200 pl H7Fste] 37Co|A 3087 BH-AIZ1 & 1 M sodium
carbonates 1 ml 7}Fsteo] EANHE-S HAIAZH. ofnff A
/¥ p-nitrophenol& Ayl A FFEE 54 ¥ v|g 24
H HAFAE o] &3t AA8AHE SHSHAT. 2 =24
= 7|4 2EE 187F 1 umol? p-nitrophenolS AAFsI=1H|
AHE 549 S 1 U (umol/min)E A oJstglch E3H A
& 7] 4 (laminarin, amygdalin, esculin, cellobiose, salicin)<
o| &3t A4 A =A L glucose assay kit (Sigma, USA)S
o] 85}t ZF 10 mM 7]& 100 plt AAE &4 100 WE




800 w9 100 mM citrate phosphate buffer (pH 4.5)2} 4
2 % 37CoAA 3087 ¥H3AIZ] F, 100CoA 287 9
o2 as ¥ BASAY. 2 v 17102 3|45}
o] 200 WlE WHE 5 glucose assay kit®] assay reagent
(glucose oxidase 500 U, peroxidase 100 U) 400 ule} 37C
o Al 3087t ¥F-3-AIX1 F 12 N HyS0, 400 W& 7}8fo] vt
$ A F AsiomoIH EHEE 279510 glucose standard
solution® 2 2] 24T AFAL ol 8ate] Boo) FHL
245k £ RN A2 RE 187 1 pmolo)
glucose S A4tet=d| AH&H 9] &< 1 U (umol/min)
2 Heolstgrt.
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B

HPLC £4]

HPLCE ©|£3}% genistin, daidzin, genistein %
daidzeing A F3}H ). o|uf AFLH columnE Nova-Pak
(Waters, 3.9 x 150 mm)©] 3, mobile phase= 1% acetic
acidE 383t Hy02} 1% acetic acidE $F-8-3F methanol (©]
o] methanolZ 408 =<9t 10%9A 60%71A] &7}l 2 &=
Z3EE F9holt). Flow rate= 0.8 ml/mino|y A&S
UV detector2 UVyss nmol| A AES3}TH

=k

7=1|. =1] 1 E

=
Isoflavone Y34 7[Eag s $Ax 229

C. fermentati SI S-29] g Z 2E ZAH g/ N &
¢t otu| A ZH7] (GLNCDYCN)2] A g2 NCBI9| BLAST
I 239 (http://www.ncbi.nlm.nih.gov /BLAST/)S ©|-&3}
o] alignmentS A3t 231} Meyerozyma guilliermondii®
exo-1,3-beta glucanase?] N-He] u @44 (GLNWDYDN)2}
7P AR S 4= Tk 4SSk N EH of
o] le4t 719 A ES st oy I g4 o] FEEA
%2 A oA NCBI A& 55t 42 B H e Fs}o]
degenerate primerE A|2}5l3 PCRS 433ttt AW
% primer?] A|Z-& 95t 874 N ek ofu] il A F
S 0] &3} degenerated primer GF1E A &3 THE-
GGIYTIAAYTGGGAYTAYGAYAA-3', I: inosine, Y: ¢ or t).
A uFeF primer?] AZHS Y3l A glycosyl hydrolase family
5o &3k STl S BAR 292 ofoA A
Qg U2 familySh ¥l wE A3 7Y HEH oful Al A
@& IGIEKKNEPLZ 2RI OH, o] §.99 ofn|iAql A]
2 7|#2 2 degeneration 11835} GRS primer GR2
AR THE-TCTGTCAAAGCAGCAGACCATTCACC-3).
A%t GF1 @ GR2 primerZ degenerated PCRS ©]-&3}
of 92 841 bpe] DNA ©#H 9 A H (Fig. S1)E ©]-&3}¢
inverse PCR& A A5ttt DNA ©H 9] YR E AT317|

oot o n@
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A= Ata A (EcoR )E ©0]83}9] chromosomal DNAS 4]
23t & T4 ligaseS 0]-&3}o] ligationS Al7] 1 U3 T
tto 2 Q3| self ligation® DNAZ m]2] HZS}E primerS
o] &3t PCRE 53l &2 AAIE A3 3,160 bpe] DNA
GHS AAch(Fig. S2). ©] DNA ©H | 7| ES 243t
A3} 1227 bpY exo-p-1,3-glucanase +X2-FAAE 7HR 1L
Ues ST (Fig. ).

d71-go] 24 % DNA TH O] JH BX

d7|A o] 24 E DNA & Yo £xj3t= ORFE &
015}7] €5t NCBIoJA] %93} ORF finder program<
o] &ste] 2F on|iAt MEE EA5HSTH ExpasyollAl &
3t Compute pI/Mw (http://web.expasy.org/compute_pi/)
T2 WO R A% At EATFE ¢F 504 kDao® 73
=) 9l ESF glycoside hydrolase family 59 Z3E &
2£9] yeast G exo-1,3-B-glucanase?}2] homology H|ZE
StAS W 2 41-96%2 homologyS WEMH UL, T F
Meyerozyma guilliermondii ATCC 62602] exo-1,3-p-glucanase
o} 96% 2 7Hg %2 homologyE YEFH AT ESE N Tt
ofu| Al B4 3} v wet A3} 197] 9] ofu| At 7|2 H
signal peptide7} EA3HS St

=

Exo-f-1,3-glucanase?] 1143

P. pastoris X-332 3} exo-f-1,3-glucanase?] I} L&
AN &gt Agtas EcoR 13+ Kpnl 232427} H7be A
ek U G primerE A&t C. fermentati SI9
chlomosomal DNAZ F#3 0 2 3o PCRE £33+ & exo-
B-1,3-glucanase +2FHAE FE34tt o] SFH PCR
AHEE A T AgtA A EcoR 13 Kpnl2 A 2|31 1) g
EcoR I3} Kpnl2 A 2]E pPICZA9] AFJ8tT}. Saccharomyces
cerivisiae?} Z-0] A3}t H DNAE= AH| genomelof =
homologousdt 4 <1} A =3 DNAA}S] o A homogolous
recombination®] Po|F o 2H AT FHAHGAE &
4 gicka 2ol itk BRe) HEO 2 A% plasmid
Aro]l 9l+= alcohol oxidase ST} genomeljol| ¢l alcohol
oxidase 9 A}o] o] A homologous recombination®] ¥ °.#
A exo-f-1,3-glucanase A AE P. pastoris X-33 genome
U2 A YA FTh Alcohol oxidase?] promoter 3}F < & o
ArelE exo-B-1,3-glucanase ALY TE-& 93 2447}
T} methanol 0.5%7} =2 A7}5PAA exo-f-1,3-glucanase?]
088 SESAT. o127 WA exof13glucanased
Ni-NTA Agarose resin (Qiagen, Germany)< ©]-&3}o] % A
T A7) 95 AAE AT} oF 47 kDa 9|04 & W
EE €2 & AT (Fig. 2). FEA 9 AA A7 &
Ao ko= signal peptided] 7|¢l5t= Aoz AYZHET
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CCAACTTTTTTTCAACCATCATGCTTCCATACTTCTTCATGATGGCAGTCGCATTTGCG
M L P Y F F M M AV A F A
GCCGCGATAACTCGCCGGGGCCTCAATTGGGACTACGACAATGACAAAATACGAGGGGTC
A A I T R Ry G L N W D Y D N D K I R G V
AATCTTGGTGGTTGGTTTGTACTCGAGCCTTATATCACCCCATCCTTATTCGACGTTTTC
N L G G W F VL E P Y I T P S L F D V F
GGTTCCAGCGTTCCTGTTGATGAATACCACTACTGCCAGCAACTCGGCAAGCAAGTGTGC
G s s v p V D E Y H Y C Q L G K @ Vv C
AAAGAGAGACTCGAAACCCACTGGAAAACTTGGTACACCGAAGATGACTTTAAAGCTATT
K E R L E T H W K T W Y T E D D F K A I
AAGCAGGCTGGTCTCAATGCCGTGAGAATCCCCATTGGTTACTGGGCATATGAGCTTTTG
K ¢ A G L N AV R I P I G Y WA Y E L L
GACAATGATCCTTATGTCCAGGGCCAGGACAAATACTTGCAACAGGCATTGGAGTGGTGT
b N D P Y V Q G Q D K Y L Q0 O A L E W C
AGAAACAACGATCTCAAGGCATGGATTGACTTGCACGGAGCACCCGGATCGCAAAATGGG
R NN D L K A W I DL H G A P G S Q N G
TTTGATAACTCGGGACTTCGTGGCCAGGTGCAGTTCCAATGGGGCAACAATGTCCAGGTG
F DN S G L R G Q V Q F Q W G N N V Q V
ACGCTTGATGCCTTGAACAAAATCTTCAACAAGTACGGTGGATCCGACTACGAGGACGTT
T L.bD A L N K I F N K Y G G S D Y E D V
GTCATTGGAATCGAGGCCCTCAACGAACCCTTGGGTCCTAGTCTTGACATGAACAAGCTC
v 1 G I E A L N E P L G P S L D M N K L
AAGGATTTCATTAATCAAGCATACTCAAACCTTCGTGACACCGGCTCGGTACAGGCGTTG
K b v I N OQAY S NL R DT G S V Q A L
GTTGTGCAGGACGCTTTCCAGTCGAACACTTACTGGAACGACGAATTGCAAACTCCCAAC
v v ¢ DA F Q S N T Y W N D E L Q T P N
GCGTGGAATGTGGTAATTGACCACCACCACTACCAGGTGTTCTCTCCTTCCCAACTCCAG
A W NV V I D HHHY Q V F S P S O L 0O
ACTTCCAACAAAGACAGAATCCAAAACGCCTGTATGTGGGGCTGGAGCCTGAAGGAAGAG
T s N K D R I O N A C MW G W S L K E E
TCCCACTGGAATGTGGCTGGCGAATGGTCGGCTGCGTTAACAGACTGTGCTAGGTGGCTC
S H W N V A G E W S A A L T D C A R W L
AATGGTGTAGGCCGTGGTGCCAGATGGTCGGGAGACTACGACAACAGTCCATACATTGGC
N G V G R GA R W S G DY DN S P Y I G
TCGTGTGACCCATACACTGAGGTTGCCAACTGGCCCAGTAGTTACAGAACCGATGTGCGC
s ¢ b p Y T E V A NW P S S Y R T D V R
AAATACATCGAGGCACAATTAGATGCTTTCGAGGTTGCTGGCGGGTGGTTTTTCTGGAAC
K Yy L £ A L DAUVF E V A GG W F F W N
TGGAAGTGTGAGGACGCCATCGAATGGGACTTTAAGCGCTTGACGGCTGCTGGGGTGTTC
w K ¢ E bA I E WD F K R L T A A G V F
CCAAGTCCTGTCACCGAAAGAAACTATCCTAACCAATGTAAATTCTAGAC ACGTTCATA
p s p V T E R N Y P N Q C K F *

Fig. 1. Nucleotide sequence and deduced amino acid sequence of exo-f-(1,3)-glucanase gene in Candida fermentati Sl. The
deduced amino acid sequences are shown below the nucleotide sequences and start or stop codon for exo-f-(1,3)-glucanase are indicated
in bold.

exo-1,3-B-glucanase?] &A1} ek AJof| u]X]+= pHS] 93¢  phosphate buffer, pH 7.5-9.02 100 mM Tris-HCl buffer

A E exo-1,3-B-glucanase®] &4l v]2= pHY ¥  E ©]&3to] pH 3.00914] pH 9.0 Abo]9] buffers Y= F, 37C
S A7l YA pH 3.0-pH 7.0 100 mM citrate oA 3087t ¥-3-A171 H p-nitrophenyl-B-D-glucopyranosideS
phosphate buffer, pH 6.5-pH 8.0 100 mM sodium 7|1AZ ARESke] a49] &L A5 1 23 Fig. 3A
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M 1

Fig. 2. SDS-PAGE analysis of the purified recombinant exo-
1,3-B-glucanase from Pichia pastoris X-33. Molecular weight
of recombinant exo-1,3-B-glucanase was determined to be
47 kDa. M, molecular size marker; 1, purified recombinant exo-
1,3-B-glucanase.
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Fig. 3. Effect of pH on exo-3-(1,3)-glucanase activity (A) and
stability (B). ¢ - 4,100 mM citrate phosphate buffer; - N,
100 mM sodium phosphate buffer; A-A, 100 mM Tris-HCl buffer.

¢} Zro] AAH exo-B-1,3-glucanase] %% pH= 100 mM
citrate phosphate buffer’} AFEE pH 4.5 FLo]|Qic). E3H
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Fig. 4. Effect of temperature on exo-f3-(1,3)-glucanase activity
(A) and stability (B). For the optimal temperature, the enzyme
activity was measured in the standard reaction mixture at the
indicated temperature for 30 min at pH 4.5. For the thermal
stability, the enzyme was incubated at optimal pH for 30 min at
the indicated temperature. The remaining activity was measured
in the standard reaction mixture for 30 min at 45 C.

229 pH A4S A7) HsiA A & pH

3.0-0.0 Aolol A 912 FU S Hrleko] 2t pHER
£ 4ToA 24A17F BAZE § 549 2F pHOA 37T

z2 30-u_—E'I T 540 JHEDAHS S 1 23 Fig.

3B&} Zro] AA|E exo-f-1,3-glucanase= H| & {2 04‘_1.]

9] pH 4.5-8.0 Ato]ofl A 80% ©o]4e] S A5t

e Ao

exo-1,3-B-glucanase?] 47} ek A o) u] 2] &= &%= 9] %3

LG A= 2= FFS ZAEH] YA B
9 H# pH 4.5 9 30-60T 9] 2= WA 5T HHo=
ZF 204 30&7F AAIRl B4l BAdS ST 1
A3}, Fig. 4A9F Zo] AAE exo-1,3-p-glucanase?] 222

£ 40T, 45T ol Ae ALgAo] 43| Hol
Aok 249 F AFAAE A A4 AAE aaE
23 pH 4.5 ¥ 30-60T 2= WA 5T HE o8 7k 2
T AHSE FHA 3027 AT F FH 2= 40TAA
3047t BRSAIA A0 ZHE B SAsHT. 1 21 Fig.
4B9} 7o) exo-1,3-B-glucanase+ 40T 7HA| = 80% o] A9
B S FASL, I o]Fole A4 B4 F45H
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Table 1. Substrate specificity for the purified recombinant exo-3-1,3-glucanase.

Chromogenic substrates

Natural substrates

Substrate name

Relative activity (%)

Substrate name Relative activity (%)

o-Nitrophenyl-B-p-glucopyranoside 100 Laminarin 100
o-Nitrophenyl-p-b-xylopyranoside 13 Amygdalin 63
po-Nitrophenyl-f-p-galactoopyranoside 9 Esculin
o-Nitrophenyl-B-p-cellobiopyranoside 3 Cellobiose
o-Nitrophenyl-B-p-glucopyranoside 18 Salicin 0
o-Nitrophenyl-f3-p-galactoopyranoside 1

A 2%)9 E4d< deEtfiglet. sFAT salicino] tfsjAl= A9

-10 0 10 20 30 40 50

11[8]

-10 0 10 20 30 40 50
05
1/[S]

Fig. 5. Lineweaver-Burk plot of the purified exo--1,3-gluca-
nase for daidzin (A) and genistin (B).

"ol A},

140 7|AEA

BAE 229 71AE S ERlst] fste] FA71E R
A7 Ao dfste] a9 711 SoldS 2AFSAY. 11 2
T} 34 71 2 9] A9 p-Nitrophenyl-f-D-glucopyranoside ]|
dafA 1.12 U (100%) 2 71} =2 45 ety glen,
AY 7129 A2 laminarin®] T3} 5.40 U (100%)Z A
M =& 84S UEWE amygdalin, esculin 3
cellobiose®] T34 Z+ZF 3.40 U (63%), 0.16 U (3%), 0.11 U

http://dx.doi.org/10.4014/mbl.1604.04003

& ey gtthTable 1).

L] gt

AR H Az exo-f-1,3-glucanase?] isoflavone BJF Aol
Yo ELNSEEES oluy] 943} oy A HE
daidzin®} genisting Z} 10 ulet AAEH &A 50 uls
440 ul®] 100 mM citrate phosphate buffer (pH 4.5)°] 3
7¥ste] 37ColA 3027t BH§ & 500 ple] ethyl acetated
A 715}] isoflavones &3t § ethyl acetate®2 3|3}
o methanol& AF3F 42 % 10 WlE HPLC 49 o] &
sttt 1 A1 AAE AZF exo-p-1,3-glucanase Daidzin
o] 3t Ky FH2 0.12 mM, Viay= 945.03 U/mg proteino]
oW, genistino] et K, #FHS 0.14 mM, V=
835.92 U/mg protein® 2 UEMG}THFig. 5). o] 7|&of B
21 Thermotoga maritima [13], soybean [10], almod
emulsion [4] F2 2] B-glucosidase S| v]st] ¥ K, 3t
I =L Vs UJEHH A2 2, A 23 exo-p-1,3-glucanase=
HEFE F3 isoflavone WG A &} E3fof o]& 5 Q)

H Ao A= C. fermentati SI7} A= isoflavone Hl)
A s BaAE 225 d7] AES WE FH P
pastoris X-33°] FAHEsI Y2 a4 HAES AH
3, T3t A 23 isoflavone 7FE| 849 G457 EA
< ZAFstA T A2 isoflavone 7R A A0 BALEF
2 9F 50.4 kDa©] ¢l 2™, Meyerozyma guilliermondii ATCC
62609] exo-1,3-B-glucanase?} 96% = 714 =2 homology
£ YEYRITE. exo-1,3-B-glucanase®] ORF= pPICZA 9 E]
2 Z22Y & P pastoris X-332.2 FAAZTS 5} o,
Hisg-tags ©]-83te] a45 AASIAT. AAE ase
citrate phosphate buffer pH 4.504 %2 &A1& Y3l
o, 549 Y & 2=+ 40TE YEHT 40TColA



A= B4 o] FA5H HATS g% stHem, pH
HYAdE AR At vl nE 2 M2l 4-8 Atoof|A] 80%
ol BAE FASHTE waEkA, Axe 540 AES
53l isoflavone aglycone®] &-&2Ql AJAke] o] & 4= )
< A0E AmdHt
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