12 14 3

52

BhpZE 5 0052 .

BN H OB R ZHET 2 A =X ADMEH
BhERBEgeE - K RiF BHERTFRE  FEEEH)

ERFAE Ik BF GEEATRY ZECEH)
BT BB BEEATFAE FECEHR)

ELOMITHEBEBNT, BRERXHTILOTERVWIRMY TH 5, FIRFARM & L
CORE M. EHOBVLEFERTEA, K T/ AF v —ICREEEEELS,
D AR TN, Y Tx ) —ABERRLBNS . R T2 LTS
— ¥ (PPO LHT) EHLBVLOTE, FEhWE VB0 2 L BENBEREZ 5
R BEACEBELCBERBIETS 2 ERETFPATVS, LrL, REICLZBE
BEIED A H =X LE+DICHEAS LTS LEVERY,

APECIT. BREIC L 2HE - REOBERBIEORA N =R L% MAT 5 HMT, PPO &
B BIE TR O EBIC oV TRRILEHIERLE, ST, VAZ. LRt 2R
TLELOBEREOBER LU PPO BRERIETAEOFEL BN LER, BER L
O PPO EHEOEEIC L ZEEOBREIAMICLIVERSN, REREATVELVRL
BESNDZ ESRESNE, TRODORE  BRHOHMBERRLFEB L. SDS-FY T 7
Y73 RAAERAE®. PPO 0L FEBERET S &, SHEHC L > TRRBHK
DT A VA DREET B ENHBALE, . T4 Y FA LM CTREICKT 2RZE
NETFERS L RRBRENE, KIC, REIED PPO BHOEE DAL =X 2EKHA
FBEMT. BCH—ARBOATRTELERTLO LN DRESE, 7F/V IS
Wﬁ*ﬁEVFf774—EiU7D7F7ﬁ—ﬁVV7KlOTPﬂ)%ﬁ%bﬁo7
Hw hT4—B U7 HTATH 6 ROERY —7 B &, pH 6.7 TEHENE
PPO MmiEMNE L&, TOEUET 12% T 426 fFICHEB S nic, SDS-K U 77 VAT
S RALESKEICE D S TEN 35,000 0IFIEE-BEARICE THERShE Z L 0HER
snt, BEEE LT/ e/ YBREAVTREBEROUEEHA~D L, sor 7 VBRICH
5 KmEE 1.3nM TH D, 5. 0mM ML EDRE TEEEERL b, FERIT 159H,
10°C Iz < L 80%METE L, 50T T 60%, 30°CT 30%KTE LN T, BUCH L THERY
REERBEETHAL VLD, /IR S VBREELREREFE X (BRCEELE
L. Line-Weaver Burk v~ bz & 0 ®#EIZ X5 PPO DEEZEXZHAREER. R
HERETHY. FTOMEEES KiEF 0.2M Thotk,. CORKREIT, EFBEBL
R B ARETH 50T HRCRED PPO BEARKIC L 0 ERHAMICEE S,
ZDHEERENSHIESND LEBEND,
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B R & 0052 |
FEAFEOBVERLHETE AV =X LOHEH

BRI E : KB T BEERKTFRE FEFEHR)
HRAFERE LK BEF GHFEXFRF KEFH)
BT HE BHELKFRFE KEFH)

1. HRE®B

HRORMEICE TN AMIERIT, Th OO, NI - WECERL. BHFECRH
MRS DONEE FE LS RVERETHZENRE Y, PIZE, Y T=/ — A XY
ﬁ~€mﬁ$%%%%méﬁzbﬁ&%ﬁTéﬁaoTx:»ey@f#vﬁ—fmﬁﬁ
%%%@E%ﬁ%%ﬁﬁﬁf%éfﬁiyc%@mp\%%K%<o%ﬁ%%AwﬁﬁE
REFEICEA TV LHEE, FECENEML - HEL THLRTIETORMMIERZS
TNBEDT., BEMBERC S I VOBREOHENAMUMCHE L TEELCR>TEk, &
HoRHOMT - FEICELT, BEOBELHLELEY, REEZEASELLDCR
WAL EDNE, BEOBEBESRIEAC L > TRERMICAVH SR S TE
R, FOA D= AATHEHICFABAS A TN D LTV AR,

ARFGEIT. REIC L ABEHIED AN =X LEMATHENT, REICLDIRY 7=/
A F VS —PEROREDA N =R L EZ AT EVANVTRATIZEEZANE L

-
1Zo

2. BFRFE

2.1 EEHE |
HEOVAZ, Lednd, EREZLRLEMBHIAVE,

2.2 ERKOBEDHE

DACDER. Lonnb ol ERELPLLERABORS A HBKEL LI
SCTERL. BERETE0H8 (12,000X g, 104) LEEBEL, BEORERIE
BT B L 420nm O R KEQBMERE L TR D%,

93 H®YTx)—NFxXVF—F (PPO) DEHEE

(1) HERKEOAR ‘
FRTOBEZER (0~4C) TV, FAKER L UORBERD ERIC LT,
DAZER., LAV b RMBRIOERE LR LOKEMES & BA 4 FHEKTE
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B L. %mMz«%wwfhzﬁ/—wgﬁaom&KUV@%@%(ﬂﬂ5)&
LHICHRET LA —T 1 HHERL, BREEZ _EO0T A no F—ETRERBL L,
E K% 12,000xg T 100 5EELSBEL CLEEE2E R, 20 EFEZ 50mM K-V
L UEBREER (pHT7.5) TEE{LEE 77T v I/ AG2 AT AITEL, F AT HE
SEEDHBERRKRL LT,
(2) PPO EHORE
KIE#E 1.0m] 13EERIR. 2.5mM 7 o a4 B, 50mM K-V U BEEHK (pH6.8)
25720 25°CT 420nm OWILE OBEMEBER Lz, 1 0MIC lpmol @7 ru i
AT omREY lunit & L7z,

2.4 SDS-RYTZ7YNT I RFVEKIKE LV

SDS-HYUTFTZ7UALTIRFN (125%) WHERKET y— YL TERKE 2T 12
B, AT EAREFREIY PPO O REBRH LK, 57‘//\ﬁ§/\/ Fixor~vy v
Y E e R EIC & DRI L7, PPO Sy FiE Oba S0 ik 2 (0t - THREMSREA
FITVWERH LTz,

L REBIOEE
3.1 BHRLEWOBEIZRITTEEOEE
DA TORR., UeRnb0RME (ZIAME) BLUERT L LOKERIER
LU 3 BEOERET 2P, ©0.5M NaCl, @0.5M NaCl (CF% ¥ 5@ EO Salt
(96.55% NaCl. 0.42% KCl. 1.46% MgCls. 0.58% MgSOs. 0.99% CaSOs.), ®
0.45M NaCl+0.05M MgCls il © D BRE 0B & BT Lk, TORE. A ZE
P ORI E 3 MED Y OEBRT L RACHEESNE, BRT L LERKOBE b
3 IO WIS CIE SN, BEDEELN 50% Th ok, Lonv b BHEDHS
o5 B EEOME OBEE 0.5M NaCl & Salt B THHTHTH Y . 0.45M NaCl
+0%Mn@mﬂﬂw<m%m%ént@f FHBHE £ » CHIC & 2 BE DB E RN
BB LRRRENE,

3.2 RYT7=/)—NAFVF-—EEHOREIZLIAE

HICE T B AT = EARBERY Fig. 1 1R Lz, PPO B8 O A5 B W & A4
APEEETHD, BHEICI - TEMEREEENDI EVbhATWS, £ZT, WAZ, L=
Roh L EGTLOLADEBERKARMEL, 7oo /v BEERICLT PPO &%
BEL. BEE Fig 2 ICR Lk, REERNFEO PPO FiEE, RIEREZEMT DICO
NTEYVE<EEENL, EOMEDO PPO bEEREN IM U ETHE PPO EHEDAK
80% NIAE XN, PPOITIET A VHFA LBHBE I RBEINTNE0T, HERK
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MOF LRI EESDS BRI T ZUANT I RFVERIKE THBEL /S VEEERA LK,
FORE. VAZICHEBWERETT 240 PPO 74 VA LN FRTVETHEE
Sh. LaBnbicEsAo, BETLRLICHE 6 KDY FRRIESNE, DAZD
2 &M PPO BNV RiZ, BEHBRT TLRAEITRALEY, BRCETRELLE
Mote, LohRnh o5 ADPPOE®RAYFOI L 1 ARTRIEBENTHE, LD 4 4FD
Ny FERETERVWL_ACETHEES N, EREZHOLO 6 A0 PPO EiEv
Kpd5h 1 ATRHEINER, oAy FRIELELE, LER> T, BeoRlBHzI -
T PPO TAYPFALOHWERERBZ L, FBLOTA YA AORBIZLDMEE
DEZHL &SRR D I ENTRRENT,

33 ERELOLEHMOFY 7=/ —AFus — VOB

W— RN ERAFAREREFLZLC LOREN L PPO 2R LK,
331 HMENHEIC L DEFRHER

BRI D PPO TEHE % 100% & L7 & & 0 0~40%MFFELZILEE S 0 PPO FEHE
11% . 40~T70%BAFFiZ2 bR E S OEMIT 80%. TO% I %E LiFE o OFE X 9%
T o T, 40~T0%MFIRRZILERE S 1 8 10 PPO EHERH D . ZOESIC PPO &5
T F U RIBEOKRES VLB LIZEVWZD, ZOAT vy 7 TO PPO EHOREULET,
MEEREICR LT 8% Thol,
332HhFs7m~v b T7 74— ICKOBRER

(1) Butyl Toyopearl 7 A7 m~< hT T 74—

Butyl Toyopearl BikZ u~ h7 T 7 4 —ICLDBEM AT - &H DL, PPO &
0.92M FIZBET 1 SOEM Y —2 & LCHENE L, 280nm OEEE TRE Lk v
SY B PPO BHOE—Z LY, BTICKEBSBBEH SR, EEE—27 J0VRICH
EonE—s BH LN, PPOEHOERFIIMESEDORT v 7 O 2 fFICHM LI,
(2) svu<wbTxr—HvT

PBE94 HT Ll L B7ua~x hT7+ =0y 7 OEH/ Y — % Fig.3 178 LIz, pHT
M40 pH AFREFRSES L, PPO X, pH 6.8, 6.7, 6.3, 6.0, 53, 48D 6 &
DEHE — 7 5B L=, B T% pH 6.7 ® PPO IEHERE b mA - T, AR TIE, pH
6.7 D PPO 2 $8IEER & Lz, ZDRT v 7T, BEHOENFIIES 2 o728, D
BRI EOHBEREBDTIoT, ’
33 3WEORUAT vy TDELD .

2ET L2 LEEO PPO OB R T v 7% Table 1 ICF & iz, HMBEEREO PPOE
HITEST L2 LS 1g %729 0.178unit THH, ¥ /37 H Img H72 Y 0.10unit
Tﬁotow~m%ﬁﬁﬁf%@@ﬁ@%ﬁﬁ\QMMMMgWMMnTﬁﬁiﬁmz
IO S, AEREICR LT 78%0EIRE (BT, EIREZ T A THBERKOENE
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% 100 & LE4ERMETRT) Th o7, Butyl Toyopearl OIFEMHEEY — 7 ESiX. 3.61
unit/mg protein T 36 fFICHER SN, 156%DEINEK L 2o, 7RV M7 —H
iz pl 6.7 ® PPO FEHEIE 42.6 unit/mg protein C 426 {5 HER & . EUXE I 12%
'6‘350 72.pl 6.8 ® PPO 7 A ¥ ¥ A iZ 48.3 unit/mg protein T 483 FICHEH SN . 8%
DOEIRETH > T,

Takeuchi b 9 1. XBH LEBRENEHNOEER PPO D pl X 54 THY, F%
BREOY 7 H lmg Hic Y OFEHE 432mmol/min TholtBELTWD, XHA
CHAWERROBRT b LRI EE 2 PPO @ pl i 6.7 T, # /X7 H lmg #Hic Y
DIEMIT 42.6 4 mol/min’ & F L < & 57z, Takeuchi b HBATVND & ST, xR
MR- Licky., EEDV pl 5.4 © PPO RBEECFEINI O THDEEZD
o,

3.4 ERELRLEEMORY) 7=/ —AFdF VI —EOHE
3.4.1 SDSHEYUTZUATI FALVESKBICEBHTRORE

gEM 2Ty 70 SDS-HI T 7 INT I FFAVERIIKBIRORERICL DI VT

BV FEFigdlim L, 7 n~w b7+ —h v 7H0pl 6.70 PPO I 5 F&35,000

D1EDEYAIZEAY FELTHREBENE, LER->T, pl 6.7 D PPO FIFIEHE—
ZUoRrsBEICETCRHRBEIEENR D,
3.4.2 BERCHEE - EHEREDORBK

EE (7mnsuR) BEEBRESHEE L OBREHA, Figh KRLE, 700
FUBOEEMN 4.0mM CHREEM (226munit/g) BE 5, 5.0mM U EORETITE
BIEENRL BN, Lineweaver-Burk 7my F2bENTO Km EXHIET DL, 7
pr A UBIckT s KmEiE 1.3mM Tho7%, Y AZO PPO ® Km X7 v u s
Wkt LT 4.1mM? . #oo PPO » 7 mu 4 rBicst+ % Km EiX 16.1mM0, ~FF 0
PPO o7 mu A yBicT % Km EiX 30mMY TH2EERESNTNDEDT, FER
O REED PPO LR TZ mn v 0B MEREWZ EATFR ST,

SRR L BGE S O PPO (pl 5.4) 1%, DL-DOPA (ZX¥ % Km {E2% 31.3mM
Th-oi ¥, DL-DOPA % A\VVTHEERE L PPO ORIGHE & OBEFETAHER,
DL-DOPA 25mM T b EE#FA TR C & 2 BB LD T, BRT b LEMO PPO 1
DL-DOPA £V b7 uu s vBOFICHEMEREWVWI L BRTRRENTZ,

3.4.3 BROBZEM |

PPO (pl 6.7) DEEEM % Fig.6 127 Lz, PPO &ML T0CHH T b5 H&IT 50%
(2. 15 SH8IC 20% 10, 1 BERIEITIE 10% L FIDIET L7z, 50°CHB T b SRICTHEY
2 55% 12, 15 %I 40% 12, 1 BEREIT 134 20% IR T Lz, 30°CHF THIEMER 5
BRI TE%IC. 16 51T T0%IC, 1 BRI IC 1240 50% I IE T Lz, %2 70C & 50C
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BV TIE 5 S 12114 12 0 PPO ST L,

BT LR O PPO X, 7T0°COEFIC kmfw%%%#éo baMEELRE
2. 50 PPO 12 12 M O, 784 Ko PPO X 8 M &, Y —7 ® PPO ¥ 15 5
D RELE, NFFOIELD PPO T T0CHE T T 1 BEERKIC 20%KRELICT 2o
72, ¥, WH5EZ 0O PPO X T0CHETIERL & 3 DM T 50%KRELE @, AERT
50°CH I b A MKET 5 & 45%KIE Lic s, AT FTRRO PPO X 1 RMETH =S
EERAD NPT, UEOKE, RERIIHMORED PPO IR TRIZR LT
REFERBRETHDHZERTRINT,

35 BETHLROULBEMORY 7)) —AdF v —BEHICRIETRE @i%
351 PPOTA VY A LOEMIRIFTREDZE

s b T — B IED pl DRRS 6 DT A Y HA = (pl 6.8, 6.7, 6.3,
6.0. 5.3. 4.8) OEMICRIETEERMOEEE Fig TR Lk, LT A VYA A
LEBBENEL 2D ONTEEBE ERLE, AHEEN 0.1M CTiXEEERN
DEMD 30~45% MNAE S, 0.25M NaCl Tix# 50%., 1M NaCl Tix 756~90% 23
Eashk, 6 BEOT A VYA LOEEICLAREOREIIEL THETEL2ZbOOE
HELUTHEHMLTNS RSN, ’

3.5.2 PPO MDA IC X 2HEKK

BRI PPO (p16.7) 2AWVT, 7rul v (EH) RELRE ERERE
PPO FEHEA HIE L. PPO MO AKIC X 5 AEKR &M Lk (Fig.8), EROREHR
BT Lineweaver-Burk 7uy ha b 5 &, 4 XOER® XM ETRELLDT, =g
I EARERRNIEEREBECHL I LBTRENT,

B OEEEH Ki f£1X. Lineweaver-Burk 782 v FOAFR L RERED 2 KT 1 >

E&H»D 0.22M Tha LEH &N, NFF21EHD PPO OREKICHT 2 KifE
EL T A YA ATR0.14M, T A Y FA XL 0.04M Thole 2, NFFDO2EHD
PPO & 0 BRET b LE#MO PPO 0 REEICHT 2 HMERNETH L E2 b0 5,

EEAEHIIHE - REEOBREHIEOEDICH 1%OREKEAVD, Z OREEE
WETB LN NaClioit+ 5 KifE (1.27%) IER L TWa DT, PPO EAEE
Ans—FT, OHEOBRLEEREKICLVEDL, HFRENDLLDIIKR) 7=/
— VIR OERE AN I S . %Wﬁﬁﬁiéné%@k%ifonéo :
353 PPO DEZEMIRIETREDOLE

Fig.6 lomd & 9o, BREEFEMO PPO iEH % 100% & LHE. 0.1M NaCl FE T
<@ PPO BEfIX, T0CEHF T 5 AT 40%iC. 15 HHIC 20% 12, 1 FEHEICIE 10%
UTFIETF Lk, LEXA>T, AVcRRIRE (0.1M) T, ABEROBMKEIFITIEL A
rEEREZRNERBEINS, LIL, SFFOIELO PPO OFA, REORMA
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B o »CBkE 2 RESEINRN Do Y, BRI DL LEMAMLET 5B, PPO
BECH L CTHBHALERLD, RBEFICBEH LD ORFIRLEE T 2 MLET
B, AETRELEY., AETIHEACIE, BEEHET A EOICRELE R BIE
ANEVEEZBNB, ’

4. HHRBLOSBROBE
EFRICH VT, BEPLEYICTHEED PPO BFETHZ L% SDS-HY 727 UL
FIRFALBLERBE ST A/ O N IF 74 THLMCLE, BRI B LESHO R
%%ﬁ@%w74y%#A%&E$f5yﬂygmif%@L\%@ﬁgéﬁﬁﬁék
Lbic. RN PPO BEHAIERRNCIEET 52 & M Lk, RECE5HEERK
Ki {1t 0.22M Thote, ZOBREEREI-BROBREEANORE LEET LI LEVD
T, BRERERS VAV ECEEELESIERIL, BHEEMGTILELLNS, K
HETHLNLE Ki i3, ZeBAFERERBLETAEOICERTIEERETHDI O
<, BEB LI EDLNSREITEI PPO B HET A AL LTS LEESHh
%,
EHRTIEEHOBVLE (B) Kb bB{LERD 1 2ThH 2 PPO EHIZRIE
FTEREOEBIZOVWTERIZNITHENT LR, MBICASFELES I C ORI
545, TRaANMEVBAIXFVE—BEEHICHTI2REOEEBIZOVWTHRNZMA.
FEEHEF OIS OBMIEERCHBILLODNIARN L S D EMTT 52 L L EN
5,

B
EREEZTTICHED . FEBAEWI=ZWn Vb bYA= AR ISR B
N LET,
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Fig.l1 A modified pathway of melanin biosynthesis in plants
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PPO activity (units/fr;) —C—

Fig.3  Chromatofocusing
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Table 1 Summary of purification of mung bean PPO

--------------

PPO éctivity Protein Sp.activity Fold Yield

(unit/g)

(mg/g) (unit/mg)

(%)

Protein (A 280 )

0 0 e e G B e e O 9 e

-----------------------------------------------------------------------

Crude extract 0.178

Ammonium 0.138
sulfate(40-70)
Butyl- 0.278
toyopeatl
Chromato- 0.021
focusing
(pH6.7)

1.81 0.0 1.0
0.66  0.21 2.0
0.08  3.61 36.0
0.0005 42.60 426.0

-----------------------------------------------------------------------

Fig.4 SDS-PAGE Zymogram

KDa 1

2 3 45

1: Molecular weight standards
2: 12000xg Supernatant

3: Ammonium sulfate

4: Butyl Toyopearl

5: Chromatofocusing
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Fig.5 Lineweaver-Burk Plots of Mung Bean PPO
500 T T T T T T L T
Km :1.3mM
400 | 4
%" 300 1 .
=
)
> )
Z 200 3 ]
- o i
S
200} a ]
&
oo :
Chlorogenic Acid (mM)
0 1 1 R 1 P— 1
0 2 4 6 8 10 12

Relative Activity (%)

1/ [Chlorogenic Acid (mM)

Fig.6  Heat Stability of Mung Bean PPO
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Fig.7 Effect of NaCl on Mung Bean PPO Activity
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Mechanism for the suppressive effect of salts on polyphenol oxidase
activity of vegetables

Kazuko 6BA, Atsuko YAMAMOTO and Ayumi FUJIE
Department of Food Science and Nutrition, Nagoya Women's University

Summary

Polyphenol oxidase (momnophenol dihydroxyphenylalanine:oxygen oxido-
reductase :EC 1.14.18.1; PPO) is widely distributed in plants, and fesponsible
for the browning reactions during handling, storage, processing, and codking of
vegetables. The browning reaction is initiated by the oxidation of phenolics to
quinones by PPO. The browning reaction affects the nutritional quality and
appearance of vegetables and fruits. Peeled apple fruits and potato tubers were
usually soaked in NaCl solution to prevent the browning reaction on the surface
of them. To elucidate the mechanism for suppressive effect of salts on PPO
activity of vegetables, we purified PPO from mung bean sprouts by ammonium
sulfate fractionation, butyl Toyopearl column chromatography and
chromatofocusing. Six isozymes of PPO were detected from mung bean sprouts
by SDS-polyacrylamide gel electrophoresis and chromatofocusing. PI of an
isozyme, which has the highest activity, was 6.7. The PPO isozyme was purified
as a single protein and the molecular mass was determined as 35 kDa by SDS-
polyacrylamide gel electrophoresis. The apparent Km for chlorogenic acid was
1.3 mM. Inhibition by substrate was observed at higher concentration of
chlorogenic acid than 5.0 mM. NaCl inhibited PPO activity from apple fruits,
potato tubers and mung bean sprouts. Lineweaver-Burk plots of the purified
PPO (pI 6.7) isozyme in the absence and presence of NaCl showed that
inhibition by NaCl was non-competitive with the substrate chlorogenic acid. Ki
value for NaCl was 0.22M (1.3%), that is the concentration of NaCl used for
preventing the browning reaction of vegetables. These results suggest that NaCl
inhibits non-competitively PPO activity, and results in preventing of enzymatic
browning of vegetables.
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