13 15 3

52
BhpkEE015 2
WHICEATAaVEVBAXR T E—FEDHERA I =X ADMER

B gEE « KF FiF (BHEBRTFRFE FEFER)
EREFRE  LUER BEF GEBERFRE REFH)
BT HE BHBRTFRFE FEFH)

L OFR T AaLE B (AsA EKT) 2BET AT Ranrvr@ad
¥ &—F (EC 1.10.3.3) BNEET D, TRAaANVEVBAF I F—BITHX
R OEERBEERS THIEF IV CERILSET D, IBEE~DHK
EEAAEICEATVWIERE, BECORYEZNEENT - AELTHLLETD
EFCOBEREL R2TVWEDT, BRAUBESLE F I V0B KDL LIAT
KL TEERR->TEk, 2T, AFETIE., TAINVE VBRI FF—
PEERL, BERBLIOMOBERICIAFEEEEOA =X LZERL LT
MBATAZLEEMELE, EHE2BLTEZENCHBINIHBERO BEHK
BHoLIC, =V Ur0iEED 2 FUEBWEENFET LS LERELED
T, b LREEEMEE LTHAWY, UTORRZEEZ, BRI D LITITHE
E100g%7-0img DEZ IV CHERINTEN, KTERTLL, AsAD
99%LL ENEb ST, BEKTERT S & AEBEIZHS L T AsA OR/LH
BESNh7E, BHEICE D AsA ORRLIAED A =X 25T 5 BT, Bk
T4 LIRE D BRIK E 40~T0%MZAF CILE T 2B o2 ED, DE-52 1 7
AZOw NTFTT4EFTHIE20DTA VYA L(T LT Efdk) RFELE,
COBRMEETIE 164, TiX2T. 1 BcEREEhE, TAYTFALIBEID
OOEEOEE pH 1X 5 fEICH Y, AsA OREICHE L THEEIEARL,
Michaelis- Menten B OB — 7 BB LNz, TA YV TFA LI BIVID AsA I
W5 KmEE 12.5X10°MBER44X10° M Thote, 74V FA LI BX
VIDOEMEIEs OEBICLI - TEERKENCHEESIN, HEORER
Na-citrate >NaCl >KCl>Na-malate > NH4Cl> (NHg)2S04 DJEIZ/N S 722
7o, EMHERKENo 7 VB —FLAED 2 BEOREREZEXTT
£ VA LI BIOIO Lineweaver-Burk 7o v b2 e 5 & mMT2ERBE
NELR2BIONT, BREER/NEL R, EROBEBERRELI 2272, 7
A IVFA LT, 7By —F THRETHIIFNREKXTHESL, £TO
BEEER KBRS0 sMBEN130 oM Thote, —F. T4 TFALMITTH
LoD THEMICHES N, 72 vy —FBLORED Ki fEiX4 425 nM
B8 M Thotr, EFXOFEICEL, ARESCLEVHRILSEDNRLS
N, ANSN 3 EEEEITN 1% (170m) THY., ZJZUVBIZVESITFICGE
~10%EEND, AFEROERCTHALNZ S TV BERLEED AAO LT 5 E
EEBKE»POEXDE, BEFEALTVWAINGOEDEET AAO EER
SEMICHEISN TS Z ENHHA LK,
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16
Bhpk&ES 0152
WL BT RAANEVBA XX —EOHER I =X AORY

PEFEE KN T GEELKTRE FEFH)
HEFEE LA BEF GEEBRFRE KEFH)
BT HE GHBRERTRE REFEH)

1. BFEER

BREEF Iy C (VO DEVWERETHER, ZOHFRITET A=E
V@Q&AH@%%@k?é?XZWEVMﬁ%Vﬁ—ﬁmmlmLmﬁﬁ)
ﬁﬁ&#énﬂtAAOM%%%%%@E%&%%%&%@%@VC%@mb,
?tFme:»BV@(MM)%E&Téﬁﬁ%%ﬁf%.%ﬁ%%«@&
ﬁgﬁ%kbfméﬁf,%%@%%%W%%KWI-%@LT#%@#%E
f@%%ﬁ%<&01m5.Ltﬁof,iﬁﬁﬁmﬁim%%%vcmﬁ%
%%E?é:kﬁﬂ%K%LTEEK&OT%k.%:?ﬁﬁ%fﬁ,ﬁﬁ%
;U@@ﬁﬁtxéAAO%%@@%@%W:%A%,ﬁ%@AAO%%@bT
B L LR L, BRICAESND VC OREEHIET 5 OICHE R IRIR
BIOThLOBEXHALMICTAZEEENL L7z.

2. W

2.1 #E

ﬁﬁ%ﬁLT?E%K@%%%%%%%%@%%E%%L(ﬁﬁ%'%ﬁﬁ
EE)%%ﬁ%E@%%ﬁ@ﬁﬁ@ﬁ%#%%kbtJmo%ﬁ@k%ﬁm%
AT LT O CREE A E AR L THEI L, Mkt LTHVE.

2.2 AAOEHOWE ¥

0.17 mM AsA &% 50 mM FFERAEER (pH 5.0) F 25°C TRUS =¥, 265nm
G&%Ewﬁ&%ﬁﬁmmﬁwb,%@@%ﬂ%%%%ﬁ%%ﬁbkulﬁﬁm
1 pmol ® AsA ZE{tT 2EFEEZ 1 unit e L.

9.3 AAO T A VI A LD5HELERER

LT+ _RTOEBEIZLCUTTITo .
E%E%%L%%4Wg%30mM%wﬁf%:&/~w%§U1mxﬂﬂK
UV@%@W(&PM)mmmk&%mm%fvyﬁ~ﬁ1ﬁﬁﬁﬁbk.%
@ﬁ%:i@%%uyﬁ~%fﬁﬁbt%,ﬁb%%(ﬂ;10mwmm15
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o) L, EERExHHEE L.
?ﬁtﬂi&b L0%BAFINC 2B LD KRBT v E=v s (RE) 2z, 0 FE
SFICEBIT T0%RFNCRD X O ICHREEZMZ, 40~T0%ERFME CILET 5
&/z\&g@:‘ YEED., ZhZz 5mMK-V VBEEK (pH7.5) TEHEL
72 DE-52 E/AB—=A X T AICKESE, KCIEE OMM»H 0.4M £ TOER
BEAEYSITT, U7 BE2EH LR (Fig. 1).

24 ZUNRIBEOEE
FHEMBETNT IV 2EEL NI E L LTHY, Bradford? ® FIEIZHEL,
BRI EEERRDT.

FRRBLUEZE

3.1 TRaLVEUVBROBEFRHOB (AAOEH) THT 2 R&EOHESE

BT LR LICIIHME 1002 472945 10mg @ VC BAEHEI NN, KT
Bt 5L VC D I9%UENRBRILE VC DT Ku72Aa /L v E (DHA) (2
LTz, 2%, 5%DEREKTERT S LREEEREICHA LT VC ORISR
ESN7 (Table 1).

Table 1 Effect of NaCl on the levels of total VC, DHA and AsA in crude

extract of mung bean sprouts

NaCl Total VC DHA AsA
C me%) mg%)  mg(%)
0% 6.8(100) 6.76(99.4) 0.04(0.6)
2% 5.2(100) 4.7 (90.4) 0.5 (9.6)
5% 7.0(100) 4.1(58.6) 2.9 (41.4)

Contents of Total VC, DHA and AsA of fresh tissue were 10.4, 1.7 and
8.7 mg/100g fr. wt., respectivity.

3.2 AAO T A V¥ A LDOLHEEEEH o EE
DE-52 EAm—2RHBThru~w hFT7 41280 BRI LKEEO AAO
X2 oDEMHE - I LR (Fig. . =27V 2»E b0 AAO TIRY
A VA AOBFEERRE SN TR 5, T4 VP A ADFEERERELRL
RERD AAO ICERMTH S, EXREICEBHTH 50 IX5HBRFT LIV,
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Fig. 1 Elution profile of DE-52 cellulose column chromatography
of mung bean sprout AAO.

ERT O LERMOIER AAO T4 VA 2ONEELESERORT v 7
% Table 2 I0F & 7. MERERTOR AAO EHEIX, BHIT L LK 1g b
71 0.23 unit, ¥ /%27 lmg H7=Y 0.67 unit Th-o7. DE-52 &/l HE—
2AHSEI T NS T T A THELET A Y P A 51 OEHEITHERROEE
D 27.5% DEINETHIEME 15.4 IR L. 74 YFA LT OFEER

Table 2 Purification steps of AAO Isozymes from mung bean sprouts

AAO Protein  Specific  Purification Yield

Purification activity activity
i (unit/g)  (mg/g) (unit/mg protein) (fold) (%)
Crude extract 0.229 0.666 0.34 1.0 100.0-
Ammonium sulfate (40-70%) 0.212 0.042 5.0 14.7 92.6
DE-52 Cellulose (isozymeI) 0.063 0.012 5.2 154 27.5
' (isozyme 1) 0.165  0.018 92 27.1 72.1
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72.1% DEINET, HEEIT 27T 1IFBICERLEZ. Thbb7A4A VYFALA LI B L
VI 154FEBLV 2T I RBICHOBEINTZZLITRD. ZTRHD AAO T A
IVA L EHSEHNBRL L TCUTOERICA V.

3.3 AAOTA VT A LI J%IUH@'I’EEE

3.3.1 X1 pH
50 mM EFERiEE & (pH 4.10~6.15), 50 mM VU VBEERK (pH 6.00~7.45)

ZRWTTA VYA LI BLIOODOKE pH 2R RER, BiED pHEED —
TIREFRERSERTAVFA LI BEVIOEE pH BB L7 5 fHFEICH-
72 (Fig. 2). ¥ =20 VD AAQO OFE pHIZ 5.5~7.0 EHRESNTVWBHDT Y,
EFREHRLLD A0 OKE pH D EREFENENZ S, '

o : acetate buffer

¢ : phosphate buffer
20

15

AAO activity (unit)

=
<
1

.
1

o
S
w -
o
N
o

Fig. 2 Optimum pH of partial purified mung bean sprout
AAO isozymes I and II.

3.3.2 KmfH&

EEBRELEARGEEL0BERZAD L, BEOEELZVEICIL,
Michaelis-Menten DO T -7 03 F bz (Fig. 5, 658R). 74V FA 218
KOO D AsAIZxT 5 & 0T D Km fE#% Lineweaver -Burk 7”12 v b b E H
THE, F£x1.25X104 M BLEWN 4.4X105 M ThHholze. F=2v U D AAO @
AsA KT 5 KmfEIX 1.4X103M EHEIINTVWEDT, BFELLLD 2
DD AN T A VYA LDEDN Km ER/NI W &MLz,
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3.4 BEEIELRLDAAO T A VA LOEHICRETHEEORE

3.4.1 AAOFEHICRETEHAODEFOEZE

AMOTAVFA LI BLIVIOERHICRIET 6 BEOEBEOEELH,
£% Fig. 3ICF L. BVEEETAIATA Y FA LI BLUTOEEEZMR
LR, EECEAMEORERERY, T UBETRL®R, KICAS
THRIBEENE.BAF 2 T, Nat>K->NHADJEICEER /M 2o Tz,
BAF VT, 7B 2>Cl>S02DEICHEEN ML 20T,

Isozyme 1

100

NS0,
NHACI :
Sodium malate
KC1

NaCl

Sodium citrate

‘15

50 —

25

Relative AAO activity (%)

0 0.02 0.04 0.06 0.08 0170 0.02 0.04 0.06 0.08 0.1
Concentration of Saits (IVD)

Fig. 3 Effect of various salts on the activity of mung bean sprout AAO

isozymes I and II.

3.4.2 ZxTUVEBEIC LD AAO T4 VYA LAEHEDHERN

BEEEOEENRERE b REhoz s = VBEICED AAO T4 V¥ A
ADBEEEREZELNCT E7EDIC, RIGEEROETZITY, BmR%EZ Fig. 4
WELE. T4 YPA AT BLEOIO Lineweaver-Burk 72 v b2 & 5 &, IR
M3 37T BIEOERERENTAICONTEREENNEL2Y, EROE
Rk pof. TAVFALIDES (Fig. 4E), B/ 2 VBRRED
BETFTTTay kL7 Lineweaver-Burk 70 v h @ 3ARDEMR X8 £ TRE
LEDT, TAVFA ALK T 37 v BE0EEFTFEREBAETH
HILBRBRENTE. /7 TVBREICHTS KER S0 nM Thol. TAYYF
4 AT DHEA (Fig. 474), 3 KD Lineweaver-Burk 71 v h2iy @i ETREL
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Fig. 4 Lineweaver-Burk plots of AAO isozymes I and II as a function of
AsA concentration in the absence (O) and presence ((J, M) of sodium citrate.

The insets show the Michaelis-Menten plots of the two AAO isozymes.

TFOTHRAEAEAETHAZ ENFRRINE. £, 7D UVEBREICHT D KEIX
22 mM THo7z. |

3.4.3 BEICXD AAO TA V¥ A AEHEOHRERX

BT T VBMEORIC AAO TAVFA LI BLIVIOERERSEEL
7z (Fig.3). 2T, BREICL 2 AAOTA VA LI BLIUCI OEEDORER
KEMD-DIC, KEEEmRPENTZITo (Fig. 5). 74 V¥ A L1 O%E
(Fig. 5 £), BMT A2 REBRENEIMNT 212251 T, Lineweaver-Burk 7' 1 v
FOEBROBEENKELRY, SADERN XM ETRELLDOT, EEITHF
ERMICBREEZEET 2 2 LW RSk, REICHNT 2 K EIE 130 mM
Thole. T4 VA 2N 0H4E (Fig. 54A), 324® Lineweaver-Burk 72 v
FOERB y#ETRELEDOT, BARBETHD I LBRRENE, RE
WD KifEiL 28 mM Thotz. AAOT A VYV A LI BLURTOHEILRE
TERZY, 7ZVBESCEEICLAEECKERXD 1 IIFERFRARESE, TiIIFHR
BEETHY, 74V FA 2 NOEEITHTS KEIZI O KELZD/ASHo
. AREOFBICEL, BECLEVTFRLIIEDRLIN, AVbh3RE
BEITH 1% (170mM) THY, ZZVBIIVECHFI 6~10%EEHh 5 19,
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i Isozyme I

1/v(units/g)

20 40 - 60

10 0 10 20 30 40 20 0
1/[Ascorbic acid] (mM) 1/[Ascorbic acid] (mM)

Fig. 5 Lineweaver-Burk plots of AAO isozymes I and IIas a function of
AsA concentration in the absence (O) and presence (A, A) of NaCl. The
insets show the Michaelis-Menten plots of the two AAO isozymes.

KFETEONEZ T VBESEED AAO THT 5REEH (K) »"bEZXD
L BEFEALTVAINLDEEOEETAAO BHERIHREMNIZEESLTW
B LNHEEALE.

4. BEwmBILOSBORE

EKRERICBWT, BELPERTALTRAaALEVBEIXFVF—F (AAO0) O
VERT, 8B&ENAT A LE VB (AsA) BT FrT7 2 a )L vBRICEkRl
ENnBN, REORNTASA OBENEESNDSZLERERLE. £IT, &
FIC LD AsA OBLIRED A H =X L2 BERE LNV THERATHENT, %
BLTAFETEAEFETHOLMAD AAO AR L. ZOBETHRLO
AAO I 2ODT A VA ANBFEETHZERUBA L. T4 YA AT BIT
IOEE pH, KmERETFER . T4V HFA L1, DEbIZAVE 6 R
DEEOVNTNTLEEREESh, 7By —FICLRERRZRBRES,
RICBHEIC EARERKRE hot., 7T UEBE, AEICIAIBREORRITT A
VYA LT TIRIFERAEE, I THREREESETHY, MEER L VER-
. AAO W TAYFA LABFEETIZLRERELL LICEHENTHI D, E
ERECEEN THANERELNITAILRNESBROBETH .
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Mechanism for the suppressive effect of salts on ascorbate
Oxidase activity of vegetables

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

Summary

Ascorbate oxidase (EC 1.10.3.3, AAO) is widely distributed in plants, and
responsible for the oxidation of ascorbate (vitamin C) during storage, processing,
and cooking of vegetables. It is well known that the level of ascorbic acid in
Momijioroshi, a grated radish and carrot mixture, is decreased rapidly after
preparation. We determined that 99% of ascorbic acid of mung bean (Vigna
mungo) sprouts was oxidized after homogenization with water, but the oxidation
was prevented by the addition of NaCl. To elucidate the mechanism for
suppressive effect of salts on AAO activity of vegetables, we tried to
purification of AAO from mung bean sprouts. Two isozymes (I and II) of AAO
were separated by a DE-52 cellulose column chromatography after ammonium
sulfate fractionation. The partial purified two isozymes were used for further
studies. The optimum pHs of I and II were 5.0 and 4.5~5.2, respectively. The
isozymes I and II showed the apparent Km values of 12.5x10°M and 4.4x10°M
for ascorbic acid, respectively. The both isozymes were inhibited strongly by
several salts and the effective order was Na-citrate> NaCl> KCI> Na-malate>

NH,CI> (NH,),SO,. Lineweaver-Burk plots of isozyme I in the absence and
presence of Na-citrate and NaCl showed that inhibitions by Na-citrate and NaCl -
were non-competitive with the substrate ascorbic acid. Ki values for Na-citrate
and NaCl were 50 mM and 130 mM, respectively. On the other hand, Isozyme II
was inhibited competitively by the two salts, and the Ki values for Na-citrate
and NaCl were 25 mM and 28 mM, respectively. These results suggest that the
concentration of NaCl used in cooking of fresh vegetables and lemon juice
effectively inhibit AAO activity, and results in preventing of oxidation of
ascorbic acid in fresh vegetables after cutting and grating.
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