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Physiological and Chemical Studies on Ascorbic Acid
of Fruits and Vegetables
III. The Characteristics of Oxidized Ascorbate Reductase and
Changes of the Enzyme Activity during Storage of Fruits
and Vegetables

Naoki Yamaucur and Kuniyasu OcaTa
College of Agriculture, University of Osaka Prefecture, Sakai, Osaka

Summary

The changes of L-ascorbic acid (ASA) content during storage in fruits and vege-
tables depends on interaction between ascorbate oxidase (E.C. 1.10.3.3) and
peroxidase (E.C. 1.11.1.7) which oxidize ASA and oxidized ascorbate reductase
(E.C. 1.6.5.4) which reduces oxidized ascorbate, The object of this experiment is
to determine characteristics of oxidized ascorbate reductase and differences of this
enzyme's activities in several fruits and vegetables, We also investigated the
changes of the activities during development of chilling injury (browning) and
yellowing that a decrease of ASA content was remarkable,

The results obtained were as follows :

1. This enzyme catalyzed the reduction of n-monodehydroascorbic acid (MDHA)
by means of NADH as a coenzyme and showed high activity in tris-HCI buffer.

2. The optimum pH and temperature of this enzyme were about 7.5—8.0 and 35
°C, respectively,

3. This enzyme was extremely sensitive to SH reagents such as p-hydroxy
mercuribenzoate (PHMB), 5, 5/-dithio-bis-(2-nitrobenzoic acid) (DTNB), and mono-
iodoacetic acid and inhibited by chlorogenic acid. It was also inhibited by AgNO;
(1x107% M, 1x10~* M) and FeCl, (1x107% M), but other metal ions didn’t actually
exert on its activity.

4. The activities of this enzyme were high in pumpkin, cucumber, and carrot
in which ascorbate oxidase activities were high, while in leaf vegetables, potatoes,
and sweet potatoes its activities were low,

5. This enzyme’s activities during development of chilling injury in sweet pepper
seeds and sweet potatoes in which ASA content decreased remarkably increased
temporarily before occurrence of chilling injury and then declined with the advance
of chilling injury.

6. The activity of this enzyme in spinach leaves lowered with the decrease of
ASA content with yellowing.
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é:o I Table 1. Effects of coenzyme on

) n 0 1 0 oxidized ascorbate reductase
E—OH 0 C=-0H (I::O activity of cucumber.
' I I 0
H-C ___I % H- (IJ H- ? Coenzyme ' Specific activity
! 02 HO = C=H
HO-C—H HO- C-H : i NADH 213%1(100)%2
Suon CHOH CH, OH NADPH 81 ( 38)
1-Monodehydro 1-Dehydro *t Unit/mg protein

1-Ascorbic acid
ascorbic acid
Fig. 1.

ascorbic acid

Oxidation-reduction system of L-ascorbic acid.

*2 %
Condition : pH 7.6, Temp. 25°C
Unit=0.D. 340 nm 0.0l/min.
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Table 2. Oxidized ascorbate reductase activity of
cucumber in different buffers.

Buffer Specific activity
Tris-HCI buffer (1/20 M) 192*1(100)*2
Phosphate buffer (1/15M) 142 (74
Borate buffer (1/10M) 100 ( 52)

¥ Unit/mg protein
*2 %
Condition : pH 7.6, Temp. 25°C

AN
_O?f/ \ X

\ Cucumber
o

Oxidized ascorbate reductase
activity (Unit/mg protein)
ol
(=)

[}
-

pH

Fig. 2. Activities of oxidized ascorbate reductase at
various pH’s in borate buffer.
Condition : Temp. 25°C
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Fig. 3. Effects of temperatures on oxidized asco-

rbate reductase activity of cucumber.
Condition : pH 7.6

Table 3. Effects of several inhibitors on oxidized
ascorbate reductase activity of cucumber.

Relative activity

Control 100%!
PHMB*? 1x107° M 2
1x10™ M 17
DTNB*3 1x107* M Q
1x107*M 58
Monoiodoacetic acid  3x 1073 M 78
1x1073M 95
Sodium fluoride 1x107°M 95
1x10™M 108
Thiourea 5% 107 M 102
I1x1078 M 91
1x10* M 4
Chlorogenic acid 1x107° M 0
1x107 M 88

*1: Specific activity=213 Unit/mg protein

% : p-Hydroxy mercuribenzoate
*3 : 5,5 -Dithio-bis(2-nitrobenzoic acid)

BERV DT 7yilbF bV v A, FHRECLS
AEROBBEIADR b ok, D7 vwy VERIC
IBAER LRI L D, 1X107PM CHVIEER 5135
CEDDEFARRWTL ABEREEHII 7 = 7 —VEO
HEEBRLZTTB 2 LN MBS R DERERA
A VORBREMCRIETHE YA Lo H (4R,
AgNO;(1x1073, 1x107* M), FeCl,(1x 103 M) TR
DAHLRICH, MOSB1 + v ORBERCKISTEEL
Abhich ot BEDT & bAEESL SH BERT,
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Table 4. Effects of several metal ions on oxidized
ascorbate reductase activity of cucumber.

Relative activity

Control 100*
MgCl; 1x107 M 92
1x107*M 96
MnCl, 1x107* M 85
1x10™1M 95
CaCl, 1x1073 M 96
1x10*M 94
KCI 1x1073 M 95
1x107*M 97
NaCl 1x107 M 100
1x107*M 104
FeCl, 1x1078 M 63
1x10™*M 91
AgNO, 1x10% M 49
1x107%M 56

* Specific activity=213 Unit/mg protein

Table 5.
activity of several fruits and vegetables.

Differences in oxidized ascorbate reductase

Material Specific activity™

Pumpkin (flesh) 186.8
Cucumber (flesh) 212.9
Sweet pepper (flesh) 42,2

(seed) 2.1
Carrot “Gosun” (root) 67.3
Carrot “Kintoki” (root) 96.9
Spinach (leaf) 23.4
Garland chrysanthemum (leaf) 16.6
Sweet potato (rhizome) 4.1
Potato (tuber) 3.2

* Unit/mg Protein

Fic NADH %#iEs s L, pH 7.5~8.0 {3f 1o £
pH, 35°C MR HARIGEEDH 548 A+ v % acti-
vator L LIWHETHBEE RS, iz 2 Tff
BLEERIABER CTH A1 DB ORI ERNAREED
EBUEEPBHEIRL TS LIXE LRV DT, BREORKHR
VI DB TILERSS.

2. BEERMIC & T B Oxidized ascorbate
reductase 3F 4

HAEEE M % JH -~ C Oxidized ascorbate reductase
O B R T/ » 7= (8 535). Ascorbate oxidase
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Fig. 4. Changes of r-ascorbic acid content in sweet

pepper seeds during storage.
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Fig. 5. Changes of oxidized ascorbate reductase activity
in sweet pepper seeds during storage.
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3. B (= £ 5 Oxidzed ascorbate reductase &
HOEA

frgid ASA GEOBEERBRAITATHR5) THE L
TAEREED —DTH Db > BRAERC, EFHLET
ZONBEDEEF(26) WETS. £ 2T ASAGE
D E)jm & Oxidized ascorbate reductase OfEH H I~
B, FTE—~<vET, V<4 eHWERESE
RAERIC BT B ABEROELEFE . -~ v RER
1°C CHyT 5 & BHAMBRRCBETONENELS. |
Re—< v RAEOBTFRBT S ASA FEROZEELD
& (B4X), 20C TFEFOEIZAHE D A DRI
W, 1°C TRIFRS B 20mg/100g & oo b o
Do BRENL DR DI 3 B TLlRi¥5 0 10mg/100
g ilA Lic. 2 Eirdictt > ABEREEOZE(IL,
BEHRI/R L L 51 1°C TR E SRR E E
Dy DoEDRECHWETTA L bhs. b
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Fig. 6. Changes of oxidized ascorbate reductase activity
in sweet potatoes during storage.
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Fig. 7.
leaves during storage.
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MoBEOFAENITE 14 BENDADR, AEREED
Bz —~~< vETFOBE LR TFEBEABTCE ¥
D, S BEOREARCTEDE TR AH bhie. Lieber-
man 5 (11) ¥ Y <4 % 7.5°C THH TS & ASA
ERIHAL, —FTreef vBEERAEMNTAZ L
HHFEELTWD. F/HL610) 13, -~ VETFO
suwyr vEBEEN1C, K1 A TYHOKN 3R
DIEEWMELTVS. DX Y~S(E, ¥—<
VETRERTETAE 7 e r S vEEOE ML bR S
Tk, FREIETRLLISR Y vey vEENAEESR
DOIEWEIAETS 2 &b, REERIL 1°C TTo ASA
DA & ASA RRFOIDIIEHILI DD, 7m
2 X VEBOEIMZ X DIEMAMET LTV D EELD

Changes of rL-ascorbic acid content in spinach
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Fig. 8. Changes of oxidized ascorbate reductase
activity in spinach leaves during storage.
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Kar & (8) ¥, rice leaf(Oryza sativa L. cv, Ratna)
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5 ASA @R H B, o ASA D&t
ASA DELEER TH b Peroxidase DOHp & AREHEIE
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