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Summary

Most of browning occured in fruits and vegetables during cooking or processing are due to
the enzymatic oxidation of polyphenolic compounds by polyphenol oxidase (EC 1. 10. 3. 1).
Concerning the polyphenolic compounds and polyphenol oxidase, many informations have been
obtained. In Citrus, the browning is rarely found in the mature fruit, except for the browning of
peel, so called “Kohansho,” caused by physiological disorder. Little is known about the poly-
phenol oxidase and the enzymatic browning of the fruit. When the young fruit of satsuma
mandarin is cut, a remarkable browning is observed in the section of the fruit. The present study
deals with the mechanism of the browning reaction found in the young fruit.

The browning reaction was inhibited by the inhibitors of polyphenol oxidase and retarded by
heat treatment. These results suggest that the browning reaction is caused by the polyphenol
oxidase. The crude polyphenol oxidase obtained from the young fruit strongly oxidized
trihydroxybenzenes such as phloroglucinol and pyrogallol, but weakly did o-diphenols. The same
enzyme activity was found in the mature fruit of other citrus species and cultivars. A remarkable
browning of the extract from the young fruit was caused by the treatment with the crude enzyme.
The difference spectra were measured during the browning reaction. The changes of the
difference spectra indicate that the browning reaction is ascriable largely to the oxidation of
chlorogenic acid analogues and slightly to that of trihydroxybenzenes. The young fruit contained
significant amount of chlorogenic acid analogues.

Chlorogenic acid oxidase, pyrogallol oxidase A, pyrogallol oxidase B and phloroglucinol
oxidase were purified from an extract of the young fruit and their properties were examined.
Pyrogallol oxidase B oxidized only 1, 2, 3-trihydroxybenzenes such as pyrogallol and gallic acid,
while phloroglucinol oxidase did 1, 3, 5-trihydroxybenzenes such as phloroglucinol and phloroglu-
cinolcarboxylic acid. These substrate specificities revealed that these two enzymes were the new
types of polyphenol oxidase, “trihydroxybenzene oxidase.” Phloroglucinol oxidase showed
remarkable peroxidase activity. The enzyme was also distributed in the cruciferous vegetables
such as turnip and cabbage. Pyrogallol oxidase A, however, oxidized pyrogallol and pr-dopa.

From the above results, it is concluded that these trihydroxybenzene oxidase as well as
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o-diphenol oxidase play an important role on the oxidation and the browning of polyphenolic
compounds in the fruits.
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Fig. 1 Browning of satsuma mandarin during the fruit development.
1) harvested at 20, June 2 ) harvested at 1, July

3) harvested at 21, July 4) harvested at 25, August

5) harvested at 21, September 6) harvested at 21, October

Fig. 2

Effects of heat treatment and various compounds on the browning of
young satsuma mandarin fruit.
1) control 2 ) heating by micro wave

3) L-ascorbic acid
4) EDTA 5) sodium sulfite

6) sodium diethyldithiocarbamate
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Table 1 Polyphenol oxidase activity in the peel and pulp of satsuma mandarin.

Polyphenol oxidase activity
Phloroglucinol pyrogallol Gallic acid DL-dopa

(Harvested at 5, August)

Peel 24.1 10.5 3.8 1.5

Pulp 6.2 4.2 1.5 0.4
(Harvested at 13, November)

Peel 24.3 11.5 2.3 0.3

Pulp 16.3 2.3 1.3 0.6

Table 2 Polyphenol oxidase activity in the flavedo, albedo and pulp of
Kawano natsudaidai.

Polyphenol oxidase activity

Phloroglucinol Pyrogallol Gallic acid DL-dopa
Flavedo 11.1 17.0 5.6 3.7
Albedo 10.7 13.4 5.5 2.6

Pulp 10.3 10.9 3.9 3.9
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Fig. 7 Polyphenol oxidase activity in the peels of various citrus fruit.
{1 phloroglucinol, pyrogallol, DL-dopa.
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Fig. 9 Absorption spectra (A) and dif-
ference spectra (B) of PPO-pyrogal-

lo} system.
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Fig.11 Absorption spectra (A) and dif-
ference spectra (B) of PPO-phloro-
glucinol system.
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Fig. 10 Absorption spectra (A) and dif-
ference spectra (B) of PPO-gallic
acid system.
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Fig. 12 Absorption spectra (A) and dif-
ference spectra (B) of PPO-chloro-
genic acid system.
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Fig. 13 Absprption spectra (A) and dif-
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acid system.
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Fig. 14 Absorption spectra of PPO-catechol and PPO-pL-dopa systemes.
a ; Omin, b ; 10min, c ; 20min, d ; 30min, e ; 60min.




BEE RN 3 A R OB BT B 17

1—4 # &=

RAFEEBLUOE DA o—n, 7007 BEORY) 72 ) —EEMIZ I H v BEEICLD
ERPIRIES N, TNSORIGRIZELBELL. INSOREOETICELE>T, K
DB A7 b AziE Fig. 8~14 1R T & 3 n & bhsashi:, bbb, WO
RIZB VT H AMEER (350~560nm) TOWIEE ISR IEHEOBBE & LICHINT 2 2 & AR
SN, DL RAHEOEBICH I 2 RAEOREMIE, VY TEORRICEOTHED
SNTBY, ZRNEAT /AP DL RBEAEDERICLIBZLDEEZ SN T
BTN 3 g VRIS X BAEAERIGIC &b 1D RIS ORCE ORI 2 2 Fh0EY
WEDHEEIEZT 2000, AHEICBT2 INSEBED AT bITIZEEERRINO ©— 71
HoNgrolz, i, BERBICE bR IEARYT b VORI, FRFAOEERMTE
TOMHEPEDONDLHOD, TNSEEETE2 LIV YBROBEDERGERETHT 3
DIFHNEETH D, i LT, RISEOEINLDORIN A7 MV IFEBEIZ L D ZhZhSE
DE—7 %KL, FN6ARY PNVERISEEOBBICE bR s TEULLELT 2 I 208880
stz (Fig. 8~14), %72, #DARZ bVOBLOBBIZZEA R ML BLTEEICEH
ENTZOT, INSWENART bABIUEARY b VOB L RAEERTIC BT 5
FRERIRL, THEBTORBRE L POV THETEIZELOERICREPENRL £ 5 L E A
7z, Thbh, RAEBEBEOBE IBERIGIZ & b %) BHEE (280~350nm) 1281 5K
EOREA &, 360nm L D REERAITOBRNREDOEANA SN Fig.8), £/, Yodo—
N, TOOZNY S —VEORNY RO F RV VI B TIERE U B & OTETEER
DAFIZRBITH T 2RHEOBE AN AL (Fig. 9~11), 851, 0-Y 72/ —LThHdHhT
=N BILUDL-F—OHEICH 3 7 VERICL2BEFE RV, FARICEEETERT
iEEICH Y (Fig. 14), Iho DRI RAEEDHE L IXFEL MHEEL .

—7, a—t—FOBEICITENTICB Y 2EAEORD & AHERIC BT 2 REE OB K
D ONT, FOEART PNVOEOBBRIRAEEBROBE L EHS »ICHHET 5 &
SicEbns (Fig.8,13). Zhicit LTz ous vEOBE T 13280~360nm = 3517 2 WEE
OFA B L U370nm & O BEERMTOEIMARD o, &, BEARY MVOELOREE
Fig. 8@®B LU Fig 12@» 55k & 5 WRABEBROBE LBV EVELEZRL
.= EMRICBLTREAY 7y vEBR A sun s VEBEEO 7 un sy VEREIRED £
o FRig 2Rz oas VEBERREOBIN AR FVEET L I WIS T 5 888
LiehSo T, RAHEBERST RIS 7uny YBEBEESEEN, I vBERcLs
SIEEYORBIC L - T, Fig. 8 DX 3 LBIRART M VOEADALND D EEZ OGNS,

BOE FTREBLORY 7/ —LEOBRNELUETRLOBEREE
113 S N

2—1 # g

I BLT, BEEORNARY PV BLUFOERL D RAEHEERRICIZZ oo s >~
BhHiWIFZFOREENEZN, FNLOOEBIEIELWEEORR RS ZLBEZ oM.
ZIT, BCHONIBERERICBIT S, INoBREOERRZIEL, ZOBEOERIGR
BEASMICT B0, KEICBLTIRRBREEBFBRPORY 7 = / —MEEY DD R 21T,
SR E N EESOBERIGS & VR A R VOB DL TER LT,

2—2 EEBRFE

1 RYz2z/—IE0HE




18 ERARF RN B57T5 (1984

(1) EeEgspic L %0

BIET TS L - KRBEEEBEICOWT, 7, Fig 15 I0RTFIEBCHERESNIC LD SE L
AR

(2) DEAE-vnrvo—RAoFA70x T I7 4—

AR 20.01IM ) EEEER (PH7.0) THEE(L L2 Z 4 (2.0X9.0cm) WZiRMIL, RH—
SEEE CURE S, WS 20.05M ) EREET S £ 0. 2M OB P U v A2 E 0. 05MiE
R & 0 BPERIIZVER L 72,

2 fmok o R

(1) EEEhAKS R

BEREEAALEEC £ 2 RAREBEROWEES CRED 2 NEBREIMZ, HEESEP T 2 B
AR Tz, IR = — F R ERINL, K%, ¥E8%, - TAELEEL ST, %
nENEZSIIHEL 72,

(2) BESBRAIIIK S

FERESAAIR 5 ORI (3 ml) 20, 05SMEFEEEEE (pH5.0) smiB LU -7 Layy—+¥ (v
J=tt) 10mg® A2 T, 37°CT 5 B E S UK O 8 Lz, Dk #ERI 5 %8 (v/v) ox
§ /=N EMABER, ERICEL:,

3 R—=WR—=RTpIIT7T7 14— ,

R 7z ) — VRS EOMRBITEEIEENSL (20X20cm) 2HEHT 45—/t ov N T
74— (LRITH D0 2RI LHE, BEGES L UCEAERELIZTNTNOERBEROEIC
ART) WWEDITo k.

4 @RJ7z/—LOEE
o &RV 72/ —)vid Hammerschmidt &5 & UF Pratt™o Folin-Denis R ik c# U T 7 oo
SRS VB LTER LR

Immature fruit of satsuma mandarin

Extract with EtOH
PP solution

Add, 10% AcOH

10% Pb(CH3COO)2
Centrifuze(3000rpm, 10min)

T 1
Precipitate Supernatant
Suspend in 50% MeOH Adjust to pH 8 using 10% NHQOH
Bubble, HZS(60min) Add, 10% Pb(CH3C00)2

Centrifuze(3000rpm, 10min) Centrifuze(3000rpm, 10min)

Precipitate Supernatant Précipitate Supbrnatant

Suspend in 50% MeOH Bubble, H25(60min)

Bubble, HZS(BOmin) Centrifuze(3000rpm, 10min)
Fraction [ Centrifuze(3000rpm, 10min)
Precipitate Supernatant

Concentrate in vacuo

Precipitate Supernatant .
P P ta Concentrate in vacuo

Concetrate in vacu ;
° Fraction I

Fraction O

Fig. 15 Fractionation of polyphenols by the treatment with lead acetate.
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Fig.19 Elution pattern of fraction II on Fig.20 Browning reaction of fraction [
DEAE-cellulose. and Il s.
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Fig.21 Absorption spectra (A) and dif-
ference spectra (B) of PPO-fraction
IIs system.
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Fig.22 Changes of absorption spectra of
PPO-fraction II . system.

a ; Omin, b ; 10min, ¢ ; 20min,

d ; 30min, e ; 60min.
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€2 FeCl,K,Fe(CN)s,, =B s ooy VBEME TH Lk
&) Diazotized p-nitroanillin (DPNA), MED SN, FITC, 757 5 [ BEY
{__» Fluoresence under UV-light. e = ’

Table 3 Paper chromatography of the ether extract of the hydrolyzates* of fraction

I and IIs.
R, values

BAW AW BeAW BPW

(4:1:2) (2:98) (125:75:3) (14:3:3)
Fraction 1 0.84 0.24 0.53 0.57
Fraction Il 0.84 0.24 0.54 0.57
Caffeic acid 0.84 0.24 0.54 0.57
Chlorogenic acid 0.65 0.56 0.14 0.24

Abbreviations: B;buthanol, A;acetic acid, W:water, Be;benzene, P;pyridine
*They were obtained by hydrolysis of PP with 1 N HCI.




BEE TN S 0 IR OBE T 2 H 23

Table 4 Paper chromatography of the mother liquor of the hydro-
lyzate of fraction I and II,.

R, values
BAW EAW BFW
(4:1:2) (9:2:2) 4:1:2)
Fraction I 0.39 0.14 0.42
Fraction Il 0.39 0.14 0.41
Quinic acid 0.39 0.14 0.41
Shikimic acid 0.53 0.15 0.54

Abbreviations: B;buthanol, A;acetic acid, W;water, Eethyl acetate,
F;formic acid.
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Fig.24 Two dimensional paper chromatogram of fraction I and Ils.
1) chlorogenic acid, 2) isochlorogenic acid, 3) neochlorogenic
acid,
(A) fraction [ and Ils, (B) fraction I, Il and chlorogenic acid analogues.

D FeClyKFe(CN),,  Q DPNA, ¢ fluoresence under UV-light.
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Fig.26 Two dimensional paper chromatogram of fraction IIf and its hydro-
lyzate.

(A) fraction I, (B) hydrolyzate of fraction I .

€ FeClK;Fe (CN),, & DPNA, V,V vaniline-HCL
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Table 5 Purification of polyphenol oxidase of satsuma mandarin.

Volume Protein  Total activity  Specific activity  Purification  Vield

(ml) (mg/ml) {unit) (unit/mg protein) (fold) (%)
Crude extract 1420 26.3 21300 0.57 1.0 100
(NH,),S0, saturation 389 20.0 16338 2.10 3.7 76.7
DEAE-cellulose 752 2.13 11280 7.04 12.4 53.0
CM-Sephadex C-50 248 3.50 9176 10.57 18.5 43.1
Sephadex G-100 256 0.65 8640 55.38 97.2 40.6

Table 6 Oxidation and Browning of various poly-

ar phenols by the partially purified enzyme.
; O, uptake Browning rate
5 (x1/min/ml) (AE4700m/min/ml)
=
Pyrogallol 29.0 0.44
Gallic acid 16.8 0.43
Ly Chlorogenic acid 10.5 0.17
Catechol 3.0 0.05
; : pL~dopa 1.0 0.04
Fig.31 Molecular weight esti- Phlogoglucinol 6.5 0.005
mation of the enzyme by Resorcinol 0 0
gel filtration on Sepha- Hydroquinone 0 0
dex G-100.

) cytochrome C,
) chymotrypsinogen A,
) ovalubumin,
) alubumin (bovine),
A) the enzyme preparation.
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Fig. 33 Effect of pH on chlorogenic acid
oxidase activity and the browning
reaction of NS and chlorogenic acid.

~@- chlorogenic acid oxidase activity,

-A= browning of NS,

~(O— browning of chlorogenic acid.
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Fig. 3¢ Chlorogenic acid oxidase activity
and browning reactions of NS and
chlorogenic acid with the enzyme
kept under various pH. treated with various temperature.

-@- chlorogenic acid oxidase activity, -@- chlorogenic acid oxidase activity,

- browning of NS, -A- browning of NS,

~(O~ browning of chlorogenic acid. (O~ browning of chlorogenic acid.
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Fig. 35 Chlorogenic acid oxidase activity
and browning reactions of NS and
chlorogenic acid by the enzyme

Table 7 Effect of various compounds on oxidation and
browning of chlorogenic acid and browning of

natural substrate.

Relative activity  Browning (%)

BIUYZFALIFAHN/NE (%) N.S.  Chl
VEEF R LA Lo T Control 100 100 100
== . T AR L T VRS 13 X KCN 0 5 5
Fan, REEREES LU Sodium diethyldithio- 48 29 29
ooy YBOBERIGH NS carbamate

Cro THRERE, Fr, 1 PTA . o

. . R iourea

7AANE /@iﬁ & UF AR L-ascorbic acid 72 49 68
ko ToBRERIRES 00 o 100
n, WEOBERGRIESN o 100 o 13
7z, &RBA A DEEICDWT MgS0, 100 95 100
BT EBEEE R L UBE ZnS0, 71 66 72
RitEBE L, 7 582 (Final concentration, 5x10™M)
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Fig.36 Column chromatography of the enzyme on DEAE-cellulose.

-A~ enzyme activity,  ~O- ODasonm,

(2.0X40cm) WEIL, FE-—EER TR,
0.2M,0.3MB X U0.5MDiELF bV 7 A% E
LR EERIC & D ERFERICES L, REER
EEEELY 37 HIZ0.2MOE/L ST MY Y
LAEGUBER THER S NOT, BEES %
B, AT T 4T —THERELL.

BEEE 0. 2M3EE T P U Y AR E0.02M
D vEEEER (oH7.0) TEE LT 7 Ty
7 ZAG-100% F 4 (2.2X80cm) WML, H—
BEWIC L D 10me/hr OFHETHEEL, 5mlT
DR LT, FORER, 45~567 5 7 v a Vi
KEZEENHDSNTDOT, EEEDSE2ED,
AT T 27 40— & D BER, H—0%
HeTHS VIR ET o 1o, Fig. 37 o8BS » i
row, KBERHE-Y—7 L LTERESRE
DT, IOESREDEREER L L,

IORBELRRORERMIIB ) FBREEE S
AT RN Table8 Th ., BKEEIIBL
THRBERIIMIFIcER s,

——i fraction pooled.

L0p

ODZBOnm

|
LA

Fraction Number (3ml/tube

X 10°

PN

42

Activity (units/ml)
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Table 8 Purification of pyrogallol oxidase B.

Volume Protein  Total Activity  Specific activity Purification  Yield

(ml) (mg) {unit) (unit/mg protein) (fold) (%)
Crude extract 970 23571 21340 0.91 1.0 100
(NH,),50; saturation 276 4527 19044 4.01 4.4 89.2
DEAE-cellulose 403 1604 13823 8.62 9.5 64.8
CM-Sephadex C-50 204 82 3570 43.8 48.1 16.7
Sephadex G-100 125 13.5 1338 9.1 108.9 6.3
Sephadex G-100 69 4.8 483 101.1 111.5 2.3
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AEEREGOY—HERARD DT 4 A7 BRIKE 2T R Fig. 38 ThH 5., KB
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I—t Origin
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b
o
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——t Front
1 \
4 5
log MW
) ) Fig.39 Molecular weight estimation of
Fig. 38 Polyacrylamide gel disc electro- pyrogallol oxidase B by the gel fil-
phoresis of pyrogallol oxidase B. tration on Sephadex G-100.
An arrow indicates the position of 1) cymotrypsinogen A,
the enzyme. 2 ) ovalubumin, 3) albumin (bovine)

B) pyrogallol oxidase B.
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Fig. 40 Oxidation of various polyphenols
by pyrogallol oxidase B.

-~ pyrogallol, -A~ gallic acid,

~(O- phloroglucinol, ~-@- chlorogenic

acid, catechol, pL~dopa, hydroquinone and

resorcinol.
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Fig. 41

Lineweaver-Burk plots of pyro-
gallol oxidation by pyrogallol oxi-
dase A and B.

1) pyrogallol oxidase B,
1I) pyrogallol oxidase A.
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Fig. 42 Effect of pH on the activities of
pyrogallol oxidase A and B.

-~ pyrogallol oxidase A,

-~ pyrogallol oxidase B.
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Fig.43 Effect of pH on the stability of
pyrogallol oxidase A and B.

~O~ pyrogallol oxidase A,

-4 pyrogallol oxidase B.

Fig. 44 Thermal stability of pyrogallol
oxidase A and B.

-~ pyrogallol oxidase A,

-A- pyrogallol oxidase B.
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Table 9 Effect of various compounds on the enzyme

activities.
Relative activity (%)
PyO A PyO B
Control 100 100
KCN 48 0
Sodium diethyldithiocarbamate 104 0
Thiourea 100 82
KiFe(CNy, 41 45
L-ascorbic acid 115 0
CoCl, 108 147
MnCl, 155 97
ZnS0O, 68 56
MgSO, 104 104

(Final concentration, 5x10™*M) PyO : pyrogallol oxidase
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491/ Lz, I X DARBER DS FHIIN27,000 e RO o7z,
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Fig. 46 Second column chromatography Fig. 47 Second gel filtration of phloroglu-
on CM-Sephadex C-50. cinol oxidase on Sephadex G-100.
o ODagonm, — ODasonm, -~ enzyme activity,
------ NaCl concentration, i fraction pooled.

~-(O~ enzyme activity,
i fraction pooled.

Table 10 Purification of phloroglucinol oxidase from satsuma mandarin fruits.

Enzyme activity (unit/ml)

Total protein Total activity Specific activity Purification Yield
Procedure . . .
(mg) (units) (units/mg protein) (fold) (%)
1. Original extract 47628 12936 0.27 1 100
2. (NH,),S0, 20-70%
. 9482 10695 1.13 4.2 83
saturation
3. DEAE-cellulose 3220 59048 18.3 67.9 456
4, CM-Sephadex C-50
st (stepwise) 164 29462 180.2 667.4 228
2nd (gradient) 136 27972 205.6 761.5 220
5. Sephadex G-100
Ist 41.3 20201 489.4 1813 156
2nd 15.9 10478 656.1 2430 81
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405nm, 500nm i & V630nm FiF 2RI DA ASEL
Lz, RFRST DR E, ﬁ@?i@unk&iO.SpofifEO)
grostt a NN, EB X UCMOSBOEEIIEE T
Rirolz,
3 B4R T /-t EYOEL

ABFERCLIBEBLORY) 7 2/ — LSO
RIS DO THRHRAERSFig. 51 Th b, KBEHRIL1,
J.5-rleFpfvRyErflovoo s vy /) —i
BLUO7ao0 VY )=V HNR BRI B L
e, valo—nED1,2,3-M)EFoFy~ry
VEBLUD O, me, BEIUDP-Y T 2/ —NEEIEEELEL
SRS WAN

oy /- VEEHEE LD EEORBBREELR
IS - OBE% % Lineweaver-Burk o 5 T/EH L 72
BEPFig b2 Ths, IhibRpiAKBEED 7D

Front

Fig. 48 Polyacrylamide gel

TNy /=M B Km {#120.67TmM TH o7z, disc electrophoresis of
4 A d/ —IILEBtBERCRITITESOERTF the enzyme.
N An arrow indicates the
i position of the enzyme.

(1) pH o

AKEZOEECRIZTpHOZE IC DLW THHNT, Fig. 53R Lz & 5 W0 KEEE O & #pH
127.6~8.0iCEEDH N7z,

Fr, BAES2E LERIC L TABRROPHEEE 2/, Fig SR L7z & D Ic 4B
FZIIpH6~ITIZIZZETH Y, 20L& ) pHEERHREIEDO Y oo — VB LERBD %
NEHEBLL 2,

2) mEnE
AEEFW 2 40~1000CORBETS 4B L U300 MMBLE L, ZOBEIC DLW THRE LT,

1.0
\ 1
2k %A
5]
\G 2 Q 05f
5
S E
) 3 2
= <
1 1 ol ) X -
4 5 200 300 400 500 660
logMW Wave Length (nm)
Fig.49 Molecular weight estimation of Fig.50 Absorption spectrum of phloro-
phloroglucinol oxidase. glucinol oxidase.
1) chymotripsinogen A,
2) ovalubumin, 3) alubumin (bo-
vine),

A) phloroglucinol oxidase.
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Fig.51 Oxidation of various polyphenols Fig.52 Lineweaver-Burk plots of the
by phloroglucinol oxidase. phloroglucinol oxidation by the
~(O~ phloroglucinol, enzyme.
~-@- phloroglucinolcarboxylic acid,
~A~ pyrogallol, gallic acid, chlorogenic
acid, catechol, pL-dopa and hydroquinone.
100 L 100+

50

Relative activity (%)
3
T
Remaining activity (%)

0‘—o A . [o] -y :
4 5 6 7 3 3 5 7 9
pH pH
Fig.53 Effect of pH on phloroglucinol Fig.54 Effect of pH on the stability of
oxidase activity. phloroglucinol oxidase.

Fig. 56m 58y & e & 51z, AEERIE100°C, 3043 M MBI T & 7 B30%IRE DRAEH %
L, BLERREDD TEDP -7, TORTERRITIZEO Ca o —VEMEEEB L) %
LSBORHDTHY, ZDEII, AMENELD TEHOBREEEET S 2 L 3ABRED
BO—D2THb Lz LS,
(3 Baonitathng
FSFRITHIREE 5 X 107" M E 45 & 5 IR OLEMERNL, KEREECRIT R8s
%&t%%ﬁT%kﬂf%%.K%%@VYVmﬁUWA,VI%»V%?%WNEV@%F
VILICEo THELCEINT, 851072 Y YT bA Y Y ABLEUL-T AN E VBRI
Fo THIEELRHEES: 5 Iz,
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Table 11 Effect of various compounds on phloroglucinol
oxidase activity.

100 + N -
Compounds* Relative activity (%)
None 100
Potassium cyanide 10

Sodium diethyldithiocarbamate

Potassium ferricyanide

Remaining activity (%)

50 L Thiourea 98
Sodium fluoride 98
L-ascorbic acid 0
MnCl, 453
CoCl, 81
CuSO0, 0
03560 80 100 FeSO0, 123
Temperature (°C) NiCl, 70
Fig. 55 Effect of temperature MgSO, 102
on the stabili'ty of phloro- ZnCl, 83
glucinol oxdiase.
-O- 5min,  ~-@- 30min. (*Final concentration, 5x107*M)

EEA A OBETE, KBZFEEEMEICLIFLL, Fer iz k » TR PHELE N
B8, W, Cu iz X D IIEELT, Zn?, NiFicko THoRlHEEINT. ZOL) 0EEA A
COEBRTIEO ooy v BBLESESY U 0 — VBLBERAB LI UBOSBE L EPRD
FEL.

2—4 % =

BN I A VHELY 7o sy — VEBEER R H12, 00 R L, 7 4 A 7 BRIKENY
i —nEEEER R E T (Fig 47~49, Table10), Z Q@@ IFECEZE L, 275nm, 405
nm, 500nm B & U630nm {1 RIEA £ R L7z (Fig. 51), 20 & 5 kBREOGHRHB LU
Pl A~ 7 F Vi, MOEIORY 7=/ —VEEEERE Er e DiEEL, L5, EEYY
CR DL F LS — 8 T2 L5 ICBbN3Y™, Thbb, Takeo & U Baker™
BEEORERE) 7 2 — VB EEBROBESERD 5 LIEEEEL, CuicikT 5605
nm ¥ Cu iz g3k 4 2407 .5nm WA £ 5% 2 & &, %7 Gregory & U Bendall™%
EOEDEY 7 x ) — VELEEEA27INm L 61Inm CRIEAEE T2 2 L 2HEL TV 5.
—7%, Hosoya®d# 7 DLt & 3 & — ¥ OBEWEHHREEEL, 402~406nm, 492~499nm &I
FUrB35~643nm 1o E & L TEEA A4 L ICERT 2RI KEHD Tnbd, 851, Yamazaki
F 1 Plette® b FHET HEDNULA F ¥ 5 —BIZ DT H 7EER EAROBREHREL T 5.
EFRIESOER, 3 7 v ORBEESSHEE DL I EVRD SN2 & 5F 2T, 405nm
B L 00630nm fFEIE A S s RIE A E 81 A IR T 2 b D LEEEN S,

AEEZIX1,3,5- RV EFOFyRC Y YEOARBRENICRLEL, TOREPH I
7 6~ 8 DT LA ) AN &tz (Fig 53, 54), RO 7 ooy VERBLER, Coin—
WESEEEEA 5 & OB il pH 17 2 HiE ThHo7e. TDE DAY EFY DK Y 7 =/ — IV
HEZEOWTR LM v H VAN SEpH EEE T2 2 L1, LOEMEROS < HEREH
WENEET AL LERT, Sho THHIITHE LWV 5.

% & 17, AEEEIZ100°C, 305 PO IEMLIE 12 51> T b 7 BI0%IRE DBAFEIE 2R L1z (Fig.
55) 7%, T OBEEREMEOC oo — VEEERECMOEIER LR TEL IRV LO
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ThHY, ZOBRKENED $LEABROBEHO—DLELTHIT SN S,

FEEFREEICRIZTEL DLEY), LB+ ORBRIEOIEDORY 72/ —V
BLEER B L OCMbOEERICN T2 200 Lk ) OMESRLI:, T4bb, KERI
Mn** iz ko> TE L S BiFL s, CuPic k- TR HE sz, MmoBERTIE
INSBEA A OBBITLBI NS o T,

Pk, 7ouasny / —VEBEBEREI NI THRESNTWERY 7 = / — VEE1L
BERBLUHIEORESR L 3R EES» 2 VEET 5, £/, KBEF 7o/ vy /—u
BEUOZOFEERTHB 700Ny ) — VANV K BN L TBRERINTHL I EnS, IO
BREIRDI O CHHATELIDDEE LS,

R4 0 1, 3, 5-trihydroxybenzen : oxygen oxidoreductase

H B4 . Phloroglucinol oxidase

WIH HMBOTVARITILY S —IUBIEEBRO~IF E D H —EN

3I—-1 #® ]

A BLTRE L 7o /vy ) — VB EBERE O QRPN A R 7 b b |3 ZEEE 109697
CRERD, FEVFEPRY TODRNAF IS —EOLDEEMNT 2L THE, 512,
FEREIINSVAF VY-V ERABESBE L THRERDI LS, KEBEREI VL FY
F—ViEEER bFEFICE T 20 TR EELOND, #2T, KEZEOLET XV 5~
EEICOWTHEN, JuooZ vy — VEBEALBERIEN & OBEIZ DL TRET L 72,

3—2 EBRFE

HIET B L7 oo /vy — VBB EEERE2ERL, Yoo sy —VBLES 3BT
BEdHDOIEANENFE (70 7574 —0DBE) KX DEIELS.

NNVAF Y- EE R T Y IV EREEETAEEPICEIVEIE L. T bbb, 7
Y a—n (REEL0°M) %2&$0.05M 7 © »EEEEK (PH5.0) 4.6m0120.1% @bk EE4K0.2
ml¥ & UEESRIR0 . 2l 2RI L, 30°CT 5 AR & € 7218, 7275 B12470nm 12 B 1F 2 LE
HGE Ufe, BESRTEMIIBEREIEME Y, 1 OMOEEOEINE). 15 187 LTEb LT,

3—-3 RRbIUEE

FEEROELZ O PH X BT 504 % ¥ 5 —PIEHICOW TN L 25, Fig. 56 1R &
10, ABRIEAN A+ 27— SEELET 5 2 LORD SN, £ ORll pH 1 5 (HEIHEL
To. BIEiO 7w 7 vy s — VB EBER O FIRT 6MBEOMT VA VEITH D, TEREREED
REPHERELMHETSL5THE, LorLirs, Fig 5T moBe kL 512, ¥ 7 7
Ty 7AG-107 0" NS5 74 =287 000y ) —VEBALESB I UL L
V—@@ﬁ%@,7VN7§%§UXMWJ%iﬁ%%ﬁmemmWW@@mE—ﬁwﬁﬁ
WEL—EHT B ens, KBRS VEBIIIE—THEEEZ NS, 5512, i CHY
STk ST, ABRIEIT 4 A/ BRERBNIC L —THB 2 Lhd, F—EEN 7O
TNy S = VEBLER E VA F 3V — P OMESE BT LD L HEIND,

DEW, BEORERICKITT pH OFE S X CIIEADEEIC D\ TTH~7-. Fig. 58 » 58]
SWRE DN, NN A F 5 — ¥k pH6~9 DEETEETHY, 2D L > n pH BEMEIX 7 o
BNV =V EBERERE O Fh L 3O RME L, g7, Fig 59 1m Lz k 9z, ~ud
FYF=EIFI0C, 54MOMBIEI L D IZIEZLIEIEL, 7ua s Ly ) — LB RS
W EHANT, BRERFELI BN LHED ST,
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Fig.56 Effect of pH on peroxidase activi-
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Fig. 58 Effect of pH on the stability of
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-~ phloroglucinol oxidase (PhO) activity,
~@- peroxidase (POD) activity,
— fraction pooled.
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Fig. 57 Gel filtration of the enzyme on

Sephadex G-100.
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Fig.59 Thermal stability of peroxidase

activity of the enzyme.

POD Activity (units/ml)

KOWTRET LTz, T%b b, #LEWEKERE 5 X107M

LA k3 RIBRICEML, pH5.0, 30°CTHEMEEMIE L/, Table 12 ook L 51,
RN FES T —CEEL YT LAV T LA, SZFATFAAINNIVET M) VABLIU -
F2ANE VI L DBEANLY, FASOBEHRE 7o vy — VEREEE YT
BEE LD Lk {EroT,
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Table 12 Effect of various compounds on peroxidase

activity.
Compounds Relative activity (%)
None 100
Potassium cyanide 38
Sodium diethyldithiocarbamate 77
Potassium ferricyanide 98
Thiourea 95
Sodium fluoride 102
L-ascorbic acid 82
MnCl, 110
CuSO0, 101
NiCl, 101
ZnCl, 101

Fio, EBAA OB OOTE, Mo 2Bb BT 2Emcd o 208, Fofo
SBAA OB EIIZLEALRED SN DT,

IOk, HiffilcBw Iy ou sy s - EBEBERE N P EE B U Mg
N F YT —BEEICH L TEb T h 2ESR R TICBE 2o fz, 22T, Mn* D%
TIEB T2 EEBE L RSHE L OBEERH~:, Fig. 60 cRx Lz L 512, Mn™ it 7o 7L
v~ VEALBEREE S L TR EL T O Km B2ED &8, Vmax [E2EME ¥ 72085, ~v
FF 35— CEHICGL Tk Km BEO&REINSE, MEEET 2 Mn*OiE o2
B, bbb, Mn"Rd 7o /vy / —VEBEEEICN L Tk KmfEB & O Vinax ED
MAZEILESEZDT, FOMEREB L UE
HEIFENZRFL T bDEE LN, —7h,
1k A NN F Y -CERICHL TR KmEDO A
[ oo REALEREDLOT, T OMBEEN DA % FIEL
e THLDEEZONSD,

/S x 10°M- YED LS5, BN RO 700 7))
| (B) V)= VEMEEER R VA F VY — iEEE b
FRHCE T Z LB ER o7, L,
MVE M OfE pH E, MEEORERICKIET
10} pH B UMBAOEE, x5z, Bz oh&y,
EXRWEERA A OBENEL gL
~2 p} i) i g 5, MEEFREEOEEOIIER L B ER (LI

/S x10'M™ ET2bDLHRSND,

(u1/min)

{ 1/v

1/v (AOD/min) ™

BAE TnolLy /BB EROBERF

Fig.60 Effect of manganese on phloro-
gluinol oxidase and peroxidase ac-

tivities of the enzyme. 4-1 & B
-0~ absence of manganese, FEE2ECBWT, BN o8y
-@- presence of manganese. aasvy ) — i =4 P Y
(A) phloroglucinol oxidase activity, 7‘, / — VEEEEROREN T AL,
(B) peroxidase activity. T DEAE-¥ Vo — 2z & DcERE s n

SIEMEZONT, ALY vEDOKE
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PN B O TERY 72— VB EEBENRP- I~ VBED TV 2 /- N{bEYIC X - THE
SNDIENREEINTED, FEVORBRZEOBHIBLCEZOEERFTHL 72/ — N
b&¥» DEAE-v Lo —ARE SN, BEINLZZEPHONT WS, £/, E3ETHS
PIc L7k dis, BINIAVREICE 7Yy, 7uaXf VBEDT 2/ —EETB»EY
BBIFEET S, 0Ll s, B0 7an /vy ) —VEBEBEZOBERTF
b7 x /= MEEMEBERRH IO TREVIEELZONS, —F, ABE2H TR o0
Ny = NEBEEBENCE R I DL I REBAA VLo TELL{HESRZZ L2 RH
Lz, KEICHSBRCEENE 7ou Ly / — VEBEBEOHERFOREIZ DL TES T
2EEbiz, TREEELTEZORY 72/ - VRESIUVEBA 4 v OEBE T2
BT DWW TR L7,

4-—-2 SEEFE

voaZny /- VEBEERE L CIREES 2E TR L BERER 2 ER L.

ooy /- VEBEEREE I AES 1 IR L RERICE DEEL, BEEOEE
FHERIRAIIC L D EH L.

(%) = (1-

4—-3 BREBIUBE
1 DEAE-EAB—2IiBFE s 2BERFOSELHE

KEE O THEY VS VERER L8O DEAE-v o — 212 520wTC, FhICEESN
-BHERT 2 1 MOEF U 7 AZET0.06M 2  CEEE (PHE.0) ik viEH Lz, B
ERFHEDESEED, BERES, BEREKTE L7 7T v 7 AG-2547 A5 (2.2X%
50cm) WL, KTEHLE., 5T 28 LAEE 757 v a yikonwT, £00.2nl% 58
Wr LTRISRIEML T 7 a7 Ly ) — VvBMEBEERE I I RIZ T8 R T, £ DFER,
757y a3y EEI~SB X UR~30CHERFREET 3 I 2R (Fig.6l), 22T,
THMLSEAEMLICED, FNENE FBIUFRLLTUTOERRICFERAL. FIBLUF.0
AREEESHICN T AHERI I NFRLRZY B L U2%TH > 7.

F.BLUFldE bz Fig 62 2R T & 512, LOTHBE LS, 275nm LI D € —
7, 320nm [ PECZDBERE TAHBINARY bVEB LT, TOANRY FUVIZEIEEIET
B & i LB ORRBEBEBERO S O L a VENT 2, B3 BICBL TE IR 58RI
DE— 7R rEEhz 7Y vy rous YBEORY 72/ —MEEWICHET 50T
H23EHELEY, FEBLUFOL) RTHEBLART FViE, A=Y T EDE
BFT 2 ) —MMEEWBH B WIEY V0B, T F REOENPINA 7 bv e BT 5 &
SicbvBbhs, 22T, BERFFBIUVFRO0XGES7 =/ —VEDLEVTHLODH S
Wk T BEQYE THEDOMIIDOVTHSMIT A0, FBLUF0Z, ZO%H
WOWTEBRELL.

Fo B & U P SIS 5 ~605 HMmE L, Zh2hOBLEE LT, HR L
BELrwFRLOBEZXRS100: T2HEMETED L, Fig.63 1Rz & D1, F, F.&d
100°C, 6053 I MIELER 12 35> C bIEMEER e ¥, Jh o HERTFOARE AT
LEDLDTEHETHSL Z ENED S,

FBIUF2RE 7oy b L, Table 1310/ T & 5 2FREHIC L 2 EARTERST.
E%iUEmt%u97VkN5:bD7:U>yﬁk%:ﬁ%®ﬁv71/-w%€%@%
ERE S LBETHY, BB TEBOTEROELER LY, = MY YRISEED

REHE R N D 35 & O B 3R BN &
AR IO & OBERBIE
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Fig.61 Sephadex G-25 gel filtration of partially purified inhibitory factor by

DEAE-cellulose.
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Fig.62 Ultraviolet absorption spectra of
F, and F..
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M ED X 512, FiB & U FLI3EEE OEE
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B HBHR ) HBEORY) 7 2 /- LEMEEE
THIERENS, FBLIUFRCEEZNAEER
FIIRY 7=/ —EEB TR EE LN
L, FIT, DI ERIVBEECT LI,
BeORY 7 2/ —EEYOEEIZ DWW TEEH
RRETEIT o Tz,

2 BanEY T/ —MtEMBLIULBA A

> OREE

BR2ORY) 72/ — VLB ERIEBE, 5X
10"MEZB XD CRIGRIZEHEMLT 7o 7
V=V EEBBRER RIS TEE DL THEAN

7o, Tableld R LIz LDz, m-Y 7 = /= VEBLI VR 72/ — Vel E, 3R LLE
NI TH O ABERESEEEBEELR. Thbb, -V 72/ -V ThHoEROF /YO
EMRERSBOLREL, DT, 7uuF vE, F—IvB00-Y7 2/ — LMD HE
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Table 13 Color developing reaction of F, and F,.

e e —a——. | ;
100¢ Color-producing reagent

Nz
el

Ferric chloride

Ferric chloride-Iron ammonium
sulfate

Diazotized p-nitroaniline

+ F % F F
+ = % =+

S
£ ,
Zg OO0~ O —0 Ammoniacal silver nitrate
'.é Aniline-Phthalic acid
e Ninhydrine - -
g Fluoresence under UV light + +
& + Positive (weakly), -+ Positive (medium), #
Positive (strongly), — Negative.
O 3 1 2 1

1020 30 40 50 60

Time (min)
Fig.63 Thermal stability of F, and F..

EOm-Y 72 /) —VEBIUE/ 72/ =V THBP-7wNVEBOBREMRIZINS KNS
i DB o Tz,

DL, AEEEHEIBEOZERHLICLTHELORY 72 /— k&P & DHE
ENBIENEENERST-DT, DFK, Iho{EEMOHERRN DLW THET L., T4
bbb, BLXORY 72/ —VEEYDOEET B 2 HEIRE & RIGVIEE & OBFR 2N,
Linweaver-Burk 07511z & D fE L7z, Fig. 64~67 I0R¥ & 512, #hob&®iznuans
AEREEPEOCHEET 2 Zen@ooniz, £/, ThoDRIVER LU LERLEE
Kl oSt omiiEs (Ki) » Table15 2Rz, &5, FiB8X U FOEESES IOV
TEREICHEE U R, Fig. 68 lcRmL-4 51, MES LR 7 =/ —bEY L ERRIC 7
na Ny —VEBEEREE P ERNCHEE L, —F, FEF2EHTCEOEEA 4 ¥
YRR T AREEE S RIHE T2 2 RS I LTS, TROEBA 4 D3 b Cu® i3 IEREN
#ie, Niv*B X U0 I iR BEET 2 2 e 8T o h 2 (Fig.69), ZhogBf 4> D

# BE, FL.8XU0EL20ORY
Table 14 Inhibitory effects of polyphenolic com- R bz "

pounds on phloroglucinol oxidase activity. 7z /= EEYOENS L3S

Polyphenolic compounds Relative activity (%) PICHHE L T2,
DL B L UF.0RIX

None 100 s
Chlorogenic acid 28 X7 MV, BZENE, 2ERIGES
Dopamine 27 Witdvoo vy s — VEBEEEER I
Catechol - 4 7 B AR S 5, HEET F,
Caffelc'aczd 43 iSJCUFg@Ziflini7l/—/l//[‘fE@
Resorcinol 92 . " .
Orcinol 94 EEYTHS S LEESND, D
Hydroquinone 17 L& HEMN I B VHBICEET S
Pyrogallol 50 FOrk3nRY 72/ —VEIEE
Gallic acid = 47 5 D5 BB S BT Xl o Fobs,
p~-coumaric acid 82

NS HERFHM DEAE-2 Lo —
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Fig.64 Inhibitory effects of o-diphenols on phloroglucinol oxidase activity.
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Fig.65 Inhibitory effects of m-—diphenols Fig.66 Inhibitory effects of hydroquinone
on phloroglucinol oxidase activity. and p-coumaric acid on phlorogluci-

nol oxidase activity.
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Table 15 Ki values of various polyphenolic

© compounds.
=
= Polyphenolic compounds K7 value (x10-°M)
57
SE 1 Pyrogallol Chlorogenic acid 4.3
T E Dopamine 6.6
Z =

4//:*} Catechol 6.0

~'1 0 1 Caffeic acid 3.7
2L 1/S x 103M )

o Resorcinol 290
§ Orcinol 275
g- Gallic acid Hydroquinone 0.13
o 1}
o) g Pyrogallol 7.9
z '\i Gallic acid 5.1

7 p-coumaric acid 130

—1 0 1
1/S x 10°M"! Ki values were calculated from the data in Fig.
64~67.

Fig.67 Inhibitory effects of 1,2,3 - tri-
hydroxybenzenes on phloroglucinol
oxidase activity.
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Fig. 68 Inhibitory effects of F, and F, on
phloroglucinol oxidase activity.
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i presence of Zi' (5 % 10° M), AT ED OO ) LR AL,
-~ A~ presence of Ni*" (10 M). FOUEERHFN, I HUBEOEE L
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L, INBID TR 075 — 2B 7,
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VREE I ARBE SEICELhERIC LD, TRFNEIELR. F/, 70 574 —0
Bo7oaZny s —VBEEERREE IAES 1 IO BENAFIC L D EE L 2.

TRy EER, STFREROUE, T4 A7BRIKEE L OWRF AT MVOBIEIZE 4 HEE
1HENCEE L FRZ L -7,

5—-3 HREIUEE
1 B4o775FREYN7ans e /s —VE{LEBESR

KEOT7 77 FREMOHBERRIC L 282 DORY 7 =/ — VEOEBLIC D LT~ &
RET I8 OESOBFEPUNETEP L, Table 16 2R L1z, WEROHEY
DEFEL 7oLy /= VEESEEL, DT, Cofo—LbbThicBbLrg, o-
V7 x /= VBEEEIE ISR TELD TE» 72, £, H7 GBI BLUS 4 2
¥ (RER) BV TELLEWIEESED Sz,

2 ATVovnasivi s~ LEHMEBREORR Y M

HIEED & D12, BROT7 77 FRMEYC S 7o u s vy / — VBB LEEZE SO T 2 2 & 38
ShEBoT. —F, SAVDIOBREINNE XS —CESEEET AR E LR VSO H
PHHEERLID, 777 FREMOBEICS TN EEB L EEA A S DD TIE s b
EXOND, ZIT, TOHEBEICT 272010, BOBRIEESED SN h 7 OBERORE
BTV, ZTOWHHIZOWTHN:,

(1) BRofsn
77 BEREFEE 2HD 3 A BROGE L IRIZFROFIRC £ 0L, R&HC Fig. 70
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Table 16 Polyphenol oxidase activities of cruciferous vegetables

Enzyme activity (O, uptake x1/min/g aceton powder)

Phloroglucinol Pyrogallol chlorogenic acid Catechol  pL-dopa
Chinese cabbage 93.2 18.6 3.6 2.9 3.0
Cabbage 218.0 22.3 6.3 3.2 3.6
Japanese raddish (leaf) 127.1 14.9 3.5 1.2 1.2
Japanese raddish (root) 370.5 29.1 5.2 3.2 3.4
Turnip (leaf) 249.9 19.9 4.6 2.4 2.5
Turnip (root) 415.0 16.6 4.8 3.5 3.7

WRTEIRB—DOY— 7 2ETA 7000y ) — LIB{LEEES 2B,

AEER L Table 17 (1R L7z £ 512, IR OSMBICBE s Nzh, ZORBEFEITII >
E23k (Table 10, 2400f%) LEERTE L Ko7z, H 7 BEORIEBIIBVLWIHEY v &=
T LGEBRICH S NI HIEEOE L WET BB T CRBEROBE LR TFOIEET S 2 & %,
2/, DEAE-Z VO —A70a~% b 757 4 —1BICED SN LEEO L T S EERF
WEET S EEZTNEFNTRRT DL BbNs, 5 Y BREOSEICIIEEDOSIEIEDR
MOAELLEWI E2ED, HiffilcB»TiE

COMERTFBRY 72/ —LEYTHL & -
<
WELR, LedioT, 20k wEERiETC X
HEAPRIITHERFOREDH L VITHEICL- T, Z 3F
hTRERL S ) BEORBEEDENE L TR
bDEEZBND. S 5| 8
=3 - . @)
(2) BSUKE), HFE, BRI L T 2 2
H 7 ORBEEERE Fig. TLER LS Gl R
LT 4 R BREBICH—THY, £, T 5 ol 8
DHFEEFE 7 7T v 7 AG-1007 VESEHDES P &
B (Fig.72) LD, #27,000LEE sz, &
52, ABROBREFROEEL, ZORIA o 0
N7 P BWT Fig. 73 O & 512, 277nm, 403 Fraction number (3ml/tube)
nm, 492nm B X U633nm iZRINB K %R L 72, Fig. 70 Second gel filtration of the
O &5 nEREOORES L VPRAR b enzyme on Sephadex G-100.
- . - ot 96 1N s —— ODasonm, === D.osnm,
NME S A VBEROTNS EFELAS muL, e -~ phloroglucinol oxidase (PhO) activity,
SFEHIZIZE—-TH- . ~-@~ peroxidase (POD) activity,
—i fraction pooled.
Table 17 Purication of phloroglucinol oxidase from turnip.
p d Total protein Total activity Specific activity Purification
rocedure (mg) (units) (units/mg protein) (fold)
1. griginal extra(l:lg 5226 103796 19.8 1
2 . Ammonium sulfate
20-70% saturation 1240 8820 58 0.3
3. DEAE-cellulose 1325 10725 8.1 0.4
4, CM-Sephadex C-50 68 10455 153.8 7.8
5. Sephadex G-100 14.2 6022 424 .1 21.4
6. Sephadex G-100 6.6 4316 650.0 32.8
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(3) EBFZoME ‘
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LTWwa, Zhizxtl, » 7EROSHE I Fig. 76 » 585
ke, vou sy —AELEEOE®E pH {Eid
7.6fHEICHY, A FyF—¥OpHS L i3EL {HEE

origin RN U

«— 5512, FEHICRIETIIG X UL OILEnORE
b I VR R D ONER A ST, b

Front B, Fig TR L 510, 7aa /Ly / — VE{LERE
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Fig.71 Polyacrylamide gel 2. Zovuu Ny /S —VBEEBROMTEEITI H >
disc clectrophoresis of  gggz )y 4 oo o2, 27z, Table 18 HOBS 24k

the enzyme. . s os
S, WEERERIXY 7 MDA ) VAR Y I FNY F 4D
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1
[
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Fig. 72 Molecular weight estimation of Fig.73 Absorption spectrum of the
the enzyme. enzyme.
1) cytochrome C, 2) chymortypsino-
gen A,
3) ovalubumin, 4) alubumin (bovine),

A) phloroglucinol oxidase.
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Fig.74 Oxidation of various
polyphenols by the enzyme.
-~ phloroglucinol,
~-@~ phloroglucinolcarboxylic
acid,
-~ pyrogallol.

Fig. 75 Lineweaver-Burk plots of phloro-
glucinol oxidation by the enzyme.
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Fig. 76 Effect of pH on phloroglucinol
oxidase and peroxidase activities of
the enzyme.
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Fig.77 Thermal stability of phloroglucinol oxidase oy S —nEEEEII LT
and peroxidase activities of the enzyme. - 5 9 ) 24 2
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PhO ; phloroglucinol oxidase, EEA A ONRNVA F VT —FIZ
POD ; peroxidase. ST BEE I/ NE o T,

DI ENE, KBREI Voo s/ vy /= VBRIV XS - OMEEEE
T5H, TheOEERMIETNENRELE S HEMCFEET 2D LEES L,

covun Ny S —NEBCEEN A TEOT T FREEIC LA T 5 2 L R s pIZ L,
AT EDABEREBH L, COBREROEHE, TINARY My, YEAFEHEE B XU
NAFVY P EDOBGRE, »7BELIAVEZELOBICEES LD TEWELENED SR

7z,

BN AR T7oo s Table 18 Effect of various compounds on phloroglucinol
v ) — VELEEE DBERFE oxidase and peroxidase activities.
T 5 EERBDIOT, Zhi Compounds* Relative Activity (%)
DBTHBRELS, ooy PhO POD
- VECEERE E e kY None 100 100
sy o wenee
WHEI N, 20K, p-Y 7 EDTA % o5
S TVRADHEESRVE S, 2 Thiourea 100 113
WTO0-Y7x/—NVES DD Sodium fluoride 101 103
EEEHET IR, m-Y 72— L-ascorbic acid 0 0
VEBLUE/ 7/~ VOEE  MnCl 423 103
BRIZPRE oI, £, &8 FeCl, 162 _
A4 iz D TR Cuend gy, CusOs 0 97
B, Zn* 5 & O Nz Righg 20 73 95
CEEERREL, KY7xs—  Ck 75 92
Hr GHERRARE L, —, o 8 %

MgS0, 100 95

MRICE EN L EERTFIIIELE
THEDOR) 7o ) — VDB ES
BHeBEThs L, 2ORTFD

(*Final concentration, 5x107*M)
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