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Studies on Polyphenol Oxidase from Puerariae Radix

Soo Sun Park, An Keun Kim and Jeong Sin Lee
College of Pharmacy, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract—Polyphenol oxidase(PPO) was purified from an extract of Puerariae
Radix by ammonium sulfate fractionation followed by Sephadex G-150 column chr-
omatography, which resulted in a 56-fold increase in specific activity. The enzyme
was optimum of pH 6.5. The optimum temperature of enzymic reaction was about
40°. The enzyme was thermostable with a half-life equal to 32 min at 70°.
of the PPO for catechol and pyrogallol from Lineweaver Burk plots were 1. 3x107% M,
1.16X 1072 M, respectively. The substrate specificity of the Puerariae Radix PPO

showed high affinity toward pyrogallol. Reducing reagents such as cysteine, potassium

Km values

metabisulfite, ascorbic acid, 2-mercaptoethanol completely inhibited the PPO activity
at 1072M level. Linewear-Burk analysis of inhibition data revealed that the inhibition
by cysteine, 2-mercaptoethanol, 4-nitrocatechol, potassium cyanide was competitive
with Ki values of 4.3x1072M, 0.73X107¢M, 6.9X107¢ M, 6.4x 10" M, respectively.
The browning reaction by PPO was observed to decrease temporarily with the addition
of sodium diethyl dithiocarbamate, a well known copper chelating agent. Among the
divalent cations, Cu?* ion was strong activator on PPO and Mn?t,
effect on PPO activity. Zn?*, Mg?* jons was inhibitor on PPO.

Keywords—Polyphenol oxidase » sodium diethyldithiocarbamate - pyrogallol - Puera-
riae Radix
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thiourea, cinnamic acid, ethylenediaminetetraa-
cetic acid, potassium cyanide, sodium citrate,
L-cysteine monohydrochloridel= Wako Pure
Chemical Industries, Ltd. #] &<, chlorogenic
acid, p-coumaric acid, 4-methylcatechol, poly-
vinylpyrrolidone, (+)-catechin, quinic acid,
4-nitrocatechol, o-nitrophenol Sigma Chemical
Co. A &L, caffeic acid, hydrocaffeic acid,
protocatechuic acid, protocatechualdéhyde, 3,4-
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Puerariae Radix

1. Homogenize with 0. 05 M phosphate buffer
(pH 6.5) containing 1% NaCl and 0.25%
sodium ascorbate in a Waring blender for
lmin.

2. Centrifuge at 4, 000 rpm for 30 min.
’_S—upernatant l

1. Concentrate with polyvinylpyrrolidone
2. 70% (NH,).S0, Saturation
3. Centrifuge at 12,000 rpm. for 30 min.

| Supernatant '

G —

1. 80% (NH).SO, Saturation
2. Centrifuge at 12,000 rpm. for 30min.

Precipitate ’

1. Dissolve in 0. 05 M phosphate buffer (pH 6. 5)

2. Dialyze against 0.05 M phosphate buffer
(pH 6.5)

3. Centrifuge at 12,000 rpm. for 30 min.

‘Supernatant ‘
l 1. Chromatography on Sephadex G-150 column
J‘ Purified Enzyme \

Scheme I. Purification steps of the Puerariae Radix
enzyme.
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Fig. 1. Chromatography on Sephadex G-150 column
of the Puerariac' Radix. Polyphenol oxidase
was eluted with 0.05 M phosphate buffer at
PH 6.5 (flow rate 8 3 ml/hr),

—s— protein s++0s++ enzyme activity.
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apol, potassium metabisulfite) metal chelators
(potassium cyanide, sodium, diethyldithiocarba-
mate, thiourea, sodium azide, EDTA), A}3}7}
AL A=) ¢+ phenold] 3}8§-E-(4-nitrocatechol,
o-nitrophenol, 3, 4-dihydroxybenzoic acid) 2 ]
€} 3§ (polyvinylpyrrolidone, sodium chloride)
ol &4 AL AddE AEE SA%9.

27t 0|22 FE—PPOJ gk 271 o) &
9 9FE A8 $3te] Cu?t, Co?*, Mn*,
Ni**, Zn*, Mg 5§ Agsted &5
£ FE(Ex107M, 1Xx1073M, 0.25Xx1073 M,
107 M)ell A B4 A& 2484 742
pyrogallol (1072 M) & A}&-3}4i o).

a2 25 9 IH

1% sodium chloride®} 0. 25% sodium ascorbate
3-#2 0.05M phosphate buffer(pH 6.5) 2
Fohe 944 ¥AE T QL ZHEE B3
34 ammonium sulfate 70~80% 2 -3 4]
AdLe FA9 specific activity 15W] 2 =
Astglen] 2 AstE Table T e whe}
2k,

60 F \

M, 9, A m

Relative Activity (%)

40} \

/ \
2 /6 \\3

]

[

JRUURIEE S N UG [ B S,

BT 40 50 60 70
Temperature (C}

Fig. 2. Effect of temperature on enzyme activity.
The Enzyme activity as a function of tem-
perature was determined with 107*M cate-
chol as the substrate in phosphate buffer at
pH 6.5 at various temperature from 20° to
70°.
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Table I. Purification of the Puerariae Radix enzyme
Purification procedure Enzyme activity Protein content Specii_ic activity Purification -
(units*/ml). (mg/ml) (units*/mg) (fold)

Crude extract 1060 5.9 180 1
(NHQ):SO, 70% satu. 370 0.15 ‘ 2467 14
(NH,),S0, 80% satu. 130 0.05 2600 . 15
Sephadex G-150 100 0.01 10000 56.7

* One unit of enzyme is defined as the amount of enzyme that cause a 0.001 extinction change in

absorbance per min. at 420 nrm.

4 The crude extract was prepared by homogenizing Puerariae Radix with phosphate buffer containing

inhibitors.

(NHy),S0, =33 A5 80% Z3AZ 3
9] specific activitys} Table Ilo] vielyd wulg}
7ol 74 Zlemeg 70% I AL AA
3k ¥ 80% =23A7 HE8L Zol Sephadex
G-150 columno 2 chromatography2- 443}
At ’

Sephadex G-150 column chromatography

Fig. 12 ammonium sulfatez 70~80% &3
g ¥ Sephadex G-150 column chromatography
2 gel filtrationgt 7 7o)},

i A2 280 nmol| A, T4 BA-L 420 nmo)
A, 77 R A ghako] £ fraction
oA &4 FAx% g on], o] w specific activity
= Fig. 114 vebd uhel o] 2 Fao] v
& 56W FIbshRch

2 22 H F oudy

Fig. 20] A 9} #to] Puerariae Radix PPOg] 3]
A dbg £5E 40°0) k. 40%91 A 40% A &
Table II. Fractionation of the Puerariae Radix

enzyme by solid ammonium sulfate

(NH,);50, Enzyme* Protein Specific
saturation activity content activity
(%) (units/ml) (mg/ml) (units/mg)
30 119 0.5 238
40 72 0.3 240
50 52 0.09 577.8
G0 47 0. 06 783.3
70 50 0.05 1000
80 24 0.01 2400
90 17 0. 008 2125

Enzyme activity at pH6.5 .uqs:;g‘lF‘ﬁ catechol
. as a substrate. (0.001 change in absorbance at
420 nm/min=1] unit activity).

49 AL JMF =%oH, 80F% UL
@) 75.6% &R0 dor A+t Fig. 3¢ £
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Fig. 3. Residual activity of the Puerariae Radix
PPO after various incubation time at diffe-
rent temperatures.

—a— 50°, —s— 60°, —v— 65°, —o— 70°,
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t}. 2V g, Mango PPO¢] pHE 5.6~6.5,%
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Fig. 4. Effect of pH on 10~?M catechol oxidation
" catalysed by the Puerariae Radix- PPO.
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Fig. 5. Double reciprocal plots for the Puerariae
Radix PPC.
Substrate: catechol —o—, pyrogllol —w—
Buffer: 0.05 M phosphate (pH 6.5) enzyme

0.2ml in 3ml reaction mixture,
Temperature: 40+0.5°.
Km value: catechol 1.3x10-2 M, pyrogallol
1.16x 1072 M.
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. 6. Double reciprocal plots showing inhibition
of the Puerariae Radix PPQO catalysis of
pyrogallol oxidation by various inhibitiors.
—o— no inhibitor,
—o— 2-mercaptoethanol 107¢ M,
—u— cysteine 1075 M,
—a— potassium cyanide 5x10°7M,
—v%— 4-nitrocatechol 5x 1078 M,
Ki value: cysteine 4.3x1075M,
4~nitrocatechol 6.9x1075M,
potassium cyanide 6.4x107" M, -

_ 2-mercaptoethanol 0. 73x 107 M. .
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constants (Km) & F3Qck = AddA AL
F4-9] catecholo] ©d KmAE 1.3%x1072M,
pyrogallole] 3k Kmx = 1.16x 1072 Mo|},
Barley PPO2] Kmx] & p-cresolo] 4,5x 1073 M,
catechol 2.2x1072 Mo] z* Yam tuber PPO=
pyrogallolo] 6.3X107*M,*" apple?] Km 3=
caffeic acid 0.2x107*M, chlorogenic acid 5.9
X107°M, 4-methyl catechol 3.2x1073M,3®
carrot callus PPO= pyrocatechol 0, 22X 1072M,
chlorogenic acid 0.80x 107*M2 x 33tz 9|
t}, 5
12 g2y
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Icatechol, chlorogenic acid S-of A= &4o] A
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2% v} 9lr}, 3¢ Mango peele] PPOX= catechin,
epicatechin, catecholo] 3] Ao 7 01}
hydroquinone, tyrosine, p-coumaric acid S-of] &=
Aol o Aoz wus 9t Papaver som-
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x o
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o] ¢lglt}h. ¥ Wheat?] o-diphenolasex 4-methyl
catechols} epicatechino] &4Jo] w9~ # 3 dopa
9} protocatechuic acid, phenylalanines) = &7}
A 59 FAo] vtelyten caffeic acid, chloro-
genic acid, p-hydroxycinnamic acido] = 24 o]

Zgton tyrosineof] = FAJo] glglch. ®
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Table III. Substrates specificity of Puerariae Radix
enzyme

Substrate(10-2M) Relative activitj (%)

Monophenols
Tyrosine i 0
1-Naphthol 2.7
p-Coumaric acid ) 0
Feruric acid 43
m—Cresol 0
Cinnamic acid 2.7
o-Diphenols
Catechol 20
(+)-catechin 3
L-Dopa 13.8
4-Methyl catechol 8
Chlorogenic acid 5.4
Hydrocaffeic acid 1.4
Caffeic acid 16.2
Epinephrine 0
3, 4-Dihydroxybenzoic acid 0
3,4-Dihydroxyphenylacetic acid 1.4
3, 4-Dihydroxybenzaldehyde 0.2
m~-Diphenol
Resorsinol 0
p~Diphenol
Hydroquinone 1
Polyphenols
Pyrogallol 100
Gallic acid 2.7
Quinic acid 0

Activities are expressed relative to pyrogallol,
which is taken as 100.

Mafidel Sg

Puerariae Radix PPOo] g ZA% A& A<
4 g Table IV} Vol veilc 7|AZE
catecholsd pyrogallolE A12-3lg ). Reducing
reagento] ascorbic acid, cysteine, 2-mercaptoe-
thanol, potassium metabisulfite, 223 metal
chelating reagents] potassium cyanide, sodium
diethyldithiocarbamate¥ 1073 Mol 4] tA 3] &
A 48 A3 39 o0 phenolic compoundsgl
4-nitrocatechol, o-nitrophenols W] Zd E.&
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Table IV. Effect of various inhibitors on Puerariae
Radix enzyme activity

Kor. J. Pharmacogn.:

Table V. Effect of various inhibitors on Puerariae
Radix enzyme activity

Inhibitors % Inhibition at (M)

107% 5x107® 10°® 10™* 10°°

Reducing agents:

Ascorbic acid — — 100 86.5 84
Cysteine — 100 81 69 68
2-Mercaptoethanol — — 100 94 92
Potassium — — 100 90 85
metabisulfite
Metal chelators:
Potassium cyanide — — 100 8.3 655
Sodium diethyld- — — 100 94 76
ithiocarbamate
Thiourea . 81 77 69 54 23
Sodium azide” 43 36 0 - —
EDTA 13 0 - — —
Phenolic compounds:
4-Nitrocatechol — 100 86 73 64
o-Nitrophenol — 100 77 69 46
3, 4-Dihydrox- 21 18 6 0 —
ybenzoic acid
Miscellaneous compound:
Polyvinylpy- 100 62.5 38 25 12

rrolidone
Sodium chloride 24 12 0 — —

H-Catcchol was used as a substrate (J072M).

A& #FL-g Yetwsl. oz EDTA, sodium
chloride Z& okg A3l &L e %
oI},

Cryptococcus meoformans PPO: mercaptoet-
hano), tetrahydrofolic acid, phenylthioureas} 7t
¢ reducing agentsef 93] 90% o] 4 Al
Nt} 2 Papaver somniferum PPO:=  sodium
cyanide, S-mercaptoethanol o) &4 A &5
Tt Bastxy glow® = oube] —SH 3}g
£ reducing agentse] 93 A FHEr @o
By wh gk

White Yam Tuber PPO%: L-cysteine, sodium
diethyldithiocarbamate, sodium metabisulfite,
dithiothreitol, 2-mercaptoethanol, L-ascorbate
ST ANAEZ ALAE AE Mo AL Fa
o] &As] AdsEcta Ras e ©

Cling peach,?® egg plant,*? yam tuber,4

solanum melongena®® So) A 23 PPOd]

Inhibitors % Inhibition at (M)

1072 5x107° 107* 107* 10°°

Reducing agents:

Ascorbic acid — — 100 93 80
Cysteine — 100 91 89 80
2-Mercaptoethanol — - — 100 98
Potassium - — — — 100 94
metabisulfite
Metal chelators:
Potassium cyanide — — 100 92 85
Sodium diethyl- — — — 100 64
dithiocarbamate
Thiourea 36 70 35 26 15
Sodium azide 35 12 0 — —
EDTA 17 — — - -

Phenolic compounds:
4-Nitrocatechol 100 96 85 70 53
o-Nitrophenol — 100 83 82 50

3,4-Dihydroxy- 28 21 18 g 0
benzoic acid

Miscellaneous compound:
Sodium chloride 13 8 0 — —

Enzyme 0.2 ml was pre-incubated with a mixture
of inhibitors and 0.05M phosphate buffer pH
6.5 for 2min at 40°.

Reaction was started by addition cf the substrate
(pyrogallol, 1072M).
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Fig. 7. Effect of sodium diethyldithiocarbamate on
Puerariae Radix PPO activity.
Substrate: 1072 M pyrogallol; BF: 0.056 M

potassium phosphate buffer (pH 6.5).

Enzyme: 0.2ml in 3 ml reaction mixture,
Temp: 253-0.5°.
w: Control SDDC
o 6xX107°M

¥ 5x107°°M
o: 8x107°M
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Fig. 8. Effect of SDDC on Puerariae Radix PPO
activity.

% Control SDDC added to the reaction
mixture at 30 min. to make solution 8X
1075 M.

w. The reaction mixture containing 8X
1075 M SDDC was allowed to incubate for
30 min.

Additional SDDC then added as in control.

Substrate; 10 M pyrogallol. ‘

BF: 0.05M phosphate buffer (pH 6.5).
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Table V1. Effect of divalent cations on the Puerariae
Radix enzyme activity

Relative ratio (%) at

Metals  15-a0 0,255 10-M 1x10-M 2x10-*M
None 100 100 100 100
Cu'? 170 175 208 475
Mn* 100 147 188 —
Cot? 100 169 156 81
Nit? 100 97 85 82
Zn? 75 46 3 -
Mg* 82 79 7 74

Activity was determined at 420 nm after reaction
_ for 5min. at 40+0.5° and pH 6.5 with pyro-
gallol (0.01M) as a substrate.

At B2 3bgiet

Root forming carrot callus tissues® 3§
& PPOS] a4 Cuts 28 454 4
vetgl ow Cot?, Mt ol 54 €4
= otk Bis gk

27 ol gl el B mae sk Pol e
AR B WET ARE VS ¢ 4
et
ol 48 APAAET £, =Ad £ o
Puerariae Radix Foll = 724w S 9 o9& poly-
phenol oxidases} E£A)3lx gete AL & F

et

b

=2

—

N

=4k Ao A EE AA g PPOE &A b
S =7 40°%.2.9 pH6. 5004 Aol 743 7
ot Astg o] A 52 )42 pyrogallolo) 9
o catecholsl pyrogallole] o} gl Kmx& 27}
1.3%x1072 M, 1.16X 1072 Mol of =] 71=] A3
A % reducing agentsd| 2)3 A& 7} Ehow
mercaptoethanol, cysteine, 4-nitrocatechol, po-
tassium cyanide: &4 ZAL ZAQAHo 2 A3
stg.en - A7 Kixe 4.3x107°M, 0.73%
107°M, 6.9x10°¢M, 6.4x1077 Molgicl. 271
kol & Cu?ti PPOol} d 2} 73t activator2 4
A4 on Moo} Cox gnpl B4¢ &
AARck Zn*, Mna*e A ZE&E dHy

1

Kor. J. Pharmacogn.

o}, Copper chelating agents2 F <4&A sodium
diethyldithiocarbamate: PPOo} 93] AAH #&
W a4e dAAeR gaAZAH

1991d 59 79 A< 1549 304 FED

Bl
ol

1. Mayer, AM. and Harel, E.: Phytochem. 18, 193
(1979).

2. Wichers, H.J., Peetsma, : G.J., Malingre, T.M.
and Huizing, H.J.: Planta 162, 334 (1984).

3. Kertesz, D. and Zito, R.: in Ozxygenases Acad-
emic Press, New York, 307 (1962).

4. Varda Kahn: Phytochem. 22, 2155 (1983).

5. A.T. Paulson, J. Vanderstoep and S.W. Porritt:
J. Food Sci. 45, 341 (1980).

6. Palmer, J.K.: Plant Physiol. 38, 508 (1963).

7. Montgomery, M.W. and Sgarbieri, V.C.: Phyt-
ockem. 14, 1245 (1975).

8. Patil, S.S. and Zucker, M.: J. Biol. Chem. 240,
3839 (1965).

9. Matheis, G. and Belitz, H.D.: Z. Lebensm.
Unters. Forsch. 162, 186 (1977).

10. Wong, T.C., Luh, B.S. and Whitaker, J.R.:
Plant Physiol. 48, 19 (1971).

11. Park, Y.K., Sato, H.H., Almeida, T.D. and
Moretti, R.H.: J. Food Sci. 45, 1619 (1980).

12. F.S. Interesse,
D’ Avella and Francesco Lamparelli: Phytochem.
22, 1885 (1983).

13. Vanneste, W.H. and Zuberbiihler, A.: in Mole-
cular Mechanisms of Oxygen Activation Acad-
emic Press, New York, 371 (1974).

14, Thomas, P. and Javane, M.T.: J. Food Sci. 51,
384 (1986).

15. Holwerda, R.A., Wherland, S. and Gray, H.B.:
Annu. Rev. Biophys. Bioeng. 5, 363 (1976).

16. Duckworth, H'W. and Coleman, J.E.: J. Biol.
Chem. 245, 1611 (1970).

17. Avigolan-Goldhirsh and Whitaker, J.R.: J. Mol.
Cata. 32, 141 (1985).

18. Prabha, T.N. and Patwardhan, M.V.: J. Bio
Sci. 4, 69 (1982).

19. Maria, A.M., Galeazzi, Valemiro, C., Sgabieri

Pacifico Ruggiero, Gerolmina



20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

32.

Vol. 22, No. 2, 1991

Spiros, M. and Constntinides: J. Food Sci. 46
(1981). .

Van Huynh, N. and Jeramanis, J.: J. Amer.
Soc. Brew. Chem. 35, 153 (1977).

Van Huynh, N. and Jeramanis, J.: J. Amer.
Soc. Brew. Chem. 36, 18 (1978).

Takeo, T. and Uritari, L: Agr. Biol. Chem.
30, 155 (1966).

Hasegawa, M.: J. Agric. Food Chem. 28, 5
(1980).

Lee, C.Y. and Smith, N.L.: J. Food Sci. 44, 1
(1979). '
Tadakazu Takeo and Ikuzo Uritani: Agr. Biol.
Chem. 30, 15 (1966).

Itzhack Polacheck, Vincent J. Hearing, and
Kyung J. Kwonchung: J. Bacterio. 3, 1212
982). T

Rakesh, C.S. and Rashid Ali: Phytochem. 19,
1597 (1980).

Park, Y.K., Helia H.S., Tania D.A. and Roberto
H.M.: J. Food Sci. 44, 1619 (1980).

Luh, B.S. and Phithakpol, B.: J. Food Sci. 37,
264 (1972).

Quesnel, V.C. and Jugmohansingh, K.: J. Sci.
Fd. Agr. 21, 537 (1970).

. Anosike, E.O. and Ayaebene, A.O.: Phytochem.

20, 2625 (1981).
Goodenough, P.W., Kessell, S., Lea, L.G.H.
and Loeffler, T.: Phytochem. 22, 359 (1983).

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

1

Habaguchi, K.: Plant Cell Physiol. 20, 9 (1979).
Benjamin, N.D. and Montgomery, M.W.: J.
Food Sci. 38, 799 (1973).

Wissemann, K. W. and Lee, C.Y.: J. Food Sci.
46, 506 (1981).

Alfred M.M. and Eitan Harel: Phytochem. 18,
193 (1979). '

AN-Fei Hsu, Edwin, B.K. and Donald D.B.:
Plant Science Letters 34, 315 (1984).

Francesco S.I., Pacifico R., Gerolmina D’Avella
and Francesco L.: J. Sci. Food Agric. 81, 459
(1980).

Palmer, J.K. and Roberts, J.B.: Science 157,
200 (1967).

Christopher, O.I. and Helen, N.O.: Phytockem.
21, 2815 (1982).

Knapp, F.W.: Florida State Hort. Soc. T4, 256
(1961).

Ikediobi, C.O. and Obasuyi, H.N.: Phytochem.
21, 2815 (1982).

Sharma, R.C. and Ali, R.: Phytochem. 19, 1597
(1980).

Jolley, R.L., Jr, Robb D.A. and Mason, H.S.:
J. Biol. Chem. 244, 1593 (1969).

Reyes, P. and Luh. B.S.: J. Food Sci. 29, 829
(1960).

Kazuo Habaguchi: Plant & Cell Physiol. 20, 9
(1979).



