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Abstract

Polyphenol oxidase (PPO) from Burdock (Arctium lappa 1..) was purified and characterized. Purification of polyphenol
oxidase was achieved by ammonium sulfate precipitation, Phenyl-sepharose CL-4B hydrophobic chromatography
and Sephadex G-100 gel filtration chromatography. The molecular mass of the purified PPO was estimated to be
30 kDa by SDS polyacrylamide gel electrophoresis. In a substrate specificity, maximum activity was achieved with
chlorogenic acid, followed by catechol and catechin. Whereas, there was low activity with hydroquinic acid, resorcinol
or tyrosine. The optimum pH and temperature for enzyme activity were 7.0 and 35C with catechol, respectively.
The enzyme was most stable at pH 7.0 while unstable at acidic and alkaline pH. The enzyme was stable when
heated to 40°C. But heating at 50°C for more than 30 min caused 50% loss of activity. Ascorbic acid, L-cystein

and Cu**

inhibited the activity of pholyphenol oxidase.
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A&l A48 95 A5 E AFE-SFA T Chlorogenic
acid, catechin, L-3,4-dihydroxy phenylalanine (L-DOPA),
pyrogallol, caffeic acid, hydroquinine, resorcinol, Triton X-
100, phenylmethanesulfornyl fluoride (PMSF), DEAE-
cellulose, protinin, amonium sulfate®} Phenyl-sepharose

CL-4BE Sigma Chemical Co.(USA) A&E-S AHE3H4it
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£ AAste] AXRES Bt 2 JAHES 1.0 M9
AR ES 33 005 M S1AFEEA (pH 6.5)2] 6.0 mL
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Polyphenol oxidase®] FZf QlojA AEA W #Hso] FA=
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poly vinyl pyrrolidone(PVP), poly vinyl poly protrolidone
(PVPP)HE 502 FA ¢} 22 phenol-biding agentE ©]-8-3}
£ e W AEe AANA 159 Vste PRsh
BA289E FAMNATFEU AR PO R A=
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Table 1. Summary of the extraction and purification of
polyphenol oxidase from brudock (Arctium lappa L.)

Total  Sp. act.,, Total protein Purification Yield
Act,, Units Unitsymg  (mg) fold (%)

4866500  570.17  8535.25 100 100.0

Purification step

Crude extract
25-80% (NH4),SO;4 673750  9502.82 70.90 16.67 13.8
Phenyl-sepharose CL-4B 153720 6724409 229 11794 3.1

Sephadex G-100 67580 7353645 092 12897 13

o] Ao - 2] <] polyphenol oxidase= phenyl-
sepharose CL-4B Zt#] © 2 H-E] 0.05 M2] £5-8< Aol A]
E=HAeH g Y HAE YehfAth

polyphenol oxidase®] JA|E $I3IA] phenyl-sepharose
CL-4Bol oJ3iA] wejd @ F 24o] A 9as
FLO}A microcon YM-102. 2 553k U3 ThA] Sepadex
G-100 ZHel FYAA Fe o 2A -9 5] polyphenol
oxidaseS HAE 3T AL 7HAE FHIe gel
filtrationol] <J3) A AZE A3 FAE Gae HA9 T4
Tl ZHS & UATHFig. D).

Phynyl Sepharose CL-4B
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Activity (AAbs/min)
&
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Fig. 1. Elution profiles of polyphenol oxidase and protein after
Phenyl-sepharose CL-4B chromatogratphy (upper) and Sephadex
G-100 filtration (lower).
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% polyphenol oxidase®] A%+ SDS-PAGE %17]
oja ZA3te] Fig. 20 YERATE Fig. 29] lane
1S %5 89 lane 2= Phenyl-sepharose CL-4B &2 =12
nlE 73], 2283 lane 32 vFA| T A @A) Separdex
G-100 2 o3 AZrtEIRS o] A3E BAa, 179
5 9F 30 kDa®] EAFEFS YT o5 2A &
7} 9] polyphenol oxidase®] EAF-E BFH(7), 7AKS), vF
Uih9) 183 28 H(14) PPOS] E2}&o] 7+ 59 kDa,
69 kDa, 31~61 kDa 2 32 kDao] R =it o] A&
Uepd Ades v 9 EejEet {FARE PPO EAS
7ML e Ao yERkon B3} 7EAE] polyphenol
oxidase}= =}olE YER|ATH
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Fig. 2. SDS-PAGE of partially purified and purified polyphenol
oxidase; standard solution (lane 1); active fractions eluted from
phenyl-sepharose CL-4B (lane 2); purified polyphenol oxidase (lane 3).
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pH ®3}ol] 2 FAL pH 50004 7002 ¥W3lshs 9t
T3] S7FstA AL, pH 7.5914 1004k ol A ZA] 7H48t
= o= Yehlo] 7Rte g Ags dido] fhaelal ¢
g HHdAM = A 4S5 YehiA &stth

thaksk 7)ol i3k polyphenol oxidase®] 2] pHE 5.0
oA 7.0 Apolell A BheFetAl HaEojAa vt 2 dk
Z 7= polyphenol oxidase FE< 18+ Y8 9] Aol A
Uehde Aoz dZItk15). T3t 71 whe i &4
pH7l 2EfAe Zo= 4eEiAx e, 27I16)9}
Romebeauty, ‘Winesap’ <} ‘Cortland’ A13H1T)AN A= o] <}
FARE 237 BauEa ok - Helelx FE3
polyphenol oxidase®l Tt pH P32 7.0004 718 <F
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Fig. 3. Determination of the optimum pH and pH stability of
polyphenol oxidase from brudock (Arctium lappa L.).

A A4S VERIIAL, 1 B} v pH Z0A s B1t
Aste] o] THaEE ASZ YEPTE 531 polyphenol
oxidase®] pHOll gt tA/d-S pH 2.0914 6.0E ¥3l=
S S718HA AL, pH 7.0014 8.02.2 Wate &3 A
Haste ZAo® YERg AT

2x9 A

94 B2 FE 329 polyphenol oxidased] % &4
25E 35CE YERNQItKFig. 4(A)). £4 4L 10T
A 35C= Welshe B9 1 242 37186 1 F 35T
AN B0C7HA =7t S7FehHA 1 4L TSt th
HA &= = PPOY Algol whet thefshA el
Niagara grapes PPO2] 73-¢- % &&=+ 25| (18), 25C
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Fig. 4. The optimum temperature (A) and thermal stability (B) of
polyphenol oxidase from brudock (Arctium lappa L.).
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polyphenol oxidase= H|%] 11221 40TCel|A] &4/ 0]
P‘} Z3HA vebdtar B3 E lek19).

o] mWE polyphenol oxidase $Hg-dol thst A=
i 41 A S Ahe] 5 0T A1
b:o ;j_/\—] o Q—E}lﬂy\_]_ 1)—0 %Coﬂ;\-] 0;(]5]_‘:_ Eo} :g‘_
Ao B34S AT Wntolel, 50T o) delAe
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SR ERNCH, 30ToA 50CE Wssh= &< 1 diiz2]
4L 100%914 47% 2 7HAastTh
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Th¥gt phenoll 7145 o]-83t] $-% 52| polyphenol
oxidase©l] th3lk 7|2 E-o]AS ZALSH Z¥= Table 29
el It ZH2te] 71 -l thst Ao =S UA =4
31, 1 gl A 7] ti$t polyphenol oxidase] g
Q) /92 catecholt HlL et AlLFetATE ¢ He
o] #29 polyphenol oxidased] 71&o] tha EA-e
tyrosine, hydroquinic acid®} resorcinolo] A+ W& &4
YERH W, chlorogenic acidolA] 71 =& &3S e
R, TS 2= catechol¥} (+)-catechin®] 0.2 YERY
At

1Al thak 49 kinetic 54 Lolr 7] A
chlorogenic acid, catechol, (+)-catechin®} L-DOPA¢] o gt
Km#}t-2 Lineweaver-Burk plotol] a4 Al4tE| o 1
e 747} 1618, 23.11, 7226 12]11 8566 mME LFEFSECEH

ngO

Table 2. Substrate specificity of polyphenol oxidase from brudock
(Arctium lappa L.)

Cont. Wave  Act. ) -
Substrate (mM) length Units/  Relative activity Km
(m)  mL
Monophenol
Tyrosine 25 415 34 L5
Diphenol
o-Phenols
Catechol 10 420 2134 100 2311
Chlorogenic acid 10 420 8818 4132 16.18
L-DOPA 10 475 359 16.82 85.66
(+)-Catechin 10 420 664 3111 7226
Caffeic acid 10 420 189 8.85
m-diphenol
Resorcinol 10 460 25 121
p-diphenol
Hydroqunic acid 10 460 3.1 1.46
Triphenol
Pyrogallol 10 3% 151 7.07

l)compared to that of catehcol (%).

B3] Polyphenol Oxidased] -

A 2 54 493

o] % chlologenic acid®] Kmzt2 catechol®l] HIS|A 70%
ol v kS YRRl ©]# 3k A 3= chlorogenic acid
7} -9 He] 25 FZ% polyphenol oxidaseol] 71 13}
Jo] =2 V1A Ao =AM IS 4 3low, o]} A#s)
o] Alberghina(20)2} Partill 5(21)2 ZAF] polyphenol
oxidase®l| 4] chlorogenic acid”} 7178 X3}/ o] =& 7]do]
2}al 318} a1, 3 Herel 5(4)2 X592 PPOYAE
chlorogenic acid’} 7V 31340 =& 71202k B s}
%t} Avocado PPO= L-DOPA®] ti3}e] Kmgko] 3.7 mM<
ERN 2 H(22), 7HA1] polyphenol oxidase®l| 4] chlorogenic
acidoll th3te] Km kol 1.4 mMZ YepAch23). 5%
PPO°] W3¢t Km@to] A2 & AL EAHY 95 o
7190o] tt21 FZ pHYl tE7) WiEo s AEh

=502 H ANaliAe 3t

T el 1 =% polyphenol oxidase®l] g+ thstH
A e] @aF Table 301 YERAATE A EAS ZAKSH
71918k 7]@3/\1 catechol AME-3IR o™ A3 A=A
polyphenol oxidase A3} &4Jo] -3 A0 FE HuFHT
A= 4-hexylresorcinol, L-cysteine, benzoic acid, ascorbic
acid 18]l kojic acidE ©]-&3t] SA3A T Ascorbic
acid®} L-cysteine©] 1.0 mM2] F=oA -3k a3= 1}
ERJRIT) Lcysteine2] 7-%- o-quinones¥} -34S 4%
Oﬁ_}ﬂ J,]./\];{«"E_J ;(ﬂZ—J—X ]}\1 Lz_ﬂ 71»]:ﬂ [] U]—__. Z—]7]_
A ZA AREE o] ghont 19861 FDACIA &313E9 4l
A o AL A AR I )
] g3k A7) FsY = QITh24). F3, polyphenol ox1dase

249 AsiE el H7HsE F45012 F CuSOsolA

X1 sl &= VERH Lo, MnCl, FeCLolA€ A] EHEJJr*—
e A 2319t Galeazzi 5(25) ulubitol| A Ca™,

Table 3. Effect of various compounds on activity of polyphenol
oxidase from brudock (Arctium lappa L.)

Relative activity (%)

Compounds
0.1 mM 1.0 mM

CaCl, 99.33 77.46
CuSO4 94.40 4041
MgSO, 99.69 88.95
FeCl, 100 89.02
MnCly 100 93.93
ZnS0y4 97.60 83.46
Ascorbic acid 61.83 37.93
Benzoic acid 93.28 69.06
Kojic acid 79.81 64.03
L-Cysteine 64.51 39.03
4-Hexylresorcinol 80.36 62.19
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