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Purification and Characterization of Polyphenol Oxidase from
Flammulina velutipes

Han-Jong Pyo, Dae-Yeul Son' and Chan Lee*

Department of Food Science and Technology, Chung-Ang University
ISchool of Medicine, Sungkyunkwan University

Polyphenol oxidase from Flammulina velutipes was purified and characterized. Purification of polyphenol oxidase
was achieved by ammonium sulfate precipitation, Superdex G-200 gel filtration chromatography, Phenyl superose
affinity chromatography, Mono-Q anion exchange chromatography and Superdex S-200 gel filtration
chromatography on FPLC. After these purification steps specific activity of purified polyphenol oxidase increased
to 199.1 units/mg. Polyphenol oxidase from F. velutipes was composed of a single polypeptide with molecular
weight of about 40 kDa. Optimum pH and temperature for the enzyme reaction were found to be 6.0 and 25°C,
respectively. The activity of the enzyme gradually decreased at acidic pH between 3 and S, and the enzyme lost
its activity at alkaline pH between 8 and 10. This enzyme exhibited high substrate specificity to o-diphenols. Km-
values for L-DOPA and caffeic acid were found to be 3.97 mM and 1.78 mM, respectively. 2-mercaptoethanol, L-
ascorbic acid, sodium bisulfite, EDTA and Mg* inhibited the activity of pholyphenol oxidase and Cu®, Fe*, Zn*
and Ni** increased enzyme activity. The activity of enzyme was well maintained at -70°C for over 4 months, and

at =20°C for 1 months.
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B AZolME 19989 7€ A7|= shel 2AS A7)E
EAAM AEE GBS 55¢) A S mAlS
AE2 A& Th Chlorogenic acid, catechin, L-3,4-dihy-
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Fig. 1. Last purification step of polyphenol oxidase from F.
velutipes with Superdex S-200 gelfiltration chromatography (a)
and SDS-PAGE of purified polyphenol oxidase (b).

Lane 1: Fraction after Superdex G-200 gel filtration
chromatography, Lane 2: Fraction after Phenyl superose affinity
chromatography, Lane 3: Frqaction after Superdex S-200 gel
filtration chromatography.
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Table 1. Purification of polyphenol oxidase from Flammulina velutipes

Purification Volume Total activity Total protein Specific activity Purification Yield
step (mL) (units) (mg) (units/mg) (fold) (%)
Ammonium sulfate 4.8 19200 1728 11.1 1.0 100.0
Superdex G-200 14 9212 224 41.1 3.7 480
Phenyl superose 14 3248 56 58.0 52 16.9
Mono-Q 4 1920 18 106.7 9.6 10.0
Superdex S-200 15 418 2.1 199.1 17.9 22

The starting material was 100 g of Flammulina velutipes stromata.
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Fig. 2. Determination of molecular weight of polyphenol oxidase on SDS-PAGE (a) and on Superdex S-200 gelfiltration
chromatography.
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Fig. 3. Effect of pH on the activity of polyphenol oxidase from F. velutipes (a) and pH stability of the enzyme at 4°C.
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Table. 2. Substrate specificity of polyphenol oxidase from F.
velutipes

Table. 3. Effect of various inhibitors on the activity of
polyphenol oxidase from F. velutipes

Substrate Relanzlfoaﬁg/lw)ty (%) Km value Inhibitor Confﬁﬁ\t/r[;mon Inh(lgi ;10n
Diphenols 50 100
o-diphenols L-ascorbic acid 10 190

L-DOPA 100 3.97 1 100
catechol 0 0.1 38
chlorogenic acid 14 100 100
caffeic acid 22 1.78 10 100
m-diphenols Sodium bisulfite 1 100
resorcinol 0 0.1 39
p-diphenols 1000 96
hydroquinone 0
Triphenol . . 100 2
Sodium chloride 10 10
pyrogallol 0 1 10
Monophenol 0.1 3
vanillic acid 0
100 100
10 100
2-mercaptoethanol 1 100
catechin®l DA Kiwifruit*¥2} Avocado™®®<] PPO7} &4 0.1 100
o] L& Aoz HIERJSH chlorogenic acidd] thelA= 100 99
73R WL FT=(90] Pport FAo] B Ao=w et} ) ) 10 100
Harel”S = PPOE m-diphenol®9} p-diphenoliol] 24 Sodium azide 1 94
< YEA eietiy 2asdon, A" PPOX Harel 0.1 42
o] Ao g} 7+o] m-diphenolF$ p-diphenolFol e B4 100 0
< UEHR] gttt B3] o] &4% wmiphenoli FOAE Urea 10
pyrogalloll4 Tgs] F& 842 Uehi2iert, monophenol ! !
Fe A 4o ATt MR TN 27} pyro- ol
catechol#caffeic acidell gk PPOQ] &Aool RIEG ow, 100 87
Velvet bean®, Wj¢3, Erol@d w0 31.70}39) ul}eo Sodiumdodecyl-sulfate 10 7
9] PPOS] DL-DOPAS] t3t 7|4 S0l o] BEHAT}. ! 10
JURHAe] PPOE o-diphenol? 3 L-DOPAS] tHsl % 0.1 6
£ Zde Jelen, mdiphenol, p-diphenol, = 10 0
monophenoli#, triphenol&-oll WA= &40l glleH ole L-cysteine ! 0
e BPE PPost FENE SHOE vehie o J
BUFHA PPOS] L-DOPAS} caffeic acidell Tthéh Kmgho] :
Lineweaver-Burk?9] "o 2}5}e] plot® 2. (Data not o 30 100
shown), ©] plotoll 9]3}o] caffeic acid®} L-DOPA2] KmZt-2 Eg;rylenet(ii; a;]ilge 110 188
242t 1.78 mM¥} 397 mME EAE AT Avocado!'® PPO= e 01 9

DL-DOPAC] thate] SolidS e LS. (Km = 3.7 mM),
Akl PPO®PY] chlorogenic acido] that Km 3S 1.4mM
2 uelyttl Bartlett Pear PPO'YE, (4)-catechin(Km =
21 mMll st 7P 2 HolidSs UERi oM, Black
popular®™, cocoa AZ® 59| PPO= catechole] 71 &
37t =2 7120l

Malld W F&H0[22| Ask

7% AdA7E BUEHA PPOS] 484 vA= 3
TS Golry] sl Z+ AsAY T 2484E 4
gl AR EE WEEE JePd F3= Table 33 2t} A
S| &3+ 2-mercaptoethanol, L-ascorbic  acid, sodium
bisulfitt ¥ EDTA7} & A2 2 Ueldt) Harel", Ben-Sha-

lom® @ Kahn'9e X%, £¥H I#]3 olRII=F<] PPO
o gk AalA ZAA 2F EDTAZF Add8o] g R
oz Ry o MUEHA PPOYAIE EDTA7}F A
Haxrt & Aoz FRIFHATL

7} F40|8E59 T E | mME sk 25°CllH EAEA
£ 243 AFAE Table 49} 2t} o] ‘oM eF ZHo] Cu™,
Fe*, Zn®, ¥ Ni*7} 84848 7712, Mghe 848
A A7 o2 et

Galeazzi S vhhitollA Ca?, Fe*, Zn*2 A& a=7t
ATk B3k Spinach Beet!?lAE Al a4 &
Aol cul g3 F71EIS0) BRI v E Cu™*
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Table. 4. Effect of metal ions (100 pM) on the activity of
polyphenol oxidase from F velutipes

Salt Relative activity(%)
None 100
FeSO, 566
MgSO, 63
NiSO, 108
CuSO, 1670
ZnSO, 442
CoSO, 81
MnCl, 92
ZnCl, 407
CaCl, 99
= BrHA pPOO] digt 484 IA S7TIE A
o= vehst

X& = Polyphenol oxidase &Ado| H5}

BUFEHAAA FAE G408 Z47]
A& "o PPO 9 Wsk= Fig 59 ol @) Fho
=70°CAA 3MEZEE FaEA 9] Wy A fidlen 47
ARRE Zasr] Al 23y 200l s A% 2
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FGATE 199.1 units/mg O 2 VEFEO T o] E4E 40kDa
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Fig. 4. Effect of temperature on the activity of polyphenol oxidase from F. velutipes (a) and thermal stability of the enzyme at various

temperature.
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Fig. 5. Stability of polyphenol oxidase from F. velutipes during the storage at various temperature.
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