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Purification and Properties of Polyphenol
Oxidase from Perillae Folium

Soo Sun Park, An Keun Kim, Jin Hee Roh and Mi Ok Shim
College of Pharmacy, Sookmyung Women's University, Seoul 140-132, Korea

Abstract— Polyphenol oxidase (PPO) was purified from an extract of Perillae Folium by ammo-
nium sulfate fractionation and sephadex G-150 gel filtration, which molecular weight estimated
65,000+ 1,000 in SDS-gel electrophoresis, and pl value was 4.8. The pH and temperature optima
were 6.0 and 30T respectively. K, values of the PPO for various phenolics derived from Linewea-
ver-Burk plots were 4.0X107¢%, caffeic acid; 4.2X10 *M, 4-methylcatechol. The inhibition by 4-
nitrocatechol, potassium cyanide, cysteine, 2-mercaptoethanol was competitive with K; values of
7.6X10°°M, 7.2X107°M, 36X 10 *M, 2.2X 10 °M, respectively. Among the divalent cations, Cu?"
ion was strong activator on PPO and Zn*", Ni*" ions were little effect on PPO activity. In comparing
the amino acid composition of Perillae Folium PPO with that of wheat isozyme, grape, spinach
showed similarity. But the content of glycine phenylalanine was abundant relatively.

Keywords [ ] Perilla frustescens, polyphenol oxidase, amino acid composition, substrate specificity,
inhibitors, isoelectrofocusing
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photometer(Model 200-20), centrifuge(sorvall RC
2-B), pH meter(Orion research digital pH millivolt
meter 611), multipurpose electrophoresis kit(Korea
Manhattan Co.), auto amino acid analyser(Hitachi
model 835), sephadex G-150(bead size 40~ 120 p),
dialysis sacks(250-7 p), pharmalyte® (Sigma Co.),
HPLC£ amino acid mixer standard(Ajinomoto Co.)
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455 Y HH|— 21418 Perillae Folium 100g2
waring blendero] ¥ W47 0.05M phosphate
buffer(0.35 M NaCl=} 0.5% sodium ascorbate ¥,
pH6.0) & 7}3led 187} oisldt ¥ M 218 3l
421 7F Fob &5k o] Ag Y dalFErE
1~47C, 6000 rpmoll 4 3087 AFelgt 5 4
£ polyvinyl pyrrolidone®.Z F33}taich

7

2 Aol AH&-&r EM(Perilla frutes-
TR 6Y~8Y Fol A

24 ammonium sulfateE 40% E3}A]7)
rpmell A 30%-7F AAEEa A-g AAE A
A& o}A] 1A ammonium sulfate & 50% E.3}A]7)
F e 24 WA EeEe] AHE Ao o]
24 -& ok 2 m/e] 0.05M phosphate buffer(pH 6.0) ll
L8214 F4 F ofa] 15,000 rpmell 4 30-7F 4
Helsle] ASAg 9dgic) vl sephadex G-150 co-
lumn (2.1X85cm)¥ phosphate buffer(pH 6.0).&
HAlzl obg 9] AARAHS Sl 92 54y 2
mE gel A&l RAAYA 7Ely 5% 83
mi/hr & 3sbe] z+zke] fraction(volume 6 mi)g 5
ke g §EAFH)

TR Mz o) gheke bovine serum albu-
ming T FHESF 3lod Lowry-folin!V e g =313}
At

B4 &3 —Sephadex G-150 28F &A4o)
A E 2EE acgA A ARE AMEEsch
7142 catechol(10 M) 05m/, 0.05M phosphate
buffer(pH 6.0) 2.3 ml, A4 02ml& 7}3l4] 30C
of| A 10%-7F 93212 ¥ 7]kl R Qg FFE e
F7Heg FAsAY Ao 1991 420 nmel)
A 183 FFE 00018 WA Ie aigow A
ahoich

xH2r U HFH pH-Catechol(10 *M)& 714
2 slo] WIS e B 15~45C 2, Hhgole] pHiE 50~
75472 WS A 7| A BAadg shs) 1087 b
A7) F 420 nmell A EAEAAE Ak

YoM - &5 5 40~70CE W73 zhzte)
2X ol A 3~"}—~30~‘?—77}z] uhx] & 71algsn 10 M
catechol-g ¥ 30T 1087k whgA17] & &
245 EFAsAch

ZIASEe| HE-
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X10 *M~5x10 *M, chlorogenic acid®} 4-methyl
catechol 5X107*M~3X10"*M, catechol 3X10°°
M~3x10"%M, pyrogallol 3X107*M~5X10"2M7}
2] WA 71HA E4g4dE FA38te] Lineweaver-
Burk plotsell ¢J3te] K, 2¢t Vo, 25 ZAAsksdch

7%l ch#t £0lM— 71" 24 mono, di, polyhyd-
roxy 3}3HE(caffeic acid, chlorogenic acid, 4-methyl-
catechol, catechol, pyrogallol, hydrocaffeic acid, epi-
nephrine, protocatechualdehyde,
acid, 3,4-dihydroxyphenylacetic acid)-& 2zt 1077
M2 x5 glo] Aol thF 7] Hold& HE
saich.

FAaX M| HE— &4 AH 24 reducing age-
nts(glutathione, cysteine, potassium metabisulfite,

protocatechuic

ascorbic acid, 2-mercaptoethanol), metal chelators
(potassium cyanide, sodium azide, sodium diethyl-
dithiocarbamate) 52 A}8-3lgic} o] wf 7122 ca-
techol¥} 4-methylcatechol 2 A}-2-84¢d 31, )& zhzte]
sl Aaide FEE HskA7iEA] AaHg v)w
shoict.

Sodium dodecylsulfate(SDS) — Polyacrylamide gel
electrophoresis—0.1% SDSE ¥§3 10% acryla-
mide slab gel(17X16X0.1cm)S AHg3dle] B4 E
4% SDS, 20% glycerol, 10% 2-mercaptoethanol©]
Z335 0.125M tris-HCI buffer(pH 6.8) oll 503 100C
water bath #Atol|4] 9027} pre-incubation*]?] %
geloll loading3ledct A7jedES 25 mA/well2 °F
32]7F AlA)sledw, electrode buffer+= 0.1% SDSE
283 0.025M tris-0.192 M glycine buffer(pH 8.3)
;—3; Al8-3ledc}, A 24 coomassie brilliant blue

E A}8-3}g] 27 marker protein® 2+ bovine se-
rum albumin(66,000 dalton), egg ovalbumin(45,000
dalton), glyceraldehyde 3-phosphate dehydrogenase
from rabbit muscle(36,000 dalton),
from bovine pancreas(24,000 dalton), trypsin inhi-
bitor from soybean(20,100 dalton)& A}-8-3}¢it}

Isoelectrofocusing— Thin layer isoelectrofocusing
2 1.2% sorbitolg E§3%F 0.1% agarose gel(20X20
cm, 0.5mm thick) & AH8-3}%] 57, agarose e
ampholyte [pH 3~10, #%% % 63%(v/v)]& ¥
A1 pH gradientE ¥AdA1F )l Focusing 2 mA/
cmE 9087 AA|sked 3, o WA 24 coomassie bril-

trypsinogen
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Table I—Purification of Perillae Folium enzyme

Purification Enzyme activity

Protein content Specific activity Purification

procedure (Units*/m/) (mg/mi) (Units*/mg) (fold)
Crude extract** 3260 4.8 679.2 1
(NH4).S0, fractionation (40~50%) 859 042 2045.2 3
Sephadex G-150 633 0.02 31650.0 47

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

per min. at 420 nm.

**The crude extract was prepared by homogenizing Perillae Folium with phosphate buffer containing inhibitors.
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Fig. 1—Sephadex G-150 column chromatography. co-
lumn size 2.1X85 cm, flow rate 8.3 mi/hr.,
elution, 0.05 M phosphate buffer (pH 6.0)
— - protein peak at 280 nm
---+-— enzyme activity peak at 420 nm

liant blue R-2508 A}&3}gic,

271 2A0[29| HE—27} oFo] ez a Cu?t, Co?",
Mn?', Ni¥', Zn*', Mg’t & A}8stgon, 7jdae
catechol(107* M) & Al&3}oic)

Amino acid composition— Sephadex G-150 gel-fil-
tration chromatographyell ¢Ja <32 & 4o 6N-
HCIE 718 ¥ N, gas® 2 #84)A 110+ 1Tl A 24
A7 gk sEREE Al o] nbgele 50~55T
ol 7t 257412 3 HPLCE 2§52 23 wie
THete] s ARAIA AEE A4 o2
obul: At 3 FELN(03umol/m) & AlE-3te]
auto amino acid analyser2] ninhydrin A]ek& A}
43to] A3t

do o o

Faol F£& Y HAM— (NH.).S0, 40~50% X3}

2o M 2] specific activity7} 7+ Z1.2.1, sephadex
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Fig. 2—Thermostability of Perillae Folium enzyme so-
lutions were heated at various temperature
(40-70C) for 3-30 min.. After heating, the re-
maining activities were determined with cate-
chol as substrate at pH 6.0 and 30TC.

G-15000 4 2] AAE= 2a A6 vl 479 9iri(Ta-
ble I). 5h -& 280 nmof 4] 224 420 nmoil 4]
7zt ZAFAE o whdA §efe] @ EFofA
A43AE Zom(Fig. 1) Perillae Folium PPO<2]
FHALxE= 30T A pHe 6.00]9 AL
40Tl A 208 A F A o] 2 78%, 50CAA 308
A3 F 2 42%, 60T A 30F A3 Fell= oF 10%
FAE Ao, 70T A 208 A F FAo] b3
2 A= (Fig. 2).

J1EEse Fe U 713 50| —Phenold 7]
gt Perillae Folium PPO¢ K, value:
acidz} 7P =teror(Fig. 3), o-diphenol?

caffeic

caffeic

J. Pharm. Soc. Korea



pn
=
o8
ol
fo
uf

2o dstase] A4 o B 223

120

80

H
[=]

/Activity absorbance/min.

\
N
F

!

i
N
IR
(o]
-t
N
w
D

1/ Activily  absorbance/min.

\

1

-2 -1 0 1 2 3

.

1 -2
— x 10
S

Fig. 3—Double reciprocal plots for Perillae Folium en-
zyme
Michaelis Menten's constant
caffeic acid: 4.0X107*M (—O—)
4-methylcatechol: 4.2X1073°M (—11—)
chlorogenic acid: 44X10*M (—a—)
pyrogallol: 7.6X107*M (—C—)
catechol: 8.7X10 *M (—0O—)

acid, catechol, 4-methylcatechol, chlorogenic acidel
itk Aol =A el diphenold 713 FollA
4-substituted catecholel]l a4l s &Ao] sl
}(Table 1I).

M2l HE—o2) 712 sl 2§ Perillae
Folium PPO &4l A&l xS Table III, IVel] v}
ehfglet. Glutathione, cysteine, potassium metabi-
sulfite, ascorbic acid, 2-mercaptoethanol ZL2]3 so-
dium diethyldithiocarbamatet= 10 *Moll4 &2-#
A& s Akl A8 Adel #F do]
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Table II—-Substrate specificity of Perillae Folium
enzyme,

i 4 Relative
Substrates (10 * M) Activity(%%)
Caffeic acid 112
Catechol 100
4-Methylcatechol 78
Chlorogenic acid 70
Pyrogaliol 33
Hydrocaffeic acid 28
Epinephrine 7.5
Protocatechualdehyde 19
Protocatechuic acid 1.7
Cinnamic acid 0
p-Coumaric acid 0
m-Cresol 0
3.4-Dihydroxyphenylacetic acid 0
Dopa 0
Ferulic acid 0
Gallic acid 0
Hydroquinone 0
1-Naphthol 0
Phenylalanine 0
p-Phenylenediamine 0
Quinic acid 0
Resorcinol 0
Tyrosine 0

The enzyme activity as a function of substrate was
determined at 420 nm.

E}Z Lineweaver-Burk2lo wz} vjehd A3}, cys-
teine, 2-mercaptoethanol, potassium cyanide, 4-nit-
rocatechol $& &48A-E AAHoR As|stdct
(Fig. 4).

Fig. 5, 62 copper chelating agent?l sodium die-
thyldithiocarbamate(SDDC) ¢} Perillae Folium PPO
of gk s} 2h8-& A3’ Hate|rh Fig b= PPOe
o|gh zhd g Abe] viebb=dl slejx] SDDCe of3
2571 (lag period) 7} A4 718 HoyFw SDDCY 7%
Foll= 712 Atz Qlgh i aate] Al vehtA
F4E7E 90% AE 3EHE Wl F9ch(Fig 6). °|
Aol Ag Aol s SDDCe| izt PPOS} 7t
We Mo Rtk AFRIET 2L
R
dodecylsulfate(SDS) — polyacrylamide
07)9%

Sodium

electrophoresis — Perillae  Folium PPO<]
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Table III—Effect of various inhibitors on Perillae Folium enzyme

Catechol as substrate (3X1072M)

Inhibitor % inhibition at
1M 05M 0.1M 0.01M 1 mM 0.1mM  0.05mM
Glutathione - — — - 100 21 11
Cysteine — — — - 100 37 18
Potassium metabisulfite - - - - 100 25 3
Ascorbic acid - — - — 100 14 6
Potassium cyanide - - - 100 89 20 9
Sodium azide — — 100 92 35 8 0
Sodium diethyldithiocarbamate - - — - 100 29 15
Thiourea - - - 100 81 19 7
2-Mercaptoethanol - - - - 100 23 9
Polyvinylpyrrolidone - - - - 53 8 0
Sodium chloride 95 84 46 25 18 9 4
Table IV—Effect of various inhibitors on Perillae Folium enzyme
4-Methylcatechol as substrate (4X10 3 M)
Inhibitor % inhibition at
1M 05M 01M 0.01M 1mM 0.lmM  0.05mM
Glutathione - - - - 100 32 13
Cysteine — - — — 100 45 12
Potassium metabisulfite - - - - 100 48 0
Ascorbic acid - - - - 100 21 10
Potassium cyanide — — - 100 92 37 19
Sodium azide - - 100 84 29 0 0
Sodium diethyldithiocarbamate - - - - 100 68 18
Thiourea - — - 100 94 40 26
2-Mercaptoethanol - — - - 100 20 5
Polyvinylpyrrolidone - - - - 100 11 6
Sodium chloride 82 73 36 22 10 7 3
of &Jgt A¥A#E Photo 1o vjebigdw, & chromatography® % Perillae Folium PPOE
S &A% A3z oF 65000+ 1,0000]c) B & agarose gel isoelectric focusings AlA]gF A=

0.1% SDS EM3loll = HL8AYS AAshe
L2 vyl

PPO+= AME o} 713 Bol|Aa Exlgke ze
isozyme 0.2 Ea|§o] ge AR VE Ed) Wi
=4] Harel %2 appleZ%-€] z+z} 30,000~ 40,000,
60,000~ 70,000, 120,000~130,0002] #z}e¢S zd= 3
702 isozymesS UYL )5 HHAHFro] sH5
g B3k PPO9] isozymes-& association-
dissociation reaction, partial denaturation, fragmen-
tation, proteolysis, latent form<] &3 3}el| 2} &) mul-
tiple forme 2 ZAsl= 7oz dedxm Juh®

Isoelectrofocusing — Sephadex G-150 gel filtration

L

SR 2 e
o fr o 4x

Photo 2o vjehd wniel o}k E7dS o 22
o g AAsle] 4L F4E 1 bandE ERGeH
standard pH proteins2] mobilityell 2]} calibration
curveell &3] &A= isoelectric point(p)+ 4.80]¢]
c}.

Thomas®} Janave+ “dwarf carvendish” banana2]
v Ago2ie HAE B AAR AL se-
phadex G-75 superfine gel isoelectric focusing<
AXZF A3t 14719) isozyme o2 EF g o ple
4~559t+? 12) 1 Delincee2}t Radolag) <d-7-of A
PPO2} EA3}7] #¢ peroxidase:= F& acidic(pl
3.2~35) & alkaline(pl 7.3~9.3) plgte z=

J. Pharm. Soc. Korea
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Fig. 4—Double reciprocal plots showing inhibition of
the Perillae Folium polyphenol oxidase cataly-
sis of catechol by various inhibitors.

—@— no inhibitor, —A— 2-mercaptoetha-
nol(10 " M), ——%—— potassium cyanide(5X
107°M), —O—  4-nitrocatechol(10~* M)
—O— cysteine(5X 10 ° M).

K; values: 2-mercaptoethanol 2.2X10 *M; po-
tassium cyanide 7.2X10 ®*M; 4-nitrocatechol
7.6X10 *M; cysteine 3.6X10 °M.

0.30

0.2¢

0.20

0.15

Absorbance at 420 nm

0.10

0.05
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Fig. 5—Effect of sodium diethyldithiocarbamate on
Perillae Folium PPO activity.
substrate: 1072M catechol, buffer: 0.05M
phosphate buffer pH 6.0, enzyme: 02m/ in 3
m/ reaction mixture, temperature 25+ 0.5C C:
control contains 0 M SDDC, I: contains 5X
10 °M, II: contains 6Xx107°M, III: contains
8X10°M.

Vol. 35 No. 3, 1991

Fig. 6—Effect of sodium diethyldithiocarbamate on
Perillae Folium enzyme activity
I-control: sodium diethyldithiocarbamate ad-
ded to the reaction mixture at 30 min. to make
solution 8 X107 °M
II-The reacting mixture containing 8 X10 °*M
sodium diethyldithiocarbamate allowed to in-
cubate 30 min.
Additional sodium diethyldithiocarbamate then
added as in control substrate: 1072 M catechol,
buffer: 0.05M phosphate buffer pH 6.0.

G

e d c p a e

Photo 1—Polyacrylamide gel electrophoretic pattern of
different fractions obtained during purifica-
tion of Perillae Folium polyphenol oxidase.
(a) crude extract
(b) 40% ammonium sulfate fraction
(c) 40~50% ammonium sulfate fraction
(d) sephadex G-150 fraction
(e) marker proteins
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Photo 2—Thin layer isoelectrofocusing of Perillae Fo-
lium polyphenol oxidase on agarose contai-
ning 6.3% ampholytes(pH 3~10)

A, B, C, D, E, F, G: pH marker proteins
1, 2, 3, 4, 8 9, 10, 11: pH marker pro-
teins

5, 6, 7: Perillae Folium polyphenol oxidase

Table V—Effect of divalent cations on the Perillae Fo-
lium enzyme activity.*

Relative ratio(%) at

Metals 10+ M 025%10 "M 1X10-'M 2x10-*M
None 100 100 100 100
Cu? 107 135 163 -
Mo 100 98 98 86
Ni*? 99 97 95 93
Zn-? 96 95 88 86
Co 2 84 84 80 78
Mg*? 81 78 76 71

*Activicy was determined at 420 nm after reaction
for 5 min at 30+ 0.5C and pH 6.0 with catechol(0.01
M) as a substrate.
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Table VI—Amino acid composition of Perillae Folium polyphenol oxidase and other plants polyphenol oxidase.®

Ar.nmo Perillae Folium Wheat Grape Spinach beet Potato
acid (our result)

Lysine 45 5.2 4.5 45 5.6
Histidine 24 1.7 15 2.0 1.7
Arginine 3.7 35 2.8 2.5 33
Aspartic acid 119 9.4 9.8 10.3 9.2
Threonine 36 52 45 4.8 4.7
Serine 10.3 7.7 6.0 6.0 6.1
Glutamic acid 11.0 104 7.0 45 8.6
Proline 3.0 6.3 6.5 7.0 4.7
Glycine 12.4 8.3 55 6.5 6.9
Alanine 4.3 7.7 6.3 58 6.7
Half-cystine 2.6 14 0.1~-0.3 1.8 14
Valine 4.7 5.6 45 6.5 5.8
Methionine 2.6 14 - 18 1.7
Isoleucine 6.4 35 4.3 3.5 4.7
Leucine 49 6.6 5.3 7.5 7.8
Tyrosine 4.2 35 45 2.0~23 28~31
Phenylalanine 7.5 35 3.0 43 39
Tryptophan N.D. 1.0 N.D. 0.5 N.D.
MW 65,000* 115,000 80,000" * 40,000* 36,0008

*From SDS electrophoresis, *From gel filtration, ' From sedimentation equilibrium, #From amino acid values,

N.D. Not detected

J. Pharm. Soc. Korea
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ARl ebdom, Co'r, Mg?r
ol A gt s} 2h8-g stk 919 A= root-for-
ming carrot callus tissue 24-€} %3+ PPOel] t&t
Cu*" ion®] 7% A FA84ae oy Co,
Mn*" ione] &b 48 F7HA71e 2k okt
z}o]7} gle Aoz viepyde}!”(Table V)

Cu®* ion®] H7}2 <13 PPOS #4Z57k= Cu®'
ion®| apoenzyme2] holoenzyme o &2 HFHS5 &3z
A7)y 7]9)es Zlog Mumjelx)n glr}?

AF
433} wheat isozyme, grape, spinach beet, potatoel] 4]
23 PPOS otvlinal 4932 vlalg Table Vel
el B G 49 ofr| X AHE basic(lysine, ar-
ginine, histidine) residue®} hydrophobic(proline,

rlo
i
rlo
ol
Mt

Amino acid composition— 2 H.42] oln|x

valine, isoleucine, leucine, phenylalanine) residue?]
gk 747 10.6%2} 26.5%31
(cysteine, methionine) 2] §Heke-

43 sulphur amino acid
52%2 viehytc),
o]7l-& wheat isozyme2] basic residue 11.4%, hy-
drophobic residue 27.7%, sulphur amino acid 3.0
%9} FALE BoFglu) B ' A= glycine §He)o)
& Mgl vlalA otk wekew 1 opeEe
aspartic acid, glutamic acid, serine 52} 44| 2 oo}
BA vebdoh 28] 3 oz ofv|k Ak Fol| % phen-
ylalaninee] Eeo]&}#| wo] stfxle] glich
PPO2] owu|imal /g iy} o} A-FH w9} H]
&t basic amino acid®] -74jw]e} threonine, se-
rine, glycine, alanine, isoleucine®] FAdn]ol| gjei A
v]5=3}m sulphur amino acid®] <fe] AtjH oz =
A Rl e A Fol FAbsi s B gloh

a2 £

Perillae Foliumell A #2|sle] A2zl PPO+=
HA whg-2x7) 30Ce]a FHAHEE pHE 6.00]H
ol2] 7)Aol th&k K, values caffeic acid 4.0X 1074
M, 4-methylcatechol 4.2X10 *M, chlorogenic acid
4.4X107°M, pyrogallol 7.6X107*M, catechol 8.7 X
10 *Meo]2ir}. Glutathione, cysteine, ascorbic acid,
potassium metabisulfite 5-& &4 84S ZA A8
3932, 2-mercaptoethanol, cysteine, potassium cya-
nide, 4-nitrocatechol> EA&A-E& ZAHo R A3l
sty on, Zb7te) KX+ 22X107°M, 3.6X107°M,
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72X10 *M, 7.6X10 °*Meo]2ich
Copper chelating agent<! sodium diethyldithioca-

rbamate= PPO<| ojs] M5 7 Ae drajHe
2 Xl Aoz FA )
Sephadex gel-filtration® & | x]7] &42 SDS-

gel electrophoresis 8. ¥z}8k-S =3]gk é-\} 65,000*
1,0000]1 32 agarose gel isoelectrofocusingel <3l
=g SHH(pl)e 4.89]%ch

27} ofo]l2 F Cu'" & PPOC| dis] 7
tor24] 2r-8-3kodch

EgF obmh4te} R A= 2 &% PPOs}

2 7AR7E FARRS B T‘iii glycmeﬂr phenyla-
lanineo] Atz o2 wol F-f-Eo] g

3} activa-

® #H
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