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Abstract — Effects of hydrogen peroxide(H,0,) on polyphenol oxidase (PPO) in Perillae Fol-
jum were investigated. The inactivation of this enzyme was dependent on H;0; con-
centration, and the initial lag period was not shown. Preincubation of Perillae Folium PPO
with H;0, in the absence of a substrate resulted in rapid loss of enzymatic activity. The inac-
tivation of PPO by H,0, dependents temperature and pH. OH radical scavengers such as
mannitol and sodium formate did not protect the enzvme against inactivation by H;0,. Sub-
strate analogue such as phenylalanine protected the enzyme against inactivation by H;0,,
and copper chelator such as sodium azide also protected the enzyme.

Key words — Perilla frutescens: polyphenol oxidase: hydrogen peroxide.
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Hyvdrogen peroxide(H,0,)= 212 AWl o
bk EA Artdda 4 U 57 af
of} A o4& oxygen free radicale] A4
9. o] radical& B A 4art SdE ¥
efel vlwA ke H,0,2 4A AgEnh ™ w3t

. 9) 2
H,0,= dopamine B-monooxygenase,” Cu -
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superoxide dismutase, mushroom tyro-
sinase."¥ avocado PPO” 2|1 cherimoya
PPO™ 53} & 22 Cus FH3he 49 inac-
tivatorg 424 o}, HO00 93 dopamine B-
monooxigenase?| E&A3= ALt EAske
Cu?*el &4 g2o]r * Cu**-superoxide dismut-
aset= OH radical j¥olgtz Bxstzm e} o?
Mushroom tyrosinases i%=9 H,0.8 ¥-&
Al monohydroxyphenolase$t o-dihy-drox-
yphenolase activity &5 2843t €dvia B3

HQA.® Avocado PPOY] A%, AEES] H0,%
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Z7}oll Wl dopachrome 834571 7= A,
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1 (Perillae

VR U

AET171 Y Al - Potassium phosphate mo-
nobasic, potassium phosphate dibasic, so-
dium chloride, sodium ascorbate, ammo-
nium sulfate (Wako Pure Chemical Indus-
tries. Ltd. #¥), Polyvinylpyrrolidone, cate-
chol. 4-methylcatechol. sephadex G-150
(bead size 40-120 w). dialysis “sack’” (250-7 u)
(Sigma Chemical Co. Al¥), Hydrogen per-
oxide. sodium azide, mannitol, sodium for-
mate(Junsei Chemical Co.. Ltd. #&), L-
Phenylalanine (Phe) (Kanto Chemical Co.,
Inc. ME). pH meter(Orion research digital
pH millivolt meter 611), Centrifuge(Sorvall,
RC 2-B), Double-beam spectrophotometer
{Hitachi model 200-20, Perkin Elmer (Lamda
4A Operating Software Enhanced Scan)), 7]
B} AbeE Al® 53 (guaranteed reagent) ¥
15 A eFE AH&stith

AEXZE -2 Aol A2 E7 (Perilla frute-
scens Britton) 22 A& ZuolA fH 3] A
g el A Mt AHE-E AT '

EAFE U HA-SAMYdozRE e Al F
3 At 509 dhd F3lo] AAlEAL.
AAF 749 100g8 FPAIZE 50mM  pot.
phosphate buffer(2% NaCl®#} 0.5% Sod. as-
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corbate ¥, pH 6.0)5 ¥3 183 vl ¥
A 2LE st 4A12F B WAL E oA muketd
A FEY. FE2AE A EE (6000 rpm, 14
°C, 308)slod 4=HdE dialysis sackel ¥
polyvinylpyrrolidone& Argste] F&3tgct.
s%%o ammonium sulfateE 7}t 40% X
A7 AL 1-4°C. 15000 rpmollA 3083 L4l
Felsta, 2 4EAE #Hal oAl ammonium sul-
fate® 50% X3tA|Z] & Ze 2oA YA€
3] A& AUt WEA1Z] 50 mM pot. phos-
phate buffer(pH 6.0) A% 22 JAAEE 4aiA|
713 72A1ZF £A4% £ 1-4°C. 15000 rpmei|A
3087 4l Eelsted 45 AE sephadex G-150
column(2.1x85 cm)oll §#&4%= 8.3 ml/hrZ 3t
o gel-filtrationAlZth. {FEAF £4840] &
28 & %o} Perillae Folium PPO E42do 2 &
3 FAEY 2 F3d FAEAE EHste
§ A A ALEs T

&2 8MT £ -PPOEA £H -2 50 mM pot.
phosphate buffer(pH 6.0) 2.3 mldl 10 mM¢l
AN 0.5mlE 7beki, viRlo g Fh (.2
mlE 718 & 3 mlE st 30°ColA 1083F vke
A7)3, 718 e e FREe] TUHES 410
nmel A AR B ddel AeE mao
2 10 mM catechol s 7122 3t 30°CellM 108
ZF WA S o 410 nmollA F3 %7 1.000(+
0.050)°] =% 50 mM pot. phosphate buffer
(pH 6.0) & 24 3lo] ALE-3tITh.

H.0:=E% incubation timeOil 2 A &
2}~ 50 mM pot. phosphate buffer(pH 6.0)
o H,0,9 x& gelsty] 718tm 7|14 (catechol,
4-methylcatechol) & % ¥=7t 10 mMe| =
Al 7¥eta viAlgte 2 T4 H 0.2 mlE 7tsted vES
o] F 3mizt HAT F, WhSARIe Bl g
T A WsE A sl HOAE I 54
WS &9} 27] AR E dotE ettt

H,0,=%9 preincubation time0f IE 4 &
A B3-S A &2 AdEelA PPOSt
H,0,9H9] ZHgAZtol W2 g4 ZAHslg B3]
71 $18l, 50 mM pot. phosphate buffer(pH 6.0)
o 8= H,0,% E4AM 0.2 mles &3lsldd
30°Cell- 2z preincubation timeZ<t ¥H3-Al7]

o

do ¥
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i ¢ ¥, 713 (catechol. 4-methylcatechol(10
mM))& 7kstn FA] E3l3le] 108 39 F3EE
410 nmel X Fg s} 2

o T4 &g Wslol nlxe JEke LotE s
SEoll A BEEA S 108 WA F

do] dgzlyE H,0p0l
o3 F4 84 sl X G3e Lotur] 9
Ho2 pH 4.594 8.07442 50 mM pot.

phosphate bufferg AH&-ste] ¥-8-H4-& 30°Cel
A 1083 W27 & FA 410 nmoll A F3EE
=33t} >0

F4 A -H,0.00 2% a0 B2Esgo
7FIA QA w7bd A R1R] dolry] A3t 50 mM
pot. phosphate buffer(pH 6.0)o &4%
mM H;0,9 3023} preincubation”#} 28443
A1ZL F, 0-4°ColA buffer(pH 6.0)2 24417 ¥
Aot B4 25 mlE Hal Bae 43
=& 10 mM catecholg 7132 AME3ld &
I WA E A 244120 ©) B4R 2 5 miE
295 A8

o= "M

-

o

o o

X
=
BE
B

3l

OH-radical scavenger® Ast-H,0,0 2|3
gaeo] 2843 8Hgo] bulk phasedld AR
OH radicalel 2%t ZAA S Ldotir] g A E
224 H,0,9e &35k ¢gomd OH radical
< A A%t= mannitol® sod. formate 217+ 50
mM pot. phosphate buffer(pH 6.0), 0.5 mM
H,0,9 #o] £33 & a4 02mlE ¥ 30C
o4 10¥-3} preincubationdt % 10 mM cate-
chol& 7142 AFg3te] 410 nmelX EFEE &
A3k

TIETARIS] HE - 712 FAHZE HyO000 3
Aao B84 WSS AN 5 derkE AE
8 Bo2M H,OpF Ee] ZujR o] oy Ag
< AR E dotEy] % 48L& Al
50 mM pot. phosphate buffer(pH 6.0)°l
phenylalanine® 0.5 mM H,0,2 #°] Z33t
¥ 329 02mlE Y3 30°CHAN 2 preincub-
ation time®r #3711 *F 10 mM cate-
chol® 7132 715t} 108%Y §3=E 410 nm
oAl ZA 3. £33 o] A= phenylalanine
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7 Hy,0,Z BAlel &40 whgA1% & W} phen-
ylalanine® A Hio WHSAIZ S 2 AA) 3
7t ztel7t AEAE ot y] A, & AP e
= 50 mM pot. phosphate buffer(pH 6.0)¢l
phenylalanine® 0.5 mM H;0,% Zel &%
F H2N 0.2mlS ¥ 30°CAA 383t ukg-Al7
3 @ % 10 mM catechol$ AM4-3td FRES &
Fyck z2ln o2 Algdes 50 mM pot.
phosphate buffer(pH 6.0)°l phenylalanine
& 93 849 0.2mlE 7bel 383 preincu-
bationA1Z1F 0.5 mM H,0,E 718l thA] 383k
<A17l 7 ZA] 10 mM catechold Alg-&ted 33
=g &33td vlwstint.

Copper chelator®} @& - Copper chelator7}
H,0.0 o3t &40 BE8Astg& AL T
=g Ags 2ogd U0t £48 Badsi
et 84229 Cust AgA BASIE7HE dotE
71913k d&olt}h. 50 mM pot. phosphate buffer
(pH 6.0)°ll sodium azide® 0.5 mM H,0.& &
o] £3l3t ¥ AW 02miE B3 30°CAA 7
preincubation timeg$t RMAI71 & F 10 mM
catechol® 7|HZ 7isted 108 F¢ FZ=E
410 nmellA &3t

Zo 9 pE

H,0,55 59 incubation time®] HIE &4 &AM
#3l-H,0,4 =8 718l @t o-diphenol
9 o-quinone2 29| W& T ot AYJEo| H4aH
Qe %7] lag periode 4714 estch(Fig. 1).
Martinez-Cayuela 5'”2 cherimoya PPO<
A% viaz ¥e 3% H,0,= monophenol?)
tyramine® diphenol! DOPARFE A€ H
ZaWAE e ¥5E Z712]71 diphenol?! ca-
techol2 %6 A€ HF ZA¥AIEY =& con-
trol@}t ¥lmAl ZHAAZItkn ST W 1E %
o] H,0,& tyramine® hydroxylation® DOPA
9} catechol?] 43} £5& 2% ZaAZivn B
328ttt Avocado PPOE AE =9 H,0.00 28l
tyrosine hydroxylation9 lag period7} @5
31, diphenol?! DOPAE AF%e] H,0.01 23l
dopachrom® 28] H@&EErt F7iEed, 1F
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Fig. 1. Effect of different concentrations of H;0,
on Perillae Folium PPO activity.

The reaction mixture contained. in a total vol-
ume of 3 ml. 50 mM pot. phosphate buffer(pH 6.0).
enzyme extract(added last). 10 mM substrate
((A) catechol. (B) 4-methylcatechol) and the in-
dicated concentrations of H.0.. Reaction was
started by addition of enzyme extract at zero
time incubation.

9] H,0:00 e 93|8 AslE ot HE do-
pachromA o] ztas vt B st ”
H,0,5 =2} preincubation timelfi M2 A &
A H38}-Catechold 7122 A1&3+ AL 128
olulell 0.05 mM H,0,&= 2F 10%. 0.1 mM HyOp=
20%, 0.5 mM H,0,= 756%. 1 mM H.,O,= 80%.
2mM H,O,= 90% BE EA48Ao] A=,
2% o|% FHE AMB =t ofF MA3] Fsk
o} ¥td o] 4-methylcatechols 7122 AHE-& 7
%, 1mM# 2 mM H,0,% €74Y PPOZE prein-
cubationAl A& we Ad AMdoz I g4o]
Z4shd, 5 mM® 10 mM H,0,9F £4F prein-
cubationdt® & W catechold 71242 ALE3)
4L 4%, 05-2mM H,0,% PPOE preincu-
baton#& wWAH 128 ol Z <F 60%,
80% A& JeERA 1, o1 F M3 AfH =} 5
7¥stAck(Fig. 2). o121& Asjdd-2 avocado PPO”
2} mushroom tyrosinase'¥oll A 9} vl 5381t} A-
vocado PPOE H,0,% preincubationsld mo-
nophenol?! tyrosine# diphenol?! DOPAs}
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Fig. 2. Effect of different concentrations of H.0,
on the rate of Perillae Folium PPO inactivation.

Enzyme extract was preincubation with differ-
ent concentrations of H;O, in 50 mM pot. phosph-
ate buffer(pH 6.0). Samples were taken after vari-
ous preincubation times and enzyme activities
were determined with (A) 10 mM catechol, (B) 10
mM 4-methyl-catechol as a substrate at 30°C.

MRS W 5o} G4 Edo) HxRoz 4
], tyrosineg hydroxylatoinAl71& ¥ °l
DOPAZ AHAl7le FEEch we] AAd=iva
Basidet.”

o2 2ro) HEF-H,0,5 7tk &g o 2
exoMel ga8Ad didl H0,5 7HlE wo
AR B L Blus R A2(1-10°C)eid e A9
QGgo] glovt aHT} ;eo FHEFE(20-60
°C) A7t o %ol He Aoz depyt, ot 4-
methyicatechol& 7142 & A%, W39 &%
7} 60°CY W} Hy0,0 93 Zdl A &484d Al
7} 50°Ce] -5} ZAA vebgrt (Table D) 712
< 10 mM catechol$ A48 A& HELE, &
ZagAl 7H A U &xE 30°Colu, 4~
methylcatecholZ 7122 & Z%+ 20°CelA
Aol A Vet =3 7142 catechololy
4-methylcatecholS A3 2§ &5 Hlua 12
N EAgAde] we] dojAe AE £ ¢ Utk

U2 pHO| A&t - CatecholS 7|22 19 & 7
= ddo] dHeAZ L AFE Al Bel H
1}, 4-methylcatechol® 7122 34 & Fie

Al
=

e
e
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Table L. Effect of temperature on the inactivation
of Perillae Folium PPO by H,0,.

Kor. J. Pharmacogn..

Table III. Effect of dialysis on Perillae Folium
PPO inactivation by H;0,.

. Relative activity(%) Preincubation Activity after dialysis
Temperature(°C) ; ‘
catechol  4-methylcatechol H,0,(mM) time 0 24 hrs. 48 hrs.
1 95 100 none 30 1.043 0.914 0.759
10 95 100 2 30 0.013 0.031 0.032
20 82 96
30 69 82
40 46 55 Fe** +H;0,= Fe* +OH +OH
50 32 44 .
60 08 o8 (the Fenton reaction)

Table IL Effect of pH on the inactivation of Per-
illae Folium PPO by H,0,.

Relative activity (%)

pH
catechol 4-methylcatechol

45 97 82
5.0 96 81
55 88 82
6.0 76 80
6.5 62 79
7.0 51 94
7.5 41 100
8.0 28 100

pH 4.5-pH 6 574X A9 vls8 Ald =g +
257 2 ggelgde g hd Al Ayt HA
e o2 Yt (Table 1I). AslA2 7o)
wet pHY 982 ¥ 3la(pH-dependent
inhibition), 2%A] ¥<& Z$x 3}ojA (pH-in-
dependent inhibition) pH ¥ &} ©& Asfk
ol tEdl vehd g ¢ 5 ey S0 ggka) A
Al dial 712& 2] P2 pHY gl thet v]
o AEE A Ha A ol A=) AsiA e tha)
A EFH B8 1go] Yag Aoz Algdr,

£M g8 - 848 2843 Al71aWA buffer
2 FES TN * ¥E FAEEE EHAE A
I (Table IID), 48 A7t 4 Folx A2 EA0] 3
57 3ol vepgth. oA H,0.,8 749
PPO°l A& Aaj7} v/t A o2 o] Fo1 A& Yet
We A2, mushroom tyrosinase'®9] 72-$-¢}
2t}

OH radical scavenger?l ¥&F-OH radical
S BAE o|83A ¥ taH 22 F2E Fal
H,0,2 %8 449

Cu* +H,0,= Cu**+0OH +OH
02 +H,0,= 0,+0OH +0H"
(the Haber-Weiss reaction)

o287 A€ free radical2 papain®|Yt lact-
ate dehydrogenase 59 48 E8A3IA =
Aoz 4 Ut

H,0,9be #2312 ¢omA OH radical A
A3l mannitol® sodium formate? F7}7}
H,0.0 23t Tho] B84 nX e IS &
#3) HE3krH(Table IV). OH radical scavenger
o] R7te H 00 &g 840 B84 3] &S
n]x]2] = RO 2 et

Andrawis %2 mushroom tyrosinaseo] #
3 AFo)lA OH radical A4S A7 AY, =
= OH radical scavenger®] #7letd® A48
do] Ao 4L PAA] g ReZ Heol, bulk
phasecliA] A€ free OH radicale] mushroom
tyrosinase® A3 ste AL olgtn Huslg
E}_413)

JIERAIES HEF-E4Y PPOS 71 FAM R
437 phenylalanine®e] F=¥ AAP=s
Table Vel UeRIQItE. Phenylalanine®} &2-2)
wg-HS control2 33, H,0¢%t phenylalan-
ine& FAlo] &40 ¥HEAIZ) ¥ catecholE 717
2 3 FRTE SN E 9, Fig. 394 He
vte} 2o} phenylalanine®] H,0.0l <% &9
AAE AAste A2 Uegtt ol8g JAe
E7hYd PPO® phenylalanine® H,0,xt} 3%
RA Wg-g A7IAY, H0,% SAG ¥g-E A7)
AU & xol7t glE Ao JeldtH(Table VI).
Andrawis '€ mushroom tyrosinase® H,0,

o oz Bg4d3} Hed, ELFuRee] i
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Table IV. Effect of addition of OH radical scav-
engers on the inactivation of Perillae Folium PPO
by H:0,.
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Table VL Effect of Perillae Folium PPO inactiv-
ation by Phe and H;0,.

. Relative
Radical concentration Reiative activi‘ty(%) Concentration activity(%)
scavenger (rﬂM) aftc.er 10 min. Phe(mM) aft.er 3 min.
added preincubation preincubation
Mannitol 0 20.0 The substrate 0 20.0
L 203 analogue (Phe) 1 20.4
5 202 and 0.5mM H.0, 5 31.7
. 10 202 were added at the 10 419
Sodium 0 21.0 .
formate 1 18.9 same time to the
5 211 enzyme.
10 91.0 Preincubation of 0 19.0
the enzyme with 1 20.1
substrate 5 29.1
Table V. Effect of inhibitors on Perillae Folium analogue was 10 39.1

PPO activity.

. Concentration Relative

Inhibitor {(mM) activity (%)
L-Phenylalanine 0 100
1 92.2
5 67.8
10 485
Sodium azide 0 100
0.1 90.3
1 446
5 6.4

Relative activity (%)

0 5 10 15

Preincubation time (min)
--¢-- contfol —e—OmM —4— 1mM —8— S5mM —e— 10mM

Fig. 3. L-Phenylalanine as a protector against in-
activation of Perillae Folium PPO by H;0,.

The preincubation mixture contained 50 mM
pot. phosphate buffer(pH 6.0), enzyme extract
(added last), and phenylalanine as indicated.
Control mixtures had no H;0, while experimen-
tal mixtures contained 05mM H;0, Samples
were Taken after various preincubation times
and enzyme activities were determined with 10
mM catechol as a substrate at 30C. The activities
were expressed relative to the control{no H,0,
added) at each preincubation time.

done for 3 min
prior to the
addition of 0.5 mM
H,0,.

A QAL 71EFAE HO0p9 2ol &Bant
o Hrlele W &he BEA) JAgE
©2 Hol H0e &40] Fufi-elol 2gshe A
2 A H,0.00 &3 Aafio) daf) 712 Ak <
AAH = Kol that 71 fabA o] Az} 2
HAR BA<) sl oz Holny, F3 71 {AM)
& H,0,12tt 24 g4 preincu- bationAl7l &
Ro) FAl9) preincubationA)7)E ZET H0.00
o AAE o Bol AANTIE AL 71BRA
H7F HO.B Tt §4 &dzte]d o 2 2gsh] W&
olZt: FFYT
Copper chelator®| d&-=74< PPO cop-
per chelator® €33 sodium azide*?s] =
¥ A EZE Table Vel YeERAATE Sodium
azide®t 29 ¥H3-NE control2 tar, H,0.%
sodium azide® Al Ea9 BEEAIZ] £ cate-
chol¥ 7122 &td FJEE A Y21, Fig.
4ollA H%0] sodium azide’} H,0.01 23 &4
9] e AdAske 322 vegtt Mushroom
tyrosinase®] 7% holotyrosinase®} apotyro-
sinaseE H,0,% W2AI# L # holotyrosin-
ase® A7} HA % apotyrosinase® %A &
£ 23, copper chelator7t H0.0l <3 A sl
£ AR ghe AL Hy0.0 €% mushroom tyr-
osinase?] B4l a4 Cug E471 g8

A
o
ol
o

O N 0(0 oﬁ
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Relative activity (%)

Preincubation time {min)

--¢--contiol —e—O0mM —a—0.1mM —m—1mM —e—5mM

Fig. 4. Sodium azide as a protector against inac-
tivation of Perillae Folium PPO by H,;0,.

The preincubation mixture contained 50 mM
pot. phosphate buffer(pH 6.0), enzyme extract
{added last), and sodium azide as indicated.
Control mixtures had no H:;0,, while experimen-
tal mixtures contained 0.5mM H;0, Samples
were taken after various preincubation times
and enzyme activities were determined with 10
mM catechol as a substrate at 30°C. The activi-
ties were expressed relative to the control(no
H,0; added) at each preincubation time.

st Ae vekddz #38goh Y Cu 36 &
22! dopamine B-monocoxygenase €Al H,0.
of ojaf 24 =W, 0.25mM HO° els
holoenzyme2 A &)= 23k apoenzyme- &) 7t
A &= A2 Bol H,0.9) 9)F dopamine B-
monooxygenased] B&ASE 4 ZFE Cu
o EAl gEgtta Rustget”

2 E

EA Y (Perillae Folium) A 22173 A3 Poly-
phenol oxidase(PPO)<l| tlg hydrogen pero-
xide(HyQp) 2l 3ol A5t 4P 23, 2 5o
T H0.9 s%7t 245 Azt Bof HH, A2F
%9 H,0.91 S1SAA % initial lag periodglol E4
ol Vet =% F49 H,0,% preincuba-
tiond& W 2 &892 Sl ZAaHAT, o
2& H,000 23 74 PPOS E4A s vk
259 pHell wigl d2A Jeus wsigRq v
Stk a@ln H:0.0M #47Hs% OH radi-
cal® E48A4 Afd] AL uiHA Ee o=

Kor. J. Pharmacogn.

Relth 1A A phenylalanine® H,0.50
213 g4 FAAHE AAAIF 2, copper che-
lator®! sodium azide® EABAAHNE A A
7le Aoz vepdtt

ol# g AX}E mFo} H,000 &3 749 PPO
o) BAANE vl dojud, Eaide]
Cugl 47} vrgo] Basithke AL BdFe A
oz PG =3 2N HO0.= A%
PPO &g 2t H o2 4§ nA e 2oz A%
=3
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