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Effects of Amino Acids on the Inhibition of Polyphenol
Oxidase Activity from Perillae Folium

Soo Sun Park, An Keun Kim and Eun Soo Sohn'
College of Pharmacy, Sookmyung Women's University, Seoul 140-132, Korea

Abstract— Characterization of Polyphenol oxidase (PPO) in Perillae Folium, particullarly inhibitor
studies were investigated. This enzyme was stable at pH 5.0 and the residual activity of PPO at>pH
5.5 was estimated to be very low. PPO activity was decreased slightly by adding amino acid with ca-
techol as a substrate, particullary PPO activity was inhibited markedly by cystein, histidine, lysine
and arginine. In the absorption spectra of the product formed when catechol was oxidized by PPO,
with a Ame at 410 nm, the peak shifted toward Awax 520 nm by addition of L-proline. At relatively low
concentrations(10°M), sulfite and dithiothreithol completely inhibited PPO activity. Inhibition of
PPO activity by amino acids and inhibitors increased or decreased depending on the pH used to

measure it.
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&l#717] 3 A% - Hitachi double beam
spectrophotometer(Model 200-20). centrifuge
(Sorvall RC 2-B), pH meter(Orion research di-
gital pH millivolt meter 611). Sephadex G-
150(40~120 u, Sigma), dialysis sacks(250~7u,
Sigma)& AH&3tE e, 7|er 2 Agel 59 2 18
Ak AMEEITE

MEN=R - & g A8 Ss(Perilla fru-
tescens Britton) ¥ Mgl 6~8€ Fol A
aked AL-E-31S1 ).

A5G U A - A5V el Fsled AAE
Ath. Waring blenderoll 21438k Perillae Folium
100 g= W4WAZl 0.05M phosphate buffer(2%
NaCl# 0.5% sodium ascorbated -+, pH6.0)E ¥
RS 5 A 212 sl 1~4°ColA 442
B FEIHT o] #L 1~4°C, 6000 rpmol A 30+
7 AAE L, 2 4E9E polyvinylpyrrolidone
022 &3t & 1A ammonium sulfate
£ 40% 32121 &, 15000 rpmellA] 3087 9488
81, 7 AZde thA] 14 ammonium sulfate®
50% E3A1Z] & e ZHAM A EEsI HAE
A7}, 0.05 M phosphate buffer(pH6.0) &~%o 2
o] AHES &3A7] F4F F, 1~4°C, 15000
rpmoiA 3057 YA EE s & 4S5 2mie, v
gl 0.06M phosphate buffer(pH6.0)2 HZPA|Z
Sephadex G-150 column(2.1%85 cm)9] Al =
AxHA 7ksk, #5455 8.3 mi/hrz 3o 29 ¢
FHo 2 F-EAZT

EARM J/E - Sephadex G-150 ¥3 5 #Alo]
7P 2 £8& 54 AsE ARSI, 0.06M
phosphate buffer(pH6.0) 2.3 mlo] £ 0.2 ml&
7F8kaL 30°Cell A 287} pre-incubation 17! &, 71&
24 0.01 M catechol 0.5 mig 7}l 30°CoA 10%
7 BEgAIA 71 AANEE A7 FREY FUHEE 5F
SIETh” A4 199E 420 nmolM 189 F3
0.001& M3 = aAaFo e Aot

Incubation time0f] [} ZARIA W8] - A3ko] &

284 Z390l wet 0.01 M catechol 712 e} Hr}
g WHEAIR Ak 2 Bt R EE 243

pH 2FS9M - 0.05 M phosphate buffer(pH4.5~
8.0)9 0.01 M catechol®#} EAME 7} 30°CollA

48X WA F 2t pHelM S B0l BEBHE

=430,

ofjirate] H8

Ol SW S M Meix - 18F9) olv|x
AF 0.01 Mol &4-948 713 30°Coll A 283} pre-in-
cubation 2121 ¥, 0.01 M catechol& ¢ 1087+ ¥+
SAA E284E S

Pre-incubation time0i] (IHE SAFA B2} - 759
olu]:=AH(His, Lys, Gly, Arg. Phe, Pro Zt7} 0.01
M, Cys 5x10°M)3} &idze] Egele] pre-in-
cubation timeS ¥ 3217184 0.01 M catechol& 7+
3l 108% 9 A28 8 AT

Incubation timeOf OTHE F{ARM M8} - Cys,
His, Arg® 358 228l 49 2 0.01 M ca-
techol®} &3} ¥ vh-g-A17F Halo| g §484 W3t
£ A3

Proline2| J& - 739 o} =AHPro, Ser, His,
Arg, Lys, Gly, Phe) 0.01 Mol &4 7}3)] 283
pre-incubation Azl ¥ 0.01M catechol® 9]
spectrophotometer& AH8-8t4 300 nm/min® 350
nmol A 900 nm7}+] scanning 3ttt}

pH-dependent inhibition — Cys, His, Arg, Pro 2+
Z+ 0.01 Mol 0.05M phosphate bufferg pH4.5~
8.07FA] WA ZIHAM EA8EE A3

4 M2 HE

NN S EAMY B - Asizl2A sulfite
§ 32 (sodium hydrosulfite, sodium bisulfite,
sodium sulfite, sodium metabisulfite) ¥ reduc-
ing agents(dithiothreithol), metal chelators(sod-
ium cyanide, sodium thiosulfate) 59 =& 2]
313 0.01 M catechold 7|d=2 3t E4A48H S 5
gatch.

DithiothreitholDTT)0| EAFAO O|X|= S -
DTT ¥%(1x10°~9x10°M)$ pre-incubation
time(2~30%) & HAA EALEAH S SH3AH

pH-dependent inhibition — A3 A 24 sodium
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Fig. 1— The time course of PPO from Perillae Folium.

Table 1 — Effect of pH on the stability of Perillae Fol-

ium PPO

pH Residual activity (%)
4.5 94

5.0 97

55 9

6.0 3

6.5 1

7.0 1

7.5 1

8.0 1

hydrosulfite, glutathione, potassium metabisu-
Ifite. dithiothreithol, sodium ascorbate, sodium
diethyldithiocarbamate, sodium thiosulfate(¢]%
5% 10° M), sodium azide(5% 10 M), sodium chl-
oride(0.01 M)E AH&-3td 0.01 M catechol& 7|12
ao] Hag4) & vl wsisict.

4 3 D@

Incubation timeOff T2 &AEHA 23 - Incuba-
tion time Aol wet FFE7 FIHEOEA qui-
none %A 2 FAE/IE ¥HAH(Fig.1). 15874
HMEQ BASVIE BYo=N whAIEEY oF
feed back inhibitiong 2| &%}, 11 o] F = vl
A gl Z71E By 1, 1058 ZAaEedls AAAH
o gt gAo] FAHAY olF AA3] A
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Table I— Effect of amino acids on Perillae Folium
PPO activity

Amino acids RA* Amino acids RA*
0.01 M) (%) (0.01M) (%)
Cys 0 Ile 63
Pro 38 Val 65
Lys 42 Thr 68
Arg 43 Leu 69
His 45 Asn 71
Trp 57 Ser 75
Gly 62 Ala 80
Met 62 Glu 87
Phe 63 Asp 93

*The enzyme activities were expressed relative to
the control (no amino acid added).

t}. 289 cresolasers H432HE #d Hel 5
ZE7)(lag period) & YehlE Aoz g4 oy’
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Ao Lys, Argel 0.1 MollA 81% &Ado| #A4ste
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Trp, Lys, Met, Threl antioxidant activityl] %k
& Zohe 2ue Ae dxsigh. 22y Phe,
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i} PPO#}e] pre-incubation time2] ¥3jwto 2
g A9 B gkt (Table IID.

Table IVE Cys, His, Arg Zt2}e] 29 @493}
£ incubation time$] Z ol o} S Fo2H A&
wHg-271E 2o} 2Rk E A2 o) lag period & LrohE
Aotk Cyse 557} 5x10° M7HR| Z71gtol wet
initial rate(AODg/min)7t 0.032¢14 0.0022 24
391, lag periodE 5702 F718l o, Hise] 4
2 8x10° Mol 18|03, Arg lag periodE 1+

L
T

100

ERUR] gfgtet.

ol At EAY3llA E74S) PPOSI 9J3t catechol
Abshakg A9} HRT A (A, 015 P Fig. 3
3 2o, gl AHE 7E9] obn Ak controlol} H]
N EE A S AP R0 S olFAlF on B3| gro-
line A7F=2 980 A,..0) 410 nmolA 520 nm2 ©] &3}
of, Ak3Hk-S- AHER] o-benzoquinone?] AL Q1
4 At} o) mushroom PPQollA] wkgAAE<]
quinone®ll L-proline®] #7151} YAJ¥ 4-N-prolyl-
o-quinone®] Ap, % YA sk

opu] At F7HA] whg-oe] pHoll W& &484 A3

WFE Cysel pHY) F3-L ¢A] = Ao &) His,
Pro, Arge pH-dependent inhibition& S&lo] L}&}
30 WA T4 & AsEE RA(Fig. 4).

Table IV—Effect of different concentrations of Cys,
® His, Arg on the rate of catechol oxidation
> 60 by Perillae Folium PPO
E‘ iy Concentration  Initial rate  Lag period
S Inhibitor (mM) AODgymin)  (min.)

2 0.00 0.032 0.0
= 40 0.02 0.021 0.5
E Cys 0.03 0.011 2.0
0.04 0.004 35
0.05 0.002 5.0
20 0.0 0.032 0.0
1.0 0.025 0.3
His 2.0 0.020 0.3
5.0 0.014 0.5
8.0 0.009 1.0
. . - . , 0.0 0.032 0.0
0 20 40 60 80 100 1.0 0.028 0.0
Concn. of amino acids (md) Ar, 20 0.023 0.0
: g 5.0 0.017 0.0
Fig. 2 — Effect of Ser. Gly, Pro. Lys and Arg on Perillae 8.0 0.014 0.0
Folium PPO activity. 10.0 0.012 0.0
Table I — Effect of pre-incubation of PPO with some amino acids on its enzyme activity
ino acid Activity (% control)

(10 mM) O min. 1 min. 30 min. 60 min. 90 min. 120 min. 150 min. 180 min.
His 58 57 56 54 53 57 58 55
Lys 50 49 46 45 47 48 46 46
Gly 67 65 61 59 62 63 60 63
Arg 48 49 53 52 50 53 55 55
Phe 68 70 69 67 63 66 68 68
Pro 45 45 47 45 44 46 47 47
Cys O min. 1 min. 2 min. 10 min. 20 min. 30 min. 40 min. 50 min.

(0.05 mM) 80 79 71 71 80 71 80 80

* The activities were expressed relative to the control(no amino acid added) at each pre-incubation time.
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Fig. 3 — Changes in the spectra of catechol oxidation products caused by PPO in the absence and presence of some

amino acids.
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Fig. 4—Effect of pH on Perillae Folium PPO activity
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Table V— Effect of some inhibitors on Perillae Fol-
ium PPO activity

Inhibitor Concentration (mM) Inhibition (%)
10.0 89.5
Sod. thiosulfate L0 88.8
(NasS;0s) 0.1 73.3
0.05 34.6
10.0 88.8
Sod. hydrosulfite 1.0 4.7
(NasS:0,) 0.1 5.3
0.05 1.9
10.0 100.0
1. .0
Sod. metabisulfite 0.(1) 1(1)3.8
(NasS:0s) 0.01 23
0.005 18
10.0 100.0
Sod. sulfite (1)(1) l(l)gg
(NazSOs) 0.01 3.6
0.005 3.0
10.0 100.0
Sod. bisulfite (1)(1) 1(1)22
(NaHSO3) ’ )
0.01 5.3
0.005 2.8
100.0 100.0
10.0 99.2
Sod. cyanide 1.0 69.7
0.1 18.9
0.05 8.8
10.0 100.0
Dithiothreithol é(l) 1(5)(8)(8)
0.01 51
Pyrogallol 10.0 471
o-naphthol 10. 77.6
Hydroquinone 10.0 90.3
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Fig. 5— The time course of inactivation of PPO by di-
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Fig. 6 — Effect different concentrations of DTT on Per- -#-Sod. chloride ~0Sod. thiosulfate 3¢ SDDC -Sod. xride
illae Folium PPO activity. Fig. 7 — Effect of pH on Perillae Folium PPO activity by
(A) reducing agents

XAl W& - Sulfite’ H3E 2 DIT= 10° (B) copper chelators and sod. chloride

MellA 2443 ZA84E At 2% PPO A < 94 A Ek=tl 923 pre-incubation timee]

A2 #AelFg e, 71El metal chelators?] sodium 438t 3x10° Mol 5%7+ pre-incubation AH&

cyanide, sodium thiosulfate % phenolic in- 4 50%<] AR=E JeEATH(Fig. 5). £3 DTT &

hibitors$! pyrogallol, a-naphthol, hydrogquinone, EZ7}o wWel initial rate(AODg/min) 7t A8t

phenylhydrazine® ¥14 E& AdS Yehlid  9x10°MellMe A9 0o ol2x, 10~2083H]

tHTable V). initial lag phase® 7} ¥ 24288 JeERIAS
Reducing agent?l DTTY =7} 48 8484 (Fig. 6).

J. Pharm. Soc. Korea



ob] =457t E71 Eeluls AT B AR A= 9% 71

gh&o§ol pH7F BAEA Aol v 93 d9
3 A3 (Fig. 7-A. B), AaiA9] FFo =2} pH-de-
pendent =+ pH-independent inhibition?] %¢-&
2t} Sodium thiosulfates} DTTE Aol oF3}
2] ¢kgkeni glutathione, sodium ascorbate® 4
I dEgoR AFE AuEgol BAIHAL, so-
dium hydrosulfite$®} potassium metabisulfite S|
pH 93& s 23 &S & F Utk Copper
chelators®] sodium azide, sodium diethyldith-
iocarbamate® T %422 pH-dependent in-
hibitiong YeRHAT}. E£& sodium chloride: 44
Hohe ST g Aaige] Z3tA ek
halide®l 213 A32}8-0] pH Y& ol9, Y& pHo
A eHgsithE 8B PPOY 44 fAtS By
FA.

a =

Perillae FoliumollA #8A4A% PPOE A4
(pH5.0)0ll A1 A3 L, pH5.5 oldellA F43] &
284& st

7% o Ate PPO 848 tha W3glon, 53]
Cys, His, Lys, Arg 5ol 2848 AA Asls1H
o}, Cys¥} His®] A7k 2 527} 271855 a49)
Z7MEEEE ZaAFoH 27] FEIE HIYL
U, Arge] A9 ZE7] flo] 4780 YeRgth

H29 714 F384H8< quinoned FEAY A,
2 proline?] #712 410 nmolA 520 nmE °] &3}
Art.

Sulfite 3323 dithiothreithol(DTT) ¥< &
E(10° MM E PPOZA S 4 Asfsislch

whg-oe] pH7F 54849 Asjadte vXe g
< HAES A sodium thiosulfatest DTT pH-
independent inhibitiong {31, obvlAt 2 glu-
tathione 59 X34 pH-dependent inhibition&
22208 bei=
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