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Abstract — Polyphenoloxidase activity (PPO) in the leaves of Erechitites hieracifolia was estimated by Warburg's man-
ometric method. The emzyme was most reactive toward chlorogenic acid followed by caffeic acid. Diethyldithiocarbamate
and potassium cyanide were shown powerful inhibition rate to the polyphenoloxidase from the leaves of Erechitites hierac-
ifolia. We confirmed antioxidant activity of the leaves of Erechitites hieracifolia by DPPH (1,1-diphenyl-2-picrylhydrazy!) rad-
ical scavenging method. Electrophorectic isoenzyme banding patterns of superoxide dismutase (SOD), peroxidase (POD)
and catalase (CAT) were observed by native PAGE. The correlation of PPO and antioxidant enzymes is not investigated yet.

That is need to further study.
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Superoxide dismutase(SOD; EC 1.15.1.1)= Aol wf-$- &
813t superoxide anion radical(O?-)¥ W¥F$-3te] hydrogen
peroxide(H,0,)Z BAsh= 548, AAE Avsls BE 4E
Fol] EAste] BA el BAdakh Foll ot wo] 285 3§t
= EAHA E4Aka AsAleltt. SODE 18°] 7K1 e
metal cofactorel] W2} Cw/Zn SOD, Mn SOD, Fe SOD2] 355
7} 9125 Cu/Zn SOD+= MlEAe], Mn SODe mEE=Eele]
73 Fe SODE 2152 €Al &A%}, Catalase(CAT; EC
1.11.1.6)x hydrogen peroxide(H,0,)2} WFg-3l] B8 AAdSH=
47, A9 FEA] o =l o] peroxidase(POD;
EC 111.1.7)s} 37 Adslell 473 defshe folch?

£ MUE 9)(Erechitites hieracifolia Raf)oll 438 43S
W A Aol dojuts A& By F2 AUE 9 F9

Ml S

%



238 KT - o

rlo

B - Al

polyphenol 22 2 polyphenoloxidased] EAIE 43l o5
< 73teAt stk PPO7E B2 A1E2] 79 dntdez g
A EAS ghaska Qlor g, oleh Auksls 289l dAksla
& &A% 9t 413 £49) superoxide dismutase
(SOD), peroxidase(POD) ¢} catalase(CAT)= A7 9 %S 3%
native PAGE 5418 53] 5984 HE S R8T, &
& AuE A8k Qe A Bt]Z (free radical) &1 A4S
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AR -2 AP 8" F2 AYE (Erechitites
hieracifolia Raf.)& A}&A] £ S oA o)gly S )
Asl ARB3IGITE

Alet R 7|7 — 1) eE& acetic acid, formic acid, citric acid,
sodium phosphate dibasic, chlorogenic acid, caffeic acid,
pyrocatechol, d-catechin, rutin, tyrosin, m-cresol, p-cresol,
sodiumvdiethyldithiocarbamate, potassium cyanide 5 2.2 &3
(guaranteed reagent)2 ARSI T, UREAQ] fU1ddlEs dF
Alers AMESHgith @F 89 A 9 pH AL pH
meter(Fisher Titrimeter, USA)E AM&319ln, E48AH2
spectrophotometer (Beckmann DU-650, Germany), Warburg
apparatus(B. Braun Melsungen)2 £ 3} t) E=3F native
PAGE E#2& 98lA acrylamide, riboflavin, nitro blue
tetrazolium, horseradish, diaminobenzidine 2 SigmaA}lell A ¢
3l AR

Polyphenol Ao 2| 3! #01 — AHg F2 AUE 9 111
g2 70% methanol® 2310 FU3A] NO. 512 ARS8l 18
°Coll -] A 7N 9] n-butanol : acetic acid : water(d:1:2), 6%
AcOH : ethylacetate : formic acid : water(10: 2 : 3)-& AF&3}]
ANt AAG X F FA F AL dellM FuF RS, o
BUolE ZAIE W SEA gpotd BEE = son 7zt
°] REXS RAIE S35t €434 FeCl,y, Hopfner's AloFs
E5ate] I FAaRksS sty 1 $of 244 paper
chromatography(1XF+] #-butanol : acetic acid : water=4:1:2,
2242 6% AcOH)lA D2 chromatograms E7A17] F 219
Al 3lollx] EF chlorogenic acid 2] RExX|o) #Fsl= FE2
#HUlo] A8 3 ethanol2A F&, A93 1 o3-S spec-
trophotometer® 352 23813t}

F40| £& - PPOE FE317) Sl Mg H2 AvE o
500 g= AZEsle] Yush 2 v)32) acetoneS 71310 waring
blenderZ vk} o33t FALE thA] WYY acetone® E A3t
o 20°CAlq ¥% AZAA Bt

Warburg X8 O|S8t 4 HY &8 - 549 g4

Warburgd2 2 EA315 ) 9318 vheZal~39] Balo
roll papers ¥ o3 20% KOH 0.2 miE 7}18}a 473&e] 7)
A 9 AHAE AZFH 0.5 miol o Sl Yy FAo= &
4 5 mg & ¢35 25 miel e AA Gk AERE FYA
N F 10 ¥ 5L F2FoA 32 A7) vl 120 A=
HREAIA A FTEE SAsISTh

=X pH- 7)& chlorogenic acid(5x 107 M)$} &2 5 mgd
pH 4, 5, 6, 7, &% 30°C °l|lA =1& 120 3] 3HAIA 10 ¥ 7F
Ao 60 B3t ALk FFES A

Z|Z2F — Chlorogenic acid(5% 107 M) ¢} &4 5 mg& pH
6, &= 20, 25, 30, 35°C °IA wi¥ 120 3] 3]AAIA 10 & 3F
Ao 60 At Atk FrEE SAsIth

7|1&of chgt o} - HH 2 30°C, H4 pH 694 25
polyphenol E2(5X10°M) Z chlorogenic acid, caffeic acid,
pyrocatechol, d-catechin, rutin, tyrosine, m-cresol, p-cresol=
71d=2 gl 54 8 SN FEe HeR S

XehMie] W&k - Fe- MU= Slolk 323 polyphenoloxidase
of thgt AafAle] FeEE HESE] A3 chlorogenic acidg 7|
g dlo] A& sodium diethyldithiocarbamate 102 M, 107
M, 10 M, potassium cyanide 102 M, 10° M-S Z}7+ 7}3)
Aot A o R 4bh S S

&Hist 54 W W |ASE B 54 & - FS AUE
1 g2 005 M Q14 ¢-58(pH 7.0) 0.5 m! & &7 45 99
frdoll A shgt 3 14,000 rpmolA 10 B3 AAEE8] o

8
o HEolg ZRANOE H%ic). T e Bradord W
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DPPH(1,1-diphenyl-2-picrylhydrazyl)E 0|88} &ilsls
£X™ - A& 100 m/°] 0.1 mM DPPH ethanol £} 1.9 m/2
7¥8le] vortex mixer® & EFsH & 37°ColA 30 & T &
2 A1t} ©1F spectrophotometerE ©]€31] 515 nmollA &
FEE B0 AEE WA & tixT# vlwsl &
gl B 2AEAES e T Yehgled, 33 vk Ads)
o} A FHE FHd oz YephIch?

Native PAGE - SOD2] native gel 217]%%2 Beauchamp$}
Fridovich®] WPH& ozt gslo] At &2 Aus o
1 g& KP buffers} 7 A5 919 fidolA skfgt F, 14,000
pmelA] 10 3 A4 Eelste] 4 dsdE gAadog 4}
B35ith. FE2 a4NS UFY H3l T dE v
7} B =& 243 thS 13% polyacrylamide gelS AMESHe] 4
°CollA &l 215 VE 4087 A7)A AT SODS] A&
gel $4(50 mM KH,PO,, 0.1 mM EDTA, 0.2% TEMED,
0.026 mM riboflavin, 0.25 mM nitro blue tetrazolium &} &3
el Wi 303t FElelA Agshs BrH wEr AAE
t}. CATS] native gel H7195-2 Clare 52] 3ol we} AA|
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31517119 9.8% polyacrylamide gel& AHE3lo] 4°CollA 80 V
2 47y AAAF S G N(50 ug/m! horseradish POD,
5.0 1M H,0,, 2.3 mM diaminobenzidine)ol| gel& 90%-7F &
ZAEPIA X"l CATS AZ3I3Ith POD native gel 3714
55 A5AE #H3l 12.5% acrylamide gel& ARg-3H] 4°Cel|A]
100 VE 40%3%, 200 VE IAZF 2087 Z7iAIZTE POD 4
HE-¢- & henzidine-& % (benzidine 1 g, WA 9 ml, 5H< 36
ml2- 3% FAIEEA §AS 1117 4L 3, gel AollA Wk
AlAH FEIGITH

AEgs 9 nF
Polyphenol &E2| £2| ¥ #Ql - Table Iof Hehdt vk} ¢
o] BRC o4 ¥ spot UVslollA RS Vehln o

ol 354, Hopfner's Alole] ja] Hzalo wat 7

Table I - (A). Rf values of polyphenol in Erechitites hieracifolia Raf.

Spot Authentic chlorogenic acid
Rf Rc Rf

n-Btanol acetic acid Water 0.71 1 0.71
4:1:2

Solvent

PEC

6% FAc
ethylicetate Formin acid Water 0.53 1 0.53 "
10:2:3 091 1 0.91 "

(B). Color reaction. of polyphenol in Erechtites hieracifolia Raf

Authentic
Reagent Spot chlorogenic acid
FeCi,4 gray green gray green
UV-F uorecence blue blue

UV-F uorecence with NH;  yellowish green yellowish green

Hopir er's reagent red brown red brown
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Fig. | — Effect of pH on PPO activity. The concentration of chlorogenic
acid is 5 X 107 M. PPO 5 mg and Mcllvaine's buffer 5 m/
were used this test. Temperature of this reaction is 30°C.
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% grjlell A F chlorogenic acid®} FY 3 RIXE Ve
I ReX| % 10t} 3 UV spectrum= EF chlorogenic acid
o) 3R} FUsl A= 324~325 nmolQir). wiEh B A
UE ) Fol|% chlorogenic acid’} EA3cka 3},
Warburg ZXIE 0|88t PPO 4 —Fig. 1, 2& 77} 848
“dell mX]E pH 2 25¢] S HES ZAAo|th pH 6, &
E 30°CellA Atae] F47F 7P 222 42 HFol| siddrt
7180l 3t =0|M - Fig. 3B, Table [I= &2 AuHE Yol
A2 #2491 polyphenoloxidased] 71 thet Bold-& bl
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Fig. 2 — Effect of temperature on PPO activity (pH 6). The concen-
tration of chlorogenic acid is 5 X 10°M. The extracted PPO
5 mg and Mcllvaine's buffer 5 m/ were used this test.
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Fig. 3A - Structures of Substrates for Polyphenoloxidase.
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Fig. 3B - Oxygen uptake of phenolic substrates during the oxidation
by PPO (enzyme 5 mg, Mcllvaine's buffer 5 m/, pH 6).
—@-—; chlorogenic acid 5 X 107 mol, ~O—; caffeic acid 5 X
1073 mol, —M—; pyrocatechol 5 X 107 mol, —A—; catechin
5 X 10 mol

Table II - Effect of phenolic substrate on polyphenoloxidase

activity
Substrate Relative activity %
Chlorogenic acid 100**
Caffeic acid 83.35
Pyrocatechol 29.75
d-catechin 13.72
Rutin 0
Tyrosine 0
m-Cresol 0
p-Cresol 0

**Activity at 30°C, pH 6, 5X10° M

Rolch. H2 AvE ¢ Foll A= PPOY 7129 7x= Fig.
3A°) vehglon, o5 7] gt 248732 chlorogenic
acid7} 743 A0 O tS 07 caffeic acid, pyrocatechol, d-
catechin® £=©}91t}. Monophenol¢! tyrosine, m-cresol, p-
cresol? rutinell st 42 A ehtA| sttt F& Aut
Eof] EAsh= PPO= 1, 29A1¢) OH71E 71X] pyrocatechol
of o3t 3P Hr} 49)X]ol o B-unsaturated carboxylateE 7}
2 caffeic acidol] that Xgk57} oF 2.8 o) & F 0" ekxt
t}. 72802 oB-unsaturated carboxylateoll OH7|7} X|8=
2717]7} 2= chlorogenic acid®) et 3 =7} 71 w2 3
o= Jeh} Zejssd OHERlo) opet Atk = Qe =4
9] FZ2E 7R 7™l digh R0t & Ao didddt 4-
Catechin® pyro-catechol®] °F 46% FAEZE s E VERI
= gAFE 722 Qlskd PPOg d3shs H) QlojA] Wl

Table III - Effect of inhibitory factor on enzyme activity

Tnhibitors C&‘fiﬁ;’tﬁg‘fn Rate* Inh(‘,‘;gm“
None** - 4.14
Sodium dietyldithiocarbamate 107 0 100
Sodium diethyldithiocarbamate 107 3.83 7.49
Sodium diethyldithiocarbamate 107 4.03 2.66
Potassium cyanide 1072 0 100
Potassium cyanide 1078 1.72 58.45

*QOxygen uptake per min.
**Chlorogenic acid (5% 1073 M) as a substrate.

B 2 o2 o&FQlch Rutind dihydroxyphenyl 7328 7}
Aat )21} quinone®] WO Z resonanceE ©|Fo] A Al
o= 1 91x12] OH”} carbonyl & FEIE ¥}%©] monophenol
o] o224 PPO ol thgt M3y} VeEhR] 9k Aoz A7t
Pk gepd] £ MuE Yl Qe PPO= dihydroxyphenyl 7|
of Atsidr] 4& OH 717} @& akyl7|2 X &E of-
unsaturated carboxylate 717} 2 catecholol i3t & %7}
E2 702 et} Tyrosineo] tigt 713 Solido] Qe &
o7 Hol H& AMUE Yol monophenolaser EA3}A] L&
Zo2 FH¥r}, Polyphenoloxidase= 241E%0] we} 7)4 £o)
AJo] T2 o]RL &lF 2E2] polyphenol AT Ado| gl
& AoF AFdY.

whba] £ 2156 2l= polyphenoloxidase?] chlorogenic acid
of thgt &do) 71 & AL B AE Sl chlorogenic aicd2]
ZA9E DAV Y= Aoz B F£ glon B AR
polyphenoloxidase™= catecholase-S ¢ 5= Uit}

PPO &40l CH#t XixIe| 24&F - Table Mol &4 4ol o
3 AAe) 933S VeI, Sodium diethyldithiocarbamate,
potassium cyanide Z+z} 102 M9} SEolM & AuE 49
PPOZ 783] Aslel 557t R&rE Aeatgo] okt 2o
2 Jeldtt A48 A7 potassium cyanide, sodium diethyldithio-
carbamate 7+ copper chelating Akl 2Jafir] B AgoM o
2 7540 Ago] gt AE Wt A o] a5 F
#-3t polyphenoloxidase 92 & = Qo™ F3 o] EA4E -
diphenol 33HEFo| A% chlorogenic acide] th3t 33} e] 7}
2 & RA07 Jelgth PPOE Algla sy A E#rlo] opy
2 TEAE FHASHA EAsl =318 FHshs FEALC|E
2 71AB T} AsfAle] tigt Y& FEshe AL =3k A
9 712 AR &84 5 g Aotk

DPPHE 0|88t 28l 28 - 5% Wl u& iz 4A
YL 233 A7 50 g/ ml A 62% 248 BYer 75
ug/ml oM 85%2] AAES Bl T YEX R #riZ A
o] elt2-§ & & AUt 50% =Eld AN S YE}
U= IC;52 40.6 pg/mi(ascorbic acid IC5=3.46 ng/mHO =
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Fig. 4 — Zymogram showing the native PAGE pattern of Erechitifes
hieracifolia Raf. 6.33 ug and 12.66 ug protein was loaded to

each lane. SOD pattern; (a), POD pattern; (b), CAT pattern; (c).

€] e 45 VERIITh

HI|YER S35t shElgA0| e T8 — 7} well T 57}
7}z} 6,33 ug, 12,66 ugsl AlEE H Ao Fig 49 (@<
SO2) native PAGE WiE €12 RojF 1 Qlom, 17 A} 4

¢l Ba4AE Zhu 31l oH, Hy0,8k CN-off 23t Aslis A
3<- maf z+zt §F )78 Mn SOD, Fe SODo il F707F Cu/Zn
SoDgle] A=) (by= PODY native PAGEZ 4 7] 5
9] A7}, (e CATS) native PAGEZ 2 719] 591 a47) 5
=19}

4 =

52 A=) polyphenol 43%5 paper chromatography *H
© % chlorogenic acidZ #2| #1513, polyphenoloxidase
I 1/‘01] gk Bo)4-& chlorogenic acidel thdt &Ade) 71
371, 2L thEo] caffeic acido]™ monophenolFoll i3t A4
%i 731, Bo AHE 9lofl gl PPOS= sodium diethyldithiocar-
bamate, potassium cyanide®ll 2J8lA4] 1 &/do] A A3t
t}. DPPH 2itjZt 2484 1C,,& 406 pg/mlC & F914 Qe
g & YERSITE H& AvHE YollA kst 540 SOD,
POD), CATS) $-9& A4S Native PAGE banding® $38}¢] 212+
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