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Abstract

We report a newassay method on the measurement of the catalase activity, whose
utilzation value is considered to be remarkable in the field of plant biochemistry.We
named this method as a De-Coupling Method. The essence of de-coupling method is
the separation between the enzyme reaction and the indicator reaction. The optimum
condition of the enzyme reaction was found to be following: on addition of 1ml of
substrate (H,0, 20mM) to the mixture of the crude extract of enzyme (volume: 0.2
ml) and the ammonium phosphate buffer (volume: 1.8ml; 0.93M phosphate, 1.6M NH;,
2.5M methanol, pH 7.0). After 30, 60 and 90 seconds of the enzyme reactions are pro-
cceded, the reactions are terminated by 25% of tri-chloro-acetate (final concentration
of 59;), respectively. The precipitated materials by tri-chloro-acetate was removed by
the centrifugation (2000g, 10minutes). Formaldehyde produced in the enzymatic reaction
was reacted with 2ml of acetylacetone (60mM). The indicator reaction -(HANTSCH
REAKTION)- in which lutidine is formed, was proceeded for 60 minutes at 25C.

#

&

Catalase (Hydrogen-peroxide ; Peroxide oxidoreductase, EC. 1. 11. 1. 6) & 19013 4|
O.Loew"7t BEA) de] Fx=o] &S WAt 1 F Warburg®(1923) ] ¢
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sted catalasert A (Fe’*) o]l&& ##3z e EL2E #FUsU29, Summers}
Dounce”(1937) & A2 2 2 catalase® beef liverel A ®2)3te] AAAME A&t

Catalase?] & #2321 (MW; 240,000g - M)+ 4789 ferriprotoporphyrin groups
(4 subunit ; MW =60,000~65,000) % Ay d&dl o3& 1.1% haematin 3}
0.09% Iron §#sts ES53iclY, Catalaser visg +2E A4 cytochromedt = @3
Zujx] valence o] dojrtx @tk = (N —iond Fe'*st ZsiA Ay st
catalase® £ 343} Al7]9, %413 inhibitors(acetate, formate, fluoride) 4} o] &
Ao we 2w AfAz B ddA drh, ol AL Heles /I
protoporphyrin enzyme®] %79l A3 elr}

Catalasei= livertt kidney2} 7+-& 7]z 2 A % 2] mitochondriag} peroxysomes| % o]
g8 5 o] 9la, 2§ =7 (connective tissue) o] A Eolli w2 HL ofe] Eajsti sl
t}. =& gl 9 erythrocytese] A& duwtd oz FR§ {23 catalaser} &3k W
W 229 erythrocytesell & A9 &8t @ AU}

Catalase™ #¥ A o2 cytochromeo] &5t 714 Al X (Aerobic cells) ol A1k 3t
o} B # 9lw, #7]4 4 % (Anaerobic cells)eol & ¢lth, A Aol A catalases] A
ztgo] ML A wE A R @ AHoln, AF A A& catalased] #F o
F At A2 A vk, HA FEAAM catalasert F2I YL ANG
o BEo] wrgd wp glch &Y,

HaHo e BEse ME AN RAHN M FAEE AFstHo] e Akt
(Hydrogen peroxide ; H,0,) = catalaseoll 2]#] #a] 357 dqf&o 221 H0,
o] &=o|}, Oxidative damage’} doivtx el ¥ 72 catalase(Soluble state)
= glutathione peroxidasex @, haemoglobin(Hb) 3} SH-protein®] ¥ 328 & &},
o} 2} 4 catalaseé] g Er AYFAA 2ew FHSL45E methaemoglobin(Hb) 3 A4&
2 A1z, ¥

A el A catalase activity testi= dubAel 4o HwF FIgutE FolE o] &3
o H,O,-¥si A=t 209 O-¥%8 AEsozd 348 5 ok, 34 438 =
& Hematologye] =2 A}43lx 9% Ultra-Violet Spectrophotometry+= substrate H,
0,7} UV-34¢ F53: 98F 0] 4319 A nax 240nmol 4] extinction®] ZF4E 4
8to] catalase activity (A E,i/min; € 54 =0.040cm*/u M) & A& #}1=¢l®, catalase9
initial reactione] ©j$ we] doji}r] wFo (k~10'sec”' - M"Y, ¥xAd & H,
0,—%5%(0.01M)oll ] wrg& AlA} Frhis Aol Qv 1eiy A E2AAe UVE
A Faste BAF W4 Bol FhEY ol 2 sHE dFel UV-tests AAA
o7 o]45z ¢m glul, Titration methodsy ¥ x#, Fo, $& 28z B 94
B Zod el o] f5 3 Yup? ) of why 4] A4 dw Ao] permanganate(K
MnO,) ¢} ur&sbed, titration end point7} Al®st#] %387 @l KMnO,o oz
#2]v}, Trichloroacetic acid(TCA) & AHelstodol st AHE Adz AUk %9
catalase activity =% o]435 3 3l¥ Fluorimetry'’ (Scopoletin; Diacetyldichloro-

fluorescin), O,-production'® (Polarograph ; Oxygen electrode ; Manometry),
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Immunoprecipitation'® (with Anticatalase) % Measurement of thermal efficiency 1t
We ax 2L AAH dFo AJExAYcdde AAHLZ o]45X 43 9l AAo)
o},

€ HFeAe dAAE 22 FA4rsl 24 (Photo oxidation) o] oidk 39 Uzto
2 3 s5]ojal, catalase activity 4] B3 w2 ste) A2 E test methodE A
P37 el Bsste wlol)

£ d7E a3t 234 E dF ARYF Al =gy,

HE U RBA®

1. Plant materials

€ Ao A8d AEe 2948 19 A(Panax ginseng CA. Meyer)s}t 7z}
(Solanum tuberosum L)2A 33 FHign AdAdd A% Q=03 A7AY
growth chamberel] A} A E AL AL},

2. Chemicals

Di-ammonium hydrogen phosphate, (NH,),.PO,

Methanol, 96%

Acetylacetone, CH;COCH,COCH,

Phosphoric acid, 85% (W/V),

Trichloroacetic acid(TCA), 25%

Catalase(EC. 1. 11. 1. 6), from bovine liver.

A]e}-& guaranteed reagent® Aj-g-slsd o, catalase: sigmarle] A EL 243ty
o},

3. Reagent solution

@ Buffer(0.93M Phosphate, 1.6M NH,*, 2.5M methanol).; 20g di- ammonium
hydrogen phosphate& 140ml %< ¢ %« 1.5ml phosphoric acid(85%)2 pH 7.0%
%3 ¥, 19ml methanol& tjslx FHS2 190mle w3gich,

@ Acetylacetone solution(acetylacetone 60mM) ; (.74ml acetylacetone 3 1.4ml
methanol& Yo £H42 120mle 239},

® TCA solution(25% (W/V))

@ H,0, solution(20mM)

4. Crude enzyme extraction

AagdL AE 1g8¢ $F42 A3Y }g 10ml ammonium phosphate buffer (pH
7.00e0 557 =14 F 1679 gauzeE AFHAIHA 2 000xgd M 1587 QAR s
2 A5Y g ol &3,
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5. Activity &&
Catalase activity ## 2 Lutidines] 3% 2a2 Shimadzu UV-Vis Recording
Spectrophotometer (UV-240) ¢ Spectronic 20¢ o] &8t t},

R BE

I. The principle of test method
Hydrogen peroxide (H,0,) & catalase(EC. 1. 11. 1. 6)o]] 2&] Al4¢} E=2 o RA R

(EC. 1. 11. 1. 6)
(2H,0, —-2H,0+0,), methanol®] &z sle A= formaldehydest H,O

7 A", =g formaldehydes NH, *-0] & & 5lolA] % Ba}9) acetylacetones}
Hh-23led lutidineo 8 HBF =W, o] w8 YA A 405~415mmel & #F 9 FAe
F Yepdoh(Figl),
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Figure 1. Absorption spectrum of lutidine.

meba, catalase activity: formaldehydes) g A g = vetd 4 glth. Formalde-
hyde®] 4&2 A (13 zo] 2z} 30,60,90% Sk W24 H wrSolx formaldehyde
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2 4] (2)% #Zeo] lutidinee g H&ste] 405mmelA FFEE FAH I, Azt A F
Bz AASHABAS, r>0.955 F4) slope(tan o )2 viebd F 9loh, o} slope
9] Zt& catalase activityz} 3}glc}

Catalase activity=A Ey s - min~*- g« fr » wt™! =% A E,ps- min~' - mgProtein™',

EC. 111.1.6.
(1) H,0,+Methanol-———————Formaldehyde+2H,0

(2) Formaldehyde+NH,* +2Acetylacetone————————Lutidine+3H,0

2. Lutidine &4

NH,*o] &9} source® 2£ 3l ammonium phosphate buffer(pH 7.0) 2 234 <At
Mwalo ] =23 crude extract® o] £3}o lutidine A9 HAZAE A8t d vl
methanol3} acetylacetoned] #HAxwi ztzt 2.5M3 0.06M<elo] w3 g} (Figs.2 and

3.
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Figure 2. The concentration effect of acetylacetone Figure 3. The concentration effect of methanol on

on the lutidine formation. the lutidine formation.

0.2ml crude enzyme extractel] 1.8ml ammonium phosphate buffer (pH 7.0)& A7}
& 1ml H,O,(20mM) & Weol &A1 F A28 TCAF:o] %& Foidg FIE
Fg& 24 A7 5% TCAE 10%+t 15%9 o8 ¥ v F9A74E vepliich o
gha] B Al ¥ A& catalase activity S F541717] slsiA 5% TCA (final conc.) & A}
43 Aoz AAAYYG, =3, Table 1ol Zo] wrgAAG W A FofA
(catalase) 7} &3t = Adlol A lutidines] AL 0 ~30C Alols #HFLTolA
E A9 dge wA oy 407C ol E £xot WgAzte Frld] =2} lutidine
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o yugx ¥ Z7ietsch, WA catalase@ o @& lutidine Y4 & 97 o=
WelE 20~25CHt AH2Ao R ARE,

Table 1. The effect of incubation temperature on the lutidine formation

. ::i:'.(o@ 0 10 20 30 40 50
5 0.000 0.000 0.000 0.000 0.005 - 0.050
10 0.000 0.000 0.000 0.000 0.010 0.060
20 0.000 0.000 0.000 0.002 0.020 0.160
30 0.000 0.002 0.003 0.010 0.028 0.230
40 0.000 0.004 0.005 0.015 0.035 0.340

3. Catalase activity &% H X}

(1) Exzyme reaction(& A uk-§)

FA4uk2-2 ammonium phosphate buffer(pH 7.0) 2 F2% 0.2m] &4 890} 1.8ml
ammonium phosphate® #7}8¢] 1ml H,0,(20mM) 2 uF-¢&-& a8, wHgA1 7}
< Zrzh 30, 60, 90& FF 25CelA AYPAIHow 25%(W/V) TCA(final concentra-
tion, 5%) & o183 4°Co)A catalase ZFojub-§2 FAzcr, TCAztgo g HA
2 EADNALE 2,000xglH 1082 AR AAY F, 4¥4g Indicator
reactione]] o] &3} t},

(2) Indicator reaction (A} A]ykg)

SAIF AJA| Mo M YA Felsld dejal 3ml AFSHol 2ml acetylacetone®
7b3ted 25°Cell A 60%-7} incubations}dcd, Incubation ¥ A E lutidines <&
spectrophotometer& A}&3lod A nax 405mmeoll ] FFx 2 Jehgd o (Figd),

4. olatx= = offA{ o] Catalase activity

De-Coupling Method& o]-838led, 2% olAt#a]l =42 uvbg A 748 405nmel|
A lutidine®) #A-e Fighet #r}, wbg A7 lutidined) FHE=2HEH A2
catalase activitys ¢l 4o A 29.54 E/min.g.frwt. 2 732} 364429 14.8A E/min.g.fr.
wt.B ot 50% ¥A epytc)(Table 2), it del& wb-g A|2bd lutidine®] #3=7}
Fig6s zFo]l udepgel Ao BAHEE el dolA 3.7AE/mingfrwt.gen, o
Aol A= 26.854 E/ming.frwt. 2 #ad ¥} 87% © & catalase activity g e}
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ammonium
phosphate buffer (pH 7.0)

extract with

(|

centrifuge at . 2000x§.f0r 15min.

Supernatant ----*Crude Enzyme Extract”

[ Enzyme reaction |

Add 1ml H,0, soln.,
to enzyme extract.

Read the absorbance
at 405 nm.

reaction time
incubate at EZS"C for lhr. (30, 60, l 90 sec)

Add 25% TCA
(final conc. 5%)

Add 2ml] acetylacetone
to the supernatant.

centrifuge at l 200xg for 10min. I
L

Indicator reaction |

Figure 4. Schematic flow chart discribing the major steps in the determination of catalase activity by De-
Coupling Method.

Table 2. Activities of catalase in Korean ginseng and potato tissues.

Catalase activity (AE/min. g. fr. wt.)

Panax ginseng Solanum tuberosum
ROOT 29.5 14.8
LEAF 26.9 3.7

B},

ol el AT v|Fo] o o]A 72 B aE catalase activity2x W = UV
-Spectrometry, Titration method, Fluorimetry Volumetry 1 2 52 Immunoprecipita-
tion method% & F2 ¥Y w&= FF2AA ojL5o] ftd, B dAxalaa Mudg
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E E
1.;1 Panax ginseng C.A. 121 Panax ginseng C.A.
" Meyer ROOT " "Meyer LEAF
---Sotanum tuberosum L. | == Solanum tubersum L.
_lof TUBER E L0 LEAF
ug) ya 5
g 0.8+ y=0.59x —-0.005 oggens % 0.8t v=0537x —0.026
8 r=0.99 E e ————————— r=0.99*%**
5 0.6l stope = 0.59 £ g6k slope = 0.537
a 5 0.
g 2
ﬁ - <0 4
0.4 T r e hygeee :
7 slope = 0. - P
0.2 T Sopen s ol Ty=007: 0009 T=097**
ak -\ . ——— slope=:(.074
v =0.206% —0.012 D -
20 §0 90 (sec) 30 80 90 (sec)
Time Time
Figure 5. Comparisons of catalase activies in Figure 6. Comparisons of catalase activities in
Korean ginseng and potato tissues by Korean ginseng and potato tissues by
De-Coupling Method. De-Coupling Method.

Decoupling Method= A 832 B3 Panax, Solanum Z A4 catalase activity 3
Aol w3 HAFHHA ALz vhepydrh

u}z} 4 o] De-Coupling Method®} A A& Rstelr] fsbed dotE g Critics AL o
FAHR7 B 71E 71Nt

B AT e BA3 d7Y dsez O, Aol Besle A4 ¥AE TEAHL
2 Azv 3o F, catalase activity Ao #3 De-Coupling Method& 7Y 23}
AW vl AAH o4 AF A EE2AANA o F A7l BIshE uwhelr,

De-Coupling Methodt= & Awhg3 2 A|ub-g& Felsted APAA=d, Aawrgy
= 0.2ml Crude enzyme extract 5 1.8ml ammonium phosphate buffer (0.93M phos-
phate, 1.6M NH,*, 2.5M methanol, pH 7.0)ol &%% t}-& substratedl 1ml H,0,
(20mM) & #H7}sle] ALubEE *13}6} 7ol 23 condition®g vlepwtc) &EAdbE
< zH7b 30, 60, 90 Eob AP AR F 25% TCA (final conc. 5 %) & HFg-& FuhA
Ak, TCAo] s AAH &AWL 2 000xgelld 1087 dAFelsted AT F
FAaubsoa g formaldehyded 2 ml acetylacetone(60mM) 3 ub-2-2]# lutidine
< 843 =—"HANTSCH-REAKTION"—=} 2] ut-&-& 25C ol 4 608 ¥t Ryss A
] 7HA A e]glc,

o
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