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ABSTRACT. Catalase activities were assayed on the leaves and roots of Tomato (Lycopersicum escule-
ntum) as a function of age for 1 year after germination. The enzyme activities of root tissue demonstrated
to be insignificant through all stages of development. On the other hand, the catalase activities of leaf
peroxisomal fractions showed remarkable changes with peak value of 76 pmol/mi/min at germination
stage within 2 weeks growth, 7.2 pmol/m//min at adult stage around 4~5 months growth and very small
activities at aged period around 11~12 months growth. It is suggested that there may be two factors
concerning such catalase activities in relation with age, firstly the glyoxisomal reactions including glyoxy-
late cycle and B-oxidation at germination stage and secondly photosynthesis hereafter seemed to affect
age dependent changes of catalase activity by producing coincident amount of H;0,. In addition, NADPH
coenzyme was found to have ability to restore catalytic acitivity of inactivated catalase (compound II)
at all stages of development except old age, indicating NADPH would play a role as catalase protector
against deleteious substrate, Hx0,.
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tum)& 1347 ABAIFIHA L7} ¥2)9) catalase
44 Sz HO, A A8-3 A3 H32)
BAE Ao, old 332 v £ gz
A5 #gadel X2 A chlorophyll as} b R
catalase ¥A}5} NADPH=}9) #48 A¥sid.

4 #

Al2k 9 712]. Potassium phosphate monobasic,
potassium phosphate dibasic, potassium hydroxide,
calcium chloride, 30% hydrogen peroxide+ analy-
tical grade #) 52 Al8-31g .20 ethyl alcohol - Ja-
mes BurroughAl9] 3] E-& AH4-3<dch Onozuka 4S
Cellulase= Yakult Biochemical Co, 2] 2 Roha-
ment P Rohm GmbH Chemische Fabrike] A&
& 748312 bovine serum albumin3} sorbitol-&-
Sigma Co.2) AlEo]dcel. Glucose oxidase, glucose,
glucose-6-phosphate, glucose-6-phosphate dehyd-
rogenase<x= Sigmasle] AFeldch AH:-717]+& Be-
ckman#}t2] High speed centifuge J2-213} Milton
Royx}e} UV/Visible spectrophotometere]$jt}.

AlNR., EvlE(Lycopersicum esculentum)c
AE FH FANH A FAE AHS-3ksact. o)
F2E 152 2°C, 12 hrs/days] o2 HE W
Fdell A AA 47]9) FFste] AT YA FIHA
ey A7y HEHE XNEE Hslch

B4 x=x. A3 g EntE AEH €]
AlRE 10~1002 Ax AHsl #3te] A ¥z
E71F HoPd) o)l 52 F71E Al Hals} 99
F 28 vye FAE 2z 2 FA9 108 &
<3¢l 0.1 M phosphate buffer(pH 7.0 713t} ¢]8}
B 222 49 HAS Y] 23 4CR
fAlgte A Ak o] FYETL LR FolA
polytron homogenizerg AH43te 324 53 Fal
A1) o] FHAL 800 goll M 20%-7 R4Ee
ste] AHE-8& postnuclear ¥ o ® AL23lg] on
°] postnuclear %% 2. 2 %-€] peroxisomal catalase
£ 23] 8 AE 718" 28 Schmitt®) Hhy* e
Agsided, o] W F ¢ peroxisome &
$1% percoll gradient HE A= AFsky djf &
peroxisome2 2 o] 502 peroxisome 8 24
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3tolan o] ¥8]9) catalase $42] A4S W #
WY postnuclear 82| 3o st

Catalase #9RA. Catalase #4184-2 Havir
2] WP 2zt Alaigic). Sl 3mie 50
mM potassium phosphate buffer pH 7.0, 1.0 m/,
125mM H,0, 0.8m/, o o)Fejx glc}
Catalase ¥4 240 nmollA] FR=9 H4 e 23
o lunite 139 1pmold H,0,8 2HA)7)=
catalase®] F22 AHsk=d o] N4 Beerse} 9t
Hell ofshaie}s.

Chloroplyll #. Erl2 489 dozHe9)
chlorophyll®] $2&-& Hardy®] upg¥el] 93l A
P, 7128 23 oo P} Erie
FAE 4T F oA A A7kl we} 10~100
€ A3 22 AMskdck 259 dE 02g
3 o5 AA el 96% ethanol€ 15 md A 7)hsled
polytron homogenizer2 524 53] 7A}A7|H
3ol chloropylie] £&%e] visic)

F 2fel) A 324 25 mi2) 96% ethanol chlo-
rophyll &% &) 665 nm=} 648 nmelA FHEE
2748 chlorophyll a%} be] AekR4Le s,

B8 Caualaseol] 2t NADPHS| ¥8. 5v}
E 32 peroxisomeol 4] 2%t catalase®] AJAbel)
st NADPHS] <332 4mB7] $15o o] &4
SdL FUAYAIZI7] A% H0.8 A2l 23
t}&¢3; e} H. N. Kirkman3e] whgof Falelty|
3mie ¥ Yol 10~100 W2l peroxisomal cata-
lase &4, 0,01 M phsphate buffer pH 6.5, glucose
oxidae(3.4 nM)#} giucose(2 mM)2 ¥r}itq H,0,
9] o] 1umol/mi/mine} SIEE ¥l 37°Cell 4]
907 Bl A| A A catalased BB HA| A} ¢
NADPH®] catalase ¥ & 282 ZHY3}7) $is}o
$i¢k o] Hy0, A2 & 3171 $1’F 4h-8-9 <) NADPH
CmM)E #H7isted 4] 37°CollA]l 9087} Hk-g-A|
ek o]yA My Eiukgd e 360~460 nm A}
ol?] FF=E 7|E3l vlasigdos 53] 405
nme] FFEF 7|22 3o A4 AlYsc

T A @
A30|2oll cHR Catalase $+4 el

-~
s o
N

“
o
n

CATALASE ACTIVITY(UNOLY MLIMIN)
» »
L3 -]
.

-
]

-

o ] “ [ ' 1 "
MONTHS

Fig. 1. Age-dependent changes of catalase activities
in the postnuclear fractions of leaves (@-@®) and
roots (O-0). Reaction mixture (3 m/) was composed
of 50 mM potassium phosphate buffer pH 7.0, 1.0 m/,
125mM H.0, 08 m/ and appropriate enzyme solu-
tion. Catalase activities was assayed as the decrease
of absorption at 240 nm.

AD} 22| postmuclear M2 catalase M.
B2 ¥ Axe}l 45 Y MEZU LB
22 FFE o] 49 catalase FA-S 13 22
ErLE ] 437] ko) ule} Fig. 10 AR vhe} 2He
WGE vhehdiich A7)l A felo vle
RellA Ea@Ao] W53 Ehon o] Az RY
#elollA9) catalase EAe ™o e w3
Z 9e)7t gl Wl deiA]9) catalase B4 U9
24 7153 RS Byo) ¢l 5 S A
AdE ey Al oA A TR Fo
Al 7P SRAAA FEL FA5} wdelso] Aol
o7 #4g 53 dol £ 17U o] 27]of vyehd
¥ B ALgAelgic) o] 3 1R HaFA 76
pmol/mi/mine} ¥ ¥ Y77 3 H2tal
SAHYA 2] 7 pmol/mi/minell vla 10u)o} Pal=
FARA o] AArl Evfee] wWeldAtz} 71wl
BA7E 2 F UdgE AA3kE ok

U Al vjol] 23l 4] B9 cata-
lase peroxisomeol FUA EAlsio QA
31%& chloroplasts} mitochondria2 8| W5+, 3
SF A AU B B4R o2 sy e
H0.& 4153 Ao}l RHsld 558 HO=2
HELBA| ME7)F0) AR o Y83 o %
2 E& Agshe Aoz iy Igun,
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meba] 2) postnuclear o4 Vel catalase
iy e 38 Fo g peroxisomed cata-
lased) ofgt o2 7h¥ic)

T AEe] wopr |7t F o 553 AL A
Al E el peroxisome ™A} glyoxisomeo] &3}
o o] glyoxisomee] peroxisomes] 7152l catalase
ahg R} ohjel Wold] W oiA|g} YAl
Ag 83 FFHs Ao g9 A APl 2
2]o g A 9] ol &= glyoxisomeo] A H o2
28 5} Fig. 1] 2 Zoll A A A5 Po} F 27
oo} Ho g EL catalase ¥4 PA] glyoxisomeol
g Aoy FHFEHch wolrl AIse] A
o8 A7} P2 d4E A5 =ld o
glyoxisome-& 212 peroxisome &2 HH{HE 7o
2 ¢332 9o melr peroxisomes] F 3}
o3 golr)7|9) o] F¢& catalase ¥4 o] A]7]e
ul$ 4% glyoxisome2] H,0, ¥35-HoE %
2xic). o] glyoxisomeo| 23 w¥sie F23
S22 B-oxidation®} glyoxylate cycleo] 2J8&)
1% 3! FADH,, s A17|2-& F33h=dl o5 344
Zo Hi0, AAdo) ol5el A9 whelr] 7)o cata-
lase #4o] 9o g Frpes AL o] HES
oA MR H0.8 Fol e Aoz A4
sk ik

izt 2|9 peroxisome FHO| catalase 4.
Fig. 1¢] AA|R catalase ¥AL HEW2] glyoxi-
some} peroxisome2ZRE Fslelzle AL 7|
29 g3z AU ER R 83 A58 7 al
devt 1 Fadg st glyoxisomes E =
peroxisome ¥-¥-& sFA7PEE AE3HA cata-
lase ¥4& &3tz 21 435 Fig. 20 AA]3kdct

Fig. 2o} HA1%) catalase ¥4 Fig. 12) A3} 4
717kl wiel WA= E FAfol vlg FALY B of
gt 2 ¢ 94 24 24 4L FHE Rolz
ek & golxr)e] YFI FL EAaPUE2
pmol/mé/min)-& o} ¥ of 23 ALl Y o5
Az FAasHRE B okt 2 F of 1dodel
AR AR 2A WA et 4
AA717} ¢k 52049 ZEEW o 6 pmol/mi/min®]
2 2 $AAE vehed o gt HAFE
Yehle 437) 1~309 28a 10~1292) 4
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Fig. 2. Age-dependent changes of catalase activities
in the peroxisomal fractions of leaves (@-@) and
roots (O—0). Reaction mixture and assay method
were the same as in Fig. 1.

X 2] of 2uljol w3lich

519 vud & & o] A7)} o] A&
ST AA710L B ohE RE Asn dilE
BE FRY YR Ae] o]FoAx A7l 3
whA]l BjAlgAe] RE o W} spdsie
H0.¢] 4= olxA] 2o 483t o) A4z
7K 75 Yok 7ks A ZEE 5 gl yid
A7 10~1270Y 2le] 9] A7 5ol At oz
E)2}3l= k37| 7kl catalase #Ado] ddts] 4]
3t} off ¢ A2 FAE Jehiict o) 4 Fig.
15} 28] A2 NE] EctE9) Yo 4] FHFHE cata-
lase A2 HlEU 2] olx7)ol& glyoxisome 1
23 2 o|F o= peroxisomeol A AE A<l
Wolu} 3} =& st} fHdle] A shA Mz
3= ez Bt}

o)) Aol g Bt U¥Y e RA] nonperoxi-
some ¥ ol 4)9] catalase ¥A& 7}7} peroxisome
EYol) g3 A7) FAstd Fig. 3o &
Alsiedek, EA)E ve} 7o) nonperoxisome ¥-39
catalase ¥4 o A7l Ax A2 HA=A] @
stow Fig. 1~3¢ 238 ¢ B3 EvlE 349
catalase ¥4 Mo 2 ¢l peroxisomes ] 2
2] 3 oA 7] o)) glyoxisomeol| A vieh= 7og
AEAE 5 d& Aoz uddct

AZ7|Ziof Wl Chiorophyll a, b2 EE

Fig. 13} 22} Aol 23l catalase ALPAL
9] Rl Mrt FelstA viepis] B3kl ool
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Fig. 3. Time course of the catalase activities in the
nonperoxisomal fractions of leaves (@—®) and roots
{O-0O). Reaction mixture and assay method were the
same as in Fig. L

M ERHo g R Qr) 2282 catalased] ¥
Aol 49 ZHE AN FAHY S 7Hs
Ao A28 # 1o U R/ J]Felepd ¢
3.2 B3A(photosynthesis)2 423 4 lek
£ Agolde el catalase RAIAIF FY
A2} FHPR 2 o F-F wetsty]) st AAA)|
w2 <9 chlorophyll as} bl F=& A3l
yokry 2 AR} Fig 4o FAH] dedl 2 ¥
spekale) ERo 2 xE AN FApe] el =i e
A7)l chlorophyll a2} bel FX7} catalase &
Hokdie de) W2 ¥2) ften Al 3~574
Ape)2) 717k o2 A 1~270 Yol viepd 5
2] o 2ufel @3h= chlorophyll as} b2} ghe)
S b

ojg} o] EvtE2] el 9142 chlorophyil
as} bt 2F 4~570Y Apolol P77 ¢ F
Wl @3he ¥L e vehided o] AME o]
A) 7)o #gAe) 713 AR HE Wiz
2§ glch o] Fig.42) Ane} Fig. 1 2 29| 2438
Mz vste] Be delA)7ldl & 25 oy
L] A ohF ¥ 2 e A| g2 7k
ZPY AVT Felle FFLE ol ¥ 4~5749
Apolel] #H2zh-g vehlle W& peakd Rolx 9t
ajebr ErlEE Pel ¥ Hx 2370E AEla
i R) of 1ol A3 GA717E 52 catalase AL
FPAot vl HatE el gleER
o] 7|7} 9] catalase ¥4 ¥ FAel 2l

CHLORGMLL T pa/ )

" 2 N .
o 2 4 ] [} 10 12

MONTHS

Fig. 4. The concentrations of chiorophyll a and b in
the chloroplast fractions of leaves as a function of
age. The extraction and assay of chlorophyll 2 (@-®)
and b (O-O) were based on the method by S. I
Hardy® and J. F. Winterman'®, respectively.

HA45E H,0.4 ANE A3 catalase AV}
+e¢EE Aoz Y § Qs AR

%7 gnjeE ol £ Hi 1~247HE §poz
Brlos Qe FE @F4e] Ho] AL Bo|A ¢
gtom, Al Fig. 484 B3| chlorophyll as} bs}
ofo] sh$- H2dlz BT Fig. 13} 22] 23}
e 2 o A7|RrlE W54 catalase 419
Hxzhe ez ik 234 Ay A
Z8% & FAHU FAZHE Y2 B HE
e AEA2 B2 9% 2ol A (germination)
oA Yohrie WAA Q) HHE-E- glyoxisomeol] 2] 3}
A S5 WHEEREA oz FEE A AW
442 B.oxidation®} ) A}71AFF-& $1% glyoxylate
cycleg & 4 %levl B-oxidation WHelMde 23
5 FADH,;9] Ab3}si|«] A H0,7} ‘EA = 2 glyo-
xylate cyclestx = FADH,”} AAHBR 1 g4
H0.7F A=A el 9haA glepeZ, njety
o] Wolx| 7= out A7) 2} de] F3g A4l gly-
oxisomesl] J%} of WI-g-5o] FrllAhbE-Feoln o
Hh2-5-2) o2|GAlel A H0,9 2o o]FHqR2
gJem@ 1o mabr] catalase Alo] A Hw
Heog B 4 9l& Aok

H 0.8 $4.208 253 welx|7]d glyoxi-
somes] ] wh3-Fol oSN Ageg w4y 2
22358 33 NeE= glyoxisome <) H;O: ¥
HEAQ catalasec] 2l o] FeAle why, UH
478 chloroplastel| ] sl F3HAdA 9]
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V252 $E H0.7t di¥E A= e, o] HO,
£ 4 28 e peroxisome’2 2 Ho|R o
o] peroxisome?] catalasedl] &j# %31 Melsle
Aoz PYehde & T} gld Aes 4%
t}A] b o} Abe) Fig. 1~4¢l A4 A& F35lo
AP AEAF A AL ErfEs} go}
3= 7174q) deol AF U glyoxisomes
¢J3+ B-oxidation¥} glyoxylate cycleo) F o Apikg
o)u] olw) AAE rlske) H,0p& glyoxisomes) ca-
talase ool 28 53 HHxE, 2 o) 14
o 3o} AJ E7|7F Foll= B3HAl(photosynthesis)ol
F dApakgoln] o] FAL 4671 Abolel £3
FAHT k7o) HFHE 10~129 Aol wi$-
&5 Yo o] kg & FAsE HOe
peroxisome®] catalased] <j#A M|y Ao
Qi)

MFAIZ|] iR Catalase #Hdo]l tij#t NADPH
o 38

Catalase(H,0, : H;Q; Oxidoreductase, EC 1.11.
16 g Fojsle AALZA VEAHD F
2 474 17149 heme IXE A tetramere]ch
o] Asel dizled 2 Fok o7} Hel $ AR
o9 o] F v} ApA 7| F el AbE o] 74 HL0,
A A FAHY F AEr) Fe Holde A o)
catalase®] ZH3-& Fig. 5ol A1 Ke] Fei*l 4
3 ferricatalase”} H:0,& H,02 ¥##A7] o
A4le U compound(D(Fe)2 AREZ vpobrt

Ferricatalase
A
H0
AH
Compound I
A
H:0 H0:
AH
Compound 1
Fig. 5. Traditional scheme for the function of cata-
lase. Ferricatalase, compound I, and compound II have

formal oxidation states of Fe(lIl), Fe(V), and Fe{IV).
Compound 1I is an inactive form of catalase.
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849 2348 compound HFeM)Z ARs)o] 3
ZHo2 FIYQ ferricatalase(Fe'M2 | A =fo)
AHElE AE7) 4744 <#A wgop. 3L
compound I—>compound II—ferricatalase & ©)o}=)
< A Aol 73 AHS] F-5-2} 22713404
2 5 EANY A9EA] ¢eprl Ho N, Kirkman®e
o)A catalase-bound NADPH complex?} #-2)
#1922 NADPH”} A3 A ol 4} compound 112}
43 8-g 3k o] waAs] Alzbatgcoh

¥ A EctES] glyoxisomed} peroxi-
some 9] catalase?) X547} NADPHE 721217} 3ke
EA 2t A7) AP} B 5 A 2fe] FAR g
YL AE5lod Bgpeh

AR oz Table 10 Enpee] QA7 13
@H 2 3ty A2 2u)7} gl del’Hgermina-
tion), 4% 7)(adult), x3}7)(aged)e] A|ERZA ‘do}

Table 1. Coenzyme requirement of inactivated catalase
for recovery of activity

Recovery of catalase

Catalase (Age) Coenzymes activity (%)
Germinated NADH 24
(3 days) NADPH 76.5
FMNH; 72
FADH, 40
Adult NADH 0.2
(4 months) NADPH 89.8
FMNH, 53
FADH, 47
Aged NADH 19
(11 months) NADPH 203
FMNH; 75
FADH, 69

The reaction mixture (3 m/) was composed of catalase
solution (10, 100, 200 W prepared from 3 days, 4 mon-
ths, 11 months old tomato leaves, resetively), 0.01 M
phosphate buffer (A). Inactivated catalase activity was
assayed in a reaction mixture as above with H,0; ge-
nerated at a rate of 1 pmol/m//min by glucese oxidase
and glucose (B). Recovery of catalase activity was as-
sayed in a reaction mixture as in B but with the pre-
sence of NADPH (2 pmol) (C). All reaction mixture
were incubated at 37°C for 90 min. and the absorban-
ces at 405 nm were recorded. Calculation for the re-
covery of catalase activity was based on the formular
(C-B/A-B) X 100(%).
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F 33, YA, 10KEAS] 29 glyoxisome?}
peroxisome catalasec] Hj¥ oxidoreduction coenz-
ymesH9) ¥ Az Uy AAE Aok

ARRY 2E FAA A 7 BRA7)AA
Y% NADPH } <2l e2 4439 compound
IIEHE] catalase ¥3E &7l A3} 73
=92 YA coenzymete A 257} o]t
At B 3EA7]A) B9 4 F Aded o224
EvlE 9)9] catalase® human erythrocytes'el] 4]}
op7}A 2 M3 A &4 NADPHE 278 A4ql
A& & Uk

234 37|28 34 NADPHS] & 3}7} go}7|
(76.5%0 1 A%71(89.8%) w3 203%2 /A v
Faglous dol7], 4A7], k372 diEHqQ A
59 QA4 a}& glyoxisome ¥ peroxisome
catalase Al &l d|3}ed NADPHS®] 4] 3% &332
absorption spectra® £3}9 ©] 23] 431t
7|R-AH o2 ferricatalaset 405 nmel A maximum
peak$ Hol:u) o] catalase Al E& Hy0,0 9027}

ABSORBANCE

80 400 420 440 480

WAVELENGTH, NM

Fig. 6. Absorption spectra of catalase prepared from
3 days old leves. All incubations and measurements
of spectra were 10 catalase solution, (.01 M phos-
phete buffer, pH 6.5 at 37°C, @ (A), before exposure
to H.0,. O (B), after exposure for 90 min to H.O.
generated at a rate of 1 pmol/mi/min by the presence
of glucose oxidase and glucose (2 mM). x (C), as with
B but with the presence of NADPH, 2 umol. A (D)
as with B but with the presence of an NADPH gene-
rating system formed by the addition to the reaction
mixture of glucose-6-phosphate dehydrogenase (5
pg), glucose-6-phosphate (0.2 umo), and NADP*, 2
pmol.

X227 ferricatalase”} #3434l compound [[&
Aol w2} 405 nmoll 9] 5 sk Al
420~440 nmell 4 Bolgt F4 717t dolnde}. &
# H;0,7} &x3h= ukg-<4 o NADPH regeneration
system 22 4] glucose-6-phosphate dehydroge-
nase2} glucose-6-phosphate ¥ 23 NADPHE&
A7}5kd  ferricatalase®] F spectrum curve’}
3E ) ozl HAAHDS Fig 60l EAIF Z o)
oJ3pd gol ¥ 344 o A2 glyoxisome
catalase® H;O0.0 9087 k2A3E ot AA3)
22 A B2gAdREe curve BS el
git} o104} NADPH& 371 w4 9] curve C&
2l YUY curve A%t A9 FA F4T
A& Jepd o 24 NADPHo o3 284315 co-
mpound 17} ©}A] ferricatalase 2 A€ A& A
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Fig. 7. Absorption spectra of catalase prepared from
4 months old leaves. All incubations and measureme-
nts of spectra are the same as in Fig. 6 except 100/
catalase solution.
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