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Abstract -The spccitic activity of catalaac puritkd from the peroxisomcs of sunflower cotykdons daAincs in paralkl 
with the total cotykdonary oataksc activity during the transition of pcroxisomcs from glyoxysotnal to kafpcroxisomal 
function. The hematin content of the purifkd cat&se however, remains constant at 4 bematin groups per at&se 
molecule. The absorbance coclTicients of catalase at 404 and 280 nm were determined to be 372 and 54O/mM/cm, 
respectively. 

INlRODUCllON 

The activity, per cotykdon, of the pcroxisomal marker 
enzyme catakse (EC 1.11.1.6) declines considerably 
during the transition of pcroxisomcs from glyoxysomal to 
kaf roxisornal function in greening fatty cotykdons 
[l.$In p um pk’ m cotykdonq this decline in total 
catalasc activity is eccompaniad by a doclir~ in the speci6c 
activity of the enzyme [3]. As an explanation of this 
change in the catalytic tiivity of catnlore, Yamagu&i and 
Nishimura [3] suggested that the hematin content in the 
catalasc mokcuk changes during pcroxisomal transition. 
It was assumed that the pumpkin glyoxysomal catalase 
contains four hanatin groups per mokcuk since the 
absorbance ratio A l &Al,o corresponds to that of mam- 
malian catalasc which contains four hanatin groups per 
mdccuk. 

lodonary atalasc activity was rbcovacd in the isolated 
pcroxisomal fractions and I S-25 % of this atabe activity 
was raovaal following pur&ation of tbc auynk. At ah 
stages of cotyladon dcvtlopmcns analytical ckctro- 
phorcsis of the pcroxisomal frrction and the final auymc 
preparation resultal in identical patterns of atahu 
activity on the gel when equal amounts of atahc oftivity 
of both sampks were l ppkd to the gd (Fig 1). Moreover. 
the patterns of atdae oftivity do not change during 
cotyledon dcvdoparcnt [8]. 

Roth Schiefer er ol. [4] and Esaka and Asahi [S] 
suggested that plant catalase may contain only two 
hematin groups per mokcule since therm ntioof 
their ekctrophoretkally homogeneous preparations was 
co half of that of mammak~ catalasc. To date, plant 
catalase hematin contents have only betn determined for 
the enzyme from spinach leaves. According to Galston 
et ol. 163 it contains two, but according to Gregory [7] the 
enzyme contains four hanatin groups per mokcuk. 

According to analytical daztrophorais the artalasc 
purified at different stages of cotyledon devdopmcnt was 
free from other proteins (Fig la) Protein bonds on the gel 
were only localized in identical positions to the two 
strongest bands of catalaac anztivity. Table I summarins 
the purifkation. Ammonium sulphatc fractionations were 
not performad since precipitation of atahc ruulted in a 
partial inactivation of the enzyme. The catakac also Lost 
activity in the prcstnoc ofCl_ ions. Activities of 1 &at/ml 
decrtasadby50%intbepratnctofl00mMCI_arithin 
I hr. Therefore, Cl - ions in butTen and salt gradients were 
replaced by So: - ions. 

The preKnt paper reports on the hcmatin content and 
the absorbana ratio Alo r/A,,, of catalase which was 
purified from the pcroxisomcs of sunflower cotyledons 
and exhibited declining specific activity during the tran- 
sition of pcroxisomal function. 

Compared to the spccifk activity of the cnxymc in the 
cotykdonary extracts, a 206foki (s-d. f 26; n - 5) purifi- 
cation of catalasc was achkvad at days I.5 to 2.5 of 
seedling dcvdopmnt. The purification fraor increased 
up to I.5 times that value during greening of the 
cotyledons. The spazifk tiivity of the puri6f.d catalasc 
was 1230 (s.d. f 15% n = 5) $at/mg during seedling 
development in the dark. It steadily declined to ca 25 % of 
that value after 5 days of seedling dcvdopmcnt in the light 
(Table 2). 

RESULTS 

Purijicarion oj caralase Hmatin asay 

Catalasc was puritkd from the pcroxisomes of sun- The sensitivity of published spo3rophoWutric assays 
Bower cotykdons at day 1.5 through day 7.5 of socdling for harmtin [9-ll] pfoval to be insuIficient for the 
&vclopment. The transition of pcroxisomrl function dctmnimtion ofatduc hcmatin in the Sphadcx G- 
takes place during the dcvdopmcnt in the light beginning 25 and Sephadcx G-200 duatea. Therefore, a haxmtin 
at day 2.5 [8]. Independent of the developmental stage of assay of markedly improved sensitivity was dcvd- 
the cotykdons, IS20y0 of the total extract&k coty- opcd (see Experimental) The colour dmlopment due to 
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Fig. 1. Nondcnattig polywrylarmtk @ da~opborair d 
atahae. The pcroxiunnal f&a from 4.-y& rudowcr 
cotykdons and catalas puri6aJ from this paolkomrl frwtion 
were uled. hla I Md 2: stainho for caulue; (a)#)akat 
s~(b)30nktapplird;Lnel:prolivwrlfrrcrion;Lnc~ 
purified catahsc. Lpae 3: rt&unp for protein; 10 a of puri6al 
caulorc were applied. Lane 4: staining for hanat~n; 10 erg puriW 

catalasc contatniq 150 pmd hemattn were a*. 

the oxidation of 3.3’,5,5’-tct~hylbcnzkiinc (TMB) 
is proportional to the quarltity of haMtin up ID 
SOpmol/tcst voluw. The slope of the standard curve 
prcptaral with hanin chkxkic amounts IO 0.173 A&,, pa 
10 pm01 hanatin (s.d. f 4.9 O/b; n = 13). 

Wbm performing the h-tin assay with catalrw, it is 
necessary to use the denatured protein bacouse of the 
cat&tic (on HIOz)and/or pcroxidatk (on TMB)activity 
of cata&x Tbc coa@cte dearturation of catalue fallow- 
ing the edition oftbe acid TMB solution is co&rmod by 
the following okrvations: (i) the absorbance of reaction 
mixtura containing bovine liver catalasc standards was 
indtQcndent of the tiw interval betwan TMBand HIOl 
&it&n; (ii) f&owing dcnaturation of at&se by 4 M or 
8 M urcs [ 123, the 1.24 and 1.52-fold rrspactively, 
incrc~ in A,,, of thecatoluc standudscom5pondad to 
that raulting from the intlucnce of urea on the assay with 
hemin chloride; (iii) cat&se treated with 5 % acetic acid 
did not exhibit atalatic pctivity (the sccivity assay is more 
sensitive than the hanatin assayk its pcroxidatic oftivity 
was identical to that obtained in the nonenzymatic 
reaction with bcmin &l&de. 

wkn sampk4 containing $50 pmol huMtin/ml of a 
cat&se stti solution which contaid 3.26 nmol luma- 
tin/ml as determined from Ati were used in the 
hauntin PLuy a hanatin concentr8tion of 3.57 nmol/ml 
was c&u&ted for the cstalasc St& solution. Tbus, the 
hanatin content ol atake is quantitativdy dcterminai 
by the hanatin assay. The banatin content ofhcnmglobin 
and myoglobin. which contain 4 and 1 mol hemntin/mol 
protein respcctivdy. was determined by the banatin assay 
to be 4.06 and 1.06 mol haMtin/mol protein. 

Hematin content qicatdase 

The aldue purifkl at ditkcnt staga of cotykdoa 
devdapuunt was not con-tad by non-cu&#c 
hanatin. Following analytical elaarophoresk ha~tin 
bends on the gel were only local&I in poaicionn CoiDci- 
dent with the two strongcat bands of ati xtivity 
(Fig. la). The pco6k of Catalan activity obtained follow- 
ing chromatography on Sepklat G-200 coincided with 
that of h-tin. More than 90% of the catalasc activity 
and the hcmatin appLisd to the Scph&x G-200 column 
was raxxcral. The ratio of catalasc activity to hanatin 
(&at/nmd h-tin) diffcrad by less than 10% between 
the colkctcd frxtions. 

Incontrasttothespcci!kactivityofc;rtalase,thcspaSc 
hanatin content (nmol hematin/mg protein) of the 
enzyme remains txarly constant during the functional 

Tabk I. Purifiatton of catalasc from cotylaionary peroxisoma of sunBower scedltngs 

Fr2ction 
VduIBc Act1wty Yield Protein sp. act. Harmon 

(ml) (rkat) (?.I (me) ( Pwmg) hd) 

(a) Broken pcroxtsoma 13 1193 100 21.1 57 
Paoxisc4nal matrtx 12.5 1157 97 19.0 61 
DUE duate 10.5 1% 67 1 .os 758 
Scphdcx G-25 duate 10.5 758 64 0.99 766 10.16 
sephdcx G&W eluate 14 279 23 0.251 1112 3.82 

(b) Broken peroxtsomes 19.5 355 100 13.3 27 
Pcroxisomal matru 19 326 92 II 3 29 
DME eluate 10.5 2cM 57 0.46 443 
Scphsdu G-25 duate 10.5 195 55 0.45 433 2.81 
Sq&kx G-200 duate 17s 70.9 20 0.109 650 1.76 

(a) Seedlings grown for 2.5 days in darkness. peroxixwa tsohtal from 150 peys of cotykdons. 
(b) Soedli~~gs grown for 2.5 days in dark- and tkrcaftcr for 2 days in continuous light: 

pcroxuomes isolated from 100 pairs of cotyledons. 



Catdasc activity 8nd bmurm conlent 

Table 2. Aatviry and banetin cOntent of atake from sdbwcr cotykdons a~ 

di!Tcrcnr dcvdopwntal urges of the sccdllngs 
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my of 
dcvdoparnt 

caldasc Sp. hanstin Hanatin groups 
kctivlty sp. XX content per atalasc 

(&wcorYledon) (*VW WWw) mtozuk 

1.5 21.1 1252 16.2 4.3 

2.5 225 1179 16.0 42 

3.5 15.6 981 15.6 41 

4.5 9.36 650 16.1 4.2 

5.5 6.83 546 14.3 3.8 

6.5 4.62 416 15.3 4.0 

7.5 3.15 334 14.1 3.7 

The seedlings were grown for 2.5 days in dark- and thcrcdta in axhnuous l&t. 

Spcahc activcty and spa-& hematin ccdcnl were dctcfmmai on the purifd enzyabc. 

transition of the cotykdonary peroxisomc population 
(Table 2). On the average. the specific h-tin content 
amounted to 15.8 (s.d.&0.4; n = 4)and 15.5 (sd.f 1.211 

- 6) nmol/mg, rcspcctivdy, during the first 2.5 days of 
seedling dcvdopmcnt in the dark and tbc fdlowing 5 days 
of seedling development in the light. 

An M, 280000 (by ultracentrifugation)and 2SOtXtO (by 
8d Iiltration), rcspectivdy, has been determined for 
catalasc puri6ai from etidatcd as wdl as green sunflower 
cotyledons [ 133. Based on the mean vah~ of 265 CKIO it 
follows that 1 mg catalase corresponds to 3.8 nmol. From 
these data and the rpccifk hcmotin content, 4.2 and 
4.1 md hcmatin/mol cat&se were cakulatai for the 
enzyme pu&cl from the peroxisomcs of ctiolatal and 
~&ran cotykdons, rapcctivdy. We thus con- 
dude that atahsc contains four hanatin groups per 
mokcuk independent of the functional stage of the 
cotykdonary paoxisome population. 

Absorbawe rario A.&Also o/cat&se 

Thcabsorbanceofcatalascat404and280nmwas 
determined following comtration of the !kphadcx G- 
200 eluate in wcuo. The absorbance ratio A&AI,, was 
0.69 and was independent of the devdopmcntal stage of 
thccotykdons from which thccatalasc was puri!kd. From 
the AIM and the he-tin concentrarion, determined by 
the hcmatin assay. an absorbance cocf6cknt of 
93/mM/cm at 404 nm for catalasc hcrnatin (corrcspond- 
ing to 372/mM/cm for cat&se) was cakulated. The 
absorb co&cient of catalasc at 280nm was caku- 
latal to be 54O/mM/cm based on the absorb at 
280nm, the protein content (dcterminai by the Lowry 
method) and an M, of 265000. When liver catalasc was 
treated in the spw way as the cotykdonary catalasc, an 
absorbanct co&cknt of IOS/mM/cm at 404 nm for 
hematin and of 264jmMjan at 280 nm for catti was 
dctemuned. 

DCSCUSlON 

wtion of catalase hematin has been shown to 
occur during purification of rat liver catalasc from crude 
liver extracts, but did not occur if the enzyme was purSal 
from an organdle fraction [ 141. It has ti been suggested 
that loss of catalasc hcmatin may occur during purif& 
cation of the enzyme from crude plant extracts [4]. Due to 

its scnsrtivity in the pmol range, the optimizal hcmattn 
assay allows the determination of the hematin content of 
cat&se puri!ial from a limited amount of isolated plant 
pcroxisomes. Four h-tin groups pcl mokcuk were 
determined for the cotykdonary sunflower cati in- 
dependent of the devdopmcntal stage of the cotyledons 
(Table 2). Sint~ catalasc, as a tctramaic enzyme, does not 
contain more than four hcmatin groups per mokcuk we 
condudc that (i) no loss of at&se bemptin oozur~al 
during the purifjcation of cat&se and (ii) the purified 
cat&se did not contain contaminating protein (as also 
indicated by the ckctrophorctic analysis of the enzp~; 
Fig la). The multiple forms of catalasc detectable in the 
pcroxisomml frsaions were also present in the prep 
arations of the puritiad enzyme (Fig. I), that is, a spa& 
loss of one form soans not to oazur during the enzyme 
purifkation. Thus, the hcmatin content of the purifiad 
catalasc isconsidcrad to rdkct the hcmatin content of the 
catalasc in the peroxisomcs. 

The absorbance coc!Ecicnts at 404 and 280nm of 
cat&se purified from various sources are summarized for 
comparison in Tabk 3. The abaorbancc c&lkicnts at 
4(# nm do not vary greatly bctwan plant and mnmmalinn 

catalascs. Those at 280 nm, however, are generally higher 
for plant than for mammalinn cat&scs_ resulting in a low 
absorbance ratio A,,/AzI, for plant cataloses. Catalaxc 
of sunflower cotykdons exhibits an absorbance ratio 
A,~,/AzBo of CO 0.7 despite containing four hanatin 
groups per mokcuk. Thus, conupondingly low absorb 
ante ratios reported for plant catalascs [4. S] may not 
indicate that the hauatin content of the catalascs is lower 
than that of mamm&an catalasc. 

With the beginning of the light-stimulated transform- 
ation of pcroxisomcs (glyoxysoma to kafperoxisomes) in 
greening fatty cotybdons. the cat&xc activity per coty- 
kdon starts to decline [2]. In sunflower cotykdons, the 
cat&se activity daacascs by 8@900/, during 5 days of 
Illumination. This developmcnt-dcpcndcnt do&c in 
cat&se activity is paralkkd by a decrease in the specifk 
activity of the purifkd enzyme (Table 2). A similar result 
has been reported for greening pumpkin cotykdons and 
explainal by a dcvclopmcntdqndent change in the 
h-tin content of catalasc [3]. However, the hanstin 
content of cotykdonary sunflower cat&se does not 
change during greening of the saxilings (Tabk 2). Thus. 
we conclude that the developmentdependent decrease in 
the specific activity ofcatalase in greening fatty cotykdons 
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TaMe 3. Aborbana co&cimts and hamtin content of plant and cmmtdmn ataluu 

Hauxtin groups 
404Nn 280 nm paa- 

SOUKX (I/mM/an) WmWW A~~JA~,~ mdscuk RCfcrrrwrt 

HCIiCZWhUS mnuul (clioll1ed d &Teen co1ylal0ns) 372 540 0.69 
SpNTio o&rorea (krva) n.d. n.d 0.65 

450 440 1.01 
lpomoea bararas (root tubers) 430 6rn 0.67 
Cur&fro (ctidrtcd cetykdons) rp. 300 300 1.0 
Liver 430 397 1.08 

340 280 1.21 
38Mm 280 1.361.50 

4 
2 
4 

n.d. 151 
n.d. [31 

4 1141 
4 
4 

nd, Not &term&d. 

is not cnusal by a change in the humin content of the 
mtyme. 

EXPEUMENTAL. 

Plau mntrial. Adma of sudowa (HrUmuhu mums L. cv. 
SpnnarAllrwsck)wacrorLedfor16brradtben~tedin 
moot vamiculitc at 3@. Afta 2.5 dry1 of growth in darkncxs the 
xc&line, wac apad to continuou, white light. Tbc counting 
d dxyl of dmlopavnt rtArtal with tb planting of the xoxkal 

Prepaatlcn ~pewxlvnolfrcvtions md cayldavy cxtrats. 
For itohtion of paoxixamu, org8ndkfruX&J Yae pqucd 
u dac&al [ l7] xnd kyaat on dirontinuou8 ~ucroxc dautty 
grulknu The dirontinuour xuuoac density ~radientx wac 
awporadoC4ml600/,5ml57~,6ml51’/,6ml473~,6ml 
42%ud5ml35%rucrorc~.Allrrrracrdn~uga 
aprrrsd as w/w xrKl rdjwtal refrwztom*rially) conuined 
I mM EDTA @H 7.Sk The gradknts wac antrifugal xt 82 500 
On for 1.5 hr. The paoxiK%Ml frxXiolu xt tk intaphau 
kcwecDtbc57%~5I%urrorc~wae~uwbok 
frrction. Cotybdonrr), atfact. were prqmfal wilb minor mcdi- 
tkationxaadocribaliurcf.[l7].Tbcfnndnymadium(I mlpcr 
cotykdan) &rod of 50 mM T&HISG.. pH 8. 

pullscarbo 4 caohu. Au ucp6 wae amed out II 24’. 
Trio-HaSO, buffer, pH 8. wxs usal throughout. Paollwwrl 
fruakamdilutad l:2.5with2OmMbulTawaerlirredfor I5min 
and tbal omtrifu~ x1 3OaQq for IOmin. The supanBtxn1 
cantxining moe than 90% of tbc atdue &vity ol th 
paoxiwnnxl frxction vu rpplial to a column (I5 x 1.5an) of 
DMEcdlulow.Tbecdumnwrrwubadwithl00mlmmM 
bulTa to remove tbc sucruae Tbc ptcin wu then dutal(3.5 ml 
frr*ions) with x convex Nx,SG,-grxJknt from 0 to 0.5 M 
(?&SD. doldvcd in m mM buffa. I00 ml mixing chxmba; 
Bowratc8Oml/ltr).Tbcthn?ef& witb the h&best a&se 
activity wvc poekd (DEAEclwtc). The DEAE-clwte wu 
lox&d onto x cdumn (U5 x I.5 01) of scpbrdu G-25 xnd the 
protein wxs dutat with 5 mM budb (Bow nte 45 m&r; 3.5 ml 
fMk%U). Tbt thnc fMhS with tbc hi&UC at&SC &Xtity 

were pooled (Sepbdu G-25 duxtc) Ird qplial to x column (80 
x 3cm)oCScpbdaG~.ATta~lionwitb5mMbuaer(~w 
ntc m d/hr. 3.5 ml fmctioru) tbc fmiom (3-6) wtb the highest 
atalnae activity wae pookd (Scphxda G-200 duntel 

Ekctro+ti. mw dir ebctmphorcxis (200 V. I4 hr. 
4”) yu paformal on 6:~; pOrroaylxmi& gd slxbr (16x I2 
xO.l5an) u&g Maurcr’s xystan I [l8]. The xppbal sxmpks 

umuinad IOmM dithinaythritol and x cauLv rttity of 
l&50 &I wbcn the activity was to be detected. For dctcctmp 

potans PDd bemxtin. conantntat vmpkx cocluining IO mM 
dithioaythritoludupto20~~oTprotdnudupto300pmdol 
harmtin, raP&vdy. wac app&!d. CatAlxsc activity wu de- 
taclal eR to ref. [ 191. The xtaining mccbod for titin 
wuudsribadmnf.[l8]rithmiaor~l6ationr~rrtinp 
tctr8tBctbylbal&nc imtcul of bcnx&nc. Rot&I wae It&incd 
mrding to the procedure A dacribal in rd. [mo]. 

Assays. Gukre yu urryal with m mod&cations xs 
dacribal in ref. [2l] fdkwing the destruction d H,O, at 
uonm(ezK, - O.Ob7lmM/cm;[U]).Tbcmclionmuturr(l ml) 
conuinad IOmM KPi-bulTa. pH 7 ud 125mM H,O,. 
Paoxidxtkxctivity ofatiwasuu~ucording tord. [23]. 

Haaxtin wu &tam&d by x method U on tbc rbihty of 
atin to cat+c x raiox reaction between H,O, xnd TMB. 
Tbc method [9. IO] yu mod&at and &mizul to inuaac its 
sauitivtty loo(lfold. TMB-&n (100 Ilu/u, ml I@& 7. HOAc) 
waxfrahlypccpradcvuy&yxndkcpcrt4”.TMBxoln(Itnl) 
~~toImlolrunpkladtbcmixturrIdttorundfor 
I5 min at room temp. Then 0.05 ml of HIOs -In (3&vol. ‘/3 wxs 
ukkd. Afta incubrtuq tbc ractmn mixture for 2+25 min II 
room temp. the A,,, of the blue coleural raction producl(l) 
wxa maxurcd. For regent blanks tbc xampk w rcplmxd by 
5 mM Tris-H,SO.. pH 8. A rtxndxrd curve wu prcpual with 
hemin chloride (5-50 m/ml5 mM Tris-HISO.. pH 8). 

Rolein was detaminul by tbc method of ref. [ 171. The 
standud curve was prepared nth txwinc liva amhe. 

Ac&nowbdgNlu--Thir rcsarch w supponcd by the Deutschc 
Forrhungqancinrtuft. 
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