
Phytochemlstry 1974 Vol 13 pp X9 to 92 Pergamon Press Prmted m Engldnd 

PURIFICATION AND PROPERTIES OF 
ADENOSINETRIPHOSPHATASE FROM ZEA MAYS 

SEEDLING MICROSOMES 

PIOTR MASLOWSKI and MICHAL KOVIOSZY&SKI 
Institute of Biology Department of Blochemlctry, Mlkol,LJ Kopermk Umverslty Torun Poland 

Key Word Index-Zea mvs, Grammeae, corn, mlcrosomes, ATPase 

Abstract-A simple method was developed for selective solublhzatlon of membrane ATPase from etlolated corn 
seedhngs using 0 01% Trlton Xl00 and 0 01 y/, deoxycholate contammg 200 mM KI An Sl-fold enriched enzyme 
preparation, with specific actlvlty of 133 pmol Pl/mg protem/hr, was obtained The enzyme stored m 25 mM 
Tris-HC1 buffer (pH 7 5) at 4” showed rapid loss of actlvlty The enzyme was stablhzed by 1 mM EDTA with 
addition of 1 2 mM Mg” Mg2+ and Ca*+ (1 2 mM) Increased enzymatic actlvrty by 12 and 10 8% respectively, 
whereas Na+ and K+ brought about a 20”/, increase m ATP-hydrolqsls The effect of combined mono- and 
dl-valent Ions was neither synerglstlc nor additive Ouabam exerted no effect on enzyme actlvlty The enzyme 
showed two pH optima (6 0 and 7 5) m the presence of Na’ and K+, and one optimum at pH 6 5 m the absence 
of these ions On polyacrylamlde gel the enzyme wds resolved mto two protein bands, both exhlbltmg ATPase 
activity It 1s suggested that the soluble enzyme from the t-mcrosomal fraction of corn seedlings contains two 
ATP-hydrolyzing enzymes, one of them being stimulated by Nd+ and K+ ions 

INTRODUCTION 

IT HAS been shown that ATPase (ATP phosphohydrolase, E C 3 6 1 3) associated with the 
microsomal fraction takes part m coupled transport of sodium and potassium ions m 
mammalian cells ’ This findmg IS mamly based on the observation that ATPase IS 
synerglstlcally stimulated by sodium and potassium ions and that the transport of these 
ions and enzyme actlvlty IS inhibited to the same degree by cardiac glycosldes Although 
no such relationships have been found m higher plants, the activity of Naf, K’-stimulated 
ATPase (Na+, K’-ATPase) has been demonstrated m various subcellular fractlons,2-4 
including purified cell walls 5 Recently Hodges et al ’ obtained an ion-stimulated ATPase 
associated with plasma membranes from oat roots 

The aim of the present study was to isolate ATPase from corn seedlings rmcrosomes 
Assuming that Na’, K’-ATPase IS bound to hpld structure of the membranes and thus 
IS water msoluble,7,8 ionic and non-ionic detergents were used for its solublhzatlon 

RESULTS AND DISCUSSION 

The effect of various concentrations of Trlton Xl00 and deoxycholate on the degree of 
solublhzatlon of Na+, K+-ATPase from corn seedlings mcrosomes IS illustrated m Fig 1 
The resultsmdlcate that the specific activity 1s highest on extractlon with 0 Ol”/, deoxycholate 
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(DOC)andO Ol?;Trlton Xl00 However the specific actlvltyof the soluble enzyme obtamed 
with 0010/, DOC was 80:‘,, greater than with OOl?, Trlton Xl00 Durmg extractlon of 
mlcrosomes with OOl”<, DOC the recovery of ATPase dctl\Ity m soluble and msoluble 
fractions was about lOO:$ In contrast, totdl actlvlty found in soluble dnd msoluble portlons 
after treatment with 0 01 “I Tnton Xl00 was only 72’:,(, 

FIG I IWLUENCF OF TRITON Xl00 A~I) utox’r- FIG 2 EFFORT 01 Kl oh SOLO BILILATIOI. OF TKlroh 

CHOLATb-PKOTTI\ RATIO 011 ‘,OLI BlLlZAllOV Ot XIOOAYI>DOC ~R~A~EI)ATP.I%~ ) All) \OLI BLt 

MlCKOSOMAl ATPdse (- ) A\,) \OIliRLl PROUIh. I’ROII II I 1 
t ) 

It has been proved that solubihzdtion of the enzyme by detergents depends on the ratlo 
ofdetergents to protem 9 Therefore, the optimum ratio of DOC dnd Tnton Xl00 to protem 
wds determmedand found to be 0 01 dnd 0 02 respectively (Fig I ) In cilI subsequent expen- 
ments protein concentration of the mlcrosomnl fraction W‘I~ set dt 4 5 mgtml, and optima 
conccntratlons of DOC and Trlton were used 

Totdl sp dLt 
protem Total (untts mg k xld Pur~hcatmn 

Frxtlon (m&j Llnlts* prott1n) (“,,I Cdctor 
- 

Mlcrosomes 748 0 1119 I hi 100 I 
Superndtdnt after lkdtment 71 7 289 4 03 27 7 25 

Superndtdnt’kfter hlth 001” Trlton trcatmcnt Xl00 48 63X 1130 52 4 XI 
with 0 01 I’() DOC + 100 mM 
Kft 

* 1 unit = 1 pmol Pl,‘hr 
k Preupltate after extrxtlon with Trlton XI00 was extrdLttd with OOI”,, DO< + 200 mM KI 

Uesug1 et al “’ have found thdt ndditlon of NaI to 4”,, Lubrol enhanced the solublllty of 
mlcrosomdl Na+, K ‘-ATPase from bovme bram In the present experiments, best results 
were obtained with addition of 200 mM KT to the detergent (Fig 2) Compdrtson of the 
results of enzyme extraction with 0 01 g;l Trlton Xl00 and OOl”,, DOC contalmng 200 mM 
KI, showed only shght dlffercnces in the amount of protein solublhzed (Figs 1 dnd 2) On 
the other hand, the specific actlvlty of ATPase hberdted v+lth DOC wds h5”,, higher, as 
compared with Trlton Xl00 Accordmg to prehmmary studies Trlton X100 mainly 
extracts Mg’+-dependent ATPn$e, dnd deoxycholdte--the Nd ’ K ’ stlmul,tted enzyme 

’ SWA\W\ P D BRAI)IOKI> H b and Mc II M 41~ H (1963) BI~</I<JIIT I 92, 235 
“’ Ct 51 Gt S KWI t \tu RC, A MIIVIHRAI~SK~ F ,tnd HohI L f- (I%91 -loci! ~~och~~vl filc~pirl~ 130 zT7 
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Combined use of both detergents achieved a selective solublhzatlon of ATPase from 
corn seedlings As shown by the results presented m Table 1, mltlal extractlon of mlcrosomes 
with 001% Trlton Xl00 and re-extraction of the residue with 001’4 DOC containing 
200 mM KI liberates the enzyme exhlbltmg specific actlvlty of 133 pmol Pl/mg protem/hr , 

this represents 81-fold purification and 60% yield Preclpltatlon with ammonium sulphate 
inactivated the enzyme 

Since the enzyme lost 50% actlvlty during 2 week’s storage at 4” m Tns-HCl buffer 
(pH 7 6), the effect of various stabilizers used for animal ATPase’ Is1 2 was studied According 
to the results reported m Fig 3, an addltlon of 20% glycerin or of 200 mM NaCl plus 
100 mM KC1 (salt concentrations at which ATPase showed optimum actlvlty) failed to 
stabilize the enzyme, as opposed to 1 mM EDTA plus 1 2 mM Mg2+ which exerted a 
pronounced stablhzmg effect The enzyme stored m this medium for 312 hr at 4” lost 
only 15% of its mitial activity 

o 24 hr 
am 144 hr 
1312 hr 

b 02M NaCL+O IM KC 

0 No addltlons 

5 6 7 8 9 

PH 

FIG 3 EFFECTOF DIFFERENT LIGAUDSON THL STABILITY 
OF THF WLI RLF ATPdse 

FIG 4 EFFECT OF pH ON SOLUBLE ATPdse ACTIVITY 

Prehmmary mvestlgdtlons on the effect of some monovalent and dlvalent Ions and pH on 
the kinetics of ATPase were performed Mg2+ and Ca2+ (1 2 mM) activated the enzyme by 
12 and 10 8% respectively and activity fell to 75% at 10 mM MgZf and to 68% at 10 mM 
Ca2+ Na+ (200 mM NaCl) and K+ (100 mM KCl) brought about a 20% increase m 
activity If the sum of these ions was maintained at 100 mM and the ratio of Na+ to Kt 
was varied, there was no significant change m ATPase actlvlty mdlcatmg the absence of 
synergistic effects of Na+ and K+ 

Ouabam, m concentrations of 0 l-l mM, falled to exert any effect on the rate of ATP 
hydrolysis both m the presence and absence of ions These results dlfferentlate plant ATPase 
from the enzyme of animal origin 

In the presence of ions the enzyme preparation showed two pH optima (6 0 and 7 5) and 
m the absence of Ions one optimum (pH 6 5) (Fig 4) On polyacrylarmde gel, It was resolved 
mto two protein bdnds with ATPase actlvlty These findmgs suggest that the preparation 
comprised two ATP-hydrolyzmg enzymes. one of them being Na+ K+-ATPnse. nnmely, 
upon incubdtion of gel m ion-free medium, one of the bands exhlblted very shght activity, 
which increased, however, m the presence of monovalent ions 

I’ M~DZIHRADSKY, F, KLINE, M H and HOKIN, L E (1967) A?th BIO&CI~ Bmphys 121, 311 
I2 BANERJEE, S P, DWOSH, L L, KHANNA, V K and SFN, A K (1970) B~ochm Btophvs Acto 211, 745 
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tXPtRlME U r41_ 

tutrucrlorl anri toluhtl~zatror~ of rnrn~hrar~r’ ATPute Plant material was homogemred m rdtlo of I 5 (w v) m 
50 mM Trls-lrnlddzole buffer contdlmng 3 mM EDTA I mM MgCl, and 0 25 M sucrose pH 7 5 The 
homogenate wrls pressed through two layers of cloth dnd the filtrate wd~ kept for ful the1 u\e The reslduc was 
homogcnlred ,mothLr 2 x The thrct hltrntes were combtned nnd cLntrrfuged ‘it 1600 (, fol IO mln The ppt U,LS 
dl>LdldCd dnd thL \upe~ndtant w<i~ ccntrlluged dt 10000 y tor 15 mm 4ltLt dliLard]ng thy ppt the superndtdnt 
wd~ centrifuged at 44000 y for 50 mm The ppt contnmmg tht rnlcrosom,d fldLtlon ~‘1s iu\ptnded In 75 mM 
Trls-HCI buffer with addltlon of 2 mM EDTA pH 7 5 Spec~tic actl~lt\ of mlcrosomdl ATPd5e usu,~ll~ marled 
wlthm the range of I 3m I 65 pmol Pi:rng protein, hr To the rnicrosom,ll suspenilon (4 5 mg protein ml) m 25 mM 
Trlr-HCI buffer (pH 7 5) contammg 2 mM EDTA Trlton Xl00 (fmal ~oncn 0 01’ ,,) HAPS ‘lddcd The 5,lmple uns 
shdken nt 0 4 for IO mm and centrlfugcd at 165000 q for 10 mm The \upclndtdnt !\dA d~sc‘~!ded The ppt wds 
washed (2 x ) with 25 mM Trls-HCI buffer (pH 7 5) and nftel ctntrifugntlon dt 165 000 y for 10 mm suspended 
m tlus buffer with addition of DOC (final concentrdtlon 0 Ol’l,,) dnd 200 mM KI The lesultmg mlcrosomal 
suspension wds mcubdted dt 40 for IO mm dnd then Lentrlfugcd at 165000 q for 30 mm The \upcrn‘ltant 
contammg soluble enqme, was dlalysed for 24 hr ag‘unat 25 mM Trls-HCI buffer pH 7 5 

Protcr~~ detrr~n~nutm~ Protem was dctermmcd bq the modlficd biul Lt method ,iccoldmg to Gorn,dl c’t tri ’ ’ 
and by the procedure of Lowrv rt ul ’ 4 

Lkto I~?I~~~o~I of ATPaw actrur) For enzyme actlrity cstlmdtions the enzyme prepdrdtlon wds diluted and 
adJusted with detergent or K L m ttua way that dttergent concentrdtlon wds always 0 I “” and of K * wdb 50 mM m 
the final mcubdtion mixture Amount of the enzyme m edch mcubatlon mixture ad? alwdys the same To 1 ml 
nucrosomdl extract 1 ml mcubauon mixture made up of 25 mM Trls-HCI buffer 2 mM ATP (dlsodlum salt) 
2 mM EDTA, 100 mM NaCl pH 7 5 and If neceqpary SO mM KC1 WLLS ‘tdded In some Loses eon concentration 
was modified or other ions were used Samplea were mLubated at 30 for 30 mm The cnryme Has Inactivated 
with 0 5 ml of cold I 2 U HCIO, and phosphorus wds determined bq the method of Aske-Subbdrow 4 When 
Trlton Xl00 interfered with the determmdtlon of PI by the Fiske method (m concentrations ocer OOI”,) the 
modified method of Post and Sen” was dpphed 

DIIL yeI elrctrophoteti~ \rpcrratro~ ctnd IOUCIUII of ATPow DISC electrophoresls wds performed accordmg to 
DdVlsih with development in 7 O”,, gel at pH 8 5 Samples (So-100 1~1) of the mlcrosomal extracts (pre~lously 
concentrdted lo- to 20-fold m dlal)smg bags) were dpphed to the gel After electrophoresls the gels were stained 
either for protein with Atmdo black or for ATPdse activity by submergmg tht gels into d solution contammg 
100 mM Trls-HCI buffer, 5 mM ATP SO mM C&l2 100 mM KCI dnd 200 mM QC’I ‘it pH 8 
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