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INTRODUCTION 

Although it is known since long that divalent 

Ca2+ ion ia ubiquitous in its occurrence 1n all variety 

of cell type, its role in e number of biological 

processes is beginning to be unrevelled et the 

•olecul~r level only recently. Besides its esteblished 

role in the contraction ot muscle, it is now known 

to aid in cell motility, exonemal flow, cytoplosaic 

streaming, chromosome movement, neurotrnnsmitter 

release, endocytoaia and exocytoais. 

Excitation of a cell leeds to transient 

increase in the intrr.cellular concentration of calcium 

which in turn is responsible for e11c1ting the 

physiological response. The l atter is accomplished 

by 1nter8ction ot calcium ions with specific intr2cellu­

lar calcium binding proteins of which calmodulin is 

perh&pa the aoat ubiquitous. The return or calcium 

concentration to its baael level is accomplished by 

a variety of aechenl .. s which are beginning to be 

underatood. In fact, there appears to be no co11m<>n 

aechani• tor the transport of Ca ecrosa the cell 

••brane ot All tiaauea ~nd apeciea. Indeed the only 

cell specie• about which the aechnniaa of trensport 

i• known in any depth is the red blood cell tor 

which there exlata a apecif1c ca2•-ATPaae. 
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Dttta-r•t pool• ot Ce exist 1n both the 

.. tr..o•llul•r ~nd 1ntrecelluler environments. The 

oonoentr•tlon of intracellular Ce (10-5 to 10-SM) is 

lea• by aev.rel ~er• or •~gnitude. thnn tbs t existing 

outald• the cella (10-'M). Precisely, how the Ca2+ 

l• tr•n•loc~ ted to the cell interior is largely unknown 

but in tb• red blood cell the efflux is recognised 

to b• en active process or •ca ~p•. ·rhe components 

of oelcium PUllP hea been demonstr~ted to ca2+. 

•ct1Yated ATPase distinct from Na•, K+-ATPase found 

in the plaaas aeabrane of animal cells. Calcium 

ATPaae has a low Ka with high turnover rate for 

c1lcium. •'·lthougb the energy dependent efflux of 

calciUll ions is en illport~nt process contributing to 

cellular calcium boaeoatssis. this aay not be the sole 

aeana by which homeostasis ia achieved. Mitochondria 

and •icroaomea are two other cell org8nelles which 

accumµlate celciua ions end require energy. However, 

the phyalological role of ca2! accumulation by 

ait~cboadria hu not yet bE' en fully understood. 

In recent years, ca2• haa b~en shown to hc:ve en 

iaportant role 1n spena motility and in the process ot 

tertiliaation. A direct relationahip between calcium 

uptake and 1aOt1llty act1Yat1on bas been described. In 

preamee of ag•ta wbich alter ae11brane peraeabllity, 

'two intluxea ot calcim iona into aperastozoa were 
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r•••Ned, l'h• lnnus which ••<lu.•t•r c. 2 • 1.ona J.n 

•l teohOndrl• d1'1 not affect either th• r••plr·i:- tory or 

kln•t.1o •O t.lYltJ but the acc\8Ul. 1~ t1on ot ca2 • in the 

.. tr••ltoohondrlel r•11on reaulted 1o the ect1v6t1on 

of ., .... aot111ty. Llkewi••• lt w~• ob• ~rv~ d th.«:t 

1uin•• p11 1p..-..tozoe lncub~ted ln a a1n1a~ l lncub~ tion 

••dlum h•• two lnfiuxn or ca2• iona. the 1n1t1ri l 

upt•k• w•• apparently unrell\t~d to capac1t,.t1on but 

l• Alaocl•ted with aperaatozoel aurrece es reve~led 

bJ 4'ca upteke experlaents. The aecondery upt2ke 

of Ca2• w•• obaerved during incubation und er conctltiona 

that produce capncltation in vitro and the time 

cour•• or thi• paralleled that or acroa<>1ae reection. 

The •ecb&niaa ot celciim infiuxea into th• 

•P•l'll cell ia not y~ known. In the present study, 

we haYe detected the presence of ca2•-AT~aae and then 

have etudied it• intracellular distribution. Solle 

properties of Ca2•-ATPeeee present 1n sperm plasae 

••brane •• well ae in d••bra~ted spena cell ere 

also deacribed. 

-·-·-· 
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6£VlI£19' or LlrI·.;ft.ATURE 

(1) Oagurr1M1 ond lcpqnlizetion 

1'fo typee ot Ca2•-dependent AT~ase activities 

tuave thu• ter been described. A Ca2•-Mg2•-AT~ase 

aottvity hea been reported in intestinal smooth muscle 

(Qodtra1ned, Sturbo1a & Verbeke, 1976) es well as in 

myometr1wa (Akermon and wikatro•, 1979). Because of 

a very high 'basal' activity of ATPase dependent on 

Mi2+ prea•nt in different cells, the detEction and 

oharacteriaation of Ca2•-Mg2+-ATPase has been difficult 

(Caraten, 19691 Jania, Crankshaw and Daniel, 1977; 

Verity nnd Bevan, 1969). The second type of ATPase 

activity tound, depends upon ca2• 1n the absence of 

Mc2+. In tbia category again two types of activities 

have beml reported and characterised by either having 

a low aftln1t7 or high a.ttinity tor Ca2•. Ca2•-Atrese 

havina low -~tinlty tor c.2• baa been found in pl.asaa 

••braae ot skeletal auacle {MoN•era, Sulakhe end 

Oballe, 1971), ut•enaa •ooth auacle (Shaai and 

Radde, 1971) andllalcroao11ea ot vascular aaootb auscle 

(Ver1q. and Bnaa. 1969). Thoreaa (1979) firat 

d..cr1"94 a ea2•-ATPaae activity with bigb affinity 

ter c.2• ._ ••otb ••cle. Since th•. thia kind of 

Ca2•-NtPaae 1aaa lM• recepiaecl 1n tissue ot intestinal 

-- (llartia. llelaMea and Del.uca, 1969t, r•al 
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tu1'ul•• (l'•rk1n80ft and tu.dde, 1971), end rat l1v.r 

aitoobondria (Moore, 1971). In ot.her t1n11uea wh~r• 

C•Jt h•• 8 IP•Ciflc function, ~lao poaaeaa Ca2 •-ATY~ ae. 

Th••• are ••roopltt•lc rtt1c•Jlum (MacLennr-n, 1970), 

br,.in •nd nerve t1••ue (Berl 11 nd ruazkln, 1970; Naka• ~· ru, 

Ko•~ka1 and Kon1ah1, 1967). 

Ce2•.AT~aae baa been cbar~cteri•ed in the red blood 

oell (Jch.etm•M and Vincenz!, 1969; Cha, :.Al1n and 1..ee, 

1971), an11v"ry .iand (#ataon, Izutau ~nd Siegel, 1974), 

1111 pl,.•• •tt11brene (Ma At IL 1974), blood platelet 

... brane (Rooblee, Jhepro ~nd Belca&rich, 1973), r~t 

kidney cortex (Parkinaon and K.P.~e, 1971) end •icroaomal 

fraction of 8llOOth •uacle (wuytsck F.nd Caateela, 1900). 

(11)Trfptport tynctiop 

The tunction of th.is enzyae in the transport ot 

c.2• ia atud1ed relatlv~ly in few syatem.a and the two 

tissues widely lnveatigeted 8re a2rcoplasaic reticulua 

and the erythrocytea. a.-hi lllld Lipmenn (1962) 

bad ahown that Ca tr•Q8Port in aacroplaaaic reticul\a 

Yeaiclea ia tightly coupled to ATP bydrOlyala which is 

catalysed bJ e ae11brene bound ca2•-Mc2•-ATPeae. Since 

then conalderabl• laaigbt bQa been geined and the 

lntor11ation baa been rniwed bJ Kaeael.bech (1978). 

Tbe occurrence ot ca2•-atillulatecl Mg2•-ATPaae 

ea well aa the depmdence ot Ca tranaport on ATP have 
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been de1orlbed in ... bran• fractions trom various smooth 

•u•ol•• (C~r•ten, 19691 Fitzpatrick~ J!., 1972; Janis, 

Cr•nk1bew end D•niel, 1977), in erythrocyte ghosts 

(Sobatzmean, 1967), in mitochondria and microacomes of 

•u1ol• oell1 (Martonoa1, 1969; Ohniahi and h.oaah1, 1964). 

Seve1·el group1 of workers have proposed trensport of 

Ca linked to Ca2! atillulated ATPaae based on the evidence 

ot cytoplaamic Ca pool and strong concentration gradient 

at the pl• .. • m .. brsne (Lenger, 1968; Rasaussen,1970; 

Sonnenblick and Sta11, 1969). In mitochondrial system, 

Ca tr .. naport can occur at the expense or energy generated 

tbrousb electron transfer (Brierley, Murer end Green,1963) 

and la thus aeparate frOll the system involving hydrolysis 

ot ATP. But in aarcoplaamic reticulum, a separation of 

Ca trenaport ayat .. aiailar to the one in mitochondria 

ha• been achieved end it is conceivable that the 

ATPaae enzyae and the lon transport enzyme ere one and 

tbe aaae (Skou, 1965). 

A link betw .. n •embrane bound Ca2•-Mg2+-ATPaae 

and Ca pump localized in plaaae •eabrene has been 

indicated in huaan red blGOd cells (Schatmann and 

V1Dcend, 1969; Olaon and Cazort. 19,69; Lee and Shin, 1969) 

aa wll aa ln other ay•t•• (fllcNaara, Sulakhe and 

fllalla, 191'1). Tbe azyae la involved in the active 

aft"lux ot Ca acroaa the cell ••brene bJ providing the 

re~ •nero tor tb• •ca pump• through the hydrolyaia 
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ot AT~. In renal tubules, n common tr~nsport mechanism 

tor two dlvale;nt ione, ca2• end Mg2+ must operate. The 

two dlv"l•nt lona compete with one another for the 

•otiv•tlon ot ATPnee in kidney (Parkinson and Kadde,1971). 

(111) H11gt1on 11oben111 

The m~chAniem of Ca trensport h8 s been explained 

through the involvement or carrier which is phosphoryla­

t•d by ATP at the outer aurfece of microsomal membrP-ne 

re1ultin1 in the creation of a high a1f1nity binding 

aite tor Ca. The Ce bound phoaphorylated carrier 

then undergoes a conf ormatlonal change aoving across 

the •••bran• (Weber end Senad1, 1966). At the inner 

aurtaoe, the c~rrier is dephosphoryleted which now has 

low affinity for Ca and thus is released from the c arrier. 

Repetition of this cycle results in continuous Ca influx 

and ato1ch1a11etricslly related ATPaae activity. A 

co•pariaon of rate or ATP hydrolysis with that of : a 

accuaulatlon suggested the tr~naport or 2 moles of ~ 

for each 11e>le of ATP hydrolysed under optilll.la cond.ition• 

(Hasa•llaech and Maklnose. 1961. 1962, 1963; •eber. Herz 

and Rei••• 1966; Y•ed.a• Y•••oto and toD011ura• 1970). 

Altlloup •aller or larger coupling ratios bsve been 

reported but 'the •arlatlona UJ be as a conaequeace of 

•'na dUt••t aubstnt•• Inhibitors or il.f !erent 

hlperaturea (Sun and Huaellaech. 1976; JlartaDoa1 

Md Feretoa. 19a; ilaaaelbech a.ad •ek'""e• 1961). 
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In ••rcople .. 10 reticullm, the enzyae 1• 

phoapborylated by th• tranater or tenaindl pho•phu r. e 

ot ATP to an aapartate reaidue ot the enzyae protein 

Ji•ldlnc an aoid •table phosptuite bond (Ye• .. oto ~nd 

Tonoaura, 1968s Makinoae, 19691 Ineai J1 Al,., 1970). 

Phoapboenzyae (EP) ayntbeaia ia activated by Ca bound 

to the high affinity bindin& site located on the 

outer aurtace of veaicular •~•brRne (Ik .. oto, 1974, 1975) 

wbereaa dephoaphorylation ia activated by Mg2+ (Kanazava 

.!111•• 19711 Panet, Pick and Selinger, 1971). YHaada 

and Tonoaura (1972) have auggaated that the affinity 

tor ca2• of tbe ea2• b1nd1na site wea aarkedly reduced 

on phosphorylation of enzyme by ATP. 

(iv) Atfinitx of calcia.m tor the enzu• 

Baakin and Langdon (1981) have reported that in 

erythrocyte me1abrane the 1111g
2•-dependent ATPase activity 

is relatively constant while ca2•-Mg2 • -dependent AT!-'aae 

baa a coaplex dependence on Ca concentration. Two 

atatea, viz. low and high affinity at~tes exist and a 

ahitt from the low to high affinity stete waa observed 

to be dependent upon ca2+ and an acti vetor protein, 

calaodulin (Scharff and Foder, 1978). the consequence 

of thi• ahltt ia tbe atiaulation of ATPaae activity and 

enhanced Ca tranator11ation (Mcintyre and Green,1978; 

Hanahan, lkhola an4 Klldenbrandt 1973). On treatment 

of tbe red cell ••brane with low Aonlc strength butter 
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end rtYrA, ca2• •tillul•ted A'ft'••• acttvlty still 

1a1ool~t•d with the ... br~n• e1Chib1te1 k1n..t.1ca tor 

one blnd,ln1 11 te tor ca. 

Ik•oto (1974) recognizf!~ end puri!'led thr<:- e 

typea ot Ca blMing alt•• whlcb were d'"a1gn~ted ~• 

c; J s I y . Binding of c.2• at cl. -•lt• (J Ct1veted 

ATP hydrolyala wbile binding et y -site inhibited it. 

$ -•it• 8ppeared not to be involved 1n enzyae 

regulation. It ia repor?:.ed th.et ea2• -de?endent 

ATPaae ot aarcopla•ic reticulm cont"ina one specific 

high att1n1 ty ai te tor ATi>, two specific ~nd about 

ten unepecific blgb affinity Ca binding s1tea 

(Meiaaner, 1973; Meieaner, Conner and ne1acher, 1973). 

(y) I19l1ti09 8114 Pyr1f1cation 

The presence of ATPeee ectiYi ty other th2D the 

• • Na -K -lTPue 1n erythrocyte vaa atlown by tbe evidence 

that ATPaae activity was only partiall.y inbibited by 

ouabain. Further evidence indic~ ted that thia ea2•­

Ma2•-AtPaae activity waa inYolved in the transport ot 

Ca troa inaide of the erythrocyte to the aurrouncllng 

aedJ.um (Scbatmann and Vincmzt. 1969; -•e.lner and l.ee, 

1972; Olaon and Cuort. 1969; Lee and Sbln, 1969). 

Iiakao A Al•• (1963) laolated ho ATPaaea trc. eJ"7thl'0-

crte ••braau. !be ouabaia 1naenalt1Ye A?rase was 

aot!Yatecl bJ c.2• (5 z 10-4a.) aa well as rtg2• (5 x 10-3-.) 

1nd.1Y1dv•llr and 1D the preaenc~ ot both ions• tbe eftZJ9• 
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1eti¥&'1 inor••••d additively, Another ATP••• activity 

h•vin1 100 tl••• lower #Pectflc •ctlvlty or ca2•-Mc2•-~ TPaae 

in •f'Jthrooyte ... br•n•• (Weldeke .. ftftd Brdlczk~,1975) 

wa1 fe\1114 in 1peotrin--ectln fr~ct1on (Roaenthal, Kregenow 

in• Me••••• 1970s Clark• ~nd Orittlth, 1972). In the 

pr••en•• of beth ca2• •nd M,2• the tote.l enzyme P-ctivity 

wa1 lelA th•n ttMlt found individually with ca2• end 
... -2+ • ...- The '• wee detenalned to be 40 uM et pH 7 .o 
(Welt, 1970). Another Ca2•-A?Peae activity differing 

in ktnetio propertie• was alao detected in the membrane 

pr.,aration. Thl1 enzya• h8d pH opti•im of e.o et 

aub1trete oonoentretlona ranging between o.Ol+ - o.1mM. 

A Ca2•.ATPaae purified fl'Oll pig erythrocyte was observed 

to be unat•ble without ca2• and an ectivator protein but 

waa ataia111aed bJ Tween 20 (10 q/al), Triton K-100 

and phoepholipida. The veaiclea on reconstitution 

o&telyaed e rapid ATP-dependent uptake ot Ca (Haaker 

and Racker, 19191). Hi&h end low affinity ca2•-Mg2•-ATPase 

oecurring tog~ther in erythrocyte •eabrene preperetions 

were reported by Quiet and Routogalia (1975) but other 

atudlea (Wolf, 19721 Scbataann, 1973) could demonstrate 

tbe existeno• of high att1n1 tJ ATPaae only. 

Sareepl-1• retioul.m lleY• b•en obserYed to contain 

a Ca2•-atillulated A~Paee (llaaaelbacb and Maklnoae,1962; 

l•amo'9 aml !oaoliura, 19611 Ineal .11 U,., 19101 

Dalllll and Llpmana, 1962). Tbia ect1Y1ty waa characteriaed 

1-F aM111•te~1• and eleotroplloru1a in a aecllm 
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oontdniftl Triton X-100 by Mofarl,,nd •nd lnH1 (11701. 

C• p\m'P protein from ••rcopla .. ic reticul\a w~• ~ lao 

purified by ' dltterent aetboda (Me1aaner, (.Amner " nd 

nel•ober, 197') were obaW"Yed to ft.CCOUnt tor 2/)rd ot 

th• totel aaoropla .. 1c reticulum protein ~1 were 

re•pon•lble tor Ca trenaport (Inea1, 1972; Kartonoa1, 

1972). Saroop1 ... 1c ret1culU11 Yeaiclea isolated tram 

rabbit akeletel auscle catelJZed an AT~aae activity 

whiob required both ca2• end Mfl• (Haaeel~ch, 1964; 

~eber, 19661 Ebeahi end Uldo, 1968). ca2•-Mc2•-At~aae 

ha• been partially purified tro11 e •icroaomal traction 

of .. ooth llU8Cle ot the pig atollocb (~ntna) (•uytack, 

Schutter and Caateele, 1981). 

In inte•tinal bruah borders or chicken and rat, 

ea2•-depeadent ATPue act1Y1ty wea observed to be 

dependent upon vitealn D (Melancon 8Dd Deluce, 1970; 

Martin, Melaneon and Deluca, 1969). Adminiatretion of 

vita•in O to vitamin deficient anillala • a rkedlJ increased 

ea2•-ATPue ect1Yity. 

Evidence la also fortbco.ing tor the occurrence 

of ca2•-ctependent ATPue ect1Yity 1D reproducUYe tissues. 

Shaai and Radde (1971) lsoleted ArPaae from ••brnnea 

ot guinea Pia plac•t• which waa preterent18llJ actiYated 

b7 ea2+ lou. Abla, llroueb and Durr (1974) reported ea2•-

Mg2•-AtPaae acUY1.t7 in hman sp_..atozoa. The enzpe 

< k':~ 1t. 1 ?:.~ concatrau-, aeparatel.7 or men preaent together. 
~ • WVlfi lltl. :ti 1; 

:'(" 1. 

~ * ~~:ij 
":.-4!.=~· .~~ 

::: - -~ ~r • 0 
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Maxla\111 aotlvlt1 waa exhibited at 1mJll ca2• and 6 IBM 

"II• oonoentratlona. 

Kat nnd oat br•in ia reported to contain P. Mg2+ 

or ea1•-eot1vated ATPaae which was observed to be 

euabain tnaenaltlv• but waa inhibited by aulthydryl 

1fth1b1tora, ••r•alJl and P-Cbloromercuribenzo~te. A 

part ot tb1a activity wes attributed to the presence 

ot • oontraotlle protein aillilar to actoayosin. 

lt la observed that ea2•-ATPaae activity of smooth 

•uaol• .,oaln ia aarked.ly lower when COlli)ared to that 

or atr1eted •uacle. Tbls baa been reported for myoain 

1aolated from chicken gizzard (Barany § !!·• 1966). 

uterua (Nffdb• and Willieas. 1963) end Erteries 

(Oaapar-God1'roid• 196'l). Purified •JOsin 1.1.ke protein 

l•lated from the alime mold has approxiactel7 3-tiaea 

tale acUvltJ or rabbit striated 11U&Cl.e ayoa.1.D (~el•m 

and ~lor. 1969). 

A low .olecular weight. ea2 • -specif1.c ilraae 

cllaUDQt ~ dpae1n -• ..,,,.. to be ;>resent in 

a.i.., ..... n ... 11.. lllatoclMa.lcal l.ocal1z.at1oll 

laaw. abol.a till.a m&JllP ectiri~ to be aea:r tb.e ceatrtl 

alero~al- ... tile outer., ....... ca2•-t.r?w 

- ~bl• i.r •*•at 0ec n Ca cwr•trcttaa of 

1 tl9 J t•z• tlle A7:P C 1: tr.ti-. ... I ' I-It.et t:ll1a 

.Un~ *• cc.a~ dill ea2
• 1w1. Ae acUrity 



-1, -
aotia + Mc2• OI' K • • &vt A. The ~ tor At~ waa 

It x 10-4M•t Ca• ATk' r111tio ot 2. It v•• report-4 

by Watanabe •nd n.vin (197') thet thia 1;a2•-Att'P.ae 

doea not r•••ble Ca trenaport enzyJtelJ reported from 

otner oell•/ti••ue•• 

(vi) Prop!Etltf of ea2 •-ATPyt 

(a) lfatyrt 

The Ca-transport AT.Pue ia a nigbly aa,.a.tric 

int1grnl protein or the ••brane. '=-1ectron •icroacopic 

picture• of freeze-frl!ctured ••brenea sugg~ at the 

presenct1 of protein pcrticlea with 8 diameter of 90A0 

that ere •ainly attached to the cytopla•ic leafiet of 

the ... br~n•• (J11ka, Martonos1 6 T1112ck, 1975; 

Packer et al., 1974 and Malen sl, Al.• ~1975). ~pparently 

the isolation procedure don not giYe rise to randoalaed 

inversion ot the ••brenea. The eppearence o! spindle 

shaped particles in electron llicroacope ~rter lipid 

removed tram ••branes aolub111zed with deoxycbolate 

eupporta the aaamptlon the.t the molecule is asymmetric 

(Hardwick• alld Green, 1974). Tb• aolecular weight of 

the traaaport un1 t bas bem estiaa ted by gel electro­

pboreala of tb9 isolated protei.n to be approx. 1001 000 

(Maorarl•d ... Ineai, 19711 Meiaaner and Fleischer, 

1971 and Lou1a aDd Sheeter, 1972) while claaaical 

•etboda 11.i. alpitlcant blgber Yaluea of approx • 

. ... 
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11,,000•1JO,OOO (M..,..llt#Ob, 19721 ..__. .. 1,.., ,,_11..,. ~ 
1•nlord, 1'176 .,,... ~ir• A .u.,, 197i) . 'J'b,.. notwn 

tha-t prot•tn •1(ht frM oliCOll•• .,-1tl'.1n ~ •- ·sbr-: n~• 

prH.,.•ltlf t.tr•._.,.1e Wtit" , 1• of eo:-~1 -~ (' r :, bl~ ir• t..-r~t 

bUt Wttl.1 now le •U.:·tlOrt.S bJ r :i. tMr 1r•'!1reet wi:lAmee 

(M•1•n 11 J1-, 197'• "-rtono•1 J:l .M,, 1m J. 

(b) Oetieyl pH 

Th• pH optta. or :.2• -"'• -4T'¥'~se w;;• reported 

to be b~· tween 7 .o - 7 .2 ln red cell aa~ne ~repe.re~1oiu 

(Joh•t•ri nn • nd ao •• 1, 1971; Jcbatunn, 1975), 7.6 in 

•keletal. muKl• (Mca .... ,..,., Jul~khe >..od ttwll.a, 1971), 

9.0 in br1tJ.n •icroM011•• (•k••ru. '°•aka1 ::nd M>nlail.1, 

1967) "nd 117ofibr1ller tlasue (&alley, 1942). ?he pn 

opti8um for -.ct1vat1on of A'Ti-ue by ea2• llu bet•een 

e.2 and 8.51 et lower ~nd higher pH •~lue• (7.1 ~nd 9.5) 

only '°" of .. xt-.. actirity w~• noticed (Shaai ~.nd 

Radde, 19'11). A pH optimua ot 1.1 WU reported by 

Melancon end Deluca (1970) for ea2• -ATl'u@ !nund in 

intestinal brub bord.-. 

Cc) Subftnte ftec1f1c1tx 

Beaidn ATP, other aubatratea bydrolJ•ed WPre 

ITP, GTP, CTP, trrP, acetyl phosphate, carbamyl pboapbate 

and pllPP (in order of decreaalng ettectiweneaa). 

HJdrolyala rat• obserYed ranged trc. ~ to leas then 

1°" of the rete .-.ported for UP bydrolyau (Friedmen 

and Mutnoae, 1970; Iaeal, 1971; Jllektnoae and !be, 19651 

Puoell and llartcmoa1. 1971). 
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(d) c.2 • concentration 

Ca2 • concentretion required to activote c.2•-Mc2•­
ATPase actlvi ty di!fer with d1!terent ae11br:~ne prepBrat1ona. 

For red cell membrane Ca2• concentration r P-nged between 

300-500 .taH ( Dwlhem and Glynn, 1961 ) , 500-700 AIM 

(Schetzmann end Rossi, 1971) 2nd to aa low as 10-25AlM 

(Schetzmenn, 1973; Wolf, 1970, 1972). An optimum 

concentration of 3-5 llM ca2+ in presence of 5aM ATP 

(Shem! end RBdde, 1971) and 6 mM (Rosenthal, Kregenow 

and Moses, 1970) have also been reported. 

(e) Mg2+ concentration 

The requir•ent of Mg2+ for ca2• -ATPaaea isol2ted 

from different sources difter depending upon tne 

source. In the erythrOcytes, the ATPaae act1Yit.J 1.a 

activated by ca2• but inhibited by ~· (..;icbatzaa:m 

and Vincenz!, 1969; Rosenthal, Kregenov and l'.oses. 1~c, , . 

The role of Mg2+ 1n relation to ea2•-ATPaae actirlty 

is not understood but differs from 1ta role 1n 11a•­

K+-ATPase where Mc2+ waa found to be essential ror 

activation (Skou, 1965). In the kidney end illt.esttnal 

mucosa, 14g2• atiaulatea tbe ilPaae more than ea2+ but 

either ion could replace the other. A stattar •e-t.<l 

requir•ent baa been reported for brain A?Paae Wl.idl 

ia atillulatecl 9e1uell1 well by ea2• as veil .. ,.2• 

(Berl and Pµaakln, 1910; Nals.-.ru_ i.oaakai a.ad I.oat set. 

1917). Rc2+ la required for tbe actinU.Oll ~ Nd cell 

L. ' 
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••brane A.TPase by ca2• was 1nd1cBted by Dunbe11 Pnd 

Glynn ( 1961) aa well aa 'rlina and Schofteniela ( 1966 a). 

But Tborena (1979) observed that Mg2+ inhibited the 

aaxilaally actinte<l Ca2 + -ATPaae vh.icb was interpreted 

to tbe presence of e single enzyme. Though tbe ionic 

requir•ent beve been defined 1n the case or red 

cell •eabrene enzyme by Wins and Schoffeniela (1966 a), 

yet it is still not certein whether one or aore ca2•­

aens1UYe ATPaaea are present. 

That the ca2• can replece Mg2+ in ect1Y8ting 

tbe ous'bein insensitive component tat ATPase has been 

shown in e number of studies (Bllaelot nnd Boa,1962; 

Taylor, 1962). Moreland and Ford (1981) obtained 

maximum activity at 5 aM 14g2+ concentration which was 

inhibited at lover end higher concentrations. Chiesi 

and lneai (1980) haYe reported that Ca2•-aenaitive 

ATPaae ia highly aenaitive to 14g2+ or Nn2+, which 

produces a aerked atiaulation but high conct!l\tretions 

were observed to be inhibitory especially in the 
2+ presence of low concentration of Ca • However, this 

2+ inhibition waa partially prevented by Ca auggeating 

a c011Petlt1en between two aetal iona tor high affinity 

bindlq eit• on the ATPaa• aolecule (In•al, Good8an 

and Wataaab•, 196?). 
ftlough it ia generally qr•ed upon that Mc2+ 1a 

r .. u.lrecl ter tb• 4Qboapaorylat1on reaction 1n 
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aaroopla•lc reticulum (Inesi ti.!l!.·• 1970; 

Martonoai, 1969; Panet, Pick snd Selinger, 1971& 

Kanaaava ~11·• 1971; Makinose, 1969; Me.iaaner, 1973 ) 

but 1 t ia recently shown by Garrahan, Hege, end 

Alonao (1976) that Mg2+ •ey increase the r cte of 

pboaphorylation. But this aetter still r .. aina to 

b• a point of discussion. 

(t) Jtttect of other ions 

JlcM•ara. Sulekhe end Dball~ (1971) obs4rrYed 

no algnlflcent difference 1n ATP hyd.rolyai• in the 

l!lbaence and presence of 100 DK aa •, or 100 a'- ~ • . 

a.it Scaet•ann and ilouJ. ( 1971) reported 1:Ju. t 

add.ltlan of &Cl rEdDced tbe ne:-al.l aetiritJ of 

d'Paae .tleg.1.ned .,, ea2•. Ia *-1.etal wl.e, 

•• _. &+ ata'G gl~ •••Mt.ell u.. tn.u!er •f ~l 

Jklll'bau d Arr te 

la tile '#'• m re ·~ ea2
•. r.ae 4-cr• et 

&we ( n r ••• i9J2). • ....... ~ •f 

ldci••--.&.1 WC IS' • le AD-w 8etirit7 or lia eod 

• K - r~rased - _.,,. ( 1"7) ill pr•erce 

... Y•• d ("96f) .9Mre ~ .~ r:.2•. - .. - .. 

...... 
W J.a'S e t • I 

a , a gr ts•••• r rt a••• 

Inc tz•r 
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2,"-4.lnitropbmol, 80d1"9 azide, olicaaJCln, sodim 

fiuoride and E:JfA (Ncll...-ra, SUlekhe l\nd ~~lle, 1~1), 

•thacrJnlc ecid ( Ylncenz.1, 1968), ••rse.lJl ( .:icbeU.111.nn 

and Yincend., 1969; 1'1ns end ~tfmiels, 1966 a) 

and PCMB (Nakaaaru, Koaak11i ~nd i\onishi, 1967) hr•• 
bffft reportMl. Cttffeine snd ouebain ver. obsened 

to haYe no effect (ScbatmMm end Vincenz.!, 1969). 

Ot the actintors, a soluble protein prt>s-."lt 

in baolyaate of h\aan blood which activP.tMl ea2•_ 

ttg2•-ATPase waa reported by Bond ~nd Clough (1973). 

This bes been pw-ified by Lutbre, HildenbrP.ndt end 

Hanah81l ( 1976). 

(h) Stab111ty of th1 !l!JYll! 

ea2•-atimulated A?Pas! waa ateble without loss 

in enzyae act1Yity for 2 •onths on keeping it at ~0c. 

But freezing destroyed the enz19e activity 110r• 

rapidly (Sbaai and Radde, 1971). l.9Maire, ""1.ler 

aad Tanford (1976) bave reported that ca2•-A.ti-'aae 

of aarcoplaaaJ.c reticulum can exiat 1n true solution 

in tbe preaeace of nOA-ionic detergent• for several 

daya without loaa in eD&Ja• aotiv1tJ. 

(1) Lipid nguirwlftt tf th! Ca2•-AtPaae 

ca2•-ATPaae from aarcoplaaaic retic\.llua la a 

cluaic exa111>le ot an 1ntr1na1c ••brAAe protein that 

la 191lerallJ believed to require phoaphol1p1d tor 

mz111• tuacUon (llartonoa1, 1912). Hydrolya1a of 



·, . -~ -""·~ - ' .• 

- 19 -

a .. brane lecithin with pboapholipaae C r naulta 1n 

the losa ot ATPaee and Ca pump ecttvity and th• two 

activities ere restored by the eddition ot •on1unt•4 

phoaphol.ipida (Martonoai, Donley and Kalp1n, 1(jWi). 

Extraction of aacroplasaic reticulum w1 th d•oxyfJtWL tJ t.• 

also leads to the inactivation ot ca2 •-•·r1·,,a• ~t..!vtt .. y 

(Martonoai, 1968) and cannot be 6Ctiv~ t1:<1 1! 11.,loa 

are separated (Hardwicke and 'ir•en, 1974). 

lnovlea•, E.f'tan and Recker ( 1976) bi:Y- d•~r1..,_-1 

~· a procedure tor tbe re¥era1ble 4el1p1dMt1""'" 91 ,,.., · • 

ArPase to a lnel of 5 •lea of pbos1-1b011."'1o/MJ!• 

or polypeptJ.de. Add.ltioll or lipid to hl1ykt·t1" 

preparatiall restored th~ ectiYitJ t.e ~ •! !W 

arlgbal Tal.u@. nm.. a ~-•t !w ~tut 

deoll .. ia Ute r11:ct1Y.U.. .t Al.%.r•• •t1 .. 1t.J , .. 

t treteL ~ .. Ma·•«"1k•E* (1Y?2) a.• .1~·~ 

tact :.Z•-13Pw d •• Clfle..tc retM:W.ua ~t.L 
, ·1n_. 11.Jr14 e91 ..... ~ u _,.., ..-.1tu• w 0(..11..l. ., ... ~~ 

, 
IU ·Mlt crtJ.w ~ ~ ,~· .. 

------
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Adenoaiae 5'-tripboap.bate (Aft-), bovine. sen.a 

•lbmin (BSA), Etbyleneglycol-bis ( ~-Mino ethyl 

ether) N, 1'-t.traacetic (m'rA), Tris {tri-bydroxy­

metbyl •'no •ethane) w~e the products of Sipe 

Cb•ical Co., St.Louis, U.S.A. Triton A-100 was 

purcb1•aed tl'08 BUH, mgland. Other chemicals used 

were ot analytical grade. 

METHODS 

1. Collection of $e•en 

Sellen wee collected from bulls using an artificial 

vngina (Walton, 1945). Only those ejacul"tes showing 

high 1n1t181 wave motion with ~ score of 2.5 to 5 

(O, no motility; 5, the best motility) were used after 

pooling. Sperm counts were made in duplicates with 

a beemocytoaeter. 

2. ·11aah1ng ot Semen 

S•en was diluted with one volt.me or 0.25 M sucrose 

solution and centrifuged at 700 g tor 10 min. The 

sperm cells were then weahed twice with sucrose solution 

at 400 g tor 3 •in. The tJ.ae and speed of centrifugation 

wer• adjusted to get a loose sperm pellet so that it 

could be reauapended eaaily on gently sh8king the tubes. 

All waabing procedures were carried out at rooa t•pernture. 
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3. Subcllly].ar Practloni!tion 

The qenas were washed three ti.ea in 0.25 M 

aucroae ea deacribed above. ?be w~ahed sperm pellet 

waa suspended 1n it. gradually cooled to 1t0 c r.nd then 

•ubjected to ultr9ao~c vibrations at 50 watts for one 

minute (30 seconds at a time) in a Br~nson Jc>nirier 

Model s12• The heda, m1dpieces 2nd tnils were separated 

by differential centritugetion at 4°c according to the 

••thod of Mobri, Mobri and Ernster (1965). The purity 

ot isolated fractions were determined by examin~ tion 

with a phase contrast microscope. 

4. Triton X-100 treatment 

Washed sper•atozoa and sperm orgenelles (heada9 

•id pieces and tails) were treated with 0.1~ triton 

L.100 tor 15 ainutes at 3.,0c (wooding, 1973). Ih1• 

treet•ent solubilizea the pl-e ••br: ne &nd the 

pal.let obtained after centrifugation ls reaidu~l aper­

aatozoa/ sp_.. organelle. 

5. Iaolatioa of Pl!Me M!!brapt 

The pellet of waahed aperaatozoa wu au.pended 1n 

the bJpotonic llutfer (50 1111 tria, pH 7.5) and the apen 

conceatraUcm wu ed,Juated tro11 1 x 105 to 1 x 10
6 

..,_...tozee/lll.. TU tube conteJ.ning '° to leO ml of 

., ... .,....,_i.a vea placed in • Maker c.nt.,.1.n1nc 

•t.r _. vu ta. pl.eed 1a • cold rocm (4t to 5°c) 



Der •h•d tv th• vcpu1t.iop ot pk•• •~ -- ll 'r _ 

s ... · I Waabed wi tb 0.2SM 
..------------. aucroae, •••text. I 

I 
W11htd tluld Spermatozoa 

"-ll•\ 
l~•P•nded ln 'o •M 
\rla-Hol, aentrltuge 
•' JOOO r•P••• for 
10 •ln, ... text. 

P9ll•\ 

' 

~~ .. t - ftt . 

Suapended in 50mM tr1s·Hc~1 
inoubate tor 30 min at 10 c, 
centritu1e nt 3000 r.p.m. tor 10 min. 

I 
~ernetent (s1) 

Supernet~nt (s2 ) 

I Pool aupernatants S and S • 
centrituce nt 35,oOd r.p.a~ tor 1 hr. 

~ellet (Crude pl ~saa aembrane) 
! SU&p f':nd~ in 0.25 M sucrose, 2pplied on a I ~1acont1nuous sucrose density gr~ ~ 1ent, se~ text. 

(:•lu~\• t-~~t lo~) Purlfl~ pl ~•• ••brr- nt. 
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In a ,..,u. of "1 •J.a w oM.•J.A ta.. t.per~• of 

.,... ..,.,.,.'- .,. ••c. 
Th• ....,. ... .._ ••• o.nt.ntucect wt 4•c at. ,, X)() r ·•·•· 

,.,. 10 •ill• TIM ... ~- ( a1J v•• rmcw.ct _., t.M 

,.11.t ., .. wUbed wit.la uw ••• yoi...e ot t.ri• Mel 

INll• •••I the orieJ.Ml -..p.,..JoQ Md ~dt 

(12 >w•• o~J,,... 1'be t.w 9Ul>el'Dd....U (a1 Md :.2 , Ylflr• 

th• pooled ..,.. •4'ntrttuced .ta • -....~ '"'°"•1 ..,, 

C...-t.r11.,.. et »,OOO r.,,.. tor 1 •· JM. ~uri. 

., ... 4J...-... -4 u.. p;tllet ............... in • -.=:.11 

••1'rtriw•. Jt wu U... ,...tfled in a 4Ucorrt1nuoua 

......... i.-1 t.y Vadiast. 

• '11" 

• cl.lwntJ•r• 9ICI ... g:radi~ la::. v-1.oc 4--1 ties 

Of 1.4'1. 1•"'• 1.2'!', 1e1"' .afS 'J.2'fl Vd prep~7ed; 

tu wc..1 w1- M'iac 5 .i.. ·nae CJ"Ui• pu- ••br~ 

pr..,,.rnu. (,_.. .. ~) la 0.25111 sueros~ ~• 

~..,.. - CO. .: u.. ~- 'Ille e.*n ~" .-a 
111 • _..,,. '• fld ~ (3'11 ,.,.1) d '°•000 r.p.a. 

lie I at tile ~ ~ 1.at mad 1.15K wrose • 
• 

7. 1sma••1 
,,.,... •• a 

..U..tt & U.. rel 181 ~ I • 'c JD Jh - ~ ArP. 

n. 111 • cf•• ue t •·• I )11111 AD'9 '8 n trla 81' 
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Fig.1 Stand 1 rd curv@ for the .. tillatien 
of phosphonis by th• method ot 
ch•n, roribare and Hub&r (1956). 



~·~------_..,-------------------------------w 

0 
at 

""· 
tr' 
I:""- --• -0 e 

c -
"' ::> 

"' • ... 0 x 
Q. 

"' ~ 
0 c~ 
n 

"" -
---------------- ""'----_.....__ ____ _... ___ 0 .-

0 • ... 0 
~ -

SONIOYllf J. J.J1)1 



CHAPTER IV 

• • • • .. 
• • 
* • • 
• • • 
* • 
• • 
• .. .. 
• 
• 
• .. 
• 
* • 
• 
• • • 
• 
• • • 
• .. 
• 
• • 
• 

ilBSULTS 



1. 

RESULTS 

Intracellular distribution of Ca2•-ATPase in 
bUi1 sperm 

The results in tabl.e I show that ca2•-ATPase 

is distributed in the beod, •idpiece and tail fr?.ctions 

of bull sper11atozoa. The recovery of total enzyme 

activity wes 90~ and protein 92~ reletive to the intact 

spel'"ll. An increase of 3.6" in enzyme activity was 

observed on sonicetion of sperm suspension. The bead 

traction had 16.5",•idpiecea 20·°"• tails 2.0~ and 

51.5~ ca2•-ATPase activity vaa aolubilized. The c<>11bined 

activity of midpieee + tail tractions was 22% ot the 

total activity present in the aonicsted suspension. 

2. 3olub1l1zatiog of ca2•-ATPaae fro• aptf! organelles 

Head,llid piece and tail trections were treated 

separetely with Triton 1-100 to r•ove the plasma 

me11brene. All the enzy11e activity present in head was 

aolubillzed and the head pellet abowed no activity. 

No •idplece traction. about 56• ot the tote1 activity 

wae aolubllized on lrlton ~100 treetllent while It~ 

ne vi th the pellet. Th• total recovery or enzyme 

activity wae 98.4"9 In tall traction. 66.~ ea2•-ATPaae 

aot1Y1tT waa recoYtted in soluble for11 and 53" bound 

witll the pellet with a total recoYery of 119" (Teble II). 



l'ractlon 

Sper11 
auapenaion 

Sonic ate 

Head 

Mid piece 

Tail 

Supematant 

Table I. D1atr1)!Ution of Ca2• ... ATPye in )N].l 1pemetezo9. 

Protein 
(q) 

24.60 

24.60 

12.04 

1.33 

2.31 

0.97 

Total 
Activity 

19.07 

19.76 

3.16 

3.a2 

0.'8 

9.s2 

Specific 
Activity 

0.11 

o.eo 
0.26 

0.52 

0.16 

10.14 

Activity relatiYe 
to intact apez'll 

100 

103.6 

11.5 

20.0 

2.0 

51.5 

&izyme activity is expressed in terms of units whereas a unit 
ot enzyme ac~ivity is the.Al.moles of phosphorus liberated in 
30 min at 37 c. 

' 
:4 

.~··· 



Tallie u. t!Jt!1!ff!p.Jf fri•i!H:9 0- 1131 ••• 

'"''''"' Aatl.vitr Specific 
AotiyJ.ty 

" DistrilMU.• 

" .... 0.11 0.21 100.0 

(&) "11•' o.oo o.oo o.o 
(&&) ........ ,.", o,,, 0.2, 16.4 

M&• .-lHt 2.66 1.3? 100.0 

(l) 

(ll) 

t.&\1 

\l) 

tl') 

'9llt\ 1. ,,. 0.51 42.8 ..... ,.", , .•. 1.84 55.6 

1.,, 2.11 100.0 

~,., 1.JO 1.87 52.8 

...... 'M, .. , '·" o.76 66.2 

--..-. .. ~,\•\t1 '' • ....,...~, 1• te.:.s ..t \lft.it.s ......,..._.. a -.i~ or 
~ *~''"''- ,. \~· \l ~lH .C ~ 11Mra~e-i ia ~ a1Jl ., 't~, 
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These results .ould show that Ca2+-ATPese is not 

exclusively localized 1n sperm plasma aembrene. 

'· 
2+ Ca -ATPese activity in bull sper11 pl~Slle membrane 

Bull apena plasma membrane was prepared by 

subjecting the washed spermatozoa to hypotonic shock 

in 50 raM tris-Hcl buffer, pH 7.1+ at refrigerated 

temperature. The crude pla•2 membr~e was centrifuged 

and further purified on sucrose density gradient. The 

distribution of ca2•-At?ase activity showed 61.9" 

recovery of total enzyme activity on bJPOtonic treatment 

with 1+1.3• in residual spena end 19.7~ in soluble 

traction. The data during the preparation of pl­

••brane la given in Table III. 

PlaS112 ••brane troll washed bull spermatozoa 

was also removed by treatment with I riton A-100. This 

aetbod ga•• a recover, of 110" with 65• actiYitJ in the 

reaidual spenut.ozoa end 45" in the soluble traction. 

... 2ifC., o.f ea2• -A!Pue in pur:l.fled 212- -!!£i!!e 
_ __!dual sp.,.. 
(1) Ktf!Ct of egzpe concentration 

The dfect of Yarying tbe mzyae concmtntioa 

o•er a 7 ~d rmge ~or purl.fitd pl.a ... ambreae mad 

10 told tor d•---ted spermatozoa la 8bOw1 la 

rip. II .- Ill. !be ra1ctl.ell retea were obs_..ed to 

1le 11•-.r la llotla CM•; ~to 6 ~old proteia coneeat.ra-

ti• hr ,...uled ·1 ·-· ........... aad , tolAI protela 

e•cmtraU• f'w «rarhr -&.I ... .to-. 
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I 

JI 

T•~• Ill. ~~ ~ 

Preat1on ii::r 

Whole •Perm •u•pen•1on 10.12 

D .... br•n•t•d •P• .. 1.1, 

lupernatent 2 ..... 

Crude plaua ••brene 0.19 

Purified pl•••• mentbrAne 0.14 

Whole •P•,. 1u•pen1lon 10.12 

ee. .. bran•t•d 1perm 1.13 

lupern•t•nt ,,,, 

AotiYitJ 

16.22 

6.71 

2.06 

1.11t 

0.1, 

16.22 

10.57 

1.1+2 

8pec1t1o 
Ad1YitJ' 

1.60 

o.e2 
o.14 
5.81 

5.02 

1.60 

1.48 

2.,, 

ln•Y•• •Ottv1ty 1• •xPr••••d in term• of unita vher••• a unit o& enzyme 
eottvlty l• the .U •ol•• or phoaphoru• ltber~t•d in .30 min et '7 c. 

~r-

100.0 

41.J 

12.1 

1.0 
I+., 

100.0 

6,.1 

45.7 



?~.2 ~feet of enzy••• oonj!ntr•\l"" 
oa the act1v1 ty ot C• .Aft'••• 
in pla•a ••brane. 
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(tt) Vbs\ " ••rt U. mie4 

~ f'llt• •f '-~* .r '4t-.: ~ ,._., n.a 
p.le-. •-~~la~· ~·o•< .t" ~~· l-.-.. 
ll ...... '-"'°ala '91.at .-~...a u. .. ntt- \~ .. n : .. 
~·-- ~ ,.., •• , ~~ •( lt''f - .............. _ 

a."4 ap..,. la IW'M~• •t ~·· 1.-. ~• ll~r r.­
'° al• <rte. •> -4 l...tl_. .n an~~ .. 

(111) '""' " Pl 
""' optl-. or ~1• ~n·-... •f pw-lnH i. . ... 

••bN•• •• -.ll ... O.( .... ~,~ ......... J•t~ ~ 

tHttween pK '"' \o ,o .. o •l"C ~ -.rrw. fl"la-'1.-t• 

(pH '·' • ?.O), trla Hill (pH ? .. , • 9,0) ~_. ~\.J't.l~ 

NaOH (pH 9.,, • 10). ft\• pK ot tM Ml\l\l._. ~ 

ch.eked b•tor. .-nd .-ft•r t"- ~tlc "~7 ""' 

cona\MlOJ of pH nl"'"• ~ .. .-.rl~ ~ ~ 

optl••l ptt1 pH opU•• or •·' (flc .. tl) ~ ,w'ln..t 

pl•- ••b.-..n• •nd 9.0 ror ·--~-'- ..... ~ 
(r11. Yll) waa obtained. rw p\ar1fl4"l p.l.- ... _.. .. ._ 

no aotlYltJ .ea oba.-..d at pK '·' wftll• a\ ,... ~.o. 

,.,..,.. of •ax.lam uaU•1\J w.1 noUo.ct. la \t\• •••• 

ot d••br111nated 1penatoaoa1 • broff p.-k •f .. \l•l'1 

waa obtained be\WHft pH '·' • ?.O l" •~l\lea \'e tlMt 

abarp peak 1\ pK 9.0. 

(1•) V'M' A' •wtn'' -·"'"• 
ca2•.ATPaae ot p\ll'lflt4 pla.- ••breM .. 

well •• et d••VM•\94 .,_.. •" "'le-1 ~al• 
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Fig.6 gffect o! pH on the 
activity of ca2•-ATPase 
in plasma membrane. 
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fJ~.7 Gtt~ct of pH oo the 
activity or Ca2•-ATPaae 
in r•aictual aperma. 
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Ut>ubl• rec1procul plot ot 
Ca2•-AT1)•a~ activity in 
plaamu m~mbr~ne as a !unction 
of ATJ> concentriition. 
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Fig.9 ~uble reciproc~l plot of 
~a2•-AT~ ase activity in 
residu~l sperms as a ~unction 
of ATP concentr~tion. 
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kla•tlca (Flga. YIII 9n4 I.l). Tbe reaction r ste was 

of ti.rat Ord_. upto 1 1111 aubstr~ ~ conceatr.-. t1oA 

both tor pla ... ••br8Gf!' es wel.1 u 4••1ranP'ted 

apena ea2•-ATP ... . 

Tbe la TN.uea of c.2+ -~tP .. .- __.. C'-llculated 

bJ ualng tbe d!tta tro. F1p. Ylll and IX end r.prnm­

tlng lt l!'""pbiCa\lly eccol"4ing to tbe •et»d ot Double 

Reolprocal Plot. The d1uoc1at1GD ot t.be m z,.e 

substrate eo11plex (la) tor purified pl•- ..-br•.JN 

vaa 0.8'9M and tbat for d••~t«Pd spera o.~ 

!be 'fllaz for tbe pur1f 1e4 pl•... a.-brane ttD4 4__..._ 

!lated ap... waa 9.t.5 • •l• of Pl/~ allV-c prot.elD 

and 0.87 u •lea ot P1/~ ala/1111 protela. 

-.--.~.~. 
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DISCUSSION 

In two spera functions viz., motility ~nd 

fertilizing ability, evidence is available about the 

inYOlveaent of calcium. A direct rel8tionship between 

c~lcita uptake end motility 2ctivntion wr:e observed by 

Babcock, First end Lardy (1976). ln presence or 
agants which alter membrP.ne permeability, two influxes 

ot calc1Ull into spermatozo~ w~re recorded. The 

inf'lux which sequester ca2+ ions in the mitochondria 

did not affect either the respir~tory or kinetic 

activity but the ~ccumulation of Ca2+ in the extra 

mitochondria1 region resulted in the activrtion or 
sperm motility. A requirement of ca2+ to maintain the 

motility of haaater spermatozoa hed been diacribed 

earlier by Morita and Chang (1970) who r~iled to 

obaerYe ai•ilar requirement tor guinea pig, rat and 

rabbit spermatozoa. But subsequent studies showed 

the involvement ot ea2+ tor motility or rat (Davies, 

1978) ~nd guinea pig (Morton st.~ •• 1974; Hyne ~nd 

Garbera, 1979; Singh, Babcock and Lardy, 1978). 

Tbe involvement of ca2• in cepecitation, 

acroaOlle reaction and tuaion processes is a subject 

of great current lntereat. Together, these processes 

constitute the tert111z•tion process. Bovine and 

guinea pig ep1d1dymal spermatozoa were obaerYed to 
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accumulate calcium during incubation !!l vitro 

which was stimulated in the presence of phosph~te. 

In contrast, washed ejaculated bovine spermatozoa 

were incapable or nccumulating exogenously supplied 

C 2+ 
a • A smaller molecular weight protein ot 

minor abundance was isolated from bovine seminal 

plasma Pnd bas been characterized {3ingh, 1980). 

Spermatozoa on coming into contact with accessory 

gland secretion at ejaculetion h['s this protein 

added on to its surface which makes the sperm 

plasma membrane illpermeable to calcium ions. In 

the temele seproductive tract, it prevents or delays 

the uptake of ca2• ions until the time this component 

is removed from the sperm surface. ~ingh, Babcock 

and Lardy (1978) observed. that guinea pig speraatozoa 

incubated in a minimal incubation •ediwa has two 

influxes or ca2• ions. The initi~l upt~ke was 

apparently unrelated to capacit~tion but is associated 

with apermatozoal surface as reveoled by 45ca uptake 

experiments. rhe secondary uptake of ea2 • was 

observed during incubation under conditions tbst 

produce eapaci tetion !!!. yitro end the time course of 

this paralleled that of acrosome reaction. 

Tbeae studies thus clearly establish the 

presence in apera organelles of transport ayat .. a for 

1anuxea of ca2 + obaerved bo.th the aotlli ty active tion 
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aa well as during tert1lizat1on. In the case of 

red blood cells it is known that ea2• is transported 

across the membrane through ATrase which is ca2 + -

dependent and la distinct from Na+ -K + -A'r i•aae associated 

with plasma membrane. (Schatzmann ~nd Vincenz!, 1969; 

Weiner end Lee, 1972; Olson end Cazort, 1969; Lee and 

Shin, 1969). Yijayasarathy, Shivaji and Balarem (1980) 

heve detected the presence of ca2•-AT~ase in bull 

spermetozoa ~nd hc.ve reported its occurence exclusively 

with plasma membrane while Abla, Mrouch and Uurr (1974) 

have described ea2+-ATPaae in huaw.n sperm. lntM3-

cellular distribution ot ea2•-AT~ase, in the present 

study, bna revealed 16.5~ ot enzyme activity to be 

associated with sperm he~d, 20~ with mid piece, 2~ 

with t~il and 51.5• was aolubilized. Remov~l or 
plasma membrane around the sperm organelles (Table 11) 

with Triton X-100 revealed that ca2•-ATPase is exclusively 

not localized in sperm plea11a membrane. The mid piece 

trection, on treatment with triton x.-100, had retr- ined 

42- of total activity with tbe mitochondria. while 

in the bead •oat of the activity was solubilized and in 

the tell ca2 •-ATPase was still essocibted with micro­

tubule traction. Theae results were confirmed when 

plssaa membr8Jle waa prepared by two methods viz. by 

aubjectin& the washed spermatozoa to hypotonic shock 

in 50llM tria-Hcl buffer end by treetaent with triton X-100 

In t.oth the methods, the ea2•-ATPaae waa found to be 
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1. 

SUMMARY 

2+ ca -ATl'aae waa assayed in bull spe1'11latozoa 

and intracellular diatribution rev• ·~ l•d 16.5~ 

enzyme activity in he~d, 20~ 1n mid piece, 

2~ ln tail ~nd 51.5" 1n 80luble aupernatant. 

2. Tree.tment o! different ape:• org··jnell•• (he~da, 

aid pieces i!nd tt11la) with 'triton 1.-100 aolubili­

zed 100~ activity in aper11 heeda, 56~ 1n aid 

pieces end 66.2" in taila. In tne whole 

aperaatozoe, treatment with Triton A-100 

aolub111zed 45" ea2•-AtPaae activity coaapared 

to 62" obtained by aub.1 ecting the aperaatozoa 

to hypotonic shock. 

3. Plasaa aeaabrP.ne prepar~d bJ hypotonic anock wa:) 

further purified by diacontinuou.a aucroae 

gradient ~nd the propertiea ot ca2•-AtP••* were 

coapared wi tb thet or th• enzyae in d••br~.ru; ted 

sp.-..tozoa. 

4. ea2•-AtPue act1Yity ot purified pla ... ••brt:- ft• 

wu linear upto 6 told protein concentrt:~lon and 

tor '° a1a of 1ncubaUon at .,-,Oc. ?be a l.!&1-a 

ecUYitJ .... observed at pff e.o. tbe ~ waa 

o.• "witb Vm et 9.45 • .1 .. of ~./~ac 

. 

\ 



5. 

. '' . 
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