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INTRODUCTION

Although it is known since long that divelent
Caz* ion is ubiquitous in its occurrence in 211 variety
of cell type, its role in 2 number of biological
processes is beginning to be unravelled a2t the
nolecuiar level only recently. Besides its esteblished
role in the contresction of muscle, it is now known
to aid in cell motility, sxonemal flow, cytoplasmic
streaming, chromosome movement, neurotrznsmitter
release, endocytosis and exocytosis.

Excitation of a cell leeds to trensient
increese in the intracellulsr concentrstion of calcium
which in turn is responsible for eliciting the
physiological response. The latter is asccomplished
by interaction of cealcium ions with specific intrzcellu=-
lar calcium binding proteins of which calmodulin is
perhaps the most ubiquitous. The return of ceslcium
concentrstion to its basal level is accomplished by
a variety of mechsnisms which are beginning to be
understood. In fact, there appears to be no common
mechanisa for the transport of Ca ecross the cell
membrane of all tissues ~nd species. Indeed the only
cell species sbout which the mechenism of trensport
is known in any depth is the red dblood cell for
which there exists a specific Caz’-ATPase.



Different pools of Ca exist in both the
extrecellulsr snd intracellulzr environments. The
concentrstion of intrecellular Ce (10”2 to 10~oM) is
less by severel oders of m~gnitude, thon thst existing
outside the cells (1077M). rPrecisely, how the Ca2'
is transloc-ted to the cell interior is largely unknown
but in the red blood cell the efflux is recognised
to be sn ective process or "Ca pump™. The components
of celcium pump hes been demonstr=ted to Caz*-
sctivated ATPase distinct froam Na*. K'-ATrase found
in the plasmz membrzne of animel cells. Czlcium
ATPase has a low Km with high turnover rate for
cerlcium. ~lthough the energy dependent efflux of
calcium ions is en import:int process contributing to
cellular calcium homeostasis, this may not be the sole
means by which homeostasis is achieved. Mitochondria
and microsomes are two other cell orgsnelles which
accunulate celcium ions end require energy. However,
2

= accumulation by

mitochondrie has not yet been fully understood.

the physiological role of Ca

In recent years, Ca* has been shown to h-ve en
important role in sperm motility and in the process of
fertilizetion. A direct relationship between cslcium
uptake snd motility sctivation hes been described. In
presence of sgents which alter membrane permesbility,

two influxes of calcium ions into spermstozoe were
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recorded, The influx which sequester C 2¢ jons in
mitochondris dif4 not affect either the respir:tory or
kinetic rctivity but the sccumul~tion of ce?® in the
extramitochondriesl region resulted in the zctivztion

of sperm motility, Likewise, it wes observed th:it
guines pig spermetozoe incubsted in e minim:l incubsztion

2* sons. The initicl

medium hes two influxes of Ca

upteke wss spperently unrelnte-d to cspacitstion but

is nssocisted with spermatozoal surfece as revex:led

by “500 uptake experiments. The secondery upt:ke

of Clz’ was observed during incubstion under conditions

that produce capncitation in vitro and the time

course of this parslleled that of acrosome reection,
The mechanisa of celcium influxes into the

spera cell is not yet known. In the present study,

2

we have detected the presence of Ca“'-ATrase and then

have studied its intracellular distribution. Some

2

properties of Ca®'-ATPases present in sperm plasme

meabrane as well as in demembran=ted sperm cell ere

also described.
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REVIEN OF LITERATUHE

(1) Qocurrence and Logslizetion

2%_dependent ATFase activities

Two types of Ca
have thus fer been described. A Ca?‘-MgZ*-ATPase
activity hes been reported in intestinel smooth muscle
(Godfreined, Sturbois & Verbeke, 1976) es well as in
myometrium (Akermon and wikstrom, 1979). Becazuse of
e very high 'bassl' activity of ATPase dependent on
ch’ present in different cells, the detection and
characterisation of Caz’-ugz*.ATPase has been difficult
(Carsten, 1969; Janis, Crankshaw and Daniel, 1977;
Verity and Bevan, 1969). The second type of ATPase

2¢ {n the sbsence of

activity found, depends upon Ca
ng*. In this category again two types of =ctivities
have been reported and characterised by either having

a low affinity or high affinity for Ca>'. Ca’‘-ATrese
heving low affinity for Caz* has been found in plaesma
menbrsne of skeletel amuscle (MoNamera, Sulakhe and
Dhalla, 1971), utferus smooth muscle (Shami and

Radde, 1971) sndmmicrosomes of vascular smooth muscle
(Verity and Beven, 1969). Thoreas (1979) first
described a Ca’'-ATPase activity with high affinity
for CaZ* Sn smooth muscle. Since then this kind of
c-z’-ArPanc has been recognised in tissue of intestinal

aucosa (Martin, Melancon and Deluca, 1969), remal
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tubules (Furkinson and indde, 1971), end rst liver
mitochondris (Moore, 1971). In other tissues where

2'-ATrese.

Coz’ hes @ specific function, #ls0 possess Cs
These are ssrcoplusaic re¢ticulum (Msclennzn, 1970),

brain and nerve tissue (Berl »nd Fuszkin, 1970; Nakamsru,
Kosnkai and konishi, 1967).

Ca2*-ATrase has been charecterised in the red blood
cell (Jchatzmenn and Vincenzi, 1969; Cra, -hin and Lee,
1971), snliveary glend (4etson, Izutsu snd 5iegel, 1974),
g€ill plasme membrene (Ma gt a1, 1974), blood pletelet
meabrsne (Hooblee, Jhepro =nd Belemwurich, 1973), rat
kidney cortex (Farkinson and nedde, 1971) end microsomal

fraction of smooth muscle (Wuytazck rnd Casteels, 1980).

(11)Irensport function
The function of this enzyme in the transport of

Caz’ is studied relatively in few systems =2nd the two
tissues widely investigated zre ssrcoplasamic reticulum
snd the erythrocytes. Ebashi snd Lipmenn (1962)
had shown that Ca trsnsport in sscroplasamic reticulum
vesicles is tightly coupled to ATP hydrolysis which is
catalysed by s membrene bound Ca’*-Mg?*-ATPase. GSince
then consideresble insight hzs been geined and the
information has been reviewed by Hesselbach (1978).

The occurrence of Ca2‘-stimulated Mg2*-ATPase
es well as the dependence of Ca transport on ATP have



been desoribed in membrane fractions from various smooth
muscles (Carsten, 1969; Fitzpatrick et 2l., 1972; Jenis,
Crankshew and Deniel, 1977), in erythrocyte ghosts
(Schatzmann, 1967), in mitochondries and microscomes of
muscle cells (Martonosi, 1969; Ohnishi and tbashi, 1964).
Seve:rsl groups of workers heve proposed trensport of
Ca 1inked to Ca?? stimulated ATPase based on the evidence
of cytoplasmic Ca pool and strong concentration gradient
at the plasmes membrane (Lenger, 1968; Rasmussen,1970;
Sonnenbléck and Stam, 1969). In mitochondrisl systea,
Ce transport cean occur st the expense of energy generated
through electron transfer (Brierley, Murer and Green,1963)
and is thus separate from the system involving hydrolysis
of ATP, But in sarcoplasmic reticulum, a separation of
Ca trensport system similar to the one in mitochondria
has been achieved and it is conceivable thet the
ATPsse enzyme and the ion transport enzyme sere one and
the ssme (Skou, 1965).

A 1ink between membrene bound Ca2'-Mg2'-ATPase
and Ca pump localized in plosma membrane has been
indicated in human red blood cells (Schatzasnn and
Vincenzi, 1969; Olson and Cazort, 1969; Lee and Shin, 1969)
as well as in other systems (McNamera, Sulakhe and
Dhalla, 1971). The enzyme is involved in the active
efflux of Ca scross the cell memdrone by providing the

required energy for the 'Ca pump' through the hydrolysis
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of ATV, 1In rensl tubules, s common trunsport mechanism

for two divelent ions, ca?* 2+

end Mg™ must operzte. The
two divnlent ions compete with one another for the

notivation of ATPnse in kidney (Parkinson and Hadde,1971).

(£14) Hesotion mechenism

The mechanism of Ca trensport h:s been explained
through the involvement of carrier which is phosphoryla-
ted by ATP at the outer surface of microsomal membr:qone
resulting in the creestion of a high affinity binding
aite for Ca. The Ca bound phosphorylated cerrier
then undergoes a conformational change moving across
the membrane (Weber and Ssnadi, 1966). At the inner
surface, the cerrier is dephosphorylzted which now has
low affinity for Ca and thus is relessed from the czrrier.
Repetition of this cycle results in continuous Cg influx
and stoichiometrically related ATPase activity. A
comparison of rate of ATP hydrolysis with that of Ca
accumulation suggested the transport of 2 moles of Ca
for each mole of ATP hydrolysed under optimum conditions
(Hasselbach and Makinose, 1961, 1962, 1963; aeber, iierz
and Reiss, 1966; Yamada, Yasamoto and Ionomura, 1970).
Although smaller or larger coupling ratios hsve been
reported dut the variations mey be as 2 consequence of
using different substreztes, inhibitors or iifferent
temperatures (Suko and Hasselbech, 1976; Martonosi
and Feretos, 1964; Hasselbach and Makinose, 1961).



In sarcoplasmic reticulum, the enzyme is
phosphorylated by the transfer of termin:l phosphu'.e
of ATP to an aspartete residue of the enzyme protein
yielding sn acid stesble phosphate bond (Ysmamoto #nd
Tonomura, 1968; Makinose, 1969; Inesi gt al., 1970).
Phosphoenzyme (EP) synthesis is activated by Ca bound
to the high affinity binding site located on the
outer surface of vesiculsr m-mbrane (Ikemoto, 1974, 1975)
whereas dephosphorylation is asctivated by ng’ (Kanazava
et sl., 1971; Panet, Pick and Selinger, 1971). Yamada
and Tonomure (1972) have suggested that the effinity
for Caz’ of the Caz’ binding site wes markedly reduced

on phosphorylation of enzyme by ATP,

(iv) Affinity of calcium for the enzyme

Baskin and Langdon (1981) have reported that in
erythrocyte membrane the Mgz’-depcndent ATPase activity
is relatively constent while Caz’-ng’-dependent ATrase
has a complex dependence on Ca concentrztion. Two
states, viz. low and high affinity states exist a2nd a
shift from the low to high affinity state was observed

to be dependent upon Ca'

and an activator protein,
calmodulin (Scharff and Foder, 1978). The consequence
of this shift is the stimulation of ATPase activity and
enhanced Ca transformation (McIntyre and Green,1978;
Hanshan, Ekhols and Hildenbrandt 1973). On treatment

of the red cell membrsne with low fonic strength buffer



end EDTA, Clz’ stimulated ATFsse sctivity stiil
nssocisted with the membr:ne exhibited kinetics for
one binding site for Ca,

Ikemoto (1974) recognized =2nd purified thrce
types of Ca binding sites which were dcsignasted >s
o, P,Y . Binding of Ca?? at X -site sctiveted
ATP hydrolysis while binding st Y -site inhibited it,
B =site sppeared not to be involved in enzyme
regulstion, It 1is reporred thst Caz'-dcpendent
ATPage of sarcoplasmic reticulus contsins one specific
high affinity site for AT?, two specific =nd about
ten unspecific high affinity Ca binding sites
(Meissner, 1973; Meissner, Conner and Fleischer, 1973).

(v) Isolation and Purificstion

The presence of ATPese activity other than the
Na*-K'-ATPase in erythrocyte was shown by the evidence
that ATPase activity was only partially inhibited by

ouabain., Further evidence indic:ted that this Ca’'-

ng

Ca from inside of the erythrocyte to the surrounding
medium (Schatzmann and Vincenzi, 1969; seiner and Lee,
1972; Olson and Cazort, 1969; Lee 2nd Shin, 1969).

Nekeo gt pl., (1963) isoclasted two ATPases from erythro-
cyte membranes. The ocusbain insensitive ATrase was
activated by CaZ* (5 x 10°*N) as well as Mg2* (5 x 1072n)
individually and in the presence of both ions, thc enzyme

Yo ATPese sctivity was involved in the transport of
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netivity inoressed »dditively, Another ATPase activity
having 100 times lower specific sctivity of Caz’- *e TPase
in erythroocyte mesbrenes (Weideksmm »nd Brdiczks,1975)
wes found in spectrin-sctin fraction (Rosenthsl, Kregenow
end Monsns, 19703 Clarke snd Criffith, 1972). In the
presence of beth Caz' snd "‘20 the totel enzyme activity
wae lesn than that found individuslly with Ca®* ond

le’. The Ky wos determined to be 40 uM at pH 7.0

(volf, 1970). Another C|2°-ArPese ectivity differing

in kinetic properties wes also detected in the membrane
preparation., This enzyme had pH optimum of 8.0 at
substrete concentrstions renging between 0.04 - 0.1mM,

& c-z'-ATPllo purified from pig erythrocyte was observed

to be unstable without Ca2*

and an activator protein but
was stabilized by Tween 20 (10 mg/ml), Triton K-100
end phospholipids. The vesicles on reconstitution
cetelysed e repid ATP-dependent upteke of Ca (Hasker
and Racker, 1979;). High end low affinity Ca’'-ugZ*-ATPase
occurring tog-ther in erythrocyte membrane prepesrations
were reported by Quist and Roufogalis (1975) but other
studies (Wolf, 1972; Schatzmann, 1973) could demonstrate
the existence of high affinity ATPase only.

Ssreoplasnic reticulum heve been observed to contain
a Ca*-stimulated ATPase (Hasselbech and Makinose,1962;
Yememoto end Tonomura, 1967; Inesi gt al., 1970;
Ebashi and Lipmann, 1962). This sctivity was charecterised

by sedimentation and electrophoresis in a medium
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containing Triton X=-100 by McFerlund snd lnesi (1970).
Ca pump protein fros ssrcoplessic reticulus wis ~1s0
purified by 3 different methods (Meissner, “onner =»nd
Fleischer, 1973) were observed to sccount for 2/3rd of
the totsl sscroplasmic reticulum protein »nd were
responsible for Ca trensport (Inesi, 1972; Martonosi,
1972)., Sercoplasmic reticulum vesicles isolasted from
rabbit skeletel muscle catzlyzed an ATkase activity
which required both Ca2® end Mg?® (Hasselbach, 1964;
Weber, 19663 Ebashi end Zndo, 1968). ca’- ng’-hrease
has been partieslly purified from s microsomzl fraction
of smooth muscle of the pig stom-zch (entrum) (euytack,
Schutter snd Casteels, 1981).

In intestinal brush borders of chicken and rat,
Caz’;dupendent ATPase activity wes observed to be
dependent upon vitemin D (Melancon end Delucz, 1970;
Martin, Melancon end Deluca, 1969). Adainistrztion of
vitemin D to vitamin deficient enimals markedly increased
Ca?*-ATPase sctivity.

Evidence is slso forthcoming for the occurrence
of Caz’-dapendent ATPase activity in reproductive tissues.,
Shami and Redde (1971) isolsted ATPase from meabranes
of guinea pig placenta which was preferentially activated
by Ca?* ions. Abla, Mroueh and Durr (1974) reported Ca’'-

. ng’ ATPase activity in human spermatozoa. The enzyme
5"2“*,\ activity was determined over a wide range of Mg2' and

N c.20 concentrations, seperately or when present together.
4L
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Maximum aotivity was exhibited at 1mM Ca®* and 6 mM
mg?* concentrations.

Ret mnd oat brein is reported to contain = Mg>*
or Cal*.notivated ATPase which was observed to be
ouabein insensitive but was inhibited by sulfhydryl
inhibitors, mersalyl and p-chloromercuribenzoste. A
part of this nctivity wes attributed to the presence
of a contractile protein similsr to actomyosin.

It is observed that Caz’-AIPase activity of smooth
muscle myosin is markedly lower when compared to that
of striated muscle. This hss been reported for ayosin
isolated from chicken gizzard (Barany et al., 1966),
uterus (Needham ond Williems, 1963) and =rteries
(Gaspar-Godfroid, 1964). Purified myosin like protein
isclated froa the slime m0ld has approxim:ztely 3-times
the activity of rebbit striated suscle myosin (-delmen
and Taylor, 1969).

A low molecular welght, Ca’'-specific AT-ase
distinct from dynein was shown to be present in
Qhlamydomonas flagells. Histochemical localizatioa
have shonm this enzyme activity to be near the ceatr=l
aicrotubules snd the outer dymein sras. Ca’'-AT-ase
was stable for weeks st oC at Ca comceatrztiom of
1 to 3 times the ATP comcentr:tioa. Ng inhibited t2is
sctivity whem added together with Ca>® ioms. Jo activity
wes observed vhen CaZ® ioms were replaced efimer wita
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sotin ¢+ Mgz' or K* ¢+ RUTA, The ka for ATV was
b x 10.""04.2 Cas ATF ratio of 2, It was reported

by Watanabs snd Flsvin (1973) thet this Ca’’-ATrase
does not resemble Ca transport enzymes regorted from

other cells/tissues.

(vi) Properties of Ca®’-ATPage

(s) Nature
The Ca~trensport ATPase is @ highly asymmetric

integral protein of the membrane. clectron microscopic
pictures of freeze-fractured membrenes suggcst the
presence of protein psrticles with 2 dismeter of 90A9
that zre mainly attached to the cytoplasaic leaflet of
the membrz=nes (Jilka, Martonosi & Tillack, 1975;

Packer et al., 1974 and Malan et al. L1975). Apparently
the isolstion procedure does not give rise to randomised
inversion of the membranes. The zppearence of spindle
shaped particles in electron microscope after 1lipid
removed from meadbranes solubilized with deoxycholate
supports the sssumption th:t the molecule is esymmetric
(Hardwicke end Green, 1974). The molecular weight of
the transport unit has been estim:ted by gel electro-
phoresis of the isoleted protein to be approx. 100,000
(MacFerland &nd Inesi, 1971; Meissner =nd Fleischer,
1971 and Louis and Shooter, 1972) while classical
methods yleld significant higher values of spprox.

-
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115,000-130,000 (Hasseibsch, 17725 LeVsire, Afiler »nd
Tanford, 1776 +nA LeNaire gt 3s1,, 177%). 7The notioun
that protein eight fros oligomers vitrin the s =hr.nes
presuwmebly tetrmmeric unit:, iz of conzi i r:ble interest
but until now 18 su.Orted by r:ther iniirect eviience
(Melan gt al,, 19795 Martonosi gt al., 1977).

(b) Qotisum o
The pH optimum of uz’-nf’.arnu w:8 reported

to be between 7.0 = 7.2 in red cell membr:ne prepsrations
(schstzmann snd Rossi, 1971; ichstzann, 1975), 7.6 in
skeletsl muscle (Mchemar:, .ul:zkhe -nd ihalla, 1371),
9.0 in brain sicroscoses (Maksmaru, Kosakai :=nd Konisni,
1967) snd myofibriller tissue (Bailey, 1942). The pi
optimum for sctivation of ATFase by Ca’’ lies between
8.2 snd 8,53 st lower »nd higher pH values (7.1 =nd 9.5)
only 50% of meximum 2ctivity w-s noticed (Shami -nd
Radde, 1971). A pH optimum of 7.7 was reported by
Melancon end Deluca (1970) for Ca2® -ATrase found in
intestinal brush border.

(c) Substrete specificity

Besides ATFP, other substrztes hydrolysed were
ITP, GIP, CTP, UTP, scetyl phosphate, carbesmyl phosphate
and pMPP (in order of decressing effectiveness).
Hydrolysis rstes observed ranged from 80% to less then
10% of the rete reported for ATP hydrolysis (Friedmen
and Makinose, 1970; Inesi, 1971; Mekinose and The, 19653
Pucell and Martonosi, 1971).
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(4) ca®* concentrstion
Caz’ concentrestion required to activote Caz’-ngz'-
ATPase activity differ with different membr-ne prepzrations.

For red cell membrane Caz*

concentration resnged between
300-500 M (Dunhem and Glynn, 1961), 500-700 M
(Schetzmann end Rossi, 1971) and to as low as 10-25 A%
(Schatzmenn, 1973; Wolf, 1970, 1972). 4n optimum
concentration of 3-5 mM Caz* in presence of 5mM ATr
(Shemi end Radde, 1971) 2nd 6 mM (Rosenthsl, Kregenow

snd Moses, 1970) have also been reported.

(e) Mgz* concentration

The requirement of ng* for Ca?®

*-ATFases 1sol:ted
from different sources differ depending upon the

source. In the erythrocytes, the ATPase activity is
activated by Ca?* but inhibited by Mg?® (schatzmann

and Vincenzi, 1969; Rosenthal, Kregenow and Xoses, 1373,.
The role of Mg2* in relation to Ca’*-ATPase sctivity

is not understood but differs from its role in Ma'-
K*'-ATPase where ng’ was found to be essentizl for
activation (Skou, 1965). In the kidney end intestinzl
mucosa, ng’ stimulates the ATPase more than ca?* at
either ion could replace the other. A siailar aet:l
requirement has been reported for brmin AIFase which

is stimulated equslly well by Ca’* as well as Mg2®
(Berl and Puszkin, 1970; Nakamaru, Kosakal and Koaisai,
1987). Mg2' 1s required for the sctivation of red cell



membrane ATPase by ca2* was indicated by Dunhem =nd
Glynn (1961) as well as wins and Schoffeniels (1966 a).
But Thorens (1979) observed thst Mg2' inhibited the
meximally activeted Ca2’-ATPase which was interpreted
to the presence of & single enzyme. Though the ionic
requirement have been defined in the case of red

cell membrene enzyme by Wins and Schoffeniels (1966 a),
yet it is still not certsin whether one or more Ca?'-
sensitive ATPases are present.

That the Caz* can replece ng* in sctiveting
the ousbdbain insensitive component df ATPase has been
shown in e number of studies (Smmelot nand Bos,1962;
Taylor, 1962). Moreland and Ford (1981) obtained
maximum asctivity at 5 mM ng* concentration which was
inhibited at lower =nd higher concentrations. Chiesi
and Inesi (1980) have reported thst Ca‘-sensitive
ATPase is highly sensitive to ng* or an’. which
produces a marked stimulation dbut high concentretions
were observed to be inhibitory especially in the
presence of low concentration of Ca?*. However, this
inhibition was partially prevented by Caz’ suggesting
e competition between two metal ions for high affinity
binding site on the ATPase molecule (Inesi, Goodmen
and Watanade, 1967).

Though it is generally agreed upon that ngz’ is

required for the dephosphorylation reaction in



sarcoplasmic reticulum (Inesi et pl., 1970;
Martonosi, 1969; Panet, Fick and 3elinger, 1971:

Kanezava gt gl., 1971; Makinose, 1969; Meissner, 1973)
but it is recently shown by Garrshsn, iege &nd

Alonso (1976) that ng’ may incresse the rcte of
phosphorylation. But this mztter still remains to

be a point of discussion.

(£) Effect of other ions

McNamara, Sulskhe =nd Dhallz (1971) observed
no significent difference in AT¥ hydrolysis in the
sbsence and presence of 100 nX Na', or 100 n¥ &',
But Schetzmann and Rossi (1971) reported tn:t
addition of KCl reduced the overall zctivity of
ATPase stimulsted by Ca’’. In skeletzl muscle,
Ba' =md X* strongly inhibited the trznsfer of termincl
phosphate of AT? to s proteis of the sarcoplassic
reticulus in the presence of Ca'. The degree of
ishibition varied with AYr concestrztion znt tempers-
ture (lelieis, 1972). A sserked stisuirtios of
sicressmsl serceplasmic AfFase sctivity by %’ anc
k' was ehserved by hmbis emd Kstz (1967) is preseuce
of Ca2*. Schetmmass sad Viscenzi (1969) ssve reportec
thet S”° can replace Cs”° Wt sot Ag°” is activeting
the site.

{g) imvENignrs apd srtivstors
£ smber of conpeunts hwve Dest Shserved o

Saniait the Cof  —4SFase activity. smsng tonese
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2,4-dinitrophencl, sodium azide, oligomycin, sodium
fluoride and EDTA (McNamars, Sulekhe »nd Jh=1lla, 1371),
ethecrynic acid (Vincenzi, 1968), mersclyl (sSchatzmann
and Vincenzi, 1969; sins end Schoffeniels, 1965 a)
and PCMB (Nakamaru, Kosekei =nd Konishi, 1967) h:rve
been reported. Ceffeine and ouasbsin were observed
to heve no effect (Schatzmsnn =nd Vincenzi, 1963).

Of the activestors, a soluble protein present
in hemolysate of humsn blood which sctiveted Cal'-
Mg?*-ATPase was reported by Bond and Clough (1973).
This hes been purified by Luthre, Hildenbresndt end
Hanahan (1976).

(n) Stebility of the enzyme
Caz’-atinulated ATPase was stable without loss

in enzyme activity for 2 months on keeping it at 6°c,
But freezing destroyed the enzyme ectivity =more
rapidly (Shami snd Radde, 1971). LeMaire, Mgller
and Tenford (1976) have reported that Ca’’-ATrase

of sarcoplesmic reticulum can exist in true solution
in the presence of non-ionic detergents for severesl

days without loss in enzyme activity.

(1) Lipid requirement of the Ca®‘-ATPage
Cuz’-ArPaae from sarcoplasaic reticulum is a

classic exsmple of an intrinsic memdbrane protein that
is generally believed to require phospholipid for
enzyme function (Martonosi, 1972). Hydrolysis of



membrane lecithin with phospholipusse C results in
the loss of ATPase and Ca pump sctivity snd the two
eactivities are restored by the eddition of sonicnted
phospholipids (Martonosi, Donley and Halpin, 190L8),
Extraction of sacroplasmic reticulum with deoxychulutre
als0 leads to the inactivation of Cuz’-Arrnse aGlLivity
(Martonosi, 1968) 2nd cannot be sctiveted if lipids
are separated (Hardwicke snd Green, 1974).

Knowless, Eyton z2nd Recker (1976) hive describves
a procedure for the reversible delipidstion of “&° '~
ATPase to a level of 5 soles of phoeptwlisid/avie
of polypeptide. Addition of 1ipid W deliyicctiive
preparztion restored the sctivity v 50% of ite
original value. Thus, 2 regquiresent for puvesputiioy)
choline in the resctivetion of Alrass acilivitly sas
denomstreted. The =ad Hasselbacs (1972, awve repvsies
thet CaZ'-iTPese of sarcoplasmic reticlus vit
sodified 113id campenest it MOre sellilive W aCliveliv
or Sehititien by ssmevilent citious Lt e 4 -
ATFape of sative Saroepli@Eic reliculus Sy «Lat,

L
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Adenosine 5'-triphosphate (ATr), Hovine, serum
slbumin (BSA), Zthyleneglycol-bis ( P-zmino ethyl
ether) N, N'-tetrasacetic (£GTA), Tris (tri-hydroxy-
methyl emino methane) were the products of Sigms
Chemical Co., St.lLouis, U.S.A. Triton A-100 was
purch:sed from BUH, cngland. Other cheaicals used
were of analyticel grade.

METHODS

1. Collection of JSemen

Semen was collected from bulls using =n artificial
vagina (¥a2lton, 1945). Only those ejaculstes showing
high initisl wave motion with = score of 2.5 to 5
(0, no motility; 5, the best motility) were used after
pooling. Sperm counts were made in duplicztes with

a hzemocytometer.

2. JNa of

Semen was diluted with one volume of 0.25 M sucrose
solution and centrifuged ot 700 g for 10 min. The
spera cells were then weshed twice with sucrose solution
at 400 g for 3 min. The time =nd speed of centrifugation
were sdjusted to get 2 loose sperm pellet so that it
could de resuspended easily on gently shaking the tubes.

All weshing procedures were carried out at room temperature.



3. ar Fractionstion
The sperss were washed three times in 0.25 M

sucrose es described above. The w=shed sperm pellet

was suspended in it, gradually cooled to 4°C rnd then
subjected to ultrasonic vibrations at 50 watts for one
minute (30 seconds at a time) in e Branson Sonifier
Model 812. The heds, midpieces =nd tsils were separeted
by differential centrifugetion at 4°C according to the
method of Mohri, Mohri =nd Zrnster (1965). The purity
of isolated fractions were determined by exemin:tion

with a phase contrast microscope.

4, Triton X-100 treatment

¥ashed spermatozoa and sperm orgsnelles (heeads,
mid pieces snd teils) were treated with 0.1% Triton
X.100 for 15 minutes at 37°C (%ooding, 1973). Ihis
treatment solubilizes the plasma membr:ne «nd the
pellet obtained after centrifugation is residucl sper-
matozoa/sperm organelle.

5. I1solation of Plasma Membrang
The pellet of washed spermatozoa was suspended in
the hypotonic buffer (50 mM tris, pH 7.5) and the spers

concentration was sdjusted from 1 x 10’ to 1 x 106

spersatozoa/ml. The tube conteining 30 to &0 ml of
spers suspension was placed in 2 beasker contsining
water snd was then placed in e cold room (& to 5°c)




Elax sheet for the preparstion of pl:sms sesbrang

Semen

Washed with 0.25M
sucrose, see text.

f St (]
|
washed fluid Spofaatozoa

Suspended in 50mM tris-Hc%
inoubate for 30 min at 10 &.
T— centrifuge nt 3000 r.p.m. for 10 min,

Pellet

Suspended in 50 mM
tris=Hcl, centrifuge
at 3000 r.p.a. for
10 min, see text.

Supernatent (81)

-

Supernatsant (82)

Pellet

' ' Pool supernatants S, and 32'
! centrifuge at 35, r.p.as for 1 hr.
A J

! Pellet (Crude pl:sma membrane)
! Sus lied on a

pended in 0.25 M sucrose, 2pF
‘\mer:\nt-nt i discontinuous sucrose density gr-iient, see text.

(luble Hrrction) Purified plasma meadbrrne,
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for a peried of 350 min to obtein the temperrture of
spers suspension to 4°C,

The suspension was centrifugsed st 4%c ot 3700 r.p.m.,
for 10 min, The supernstent (3,) was removed i the
pellet was weshed with the s@e vOolume of tris~iicl
buffer ss of the original suspension and supyernstant
(lz)vu obtsined, The two swpernstwmts (31 wd L,) were
then pooled »nd ecmmtrifuged 1n » seckm:n (Motel i)
Contrifuge st 35,000 r.p.8., for 1 . Thna supernstant
was Alscarded snd the psllet was suspended in a3 se-11l
volume of 0,25/ sucrose srd tersed the “crude plrsas
eembrsne®, It wss then purified in s 4iscontinuous
sucross 4smsity grsdient.

6. Purification of sosrs plase: Bembrang

4 discontinuous sucrose gradient h.ving 4densities
of 1,650, 1.555, 1.25%, 1.15 and 1.25% was prep:red;
the tot:l volume being 5 ul. The crule pl-sss sesbr:ne
preparstion (3-4 mg protein) in 0.254 sucross =23
lsyered on top o7 the gr:dient. The tubes w:ere spam
in s svinging bucket rotor (34 50.1) at 30,500 r.p.s.
for 3 hwr. The plasma sesbrane v2s obt:ined 23 = single
h-'latthew¢1.alnd1.1§lm.

7. Sspyee sepwy
Ca’’-dependent AlPase :ctivity was determined by
estimating the relesse «f icorgsaic phosphorus from AXP,

The sssay sixtwre cestaised 3all ATP, S50ml tris-licl
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Fig.1 Stand ‘'rd curve for the estimatien
of phosphorus by the method of
chen, Toribsra and Hubar (1956).
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RESULTS

2

1. Intracellular distribution of G_,’-ATPase in
Sull spern

2

The results in Table I show that Ca“’-ATPase

is distributed in the heoad, midpiece and tzil fractions
of bull spermatozoa. The recovery of totzl enzyme
activity wes 90% and protein 92% relative to the intact
sperm. An increase of 3.6% in enzyme ectivity was
observed on sonicstion of sperm suspension. The head
fraction had 16.5% midpieces 20.0%, tails 2.0% and

51.5% CaZ*-ATPase activity was solubilized. The combined
activity of midpiece + tall fractions was 22% of the
total activity present in the sonicated suspension.

2. Solubilizstion of Ca>'-ATPase from sperm organelles

Head,mid piece and tail fractions were treated

separetely with Iriton X-100 to remove the plasma
membrane., All the enzyme activity present in heesd was
solubilized and the head pellet showed no activity.

No midpiece fraction, about 56% of the totel activity

was solubilized on Iriton 4-100 treetment while 42%

was with the pellet. The total recovery of enzyme
activity was 98.4%. In tail fraction, 66.2% ca’*-ATPase
activity wes recovered in soluble form and 53% bound
with the pellet with a total recovery of 119% (Table II).



Table I. Distribution of Ca2*-ATPage in bull spermstozos.

Fraction Protein Total Specific Activity relative
(mg) Activity Activity to intact sperm

Spern 24,60 19.07 0.77 100
suspension
Sonicate 24,60 19.76 0.80 103.6
Hend 12.04 3.16 0.26 16.5
Mid piece 733 3.82 0.52 20.0
Tail 2.31 0.38 0.16 2.0
Supernatent 0.97 9.82 10.14 51.5

Enzyme activity is expressed in te

of enzyme ac;ivity is the Al moles

30 min at 37

rms of units whereas a unit
of phosphorus liberated in



Table 11,

Frastion Aotivity Specific % Distributiea
Activity
Neada 0.91 0.28 100.0
(4) Pellet 0.00 0.00 0.0
(1) Supernatens 0,13 0.23 16.4
Nid pleee 2,66 1.37 100.0
(1) Peldet 1.4 0.51 42.8
(10) Swperaatent 1.48 1.84 55.6
taile 2.06 2.1 100.0
(1) Ml 1.30 1.87 52.8
(AL)  Raperwatent 1.6} 0.76 66.2

MavRe retivity Ll egpressal
uumwn\-\u {2 \he B ales of phrogpivarus

] L g \

s

in teems of units whereas a wmit of

lidersted in 30 ain
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These results would show that Caz*-ATPase is not

exclusively localized in sperm plasma membrene.

3. Ca2'-ATPgse activity in bull sperm plasme membrane
Bull sperm plasma membrane was prepszred by

subjecting the washed spermatozoa to hypotonic shock

in 50 mM tris-Hcl buffer, pH 7.4 at refrigerated

temperature. The crude plasmz membrane was centrifuged

and further purified on sucrose density gradient. The

2

distribution of Ca®’-ATPase activity showed 61.9%

recovery of total enzyme activity on hypotonic treataent
with 41.3% in residuzl sperm snd 19.7% in soluble
fraction. The data during the preparation of plasma
mendbrane is given in Teble III.

Plasmz membrane from washed bull spermatozoa
was 2150 removed by treatment with Iriton 4-100. This
method gave a recovery of 110% with 65% activity in the
residual spermatozoa and 45% in the soluble fraction.

4. Properties of Ca>'-ATPase in purified plesma membrane
and residual sperm

(1) BEffect of enzyme concentrstion
The effect of varying the enzyme concentrztion

over a 7 fold range for purified plasmas membrene and

10 fold for demembranated spermatozoa is shown in

Figs. II and II1. The resction reztes vere observed to
be linear in both cases; upto 6 fold protein concentra-
tion for purified plasma membrane and 5 fold proteia
concentration for demembrensted spermztozos.



Table 111,

4

& Jrm 7 oy L * - n- N ok %
treataent (Metheod 1) and Iriton A-100 trestaest

Metheod 44) and the distributien ef Ca<cv-ATVy

Method Frection :: Activity rﬂg:ﬁﬁ; nﬁ;lty

¢ Whole sperma suspension 10.12 16.22 1.60 100.0
Demembranated spera 8.1% 6.71 0.82 b1.3
Supernatent 2,44 2.06 0.84 12.7
Crude plasma membrane 0.19 1.14 5.81 7.0
Purified plasms membrane 0.14 0.73 5.02 4.5

11 whole aperm suspension 10.12 16.22 1.60 100.0
Demembransted sperm 7.13 10.57 1.48 65.1
Supernatent 3.18 7.42 2.33 45.7

Enzyme notivity is expresced in terms of units whereas a unit °£ enzyme

sotivity {a the A molea of phosphorus

libernted in 30 min at 37°C.



Fiz.2 Effect of enzymes oons,ntn\lm
on the activity of Ca“"«ATi'nne
in plasma membrane.,
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(1) Axfest of iacwhctisn Sevied

e rte of hpdrelysis of ATV %y parified

Plashe 2eadr:we In the preseace of 202° Loms ves
lincor for X nin Mt decre-sei thereafter (fig.iv',

Likewise, the rete of Rydrolysis of AN Ry dementr
Rated apera in precence of Oa" fon: v g liwe=r fr

A0 nin (Fig. V) end levelled off sftervards.

(111) Kffect of of

M optimum of al® Afvese of purifiai plesme
neabrane s well a: of demealrensted spera wves Jeterminead
between pH 3.5 to 10,0 using the dulfers Tris-“aleete
(pH 5.3 « 7.0), Iris Nel (pH 7.5 = 9.0) =md vlycine-
NaOH (pH 9.3 = 10). Mhe pK of the selutions were

checked before and sfter the enzymatic asszy fer

conatancy of pH values. Juring veriocusz runs fer

optimel pH, pH optima of 8.5 (Fig. VI) fer purified
plasms meadrene nnd 9.0 for demeadranated aperestosca
(Fig. VII) was obtained. For purified plesme neabrene,
no activity was cbserved at pH 5.9 while at pi .0,

4 4% of maximum sctivity wves noticed. In the cese

of demembrensted spermatonos, & broad peek of wetlvity

was obtained between pH 6.5 =« 7.0 in eddition to the
sherp pesk et pH 9.0.

(iv) BEffect of aubatrate conssntralice
c-z’.ma-u of purified plasar acabrene ad
well as of demembransted spera geve typiecal biphasie
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Fig.6 Effect of pH on the
activity of Ca2*-ATPase
in plasma membrane.
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1g,7 I1.£fect of pH 03 the
activity of Ca<*-ATVPase
in residual sperms.
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Fig.8 WJouble reciprocal plot of
Ca2+-ATlase sctivity in
plasma membrune as a function

of ATl concentration.
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Fiz.9 cCouble reciprocal plot of
Ja2+*-ATiase activity in
residusl sperms as a function
of ATF concentration.
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kinetics (Figs. VIII end IX). The reoction rste was

of first order upto 1 mM substr:te conceatr-tioa
both for plesmz membrane ss well as demembranrsted
spers Cal'-ATrase.

The Km values of Ccz’.kream were cslculated
by using the deta from Figs. VIII snd IX snd represen-
ting it graphically according to the method of Double
Reciprocal Plot. The dissociation of the en:yme
substreate complex (Ka) for purified plasma meadbr-ne
was 0.83aM and that for demembdrznrted sperm 0.66mN.
The Vmax for the purified plssms aembrane and demeabra-
nated spera was 9.45 u moles of P1/30 min/mg protein
and 0.87 u moles of 91/30 ain/mg protein.
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DISCUSSION

In two sperm functions viz., motility =snd
fertilizing sbility, evidence is avsilable about the
involvement of calcium. A direct relationship between
crlcium uptcke and motility =ctivotion wes observed by
Babcock, First =and Lardy (1976). 1Iln presence of
egents which alter memdbrqne permeability, two influxes
of calcium into spermatozos were recorded. The
influx which sequester cat ions in tne mitochondria
did not affect either the respirztory or kinetic

2+

activity but the sccumulation of Ca in the extra

mitochondrial region resulted in the sctivstion of

sperm motility. A requirement of Caz+

to mainteain the
motility of hamster spermatozoa had been discribed
earlier by Morita and Chang (1970) who failed to
observe similar requirement for guinea pig, rat z=nd
rabbit spermatozoa. But subsequent studies showed
the involvement of Ca2® for motility of rat (Davies,
1978) snd guinea pig (Morton gt 21., 1974; Hyne =nd
Garbers, 1979; Singh, Bebcock =nd Lardy, 1978).

The involvement of Caz* in cspecitation,
acrosome reaction and fusion processes is a subject
of great current interest. Together, these processes
constitute the fertilization process. Bovine and

guinees pig epididymel spermatozoa were observed to
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accumulate calcium during incubstion in vitro
which was stimulated in the presence of phosph:ste.
In contrast, washed ejaculated bovine spermatozoa
were incapable of sccumulating exogenously supplied
Caa’. A smeller molecular weight protein of
minor abundsnce was isolated from bovine seminol
plesma =nd has been characterized (3ingh, 1980).
Spermatozoa on coming into contact with accessory
gland secretion at ejaculstion hes this protein
added on to its surface which makes thé spera
pPlasma membrane impermeable to calcium ions. In
the femcsle seproductive tract, it prevents or delays
the uptake of Caz+ ions until the time this component
is removed from the sperm surface. JSingh, Babcock
and Lardy (1978) observed that guinez pig spermatozoa
incubated in a minimal incubation medium has two
influxes of Caz’ ions. The initi=zl uptcke was
apparently unrelated to cspacitetion but is associated
with spermatozoal surface as reverled by ASCa uptake
experiments. The secondary upteake of Caz’ wa s
observed during incubstion under conditions thet
produce capacitstion in yvitro end the time course of
this paralleled that of acrosome reaction.

These studies thus clearly establish the

presence in sperm organelles of trsnsport systems for

{nfluxes of Ca’' observed both the motility activation
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as well as during fertilizestion., In the case of

red blood cells it is known thst Ca2+ is transported
across the membrane through ATrfase which is Caz’-
dependent and is distinct from Na'-K'-ATiase associzted
with plasma membrezne. (Schatzmann and Vincenzi, 1969;
¥Weiner and Lee, 1972; Olson =nd Cazort, 1969; Lee and
Shin, 1969). Vijayasarathy, Shivaji and Balaram (1980)
heve detected the presence of Caz*-ATPase in bull
spermetoz0a 2nd hzve reported its occurence exclusively
with plesma membrane while Abla, Mrouch and burr (1974)
have described Caz*-ATPaae in humon sperm. Intro=-
cellular distribution of Cazf-ATPase. in the present
study, has revealed 16.5% of enzyme activity to be
associated with sperm head, 20% with mid piece, 2%

with tail and 51.5% was solubilized. Removel of

plasmz membrane around the sperm orgsnelles (Table 11)
with Triton X-100 revesled thet Ca’'-ATPase is exclusively
not localized in sperm plssmez membrane. The mid piece
frection, on treatment with Triton X-100, had retcined
42% of total activity with the mitochondria. Wwhile

in the head most of the activity was solubllized znd in
the tail Ca’‘~ATPase was still sssocisted with micro-
tubule fraction. These results were confirmed when
plasma membrsne was prepared by two methods viz. by
subjecting the washed spermatozoa to hypotonic shock
in SOmM tris-Hecl buffer end by treetment with Iriton X-100

In both the methods, the CQZ’-ATPaae was found to be
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1.

2.

3.

4.

SUMMARY

Caz’-ATPase was assayed in bull spermatozoa

and intracellular distribution reve:led 16.5%
enzyme activity in he:xd, 20% in mid plece,

2% in tail ~nd 51.5% in soluble supernatant,
Treetment of different spe:m orginelles (hexds,
mid pieces :nd tzils) with Triton X-100 solubili-
zed 100% activity in sperm heeds, 56% in mid
Pieces end 66,2% in tails. In the whole
spermatozor, treetment with Triton 4-100
solubilized 45% Ca2*-ATPase activity compared
to 62% obtained by subjecting the spermstozoa
to hypotonic shock.,

Flasma membrene prepsred by hypotonic shock was
further purified by discontinuous sucrose

2

gradient znd the properties of Ca ‘eATiase were

compared with thet of the enzyme in demembrensted
spermetozoa.

CaZ*-ATFase sctivity of purified plasas mesbrene
wvas linezsr upto 6 fold protein concentr-tion end
for 30 min of incubstion at 37°C. The a:xisus
sctivity wes observed st pH 8,0. The ka was
0.80mM vith Vaax of 9.45 L moles of Ptljou.n/u

protein,



5.

“= 3.

Ca?*-ATFase sotivity Sn dsmembip e brd wimpn borim
showed @ 1linewr relotiunmily whbi 'y brgd 4 prmbrin
concentretion snd wupte W) el sl Vrvph bhup 4 by )ir
at 37°C. The PH optimw son yhunmp (i ik ha
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