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Calcium uptake into ejaculated ram spermatozoa is highly enhanced by the addition of extracellular 
phosphate. Under identical conditions, extracellular calcium stimulates the uptake of phosphate by the cells, 
Both calcium and phosphate uptake are comparably inhibited by the sulfhydryl reagent mersalyi. The/so was 
found to be 6.36 and 10.14 mnol mers~yl per mg protein for phosphate and calcium uptake, respectively. 
Calcium uptake is inhibited by mersalyl whether phosphate is present or not. Extracellular fructose causes a 
5-fold increase in calcium uptake. When fructose and phosphate are present in the cell's medium, there is an 
additive effect, which indicates that two independent systems are involved in calcium transport into the cell. 
Ruthenium red, which bioctks Ca 2+ transport into the mitochondHa, causes 70% and 95% inhibition of 
calcium uptake in the absence or irt the presence of fructose, respectively. Ruthenium red does not affect 
phosphate uptake unless calcium was present in the incubation medium. The sfimulatory effect of fructose 
upon calcium uptake can he mindcked by L-lactate and can he inhibited by the glycolytic inhibitor 
2-deoxyglucose. Fructose and l..lactate stimulate mitochondrial respiration in a comparable way. Oligomy- 
ein, which inhibits mitochondrial ATP synthesis, does not inhibit Ca 2+ uptake. This indicates that ATP is 
not involved in the mechanism by which mitochondrial respiration stimulates Ca '+ uptake. The calcium 
channel blocker, verapamil, inhibits Ca 2+ uptake in the presence or absence of extracellular phosphate. The 
phosphate-dependent calcium transport mechanism is more sensitive to verapamil than is ~he phosphate4n- 
dependent transporter. In summary, the data indicate that the plasma membrane of mammalian spermatozoa 
contains a calcium/phesphate symporter, a phosphate-independent calcium carrier and a calclum-lndepen- 
dent phosphate carrier. 

Introduction 

Motility and capacitation are two processes 
which occur in spermatozoa which are regulated 

Abbreviations: FCCP, earbonylcyanide p-trifluorometho- 
xyphenylhydrazone; EGTA, ethylene glycol bis(fl-aminoethyl 
ether)-N,N, N',N'-tetracetic acid; Mops. morpholinepropane- 
sulfonate. 

Correspondence: H. Breitbart, Health Sciences Research 
Center, Department of Life Science, Bar.llan University. 
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by intracellular calcium concentrations ([Ca]i) 
[I-6]. The selection ef calcium as an intraceUular 
messenger, requires precise regulation of its con- 
centration. In mammalian spermatozoa, the sys- 
tems that regulate [Ca2+]i involve the Na* /Ca  2+ 
antiporter [7,8] and the ATP-dependent calcium 
pump [9-11] of the plasma membrane and the 
mitochondria [12]. Very little information has been 
accumulated about the transport mechanism(s) in- 
volved in calcium movement into the cell. It has 
been suggested that a Na+/Ca 2+ antiporter of the 
plasma membrane is involved in Ca 2+ transport 
into bovine sperm [8]. This Na+/Ca 2~" carrier can 
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be blocked by cahrin, a protein purified from 
bovine seminal plasma [5,8,13,14]. In a recent 
paper, we have suggested that a calcium-phos- 
phate carrier is located in the plasma membrane 
of bovine spermatozoa []5]. In this current paper, 
we show for the first time comparable data for 
calcium and phosphate uptake into ram sperma- 
tozoa. We present direct proof of the existence of 
a calcium-phosphate transporter in sperm plasma 
membrane. 

Materials and Methods 

Semen was collected f~'om rams by electric in- 
duction. The fresh semen was immediately diluted 
(1 : 1) with buffer 1 containing 110 mM NaCI, 5 
mM KCI, 10 mM Mops (pH 7.4). The sperm cells 
were washed twice by centrifugation at 600 x g 
for 10 rain at room temperature. The final cell 
pellet was resuspended in buffer 1. 

Uptake of 4Sea by sperm suspensions was de- 
termined by the filtration technique. Cells (3- 
108/ml) were incubated in buffer 1 containing 0.2 
mM CaCI 2 and 2 pCi 4~CaCl2. The concentration 
of phosphate or fructose, when used, was 0.5 mM 
and 10 mM, respectively. After the appropriate 
incubation time at 37 ° C, 0.1 ml was removed and 
immediately vacuum-filtered on G F / C  filters. The 
cells trapped on the filter were washed three times 
with 5 rnl of solution composed of buffer 1 con- 
tai.qLqg 2 mM CaC12. The dry filters were counted 
in scintillation vials with 4 ml of Lumax (Lumac 
Corp.). 

Uptake cf [32P]P i by sperm suspensions was 
determined by the filtration technique, as de- 
scribed above for 4SCa uptake. Cells (3-108/ml) 
were incubated in buffer 1 containing 0.5 mM P~ 
and 5 pCi [32P]P i. The concentration of calcium or 
fructose, when used, was 0.2 mM and 10 raM, 
respectively. Incubation, filtration and counting 
conditions were described, above for 45Ca uptatee. 
The cells trapped on the filter were washed three 
times with 5 ml of solution composed of buffer 1 
containing 5 mM Pi. All data for 45Ca and [a2P]P i 
uptake, are expressed as the experimental value 
corrected for the zero-time control. 

Mitochondrial respiration of the cells was 
monitored at 37°C using a Clark oxygen elec- 
trode. The total protein content was 2.2 mg/10 8 

cells. The experiments shown were each perfommd 
upon a single preparation of sperm pooled from 
one or two ejaculates, and are representative of 
three or more identical experiments performed 
with other such pools. 

Results 

Effect of phosphate on calcium uptake 
Calcium uptake into ejaculated ram sperm 

dependent on the concentration of added pho.~- 
phate. As shown in Fig. 1, a 2-fold stimulation in 
calcium uptake results from the addition of 0.5 
mM phosphate. The calcium uptake in absence of 
phosphate is 70% inhibited by Ruthenium red (or 
FCCP, data not shox,m), a result which indicates 
that 70~ of the calcium taken up is accumulated 
in the sperm mitochondria. The dependency of 
calcium uptake upon extracellular calcium or 
phosphate concentrations is shown in Fig. 2. In 
the absence of added phosphate, the cell suspen- 
sions contain no detectable extracellular phos- 
phate (data not shown). This finding indicates that 
phosphate is not released from the cells. 

Effect of calcium on phosphate uptake 
In Fig. 3 it is shown that phosphate uptake into 

ejaculated ram sperm is dependent upon extracell- 
ular phosphate concentrations. The uptake of 
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Fig. 1. Effect of phosphate on calcium uptake. Sperm cells 
were incubated in buffer 1 which contained 0.2 mM CaCI 2, 
and the uptake of Ca 2÷ into cells was determined. The sym- 
bols represent: control (0). 0.5 mM Pi (o) and 1.5 pM 

Ruthenium red (El). 
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Fig. 2. Effect of calcium or phosphate concentrations on 
calcium uptake. Ceils were incubated in buffer 1 for 3 rain at 
37°C and the uptake of 4SCa into the cells was measured. In 
the experiments using Pi concentrations, buffer 1 contained 0.2 
mM CaCI 2. The symbols represent: calcium concentrations. 

(0) alid Pi ,~oncentrations (c). 

phosphate  is stimulated by  about  2-fold including 
0.2 m M  calcium in the cell suspension (Fig. 4). 

Effect of mersalyl 
Mersalyl is a sulfhydryl reagent which does not  

penetrate  ,Aa the plasma membrane  of  sperm cells 
[15]. It  is well documented  that mersalyl inhibits 
phosphate  transport  into the rnitochondria [16]; 
therefore, it is important  to mention that mersalyl 
does  not  penetrate via the plasma membrane.  

The effect of  mersalyl concentrat ions on phos- 
phate  uptake into ram spermatozoa is shown in 
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Fig. 3. Effect of phosphate concentrations on P~ uptake. Sperm 
cells were incubated in buffer 1 containin S 0.1 mM EGTA and 
various concentrations of phosphate and without added 

calcium. The incubation was performed for 3 rain at 37 o C. 
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Fig. 4. Effect of calcium on Pi uptake. Sperm cells were 
incubated in buffer 1 containing 0.5 mM Pi and the uptake of 
[32plP i into the cells was determined. The values are given for 
results with 0.2 mM CaCI 2 (o) without Ca 2+ and with 0.l 

mM EGTA (0). 

Fig. 5. There is no inhibition in phosphate  uptake  
at mermlyl concenLlations up to 20 laM, and 
above this concentrat ion inhibition is increased by  
enhancing the concentrat ions of  mersalyl. At  14 
nmol mcrsalyl per  108 cells there is 50~  inhibition 

of  phosphate  uptake. The  effect of  mersalyl on 
calcium uptake in the presence and absence of  
phosphate  is shown in Fig. 6. Since calcium up-  
take in the absence of  phosphate  is very low, we 
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Fig. 5. Effect of mersalyl on phosphate uptake. Cells were 
preincubated in buffer 1 containing 0.5 mM P,, 0.2 raM 
CaCI 2, 10 mM fructose for 5 rain at 37°C with increase:! 
concentrations of mersalyL The reaction was started by adding 
[32PIP i and the phosphate taken up was determined after 3 
min of incubation. 10 pM mersaiyl is equivalent to 3.33 nmol 

mersalyl per l0 s cells. 
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Fig. 6. Effect of  mersalyi on calcium uptake. Sperm cells were 
preincubated in buffer 1 containing 0.5 mM P± (@) or 10 mM 
fructose ( o )  foc 5 min at 37°C  with increased concentrations 
of mersalyi. The reaction was started by adding 0.2 mM CaCI 2 
and the uptake of calcium was determined after 3 min of 
incubation, l0  #M mersalyl is equivalent to 3.33 nmol mersalyl 

per 10 s cells. 

added fructose in order to increase the 
phosphate-independent calcium uptake, it can be 
seen ;hat increasing the mersalyl concentration 
causes linear inhibition in calcium uptake, with 
50% inhibition at 22.3 nmol mersalyi per l0 s cells. 
There are no differences in the effect of mersalyl 
whether phosphate is present or not. 

Effect of substrates on calcium and phosphate up- 
take 

It is well known that phosphate transport into 
lhe mitochondria is coupled to calcium transport, 
although they have two different carriers. There- 
fore, it was interesting to determine whether in- 
hibition of calcium transport into the mitochondria 
will affect phosphate transport into the cell. First, 
we wanted to discover how Ruthenium red, which 
inhibits calcium transport into the mitochondria, 
would affect calcium uptake into the cell in the 
presence of phosphate and fructose. The data in 
Table I indicate that extraceilular fructose or 
phosphate causes 5- or 3-fold increase in calcium 
uptake, respectively. In the presence of phosphate 
plus fructose there is an additive effect. Ruthenium 
red causes 65% or 95% inhibition of Ca 2+ uptake 
in the absence or in presence of tructose, respec- 
tively. A 3-fold stimulation in calcium uptake 

TABLE I 

EFFECT O F  RUTHENIUM RED ON CALCIUM UPTAKE 

Cells incubated in buffer 1 contai~ng 0.2 mM CaCt2, and the 
4SCa taken up was determined after 3 win at 37°C.  The 
concentration of Ruthenium red was 1.5 ttM. 

Additions Ca uptake (nmol /10  s cells) 

control Ruthenium red 

None 2.3 ± 0.5 0.78 + 0.13 
0.5 mM P, 7.2±0.7 2.54±0.18 
10 mM fructose 11.6±0.8 0.59+0.09 
10 mM fructose+0.5 mM Pi 14.7±1.0 1.43±0.14 

results by adding phosphate and there is no stimu- 
lation, but rather 30~ inhibition in the presence of 
fructose. The stimulatory effect of phosphate on 
calcium uptake c~". be seen in the plesence of 
fructose as well. Thus, the data indicate that the 
stimulatory effect of phosphate on calcium trans- 
port can be observed trader conditions where 
mitochondrial calcium transport is inhibited. The 
effect of Ruthenium red on phosphate uptake in 
the presence of fructose and calcium is shown in 
Table II. A 2- or 6-fold stimulation in phosphate 
uptake results from the addition of calcium or 
calcium plus fructose, respectively. There is no 
effect of fructose in the absence of calcium, in the 
presence of Ruthenium red there is ~,till a 1.3- or 
2.5-fold stimulation in phosph~e uptake when 
calcium or calcium plus fructose, respectively, are 
present. Ruthenium red inhibits phosphate trans- 
port when calcium only is present in the medium. 
The fact that phosphate uptake in the presence of 
P, uthem;um red, i~ 2.5-fc!d stimulatcd by adding 

TABLE !I 

EFFECT OF RUTHENIUM RED ON PHOSPHATE UP- 
TAKE 

Cells were incubated in buffer I containing 0.5 mM Pi, and the 
uptake of 32p i into the cells was measured after 3 rain at 
37°C.  

Additions Pi uptake (nmol/108 cells) 

control Ruthenium red 

None 1.05+0.16 1.34+0.17 
0.2 mM CaCI 2 2.15=1=0.22 1.81±0.27 
10 mM fructose+0.1 mM EGTA 1.21+0.21 1.64±0.15 
10 mM fructose+0.2 mM CaC! 2 6.54±0.33 3.32+0.28 
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Fig. 7. Effect of fructose and L-lactate on Ca 2+ uptake. Sperm 
cells were incubated in buffer 1 containing 0.2 mM CaCI 2 and 
substrate and the uptake of 4SCa was determined at 37 o C. The 
symbols represent: no substrate (D), !0  mM fructose (,,), 10 
mM L-lactate (O) and 10 mM fructose or L-lactate with 1.5 ?tM 

Ruthenium red (11). 

calcium plus fructose, conditions under which 
calcium uptake is more than 90~ inl~ibited, indi- 
cate that calcium stimulates phosphate transport 
via the plasma membrane. 

The fact that calcium transport in the presence 
of fructose is 95% inhibited by Ruthenium red, 
indicates that the mechanism by which fructose 
stimulates calcium transport into the cell is via 
stimulation of mitochondrial activity. In order to 
test this possibility, we examined the effect of 
various mitochondrial substrates and fructose, in 
the presei:ce of glycolytic inhibitor, on calcium 
uptake and respiration. The effect of the sperm 
mitochondrial substrate L-lactate on calcium up- 
take is shown in Fig. 7. It can be seen that the 
effect of L-lactate is similar to the effect of fruv- 
tose, both. of which are above 90% inhibited by 
Ruthenium red. From Table II1 we can see that 
the stimulatory effect of fructose on calcium up- 
take is 85~g inhibited after preincubation of cells 
with the glycolytic inhibitor 2-deoxyglucc,se. The 
fact that 2-deoxyglucose does not affect the 
calcium uptake which is dependent upon L-lactate 
or phosphate (Table llI) indicates a specific effect 
of 2-deoxyglucose on glycolytic activity and not 
on the calcium transport mechanism. The effect of 
various glycolytic and mitochondrial substrates on 
calcium uptake can be seen in Table IV. The 
calcium uptake activity is related to the various 

TABLE !I! 

THE EFFECT OF 2-DEOXYGLUCOSE ON CALCIUM 
UPTAKE 

Cells were prcincubated i,n buffer I containing 40 mM 2-de. 
oxyglucose for I h at 25 o C, then diluted four times in buffer 1 
containing 0.2 mM CaCI ~ and various components. The up- 
take of 4SCa was determined after incubation for 5 rain at 
37°C.  

Additions Ca uptake (nmoi/10 s cells) 

control 2.deoxyglucose 

None 2.28 + 0.57 2,22 + 0.40 
0.5 mM Pi 3.70 + 0.70 3.77 + 0.39 
10 mM fructose 14,75 ± 1.37 4.25 + 0.50 
10 raM L-lactate 15.01 + 1.05 15.78±0.81 

substrates according to the sequence: fructose = 

glucose = lactate > fl-hydroxybutyrate > glycerol. 
In order to ensure that glycerol does not cause any 
damage to the plasma membrane, its effect wa.~ 
determined in the presence of phosphate or fruc- 
tose. It can be seen from Table IV, that there is no 
inhibitory effect of glycerol on calcium uptake 
uader these conditions. 

Effect of substrates on respiration 
The effect of fructose and L-lactate on sperm 

respiration is shown in Fig. 8. As can be seen, a 
2.1- or 2.5-fold stimulation in respiration results 
from the addition of fructose or L-lactate, respec- 
tively. There is only a very small effect when 

TABLE IV 

THE EFFECT O F  VARIOUS SUBSTRATES ON CALCIUM 
UPTAKE 

Cells were incubated in buffer I containing 10 mM of substrate 
and 4~Ca uptake was determined after 5 rain incubation at 

37 ° C. 

Additions Ca uptake (nmol /10  a cells) 

None 1.80+0.51 
0.5 mM P~ 3,66±0.68 
Fructose 15.81 + 1.55 
Glucose 15.00+ 1,57 
L-Lactate 15.87 + 1.10 
//-Hydroxybutyrate 9.45 + 1.48 
Glycerol 5,05 4-1.08 
Glycerol +0,5 mM Pi 7.28 4.1.05 
Glycerol + fructose 18.60 + 1.49 
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L-]lactate is added in the presence of fructose. 
'l'lte,,e data  indicate that fructose and L-lactate 
aff~=::t calcium uptake into the cell via the same 
me~.tmnism. 

Effe, oj' of oligomycin 
The data  presented so far indicate that calcium 

transport  into sperm cells is controlled by 
mitochondrial  activity. The question remains as to 
how mitochondrial  respiration can affect  calcium 
transport  via the plasma membrane.  One of  the 
pos.~;ibilities suggests the invol,~ement of  ATP in 
the process. In  order  to test this possibility, ATP 
levels in the cells were affected using the 
mitochondrial  ATPase inhibitor, oligomycin. A 
close evaluation of  the changes in ATP levels was 
made  by following sperm motility, which was suf- 
ficient to ensure that ofigomycin was active. It can 
be seen from Table V that oligomycin inhibits 
completely the motility which was dependent  upon 
mitochondrial  activity (without external substrate 

cells 
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Fig. 8. Effect of fructose and L-lactate on mitochondrial respi- 
ration. The respiration of 2.10 s cells/3 ml was determined in 
buffer 1 containing 0.2 mM CaCI 2 at 37°C. Fructose or 
L-lactate were added to final concentration of 10 raM. The 
concentration of the uncoupler FCCP was 2 pM. The numbers 
in parentbesis repr~cnt the respiration rate in pmol O2/108 

cells per h. 

TABLE V 

EFFECT OF OLIGOMYCIN ON CALCIUM UPTAKE AND 
CELL MOTILITY 

Cells were preincubated in buffer ~ with 20 nmol 
oligomycin/10Scetls for 30 min at '~5°( " The untake of 45Ca 
was determined in buffer 1 contain;-g 0.2 mM CaCI 2 and 
phosphate or substrate as indicateO. Cell motility was de- 
termined with a fight microscope; (+)  indicates good motifity 
and ( - ) indicates no motility. 

Additions Ca uptake (nmol/10 s cells) Motility 

control oligomycin con- oligo- 
trol mycin 

None 0.87 + 0.03 1.54 4- 0.03 + - 
0.5 mM Pi 1.764-0.03 2.094-0.02 + - 
10 mM fructose 6.82 4- 0.05 9.90 4- 0.07 + + 
10 mM fructose+ 
0.5 mM P~ 9.13 + 0.07 10.71 4- 0.08 + + 
10 mM L-lactate 6.64+0.07 10.234-0.09 + - 
10 mM L-lactate+ 
0.5 mM Pi 9.244-0.07 12.434-0.10 + - 

or  with lactate as the only substrate). This result 
indicates a large decrease in ATP levels under  
these conditions. In the presence of  fructose, 
oligomycin had no  effect on cell motility, which 
indicates that the A T P  level is high. N o  motile 
cells were seen when oligomycin was added in the 
absence of  added substrate, a result which indi- 
cates that the motility, under  these conditions, is 
dependent  upon mitochondrial  respiration. It is 
shown in Table V, that oligomycin does not  cause 
any inhibition in calcium uptake, as one would 
expect if ATP  were involved in the mechanism of  
calcium transport  via the plasma membrane .  In 
fact, there is always some stimulation of  calcium 
uptake by oligomycin. It  is possible that the drop 
in ATP level caused by  oligomycin causes a reduc- 
tion in Ca2+/Mg2+-ATPase  activity. Since this 
enzyme pumps calcium out  of  the cell, a reduct ion 
in its activity will result in elevation of  the calcium 
content  in the cell. 

Effect of verapamil 
i t  is shown in Fig. 9, that verapamil,  which is 

considered to be a voltage-dependent calcium 
blocker, causes inhibition of  calcium uptake in the 
presence of  extraeelluiar phosphate  or  fructose. A 
50~ inhibition was found at 0.6 and 1.36 m M  
verapamil for phosphate  or fructose-stimulated 



357 

B-  

0.5 1.0 1.5 2.0 
mM Ver~pamil 

Fig, 9, Effect of verapamil on calcium uptake. Cells were 
hlcubated in buffer I containing 0.2 mM CaCI 2 and increased 
concentrations of verapamil. Calcium uptake was determined 
after incubation for 3 min at 37°C. The values represent 
incubations in the presence of 0.5 mM Pi (O) and 10 mM 

fructose (o). 

calcium uptal.e, :espectively. Thus, it seems that 
the phosphate-dependee~t calcium transport mech- 
anism is more sensitive to verapamfi in compari- 
son to the phosphate-in¢lependent mechanism. 

Discussion 

The data presented here support possible mech- 
anisms for the enhanced effect of phosphate and 
fructose on calcium uptake into ejaculated ram 
spermatozoa. We also present data which deal 
with the effect of calcium and fructose on phos- 
phate uptake. In a recent paper [15], we suggested 
that the plasma membrane of bovine spermatozoa, 
contains a calcium-phosphate carder. In this cur- 
rent paper, we present data which further support 
this proposal. The data also indicate that a phos- 
phate-independent calcium carrier and a calcium 
independent phosphate carrier are involved in 
calcium and phosphate uptake. A stimulation of 
about 2-fold in calcium uptake or in phosphate 
uptake was found when phosphate or calcium, 
respectively, were added. Mersalyl inhibits calcium 
uptake as well as phosphate uptake into the cells 
in a comparable way (Figs. 5 and 6). Similar 
results were obtained for bovine spermatozoa 
[15,17]. This indicates that a common mechanism 
for calcium and phosphate transport exist in sperm 
cells. Mersalyl inhibits calcium uptake whether 
phosphate is present or not (Fig. 6). This indlca~es 
that the calcium carrier itself is inhibited by 
mersalyl. Thus, the inhibition of calcium uptake in 

the presence of extracellular phosphate results 
from the inhibit|on of a calcium carrier and not 
necessarily from the inhibition of a phosphate 
cartier, as was found in liver mitochondria [16]. 
Since mersalyl does not penetrate via the plasma 
membrane [15], we conclude that phosphate 
stimulates calcium transport by affecting a trans- 
port mech.anis.m, which is located in the sperm 
plasma membrane. To exclude the possibility that 
extracellular phosphate enhances calcium uptake 
due to its effect_ on sperm mitochondria, we de- 
termined calcmm and  phosphate uptake in 
Ruthenium red treated cells. Ruthenium red, in- 
hibits the mitochondrial calcium uniport without 
effecting the calcium carrier of the plasma mem- 
brane [18]. Although calcium uptake is 95~ in- 
hibited by Ruthenium red, a 3-fold stimulation of 
calcium uptake can still be seen when phosphate is 
added (Tables I and II). This indicates that phos- 
phate affects calcium transport via the plasma 
memb] one. The fact that calcium stimulates phos- 
phate uptake into the cells and this effect of 
calcium is only 5()% inhibited by Ruthenium red 
(Table II) indicates that calcium affects phosphate 
transport via the plasma membrane. Ruthenium 
red inhibits phosphate uptake in the presence of 
calcium only, a result which indicates that a phos- 
phate carrier is not inhibited directly, under these 
conditions. The fact that in the presence of fruc- 
tose, Ruthenium red causes 95~ inhibition of 
calcium uptake and only 50~ inhibition of phos- 
phate uptake, can be explained by considering the 
existence of a calcium ~amp in the plasma mem- 
brane [10] and the finding that 40% of the phos- 
phate taken up is incorporated into non-permea- 
ble nucleotides [17], 

We have shown that fructose strongly stimu- 
lates calcium uptake without added phosphate, 
but there is no stimulation of phosphate uptake 
unless calcium is added (Tables I and If). These 
data indicate that fructose affects phosphate 
transport via its effect on calcium transport, Since 
this effect of fructose cannot be found when the 
glycolytic activity is inhibited (Table III), we con- 
clude that glycolytic metabolites stimulate calciun~ 
and phosphate uptake. The additive effect of 
fructose and phosphate on Ca '+ uptake indicates 
that two separate systems for cal,~,ium transport 
exist in the cells. 
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Th~ enhanced effect of fructose on calcium 
uptake is due to the supply of L-lactate, via ~he 
glycolysis, to the mitochondria. L-Lactate a~one 
(Table III) and other mitochondrial substrates, 
also support calcium uptake into the cells. The 
similar stimulation of respiration and calcium ttp- 
take by fructose and L-lactate (Fig. 8) indicates 
that calcium uptake is increased by stimulating 
mitochondrial resp,.'ra6on. In order to explore the 
mechanism by which mitoehondrial activity may 
affect calcium transport via the plasma mem- 
brane, we speculated that ATP might be involved. 
The results with oligomycin (Table V) are in 
agreement with our data from bovine sperm, from 
which calcium uptake and direct determination of 
cell ATP levels were measured (Breitbart, H., 
Welbie, R. and Lardy, H.A., work in preparation). 

Thus, we conclude that ATP is not involved in 
the mechanism by which the mitochondria affects 
calcium transport. 

The data with verapamil (Fig. 9) indicate that 
phosphate-dependent calcium uptake is relatively 
more sensitive to verapamil than that which is 
phosphate-independent. This result supports the 
rest of the data in this paper, which indicate the 
existence of two carriers for calcium transport 
located in the plasma membrane of ram sperma- 
tozoa. One system is a phosphate-independent 
carrier and the second is a phosphate-dependent 
transporter. In addition, the plasma membrane 
contains a calcium-independen~ phosphate trans- 
port mechanism. 
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