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Isolated intact rat liver mitochondria are capable of accumulating a great amount of 
divalent cation, e. g. Ca2+, Sr2+, and Mn2+ in the presence of inorganic phosphate (Pi). 
Phosphoenolpyruvate (PEP) does not affect divalent cation uptake and H+ production 
by rat liver mitochondria. However, PEP causes the efflux of Ca2+ but not Sr2+ and 
Mn2+ from mitochondria. The stimulation of CaB+ efflux by PEP from Ca2+-loaded 
rat liver ~mitochondria is ~ associated with an enhanced respiratory rate and A TP 
hydrolysis. These results suggest that (i) mitochondrial Ca2+ uptake and release exist 
as two independent pathways, (ii) Sr2+ and Mn2+ do not share a similar pathway as 
Ca2+ efflux from mitochondria, (iii) the efflux of Ca2+ from mitochondria is regulated 
by intramitochondrial A TP level. 

It is well known that uptake of Ca2+, Sr2+ 

and Mn2+ by isolated intact mitochondria is 
supported by respiration or ATP hydrolysis(15), 

and is mediated by a ruthenium red and La3+
sensitive carrier(17,21,24). The specificity of 

divalent cation accumulation by mitochondria is 
in a order of Ca2+>Sr2+>Mn2+. The respiration
linked uptake of Ca2+ and ejection of H+ is 

influenced by the initial concentration of Ca2+ 
and Pi(15,27), uncoupling agents(4,15), oligomy
cin(1l3) as well as adenine nucleotide translocase 

inhibitors, i. e., atractyloside and bongkrekic 
acid(19,25). Recent studies of Chudapongse and 
Haugaard (9 ), Peng et ai. (18 ) demonstrated that 
PEP is yet another factor that can influence the 

mitochondrial Ca2+ movement. Since transport 
of Sr2+ and Mn2+ across the mitochondrial 

membrane is generally believed via a similar 
mechanism as that of Ca2+. It would seem 

pertinent to investigate the effect of PEP on 
Sr2+ and Mn2+ accumulation by rat liver mito
chondria. 
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MATERIALS AND METHODS 

Liver mitochondria were prepared from 
adult male Sprague-Dawley rats in a medium 
containing 0.25 M Sucrose, 5 mM Hepes (N-
2-hydroxyethylpiperazine-Nf-2-ethanesulfonic 
acid) buffer pH 704, as previously described (18). 
After the final wash, mitochondria were su
spended in a medium containing 0.2 mM Hepes 
buffer pH 7 A with 0.25 M Sucrose. All of the 
experiments were performed within two hours 
after the harvest of mitochondia. Mitochondrial 
protein was determined by the biuret method(14). 
Oxygen consumption was determined polaro
graphically with the Clark oxygen electrode(8). 
The ejection and uptake of H+ during the in
flux and efflux of Ca2+, Sr2+, or Mn2+ were 
followed with a sensitive pH electrodeCll ). 

Appropriate corrections were made for the 
buffering capacity of the medium and suspened 
mitochondria by addition of standardized HCI 
or NaOH in each experiment. Divalent cation 
uptake and efflux were followed with 45Ca2+, 
85Sr2+ and UMn2+ as previously described (18). 














