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1. Introduction

In previous paper we have shown that mitochondria
isolated from human term placenta possess high activity
of a-glycerophosphate dehydrogenase (EC 1.1.99.5)
[1]. This paper reports the effect of phosphoenolpyru-
vate on the a-glycerophosphate dehydrogenase activity
in human placental mitochondria. Phosphoenolpyru-
vate has been shown to inhibit competitively this
enzyme; the K value being about 0.5 mM. 3-Phospho-
glyceric acid also inhibits a-glycerophosphate dehy-
drogenase; however this inhibitory effect is smaller
than the effect caused by phosphoenolpyruvate.

Other glycolytic intermediates as glucose 6-phosphate,
fructose 6-phosphate, fructose 1,6-diphosphate, and
2,3-diphosphoglyceric acid were found to be ineffective.
It is proposed that phosphoenolpyruvate may be a
regulatory factor of a-glycerophosphate dehydrogenase
in human placental mitochondria.

2. Materials and methods

DL--glycerophosphate (disodium salt), phosphoenol-
pyruvate (trisodium and tricyclohexylamine salts),
phenazine methosulfate (PMS), fructose 1,6
diphosphate and fructose 6-phosphate were obtained
from Sigma Chemical Co.; carbonylcyanide m-chloro-
phenylhydrazone (CCCP), and 2,3-diphosphoglyceric
acid were from Calbiochem, glucose 6-phosphate and
3-phosphoglyceric acid were from Koch-Light. All
other compounds were of the highest purity available
commercially.

Human placental mitochondria obtained as
described previously [1] were suspended (about 50 mg
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of mitochondrial protein per 30 ml of solution) in

250 mM sucrose, 10 mM Tris-HC1, pH 7.4, + 0.5 mM
EGTA (ethyleneglycol-bis-{(8-aminoethylether)V,N'-
tetraacetic acid). The suspension was centrifuged at

16 000 g for 4 min. The pellet obtained was suspended
in about 30 ml of 125 mM KC1 + 10 mM Tris-HC1,
pH 7.4, and centrifuged at 16 000 g for 4 min. The

last step of the procedure was repeated twice. The final
pellet was suspended in 125 mM KC1 + 10 mM Tris-
HC1 pH 7.4 to obtain about 20—30 mg of mitochon-
drial protein per ml. Protein was estimated as described
previously [2].

Respiration was measured with a Clark oxygen
electrode at 25°C in 2.5 ml medium containing:

120 mM KC1, 20 mM Tris-HC1 pH 7.35, 1 uM CCCP,
10 uM cytochrome ¢ and 2—3 mg of mitochondrial
protein.

« -Glycerophosphate dehydrogenase activity was
assayed as described previously [1] by measuring the
rate of oxygen uptake in the reaction coupled with
PMS reduction and its subsequent reoxidation in the
medium containing: 120 mM KC1, 20 mM Tris-HC1,
pH 7.35,2 mM KCN, 0.35 mM PMS and about 2 mg
of gnitochondrial protein. Assay temperature was
25°C.

3. Results and discussion

The effect of PEP on a-glycerophosphate oxidation
by human placental mitochondria under uncoupied
state is shown in fig.1. The addition of 1.2 mM PEP
(trisodium or tricyclohexylamine salts) caused an
immediate inhibition of a-glycerophosphate oxidation
by human placental mitochondria if the substrate was
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Fig.1. Effect of PEP on a-glycerophosphate oxidation by human placental mitochondria. Experimental conditions as described
under materials and methods. Other additions as indicated on the figure. Mitochondria (mito), a-glycerophosphate (GP).

used at 1 or 2 mM concentrations. The extent of the
inhibition was dependent on substrate concentration
reaching about 65% or 40% at 1 mM and 2 mM
a-glycerophosphate concentrations, respectively.
This inhibition was almost completely reversed by
addition of 4 mM a-glycerophosphate. No inhibitory
effect was observed if 1.2 mM PEP and 10 mM
a-glycerophosphate were added. The identical inhibi-
tion was obtained if oxygen uptake was determined
under similar conditions as in fig.1 but in the presence
of PMS and KCN. This suggests that PEP acts at the
level of the a-glycerophosphate dehydrogenase.

Fig.2 exhibits the effect of increasing concentra-
tions of PEP on a-glycerophosphate dehydrogenase
activity. The results are expressed as per cent of the
control activity in the absence of the inhibitor. A
significant inhibition of a-glycerophosphate dehydro-
genase activity was observed when as little as 0.2 mM
PEP was present in the incubation medium. The
activity of a-glycerophosphate dehydrogenase was
considerably depressed by PEP at its concentration
range 0.2—1 mM. The degree of inhibition increased
as the concentration of PEP was raised, reaching about
50% at 1 mM PEP. 3-Phosphoglyceric acid inhibits
also a-glycerophosphate dehydrogenase however
considerably less than PEP. Other glycolytic inter-
mediates as glucose 6-phosphate, fructose 6-phosphate,
fructose 1,6-diphosphate, pyruvate and 2,3-diphospho-
glyceric acid were found to be ineffective at the
concentration range 0.5—5 mM.

It is known that a-glycerophosphate dehydrogenase
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of flight muscle mitochondria [3], lung mitochondria
[4] and brown adipose tissue mitocondria [5] are
markedly stimulated by very low Ca?" concentrations.
In this respect mitochondria from human placenta
resemble mitochondria of flight muscle, lung and
brown adipose tissue. Therefore, the effect of PEP

on a-glycerophosphate dehydrogenase activity was
studied in the presence of an excess of calcium ions
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Fig.2. Effect of increasing concentrations of PEP on the acti-
vity of a-glycerophosphate dehydrogenase in human placental
mitochondria. Mitochondria had been preincubated for 2 min
in the presence of PEP at concentrations indicated on the
figure in the medium described under materials and methods
prior to the addition of 1 mM a-glycerophosphate. Oxygen
uptake in the control was 60 nmol/mg of mitochondrial
protein per 1 min.
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Fig.3. Inhibition by PEP of a-glycerophosphate dehydrogenase
activity presented as double reciprocal plot. Mitochondria
were preincubated in the medium as described under materials
and methods with varied concentrations of PEP for 2 min.
Then o-glycerophosphate was added at concentrations
indicated on the figure.

under conditions described in the legend to fig.2. The
extent of inhibition both in the presence and in the
absence of calcium ions was identical (not shown
here).

Data presented in fig.1 suggest that PEP is a compe-
titive inhibitor of a-glycerophosphate dehydrogenase
with respect to the a~glycerophosphate. Kinetic studies
of the effect of PEP on a-glycerophosphate dehydro-
genase activity are presented as Lineweaver—Burk
plots (fig.3), and reveal an apparent competition
between a-glycerophosphate and PEP. The results
presented in the form of a Dixon plot (fig.4) showed
that under these conditions the K value for PEP is
about 0.5 mM.

The results of experiments presented above suggest
that a-glycerophosphate dehydrogenase activity in
human placental mitochondria may be controlled by
cytosolic changes in PEP concentration. Taking into
consideration that this enzyme catalyses the conver-
sion of a-glycerophosphate to dihydroxyacetone
phosphate, which can be metabolised to PEP by

FEBS LETTERS

May 1976

0.6mM 6P

009 ky=0.5mM

ImM GP

©
o
3

e
)
o

°©
2mM GP

i/v {nmoles 02" ~min-mg protein)

0.0t

-0.a 0.4 0.4 0.8 12 i6 2.0
[PEP] (mM)}

Fig.4. Inhibition by PEP of a-glycerophosphate dehydrogenase
activity presented as a Dixon plot. Experimental conditions
as described in the legend to fig.3.

glycolytic pathway, a feed-back regulation of
a-glycerophosphate dehydrogenase by PEP may be
proposed. Our results, as well as the observations

that phosphoenolpyruvate inhibits mitochondrial
protein synthesis [6] and the net uptake of Ca®* by

rat heart and liver mitochondria [7] indicate that this
glycolytic intermediate influences several mitochondrial
processes.
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