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i. Imtreduction

Rat liver mitochondria can zccumulate large
quantities of Ca™ in the inner matrix compartment
by an energy-linked process. It was demonsirated that
this Ca** uptake is associated with a stoichiometric
ejection of protons [1--3]. Anions such as phosphate,
acetate and bicarbonate which permeate electro-
neutrally can sepport and accompany this energy-
linked Ca®* transport in respiring rat liver mitochon-
dria [4] and cause acidification of the inatrix. In
contrast, anions which permeate electrogenically
without aet transport of protons into matrix (nitrate,
thiocyanate) do not accompany Ca%" transport [4].
There is now a wide agreement that the driving force
for Ca* uptake in the presence of permeant anions is
the elecirical component of the electrochemical
proton gradient derived from respization or ATP
hydrolysis [5}. A controversy has been recenily
developed concering the satio H' ejected/Ca® taken
up, whether there are two (+) charses [6] or one (+)
charge [7] when phosphate movemenis are inhibited.

We present here data showing that glutamate can
accompany Ca®> uptalke in respiring rat liver mito-
chondriz. Glutamate can enter rat liver mitochondria
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by two transport systems: a glutamaiefasparate
exchange [8—10] and a M-ethylmaleimide sensitive
glusamaie/H” co-transport [11—15]. Gur data are
consisient with a co-iransport glutamate/Ca® medi-
ated by this last transpost system.

2. Materials and m=thods

2.1. fsolation of mitochkondria

Rat liver mitochondria were isolated aceording to
f16] in 0.25 M sucrose, 2 mM Tris--HCL, pH 7.4,

Proteins were determined by the Biuret method [7].

2.2. 3 Glut@mate incorporation
The technigue used was derived from [12] and
recently described in detail [18].

2.3. 02> upake

Atomic absorption determinaiions have beea made
with a Perkin Elimer spectrophotometer 424,

Changes in the extramitochondrial concentration
of free Ca®™ were monitored by use of = £a? selactive
clectrode (Philips IS561) developed [19]. The elec-
trode potentials were amplified by 2 Orion 801 A
ionometer which drove a Sefram recorder.

Mitochondrial swelling, initiated by addition of
100 pM Ca**, were monitored at 546 nm in a cefl
photometer containing 1 ml 190 mM Tris—glutamate,

pH 7.2,
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3. Kesults and discussion

2.1. Seimuddasion of ghetamate uptake by valinomycin
and Ca** _

Fipure 1 stiows tha{ ret liver rmitochondria, incu-
bated in the presence of 3 mM poiasiiuam shutamate,
absorb approx. 5—6 amol glutamate/mg protein/min.
This absorption is reduced 10--15% by rozenone {18]
but is considerably increased by valinomy tin which,
in the presence of K, stimulated the transmembrane
ApH [20,21] . Addition of 50 natoms Ca®/mg protein
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Fig.1. Stimulation of giutamate accurmulation by vzline-
myvcin and Ca®’. Mitochoadria, 2 mg, were preincubsated in
Eppendc:f cups in 1 ml medium (200 mM sucrose, 3 mM
#gCl,, 10 mM Hepes—KOH bufier, pB 7.4 and [**C]sucrose).
Glutamate transport was initiated by adding [*H]glutamate
(K" salt), $ mM final concentration, and stoppad by rapid
centrifugation with an Eppendorf 3200 microceatrifuge. The
supernatant was discarded and the pellet dissolved in 0.2 mi
formic anid. The radiouctivity (°H znd **C) of the peliat was
measured with zn Intertechnigue SL 40 scindiflation counter
in the POPOP/PPO systemi. The [**Clsucrose penmeable
space was found to range from 1.5 pl to 2 pifmg proteins.
For each experirnsnt, [3Hzlutamate in the matrix space
(sucrose impermeable) was calculated by substrating | °HJ-
glutamate present in the sucrose space. Valimomycan 20 ng/f
mg protein, Ca** 5C natoms/ing profeins, F1 5 mM.

26

FEBS LETTERS

January 1978

increases phitamate uptake to the same extent as the
valinomycin—&* system.

Iz contrast, addition of 5 mb P; stops glutamate
uptake whether CaZ" ia present or not. When valino-
mycin is also present, P; considerably reduces
glutamate upta*z (4 nmols [PH]Giufmg proteins,
instead of 22). It has been clearly established that

phosphate uptake by mitochondria is controlled by
the transmembrane ApH [22,23] . In the presence of

Ca*" or of valinomycin there appears to be competi-
tion between the phosphate/H" and the glutamate/H*
co-transports in relation to the transmembrine ApH.
The presence of Ca®* favours the phosphate/Ca? co-
transport.

A smzll part of the reduction in radioactivity
measured in the presence of P; may be due to a P/
[PH]dicarboxylate exchaage resulting from [*E}-
gluizmate metabolism,

3.2. The effect of glutamate on Ca® wpiake
3.2.1. Mitachondrial Ca¥” determined by atomic
absarption
Figure 2 shows that, in the ahsznce of any added
substrate, the mitachondria contain about 5 natoms
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Fiz.2. Effect of glutamate on Ca®* fixation. Mitochondria,
2 mg, were Incubaied in (he same conditions as for glutamats
uptake essays (fig.1). Ca*, 50 natoms/me proicin, was initially
present in the medium and the reacticn was initiated by
adding mitochondria and stopped by centzifuzation at various
times. In sach case the pellet was dissolved in 0.2 ml formic
zcid for Ca** determinziion by atomic absorption. (—e—e—)
*a*™ imcorporation. (- -o--c--) Ca® incorporation with 5 mM
e
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Ca¥Jmg protein. In the presence of 5 mM glutamate
they accumulate up to 22 natoms Ca®*/mg protein.

Figure 3 shows that there is a linear regression of
the guantities of Ca®" and [PH}glutamate shsorbed
and the concentration of Ca?’ in the incubation

meditm.

32 2. Change in extvamitochondnal free C2?* cancen-
iration determined by a specific Ca** electrode

In the abscnce of any added substrate mitochondria
fix relatively little Ca®* (fig.4A). The addition of 5
b glutamate induces active penciration of mito-
chondrsia by Ca? and after a few minutes all the avail-
able Ca?* is fixed. This raises the question of whether,
in such an experiment, glutamate is involved only as a
substrate gencrating the energy for Ca¥’ transport or
as an anion, indispensibie to Ca?* transport, before it is
oxidised.

In fig 4B it can be seen that the addition of
succinate in the presence of rotenons (protonmoiive
force generator} induces a slight Ca® pepeization. In
contrast, in the same conditions, slutamate addition
gives rise to complete Ca?™ fixation. Figure 4C show:

Fig.4. Effect of glutamate on extramitochondsial C2*° concentsation measuzed with 2 Ca®’ specific slecirode. Mitochondria,

1 mg, were incubated in § mi medivm (20 mM sucrose, 26 mM KCE, 10 mi Hepes—KOH, oH 7.2). Ca* (100 natoms} was addad
before mitochondria. Changes in Ca®" concentraiion were monitored with a Ca™ specific electvode Philips connacted to a Orion
801 A ionometer with a Szfram recorder. Glutamate 5 mM, suceinate 5 mM, rotenone § ug.
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Fig.5. Energylinked swelling induced by Ca** of rat liver
mitochondria in Tris glutamate. Mitochondria, 1 mg, were
added t3 1 ml 0.1 uM Tris—glutamate, pH 7.2. Ca™ 100
patoms, NIEM 100 nmol, succinate 5 mM, rotencne 1 pg.

that glutamate added in the presence of rotznone,
which inhibits its uxidation, does not resuii in Ca®
fixation. Following succinate addition results immedi-
ately in calcium glutamate uptake.

32 3. itochondria swelling induced by calcium
Putamate

When the mitochondria are incubated in the
presence of 100 mM Trs—glutamate, no swetling is
observed. The addition of 100 pM Ca® induces
sweiling which can be inhibited by Nethylmaleimice
(fig.5A).

Rotzncne addition also causes inhibition whereas
succinzte re-establishes swelling (fig.5B). Calcium
platamate penetration is thus an energy-requiring
process. When slutamate oxidation is inhibited by
rotenoae, succinate addition after Ca? results in
glutamate —Cz?" transport (fig.5C}.

4. Condclusiens

Our results suggest that there is cotransport of
glutamate and Ca®” in rat Hver mitochondria and that
the process requires encrgy . This hypothesis is sup-

poried by the following facts:

1. Phosphate, whose active transpozt is linked to the
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transmembrane ApH, is a powerful imhibitor of
glutamate translocation. In our experiniental con-
ditions, phosphate utilizes the tranpsmembrane Sph
to its own advantage.

2. The glutamate/Ca®* co-transport is inhibited if
glutamate oxidation is blocked by rotepone. This
inhibition is removed if succinate is added to the
incubaiion medinm.

3. The inhibition of glutamate/Ca® co-transport by
NEM suggests that the glutamate/H" transport
system is involved.
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