Vol. 11, No. 6, 1963 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

THE EFFECT OF PHOSPHATE CON GLUTATHIONE INDUCED LIPID
PEFROXIDATICON AND SWELLING IN RAT LIVER MITOCHONDRIA

F, Edmund Hunter, Jr,, Joan Welnstein, Audrey A.
Scott, and Aleene K., Schnelder
The Edward lMallinckrodt Department of Pharmacology

Washington University Medical School, St., Louls, Mlssourl

Received May 6, 1963

Both phosphate (Hunter et al., 1959) and glutathione
(Lehninger and Schneider, 1959) induce swelllng of fresh rat
liver mitochondria in dilute suspension as judged by the tur-~
bidity or density (DSEO) decrease, The glutathione swelling
oceurs only 1f both GSSG and GSH are present (Neubert and
Lehninger, 1962) and is intimately assoclated with 1ipld per-
oxide formation (Hoffsten et al., 1962) as Judged by the thio-
barblturic acid method. Both phosphate and glutathione induced
swelling occur in KC1 and in sucrose medla, but KC1l media must
be used when the thilobarblturlc acid method is to be applied
because of inbterference by sucrose,

When both phosphate and glutathione are present the gluta-
thione induced changes are prevented but the phosphate induced
swelling occurs in a normal fashion (Fig. 1). It may be seen
that relatively low concentrations of phosphate, such as 0.2 mli,
largely prevent glutathione induced 1lipid peroxide formation and
correspondingly shift the D520 or swelling curve toward that
typical for phosphate alone, One mM phosphate completely pre-
vents the action of glutathlione. Phosphate 1nduced swelling
appears to be typical in the presence of glutathione with one

characteristic change. Any lag perlod seen with phosphate alone
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Flg. 1. The effect of various concentrations of phosphate on
glutathlone induced lipld peroxidation and swelling-lysis.
Fresh mitochondrla. 0.175 M KC1 + 0,025 M Tris buffer pH 7.4
medium, 24°C,

18 usually eliminated so that 1n the presence of glutathione
there 1s a very rapld initiatlon of swelling by phosphate,

Fig. 2 presents the effect of phosphate added late, durlng
and after the short lag perlod seen with 5 mM GSSG + 1 mM GSH,
The glutathione Initiates 1lipid peroxidation, but as soon as
phosphate 1s added the appearance of 1lipld peroxide virtually
stops. Not only can the reactions leading to 1ipid peroxide be
prevented by phosphate, they are also interrupted by phosphate
and no significant lipld peroxide chain reaction continues., When
phosphate 1s added durlng glutathione induced swelling there 1is
a rapld additional swelling due to the phosphate and some de-
crease 1n the extent of glutathlone induced swelling-lysis 1if

the phosphate 1s added early enough.
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Fi%. 2. The effect of 1 mM phosphate added at varlous times
after GSSG + GSH on 1lipid peroxidation and the course of the
swelling curve., Fresh mitochondria, KCl-Tris medium, 24°C.
When added, the glutathione mixture was always present from zero
time,

Fig. 3 1llustrates an experiment indicating that the pro-
tectilve effect of phosphate 1s not due to catalyzlng the oxida-~
tlon of GSH to GSSG durlng the lag period. When GSH ls added
after GSSG and Poa, there 1s no swelling of the glutathlone type.
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Fig. 3. The effect of adding GSH after the mitochondrlia have
been exposed to GSSG and phosphate for a period of time. Fresh
mitochondria, Medlum = 0.33 M sucrose + 0,025 M Tris buffer
pH 7.4, 24°C,
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Arsenate produces effects like phosphate in almost identical
concentrations., Sulfate has no effect, Thyroxine at 1 uM par-
tially inhiblts and 10 uM completely elimlnates the peroxide for-
matlonh and glutathione induced swelling. Uncoupling agents llke
DNP do not alter the lipld peroxide formatlon or glutathlone in-
duced phase of the swelling. However, they elimlnate any phos-
phate induced swelling in the presence of glutathlone Just as
they do 1n its absence.

These effects of relatively low concentrations of phosphate
and arsenate ralse the question whether the action of glutathlone
wlth thiol or disulflde groups at phosphorylation sites in the

mitochondrial membrane leads to lntermediates which inltlate
1ipid peroxidation under certaln condltlons, but which are di-

verted to other pathways when phosphate or arsenate are present.
In further investigations on thils polnt serlous attention must
also be glven to the possibility that phosphate and arsenate
have a direct antioxidant action themgelves or potentiate ofher
antioxidant material in the mltochondria, Added known antioxl-
dants prevent glutathione swelling but do not cause the simul-
taneous and independent electron transport supported swelling
seen with phosphate, arsenate, and thyroxine,

Oxygen consumption measurements with the Beckman micro oxy-
gen electrode indicate that the entire oxygen consumptlon assocl-
ated with 1lipid peroxidation is eliminated by phosphate. This
means that phosphate is interrupting the process in i1fts initial
stages and not Just inhibiting the final steps whlch lead to for-
mation of malonaldehyde, the substance actually measured by the
thiobarbituric acid method.

Investigators dealing with oxidative phosphorylatlon mechan-
1sme and other enzyme systems must be alert to effects such as

described here. In many cases lipids or lipoproteins are in-
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volved and glutathione may be present., Depending on the par-
tlcular situation involved eilther protective effects or inhibi-~
tion by phosphate might be seen, If alteration in lipids caused
inactivation, then phosphate might preserve activity. If alter-
ation In lipids caused release from a latent or inhibited state,
then phosphate might prevent "activation", Only further work
can determine whether the reactions which initiate 1ipid peroxi-
datlon or the 1lipld peroxides per se have any physiological role,
It 1s of great significance, however, that Neubert, Wojtezak, and
Lehninger (1962) have ldentified C-factor, which is essential for
mitochondrial contraction and improves phosphorylation in sub-
mitochondrial particles, as glutathlone peroxidase, A dlstinct
selectivity of phosphate relative to glutathione induced changes
is seen in the fact that 1 mM phosphate has no effect on ascor-
bate induced swelling-lysis in sucrose medium, and produces only
slight inhibition of ascorbate induced swelling and 1lipld per-
oxidation in KC1,
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