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1. Introduciion

Succinate—gytochrome ¢ reductase {SCR)™ has
been isolated from mitochondria and purified in sev-
eral laboratories [1-3]. The preparation has been
studied, both as an entity |3, 4] and as starting mate-
rial for further purification and reconstitution [2].
Preparations of this kind contain, among other com-
ponents, succinate dehydrogenase, the cytochrome -
b’s and cytochrome ¢4, and antimycin-sensitive eleg-
tron flow spans the carriers associated with the second
phosphorylation site. Recent observation of changes
in the midpoint potential of cytochrome by upon pas-
sape of electrons through succinate —cytochrome ¢
reduciase suggests that the preparation retains some
portion of the primary energy-conserving mechanism
[5]. This observation, together with that of uncoupler-
induced stimulation of reconstituted cytochrome

oxidase [€} encouraged us to examine the effect of
uncouplers on purified succinate—cytochrome ¢ re-
ductase activity.

2. Maieria]s and methods

, Stv;rc‘cinat‘ewcym chrome ¢ reductase was purified
from phosphate-washed beef heart mitochondria by
the method of Yamashita and Racker [2] which is es-

sentially a cholate extraction followed by ammonium

% 4 bbrevigtions: SCR, succinate—cytochrome ¢ reductase;
‘CCCP, carbonyleyanide m-chlorophenylhydrazone; FCCP,
carbonylcyanide p-trifluoromethoxyphenyihydrazone;
NQNO, 2-nonyld-hydroxyguinoline-N-oxide; DNP, 2,4-

dinitrophenol; octylDNP, 6-octyl-2,4-dinttrophenol; hydrol-

: _ ,,a_pachol,j2—.‘1’1}7.&:qu-B—{B’methylbmyl)-l sd-naphthoquinone.
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sulfate fractionation. The reductase preparation was
then dialyzed for 20 hr at 0°C against 20 vol of 10
mM potassinm phosphate buffer at pH 7.4 containi :
0.5 wM EDTA. SCR activity was measured at 20°C
with a Perkin—Elmer Model 350 spectrophoiometer
in the split-beam mode employing a reaction mediu:.
containing 60 mM sodium succinate, 1 mM EDTA
potassium phosphate 60 mM pH 7.4 and cytochrome
¢ (Sigma, Type 1I) 1.5 mg in a final vol of 1.0 ml. T.::
amounts of reductase employed were 0.06 mg and
0.3 mg in the experiments reported in iables 1 and 2,

.

Table 1
Ktimmilation of succinate—cytochrome ¢ redunctase by nnconrioss.

“ Hydrolapachol B.2 ninoles + cholate D.5% . 4.9

Additions Cytochrome ¢ redug. 43.1
{nmoles/min)
None 4.8
OCCP 20 oM 7.7
FCCP 20 pM 3.0
DNP 125 uM 4.9
Dctyl DNP 25 pM 6.2
CaCl, 20 mM 4.8

Table 2
Release of hydrolapachol inhibition on addition of urseuplera.

Additions Cytoci.romi: 2
reduocr:d
{nmolesim )}
None - : - ) 4.9
Hydrolzpachol 8.2 nmoles : o1
Hydrolapachol 8.2 nmoles +:CCCP 20 ubi 3.2
Hydrolapachol 8.2 nmoles +FCCP 20 pM 31
Hydrolapachol 8.2 nmoles + DNP 125 aM = 25
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respectively. Difference spectra were obtained using
the same instrument with SCR suspended in a medinm
containing 60 mM potassivm phosphate pH 7.4,

3. Results

Addition of uncouplers of oxidative phosphoryla-
tion gives rise to stimulation of succinate oxidation
by SCR (1able 1}. The stimulation is most dramatic
with CCCP and FCCP, while addition of Ca%?, an un-
coupler in the case of intact mitochondria, is withont
effect. Likewise, in other experiments {not shown)
addition of valinomycin in the presence of K* did not
give rise to stimulation of electron transport. Stimula-
tion by uncouplers was lessened when dialysis was
omitted perhaps owing to increased cholaie in the
preparation which would give rise to less vesicular
character {7]. That a vesicular preparation is required
for stimulation by uncouplers is also consistent with
the observation that inclusion of 0.5% sodium cholate
in the reaction medivm renders SCR insensitive to
addition of CCCP.

The failure to observe substantial stimulation of
electron flow on addition of DNP {while oetyl-DNP is
effective) appears to result from a secondary inhibition
of the reductase by the somewhas higher concenirations
of DMP required. We have found thet the rapid elec-
tron transport measured in the presence of CCCP is
inhibited abont 40% by 50 M DINP. It appears that
inhibition by DNP occurs at a concentration compa-
rable to that at which its uncoupling effect commenses,
so that unconpling effects are diminished. Ociyl'DNP
uncouples at a lower concentration than DNP itself,
owing to iis increased solubility in lipid and, thus,
remains an effective stimulator of electron transport.
This resnlt suggests that nncoupling may reflect the
compound’s concentration in lipid, while inhibition
reflects that in the agueous phase.

We showed earlier that inhibition of mitochondrial
succinoxidase by hydroxynaphthoguinones and hy-
droxygquinoline-N-oximes was reversible npon addition
of nneoupling compounds [8]. Reversibility appears
due to the energy-linked translocation of the inhibitor
to its locus of action and it is noteworthy that it does
not ogeur with inside-out submitochondrial particles
[9). Thus, it is of interest 1o examine SCR for similar
reversibility of inhibition, in part because of the bear-
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Fig. 1. Change in the oxidation—rednction difference spec-
trum of SCR upon addition of CCCP. The cuvettes contain-
ed 60 mM potassivm phosphate pH 7.4 and 2.0 mg of the
reduciase preparation in a vol of 1.2 ml. Cytochrome ¢ was
not present in the medinm: A) Baseline {oxidized--oxidized;
B) Reduced (8 mM sedium specinae)—oxidized ; C) OCCP
{30 uM) added o test cuvette. Specirum C was unaitered on
addition of CCCP to the reference cuvetrte, as well. In this
preparation, about one-half of the dithionite reducible cyto-
chrome b was reduced by succinzie

ing that such information may have on the sidedness
of the reductase vesicles. Table 2 demonstrates sub-
stantial relezse of hydrolapachol inhibition with CCCP,
FCCP, DNP, octyl-DNP and cholate, and it should be
pointed ont that'the degree of stimwvlation of the in-
hibited rate is much greater than the stimulation of
uninhibited electron flow {table 1).

Uncoupler-induced stimulation of respiration in
intagt mitochondria is accompanied by changes in the
oxidation—reduction state of the individnzl carriers of
the respiratory chain [10]. Fig. 1 shows that addition
of CCCP to SCR, in the presence of succinate, causes
an oxidation of cytochrome(s) b and a reduction of
cytochrome ¢; .

4, Discussion

The fact that um:buplexs of oxidative phosphoryla-

_ tion stimmiate electron transport and release respiratory
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inhibition in purified SCR indicates that some features

of ensrgy-conpling rerhain in this partislly resolved, -
vesicular preparation. If, as widely supposed, uncon-
plersact by conducting protons across the conpling
membrane [11], uncoupler-induced stimulation of
SCR activity probebly reflects collapse of a proton
gradient {or an equivalent potential difference) which
pppoeses eleciron flow. Since it is imoprobable that =
purified segment of the respiratory chain would con-
tain a specific. proton puinp, it is likely that electren
transport, itself, produces the gradiens, perhaps by oc-
curring in a vectorial fashion as suggested by Mitchsil
12}, | |

1f, as we have sngpested [9], release of naphtho-
quinong inhibition by uncouplers is due to failure of
concentrative transport of the inhibitor 1o its site of
action, then that site must be inaccessible to the ex-
terior both in intact mitochondria {8, 9] and in SCR.
Thus, thess two systems appear to exhibit the same
sidedness in contrast 1o sonic submitochendrial par-
ticles, where inhibition is not released by unconpling
and where, presumably, the site of inhibition is ex-
posed.
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