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Fi1G. 2. Plots of the 2 T parameter of stearic spin label C-5 vs. Q-n concentration (mm).
A——A, egg-lecithin vesicles + Q-3 oxidized; A——A, egg-lecithin vesicles + Q-3 reduced,
V—4« , egg-lecithin vesicles + Q-9 oxidized; <—=7, egg-lecithin vesicles + Q-9 reduced.

Q-3 or Q-9 in the oxidized state lowers 2 Ty
indicating that they both decrease the or-
der. However Q’s in the reduced form be-
have rather differently: while reduced Q-9
still lowers 2 T7;, reduced Q-3, on the con-
trary, shows a noticeable ordering effect.
The ordering effect of reduced Q-3 is found
also when the quinone is added to lipid
vesicles directly in its reduced form (Table
II). This finding argues against the possi-
bility that the ordering effect is the result
of phospholipids being reduced by
NaBH;CN with the quinone acting as a
catalyst.

In order to investigate also changes in
fluidity of the inner region of the bilayer,
other experiments have been performed us-
ing the C-16 probe. The spectra consisted
in every case of three lines only, thus hint-
ing that, as in other similar experiments
(13, 14) the C-16 probe segmental motion
can be considered as effectively isotropic.
We have therefore used as a simple empir-
ical measure of the membrane fluidity a
pseudo-isotropic correlation time -calcu-
lated with the usual Kivelson relation (15).

Table I1II reports the correlation times of
C-16 in lipid vesicles containing reduced
and oxidized quinones; it appears that Q-3

TABLE II
CONTROL EXPERIMENT SHOWING THE EFFECTS OF
ETHANOL AND OF REDUCED Q-3 ON THE 2 T,
PARAMETER IN PHOSPHOLIPID VESICLES

Phospho- Addition Final 2Tu Change
lipid (mM) ethanol (gauss) of 2 Ty
concentra- (gauss)
tion (%,
v/v)
DOL — 0 50.6 —
— 2 50.7 +0.1
—_ 4 50.5 -0.1
— 8 49.8 -0.8
Q-3,04 4 49.7 -0.9
Q-9, 0.2 2 49.5 -1.1
Q-9,0.8 8 48.6 -2.0
Asolectin — 0 45.6 —_
— 2 45.6 0
Q-3,0.2 2 45.1 -0.5
Reduced 2 46.5 +0.9
Q-3, 0.2¢

°Q-3 was reduced with Na dithionite with the
method of Rieske (9) and resuspended in absolute
ethanol after washing of excess dithionite in a two-
phase system and evaporation to dryness.

in its reduced state produces an increase of
the correlation time, which indicates a
slower motion of the label. In order to com-
pare the effects of Q’s in the oxidized and
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in the reduced states on the correlation
time of C-16, we have considered the ratios
between these two values. A decrease (in-
crease) of this ratio is an indication of a
decreased (increased) mobility of the spin
label in presence of reduced Q in compari-

TABLE III

VALUES OF THE PSEUDO-CORRELATION TIME 7. OF
THE SPIN LABEL C-16 IN DIFFERENT SYSTEMS®

Phsospho- Addition 7.107°s
lipids (mMm)
—NaBH;CN +NaBH,CN
EL None 0.8 0.8
Q-3,04 08 1.0
Q-3,08 0.7 11
Q-9,0.2 08 0.8
Q-9,0.4 0.7 0.8
Asolectin None 0.9 0.9
Q-3,02 0.9 1.1
Q-3,0.8 0.8 1.3
Q-9,0.2 0.8 0.9
DOL None 0.8 0.8
Q-3,0.75 0.7 1.1
Q-9, 0.75 0.6 0.7

@ All the results are the average of 4 reproducible
experiments.
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son with the mobility when the oxidized
form is present. Figure 3 shows a plot of
this ratio against the concentration of Q: it
can be observed that only Q-3 is able to
induce a decrease of this ratio.

CONCLUSIONS

The results of this investigation seem to
support the suggestion that Q’s with differ-
ent side chain lengths, when in their re-
duced form, have different effects on the
bilayer fluidity. This could be ascribed to
the type of interaction with the lipid bi-
layer. The fluidization due to the presence
of Q’s in the oxidized state, as shown by the
decrease of the 2 Ty parameter for C-5
probe and by the shorter correlation time
for the C-16 probe, could be explained by
the disordering effect of the side chain of Q
intercalating in the hydrocarbon region of
the lipid bilayer. The completely different
effect of Q’s in the reduced state is more
difficult to explain.

One possibility is that in reduced Q’s a
very important role is played by their en-
hanced polarity. It is likely that reduced Q-
3, which has the length of average phospho-
lipid molecules, becomes inserted in its full

1.0
k—— o
\ \D\
o D

v T

-5

1
1.0 CoaQ(mM)

Fic. 3. Plots of the 7.°*/7.” ratios of stearic and spin label C-16 vs. Q-n concentration (mm).
B—8, Egg-lecithin vesicles + Q-3; 1.3, egg-lecithin vesicles + Q-9. A decrease of the ratios

means a decrease in fluidity of the bilayer.
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length between the fatty acyl chains, its
interaction being possibly strengthened by
hydrogen bonds linking the hydroquinone
ring with the phospholipid polar heads (16).
In the case of reduced Q-9 such an arrange-
ment would be forbidden by the excessive
length of the side chain.

In any case the fact that reduced Q-3
enhances the order and consequently de-
creases the fluidity of the lipid bilayer could
be in good agreement with the inhibitory
effect of Q-3 on mitochondrial respiration
(4-6). In fact the quinone, once reduced,
could become trapped in the lipid bilayer
and prevented from crossing the mem-
brane.
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