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Effect of 6-ketocholestanol on FCCP- and DNP-induced uncoupling in 
plant mitochondria 
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Abstract Effect of 6-ketoeholestanol on FCCP-induced and 
DNP-induced uncoupling in beef liver and pea stem mitocbondria 
was studied, under experimental conditions at which this steroid 
abolished the effect of low concentrations of FCCP and other 
most potent uncouplers in rat mitochondria [Starkov et al. (1994) 
FEBS Lett., 355, 305-308]. It is shown that, in both types of 
mitochondria, 6-ketocholestanol prevents or reverses the uncou- 
pling induced by low concentrations of FCCP, but not that caused 
by high concentrations of FCCP or by any concentration of DNP. 
Progesterone and male sex hormones, showing recoupling capa- 
bility in animal mitochondria, appear to be ineffective in the plant 
system. Cholesterol does not recouple in both animal and plant 
mitochondria. Plant steroids, such as ll$-sitosterol and stigmas- 
terol, are also without effect. 
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I. Introduction 

Recently it was found that ketocholestanol (kCh) abolishes 
the uncoupling effect induced by low concentrations of  the 
most potent  uncouplers, like FCCP, in rat heart and liver mito- 
chondria, while the uncoupling caused by DNP, pentachloro- 
phenol and palmitic acid is unaffected [1-3]. On the basis of  
these and other results and similarities in chemical structure 
between kCh and steroid hormones,  the hypothesis that kCh, 
steroid hormones and FCCP-l ike uncouplers interact with a 
protein which mediates uncoupling induced by low concentra- 
tions of  F C C P  [2,3] was developed, just as thermogenin in 
brown fat mitochondria  [4] or ATP/ADP antiporter in muscle 
and liver mitochondria  mediate uncoupling by palmitate [5]. 

Pea stem and sunflower hypocotyl mitochondria  were found 
to be similar with mammal ian  mitochondria  in the participation 
of  ATP/ADP antiporter in free fatty acid-induced uncoupling 
[6,7]. Therefore, it was interesting to study if the FCCP-induced 
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Abbreviations: AO, transmembrane electrical potential difference; BSA, 
bovine serum albumin; FCCP, carbonyl cyanide p-trifluorometh- 
oxyphenylhydrazone; DNP, 2,4-p-dinitrophenol; EGTA, ethylene 
glycol-bis(fl-aminoethylether)-N, N, N', N',-tetraacetic acid; HEPES, 
N-(2-hydroxyethylpiperazine-N'-[2-ethanesulfon ic acid]) PMS, phena- 
zine methosulphate; Tris, tris(hydroxymethyl)aminomethane; kCh, 
6-ketocholestanol (5~-cholestan-3fl-ol-6-one); TMPD, N,N,N',N'- 
tetramethyl-p-phenylenediamine dihydrochloride. 

uncoupling in these mitochondria  was also sensitive to kCh and 
steroid hormones. 

In the present paper the effects of  kCh, some steroid 
hormones and plant steroids on FCCP-  and DNP-induced un- 
coupling in mitochondria  isolated from pea stem and bovine 
liver were studied. 

2. Materials and methods 

Pea mitochondria were isolated from etiolated stems (P&um sativum 
L., cv. Alaska). Eighty grams of stems were cut and homogenized by 
a mortar with pestle in 100 ml homogenization medium: 0.4 M sucrose, 
5 mM EGTA, 25 mM potassium metabisulphite, BSA (1 mg/ml) and 
20 mM HEPES-Tris (pH 7.6). The homogenate was then filtered 
through eight gauze layers, debris were again homogenized in 100 ml 
of the homogenization medium and filtered once more. The filtrate was 
centrifuged at 28,000 × g for 5 min by a Sorvall RC-5B centrifuge, at 
4°C. The pellet was resuspended in 120 ml homogenization medium by 
a Potter homogenizer. This fraction was centrifuged at 2,500 x g for 
3 rain and the supernatant centrifuged at 28,000 x g for 5 min. The 
pellet (mitochondrial fraction) was suspended in 1 ml of 0.4 M sucrose 
and 20 mM HEPES-Tris (pH 7.5). The final mitochondrial suspension 
contained about 10 mg protein per 1 ml and was stored on ice. 

Pieces of beef liver were stored in ice-cold 0.25 M sucrose for about 
30 min. Then, the pieces were minced with scissors and homogenized 
by a Potter homogenizer in a medium containing 0.25 M sucrose, 1 mM 
EGTA, 5 mM HEPES-Tris (tissue/medium ratio was about 1 : 7). The 
homogenate was filtered through two gauze layers. After first centrifu- 
gation (10 rain at 800 x g), the supernatant was centrifuged for 10 min 
at 10,000 x g. The mitochondrial suspension (about 20 mg protein/ml) 
was stored on ice. 

Oxygen consumption was recorded as described in [6]. 
To estimate the A7 ~ changes, safranin O was used [8-10]. In the 

majority of experiments, the difference in absorbance between 523 nm 
and 555 nm (AA) was recorded (in optical density units), at room 
temperature by a double beam-double wave Perkin-Elmer spectro- 
photometer, model 356. 

The mitochondrialprotein was determined by Bradford method, using 
the Biorad protein assay. 

Reagents: 6-ketocholestanol, sucrose, rotenone, DNP, EGTA, 
HEPES, Tris, oligomycin, safranin O, fatty acid-free BSA, potassium 
metabisulphite, FCCP, PMS, TMPD, stigmasterol, ,8-sitosterol, 
cholesterol and progesterone were from Sigma (USA). Cholesterol, 
#-sitosterol, progesterone, stigmasterol and kCh were dissolved in ab- 
solute ethanol to give 8 mM stock solutions. 

3. Results and discussion 

The additions of  20-60 # M  kCh to beef liver mitochondria  
reversed (Fig. 1A) or prevented (Fig. 1B) the 20 nM FCCP-  
induced decrease in A~P. Addit ion of  20 #1 ethanol (the amount  
of  ethanol used to dissolve 80 # M  kCh) exerted no effect on Aq' 
(not shown). High F C C P  concentrations added after kCh 
caused uncoupling. Under  the same conditions, kCh did not 
increase the A7 t level lowered by D N P  (Fig. 1C). Thus in beef 
mitochondria,  kCh seems to act in the same way as it was 
previously shown in rat mitochondria [1,3]. 
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Fig. I. Effect of 6-ketocholestanol and uncouplers on the membrane 
potential in beef liver mitochondria. Incubation medium: 7,uM safranin 
O, 0.25 M sucrose, BSA (0.2 mg/ml), 0.5 mM EGTA, 3 mM Na+/K + 
phosphate, oligomycin (1 pg/ml), 1 yM rotenone and 0.5 mM ascor- 
bate, 1 pM PMS and 5 mM HEPES-Tris (pH 7.4), mitochondria (0.5 
mg protein/ml). 

In experiments with pea mitochondria TMPD was used m- 
stead of PMS to have a more stable level of the AT'. The results 
of the experiments with kCh proved to be similar to those 

obtained with beef mitochondria. A low concentration of 
FCCP (20 riM) decreased A~, while 40/,tM kCh, being added 
before or after FCCE induced a recoupling effect (Fig. 2A,B). 
If 100 nM FCCP was added before other reagents, the follow- 
ing additions of oligomycin (1 pg/ml), 1 yM rotenone, 1 mM 
ascorbate, 10/tM TMPD and 40/tM kCh did not affect A~ (not 
shown). Additions of 40 pM cholesterol (Fig. 2C), progesterone 
(Fig. 2D), testosterone, dihydrotestosterone, fl-sitosterol and 
stigmasterol (not shown) did not restore AT' collapsed by 20 nM 
FCCR In fact, these steroids potentiated rather than to sup- 
press the uncoupling induced by low FCCR both the presence 
or absence of BSA (0.5 mg/ml). In the same experiments, stim- 
ulation of NADH oxidation by 20 nM FCCP was partially 
inhibited by 40 pM kCh, but the subsequent additon of a high 
concentration of FCCP (200 nM) again increased this oxidation 
(not shown). DNP-induced uncoupling proved to be kCh-resis- 
tant (Fig. 2E). 

The presented results demonstrate that recoupling effect of 
kCh on FCCP-induced uncoupling is not specific for mammal- 
ian mitochondria being also inherent to plant mitochondria. 
The difference between mitochondria from the two sources 
concerns steroid hormones. Indeed, progesterone, testosterone 
and dihydrotestosterone showed recoupling effect in experi- 
ments with animal mitochondria [3], but not in pea mitochon- 
dria. Some plant steroids were also ineffective. 
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Fig. 2. Effect of 6-ketocholestanol, progesterone and uncouplers on the membrane potential in pea stem mitochondria. Incubation medium: 7 ,uM 
safranin O, 0.25 M sucrose, BSA (0.2 mg/ml), 0.5 mM EGTA, 3 mM Na+/K ÷ phosphate, oligomycin (1/lg/ml), 1/.tM rotenone and 1 mM ascorbate, 
10/tM TMPD and 5 mM HEPES-Tris (pH 7.4), mitochondria (0.5 mg protein/ml). 


