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ins. Homolytic cleavage of the CC13-C1 bond evidently 
produces such a shower of CC13 radicals that any protection 
effort by peroxidase is overwhelmed. Rao et al. ~6 also 
reported that lower activities of lipid peroxidase and 
nucleotide oxidase might be favorable for optimum aria- 
toxin biosynthesis, but they started from presuppositions 
quite different from ours. According to them, in fact, lipid 
peroxidation was increased within the mycelium under 
conditions of reduced aflatoxin production; under these 
conditions lipid synthesis and growth are enhanced and 
greater availability of lipids would elevate lipid peroxidase 
activity. 

Acknowledgments. Supported by 'Cassa di Risparmio di 
Roma', funds from Ministry of Education and Faculty of 
Science of 'La Sapienza' Rome University. 

1 Fanelli, C., Fabbri, A.A., Finotti, E., Bellincampi, D., Gualan- 
di, G., and Passi, S., 5th Intern. IUPAC Symposium on 
Mycotoxins and Phycotoxins, Vienna, Sept. 1-3, 1982; p. 166. 

2 Fanelli, C., Fabbri, A.A., Finotti, E., Panfili, G., and Passi, S., 
Trans. Br. mycol. Soc. 81 (1983) 201. 

3 Fanelli, C., Fabbri, A.A., Finotti, E., and Passi, S., J. gen. 
Microbiol. 129 (1983) 1721. 

4 Fanelli, C., Fabbri, A.A., Finotti, E., Passi, S., and Fasella, P., 
Intern. Mycotoxins Conference, Cairo, March 19-21, 1983; 
Abstr. 30. 

193 

5 Fabbri, A.A., Fanelli, C., Panfili, G., Passi, S., and Fasella, P., 
J. gen. Microbiol. 129 (1983) 3447. 

6 Bhatngar, R.K., Ahrnad, S., Kohli, K.K., Mukerji, K.G., and 
Venkitasu-Bramanian, T.A., Biochem. biophys. Res. Com- 
mun. 104 (1982) 1287. 

7 Hanzlik, R.P., Biochem. Pharmac. 30 (1981) 3027. 
8 Recknagel, R.O., Glende, E.A., Jr, and Hruszikewycz, A.M., 

in: Free Radicals in Biology, vol.3, p.97, Ed. W.A. Pryor. 
Academic Press, New York 1977. 

9 Fanelli, C., Fabbri, A.A., and Passi, S., Trans. Br. mycol. Soc. 
75 (1980) 371. 

10 Anonimous, Worthington Enzyme Manual. Freehold Worth- 
ington Biochem. Corp., 1977. 

11 Reynolds, E.S., and Moslen, M.T., in: Free Radicals in 
Biology, vol.4, p.49. Ed. W.A. Pryor. Academic Press, New 
York 1980. 

12 Slater, R., in: Free Radical Mechanisms in Tissue Injury. Pion 
Ltd, London 1972. 

13 Sipes, I.G., Krishna, G., and Gillette, J.R., Life Sci. 20 (1977) 
1541. 

14 Brown, B.R., Jr, Sipes, I.G., and Sagalyn, A.M., Anesthesiolo- 
gy 41 (1974) 554. 

15 Doyle, M.P., and Marth, E.H., Eur. J. appl. Microbiol. 7 
(1979) 211. 

16 Rao V.M., Maggon, K.K., and Venkitasubramanian, T.A., 
Toxicon 18 (1980) 279. 

0014-4754/84/020191-03 $1.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1984 

Physiological state of submitochondrial particles and their susceptibility to Triton X-IO01 

F.M. Gofii, J. M. Valpuesta, M. C. Barbero, E. Rial, J. I. G. Gurtubay and J. M. Macarulla 

Departments of  Biochemistry and Biology, Faculty of  Science, P.O. Box 644, Bilbao (Spain), 8 April 1983 

Summary. The solubilizing effect of Triton X-100 on beef heart submitochondrial particles (ETPH) has been studied under 
various physiological conditions. Coupled, uncoupled and azide-inhibited ETPrl particles have been studied. Quantitative 
and qualitative differences are found in the proteins solubilized by the detergent from ETPH particles under the various 
conditions tested. 

There have been various reports of differences in suscepti- 
bility of membranous systems to the solubilizing action of 
detergents, according to the physiological state of the 
membranes I-4. Some of these studies have been carried out 
on microorganisms, or microbial membranes, generally by 
inducing inhibited states through cyanide or sodium azide. 
Detergent action was usually assessed by the release of 
cytoplasmic contents. 
Studies on the effect of detergents on mitochondria and 
mitochondrial membranes have also been carried out, in 
this and in other laboratories ~-7. It was found that Triton X- 
100 was very useful in this respect, because of its selective 
solubilizing action and mild effect on enzyme activities at 
low concentrations, together with a high solubilizing power 
at higher detergent/membrane ratios. 
The well-known conformational changes accompanying 
variations in the mitochondrial physiological state 8, togeth- 
er with the selectivity of Triton X-100 action 6'9 and indica- 
tions that the accessibility of membrane lipids and proteins 
to externally added reagents varies with energization/de- 
energization processes 4'~176 suggest that mitochondria in 
different physiological states may behave differently 
towards detergents. However, this hypothesis was difficult 
to test with the usual lengthy methods (centrifugation, 
dialysis, etc.) of separating the solubilized from the non- 
solubilized membrane fraction, because of the problems of 
maintaining mitochondria in a defined functional state for 
such long time intervals. In this paper, we describe a fast 

and efficient filtration method to achieve that aim, and we 
also record the quantitative and qualitative differences 
found in Triton X-100 solubilized protein from mitochon- 
dria in different physiological states. 
Materials and methods. Beef heart submitochondrial parti- 
cles (ETPH) were prepared according to 13. They were 
washed and resuspended in a few ml of 0.25 M sucrose, 
0.01 M Mg 2+ and 10 mM Tris-HC1, pH 7.2. 
The physiological state of ETPH was tested by means of a 
Clark-type oxygen electrode (Rank Bros., Bottisham, U.K.) 
using an assay medium containing 2 mM K2HPO4, 75 mM 
KC1, 0.5 mM EGTA, 1 ~M rotenone and 10 mM Tris-HC1 
(pH 7.0). With succinate-maintained respiration, respirato- 
ry control ratios were 1.2-1.4 at 38 ~ The ETPn suspen- 
sion was diluted to a final concentration of 1 mg protein/ml 
in the assay medium indicated above. 'Respiring' submito- 
chondrial particles (1 mg protein/ml) were assayed in the 
presence of 20 mM succinate and 0.6 mM ADP; 8 taM 
carbonyl cyanide m-chlorophenyl hydrazone (CCCP) was 
added in order to obtain 'uncoupled' ETPH; finally, 'inhib- 
ited' submitochondrial preparations contained 20 mM suc- 
cinate, 0.6 mM ADP and 20 mM sodium azide. Polaro- 
graphic observations showed that the submitochondrial 
preparations remained in their respective functional states 
for longer than 1 min. 
The different ETP H suspensions were treated with the 
required amounts of Triton X-100 in order to obtain final 
detergent concentrations ranging from 10 -5 to 10 3 M, and 
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incubated at 25 ~ for 1 rain. They were then immediately 
filtered through two filters in series, (0.08 ~tm (Whatman 
GF/A)  and 0.22 lain (Millipore GSWPO 1300) pore diame- 
ter), mounted on a Millipore Swinnex-13 support. No more 
than 10 sec elapsed between the end of the incubation and 
the end of the filtration step. 
Proteins were determined by the method of Lowry et al. 14 
with the modification of Wang and Smith ~5. Polypeptides 
were analyzed by polyacrylamide gel electrophoresis in the 
presence of sodium dodecylsulphate (SDS-PAGE) accord- 
ing to Fairbanks et al} 6. The gel cylinders (75 mm long) 
were stained with Coomassie brilliant blue and scanned at 
575 nm in a UV-5260 Beckman spectrophotometer 
equipped with a densitometry accessory. 
Results. The amount of mitochondrial protein solubilized 
by a given concentration of Triton X-100 depends in many 
cases on the functional state of the submitochondrial parti- 
cles, as can be seen in figure 1. Uncoupled and inhibited 
submitochondrial particles behave in the same way, and 
both differently from the actively respiring coupled ETPm 
The latter are significantly less susceptible to the solubiliz- 
ing action of 10 -4 M Triton X-100. The opposite happens 
with 6 • 10 -4 M detergent when more protein is solubilized 
from coupled ETP H than from any of the other 2 prepara- 
tions. 
The influence of the physiological state of submitochon- 
drial particles on protein solubilization is not only quantita- 
tive, but also qualitative; different polypeptide profiles are 
seen when the solubilized fractions of coupled, uncoupled 
and inhibited mitochondria are analyzed by SDS-PAGE 
(fig.2). Examining the fractions obtained with 6• 10 -4 M 
Triton X-100 it can be seen that, in accordance with the 
quantitative data (fig. 1), the polypeptide compositions of 
uncoupled and inhibited ETP H are quite similar, and both 
different from that of coupled submitochondrial particles. 
Discussion. The present work demonstrates the influence of 
the physiological state of mitochondria on their susceptibil- 
ity towards Triton X-100 solubilization. There have been 
previous reports of similar observations on other membra- 
nous systems 1-4 but this is the first to deal with a cell 
fraction well-defined from the chemical, physiological and 
ultrastructural points of view, such as beef heart ETP H 
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Figure 1. Percent solubilization of proteins from ( � 9  azide-inhib- 
ited, (O) CCCP-,uncoupled and (11) state 3 respiring ETP n submi- 
tochondrial particles, as a function of Triton X-100 concentration. 
Points represent mean values • SEM (n = 5). Significance 
(Student's t-test): *p < 0.05; **p < 0.01. 

submitochondrial particles 13. Our observations were made 
possible by the development of a fast filtration technique 
for the separation of the solubilized from the non-solubi- 
lized mitochondrial fractions after detergent action. This 
led to the additional advantage over previous studies that 
we were able to isolate the proteins solubilized by the 
detergent, and consequently to analyze qualitatively this 
mitochondrial subfraction. It should be noted in this re- 
spect that this solubilized fraction is defined only according 
to filtration criteria, and in fact it does contain some 
particulate material 7. 
We have limited our study to submitochondrial particles 
treated for 1 rain with Triton X-100; this limitation is due 
to the difficulty of maintaining state 3 respiration for long 
periods of time. Nevertheless, previous experiments have 
shown 7 that most, if not all, the solubilizing effect of Triton 
X-100 takes place in the first minute after adding the 
detergent to a mitochondrial suspension. On the other 
hand, we have found that experiments involving shorter 
detergent treatments are difficult to reproduce. 
The qualitative analysis, by SDS-PAGE, of the fractions 
solubilized by the same amount of Triton X-100 reveals 
differences between coupled and uncoupled or inhibited 
submitochondrial particles despite the limited resolution of 
the gels for such a complex mixture. The possibility of a 
characteristic lipid composition or enzyme activity distribu- 
tion in those fractions remains open to investigation. 
Our results agree with those of Komor et a l f o n  Chlorella, 
Saccharomyces and E. coli, at Triton X-100 concentrations 
higher than 2 • 10 -4 M, in that, in both cases, nonmetabo- 
lizing cells or poisoned mitochondria are less affected by 
detergents than their functionally active, coupled counter- 
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Figure 2. Typical densitograms of Coomassie-blue stained SDS- 
PAGE gels L6 corresponding to polypeptides solubilized from 
a coupled, b uncoupled, and c inhibited ETP H particles by 6 • 10 -4 M 
Triton X-100. All the gels contain the same amount of protein. 



Experientia 40 (1984), Birkh/iuser Verlag, CH~t010 Basel/Switzerland 

parts. The opposite was observed by Lanyi with Halobac- 
terium cutirrubrum 3, in accordance with our results at low 
detergent concentrations. The varying susceptibility of  cou- 
pled mitochondria,  high above 2 x  10 -4 M Triton X-100 
and low below 2 x 10-~' M detergent, is difficult to explain 
at the moment ,  
It is known that conformational  changes of  the mitochon- 
drial inner membrane  accompany its fluctuations in func- 
tional state 8, and that these ultrastructural changes deter- 
mine also changes in molecular  conformation,  as indicated 
by studies of  accessibility to membrane  components  ~2'17. 
These transitions could be invoked in order to explain the 
different susceptibilities towards Triton X-100; however, no 
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simple explanation is available. State 3 respiring and azide- 
inhibited mitochondria  are indistinguishable from the ul- 
trastructural point o f  view, both being in the 'condensed '  
conformationS; however,  they behave differently towards 
detergent solubilization. Also, as Tri ton X-100 is an un- 
charged molecule,  the differences cannot be explained by 
changes in surface potential. As it is known that there is a 
selective affinity of  Tri ton X-100 towards certain lipid and 
protein classes 4'8'9-~2, we would like to suggest that the 
proport ion of  accessible molecules with high detergent 
affinity varies with the physiological state of  mitochondria,  
and this determines the qualitative and quantitative differ- 
ences observed. 
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Summary. Effect of  RES-blockade on bone marrow cells was studied serially after irradiation in LPS-resistant mice. 
Injection of  carbon particles reduced damage and accelerated recovery of  marrow hemopoiet ic  stem cells, indicating that 
LPS-resistant mice can react normally to RES-blockade.  

Blockade of  the reticuloendothelial system (RES) with 
particulate materials, such as carbon particles (CP) is 
known to result in increased survival of  the irradiated 
animals 2'3, and this effect has been attributed, at least 
partly, to its provision of  a favorable microenvironment  for 
hemopoiet ic  recovery 4. Although a similar radioprotective 
effect is observed in mice pretreated with bacterial l ipopo- 
lysaccharide (LPS), some differences in the mechanism 
have been suggested between these two agents. Simul- 
taneous injection of  CP and LPS decreases the survival of  
the irradiated mice 5. Pretreatment with CP protects the 
C 3 H / H e J  mice, which are genetically resistant to most 
known effects of  LPS 6, from radiation lethality, whereas 
LPS has virtually no effect 7. We have further demonstrated 
the difference between the hematological  effect of  CP and 
that of  LPS on this strain of  mice 8. Since our results also 
suggested the importance of  hemopoiet ic  stem ceils in the 
bone marrow, rather than those in the spleen, in the 
mechanism of  radioprotection, we describe here the 
recovery of  bone marrow stem cells serially after sublethal 
irradiation in CP-treated C 3 H / H e J  mice. 
Materials" and methods. C 3 H / H e J  mice (Jackson Laborato- 
ry, Bar Harbor,  USA) were used at 9-10 weeks of  age. They 
were injected i.v. either with 8 mg of CP (Pelican India ink, 
Gunther-Wagner ,  Germany)  or with pyrogen-free saline 

24 h before whole-body irradiation of  450 rad. Irradiation 
was carried out using a 180 kVp-20 mA X-ray unit with a 
filter of  1.0 mm A l + 0 . 5  mm Cu at a dose rate of  50 rad/  
rain. Bone marrow cells were flushed from 4-6 tibias into 
Fischer's medium,  and the total numbers of  nucleated cells 
were counted. The number  of  granulocyte /macrophage 
progenitors ( G M - C F C )  was determined on soft agar by the 
modified technique o f  Bradley and Metcalf  as previously 
described 8'9. Pluripotent stem cells (CFUs)  were assayed by 
the spleen colony method of  Till and McCulloch 1~ Briefly, 
samples of  marrow cell suspensions, each from at least 4 
mice, were injected into lethally irradiated syngeneic reci- 
pients (8 mice per point). 8 days later, spleens were excised 
under ether anesthesia, fixed in Bouin's solution and the 
colonies were counted under  a dissecting microscope. 

Mice used as bone marrow donors were injected i.v. with 5 gg LPS or 
with 8 mg CP, and marrow cells were harvested 24 h later and injected 
i.v. into lethally irradiated recipients (1 x 105 cells/mouse). Spleen co- 
lonies were counted on day 8 and on day 12 (10 mice/point) 

Number of colonies/spleen 
On day 8 On day 12 

Normal 22.3 4- 1.8 21.5 4- 2.7 
LPS* 25.1 + 2.9 23.4 4- 2.8 
CP** 20.8 • 3.1 22.7 • 4.2 


