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~bztract 

Sucr activity in lipid-depleted mltochondda was not restored efficiently by mLxed 
myelin phosphollplds at difference with the natural mhochondrial phospholipld% yeast 
phcnpholipids,and ~Lsolcctin. Since similar differences in activity were present betxvcen 
pure phosphatidyl-cthanolamine fractions separated from myelin phospholipids and 
..M, olecdn, they should be due to the different fatty acid composition of the phospholipids. In 
contrast sdth the different ability in restoration ofsuecinoxldase, all the phosphollplds studied 
were bound to the llpld-depleted membranes tO similar extents. 

L~lroducllon 

Previous investigations ~n our laboratory have indicated that the L~nds between phbspho- 
iipids and proteins in the inner membrane ofbeefhear t  mitochondrla .-,re largely hydro- 
phobic in nature ;t-4 phospholipld and protein must be therefore strictly interdighated, in 
other words the membrane  proteins must be deeply buried in the lipid bilayer. Theoretical 
considerations allow to postulate that the types of phospholipids present might affect 
the possibility and the extent of hydi'ophobic interactions with the" proteins in the 
membrane:  in particular ' the fatty acid nonpolar residues of the phospholipids should be 
more  exposed to the protein than their polar part and thus affect the interactions more 
specifically, whereas the hydrophilic moiety of the lipid molecules should be less specific 
in this' respect. O'Brien suggests that saturated liplds, like those 15revailing in the myelin 
1heath ~ form tfilck~table bilayers, whereas double bonds confer an. increased looseness to 
the bilayer; 6 by this way the possibili~ advanced by Benson 7 and Green and Tzagoloff t 
~ a t  proteins are included hydrophobically into the bilayer, appears highly plausible for 
membrane cbntalnlng unsaturated fatty acids in large amounts . '  

I f  these assumptions are correct, significant differences could be attained in the associa- 
tion tolipld-depleted mltochondria ofphospholipids having different fatty acid r 
tion. Besides unsaturadon,  also the chain length of  the fatty acids may be meaningful 
i n  this respect. De Pury and Collins have found that the binding oflecithins from EFA- 
deficient rats (less unsaturated) and from normal rats t O lipid<lepleted mitochondria 
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follow different kinetics; ~~ the rate constants of the binding were much higher for the 
"deficient" lecithins containing large amounis of 5,8,1 l-eicosatrienoic acid than for the 
"normal" lecithins containing large amounts ofarachidonic acid. This difference might 
reflect different stability of the membranous lipoproteins. 

Certain enzymes require phosph01ipids for activity (cf. ref. I 1) : the electron transfer 
chain in mitochondria has a phospholipid requirement;" tz. ~3 the role ofphospholipids 
has been considered essentially structural;' several phospholipids were found effective 
inrestoring succino.xidase activity in acetone-treated mitochondria; tz in the experiments 
dted above, De Pury and Collins 14 have found that lecithins from normal and EFA- 
deficient rats have the same efficacy in restoring succinate-cytochrome c reductase 
activity. 

In this communication we report that myelin phosphoiipids, which have a fatty acid 
composition fardifferent from that ofthe mitochondrial phospholipids, s have little effect 
in restoring succinoxidase activity in lipid-depleted mitochondria (LDM), although 
they are bound to an almost normal extent. 

M e t ~ o ~  

Bed'heart mltochondrla were prepared according to Smith. 's The yeast SaccharomRces 
cere~6"iae was disrupted mechanically according to Schatx 16 and the membranous 
faction of the homogenate was collected by centrifugatlon at 105,000 x g. Bovine myelin 
was prepared according to Autilio et al. 'v Lipids were extracted by these difft'rent frac- 
tions with the method ofFolch et al. ;' 8 phospholipids were separated according to Marks 
et  al. '~ and micelles were obtained by s0nication from these phosphollplds and from 
Asol~tin (Commercial soybear, p.hospholipids) with the method of Fleischer and 
Hei~her3 ~ Allquots of the phosphollpid dispersions were dried in racuo and methyl 
esters were obtained by heating in methanolic HCI; gas. liquid chromatography was 
performed as previously described. 's 

DEAE<ellulose chromatography 0f the phospholipids was accomplished according 
to Rouser et a13 z and the fractions were checked for purity by chromatography on sillcic 
acid-impregnated paper. 23 

Lipid-depleted mltochondria were prepared as "describe d previ0usly. 3 Succinoxid~e 
activity was measured by conventional manometry as described by Lester and Fleischer. -* 

'Phosphorus was aagayed according to Marinetti :s and protein with a biuret method.-'" 

Results and D~c~ion 

i n  Fig. l a re  reported the most significant parameters of the fatW acid composition ofthe 
phospholipid micelles used in this study: in comparison with mitochondrial phospho- 
iipids and Asolectin (commercial soybean plmspholipids) and even of yeast phospho- 
liplds, myelin phospholipids have a greater amount of saturat~l fatty acids, lower 
rata! umaturatlon, and a very large quantity of fattyacids having more than s carbon 
a t o m s .  
- Figure 2 shows that Asolectin, yeast phospholipids, and mitochondrial phospholiplds 
appear almost equivalent in restoring succinoxid~e activity, but myelin phospholipids 
have scarce efficac T even at high concentrations. Is this difference in relati6n with the 
quanti W ofphospholipids bound to the membrane ? 
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Figure 3 shows the unexpected finding that the differences iu the amount  of  P bound 
to the membrane are small, and even myelin phospholip~ds arc r6associated to the 
delipidated mltochondria in normal amounts.  The  difference �9 be due to binding to 
"non-ph)~[ologlcal" sites in the membrane;  a po~ibillty deserving to be explored is that 
myelin phosphollpids are not capable to induce a correct conformation required for 
activity of the proteins of the electron transfer chain. 

The  differences We have observed have been obtained by Comparir~g the effect of  
mixed ph~phol iplds  having a greatly different composition also in pho~pholipid classes, 
so that also differences in the polar moieties are prese.nt; for this reason we have separated 

�9 pure. fractions by DEAE-cellulose chromatography according tO Rouser el aL; z'- 
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phosphatld)t ethanolamlne (PE) fractions separated from Asolectin and from myelin 
phospholipids keep, although attenuated, the differences in fatty acid composition of the 
mixed fractions (Fig. 4). Only PE from Asolectin is highly effective in restoring succin- 
oxldase acti,qt2, ." whereas the same fraction from myelin has little effect (Table I) : deoxy- 
cholate (DOG) has been added to clarify the micelles, since PE does not easily form 
micdles in water. :~ Succinoxidase is greatly enhanced by PE from Asolectin but not by 
PE from myelin in presence of DOC, in spite of a general effect or the detergent of 
depressing succinoxidase at the concentration used. 

In conclusion we have shown that the mitochondrial electron tramfer chain requires 
phospholipids having a roughly specific type of fatty acid composition; it is known that 
there is large tolerance for phospholipids of different type;l: but, when the fatty acid 
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TABLE L Effect oft~-o pho~. hatldyl r 
fractions on mcclnoxldase activity in LDM 

~hespludil~l DOC Specific activity* 
�9 (17pg P) (2 rag) (m~ atoms Oa/mln/mg) 

- -  25 18 
~ + 17 16 

~ , k - c t h  - ts9 is . t  
,Amkctln + 85 141 
PF.-.Asolectln -- 57 36 
IPE-Amlectin + 118 117 
PE-Myr -- 68 25 
1PE-Myclin + 60 29 

* The two colin'rim rcprt~nt two different txped- 
ment~ 

composition is far from physiological for mitochondria, like in the case ofmyelin phospho- 
lipids, in our experimental conditions thereis not significant activity. Either unsaturation 
or a particular chain length ofthe fatty acids or both factors together may be the specific 
requiremen~ for succinoxidase activi~-: the total unSaturatlon is the same in yeast 
phospholipids and in myelin ph.0spholipids, but the amount of unsaturated fatty acids 
is higher, in yeast and the ~'pes of fatty acids and poshions of the double bonds are 
different. 

The fact that n0rmal blnding ofmyelin phospho!ipids is not accompanied by significant 
activity raises interesting questions on the role of phospholipids in the membrane, and in 
particular whether specific pho~pho]ipids are required "to induce specific conformational 
Changes in the emzyme proteins of the respiratory chain. 
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