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SC 23OI 
Induction of swelling of liver mitochondria by fatty acids 

of various chain length 

Non-esterified fa t ty  acids produce, in isolated mitochondria, manifold changes which 
may be summarized as follows: (a) stimulation of substrate oxidation in the absence 
of phosphate acceptorZ, 2; (b) activation of latent ATPase 3; (c) inhibition of the ATP-PI 
exchange reaction 4, s; (d) uncoupling of oxidative phosphorylation 2, 4; and (e) in- 
duction of the so-called swelling of mitochondria e, ~. Biochemical effects of fa t ty  acids 
on mitochondria (points a to d) have been shown to be dependent upon the carbon 
chain length of the acids and upon the presence or absence of double bonds3,S, ~. In 
contrast, little is known about the effects of chain length and of the presence of 
unsaturated bonds on the induction of mitochondrial swelling (point e), although 
a few data have been presented by AvI-DoRL 

The present paper describes a study on the swelling effect exerted by fat ty  acids 
of the saturated series over the range of C z to C2,. as well as by unsaturated acids 
and one hydroxy-monounsaturated acid. 

Swelling of rat-liver mitochondria was measured photometrically at 52o m/~ as 
described by  LEHNINGER et al. 1°. 

Fig. I illustrates a typical experiment. It  shows that  the rate and the character 
of swelling was dependent on the chain length of the acids and on the presence of 
double bonds. The relationship between the swelling effect and the carbon chain 
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Fig. z. Swelling of l iver mi tochondr ia  induced  
by  various f a t t y  acids. Incuba t ion  mix ture :  
o.x25 M KCI, 0.02 M Tr i s -HC1 (pH 7.5), 
z .33" zo-5 M sodium sal ts  of f a t t y  acids as indi-  
ca ted  below, and ra t - l iver  mi tochondr ia  con- 
t a in ing  about  5 nag pro te in ;  to ta l  volume, 
7.5 ml ;  t empera tu re ,  20 °. + - - + ,  spontaneous  
swelling; × - - x ,  oleic acid;  [ ] - - [ 3 ,  caproic  
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Fig. 2. Effect  of s a tu ra t ed  f a t t yac id s  on swelling 
of mi tochondr ia  f rom ra t  liver. Expe r imen ta l  
condi t ions  as in Fig. z ; incuba t ion  t ime,  5 mix.  
E x t e n t  of swelling is expressed as per  cent  of 
t h e  swelling p roduced  b y  the  s ame  c o n c e n -  
t r a t i o n  of oleate dur ing  the  same incuba t ion  

t ime.  

acid (C6) ; & - - A ,  capryl ic  acid (Ca) ; O - - O ,  lauric acid (Cla) ; e - - o ,  myr i s t ic  acid (C,4) ; A - - - A ,  
pa imi t i c  acid (Ca6) ; I1 - -11 ,  arachidic acid (C20). 
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length of the saturated acids is seen in Fig. 2 where the swelling, during the first 
5 rain of incubation, is plotted against the number of carbon atoms. In order to 
facilitate comparison of results obtained from different experiments, the swelling 
produced by  various acids is expressed as per cent of the swelling produced by  the 
same concentration of oleate. 

Fig. 2 shows that  among the saturated acids the greatest swelling was produced 
by  the acids of medium chain length (Ct~ and C14 ). No swelling was obtained with 
fa t ty  acids containing 5 carbon atoms or less, nor by  behenic acid (C22), even when 
these acids were used in a concentration ten times higher than that  shown in Fig. z. 

A comparison of the swelling effect of saturated and unsaturated acids is shown 
in Table I. I t  is evident that  cis unsaturated acids had a more pronounced swelling 
effect than saturated acids. Thus, oleic acid was a more potent swelling agent than 
stearic acid, and erucic acid was more active in this respect than behenic acid. On 
the other hand, the swelling effect of the trans isomer of oleic acid, namely elaidic 
acid, was almost the same as that  of stearic acid. Additional uusaturation 0inoleic 
acid) or hydroxylation (ricinoleic acid) or substitution of the triple bond for the 
double bond (stearolic acid) produced no further enhancement of the swelling effect 
as compared with oleic acid. 

T A B L E  I 

SWELLINO m~FECT OV t~ATrY xcms 
Exper imenta l  conditions as in Fig. x. 

F~ty a¢~ SlwU~ 
S ~  ~ 5 m/m/~U/om 

Name , t ~ *  (as per ~ ol o~Ue s ~ U ~ )  

Steaxic acid x 8: o zo 
Ole ic  a c i d  ris x8: x = xoo  
E l a i d i c  a c i d  trans x8:  x t T 7 
L i n o l e i c  a c i d  cis cis x8:z* ,  t~t 98  
S tearo ' i c  ac id  z8~ z t 99  
R i c i n o l e i c  a c i d  cis x8: x s hydrox-y  ts xxx 

Behenic acid 2z :o o 
Erucic acid cis 22: x ~ xo 

* The first n u m b e r  indicates chain lengLh, the second indicates the n u m b e r  of double (:) or 
triple (i) bonds,  and the  index n u m b e r  the  posi t ion of the  unsa tu ra ted  bonds.  

The present results are in good agreement with those obtained by  AvI-DoR ~, 
and reveal a striking similarity between the effect of various fat ty  acids on mito- 
chondrial swelling and on the reactions of oxidative phosphorylation. Thus, P~SSMAN 
A~D LARDY s found that  the most potent activators of mitochondrial ATPase were 
acids of chain length from i2 to x6 carbon atoms (cohapare Fig. 2 in ref. 3 with Fig. 2 
in this paper), and that  cis unsaturated acids were more active than the saturated 
ones. A similar dependence upon the number of carbon atoms has also been observed 
with respect to the inhibition of the A T P - P I  exchange reaction s, the most inhibitory 
acids being those of medium chain length. Finally, a stronger uncoupling action of 
unsaturated acids on the oxidative phosphorylation, as determined by  the decrease 
in P :O ratio, has been reported by BORST etag. 9. All these facts support the view tl 
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that swelling of mitochondria is connected with the mechanism of coupling the 
electron transfer to the synthesis of ATP. 

We are indebted to Professor W. NIEMIERKO for helpful discussions and for 
reading the manuscript, and to Dr. J. KAROLCZYK for the gift of a number of fatty 
acids, some of theni isolated and purified by himself. 
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sc 2319 

A modified benzidine method for the chromatographic detection of 
sphingolipids and acid polysaccharides 

Many sphingolipid and acid polysaccharide molecules of current biological interest 
can be detected by virtue of the reaction of their secondary amide group. When the 
Cl-substituted derivative of this amide is prepared and then combined with benzidine, 
a blue reaction product is formed 1 (Fig. I). The modified met'hod to be described 
differs chiefly from the foregoing method in two respects: 

(I) The color reaction is more sensitive in practice (down to 5-1o/,g). 
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Fig. 1. One  s chema t i c  s impli f icat ion of the  " C l o r o x - b e n z i d i n e "  m e t h o d  for de tec t ion  of s e c o n d a r y  
amide  groups .  (This is b u t  one of severa l  theore t ica l  possibil i t ies a n d  is t h u s  ne i ther  t he  o n l y  

possible  nor  t he  on ly  correct  reaction.)  
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