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E f f e c t  o f  U n s a t u r a t i o n  in Fatty Acid-Induced Swelling of  R a t  L i v e r  M i t o c h o n d r i a  

The induced  swelling of mi tochondr i a  by  f a t t y  acids is 
well known  z-~. AvI-DOR ~ and ZBOROWSKI 4 showed t h a t  un- 
s a tu r a t ed  f a t t y  acids were more  effect ive swell ing agents  
t h a n  s a t u r a t e d  f a t t y  acids, bu t  observed  no difference 
be tween  oleic and  linoleic acid. Of the  s a tu ra t ed  f a t t y  
acids, those  of i n t e rmed ia t e  cha in  l eng th  were the  mos t  ef- 
fect ive in causing swell ing of l iver  mi tochondr ia .  A l though  
resul ts  va ry  widely,  i t  appears  t h a t  f a t t y  acid compos i t ion  
of the  d i e t a ry  fat,  especial ly  re la t ive  to  essent ial  f a t t y  
acids, exer t s  an inf luence on the  in v i t ro  swelling proper -  
t ies of l iver  mi tochondr i a  under  var ious  condi t ions  5-s. 
HOIJTSMULLER et al. 5 inves t iga ted  condi t ions  whe reb y  
swell ing a m p l i t u d e  of m i tochondr i a  could be used as an 
assay m e t h o d  for essent ia l  f a t t y  acid ac t iv i ty .  I n a s m u c h  
as free f a t t y  acids are normal  ce l l cons t i tuen t s  ~, i t  appea red  
to be p e r t i n e n t  re la t ive  to  the  role of d i e t a ry  f a t t y  a c i d  
compos i t ion  in m e m b r a n e  s t ruc tu re  and  func t ion  to  in- 
ves t iga te  the  effect  of c o m m o n  u n s a t u r a t e d  f a t t y  acids 
on the  swelling proper t ies  of l iver mi tochondr ia .  Repo r t ed  
here  are s tudies  on the  re la t ive  effects  of 18:1, 18:2 and  
20 : 4 acids as swell ing agents  under  various condi t ions  for 
ra t  l iver mi tochondr ia .  

Methods. Weanl ing  male  ra t s  of the  Sprague-Dawley  
s t ra in  (Rol fsmeyer  Co., Madison, Wisconsin)  were raised 
on a basic sucrose-casein diet~~ and 10 % by  weight  of 
cornoil.  The  animals  were killed a t  ca. 3 m o n t h s  of age, 
the  l ivers were excised, cooled to  0 ~ and  homogenized  
in 10 volumes  of 0.25 M sucrose con ta in ing  20 m M  
Tris-HC1 buffer,  p H  7.4. The mi tochondr i a l  f rac t ion  was 
p r e p a r a t e d  essent ia l ly  according to t he  procedure  of 
SOTTOCASA et M. n Microsomal  con t amina t i on  of the  
m i t o c h o n d r i a  was reduced  to less t h a n  10 % as measured  
b y  the i r  g lucose-6-phosphatase  con t en t  in th is  procedure .  

Con tamina t i on  of the  mi tochondr i a  w i th  lysosomes was 
also minor  as judged by  the  acid p h o s p h a t a s e  ac t iv i ty .  
Fresh  mi tochondr i a  (obta ined less t h a n  5 h a f te rk i l l ing  the  
animals)  were used in the  swell ing expe r imen t s  which  
were carried out  using a B e c k m a n  D U  s p e c t r o p h o t o m e t e r  
connec ted  to  a Haake  t h e r m o s t a t  to  insure cons t an t  
t empera tu re .  R a t e  and  degree of swell ing was followed 
by  a decrease in absorbance  at  520 nm at  a t e m p e r a t u r e  
of 25~ Suspensions  of 20 raM, p H  7.0, of the  Na-sal ts  
of each of the  f a t t y  acids were prepared .  The f a t t y  
ac id-a lbumin  complexes  were p repa red  wi th  5 % bovine  
serum a lbumin  f rom Sigma (fat-free). Only f resh prepa-  

I y. AvI-DoR, Biochim. biophys. Acta 39, 53 (1960). 
2 A. L. LEHNINGER and L. F. REMMERT, J. biol. Chem. 23d, 2459 

(1959). 
3 L. WOJa'CZAK and A. L. LEFININGER, Bioehiln. biophys. Acta 57 

442 (1961). 
4 j .  ZBOROWSKI and L. WOJTCZAK, Biochim. biophys. Acts 70, 596 

(1963), 
5 U. M. T. HOUTSMULLER, A. VANDERBEEK and J. ZAALBERG, Lipids 

d, 571 (1969). 
6 R, C. STANCLIFF, M. A. WILLIAMS, I~. UTSUMI and L. PACKER, 

Arch. Biochem. Biophys. 131, 629 (1969). 
7 T. HAYASHIDA and O. W. PORTMANN, ]:)roe. Soc. exp. Biol. Med. 

103, 656 (1960). 
s R. M. JOHNSON and B. ]~NDAHL, Fedn Proe. 21, 155B (1962). 
9 D. S. FREDERICKSON and R. S. GORDON, Physiol. Revs. 38, 585 

(1958). 
10 B. JENSEN and O. S. PRIVETT, J. Nutr. 99, 210 (1969). 
11 G. L. SOTTOCASA, B. I~LIELENSTIERN&, L. ERNSTER and A. BERG- 

STRAND, J. Cell Biol. 32, 415 (1967). 

0.6 

0,4 

=E 0.2 

0.6 

0.4 

0.2 

18;1 

0.4" 

18:1 - BSA 

" x . ~ , M  

" 1'0 2'0 

18:2 20.'4 

' ' 8"AS r 18:2-BSA 20;4- 

ImM 

\ 0.2 " 
03" "[ r 

i0 20 I'0 20 
Time 

A) 

"~, 18:2 

"~20:4 
i 

B) 
gSA 

! \ , \  
"\ 18:1 

"\ 
18:2 

% 
20:4 

r 

1to 20rnin 

Fig. 1. Swelling of liver mitochondria induced by various concentrations of the sodium salts of oleic (18:1), linoleic (18:2), and arachidonic 
(20:4) acid (upper part), and of the bovine serum albumin (BSA) complexes of the same fatty acids (lower part). Incubation mixture: 0.25 M 
sucrose, 20 mM Tris-HC1 buffer, pH 7.5, 0.1 to 0.4 mM of the sodium salt of the fatty acid, pH 7.0, or 0.05 to 0.3 mM fatty acid plus 5% 
bovine serum albumin, pH 7.0, and 0.1 mg mitoehondrial protein, total volume 2.0 ml, temp. 25 ~ A) Comparison of the swelling amplitude 
of the 3 fatty acids at 0.3 mM concentrations. B) Comparison of the swelling amplitude of the three fatty acids at 0.1 mM concentrations 
(BSA complexes). 
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r a t i ons  were used for t he  swell ing expe r imen t s .  P r o t e i n  
was d e t e r m i n e d  b y  t he  m e t h o d  of LOWRY et  al. ~2 

Results and discussion. The  effects  of d i f fe ren t  concen-  
t r a t i o n s  of t h e  sod ium sal ts  of oleie (18:1), l inoleic (18:2),  
a n d  a rach idon ic  (20:4) acid on  t h e  swell ing a m p l i t u d e  of 
r a t  l ive r  m i t o c h o n d r i a  are shown  in F igure  1 (upper  par t ) .  
The  r a t e  of swell ing increased  w i t h  f a t t y  acid concen-  
t r a t i o n  employed  in t h e  r ange  b e t w e e n  0.05 and  0.4 m M .  
F igu re  1A shows t h a t ,  a t  t h e  same concen t r a t i on ,  t he  
r a t e  of swelIing was inc reased  w i t h  inc reas ing  n u m b e r  of 
doub le  b o n d s  in  t h e  f a t t y  acid. A ny  s ign i f ican t  effect  of 
cha in  l e n g t h  (C-18, C-20) can  v i r t u a l l y  be exc luded  in 
t h i s  e x p e r i m e n t  on t h e  bas is  of t he  resu l t s  of ZUOROWSKI 
e t  at. ~. The  increase  in  t h e  swell ing a m p l i t u d e  occur red  in  
a l inea r  f a sh ion  (Figure  2). 

F r o m  t h e  s tud ies  of AvI-DOR * a n d  ZBOROWSKI a n d  
WOJTCZAK 4, i t  b e c a m e  a p p a r e n t  t h a t  m i t o c h o n d r i a  
swell ing differs w i t h  cha in  l e n g t h  (be tween  C- 10 a n d  C- 18) 
a n d  poss ib ly  also w i t h  u n s a t u r a t i o n  which ,  however ,  was 
no t  i n v e s t i g a t e d  in  g rea te r  detai l .  T he  p r e s en t  s t u d y  
shows t h a t  t he  swell ing p rope r t i e s  of i so la ted  r a t  l iver  
m i t o c h o n d r i a  can  be  affected b y  t he  degree of u n s a t u r a -  
l i on  o f . the  f a t t y  acid. T he  m e c h a n i s m  t h a t  t r iggers  t he  
swell ing of t h e  m i t o c h o n d r i a  m a y  be due to a n u m b e r  of 
reasons  such  as a fas te r  p e n e t r a t i o n  of t he  h ighe r  unsa-  
t u r a t e d  f a t t y  acids t h r o u g h  t h e  m i t o c h o n d r i a l  m e m b r a n e ,  
a g rea te r  u n c o u p l i n g  effect  of these  acids t3-~5, or a g rea te r  
s t i m u l a t i n g  effect  on  t h e  ATPase~% all  fac tors  t h a t  h a v e  
b e e n  k n o w n  to  be  r e l a t e d  to  m i t o c h o n d r i a  swelling. T h e  
r e l a t i onsh ip  b e t w e e n  n u m b e r  of double  b o n d s  and  degree 
of swell ing i nduced  b y  t he  sod ium sal ts  of t he  f a t t y  acids 
was obv ious  b u t  no t  ve ry  g rea t  (Figure 2), co r re spond ing  
to  t he  inf luence  of i n d i v i d u a l  f a t t y  acids as uncoup le r s  
a n d  s t i m u l a t i n g  agen t s  of t he  A T P a s e  a c t i v i t y  ~a-~6. 

The  swell ing character is t ics ,  of oleic, l inoleic,  a n d  
a rach idon ic  acid as a l b u m i n  complexes  are s h o w n  in 
F igure  1 (lower par t ) .  As w i t h  t h e  sod ium salts,  t h e  r a t e  
of swell ing increased  a t  c o n c e n t r a t i o n s  r a n g i n g  f rom 0.05 
to  0.3 r aM.  The  m a j o r  differences b e t w e e n  t h e  swell ing 
p roper t i e s  of t h e  sod ium sal ts  a n d  t h e  a l b u m i n  complexes  
was t h e  ex is tence  of a lag p h a s e  fol lowed b y  a g rea te r  
swell ing r a t e  w i t h  t he  l a t t e r .  T h e  lag p h a s e  or i n d u c t i o n  
pe r iod  appea r s  to  be  r e l a t ed  to  t h e  c o n c e n t r a t i o n  as well  
as t he  degree of n n s a t u r a t i o n  of t h e  f a t t y  acid of t h e  
a l b u m i n  complexes  (Figure 113). I n  case of 0.1 m M  oleic 
acid, t he  lag p h a s e  l a s t ed  for a b o u t  10 rain,  exac t ly  t he  
t i m e  d u r i n g  w h i c h  reserva l  of t h e  oleic acid i nduced  
uncoup l ing  b y  a l b u m i n  was observed  a6. No swell ing 

occurred  w i t h  a l b u m i n  a lone  (Figure  1B). I n a s m u c h  as 
t he  effect  of a l b u m i n  ha s  been  a t t r i b u t e d  to  i ts  ab i l i t y  to  
combine  w i t h  f a t t y  acids 174s, i t  seems p r o b a b l e  t h a t  t h e  
r a t io  of t he  f a t t y  a c i d - a l b u m i n  complex  m a y  inf luence  
t h e  e x t e n t  of t he  lag phase .  Thus ,  t he  i n h i b i t o r y  ac t ion  
of a l b u m i n  on  t h e  f a t t y  ac id - induced  m i t o c h o n d r i a  swell- 
ing, a n d  hence  t h e  uncoup l ing  effect  m a y  be  a l t e red  b y  
d i f fe ren t  a l b u m i n  concen t ra t ions ,  t h e r e b y  exp la in ing  some 
differences  be tween  resu l t s  o b t a i n e d  b y  d i f fe ren t  inves t i -  
ga tors  *~. The  p lo t  of t h e  pe rcen t age  of swell ing a f t e r  10 m i n  
versus  t h e  n u m b e r  of doub le  b o n d s  a t  c o n s t a n t  f a t t y  acid 
c o n c e n t r a t i o n  (0.1 raM)  gave  a s t r a i g h t  l ine  w i t h  a slope 
s teeper  t h a n  for the  sa l ts  of t he  f a t t y  acids (Figure  2). F r o m  
these  d a t a  t h e  func t ion  of a l b u m i n  appea r s  to  be  more  com- 
plex,  w h e r e b y  p a r t  of i t s  effect  m i g h t  be  c o u n t e r a c t e d  by  a n  
a l b u m i n  d e n a t u r i n g  effect  of t he  u n s a t u r a t e d  f a t t y  acids, 
as ha s  been  shown  for o v a l b u m i n  .9. Never the less ,  t h e  
effect  of free f a t t y  acids on m i t o c h o n d r i a l  func t ion  could 
in  v ivo  be  bas ic  in  p a r t  to  t he  effect  of d i e t a ry  f a t t y  acid 
composi t ion ,  i n a s m u c h  as d i e t a ry  fa t  inf luences  f a t t y  acid 
compos i t i on  of m i t o c h o n d r i a  2~ and  u n d o u b t e d l y  t he  
compos i t i on  of t h e  free f a t t y  acid c o n s t i t u e n t s  of these  
organelles.  

Zusammen/assung. I n  G e g e n w a r t  yon  01-(18:1),  Linol-  
(18 : 2) oder  Arach idonsgu re  (20 : 4) wurde  eine k o n z e n t r a -  
t ionsabhgng ige ,  p r o p o r t i o n a l  zur  Zah l  der  D o p p e l b i n d u n -  
gen ve r l an f ende  Schwel lung  y o n  R a t t e n l e b e r  Mi tochon-  
d r ien  b e o b a e h t e t .  Die  F e t t s g u r e - A l b u m i n  K o m p l e x e  
u n t e r s c h e i d e n  sich yon  den  N a t r i u m s a l z e n  d u t c h  eine 
L a g - P h a s e  vor  B e g i n n  der  Schwel lung  gefolgt  yon  einer  
s t~ rke ren  Schwel lungsampl i tude .  
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Fig. 2. Extent  of swelling in percent of the unswollen sample in rela- 
tion to the number of double bonds. Concentration of fatty acid: 0.1 
mM, swelling time 10 min. Solid line, sodium salts; broken line, fatty 
acid-BSA complexes. 
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