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Table ! 
~'~e fatty acid composition of  aerobic and lipid-depleted ~aaerobic yeast n:,~tochondria. 

Fehrttatry 1973 

Mitochondria Ca Ct0 Ct2 Ct4 Ct6 Cta Cl6:t  Cta: t  LIFA a 
(%) . 

Aerobic < I < I t -- 8 2 53 35 88 
An aerobic 2 ! 5 15 14 37 8 5 4 9 

Fatty acids expres.~d as percentage of the total fatty acid. The fatty acids are denoted by the convention, number of  carbon 
atoms:number of double bonds. 

a Unsaturated fatty a c i d .  MitochortdriM fatty acids w e r e  d e t e r m i n e d  b y  g a s  c l a r o n t a t o g r a p l l y  o f  t h e  m ~ t h y l  e s t e r s .  Mezhylatiott 
was carried out in methanolic HCI at 60 ° for 2 hr. A Perkin-Elmer F-i I gas chromatograph and a polyethylene gtyco! suc- 
cinate column operating at 180 ° was used to separate t~.e methyl esters. 

However,  some differences as compared  to F I- 
ATPase were observed.  Firstly,  the break points  in 
tim Arrhenius plots for aerobic m i t o c h o n d d a  was in 
the range 13.-I 5 ° Which was significantly lower  than 
tha~ observed with F~-Al'P'ase, 1 7 - 1 9  ° (fig. I) .  On 

the other  hand,  tim break point  for  succinate dehy-  
drogenase in p romi tochondr i a ,  24- -26  °, was similar 
to that  observed for p romi tochondna l  FI-AT1Pase 
(cf.  fig. 1). The energies o f  activation above and  be- 
low the transition tempera tures  for succinate dehy-  
drogenase were similar to that obse ,ved for the F I-  
ATPase. 

3.3. FatW acid composition o f  mitochondria and 
promitochondria 

Tempera ture- induced ch,mges in act ivat ion ener/Ef 
o f  mitochondria l  membrane  b o u n d  enzymes  have 
been suggested as resu!ting f rom phase transi t ions ia 
the lipid componen t s  o f  the membrane  [6, 71. It 
has recently been repor ted  that  the lipid compos i t i on  
o f  mi tochondr ia  isolated f rom aerobical ly  and  anaer-  
obically grown yeast  cells are d i f fe ren t  [3, 12].  
Table I shows the fa t ty  acid compos i t ion  o f  mi to-  
chondria  isolated f rom ethanol  grown aerobic  cells 
mid f rom glucose repressed, l ipid-depleted anaerobic  
cells. Striking differences in the f a t ty  acid composi -  
tion were observed.  "iiae fa t ty  acids o f  aerobic  yeast  
mi tochondr ia  were almost  exclusively unsaturated, 
consisting o f  54% pahni toleic  and 35% oleic acid. On 
the o ther  hand,  the fa t ty  acids o f  p romi toch0ndr i a  

were almost exclusively saturated. The saturated 
fat ty acids stearic and palmit ic  account ing  for abou t  
one half  and short  chain f a t ty  acids ( C 8 - C I 4 )  for  

the o t h e r  ha l f  o f  the total  sa tura ted  f a t t y  acids. We 
have recen t ly  p roposed  tha t  a good  cr i ter ion for  the 
degree o f  anaerobios is  in yeas t .ce l ls  g rown in the 
absence o f  l ip id-supplements  is the t~ercent.age o f  un- 
sa tura ted  fa t ty  acids which for  glucose gro~vn cells 

is ab o u t  10% 15l .  

4. Discussion 

The  t em p e ra tu r e  d e p e n d e n t  changes in activation 
energy o f  the mi tochondr iM m e m b r a n e - b o u n d  en- 
zymes  succina te  dehydrogenase  and FI -ATPase  hax~e 
been shown to  be signif icantly d i f f e ren t  in aerobic 
yeast  mi tochondr i a .  We have recen t ly  repor ted  tl~at 
resp i ra tory  enzymes ,  includir~g c y t o c h r o m e  c oxi- 
dase, o f  yeas t  n - i tochondt ia  all have a similar transi- 

t ion t em p e ra tu r e  in Arrhenius  p lots  o f  abou t  13 ° 
[ 1 3 ] .  ~ n s w o r t h  et  al. [14]  have also recent ly  re- 
po r t ed  that  c y t o c h r o m e  c oxidase in yeas t  mito- 
chondr ia  has a t ransi t ion t empera tu re  at  8--1 1 ° de- 
pending on  the fa t ty  acid compos i t i on  o f  tile cells. 
The  t ransi t ion tempera=me o f  a b o u t  18 ° for  yeast 
F t -ATPase appears ,  the re fo re ,  to  be an except ion  
and may  ref lec t  a d i f f e ren t  lipid or  pt/otein environ- 
merit for  this c o m p l e x  as compared  to  o the r  mem- 
b rane-bound  e n z y m e s  in yeas t  mi tochondr i a  [13 j .  
A transi t ion t em p e ra tu r e  o f  ab o u t  18 ° for  F 1- 
ATlXas~ in b e e f  hear t  mi tochondr i a  has also recently 
been repor ted  [ I 5 ] .  

The  transi t ion t empera tu re  fo r  succinate dehy- 
drogenase and  o th e r  resp i ra tory  e n z y m e s  o f  yeast 
m i t o c h o n d t i a  [13]  is a b o u t  8 - - 1 0  ° lower  than that 
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reported for mammalian mitoc~:ondda [6, 15] but are 
sim'~lar to that  reported for chilling-sensitive plant 
ndtochondria [ ! 6] .  There is some correlation be- 
tween the transition temperature and the fatty acid 
composffion o f  yeast mitochondfia (table 1) and chill- 
hag-sensitive plant mitochondria [ t7 ! . Aerobicyeast  
ndtochondria have a high percentage o f  unsaturated 
fatty acid (85-90%)  consisting o f  almost exclusively 
the monounsaturated fat ty acid s pahnitoleic and oleic. 
Chilling-sensitive plant mitochondria,  while having a 
less unsaturated fa t ty  acid content  (60--70%), are 
cl~aracterised by linoleic and linolenic acids, fat ty 
acids with two and three double bonds, respectively. 
Hence, although the percentage o f  unsaturation is 
higher in yeast mitochondria,  the pre~nce o f  polyun- 
saturated fat ty acids in plant mitochondria would 
compensate t'or this difference and thus the degree o f  
uvsaturation would be similar. The higher tempera- 
t'Jre breaks observed in mamnmlian mitochondrla 
{6, 15] may similarly be correlated with the degree o f  
unsaturation o f  the fat ty acids [ 18]. 

It has been reported that  promitochondria in anaer- 
obic yeast cells are biochemically and morphologically 
distinct f ro~  that o f  aerobic mitochondria [3-51. 
The present studies indicate that promitochondrial 
membranes in the lipid-depleted anaerobic cell are 
much less fluid than that o f  aerobic mitochondria as 
shown by the higher transition temperatures. The low- 
er flexibility o f  the promitochondrial membranes may 
be a possible explanation t'or the difficulties encoun- 
tered in the isolation o f  intact strtmt:fi'es from the 
lipid-depleted anaerobic cell [3, 4] .  Furthermore, tim 
increase in activation energy at about 2 4 - 2 6  ° may 
also explain the inability o f  yeast cells to undergo 
more than a few cell divisions in anaerobic lipid-de- 
pleted growth conditions at temperatures o f  20 ° or 
below (Watson, unpublished result.~). 

The importance of  unsaturated fa t ty  acids in deter- 
mining phase, t~ansitions in membranes has been re- 
cently en;phasised by studies on Mycoplasma laidlawH 
and mutants of  Escherichia colt [ 19-241.  These in- 
vestigations have shown that the more saturated the 
fatty acid o f  rite membrane lipids, the higher the 
phase transition temperature, presumably due to a 
change of  the membrane lipids from a liquid to a 
more crystalline phase. By analogy, therefore, it is 
possible to explain the present results as due to the 
high degree o f  saturation o f  the fat ty acids of  the 

membrane lipids o f  promitochondria. However, the 
transition temperature in promitochondrial mem- 
branes is only a few degrees higher than that ob~rved 
in rat liver mitochondria [6l which have a very high 
degree o f  unsaturated fat ty acid ~18]. In addition it 
would be difficult to explain the difti~rent transition 
temperatures observed, in the same membrane, for 
F I-ATPam and succinate dehydrogenase in aerobic 
yeast ntitochondria unless one postulates a heteroge- 
neous distribution of  lipids within the membrane or 
that some other factors, eg. lipid--protein interactiorts. 
may affect the transition temperatures. Several ott:er 
observations, such as the disparity in the transition 
tentperature in E. colt mutants as determined by 
X-ray diffraction and by Arrhenitts plots 124] and t:le 
report that electrostatic lipid--prntein interactions 
may play a role in determining phase transitions in 
5I. laidlawii 1251, would suggest some caW.ion as to 
the interpretation o f  transition tempezatures in mem- 
branes as being due exclusively to phase changes in 
the membrane I.~pids. We are currently investigating 
the role of  other interactions, such as l ipid-protein 
and lipid-lipid, which may contribute an important  
part in determining the nature of  phase transitions in 
yeast mitochondrial membraves. 
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