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! .  I n t r o d u c t i o n  

Membrane-associa ted  enzymes  present  in mJto-  
chondrial  f ract ions  isolated f r o m  baker ' s  yeas t  
(Saccharomyces cerevisgae) are able to  hyd ro lyze  
various emuls ions  o f  t r i o l eoy l#yce ro l  at  a high rate  
[ I  ,2] .  Since a lbumin  is c o m m o n l y  in t roduced  in the  
react ion mix tu re  in studies dealing wi th  enzymes  
act ing on  lipid substra tes  in o rder  to  increase the  
react ion  rate [3] i ts  e f fec t  on  this par t icula te  l ipo- 
lyric acti-,rity has been  investigated.  A t r iacylglycerol  
emuls ion with  k n o w n  particle d iamete r  and free o f  
excess emuls i fying agent  [2] has been  used as substrate .  

2. Materials and  m e t h o d s  

2.1. Freparatgon o f  mitockondria 
Commerc ia l  bake r ' s  yeas t  (Saccharomyces 

cerevisiae) was mechanica l ly  d isrupted in a m e d i u m  
containing 0 .25 M manni to l ,  10 mM Tris--HCl,  pH 
7.5 and  0.1 m M  E D T A  using ~ass  beads  [ 4 ] .  The  
mi tochondr i a  were  isolated f r o m  the  h o m o g e n a t e s  
b y  differential  cen td fuga f ion  [1] in 0.25 M manni to l ,  
10 mM T r i s - H O ,  p H  7.5 at~d the  final pel le t  o f  puri-  
fied mi tochondr i a  was resuspended to  a p ro te in  
concen t ra t ion  o f  a b o u t  4 0  mg /ml  and used on the  
day  o f  prepara t ion .  
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2.2. Preparat~'on o f  gelatYne stabilized trioleoylglycerol 
emulsions 

A 4% (w/v)  gelatine in 4,_'sti!!~d wate r  wa~ b rough t  
to  50~C for  n0 m m  and then  al lowed to  cool  to  
25--35°C.  To  3 m!  100 bd glyceryl  tri([1-X4C]oieate),  
spec. act .  20 v C i / m m o l  was added and  the  mix tu r e  
was sonicated at 25--35°C in a MSE 150 W ultrasonic 
dis integrator  (3 × 45 s; power ,  low ! ) .  The lipid 
drople ts  were isolated and sized by means  o f  differen-  
tial cent r i fugat ion  [2 ] .  Emulsions conta ining part icles 
with an average dianleter  o f  a b o u t  O.5/~m were u~-ed_ 

2.3. Lipase assay 
The anaount  o f  a4C-labelled oieate released during 

incubat ion  was de te rmined  b y  liquid scinti l lat ion 
count ing  a f te r  ex t rac t ion  o f  the incubat ion  mix tu r e  
wi th  i sopropy[  a leohol /heptane/0 .1  M H2~O 4 
(40  : 10 : 1, v /v/v)  [5] and separa t ion  o f  the  futty 
acids according to  [6 ] .  Unlabeiled free fa t ty  acids 
were de te rmined  according to  [7] a f ter  isolat ion b y  
thin-layer  c h r o m a t o g r a p h y  (TLC).  Palmitic acid was 
used as s tandard.  

2.4. Other methods 
The compos i t i on  o f  the free f a t ty  aci_d present  in 

the mi tochondr ia l  p repara t ions  was de te rmined  b y  
gas--liquid ch romatograp i t£  (GLC)  on  the m e t h y l  
esters. Fa t t y  acid tree bovine  se rum a lbumin  was 
p roduced  b y  t r e a t m e n t  o f  Cohn  Frac t ion  V a lbumin  
wi th  charcoal  [8 ] .  Protein was de te rmined  by  the 
m e t h o d  [9~ wi th  crystall ine bovine se rum a lbumin  as 
the  s tandard .  
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2.5.  CT~¢micals 
Glyceryl  t t i ( [1 -~C]o lea t e )  wag obtained f rom the 

Radiochemical  Centre (A:nersham) and unlabelled 
triolein f rom the Hormel  Institute (Austin,  MI). 
Crystalline an~ Cohn fract ion V bovine serum albumin 
and gelatine was obtained f rom Sigma (St Louis). All 
o ther  chemicals were o f  aaalytit.al grade. 

3. Results and d[scu~ion  

3.1. Inhibi t ion o f  the triacylglycerol lipase by  free 
f a t t y  acgds 

The t ime course o f  the hydrolysis  o f  gelatine 
stabilized tr ioleoylglycero! emulsions by  the mito-  
chondrial fractions,  as measured by  the rate o f  free 
fa t ty  acid release, was fol!3wed in the presence o f  
different amounts  o f  defa':ted bovine serum albumin 
(fig.I) .  In the  absence o f  albumin the fa t ty  acid 
release rapidly decreased with t ime and only  a small 
fraction o f  the added trigl:;ceride was hydrolysed  ( the 
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Fig.2. Time course of the hydrolysis in the presence of 
serum albunain (4 mg/ml) and 0 (o), 118 (e) and 235 (e) 
nmol oleate/~-nl added as the albumin complex. The reaction 
mixture eont~ned 2.0 nag na/tochondr/al protaln/trd and 
2.05 umol tr/oteoylglyeercl/nal. Reaction conditions as L~a 
tig.1. 
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Fig. 1. TLqae cours~ of  the hydrolysis of gelat/~e stabil/zed 
trioleoy!glycerol emulsions by 4ae mitoehondriai fraction ha 
the absence and in the presence of defatted bovine serum 
albunahn (from 2.0--10 mg/ml). The reaction naL~ture con- 
tained 150 mM Tris--HC1, pH 7.5, 75 mM mamn[tol, !mM 
EDTA, 2.6 nag naitochondtial protein and 2.2/~mol trioleoyl- 
~ycerollmL Temperature 30°C Dotted lines: Free Fatty 
acids in the mitochondrial fraction L~ Lhe ab~nce (o) ~nd L~_ 
the presence of 4 mg albumin/t~d ('~): 

reaction was nei ther  first nor  second order) .  When 
albumin was added,  the rate increased with the 
albumin concent ra t ion  up to about  2 mg albumin/ml.  
At higher concentra t ions  (up to  16 mg]nd)  the period 
o f  constant  initial velocity and the percentage o f  
hydrolysis  attained were approximate ly  propor t ional  
to  the albumin concentra t ion.  

The activating effect  o f  a |bumia  decreased when 
albumin was replaced by  albumin--oleate  comple×es 
(fig.2). This result clearly indicate tha t  a lbumin acts 
as an acceptor  for inhibi tory  free fa t ty  acids [ 1 0 ] .  

A more  precise analysis o f  the relation between 
albumin and free fa t ty  acid effects was a t t empted  
by  taking into considerat ion also the free fa t ty  acid 
present krl the m/ tochond~a l  fraction.  The free f a t ty  
acid distributes itself (as long as equ/libriun~ is 
maintained)  between the albumha fa t ty  acid binding 

sites, the aqueous phase, the tr/glycefide and the 
mi tochondf ia l  membranes  according to affinity and 
volume o f  the appropriate  phase. The amoun t  o f  
free fa t ty  acid in the mi tochond r i~  fractions immedi- 
ately after preparat ion was 40- -80  nmol /mg  mito-  
chondrial  protein:palmifi¢ (25%), palmitoleic (25%), 
stearic (10%) and oleic acid (30%). After  69 nfin 
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Table 1 
Distribution of free fatty acids between the albumin 

fatty acid binding sites and the particles of the 
mitechondfi~ fraction 

Albur~,in 
(rag × ml -l ) 

F r e e  a c i d  i n  1 m l  h ~ c u b a t i o n  naLxOare ( r i t u a l )  

Supernatant Pellet 

0.0 10 188 
2.0 125 55 
4.0 138 40 
8.0 143 10 

The total amount  of free fatty acid present in the super- 
_~.~tant and the pellet was measured after centrifugafion at 
50 000 X g for 30 rain o f a  mitochondrial fraction incubated 
in a medium containing 150 mM Tzis--HCI, pH 7.5, 75 mM 
mannitol,  1 mM EDTA and various amounts of defatted 
bovLne serum a!bumin at 3{)°(2 for 5 rain. Mitoehondrial 
protein 4.6 mg/ml 
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i n c u b a t i o n  the  t o t a l  vMue was 7 0 - - 1 5 0  n m o l .  These  
e n d o g e n o u s  acid:~ were s h o w n  to  be  read i ly  r emove d  

f r o m  the  par t ic les  a n d  t r ans fe r r ed  to  a l b u m i n  (of. 
t ab le  1) and  the re fo re  c o m p e t e s  w i t h  the  l abe l l ed  
o!ea te  released f lo ra  the  subs t r a t e  for  b i n d i n g  at  the  

available fat ty acid binding sites. 
The distribution o f  free fatty acids as a function 

o f  i n c u b a t i o n  t i m e  a n d  a l b u m i n  c o n c e n t r a t i o n  was 
t he re fo re  ca l cu la t ed  o n  t he  fo l l owing  a s s u m p t i o n s :  

That labelled oleate as well as endogenous fatty 
acids were in rapid equilibrium with respect to 
binding to "Mbunfin and that all acids followed the 
b i n d i n g  i s o t h e r m  o f  o lea te  [11]  . 

2. A concentration-independent distribution o f  total 
free f a t ty  acids b e t w e e n  tire l ip id  phase  ( t r io leoy l -  
g lycerol  par t ic les  a n d  m e m b r a n e  p h o s p h o l i p i d s )  
a n d  the  a q u e o u s  phase  w i t h  an  a p p a r e n t  overal l  
distribution coefficient o f  t0  ~ (the approx, value 
for palmitate and oleate in heptane--water systems 
at  p H  7.45 [121 ). 

3. A l inea r  increase  in  e n d o g e n o u s  free f a t t y  acids 
t h r o u g h o u t  the  i n c u b a t i o n  pe r iod .  

The  e q u i l i b r i u m  a m o u n t  o f  u n b o u n d  acids ( to t a l  

free f a t t y  acids m i n u s  free acids b o u n d  t o  a l b u m i n )  

Fig.3. The correlation between the rate of hydrolys:,s and the 
calculated amount  of unbound fatty acid (total free acid 
minus acids bound to Mbumin) in assay systems containing 
0.0 (*), 2.0 (~) and 4.0 (o) mg albumin]m1. Data from fig.l- 

was calculated with 3 rain time intervals from the 
s m o o t h e d  r e a c t i o n  curves  in  r i g a  w i th  0,  2 a n d  4 mg 
a l b u m i n / m 1  a n d  cor re la ted  to  the  rates  o f  !abe!led 
o lea te  release for  each  o f  these  po in t s .  O ne  single 
f u n c t i o n ,  i n d e p e n d e n t  o n  the  a l b u m i n  c o n c e n t r a t i o n ,  

was f o u n d  to  relate these t w o  pa rame te r s  w i t h i n  
reasonab le  l imi ts  o5 u n c e r t a i n t y  (f ig.3).  Therefor ,  
b o t h  the  obse rved  increase  in  in i t i a l  ra te  a n d  the  
a p p a r e n t  change  in  overal l  k ine t i c s  o f  the hyd ro ly s i s  

when albumin was added can be attributed to its 
ab i l i ty  to  c o m p l e x  w i th  i n h i b i t o r y  f lee  f a t t y  acids.  

3 . 2 .  E f f e c t  o f  Ca  2+ a n d  E D T A  
In  the  absence  o f  a l b u m i n  Ca 2÷ had  an  i n h i b i t o r y  

e f fec t  ao~ E D T A  a s t i m u l a t i n g  ef fec t  o n  the  h y d r o -  

lysis  o f  added  t r i o ! e o y l ~ y c e r o l  whereas  these  com-  
p o u n d s  had  n o  ef fec t  in  the  p resence  o f  su f f i c ien t  
a l b u m i n  to  o v e r c o m e  i n h i b i t i o n  b y  the  f a t ty  acids 
p re sen t  ( r igA) .  [t  was f o u n d  also ( resul ts  n o t  s h o w n )  

t ha t  the  obse rved  release of e n d o g e n o u s  f a t t y  acids 
d u r i n g  i n c u b a t i o n  was e n h a n c e d  b y  Ca 2~ a n d  
depressed  b y  E D T A .  This  ind ica tes  t h a t  the  effects  
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Fig.4. The effect of Ca ~ and EDTA on the hydrolysis of 
added trioleoyl#yeerol in the absence (o) and in the presence 
(o) of serum albumin (16 mgd'ml)- The reaction mLxtuge 
contained 150 mM Tris--HCl, pH 7.5, 75 mM mannitol, 
2.0 mg mitochondr~-,al pro ~ein 0:ad 2.5 t~mol ~ 5oleoylglycerol 
per ml. The reaction was carried out at 30°C for 20 mha. 

molecule for fa t ty  acids in fa t ty  acid micelles, these 
figures atso argue against surface dilution as a cause 
c f  the inhibi tory effect. An inhibit ion mechanism 
based on  surface compet i t ion  was on  the o ther  hand 
not  indicated by  rep!ott ing the v~dues in fig.3 to give 
reciprocal rate versus concent ra t ion  o f  unbound  fa t ty  
acids. Such a plot showed a syztematic deviation from 
a straight fine and experiments  at different substrate 
concentrat ions and substrate particle diameters are 
required for elucidation o f  the intfibitory mechanism. 

The mechanisms controPAng the interaction 
betwee~ ,_'ntraeellu!ar partdcles and organelles are 
virtually unknown but  the close association between 
lipid particles and mi tochondr ia  observed in heart  
muscle [15] and under  special condit ions in liver 
[! 5] and brown fat [16] indicate tha t  such mecha- 
nisms might play a role in the regulation o f  fa t ty  acid 
release from storage triglycefide. Further knowledge 
about  the localization o f  the lipase in the roAto- 
chondrial  fraction and its contr ibut ion to  the hydrol-  
ysis o f  the t r iacyl~ycerol  conten t  o f  the lipid particles 
present in the yeast cell [17,18~ is required before 
the significance o f  the present observations with 
respect to regulation o f  triacylglycerol utilization in 
the cell can be evaluated. 

o f  Ca 2÷ and EDTA on the activity o f  the mi tochon-  
drial t r iacyl~ycero!  lipase x~ere indirect and mediated 
by  the change in free fa t ty  acids. These results also 
show that the membrane-bound triacylglycerol lipase 
differs from the soluble pancreatic lipase, which is 
also inhibited by  fa t ty  acids, but  where Ca 2÷ reduces 
~his inhibition by  complex format ion with the fa t ty  
acids [13] .  

3.3. Tile mecitanism o f  inhibi t ion 
Ttie course o f  the calculated relation between 

enzyme activity and mhibito:- concentra t ion (cf. fig.3) 
seems to indicate that the fa t ty  acids act as a strong 
surface competit ive inhibitor [14] .  The presence o f  
~pprox. 100 nmol  unbound  fatty acid/rnl resulted in 
51Yjo inhibition o f  the triacylglycerol lipase. Quantita- 
tive electron microscopic examination o f  mi tochon-  
d rial preparations and substrate emulsions indicated 
that  i f  this amoun t  o f  acid is distributed over bo th  
mitochondria!  membranes and substrate particle 
interphase about  800 Az is available for each mole- 
cule. Compared with the surface area o f  only  70 A2[  
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