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Summary 

A double-label technique has been applied to s tudy the distribution of  dif- 
ferent molecular classes of  phosphatidylglycerol  in the membrane of  Achole- 
plasma laidlawii. After  growth on oleic acid, 16% of  the total  phosphatidyl- 
glycerol contains two oleic acid residues and 84% contains one oleic acid and 
one saturated fa t ty  acid. The dioleoyl  phosphatidylglycerol  is present in equal 
amounts  in the outer  and the inner layer of  the membrane.  Phosphatidyl- 
glycerol which is associated with membrane proteins consists exclusively of  the 
class containing only one oleic acid. 

Phospholipases have been used extensively to s tudy the localization and 
physicochemical properties of  phosphatidylglycerol  in the membrane of  
Acholeplasma laidlawii [1,2].  It was found that  three different pools of  this 
phospholipid are present bu t  the detect ion of  these pools is possible only un- 
der the following conditions [1]. The temperature at which the incubations 
with phospholipases are carried out  should be as low as possible in order to 
prevent rapid mixing of  the different pools by  lateral diffusion and transbi- 
layer movements.  On the other  hand, the lipids have to be, also at the low incu- 
bat ion temperatures,  in a liquid-crystalline condit ion to allow phosphatidyl- 
glycerol hydrolysis to proceed [2]. 

Both condit ions can be met  when cells are used which contain lipids 
enriched in oleic or linoleic acid. In oleate-enriched A. laidlawii membranes the 
following pools of  phosphatidylglycerol  can be detected:  40% of the phospha- 
tidylglycerol is present in the outer  leaflet of  the membrane bilayer; 30% is 
present in the inner layer; the residual 30% is associated with intrinsic mem- 
brane protein [3] but  the location of  this pool  is unknown.  

Furthermore,  using a double-label technique,  we have been able to estimate 
the amounts  and the physicochemical behaviour of  the different  species of  
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phosphatidylglycerol  in the membrane [2]. The same double-label technique is 
applied now on the localization studies mentioned above in order to determine 
the molecular species of  phosphatidylglycerol in the three different pools. 

A. laidlawii strain B was grown on a lipid-poor t ryptose medium, supplied 
with [1-14C]oleic acid and ortho[32P]phosphate,  as described elsewhere [2]. 
Cells and membranes were isolated and incubated with an excess of  phospho- 
lipase A2 from pig pancreas for 15 min at 0°C. The reaction was stopped by 
the addit ion of  EDTA and phosphatidylglycerol  was isolated by  extraction and 
thin-layer chromatography [2].  The extent  of  hydrolysis was measured by 32p 
counting of  the residual phosphatidylglycerol  using a phosphorylated glycolipid 
as internal standard. The 14C/32P ratio was determined from the residual phos- 
phatidylglycerol.  Analysis of  the species composi t ion of  the original phospha- 
tidylglycerol was carried ou t  by  fa t ty  acid analysis and by the determination of  
the 14Cf12P ratio of  total phosphatidylglycerol  from untreated cells. These 
analyses were performed also on the 1-acyl lyso derivative obtained after incu- 

bat ion of  isolated phosphatidylglycerol with phospholipase A2 [2]. The data 
are presented in Table I. The data allow a calculation of  the molecular species 
composi t ion of  the phosphatidylglycerol provided that we assume that all 
phosphatidylglycerol  molecules contain at least one oleic acid residue. Further- 
more, we have based the calculations on the accuracy of  the radioactivity 
counting which results in an oleic acid content  of  27% in the isolated lysoderiv- 
ative instead of  the 22% measured by gas-liquid chromatography.  Calculations, 
details of  which have been presented before [2], show that the phosphatidyl- 
glycerol consists of  the two major species: 16% contains two oleic acid residues 
(dioleoyl phosphatidylglycerol) having a 14C/32P ratio of  7.0 and 84% contains 
one residue (monooleoyl  phosphatidylglycerol)  with a 14C/32P ratio of  3.5. 

The results of  phospholipase A2 incubation on intact cells and isolated mem- 
branes are presented in Table II. As was found before, 30% of the phosphati- 
dylglycerol cannot  be hydrolyzed even when both  sides of the membrane are 
exposed to the phospholipase [ 3]. This protein-protected pool  of  phosphatidyl- 
glycerol has a 14C/32P ratio of  3.5 and therefore contains exclusively mono- 

T A B L E  I 

F A T T Y  A C I D  C O M P O S I T I O N  A N D  1 4 C / 3 2 p  R A T I O  O F  P H O S P H A T I D Y L G L Y C E R O L  A N D  1 - A C Y L -  

L Y S O P H O S P H A T I D Y L G L Y C E R O L  IN O L E I C  A C I D - E N R I C H E D  M E M B R A N E S  F R O M  A.  L A I D -  

L A  W I I  

F a t t y  ac id  c o m p o s i t i o n  * P h o s p h a t i d y l g l y c e r o l  L y s o  p h o s p h a t i d y l g l y c e r o l  
(%) (%) 

1 4 : 0  1 - -  

16 : 0 3 2  61  

1 8 : 0  8 16 
1 8  : l c  58 ** 22  

1 4 C / 3 2 p  4.1 ** 0 . 9 5  

* O n l y  m a j o r  f a t t y  a c i d s  f o u n d  in  t h e  m e m b r a n e  a_re p r e s e n t e d .  

** A s s u m i n g .  a u n i f o r m  d i s t r i b u t i o n  o f  t h e  3 2 p  l a b e l  t h i s  m e a n s  t h a t  3 . 5  c o u n t s  1 4 C  c o r r e s p o n d  t o  o n e  
o l e i c  a c i d  r e s i d u e .  F r o m  t h i s  f i g u r e  o n e  c a n  c a l c u l a t e  t h e  1 4 C / 3 2 p  r a t i o  o f  d i o l e o y l p h o s p h a t i d y l g l y -  

c e r o l  ( 7 . 0 )  a n d  t h e  s p e c i e s  c o n t a i n i n g  o n e  o l e a t e  (3 .5 ) .  
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T A B L E  II 

A M O U N T  A N D  14C/32P  R A T I O  O F  R E S I D U A L  P H O S P H A T I D Y L G L Y C E R O L  F O U N D  A F T E R  
P H O S P H O L I P A S E  I N C U B A T I O N  OF I N T A C T  C E L L S  AND I S O L A T E D  M E M B R A N E S  OF A.  L A I D .  

L A  W I I  

Cells M e m b r a n e s  

Res idual  p h o s p h a t i d y l g l y c e r o l  * 60 30 
14C/32 P 4.0 3.5 

• Data  are expres sed  as a p e r c e n t a g e  o f  the  original  a m o u n t  o f  p h o s p h a t i d y l g l y c e r o l  present .  

oleoyl phosphatidylglycerol species (Table III). The second pool of  phosphati- 
dylglycerol which can be assayed directly is the one which is localized in the 
outer membrane layer. In intact cells 40% of  the total phosphatidylglycerol is 
directly accessible to phospholipase A2 and it is found that this pool contains 
both the dioleoyl species (8% of  the total phosphatidylglycerol) as well as 
monooleoyl  phosphatidylglycerol (32% of  the total). It is obvious then that the 
rest of  the dioleoyl phosphatidylglycerol (8% of  the total) and the monooleoyl  
species (22%) is located in the inner layer (Table III). 

The data described here have led to the following conclusions. First, the 
degree of  unsaturation in the freely accessible inner and outer layer pools of  
phosphatidylglycerol differs only slightly. The value of  this observation with 
respect to the difference in overall lipid fluidity between inner and outer layer 
as described by Rottem [4] is hard to assess because phosphatidylglycerol com- 
prises only 30% of  the total lipid content of  this membrane. Data on the distri- 
bution of  different molecular species of  a given phospholipid over the two 
layers of  a membrane are scarce. In human and rat erythrocyte membranes, 
phosphatidylcholine is distributed unequally over the two layers, the majority 
being outside. Both pools, however, are identical with respect to the molecular 
species composition [ 5,6]. A similar observation was made by Litman, studying 
the localization of  egg yolk phosphatidylethanolamine in mixed liposomes [ 7]. 
A direct comparison, however, of  this data with the results described here is 
premature because a substantial part of  the phosphatidylglycerol has not been 
localized so far and furthermore because of  the remarkable fatty acid composi- 

T A B L E  III  

T R A N S B I L A Y E R  D I S T R I B U T I O N  OF P H O S P H A T I D Y L G L Y C E R O L  SPECIES IN M E M B R A N E S  
F R O M  A. L A I D L A W I I  G R O W N  IN T H E  P R E S E N C E  OF O L E I C  ACID 

Loca l i za t ion  % o f  to ta l  Spec ies  c o m p o s i t i o n  Spec ie s  c o m p o s i t i o n  
phosphat idy l -  (% o f  t o ta l  a m o u n t  (% of  to ta l  a m o u n t  o f  
g lycero l  o f  p h osp h at idy l -  p h o s p h a t i d y l g l y c e r o i  

g lycero l )  in part icular  p o o l )  

Outer  m o n o l a y e r  40% 

Prote in  p r o t e c t e d  30% 
Inner  m o n o l a y e r  30% 

32% M o n o o l e o y l  PG * 
8% Dio leoy l  PG 
30% M o n o o l e o y l  PG 
22% M o n o o l e o y l  PG 
8% Dio leoyl  PG 

80% M o n o o l e o y l  PG 
20% Dioleoyl  PG 
100% M o n o o l e o y l  PG 
73% M o n o o l e o y l  PG 
27% Dio leoy l  PG 

* PG, p h o s p h a t i d y l g l y c e r o l .  
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tion of  this pool. No dioleoyl phosphatidylglycerol is associated with proteins 
under these conditions. The second conclusion which can be made, therefore, is 
that  the intrinsic membrane proteins are surrounded in this membrane and un- 
der these experimental  conditions preferentially with phospholipid molecules 
containing two different fat ty acyl chains. Studying Escherichia coli mem- 
branes, Baldassare et al. [8] already demonstrated that  such phospholipids have 
an important  role in conserving membrane-bound enzymatic activities. In 
A. laidlawii the Mg2+-dependent ATPase has an absolute requirement for phos- 
phatidylglycerol [9]. Therefore,  it can be speculated that this enzyme is sur- 
rounded preferentially with monooleoyl  phosphatidylglycerol molecules. More 
direct experimental  evidence is required, however, to prove such a specific 
enzyme-phospholipid interaction, especially because the technique we have em- 
ployed can only be used at low temperatures and not  at temperatures at which 
the intrinsic membrane proteins function. 

We thank Dr. H.M. Verheij for his gift of  purified phospholipase A2. The 
present investigation was carried out  with financial aid from the Netherlands 
Organization for the Advancement of Pure Research (Z.W.O.). 
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