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Effects of  phospholipase A and pre-phospholipase A on black phospholipid 
membranes 

The formation of black lipid membranes has been extensively investigated 
during the past few years ~-9. Several studies included the effects of various proteins 
on these membranes 1°-14. If protein molecules come in close contact with lipid mem- 
branes and modify their structure, they must fit in the pat tern of polar groups at 
the membrane surface. Phospholipases are of interest in this respect. They are highly 
specific and active on phosphoglyceride dispersions in water. Phospholipase A (EC 
3.1.1.4), which catalyses exclusively the hydrolysis of the fa t ty  acid ester linkage at 
the C-2 position of phosphoglycerides, and an enzymatically inactive "precursor" 
(pre-phospholipase A) were used in the present work. To avoid membrane rupture 
by  the action of the enzyme, particular phospholipids which are not degraded en- 
zymatically, or the inactive form of the enzyme can be used. 

Membranes were formed from o.3 to o. 5 % (w/v) solutions of the phospholipids 
in n-decane. In some cases small amounts of ethanol were added. The phospholipids 
were synthesized according to established procedures 15,16 and were homogeneous by 
thin-layer chromatography. The methods of membrane formation, resistance and 
capacitance measurements have been described previouslyT, ~7. 

Pure phospholipase A (tool. wt. 138oo ~ 5o0) and pre-phospholipase A (con- 
taining 7 more amino acids) were isolated from porcine pancreas 18. They are globular 
proteins and contain 7 disulfide bridges per molecule. The preparations proved to be 
homogeneous on disc electrophoresis over a wide pH range ~8. The pre-phospholipase A 
preparation contained some residual enzymatic activity (about o.I % of full activity 
attained after release of the heptapeptide by trypsin). 

Black fihns were prepared from the synthetic lecithins viz.: 1,2-dipalmitoyl- 
sn-glycero-3-phosphoryl choline (I), z-stearoyl-2-myristoyl-sn-glycero-3-phosphoryl 
choline (II), and I-oleoyl-2-stearoyl-sn-glycero-3-phosphoryl choline (III) and from 
2 lecithin analogues, in which the only modification was the replacement of the ester 
bond at the C-2 position by an ether or a carbon-carbon bond, viz.: rac-I-oleoyl- 
2-O-palmityl-sn-glycero-3-phosphoryl choline (IV) and rac-I-oleoyl-2-n-hexadecyl- 
propanediol-3-phosphoryl choline (V). Compounds IV and V are not degraded by 
phospholipase A. The lifetimes of membranes from the fully saturated lecithins (I, II) 
have been significantly shorter than those prepared from the other phospholipids 
(III ,  IV and V). Electrical resistance and capacitance of black films of these phospho- 
lipids (I-V) in aqueous solutions of IO -2 M KCI, CaC12 and KI  were similar (Table I). 

With the normal lecithins it proved to be impossible to obtain black membranes 
both in phospholipase A and in pre-phospholipase A solutions. This was attr ibuted 
to hydrolysis of lecithin to the I-acyl-lysolecithin which is known to make black fihns 
unstable above a certain concentration. 

Black membranes of good stability could be formed with both lecithin analogues 
in 2" IO -6 M and IO -5 M solutions of pre-phospholipase A, and in 2- IO -6 M solutions 
of phospholipase A. In io -5 M solution of active enzyme, the stability of membranes 
was decreased. The electrical resistance of the black membranes was lowered by a 
factor IOO-IOOO in the solutions of IO ~ M phospholipase A and pre-phospholipase A 
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T A B L E  I 

PROPERTIES OF BLACK MEMBRANES OF SYNTHETIC LECITHINS 

M e m b r a n e s  f r o m  d i p a l m i t o y l l e c i t h i n  w e r e  f o r m e d  a t  5 o°,  a l l  o t h e r  m e m b r a n e s  a t  37 °. All  v a l u e s  
a r e  t h e  m e a n  of  a t  l e a s t  3 m e m b r a n e s .  

Lecithins and analogues Resistance (Q. cm 2) 

I o - a M  KC1 J:o-21"VI CaC12 z o - ~ M  K I  

Capacitance (#F /cm 2) 

I o - l M  K C l  io  2MCaC12 

( D i p a l m i t o y l ) -  
l e c i t h in  (I) 0. 5. IO 8 0. 3- lO 8 0 .6 .  IO 4 o.34 ± 0.03 

( S t e a r o y l - m y r i s t o y l ) -  
l ec i th in  ( I I )  0.9" lO 8 I . I .  IO 8 1.2. lO 4 0.32 ± o.o2 

( O l e o y l - s t e a r o y l ) -  
l e c i t h in  ( I I I )  I . I -  lO 8 I.O. lO 8 1. 7" lO 4 - -  

C o m p o u n d  I V  6.0- lO s 1.5. lO8 3.4" 1°4 - -  

C o m p o u n d  V 4.4" l ° s  1.8. lO s 2.9" lO 4 - -  

0.35 ± 0.02 

0.34 ± 0.02 

0.35 -k o.o2 

T A B L E  I I  

E F F E C T S  O F  P U R E  P H O S P H O L I P A S E  A A N D  P R E - P H O S P H O L I P A S E  A O N  B L A C K  M E M B R A N E S  O F  

L E C I T H I N  A N A L O G U E S  

P h o s p h o l i p a s e  A a n d  p r e - p h o s p h o l i p a s e  A w e r e  d i s s o l v e d  in  lO -2 M CaC12. 

Pre-phospholipase A Phospholipase A 

Resistance Capacitance Resistance Capacitance 
(Q. cm 2 ) (ItF/cm 2 ) (f)" cm ~) (pF/cm 2) 

2 . I o - 6 M  I o - S M  I o - S M  2 . i o - 6 M  i o - S M  2 . i o - 8 M  

C o m p o u n d  I V  3" lOS 2- lO 5 0.33 ~ 0.02 4" I ° °  7" 1°4 0.32 ± 0.02 

C o m p o u n d  V 5" IOS i .  lO 6 o.34 ± 0.02 9" IO7 9 '  1 °4 0.33 ± 0.02 

(Table II) when compared with the value recorded in 10 -2 M CaC12 in the absence 
of protein (Table I). Only a small difference was observed in 2.10 -6 M solutions of 
phospholipase A, while in solutions of pre-phospholipase A at this concentration, the 
resistance was practically identical to that in a CaC12 solution without protein. The 
resistance of membranes in the protein solutions varied over a greater range than 
usual for individual membranes in electrolyte solutions. With protein, variations of 
a factor 100-200 have been observed. The low resistance in the protein solutions was 
observed only when the membrane reached the black state. In the early state, as 
long as a thick lamella was present, the resistance was high. This may indicate that 
the low resistance was a property of the black area and not caused by border leakage. 
No significant differences in capacitance between membranes with or without proteins 
were detected (Table II). 

It  may be concluded that phospholipase A and pre-phospholipase A are prima- 
rily adsorbed to the polar region on the membrane surface. The decrease of the electric 
resistance may be caused by an alteration of the molecular arrangement of the 
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phospholipids due to an interaction either, of their polar groups or their apolar 
residues with the protein. The observation of nearly identical values in capacitance 
of membranes with and without protein does not argue against an adsorption on the 
menlbrane surface (the capacitance of a membrane covered on either side with a 
monomolecular layer of protein would be only a few percent smaller than that of the 
hydrocarbon core alone), but it indicates that a massive penetration of protein mole- 
cules into the hydrocarbon core of the membrane did not occur. However, a relatively 
small number of polar pores created by protein molecules traversing the apolar barrier 
and which occupy a very small part of the membrane only, could account for the 
observed decrease in resistance (this can be verified by a rough calculation on the 
basis of a simple model). At present it is not possible to decide whether the observed 
effects are due to adsorption of protein molecules on the polar surface of the lipid 
membrane, or whether they are caused by a small number of protein molecules which 
penetrated into the hydrocarbon region. 

The authors wish to thank Dr. P. LXUGER for helpful discussions and Dr. H. J. 
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