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i Summaqr A method s presented which permits study of the sided- 
ness of phospholipids in biological membranes by protein 
mediated phospholipid exchange between membranes and liposomes. 
For the protoplasmic meprbrane of $@aodeiktieus it was found 
that about one half of the total phosphatiQlglycero1 and di- 
phosphatldylglycerol can be transferred by proteins, while 
phosphatidylinositol is not transferable. From a comparison 
of these results with those obtained with ghosts of &a- 
deiktiaus and pronase treated protoplasts it is concluded that 
diphosphatidylglycerol distributes almost evenly between the 
inner and outer surfaces of the protoplasmic membrane whereas 
phoephatidyl@ycerol is located predominantly on the outer 
surface and phosphatidylinositol on the inner one. Such asym- 
metrical distribution correlates with results obtained upon 
treatment of the protoplaste with phospholipases A2 and 0, 

Cells of higher animals and plants oontain a special 

group of proteins that are able to transfer lipids from one 

membrane to sn other (1). Awording to recent data from 

this (2) and other laboratories (3,4) only the outer surface8 

of the donor and acceptor membranes appear to be acoessible 

to I&P. This feature of the DTP mskes t&em a potentially 

ABBPKVIATIOKS USKDt #:, phosphatidylcholine (egg yolk lecithin); 
PO, phosphatidylglycerol; DPG, diphosphatidylglyeerol; Et, phos- 
phatidylinositol; LTP, lipid transfer proteins. 
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useful tool for evalution of the outside-inside distribution 

of lipids in biological membranes. The present communication 

describes the use of rat liver LTP for location of phospholi- 

pids in the membrane of ]II.lysodeikticus protoplasts. 

RATFRIALS AND METHODS. Purified egg lysosyme was obtained from 
Olaine Biochemical Factories (USSR) and pronase from Bagase Co. 
(Japan).X?on-purified phospholipase A2 from Gala na1a oxiana 
snake venom and phospholipase C from Bacillus cereus were used. 
LTP (postmicrosomal supernatant fraction, pH 5.1) was isolated 
from rat liver as described by Wirtz; and Zilversmlt (5)* 
l&lysodeiktiaus (Flemming strain 2665) was grown as deseribsd 
previously (6) and hsrvested after 18h growth by centrifuga- 
tion. For incorporation of radioactive label into phospholipids 
bacteria were grown in the presence ofb-'4G]glycerol (1OO,uCi/l 
final concentration). Protoplasts were isolated by the method 
of Owen and Freer (7). Leakage of protoplasts was controlled 
by monitor&q E860 of the protoplast supernatant fraction (8). 
Ghosts of &lysodeikticus were prepared by lysosyme treatment 
of freshly harvested cells in hypotonic medium (9). Fc vesic- 
les were prepared by ultrasonication in 30 mM tris-HCl-0.8 Y 
sucrose containing 2 r&4 MgC12 , pH 7.4 (buffer A). Phospholipid 
extraction end analysis were performed as described by Thomas 
and Ellar (10). Lipid phosphorus was determined by the method 
of Gerlach and Deutike (II). Radioactivity of phospholipids 
was measured in a Mark II scintillation speutrometer (Nuclear 
Chicago). 

REStJLTS.The protoplasmio membrane of &lysodeilcticus contains 

only three phospholipids - DPG, PG and PI (IO). The incubation 

of coarse DPG, PC or PI liposomes with sonicated PC vesicles 

and rat liver LTP showed that in the artificial system all 

three acidic phospholipids are transferred by LTP at commen- 

surable rates. In order to investigate lipid transfer from 

protoplasts the latter were incubated with sonicated PC ve- 

sicles and IdTP. Thereafter the protoplasts were sedimented at 
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Table I. Phospholipid composition of protoplastsof ~.lysodeilcticus 
after incubation with PC vesicles without LTP and in presence 
of LTP.a) 

Protoplasts Pr?otoplasts 
+ EC vesicles 

Protop1asts 
i PC vesicles 
+LTP 

radioaa- radioac- 
tivity nmole tivity nmole 
( CPd (opm) 

27250 8700 45400 4800 

3320 6710 1950 3!940 

1200 2720 WY3 2840 

a)44+protoplasts (0.2 mg P/ml) were incubated with PC vesicles 
(0.6 mg P/ml) and LTP (2.2 tug protein/ml) in buffer A at 37* 
for 30 min. The cooled (O*) incubation m3xture was centrifuged 
at 12OOOg for 40 min. The supernatant was extracted by chloro- 
form-methanol (2:4,v/v) and protoplasts by the method of Tho- 
mas and Ellar (IO). All experiments were done at least twice 
and gave reproducible results (the relative standard devia- 
tions were about IQ%). 

"t2OOOg and the radioactivity of the lipids of the pellet and 

supernatant were measured. Control experiments showed that upon 

incubation of protoplasts and PC vesicles without LTP or of the 

protoplasts in the absence of PC only small amounts (<s) of 

the total lipid radioactivity were transferred to the superna- 

tsnt. However, when the protoplasts were coincubated with PC 

vesioles in the presence of LTP about l/3 of the lipid radio- 

activity of the initial protoplasts was found in the lipid ex- 

tract of the supernatsnt. TLC of the extract revealed the pre- 

sence of DPG, PG and PI: and the absence of PI. Phospholipid 
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analysis of the precipitated protoplasts demonstrated that a 

part of the aoidio phospholipids had been replaoed by PC durlqg 

the inoubation prooeas* As oan be seen from table 1 In the pre- 

senoe of LTP and PC vesicles more than 4cqb of the initial FG 

and about 5QJ6 of DFG were released by protoplasts while PI was 

oompletly retained. 

When pronase treated protoplasts were incubated with PC 

vesicles and LTP still more lipids were transferred, the inc- 

rease occuringmainlyatthe expense ofl%andPI (799% and23 

transfer respectively)) at the same time no appreciable change 

in the transfer of DFG was observed. 

Experiments wherein cosonicated mixtures of PC and 

&lysodeikticus total phospholipids were treated with phospho- 

lipases A2 and C revealed no significant differences in the 

susceptibility of the three acidic phospholipids to these en- 

zymes, However, in intact protoplasts phospholipase C destroy- 

ed much more PG (7QG) than was degraded by phospholipase A2 

(46%) while DPG was affected to the same extent by both enzymes 

(9 and 4&G, respectively) and F?t was not hydrolyzed at all. 

DISCUSSIOW. Judging by the lack of significant leakage, neither 

IITP nor phospholipases A2 and 0 produced lysis of intact proto- 

plasts on incubation for 40-50 min (more prolonged phospholi- 

pase digestion resulted in leakage of nuoleotidic material). 

Therefrom it msy be inferred that under the experimental oon- 

ditions used these three agents interacted only with the exte- 

rior surface of the protoplasts. Hence we presume that the DPG 

and PG fraotions traIBf8rr8d to the PC vesicles by LTP must 

have been located on the outer surface of the membrane. With 

respect to lipids unaffected by LTP, two possibilities hav8 to 

be considered2 either (5.) they are located at the inner surface 
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Table 2. Transfer of ~.lmodeiktioua membrane phospholipida 
by YPP and their hydrolysis by phospholipase A2 and 0. 

-~-~ 
Phospho- Transfer onto IK: vesicles (95) Extent of 
lipid in the presence of LTP hydrolysis 

a> 0) 
by phospho- 

F!t?otoplaBts Pronase Ghosts lipasee ($> 
treated 
protoplasts b, A 2 d> c f> 

DTO 47 41 33 48 5Lc 

PO 42 79 Y+ 46 70 

PI 1 22 52 me) 0 

a) 
b) 

Bar experimental aonditions see footnotes to table 1; 
Protoplaats (25 mg protein/ml) were incubated wih pronase 
(0.5 m&l.) in buffer A at 37O for 20 min. The cooled (OO) 
mixture was centrifuged and washed with cold (OO) buffer. 
Inmbation of the pro-e treated protoplasts with PC vesic- 
les and I&?P was performed as described for intact proto- 

c> 
plasts; 
To avoid membrane fusion the experiments were carried out 
by imubation of ~.lysodeikticus ghosts and LTP saturated 

d) 
with PC by pre?incubation with coarse PC liposomes; 
Treatment of g.lysodeikticus protoplasts (0.2 mg P/ml) with 
phospholipaee A2 (0.4 mg/ml) was carried out in buffer A 

e) 
in the presence of 10 IUM CaCl, at 37O for 40 min; 
Digestion of PI by phospholipaee A2 could not be measured 

f) 
because the products were not easily separable by fmxl; 
Treatment of the ~.lssodeikticus.protoplaate (15 mg pro- 
tein/ml) wih phospholipaae C (0.5 mg protein/ml) was car- 
ried out iu buffer A in the presence of 0.4 mM CaC12 at 37" 
for 40 min. Digestion by phospholipases A2 and C was stop- 
ped by adding 0.2 ml of saturated EDTA solution. 

or (ii) being located at the outside, they are unavailable be- 

aause of tight packing or of shielding by the membrane proteins. 

In order to choose between these two possibilities the 
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action of LTP toward pronase treated protoplasts was studied. 

In ~.lysodeikticus protoplasts surface proteins are known to 

comprise less than 3cqS of total membrane proteins (12). Sinoe 

pronase treatment destroyed about 2096 of the menibrane proteins 

we can assume that proteins shielding the outside lipid mole- 

cules were almost completely removed, leading to exposure of 

additional lipids to the LTP. If so) the results of the present 

work indicate that no lees than SQ6 of the total PO and at 

least 2096 of PI are located on the outside of the membrane* 

DPG appears to be distributed evenly between the two surfaces. 

Prom the fact that the amount of transferable DPG is unalter- 

ed by pronase treatment it can be ooncludedthat all DFU mole- 

cules on the outside of in-L-a& protoplast are acoessible to 

LTP. The predominant localization of PG at the outside and 

of PI at the inside of the membrane was confirmed by transfer 

experiments carried out with ghosts of &J.'lysodeikticus.' In such 

preparations consisting of mixtures of inside-out and right- 

side-out vesicles as well as unsealed membranes more PI and 

less PO were transferable than in pronase treated protoplasts. 

Since phospholipase A2 and lipid transfer proteins are 

of commensurate molecular size (13,?4) the acoesaibility of 

surface membrane lipids to these agents should be of similar 

degree. This was indeed found to be the case for PO and DEG. 

When native and pronase treated protoplasts were digested by 

phospholipase C PI was also affected exactly to the same de- 

gree as in the lipid transfer procedure (0 and 2C@ respecti- 

vely). A more complex picture was observed for PG. Whereas in 

native protoplasts this phoepholipid was equally affeoted by 

LTP and phospholipase A2 (47-4S%), muoh higher amouuts (7a) 

were hydrolyzed by phospholipase C. This result may be inter- 
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preted as indicating that '7@% of the PG is on the outer sur- 

face, but that the outward facing PG is only partly acGessib= 

le to I%EP and phospholipsse A2 in the intaot protoplasts. 

We thus conclude that the lipid transfer proteins aan be 

used to study the outside-inside distribution of phospholipids 

in biological membranes. The method has a nuniber of merits: 

LTP a&s at physiological pH and temperature, it is non-lytic 

and apparently does not dsnage the membranes of cells or orga- 

nelles. Hence protein mediated lipid transfer could be a valu- 

able addition to the existing methods of measuring phospholi- 

pid asyuuuetry,i.e. chemical labeling (15), phospholipase 

treatment (16) and WMB with hy&ophylU paramagnetio probes (17). 

An important feature of the protein mediated exchange is 

that the newly introduced phospholipids are incorporated only 

into the outer monolayer. In the present work it has been shown 

that the use of LTP enables one to introduce PC into bacterial 

membranes. This approach opens the possibility of replacement 

of some lipids by others in membrane and lipoprotein complexes 

without destroying their integrity. 
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