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SUMMARY

Proteolipids were detected in 1ipid extracts of rat T1iver mitochon-
dria, microsomes and 100,000 xg soluble fraction. In view of the rapid
transbilayer movement of phosphatidylcholine in 1iver microsomal membranes
the possible action of microsomal proteolipids as mediators of phospho-
lipid transmembrane movement was investigated. Single bilayer Tipid vesi-
cles were prepared by sonication or by a cholate dispersion technique from
either total or proteolipid-free 1ipid extracts from microsomes. Accessi-
bility of phosphatidylcholine in these membranes to a specific phospha-
tidylcholine exchange protein was restricted to the amount located in the
outer monolayer of the vesicles.

INTRODUCTICN

Proteolipids, initially isolated from bovine brain (1), occur in a
wide variety of animal and plant tissues, where they appear to be membrane
constituents. Except for mitochondria and chloroplasts where these chloro-
form/methanol-soluble proteins seem to play a role as proton translocators
(2,3) not much is known about the function of proteolipids in other orga-
nelles (for reviews see refs. 4,5). In agreement with what would be ex-
vected from highly hydrophobic proteins, experimental evidence has been
provided to suggest that proteolipids are deeply embedded in the apolar
region of the bilayer (5-10).

It has been shown that intrinsic proteins from the erythrocyte mem-
brane facilitate transbilayer movement of phospholipids in single bilayer
vesicles (11-13). On the other hand rapid transbilayer movements of phos-
pholipids have been shown to occur in a number of isolated membranes (14-
20) while no such movements are found in vesicles derived from the phos-
pholipids of these membranes. This has lead to the suggestion (21) that
perhaps some membrane proteins (“flippases”) could function in the trans-
Tocation of phospholipids. Because proteolipids show a high hydrophobici-
ty and may be ubiquitous membrane components, it became of interest to in-
vestigate their possible action as mediators of phospholipid transmembrane
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movements. Since the characteristic jnsolubility of proteolipids in ether (2)
precluded the use of large unilamellar vesicles prepared by the method of
Deamer and Bangham (22), it was decided to study the exchangeability of
phosphatidylcholine in small vesicles as an index of phospholipid transbi-
layer movement.

EXPERIMENTAL

Materials

Dipalmitoyiphosphatidyl{Me-1%*C]choline (spec. act. 50 mCi/mmol) was
obtained from The Radiochemical Centre, Amersham, U.K.). Bovine 1iver phos-
phatidylcholine-exchange protein was purified by an established procedure (23)
and proteolipid apoprotein from bovine myelin was prepared as reported (24).
They were kindly donated, respectively, by Prof. K.W.A. Wirtz from this la-
boratory and by Dr. P.J. Brophy (University of Stirling, Scotland), Reagents
for gel electrophoresis were obtained from UCB (Brussels, Belgium) and mole-
cular weight markers from BDH (Poole, U.K.).

Methods

Rat liver subcellular fractions. Microsomes and post-microsomal super-
natant were prepared as described (25); mitochondria as reported by Greenawalt
(26). Lipids were extracted from these fractions by the method of Folch-Pi
and Sakura (27).

Multilamellar liposomes and unilamellar vesicles. Liposomes were pre-
pared in 50 mM Tris-HCi, 5 mM EDTA (pH 7.4), centrifuged and resuspended as
described by Wirtz et al. (28). Single-bilayer vesicles were prepared either
by sonication or by the cholate dispersion technique as described (25).

Phosphatidylcholine exchange. The exchangeable pool of phosphatidylcho-
Tine in unilamellar vesicles (containing traces of [!“C]phosphatidylcholine
and of [3H]cholesteryloieate) was determined as described (29). Recoveries of
vesicles were 90% or better.

Gel electrophoresis. Electrophoresis in 15% acrylamide gels (acrylamide/
bisacrylamide 1:20, w/w) containing 0.1% sodjum dodecylisulfate (SDS) was per-
formed according to Laemmli (30).

Analytical methods. Lipid phosphorus was determined by the method of
Rouser et ai. (31) and proteolipid protein according to Mokrasch (32).

RESULTS AND DISCUSSION
Table I summarizes the quantitative distribution of chloroform/methanol-
-soluble protein obtained from rat liver mitochondria, microsomes and 100,000

X g supernatant. The SDS-polyacrylamide gels after electrophoresis of 1lipid
extracts from these subcellular fractions are shown in Fig. 1 together with
one which had been loaded with myelin proteolipid apoprotein. In agreement
with the data from Table I which suggest the presence of proteclipid in the
post-microsomal supernatant, a major band, corresponding to a molecular weight
of about 12,000, can be seen in the gel (Fig. 1). This is in contrast to the
general idea that these proteins are exclusively membrane-associated compo-
nents (5). Svensson et al. (33) have described the presence of a lipoprotein
complex, believed to be a microsomal membrane precursor, in the post-micro-
somal supernatant of rat liver. It was noticed by these authors that 67% of
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TABLE I

COMPOSITION OF CHLOROFORM/METHANOL EXTRACTS OBTAINED FROM
RAT LIVER SUBCELLULAR FRACTIONS

Fraction® Phospholipid _ Proteolipid Proteolipid/Phos-
pholipid
(nmo1/mg protein)  (ug/mg protein) (ug/umo1)
Mitochondria 207 6 30
Microsomes 517 9 18
Post-microsomal
supernatant 12 1.6 139

“The subcellular fractions and their extracts were obtained as described
under Methods. The values represent means of two to four determinations.

Fig. 1. SDS-polyacrylamide gels after electrophoresis of the following
preparations (from left to right): microsomal extract (0.8 umol Tipid
P), mitochondrial extract (0.9 umol lipid P), post-microsomal super-
natant extract {0.23 ymol 1ipid P), bovine myelin proteolipid apo-
protein (24 ng) and molecular weight markers (40 ug). These markers
correspond to the following molecular weights (from top to bottom):
16 949, 14 404, 8 159, 6 214 and 2 512. Electrophoresis, carried out
as described under Methods, was stopped when the bromophenol blue
front had travelled till 1 cm from the bottom of each gel. Diffuse
bands seen in the lower part of gels loaded with 1ipid extracts arise
from phospholipid which moves together with the tracking dye (these
bands are not Coomassie Brilliant Blue positive).
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- TABLE 1T °

COMPOSITION OF MICROSOMAL EXTRACTS BEFORE AND AFTER ETHER TREATMENT

Proteolipids  Phospholipids Phospholipid classes (%)b

{(ng) (umol) PC PE  PI+PS SPH

Before 3 036 230 2.5 20.5 13.9 3.2
After n.d.® 213 64.2 20.9 12.0 3.4

INot detectable neither in the proteolipid assay nor in SDS-polyacryl-
Z7amide gels.

Values are expressed as percentage of total 1ipid phosphorus recovered.
P, phosphatidyl; C, choline; E, ethanolamine; I, inositol; S, serine;
SPH, sphingomyelin.

this complex could be recovered in the organic phase of a CHC14/CH;0H/H,0
nixture. After SDS-polyacrylamide gel electrophoresis two bands correspon-
ding to molecular weights of 12,000 and 68,000 were found. Based on similar
amino acid composition and the possibility of interconversion between the two
forms it was suggested that only one peptide was present (33). It is obvious
from the gel depicted in Fig. 1 that almost exclusively the proteolipid with
an apparent molecular weight of 12,000 is observed under the conditions used.
Microsomal and mitochondrial extracts showed several bands in the same type
of gel (Fig. 1) with molecular weights ranging from about 15,000 to over
50,000. While the isolation of proteolipids from rat liver mitochondria has
been described (5), research on proteolipids from rat liver microsomes is
limited to documenting their presence (34).

Proteolipids can be removed from chloroform/methanol solutions by di-
ethylether precipitation (2). Table II shows that this treatment selectively
removes microsomal proteolipids from the solution without affecting its phos-
pholipid composition. Proteolipid-free extracts obtained in this way do not
give rise to Coomassie Blue positive bands after electrophoresis in SDS-poly-
acrylamide gels (not shown). Therefore it is justified to use ether-treated
extracts for the preparation of proteolipid-free model membranes. Chloroform/
methanol-soluble proteins from various sources can be readily incorporated in
model membranes using a number of different techniques (3,5,7,9,10,24). The
presence of proteolipid in Tipid extracts makes it possible to prepare vesi-
cles from these extracts in the same way as usual for proteolipid-free pre-
parations (9).
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TABLE 111

MAXIMAL PHOSPHATIDYLCHOLINE EXCHANGEABILITY IN VESICLES WITH DIFFERENT
COMPOSITION AND PREPARED BY DIFFERENT METHODS

Vesicle composition? Method of preparation Exchangeability (%)b

Total extract Sonication 66.1
Total extract Cholate 75.0
Proteolipid-free extract Sonication 64.8
Proteolipid-free extract Cholate 71.0

%1 each case 5 mol % lysophosphatidylcholine was added.
Sonicated vesicles {100 nmol total phospholipid, 2 nmol phosphatidyl-
[Me-1%C]choline and a trace of [3H]cholesteryloleate) were incubated
with multilamellar liposomes (6 umol phospholipid) prepared from
proteolipid-free extract, and 16.5 ug phosphatidylcholine-exchange
protein (final volume 500 ul). "Cholate-vesicles" (100 nmol total
phospholipid, 0.5 nmol phosphatidyl[Me-1%C]choline and a trace of
[3H]cholesteryloleate) were sized by Sepharose 4B chromatography as
described (3?) and incubated with proteolipid-free multilayered 1ipo-
somes(7.2 umol phospholipid) in the presence of 16.5 ug exchangs
protein (final volume 350 ul). Incubations were perfaormed at 25~ C
for 4 h and exchangeabilities were calculated as indicated in the
Experimental section. In blank experiments without exchange protein
less than 5% exchange took place.

The exchangeability of vesicular phosphatidylcholine was determined
after incubation with proteolipid-free multilayered liposomes and exchange
protein at 25°C for 4 h (Table III). From control experiments it could be
concluded that, under the conditions employed, a period of 4 h would be lar-
gely in excess of that required to achieve complete transfer of [1“C]phospha-
tidylcholine from the outer monolayer of the vesicles to the Tiposomes. Table
III shows that the fraction of phosphatidylcholine maximally exchangeable in
sonicated vesicles prepared from any of the two extracts agrees with pubTished
data for sonicated microsomal lipids (18). The limited exchangeability of
phosphatidylcholine in vesicles prepared by a cholate dispersion technique
indicates that the residual traces of cholate do not facilitate transbilayer
movements. A similar conclusion was drawn regarding phosphatidylcholine mo-
bilities in isolated microsomal vesicles (35) and in unilamellar vesicles
prepared by cholate dialysis (36). At the same time the results in Table III
demonstrate that the presence of proteolipids in the vesicular membranes
does not significantly increase the phosphatidylcholine pool which is availa-
ble for exchange from the outer monolayer. The slightly larger fraction of
phosphatidylcholine available in vesicles prepared by cholate dispersion as
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compared to that in sonicated vesicles is in 1ine with the somewhat smaller
size of the former (37). The combined results indicate that proteolipids,
the in vivo functioning of which is still largely unknown, do not facilitate
transbilayer movements of phasphatidylcholine in single bilayer vesicles.
This is in contrast to the enhanced transbilayer movements observed upon in-
corporation of the intrinsic erythrocyte membrane proteins glycophorin (11,
i2) and band 3 protein (13) in such vesicles. On the other hand, another in-
trinsic membrane protein, cytochrome c¢ oxidase, did not enhance transbilayer
movements in small unilamellar vesicles (36).

REFERENCES

1. Folch, J. and Lees, M. (1951) J. Biol. Chem. 191, 807-817.
2. Cattell, K.J., Knight, I.G., Lindop, C.R. and Beechey, R.B. (1970)
Biochem. J. 117, 1011-1013.
3. Nelson, N., Eytan, E., Notsani, B., Sigrist, H., Sigrist-Nelson, K. and
Gitler, C. {1977) Proc. Natl. Acad. Sci. USA 74, 2375-2378.
. Folch-Pi, J. and Stoffyn, P.J. (1972) Ann. N.Y. Acad. Sci. 195, 86-107.
. Lees, M.B., Sakura, J.D., Sapirstein, V.S. and Curatolo, W. (1979)
Biochim. Biophys. Acta 559, 209-230.
Feinstein, M.B. and Felsenfeld, H. (1975) Biochemistry 14, 3041-3048.
. Feinstein, M.B. and Felsenfeld, H. (1975) Biochemistry 14, 3049-3056.
. Pinto da Silva, P. and Miller, R.G. (1975) Proc. Natl. Acad. Sci. USA
72, 4046-4050.
9. Curatolo, W., Sakura, J.D., Small, D.M. and Shipley, G.G. (1977) Bioche-
mistry 16, 2313-2319.
10. Wood, D.D., Boggs, J.M. and Moscarello, M,A. (1980) Neurochem. Res. 5,
745-755.
11. Van Zoelen, E.J.J., de Kruijff,B. and van Deenen, L.L.M. (1978) Biochim.
Biophys. Acta 508, 97-108.
12. De Kruijff, B., van Zoelen, E.J.J. and van Deenen, L.L.M. (1978) Biochim.
Biophys. Acta 509, 537-542,
13. Gerritsen, W.J., Henricks, P.A.J., de Kruijff, B. and van Deenen, L.L.M.
(1980) Biochim. Biophys. Acta 600, 607-619.
14, Bloj, B. and Zilversmit, D.B. (1976) Biochemistry 15, 1277-1283.
15. Renooij, W., van Golde, L.M.G., Zwaal, R.F.A. and van Deenen, L.L.M.
(1976) Eur. J. Bjochem. 61, 53-58.
16. Rothman, J.E. and Kennedy, E.P. (1977) Proc. Natl. Acad. Sci. USA 74,
1821-1825.
17. Zilversmit, D.B. and Hughes, M.E. (1977) Biochim. Biophys. Acta 469,
99-110.
18. Van den Besselaar, A.M.H.P,, de Kruijff, B., van den Bosch, H. and van
Deenen, L.L.M, (1978) Biochim. Biophys. Acta 510, 242-255,
19. Crain, R.C. and Zilversmit, D.B. (1980) Biochemistry 19, 1440-1447,
20. Donohue-Rolfe, A.M. and Schaechter, M. (1980) Proc. Natl. Acad. Sci. USA
77, 1867-1871.
21. Bretscher, M.S. (1973) Science 181, 622-629.
22. Deamer, D. and Bangham, A.D. (1976) Biochim. Biophys. Acta 443, 629-634.
23. Kamp, H.H., Wirtz, K.W.A. and van Deenen, L.L.M. (1973) Biochim. Biophys.
Acta 318, 313-325.
24. Brophy, P.J. (1977) FEBS Lett. 84, 92-96.
25. De Oliveira Filgueiras, 0.M., van den Besselaar, A.M.H.P. and van den
Bosch, H. (1977) Biochim. Biophys. Acta 471, 391-400.
26. Greenawalt, J.W. (1974) Methods Enzymol. 31, 310-323.

a1 S

o~ O

805



Vol. 100, No. 2, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

27. Folch~Pi, J. and Sakura, J.D. (1976) Biochim, Biophys. Acta 427, 410-427,

28. Wirtz, K.M.A., Vriend, G. and Westerman, J. (1979) Eur. J. Biochem. 94,
215-221.

29. DiCorleto, P.E. and Zilversmit, D.B. (1977) Biochemistry 16, 2145-2150.

30. Laemmli, U.K. (1970) Nature 227, 680-685.

31. Rouser, G., Fleischer, S. and Yamamoto, A. (1970) Lipids 5, 494-496,

32. Mokrasch, L.C. (1975) Mefhods Enzymol. 35, 334-339,

33. Svensson, H., Elhammer, A., Autuori, F. and Dallner, G. (1976) Biochim.
Biophys. Acta 455, 383-398.

34. Lees, M.B. (1965) Fed. Proc. 24, 662.

35. De Oliveira Filgueiras, 0.M., Defize, B., van Echteld, C.J.A. and van
den Bosch, H. (1980) Biochem. Biophys. Res. Commun, 95, 1801-1807,

36. DiCorleto, P.E. and Zilversmit, D.B. (1979) Biochim., Biophys. Acta 552,
114-119,

37. De Oliveira Filgueiras, 0.M., van den Besselaar, A.M.H.P. and van den
Bosch, H. (1978) Lipids 13, 898-904,

806



