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Summ~y 

1. A method is described to introduce [ ’ 4C] phosphatidylcholine into the 
phosphatidylcholine exchange protein from beef liver. The effects of various 
detergents on this ’ 4C-labelled phospholipid - protein complex are considered. 

2. As shown by spectrophotometric and radioactivity analysis of poly- 
acrylamide gels, sodium deoxycholate, Triton X-100, lysophosphatidylcholine 
and sodium dodecyl sulfate delipidate the exchange protein, while mixed phos- 
phatidylcholine-detergents micelles are formed. 

3. Protein delipidated by sodium deoxycholate, Triton X-100 and lyso- 
phosphatidylcholine retains its ability to catalyze the transfer of phosphatidyl- 
choline between membranes. The imm~ological properties are similar to those 
of native protein as shown by double immunodiffusion in agar against an 
antiserum y-globulin fraction. 

4. Sodium dodecyl sulfate and cetyltrimethylammonium bromide interact 
very strongly with the protein conferring their charge to the complex and 
destroying the antigenic determinants. 

--.___ 

Introduction 

In recent years a large body of information has accumulated on the inter- 
action of detergents with soluble proteins [l-5] . Two types of interaction 
evolving large q~ntities of detergent may be discerned. On one hand, deter- 
gents may associate cooperatively with proteins resulting in denaturation. This 
reaction occurs with all proteins and involves those detergents which have a 
relatively high critical micelle concentration, like sodium dodecyl sulfate [2] 
and cetyltrimethylammonium bromide [4] . On the other hand, detergents may 
associate in relatively large amounts with proteins which have been part of 
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lipid * protein complexes. This type of interaction, which has been studied with 
sodium deoxycholate and Triton X-100, occurs only with hydrophobic pro- 
teins [5]. These latter detergents have been frequently used in the solubiliza- 
tion of membrane-bound proteins [6,7]. 

It is a matter of intense research by what mechanism detergents act on 
lipid . protein complexes. Detergent monomer molecules are thought to inter- 
act with the complex competing with lipids for the hydrophobic protein sites. 
At a sufficiently high detergent concentration, the lipid - protein complex dis- 
sociates into soluble hydrophobic protein-detergent micelles and mixed lipid- 
detergent micelles. A complete separation of protein and lipid has been 
achieved with biological membranes [8-l 11 and serum lipoproteins [ 121. 

Recently we have isolated from beef liver a protein which has the con- 
spicuous feature of one molecule of phosphatidylcholine noncovalently bound 
per molecule of protein [ 13.--161. The protein acts as a carrier of phosphatidyl- 
choline between membranes by exchanging its bound phosphatidylcholine 
molecule for one present in the membrane [15]. In order to obtain informa- 
tion on the lipid-protein interactions within the phosphatidylcholine exchange 
protein we have investigated the effect of ionic and non-ionic detergents, by 
using polyacrylamide gel electrophoresis and agar gel immunodiffusion. 

In the present study it will be shown that sodium deoxycholate, Triton 
X-100, sodium dodecyl sulfate and lysophosphatidylcholine, above the critical 
micelle concentration, dissociate the exchange apoprotein . phosphatidylcho- 
line complex. In an accompanying paper the effect of detergents below the 
critical micelle concentration and organic solvents on the exchange protein will 
be discussed [ 171. 

Materials and Methods 

Phosphatidylcholine exchange protein was purified from beef liver as pre- 
viously described [ 141. Phosphatidylcholine was isolated from egg yolk accord- 
ing to established procedures [18]. A [ ’ ‘C] methyl group was introduced into 
the polar headgroup of phosphatidylcholine by a slight modification of the 
method of Stoffel et al. [19]. Methylation was performed in the presence of 
tetrahydrofurane and cyclohexylamine. The methylating agent, [ ’ 4 C] methyl- 
iodide, was obtained from the Radiochemical Centre, Amersham, U.K. Purity 
of [ ’ 4C] phosphatidylcholine has been checked by thin-layer chromatography. 
Lysophosphatidylcholine was prepared by degradation of phosphatidylcholine 
with phospholipase A:, from Crotalus adamanteus (Sigma, U.S.A.) [20]. The 
following detergents were used without further purification: sodium deoxycho- 
late (Merck, Germany), Triton X-100 (Rohm and Haas, U.S.A.), sodium dode- 
cyl sulfate (Koch-Light, U.S.A.) and cetyltrimethylammonium bromide 
(Merck, Germany). 

Preparation of [I 4C]phosphatidylcholine exchange protein 
[ ’ 4 C] phosphatidylcholine (40 nmol, spec. act. 62 Ci/mol) was dissolved 

in chloroform/methanol (1 : 1, by vol.) and transferred to a small conical tube. 
The solvent was evaporated under a stream of nitrogen. Liposomes were then 
routinely prepared by suspending the lipid residue in 1 ml 0.05 M Tris- 
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HCl/O.OS M Na~l/O.OZ% NaN, (pH 7.4) and sonicating for 2 min with a Bran- 
son sonifier at 50 W output. Exchange protein (20 nmol in 4 ml 50% glycerol) 
was added to the liposome suspension and incubated for 30 min at 37°C. After 
incubation, protein and liposomes were separated on a Sephadex G-75 column 
(57 X 1.5 cm) in the Tris/NaCl/NaN, buffer by upward flow (flow rate: 6 ml 
per h). Aliquots (25 ~1) of each fraction (2 ml) were mixed with 15 ml dioxane 
(10% naphthalene, 0.7% PPO, 0.03% POPOP). 

I3nrl;r\~nt;.r;t~, -II.,.~ mnnn.,,.nJ w;th ., Do~L.n-A Tr;norh l;n,,;A on;nt;llot;r\,, J.baul”aLLa”l”y ““au II1-z~cJU~~;u ““IUII a I (*L,RQLU ILILUII/ rlyulu ObIA1~A,IQ~I"11 

spectrometer. The fractions containing ’ 4 C-labelled protein were pooled. Pro- 
tein was determined with the method of Lowry et al. [21] using bovine serum 
albumin as a standard. The specific radioactivity of the [ * 4 C] phosphatidyl~ho- 
line exchange protein was approx. 15 Ci/mol of protein. Subsequently, the 
pooled radioactive protein fractions were concentrated against 30% Sucrose/ 
0.01 Tris-HCl (pH 7.4). 

Detergent treatment 
[ ’ “C] phosphatidylcholine exchange protein (30 pg protein) was incu- 

bated for 45 min at 37°C in a total volume of 0.35 ml 30% sucrose/O.01 M 
Tris-HCl (pH 7.4) with the desired concentration of detergent. After incubation 
0.01 ml of 0.025% bromophenol blue (Merck, Germany) was added and ali- 
quots (150 ,ul) were applied to duplicate polyacrylamide gels. One gel was used 
for spectrophotomet~c scanning; the other one for radioactive tracing (see 
below). 

Polyucrylamide gel electrophoresis 
Electrophoresis was performed according to the method of Davis [22] ; 

the buffer front was indicated by bromophenol blue. Electrophoresis was car- 
ried out for 1 h with 4 mA per tube. Gels were fixed in 10% trichloroacetic 
acid for 1 h at 65”C, washed in methanol/acetic acid/Hz0 (5 : 1 : 5, by vol.) 
and stained with 0.25% Coomassie Brilliant Blue R 250 (Serva, Germany). 
Excess stain was removed by washing in 7% acetic acid. Scanning of the gels at 
600 nm was performed on a Zeiss spectrophotometer. 

To determine the distribution of ’ 4C radioactivity, gels were frozen im- 
mediately after ele~trophoresis on a alum~ium plate cooled with dry ice. The 
gel was then divided into l- or 2-mm segments with a transverse slicer as 
described by Matsumura and Noda [23]. The slices were dissolved in 30% 
hydrogen peroxide (250 ,ui) at 50°C for 4 h. The samples were mixed with 15 
ml dioxane (10% naphthalene, 0.7% PPO, 0.03% POPOP) and radioactivity was 
determined. 

Cl\rlirrm rir\Ann~rl ~,,lf~tn~~~l.~~,~~,l~-~~~ n-1 nlnn+x.nmhrrus.n:n .wvs.n e,..Pew_rv3 U”UlLllll U”U~LJI ~,ullau~-y”lya~~yla,,,ru~ gm Glcx~l”~ll”L6313 wa3 pcrl”sl,leu 

according to the method of Weber and Osborn [24] . Fixation, staining, scan- 
ning and slicing of the gels were performed as described above. Molecular 
weights of the proteins were calculated as described previously [14] . 

Immunological studies 
A y-globulin fraction of the rabbit antise~m against the phosphatidylcho- 

line exchange protein was prepared as described before [25]. Double immuno- 
diffusion was performed in 0.8% agar gels (Difco Laboratories, U.S.A.) contain- 
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ing 0.025 M sodium acetate/sodium barbital (pH 8.6) as described by Clausen 
[26]. After the precipitin lines became visible, the gels were washed for 3 days 

- --- -- -i- with 0.9% NaCl and i day with water. Staining was done with Coomassie 
Brilliant Blue as described above for the polyacrylamide gels. 

Phosphatidylcholine exchange activity 
Exchange activity of protein samples treated with detergent was deter- 

mined with a slight modification of the liposome-liposome assay as described 
by Hellings et al. [27] . The catalyzed transfer of [ ’ “C] phosphatidylcholine 
was measured by incubating ’ ‘C-labelled donor liposomes (0.250 pmol phos- 
phatidylcholine, 8 mol% phosphatidic acid) with ’ H-labelled acceptor lipo- 
somes (0.625 pmol phosphatidylcholine, 2 mol% phosphatidic acid) for 30 min 
at 37°C in 1.5 ml 0.0125 M sodium phosphate buffer (pH7.2). 

Results 

[ ’ 4 C] phosphatidylcholine exchange protein 
The exchange protein is labelled with [ ’ 4 C] phosphatidylcholine upon 

incubation with ’ 4C-labelled phosphatidylcholine liposomes and chromatogra- 
phy on Sephadex G-75. A typical elution pattern is shown in Fig. 1. The 
liposomes appear in the void volume, while the protein elutes at 1.7-times the 
void volume, in agreement with its mol. wt of 22 000 [28] . Recovery of the 
protein was approx. 90%; recovery of liposomal phosphatidylcholine was in the 
order of 50% due to aspecific adsorption to the Sephadex matrix. 

Electrophoresis of the ’ 4 C-labelled exchange protein on polyacrylamide 
gels according to the method of Davis [22] gave two bands with RF values of 
,.PW . ___ 
u.Ls anti U.Yl respectiveiy (Fig. 2j. This pattern is aiso ObSerVed With unia- 
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Fig. 1. Separation of [ ’ 4C] phosphatidylcholine exchange protein from 14C-labelled liposomes on Sepha- 

dex G-75. For experimental details see Materials and Methods. The void volume containing the liposomes 
is indicated by tube number 23. 

Fig. 2. Polyacrylamide gel electrophoresis of [ 14C] phosphatidylcholine exchange protein (15 jog) accord- 
ing to Davis [22]. Electrophoresis was performed for 60 min at 4 mA per gel. Staining. slicing and 
nnnl”li”0 fn* rlrlinzartirdf” is described in &f&e?:& 2p-d &+tbcds. -..--,-... _ __* _I_.___ “_..“J 
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Fig. 3. Double immunodiffusion on agar of phosphatidylcholine exchange protein after polyacrylamide 
gel electrophoresis (20 c(g of protein). The gel was divided into l-mm slices. Slices were transferred to 

Wells 1-8. Well 1 contained the slice with RF of 0.22 and Well 8 the slice with an RF of 0.38. Well E 
contained 2 Mg of exchange protein that was not subjected to electrophoresis. Well A contained 125 pg of 
a y-globulin fraction of a rabbit antiserum. 

belled protein and is thought to be a consequence of oxidative damage during 
electrophoresis [29] . Prerunning of the gel or preincubation of the gel in 
0.050 M cysteine results in the disappearance of the band at RF = 0.31. It is 
shown in Fig. 2 that both bands are radiolabelled, indicating that the altera- 
tions introduced by electrophoresis does not interfere with the binding of 
[ ’ 4 C] phosphatidylcholine to the protein. In an additional experiment a poly- 
acrylamide gel comparable to the one shown in Fig. 2 was sliced without pre- 
vious staining. Those slices which would be expected to contain the two pro- 
tein bands, were used in double immunodiffusion against the y-globulin anti- 
serum fraction (Fig. 3). All slices between R F 0.24-0.35 gave precipitin lines 
(Wells 2-7). Thus, gel electrophoresis had no adverse effect on the immuno- 
chemical reactivity of either protein band. It will become evident from the 
experiments shown below that the formation of a second protein band due to 
electrophoresis does not hamper the interpretation of the results. 

Effect of sodium deoxycholate 
The effect of sodium deoxycholate on [ ’ 4C] phosphatidylcholine ex- 

&m_ne txotein as analvzed hv nolvacrvlamide ml &~~~~nhor~sin is &~grp_ in _- I-- ----- _._ ______ a---- -~ r__~_-_-_~ --_--_-_ ~)__ I--------- -- 
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Fig. 4. Effect of sodium deoxycholate on [ ’ 4Cl p~losphatjd~ich~line exchange protein as analyzed by 
radioactive tracing (upper) and spectroscopic scanning (lower). Conditions of eiectrophoresis were as 
described in the legend to Fig. 2. The gels WP+B divided into 1 -mm slices. The pretein samples which were 
applied to the gels were treated with 0.04% deoxycholatr (A), 0.14 % deoxycholate (Bf aad 0.42% 
deoxychoiate (C). Protein sampfes in the absence of deoxycholate were comparable to those incubated 
with 0.04% (A). 

Fig. 4. Following incubation with 0.04% (w/v) deoxycholate, the ’ 4C label 
coincided with the protein bands and no radioactivity was observed in the 
buffer front (Fig. 4R). At higher concentrations, 0.14% and 0.42% deoxycho- 
late, the ’ 4C label shifts from the protein band to the buffer front i.e. delipida- 
tion of the exchange protein has occurred (Fig. 4B, C). The photometric scans 
show that with increased deoxycholate concentration the R, value of the main 
protein band increases from 0.25 to 0.38. It is of interest to note that the two 
protein bands observed in the absence (Fig. 2) or presence of 0.04% deoxycho- 
late (Fig. 4A) have coalesced to one band with 0.42% deoxycholate (Fig. 4C). 
After trichloroacetic acid fixation a white, opalescent band which did not stain 
with Coomassie Blue could be observed at the buffer front. This presumably 
corresponds to the position of mixed [ l 4 C] phosphatidylcholine-detergent 
micelles. 

The relationship between deoxycholate concentration and redistribution 
of ’ 4C-label between the protein bands and the buffer front is summarized in 
Fig. 5. Delipidation of the exchange protein begins above 0.04% deoxycholate 
and is virtually complete at 0.30%. It will be considered in the Discussion how 
the extent of delipidation may be related to the critical micelle concentration 
of deoxycholate and the number of micelles available. 

The total radioactivity recovered from the resolving gels increases with 
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Fig. 5. The recovery of radioactivity from polyacrylamide gels after eleetrophoresis of I 1 4Cl PhosPhat- 
idylcholine exchange protein as a function of the deoxycholate concentration of the Protein SSmPleS 

applied to the gels. O-, 14C radioactivity present in the front of the gel; l -0. radioactivity 

present in the protein bands; 0 -0, the total radioactivity in the resolving gel. 

increasing deoxycholate concentration (Fig. 5). For example, after incubation 
-_ 

with 0.42% deoxychoiate the totai radioactivity on the gel has increased b,y 
25%. This increase probably reflects the solubilizing action of deoxycholate on 
protein aggregates which may have been present in the samples applied to the 
gel. This would explain as to why the ’ 4C label representing this aggregated 
material and visible on top of the stacking gel with 0.04% deoxycholate (Fig. 
4A), has disappeared with 0.42% deoxycholate (Fig. 4C). The tendency of the 
exchange protein to form aggregates has been noted [14] . 

Effect of Triton X-l 00 
Triton X-100 is also effective in delipidating the exchange protein (Fig. 6). 

Delipidation is apparent with 0.09% (Fig. 6B) and is virtually complete at 
0.46% (Fig. 6C). This detergent does not alter the electrophoretic mobility of 
the protein, although the two observed bands become more diffuse with in- 
creasing detergent concentration. This may be attributed to the binding of 
Triton X-100 to the protein. 

It is interesting to note that the [ ’ “Cl phosphatidylcholine released from 
the protein by Triton X-100 does not enter the gel. This follows from the fact 
that mixed Triton X-100 phosphatidylcholine micelles formed during delipida- 
tion will be electrically neutral. 

Effect of lysophosphatidylcholine 
The pffn& nf 1~7rnnhnmh~tirl~rlrhnlino nnanarnT1 frnm nmcl vnlL_ nhnrv.hn+ bIL....,“V VI .~““~*l”“~llU”l~JI~1‘“llll\r 1”LGpucjW lL”lll G’Eipj yvux prl”Jy,‘alr 

idylcholine on the ’ 4C-labelled exchange protein is shown in Fig. 7. The pro- 
tein preparation used in this instance was not absolutely pure; another protein 
with an RF value of 0.58 was present. Incubation with 0.7 * lo-’ M and 
1.4 - lo-’ M lysophosphatidylcholine affects neither the electrophoretic behavi- 
our of the protein nor the binding of [ ’ 4 C] phosphatidylcholine to the protein 
(Fig. 7A). At 2.8 * lo-’ M ly~phosphatidylcholine, however, a part of the ’ 4C 
label is detected at the top of the resolving gel, while the remaining radioactivi- 
ty coincides with the exchange protein in the gel (Fig. 7B). This suggests that 



0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 
SLICE NUMBER 

7- 7 -T I--~1 I I 

i?LlA _L L 

012345 
DISTANCE km) 

Fig. 6. Effect of Triton X-100 on [ I 4C] phosphatidylcholine exchange protein as analyzed by tracing the 
radioactivity (upper) and spectroscopic scanning (lower). Conditions of electrophoresis were as described 
in the legend to Fig. 2. The gels were divided into 2-mm slices. The protein samples which were applied to 
the gels were incubated without Triton X-100 (A) and in the presence of 0.09% Triton X-100 (B) and 
0.46% Triton X-100 (C). 
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Fig. 7. Effect of lysophosphatidylcholine on [ I4C] phosphatidylcholine exchange protein as analyzed by 
tracing the radioactivity (upper) and spectroscopic scanning (lower). Conditions of electrophoresis were as 
described in the legend to Fig. 2. The gels were divided into 2-mm slices. The Protein samples which Were 
applied to the gels were incubated with lysophosphatidylcholine prior to electrophoresis. The effect of 
0.7 . 10-S M and 1.4. lo+ M lysophosphatidylcholine is demonstrated in (A), 2.8 IO-’ M in (B). 
5.6 . 10m5 M in (C), 5. 10m3 M in (D) and 1 . lo-* M (E). Incubations of exchange protein in the absence 

of lysophosphatidylcholine gave the same result as is shown in (A). 
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the lyso compound may have the potential to delipidate through the formation 
of mixed micelles which do not enter the resolving gel. Increasing the concen- 
tration of lysophosphatidylcholine results in all the ’ 4 C label collecting the top 
of the resolving gel (Fig. 7C-E). However, simultaneously, the exchange pro- 
tein also begins to redistribute between the original position in the gel and the 
top of the gel containing the micelles. In the presence of 1 . lo-’ M lysophos- 
phatidylcholine the exchange protein no longer enters the gel (Fig. 7E). This 
-A-. :,.-I:n,+r. Cl....+ +LP. r\.rnLnurr- V.--C,.:- hnn L.,.nr\-r\ ..nv+ -P +hr. -:..,A r\hr\n 
,uay ,1,U,Lii!,t: c‘kab utr t;ncmar,g;t: yl”mz-lll 1‘QS LJ~LVIIIC: part3 “I C‘IC IIII*cu JJ‘l”3- 

phatidylcholine-lysophosphatidylcholine micelles. The electrophoretic mobility 
of the contaminating protein (RF 0.58) is not affected under any of the above 
~~ubation conditions. This argues for the specific character of the interaction 
between exchange protein and micelle. 

Effect of sodium dodecyl sulfate 
’ 4 C-labelled exchange protein was incubated with 0.1% (w/v) sodium 

dodecyl sulfate and submitted to gel electrophoresis according to the method 
of Davis [22]. Both the ’ 4 C-label and the protein collected at the buffer front. 
This suggests that sodium dodecyl sulfate forms a negatively charged complex 
with the protein which is stabie to the conditions of eie&OphOreSiS. Tie 

delipidating action of this detergent is shown in Fig. 8 where the exchange 
protein was submitted to sodium dodecyl sulfate-polyacrylamide gel electro- 
phoresis [ 241. The [ ’ 4 C] phosphatidylcholine sodium dodecyl sulfate micelles 
migrate ahead of the front indicated by Bromophenol blue, while the delipi- 
dated protein has an electrophoretic mobility in accordance with a mol. wt of 

SLICE NUMBER 

7 234567 
DISTANCE fcmf 

Fig. 8. Sodium dodeeyl sulfate gel electrophoresis of “C-labelled exchange protein. Electrophoresis was 
performed for 4 h at 5 mA per gel. Radioactive analysis and staining was done as described in Materials 
and Methods. The upper part of the figure represents the radioactive analysis. The front is indicated by 
slice number 52. The lower part of the figure gives the photometric scanning. The front is located at 5.2 
cm. 
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22 000 [14]. Despite the harsh conditions of sodium dodecyl sulfate treat- 
ment, delipidation of the exchange protein was incomplete (Fig. 8); a small 
i 4 C-labelled protein band remains with a slightly lower mobility. 

Effect of cetyltrimethylammonium bromide 
Because of the cationic character of the detergent cetyltrimethylammo- 

nium bromide, polarity during electrophoresis was reversed, i.e., migration was 
towards the cathode. After incubation with 0.2, 0.4 and 0.8% (w/v) detergent, 
both the 1 4C-label and the protein were located at the buffer front. This 
demonstrates that the detergent forms a strong complex with the protein and 
thereby conveys on overall positive charge to the complex. 

Exchange activity and immunological properties 
The above results indicate that detergents are able to delipidate the ex- 

change protein. Moreover, binding of the detergents to the protein is apparent 
frnm t-ha ~ltornd nlortmnhnmtir hnhmrim,r Tt XWDC thnrofnrn nf intcwnct tn ll"lll Vl‘c. UIYb,Lb.U b~x,b"y'"yII"ILYI~ UbIIW"I"UI. I" ..U") Vllrs.,s"rr) VI IAIVLLb"" V" 

determine how the detergent treatment affected the exchange activity and the 
immunological properties of the protein. 

Unlabelled exchange protein was incubated with detergents as described in 
Materials and Methods under conditions where delipidation was complete, i.e., 
0.3% (w/v) sodium deoxycholate, 0.5% (w/v) Triton X-100 and 1 * 10m4 M 
lysophosphatidylcholine. Aliquots of 25 ~1 containing 4.0 pg of delipidated 
protein and detergent were taken and the transfer of [ ’ 4 C] phosphatidylcho- 
line measured in the liposome-liposome assay. Addition of detergent to 1.5 ml 
of the assay medium gave a 60-fold dilution. The resultant detergent concentra- 
tions were found to have no effect on the assay. It is seen in Table I that the 

__ 
exchange protein delipidated by different detergents was not inactivated. Mea- 
suring the exchange activity of proteins treated with sodium dodecyl sulfate 
(0.1% w/v) and cetyltrimethylammonium bromide (0.2%, w/v) posed serious 
problems as minute amounts (25-50 lug) of these detergents damaged the 
liposomes in the assay. 

The behaviour of detergent-treated protein in double immunodiffusion 
against a y-globulin fraction of the exchange protein antiserum is summarized 

TABLE I 

THE EFFECT OF DELIPIDATION BY DETERGENTS ON THE ACTIVITY OF THE EXCHANGE 
DD nrnnrT.1 ‘lx” I1>11T 

Exchange protein (40 pg) was incuabted for 30 min at 37’C in a total volume of 0.25 ml 30% sucrose/ 
0.01 M Tris-HCl (pH 7.4) with 0.3% deoxycholate. 0.5% Triton X-100 and 1 ’ lo4 M lysophosphatidyl- 
choline. Aliquots of 25 ~1 were assayed for exchange activity in the liposome-liposome system as described 
in Materials and Methods. 

_____ .- 

Detergent Transfer of [ 14Cl phosphatidylcholine (%)* 
_ ~~_~_~ ~~~_.__~__.__ ~____ -~ 

None 37.0 

Deoxycholate 30.1 
Triton X-100 35.8 

Lysophosphatidylcholine 37.0 
___~___.~~~____~_______..___.__--~ _ 

* Values were corrected for blank incubation. 
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Fig. 9. Double immunodiffusion on agar of detergent treated exchange protein samples. Well A contained 
125 IJ~ of a y-globulin fraction of rabbit antiserum against the exchange protein. Well E, 2 ~.cg of untreated 
exchange protein. Wells l-16 contained 2 fig of exchange protein in the presence of various concentra- 
tions of detergents; 1, 2 and 3: 0.16%. 0.32% and 0.64% deoxycholate; 4, 5. 6 and I: 5.6 * 10es M, 
1.1 . 10S4 M, 1.6. lob3 M and 4.8 - 10m3 M lysophosphatidylcho~ne; 8, 9 and 10: 0.160/o, 0.32% and 
0.64% Triton X-100; 11, 12 and 13: 0.16%. 0.32% and 0.64% sodium dodecyl sulfate; 14, 15 and 16: 
0.16%. 0.32% and 0.64% cetyltrimethvlammonium bromide. The wells opposite the numbered wells 
contained only detergents in the same concentrations as mentioned above. 

in Fig. 9. Protein treated with various concentrations of deoxycholate, lyso- 
phosphatidylcholine and Triton X-100 gave a single precipitin line which fused 
with the line of untreated protein (Wells l-10). On the other hand, protein 
treated with sodium dodecyl sulfate or cetyltrimethylammonium bromide gave 
no precipitin lines (Wells 11-16). It is of interest to note that apparently the 
concentration of the latter detergent in Wells 14-16 is sufficient to prevent the 
formation of precipitin lines with the untreated protein. 
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Discussion 

A method has been presented for the preparation of highly labelled 
[ ’ 4 C] phosphatidylcholine exchange protein. From studies with [ ’ 4 C] phos- 
phatidylcholine monolayers it is known that upon injection of the exchange 
protein under the monolayer the protein-bound phosphatidylcholine equili- 
brates with the monolayer phasphatidylcholine f 15 ] . Preparation of the ’ 4 C- 
labelled protein is based on a similar equilibration process in which the protein 
is incubated with hposomes ~ontainillg highly labelled [ ’ ‘Cl] ph~sphat~dylcho- 
fine. It is presumed that e~u~~~brat~on occurs only with the ~hosphatidyl~ho~~ne 
present in the outer liposomal monolayer f27]. Approx. 70% of the total 
phosph~lipid pool constitutes the outer monolayer with single bilayer lipo- 
somes [30,31] . Knowing the amount. of protein-bound phosphatidyl~holine 
and the amount and specific activity of fipasomal [ i 4C]phosphatidylchofine 
one could predict how much ’ 4 C label will he incorporated into the protein at 
equilibrium. In general, 30---.70% of the expected radioactivity is found. The 
deviation is probably due to incomplete dispersion of liposomal phosphatidyl- 
choline during the brief (2 min) sonication period. 

The ’ 4C-labelled exchange protein could be separated from the ’ 4C- 
labelled liposomes by ~hromat~~aphy on a Sephadex G-75 column (Fig. 1). 
Analysis of the liposome peak for exchange activity revealed that none of the 
exchange protein was bound to the ~~posomes, This was to he expected since 
with the unchewed ~~l~sphat~dyl~ho~~ne ~~posomes the dissociation constant of 
exchange protein * liposome complex, would be in the order of IO-” M f32] , 

The single phosphat~dy~choline molecule present in the protein is non- 
covafently bound since it can be extracted with organic solvents f14] . The 
present study demonstrates that detergents, both ionic and nonionic, are abfe 
to delipidate the exchange protein. Since a lipid “phase” as has been described 
for biological membranes [33] and serum lipoproteins [34,35] cannot exist 
with this protein, we must assume that the detergent monomer molecules 
interact with hydrophobic sites on the protein. The occurrence of such sites on 
the exterior of the protein is suggested by the great tendency to form aggre- 
gates 1143. hydrophobic regions exposed to the medium are also predicted on 
theoretical co-eds considering an average hydrop~~ohi~ity of 1109 calories per 
amino acid residue in relation to a mol. wt of 22 000 fl3Bf. The increased 
so~ub~Iity of the protein as is demonstra~d with deoxy~ho~ate provides evi- 
dence for detergent interaction with these h~drophoh~c sites (Fig. 5). These 
interactions should precede the actuaf competition with the phosphatidyl~ho- 
line molecule for a presumably specific hydrophobic binding site on the pro- 
tein. In support of this mechanism is the observation that deoxycholate below 
the critical micelle concentration interacts in such a manner that the phosphat- 
idylcholine molecule on the protein becomes susceptible to phospholipase ac- 
tion [17]. 

The actual delipidat~~n of the protein depends on the ability of a deter- 
gent to form mixed mieelles c~~ta~~~~g phosphol~~~d. In this sense mice& 
formation and binding of detergent to the protein are ~~mpetiti~~e processes 
[ 37 If , We observed that deoxy~h~late does not delipidate completely at or near 
the critical mieelle concentration, which is approx. 0.1% (w/v). Makino et al. 
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[3] have calculated that l--3.5% of the total amount of deoxycholate is pres- 
ent in the mice&r form at the critical micelle concentration, yielding a concen- 
tration of 2-7 nmol of micelles per ml. Ph~ippot [38] has provided evidence 
that one micelle of deoxycholate could probably incorporate only one phos- 
pholipid molecule. Under the conditions of detergent treatment 1 ml medium 
contains 4 nmol of exchange protein. Thus, incomplete delipidation may result 
from an insufficient number of micelles available to accommodate all the pro- 
tein-bound phosphatidylcholine. The incomplete delipidation observed with 
0.09% Triton X-100 may be understood in a similar way (Fig. 6). The critical 
micelle concentration of Triton X-100 is approx. 0.015% [39] . The relation- 
ship between extent of delipidation and detergent concentration suggests that a 
dynamic equilibrium governs the redistribution of phosphatidylcholine be- 
tween the protein molecules and the detergent micelles. Such a process can be 
thought analogous to that governing the redistribution of phosphatidylcholine 
between exchange protein molecules and membrane systems. Heleniums and 
Simons [12] reported that deoxycholate could be removed from deoxycho- 
late-apo low density lipoprotein complexes by Sephadex gel filtration. In spite 
of the strongly hydrophobic character of the protein, deoxycholate apparently 
is not irreversibly bound. It was, therefore, surprising to find that the electro- 
phoretic mobility of the exchange protein increased from RF 0.25 to 0.38 after 
incubation with 0.42% deoxychofate. Since delipidation per se does not affect 
the mobility, one or more deoxycholate molecules may remain strongly bound 
to the protein conferring additional negative charge to the complex. Such 
binding appears to be irreversible under the conditions of incubation; on the 
other hand the dissociation rate constant of the detergent-protein complex may 
be very low. Similarly, it appears that Triton X-100 is also tightly bound to the 
protein, since in comparison to the control, the protein bands become very 
diffuse upon electrophoresis. Binding of deoxycholate and Triton X-100, how- 
ever, do not affect the conformation of the protein to the extent that antigenic 
determinants are lost. Double immunodiffusion in agar demonstrated that the 
treated protein is indistin~ishable from the native protein. In contrast, protein 
treated with sodium dodecyl sulfate and cetyltrimethylammonium bromide 
gave no precipitin lines. Additional evidence for a strong interaction of these 
detergents with the protein is provided by the fact that the protein migrates 
with the buffer front, behaving either as a polyanion or polycation. It remains 
to be seen whether the exchange protein has high affinity binding sites com- 
parable to the ones which have been extensively characterized for serum albu- 
min [3,4]. 

Similar to the other detergents lysophosphatidylcholine seems to delipi- 
date the exchange protein, above the critical micelle concentration which is 
approx. 2 * lo-’ M [40). However, in contrast to the other detergents, the 
protein itself is incorporated into the micelle at elevated lysophosphatidylcho- 
line concentrations. ~tracentrifug~ analysis and fluoresence spectroscopy 
have indicated that an apolipoprotein from serum high density lipoprotein 
[41] and the polypeptide hormones glucagon and calcitonin [42] can also 
interact strongly with lysophosphatidylcholine micelles. The exposure of hy- 
drophobic sites on these proteins and polypeptides may lead to incorporation 
into the apolar interior of the micelle. Exchange protein and glucagon 1421 do 
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not incorporate into phosphatidylcholine liposomes. This difference may be 
due to a tighter packing of the liposomal bilayer as compared to the lysophos- 
phatidylcholine micelle [ 401 . 
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