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SUMMARY 

Rat l i v e r  microsomes prepared by d i f fe ren t ia l  centr i fugat ion are known 
to contain measurable levels of b i le  sa l ts .  More than 90% of these can be 
removed by passing the microsomal preparation through a Bio-Gel A-150m column. 
Bile sa l t  depleted microsomes show a high level (> 95%) of mannose-6-phos- 
phatase latency. Phospholipid mobi l i t ies in normal and b i le  sa l t  depleted 
mi crosomes were compared empl oyi ng 31P-NMR and phosphati dyl chol i ne-exchange 
protein. 31p-NMR spectra obtained at d i f fe rent  temperatures ~between 5 and 
37°C) were ident ical  for both microsomal preparations. At 37 C the phospha- 
t idy lcho l ine  pool of both preparations appeared to be completely and rapidly 
avai lable for protein-mediated exchange. These results indicate that b i le  
sal ts are not responsible for phosphatidylcholine mobi l i ty  in microsomes. 

INTRODUCTION 

Previous work has indicated that ,  at physiological temperature, micro- 

somal phosphatidylcholine is completely accessible to bovine l i ve r  phospha- 

t idylcholine-exchange protein (1-3). This fact ,  and the observation that a 

sizeable f ract ion of the l i p i d  phosphorus nuclei in l i v e r  microsomes exper- 

ience rapid isot ropic  motion in the NMR time-scale (4,5),  has led to the 

idea that microsomal membranes are highly dynamic structures as far as the i r  

phospholipid components are concerned (2,4,6).  In sonicated vesicles derived 

from microsomal l i p ids  only the phosphatidylcholine in the outer monolayer 

is avai lable for exchange (2). Since not a l l  phosphatidylcholine in microso- 

mal membranes appears to be located in the outer monolayer (7-9), the com- 

plete exchangeabil ity observed in microsomal membranes involves t ransbi layer 

movements. These transbi layer movements are thought to be related to the 

structure of the membrane, rather than being a consequence of e.g, the high- 

lY unsaturated character of microsomal phosphatidylcholine. However, g lutar-  

aldehyde cross- l ink ing of membrane constituents fa i led to reduce both the 

rate and extent of phosphatidylcholine exchange from microsomal vesicles (2). 

Considering that the hepatocyte is the s i te  of synthesis of primary b i -  

le sal ts (10) we have investigated the poss ib i l i t y  that these natural deter- 

gents might destabi l ize the membrane architecture by local formation of mi- 
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xed phosphol ipid-bi le sa l t  micel les, thus leading to enhanced phospholipid 

mobi l i ty .  A method is presented which enables iso la t ion of b i le  sa l t  deple- 

ted microsomes while preserving membrane in teg r i t y .  Comparative studies, 

with c lass ica l l y  prepared and bi le  sa l t  depleted microsomes, are described 

concerning the sizes of the exchangeable pools of phosphatidylcholine and 

the 31p-NMR lineshapes. 

MATERIALS AND METHODS 

MATERIALS 

Sodium cholate, deuterium oxide, s i l i c a  gel 60HR and magnesium s i l i ca te  
(F l o r i s i l  TLC) were obtained from Merck (Darmstadt, GFR). Sodium taurochola- 
te (A grade) was from Calbiochem-Behring Corp. (La Jo l la ,  USA). The barium 
sa l t  of mannose,6,phosphate and NAD + were from Boehringer (Mannheim, GFR). 
Sodi um [24-14C] taurochol ate, sodi um [32p] phosphate and chol esteryl [1 ' -  z 4C] 
oleate were from The Radiochemical Centre (Amersham, UK). [2,4(n)-~H2]Cholic 
acid was a product from New England Nuclear (Boston, USA). Bio-Gel A-150m 
and 3~-hydroxysteroid dehydrogenase (3a,hydroxysteroid:NAD(P) + oxidoreducta- 
se (EC 1.1.1.50), grade I I ,  from Pseudomonas testosteroni )  were obtained 
resp. from Bio-Rad Laboratories (Richmond, USA) and Sigma Chemical Co, (St. 
Louis, USA). Hydrazine hydrate was from Fluka (Buchs, Switzerland). Egg 
phosphatidylchol ine pur i f ied by HPLC ( I I )  and bovine l i ve r  phosphatidylcho- 
line-exchange protein (12) were generous g i f t s ,  respect ively,  from Mr. W.S. 
M. Geurts van Kessel and Prof. K.W.A. wi r tz ,  from th is  laboratory. 

Rat liver microsomes. Microsomes were prepared from l ivers  of adult ma- 
le Wistar rats by d i f fe ren t ia l  centr i fugat ion in 0.25 M sucrose, I mM EDTA, 
10 mM Tris-HCl (pH 7.4) (SET buffer) as described (13). The f ina l  pel lets 
were resuspended in a) the same buffer ( for  exchange experiments and manno- 
se'6-phosphatase latency assays), b) d i s t i l l e d  water ( for  b i le  sa l t  deter- 
minations), or c) 0 . I  M NaCI, 0.2 mM EDTA, 50 mM Tris-HCl, I0% (v/v) 2H20 

31 32 e (pH 6.95) ( for  P-NMR measurements). P-labelled microsomes w re prepared 
from rats that had been injected i n t rape r i t onea l l yw i th  l mCi of sodium 
[32p]phosphate in sal ine, The animals were fasted overnight, the l i vers  ex- 
cised and processed as indicated above. 

Bi le  sa l t  removal from microsomes. Microsomes in SET buffer (up to • 
160 mg protein) were f i : I tered at 4°C through a Bio-Gel A-150m column (30 x 
2.5 cm), equi l ibrated with SET buffer containing 0.02% (w/v) NaN 3. Fractions 
of 6 ml were collected at a flow rate of 12 ml/h. Turbid fract ions (void vo- 
lume) were pooled, centrifuged at 105 O00xg for I h and the pel lets resus- 
pended in a), b) or c) as described above. In preliminary experiments micro- 
somes were washed twice with 0.15 M Tris-HCl (pH 8.0) as described (7). 

Phosphatidylcholine exchange. The time-course of phosphatidylcholine 
exchange between 32p-labelled microsomes and egg phosphatidylcholine sonica- 
ted vesicles was determined essent ia l ly  as described by Kamp et a l .  (12). 

14 The vesicles contained 0.14 mol% [ C]cholesteryloleate and were prepared as 
reported (13). Recoveries of 14C rad ioac t iv i ty  in the vesicle f ract ion at 
d i f ferent  times were never below 88%. The extent of microsomal sedimentation, 
as determined at zero time, was always found to be ~ 98.5%. 

Mannose-6-phosphatase assay. The latency of microsomal glucose-6-phos- 
phatase (D-glucose-6-phosphate phosphohydrolase (EC 3.1.3.9)) with mannose- 

6-phosphate as substrate was determined at 37°C as described by van den 
Besselaar et a l .  (2) except that sodium taurocholate ( f ina l  concentration 
0.5%, w/v) was used to achieve maximal membrane disrupt ion (14). 
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Nuclear magnetic resonance. 31p-NMR measurements were performed on a 
Bruker WH-90 spectrometer operating at 36.4 MHz as described before (4). 

Bi le  s a l t  and l i p i d  extract ions.  MicroSomes resuspended in d i s t i l l e d  
water were extracted according to Folch et a l .  (15). The chloroform layer 
was used for phospholipid analyses. Most of the methanol was removed from 
the upper phase with a stream of nitrogen and the remaining solut ion was 
freeze-dried. The residue thus obtained was re-dissolved in d i s t i l l e d  water 
and analyzed for total  3a-hydroxysteroids as described below. 

Ana ly t i ca l  methods. Bile salts were determined by the enzymatic method 
of lwata and Yamasaki (16). The reaction mixture contained 330 vl 0.1M so- 
dium pyrophosphate buffer (pH 9.5) ,  70 vl 5mM NAD + in 10 mM potassium phos- 
phate buffer (pH 7.2),  330 ~I I M hydrazine sulphate, 30 vl (60 mU) 3a-hy- 
droxysteroid dehydrogenase in I0 mM potassium phosphate buffer (pH 7.2) and 
240 vl b i le sa l t  in water. After I h at room temperature the absorbance at 
340 nm was read in a Varian Techtron double-beam spectrophotometer against a 
blank without enzyme. Calibrat ion curves obtained with standard solutions of 
sodium cholate or sodium taurocholate were comparable up to at least lOOnmol 
b i le sa l t  and gave absorbance changes as expected from the molar ext inct ion 
coef f ic ient  of NADH at 340 nm. Taurocholate, added to the microsomal ext ract ,  
was recovered fo r ,  at least ,  95%. 

Protein was determined by the method of Lowry et a l .  (17). Lipid ana- 
lyses and rad ioac t iv i ty  measurements were done as described (2,13). 

RESULTS AND DISCUSSION 

The method of Folch e t  a l .  (15) has been used to extract  l ip ids  and bi-  

le salts from microsomal membranes. I t  has been employed with the same pur- 

pose by others (18) and we found i t  par t i cu la r l y  useful since, in this way, 

b i le  salts and (phospho)lipids can be extracted simultaneously from the same 

sample. Control experiments showed that [14C]taurocholate or [3H]cholate, 

when added to a microsomal preparation, were recovered in the water/methanol 

phase for 94.5% ± 0.5% (mean ± SD, n=lO) and 76.0% ± 5.4% (mean ± SD, n=5), 

respect ively.  These values re f lec t  the higher po lar i ty  of conjugated bi le 

salts as compared to the i r  unconjugated counterparts. Rat b i le is known to 

contain over 98% of i t s  b i le  salts in conjugated form, 80% of which occur as 

taurine derivatives (19,20).Taurocholate accounts for 50-60% of these (19-21). 

Table I summarizes the results obtained when d i f fe rent  microsomal prepa- 

rations were analyzed for the i r  b i le  sa l t  content. The values found for nor- 

mal microsomes ( i .e .  microsomes without any further treatment before bi le 

sa l t  extract ion) agree well with those previously reported by others who 

used GLC (22) or radioimmunoassay techniques (23). Since in rat  l i v e r  micro- 

somal preparations b i le  salts seem to d is t r ibute  themselves between water 

and membrane phases according to par t i t i on  laws (23), a s t r i c t  comparison is 

only possible when standardized conditions for l i ve r  homogenate fract iona- 

t ion are used. As shown in Table I ,  while two successive washings in a l ka l i -  

ne buffer remove up to 83% of the i n i t i a l  b i le  sa l t  content from microsomes, 

gel chromatography seems to be more e f f i c i en t ,  y ie ld ing membranes v i r t ua l l y  

free of those detergents. Thus, in subsequent work, this method was used. 
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Table I 

PHOSPHOLIPID AND BILE SALT CONTENT OF RAT LIVER MICROSOMES 

Microsomes ~ Phospholipid Bile sa l t  

(nmol P/mg protein) (nmol /mg (nmol/vmol P) 
protein) 

Normally prepared (n=4) 

Twice washed (n=2) 

Gel-chromatographed (n=5) 

556 ± 44 1.39 ± 0.38 2.50 _+ 0.75 

877 _+ 67 0.38 _+ 0 . I I  0.43 t 0.12 

781 ± 61 n.d. + n.d. + 

For preparation of microsomes see experimental section. Mean values of n 
determinations ± standard deviation are given. 

+ Not detectable. This means that more than 90% of the i n i t i a l  b i le sa l t  
has been removed. 

Control experiments demonstrated that  chromatographed microsomes had l o s t  up 

to 30% of  t h e i r  t o ta l  p ro te in ,  whi le  t h e i r  phospholipid composition remained 

unchanged (not shown). This observat ion is  f u l l y  compatible with the repor- 

ted recoveries of  l i p i d  phosphorus when gel chromatography was used to remo- 

ve f ree polyribosomes from post-mitochondr ia l  supernatants of  ra t  l i v e r  (24). 

The 31p-NMR spectra of  normal ly prepared and chromatographed microsomes 

(Fig.  1) have iden t i ca l  l ineshapes e i t he r  at  37°C or at  5°C. This was also 

5°C 

37°C ~~] 
I I J I I I 

-25  0 +25PPM 25 0 +25PPM 

FIGURE I. 36.4 MHz, high-power proton noise-decoupled 31p-NMR spectra at 
5°C (A and C) and 37~C (B and D) of untreated microsomes (A and B) and of 
b i le  sa l t  depleted microsomes (C and D). The spectra were recorded using a 
spectral width of 12 kHz, 45 ° radiofrequency pulses and 0.17 s interpulse 
time. An exponential f i l t e r i ng  result ing in 50 Hz l ine broadening was appli- 
ed to the free induction decays. 
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the case at 15 and 25°C (not shown). At 5°C, broad and asymmetrical spectra, 

character is t ic  of phospholipids organized in a b i layer ,  were recorded. By 

contrast,  at 37°C a more narrow and symmetrical component, indicat ive of 

enhanced phospholipid mobi l i ty ,  predominates. This is in fu l l  agreement with 

the results obtained previously, for normally prepared microsomes, by de 

K r u i j f f  e t  a l .  (4). These authors concluded that the symmetrical signal at 

physiological temperature arose from nearly isotropic motion of the phospho- 

l ip ids  in the microsomal membranes. While the exact nature of this isotropic 

motion, e.g. t rans i tory  non-bilayer phases or enhanced lateral  mobi l i ty  (6),  

remains to be elucidated, our results demonstrate that the isotropic signal 

is not caused by the presence of micel l iz ing bi le sa l ts .  

That gel chromatography of microsomes results in preparations suitable 

for membrane topographic studies was shown by studying mannose-6-phosphatase 

latency. This latency constitutes probably the most re l iable index for the 

in teg r i t y  of microsomal membranes (25). With normally prepared microsomes 

the i n i t i a l  ve loc i t ies of phosphate release from mannose-6-phosphate amoun- 

ted to 2.4 and 85.8 nmol-min'l-mg protein-Z,respect ively,  for in tact  and 

disrupted microsomes. For gel-chromatographed microsomes the corresponding 

values were 3.9 and 113.8 nmol.min-1.mg protein - l .  The higher speci f ic ac t i -  

v i t i es  found for gel-chromatographed microsomes re f lec t  the loss of adsorbed 

proteins during chromatography (compare Table I ) .  Clearly, th is loss does 

~1oo 
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20 40 60 
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FIGURE 2. Time-courses of microsomal [32p]phosphatidylcholine transfer from 
untreated (circles) and chromatographed (triangles) microsomes to egg phos- 

• 0 . . . .  phatidylcholine veslcles at 37 C. Each incubation mlxture contalned 0.6 mg 
microsomal protein (172 and 224 nmol microsomal phosphatidylcholine, respec- 
t ively, from untreated and chromatographed microsomes), 5 ~mol sonicated egg 
phosphatidylcholine and 20 vg exchange protein in 1.0 ml SET buffer ( f i l led 
symbols). Blank incubations were performed without exchange protein (empty 
symbols). The extent of exchange is expressed as the percentage of the total 
[32p]phosphatidylcholine associated with the sonicated vesicles, after cor- 
rections for recoveries of the I~C label and incomplete sedimentation of mi- 
crosomes. The dashed line represents the theoretical percentage of [32p]pho: 
phatidylcholine exchangeable assuming that the total microsomal phosphati- 
dylcholine pool is available for exchange with 67% of the vesicular egg 
phosphatidylcholine (28,29). PC, phosphatidylcholine. 
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not impair the microsomal permeability barr ier .  The speci f ic  ac t i v i t i es  

given indicate latencies of 97.2% and 96.6% for normal and b i le  sa l t  deple- 

ted microsomes, respectively. 

Depicted in Fig. 2 are the time-courses for transfer of [32P]phospha- 

t idy lcho l ine  from microsomes to egg phosphatidylcholine vesicles. I t  is 

clear that not only the extents but also the rates at which the protein- 

catalyzed exchanges proceed are very s imi lar  in normal and b i le  sa l t  deple- 

ted microsomes. Again, i t  can be concluded that the presence of b i le  sal ts 

in normally prepared microsomes is not responsible for the rapid and com- 

plete exchangeabil ity of the total  microsomal phosphatidylcholine pool. The 

mechanism by which translocation of part of the phosphatidylcholine pool 

proceeds from the inner monolayer to the outer monolayer, where i t  becomes 

accessible for the exchange protein,  remains to be elucidated. Clearly, a 

mice l l izat ion of membrane phospholipids by b i le  salts in microsomes does not 

seem to be involved. I t  should be mentioned that extremely rapid transloca- 

t ion has recently been described also for phosphatidylethanolamine in Bac i l -  

lus megaterium membranes (26,27). 

ACKNOWLEDGEMENTS 

This work was carried out under the auspices of the Netherlands Organi- 
zation for the Advancement of Pure Research (Z.W.O.) with f inancial  aid from 
the Netherlands Foundation for Chemical Research (S.O.N.). O.M. de Ol iveira 
Fi lgueiras,  on leave of absence from the Faculty of Pharmacy and the Experi- 
mental Cytology Centre of the University of Porto, was i n i t i a l l y  rec ip ient  
of a NATO grant (INVOTAN scholarship no. 58/79). He gra te fu l ly  acknowledges 
the f inancial  support from the Subfaculty of Chemistry, Utrecht UniversSty. 

REFERENCES 

I .  Zi lversmit,D.B. and Hughes,M.E.(1977)Biochim.Biophys.Acta 469,99-110. 
2. Van den Besselaar,A.M.H.P.,de Kru i j f f ,B. ,van den Bosch,H. and van Deenen, 

L.L.M.(1978)Biochim.Biophys.Acta 510,242-255. 
3. Jackson,R.L.,Westerman,J. and Wirtz,K.W.A.(1978)FEBS Lett.  94,38-42. 
4. De Kru i j f f ,B. ,van den Besselaar,A.M.H.P.,Cullis,P.R.,van den Bosch,H. 

and van Deenen,L.L.M.(1978)Biochim.Biophys.Acta 514,1-8. 
5. Stier,A.,Finch,S.A.E. and B~sterling,B.(1978)FEBS Lett. 91,109-112. 
6. Cul l is,P.R. and de Kruijff,B.(1979)Biochim.Biophys.Acta 559,399-420. 
7. Nilsson,O.S. and Dallner,G.(1977)J.Cell Biol .  72,568-583. 
8. Higgins,J.A. and Dawson,R.M.C.(1977)Biochim.Biophys.Acta 470,342-356. 
9. Sundler,R.,Sarcione,S.L.,Alberts,A.W. and Vagelos,P.R.(1977)Proc.Natl. 

Acad.Sci.USA 74,3350-3354. 
10. Bergstr~m,S. and Danielsson,H.(1968)in Handbook of Physiology, Section 6: 

Alimentary Canal,Vol.V (Code,C.F.,ed.)pp.2391-2407. American Physiologi- 
cal Society, Washington DC. 

I I .  Geurts van KesseI,W.S.M.(1980)ISF/AOCS World Congress, New York, Abstract 
no. 84. 

12. Kamp,H.H.,Wirtz,K.W.A. and van Deenen,L.L.M.(1973)Biochim.Biophys.Acta 
318, 313-325. 

13. De Ol iveira Filgueiras,O.M.,van den Besselaar,A.MoH.P. and van den Bosch, 
H.(1977)Biochim.Biophys.Acta 471,391-400. 

14. Polokoff,M.A.,Coleman,R.A. and Bell,R.M.(1979)J.Lipid Res. 20,17-21. 

1806 



Vol. 95, No. 4, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

15. Folch,J.,Lees,M. and Sloane-Stanley,G.H.(1957)J.Biol.Chem. 226,497-509. 
16. lwata,To and Yamasaki,K.(1964)J.Biochem. 56,424-431. 
17. Lowry,O.H.,Rosebrough,N.J.,Farr,A.L. and Randall,R.J.(1951)J.Biol~Chem. 

193,265-275. 
18. Graham,T.O.,van Thiel,D.H.,Little,J.M. and Lester,R.(1979)Am.J.Physiol. 

237,EI77-EI84. 
19. Eriksson,H.,Taylor,W. and Sj~vall,J.(1978)J.Lipid Res. 19,177-186. 
20. Kuriyama,K.,Ban,Y.Nakashima,T. and Murata,T.(1979)Steroids 34,717-728. 
21. Shefer,S.,Hauser,S.,Lapar,V. and Mosbach,E.H.(1973)J.Lipid Res. 14, 

573-580. 
22. Okishio,T. and Nair,P.P.(1966)Biochemistry 5,3662-3668. 
23. Strange,R.C.,Chapman,B.T.,Johnston,J.D.,Nimmo,l.A. and Percy-Robb,l.W. 

(1979)Biochim.Biophys.Acta 573,535-545. 
24. McCole,N.,Palmer,D.N. and Williams,D.J.(1979)Biochem.J. 180,437-439. 
25. Arion,W.J.,Ballas,L.M.,Lange,A.J. and Wallin,B.K.(1976)J.Biol.Chem. 251, 

4901-4907. 
26. Rothman,J.E. and Kennedy,E.P.(1977)Proc.Natl.Acad.Sci.USA 74,1821-1825. 
27. Langley,K.E. and Kennedy,E.P.(1979)Proc.Natl.Acad.Sci.USA 76,6245-6249. 
28. Johnson,L.W.,Hughes,M.E. and Zilversmit,D.B.(1975)Biochim.Biophys.Acta 

375,176-185. 
29. Hutton,W.C.,Yeagle,P.L. and Martin,R.B.(1977)Chem.Phys.Lipids 19,255- 

265. 

1807 


