
BIOCHIMICA ET BIOPHYSICA ACTA 199 

BBA 75415 

A HYDROCARBON-SOLUBLE P R O T E I N - L I P I D  COMPLEX: 

CHARACTERIZATION BY CHEMICAL ANALYSIS, ULTRACENTIRtgUGATION 

AND ELECTRON MICROSCOPY* 

\V. LESSLAUER** ,  F. C. W I S S L E R  AND D. F. PARSONS 

Biophysics Department, Roswell Park Memorial Institute, Buffalo, N . Y .  r 4 203 (U.S.A .) 

(Receixed November  3rd, 1969) 

SUMMARY 

A protein extracted from myelin is shown to form a complex with phospho- 
lipids which is soluble in hydrocarbons. Complex formation is suggested by the 
solubility characteristics in hydrocarbon solvents of the protein with and without 
phospholipids. These complexes appear as defined entities on the basis of chemical 
analysis and the behaviour in the analytical ultracentrifuge. Electron microscope 
studies yield some insight as to how protein and phospholipid molecules may 
be assembled in the complex. The complex is treated and discussed strictly as a 
model system. 

INTROI3UCTION 

The chemical composition of some biological membranes is known with accu- 
racy. The mutual geometric arrangement of the different components, however, is 
open to controversy. Yet, there is every reason to believe that the proper functioning 
of membranes and membrane-linked enzyme systems is closely related to the assem- 
blage of a small number of molecules into a specific microenvironment. 

Proteins and lipids are main constituents of membranes and their interaction 
may be important in consolidating their structure. Protein-lipid interaction has been 
studied in model systems such as monomolecular lipid films (e.g. refs. 13 and 16), 
black lipid membranes (e.g. refs. 9, 14 and 17) and phospholipid vesicles (e.g. refsA I, 
12 and 15). A hydrocarbon-soluble complex of cvtochrome c and various phospholi- 
pids was described by DAS, HAAK AND CRANE 8. These model systems depend upon 
the tendency of amphipathic molecules such as phospholipids to assemble in an 
ordered manner and to create interfaces between phases of different polarizability. 
Such interfaces provide insight into how ordered structures can be organized at 
the molecular level. 

As will be reported below, a membrane protein extracted from myelin can be 
shown to form a complex with phospholipids which is soluble in hydrocarbons 18. 

* A pre l iminary  account  of this work  has been reported at  the Meeting of the Biophysical 
Society, Los Angeles, February ,  1969. 

** Present  address : Johnson  Research Foundat ion ,  Univers i ty  of Pennsylvania,  Philadelphia, 
Pa. 191o 4, U.S.A. 
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This complex is a defined en t i ty  and can be charac ter ized  by  different methods ,  
such as chemical  analysis ,  u l t racen t r i fuga t ion  and electron microscopy.  The appear -  
ance in the  electron microscope is compared  to tha t  of the analogous cvtochrolne 
c-t)host)holipid complex.  

M A T E R I A L S  A N D  MI'2THOI)S 

The protein,  which will be called 'myel in  prote in ' ,  was isolated from beef 
brain white  m a t t e r  af ter  the me thod  of LOWDEX, MOSCARELLO AND MORV.CKIL 
The pu r i t y  of the p repara t ion  was checked bv  electrophoresis  on urea s tarch gel 
and  by  u l t racen t r i fuga t ion  4. 

Phosphol ip ids  were isolated from na tu r a l  sources and not  used unless shown 
to be homogeneous  by  th in- layer  ch romatography .  

All organic solvents  were redis t i l led before use. 
Complexes of the  myel in  prote in  and phosphol ip ids  were p repared  in a s t andar -  

dized procedure.  I5 -2o  mg phosphol ip id  were dispersed and sonicated in IO ml 
dist i l led water ,  4.o ml ethanol ,  5-IO mg myel in  pro te in  and 14 ml hydroca rbon  
(hexane, isooctane or decane) were subsequent ly  added.  The p repa ra t ion  was shaken 
vigorously for I h at  room tempera tu re ,  and  the aqueous and hydroca rbon  phases 
were separa ted .  

The protein  concent ra t ion  was de te rmined  af ter  the me thod  of LowRY c t a l .  a. 

Phospholi t) ids were de te rmined  as phosphorus  af ter  HA~,'ES AND ISHERWOOD 1 and 
CHEN (2t al. 2. 

Ult racen t r i fuga t ion  exper iments  were carr ied out  in a Beckman type  E ana ly-  
t ical  u l t racent r i fuge  with a t i t an ium rotor.  Regular ,  syn the t ic  b o u n d a r y  and par-  
t i t ion  cells were enaployed. Sed imenta t ion  coefficients in aqueous or in hydroca rbon  
phase were ob ta ined  from the  Schlieren pa t te rns .  Diffusion coefficients were cal- 
cu la ted  according to the  a r ea -he igh t  method.  

Opt ica l  r o t a t o r y  dispersion curves of the  myel in  pro te in  in 0.1 M NH,~C1 and 
in 8 M urea  were ob ta ined  on a J a p a n  Spectroscopic  Co. ins t rument .  

The complex of the  myel in  pro te in  and phosphol ip ids  p rec ip i t a t ed  out  of 
the  hydroca rbon  phase when OsO 4 (0.5 i °.5) , dissolved in hexane,  was added .  The 
prec ip i ta te  was collected and d i rec t ly  embedded  in Epon  812. Complexes in w a t e r -  
hydroca rbon  sys tems  were fixed with OsO 4 (Palade ' s  buffered OsO 4 fixative) or 
with KMn04  (Luft ' s  buffered pe rmangana t e  fixative),  d e h y d r a t e d  with acetone 
and embedded  in Epon  812. Sections were double  s ta ined  with u rany l  ace ta te  and  
lead ci trate .  The specimens were sect ioned on a L K B  ul t ranl ic ro tome.  Elec t ron  
ln icrographs  were taken  on a Phil ips EM 3oo electron microscope.  

R E S U L T S  

Tile myel in  prote in  p repa ra t ion  in o.I  M NH4C1 (pH 2.3) exh ib i ted  a single peak  
in sed imenta t ion  veloci ty  exper iments  in ti le ana ly t ica l  u l t racentr i fuge,  when viewed 
with the  Schlieren opt ica l  sys tem 4. Tile sed imenta t ion  coefficient was s20,w = 1.1 S. 
The Schlieren pa t t e rn  was used to calculate  a diffusion coefficient of the  myel in  
pro te in  af ter  the  a r ea -he igh t  me thod  (D - -  4.2" IO -7 cm2/sec). Tile molecular  weight  
de te rmined  from s2o,u, and D was 2 4 6oo, if t i le pa r t i a l  specific volume was put  a t  
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o.74. This agrees fairly well with the value of 22 8oo obtained from sedimen- 
tation equilibrium s . The ratio of the observed frictional coefficient in the ultracen- 
trifuge experiments and the frictional coefficient of an ideally spherical molecule 
was calculated and found to be fifo 2.7. 

The optical rotatory dispersion curve of the protein was identical in o.I M 
NH4C1 and in 8 M urea. Optical rotatory dispersion curves were evaluated after 
~,~OFFITT'S theory ~9. The parameter  thought to be proportional to the content in 
c~-helix of a protein molecule was found to be b 0 o. 

When an aqueous phase containing myelin t)rotein and phospholipids was 
shaken with a hydrocarbon phase and the two phases then were separated and analyzed, 
it was found that  both protein and phospholipid were present in the aqueous and 
hydrocarbon phases (Table I). The hvdrocarbon solubility was at tr ibuted to a com- 
plex formation with phospholipids. Such complexes were formed of mvelin protein 

TABLE 1 

S E D I M E N T A T I O N  C O E F F I C I E N T S ,  D I F F U S I O N  C O E F F I C I E N T S  A N D  R E L A T I V E  A M O U N T S  OF P I , : O T E I N  

A N D  P H O S P H O L I P I D  I N  T H E  H Y D R O C A R B O N  P H A S E  F O R  T H E  C O M P L E X  P R E P A R A T I O N S  

Average values are given; see text  for number  of exper iments  and range of variation.  

S20, i . . . . . .  t a n e  (S) D (cnd'ls~'c) 

Phosphat idyl-  
ethanolaniine 
complex 

l?elaliw, ar, ounts in hydrocarbon phase 

Protein Phospholipid 

6.3/15.4 2 .o5 . io  6/1.25.ro 6 o.27 o.76 

0.95" lO -6 
Lecithin cardiolipin 
complex ~4.7/(I9.2) O . I S  0 . 2 0  

and either phosphatidylethanolamine or mixed lecithin cardiolipin. The protein 
alone, under the same experimental conditions, was not soluble in hydrocarbons. 
Phosphatidylethanolamine in the absence of protein distributed between the two 
phases (relative concentration of phosphatidylethanolamine in the hydrocarbon 
phase approx, o.3); whereas mixed lecithin-cardiolipin without protein was, under 
the experimental conditions, nearly insoluble in the hydrocarbon phase (relative 
concentration of lecithin cardiolipin in the hydrocarbon phase less than o.oI) s. 
The lecithin to cardiolipin ratio was 1:1. 5 at the beginning of the preparation. The 
lecithin-cardiolipin complex in isooctane dissociated when applied to a thin-layer 
plate (Silica G). The plate was developed in the usual way, and the relative amounts 
of lecithin and cardiolipin were estimated. No preferential incorporation of either 
lecithin or cardiolipin into the complex was detected within the limits of this method. 
The molar ratio of protein to phospholipid in the hydrocarbon phase, based on 
protein and phosphorus determinations, was 1:75 ( ±  25) for the lecithin cardiolipin 
complex and 1:16o ( !  5 O) for the phosphatidylethanolamine complex (arithmetic 
average of 4 and 5 independent preparations of the lecithin cardiolipin and phos- 
phatidylethanolamine complex, respectively). The yield of the complex preparations, 
as determined by the relative amount  of protein to be found in the hydrocarbon 
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phase, varied considerably from experiment to experiment (Table I). Deviations 
of up to ± 4 ° °o of the average values in Table I were observed. 

The lecithin cardiolipin and t)hosphatidylethanolamine complexes in isooctane 
were studied in the analytical ultracentrifuge at or near 2o'-:. With the l)hosphatidyl- 
ethanolamine complex preparations, two peaks were observed in the Schlieren pat tern 
(I;i- I). The sedimentation coefficients in isooctane, corrected for 2o ~' were s',0,i,sooetane b '  

- :  0. 3 ( ~  o.3) S and I5. 4 ( ~  I.O) S (average of 5 experiments) in the range 
of c()ncentrations of 0. 4 to I. 7 mg protein/ml isooctane. I)iffusion coefficients were 
calculated from the Schlieren pat tern  following the area height method .This method 
yielded values of 2.o5" io G tree/see for the 6.3-5 peak and 1.25' Io -6 cm"/sec for 
the I5.4-S peak. Over the observed range, the diffusion coefficients were practically 
independent of the concentrat ion and reproducible within + 5 %. The 6.3-S peak 
was separated in a parti t ion ceil. ('heroical analysis showed that  it contained phos- 
pt iat idylethanolamine alone and no protein. Witl~ {he lecithin cardiolipin complex 
(Fig. 2), one peak with s')0,isoo(,*a,,e = I4-7 (-- o.6) S (average of 3 experiments) 
was always observed at concentrati(ms (>f o. 5 i.~ mg protein/inl isooctane. In (me 
experiment a second peak with s20,isooetane - -  I().2 S (concentration , .o 5 mg protein/ 
ml is(>octane) appeared. The diffusion coefficient of the I4.7-S peak obtained from 
the area height meth()d was o.c)5. I(> -6 cme/sec. The partial specific volume ()f the 
complex in isooetane was determined as o.7o. 

In the electron microscope the morphological appearance of the phosphatidyl-  
ethanolamine and lecithin cardiolipin con~plexes was basically the same. When 
fixed with OsOa in the hydrocarbon phase the complexes appeared aggregated in 
irregular clusters (Fig. 3). The complex preparat ion in Fig. 3 was fixed for 30 rain 
in an ()s() 4 solution of o. 5 % final concentration.  Electron micrographs of preparations 
with t(mger fixation times of i2 h or more showed electron dense, nearly spherical 

1;i~4. [. S c h l i e r e n  p a t t e r n  of  p h o s p h a t i d y l e t h a n o l a m i n c  c o m p l e x  p r e p a r a t i o n  in i s o o c t a n c .  4 2 0 4  ° 
r e x . , ' m i n ,  f~)-3 , S - ra in  i n t e r v a l s  b e t w e e n  t~hot<)qraphs.  

l : i g  _' S c h l i e r e n  p a t t e r n  of  l e c i t h i n  c a r d i o l i p m  c o m p l e x  p r e p a r a t i o n  in i s o o c t a n e .  52 640  r c v . / m i n ,  
I 9 . o  , ,S-rain i n t e r v a l s  b e t w e e n  p h o t o g r a p h s .  
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par t i c les  in these  c lus ters  (see inser t  in Fig.  3). The  d i a m e t e r  of these  par t i c les  was 

35 4o A, and  the i r  c en t e r  to cen t e r  d i s t ance  was  no t  less t h a n  6o A. 

R a t h e r  s t ab le  emuls ions  were  f o r m e d  upon  shak ing  the  h y d r o c a r b o n  phase  

wi th  w a t e r  or  an a q u e o u s  solu t ion ,  which  cou ld  be s e p a r a t e d  aga in  on ly  by  cent r i -  

fuga t ion  at  high speeds  (3oooo > g). The  c o m p l e x  l ined up  a t  the  in te r face  and  s ta-  

bi l ized the  enmls ion .  T h e  m a t e r i a l  at  t he  in t e r f ace  could  be f ixed wi th  OsO 4 or  

K M n O  4. I t  was fu r t he r  p r e p a r e d  for e lec t ron  m i c r o s c o p y  as if i t  were  a t i ssue (i.e., 
d e h y d r a t e d  wi th  ace tone  and  e m b e d d e d  in E p o n  812). E l e c t r o n  m i c r o g r a p h s  of 

Fig. 3- Electron micrograph of lecithin cardiolipin complex anti phosphatidylethanolamine 
complex {smaller insert) in isooctane, 3 ° min and i2 h in o. 5 ° o ()sO4, respectively• Sections 
were stained with uranyl acetate and lead citrate. Magnification 68ooo × and 238ooo ×. 

Fig. 4- Electron micrograph of lecithin cardiolipin complex at water hydrocarbon interface, 
6o rain I,:MnO 4. Sections stained with nranyl acetate and lead citrate. Magnification 119oo × 
and 384oo × (insert). 

[~i~Jchim. Biophys. Acta, 203 (197 o) 109 2o8 
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this mater ial  showed extended, sheet-like arrays of the l ined-up complex. The 
thickness of this interracial membrane  was 8o 12o A (l;igs. 4 and 5). Its s t ructure  
was not symmetr ical  and two sides could be distinguished. One side was a sharply 
defined and smooth line; the other side had a more irregular s t ructure  (l:ig. 5). 
Isolated clusters comparable to those of l:ig. 3 were adhering to the irregular side. 

Fig. 5. l:lectron micrograph of t)hosphatidylethanolamine conlplex at water-hydrocarbon inter- 
face, ()o rain ()s().1. Sections stained with uranvl acetate and lead citrate. Magnification 4 ° 9oo < 
~tlld 74 ooo , ( insert) .  

I)IS('USSION 

Model systems can be discussed in a nlore precise way if its components  are 
homogeneous materials.  The method of I,o\vDEx c t a l .  ~ enables a pure protein to 
be obtained from myelin membranes .  The preparat ion is homogeneous by electro- 
phoresis on urea starch gel and by ul t racentr i fugat ion ~. This protein makes up 
approx. I0°o of the total  inembrane  proteins 4. No enzymat ic  act ivi ty  has been 
reported. It is a basic protein as shown by the electrophoretic behavi()ur and the 
amino acid analysis ~. 

The preparat ion procedure involves t r ea tmen t  with o.2 M H2SO 4 and a certain 
degree of dena tura t ion  must  be suspected. The optical ro ta tory  dispersion of the 
protein and the evaluat ion of the MOFFITT equat ion suggests zero or a very low 
content  of c~-helix. This, as well as the identical  optical ro ta tory  dispersion curves in 
o.I M NH4C1 and in 8 M urea solutions, may indicate tha t  the protein is denatured,  
if it is assumed tha t  it contains  some a-helix in the nat ive  state. The calculated 
ratio of frictional coefficients excludes a globular s t ructure  of the protein molecule. 

The observat ion that  the myel in protein in the presence of t)hospholipids is 
soluble in a hydrocarbon phase (:an be explained by the assumption that  a complex 
of protein and phospholipid is formed. Such a complex would be made up of a protein 
molecule surrounded by, a layer of phospholipid molecules with their polar groups 
point ing inside towards the protein and their fa t ty  acid chains oriented towards 
the hydrocarbon phase. Although no stoichiometric relation, in the strict sense, 
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is found between protein and phospholipid, their molar ratio is rather constant and 
small enough to exclude that  the protein is merely dragged along into the hydro- 
carbon phase by huge inverted lipid mieelles of undefined structure. A molar ratio 
of 1:75 as found for the lecithin cardiolipin complex corresponds approximately 
to the amount of phospholipid required for a monomolecular layer around the protein. 

The molar ratios are based on the protein and phosphorus determinations 
of the hydrocarbon phase. They do not reflect true molar ratios of the complex, 
if not all phospholipid in the hydrocarbon phase is really bound in the protein 
phospholipid complex. Mixed lecithin and cardiolipin remains nearly exclusively 
in the aqueous phase in blank experiments when no protein is present, but otherwise 
identical conditions. Although this is probably not the equilibrium distribution, 
one may conclude that  with lecithin and cardiolipin most of the phospholipid in 
the hydrocarbon phase is bound to protein. In preparations of the phosphatidyl- 
ethanolamine complex, however, this conclusion is not valid. The hydrocarbon 
phase is readily accessible to phosphatidylethanolan~ine in the absence of protein. 
The high molar ratio of 1:I6o does not represent the molecular composition of the 
phosphatidylethanolamine complex, but is due to the presence of phosphatidyletha- 
nolamine in free or micellar form not connected with protein, as is shown also bv 
ultracentrifuge experiments with a partition cell. There is evidence that  the true 
molar ratio for the phosphatidylethanolamine complex is nearly the same as for 
the lecithin cardiolipin complex. 

The formation of such phospholipid complexes seems not to be a general 
property of proteins. Attempts  to obtain analogous complexes with bovine serum 
albumin have been unsuccessful. A similar complex formed by cytochrome c and 
phospholipids, however, has been described by DAs el al. s. The presence of basic 
groups on the protein together with a net negative charge on the phospholipids 
may be essential requirements. 

The observation of one or two well-defined peaks in the analytical ultracen- 
trifuge indicates that  the complexes in the hydrocarbon phase exist in one, or in 
two distinctly different kinds of defined and nearly uniform molecular aggregates. 
The variation of the sedimentation coefficients represents probably a true variation 
in the stoichiometric composition of the complex from one experiment to another, 
despite the a t tempt  to standardize experimental conditions. The diffusion coefficients 
determined according to the area height method can be considered at least as good 
approximations for the correct values. Under the assumption that  the composition 
of the complex may vary from experiment to experiment to some extent, but is 
uniform in a given preparation, molecular weights of the complexes can be calculated 
from the sedimentation and diffusion coefficients. The molecular weights for the 
species giving rise to the 6.3-S and the 15.4-S peaks of the phosphatidylethanolamine 
complex are 15ooo I7OOO and 63ooo 68ooo, respectively. The 14.7-S peak of the 
lecithin cardiolipin complex corresponds to a molecular weight of 7oooo-8oooo. 
The once observed 19.2-S peak in a lecithin-cardiolipin complex preparation can 
be at tr ibuted to a polymeric form. Molecular weights of 7oooo are consistent with 
the proposed model of the complex, namely one protein surrounded by phospholipid 
molecules. I t  corresponds to a ratio of one protein to 6o 65 phospholipid molecules, 
if the average molecular weight of phospholipids is taken as 75 o. 

The 6.3-S peak in the phosphatidylethanolamine complex preparations cannot 
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be due to a protein  l ipid c()mplex, since the  molecular  weight  of the protein  ah)ne 
is higher than  the observed i5ooo  i7ooo  of the species of this peak. i t  is due to 
free phospha t idy le thano lamine  not connected  with protein.  This agrees with t i le  
observat ion  tha t  p l~osphat idylethanolanf ine  does not  need protein  for d i s t r ibu t ing  
through both  the aqueous and hydrocarbon phases. This was verified by cllemical  
analysis  of the 6.3-S peak  when it was separa ted  in a par t i t ion  cell. 

A l ikely in te rp re ta t ion  of electron micrographs  of the  complex in isooctane 
is t ha t  the  s t ruc ture  of the  complex is preserved dur ing f ixation and t ha t  the  cluster ing 
is caused by  cross-l inking brought  about  by  chemical  react ion of ()sO 4 and the f a t ty  
acid chains (~,7. The electron dense regions which appear  af ter  long fixation t imes  
(Fig. 3) may  be a t t r i bu t ed  t en t a t i ve ly  to a heavier  incorpora t ion  of ()s()~ int<) the 
cent ra l  por t ion ()f the complex,  which takes  place at  at sh)wer ra te  than  the reacti()n 
with the  f a t t y  acid chains. However ,  a complete  molecular  Tearrangement of the 
complex due to the  fixation cannot  be excluded.  Electron micrographs  of the anah)- 
gous cy tochrome c phospholi t ) id complex (Fig. 6) do not  show the same clusterin~ 
in a r andom pa t t e rn  as the myelin protein  complex.  In the cv tochrome c comt)lex, 
ex t ended  sheet- l ike a r r ays  or isolated par t ic les  are observed~°, 2°. This max  indicate  
tha t  the d is t r i lmt ion  of phost)holipids a round  cy tochrome c is much more a symmet r i c  
than  around the myel in  protein  molecule. The cv tochrome c -t)host)holit)id complex 
has been shown to aggregate  in polymeric  forms even in the absence of any  fixing 
agent  such as ()sO 4 (ref. 2I). The aggregat ion of the myel in  prote in  and the c\ t ()-  
chrome c complex in the  hydroca rbon  phase observed in the  electron microscope needs, 
therefore,  not  to be a f ixation ar t i fact .  

The fact t ha t  the  myel in  protein  complex is surface act ive and lines up at  
h y d r o c a r b o n - w a t e r  interfaces (Figs. 4 and 5) requires tha t  the phosphol ip id  shell 
is not  comple te ly  symmet r i ca l  and  tha t  regions of high po la r i ty  are left on the  surface 
of the complex.  I t  cannot  be excluded,  however,  t ha t  a complete  rea r rangement  of 
the complex occurs at  the interface and tha t  the  complex itself is not  amphipa th ic .  

Fi~. (). Iqcctron micrograph of cytochronlc c complex with lecithin and cardiolipin, in isooctanc 
tixed with ()s()4. Sections stained with uranvl acctatc and lead citrate. Magnification 3-"~°°'1 
and 84ooo . (insert). 

l~ iocI~i~ ,  l~o/Shys. H eta, ~o 3 ( ) 97(>) [ 99 .2>o~ 
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A schematical representation of these two discussed models is shown in Fig. 7. 
It is difficult to decide which side of these membrane-like arrays (Figs. 4 and 5) 

is oriented against the hydrocarbon and which side against the aqueous phases. 
The minimum observed distance between the smooth sides for two adjacent membrane- 
like sheets was approx. 8o A. This spacing could be due to unstained fatty acid 
chains. The irregular side would then be directed against the aqueous phase. On 
the other hand, there is evidence that the preparation is an oil-in-water enmlsion. 

~ , \ \ \ \ \ >  \ \ \ - , ,  \ \ \ 

Fig. 7' ( 'omplex at the water  hydrocarbon interface (shown schematically). A. Rear rangement  
of molecular s t ructure  at the interface. Monomolecular phosphol ipid film forms interface, covered 
by a laver ot protein. B. Complex is originally asymmetr ic  and amphiphilic,  and lines up at 
the interface. 

The aqueous phase is removed first during the dehydrating procedure. Furthermore, 
the material loosely adhering to the irregular side is very similar in appearance 
to electron micrographs of the complex in hydrocarbon phase. A better interpretation 
may be, therefore, that the smooth side is directed towards the aqueous phase. 

\Vhile complex formation between protein and phosphilipid in the hydro- 
carbon phase is obvious, it is very likely that these molecules are not independent 
from each other in the aqueous phase either, where some form of aggregation between 
protein and phospholipid micelles is to be expected. 

CONCLUSIONS 

Current models of the molecular structure of biological membranes imply 
that regions exist within the membrane which are of hydrocarbon-like nature. 
These regions are made up of oriented fatty acid chains of phospholipids and of 
other membrane lipids. Proteins are thought to be bound to these structures bv 
a combination of polar and hydrophobic interactions. They either sit on the membrane 
surface or are buried in the membrane interior and may form a protein bridge across 
tile membrane. 

Biological membranes are without doubt organized in a highly delicate way 
and the complex of a myelin protein and various phospholipids cannot be regarded 
as the dominant structural unit of the myelin membrane. Discussed as a model, 
however, it may show how a protein could be integrated into a biological membrane. 
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