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SUMMARY 

The technique of isolation consists of a combination of tIomogenization, dif- 
ferential centrifugation, gradient centrifugation and the multiple poolings of isolated 
fractions. Large numbers of embryos are used to provide 5-IO g of accumulated liver 
tissue from the younger embryos (7, i i  days). Contamination by components of red 
blood cells or nuclear envelopes is avoided. The tissues are homogenized as dilute 
suspensions in either isotonic Krebs-Ringer solution or isotonic sucrose solutions 
supplemented with magnesium. Intact  red blood cells are separated from the homo- 
genate. Initial fractions are separated by multiple differential centrifugations. Fluffy 
coats and supernatants are pooled sequentially to increase the final yield of mem- 
branes. Intact nuclei can be separated by centrifugal rotation at Ioo ooo x g for 2 h 
over appropriate sucrose solutions. The separation of the plasma membrane fraction 
is carried out by density gradient centrifugation at 15oooo :~ g for 2 h. Fractions 
isolated in either isotonic sucrose or saline appear to be similar. The cytochrome 
oxidase and glucose-6-phosphatase activities are negligible./3-Glucuronidase activity 
is exceedingly low. Mg2+-dependent ATPase activity is enhanced by the presence of 
Na +. The isolation of plasma membrane of embryonic cells allows for a more direct as- 
sessment of membrane development, cell-contact phenomena and membrane function. 

INTRODUCTION 

Within the past few years several methods have been developed for isolation 
of the plasma membranes of cells. PALADE 1 and DOUNCE et al. 2 noted that several 
membranes, presumably plasma membranes, were concentrated in the fluffy layer 
above the nuclear fraction during differential centrifugation. NEVILLE a isolated 
from this fraction by sucrose-density gradient centrifugation what apparently is the 
plasma membrane. EMMELOT et al. 4-6 added additional discreet layers in the sucrose 
gradient to separate out the mitochondrial fraction. HERZENBERG A~D HERZEXBERG v, 
TAKEUCHI AND TERAYAMA 8 and later COLEMAN et a12 made additional modifications 
through the use of isotonic sucrose as the suspending medium. These procedures were 
generally used for liver cells of the adult rat where large amounts of tissue could be 
<~btained. WALLACH TM has developed methods for the isolation of the plasma mere- 
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brane  of ascites t u m o r  cells using F ico l l -dens i ty  gradients .  W:\RRb;N, GLlCK AN D NASS 1 
first fixed the  cell per i fery  with an agent  such as ZnCI,~ and then  removed  the "ha rden-  
ed" cell per i fery  from the  cy top lasm.  Using osmot ic  shock of the  mi tochondr ia l  
fract ion,  DE ROBER'rIs el al.r" have isola ted synap t i c  membranes .  McCOLLESXER AX> 
S E M E N T E  la noted  the need to b reak  down the cy toske le ton  before the  conten ts  ot 
skele ta l  nmscle cell segments  could be ex t rac ted .  KUNO AND C O L O W I C K  II i so la ted  
the membranes  of mannna l i an  muscle cells by  repea ted  ex t rac t ions  with high ionic 
s t rength  washes. O'NE1H. la isolated the cell surface melnbranes  of A m o e b a  prote ins  
b y  ex t r ac t ion  with  high mola r i t v  sucrose followed by  rup tu re  and different ial  cen- 
t r i fugat ion .  AKETA 1~ has i sola ted  the p l a sma  membrane  of the  sea urchin egg by 
removing  the fer t i l iza t ion membrane  by  immers ion in a molar  so lu t ion  of urea 
followed b y  rup tu re  of the  eggs with ~mtflow of ow)plasm. 

In  general ,  regardless  of the tec lmique  used, the  i sola ted  fract ion consists (~f 
membranes  which exhibi t  the  typ ica l  t r i l amina r  s t ruc ture  under  the  e lect ron micro- 
scope. Excep t  for the  brief notes  of AKETA 16 and of I~OSENBERG 17 few a t t e m p t s  have 
been made  to isolate the  p l a sma  melnbranes  of embryon ic  ceils. The reasons are 
apparen t .  The yield of membrane  f ract ion is very  low. E m b r y o s  provide  very  small  
amoun t s  of in i t ia l  t issue. The f ragi l i ty  of the  embryon ic  t issue differs cons iderably  
from tha t  of the  adu l t  and  the presence of any  c (mtaminan t  such as red b lood  cell 
membranes  can cause very  large errors  in de te rmin ing  the pu r i t y  (~f the  final men> 
brane  yield. This paper  describes methods  which have been deve loped  for the  isolat ion 
of the  p l a sma  melnbrane  of embryon ic  chick l iver cells. The l iver of the chick embryo  
was used as tim tes t  mater ia l ,  since fa i rh '  large numbers  of fert i l ized eggs can be 
pooled and there  is no need to be concerned with the  effects of ma te rna l  diet  on the  
l ipid compos i t ion  of the i sola ted  meinbranes .  

PROCEDURES AND MATERIAI.S 

Tissue preparation 
Fer t i l i zed  chick eml)ryo eggs were incuba ted  for per iods  ranging froln 7 to 2t  

days .  The amoun t  of t issue r emoved  depended  upon the age of the  embryo .  All t issue 
was r emoved  wi thin  2 h or less, p laced  in a chil led so lu t ion  of isotonic  ba lanced  saline 
so lu t ion  at  4", and  the  f iomogenizat ion procedure  was s t a r t ed  no more than  2 h af ter  
r emova l  of the  first pieces of t issue. Fo r  embryos  where it was possible  to r emove  
larger  uni ts  of t issue, homogeniza t ion  could be s t a r t ed  wi thin  a per iod of o.5 h. The 
average  wet weight  of the  l iver  t issue as a funct ion of the  age of the  embryo  is shown 
in Fig. I.  The increase in wet weight  of the  l iver  follows the  expec ted  s igmoid re la t ion-  
ship. In  general  the  smal les t  amoun t  of t issue from which su i tab le  membrane  fract ion 
could be ob ta ined  was approx .  5 g wet weight.  Difficulties arise in ob ta in ing  sufficient 
amoun t s  of t issue in the  case of the  7-day-o ld  embryo  unless one pools f ract ions 
o b t a i n e d  at  different  per iods  of t ime.  By the t ime  the embryo  is H days  of age, it  is 
qui te  easy  to  isola te  within a 2-h per iod  an apprec iab le  amoun t  of tissue, and  as m a n y  
as 45o embryos  could be hand led  in th is  manner  b y  2 to 3 people.  

Suspending media 
In var ious  exper imen t s  three  different suspending media  were tested.  They  will 

be referred to as Hanks  ba lanced  saline solut ion,  Krebs  Type  3 ba lanced  saline solu- 
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tion, and isotonic  sucrose. The compos i t ions  of the first two media  are tile same as 
those  tabulated by PAUL ~9 (1965) except  that the K r e b s T y p e  3 balanced saline solution 
is made  up of o.16 M sodium g lutamate  rather than o . Io  M g lutamate  as indicated in 
tile reference. The isotonic  sucrose consists  of o.25 M sucrose and I mM MgCI,,. 

General procedure 
All steps are carried out at 4 °. The t issue is gent ly  nlinced with a sharp scissors. 

Initial homogenizat ion  is carried out in a crude garlic press that can be purchased in 
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Fig .  z. Average weight of l iver as function of age of embryonic and newborn chick. N u m b e r  o! 
embryos given in parentheses. 

F i g .  2. Electron micrograph of phosphotungstic acid negatively stained membrane fraction con- 
t a m i n a t e d  with collagen matrix. 
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any houseware department. With continuous washings the cells are separated from 
capsular materials. If this step is omitted, the homogenate may contain several 
strands of collagen as shown by the electron micrograph of negatively stained nlaterial 
(Fig. 2). Further homogenizations require the use of a loose teflon pestle and glass 
mortar (2oo-3oo t* clearance, 4-6 strokes). Sterile solutions are used to reduce bac- 
terial contamination, and this precaution is especially important when sucrose 
solutions are used. 
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Fig.  3. S t e p - w i s e  f l o w  c h a r t  for  i s o l a t i o n  of  p l a s m a  m e m b r a n e s .  

The individual steps of the procedure are shown in the flow chart of Fig. 3- 
Hypotonic  media and osmotic shock are avoided because of damage to red blood cells 
and to nuclei of cells. Red blood cell ghosts and nucleoprotein gels tend to mask the 
small amount of membrane being isolated (Fig. 4). As indicated on the flow chart, 
high-dilution factors are used for all steps to prevent trapping of materials among 
fractions. 

Figs. 5 and 7 are representative fractions photographed with a microscope 
equipped with interference phase optics. During the first steps of differential cen- 
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L[VER PLASMA MEMBRANES 15 

Fig. 4. Electron micrograph of phosphotungs t ic  acid negatively stained membrane  fraction c o n -  
t a m i n a t e d  with s t rands  of DNA. 

tr ifugation, three zones can be identified; a pellet, a yellowish fluffy coat and the 
superna tan t  fluid (Figs. 5a-5c). By  the second or third step of differential centrifuga- 
tion, including the pooling of zones, the fluffy coat takes on a more homogeneous 
appearance  consisting most ly  of intact  nuclei, membrane  fragments,  mitochondria  
and some microsomal particles (Fig. 5d). The intact  red blood cells are packed in the 
pellet. 

Sucrose gradient centrifugation is carried out in a discrete four-step gradient.  
The successive measured specific gravities are 1.2o, 1.18, 1.16 and 1.14 . The fractions 
are spun in a Spinco Type  SW 5oL rotor  at 15o ooo x g for I8O rain. Four  fractions 
.are obtained, namely, a pellet, a 1.18/1.2o fraction, a I . I 6 / I . I 8  fraction and a very  
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Fig. 5 a. For  legend see next  page. 
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I 6  M. D. ROSENBERG 

lqg. 5. Light  micrographs of the  fractions during stages of differential ccntr i fugat ion.  (a) lipid 
drople ts  of supe rna t an t  ( i2oo X ) ; (b) heterogeneous  fluffy coat  above pellet  (I 2oo X ); (c) pellet 
during early dilferential centr i fugat ion (12oo × ) ;  (d) fluff-," coat followinM several stages of 
dilferentia! centr i fugat ion (l 2oo , ). 
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TABLE 1 

F U R T H E R  P U R I F I C A T I O N  OF M E M B R A N E  F R A C T I O N  B Y  M U L T I - S T A G E  S U C R O S E  G R A D I E N T  

U L T R A C E N T R I F U G A T I O N  

Plasma membrane fraction O[ 
z 9 day-,dd embryonic chick liver 

Cytochrome oxidase (l~moles of 
reduced cytochrome oxidi :ed 
per rain per mg protein) 

First pttrificalion Second 
purification 

Saline isolation 22.8 o 
Sucrose isolation 32.4 o 

Fig. 6. Banding following sucrose-density gradient ul tracentr i tugation.  

f ~ r ~  

f 

Fig. 7 a. For legend see next  page. 
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Fig. 7. L igh t  m ic rog raphs  of the  f rac t ions  following suc rose -dens i ty  g rad ien t  u l t racen t r i fuga t ion ,  
(a) pellet  of i n t ac t  lmclei ( tzoo  ;~ ); (b) i .  i 8 / i . 2o  fract ion,  mos t l y  mi tochondr i a  (I-'oo 7Z ) ; (c) and 
((|) I , I6/I , Icq fraction,  mos t ly  p lasnla  m e m b r a n e  ( t6oo ;~ ). 
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LIVER PLASMA MEMBRANES 19 

small amount of 1.14/1.16. Insufficient dilution can result in trapping and must be 
followed by additional ultracentrifugation. An extreme example of trapping during 
the first gradient separation is shown by the measurement of cytochrome c oxidase in 
Table I. 

Fig. 6 illustrates the banding of fractions following gradient centrifugation. 
Representative samples of the fractions are shown in Fig. 7. The pellet consists of 
intact nuclei. The I.I8/I.20 fraction is red in color and consists mostly of mitochondria. 

Fig. 8. Elec t ron  micrograph ,  p h o s p h o t u n g s t i c  acid nega t ive ly  s ta ined  p repara t ion  of p l a s m a  
m e m b r a n e  fract ion.  

Fig. 9. E lec t ron  mic rograph ,  OsO 4 fixed and  lead c i t ra te  s t a ined  sect ion of p l a s m a  m e m b r a n e  
f rac t ion  (47ooo × ). 
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The I . I 6 / L I 8  f ract ion is white in color and  is made  up of ind iv idua l  and  aggrega ted  
m e m b r a n e - b o u n d  par t ic les  and  mieelles in te rmixed  with membrane  f ragments  (Figs. 
7 c and 7d). Elec t ron  micrographs  i l lus t ra te  the  membranous  t r i l amina r  aspect  of 
this  f ract ion (Figs. 8 and 9)- 

I H S C U S S I O N  

The use of isotonic saline ()I" isotonic  sucrose as the  ba th ing  medium dur ing the 
f rac t iona t ion  procedure  led to few differences in the  f ract ions  as observed  b y  micro- 
scopy. No con ta ln ina t ion  b y  red b lood cell ghosts  or b y  adsorbed  hemoglobin  was 
noted .  Both  EMMELOT et al. 4 and COLEXIaN et al. 9 refer to c on t a mina t i on  of f ract ions  
b y  adso rbed  hemoglobin.  The higher v iscos i ty  of sucrose resul ted in grea te r  f ragmenta-  
t ion of the  ma te r i a l  of the  f l u f y  coat.  l :ol lowing sucrose-dens i ty  g rad ien t  separat ion,  
bo th  p repa ra t ions  y ie lded  s imilar  results.  Soine differences were no ted  in chelnical 
analys is  of the  1.16/i .18 membrane  band  as no ted  in Table  I [ .  Pro te in  and to ta l  
phospha te  conten t  are similar.  Cytochronle  c oxidase  could not  be de tec ted .  Glueose-6- 
phospha ta se  is ve ry  low. There  was a slight amoun t  of f i -glucuronidase in the  fract ion 
homogenized in ba lanced  saline, while none could be de tec ted  in t ha t  homogenized 
in isotonic  sucrose. The (Na+-Mg2+)-dependent  ATPase  ac t i v i t y  of the  f rac t ion in 
Hanks  ba lanced  saline solut ion was approx,  one-half  t ha t  of the  isotonic sucrose 
f ract ion but  most  of the  ATPase  ac t i v i t y  in the  fract ion in Hanks  ba lanced  saline 
solut ion was ouaba in  sensit ive,  while only  6°o of the  APTase  a c t i v i t y  in the  fract ion 
in isotonic  sucrose was ouaba in  sensit ive.  In  bo th  cases the  f ract ion had  been washed 
3 t imes  in double-d is t i l led  water  ( i : i o o ,  v/v) resul t ing  in a loss of 6o-8o°:;  of the  
protein.  

Expe r imen t s  in our l a b o r a t o r y  have shown tha t  cells suspended  in var ious  
physiological  media  experience reduced  loss of l ipid in the  presence of d iva len t  ca t ions  
and  especial ly  in the  presence of Krebs  Type  3 ba lanced  saline solution.  No d i f e r ences  
were no ted  in the  isola t ion procedure  between Krebs  Type  3 ba lanced  saline solut ion 
and  H a n k s  ba lanced  saline solut ion.  An a p p r o x i m a t e  calcula t ion ind ica ted  a double 
layer  of the  order  of IOO A for par t ic les  in isotonic sucrose and of the  order  of Io  A for 
those  in Hanks  ba lanced  saline solut ion.  There appeared ,  however,  ~o be only  a slight 

TABLE I[ 

C O M P A R I S O N  OF M E M B R A N E  F R A C T I O N S  1 S O L A T E D  IN ISOTONIC B A L A N C E D  S A L I N E  OR I S O T O N I C  

S U C R O S E  S O L U T I O N S  

Plasma membrane fraction 
(29-day-old embryonic chick liver) 

Protein (% of dry wt.) io c~/o 
Phosphate (/~moles/ing protein) 43. i 
Cholesterol/phospholipid (molecular ratio) I.O 
Cytochroine oxidase (/tmole reduced cytochronIe c/rain per mg 

protein) o 

fi-Glucuronidase (/~nIole product/h per lng protein) o.2 
ATPase (Mg 2+) (/,mole phosphatejh per mg protein) 

Na ~-dependent 31.9 
Ouabain-sensitive ('~o) 83 

Glucose-6-phosphatase (/tmole phosphate/h per nIg t)rotein) o.ot) 

Hanks  balanced lsohmic 
saline sohttion sucrose 

o '  
9 , o  

46.5 

6 4. l 
6.3 
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increase in particulate aggregation in Hanks balanced saline solution, and it did not 
interfere with the separation process. Apparently the Van der Waals attraction was 
sufficiently weak, such that it did not lead to difficulty in the isolation technique. 

WIDNELL AND SIEKEVITZ TM, in studies of the plasma membranes of adult rat liver 
cells, treated the fluffy coat with versene prior to subjecting it to gradient ultra- 
centrifugation. In similar fashion, tests were run on the effects of I O//o versene on the 
separation process. It had no effect on the homogenization procedure with Hanks 
balanced saline solution. When the fluffy coat isolated in isotonic sucrose was washed 
with versene, no fraction could be recovered at the 1.16/1.18 band. The material was 
concentrated as a heterogeneous mixture at the 1.18/1.2o band. The reasons for this 
deviation in banding are not clear. 

Several attempts were made to circumvent some of the tedious steps of the 
isolation procedure. The homogenate was passed through I t~ filter mesh, but mem- 
brane fragments were not trapped. As a substitute for homogenization, cells were 
layered on a 3o% sucrose solution where surface tension forces at the air-water 
interface fragmented the cells. Appreciable yields of membrane were not obtained. 
One additional modification proved useful on occasion. At an early stage of differential 
centrifugation, the fluffy coat was homogenized in a 54% sucrose solution. A 22°,0 
sucrose solution was layered above this. Centrifugation at IOOOOO x g for 12o rain 
separated out intact nuclei in the pellet. The procedure outlined in Table I also yields 
a pellet fraction of intact nuclei. 

Any isolation procedure can introduce several artifacts such as: (I) contamina- 
tion by damaged red blood cells; (2) loss of soluble components; (3) structural re- 
arrangement of the membrane; (4) desorption and resorption of components; (5) 
breakdown of fractions by hydrolytic enzymes; (6) trapping of subunits of the 
homogenate by nucleoprotein gels; (7) alteration in enzymatic activity due to varia- 
tions in the H + concentration; (8) and autolysis of the fraction. The principle modi- 
fications which have been introduced in the procedures described above include the 
removal of intact red blood cells, the separation of intact nuclear and mitochon- 
drial fractions, the pooling of membrane fractions and supernatants, and conside- 
rable dilution of the fractions to prevent trapping. The procedure appears to yield 
a fraction that consists mostly of plasma membrane and probably smooth endo- 
plasmic reticulum. Isolation of these embryonic membranes should allow for a more 
direct assessment of membrane development, cell-contact phenomena and mem- 
brane function. 
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