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SUMMARY

The technique of isolation consists of a combination of homogenization, dif-
ferential centrifugation, gradient centrifugation and the multiple poolings of isolated
fractions. Large numbers of embryos are used to provide 5-10 g of accumulated liver
tissue from the younger embryos (7, 11 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. Iluffy
coats and supernatants are pooled sequentially to increase the final yield of mem-
branes. Intact nuclei can be separated by centrifugal rotation at 100000 x g for 2 h
over appropriate sucrose solutions. The separation of the plasma membrane fraction
is carried out by density gradient centrifugation at 150000 x g for 2 h. Iractions
isolated in either isotonic sucrose or saline appear to be similar. The cytochrome
oxidase and glucose-6-phosphatase activities are negligible. 8-Glucuronidase activity
is exceedingly low. Mg?**-dependent ATPase activity is enhanced by the presence of
Nat. 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' and DOUNCE et al.? noted that several
membranes, presumably plasma membranes, were concentrated in the fluffy layer
above the nuclear fraction during differential centrifugation. NEVILLE? isolated
from this fraction by sucrose-density gradient centrifugation what apparently is the
plasma membrane. EMMELOT ef a/.4~% added additional discreet layers in the sucrose
gradient toseparate out the mitochondrial fraction. HERZENBERG AND HERZENBERG?,
TAREUCHI AXD TERAYAMA® and later COLEMAX ef al.® 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
obtained. WaLLACH!® has developed methods for the isolation of the plasma mem-
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brane of ascites tumor cells using I'icoll-density gradients. WARREN, GLICK AND Nass!!
first fixed the cell perifery with an agent such as ZnCl, and then removed the “harden-
ed” cell perifery from the cytoplasm. Using osmotic shock of the mitochondrial
fraction, DE ROBERTIs ef al.!? have isolated synaptic membranes, MCCOLLESTER AND
SEMENTE® noted the need to break down the cytoskeleton before the contents ot
skeletal muscle cell segments could be extracted. Kuvxo axp CoLowlck!™ isolated
the membranes of mammalian muscle cells by repeated extractions with high ionic
strength washes. O’NEILL' isolated the cell surface membranes of Amoeba proteins
by extraction with high molarity sucrose followed by rupture and differential cen-
trifugation. AKETA!® has isolated the plasma membrane of the sea urchin egg by
removing the fertilization membrane by immersion in a molar solution of urea
tollowed by rupture of the eggs with outflow of ovoplasm.

In general, regardless ol the technique used, the isolated fraction consists of
membranes which exhibit the typical trilaminar structure under the electron micro-
scope. Except for the brief notes of AKETAY and of RoSENBERG! few attempts have
been made to isolate the plasma membranes of embryonic cells. The reasons are
apparent. The yield of membrane fraction is very low. Embryos provide very small
amounts of initial tissue. The fragility of the embryonic tissue differs considerably
from that of the adult and the presence of any contaminant such as red blood cell
membranes can cause very large errors in determining the purity of the final mem-
brane yield. This paper describes methods which have been developed for the isolation
of the plasma membrane of embryvonic chick liver cells. The liver of the chick embryo
was used as the test material, since fairly large numbers of fertilized eggs can be
pooled and there is no need to be concerned with the effects of maternal diet on the
lipid composition of the isolated membranes,

PROCEDURES AND MATERIALS

Tissue preparation

IFertilized chick embryo eggs were incubated for periods ranging from 7 to 21
days. The amount of tissue removed depended upon the age of the embryo. All tissue
was removed within 2 h or less, placed in a chilled solution of isotonic balanced saline
solution at 4°, and the homogenization procedure was started no more than 2z h after
removal of the first pieces of tissue. FFor embryos where it was possible to remove
larger units of tissue, homogenization could be started within a period of 0.5 h. The
average wet weight of the liver tissue as a function of the age of the embryo is shown
in Fig. 1. The increase in wet weight of the liver follows the expected sigmoid relation-
ship. In general the smallest amount of tissue from which suitable membrane fraction
could be obtained was approx. 5 g wet weight. Difficulties arise in obtaining sufficient
amounts of tissue in the case of the 7-day-old embryo unless one pools fractions
obtained at different periods of time. By the time the embryo is 11 days of age, it is
quite easy to isolate within a 2-h period an appreciable amount of tissue, and as many
as 450 embryos could be handled in this manner by 2 to 3 people.

Suspending media
In various experiments three different suspending media were tested. They will

be referred to as Hanks balanced saline solution, Krebs Type 3 balanced saline solu-
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tion, and isotonic sucrose. The compositions of the first two media are the same as
those tabulated by PAuL™ (1965) except that the Krebs Type 3 balanced saline solution
is made up of 0.16 M sodium glutamate rather than 0.10 M glutamate as indicated in
the reference. The isotonic sucrose consists of 0.25 M sucrose and 1 mM MgCl,.

General procedure
All steps are carried out at 4°. The tissue is gently minced with a sharp scissors.
Initial homogenization is carried out in a crude garlic press that can be purchased in
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Iig. 1. Average weight of liver as function of age of embryonic and newborn chick. Number of
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Fig. 2. Electron micrograph of phosphotungstic acid negatively stained membrane fraction con-
taminated 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 material
(Fig. 2). Further homogenizations require the use of a loose teflon pestle and glass
mortar (200-300 u clearance, 4-6 strokes). Sterile solutions are used to reduce bac-
terial contamination, and this precaution is especially important when sucrose
solutions are used.

Tissue puol

Minced tissue

|
Crude homigenization (garlic pressy

Homegenize as 25% (w:v) suspension

{200 f1 clearance teflon pestle—glass mortar)
!

Dilute with suspending medium (1:20, v/v)
Filter through course gauze

Differential centrifugation of {iltrate (1000 > g for 15 min)
|

- L
Suprernatunt Pellet
(lipid, mitechondria, lysosonies, (erythrocytes, nuclei, plasma membyraae,
microsonmes) mitvchondria, microsomes)

Remove upper vellow zone of pellet

Dilute (1:20, vy
|

Differvential centrifugation (1000 ¥ g for 15 miny
1

r 1
I Supernatant Pellet

Pooled supernatant

Differential centrifugation (1000« & for 15 min !

Pellet ’

Pooled fluffy coats

Differential centrifugation (1000 x g for 15 min)

Suspend fluffy coat in sucrose to s.g. 1.20

Overlay with sucrose (s.g. 1.1%, 1.16 and 1.14)

Sucrose gradient centrifugation (150 000 x g 130 min)

Remove 1.16/1.1x fraction

Wash and suspend in water, freeze

Test for enzymatic activities

Fig. 3. Step-wise flow chart for isolation of plasma membranes.

The individual steps of the procedure are shown in the flow chart of Ifig. 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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Fig. 4. Electron micrograph of phosphotungstic acid negatively stained membrane fraction con-
taminated with strands of DNA.

trifugation, three zones can be identified; a pellet, a yellowish fluffy coat and the
supernatant fluid (Figs. 5a-5¢). 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 mostly 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 1.20, 1.18, 1.16 and 1.14. The fractions
are spun in a Spinco Type SW 50L rotor at 150000 x g for 180 min. Four fractions
are obtained, namely, a pellet, a 1.18/1.20 fraction, a 1.16/1.18 fraction and a very

Tig. 5a. FFor legend sec next page.
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Fig. 5. Light micrographs of the fractions during stages of differential centrifugation. (a) lipid
droplets of supernatant (1200 x); (b) heterogencous fluffy coat above pellet (1200 x); (¢) pellet
during carly differential centrifugation (1200 x); (d) fluffy coat following scveral stages of

ditferential centrifugation (1200 « .
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LIVER PLASMA MEMBRANES 17

TABLE 1

FURTHER PURIFICATION OF MEMBRANE FRACTION BY MULTI-STAGE SUCROSE GRADIENT
ULTRACENTRIFUGATION

Plasma wicmbrane fraction of Cytochrome oxidase (umoles of
19-day-old cinbryonic chick liver veduced cytochrome oxidized
pev min per g protein)

First purification Second
purification
Saline isolation 22.8 o
Sucrose isolation 32.4 ]

lipid layer

1.14/1.16

116/118

118/1.20

pellet

Fig. 6. Banding following sucrose-density gradient ultracentritugation.

Fig. 7a. For legend see next page.
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Fig. 7. Liéﬁ;t micrographs of the fractions following sucrose-density graﬂi011t ultracentrifugation,
(a) pellet of intact nuclei (1200 x); (b) 1.18/1.20 fraction, mostly mitochondria (1200 x}; (¢) and
(d) 1.16/1.18 fraction, mostly plasma membrane (1600 > ).
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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 ¢ oxidase in
Table 1.

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 1.18/1.20 fraction is red in color and consists mostly of mitochondria.

Fig. 8. Electron micrograph, phosphotungstic acid negatively stained preparation of plasma
membrane fraction.

Fig. 9. Electron micrograph, OO0, fixed and lead citrate stained section of plasma membrane
fraction (47000 X ).
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The 1.16/1.18 fraction is white in color and is made up of individual and aggregated
membrane-bound particles and micelles intermixed with membrane fragments (Ligs.
7¢ and 7d). Electron micrographs illustrate the membranous trilaminar aspect of
this fraction (Iigs. 8 and g).

DPISCUSSION

The use of isotonic saline or isotonic sucrose as the bathing medium during the
fractionation procedure led to few differences in the fractions as observed by micro-
scopy. No contamination by red blood cell ghosts or by adsorbed hemoglobin was
noted. Both EMMELOT ef al.* and COLEMAN ¢f al.® refer to contamination of fractions
by adsorbed hemoglobin. The higher viscosity of sucrose resulted in greater fragmenta-
tion of the material of the fluffy coat. IFollowing sucrose-density gradient separation,
both preparations yielded similar results. Some differences were noted n chemical
analysis of the 1.16/1.18 membrane band as noted in Table I1. Protein and total
phosphate content are similar. Cytochrome ¢ oxidase could not be detected. Glucose-6-
phosphatase is very low. There was a slight amount of 8-glucuronidase in the fraction
homogenized in balanced saline, while none could be detected in that homogenized
In isotonic sucrose. The (Nat—Mg?t)-dependent ATPase activity of the fraction in
Hanks balanced saline solution was approx. one-half that of the isotonic sucrose
fraction but most of the ATPase activity in the fraction in Hanks balanced saline
solution was ouabain sensitive, while only 69; of the APTase activity in the fraction
in isotonic sucrose was ouabain sensitive. In both cases the fraction had been washed
3 times in double-distilled water (1:100, v/v) resulting in a loss of 60-80%, of the
protein.

Experiments in our laboratory have shown that cells suspended in various
physiological media experience reduced loss of lipid in the presence of divalent cations
and especially in the presence of Krebs Type 3 balanced saline solution. No differences
were noted in the isolation procedure between Krebs Type 3 balanced saline solution
and Hanks balanced saline solution. An approximate calculation indicated a double
layer of the order of 100 A for particles in isotonic sucrose and of the order of o A for
those in Hanks balanced saline solution. There appeared, however, to be only a slight

TABLE II

COMPARISON OF MEMBRANE FRACTIONS ISOLATED IN ISOTONIC BALANCED SALINE OR ISOTONIC
SUCROSE SOLUTIONS

Plasma membrane fraction Hanks balanced Isotonic

(19-dayv-old embryonic chick liver) saline solution sucrose
Protein (% of dry wt.) 10 %, 99,
Phosphate (gmoles/mg protein) 43.1 16.5
Cholesterol/phospholipid (molecular ratio) 1.0
Cytochrome oxidase (gmole reduced cytochrome ¢/min per mg

protein) o o]
P-Glucuronidase (umole product/h per mg protein) 0.2 0
ATPase (Mg?t) (umole phosphate/h per mg protein)

Nar-dependent 31.9 64.1

Ouabain-sensitive (%) 83 6.3
Glucose-6-phosphatase (umole phosphate/h per mg protein) 0.06 —
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LIVER PLASMA MEMBRANES 21

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', 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 19, 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 1.18/1.20 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 1 p filter mesh, but mem-
brane fragments were not trapped. As a substitute for homogenization, cells were
layered on a 309% 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 549 sucrose solution. A 229,
sucrose solution was layered above this. Centrifugation at 100000 x g for 120 min
separated out intact nuclei in the pellet. The procedure outlined in Table I also vields
a pellet fraction of intact nuclei.

Any isolation procedure can introduce several artifacts such as: (1) 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.

ACKNOWLEDGMENTS

The author wishes to thank Miss R. TANKEXOFF and Mrs. J. TinpaLL for
technical assistance. He wishes to thank Dr. R. REEA and W. CUNNINGHAM for assis-
tance with electron microscope facilities.

This work was supported by Public Health Service, Grant GM 13547.

REFERENCES
1 G. E. PALADE, Arch. Biochem., 30 (1951) 144.
2 A.L.Douncg, R. F. WITTER, K. J. MoxTY, S. PATE AND M. A. COTTONE, J. Biophys. Biochem.

Cytol., 1 (10955) 139.

Biochim. Biophys. Acta, 173 (1969) 11-22



-

O o~ v

I0

II

12
13
14
15

16

17
18

M. D. ROSENBERG

D. M. NevILLE, [. Biophys. Biochen. Cytol., 3 (19g60) 11 3.

P. Emmeror, C. J. Bos, Ii. L. BENEDETTI AXD P. H. RUMKE, Biockim. Biophvs. Acta, 9o (1964)
126,

P.EmMELOT aND C, J. Bos, Biockiin, 3iophys. Acta, 121 (1966) 375.

P.EMMELOT AND C. J. Bos, Biochiin. Bioplys. Acta, 120 (1950) 369.

L. A HERZENBERG AND L. A, HERZENBERG, Proc. Natl. Acad. Sci. U.S., 37 (1961) 762.

M. TaArEUCHI AND H. TERAYAMA, Fapt. Cell Res., 40 (1903) 32,

R. CorLeMax, R. H. MicHELL, J. B. Iixeax axv J. N. HawrHRONE, Bilochim. Biophys. Acta,
135 (1967) 573.

D. I". H. WarLrach, in B. D. Davis axp L. WaRrRrEN, The Specificity of Cell Surfaces, Prentice
Hall, 1967, p. 129.

L. WaRrrex, M. C. Grick anD M. K. Nass, in B. D). Davis axD L. WARREN, The Specificity of
Cell Surfaces, Prentice Hall, 1967, p. 109.

E. DE RoBERTIS, M. ALBERICI, (. R. DE L. ARNATZ AND J. M. AzCURRA, Life Sci., 5 (1966) 577.
D. L. McCOLLESTER AND G, SEMENTE, Biochim. Biophys. Acta, 9o (1964} 146.

T.IKueNo axn S, P Corowiek, drch. Biochem. Biophvs., 93 (1961) 520.

C.H. O'NEgILL, in J. I DaxteLnr, Ko Go AL PaxkKnursT anp AL C. RIDDIFORD, Recent Progress
in Surface Science, Vol. 2, Academic Press, New York, 1964, p. 427.

IKCAKRETA, Expt. Cell Res., 48 (1967) 222,

M. D. ROSENBERG, [.Cell Biol., 35 (19671 117\,

C.C. WIDNELL AND I, S1ernvitz, [ Cell Biol., 35 (1967) 142\,

Biochim. Biophvs. Acta, 173 (19064) y1-22



